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INFORMATION HANDOUT 
For Contract No. 04-1637N4 

At 04-SF-101-9.0 

 

Identified by 

Project ID 0400020923 

 

PERMITS 
Special Use Permit, National Park Service, Golden Gate National Recreation Area, signed February 5, 2015 

US Army Corps of Engineers, Authorization to Replace and Extend Outfall, dated January 22, 2015 

US Fish and Wildlife Service, Biological Opinion, dated October 21, 2014 

San Francisco BCDC Permit, February 9, 2015 

NOAA, National Fisheries Service, Endangered Species Act Section 7(a)(2) Concurrence, dated October 8, 2014 

 

WATER QUALITY 
SF Bay Regional Water Quality Control Board, Water Quality Certification, dated October 17, 2014 

Water Quality Information 

 

MATERIALS INFORMATION 
Turbidity Curtain Information 

Owner's Field Guide, Recommendations for SEAPILE AND SEATIMBER Composite Marine Products 

Western Snowy Plover Monitoring Buffer Area 

Aquatic Monitoring Outfall IJKL Area, Preliminary Site Investigation Report - Doyle Drive Outfall IJKL Crissy Field, 
San Francisco, California, dated August 2013 

DTSC, Information Advisory for Clean Imported Fill Material, dated October 2001 

Development of Presidio-Wide Cleanup Levels for Soil, Sediment, Groundwater, and Surface Water," dated 
October 30, 2002 and Table 7-6 revised May 2006 

NOAA Tide Predictions, San Francisco, California 2015 

US Army Corps of Engineers, Engineering and Design, NAVSTAR Global Positioning System Surveying, 
Engineer Manual 

US Army Corps Engineers, Engineering and Design, Hydrographic Surveying, Engineer Manual 

Preliminary Site Investigation Report, Doyle Drive Outfall IJKL, Crissy Field, San Francisco, California, dated 
August 2013 

Foundation Recommendations, dated July 18, 2014 
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SPECIAL USE PERMIT SUMMARY SHEET   
 

National Park Service 
Golden Gate National Recreation Area 
Business Management Division 
Bldg. 201, Fort Mason 
San Francisco, CA 94123 
415.561. 4931 
 
 
Permit Date(s): May 4, 2015 ï October 31, 2015 
 

Permit #: 8142-15-0522 
 

 
PERMITTEE 
ADDRESS/ 

TELEPHONE/FAX 
 
 

CO-PERMITTEE 
ADDRESS/TELE-
PHONE/FAX 

State of California, Department of Transportation (ñStateò, ñCaltransò or ñPermitteeò) 
Attn: Mark L. Weaver 
Deputy Director, District 4 Right of Way and Land Services 
111 Grand Avenue 
Oakland, CA  94612 
Phone: 510-286-5400 
 
Presidio Trust 
Attn: Craig Middleton 
PO Box 29052 
Presidio of San Francisco, CA 94129 
Phone: 415-561-5300 

EVENT Right of Entry for access, mobilization, staging, construction and site restoration including dune 
restoration for the replacement and extension of a segment of storm water drain pipe in Crissy Field 
and the IJKL Outfall per NPS PEPC 46130. 

LOCATION NPS Golden Gate National Recreation Area; Presidio Area A, Route of IJKL Outfall in Crissy 
Field from Crissy Field Promenade extending into San Francisco Bay  (See Permit Exhibit A: 
Location Map) 

SIZE/HRS. See Permit Exhibits A -- D, unless specified otherwise by subsequent NPS communication. 

COST RECOVERY Co-Permittees Cost:  $60,000 
 

CERTIFICATE OF 
INSURANCE 

Presidio Trust: Self-insured 
State of California: Self-insured (w/ contractor(s) certificate)   Bond: n/a 

NPS STAFF Prepared by Business Management Division, Stephen Kasierski, NPS Realty Specialist, and 
Andrea Lucas, NPS Landscape Architect and Project Liasion, GGNRA 

ASSISTANCE Park dispatch non-emergency   (415) 561-5505 
Park dispatch emergency   911 

 
LOGISTICS 

 

See attached full Permit with Attachments and Exhibits 

 
 
 
 
 
 
Form 10-114 
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Rev. Jan. 00                
 UNITED STATES DEPARTMENT OF THE INTERIOR 
 National Park Service 
 Special Use Permit 
 
Name of 
Use: 

Right of Entry for access, mobilization, staging, 
construction and site restoration for the 
replacement and extension of a segment of storm 
water drain pipe in Crissy Field and the IJKL 
Outfall per NPS PEPC 46130. 

Permit Effective: 
Permit Expires:  

 May 4, 2015 
 October 31, 
2015 

Long Term  __        Permit   #8142-15-0522  
    Printed    February 4, 2015 
 Short Term X                                                                                         
 
Location:   Crissy Field and San Francisco Bay, Presidio Area A  
 Golden Gate National Recreation Area, San Francisco, CA 
 
Permittee:  
State of California Department of Transportation  
111 Grand Avenue  
Oakland, CA 94612 
 
And 
 
Co-Permittee:  
The Presidio Trust 
PO Box 29052 
Presidio of San Francisco, CA 94129 
 
Permittee and Co-Permittee (collectively, ñPermitteesò) and their contractors, officers, agents and employees, are hereby 
authorized during the period from May 4, 2015 to October 31, 2015 to use, in the prescribed manner,  the following 
described land or facilities in the below named area: 
 
Non-exclusive right to enter Crissy Field, Presidio Area A, Golden Gate National Recreation Area IJKL Outfall 
(ñPermitted Project Areaò) per Permit Exhibit A: Permitted Project Area.  
 
For the purpose(s) of:  Mobilization, staging, construction and site restoration work including dune restoration and 
revegetation, as  required for the replacement and extension of a segment of storm water drain pipe, a segment of the 
outfall facility referred to as the IJKL Outfall (ñProjectò) as described in Permit Exhibit D. Permittee and NPS will enter 
into a separate agreement to pay NPS to execute the dune restoration, plant salvage and dune revegetation.   
 
This permit provides a Right-of-Entry to lands in the Permitted Project Area to support the construction phase and site 
restoration work of the project. Associated administrative cost recovery fee from the Co-Permittee of $60,000 will be 
invoiced by NPS to the Co-Permittee and paid by the Co-Permittee under the NPS/Co-Permittee Interagency Agreement # 
PT-013-IA-013 or its successor.  
 
NPS grants the Permittee and the Co-Permittee the non-exclusive right to enter and use the Permitted Project Area for the 
purposes of conducting the work as described in NPS PEPC Project # 46130 as further described and conditioned in the 
following exhibits:    
  
 Exhibit A: Permitted Project Area 
 Exhibit B: Other Required Permits  
 Exhibit C: Permit Special Conditions and Permitted Project Area Restrictions 
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 Exhibit D: Project Description  
 Exhibit E: Insurance and Letter of Self-Insurance 
 
 
Term of the right of entry is May 4, 2015 through October 31, 2015, for the described work within Permitted Project Area 
only, as described in Exhibit A (Map of Permitted Project Area).  
Authorizing legislation or other authority (see DO-53):  Golden Gate National Recreation Area Enabling Legislation 
 
NEPA & NHPA Compliance:    X  CATEGORICALLY EXCLUDED           EA/FONSI           EIS         OTHER 
APPROVED PLANS           
PERFORMANCE BOND:   Required____  Not Required _X_ Amount ï N/A  
LIABILITY INSURANCE:  Required _X__ Not Required ___     Amount ï  See Section H 
 
ISSUANCE of this permit is subject to the conditions on the reverse hereof and appended pages. Permittees recognize 
GGNRA as an ñAffected Agencyò by this work and Permitteeôs and Co-Permitteeôs broader work of the South Access to 
the Golden Gate Bridge-Doyle Drive Project as referenced in NPS Project PEPC #46130.  
   
The undersigned hereby accepts this permit subject to the terms, covenants, obligations, and reservations, expressed or 
implied herein. 
 
Permittee:  _______________________________________________________________________________                 
 Mark L. Weaver                                       Caltrans Date 
 
Co-Permittee:  ____________________________________________________________________________  
 Craig Middleton, Executive Director                  Presidio Trust Date 
 
Authorizing 
Official:                                                                                                                                               ____                                  
 Frank Dean, General Superintendent        GGNRA Date 
 
CONDITIONS OF THIS PERMIT 
 

A. General Conditions   
 

1. In accordance with the signed, prior Permit # 8142-13-0536 for IJKL Storm Drain Replacement, this Special Use 
Permit #8142-15-0522 is solely for the projects described in NPS PEPC 46130 and as shown in Exhibit A and Exhibit 
D.  The term of this Permit may be extended to cover a future phase if agreed in writing by all parties, subject to the 
terms and conditions of this permit continuing in full effect, and including cost recovery charges as applicable.ò   

 
2. The Permittees shall exercise this privilege subject to the supervision of the General Superintendent, and shall comply 

with all applicable laws and regulations of the area. 
 
3. Damages - The Permittees shall pay the United States for any damage resulting from this use, which would not 

reasonably be inherent in the use that the Permittees are authorized to make of the land described in this permit. 
 
4. Benefit - Neither Members of, nor Delegates to Congress, or Resident Commissioners shall be admitted to any share 

or part of this permit or derive, either directly or indirectly, any pecuniary benefits to arise therefrom.  Provided, 
however, that nothing herein contained shall be construed to extend to any incorporated company, if the permit be for 
the benefit of such corporation. 

 
5. Assignment - This permit may not be transferred or assigned without the consent of the General Superintendent, in 

writing. 
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6. Revocation - This permit may be terminated upon breach of any of the conditions herein or at the discretion of the 
General Superintendent. 

 
7. The Permittees are prohibited from giving false information; to do so will be considered a breach of conditions and be 

grounds for revocation [Re: 36 CFR 2.32(4)]. 
 
8. The following provisions constitute Condition 7 in accordance with Executive Order No. 11246 of September 24, 

1965, as amended by Executive order no. 11375 of October 13, 1967. 

NONDISCRIMINATION.  If the use of the resource covered by this permit will involve the employment of  a 
person or persons, the Permittees agree as follows. 

(a) The Permittees will not discriminate against any employee or applicant for employment because of race, color, 
religion, sex, or national origin. The Permittees will take affirmative action to ensure that applicants are employed, 
and that employees are treated during employment, without regard to their race, color, religion, sex or national 
origin. Such action shall include, but not be limited to the following: employment, upgrading, demotion, or transfer; 
recruitment or recruitment advertising; layoff or termination; rates of pay or other forms of compensation; and 
selection for training, including apprenticeship. The Permittees agree to post in conspicuous places, available to 
employees and applicants for employment, notices to be provided by the Superintendent setting forth the provisions 
of this nondiscrimination clause. 

(b) The Permittees will, in all solicitations or advancements for employees placed by or on behalf of the Permittees, 
state that all qualified applicants will receive consideration for employment without regard to race, color, religion, 
sex or national origin. 

(c) The Permittees will send to each labor union or representative of workers with which he has a collective 
bargaining agreement or other contract or understanding, a notice, to be provided by the agency contracting officer, 
advising the labor union or workers' representative of the contractor's commitments under Section 202 of Executive 
Order No. 11246 of September 24, 1965, and shall post copies of the notice in conspicuous places available to 
employees and applicants for employment. 

(d) The Permittees will comply with all provisions of Executive Order No. 11246 of Sept. 24, 1965, and of the rules, 
regulations, and relevant orders of the Secretary of Labor. 

(e) The Permittees will furnish all information and reports required by Executive Order No. 11246 of September 24, 
1965, and by the rules, regulations, and orders of the Secretary of Labor, or pursuant thereto, and will permit access 
to his books, records, and accounts by the Superintendent and the Secretary of Labor for purposes of investigation 
to ascertain compliance with such rules, regulations, and orders. 

(f) In the event of the Permitteesô noncompliance with the nondiscrimination clauses of this contract or with any of 
such rules, regulations, or orders, this contract may be cancelled, terminated, or suspended in whole or in part and 
the Permittees may be declared ineligible for further United States contracts or permits in accordance with 
procedures authorized in Executive Order No. 11246 of Sept. 24, 1965, and such other sanctions may be imposed 
and remedies invoked as provided in Executive Order No. 11246 of September 24, 1965, or by rule, regulation, or 
order of the Secretary of Labor, or as otherwise provided by law. 

(g) The Permittees will include the provisions of paragraphs (a) through (g) in every subcontract or purchase order 
unless exempted by rules, regulations, or orders of the Secretary of Labor issued pursuant to Section 204 of 
Executive Order No. 11246 of September 24, 1965, as amended, so that such provisions will be binding upon each 
subcontract or purchase order as the Superintendent may direct as a means of enforcing such provisions including 
sanctions for noncompliance. Provided, however, that in the event the Permittees become involved in, or is 
threatened with, litigation with a subcontractor or vendor as a result of such direction by the Superintendent, the 
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Permittees may request the United States to enter into such litigation to protect the interests of the United States. 
 
9. This permit conveys no interest to the Permittees in any property or lands within Golden Gate National Recreation 

Area. 
 
10. The Permittees shall not sublet any part of the permitted premises or grant any interest or privilege whatsoever in 

connection with this permit without permission in writing from the General Superintendent of Golden Gate National 
Recreation Area. 

 
11. The Permittees shall not construct or install any permanent or temporary structure on the Permitted Project Area other 

than those specifically identified herein, without permission in writing from the General Superintendent of Golden 
Gate National Recreation Area. 

 
12. Any unauthorized construction, alteration, or improvement done by the Permittees will be at the Permitteesô expense, 

will result in no claim or reimbursement for any part of said expense, and will not convey interest to the Permittees in 
the Permitted Project Area.  Any such element may be retained, at the sole discretion of NPS, or removed per NPS 
with all removal and restoration costs borne by Permittees per the conditions of this permit.  

 
13. The Permittees shall, at the Permitteesô expense, maintain the property under this permit in good order and conditions, 

protect said property against damage and destruction, and take all precautions necessary to minimize harm to park 
resources during construction and/or maintenance activities. 

 
14. The Permittees shall promptly replace or repair any property of the United States damaged or destroyed by the 

Permitteesô use and occupancy of the permitted area, except for any losses, expenses, damage to property, or injuries 
to persons which is caused by the United Statesô negligence.  The repair or replacement of United States property will 
be done to the satisfaction of the General Superintendent of Golden Gate National Recreation Area.  If so required by 
the General Superintendent, the Permittees shall, in lieu of such repair or replacement, pay to the United States 
sufficient money to compensate for the loss sustained through such damage to or destruction of United States 
property. 

 
B. Acceptance of Permitted Project Area/ Hold Harmless 
1. The United States makes no warranty as to the condition, serviceability, or safety of the Permitted Project Area or any 

facilities thereof.  The United States or its contractors, or any of their officers, agents, or employees, shall not be 
responsible for any loss, expense, damage to property, or injuries to persons which may arise from or be incident to 
the use and occupancy of the Permitted Project Area by the Presidio Trust and State of California, Department of 
Transportation or its contractors, officers, agents or employees (hereinafter collectively referred to as ñPermitteesò), 
and the Permittees shall hold the United States and its contractors, and any of their officers, agents or employees, 
harmless against liability for any such incident, except for such incidents caused by United States gross negligence. 

 

C.   Compliance with Applicable Laws  
1. Permittees will comply with applicable public health and sanitation standards and codes. 
2. In accordance with applicable Federal, State and local laws, the Permittees shall remove or dispose of all waste 

generated by the Permittees in construction, operation and maintenance of the project facilities during the term of the 
permit, including, but not limited to, human waste, trash, garbage, refuse, oil drums, petroleum products, ashes and 
equipment.   

3. The Permittees shall comply with the laws and regulations enforced by the Golden Gate National Recreation Area and 
the National Park Service.  The Permittees shall comply with the specified conditions within the scope of other 
statutes and lawful regulations, or guidelines thereunder, as may be found applicable to the Permitteesô occupancy and 
use of the Permitted Project Area, including, but not limited, to all conditions required by other regulatory agencies 
per the requirements of Permit Exhibit B.  
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C. Permit Term 
 

TABLE 1. Permit Schedule Terms: 
 

Area Name Access/Construction 
Period- Start 

Construction and 
Site restoration 
Completed 

Construction Stage 
(per Caltrans project 
drawings) 

Crissy Promenade Access 
Route 

5/04/2015 10/31/2015 All Stages 

Crissy Field Staging Area 5/4/2015 10/31/2015 Stages 1 ï 2 

Beach -Wildlife Protection 
Area 

5/15/2015 7/31/2015 Stage 1 

Intertidal - Wildlife Protection 
Area 

6/01/2015 7/31/2015 Stage 2 

Marine -Wildlife Protection 
Area 

6/01/2015 7/31/2015 Stage 2 

10/31/2015 Stage 3 

Stage 2 

Stage 3 
 

1. The term of this Permit shall be from May 4, 2015 through October 31, 2015, unless terminated pursuant to the 
conditions of this Permit.  

2. Entry to the Permitted Project Area shall be for the period of May 4 through October 31, 2015 as described in 
Exhibit A, below,  and Table 1, above.   

3. Access onto the Wildlife Protection Area (WPA) portion of the Permitted Project Area, including, Beach, 
Intertidal and Marine WPA Areas shall not occur prior to May 15, 2015 unless explicitly approved by the NPS. 

4. Access and construction in the Beach WPA shall be limited to May 15, 2015 through July 31, 2015, unless 
explicitly extended by NPS. 

5. Access and construction in the Intertidal WPA shall be limited to June 1, 2015 through July 31, 2015, unless 
explicitly extended by NPS. 

6. Access and construction in the Marine WPA shall be limited to June 1 through July 31, 2015, for Stage 2, and 
June 1 through October 31, 2015 for Stage 3 unless explicitly extended by NPS.  

7. Access is subject to ñBlackout periodsò attached per Permit Exhibit C (Special Conditions ï Visitors and 
Programs). 

 
E. Permit Management 

This Permit must be kept on-site by the Permittee. During the Permit Term, prior to conducting activities on the 
Permitted Project Area, Permittee shall designate in writing to NPS the Permitteeôs  Project Manager for 
administration of this Permit and all conditions, and a Permitteeôs designated Site  Manager or his designee.  Designee 
shall be identified prior to start of construction. The Project Manager or his designee shall be located on the Permitted 
Project Area during all workdays with activity authorized under this Permit. The Project Manager and Site Manager 
shall use their best efforts to ensure that all permitted activities comply with the permit conditions, directives, and 
instructions from NPS rangers/officers regarding NPS regulations and policies. 
 
As of January 20, 2015 and as designated by Permittee, the Site Manager is Jonathan Ng, 510/393-5844, and the 
Project Manager is Joon Kang 510/622-0130. 

 
F. Other Required Permits  

See Permits, Exhibit B; List all permits or regulatory review, as required by federal, state, regional or local regulatory 
agencies for the proposed construction activities within Crissy Field.  Other agenciesô jurisdictions include, but may 
not be limited, to the following: U.S. Fish and Wildlife Service, National Marine Fisheries Service, U.S. Army Corps 
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of Engineers, Regional Water Resources Agency, San Francisco Bay Conservation and Development Commission, 
and U.S. Coast Guard.  
 

G. Permit Special Conditions and Permittee staffing requirements for Protection of Visitors, Lands, Property and 
Buildings  
Permittees shall satisfy all requirements attached to this Permit as Exhibit C (ñPermit Special Conditionsò). 

 
H. Insurance 

Permittee is a self-insured government entity.  Permittee is required to provide a letter of self-insurance to NPS as 
previously provided to the Presidio Trust per the agreement entered into July 16, 2009 between the Co-Permittee and 
Permittee for entry on to Presidio Trust property needed for the construction of the South Access to the Golden Gate 
Bridge, Doyle Drive Replacement Project in San Francisco (ñState-Presidio Trust Doyle Drive Agreementò). 
 
The United States of America, Department of Interior, National Park Service, Golden Gate National Recreation Area, 
its agents and employees shall be named as Additional Insureds on the general liability and excess liability coverage 
of the Permitteeôs Contractorôs insurance as specified in Section 7-1.06 ñINSURANCEò of Caltrans Standard 
Specifications in place for the Project. Provide proof of Additional Insured and other insurance requirements to NPS. 
Permittee shall require its contractors and agents to indemnify, defend and hold harmless the NPS, the Co-Permittee, 
its employees and agents, to the same extent that they indemnify the Permittee.  Permittee will provide certificates of 
insurance establishing the above. Said certificates shall specify the insurance or self-insurance coverage, provide that 
such insurance or self-insurance is primary over any insurance carried by the additional insureds, and provide that 
such policies shall not be cancelled or the coverage reduced without thirty (30) days written notice thereof to NPS.  
 
Permittee shall require any and all Permitteeôs  contractors and subcontractors accessing the Permitted Project Area 
for the purposes of this Permit to procure and maintain General Liability, Commercial Auto, Contractorôs Pollution 
Legal Liability, Workers Compensation  insurance in accordance with Exhibit E of the State-Presidio Trust Doyle 
Drive Agreement.  Such general liability and property insurance policy covering Permitteeôs contractorsô access to 
and activities on the Permitted Project Area shall be not less than $2,000,000 per occurrence, $5,000,000 aggregate 
covering both bodily injury and property damage.  Prior to the start of construction, the Permittee shall provide the 
General Superintendent with a copy of the policy or Certificates of Insurance stating ñThe United States of America, 
Department of the Interior, National Park Service, Golden Gate National Recreation Area and their agents 
and employees named as Additional Insured.ò The Permittee is responsible for insuring other interests in the 
Permitted Project  Area.   
 

I. Utilities 
During the term of this permit, the Permittees shall be responsible, at their expense, for furnishing and maintaining all 
utility services (water, sewer, telephone, electricity, gas, and garbage disposal) required for the Permitted Project 
Area.  The installation and removal of any required utility meters will be at the expense of the Permittee.  

 
Permittee and Co-Permittee shall coordinate for the connection, commencement and billing of all utilities noted 
above. 
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GOGA Permit #: 8142-15-0522 
 
Exhibits 
 

Exhibit A: Map of Permitted Project Area 
 Attachment A1: Location Map 
 Attachment A2: Map of Permitted Project Area 
 
Exhibit B: Other Required Permits 

The California  Department of Transportation is required to work with the federal, state , regional, and local 

regulatory agencies in determining the requirements for all other permits, and to certify to NPS that it in fact has  such 

clearance.  Agencies to be contacted for this determination include: 

  
U.S. Fish and Wildlife Service: Biological Opinion 
National Marine Fisheries Service: Letter of Concurrence 
U.S. Army Corps of Engineers: Section 404 permit 
San Francisco Bay Regional Water Quality Resources Agency: Section 401 permit 
San Francisco Bay Conservation and Development Commission: Coastal Zone Consistency 
Determination/Coastal Development Permit 
U.S. Coast Guard: approval of storm water drain extension 
 

   

Exhibit C:  Permit Special Conditions and Permitted Project Area Restrictions   
1. Permitteeôs  Contractors 
2. Standard of Care 
3. Permitteeôs  Staffing Requirements 
4. Permitteeôs Conditions 
5. Co-Permitteeôs Conditions 

 

Exhibit D: Project Descripton 
Attachment D1 - Hazardous Materials Testing Description 
Attachment D2 ï Replacement of storm drain  

 
Exhibit E: Insurance 

Attachment E1 ï State of California Public Liability and Workersô Compensation Insurance  
Attachment E2-  The Contractorôs Certificate of Liability Insurance 
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GOGA Permit # 8142-15-0522 
Exhibit A: Attachment A1:  Map of Permitted Project Area 
Attachment A1 - Location Map   
 

 
 
General Project Location: Within Crissy Field and the San Francisco Bay, the Presidio of San Francisco,  Golden Gate 
National Recreation Area, County of San Francisco  
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GOGA Permit # 8142-15-0522 
Exhibit A:   Attachment A2:  Map of Permitted Project Area    
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Exhibit B: Other Required Permits [ATTACH] 
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Exhibit C: Permit Special Conditions and Permitted Project Area Restrictions  
 

1. Permitteeôs  Contractors 
2. Standard of Care 
3. Permitteeôs  Staffing Requirements 
4. Permitteeôs Conditions 
5. Co-Permitteeôs Conditions 

 
Permittees and NPS are entering into this Permit solely for the purpose of allowing Permitteesô access, 
mobilization, staging, construction, and site restoration for the replacement and extension of a segment of storm 
water drain pipe in Crissy Field and the IJKL Outfall per NPS PEPC 46130 associated with the Doyle Drive 
Project. Any future construction or other activities on Presidio Area A not expressly authorized by this Permit will 
require additional authorization(s) from the National Park Service. 
 
1. Permitteeôs contractors and subcontractors accessing the Permitted Project Area, under Permitteeôs 

supervision, shall only be those listed below: 
  

Upon approval of the contract, Permittee shall provide Contractor and Subcontractor names within three 
business days. NPS will be notified within three business days of additional subcontractorôs that may be 
added to the Project. 

 
2. Permitteesô Standard of Care: On or about September 24, 2008, Permittee, Co-Permittee and other parties 

entered into a Programmatic Agreement pertaining to the avoidance, mitigation and/or treatment of historical, 
cultural and archaeological resources associated with the Doyle Drive Replacement Project within Presidio 
Area B, directly adjacent to Presidio Area A and the Permitted Project Area, and the Permittee and Co-
Permittee are engaged in ongoing discussions, consultation and coordination with numerous parties, including 
NPS, regarding development and implementation of historical, cultural and natural resource mitigation 
measures, plans, and agreements pursuant to environmental documents related to the Doyle Drive 
Replacement Project. 
 
Permittee shall use its best efforts to ensure its activities under this Permit on Presidio Area A shall meet no 
lesser standard of appropriate measures than those recognized by the Co-Permittee and Permittee on Presidio 
Trust Area B for all such work related to the Doyle Drive Replacement Project. 
 

3. Permitteeôs  Staffing Requirements  
 

a. All Permitteeôs, contractor and subcontractor staff must attend an NPS-held environmental training prior 
to mobilization.   

b. Permitteeôs biologist will be present on the project site at all times during construction in Beach, Intertidal 
and Marine WPA areas.   

c. Permitteeôs qualified archeologist shall be on site during all excavation, grading, drilling, borings, 
bringing up spoils or handling cores.  

d. The Permittee shall not impact the historic buried Crissy Airfield when accessing the site or when 
removing existing sod, irrigation or other subgrade elements at or around the Staging Area. 

e. At least two Traffic Control Personnel shall be present on site with the contact information of Public 
Information Officers during any vehicle or other equipment crossing through any public traffic;  visitor 
bike lane, multi-use path, Crissy Field Promenade Access Route, trail or path within Presidio Area A sites 
to ensure visitor safety and no conflicts with pedestrians, cyclists or roadway vehicles. 

f. The Site Manager or his designee shall be on-site during any Project activity (including mobilization and 
staging) and available to communicate with NPS representatives as needed. Permitteeôs contractors must 
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be under Permitteeôs supervision upon entering and working within the Permitted Project Area on Crissy 
Field and San Francisco Bay. 

g. Project Supervisor:  Provide a project supervisor (either Site Manager or his designee per Permit Section 
E) from Permittee as a single point of contact. That person is required to be on-call to NPS for 24 hours 
per day, seven days a week in case of emergencies in relationship to the project, and must be available 
within 20 minutes during work hours for project-related matters, if requested by NPS Project Liaison 
Andrea Lucas or NPS Facility Management representative. Provide emergency contact numbers. 

 
4. Permittees Conditions  

 
a.  COMMUNICATIONS, SCHEDULING and REVIEW 

 
i. Co-Permittee shall submit its peer review of the IJKL design and functionality. NPS is solely 

reliant on the engineering reviews of the Co-Permittee for the design and construction 
functionality of the IJKL Outfall.  

 
b. PRIOR TO MOBILIZATION and CONSTRUCTION 

 
1.   SUBMITTALS:  The following documents shall be submitted to NPS for review and 

approval a minimum of 15 working days prior to Permitteeôs entry into the Permitted 
Project Area under this Permit. No mobilization, staging, construction, or other 
activities in the Permitted Project Area shall begin until NPS has approved in writing 
all of the following submittals: 

 
a. Plans, Specifications and Estimates (PS&E) 

 IJKL Outfall Design: A complete bid set of construction documents and 
specifications, including all addenda and change orders as they occur. 
This shall include a description and plans describing any temporary 
structures, shoring, platforms, or access roads. 

 Construction Staging 
 Traffic Management 

o Construction Traffic Management, including identification of 
access routes and parking for vehicles and equipment 

o Public Access Management, including methods to minimize 
impacts for visitors, bicyclists, and pedestrians (public traffic).  The 
plan shall maintain safe, continuous public pedestrian and bicycle 
access across the Crissy Airfield and Crissy Field Promenade. 

 Flagging 
 Signage 
 Fencing 
 Any other needed safety measures 

 Hazardous Material Testing, Handling and Disposal 
 Special Provisions 
 Job Site Management 

b. Detailed Construction and Staging Plan for the staging areas identified in the Permitted 
Project Area, including: A list of equipment that will be stored in the staging areas, 
grading plans, fencing plans, locations and sizes of stockpile areas, and public 
information signage locations. The staging areas shall be the minimum needed to 
accommodate contractorôs needs and shall be reduced in size as the construction 
footprint shrinks. 

c. Health and Safety Plan, including worker safety 
d. SWPPP, including Spill Prevention Plan 
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e. Debris and containment plan describing the methods that will be used to capture and 
dispose of any debris or containments, including sediment and turbidity, that are or 
threaten to be, released into San Francisco Bay waters 

f. Temporary Trestle Design 
g. Shoring Plan 
h. Noise Monitoring and Abatement Plan, including a description of the duration and time 
of day for noise-generating equipment use and a description of how noise levels will be 
reduced to levels at or below those required. 
i. Environmental Monitoring Plans 

 Turbidity Monitoring Plan 
 Hydroacoustic Sound Monitoring Plan 
 Biological Monitoring Plan 

j. IJKL Outfall Environmental Permits 
 USFWS BO 
 NOAA LOC 
 RWQCB 401 
 ACOE 404 
 BCDC CZMA 
 Coast Guard - approval 

k. Preconstruction photo survey and documentation of staging area, access routes, and 
construction footprint.   

 
2.   Stormwater Management: 

 
a. Permittee shall submit  a Stormwater Pollution Prevention Plan (SWPPP) to 

NPS for at least 21 working days review prior to finalizing the document, 
concurrent or prior to the submittal to the Regional Water Quality Control Board 
for NPS review.   

b. Erosion and sediment control materials used on-site shall be free of plastic, including 
biodegradable or photodegradable plastics, and any materials shall be certified weed 
free. 

c. Permittee shall provide the waste discharge identification number (WDID) within three 
business days of the State Water Resource's Board approval of the NOI, and prior to any 
ground disturbing activities. 

3.  Visitor Outreach:   
a. Two weeks prior to mobilization and access to the staging areas under this Permit, 

Permittee shall submit a public information plan for NPS review and comment, including 
informational signage; detour and site closure signs; and an information brochure. 

b. Permittee shall post NPS-approved informational signage and the flier at the site at least 
two weeks prior to mobilization under this Permit.  Information shall be posted adjacent 
to the site during the work during the duration of the project.  Signs should include 
contact information. 

4.  At least two weeks prior to start of mobilization, Permittee shall notify the NPS biologist for the 
site to coordinate salvage of dune plants.   
 

5.  Gulf of the Farallones Beach Access:  Permittee shall provide a Plan for beach access west of the 
pier to NPS and to Gulf of the Farallones National Marine Sanctuary for approval and provide the 
access structures as approved (for example, gate and stairs) prior to closing the Permitted Project 
Area to the public. 
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6.  Approvals: No approvals required from NPS by the Special Use Permit or the Special Conditions 

herein shall be unreasonably withheld. NPS will act upon any required submittal by approving it or 
providing specific reasons for not doing so within 15 working days of the date it is submitted. 

 

ii. SCHEDULING AND START-UP 

1. WORK SCHEDULE:  Provide the weekly Project work schedule to NPS prior to the start 
of Construction including Mobilization.  Per the Plans, Specifications and Estimates 
(PS&E) the schedule shall include a specific daily work plan and milestones indicating 
initial entry into the Permitted Project Areas for mobilization, staging, and construction.   

2. Provide updated work schedule upon Permitteeôs issuance of Notice to Proceed. 

3. PRE-PROJECT MEETING: Conduct a field meeting prior to mobilization (including 
layout of construction fence and other activities related to designated access routes in the 
Permitted Project Areas) with NPS Project Liaison, Andrea Lucas; NPS Facility 
Management representative; and representative of Gulf of the Farallones Marine 
Sanctuary.  

4. PRE-CONSTRUCTION MEETING:  After the Pre-Project Meeting and prior to start of 
construction activities on May 15, conduct a field meeting with NPS Project Liaison, 
Andrea Lucas, and the NPS Facility Management representative. 

5. PRE-CONSTRUCTION ENVIRONMENTAL TRAINING:  After the Pre-Project 
Meeting and prior to start of construction activities on May 15, conduct a field meeting 
with NPS Project Liaison, Andrea Lucas, and the NPS Natural Resources representative. 

6. NOTIFICATION: Prior to construction, notify the NPS Facility Management 
representative via Andrea Lucas at 415-561-4931 at least four working days prior to 
commencement of the construction. 

7. UTILITY LOCATION: Conduct utility location surveys in coordination with NPS 
Project liaison, Presidio Trust, and utility location services (per industry standards), 
before finalizing construction excavation and impact locations. Mark locations of utilities 
including irrigation mains and lateral piping in coordination with NPS Facility 
Management representative. 

8. Permittee shall provide a portable toilet(s) during the Permit Term, to be placed within 
the fenced portion(s) of Permitted Project Area. 

9. Permittee shall provide covered trash receptacles and ensure adequate trash collection to 
keep the site clean.  All Permitted Project Areas shall be kept free of trash.  Absolutely no 
feeding of wildlife or allowing wildlife access to food waste or trash is allowed. 

 
iii. DURING CONSTRUCTION:    

1. Update progress with daily report to NPS Project liaison via email to 
andrea_lucas@nps.gov.  

2. Conduct a field meeting with NPS Facility Management representative each morning to 
identify undertaking for that day, ensure that their work is done in an authorized area, and 
is in accordance with the workplan and safety plan.  

 
iv. PROJECT DATA COLLECTION and REPORTING: 

1. Permittee shall keep a daily biological monitoring log and daily turbidity monitoring log, 
and  the copies of the logs will be made available to NPS weekly (per Section d, below, 
Sensitive Species).  
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2. Permitteeôs qualified archeologist shall review all excavation, drilling, borings, bringing 
up spoils or handling cores and shall immediately report to NPS representative any 
findings during borings or core-sampling. 

3. Permittee shall provide NPS a copy of results of any other surveys, data collection, and 
hazardous materials investigations and recommended remediation actions within 30 days 
of the report. 

   
b. SAFETY 

i. Permittee shall install a temporary 6 foot high chain link fencing around staging area(s), and 
around the boundaries of the Permitted  Project Area. Fencing shall not block access along the 
Crissy Field Promenade indicated in Permit Exhibit A.   

ii. Upon completion of construction on the Beach WPA, the temporary fence (between the Crissy 
Field Promenade and the beach indicated in Permit Exhibit A), shall be relocated to the north, as 
safety permits, to provide lateral (east-west) pedestrian visitor beach access as indicated in Permit 
Exhibit A.  It is understood that full visitor beach access may not be feasible until completion of 
the project. 

iii. Spill proof containment is required with presence of any fuel-based vehicle or equipment in 
accord with approved Spill Plan. 

iv. Permitteeôs Contractor and onsite officers, agents, and employees shall comply with the approved 
Health and Safety Plan, including visitor and worker safety measures. 

v. Permittee shall provide flaggers when Permittee or contractor vehicles use or cross any public 
paths. 

 
c. GENERAL   

i. Prior to entering the Permitted Project Area under this Permit, State Site Manager shall ensure all 
equipment and vehicles used by Caltrans, contractors, and sub-contractors shall be washed and 
weed free before entering the Permitted Project Area.  Permittee shall comply with Executive 
Order 13112 (Invasive Species).  

ii. Refueling or maintenance of equipment is permitted only within the approved staging areas.  
Spill kits shall be accessible at all times.   

iii. Pile material shall be HDPE or another inert, NPS approved material.   

iv. Staging for the project shall be limited to non-environmentally sensitive areas as indicated in the 
Permitted Project Areas:  a) 52,272 SF on Crissy Field, and b) off shore barges, located within 
800 feet offshore of Crissy Beach in San Francisco Bay. Staging areas are shown on Attachment 
A. Exact locations to be approved by NPS.    

v. No personal vehicles shall be allowed in the Permitted Project Area or within Presidio Area A.     

vi. No personal, construction-related, or Permitteeôs vehicles will be allowed to drive within or park 
in the Gulf of the Farallones National Marine Sanctuary campus. 

vii. Equipment within the staging area(s) is permitted to remain overnight.  All mobile equipment 
shall be stored overnight in the fenced staging area.  Tracked vehicles and other equipment not 
feasible to move daily from the construction area to the staging area may be permitted on the 
beach.  No equipment is permitted overnight on public trails.   

viii. Access to Permitted Project Areas will be limited to Mason Street and the designated segment of 
the Crissy Field Promenade per Exhibit A, and through the beach access gate across from the 
Crissy Field Staging Area per Exhibit A.  No other entry to the beach is permitted.   
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ix. Soil and sediment excavated or dredged from the bay side of the Mean Lower Low Water 
(MLLW) line (at elevation -2.48 NGVD29) shall not be reused on site on the land side of the 
MLLW line. 

x. Soil and sand salvaged during operations may be used for backfill if  laboratory testing 
demonstrates that levels of hazardous substances and contaminants in the material are below 
levels suitable for unrestricted use. Contaminant levels shall be compared to residential and 
ecological special status levels for Beach Dune lithology presented in Table 7.2 of the Presidio 
Trust Document Development of Presidio-Wide Cleanup Levels for Soil, Sediment, Groundwater 
and Surface Water, dated October 30, 2002, revised May 2006. All sampling shall meet the 
requirements of the DTSC Informational Advisory, Clean Imported Fill Material, dated October 
2001. For any proposed onsite reuse, Permittee shall provide  NPS with a report describing the 
proposed reuse and the sampling and testing which was done. The report shall be stamped 
pursuant to California Professional Code Section  and include copies of laboratory test reports 
for all analytical data. All soils and sediments not suitable for reuse on site shall be disposed at 
approved permitted offsite disposal facility, per state and Federal requirements. Alternate 
disposal or reuse methods may be proposed to NPS for approval. 

xi. Any soil or sediments material removed from below the water, shall  be tested to determine a 
suitable disposal method and location. If the dredged material is unsuitable for offshore disposal, 
it will be disposed at an approved landfill reuse site, and notification will be provided to NPS. 

xii. No soil shall be imported to the site without prior approval of NPS.  

 
d. SENSITIVE SPECIES    

 
i. Prior to May 15, 2015, Permittee shall coordinate with NPS to complete focused 

surveys targeted for rare plants that may not have been in bloom and thus 
unidentifiable during previous vegetation surveys.  If rare plants are found within the 
Permitted Project Areas,  no construction shall be permitted until plant protection 
and/or mitigation measures are developed and implemented.  

ii. Prior to any on-site construction a worker Environmental Awareness Training, 
required for all project personnel (including those on project-related watercraft), will be 
conducted by NPS or a NPS approved representative.   

iii. Whenever possible, all existing vegetation will be preserved.  In coordination with NPS, 
some existing vegetation located on the beach within the Permitted Project Area will be 
salvaged and transplanted or maintained by NPS. Any costs for maintenance prior to 
transplanting shall be borne by Permittee. 

iv. ESA Fencing:  Prior to construction on the Beach WPA, Permittee shall verify ESA 
fencing locations with NPS.  Temporary orange safety fencing will be placed in the 
Beach WPA in a manner that protects, to the extent feasible, the existing foredune 
vegetation from the construction activity areas, and will be placed prior to start of 
construction in coordination with NPS.  The Permittee will maintain the ESA fencing 
throughout construction.  No access is permitted into an ESA without prior approval from 
NPS.   

v. Surveys:  Prior to construction, Permittee shall complete a biological survey of the Beach 
WPA and the Intertidal WPA to determine presence of western snowy plover and 
presence of any nesting birds.  If plover are present in the Permitted Project Area, no 
work may commence until approval is given by NPS and USFWS.  If nesting birds, nests, 
or evidence of breeding is present in the Permitted Project Area, no vegetation removal is 
permitted until approval is given by NPS and USFWS.   
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vi. Permitteeôs biologist shall monitor the beach and Intertidal WPA throughout the 
construction for snowy plover.  Should a snowy plover be observed within the WPA, the 
State Project Manager shall suspend construction activities within a 50 ft-radius of the 
bird until the bird leaves the site voluntarily.1  The State Project Manager shall 
immediately contact both the U.S. Fish and Wildlife Service and the NPS. 

vii. The following measures will be implemented during construction in the Intertidal WPA 
and the Marine WPA (Stages 2 and 3 of project):  

a. Monitoring for aquatic resources will be completed daily and include the 
following:  

1. Underwater sound measurements at the distances of 10 meters and 20 
meters, and at mid-depths of bay from pile driving locations; 

2. Turbidity levels; 
3. Evaluation of fish mortality and injury rates by the use of visual 

observations and collections during pile driving events; and 
4. Observations of bird predation and behavior. 
 

b. Data from the monitoring program will be made available to NPS weekly. 

c. Permitteeôs  biological monitor will survey the project area if construction 
activity occurs during California grunion (Leuresthes tenuis) spawning season 
(nights of the full and new moons, spawning occurs after high tides in spring and 
summer months).  Spawning areas will be marked to reroute access routes to 
avoid impacts.  Monitoring shall continue throughout construction activity during 
California grunion spawning season. 

d. Turbidity curtain:  During excavation work (Stage 2), temporary sediment 
control measures will be implemented. The temporary turbidity curtain will be 
secured to the Bay floor using 52 helical or fluke-type anchors, which will help 
keep the turbidity in a controlled area.  

e. During construction, turbidity shall not increase by more than 10 percent if the 
ambient turbidity of the receiving water is greater than 50 Nephelometric 
Turbidity Units (NTU), or by more than 5 NTU if the ambient turbidity of the 
receiving water is less than or equal to 50 NTU.  If monitoring shows an increase 
in turbidity that exceeds the water quality thresholds described above, the 
Permittee shall stop work until measures are taken to contain turbidity to 
acceptable levels.   

f. An aquatic ñSafety Zoneò of 1,300 feet radius will be established in accordance 
with National Marine Fisheries Service (NMFS) and the Marine Mammal 
Protection Act (MMPA).  During all construction activities within this area, 
Permitteeôs Biological monitor(s) will observe and record their observations of 
marine mammals and special-status fish within this zone. Any marine mammal or 
special-status fish observation within this zone will be reported immediately to 
the NPS Representative.  If a marine mammal or special status species is 
observed within or approaching 100 feet of pile driving locations,  the 
Permitteeôs Site Manager is required to delay pile driving of the segment until the 
animal(s) has moved outside of the 100 feet radius of pile driving locations or the 
animal has not been re-sighted within 15 minutes.    
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g. Permitteeôs Biological monitor(s) will be on-site during all construction-related 
activities at least 30 minutes before, during, and at least 30 minutes after pile 
driving activities, to monitor the work area for marine mammals and special-
status fish.  

h. Permittee shall use a ñsoft startò technique at the beginning of each pile 
installation, to allow any special-status species and/or marine mammal that may 
be in the immediate area to leave before impact piling reaches full energy. The 
soft start will require an initial set of 3 strikes from the impact hammer at 40 
percent energy, followed by a 1-minute waiting period, then two subsequent 3-
strike sets. 

i. Permittee shall ensure hydroacoustic sound levels do not exceed the following 
thresholds established by NMFS: 206 dB Peak SPL at 0 m; 187 dB cSEL at 2 m; 
150 dB RMS at 16 m.2 

j. Night Construction:  Night construction will be minimized to the extent 
practicable and used only as necessary for coordination with low tide access in 
the Intertidal WPA, or construction, diver, or pedestrian safety. Low lighting will 
be used and will be directed to the construction activity area and will be shielded 
from upward/lateral dispersal. After August 1, when watercraft may approach the 
beach in the early morning, lighting will be directed away from the beach.  

 
 e. VISITORS AND PROGRAMS 

i. All proposed work within the Permitted Project Areas will be completed in the Permit Term.    

ii. In coordination with NPS Project Liaison, Permittee will work with Noemi Margaret Robinson, 
NPS Office of Special Park Uses, to ensure that there are no conflicts with scheduled public 
activities. 

iii. Activities of Permittee under this Permit cannot unreasonably interfere with any park programs, 
uses, NPS services, or the natural soundscape of surrounding park areas. To help insure that, 
Permittee will ensure that its contractors use only the least impacting equipment, vehicles and 
systems in implementing the authorized work under this Permit.    

iv. Noise Monitoring:  

1. During any noise-generating activity during the Permit Term, and per NPS Liaison, such 
as installing sheet piling, sound sample measurements in decibels and duration will be 
conducted on the first day of such activity and last day of that week at two time intervals 
daily (9AM-9:15AM) and (1:30PM-1:45PM) at the following locations: Crissy Center 
educational Center, Crissy Marsh (western end), and the Gulf of the Farallones Marine 
Sanctuary visitor and educational center.  

2. Weekly reports of such will be reviewed with the NPS Project Liaison at the end of the 
first week of such activities in the Crissy WPA and within the Crissy field.  

3. During regular Work Hours as described below under ñTime of Work Restrictionsò, 
noise levels shall not exceed five (5) decibels above ambient, measured at the closest 
point of nearest a) occupied residential tenanted building or b) occupied commercial 
tenanted building in which business activities are occurring.  Project work that may 
exceed these criteria includes, but is not limited to; pile driving, excavation, dredging, 
and sheet pile installation.  To the extent that such work will exceed five (5) decibels 

                                                      
2
 NOAA Endangered Species Act Section 7(a)(2) Concurrence Letter and  Magnuson-Stevens Fishery Conservation and 
Management Act Response for the Couth Access to the Golden Gate Bridge-Doyle Drive: IJKL Outfall Replacement Project.  October 
8, 2014. 
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above ambient, measured at those points, the Permittee shall notify NPS Project Manager 
at least 3 days in advance of commencing such periods of work. 

  
4. The parties acknowledge and understand that project work outside the regular Work 

Hours may be required. Outside of regular Work Hours as described in ñTime of Work 
Restrictionsò, below, noise levels shall not exceed five (5) decibels above ambient, 
measured at the closest point of nearest a) occupied residential tenanted building or b) 
occupied commercial tenanted building in which business activities are 
occurring.  Project work that may exceed these criteria includes, but is not limited to; pile 
driving, excavation, dredging, and sheet pile installation.  To the extent that such work 
will exceed five (5) decibels above ambient, measured at those points, the Permittee shall 
notify NPS Project Manager at least 3 days in advance of commencing such periods of 
work.   

 
v. Time of Work Restrictions: Work Hours: Equipment operations on land are restricted to Mondays 

through Fridays from 7AM to 7 PM. No work will take place on Saturdays or Sundays without 
prior approval from NPS. NPS will provide a minimum of 6 weekend days as work days, exact date 
to be determined by NPS. The project requires off shore work during low tides; low tides may 
occur outside of the Time of Work Restrictions.  The Project or Site Manager shall provide NPS 
Project Liaison with a schedule of dates where work is anticipated before 7 AM or after 7 PM a 
minimum of 3 days prior to proposed construction for review and approval.    

vi. Blackout dates:  No work shall occur on the following dates:  Monday, May 25, 2015 (Memorial 
Day), Friday, July 3, 2015 (Independence Day observed), Monday, September 7, 2015 (Labor 
Day), Thursday, October 8, 2015, Friday October 9, 2015 (Fleet Week), and Monday, October 12, 
2015 (Columbus Day).    

vii. Additional work hour or day restrictions may be placed on Permitteeôs activity after consultation 
with Permittees, if Project activities unreasonably interfere with public activities. If NPS believes 
that is the case,  NPS Project Liaison will meet and confer with Permitteeôs Project Manager and 
Site Manager, and shall identify and implement appropriate mitigations for Permittee to undertake 
while getting work completed on a timely basis.    

b. SITE RESTORATION 
i. Permittee shall restore the Permitted Project Area, Access Routes and any other area affected by the 

Project.  At the Permitteeôs expense, elements such as grades, fences, soil, irrigation, turf, dunes, 
plantings and any damage to roads, trails, and/or the Crissy Field Promenade caused by the project, 
per coordination and approval of NPS, shall be restored to at least pre-project condition and quality. 
All restoration plans shall be submitted and approved by NPS prior to implementation.  All 
restoration shall be completed by the end of the Permit Term. 

ii. By July 31, 2015, Permittee shall recontour the beach in the project area above the (Mean Higher 
High Water) MHHW line to conditions consistent with the pre-construction photo surveys and 
consistent with the surrounding beach contours.   

iii. Submit a Site Restoration Plan to NPS for approval 2 weeks prior to executing the work. 

iv. DUNE RESTORATION AND REVEGETATION BY NPS 

1. Planting in Beach WPA: Work will be done by NPS per separate agreement with the 
Permittee. 

2. Plant materials shall be those salvaged from the site and stored for the purpose of 
restoration, and/or new plants approved by NPS and that are propagated and grown at the 
Golden Gate National Parks Conservancy Native Plant Nursery. All expenses will be 
borne by the Permittees. 
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3. By June 1, 2015, Permittee will provide NPS with the necessary funds to propagate plants 
for, and replant, weed and monitor, disturbed on-site vegetation within the Beach WPA. 

3. Co-Permittee Conditions:    
 
a.    Co-Permittee shall ensure that any activity that it undertakes in Presidio Area A related to this Permit is 

consistent with the authorized activities and complies with the conditions listed above.  
 
b.   The Co-Permittee has historically maintained the IJKL Outfall and will continue to maintain the outfall 

consistent with current practice through the Term of this Permit. NPS is solely relying on the Co-
Permittee for engineering review of the functional design of the IJKL outfall including hydraulic 
analysis and maintenance considerations.  Co-Permittee shall submit its peer review of the outfall 
design to NPS no later than April 1, 2015. After the term of this Permit, the Co-Permittee and 
NPS intend to enter into an agreement for management of utility infrastructure in Area A, including the 
IJKL outfall constructed during the term of this Permit. 
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Exhibit D:  Project Descripton   

 

Located on Crissy Beach, at the northern shore of San Francisco, California, the outfall is an existing 
terminus of a storm drain system that conveys rainfall run-off from a 125-ac watershed within the Presidio to 
San Francisco Bay. 
 
To address the deficiency of the existing pipeline, Caltrans, the Federal Highway Administration (FHWA), 
and the PT propose to replace approximately 170 ft of the existing 42-in outside diameter HDPE pipe from 
the existing manhole located on the beach, leading to the outfall in the Bay, and extend the pipe another 
approximately 296 feet, to just beyond the expected 50-year beach accretion  point.  The replacement and 
extension will consist of a 54-in outside diameter Solid Wall High Density Polyethylene (SW-HDPE) pipe 
for a total pipeline length of 460 ft. The pile and cross-tie configuration that supports and stabilizes the pipe 
will be similar to the one used for the previous extension of the outfall that was completed in year 2000, 
which consisted of 13-in-diameter, fiber-reinforced HDPE piles and HDPE cross ties. Aesthetically, the new 
outfall is designed to be mostly hidden during low tide.  
 
Approximately the first 270 ft of the pipe will be fully buried. Of this length, approximately the last 105 ft 
will be supported by 8 new 13-in HDPE piles while the first 165 ft is supported by 14 existing 13-in HDPE 
piles. These new piles will be impact-driven using a hydraulic impact hammer to approximately 30 to 35 ft 
below the beach surface. The last 190 ft will be supported above the Bay bottom on 16 new 13-in HDPE 
piles. These 35-ft-long piles will be impact-driven to approximately 24 ft below the bottom of the Bay; the 
top of the piles are designed to remain below the mean lower-low water (MLLW) mark, except for the last 
set of pilings. For safety reasons, the last set of pilings will be above the mean higher high water (MHHW) 
and delineated with signage as recommended by the U.S. Coast Guard.  
 
Construction of the outfall replacement will occur in three distinct stages: Stages 1 will occur in the onshore 
zone, Stage 2 will occur in the intertidal and offshore subtidal zones, and Stage 3 will occur in the offshore 
zone.  
 
In addition, the cover and frame of an existing 24-in manhole vault in Crissy Field, just south of the Crissy 
Field promenade, will be replaced with a 36-in manhole cover and frame to facilitate future maintenance. 
This will substantially reduce the future need for PT maintenance staff to access the manhole on the beach to 
maintain the pipe. 
 
Construction stages are characterized by differing site conditions, which will be subjected to different 
methods of construction. The onshore and offshore construction means and methods will be determined by 
the project contractor. Construction will occur between May and October during the dry season to primarily 
avoid over-wintering western snowy plover and migrating fish.  Normal construction activities will occur 
Monday through Friday from 7:00 am to 6:00 pm with early morning, and weekend work subject to tidal 
levels and as permitted by the National Park Service (NPS). The new outfall will be constructed in three 
stages as follows: 
 
Stage 1 (May 15 to July 31): Onshore Construction at Crissy Beach 
The onshore (beach) project footprint is 0.75-ac (32,670 ft2). Since the onshore footprint is sandy, temporary 
timber construction mats will be laid on the sand to provide construction access. Staging and storage will 
occur on Crissy Field, described below under ñStagingò. Barges will be used as work and storage platforms 
and to stockpile dredged material. Outfall construction vehicles and equipment may include support trucks 
(e.g., pickup trucks, dump trucks, flatbed trucks), trailers, excavators, loader/backhoes, a crane, and a pile 
driver.  
 
Stage 2 (June 1 to July 31): Intertidal and Offshore Construction in San Francisco Bay 

After the outfall on the beach is constructed and backfilled during Stage 1, Stage 2 construction will continue 
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into the intertidal zone and the Bay. Excavation and disposal of dredged material will occur during Stage 2 
construction.  
The construction vehicles and equipment to be used and stored on off-shore barges may include an 
excavator, a pile driver, a loader/backhoe, and dump trucks as well as other tools necessary to excavate 
within the intertidal zone. Divers also will assist in the underwater pipe installation.  
 
Stage 3 (June 1 to October 31): Offshore Construction in San Francisco Bay 
During Stage 2 construction in the Bay, the turbidity curtain will be removed and Stage 3 construction will 
be completed using equipment similar to that used in Stage 2. The removal of the turbidity curtain in Stage 2 
may occur simultaneously with Stage 3.   
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Attachment D1 - Hazardous Materials Testing Description 
Attachment D2 -  Storm Drain Replacement Work 
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Exhibit E: Insurance and Letter of Self-Insurance. 

Attachment E1 - Insurance Information  
Attachment E2 - Insurance Information 
 
 
 
 
 
 
 
 
 





















































































































� � � � � � � � � 	 
 � � � � � � � � � � � � � � � � � � � � �� � � � � � � � � � � � � � � � � � � � � � �  �  ! " # $ % & ' " ( " ) $ * + # & ) , ' & ( - - # + . ' * / ) + 0 1 $ + 2 + ( ( + 3 � � 4 5 � � 6 4 � 7 � 8 � � � 9 � 6 � � 5 : � � 6 � 8 � � � � � 4 � 6; � � 6 < � 4 = � � : � > � 6� 4 = � � ? : � > � 6 � = � � � � � � � � @� � � A � � 6 = ; @ � �� � B � � 6 = 	  ; � �  � 
C D E F G H I J K L I G M N D L O P I Q R G M I P S P H L I P T U S T M I V G W X C X Y P Z V [ L Q \ ] \ R M P ^ ^ Q _ G L H V C I T M ` a M L P Ub c d e f D I S L O O g h I G U ^ P T U i M T F G H I j C L U k M L U H P ^ H T7 � 8 � � � 9 � 6 � � � � l � � � � � � < m ; � � n �  � � � �7 � � � � � : � > � 6 <� � o � @ � � � @ 4 � p � = � 6 = o � � � � � 4 � � � � p � � � � > � � � 4 � � � � � � 4 5 4 � � � 4 � 6 q  � � � 4 5 4 � � � 4 � 6 r � � � o �  � � 4 5 � � 6 4 �7 � 8 � � � 9 � 6 � � 5 : � � 6 � 8 � � � � � 4 � 6 q 7 � 8 � � � 9 � 6 � r 5 � � � o � s � � � t 4 � o p � � � � �  � 4 � � � u � � � o � v w x � � � � 9= � � 4 6 � � � 5 � � � � y � � 6 � 4 � 6 q � � � l � � � r � : o � 7 � 8 � � � 9 � 6 � o � � � 8 8 � 4 � = 5 � � � � � 4 � 6 p 4 = � � � � 9 4 � � 5 � � � � � 5 � � �� � � � � � � � � � � 6 = ; � � � � 4 � � � = � 6 � � B � � � � � � � � � � � 5 � � 9 � o � s � � � ; � 9 �  � � 8 � � 5 m 6 � 4 6 � � � � 8 � � � � � 6 � � �� � � � 4 � 6 � � � � 5 � o �  � � � 6 � � � � � ; � � q � � s � � �  � z � � � � r � ; � � � � o 	 � o � 7 � 8 � � � 9 � 6 � o � � � 8 8 � 4 � = � �� o � � � 6 { � � 6 � 4 � � � u � � � � � 4 � 6 � � � � � � � � � � � 4 � �  � 6 � � � � u � � � = q � � � � � u � � � = r 5 � � �  � � � 6 � � � � �; � � � � � � 4 � 6 � � � p � � � � > � � � 4 � � � � � � 4 5 4 � � � 4 � 6 � o � � � o � � � � l � � � p 4 � � 6 � � @ 4 � � � � � � � � � � p � � � � > � � � 4 � �� � � 6 = � � = � �: o � � � � � � u � � � = � � � � 4 @ � = � o � � 8 8 � 4 � � � 4 � 6 5 � �  � � � 4 5 4 � � � 4 � 6 5 � � � o � � � � l � � � q ; 8 8 � 4 � � � 4 � 6 r � 6 ; � � � � �� � 	 
 � � � � � � 8 8 � � 9 � 6 � � � 4 6 5 � � 9 � � 4 � 6 p � � � � 6 � @ 4 � � 9 � 4 � � 6 ; � � � � � 
 � 	 
 � � � 	 � � 8 � � 9 � � � 
 � 	
 � � � 	 � � 8 � � 9 � � � 
 | 	 
 � � � � 6 = � � � � � � � � | 	 
 � � � � : o � ; 8 8 � 4 � � � 4 � 6 p � � = � � 9 � = � � 9 8 � � � � � 6� � � � � � � � | 	 
 � � � � : o � 5 � � � 5 � � 8 � � 9 � 6 � p � � � � � � 4 @ � = � � � o � � � � � � u � � � = � 6 ; � � � � � � � 	 
 � � � �i M T F G H I J : o � 5 � � � � p 4 6 � � � � l � � � = � � � � 4 8 � 4 � 6 p � � = � � 4 @ � = 5 � � 9 � o � ; 8 8 � 4 � � � 4 � 6 � 6 = � � 8 8 � � 9 � 6 � � �4 6 5 � � 9 � � 4 � 6 � � � � 4 @ � = � � � � � � � u � � � = � � � 5 5 �: o � 7 � 8 � � � 9 � 6 � 8 � � 8 � � � � � � � � 8 � � � � � 6 � y 4 � � 4 6 � = � � 4 6 � � � � � � 5 � � � � � � � � � = � �  � 4 � � � u � � � o� 8 8 � � y 4 9 � � � � � � � � � 5 � � � 6 � � � o � 5 t 4 � o p � � � � � 8 � � � 9 4 � � � � � � : o � � � � l � � � p 4 � � � y � � 6 = � o � � y 4 � � 4 6 �� � � 5 � � � 5 � � � o � � � 5 5 � o � � � � � � � 9 8 � 6 � � � � 5 � � 5 � � � � � � � � � o � � � � � � 4 � 6 � : o � 9 � � � o � 5 � o � � y 4 � � 4 6 �� � � 5 � � � 4 � � 8 8 � � y 4 9 � � � � � � 4 y 5 � � � � � � � p � o � � � � � o � � � � 6 = � � � @ � � 4 � 6 � 6 = � � > � 4 � � � � � � � � � �9 � 4 6 � � 6 � 6 � � � � B � � 8 � o � � � � � � � � � � � � �: o � � � � l � � � p 4 � � � � 8 � � � � � 8 8 � � y 4 9 � � � � � � � � 5 � � � � 5 � o � � y 4 � � 4 6 � � 
 n 4 6 � o � � � � 4 = � = 4 � 9 � � � � o 4 � o= � 6 � 4 � � 8 � � � � � o � � � 6 � q t 7 � m r 8 4 8 � 5 � � 9 � 6 � y 4 � � 4 6 � 9 � 6 o � � � � � � o � � � � � � 6 � � � � 5 � � � � 6 � o � � � � � o �: o � � � 8 � � � � 9 � 6 � � 6 = � y � � 6 � 4 � 6 8 4 8 � p 4 � � � � � | � n 4 6 � o � � � � 4 = � = 4 � 9 � � � � t 7 � m � o � � p 4 � � � y � � 6 =



} ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � �� � � � � � ~ � � � � � � � ~ � � � � � � � � ~ � � � � � ~ � � � � � � n 
 n � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � �   ¡ � ¢ £ ¤ �   � ¥ � � � ¦ � � � � � � � § � § £ ¤ �� 8 8 � � y 4 9 � � � � � 
 �  5 � � � � � � � 6 = � o � 9 � � � o � 5 � o � � y 4 � � 4 6 � � � � 5 � � � � : o � 8 4 8 � p 4 � � � � � � � � � � � 5 �   5 � � � � � 6 � p 4 � o � o � 5 4 � � � 
 � | 5 � � � 5 � � 9 � o � 9 � 6 o � � � � � � 4 � = � 6 = � � � o � � � � � o � 6 = � � � 5 � � � � 	 � 6 = � o �� � � � 
 � � 5 � � � � � 8 8 � � � � = � � � @ � � o � � � � 5 � � � � � � � � n 4 6 � o t 7 � m 8 4 � � � �� � � 8 � � � = 8 � � l � � � � � � 9 � 6 � � p 4 � � 4 6 � � � = � <� � = 4 5 4 � � � 4 � 6 � 5 � 6 � y 4 � � 4 6 � 9 � 6 o � � � 4 6  � 4 � � � { 4 � � = 5 � � 9 � 
 � n 4 6 � o � � � � � � � � � � � � �  n 4 6 � o� � � � � � � � � � � 9 � � � � 5 5 � � � 4 @ � � � 5 � � 4 � 4 � � � � 5 � � � � � 9 � 4 6 � � 6 � 6 � � 	� � 9 � @ � � � 5 � y 4 � � 4 6 � � o � � � � 5 � � � � � 6 � 	 � 
 n 4 6 � o = 4 � 9 � � � � t 7 � m 5 � � 9 � y 4 � � 4 6 � 9 � 6 o � � �� � � � � � � � � � � � o � � � � 5 � � � � �  � 4 � � � � � � � o 	� � = 4 5 4 � � � 4 � 6 � 5 � � � y 4 � � 4 6 � t 7 � m 8 4 � � � � o � � � � 8 8 � � � � o � � y 4 � � 4 6 � � � � 5 � � � 8 4 8 � � � � o � � � o �8 4 � � � � � � � � � 6 � � � @ � � 4 � 6 � � � � 8 8 � � � � o � 6 � p � � � 5 � � � 8 4 8 � � 4 6 � 	� 6 � � � � � � � 4 � 6 � 5 
 � ¨ � � n 4 6 � o t 7 � m 8 4 � � � � � o � = � � � � 4 � 4 9 8 � � � = � 4 @ 4 6 � � � � � 8 8 � � � � o � 6 � p� � � 5 � � � 8 4 8 � 	 � 6 =� 6 � � � � � � � 4 � 6 � 5 �   � 4 6 � � � 5 � � � � 5 | � n 4 6 � o t 7 � m � � � 5 � � � 8 4 8 � p o 4 � o p 4 � � � � � � � � � � = � � � o �8 4 � � � � � � � � � � � 4 � � �b ` © L H I ^ J � � � l � � � 4 9 8 � � 9 � 6 � � � 4 � 6 p � � � = 8 � � 9 � 6 � 6 � � � 4 9 8 � � � � 8 8 � � y 4 9 � � � � � � � � 
 | � � � � � 5 � � 6{ � � 6 � 4 � � � u � � = � � � � 4 6 � � � � � � � 4 � 6 � 5 
 � � 5 � � � � 5 | � n 4 6 � o t 7 � m 8 4 8 � � � � @ � � o � � � � 5 � � � � � 6 = � � n� � n 4 6 � o t 7 � m 8 4 � � � p o 4 � o p 4 � � � � 8 8 � � � � o � | � n 4 6 � o t 7 � m � � � 5 � � � 8 4 8 � � � � @ � � o � � � � 5 � � � � �� � � l � � � 4 9 8 � � 9 � 6 � � � 4 � 6 p � � � = � � 9 8 � � � � 4 � � 4 9 8 � � � � � | � � � � � � 5 � � 6 { � � 6 � 4 � � � u � � � 6 =l � � 4 � = 4 � � 4 � 6 � � � � � � o o � � 4 � � � = � � � � 4 6 � � � � � � � 4 � 6 � 5 � � 9 8 � � � � � � o � � 4 6 � 	 � y � � @ � � 4 � 6 � 6 = � � 9 � @ � � � 5� o � � y 4 � � 4 6 � � 
 n 4 6 � o 8 4 8 � 	 4 6 � � � � � � � 4 � 6 � 5 � o � 6 � p | � n 4 6 � o 8 4 8 � 	 � 6 = 4 6 � � � � � � � 4 � 6 � 4 � � � � � � � � � � � � 4 6 �� � � o � � � � � � 4 � 6 � p o � � � � � n 4 6 � o t 7 � m 8 4 � � � � � � � 8 8 � � � � o � � � � 5 � � � p 4 � � � � = � 4 @ � 6 �� � � ; � � � � o 9 � 6 � 5 � � 4 9 8 � � � � � � � � 4 � 6 � �ª T L « [ L Q i T O O D I L U I b ` © L H I ^ J � � � l � � � 4 9 8 � � 9 � 6 � � � 4 � 6 p 4 � � � � � � � � 4 6 6 � 6 � p � � � � p � � B � =4 9 8 � � @ 4 � � � � � � � � � � � � 9 p � � � � � � 6 � 5 5 5 � � 9 4 9 8 � � @ 4 � � � � � � � � 9 � � � � 6 � � 4 6 o � = � � � � � � � 6 � 	 9 � � � � � 	@ � � � � 4 � � � � � � 6 4 � � � 9 8 � � 6 = � 	 � � � � o 	 � 6 = � � = 4 9 � 6 � � � � � @ � � � � o � � 9 � � � 4 � 6 4 5 4 � � 6 � � � 4 9 8 � � � p � � � � � � 5� o � � � � � � 4 5 � � 5 � � 6 � � � � � � = �Y Q « M T ` T « P S P H L I P T U b ` © L H I ^ J ; = = � = 4 9 8 � � @ 4 � � � � � � � � 9 � � � � � � � � 4 6 � � � � � � � 4 � 6 � � � � y 4 � � 4 6 �o � = � � � � � 4 � � � � 4 9 � � 	 � � � � � � 4 6 � 4 6 � � � � 4 � 6 � 6 = ¬ � � � o � 6 � � � � 5 � � = 4 9 � 6 � � � � 6 � 8 � � � 4 6 � � � � 4 @ 4 6 �p � � � � � q o � = � � 9 � = 4 5 4 � � � 4 � 6 r � u � � � � � � � o � � � � l � � � p 4 � � 6 � � � � � � � � 4 6 � 6 � � = = � = 4 9 8 � � @ 4 � � � � � � � 	o � = � � 9 � = 4 5 4 � � � 4 � 6 9 4 � 4 � � � 4 � 6 4 � 6 � � � � > � 4 � � = � ® T P « L U H G L U « ¯ P U P ` P ° L I P T U J : o � 7 � 8 � � � 9 � 6 � o � � � @ � 4 = � = � 6 = 9 4 6 4 9 4 ± � = 4 9 8 � � � � � � � � 6{ � � 6 � 4 � � � u � � � � � 6 � � � � 4 6 � � o � p � � B � � � � p 4 � o o � � @ � = � � � 5 � � � � 4 6 � � 4 � � � � � � � 4 6 	 � � 9 � @ 4 6 � � 6 =8 � � � � � @ 4 6 � � y 4 � � 4 6 � @ � � � � � � 4 � 6 4 6 � � � � 4 � 6 � � � � � B � � � @ 4 � � 6 � � � � � � � � � � � � � � � � � = � 6 � �� � 6 � � � � � � 4 � 6 4 � � � 9 8 � � � � 	 � 6 = 8 � � 8 � � 4 6 � p � � B = � � 4 6 � � 8 8 � � 8 � 4 � � � � 6 @ 4 � � 6 9 � 6 � � � p � � B p 4 6 = � p �5 � � � 6 � o � � � � 6 = � 5 5 � o � � � o � � 4 � � � � �



} ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � �� � � � � � ~ � � � � � � � ~ � � � � � � � � ~ � � � � � ~ � � � � � � n � n � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � �   ¡ � ¢ £ ¤ �   � ¥ � � � ¦ � � � � � � � § � § £ ¤ �¯ P I P Z L I P T U J u � � � � � � � o � � � � l � � � p 4 � � � � 4 9 4 6 � � � � o � 6 � � = 5 � � 9 � � o � 6 4 � � � � � � � � 4 6 � � 6 =9 � 4 6 � � 6 � 6 � � � 5 � o � � � � � � � p o 4 � o � � � � � 6 � � � � � � � � � � � � � 4 6 � � � = � � � � � o � � � � � � 4 � 6 � 5 � o � � y 4 � � 4 6 �� � � 5 � � � � � � � � 4 � 6 	 � = = 4 � 4 � 6 � � 9 4 � 4 � � � 4 � 6 5 � � 8 � � 9 � 6 � 6 � 4 9 8 � � � � � o � � � 6 � � � � � � > � 4 � � = 5 � � � o � � � � l � � � �: � 9 4 � 4 � � � � 5 � � � � 9 8 � � � � � 4 9 8 � � � � � � � o � � � � � o � 6 = � � 6 { � � 6 � 4 � � � u � � 	 � o � 7 � 8 � � � 9 � 6 � � o � � �� � � � � � � � � � � � 9 8 � � � � 4 � � 4 9 8 � � � � = � � � � � � � 8 � � n 8 � � l � � � � � 4 9 8 � � @ � = � � 6 = 4 � 4 � 6 � � : o � 7 � 8 � � � 9 � 6 �� o � � � � � � � 8 � � @ 4 = � 5 � 6 = 4 6 � � � � o � � � � 4 � 6 � � � � � B � � � @ 4 � � 5 � � 8 � � n � � 6 � � � � � � 4 � 6 � � 9 � @ � � 	 � � � � � � � 	� 6 = 8 � � � n � � 6 � � � � � � 4 � 6 8 � � 6 � 4 6 � � 5 � y 4 � � 4 6 � � � � � o @ � � � � � � 4 � 6 �R g N  R T ` © O P L U H G J : o � � � � l � � � 4 � = � � � � 4 � � = � 6 = � � � o � � � n @ � � 4 = � � 4 � 6 � 5 � o � m 6 @ 4 � � 6 9 � 6 � � �� 9 8 � � � � � 8 � � � q m � � r � o � � p � � 8 � � 8 � � � = � 6 = � 8 8 � � @ � = 5 � � � o � 7 � � � � 7 � 4 @ � A � � = � 6 A � � � u � 4 = � �� � � � o ; � � � � � � � � l � � � 8 � � � � � 6 � � � � o � 8 � � @ 4 � 4 � 6 � � 5 � o �  � � 4 5 � � 6 4 � m 6 @ 4 � � 6 9 � 6 � � � � � � � 4 � � ; � � � �� o � � � 6 { � � 6 � 4 � � � : � � 6 � 8 � � � � � 4 � 6 ; � � o � � 4 � � q � { : ; r � : o � � { : ; 5 4 � � = � � � � 4 � � � 5 7 � � � � 9 4 6 � � 4 � 65 � � � o � m � � � 6 7 � � � 9 � � � � � 	 
 � � � q �  t � � � 
 � � � � � 
 � �  r � : o � m � � p � � � � n @ � � 4 = � � � = � 6� � � � � � � � | 	 
 � � � �R G M I P S P H L I P T U J � o � � � � � 4 � � � � � 6 � � = � � � � � � 4 5 � 4 6 � � o � � � 6 � = 4 � � o � � � � 5 � � 9 � o � � � 5 � � � 6 � � = 8 � � l � � �p 4 � � � � 9 8 � � p 4 � o � o � � 8 8 � 4 � � � � � 8 � � @ 4 � 4 � 6 � � 5 � � � � 4 � 6 � � � � q m 5 5 � � � 6 � x 4 9 4 � � � 4 � 6 � r 	 � � 
 q � � � � �� � � � 4 � � � � � � � � = m 5 5 � � � 6 � x 4 9 4 � � � 4 � 6 � r 	 � � � q � � � � � � � � � 4 � � � � � 6 = � � = � � 6 = � 9 8 � � 9 � 6 � � � 4 � 6 � � � 6 � r 	� �  q � � � 4 � 6 � � � � � 6 = � � = � � 5 � � � 5 � � 9 � 6 � � r 	 � 6 = � � � q : � y 4 � � 6 = � � � � � � � � 9 � 6 � m 5 5 � � � 6 � � � � 6 = � � = � r� 5 � o �  � � � 6 � � � � � ; � � 	 � 6 = p 4 � o � � o � � � 8 8 � 4 � � � � � � � > � 4 � � 9 � 6 � � � 5 � � � � � � � p � : o 4 � = 4 � � o � � � � 4 �� � � � � � � � � � � � = � 6 = � � � � � � � � � � � � � � � � � � � � �  � 6 � � � � u � � � = � � = � � � � � 
 � � � n � � � � ¨ 7 � � 	² A � 6 � � � � � � � � � 7 4 � � o � � � � � � > � 4 � � 9 � 6 � � 5 � � 7 � � = � � � 6 = { 4 � � 7 4 � � o � � � � � : o � � t � @ � � � � � 4 @ � =� � � � � � � � � � � � � � 4 � �  � � � 4 5 4 � � � 4 � 6 ³ p o 4 � o � � > � 4 � � � � � 9 8 � 4 � 6 � � p 4 � o � � � � � 6 = 4 � 4 � 6 � � 5 � o 4 � � � � � �� � � � 4 � �  � � � 4 5 4 � � � 4 � 6 � : o � 5 � � � � p 4 6 � � � 6 = 4 � 4 � 6 � � � � � � � � � 4 � � � = p 4 � o � o 4 � � � � � 4 5 4 � � � 4 � 6 <� � : o � 7 � 8 � � � 9 � 6 � � o � � � � = o � � � � � � o � � � � 9 � � 5 � � � 4 � 6 p 4 = � � � � 9 4 � � � � � 	 4 � � � � = � � � o �7 � 8 � � � 9 � 6 � � � � o � s � � � ; � 9 �  � � 8 � � 5 m 6 � 4 6 � � � � 	 � 6 = � o � u 4 � � � � 4 � � � � 8 4 6 4 � 6 � 4 � � � � = � �� o � 7 � 8 � � � 9 � 6 � � � � o � s � � � { 4 � o � 6 = � 4 � = � 4 5 � � � � @ 4 � � � 6 = � o � � � � 4 � 6 � � � � � 4 6 � { 4 � o � � 4 � �� � � @ 4 � � 5 � � � o � � � � l � � � �
 � : o 4 � � � � � 4 5 4 � � � 4 � 6 = � � � 6 � � � � � � p 5 � � � o � � � B � 	 � � 4 6 � 4 = � 6 � � � � � B � 	 � 5 � 6 � � 8 � � 4 � � � � � � � �� 8 � � 4 � � � : o � 7 � 8 � � � 9 � 6 � � o � � � � � 4 � 4 ± � � o � � 8 8 � � 8 � 4 � � � 8 � � � � � � � � 	 � � � 8 8 � � @ � = � � � o � � � 4 5 � � 6 4 � 7 � 8 � � � 9 � 6 � � 5 { 4 � o � 6 = � 4 � = � 4 5 � q  7 { � r 	 � � � 4 � 6 � � � � � 4 6 � { 4 � o � � 4 � � � � � @ 4 � � 	� 6 = ¬ � � s � � � { 4 � o � 6 = � 4 � = � 4 5 � � � � @ 4 � � 	 � � � 6 � � � � � o � � 8 � � l � � � � � � 4 @ 4 � 4 � � = � 6 � � � = @ � � � � � �4 9 8 � � � p � � � � > � � � 4 � � � � � o � u � 6 � 5 4 � 4 � � s � � � 5 � o � � � � � � � @ � � 4 � 6 � 5 � � � � � 6 = m 6 = � 6 � � � � =� 8 � � 4 � � �� � : o � � � � l � � � � o � � � � � � � 6 � � � � � � � = 4 6 � � 6 5 � � 9 � 6 � � p 4 � o � o � � � � l � � � 7 � � � � 4 8 � 4 � 6 = � � � � 4 � � = 4 6� o 4 �  � � � 4 5 4 � � � 4 � 6 � 6 =  � � � 4 5 4 � � � 4 � 6 � 8 8 � 4 � � � 4 � 6 9 � � � � 4 � � � � ; 6 � � o � 6 � � 4 6 � o � � � � l � � � � o � �� � � � = 4 9 8 � � � � � � � � p � � � � � 9 � � � � > � 4 � � � � 9 8 � 6 � � � � � � 9 4 � 4 � � � 4 � 6 � 6 = � o � � � 5 4 � � � � � � � 8 � � � � =� � � 6 = 5 � � 6 = � � � � 8 � � � � � � � � o � � � � � � u � � � = m y � � � � 4 @ � � 5 5 4 � � � ´� � ; � � p � � B 8 � � 5 � � 9 � = p 4 � o 4 6 p � � � � � � 5 � o � � � � � � � o � � � � � � � 9 8 � � � � = 4 6 � 9 � 6 6 � � � o � �9 4 6 4 9 4 ± � � 4 9 8 � � � � � � � � 6 � 5 4 � 4 � � � � � � � 6 = o � � 4 � � � � � � � � � � � � � o � � � � � � 9 8 � � � � = � �9 4 6 4 9 4 ± � = 4 � � � � � � 6 � � � � � � 6 � � o � � o � � � � 4 6 � � o � � p 4 � � � = @ � � � � � � 4 9 8 � � � � o � p � � � � > � � � 4 � � � 5p � � � � � � 5 � o � � � � � � � 7 4 � � � � � � 6 � � � � � � 9 � @ � � � 5 @ � � � � � � 4 � 6 � o � � � 6 � � � y � � � = � o � 9 4 6 4 9 � 96 � � � � � � � � � � � � 9 8 � � � � � � � l � � � 4 9 8 � � 9 � 6 � � � 4 � 6 ´



} ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � �� � � � � � ~ � � � � � � � ~ � � � � � � � � ~ � � � � � ~ � � � � � � n � n � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � �   ¡ � ¢ £ ¤ �   � ¥ � � � ¦ � � � � � � � § � § £ ¤ �| � m y � � 8 � 5 � � @ � o 4 � � � � � 6 = � > � 4 8 9 � 6 � � � > � 4 � � = 5 � � p � � B 4 6 � � 6 { � � 6 � 4 � � � u � � 	 6 � 5 � � � 4 6 � 	� � � � 6 4 6 � � � 9 � 4 6 � � 6 � 6 � � � 5 @ � o 4 � � � � � � � > � 4 8 9 � 6 � � o � � � � � B � 8 � � � � p 4 � o 4 6 l � � 4 � = 4 � � 4 � 6 � �p � � � � � � � p 4 � o 4 6 � 6 � � � � � � p o � � � � 6 � � � 4 = � 6 � � � = 4 � � o � � � � � � l � � 4 � = 4 � � 4 � 6 � � p � � � � � 9 � �� � � � � ´ � 7 � � = � 4 6 � ¬ � y � � @ � � 4 � 6 4 6 � � 6 { � � 6 � 4 � � � u � � � o � � � 6 � � � � � � � � � � � 4 = 4 � � 4 6 � o � � � � � 4 @ 4 6 � p � � � � �q 4 � � � 	 � � 6 { � � 6 � 4 � � � u � � r � � 4 6 � � � � � � � � 9 � � � � o � 6 � � 8 � � � � 6 � 4 5 � o � � 9 � 4 � 6 � � � � � 4 = 4 � � � 5 � o �� � � � 4 @ 4 6 � p � � � � 4 � � � � � � � � � o � 6 | � � : s 	 � � � � 9 � � � � o � 6 | � : s 4 5 � o � � 9 � 4 � 6 � � � � � 4 = 4 � � � 5� o � � � � � 4 @ 4 6 � p � � � � 4 � � � � � � o � 6 � � � > � � � � � | � � : s �� � : o � 7 � 8 � � � 9 � 6 � � o � � � � � � 9 4 � � � � � � 4 = 4 � � 9 � 6 4 � � � 4 6 � 8 � � 6 � � � � � � �  � = � � � 8 � 4 � � � � � o �� 6 � 4 � 4 8 � � � = � � � � � � 5 8 � � l � � � � � 6 � � � � � � 4 � 6 � � � 4 @ 4 � 4 � � 5 � � � � � � 8 � � 6 � � � � � � � � � u � � � = � � � 5 5 � : o �� � � � 4 = 4 � � 9 � 6 4 � � � 4 6 � 8 � � 6 � o � � � 4 6 � � � = � 9 � 6 4 � � � 4 6 � 9 � � o � = � 	 � � � 8 � � � 4 6 � 8 � � 6 4 5 � � � � 4 = 4 � �� � @ � � � � � � 6 � � 4 6 � � 9 8 � 4 � 6 � � p 4 � o  � 6 = 4 � 4 � 6  	 � 6 = � o � � � � 8 � � 4 5 � � o � � y � � � � � � � � 4 � 6 � 5 � �9 � 6 4 � � � 4 6 � � � � � 4 = 4 � � � � � o � 8 � � l � � � � 4 � � �� � : o � 7 � 8 � � � 9 � 6 � � o � � � � � � 9 4 � � o � 7 � � = � 4 6 � � 8 � � � � 4 � 6 � � � 6 � 6 = � � � 4 = 7 � � � 4 � � � 6 � � � 9 � 6 �� � � 6 � � = � � � � 4 � � = 4 6 � o � ; 8 8 � 4 � � � 4 � 6 � � � o � � � � � � u � � � = 5 � � � � � � 8 � � 6 � � � � � � � � �  � = � � �8 � 4 � � � � � o � � 6 � 4 � 4 8 � � � = � � � � � � 5 = � � = � 4 6 � � � � 4 @ 4 � 4 � � �� � m y � � 8 � 5 � � = 4 � 8 � � � � � 5 9 � � � � 4 � � = � � = � � = � � � y � � @ � � � = 5 � � 9 � o � u � � 	 6 � = � � � 4 � 	 � � 4 � 	 � 4 � � 	� � 6 = 	 � � 9 � 6 � 	 � � 6 � � � � � 	 � � p � � o 4 6 � � � o � � � � 5 	 � � � � o � � � � 6 � � � � � � 4 � 6 � � � � � � = 9 � � � � 4 � � � � �p � � � � � 	 � 4 � � � 8 � � � � � � � 9 8 � � = � � � � � � � � o � � � � � � 6 4 � � � � � � � o � 6 9 � � � � 4 � � � o � � � � � � � � � p � = � �� 6 � � � 4 6 � � � � � � 8 � � � � = p o � � � 4 � 9 � � � � p � � o � = � � � � 4 6 5 � � � � � � � 6 � 5 5 4 6 � � p � � � � � � 5 � o �� � � � � � � o � 6 � 8 � � � � 4 � 6 � � � � � � 9 8 � � � � = 	 � 6 � � y � � � � 9 � � � � 4 � � � o � � � � � � � 9 � @ � = 5 � � 9 � o �p � � B � � � � � 6 = � 6 � � � � � � � = l � � � 6 � � � � o � p � � B � � � � p o � � � � � � o 9 � � � � 4 � � 9 � � � � p � � o � =4 6 � � p � � � � � � 5 � o � � � � � � �� � � : o � 7 � 8 � � � 9 � 6 � � o � � � 6 � � � � � � � � � � � p � o � � � � � 5 � � � � 4 � 6 � � 6 � � � � 8 � � = � � � � � o � � � � 6 � � 4 6� � 6 � o � � 4 � 9 � � � � 4 � � � p 4 � o 4 6 p � � � � � � 5 � o � � � � � � � � � 6 � � 4 9 � � : o � 7 � 8 � � � 9 � 6 � � o � � � � � > � � � �� 8 8 � � @ � � 5 � � 9 � � � � � u � � � = � � � 5 5 4 5 � 6 � y � � 8 � 4 � 6 5 � � 9 � o 4 � � � > � 4 � � 9 � 6 � 4 � 6 � � = � = � � �� 8 � � 4 5 4 � � � � � � 4 � 6 � � 6 � 8 � � 6 = � 6 = � 4 8 � � 4 � 6 � � � � � 	 � o � 7 � 8 � � � 9 � 6 � � o � � � 8 � 4 � � 4 � 4 ± � � o � � � � � 5p 4 � = � 4 5 � n 5 � 4 � 6 = � � � 4 � = � � � � = � � � � q 6 � � 8 o � � � n = � � � � = � � � � r � � � � 4 � 6 � � 6 � � � � 8 � � = � � � � � : o �7 � 8 � � � 9 � 6 � � o � � � 6 � � � � � � � � � � � p � o � � � � � 5 � � � � 4 � 6 � � 6 � � � � 8 � � = � � � � � o � � � � 6 � � 4 6 � � 6 � o � � 4 �6 � � � 4 6 � 5 � � 8 � � 9 � 6 � 6 � � � � � 4 � 6 � � 6 � � � � q 4 � � � � � � � 4 � 6 � � 6 � � � � 9 � � � � 4 � � � � � � � � � 5 � 4 6 8 � � � � 5 � �� p � � � � � � � � � 5 � � � � o � � � 9 8 � � � 4 � 6 = � � � � 5 � o � � � � l � � � r �� 5 � o � 7 � 8 � � � 9 � 6 � 5 4 6 = � � o � � � � � � 4 � 6 � � 6 � � � � 6 � � � 4 6 � � � 8 � � = � � � � o � @ � � 6 � � � 8 8 � = � � o � � 9 � =p 4 � = � 4 5 � 	 8 � � � � 6 6 � � � o � � � � � 9 � @ � � o � 6 � � � 4 6 � � � 8 � � = � � � � 6 = � � 8 � � � � 4 � p 4 � o p 4 � = � 4 5 � n 5 � 4 � 6 = � �� 4 � = � � � � = � � � � 8 � � = � � � � ´� � � : o � = 4 � � o � � � � � 5 � � = 4 9 � 6 � � � � � 6 { � � 6 � 4 � � � u � � 	 � � � � � � � � � p o � � � � � = 4 9 � 6 � 9 � �= 4 � � o � � � � � � � � 6 { � � 6 � 4 � � � u � � 	 4 � 8 � � o 4 � 4 � � = � : o � 7 � 8 � � � 9 � 6 � � o � � � 4 9 8 � � 9 � 6 � � � �� 8 8 � � 8 � 4 � � � � � = 4 9 � 6 � � 6 = � � � � 4 � 6 � � 6 � � � � � � 6 � � � � � � 4 � 6 � � � � 9 � 6 � � � 9 � 6 � 8 � � � � 4 � � � 	4 6 � � � = 4 6 � 9 � 6 � � � 9 � 6 � � 5 � y � � @ � � � = 9 � � � � 4 � � � = � � 4 6 � � o � � y � � @ � � 4 � 6 	 � � � 6 � 8 � � � 	 � 6 =� � � � B 8 4 � 4 6 � 8 � � � � � � ´� 
 � ; � � p � � B � o � � � � � � � 9 8 � � � � = � � � p � � 6 � � � � | � 6 = � � � � � � � � � ´



} ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � �� � � � � � ~ � � � � � � � ~ � � � � � � � � ~ � � � � � ~ � � � � � � n | n � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � �   ¡ � ¢ £ ¤ �   � ¥ � � � ¦ � � � � � � � § � § £ ¤ �� � � : o � 7 � 8 � � � 9 � 6 � � o � � � 9 � 4 6 � � 4 6 � � � 8 � � 5 � o 4 � p � � � � > � � � 4 � � � � � � 4 5 4 � � � 4 � 6 � � � o � � � � l � � � � 4 � �� � � � � � � � � @ � 4 � � � � � � � � � � � 4 9 � � � � � 4 � � � 8 � � � � 4 6 � 8 � � � � 6 6 � � � � � 4 � � o � � � � 8 � 6 � 4 � 4 � 4 � � � 5 � o �7 � 8 � � � 9 � 6 � � � � � � � � � � o � � � � � 8 � � � � 6 6 � � q � 9 8 � � � � � � 	 � � 6 � � � � � � � � 	 � 6 = � � � � � 6 � � � � � � � � r � � �� = � > � � � � � � 4 6 5 � � 9 � = � 6 = � � � 4 6 � = � � � � � = 4 6 � � o � � � 6 = 4 � 4 � 6 � � 5 � o 4 � � � � � 4 5 4 � � � 4 � 6 ´� � � : o 4 � � � � � 4 5 4 � � � 4 � 6 � � � 4 � 6 4 � � � � l � � � � � 9 � = 4 5 4 � � � 4 � 6 � � � � @ � � � � 4 � 6 � 8 � 6 � = 9 4 6 4 � � � � � 4 @ � � �l � = 4 � 4 � � � � @ 4 � p 	 4 6 � � � = 4 6 � � � @ 4 � p � 6 = � 9 � 6 = 9 � 6 � 8 � � � � � 6 � � � � � � � 4 � 6 � � � � � � 5 � o � � � 4 5 � � 6 4 � � � � � �  � = � q  �  r � 6 = � � � � 4 � 6 � �  � � 5 : 4 � � � 
 � � 5 � o �  � � 4 5 � � 6 4 �  � = � � 5� � � � � � � 4 � 6 � q 
 �   � r ´� | � : o 4 � � � � � 4 5 4 � � � 4 � 6 � � � 4 � 6 = � � � 6 � � � 8 8 � � � � � 6 � = 4 � � o � � � � 5 � � 9 � 6 � � � � 4 @ 4 � � 4 6 @ � � @ 4 6 � �o � = � � � � � � � � 4 � 5 � � 4 � 4 � � � � > � 4 � 4 6 � � { � = � � � � m 6 � � � � � � � � � � � � � �  � 9 9 4 � � 4 � 6 q { m �  r � 4 � � 6 � � � �� 6 � 9 � 6 = 9 � 6 � � � � { m �  � 4 � � 6 � � 	 � 6 � � � � � o � 8 � � � 4 6 � 6 � � � � � 4 5 4 � � � 4 � 6 � 8 8 � 4 � � � 4 � 6 p � � 5 4 � � =8 � � � � � 6 � � �  � � 4 5 � � 6 4 �  � = � � 5 � � � � � � � 4 � 6 � q   � r : 4 � � � 
 � 	 � � � � � � � 4 � 6 � � | | q � r � 6 = � o � �� 8 8 � 4 � � � 4 � 6 � 8 � � 4 5 4 � � � � � 4 = � 6 � 4 5 4 � = � o � � � { m �  � 4 � � 6 � � � � � 9 � 6 = 9 � 6 � � � � { m �  � 4 � � 6 � � 5 � �� o � = � � � � � � � � 4 � 5 � � 4 � 4 � � p � � � � 4 6 � � � � � o � ´ � 6 = 	�  �  � � � 4 5 4 � � � 4 � 6 4 � � � 6 = 4 � 4 � 6 � = � 8 � 6 � � � � � 8 � � 9 � 6 � � 5 � o � 5 � � � 5 � � � � > � 4 � � = 4 6 � � � � � � � � � � � � 4 � 6 �q 
 �   � � � � � 4 � 6 � � � � r � � � � � � u � � � = � � � 5 5 � � � � 4 @ � = 5 � � � 8 � � 9 � 6 � � 5 µ | 	 � � � � � � � 6 ; � � � � �� � 	 
 � � � �� � � 6 � 4 � 4 8 � � � � � � � � � � 8 � � � � 4 � 6 4 6 4 9 8 � � 9 � 6 � 4 6 � � o � � � � � 6 = 4 � 4 � 6 � � t � p � @ � � 	 8 � � � � � � � � = @ 4 � � =� o � � � 6 � @ 4 � � � � 4 � 6 � 5 p � � � � > � � � 4 � � � � � � 4 5 4 � � � 4 � 6 � � 6 = 4 � 4 � 6 � 4 � � @ 4 � � � � 4 � 6 � 5 � � � � � � � p � 6 = � � � l � � � � �� = 9 4 6 4 � � � � � 4 @ � � 4 @ 4 � � 4 � � 4 � 4 � � 8 � � � � � 6 � � �  � � 4 5 � � 6 4 � � � � � �  � = � q  �  r � � � � 4 � 6 � � � | � � { � 4 � � � � � �� � � 8 � 6 = 	 4 6 � = � > � � � � � � � 8 � 6 � � 	 � � � � � � � 8 � 6 � � 	 � � 5 � 4 � � � � � � 9 � � � � 6 � � � 6 = 4 � 4 � 6 � 5 � o 4 �� � � � 4 5 4 � � � 4 � 6 9 � � � � � l � � � � � � � � � 4 @ 4 � � 4 � � 4 � 4 � � 4 9 8 � � � = � � � o � � � � � � u � � � = � � � 9 � y 4 9 � 9 � 5µ | 	 � � � 8 � � = � � 8 � � @ 4 � � � � 4 � 6 � � µ � � 5 � � � � � o � � � � � 6 � 5 p � � � � = 4 � � o � � � � = 4 6 @ 4 � � � � 4 � 6 � 5 � o 4 �� � � � 4 5 4 � � � 4 � 6 � ; � � � 	 � 6 � � � > � 4 � � 9 � 6 � 5 � � � � � 8 � � � 9 � = � � � � � � 6 = 4 � 4 � 6 � � � o 4 � � � � 4 � 6 q � � � �  � 6 = 4 � 4 � 6� � � �  � 6 = � r 4 � � 5 � � 9 � � � � > � 4 � � 9 � 6 � 8 � � � � � 6 � � �  �  � � � � 4 � 6 � � 
  � 	 � 6 = 5 � 4 � � � � � � � � � 9 4 � 	� � � � � � 4 6 � = � > � � � � � � � 9 4 � � � � 	 � � 5 � � � 4 5 4 � � � 4 � 6 � 5 � � � o � � � o 6 4 � � � � � 8 � � � q � r 4 � � � � � � � � l � � � � � � 4 @ 4 �� 4 � � 4 � 4 � � 8 � � � � � 6 � � �  �  � � � � 4 � 6 � � 
  � �� � � 6 � 4 � 4 8 � � � 6 � 5 � � � o � � � � � 4 � 6 � 6 � o 4 � � � > � � � � � � o � � � = 6 � p 4 6 5 � � 9 � � 4 � 6 � � 9 � � � � � � � � � � 6 � 4 � 6� o � � 4 6 = 4 � � � � � � p � � � � > � � � 4 � � 8 � � � � � 9 p 4 � o � o 4 � 8 � � l � � � 	 � o � � � � � � u � � � = 9 � � 4 � � � � � � � � �7 4 � � o � � � � � � > � 4 � � 9 � 6 � � 8 � � � � � 6 � � � 
 �   � � � � � 4 � 6 � � | � �� 5 � � � o � @ � � 6 � > � � � � 4 � 6 	 8 � � � � � � � 6 � � � � 7 � � � B u � � � = � � � � q | � � r  
 
 n 
 � � � 	 � � @ 4 � � n 9 � 4 � � �= � � � B � � � � � = � � ¶ p � � � � � � � � = � � � � � � � @ � � 4 6 � � � � � � 	
u � � � � t � � � � 5 �m y � � � � 4 @ � � 5 5 4 � � �



} ~ � � � � � � � � � � � � � � � ~ � � � � � � � � � ~ � � � � � � � � � �� � � � � � ~ � � � � � � � ~ � � � � � � � � ~ � � � � � ~ � � � � � � n  n � � � � � � � � ~ � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � �   ¡ � ¢ £ ¤ �   � ¥ � � � ¦ � � � � � � � § � § £ ¤ �· · ¸ ¹ º » ¼ ½ ¾ » º ¿ À Á Â Ã Ä Å º ¿ ¿ Æ Ã ¾ ¼ Ç È É Ê Å ½ Ë È Ì Â Ã Ä É Í » Î Æ ¿ » Ï Ð Ñ Ç Ò È ÇÂ Ó Ä Â ¼ ¿ º Ó Ó » Ô Ó · » Ã Õ Î Ð Ê Ë Ò È Â Ã Ä Ö » Ã × ¼ ¼ Ø Ù » Ú Ï » Ã Ð Ê » ¿ Û Ã » Î ÓÂ Ó Ä Ü º Ó » Â » Î Ý º Õ Î ¼ Ð Ñ Ç Þ Ê Ô Â Ã Ä Ê Í Ã ß Ó à » á » º Ð Ê » ¿ Û Ã » Î ÓÂ Ó Ä â » Û ¼ Ã º Î » ã » ¿ » · » Û Õ Ó Ð Ñ Ç Þ Ê ÔÂ Ã Ä ä » Ó Õ Î Å Ã ß Ó Ï Ð Ñ Ç Ô å Þ Â Ã Ä Ë » ¿ ¼ Å Õ æ Í ¼ Ã Ð È » Û ¼ Ã Å Õ » Ã ×



 
 
 
 
 

 
WATER QUALITY INFORMATION HANDOUT 

CONTRACT NO. 1637N4 
 

 
IJKL OUTFALL 

State Route 101, San Francisco  
04-SCL-101 at Crissy Field 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
California Department of Transportation 
District 4, 111 Grand Avenue 
Oakland, CA 94612 



 

 

 

 

 

 
 
 
 

Storm Water Information 



 
 
Disclaimer 
 
A “Disclaimer” is required specifying that the information provided in the Storm 
Water Information Handout is just a guideline and is to be used for information 
purposes only and should not be considered a sole source document to adhere 
to the requirements of the new National Pollutant Discharge Elimination System 
(NPDES) Construction General Permit (CGP), Number CAS000002, adopted on 
September 2, 2009. The contractor is required to provide water quality 
monitoring, sampling and implement best management practices (BMPs) based 
on standard industry operations, field conditions and conditions encountered 
based on the contractor’s means and methods. The information in this handout is 
not to be construed in any way as a waiver of the provisions in the CGP. Bidders 
and contractors are cautioned to make independent investigations and 
examinations as they deem necessary to satisfy the conditions encountered in 
performance of work, with respect to the following: sampling and monitoring 
locations, distribution of watershed areas for sizing of BMPs, and selection of 
BMPs in order to conform to the requirement of the contract documents and the 
CGP. 
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A B C

Entry

7.76

0.32

2.303

Watershed Erosion Estimate (=RxKxLS) in tons/acre

Site Sediment Risk Factor
Low Sediment Risk: < 15 tons/acre

Medium Sediment Risk:  >=15 and <75 tons/acre
High Sediment Risk:  >= 75 tons/acre

Sediment Risk Factor Worksheet 

A) R Factor

R Factor Value

B) K Factor (weighted average, by area, for all site soils)

Analyses of data indicated that when factors other than rainfall are held constant, soil loss is directly proportional to a 
rainfall factor composed of total storm kinetic energy (E) times the maximum 30-min intensity (I30) (Wischmeier and 
Smith, 1958). The numerical value of R is the average annual sum of EI30 for storm events during a rainfall record of at 
least 22 years. "Isoerodent" maps were developed based on R values calculated for more than 1000 locations in the 
Western U.S. Refer to the link below to determine the R factor for the project site.

http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm

K Factor Value

LS Factor Value

Low

C) LS Factor (weighted average, by area, for all slopes)

The soil-erodibility factor K represents: (1) susceptibility of soil or surface material to erosion, (2) transportability of the 
sediment, and (3) the amount and rate of runoff given a particular rainfall input, as measured under a standard 
condition. Fine-textured soils that are high in clay have low K values (about 0.05 to 0.15) because the particles are 
resistant to detachment. Coarse-textured soils, such as sandy soils, also have low K values (about 0.05 to 0.2) because 
of high infiltration resulting in low runoff even though these particles are easily detached. Medium-textured soils, such 
as a silt loam, have moderate K values (about 0.25 to 0.45) because they are moderately susceptible to particle 
detachment and they produce runoff at moderate rates. Soils having a high silt content are especially susceptible to 
erosion and have high K values, which can exceed 0.45 and can be as large as 0.65. Silt-size particles are easily 
detached and tend to crust, producing high rates and large volumes of runoff. Use Site-specific data must be submitted.

The effect of topography on erosion is accounted for by the LS factor, which combines the effects of a hillslope-length 
factor, L, and a hillslope-gradient factor, S. Generally speaking, as hillslope length and/or hillslope gradient increase, 
soil loss increases. As hillslope length increases, total soil loss and soil loss per unit area increase due to the 
progressive accumulation of runoff in the downslope direction. As the hillslope gradient increases, the velocity and 
erosivity of runoff increases. Use the LS table located in separate tab of this spreadsheet to determine LS factors. 
Estimate the weighted LS for the site prior to construction. 

5.7188096

Site-specific K factor guidance

LS Table

http://cfpub.epa.gov/npdes/stormwater/LEW/lewCalculator.cfm


Receiving Water (RW) Risk Factor Worksheet Entry

A. Watershed Characteristics yes/no
A.1. Does the disturbed area discharge (either directly or indirectly) to a 303(d)-listed 
waterbody impaired by sediment (For help with impaired waterbodies please visit the link 
below) or has a USEPA approved TMDL implementation plan for sediment?:

http://www.waterboards.ca.gov/water_issues/programs/tmdl/integrated2010.shtml

OR
A.2. Does the disturbed area discharge to a waterbody with designated beneficial uses of 
SPAWN & COLD & MIGRATORY? (For help please review the appropriate Regional Board 
Basin Plan)

http://www.waterboards.ca.gov/waterboards_map.shtml

Region 1 Basin Plan

Region 2 Basin Plan

Region 3 Basin Plan

Region 4 Basin Plan

Region 5 Basin Plan

Region 6 Basin Plan

Region 7 Basin Plan

Region 8 Basin Plan

Region 9 Basin Plan

no

http://www.waterboards.ca.gov/northcoast/water_issues/programs/basin_plan/
http://www.waterboards.ca.gov/sanfranciscobay/basin_planning.shtml#2010basinplan�
http://www.waterboards.ca.gov/centralcoast/publications_forms/publications/basin_plan/index.shtml
http://www.waterboards.ca.gov/losangeles/water_issues/programs/basin_plan/
http://www.waterboards.ca.gov/centralvalley/water_issues/basin_plans/index.shtml
http://www.waterboards.ca.gov/lahontan/water_issues/programs/basin_plan/index.shtml
http://www.waterboards.ca.gov/coloradoriver/water_issues/programs/basin_planning/
http://www.waterboards.ca.gov/santaana/water_issues/programs/basin_plan/index.shtml
http://www.waterboards.ca.gov/sandiego/water_issues/programs/basin_plan/index.shtml


Low Medium High

Low Level 1

High Level 3

Project Sediment Risk: Low 1

Project RW Risk: Low 1

Project Combined Risk: Level 1

Combined Risk Level Matrix

Sediment Risk
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Risk Assessment:  

The calculation of "R" factor 

Figure 1‐Erosivity Index Zone Map 

The EI distribution zone is 24 

Table 1‐Erosivity Index Table 

EI percentage (May 13, 2015 to October 31, 2015)  

66.5 ‐ 47.1 = 19.4 

Figure 4_ Isoerodent map of California =40 

R factor is 19.4 X 40% = 7.76 

 

Use the populate K and LS provided by the SMARTs based on Lat 37.805211, Long ‐122.466319 

K = 0.32 

LS = 2.303 

 

R x K x LS = 7.76 x 0.32 x 2.303 = 5.718 (Low) 

Receiving water is Low  

The project is Risk Level 1 

 



Receiving Water Risks: LOW 

Project drains to San Francisco Bay (Central) which is not a sediment/siltation impaired water 
body, or has COLD/MIGR/SPWN beneficial uses, so receiving water risk is low. 

 

 

 



Rainfall Data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Rainfall Intensity can be obtained by the following link: 

http://www.wrcc.dri.edu/pcpnfreq/nca5y24.gif 

Refer to chapters 800, Highway Drainage Design of Highway Design Manual for 
information on runoff coefficient and shed map.  The weighted runoff coefficient of 0.55 
is recommended for the project area. 

 

http://www.wrcc.dri.edu/pcpnfreq/nca5y24.gif


 
 
 
 
 

Turbidity Curtain Information 
 



 

 

 

 

 

Contact Information  

for 

Elastec AmericanMarine 



Duane Bennish 

Division Manager 

 

Elastec/American Marine 
 

Tel: +1 (618) 384-2787 

Fax: +1 (321) 636-5787 

Skype: duanebennish.elastecami 

Email: dbennish@elastec.com 

Web:  www.elastec.com 

 

 

Warning: 
The lead-time between the placement of an order and delivery 

of the curtain from the manufacturer is at least 4 weeks.   



 

 

 

 

 

Design  

of  

The Turbidity Curtain  
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Specifications  
for  

Type III Ruffwaterscreen Turbidity Control Curtain 
 



 
401 Shearer Blvd. Cocoa, FL. 32922 USA 

Tel. 321-636-5783 Fax.321-636-5787 
E-mail: dbennish@elastec.com 

Web Page: www.siltcurtains.com 
 

 
 

TYPE III 
RUFFWATERSCREEN 

 TURBIDITY CONTROL CURTAIN 
SPECIFICATIONS 

 
Description:   Ruffwaterscreen consists of a heavy vinyl coated fabric skirt 

supported by a flotation encased in vinyl coated fabric.  It 
features a pair of load carrying cables below the floatation, and 
a galvanized chain ballast at the bottom of the skirt. 

 
Section Length:  Normally 100 feet but adjustable by special order. 
 
Draft (Skirt Depth):  Depth at 3 feet to 30 feet or more by custom design. 
 
Freeboard:   12 inches. 
 
Flotation Element:  12”  octagonal expanded polystyrene “logs” placed end to end 

in the top fabric pocket with separations between “logs” to 
allow folding for shipment and storage. 

 
Fabric:   Normally, 22 ounce per square yard vinyl coated nylon or                       

polyester or a combination with geotextile filter depending on 
application.  

 
 
 BASE FABRIC:   22 oz PVC fabric Yellow 
      500 Lbs/square inch tensile strength 

(specification sheet available on request) 
 PERMEABLE FABRIC: 
 (Optional Skirt design)  Mirafi 404  
       (specification sheet available on request) 
 
Color:    Safety Yellow (other colors available- additional cost may 

apply) 
 
 
 
 



Tension Cable:  2 each 5/16" galvanized steel cable, with a break strength of 
10,540 lbs, is sheathed in vinyl and seamed into the fabric one 
on each side of the skirt 20” below the flotation.  These cables 
are shackled to the section connectors for uniform tension load 
transfer.  

 
Ballast:   The ballast/tension member is a 3/8", or heavier, galvanized 

steel chain enclosed in a double layer fabric pocket at the 
bottom of the skirt. The ballast chain enables the skirt to hang 
vertically in the water column. The ballast chain is shackled to 
a stainless steel stress plate at the end of each section.  A hook 
and ring arrangement is provided to transfer the load from one 
section to the next through the stress plates. 

 
Section Connector:  Sections of Ruffwaterscreen are joined together by sliding 

together the aluminum Universeal connectors that extend from 
the top of the flotation down the edge of the skirt.  Below the 
connectors, skirts are joined by rope ties between evenly 
spaced grommets on the skirts.  The ballast chain/stress plates 
are attached via a safety hook and ring.  No tools are required 

 
Anchor Points:  Provided every 50' 
  
    Standard anchoring is 1 anchor every 100’ in one directional 

flow (on upstream side), or, 2 every 100’ (one on each side) if 
bi-directional is anticipated. Should flows increase or 
additional anchors be needed, the points will already be in 
place 50’OC.  

 
Reefing System: To raise and lower the curtain skirt. This allows for the system 

to match the depth requirements of the project exactly. (This 
furling/unfurling feature is optional) 

 
Optional Items: Marker Buoys, Anchor Systems, Navigational Warning Lights, 

Repair Kits, Oil Spill Kit, Incinerators, Debris Boom 
 
 

***Additional information can be found at www.elastec.com *** 
 

Technical assistance? Please call 800-871-4156 or email dbennish@elastec.com 
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ECOOLAMI TXN226 22oz Fabric Specification 
 
 

 



 

 
 
 
 
 

 

365 South Holland Drive Tel   706 693 2226  Fax 706 693 4400 
Pendergrass, GA 30567 Tel   888 795 0808  www.tencate.com 
 
FGS000015 
ETQR21 
 

TENCATE GEOSYNTHETICS 
Americas 

 
 

Testing Lab 1291.01 & 1291.02 

 
GAI-LAP-25-97 

 

 
 

 
 
Mirafi® FW404 is composed of high-tenacity monofilament polypropylene yarns, which 
are woven into a stable network such that the yarns retain their relative position.  Mirafi® 

FW404 geotextile is inert to biological degradation and resists naturally encountered 
chemicals, alkalis, and acids 
 
TenCate Geosynthetics Americas Laboratories are accredited by a2La (The American 
Association for Laboratory Accreditation) and Geosynthetic Accreditation Institute – 
Laboratory Accreditation Program (GAI-LAP).  NTPEP Number:  GTX-2012-01-008 
 

 

Mechanical Properties Test Method Unit 
Minimum Average 

Roll Value 
MD CD 

Wide Width Tensile Strength ASTM D4595 lbs/in (kN/m) 250 (43.8) 230 (40.3) 
Grab Tensile Strength ASTM D4632 lbs (N) 400 (1780) 315 (1402) 

Grab Tensile Elongation ASTM D4632 % 15 15 
Trapezoid Tear Strength ASTM D4533 lbs (N) 150 (668) 165 (734) 
CBR Puncture Strength ASTM D6241 lbs (N) 1150 (5118) 

Apparent Opening Size (AOS)1 ASTM D4751 U.S. Sieve (mm) 40 (0.43) 
Percent Open Area COE-02215 % 1.0 

Permittivity ASTM D4491 sec-1 0.90 
Permeability ASTM D4491 cm/sec 0.07 
Flow Rate ASTM D4491 gal/min/ft2 (l/min/m2) 70 (2852) 

Abrasion Resistance ASTM D4886 % retained 60 (typical) 
UV Resistance (at 500 hours) ASTM D4355 % strength retained 90 

 

1 ASTM D4751: AOS is a Maximum Opening Diameter Value. 
 

Physical Properties Unit Typical Value 
Mass/Unit Area (ASTM D5261) oz/yd2 (g/m2) 8.8 (298) 

Thickness (ASTM D5199) mils (mm) 34 (0.9) 
Roll Dimensions (width x length) ft (m) 15 x 300 (4.57 x 91.4) 

Roll Area yd2 (m2) 500 (418) 
Estimated Roll Weight lb (kg) 292 (132) 

 
Percent Open Area (COE-02215) is not covered by our current A2LA accreditation. 
 
Disclaimer:  TenCate assumes no liability for the accuracy or completeness of this information or for the ultimate use by the purchaser.  TenCate 
disclaims any and all express, implied, or statutory standards, warranties or guarantees, including without limitation any implied warranty as to 
merchantability or fitness for a particular purpose or arising from a course of dealing or usage of trade as to any equipment, materials, or information 
furnished herewith.  This document should not be construed as engineering advice. 
 
Mirafi® is a registered trademark of Nicolon Corporation.                                                   Copyright © 2013 Nicolon Corporation. All Rights Reserved. 
 
 
 

Mirafi® FW404 

http://www.tencate.com/
http://www.a2la.org/
http://gmanow.com/
http://www.geosynthetic-institute.org/
http://www.a2la.org/
http://www.geosynthetic-institute.org/
http://data.ntpep.org/Module/GTX/Data.aspx


 
 
 
 
 

Curtain Installation Guide and Maintenance 
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Silt Curtain/Boom Maintenance 
 
A scheduled visual inspection is required to determine if all components are working as 
intended, is recommended.  Special attention needs to be given to all load carrying components 
(i.e. cables, shackles anchors and connectors.)  These should be attached correctly and free of 
build-up to function as intended.  Periodic re-tensioning of the cables and anchors may be 
required and GPS readings should be taken if it is not able to visually determine correct 
location. 
 
Scheduled cleaning is desirable to ensure that the barriers maintain their integrity.  All marine 
growth (algae, etc) should be brushed off with stiff PVC bristled broom or pressure washers by 
divers (if in water.) 
 
Sections can be removed and swapped out with spare section (should they be purchased) to 
enable cleaning on shore if so desired.  When water elevation change occurs, adjustments may 
need to be made to anchor and mooring lines, to ensure they do not get submerged which may 
lead to failure. 
 
Maintenance of these systems is paramount as excessive marine growth, if not removed, will 
cause system damage over extended periods.  Each site has unique conditions and a schedule 
of maintenance can only be determined by either installing a test section on site to monitor prior 
to purchase and then determine exact growth under the conditions present or by inspections on 
installed barriers once they are fully deployed. 
 
The manufacturer recommends following all installation recommendations, maintenance and 
emergency handling instruction to achieve best use and results from this system. 
 
 
 
Cleaning and Preparation of Surfaces 
 
1.  Three methods are recommended for cleaning and preparation of Silt Curtain/Boom surfaces 
prior to repair.  The three methods are: 
  
 A. High pressure water cleaning – 1300 psi max 
 B. Scrubbing with commercially available detergent 
 C. Steam cleaning 
 
 
NOTE: Dependent of the condition and severity of the soiled area, the three methods can be 
used singly or in combination. 
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A. High Pressure Water Cleaning 
 
1) Apply high pressure water to the soiled area of the boom without concentrating full pressure 
(1300 psi) for long periods of time (maximum of 5 minutes) to any one sport on the Silt 
Curtain/Boom fabric.  Caution: Concentrating high pressure water in one spot for long periods of 
time may result in damage to the fabric and flotation. 
 
2) Use a long handle brush to assist the water pressure in cleaning the Silt Curtain/Boom fabric. 
 
3) Allow the Silt Curtain/Boom fabric to dry after cleaning. 
 
B. Scrubbing With Commercially Available Detergent 
 
NOTE: The Silt Curtain/Boom fabric manufacturer recommends Proctor and Gamble “Dawn” 
detergent as the commercially available cleaning agent. 
 
1) Prior to detergent scrubbing, wash Silt Curtain/Boom with clean water to remove surface dirt 
and debris. 
 
2) Using a bucket or container, mix detergent solution in accordance with the manufacturer’s 
label instructions. 
 
3) Apply detergent solution to Silt Curtain/Boom fabric soiled area and scrub with long handle 
brush. 
 
4) Rinse scrubbed area with clean water. 
 
5) Allow PermaFence fabric to dry after cleaning. 
 
 
C. Steam Cleaning 
 
1) Use a commercial steam cleaner to remove dirt and debris from Silt Curtain/Boom fabric and 
hardware. 
 
CAUTION: Wand of steam cleaner should be kept in constant motion to avoid damage to Silt 
Curtain/Boom fabric with high heat concentration (180°F at 80psi.) 
 
2) Allow PVC fabric to dry after cleaning. 
 
The following is an example of typical equipment, services and materials that may be needed 
for installation.  This is by now means comprehensive and only a guide. 
 
Prior to equipment arrival anchor points are to be identified and set as sturdy termination points 
for the Silt Curtain/Boom ends.  These should be capable of holding horizontal load of equal to  
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the TENSION CABLE load, plus a minimum safety factor of 1.2.  This is something that owner 
engineers can design and have put in place by contractors. 
 
Anchors to be made or available prior to our arrival if not purchased from us.  This will save on 
time and owner money due to delays. 
 
Minimum of 6 Personnel (3 each with experience in using heavy construction equipment (crane, 
forklift, workboat, welding, etc) and preferably with marine construction experience.  The 
remaining 3 should be proficient in using hand tools like wrenches, ratchets, etc for general 
laboring. 
 
Once the goods arrive on site, one will need a small crane or forklift to move the bundles of 15-
meter lengths around and the anchors to the workboat/s.  Each section weighs about 1000 lbs 
(dry weight) to a prepared staging area that is flat and suitable to work on- a parking lot area, 
boat ramp or similar is fine right next to the water. 
 
Equipment typically required by contractor/owner 
 
Two-way radios (1 for each boat) and 1 on shore for communication. 
 
Hand tools such as adjustable wrenches, work knife, cable cutters, etc. 
 
Two each work boats (preferably one with a flat bottom and the other with a V-hull), minimum 
21’ long, 8’ wide, stable with minimum 90 HP motor on the back.  Equipped with a strong 
centrally located towing point.  The flat bottom boat should be capable of handling at least 1 
anchor (more is preferred as it speeds installation) at a time and be equipped with a small 
derrick crane to raise/lower the anchor blocks into place- this depends on anchor size. 
 
Safety equipment for all personnel- gloves, work vests, hard hats 
 
First Aid box 
 
Access to drinking water and ablution facilities. 



 

 

 

 

 

Details of the Curtain System 
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Boom Repair Kit Description 

 
Elastec / American Marine offers kits for repairing boom and tank fabric using hot air 
gun technology.   
 
The kit includes: 
 One hot air gun (110 volt or 220 volt) with nozzle 
 One silicone roller 
 Repair fabric 
 One set of instructions describing the repair of boom material 
 
The kit is provided with detailed step by step instructions to allow the operator to make 
effective and cost efficient repairs of oil containment boom manufactured in PVC or 
Urethane . Supplied in waterproof toolbox. 
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Monitoring Location 
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OWNER’S 
FIELD GUIDE 
 
 
Recommendations  
for SEAPILE® and  
SEATIMBER® Composite  
Marine Products 

 
 
 
 
 
 
 
 
 
 
 

 
PO Box 609 
2424 Armour Road 
Worthington, MN 56187 
Toll Free 800-721*-9037 
(507) 372-5558 / Fax (507) 372-4570 



 

 

DRIVING 
 

10" (250 mm) SEAPILE COMPOSITE MARINE PILING 
 
DRIVING SHOE:  

Driving shoes are not supplied with 10” SEAPILE Composite Marine 
Piling as a standard item.  However, a steel point driving shoe 
may be provided as an attachment to the SEAPILE when required for 
difficult driving conditions. 

HAMMER: 
The minimum recommended hammer size for driving 10" SEAPILE 
Composite Marine Piling is 8,000 ft. lb. However, if readily 
available or the job calls for a sufficiently large number of 
piles to drive, a 10,000 ft. lb. hammer may be used for greater 
efficiency. 
 

13" (330 mm) SEAPILE COMPOSITE MARINE PILING 
 

DRIVING SHOE:  
Driving shoes are not supplied with 13” SEAPILE Composite Marine 
Piling as a standard item.  However, a steel point driving shoe 
may be provided as an attachment to the SEAPILE when required for 
difficult driving conditions. 
 

HAMMER: 
The minimum recommended hammer size for driving 13" SEAPILE 
Composite Marine Piling is 10,000 ft. lb. However, if readily 
available or the job calls for a sufficiently large number of 
piles to drive, a 15,000 ft. lb. hammer may be used for greater 
efficiency. 
 

16" (400 mm) SEAPILE COMPOSITE MARINE PILING 
 
DRIVING SHOE:  

Driving shoes are not supplied with 16” SEAPILE Composite Marine 
Piling as a standard item.  However, a steel point driving shoe 
may be provided as an attachment to the SEAPILE when required for 
difficult driving conditions. 
 

HAMMER: 
The minimum recommended hammer size for driving 16" SEAPILE 
Composite Marine Piling is 15,000 ft. lb. However, if readily 
available or the job calls for a sufficiently large number of 
piles to drive, a 25,000 ft. lb. hammer may be used for greater 
efficiency. 
 

 
 
 



 

 

CUTTING  
 
CHAIN SAWS AND CARBIDE TIP BLADES 
 
The following chain saw specification is recommended to achieve 
efficient cutting: 

 
Make:   Stihl 
Model:  MS 660 Magnum 
Size:   91.6 cc (5.6 cu. in.) 

 Power:  5.2 kW (7.0 bhp) 
 Bar length:  24” 

Chain: RAPCO’s carbide tip, with 77 ea drive links, 
part #521 400S RE 

Mix ratio: 50:1 (2 6 fl. oz. of 2 cycle engine oil per 
gallon of 93 octane gasoline) 

 
The following company supplies both new chains and reconditions old 
chain saw blades: 
 
 RAPCO 
 6000 N.E. 88 Street, 
 Suite D-104 
 Vancouver, WA 
 98665-0958 
 
 Contact: John Blehm on 800-959-6130 
 
The Stihl MS 660 chainsaw will have a standard 3/8 pitch chainbar and a 
3/8-8 chain sprocket.  The RAPCO chains are 404 pitch, which will 
require the purchase of a 404 pitch chainbar and a 404-7 chain 
sprocket. 
 
CUTTING CONSIDERATIONS 
 
The following considerations are recommended for more efficient cutting 
and extending the blade life: 
 

• Avoid contact with the ground or other objects that can break or 
dull the brittle carbide blade tips. The tips are extremely sharp 
and must be maintained with a diamond tool.  Excessive sharpening 
will reduce the blade life. 

 
• The saw and blade must be kept clean between cuts.  Shavings 

should be blown out in between cuts using a compressed air hose. 
Check under the top chain cover and remove any plastic build up 
as required. 

 
LIFE EXPECTANCY OF CARBIDE TIP CHAINS 
 
The following approximate number of cuts can be expected for carbide 
tipped chains. “SP” refers to BEDFORD TECHNOLOGY SEAPILE Composite 



 

 

Marine Piling and “ST” refers to BEDFORD TECHNOLOGY SEATIMBER Composite 
Marine Timber. 
 
10" SP  with 1.00" fiberglass rebar  10 ea. cuts 

 
13" SP  with 1.00" fiberglass rebar  10 ea. cuts 

 
16" SP  with 1.25" fiberglass rebar   8 ea. cuts 

 
10" x 10" ST with 1.00" fiberglass rebar  12 ea. cuts 

 
8" x 12" ST  with 1.00" fiberglass rebar  12 ea. cuts 

 
12" x 12" ST with 1.00" fiberglass rebar  12 ea. cuts 

 
 

DRILLING AND  
COUNTER-BORING 

 
POWER DRILL 
 
The following drill specification is recommended for all drilling and 
countersinking: 

 
Electric: 3/4" chuck, Milwaukee “Super Holeshooter,” 250-350 

rpm or equivalent  
 

Pneumatic: 3/4" chuck, 1.5 to 2 HP, 200-350 rpm,  
 

DRILLING AND COUNTER-BORING  
PLASTIC WITH NO REBAR 
 
Standard high speed steel twist drills are suitable for drilling holes 
up to 1-1/2" diameter. These are commonly available, but can be sourced 
from “MSC Industrial Supply Company” (Tel: 1-800-645-7270). If 
necessary, the tapered shank can easily be machined on a lathe with 
carbide tooling to allow for use in a standard chuck. 
 
For larger holes, drilling a 1" or 1-1/8" diameter pilot hole is 
recommended. This is followed by a counter-bore type bit to enlarge the 
hole to the finished diameter. Counter-bore bits can be fabricated and 
supplied by BEDFORD TECHNOLOGY as required.  Alternatively, fabrication 
drawings can be provided by BEDFORD TECHNOLOGY for customer 
fabrication. Extended shanks can be added to accommodate specific job 
needs. 
 
DRILLING AND COUNTER-BORING  
PLASTIC WITH REBAR 
 
Drilling a 1" or 1-1/8" pilot hole with a standard high speed steel 
twist drill is recommended. This is followed by a carbide insert, 
counter-bore type bit to enlarge the hole to the finished diameter. 



 

 

Fabrication drawings can be provided by BEDFORD TECHNOLOGY for customer 
fabrication. Extended shanks can be added to accommodate specific job 
needs. 
 
When rebar is encountered, increased caution is required by the 
operator. Application of light pressure to the drill will help reduce 
the risk of the bit snagging. 
 
Carbide inserts for counter-bores can be procured from Valenite Inc. 
Call 1-800-544-3336 to locate the nearest distributor. VC29 grade 
insert part number #SPMW432 and lock screw part number PT-546T are 
used. 

 

 
GENERAL CUTTING  
AND DRILLING 

 
Customers may contact Bedford Technology to answer any questions about 
working with SEAPILE and SEATIMBER Composite Marine Products. 
 
Phone: 1-800-721-9037 or 507-372-5558. 

 

 
REPAIR TO THE PLASTIC MATRIX OF 
COMPOSITE MARINE PILING AND 
TIMBER 
 
Required tools 

  1. Silicone caulk sealant.  
  2. Propane torch. 

3. Shavings of plastic matrix, left over from cutting to 
length with a chain saw. 

  4. Putty knife 
  5. Sandpaper (80-100 grit) and wooden block.  
  6. Power sander, ideally battery powered orbital or palm type. 
 

Method for deep abrasions, cuts, and grooves 
  1. Clean the pertinent area of dust and debris. 

2. Apply commercially available, suitably colored silicone 
caulk sealant. 

  3. Smooth to achieve an even finish.  
 

Method for small patches 
1. Pre-heat the hole until the surrounding plastic is soft, 

not runny. 
  2. Press shavings into the hole and heat until liquefied. 



 

 

3. Repeat in layers, until the void is flush, or standing 
slightly proud of the surface. 

  4. Allow each layer to cool before applying the next. 
5. Sand the patch area, blending in until flush with the outer 

surface. 
 

Method for larger patches 
1. Cut a plug from a left over pile cut off piece to a 

slightly smaller shape than the depression. 
2. Pre-heat the hole until the surrounding plastic is soft, 

not runny. 
  3. Press shavings into the hole and heat until liquefied. 
  4. Pre-heat the plug and press into the depression. 

5. Press shavings into the gap around the plug and heat until 
liquefied. 

6. Repeat in layers, until the gap is flush, or standing 
slightly proud of the surface. 

  7. Allow each layer to cool before applying the next. 
8. Sand the patch area, blending in until flush with the outer 

surface. 
 

 
LIFTING AND HANDLING OF 
COMPOSITE MARINE PILING AND 
TIMBER 
 
 
PROPER LIFTING CONSIDERATIONS 
 
The following considerations are recommended to resist damage to piling 
and timber: 
 

• Verify the weights and lengths of the material before each lift. 
• Use a lifting beam to properly distribute the lifting load and 

ensure a straight, vertical lift on the pile or timber. 
• Use a sling or choker attachment and secure tightly to the pile 

or timber.  Do not use lifting devices that cut or gouge the 
material.  Alternatively, holes may be field drilled to provide 
lifting points if allowed for in the contract specifications. 

• Piles and timbers may be lifted at two pick points, provided the 
points are located at 1/5 of the overall length from each end.  
Otherwise, support the pile or timber at close intervals along 
the entire length. 

• Stand up piles for driving by attaching to a single point on the 
piling that is 1/3 from one end. 

• All lifting plans and procedures are the responsibility of the 
customer.  Contact BEDFORD TECHNOLOGY to review lifting plans as 
required. 

 



 

 

STORAGE OF COMPOSITE MARINE 
PILING AND TIMBER 
 
 
PROPER STORAGE CONSIDERATIONS 
 
The following considerations are recommended to resist damage to piling 
and timber: 
 

• Use minimum 4”x4” plastic or wood lumber Dunnage for support. 
• Space Dunnage at 6’ to 10’ maximum increments with support at 

each end of the pile or timber. 
• Stack piles or timbers no more than 6’ in height.  Chock, band, 

or tie outer rows to resist rolling.  
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Clean Imported Fill Material 
 

 

DEPARTMENT  OF TOXIC SUBSTANCES CONTROL 
 

 

It is DTSC’s 

mission to restore, 

protect and 

enhance the 

environment, to 

ensure public 

health, 

environmental 

quality and 

economic vitality, 

by regulating 

hazardous waste, 

conducting and 

overseeing 

cleanups, and 

developing and 

promoting 

pollution 

prevention. 
 

 

State of California 
 

 

 

 

 

 

 

California 
Environmental 

Protection Agency 

 

Executive Summary 
 

 

This fact sheet has been prepared to ensure that inappropriate fill material  is not 

introduced onto sensitive land use properties under  the oversight of the DTSC or 

applicable regulatory authorities.  Sensitive  land use properties include  those that 

contain  facilities such as hospitals, homes, day care centers, and schools. This docu- 

ment  only focuses on human  health concerns and ecological issues are not addressed. 

It identifies  those types of land use activities that may be appropriate when deter- 

mining whether a site may be used as a fill material  source area. It also provides 

guidelines for the appropriate types of analyses that should be performed relative to 

the former land use, and for the number of samples that should be collected and 

analyzed based on the estimated volume of fill material that will need to be used. 

The information provided in this fact sheet is not regulatory in nature, rather is to be 

used as a guide, and in most situations the final decision as to the acceptability of fill 

material for a sensitive land use property  is made on a case-by-case basis by the 

appropriate regulatory agency. 

 

Introduction 
 

 

The use of imported fill material has recently come under scrutiny because of 

the instances where contaminated soil has been brought onto an otherwise clean 

site. However, there are currently no established standards in the statutes or 

regulations that address environmental requirements for imported fill material. 

Therefore, the California Environmental Protection Agency, Department of 

Toxic Substances Control (DTSC) has prepared this fact sheet to identify pro- 

cedures that can be used to minimize the possibility of introducing contami- 

nated soil onto a site that requires imported fill material. Such sites include 

those that are undergoing site remediation, corrective action, and closure ac- 

tivities overseen by DTSC or the appropriate regulatory agency. These proce- 

dures may also apply to construction projects that will result in sensitive land 

uses. The intent of this fact sheet is to protect people who live on or otherwise 

use a sensitive land use property. By using this fact sheet as a guide, the reader 

will minimize the chance of introducing fill material that may result in poten- 

tial risk to human health or the environment at some future time. 
 

 

The energ y challenge facing California is real.  Every Californian needs to take immediate action to reduce energ y 

consumption.  For a list of simple ways you can reduce demand and cut your  energy costs, see our website at www.dtsc.ca.gov. 
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Overview 
 

 

Both natural and manmade fill materials are used 

for a variety of purposes. Fill material properties are 

commonly controlled to meet the necessary site spe- 

cific engineering specifications. Because most sites 

requiring fill material are located in or near urban 

areas, the fill materials are often obtained from con- 

struction projects that generate an excess of soil, and 

from demolition debris (asphalt, broken concrete, 

etc.). However, materials from those types of sites 

may or may not be appropriate, depending on the 

proposed use of the fill, and the quality of the as- 

sessment and/or mitigation measures, if necessary. 

Therefore, unless material from construction 

projects can be demonstrated to be free of contami- 

nation and/or appropriate for the proposed use, the 

use of that material as fill should be avoided. 

 

Selecting Fill Material 
 

 

In general, the fill source area should be located in 

nonindustrial areas, and not from sites undergoing 

an environmental cleanup. Nonindustrial sites in- 

clude those that were previously undeveloped, or 

used solely for residential or agricultural purposes. 

If the source is from an agricultural area, care should 

be taken to insure that the fill does not include 

former agricultural waste process byproducts such 

as manure or other decomposed organic material. 

Undesirable sources of fill material include indus- 

trial and/or commercial sites where hazardous ma- 
 

 

 

Potential Contaminants Based on the Fill Source Area 
 

 

Fill Source: 
 

Land near to an existing freeway 
 

 

 

Land near a mining area or rock quarry 
 

 

 

 

Agricultural land 
 

 

 

 

 

 

 

 

Residential/acceptable commercial land 

Target Compounds 
 

 

Lead (EPA methods 6010B or 7471A), PAHs 
(EPA method 8310) 

 

Heavy Metals  (EPA methods 6010B and 

7471A), asbestos (polarized light 
microscopy), pH 

 

Pesticides (Organochlorine Pesticides: EPA 
method 8081A or 8080A; Organophospho- 
rus Pesticides: EPA method 8141A; Chlori- 
nated Herbicides: EPA method 8151A), 
heavy  metals  (EPA methods 6010B and 
7471A) 

 

VOCs (EPA method 8021 or 8260B, as 
appropriate and combined with collection 
by EPA Method 5035), semi-VOCs (EPA 
method 8270C), TPH (modified EPA method 
8015), PCBs (EPA method 8082 or 8080A), 
heavy metals including lead (EPA methods 
6010B and 7471A), asbestos (OSHA Method 

ID-191) 
 

*The recommended analyses should be performed in accordance with USEPA SW-846 methods (1996). 

Other  possible analyses include Hexavalent Chromium: EPA method 7199 
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Recommended Fill Material Sampling Schedule 
 

Area of Individual Borrow Area 
 

2 acres or less 

 

2 to 4 acres 

 

4 to 10 acres 

 

Greater than 10 acres 
 

 

 

Volume of Borrow Area Stockpile 
 

Up to 1,000 cubic yards 

 

1,000 to 5,000 cubic yards 
 

 

 

Greater than 5,000 cubic yards 

Sampling Requirements 
 

Minimum of 4 samples 

 

Minimum of 1 sample every 1/2 acre 

 

Minimum of 8 samples 

 

Minimum of 8 locations with 4 subsamples 

per location 
 

Samples per Volume 
 

1 sample per 250 cubic yards 

 

4 samples for first 1000 cubic yards +1 

sample per each additional 500 cubic yards 

 

12 samples for first 5,000 cubic yards + 1 

sample per each additional 1,000 cubic 

yards 
 

 

 

terials were used, handled or stored as part of the 

business operations, or unpaved parking areas where 

petroleum hydrocarbons could have been spilled or 

leaked into the soil. Undesirable commercial sites 

include former gasoline service stations, retail strip 

malls that contained dry cleaners or photographic 

processing facilities, paint stores, auto repair and/or 

painting facilities. Undesirable  industrial facilities 

include metal processing shops, manufacturing fa- 

cilities, aerospace facilities, oil refineries, waste treat- 

ment plants, etc. Alternatives to using fill from con- 

struction sites include the use of fill material ob- 

tained from a commercial supplier of fill material 

or from soil pits in rural or suburban areas. How- 

ever, care should be taken to ensure that those ma- 

terials are also uncontaminated. 

 

Documentation and Analysis 
 

 

In order to minimize the potential of introducing 

contaminated fill material onto a site, it is necessary 

to verify through documentation that the fill source 

is appropriate and/or to have the fill material ana- 

lyzed for potential contaminants based on the loca- 

tion and history of the source area. Fill documenta- 

tion should include detailed information on the pre- 

vious use of the land from where the fill is taken, 

whether an environmental  site assessment was per- 

formed and its findings, and the results of any test- 

ing performed. It is recommended that any such 

documentation should be signed by an appropri- 

ately licensed (CA-registered) individual. If such 

documentation is not available or is inadequate, 

samples of the fill material should be chemically ana- 

lyzed. Analysis of the fill material should be based 

on the source of the fill and knowledge of the prior 

land use. 
 

 

Detectable amounts of compounds of concern 

within the fill material should be evaluated for risk 

in accordance with the DTSC Preliminary Endan- 

germent Assessment (PEA) Guidance Manual. If 
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metal analyses are performed, only those metals 

(CAM 17 / Title 22) to which risk levels have been 

assigned need to be evaluated.  At present, the 

DTSC is working to establish California Screen- 

ing Levels (CSL) to determine whether some com- 

pounds of concern pose a risk. Until such time as 

these CSL values are established, DTSC recom- 

mends that the DTSC PEA Guidance Manual or 

an equivalent process be referenced. This guid- 

ance may include the Regional Water Quality 

Control Board’s (RWQCB)  guidelines for reuse 

of non-hazardous petroleum hydrocarbon con- 

taminated soil as applied to Total Petroleum Hy- 

drocarbons (TPH) only. The RWQCB guidelines 

should not be used for volatile organic compounds 

(VOCs)  or semi-volatile organic compounds 

(SVOCS). In addition, a standard laboratory data 

package, including a summary of the QA/QC 

(Quality Assurance/Quality Control) sample re- 

sults should also accompany all analytical reports. 

 

When possible, representative samples should be col- 

lected at the borrow area while the potential fill ma- 

terial is still in place, and analyzed prior to removal 

from the borrow area. In addition to performing 

the appropriate analyses of the fill material, an ap- 

propriate number of samples should also be deter- 

mined based on the approximate volume or area of 

soil to be used as fill material. The table above can 

be used as a guide to determine the number of 

samples needed to adequately characterize the fill 

material when sampled at the borrow site. 

 

Alternative Sampling 
 

 

A Phase I or PEA may be conducted prior to sam- 

pling to determine whether the borrow area may 

have been impacted by previous activities on the 

property. After the property has been evaluated, any 

sampling that may be required can be determined 

during a meeting with DTSC or appropriate regu- 

latory agency. However, if it is not possible to ana- 

lyze the fill material at the borrow area or deter- 

mine that it is appropriate for use via a Phase I or 

PEA, it is recommended that one (1) sample per 

truckload be collected and analyzed for all com- 

pounds of concern to ensure that the imported soil 

is uncontaminated and acceptable. (See chart on 

Potential Contaminants Based on the Fill Source 

Area for appropriate analyses). This sampling fre- 

quency may be modified upon consultation with 

the DTSC or appropriate regulatory agency if all of 

the fill material is derived from a common borrow 

area. However, fill material that is not characterized 

at the borrow area will need to be stockpiled either 

on or off-site until the analyses have been completed. 

In addition, should contaminants exceeding accep- 

tance criteria be identified in the stockpiled fill 

material, that material will be deemed unacceptable 

and new fill material will need to be obtained, 

sampled and analyzed. Therefore, the DTSC rec- 

ommends that all sampling and analyses should be 

completed prior to delivery to the site to ensure the 

soil is free of contamination, and to eliminate un- 

necessary transportation charges for unacceptable 

fill material. 

 

Composite sampling for fill material characteriza- 

tion may or may not be appropriate, depending on 

quality and homogeneity of source/borrow area, and 

compounds of concern. Compositing samples for 

volatile and semivolatile constituents  is not accept- 

able. Composite sampling for heavy metals, pesti- 

cides, herbicides or PAH’s from unanalyzed stock- 

piled soil is also unacceptable, unless it is stockpiled 

at the borrow area and originates from the same 

source area. In addition, if samples are composited, 

they should be from the same soil layer, and not 

from different soil layers. 

 

When very large volumes of fill material are antici- 

pated, or when larger areas are being considered as 

borrow areas, the DTSC recommends that a Phase 

I or PEA be conducted on the area to ensure that 

the borrow area has not been impacted by previous 

activities on the property.  After the property has 

been evaluated, any sampling that may be required 

can be determined during a meeting with the 

DTSC. 

 

For further information, call Richard Coffman, Ph.D., 

R.G., at (818) 551-2175. 































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 

 

 

The NOAA Tide Predictions application provides predictions in both graphical and tabular formats,

with many user selected options, for over 3000 stations broken down by key areas in each state.

Users can also access stations via the Google map interface. Additional information can be found in

the help page.

Station Types: The NOAA Tide Predictions application provides predictions from 2 distinct

categories of stations at over 3000 locations:

Harmonic - The predicted height values for Harmonic stations are conducted by combining the

harmonic constituents into a single tide curve.

Subordinate - The high and low height values for Subordinate stations are obtained by means and

differences, and ratios applied to the full harmonic constant predictions at a specific Harmonic

station (a Reference station).

Disclaimer: The official Tide prediction tables are published  annually on October 1, for the following

calendar year. Tide predictions generated prior to the publishing date of the official tables are

subject to change. The predictions from the web based NOAA Tidal Predictions are based upon the

latest information available as of the date of your request. Tide predictions generated may differ

from the official published predictions if information for the station requested has been updated

since the publishing date of the official published tables.

NOAA Tide Predictions

SAN FRANCISCO,California,2015

Generated On: Mon Sep 22 17:44:54 GMT 2014 Page 1 of 5



January February March
      Time          Height       Time          Height       Time          Height       Time          Height       Time          Height       Time          Height

1
Th

h     m ft  cm
01:43 AM 2.2 67
08:15 AM 6.5 198
03:08 PM -0.3 -9
10:03 PM 4.7 143

16
F

h     m ft  cm
01:05 AM 2.7 82
07:35 AM 6.1 186
02:31 PM 0.1 3
09:37 PM 4.3 131

1
Su

h     m ft  cm
03:20 AM 2.5 76
09:27 AM 6.2 189
04:16 PM -0.3 -9
11:18 PM 5.1 155

16
M

h     m ft  cm
02:38 AM 2.5 76
08:53 AM 6.5 198
03:32 PM -0.7 -21
10:36 PM 5.1 155

1
Su

h     m ft  cm
02:23 AM 2.4 73
08:25 AM 5.7 174
03:12 PM 0.2 6
10:09 PM 5.0 152

16
M

h     m ft  cm
02:30 AM 2.4 73
08:38 AM 5.8 177
03:13 PM -0.2 -6
10:19 PM 5.0 152

2
F

02:38 AM 2.4 73
08:59 AM 6.5 198
03:52 PM -0.6 -18
10:54 PM 4.9 149

17
Sa

02:01 AM 2.7 82
08:23 AM 6.4 195
03:15 PM -0.4 -12
10:24 PM 4.6 140

2
M

04:05 AM 2.5 76
10:08 AM 6.1 186
04:50 PM -0.3 -9
11:52 PM 5.1 155

17
Tu

03:29 AM 2.1 64
09:46 AM 6.7 204
04:16 PM -0.9 -27
11:14 PM 5.4 165

2
M

03:11 AM 2.2 67
09:13 AM 5.7 174
03:49 PM 0.2 6
10:44 PM 5.1 155

17
Tu

03:27 AM 1.9 58
09:40 AM 6.0 183
04:02 PM -0.4 -12
10:58 PM 5.3 162

3
Sa

03:28 AM 2.5 76
09:41 AM 6.5 198
04:32 PM -0.7 -21
11:39 PM 5.0 152

18
Su

02:52 AM 2.7 82
09:10 AM 6.7 204
03:57 PM -0.9 -27
11:06 PM 4.9 149

3
Tu
○

04:46 AM 2.4 73
10:46 AM 6.0 183
05:21 PM -0.2 -6

18
W
●

04:19 AM 1.7 52
10:38 AM 6.8 207
04:59 PM -0.9 -27
11:52 PM 5.7 174

3
Tu

03:53 AM 2.0 61
09:56 AM 5.7 174
04:22 PM 0.2 6
11:13 PM 5.2 158

18
W

04:19 AM 1.4 43
10:37 AM 6.2 189
04:48 PM -0.4 -12
11:36 PM 5.7 174

4
Su

04:15 AM 2.6 79
10:21 AM 6.4 195
05:08 PM -0.7 -21

19
M

03:42 AM 2.5 76
09:58 AM 6.9 210
04:39 PM -1.1 -34
11:47 PM 5.2 158

4
W

12:23 AM 5.2 158
05:24 AM 2.3 70
11:22 AM 5.9 180
05:52 PM 0.0 0

19
Th

05:09 AM 1.3 40
11:29 AM 6.6 201
05:42 PM -0.7 -21

4
W

04:30 AM 1.8 55
10:35 AM 5.6 171
04:53 PM 0.3 9
11:40 PM 5.2 158

19
Th

05:08 AM 0.8 24
11:32 AM 6.2 189
05:32 PM -0.3 -9

5
M
○

12:20 AM 5.1 155
04:59 AM 2.6 79
10:59 AM 6.2 189
05:43 PM -0.6 -18

20
Tu
●

04:31 AM 2.3 70
10:46 AM 6.9 210
05:22 PM -1.2 -37

5
Th

12:51 AM 5.2 158
06:01 AM 2.2 67
11:58 AM 5.6 171
06:22 PM 0.2 6

20
F

12:31 AM 6.0 183
06:01 AM 1.0 30
12:22 PM 6.3 192
06:25 PM -0.3 -9

5
Th
○

05:05 AM 1.6 49
11:12 AM 5.5 168
05:22 PM 0.5 15

20
F
●

12:14 AM 6.0 183
05:57 AM 0.3 9
12:26 PM 6.1 186
06:15 PM 0.0 0

6
Tu

12:57 AM 5.1 155
05:41 AM 2.6 79
11:35 AM 6.0 183
06:17 PM -0.4 -12

21
W

12:27 AM 5.4 165
05:21 AM 2.1 64
11:36 AM 6.8 207
06:05 PM -1.2 -37

6
F

01:18 AM 5.2 158
06:39 AM 2.1 64
12:35 PM 5.4 165
06:52 PM 0.5 15

21
Sa

01:11 AM 6.1 186
06:54 AM 0.8 24
01:17 PM 5.9 180
07:10 PM 0.2 6

6
F

12:04 AM 5.3 162
05:39 AM 1.4 43
11:49 AM 5.3 162
05:50 PM 0.7 21

21
Sa

12:52 AM 6.2 189
06:46 AM -0.1 -3
01:20 PM 5.8 177
06:59 PM 0.4 12

7
W

01:32 AM 5.1 155
06:23 AM 2.7 82
12:12 PM 5.7 174
06:51 PM -0.2 -6

22
Th

01:08 AM 5.6 171
06:14 AM 1.9 58
12:27 PM 6.5 198
06:49 PM -0.9 -27

7
Sa

01:46 AM 5.2 158
07:18 AM 2.0 61
01:14 PM 5.0 152
07:23 PM 0.9 27

22
Su

01:53 AM 6.2 189
07:51 AM 0.6 18
02:17 PM 5.3 162
07:57 PM 0.8 24

7
Sa

12:29 AM 5.3 162
06:13 AM 1.3 40
12:26 PM 5.1 155
06:19 PM 1.0 30

22
Su

01:31 AM 6.3 192
07:36 AM -0.2 -6
02:16 PM 5.5 168
07:44 PM 0.9 27

8
Th

02:06 AM 5.1 155
07:07 AM 2.7 82
12:51 PM 5.4 165
07:25 PM 0.1 3

23
F

01:50 AM 5.8 177
07:11 AM 1.7 52
01:21 PM 6.1 186
07:35 PM -0.4 -12

8
Su

02:16 AM 5.3 162
08:02 AM 1.9 58
01:59 PM 4.6 140
07:57 PM 1.3 40

23
M

02:38 AM 6.2 189
08:53 AM 0.6 18
03:25 PM 4.8 146
08:49 PM 1.5 46

8
Su

12:56 AM 5.4 165
07:48 AM 1.1 34
02:06 PM 4.8 146
07:49 PM 1.3 40

23
M

02:13 AM 6.3 192
08:29 AM -0.3 -9
03:16 PM 5.1 155
08:33 PM 1.5 46

9
F

02:39 AM 5.1 155
07:55 AM 2.6 79
01:32 PM 5.0 152
08:01 PM 0.5 15

24
Sa

02:34 AM 6.0 183
08:12 AM 1.6 49
02:21 PM 5.5 168
08:23 PM 0.2 6

9
M

02:50 AM 5.3 162
08:52 AM 1.8 55
02:51 PM 4.2 128
08:34 PM 1.7 52

24
Tu

03:27 AM 6.1 186
10:01 AM 0.6 18
04:44 PM 4.4 134
09:50 PM 2.0 61

9
M

02:25 AM 5.4 165
08:27 AM 1.0 30
02:51 PM 4.5 137
08:22 PM 1.7 52

24
Tu

02:57 AM 6.1 186
09:25 AM -0.2 -6
04:21 PM 4.7 143
09:28 PM 2.0 61

10
Sa

03:13 AM 5.1 155
08:48 AM 2.5 76
02:19 PM 4.6 140
08:39 PM 0.9 27

25
Su

03:21 AM 6.1 186
09:20 AM 1.4 43
03:30 PM 4.9 149
09:15 PM 0.9 27

10
Tu

03:29 AM 5.4 165
09:50 AM 1.6 49
03:57 PM 3.9 119
09:18 PM 2.1 64

25
W
◐

04:23 AM 5.9 180
11:14 AM 0.6 18
06:13 PM 4.2 128
11:01 PM 2.4 73

10
Tu

02:58 AM 5.4 165
09:11 AM 0.9 27
03:43 PM 4.2 128
08:58 PM 2.1 64

25
W

03:46 AM 5.8 177
10:26 AM 0.0 0
05:35 PM 4.4 134
10:32 PM 2.4 73

11
Su

03:50 AM 5.2 158
09:48 AM 2.4 73
03:15 PM 4.2 128
09:21 PM 1.4 43

26
M

04:11 AM 6.1 186
10:34 AM 1.2 37
04:51 PM 4.4 134
10:13 PM 1.5 46

11
W

04:13 AM 5.4 165
10:54 AM 1.4 43
05:25 PM 3.7 113
10:15 PM 2.5 76

26
Th

05:24 AM 5.7 174
12:28 PM 0.5 15
07:34 PM 4.4 134

11
W

03:37 AM 5.4 165
10:03 AM 0.9 27
04:48 PM 3.9 119
09:44 PM 2.4 73

26
Th

04:41 AM 5.5 168
11:34 AM 0.2 6
06:54 PM 4.4 134
11:48 PM 2.6 79

12
M

04:30 AM 5.3 162
10:52 AM 2.1 64
04:25 PM 3.8 116
10:08 PM 1.8 55

27
Tu
◐

05:04 AM 6.1 186
11:50 AM 0.9 27
06:22 PM 4.2 128
11:18 PM 2.0 61

12
Th
◑

05:05 AM 5.5 168
12:01 PM 1.0 30
07:02 PM 3.7 113
11:26 PM 2.8 85

27
F

12:17 AM 2.6 79
06:28 AM 5.7 174
01:33 PM 0.3 9
08:39 PM 4.6 140

12
Th

04:23 AM 5.3 162
11:04 AM 0.8 24
06:09 PM 3.8 116
10:46 PM 2.7 82

27
F
◐

05:44 AM 5.2 158
12:44 PM 0.4 12
08:07 PM 4.5 137

13
Tu
◑

05:13 AM 5.4 165
11:56 AM 1.7 52
05:54 PM 3.6 110
11:04 PM 2.2 67

28
W

06:01 AM 6.2 189
01:00 PM 0.5 15
07:48 PM 4.2 128

13
F

06:02 AM 5.7 174
01:02 PM 0.6 18
08:17 PM 4.0 122

28
Sa

01:25 AM 2.6 79
07:30 AM 5.6 171
02:27 PM 0.2 6
09:29 PM 4.8 146

13
F
◑

05:19 AM 5.3 162
12:11 PM 0.6 18
07:36 PM 3.9 119

28
Sa

01:06 AM 2.6 79
06:53 AM 5.0 152
01:49 PM 0.5 15
09:05 PM 4.7 143

14
W

05:59 AM 5.6 171
12:54 PM 1.2 37
07:27 PM 3.7 113

29
Th

12:27 AM 2.4 73
06:58 AM 6.2 189
02:02 PM 0.2 6
08:58 PM 4.5 137

14
Sa

12:38 AM 2.9 88
07:01 AM 5.9 180
01:57 PM 0.1 3
09:12 PM 4.4 134

14
Sa

12:05 AM 2.9 88
06:24 AM 5.4 165
01:18 PM 0.3 9
08:45 PM 4.2 128

29
Su

02:13 AM 2.4 73
08:02 AM 4.9 149
02:45 PM 0.5 15
09:50 PM 4.8 146

15
Th

12:05 AM 2.5 76
06:47 AM 5.8 177
01:45 PM 0.6 18
08:41 PM 3.9 119

30
F

01:32 AM 2.6 79
07:52 AM 6.2 189
02:54 PM -0.1 -3
09:53 PM 4.7 143

15
Su

01:42 AM 2.7 82
07:58 AM 6.2 189
02:46 PM -0.3 -9
09:56 PM 4.7 143

15
Su

01:24 AM 2.8 85
07:32 AM 5.5 168
02:19 PM 0.1 3
09:36 PM 4.6 140

30
M

03:09 AM 2.1 64
09:03 AM 4.9 149
03:31 PM 0.5 15
10:28 PM 5.0 152

31
Sa

02:30 AM 2.6 79
08:42 AM 6.2 189
03:38 PM -0.2 -6
10:39 PM 4.9 149

31
Tu

03:55 AM 1.7 52
09:56 AM 5.0 152
04:11 PM 0.6 18
10:59 PM 5.1 155

StationId:9414290
Source:NOAA/NOS/CO-OPS
Station Type:Harmonic
Time Zone:LST/LDT
Datum:mean lower low water (MLLW) which is the chart datum of soundings

NOAA Tide Predictions

SAN FRANCISCO,California,2015

Times and Heights of High and Low Waters

Disclaimer: These data are based upon the latest information available as of the date of your request, and may differ from the published tide tables.
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April May June
      Time          Height       Time          Height       Time          Height       Time          Height       Time          Height       Time          Height

1
W

h     m ft  cm
04:35 AM 1.4 43
10:42 AM 5.0 152
04:45 PM 0.7 21
11:26 PM 5.2 158

16
Th

h     m ft  cm
04:09 AM 0.5 15
10:32 AM 5.4 165
04:16 PM 0.2 6
10:58 PM 6.0 183

1
F

h     m ft  cm
04:48 AM 0.5 15
11:12 AM 4.4 134
04:35 PM 1.4 43
11:02 PM 5.5 168

16
Sa

h     m ft  cm
04:48 AM -0.7 -21
11:33 AM 4.8 146
04:35 PM 1.3 40
11:03 PM 6.4 195

1
M

h     m ft  cm
05:31 AM -0.6 -18
12:32 PM 4.3 131
05:09 PM 2.3 70
11:25 PM 6.0 183

16
Tu
●

h     m ft  cm
06:07 AM -1.2 -37
01:17 PM 4.9 149
05:53 PM 2.3 70

2
Th

05:11 AM 1.1 34
11:24 AM 5.0 152
05:17 PM 0.9 27
11:51 PM 5.3 162

17
F

04:58 AM -0.1 -3
11:30 AM 5.5 168
05:02 PM 0.5 15
11:36 PM 6.2 189

2
Sa

05:22 AM 0.2 6
11:56 AM 4.5 137
05:09 PM 1.6 49
11:30 PM 5.6 171

17
Su

05:34 AM -1.1 -34
12:29 PM 4.9 149
05:23 PM 1.6 49
11:44 PM 6.5 198

2
Tu
○

06:07 AM -0.9 -27
01:16 PM 4.4 134
05:49 PM 2.4 73

17
W

12:01 AM 6.4 195
06:48 AM -1.2 -37
02:04 PM 4.9 149
06:42 PM 2.4 73

3
F

05:44 AM 0.8 24
12:04 PM 5.0 152
05:47 PM 1.0 30

18
Sa
●

05:45 AM -0.6 -18
12:26 PM 5.4 165
05:48 PM 0.8 24

3
Su

05:54 AM -0.2 -6
12:39 PM 4.5 137
05:42 PM 1.8 55

18
M
●

06:19 AM -1.3 -40
01:22 PM 4.9 149
06:11 PM 1.9 58

3
W

12:02 AM 6.1 186
06:44 AM -1.1 -34
01:59 PM 4.6 140
06:31 PM 2.5 76

18
Th

12:42 AM 6.1 186
07:28 AM -1.0 -30
02:48 PM 4.9 149
07:31 PM 2.5 76

4
Sa
○

12:16 AM 5.4 165
06:17 AM 0.6 18
12:43 PM 4.9 149
06:17 PM 1.3 40

19
Su

12:15 AM 6.4 195
06:32 AM -0.9 -27
01:21 PM 5.3 162
06:33 PM 1.2 37

4
M
○

12:00 AM 5.7 174
06:27 AM -0.4 -12
01:22 PM 4.5 137
06:16 PM 2.0 61

19
Tu

12:24 AM 6.4 195
07:04 AM -1.3 -40
02:14 PM 4.9 149
07:00 PM 2.1 64

4
Th

12:42 AM 6.1 186
07:24 AM -1.2 -37
02:43 PM 4.6 140
07:17 PM 2.6 79

19
F

01:23 AM 5.8 177
08:08 AM -0.8 -24
03:31 PM 4.9 149
08:22 PM 2.6 79

5
Su

12:42 AM 5.5 168
06:49 AM 0.3 9
01:23 PM 4.7 143
06:47 PM 1.5 46

20
M

12:55 AM 6.4 195
07:19 AM -1.0 -30
02:16 PM 5.1 155
07:21 PM 1.6 49

5
Tu

12:32 AM 5.7 174
07:03 AM -0.6 -18
02:06 PM 4.4 134
06:52 PM 2.3 70

20
W

01:06 AM 6.1 186
07:48 AM -1.2 -37
03:06 PM 4.8 146
07:51 PM 2.4 73

5
F

01:25 AM 5.9 180
08:07 AM -1.2 -37
03:29 PM 4.7 143
08:10 PM 2.6 79

20
Sa

02:05 AM 5.4 165
08:49 AM -0.4 -12
04:12 PM 4.9 149
09:18 PM 2.6 79

6
M

01:10 AM 5.5 168
07:23 AM 0.2 6
02:05 PM 4.6 140
07:18 PM 1.8 55

21
Tu

01:36 AM 6.2 189
08:08 AM -0.9 -27
03:14 PM 4.9 149
08:11 PM 2.0 61

6
W

01:07 AM 5.7 174
07:41 AM -0.7 -21
02:53 PM 4.4 134
07:32 PM 2.5 76

21
Th

01:48 AM 5.8 177
08:34 AM -0.9 -27
03:58 PM 4.8 146
08:47 PM 2.5 76

6
Sa

02:13 AM 5.7 174
08:53 AM -1.0 -30
04:17 PM 4.9 149
09:11 PM 2.6 79

21
Su

02:50 AM 5.0 152
09:30 AM 0.0 0
04:53 PM 4.9 149
10:18 PM 2.5 76

7
Tu

01:41 AM 5.5 168
08:01 AM 0.1 3
02:52 PM 4.4 134
07:53 PM 2.1 64

22
W

02:20 AM 5.9 180
08:59 AM -0.7 -21
04:14 PM 4.7 143
09:08 PM 2.3 70

7
Th

01:45 AM 5.6 171
08:24 AM -0.7 -21
03:44 PM 4.4 134
08:20 PM 2.6 79

22
F

02:33 AM 5.4 165
09:21 AM -0.6 -18
04:51 PM 4.7 143
09:50 PM 2.6 79

7
Su

03:07 AM 5.4 165
09:43 AM -0.7 -21
05:07 PM 5.0 152
10:22 PM 2.4 73

22
M

03:40 AM 4.5 137
10:13 AM 0.4 12
05:34 PM 5.0 152
11:23 PM 2.4 73

8
W

02:16 AM 5.4 165
08:43 AM 0.0 0
03:45 PM 4.2 128
08:34 PM 2.4 73

23
Th

03:07 AM 5.5 168
09:53 AM -0.4 -12
05:18 PM 4.6 140
10:14 PM 2.5 76

8
F

02:29 AM 5.5 168
09:11 AM -0.7 -21
04:39 PM 4.4 134
09:19 PM 2.7 82

23
Sa

03:22 AM 4.9 149
10:10 AM -0.2 -6
05:43 PM 4.7 143
11:00 PM 2.6 79

8
M

04:09 AM 4.9 149
10:36 AM -0.3 -9
05:57 PM 5.3 162
11:38 PM 2.1 64

23
Tu

04:37 AM 4.1 125
10:59 AM 0.8 24
06:15 PM 5.1 155

9
Th

02:56 AM 5.3 162
09:33 AM 0.0 0
04:47 PM 4.1 125
09:26 PM 2.7 82

24
F

04:00 AM 5.1 155
10:51 AM -0.1 -3
06:24 PM 4.5 137
11:30 PM 2.6 79

9
Sa

03:21 AM 5.2 158
10:04 AM -0.5 -15
05:36 PM 4.5 137
10:31 PM 2.7 82

24
Su

04:18 AM 4.5 137
11:02 AM 0.2 6
06:34 PM 4.8 146

9
Tu
◑

05:22 AM 4.5 137
11:32 AM 0.1 3
06:47 PM 5.5 168

24
W
◐

12:29 AM 2.1 64
05:46 AM 3.7 113
11:48 AM 1.3 40
06:55 PM 5.2 158

10
F

03:45 AM 5.2 158
10:29 AM 0.0 0
05:57 PM 4.1 125
10:36 PM 2.8 85

25
Sa
◐

05:01 AM 4.7 143
11:53 AM 0.3 9
07:26 PM 4.6 140

10
Su

04:22 AM 5.0 152
11:02 AM -0.3 -9
06:33 PM 4.7 143
11:51 PM 2.5 76

25
M
◐

12:11 AM 2.4 73
05:22 AM 4.1 125
11:55 AM 0.6 18
07:19 PM 4.9 149

10
W

12:52 AM 1.5 46
06:44 AM 4.2 128
12:30 PM 0.6 18
07:36 PM 5.8 177

25
Th

01:29 AM 1.7 52
07:08 AM 3.5 107
12:40 PM 1.7 52
07:35 PM 5.4 165

11
Sa

04:44 AM 5.1 155
11:33 AM 0.1 3
07:07 PM 4.2 128
11:58 PM 2.8 85

26
Su

12:45 AM 2.4 73
06:10 AM 4.4 134
12:54 PM 0.5 15
08:18 PM 4.7 143

11
M
◑

05:34 AM 4.7 143
12:03 PM -0.1 -3
07:26 PM 5.0 152

26
Tu

01:17 AM 2.0 61
06:35 AM 3.8 116
12:49 PM 0.9 27
08:00 PM 5.0 152

11
Th

01:59 AM 0.9 27
08:09 AM 4.1 125
01:29 PM 1.0 30
08:23 PM 6.1 186

26
F

02:22 AM 1.2 37
08:33 AM 3.5 107
01:32 PM 2.0 61
08:15 PM 5.6 171

12
Su
◑

05:54 AM 5.0 152
12:38 PM 0.0 0
08:06 PM 4.5 137

27
M

01:51 AM 2.1 64
07:23 AM 4.2 128
01:50 PM 0.7 21
09:00 PM 4.9 149

12
Tu

01:06 AM 2.0 61
06:53 AM 4.5 137
01:04 PM 0.1 3
08:14 PM 5.3 162

27
W

02:13 AM 1.6 49
07:53 AM 3.7 113
01:40 PM 1.2 37
08:37 PM 5.2 158

12
F

02:58 AM 0.2 6
09:27 AM 4.2 128
02:26 PM 1.4 43
09:09 PM 6.3 192

27
Sa

03:09 AM 0.7 21
09:46 AM 3.7 113
02:23 PM 2.3 70
08:56 PM 5.8 177

13
M

01:16 AM 2.4 73
07:10 AM 5.0 152
01:41 PM 0.0 0
08:56 PM 4.9 149

28
Tu

02:46 AM 1.7 52
08:32 AM 4.2 128
02:39 PM 0.9 27
09:36 PM 5.0 152

13
W

02:11 AM 1.3 40
08:13 AM 4.5 137
02:01 PM 0.4 12
08:59 PM 5.7 174

28
Th

03:02 AM 1.1 34
09:04 AM 3.7 113
02:27 PM 1.5 46
09:10 PM 5.4 165

13
Sa

03:51 AM -0.4 -12
10:35 AM 4.4 134
03:21 PM 1.7 52
09:54 PM 6.5 198

28
Su

03:50 AM 0.2 6
10:44 AM 3.9 119
03:12 PM 2.4 73
09:36 PM 6.0 183

14
Tu

02:21 AM 1.9 58
08:23 AM 5.1 155
02:37 PM 0.0 0
09:39 PM 5.3 162

29
W

03:32 AM 1.3 40
09:32 AM 4.3 131
03:22 PM 1.0 30
10:07 PM 5.2 158

14
Th

03:08 AM 0.6 18
09:26 AM 4.6 140
02:55 PM 0.7 21
09:42 PM 6.0 183

29
F

03:44 AM 0.7 21
10:06 AM 3.8 116
03:11 PM 1.7 52
09:43 PM 5.6 171

14
Su

04:39 AM -0.8 -24
11:35 AM 4.6 140
04:13 PM 2.0 61
10:37 PM 6.6 201

29
M

04:29 AM -0.2 -6
11:33 AM 4.2 128
03:57 PM 2.6 79
10:17 PM 6.2 189

15
W

03:18 AM 1.2 37
09:31 AM 5.3 162
03:29 PM 0.1 3
10:19 PM 5.7 174

30
Th

04:12 AM 0.9 27
10:25 AM 4.3 131
04:00 PM 1.2 37
10:35 PM 5.3 162

15
F

04:00 AM -0.1 -3
10:32 AM 4.7 143
03:46 PM 1.0 30
10:23 PM 6.3 192

30
Sa

04:22 AM 0.2 6
11:00 AM 4.0 122
03:52 PM 2.0 61
10:16 PM 5.7 174

15
M

05:24 AM -1.1 -34
12:28 PM 4.8 146
05:04 PM 2.2 67
11:20 PM 6.5 198

30
Tu

05:07 AM -0.6 -18
12:16 PM 4.4 134
04:42 PM 2.6 79
10:58 PM 6.4 195

31
Su

04:57 AM -0.2 -6
11:47 AM 4.2 128
04:31 PM 2.1 64
10:50 PM 5.9 180

StationId:9414290
Source:NOAA/NOS/CO-OPS
Station Type:Harmonic
Time Zone:LST/LDT
Datum:mean lower low water (MLLW) which is the chart datum of soundings

NOAA Tide Predictions

SAN FRANCISCO,California,2015

Times and Heights of High and Low Waters

Disclaimer: These data are based upon the latest information available as of the date of your request, and may differ from the published tide tables.
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July August September
      Time          Height       Time          Height       Time          Height       Time          Height       Time          Height       Time          Height

1
W

h     m ft  cm
05:45 AM -1.0 -30
12:58 PM 4.6 140
05:27 PM 2.6 79
11:41 PM 6.5 198

16
Th
●

h     m ft  cm
06:30 AM -0.7 -21
01:40 PM 5.1 155
06:25 PM 2.5 76

1
Sa

h     m ft  cm
12:14 AM 6.7 204
06:43 AM -0.9 -27
01:43 PM 5.5 168
06:48 PM 1.9 58

16
Su

h     m ft  cm
12:50 AM 5.7 174
07:10 AM 0.4 12
02:02 PM 5.3 162
07:25 PM 2.0 61

1
Tu

h     m ft  cm
01:54 AM 6.0 183
07:43 AM 0.4 12
02:24 PM 6.3 192
08:20 PM 0.5 15

16
W

h     m ft  cm
01:57 AM 4.9 149
07:36 AM 1.7 52
02:06 PM 5.4 165
08:11 PM 1.1 34

2
Th
○

06:25 AM -1.2 -37
01:38 PM 4.8 146
06:13 PM 2.5 76

17
F

12:25 AM 6.1 186
07:06 AM -0.5 -15
02:17 PM 5.1 155
07:09 PM 2.5 76

2
Su

01:04 AM 6.5 198
07:25 AM -0.7 -21
02:23 PM 5.7 174
07:42 PM 1.7 52

17
M

01:27 AM 5.4 165
07:41 AM 0.7 21
02:30 PM 5.3 162
08:05 PM 1.9 58

2
W

02:53 AM 5.6 171
08:31 AM 0.9 27
03:08 PM 6.3 192
09:20 PM 0.5 15

17
Th

02:42 AM 4.7 143
08:09 AM 2.0 61
02:39 PM 5.4 165
08:54 PM 1.0 30

3
F

12:26 AM 6.5 198
07:06 AM -1.2 -37
02:19 PM 5.0 152
07:03 PM 2.4 73

18
Sa

01:04 AM 5.8 177
07:41 AM -0.3 -9
02:51 PM 5.1 155
07:54 PM 2.4 73

3
M

01:57 AM 6.1 186
08:09 AM -0.4 -12
03:05 PM 5.9 180
08:40 PM 1.5 46

18
Tu

02:07 AM 5.1 155
08:13 AM 1.0 30
03:00 PM 5.3 162
08:48 PM 1.8 55

3
Th

03:59 AM 5.1 155
09:23 AM 1.5 46
03:58 PM 6.2 189
10:26 PM 0.5 15

18
F

03:33 AM 4.4 134
08:46 AM 2.4 73
03:17 PM 5.4 165
09:43 PM 1.0 30

4
Sa

01:13 AM 6.3 192
07:48 AM -1.1 -34
03:01 PM 5.2 158
07:57 PM 2.3 70

19
Su

01:43 AM 5.5 168
08:16 AM 0.0 0
03:24 PM 5.1 155
08:41 PM 2.4 73

4
Tu

02:55 AM 5.6 171
08:56 AM 0.2 6
03:50 PM 6.1 186
09:44 PM 1.3 40

19
W

02:51 AM 4.7 143
08:47 AM 1.4 43
03:33 PM 5.3 162
09:35 PM 1.7 52

4
F

05:14 AM 4.7 143
10:23 AM 2.0 61
04:53 PM 6.1 186
11:38 PM 0.5 15

19
Sa

04:34 AM 4.2 128
09:32 AM 2.7 82
04:02 PM 5.3 162
10:40 PM 1.0 30

5
Su

02:03 AM 6.0 183
08:33 AM -0.9 -27
03:45 PM 5.4 165
08:58 PM 2.2 67

20
M

02:25 AM 5.1 155
08:51 AM 0.4 12
03:57 PM 5.1 155
09:32 PM 2.3 70

5
W

03:59 AM 5.1 155
09:46 AM 0.8 24
04:38 PM 6.2 189
10:53 PM 1.1 34

20
Th

03:41 AM 4.3 131
09:24 AM 1.8 55
04:10 PM 5.4 165
10:30 PM 1.6 49

5
Sa
◑

06:37 AM 4.5 137
11:33 AM 2.4 73
05:54 PM 5.9 180

20
Su

05:49 AM 4.0 122
10:33 AM 3.0 91
04:57 PM 5.3 162
11:45 PM 0.9 27

6
M

02:59 AM 5.6 171
09:20 AM -0.5 -15
04:30 PM 5.6 171
10:05 PM 1.9 58

21
Tu

03:10 AM 4.7 143
09:28 AM 0.8 24
04:32 PM 5.2 158
10:28 PM 2.2 67

6
Th

05:14 AM 4.6 140
10:41 AM 1.4 43
05:30 PM 6.2 189

21
F

04:43 AM 4.0 122
10:07 AM 2.3 70
04:54 PM 5.4 165
11:32 PM 1.5 46

6
Su

12:51 AM 0.5 15
07:57 AM 4.6 140
12:48 PM 2.6 79
06:59 PM 5.8 177

21
M
◐

07:09 AM 4.1 125
11:50 AM 3.1 94
05:59 PM 5.3 162

7
Tu

04:02 AM 5.0 152
10:10 AM 0.1 3
05:18 PM 5.8 177
11:18 PM 1.6 49

22
W

04:02 AM 4.2 128
10:09 AM 1.3 40
05:10 PM 5.3 162
11:29 PM 2.0 61

7
F
◑

12:07 AM 0.8 24
06:40 AM 4.3 131
11:44 AM 1.9 58
06:26 PM 6.2 189

22
Sa
◐

06:03 AM 3.8 116
11:02 AM 2.6 79
05:44 PM 5.4 165

7
M

01:59 AM 0.4 12
09:05 AM 4.8 146
01:58 PM 2.6 79
08:04 PM 5.8 177

22
Tu

12:51 AM 0.7 21
08:16 AM 4.3 131
01:05 PM 2.9 88
07:06 PM 5.4 165

8
W
◑

05:15 AM 4.5 137
11:05 AM 0.7 21
06:08 PM 6.0 183

23
Th

05:07 AM 3.8 116
10:53 AM 1.7 52
05:52 PM 5.4 165

8
Sa

01:20 AM 0.5 15
08:08 AM 4.3 131
12:52 PM 2.3 70
07:25 PM 6.3 192

23
Su

12:37 AM 1.2 37
07:35 AM 3.8 116
12:10 PM 2.9 88
06:40 PM 5.6 171

8
Tu

02:57 AM 0.3 9
09:58 AM 5.0 152
02:58 PM 2.4 73
09:03 PM 5.8 177

23
W

01:51 AM 0.4 12
09:07 AM 4.7 143
02:09 PM 2.6 79
08:12 PM 5.6 171

9
Th

12:32 AM 1.2 37
06:40 AM 4.1 125
12:03 PM 1.2 37
07:00 PM 6.2 189

24
F
◐

12:33 AM 1.7 52
06:29 AM 3.6 110
11:46 AM 2.2 67
06:37 PM 5.5 168

9
Su

02:26 AM 0.2 6
09:23 AM 4.5 137
02:00 PM 2.5 76
08:23 PM 6.3 192

24
M

01:38 AM 0.9 27
08:52 AM 4.0 122
01:20 PM 2.9 88
07:38 PM 5.8 177

9
W

03:46 AM 0.3 9
10:42 AM 5.2 158
03:49 PM 2.2 67
09:55 PM 5.8 177

24
Th

02:45 AM 0.2 6
09:50 AM 5.0 152
03:03 PM 2.1 64
09:13 PM 5.9 180

10
F

01:42 AM 0.7 21
08:09 AM 4.1 125
01:05 PM 1.7 52
07:52 PM 6.3 192

25
Sa

01:33 AM 1.3 40
08:02 AM 3.6 110
12:45 PM 2.5 76
07:25 PM 5.7 174

10
M

03:24 AM 0.0 0
10:23 AM 4.7 143
03:02 PM 2.5 76
09:17 PM 6.3 192

25
Tu

02:34 AM 0.5 15
09:47 AM 4.3 131
02:22 PM 2.8 85
08:35 PM 6.0 183

10
Th

04:27 AM 0.3 9
11:19 AM 5.3 162
04:33 PM 1.9 58
10:41 PM 5.8 177

25
F

03:33 AM 0.0 0
10:28 AM 5.4 165
03:54 PM 1.5 46
10:11 PM 6.1 186

11
Sa

02:45 AM 0.1 3
09:29 AM 4.2 128
02:07 PM 2.1 64
08:43 PM 6.5 198

26
Su

02:26 AM 0.8 24
09:21 AM 3.8 116
01:45 PM 2.7 82
08:14 PM 5.9 180

11
Tu

04:12 AM -0.2 -6
11:13 AM 4.9 149
03:56 PM 2.5 76
10:07 PM 6.3 192

26
W

03:23 AM 0.1 3
10:31 AM 4.7 143
03:16 PM 2.6 79
09:30 PM 6.3 192

11
F

05:03 AM 0.4 12
11:51 AM 5.3 162
05:12 PM 1.7 52
11:23 PM 5.7 174

26
Sa

04:19 AM 0.0 0
11:06 AM 5.8 177
04:42 PM 0.9 27
11:07 PM 6.2 189

12
Su

03:40 AM -0.3 -9
10:35 AM 4.4 134
03:06 PM 2.3 70
09:33 PM 6.5 198

27
M

03:14 AM 0.4 12
10:20 AM 4.1 125
02:41 PM 2.8 85
09:02 PM 6.1 186

12
W

04:55 AM -0.2 -6
11:55 AM 5.1 155
04:44 PM 2.4 73
10:52 PM 6.2 189

27
Th

04:08 AM -0.3 -9
11:10 AM 5.0 152
04:06 PM 2.2 67
10:22 PM 6.5 198

12
Sa

05:35 AM 0.6 18
12:20 PM 5.4 165
05:49 PM 1.5 46

27
Su

05:03 AM 0.1 3
11:43 AM 6.1 186
05:30 PM 0.4 12

13
M

04:29 AM -0.6 -18
11:30 AM 4.7 143
04:01 PM 2.4 73
10:20 PM 6.5 198

28
Tu

03:58 AM -0.1 -3
11:07 AM 4.4 134
03:33 PM 2.7 82
09:50 PM 6.4 195

13
Th

05:32 AM -0.2 -6
12:32 PM 5.2 158
05:27 PM 2.3 70
11:33 PM 6.1 186

28
F

04:51 AM -0.5 -15
11:47 AM 5.3 162
04:55 PM 1.8 55
11:14 PM 6.6 201

13
Su
●

12:02 AM 5.6 171
06:06 AM 0.8 24
12:45 PM 5.4 165
06:23 PM 1.4 43

28
M
○

12:01 AM 6.1 186
05:47 AM 0.3 9
12:21 PM 6.3 192
06:18 PM 0.0 0

14
Tu

05:12 AM -0.7 -21
12:18 PM 4.9 149
04:52 PM 2.5 76
11:04 PM 6.5 198

29
W

04:40 AM -0.5 -15
11:48 AM 4.7 143
04:21 PM 2.6 79
10:38 PM 6.6 201

14
F
●

06:06 AM -0.1 -3
01:05 PM 5.2 158
06:07 PM 2.1 64

29
Sa
○

05:34 AM -0.5 -15
12:25 PM 5.7 174
05:43 PM 1.4 43

14
M

12:39 AM 5.4 165
06:35 AM 1.0 30
01:10 PM 5.4 165
06:58 PM 1.2 37

29
Tu

12:56 AM 6.0 183
06:31 AM 0.7 21
01:01 PM 6.5 198
07:08 PM -0.3 -9

15
W

05:52 AM -0.8 -24
01:01 PM 5.0 152
05:40 PM 2.5 76
11:45 PM 6.3 192

30
Th

05:21 AM -0.8 -24
12:27 PM 5.0 152
05:09 PM 2.4 73
11:26 PM 6.7 204

15
Sa

12:12 AM 5.9 180
06:38 AM 0.1 3
01:34 PM 5.2 158
06:46 PM 2.0 61

30
Su

12:06 AM 6.6 201
06:16 AM -0.4 -12
01:02 PM 5.9 180
06:33 PM 1.0 30

15
Tu

01:17 AM 5.2 158
07:05 AM 1.3 40
01:37 PM 5.4 165
07:33 PM 1.1 34

30
W

01:53 AM 5.7 174
07:17 AM 1.2 37
01:44 PM 6.5 198
08:00 PM -0.4 -12

31
F
○

06:01 AM -0.9 -27
01:05 PM 5.2 158
05:58 PM 2.1 64

31
M

12:59 AM 6.4 195
06:59 AM -0.1 -3
01:42 PM 6.1 186
07:25 PM 0.7 21

StationId:9414290
Source:NOAA/NOS/CO-OPS
Station Type:Harmonic
Time Zone:LST/LDT
Datum:mean lower low water (MLLW) which is the chart datum of soundings

NOAA Tide Predictions

SAN FRANCISCO,California,2015

Times and Heights of High and Low Waters

Disclaimer: These data are based upon the latest information available as of the date of your request, and may differ from the published tide tables.
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October November December
      Time          Height       Time          Height       Time          Height       Time          Height       Time          Height       Time          Height

1
Th

h     m ft  cm
02:52 AM 5.4 165
08:07 AM 1.7 52
02:29 PM 6.4 195
08:56 PM -0.3 -9

16
F

h     m ft  cm
02:40 AM 4.6 140
07:37 AM 2.5 76
01:54 PM 5.5 168
08:23 PM 0.2 6

1
Su

h     m ft  cm
03:54 AM 5.0 152
08:50 AM 2.7 82
02:39 PM 5.5 168
09:27 PM -0.1 -3

16
M

h     m ft  cm
03:16 AM 4.6 140
07:53 AM 3.1 94
01:52 PM 5.4 165
08:36 PM -0.2 -6

1
Tu

h     m ft  cm
04:19 AM 5.1 155
09:36 AM 2.7 82
03:02 PM 4.8 146
09:41 PM 0.3 9

16
W

h     m ft  cm
03:35 AM 5.2 158
08:45 AM 2.7 82
02:35 PM 5.1 155
09:02 PM -0.1 -3

2
F

03:57 AM 5.0 152
09:02 AM 2.1 64
03:19 PM 6.1 186
09:57 PM -0.1 -3

17
Sa

03:31 AM 4.4 134
08:17 AM 2.8 85
02:33 PM 5.4 165
09:10 PM 0.3 9

2
M

04:58 AM 4.9 149
10:07 AM 2.8 85
03:42 PM 5.0 152
10:29 PM 0.3 9

17
Tu

04:09 AM 4.7 143
09:01 AM 3.0 91
02:51 PM 5.1 155
09:30 PM 0.0 0

2
W

05:10 AM 5.1 155
10:50 AM 2.5 76
04:07 PM 4.4 134
10:35 PM 0.8 24

17
Th

04:23 AM 5.4 165
09:59 AM 2.4 73
03:44 PM 4.7 143
09:56 PM 0.4 12

3
Sa

05:09 AM 4.8 146
10:08 AM 2.5 76
04:15 PM 5.8 177
11:04 PM 0.2 6

18
Su

04:30 AM 4.3 131
09:08 AM 3.0 91
03:21 PM 5.3 162
10:03 PM 0.3 9

3
Tu
◑

05:59 AM 5.0 152
11:24 AM 2.6 79
04:52 PM 4.7 143
11:31 PM 0.6 18

18
W

05:03 AM 4.9 149
10:20 AM 2.8 85
04:00 PM 4.8 146
10:29 PM 0.2 6

3
Th
◑

05:58 AM 5.2 158
11:58 AM 2.2 67
05:22 PM 4.0 122
11:30 PM 1.2 37

18
F
◐

05:12 AM 5.6 171
11:15 AM 1.9 58
05:05 PM 4.4 134
10:54 PM 0.8 24

4
Su
◑

06:24 AM 4.8 146
11:24 AM 2.7 82
05:20 PM 5.5 168

19
M

05:34 AM 4.3 131
10:15 AM 3.1 94
04:18 PM 5.1 155
11:04 PM 0.4 12

4
W

06:52 AM 5.1 155
12:33 PM 2.2 67
06:07 PM 4.5 137

19
Th
◐

05:54 AM 5.2 158
11:37 AM 2.4 73
05:19 PM 4.6 140
11:29 PM 0.5 15

4
F

06:41 AM 5.4 165
12:58 PM 1.8 55
06:42 PM 3.9 119

19
Sa

06:01 AM 5.9 180
12:25 PM 1.3 40
06:33 PM 4.2 128
11:54 PM 1.3 40

5
M

12:14 AM 0.4 12
07:35 AM 4.8 146
12:42 PM 2.6 79
06:30 PM 5.2 158

20
Tu
◐

06:39 AM 4.5 137
11:36 AM 3.0 91
05:26 PM 5.0 152

5
Th

12:28 AM 0.9 27
07:37 AM 5.3 162
01:29 PM 1.8 55
07:18 PM 4.4 134

20
F

06:42 AM 5.5 168
12:43 PM 1.7 52
06:39 PM 4.6 140

5
Sa

12:23 AM 1.5 46
07:19 AM 5.5 168
01:49 PM 1.3 40
07:57 PM 3.9 119

20
Su

06:50 AM 6.2 189
01:27 PM 0.6 18
07:56 PM 4.3 131

6
Tu

01:20 AM 0.5 15
08:34 AM 5.0 152
01:51 PM 2.4 73
07:40 PM 5.1 155

21
W

12:07 AM 0.4 12
07:36 AM 4.7 143
12:53 PM 2.7 82
06:40 PM 5.0 152

6
F

01:19 AM 1.1 34
08:14 AM 5.4 165
02:17 PM 1.4 43
08:20 PM 4.5 137

21
Sa

12:28 AM 0.7 21
07:27 AM 5.9 180
01:40 PM 0.9 27
07:56 PM 4.7 143

6
Su

01:13 AM 1.8 55
07:54 AM 5.7 174
02:32 PM 0.8 24
08:59 PM 4.1 125

21
M

12:54 AM 1.7 52
07:38 AM 6.5 198
02:22 PM -0.1 -3
09:07 PM 4.5 137

7
W

02:18 AM 0.6 18
09:22 AM 5.2 158
02:49 PM 2.1 64
08:44 PM 5.1 155

22
Th

01:09 AM 0.4 12
08:25 AM 5.1 155
01:57 PM 2.2 67
07:53 PM 5.1 155

7
Sa

02:03 AM 1.3 40
08:47 AM 5.6 171
02:58 PM 1.0 30
09:14 PM 4.5 137

22
Su

01:23 AM 1.0 30
08:10 AM 6.2 189
02:32 PM 0.2 6
09:04 PM 4.8 146

7
M

01:58 AM 2.1 64
08:28 AM 5.8 177
03:10 PM 0.4 12
09:52 PM 4.2 128

22
Tu

01:52 AM 1.9 58
08:25 AM 6.7 204
03:12 PM -0.6 -18
10:09 PM 4.8 146

8
Th

03:07 AM 0.7 21
10:02 AM 5.3 162
03:37 PM 1.7 52
09:40 PM 5.2 158

23
F

02:06 AM 0.4 12
09:07 AM 5.4 165
02:52 PM 1.5 46
09:01 PM 5.3 162

8
Su

02:43 AM 1.5 46
09:16 AM 5.7 174
03:34 PM 0.6 18
10:02 PM 4.6 140

23
M

02:15 AM 1.3 40
08:52 AM 6.6 201
03:21 PM -0.5 -15
10:06 PM 5.0 152

8
Tu

02:40 AM 2.3 70
09:01 AM 6.0 183
03:45 PM 0.0 0
10:39 PM 4.4 134

23
W

02:47 AM 2.2 67
09:11 AM 6.9 210
03:59 PM -1.0 -30
11:03 PM 5.0 152

9
F

03:49 AM 0.8 24
10:36 AM 5.4 165
04:18 PM 1.4 43
10:28 PM 5.2 158

24
Sa

02:57 AM 0.4 12
09:47 AM 5.8 177
03:42 PM 0.8 24
10:05 PM 5.4 165

9
M

03:19 AM 1.8 55
09:44 AM 5.8 177
04:08 PM 0.3 9
10:47 PM 4.6 140

24
Tu

03:06 AM 1.5 46
09:34 AM 6.8 207
04:07 PM -1.0 -30
11:03 PM 5.1 155

9
W

03:20 AM 2.5 76
09:34 AM 6.1 186
04:19 PM -0.3 -9
11:21 PM 4.5 137

24
Th

03:40 AM 2.3 70
09:56 AM 6.9 210
04:43 PM -1.2 -37
11:52 PM 5.2 158

10
Sa

04:25 AM 1.0 30
11:05 AM 5.5 168
04:55 PM 1.1 34
11:12 PM 5.1 155

25
Su

03:46 AM 0.6 18
10:26 AM 6.2 189
04:30 PM 0.1 3
11:04 PM 5.5 168

10
Tu

03:53 AM 2.0 61
10:11 AM 5.8 177
04:40 PM 0.0 0
11:29 PM 4.7 143

25
W
○

03:55 AM 1.8 55
10:16 AM 6.9 210
04:53 PM -1.3 -40
11:57 PM 5.2 158

10
Th

03:58 AM 2.6 79
10:09 AM 6.2 189
04:53 PM -0.5 -15

25
F
○

04:30 AM 2.4 73
10:41 AM 6.8 207
05:26 PM -1.2 -37

11
Su

04:58 AM 1.2 37
11:31 AM 5.6 171
05:29 PM 0.8 24
11:53 PM 5.1 155

26
M

04:32 AM 0.8 24
11:05 AM 6.5 198
05:18 PM -0.5 -15

11
W
●

04:27 AM 2.2 67
10:41 AM 5.9 180
05:12 PM -0.2 -6

26
Th

04:44 AM 2.1 64
10:59 AM 6.8 207
05:39 PM -1.3 -40

11
F
●

12:02 AM 4.6 140
04:35 AM 2.7 82
10:44 AM 6.2 189
05:27 PM -0.7 -21

26
Sa

12:38 AM 5.3 162
05:20 AM 2.5 76
11:24 AM 6.6 201
06:07 PM -1.0 -30

12
M

05:30 AM 1.4 43
11:56 AM 5.6 171
06:01 PM 0.6 18

27
Tu
○

12:01 AM 5.6 171
05:18 AM 1.1 34
11:45 AM 6.7 204
06:05 PM -0.9 -27

12
Th

12:10 AM 4.7 143
05:00 AM 2.4 73
11:12 AM 5.9 180
05:46 PM -0.3 -9

27
F

12:49 AM 5.2 158
05:34 AM 2.3 70
11:42 AM 6.6 201
06:24 PM -1.2 -37

12
Sa

12:42 AM 4.7 143
05:14 AM 2.8 85
11:22 AM 6.2 189
06:04 PM -0.8 -24

27
Su

01:22 AM 5.3 162
06:09 AM 2.5 76
12:07 PM 6.2 189
06:48 PM -0.8 -24

13
Tu
●

12:33 AM 5.0 152
06:00 AM 1.7 52
12:22 PM 5.6 171
06:34 PM 0.4 12

28
W

12:56 AM 5.5 168
06:05 AM 1.5 46
12:26 PM 6.7 204
06:53 PM -1.0 -30

13
F

12:52 AM 4.6 140
05:35 AM 2.6 79
11:45 AM 5.9 180
06:22 PM -0.4 -12

28
Sa

01:41 AM 5.2 158
06:26 AM 2.5 76
12:27 PM 6.3 192
07:11 PM -0.9 -27

13
Su

01:22 AM 4.8 146
05:56 AM 2.8 85
12:03 PM 6.1 186
06:43 PM -0.8 -24

28
M

02:05 AM 5.3 162
07:00 AM 2.6 79
12:50 PM 5.8 177
07:29 PM -0.4 -12

14
W

01:13 AM 4.9 149
06:31 AM 1.9 58
12:49 PM 5.6 171
07:07 PM 0.3 9

29
Th

01:53 AM 5.4 165
06:53 AM 1.8 55
01:09 PM 6.6 201
07:42 PM -1.0 -30

14
Sa

01:37 AM 4.6 140
06:13 AM 2.8 85
12:22 PM 5.7 174
07:02 PM -0.4 -12

29
Su

02:34 AM 5.1 155
07:23 AM 2.7 82
01:14 PM 5.8 177
07:59 PM -0.6 -18

14
M

02:05 AM 4.9 149
06:44 AM 2.9 88
12:47 PM 5.9 180
07:26 PM -0.7 -21

29
Tu

02:47 AM 5.2 158
07:55 AM 2.6 79
01:36 PM 5.3 162
08:10 PM 0.1 3

15
Th

01:55 AM 4.7 143
07:03 AM 2.2 67
01:20 PM 5.6 171
07:43 PM 0.2 6

30
F

02:50 AM 5.2 158
07:45 AM 2.2 67
01:55 PM 6.3 192
08:33 PM -0.8 -24

15
Su

02:25 AM 4.6 140
06:58 AM 3.0 91
01:04 PM 5.6 171
07:46 PM -0.4 -12

30
M

03:26 AM 5.1 155
08:26 AM 2.8 85
02:05 PM 5.3 162
08:49 PM -0.1 -3

15
Tu

02:49 AM 5.0 152
07:39 AM 2.8 85
01:37 PM 5.5 168
08:12 PM -0.4 -12

30
W

03:29 AM 5.2 158
08:54 AM 2.6 79
02:25 PM 4.8 146
08:53 PM 0.6 18

31
Sa

03:50 AM 5.1 155
08:43 AM 2.5 76
02:44 PM 5.9 180
09:28 PM -0.4 -12

31
Th

04:10 AM 5.2 158
09:59 AM 2.4 73
03:22 PM 4.3 131
09:39 PM 1.1 34

StationId:9414290
Source:NOAA/NOS/CO-OPS
Station Type:Harmonic
Time Zone:LST/LDT
Datum:mean lower low water (MLLW) which is the chart datum of soundings

NOAA Tide Predictions

SAN FRANCISCO,California,2015

Times and Heights of High and Low Waters

Disclaimer: These data are based upon the latest information available as of the date of your request, and may differ from the published tide tables.
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DEPARTMENT OF THE ARMY EM 1110-1-1003 
U.S. Army Corps of Engineers 

CECW-EP                            Washington, DC  20314-1000 
 

Manual 
No. 1110-1-1003                                                                                                      1 August 1996 

 

 

 

Engineering and Design 
NAVSTAR GLOBAL POSITIONING SYSTEM SURVEYING 

 

1.  Purpose.   This  manual  provides  technical  specifications  and  procedural  guidance  for  surveying 
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Chapter 1 
Introduction 

 

 

 

1-1.  Purpose 
 

This manual provides technical specifications and proce- 

dural guidance for surveying with the NAVSTAR Global 

Positioning System (GPS).  It is intended for use by engi- 

neering, topographic, or construction surveyors performing 

surveys for civil works and military construction projects. 

Procedural and quality control standards are defined to 

establish Corps-wide uniformity in GPS survey perfor- 

mance and GPS architect-engineer (A-E) contracts. 

 

1-2.  Applicability 

 

This manual applies to HQUSACE elements, major subor- 

dinate commands, districts, laboratories, and field oper- 

ating activities having responsibility for the planning, 

engineering and design, operations, maintenance, construc- 

tion,  and  related  real  estate  and  regulatory  functions  of 

civil works and military construction projects.   It applies 

to GPS survey performance by both hired-labor forces and 

contracted survey forces.  It is also applicable to surveys 

performed  or  procured  by  local  interest  groups  under 

various cooperative or cost-sharing agreements. 

 

1-3.  References 

 

Required    and    related    publications    are    listed    in 

Appendix A. 

 

1-4.  Explanation of Abbreviations and Terms 

 

GPS surveying terms and abbreviations used in this man- 

ual are explained in the Glossary (Appendix B). 

 

1-5.  Trade Name Exclusions 

 

The citation or illustration in this manual of trade names 

of commercially available GPS products, including other 

auxiliary surveying equipment, instrumentation, and 

adjustment software, does not constitute official endorse- 

ment or approval of the use of such products. 

 

1-6.  Accompanying Guide Specification 

 

A guide specification for the preparation of A-E contracts 

for GPS survey services is contained in Appendix G. 

1-7.  Background 
 

GPS  surveying  is  a  process  by  which  highly  accurate, 

three-dimensional  (3D)  point  positions  are  determined 

from signals received from NAVSTAR satellites.  GPS- 

derived positions may be used to provide the primary 

reference control monument locations for engineering and 

construction projects, from which detailed site plan top- 

ographic  mapping,  boundary  demarcation,  and  construc- 

tion alignment work may be performed using conventional 

surveying  instruments  and  procedures.    GPS  surveying 

also  has  application  in  the  continuous  positioning  of 

marine floating plants.   GPS surveying can also be used 

for input to Geographic Information System (GIS) and 

mapping projects. 

 

1-8.  Scope of Manual 

 

This manual deals primarily with the use of differential 

carrier   phase   GPS   survey   techniques   for   establishing 

and/or extending project construction or boundary control. 

Both  static  and  kinematic  survey  methods  are  covered, 

along  with  related  GPS  data  reduction,  post-processing, 

and adjustment methods.   Differential code phase GPS 

positioning and navigation methods supporting hydrogra- 

phic surveying and dredge control are covered to a lesser 

extent (see EM 1110-2-1003 for further information on 

hydrographic  surveying  with  GPS).     Kinematic  (or 

dynamic) real-time differential carrier phase GPS survey- 

ing applications are covered in detail in this manual. 

Absolute GPS point positioning methods (i.e., nondif- 

ferential)  are  also  described  since  these  techniques  have 

an application in some USACE surveying and mapping 

projects. 

 

a. This manual is intended to be a comprehensive 

reference guide for differential carrier phase GPS survey- 

ing, whether performed by in-house, hired-labor forces, 

contracted forces, or combinations thereof.  General plan- 

ning criteria, field and office execution procedures, and 

required  accuracy  specifications  for  performing  differen- 

tial GPS surveys in support of USACE engineering, con- 

struction,  operations,  planning,  and  real  estate  activities 

are provided.  Accuracy specifications, procedural criteria, 

and quality control requirements contained in this manual 

shall be directly referenced in the scopes of work for A-E 

survey services or other third-party survey services.   This 

is intended to ensure that uniform and standardized proce- 

dures are followed by both hired-labor and contract ser- 

vice sources throughout USACE. 
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b.   The primary emphasis of the manual centers on 

performing   second-   and   third-order   accuracy   surveys. 

This accuracy level will provide adequate reference con- 

trol from which supplemental real estate, engineering, 

construction layout surveying, and site plan topographic 

mapping work may be performed using conventional sur- 

vey  techniques.    Therefore,  the  survey  criteria  given  in 

this manual will not necessarily meet the Federal Geodetic 

Control Subcommittee (FGCS) standards and specifica- 

tions required for the National Geodetic Reference System 

(NGRS).   However, it should be understood that follow- 

ing the methods and procedures given in this manual will 

give final results generally equal to or exceeding FGCS 

second-order relative accuracy criteria.   This is adequate 

for the majority of USACE projects. 

 

c.    Chapter  12  herein  on  GPS  cost  estimating  is 

intended to assist those USACE Commands which primar- 

ily contract out survey services.  Refer to Appendix G for 

further information concerning the contracting of GPS 

services. 

 

d.    This manual briefly covers the theory and physi- 

cal concepts of NAVSTAR GPS positioning.  Consult the 

related  publications  in  Appendix  A  for  further 

information. 

 

1-9.  Life Cycle Project Management Applicability 

 

Project control established by GPS survey methods may 

be used through the entire life cycle of a project, spanning 

decades in many cases.   During initial reconnaissance 

surveys of a project, control established by GPS should be 

permanently monumented and situated in areas that are 

conducive to the performance or densification of subse- 

quent surveys for contract plans and specifications, con- 

struction, and maintenance.   During the early planning 

phases of a project, a comprehensive survey control plan 

should be developed which considers survey requirements 

over a project’s life cycle, with a goal of eliminating 

duplicative or redundant surveys to the maximum extent 

possible. 

 

1-10.  Metrics 

 

Metric units are used in this manual.   Metric units are 

commonly used in geodetic surveying applications, includ- 

ing the GPS survey work covered herein.  GPS-derived 

geographical or metric Cartesian coordinates are generally 

transformed  to non-SI  units  of  measurements  for  use  in 

local project reference and design systems, such as State 

Plane Coordinate System (SPCS) grids.   In all cases, the 

use of metrics shall follow local engineering and construc- 

tion  practices.     Non-SI/metric  equivalencies  are  noted 

where applicable, including the critical--and often statu- 

tory--distinction  between  the  U.S. Survey  Foot  (1,200/ 

3,937 m exactly) and International Foot (30.48/100 m 

exactly) conversions. 

 

1-11.  Manual Development and Proponency 
 

The HQUSACE proponent for this manual is the Survey- 

ing  and  Analysis  Section,  General  Engineering  Branch, 

Civil Works Directorate.   The manual was developed by 

the  U.S.  Army  Topographic  Engineering  Center 

(USATEC) during the period 1992-1994 under the Civil 

Works  Guidance  Update  Program,  U.S. Army  Engineer 

Waterways Experiment Station.  Primary technical author- 

ship and/or review was provided by the  U.S. Army Engi- 

neer  Districts,  Pittsburgh,  Tulsa,  Detroit,  New  Orleans, 

and  St.  Louis.    Recommended  corrections  or  modifica- 

tions to this manual should be directed to HQUSACE, 

ATTN:  CECW-EP-S, 20 Massachusetts Ave. NW, Wash- 

ington, DC 20324-1000. 

 

1-12.  Distribution 

 

Copies of this document or any other Civil Works Criteria 

Documents can be obtained from:   U.S. Army Corps of 

Engineers,  Publications  Depot,  2803  52nd  Ave,  Hyatts- 

ville, MD 20781-1102, Phone: (301) 394-0081. 

 

1-13.  Further Information 
 

Further information on the technical contents of this man- 

ual can be obtained from: 

 

U.S. Army Topographic Engineering Center 

ATTN:  CETEC-TD-AG 

Surveying Division 

7701 Telegraph Road 

Alexandria, VA  22315-3864 

 

Phone: (703) 428-6766 

Fax: (703) 428-8176 
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Chapter 2 
Operational Theory of NAVSTAR GPS 

 

This chapter provides a general overview of the basic 

operating  principles  and  theory  of  the  NAVSTAR  GPS. 

The references listed in Appendix A should be used for 

more detailed background of all the topics covered in this 

chapter. 

 

2-1.  Global Positioning System (GPS) 
 

The NAVSTAR GPS is a passive, satellite-based, naviga- 

tion system operated and maintained by the Department of 

Defense (DoD).  Its primary mission is to provide passive 

global positioning/navigation for land-, air-, and sea-based 

strategic and tactical forces.  A GPS receiver is simply a 

range  measurement  device;  distances  are  measured 

between the receiver antenna and the satellites, and the 

position is determined from the intersections of the range 

vectors.     These  distances  are  determined  by  a  GPS 

receiver which precisely measures the time it takes a sig- 

nal to travel from the satellite to the station.  This mea- 

surement process is similar to that used in conventional 

pulsing marine navigation systems and in phase compari- 

son electronic distance measurement (EDM) land survey- 

ing equipment. 

 

a.   GPS operating and tracking modes.   There are 

basically two general operating modes from which GPS- 

derived  positions  can  be  obtained:    absolute  positioning 

and  relative  or  differential  positioning.    Within  each  of 

these two modes, range measurements to the satellites can 

be performed by tracking either the phase of the satellite’s 

carrier  signal  or  the  pseudo-random  noise  codes  modu- 

lated on the carrier signal.   In addition, GPS positioning 

can be performed with the receiver operating in a static or 

dynamic (kinematic) environment.  This variety of opera- 

tional options results in a wide range of accuracy levels 

which may be obtained from the NAVSTAR GPS.  Accu- 

racies can range from 100 m down to the sub-centimeter 

level, as shown in Figure 2-1.  Increased accuracies to the 

sub-centimeter level require additional observing time and, 

until recently, could not be achieved in real time.   Selec- 

tion of a particular GPS operating and tracking mode (i.e., 

absolute, differential, code, carrier, static, kinematic, or 

combinations thereof) depends on the user application. 

USACE survey applications typically require differential 

positioning using carrier phase tracking.   Some dredge 

control and hydrographic applications can use differential 

code measurements.  Absolute modes are rarely used for 

geodetic surveying applications except when worldwide 

reference control is being established. 

 

 

 

 

 

Figure 2-1.  GPS operating modes and accuracies 
 

 

b.  Absolute positioning.   The most common military 

and civil (i.e., commercial) application of GPS is “abso- 

lute  positioning”  for  real-time  navigation.    When  oper- 

ating in this passive, real-time navigation mode, ranges to 

NAVSTAR satellites are observed by a single receiver 

positioned  on  a  point  for  which  a  position  is  desired. 

This receiver may be positioned to be stationary over a 

point (i.e., static, Figure 2-2) or in motion (i.e., kinematic 

positioning, such as on a vehicle, aircraft, missile, or 

backpack).   Two levels of absolute positioning accuracy 

may be obtained from the NAVSTAR GPS.  These are 

called  the  (1)  Standard  Positioning  Service  (SPS)  and 

(2) Precise Positioning Service (PPS). 

 

(1)  Using the SPS, the user is able to achieve real- 

time 3D absolute point positioning on the order of 100 m. 

The  SPS  is  the  GPS  signal  that  the  DoD  authorizes  to 

civil users.  This level of accuracy, achievable by the civil 

user,  is  due  to  the  deliberate  degradation  of  the  GPS 

signal by the DoD for national security reasons.   DoD 

degradation of the GPS signal is referred to as “Selective 

Availability” or S/A.   DoD has also implemented Anti- 

Spoofing or A-S which will deny the SPS user the more 

accurate P-code.   S/A and A-S will be discussed further 

in Chapter 5. 

 

(2)  Use of the PPS requires authorization by DoD to 

have a decryption device capable of deciphering the 

encrypted GPS signals.   USACE is an authorized user; 

however, actual use of the equipment has security impli- 

cations.    Real-time  3D  absolute  positional  accuracies  of 

16-20 m are attainable through use of the PPS. 
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Figure 2-2.  Performing static differential GPS surveys 
 

 

(3)  With  certain  specialized  GPS  receiving  equip- 

ment, data processing refinements, and long-term static 

observations, absolute positional coordinates may be 

determined to accuracy levels less than a meter.  Applica- 

tions of this are usually limited to worldwide geodetic 

reference surveys. 

 

(4)  These  absolute  point  positioning  accuracy  levels 

are not suitable for USACE surveying applications other 

than rough reconnaissance work or general vessel naviga- 

tion.  They may be useful for some military topographic 

surveying applications (e.g., artillery surveying). 

 

c.    Differential or relative GPS positioning.  Differ- 

ential positioning is simply a process of measuring the 

differences  in  coordinates  between  two  receiver  points, 

each of which is simultaneously observing/measuring 

satellite code ranges and/or carrier phases from the 

NAVSTAR GPS constellation.    The process actually 

involves the measurement of the difference in ranges 

between the satellites and two or more ground observing 

points.  The range measurement is performed by a phase 

difference  comparison,  using  either  the  carrier  phase  or 

code phase.  The basic principle is that the absolute posi- 

tioning errors at the two receiver points will be approxi- 

mately  the  same  for  a  given  instant.     The  resultant 

accuracy  of  these  coordinate  differences  is  at  the  meter 

level  for  code  phase  observations  and  at  the  centimeter 

level for carrier phase tracking.  These coordinate differ- 

ences  are  usually  expressed  as  3D  “baseline  vectors,” 

 

which are comparable to conventional survey azimuth/ 

distance measurements.   Differential GPS (DGPS) posi- 

tioning can be performed in either a static or kinematic 

mode.   Further information on DGPS can be found in 

Chapter 6. 

 

2-2.  NAVSTAR Program Background 

 

A direct product of the “space race” of the 1960’s, the 

NAVSTAR GPS is actually the result of the merging of 

two  independent  programs  that  were  begun  in  the  early 

1960’s:    the  U.S. Navy’s  TIMATION  Program  and  the 

U.S. Air Force’s 621B Project.  Another system similar in 

basic  concept  to  the  current  NAVSTAR  GPS  was  the 

U.S. Navy’s  TRANSIT  program,  which  was  also  devel- 

oped in the 1960’s.  Currently, the entire system is main- 

tained  by  the  NAVSTAR  GPS  Joint  Program  Office 

(JPO), a North Atlantic Treaty Organization (NATO) 

multiservice type organization.   DoD originally designed 

the  NAVSTAR  GPS  to  provide  sea,  air,  and  ground 

forces of the United States and members of NATO with a 

unified, high-precision, all-weather, worldwide, real-time 

positioning system.  Mandated by Congress, GPS is freely 

used by both the military and civilian public for real-time 

absolute positioning of ships, aircraft, and land vehicles, 

as well as highly precise differential point positioning. 

 

2-3.  NAVSTAR System Configuration 

 

The NAVSTAR GPS consists of three distinct segments: 

the space segment (satellites), the control segment (ground 

tracking  and  monitoring  stations),  and  the  user  segment 

(air-, land-, and sea-based receivers).   See Figure 2-3 for 

a representation of the basic GPS system segments. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-3.  GPS system segments 
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a.    Space segment.  The space segment consists of all 

GPS satellites in orbit.   The first generation of satellites 

was the Block I or developmental.   Several of these are 

still operational.   A full constellation of Block II or pro- 

duction  satellites  is  presently  being  put  into  orbit  using 

Delta II launch vehicles.   The full 24-satellite constella- 

tion is scheduled to be in orbit by early FY94.  When this 

full   constellation   is   implemented,   there   will   be   24 

Block II  operational  satellites  (21  primary  with  3 active 

on-orbit spares).   There will be four satellites in each of 

six orbital planes inclined at 55 deg to the equator.  The 

satellites will be at altitudes of 10,898 nm (20,183 km), 

and  have  11-hr-56-minute  orbital  periods.     The  three 

active  spares  will  be  transparent  to  the  user  on  the 

ground; i.e., the user will not be able to tell which are 

operational  satellites  and  which  are  spares.    A  procure- 

ment action for Block IIR (R is for replacement) satellites 

is   underway,   thus   ensuring   full   system   performance 

through the year 2025.   Figure 2-4 illustrates some of the 

common  design  characteristics  of  the  NAVSTAR  GPS 

fully configured Block IIR constellation. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2-4.  NAVSTAR GPS Block IIR constellation 

 

b.    Control segment.   The GPS control segment con- 

sists of five tracking stations located throughout the world 

(Figure 2-5).   These stations are in Hawaii, Colorado, 

Ascension Island, Diego Garcia, and Kwajalein.   The 

information obtained from tracking the satellites is used in 

controlling the satellites and predicting their orbits.  Three 

of the stations (Ascension, Diego Garcia, and Kwajalein) 

are used for transmitting information back to the satellites. 

The   Master   Control   Station   is   located   at   Colorado 

Springs, Colorado.  All data from the tracking stations are 

transmitted to the Master Control Station where they are 

processed and analyzed.   Ephemerides, clock corrections, 

and other message data are then transmitted back to the 

three stations for subsequent transmittal back to the satel- 

lites.   The Master Control Station is also responsible for 

the  daily  management  and  control  of  the  GPS  satellites 

and the overall control segment. 

 

c. User segment.   The user segment represents the 

ground-based receiver units that process the NAVSTAR 

satellite signals and arrive at a position of the user.    It 

consists of both military and civil activities for an almost 

unlimited number of applications in a variety of air-, sea-, 

or land-based platforms.   Land surveying applications 

(including those of USACE) represent a small percentage 

of current and potential GPS users. 

 

2-4.  GPS Broadcast Frequencies and Codes 

 

Each NAVSTAR satellite transmits signals on two L-band 

frequencies, designated as L1 and L2.  The L1 carrier fre- 

quency  is  1575.42  megahertz  (MHz)  and  has  a  wave- 

length  of  approximately  19  centimeters  (cm).    The  L2 

carrier frequency is 1227.60 MHz and has a wavelength 

of  approximately  24 cm.    The  L1  signal  is  modulated 

with  a  Precise  Code  (P-code)  and  a  Coarse  Acquisition 

Code (C/A-code).   The L2 signal is modulated with only 

the P-code.  Each satellite carries precise atomic clocks to 

generate the timing information needed for precise posi- 

tioning.  A navigation message is also transmitted on both 

frequencies.   This message contains ephemerides, clock 

correction and coefficients, health and status of satellites, 

almanacs of all GPS satellites, and other general 

information. 

 

a.  Pseudo-random noise.   The modulated C/A- and 

P-codes  are  referred  to  as  pseudo-random  noise  (PRN). 

This pseudo-random code is actually a sequence of very 

precise time marks that permit the ground receivers to 

compare  and  compute  the  time  of  transmission  between 

the satellite and ground station.   From this transmission 

time, the range to the satellite can be derived.  This is the 

basis  behind  GPS  range  measurements.    The  C/A-code 

pulse  intervals  are  approximately  every  300  m  in  range 

and the more accurate P-code every 30 m. 

 

b.  Pseudo-ranges.   A pseudo-range is the time delay 

between the satellite clock and the receiver clock, as 

determined  from  C/A-  or  P-code  pulses.     This  time 
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Figure 2-5.  GPS control station network 
 

 

difference equates to the range measurement but is called 

a pseudo-range since at the time of the measurement, the 

receiver clock is not synchronized to the satellite clock. 

In most cases, an absolute 3D real-time navigation posi- 

tion can be obtained by observing at least four simulta- 

neous pseudo-ranges. 

 

c.    SPS.    The  SPS  uses  the  less  precise  C/A-code 

pseudo-ranges for real-time GPS navigation.   Due to 

deliberate  DoD  degradation  of  the  C/A-code  accuracy, 

100 m in horizontal and 156 m in vertical accuracy levels 

result.   These accuracy levels are adequate for most civil 

or nonmilitary applications, where only approximate real- 

time navigation is required. 

 

d.    PPS.   The PPS is the fundamental military real- 

time navigation use of GPS.  Pseudo-ranges are obtained 

using the higher pulse rate (i.e., higher accuracy) P-code 

on both frequencies (L1 and L2).   Real-time 3D accura- 

cies  at  the  16-m  level  (and  10 m  horizontal)  can  be 

achieved with the PPS.   The P-code is encrypted   to pre- 

vent  unauthorized  civil  or  foreign  use.    This  encryption 

will require a special key to obtain this 16-m accuracy. 

These accuracies are adequate for some   USACE survey- 

ing and mapping projects (i.e. GIS database input). 

e. Carrier phase measurements. Carrier frequency 

tracking measures the phase differences between the Dop- 

pler shifted satellite and receiver frequencies.  The phase 

differences are continuously changing due to the changing 

satellite   earth   geometry.      However,   such   effects   are 

resolved in the receiver and subsequent data post-process- 

ing.  When carrier phase measurements are observed and 

compared between two stations (i.e., relative or differen- 

tial mode), baseline vector accuracy between the stations 

below the centimeter level is attainable in three dimen- 

sions.     New  receiver  technology  and  processing  tech- 

niques have allowed for carrier phase measurements to be 

used in real-time centimeter positioning. 

 

2-5.  GPS Broadcast Messages and Ephemeris 

Data 

 

Each  NAVSTAR  GPS  satellite  periodically  broadcasts 

data concerning clock corrections, system/satellite status, 

and most critically, its position or ephemeris data.   There 

are two basic types of ephemeris data:   broadcast and 

precise. 

 

a. Broadcast ephemerides.  The broadcast ephemer- 

ides  are  actually  predicted  satellite  positions  broadcast 
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within  the  navigation  message  that  are  transmitted  from 

the  satellites  in  real  time.     The  ephemerides  can  be 

acquired in real time by a receiver capable of acquiring 

either the C/A- or P-code.  The broadcast ephemerides are 

computed using past tracking data of the satellites.  The 

satellites are tracked continuously by the monitor stations 

to obtain more recent data to be used for the orbit pre- 

dictions.   The data are analyzed by the Master Control 

Station, and new parameters for the satellite orbits are 

transmitted  back  to  the  satellites.    This  upload  is  per- 

formed daily with new predicted orbital elements trans- 

mitted every hour by the navigation message. 

 

b. Precise  ephemerides. The  precise  ephemerides 

are based on actual tracking data that are post-processed 

to obtain the more accurate satellite positions.   These 

ephemerides are available at a later date and are more 

accurate than the broadcast ephemerides because they are 

based on actual tracking data and not predicted data. 

Nonmilitary users can obtain this information from the 

National Geodetic Survey (NGS) or from private sources 

that maintain their own tracking networks and provide 

information  for  a  fee.     For  most  USACE  survey 

applications, the broadcast ephemerides are adequate to 

obtain the needed accuracies. 

 

c.  See Appendix D for sources of GPS information 

and its status. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2-5 



EM 1110-1-1003 

1 Aug 96 
 

Chapter 3 
GPS Applications in USACE 

 

 

 

3-1.  General 
 

Currently, surveyors use GPS to increase their efficiency, 

productivity, and to produce more accurate results.   GPS 

can  be  used  for  real  estate  surveys,  regulatory  enforce- 

ment actions, horizontal and vertical control densification, 

structural deformation studies, airborne photogrammetry, 

dynamic   positioning   and   navigation   for   hydrographic 

survey vessels and dredges, hydraulic study/survey loca- 

tion, river/floodplain cross-section location, core drilling 

location,  environmental  studies,  levee  overbank  surveys, 

and levee profiling.  Future construction uses of dynamic 

GPS are unlimited:  levee grading and revetment place- 

ment, disposal area construction, grade control, etc.  Addi- 

tionally, GPS has application in developing various levels 

of  GIS  spatial  data.    A  few  of  these  applications  are 

briefly described in this chapter. 

 

3-2.  Project Control Densification 

 

Establishing  or  densifying  project  control  with  GPS  is 

often cost-effective, faster, more accurate, and more reli- 

able  than  conventional  survey  methods.     The  quality 

control statistics and large number of redundant measure- 

ments  in  GPS  networks  help  to  ensure  reliable  results. 

Field operations  to perform  a GPS  survey are  relatively 

easy and can generally be performed by one person per 

receiver.   GPS is particularly attractive for control net- 

works as compared with conventional surveys because 

intervisibility is not required between adjacent stations. 

 

3-3.  Geodetic Control Densification 

 

GPS can be used for wide-area high-order geodetic con- 

trol densification.  GPS provides very precise point posi- 

tioning   (when   used   in   a   relative   mode),   producing 

baseline results on the order of 5 to 10 ppm under aver- 

age conditions. 

 

3-4.  Vertical Control Densification 

 

GPS uses the World Geodetic System of 1984 (WGS 84) 

ellipsoid  as  the  optimal  mathematical  model  describing 

the shape of the earth on an ellipsoid of rotation.   There 

is  no  direct  mathematical  relation  between  heights 

obtained  from  GPS  and  orthometric  elevations  obtained 

from conventional spirit leveling.   However, a model can 

be  determined  from  benchmark  data  and  corresponding 

GPS data.   This model can then be used to derive the 

unknown orthometric heights of stations occupied during 

a GPS observation period to densify supplemental small- 

scale topographic mapping.  Geoid modeling software also 

exists and is used to determine orthometric heights from 

GPS.  Extreme caution should be taken in using GPS for 

vertical densification.  The procedures for vertical densifi- 

cation are described in further detail in Chapter 6. 

 

3-5.  Structural Deformation Studies 
 

GPS survey techniques can be used to monitor the motion 

of  points  on  a  structure  relative  to  stable  monuments. 

This can be done with an array of antennae positioned at 

selected points on the structure and on remote stable 

monuments.  Baselines are formulated between the occu- 

pied points to monitor differential movement.   The rela- 

tive  precision  of  the  measurements  is  on  the  order  of 

±5 mm  over  distances  averaging  between  5  and  10 km. 

Measurements  can  be  made  on  a  continuous  basis.    A 

GPS structural deformation system can operate unattended 

and is relatively easily installed and maintained. 

 

3-6.  Photogrammetry 
 

The use of an airborne GPS receiver employing on-the-fly 

(OTF) techniques combined with specialized photogram- 

metric procedures has the potential to significantly reduce 

the amount of ground control for typical photogrammetric 

projects.   Currently, these projects require a significant 

amount of manpower and monetary resources for the 

establishment of the control points.   Therefore, the use of 

this GPS Controlled Photogrammetry (GCP) technology in 

the USACE civil works programs should reduce the pro- 

duction costs associated with large scale maps.  The bene- 

fits  of  GCP  will  be  realized  in  the  savings  estimation 

based on the premise that most of the USACE photogram- 

metry activities require USACE personnel to do much 

planning and surveying in preparation for the actual pho- 

togrammetry flight, and the GCP procedure has the poten- 

tial   for   the   reduction,   or   even   elimination,   of   this 

surveying activity.  Tests have shown that ground control 

coordinates can be developed from an airborne platform 

using  adapted  GPS  kinematic  techniques  to  centimeter- 

level  precision  in  all  three  axes  if  system-related  errors 

are minimized and care is taken in conduct of the GPS 

and photogrammetric portions of the procedures. High 

quality photogrammetric results can also be achieved with 

DGPS based on carrier-smoothed code phase positioning. 
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3-7.  Dynamic Positioning and Navigation 

 

Dynamic, real-time GPS code and carrier phase position- 

ing of construction and surveying platforms has the poten- 

tial for revolutionizing many current USACE design and 

construction functions.    This includes dredge control 

systems, site investigation studies/surveys, horizontal and 

vertical construction placement, hydraulic studies, or any 

other activity requiring dimensional control.   Real-time, 

centimeter-level  3D  (based  on  the  WGS 84  Ellipsoid) 

control may be achieved using carrier phase differential 

GPS; this method can be used for any type of construc- 

tion or survey platform (e.g., dredges, graders, survey 

vessels,   etc.).      This   method   is   discussed   further   in 

Chapter 6. 

3-8.  GIS Integration 

 

A GIS is an effective means to correlate and store diverse 

information on natural or man-made characteristics of 

geographic positions.  In order for a GIS to be reliably 

oriented, it should be based on a coordinate system.  A 

standardized  GIS  network  enables  a  more  accurate 

exchange  of  GIS  information  between  databases.     In 

recent years, GPS has demonstrated its efficiency, cost 

effectiveness, and accuracy in precise surveying and map- 

ping support. 
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Chapter 4 
GPS Reference Systems 

 

 

 

4-1.  General 
 

In order to fully understand GPS, and its positional infor- 

mation, it is important to understand the reference system 

on which it is based.  The GPS satellites are referenced to 

the WGS 84 ellipsoid.  For surveying purposes, this earth- 

centered  WGS  84  coordinate  system  must  be  converted 

(i.e., transformed) to a user-defined ellipsoid/datum, such 

as  the  Clarke  1866  (North  American  Datum  of  1927 

(NAD 27))   or   Geodetic   Reference   System   of   1980 

(GRS 80)  reference  ellipsoids.     Differential  positioning 

provides this conversion by locating one of the receivers 

at a known point on the user’s datum.  This chapter deals 

with GPS reference systems and datums to which GPS 

coordinates can be transformed. 

 

4-2.  Geodetic Coordinate Systems 
 

The  absolute  positions  obtained  directly  from  GPS 

pseudo-range measurements are based on the 3D, earth- 

centered WGS 84 ellipsoid.  Coordinate outputs are on a 

Cartesian system (X, Y, and Z) relative to an Earth Cen- 

tered Earth Fixed (ECEF) Rectangular Coordinate System 

having the same origin as the WGS 84 ellipsoid, i.e. geo- 

centric.   This geocentric X-Y-Z coordinate system should 

not  be  confused  with  the  X-Y  plane  coordinates  estab- 

lished on local grids; local systems usually have entirely 

different  definitions,  origins,  and  orientations  which 

require certain transformations to be performed.  WGS 84 

Cartesian   coordinates   can   be   easily   converted   into 

WGS 84 ellipsoid coordinates (i.e.,   ,   , and h, geodetic 

latitude, longitude, and height, respectively). 

 

4-3.  WGS 84 Reference Ellipsoid 

 

a.    The origin of the WGS 84 Cartesian system is the 

earth’s center of mass.  The Z-axis is parallel to the direc- 

tion of the Conventional Terrestrial Pole (CTP) for polar 

motion,  as  defined  by  the  Bureau  International  Heure 

(BIH), and equal to the rotation axis of the WGS 84 ellip- 

soid.  The X-axis is the intersection of the WGS 84 refer- 

ence meridian plane and the CTP’s equator, the reference 

meridian  being  parallel  to  the  zero  meridian  defined  by 

the BIH and equal to the X-axis of the WGS 84 ellipsoid. 

The   Y-axis   completes   a   right-handed,   earth-centered, 

earth-fixed orthogonal coordinate system, measured in the 

plane of the CTP equator 90 deg east of the X-axis and 

equal to the Y-axis of the WGS 84 ellipsoid.  This system 

is illustrated in Figure 4-1. 

 

 

 

Figure 4-1.  GPS WGS 84 reference ellipsoid 
 

 

b.  Prior  to  development  of  WGS  84,  there  were 

several reference ellipsoids and interrelated coordinate 

systems (datums) that were used by the surveying com- 

munity.  Table 4-1 lists just a few of these systems, some 

of which are widely used even today. 
 

 

Table 4-1 

Reference Ellipsoids and Related Coordinate Systems 
 

Reference                                                          Coordinate System 

Ellipsoid                                                             (Datum) 
 

Clarke 1866                                                       NAD 27 

WGS 72                                                            WGS 72 

GRS 80                                                             NAD 83 

WGS 84                                                            WGS 84 

 

 

4-4.  Horizontal Positioning Datums 

 

One USACE application of differential GPS surveying is 

in densifying military construction and civil works project 

control.  This densification is usually done relative to an 

existing  datum  (NAD  27,  NAD  83,  or  local).     Even 

though   GPS   measurements   are   made   relative   to   the 

WGS 84 ellipsoidal coordinate system, coordinate differ- 

ences  (i.e.,  baseline  vectors)  on  this  system  can,  for 
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practical  engineering  purposes,  be  used  directly  on  any 

local user datum.   Thus, a GPS-coordinated WGS 84 

baseline can be directly used on an NAD 27, NAD 83, or 

even  a  local  project  datum.    Minor  variations  between 

these datums will be minimal when GPS data are adjusted 

to  fit  between  local  datum  stations.    Such  assumptions 

may not be valid when high-order NGRS network densifi- 

cation work is being performed. 

 

a.    North   American   Datum   of   1927   (NAD   27). 

NAD 27 is a horizontal datum based on a comprehensive 

adjustment of a national network of traverse and triangu- 

lation stations.  NAD 27 is a best fit for the continental 

United States.  The fixed datum reference point is located 

at  Meades  Ranch,  Kansas.     The  longitude  origin  of 

NAD 27 is the Greenwich Meridian with a south azimuth 

orientation.   The original network adjustment used 25,000 

stations.  The relative precision between initial point mon- 

uments of NAD 27 is by definition 1:100,000, but coordi- 

nates  on  any  given  monument  in  the  network  contain 

errors of varying degrees.  As a result, relative accuracy 

between points on NAD 27 may be far less than the nom- 

inal  1:100,000.    The  reference  units  for  NAD  27  are 

U.S. Survey Feet. 

 

b.    North   American   Datum   of   1983   (NAD 83). 

NAD 83 uses many more stations and observations than 

NAD 27, including some satellite-derived coordinates, to 

readjust  the  national  network  (a  total  of  approximately 

250,000 stations were used). The longitude origin of NAD 

83 is the Greenwich Meridian with a north azimuth orien- 

tation.   NAD 83 has an average precision of 1:300,000. 

NAD 83 is based upon the GRS 80, an earth-centered 

reference ellipsoid, and for most practical purposes is 

equivalent to WGS 84, which is currently the best avail- 

able geodetic model of the shape of the earth surface 

worldwide.  The reference units for NAD 83 are meters. 

 

c.    HARNs Network Survey Datum.  The nationwide 

horizontal reference network was redefined in 1983 and 

readjusted in 1986 by the NGS.  It is known as the North 

American Datum of 1983, adjustment of 1986, and is 

referred to as NAD 83 (86).   It is accurate to 1 part in 

100,000 which normally satisfies USACE surveying, 

mapping,  and  related  spatial  database  requirements. 

USACE adopted this datum on 5 March 1990.  Since that 

time, several states and the NGS have begun developing 

High Accuracy Reference Networks (HARNs) for survey- 

ing, mapping, and related spatial database projects.  These 

networks, developed exclusively with GPS, are accurate to 

1 part in 1,000,000.   HARNs have a slightly different 

coordinate, usually within one meter of those in NAD 83 

(86),  resulting  in  two  coordinate  values  for  the  same 

survey point.  Since the confusion and potential litigation 

inherent  with  multiple  coordinates  with  the  same  point 

can adversely impact design, construction, boundary 

location, and other functions, use of HARNS is not 

recommended. 

 

d.  Geodetic survey datums.   GPS uses the WGS 84 

reference ellipsoid for geodetic survey purposes.   GPS 

routinely provides differential horizontal positional results 

on the order of 1 ppm, compared to the accepted results 

of 1:300,000 for NAD 83 and (approximately) 1:100,000 

for NAD 27.   Even though GPS has such a high degree 

of precision, it provides only coordinate differences; 

therefore,  ties  to  the  national  network  to  obtain  coordi- 

nates of all GPS stations must be done without distorting 

the    established    control    network    (i.e.,    degrade    the 

GPS-derived  vectors  during  the  adjustment).    Generally, 

on midsize survey projects, three or more horizontal con- 

trol stations from the national network can be used during 

the GPS observation scheme.  In order to facilitate a tie 

between GPS and existing networks for horizontal control, 

an adjustment of the whole network scheme (all control 

and GPS-derived points) should be completed.  There are 

many commercial software packages that can be used to 

perform  this  adjustment.     Once  a  network  adjustment 

meets the accuracy requirement, those values should not 

be readjusted with additional points or observations. 

 

e.  Local  project  datums.    Several  projects  can  be 

based on local project datums.   These local datums might 

be accurate within a small area, but can become distorted 

over larger areas.   Most local project datums are not 

connected to any other datums, but can be tied to outside 

control and related and transformed to another datum.   It 

is important to understand how this local datum was 

established in order to relate it or perform a transforma- 

tion to some other datum. 

 

f.  State Plane Coordinate System.  The SPCS was 

developed by the NGS to provide a planar representation 

of the earth’s surface.  To properly relate spherical coor- 

dinates (  ,  ) to a planar system (Northings and Eastings), 

a developable surface must be constructed.  A developable 

surface is defined as a surface that can be expanded with- 

out stretching or tearing.  The two most common develop- 

able surfaces or map projections used in surveying and 

mapping  are  the  cone  and  cylinder.    The  projection  of 

choice is dependent on the north-south or east-west extent 

of  the  region.    Areas  with  limited  east-west  dimensions 

and elongated north-south extent utilize the Transverse 

Mercator projection.    Areas with limited north-south 

dimensions  and  elongated    east-west  extent  utilize  the 
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Lambert projection.   For further information on the State 

Plane Coordinate System see EM 1110-1-1004. 

 

4-5.  Orthometric Elevations 
 

Orthometric  elevations  are  those  corresponding  to  the 

earth’s irregular geoidal surface.  Measured differences in 

elevation from spirit leveling are generally relative to 

geoidal heights--a spirit level bubble (or pendulum) posi- 

tions  the  instrument  normal  to  the  direction  of  gravity, 

and thus parallel with the local slope of the geoid.  Eleva- 

tion differences between two points are orthometric differ- 

ences, a distinction particularly important in river/channel 

hydraulics.  Orthometric heights for the continental United 

States (CONUS) are generally referenced to the National 

Geodetic  Vertical  Datum  of  1929  (NGVD  29)  or  the 

North American Vertical Datum of 1988 (NAVD 88); 

however,  other  vertical  datums  may  be  used  in  some 

projects  (e.g.,  the  International  Great  Lakes  Datum  of 

1955 (IGLD  55) or  International Great  Lakes Datum  of 

1985 (IGLD 85)), which is a dynamic/hydraulic-based 

datum, not an orthometric datum). 

 

4-6.  GPS WGS 84 Ellipsoidal Heights 

 

GPS-determined heights or height differences are refer- 

enced   to   an   idealized   mathematical   ellipsoid,   i.e., 

WGS 84.    This  WGS  84  ellipsoid  differs  significantly 

from the geoid; thus, GPS heights are not the same as the 

orthometric  heights  which  are  needed  for  standard 

USACE projects (i.e. local engineering, construction, and 

hydraulic   measurement   functions).      (See   Figure 4-2.) 

Accordingly,   any   WGS-84-referenced   height   obtained 

using GPS must be transformed to the local orthometric 

vertical datum.  This requires adjusting and interpolating 

GPS-derived heights relative to fixed orthometric eleva- 

tions.   Such a process may or may not be of suitable 

accuracy (i.e. reliability) for some engineering and con- 

struction work.  See Table 6-1 in Chapter 6. 

 

4-7.  Orthometric-WGS 84 Elevation Relationship 

 

The relationship between a WGS 84 ellipsoidal height and 

an orthometric height relative to the geoid can be obtained 

from the following equation: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-2.  GPS ellipsoid heights 

 

N   = geoid undulation 

 

a.  Due  to  significant  variations  in  the  geoid,  even 

over  small  distances,  elevation  differences  obtained  by 

GPS cannot be directly equated to orthometric (or spirit 

level)  differences.  Geoid  modeling  techniques  are  often 

used to obtain the parameter N in Equation 4-1; however, 

accuracies may not be adequate for engineering purposes. 

Some small project areas where the geoid stays fairly 

constant or local geoid modeling can be performed, eleva- 

tion differences obtained by GPS can be used.  See Chap- 

ter 6 for further information on the concept of vertical 

densification with GPS. 

 

b.  GPS  surveys  can  be  designed  to  provide  eleva- 

tions of points on the local vertical datum.  This requires 

connecting to a sufficient number of existing orthometric 

benchmarks from which the elevations of unknown points 

can be “best fit” by some adjustment method--usually a 

least squares minimization.  This is essentially an interpo- 

lation process and assumes linearity in the geoid slope 

between two established benchmarks.   If the geoid varia- 

tion is not linear, then the adjusted (interpolated) elevation 

of an intermediate point will be in error.   Depending on 

the station spacing, location, local geoid undulations, and 

numerous other factors, the resultant interpolated/adjusted 

h H N 

 

where 

 

h = ellipsoidal height 

 

H = elevation (orthometric) 

(4-1) elevation accuracy is usually not suitable for construction 

surveying purposes; however, GPS-derived elevations may 

be adequate for small-scale topographic mapping control. 
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Chapter 5 
GPS Absolute Positioning Determination 
Concepts, Errors, and Accuracies 

 

 

 

5-1.  General 

 

NAVSTAR GPS determination of a point position on the 

earth actually uses techniques common to conventional 

surveying  trilateration:    an  electronic  distance  measure- 

ment resection.  The user’s receiver simply measures the 

distance  (i.e.,  ranges)  between  the  earth  and  the 

NAVSTAR GPS satellite(s).  The user’s position is deter- 

mined by the resected intersection of the observed ranges 

to  the  satellites.    Each  satellite  range  creates  a  sphere 

which  forms  a  circle  (approximately)  upon  intersection 

with the earth’s surface.  Given observed ranges to two 

different  satellites,  two  intersecting  circles  result  from 

which a horizontal (2D) position on the earth can be 

computed.   Adding a third satellite range creates three 

spheres, the intersection point of which will provide the 

X-Y-Z geocentric coordinates of a point.  Adding more 

satellite ranges will provide redundancy in the positioning, 

which allows adjustment.  In actual practice, at least four 

satellite  observations  are  required  in  order  to  resolve 

timing variations for a 3D position. 

 

5-2.  Absolute Positioning 

 

Absolute positioning involves the use of only a single 

passive  receiver  at  one  station  location  to  collect  data 

from multiple satellites in order to determine the station’s 

location.  It is not sufficiently accurate for precise survey- 

ing or hydrographic positioning uses.  It is, however, the 

most widely used military and commercial GPS position- 

ing method for real-time navigation and location (see 

paragraph 2-1b). 

 

a.   The accuracies obtained by GPS absolute posi- 

tioning  are  dependent  on  the  user’s  authorization.    The 

SPS user can obtain real-time point positional accuracies 

of 100 m.  The lower level of accuracies achievable using 

SPS is due to intentional degradation of the GPS signal 

by  the  DoD  (S/A).     The  PPS  user  (usually  a  DoD- 

approved user) can use a decryption device to achieve a 

point  positional  (3D)  accuracy  in  the  range  of  10-16 m 

with a single-frequency receiver.   Accuracies to less than 

a meter can be obtained from absolute GPS measurements 

when  special  equipment  and  post-processing  techniques 

are employed. 

b.  Absolute point positioning with the carrier phase. 

By using broadcast ephemerides, the user is able to use 

pseudo-range  values  in  real  time  to  determine  absolute 

point positions with an accuracy of between 3 m in the 

best  of  conditions  and  80 m  in  the  worst.    By  using  a 

post-processed ephemerides (i.e., precise), the user can 

expect absolute point positions with an accuracy of near 

1 m in the best of conditions and 40 m in the worst. 

 

5-3.  Pseudo-Ranging 

 

When  a  GPS  user  performs  a  GPS  navigation  solution, 

only an approximate range, or pseudo-range, to selected 

satellites is measured.  In order for the GPS user to deter- 

mine his/her precise location, the known range to the 

satellite  and  the  position  of  those  satellites  must  be 

known.   By pseudo-ranging, the GPS user measures an 

approximate distance between the antenna and the satellite 

by correlation of a satellite-transmitted code and a refer- 

ence code created by the receiver, without any corrections 

for errors in synchronization between the clock of the 

transmitter  and  that  of  the  receiver.    The  distance  the 

signal has traveled is equal to the velocity of the transmis- 

sion of the satellite multiplied by the elapsed time of 

transmission, with satellite signal velocity changes due to 

tropospheric and ionospheric conditions being considered. 

Refer to Figure 5-1 for an illustration of the pseudo-rang- 

ing concept.  (See also paragraph 2-4a,b.) 

 

a.  The accuracy of the positioned point is a function 

of the range measurement accuracy and the geometry of 

the satellites, as reduced to spherical intersections with the 

earth’s surface.  A description of the geometrical magnifi- 

cation of uncertainty in a GPS-determined point position 

is  Dilution  of  Precision  (DOP),  which  is  discussed  in 

section 5-6d(2).     Repeated  and  redundant  range  obser- 

vations will generally improve range accuracy.   However, 

the  dilution  of  precision  remains  the  same.    In  a  static 

mode (meaning the GPS antenna stays stationary), range 

measurements to each satellite may be continuously 

remeasured  over  varying  orbital  locations  of  the  satel- 

lite(s).    The  varying  satellite  orbits  cause  varying  posi- 

tional intersection geometry.   In addition, simultaneous 

range observations to numerous satellites can be adjusted 

using weighting techniques based on the elevation and 

pseudo-range measurement reliability. 

 

b.  Four  pseudo-range  observations  are  needed  to 

resolve a GPS 3D position.   (Only three pseudo-range 

observations are needed for a 2D location.)   In practice 

there are often more than four.  This is due to the need to 
 

 

 

 

 

5-1 



1

Y Z

Y Z

2       
2

Y Z

Y Z

EM 1110-1-1003 

1 Aug 96 
 

c.  A  pseudo-range  observation  is  equal  to  the  true 

range from the satellite to the user   t plus delays due to 

satellite/receiver clock biases and other effects, as was 

shown in Figure 5-1. 

 
 

R p t c(  t) d 
 

 

where 

 

R =  observed pseudo-range 

 
t =  true range to satellite (unknown) 

 

c =  velocity of propagation 

 

t =  clock biases (receiver and satellite) 

(5-1) 

 

d =  propagation delays due to atmospheric 

conditions 

 

These are usually estimated from models. 

 

The true range   t  is equal to the 3D coordinate difference 

between the satellite and user. 

 
t          (X s X u)2 (Y s Y u)2 

 

1 

(Z s Z u)2  2 

 

(5-2) 

 

 

where 

 

Xs, Ys, Zs =  known satellite coordinates from 

ephemeris data 

 

Xu, Yu, Zu =  unknown coordinates of user which are to 

be determined. 

 

 

 

 

Figure 5-1.  GPS satellite range measurement 

When four pseudo-ranges are observed, four equations are 

formed from Equations 5-1 and 5-2. 

 

 

resolve the clock biases t contained in both the satellite 
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(5-3) 

and  ground-based  receiver.     Thus,  in  solving  for  the 

X-Y-Z  coordinates  of  a  point,  a  fourth  unknown  (i.e., 

clock  bias)  must  also  be  included  in  the  solution.    The 

s u s u 
1 1 

 

 

2        s u 
2 

solution of the 3D position of a point is simply the solu- 

tion of four pseudo-range observation equations contain- 
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(5-4) 

ing four unknowns, i.e., X, Y, Z, and   t. 
s u s u 

2 2 
 

 

 

 

 

5-2 



3

Y Z

Y Z

2       
2

Y Z

Y Z

 

 

 

 

R
3 

c t d
3

 

 

2
 

 

 

 

 

X 
s 

X u
 

 

2
 

 

 

 

 

 

(5-5) 

EM 1110-1-1003 

1 Aug 96 

 

a.  Ephemeris errors and orbit perturbations.   Satel- 

lite  ephemeris  errors  are  errors  in  the  prediction  of  a 
s u s u 

3 3 

 

 

2        s u 
2 

satellite  position  which  may  then  be  transmitted  to  the 

user in the satellite data message.   Ephemeris errors are 

satellite dependent and very difficult to completely correct 

R
4 

c t d
4 

 

2
 

X4 X 
 

2
 

 

(5-6) 
and compensate for because the many forces acting on the 

predicted  orbit  of  a  satellite  are  difficult  to  measure 
s u s u 

4 4 

 

 

In these equations, the only unknowns are Xu, Yu, Zu, and 

t.  Solving these equations at each GPS update yields the 

user’s  3D  position  coordinates. Adding  more  pseudo- 

range  observations  provides  redundancy  to  the  solution. 

For   instance,   if   seven   satellites   are   simultaneously 

observed, seven equations are derived, and still only four 

unknowns result. 

 

d.    This solution is highly dependent on the accuracy 

of the known coordinates of each satellite (i.e., Xs, Ys, and 

Zs), the accuracy with which the atmospheric delays d can 

be estimated through modeling, and the accuracy of the 

resolution of the actual time measurement process per- 

formed in a GPS receiver (clock synchronization, signal 

processing, signal noise, etc.).  As with any measurement 

process,   repeated   and   long-term   observations   from   a 

single point will enhance the overall positional reliability. 

directly.   Because direct measurement of all forces acting 

on a satellite orbit is difficult, it is nearly impossible to 

accurately account or compensate for those error sources 

when modeling the orbit of a satellite.   The previous 

accuracy levels stated are subject to performance of 

equipment  and  conditions.     Ephemeris  errors  produce 

equal error shifts in calculated absolute point positions. 

 

b.  Clock stability.   GPS relies very heavily on accu- 

rate  time  measurements.    GPS  satellites  carry  rubidium 

and  cesium  time  standards  that  are  usually  accurate  to 

1 part in 1012  and 1 part in 1013, respectively, while most 

receiver clocks are actuated by a quartz standard accurate 

to 1 part in 108.   A time offset is the difference between 

the  time  as  recorded  by  the  satellite  clock  and  that 

recorded  by  the  receiver.    Range  error  observed  by  the 

user as the result of time offsets between the satellite and 

receiver clock is a linear relationship and can be approxi- 

mated by the following equation: 

 

5-4.  GPS Error Sources 
R T

O 
c (5-7) 

 

There are numerous sources of measurement error that 

influence GPS performance.  The sum of all systematic 

errors or biases contributing to the measurement error is 

referred to as range bias.  The observed GPS range, with- 

out removal of biases, is referred to as a biased range or 

“pseudo-range.”  Principal contributors to the final range 

error that also contribute to overall GPS error are epheme- 

ries error, satellite clock and electronics inaccuracies, 

tropospheric and ionospheric refraction, atmospheric 

absorption, receiver noise, and multipath effects.   Other 

errors include those induced by DoD (Selective Availabil- 

where 

 

RE   = user equivalent range error 

 

TO   = time offset 

 

c = speed of light 

 

(1)  The following example shows the calculation of 

the user equivalent range error (UERE or UR). 

 
-06

 

ity (S/A) and Anti-Spoofing (A/S)).   In addition to these 

major   errors,   GPS   also   contains   random   observation 

errors, such as unexplainable and unpredictable time vari- 

ation.   These errors are impossible to model and correct. 

The following paragraphs discuss errors associated with 

absolute  GPS  positioning  modes.    Many  of  these  errors 

TO   = 1 microsecond (µs) = 10 

 

c = 299,792,458 m/s 

 

From Equation 5-7: 

 
-06

 

seconds (s) 

are  either  eliminated  or  significantly  minimized  when 

GPS is used in a differential mode.   This is due to the 

RE   = (10 seconds) * 299,792,458 m/s 

same errors being common to both receivers during simul- 

taneous observing sessions.   For a more detailed analysis 

of  these  errors,  consult  one  of  the  technical  references 

listed in Appendix A. 

= 299.79 m  = 300 m user equivalent range error 

 

(2)  In general, unpredictable transient situations that 

produce   high-order   departures   in   clock   time   can   be 
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ignored over short periods of time.  Even though this may 

be the case, predictable time drift of the satellite clocks is 

closely  monitored  by  the  ground  control  stations. 

Through closely monitoring the time drift, the ground 

control stations are able to determine second-order poly- 

nomials  which  accurately  model  the  time  drift.     The 

second-order  polynomial  determined  by  the  ground  con- 

trol station to model the time drift is included in the 

broadcast message in an effort to keep this drift to within 

1 millisecond  (ms).    The  time  synchronization  between 

the GPS satellite clocks is kept to within 20 nsec (ns) 

through the broadcast clock corrections as determined by 

the  ground  control  stations  and  the  synchronization  of 

GPS standard time to the Universal Time Coordinated 

(UTC) to within 100 ns.  Random time drifts are unpre- 

dictable, thereby making them impossible to model. 

 

(3)  GPS  receiver  clock  errors  can  be  modeled  in  a 

manner similar to GPS satellite clock errors.   In addition 

frequency measurements).   During a period of uninter- 

rupted observation of the L1 and L2 signals, these signals 

can be continuously counted and differenced.   The result- 

ant  difference  reflects  the  variable  effects  of  the  iono- 

sphere   delay   on   the   GPS   signal.      Single-frequency 

receivers used in an absolute and differential positioning 

mode typically rely on ionospheric models that model the 

effects of the ionosphere.   Recent efforts have shown that 

significant  ionospheric  delay  removal  can  be  achieved 

using signal frequency receivers. 

 

d.  Tropospheric delays.   GPS signals in the L-band 

level are not dispersed by the troposphere, but they are 

refracted.   The tropospheric conditions causing refraction 

of the GPS signal can be modeled by measuring the dry 

and wet components.  The dry component is best approxi- 

mated by the following equation: 

to modeling the satellite clock errors and in an effort to 

remove them, an additional satellite should be observed 

during operation to simply solve for an extra clock offset 

parameter along with the required coordinate parameters. 

This procedure is based on the assumption that the clock 

D
C 

(2.27   0.001)   P
O 

 

 

 

where 

(5-8) 

bias is independent at each measurement epoch.  Rigorous 

estimation of the clock terms is more important for point 

positioning than for differential positioning.  Many of the 

clock   terms   cancel   when   the   position   equations   are 

formed from the observations during a differential survey 

session. 

 

c.    Ionospheric delays.   GPS signals are electromag- 

netic signals and as such are nonlinearly dispersed and 

refracted when transmitted through a highly charged envi- 

ronment like the ionosphere.  Dispersion and refraction of 

the  GPS  signal  is  referred  to  as  an  ionospheric  range 

effect  because  dispersion  and  refraction  of  the  signal 

result  in  an  error  in  the  GPS  range  value.    Ionospheric 

range effects are frequency dependent. 

 

(1)  The  error  effect  of  ionosphere  refraction  on  the 

GPS range values is dependent on sunspot activity, time 

of day, and satellite geometry.  GPS operations conducted 

during periods of high sunspot activity or with satellites 

near  the  horizon  produce  range  results  with  the  most 

error.   GPS operations conducted during periods of low 

sunspot activity, during the night, or with a satellite near 

the zenith produce range results with the least amount of 

ionospheric error. 

 

(2) Resolution  of  ionospheric  refraction  can  be 

accomplished  by  use  of  a  dual-frequency  receiver  (a 

receiver that  can simultaneously  record both  L1 and  L2 

DC     =  dry term range contribution in zenith direction 

in meters 

 

PO     =  surface pressure in millibar 

 

(1) The following example shows the calculation of 

average atmospheric pressure PO  = 765 mb: 

 

From Equation 5-8: 

 

DC     =  (2.27 * 0.001) * 765 mb 

 

=  1.73655 m = 1.7 m, the dry term range error 

contribution in the zenith direction 

 

(2)  The  wet  component  is  considerably  more  diffi- 

cult  to approximate  because  its  approximation  is  depen- 

dent not just on surface conditions, but also on the 

atmospheric conditions (water vapor content, temperature, 

altitude, and angle of the signal path above the horizon) 

along  the  entire  GPS  signal  path.    As  this  is  the  case, 

there has not been a well-correlated model that approxi- 

mates the wet component. 

 

e.  Multipath.  Multipath describes an error affecting 

positioning  that  occurs  when  the  signal  arrives  at  the 

receiver from more than one path.   Multipath normally 

occurs near large reflective surfaces, such as a metal 

building or structure.   GPS signals received as a result of 
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multipath give inaccurate GPS positions when processed. 

With the newer receiver and antenna designs and sound 

prior mission planning to eliminate possible causes of 

multipath, the effects of multipath as an error source can 

be minimized.  Averaging of GPS signals over a period of 

time can also reduce the effects of multipath. 

 

f.     Receiver noise.   Receiver noise includes a variety 

of errors associated with the ability of the GPS receiver to 

measure a finite time difference.   These include signal 

processing, clock/signal synchronization and correlation 

methods, receiver resolution, signal noise, and others. 

 

g.    Selective   Availability   (S/A)   and   Anti-Spoofing 

(A/S).   S/A purposely degrades the satellite signal to cre- 

ate position errors.  This is done by dithering the satellite 

clock  and  offsetting  the  satellite  orbits.    The  effects  of 

S/A can be eliminated by using differential techniques 

discussed  further  in  Chapter 6.    A-S  is  implemented  by 

interchanging the P-code with a classified Y-code.  This 

denies users who do not possess an authorized decryption 

device.   Manufacturers of civil GPS equipment have 

developed methods such as squaring or cross correlation 

in order to make  use of the P-code when it is encrypted. 

 

5-5.  User Equivalent Range Error 

 

The previous sources of errors or biases are principal 

contributors to overall GPS range error.  This total error 

budget is often summarized as the UERE.  As mentioned 

previously, they can be removed or at least effectively 

suppressed by developing models of their functional rela- 

tionships in terms of various parameters that can be used 

as a corrective supplement for the basic GPS information. 

Differential   techniques   also   eliminate   many   of   these 

errors.    Table 5-1  lists  the  more  significant  sources  for 

errors  and  biases  and  correlates  them  to  the  segment 

source. 

 

5-6.  Absolute GPS Accuracies 
 

The absolute range accuracies obtainable from GPS are 

largely dependent on which code (C/A or P) is used to 

determine positions.  These range accuracies (i.e., UERE), 

when coupled with the geometrical relationships of the 

satellites  during  the  position  determination  (i.e.,  DOP), 

result in a 3D confidence ellipsoid which depicts uncer- 

tainties in all three coordinates.  Given the changing satel- 

lite geometry and other factors, GPS accuracy is time/ 

location dependent.  Error propagation techniques are used 

to define nominal accuracy statistics for a GPS user. 

 

a. Root mean square error measures.  Two-dimen- 

sional (2D) (horizontal) GPS positional accuracies are 

normally  estimated  using  a  root  mean  square  (RMS) 

radial  error  statistic.    A  1-    RMS  error  equates  to  the 

radius of a circle in which the position has a 63 percent 

probability of falling.   A circle of twice this radius (i.e., 

2-     RMS   or   2DRMS)   represents   (approximately)   a 

97 percent positional  probability  circle.   This  97 percent 

probability circle, or 2DRMS, is the most common posi- 

tional accuracy statistic used in GPS surveying.  In some 

instances,  a  3DRMS  or  99+ percent  probability  is  used. 

This RMS error statistic is also related to the positional 

variance-covariance matrix.   (Note that an RMS error 

statistic represents the radius of a circle and therefore is 

not preceded by a ± sign.) 

 

 

Table 5-1 

GPS Range Measurement Accuracy 

 

 

 

Absolute Positioning 

 

 

 

 

Differential 

Segment C/A-code P-code Positioning, m 

Source Error Source Pseudo-range, m Pseudo-range, m (P-code) 
 

Space Clock stability 3.0 3.0 Negligible 

 Orbit perturbations 1.0 1.0 Negligible 

 Other 0.5 0.5 Negligible 

Control Ephemeris    

 predictions 4.2 4.2 Negligible 

 Other 0.9 0.9 Negligible 

User Ionosphere 3.5 2.3 Negligible 

 Troposphere 2.0 2.0 Negligible 

 Receiver noise 1.5 1.5 1.5 

 Multipath 1.2 1.2 1.2 

 Other 0.5 0.5 0.5 

1-   UERE  12.1 6.5 2.0 

a    
Without S/A. 
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b.  Probable error measures.   3D GPS accuracy 

measurements are most commonly expressed by Spherical 

Error  Probable,  or  SEP.     This  measure  represents  the 

radius   of   a   sphere   with   a   50 percent   confidence   or 

probability level.   This spheroid radial measure only 

approximates the actual 3D ellipsoid representing the 

uncertainties in the geocentric coordinate system.  In 2D 

horizontal positioning, a Circular Error Probable (CEP) 

statistic is commonly used, particularly in military target- 

ing.   CEP represents the radius of a circle containing a 

50 percent probability of position confidence. 

 

c. Accuracy comparisons.   It is important that GPS 

satellites that can be observed and used in the final solu- 

tion, the better the solution.  Since DOP can be used as a 

measure of the geometrical strength, it can also be used to 

selectively choose four satellites in a particular constella- 

tion that will provide the best solution. 

 

(2)  Geometric  dilution  of  precision  (GDOP).    The 

main form of DOP used in absolute GPS positioning is 

the geometric DOP (GDOP), which is a measure of accu- 

racy in a 3D position and time.  The relationship between 

final  positional  accuracy,  actual  range  error,  and  GDOP 

can be expressed as follows: 

accuracy measures clearly identify the statistic from which 

they are derived.   A “100-m” or “3-m” accuracy statistic 

is meaningless unless it is identified as being either 1D, 

2D,  or  3D,  along  with  the  applicable  probability  level. 

For example, a PPS-16 m 3D accuracy is, by definition, 

 

a R 

 

 

where 

GDOP (5-9) 

SEP  (i.e.  50 percent).   This  16-m  SEP  equates  to  28-m 

3D 95 percent confidence spheroid, or when transformed 

to  2D  accuracy,  roughly  10 m  CEP,  12 m  RMS,  24 m 

2DRMS,  and  36 m  3DRMS.    See  Table 5-2  for  further 

information on GPS measurement statistics.  In addition, 

absolute GPS point positioning accuracies are defined 

relative  to  an  earth-centered  coordinate  system/datum. 

This coordinate system will differ significantly from local 

project or construction datums.  Nominal GPS accuracies 

may also be published as design or tolerance limits and 

accuracies  achieved  can  differ  significantly  from  these 

a    =  final positional accuracy 

 

R    =  actual range error (UERE) 

 
1 

2 2 2 (c . )2    2 

GDOP 
E N u T

 

R 

 

 

where 

 

 

 

 

 

 

(5-10) 

values. 

 

d.    Dilution of Precision (DOP).  The final positional 

accuracy of a point determined using absolute GPS survey 

techniques is directly related to the geometric strength of 

the configuration of satellites observed during the survey 

session.  GPS errors resulting from satellite configuration 

geometry can be expressed in terms of DOP.  In mathe- 

matical terms, DOP is a scaler quantity used in an expres- 

sion of a ratio of the positioning accuracy.   It is the ratio 

of the standard deviation of one coordinate to the meas- 

urement accuracy.  DOP represents the geometrical con- 

tribution of a certain scaler factor to the uncertainty (i.e., 

standard deviation) of a GPS measurement.   DOP values 

are a function of the diagonal elements of the covariance 

matrices of the adjusted parameters of the observed GPS 

signal and are used in the point formulations and determi- 

nations (Figure 5-2). 

E    =  standard deviation in east value, m 

 

N   =  standard deviation in north value, m 

 

u    =  standard deviation in up direction, m 

 

c =  speed of light (299,792,458 m/s) 

 

T     =  standard deviation in time, s 

 

R    =  overall standard deviation in range, m, usually 

in the range of 6 m for P-code usage and 12 m 

for C/A-code usage 

 

(3)  Positional dilution of precision (PDOP).   PDOP 

is a measure of the accuracy in 3D position, mathemati- 

cally defined as: 

 
1 

2
 

(1)  General. In  a  more  practical  sense,  DOP  is  a 

scaler quantity of the contribution of the configuration of 

satellite  constellation  geometry  to  the  GPS  accuracy,  in 

other words, a measure of the “strength” of the geometry 

of   the  satellite   configuration.      In   general,   the   more 

2 2 2 
PDOP 

E N U
 

R 

(5-11) 
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Table 5-2 

Representative GPS Error Measurement Statistics for Absolute Point Positioning 
 

 

 
Error Measure Statistic 

 
Probability 

% 

Relative 

Distance 

ft(  ) (1) 

GPS Precise 

Positioning Service 

m (2) 

GPS Standard 

Positioning Service 

m (2) 

Linear Measures N  or   E 
 

U N  or   E 
 

U 

Probable error 50 0.6745 4 m  9 m  24 m 53 m 

Average error 57.51 0.7979 5 m  11 m 28 m 62 m 

1-sigma standard error/deviation (3) 68.27 1.00 6.3 m 13.8 m 35.3 m 78 m 

90% probability (map accuracy standard) 90 1.645 10 m 23 m 58 m 128 m 

95% probability/confidence 95 1.96 12 m 27 m 69 m 153 m 

2-sigma standard error/deviation 95.45 2.00 ± 12.6 m ± 27.7 m ± 70.7 m ± 156 m 

99% probability/confidence 99 2.576 16 m 36 m 91 m 201 m 

3-sigma standard error (near certainty) 99.73 3.00 19 m 42 m 106 m 234 m 

Two-Dimensional Measures  (4) Circular Radius Circular Radius 

1-sigma standard error circle (   c)  (5) 39 1.00   c 6 m  35 m 

Circular error probable (CEP) (6) 50 1.177   c 7 m  42 m 

1-dev root mean square (1DRMS) (3)(7) 63 1.414   c 9 m  50 m 

Circular map accuracy standard 90 2.146   c 13 m 76 m 

95% 2D positional confidence circle 95 2.447   c 15 m 86 m 

2-dev root mean square error (2DRMS)   (8) 98+
 2.83   c 17.8 m 100 m 

99% 2D positional confidence circle 99 3.035   c 19 m 107 m 

3.5-sigma circular near-certainty error 99.78 3.5   c 22 m 123 m 

3-dev root mean square error (3DRMS) 99.9+
 4.24   c 27 m 150 m 

Three-Dimensional Measures Spherical Radius Spherical Radius 

1-   spherical standard error (  s)  (9) 19.9 1.00   s 9 m  50 m 

Spherical error probable (SEP) (10) 50 1.54   s 13.5 m 76.2 m 

Mean radial spherical error (MRSE) (11) 61 1.73   s 16 m 93 m 

90% spherical accuracy standard 90 2.50   s 22 m 124 m 

95% 3D confidence spheroid 95 2.70   s 24 m 134 m 

99% 3D confidence spheroid 99 3.37   s 30 m 167 m 

Spherical near-certainty error 99.89 4.00   s 35 m 198 m 

 

Notes: 

 

Most Commonly Used Statistics Shown in Bold Face Type. 

Estimates not applicable to differential GPS positioning.  Circular/Spherical error radii do not have    signs. 

 

Absolute positional accuracies are derived from GPS simulated user range errors/deviations and resultant geocentric coordinate (X-Y-Z) 

solution covariance matrix, as transformed to a local datum (N-E-U or   - -h).  GPS accuracy will vary with GDOP and other numerous fac- 
tors at time(s) of observation.  The 3D covariance matrix yields an error ellipsoid.  Transformed ellipsoidal dimensions given (i.e.,   N-   E-   U) 

are only average values observed under nominal GDOP conditions.  Circular (2D) and spherical (3D) radial measures are only approxima- 

tions to this ellipsoid, as are probability estimates. 

(Continued) 
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Table 5-2 

(Concluded) 
 

(1)  Valid for 2-D and 3-D only if N  =   E  =   U.  (  min/  max) generally must be    0.2.  Relative distance used unless otherwise indicated. 

(2)  Representative accuracy based on 1990 FRNP simulations for PPS and SPS (FRNP estimates shown in bold), and that   N  E.  SPS 
may have significant short-term variations from these nominal values. 

(3)  Statistic used to define USACE hydrographic survey depth and positioning criteria. 

(4)  1990 FRNP also proposes SPS maintain, at minimum, a 2D confidence of 300 m @ 99.99% probability. 

(5) c  0.5 (  N  +   E) -- approximates standard error ellipse. 

(6)  CEP 0.589 (  N  +   E)    1.18   c. 
2  2  1/2

 

(7)  1DRMS (  N +   E  ) 
2

 
. 

2  1/2
 

(8)  2DRMS 2 (  N +   E  )  . 
(9) s  0.333 (  N  +   E  +   U). 
(10) SEP 0.513 (  N  +   E  +   U). 
(11) MRSE (  N 

2  + 2)1/2. 

 

 

 

(b)  The key to understanding PDOP is to remember 

that it represents position recovery at an instant in time 

and  is  not  representative  of  a  whole  session  of  time. 

PDOP error is generally given in units of meters of error 

per    1-m    error    in    the    pseudo-range    measurement 

(i.e., m/m).   When using pseudo-range techniques, PDOP 

values in the range of 4-5 m/m are considered very good, 

while  PDOP  values  greater  than  10 m/m  are  considered 

very poor.  For static surveys it is generally desirable to 

obtain GPS observations during a time of rapidly chang- 

ing GDOP and/or PDOP. 

 

(c)  When the values of PDOP or GDOP are viewed 

over time, peak or high values (>10 m/m) can be associ- 

ated  with  satellites  in  a  constellation  of  poor  geometry. 

The higher the PDOP or GDOP, the poorer the solution 

for that instant in time.  This is critical in determining the 

acceptability of real-time navigation and photogrammetric 

solutions.   Poor  geometry  can  be  the  result  of  satellites 

being in the same plane, orbiting near each other, or at 

similar elevations. 

 

(4)  Horizontal dilution of precision (HDOP).  HDOP 

is a measurement of the accuracy in 2D horizontal posi- 

tion, mathematically defined as: 
 

Figure 5-2.  Dilution of Precision 
 

 

where   all   variables   are   equivalent   to   those   used   in 

Equation 5-10. 

 

1 

2 2 2 

HDOP 
E N

 

R 

 

 

(5-12) 

 

(a)  PDOP values are generally developed from satel- 

lite  ephemerides  prior  to  the  conducting  of  a  survey. 

When developed prior to a survey, PDOP can be used to 

determine  the  adequacy  of  a  particular  survey  schedule. 

This is valid for rapid static or kinematic but is less valid 

for long duration static. 

This HDOP statistic is most important in evaluating GPS 

surveys intended for horizontal control.   The HDOP is 

basically the RMS error determined from the final vari- 

ance-covariance  matrix  divided  by  the  standard  error  of 

the range measurements.   HDOP roughly indicates the 

effects of satellite range geometry on a resultant position. 

 

 

5-8 



 

 

 

 

(5)  Vertical dilution of precision (VDOP).   VDOP is 

a measurement of the accuracy in standard deviation in 

vertical height, mathematically defined as: 

 

 

 

 

 

Table 5-3 

Acceptable DOP Values 
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GDOP and PDOP:  Less than 10 m/m -- optimally 4-5 m/m. 
 

 

VDOP 
u

 

R 

 

(5-13) 
In  static  GPS  surveying,  it  is  desirable  to  have  a  GDOP/ 

PDOP that changes during the time of GPS survey session. 

 

The  lower  the  GDOP/PDOP,  the  better  the  instantaneous 
 

(6)  Acceptable DOP values.  Table 5-3 indicates gen- 

erally accepted DOP values for a baseline solution. 

 

(7)  Additional  material.    Additional  material  regard- 

ing GPS positional accuracy may be found in the refer- 

ences listed in Appendix A. 

point position solution is. 

 

HDOP  and  VDOP: 2  m/m  for  the  best  constellation  of  four 

satellites. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5-9 



EM 1110-1-1003 

1 Aug 96 
 

Chapter 6 
GPS Relative Positioning Determination 
Concepts 

 

 

 

6-1.  General 

 

Absolute positioning, as discussed earlier, will not provide 

the  accuracies  needed  for  most  USACE  control  projects 

due to existing and induced errors.  In order to eliminate 

these  errors  and  obtain  higher  accuracies,  GPS  can  be 

used in a relative positioning mode.   The terms “relative” 

and “differential” used in this chapter and throughout this 

manual  have  similar  meaning.    “Relative”  will  be  used 

when  discussing  one  thing  in  relation  to  another.    The 

term “differential” will be used when discussing the tech- 

nique of positioning one thing in relation to another. 

 

6-2.  Differential (Relative) Positioning 

 

Differential or relative positioning requires at least two 

receivers set up at two stations (usually one is known) to 

collect satellite data simultaneously in order to determine 

coordinate differences.  This method will position the two 

stations relative to each other (hence the term “relative 

positioning”) and can provide the accuracies required for 

basic land surveying and hydrographic surveying. 

 

6-3.  Differential Positioning (Code Pseudo-Range 

Tracking) 

 

Differential positioning using code pseudo-ranges is per- 

formed similarly to that described in Chapter 5; however, 

some of the major uncertainties in Equations 5-1 through 

5-6 are effectively eliminated or minimized.  This pseudo- 

range process results in absolute coordinates of the user 

on  the  earth’s  surface.     Errors  in  range  are  directly 

reflected in resultant coordinate errors.  Differential posi- 

tioning is not so concerned with the absolute position of 

the user but with the relative difference between two user 

positions, which are simultaneously observing the same 

satellites.  Since errors in the satellite position (Xs, Ys, and 

Zs) and atmospheric delay estimates d are effectively the 

same  (i.e.,  highly  correlated)  at  both  receiving  stations, 

they cancel each other to a large extent. 

 

a.    For  example,  if  the  true  pseudo-range  distance 

from a “known” control point to a satellite is 100 m and 

the  observed  or  measured  pseudo-range  distance  was 

92 m, then the pseudo-range error or correction is 8 m for 

that  particular  satellite.     A  pseudo-range  correction  or 

PRC can be generated for each satellite being observed. 

If a second receiver is observing at least four of the same 

satellites and is within a reasonable distance (300 km) it 

can use these PRCs to obtain a relative position to the 

“known”  control  point  since  the  errors  will  be  similar. 

Thus, the relative distance (i.e., coordinate difference) 

between the two stations is relatively accurate (i.e., within 

0.5-5 m) regardless of the poor absolute coordinates.   In 

effect, the GPS observed baseline vectors are no different 

from azimuth/distance observations.  As with a total sta- 

tion, any type of initial coordinate reference can be input 

to start the survey. 

 

b.  The  absolute  GPS  coordinates  will  not  coincide 

with  the  user’s  local  project  datum  coordinates  (Fig- 

ure 6-1).  Since differential survey methods are concerned 

only with relative coordinate differences, disparities with a 

global reference system used by the NAVSTAR GPS are 

not significant for USACE purposes.   Therefore, GPS 

coordinate differences can be applied to any type of local 

project reference datum (i.e., NAD 27, NAD 83, or any 

local project grid reference system). 

 

c.  Code pseudo-range tracking has primary applica- 

tion to real-time navigation  systems where accuracies  at 

the  0.5-  to  5-m  level  are  tolerable.    Given  these  toler- 

ances, engineering survey applications of code pseudo- 

range tracking GPS are limited, with two exceptions being 

hydrographic survey and dredge positioning.   Specifica- 

tions for real-time hydrographic code tracking systems are 

contained in EM 1110-2-1003.   See Chapter 9 for further 

discussion on real-time code pseudo-range tracking 

applications. 

 

6-4.  Differential Positioning (Carrier Phase 

Tracking) 

 

Differential positioning using carrier phase tracking uses a 

formulation of pseudo-ranges similar to those shown in 

Equations 5-1 through 5-6.  The process becomes some- 

what more complex when the carrier signals are tracked 

such that range changes are measured by phase resolution. 

In carrier phase tracking, an ambiguity factor is added to 

Equation 5-1 which must be resolved in order to obtain a 

derived  range  (see  Figure  5-1).    Methods  for  resolving 

this  ambiguity  (the  number  of  unknown  integer  cycles) 

are described in Chapter 9.   Carrier phase tracking pro- 

vides for a more accurate range resolution due to the short 

wavelength (approximately 19 cm for L1 and 24 cm for 

L2)  and  the  ability  of  a  receiver  to  resolve  the  carrier 

phase down to about 2 mm.   This method, therefore, has 

primary application to engineering, topographic, and geo- 

detic surveying, and may be employed with either static 
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these techniques, their associated accuracies, applications, 

and required components. 

 

a. Static.  Static surveying is the most widely used 

differential technique for control and geodetic surveying. 

It involves long observation times (1-2 hr, depending on 

number of visible satellites) in order to resolve the integer 

ambiguities between the satellite and the receiver.  Accu- 

racies  in  the  subcentimeter  range  can  be  obtained  from 

using the static method. 

 

b. Rapid static.   The concept of rapid static is to 

measure baselines and determine positions in the centi- 

meter level with short observation times, 5-20 min.  The 

observation time is dependent on the length of the base- 

line and number of visible satellites.  Loss of lock, when 

moving from one station to the next, can also occur since 

each baseline is processed independent of each other. 

 

c.  Kinematic.   Kinematic surveying, allows the user 

to rapidly and accurately measure baselines while moving 

from one point to the next.   The data are collected and 

post-processed to obtain accurate positions to the centi- 

meter level.  This technique permits only partial loss of 

satellite  lock  during  observation  and  requires  a  brief 

period of static initialization.  The OTF technology, both 

real-time and post-processed, could eventually replace 

standard kinematic procedures at least for short baselines. 

 

d. Stop and go kinematic.   Stop and go kinematic 

involves collecting data for several minutes (1-2 min.) at 

each station after a period of initialization to gain the 

integers.   This technique does not allow for loss of satel- 

lite lock during the survey.  If loss of satellite lock does 

occur, a new period of initialization must take place.  This 

method can be performed with two fixed or known sta- 

tions   in   order   to   provide   redundancy   and   improve 

accuracy. 

 

 

 

 

 
Figure 6-1.  Differential positioning 

 

 

or  kinematic  methods.     There  are  several  techniques 

which  use  the  carrier  phase  in  order  to  determine  a 

station’s position.  These include static, rapid static, kine- 

matic, stop and go kinematic, pseudo kinematic, and real- 

time  kinematic  (RTK)  and  on-the-fly  (OTF)  kinematic. 

The concepts of these techniques are explained below, but 

procedures  can  be  found  in  Chapter  9.    Table  6-1  lists 

e. Pseudo-kinematic.   This technique is similar to 

standard kinematic procedures and static procedures com- 

bined.  The differences are that there is no static initial- 

ization, longer period of time at each point (approximately 

1-5 min), each point must be revisited after about an hour, 

and loss of satellite lock is acceptable.   The positional 

accuracy is more than for kinematic or rapid static proce- 

dures, which makes it a less acceptable method for estab- 

lishing baselines. 

 

f.  RTK and OTF carrier phase based positioning 

determination.    The  OTF/RTK  positioning  system  uses 
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Table 6-1 

Carrier Phase Tracking Techniques 
 

Concept Requirements Applications Accuracy 

Static 

(Post-processing) 

•  L1 or L1/L2 GPS receiver 

•  386/486 computer for 

post-processing 

•  45 min to 1 hr minimum 

observation time1
 

•  Control surveys (that require 

high accuracy) 

•  Subcentimeter level 

Rapid Static 

(Post-processing) 

•  L1/L2 GPS receiver 

•  5-20 min observation time1
 

•  Control surveys (that require 

medium to high accuracy) 

•  Subcentimeter level 

Kinematic2
 

(Post-processing) 

•  L1 GPS receiver with kine- 

matic survey option 

•  386/486 computer for 

post-processing 

•  Continuous topo 

•  Location surveys 

•  Centimeter level 

Stop & Go Kinematic2
 

(Post-processing) 

•  L1 GPS receiver 

•  386/486 computer for 

post-processing 

•  Medium accuracy control 

surveys 

•  Centimeter level 

Pseudo Kinematic2
 

(Post-processing) 

•  L1 GPS receiver 

•  386/486 computer for 

post-processing 

•  Medium accuracy control 

surveys 

•  Centimeter level 

Real Time Kinematic/OTF 

Kinematic3
 

(Real-time or 

post-processing) 

For post-processing: 

•  L1/L2 GPS receiver 

•  386/486 computer 

 

For real-time: 

•  Internal or external proces- 

sor (1- 386, 1- 486 com- 

puters w/dual com ports) 

•  Min 4800 baud radio/modem 

data link set 

•  Real-time high accuracy 

hydro surveys 

•  Location surveys 

•  Medium accuracy control 

surveys 

•  Photo control 

•  Continuous topo 

•  Subdecimeter level 

 

1.  Dependent on satellite constellation and number of satellites in view. 

2.  Initialization period required and loss of satellite lock is not tolerated. 

3.  No static initialization necessary, integers gained while moving, and loss of satellite lock is tolerated. 
 

 

 

GPS technology to allow the positioning to a subdecime- 

ter in real time.  This system determines the integer num- 

ber of carrier wavelengths from the GPS antenna to the 

GPS satellite, transmitting them while in motion and with- 

out static initialization.   The basic concept behind the 

OTF/RTK system is kinematic surveying without static 

initialization (integer initialization is performed while 

moving) and allows for loss of satellite lock.  Other GPS 

techniques that can achieve this kind of accuracy require 

static initialization while the user is not moving and no 

loss of satellite lock while in motion. 

 

6-5.  Vertical Measurements with GPS 

 

a.   Elevation determination.   GPS is not recom- 

mended for Third-Order or higher vertical control 

surveys.  It is recommended that it not be used as a 

substitute  for  standard  differential  leveling.     It  is, 

however,  practical  for  small-scale  topographic  map- 

ping or similar projects. 

 

b.  Accuracy of GPS height differences.   The height 

(h)  component  of  GPS  measurements  is  the  weakest 

plane.  This is due to the orbital geometry of the X-Y-Z 

position determination.   Thus, GPS ellipsoidal height 

differences are usually less accurate than the horizontal 

components.  Currently, GPS-derived elevation differences 

will not meet Third-Order standards as would be obtained 

using   conventional   spirit   levels.      Accordingly,   GPS- 

derived elevations must be used with caution. 

 

c.  Topographic mapping with GPS.   GPS position- 

ing, whether operated in an absolute or differential posi- 

tioning mode, can provide heights (or height differences) 

of surveyed points.  The height h or height difference   h 

obtained from GPS is in terms of height above or below 
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the WGS 84 ellipsoid.  These ellipsoid heights are not the 

same as orthometric heights, or elevations, which would 

be obtained from conventional differential/spirit leveling. 

This distinction between ellipsoid heights and orthometric 

elevations is critical to many engineering and construction 

projects; thus, users of GPS must exercise extreme cau- 

tion in applying GPS height determinations to USACE 

projects which are based on conventional orthometric 

elevations. 

 

(1) GPS uses WGS 84 as the optimal mathematical 

model best describing the shape of the true earth at sea 

level based on an ellipsoid of revolution.   The WGS 84 

ellipsoid  adheres  very  well  to  the  shape  of  the  earth  in 

terms of horizontal coordinates but differs somewhat with 

the established mean sea level definition of orthometric 

height.     The  difference  between  ellipsoidal  height,  as 

derived by GPS, and conventional leveled (orthometric) 

heights  is  required  over  an  entire  project  area  to  adjust 

GPS heights to orthometric elevations.   NGS has devel- 

oped geoid modeling software (GEOID90, GEOID91, and 

GEOID93) to be used to convert ellipsoidal heights to 

approximate orthometric elevations.   These values should 

be used with extreme caution. 

 

(2)  Static or kinematic GPS survey techniques can be 

used effectively on a regional basis for the densification 

of low-accuracy vertical control for topographic mapping 

purposes.  Existing benchmark data (orthometric heights) 

and  corresponding  GPS-derived  ellipsoidal  values  for  at 

least three stations in a small project area can be used in 

tandem in a minimally constrained adjustment program to 

reasonably model the geoid.  More than three correlated 

stations are required for larger areas to ensure proper 

modeling  of  the  geoidal  undulations  in  the  area.    The 

model from the benchmark data and corresponding GPS 

data can then be used to derive the unknown orthometric 

heights of the remaining stations occupied during the GPS 

observation period. 

 

(3) Procedures for constraining GPS observations to 

existing  vertical  control  are  detailed  in  Section  11  of 

Leick and Lambert (1990).  Step-by-step vertical control 

planning,  observation,  and  adjustment  procedures 

employed by the NGS are described in some of the publi- 

cations listed in Appendix A (see Zilkoski 1990a, 1990b; 

Zilkoski and Hothem 1989).  These procedures are recom- 

mended should a USACE field activity utilize GPS to 

densify low-order vertical control relative to the orthomet- 

ric datum. 

6-6.  Differential Error Sources 

 

The error sources encountered in the position determina- 

tion using differential GPS positioning techniques are the 

same as those outlined in Chapter 5.  In addition to these 

error sources, the user must ensure that the receiver main- 

tains  lock  on  at  least  three  satellites  for  2D  positioning 

and four satellites for 3D positioning.  When loss of lock 

occurs, a cycle slip (a discontinuity of an integer number 

of cycles in the measured carrier beat phase as recorded 

by the receiver) may occur.  In GPS absolute surveying, if 

lock is not maintained, positional results will not be 

formulated.  In GPS static surveying, if lock is not main- 

tained, positional results may be degraded, resulting in 

incorrect formulations.  Sometimes, in GPS static survey- 

ing, if the observation period is long enough, post- 

processing  software  may  be  able  to  average  out  loss  of 

lock and cycle slips over the duration of the observation 

period and formulate positional results that are adequate; 

if this is not the case, reoccupation of the stations may be 

required.   In all differential surveying techniques, if loss 

of lock does occur on some of the satellites, data process- 

ing  can  continue  easily  if  a  minimum  of  four  satellites 

have been tracked.   Generally, the more satellites tracked 

by the receiver, the more insensitive the receiver is to loss 

of lock.  In general, cycle slips can be repaired. 

 

6-7.  Differential GPS Accuracies 

 

There are two levels of accuracies obtainable from GPS 

using differential techniques.  The first level is based on 

pseudo-range formulations, while the other is based on 

carrier beat phase formulations. 

 

a.  Pseudo-range accuracies.  Pseudo-range formula- 

tions can be developed from either the C/A-code or the 

more precise P-code.  Pseudo-range accuracies are gener- 

ally accepted to be 1 percent of the period between suc- 

cessive code epochs.  Use of the P-code where successive 

epochs are 0.1 µs apart produces results that are around 

1 percent of 0.1 µs or 1 ns.  Multiplying this value by the 

speed of light gives a theoretical resultant range measure- 

ment of around 30 cm.   If using pseudo-range formula- 

tions with the C/A-code, one can expect results 10 times 

less precise or a range measurement precision of around 

3 m.  Point positioning accuracy for a differential pseudo- 

range formulated solution is generally found to be in the 

range of 0.5-10 m.   These accuracies are largely depen- 

dent on the type of GPS receiver being used. 
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b.    Carrier  beat  phase  formulations.     Carrier  beat 

phase formulations can be based on either the L1 or L2, 

or both carrier signals.   Accuracies achievable using car- 

rier beat phase measurement are generally accepted to be 

1 percent  of  the  wavelength.    Using  the  L1  frequency 

where the wavelength is around 19 cm, one can expect a 

theoretical  resultant range measurement that is 1 percent 

of 19 cm, or about 2 mm.   The L2 carrier can only be 

used with receivers which employ   a cross correlation, 

squaring,  or  some  other  technique  to  get  around  the 

effects of A/S. 

 

(1)  The  final  positional  accuracy  of  a  point  deter- 

mined using differential GPS survey techniques is directly 

related to the geometric strength of the configuration of 

satellites observed during the survey session.  GPS errors 

resulting from satellite configuration geometry can be 

expressed in terms of DOP. Positional accuracy for a 

differential carrier beat phase formulated solution is gen- 

erally found to be in the range of 1-10 mm. 

(2)  In addition to GDOP, PDOP, HDOP, and VDOP, 

the quality of the baselines produced by GPS differential 

techniques (static or kinematic) through carrier phase 

recovery can be defined by a quantity called relative DOP 

(RDOP).   Multiplying the uncertainty of a double differ- 

ence measurement by RDOP yields the relative position 

error for that solution.  Values of RDOP are measured in 

meters of error in relative position per error of one cycle 

in the phase measurement (m/cycle).   Knowledge of an 

RDOP or a value equivalent to it is extremely important 

to the confidence one assigns to a baseline recovery.  Key 

to understanding RDOP is to remember that it represents 

position recovery over a whole session of time and is not 

representative of a position recovery at an instant in time. 

When carrier phase recovery techniques are used, RDOP 

values around 0.1 m/cycle are considered acceptable. 
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Chapter 7 
GPS Survey Equipment 

 

 

 

7-1.  GPS Receiver Selection 
 

Selection of the right GPS receiver for a particular project 

is  critical  to  its  success.    To  ensure  success,  selection 

must  be  based  on  a  sound  analysis  of  the  following 

criteria:  applications for which the receiver is to be used, 

accuracy requirements, power consumption requirements, 

operational environment, signal processing requirements, 

and cost.   This chapter presents only a brief overview on 

GPS survey equipment and selection criteria.   Prior to 

initiating procurement, USACE Commands are advised to 

consult the referenced guide specifications for procuring 

GPS equipment. 

 

a.   Receiver applications.  Current USACE receiver 

applications include land-based, water-based, and airborne 

applications.      Land  applications  include  surveying, 

geodesy, resource mapping, navigation, survey control, 

boundary determination, deformation monitoring, and 

transportation.    Water or marine applications include 

navigation  and  positioning  of  hydrographic  surveys, 

dredges, and drill rigs.   Airborne applications include 

navigation and positioning of photogrammetric-based 

mapping.     Generally,  the  more  applications  a  receiver 

must fulfill, the more it will cost.  It is important for the 

receiver application to be defined in order to select the 

proper receiver and the necessary options. 

 

b.    Accuracy requirements.  A firm definition of the 

accuracy  requirements  (e.g.,  point  accuracy  to  100  m, 

50 m, 25 m, 5 m, 1 m, cm or mm) helps to further define 

procedure requirements (static or kinematic), signal recep- 

tion requirements (whether use of C/A- or L1/L2 P-codes 

is  appropriate),  and  type  of  measurement  required 

(pseudo-range or carrier beat phase measurements).   This 

is an important part in the receiver selection process. 

 

c.    Power requirements.  The receiver power require- 

ments are an important factor in the determination of 

receiver  type.    Receivers  currently  run  on  a  variety  of 

power sources from A/C to 12-volt car batteries or small 

camcorder batteries.   A high end GPS receiver can oper- 

ate 3 to 4 hr on a set of batteries, whereas a low end may 

operate 1 to 2 days on the same set. 

 

d.    Operational environment. The operational environ- 

ment  of  the  survey  is  also  an  important  factor  in  the 

selection of antenna type and mount, receiver dimension 

and weight, and durability of design.  For example, the 

harsher the environment (high temperature and humidity 

variability,  dirty  or  muddy  work  area,  etc.),  the  sturdier 

the receiver and mount must be.  The operational environ- 

ment will also affect the type of power source to be used. 

 

e.  Processing requirements.  Operational procedures 

required before, during, and after an observation session 

are very manufacturer-dependent and should be thought- 

fully considered before purchase of a receiver.  Often, a 

receiver  may  be  easy  to  operate  in  the  field,  requiring 

very little user interface, but a tremendous amount of time 

and effort may be required after the survey to download 

the data from the receiver and process it (i.e., post- 

processing software may be complicated, crude, or under- 

developed).  Also, whether a post-processed or real-time 

solution is desired represents a variable that is critical in 

determining the type of receiver to use. 

 

f.   Cost.   Cost is a major factor in determining the 

type  of  receiver  the  user  can  purchase.    Receiver  hard- 

ware  and  software  costs  are  a  function  of  development 

costs, competition among manufacturers, and product 

demand.   Historically, costs for the acquisition of GPS 

equipment  have  steadily  fallen  to  the  current  range  of 

prices  seen  today.    High  end  receivers  are  upwards  of 

$35,000 down to a low end receiver of $500. 

 

g.  Data exchange formats.  In receiver selection it is 

important to remember that there is currently no standard 

format for exchanging data from different types of GPS 

receivers.  However,  most  GPS  receiver  data  can  be  put 

into a common text format such as RINEX.   Refer to 

paragraph 7-4 for further discussion on receiver formats. 

 

h. USACE.   For most USACE civil applications, 

continuous tracking, C/A-code, L1 tracking, multichannel 

(eight  or  more  channels)  receivers  are  adequate. 

Receivers with other features may be required for a par- 

ticular   application.      For   example,   a   dual   frequency 

(L1/L2) receiver with the cross correlation, squaring, or 

some other technique during anti-spoofing is required for 

the OTF and rapid static surveying techniques. 

 

7-2.  Conventional GPS Receiver Types 

 

There are two basic types of GPS receivers:   code phase 

and carrier phase receivers.  Within these types there are 

C/A-  and  P-code  receivers,  codeless    receivers,  single- 

and dual-frequency receivers, and receivers that use cross 

correlation  or  squaring  or  P-W  techniques.      Figure 7-1 

shows common equipment required at a station. 
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Figure 7-1.  Common GPS equipment required at each 

setup 

 

a.    Code  phase  receivers.    A  code  receiver  is  also 

called a “code correlating” receiver because it requires 

access  to  the  satellite  navigation  message  of  the  P-  or 

C/A-code signal to function.   This type of receiver relies 

on the satellite navigation message to provide an almanac 

for operation and signal processing.  Because it uses the 

satellite navigation message, this type of receiver can 

produce real-time navigation data.   Code receivers have 

“anywhere-fix”  capability  and,  consequently,  a  quicker 

start-up time at survey commencement.  An anywhere-fix 

receiver has the unique capability to begin calculations 

without being given an approximate location and time.  A 

code receiver has anywhere-fix capability because it can 

synchronize itself with GPS time at a point with unknown 

coordinates once lock on the signals of four satellites has 

been obtained. 

 

b.    Carrier phase receivers.  A carrier phase receiver 

utilizes the actual GPS signal itself to calculate a position. 

There  are  two  general  types  of  carrier  phase  receivers: 

(1) single frequency and (2) dual frequency. 

 

(1) Single-frequency receivers.   A single-frequency 

receiver tracks the L1 frequency signal.   The single- 

frequency  receiver  generally  has  a  lower  price  than  the 

dual-frequency receiver because it has fewer components 

and  is  in  greater  demand.    A  single-frequency  receiver 

can be used effectively to develop relative positions that 

are accurate over baselines of less than 50 km or where 

ionosphere effects can generally be ignored. 

 

(2) Dual-frequency receivers.   The dual-frequency 

receiver tracks both the L1 and L2 frequency signal.   A 

dual-frequency receiver is generally more expensive than 

a  single-frequency  receiver.    A  dual-frequency  receiver 

will  more  effectively  resolve  longer  baselines  of  more 

than 50 km where ionosphere effects have a larger impact 

on  calculations.     Dual-frequency  receivers  eliminate 

almost all ionosphere effects by combining L1 and L2 

observations.    Most manufacturers of dual-frequency 

receivers utilize codeless techniques which allow the use 

of the L2 during anti-spoofing.  These codeless techniques 

are squaring, cross-correlation, and P-W correlation. 

 

(a) Squaring.   Receivers which utilize the squaring 

technique are only able to obtain one-half of the signal 

wavelength  on  the  L2  during  anti-spoofing  and  have  a 

high 30-dB loss. 

 

(b) Cross correlation.  Receivers that use this tech- 

nique have a high 27-dB loss but are able to obtain the 

full wavelength on the L2 during anti-spoofing. 

 

(c)  P-W correlation.   This method allows for both a 

low  14-dB  loss  and  full  wavelength  on  the  L2  during 

anti-spoofing. 

 

c.  Military grade GPS receivers.   The current mili- 

tary GPS receiver is the precise lightweight GPS receiver 

(PLGR), AN/PSN-11, which uses the course/acquisition 

(C/A), precise (P), or encrypted P(Y) codes.   PLGR is 

designed to operate as a stand-alone unit and provide 

navigation  information:     position,   velocity,  and   time. 

PLGR requires a crypto key to operate as a PPS receiver. 

A PPS receiver corrects for errors introduced by selective 

availability (S/A) and cannot be spoofed by imitated or 

retransmitted GPS signals, anti-spoofing (A/S).  The accu- 

racy is 16-m SEP when keyed.   PLGR does not record 

code  data  because  it  was  designed  to  be  a  navigation 

device, and P-code data are classified at time of reception. 

This also limits PLGR’s ability to be used in differential 

GPS.   PLGR can only be used in differential GPS when 

using C/A code and as a rover unit.  However, C/A code 

differential GPS is not authorized by DoD for tactical 

military operations.  If high accuracy surveys are required 

during a military conflict, PPS geodetic GPS receivers are 

available through commercial manufacturers.  PLGRs or 

PPS receivers are the only authorized receivers to be used 

in a conflict area. 

 

(1)  Non-military DoD organizations that need PLGR 

accuracy for their positioning requirements can purchase 
 

 

 

 

 

7-2 



EM 1110-1-1003 

1 Aug 96 
 

PLGR from the existing DoD contract through a memo- 

randum of agreement with DoD. 

 

(2) Commercial GPS receiver manufacturers produce 

hand-held, low cost PPS GPS receivers capable of 16-m 

SEP accuracy when keyed.   These receivers may or may 

not have anti-spoofing capability and require the same 

crypto keys as PLGR. 

 

7-3.  Receiver Manufacturers 

 

Up-to-date  listings  of  manufacturers  are  contained  in 

various surveying trade publications.  Contact should be 

made directly with representatives of each firm to obtain 

current specifications, price, availability, material, or other 

related data on their products. 

 

7-4.  Other Equipment 

 

There are several other relative miscellaneous equipment 

items  that  should  be  considered  when  making  a  GPS 

receiver selection.  This equipment is discussed below. 

 

a.    Data  link  equipment  for  real-time  positioning. 

The  type  of  data  link  needed  for  real-time  positioning 

should be capable of transmitting digital data.   The spe- 

cific type of data link will depend on the user’s work area 

and environment.  Most manufacturers of GPS equipment 

can  supply  or  suggest  a  data  link  that  can  be  used  for 

real-time positioning.  Depending on the type and wattage 

of  the  data  link,  a  frequency authorization  may  have  to 

take place in order to transmit digital data.   Some radio 

and GPS manufacturers produce 1 W or less radios for 

transmission  of  digital  data  which  do  not  require  fre- 

quency authorization. 

 

b.    U.S. Coast Guard (USCG) radiobeacon receivers. 

The USCG provides a real-time pseudo-range corrections 

broadcast over low frequency (270-320 kHz marine band) 

from a radiobeacon transmitter tower.   These towers exist 

in most if not all coastal areas including the Mississippi 

River and the Great Lakes regions.  The range from each 

tower is approximately 120 to 300 km.  These corrections 

can  be  received  by  using  a  radiobeacon  receiver  and 

antenna tuned to the nearest tower site.  For further infor- 

mation on this system contact the USCG office in your 

district or the number listed in Appendix C. 

 

c.    Computer  equipment.     Most  manufacturers  of 

GPS receivers include computer specifications needed to 

run   their   downloading   and   post-processing   software. 

Most software can be run on a 386-type computer with a 

math co-processor or on a 486-type computer. 

d.  Antenna  types.    There  are  three  basic  types  of 

GPS antennas:   ground plane antennas, no ground plane, 

and choke ring antennas.  Both the ground plane and the 

choke rings are designed to reduce the effects of multi- 

path on the antenna. 

 

e. Associated survey equipment.   There are several 

accessories   needed   along   with   a   GPS   receiver   and 

antenna.   These include tripods, tribrachs, and tribrach 

adapters to name a few.  Fixed height (usually 2 m) poles 

can be used to eliminate the need to measure antenna 

heights.  Most of the other equipment needed is similar to 

what is used in a conventional survey. 

 

7-5.  GPS Common Exchange Data Format 

 

a. RINEX.       Receiver   INdependent   EXchange 

(RINEX) format is an ASCII-type format which allows a 

user to combine data from different manufacturer’s GPS 

receivers.  Most GPS receiver manufacturers supply pro- 

grams to convert raw GPS data into a RINEX format. 

However,  one  must  be  careful  since  there  are  different 

types of RINEX conversions.  Currently, the NGS distrib- 

utes software which converts several receivers’ raw GPS 

data to RINEX.   NGS will distribute this software free of 

charge to any government agency. 

 

b.  Real-time  data  transmission  formats.    There  are 

two types of common data formats used most often during 

real-time   surveying:       (1)   RTCM   SC-104   v. 2   and 

(2) NMEA. 

 

(1)  Transmission  of  data  between  GPS  receivers. 

The Radio Technical Commission for Maritime Services 

(RTCM) is the governing body for transmissions used for 

maritime  services.    The  RTCM  Special  Committee  104 

(SC-104) has defined the format for transmission of GPS 

corrections.  The RTCM SC-104 standard was specifically 

developed to address meter-level positioning requirements. 

This  current  standard  transmission  standard  for  meter- 

level DGPS is the RTCM SC-104 v. 2.0.  This standard 

allows various manufacturers’ equipment to work together 

if it is used at both the reference and remote stations.  It 

should be noted that not all manufacturers fully support 

the  RTCM  SC-104  v.  2.0  format,  and  careful  consider- 

ation should be made to choose one that does.  A com- 

mittee was formed to address the means of a transmission 

format for centimeter-level DGPS.  This committee pro- 

posed  the  RTCM  SC-104  v. 2.1  format,  which  supports 

raw carrier phase data, raw pseudo-range data, and correc- 

tions  for  both.    This  will  allow  for  correction  of  iono- 

sphere and troposphere errors, with dual frequency 

measurements, to be applied at the receiving station.  It is 
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deemed to be downward compatible with RTCM SC-104 

v.  2.0,  and  therefore  no  special  transmission  consider- 

ations need to be made to use it. 

 

(2)  Transmission of data between a GPS receiver and 

a device.  The National Maritime Electronics Association 

(NMEA) governs the format of output records (i.e., the 

positions at the remote end).  The standard concerning the 

corrected GPS output records at the remote receiver is 

referred to as the NMEA 0183 Data Sentencing Format. 

The NMEA 0183 output records can be used as input to 

whatever  system  the  GPS  remote  receiver  is  interfaced. 

For example, GPS receivers with an NMEA 0183 output 

can be used to provide the positional input for a hydro- 

graphic survey system or an Electronic Chart Display and 

Information System (ECDIS). 
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Chapter 8 
Planning GPS Control Surveys 

 

 

 

8-1.  General 
 

Using differential carrier phase GPS surveying to establish 

control for USACE civil and military projects requires 

operational and procedural specifications that are a proj- 

ect-specific function of the control being established.  To 

accomplish these surveys in the most efficient and cost- 

effective manner, and to ensure that the required accuracy 

criteria are obtained, a detailed survey planning phase is 

essential.  This chapter defines GPS survey design criteria 

and related observing specifications required to establish 

control for USACE military construction and civil works 

projects.    Information  on  cost  for  GPS  surveys  can  be 

found in Chapter 12, and information on using GPS for 

hydrographic surveys can be found in EM 1110-2-1003. 

 

8-2.  Required Project Control Accuracy 

 

The first step in planning GPS control surveys is to deter- 

mine  the  ultimate  accuracy  requirements.    Survey  accu- 

racy requirements are a direct function of specific project 

functional needs, that is, the basic requirements needed to 

support planning, engineering design, maintenance, opera- 

tions, construction, or real estate.   This is true regardless 

of whether GPS or conventional surveying methods are 

employed to establish project control.   Most USACE 

military and civil works engineering/construction activities 

require relative accuracies (i.e., accuracies between adja- 

cent control points) ranging from 1:1,000 to 1:50,000, 

depending on the nature and scope of the project.  Few 

USACE projects demand relative positional accuracies 

higher  than  the  1:50,000  level  (Second-Order,  Class I). 

Since  the  advent  of  GPS  survey  technology,  there  has 

been a tendency to specify higher accuracies than neces- 

sary.  Specifying higher accuracy levels than those mini- 

mally required for the project can unnecessarily increase 

project costs. 

 

a.    Project functional requirements.  Project function- 

al requirements must include planned and future design, 

construction, and mapping activities.   Specific control 

density and accuracy are designed from these functional 

requirements. 

 

(1)  Density of control within a given project is deter- 

mined from factors such as planned construction, site plan 

mapping scales, master plan mapping scale, and dredging 

and hydrographic survey positioning requirements. 

(2) The relative accuracy for project control is also 

determined based on mapping scales, design/construction 

needs, type of project, etc.  Most site plan mapping for 

design purposes is performed and evaluated relative to 

American Society of Photogrammetry and Remote Sens- 

ing (ASPRS) standards.  These standards apply to photo- 

grammetric mapping, plane table mapping, total station 

mapping,  etc.     Network  control  must  be  of  sufficient 

relative accuracy to enable hired-labor or contracted sur- 

vey forces to reliably connect their supplemental mapping 

work. 

 

b.  Minimum accuracy requirements.  Project control 

surveys  shall   be   planned,  designed,   and   executed  to 

achieve the minimum accuracy demanded by the project’s 

functional requirements.   In order to most efficiently uti- 

lize   USACE   resources,   control   surveys   shall   not   be 

designed or performed to achieve accuracy levels that 

exceed the project requirements.  For instance, if a Third- 

Order, Class I accuracy standard (1:10,000) is required for 

offshore  dredge/survey  control  on  a  navigation  project, 

field survey criteria shall be designed to meet this mini- 

mum standard. 

 

c.  Achievable GPS accuracy.   As stated previously, 

GPS  survey  methods  are  capable  of  providing  signifi- 

cantly higher relative positional accuracies with only min- 

imal field observations, as compared with conventional 

triangulation, trilateration, or EDM traverse.  Although a 

GPS survey may be designed and performed to support 

lower accuracy project control requirements, the actual 

results could generally be several magnitudes better than 

the requirement.   Although higher accuracy levels are 

relatively easily achievable with GPS, it is important to 

consider the ultimate use of the control on the project in 

planning  and  designing  GPS  control  networks.     Thus, 

GPS survey adequacy evaluations should be based on the 

project accuracy standards, not those theoretically obtain- 

able with GPS. 

 

(1) For instance, an adjustment of a pair of GPS- 

established points  may indicate a relative  distance accu- 

racy of 1:800,000 between them.   These two points may 

be  subsequently  used  to  set  a  dredging  baseline  using 

1:2,500 construction survey methods; and from 100-ft- 

spaced stations on this baseline, cross sections are pro- 

jected using 1:500 to 1:1,000 relative accuracy methods 

(typical hydrographic surveys).   Had the GPS-observed 

baseline been accurate only to 1:20,000, such a closure 

would still have easily met the project’s functional 

requirements. 
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(2) Likewise, in plane table topographic (site plan) 

mapping  or  photogrammetric  mapping  work,  the  differ- 

ence between 1:20,000 and 1:800,000 relative accuracies 

is not perceptible at typical USACE mapping/construction 

scales (1:240 to 1:6,000), or ensuring supplemental com- 

pliance with ASPRS standards.  In all cases of planimetric 

and topographic mapping work, the primary control net- 

work shall be of sufficient accuracy such that ASPRS 

standards can be met when site plan mapping data are 

derived from such points.   For most large-scale military 

and  civil  mapping  work  performed  by  USACE,  Third- 

Order relative accuracies are adequate to control planimet- 

ric and topographic features within the extent of a given 

sheet/map or construction site.   On some projects cover- 

ing large geographical areas (e.g., reservoirs, levee sys- 

tems, installations), this Third-Order mapping control may 

need  to  be  connected  to/with  a  Second-Order  (Class  I 

or II)  network  to  minimize  scale  distortions  over  longer 

reaches of the project. 

 

(3)  In densifying control for GIS databases, the func- 

tional accuracy of the GIS database must be kept in 

perspective with the survey control requirements.   Per- 

forming 1:100,000 accuracy surveys for a GIS level con- 

taining 1-acre cell definitions would not be cost-effective; 

sufficient accuracy could be obtained by scaling relative 

coordinates from a U.S. Geological Survey (USGS) quad- 

rangle map. 

 

8-3.  General GPS Network Design Factors 

 

Some, but not all, of the factors to be considered in 

designing a GPS network (and subsequent observing 

procedure) should include the following: 

 

a.    Project size.   The extent of the project will affect 

the GPS survey network shape.  Many civil works naviga- 

tion  and  flood  control  projects  are  relatively  narrow  in 

lateral extent but may extend for many miles longitudi- 

nally.   Alternatively, military installations or reservoir/ 

recreation projects may project equally in length and 

breadth.  The optimum GPS survey design will vary con- 

siderably for these different conditions. 

 

b.    Required  density  of  control.    The  type  of  GPS 

survey scheme used will depend on the number and spac- 

ing of points to be established, which is a project-specific 

requirement.   In addition, maximum baseline lengths 

between  stations  and/or  existing  control  are  also  pre- 

scribed.  Often, a combination of GPS and conventional 

survey  densification  will  prove  to  be  the  most  cost- 

effective approach. 

c.  Absolute GPS reference datums.   Coordinate data 

for GPS baseline observations are referenced and reduced 

relative to WGS 84, an earth-centered (geocentric) coordi- 

nate system.  This system is not directly referenced to but 

is  closely  related  to,  for  all  practical  purposes,  GRS 80 

upon which North American Datum of 1983 (NAD 83) is 

related (for CONUS work).   GPS data reduction and 

adjustment  are  normally  performed  using  the  WGS 84 

earth-centered  (geocentric)  coordinate  system  (X-Y-Z), 

with baseline vector components ( X,   Y,   Z) measured 

relative to this coordinate system.  Although baseline vec- 

tors  are  measured  relative  to  the  WGS 84  system,  for 

most USACE engineering and construction applications 

these  data  may  be  used  in  adjustments  on  NAD  27 

(Clarke 1866).  (See paragraphs 3-4 and 4-1.) 

 

(1) If the external network being connected (and 

adjusted to) is the published NAD 83, the GPS baseline 

coordinates  may  be  directly  referenced  on  the  GRS 80 

ellipsoid since they are nearly equal.   All supplemental 

control established is therefore referenced to the GRS 80/ 

NAD 83 coordinate system. 

 

(2)  If   a   GPS   survey   is   connected   to   NAD   27 

(SPCS 27)   stations   which   were   not   adjusted   to   the 

NAD 83  datum,  then  these  fixed  points  may  be  trans- 

formed  to  NAD 83  coordinates  using  USACE  program 

CORPSCON (see EM 1110-1-1004) and the baseline 

reductions   and   adjustment   performed   relative   to   the 

GRS 80  ellipsoid.     This  method  is  recommended  for 

USACE  projects,  only  if  resurveying  is  not  a  viable 

option. 

 

(3)  Alternatively,    GPS    baseline    connections    to 

NAD 27 (SPCS 27) project control may be reduced and 

adjusted directly on that datum with resultant coordinates 

on the NAD 27.  Geocentric coordinates on the NAD 27 

datum may be computed using the transformation algo- 

rithms given in Chapter 11.   Refer also to EM 1110-1- 

1004 regarding state plane coordinate transforms between 

SPCS  27  and  SPCS  83  grids.     Conversions  of  final 

adjusted points on the NAD 27 datum to NAD 83 may 

also be performed using CORPSCON. 

 

(4)  Ellipsoid  heights  h  referenced  to  the  GRS 80 

ellipsoid differ significantly from the orthometric eleva- 

tions  H  on  NGVD 29,  NAVD  88,  or  dynamic/hydraulic 

elevations  on  the  IGLD 55,  IGLD  85.    This  difference 

(geoid separation, or N) can usually be ignored for hori- 

zontal control.   This implies N is assumed to be zero and 

h = H where the elevation may be measured, estimated, 

or scaled at the fixed point(s).   See Chapter 6 for using 

GPS for vertical surveys. 
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(5)  Datum systems other than NAD 27/NAD 83 will 

be used in OCONUS locations.  Selected military opera- 

tional  requirements  in  CONUS  may  also  require  non- 

NAD datum references.   It is recommended that GPS 

baselines  be  directly  adjusted  on  the  specific  project 

datum. 

 

d.    Connections to existing control.   For most static 

and kinematic GPS horizontal control work, at least two 

existing control points should be connected for referenc- 

ing and adjusting a new GPS survey (Table 8-1).   Exist- 

ing points may be part of the NGRS or in-place project 

control which has been adequately used for years.  Addi- 

tional points may be connected if practical.   In some 

instances, a single existing point may be used to generate 

spurred baseline vectors for supplemental construction 

control. 

 

(1)  Connections  with  existing  project  control.    The 

first choice for referencing new GPS surveys is the exist- 

ing project control.   This is true for most surveying, not 

just GPS, and has considerable legal basis.  Unless a new- 

ly authorized project is involved, long-established project 

control reference points should be used.  If the project is 

currently on a local datum, then a supplemental tie to the 

NGRS should be considered as part of the project. 

 

(2) Connections with NGRS.   Connections with the 

NGRS (i.e., National Ocean Service/National Geodetic 

Survey control on NAD 83) are preferred where prudent 

and practical.   As with conventional  USACE surveying, 

such  connections  to  the  NGRS  are  not  mandatory.    In 

many instances, connections with the NGRS are difficult 

and   may   add   undue   cost   to   a   project   with   limited 

resources.   When existing project control is known to be 

of poor accuracy, then ties (and total readjustment) to the 

NGRS may be warranted.  Sufficient project funds should 

have  been  programmed  to  cover  the  additional  costs  of 

these connections, including data submittal and review ef- 

forts  if  such  work  is  intended  to  be  included  in  the 

NGRS.  (See paragraph 1-8c regarding advance program- 

ming requirements.) 

 

(3)  Mixed  NGRS  and  project  control  connections. 

On existing projects, NGRS-referenced points should not 

be mixed with existing project control.  This is especially 

important if existing project control was poorly connected 

with the older (NAD 27) NGRS, or if the method of this 

original connection is uncertain.  Since NGRS control has 

been readjusted to NAD 83 (including subsequent high- 

precision HARNS readjustments of NAD 83) and most 

USACE  project  control  has  not,  problems  may  result  if 

these schemes are mixed indiscriminately.  If a decision is 

made to establish and/or update control on an existing 

project, and connections with the NGRS (NAD 83/86) are 

required, then all existing project control points must be 

resurveyed and readjusted.   Mixing different reference 

systems  can  result  in  different  datums,  with  obvious 

adverse impacts on subsequent construction or boundary 

reference.    It  is  far  preferable  to  use  “weak”  existing 

(long-established)  project  control  (on  NAD  27  or  what- 

ever datum) for reference than to end up with a mixture 

of different systems or datums.  See EM 1110-1-1004 for 

further discussion. 

 

(4)  Accuracy    of    connected    reference    control. 

Ideally, connections should be made to control of a higher 

order of accuracy than that intended for the project.   In 

cases where NGRS control is readily available, this is 

usually the case.   However, when only existing project 

control is available, connection and adjustment will have 

to be performed using that reference system, regardless of 

its accuracy.  GPS baseline measurements should be per- 

formed over existing control to assess its accuracy and 

adequacy for adjustment, or to configure partially con- 

strained adjustments. 

 

(5)  Connection   constraints.      Although   Table 8-1 

requires only a minimum of two existing stations to reli- 

ably  connect  GPS  static  and  kinematic  surveys,  it  may 

often be prudent to include additional NGRS and/or pro- 

ject points, especially if the existing network is of poor 

reliability.   Adding additional points provides redundant 

checks on the surrounding network.  This allows for the 

elimination of these points should the final constrained 

adjustment  indicate  a  problem  with  one  or  more  of  the 

fixed points. 

 

(a) Table 8-1 indicates the maximum allowable dis- 

tance from the existing network that GPS baselines should 

extend. 

 

(b) Federal Geodetic Control Subcommittee (FGCS) 

GPS standards (FGCC 1988) require connections to be 

spread  over  different  quadrants  relative  to  the  survey 

project.  Other GPS standards suggest an equilateral dis- 

tribution of fixed control about the proposed survey area. 

These  requirements  are  unnecessary  for  USACE  work. 

The value shown in Table 8-1 (for Second-Order, Class I) 

is only suggested and not mandatory. 

 

e.  Location feasibility and field reconnaissance.   A 

good  advance  reconnaissance  of  all  marks  within  the 

project   is   crucial   to   the   expedient   and   successful 
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Table 8-1 

GPS Survey Design, Geometry, Connection, and Observing Criteria 

 

 

 

Classification Order 

Criterion 2nd, I 2nd, II 3rd, I 3rd, II 
 

Relative accuracy 

ppm 

1 part in 
 

Required connections to existing 

horizontal control 
 

NGRS network 

Local project network 

 

 

20 

50k 

 

 

50 

20k 

 

 

 

 

 

 

 

W/F/P 

Yes 

 

 

100 

10k 

 

 

200 

5k 

 

Baseline observation check required over 

existing control 
 

Number of connections with existing network 

(NGRS or local project control) 

Minimum 

Optimum 

 

Yes W/F/P W/F/P No 
 

 

 

 

2 2 2 2 

3 3 2 2 
 

New point spacing, m, not less than 1,000 500 200 100 
 

Maximum distance from network to nearest 

control point in project, km 50 50 50 50 
 

Minimum network control quadrant location 

(relative to project center) 2 N/R N/R N/R 

Multiple station occupations (static GPS surveys) 

% Occupied three times N/R N/R N/R N/R 

% Occupied two times N/R N/R N/R N/R 

Repeat baseline observations 

(% of total baselines) 0 0 0 0 
 

Master or fiducial stations required W/F/P No No No 
 

Loop closure requirements: 
 

Maximum number of baselines/loop 10 20 20 20 
 

Maximum loop length, km, not to exceed 100 200 N/R N/R 

Loop misclosure, ppm, not less than 20 50 100 200 

Single spur baseline observations 
 

Allowed per order/class No No Yes Yes 
 

Number of sessions/baseline - - 2 2 
 

Required tie to NGRS - - No No 
 

Field observing criteria -- static GPS surveys 
 

Required antenna phase height measurement per session 2 2 2 2 
 

Meteorological observations required No No No No 
 

Two frequency L1/L2 observations required: 

< 50-km lines 

> 50-km lines 

No 

Yes 

No 

Yes 

No 

Yes 

No 

Yes 
 

(Continued) 
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Table 8-1 

(Concluded) 
 

  Classification Order  

Criterion 2nd, I 2nd, II 3rd, I 3rd, II 

Recommended minimum observing time (per session), min 60 45 30 30 

Minimum number of sessions per GPS baseline 1 1 1 1 

Satellite quadrants observed (minimum number) 3 W/F/P N/R N/R N/R 

Minimum obstruction angle above horizon, deg 15 15 15 15 

Maximum HDOP/VDOP during session N/R N/R N/R N/R 

Photograph and/or pencil rubbing required A/R No No No 

Kinematic GPS surveying     

Allowable per survey class Yes Yes Yes Yes 

Required tie to NGRS W/F/P W/F/P No No 
 

Measurement time/baseline, min (follow manufacturer’s specifications) A/R 

Minimum number of reference points: 2 2 1-2 1 

Preferred references 2 2 2 1 

Maximum PDOP  15   

Minimum number of observations from each reference station 2 2 2 2 

Adjustment and data submittal requirements     

Approximate adjustments allowed Yes Yes Yes Yes 

Contract acceptance criteria     

Type of adjustment Free (unconstrained) 

Evaluation statistic 
Error ellipse sizes 

Histograms 
 

Reject criteria 

Statistic 

Standard 
Optimum/nominal weighting 

Horizontal 

Vertical 

 

Optimum variance of unit weight 
 

GPS station/session data recording format 

 

Final station descriptions 
 

FGCS/NGS Bluebook required 

 

Written project/adjustment report required 
 

Notes: 

Relative distance accuracies 
(not used as criteria) 

(not used as criteria) 
 

 

Normalized residual 

3 * SEUW 
 

5 + 2 ppm 

10 + 2 ppm 

 

between 0.5 and 1.5 
 

Bound field survey book or form 

 

Standard DA form 
 

No 

 

Yes 

 

1.    Abbreviations used in this table are explained as follows: 

W/F/P--Where feasible and practical. 

N/R--No requirement for this specification--usually indicates variance with provisional FGCC GPS specifications. 

A/R--As required in specific project instructions or manufacturer’s operating manual. 

SEUW--Standard error of unit weight. 

2.    Classification orders refer to intended survey precision for USACE application, not necessarily FGCC standards designed to support 

national network densification. 
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completion  of  a  GPS  survey.    The  site  reconnaissance 

should ideally be completed before the survey is started. 

The surveyor should also prepare a site sketch and brief 

description on how to reach the point since the individual 

performing the site reconnaissance may not be the survey- 

or that returns to occupy the known or unknown station. 

 

(1)  Project sketch.  A project sketch should be devel- 

oped before any site reconnaissance is performed.   The 

sketch should be on a 7-1/2-min USGS quadrangle map 

or other suitable drawing.  Drawing the sketch on the map 

will assist the planner in determination of site selections 

and travel distances between stations. 

 

(2) Station descriptions and recovery notes.   Station 

descriptions for all new monuments will be developed as 

the monumentation is performed.   The format of these 

descriptions will follow that stated in EM 1110-1-1002. 

Recovery notes should be written for existing NGRS net- 

work stations and project control points, as detailed in EM 

1110-1-1002.  Estimated travel times to all stations should 

be included in the description.  Include road travel time, 

walking  time,  and  GPS  receiver  breakdown  and  setup 

time.  These times can be estimated while performing the 

initial reconnaissance.   A site sketch shall also be made 

on the description/recovery form.  Examples of site recon- 

naissance  reports  are  shown  in  Figures 8-1  and 8-2.    A 

blank  reconnaissance  report  form  is  included  as  Work- 

sheet 8-1  (Figure 8-3),  which  may  be  used  in  lieu  of  a 

standard field survey book. 

 

(3)  Way point navigation.  Way point navigation is an 

option on some receivers, allowing the user to enter geo- 

detic position (usually latitude and longitude) of points of 

interest  along  a  particular  route  the  user  may  wish  to 

follow.  The GPS antenna, fastened to a vehicle or range 

pole, and receiver can then provide the user with naviga- 

tional information.   The navigational information may 

include the distance and bearing to the point of destina- 

tion (stored in the receiver), the estimated time to destina- 

tion, and the speed and course of the user.  The resultant 

message produced can then be used to guide the user to 

the point of interest.   Way point navigation is an option 

that, besides providing navigation information, may be 

helpful in the recovery of control stations which do not 

have descriptions.   If the user has the capability of real- 

time code phase positioning, the way point navigational 

accuracy can be in the range of 0.5 - 10 m. 

 

(4)  Site obstruction/visibility sketches.  The individual 

performing the site reconnaissance should record the 

azimuth  and  vertical  angle  of  all  obstructions.     The 

azimuths and vertical angles should be determined with a 

compass and inclinometer.  Because obstructions such as 

trees and buildings cause the GPS signal transmitted from 

the GPS satellite to be blocked, the type of obstruction is 

also  an  important  item  to  be  recorded,  see  Figure 8-2. 

The type of obstruction is also important to determine if 

multipath might cause a problem.   Multipath is caused by 

the reflection of the GPS signal by a  nearby object pro- 

ducing a false signal at the GPS antenna.  Buildings with 

reflective surfaces,  chain-link fences, and antenna  arrays 

are objects that may cause multipath.  The site obstruction 

data are needed to determine if the survey site is suitable 

for GPS surveying.  Obstruction data should be plotted on 

a Station Visibility Diagram, as shown in Figure 8-4.   (A 

blank  copy  of  this  form  is  provided  as  Worksheet 8-2 

(Figure 8-5).)    GPS  surveying  does  require  that  all  sta- 

tions have an unobstructed view 15 deg above the hori- 

zon, and satellites below 10 deg should not be observed. 

 

(5) Suitability for kinematic observations.   Clear, 

obstruction-free  projects  may  be  suitable  for  kinematic 

GPS surveys as opposed to static.  The use of kinematic 

observations  will  increase  productivity  by  a  factor  of  5 

to 10 over static methods, while still providing adequate 

accuracy  levels.    On  many  projects,  a  mixture  between 

both static and kinematic GPS observations may prove to 

be most cost-effective. 

 

(6)  Monumentation.   All monumentation should fol- 

low the guidelines of EM 1110-1-1002. 

 

(7) On-site physical restrictions.    The degree of 

difficulty in occupying points due to such factors as travel 

times, site access, multipath effects, and satellite visibility 

should be anticipated.  The need for redundant observa- 

tions, should reobservations be required, must also be 

considered. 

 

(8)  Checks for disturbed existing control.  Additional 

GPS baselines may need to be observed between existing 

NGRS/project control to verify their accuracy and/or 

stability. 

 

(9) Satellite visibility limitations.   For most of the 

Continental United States, there are at least four to five 

satellites in view at all times.  However, some areas may 

have  less  during times  of  satellite  maintenance  or 

unhealthy satellites.  Satellite visibility charts of the GPS 

satellite constellation play a major part in optimizing net- 

work configurations and observation schedules. 
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Figure 8-1.  Sample site reconnaissance sketch 
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SITE RECONNAISSANCE/REPORT ON CONDITION OF SURVEY HARK 
 

 

Project for Which Reconnaissance was  Performed Dwo:e, HA.L<...  "DA>-; 

Station Harne OR..o!::"tNo Year Established I'\S"3 

State Code I D County  PoJIG'R. Map scale  ': Z.'-1. oco 

Organization's Mark  c  f'E,S Map Sheet CL.  A.R.\o.JAT£'R. 

Search Performed By K.   .$"""-IT'  Date "1/12./Bj 

Organization WALl.. A  w.... L..L..A. D, "'T'r.l,.lc... 
 

Exact Stamping C>n..o  INO 1'1"3"3   Condition       6ooc 
 

Please report on the thoroughness of the search in case the mark was not 
recovered. Suggest changes in description, need for repairing or moving 
the mark,   or other pertinent facts.  Record letters and numbers found 
stamped  in  (not cast in)the mark. 

T - .'"- MA \(.  WA> R It c.. ova.E.t'l \.)!> I N 0:.,   ---rM G.. \'\"1'(.)   .
 

bo£":.C...Iall'TION, Abb I"T"ICIU ... !, bl!:.1itC....f!\  PT"I V  i,h l>AT,!,  . 
Tt;i. KA.!t" l!j  81.7' H  P'   Pf' "43Yz. J   g"Z..<.f  

1   
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RE(..e\lll.t\.'li..'\::1    Rot£"& Q e> t,..lO C,too't) 

"  "  Ot.o"•,_)o N.:. ..3    !C'\10  woob
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Figure 8-2. Reconnaissance report on condition  of survey 
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SITE RECONNAISSANCE/REPORT ON CONDITION OF SURVEY MARK 
 

 

Project for Which  Reconnaissance was Performed 
 

Station Name Year Established 
 

State Code -- 
 

County  Map Scale 

Organization's Mark Map Sheet 

search Perfonmed By  Date 

organization 

Exact   Stamp1ng  Condition 
 

Please report on the thoroughness of the search in case the mark was not 

recovered. Suggest changes in description, need for repairing or moving 
the mark, or other pertinent facts. Record letters and numbers found 
stamped in (not cast in)the mark. 
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Figure 8-3. Worksheet 8-1, Site Reconnaissance Report fonn 
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STATION  NAME 
AGENCY  (CAST   IN)  C  S   G. 
OBSERVER \(.  t\),_,..1=\ 

DATE 'i/IZ./9 
 

Observ?.r's Height 
5' 10' ft.,in. 

NORTH 

\ ·HORIZON •
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MAP  SCALE I: 2.q 
MAP SHEET Cc..ft,..R.••·"''"'""li: 
ELEV  (NGVD..!i.J       3f'Z,I8Z M 
LAT  (NAD.ll) 3o'os,"167 3 
LONG 0 AD8 )   llf; t9'z7:':t(p"J05  SOUTH 

 

Indicate the horizontal and vertical limits of all objects obstucting veiw 
of the sky exceeding 15 degrees above the horizon. 

 

NO.\AZIHUTH!VEBT ANGLE\ DESCRipTION
 

 

:NO.!AZIMUIH\VERT ANGLE\ QESCBip!ION
 

1  \J"l7"b0' :t•• 30'  :£-..r .:ll'.,...u.C!. 

z  :JsZ,'":so'!  2'1°00'   !PeAlS, 5p....,..-. 
3  ! IS'"oo' ! !f.•Qo'  ! E!>9!£.  .5?&U(.( 

4  !8\"oo'!l,"oo'  !I'IICP&EPP 
5  : S5'"3o'  :    I'I o oo' !5/EQi.C,  J>P 
6  :-z.o3•oc·:  15"  oo' \EDt>of.    t:\P.p!.f. 
]  ! Z.l5°Jo' \  3 'Z. • DO' \  'PAA!(  tl_Ai>L.§. 

a  : Z.!>Z.'6oo':    14"3o'  '!;pc..£.   tJI/I......E 

' ' 

:11  :  : ' 
: 12 

\13 
: 14 

!15 
: 16 

:: 17 
\  : 1 B 

" 
" 

 

Indicate distance, direction, freQuency and power of known RF sources. 
Indicate distance, horizontal and vertical limits of any object in the 
vicinity that max cause radio signals to be reflected (multipath). 

,_ 3'2.0' z.ss'"-ro z.9o'"'  V;;LT" 1'2. 
0 F'",R.c:::    """fb....:aE. t_
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Figure 8-4. Sample station visibility diagram 
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Indicate the horizontal and vertical limits of all objects obstucting veiw 
of the sky exceeding 15 degrees above the horizon, 

 

NO, :AZIMUTH: VERT   ANGLE:   DESCRipTION 

'  ' 

 

:NO.:AZIMVTH:VERT ANGLE: DESCRIPTION 

' , 
" 

4                                                                                     4 
 

 

1                                                              1 
 

 

" 
 

Indicate distance, direction, frequency, and power of known RF sources. 
Indicate distance, horizontal and vertical limits of any object in the 
vicinity that mAY cause radio signals to be reflected (multipath). 

 

1. 

2. 
3. 

 

 

 

 

 

Figure 8-5. Worksheet 8-2, Station Visibility Diagram 
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(10) Station  intervisibility  requirements.     Project 

specifications  may  dictate  station  intervisibility  for  azi- 

muth reference.   This may constrain minimum station 

spacing. 

 

f.     Multiple/repeat  baseline  connections.    Table 8-1 

lists  recommended  criteria  for  baseline  connections 

between stations, repeat baseline observations, and multi- 

ple station occupations.   Many of these standards were 

developed  by  FGCS  for  performing  high-precision  geo- 

detic control surveys such that extensive redundancy will 

result from the collected data.  Since the purpose of these 

geodetic densification surveys is markedly different from 

USACE control densification, the need for such high 

observational redundancy is also different.  Adding redun- 

dant baseline/station occupations may prove prudent on 

some remote projects where accessibility is difficult. 

 

g.    Loop  requirements.    Loops  (i.e.,  traverses)  pro- 

vide the  mechanism for performing  field data validation 

as well as final adjustment accuracy analysis.  Since loops 

of GPS baselines are comparable to traditional EDM/taped 

traverse   routes,   misclosures   and   adjustments   can   be 

handled similarly.  Most GPS survey nets (static or kine- 

matic) end up with one or more interconnecting loops that 

are either internal from a single fixed point or external 

through two or more fixed network points.   Loops should 

be closed off at the spacing indicated in Table 8-1.  Loop 

closures  should  meet  the  criteria  specified  in  Table 8-1, 

based on the total loop length.  See also Chapter 10 for 

additional GPS loop closure checks. 

 

(1)  GPS control surveys may be conducted by form- 

ing loops between two or more existing points, with ade- 

quate cross-connections where feasible.  Such alignment 

procedures are usually most practical on civil works navi- 

gation projects which typically require control to be estab- 

lished  along  a  linear  path,  e.g.,  river  or  canal  embank- 

ments, levees, beach renourishment projects, and jetties. 

 

(2)  Loops should be formed every 10 to 20 baselines, 

preferably closing on existing control. 

 

(3)  Connections to existing control should be made as 

opportunities exist and/or as often as practical. 

 

(4) When establishing control over relatively large 

military installations, civil recreation projects, flood con- 

trol projects, and the like, a series of redundant baselines 

forming interconnecting loops is usually recommended. 

When densifying Second- and Third-Order control for site 

plan  design  and  construction,  extensive  cross-connecting 

loop  and  network  configurations  recommended  by  the 

FGCS for geodetic surveying are not necessary. 

 

(5)  On all projects, maximum use of combined static 

and  kinematic  GPS  observations  should  be  considered, 

both of which may be configured to form pseudo-traverse 

loops for subsequent field data validation and final 

adjustment. 

 

8-4.  GPS Network Design and Layout 

 

A wide variety of survey configuration methods may be 

used to densify project control using GPS survey tech- 

niques.    Unlike  conventional  triangulation,  trilateration, 

and EDM traverse surveying, the shape, or geometry, of 

the GPS network design is not as significant.  The follow- 

ing guidelines for planning and designing proposed GPS 

surveys  are  intended  to  support  lower  order  (Second- 

Order,  Class  I,  or  1:50,000  or  less  accuracy)  control 

surveys applicable to USACE civil works and military 

construction  activities.    An  exception  to  this  would  be 

GPS surveys supporting structural deformation monitoring 

projects where relative accuracies at the centimeter level 

or better are required over a small project area. 

 

a.  Newly established  GPS  control may  or  may  not 

be  incorporated  into  the  NGRS,  depending  on  the  ade- 

quacy of the connection to the existing NGRS network, or 

whether  it  was  tied  only  internally  to  existing  project 

control. 

 

b.  Of paramount importance in developing a network 

design is to obtain the most economical coverage within 

the prescribed project accuracy requirements.  The opti- 

mum network design, therefore, provides a minimum 

amount of baseline/loop redundancy without an unneces- 

sary amount of “over-observation.”  Obtaining this opti- 

mum   design   (cost   versus   accuracy)   is   difficult   and 

constantly changing due to evolving GPS technology and 

satellite coverage. 

 

c.  GPS survey layout  schemes.   The  planning of  a 

GPS survey scheme is similar to that for conventional 

triangulation or traversing.   The type of survey design 

adopted is dependent on the GPS technique employed and 

the requirements of the user. 

 

(1)  GPS  networking.    A  GPS  network  is  proposed 

when established survey control is to be used in precise 

network  densification  (1:50,000-1:100,000).     For  lower 

order work (i.e., less than 1:50,000), elaborate network 

schemes  are  unnecessary  and  less  work-intensive  GPS 
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survey extension methods may be used.  When the net- 

working method is selected, the surveyor should devise a 

survey  network  that  is  geometrically  sound.    Triangles 

that are weak geometrically should be avoided.  The net- 

working method is practical only with static, pseudo- 

kinematic,  and  kinematic  survey  techniques.    Figure 8-6 

shows  an  example  of  a  step-by-step  method  to  build  a 

GPS survey network. 

 

 
 

Figure 8-6.  GPS network design 
 

 

(2)  GPS  traversing.     Traversing  is  the  method  of 

choice when the user has only two or three receivers and 

required accuracies are 1:5,000-1:50,000.  Traversing with 

GPS is done similar to conventional methods.  Open-end 

traverses  are  not  recommended  when  1:5,000  accuracies 

or greater are required.  Since GPS does not provide suf- 

ficient  point  positioning  accuracies,  the  surveyor  must 

have a minimum of one fixed (or known) control point, 

although three are preferred.  A fixed control point is a 

station with known latitude-longitude-height or easting- 

northing-height.  This point may or may not be part of the 

NGRS.   If only one control point is used and the station 

does not have a known height, the user will be unable to 

position the unknown stations.  When performing a loop 

traverse,  the  surveyor  should  observe  a  check  angle  or 

check azimuth using conventional survey techniques to 

determine  if  the  known  station  has  been  disturbed.    If 

azimuth targets are not visible, and a check angle cannot 

be  observed,  a  closed  traverse  involving  one  or  more 

control points is recommended.  Again, a check angle or 

check azimuth should be observed from the starting con- 

trol station.  If a check angle is not performed, the survey 

can still be completed.   However, if the survey does not 

meet specified closure requirements, the surveyor will be 

unable to assess what control point may be in error.  If a 

check angle or check azimuth cannot be observed, a third 

control point should be tied into the traverse (Figure 8-7). 

This will aid in determining the cause of misclosure. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8-7.  GPS traversing schemes 
 

 

(3)  GPS spur shots.  Spurs are an acceptable method 

when the user has only two receivers or only a few con- 

trol points are to be established.   Spur lines should be 

observed  twice  during  two  independent  observing  ses- 

sions.  Once the first session is completed, the receivers at 

each station should be turned off and the tripod elevations 

changed.   This procedure is similar to performing a for- 

ward  and  backward  level  line.    It  is  important  that  the 

tripods be moved in elevation and replumbed over the 

control station between sessions.  If this step is not imple- 

mented, the two baselines cannot be considered indepen- 

dent.  Figure 8-8 shows an example of a spur line.  Spurs 

are most applicable to static survey and relative position- 

ing (code phase) techniques. 
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reference (set at known points) receivers and at least one 

rover are recommended. 

 

(2)  Personnel.   Personnel requirements are also proj- 

ect dependent.  Most GPS equipment is compact and light 

weight and only requires one person per station setup. 

However, some cases where a station is not easily acces- 

sible or requires additional power for a data link, two 

individuals may be required. 
 

 

 

 

 

 

 

 

 

Figure 8-8.  GPS spur line 
 

 

8-5.  GPS Techniques Needed for Survey 

 

After a GPS network has been designed and laid out, a 

GPS survey method or technique needs to be considered. 

The  concepts  for  each  method  were  discussed  in  Chap- 

ter 6 and the procedures are discussed in Chapter 9.   The 

most efficient method should be chosen in order to mini- 

mize time and cost while meeting the accuracy require- 

ments of a given survey project.   Once a technique   is 

chosen, the following can be set up:  equipment require- 

ments,  observation  schedules,  and  sessions  designations 

and planning functions. 

 

a.    General  equipment  requirements.    The  type  of 

GPS instrumentation used on a project depends on the 

accuracy requirements of the project, GPS survey tech- 

nique, project size, and economics.   Most USACE proj- 

ects can be completed using a single-frequency receiver. 

Dual-frequency receivers are recommended as baseline 

lengths approach or exceed 50 km.   This length may also 

vary depending on the amount of solar activity during the 

observation period.  Using a dual-frequency receiver per- 

mits the user to solve for possible ionospheric and tropo- 

spheric delays which can occur as the signal travels from 

the satellite to the receiver antenna. 

 

(1)  Number of GPS receivers.  The minimum number 

of receivers required to perform a differential GPS survey 

is two.   The actual number used on a project will depend 

on the project size and number of available instruments/ 

operators.     Using  more  than  two  receivers  will  often 

increase productivity and allow for more efficient field 

observations.      For   some   kinematic   applications,   two 

(3)  Transportation.  One vehicle is normally required 

for  each  GPS  receiver  used  on  a  project.    This  vehicle 

should be equipped to handle the physical conditions that 

may be encountered while performing the field observa- 

tions.  In most cases, a two-wheel-drive vehicle should be 

adequate for performing all field observations.   If adverse 

site conditions exist, a four-wheel-drive vehicle may be 

required.   Adequate and reliable transportation is impor- 

tant when the observation schedule requires moving from 

one station to another between observation sessions. 

 

(4)  Auxiliary equipment.  Adequate power should be 

available for all equipment (receivers, computers, lights, 

etc.) that will be used during the observations.  Computers 

(386-based recommended), software, and data storage 

devices (floppy disks and/or cassette tapes) should be 

available for onsite field data reduction use.  Other equip- 

ment required for conduct of a GPS survey should include 

tripods, tribrachs, measuring tapes, flagging, flashlights, 

tools,  equipment  cables,  compass,  and  inclinometer.    If 

real-time positioning is required, then a data link is also 

needed. 

 

b. Observation schedules.   Planning a GPS survey 

requires that the surveyor  determine when satellites  will 

be  visible  for  the  given  survey  area;  therefore,  the  first 

step in determining observation schedules is to plot a sat- 

ellite visibility plot for the project area.   Even when the 

GPS becomes fully operational, full 24-hr coverage of at 

least four satellites may not be available in all areas. 

 

(1)  Most GPS manufacturers have software packages 

which at least predict satellite rise and set times.   An 

excellent satellite plot will have the following essential 

information:   satellite azimuths, elevations, set and rise 

times, and satellite PDOPs for the desired survey area. 

Satellite ephemeris data are generally required as input for 

the prediction software. 

 

(2)  To  obtain  broadcast  ephemeris  information,  a 

GPS receiver collects data during a satellite window.  The 

receiver  antenna  does  not  have  to  be  located  over  a 
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known point when collecting  a broadcast ephemeris.  The 

data are then downloaded to a personal computer where 

they  are  used  as  input  into  the  software  prediction  pro- 

gram.   Besides ephemeris data for the software, the user 

is generally required to enter approximate latitude and 

longitude  (usually  scaled  from  a  topographic  map)  and 

time offset from UTC for the survey area. 

 

(3)  From the satellite plot, the user can determine the 

best time to perform a successful GPS survey by taking 

advantage of the best combination of satellite azimuths, 

elevations, and PDOPs as determined by the satellite 

visibility plot for the desired survey area (for further 

information  on  favorable  PDOP  values,  refer  to  Chap- 

ter 5).    The  number  of  sessions  and/or  stations  per  day 

depends on satellite visibility, travel times between sta- 

tions,  and  the  final  accuracy  of  the  survey.    Often,  a 

receiver is required to occupy a station for more than one 

session per day. 

 

(4)  A   satellite   polar   plot   (Figure 8-9),   a   satellite 

azimuth  and  elevation  table  (Figure 8-10),  and  a  PDOP 

versus  time  plot  (Figure 8-11)  may  be  run  prior  to  site 

reconnaissance.  The output files created by the satellite 

prediction software are used in determining if a site is 

suitable for GPS surveying. 

 

(5)  Determination of session times is based mainly on 

the satellite visibility plan with the following factors taken 

into consideration:   time required to permit safe travel 

between survey sites; time to set up and take down the 

equipment  before  and  after  the  survey;  time  of  survey; 

and possible time loss due to unforeseeable problems or 

complications.   Station occupation during each session 

should be designed to minimize travel time in order to 

maximize the overall efficiency of the survey. 

 

c.   Session designations and planning functions.  A 

survey  session  in  GPS  terminology  refers  to  a  single 

period of observation.   Sessions and station designations 

are usually denoted by alphanumeric characters (0, 1, 2, 

A, B, C, etc.), determined prior to survey commencement. 

 

(1)  When only eight numeric characters are permitted 

for station/session designations, the following convention 

may be followed: 

 

12345678 

where 

1 =  type of monument with the following convention 

being recommended: 

1 = known horizontal control monument 

2 = known benchmark 

3 = known 3D monument 

4 = new horizontal control monument 

5 = new benchmark 

6 = new 3D monument 

7 = unplanned occupation 

8 = temporary 2D point 

9 = temporary 3D point 

 

2, 3, 4  = actual station number given to each station 

 

5, 6, 7  = Julian day of year 

 

8   = session number 

 

(a)  Example: Station Identifier: 40011821 

Position: 12345678 

 

(b)  The numeral 4 in the number 1 position indicates 

the  monument  being  established  is  a  new  monument 

where only horizontal position is being established. 

 

(c)  The 001 in the number 2, 3, and 4 position is the 

station number that has been given to the monument for 

this project. 

 

(d)  The 182 in the number 5, 6, and 7 position is the 

Julian day of the year.  This is the same day as 1 July. 

 

(e)  The  numeral 1  in  the  number  8  position  iden- 

tifies the session number during which observations are 

being made.   If the receiver performed observations dur- 

ing the second session on the same day on the same mon- 

ument, the session number should be changed to 2 for the 

period of the second session (then the total station identi- 

fier would be 40011822). 

 

(2) When alpha characters are permitted for station/ 

session  designation,  then  a more  meaningful  designation 

can be assigned to the designation.  The date of each sur- 

vey session should be recorded during the survey as cal- 

endar dates and Julian days and used in the station/session 

designation.   Some GPS software programs will require 

Julian dates for correct software operation.   In addition to 

determination of station/session designations before the 

survey begins, the user (usually the crew chief) must: 

 

(a)  Determine the occupant of each station. 

 

(b)  Determine satellite visibility for each station. 
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Ftgure 8-9.  Satellite polar plot 
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SV Constellations 
Point: Washingkxt Lat38:5l:ON   Loo 77:02:0 w  Ephemeris: CURRENT.EPH  1114194 
Date: Wednesday, Apri113,  1994  'Jbreshold EIC'r.llioa 15 (deg} Tunc: Zooe 'Eastern Day USA' -4 
26 Satellites considered: 12 3 4 57 9 12 13 14 IS 1617  \8 19 20 21 22 23 24 25 26 27 28 29 31 
Sampling Rate: 10 Minutes 

 

Constellation T Rise  TSet  dT  PDOPRise  PDOPSet 

4513162()2426 0:00  0· \0  0:10  2S 
41316202426 0:10  0:20  0:10 2.S 2.S 
l 41316202426 0:20 o·Jo 0:10  1.8  1.8 

3 416202426 0:30  0.40  0:10 1.9  >.9 

316172426 0:40  I ·40 1.00  29 32 
31617232426 1:40  2:00 0:20  2.S  2.S 
31617 2326  2:00 2.., 0.40  30 
3 916172326 2:40  ]'40 2.7  32 
J 9121617212326 3:40  3:50 0:10  1.8  >.8 
) 9121721232{; 3:50  4:](}  0.20  2>  22 

3 9121721232628 4:J(l  4:20 0:10  2.0  2.0 

I   3 9121721232628 4-:20 4·30  ()·]() 1.9  1.9 
I  3 91217212326 4-:J(l 4:40 0:10  2.0  2.0 

I   91217212326 4-:40  soo 0:20  2.2  22 
I  912172123 5:00  5:40 0:40  S.3  <.7 

15912172123 5:40 000 0·2(1 33 32 
59122123 6:00  6:10 0:10  3.3  D 

15912202123 6:10  6.20  0.10 2.9  29 

1 s 91220212325 6:20  700 0·40 
2 ' 2' 

151220212325 7:00 7:20 0:20 2.< 
15121520212325 7:20 7m 0:10 20  20 
151520212325 7:30 800 0:30 2.> '·' 
11415202125 S:40 9.00  0:20 2.3 
114202125 9:00 9:10 0:10 2' 2S 
11420212225 9:10 9:20 0:10 2.< '·' 
11420222529 10.00  10:10 0:10 2.3 

114222529 10·10 10·50 0:40 28  20 

314222529 10:50 11:10 3., 
31422252829 11:10 l\.20  0:10 

3141822252829 11:20 12'()0 0:40 1.9  2 ' 
314182225282931 12.00 12.20 0:20 
3182225282931 12:20 12:40 0:20 2' 
3181922282931 12-40 12.50 0:10 ,.0  20 
181922282931 \2•50 13:50 1:00 3.0  u 
18192227282931 I 3.50 14.50 1:00 
\819272831  14·50 15:00 0:10 3.> 3.' 
151819272831 15.00 15.20 0:20 27 
2151819272831 15•20 \5·40  0:20 1.9 

21519272811 1 s-40 15-50 0:10 
215192731 15·50 16·00 0:10 '9  ,.9 
2715192731 16:00 17:20 1:20 ,.7 

2 7151927 17.20 17;50 0:30 0.8 

2714151927 17_50 18_00 0:10 '' 
's.s 

2 713141527 18:00 18:20 0:20 2.0 28 
24713141527 18:20 18·40 0:20 
247131415 18:40 18:50 0:10 2.< 
2479131415 18:50 19:00 0:10 2.0 

247912131415 19:00 19:20 0:20 2.> 

2479121314 19:20 19:30 0:10 2.8 
247912131424 ]9:30 20:20 0:50 ,.2 

2457912131424 20:20 20:50 0:30 >.9 1.7 
2457121324 20:50 21:00 0:10 
457121324 21:00 2UO  0:30 H 3.7 

21:40 

21:40 21:50 0_10 2.7 2.7 

4 5 7121315182024 21.50  22:00 0.10 >.7 >.7 

4 5 71316182024 22:00 22:30 0.30 1.9  2.0 

451315182024 22.30 23:20 0:50 20 
4 513152024 23:20 23:50 0:30  3.0  2.7 

4 51315202426 23·50 24:00 0:10 '·' 2'
 

 

 

 

Figure  8-10.  Satellite  azimuth and elevation  table 
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Figure B-11. POOP versus tim• plot 
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(c)  Require site reconnaissance data for stations to be 

occupied.  Remember the same person who performed the 

initial site reconnaissance may not be the individual per- 

forming the survey; therefore, prior determined site recon- 

naissance data may require clarification before survey 

commencement. 

 

(d)  Develop a project sketch. 

 

(e)  Issue explicit instructions on when each session is 

to begin and end. 

(f)  Require  a  station  data  logging  sheet  completed 

for each station.   Figures 8-12 and 8-13 are examples of 

various  station  logs  used  in  USACE,  along  with  blank 

forms which may be used as worksheets.  Standard bound 

field  survey  books  may  be  used  in  lieu  of  separate 

log/work sheets. 
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u.s. ARMY CORPS OF  ENGINEERS 
GPS  DATA   LOGGING SHEET 

 

************************************************************************** 
PROJECT  NAME CoYoTe.  bl'iH LOCALITY    U C..A- 
OBSERVER  baas LAM'6  AGENCY/FIR E!:   C.Ol::

 
 

RECEIVER 
 

:CI3.u:l·J... Q Q .Sb S/N  z   -z.c c .._ 
ANTENNA  ln...\ ..... l!>"l-E n,,B.o 'Sb SIN 2 

DATA RECORDING UNIT B    t:...E.I VG" rot. SIN ezo --..-. 
TRIBRACH Nu... D  6l:>F 2"2. SIN I"")A LAST CALIBRATED: z 
************************************************************************** 

SESSION 1 SESSION   2 SESSION 3 
 

STATION   NAME PIE.(<..  'Z.  pl E.R..   2. p,·E.R    -z. 
 

STATION  NUMBER Zooz._  200 z_  2oo2. 

DAY  OF  YEAR   I I 5     II 5   115 

DATE MM  DO yy o-1 lz.s/B't O¢/ZS/81  o't'lzs/fJ.9 
 

UTC  TIME  OF START  STOP START STOP START  STOP 
OBSERVATION   0 ."5(,   05:55  

 
Ot..:Jo 

    QZ:.2:    Q 1: :2 o9:z.o 

************************************************************************* 
ANTENNA HEIGHT MEASUREMENTS 

SESSION 1  SESSION 2  SESSION 3 
SLOPE a  0.1 zo o.JZ.O (),/IT  

2..!J!, 0-1 Z3  .&2:..JEi. 
BEGINNING   IN :0-L'l.l  M IN= H IN :0./Z</  H 

MN : o. 17.0 H  HN •  Q. I I(a H HN : 0-  IZ.3S  H 

SLOPE a  1-j"/u,. -&.t 'fJJ4 --q /u:..    'i 9/14  -  ·"he, 
END O·IZ.O M   =IN H= IN ..Q..:..!.bi.    M .!:f...!:l&   IN 

MN =       0.1'2.0    H HN •    Q· II&,      M HN •   0-!Z.:lo    H 
HN  ADJ 

Q.IZO

 

TO VERT   M   o.   M      6·  '""'1  M 

************************************************************************** 
PROGRAMMED FIELD PROGRAMMED FIELD PROGRAMMED FIELD 
REFPOS POSITION REFPOS POSITION REFPOS POSITION 

LAT  Jj -12-30 3j-J'Z·2 - i  j-IZ. 3o  J:j·IZ·Z:Z-'-lB  39-ll-JD 1'9-lt.-22 Bl 

LONG uJ- a-JD  I:Z,3-16-3J.4l. lZ3-to-3o  11J-/I::>-3J..w /Z.3-{0·30   !Z -tb·  ft.t.. 

HT   24- 0   ZID-  24'/.0   I .a   Z Jf. 0 2Z.Z·B POOP 

   3. .,   'l B    '(. 0 
 

SVS TO
 

 ,
o
,
z 
.
i. .,., 

1 
ot- 

1  
a1,       oz'  ()=,:::.  6'1'   "-'·· "+· ''·  

 
 

TRACK . 1'2.1  13,, 1<-/ ;{It, /3 ti' a;J $1'1' 1!9 

LOCAL SCHEDULED ACTUAL SCHEDULED ACTUAL SCHEDULED ACTUAL 
TIME: 
START 

 

2.1:55 2.1:54, '2.0: 3€\ 
 

-zJ:lG 0[: z.o oo.·s s 
 

STOP   n:s5   z'Z.:ss   oo:3s   oo:38 Dz.: eo  02.: 2.0 

************************************************************************** 

PAGE 1 
 

 

 

Figure  8-12.  Sample GPS data logging sheet (Continued) 
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U.S. ARMY CORPS OF ENGINEERS 
GPS DATA LOGGING SHEET 

 

************************************************************************* 
SESSION   1 SESSION  2  SESSION 3 

 

ANT CABLE LENGTH /OCJ f'r 3S -F-r 
 

POWER SUPPLY 
 

WEATHER 
CONDITIONS 

 

MONUMENT TYPE 
 

EXACT   STAMPING 

   12...   De   
 

 

 

 

   

    !Zv   De.   
 

 

 - :s ... -.llt  

 

  IZ  ...   be.   
 

 

 

  .'   
 

AGENCY CAST 
IN   DISK 

  c.oe:   "   "   

************************************************************************** 
SKETCH OF SITE 

"'""'CN  0 - ''S.<!ON  2  5E5''0N ' 

• ' 

'  ' 
'  ' 
'  ' 
'  ' 

'  ' 

C::::: ,_,.-Lj 
.(._..)---   .,. -· :  

 

 

fl.•'w.." 
6.

 ': \i
 

'"*of' R.o. '-'-L ===:  "'"  li 
: 

?u:Q. Z. : 
' 
'  

' 

j '
 
' 

************************************************************************** 
Describe any abnormalities and/or problems encountered during the survey, 
include session number, time of occurance and duration. 

A ...> T e. oJ ,.J ,._ J..J A !)     
 

,..J. c.  -r''R-' "P e. b 

 

    oveR. 

 

I,.J,Io.!) K,;.,.. u  R..C\)  

Bn.. b.1<... 
 

 

 

 

************************************************************************** 
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Figure  8-12.  (Concluded) 
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u.s. ARMY  CORPS  OF  ENGINEERS 
GPS DATA LOGGING SHEET 

 

************************************************************************** 
PROJECT NAME LOCALITY 
OBSERVER AGENCY /FIRM 
RECEIVER     S/N 
ANTENNA   S/N 
DATA RECORDING UNIT  S/N 
TRIBRACH S/N LAST CALIBRATED: 
************************************************************************** 

SESSION 1  SESSION 2 SESSION 3 
 

STATION  NAME 

STATION  NUMBER 

DAY  OF  YEAR 

DATE MM DO YY 
 

UTC TIME OF START STOP START STOP  START STOP 
OBSERVATION    

************************************************************************* 
ANTENNA HEIGHT MEASUREMENTS 

SESSION 1  SESSION 2 SESSION 3 
SLOPE  a  --- ------ --------- --------- 
BEGINNING --- IN =--- M --- IN •--- M --- IN =--- M 

MN = M  MN = M  MN = M 

SLOPE  • --- --- --- --- --- ---  --- --- ---
 

END 
 

MN  ADJ 

 

--- M =  IN  M =--- IN  M   =  IN 
MN •  M MN =  M  MN =      M 

TO  VERT  M     M   M 
************************************************************************** 

PROGRAMMED FIELD PROGRAMMED FIELD PROGRAMMED FIELD 
REFPOS POSITION REFPOS POSITION REFPOS POSITION 

 

LAT 
 

LONG    

HT 

POOP 

SVS TO 
TRACK 

 

LOCAL SCHEDULED ACTUAL SCHEDULED ACTUAL SCHEDULED ACTUAL 
TIME: 
START 

 

STOP 

************************************************************************** 
 

PAGE 1 
 

 

 

 

Figure  8-13. Worksheet  8-3, GPS data logging sheet (Continued) 
 

 

8-22 



SKE   .s:;N 

EM 1110-1-1003 
1 Aug 96 

 

 

 

 

u.s. ARMY  CORPS  OF  ENGINEERS 
GPS  DATA   LOGGING SHEET 

 

************************************************************************* 
SESSION 1  SESSION  2 SESSION  3 

ANT   CABLE   LENGTH 

POWER SUPPLY 

WEATHER 
CONDITIONS 

 

MONUMENT TYPE 
 

EXACT STAMPING 
 

AGENCY  CAST 

IN DISK 

*************************************************************************' 

  N   s;TE 
SOS<'o"  ' 

' 
' 
' 
' 

' 
' 

+: 
N; N: 

'!' I! 
'  ' 

' 

'  ' 
'  ' 

'  ' 
  '   ' 
************************************************************************** 
Describe any   abnormalities and/or problems encountered during the survey, 
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Chapter 9 
Conducting GPS Field Surveys 

 

 

 

Section I 

Introduction 

 

9-1.  General 

 

This chapter presents guidance to field personnel perform- 

ing GPS surveys for all types of USACE projects.  The 

primary  emphasis  in  this  chapter  is  on  static  and  kine- 

matic carrier phase differential GPS measurements which 

is covered in Section IV.  Absolute positioning is covered 

in  Section II.    Section III  covers  differential  code  phase 

GPS positioning techniques. 

 

9-2.  General GPS Field Survey Procedures 

 

The following are some general GPS field survey proce- 

dures that should be performed at each station, observa- 

tion, and/or session on a GPS survey. 

 

a.    Receiver setup.  GPS receivers shall be set up in 

accordance with manufacturer’s specifications prior to 

beginning any observations.   To eliminate any possibility 

of missing the beginning of the observation session, all 

equipment should be set up with power supplied to the 

receivers at least 10 min prior to the beginning of the 

observation session.  Most receivers will lock-on to satel- 

lites within 1-2 min of powering up. 

 

b.    Antenna  setup.    All  tribrachs  used  on  a  project 

should be calibrated and adjusted prior to beginning each 

project.  Dual use of both optical plummets and standard 

plumb  bobs  is  strongly  recommended  since  centering 

errors represent a major error source in all survey work, 

not just GPS surveying. 

 

c.   Height of instrument measurements.   Height of 

instrument (HI) refers to the correct measurement of the 

distance of the GPS antenna above the reference monu- 

ment  over  which  it  has  been  placed.   HI  measurements 

will be made both before and after each observation ses- 

sion.  The HI will be made from the monument to a stan- 

dard  reference  point  on  the  antenna.    (See  Figure 9-1.) 

These standard reference points for each antenna will be 

established prior to the beginning of the observations so 

all observers will be measuring to the same point.  All HI 

measurements will be made both in meters and feet for 

redundancy and blunder detection.  HI measurements shall 

 

 

 
 

 

Figure 9-1.  Height of instrument measurement setup 
 

 

be  determined  to  the  nearest  millimeter  in  metric  units 

and to the nearest 0.01 ft (or 1/16 in.).  It should be noted 

whether the HI is vertical or diagonal. 

 

d.  Field   GPS   observation   recording   procedures. 

Field recording books, log sheets, or log forms will be 

completed for each station and/or session.  Any acceptable 

recording media may be used.   For archiving purposes, 

standard bound field survey books are preferred; however, 

USACE Commands may require specific recording sheets/ 

forms to be used in lieu of a survey book.  The amount of 

record-keeping detail will be project-dependent; low-order 
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topographic mapping points need not have as much 

descriptive information as would permanently marked pri- 

mary control points.  The following typical data may be 

included on these field log records: 

 

(1) Project,   construction   contract,   observer(s) 

name(s), and/or contractor firm and contract 

number. 

 

(2)   Station designation. 

(3)   Station file number. 

(4)   Date, weather conditions, etc. 

 

(5)   Time start/stop session (local and UTC). 

 

(6)   Receiver,  antenna,  data  recording  unit,  and  tri- 

brach make, model, and serial numbers. 

 

(7)  Antenna height:  vertical or diagonal measures in 

inches (or feet) and meters (or centimeters). 

 

(8)   Space vehicle designations (satellite number). 

(9)   Sketch of station location. 

(10) Approximate geodetic location and elevation. 

(11) Problems encountered. 

USACE Commands may require that additional data be 

recorded.  These will be contained in individual project 

instructions or contract delivery order scopes.  Samples of 

typical  GPS  recording  forms  are  shown  later  in  this 

chapter. 

 

e.    Field processing and verification.  It is strongly 

recommended  that  GPS  data  processing  and  verification 

be performed in the field where applicable.   This is to 

identify any problems that may exist which can be cor- 

rected before returning from the field.   Processing and 

verification is covered in Chapters 10 and 11. 

 

Section II 

Absolute GPS Positioning Techniques 

 

9-3.  General 
 

The accuracy obtained by GPS point positioning is depen- 

dent on the user’s authorization.   The SPS user can pro- 

vide an accuracy of 80-100 m.   SPS data are most often 

expressed in real time; however, the data can be post- 

processed if station occupation was over a period of time. 

The post-processing produces a best-fit point position. 

Although this will provide a better internal approximation, 

the effects of S/A when activated still degrade positional 

accuracy up to 80-100 m.   The PPS user requires a 

decryption device within the receiver to decode the effects 

of S/A.   The PPS provides an accuracy between 10 and 

16 m when a single-frequency receiver is used for obser- 

vation.  Dual-frequency receivers using the precise ephe- 

meris may produce an absolute positional accuracy on the 

order of 1 m or better.   These positions are based on the 

absolute WGS 84 ellipsoid.  The PPS that uses the precise 

ephemeris  requires  the  data  to  be  post-processed.     At 

present,  a  commercial  or  military  receiver  capable  of 

meter-level GPS point positioning without post-processing 

is not available. 

 

9-4.  Absolute (Point Positioning) Techniques 

 

There are two techniques used for point positioning in the 

absolute mode.  They are long-term averaging of positions 

and differencing between signals. 

 

a.  In  long-term  averaging,  a  receiver  is  set  up  to 

store  positions  over  a  period  of  observation  time.    The 

length of observation time varies based upon the accuracy 

required.    The  longer  the  period  of  data  collection,  the 

better  average  position.     These  observation  times  can 

range between 1 and 24 hr.   This technique can also be 

used in real-time (i.e., the receiver averages the positions 

as they are calculated).   For example, the precise light- 

weight GPS receiver (PLGR) GPS receiver uses this tech- 

nique in calculating a position at a point. 

 

b.  The  process  of  differencing  between  signals  can 

only be performed in a post-processed mode.   Currently, 

the Defense Mapping Agency has produced software that 

can perform this operation. 

 

Section III 

Differential Code Phase GPS Positioning Techniques 

 

9-5.  General 
 

Differential (or relative) GPS surveying is the determina- 

tion  of  one  location  with  respect  to  another  location. 

When using this technique with the C/A- or P-code it is 

called relative code phase positioning or surveying.  Rela- 

tive code phase positioning has limited application to 

detailed engineering surveying and topographic site plan 

mapping    applications.        Exceptions    include    general 
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reconnaissance surveys, hydrographic survey vessel or 

dredge positioning (see EM 1110-2-1003 for further infor- 

mation on these surveys), and some operational military 

or geodetic survey support functions.  Additional applica- 

tions for relative code phase positioning have been on the 

increase as positional accuracies have become better. 

 

9-6.  Relative Code Phase Positioning 

 

The code phase tracking differential system is currently a 

functional  GPS  survey  system  for  positioning  hydro- 

graphic survey vessels and dredges.   It also has applica- 

tion  for  topographic,  small-scale  mapping  surveys  and 

input to a GIS database.  The basic concept is shown in 

Figure 9-2.  Although greater positional accuracies can be 

obtained with use of the P-code, DoD’s implementation of 

A/S will limit its use.  A real-time dynamic DGPS posi- 

tioning  system  includes  a  reference  station,  communica- 

tion link, and user (remote) equipment.  If results are not 

required in real-time, the communication link can be 

eliminated  and  the  positional  information  is  post- 

processed. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9-2.  Code phase DGPS concept 

 

 

a. Accuracy of relative code surveys.   Relative code 

phase  surveys  can  obtain  accuracies  of  0.5  to  10 m. 

These accuracies will meet Class 1 hydrographic survey 

standards  as  stated  in  EM  1110-2-1003.    This  type  of 

survey could also be used for small-scale mapping or used 

as input to a GIS database. 

 

b.  Reference station.   The reference station is placed 

on a known survey monument in an area having an unob- 

structed view of the sky of at least four satellites, 10 deg 

above the horizon.   It consists of a GPS receiver, GPS 

antenna, processor, and a communication link (if real-time 

results are desired).  The reference station measures the 

timing and ranging information broadcast by the satellites 

and computes and formats range corrections for broadcast 

to the user equipment.   Using the technology of differen- 

tial  pseudo-ranging,  the  position  of  a  survey  vessel  is 

found relative to the reference station.  The pseudo-ranges 

are collected by the GPS receiver and transferred to the 

processor  where  PRCs  are  computed  and  formatted  for 

data transmission.  Many manufacturers have incorporated 

the  processor  within  the  GPS  receiver,  eliminating  the 

need  for  an  external  processing  device.     The  recom- 

mended data format is that proposed by the RTCM Spe- 

cial Committee (SC) 104 v. 2.0.  The processor should be 

capable of computing and formatting PRCs every 1-3 sec. 

A  longer  time  span  could  affect  the  user’s  positional 

solution due to effects of S/A. 

 

c.  Communication link.   The communication link is 

used as a transfer media for differential corrections.  The 

main requirement of the communication link is that trans- 

mission  be  at  a  minimum  rate  of  300  bits  per  second. 

The type of communication system is dependent on the 

user’s requirements. 

 

(1)  Frequency   authorization.      All   communication 

links  necessitate  a  reserved  frequency  for  operation  to 

avoid interference with other activities in the area.   No 

transmission  can  occur  over  a  frequency  until  the  fre- 

quency has been officially authorized for use in transmit- 

ting digital data.  This applies to all government agencies. 

Allocating  a  frequency  is  handled  by  the  FOA’s  Fre- 

quency  Manager  responsible  for  the  area  of  application, 

the vendor supplying the equipment, and the user. 

 

(2) Ultra High Frequency (UHF) and Very High 

Frequency  (VHF).     Communication  links  operating  at 

UHF  and  VHF  are  viable  systems  for  the  broadcast  of 

DGPS corrections.   UHF and VHF can extend out some 

20 to 50 km, depending on local conditions.   The disad- 

vantages of UHF and VHF links are their limited range to 

line  of  sight  and  the  effects  of  signal  shadowing  (i.e. 

islands, structures, and buildings), multipath and licensing 

issues. 
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(3)  Satellite communications.   There are several com- 

panies that sell satellite communication systems which can 

be used for the transmission of PRCs.  These systems can 

be efficient for wide areas, but are usually higher in price. 

 

(4)  License-free  radio-modems.     Several  companies 

have  developed  low  wattage  (1  watt  or  less)  radio- 

modems to transmit digital data.   These radio-modems 

require no license and can be used to transmit DGPS cor- 

rections in a localized area (within 5-8 km or less depend- 

ing  on  line  of  sight).    The  disadvantages  are  the  short 

range and line-of-sight limitations. 

 

d.    User  (remote  station)  equipment.     The  remote 

receiver should be a multichannel single frequency C/A- 

code GPS receiver.   The receiver must be able to store 

the raw data to be post-processed.   During post-process- 

ing, these PRCs are generated with the GPS data from the 

reference  station  and  then  applied  to  the  remote  station 

data  to  obtain  a  corrected  position.    If  the  results  are 

desired in real time, the receiver must be able to accept 

the PRCs from the reference station (via data link) in the 

RTCM SC 104 v. 2.0 format and apply those corrections 

to the measured pseudo-range.  The corrected position can 

then be input into a data collector, hydro package, or GIS 

database. 

 

e.    USCG  DGPS  Navigation  Service.    The  USCG 

DGPS Navigation Service was developed to provide a 

nationwide  (coastal  regions,  Great  Lakes  regions,  and 

some inland waterways), all-weather, real-time, radio 

navigation service in support of commercial and recre- 

ational maritime interests.  A 50+ station network will be 

operational   by   FY96.      Its   accuracy   was   originally 

designed to fulfill an 8- to 20-m maritime navigation 

accuracy.  However, a reconfigured version of the USCG 

system will now yield 1.5-m 2DRMS at distances upward 

of 150 km from the reference beacon.   The system oper- 

ates   on   the   USCG   marine   radio   beacon   frequencies 

(285-325 kHz).  Each radio beacon has an effective range 

of  150  to  250 km  at  a  99.9  percent  signal  availability 

level.  It is fully expected that the USCG system, once 

completed will be  the primary marine  navigation device 

used by commercial and recreational vessels requiring 

meter-level accuracy. 

 

(a)  Corps-wide implementation and use of the USCG 

system   will   eliminate   need   for   maintaining   existing 

USACE-operated microwave positioning systems.  It will 

also  significantly  reduce  or  eliminate  USACE  require- 

ments to develop independent UHF/VHF DGPS networks 

for meter-level vessel navigation and positioning. 

(b)  The  USCG  system  has  potential  for  supporting 

other nonmarine activities such as master planning, engi- 

neering, mapping, operations, and GIS development activ- 

ities where meter-level accuracy is sufficient. 

 

Section IV 

Differential Carrier Phase GPS Horizontal 

Positioning Techniques 

 

9-7.  General 

 

Differential  (or  relative)  GPS  carrier  phase  surveying  is 

used  to  obtain  the  highest  precision  from  GPS  and  has 

direct  application  to  most  USACE  military  construction 

and civil works topographic and engineering survey 

activities. 

 

a.  Differential  survey  techniques.    There  are  basi- 

cally six different GPS differential surveying techniques 

(paragraph 6-4) in use today: 

 

(1)  Static. 

 

(2)  Pseudo-kinematic. 

 

(3)  Stop and go kinematic. 

(4)  Kinematic. 

(5)  Rapid static. 

(6)  On-the-fly (OTF)/Real-time kinematic (RTK). 

Procedures  for  performing  each  of  these  methods  are 

described below.   These procedures are guidelines for 

conducting a field survey.   Manufacturers’ procedures 

should  be  followed,  when  appropriate,  for  conducting  a 

GPS field survey.  Project horizontal control densification 

can be performed using any one of these methods.  Proce- 

durally, all six methods are similar in that each measures 

a  3D  baseline  vector  between  a  receiver  at  one  point 

(usually of known local project coordinates) and a second 

receiver at another point, resulting in a vector difference 

between the two points occupied.  The major distinction 

between static and kinematic baseline measurements 

involves  the  method  by  which  the  carrier  wave  integer 

cycle ambiguities are resolved; otherwise they are func- 

tionally the same process. 

 

b. Ambiguity resolution.   Cycle ambiguity is the 

unknown  number  of  whole  carrier  wavelengths  between 

the satellite and receiver.  It is also referred to as “Integer 
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Ambiguity.”  Figure 9-3 shows an example of an integer 

ambiguity measurement.   Successful ambiguity resolution 

is required for successful baseline formulations.   Gener- 

ally, in static surveying, instrumental error and ambiguity 

resolution  can  be  achieved  through  long-term  averaging 

and simple geometrical principles, resulting in solutions to 

a linear equation that produces a resultant position.  But 

ambiguity resolution can also be achieved through a com- 

bination of the pseudo-range and carrier beat measure- 

ments, made possible by a knowledge of the PRN 

modulation code. 

 

c.    Post-observation  data  reduction.    Currently,  all 

carrier  phase  relative  surveying  techniques,  except  OTF 

and RTK,  require post-processing of the observed data to 

determine  the  relative  baseline  vector  differences.    OTF 

and RTK can be performed in real-time or in the post- 

processed  mode.     Post-processing  of  observed  satellite 

data involves the differencing of signal phase measure- 

ments recorded by the receiver.  The differencing process 

reduces biases in the receiver and satellite oscillators and 

is performed in a computer.   When contemplating the 

purchase of a receiver, the user should keep in mind the 

computer requirements necessary to post-process the GPS 

data.     Most  manufacturers  require,  as  a  minimum,  a 

386-based IBM-compatible personal computer (PC) with a 

math co-processor.   It is also strongly recommended that 

all baseline reductions be performed in the field, if possi- 

ble, in order to allow an onsite assessment of the survey 

adequacy. 

 

9-8.  Static GPS Survey Techniques 

 

Static   GPS   surveying   is   perhaps   the   most   common 

method of densifying project network control.  Two GPS 

receivers  are  used  to  measure  a  GPS  baseline  distance. 

The line between a pair of GPS receivers from which 

simultaneous GPS data have been collected and processed 

is a  vector referred to as  a baseline.   The station coor- 

dinate differences are calculated in terms of a 3D, earth- 

centered   coordinate   system   that   utilizes   X-,   Y-,   and 

Z-values   based   on   the   WGS   84   geocentric   ellipsoid 

model.   These coordinate differences are then subse- 

quently shifted to fit the local project coordinate system. 

 

a.  General.   GPS receiver pairs are set up over sta- 

tions of either known or unknown location.  Typically one 

of the receivers is positioned over a point whose coordi- 

nates are known (or have been carried forward as on a 

traverse), and the second is positioned over another point 
 

 

 

 

Figure 9-3.  Integer Ambiguity 
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whose  coordinates  are  unknown,  but  are  desired.    Both 

GPS  receivers  must  receive  signals  from  the  same  four 

(or  more)  satellites  for  a  period  of  time  that  can  range 

from a few minutes to several hours, depending on the 

conditions of observation and precision required. 

 

b.    Static baseline occupation time.   Station occupa- 

tion time is dependent on baseline length, number of sat- 

ellites observed, and the GPS equipment used.  In general, 

30 min to 2 hr is a good approximation for baseline occu- 

pation  time  for  shorter  baselines  of  1-30 km.    A  rough 

guideline developed by Trimble, Inc., for estimating occu- 

pation time is shown in Figure 9-4.   Note that this guide- 

line exceeds the recommended minimum observing times 

prescribed in Table 8-1. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9-4.  Station occupation time versus baseline 

distance 

 

(1)  Since  there  is  no  definitive  guidance  for  deter- 

mining the required baseline occupation time, the results 

from the baseline reduction (and subsequent adjustments) 

will govern the adequacy of the observation irrespective 

of the actual observation time.   The most prudent policy 

is to exceed the minimum estimated times, especially for 

lines where reoccupation would be difficult or field data 

assessment capabilities are limited. 

 

(2) For baselines greater than 50 km in length, the 

ionosphere may have an adverse effect on the solution. 

Adverse ionosphere effects for baselines of this length can 

be reduced by using a dual-frequency GPS receiver, as 

opposed to a single frequency as is normally used. 

c.  Satellite visibility requirements.   The stations that 

are selected for survey must have an unobstructed view of 

the sky for at least 15 deg or greater above the horizon 

during  the  “observation  window.”    An  observation  win- 

dow is the period of time when observable satellites are in 

the sky and the survey can be successfully conducted. 

 

d.  Common satellite observations.   It is critical for a 

static survey baseline reduction/solution that the receivers 

simultaneously  observe  the  same  satellites  during  the 

same  time  interval.     For  instance,  if  receiver  No. 1 

observes a satellite set during the time interval 1,000 to 

1,200 and another receiver, receiver No. 2, observes that 

same satellite set during the time interval 1,100 to 1,300, 

only the period of common observation, 1,100 to 1,200, 

can be processed to formulate a correct vector difference 

between these receivers. 

 

e.  Data post-processing.   After the observation ses- 

sion has been completed, the received GPS signals from 

both receivers are then processed (i.e., “post-processed”) 

in a computer to calculate the 3D baseline vector compo- 

nents  between  the  two  observed  points.     From  these 

vector distances, local or geodetic coordinates may be 

computed and/or adjusted. 

 

f.  Survey configuration.   Static baselines may be 

extended from existing control using any of the control 

densification  methods  described  in  Chapter  8.     These 

include networking, traverse, spur techniques, or combina- 

tions thereof.   Specific requirements are normally con- 

tained in project instructions (or scope of work) provided 

by the District office. 

 

g. Receiver operation and data reduction.  Specific 

receiver operation and baseline data post-processing 

requirements are very manufacturer-dependent.   The user 

is strongly advised to consult and study manufacturer’s 

operations  manuals  thoroughly  along  with  the  baseline 

data reduction examples shown in this manual. 

 

h.  Accuracy  of  static  surveys.    Accuracy  of  GPS 

static surveys will usually exceed 1 ppm.  Currently of all 

GPS processing methods, static is the most accurate and 

can be used for any order survey. 

 

9-9.  Stop-and-Go Kinematic GPS Survey 

Techniques 
 

Stop-and-go surveying is similar to static surveying in that 

each method requires at least two receivers simultaneously 
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recording observations.  A major difference between static 

and stop-and-go surveying is the amount of time required 

for a receiver to stay fixed over a point of unknown posi- 

tion.     In  stop-and-go  surveying,  the  first  receiver--the 

home or reference receiver--remains fixed on a known 

control point.  The second receiver--the “rover” receiver-- 

collects observations statically on a point of unknown 

position for a period of time (usually a few minutes), and 

then moves to subsequent unknown points to collect sig- 

nals  for  a  short  period  of  time.    During  the  survey,  at 

least four common satellites (preferably five) need to be 

continuously tracked by both receivers.  Once all required 

points have been occupied by the rover receiver, the 

observations are then post-processed by a computer to cal- 

culate baseline vector/coordinate differences between the 

known control point and points occupied by the rover 

receiver during the survey session.   The main advantage 

of this form of GPS surveying over static surveying is the 

reduced   occupation   time   required   over   the   unknown 

points.  Because stop-and-go surveying requires less occu- 

pation time over unknown points, time and cost for the 

conduct of a survey are significantly reduced.  Achievable 

accuracies typically equal or exceed Third-Order, which is 

adequate for most USACE projects. 

 

a.   Survey procedure.  A typical stop-and-go survey 

scheme is illustrated in Figure 9-5.  Stop-and-go GPS sur- 

veying is performed similarly to a conventional EDM tra- 

verse or electronic total station radial survey.  The system 

is  initially  calibrated  by  performing  either  an  antenna 

swap  (see d  below)  with  one  known  point  and  one 

unknown  point  or  by  performing  a  static  measurement 

over a known baseline.  This calibration process is per- 

formed to resolve initial cycle ambiguities.  This known 

baseline may be part of the existing network or can be 

established using static GPS survey procedures described 

above.  The remote roving receiver then traverses between 

unknown  points  as  if  performing  a  radial  topographic 

survey.   Typically, the points are double-connected, or 

double-run, as in a level line.   Optionally, two fixed 

receivers  may  be  used  to  provide  redundancy  on  the 

remote  points.    With  only  1-1/2 min  at  a  point,  X-Y-Z 

coordinate production is high and limited only by satellite 

observing windows, travel time between points, and over- 

head obstructions. 

 

b.   Satellite lock.   During a stop-and-go kinematic 

survey, the  rover  station  must  maintain  lock  on  at  least 

four satellites during the period of survey (the reference 

station must be observing at least the same four satellites). 

Loss of lock occurs when the receiver is unable to contin- 

uously record satellite signals or the transmitted satellite 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9-5.  Typical stop-and-go survey scheme 
 

 

signal is disrupted and the receiver is not able to record it. 

If satellite lock is lost, the roving receiver must reobserve 

the last control station surveyed before loss of lock.  The 

receiver operator must monitor the GPS receiver when 

performing the stop-and-go survey to ensure loss of lock 

does not occur.  Some manufacturers have now incorpo- 

rated an alarm into their receiver that warns the user when 

loss of lock occurs, thus making the operator’s job of 

monitoring the receiver easier. 

 

c. Site constraints. Survey site selection and route 

between  rover  stations  to  be  observed  are  critical.    All 

sites must have a clear view of satellites having a vertical 

angle of 15 deg or greater.   The routes between rover 

occupation stations must be clear of obstructions so that 

the  satellite  signal  is  not  interrupted.     Each  unknown 

station to be occupied should be occupied for a minimum 

of at least 1-1/2 min.  Stations should be occupied two or 

three times to provide redundancy between observations. 

 

d.  Antenna  swap  calibration  procedure.    Although 

the  antenna  swap  procedure  can  be  used  to  initialize  a 

survey prior to a stop-and-go survey, an antenna swap can 

also be used to determine a precise baseline and azimuth 

between two points.  The procedure requires that both sta- 

tions occupied and the path between both stations main- 

tain an unobstructed view of the horizon.   A minimum of 

four satellites and maintainable lock are required to per- 

form an antenna swap; however, more than four satellites 

are preferred.  To perform an antenna swap, one receiver/ 

antenna is placed over a point of known control and the 

second, a distance of 10 to 100 m away from the other 

receiver.   Referring  to  Figure  9-6, the  receivers at  each 
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station  collect  data  for  approximately  2 to  4 min.    The 

receivers/antennae sets then swap locations; the receiver/ 

antenna  at  the  known  station  is  moved  to  the  unknown 

site while the other receiver/antenna at the unknown site 

is moved to the known site.  Satellite data   are again col- 

lected  for  2 to  4 min.    The  receivers  are  then  swapped 

back  to  their  original  locations.     This  completes  one 

antenna swap calibration.   If satellite lock is lost during 

the procedure, the procedure must be repeated. 

 

e.    Accuracy  of  stop-and-go  surveys.    Accuracy  of 

stop-and-go   baseline   measurements   will   usually   well 

exceed 1 part in 5,000; thus, Third-Order classification 

project/mapping horizontal control can be effectively, 

efficiently, and accurately established using this technique. 

For many USACE projects, this order of horizontal accu- 

racy  will  be  more  than  adequate;  however,  field  proce- 

dures should be designed to provide adequate redundancy 

for  what  are  basically  “open-ended”  or  “spur”  points. 

Good satellite geometry and minimum multipath are also 

essential in performing acceptable stop-and-go surveys. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9-6.  Stop-and-go ambiguity resolution (antenna 

swap method) 

9-10.  Kinematic GPS Survey Techniques 

 

Kinematic surveying using differential carrier phase track- 

ing  is  similar  to  the  two  previous  types  of  differential 

carrier phase GPS surveying because it also requires two 

receivers recording observations simultaneously.   Kine- 

matic surveying is often referred to as dynamic surveying. 

As   in   stop-and-go   surveying,   the   reference   receiver 

remains fixed on a known control point while the roving 

receiver collects data on a constantly moving platform 

(vehicle, vessel, aircraft, manpack, etc.), as illustrated in 

Figure 9-7.      Unlike   stop-and-go   surveying,   kinematic 

surveying techniques do not require the rover receiver to 

remain motionless over the unknown point.   The obser- 

vation data are later post-processed with a computer to 

calculate relative vector/coordinate differences to the rov- 

ing receiver. 

 

a.  Survey  procedure.    A  kinematic  survey  requires 

two single frequency (L1) receivers.   One receiver is set 

over  a  known  point  (reference  station)  and  the  other  is 

used as a rover (i.e., moved from point to point or along a 

path).    Before  the  rover  receiver  can  rove,  a  period  of 

static initialization or antenna swap (see paragraph 9-9d) 

must be performed.  This period of static initialization is 

dependent on the number of satellites visible.   Once this 

is done, the rover receiver can move from point to point 

as long as satellite lock is maintained on at least four 

common (with the reference station) satellites.  If loss of 

satellite lock occurs, a new period of static initialization 

must take place.  It is important to follow manufacturers’ 

specifications when performing a kinematic survey. 

 

b.  Kinematic data processing techniques.  In general, 

kinematic data processing techniques are similar to those 

used in static surveying (Chapter 10).  When processing 

kinematic  GPS  data,  the  user  must  ensure  that  satellite 

lock was maintained on four or more satellites and that 

cycle slips are adequately resolved in the data recorded. 

 

c.  Accuracy of kinematic surveys.   Differential (car- 

rier phase) kinematic survey errors are correlated between 

observations received at the reference and rover receivers, 

as in differential static surveys.  Experimental test results 

indicate kinematic surveys can produce results in centime- 

ters.    Test  results  from  an  experimental  full  kinematic 

GPS  survey  conducted  by  U.S. Army  Engineer  Topo- 

graphic Laboratory (now TEC) personnel at White Sands 

Missile Range, Holloman Air Force Base, New Mexico, 

verified (under ideal test conditions) that kinematic GPS 
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Figure 9-7.  Kinematic survey techniques 
 

 

surveying could achieve centimeter-level accuracy over 

distances up to 30 km. 

 

9-11.  Pseudo-Kinematic GPS Survey Techniques 

 

Pseudo-kinematic GPS surveying is similar to stop-and-go 

techniques  except  that  loss  of  satellite  lock  is  tolerated 

when the receiver is transported between occupation sites 

(in fact, the roving receiver can be turned off during 

movement between occupation sites, although this is not 

recommended).  This feature provides the surveyor with a 

more  favorable  positioning  technique  since  obstructions 

such as bridge overpasses, tall buildings, and overhanging 

vegetation are common.  Loss of lock that may result due 

to these obstructions is more tolerable when pseudo- 

kinematic techniques are employed. 

 

a.    General.        The    pseudo-kinematic    techniques 

require that one receiver be placed over a known control 

station.   A rover receiver occupies each unknown station 

for  5 min.    Approximately  1 hr  after  the  initial  station 

occupation, the same rover receiver must reoccupy each 

unknown station. 

b.  Common satellite requirements.  The pseudo-kine- 

matic technique requires that at least four of the same 

satellites are observed between initial station occupations 

and the requisite reoccupation.   For example, the rover 

receiver occupies Station A for the first 5 min and tracks 

satellites 6, 9, 11, 12, 13; then 1 hr later, during the sec- 

ond occupation of Station A, the rover receiver tracks 

satellites 2, 6, 8, 9, 19.   In this example, only satellites 6 

and 9 are common to the two sets, so the data cannot be 

processed   because   four   common   satellites   were   not 

tracked for the initial station occupation and the requisite 

reoccupation. 

 

c.  Planning.  Prior mission planning is essential in 

conducting a successful pseudo-kinematic survey.  Espe- 

cially critical is the determination of whether or not com- 

mon  satellite  coverage  will  be  present  for  the  desired 

period of the survey.  Also, during the period of observa- 

tion, one receiver, the base receiver, must continuously 

occupy a known control station. 

 

d. Pseudo-kinematic data processing.  Pseudo-kine- 

matic survey satellite data records and resultant baseline 
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processing  methods  are  similar  to  those  performed  for 

static GPS surveys.  Since the pseudo-kinematic technique 

requires each station to be occupied for 5 min and then 

reoccupied  for  5 min  approximately  an  hour  later,  this 

technique is not suitable when control stations are widely 

spaced and transportation between stations within the 

allotted time is impractical. 

 

e.   Accuracy of pseudo-kinematic surveys.   Pseudo- 

kinematic survey accuracies are similar to kinematic sur- 

vey accuracies of a few centimeters. 

 

9-12.  Rapid Static Surveying Procedures 

 

Rapid static surveying is a combination of the stop-and-go 

kinematic,  pseudo-kinematic,  and  static  surveying  meth- 

ods.    The  rover  or  remote  receiver  spends  only  a  short 

time on each station, loss of lock is allowed between 

stations,  and  accuracies  are  similar  to  static.    However, 

rapid static surveying does not require re-observation of 

remote stations like pseudo-kinematic.   The rapid static 

technique does require the use of dual-frequency (L1/L2) 

GPS receivers with either cross correlation or squaring or 

any other technique used to compensate for A-S. 

 

a.    Survey procedure.  Rapid static surveying requires 

that one receiver be placed over a known control point. 

A rover or remote receiver occupies each unknown station 

for 5-20 min, depending on the number of satellites and 

their geometry.   Because most receiver operations are 

manufacturer-specific, following the manufacturers’ guide- 

lines and procedures for this type of survey is important. 

 

b.    Rapid  static  data  processing.    Data  collected  in 

the rapid static mode should be processed in accordance 

with  the  manufacturer’s  specifications.    See  Chapter 10 

for more information on post-processing GPS data. 

 

c.    Accuracy of rapid static surveys.   Accuracies of 

rapid static surveys are similar to static surveys of a centi- 

meter or less.   This method can be used for medium-to- 

high accuracy surveys up to 1/1,000,000. 

 

9-13.  OTF/RTK Surveying Techniques 

 

OTF/RTK  surveying  is  similar  to  kinematic  differential 

GPS surveying because it requires two receivers recording 

observations simultaneously and allows the rover receiver 

to be moving.   Unlike kinematic surveying, OTF/RTK 

surveying techniques use dual-frequency L1/L2 GPS 

observations and can handle loss of satellite lock.  Since 

OTF/RTK uses the L2 frequency, the GPS receiver must 

be  capable  of  tracking  the  L2  frequency  during  A-S. 

There  are  several  techniques  used  to  obtain  L2  during 

A-S.   These include the squaring and cross-correlation 

methods. 

 

a. Ambiguity resolution.   As explained before in 

paragraph 9-7b,    successful    ambiguity    resolution    is 

required for successful baseline formulations.  The OTF/ 

RTK   technology   allows   the   remote   to   initialize   and 

resolve these integers without a period of static initializa- 

tion.   With OTF/RTK, if loss of satellite lock occurs, 

initialization can occur while in motion.  The integers can 

be resolved at the rover within 10-30 sec, depending on 

the distance from the reference station.   OTF/RTK uses 

the L2 frequency transmitted by the GPS satellites in the 

ambiguity resolution.  After the integers are resolved, only 

the L1 C/A is used to compute the positions. 

 

b.  Survey procedure.   OTF/RTK surveying requires 

dual frequency L1/L2 GPS receivers.   One of the GPS 

receivers  is  set  over  a  known  point,  and  the  other  is 

placed on a moving or mobile platform.  If the survey is 

performed in real time, a data link and a processor (exter- 

nal or internal) are needed.  The data link is used to trans- 

fer the raw data from the reference station to the remote. 

 

(1)  Internal  processor.    If  the  OTF/RTK  system  is 

done   with   an   internal   processor   (i.e.,   built   into   the 

receiver), follow manufacturer’s guidelines. 

 

(2)  External  processor.    If  OTF/RTK  is  performed 

with external processors (i.e., notebook computer), then 

computer at the reference (386-based PC) collects the raw 

GPS data and formats it to be sent via a data link to the 

remote.    The  notebook  computer  at  the  rover  (486/33 

based PC) processes the raw data from the reference and 

remote receivers to resolve the integers and obtain a 

position. 

 

c.  Accuracy  of  OTF/RTK  surveys.    OTF/RTK  sur- 

veys are accurate to within 10 cm when the distance from 

the reference to the rover does not exceed 20 k.   Results 

of testing by TEC produced results of less then 10 cm. 

 

 

 

 

 

 

 

 

9-10 



EM 1110-1-1003 

1 Aug 96 
 

Chapter 10 
Post-processing Differential GPS 
Observational Data 

 

 

 

10-1.  General 

 

GPS baseline solutions are usually generated through an 

iterative process.   From approximate values of the posi- 

tions occupied and observation data, theoretical values for 

the  observation  period  are  developed.    Observed  values 

are compared to computed values, and an improved set of 

positions occupied is obtained using least squares mini- 

mization  procedures  and  equations  modeling  potential 

error sources. 

 

a.   Processing time is dependent on the accuracy 

required, software development, computer hardware used, 

data quality, and amount of data.   In general, high accu- 

racy  solutions,  crude  computer  software  and  hardware, 

low-quality  data,  and  high  volumes  of  data  will  cause 

longer processing times. 

 

b.   The ability to determine positions using GPS is 

dependent  on  the  effectiveness  of  the  user  to  determine 

the  range  or  distance  of  the  satellite  from  the  receiver 

located on the earth.  There are two general techniques 

currently operational to determine this range:   pseudo- 

ranging and carrier beat phase measurement.  These tech- 

niques are discussed in further detail below. 

 

c.    The user must take special care when attempting 

a  baseline  formulation  with  observations  from  different 

GPS  receiver  manufacturers.      It  is  important  to  ensure 

that observables being used for the formulation of the 

baseline are of a common format (i.e., RINEX).   The 

common data exchange formats required for a baseline 

formulation exist only between receivers produced by the 

same manufacturer, but there are some exceptions. 

 

d.   This chapter will discuss general post-processing 

issues.   Due to the increasing number and variety of soft- 

ware packages available, consult the manufacturer guide- 

lines when appropriate. 

 

10-2.  Pseudo-Ranging 

 

The pseudo-range observable is calculated from observa- 

tions recorded during a GPS survey.   The pseudo-range 

observable is the difference between the time of signal 

transmission  from  the  satellite,  measured  in  the  satellite 

time scale, and the time of signal arrival at the receiver 

antenna, measured in the receiver time scale.  When the 

differences  between  the  satellite  and  the  receiver  clocks 

are  reconciled  and  applied  to  the  pseudo-range  observa- 

bles, the resulting values are corrected pseudo-range val- 

ues.   The value found by multiplying this time difference 

by the speed of light is an approximation of the true range 

between the satellite and the receiver, or a true pseudo- 

range.      A   more   exact   approximation   of   true   range 

between the satellite and receiver can be determined if 

ionosphere and troposphere delays, ephemeris errors, 

measurement  noise,  and  unmodeled  influences  are  taken 

into account while pseudo-ranging calculations are per- 

formed.    The  pseudo-range  can  be  obtained  from  either 

the C/A-code or the more precise P-code (if access is 

available). 

 

10-3.  Carrier Beat Phase Observables 
 

The carrier beat phase observable is the phase of the sig- 

nal remaining after the internal oscillated frequency gen- 

erated in the receiver is differenced from the incoming 

carrier signal of the satellite.   The carrier beat phase 

observable can be calculated from the incoming signal or 

from observations recorded during a GPS survey.   By 

differencing  the  signal  over  a  period  or  epoch  of  time, 

one  can  count  the  number  of  wavelengths  that  cycle 

through the receiver during any given specific duration of 

time.     The  unknown  cycle  count  passing  through  the 

receiver over a specific duration of time is known as the 

cycle ambiguity.  There is one cycle ambiguity value per 

satellite/receiver pair as long as the receiver maintains 

continuous phase lock during the observation period.  The 

value found by measuring the number of cycles going 

through a receiver during a specific time, when given the 

definition of the transmitted signal in terms of cycles per 

second, can be used to develop a time measurement for 

transmission of the signal.  Once again, the time of trans- 

mission of the signal can be multiplied by the speed of 

light to yield an approximation of the range between the 

satellite and receiver.  The biases for carrier beat phase 

measurement are the same as for pseudo-ranges although 

a higher accuracy can be obtained using the carrier.   A 

more exact range between the satellite and receiver can be 

formulated when the biases are taken into account during 

derivation of the approximate range between the satellite 

and receiver. 

 

10-4.  Baseline Solution by Linear Combination 

 

The  accuracy  achievable  by  pseudo-ranging  and  carrier 

beat phase measurement in both absolute and relative 

positioning  surveys  can  be  improved  through  processing 
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that incorporates differencing of the mathematical models 

of the observables.   Processing by differencing takes 

advantage of correlation of error (e.g., GPS signal, satel- 

lite ephemeris, receiver  clock, and atmospheric propaga- 

tion errors) between receivers, satellites, and epochs, or 

combinations  thereof,  in  order  to  improve  GPS  process- 

ing.   Through differencing, the effects of the errors that 

are common to the observations being processed are elim- 

inated  or  at  least  greatly  reduced.    Basically,  there  are 

three broad processing techniques that incorporate differ- 

encing:     single  differencing,  double  differencing,  and 

triple differencing.   Differenced solutions generally pro- 

ceed   in   the   following   order:      differencing   between 

receivers takes place first, between satellites second, and 

between epochs third. 

 

a.    Single   differencing.      There   are   three   general 

single differencing processing techniques:    between 

receivers,  between  satellites,  and  between  epochs  (see 

Figure 10-1). 

There are three forms of single differencing techniques 

between epochs currently in use today: Intermittently 

Integrated Doppler (IID), Consecutive Doppler Counts 

(CDC), and Continuously Integrated Doppler (CID).  IID 

uses a technique whereby Doppler count is recorded for a 

small portion of the observation period, the Doppler count 

is reset to zero, and then at a later time the Doppler count 

is restarted during the observation period.  CDC uses a 

technique whereby Doppler count is recorded for a small 

portion of the observation period, reset to zero, and then 

restarted immediately and continued throughout the obser- 

vation period. 

 

b.  Double differencing.   Double differencing is actu- 

ally a differencing of two single differences (as detailed in 

a above).   There are two general double differencing pro- 

cessing techniques:   receiver-time double and receiver- 

satellite (see Figure 10-2).   Double difference processing 

techniques eliminate clock errors. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10-1.  Single differencing 
 

 

(1)  Between receivers.  Single differencing the math- 

ematical models for a pseudo-range (P- or C/A-code) or 

carrier phase observable measurements between receivers 

will eliminate or greatly reduce satellite clock errors and a 

large amount of satellite orbit and atmospheric delays. 

 

(2)  Between satellites.  Single differencing the mathe- 

matical models for pseudo-range or carrier phase obser- 

vable measurements between satellites eliminates receiver 

clock errors.  Single differencing between satellites can be 

done at each individual receiver during observations as a 

precursor to double differencing and in order to eliminate 

receiver clock errors. 

 

(3) Between epochs.  Single differencing the mathe- 

matical models between epochs takes advantage of the 

Doppler shift or apparent change in the frequency of the 

satellite  signal  by  the  relative  motion  of  the  transmitter 

and receiver.  Single differencing between epochs is gen- 

erally  done  in  an  effort  to  eliminate  cycle  ambiguities. 

 

 

Figure 10-2.  Double differencing 
 

 

(1)  Receiver-time  double  differencing.     This  tech- 

nique uses a change from one epoch to the next, in the 

between-receiver single differences for the same satellite. 

Using this technique eliminates satellite-dependent integer 

cycle ambiguities and simplifies editing of cycle slips. 

 

(2)  Receiver-satellite double differencing.   There are 

two different techniques that can be used to compute a 

receiver-satellite  double  difference.     One  technique 

involves  using  two  between-receiver  single  differences. 
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This technique also uses a pair of receivers, recording 

different satellite observations during a survey session and 

then differencing the observations between two satellites. 

The second technique involves using two between-satellite 

single differences.   This technique also uses a pair of 

satellites, but different receivers, and then differences the 

satellite observations between the two receivers. 

 

c.    Triple differencing.  There is only one triple dif- 

ferencing processing technique: receiver-satellite-time (see 

Figure 10-3).    All  errors  eliminated  during  single-  and 

double-differencing processing are also eliminated during 

triple differencing.  When used in conjunction with carrier 

beat phase measurements, triple differencing eliminates 

initial  cycle  ambiguity.    During  triple  differencing,  the 

data  are  also  automatically  edited  by  the  software  to 

delete any data that cannot be solved , so that the unre- 

solved data are ignored during the triple difference solu- 

tion.   This feature is advantageous to the user because of 

the reduction in the editing of data required; however, 

degradation of the solution may occur if too much of the 

data are eliminated during triple differencing. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10-3.  Triple differencing 

 

10-5.  Baseline Solution by Cycle Ambiguity 

Recovery 
 

The resultant solution (baseline vector) produced from 

carrier beat phase observations when differencing resolves 

cycle ambiguity is called a “fixed” solution.   The exact 

cycle ambiguity does not need to be known to produce a 

solution; if a range of cycle ambiguities is known, then a 

“float” solution can be formulated from the range of cycle 

ambiguities.  It is desirable to formulate a fixed solution. 

However, when the cycle ambiguities cannot be resolved, 

which occurs when a baseline is between 20 and 65 km in 

length, a float solution may actually be the best solution. 

The fixed solution may be unable to determine the correct 

set of integers (i.e., “fix the integers”) required for a solu- 

tion.    Double-differenced  fixed  techniques  can  generally 

be effectively used for positional solutions over short 

baselines less than 20 km in length.   Double differenced 

float techniques normally can be effectively used for 

positional  solutions  for  medium-length  lines  between  20 

and 65 km in length. 

 

10-6.  Field/Office Data Processing and 

Verification 

 

a.   It is strongly recommended that baselines should 

be processed daily in the field.  This allows the user to 

identify any problems that may exist.  Once baselines are 

processed, the field surveyor should review each baseline 

output file.   The procedures used in baseline processing 

are manufacturer-dependent.  Certain computational items 

within the baseline output are common among manufac- 

turers and may be used to evaluate the adequacy of the 

baseline observation in the field.  A list of the triple dif- 

ference, float double difference, and fixed double differ- 

ence vectors (dx-dy-dz) are normally listed.  The geodetic 

azimuth and distance between the two stations are also 

listed.  The RMS is a quality factor that helps the user 

determine which vector solution (triple, float, or fixed) to 

use in an adjustment.      The RMS is dependent on the 

baseline length and the length of time the baseline was 

observed.   Table 10-1 provides guidelines for determining 

the  baseline  quality.     If  the  fixed  solution  meets  the 

criteria in this table, the fixed vector should be used in the 

adjustment.    In  some  cases  the  vector  passes  the  RMS 

test, but after adjustment the vector does not fit into the 

network.   If this occurs, the surveyor should try using the 

float  vector  in  the  adjustments  or  check  to  make  sure 

stations were occupied correctly. 

 

b.  The first step in data processing is transferring the 

observation data to a storage device for archiving and/or 

further processing.  Examples of storage devices include a 

hard disc drive, 5.25-in. disc, 3.5-in. disc, magnetic tape, 

etc. 

 

c. Once observation data have been downloaded, 

preprocessing of data can be completed.  Pre-processing 

consists of smoothing/editing the data and ephemeris 

determination.   Smoothing and editing are done to ensure 
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Table 10-1 

Post-processing Criteria 

 

 

 

RMS Criteria Formulation 

Distance Between (d = distance between Formulated RMS Formulated RMS 

Receivers, km receivers) Range, cycles Range, m 
 

0 - 10 (0.02 + (0.004*d)) 0.02 - 0.06 0.004 - 0.012 
 

10 - 20 (0.03 + (0.003*d)) 0.06 - 0.09 0.012 - 0.018 
 

20 - 30 (0.04 + (0.0025*d)) 0.09 - 0.115 0.018 - 0.023 
 

30 - 40 (0.04 + (0.0025*d)) 0.115 - 0.14 0.023 - 0.027 
 

40 - 60 (0.08 + (0.0015*d)) 0.14 - 0.17 0.027 - 0.032 
 

60 - 100 0.17 0.17 0.032 
 

> 100 0.20 0.20 0.04 
 

Note: 
 

1.   These are only general post-processing criteria that may be superseded by GPS receiver/software manufacturer guidelines; consult 

those guidelines when appropriate. 

2.   For lines longer than 50 km, dual frequency GPS receivers are recommended to meet these criteria. 

 

 

data quantity and quality.  Activities done during smooth- 

ing and editing include determination and elimination of 

cycle slips; editing gaps in information; and differencing 

between receivers, satellites, and epochs. 

 

d.   Retrieval of post-processed ephemerides may be 

required depending on the type of receiver used for the 

survey.  Codeless receivers require a post-processed ephe- 

merides file, either that recorded by another GPS receiver 

concurrent with conduct of the survey or post-processed 

ephemerides provided by an ephemeris service.   Code 

receivers do not require post-processed ephemerides since 

they automatically record the broadcast ephemerides dur- 

ing conduct of the survey. 

 

10-7.  Post-processing Criteria 
 

Generally, post-processing software will give three solu- 

tions:   a triple difference, a double-difference fixed solu- 

tion, and a double-difference float solution.  In addition to 

RDOP as a measurement of the quality of data reduction, 

methods exist today to gauge the success of an observa- 

tion session based on data processing done by a differenc- 

ing process. 

 

a.    RMS.   RMS is a measurement (in units of cycles 

or meters) of the quality of the observation data collected 

during a point in time.  RMS is dependent on line length, 

observation strength, ionosphere, troposphere, and multi- 

path.  In general, the longer the line and the more signal 

interference by other electronic gear, ionosphere, tropo- 

sphere,  and  multipath,  the  higher  the  RMS  will  be.    A 

good RMS factor (one that is low, e.g., between 0.01 and 

0.2 cycles)  may  not  always  indicate  good  results  but  is 

one indication to be taken into account.   RMS can gener- 

ally be used to judge the quality of the data used in the 

post-processing and the quality of the post-processed 

baseline vector. 

 

b.  Repeatability.    Redundant  lines  should  agree  to 

the level of accuracy that GPS is capable of measuring to. 

For  example,  if  GPS  can  measure  a  10-km  baseline  to 

1 cm +1 ppm, the expected ratio of misclosure would be 

 

  0.01 m + 0.01m    =  1:500,000 

10,000 

 

Repeated baselines should be near the corresponding 

 

1cm + 1ppm 

baseline 

 

ratio.   See Table 10-2 for an example of repeatability of 

GPS baselines. 

 

c.  Other general information included in a baseline 

solution. 

 

(1)  The  following  information  is  typically  output 

from a baseline solution: 

 

(a)  Listing of the filename. 

 

(b) Types of solutions (single, double, or triple 

difference). 
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Table 10-2 

Example of Repeatability of GPS Baselines 
 

Baseline X Y Z Distance 

Line 1 5,000.214 4,000.000 7,680.500 9,999.611 

Line 2 5,000.215 4,000.005 7,680.491 9,999.607 

Difference 
 

Ratio = 0.010 / 9,999.6 

0.001 
 

=  1:967,000 

0.005 0.009  

 

(c)  Satellite  availability  during  the  survey  for  each 

station occupied. 

 

(d)  Ephemeris file used for the solution formulation. 

(e)  Type of satellite selection (manual or automatic). 

(f)  Elevation mask. 

(g)  Minimum number of satellites used. 

 

(h) Meteorological   data   (pressure,   temperature, 

humidity). 

 

(i)  Session time (date, time). 

 

(j)  Data logging time (start, stop). 

 

(k) Station information:  location (latitude, longitude, 

height), receiver serial number used, antenna serial num- 

ber used, ID numbers, antenna height. 

 

(l)  RMS. 

 

(m)  Solution files:     x,   y,   z between stations, slope 

distance between stations,   latitude,   longitude between 

stations, distance between stations, and   height. 

 

(n)  Epoch intervals. 

 

(o)  Number of epochs. 

 

(2) Sample static baseline formulations from two 

equipment manufacturers, Ashtech, Inc., (GPPS) and 

Trimble   Navigation   (GPSurvey),   are   shown   in   Fig- 

ures 10-4 and 10-5, respectively.   The baseline formula- 

tions have been annotated with the conventions in (a)-(o) 

above as an aid in an explanation of the results. 

 

10-8.  Field/Office Loop Closure Checks 

 

Post-processing  criteria  are  aimed  at  an  evaluation  of  a 

single  baseline. In  order  to  verify  the  adequacy  of  a 

group of connected baselines, one must perform a loop 

closure on the baselines formulated.  When GPS baseline 

traverses   or   loops   are   formed,   their   linear   (internal) 

closure should be determined in the field.  If job require- 

ments  are  less  than  Third-Order  (1:10,000  or  1:5,000), 

and the internal loop/traverse closures are very small, a 

formal (external) adjustment may not be warranted. 

 

a.  Loop  closure  software  packages.     The  internal 

closure determines the consistency of the GPS measure- 

ments.   Internal closures are applicable for loop traverses 

and GPS networks.  It is required that one baseline in the 

loop  be  independent.     An  independent  baseline  is 

observed  during  a  different  session  or  different  day. 

Today, many of the better post-processing software pack- 

ages come with a loop closure program.   Refer to the 

individual manufacturer post-processing user manuals for 

a  discussion  on  the  particulars  of  the  loop  closure  pro- 

gram included with the user hardware. 

 

b.  General loop closure procedure.  If the user post- 

processing  software  package  does  not  contain  a  loop 

closure program, the user can perform a loop closure as 

shown below. 

 

(1)  List the    x,    y, and    z and length of the base- 

line   being   used   in   a   table   of   the   form   shown   in 

Table 10-3. 

 

(2)  Sum the   x,   y,   z, and distance components for 

all baselines used in the loop closure.   For instance, for 

the baselines in Table 10-3, the summation would be x, 

y, z,  and Distances  or  (  x#1  + x#2  + x#3), 

(  y#1  +    y#2  +    y#3),  (  z#1 +    z#2  +    z#3),  and 

( Distance#1   +      Distance#2   +      Distance#3), 

respectively. 

 

(3)  Once  summation  of  the    x,    y,    z,  and    Dis- 

tance components has been completed, the square of each 

of  the  summations  should  be  added  together  and  the 

square root of this sum then taken.  This resultant value is 

the misclosure vector for the loop.   This relationship can 

be expressed in the following manner: 
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Ashtech, Inc. GPPS-L  Program; LINECOMP 
Tue Jan 25 10:16:25 1994 

Version:  4.5.00 

 

Project information 
GPS   Survey 

3203C 
Project information 

 

 

25-character project name 

1 5-character session name 

 

[ The I is in column 26. ] 

 

Known-station  parameters 
00 
000000 
MANT 
FIXED STATION 

64270   DCO  PIC  _ 
 

N  40  2 18.36587 
E 285 56 49.57251 
w 74  3 10.42749 

-12.0807 
0.0000 
0.0000 

1.4300  0.0000  0.0000 
20.0 
50.0 

1010.0 
UMANTC93.320 
Known-station  parameters 

 

 

Receiver identifier used in "LOGTIMBS" file 
Project station number 
4-character short name 
25-character long name 
25-character comment field 
Position extraction (O=below,l=U-file,2 proj. file) 
Latitude deg-min-sec (g=good;b bad) 
E-Longitude deg-min-sec (g=good;b=bad) 
W-Longitude deg-min-sec (g=good;b•bad) 
Ellipsoidal height (m) (g=good;b=bad) 
North antenna offset{m) 
East antenna offset (m) 
Vert antenna offset (m): slant/radius/added offset 
Temperature (degrees C) 
Humidity (percent) 
Pressure {millibars) 
Measurement filename {restricted to 24 characters) 

 

Unknown-station 
00 
000000 
FTMl 
UNKNOWN STATION 

 

parameters 
Receiver identifier used in MLOGTIMESK file 
Project station number 
4-character short name 
25-character long name 

64270-  DCO PIC  _ 

 

N  40 18 45.82336 
E   285 57 46.72853 
w 74  2 13.27147 

-20.5991 
0.0000 
0.0000 

25-character comment field 
Position extraction (O=below,l=U-file,2=p.roj. file) 
Latitude deg-min-sec (g=good;b•bad) 
E-Longitude deg-min-sec (g=good;b=bad) 
W-Longitude deg-min-sec (g=good;b=bad) 
Ellipsoidal height (m) (g=good;b=bad) 
North antenna offset(m) 
East antenna offset (m) 

0.0000 0.0000 
20.0 
50.0 

1010.0 
UFTM1C93.320 

0.0000 Vert antenna offset (m): slant/radius/added offset 
Temperature (degrees C) 

Humidity (percent) 
Pressure (millibars) 
Measurement filename (restricted to 24 characters) 

Unknown-station parameters 
 

Run-time parameters 
10 
-I 

15.0 
I 
0.010000 
00 00 00 00 00 00 00 
10 
00 00 00 00 00 00 00 
yes 
Run-time parameters 

 

First .epoch to process 
Final epoch to process (-1 =  last available) 
Elevation cutoff angle (degrees) 
Data to process (O=Wdln;l=Ll;2•L2;3=Llc;6=RpdSt) 
Convergence criterion (meters) 
Omit these satellites (up to 7) 
Maximum iterations for tlsq and dlsq 
Forbidden reference SVs (up to 7) 
Apply trope delay correction 

 

 

Figure  10·4.  Sample static  baseline  formulation (Ashtech, Inc., GPPS·L)   (Sheet 1 of 5) 
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LINECOMP  4.5.00 12/11/92 
 

FIXED U-File from P-Code  receiver. 
UNKWN U-File from P-Code receiver. 

 

FIXED U-File used  BROADCAST  orbits. 

UNKWN U-File  used BROADCAST orbits. 
 

Common start of two UFILES:  1993/11/16 20:23:60.00 

Common end   of two UFILES: 1993/11/16  22:00:20.00 
Selected first epoch: 10 
Selected last  epoch: 290 

For sv 1 there are   280 triple-difference measurements. 

For sv 5 there are   181 triple-difference measurements. 

For SV 12 there are   136 triple-difference measurements. 

For sv 15 there are   152 triple-difference measurements. 

For sv 20 there are   181 triple-difference measurements. 

For sv 21 there are   181 triple-difference measurements. 

For sv 23 there are   181 triple-difference measurements. 

For SV 25 there are   181 triple-difference measurements. 

Epoch interval  (seconds) : 20.000000 
 

 

THE TRIPLE DIFFERENCE SOLUTION {Ll) 
Measure of geometry: 0.712832 
num meas 1192 num used 1191  

rms resid 0.002725(m) 

Pos'f-Fit Chisq = 1403,765 NDF = 1T.028  

 

Sigmax {m): 

Sigmay (m): 
Sigmaz (m): 
X                 y 

X    1.00 
y0.17yl.OO 
z 0.12z-0.50z 1.00 

0.347912 
0.646995 
0.327369 

 

del station: -0.000007 -0.000001 0,000027 
Station1: FIXED STATION 

(00000)  (MANTI 

 

 

Station2: UNKNOWN STATION 

{00000)  (FTM1) 
Latitude: 
E-Long 
W-Long 
E-Beight: 

40.03843496  40  2 18.36587 
285.94710348 285 56 49.57251 
74.05289652  74  3 10.42749 

-12.0807 

40.31281330  40 18 46.12789 
285.96293196 285 57 46.55506 
74.03706804  74  2 13.44494 
-2.fl7 .36 

 

Baseline vector: 

 

-4104.5950  19261.5243  23284.3880 

 

Markl xyz 

Az1 ETl   Dl 
El  N1 Ul 
Mark2 xyz 
Az2 El'2    02 
E2  N2  U2 

 

1343513.8259 
2.52867 

1350.8948 
1339409.2309 

182.53888 
-1345.4669 

 

-4701767.9098 
-0.1200 

.30465.6429 

-4682506.3855 
-0.1546 

-30467.1353 

 

4081246.0717 
30496.1759 

9.2071 
4104530.4598 

30496.1759 
-9.2071 

 

Double-Difference  Epochs: 
Prn: 1 Start epoch: 11 End epoch: 290 
Prn: 5 Start epoch: 110 End epoch: 290 

Prn: 12 Start epoch: 110 End epoch: 249 
Prn: 15 Start epoch: 139 End epoch: 290 
Prn: 20 Start epoch: 110 End epoch: 290 

 

Figure  10-4. (Sheet 2 of 5) 
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SV Ambiguity FIT Meas sv Ambiguity FIT Meas 

5 59386-483£ 0.054 182 12 -1227312-585£ 0.050 138 
15 2121069.816£ 0.097 152 20 531426.734£ 0.072 182 
21 -184904.908£ 0.073 182 23 -1075927.194£ 0.062 182 
25 646212.381£ 0,093 182     

  Sigrnax (m): 0.049793  

Sigmay (m): 0.056987 

Sigmaz (m): 0.026423 

SigmaN ( cy) : 0.283527 

SigmaN (cy): 0.289386 

SigmaN (cy): 0.245180 
SigmaN (cy): 0.217266 

SigmaN { cy) : 0.134735 
SigmaN (cy): 0.204750 
SigmaN (cy): 0. 196954 

X  y  N  N N N N N N 

X 1.00        
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Prn:  21  Start epoch: 
Prn:  23 Start epoch: 
Prn:  25 Start epoch: 

110 End epoch:  290 
110 End epoch:  290 
110 End epoch:  290 

 

 

THE FLOAT DOUBLE DIFFERENCE  SOLUTION  {Ll) 
Measure of geometry: 0.195687  Wavelength 
num rneas =  1200  num used = 1200 
Post-Fit  Chisq = 186.429 - NDF 

 

=  0.190294  (m/cycle) 
rms resid =  0.01399l(m) 

IT.111 
 

Reference SV: 1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

, 
 

y  0.19y  1.00 
z 0.08z-0.30z 1.00 
N 0.77N Q.74N-0.23N 1.00 
N 0.53N 0.90N-0.22N Q.92N 1.00 
N-0.81N  Q.35N-0.35N-0.27N O.OlN 1.00 
N 0.87N 0.27N-0.35N O.BON 0.58N-0.57N 1.00 
N 0.39N-0.52N-0.30N 0.04N-0,24N-0.51N O.SSN 

N 0.70N 0.11N-0.56N 0.62N 0.39N-0.47N 0.91N 
N-0.68N-0.57N-0.38N-0.71N-0.70N 0.41N-0.40N 

 

 

 

 

 

 

1. 00 

Q, 71N   1.00 
0.3SN-0.09N 1.00 

 

del station: -0.000000 -0.000000  0.000000 

-Station!: FIXED STATION 

1 ooooo I (llliNT) 
Latitude:  40.03843496 40  2 18.36587 

 

Station2: UNKNOWN STATION 
(00000) (FTM1) 

40.31281268  40 18 46.12563 

B-I,ong 
W-Long 
E-Height: 

285.94710348 285 56 49.57251 
74.05289652 74  3 10.42749 

-12.0807 

285.96293166  285 57 46.55396 
74.03106834 74  L 13.44604 
-2.8299 

 

Baseline vector: -4104.5984  19261.4419  23284.3633 
 

Mark! xyz 
Azl E'I1 D1 
E1 N1 Ul 
Mark2 xyz 
Az2 E'I2 D2 
E2 N2 U2 

1343513.8259 
2.52863 

1350.8687 
1339409.2275 

182.53884 
-1345.4410 

-4701767.9098 
-0.1199 

30465.5734 
-4682506.4679 

-0.1547 
-30467.0660 

4081246.0717 
30496.1054 

9.2508 
4104530.4350 

30496.1054 
-9.2508 

 

 

AMBIGUITY RESOLUTION 

 

Abs Contrast 
 

 

Figure 10-4. (Sheet 3 of 5) 
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Contrast  99.999 100.000  100.000 

Change Chi2  318.829  907.189 1231.184 1556.459 

Bias  S   1' 5  59387 59385 59387  59387 
Bias S 1:12  -1227312 -1227314 -1227312  -1227312 

Bias s  1:15 2121070  2121070  2121069  2121071 

Bias s  1:20  531427 531426  531427  531427 

Bias s  1:21 -184905 -184905 -184905  -184905 

Bias s 1:23  -1075927 -1075928 -1075927 -1075927
 

 

NDF"'l27.0000 Chi2•186,4289 
1  2  3 4 

Abs Contrast  0. 000 0.000  0.000 o.ooo 
Contrast  99.999 100.000 

Change Chi2  298.148  843.456 1086.524 
Bias S 1:12  -1227312 -1227314 -1227313 
Bias S 1:15  2121070 2121070 2121069 
Bias S 1:20  531427 531426 531427 
Bias S 1:21  -184905 -184905 -184905 
Bias S 1:23  -1075927 -1075928 -1075927 

Bias S 1:25  646212  646213 646212 
NDF=127.0000 Chi2=186.4289 

100.000 
1100.925 
-1227313 
2121071 
531426 
-184905 

-1075928 
646213 

Abs Contrast  0.0()4 o.ooo o.ooo o.ooo 
Contrast  99.986 100.000  100.000 
Change Chi2  190.078 526.018 746.284  1076.670 

Bias S 1:15  2121070 2121069 2121070  2121069 

Bias s  1:20  531427  531427 531426  531426 

Bias S 1:21  -184905 -184905 -184905  -184905 
Bias S 1:23  -1075927 -1075927 -1075928  -1075928 

Bias S 1:25  646212  646212 646213  646212 
NDF=127.0000 Chi2=186.4289 

1 2 3  4 

Abs Contrast  4.563 o.ooo 0.000  0.000 

Contrast  100.000 100.000  100.000 

Change Chi2  128.751 2529.042 3851.923  5153.774 
Bias S 1' 5 59387  59388 59387  59387 
Bias S 1:12  -1227312 -1227311 -1227311  -1227313 
NDF=132.0000 Chi2=376.5065 

 

 

THE FIXED DOUBLE DIFFERENCE SOLUTION {L1) 
Measure of geometry: 0.038900 wavelength 
num meas =  1200  num used  1188 
Post-Fit Chisq  435.849 NDF 

 

= 0.190294 (m/cycle) 
rms resid g  0.021554(m) 

11.000 
 

Reference SV:  1  Integer Search Ratio = 99.986 

sv Ambiguity  FIT Meas sv Ambiguity  FIT  Meas 
5  59387.000X 0.066 182 12 -1227312.000X 0.070  138 

15 2121070.000X 0.195 140 20  531427.000X 0.065  182 
21  -184905.000X 0.067 182 23 -1075927.000X 0.080  182 
25  646212.000X  0.176 182 

 

Sigmax (m): 
Sigmay (m): 
Sigmaz  {m): 
X             y 

X   1.0() 
y-0.37y 1.00 
z 0.40z-0.7lz 

 

 

 

 

z 
 

 

1.00 

 

0.009106 
0.015190 
0.016909 

 

 

Figure 10-4. (Sheet 4of 5) 
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del station: 0.001087 -0.002400 0.000191 
Station!: FIXED STATION 

(00000) (MANT) 
Latitude:  40.03843496  40  2 18.36587 

 

Station2: UNKNOWN STATION 
(00000)  {FTMl) 

40.31281315  40 18 46.12733 
E-Long 
W-Long 
E-Height: 

285.94710348 285 56 49.57251 
74.05289652  74 3 10.42749 

-12.0807 

285.96293257 285 57 46.55727 
74.03706743  74  2 13.44273 
-2.9282 

 

Baseline vector:  -4104.5533  19261.5680 
 

23284.3397 
 

Mark!xyz  1343513.8259 
Azl Eil Dl 2.52877 
El Nl   Ul  1350.9471 
Mark2 xyz  1339409.2726 
Az2   ET2   D2 182.53898 
E2  N2  U2  -1345.5190 

Tue Jan 25 10:18:17 1994 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  10-4.  (Sheet 5 of 5) 
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-4701767.9098 
-0.1201 

30465.6258 
-4682506.3418 

-0.1545 
-30467.1180 

 

4081246.0717 
30496.1610 

9.1525 
4104530.4115 

30496.1610 
-9.1525 
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Project  Name: 

Processed: 

Summary Reference Index: 

Fixed  Station: 

Antenna Height   (meters): 

Data  rile: 

 

Floating  Station: 

Antenna Height (meters): 

Data  file: 

ftml 

Tuesday, January 25,  1994     11:17 

WAVE  Baseline Processor,  versiOn  1.01 

I 

 

MANT 
1.430   [True Vertical] 

MANT320C.DAT 

 

FTMI 

0.000    [True Vertical] 

FTM1320C.DAT 

 

Start  Time:  Stop  

Time:  Occupation  

Time: 

Measurement Epoch Interval  (seconds): 

11/16/93 20:21:40  GPS 

11/16/93 22:00:20  GPS 

0  0Jo38,40 

20.00 

(723  246100) 

(723  252020) 

 

Solution Type: Receiver/satellite  double difference 

Fixed  integer  phase  ambiguity 

lono free  carrier  phase 

 

Solution Acceptability: 

Number of  Observations  I 

Passed 

Number   Rejected:1838  I 0 (0.00% of Total  Observations) 

 

Baseline Slope  Distance (meters): 30496.196  

Forward 

 

Backward 

Normal  Section   Azimuth: 

Vertical Angle: 

28  31'   42.850578" 

-OR   07'    12.582816" 

182. 32'    19.610607" 

-o•  09'   16.140268" 

 

Baseline Components  (meters): dn  30466.437 de  1345.414 du  -63.957 
 

 

Standard Deviations: 

dx  -4104.555 

5.303799E-004 

dy  19261.587 

9.044810E-004 

dz  23284.370 

8.225305E-004 

 

Aposteriori Covariance Matrix: 2.813028E-007 

- 2.038846E- 007 

1.759316E-007 

 

8.180858E-007 

-4.827601E-007  6.765565E-007 

 

Reference  Variance: 

Variance Ratio  2nd  Best/Best  Ambiguity Candidate: 

RMS  (meters): 

0.633 

28.0 

0.014 

 

 

 

 

 

 

 

 

 

Figure  10·5.  Sample static baseline fonnulation (Trimble  Navigation (GP Survey)   (Sheet 1 of 3) 
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Project:  ftml 

Processed:  Tuesday, January 25,  1994    11:17  WAVE  1.01 

 

Fixed  Sta 

Position: 4011  02'    18.244439"  N 74•  03'    11. 
 

---   X   - 1343486 892  Y-  -  - 4701771. 345   

sv  Satellite Tracking Summary 

I !: 
5   !: 

12   1: •...-----..-.--  r-  ' ..- 

15   !: 
20   1: 
21   1: 
23   1: - --- - -   

 

25   !: 
 

20.20.00  (246000) 10  miD. I 
. 

d1v. 
 

 

 

 

 

 

 

 

 

Float  Sta 

Position: 4011   18'   46.008533" N 74•  02'  14. 

x 1339382.336 Y-4682509.759 

sv 

I t 
5   1: 

12   1: 
15   1: 
20   !: 
21   1: 
23   1: 

Satellite Tracking Summary 

25   !: 
 

 

 

20,20,00  (246000) 10  min.  I  div. 
 

 

 

Figure  10-5.  (Sheet 2 of 3) 
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Project  ftml 

Processed:  Tuesday, January 25, 1994   ll:17 WAVE 1.01 

 

Station si 

Shading i 

sv 

1 1: 
5   1: 

12   1: 
15   1: 
20   1: 
21   1: 
23   1: 
25   1: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  10-5.  (Sheet 3 of 3) 
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Table 10-3 

Loop Closure Procedure 
 

 Julian  

Baseline Day Session x y z Distance 

#1 Day # x #1 y #1 z #1 Distance #1 

#2 Day # x #2 y #2 z #2 Distance #2 

#3 Day # x #3 y #3 z #3 Distance #3 

 

 

 

 

m ( x2) ( y2) ( z2) 
 

 

where 

 

m = misclosure for the loop 

x   = sum of all   x vectors for baselines used 

y   = sum of all   y vectors for baselines used 

z   = sum of all   z vectors for baselines used 

(10-1) 

 

(4)  The  loop  misclosure  ratio  may  be  calculated  as 

follows: 

 

Loop misclosure ratio 
m 
L 

 

where 

 

L = total loop distance (perimeter distance) 

 

(10-2) 
 

Figure 10-6.  Internal loop closure diagram 
 

 

were known control stations.   This provided an indepen- 

dent baseline for both loops. 

 

(1)  The closure for loop 01-02-03 is computed with 

(5) The resultant value can be expressed in the fol- 

lowing form: 

 

1:  Loop Misclosure Ratio 

 

with  all  units  for  the  expressions  being  in  terms  of  the 

units used in the baseline formulations (e.g., m, ft, mm, 

etc.). 

 

c.    Sample  loop  closure  computation.    Figure 10-6 

shows two loops which consist of four stations.  During 

session A on day 065, three GPS receivers observed the 

baselines  between  stations  01,  02,  and  03  for  approxi- 

mately 1 hr.  The receivers were then turned off and the 

receiver at station 01 was moved to station 04.   The tri- 

pod heights at stations 02 and 03 were adjusted.   The 

baselines   between   stations 02,   03,   and 04   were   then 

observed during session B, day 065.   Stations 01 and 04 

the vectors 01-02 and 01-03, day 065, session A, and the 

vector 02-03, day 065, session B.   The vector 02-03 from 

session B provides an independent baseline.   The loop 

closure is determined by arbitrarily assigning coordinate 

values of zero to station 01 (X=0, Y=0, Z=0).  The vector 

from 01-02 is added to the coordinates of station 01.  The 

vector  from  02-03,  session B,  is  added  to  the  derived 

coordinates of station 02.  The vector from 03-01 is then 

added to the station coordinates of 02.  Since the starting 

coordinates of station 01 were arbitrarily chosen as zero, 

the misclosure is  then the  computed coordinates  of Sta- 

tion 04  (dx,  dy,  dz).     The  vector  data  are  listed  in 

Table 10-4. 

 

(2)  To determine the relative loop closure, the square 

root  of  the  sum  of  the  squares  of  the  loop  misclosures 

(mx, my, mz) is divided into the perimeter length of the 

loop: 
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Table 10-4 

Vector Data for Stations 01, 02, and 03 
 

Julian 

Baseline Day Session X Y Z Distance 
 

 

01-02 
 

065 
 

A 
 

-4077.865 
 

-2877.121 
 

-6919.829 
 

8531.759 

02-03 065 B 7855.762 -3129.673 688.280 8484.196 

03-01 065 A -3777.910 6006.820 6231.547 9443.869 

 
 

Loop misclosure ratio 
x y z

 
L 

 

0.5 

 

(10-3) closures provide information on how well the GPS meas- 

urements conform to the local coordinate system.   Before 

the  closure  of  each  traverse  is  computed,  the  latitude, 

Where the PD = distance 01-02 + distance 02-03 + dis- 

tance 03-01, or: 

 

PD  = 8531.759 + 8484.196 + 9443.869 

 

= 26,459.82 

 

And where distance 03-01 is computed from: 

(-3777.912  + 6006.8202  + 6231.5472)0.5
 

= 9443.869 

 

(Other distances are similarly computed.) 

Summing the misclosures in each coordinate: 

x = -4077.865 + 7855.762 - 3777.910 = -0.0135 

y = -2877.121 - 3129.673 + 6006.820 = +0.0264 

z = -6919.829 +  688.280 + 6231.547 = -0.0021 

 

then 

 

(  x2  +   y2  +   z2)0.5  = 0.029 

 

Loop misclosure ratio = 0.029/26,459.82 

 

or (approximately) 1 part in 912,000 (1:912,000) 
 

 

(3) This example is quite simplified; however, it 

illustrates the necessary mechanics in determining internal 

loop closures.  The values DX, DY, and DZ are present in 

the baseline output files.  The perimeter distance is com- 

puted by adding the distances between each point in the 

loop. 
 

 

d.    External  closures.     External  closures  are  com- 

puted  in  a  similar  manner  to  internal  loops.    External 

longitude, and ellipsoid height must be converted to geo- 

centric coordinates (X,Y,Z), using the algorithms given in 

Chapter 11.   If the ellipsoid height is not known, geoid 

modeling  software  can  be  used  with  the  orthometric 

height to get an approximate ellipsoid height.   The exter- 

nal  closure  will  aid  the  surveyor  in  determining  the 

quality of the known control and how well the GPS meas- 

urements conform to the local network.  If the control sta- 

tions are not of equal precision, the external closures will 

usually reflect the lower order station.  If the internal clo- 

sure meets the requirements of the job, but the external 

closure  is  poor,  the  surveyor  should  suspect  that  the 

known control is deficient and an additional known con- 

trol point should be tied into the system. 

 

10-9.  Data Management (Archival) 

 

The raw data are defined as data recorded during the 

observation period.   Raw data shall be stored on an 

appropriate medium (floppy disk, portable hard drive, 

magnetic tape, etc.).   The raw data and the hard copy of 

the  baseline  reduction  (resultant  baseline  formulations) 

shall  be  stored  at  the  discretion  of  each  USACE 

Command. 

 

10-10.  Flow Diagram 

 

When processing GPS observational data, the progress 

should generally follow the path shown in Figure 10-7. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 10-7.  GPS data processing flowchart 
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Chapter 11 
Adjustment of GPS Surveys 

 

 

 

11-1.  General 
 

Differential carrier phase GPS survey observations are 

adjusted no differently from conventional surveys.  Each 

three-dimensional GPS baseline vector is treated as a 

separate distance observation and adjusted as part of a 

trilateration  network.    A  variety  of  techniques  may  be 

used to adjust the observed GPS baselines to fit existing 

control.  Since GPS survey networks often contain redun- 

dant   observations,   they   are   usually   (but   not   always) 

adjusted by some type of rigorous least squares minimiza- 

tion  technique.     This  chapter  describes  some  of  the 

methods used to perform horizontal GPS survey adjust- 

ments and provides guidance in evaluating the adequacy 

and accuracy of the adjustment results. 

 

11-2.  GPS Error Measurement Statistics 

 

In order to understand the adjustment results of a GPS 

survey,  some  simple  statistical  terms  should  be 

understood. 

 

a.    Accuracy.   Accuracy is how close a measurement 

or a group of measurements are in relation to a “true” or 

“known” value. 

 

b.    Precision.    Precision  is  how  close  a  group  or 

sample of measurements are to each other.   For example, 

a low standard deviation indicates high precision.   It is 

important to understand that a survey or group of meas- 

urements  can  have  a  high  precision  but  a  low  accuracy 

(i.e., measurements are close together but not close to the 

known or true value). 

 

c.    Standard deviation.   The standard deviation is a 

range of how close the measured values are from the 

arithmetic  average.    A  low  standard  deviation  indicates 

that the observations or measurements are close together. 

 

11-3.  Adjustment Considerations 

 

a.    This chapter deals primarily with the adjustment 

of horizontal control established using GPS observations. 

Although  vertical  elevations  are  necessarily  carried 

through the baseline reduction and adjustment process, the 

relative  accuracy  of  these  elevations  is  normally  inade- 

quate for engineering and construction purposes.  Special 

techniques  and  constraints  are  necessary  to  determine 

approximate  orthometric  elevations  from  relative  GPS 

observations, as was covered in Chapter 6. 

 

b.  The   baseline   reduction   process   (described   in 

Chapter 10)  directly  provides  the  raw  relative  position 

coordinates which are used in a 3D GPS network adjust- 

ment.  In addition, and depending on the manufacturer’s 

software, each reduced baseline will contain various ori- 

entation parameters, covariance matrices, and cofactor 

and/or correlation statistics which may be used in weigh- 

ing the final network adjustment.   Most least squares 

adjustments use the accuracy or correlation statistics from 

the baseline reductions; however, other weighing methods 

may be used in a least squares or approximate adjustment. 

 

c. The adjustment technique employed (and time 

devoted to it) must be commensurate with the intended 

accuracy of the survey, as defined by the project require- 

ments.    Care  must  be  taken  to  prevent  the  adjustment 

process from becoming a project in itself. 

 

d.  There  is  no  specific  requirement  that  a  rigorous 

least squares type of adjustment be performed on USACE 

surveys, whether conventional, GPS, or mixed observa- 

tions.   Traditional  approximate adjustment  methods  may 

be used in lieu of least squares and will provide compa- 

rable practical accuracy results. 

 

e.  Commercial    software    packages    designed    for 

higher order geodetic densification surveys often contain a 

degree  of  statistical  sophistication  which  is  unnecessary 

for engineering survey control densification (i.e., Second- 

Order or less).   For example, performing repeated chi- 

square  statistical  testing  on  observed  data  intended  for 

1:20,000 base mapping photogrammetric control may be 

academically precise but, from a practical engineering 

standpoint, is inappropriate.   The distinction between 

geodetic  surveying  and  engineering  surveying  must  be 

fully  considered  when  performing  GPS  survey  adjust- 

ments and analyzing the results thereof. 

 

f.  Connections and adjustments to existing control 

networks, such as the NGRS, must not become indepen- 

dent projects.   It is far more important to establish dense 

and   accurate   local   project   control   than   to   consume 

resources tying into First-Order NGRS points miles from 

the project.   Engineering, construction, and property/ 

boundary referencing requires consistent local control with 

high  relative  accuracies;  accurate  connections/references 

to distant geodetic datums are of secondary importance. 

(Exceptions might involve projects in support of military 

operations.)  The advent of GPS surveying technology has 
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provided a cost-effective means of tying previously poorly 

connected USACE projects to the NGRS, and simulta- 

neously  transforming  the  project  to  the  newly  defined 

NAD 83.    In  performing  (adjusting)  these  connections, 

care must be taken not to distort or warp long-established 

project construction/boundary reference points. 

 

11-4.  Survey Accuracy 

 

a.    General.   The accuracy of a survey (whether per- 

formed using conventional or GPS methods) is a measure 

of the difference between observed values and the true 

values (coordinates, distance, angle, etc.).  Since the true 

values are rarely known, only estimates of survey accu- 

racy can be made.  These estimates may be based on the 

internal observation closures, such as on a loop traverse, 

or  connections  with  previously  surveyed  points  assumed 

to have some degree of reliability.  The latter case is typi- 

cally a traverse (GPS or conventional) between two previ- 

ously established points, either existing USACE project 

control or the published NGRS network. 

 

(1)  GPS internal accuracies are typically far superior 

to most previously established control networks (including 

the NAD 83 NGRS).  Therefore, determining the accuracy 

of  a  GPS  survey  based  on  misclosures  with  external 

points is not always valid unless statistical accuracy esti- 

mates (i.e., station variance-covariance matrices, distance/ 

azimuth relative accuracy estimates, etc.) from the exter- 

nal network’s original adjustment are incorporated into the 

closure analysis for the new GPS work.  Such refinements 

are usually unwarranted for most USACE work. 

 

(2)  Most survey specifications and standards (includ- 

ing USACE) classify accuracy as a function of the result- 

ant relative accuracy between two usually adjacent points 

in a network.   This resultant accuracy is estimated from 

the statistics in an adjustment, and is defined by the size 

of a 2D or 3D relative error ellipse formed between the 

two points.  Relative distance, azimuth, or elevation accu- 

racy  specifications  and  classifications  are  derived  from 

this  model,  and  are  expressed  either  in  absolute  values 

(e.g., ±1.2 cm or ±3.5 in.) or as ratios of the propagated 

standard errors to the overall length (e.g., 1:20,000). 

 

b.    Internal  accuracy.    A  loop  traverse  originating 

and  ending  from  a  single  point  will  have  a  misclosure 

when observations (i.e., EDM traverse angles/distances or 

GPS baseline  vectors) are  computed forward  around the 

loop back to the starting point.   The forward-computed 

misclosure provides an estimate of the relative or internal 

accuracy of the observations in the traverse loop, or more 

correctly,  the  internal  precision  of  the  survey.    This  is 

perhaps the  simplest method of evaluating  the adequacy 

of a survey.   (These point misclosures, usually expressed 

as ratios, are not the same as relative distance accuracy 

measures.) 

 

(1)  Internal  accuracy  estimates  made  relative  to  a 

single fixed point are obtained when so-called free, 

unconstrained, or minimally constrained adjustments are 

performed.   In the case of a single loop, no redundant 

observations (or  alternate loops)  back to  the fixed  point 

are available.  When a series of GPS baseline loops (or 

network) are observed, then the various paths back to the 

single fixed point provide multiple position computations, 

allowing for a statistical analysis of the internal accuracy 

of not only the position closure but also the relative accu- 

racies of the individual points in the network (including 

relative distance and azimuth accuracy estimates between 

these points).   The magnitude of these internal relative 

accuracy estimates (on a free adjustment) determines the 

adequacy of the control for subsequent design, construc- 

tion, and mapping work. 

 

(2)  Loop traverses are discouraged for most conven- 

tional surveys due to potential systematic distance or ori- 

entation errors which can be carried through the network 

undetected.   FGCS classification standards for geodetic 

surveys do not allow traverses to start and terminate at a 

single point.  Such procedures are unacceptable for incor- 

poration into the NGRS network; however, due to many 

factors (primarily economic), loop traverses or open-ended 

spur lines are commonly employed in densifying project 

control for engineering and construction projects.  Since 

such  control  is  not  intended  for  inclusion  in  the  NGRS 

and usually covers limited project ranges, such practices 

have been acceptable.  Such practices will also be accept- 

able for GPS surveys performed in support of similar 

engineering and construction activities. 

 

c.  External  accuracy.    The  coordinates  (and  refer- 

ence  orientation)  of  the  single  fixed  starting  point  will 

also have some degree of accuracy relative to the network 

in which it is located, such as the NGRS if it was estab- 

lished relative to that system/datum.   This “external” 

accuracy (or inaccuracy) is carried forward in the traverse 

loop or network; however, any such external variance (if 

small) is generally not critical to engineering and con- 

struction.  When a survey is conducted relative to two or 

more points on an existing reference network, such as 

USACE  project  control  or  the  NGRS,  misclosures  with 

these fixed control points provide an estimate of the 

“absolute” accuracy of the survey.   This analysis is usu- 

ally obtained from a final adjustment, usually a fully 

constrained  least  squares  minimization  technique  or  by 
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other recognized traverse adjustment methods (Transit, 

Compass, Crandall, etc.). 

 

(1) This absolute accuracy estimate assumes that the 

fixed (existing) control is superior to the survey being 

performed, and that any position misclosures at connect- 

ing points are due to internal observational errors and not 

the existing control.  This has always been a long-estab- 

lished and practical assumption and has considerable legal 

basis  in  property/boundary  surveying.     New  work  is 

rigidly adjusted to existing control regardless of known or 

unknown deficiencies in the fixed network. 

 

(2)  Since  the  relative  positional  accuracies  of  points 

on the NGRS are known from the NAD 83 readjustment, 

and GPS baseline vector accuracy estimates are obtained 

from  the  individual  reductions,  variations  in  misclosures 

in GPS surveys are not always due totally to errors in the 

GPS work.   Forcing a GPS traverse/network to rigidly fit 

the existing (fixed) network usually results in a degrada- 

tion of the internal accuracy of the GPS survey, as com- 

pared with a free (unconstrained) adjustment. 

 

11-5.  Internal versus External Accuracy 
 

Classical geodetic surveying is largely concerned with 

absolute accuracy, or the best-fitting of intermediate sur- 

veys between points on a national network, such as the 

NGRS.   Alternatively, in engineering and construction 

surveying, and to a major extent in boundary surveying, 

relative, or local, accuracies are more critical to the proj- 

ect  at  hand.    Thus,  the  absolute  NAD  27  or  NAD 83 

coordinates  (in  latitude  and  longitude)  relative  to  the 

NGRS datum reference are of less importance; however, 

accurate relative coordinates over a given project reach 

(channel, construction site, levee section, etc.) are critical 

to design and construction. 

 

a.   For example, in establishing basic mapping and 

construction layout control for a military installation, 

developing a dense and accurate internal (or relative) con- 

trol network is far more important than the values of these 

coordinates relative to the NGRS. 

 

b.    On flood control and river and harbor navigation 

projects, defining channel points must be accurately refer- 

enced to nearby shore-based control points.  These points, 

in  turn,  directly  reference  boundary/right-of-way  points 

and are also used for dredge/construction control.   Abso- 

lute  coordinates  (NGRS/NAD)  of  these  construction 

and/or boundary reference points are of less importance. 

c.  Surveys  performed  with  GPS,  and  final  adjust- 

ments thereof, should be configured/designed to establish 

accurate relative (local) project control; of secondary 

importance is connection with NGRS networks. 

 

d.  Although  reference  connections  with  the  NGRS 

are  desirable  and  recommended,  and  should  be  made 

where feasible and practicable, it is critical that such con- 

nections (and subsequent adjustments thereto) do not dis- 

tort the internal (relative) accuracy of intermediate points 

from  which  design,  construction,  and/or  project  bound- 

aries are referenced. 

 

e.  Connections  and  adjustments to  distant networks 

(i.e., NGRS) can result in mixed datums within a project 

area, especially if not all existing project control has been 

tied in.   This in turn can lead to errors and contract dis- 

putes during both design and construction.  On existing 

projects with long-established reference control, connec- 

tions  and  adjustments  to  outside  reference  datums/ 

networks should be performed with caution.   The impacts 

on legal property and project alignment definitions must 

also be considered prior to such connections.  (See also 

paragraph 8-3d.) 

 

f.   On   newly   authorized   projects,   or   on   projects 

where existing project control has been largely destroyed, 

reconnection  with  the  NGRS  is  highly  recommended. 

This will ensure that future work will be supported by a 

reliable and consistent basic network, while minimizing 

errors associated with mixed datums. 

 

11-6.  Internal and External Adjustments 

 

GPS-performed surveys are usually adjusted and analyzed 

relative to their internal consistency and external fit with 

existing control.  The internal consistency adjustment (i.e., 

free  or  minimally  constrained  adjustment)  is  important 

from a contract compliance standpoint.   A contractor’s 

performance should be evaluated relative to this adjust- 

ment.  The final, or constrained, adjustment fits the GPS 

survey to the existing network.  This is not always easily 

accomplished since existing networks often have lower 

relative accuracies than the GPS observations being fit. 

Evaluation of a survey’s adequacy should not be based 

solely on the results of a constrained adjustment. 

 

11-7.  Internal or Geometric Adjustment 

 

This adjustment is made to determine how well the base- 

line observations fit or internally close within themselves. 
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(Other EDM distances or angles may also be included in 

the  adjustment.)    It  is  referred  to  as  a  free  adjustment. 

This adjustment provides a measure of the internal preci- 

sion of the survey. 

 

a.    In a simplified example, a conventional EDM tra- 

verse  which  is  looped  back  to  the  starting  point  will 

misclose in both azimuth and position, as shown in Fig- 

ure 11-1.   Classical “approximate” adjustment techniques 

(e.g., Transit, Compass, Bowditch, Crandall) will typically 

assess the azimuth misclosure, proportionately adjust the 

azimuth  misclosure  (usually  evenly  per  station),  recom- 

pute the traverse with the adjusted azimuths, and obtain a 

position  misclosure.     This  position  misclosure  (in  X 

and Y)  is  then  distributed  among  all  the  points  on  the 

traverse using various weighing methods (distance, lati- 

tudes, departures, etc.).  Final adjusted azimuths and dis- 

tances are then computed from grid inverses between the 

adjusted  points.    The  adequacy/accuracy  of  such  a  tra- 

verse is evaluated based on the azimuth misclosure and 

position misclosure after azimuth adjustment (usually 

expressed as a ratio to the overall length of the traverse). 

 

b.    A  least squares adjustment  of the  same conven- 

tional loop traverse will end up adjusting the points sim- 

ilarly to the approximate methods traditionally employed. 

The only difference is that a least squares adjustment 

simultaneously  adjusts  both  observed  angles  (or  direc- 

tions) and distance measurements.    A least squares 

adjustment also allows variable weighting to be set for 

individual angle/distance observations, which is a some- 

what  more  complex  process  when  approximate  adjust- 

ments are performed.    In addition, a least squares 

adjustment will yield more definitive statistical results of 

the internal accuracies of each observation and/or point, 

rather than just the final closure.   This includes estimates 

of the accuracies of individual station X-Y coordinates, 

relative  azimuth  accuracies,  and  relative  distance 

accuracies. 

 

c.    A series of GPS baselines forming a loop off a 

single point can be adjusted and assessed similarly to a 

conventional EDM traverse loop described in a above (see 

Figure 11-1).    The  baseline  vector  components  may  be 

computed (accumulated) around the loop with a resultant 

3D misclosure back at the starting point.   These mis- 

closures (in X, Y, and Z) may be adjusted using either 

approximate or least squares methods.   The method by 

which  the  misclosure  is  distributed  among  the  interme- 

diate points in the traverse is a function of the adjustment 

weighting technique. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11-1.  Conventional EDM and GPS traverse 

loops 

 

 

(1)  In  the  case  of  a  simple  EDM  traverse  adjust- 

ment, the observed distances (or position corrections) are 

weighted  as  a  function  of  the  segment  length  and  the 

overall traverse length (Compass Rule), or to the overall 

sum of the latitudes/departures (Transit Rule).   Two- 

dimensional EDM distance observations are not dependent 

on their direction; that is, a distance’s X- and Y-compo- 

nents are uncorrelated. 
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(2)  GPS baseline vector components (in X, Y, and Z) 

are correlated due to the geometry of the satellite solution; 

that is, the direction of the baseline vector is significant. 

Since the satellite geometry is continuously changing, 

remeasured baselines will have different correlations 

between  the  vector  components.    Such  data  are  passed 

down from the baseline reduction software for use in the 

adjustment. 

 

d.    The magnitude of the misclosure (i.e., loop clo- 

sure) of the GPS baseline vectors at the initial point pro- 

vides an estimate of the internal precision or geometric 

consistency of the loop (survey).  When this misclosure is 

divided by the overall length of the baselines, an internal 

relative accuracy estimate results.  This misclosure ratio 

should not be less than the relative distance accuracy 

classification intended for the survey, per Table 8-1. 

 

(1)  For example, if the position misclosure of a GPS 

loop is 0.08 m and the length of the loop is 8,000 m, then 

the loop closure is 0.08/8,000 or 1 part in 100,000 

(1:100,000). 

 

(2) When an adjustment is performed, the individual 

corrections/adjustments made to each baseline (so-called 

residual errors) provide an accuracy assessment for each 

baseline segment.  A least squares adjustment can addi- 

tionally  provide  relative  distance  accuracy  estimates  for 

each line, based on standard error propagation between 

adjusted points.   This relative distance accuracy estimate 

is most critical to USACE engineering and construction 

work and represents the primary basis for assessing the 

acceptability of a survey. 

 

11-8.  External or Fully Constrained Adjustment 

 

The  internal  “free”  geometric  adjustment  provides 

adjusted  positions  relative  to  a  single,  often  arbitrary, 

fixed point.  Most surveys (conventional or GPS) are con- 

nected between existing stations on some predefined ref- 

erence network or datum.   These fixed stations may be 

existing project control points (on NAD 27--SPCS 27) or 

stations on the NGRS (NAD 83).  In OCONUS locales, 

other local or regional reference systems may be used.  A 

constrained adjustment is the process used to best fit the 

survey observations to the established reference system. 

 

a.    A   simple   conventional   EDM   traverse   (Fig- 

ure 11-2)  between  two  fixed  stations  best  illustrates  the 

process by which comparable GPS baseline vectors are 

adjusted.    As  with  the  loop  traverse  described  in  para- 

graph 10-8,   the   misclosure   in   azimuth   and   position 

between the two fixed end points may be adjusted by any 

type of approximate or least squares adjustment method. 

Unlike a loop traverse, however, the azimuth and position 

misclosures  are  not  wholly  dependent  on  the  internal 

errors in the traverse--the fixed points and their azimuth 

references are not absolute, but contain relative inaccura- 

cies with respect to one another. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11-2.  Constrained adjustment between two 

fixed points 

 

 

b.  A GPS survey between the same two fixed points 

also contains a 3D position misclosure.  Due to positional 

uncertainties in the two fixed network points, this mis- 

closure may (and usually does) far exceed the internal 

accuracy of the raw GPS observations.  As with a con- 

ventional EDM traverse, the 3D misclosures may be 

approximately   adjusted   by   proportionately   distributing 

them over the intermediate points.  A least squares adjust- 

ment will also accomplish the same thing. 
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c.    If  the  GPS  survey  is  looped  back  to  the  initial 

point,  the  free  adjustment  misclosure  at  the  initial  point 

may  be compared  with  the  apparent  position  misclosure 

with the other fixed point.  In Figure 11-2, the free adjust- 

ment loop misclosure is 1:100,000 whereas the misclosure 

relative to the two network control points is only 1:5,000. 

Thus, the internal relative accuracy of the GPS survey is 

on the order of 1 part in 100,000 (based on the misclo- 

sure); if the GPS baseline observations are constrained to 

fit the existing control, the 0.6-m external misclosure must 

be distributed among the individual baselines to force a fit 

between the two end points. 

 

(1)  After a constrained adjustment, the absolute posi- 

tion misclosure of 0.6 m causes the relative distance accu- 

racies between individual points to degrade.  They will be 

somewhat better than 1:5,000 but far less than 1:100,000. 

The statistical results from a constrained least squares 

adjustment will provide estimates of the relative accura- 

cies between individual points on the traverse. 

 

(2) This example also illustrates the advantages of 

measuring  the  baseline  between  fixed  network  points 

when performing GPS surveys, especially when weak 

control is suspected (as in this example). 

 

(3)  Also illustrated is the need for making additional 

ties to the existing network.   In this example, one of the 

two fixed network points may have been poorly controlled 

when it was originally established, or the two points may 

have  been  established  from  independent  networks  (i.e., 

were never connected).  A third or even fourth fixed point 

would be beneficial in resolving such a case. 

 

d.    If the intent of the survey shown in Figure 11-2 

was to establish 1:20,000 relative accuracy control, con- 

necting between these two points obviously will not pro- 

vide  that  accuracy  given  the  amount  of  adjustment  that 

must be applied to force a fit.  For example, if one of the 

individual  baseline  vectors  was  measured  at  600  m  and 

the constrained adjustment applied a 0.09-m correction in 

this sector, the relative accuracy of this segment would be 

roughly 1:6,666.   This distortion would not be acceptable 

for subsequent design/construction work performed in this 

area. 

 

e.    Most  GPS  survey  networks  are  more  complex 

than the simple traverse example in Figure 11-2.   They 

may consist of multiple loops and may connect with any 

number of control points on the existing network.   In 

addition, conventional EDM, angles, and differential level- 

ing   measurements   may   be   included   with   the   GPS 

baselines, resulting in a complex network with many 

adjustment conditions. 

 

11-9.  Partially Constrained Adjustments 

 

In the previous example of the simple GPS traverse, hold- 

ing   the   two   network   points   rigidly   fixed   caused   an 

adverse degradation in the GPS survey, based on the 

differences  between  the  free  (loop)  adjustment  and  the 

fully constrained adjustment.   Another alternative is to 

perform a semiconstrained (or partially constrained) 

adjustment of the net.  In a partially constrained adjust- 

ment,  the  two  network  points  are  not  rigidly  fixed  but 

only partially fixed in position.  The degree to which the 

existing network points are constrained may be based on 

their estimated relative accuracies or, if available, their 

original adjustment positional accuracies (covariance 

matrices).  Partially constrained adjustments are not prac- 

ticable  using  approximate  adjustment  techniques;  only 

least squares will suffice. 

 

a. For example, if the relative distance accuracy 

between  the  two  fixed  network  points  in  Figure 11-2  is 

approximately  1:10,000,  this  can  be  equated  to  a  posi- 

tional uncertainty between them.   Depending on the type 

and capabilities of the least squares adjustment software, 

the higher accuracy GPS baseline observations can be best 

fit between the two end points such that the end points of 

the GPS network are not rigidly constrained to the origi- 

nal  and  two  control  points  but  will  end  up  falling  near 

them. 

 

b.  Adjustment software will allow relative weighting 

of the fixed points to provide a partially constrained 

adjustment.  Any number of fixed points can be connected 

to, and these points may be given partial constraints in the 

adjustment. 

 

c. Performing partially constrained adjustments (as 

opposed  to  a  fully  constrained  adjustment)  takes  advan- 

tage of the inherent higher accuracy GPS data relative to 

the existing network control, which is traditionally weak 

on many USACE project areas.  Less warping of the GPS 

data (due to poor existing networks) will then occur. 

 

d.  A partial constraint also lessens the need for per- 

forming numerous trial-and-error constrained adjustments 

in attempts to locate poor external control points causing 

high residuals.  Fewer ties to the existing network need be 

made if the purpose of such ties was to find a best fit on 

a fully constrained adjustment. 
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e.    When connections are made to the NAD 83, rela- 

tive accuracy estimates of NGRS stations can be obtained 

from the NGS.   Depending on the type of adjustment 

software used, these partial constraints may be in the form 

of variance-covariance matrices, error ellipses, or circular 

accuracy estimates. 

 

11-10.  Approximate Adjustments of GPS 

Networks 

 

Simply constructed GPS networks used for establishing 

lower order (i.e., Second-Order and lower) USACE con- 

trol can be effectively adjusted using approximate adjust- 

ment techniques, or adjustments which approximate the 

more rigorous least squares solution.   Although least 

squares solutions may be theoretically superior to approxi- 

mate methods, the resultant differences between the 

adjustments are generally not significant from a practical 

engineering standpoint. 

 

a.  Given the high cost of commercial geodetic 

adjustment software, coupled with the adjustment com- 

plexity of these packages, approximate adjustment meth- 

ods are allowed for in-house and contracted surveys. 

 

b.    In  practice,  any  complex  GPS  survey  network 

may be adjusted by approximate methods.   If the main 

loop/line closures are good, redundant ties to other fixed 

network points may be used as checks rather than being 

rigidly adjusted. 

 

c.    In some cases it is not cost-effective to perform 

detailed and time-consuming least squares adjustments on 

GPS  project  control  surveys  requiring  only  1:5,000  or 

1:10,000 engineering/construction/boundary location accu- 

racy.      If   internal   loop   closures   are   averaging   over 

1:200,000, then selecting any simple series of connecting 

baselines for an approximate adjustment will yield ade- 

quate resultant positional and relative distance accuracies 

for  the  given  project  requirements.     If  a  given  loop/ 

baseline series of say five points miscloses by 0.01 ft over 

1,000 m  (1:100,000),  a  case  can  be  made  for  not  even 

making  any  adjustment  if  a  relative  accuracy  of  only 

1:5,000 is required between points. 

(2)  Compass Rule. 

(3)  Transit Rule. 

(4)  Crandall Method. 

 

(5) No adjustment.   Use raw observations if mis- 

closures are negligible. 

 

e.  Approximate adjustments are performed using the 

3D earth-centered X-Y-Z coordinates.  The X-Y-Z coordi- 

nates for the fixed points are computed using the trans- 

form algorithms shown in f below or obtained from the 

baseline reduction software.  Coordinates of intermediate 

stations are determined by using the baseline vector com- 

ponent  differences  (  X,     Y,     Z)  which  are  obtained 

directly from the baseline reductions.   These differences 

are then accumulated (summed) forward around a loop or 

traverse connection, resulting in 3D position coordinate 

misclosures at the loop nodes and/or tie points.   These 

misclosures are then adjusted by any of the methods in d 

above.  GPS vector weighting is accomplished within the 

particular adjustment method used; there is no need to 

incorporate  the  standard  errors  from  the  baseline  reduc- 

tions into the adjustment.  Internal survey adequacy and 

acceptance are performed based on the relative closure 

ratios,  as  in  conventional  traversing  criteria  (see  FGCC 

1984).     Final  local  datum  coordinates  are  then  trans- 

formed back from the X-Y-Z coordinates. 

 

f.   Given  a  loop  of  baseline  vectors  between  two 

fixed points (or one point looped back on itself), the fol- 

lowing algorithms may be used to adjust the observed 

baseline  vector  components  and  compute  the  adjusted 

station geocentric coordinates. 

 

(1)  Given:     Observed  baseline  vector  components 

Xi,    Yi,    Zi   for each baseline i (total of n baselines in 

the loop/traverse).   The 3D length of each baseline is li, 

and the total length of the loop/traverse is L. 

 

(2) The misclosures (dx, dy, and dz) in all three 

coordinates are computed from: 
 

i  n 

 

d. Any  recognized  approximate  adjustment  method 

may  be  used  to  distribute  baseline  vector  misclosures. 

dx X
F

 X
i 

X
E

 

i  1 

 

i  n 

The method used will depend on the magnitude of the 

misclosure to be adjusted and the desired accuracy of the 

survey.  These include the following: 

dy Y
F

 Y
i 

Y
E

 

i  1 

 

i  n 

(11-1) 

 

(1)  Simple   proportionate   distribution   of   loop/line 

position misclosures among the new station coordinates. 

dz Z
F Z

i 
Z

E 

i  1 

 

 

11-7 



i

i

X

Z

i X

i Z

i

i

X x

Z z

F i

F i

EM 1110-1-1003 

1 Aug 96 
 

Where  XF,  YF,  and  ZF   are  the  fixed  coordinates  of  the 

starting point and XE, YE, and ZE   are the   coordinates of 

the  end  point  of  the  loop/traverse.    (These  misclosures 

would also be used to assess the internal accuracy of the 

work.) 

 

(3) Adjustments ( xi,  yi,   zi) to each baseline vector 

component may be computed using either the Compass 

Rule: 

g. Example   of   an   approximate   GPS   survey 

adjustment: 

 

(1)  Fixed control points from the U.S. Army Yuma 

Proving    Ground    GPS    Survey    (May    1990)    (see 

Figure 11-3): 

 

 

l 
x     

    
dx 

L 

 

l
i
 

y dy 
i 

L 

(11-2) 

 

l 
z     

    
dz 

L 
 

or the Transit Rule: Figure 11-3.  Yuma GPS traverse sketch 
 

 

    
X

i
 

x
i 

dx       
X

i
 

PGT NO 2: 

 

XF   = (-) 2205 949.0762 
Y

i
 

y
i 

dy 
Y

i 

 

    
Z

i
 

(11-3)  

YF = (-) 4884 126.7921 

 

ZF = +  3447 135.1550 

z
i 

dz       
Z

i
 

 

(4)  The  adjusted  vector  components  are  computed 

from: 

 

CONTRAVES G: 

 

XE   = (-) 2188 424.3707 

 

YE = (-)4897 740.6844 
a       

i i i 

Y 
a       

Y y
 

 

 

(11-4) 

 

ZE = + 3438 952.8159 
i   i i 

a       

i i i 

 

 

(5)  The  final  geocentric  coordinates  are  then  com- 

puted by summing the adjusted vector components from 

Equation 11-4 above: 

 

(XYZ geocentric coordinates were computed from 

GP-XYZ transform using Equations 11-6 and 11-7 below) 

 

la, lb, lc  = observed GPS baseline vectors 

(from baseline reductions) 

 

and PLR 8.5 and PLR 17 are the points to be adjusted. 

X 
a         

X 
a 

Y 
a         

Y Y 
a 

 

 

(11-5) 

 

(2)  Misclosures in X, Y, and Z (from Equation 11-1): 
i F i 

Z 
a         

Z 
a 
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Vector 
 

Xa 
 

Ya 
 

Za 

 

A 

B 

C 

 

3778.0770 

7859.6215 

5887.0070 

 

(-)6006.4518 

(-)3318.7759 

(-)4288.6646 

 

(-)6231.8263 

399.9373 

(-)2350.4501 

 

 

Vector 
 

x 

 
y 

 
z 

 

A 

B 

C 

 

0.1666 

0.1508 

0.1354 

(+0.4528) 

 

0.3683 

0.3333 

0.2992 

(+1.0008) 

 

(-) 0.2795 

(-) 0.2529 

(-) 0.2271 

((-)0.7595) Check 

 

i

 

 

 

 

(-)2205 949.0762 XF (-)4884 126.7921 YF 

+3 777.9104   Xa (-)6 006.8201   Ya 

+7 859.4707   Xb (-)3 319.1092   Yb 

+5 886.8716   Xc (-)4 288.9638   Yc 

-(-)2188   424.3707 XE -(-)4897   740.6844 YE 
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dx = (-) 0.4528   dy = (-) 1.0008 

 

3447 135.1550 ZF 

(-)6 231.5468   Za 

(d)  Final adjusted coordinates (Equation 11-5): 
 

 

Xa  Ya 

+ 400.1902   Zb 

(-)2 350.2230   Zc 

- 3438 952.8159 ZE 

PGT No. 2 

PLR 8.5 

PLR 17 

Contraves G 

(Check) 

(-)2205 949.0762 

(-)2202 170.9992 

(-)2194 311.3777 

(-)2188 424.3707 

(-)4884 126.7921 

(-)4890 133.2439 

(-)4893 452.0198 

(-)4897 740.6844 

 

dz = + 0.7595 

 

(3)  Linear 3D misclosure: 

= (0.45282  + 1.00082  + 0.75952)½  = 1.335 m 

or 1 part in 25,638.2/1.335 = 1:19,200 

 

 

 

 

PGT No. 2 

PLR 8.5 

PLR 17 

Contraves G 

(Check) 

 

 

Za 

 

+3447 135.1550 

+3440 903.3287 

+3441 303.2660 

+3438 952.8159 

 

(Note:  This is a constrained misclosure check, not free) 

(4)  Compass Rule adjustment: 

(a)  Compass Rule misclosure distribution: 

 

la      =  9,443.869                       la/L   =  0.368 

lb      =  8,540.955                       lb/L  =  0.333 

lc      =  7,653.366                       lc/L   =  0.299 

 

L   = 25,638.190                               =  1.000 

 

(b)  Compass Rule adjustment to GPS vector compo- 

nents using Equation 11-2: 

 

(e)  Adjusted  geocentric  coordinates  are  transformed 

to    ,    ,  h,  using  Equations  11-9  through  11-13.    Geo- 

graphic coordinates may then be converted to local SPCS 

(either   NAD   83   or   NAD   27)   project   control   using 

USACE program CORPSCON. 

 

(5)  Transit Rule adjustment. 

 

(a)  Distribution  of  GPS  vector  misclosures  using 

Equation 11-3: 

 

Xi = 3777.9104 + 7859.4707 + 5886.8716 

= 17,524.2527 

 

Similarly, 
 

Yi = 13,614.8931 
 

Zi =   8,981.9600 
 

 

X
 

    i   
 0.4528 

x
i 

dx       
X

i
 

(  )    X
i
 

17,524.2527 

 

(c)  Adjusted baseline vectors (Equation 11-4): 

 

2.584 × 105 X 
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Vector 
 

a 
X 

 

a 
Y 

 

a 
Z 

 

A 

B 

C 

 

3778.0613 

7859.6216 

5887.0225 

 

(-) 6006.4865 

(-) 3318.7756 

(-) 4288.6302 

 

(-) 6231.8000 

+   399.9370 

(-) 2350.4762 

 

 

Vector 
 

x 
 

y 
 

z 

 

A 

B 

C 

(check) 

 

0.0976 

0.2031 

0.1521 

(0.4528) 

 

0.4415 

0.2440 

0.3153 

(1.0008) 

 

(-)0.5269 

(-)0.0338 

(-)0.1987 

(- 0.7595) 

 

 

Vector 
 

Xa 
 

Ya 
 

Za 

 

A 

B 

C 

 

3 778.0080 

7 859.6738 

5 887.0237 

 

(-)6 006.3786 

(-)3 318.8652 

(-)4 288.6485 

 

(-)6 232.0737 

+   400.1564 

(-)2 350.4217 

 

 Za  

PGT No. 2 
 

+3447 
 

135.1550 
PLR 8.5 +3440 903.0813 
PLR 17 +3441 303.2377 
Contraves G +3438 952.8160 
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Similarly, 
 

 

y 7.351 × 105 Y 
i i 

5
 

y   = - (-) 1.0008 = + 0.3336 

3 

 

z = - (-) 0.7595 = (-) 0.2532
 

z
i 

(  )8.456 × 10 Z
i 3 

 

(b)  Adjustments to baseline vector components using 

Transit Rule (Equation 11-3): 
 

 

 

 

 

 

(b)  Final adjusted coordinates: 
 
 

 

 

(c)  Adjusted baseline vectors (Equation 11-4): 
 

 

 

 

 

 

 

 

 

 

(d)  Final adjusted coordinates (Equation 11-5): 
 

 

Xa  Ya 

Xa  Ya 

PLR 8.5 (-)2202 171.0149 (-)4890 133.2786 

PLR 17 (-)2194 311.3933 (-)4893 452.0542 

 

Za 

 

PLR 8.5 +3440 903.3550 

PLR 17 +3441 303.2920 

 

 

Note: Relatively    large    horizontal    (2D)    misclosure 

(1:23,340) may be due to existing control inade- 

quacies, not poor GPS baseline observations. 

 

(c) Variance between adjusted coordinates yields 

relative  accuracies  well  in  excess  of  1:20,000;  thus,  if 

project control requirements are only 1:10,000, then any 
PGT No. 2 
PLR 8.5 

PLR 17 

Contraves G 

(Check) 
 

 

 

 

 

 

 

 

 

(Check) 

(-)2 205 949.0762 

(-)2 202 171.0682 

(-)2 194 311.3944 

(-)2 188 424.3707 

(-)4884  126.7921 

(-)4890 133.1707 

(-)4893 452.0359 

(-)4897  740.6844 

of the three adjustment methods may be used. 

The recommended method is the Compass Rule. 

Fixed  coordinates  of  PGT  No.  2  and  CONTRAVES  G 

can be on any reference ellipsoid -- NAD 27 or NAD 83. 

 

11-11.  Geocentric Coordinate Conversions 

 

The following algorithms for transforming between geo- 

centric  and  geographic  coordinates  can  be  performed  in 

the field on a Hewlett-Packard-style hand-held calculator. 

 

 

(6)  Proportionate distribution adjustment method. 

 

(a) Vector misclosures are simply distributed pro- 

portionately over each of the three GPS baselines in the 

traverse: 

 

x   = - (-) 0.4528 = + 0.1509 

3 

a. Geodetic  to  Cartesian  coordinate  conversion. 

Given  geodetic coordinates on  NAD 83  (in    ,    , H) or 

NAD 27,   the   geocentric   Cartesian   coordinates   (X,   Y, 

and Z) on the WGS 84, GRS 80, or Clarke 1866 ellipsoid 

are converted directly by the following formulas. 
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2 2 2 2
 

X (R
N 

h) cos cos 

Y (R
N 

h) cos sin 

e  = f(2 - f)  = (a - b )  /  a  

 

Z  
b 

R
 

 

 

h   sin 

(11-6) e2  = (a2  - b2)  / b2
 

 

 

 

where 

a 2 N
 b.  Cartesian to geodetic coordinate conversion.   In 

the reverse case, given GRS 80 X, Y, Z coordinates, the 

conversion to NAD 83 geodetic coordinates ( ,   , H) is 

performed using the following noniterative method (Soler 

and Hothem 1988): 

=  latitude 

 

= 360o  - 

 

 

W  (for CONUS west longitudes) 

 

 

arc tan  
Y 

X 

 

 

(11-9) 

 

h =  the ellipsoidal elevation.   If only the orthometric 

elevation  H  is  known,  then  that  value  may  be 

used. 

 

The normal radius of curvature RN  can be computed from 

either of the following equations: 

 

The latitude    and height h are computed using the fol- 

lowing sequence.  The initial reduced latitude   o is first 

computed: 
 

 
2

 

 

a 2 

R
N 

a 2  cos2 b 2  sin2
 

   a 

 

 

(11-7) 

tan   
0

 

 

 

where 

 
Z   

(1 f ) 
e  a 

p    r 

(11-10) 

R
N 

 

 

 

and 

 

1 e 2  sin2
 

(11-8) p X 2 Y 2 

 

e 2         2f f 2 

 

r p 2 Z 2 

 

a (GRS 80) = 6,378,137.0 m (semimajor axis) 

a (WGS 84)   = 6,378,137.0 m 

a (NAD 27)   = 6,378,206.4 m 

 

b (GRS 80) = 6,356,752.314 1403 m (semiminor axis) 

b (WGS 84)   = 6,356,752.314 m 

b (NAD 27)   = 6,356,583.8 m 

 

f (GRS 80) = 1/298.257 222 100 88 (flattening) 

f (WGS 84) = 1/298.257 223 563 

f (NAD 27) = 1/294.978 698 

 

Directly solving for and h: 
 

 

Z(1 f ) e 2a sin3 

tan 0
 

(1 f ) (p ae 2  cos3 ) 
 

 

h 2         (p a cos   )2 (Z b sin   )2
 

 

 

 

 

 

(11-11) 

(11-12) 

 

e2  (GRS 80)   = 0.006   694   380   222   90   (eccentricity 

where the final reduced latitude is computed from 

squared) 

e2  (WGS 84)  = 0.006 694 379 9910 

e2  (NAD 27)  = 0.006 768 658 

tan (1 f ) tan (11-13) 

 

NAD 27   = Clarke Spheroid of 1866 

GRS 80 = NAD 83 reference ellipsoid 

also 

b = a(1 - f) 

c.  Transforms between other OCONUS datums may 

be performed by changing the ellipsoidal parameters a, b, 

and f to that datum’s reference ellipsoid. 

 

d. Example   geocentric-geographic   coordinate 

transform. 
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X (R
N

 h) cos cos (  ) 438,220.073 m 

Y (R
N h) cos sin (  ) 5,189,023.612 m 

 

N

o

R

2

N

 

o
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Geographic to geocentric (  ,   , h to X, Y, Z) transform: 

(1)  Given any point: 

N      = 35° 27’ 15.217" 

 

W     = 94° 49’ 38.107" 

 

= 360° -   W  = 265.1727481° 

 

h = 100 m (N = 0  assumed) 

(2)  Given constants (WGS 84): 

a = 6,378,137 m b = a(1 - f) = 6,356,752.314 

 

f = 1/298.257223563 e2  = f(2 - f) = 6.694380 x 11-3
 

h2    = (p - a cos   )2  + (Z - b sin   )2
 

= (81.458)2  + (58.004)2
 

 

h   = 99.999 = 100 m 

 

f.   North American Datum of 1927 (Clarke Spheroid 

of 1866).  Given a point with SPCS/Project coordinates on 

NAD 27, the point may be converted to X, Y, Z coordi- 

nates for use in subsequent adjustments. 

 

N   = 35° 27’ 15.217" 

 

W  = 94° 49’ 38.107" h or H = 100 m 

 

(NAD 27 from SPCS X-Y   ,   conversion using USACE 

program CORPSCON) 

 

a   = 6,378,206.4 

R           a/(1 e 2 sin2
 )1/2    6,385,332,203  

b   = 6,356,583.8
 

X (R
N 

h) cos cos (  )437,710.553 

Y (R
N 

h) cos sin (  )5,182,990.319 
 

2
 

 

 

f = 1/294.978698 

Z  
b 

R 

a 2 N
 

H   sin   3,679,090.327 
 

e2    = 0.006768658 

(NAD 27/Clarke 1866 Spheroid) 

 

e. Geocentric  (X,  Y,  Z)  to  geographic  (  , ,  H) 

transform. 

 

Inversing the above X, Y, Z geocentric coordinates: 

   a 
N 

(1 e 2  sin2      )
1/2

 

 
    

6,392,765.205 

 

p = (X2  + Y2)1/2  = 5,201,440.106  

Z  
b 

R 

 

 

H   sin 3,733,466.852 m 

r = (p2  + Z2)1/2  = 6,371,081.918 a 2 

 

 

      tan 1    Z 
p 

 

 

(1 f ) 

 

e 2a       
   

r 

 

 

35.36295229° 

These geocentric coordinates (on NAD 27 reference) may 

be   used   to   adjust   subsequent   GPS   baseline   vectors 

observed on WGS 84. 

 

tan 

 

Z(1 f) e 2a sin3
 

 

11-12.  Rigorous Least Squares Adjustments of 
(1 f) (p  ae 2  cos3      o) 

0.712088398 
 

 

= 35.45422693° = 35° 27’ 15.217" 

 

= tan-1(Y/X) = 85.17274810° (= 265.17274810°) 

 

W     = 360° - = 94° 49’ 38.107" 

 

= tan-1  [(1 - f) tan   ] = 35.36335663° 

GPS Surveys 
 

Adjustment of GPS networks on PC-based software is 

typically a trial-and-error process for both the free and 

constrained adjustments.  When a least squares adjustment 

is performed on a network of GPS observations, the 

adjustment software will provide 2D or 3D coordinate 

accuracy  estimates,  variance-covariance  matrix  data  for 

the  adjusted  coordinates,  and  related  error  ellipse  data. 

Most software will provide relative accuracy estimates 

(length  and  azimuth)  between  points.    Analyzing  these 
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various statistics is not easy, and they are also easily mis- 

interpreted.   Arbitrary rejection and readjustment in order 

to  obtain  a  best  fit  (or  best  statistics)  must  be  avoided. 

The original data reject criteria must be established and 

justified in a final report document. 

 

a.    When a series of loops are formed relative to a 

fixed point or off another loop, different redundant condi- 

tions are formed.   (This is comparable to loops formed in 

conventional differential level nets.)  These different loops 

allow forward baseline vector position computations to be 

made  over  different  paths.     From  the  different  routes 

(loops)  formed,  different  positional  closures  at  a  single 

fixed  point  result.     These  variances  in  position  mis- 

closures from the different routes provide additional data 

for assessing the internal consistency of the network, in 

addition to checking for blunders in the individual base- 

lines.   The number of different paths, or conditions, is 

partially related to the number of degrees of freedom in 

the network. 

 

(1) Multiple observed baseline observations also pro- 

vide  additional  redundancy  or  strength  to  a  line  or  net- 

work  since  they  are  observed  at  two  distinct  times  of 

varying satellite geometry and conditions.  The amount of 

redundancy required is a function of the accuracy require- 

ments of a particular survey. 

 

(2)  Performing a free adjustment on a complex net- 

work  containing  many  redundancies  is  best  performed 

using least squares methods.   An example of such a net- 

work is shown in Figure 11-4.   Approximate adjustment 

methods are difficult to evaluate when complex inter- 

weaving networks are involved. 

 

(3)  Baseline reduction vector component error statis- 

tics are usually carried down into the least squares adjust- 

ment; however, their use is not mandatory for lower order 

engineering surveys.  GPS network least squares adjust- 

ments can be performed without all the covariance and 

correlation statistics from the baseline reduction. 

 

(4)  In  practice,  any  station  on  the  network  can  be 

held fixed for the free adjustment.   The selected point is 

held fixed in all three coordinates, along with the orienta- 

tion  of  the  three  axes  and  a  network  scale  parameter. 

Usually one of the higher order points on the existing 

network is used. 

 

b.    Least squares adjustment software will output var- 

ious statistics from the free adjustment to assist in detect- 

ing blunders and residual outliers in the free adjustment. 

Most  commercial  packages  will  display  the  normalized 

residual  for  each  observation  (GPS,  EDM,  angle,  eleva- 

tion, etc.), which is useful in detecting and rejecting resid- 

ual outliers.  The variance of unit weight is also important 

in  evaluating  the  overall  adequacy  of  the  observed  net- 

work.  Other statistics, such as tau, chi-square, confidence 

levels,  histograms,  etc.,  are  usually  not  significant  for 

lower order USACE engineering projects, and become 

totally insignificant if one is not well versed in statistics 

and  adjustment  theory.    Use  of  these  statistics  to  reject 

data (or in reporting results of an adjustment) without a 

full  understanding  of  their  derivation  and  source  within 

the  network  adjustment  is  ill-advised;  they  should  be 

“turned off” if they are not fully understood. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11-4.  Free adjustment of a complex GPS 

network 
 

 

c.  Relative  positional  and  distance  accuracy  esti- 

mates resulting from a free (unconstrained) geometric 

adjustment of a GPS network are usually excellent in 

comparison to conventional surveying methods.   Loop 

misclosures   and   relative   distance   accuracies   between 

points will commonly exceed 1:100,000. 

 

d. Relative  distance  accuracy  estimates  between 

points in a network are determined by error propagation 
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of the relative positional standard errors at each end of the 

line,  as  shown  in  Figure 11-4.    Relative  accuracy  esti- 

mates may be derived for resultant distances or azimuths 

between the points.  The relative distance accuracy esti- 

mates are those typically employed to assess the free 

(geometric) and constrained accuracy classifications, 

expressed as a ratio, such as 1:80,000.   Since each point 

in the network will have its particular position variances, 

the relative distance accuracy propagated between any two 

points will also vary throughout the network. 

 

(1)  The minimum value (i.e., largest ratio) will gov- 

ern the relative accuracy of the overall project.   This 

minimum value (from a free adjustment) is then compared 

with the intended relative accuracy classification of the 

project  to  evaluate  compliance.    However,  relative  dis- 

tance accuracy estimates should not be rigidly evaluated 

over short lines (i.e., less than 500 m). 

 

(2)  Depending  on  the  size  and  complexity  of  the 

project, large variances in the propagated relative distance 

accuracies can result. 

 

(3) When a constrained adjustment is performed, the 

adequacy of the external fixed stations will have a major 

impact on the resultant propagated distance accuracies, 

especially when connections are made to weak control 

systems.  Properly weighted partially constrained adjust- 

ments will usually improve the propagated distance 

accuracies. 

 

e.    The primary criteria for assessing the adequacy of 

a particular GPS survey shall be based on the relative dis- 

tance accuracy results from a minimally constrained free 

adjustment, not the fully constrained adjustment.   This is 

due to the difficulty in assessing the adequacy of the sur- 

rounding network.  Should the propagated relative accura- 

cies  fall  below  the  specified  level,  then  reobservation 

would be warranted. 

 

(1) If the relative distance accuracies significantly 

degrade  on  a  constrained  adjustment  (due  to  the  inade- 

quacy of the surrounding network), any additional connec- 

tions to the network would represent a change in contract 

scope.   A large variance of unit weight usually results in 

such cases. 

 

(2)  If  only  approximate  adjustments  are  performed, 

then the relative distance accuracies may be estimated as 

a  function  of  the  loop  or  position  misclosures,  or  the 

residual corrections to each observed length.   For exam- 

ple,  if  a  particular  loop  or  line  miscloses  by  1  part  in 

200,000,  then  individual  baseline  relative  accuracies  can 

be   assumed   adequate   if   only   a   1:20,000   survey   is 

required. 

 

f. Most commercial and Government adjustment 

software will output the residual corrections to each 

observed  baseline  (or  actually  baseline  vector  compo- 

nents).    These  residuals  indicate  the  amount  by  which 

each segment was corrected in the adjustment.  A least 

squares adjustment minimizes the sum of the squares of 

these baseline residual corrections. 

 

(1)  A  number  of  commercial  least  squares  adjust- 

ment  software  packages  are  available  which  will  adjust 

GPS networks using standard IBM PC or PC-compatible 

computers.     Those  commonly  used  by  USACE  Com- 

mands include the following: 

 

(a)  TURBO-NET™, Geo-Comp, Inc., distributed by 

Geodetic  Enterprises,  Inc.,  PO  Box  837,  Odessa,  FL 

33556, (813) 920-4045. 

 

(b) Geo-Lab™, distributed by GEOsurv, Inc., The 

Baxter Centre, 6-1050 Baxter Road, Ottawa, Ontario, 

Canada  K2C 3P1, (613) 820-4545. 

 

(c)  FILLNET™, distributed by Ashtech, Inc., 

1156-C Aster Avenue, Sunnyvale, CA, 94086, 

(408) 249-1314. 
 

(d)  ADJUSTTM,  an  adjustment  program  distributed 

by the National Geodetic Survey Information Center, 

Rockville, MD  20852. 

 

(e)  TRIMNETTM,  distruibuted  by  Trimble  Naviga- 

tion, Inc., 645 North Mary Avenue, P.O. Box 3642, 

Sunnyvale, CA, 94088-3642, (1-800-TRIMBLE). 
 

(f) STAR*NETTM,      distributed   by   STARPLUS 

SOFTWARE,  INC.,  460  Boulevard  Way,  Oakland,  CA, 

94610, (510) 653-4836). 

 

Annotated sample adjustment outputs from two commer- 

cial packages are shown in Figures 11-5 and 11-6. 

 

(2) Relative GPS baseline standard errors can be 

obtained from the baseline reduction output and, in some 

software (i.e., Geo-Lab), can be directly input into the 

adjustment.  These standard errors, along with their cor- 

relations, are given for each vector component (in X, Y, 

and Z).    They  are  converted  to  relative  weights  in  the 

adjustment.  FILLNET allows direct input of vector com- 

ponent standard errors in a ±x + y ppm form.   Correla- 

tions  are  not  used  in  FILLNET.    The  following  typical 

input (a priori) weighting is commonly used in FILLNET: 
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GPS  Solution 
GPS  Solution 
GPS   Solution 
GPS Solution 
GPS Solution 
GPS   Solution 

2 
3 Reference Factor = 9.91  r =  2.06 

6.65  r = 2.21 4 Reference Factor  = 
5 Reference Factor 11.46 r = 2.13 
6 Reference Factor .. 3.37 r " 1.96 
7 Reference Factor • 2.52 r = 2.05 

GPS Solution 8 Reference Factor = 5.56 r = 2.10 
GPS Solution  

Reference Factor  = 11.65 r = 2.45 
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ADJUSTMENT STATISTICS SUMMARY 
NETWORK • FTMl 
TIME •Wed Dec 15 18:13:40 1993 

 

 

 

ADJUSTMENT   SUMMARY 
 

Network Reference Factor •9.09 
Chi-Square Test (a =  95\)= FAIL 

Degrees of Freedo=  20.00 
 

 

 

GPS OBSERVATIONS 
Reference Factor =  9.09 

r .. 20.00 
 

GPS  Solution 1 Reference Factor m 6.08  r = 2.38 

Reference Factor  = 14.38 r = 2.66 
 

 

 

 

 

• 
 

 

 

GPS OBSERVATIONS: 

WEIGHTING STRATEGIES: 

No scalar weighting strategy was used 
 

No summation weighting strategy was used 
 

Station Error Strategy: 
H.I. error • 0.0010 
Tribrach error •0.0010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  11·5.  TRIMNET sample  adjustment output  (Sheet 1 of 6) 
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LAT= 40- 18' 46.192066" +0.000003" 40' 18' 46.192069" O.Ol1390m 

LON= 74- 02' 14.692854" +0.000000" 74" 02' 14.6928548
 O.Oll542m 

ELL  HT= 

ORTHO  HT= 
  -22.3923m  -0.5752m 

o.oooom +O .oooom 
  -22.9675m 

o.oooom 
0.016921m 
NOT KNOWN 
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COORDINATE ADJUSTMENT  SUMJIARY 
NETWORK  • FTMl 
TIME •Wed Dec 15 18:13:41 1993 

 

 

Datum =  NAD-83 
Coordinate System •Geographic 
Zone •Global 

 

Network Adjustment Constraints: 
3 fixed coordinates in y 
3 fixed coordinates in x 
3 fixed coordinates in H 
3 fixed coordinates in h 

 

POINT  NAME ow COORDS  ADJUST NEW  COORl>S 1.960 

 

1 C2PR 

LAT=  40-  25'  35.43303011    +0.00000011 40" 25'  35.433030"  FIXED 
LON=  74" 20'  41.879000"  +0.00000011  74"  .20 1  41.879000"  FIXED 

ELL   HT=  -29.8100m  +O.OOOOm -29.8100m  FIXED 
ORTHO  HT=   3.0400m  +O.OOOOm  3.040Dm  FIXED 

GEOID HT-  -32.8500m  +O.OOOOm -32.BSOOm FIXED 

 

2  FTM1 
 

 

 

 

 

3  KANT  

LAT: 40-  02'  18.425950" +0.000000" 40" 02'  18.425950"  FIXED 
LON• 74. 03'  11.673310" +0.000000" 74'  03'  11.673310"  FIXED 

ELL HT=         -32.1600m   +O.OOOOm           -32.1600m        FIXED 

ORTHO HT=                                 1.1500m   +O.OOOOm             1.1500m        FIXED 

GEOID HT=         -33.3100m   +O.OOOOm           -JJ.JlOOm        FIXED 
 

4   SIMJ 

LA"'  40.  28'  06.064930" +0.000000" 40"  28'  06.064930"  FIXED 
LON=  74-  OO' 28.941590" +0.00000011 74"  OO' 28.941590"  FIXED 

ELL HT=                            -Jo.ssoom   +O.OOOOm           -30.5800m        FIXED 

ORTHO HT=                                 2.1000m   +O.OOOOm             2.1ooom        FIXED 

GEOID HT=                             -32.6BOOm   +O.OOOOm           -J2.6800m        FIXED 
 

 

Fr..., 
u..,-- 40 

•
 

 

.. 
18 4G.•H>-8 

tm.!  H .:z_ lt.112-18'' 

>H -1.'2.- BS'"' 
 

 

 

 

 

 

 

 

Figure  11-5.  (Sheet 2 of 6) 
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81M3  -**- 
28957.8274m 
28957.8638m 

0.0312m 
0.0084m 

C2PR 1 +0.036478m 0.0300m 

 

-··- -··- 
1 FTM1  -··- 17448.4006m  0.0126m

 

1 FTM1  -· ·- 8'12'30.7931"  0.1507"
 

-· ·- 

-· ·-  -··-

1 -o-··-
-· ·-

•
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OBSERVATION'ADJUSTMENT SUMMARY 
NETWORK  • FTMl 
TIME •Wed Dec 15 18:13:43 1993 

 

 

 

OBSERVATION ADJUSTMENT (Tau •2.85) 

GPS Parameter Group 1 GPS Observations 
Azimuth rotation • -0.2339 seconds 1.960  •0.0587 seconds 
Deflection in latitude • +0.0470 seconds 1.960'  •0.1005 seconds 
Deflection in longitude • +0.5992 seconds 1.960 •0.1960 seconds 
Network scale •0.999995521210 1.960 - 0.000000288587 

 

 

OBSI BLKf/ TYPE  BACKSIGBT/  UDVC/  OBSERVED/  1.960'/ TAU 

REF#  INSTRUMENT/ UDPG/  ADJUSTED/  1.960'/ 
FORESIGHT  SBNT  RESIDUAL 1.960' 

1 1 gpsaz -**-  8'12130.7755" 0.3399"  0.04 

 

SI:M3  1 +0.01759911  0.3046" 
 

2  1 qpsht  -**-  -7.6308m  0.0495m  0.23 

1 FTMl -7.6160m  0.0219m 
SIM3  +0.014794m  o.0444m 

 

3  1 qpsds 17448.3884m  0.0279m  0.34 

 

51M3  1 +0.012253m  0.0249m 
 

4  2  gpsaz -**- -**- 260.52'34.5985 11 0.2105"  0.02 

1 SIM3 -**- 260'52'34.5939"  0.0587" 
C2PR  1 -o.004628"  0.2022" 

 

5 2   gpsht -**- -**-  +0.8693m  0.0696m  0.19 

1  SIMl -**- +0.8516m  0.0282m 
C2PR  1 -O.Ol7753m  0.0636m 

 

6  2   gpsds -**- -**- 
1 

 

0.84 

 

 

7  3  gpsaz -**- -**-  8'12'30.5976"  0.310011 0.50 

1 FTMl -**- 8'12'30.7931"  0.150711
 

81M3  1 +0.195536"  0.2710" 
 

8 3   gpsht -**- -**-  -7.6089m  0.0316m  0.21 

1 FTM1  -1.6160m o.0219m 
SIMJ .007130m  0.0228m 

 

9  3  gpsds -**- 17448.4119m  0.0265m  0.33 

1 FTM1 
81M3 -··- 17448.4006m  O.Ol26m 

-O.Oll284m  0.0233m 

10  gpsaz -**-  -**-  182'32'19.431411 0.186311 0..-29 

1 FTM1  -**-  182'32'19.3636" 0.096311
 

MANT 1 -0.067829"  0.. 159511
 

 

 

Figure  11·5.  (Sheet 3 of 6) 
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53'30.6165" 
53'30.5663" 
-0.050255" 

0.1904" 0.21 
0.0923" 
0.1665" 

-6.7766m o.034lm 0.33 

-6.7642m 0.0224m  
+0.012405m o.0257m  

 

C2PR  1 

22  8  gpsaz -··-  -· ·-  295' 

KANT 1 +0.025802"  0.1043" 

C2PR  1 -0.001702m  o.0239m 

KANT 1 +0.002485m 0.03331l 

KANT 1  -O.Oll512m 0.02421l 

KANT 1 +0.00952lm  Q,Olllll 

C2PR  1 -0.00676511 0.0947 8 

FTM1  1 +0.031010"  0.151311 

KANT 1 -0.024483m  0.024811. 

C2PR 1 +O.OOB509m  0.0250111 

C2PR  1 -0.002441111 0.0232m 

FTM1  1 +0.003409111 o.0256m 

1 KANT -· ·- 30496.2272111 o.Ol43m
 

·C2PR 1 

1 FTM1    -··-  295'53'30.5663"  0.0923"

-· ·-  -· ·-

1 SIMJ -· ·- -1.5B06m  0.0250m
 

1 FTM1  -· ·- -9.196Dm  0.01981l
 

1 KANT -· ·- +2.4307m  0.0242111

1 KANT -· ·- +9.1951111 o.Ol9Bm
 

1 SIM3  -· ·- 47890.3000m O.Ol38m
 

1 KANT -··- 49729.7364m  0.0144m

1 FTM1    -··- 29010.867Bm  o.Ol29m

1 FTM1  -· ·- J0496.2272m 0.014lll
 

1 KANT -· ·- 2'31'42.6064"  0.0960"

1 SIMJ -· ·-  184'37114.0097" 0.0586"

1 MANT -· ·-  330'08'41.8865"  0.0587"

EM 1110-1-1003 
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11 4  gpsht -· ·-  -· ·- -9.1984JD  O.OJBBil  0.05
 

12 4  gpsds -· ·-  -· · - 30496.2387m 0.0281•  0.33
 

13  5 gpsaz -· ·-  -· ·-  184'37'13.9839" 0.11968 0.17
 

14 5  gpsht -· ·-  -· · - -1.590lm  0.0399•  0.21
 

15 5 gpsds  -· ·-  -· · - 47890.3245m 0.0284m  0.68
 

16 6  gpsaz -· ·-  -· · -  330'08'41.8933" 0.1115"  0.05
 

17 6  gpsht -· ·-  -· ·- +2.4222m  0.0348111.  0.23
 

18 6  gpsds -· ·-  -· ·- 49729.7388m  o.0273m  0.07
 

19  7  gpsaz  -· ·-  -· ·-  2.31142.5754" 0.1792"  0.14
 

20  7  gpsht -· ·-  -· ·- +9.1917111 0.0324111 0.09
 

21 7  gpsds -· ·-  -· · - 30496.2264111 o.026Bm  0.02
 

FTM1  1 +0.000753m  0.0226m 

1 FTM1  -· ·-  295' 
 

23  8  gpsht 

1 FTM1  -**- 

24  8  gpsds -**-  -··- 29010.8695m  o.0272m 0.05
 

25  • gpsaz -· ·-  -· ·-  295'53'30.6764" 0.2227"  0.37
 

C2PR  1 -0.11013811  0.2026• 
 

 

Figure  11·5.  (Sheet 4 of 6) 
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C2PR  l -0.00417lm  0.051Sm 
l FTMl -· ·- -6.76421D o.0224m
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26  9 gpsht  -· ·-  -· · - -6.7600m  0.0564m  0.06
 

27  9   qpsds -· ·-  -· ·- 29010.8399m  0.0319m  0.66

 
 

 

l FTMl 
C2PR 

-· ·- 
 

 

29010.8678m  o.Ol29m 
+0.027863m  o.0291m 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  11-5.  (Sheet 5 of 6) 
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-··- -··- 

-··- 
-··-  -· ·- -· ·- 
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SUMMARY OF COVARIANCES 
NETWORK  • FTMl 
TIME •Wed Dec 15 18:13:45 1993 

 

 

FROM/ 
TO 

AZIMU'l'll/  1.96a DISTANCE/ 
DELTA H  1.960' DELTA  h 

1.96a HOR  PREC 
1.960' 

 

 

FTMl 

 

 

+6.8425m 

 

 

o.Ol69m -··-
 

 

 

-· ·-  -· ·- 

C2PR 
 

 

C2PR 
!<ANT 

 

C2PR 
SIM3 

 

FTMl 

!<ANT 

115"41'34" 0.08"  29010.998m 
 

 

 

 

-· ·- -· ·- -· ·- 
182'32'20"  0.08"  30496.364m 
-9.1925m  0.0169m 

0.01-1·4·m- 

-· ·- 
-· ·- 

O.Ol-l·4·m- 

l: 2536313 
 

 

 

-· ·- 
 

l: 2675331 

 

FTMl 
SIM3 

 

!<ANT 
SIM3 

 

8'12'31"  0.14"  17448.479m 
-7.6125m  O.Ol69m 

-· ·- -· ·-  -··- 

 

O.Ol14m  l: 1527827 

-··- -··- 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 11-5.  (Sheet  6 of 6) 
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PROGRAM FILLNET, Version 3.0.00 
LICENSED TO: ASHTECH INC. 

 

Fillnet Input File  acts 40.3  74. l 

a  ..  6378137.000 1/f ..  298.2572221  w Longitude positive  WEST 

PRELIMINARY  COORDINATES: 
LAT. LON-  ELEV. G.B.  CONSTR. 

 

1 F'l'M2  40   18   46.25804 74  2   14.14056 

2  FFF MANT  40  2   18.42595 74  3   11.67331 
3  FFF C2PR   40   25   35.43303 74 20   41.87900 
4 FFF SIMJ  40   28  6.06493 74  0  28.94159 
5  FTMl 40 18   46.19156 74  2   14.69409 

 

GROUP    1'  NO. OF VECTORS AND  BIAS   CONSTRAINTS: 

 

47.648  0.000 
-32.160 0.000 
-29.810  0.000 
-30.580  0.000 
-24.152  0.000 

11 0.000 o.ooo 0 .ooo 0.000  0.000 0.000  0. 000  0.000 
 

VECTORS:  

DX OY DZ LENGTH ERROR CODES 
 

FTMl FTM2 -1.061 -3.124 -3.223 4.612 3 51.0 51.0 2 

FTMl FTM2 -1.059 -3.126 -3.223 4.613 3 51.0 51.0 2 
C2PR MANT 31466.066 -20017.367 -32897.190 49729.603 3 51.0 51.0 3 
C2PR FTMl 27361.521 -755.791 -9612.798 29010.859 3 51.0 51.0 3 
MANT SIM3 -4788.603 30711.771 36432.475 47890.175 3 51.0 51.0 3 
MANT FTM1 -4104.542 19261.593 23284.378 30496.204 3 51.0 51.0 3 
51M3 FTM1 684.063 -11450.182 -13148.091 17448.407 3 51.0 51.0 3 
MANT FTM1 -4104.553 19261.590 23284.377 30496.203 3 51.0 51.0 3 
C2PR 51M3 26677.446 10694.407 3535.282 28957.809 3 51.0 51.0 3 
C2PR FTM1 27361.503 -755.790 -9612.797 29010.842 3 51.0 51.0 3 
SIM3 FTM1 684.055 -11450.181 -13148.088 17448.404 3 51.0 51.0 3 

SHIFTS: 
1 -6.254 -14.914 -70.647 
2 0.000  0.000 0.000 
3  0.000  0.000 0.000 

4  0.000  o.ooo 0.000 
5  0.009 0.035 1.170 

 

ADJTJSTED VECTORS GROUP 

DX,DY,DZ v DN,DE,DU v v' 
 

FTM1 FTM2 3213B -1.060 
-3.125 

0.001 
-0.001 

-4.214 
-1.876 

-0.001 
0.001 

-0.3 
0-1 

   -3.223 -0.000 -0.014 0.001 0-2 

FTMl FTM2 3213A -1.060 
-3.125 
-3.223 

-0.001 
0.001 
-0.000 

-4.214 
-1.876 
-0.014 

0.001 
-0.001 
-0.001 

0.3 
-0.1 
-0.2 

C2PR 
 

MANT 3203C 31466.069 
-20017.389 
-32897.156 

-0.002 
0.005 
0.021 

-43116.924 
24778.270 
-20.476 

0.019 
-0.000 
0.009 

0.3 
-0.0 

0- 2- 

C2PR FTM1 3203C 27361.531 0.000 -12649.806 0.009 0-2 

   -755.810 0.013 26107.654 0.004 0.1 

 

Figure 11·6. FILLNET sample adjustment output (Sheet 1 of 3) 
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OBS. EQUATIONS 33 

UNKNOWNS 10 
DEGREES OF FREEDOM 23 
ITERATIONS 0 
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-9612.775 0.001  53.853 -0.009 -0.2 
 

MANT  SIM3 32038  -4788.587 0.006  47738.483 -0.015 -0.2 
30711.758  -0.003  3808.387  0.005 0.1 
36432.4 76   -0.015  36.869 -0.006  -0.1 

 

MANT  FTMl  32038  -4104.538 -0.001 30467.118 -0.010  -0.3 
19261.579 -0.009  1329.384 -0.003 -0.1 

23284.381 -0.006  74.329 0,003 0.1 
 

51M3  FTMl  32038 684.050 -0.009 -17271.365 0.003 0.1 
-11450.179  -0.002 -2479.003 -0.009 -0.4 
-13148.095 0.003  37.460 0.001 0.1 

 

MANT  FTM1  3203C -4104.538 0. 010 30467.118  -0.009  -0.2 
19261.579 -0.006 1329.384 0.008 0-2 
23284.381 -0.005  74.329 0.003 0.1 

C2PR  51M3  3203A 26677.482 o. 021 4621.559  0.002 0.1 
10694.369 -0.001  28586.657  0.020 0.6 
3535.320 0.009 16.393  0.011 0.3 

 

C2PR  FTMl  3203A 27361.531 0. 018 -12649.806 0.004 0.1 
-755.810 0.012 26107.654  0.021  0.6 

-9612.775 -0.000 53.853 -0.005 -0.1 
 

SIM3  FTM1  3203A 684.050 -0.001 -17271.365 -0.001 -0.1 
-11450.179 -0.003 -2479.003 -0.002 -0.1 
-13148.095 0.000  37.460 0.002 0.1 

S.E. OF UNIT WEIGHT = 0.278 
 

NUMBER OF - 
 

 

 

 

 

 

GROUP  1 ROT. ANGLES (sec.)AND SCALE DIFF. (ppm): 
 

HOR. SYSTEM  0.342 -0.057 0.026 0.101 
STD. ERRORS  0.044 0.030 0.025 0.120 
XYZ SYSTEM  -0.110 0.178 0.277 

 

ADJUSTED POSITIONS: 
 

LAT. LON.  ELEV. STD. ERRORS (m) 
 

1  FTM2  40 18 46.05528 
2  MANT  40  2 18.42595 
3  C2PR  40 25 35.43303 

74  2 14.77217 -22.999 0.003 0.004 0.004 
74 3 11.67331 -32.160 0.000 0.000 0.000 
74   20 41.87900 -29.810 o.ooo o.ooo o.ooo 

4 51M3 40 28  6.06493 74  0 28.94159 -30.580 0.000 0.000 0.000 
5 FTM1 40 18 46.19186 74  2 14.69262 -22.982 0.003 o. 003 0.004 

ACCURACIES (m) :  

D. LAT. D. LON.  VERT. 
 

FTM1 FTM2 0.001 0.001 0.001 
FTM1 nM2 0.001 0.001 0.001 

 

Figure 11-6.  (Sheet 2of 3) 
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C2PR MANT  0.000 0.000  0.000 
C2PR FTMl 0.003 0.003  0.004 
MANT  SIM3  0.000  0.000 0.000 
MANT  FTM1  0.003 0.003  0.004 
51M3  FTMl  0.003 0.003  0.004 
MANT  FTMl  0.003  0.003  0.004 
C2PR SIM3 0.000 0. 000  0.000 
C2PR FTM1  0.003 0.003  0. 004·  
51M3  FTM1  0.003 0.003  0.004 

 

 

 

*"'** 
**** 
**** 
**** 
**** 
**** 
**** 
"'*** 
**** 

 

ESTIMATES OF PRECISION 
 

Based on the VECTOR ACCURACIES produced by 
FILLNET 

 

This is a reasonable estimate of the accuracies 
of the vectors in the network at 1 SIGMA. 

**** 
**** 
**** 
**** 
**** 
**** 
**** 
**** 
**** 

***************************************************************** 
 

VECTOR LENGTH 
 

PPM{h) RATIO{h) 
 

PPM{v)  RATIO{\>) 
 

FTM1 
FTM1 
C2PR 
C2PR 
MANT 

MANT 
51M3 
MANT 

C2PR 
C2PR 
51M3 
51M3 

 

FTM2 
FTM2 
MANT 
FTM1 
SIM3 
FTM1 
FTM1 
FTMl 
SIM3 
FTM1 
FTM1 
FTM1 

 

4.613 
4.613 

49729.591 
29010.862 
47890.165 
30496.198 
17448.407 
30496.198 
28957.832 
29010.862 
17448.407 
17448.407 

 

306. 6 
306.6 
0.0 
0-1 
0.0 
0- 1 
0-2 
0- 1 
0.0 
0-1 
0.2 
0.2 

 

1:  3262 
1:  3262 
1:  0 
1:  6837914 
1:  0 
1:  7188001 
1:  4112620 
1:  7188001 
1: 0 
1:  6837914 
1:  4112620 
1:  4112620 

 

216.8 
216.8 
0.0 
0- 1 

o.o 
0.1 
0.2 
0.1 
0.0 

0.1 
0.2 
0.2 

 

1:  4613 
1:  4613 
1: 0 
1: 7252715 
1:  0 
1:  7624049 
1:  4362102 
1: 7624049 
1:  0 
1:  7252715 
1:  4362102 
1: 4362102 
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(a)  Fixed: ±3  mm  (Lat)  ±  5  mm  (Long)  +  1 ppm 

±5 mm (Height) +  1 ppm 

 

(b)  Float:   ± 6 mm (Lat) ± 10 mm (Long) + 2 ppm 

± 10 mm (Height)  + 2 ppm 

 

The optimum standard errors shown have been found to 

be reasonable in standard USACE work where extremely 

long baselines are not involved.  Use of these optimum 

values is recommended for the first adjustment iteration. 

 

(3) The adequacy of the initial network weighting 

described in (2) above is indicated by the variance of unit 

weight (or variance factor in Geo-Lab) which equals the 

square  of  the  standard  error  of  unit  weight  (FILLNET). 

The variance of unit weight should range between 0.5 and 

1.5 (or the standard error of unit weight should range 

between 0.7 and 1.2), with an optimum value of 1.0 signi- 

fying  realistic  weighting  of  the  GPS  input  observations. 

A large unit variance (say 5.0) indicates the initial GPS 

standard errors were too optimistic (low).   A low unit 

variance  (say  0.1)  indicates  the  results  from  the  adjust- 

ment  were  better  than  the  assumed  GPS  baseline  preci- 

sions used.  This unit variance test, however, is generally 

valid only when a statistically significant number of 

observations are involved.  This is a function of the num- 

ber of degrees of freedom shown on the adjustment.  To 

evaluate the adequacy of the unit weight, a test such as 

chi-square  in  Geo-Lab  is  performed.    Failure  of  such  a 

test indicates the variance factor statistic may not be sta- 

tistically valid, including any rejections made using this 

value. 

 

(4)  The input standard errors can easily be juggled in 

order to obtain a variance of unit weight near 1.0.   This 

trial-and-error method is generally not a good practice.  If 

the input weights are changed, they should not be modi- 

fied beyond reasonable levels (e.g., do not input a GPS 

standard error of ±50 + 50 ppm in order to get a good 

unit variance).  If input standard errors are modified, these 

modifications should be the same for all lines, not just 

selected ones.   Any such modifications of a priori stan- 

dard errors must be justified in the adjustment report. 

 

(5) Changing the magnitude of the input standard 

errors/weights will not change the adjusted position or 

residual results in a free adjustment provided all weight 

changes are made equally.   Although the reference vari- 

ance will change, the resultant precisions (relative line 

accuracies) will not change.  (This is not true in a con- 

strained adjustment.)  Therefore, the internal accuracy of a 

survey can be assessed based on the free adjustment line 

accuracies regardless of the initial weighting or variance 

of unit weight. 

 

(6)  The magnitude of the residual corrections shown 

in the sample adjustments may be assessed by looking for 

blunders or outliers; however, this assessment should be 

performed in conjunction with the related normalized 

residual (FILLNET) or standardized residual (Geo-Lab) 

statistic.   This statistic is obtained by multiplying the 

residual  by  the  square  root  of  the  input  weight  (the 

inverse of the square of the standard error).  If the obser- 

vations are properly weighted, the normalized residuals 

should be around 1.0.  Most adjustment software will flag 

normalized   residuals   which   exceed   selected   statistical 

outlier tests.  Such flagged normalized residuals are candi- 

dates  for  rejection.     A  rule-of-thumb  reject  criterion 

should  be  set  at  three  times  the  standard  error  of  unit 

weight,  again  provided  that  the  standard  error  of  unit 

weight is within the acceptable range given in (3) above. 

All rejected GPS observations must be justified in the 

adjustment   report  clearly   describing  the   test   used  to 

remove the observation from the file. 

 

(7)  Error  ellipses,  or  3D  error  ellipsoids,  generated 

from the adjustment variance-covariance matrices for each 

adjusted point in Geo-Lab are also useful in depicting the 

relative positional accuracy.   The scale of the ellipse may 

be varied as a function of the 2D deviation.   Usually a 

2.45-  ,  or  95 percent,  probability  ellipse  is  selected  for 

output.   The size of the error ellipse will give an indica- 

tion of positional reliability, and the critical relative dis- 

tance/azimuth accuracy estimate between two adjacent 

points is a direct function of the size of these positional 

ellipses. 

 

(8) The relative distance accuracy estimates (i.e., 

relative  station  confidence  limits  in  Geo-Lab  and  esti- 

mates of precision in FILLNET) are used to evaluate 

acceptability of a survey.   This is done using a free 

adjustment.  The output is shown as a ratio (FILLNET) or 

in parts per million (Geo-Lab).   Note that FILLNET uses 

a 1-   line accuracy.   The resultant ratios must be divided 

by 2 in order to equate them to FGCS 95 percent criteria. 

Geo-Lab is set to default to the 95 percent level. 

 

(9)  Further details on these statistical evaluations are 

beyond  the  scope  of  this  manual.    Technical  references 

listed under paragraph A-1 should be consulted. 

 

g.  The following is a summary of a network adjust- 

ment  sequence  recommended  by  the  NGS  for  surveys 

which are connected with the NGRS: 
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(1) A minimally constrained 3D adjustment is done 

initially as a tool to validate the data, check for blunders 

and systematic errors, and to look at the internal consis- 

tency of the network. 

 

(2) A 3D horizontal constrained adjustment is per- 

formed holding all previously published horizontal control 

points fixed and one height constraint.   If the fit is poor, 

then a readjustment is considered.  All previous observa- 

tions determining the readjusted stations are considered in 

the adjustment. 

 

(3)  A fully constrained vertical adjustment is made to 

determine the orthometric heights.   All previously pub- 

lished benchmark elevations are held fixed along with one 

horizontal position in a 3D adjustment.  Geoid heights are 

predicted using the latest model. 

 

(4)  A  final  free  adjustment  is  performed  in  which 

relative accuracy estimates are computed. 

 

11-13.  Evaluation of Adjustment Results 

 

A survey shall be classified based on its horizontal point 

closure ratio, as indicated in Table 11-1 or the vertical 

elevation difference closure standard given in Table 11-2. 
 

 

Table 11-1 

USACE Point Closure Standards for Horizontal 

Control Surveys 
 

Point Closure Standard 

USACE Classification                                   (Ratio) 
 

Second Order Class I                                   1:50,000 

Second Order Class II                                  1:20,000 

Third Order Class I                                       1:10,000 

Third Order Class II                                      1: 5,000 

4th Order - Construction Layout                   1: 2,500 - 1:20:000 
 

 

 

Table 11-2 

USACE Point Closure Standards for Vertical Control Surveys 
 

Point Closure Standard 

USACE Classification                                   (mm) 
 

Second Order Class I                                   6mm  K 

Second Order Class II                                  8mm  K 

Third Order                                                   12mm  K 

4th Order - Construction Layout 24mm  K 

(  K is square root of distance K in kilometers) 

 

a.    Horizontal  control  standards.     The  horizontal 

point closure is determined by dividing the linear distance 

misclosure of the survey into the overall circuit length of 

a traverse, loop, or network line/circuit.   When indepen- 

dent  directions  or  angles  are  observed,  as  on  a  conven- 

tional survey (i.e., traverse, trilateration, or triangulation), 

these angular misclosures may optionally be distributed 

before  assessing  positional  misclosure.    In  cases  where 

GPS vectors are measured in geocentric coordinates, then 

the 3D positional misclosure is assessed. 

 

(1) Approximate surveying.  Approximate surveying 

work should be classified based on the survey’s estimated 

or observed positional errors.   This would include abso- 

lute GPS and some differential GPS techniques with posi- 

tional  accuracies  ranging  from  10  to  150  ft  (2DRMS). 

There  is  no  order  classification  for  such  approximate 

work. 

 

(2)  Higher order surveys.   Requirements for relative 

line  accuracies  exceeding  1:50,000  are  rare  for  most 

USACE  applications.      Surveys  requiring  accuracies  of 

First-Order  (1:100,000)  or  better  should  be  performed 

using FGCS standards and specifications, and must be 

adjusted by the NGS. 

 

(3) Construction layout or grade control (Fourth- 

Order).  This classification is intended to cover temporary 

control used for alignment, grading, and measurement of 

various types of construction, and some local site plan 

topographic mapping or photo mapping control work. 

Accuracy standards will vary with the type of construc- 

tion.   Lower accuracies (1:2,500 - 1:5,000) are acceptable 

for  earthwork,  dredging,  embankment,  beach  fill,  and 

levee alignment stakeout and grading, and some site plan, 

curb and gutter, utility building foundation, sidewalk, and 

small  roadway  stakeout.    Moderate  accuracies  (1:5,000) 

are used in most pipeline, sewer, culvert, catch basin, and 

manhole stakeout, and for general residential building 

foundation and footing construction, major highway pave- 

ment,  and  concrete  runway  stakeout  work.    Somewhat 

higher accuracies (1:10,000 - 1:20,000) are used for align- 

ing longer bridge spans, tunnels, and large commercial 

structures.      For   extensive   bridge   or   tunnel   projects, 

1:50,000 or even 1:100,000 relative accuracy alignment 

work may be required.  Vertical grade is usually observed 

to   the   nearest   0.005 m   for   most   construction   work, 

although 0.04-m accuracy is sufficient for riprap place- 

ment, grading, and small-diameter-pipe placement.  Con- 

struction    control    points    are    typically    marked    by 

semi-permanent  or  temporary  monuments  (e.g.,  plastic 

hubs, P-K nails, wooden grade stakes).  Control may be 

established by short, nonredundant spur shots, using total 

stations or GPS, or by single traverse runs between two 

existing  permanent  control  points.    Positional  accuracy 
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will  be  commensurate  with,  and  relative  to,  that  of  the 

existing point(s) from which the new point is established. 

 

b.    Vertical control standards.   The vertical accuracy 

of  a  survey  is  determined  by  the  elevation  misclosure 

within a level section or level loop.   For conventional 

differential or trigonometric leveling, section or loop 

misclosures (in millimeters) shall not exceed the limits 

shown in Table 11-2, where the line or circuit length (K) 

is measured in kilometers.   Fourth-Order accuracies are 

intended for construction layout grading work.  Procedural 

specifications or restrictions pertaining to vertical control 

surveying methods or equipment should not be over- 

restrictive. 

 

11-14.  Final Adjustment Reports and Submittals 

 

a.   A variety of free and/or constrained adjustment 

combinations  may  be  specified  for  a  contracted  GPS 

survey.   Specific stations to be held fixed may be indi- 

cated or a contractor may be instructed to determine the 

optimum adjustment, including appropriate weighting for 

constrained points.  When fixed stations are to be partially 

constrained,  then  appropriate  statistical  information  must 

be provided--either variance-covariance matrices or rela- 

tive positional accuracy estimates which may be converted 

into approximate variance-covariance matrices in the con- 

strained  adjustment.    All  rejected  observations  will  be 

clearly indicated, along with the criteria/reason used in the 

rejection. 

 

b. When  different  combinations  of  constrained 

adjustments  are  performed  due  to  indications  of  one  or 

more fixed stations causing undue biasing of the data, an 

analysis  shall  be  made  as  to  a  recommended  solution 

which provides the best fit for the network.  Any fixed 

control  points  which  should  be  readjusted  to  anomalies 

from  the  adjustment(s)  should  be  clearly  indicated  in  a 

final analysis recommendation. 

 

c.  The final adjusted horizontal and/or vertical coor- 

dinate values shall be assigned an accuracy classification 

based on the adjustment statistical results.  This classifica- 

tion shall include both the resultant geodetic/Cartesian 

coordinates and the baseline differential results.  The final 

adjusted coordinates shall state the 95 percent confidence 

region of each point and the accuracy in parts per million 

between  all  points  in  the  network.    The  datum  and/or 

SPCS will be clearly identified for all coordinate listings. 

 

d.  Final  report  coordinate  listings  may  be  required 

on hard copy as well as on a specified computer media. 

 

e.  It is recommended that a scaled plot be submitted 

with  the  adjustment  report  showing  the  proper  locations 

and designations of all stations established. 
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Chapter 12 
Estimating Costs for 
Contracted GPS Surveys 

 

 

 

12-1.  General 

 

Developing  cost  estimates for  GPS  surveys  is not 

markedly different from estimating conventional traverse 

or  topographic  mapping  surveys.     Similar  production 

factors directly affect the ultimate cost:   number of avail- 

able GPS receiver units, daily productivity rates, survey 

accuracy criteria, network redundancy requirements, and 

required observation time per station.  These factors are 

discussed  in  detail  in  previous  chapters  of  this  manual. 

Once the number of GPS observations for a given project 

has been determined, then the total field survey time and 

subsequent costs can be computed.   Office data reduction 

and  adjustment  functions  are  performed  and  cost  esti- 

mated  identically  to  that  of  conventional  survey  work. 

The  explanations  herein  regarding  procurement  policies 

and practices describe only the framework within which 

cost estimates are used.   For detailed guidance on pro- 

curement policies and practices, refer to the appropriate 

procurement regulations. 

 

12-2.  Hired Labor Surveys 
 

Developing  cost  estimates  for  USACE  field  forces 

engaged in GPS surveys is performed similarly to that of 

conventional topographic survey work.   Normally, an 

average daily rate of personnel, travel, per diem, and 

equipment is established.  The GPS instrumentation rental 

rate is established at the time of purchase and is periodi- 

cally updated based on actual utilization rates as charged 

against projects.   Fringes, technical indirect, and direct 

overhead  costs  are  added  to  a  field  crew’s  direct  labor. 

The GPS survey crew rate should be recomputed at least 

annually, or more often if GPS instrumentation and other 

plant rental rates change significantly. 

 

12-3.  Contracted GPS Survey Services 

 

In accordance with current laws and regulations, GPS 

surveying services must be procured using qualification- 

based selection procedures in accordance with PL 92-582 

(Brooks Act).  GPS services may be included as part of a 

fixed-price (single project scope) A-E design contract or 

included  as  a  line  item  on  an  indefinite  delivery  type 

(IDT) surveying and mapping A-E contract.   In some 

instances,  a  fixed-scope  GPS  service  contract  may  be 

issued.     In  all  cases,  GPS  surveying  services  will  be 

negotiated as part of the A-E selection process; therefore, 

a Government cost estimate for these services must be 

prepared in advance of formal negotiations with the 

contractor. 

 

a.  Contract  types.    Fixed-scope  GPS  service  con- 

tracts are not common; in most cases, USACE Commands 

obtain  GPS  services  via  the  IDT  contracting  methods. 

One or  more delivery  orders  may be  placed against  the 

IDT contract for specific projects.   An overall contract 

threshold is established--currently $750,000 per year/ 

contract; thus, the accumulation of individual orders can- 

not exceed this limit.  Individual orders placed against the 

basic contract are normally limited to $150,000.  The term 

of an IDT contract is usually set at 1 year; however, an 

option for year extensions may be authorized.  Separate 

project scopes are written and negotiated for each order. 

The unit prices established in the basic IDT contract are 

used as a basis for estimating and negotiating each deliv- 

ery order.   The basic unit prices (U/P) in an IDT contract 

are established as part of the A-E acquisition and negotia- 

tion  process;  therefore,  a  Government  cost  estimate  for 

these services must be prepared in advance of formal 

negotiations with the contractor.  These basic unit prices 

must adequately represent the anticipated work over the 

course of the IDT contract--typically a 1-year period. 

(Separate rates are negotiated for additional option years.) 

Deficiencies in these unit rates will impact subsequent 

delivery order negotiations. 

 

b.  Unit price basis.   A number of methods are used 

for scheduling GPS services in a fixed-price or IDT con- 

tract.    The  daily  rate  basis  is  the  cost  for  a  GPS  field 

crew (including all instrumentation, transport, travel, and 

overhead) over a nominal 8-hr day.  This rate method is 

normally  used  only  on  IDT  contracts.     This  pricing 

method has advantages and drawbacks which need to be 

considered prior to determining. 

 

(1)  A  daily  crew  rate  estimating  basis  is  the  pre- 

ferred unit price basis in estimating contracted GPS ser- 

vices for both fixed-price and IDT contracts.   It provides 

the most flexibility for IDT contracts, especially when 

individual project scopes are expected to vary widely.   It 

is, therefore, considered a more accurate method of 

determining costs for individual delivery orders.   One 

disadvantage is that a detailed independent government 

estimate (IGE) must be developed for each delivery order 

placed against an IDT contract. 

 

(2)  The daily rate for a GPS surveying crew must be 

estimated  using  the  following  USACE-directed  detailed 
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analysis  method.    The  crew  personnel  size,  number  of 

GPS receivers deployed, vehicles, etc., must be explicitly 

indicated in the contract specifications, with differences 

resolved  during  negotiations.    Options  to  add  additional 

GPS receiver units (along with personnel and/or transport) 

must be accounted for in the estimate and unit price 

schedule.   The seven-item breakdown for estimating costs 

is listed in Table 12-1. 
 

 

Table 12-1 

Factors for Estimating Costs 
 

Item             Description 
 

I Direct labor or salary costs of GPS survey technicians: 

includes applicable overtime or other differentials 

necessitated by the observing schedule. 

 

II                  Overhead on Direct Labor. 

 

III G&A Overhead Costs (on Direct Labor). 

IV Material Costs.1 

V Travel  and  Transportation  Costs:    crew  travel,  per 

diem, etc.   Includes all associated costs of vehicles 

used to transport GPS receivers.1
 

 

VI Other Costs:   includes survey equipment and instru- 

mentation,  such  as  GPS  receivers.    GPS  receiver 

costs should be amortized down to a daily rate, based 

on  average  utilization  rates,  expected  life,  etc. 

Exclude all instrumentation and plant costs covered 

under G&A, such as interest.1 

 

VII Profit (To be computed/negotiated on individual deliv- 

ery orders per EFARS Part 15). 
 

1.   Government audit must confirm if any of these direct costs are 

included in overhead. 

 

 

(3)  A typical contract price schedule using the daily 

rate basis is shown in Table 12-2.   This schedule may be 

modified as necessary to reflect larger GPS receiver and 

personnel inventories. 

 

(4) Another advantage of a daily rate basis unit of 

measure (U/M) is that it is not dependent on the type or 

order  of  accuracy  of  the  GPS  survey  being  performed. 

Either static or kinematic GPS surveys can be estimated 

and negotiated using this cost basis. 

 

12-4.  Verification of Contractor Cost or Pricing 

Data 

 

Regardless  of  the  cost  rate  method  used,  it  is  essential 

(but not always required) that a cost analysis, price analy- 

sis, and field pricing support audit be employed to verify 

all cost or pricing data submitted by a contractor, in 

particular, actual GPS instrumentation utilization rates and 

reduced costs per day.   GPS equipment and instrumenta- 

tion  costs  represent  a  major  portion  of  a  field  crew’s 

costs,  and  these  cost  rates  are  currently  extremely  vari- 

able.  Some GPS operation and maintenance costs may be 

direct, or portions may be indirectly included in a firm’s 

General and Administrative (G&A) overhead account.  In 

some instances, a firm may lease/rent GPS equipment in 

lieu  of  purchase.   Rental  rates  average  10 to  15 percent 

per month of the purchase cost, or $4,000 to $6,000 per 

month  (1994).    Rental  would  be  economically  justified 

only on limited scope projects and if the equipment is 

deployed on a full-time basis.   Whether the GPS equip- 

ment is rented or purchased, the primary (and most vari- 

able) factor is the GPS equipment’s actual utilization rate, 

or  number  of  actual  billing  days  to  clients  over  a  year. 

Only a detailed audit and cost analysis can establish such 

rates and justify modifications to the usually rough 

assumptions used in the IGE.  In addition, an audit will 

establish any nonproductive labor/costs which are trans- 

ferred to a contractor’s G&A.   Given the highly changing 

equipment costs and utilization rates in this new technol- 

ogy, failure to perform a detailed cost analysis and field 

pricing  support  audit  on  contracted  GPS  services  will 

make the IGE difficult to substantiate. 

 

12-5.  Sample Cost Estimate for Contracted GPS 
Survey Services 

 

The following cost computation is representative of the 

procedure used in preparing the IGE for an A-E contract. 

It is developed for a two-receiver, two-man, two-vehicle 

GPS field survey crew and based on a standard 8-hr 

workday.   Larger crew/receiver size estimates would be 

performed similarly.  Costs and overhead percentages are 

shown for illustration only--they are subject to consider- 

able geographic-, project-, and contractor-dependent varia- 

tion  (e.g.,  audited  G&A  rates  could  range  from  50  to 

200 percent).   GPS instrumentation rates are approximate 

(1994) costs.  Associated costs for GPS receivers, such as 

insurance, maintenance contracts, interest, etc., are pre- 

sumed to be indirectly factored into a firm’s G&A over- 

head  account.    If  not,  then  such  costs  must  be  directly 

added to the basic equipment depreciation rates shown. 

Other equally acceptable accounting methods for develop- 

ing daily costs of equipment may be used.   Equipment 

utilization  estimates  in  an  IGE  must  be  subsequently 

revised (during negotiations) based on actual rates as 

determined from a detailed cost analysis and field price 

support audits. 
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Table 12-2 

Daily Rate Basis Contract Schedule 
 

Item Description Quan U/M U/P Amount 

 

0001 
 

Registered/Licensed Land Surveyor -- Office 
 

[1] 
 

Day 
  

0002 Registered/Licensed Land Surveyor [1] Day   
0003 Civil Engineering Technician -- Field Party Supervisor 

(Multiple Crews) 
 

[1] 
 

Day 
  

0004 Engineering Technician (Draftsman) -- Office [1] Day   

0005 Supervisory GPS Survey Technician (Field) [1] Day   

0006 Surveying Technician -- GPS Instrumentman/Recorder [1] Day   
0007 

 

0008 

Surveying Aid -- Rodman/Chainman 

{Conventional Surveys} 

[Two][Three][Four][  ]-  Man GPS Survey Party 

 

[1] 
 

Day 
  

 [  ] GPS Receiver(s) 

[  ] Vehicle(s) 

[  ] Computer(s) 

    

0009 

 

0010 

 

 

0011 

Additional GPS Receiver 

{Add Item 0006 Observers as Necessary} 

Station Monuments 

[Disk Type] 

[Construction Materials] 

Professional Geodesist Computer (office) 

[1] 

[1] 

 

 

[1] 

[1] 

Day 

Day 

 

 

EA 

Day 

  

0012      
0013      

 

 

a. Basic daily crew rate cost estimate. 

 

(1)  Direct Labor. 

 

Supervisory Survey Technician (GPS 

Observer) @ $20,000/year or $77/day 

Survey Technician @ $16,000/year or $62/day 

 

Total direct labor: $139/day 

 

(2)  Overhead on direct labor: 

 

@ 30% of direct labor $42/day 

 

(3)  G&A overhead: 

 

@ 100% of direct labor                             $139/day 

(4)  Materials and supplies:                                $20/day 

(5)  Travel and transportation expenses: 

Vehicle depreciation: 

$17K base @ 5 years @ 

220 days/year $15/day 

Operation and maintenance 

(fuel, oil, etc.) $15/day 

 

Total:  Two vehicles @ $30/day ea $60/day 

 

Per Diem:  average assumed for IDT 

locale; rate not to exceed published 

General Services Administration (GSA)/Joint 

Travel Regulation (JTR) levels 

 

Total:  Two men @ $50/day each $100/day 

 

(6)  Other costs: 

 

(Miscellaneous   survey   instrumentation/equipment,   tools 

and equipment (T&E), etc., normally included in G&A 

overhead.) 

 

GPS receivers (2 each) plus 

386-based field computer 

 

Receivers:  2 @ $20K ea $40,000 

Computer + software: $10,000 

Total: $50,000 
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5-year depreciation base -- 

assumed average utilization 

of 200 days per year with 

maintenance included in G&A rate 

 

Total:  $50K @ 5 years @ $200/day) $50/day 

 

(7)  Profit:   Profit is not computed on the basic con- 

tract but is determined for each separate order based on 

the guidance contained in Part 15 of the EFARS. 

 

Total Estimated Rate:                                        $550/day 

 

b.    Additional GPS receiver. 

 

Direct Labor (Survey Technician)                      $62/day 

Overhead on direct labor @ 30%                       $19/day 

G&A @ 100%                                                     $62/day 

Material and supplies                                            $5/day 

Travel and transportation: 

Vehicle $30/day 

Per diem $50/day 

Other costs:  GPS Receiver 

One receiver $20K @ 5 years @ 

200 days/year $20/day 

 

Total: $248/day 

c.  Travel and per diem.  The contract schedule must 

equitably account for actual travel and per diem expenses 

if a constant temporary duty locale is not involved, or if 

the per diem rate varies considerably from that estimated 

for an IDT contract.   Some USACE Commands include 

crew per diem as a separate line item on the schedule or 

develop a schedule containing local and travel crew rates. 

 

d.  Delivery  orders.    Since  unit  prices  (either  daily 

rates  or  work  unit  rates)  have  been  established  in  the 

basic  contract,  each  such  delivery  order  is  negotiated 

strictly for effort.   The negotiated fee on a delivery order 

is then a straight mathematical procedure of multiplying 

the agreed-upon effort (time or unit of measure quantity) 

against  the  unit  prices,  plus  an  allowance  for  profit. 

Thus,  an  IGE  is  required  for  each  order  placed,  along 

with a detailed profit computation, documented records of 

negotiations,  etc.    The  scope  is  attached  to  a  DD  1155 

order placed against the basic contract.  The process for 

estimating the time to perform any particular survey func- 

tion, in a given project, is totally dependent upon the 

knowledge and personal field experience of the Govern- 

ment estimator. 
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Appendix B 
Glossary 

 

 

 

B-1.  Abbreviations 
 

 

A-E  .  .  .  .  .  .  .  .  .  .  .   Architect-Engineer 

A-S  .  .  .  .  .  .  .  .  .  .  .   Anti-Spoofing 

ASPRS .  .  .  .  .  .  .  .  .   American Society for Photogram- 

metry and Remote Sensing 

BIH  .  .  .  .  .  .  .  .  .  .  .   Bureau International Heure 

C/A-code   .  .  .  .  .  .  .   Coarse Acquisition Code (for 

additional information, see 

paragraph B-2) 

CDC   .  .  .  .  .  .  .  .  .  .   Consecutive Doppler Counts 

CDMS  .  .  .  .  .  .  .  .  .   Continuous Deformation 

Monitoring System 

CEP  .  .  .  .  .  .  .  .  .  .  .   circular error probable 

CID  .  .  .  .  .  .  .  .  .  .  .   Continuously Integrated Doppler 

CONUS  .  .  .  .  .  .  .  .   Continental United States 

CTP  .  .  .  .  .  .  .  .  .  .  .   Conventional Terrestrial Pole 

CW  .  .  .  .  .  .  .  .  .  .  .   Civil Works 

DGPS .  .  .  .  .  .  .  .  .  .   Differential GPS 

DoD .  .  .  .  .  .  .  .  .  .  .   Department of Defense 

DOP .  .  .  .  .  .  .  .  .  .  .   Dilution of Precision (for 

additional information, see 

paragraph B-2) 

E&D   .  .  .  .  .  .  .  .  .  .   engineering and design 

ECC .  .  .  .  .  .  .  .  .  .  .   estimated construction cost 

ECDIS  .  .  .  .  .  .  .  .  .   Electronic Chart Display 

Information System 

ECEF .  .  .  .  .  .  .  .  .  .   earth centered earth fixed 

EDM  .  .  .  .  .  .  .  .  .  .   electronic distance measurement 

EFARS .  .  .  .  .  .  .  .  .   Engineer Federal Acquisition 

Regulation Supplement 

FGCC   .  .  .  .  .  .  .  .  .   Federal Geodetic Control 

Committee 

FGCS .  .  .  .  .  .  .  .  .  .   Federal Geodetic Control 

Subcommittee 

FRNP .  .  .  .  .  .  .  .  .  .   Federal Radio Navigation Plan 

FY .  .  .  .  .  .  .  .  .  .  .  .   Fiscal Year 

G&A  .  .  .  .  .  .  .  .  .  .   General & Administrative 

(overhead) 

GCP .  .  .  .  .  .  .  .  .  .  .   GPS Controlled Photogrammetry 

GDOP   .  .  .  .  .  .  .  .  .   Geometric dilution of precision (for 

additional   information,     see 

Dilution of     Precision     in 

paragraph B-2) 

GIS  .  .  .  .  .  .  .  .  .  .  .   Geographic Information System 

GPS  .  .  .  .  .  .  .  .  .  .  .   Global Positioning System (for 

additional information, see 

paragraph B-2) 

GRS 80   .  .  .  .  .  .  .  .  Geodetic Reference System of 1980 

reference ellipsoid (for additional 

information, see    Ellipsoid    in 

paragraph B-2) 

HARNS  .  .  .  .  .  .  .  .  High Accuracy Reference Networks 

HDOP   .  .  .  .  .  .  .  .  .  Horizontal dilution of precision (for 

additional information, see 

Dilution of Precision in 

paragraph B-2) 

HI  .  .  .  .  .  .  .  .  .  .  .  .  height of instrument 

IDT  .  .  .  .  .  .  .  .  .  .  .  indefinite delivery type 

IGE  .  .  .  .  .  .  .  .  .  .  .  independent government estimate 

IGLD 55 .  .  .  .  .  .  .  .  International Great Lakes Datum of 

1955 (for additional information, 

see Datum in paragraph B-2) 

IGLD 85 .  .  .  .  .  .  .  .  International Great Lakes Datum 

of 1985 

IID .  .  .  .  .  .  .  .  .  .  .  .  Intermittently Integrated Doppler 

(for  additional  information,  see 

I n t e g r a t e d D o p p l e r i n 

paragraph B-2) 

JPO  . .  .  .  .  .  .  .  .  .  .  Joint Program Office MRSE   

.  .  .  .  .  .  .  .  .  mean radial spherical error MSC   .  .  .  

.  .  .  .  .  .  .  Major Subordinate Command 

NAD 27  .  .  .  .  .  .  .  .  North American Datum of 1927 (for 

additional information,     see 

Datum in paragraph B-2) 

NAD 83  .  .  .  .  .  .  .  .  North American Datum of 1983 (for 

additional     information,     see 

Datum in paragraph B-2) 

NATO  .  .  .  .  .  .  .  .  .  North Atlantic Treaty Organization 

NAVD 88 .  .  .  .  .  .  .  North American Vertical Datum 

of 1988 

NAVSTAR  .  .  .  .  .  .  NAVigation Satellite Timing 

and Ranging 

NGRS   .  .  .  .  .  .  .  .  .  National Geodetic Reference 

System 

NGS .  .  .  .  .  .  .  .  .  .  .  National Geodetic Survey 

NGVD 29 .  .  .  .  .  .  .  National Geodetic Vertical Datum 

of 1929 (for additional 

information, see Datum in 

paragraph B-2) 

NMEA  .  .  .  .  .  .  .  .  .  National Maritime Electronics 

Association 

NOAA  .  .  .  .  .  .  .  .  .  National Oceanic and 

Atmospheric Administration 

NOS .  .  .  .  .  .  .  .  .  .  .  National Ocean Service 

OCONUS  .  .  .  .  .  .  .  Outside the Continental 

United States 

OTF .  .  .  .  .  .  .  .  .  .  .  On-The-Fly 

PC  .  .  .  .  .  .  .  .  .  .  .  .  personal computer 

P-code  .  .  .  .  .  .  .  .  .  Precise Code (for additional infor- 

mation, see paragraph B-2) 
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PDOP .  . .  .  .  .  .  .  .  .   Positional Dilution of 

Precision (for additional infor- 

mation,  see  Dilution  of  Preci- 

sion in paragraph B-2) 

PLGR .  .  .  .  .  .  .  .  .  .   precise lightweight GPS receiver 

PPS  . .  .  .  .  .  .  .  .  .  .   Precise Positioning Service 

(for  additional  information,  see 

paragraph B-2) 

PRC .  .  .  .  .  .  .  .  .  .  .   pseudo-range correction 

PRN .  .  .  .  .  .  .  .  .  .  .   Pseudo-random noise 

RINEX . .  .  .  .  .  .  .  .   Receiver INdependent EXchange 

RDOP   .  .  .  .  .  .  .  .  .   Relative Dilution of Precision 

(for additional information, see 

Dilution of Precision in 

paragraph B-2) 

RMS   .  .  .  .  .  .  .  .  .  .   root mean square 

RTCM  .  .  .  .  .  .  .  .  .   Radio   Technical   Commission   for 

Maritime Services 

RTK .  .  .  .  .  .  .  .  .  .  .   Real-Time Kinematic 

S/A   .  .  .  .  .  .  .  .  .  .  .   selective availability (for 

additional information, see 

paragraph B-2) 

SEP  .  .  .  .  .  .  .  .  .  .  .   spherical error probable 

SPCS  .  .  .  .  .  .  .  .  .  .   State Plane Coordinate System (for 

additional information, see 

Datum in paragraph B-2) 

SPCS 27 .  .  .  .  .  .  .  .   State Plane Coordinate System of 

1927 (for additional infor- 

mation, see Datum in 

paragraph B-2) 

SPS  .  .  .  .  .  .  .  .  .  .  .   Standard Positioning Service (for 

additional information, see 

paragraph B-2) 

TBM   .  .  .  .  .  .  .  .  .  .   temporary benchmark 

3D  .  .  .  .  .  .  .  .  .  .  .  .   three-dimensional 

2D  .  .  .  .  .  .  .  .  .  .  .  .   two-dimensional 

2DRMS   .  .  .  .  .  .  .  .   two standard deviation root mean 

square 

U/M .  .  .  .  .  .  .  .  .  .  .   unit of measure 

U/P   .  .  .  .  .  .  .  .  .  .  .   unit price 

UERE   .  .  .  .  .  .  .  .  .   user equivalent range error (for 

additional information, see 

paragraph B-2) 

USACE   .  .  .  .  .  .  .  .   U.S. Army Corps of Engineers 

USATEC   .  .  .  .  .  .  .   U.S. Army Topographic 

Engineering Center 

USCG   .  .  .  .  .  .  .  .  .   U.S. Coast Guard 

USGS .  .  .  .  .  .  .  .  .  .   U.S. Geological Survey 

UTC .  .  .  .  .  .  .  .  .  .  .   Universal Time Coordinated 

VDOP   .  .  .  .  .  .  .  .  .  Vertical dilution of precision (for 

additional information, see Dilu- 

tion of Precision in 

paragraph B-2) 

WGS 84  .  .  .  .  .  .  .  .  World Geodetic System of 1984 

reference ellipsoid (for additional 

information, see Ellipsoid in 

paragraph B-2) 
 

B-2.  Terms 
 

Absolute Positioning 

The unique ability of a GPS receiver to produce positional 

values without another receiver for reference. 

 

Ambiguity 

The   unknown   number   of   whole   carrier   wavelengths 

between the satellite and the receiver.  Also called cycle 

ambiguity. 

 

Anti-spoofing (A-S) 

An  encryption  technique  developed  by  the  U.S. Depart- 

ment of Defense (DoD) that when implemented, denies 

access  to  the  P-code  by  any  unauthorized  users.    With 

anti-spoofing on, the user will need a DoD-issued “key” 

in order to gain access to the P-code. 

 

Anywhere Fix 

Receiver with unique ability to calculate positions without 

being given an approximate location and time. 

 

Apogee 

The point in the orbit of a satellite about the earth that is 

the greatest distance from the center of the earth. 

 

Auto-correlation 

In reference to code, a plot of the scaler product of the 

noise sequence with a delayed copy of itself. 

 

Bandwidth 

A measure of the width of the frequency spectrum of a 

signal expressed in Hertz. 

 

Baseline 

The resultant three-dimensional vector   V   between any 

two  stations  from  which  simultaneous  GPS  data  have 

been collected and processed.  Generally given in earth- 

centered Cartesian coordinates where: 
 

V = (  x,   y,   z) 
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Beat Frequency 

Either  of  the  two  additional  frequencies  obtained  when 

two  signals  of  two  frequencies  are  mixed,  equal  to  the 

sum or difference of the original frequencies. 

 

Binary Biphase Modulation 

Phase changes on a constant frequency carrier of either 0 

or 180 deg.  These represent the binary digits 0 and 1, 

respectively. 

 

Binary Code 

A system  used in communication where  selected strings 

of 0’s and 1’s are assigned definite meanings. 

 

Binary Pulse Code Modulation 

A two-state pulse modulation using a string of binary 

numbers or codes.  The coding is generally represented by 

1 and 0 with definite meanings attached to each. 

 

Broadcast Ephemeris 

The ephemeris broadcast by the GPS satellites. 

 

C/A-Code 

The standard Coarse/Acquisition GPS code, sometimes 

referred to as the Clear Access Code, also known as the 

S- or Standard Code.   This code contains a sequence of 

1,023 pseudo-random binary biphase modulations on the 

GPS carrier at a chipping rate of 1.023 MHz, thus having 

a period of 1 ms. 

 

Carrier 

A high-frequency radio wave having at least one charac- 

teristic (frequency, amplitude, or phase) which may be 

varied by modulation from an accepted value.  In general, 

the  carrier  wavelength  is  much  shorter  than  the  wave- 

length of the codes. 

 

Carrier Beat Phase 

The difference between the phase of the incoming Dop- 

pler shifted satellite carrier signal and the phase of the 

nominally constant reference frequency generated in the 

receiver. 

 

Carrier Frequency 

The frequency of the unmodulated fundamental output of 

a radio transmitter. 

 

Carrier Phase 

The phase measurement of the carrier wave.  The percent- 

age value is usually converted to millimeters. 

Cartesian/Geocentric Coordinates 

A system of defining position which has its origin at the 

center of the earth with the x- and y-axes in the plane of 

the equator.   Typically, the x-axis passes through the 

meridian of Greenwich, and the z-axis coincides with the 

earth’s axis of rotation.   The three axes are mutually 

orthogonal and form a right-handed system. 

 

Channel 

A channel of a GPS receiver consists of the hardware and 

the software to track the signal from one satellite at one 

of the two carrier frequencies. 

 

Chip 

a.    The  minimum  transition  time  interval  for  individual 

bits of either  a  0 or  a  1 in  a binary pulse code, usually 

transmitted  in  a  pseudo-random  sequence.    b.    A  tiny 

square piece of thin semiconductor material on which an 

integrated circuit is formed or to be formed. 

 

Clock Bias 

Difference between clock’s indicated time and true uni- 

versal time. 

 

Code 

A system for representing information, together with rules 

for using the system. 

 

Codeless Receiver 

An instrument that does not require a knowledge of the P- 

or C/A-codes to perform measurements.   This type of 

receiver does not record any ephemeris data.  Therefore, 

before a baseline solution is computed, an ephemeris file 

must be obtained from another source. 

 

Code Receiver 

An  instrument  that  requires  a  knowledge  of  the  P-  or 

C/A-code to complete its measurements.   This type of 

receiver will also record the broadcast ephemeris. 

 

Collimate 

To  physically  align  a  survey  target  or  antenna  over  a 

mark. 

 

Complete Instantaneous Phase Measurement 

A measurement of carrier beat phase which includes the 

integer number of cycles of phase since the initial mea- 

surement.  See Fractional Instantaneous Phase Measure- 

ment; Integer-cycle Ambiguity. 
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Control Points 

A point to which coordinates have been assigned.  These 

coordinates can then be held fixed and are used in other 

dependent surveys. 

 

Control Segment 

A worldwide network of GPS monitoring and control 

stations  that  ensure  the  accuracy  of  the  GPS  satellite 

orbits and operations of their atomic clocks.   The original 

control segment consists of control facilities in Diego 

Garcia, Ascension Island, Kwajalein, and Hawaii, with a 

master  control  station  at  the  Consolidated  Space  Opera- 

tions Center (CSPOC) at Colorado Springs, Colorado. 

 

Correlation Type Channel 

A channel which uses a correlator to maintain alignment 

between  a  receiver  generated  code  and/or  carrier  fre- 

quency and the incoming satellite code and/or carrier 

frequency. 

 

Cycle Ambiguity 

See Ambiguity. 

 

Cycle Slip 

A discontinuity in measured carrier beat phase resulting 

from a temporary loss of lock in the carrier tracking loop 

of a GPS receiver. 

 

Datum 

A  horizontal  or  vertical  reference  system  for  making 

survey measurements  and computations.     Horizontal 

datums are typically referred to ellipsoids, the State Plane 

Coordinate System, or the Universal Transverse Mercator 

Grid System.  Vertical datums are typically referred to the 

geoid.  The vertical datum used in the United States is the 

National Geodetic Vertical Datum of 1929 (NGVD 29), 

formerly  referred  to  as  the  Sea  Level  Datum  of  1929. 

This datum will soon be upgraded to the North American 

Vertical Datum of 1988 (NAVD 88). 

 

D-code (Data Message) 

A 1,500-bit message included in the GPS signal which 

reports   the   satellite’s   location,   clock   corrections,   and 

health.   Included is rough information on the other satel- 

lites in the constellation. 

 

Deflection of the Vertical 

The angle between the perpendicular to the geoid (plumb 

line) and the perpendicular to an ellipsoid. 

 

Delay Lock 

A  code  correlation  technique  where  the  code  received 

from  a  satellite  is  compared  with  “early”  and  “late” 

versions of the reference code generated by the receiver to 

obtain a bi-polar discrimination function. 

 

Delta Pseudo-range 

See Reconstructed Carrier Phase. 

 

Differencing 

A technique used in baseline processing to resolve the 

integer cycle ambiguity and to reduce a number of error 

sources  including  oscillator  variations  and  atmospheric 

and orbital modeling errors.   This technique “differences” 

the measurement of the carrier beat phase across time, 

frequency,  receivers,  satellites,  or  any  combination  of 

these.  The most popular differences are described below: 

 

A single difference between receivers is the instanta- 

neous difference in the complete carrier beat phase 

measurements made at two receivers simultaneously 

observing the same signal. 

 

A double difference between receivers and between 

satellites is found by differencing the single difference 

for one satellite with the single difference for another 

satellite  where  both  single  differences  are  from  the 

same epoch. 

 

A triple difference between receivers, between satel- 

lites, and between epochs (time) is the difference 

between  a  double  difference  at  one  epoch  and  the 

same double difference at the following epoch. 

 

Differential Positioning 

The  determination  of  the  position  of  an  object  station 

relative  to  a  reference  station  when  receivers  at  each 

station are simultaneously tracking the same signals. 

 

Dilution of Precision (DOP) 

A  measure  of  the  geometric  contribution  to  the  uncer- 

tainty  of  a  position  fix.    The  more  popular  terms  are 

given below: 

 

GDOP - Geometric Dilution of Precision - measure- 

ment accuracy in 3D position and time. 

 

PDOP - Position Dilution of Precision (PDOP) - 

measurement accuracy in 3D position. 

 

HDOP - Horizontal Dilution of Precision (HDOP) - 

measurement accuracy in 2D horizontal position. 
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VDOP - Vertical Dilution of Precision (VDOP) - 

measurement accuracy as standard deviation of vertical 

height. 

 

RDOP  -  Relative  Dilution  of  Precision  (RDOP)  - 

measurement of the quality of baseline reductions. 

 

Doppler-aiding 

Signal processing strategy that uses a measured Doppler 

shift to help the receiver smoothly track the GPS signal, 

allowing more precise velocity and position measurement. 

 

Doppler Shift 

The apparent change in frequency of a received signal due 

to the rate of change of the distance between the transmit- 

ter and receiver. 

 

DSARC 

Defense  System  Acquisition  Review  Council,  the  DoD 

body which must authorize any major defense system 

acquisition. 

 

Dynamic Positioning 

Determination of the position of a moving receiver such 

as one mounted in a boat.  Generally, each set of coordi- 

nates are computed from a single data sample.   The GPS 

was  originally  conceived  for  dynamic  positioning  of  a 

single receiver; however, it may be used in a differential 

mode to increase relative accuracy.  Also, referred to as 

kinematic positioning. 

 

Eccentricity 

The ratio of the distance from the center of an ellipse to 

its focus on the semimajor axis. 

 

Elevation 

The height of an object above some reference datum. 

 

Ellipsoid 

A geometric shape formed by revolving an ellipse about 

its minor axis.   The term is used interchangeably with 

spheroid.   An ellipsoid is defined by the length of its 

semimajor axis a and its flattening  f, where: 

 

f = (a - b)/a 

 

and      b = length of the semiminor axis. 

 

The  most  commonly  used  ellipsoids  in  North  America 

are: 

 

Clarke 1866 

Geodetic Reference System of 1980 (GRS 80) 

World Geodetic System of 1972 (WGS 72) 

World Geodetic System of 1984 (WGS 84) 

 

Prior  to  January  1987,  the  GPS  operated  with  refer- 

ence to WGS 72.   Since January 1987, it has been 

referenced to WGS 84.   For most purposes, the GRS 

80 and WGS 84 can be considered identical. 

 

Ellipsoid Height 

The elevation h of a point above or below the ellipsoid. 

 

Ephemeris 

A  tabular  statement  of  the  positions  of  a  celestial  body 

(satellite) at regular intervals. 

 

Epoch 

A period of time or a date selected as a point of refer- 

ence. 

 

Fast Switching Channel 

A switching channel with a time sequence short enough to 

recover the integer part of the carrier beat phase.   The 

switching time is generally between 2 to 5 ms. 

 

Flattening 

See Ellipsoid. 

 

Fractional Instantaneous Phase Measurement 

A  measurement  of  the  carrier  beat  phase  that  does  not 

include any integer cycle count. 

 

Frequency Band 

A range of frequencies in a region of the electromagnetic 

spectrum. 

 

Frequency Spectrum 

The  distribution  of  signal  amplitudes  as  a  function  of 

frequency of the constituent signal waves. 

 

Fundamental Frequency 

The GPS fundamental frequency F is 10.23 MHz.   The 

carrier frequencies are: 

 

L1 = 154 * F = 1575.42 MHz 

L2 = 120 * F = 1227.60 MHz 

 

Geoid 

An equipotential surface approximating the earth’s surface 

and corresponding with mean sea level in the oceans and 

its extension through the continents.  In other words, the 

geoid  would  coincide  with  the  surface  to  which  the 

oceans would conform over the entire earth if the oceans 

were  set  free  to  adjust  to  the  combined  effect  of  the 
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earth’s mass attraction and the centrifugal force of the 

earth’s rotation. 

 

Geodetic Leveling Network 

A  network  of  vertical   control  or   benchmarks   whose 

heights are known as accurately as possible, and whose 

horizontal positions are known only approximately. 

 

Geoid Height 

The elevation N of the geoid above or below the reference 

ellipsoid. 

 

GPS 

Global Positioning System.   The GPS consists of the 

NAVSTAR satellites in six different orbits, five monitor 

stations, and the user community. 

 

GPS Time 

The broadcast GPS time signals are synchronized with 

atomic clocks at the GPS Master Control Station.  These 

clocks are in turn periodically synchronized with Coordi- 

nated Universal Time (UTC).   However, UTC is incre- 

mented  by  “leap  seconds”  to  correct  for  the  slowing  of 

the earth’s rotation with respect to the sun;   GPS time is 

not.  As of July 1990: 

 

GPS time = UTC + 4 seconds 

 

The fundamental time scale for all the earth’s timekeeping 

is  International  Atomic  Time  (TAI).    It  is  a  continuous 

time scale not corrected by “leap seconds.”  There is a 

constant offset of 10 sec between GPS time and TAI such 

that: 

 

GPS time = TAI - 10 sec 

 

Handover Word 

The word in the GPS message that contains time synchro- 

nization information for the transfer from the C/A-code to 

the P-code. 

 

Horizontal Geodetic Network 

A  network  for  which  the  horizontal  coordinate,  latitude, 

and longitude of the control points in the network are 

determined  as  accurately  as  possible,  and  heights  are 

known only approximately. 

 

Independent Baseline 

Those baselines that provide a unique position solution for 

a given station. 

INS 

Inertial  Navigation  System,  which  contains  an  Inertial 

Measurement Unit (IMU). 

 

Integer-cycle Ambiguity 

The unknown integer number of whole carrier cycles 

between the satellite and receiver. 

 

Integrated Doppler 

The accumulation of measured Doppler frequency multi- 

plied by the time interval of measurement, so as to 

approximate   the   integral   over   time   of   the   Doppler 

frequency. 

 

Interferometry 

See Differential Positioning. 

 

Ionosphere 

Region of the earth’s atmosphere between the stratosphere 

and the exosphere approximately 50 to 250 miles above 

the surface of the earth. 

 

Ionospheric Refraction Delay 

A delay in the propagation of the GPS signal caused by 

the signal traveling through the ionosphere. 

 

IRON 

Inter   Range   Operation   Number.      A   random   number 

assigned to various orbiting objects assigned by the joint 

US/Canadian North American Air Defense Command 

(NORAD).  Each of the GPS satellites has an individual 

IRON. 

 

JPO 

GPS   Joint   Program   Office,   originally   located   at   the 

U.S. Air Force Space Division at El Segundo, California. 

The JPO consists of the US Air Force Program Manager 

and Deputy Program Managers representing the Army, 

Navy, Marine Corps, Coast Guard, Defense Mapping 

Agency, and NATO. 

 

Kinematic Positioning 

Often used to describe dynamic positioning.   A GPS 

differential  surveying  technique,  whereby  one  GPS  unit, 

the fixed receiver, stays fixed on a known control point, 

while another GPS unit, the rover, collects data on a 

constantly moving vehicle, all the time continually track- 

ing four or more satellites during the observation period. 

This process is done in an effort to ascertain the location 

or position of the rover receiver. 
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L-band 

The radio frequency band from 390 MHz to 1550 MHz. 

The primary L-band signal radiated by each NAVSTAR 

satellite is L1 at 1575.42 MHz.  The L1 beacon is modu- 

lated with the C/A- and P-codes, and with the NAV mes- 

sage.  L2 is centered at 1227.50 MHz. 

 

L1 

See L-band. 

 

L2 

See L-band. 

 

Lock 

The state of noninterruption in the reception of a radio 

signal. 

 

Monitor Station 

One  of  five  worldwide  stations  maintained  by  the  DoD 

and  used  in  the  GPS  control  segment  to  monitor  and 

control satellite clock and orbital parameters.   Corrections 

are calculated and uploaded to each satellite at least once 

per day.  See Control Segment. 

 

Multichannel Receiver 

A receiver containing multiple channels. 

 

Multipath 

A phenomenon similar to “ghosts” on a television screen 

whereby GPS signals from a satellite arrive at an antenna 

having traversed different paths.  The signal traversing the 

longer  path  may  have  been  reflected  off  one  or  more 

objects--the  ground,  a  vehicle,  boat,  building  or  some 

other surface--and once received by the antenna, will yield 

a larger pseudo-range estimate and increase the error. 

Multipath usually results in multipath error. 

 

Multipath Error 

A positioning error resulting from radio signals travelling 

from the transmitter to the receiver by two paths of differ- 

ent electrical lengths. 

 

Multiplexing Channel 

A receiver channel that is sequenced through a number of 

satellite signals, each from a specific satellite. 

 

NAV Data 

The 1,500-bit NAVigation message broadcast by each 

satellite  at  50  bps  on  both  L1  and  L2  beacons.    This 

message  contains  system  time,  clock  correction  parame- 

ters,  ionospheric  delay  model  parameters,  and  the  vehi- 

cle’s ephemeris and health.   This information is used to 

process GPS signals to obtain user position and velocity. 

Sometimes referred to as the Navigation message. 

 

Navigation Message 

See NAV data. 

 

NAVSTAR 

NAVigation Satellite Timing and Ranging.  NAVSTAR is 

the name give to GPS satellites, originally manufactured 

by Rockwell International. 

 

Observing Session 

The period of time over which data are collected. 

 

Orthometric Height 

The elevation  H  of a point above or below the geoid.  A 

relationship between ellipsoid heights and orthometric 

heights is obtained from the following equation: 

 

h = H + N 

 

where 

 

h   = ellipsoidal height 

H  = orthometric height 

N  = geoidal height 

Outage 

The period of time when a Dilution of Precision exceeds 

a specified maximum. 

 

Perigee 

The point in the orbit of a satellite about the earth that is 

the least distant from the center of the earth. 

 

Phase Lock 

The technique where the phase of a signal is set to repli- 

cate  the  phase  of  a  reference  signal  by  comparing  the 

phase  of  the  two  signals  and  then  using  the  resultant 

phase difference to adjust the reference oscillator to elimi- 

nate the difference. 

 

Phase Measurement 

A measurement, expressed as a percentage of a portion of 

a wave (e.g., a sine wave).   For example, a complete 

wavelength is 100 percent; one-half is 50 percent; etc. 

 

Phase Observable 

See Reconstructed Carrier Phase. 
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Polar Plot 

A circular plot in which elevation and azimuth as a func- 

tion of time for each satellite, with respect to a specified 

location, are predicted and plotted. 

 

Positioning 

Determination of a position (usually a GPS antenna) with 

respect  to  a  coordinate  system  (WGS  84,  UTM,  State 

Plane, etc.). 

 

Precise Ephemeris 

The ephemeris computed after the transmission of the 

satellite signal and based on satellite tracking information. 

 

Precise or Protected Code (P-Code) 

A sequence of pseudo-random binary biphase modulations 

on  the  GPS  carrier  at  a  chip  rate  of  10.23  MHz  which 

repeats  once  every  267  days.   Each  1-week  segment  of 

code is unique to a particular GPS satellite and is gener- 

ally reset each week. 

 

Precise Positioning Service (PPS) 

Dynamic positioning of a single receiver based on the P- 

code.  Currently, the PPS is the most accurate dynamic 

positioning service offered with GPS. 

 

Pseudolite 

A ground-based GPS station that can be used in a ranging 

solution.  The station transmits a signal with a structure 

similar to that of an actual GPS satellite. 

 

Pseudo-random Noise (PRN) 

When used as a description of code, it indicates that the 

code has some random noise-like properties.  Each GPS 

satellite has a unique PRN number assigned to it. 

 

Pseudo-range 

The time shift required to align a replica of the GPS code 

generated in the receiver with the code received from the 

satellite, scaled into distance by the speed of light.   The 

time shift is the difference between the time of signal of 

reception and the time of signal transmission where the 

reception is measured in the receiver time reference and 

the  transmission  is  measured  in  the  satellite  time  refer- 

ence.  Therefore, the pseudo-range contains several errors 

including satellite/receiver time offset, and satellite 

ephemeris error. 

 

Pseudo-range Difference 

See Reconstructed Carrier Phase. 

Pseudo-range Observable 

The difference between the time of transmission and the 

time of arrival of a particular signal transmitted by the 

satellite. 

 

Reconstructed Carrier Phase 

The   difference   between   the   incoming   Doppler-shifted 

carrier phase and the phase of a nominally constant refer- 

ence frequency generated in the receiver.   In dynamic 

applications, the reconstructed carrier phase is sampled at 

epochs of the received message code, and the difference 

in reconstructed carrier phase between consecutive code 

epochs is a measure of the change in satellite-to-receiver 

range between epochs.  This is referred to as the pseudo- 

range difference, or the delta pseudo-range.   In static 

positioning, the reconstructed carrier phase is sampled at 

epochs determined by the receiver clock.   The recon- 

structed carrier phase changes according to the continu- 

ously  integrated  Doppler  shift  of  the  incoming  signal, 

biased by the integral of the frequency offset between the 

satellite and receiver oscillators.  The reconstructed carrier 

phase can be referred to the range between satellite and 

receiver  once  the  phase  ambiguity  has  been  resolved. 

One cycle change in the reconstructed carrier phase is one 

wavelength of the carrier signal change in the range from 

satellite to receiver. 

 

Relative Positioning 

See Differential Positioning. 

 

Satellite Constellation 

The arrangement of a set of satellites in space. 

 

Satellite Message 

Sometimes, referred to as the Data (D) code.   A low- 

frequency (50 Hz) stream of data on both carriers (L1 and 

L2) of the satellite signal.  The stream of data is designed 

to inform the user about the health and position of the 

satellite.   The satellite message can be decoded by the 

receiver and used for positioning in real time. 

 

S-Code 

Another name for the C/A-Code. 

 

Selective Availability (S/A) 

The policy of the DoD to intentionally degrade the accu- 

racy obtainable from GPS by civilian users. 
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Simultaneous Measurements 

A  measurement  or  set  of  measurements  referred  to  the 

same epoch. 

 

Slow Switching Channel 

A channel that switches with a period too long to recover 

the integer part of the carrier phase. 

 

Space Segment 

The portion of the GPS system with major components in 

space (e.g., GPS satellites). 

 

Spheroid 

Used interchangeably with ellipsoid. 

 

Squaring-type channel 

A receiver channel that multiplies the received signal by 

itself  to  obtain  a  second  harmonic  of  the  carrier  which 

does not contain the code modulation. 

 

Standard Positioning Service (SPS) 

Positioning of a single receiver based on the C/A-Code. 

Also see PPS. 

 

Static Positioning 

Determination of the position of a stationary receiver. 

 

Stop-and-Go Kinematic Surveying 

A  GPS  differential  survey  technique  whereby  one  GPS 

unit, the fixed receiver, remains fixed on a known control 

point, while the other, a rover receiver, collects signals on 

a point of unknown position for a short period of time, 

usually minutes, and then moves to subsequent points to 

collect signals for a few more minutes, all the time con- 

tinually tracking four or more satellites during the obser- 

vation  period.     This  process  is  done  in  an  effort  to 

ascertain the  position of  the object  stations occupied by 

the rover receiver. 

Switching Channel 

A channel that is sequenced through a number of satellite 

signals at a rate that is slower than and asynchronous with 

the message data rate. 

 

Time Tag 

The time appended to an actual measurement. 

 

Translocation 

See Differential Positioning. 

 

Troposphere 

Inner layer of the atmosphere, located between 6 and 12 

miles above the earth’s surface. 

 

User Equivalent Range Error (UERE) 

A term for GPS measurement accuracy which represents 

the combined effects of ephemeris uncertainties, propaga- 

tion errors, clock and timing errors, and receiver noise.  A 

high UERE may indicate that S/A has been imposed on 

the satellite used. 

 

User Segment 

The portion of the GPS with major components that can 

be directly interfaced by the user (e.g., GPS receivers). 

 

Visibility Plot 

A  plot  against  time  of  day  of  the  number  of  satellites 

which are visible from a specified location. 

 

Y-code 

The P-code after encryption. 

 

Z-count Word 

The GPS satellite clock time at the leading edge of the 

data subframe of the transmitted GPS message. 
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Appendix C 
Sources of GPS Information 

 

 

 

Listed below are other sources of GPS information: 

 

a.    Civil GPS Service GPS Information Center.   The 

GPS Information Center (GPSIC) of the U.S. Coast Guard 

operates under the Civil GPS service Steering Committee. 

The  GPSIC  will  receive  GPS  status  messages  from  the 

U.S. Air Force’s 2nd Satellite Control Squadron (2SCS), 

located in Colorado Springs, and disseminate the informa- 

tion via a bulletin board.  Current services include current 

constellation status, future schedule outages, and an alma- 

nac suitable for making GPS coverage and satellite visi- 

bility predictions.   This bulletin board, a voice recording, 

and live information is accessible 24 hr a day, 7 days a 

week. 

 

GPSIC voice recording (703) 313-5907 

 

GPSIC live information (703) 313-5900 

 

For Bulletin Board Information: 

 

Comm. Parameters: 8 data bits, 1 stop bit, no parity 

Modem access # (703) 313-5910 

 

b.    GPS satellite clock behavior and related informa- 

tion.  Information on satellite clock behavior and related 

GPS information can be obtained from: 

 

U.S. Naval Observatory 

Washington, DC  20392-5100 

 

Telephone Lines: (202) 653-0068, 0155, 1079 

Baud Rates: 1200, 2400, or 9600 

Comm. parameters: 8 data bits, 1 stop bit, no parity 

terminate lines with CR/LF] 

Internet access: Telnet to tycho.usno.navy.mil 

(192.5.41.239) 

Log in as ads 

Comments to: adsmgr@tycho.navy.mil 

 

USNO Series 4 Weekly Bulletins:  Received by mail, they 

contain information on the status of GPS including GPS 

time steering and satellite clock behavior. 

 

For operational comments, contact the Time Service 

Department     of     the     National     Observatory     at 

(202) 653-1525 for further assistance. 

c.  General GPS bulletin boards.  There are several 

bulletin board services (BBS) that list general GPS 

information. 

 

(1) Holloman  AFB.      Provides  daily  almanac, 

observed range errors, comments on the satellites, and the 

OCS Advisories.   Requires fill duplex, 8 data bits, 1 stop 

bit, no parity, or full duplex, 7 data bits, 1 stop bit, odd or 

even parity. 

 

300 to 2400 baud: (505) 679-1525 

Live system operator: (505) 679-1657 

(2)  Free hourly almanac: 

Global Satellite Software, Inc. 

5339 Prospect Road, Suite 239 

San Jose, CA  95129 

Telephone: (408) 252-7358 

Baud Rate: 300 to 9,600 

Contact: (408) 252-7490 for further 

information. 

(3)  Post-broadcast ephemeris data: 

Associated Consulting Inc. 

2245 N. Decatur Blvd. 

Las Vegas, NV  89108 

Telephone: (702) 647-9266 

Baud: 300 to 14,400 

System operator:  (702) 647-9265 

 

d.  Precise GPS orbit information.  There are various 

agencies or firms that provide GPS orbit information: 

 

(1)  Government.  Precise orbital positions and veloc- 

ities based on post-computations of tracking data are 

available from NGS.   Satellite orbital data are scheduled 

to be available two weeks after the tracking data are col- 

lected.   For further descriptions on formats, fee schedule, 

or to order data, contact: 

 

NOAA, National Geodetic Survey, N/CG174 

1315 East-West Highway 

Silver Spring, MD  20910-3282 

Telephone: (301) 713-3242 

Fax: (301) 713-4172 

 

(2)  Commercial.     Precise  orbit  data  are  available 

from the Aero Service Division, Western Atlas Interna- 

tional,  using  data  obtained  from  its  tracking  network 
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stations. For  description  of  format,  fee  schedule,  or  to 

order data, contact: 

 

Western Geophysical Division 

A Division of Western Atlas Int’l 

3600 Briarpark Drive 

Houston, TX  77042-4299 

Telephone: (713) 964-6345 

Fax: (713) 964-6555 

 

e.    Performance evaluation of GPS survey equipment. 

For  information  on  equipment  tested  or  to  comment  on 

the GPS satellite survey system, contact: 

 

GPS Test Coordinator 

National Geodetic Survey Division, N/CG14 

1315 East-West Highway 

Silver Spring, MD  20910-3282 

Telephone: (301) 713-3242 

Fax: (301) 713-4172 

f.  General Information on GPS for USACE Person- 

nel can be obtained from: 

 

U.S. Army Topo Engrg Center 

ATTN:  CETEC-TD-AG 

7701 Telegraph Road 

Alexandria, VA  22315-3864 

 

Phone:  (703) 428-6766 

Fax: (703) 428-8176 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C-2 



EM 1110-1-1003 

1 Aug 96 

 

Appendix D 
Static GPS Survey Examples 

 

 

 

Section I 

Survey No. 1:   HORIZONTAL CONTROL GPS SURVEY 

(Ukiah Airport, California) 

 

D-1.  Planning Phase 

 

The  GPS  survey  was  planned  for  25  April  1989  in  the 

vicinity of Ukiah Airport, Ukiah, California. 

 

a. A   diagram   of   the   project   area   is   shown   in 

Figure D-1. 

 

b.   Four SPS (C/A-code) GPS carrier phase tracking 

receivers   were   used   for   the   survey,   one   person   per 

receiver.  In actuality, because the personnel were inex- 

perienced in conducting a GPS survey, a fifth person was 

also used.   The fifth person was used as a “runner” who 

can be called upon during the survey to aid in smoothing 

out any complications ( e.g., aiding in overall commun- 

ication and coordination, parts retrieval in case of 

breakdown, bad power source, blown fuse, misplaced 

equipment, forgotten measurement device or power cord, 

as well as any other possible complication).  Communica- 

tion between personnel was by two-way radio.  Care was 

taken in choosing and operating the two-way radio near 

the GPS survey so that the radio transmitter and receiver 

chosen, when  in operation,  would not  interfere with  the 

GPS receiver. 

 

c.    Prior   to   data   collection,   the   stations   were 

inspected and found to be acceptable (easy accessibility, 

no obstruction or possible multipath sources, and at least 

20° satellite visibility above the horizon). 

 

d.    The  date  25  April  1989  corresponds  to  Julian 

calendar  day  115.    Calpella,  Perry,  and  Ukiah  Airport 

were stations with established horizontal control.   Pier 1 

and Pier 2 were stations requiring horizontal coordinates 

accurate to 1:10,000 (refer to Figure D-2).   Therefore, the 

following station conventions for Session 1 of the survey 

were: 

 

Pier 1 - Station 20011151 

Pier 2 - Station 20021151 

Calpella - Station 20131151 

Ukiah Airport - Station 20141151 

 

 

 
Figure D-1.  Ukiah project area 

 

It  is  important  to  note  that  this  station  convention  was 

used  for  this  survey  because  the  receiver  used  only 

allowed numeric input of station names.   Most newer 

receivers  allow  alphanumeric  inputs  for  station  names 

which provides more flexibility in station naming.   (Con- 

sult the GPS manufacturer literature for further explana- 

tion and guidance on the receiver’s station naming 

convention.) 

 

e.   A satellite visibility plan (a software package that 

produces a hard copy listing of satellite constellations and 
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but it does indicate good satellite geometry during that 

moment of the survey (see Chapter 5 for further informa- 

tion on PDOP). 

 

f.   From the satellite visibility plan, it was decided to 

conduct three sessions during the survey.  Travel between 

survey sites, time to set up and take down the equipment 

before and after the survey, receiver warm-up time, time 

of survey (at least an hour allotment for survey data col- 

lection,  but  more  than  an  hour  if  at  all  possible),  and 

possible time loss due to unforeseeable problems or com- 

plications were taken into account before deciding on a 

specific   session   schedule.      The   final   survey   session 

schedule is shown in Table D-2. 
 

 

Figure D-2.  GPS project diagram (Ukiah) 
 

 

time availability based on ephemerides) was run for the 

project location.  The satellite visibility was run with the 

most up-to-date ephemeris for the period of observation, 

using four-satellite visibility, and with a cutoff elevation 

angle  of  20°.     An  up-to-date  ephemeris  was  used  to 

ensure the satellite visibility formulated was the most 

accurate.   Four-satellite visibility was run in order to 

formulate  accurate  3D  solutions.    A  cutoff  elevation  of 

20° was chosen in order to minimize any diffusion or 

dispersion of the signal by the atmosphere which in turn 

may cause errors in the solution as the satellites pass near 

the horizon.  The satellite visibility plan produced for the 

Ukiah project is shown below. 

 

All-In-View PDOP for Ukiah 

 

Date:  25 Feb 1990 Latitude: 39o  12’ 30"  N 

Time:  4:00 -> 4:00 Longitude: 123o  10’ 30"  W 

Cutoff Elevation:  20 Zone: - 7:00 
 

 

Time Time  PDOP 

Satellite Constellation   Rise Set dT Rise   Set 
 

6 9 11 13 21:55 22:03 0:08 4.9 5.0 

6 9 11 12 13 22:02 22:33 0:30 3.8 3.6 

6 9 11 12 13 19 22:32 23:18 0:45 3.2 3.3 

3 6  9 11 12 13 19 23:17 23:48 0:30 2.9 3.0 

3 9 11 12 13 19 23:47 1:08 1:20 4.2 4.2 

3 11 12 13 19 1:07 1:22 0:15 4.9 5.0 

3 12 13 19 1:22 2:20 0:58 22.7 31.6 

 

The portion of the satellite visibility where the PDOP is 

near 5.0 m/m or below are times when the satellite geom- 

etry is conducive for conduct of a survey.   A PDOP near 

or below 5.0 m/m does not guarantee a successful survey 

Table D-2 

Final Survey Session Schedule 
 

Session Start Time Stop Time 

1 21:55 22:55 
2 23:38 00:38 

3 01:23 02:20 

 

 

It was further decided which stations would be occupied 

during each session.  Station occupation was designed to 

minimize travel time and to add to the overall efficiency 

of  the  survey.     The  station  occupation  schedule  was 

planned as shown in Table D-3. 
 

 

Table D-3 

Station Occupation Schedule 
 

Session Station Station Station Station 

1 Calpella Ukiah Airport Pier 1 Pier 2 
2 Calpella Perry Pier 1 Pier 2 

3 Ukiah Airport Perry Pier 1 Pier 2 

 

 

g.  A GPS station observation log is generally filled 

out prior to conduct of the survey.  An example of a GPS 

log is shown in Figure D-3.   The log must be filled out 

for each of the stations occupied in order to have a writ- 

ten record of the actual survey and as an aid for the per- 

sonnel occupying each of the stations. 

 

h.  Portions of the GPS station observation log were 

filled out prior to data collection.  These portions included 

the station name, start date, GPS 8-character ID for each 

session, project name, project location, observer name, 

approximate receiver position (latitude, longitude, and 

elevation), session scheduled start and stop times, and 

requisite tracking equipment information.  In this case, six 

GPS  station  observation  logs  were  filled  out,  one  each 
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U.S. ARMY CORPS OF ENGINEERS 
GPS DATA LOGGING SHEET 

************************************************************** 
PROJECT  NAME                                                                   LOCALITY                                  _ 

OBSERVER                                                         AGENCY /FIRM:--------- 
RECEIVER                                                                  S/N:---------- 
ANTENNA                                                                           S/N 
DATA   RECORDING UNIT                                          S/N:------------- 

TRIBRACH                                     S/N                 LAST CALIBRATED: 

************************************************************** 
SESSION 1  SESSION 2  SESSION 3 

STATION: NAME    
NUMBER    

 

DAY   OF   YEAR                                                

 

DATE MM  DO  YY 

 

UTC TIME OF 
OBSERVATION 

 

 

START 

 

 

STOP 

 

 

START  STOP 

 

 

START  STOP 

************************************************************** 
ANTENNA HEIGHT MEASUREMENTS 
SESSION 1 SESSION 2  SESSION 3 

SLOPE  @ 

BEGINNING  IN M  IN=  ----r;; IN M 
MN   M  MN    M  MN    M 

 

SLOPE  @ 

END 
 

 

MN ADJ TO VERT:  M      M  M 

************************************************************** 
PROGRAMMED FIELD PROGRAMMED FIELD PROGRAMMED FIELD 
REFPOS  POSITION REFPOS POSITION REFPOS  POSITION 

LAT    
 

LONG  _ 
 

HT 

 

POOP------    

 

SVS   TO  -------- 
TRACK    
LOCAL 
TIME:  SCHEDULED ACTUAL 
START    
STOP 

 

 

 

SCHEDULED ACTUAL  SCHEDULED ACTUAL 

************************************************************** 
PAGE 1 

 

a.  Front 
 

 

Figure D-3. Example  GPS station  observation log (front  and back) (Continued) 
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U.S. ARMY CORPS OF ENGINEERS 
GPS DATA LOGGING SHEET 

************************************************************** 
SESSION 1  SESSION 2  SESSION 3 

 

ANT CABLE LENGTH    
 

POWER SUPPLY    
 

WEATHER 
CONDITIONS    

 

MONUMENT TYPE    

EXACT STAMl'ING    

AGENCY CAST    
IN DISK 

********************************************************* **** 
SKETCH OF SITE 

SESSION 1 SESSSION 2 SESSION 3 

-----------------,------------------- 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 

'' 
' 

....-.co....... ' .-.c.........co... ********************·*7*C***C*7*7*0****"*"*****7*C**C**7*·*.***************** 
Describe any abnormalities andjor problems encountered during 
the survey, include session number, time of occurence and 
duration. 

 

 

 

 

 

 

************************************************************** 
!'AGE 2 

 

b.  Back 
 

 

Figure D-3. (Concluded) 
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for:    Calpella  (Sessions  1  and  2),  Ukiah  Airport  (Ses- 

sion 3),  Ukiah  Airport  (Session 1),  Perry  (Sessions  1 

and 2),  Pier 1  (Sessions  1,  2,  and 3),  and  Pier 2  (Ses- 

sions 1, 2, and 3).  An example of a GPS station observa- 

tion log for Pier 2 is shown in Figure D-4. 

 

D-2.  Actual Survey Operation 

 

These portions of the GPS station observation log which 

were not filled out during the planning phase of the sur- 

vey were filled out during data collection.  An example of 

the GPS station observation log for Pier 2, filled out after 

data collection, is shown in Figure D-5. 

 

a.    The  key  to  proper  data  collection  is  the  correct 

setup   of   the   equipment   (tripod,   receiver,   and   power 

source) and correct antenna height measurements (height 

of the antenna above the mark). 

 

b.   Figure D-6 shows personnel correctly taking an 

antenna height measurement over a temporary monument. 

Figure D-7  illustrates  a  typical  antenna  setup  with  the 

following equation detailing the antenna height correction. 

(3)  The  resultant  north  and  south  slope  distances 

were averaged. 

 

(4)  Example:  (Refer to Figure D-5.) 

(a)  Tripod set up flat on a dock. 

(b)  The   north   side   measure   up   for   session   1 = 

0.120 m. 

 

(c)  The   south   side   measure   up   for   session   1 = 

0.120 m. 

 

(d)  An  extra “Check  Measurement” was  also taken 

for  the  measure  up  for  Session 1  and  was  found  to  be 

0.394 ft. 

 

(e)  As   a   check:   (0.394   ft.)   x   (1 m/3.281   ft.) = 

0.120 m. 

 

(f)  This  value  was  recorded  in  the  GPS  station 

observation log. 

 

d.  Each GPS receiver was operated in direct accor- 
 

v (s)2 (r)2
 

(D-1) dance  with  the  manufacturer’s  instructions,  procedures, 

and/or guidance. 

 

where 

 

v =   corrected   vertical   height   distance   of   the 

antenna center above the mark 

 

s =   slope distance measurement derived from the 

average of several antenna height measure- 

ments made 

 

r =   antenna radius 

 

c.   When measuring the antenna height during this 

survey,  the  procedure  below  was  followed  in  order  to 

ensure an accurate reading: 

 

(1) The slope distance from the north point of the 

antenna to the center of the monument was measured to 

the nearest millimeter (0.001 m).  Measurement was also 

done  in  non-SI  units  (inches)  to  the  nearest  1/32  of  an 

inch.  This value then was compared to the metric value 

measured earlier in order to detect blunders. 

 

(2)  Similar  measurements  were  also  taken  from  the 

south point of the antenna to the center of the monument. 

e.  No problems were encountered during the survey 

sessions. 

 

D-3.  Post-Processing Observation Data 

 

All observation data recorded were downloaded from the 

receivers to a 5.25-in. floppy disc.   The downloading 

procedures detailed in the manufacturer’s operating manu- 

als were strictly adhered to. 

 

a.  Once the observation data were downloaded, pre- 

processing of data was performed.  Preprocessing of data 

included checking the station names, antenna heights, 

latitude, longitude, and elevation of the points, as well as 

applying any required corrections.  In general, most GPS 

processing software requires the antenna slope height be 

corrected to vertical at some point in the survey, usually 

during the pre-processing phase.    (Consult receiver/ 

software manufacturer guidelines for specifics.) 

 

b.  The  data  for  the  Ukiah  project  were  post-proc- 

essed using TRIMBLE software, but in general, all post- 

processing   software   produces   similar   results.       The 
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U.S. ARMY CORPS OF ENGINEERS 
GPS DATA LOGGING SHEET 

************************************************************** 
PROJECT  NAME COYOTe  /)1//1  LOCALITY ( 

OBSERVER  l.f98Ry J.,At18  AGENCY/FIRMCof:. if N 1>JS12i'IGT 
RECEIVER  T&M!UG I/6DO  SL SJN   Zf oAc>o%2..3 
ANTENNA T/IJH8LE  IJ,/Up St.-  S/N  2,Pif,lf<>O:zz.<{ 
DATA  RECOIUJING  UNIT  &€cG!vE/<  S/N  :Lo  o<> 
TRIBRACH  W/LD  ftDE  ZZ,  S/N  AI/A  LAST  CALIBRATED: 

********************************' ********************····· · 
SESSION 1  SESSION 2  SESSION 3 

STATION:  NAME PIER 2  PtG8 2.. PIER .2. 

NUMBER  i:<>o-z. .-ZOO 2.,  ?"OZ.. 
 

DAY OF YEAR 
 

DATE MM DO YY 

 

    1(5"   
 

  /IS"   

 

UTC TIME OF START STOP START STOP START  STOP 
OBSERVATION 01/:S", (>£: " ':(o "'{:3f O'l:H' ()f: 
************************************************************** 

ANTENNA HEIGHT MEASUREMENTS 
SESSION 1 SESSION 2  SESSION 3 

SLOPE  @ 

BEGINNING  IN- M  IN=  M  IN- 
MN-   M MN-   M  MN-  M 

 

SLOPE @  

END  IN- M IN- M IN= M 

  MN-    M MN-    M MN-    M 

MN  ADJ  TO  VERT:  M      M  M 

************************************************************** 
PROGRAMMED  FIELD 

REFPOS  POSITION 

LAT   31-!2-3o    
 

LONG /Zi-(0-30    

PROGRAMMED FIELD 
REFPOS POSITION 

31-12.-30    
 

1 -rO-Jo    

PROGRAMMED  FIELD 
REFPOS  POSITION 

'11-12-30    
 

12"3-Jt>•Jo    
 

HT Z '('{. 0 
 

POOP  J. G, 

   Z<flf,0    
 

   
 

SVS TO 
TRACK 
LOCAL 
TIME: 
START 
STOP 

oz,o""··>9 
1/ •.IZ.1.13 14! 

 

SCHEDULED ACTUAL 
t.f:rr 
Z-2.:S5' 

 

 

 

 

SCHEDULED ACTUAL 

Z-3!3'    
60:3 t 

D3.  : ,,09. 11 
Yj 

r'Z   t3/ - '· 

'" 

SCHEDULED ACTUAL 

"
o:z

Z
:
.o   

 

************************************************************** 
PAGE 1 

 

a.   Front 

 

Figure D-4.  GPS station observation log, presurvey (Continued) 
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U.S. ARMY CORPS OF ENGINEERS 

GPS DATA LOGGING SHEET 

************************************************************** 
SESSION 2 

ANT   CABLE   LENGTH  /00  f.t 

POWER  SUPPLY /1. V  PC 
 

WEATHER 

CONDITIONS    

SESSION 2 

too  Ec 
 

12-v  [)c 

SESSION 3 

3£& 

/7- v Oc. 

 

 

 

 

EXACT STAMPING 

 

 

 

Pier<  z. 110  - "  

 

- "  
 

MONUMENT TYPE "C- "{sUINPri/1)-SAME: 
 

 

CoG "
 

_,  ..  S' AM E 
 

"  _ 
AGENCY CAST 

IN DISK 

************************************************************** 
SKETCH OF SITE 

SESSION  1 SESSION 2 SESSION" 3 

-------------,----------- 

' 
' 
' 
' 
' 
' 
' 

' 
'' 
'' 
' 
' 
' 
' 

' 
*******************'* ............................."......-.. . . . . . . . . . . . . . .-. . 
Describe  any abnormalities andjor problems encountered during 

the survey, include session number, time of occurence and 
duration. 

 

 

 

 

 

 

 

************************************************************* 
PAGE   2 

 

 

b.  Back 
 

 

Figure  D-4.  (Concluded) 
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U.S. ARMY CORPS OF ENGINEERS 
GPS DATA LOGGING SHEET 

************************************************************** 
 

OBSERVER 
RECEIVER 
AN  NNA 

TPRRIBORAJC!H!CT ;ii!!!!!ii!!!!!!!liiii l111 :!!!l!ii1!11!!i!!l! il.i; <T ***** SESSION  2  SESSION  3
 

STATION:    NAME 
SESSION 1 

fie& Z, 
 

 !'!£'!< 
 
Z- 

  Ptt:R z.   

NUMBER  2. GJO Z.. 2.¢02. zao2.. 

DAY  OF   YEAR //£:" 

DATE    MM  DD   YY 'f/'2-6"/ f 
' I 

/IS"  wr 
 lff_z. ; "-  't/zsje-   

UTC TIME OF START  STOP  START  STOP  START  STOP 
o'f:' oS'\f>  06 :fo  01•,Y o'f:$"5'  <l9-'ZO 

************************************************************** 

SE
AN

S
T

S
E

IO
N

N
A HEIGHT M

SESSIO
R

N
EMENTS 

SESSION
 

 

SLOPE  @ 

BEGINNING 
 

SLOPE @
 

END 

1 

IJ.nt2. ./ZO  O.tZD 
If 1 &IN tY..Zi M 

O.ILtJ M 

t>..JM·?.._IN'f='¥J1 .'YMr' 
MN  =  (), f'Z.6  M 

2 

P."' 0-t/6  Q.!Jj 
f  M 
MN  =  0.116  M 

 

'f  1{. 
D...!..l"__IN= ' M 
MN   = t?.tiW  M 

3 

I
o 
N
.tz'f 

<>•lz.'f
M 

I'J.IZ.iiJi'   M 

O..LZZ_IN'f /:iff'J- f.
t
_
2

M
Z: 

MN  0./21<> M 

MN  ADJ  TO  VERT:  0./2-0 M 6./f' M 0·/Z-3'f M 
************************************************************** 

PROGRAMMED FIELD  PROGRAMMED  FIELD  PROGRAMMED  FIELD 
 

LAT 

REFPOS 
'37-/t-30 

POSITION  REFPOS  POSITION  REFPOS  POSITION 
3'1·JL·ZZ·'  3'1·/Z.•:Jo  3'l-U.•Q.,'f8   1'f•it•30 31·/Z.·z.t.'/1/ 

LONG /Z.3 • /0·3()  /Z.J·LO.·H. t. /?.J•/0•30  IZJ-t0·1J,UJI2-'3•f0•3o  /Z-3-I"·n,,z 

HT  1.-'f'f.O z_/O.f.  ?..t</-0 l'l?·'  Pf'f•d Z,Z-2.8' 
 

POOP '3, C..    

svs  TO   oz.oz,otp_oy    QZ,.,3. o&,o1  ll1,()6.o!. II 

TRACK liJ2.. i-. t'f   u; tz.(t3,'51  a:.t3.'t't.' 16 
LOCAL''' T   

71
 

TIME:  SCHEDULED ACTUAL  SCHEDULED ACTUAL  SCHEDULED ACTUAL 

2.(:   'Z./15'' z. : 2-3:/0  01'2-0  OOIS'S 

Z.z:ff     7-z:sr;" 1JOI38 00:31 t>z.:z.a Oi?,>Z.O 
************************************************************** 

PAGE 1 
 

a.  Front 
 

 

Figure D-5.  GPS station observation log, postsurvey (Continued) 
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u.s. ARMY CORPS OF ENGINEERS 
GPS DATA LOGGING SHEET 

************************************************************** 
SESSION 1  SESSION 2  SESSION 3 

 

ANT CABLE LENGTH  lt2D  Ft  tOO£+  35"f"+ 

POWER SUPPLY IZV vc 1?-V pc   

WEATHER  ci-{:/IB, Ce>DL.   Ct-C/IR ,. ,
 

/2. v [)C- 
 

eLEi'I.R, OI)t..
 

 

 

 

MONUMENT TYPE  "c''ISn ttrPtoU --  
 

 

 

 

-sAttE 

CONDITIONS  lf5• o.· '  +'.<;)•  • 
 

£/I.He 

EXACT STAMPING  f.le-R  2. 11£3  
,.... ,,

 
 

 

 

AGENCY CAST 
IN DISK 

" 
(!O£  "  •• 

************************************************************** 
SKETCH OF SITE 

SESSION 1 SESSION 2  SESSION 3 
 

LM:ib 
ME"NDI 

 

 

Z
e,,.-

:
9(

J.-- 
N 

:::----... ... 
R 

 

·""
 

<I  ' •
 

111v£R. 
 

 

 

 

\ 

$AME • 5AI'1€ 
.._ PJE"RZ.  • 

• 
• 
• 
• 
•

' 
'' 
' 

  '   
 

******************************************'******************** 
Describe any abnormalities  andjor problems encountered during 

the survey, include session number, time of occurance  and 
duration. 

C AL'.I'TeNIJA W....5   M.OOIJTeP DIRE<OTL'(  oveR.. PI€:12.  z_ 

WITH NO ""C"R t ?Cil> uScP. 

A r.IT€:N/JA tiE::IG HT  f...J/'5  EA-SOR,E;-J) VE:RTlCALL R<af--\ - 
<:,Ro<>Nl> PL.A- E. 1:0  BR,.. s  'J)\S /<. 

************************************************************** 
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b.  Back 
 

 



Figure  D-5. (Concluded) 
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Figure D-6.  Antenna height measurement 

 

(b)  Types   of   solutions   (single,   double,   or   triple 

difference). 

 

(c)  Satellite  availability  during  the  survey  for  each 

station occupied. 

 

(d)  Ephemeris file used for solution formulation. 

 

(e)  Type of satellite selection (manual or automatic). 

(f)  Elevation mask. 

(g)  Minimum number of satellites used. 

 

(h)  Meteorological data (pressure, temperature, 

humidity). 

 

(i)  Session time (date, time). 

 

(j)  Data logging time (start, stop). 

(k)  Station information: 

• Location (latitude, longitude) 

• Receiver serial number used 

• Antenna serial number used 

• ID number 

• Antenna height 

 

(l)  RMS. 

 

(m)  Solution files: 
 

•   x,   y,   z between stations 

• Slope distance between stations 

•   latitude,   longitude between stations 

• Distance between stations 

•   height 

 

(n)  Epoch intervals. 
 

Figure D-7.  Diagram of antenna setup 

 

observation data were processed in accordance with man- 

ufacturer’s guidelines.  (See Chapter 10 for further discus- 

sion on post-processing.) 

 

(1)  An examination of the results reveals the follow- 

ing, which are produced in one form or another in other 

manufacturer’s solution file formats: 

 

(a)  Listing of the file name. 

(o)  Number of epochs. 

 

(2)  The triple difference, double difference float, and 

double difference fix TRIMBLE solutions of the baseline 

reductions for 2014->2002 are shown annotated with the 

above conventions (a - o) provided as an explanation. 

 

c. In general, all GPS manufacturer data reduction 

software  programs  produce  a  summary  of  results  once 

data have been reduced and a baseline formulated. 
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d. The  listing  of  the  baseline  formulations  for  line 

2014 to 2002 follows in Figure D-8, as reproduced from 

the TRIMBLE Navigation TRIMVEC solution file. 

 

e.    Although  the  TRIMBLE  summary  solution  file 

does  specify  that  the  integers  were  found,  the  RMS  is 

OK, and FIXED solution is recommended, an analysis of 

the output prior to this conclusion in accordance with 

Chapter 10 would have revealed the following: 

 

(1) With a baseline distance of 7,000 m for the for- 

mulated baseline (baseline 1402) and from Table 10-1, the 

RMS must be less than [(0.02 + (0.004*d))].   Using the 

equation  [(0.02 + (0.004/d))]  from  Table 10-1  with  a  d 

(distance)   equal   to   7 km,   the   equation   is   [(0.02 + 

(0.004*7))] and the RMS is approximately equal to 0.048. 

Therefore, the RMS is acceptable. 

 

(2) With a baseline distance of 7,000 m for the for- 

mulated  baseline  (baseline  1,402)  and  from  Table 10-1, 

the quality factor ratio must be more than 3.  The fixed 

solution factor from the summary solution file is 18.9. 

Therefore, the fixed solution quality factor is acceptable. 

 

(3)  From Table 10-1, with a baseline length of 7 km 

for baseline 1402 (between 0 and 20 km), an acceptable 

RMS  (small),  an  acceptable  quality  factor  ratio  (large), 

and an integer solution, the fixed solution should be 

acceptable. 

 

f.     All  other  formulated  baselines  for  this  survey 

were found to be acceptable. 

 

D-4.  Loop Closure 

= -3,367.429 + 3,799.005 + 953.294 

+ (-666.617) + (-718.244) 

 

=  0.009 

 

y components =   y(2013->2014) +   y(2014->2002) 

+   y(2002->2006) +   y(2006->2001) 

+   y(2001->2013) 

= -7,891.019 + 2,554.018 

+ (-748.319) + 1,441.548 + 4,643.775 

 

=  0.003 

 

z components =   z(2013->2014) +   z(2014->2002) 

+   z(2002->2006) +   z(2006->2001) 

+   z(2001->2013) 

= -10,410.673 + 5,296.798 

+ (-16.709) + 908.280 + 4,222.288 

 

=  -0.016 

 

Distances = (2013->2014) + (2014->2002) 

+ (2002-2006) + (2006->2001) 

+ (2001->2013) 

= 13,490.362 + 7,000.823 + 1,212.035 

+ 1,829.593 + 6,317.297 

 

=  29,850.110 

 

d.  From Equation 10-1: 
 

 

M (0.009)2 (0.003)2 (  0.016)2 
(D-2)

 

 

An approximate loop closure was done by following the 

procedures  detailed  in  Chapter 10.    The  resulting  calcu- 

lations would proceed as shown in the following 

computation: 

 

(0.000081) (0.000009) (0.000256) 
 

 

= 0.018601075 or 0.0186 

(D-3) 

 

a.    Follow Figure D-9, holding 2013 as the starting 

point. 

 

b.    Formulate   a   table   similar   to   Table 10-3   (see 

page D-25),  where  all  values  are  taken  from  the  GPS 

post-processed baseline formulations: 

 

c.    Sum    up    the      x,      y,      z,    and    distance 

components: 

 

x components =   x(2013->2014) +   x(2014->2002) 

+   x(2002->2006) +   x(2006->2001) 

+   x(2001->2013) 

Therefore,    misclosure    is    approximately    0.0186    in., 

29,850.110 m, or 1 part in 1,600,000. 

 

D-5.  Final Adjustment 

 

The  program  used  for  final  adjustment  of  the  Ukiah 

survey was the GEOLAB program.  For an in-depth tech- 

nical discussion on GEOLAB, refer to the literature 

accompanying the GEOLAB software package.    The 

following discussion on the GEOLAB adjustment of the 

Ukiah survey highlights some of the criteria used in the 

adjustment of a horizontal survey. 
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TRIMBLE NAVIGATION, LTD. 
585 NORTH MARY AVENUE 

SUNNYVALE, CALIFORNIA 94086 
u.s.A. 

 

PROGRAM  TRIMVEC 

GPS RELATIVE POSITIONING SOLUTION 

-Ia - listing of the  filename! 

File  name: 14022059. trp = 
coordinate  system - WGS-8:4::::::::VE::R:S:I:O:N::8:8:b-:-0:t2y8p:e:iof!l!s!oil!u!!tiol!n!!!!; i'"" 

Type solution:  Triple difference.- li- session time 
 

start date/time: 1988/ 2/29 

stop  date/time:  1988/ 2/29 

 

7:26:30 
9:32:30 

 

day of year 60 
day of year 60 

 

tow 113190.- 
tow 120750. 

 

Data available  c - satellite availability 

 

station:  1 
sat: 6   : •••••••••••.•.••••••• 

:.......................... . .................. .... .......:
 

sat: 8 
sat: 9 
sat:ll 

sat:12 
sat:l3 

sat: 3 

 

:.............. ........... . ....................... 
:......... .................... ...... . ......... ..........: 

: . ................................... .......... ..........: 

................... ........ .. .. ........: 
 

station: 2 
sat:6: ....... . 
sat:  8 
sat: 9 

sat:11 

sat:12 

sat:13 

sat:  3 

:

.
... .

....................... .......... 
: .......................... . ..... .............. . 
: ......................... ..................... ..........: 

! . . . • . • • • • • • •  • • • • . . • • •

..
•  

.
•  

.
•  

.
•  

.
•  • 

.
•  

.
•  • • 

.
•  . 

.. .
•

. ..
• 

.
•  

.
•  

.
•  

.
• 

.
•  

.
•  

.
•  • 

.
•  • 

.
• • • • • 

.
• •

.
:

 

 

Ephemeris file used: 20140592.eph--------------{l ct :!e p h;e m;e r L ·s ffbill e u s e d!J] 
 

SATELLITE 

6 

8 
9 

11 

12 

13 

3 

 

AOOE(hr.) 
3.41 
4.55 
7.96 
3.98 
6.26 

4.55 
7.40 

 

HEALTH  WEEK NO. 

0  425 
0  425 

0  425 

0  425 
0  425 

0  425 

0  425 

 

TOW(sec) 
113040.00 
113040.00 

112770.00 
112770.00 

112770.00 
112770.00 

114570.00 

 

URA(m) 
5.7 

999.0 

4.0 

2.8 
5.7 
16.0 

2-0 
Broadcast satellite clock correction values c - satellLte avaLlabLlitvl 

prn 
6 

afO 
-.86983712390-03 

afl 
-.17848833520-10 

af2  toe 
-.27755575620-16  .11880+06 

8 .44125365090-03  -.74987838160-09 -.27755575620-16  .11880+06 

9  .21295296300-03 .13542420530-11 -.27755575620-16  .11880+06 

11 -.99658500400-04 -.48885340220-11 .00000000000+00 .11880+06 

12  .63570542260-03 
13  .32387301330-03 

.53432813730-11 
•22737367540-11 

.00000000000+00 .11880+06 

.00000000000+00 .11880+06 

3  .40117371830-03 -.68212102630-12 .00000000000+00 .11880+06 
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4   SV   Position Best  POOP  Position 3.1] Mean  Pos1.t1.on   [4'.:1: 1 

Latitude: 39:07'57.17388" N  39:07'57.14899" N 

Longitude: 

Height  (m]: 
123:12'14.47260" W 

169.0 
 123:12'14,64029" W 

170.3 

 

lc -
r.

-

EM 1110-1-1003 

1 Aug  96 
 

 

M
.
e
.
s
.
s
.
a
.
g
.
e
...
f
.
i
.
l
.
e
..
f
.
o
.
r
..
s
.
t
.
a
.
t
.
i
.
o
.
n
..
1
.................................
.. 

station ID: 2014  Session #: 059-2  Feb. 29, 1988 07:24 
Reference Position - HIGH ACCURACY: 
Lat.= 39:07'57.40l"N Long.=l23:12'14.788"W  Height=190.2  (meters] 

Antenna height E 1.4387 (meters} (entered in the field in feet) 

Receiver serial # =  4604 
Antenna serial # = 110 (enterein the office) 

7 77 7 
Survey schedule mode =  AUTOMAT.I.C;_  :=:7-'" = = = :l;k:: ;- ;-;·-:-t· ti o n i n f o rm  ·- t-i o-=-n 
Data-logging start time •07:26 
Data-logging stop time =  09:33 1; --=d=•t=•=-l o g g i n g t i m 3 satellite I 

-- • v a i l a b i lli tt 

ChO 
SVs  3 
# meas  379 

# cant  379 

Ch1 
6 

170 
170 

Ch2 
8 

28 
28 

Ch3 
9 

506 
506 

Ch4 
11 

445 
445 

ChS  Ch6 
12 13 

506  506 

S06  506 

Chg  Chg   Chg 
 

0  0  0 
 

 

EslvevSaetlieocntimoans_mkode  = 2M_AoN_
-
U
®
AL S[EdLeEgCrTeIOeNs]-:Minimuem -# to 

 

eSVosf-sia:t seellec1tiotn!e l ;] 
mJ.nJ.mum of  satellites 1 

used I 
 

 

 

 

3 SV Position 

Latitude: 

Longitude: 

Best PDOP Position ( 2.SJ 
39:07'57.62620" N 

123:12'14.95426" N 

Mean Position [9) 
39:07'57.51783" N 

123:12'14.88427" N 
 

Origin of station 1 coordinates: Best C/A code tracking solution 
 

STATION  (mark) 1 }-- - - - 
input data file  1 : 20140592.dat 

antenna height (m)  1.378 

...-{-k- 
-- 

sta[ tion  informatio@ 

 

met values used:   pressure(mb)       1010.0                          

temperature(deg C)     20.0  h - meteorological  data 
relative humidity(%)   50.0 

 

 

X 

 

(m) -2713023.277 lat (dms) N 39 • 7 S7.13720 

y (m) -4145293.358 elan (dms) E 236 47 45.39187 

z (m) 4003847.775 wlon (dms) w 123 12 14.60813 
ht (m)  168.8847 

M

.
e

.
s

.
s

.
a

.
g

.
e

...
f

.
i

.
l

.
e

..
f

.
o

.
r

..
s

.
t

.
a

.
t

.
i

.
o

.
n

..
2

................................... 
Station ID: 2002  session #: 059-2 
Reference Position - LOW ACCURACY: 

Feb 29, 1988 07:21 

Lat.= 39:12'30.000"N  Long.=123:10'30.000"W  Height=244.0 [meters]  I 
Antenna height= 0.1201 (meters) (entered in the field in feet)  .I 
Receiver serial #   = 4604 _ _.,.   k - station information 
Antenna serial # = 108 (entered in the office)· 

 

survey schedule mode 

Data-logging  start time 

Data-logging  stop  time = 
A07U:T2O3M=A T I C =====f==j =-=-d-a[ta1:l:o=gging time I 
09:32 
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ChO 
 

Ch1 
 

Ch2 
 

Ch3 
 

Ch4 Ch5 Ch6 Ch7 Ch8 Ch9 

3 6 8 9 11 12 13 0 0 0 

356 78 41 392 457 515 515 0 0 0 

356 65 41 381 457 515 515 0 0 0 

 

EM 1110-1-1003 

1 Aug 96 
 

 

 

svs 
# meas 
# cent 

 
 

3 SV  Position 
Latitude: 
Longitude: 

Best POOP Position ( 2.5] 
39:11'36.93995" N 

123:11'00.75300" N 

Mean Position [157) 
39:11'36.76322" N 

123:11'00.69634" w 
0   •••••••••••••••••••• 0   •••••••••••••••••••••••••••••••••••• 0   0   • 

inpSTuAt TdIOaNta (fmlaerk)12:--2-00:2:0:59:2 .dat =============---sctation   informnaftEiolnl 

antenna height  (m)  .120- 
met values used:  pressure(mb) 

temperature(deg C) 
relative humidity(\) 

h - meteorol ical dat 

 

 

x 
 

(m) 
 

-2709224.288 lat (drns) N 39 7 36.66538 

y (m) -4142739.316 elan (dms) E 236 48 59.56686 

z (m) 4009144.597 wlon  (dms) 

ht  (m) 

w 123 
244.

11 
2261 

.43314 

 

slope distance 

normal section 
vertical angle 

 

(m) 

azimuth 

(dmo) 

 

7000.8406 
(dma)  14   43 

0 35 

sigma 
50.71 
6.35 

 

(m) 

 

east(m) north(m} up(m) 1780.060 
Delta lat(dms) 0  3  39.52817 
Delta lon(dms) 0  1  14.17498 
Delta ht(m) 75.3413 

 

Vector covariance matrix (m**2) : 

 

6770.280 

dx dy 
dx .2938675644770-02 
dy -.2413483646030-02  .4638584491910-02 
dz -.6694288660950-03 -.2524582611440-03 

correlations 
dx  dy dz 

dx  1.000 
dy -.654  1.000 
dz  -.470  -.141 1.000 

dz 
 

 

.689895896357D-03 

Solution 
dx (m)           3798.989 
dy (m)                          2554.042 
dz (m)           5296.822 

Sigma. 
.054 
.068 
.026 

 
 

EIpnotcehrvianlcrbemtewneten ep5o h s  (o e c:i)  1 5 0  :=  ;;;:fi  [J 
Number of measurements used in solution  168 
Number of measurements rejected 1 
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RMS (cycles)  .033------------------{11 - RM ijij 
 

Elevation mask (deg)  15.0 
Edit multiplier 3.5 
Modified Hopfield troposphere model used 

 

Best tracking C/A code positions 

Station 1 

 

Im   - solution files 

Pdop 

x  (m) 

y   (m) 
z  (m) 

3.1 
-2713023.862 

-4145294.253 

4003848.645 

 

lat (dms) 

elan (elms) 
wlon (dms) 

ht  (m) 

 

N 39 7 57.13720 
E  236 47  45.39187 

w 123 12  14.60813 
170.2629 

clock offset(s) 

freq offset(s/s) 

.432668080-03 

-.110423480-08 
 

Code calibration(m) Carrier calibration(m) 

1  2  .2520 

1  3  • 0552 
1  4  -.0249 

1  5  .9292 
1  6  -.2124 
1  7  -.0181 

1 -  8 -.1875 

1 -  9 -.1875 

1 - 10  1.0630 
Station 2 
Pdop 2.5 

.0012 
-.0006 
-.0007 
-.0008 

-.0010 

-.0005 
-.0009 
-.0012 
-.0014 

 

 

 

 

 

 

 

 

 
rn - solution file 

X    (m)        -2709227.033 

y   (m)        -4142726.880 

z   (m)           4009155.162 

 

clock offset(s) 
freq offset{s/s) 

 

1 -  2  .2021 

lat   (dms) 

elan (dms) 

wlon (dms) 
ht (m) 

.885849660-03 

.588277840-09 

N  39 11  37.11338 
E  236 48  59.18749 

w 123 11  .81251 

244.0000 
 

 

 

.0007  -
 

Code calibration(rn)  carrier calibration(m) 
1 - 3  -.3682 

1 -  4  -.4199 
1 - 5  -.5342 

1 - 6  -.5234 

1 -  7  -.2754 

1 -  8  -.6040 
1 - 9  -.8003 

1 - 10  -.6953 

-.0011 
-.0010 
-.0013 
-.0011 

-.0002 

-.0014 
-.0020 

-.0017 
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TRIMBLE NAVIGATION, LTD. 
585 NORTH MARY AVENUE 

SUNNYVALE, CALIFORNIA 94086 
u.s.A. 

 

PROGRAM  TRIMVEC 

GPS RELATIVE POSITIONING SOLUTION 
 

 
File name: 14022059.flt 

-Ia   - listing of    filename! 

Coordinate system - WGS-8:4:::::::VE R:S:I:O:N::8:8:-:0:lb2:8-:::tiy:ple::o:fi::sio::l:ul:ti:o::ij::;'· 
 

Type solution: Triple difference 1 - sess1on 1me 
 

Start date/time:  1988/ 2/29 

Stop  date/time: 1988/ 2/29 

7:26:30  day of year 60 

9:32:30  day of year 60 

tow  113190.- 

tow  120750.- 
 

Data available  (c- satellite availability 
 

station:  1  • 
sat:6:..............••••.•. 
sat: 8   ••••.

 
 

sat: 9 
sat:ll 
sat:12 

sat:13
 

:....................................... ... ..............: 

:..................... . .................. ....... 
: ........................................................: 

: .................  ............. ........ ... ....... .... .: 

sat: 3 :           ........................ ... ..............: 

 

station:  2 
sat:6.........                                    : 
sat: 8 ••...                                           : 
sat:9:.....................................   : 
sat:11 :..............................................          : 

 

sat:13 :...................................... ..................
 

sat:12 :•...•......•••.•..•.•....••..•.....•.....•••••••••••••••: 
: 

sat: 3 : • • • • • • • • • • • • • • • •  • •  • •  • • • •  • • • • • • • • • • • • 0   •• : "' 

Ephemeris file used: 20140592.eph  lct-  ephemeris file used I 

SATELLITE  AOOE(hr.)  HEALTH  WEEK NO. TOW(sec)  URA(m) 

6  3.41  0  425 113040.00  5.7 
8 4.55  0  425 113040.00  999.0 

9  7.96  0  425 112770.00  4.0 
11 3.98  0  425 112770.00  2.8 
12 6.26  0  425 112770.00  5.7 
13 4.55  0  425 112770.00  16.0 

3 7.40  0  425 114570.00  2.o  - 

Broadcast 
prn 

satellite 

afO 

clock correction values 
af1 

c - satellite availability 
ar:2 toe 

6   -.86983712390-03 -.17848833520-10 -.27755575620-16 .11880+06 
8 .44125365090-03 -.74987838160-09 -.27755575620-16 .11880+06 
9  .21295296300-03 .13542420530-11 -.27755575620-16 .11880+06 
11 -.99658500400-04 
12  .63570542260-03 
13  .32387301330-03 

-.48885340220-11 
•53432813730-11 
.22737367540-11 

.00000000000+00 .11880+06 

.00000000000+00 .11880+06 

.00000000000+00 .11880+06 

3  .40117371830-03 -.68212102630-12 .00000000000+00 .11880+06 
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Message file for station 1 
• • • • • • • • • • • • • • • • • ••• 0   • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Station ID: 2014  session #: 059-2 F b. 29, 1988 07:24 
Reference Position - HIGH ACCURACY: 
Lat.= 39:07'57.40l"N  Long.=l23:12'14.788"W Height=190.2  (meters) 
Antenna height c  1.4387 (meters] (entered in the field in feet) 

Receiver serial # =  4604 
 

 

ASnutrveneynasscehreidaulle#m=od1e10 (=enAtUeTrOeMdAiTnIC ;t h:e:Jo f fk i-cs=tea:t;i)on   information!"J 
Data-logging start time •07:26 
Data-logging stop time =  09:33j  -data logging time( c - satel te 1 

 

ChO 

svs  3 
# meas 379 
# cant 379 

 

Ch1 
6 

170 

170 

 

Ch2 
8 
28 
28 

 
Ch3  Ch4 

9 11 

506 445 

506 445 

 
Ch5 

12 
506 
506 

 

Ch6 
13 

506 

506 

 

Ch7 
0 
0 

0 

 

'r-- a v a;=i=l a b i=l=i .t yJ 

Chg 

 

0 0 

 

SV Selection mode 
Elevation mas.!£_ 

 

=  MANUAL SELECTION e  t  e of satellite! 
e 20  [degrees] Minimu.!!!_ #  o  SVs - 4  selection! 
-If - elevation maskl g - m1.n  urn o  sateu1.te 1 

4   sv  Position 

Latitude: 

Longitude: 
Height [m]: 

Best POOP Position [ 3.1] Mean Posl.tl.on_!.q,  J usedl 
39:07'57.17388h N 39:07'57.14899" N 

123:12'14.47260" w 123:12'14.64029"  w 
169.0 170.3 

 

3 SV Position 
Latitude: 

Best PDOP Position [ 2.5] 
39:07'57.62620" N 

Mean Position (9) 
39:07'57.51783" N 

Lo
.
n
.
g
.
i
.
t
.
u.d.e.:........1.2.3.t.l2.'.1.4...5.4.2.6."..N............1.2.3.".1.2.'.1.4...8.4.2.7.". N

 

Origi n of station 1 
1

 coordinatesl
Best C/A code tracking solution 

 

STATION (mark) 

input data file 1 : 20140592.dat 
antenna height (m)  1.378 

 

met values used: pressure(mb) J 

_._._._..-.k---[hst:a:t:i!on! informat!io}n 

temperature(deg C ) 

relative humidity(\) 

20.0 e€e or ol og 1.cal datal 
50.0 

 

 

x 
 

(m) 

 

-2713023.277 
 

lat (dms) 
 

N 
 

39 7  57.13720 

Y 
z 

(m) 

(m) 

-4145293.358 
4003847.775 

elon (dms) 
wlon (dms) 

E 

w 
236 
123 

47  45.39187 
12  14.60813 

ht (m) 168.8847 
M
.
e
.
s
.
s
.
a
.
g
.
e
..f.i.l.e..f.o.r..s.ta.ti.o.n..2............... .....................

 
.  . 

Station ID: 2002 Session #: 059-2 
Reference Position - LOW ACCURACY: 

Feb 29, 1988 07:21 

Lat.= 39:12'30.000"N Long.=123:10'30.000"W Height=244.0 [meters] 
Antenna height= 0.1201 (meters) (entered in the field in feet\   
Receiver serial # = 4606  k - station information 
Antenna serial #   = lOB (entered in the office) 

 

Dsautrav-elyogsgcihnegdusltearmtodteime =  0A7U:T2O3MA=T IC ::::======!-j-1-Jdata:lIogging timel 
Data-logging stop time  =  09:32-- 
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dx 1.000  
dy -.895 1.000 

d• -.680 .395 1.000 

trop  .000 .000  .000 1.000 
biasl  .000 .000  .000  .ooo 
 

bias4 .884 -.865 -.679  .ooo .000  .000 .000 1.000 

biasS •972 -.919 -.675  .000 .000  .ooo .000  .000 1.000 

bias6 
bias? 

.969 -.912 

.ooo .000 

-.687  .000 
.000 .000 

.000  .000 

.000 ,000 

.000  .000 .000 1.000 

.000 -000 .000  .000 

 

EM 1110-1-1003 

1 Aug  96 
 

 

 
 

ChO Ch1 Ch2 Ch3 Ch4 ChS Ch6 Ch7 Ch8 Ch9 

SVs 3 6 8 9 11 12 13 0 0 0 

# meas 356 78 41 392 457 515 515 0 0 0 

#   cent 356 65 41 381 457 515 515 0 0 0 

SV Selection mode 
Elevation mask   

"'  MANUAL SELECTION--i e  - tye! of   satellite  selectionl 
"' 20  [degrees) Minimumof svs •4 

--f  f - eieva€1.on mask I - m1.n1.mum o  sate ll.teJ 

4 sv Position 
Latitude: 
Longitude: 
Height  (m]: 

Best  PDOP  Position  [   3.5) Mean   Position   [,358] lused) 

39:11'36.62852" N 39:11'36.67782" N 

123:11'00.34360"  w 123:11'00.44659"  w 
251.8 247.9 

 

3 SV  Position 

Latitude: 

k - station 
Best POOP Position 
39:11'36.93995" N 

information 
( 2.5]  Mean Position [157] 

39:11'36.76322"  N 

Lo
.
n
.
g
.
i
.
t
.
u
.
d
.
e
.
:
........

1
.
2
.
3
.
:.1.1.'.0.0...5.3.0.0."..w............

1

.
2

.
3

.
:

.
1

..
1'

..
0

.
0

..
9

.
6

.
3

.
4

.
"

. 
w
 

inpSTuAt TdIOaNta(mfairlke)12 :-2;00o2,0;592.dat =========-(-k :-   station in]f!ormatioilJ 

antenna height  (m)  .120- ""' 
met values used: pressure(mb) 1010.0 

temperature(deg C)  20.0  lh - m=e=t=e o ro lo al1 ·c a 1 d a t a l 
relative humidity(\) 50.0) 

x   (m) 

y (m) 
z  (m) 

-2709224.255 lat  (dms)  N 39 11 

-4142739.375  elan (dms) E  236  48 
4009144.596  wlon (dms) W  123 11 

ht (m)  244.2494 

36.66472 

59.56932 
.43068 

 

slope distance (m) 

normal section azimuth 

vertical angle (elms) 

7000.8363 
(elms)  14 43 

0 35 

sigma 
52.54 
7.03 

(m)  .036 

 

east(m)  north(m)  up(m) 1780.120 

 

6770.360  71.514 m- solution file 

Delta lat(dms) 0 3 39.52751 
Delta 
Delta 

lon(dms) 
ht(m)  7

0 
5.36

1 
47 

14.17745 

 

vector covariance matrix (m**2) : 

 dx dy  
dx .4410350642080-02   
dy 
dz 

-.4509019196400-02 
-.1186864766470-02 

.5750649737390-02 
,7873012060000-03 

 

.6898467551470-03 

correlations: 
dx  dy  dz trop bias1 bias2 bias3 bias4 bias5 bias6 

bias7 
 

 

 

 

1.000 

bias2  .587 -.667  -.394  .000  .000 1.000 

bias3  .925 -.836 -.683  .ooo .ooo .000 1.000 

 

 

 

 

1.000 
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x (m) -2709227.033 lat (dms) N 39 11 37.11338 
Y (m) -4142726.880 elon (dms) E 236 48 59.18749 

z (m) 4009155.162 wlon (dms) w 123 11 .81251 

 

(1 -

EM 1110-1-1003 

1 Aug  96 

 

Solution 

 

dx    (m)                        3799.022 

dy  (m)                  2553.984 
dz  (m)                          5296.821 

trap (\)  .000 

bias 1 (cycle)         .000 
bias 2 (cycle)         .098 
bias 3 (cycle)             -.000 
bias 4 (cycle)        .025 
bias 5 (cycle)        .112 
bias 6 (cycle)         .086 

bias 7 (cycle)        .000 
Interval between epochs (sec) 
Epoch increment 4 

Sigma 

 

.066 

.076 

.026 

.000 

.000 
•272 
.271 
.294 
.572 
.537 
•212 

120 

Sensitivity to 10 meter error 

in station 1 coordinates 
9.996  .001  .002 

• 003 9.998  -.006 
.004 .002 9.999 

.000  .coo .000 

.ooo .coo .coo 
-.025  .005  .015 
-.020  .004 .017 
-.028  .008  .019 
-.039  .012 .038 
-.038  .012 .035 

.000 .000 .coo 

Number of measurements used in solution 167 

Number of measurements r j e c t e:d ----------5 0:_-[[::] 
RMS (cycles)  .020 RMS! 
Elevation  mask (deg) 15.0 

Edit multiplier  3.5 
Modified Hopfield troposphere model used 

Best tracking C/A code positions 
Station 1 
Pdop 

x    (m) 

y   (m) 

z   (m) 

 

3.1 
-2713023.862 
-4145294.253 
4003848.645 

 

 

1at  (dms) N 
elon (dms) E 

wlon (dma) w 
ht (m) 

m  - solution files 
 

39 7  57.13720. 

236 47  45.39187 
123 12  14.60813 
170.2629 

clock offset(a) 
freq offset(s/s) 
Code calibration(m) 

.432668080-03 
-.110423480-08 
Carrier ca1ibration(m) 

1 -  2  •2520 
1 -  3  .0552 
1 -  4  -.0249 
1 -  5  •9292 
1 -  6  -.2124 
1 -  7  -.0181 
1 -  8  -.1875 
1 -  9  -.1875 
1 - 10  1.0630 
Station 2 

.0012 
-.0006 
-.0007 
-.0008 
-.0010 
.0005 

-.0009 
-.0012 
-.0014 

 

 

 

 

 

 

 

 

 

m - eo1ut on files 
Pdop 2.5 

 

 

 

 

clock offset(s) 
freq  offset(s/s) 

ht  (m) 

.885849660-03 

.588277840-09 

244.0000 

Code calibration(m) 
1 -  2  .2021 
1 -  3  -.3682 
1 -  4  -.4199 
1 -  5  -.5342 
1 -  6  -.5234 
1 -  7  -.2754 

1 -  a -.6040 
1 -  9  -.8003 
1 - 10  -.6953 
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carrier ca1ibration(m) 
.0007 

-.0011 
-.0010 
-.0013 
-.0011 
-.0002 
-.0014 
-.0020 
-.0017 
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SATELLITE AODE(hr.) HEALTH  WEEK NO. 
 

TOW(SEC) 
 

URA(M) 

6 3.41 0 425 113040.00 5.7 
8 4.55 0 425 113040.00 999.0 
9 7.96 0 425 112770.00 4.0 

11 3.98 0 425 112770.00 2.8 
12 6.26 0 425 112770.00 5.7 
13 4.55 0 425 112770.00 16.0 
3 7.40 0 425 114570,00 2.0 

 

----VE::R:S I O N 8 8 - 0 2:8::  i) 

EM 1110-1-1003 

1 Aug  96 
 

 

TRIMBLE NAVIGATION, LTD. 
585 NORTH MARY AVENUE 

SUNNYVALE, CALIFORNIA 94086 
U.S.A. 

 

PROGRAM  TRIMVEC 

GPS RELATIVE POSITIONING SOLUTION 
 

a  - listing of the  f ilenamel 
File name: 14022059.fix• 

Coordinate system - WGS-84 b - t of solution 
 

Type solution: Double difference_. i-  sessiontim 
 

Start 
Stop 

date/time: 
date/time: 

1988/ 2/29 
1988/ 2/29 

7:26:30 

9:32:30 

day of year 60 
day   of  year  60 

tow 113190.- 

tow 120750.- 
 

Data available  c - satellite availability 
 

station:  1 • 
sat: 6   •••••••••••••••••••••• 

sat:  8 ..... 

sat: 9   :••••••••••••••••••••••••••••••••••••.••••••••••..••••••• : 
sat:ll :•......•••........••••.•.••..................... 
sat:12 :•.......•.....••••.•.••.•...••...•.....•.•..•......••..• : 

sat:13 :•.......•..••.•••..•.••.•·•·••·•.·•...···•··•·•·•··••·•·: 
sat:3 .•.....•.•...••.•.........•....•....••.••: 

 

station:  2 
sat: 6 :...•...• 

sat: 8 :...• 
sat:9:...•...•..••....•.....•.•....•.•.... 

sat:11  •••••••••••••• , , ••••••••••••••••••••••••••••• 
sat:l2 :•..••..•..••....•.....••.•••••.•.........•.•...•..•...•.: 

sat:l3:..••...•..••....•.•.•.••••••.•.....•..............•••.•.: 
sat:3 ...••.....•............••...........,: 

 

Ephemeris file used: 20140592.eph  !d- ephemeris file usedl 

- 
 

 

 

 

 

 

 

 

Broadcast satellite 

prn  afO 

clock correction values 
afl 

Ic - satellite availability 

af2  toe 

6 -.86983712390-03 -.17848833520-10 -.27755575620-16  .11880+06 
8  .44125365090-03 -.74987838160-09 -.27755575620-16  .11880+06 
9  .21295296300-03 .13542420530-11 -.27755575620-16  .11880+06 
11 -.99658500400-04 

12  .63570542260-03 
13  .32387301330-03 

3  .40117371830-03 

-.48885340220-11 
.53432813730-11 
•22737367540-11 

-.68212102630-12 

.00000000000+00 .11880+06 

.00000000000+00 .11880+06 

.00000000000+00 .11880+06 

.OOOOOOOOOOD+OO  .11880+06 
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Ch1 Ch2 Ch3 Ch4 Ch5 Ch6 Ch7 Ch8 C 
6 8 9 11 12 13 0 0 

170 28 506 445 506 506 0 0 0 

170 28 506 445 506 506 0 0 0 

 

I
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Station ID: 2014  Session #: 059-2  Feb. 29, 1988 07:24 

Reference Position - HIGH ACCURACY: 
Lat.= 39:07'57.40l"N  Long.=l23:12'14.788"W  Height=l90.2 (meters] 

Antenna height • 1.4387 [meters]  (entered in the field of feet) 

Receiver serial #  • 4604 
Antenna serial #   • 110   (entered in the office) 

 

Survey schedule mode  "'  AUTOMATIC 
'-' 

k  - 
 

station  information 

Data-logging
 
start

 
time 07&26

 

Data-logging stop time • 09:33 I i - data  logging  time! c  - satellite tv! 
availailabilt 

 

ChD 

svs  3 

#  meas 379 
# cent 379 

SV Selection mode  • MANUAL SELECTIO e - t  of satellit
 

 

Elevation ma sk - 20  rdeareesl Minimum #  of SVs •4 selection 
- elevation mask  - minimum # of satelli  , 

4 SV Position  Best  DPo  on  1  3.11  Mean Position  [497]  used 

Latitude:   39:07'57.17388" N   39:07'57,14899" N 

Longitude:  123:12'14.47260"W  123:12'14.64029" w 
Height lmJ'  169.0  170.3 

 

3 sv Position  Best POOP Position I 2- 51 Mean Position 19] 

Latitude:   39:07'57.62620" N   39:07'57.51783" N 

Lo
.
n
.
g
.
i
.
t
.
u
.
d
.
e
.
:
........

1
.
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.
3
.
:
.
1
.
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.
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.
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.
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.
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.
-

.
8

.
8

.
4

.
2

.
7

.
" 

N 
Origin of station 1 coordinates: 8 st C/A code tracking 

solution 
STATION (mark) 1  

-
 

 

input data file 1  20140592.dat 

antenna height (m)   1.378 

station informationj 

 

 

"\ 
met values used:  pressure(mb)  1010.0 

temperature(deg C)  20.0 ""h - meteorolOalcal datal 
relative humidity(\)  50.0 

 

X     (m) -2713023.277  1at  (dms) N  39  7  57.13720 

y   (m) -4145293.358  elon (d.ms) E  236  47  45.39187 

z   (m) 4003847.775  wlon (dms) w 123  12  14.60813 
ht (m)  168.8847 

 

st ti  .iD;. 2002 .. i.;;.059:;...  b. 29:. i988.07; 2i........ "" 
Reference Position - 
Lat.= 39:12'30.000"N 

 

LOW ACCURACY: 

Long.=123:10'30.000"W  Height•244.0 (mat  s] 

Antenna height •
 
0.1201 (meters] (entered in the field in feet

 

Receiver serial # •4606 -  on  n ormat 

Antenna serial #   • 108 (entered in the office)/ 

on'I 
 

Survey schedule mode  "' AUTOMATIC 

Data-logging start time - 07:23 

Data-logging  stop time • 09:32- 
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4 SV Position 
Latitude: 

Best PDOP Position ( 3.5] 
39:11'36.62852" N 

Mean Position [358
39:11'36.67782" N 

Longitude: 123:11'00.34360" W 123:11'00.44659" W 
Height  (m): 251.8 247.9 

 

x (m) -2709224.271 lat  (dms) N 39 ""' 11 36.66495 

y (m) -4142739.345 elan (dms) E 236 48 59.56810 
z (m) 4009144.592 wlon (dms) W 123 11 .43190 

 

EM 1110-1-1003 

1 Aug  96 

 

 
 

ChO 
 

Ch1 
 

Ch2 
 

Ch3 Ch4 Ch5 Ch6 Ch7 Ch8 Ch9 
SVB 3 6 8 9 11 12 13 0 0 0 

# meas 356 78 41 392 457 515 515 0 0 0 

# cent 356 65 41 381 457 515 515 0 0 0 

SV Selection mode •MANUAL SELECTIDN--ie - type of satellite selection! 
Elevation mask •20 [degreesl  Minimum # of SVs •4 

4f   - elevatiOn maaJd - m   n urn o  satellite] 

] Lusedl 
 

 

 

 
3 SV Position 
Latitude: 

Longitude: 

k - station information 
Best PDOP Position ( 2.5] 
39:11'36.93995" N 

123zl1'00.75300" W 

 

Mean Position [157] 
39:11'36.76322" N 

123"ll'00,69634H W 

inSpTuAtTIdOaNta(fmialrek)12:-20020592.da:t:========
 

l-ki-Es:t:at:ion informatioDn!
 

• • • • • • • • • • • • •••••••••••••••••••••••••••••••••• 0   • 0   ••••••••••••• 

 

 

antenna height (m)  .120  - 

met values used:  pressure{mb)  1010.0 l_...[Ei:::Jiil  l:§: §!:!J W 
temperature(deg C)  20.0} h - meteorolo ical data 
relative humidity(\)  50.0. 

 

 

 

ht (m)  244.2339 
 

slope distance (m) 
normal section azimuth 
vertical angle (dms) 

7000.8355 
(dms) 14 43 

0 35 

sigma 
51.65 
6.58 

(m) .015 

 

east(m)  north(m)  up(m)  1780.090 
Delta lat(dms)  0 3  39.52775 
Delta lon(dms)  0 1  14.17622 
Delta ht(m)  75.3491 

 

6770.367  71.498 m - solution file 

 

Vector covariance matrix (m**2) : 
dx  dy 

dx  .7856578360340-04 
dy  .6738394490770-04  .7235108729270-03 
dz -.8430657529120-04  -.5045461569000-03 .4649588133050-03 

correlations: 
dx  dy dz trap biasl bias2 biasJ biae4 bias5 bias6 

bias? 
dx  1.000 
dy .283 1.000 
dz  -.680 -.870 1.000 

trap  .000  .coo .coo 1.000 
biasl  .000  .coo .000  .coo 1.000 
bias2  .000  .coo .coo .000  .000 1.000 

bias3  .000  .000  .000  .coo .000  .000 1.000 

bias4  .000  .000  .000  .coo .000  .000  .000 1.000 

bias5  .000  .000  .000  .coo .000  .000  .000  .000 1.000 

bias6  .000  .000  .000  .coo .000  .000  .000  .000 .000 1.000 

bias7  .coo .coo .000  .000  .000  .000  .coo .000 .000  .000 
1.000 
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(dms)  N 39 11  37.11338 
(dms) 
(dms) 

E 
w 

236 
123 

48  59.18749 
11 • 81251 
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Solution  Sigma 
 

dx    (m)                   3799.006           .009 
dy  (m)               2554.013           .027 
dz    (m)                            • 000                ,000 

trap  (%) .000 .000 
bias  1 (cycle)             .000          .000 
bias 2   (cycle)              .000          .000 
bias 3   (cycle)             .000          .000 
bias 4   (cycle)             .000          .000 
bias 5   (cycle)              .000           .000 
bias 6   (cycle)              .000           .000 
bias 7   (cycle)             .000           .000 
Results of integer bias search: 

Sensitivity to 10 meter error 
in station 1 coordinates 
9.999 .coo  -.002 
-.001 10.000  -.001 

.coo  .coo  10.000 

.coo .coo .coo 

.000  .000  .coo 

.coo .coo .coo 

.000  .000  .000 

.coo .000  .000 

.coo  .coo  . 000 

.coo  .000 • 000 

.000 .000  .coo 

• 0549 1.06578 
0  1 
0  0 
0  0 
0 0 
0 0 
0 0 

Ratio sum-of-squares(2) to sum-of-squares(!) 
Interval between epochs (sec}  120 
Epoch increment  4 
Number of measurements used in solution 161 

 

 

 

 

 

 

18.87 

1.36295 
0 
0 
0 
0 
0 
0 

Number of measurements re••J e c t e d:  s 6 Ul 
RMS   (cycles) .020. !1- RMSI 
Elevation mask (deg)  15.0 
Edit multiplier 3, 5 
Modified Hopfield troposh re model used 
Beet tracking C/A code pos1tions 
station 1 
Pdop 

x  {m) 
y   (m) 
z   (m) 

 

3.1 
-2713023.862 
-4145294.253 
4003848.645 

 

 

lat (dms) 
elon (dms) 
wlon (dms) 
ht (m) 

m - so ut on 
 

N  39 7 57.13720 
E  236 47 45.39187 
w 123 12 14.60813 

170.2629 
clock offset(s) 
freq offset(e/s) 
Code calibration(m) 

.432668080-03 
-.110423480-08 
carrier calibration(m) 

1 -  2  • 2520 
1 -  3  .0552 
1 -  4  -.0249 
1 -  5  •9292 
1 -  6  -.2124 
1 -  7  -.0181 
1- 8 -.1875 
1- 9  -.1875 
1 - 10  1.0630 
station 2 

-0012 
-.0006 
-.0007 
-.0008 
-.0010 
.0005 

-.0009 
-.0012 
-.0014 

 

- 
 

 

 

 

lm  - solution file r- 
Pdop 

x   (m) 
y   (m) 
z   (m) 

2.5 
-2709227.033 
-4142726.880 
4009155.162 

 

lat 
elon 
wlon 
ht (m) 

 

 

 

 

244.0000 
clock offset(s) freq
 offset(s/s) 
Code calibration(m) 
1 -  2  .2021 
1 -  3  -.3682 
1 -  4  -.4199 
1 -  5  -.5342 
1 -  6  -.5234 
1 -  7  -.2754 
1 -  8  -.6040 
1 -  9  -.8003 
1 - 10 -.6953 
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.885849660-03 

.588277840-09 
carrier ca1ibration(m) 

.0007 
-.0011 
-.0010 .

 

-.0013 
-.0011 
-.0002 
-.0014 
-.0020 
--0017 
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TRIMVEC GPS RELATIVE POSITIONING SOLUTION SUMMARY: VERSION 88.028 

Integers found, RMS is OK, FIXED solution recommended.

EM 1110-1-1003 
1 Aug  96 

 

 

----------------------------------------------------------------- 
 

SOLUTION OUTPUT FILE: a:14022059.fix 
 

STATION  1:  Station ID: 2014 Session  No.:  059-2 Feb 2"9,.1988 

07:24 
Data-iogging start time = 07:26 Data-logging stop time = 09:33 

 

STATION 2:  Station ID: 2002  Session #: 059-2 
Data-logging start time = 07:23 Data-logging 

 

Feb 29,1988 
stop time = 

 

07:21 
09:32 

 

STATION COORDINATES: 
 

Sta  Ant (m) 

 

 

Latitude Longitude Hgt (m) 
 

1  1-378 
2 [TRPJ  0.120 
2 [FLTJ  0.120 
2 [FIX]  0.120 

39:07 1 57.1372011     N  12 J!12 I14 o  60813 II w 168.885 

39:111 36.6653811     N  123:111 00.4331411    w 244.226 

39:111 36.6647211     N  123:11 1 00.43068" w 244.249 

39:11'36.6649511    N  123:11'00.4319011    w 244.234 
 

Origin of station 1 
 

SOLUTION SUMMARY: 

 

coordinates : Best C/A code tracking solution 

 

Solution   dx (m)   dy (m)   dz (m)  dh (m)  RDOP 

TRIPLE  3798.989   2554.042  5296.822   75-341  nfa 

FLOAT  3799.022  2553.984  5296.821   75.365  nfa 

FIXED  3799.006   2554.013  5296.817   75.349  nfa 

FLT-FIX    0.016    -0.029    0.004   0.016 

 

Solution Slope (m)  sig Epochs/Rejected Epoch int Epo.ch inc 

TRIPLE  7000.8406 [0.032]  168/  1   150 (sees)   5 (epochs) 

FLOAT  7000.8363 [0.036]  167/ 50  120 (sees)  4 (epochs) 

FIXED  7000.8355 [0.015]  161/ 56   120 (sees)  4 (epochs) 
 

Fixed solution quality factor: 18.9  

Fixed solution rms: 0.020 (cycles) 
Maximum float - fixed delta: 2.0 (em) 

 

----------------------------------------------------------------- 
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(1)  Top line.   Title Record - usually a project name 

and an adjustment number. 

 

(2)  Second line.   Options Record - this record spec- 

ifies which GEOLAB options are to be activated for 

processing. 

 

(3)  Third  line.     Ellipsoid  Specification  Record  - 

Prints ellipsoid parameters chosen in the Options Record 

or as chosen by the user. 

 

 

 

 

 

 

 

 

 

 

Figure D-9.  Loop closure (Ukiah) 
 

 

a.    The input data file for a GEOLAB adjustment is 

called an “IOB” file.  An IOB file can be created using a 

text  editor  program  or  with  a  GEOLAB  option  called 

“GPS Environment.”   An IOB file is specific to the 

GEOLAB adjustment software and may or may not be 

required by other least-square adjustment software (refer 

to  Chapter 11  or  the  owner’s  manual).    The  GEOLAB 

Environment option takes GPS baseline solution files 

developed by most GPS manufacturers and automatically 

sets up an IOB file for adjustment. 

 

b.   The IOB input file generally consists of the fol- 

lowing information: 

(4)  Station  information  section.    All  stations  must 

have their coordinates defined here.  The coordinates must 

be given as ellipsoidal latitude, longitude, and orthometric 

height, or as Cartesian coordinates.   In this section, sta- 

tions are either held fixed or are to be adjusted.   If sta- 

tions are not held fixed, estimated coordinates are input. 

 

(5) Auxiliary parameter definition record.     The 

auxiliary parameter group definition record is optional, but 

can be used if GEOLAB is to solve for various scale, 

orientation, translation, or constant parameters.   In the 

sample GEOLAB input, enough vertical and horizontal 

control  is  held  fixed  to  solve  for  SCALE  and  ROTA- 

TION.    Rotation  is  about  the  Cartesian  X-axis,  Y-axis, 

and Z-axis. 

 

(6) Observation records section.   In the example 

GEOLAB input file, only GPS observations are entered. 

Each baseline is entered separately with the station name 

and Cartesian coordinate differences between the stations, 

which  is  the  computed  baseline.     These  can  also  be 

entered as    x=0,    y=0,    z=0, for station 1 and the 3D 

 

 

 

 

Baseline 
 

x, m 
 

y, m 
 

z, m 
 

Distance, m 
 

13142059.FIX 

2013 -> 2014 

 

 

-3,367.429 

 

 

-7,891.019 

 

 

-10,410.673 

 

 

13,490.362 
 

14021059.FIX 

2014 -> 2002 

 

 

3,799.005 

 

 

2,554.018 

 

 

5,296.798 

 

 

7,000.823 
 

02053056.FIX 

2002 -> 2006 

 

 

953.294 

 

 

-748.319 

 

 

-16.709 

 

 

1,212.035 
 

06013056.FIX 

2006 -> 2001 

 

 

-666.617 

 

 

1,441.548 

 

 

908.280 

 

 

1,829.593 
 

01132059.FIX 

2001 -> 2013 

 

 

-718.244 

 

 

4,643.775 

 

 

4,222.288 

 

 

6,317.297 
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baseline for station 2.  For example, baseline 1 would be 

entered as: 

 

STATION                 x                       y                      z 
 

92 2001 0.000 0.000 0.000 

92 2006 -666.617 1,441.548 908.280 

 

The correlation matrix elements from the baseline solution 

are also entered and the last line of the observation record 

is the standard deviation for   x,   y, and   z. 

 

c. The following figure (Figure D-10) taken from a 

GEOLAB input is annotated with the convention above. 

 

d.    Once an IOB file containing parameters necessary 

to perform an adjustment has been completed, the 

adjustment can begin.  The first step is to select the base- 

lines  needed  for  the  adjustment.    The  baselines  chosen 

must have been processed adequately, as detailed in Chap- 

ter 10, or as recommended by the GPS manufacturer. 

 

e.    The example IOB file shown in Figure D-10 was 

adjusted as shown in Figure D-11.   Figure D-11 has been 

annotated for a general discussion of the results. 

 

f.     For the first adjustment (Figure D-11), one point 

was held fixed in 3D, producing a free adjustment (refer 

to  Chapter 10  for  further  detail).     A  free  adjustment 

checks the internal consistency of a GPS survey. 

 

g.    A second adjustment (not shown) can be made to 

check  the  existing  network  if  these  control  points  are 

directly tied together with GPS baselines.  To do this with 

GEOLAB, the user must set up an IOB file with only the 

fixed  control  and  the  respective  baselines  connecting 

them.     Hold  fixed  all  control  except  one  point,  then 

adjust.   Next, fix that control point and free one of the 

others, and keep repeating this procedure until all control 

points have been allowed to be checked against their true 

position.    If  the  position  of  one  control  point  is  “bad,” 

that point can generally be omitted from the subsequent 

constrained adjustment or allowed to adjust with the other 

points. 

 

h.    A   final   constrained   adjustment   (Figure D-12) 

should hold fixed all good horizontal and vertical control. 

Adjust and check the output as detailed in Chapter 11. 

 

D-6.  Check of the Final Adjustment 

 

After each adjustment was run, the 2D and 1D station 

(absolute)   error   ellipse   for   each   adjusted   point   was 

reviewed  (for  further  discussion  on  error  ellipses  and 

adjustments,  refer  to  Chapter  11).    These  are  listed  as 

major semi-axis, minor semi-axis, major azimuth, and 

vertical (as shown on page 15 of the free adjustment and 

page 16 of the constrained adjustment).1    The size of the 

error ellipses listed in this portion of the GEOLAB adjust- 

ment are an indication of the internal consistency of the 

GPS survey.  The smaller the size of the ellipse, the better 

the survey.   The size of the ellipse will also generally 

become larger as the project size increases.  In the con- 

strained adjustment shown, the major semi-axis and minor 

semi-axis are of the millimeter level (0.0066 and 0.0048 

mm for 2001 and 0.0062 and 0.0044 mm for 2002, 

respectively) - which is acceptable. 

 

a. The 2D and 1D relative error ellipses and line 

accuracies (i.e., precision) between survey points were 

checked.     These  are  listed  as  major  semi-axis,  minor 

semi-axis,  major  azimuth,  and  vertical,  spatial  distance, 

and precision (as shown on page 16 of the free adjustment 

and page 17 of the constrained adjustment).  When check- 

ing these values, one should remember they are relative 

values.    The  relativity  of  points  used  in  the  adjustment 

can  sometimes  produce  deceptive  values,  higher  major 

semi-axis and minor semi-axis values:   this may occur 

between points that are close together, but have not been 

tied together by a baseline.   Because of the possibility of 

the production of deceptive results, the user must take 

special care when reviewing these values.   In the con- 

strained adjustment shown, the major semi-axis and minor 

semi-axis are of the millimeter level (0.0045 and 0.0036 

for  the  baseline  2001->2002).    The  project  precision  in 

parts per million (PPM) is also listed in this portion of the 

adjustment and should be checked. 

 

b.  The histograms in the GEOLAB adjustments were 

reviewed.  The histogram is a visual representation of the 

standardized (normalized) residuals.  The histogram shows 

whether the residuals are symmetrical about the mean 

residual, the total spread of values of the residuals, the 

frequencies  of  the  different  values,  and  how  peaked  or 

how flat the distribution of the residuals may be.  A gen- 

erally   good   looking   histogram   has   data   that,   when 

graphed, is in the shape of a bell curve. 

 

c.  The  free  adjustment  line  accuracy  precessions 

shown on page 16 of Figure D-11 are the primary criteria 

used to evaluate the survey adequacy.   The worst preci- 

sion  (4.182  ppm  between  2001  and  2013)  equates  to 

1:239,000.  This far exceeds the required project accuracy 
 

 
1      Note the page numbers listed on the right side of the 

sheets of Figures D-11 and D-12.   Each sheet contains 

several pages of the GEOLAB adjustments. 
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COYOTE DAM CONTROL 
0  0 21  001 0 1 0 00 010100  0.001 95.000-4ID 
80  6378137.000  298.2572221011 0.000  0.000  0.000 

24  2001 
14  2006 
24 2002 
14  2014 
14  2015 
94300WGSXX 

baseline# 

91300 

 

-2708942.23500 -4142043.83100  4010047.0300 
N39 11 34.37462W123 10 10.28988 366.0850 

009230.74000 -4142726.83300 4009152.53400 
N39  7 57.41258W123 12 14.77684 190.1700 
N39 15 12.11624W123 13 17.48Ji87 222.8350 

SCAL ROTX ROTY ROTZ 
1 day  57  01063056.FIX  type 10 

92  2001 
92  2006 
94300WGSXX 
97POCUPPER 

-2708942.235 
-2708275.618 

-4142043.831 
-4143485.379 

@_ 010047.030 
lloo9138.750 

98  1 
98  1 
98  0.005000 

0.5690 
-0.6310 
0.006000 

-0.6230 

0.004000 

bas1el . ne#  2 

91300
 

 

day  57  0206305 
 

®.....type 10 

92  2002 
92  2006 
94300WGSXX 
97POCUPPER 

-2709230. 74_0  4_1_4 2_7_2_6 .8-3_3  14009152.534 

-2709227.764  -4143475.151  4009135.824 

98  1 
98  1 
98  1 

0.3900 
-0.4460 

-0.6720 

98  0.003000 

6aseline# 

0.005000  0.004000 
 

3  day  59 

 

 

®._.type  10 

91300 
92  2001 
92  2002 
94300WGSXX 
97POCUPPER 

 

-2708941.-0-9-5---.-_-4-14_2_o s=o=.=6 3·2 @4010039.950 
-2709227.764  -4142743.851  4009149.248 

98  1 
98  1 
98  1 
98  0.003000 

0.5190 
-0.7560 

0.004000 

-0.5760 

 

0.004000 
 

 

91300 

aseline# 4 day  59  01023058.FIX 
 

0-....._type 10 

92  2001 
92  2002 
94300WGSXX 
97POCUPPER 

-2708946 . 1 0 8 ---- 4 1 4 2 0 4 =- 2=-1 8-- 039.950 
-2709232.787  -4142741.441  4009148.372 

98  1 
98  1 
98  1 
98  0.004000 

0.6130 
-0.6180 

 

0.004000 

-0.7240 

 

0.004000 
 

 

91300 

6aseline# 5 day  60  14021059.FIX 
 

®--..type 10 

 

 

 

 

 

 

Figure D-10.  GEOLAB input (Ukiah) (Continued) 
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92  2014 
92  2002 
94300WGSXX 
97POCUPPER 

-2713050- 5 1 7------ 4 1 4 5 2 8 6-.-- 8 3 1-- 3867.585 
-2709251.512  -4142732.813  4009164.383 

98  1 
98  1 
98  1 
98  0.018000 

0.5930 
-0-7720 

0.016000 

-0.2650 

 

0.020000 
 

ba eline# 6 
 

day  60  13142059- FIX type10 
 

91300 
92  2013 
92  2014 
94300WGSXX 
97POCUPPER 

 

 

15000 

ba eline# 7 
 

91300 
92  2013 
92  2001 
94300WGSXX 
97POCUPPER 

 

-2709663 _ 6oo  -4137421:45o  14263 _ 662 
-2713031.029  -4145312.470 4003852.989 

 

 

0.1480  -0-2650 
-0.8850 

0.046000  0.033000 
 

day  60  13012059- type 10 

98  1 
98  1 
98  1 
98  0.007000 

) 

0.4380 
-0.9090 

0.020000 

-0.5290 

 

0.015000 

99 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D-10.  (Concluded) 
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GETUP: 
 

I PARAMETERS I OBSERVATIONS 
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o
-
n
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s
------

1 
-----------

5
----------

D
--
ir
-
e
-
c
-
t
-
i
-
o
-
n
-
s
---------------------

0
------- 

I Fixed  Stations 1 1  Distances 0 
I Free  3-D Stations I 4  AzinJJths 0 
I Free  2-D Stations! 0 Vertical Angles 0 
1    Free 1·0Statfons 1 0  Zenithal Angles  0 

Coord. Parameters!  12 Angles 0 
Aatro.latitudes I 0  Heights 0 
Aatro.longitudesI  0  Height Differences  0 

Geoid Records l 0 Auxiliary Params. 0 
All Aux.Pars.  0  2·0coords.  o 
Direction Pars. 0  2·DCoord.Diffs.  0 
Scale Parameters 0  3·DCoords.  0 
Constant Pars.  0  3-D Cool'(!.Diffs. 21 
Rotation Pars.  0 
Translation Pars.  0 

 

 

Total Parameters  12 
i 

Total Observations!  21 
 

Degrees of Freedom •  9 
···----------------·-·················--------···············------------·--- 

--···············--·---------··········------------·················----------- 
Geolab- V1.82S,(C)1985/86/87 BIU.Iise Ideas Inc.  [1032076961  Page 

Sl.IIU:Y   OF SELECTm  IPTIONS 

OPTION  SELECTION 
---··········-····--------············-1------···············-------------····· 

Computation Mode 
Linear Unit 
Maximum Iterations 
Confidence Regions Selected 
Confidence Region Dimensions 
Print lnpJt Station Data 
Variance Factor Knowledge 
Confidence Level for Statistics 
Dual-Height Mode 
Print Solution Vector 
Printed Ellipsoidal Coordinates 
Print Adjusted X, Y,  Z 
Print Histograms 
Print Misclosures 
Print Residuals 
Variance Factor Usage 
Residual Rejection Criterion 
Angular Misclosure Limit Factor 
Linear Misclosure Limit Factor 
Convergence Criterion 

Adjustment 
Metre 
2 
All 

1·0, 2-0, and 3·0 
On 
Known 
95.000 
Off 
on All Iterations 
5 Decimal Places 

'O"n 

On All Iterations 
All 
Scale Confidence Regions 
Tau Ma;o; 
10 
10 

0.001000 
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Figure  D-11.  GEOLAB adjustment output  (free) (Sheet 1 of 7) 
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COYOTE  DAM FREE  ADJUSTMENT 
 

    

 
DESCRIPTOII. INITIAL VALUES 

EM 1110-1-1003 

1 Aug  96 

 

U.S. ARMY ENGINEER 
 

 

------------------------------------------------------------------------------- 
CODE  !DENT. 

---------- -------------- 
14    2006  

ELLIPSOIDAL 39 11 34.37462 -123 10 10.28988 336.0850 
ASTRONOMIC 39 11 34.37462  -123  10 10.28988  336.0850 
GEOIDAL 0   0   0.00000 0   0   0.00000 0.0000 
CARTESIAN ·2708280.4788  -4143494.m1 4009147.8933 

 

24   2001 

 

 

 

 

24   2002 

 

 

ELLIPSOIDAL 39 12 14.43422·123 11 6.45941  243.6658 
ASTRONOMIC 39 12 14.43422 -123 11 6.45941  243.8658 
GEOIDAL 0   0   0.00000 0   0   0.00000 0.0000 
CARTESIAN - 2708942.2350 -4142043.8310 4010047.0300 
 

 

ELLIPSOIDAL 39  11 37.00656 -123  , 0.94286  243.8815 
ASTRONOMIC 39  11 37.00656 -123  11    0.94286  243.8815 
GEOIDAL 0   0   0.00000  0   0   0.00000  0.0000 
CARTESIAN ·2709230.7400 -4142726.!330  4009152.5340 

 

24   2014 

 

 

 

 

" 2013 

 

 

ELLIPSOIDAL 39   7 57.44196 -123  12  15.70589 188.7219 

ASTRONOMIC 39    7 57.44196 -123  12  15.70589 188.7219 
GEOIOAL 0   0   0.00000 0   0   0.00000  0.0000 
CARTESIAN ·2713050.5170 -4145286.8310 4003867.5850 
 

 

ELLIPSOIDAL 39  15 11.55819 -123  13  17.15396 220.5009 
ASTRONOMIC 39  15 11.55819 -123  13  17.15396 220.5009 

GEOIOAL 0   0   0.00000  0   0   0.00000  0.0000 
CARTESIAN -2709663.6000 ·4137421.4500 4014263.6620 

GETUP  successfully c leted. 

------------------------------------------------------------------------------· 
Geolab- V1.82S,   (C)  1985/86/87 BitWise   Ideas   Inc.  I103207!S96J Page  3 

 

----------------------------···············----··-·-················----------· 
FORM EO:  NOTE  6:  Reordering was done. 

--------  --------  -----------····· ................ .......••... ····-······· 
2001 2006  3·D  X·Coord Diff  666.6170  0.0037 ·4.8608 
2001 2006  3-D  Y·Coord Diff  ·1441 .5480  0.0045  ·9.3931 
2001 2006  3-D  Z·Coord  Diff  ·908.2800 0.0028 9.1433 
2002 2006  3-D  X·Coord Diff  953.2950  0.0022  -3.0338 
2002 2006  3-D  Y·Coord Oiff  .748.3180 0.0044  ·19.6211 
2002  2006  3-D  Z·Coord  Diff  ·16.7100 0.0029 12.0693 
2001  2002 3·D  X·Coord Diff  ·286.6690 0.0024  ·1.8360 
2001  2002 3-D  Y·Coord Oiff  ·693.2190 0.0026  10.2170 
2001  2002 3-D  Z·Coord  Diff  ·891.5890 0.0025  ·2.9070 
2001  2002 3-D  X·Coord Oiff  ·286.6790 0.0026  ·1.8260 
2001  2002 3-D  Y·Coord Diff  ·693.2230 0.0030  10.2210 
2001  2002 3-D  z·coord Oiff  ·891.5780 0.0026  ·2.9180 
2014  2002 3·0   X·Coord Oiff  3799.0050 0.0129  2o.mo 
2014  2002 3-0  Y·Coord Diff  2554.0180  0.0101  5.9800 
2014  2002 3-D  2-Coord  Oiff  5296.7980 0.0113 ·11.8490 
2013  2014 3-D  X·Coord Diff  ·3367.4290 0.0142 ·19.4880 

2013  2014 3-D  Y·Coord Diff  . 7891.0200  0.0210  25.6390 
2013  2014 3-D  Z·Coord  Diff  ·10410.6730 0.0147  14.5960 
2013  2001  3·0   X·Coord Diff  718.2440  0.0059 3.1210 

2013  2001  3-0  Y·Coord Diff  -4643.mo  0.0083 21.3940 
2013  2001  3-0  Z·Coord  Diff  ·4222.2870 0.0059 5.6550 
FORMEQ   successfully c leted. 
··············································································· 
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24 2001 - 2708947.0978 ·4142053.2284 4010056.1788 
24 2002 . 2709233.7714 ·4142746.4510 4009164.5970 
24 2014 -2713D32.mo ·4145300.4675 4003867.7943 
24 2013 ·2709665.3421 ·4137409.4529 4014278.4662 
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EM 1110-1-1003 

1 Aug  96 
 

 

U.S. ARMY ENGINEER  TOPOGRAPHIC  LABORATORIES 
COYOTE DAM FREE  ADJUSTMENT 

A•    6378137.000 B=   6356752.314 XOz 0.000 YO• 0.000 ZO= 0.000 
 

SOLVE: solution (Iteration CcM!t  • 1): 

CODE   IDENT. TYPE INITIAL DX UPDATED 
 

24   2001 LATITLllE 39 12    14.43422 0.01413 39 12    14.44836 
24   2001  LONGITUDE      -123 6.45941  0.04476    -123  6.41465 
24 HEIGHT 243.86577 13.93969  257.80546 

 

24   2002 LATIT\liE  39 37.00656  ·0.06729 39 36.93927 
24 2002 LONiliTOOE       -123 0.94286 0.34171   -123 0.60115 
24 2002  HEIGHT 243.88154 21.63376  265.51530 

 

24 2014  LATITUOE 39 7   57.44196 ·0.02938  39 7   57.41258 
24 2014 LONGITlllE    ·123   12    15.70589 0.92905   ·1Z3    12    14.77684 
24 2014 HEIGHT 188.72193  1.44519  190.16712 

 

24 2013 LATITLOE 39 11.55819 0.55805 39 12.11624 
24 2013 LONGITlllE ·123   13    17.15396 -0.33491     -123   13    17.48887 
24 2013  HEIGHT 220.50094 2.33476 222.83570 

SOLVE  successfully c leted. 
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FORMEQ:  FORMEQ  suceessfut ty earpleted. 
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TYPE INITIAL

 

------------
D

--
X  ADJUSTED

 

---- ..... ------------------- 
14    2006  LATITlllE 39 34.37462 FIXED 

---···------------- 

14    2006 LONGITUDE -123   10   10.28988 FIXED 
14    2006  HEIGHT 336.08500 FIXED 

 

24   2001  LATl TlllE 39 12    14.44836 -0.00000  39 12    14.44836 
24 2001  LONGITUDE     -123   \1  6.41465 ·O.DOOOO -123 6.41465 
24   2001  HEIGHT 257.80546 -0.00000 257.80546 

 

24 2002  LATITUDE 39 \1    36.93927  0.00000 39 36.93927 
24   2002  LONGITUDE     -123   \1  0.60115 ·0.00000   -123

 
0.60115 

24 2002  HEIGHT 265.51530 0.00001 265.51530 
 

24 2014  LATITLDE 39 7   57.41258 -0.00000 39 7    57.41258 
24 2014  LONGITUOE     ·123  12    14.77684 -0.00000   -123   12   14.77664 
24 2014  HEIGHT 190.16712 0.00004 190.16716 

 

24 2013  LATITUDE 39 12.11624 -0.00000  39 12.11624 
24 2013  LOHGITUOE     -123    13    17.48887 -0.00000   ·123   13    17.48887 
24 2013  HEIGHT 222.83570 0.00003 222.83573 
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COOE  I DENT, 
Adjusted cartesf.,Coordinates: 

X·COOROINATE Y·COORDINATE Z·COOROINATE 

-------·-·····---- ······•·······················------ 
 

 

 

SOLVE  successfully earpteted. 
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COYOTE DAM FREE  ADJUSTMENT 
 

A=   6378137.000 B=   635675<!.314 XO• 0.000  YO" 0.000  ZO= 0.000 

 

STO.OEV. RESIDUAL STD.DEV. STAH.RES. 

---------- ---------- ---------- ---------- 

 

·2713031.0290 0.0150 ·0.0019 0.0092 -0.2019 

·4145312.4700 0.0460 0.0054 0.0407 0.1332 

4003852 •9890 0.0330 0.0011 0.0275 0.0389 
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------------------------------------------------------------------------------- 
RESIO: 

S

-
T

-
A

--
T

-
IO

-
N

-- 
3

-
·

-
0

--
C

-
O

-
O

-
R

-
D

--
O

--
IF

-
F

--
S

 

2001 ·2708942.2350 
·4142043.8310 
4010047.0300 

2006  ·2708275.6180 0.0050  0.0020  0.0040  0.4913 
·4143485.3790 0.0060  0.0043  0.0044  0.9722 

4009138.7500  0.0040  ·0.0055 0.0026  ·2.1131 
-- = === =••--••• =• End of Observation Set •••• •=c•••••••• ==•=s••=== 
2002 -2709230.7400 

·4142726.8330 
4009152.5340 

2006 ·2708277.4450 
·4143475.1510 
4009135.8240 

0.0030 
0.0050 
0.0040 

-0.0024 
-0.0031 
0.0063 

0.0015 
0.0031 
0.0026 

-1 .S684 
-1.0050 
2.4021 

=•••••••••===•=••••••••== End of Observation set •========•••===========•••= 
2001 ·2708941.0950 

-4142050.6320 
4010040.8370 

2002 ·2709227.7640 
·4142743.8510 
4009149.2480 

0.0030 
0.0040 
0.0040 

-0.0046 
·0.0036 

o.oon 

0.0020 
0.0031 
0.0032 

-2.2695 
·1.1723 
2.2790 

====••••==========•••••==== End of  Observation Set· ==========••===========•= 
2001 -2708946.1080 

-4142048.2180 
4010039.9500 

2002 . 2709232.7870 
-4142741.4410 
4009148.3720 

0.0040 
0.0040 
0.0040 

0.0054 
0.0004 

-0.0038 

0.0033 
0.0031 
0.0032 

1 .6114 
D.1290 

-1.1996 

========•• ========••• ==== End of Observation Set =========================== 
2014 ·2713050.5170 

-4145286.8310 
4003867.5850 

2002 -2709251.5120 
·4142732.8130 
4009164.3830 

0.0180 
0.0160 
0.0200 

·0.0034 
·0.0015 
0.0047 

0.0132 
0.0077 
0.0129 

·0.2586 
-0.1983 
0.3661 

=======•=•================= End of Observation Set =========================== 
2013  ·2709663.6000 

·4137421 .4500 
4014263.6620 

2014 

 

------------------------------------------------------------------------------· 
Geolab  • Y1.82S,   (C)  1985/86/87 BitWise  Ideas   Inc.    [103207696] Page  10 

-------------------------------------------------------······------------------ 
RESIO: 
STATION 3-0  COORD  DIFFS  STO.DEV. RESIDUAL STO.OEV. STAN.RES. 

· · · ·---- ----·---------- ----------  ----------  ----------  ---------- 
=========••===========••=== End of Observation Set =========================== 
2013  -2709663.6000 

-4137421.4500 
4014263.6620 

2001 -2708945.3560 
-4142065.2250 
4010041.3750 

0.0070 
0.0200 
0.0150 

O.Q003 
·0.0005 
-0.0004 

0.0021 
0.0076 
0.0055 

0.1596 
·0.0670 
-0.0743 

 

·-··----------·-··---------------·-··----······------·······-----------···----- 
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Histogram  of  3-D  Coord  Diff   (21)   Standardized Residuals. 

 

GeoLab-  V1.82S,   (C)  1985/86/87 BitWise   Ideas   Int.  [1032076961  Page  12 

 

 

 

 

 

 

 

 

 

 

 

Figure  D-11.  (Sheet 5 of 7) 
 

 

D-33 



0.0074 0.0047 130.94 0.0106 

0.0277 0.0211 86.20 0.0483 

0.0273 0.0138 95.77 0.0505 

 

!

! 

! 

' 

2-D  AND 1·0  STATIC. CQIFIDENCE   REGI(»>S  ( 95.000 X): 

--------

EM 1110-1-1003 

1 Aug  96 

 

U.S. ARMY ENGINEER TOPOGRAPHILA UKAIUKit 
COYOTE DAM  FREE ADJUSTMENT 

A= 6378137.000 95 6356752.314 XO= 0.000 YO= 0.000 ZO= 0.000 

------------------------------------------------------------------------------- 
----------------------------------------------------------------------------- 

! STATISTICS SUMMARY 

: 
------------------------------------- ---------------------------------------: 

' 
Residual Critical  Value  Type Tau Max 

1 

Residual CriticaL  Value  2.5985 
Convergence Criterion 0.001000  I 
Final Iteration  COU"'ter Value  2 
Confidence  Level  Used 95.0000  1 

MUlDer  of   Flagged   Residuals 0  ' 
Estimated   Variance  Factor  1.3376 
Nurber  of  Degrees of  Freedom 9  I 

----------------------------------------------------------------------------- 
Chi-Square Test   on  the  Variance Factor: 

6.3283e-001 <  1.0000 <    4.4579e+OOO  7  i 

THE  TEST   PASSES. ! 
----------------------------------------------------------------------------- 

RESID successfully  completed. 
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------------------------------------------------------------------------------- 
ELLIPSE: 

----------------------------------------------------------------------------- 
NOTE:  All   confidence regions were computed  using   the   following factors: 

---------------------------------------------------------------- 
Variance factor  used  •  1.33757 

 

Estimated variance factor  "  1.33757 
 

1·0 expansion  factor •  1 .960 

2-D expansion factor  •  2.448 

3-D  expansion factor  •  2.795 
 

 

Note  that, for   relative confidence  regions,  prec1S1ons are 
computed  from  the   ratio of   the  major  semi-axis and  the   spatial 
distance between   the   two stations. 

 

Error ellipses  for   which  all  covariance matrix elements 
were  not  c ted by   INVERT,   are marked  with  an  asterisk(*). 

 

----------------------------------------------------------------------------- 
------------------------------------------------------------------------------- 
GeoLab -  V1.82S,   CC) 1985/86/87 Bitlolise  Ideas  Inc.    [1032076961

 Page  14 

------------------------------------------------------------------------------- 
E
--

L
-
L
-
I
-
P
-
S
-
E
-
: 
------------------------------------------- 

!DENT. MAJOR   SEMI-AXIS  MINOR   SEMI-AXIS AZ(MAJ) 

--------  ----------------- ---------------- 
2001  0.0073 0.0054  124.77 
2002 
2014 
2013 

VERTICAL 
 

0.0112 

------------------------------------------------------------------------------- 
GeoLab -  V1 .825, (C)   1985/86/87 Bitlolise  Ideas  Inc.   I103207696l Page  15 
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2001 2013 0.0264  0.0125 94.67  0.0494 6317.2966 4.182 PPM 
2002 2014 0.0271 0.0203 83.67  0.0473 7000.8237 3.871  PPM 
2002 2013 0.0267 0.0130  94.73  0.0499 7404.1516 3,612 PPM 
2014 2013 0.0359 0.0216 91.44  0.0607 13490.3592 2.665 PPM 

 

EM 1110-1-1003 

1 Aug  96 
 

 

 

U.S. ARMY ENGINEER TOPOGRAPHIC LABORATORIES 

 
COYOTE  DAM FREE  ADJUSTMENT 

 
A=  6378137.000 B 6356752.314 XO• 0.000 YO= 0.000 ZO= 0.000 

 

 

ELLIPSE: Z·D All) 1-D  RELATIVE STATIOIII D:IIFIDEICE   REiiiCIIS  ( 95.000 S): 

-
FR
-
O
-
M
------

T
-
O
--------

M
--

A
-
.J
-
.S
-
E
-

M
--

I 
-
M
-
I
-
N
-
.
-
S
-
E
-
M
-
I
--
A
-
Z
-
(
-
M
-
A
-
J
--
)
-
V
·
E
-
R
-
T
-
IC
-
A
-
L
--
S
-
P
-
A
-
T
-
I
-
A
-
L
- 
DIST. PRECISION

 

-------- -------- --------  ........ ..----- -------- ------------- ------------ 
2001 2002 0.0045 0.0038   105.27  0.0082 1165.1856  3.881 PPM 
2001  2014  o.ozn 0.0204 84.07  0.0475  8095.2706 3.363 PPM 
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" 
 

ELLIPSE: 3-D  STATIOI COIFIDEICE  REGIOIS  ( 95.000 X): 
 

IOEHT.  KAJOR SEMI·AXIS  MEDilll SEMI·AXIS  MINOR SEMI-AXIS 
 

2001 
 

2002 
 

2014 
 

2013 

 

0.0161 
A=180.0 V= 80.4 

0.0152 
A=161.8 V= 79.9 

0.0690 
A=345.0 V= 86.1 

0.0 4 
A= 94.5 V:72.1 

 

0.0082 
A=298.9V= 4.7 

0.0082 
A=307.9 V= 8.4 

0.0316 
A= 85.7 V: 0.7 

0.0219 
A=279.0 V1:7.9 

 

0.0059 
A= 29.6 V: 8.3 

0.0054 
A3:8.7 V= 5.6 

0.0237 
A=175.8 V=  3.8 

0.0157 
A=188.6 V=  1.3 
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ELLIPSE: 3-D  RELATIVE STATIC*  COIFIDEIICE  REGIONS ( 95.000 1): 

 

FROM TO  MAJOR-SEMI MED.·SEMI MINOR-SEMI SPATIAL DIST.  PRECISION 
 

2001 2002 0.0117 0.0051 0.0044 
A: 0 V:90 A= 90  V= 0 A= 0 V0: 

2001 2014 0.0679 0.0311 0.0228 
A=347 V=86 A= 84  V= 1 A:174 V= 4 

2001 2013 0.0739 0.0201 0.0142 
A=  93 V=72 A=279 V=18 A:188 V2: 

2002  2014  0.0677  0.0309 0.0226 
A=342 V=85 A= 83 V= 1 A=173 V= 4 

 

1165.1856 
 

8095.2706 
 

6317.2966 
 

7000.8237 

 

10.011 PPM 
 

8.392 PPM 
 

11.704 PPM 
 

9.666 PPM 

2002  2013 0.0745 0.0210 0.0148 
A= 93 V=72 A=278 V:18 A=188 V= 1 

2014  2013 0.0887  0.0363 0.0245 
A= 85 V=76 A:275 V=14 A=185 V:2 

ELLIPSE successfully completed. 

7404.1516 10.064 PPM 
 

13490.3592 6.577 PPM 
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Free  2·0  Statfons 1  Vertical Angles  
Free  1·0  Statfonsj 0 Zenithal Angles 0 
Coord,   Parameters[ 6 Angles 
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Astro. Latitudes  [ 0 Heights  0 

 

I

Adjustment 

SIIIW:Y   OF   SELECTED   OPTIONS 

Convergence  C riterio n  0.00100

EM 1110-1-1003 

1 Aug  96 
 

 

 

 

A=  6378137.000 B= 6356752.314 XO= 0.000 YO= 0.000  ZO: 0.000 
 

PREPARE: ASCII  input file:  <c:oyote_1.iob:>. 
PREPARE successfully completed. 

------------------------··························----------------------------- 
Geolab  • V1.82S,  (C)  1985/86/87 Bit\lise  Ideas  Inc.   [103207696] 

 

GETUP: 

Page  0 

I
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-
n
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s
---------------------

0
------:

•
 

Fixed  Stations ! 3 Dfstanc:es0: 
Free  3·0   Stationsi  Aziruths 

 
:', 1 

 

 

 

Astro.  Longitudes 1 0 Height  Differences 
1 

0 
Geoid  Records  0  Auxiliary Params.   I 0 
All   Aux. Pars. 4 2·D Coords.  [ 0 
Direction Pars.  0  2-D Coord.  Diffs.  1 D 
Scale Parl!lllll!ters  1  3-D Coords. I  0 
Constant Pars.  0  3·0  Coord.  Dfffs.  I  21

 

Rotation Pars.  3  ! 
Translation Pars.  

........ ...
0 

l 
Total  Parameters 10  Total   Observations! 21 

·········-··-----------
D
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G
--

E
-
T
-
U
-
P
-
: 
------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 
OPTIOH SELECTION 

------
C
--
o
-
m
--
p
-
u
-
ta
-
t
-
io
--
n
--

M
-
o
-
d
-
e
-----------------1--------------------------------------- 

Linear  Unit 
Maximum  Iterations 
Confidence Regions   selected 
Confidence Region  Dimensions 
Print  Input   Station  Data 
Variance  Factor  Knowledge 

Confidence Level   for   Statistics 
Dual-Height Mode 
Print  Solution Vector 
Printed Ellipsoidal  Coordinates 
Print  Adjusted X, Y,  Z 
Print  Histograms 
Print  Misclosures 
Print  Residuels 
Variance  Factor  Usage 
Residual Rejection Criterion 
Angular   Mfsclosure Limit   Factor 
Linear Hisclosure  Lfmlt·  Factor 

Metre 

2 
All 
1·0, 2-D,  and 3·0 
00 

Known 
95.000 
Off 
On  All   Iterations 
5 Decimal  Places 
Oo 

"O"n  All   Iterations 
Alt 
Scale  Confidence Regions 
Tau Max 
to 
to 

---------------.---------.----------"----.----------------------------------..- 
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--------------

-------- -------- 
2001  2006 3·D  X·Coord  Diff  666.6170 0.0037 -4.8608 

EM 1110-1-1003 

1 Aug  96 
 

 

U.S. ARMY ENGINEER TOPOGRAPHIC LABORATORIES 
COYOTE  DAM  ADJUSTMENT NAD·83 

A=   6378137.000 B=   6356752.314   XO= 0.000 YO= 0.000 ZO= 0.000 
 

CODE   !DENT. DESCRIPTOR INITIAL  VALUES 
.......... 

14   2006 

 

 

 

 

14   2013 

 

ELLIPSOIDAL 39  ,, 34.37462 -123 10  10.28988  336.0850 
ASTRONOMIC 39  11 34.37462 ·123 10  10.28988  336.0850 
GEOIDAL 0    0    0.00000  0    0    0.00000 0.0000 
CARTESIAN ·2708280.4788 -4143494.m1 4009147.8933 
 

 

ELLIPSOIDAL 39 15 12.11624 -123 13 17.48887  222.8350 
ASTRONCIUC 39  15  12.11624 -123 13  17.48887  222.8350 
GEOIDAL 0    0    0.00000 0    0    0.00000 0.0000 
CARTESIAN -2709665.3418 -4137409.4525 4014278.4657 

14   2014  

ELLIPSOIDAL 39 7 57.41258  -123  12 14.77684  190.1700 
ASTRONCMIC 39 7 57.41258 -123 12 14.77684  190.1700 
GEOIOAL 0    0    0.00000 0    0    0.00000  0.0000 
CARTESIAN -2713032.7142 -4145300.4693 4003867.7960 

 

24 2001  

  ELLIPSOIDAL 39  12  14.43422 ·123  11 6.45941 243.8658 

  
ASTRONQUC 39  12  14.43422 ·1Z3  11 6.45941 243.8658 

  
GEOIDAL 0    0    0.00000 0    0 0.00000 0.0000 
CARTESIAN ·2708942.2350 -4142043.8310  4010047.0300 

 

24    2002 

 

 

ELLIPSOIDAL 39  11  37.00656 ·123 11    0.94286  243.8815 
ASTRONOMIC 39  11  37.00656 -123  11    0.94286  243.8815 
GEDIDAL 0    0    0.00000 0    0    0.00000 0.0000 
CARTESIAN -2709230.7400 -4142n6.B33o  4009152.5340 

 

94   WGSXX 

 

 

300    SCAL 0.00000 
300    ROTX 0.00000 
300    ROTY 0.00000 
300    ROTZ 0.00000 

GETUP  successfully  conpleted. 

------------------------------------------------------------·---------·-·------ 
Geolab •  V1.82S,  (C)  1985/86/87 Blt\o'iae Ideas  Inc.   [103207696] Page  3 
FOII:MEQ:  NOTE  6: Reordering was done. 
AT TO  OBS  TYPE  OBSERVATION      APPROX.SIG. MISCLOSURE 

-------------·-- ---------------- ------------ ------------ 
2001  2006  3-D  Y-Coord  Diff  -1441.5480 0.0045 ·9.3931 
2001  2006  3-D  z-coord Diff  -908.2800 0.0028 9.1433 
2002  21>06 3-o   x-coord Oiff  953.2950 0.0022 ·3.0338 
2002  2006  3·0   Y·Coord  Oiff  ·748.3180  0.0044 -19.6211 
2002  2006  3-D  z-coord Diff  ·16.7100  0.0029  12.0693 
2001  2002  3·D  x-coord Diff  ·286.6690 0.0024 -1.8360 
2001  2002  3·D  Y·Coord  Diff  -693.2190 0.0026  10.2170 
2001  2002  3-D  z-coord Diff  ·891.5890 0.0025 ·2.9070 
2001  2002  3-D  x-coord Diff  -286.6790 0.0026 ·1.8260 
2001  2002  3·D  Y·Coord  Diff  ·693.2230  0.0030  10.2210 
2001  2002  3-D  z-coord Diff  ·891 .5780 0.0026 -2.9180 
2014  2002  3-D  X-Coord  Diff  3799.0050 0.0129  3.0292 
2014  2002  3·D  Y·Coord  Diff  2554.0180 0.0101  19.6183 
2014  2002  3·D  Z·Coord  Diff  5296.7980 0.0113 -12.0600 
2013  2001  3-D  X-Coord  Diff  718.2440 0.0059 4.8628 
2013  2001  3-D  Y-Coord  Diff  -4643.7750 0.0083  9.3965 
2013  2001  3·D  z-coord Diff  ·4222.2870 0.0059 -9.1487 
FORHEQ  successfully  conpleted. 
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COOE   

-
!D

-
E

-
N

--
T

-
- 

-- 
TYPE

 

14    20D6 LATITOOE 39 

INITIAL 

-········----- -- 
11   34.37462 

ox 
----------- 

FIXED 

 

------
 

--- 
ADJUSTED

14 2006 LONGITUDE ·123 10   10.28988 FIXED    
14 2006 HEIGHT  336.08500 FIXED    

14 2013 LATITUDE 39 15   12.11624 
 

FIXED    

14 2013 LONGITUDE -123 13   17.48887 FIXED    
14 2013 HEIGHT 

 222.8350D FIXED    

14 2D14 LATITUOE 39 7   57.41258 
 

FIXED    

14 2014 LONGITUDE ·123 12    14.77684 FIXED    
14 2014 HEIGHT  190,17000 FIXED    

24 2001 LATITUDE 39 12    14.44836 O.ODOOO 39 12 
 

14.44836 
24 2001 LONGITUDE -123 11 6.41465 0.00000 ·123 11 6.41465 
24 2001 HEIGHT 

 257.80545 -0.00000   257.80545 

24 2002 LATITOOE 39 11   36.93927 
 

0.00000 39 11 
 

36.93927 
24 2002 LONGITOOE -123 11 0.60115 -0.00000 ·123 11 0.60115 
24 2002 HEIGHT 

 265.51561 0.00000   265.51561 

94 \IGSXX 3DD SCAL  
 

·0.00161 
 

0.00000   
 

-0.00161 
94 WGSXX 3DD ROTX 

 D.D3270 ·O.OOODD   O.D3270 
94 WGSXX 30D ROTY 

 
·O.D6406 O.OODDD   -0.06406 

94 WGSXX 300  ROTZ  -D.D4338 0.00000   -0.04338 

 

GeoLab  •  V1.82S, (C)   1985/86/87 BitWise  Ideas   Inc.   [1032D7696J 
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U.S. ARMY ENGINEER   TOPOGRAPHIC  LABORATORIES 
COYOTE  DAM  ADJUSTMENT      NAD-83 

A=   6378137.000 8=   6356752,314 XO: 0.000  YO" 0.000  ZO= 0.000 
 

SOLVE: Solution (Iteration  COU"It "'  1): 

CODE !DENT. TYPE INITIAL ox UPDATED
 

 
24   2001 
24   2001 
24   2001 

 

24 2002 
24   2002 
24   2002 

 

 

LATITUDE 
LONGITUDE 
HEIGHT 
 

LATITUDE 
LONGITOOE 
HEIGHT 

 

39   12   14.43422 
-123    11 6.45941 

Z43.86sn 
 

39   11   37.00656 
-123    11 0.94286 

243.88154 

0.01413 39 , 14.44836 
0.04476     -123    11 6.41465 
13.93968 257.80545 
 

-0.06729 39 11   36.93927 
0.34171    -·123    11 0.60115 

21.63406  265.51561 
 

94 \JGSXX 300SCAL 0.00000 ·0.00161  ·0.00161 
94 \.IGSXX  3DD  ROTX 0.00000  0.03270  0.03270 
94 WGSXX 3DD   ROlY 0.00000  ·0.06406  -0.06406 
94 WGSXX 300  ROTZ 0.00000  ·0.04338 ·0.04338 

SOLVE  successfully carpleted. 
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CODE !DENT.  X·DOOROINATE Y·COORDINATE Z·COORDINATE 

------------------ -···-------------- ------------------ 
24 2001 ·2708947.0978 
24 2002  -2709233.7715 

SOLVE  successfuLLy conpleted. 

·4142053.2284 
·4142746.4512 

4010056.1788 
4009164.5972 
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----------------···············-···----------·-············-------------------- 
RESID: 

 

STATION 
 

2001 
 

 

2006 
 

 

 

2002 
 

 

2006 

 

3·0  COORD DIFFS 
 

-2708942.2350 
-4142043.8310 
4010047.0300 

- 2708275.6180 
·4143485.3790 
4009138.7500 

 

-2709230.7400 
-4142726.8330 
4009152.5340 

-2:708277.4450 
-4143475.1510 
4009135.8240 

 

STO.OEV. 

 

 

 
0.0050 
0.0060 
0.0040 

 

 

 

 

0.0030 

0.0050 
0.0040 

 

RESIDUAL 

 

 

 
0.0020 
0.0043 

·0.0055 
 

 

 

 

-0.002:4 

·0.0031 
0.0063 

 

STO.OEV. 

 

 

 
0.0041 
0.0045 
0.0026 

 

 

 

 

0.0016 
0.0032: 
0.002:6 

 

STAN.RES. 
 

 

 

 

0.4865 
0.9530 

-2.1060 
 

 

 

 

-1.5309 

·0.9650 
2.3907 

============ s••••••••== End of  Observation Set 
2001  ·2708941 .0950 

·4142050.632:0 
4010040.8370 

2002 
 

 

 

2001 
 

 

2002 

·2709227.7640 
-4142743.8510 
4009149.2:480 

 

-2708946.1080 
-4142048.2180 
4010039-9500 

·2709232:.7870 
-4142741.4410 
4009148.372:0 

0.0030 
0.0040 
0.0040 
 

 

 

 

0.0040 
0.0040 
0.0040 

-0.0046 
-0.0036 

o.oon 
 

 

 
0.0054 
0.0004 

·0.0038 

0.0020 
0.0031 
0.0032 
 

 

 

 

0.0033 

0.0031 
0,0032 

-2.2625 
·1.1706 
2.2786 

 

 

 

 

1.6090 
0.1285 

-1.1993 

=========================== End of  Observation Set   =========================== 
2014  -2713050.5170 

-4145286.8310 
4003867.5850 

2002 ·2709251.5120 
-4142:732.8130 
4009164.3830 

0.0180 
0.0160 
0.02:00 

-0.0035 
-0.0015 
0.0047 

0.0149 
0.0090 
0.0141 

-0.2328 
·0.1659 
0.3373 

==========••==s==========z= End of  Observation Set 
2013  - 2709663 • 6000 

·4137421.4500 
40142:63.6620 

2014  -2:713031.0290  0.0150  ·0.0018 0.0105 -0.1739 
·4145312.4700 0.0460  0.0055 0.0419 0.1303 
4003852:.9890  0.0330  0.0010  0.02:93  0.0344 
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2013 • 2709663.6000  
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4014263.6620 

2001 • 2708945.3560 0.0070 0.0003 0.0026 0.1237 

 ·4142065.2250 0.0200 -0.0004 0.0137 -0.0312 
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STATION 3·0 COORD  DIFFS  STD.OEV. RESIDUAL STD.DEV. STAH.RES • 
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U.S. ARMY ENGINEER TOPOGRAPHIC LABORATORIES 
COYOTE  DAM  ADJUSTMENT     NAD·83 

A: 6378137.000 Bz 6356752.314 XO• 0.000 YO: 0.000 ZOE 0.000 

-------------------------------------------·-····------------------------------ 
RESID: 

------------------------------------------------·---------------------------- 

STATISTICS S U M M A R Y ! 
 

 

Residual Critical Value Type 
Residual Critical Value 
Convergence Criterion 
Final   lterat[on counter  Value 
Confidence  level Used 
Number of Flagged Residuals 
Estimated Variance Factor 
NU!ber  of  Degrees  of  Freedc:tn 

----------------;;;:;;;;·--------------- 
 

0.001000 ' 

95.00020 ll 
0 

1.0944 
1\ 

 

 

Chi-Square  Test  on the  Variance  factor: 
 

5.4919e·001   <    1.0000   <    3.1549e+OOO     1 

 

THE TEST PASSES. 
 

----------------------------------------------------------------------------- 
RESID successfully completed. 

------------------------------------------------------------------------------- 
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ELLIPSE: 
----------------------------------------------------------------------------- 

 

NOTE:  All confidence regions were computed using the following factors: 

Variance factor used •  1.09438 

Estimated variance factor ,.09438 
 

1-D expansion factor ,.960 
 

2-D expansion factor •  2.448 
 

3-D expansion factor 2.795 
 

 

Note that.for relative confidence regions, prec1s1ons are 
computed from the ratio of the major semi-axis and the spatial 
distance between the two stations. 

 

Error ellipses for which all covariance matrix elements 
were not computed by   INVERT, are marked with an asterisk(*). 

 

----------------------------------------------------------------------------- 
------------------------------------------------------------------------------- 
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U.S.  ARMY ENGINEER   TOPOGRAPHIC   LABORATORIES 
COYOTE  DAM  ADJUSTMENT     NAD·83 

A: 6378137.000 B= 6356752.314 XO= 0.000 YO: 0.000 ZO= 0.000 
 

ELLIPSE: AUXILIARY  PARMETER   COIIFIDENCE  INTERVALS  ( 95.000 %): 
 

-I -D.E.N.T.. .. 
 

T
--
Y
-
P
-
E
----- 

C

--
LA

--
S

-
S

--- 
 

ADJ VALUE 

-------------- 

 

------------- 
WGSXX 3DD  SeAL -0.0016 1.1261 

ROTX 0   0 0.03 0   0 0.82 
ROTY 0   0   -0.06  0   0 1.27 
ROTZ 0   0    ·0.04  0   0 1.37 
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ELLIPSE:  2·0  AJII 1·0  STATIOII   COIIFIDEXCE  REGIC»>S ( 95.000 %): 
 

!DENT. MAJOR  SEH!·AXIS    MINOR SEMI-AXIS    AZ(MAJ) VERTICAL 
 

2001 0.0066 0.0048  107.22 0.0133 
2002 0.0062 0.0044  125.62 0.0127 
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ELLIPSE:  2·0  AND  1-D  RELATIVE STATICll  aJNFIDEIICE  REGIOIS   ( 95.000 1): 

 

FROM TO MAJ.SEMI   HIN.SEMI   AZ(MA.J)  VERTICAL SPATIAL  OIST.  PRECISION 
 

2001  2002  0.0045  0.0036   108.07  0.0082 1165.1856  3.846  PPM 
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ELLIPSE:  3-D STATION   CONFIDENCE  REGIONS   (  95.000 1): 
 

IOENT. MAJOR   SEMI-AXIS MEDIUM  SEMI-AXIS MINOR  SEMI-AXIS 
 

2001 
 

2002 

 

0.0191 
A=106.6 V:81.9 

0.0182 

A=  90.0 V=  87.6 

 

0.0070 
A=270.0   V=      7,8 

0.0070 

A=306.2   V:    1.9 

 

0.0056 

A=   0.3 V=   2.3 

0.0051 

A=216.2   V=      1.4 
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ELLIPSE:  3-0 REL.AHVE  STATION  eotFIDENCE RfGlONS ( 95.000 t.): 
 

FROM TO MAJOR-SEMI MEO.-SEMI   MINOR-SEMI SPATIAL DIST.  PRECISION 
 

2001  2002  0.0117 0.0050 0.0042 
A=     OV=90A.,90V=OA=    OV=O 

ELLIPSE successful ty   cOO"ple.ted. 

 

1165.1856 10.027  PPM 
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(1:10,000).   The relative line accuracy between 2001 and 

2002  on  the  constrained  adjustment  was  3.846  ppm,  or 

1:260,000. This  indicates  excellent  connections  with 

existing control. 

 

d.   The variance factor shown on page 14 of each 

adjustment  is  within  acceptable  limits  (0.5  to  1.5).    As 

such, it could be used to determine outlier limits for rejec- 

tion of data, as explained in Chapter 11. 

 

e.    The residual corrections to each baseline compo- 

nent are shown on page 10 of each adjustment.  Special 

review is made of the standardized residuals, which one 

will find is approximately comparable to normalized 

residuals  in  GEOLAB  software.    None  of  the  residuals 

were flagged (based on Tau Max testing) for exceeding 

tolerance. 

 

f.     The 3D positional and relative confidence regions 

(ellipsoid) and 3D line accuracy precessions are shown at 

the end of each adjustment.  These statistics are not appli- 

cable for most USACE work. 

 

g.   Of all the output statistics, only the residuals, 

standardized  residuals,  relative  2D/1D  line  precessions, 

and variance factor have useful application for USACE 

work.  The histograms, Chi-square tests, 3D ellipsoid, etc. 

are useful only if one understands their derivation and 

application. 

 

h.    The  results  of  the  free  and  constrained  adjust- 

ments  in  this  example  were  not  significantly  different. 

This is usually not the case -- typically, station/line accu- 

racies degrade on the constrained adjustment. 

 

Section II 

Survey No. 2:  Precise Control Survey 

(Dworshak Dam, Idaho) 

 

D-7.  General 
 

A high precision GPS control survey may be performed at 

sites for structural deformation monitoring.   Accurate 

control in the vicinity of the structure is critical.  Absolute 

NGRS coordinate on monitoring points is of lesser impor- 

tance.   NGRS control may be brought into one of the 

reference points with GPS.   Only the NGRS coordinates 

of this fixed point are held fixed for all subsequent adjust- 

ments in the vicinity of the structure. 

D-8.  Project Description 
 

Survey example No. 2 was conducted in the vicinity of 

Dworshak  Dam,  Idaho.     A  diagram  of  the  project  is 

shown  in  Figure D-13.    Baseline  data  from  the  NGRS 

control to one point (Fish Hatchery - 4001) at the project 

site were collected and other baseline data for baselines 

between 4001, Big Eddy (4002), and four points on the 

Dworshak  Dam  and  Reservoir  (4003,  4004,  4005,  and 

4006)  as  shown  in  Figure D-14.    Loop  closure  checks 

were done for the complete network by using the loop 

closure routine shown in Figure D-15.   The resultant 

precision for the loop is 0.43 ppm (1:2,300,000). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D-13.  Dworshak Dam and Project area 

 

D-9.  Adjustment 
 

a.  An IOB file for the adjustment based on the for- 

mulated  baselines  was  set  up.    Station  USC&GS  Dish, 

1959, and USC&GS Orofino, 1933, were held fixed to 

establish  NGRS  control  on  Corps  of  Engineers  Station 

4001 at the project site.   Then, for the next adjustment, 

4001 was held fixed to adjust station 4002, 4003, 4004, 

4005, and 4006.   This free adjustment is shown in Fig- 

ure D-16.    Analysis  of  the  adjustment  was  done  as  in 

Survey No. 1 and detailed in Chapter 11. 
 

b.  The  resultant  adjustment  statistics  are  shown  on 

page 14 of Figure D-16.  The 2D station confidence is on 

the order of 0.04 m (2DRMS) and +0.06 m in the verti- 

cal.   The largest line accuracy is 36.322 ppm (1:27,000) 
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over a short (62 m) baseline.   This would be acceptable 

even though a 1:100,00 relative accuracy is required.  Due 

to fixed centering errors, maintaining 1:100,000 relative 

accuracies over lines less than 200 to 500 m is unrealistic. 
 

Section III 

Survey No. 3:   Upper Saginaw River Control Project. 

(Saginaw, Michigan). 
 

D-10.  Planning Phase 
 

a.  The  GPS  survey  was  planned  for  24-25  March 

1993, Julian day 083 and 084 in the vicinity of Saginaw, 

Michigan. 
 

 

 

 

 

 

 

Figure D-14.  GPS project diagram (Dworshak) 

b.  This  project  was  to  establish  Second-Order  con- 

trol, using GPS, at the Upper Saginaw River.  The project 

area  covered  from  Green  Point  down  to  the  railroad 

bridge  of  the  upper  end  of  the  condition  survey  project 

area,  see  Figure  D-17.    These  control  stations  were  to 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D-15.  Loop closure (Dworshak) 
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DWORSHAK DAM 
A=  6378137.000 B=  6356752.314 XO=  0.000 YO=  0.000 ZO=  0.000 

 

PREPARE: 

ASCII input file: <wal_l.iob>. 

PREPARE successfully completed. 
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U.S. ARMY ENGINEER TOPOGRAPHIC LABORATORIES 
 

A  637B137.ooo B 

GETUP: 

DWORSHAK DAM 
6356752.314 xo o.oo 

 

o Yo o.ooo zo  o.ooo 

 

1 PARAMETERS I OBSERVATIONS I !     ------------------------------ 

1 Description i Number ! Description \ Number i 

1 
-
A
-
l
-
l
--
S
-
t
-
a
-
t
-
i
-
o
-
n
-
s
---------------

6
------

D
-
i
-
r
-
e
-
c
-
t
-
i
-
o
-
n
-
s
----------------

0
----

I
 

I   Fixed Stations 1  Distances 0 
Free 3-D Stations 5  Azimuths 0

 

J Free 2-D Stations 0  Vertical Angles 0  I 
Free 1-D Stations 0  Zenithal Angles 0 

1 
Coord.  Parameters  15  Angles 

1 
Q. 

1
 

Astra. Latitudes 0  He1ghts 0 
Ast o. Longitudes 0  Height DifferenceJ 0  J 

1 
Geo1d Records  0 Aux1l1ary Params. 

1 
0 1

 
All Aux. Pars. 0  2-0 Cooras. o 
Direction Pars. 0  2-D Coord. Diffs. I 0 
scale Parameters 0  3-D Coords.  0 
const nt Pars. 0  3-D Coord. Diffs. 60 

1      
Rotat1on Pars. 

1 
0  

1 1
 

1          
Translation Pars. 1 ---- 1 1 1 

I!  Total Parameters  i 15 !Total Observations! 60  _ I 
I Degrees of Freedom = 45  i 
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Figure 0·16.  GEOLAB adjustment output  (Sheet 1 of 8) 
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U.S. ARMY ENGINEER TOPOGRAPHIC LABORATORIES 
DWORSHAK DAM 

A=  6378137.000 B=  6356752.314 XO=  0.000 YO=  0.000 ZO=  0.000 
 

GETUP 
 

 

SUMMARY  OF  SELECTED  OPTIONS 

OPTION    ' SELECTION 

-C-o-m-p-u-t-a-t--i-o-n-M-o-d--e---------------1 -----A-d-j-u-s-t-m-e-n-t----------------- 
Linear Unit 1 Metre 
Maximum   Iterations  I 2 
Confidence Reg ons elected  I All 
Conf1dence Req1on D1mens1ons [ 1-D and 2-D only 
Print Input seation Data   Off 
Variance Factor Knowledge I Known 
Confidence Level for Statisticsl 95.000 
Dual-Heiqht Mode Off 
Print Solut.:j.on  Mode  I Only Adjusted Values 
Printed Ell1psoidal Coordinates[ 5 Decimal Places 
Pr.:i-nt   AQ.justed  X,   Y,  Z On 
Pr1nt H1stograms On 
Pr:j.nt Misclosures  I On 
Pr1nt Residuals I On All Iterations 
Variance  Faytor  Usaqe j Scale  Confidence Regions 
Residual ReJection Criterion 

1 
Tau Max 

Angular Misclosure  i it Fact
1
or 10 

Linear Misclosure L1m1t Factor  10 
Convergence Criterion  1 0.001000 

 

SETUP successfully completed. 
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NOTE 6: Reordering was done. 

AT  TO  OBS TYPE  OBSERVATION APPROX.SIG. MISCLOSURE
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-
0
--
1
-  -

40
-
0
-
3
-- -
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--x-c-o-or-d--D-i-f-f- ---2-4-0-8-.-6-8-8-0- ------0-.-0-0-2-9 ----
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7
-
0
-
8
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3-D 
3-D 
3-D 
3-D 
3-D 

Y-Coord Diff 
Z-Coord Diff 
X-Coord  DDfffff 
Y-Coord  ... 
z-coord DDtffff 
x-coord .... 
y -Coord DDtffff 
Z-Coord  ... 
x-coord DDfffff 
Y-Coord  .... 
z-coord oDttfff 
X-Coord  .... 
Y-Coord Diff 
z-coord Diff 
x-coord DDtffff 
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4002  4003  3-D x-coord Diff  -1052.2550  0.0024  1.0430 
4006  4003  3-D x-coord Diff  59.8780  0.0007  -9.5460 
4006  4003  3-D Y-Coord Diff  -165.2500  0.0015  1.4320 
4006  4003  3-D z-coord D"ff  -165.2500  0.0006  -2.7900 
4001  4002  3-D X-Coord Diff  2108.6250  0.0045  -1.6772 
4001  4002  3-D Y-Coord Diff  1204.4170  0.0104  36.7638 
4001  4002  3-D z-coord Diff  2160.2740  0.0063  -27.6847 
4001  4002  3-D X-Coord Diff  2108.6270  0.0043  -1.6792 
4001  4002  3-D Y-Coord Diff  1204.4160  0.0028  36.7648 
4001  4002  3-D z-coord Diff  2160.2680  0.0029  -27.6787 
4001  4002  3-D X-Coord Diff  2108.6320  0.0063  -1.6842 
4001  4002  3-D Y-Coord Diff  1204.4280  0.0078  36.7528 
4001  4002  3-D z-coord Diff  2160.2620  0.0062  -27.6727 
4001  4002  3-D X-Coord D"ff  2108.6250  0.0045  -1.6772 
4001  4002  3-D Y-Coord Diff  1204.4170  0.0101  36.7638 
4001  4002  3-D z-coord Diff  2160.2780  0.0061  -26.6887 
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SOLVE: 

SOLVE successfully completed. 
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FORMEQ: 

FORMEQ successfully completed. 
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SO
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-
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-
E
-
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----------------------------------------------------------- 

Adjusted Values (Iteration Count = 2): 
 

CODE I
--
D
-
E
-
N
-
T.

--
T

-
Y

-
P

-
E

---- -----------
I

-
N

-
I

-
T

-
I

-
A

-
L
 

 

------
D
--
X
 

 

-------
A
-
D
-
J
-
U
-
S
-
T
-
E
-
D
- 

14 4001  LATITUDE  46  30  5.78733  FIXED 
14  2006  LONGITUDE -116  19 17.36405  FIXED 
14  2006  HEIGHT  312.18200  FIXED 

24  4003  LATITUDE  46  30 51-48677  0.00000  46  30 51.48677 
24  4003  LONGITUDE -116  17 42.07099  0.00000 -116 17 42.07099 
24  4003  HEIGHT  500.68216  0.00001  500.68217 

24  4004  LATITUDE  46  30 54.09853  0.00000  46  30 54.09853 
24  4004  LONGITUDE -116  17 43.92366 -0.00000 -116 17 43.92366 
24  4004  HEIGHT  493.11850  0.00000  493.11851 

24  4002  LATITUDE  46  30 41-25876  0.00000  46 31  41-25876 
24  4002  LONGITUDE -116  18 23.74916 -0.00001 -116 18 23.74917 
24  4002  HEIGHT  493.34210  0.00003  493-34213 

24  4005  LATITUDE  46  30 55.00394 -0.00000  46 30  36.93927 
24  4005  LONGITUDE -116  17 46.44097 -0.00000 -116 17 46.44097 
24  4005  HEIGHT  503-72111  0.00000  503.72111 

24  4006  LATITUDE  46  30 56.68676  0.00000 46 30  56.68676 
24  4006  LONGITUDE -116  17 48.02294  0.00001 -116 17 48.02294 
24  4006  HEIGHT  493.25364  0.00003  493.25367 
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Adjusted Cartesian Coordinates: 
 

CODE 
-
I
-
D
-
E
-
N
-
T
-
.
 

 

-----
X
---

O
-
O
-
R
-
D
-
I
-
N
-
A
-
T
-
E
- ----

Y
---

O
-
O
-
R
-
D
--
I
-
N
-
A
-
T
-
E Z-COORDINATE

 
24  4003  -1948002.5548 -3942346.3361 
24  4004  -1948009.7358  -3942271-7102 
24  4002  -1948302.6080  -3940948.3316 
24  4005  -1948052.0934  -3942236.2903 
24  4006  -1948062.4335  -3942181-0887 

SOLVE successfully completed. 
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RESID: 
 

S T A T I S T I C S  S U M M A R Y  l' 
--------------------------------------------------------------: 
Res dual Cr ttcal Value Type  Tau Max  l 
Res dual Cr t cal Value 3.3469 
CQnvergence 9riterion 0.001000 
F1nal Iterat1on Counter Value 2 
Confidence Level Used 95.0000 
Number of Flagged Residuals 0 
Estimated Var1ance Factor 0.8676 
Number of Degrees of Freedom 

1 
45  J

 

----------------------------------!---------------------------1 
Chi-square Test on the Variance Factor: I 

5.9685e-001  < 1-0000 <  1- 3763e+OOO  ? I 

I THE TEST PASSES. 
I 
' 
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ELLIPSE: 
 

 

NOTE:  All confidence reqionwere 
computed us1ng the following factors: 

Variance factor used  = 
Estimated variance factor = 

1-D expansion factor = 
2-D expansion factor = 

0.86755 

0.86755 

1-960 

2.448 

3-D expansion factor = 2.795 
 

Note that
1    
for relative confidence regions, p ecisions 

are compu ed from the ration of the major seml-axis 
and the spatial distance between the two stat1ons. 

Error ellipses for which all covariance matrix elements 
were not computed by INVERT, are marked with an asterick(*) 
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-
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ELLIPSE: 

2
---
D
-
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N
-
D
--
1
--
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--
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-
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-
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-
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-
N
--
C
-
O
-
N
-
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-
I
-
D
-
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-
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C
-
E
--
R
-
E
-
G
-
I
-
O
-
N
-
S
--
(
-
9
--
5
-
.
-
0
-
0
-
0
-
%
--
)
-
:
 

 

4003 
4004 
4002 
4005 
4006 

 

0.0034 
0.0036 
0.0035 
0.0035 
0.0035 

 

0.0022 
0.0023 
0.0026 
0.0023 
0.0022 

 

76.62 
82.71 
89.02 
82.89 
79.03 

 

0- 0056 
0.0057 
0.0061 
0.0057 
0.0056 
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U.S. ARMY ENGINEER TOPOGRAPHIC LABORATORIES 
DWORSHAK DAM 

A  6378137.ooo B 6356752.314 xo  o.ooo Yo  o.ooo zo  o.ooo 
 

ELLIPSE: 
 

2
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D
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a
-
n
-
d
--
1
--
D
--
R
-
E
-
L
-
A
-
T
-
I
-
V
-
E
--
S
-
T
-
A
-
T
-
I
-
O
-
N
--
C
-
O
-
N
-
F
-
I
-
D
-
E
-
N
-
C
-
E
-
R
-
E
-
G
-
I
-
O
-
N
--
S
--

( 

-
9

--
5

-
.0

-
0

-
0

---
%

-
) 

-
:

 

F
-
R
-
O
-
M
-- T-O---- M-

A
-
J
-
.
-
S
-
E
-
M
-
I
- 
M
-
I
-
N
-
.
-
S
-
E
-
M
-
I
- 
A-Z-(-M-A-J-)- V-E-R-T-.-- S-

P
-
A
-
T
-
.
-
D
-
I
-
S
-
T
-
.

-
P
-
R
-
E
-
C
-
.
---- 

4003  4004  0.0023  0.0008  89.79 0.0033  90.1225 25.220PPM 
4003  4002  0.0033  0.0026  96.46 0.0057 1775.2993  1.847PPM 
4003  4005  0.0025  0.0016  104.89 0.0038  143.1265 17.408PPM 
4003 4006  0.0018  0.0014  130.30 0.0027  204.7957  8.998PPM 
4004  4002  0.0035  0.0027 97.42 0.0059  1685.7014  2.064PPM 
4004  4005  0.0019  0.0014  128.56 0.0027  61.4342  30.745PPM 
4004  4006  0.0026  0.0016  102.27 0.0039  118.4286  21. 633PPM 
4002 4005  0.0033  0.0025 92.33 0.0056 1634.8752  2.019PPM 
4002  4006  0.0033 0.0024  85.85 0.0056 1573.0376  2.098PPM 
4005  4006  0.0023  0.0009  88.94 0.0033  62.8290 36.322PPM 

ELLIPSE successfully completed. 
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Figure D-17. Project area and control points, Upper Saginaw River project (Continued) 
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times, and stations occupied for day 083 and Table D-6 

lists day 084 occupation times and stations. 

 

D-11.  Actual Survey 

 

The survey was performed as planned, with three sessions 

on day 083 and one session on day 084.   An observation 

log  (see  Figure  D-21)  for  each  station  was  recorded  by 

the observer.   This information was used during post- 

processing. 

 

D-12.  Data Processing and Adjustment 
 

 

 

 

 

 

 

 

 

 

 

Figure D-17.  (Concluded) 

 

support digital mapping of the Upper Saginaw River. 

Saginaw’s  function  was  to  provide  horizontal  control  in 

this area for mapping purposes.  Six points (3 pairs) were 

established,  see  Figure  D-17.    Control  was  brought  in 

from two First-Order NGS horizontal control stations, 

stations Jonas and Parrish. 

 

c.   Four  Ashtech  Dual  Frequency  (L1/L2)  GPS 

receivers and antennas with ground planes were used for 

this project. 

 

d.    Prior to any data collection, a preplanning survey 

was  conducted  to  determine  any  obstructions  (see  Fig- 

ure D-18) and examine existing control.   Control station 

Jonas  and  Parrish  had  some  sinking  problems  due  to 

thawing ground.  Station Jonas was readjusted during the 

survey but station Parrish was not. 

 

e.   A satellite visibility chart was run to determine 

occupation  times  for  each  session  on  both  day  083  and 

day 084.  The chart included the number of satellites and 

PDOP for the project area.  The charts were run with an 

elevation mask of 20 deg (see Figure D-19) and 25 deg 

(see Figure D-20). 

 

f.     There were three survey sessions held on day 083 

and one on day 084.  Table D-5 lists sessions, occupation 

a.  The GPS baselines were  processed using Ashtech 

baseline  reduction  software  (GPPS).    All  four  sessions 

were  processed.    An  output  file  from  this  program  is 

shown in Figure D-22.  From these results, session 083 A 

and B and 084 seemed to be satisfactory.  Session 083 C 

tagged   all   the   float   solutions   except   for   the   vector 

between 4008 and 4009.   The plots for these vectors, 

between 4008 and 4009, appeared to have been   affected 

by the ionosphere. 

 

b. After baseline processing was completed, a loop 

closure  was  performed  to  show  closures  with  known 

control (see Figure D-23) and one was performed to show 

closures with the unknown control stations. 

 

c.  Once the closures were completed, a free adjust- 

ment and a constrained adjustment were performed on all 

processed  baselines  for  Julian  days  083  and  084.    Fig- 

ure D-24 was the input file used for the free adjustment. 

The constrained adjustment held fixed station PARRISH’s 

X,Y,Z and   station JONAS’ X,Y.   The results of the 

constrained adjustment are listed in Figure D-25. 

 

d. After   the   final   adjustment   of   the   data, 

CORPSCON was used to convert the station latitude and 

longitude to state plane coordinates.  This file is listed in 

Figure D-26. 

 

D-13.  Station Descriptions 
 

Station descriptions with adjusted coordinates   for each 

control station set were formulated.  These are listed in 

Figure D-27. 
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Figure 0·18.  Preplanning survey, Upper Saginaw River project 
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Figure D-19.  Satellite visibility chart, elevation mask 20 deg 
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Table D-5 

Day 083 
 

Session A Session B Session C 

0900-1000 1030-1130 1340-1540 
 

HOYT WICKES WICKES 

GENESSEE RUST RUST 

HOLLAND HOLLAND JONAS 

EWALD EWALD PARRISH 

Table D-6 

Day 084 
 

Session A 

1335-1535 
 

HOYT 

GENESEE 

JONAS 

PARRISH 
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CORPS  OF ENGINEERS " GPS OBSEHVA'l.'ION LOG  " SAG!t-.'\W  AllliA   Ob"b'ICE 
 

PROJECT .Sec...  t?.ucR_ --------..---   ;  '-------------- 

OBSERVER NAME  6-JfEC.-   DATE 3- Zt./- q 3 JULIAN  DATE 083 
************************************************************** ************ 

SE:SSION "A" 

STATION NAME'--'/:z'-/,.<;Q'-.)ffc..L  _ STATION a  .1'-(00 9" 
 

SKED.START o9oo ACTUAL  START 085--> SK.ED.STOP  /QOO ACTUAL  STOP  _ 

ANTENNA  H.E:IGHT: INCHES:  B&FORE 59J.r{ AFl'ER_;5'/:u:.o-"<t<-"--  MEAN 59 .Yif 

METERS:  BEFORE /.50 51"\  AFTER     /. 5'05  MEAN /. 505 7 
*************************************************************************** 

SESSION "B" 
 

STATION  NAME:_---IJIAI!.ll!.t;t:.lKS..C€ 5:> 
 

STATION   #__,qz.ec>'.<OLJ:8L---- 

5KED.START/Q3o ACTUAL  START/030 
,.   

SKED.STOPI/:3.o  ACTUAL  STOP 

 

,
/
_
['&0

" 
ANTENNA HEIGHT:  INCHES:  BEFORE   (n2.-?k      Ali"£ERc_ l."-'?'-""" " ·-M· EAN C, 2 'I(a 

Mln'ERS:  BEFORE   /. 57'7  AFTER  /,$I 9 MEAN /, $ '] j l/ 
 

*************************************************************************** 
 

 

STATION   NAME: 
 

.\I.J.!J.liJ:C..Lts=ts=lfOO:':O! STATION  *''---''"/"'"'0"0"'-'8"------ 

SKED.STAR'r  !34q ACTUAL  START  1'3"05 SKKD.STOP
 J5 '/ Q ACTUAL STOP t5'-/ D 

 

ANTENNA HEIGHT:   INCHES:   BEFOREL.J"'O
u

!t"'
,
--
.
"
"
'-"- 

 

•=ER
. 

(;,'/ 1\ ,, MEAN &.'/ h,, 

METERS:   BEFORE   /. (,. 31....    AFl'ER  

*************************************************************************** 
 

STATION   NAME:  _ 
 

STATION  ------------------- 
 

SKED.START   
 

ACTUAL  STAR'!'  _ SKED.S'l'OP•   ACTUAL  STOP'---- 
 

ANTENNA   HEIGHT:    INCHES:   BEFORH:   
 

AF£ER_   
 

MEAN  _ 
 

METERS:   BEio'QRE AFU MEANI  _ 
 

*************************************************************************** 
 

6/N 50 I ANTENNA #    00 I ANT.   CABLE  LBNGTH-"=""·'-'"'--- 
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GROUND PLANES   USED Ll  L2 

*************************************************************************** 
COMMENTS:(WEATHER,   PROBLEMS,   OCCURENCES,   ?) 

Se!>S/ON  nA"  Re.c-.  11)  ¢.S 0/ !2.·15<!.O zt-23·25 ( ..o r..te:!. O'l!O 
,, "ll·  o0,15 
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Figure D-21. Observation log, Upper Saginaw River project 
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N  43 33 32.67131 Latitude deg-min-sec (g=good;b=bad) 
E  276 11 32.13854 E-Longitude deg-min-sec (g=good;b-bad) 
w 83 48 27.86146 W-Longitude deg-min-sec (g=good;b=bad) 

 

N 43 26 1.65174 
E 276 3 25.93899 
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Ashtech, Inc. GPPS-L  Program: LINECOMP Version: 4.5.00 
Fri Mar 26 10:34:33 1993 

 

Project information 
GPS survey 

-    1 
0843A 
Project information 

 

\25-character project name [ The I   is in column 26 
 

IS-character session name 

 

Known-station 
00 
000000 
1001 

FIXED STATION 

 

parameters 
 

 

Receiver identifier used in "LOGTIMES" file 
Project station number 
4-character short name 
25-character long name 

503  003  005  ------ 25-character comment field 

0 Position extraction (O=below,l=U-file,2=proj. file 
) 

 

 

 

150.7356 
0.0000 
0.0000 

1.6990  0.1150  o.oooo 
20.0 
50.0 

1010.0 
U1001A93.084 
Known-station parameters 

Ellipsoidal height {m) (g=good;b=bad) 
North antenna offset(m) 
East antenna offset (m) 
Vert antenna offset (m): slantjradiusfadded_offset 
Temperature (degrees C) 

Humidity {percent) 
Pressure {millibars) 
Measurement filename (restricted to 24 characters) 

 

Unknown-station 
00 
000000 
4005 
UNKNOWN STATION 

 

parameters 
Receiver identifier used in 11LOGTIMES'i file 
Project station number 
4-character short name 
25-character long name 

504  004  007  ------ 25-character comment field 

0 

) 
 

 

w 83 56 34.06101 
149.5289 

0.0000 
o.oooo 

1.6350 0.1150 
20.0 
50.0 

1010.0 

Position extraction (O=below,1=U-file,2=proj. file 
 

Latitude deg-min-sec (g=good;b=bad) 
E-Longitude deg-min-sec (g=good;b=bad) 
W-Longitude deg-min-sec (g=good;b=bad) 
Ellipsoidal height (m) (g=good;b=bad) 
North antenna offset(m) 
East antenna offset (m) 

0.0000 Vert antenna offset (m): slantfradiusjadded_offset 
Temperature (degrees C) 
Humidity (percent) 
Pressure (millibars) 

U4005A93.084 
Unknown-station 

Measurement filename (restricted to 24 characters) 
parameters 

 

 

 

 

 

 

 

 

 

Figure  D-22.  Output  file, Upper Saginaw River project  (Ashtech)  (Sheet 1 of 5) 
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Run-time parameters 
l 

-l 
20.0 
l 

0.010000 
00 00 00 00 00 00 00 
lO 
00 00 00 00 00 00 00 
yes 
Run-time parameters 

 

First epoch to process 
Final epoch to process (-1 = last available) 
Elevation cutoff angle (degrees) 
Data to process (O=Wdln;l=L1;2=L2;3=Llc;6=RpdSt) 
Convergence criterion (meters) 
Omit these satellites (up to 7) 
Maximum iterations for tlsq and dlsq 
Forbidden reference SVs (up to 7) 
Apply trope delay correction 

 

LINECOMP 4.5.00 12/11/92 
 

FIXED U-File from Ll only receiver. 
UNKWN U-File from Ll only receiver. 

 

FIXED U-File used BROADCAST orbits. 
UNKWN U-File used BROADCAST orbits. 

 

common start of two UFILES: 1993/03/25 18:35:60.00 
Common end  of two UFILES: 1993/03/25 20:32:60.00 

Selected first epoch:  1 
Selected last  epoch:  352 

For SV 11 there are  221 triple-difference measurements. 
For sv 18 there are  351 triple-difference measurements. 
For SV 19 there are  351 triple-difference measurements. 
For SV 27 there are  73 triple-difference meas rements. 
For SV 28 there are  348 triple-difference measurements. 
For SV 29 there are  338 triple-difference measurements. 
Epoch interval (seconds): 20.000000 

 

 

THE TRIPLE DIFFERENCE SOLUTION (L1) 
Measure of geometry: 0.640415 
num meas = 1329  num used = 1323 
Post-Fit Chisq  3459.383 NDF 

 

 

rms resid =  o,002595(m) 
"" 12.250 

 

 

Sigmax (m): 
sigmay (m): 
Sigmaz (m): 
X      y            Z 

X    1.00 
y 0.71y 1.00 
z-Oo40z-0.59z loOO 

0.870234 
00   572256 
00  270963 

 

del station: 0.005074 Oo001394 -0.000650 
-Station!: FIXED STATION  Station2: UNKNOWN STATION 

 

(00000) (1001) (00000) (4005) 
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Prn: 18 Start epoch: 2 End epoch: 352 
Prn: 19 Start epoch: 2  End epoch: 352 
Prn: 27  Start epoch: 280  End epoch: 352 
Prn: 28 start epoch: 5 End epoch: 352 
Prn: 29 start epoch: 2  End epoch: 339 
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Latitude: 
 

43.55907536 

 

43 

 

33 32.67131 
 

43.43379221 
 

43 

 

26 

 

1.65195 

E-Long 276.19226071 276 11 32.13854 
 

276.05720501 
 

276 
 

3 
 

25.93803 

W-Long 83.80773929 
 

83 48 27.86146 
 

83.94279499 
 

83 
 

56 
 

34.06197 

E-Height: 150.7356  149.5416 

Baseline vector: -9839.2603  -10690.9170 -10098.3296 
 

Mark! xyz 
Azl Ell Dl 
El Nl Ul 

Mark2 xyz 
AZ2 EI2 02 

E2   N2  U2 

 

499359.2995 

218.17046 
-10912.4583 

489520.0392 

38.07750 

10935.0401 

 

-4602470.6194 
-0.0834 

-13919.7439 

-4613161.5364 
-0.0757 

13919 0 4351 

 

4372824.2683 

17694.1519 

-1.1940 

4362725.9387 

17694.1519 

1.1940 
 

Double-Difference Epochs: 
Prn: 11 start epoch: 132  End epoch: 352 

 

 

 

 

 

 

 

THE FLOAT DOUBLE DIFFERENCE SOLUTION (L1) 
Measure of geometry: 0.103203  Wavelength 
num meas = 1332  num used=  1317 
Post-Fit Chisq = 42.171  NDF 

 

Reference SV: 18 

 

= 0.190294 (mjcycle) 
rms_resid = 0.004061(m) 

= 12.194 

sv Ambiguity FIT Meas sv Ambiguity FIT Meas 
11 22406589.878£ a. 024 211 19 21161231.999£ 0.018 350 
27 10785453.076£ 0.024 72 28 28836460.832£ 0.022 348 
29 5129536.945£ 0.021 336     

Sigmax (m): 
 

0.015558  

Sigmay (m): 0.010159    
Sigmaz (m): 0.004803    
SigmaN (cy): 0.075992    
SigmaN (cy): 0.018403    
SigmaN (cy): 0.034642    
SigmaN (cy): 0.089934    
SigmaN (cy): 0.033807    
X  y z N  N N N N 

X    1.00 
y  0.72y 1.00 
z-0.5Dz-0.65z  1.00 
N 0.97N 0.72N-0.59N  1.00 
N-0.10N 0.42N-0.05N-0.05N 1.00 
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Mark1_xyz  
 

499359.2995 -4602470.6194 4372824.2683 

Az1 Ell 01  218.17042 -0.0834 17694.1485 

El Nl Ul  -10912.4468 -13919.7486 -1.2084 

Mark2_xyz ! 489520.0498 -4613161.5280 4362725.9254 

 

Bias 518:19 21161232 21161232 21161232 21161232 

Bias 518:27 10785453 10785453 10785453 10785454 

Bias 518:28 28836461 28836462 28836460 28836461 

 

27 10785453.000X 0.053 65 28 2883646l.OOOX 0.025 349 

29 5129537.000X 0.024 338     
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N-0.31N Q,26N-0,05N-0.26N 0.67N 1.00 
N 0.99N 0.76N-0.52N 0.9BN-O.OON-0.24N 1.00 
N 0.89N 0.57N-0.60N  Q.93N-0.11N-0,32N 0.90N 1.00 

 

del station: o.oooooo o.oooooo o.oooooo 
Station!: FIXED STATION Station2: UNKNOWN STATION 

 

 
 

(00000)  
 

(1001) (00000)  (4005) 

Latitude: 43.55907536 43 33 32.67131 43.43379217 43 26  1.65179 

E-Long  :276.19226071 276 11 32.13854  276.05720515 276  3 25.93854 
 

W-Long 83.80773929  83 48 27.86146  83.94279485  83 56 34.06146 
 

E-Height: 150.7356  149.5272 
 

Baseline vector: -9839.2497  -10690.9086  -10098.3429 
 

 

 

 

 

Az2 El2 02  38.07746  -0.0756  17694.1485 

E2 N2 U2  ! 10935.0287  13919.4398  1.2084 
 

 

AMBIGUITY RESOLUTION  

1 2  3  4 

Abs contrast  0.008  0.000  0.000  o.ooo 
contrast  100.000  100.000  100.000 

Change Chi2  38.426  4588.301  4624.842  5296.077 

Bias 518:11  22406590  22406591  22406589  22406590 
 

 

 

Bias 518:29  5129537  5129537  5129537  5129537 
NDF=136.7000  Chi2=42.1709 

 

 

THE FIXED DOUBLE DIFFERENCE SOLUTION (L1) 

Measure of geometry:  0.030142  Wavelength 
num meas = 1332  num used =  1315 

Post-Fit Chisq = 77.434  NDF 

 

= 0.190294 (m/cycle) 
rms resid = 0.005514(m) 

12.176 

 

Reference SV: 18 
sv Ambiguity 

 

 

FIT 
Integer search Ratio = 

Meas sv Ambiguity 

 

100.000 
FIT 

 

 

Meas 
11  22406590.000X 0.031 213  19  21161232.000X 0.029 350 

 

 

 

sigmax (m): 0.002257 
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Sigmay  (m) : 0. 005658 
Sigmaz  (m)  : 0. 004546 

X  Y  Z 

X   1.00 
y 0.19y 1.00 

z 0.12z-0.72z 1.00 
 

del station: o.oooo16 0.000949 -0.000715 
- Station!: FIXED STATION Station2: UNKNOWN STATION 

 

(00000)  (1001) (00000)  (4005) 

Latitude:  43.55907536 43 33 32.67131 43.43379220 43 26  1.65191 

E-Long 276.19226071 276 11 32.13854 276.05720552 276 3 25.93986 

W-Long  : 83.80773929 83 48 27.86146 83.94279448 83 56 34.06014 

 

E-Height: 150.7356 
 

Baseline vector: -9839.2208  -10690.8991 

149.5220 
 

-10098.34·38 

 

Markl xyz  499359.2995 
Azl Ell Dl  218.17035 
El Nl Ul  -10912.4172 
Mark2 xyz  489520.0787 
AZ2 EI2 02  38.07739 
E2 N2 U2  : 10934.9990 
Fri Mar 26 10:39:26 1993 

 

-4602470.6194 
-0.0835 

-13919.7449 
-4613161.5185 

-0.0756 
13919.4360 

 

4372824.2683 
17694.1272 

-1.2136 
4362725.9246 

17694.1272 
1.2136 
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LINE 
1 

FROM 
1001 

TO 
4008 

 

OBJJC 
ox 

-11172.423 
OY 

-14312.145 
OZ 

-13760.192 

LENGTH 

22781.646 

17 4008 4009 0833B -412.530 1492.440 1614.982 2237.348 

14 4007 4009 0833B -313.662 -602.201 -613.237 914.926 
11 4006 4007 OB33A -864.616 -467.386 -388.225 1056.754 

9 4006 4004 0833A 628.445 613.864 569.761 1047.091 
24 4005 4004 0843A 60.920 -445.464 -475.513 654.417 
20 1001 4005 0843A -9839.221 -10690.899 -10098.344 17694.127 

 

STATION  LATITUDE  LONGITUDE  ELEV.  GH 
1001 43 33 32.67152 83 48 27.85821 150.615 0.000 
4008 43 23 18.39708 83 57 49.93702 146.842 0.000 
4009 43 24 30.42613 83 58  1.19491 146.545 0.000 

4007 43 24 57.46166 83 57 44.51670 156.913 0.000 
4006 43 25 14.92267 83 57  4.10971 152.264 0.000 
4004 43 25 40.45135 83 56 33.44979 148.694 0.000 
4005 43 26 1.65131 83 56 34.05326 149.238 0.000 

1001 43 33 32.67072 83 48 27.85454 150.452 0,000 
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PROGRAM SHOOTER 
Input: FILLNET.IN  output: OSJOS4aa.lop 

 

 

STARTING STATION NAME:  1001 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TRAVERSE LENGTH= 46.386 kilometers 
MISCLOSURES  (LAT., LON., ELEV., meters):  -0.025  -0.082  -0.163 

LOOP MISCLOSURE  = 4.0 ppm 
Since geoid heights are not given, the 
computed elevations may be seriously in error. 

 

 

STARTING STATION 
LINE FROM 

NAME: 1002 
TO 

  

OX 
 

OY 

 

OZ 

 
LENGTH 

23 1002 4005 0843A 7853.486 -20463.167 -22275.296 31250.716 

10 4006 4005 0833A 567.529 1059.329 1045.274 1592.754 
12 4006 4007 0833B -864.618 -467.386 -388.229 1056.757 
16 4008 4007 0833B -98.867 2094.641 2228.220 3059.781 
18 4009 4008 0833C 412.552 -1492.436 -1614.997 2237.360 
13 4006 4009 0833B -1178.280 -1069,587 -1001.466 1880.238 

9 4006 4004 0833A 628.445 613.864 569.761 1047.091 
24 4005 4004 0843A 60.920 -445.464 -475.513 654.417 

B 4005 4007 0833A -1432.144 -1526.716 -1433.499 2537.088 
14 4007 4009 0833B -313.662 -602.201 -613.237 914.926 
5 1002 4009 0833C 61070  640 -22591.898 -24322.208 33753.""028 

STATION  LATITUDE.  LONGITUDE  ELEV. GH 
1002 43 42 37.45123 84 00 46.44187 162.300 0.000 
4005 43 26 1.65174 83 56 34.06100 149.529 0,000 
4006 43 25 14.92309 83 57 4.11762 152.555 0.000 
4007 43 24 57.46199 83 57 44.52470 157.201 0.000 
4008 43 23 18.39740 83 57 49.94506 147.130 0.000 

 

 

 

 

 

 

 

 

 

Figure 0·23.  Loop closure, Upper Saginaw River project (Continued) 
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4009 

 

 

43 

 

 

24 

 

 

30.42676 

 

 

83 58 

 

 

1.20394 

 

 

146.844 

 

 

0.000 
4006 43 25 14.92339 83 57 4.11865 152.566 0.000 
4004 43 25 40.45206 83 56 33.45874 148.995 0.000 
4005 43 26 1.65202 83 56 34.06221 149.540 0.000 
4007 43 24 57.46234 83 57 44.52579 157.216 0.000 
4009 43 24 30.42681 83 58 1.20400 146.848 o.ooo 
1002 43 42 37.45140 84 00 46.44218 162.570 0.000 

TRAVERSE LENGTH =  79.984 kilometers 
MISCLOSURES (LAT. I   LON.,  ELEV. ,  meters) : 0.005  0.007  0.270 

LOOP MISCLOSURE  = 3.4 ppm 
Since geoid heights are not given, the 
computed elevations may be seriously in error. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D-23.  (Concluded) 
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FILLNET.IN 

6378137.0  298.2572221 w Y  A  50   y   N  N  N  N 

Fillnet  Input File  083084 FREE  ADJ  43.5  83.9 
1001  43 33 32.67152 083 48 27.85821  150.615 

1 0 
4008  43  23 18.39709  083 57 49.93704  146.842 

2  0 

4009  43  24    30.42636  083 58 1.19634 146.561 
3  0 

FFF 1002  43  42    37.45123  084 0   46.44187  162.300 
4  0 

4004  43  25 40.44276  083 56 33.45850 148.717 
5  0 

4005  43  26 1.64290 083 56  34.06171  149.245 
6  0 

4007 43  24    57.45316  083 57 44.52581  156.933 
7  0 

4006  43  25 14.91409  083 57 4.11839  152.287 
8  0 

* 
24    3  510  510 0.00 o.oo o.oo   0.00 0.00 0.00 0.00 0.00 

4   1001  4006 0833C  -11172.423 -14312.145 -13760.192  610201020 

1 

4 

2 

1001 

 

4009 
 

0833C 
 

-11584.984 

 

-12819.715 
 

-12145.194 
 

610201020 

1 3       
4 1002 1001 0833C 17692.643 -9772.176 -12177.017 610201020 

4 1       
4 1002 4008 0833C 6520.196 -24084.335 -25937.204 610201020 

4 2       
4 1002 4009 0833C 6107.640 -22591.898 -24322.208 610201020 

4 3       
4 4004 4005 0833A -60.916 445.465 475.513  
5 6       
4 4004 4007 0833A -1493.060 -1081.250 -957.986  
5 7       
4 4005 4007 0833A -1432.144 -1526.716 -1433.499  
6 7       
4 4006 4004 0833A 628.445 613.864 569.761  
8 5       
4 4006 4005 0833A 567.529 1059.329 1045.274  
8 6       
4 4006 4007 0833A -864.616 -467.386 -388.225  
8 7       
4 4006 4007 08338 -864.618 -467.386 -388.229  
8 7       
4 4006 4009 08338 -1178.280 -1069.587 -1001.466  
8 3       
4 4007 4009 08338 -313.662 -602.201 -613.237  
7 3       
4 4008 4006 08338 765.751 2562.026 2616.450  
2 8       
4 4008 4007 08338 -98.867 2094.641 2228.220  
2 7       
4 4008 4009 08338 -412.530 1492.440 1614.982  
2 3       
4 4009 4008 0833C 412.552 -1492.436 -1614.997  
3 2       
4 1001 4004 0843A -9778.301 -11136.364 -10573.856  

 

Figure D-24. Input file for free adjustment, Upper Saginaw River project (Continued) 
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FILLNET.IN 
 

1 5  

4 1001 4005 0843A -9839.221 -10690.899 -10098.3-44 

1 6      
4 1002 1001 0843A 17692.725 -9772.257 -12176.953 

4 1      
4 1002 4004 0843A 7914.403 -20908.632 -22750.807 
4 5      
4 1002 4005 0843A 7853.486 -20463.167 -22275.296 
4 6      
4 4005 4004 0843A 60.920 -445.464 -475.513 

6 5      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  D-24.  (Concluded) 
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PROGRAM FILLNET, Version J.o.oo 
LICENSED TO: ASHTECH INC- 

 

 

Fillnet Input File  083084 CONSTRAINED  43.5  83.9 
 

a  6378137.000 1/f = 298.2572221  w Longitude positive WE 
ST 

 

PRELIMINARY COORDINATES: 
LAT. LON. ELEV. G.H. CON 

STR. 
 

 

1 FF 
 

1001 
 

43 
 

33 
 

32.66675 
 

83 
 

48 
 

27 .. 86095 
 

150.615 
 

0.000 
2  4008 43 23 18.39709 83 57 49.93704 146.842 0.000 
3  4009 43 24 30.42636 83 58 1.19634 146.561 0.000 
4 FFF 1002 43 42 37.45123  84  0 46.44187  162.300 0.000 
5  4004 43 25 40.44276 83 56 33.45850 148.717 0.000 
6  4005 43 26 1.64290 83 56 34.06171 149.245 o.ooo 
7  4007 43 24 57.45316 83 57 44.52581 156.933 0.000 
8  4006 43 25 14.91409 83 57  4.11839 152.287 o.ooo 

GROUP 1, NO. OF VECTORS AND BIAS CONSTRAINTS: 
 

24  o.ooo 0.001 o.ooo 0.001  o.ooo 0.000 0.000  0.000 
 

VECTORS: 

ox DY DZ  LENGTH ERROR CODES 
 

1001 4008  -11172.423 -14312.145 -13760.. 192  22781.646 6102.0  102. 
0 4 
1001  4009  -11584.984 -12819.715 -12145.194  21120.196  6102.0 102. 
0  4 
1002  1001  17692.643  -9772.176 -12177.017  23596.711  6102.0 102. 

0  4 
1002  4008  6520.196  -24084.335 -25937.204 35990.370  6102.0 102. 
0 4 
1002  4009  6107.640  -22591.898 -24322.208  33753.028  6102.0 102. 
0  4 

4004 4005  -60.916  445.465  475.513 654.418  3 51.0 51. 
0  4 
4004  4007 -1493.060  -1081.250  -957.986  2077.515  3 51.0  51. 
0  4 
4005  4007  -1432.144  -1526.716 -1433.499  2537.088 3 51.0  51. 
0 4 
4006  4004  628.445  613.864  569.761 1047.091  3 51.0  51. 
0 4 
4006  4005  567.529  1059.329  1045.274  1592.754  3 51.0  51- 
0  4 
4006  4007  -864.616  -467.386  -388.225  1056.754  3 51.0  51- 
0  4 

 

 

 

Figure 0·25.  Results of constrained adjustment, Upper Saginaw River project (Sheet 1 of 6) 
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4006 
 

4007 
 

-864.618 
 

-467.386 
 

-388.229 
 

1056.757  3 51.0 51. 
0  4         

4006 4009 -1178.280 -1069.587 -1001.466 1880.238 3 51.0 51. 
0  4         

4007 4009 -313.662 -602.201 -613.237 914.926 3 51.0 51. 
0 4         
4008 4006 765.751 2562.026 2616.450 3741.145 3 51.0 51. 
0 4         

4008 4007 -98.867 2094.641 2228.220 3059.781 3 51.0 51. 
0 4         

4008 4009 -412.530 1492.440 1614.982 2237.348 3 51.0 51. 
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0 4 
4009  4008  412.552  -1492.436  -1614.997  2237.360  3 51.0  51. 
0  4 
1001  4004  -9778.301 -11136-364 -10573.856  18205.499  3 51.0  51. 
0 4 
1001  4005 -9839.221 -10690.899  -10098.344  17694.127  3 51.0  51. 
0 4 
1002  1001 17692-725  -9772.257 -12176.953  23596.773  3 51.0  51. 
0 4 
1002  4004  7914.403  -20908.632 -22750.807  31896.832  3 51.0  51. 

0  4 
1002  4005 7853.486 -20463.167  -22275.296  31250.716  3 51.0  51. 
0 4 
4005  4004  60.920 -445.464  -475.513  654.417  3 51.0  51. 
0  4 

 

SHIFTS: 
1 0.000  0.000  0.102 
2  -0.190  -0.260  0.238 
3  -0.181  -0.230  0.226 
4  o.ooo  0.000  0.000 

5  0.097 -0.045  0.222 
6 0.095  -0.047  0.238 
7 0.091  -0.049  0.223 
8 0.095  -0.051  0.222 

 

ADJUSTED VECTORS, GROUP 1: 

DX,DY,DZ  v DN,DE,DU  v  v' 
 

1001 4008  0833C  -11172.608 -0-063  -18960.149 0.017 0.3 
-14312.293  -0.093  -12630.231  -0.073  -1.1 
-13760.130 0.105  -10.059  0.135 2-0 

 

1001  4009 0833C  -11585.141  -0.039  -16736.980  0.014  0.2 
-1 819.845  -0.085  -12881.834  -0.048  -o.s 
-12145.133  0.095  -6.620  0.124 2.0 

 

1002  1001  0833C  17692.745  0.058  -16815.857  -0.014  -0.2 
-9772.339 -0.070  16554.120  0.051  0.7 

-12177.068  0.052  30.106  0.090  1.3 
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1002 
 

4008 
 

0833C 
 

6520.137 
 

0.019 
 

-35776.006 
 

0.007 

 

0.1 

   -24084.632 -0-149 3923.889 0.003 0.0 

   -25937.198 0.152 20.048 0.214 2.1 

1002 
 

4009 
 

0833C 
 

6107.605 
 

0.038 
 

-33552.837 o.ooo 
 

0.0 

   -22592.184 -0.148 3672-286 0.022 0.2 

   -24322.201 0.144 23.486 0.208 2.2 

4004 4005 0833A -60.916 
445.467 

-0.001 
-0.000 

 

654.286 
-13.234 

 

-0.000 
-0.001 

-o.o 
-0.2 

475.516  0.000  1.327  0.000  0.0 

4004 4007 0833A -1493.074 
-1081.252 
-957.990 

-0.001 
0.001 

-0.002 

 

-1325.757 
-1599.518 

5.347 

 

-0.001 
-0.001 
-0.002 

 

-0.2 
-0.2 
-0.3 

 

4005 
 

4007 
 

0833A 
 

-1432.158 
-1526.719 
-1433.505 

o.ooo 
0.002 
-0.002 

 

-1980.043 
-1586.285 

4.020 

 

-0.000 

0.000 
-0·. 003 

-o.o 
0.0 

-0.4 
 

4006 
 

4004 
 

0833A 
 

628.451 -o.ooo 
 

787.486 
 

-0.000 
 

-0.1 

   613.865 -0.001 690.124 -0.000 -0.1 

   569.763 0.000 -2.121 0.001 0.1 

4006 4005 0833A 567.535 -0.002 
 

1441.772 
 

-0.000 
 

-0.1 

   1059.333 -0.001 676.890 -0.002 -0.3 

   1045.278 0.000 -0.794 0.001 0.1 

4006 4007 0833A -864.623 
-467.387 
-388.227 

-0.001 
0.000 

-0.002 

 

-538.271 
-909.394 

3.227 

 

-0.001 
-0.001 
-0.002 

 

-0.3 
-0.1 
-0.2 

4006 4007 08338 -864.623 
 

0.001 
 

-538.271 
 

0.001 
 

0.3 

   -467.387 0.000 -909.394 0.001 0.2 

   -388.227 0.002 3.227 0.001 0.2 

4006 4009 08338 -1178.293 
-1069.590 

 

-0.003 

0.001 

 

-1372.338 
-1285.281 

 

0.002 

-0.002 

 

0.3 
-0.3 

   -1001.467 0.001 -8.729 0.000 0.0 

4007 
 

4009 08338 
 

-313.670 
-602.203 
-613.240 

 

-0.004 

0.001 
-o.ooo 

 

-834.066 
-375.887 
-11.955 

o.ooo 
-0.004 
-0.001 

 

0.1 
-0.5 
-0.1 

4008 4006 08338 
 

765.761 -0.006 
 

3595.507 
 

0.001 
 

0.2 

   2562.037 -0.001 1033.678 -0.006 -0.7 

   2616.464 0.002 12.167 0.002 0.2 

4008 4007 08338 -98.862 -0.004 
 

3057.236 
 

0.003 
 

0.4 

   2094.651 -0.002 124.284 -0.005 -0.6 
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2228.237 

 

0.005 
 

15.393 
 

0.005 

 

0.6 

 

4008 
 

4009 
 

0833B 
 

-412.532 -0.007 
 

2223.169 0.004 0.7 

   1492.448 -0.002 -251.603 -0.007 -1.0 

   1614-997 0.006 3.438 0.004 0.6 

 

4009 
 

4008 
 

0833C 
 

412.532 -0.015 -2223.169 0.006 1.2 

   -1492.448 -0.002 251.603 -0.015 -1.9 

   -1614.997 0.009 -3.438 0.007 0.9 

 

1001 
 

4004 
 

0843A 
 

-9778.397 
 

0.005 
 

-14577.156 -0.004 -0.1 

   -11136.390 0.014 -10906.429 0.006 0.2 

   -10573.904 -0.017 -0.012 -0.022 -0.8 

 

1001 
 

4005 
 

0843A 
 

-9839.312 
 

0.007 -13922.870 -0.003 -0.1 

   -10690.923 0.013 -10919.663 0.009 0.3 

   -10098.389 -0.016 1.314 -0.020 -0.8 

 

1002 
 

1001 
 

0843A 
 

17692.745 
 

-0.024 -16815.857 0.001 0.0 

   -9772.339 0.011 16554.120 -0.022 -0.7 

   -12177.068 -0.012 30.106 -0.019 -0.5 
 

1002  4004 0843A 7914.349  0.002  -31393.013  0.001 o.o 
   -20908.729 0.036 5647.691 0.006 0.1 

   -22750.972 -0.032 30.094 -0.048 -1.0 

 

1002 
 

4005 
 

0843A 
 

7853.433 
 

0.002 
 

-30738.727 0.003 0.1 

   -20463.262 0.036 5634.457 0.005 0.1 

   -22275.456 -0.030 31.421 -0,046 -1.0 

 

4005 
 

4004 
 

0843A 
 

60.916 
 

-0.003 
 

-654.286 -o.ooo 
 

-0.1 

   -445.467 -0.001 13.234 -0.003 -0.4 

   -475.516 -0.000 -1.327 0.000 0.0 

 

S.E. 
 

OF UNIT 
 

WEIGHT 
 

0.843     

 

NUMBER OF - 
OBS. EQUATIONS  74 
UNKNOWNS  23 
DEGREES OF FREEDOM  51 
ITERATIONS  0 

 

 
 

GROUP  1 ROT. ANGLES (sec. ) 
 

AND SCA 
 

LE DIFF. (ppm)  : 

 

HOR. SYSTEM 0.000 
 

0.000 0.657 5.277 

STD. ERRORS 0.001 0.001 0.166 0.804 

XYZ SYSTEM 0.051 -0.473 0.452  

ADJUSTED POSITIONS:     
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(m) 

LAT.  LON. ELEV.  STD. ERRORS 
 

 

1 1001  43 33 32.66675 83 48 27.86095 1.50.717 0.000  0.000  o. 
019 

2  4008 43 23 18.39093 83 57 49.94860 147.080 0.024 0.024 o. 
019 

3  4009  43 24 30.42050 83 58  1-20657  146.787 0.022 0.023 o. 
019 

4 1002  43 42 37.45123  84  0 46.44187  162.300 0.000 0.000 o. 
000 

5 4004  43 25 40.44591  83 56 33.46051  148.939 0.020 0.020 o. 
019 

6 4005  43 26  1-64599  83 56 34-06378  149.483 0.020 0.020 0- 
019 

7 4007  43 24 57.45612  83 57 44.52799 157.156 0.022  0.022  0. 
019 

8 4006  43 25 14.91718 83 57  4.12068 152.509 0.021  0.021  0. 
019 

 

ACCURACIES  (m)  :  

D. LAT. D. LON.  VERT. 
 

1001  4008  0.024  0.024  0.014 
1001  4009  0.022  0.023  0.014 
1002  1001  0.000  0.000  0.019 
1002  4008  0.024  0.024  0.019 

1002  4009  o.022 0.023  0.019 
4004 4005 0.002  0.004 0.004 

4004  4007 0.003  0.004 0.004 

4005  4007  0.003  0.004  0.004 
4006  4004  0.003  0.004  0.004 
4006  4005  0.003  0.004  0.004 
4006 4007 0.002  0.003  0.003 

4006  4007  0.002  0.003 0.003 

4006  4009  0.003  0.004 0.004 

4007  4009  0.003  0.004  0.004 

4008  4006  0.004  0.005  0.004 
4008  4007  0.004  0.005  0.004 
4008  4009  0.003  0.004 0.004 
4009  4008 0.003  0.004 0.004 
1001 4004  0.020  0.020  0.014 
1001 4005  0.020 0.020  0.014 

1002  1001  0.000  0.000  0.019 

1002  4004 0.020  0.020  0.019 

1002  4005  0.020  0.020  0.019 

4005  4004  0.002  0.004  0.004 
 

 

***************************************************************** 
****  **** 
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of the vectors in the network at 1 SIGMA.  •••••
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****  ESTIMATES OF PRECISION **** 
****  **** 
****  Based on  the VECTOR ACCURACIES produced by  **** 
****  FILLNET **** 
****  **** 
****  This is a reasonable estimate of the accuracies  **** 
**** 
****  **** 
***************************************************************** 

 

VECTOR  LENGTH  PPM(h)  RATIO(h)  PPM(v)  RATIO(V) 
 

1001 4008 22781-793 1-5 1: 671215 0.6 1: 1627271 

1001 4009 21120.326 1-5 1: 663584 0.7 1: 1508595 
1002 1001 23596.882 0.0 1: 0 o.8 1: 1241941 
1002 4008 35990.553 0.9 1: 1060382 0.5 1: 1894240 
1002 4009 33753.209 0.9 1: 1060499 0.6 1: 1776485 
4004 4005 654.421 6.8 1: 146333 6.1 1: 163605 
4004 4007 2077.527 2.4 1: 415504 1-9 1: 519382 
4005 4007 2537.102 2.0 1: 507420 1-6 1:. 634275 

4006 4004 1047.096 4.8 1: 209419 3.8 1: 261774 

4006 4005 1592.761 3.1 1: 318552 2.5 1: 398190 

4006 4007 1056.761 3.4 1: 293091 2.8 1: 352254 
4006 4007 1056.761 3.4 1: 293091 2.8 1: 352254 
4006 4009 1880.249 2.7 1: 376046 2.1 1: 470062 
4007 4009 914.932 5.5 1: 182971 4.4 1: 228733 

4008 4006 3741.164 1-7 1: 584269 1-1 1: 935291 
4008 4007 3059.800 2.1 1: 477854 1-3 1: 764950 
4008 4009 2237.364 2.2 1: 447472 1-8 1: 559341 
4009 4008 2237.364 2.2 1: 447472 1-8 1: 559341 

1001 4004 18205.594 1-6 1: 643665 0.8 1: 1300400 
1001 4005 17694.218 1-6 1: 625585 o.8 1: 126'3873 
1002 1001 23596.882 0.0 1: 0 0.8 1: 1241941 
1002 4004 31897.000 0.9 1: 1127729 0.6 1: 1678789 
1002 4005 31250.879 0.9 1: 1104885 0.6 1: 1644783 
4005 4004 654.421 6.8 1: 146333 6.1 1: 163605 
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4008 WICKS ,13230401.67183. 688469-29439 
4009 RUST ,13229535.79827, 695757.90291 
1002 PARRISH ,13216876.80162, 805765.50958 
4004 HOYT ,13235976.88650, 702879.28348 
4005 GENESSEE ,13235921.56530, 705025.46304 
4007 EWALD ,13230753.74995, 698500.99009 
4006 HOLLAND ,13233727.24329, 700283.34945 
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083084C.SPC 

;Software: CORPSCON vJ.Ol, Agency: CORPS OF ENGINEERS SAGINAW 
;Project: UPPER SAGINAW MAPPING, 
;original Coordinates on NAD 83 Geographic Coordinates 
;Translated Coordinates on NAO 83 State Plane Zone 2113,U.S. FOOT 

 

1001. JONAS ,13271491..47735, 750899.10875 
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Figure D-26.  CORPSCON file, Upper Saginaw River project 
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WATER ST. TO REACH STATION FROM I-675, TAKE WASHINGTON ST. •• 

·-, Y.-·-- 
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U.S.  ARMY ENGINEER DISTRICT   - DETROIT 

 

 

 

 

 

 

------- ------- 

m 
)>S 
0 

., 

"'"' ' 
GENERAL INFORMATION BORI20NTAL HORIZONTAL ORIGIN VERTICAL feet meters 

 

designation: HOYT  datun:   NAD83   agency:   OS ACE   !GLD 1955:  0.000  o.ooo 
reference no.  SAG-0613    lat:  4JG 25'40.44591   N   order:   !GLD 1985:  0.000  0.000 

len:  836  56'33,46051R w date: 03/23/93 NAVD  1988: 0.000  0.000 

project: SAGINAW RIVER     method:  GPS  NGVD  1929: 0.000  0.000 

channel/reach:   UPPER y,  0.00 m (N)  set by:  HENRY  pt. source: 
sheet  no. x. 0.00  m (E) 

USGS   Quad: SAGINAW Point Soul;"ce: geoid. hgt: 0.000  0.000 

NOAA' chart:  14867 y,  702,879.28   ft '(US)   N 

x. 13,235,976.89  ft (US) E JONAS 1932 

community: SAGINAW  PARRISH  PROPERXY  OWNER 

county: SAGINAW  state:  MICHIGAN firr.J: 

state:   MICHIGAN projection:   LAMBERT  P.O.C.  RIVER  i'i'ALK 

Township/Range   T.12N R.04E zone: 5 MOST RECENT RECOVERY telephone: 

section: 24  code: 2113 03/23/93    NEW access: car, boat 

 

)t \('>t·  t >f'-·  -f</v-<Y ...u.,.lk:   Si n
 

0 

1;l 

DESCRIPTION SKETCH 
,1::       O(f.'<  "'··· 

STATION HOYT IS A BRASS DISK SET IN A SIX-INCH-OIA. CONCRETE I ·  ·- I 

MONUMENT FLUSH WITH THE GROUND. STATION IS 14.55 FT. SOOTH- ·,......,o  .. P  ¥ 
 

WEST OF POST AT THE SOUTHWEST CORNER OF THE PARKING LOT. ' ,,( ,_.,  ..  

. I  • ,./,&_f.;-hJ  h' r' 

STATION IS ON THE EAST SIDE OF THE SAGINAW RIVER BETWEEN {JYI".[<"r'<J ··--  .? !._ .. 

THOMPSON ST, AND HOYT ST. ANO ON THE WEST SIDE OF SOUTH 
-  -  j \"•"'· h'o,f-

 

SOUTH TO HOYT ST., TURN RIGHT ON HOYT AND GO TO SOUTH WATER
 

 

ST.• TURN RIGHT ON SOUTH WATER ST. AND PARKING LOT FOR -! ,_ 

RIVER WALK IS ON YOUR LEFT SIDE. 1 [-_<::' /_k_ \\3/.;:D:d 
N 

F'i<:>hi 6 Pl.t<..+-f:"o'f'm 

'"'lie)   /.l•"d  R.... il 

     ...flow 6D-5 i11A"-' f{ •' vc..'r 
 

"''SAG-0613 SURVEY CONTROLDATA 
Desig: 

I HOYT 
 

Office of Record: Saginaw Area Office Printed on  11/04/93 

 

 

 

Figure D-27.  Descriptions of Stations Hoyt, Wickes, Eward, Rust, Holland, and Genesee {Sheet 1 of 6) 
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WICKS PARK.  TO REACH STATION FROM THE INTERSECTION OF M-13  \h>· 

"' 

 

 

 

 

U.S. ARMY ENGINEER DISTRICT- OETROI'r 

GENERAL INFORMATION  HORIZONTAL  HORIZONTAL ORIGIN  VERTICAL  feet  meters 

designation:   WICKES   datum:  NAD83   agency:  UsACE   IGLD 1955:   0.000   0.000 

referenel!! no.  SAG-0610  lat:  43° 23'18.39093•  N  order:  IGLO 1985:  0.000  0.000 

len: 83° 57'49.94860• w date:  03/23/93  NAVD 1988:  0.000  o.ooo 
project:  SAGINAW RIVER  method:  G?S  NGVD 1929:  0.000  o.ooo 
ehannelJreach:   UPPER  y, 0.00  m  (N)  set by:  D. HENRY  pt. source: 

sheet no.  0.00  m (E) 

USGS Quad:  SAGINAW  Point Source:  geoid. hgt:  0.000  0.000 

y,
 

NOAA chart:  14867 688,469.29  ft (OS) N 

x, 13, 30,401.67 ft (US) E  JONAS 1932 

community:  SAGINAW  PARRISH  PROPER'rY OWNER 

county:  SAGINAW  state:  MICHIGAN  firm: 

state:  MICHIGAN  projection:  LAMBERT   P.o.c. WICKS PARK 

Township/Range   T.l2N R.04E  zone:  s  MOS'r RECEN'r RECOVERY  telephone: 

section:  25  code:  113  03/23/93  NEW  access: car, boat 
 

 

 
DESCRIPTION  SKETCH 

o,.ppn b-a..  cf  Sa.sir.aw 

STATION WICKES IS AN ALUM. DISK IN A SIX-INCH-DIA. CONCRETE                    ':<:::q-                                                              
River- 

MONUMENT FLUSH WITH THE GROUND SURFACE. STATION IS AT THE                                
.    

-·   .-::::;::?-. '("    
....,.......,. .. ...,....._ 

VERY UPPER END OF THE SAGINAW RIVER ON THE EAST SIDE IN                                
c.,<  sh>... c.     ;e,,.  

""' 
w :ok<O 

(WASHINGTON) AND I-675, GO SOUTH ON M-13 UNTIL YOU REACH            

p/1'
 

 

WICKS PARK DRIVE, TURN RIGHT AND GO TO THE RIVER. STATION 

IS AT THE PARKING AREA WHERE WICKS PARX DRIVE TURNS TO THE  
v

 

NORTH.  """;Jh   (,Y
 

••S.>o '  t(' ,.,, 

y/,
• fo-

·
"'

· ' r.
,v

 
 

s}I'<J\T' 
Jt)' ..,.-.·  

 

y..· ,,.. 
P."' 

 

 

 

 

'-"'........ \ .' 
 

Rof    #. SAG-0610  SURVEY CONTROL DATA  
Desir;:  

WICKES 
m
s 

Office of Record•  Saginaw  rea Office  Printed on 11f04j93 
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GENERAL  INFORMATION 

 

 

 

U.S,  ARMY ENGINEER  DISTRit:r  - DE'J:ROIT 

HORIZONTAL I  BORIZON:L'AL  ORIGIN 

 

 

 

 

 

 

VERTICAL feet  meters 

 

m 
)>S 

., 
 

' 
0 

designation:  EWALD
 

datum:
 
NAD83

 
agency: USAcE

 
IGLD  1955: o.ooo 0.000  

0 

 

reference no.  SAG-0611 
 

lato  43G 24'57.4S612R N  order: IGLn 1985:  0.000  0.000  "' 
 

project: SAGINAW RIVER 

 

sheet  no. 

lon: SJG 57'44.52799R w 

X•  0.00 m  ,.,
 I data:   03/23/93 

method: GPS 

NAVD 1988: o.ooo 0.000 

NGVD 1929: 0.000  o.ooo 

USGS Quad: SAGINAW I Point Sources 

channel/reach: UPPER y,  0.00 m (N) set  by: D.  HENRY pt. source: 
NOAA  chart: 14867 y, 698,500.99  ft .(OS)   N 

geoid. hgt: 0.000  0.000 

 

community: SAGINAW 

x. 13,230,753.75 ft (US)  E   I JONAS 1932 

PARRISH 

 
PROPERn ONNER 

county: SAGINAW state: MICHIGAN fir1ol.; 

state:  MICHIGAN 

Township/Range  T.12N R.04E 

projection: LAMBERT 
zone: s 

 
MOST  R£CEin'   RECOVERY 

P.O.C. ON BRIDGE 
telephone; 

section: 26 code: 2113 03/23/93   NEW access: ,  hike 
 

 

 

DESCRIPTION 

STATION EWALD IS A BRASS DISK SET INTO A CONCRETE SIOEW X 

ON THE UPSTREAM SIDE OF THE COURT STREET BRIDGE OVER THE 

SAGINAW RIVER IN THE CITY OF SAGINAW. STATION IS 475 FT. 

(+-) WEST TO SOUTH HAMILTON STREET FROM STATION. STATION 

IS AT THE FIRST OBSERVATION PLATFORM FROM THE WEST SIDE OF 

SI<ETCJI  
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e....j.   £3t:..nd 

 

 

 

 

 

ft,._.t;:.q,·.::. 

 

 

 

 

 

•• C.•«r""   +re:.:- 

THE BRIDGE.  TO REACH COURT STREET BRIDGE FROM I-675, TAkE t    
M-13 (WASHINGTON) SOUTH TO RUST DRIVE, TORN RIGHT AND IT 

"' (.AJqlk      o n· Srid-Jt: G:f,r.5'M E"'ALO
 

TAKES YOU ACROSS THE COURT STREET BRIDGE AND STREET TURNS 

INTO·COURT STREET. 
'No Ho,.  ••·' ·  . (
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< "'  s f'..,,. 
LEE STREET, GO EAST TO RIVER AND RUST AVE. BOAT LAUNCH IS AT 

" I c.,... c::Jc .. l ..'{  r -' '( 

A BOAT LAUNCH RAMP (RUST AVE. BOAT LAUNCH) OWNED BY THE CITY t :l ' OF SAGINAW.  TO REACH STATION FROM THE RUST STREET BRIDGE 
7 "' 

.
t

I

c  '

 

 

 

 

U.S. ARMY ENGINEER DISTRICT - DETROIT 

 

GENERAL INFORMATION  HORIZONTAL  HORIZONTAL ORIGIN  lll!liXICAL feet meters 

------- ------- 
designation:  RUST  datum:  NAD83  agency: USACE  IGLD 1955:  0.000 0.000 

reference no.  SAG-0612   lat:  43° 24'30.42050ft N  order:   lGLD 1985:  0.000 0.000 
lon:  83• 58' 1.20657 w date:  03/23/93  NAVD 1988:  0.000  0.000 

project:  SAGINAW RIVER     method:  GPS  NGVD 1929:  0.000  0.000 

channel/reach:  UPPER  y,  0.00 m (N)  set by: D. HENRY pt. source: 

sheet no.  Xo 0.00  m (E) 

USGS Quad:  SAGINAW  Point Sources geoid. hgt:  0.000  0.000 

NOAA chart:  14867  y,  6 5,757.90  ft (US) N 

Xo 13,229,535.80 ft {US) E  JONAS 1932 

community:  SAGINAW  PARRISH  PROP&Rn OWNER 

county:  SAGINAW   state: MICHIGAN    firt:P.:   SAGINAW 

state: MICHIGAN  projection:  LAMBERT   P.o.c. BOAT LAUNCH 

Township/Range  T.12N R.04E   zone:  s MOST RECENT RECOVERY  telephone: 

section:  26 code:  2113  03/23/93 NEW access: car, boat 

 

 

 

DESCJUP'I'ION SKETCH 

STATION IS A BRASS DISK SET IN CONCRETE ON THE NORTH SIDE OF  "  I 
 

(M-46) OVER THE SAGINAW RIVER, TAKE SOUTH HAMILTON SOUTH TO  .  .'('·(} 

 

THE END OF THE STREET,  NOTE:  THERE ARE TWO SIGNS DIRECTING 

YOU TO THE BOAT LAUNCH, LEE ST. & SOUTH HAMILTON, AND ONE  tQ" :r;,y-odT 

NEAR THE BRIDGE ON THE WEST SIDE OF THE RIVER.  f;,• 

-t1 
> .  ...,. 

 

·"'p 
 

:51-e..l 

v·,.,.,.,.! 
;I 
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Ref  I SAG-0612 SURVEY CONTROLDATA  
Desig: 

RUST 
 

Office of Record: Saginaw rea Office  Printed on 11/04/93 
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GENERAL   INFORMATION 

 

 

 

 

 
HORIZONTAL 

 

 

 
U.S. ARMY ENGINEER  DlSXRICT- DE'XROIT 

 
HORIZONTAL ORIGIN 

 

 

 

 

 
feet  meters 

------- ------- 

m 
>5 
c 
cc 
 

"'0 
.!. 
' 

g 
designation:  HOLLAND 

reference no. SAG-0608 

 

project:  SAGINAW RIVER 

datum:     NAD83 

lat:  43° 25'14.91718 N 

lon: 83° 57' 4.12068" w 

agency: tl'SACE 

order: 

date: 03/23/93 

method.:  GPS 

IGLO 1955:  0.000  0.000 

IGLD 1985:  0.000  0.000 

NAVD 1988:  0.000  0.000 

NGVD 1929:  0.000  0.000 

'"' 

channel/reach: 

sheet  no. 

UPPER Y: 0.00   m (N) 

X: 0.00   m  (E) 

set by: O.HENRY pt.  source: 

USGS Quad: 

NOAA  chart: 

SAGINAW 

14867 

 

Y:  700,283.35 ft (US) N 

X:  13,233,727.24 ft (US) E 

Point  Souree: 

 

JONAS    1932 

geoid.. hgt:  0.000  0.000 

community: SAGINAW 
county:  SAGINAW 

state:  MICHIGAN 

 

state:  MICHIGAN 
projection: LAMBERT 

PARRISH PROPERTY  OWNER 

firm: 

P.o.c. 
Township/Range 

section: 

T.l2N  R.04E 

25 

zone: S 

code:  2113 

MOST RECENT RECOVERY 

03/23/93  NEW 

1
 

telephone: 

access: , hike 

DESCRIPTION 

STATION HOLLAND IS A STANDARD BRASS DISK SET INTO A CONCRETE 

WALK ON THE UPSTREAM SIDE OF THE HOLLAND AVE. BRIDGE OVER 

THE SAGINAW RIVER.  STATION IS ON THE EAST-BOUND SIDE OF 

SAID FOUR-LANE BRIDGE.  REMINGTON ST. GOES TO THE WEST 

ACROSS THE BRIDGE AND HOLLAND ST. GOES TO THE EAST ACROSS 

THE BRIDGE. 

SKETCH  
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, ,l _/  I
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i  J., ri_ I 

I '< '.f 
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/14,     ,.. 
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Ref # 

SAG-0608 SURVEY CONTROL DATA 
Desig: 

HOLLAND 
 Office of Record:  



Saginaw  ea Office  

Printed an 11j04j93 
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tJ,S, ARMY ENGINEER DISTRICT- DETROI'r 

GENERAL INFORMA'XIOH BORIZON'XAL BORIZOORIGIN "'""'ICAI. feet meters 

designation: GENESEE   datum: NAOS3   agency: USACE   !GLD 1955:   0.000   0.000 
reference no. SAG-0609  lat:  43° 26. 1.64599" N order: IGLD 1985:  o.ooo 0.000 

lon:  93• 56'34.06378 w date: 03/23/93 NAVD 1988:  o.ooa 0.000 

project:  SAGINAW RIVER  method: GPS  NGVD 1929: 0.000  o.ooo 
channel/reach: UPPER y,  o.oo m    (N) set by: D. HENRY pt. source: 

sheet no.  X< o.oo m  (E) 

USGS Quad:  SAGINAW Point Source:  geoid. hgt:  0.000  o.oao 
NOAA chart: 14867  y,  705,025.46 ft (US) N 

X< 13,235,921.57 ft (US) E  .JONAS 1932 

community: SAGINAW PARRISH PROPERXY OWNER 

county: SAGINAW  state: MICHIGAN fire : 
state: MICHIGAN projection: LAMBERT   P.O.C. 
Township/Range T.llN R.04E   zone: s   MOS'r RECENT RECOVERY  telephone: 

section:  2  code:  2113 03/23/93 NEW access: car, boat 

 

 

 

 

 

H NIAGARA. STATION IS 100 FT. WEST OF THE GENESEE STREET 

+   -· .:I

 

DESCRIPTION  SKETCH 

STATION GENESEE IS A STANDARD BRASS DISK SET IN CONCRETE AT 

THE SOUTHEAST CORNER OF THE INTERSECTION OF WEST GENESEE & 

BRIDGE OVER THE SAGINAW RIVER AND 50 FT. EAST OF NORTH t. .
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Appendix E 
Horn Lake, Mississippi, Stop-and-Go GPS 
Survey 

 

 

 

E-1.  General 

 

In geographical areas with minimal obstruction of the sky, 

such as farming areas, along levees and open roads, stop- 

and-go GPS surveying can be a very effective and effi- 

cient method of establishing 2D and/or 3D project control. 

Stop-and-go surveying can be used to establish horizontal 

control for topographic and hydrographic surveys as well 

as 3D ground control for photogrammetric surveys. 

E-2.  Project Description 
 

This example survey was conducted by the Memphis Dis- 

trict in the vicinity of Horn Lake, Mississippi, approxi- 

mately 15 miles south of downtown Memphis, Tennessee. 

A  diagram  of  the  project  area  is  shown  in  Figure  E-1. 

The  project  consisted  of  establishing  3D  positions  on  a 

total of 23 photo control points. 

 

E-3.  Planning Phase 
 

An initial search was performed to locate existing NGRS 

and  USACE  horizontal  and  vertical  control  within  a 

10-km  radius  of  the  center  of  the  project  area.    It  is 

important to note that the marks chosen to be occupied by 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure E-1.  Horn Lake Project diagram 
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the  reference  receiver(s)  should  be  totally  unobstructed. 

A momentary loss of lock (cycle slip) on one or more 

satellites by the reference receiver(s) could make it impos- 

sible to process some or all of the data obtained by the 

roving receiver(s). 

 

a.    Three NGRS horizontal and/or 3D control marks 

were recovered near the project area; however, due to 

obstructions  at  two  of  the  sites,  only  the  3D  mark 

USC&GS HUDGINS 1959 was suitable as a reference 

station.  Preplanning analysis indicated a minimum of two 

reference stations were needed to economically obtain the 

required number of independent baseline measurements to 

each photo control point.  Therefore, to meet this require- 

ment, a pair of intervisible Type A monuments, as defined 

in EM 1110-1-1002, were installed near the southern limit 

of the project area with one of the sites (P-13-2-89) being 

totally free of obstructions greater than 15 degrees above 

the horizon.   Initially, a static GPS survey was performed 

to establish horizontal positions on the two Type A monu- 

ments.   A diagram of the initial horizontal control survey 

is shown in Figure E-2.   Refer to the example surveys in 

Appendix D for details on performing a static horizontal 

control survey.   Figure E-3 shows a partial output of the 

GEOLAB minimally constrained adjustment of the static 

baselines  observed.    A  review  of  the  GEOLAB  adjust- 

ment output reveals the following: 

(1)  As shown the 2D and 1D station major semi-axis 

and minor semi-axis are at or less than the few-centimeter 

level. 

 

(2) The 2D and 1D relative error ellipses between 

survey points are at or less than the few-centimeter level. 

 

(3) The estimated variance factor in the statistics 

summary is low (close to a value of 1).   Further analysis 

of the GEOLAB output in Figure E-3 indicates that the 

adjustment is very acceptable and that the adjusted posi- 

tions of the two Type A monuments will be more than 

adequate for use as horizonal control for the stop-and-go 

survey.    Reference  stations  USC&GS  HUDGINS  1959 

and P-13-2-89 were chosen because of their unobstructed 

view  of  the  sky  and  also  their  location  relative  to  the 

project area. 

 

b.  One   NGRS   vertical   control   mark   and   three 

USACE temporary benchmarks (TBM’s) were recovered 

within the project area.   The NGRS vertical control mark 

was  100 percent  obstruction  free  and  was  thus  included 

within the stop-and-go survey.  However, due to obstruc- 

tions  at  all  three  of  the  TBM’s,  it  was  decided  not  to 

include these marks within the GPS survey.   Instead, 

differential levels were run from the TBM’s to the nearest 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure E-2.  Initial horizontal control survey 
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3094 4097 
3094 4098 
3094 3095 
4098 1096 
4098 4097 
4098 3095 
3095 1096 
3095 4097 

 

0.0174 0.0123 118.20 0.0247 8561.2490 2.029 PPM 
0.0170 0.0116 119.60 0.0231 8872.2474 1.912 PPM 
0.0154 0.0092. 118.54 0.0189 4254.4135 3.612 PPM 
0.0309 0.0101 116.01 0.0274 5576.4108 5.539 PPM 
0.0055 0.0045 84.37 0.0104 366.6958 14.958 PPM 
0.0100 0.0085 135.51 0.0171 6444.1941 1.545 PPM 
0.0316 0.0117 116.41 0.0300 9503.6545 3.321 PPM 
0.0107 0.0095 125.96 0.0194 6257.967G 1.717 PPM

 

ELLIPSE: 

U.S.  ARMY CORPS   OF   ENGIN.EERS    - MEMPHIS   DISTRICT 

4098  0.0170  0.0116 119.60  0.0231

--------

GeoLab - V1.91S, (C) 1985/86/87/88/89 BitWise Ideas Inc. (103208976]  Page  14 

U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 

FROM TO

------------

-
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------------------------------------------------------------------------------- 
GPS #7 - HORN LAKE CREEK AERIAL PHOTO CONTROL 

A= 6378137.000 8:  6356752.314 XO= 0.000 YO:  0.000 ZO=  0.000 

------------------------------------------------------------------------------- 
 

2-D AND 1-D STATION CONFIDENCE REGIONS (95.000 %): 
 

I DENT.  MAJOR SEMI-AXIS MINOR  SEMI-AXIS AZ(MAJ)  VERTICCIL 
-------- ----------------- ---------------- --------------- 
3095  0.0154  0.0092  118.54  o.ora9 
1096 0.0338  0.0136  116.46  0.0333 
4097 0.0174  0.0123  118.20  0.0247 

 

------------------------------------------------------------------------------- 
 

 

------------------------------------------------------------------------------- 
GPS U7 - HORN LAKE CREEK AERIAL PHOTO CONTROL 

A= 6378137.000 B= 6356752.314 XO=  0.000 YO= 0.000 ZO=  0.000 

-
E
-
L
-
L
-
I
-
P
-
S
-
E
-
:
----------------------------------------------------------------------- 

 

2-D AND 1-D RELATIVE STATION CONFIDENCE REGIONS (95.000 'o): 

----------------------------------------------------------- 

--------
 
--------

 M
-
A

-
J

-
.

-
S

-
E

-
M

-
I

-
 M
-
I

-
N

-
.

-
S

-
E

-
M

-
I

-
 A
--
Z

-
(

-
M

-
A

-
J

-
}

-
 V
-
E

-
R

-
T

-
I

-
C

-
A

-
L

-
 SPATIAL DIST.  PRECISION 

------------- 
3094  1096  0.0338  0.0136  116.46  0.0333  13216.8982  2.559 PPM 

 

 

 

 

 

 

 

 

 

ElliPSE successfully completed. 
12:20:35  Monday, July lO, 1989 

 

------------------------------------------------------------------------------- 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure E-3.  GEOLAB  adjustment output  (Continued) 
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Final Iteration Counter Value 2 
Confidence Level Us d  95.0000 
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U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 
GPS ft7 - HORN LAKE CREEK AERIAL PHOTO CONTROL 

A:  6378137.000 B= 6356752.314 XO:  0.000 YO:  0.000 ZO= 0.000 
 

RESID: 

 

 

 

------------------------------------------------------------------------------ 
 

S T A T I S T I C S  S U M M A R Y 

:-----------------------------------------------------------------------------: 
' 

Residual Critical Value Type 
Residual Cri'tical  Value 
Convergence Criterion 

Tau   Max 
3.1459 

0.001000 
 

 

Number of Flagged Residuals 
Estimated Variance Factor 
Number of Degrees of Freedom 

'
 

0 

1.3100 
27 

--------------------------------------'---------------------------------------:'
 

Chi-Square Test on the Variance Factor: 
 

8.1BB7e-001  < 1.0000  < 2.427le+OOO  ? 

 

 

THE TEST PASSES. 

----------------------------------------------------------------------------- 
RESID successfully completed. 

 

------------------------------------------------------------------------------- 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  E-3.  (Concluded) 
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photo control point.  The four points circled in Figure E-4 

had an established orthometric height.  These heights were 

used to control the vertical adjustment of the GPS obser- 

vations.   This will be discussed further under the section 

on adjustments. 

 

c.    The aerial photography was completed and photo 

control points were subsequently selected from observable 

physical features.  The GPS survey party had to locate the 

points from the photos and monument each on the ground. 

Obstruction limits at each point were noted during monu- 

mentation.   After all 23 points were established, further 

analysis  indicated  that  three  of  the  points,  HL-2,  HL-5, 

and HL-7 could not be occupied because of extensive 

obstructions or no vehicular access.  Terrestrial traversing 

was performed to HL-2 and HL-5 using HL-1 and HL-3 

as control and to HL-7 using S 22 1974 and Trav Pt 1 as 

control.  The traverse computations were performed sub- 

sequent to the final constrained least squares adjustment 

of the baselines observed during the stop-and-go survey. 

 

E-4.  GPS Field Observations 

 

Four SPS (or C/A) code GPS receivers, tracking the car- 

rier phase, were used for the survey.  When performing a 

stop-and-go survey, it is required to maintain lock on at 

least four satellites.  It is recommended that observation- 

times be scheduled when at least five satellites are visible, 

so that if lock is lost on one satellite, the survey can con- 

tinue.   All GPS field observations, both static and stop- 

and-go, were recorded on 28 and 29 June 1989 (days 179 

and 180).   The reference receiver at HUDGINS was set 

up to continually record data each day and left unmanned 

due  to  its  secure  location.     The  reference  receiver  at 

P-13-2-89 had one operator monitoring it and there were 

two personnel per roving receiver:   one to drive the vehi- 

cle and operate the receiver and the other to position the 

antenna over the mark.   Communication between opera- 

tors was by two-way radio. 

 

a.    The   antennas   at   the   reference   stations   were 

mounted  on  a  tripod  using  an  optical  plummet  tribrach 

with an 8-minute bulls-eye level.  The antenna for each 

roving receiver was mounted on a fixed-height range pole 

with  a  10-minute  bulls-eye  level  supported  by  a  bipod. 

The antenna, range pole, and bipod were secured to the 

vehicle by a removable mobile rack shown in Figure E-5. 

Figure E-6 shows the setup of the antenna, range pole and 

bipod. 

 

b.    A satellite visibility chart was plotted for day 179 

and  is  shown  in  Figure E-7.    Static  measurements  were 

recorded for the first two sessions and the data used to 

establish horizontal positions on the two Type A monu- 

ments.   Refer to Figure E-2 for a graphical representation 

of the baselines observed during sessions 1 and 2.  The 

remainder  of  the  five-satellite  window  for  day  179  was 

used   to   record   stop-and-go   data.      The   observation 

schedule developed for day 179 is shown in Figure E-8. 

The upper portion of the schedule includes the ID num- 

ber, the name and the position (exact if known, scaled if 

not)  for  each  station  included  within  the  survey.    Note 

that the photo control points were assigned a 5000 series 

ID.   Chapter 8 of this manual discusses recommended 

conventions for assigning station ID numbers.  It recom- 

mends  a  9000  series  number  for  temporary  3D  control. 

The bottom portion of the schedule includes the date and 

day of the year in which observations are to be recorded, 

where  each  receiver  will  be  for  each  session,  when  to 

start and stop each session (local time), and which satel- 

lites to observe. 

 

c.  Stop-and-go  observations  were  recorded  during 

the third session on day 179 and during the entire five- 

satellite window on day 180.   During the third session of 

day 179, both roving receivers were initialized to both of 

the reference receivers by recording static data for approx- 

imately one hour.   This method is also referred to as 

occupying  a  known  baseline,  since  after  post-processing 

the static data and the data are accepted according to the 

criteria in this manual, the baseline becomes known.  It is 

important to note that this method requires a sufficient 

amount  of  data  be  collected  to  ensure  that  the  integer 

cycle  ambiguities  are  resolved  in  the  baseline  solution. 

Once the integer cycle ambiguity is resolved for a satel- 

lite, it remains constant as long as lock is maintained.  At 

the moment lock is lost on a satellite, its integer cycle 

ambiguity becomes an unknown value and thus again 

requires resolution.  Initially resolving the ambiguities and 

maintaining lock on at least four satellites is the key to 

stop-and-go  surveying.    If  lock  is  not  maintained  on  at 

least four satellites during a survey, the ambiguities for at 

least four satellites will need to be resolved again.   This 

can  be  done  during  a  survey  by  returning  to  the  last 

occupied point, which becomes a known baseline after 

postprocessing.   If this method is not practical or desir- 

able, the survey should be stopped at the point of losing 

lock on at least four satellites and a new survey started. 

The new survey may be initialized either by recording 

approximately an hour of static data at a point which has 

not already been occupied, or by recording a few minutes 

of  data  at  a  point  which  has  been  previously  occupied. 

When using the second method, the integer cycle ambigu- 

ities for the baselines from both reference receivers to the 
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Figure E-4.  Vertical project control 
 

 

 

 
 

 

Figure E-5.  Removable vehicle rack 
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Figure E-6.  Antenna-range pole-bipod setup 
 

 

point  must  have  been  resolved.    Figures  E-9  and  E-10 

show the baselines for which the integer cycle ambiguities 

were resolved by collecting static data for approximately 

one hour by roving receivers 1 and 2, respectively. 

 

d.    After   initializing   the   stop-and-go   survey,   the 

rovers began to travel from point to point, collecting 

approximately 1.25 minutes of data at each point.  This 

manual recommends data collection of at least 1.5 min at 

each point.   Experience has shown this value should be 

used as a minimum and, depending on the length of the 

baselines observed and the accuracy required for the sur- 

vey, observation times of up to 10 min may be necessary 

to ensure the desired results are obtained.  A data logging 

sheet such as that shown in Chapter 8 was completed for 

each reference receiver.  For each roving receiver, a stop- 

and-go  field  form  as  shown  in  Figure E-11  was  com- 

pleted.    Figure  E-12  shows  a  field  form  completed  for 

roving receiver 1 on day 179.  The paths taken by each of 

the rovers on days 179 and 180 can be graphically seen in 

Figures E-9 and/or E-10.  The data collected for the ini- 

tialization of the survey as well as the data collected at 

each  subsequent  point  by  rover  1  were  recorded  in  one 

data file.  It is recommended that static observations be 

recorded in a separate file from the stop-and-go data to 

conform to batch processing methods used in some manu- 

facturer’s software.   This will be discussed further under 

the section on post-processing.   Referring to Figure E-12, 

the following is a recommended scheme for recording the 

data such that a batch processing mode may be utilized. 

 

(1)  Start   static   survey   at   22:04   occupying   sta- 

tion 4097.  Stop static survey at 23:00. 

 

(2)  After  resetting  the  antenna  over  station  4097, 

start a stop-and-go survey and collect data at 4097 for 

approximately ten minutes. 

 

(3)  Travel to each subsequent point and collect data 

for at least 1.5 minutes. 

 

(4)  Upon losing lock travelling to station 5208, stop 

the stop-and-go survey. 

 

(5)  Continue  to  5208,  position  antenna  over  mark 

and start a static survey at approximately 00:42. 

 

(6)  Stop the static survey at 01:45, which was very 

near the end of the four satellite window for day 179. 

 

If additional time had been available in which five satel- 

lites were above 15 degrees, another stop-and-go survey 

could have been started and continued from 5208 to addi- 

tional points subsequent to the static data collection. 

 

E-5.  Post-processing Stop-and-Go Data 

 

At the end of each day’s observations, all data were 

downloaded  from  the  receivers  to  a  portable  386  com- 

puter.    All  processing  times  quoted  in  this  example  are 

using  a  386  computer  with  a  math  coprocessor  with  a 

20-MHz clock processing speed.  Using a computer with 

slower clock speeds will significantly increase processing 

time of all types of GPS data, not only stop-and-go.  A 

review  of  all  field  data  logging  sheets  for  completeness 

and  correctness  was  performed  after  downloading  the 

data.   Trimble’s Trimvec-Plus survey software was used 

for all post-processing in this case. 

 

a.  First, all data collected in the static survey mode 

were post-processed and the quality of the solutions 

reviewed.   Processed baselines from sessions 1 and 2 of 

day 179 were used to create a network in GEOLAB and 

adjusted separately from the photo control.  The results of 

this  adjustment  have  been  discussed  in  paragraph  E-3. 

Since the stop-and-go survey was initialized with known 

baselines, the dX, dY, and dZ values for the known base- 

lines  were  required  prior  to  processing  the  stop-and-go 

data.   These values were obtained from the solution out- 

put  of  the  static  observations.    Figures  E-13  and  E-14 

show the solution summaries for the baselines from each 

of  the  reference  receivers  to  roving  receiver  1.    Notice 

that the integers were found for each baseline and that the 
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34-59-30 90-05-05 74.000 

34-59-18 90-05-00 75.000 

34-59-30 90-04-30 72.000 

34-59-13 90-03-38 75.000 

34-58-40 90-03-38 75.000 

34-58-45 90-02-35 79.000 

34-58-15 90-02-45 79.000 

34-58-20 90-01-47 80.000 

34-58-02 90-02-02 78,000 

34-58-10 90-01-08 81.000 

34-58-05 90-02-17 80.000 

34-57-40 90-02-28 80.000 

34-57-38 90-02-20 80.000 

34-57-12 90-02-40 84.000 

34-57-10 90-02-22 83.000 

34-56-58 90-02-43 84.000 

34-57-45 90-01-40 80.000 

34-58-15 90-01-20 85.000 

34-57-45 90-01-00 82.000 

34-58-47 90-00-19 96.000 

34-58-20 89-59-55 91.000 

34-59-02 89-59-13 100.000 
34-58-39 89-59-13 90.000 

 

 

34-57-45.46270 90-05-48.68871 94.000 

34-56-54-00000 90-02-03.00000 91.000 

34-56-54.00000 90-02-18.00000 84.000 

34-57-45.00000 90-03-18.00000 80.902 
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GPS PROJECT No. 7-K 
HORN LAKE CREEK PHOTO CONTROL Stop and Go SURVEY 

HORN LAKE, MISSISSIPPI 
 

STATION  STATION  LATITUDE  LONGITUDE  HEIGHT 

NUMBER   NAME 
 

3094 HOLMES 1914  34-59-27.00296  89-57-22-44228 123.897 

3095  HUDGINS  1959  34-59-52.56136  90-00-07-30092  106.019 
1096  LYNCHBERG  1956 
4097  P-13-1-89 
4098  P-13-2-89 

2099  s  22 1974 
 

5201  HL-1 
5202  HL-2 
5203  HL-3 
5204  HL-4 
5205  HL-5 
5206  HL-6 
5207  HL-7 
5208  HL-8 
5209  HL-9 
5211  HL-11 
5212  HL-12 
5213  HL-13 
5214  HL-14 
5215  HL-15 
5216  HL-16 
5217  HL-17 
5218  HL-18 
5219  HL-19 
5220  HL-20 
5221  HL-21 
5222  HL-22 
5223  HL-23 
5224  HL-24 

 

 

 

 

SESSION 1 

WEDNESDAY JUNE 28, 1989 (179) 

 

SESSION 2 

 

 

SESSION 3 

HUDGINS  (3095) 

P-13-2-89(4098) 

HOLMES  (3094) 

LYNCHBURG(1096) 

 

START:   15:40 
STOP:  16:50 

 

sv•s:03,0G,os,o9, 
11,12,13,14 

HUDGINS  (3095) 
P-13-2-89(4098) 
HOLMES    (3094) 

P-13-1-89(4097) 
 

START: 17:05 
STOP:     18:00 

 

SV's:03,06,08,09 
11,12,13,14 

HUDGINS  (3095) 
P-13-2-89(4098) 
ROVER 2 BEGIN 
ROVER 1 BEGIN 

 

START: 18:05 
STOP:  20:45 

 

SV's:OJ,06,0B,09, 
11,12,13,14 

 

 

 

Figure E·8. Observation schedule 
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Figure E-9.  Observation routes and initialization of rover 1 
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Figure E-10.  Observation routes and initialization of rover 2 
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 U.S. ARMY CORPS OF ENGINEERS 
STOP & GO KINEMATIC GPS FIELD FORM 

 

************************************************************************** 
PROJECT NAME LOCALITY 
OBSERVER AGENCY/FIRM 
RECEIVER  S/N 
ANTENNA S/N 
DATA RECORDING UNIT S/N 
ANTENNA MOUNTING DEVICE 
DATE (MM DO YY) DAY OFLAYSTEACRA,..:L I B R A T ED :;;;;;;;;;;; 
************************************************************************** 

STATIC REFERENCE RECEIVERS 
 

RECEIVER RECEIVER   2 RECEIVER 3 
 

STATION NAME    
 

STATION NUMBER    
 

UTC TIME OF START STOP START STOP START STOP 
OBSERVATION    
************************************************************************** 

STOP & GO ROVING RECEIVER 
 

STATION STATION ANTENNA DATA 
  NUMBER  NAME  HEIGHT  SET #  COMMENTS   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  '   
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Figure E-11. Stop-and-go kinematic field form (Continued) 
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U.S. ARMY CORPS OF ENGINEERS STOP 
& GO KINEMATIC GPS FIELD FORM 

 

************************************************************************** 
STOP & GO ROVING RECEIVER CON'T 

 

STATION 
 

STATION 
 

ANTENNA 

 

DATA 
  NUMBER  NAME  HEIGHT  SET It  COMMENTS   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

************************************************************************** 
ADDITIONAL COMMENTS 
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Figure E-11. (Concluded) 
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NAME HEIGHT SET # 
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U.S. ARMY CORPS OF ENGINEERS 
STOP & GO KINEMATIC GPS FIELD FORM 

 

 

PROJECT NAME 
OBSERVER 
RECEIVER 
ANTENNA 
DATA 
ANTENNA MOUNTING 
DATE (MM 00 YY) 

LOCALITY 
AGENCY/FIRM 

S/N 
S/N 

 

 

 

 

STATIC REFERENCE RECEIVERS 
 

RECEIVER RECEIVER 2 RECEIVER 3 
 

STATION NAME 

 

  HuD&.tN:5   
 

    P-13-Z-89      
 

STATION NUMBER 

 

  30'75     -</098   
 

UTC TIME OF START STOP START STOP START STOP 
OBSERVATION Z0.'3 o/:.(..j5 zz:o.:J o1:6{r;.   

**************************S*T*O*P**&*,G*O**R*O*V*I*N*G**R*E*C*E*I*V*E*R************************* 
 

'  
STATION 

' 
NUMBER

 

' 

COMMENTS 
:('.,.,Tl .......I.ATH:: , o.1 

 

zt:o4- z...:oo """'- 

'  
'10"17 P-13-I·S 1.9 3  L(>sr ,/. <> ,.0::: 

?AiAV£1..< .... t;,  io IlEA" Fr. 

'  '-lo97  "  z  R r"'R ll T.  /?t! I NJ-ru"r I..I "ilo.lf

 

P-1'3-1·8, 

' 
'  5"1..11  1-\L-17  ''  3  ANT... ,..      "Dv -ru'R.e.& p   

' 
' 5'" 11  J4 \..-"    "  '-j  R L£oc.c:_.....H1  G:.      o. 
' 
'   H L-15  "  5  '

 

'  
5-z IS 

'
 

 

RIS.-rvn..... 

 

"  c. '
 

 

'" IVAI'-   A,. {'  · /'IJ-/  £NO   0 ' 
'
 

7Z // Pr   A ' /"f AEua.J o.ou..   Rc. BA•'I>c.   0Y!;Ii!  t:oFk...J 

' '
 

5"2/(,  H L- fi, '\  7 
.la6£.<• 

    5ZJ'{  f/L-t'-1  "  8  
 

5Z/3 1/L-IJ  "  'l 
  5212.  HL-IZ.  II  /0   

' P<   /VA•t.    Ar  .N/£1>4  c$ ..oo ..........  Rl>
 

  7Z£2.   ! -rruv f'r  /  "  I I  a...;s,..,  £ oP /-J t:>lt AI     lAM. ;e . 
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Figure E-12. Example stop-and-go kinematic field fonn (Continued) 
 

 

E-14 



.. 

EM 1110-1-1003 

1 Aug 96 
 

 

U.S. ARMY CORPS OF ENGINEERS STOP 
& GO KINEMATIC GPS FIELD FORM 

 

************************************************************************** 
STOP & GO ROVING RECEIVER CON'! 

 

STATION STATION  ANTENNA DATA 
NUMBER  NAME HEIGHT SET   # 

5Z. II  lll.-1/ ;.tn3 11 

5Zf'f f/L-1'1  .. /5 

COMMENTS 
 

 

 

 

l•:sr c.'< ""T.C.c «G.,,....<O  7'i·II:J   PM.J't' 

5Z08  111--$ /{, o,... .., ••l:! :5-r,.r H.... H-d    r-'&...   co.'4./Z 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

************************************************************************** 
ADDITIONAL COMMENTS 

 

 

 

 

 

-r.  ,IIL--7. 

 

 
 

- 7_ 
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Figure E-12.  (Concluded) 
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Figure E-13.  Static solution summary 3095 -> 4097 
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Figure E-14.  Static solution summary 4098 -> 4097 
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quality factors were fairly high, meaning that the integer- 

cycle ambiguities were resolved in both solutions with a 

high degree of reliability.   Even though the RMS was 

slightly large in comparison to the length of the baseline 

from 4098 to 4097, the fixed solution quality factor was 

high and thus the results of the fixed solution are recom- 

mended.  Had sufficient data not been collected to resolve 

the integer cycle ambiguities, additional static data collec- 

tion would be required. An attempt to process stop-and-go 

data using values from static solutions in which the inte- 

gers were not found may give erroneous results for the 

baselines  processed.   The  dX,  dY,  and  dZ  values  listed 

for the fixed solution in Figures E-13 and E-14 were used 

to post-process the stop-and-go data. 

 

b.    After all static data were processed, summaries of 

the stop-and-go sessions were printed.  These summaries 

document the events of the session and the time of their 

occurrence  in  GPS  seconds  of  the  week.    Figure E-15 

shows the summary of events that took place during the 

stop-and-go session on day 179 between the reference 

receiver at station 3095 and roving receiver initializing on 

station 4097.   The stop-and-go session summary conveys 

the following details of the survey. 

 

(1)  The data file names for the reference and remote 

(roving) receivers. 

 

(2)  The   kinematic   (stop-and-go)   data   set   number. 

This number was automatically incremented by one each 

time a point was occupied. 

 

(3)  The station ID of the point being occupied. 

(4)  The time in seconds that the data set began. 

(5)  The height of the roving receiver’s antenna above 

the point being occupied. 

 

(6)  The time in seconds that the data set ended. 

 

(7)  The amount of time in minutes and seconds that 

data were recorded at the point being occupied. 

 

(8) The last epoch of data recorded before missing 

satellite  PRN  14.    The  satellite  was  missing  because  a 

cycle slip occurred or a loss of data occurred during 

download from the receiver to the computer. 

 

(9)  The  last  epoch  of  data  recorded  before  a  cycle 

slip occurred on satellite PRN 6. 

(10)  The   number   of   satellites   the   receiver   was 

locked  onto  after  missing  PRN  14  and  a  cycle  slip  on 

PRN 6. 

 

(11)  At  this  point,  lock  was  not  maintained  on  at 

least four satellites.   The survey was reinitialized by 

returning to the last point occupied; also a new route was 

chosen to the next point. 

 

(12)  The travel time in minutes and seconds that it 

took to move to the next point, or in this case, to go back 

to the last occupied point. 

 

(13)  The typical observation time at each stop-and- 

go point. 

 

(14)  At this point, lock could not be maintained on 

at least four satellites.   The low elevation of the remain- 

ing visible satellites indicated that reinitialization would 

have been futile. 

 

(15)  Since  there  was  slightly  over  an  hour  of  the 

four-satellite window remaining on day 179, the survey 

continued to station 5208 where static observations were 

recorded for 63 minutes. 

 

(16) Stations within a linked data set were stations 

consecutively occupied while lock was maintained on at 

least four satellites. At the point when lock was no longer 

maintained on at least four satellites, a new linked data set 

was started. 

 

(17)  The station occupation data indicate how many 

times each point was occupied and to which data set each 

occupation corresponds. 

 

Figure E-16 shows the summary of events that took place 

during the stop-and-go session on day 179 between the 

reference receiver at station 4098 and roving receiver 

initializing  on  station  4097.    Figures E-15  and E-16  are 

similar, but they are not exactly the same.   A comparison 

of the two summaries reveals that other than the reference 

receivers being at different locations, the only other dif- 

ference is in some of the times when cycle slips or miss- 

ing satellite data occurred.  Since the data from the roving 

receiver were common to both summaries, the differences 

in times of missing satellite data were due to obstructions 

at the reference receiver’s location.  The roving receiver 

operator can observe only cycle slips occurring at his 

receiver.   Each receiver in the stop-and-go mode is able 

to  warn  the operator  with  a series  of  beeps  when it  no 
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Trimble Automated Kinematic Processor, Version 83.120 
Kinematic summary of Session: 179 

 

Reference Receiver Data File: 30951791@ 
Remote Receiver Data File: 40971792 

Reference PRN  ;t: 11  @  @ 
KINEMATIC   DATA SET:  1    ID:  4097  Time: 

New Scenario Add SV    PAN: 

12  Time: SV Count: 

 6   Time: Last Before 
Missing   PAN: 12 Time: 
SV Count: 5  Time: 

Recovered SV PAN: 12  Time: 
SV  Count:  6   Time: 

New Scenario Add SV PAN: 14  Time: 

SV Count:   7  Time: 
END OF KINEMATIC DATA ID: 4097 Time: 

OBSERVATION  TIME: 55:15 

338835@ 

339210 
339210 
339360 
339360 
339405 
339405 
340260 
340260 

341985® 

Ant height: 2.0000 
 

 

 

 

*STATIC INITIALIZATION 
(OR KNOWN BASELINE 
AFTER PROCESSING) 

 

Ant height: 2.0000 

 

Last Before Missing 
Last Before Slip 

SV Count: 
Last Before Slip 
last Before Slip 
Last Before Slip 
Last Before Slip 
Last Before Slip 

SV Count: 

 

PRN: 14 
N: s 

5 
'i¥N: 8 
PRN: 9 
PRN: 11 
PRN: 12 
PRN: 13 

0 

 

Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 

 

342225 (6)"' 
342225  0 
342225 
342240 
342240 
342240 
342240 
342240 
342240 

After cycle Slip 
After Cycle Slip 
After Cycle Slip 
After Cycle Slip 
After Cycle Slip 

Recovered sv 
sv  Count: 

After Cycle Slip 
SV   Count: 

Last Before Slip 
Last Before Slip 

sv Count: 
After Cycle Slip 

PRN: 6 
PRN: 8 
PRN: 9 
PRN: 1 1 
PRN: 1 2 
PRN: 14 

6 
PRN: 13 

7 
PRN: 6 
PRN: 14 

5 
PRN: 1 4 

Time: 
Time: 
Time: 

Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 

342270 
342270 
342270 
342270 
342270 
342270 
342270 
342315 
342315 
342330 
342330 
342330 
342375 

*LOST LOCK ON SATELLITES 
WHILE MOVING, RETURNED 
TO LAST OCCUPIED POINT. 
(SEE DATA SET 2 BELOW) 

SV count: 6 
After Cycle Slip 

Last Before Missing 
Last Before Missing 
SV Count: 5 

Recovered SV 
sv  Count: 6 

Recovered sv 
SV   Count: 7 

MOVE TIME: 9:44 

 

PRN: 6 
PRN:  8 
PRN: 14 
 

PRN: 8 
 

PRN: 1 4 

Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 

342375 
342420 
342420 
342420 

342420 
342465 
342465 
342480 
342480 

 

 

KINEMATIC DATA SET: 
 

2 
 

ID: 4097 Time: 
 

342585 Ant height: 2.0000 
END OF KINEMATIC DATA ID: 4097 Time: 342645 Ant height: 2.0000 
OBSERVATION TIME: 1:15 

®> 
*RETURNED TO REINITIALIZE WITH KNOWN BASELINE 

 

 

 

 

Figure E-15.  Kinematic session summary  3095 -> 4097 (Sheet 1 of 6) 
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KINEMATIC   DATA SET: 5 ID: 5215 Time: 343650 

KINEMATIC   DATA SET: 5 10: 5215 Time: 343680 

Rec  PRN: 8 Time: 343710 
SV Count:  7 Time: 343710

 

KINEMATIC DATA SET: 6 ID: 7211 Time: 344220 
END OF KINEMATIC DATA ID: 7211 Time: 344220 

 

ID: 5216 Time: 344490 Ant height: 2.0000 
ID: 5216 Time: 344550 Ant height: 2.0000 

 

EM 1110-1-1003 

1 Aug  96 
 

 

 

Last Before s1 ip PRN: 6  Time: 342810 

SV Count: 6  Time: 342810 

After Cycle  slip PRN: 6  Time: 342840 

sv Count:  7  Time: 342840 
MOVE TIME:  6:59 

 

KINEMATIC DATA SET: 3  .ID:  5217 Time: 343080 Ant height: 2.0000 
END OF KINEMATIC    DATA  10:  5217 Time: 343260  Ant height: 2.0000 
OBSERVATION TIME: 3:15  *SETUP WAS DISTURBED DURING OCCUPATION, 

SEE DATA SET 4   FOR  REOCCUPATION 
 

MOVE TIME:  0:59 
 

KINEMATIC DATA SET:  4 ID: 5217 Time: 343335 Ant height: 2.0000 
END OF KINEMATIC    DATA 10: 5217 Time: 343395 Ant height: 2.0000 

OBSERVATION TIME: 1 : 15        

last Before Missing PRN: 8 Time: 343545 
SV count: 6  Time:  343545 

MOVE TIME: 4'   0 

 

 

 

 

Ant height: 2. 0000 
Ant height: 2. 0000 

overed sv 
 

END OF KINEMATIC DATA ID: 5215 Time: 343710 Ant height: 2.0000 
OBSERVATION TIME: 1 :1 5 

 

Last Before Missing PRN: 8 Time: 343845 
sv count: 6  Time: 343845 

Recovered sv PRN: 8 Time: 343935 
Last Before Missing PRN: 6  Time: 343935 

Recovered sv PRN: 6  Time: 343965 
sv Count: 7  Time: 343965 
Last Before Missing PRN: 8 T.ime: 343980 
SV count: 6  Time: 343980 
Last Before Missing PRN: 6  Time: 344010 
sv Count: 5  Time: 344010 

Recovered SV PRN: 6  Time: 344130 
sv Count: 6  Time: 344130 

MOVE TIME: 7:14 
 

KINEMATIC DATA SET: 6  ID: 721 1 Time: 344160 Ant height: 2.0000 
Ant height: 2.0000 
Ant height: 2.0000 

OBSERVATION TIME: 1 :1 5  *THIS POINT WAS ESTABLISHED TO RETURN TO IN CASE 

LOCK WAS LOST ON THE WAY TO POINT 5216 
 

Last Before Missing PRN: 6 Time: 344250 
sv Count: 5  Time: 344250 

New Scenario Lost sv PRN: 6  Time: 344415 
MOVE TIME: 4:14 

 

KINEMATIC DATA SET: 7 
END OF KINEMATIC DATA 
OBSERVATION TIME: 1 :-1 5 

 

 

 

 

Figure E-15.  (Sheet 2 of 6) 
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Last Before s 1;p  PRN: 12  Time:  344700 

sv Count:  4  Time: 344700 

Recovered sv PAN: 8 Time: 344730 

SV count:  5  Time: 344730 

After Cycle  Slip  PRN: 1 2  Time:  344745 

SV Count: 6  Time:  344745 

Last Before Missing PRN: 8 T1me:  344760 

sv Count:  5  Time:  344760 
MOVE  TIME:  6:29 

 

KINEMATIC   DATA SET: 8  ID:  5214 Time: 344955  Ant height: 2.0000 
END OF  KINEMATIC DATA 10: 5214 Time: 345015  Ant height: 2.0000 
OBSERVATION  TIME: 1 : 1 5 

Recovered  sv PAN: 8  Time: 345165 

Last Before s1 ip PAN: 8 Time: 345165 

After Cycle s 1;p  PAN: 8  Time: 345210 
SV Count:  6  Time: 345210 

Last Before s1 i p  PAN: 8  Time: 345270 

SV Count: 5  Time: 345270 

New Scenario Lost sv PAN: 8  Time: 345330 
MOVE TIME:  5:30 

 

KINEMATIC  DATA SET: 9  ID: 5213 Time: 345360 Ant height: 2.0000 
END  OF  KINEMATIC    DATA ID:  5213 Time: 345420 Ant height: 2.0000 
OBSERVATION TIME: 1 :14      

MOVE TIME: 6' 0 
 

 

KINEMATIC DATA SET: 10 

 

ID: 
 

5212 

 

Time: 
 

345795 Ant height: 
 

2.0000 

END OF KINEMATIC DATA ID: 5212 Time: 345855 Ant height: 2.0000 
OBSERVATION TIME: 1 :1 5 

 

New Scenario Add sv PRN: 3 Time: 345900 

SV Count: 6  Time: 345900 

Last Before Missing PRN: 3 T-1me: 345960 

sv Count: 5  Time: 345960 
 

sv Count: 6 Time: 346050 

MOVE TIME: 6:44 
 

KINEMATIC DATA SET: 11  ID: 721 2  Time: 345275  Ant height: 2.0000 
END OF KINEMATIC DATA ID: 7212  Time: 345335  Ant height: 2.0000 
OBSERVATION TIME: 1 :15 

 

Last Before s1 i p PRN: 3  T1me: 345485 

sv Count: 5  Time: 345485 

After Cycle s 1 i p  PRN: 3 Time: 346515 

SV count: 6  Time: 346515 

MOVE TIME: 3:14 
 

KINEMATIC DATA SET: 12  IO: 2099  Time: 346545  Ant height: 2.0000 
END OF KINEMATIC DATA ID: 2099  Time: 346520  Ant height: 2.0000 
OBSERVATION TIME: 1:30 

 

 

Figure E-15. (Sheet 3 of 6) 
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Figure E-15.  (Sheet 4 of 6) 
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Figure E-15.  (Sheet 5 of 6) 
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Figure E-15.  (Sheet 6 of 6) 
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Trimble Automated Kinematic Processor, Version 89.120 
Kinematic Summary of Session: 179 

 

Reference Receiver Data File: 
Remote Receiver Data File: 
Reference PRN = 

 

40981791 
40971792 
1 1 

 

KINEMATIC DATA SET: 
New Scenario Add SV 
SV Count: 

 

SV  count: 
Recovered SV 

 

ID: 4097 
PRN: 1 2 

6 

 

5 

PRN: 1 2 

 

Time: 
Time: 
Time: 
 

Time: 
Time: 

 

338835 
339210 
339210 
 

339360 

339405 

 

Ant height: 2.0000 
 

 

 

*STATIC INITIALIZATION 
(OR KNOWN BASELINE 

SV Count: 6 Time: 339405 AFTER PROCESSING) 

New scenario Add sv 
 

Recovered SV 
sv count: 

END OF KINEMATIC DATA 
OBSERVATION TIME: 55:15 

PRN: 14 
 

PRN: 14 

7 
ID: 4097 

Time: 

 

Time: 
Time: 
Time: 

340320 
 

340425 
340425 
341985 

 

 

 

 

Ant height: 2.0000 

 

 

 

SV Count: 5 
Last Before Slip 
Last Before Slip 
Last Before Slip 
Last Before Slip 
Last Before Slip 

sv Count: 0 
After Cycle Slip 
After Cycle Slip 
After Cycle Slip 
After Cycle Slip 
After Cycle Slip 

Recovered SV 
SV  Count: 6 

After Cycle Slip 
sv count: 7 

Last Before Slip 
Last Before Slip 

SV  Count: 5 
After Cycle Slip 

SV Count: 6 
After Cycle Slip 

Last Before Missing 
Last Before Missing 
SV Count: 5 

Recovered sv 
SV count: 6 

Recovered SV 
SV Count: 7 

MOVE TIME:  9:44 

 

PRN:  8 

PRN:  9 

PRN: 11 

PRN: 12 
PRN: 13 
 

PRN:  6 

PRN:  8 
PRN:  9 

PRN: 11 
PRN:   1 2 

PRN: 14 
 

PRN: 13 

 

PRN:  6 

PRN: 14 
 

PRN:   14 
 

PRN:  6 

PRN:  8 
PRN:   14 

 

PRN:  8 

 

PRN:   14 

Time: 
Time: 
Time: 
Time: 

Time: 
Time: 
Time: 

Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 

Time: 
Time: 
Time: 
Time: 
Time: 

Time: 
Time: 
Time: 
Time: 
Time: 

Time: 
Time: 
Time: 
Time: 
T1 me: 

342225 
342240 
342240 
342240 

342240 
342240 
342240 

342270 
342270 
342270 
342270 
342270 
342270 
342270 
342315 
342315 
342330 
342330 
342330 
342375 
342375 
342420 
342420 

342420 
342420 
342465 

342465 
342480 
342480 

 

 

 

 

 

 
*LOST LOCK ON SATELLITES 

WHILE MOVING, RETURNED 

TO LAST OCCUPIED POINT. 

(SEE DATA SET 2 BELOW) 

 

 

 

 

 

 

 

Figure E-16.  Kinematic session summary  4098 -> 4097 (Sheet 1 of 6) 
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KINEMATIC DATA SET: 
 

6 ID: 7211 Time: 344160 Ant height: 2.0000 
KINEMATIC DATA SET: 6 ID: 7211 Time: 344220 Ant height: 2.0000 
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KINEMATIC DATA SET:  2 
END OF KINEMATIC DATA 
OBSERVATION  TIME: 1:15 

10:  4097 

IO:  4097 

*RETURNED 

Time: 342585 
Time: 342645 

TO  REINITIALIZE 

Ant height: 2.0000 

Ant height: 2.0000 

WITH KOWN BASELINE 
 

Last Before Slip PRN: 6  Time: 342810 

sv  Count: 6  Time: 342810 

After cycle s1; p  PRN:  6  Time:  342840 

sv  Count:  7 Time:  342840 
MOVE  TIME:  6:59 

 

KINEMATIC DATA SET:  3 
END OF KINEMATIC DATA 
OBSERVATION TIME:  3:15 

 

MOVE TIME:  0:59 

ID: 5217 Time: 343080 Ant height: z:oooo 
ID:  5217 Time: 343260  Ant    height:   2.0000 
*SETUP DISTURBED DURING OCCUPATION, 
SEE DATA SET 4 FOR REOCCUPATION. 

 

KINEMATIC DATA SET: 4  10: 5217 
END OF KINEMATIC DATA 10: 5217 
OBSERVATION  TIME: 1:15 

 

MOVE TIME:  4: 0 

 

Time: 
Time: 

 

343335 
343395 

 

Ant height: 2.0000 
Ant height: 2.0000 

 

 

KINEMATIC DATA SET: 5 
 

ID: 5215 Time: 
 

343650 Ant height: 2.0000 

KINEMATIC DATA SET: 5 ID: 5215 Time: 343680 Ant height: 2.0000 
END OF KINEMATIC DATA ID: 5215 Time: 343710 Ant height: 2.0000 
OBSERVATION TIME: 1:15      

Last Before Missing 
SV Count: 6 

PRN: 8 Time: 
Time: 

343845 
343845 

Recovered SV 
Last Before Missing 

Recovered SV 
SV Count: 7 
Last Before Missing 
SV Count: 6 
Last Before Missing 
SV Count: 5 

Recovered SV 
Last Before Missing 
New Scenario Lost SV 

Recovered sv 
sv  Count: 6 

MOVE TIME: 7:14 

PRN: 8 
PRN: 6 
PRN: 6 
 

PRN: 6 

 

PRN: 8 
 

PRN: 6 
PRN: 6 

PRN: 6 
PRN: 8 

Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 
Time: 

343935 
343935 
343965 
343965 
344010 
344010 
344055 
344055 
344130 
344130 
344145 
344145 
344145 

 

 

 

END OF KINEMATIC DATA 
OBSERVATION TIME: 1: 15 

 

Last Before Slip 
sv  Count: 

After Cycle Slip 
sv  Count: 
Last Before Missing 
SV count: 

Recovered SV 
SV Count: 

MOVE TIME: 4:14 

ID: 7211 Time: 344220  Ant height: 2.0000 
*THIS POINT WAS ESTABLISHED TO RETURN TO IN CASE 
LOCK WAS LOST ON THE WAY TO POINT 5216. 
PRN: 8 Time: 344295 

5 Time: 344295 
PRN: 8  Time: 344340 

6  Time: 344340 
PRN: 8 Time: 344370 

5  Time: 344370 
PRN: 8  Time: 344430 

6  Time: 344430 
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KINEMATIC  DATA SET: 7 

 

ID:  5216 
 

Time: 
 

344490 
 

Ant 
 

height: 
 

2.0000 
END  OF KINEMATIC DATA 
OBSERVATION TIME:  1 : 1 5 

ID:   5216 Time: 344550 Ant height: 2. 0000 

 

Last Before Missing  
 

PRN: s 
 

T1me: 
 

344655 

 5   Time: 344655 

Last Before Slip  PRN: 12 Time: 344700 

sv Count: 4   Time: 344700 

Recovered sv  PRN: 8 Time: 344 7 30 
sv Count: 5   Time: 344730 
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sv count: 
 

 

 

After cycle Slip  PRN: 12  Time: 344745 

sv Count: 6  Time: 344745 
Last Before Missing PRN: 8 Time: 344775 
sv Count: 5  Time: 344775 

Recovered sv PRN:  8 Time: 344865 
SV   count: 6  Time:  34486 5 

MOVE TIME:  6:29 
 

KINEMATIC   DATA SET: 8 ID:  5214 Time: 344955 Ant height: 
 

2.0000 

END  OF KINEMATIC   DA TA ID:  5214 Time: 345015 Ant height: 2.0000 
OBSERVATION  TIME: 1 : 15       

Last Before Missing  PRN:  8 Time:  345090 

sv count: 5  Time:  345090 

Recovered sv PRN: 8 Time: 345165 
Last Before sl ;p PRN: 8 Time: 345165 
After Cycle slip PRN: 8 Time: 345210 

sv count: 6  Time: 345210 
Last Before s1 i p PRN: 8 Time: 345270 

SV   Count: 5  Time: 345270 
After Cycle s1 i p PRN: 8 Time: 345345 

sv count: 6  Time: 345345 
MOVE TIME: 5:30 

 

KINEMATIC DATA SET: 9 ID: 5213  Time: 345360  Ant  height: 2.0000 
END OF KINEMATIC DATA ID: 5213  Time: 345420  Ant  height: 2.0000 
OBSERVATION TIME: 1 :14 

 

Last Before Missing PRN: 8 Time: 345480 

sv Count: 5  Time: 345480 

New   Scenario Lost sv PRN: 8 Time: 345495 
MOVE TIME: 6'  0 

 

KINEMATIC DATA SET: 10 ID: 5212  Time: 345795  Ant  height: 2.0000 
END  OF KINEMATIC DATA ID: 5212  Time: 345855  Ant  height: 2.0000 
OBSERVATION TIME: 1 :1 5 

 

New   Scenario Add sv PRN: 3 Time: 345900 
SV   Count: 6   Time: 345900 

MOVE TIME: 6:44        

KINEMATIC DATA SET: 1 1 ID: 7212 Time: 346275 Ant  height: 
 

2.0000 
END  OF KINEMATIC DATA ID: 7212 Time: 345335 Ant  height: 2.0000 
OBSERVATION TIME: 1 :1 5        

Last Before s1 i p PRN: 3 Time: 346485 

sv Count: 5  Time: 346485 
After Cycle Slip PRN: 3 Time: 346515 

sv Count: 6  Time: 346515 
MOVE TIME: 3:14 
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KINEMATIC  DATA SET: 12 
 

ID: 
 

2099 

 

Time: 
 

346545 
 

Ant height: 
 

2.0000 
END OF KINEMATIC  DATA ID: 2099 Time: 346620 Ant height: 2. 0000 
OBSERVATION TIME:  I :30       

 

Last Before s 1; p  PAN: 9  Time: 346815 

      After cycle   Slip  PRN: 9 Time: 346845 
SV Count: 6   Time: 346845 

Last Before Missing  PAN: 9 Time: 346890 

sv Count: 5   Time: 346890 

Recovered  sv  PAN: 9 Time: 346935 

Last Before s1 ip  PAN: 9 Time: 346935 
After Cycle Slip  PAN: 9 Time: 347010 

sv Count: 6   Time: 347010 
MOVE  TIME: 8:1 5      

KINEMATIC  DATA SET: 13 ID:
 

5220 Time: 347130 Ant height: 
 

2.0000 

END OF KINEMATIC    DATA 10: 5220 Time: 347190 Ant height: 2.0000 
OBSERVATION TIME:  1 : 15        
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sv Count:  5  Time:  346815 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

MOVE TIME: 4:29 
 

KINEMATIC  DATA SET:  14  ID: 5211 Time:  347475 Ant height: 2.0000 
END  OF  KINEMATIC    DATA  ID: 5211 Time: 347535  Ant height: 2.0000 
OBSERVATION TIME: 1 :1 5 

 

Last Before s1 ;p PRN: 9  Time: 347730 
SV count: 5 Time: 347730 

After cycle s1 i p PRN: 9  Time: 347760 

sv Count: 6  Time: 347760 

 

KINEMATIC DATA SET: 1 5  IO: 
 

5219 Time: 
 

347775 

 

Ant height: 2.0000 
END OF KINEMATIC DATA 
OBSERVATION TIME: 1 :1 5 

ID: 5219 Time: 347835 Ant height: 2.0000 

 

Last Before Missing PRN: 9  Time: 347895 

 Last Before Slip  PRN: 3 Time: 347895    
sv Count:  4   Time: 347895    

 After Cycle s1 ip  PRN: 3 Time: 347940    

 Last Before s1 i p  PRN: 3 Time: 347940    

 Last Before s1 ip  PRN: 11 Time: 347940    
sv count:  3   Time: 347940    

 After Cycle Slip  PRN: 11 Time: 347970    
SV Count:  4   Time: 347970    

 Last Before s1 ;p  PRN: 13 Time: 347986    
sv Count:  3   Time: 347986 *AT THIS POINT LOC K WAS 
Last Before Missing  PRN: 12 Time: 348000 NOT MAINTAINED ON AT 
sv Count: 2   Time: 348000 LEAST 4 SATELLITES. 

After Cycle Slip PRN: 3 Time: 348015 
After Cycle s1 i p PRN: 13 Time: 348015 
Last Before s1 i p PRN: 3 Time: 348015 
Last Before Slip PRN: 11  Time: 348015 
Last Before Slip PRN: 1 3  Time: 34801 5 
Last Before s1 i p PRN: 14  Time: 34801 5 

sv Count: 0  Time: 348015 
After Cycle s1 ;p PRN: 11  Time: 348045 

Recovered SV PRN: 12 Time: 348045 
After Cycle s1 i p PRN: 14 Time: 348045 

Last Before Slip PRN: 12 Time: 348045 
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longer has lock on at least four satellites.  The receiver 

CANNOT warn the roving receiver operator to reinitialize 

when a combination of the data from the rover and the 

data from the reference receiver no longer has lock on at 

least the same four satellites.  If the survey is not reinitia- 

lized,  the  data  collected  subsequent  to  the  loss  of  lock 

cannot be processed.   Therefore, to ensure that all data 

collected can be processed, it is very important to chose a 

location for the reference receiver that has very little or 

no obstructions of the sky greater than 15 deg above the 

horizon. 

 

c.    If the stop-and-go data have to be manually post- 

processed, the rule of thumb is it takes twice as long to 

process the data as it does to collect it.  In other words, if 

stop-and-go data were collected for 2 hr (including move 

time), it will take approximately 4 hr to post-process the 

data.  If two reference receivers were utilized, it will take 

approximately 8 hr because twice as many baselines will 

have to be processed.  Manual processing is very labor 

intensive because each cycle slip must be fixed before 

processing  can  continue.    As  stated  previously,  when  a 

cycle slip occurs on a satellite, the integer cycle ambiguity 

for that satellite becomes unknown.  When lock is recov- 

ered on the satellite, its integer cycle ambiguity must be 

once again resolved.   The ambiguity is resolved by fixing 

the cycle slip.  Missing satellite data are treated as a cycle 

slip and also require fixing during post-processing.  Pro- 

cessing time varies with the number of cycle slips that 

occurred during the session; the fewer the cycle slips, the 

quicker the processing will proceed.  The actual stepwise 

procedures of manual processing are beyond the scope of 

this  manual  and  may  vary  depending  on  the  software 

being  used.    The  receiver  manufacturer  should  be  con- 

sulted for available post-processing training. 

 

d.    Some software has a batch mode for post-process- 

ing  stop-and-go  data.   To  save  hours  in  post-processing 

time, this option should always be used when possible. 

Before stop-and-go data are collected, a thorough under- 

standing of the batch processing requirements is strongly 

recommended.   The field procedures used may be modi- 

fied to meet the batch processing requirements. 

 

e.    All  stop-and-go  baselines  observed  on  days  179 

and  180  were  manually  post-processed.     Figure E-17 

shows a solution file for the baseline from the reference 

receiver at 3095 to the roving receiver at 4097.  The file 

naming convention is different from that used for static 

solution files.   Using the file name shown in Figure E-17 

as an example, the convention for an eight-digit file name 

with a three-character extension is as follows. 

40971795.k01 

where 

4097  =  the ID of the station being occupied by the 

roving receiver 

 

179   =  the   day   of   the   year   observations   were 

recorded 

 

5 =  the last digit of the ID of the station being 

occupied by the reference receiver 

 

k =  part   of   extension   denoting   the   file   as 

kinematic 

 

01   =  part of extension that is incremented by one 

each  time  a  station  is  reoccupied  by  the 

same rover on the same day 

 

The solution output for stop-and-go baselines is very sim- 

ilar to the double-difference fixed solution for static base- 

lines.  Refer to the survey examples in Appendix D for an 

annotated output of a double-difference fixed solution. 

 

f.   Figure   E-9   indicates   stations   HL-11,   HL-13, 

HL-14, HL-15, HL-16, and HL-17 were occupied at dif- 

ferent times by both rovers.  Station HL-11 was occupied 

statically by rover 2 and kinematically by rover 1.   The 

other five stations were occupied kinematically by both 

rovers.  Table E-1 shows the repeatability of the values 

within baseline solutions comparing a static fixed solution 

to  a  stop-and-go  kinematic  solution  and  also  two  kine- 

matic solutions processed from data obtained on different 

days.  The comparisons are shown for baselines processed 

from both reference receivers.   Analysis indicates the 

repeatability  between  the  static  and  kinematic  solutions 

was generally less than 20 ppm and that between the two 

kinematic solutions was about the same.  The repeatability 

in  the  Y  component  was  consistently  the  worst  of  the 

three components.   The expected setup error of the range 

pole and bipod is greater than an optical plummet tribrach 

and tripod.  This will affect the repeatability of two kine- 

matic baselines, especially if the baselines are processed 

from data collected by different rovers.  Relatively speak- 

ing,   these   results   exceed   in   all   cases   Second-Order 

Class II precision requirements and in all cases but two, 

Second-Order Class I requirements. 
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sat: 8 :.................................... , ........ 
sat: 6 : ......................................... 

sat: 
sat: 

9 
3 

'I  • • • •  • •  • •  • ' ' ' •  ' ' ' ' ' ' ' ' ' ' ' • ' • • • • • •  • ' ' •  ' ' ' •  ' •  ' •  ' • ' •  ' ' • • ' ' •  •  '
 

. .... ... . . ..... . ... . . . . . . . .. . . . . . ... ... . . .. .. 
 

. .. . .. .. . .. . .... .  . . 

EM 1110-1-1003 

1 Aug 96 
 

 

 

 

TRIMBLE NAVIGATION, LTD 
585 NORTH MARY AVENUE 

SUNNYVALE, CALIFORNIA  94086 
U.S.A. 

 

PROGRAM TRIMVEC 
GPS RELATIVE POSITIONING SOLUTION 

VERSION 89.062MB 
 

File name: 40971795.k01 
Coordinate system- WGS-84 

 

Type solution:  Double difference 
Value of   L12:  1 

l1 solution 

07/10/89  13:45:42.30 

 

Start date/time: 1989/ 6/28 
Stop  date/time: 1989/ 6/29 

 

20:39:60. 

1:45: o. 

 

day of year 179 

day  of    year   180 

 

tow 
tow 

 

333600. 
351900. 

 

 

Data available: 
 

station: 
sat: 11   : •• , .•..•.••.••.•.• , , .••..••.••.•....•••......•....•.••.•.•....•..•.•.. : 

 

 

 

1 

sat:12 
sat:14 
sat: 3 

.. . .. ... . . .. . ' 
. . . . . . . .. . . . . . . . . .. . .. .. . . .. . . . .. . .. .. . .. .. .. ' 

.. .  .  .  ' 
 

 

station:  2 

sat:1 1 

sat: 8 

sat: 6 

sat: 9 
sat:13 

sat:12 

sat:14 

sat: 3 

. . . .. . . ... . . .. . . . . . .. . . . . . . .. . . ... .. .. . .. .. .. . . . .. . ' 
 

 

.. . . .. .... . .. . . . . . . . . . . . . . . . . . . ... . . . .. . . .. . . . .. . . . ' 

. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . ' 
. . . .. . . . . . . . . .. . . . . . . . . . ' 

 

Broadcast ephemeris  file used: D:\179\30951791.eph 
 

SATELLITE IOOE  HEALTH  WEEK NO.  TOW( sec) URA(m) 
11 184 0 494 349200.00 2.8 
8 52 60 494 342000.00 32.0 
6 27 0 494 342030.00 4.0 
9 11 0 494 345600.00 2.8 
13 69 0 494 349200.00 2.8 
12 194 0 494 349200.00 4.0 
14 7 0 494 349200.00 5.7 
3 245 0 494 349230.00 2.0 

 

 

 

 

 

Figure  E-17.  Kinematic solution output  3095 ·> 4097 (Sheet 1 of 4) 
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x ( m) -3140.364 lat (dms) N 34 56 
 

53.54605 
Y ( m) -5233794.156 elon (dms) E 269 57 56.23770 
z (m) 3633210.847 wlon (dms) W 90 2 3.76230 

   ht (m)  91. 048  
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Broadcast satellite clock 
prn  afO 

11 -.30360044910-03 
8  -.60757389290-03 
6  -.28733536600-03 
9  -.35859551280-03 
13  .41933218020-03 
12  .83323987200-03 
14  .56467484680-04 
3  ,15179580080-03 

correction values 
af1 

-.50022208600-11 
-.59230842450-10 
-.17962520360-10 
-. 16939338820-10 

.21600499170-11 

.37516656450-11 

.59117155620-11 
-.14665602070-10 

 

af2 
.00000000000+00 

-. 27755575620-16 
.00000000000+00 

-. 27755575620-1 6 
.00000000000+00 
.00000000000+00 
.00000000000+00 

-.27755575620-16 

 

toe 
.35640+06 

.34920+06 

.34920+06 

.35280+06 

.35640+06 

.35640+06 

.35640+06 

.35640+06 
 

 

No message file for station 
 

Origin of station coordinates 
 

User input 

STATION (mark) 3095  

input data file  D:\179\30951791.dat 
 

antenna height(m)  1.409 

 

met values used:  pressure(mb) 
temperature(deg C) 
relative humidity(%) 

 

 

1013.0 
20.0 
50.0 

 

x (m) 
Y   ( m) 
z (m} 

 

-185.143 
-5230645.165 
3537739.935 

 

lat (dms) N 
elon (dms)  E 
wlon (dms) W 
ht (m) 

 

34  59 
269 59 

90  0 
106.0190 

 

52.56136 
52.69908 
7.30092 

 

No message file for station  2 
 

STATION (mark)  2 4097 

input data file  0:\179\40971792.dat 

antenna height(m)   1.963 
 

met values used:  pressure(mb) 
temperature(deg C) 
relative humidity(%) 

 

1013.0 
20.0 
50.0 

 

 

 

 

1 
 

 

Vector  1 originates at station  ends at station  2 
 

Vector Standard Deviations (m) 

dx 

 

 

dy  dz 
 

Vector .27401510-02 .64182400-02 .49066200-02 
 

Vector correlation matrix 
dx(Ol)  dy(Ol) dz(01) 

 

dx(0 t ) 

dy(Ot) 

dz(Ot) 

 

1 .0000000 
-.7430828  ,.0000000 
.6281730  -.8394194  1.0000000 
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bias 6 .0000000 .0000000 .0000000 .0000000 .0000000 ,0000000 

  .0000000 .0000000 .0000000 1 • 0000000   
bias 7 .0000000 .0000000 .0000000 .0000000 .0000000 .0000000 

  .0000000 .0000000 .0000000 .0000000 1 • 0000000  
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STATION 1 TO  STATION  2 
 

slope distance (m)  6257.9635  sigma  (m) 
 

normal section azimuth (dms)  208 10 42.06 
vertical angle (dms)  0 -9 53.01 

 

east(m)  north(m)  up(m) -2955.109 
 

Delta  lat(dms)  0  -2  59.01531 
Delta. lon(dms) 0  -1  56.46138 
Delta ht(m)  -14.9142 

 

correlations for baseline 1: 

 

 

.0022 

 

 

 

 

 

 

 

-17.992 

 

 

 

d> 
dy 
dz 

trap 
bias 1 
bias 2 
bias  3 

 

bias   4 
 

bias 5 

 

d> 
bias 3 

1 .0000000 
-.7430828 
.6281730 
.0000000 
.0000000 
.0000000 
.0000000 

1,0000000 
.0000000 
.0000000 
.0000000 
.0000000 

 

dy 
bias 4 

 

1 . 0000000 
-.8394194 

.0000000 

.0000000 

.0000000 
,0000000 

 

.0000000 
1 • 0000000 
.0000000 

.0000000 

 

dZ 
bias 5 

 

 

1.0000000 
.0000000 
.0000000 
.0000000 
.0000000 

 

.0000000 
 

.0000000 
1 .0000000 

 

trap 

bias 6 
 

 

 

1 .0000000 
.0000000 
.0000000 
.0000000 

 

.0000000 
 

.0000000 

 

bias 1 

bias 7 
 

 

 

 

1 .0000000 
.0000000 
.0000000 

 

.0000000 
 

.0000000 

 

bias 2 
 

 

 

 

 

 

1 .0000000 
.0000000 

 

.0000000 
 

.0000000 

 

 

 

 

 

 
dx {m) 
dy (m) 

dz {m) 
trap (%) 

bias 1   (cycle) 
bias 2 {cycle) 
bias 3  (cycle) 
bias 4 (cycle) 
bias 5  (cycle) 
bias 6 {cycle) 
bias 7   (cycle) 

solution 
-2955.22Q 
-sua.99 t 
-4529.088 

.000 
9588533.000 
7281643.000 

-1603291.000 
4361315.000 
7690266.000 
9590043,000 

.coo 

Sigma 

.003 

.006 

.005 

.000 

.000 

.000 

.000 

.000 

.000 

.ooo 

.000 
Rdop{norm to 60 sec) is 

 

All  Baseline Vectors: 

dx(m) 

.295 (m/cycle) 
 

 

dy(m) 

 

 

 

dz(m) 

 

 

 

dist(m) 

 

 

 

dh(m) 
 

From 1   To  2 

 

-2955.220 
 

-3148.991 
 

-4529.088 
 

6257.964 
 

-14.914 
 

Interval between epochs (sec)  15.0 
Epoch increment  1 
Number of measurements used in solution 30 
Number of measurements rejected 0 
RMS (cycles)  .039  · 
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Table E-1 

Repeat Baseline Comparison 
 

File Name                 dX                        dY                      dZ 
 

95111791.FIX       -1564.664            -1813.619          -2636.200 

52111795.k01       -1564.666            -1813.590          -2636.214 

Diff in meters                0.002                    0.029                 0.014 

Diff in ppm                    1.3                      16.0                     5.3 

 

98111791.FIX         1757.126              1332.128           1902.257 

52111798.k01        1757.113              1332.164           1902.226 

Diff in meters                0.013                    0.036                 0.031 

Diff in ppm                    7.4                      27.0                   16.3 

 

52131795.k01       -3572.835            -2316.710          -3359.378 

52131805.k01       -3572.853            -2316.729          -3359.378 

Diff in meters                0.018                    0.050                 0.029 

Diff in ppm                    5.0                      21.6                     8.6 

 

52131795.k01         -251.058                829.025           1179.100 

52131808.k01         -251.061                829.020           1179.111 

Diff in meters                0.003                    0.005                 0.011 

Diff in ppm                  11.9                        6.0                     9.3 

 

 

E-6.  Adjustments 

 

GEOLAB adjustment software was used to adjust this 

example survey.  An IOB file was created by adding pro- 

cessed static and kinematic baselines from data obtained 

on  days  179  and  180.    Three  separate  network  adjust- 

ments were performed using this file. 

 

a. The  first  adjustment  was  run  holding  only 

USC&GS HUDGINS fixed in three dimensions.   This 

adjustment provided a check of the internal precision of 

the GPS observations.  A partial listing of the output for 

adjustment one is shown in Figure E-18.   The data indi- 

cated the following: 

 

(1)  As shown on page 1 of the GEOLAB adjustment, 

the number of redundant measurements, or degrees of 

freedom, within the adjustment was high (87). 

 

(2)  As  shown  on  page  31,  the  2D  and  1D  station 

major semi-axis and minor semi-axis were at or less than 

the few-centimeter level. 

 

(3)  As  shown  on  pages  32  and  33,  the  2D  and  1D 

relative  error  ellipses  between  survey  points  were  at  or 

less than the few-centimeter level.  The precision of all 

baselines  within  the  adjustment  exceeded  30  ppm  and 

87 percent exceeded 10 ppm. 

 

(4)  As  shown  on  page  28,  the  histogram  indicates 

some of the residuals were higher than anticipated.  These 

higher residuals fell outside of the bell-shaped curve. 

(5)  As shown on page 29, the estimated variance fac- 

tor in the statistics summary is somewhat high.  Higher 

residuals and  variance factors  than seen  with static  data 

can be expected when adjusting stop-and-go baselines. 

Although  some  high  residual  values  exist  in  the  adjust- 

ment, the precision of all baselines relative to their length 

are   within   Second-Order   Class   II   requirements   and 

87 percent  are  within  First-Order  requirements.    Longer 

occupation times may help to improve some of the statis- 

tical values and baseline precisions if higher orders of 

accuracy are desired. 

 

b. The second adjustment was run holding USC&GS 

HUDGINS fixed in three dimensions and P-13-2-89 fixed 

in  two  dimensions.    This  adjustment  was  performed  to 

obtain the final adjusted horizontal positions of all of the 

photo control points occupied using GPS.  After obtaining 

the adjusted positions from GEOLAB, terrestrial traverse 

computations were performed to obtain positions on the 

remaining photo control points.  A partial listing of the 

output for adjustment two is shown in Figure E-19.  Here, 

the statistical values and relative errors increased only 

slightly compared to adjustment one after holding a sec- 

ond point fixed.   The relative precision of all baselines in 

the adjustment still exceed Second Order Class II 

requirements. 

 

c.  The  third  and  final  adjustment  was  ran  holding 

USC&GS HUDGINS fixed in three dimensions and S 22 

1974,  HL-1  and  HL-20  fixed  in  one  dimension.     All 

heights fixed in the adjustment were orthometric or rela- 

tive to the geoid.  If elevations relative to the geoid are 

desired, a separate vertical adjustment is required holding 

only one point fixed horizontally.  Horizontal and vertical 

adjustments should not be combined because precisions in 

the horizontal plane will affect precisions in the vertical 

plane and vice versa.  A partial listing of the output for 

adjustment three is shown in Figure E-20.  Page 33 of the 

output indicates that the 1D confidence region for each 

station in the adjustment is less than 0.1 m. 

 

E-7.  Project Summary 

 

Positions  in  3D  were  developed  for  23  photo  control 

points as well as 2D positions for two new Type A 

monuments. 

 

a. The field work for the survey was completed in 

approximately 35 hr with a task breakdown as follows. 

 

(1)  8 hr for presurvey reconnaissance, 2-man crew. 
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Free 3-D Stations 23 Azimuths 0 

Free 2-D Stations 0 Vertical Angles 0 

Free 1-D Stations 0 Zenithal Angles 0 

Coord. Parameters 69 Angles 0 

Astra. Latitudes 0 Heights 0 

Astra. Longitudes 0 Height Differences 0 

Geoid Records 0 Auxiliary Params. 0 

All Aux. Pars. 0 2-D Coords. 0 

Direction Pars. 0 2-D Coord. Diffs. 0 

Scale Parameters 0 3-D coords. 0 

Constant Pars. 0 3-D Coord. Diffs. 156 

Rotation Pars. : 0 
  

Translation Pars.: 0 
  

'    

' 69 Total Observations 156 
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U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT

Directions 0 ' 

:  PARAMETERS  OBSERVATIONS  ! 

l Description : Number : Description Number : 

Degrees of Freedom : 87 
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------- --------- ----------------- ------------------------------ - 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

EM 1110-1-1003 

1 Aug 96 

A= 6378137.000 B:  6356752.314 XO= 0.000 YO:  0.000 ZO=  0.000 
 

PREPARE: 
 

09:34:43 - Tuesday, October 09, 1990 
 

Input from: 
Output  to: 

 

<GPS7K_l. iob> 

<GPS7K_l.LST> 
 

PREPARE successfully completed. 
 

------------------------------------------------------------------------------- 
 

 

 

 

 

 

------------------------------------------------------------------------------- 
HORN LAKE CREEK PHOTO CONTROL -·GPS STOP & GO KINEMATIC SURVEY 

A:  6378137.000 a: 6356752.314 XO:  0.000 YO:  0.000 ZO:  0.000 

------------------------------------------------------------------------------- 
GETUP: 

 

 

----------------------------------------------------------------------------- 
:-----------------------------------------------------------------------------: 
'-----------------------------------------------------------------------------: 
All Stations 24 

0 Fixed Stations : 1 Distances 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total Parameters : 

----------------------------------------------------------------------------- 
----------------------------------------------------------------------------- 

 

 

------------------------------------------------------------------------------- 
 

 

Figure  E-18.  IVInimally  constrained horizontal adjustment (Sheet 1 of 6) 
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U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

6378137.000 6=  6356752.314 XO=  0.000 YO=  0.000 ZO:  0.000 
 

RESID: 
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Histogram of 3-D Coord Diff (156) Standardized Residuals 
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EM 1110-1-1003 

1 Aug 96 
 

 

------------------------------------------------------------------------------- 
U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 

HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 
A= 6378137.000 B= 6356752.314 XO= 0.000 YO= 0.000 ZO= 0.000 

------------------------------------------------------------------------------- 
RESID: 

 

 

 

 

----------------------------------------------------------------------------- 
 

S T A T I S T I C S  S  U  M  M  A   R  Y 
 

'----------------------------------------------------------------------------- 
 

Residual Critical Value Type 

Residual Critical Value 

Convergence Criterion 

Final Iteration counter Value 
Confidence Level Used 
Number of Flagged Residuals 
stimated Variance Factor 

Number of Degrees of Freedom 

 

Tau Max 

3.6542 
0.001000 

2 

95.0000 

29 
9.2151 

87 
 

---------------------------------------- ------------------------------------: 
' 

Chi-Square Test on the Variance Factor: 
 

6.990le+OOO  < 1.0000  < 1.2708e+001  ? 

 

 

! !! ! I ! ! ! ! ! ! ! ! ! ! ! !! ! !! ! ! ! THE TEST FAILS  ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
 

----------------------------------------------------------------------------- 
 

RESID successfully completed. 
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EM 1110-1-1003 

1 Aug  96 
 

 

 

U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

A= 6378137.000 B= 6356752.314 XO= 0.000 YO= 0.000 ZO= 0.000 
 

ELLIPSE: 

 

2-D AND 1-D STATION CONFIDENCE REGIONS (95.000 %): 

 

I DENT.  MAJOR SEMI-AXIS  MINOR  SEMI-AXIS  AZ(MAJ)  VERTICAL 

-------- ----------------- ---------------- -------- --------------- 
4098 0.0037  0.0030  145.07  0.0084 
4097 0.0111 0.0098 104.55 0.0231 
5211 0.0086 0.0079 76.51 0.0167 
5221 0.0229 0.0137 4.04 0.0536 

5208 0.0353 0.0135 1.88 0.0593 
5213 0.0079 0.0059 114.15 0.0117 
2099 0.0190 0.0128 23.44 0.0402 

5212 0.0227 0.0085 9.19 0.0985 
5214 0.0139 0.0078 153.79 0.0406 

5215 0.0076 0.0055 160.93 0.0217 
5216 0.0056 0.0035 157.21 0.0196 
5217 0.0152 0.0107 143.90 0.0344 
5219 0.0167 0.0103 11.22 0.0322 
5220 0.0143 0.0096 17.16 0.0295 
7212 0.0102 0.0073 24.15 0.0219 
5222 0.0069 0.0057 87.95 0.0139 
5224 0.0150 0.0122 94.27 0.0321 
5223 0.0078 0.0063 101.33 0.0176 
5209 0.0074 0.0060 66.59 0.0113 
5218 0.0123 0.0097 128.12 0.0201 
5206 0.0116 0.0086 142.23 0.0263 
5201 0.0125 0.0082 28.16 0.0260 
5203 0.0115 0.0044 8.95 0.0540 
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ELLIPSE:

U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 

EM 1110-1-1003 

1 Aug  96 
 

 

------------------------------------------------------------------------------- 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

A= 6378137.000 B= 6356752.314 XO= 0.000 YO= 0.000 ZO= 0.000 

------------------------------------------------------------------------------- 
 

2-D AND 1-0 RELATIVE STATION CONFIDENCE REGIONS ( 95.000 %): 
 

FROM TO 

 

MAJ.SEMI  MIN.SEMI  AZ(MAJ)  VERTICAL SPATIA  DIST. 
 

PRECISION 
 

4098 
 

4097 0.0110 0.0097 99.22 0.0227 366.6975 29.965  PPM 

4098 5211 0.0082 0.0071 72.51 0.0145 2912.1464 2.824 PPM 
4098 5221 0.0231 0.0140 3.76 0.0541 4613.1049 5.003 PPM 
4098 5208 0.0353 0.0132 1.93 0.0591 2733.5199 12.901 PPM 
4098 2099 0.0188 0.0124 23.86 0.0395 2209.5900 8.528 PPM 
4098 5212 0.0226 0.0081 9.40 0.0983 2184.0854 10.334 PPM 
4098 5214 0.0140 0.0078 153.61 0.0398 1476.6279 9.461  PPM 
4098 5215 0.0079 0.0057 158.56 0.0214 801.5978 9.828 PPM 
4098 5216 0.0060 0.0039 154.86 0.0183 542.8320 10.996 PPM 
4098 5217 0.0151 0.0106 143.88 0.0340 661.3902 22.792  PPM 
4098 5219 0.0168 0.0104 11.02 0.0324 2891.5861 5.799 PPM 
4098 5220 0.0139 0.0091 18.11 0.0286 2566.7333 5.434 PPM 
4098 7212 0.0097 0.0064 26.24 0.0204 2016.1771 4.824 PPM 
4098 5222 0.0070 0.0059 89..23 0.0142 4430.4221 1.574 PPM 
4098 5224 0.0150 0.0122 94.28 0.0321 5477.8680 2.742 PPM 

4098 5213 0.0076 0.0056 114.08 0.0113 1463.0776 5.162 PPM 
4098 5223 0.0080 0.0065 102.72 0.0180 5905.2055 1.354 PPM 
4098 5209 0.0078 0.0067 68.72 0.0132 2151.8382 3.631 PPM 
4098 5218 0.0119 0.0094 127.14 0.0189 1886.0709 6.326 PPM 
4098 5206 0.0118 0.0088 142.32 0.0268 3467.4965 3.412 PPM 
4098 5203 0.0114 0.0041 9.23 0.0538 5895.6948 1.932 PPM 
4098 5201 0.0127 0.0084 27.81 0.0264 6501.9484 1.947 PPM 
4098 3095 0.0037 0.0030 145.07 0.0084 6444.1890 0.580 PPM 

4097 3095 0.0111 0.0098 104.55 0.0231 6257.9628 1.776  PPM 
3095 5211 0.0086 0.0079 76.51 0.0167 3561.8762 2.428  PPM 
3095 5208 0.0353 0.0135 1.88 0.0593 3860.2180 9.155 PPM 
3095 5221 0.0229 0.0137 4.04 0.0536 2049.7519 11.170 PPM 
3095 5213 0.0079 0.0059 114.15 0.0117 5423.8080 1.456 PPM 
3095 2099 0.0190 0.0128 23.44 0.0402 6228.3592 3.056 PPM 
3095 5212 0.0227 0.0085 9.19 0.0985 4670.3247 4.871 PPM 
3095 5214 0.0139 0.0078 153.79 0.0406 5123.7279 2. 718  PPM 

3095 5215 0.0076 0.0055 160.93 0.0217 6286.9779 1.201 PPM 
3095 5216 0.0056 0.0035 157.21 0.0196 6093.8864 0.915 PPM 
3095 5217 0.0152 0,0107 143.90 0.0344 6657.5099 2.288 PPM 
3095 5219 0.0167 0.0103 11.22 0.0322 3553.0160 4.696 PPM 
3095 5220 0.0143 0.0096 17.16 0.0295 4130.2034 3.452 PPM 
3095 7212 0.0102 0.0073 24.15 0.0219 5986.6100 l.705  PPM 

3095 5222 0.0069 0.0057 87.95 0.0139 2948.5824 2.328 PPM 
3095 5224 0.0150 0.0122 94.27 0.0321 2553.4890 5.881 PPM 
3095 5223 0.0078 0.0063 101.33 0.0176 1964.3998 3.985 PPM 

3095 5209 0.0074 0.0060 66.59 0.0113 4497.4302 1.649 PPM 

3095 5218 0.0123 0.0097 128.12 0.0201 4558.2365 2.702  PPM 
3095 5206 0.0116 0.0086 142.23 0.0263 4289.4530 2.703 PPM 
3095 5201 0.0125 0.0082 28.16 0.0260 7706.4120 1,628 PPM 
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-------- -------- -------- ------- ------------- ------------ 

EM 1110-1-1003 

1 Aug 96 
 

-------------- ------------- -------------------------------- ----------- 
U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 

HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 
A:: 6378137.000  8::: 6356752.314  XO::: 0.000 YO:: 0.000 ZO::: o.ooo 
------------------------------------------------------------------------------- 
ELLIPSE: 

 

2-D AND 1-D RELATIVE STATION CONFIDENCE REGIONS (95.000 %): 
 

FROM TO  MAJ.SEMI MIN.SEMI AZ(MAJ)VERTICAL SPATIAL DIST. PRECISION 

-------- -------- 
3095  5203  0.0115  0.0044  8.95  0.0540  6734.0519  1.709 PPM 

 

ELLIPSE successfully completed. 
09:40:34 - Tuesday, October 09, 1990 
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EM 1110-1-1003 

1 Aug 96 
 

 

 

U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

A::  6378137.000 B=  6356752.314  XO: 0.000  YO= 0.000 ZO::: 

 

PREPARE: 

 

10:00:35 - Tuesday, October 09, 1990 

 

 

0.000 

 

Input  from: 
Output  to: 

 

<GPS7K_2. iob> 

<GPS7K_2.LST> 
 

PREPARE successfully completed. 
 

 

------------------------------------------------------------------------------- 
GeoLab  -  VL91S,  (C) 1985/86/87/88/89  BitWise Ideas  Inc.   (103208976) Page  0 

 

 

 

U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

A::: 6378137.000  B=  6356752.314  XO::  0.000 YO= 0.000 ZO=  0.000 

------------------------------------------------------------------------------- 
GETUP: 

 

 

----------------------------------------------------------------------------- 
:-----------------------------------------------------------------------------: 
: Description Number : Description \ Number : 

:-------------------------------------- --------------------------------------: 
All Stations  24 
Fixed Stations  : 1 
Free  3-D Stations: 23 

Free  2-D   Stations o 
Free  1-D Stations  0 

Directions  0 ' 
Distances  0 

Azimuths 0 

Vertical   Angles 0 

Zenithal Angles 0 

Coord.  Parameter$ 
Astro. latitudes 
Astro.  longitudes 
Geoid Records All   
Aux.  Pars. 
Direction  Pars. 
Scale  Parameters : 

69 Angles 0 

0 Heights 0 

0 Height Differences  0 

0 Auxiliary   Params. 0 

0 2-D   Coords. 
0 2-D   Coord. Diffs.  0 

0  3-D Coords.  0 

Constant Pars.  ' 0 3-D   Coord.  Diffs. 156
 

Rotation Pars.  :
' 

0 

Translation  Pars.:  0 
 

 

,    Total  Parameters  : 69  ,    Total  Observations:  158 

:----------------------------------------------------------------------------- 
: Degrees  of    Freedom  ::: 89 

----------------------------------------------------------------------------- 

------------------------------------------------------------------------------- 
Geolab- Vl.91S,   (C)  1985/86/87/88/89  BitWise Ideas  Inc.   [103208976) Page 1 

 

 

Figure E-19.  Fully constrained horizontal adjustment (Sheet 1 of 6) 
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U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

A 6378137.000  B=  6356752.314  XO= 0.000 YO= 0.000 ZO= 0.000 

 

RESID: 
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Histogram of All (158) Standardized Residuals. 
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Figure E-19.  (Sheet 2 of 6) 
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Residual Critical Value Type Tau Max 
Residual Critical Value  3.6597 
Convergence Criterion  

0.001000 

Final Iteration Counter Value 2 

Confidence Level Used  
95.0000 

Number of Flagged Residuals 35 

Estimated Variance Factor 13.2102 

Number of Degrees of Freedom 89 

 

'

EM 1110-1-1003 

1 Aug 96 
 

 

 

U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

A:  6378137.000 B= 6356752.314 XO= 0.000 YO= 0.000 ZO:  0.000 

------------------------------------------------------------------------------- 
RESID: 

 

 

 

----------------------------------------------------------------------------- 
STATISTICS S  U  M  M A  R  Y 

 

-----------------------------------------------------------------------------: 
' 

 

 

 

 

 

 

 

 

----------------------------------------------------------------------------- 
Chi-SQuare Test on the Variance Factor: 

 

l.0050e+OOl  < 1.0000  < 1.8146e+OOl  ? 
 

 

! ! ! ! ! ! ! ! ! ! ! !! !! ! ! ! ! ! ! ! ! ! THE TEST FAILS  ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 

----------------------------------------------------------------------------- 
RESID successfully completed. 
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4098 0.0040 0.0034 

4097 0.0133 0.0117 

5211 0.0103 0.0093 

5221 0.0274 0.0165 

5208 0.0423 0.0161 

5213 0.0094 0.0070 

2099 0.0228 0.0152 

5212 0.0272 0.0101 

5214 0.0167 0.0093 

5215 0.0090 0.0065 

5216 0.0066 0.0042 

5217 0.0182 0.0128 

5219 0.0200 0.0123 

220 0.0170 0.0114 

7212 0.0121 0.0085 

5222 0.0082 0.0068 

5224 0.0180 0.0146 

5223 0.0093 0.0075 

5209 0.0089 0.0072 

5218 0.0147 0.0116 

5206 0.0139 0.0103 

5201 0.0150 0.0098 

5203 0.0137 0.0052 

 

145.07 0.0099 

EM 1110-1-1003 

1 Aug  96 

 

--------------------------------------------------------------- 
U.S. ARMY CORPS Of ENGINEERS - MEMPHIS DISTRICT 

HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 
A::  6378137.000  B=  6356752.314  XO= 0.000 YO= 0.000 ZO= 0.000 

------------------------------------------------------------------------------- 
ELLIPSE: 

 

2-0 AND 1-D STATION CONFIDENCE REGIONS (95.000 %); 

--------------------------------------------------- 

-
!
-
D
-
E
-
N
-
T
-
.
-- 

MAJOR SEMI-AXIS MINOR  SEMI-AXIS AZ(MAJ)  VERTICAL 

----------------- ---------------- -------- --------------- 
103.56  0.0276 
74.85  0.0199 

4.04  0.0642 

1.90  0.0710 

113.66  0.0140 
23.58  0.0481 
9.26  0.1179 

153.80  0.0486 
160.93  0.0259 
157.23  0.0235 

143.89  0.0411 
11.25  0.0385 
17.47  0.03:;3 
24.83  0.0262 

87.45  0.0166 

94.13  0.0385 

101.03  0.0210 

66.56  0.0136 

127.81  0.0241 

142.23  0.0315 

28.21  0.0311 
9.10  0.0646 
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EM 1110-1-1003 

1 Aug 96 
 

------- -- -------------------- -- -------------- 
U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 

HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 
A=  6378137.000 B= 6356752.314 XC=  0.000 YO=  0.000 ZO=  0.000 

------------------------------------------------------------------------------- 
ELLIPSE: 

 

2-0 AND l-0 RELATIVE STATION CONFIDENCE REGIONS ( 95.000 %): 
 

FROM  TO 
 

MAJ.SEMI MIN.SEMI AZ(MAJ) VERTICAL SPATIAL DIST. 
 

PRECISION 
 

4098 4097 0.0131 0.0116 99.26 0.0271 366.6987 35.831 PPM 
4098 5211 0.0098 0.0085 72.49 0.0174 2912.1468 3.381 PPM 
4098 5221 0.0276 0.0167 3.85 0.0647 4613.1075 5.981 PPM 
4098 5208 0.0422 0.0159 1.94 0.0707 2733.5206 15.445 PPM 
4098 2099 0.0226 0.0149 23.87 0.0473 2209.5901 10.210 PPM 
4098 5212 0.0270 0.0096 9.41 0.1176 2184.0857 12.372 PPM 
4098 5214 0.0167 0.0093 153.65 0.0477 1476.6292 11.304 PPM 
4098 5215 0.0093 0.0068 159.03 0.0256 801.5979 11.644 PPM 
4098 5216 0.0070 0.0045 155.32 0.0219 542.8330 12.936 PPM 
4098 5217 0.0180 0.0127 143.88 0.0407 661.3897 27.271 PPM 
4098 5219 0.0200 0.0124 11.12 0.0388 2891.5879 6.933 PPM 

4098 5220 0.0167 0.0109 18.11 0.0342 2566.7336 6.506 PPM 

4098 7212 0.0116 0.0077 26.24 0.0244 2016.1771 5.776 PPM 
4098 5222 0.0083 0.0070 88.31 0.0170 4430.4238 1.873 PPM 
4098 5224 0.0180 0.0146 94.14 0.0385 5477.8695 3.280 PPM 
4098 5213 0.0090 0.0067 113.86 0.0135 1463.0782 6.169 PPM 
4098 5223 0.0095 0.0077 101.99 0.0215 5905.2073 1.611 PPM 
4098 5209 0.0093 0.0078 67.94 0.0157 2151.8403 4.314 PPM 

4098 5218 0.0143 0.0112 127.13 0.0226 1886.0714 7.572 PPM 
4098 5206 0.0141 0.0105 142.28 0.0321 3467.4980 4.065 PPM 
4098 5203 0.0136 0.0049 9.29 0.0644 5895.6951 2.311 PPM 
4098 5201 0.0151 0.0100 27.97 0.0315 6501.9487 2.326 PPM 
4098 3095 0.0040 0.0034 145.07 0.0099 6444.1920 0.620 PPM 
4097 3095 0.0133 0.0117 103.56 0.0276 6257.9643 2.119 PPM 
3095 5211 0.0103 0.0093 74.85 0.0199 3561.8789 2.885 PPM 
3095 5208 0.0423 0.0161 1. 90 0.0710 3860.2203 10.956 PPM 
3095 5221 0.0274 0.0165 4.04 0.0642 2049.7523 13.373 PPM 

3095 5213 0.0094 0.0070 113.66 0.0140 5423.8102 f.726 PPM 

3095 2099 0.0228 0.0152 23.58 0.0481 6228.3617 3.653 PPM 
3095 5212 0.0272 0.0101 9.26 0.1179 4670.3272 5.823 PPM 
3095 5214 0.0167 0.0093 153.80 0.0486 5123.7294 3.250 PPM 
3095 5215 0.0090 0.0065 160.93 0.0259 6286.9790 1.435 PPM 
3095 5216 0.0066 0.0042 157.23 0.0235 6093.8876 1.090 PPM 
3095 5217 0.0182 0.0128 143.89 0.0411 6657.5119 2.732 PPM 

3095 5219 0.0200 0.0123 11.25 0.0385 3553.0171 5.620 PPM 
3095 5220 0.0170 0.0114 17.47 0.0353 4130.2059 4.118 PPM 
3095 7212 0.0121 0.0085 24.83 0.0262 5986.6129 2.026 PPM 

3095 5222 0.0082 0.0068 87.45 0.0166 2948.5833 2. 778 PPM 
3095 5224 0.0180 0.0146 94.13 0.0385 2553.4896 7. 035 PPM 
3095 5223 0.0093 0.0075 101.03 0.0210 1964.4001 4.759 PPM 

3095 5209 0.0089 0. 0072 66.56 0.0136 4497.4308 1.974 PPM 

3095 5218 0.0147 0.0116 127.81 0.0241 4558.2390 3.215 PPM 
3095 5206 0.0139 0.0103 142.23 0.0315 4269.4539 3.234 PPM 

3095 5201 0.0150 0.0098 28.21 0.0311 7706.4128 1.948 PPM 
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------- ------ - -------  -- ---------- ------ ---------- --  ------- 
U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 

HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 
A  6378137.000 B::  6356752.314  XO::: 0.000 YO= 0.000 ZO=  0.000 

------------------------------------------------------------------------------- 
ELLIPSE: 

 

2-D AND 1-D RELATIVE STATION CONFIDENCE REGIONS (95.000 %): 

------------------
M
-
A
-
J
-
.
-
S
-
E
-
M
-
I
---

MI
-
N
-
.
-
S
-
E
-
M
-
I
--
A
-
Z
-
(
-
M
-
A
-
J
--
)
-
V
-
E
-
R
-
T
-
I
-
C
-
A
-
L
--
S
-
P
-
A
-
T
-
I
-
A
-
L DIST.  PRECISION 

-------- --------  --------  -------- ------- -------- ------------- ------------ 
3095  5203  0.0137  0.0052  9.10  0.0646  6734.0532  2.040 PPM 

 

ELLIPSE successfully completed. 

l0:06:34 - Tuesday, October 09, l990 
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U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

A::: 6378137.000 8:  6356752.314 XO= 0.000> YO: 0.000  ZO::: 

 

PREPARE: 

 

10:29:30 - Tuesday, October 09, 1990 

 

 

0.000 

 

Input  from: 

Output  to: 

 

<GPS7K_3.iob> 

<GPS7K_3 .LST> 
 

PREPARE successfully completed. 
 

 

Ge o lab  - 

 

--------------------------------------------------------------
P
-
a
-
g
-
e
-----

0
 

 

 

------------------------------------------------------------------------------- 
U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 

HORN LAKE CREEK PHOTO CONTROL - GPS STOP GO KINEMATIC SURVEY 

A= 6378137.000 8:: 6356752.314 XO= 0.000 YO= 0.000 ZO= 0.000 

------------------------------------------------------------------------------- 
GETUP: 

 

 

----------------------------------------------------------------------------- 
1 PARAMETERS :  OBSERVATIONS 1 

:-----------------------------------------------------------------------------: 
: Description  : Number  :  Description  :  Number  : 

:---------------------------------------------------------- 

' 
All Stations 24  Di rectiens  0 

Fixed Stations    : 
Free 3-D Stations: 
Free 2-D Stations: 
Free 1-D Stations: 
Coord. Parameters: 
Astra. L.atitudes  : 

1 Distances  0 

23  Azimuths  0 

0 Vertical Angles  0 

0 Zenithal Angles  0 

69  Angles  0 

0  Heights 

 

All  Aux. Pars. 

Direction Pars. 

Scale Parameters 

Constant Pars. 

Rotation Pars. 

Translation Pars. 

0 2-D Coords. 

0 2-D Coord. D1ffs. 

0  Coards. 

0 Coord. Diffs. 
0 

0 

0 

0 

0 

156 

 

,  Total Parameters
 69  Total Observations 159 

:-------------------------------------- --------------------------------------: 
' Degrees of Freedom = 90 
' ----------------------------------------------------------------------------- 

 

------------------------------------------------------------------------------ 
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Figure E-20.  Fully constrained vertical adjustment (Sheet 1 of 6) 
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------------ ------- - ----- ---------------------------- 
U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 

HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 
A 6378137.000  8= 6356752.314  XO::: 0.000 YO=  0.000 ZO= 

 

 

 

 

0.000 

------------------------------------------------------------------------------- 
RESID: 
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-4 -3  -2  -1  0 1 2  3 4 

Histogram  of    All (159) Standardized Residuals. 
 

------------------------------------------------------------------------------- 
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------------------------------------------------------------------------------- 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

A= 6378137.000 B=  6356752.314  XO= 0,000 YO= 0.000 ZO= 
 

RESID: 
 

 

 

 

 

 

STATISTICS SUMMARY 

0.000 

 

 

 

Residual Critical Value Type Tau   Max 

Residual Critical Value  3.6624 
Convergence Criterion 

 
0.001000 

Final Iteration Counter Value 2 
confidence Level Used  

95.0000 

Number of Flagged Residuals 
Estimated Variance Factor 
Number of Degrees of Freedom 

30 
9. 3212 

90  
' 

--------------------------------------'---------------------------------------:' 
 

Chi-Square Test on te Variance  Factor: 
 

7.10l2e+OOO  < 1.0000  < 1.2779e+001  ? 
 

 

! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! !  THE   TEST    FAILS ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! 
 

 

 

RESID  successfully  completed. 
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-- --- ------------ ----------------- -- ----- - --------- - ------ --- 
U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 

HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 
A=  6376137.000 B=  6356752.314  XO::  0.000 YO=  0.000 ZO=  0.000 

---------------------------------------------------...,--------------------------- 
ELLIPSE: 

 

2-D AND 1-0 STATION CONFIDENCE REGIONS (95.000 %): 
 

I DENT.  MAJOR SEMI-AXIS MINOR SEMI-AXIS AZ(MAJ)  VERTICAL 

----------------- ----------------  --------------- 
4096 
4097 

5211 

5221 
5208 

5213 
2099 

5212 

5214 

5215 

5216 

5217 

5219 

5220 

7212 

5222 

5224 

5223 

5209 

5218 
5206 

5201 
5203 

0.0037  0.0030  144.69  0.0080 

0.0112 0.0099  104.44  0.0232 
0.0087  0.0079  76.37  0.0166 
0.0230  0.0136  4.04  0.0539 
0.0355  0.0136  1.89  0.0596 
0.0079  0.0060  114.13  0.0117 
0.0129  0.0125  134.78  0.0006 
0.0229  0.0086  9.20  0.0990 

0.0140  0.0076  153.78  0.0407 

0.0076  0.0055  160.67  0.0217 

0.0056  0.0035  157.13  0.0196 

0.0153  0.0108  143.89  0.0345 

0.0166  0,0103  11.22  0.0323 

0.0098  0.0087  129.60  0.0006 

0.0103  0.0073  24.26  0.0219 

0.0069  0.0058  67.89  0.0139 

0.0151  0.0123  94.25  0.0323 

0.0079  0.0063  101.29  0.0176 
0.0075  0.0060  66.59  0.0114 
0.0124  0,0098  128.06  0.0201 

0.0117  0.0066  142.23  0.0264 
0.0090  0.0082  31.01  0.0006 
0.0116  0.0044  8.97  0.0542 
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ELLIPSE: 
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1 Aug  96 
 

 

 

U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

A= 6378137.000 B=  6356752.314 XO:  0.000 YO= 0.000 ZO: 

------------------------------------------------------------------------------- 
 

2-0 AND 1-D RELATIVE STATION CONFIDENCE REGIONS ( 95.000 %): 
 

FROM TO 
 

HAJ.SEMI MIN.SEHI Al(HAJ) VERTICAL SPATIAL OIST. 
 

PRECISION 
 

4098 4097 0.0110 0.0098 99.29 0.0228 
 

366.6974 
 

30.134 PPM 
4098 5211 0.0083 0.0072 72.51 0.0146 2912.1465 2.841 PPM 
4098 5221 0.0232 0.0141 3.77 0.0543 4613.1048 5.031 PPM 
4098 5208 0.0355 0.0133 1.94 0.0594 2733.5198 12.975 PPM 
4098 2099 0.0127 0.0123 153.61 0.0080 2209.5932 5.731 PPM 

4098 5212 0.0227 0.0081 9.40 0.0988 2184.0853 10.393 PPM 
4098 5214 0.0141 0.0078 153.61 0.0401 1476.6279 9.515 PPM 
4098 5215 0.0079 0.0058 158.62 0.0215 801.5977 9.882 PPM 
4098 5216 0.0060 0,0039 154.93 0.0184 542.8319 11.054 PPM 
4098 5217 0.0152 0.0106 143.88 0.0342 661.3901 22.922 PPM 
4098 5219 0.0169 0.0105 11.04 0.0326 2891.5859 5.832 PPM 

4098 5220 0.0093 0.0084 140.18 0.0080 2566.7382 3.642 PPM 
4098 7212 0.0098 0.0064 26.24 0.0205 2016.1771 4.852 PPM 
4098 5222 0.0070 0.0059 89,11 0.0142 4430.4221 1.583 PPM 
4098 5224 0.0151 0.0123 94.26 0.03'23 5477.8680 2.758 PPM 
4098 5213 0,0076 0.0056 113.97 0.0113 1463.07?4 5.189 PPM 
4098 5223 0.0080 0.0065 102.62 0.0180 5905.2054 1.361 PPM 
4098 5209 0.0079 0.0067 66.68 0.0131 2151.8379 3.652 PPM 

4098 5218 0.0120 0.0094 127.14 0.0190 1886.0709 6.362 PPM 

4098 5206 0.0119 0.0088 142.30 0.0269 3467.4963 3.430 PPM 
4098 5203 0.0115 0.0041 9.24 0.0541 5895.6947 1.943 PPM 
4098 5201 0.0092 0,0085 23.95 0.0080 6501.9478 1.419 PPM 
4098 3095 0.0037 0.0030 144.69 0.0080 6444.1888 0.579 PPM 
4097 3095 0.0112 0.0099 104.44 0.0232 6257.9628 1.785 PPM 
3095 5211 0.0087 0.0079 76.37 0.0166 3561.8760 2.441 PPM 
3095 5208 0.0355 0.0136 1.89 0.0596 3860.2179 9.207 PPM 
3095 5221 0.0230 0.0138 4.04 0.0539 2049.7519 11.234 PPM 
3095 5213 0.0079 0.0060 114.13 0.0117 5423.8080 1.464 PPM 
3095 2099 0.0129 0.0125 134.78 0.0006 6228.3515 2.073 PPM 
3095 5212 0.0229 0.0086 9.20 0.0990 4670.3246 .4.898 PPM 
3095 5214 0.0140 0.0078 153.78 0.0407 5123.7278 2.733 PPM 
3095 5215 0.0076 0.0055 160,87 0.0217 6286.9777 1.207 PPM 
3095 5216 0.0056 0.0035 157.13 0.0196 6093.8863 0.919 PPM 
3095 5217 0.0153 0.0108 143.89 0.0345 6657.5098 2.301 PPM 
3095 5219 0.0168 0.0103 11.22 0.0323 3553.0159 4.723 PPM 
3095 5220 0.0098 0.0087 129.60 0.0006 4130.1976 2.364 PPM 
3095 7212 0.0103 0.0073 24.26 0.0219 5986.6100 1.714 PPM 
3095 5222 0.0069 0.0058 87.89 0.0139 2948.5823 2.341 PPM 
3095 5224 0.0151 0.0123 94.25 0.0323 2553.4888 5.915 PPM 
3095 5223 0.0079 0.0063 101.29 0.0176 1964.3997 4.007 PPM 
3095 5209 0.0075 0.0060 66.59 0.0114 4497.4302 1.659 PPM 
3095 5218 0.0124 0.0098 128.06 0.0201 4558.2364 2.717 PPM 
3095 5206 0.0117 0.0086 142.23 0.0264 4289.4530 2.719 PPM 
3095 5201 0.0090 0.0082 31.01 0.0006 7706.4127 1.165 PPM 
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U.S. ARMY CORPS OF ENGINEERS - MEMPHIS DISTRICT 

EM 1110-1-1003 

1 Aug  96 

 

------------------------------------------------------------------------------- 
HORN LAKE CREEK PHOTO CONTROL - GPS STOP & GO KINEMATIC SURVEY 

A=  6378137.000  8:: 6356752.314  XO=  0.000 YO=  0.000 ZO=  0.000 

------------------------------------------------------------------------------- 
ELLIPSE: 

 

2-D AND l-0 RELATIVE STATION CONFIDENCE REGIONS (95.000 %): 
 

FROM  TO 

 

MAJ.SEMI MIN.SEMI AZ(MAJ) VERTICAL SPATIAL DIST.  PRECISION 

3095  5203  0.0116  0.0044  8.97  0:0542  6734.0520  1.718 PPM 

ELLIPSE succes fully completed. 
10:36:17 - Tuesday, October 09, 1990 
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(2)  5  hr  to  set  temporary  photo  control  points  and 

obtain visibility information at each site, 2-man crew. 

 

(3)  2  hr  to  install  two  Type  A  monuments,  3-man 

crew. 

 

(4)  5  hr  to  perform  necessary  Third-Order  traverse 

and leveling, 4-man crew. 

 

(5)  15 hr to collect static and stop-and-go GPS data, 

5-man crew. 

b. A conservative estimate of the field operations 

required by a 4-man party to 3D-position the 23 photo 

control points using conventional terrestrial methods was 

approximately 70 hr.   The accuracies obtained from the 

final horizontal adjustment of the GPS data exceeded the 

requirements of the project.  The accuracies obtained from 

the final vertical adjustment of the GPS data met the 

requirements. 
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Appendix F 
Field Reduction and Adjustment of GPS 
Surveys 

 

 

 

F-1.  General 

 

This appendix contains sample data reduction, adjustment, 

and analysis of GPS surveys.   It is intended for guidance 

to field personnel performing field-to-finish survey work 

with the GPS.  GPS survey data can (and should) be eval- 

uated  as  soon  as  possible  after  observations  are  com- 

pleted,  preferably  within  1 or  2 days.     This  appendix 

covers evaluation of internal closures, external closures, 

adjustment techniques, and evaluation of the adequacy of 

these results.   A PC-based least squares adjustment pack- 

age is not necessary to perform acceptable final field 

adjustments.   Most USACE GPS work, other than base- 

line reductions, can be analyzed and adequately adjusted 

using simple hand-held calculators, as shown herein. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure F-1.  Spur line adjustment 
 

 

F-2.  Mean Coordinate Adjustment of Spur Lines 

 

If spur lines are observed twice between points E and F, 

as shown in Figure F-1, a simple mean adjustment com- 

putation is recommended.   This method is applicable not 

only to carrier phase measurements but also code phase 

positioning  techniques.     It  is  important  that  the  user 

determine the acceptable closure limits.  This evaluation 

simply involves comparing the differences between multi- 

ple sessions taken over the same baseline.  Alternately, a 

double spur line can be considered as a loop, from which 

the internal loop closure can be computed.  Two indepen- 

dent  baseline  sessions  were  observed  between  points  E 

and F, as shown in Table F-1. 

The known geocentric coordinates of point E are: 

X  =  1108302.838 

Y  = -4856338.733 

Z   =  3970134.434 

 

Computing the 3D misclosure between the vectors: 

(0.0022  + (-)0.0022  + 0.0012)1/2    = 0.003 m 

3D vector distance = (113.8412  + 44.2842
 

+ 18.8002)1/2  = 123.589 m 

 

The relative accuracy estimate between the two vectors is 

then: 

 

0.003/123.589 or 1:41,200 (acceptable) 

 

Given the acceptable check between the two observations, 

the vectors for the two sessions can be simply averaged. 

Since E is the known station, the mean vector components 

shown in Table F-1 can be applied to the geocentric coor- 

dinates of E to position station F. 

 

Point E adjusted geocentric coordinates: 

 

X  =  1108302.838 + (-)113.841 =  1108188.997 

Y  = -4856338.733 + 44.284 = -4856294.449 

Z   =  3970134.434 + 18.800 =  3970153.234 

 

Final geographic coordinates and/or SPCS coordinates of 

point  F  can  then  be  transformed  using  the  techniques 

 

 

Table F-1 

Baseline Sessions 
 

 

Vector 

Julian 

Day 

Baseline 

Session 

DX 

m 

DY 

m 

DZ 

m 

 

E-F 
 

135 
 

A 
 

-113.842 
 

44.283 
 

18.800 

E-F 135 B -113.840 44.285 18.799 

Vector Differences   0.002 -0.002 0.001 

Mean Vector Component   -113.841 44.284 18.800 
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given in Chapter 11.  The position should be identified as 

a “no check” point as would be done in conventional sur- 

vey practice. 

 

F-3.  Field Adjustment of GPS Triangle 

 

This example illustrates the various methods which may 

be used to evaluate the internal and external accuracies of 

a GPS survey in the field.   In addition, both an approxi- 

mate and rigorous least squares adjustment are performed 

on the same GPS data to illustrate the small differences in 

results. 

 

Multiple  GPS  baseline  sessions  are  observed  on  the  tri- 

angle ETLE-HEC2-ETLN, as shown in Figure F-2.   Sta- 

tion  ETLN  is  the  unknown  point  for  which  coordinates 

are  desired  to  an  accuracy  of  1  part  in  10,000  (Third- 

Order,    Class  I).    Stations  ETLE  and  HEC2  are  fixed, 

with  the  following  geocentric  (WGS  84)  metric 

coordinates: 

 

X Y Z 
 

HEC2        1108302.838     -4856338.733    3970134.434 

ETLE        1108314.518     -4856507.916    3969923.835 
 

Diff:                   -11.680               169.183            210.599 

 

(The above geocentric coordinates may have been 

computed in the field using the algorithms given in 

Chapter 11 on either NAD 83 or NAD 27 datums) 

Observed and mean vectors from the baseline reductions 

are shown in Tables F-2 and F-3. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure F-2.  GPS triangle vector adjustment 

 

F-4.  Internal GPS Loop Closure Check 

 

A  loop  closure  check  is  performed  by  arbitrarily  letting 

one set of coordinates equal to zero, then algebraically 

adding  vector  components  around  the  loop  back  to  the 

initial point.  Care must be taken in applying the correct 

vector signs based on the observed vector direction. 

 

Letting station ETLE be fixed (X = Y = Z = 0), and using 

Session A for line ETLE-HEC2 and ETLE-ETLN and 

Session B for line ETLN-HEC2, and proceeding counter- 

clockwise around the loop: 

 

x = 98.418 + (-110.083) + (-)(-11.676) =  + 0.011 m 

y =  9.929 + (-)(-159.250) + (-)169.179 = 0.000 m 

 

Table F-2 

Observed Vectors from Sessions A and B 
 

Vector Session dx dy dz 
 

 

ETLE-ETLN 
 

A 
 

98.418 
 

9.929 
 

-30.837 

ETLE-HEC2 A -11.676 169.179 210.612 

ETLN-HEC2 A -110.094 159.251 241.448 

ETLE-ETLN B 98.405 9.932 -30.834 

ETLE-HEC2 B -11.676 169.184 210.602 

ETLN-HEC2 B -110.083 159.250 241.444 

 

 

Table F-3 

Mean Vector Components for Sessions A and B 
 

Mean Vector dx dy dz Distance 
 

 

ETLE-ETLN 
 

98.412 
 

9.930 
 

-30.836 
 

103.607 

ETLE-HEC2 -11.676 169.182 210.607 270.396 

ETLN-HEC2 -110.089 159.251 241.446 309.478 
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z = -30.837 +(-)(-241.444) + (-)210.612 = (-)0.005 m 

 

(Note that any sequence of session vectors could have 

been used to perform this check) 

 

Linear 3D closure = (0.0112  + 0.0002  + -0.0052)1/2
 

= 0.012 m 

 

3D vector distance = (103.607 + 270.396 + 309.478) 

= 683.5 m 

 

Where the individual vector distances were computed by 

taking the square of the sum of the squares of the compo- 

nent vectors. 

 

The relative accuracy estimate of the loop closure is then: 

 

0.012/683.5 or 1:57,000 (acceptable) 

 

This relative accuracy estimate (1 part in 57,000) is based 

on the internal loop closure results, and indicates that the 

basic GPS observations are acceptable for subsequent 

constrained adjustment of station ETLN in the fixed net- 

work of HEC2 and ETLE. 

 

F-5.  Verification of GPS Distances Over Fixed 
Baselines 

 

The  following  computation  checks  the  adequacy  of  the 

GPS observations over the existing fixed network, i.e., 

between HEC2 and ETLE.   Computing the difference 

between  the  mean  session  vector  (from  Table  F-3)  and 

true vector components over the fixed baseline between 

ETLE and HEC2: 

 

Delta X = -11.676 -  -11.680 =  0.004 

Delta Y = 169.182 - 169.183 = -0.001 

with   the   fixed   control   network,   given   the   excellent 

internal loop closures obtained.  In such instances, addi- 

tional fixed control points would have to be connected. 

 

F-6.  External Closure Verification (GPS Traverse) 

 

This computation illustrates the process for checking the 

external  closure  on  a  GPS  traverse  run  from  ETLE  to 

ETLN, and closing on HEC2 (i.e., vector ETLE-ETLN 

(Session A)  and  vector  ETLN-HEC2  (Session B)).    The 

GPS traverse vectors (Figure F-3) are summed forward as 

described previously. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure F-3.  External traverse closure checks 
 

 

XHEC2  = 1108314.518 + 98.418 +(-110.083) 

= 1108302.853 

Delta Z = 210.607 - 210.599 =  0.008 

 

The  linear  misclosure  over  the  baseline  is  then  checked 

 

YHEC2 

 

= -4856507.916 + 9.929 + 159.250 

=  -4856338.737 

relative to the length of the line: 
 

Linear 3D closure = (0.0042  + 0.0012  + 0.0082)1/2
 

=  0.009 m 

 

The relative accuracy estimate of the baseline closure is 

then: 
 

0.009/270.4  or  1:30,000 (OK) 

 

This  indicates  that  the  observed  baseline  vector  agrees 

with the fixed control scheme on the order of 1 part in 

30,000. Had  this  check  been  poor--say  only  1  part  in 

2,500--this  would  more  than  likely  indicate  a  problem 

ZHEC2 = 3969923.835 +(-30.837) + 241.444 

= 3970134.442 

 

Comparing the difference between these computed points 

and the fixed (i.e., published) points for HEC2: 

 

X  =   measured/computed coordinate - true 

coordinate 
 

=   1108302.853 - 1108302.838    =      0.015 m 

Y  = -4856338.737 - (-4856338.733) = (-) 0.004 m 

Z  = 3970134.442 - 3970134.434      =      0.008 m 
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The linear misclosure at the traverse closing point (HEC2) 

then checked relative to the total length of the traverse. 

This  is  performed  similarly  to  conventional  traverses 

except that three dimensions and no azimuth misclosures 

are involved: 

 

Linear 3D closure = (0.0152  + 0.0042  + 0.0082)1/2
 

=  0.017 m 

 

3D traverse length = 103.6 + 309.5 = 413.1 m 

 

The relative accuracy estimate of the absolute (external) 

traverse closure is then: 

0.017/413.1  or  1:24,000 (OK) 

This result is consistent with the previous check over the 

fixed baseline ETLE-HEC2 and the internal loop closure 

results.   (In practice, GPS traverses will have more legs 

than this example, and a GPS observation may not have 

been made between fixed network points.) 

 

The misclosures at HEC2 could be balanced over the two 

traverse legs using one of the traverse balancing methods 

given in Chapter 11.   From this, the adjusted coordinates 

of ETLN could be obtained.   Since this involves more 

computation, the simple mean adjustment method in para- 

graph F-7 is more practical. 

 

F-7.  Approximate Adjustment of ETLN Using 
Mean Coordinate Values 

 

The coordinates of station ETLN are then computed by 

finding the mean of the coordinates as computed forward 

from   each   fixed   station,   using   the   mean   vectors   in 

Table F-3: 

The averaged Y and Z coordinates of ETLN are also 

computed in a manner similar to that for the X: 

 

Mean YETLN = -4856497.985 

 

Mean ZETLN =  3969892.994 

 

F-8.  Least Squares Adjustment Using FILLNET 
 

To compare the results of this approximate mean adjust- 

ment with a least squares solution, all baseline observa- 

tions from Sessions A and B were input into FILLNET. 

 

Each GPS baseline was given equal relative weighting, as 

shown.    The  output  from  the  FILLNET  adjustment  is 

shown  in  Figure F-4  and  includes  annotations  denoting 

significant statistics resulting from the adjustment.   The 

resultant standard error of unit weight and normalized 

residuals  are  significantly  below  the  nominal  value  of 

“1.0” indicating that the initial (i.e., a priori) baseline rel- 

ative weighting (+5H/10V mm + 2 ppm) was somewhat 

high.    None  of  the  normalized  residuals  exceeded  three 

times the standard error of unit weight (+1.95); thus, no 

observations would be rejected. 

 

The relative line accuracy estimates all exceed 1:10,000; 

thus the constrained survey meets intended accuracy cri- 

teria.  Since the FILLNET relative precision estimates are 

given at the 1-sigma level, they must be divided by 2 to 

relate to FGCC standards at the 2-sigma (95 percent con- 

fidence)  level.    Thus,  the  smallest  ratio  from  ETLE  to 

ETLN  (1:24,313)  is  evaluated  as  1:12,156  in  order  to 

assess compliance with FGCC Third-Order (I) criteria. 

 

The resultant adjusted position of ETLN (in NAD 83 geo- 

graphical coordinates) from this FILLNET run was: 
 

XETLN  (1) = XETLE  + dxETLE-ETLN 

= 1108314.518 +  98.412 = 1108412.930 

Latitude:  38o
 44’ 26.43969" 

 

XETLN  (2) = XHEC2  + dxHEC2-ETLN 

= 1108302.838 + 110.089 = 1108412.927 

 

(Note the sign of the vector HEC2-ETLN is reversed 

from that observed -- ETLN-HEC2) 

 

Given the small X-coordinate difference (3 mm), a simple 

mean adjustment is justified, as opposed to a more rigor- 

ous and time-consuming least squares adjustment. 

 

Mean XETLN             = [ XETLE  (1)   +   XETLE  (2) ]  /  2  

= [ 1108412.930 + 1108412.927 ] /2 

=  1108412.928 

Longitude: 77o  08’ 36.34637" 

 

These coordinates may then be transformed to X-Y-Z 

geocentric coordinates using the HP calculator algorithms 

given in Chapter 11 and then compared with the meaned 

values from the preceding approximate adjustment: 

 

L/S XETLN =  1108412.928 

 

L/S YETLN = -4856497.986 

 

L/S ZETLN =  3969893.000 
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PROGRAM FILLNET, Version 3.0.00 
LICENSED TO: ASHTECH INC. 

 

 

Fillnet Input File jim 38.7 77.1 

a = 6378137.000 1/f = 298.2572235 W Longitude positive WEST 

PRELIMINARY COORDINATES: 
LAT. LON. ELEV. G.H. CONSTR. 

 

1 FFF ETLE 38 44 27.46754 77 8 40.41060 -7.020 0.000 
2  ETLN 38 44 26.61017 77 8 36.40653 8.066 0.000 
3 FFF HEC2 38 44 36.19465 77 8 39.32344 -5.900 0.000 

GROUP 1, NO. OF VECTORS AND BIAS CONSTRAINTS: 
 

6 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
 

VECTORS:  

DX DY DZ LENGTH ERROR CODES 
 

ETLE ETLN 98.418 9.929 -30.837 103.613 5 52.0 102.0 3 
ETLN HEC2 -110.094 159.251 241.448 309.481 5 52.0 102.0 3 
ETLE HEC2 -11.676 169.184 210.602 270.394 5 52.0 102.0 4 
ETLE ETLN 98.405 9.932 -30.834 103.600 5 52.0 102.0 4 
ETLE HEC2 -11.676 169.184 210.602 270.394 5 52.0 102.0 4 
ETLN HEC2 -110.083 159.250 241.444 309.474 5 52.0 102.0 4 

SHIFTS: 
1 0.000 0.000 0.000 
2 -5.258 1.454 -24.857 
3 0.000 0.000 0.000 

 

ADJUSTED VECTORS, GROUP 1:  

DX,DY,DZ V DN,DE,DU v v’ 
 

ETLE ETLN 253 A 98.411 -0.005 -31.750 0.001 0.2 

    9.932 
-30.837 

0.002 
-0.001 

98.145 
-9.689 

-0.005 
-0.004 

-0.8 
-0.3 

ETLN HEC2 253 A -110.092 0.005 300.849 -0.004 -0.6 

    159.251 0.001 -71.760 0.005 0.8 

    241.436 -0.004 10.627 -0.002 -0.2 

ETLE HEC2 253 B -11.680 -0.000 269.099 0.002 0.3 

    169.183 -0.001 26.385 -0.001 -0.1 

    210.600 0.003 0.938 0.003 0.2 

ETLE ETLN 253 B 98.411 0.008 -31.750 -0.005 -0.7 

    9.932 
-30.837 

-0.001 
-0.004 

98.145 
-9.689 

0.007 
-0.001 

1.0 
-0.1 

ETLE HEC2 253 B -11.680 -0.000 269.099 0.002 0.3 

    169.183 -0.001 26.385 -0.001 -0.1 

    210.600 0.003 0.938 0.003 0.2 

ETLN HEC2 253 B -110.092 
159.251 

-0.006 
0.002 

300.849 
-71.760 

0.001 
-0.006 

0.2 
-0.8 

    241.436 -0.000 10.627 -0.003 -0.2 

S.E. OF UNIT WEIGHT = 0.593     

Figure F-4.  FILLNET least squares adjustment of ETLN (Continued) 
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NUMBER OF - 
OBS. EQUATIONS 19 
UNKNOWNS 7 
DEGREES OF FREEDOM 12 
ITERATIONS 0 

 

GROUP 1 ROT. ANGLES (sec.) AND SCALE DIFF. (ppm): 
 

HOR. SYSTEM 0.000 3.133 -2.570 -15.571 
STD. ERRORS 0.001 3.618 1.807 8.762 
XYZ SYSTEM 2.606 2.655 -1.607 

ADJUSTED POSITIONS: 
 

LAT. LON. ELEV. STD. ERRORS (m) 
 

1 ETLE 38 44 27.46754 77 8 40.41060 -7.020 0.000 0.000 0.000 
2 ETLN 38 44 26.43966 77 8 36.34630 -16.791 0.003 0.003 0.005 
3 HEC2 38 44 36.19465 77 8 39.32344 -5.900 0.000 0.000 0.000 

ACCURACIES (m):  

D. LAT. D. LON. VERT. 
 

ETLE ETLN 0.003 0.003 0.005 
ETLN HEC2 0.003 0.003 0.005 
ETLE HEC2 0.000 0.000 0.000 
ETLE ETLN 0.003 0.003 0.005 
ETLE HEC2 0.000 0.000 0.000 
ETLN HEC2 0.003 0.003 0.005 

 

***************************************************************** 
****   **** 
**** ESTIMATES OF PRECISION  **** 
****   **** 
**** Based on the VECTOR ACCURACIES produced by **** 
**** FILLNET  **** 
****   **** 
**** This is a reasonable estimate of the accuracies **** 
**** of the vectors in the network at 1 SIGMA. **** 
****  **** 
***************************************************************** 

 

VECTOR LENGTH PPM(h) RATIO(h) PPM(v) RATIO(v) 
 

ETLE ETLN 103.607 41.1 1: 24313 48.3 1: 20721 
ETLN HEC2 309.471 13.7 1: 72900 16.2 1: 61894 
ETLE HEC2 270.391 0.0 1: 0 0.0 1: 0 
ETLE ETLN 103.607 41.1 1: 24313 48.3 1: 20721 
ETLE HEC2 270.391 0.0 1: 0 0.0 1: 0 
ETLN HEC2 309.471 13.7 1: 72900 16.2 1: 61894 

 

Figure F-4.  (Concluded) 
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Position differences (least squares - mean adjustments): 

 

dX = 0.000 dY = 0.001 dZ = 0.006 

 

Based on these results, the difference in results between a 

least squares and simple mean adjustment, for this case, is 

not significant. 

 

If this were a survey obtained under contract, then a free 

adjustment would have been used to measure contract 

performance, not a constrained adjustment.  The previous 

loop/line checks would have adequately served as a free 

adjustment  in  checking  internal  adequacy.    Failure  of  a 

constrained survey adjustment to meet minimum relative 

accuracy standards (presuming the free adjustment did) 

indicates a problem with the existing network, or connec- 

tions thereto. 

 

The  free adjustment  of the  same scheme  shown  in Fig- 

ure F-5  illustrates  the  overall  improvement  in  relative 

accuracy estimates over the constrained adjustments. 

Although the GPS vector standard errors were decreased 

from  those  used  in  the  constrained  adjustment,  this  will 

have no effect on the relative distance accuracy ratios in a 

free adjustment.  As with the constrained adjustment, the 

precision ratios must be divided by 2. 
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PROGRAM FILLNET, Version 3.0.00 
LICENSED TO: ASHTECH INC. 

 

 

Fillnet Input File jim 38.7 77.1 

a = 6378137.000 1/f = 298.2572235 W Longitude positive WEST 

PRELIMINARY COORDINATES: 
LAT. LON. ELEV. G.H. CONSTR. 

 

1 FFF ETLE 38 44 27.46754 77 8 40.41060 -7.020 0.000 
2  ETLN 38 44 26.61017 77 8 36.40653 8.066 0.000 
3  HEC2 38 44 36.19465 77 8 39.32344 -5.900 0.000 

GROUP 1, NO. OF VECTORS AND BIAS CONSTRAINTS: 
 

6 0.000 0.001 0.000 0.001 0.000 0.001 0.000 0.001 
 

VECTORS:  

DX DY DZ LENGTH ERROR CODES 
 

ETLE ETLN 98.418 9.929 -30.837 103.613 5 52.0 102.0 3 
ETLN HEC2 -110.094 159.251 241.448 309.481 5 52.0 102.0 3 
ETLE HEC2 -11.676 169.184 210.602 270.394 5 52.0 102.0 4 
ETLE ETLN 98.405 9.932 -30.834 103.600 5 52.0 102.0 4 
ETLE HEC2 -11.676 169.184 210.602 270.394 5 52.0 102.0 4 
ETLN HEC2 -110.083 159.250 241.444 309.474 5 52.0 102.0 4 

SHIFTS: 
1 0.000 0.000 0.000 
2 -5.259 1.456 -24.857 
3 0.004 0.004 0.004 

 

ADJUSTED VECTORS, GROUP 1:  

DX,DY,DZ V DN,DE,DU v v’ 
 

ETLE ETLN 253 A 98.413 -0.005 -31.751 0.001 0.2 

    9.931 
-30.838 

0.002 
-0.001 

98.146 
-9.690 

-0.005 
-0.004 

-0.8 
-0.3 

ETLN HEC2 253 A -110.089 0.005 300.855 -0.004 -0.6 

    159.252 0.001 -71.758 0.005 0.8 

    241.444 -0.004 10.632 -0.002 -0.2 

ETLE HEC2 253 B -11.676 -0.000 269.103 0.002 0.3 

    169.183 -0.001 26.388 -0.001 -0.1 

    210.605 0.003 0.942 0.003 0.2 

ETLE ETLN 253 B 98.413 0.008 -31.751 -0.005 -0.7 

    9.931 
-30.838 

-0.001 
-0.004 

98.146 
-9.690 

0.007 
-0.001 

1.0 
-0.1 

ETLE HEC2 253 B -11.676 -0.000 269.103 0.002 0.3 

    169.183 -0.001 26.388 -0.001 -0.1 

    210.605 0.003 0.942 0.003 0.2 

ETLN HEC2 253 B -110.089 
159.252 

-0.006 
0.002 

300.855 
-71.758 

0.001 
-0.006 

0.2 
-0.8 

    241.444 -0.000 10.632 -0.003 -0.2 

S.E. OF UNIT WEIGHT = 0.593     

Figure F-5.  Free adjustment of network (Continued) 
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NUMBER OF - 
OBS. EQUATIONS 22 
UNKNOWNS 10 
DEGREES OF FREEDOM 12 
ITERATIONS 0 

 

GROUP 1 ROT. ANGLES (sec.) AND SCALE DIFF. (ppm): 

HOR. SYSTEM 0.000 0.000 0.000 0.000 
STD. ERRORS 0.001 0.001 0.001 0.001 
XYZ SYSTEM 0.000 0.000 0.000 

 

ADJUSTED POSITIONS: 
 

LAT. LON. ELEV. STD. ERRORS (m) 
 

1 ETLE 38 44 27.46754 77 8 40.41060 -7.020 0.000 0.000 0.000 
2 ETLN 38 44 26.43961 77 8 36.34626 -16.791 0.002 0.002 0.005 
3 HEC2 38 44 36.19477 77 8 39.32328 -5.896 0.002 0.002 0.005 

ACCURACIES (m):  

D. LAT. D. LON. VERT. 
 

ETLE ETLN 0.002 0.002 0.005 
ETLN HEC2 0.002 0.002 0.005 
ETLE HEC2 0.002 0.002 0.005 
ETLE ETLN 0.002 0.002 0.005 
ETLE HEC2 0.002 0.002 0.005 
ETLN HEC2 0.002 0.002 0.005 

 

***************************************************************** 
****   **** 
**** ESTIMATES OF PRECISION  **** 
****   **** 
**** Based on the VECTOR ACCURACIES produced by **** 
**** FILLNET  **** 
****   **** 
**** This is a reasonable estimate of the accuracies **** 
**** of the vectors in the network at 1 SIGMA. **** 
****  **** 
***************************************************************** 

 

VECTOR LENGTH PPM(h) RATIO(h) PPM(v) RATIO(v) 
 

ETLE ETLN 103.608 27.4 1: 36470 48.3 1: 20722 
ETLN HEC2 309.477 9.1 1: 109352 16.2 1: 61895 
ETLE HEC2 270.395 10.5 1: 95599 18.5 1: 54079 
ETLE ETLN 103.608 27.4 1: 36470 48.3 1: 20722 
ETLE HEC2 270.395 10.5 1: 95599 18.5 1: 54079 
ETLN HEC2 309.477 9.1 1: 109352 16.2 1: 61895 

 

Figure F-5.  (Concluded) 
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Appendix G 
Guide Specification for NAVSTAR Global 
Positioning System (GPS) Surveying 
Services 

 

 

 

INSTRUCTIONS 

 

G-1.  General 
 

This guide specification is intended for use in preparing 

Architect-Engineer (A-E) contracts for professional sur- 

veying and mapping services where use of GPS methods 

is an integral part of the effort.  These specifications are 

applicable to all A-E contracts used to support U.S. Army 

Corps of Engineers (USACE) civil works and military 

construction design, construction, operations, maintenance, 

regulatory, and real estate activities.   Since GPS is only a 

tool for supporting topographic, photogrammetric, or 

hydrographic surveys, an exclusive GPS survey contract 

would not normally be developed -- these specifications 

would be incorporated in a traditional site plan mapping, 

photogrammetric mapping, or hydrographic surveying 

contract.  This guide specification is intended for contracts 

which are obtained using PL 92-582 (Brooks Act) qualifi- 

cation-based selection procedures. 

 

G-2.  Coverage 

 

This guide specification contains the technical standards 

and/or references necessary to specify the more common 

static  and  kinematic  differential  (carrier  phase  tracking) 

GPS  surveying  methods  which  are  currently  (1994)  in 

use.  It is intended to support precise GPS control surveys 

performed   for   engineering   and   construction   purposes. 

This  guide  supports  the  following  types  of  differential 

GPS carrier phase surveying: 

 

•  Static Differential GPS Positioning. 

 

•  Rapid Static Differential GPS Positioning. 

 

•  Stop-and-Go Differential GPS Positioning. 

 

•  Kinematic GPS Differential Positioning. 

 

•  Pseudo-kinematic Differential GPS Positioning. 

•  Real-time On-the-Fly Differential GPS Positioning. 

Continuing   redevelopments   of   the   above   applications, 

along with the evolution of newer GPS survey techniques, 

mandate that these guide specifications be continuously 

evaluated by USACE Commands to insure they are tech- 

nologically current. 

 

G-3.  Applicability 

 

The  following  types  of  negotiated  A-E  contract  actions 

are supported by these instructions: 

 

a.  Fixed-price  surveying  service  contracts  requiring 

GPS control. 

 

b.  Indefinite delivery type (IDT) surveying contracts. 

 

c. A multi-discipline surveying and mapping IDT 

contract in which GPS surveying services is a line item 

supporting other surveying, mapping, hydrography, and/or 

photogrammetry services. 

 

d.  A work order or delivery order placed against an 

IDT contract. 

 

e. Design  and  design-construct  contracts  which 

include incidental surveying and mapping services 

(including Title II services).   Both fixed-price and IDT 

contracts are supported by these instructions. 

 

G-4.  Contract Format 

 

The contract format outlined in this guide follows that 

prescribed in EFARS 15.406-1.  This contract format is 

designed  to  support  PL 92-582  (SF  252)  qualification 

based A-E procurement actions. 

 

G-5.  General Guide Use 

 

In adapting this guide specification to any project, specific 

requirements will be changed as necessary for the work 

contemplated.   Changes will be made by deletions or 

insertions within this format.  With appropriate adaptation, 

this guide form may be tailored for direct input in the 

Standard Army Automated Contracting System 

(SAACONS).    Clauses  and/or  provisions  shown  in  this 

guide will be renumbered during SAACONS input. 

 

G-6.  Insertion of Technical Specifications 
 

This guide is intended to be used in coordination with 

Engineer Manual (EM) 1110-1-1003, NAVSTAR GPS 

Surveying. 
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a.    This manual shall be attached to and made part of 

any service contract for GPS surveying.   The manual 

contains  complete  specifications  and  quality  control  cri- 

teria  for  the  total  (field-to-finish)  execution  of  a  GPS 

control survey.   References to this EM are made through- 

out this guide.   These references will normally suffice for 

most  USACE  GPS  survey  specifications;  however  the 

guide  also  identifies  areas  where  deviations  from  this 

manual must be considered. 

 

b.    Technical specifications for GPS surveying which 

are  specific  to  the  project  (including  items  such  as  the 

scope of work, procedural requirements, and accuracy 

requirements) will be placed under Section C of the SF 

252 (Block 10).  The prescribed format for developing the 

technical specifications is contained in this guide specifi- 

cation.  Project-specific technical specifications shall not 

contain  contract  administrative  functions  --  these  should 

be  placed  in  more  appropriate  sections  of  the  contract, 

which are indicated in EFARS 15.406-1 or Part 14 of the 

Federal Acquisition Regulations (FAR). 

 

c.    Standards  and  other  specifications  referenced  in 

this  guide  specification  should  be  checked  for  obsoles- 

cence and for dates and applicability of amendments and 

revisions issued subsequent to the publication of this 

specification.   Use Engineer Pamphlet (EP) 25-1-1, Index 

of USACE/OCE Publications.  Maximum use should be 

made of existing EM’s, Technical Manuals, and other rec- 

ognized industry standards and specifications. 

 

d.    Throughout Section C of this guide, the specifi- 

cation writer  must elect a  contract performance  method: 

(1) the government designs the GPS occupation/observing 

schedule,  or  (2) the  contractor  designs  his  performance 

method based on the criteria given in EM 1110-1-1003. 

Selection of the first method depends on the GPS survey 

expertise of the specification writer.   This method also 

transfers  much  of  the  contract  risk  to  the  government. 

The second method is the preferred contract procedure. 

G-7.  Alternate Clauses/Provisions or Options 
 

In  order  to  distinguish  between  required  clauses  and 

optional clauses, required clauses are generally shown in 

capital  letters.     Optional  or  selective  clauses,  such  as 

would  be  used  in  a  work  order,  are  generally  in  lower 

case.   In other instances, alternate clauses/provisions may 

be indicated by brackets “[ ]” and/or clauses preceded by 

a  single  asterisk  “*”.    A  single  asterisk  signifies  that  a 

clause or provision which is inapplicable to the particular 

section may be omitted, or that a choice of clauses may 

be made depending upon the technical surveying and 

mapping requirement.   Clauses requiring insertion of 

descriptive material or additional project-specific specifi- 

cations are indicated by either ellipsis or underlining in 

brackets (e.g., “[...]” “[        ]”).   In many instances, 

explanatory notes are included regarding the selection of 

alternate clauses or provisions. 

 

G-8.  Notes and Comments 

 

General comments and instructions used in this guide are 

contained within asterisk blocks.   These comments and 

instructions should be removed from the final contract. 

 

G-9. Indefinite Delivery Type Contracts and Indi- 

vidual Work Order Assignments 

 

Contract clauses which pertain to IDT contracts, or deliv- 

ery orders thereto, are generally indicated by notes adja- 

cent to the provision.  These clauses should be deleted for 

fixed-price  contracts.    In  general,  sections  dealing  with 

IDT contracts are supplemented with appropriate com- 

ments pertaining to their use.  Work orders against a basic 

IDT contract may be constructed using the format con- 

tained in Section C of this guide.  This contract section is 

therefore applicable to any type of GPS service contrac- 

ting action. 
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THE CONTRACT SCHEDULE 
 

 

SECTION A 

SOLICITATION/CONTRACT FORM 

***************************************************************************************************** 

NOTE:  Include here Standard Form 252. 

***************************************************************************************************** 
 

 

SF 252 -- (Block 5):  PROJECT TITLE AND LOCATION 

 

***************************************************************************************************** 

NOTE:   The following sample titles represent projects under which static or kinematic GPS sur- 

veys are expected to play a significant role in developing basic project control, photo control, or 

local site plan mapping control.   GPS surveys are used to support subsequent photogrammetric, 

plane table/total station site plan mapping, and construction layout operations. 

***************************************************************************************************** 

 

{Fixed-price contract -- sample title}: 

 

PROJECT CONTROL AND PHOTOGRAMMETRIC MAPPING CONTROL SURVEYS USING KINEMATIC DIF- 

FERENTIAL  NAVSTAR  GPS  IN  SUPPORT  OF  SITE  PLAN  MAPPING  FOR  PRELIMINARY  CONCEPT 

DESIGN OF FAMILY HOUSING COMPLEX ALPHA, FORT                                , ALABAMA. 

 

PROJECT  CONTROL  REFERENCE  SURVEYS  USING  KINEMATIC  DIFFERENTIAL  NAVSTAR  GPS  POSI- 

TIONING FOR BOUNDARY DEMARCATION SURVEYS OF 

CALIFORNIA. 

 

{Indefinite Delivery Type contract -- sample title}: 

[PROJECT], , 

 

INDEFINITE  DELIVERY  CONTRACT  FOR  GEODETIC  CONTROL,  TOPOGRAPHIC  MAPPING,  AND 

RELATED SURVEYING SERVICES IN SUPPORT OF VARIOUS *[CIVIL WORKS] [MILITARY CONSTRUC- 

TION] PROJECTS *[IN] [ASSIGNED TO] THE                                      DISTRICT. 

 

SECTION B 

 

SERVICES AND PRICES/COSTS 

 

***************************************************************************************************** 

NOTE: The  fee  schedule  for  photogrammetric  mapping  and  related  survey  services  should  be developed in 

conjunction with the preparation of the independent government estimate (IGE) along 

with the technical specifications.   The unit of measure (U/M) used in a fee schedule for GPS map- 

ping services is generally established on a daily rate basis (i.e., crew-day).  U/Ms based on “per 

occupied point” or “per baseline observation” are no longer recommended given the high variabil- 

ity in GPS equipment production. 

 

The table below contains sample fee schedules which may be tailored for use on most GPS control 

surveying or mapping service contracts.   The guide writer should select those line items applicable 

to the project, or for those projects envisioned over the course of an IDT contract.   Other line 

items may be added which are unique to the project(s).   If applicable, a separate fee schedule for 
 

 

G-3 



EM 1110-1-1003 

1 Aug 96 

 

contract  option  periods  should  be  developed  and  negotiated  during  contract  negotiations  and 

included with the contract during initial award.   Unit prices shall include direct and indirect over- 

heads.  Profit is not included on IDT contract unit prices. 

 

Procedures for estimating line item unit prices (U/P) are described in EM 1110-1-1000.  Determina- 

tion of these estimated unit prices should conform to the detailed analysis method, or “seven-item 

breakdown.”   The scope of each scheduled line item used in Section B must be thoroughly defined 

-- either with the line item in Section B or at its corresponding reference in Section C of the con- 

tract.   Many of the line item units of measure are comprised of costs from a variety of sources. 

These sources are combined in the IGE to arrive at the scheduled rate.  Survey crew day rates 

normally  include  labor,  travel,  transportation,  expendable  materials,  and  numerous  other  items 

which are developed as part of the IGE.  However, large items, such as travel, may be separately 

scheduled. 

 

On IDT contracts, the specification writer should strive to avoid scheduling items which have little 

probability of being required during the contract period.  Since each line item must be separately 

estimated and negotiated, considerable government (and contractor) resources may be consumed in 

developing negotiated unit costs for unused items.   Individual line items should not be included on 

an IDT contract unless there is a fair degree of assurance that these items will be required on a 

subsequent work order. 

 

In addition, the specification writer should attempt to include only those line items that represent a 

major cost activity/phase in performing GPS surveying and mapping.   Cost estimating emphasis 

and resources should be placed on major cost items, such as field crew labor.  Avoid cluttering the 

schedule with small and relatively insignificant (to the overall project cost) supply and material 

items; again, minimizing the administrative costs of estimating and negotiating these items.  These 

should be included as part of a major line item or be contained in the firm’s overhead.   Examples 

of normal supply items which the guide user should avoid scheduling are field survey books or 

bundles of 2" x 2" survey stakes.   These items would, however, be compensated for in the IGE. 

Care must be taken (in developing these schedules with the IGE) to preclude against duplication of 

costs between line items or overheads.  Specific personnel and equipment requirements should be 

identified and itemized in applicable contract sections.   This is particularly important when break- 

ing out GPS receiver costs.  The guide user (and cost estimator) must have a good working knowl- 

edge of GPS field mapping and data reduction processes to properly allocate time and costs. 

 

The  following  schedules  may  be  tailored  for  either  A-E  fixed-price  or  A-E  IDT  contracts.    For 

fixed-price  contracts,  the  estimated  quantities  are  available  from  the  government  estimate.    For 

IDT contracts, a unit quantity for each line item would be negotiated and included in the basic 

contract.    Daily  units  of  measure  (U/M)  may  be  modified  to  hourly  or  other  nominal  units  if 

needed.  Lump sum or areal U/M (e.g., per baseline observation) may be developed for some of the 

services, although this is not recommended.   The item numbers shown are for reference in this 

guide only -- they would be renumbered in the final contract. 

***************************************************************************************************** 
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ITEM 
 

DESCRIPTION 
 

QUAN 
 

U/M 
 

U/P 
 

AMOUNT 
 

0001 
 

Registered/Licensed Land Surveyor-Office 
 

[1] 
 

Day   

 

0002 
 

Registered/Licensed Land Surveyor-Field 
 

[1] 
 

Day   

 

0003 
 

Civil Engineering Technician -- Field Party Supervisor (Mul- 

tiple Crews) 

 

[1] 
 

Day   

 

0004 
 

Engineering Technician (Draftsman)-Office 
 

[1] 
 

Day   

 

0005 
 

Supervisory Survey Technician (Field) 
 

[1] 
 

Day   

 

0006 
 

Surveying Technician -- GPS Instrumentman/Recorder 
 

[1] 
 

Day   

 

0007 
 

Surveying Aid -- Rodman/Chainman 

{Conventional surveys} 

 

[1] 
 

Day   

 

0008 
 

[Two][Three][Four][ ]- Man [Static] [Kinematic] GPS Sur- 

vey Party 

[ ] GPS Receiver(s) 

[ ] Vehicle(s) 

[ ] Computer(s) 

{Detail specific personnel/equipment 

requirements in applicable contract 

sections - see PARC IL 92-4} 

 

[1] 
 

Crew 

Day 

  

 

0009 
 

Additional GPS Receiver 

{Add Item 0006 observers as necessary} 

 

[1] 
 

Day   

 

0010 
 

{Travel/Per Diem -- add line item if not included in above 

items} 

 

[1] 
 

Day   

 

0011 
 

Survey Technical (Office Computer) 
 

[1] 
 

Day   

 

0012      

 

0013      
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SECTION C 

STATEMENT OF WORK 

 

C.1    GENERAL.    THE  CONTRACTOR,  OPERATING  AS  AN  INDEPENDENT  CONTRACTOR  AND  NOT  AN 

AGENT OF THE GOVERNMENT, SHALL PROVIDE ALL LABOR, MATERIAL, AND EQUIPMENT NECESSARY 

TO PERFORM THE PROFESSIONAL SURVEYING *[AND MAPPING WORK] *[FROM TIME TO TIME] DURING 

THE  PERIOD  OF  SERVICE  AS  STATED  IN  SECTION  D,  IN  CONNECTION  WITH  PERFORMANCE  OF 

*[ ]  SURVEYS  *[AND  THE  PREPARATION  OF  SUCH  MAPS]  AS  MAY  BE  REQUIRED  FOR 

*[ADVANCE  PLANNING,]  [DESIGN,]  [AND  CONSTRUCTION]  [or  other  function]  [ON  VARIOUS  PROJECTS] 

*[specify project(s)] .   THE CONTRACTOR SHALL FURNISH THE REQUIRED PERSONNEL, EQUIPMENT, 

INSTRUMENTS,  AND  TRANSPORTATION,  AS  NECESSARY  TO  ACCOMPLISH  THE  REQUIRED  SERVICES 

AND FURNISH TO THE GOVERNMENT REPORTS AND OTHER DATA TOGETHER WITH SUPPORTING 

MATERIAL DEVELOPED DURING THE FIELD DATA ACQUISITION PROCESS.   DURING THE PROSECUTION 

OF THE WORK, THE CONTRACTOR SHALL PROVIDE ADEQUATE PROFESSIONAL SUPERVISION AND 

QUALITY CONTROL TO ASSURE THE ACCURACY, QUALITY, COMPLETENESS, AND PROGRESS OF THE 

WORK. 

 

***************************************************************************************************** 

NOTE:   The above clause is intended for use on an IDT contract for survey services.   It is not 

exclusive to GPS-performed surveys.   It may be used for Fixed-price service contract by deleting 

appropriate  IDT  language  and  adding  the  specific  project  survey  required. This  clause  is  not 

repeated on individual delivery orders. 

***************************************************************************************************** 

 

C.2  LOCATION OF WORK. 

 

***************************************************************************************************** 

NOTE:  Use the following clause for a fixed-scope contract or individual work order. 

***************************************************************************************************** 

 

C.2.1.   *[STATIC] [KINEMATIC] SURVEYS USING NAVSTAR GPS EQUIPMENT SHALL BE PERFORMED 

AT  [...]    *[list  project  area  or  areas  required].    *[A  MAP  DETAILING  THE  WORK  SITE  IS  ATTACHED  AT 

SECTION G OF THIS CONTRACT.] 

 

***************************************************************************************************** 

NOTE:   Use the following when specifying an indefinite delivery contract for surveying and map- 

ping services. 

***************************************************************************************************** 

 

C.2.2.   SURVEYING SERVICES SHALL BE PERFORMED IN CONNECTION WITH PROJECTS *[LOCATED 

IN] [ASSIGNED TO] THE [ ] DISTRICT.   *[THE DISTRICT INCLUDES THE 

GEOGRAPHICAL REGIONS WITHIN *[AND COASTAL WATERS] [AND RIVER SYSTEMS] ADJACENT TO:] 

 

* 

{list states, regions, etc.} 

 

***************************************************************************************************** 

NOTE: Note  also  any  local  points-of-contact,  right-of-entry  requirements,  clearing  restrictions, 

installation security requirements, etc. 

***************************************************************************************************** 
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C.3  TECHNICAL CRITERIA AND STANDARDS. 

 

REFERENCE STANDARDS: 

 

C.3.1.   U.S. ARMY CORPS OF ENGINEERS EM 1110-1-1003, NAVSTAR GPS SURVEYING.   THIS REFER- 

ENCE IS ATTACHED TO AND MADE PART OF THIS CONTRACT.  (SEE CONTRACT SECTION G). 

 

C.3.2.   U.S. ARMY CORPS OF ENGINEERS EM 1110-1-1002, SURVEY MARKERS AND MONUMENTATION. 

*[THIS   REFERENCE  IS   ATTACHED  TO  AND   MADE  PART   OF  THIS   CONTRACT.     (SEE  CONTRACT 

SECTION G).] 

 

C.3.3.  *[List other applicable USACE reference manuals and standards]. 

 

***************************************************************************************************** 

NOTE:   Reference may also be made to other applicable Engineer Manuals or standard criteria documents.   

Such documents need not be attached to the Contract; if attached, however, reference 

should be made to their placement in contract Section G. 

***************************************************************************************************** 

 

C.4   WORK TO BE PERFORMED.   PROFESSIONAL NAVSTAR GPS SURVEYING AND MAPPING SERVICES 

TO BE PERFORMED UNDER THIS CONTRACT ARE LISTED BELOW.   UNLESS OTHERWISE INDICATED IN 

THIS  CONTRACT  *[OR  IN  DELIVERY  ORDERS  THERETO],  EACH  REQUIRED  SERVICE  SHALL  INCLUDE 

FIELD-TO-FINISH EFFORT. 

 

***************************************************************************************************** 

NOTE:   The following clauses under this paragraph may be used for either Fixed-price service contracts, IDT  

work orders under an IDT contract, or IDT contracts where GPS control services 

are part of a schedule of various survey disciplines.  Clearly identify the functional requirements of 

any GPS surveys, including recommended static or kinematic procedures. 

 

Fixed-scope contracts:   Detail specific GPS surveying and mapping technical work requirements 

and performance criteria which are necessary to accomplish the work. 

 

IDT contracts and work orders:   Since specific project scopes are indefinite at the time a basic 

contract is prepared, only general technical criteria and standards can be outlined.  Project or site- 

specific criteria will be contained in each delivery order, along with any deviations from technical 

standards identified in the basic IDT contract.   The clauses contained herein are used to develop 

the general requirements for a basic IDT contract.  Subsequent delivery orders will reference these 

clauses;  adding  project-specific  work  requirements  as  required.    Delivery  order  formats  should 

follow the outline established for the basic IDT contract. 

***************************************************************************************************** 

 

C.4.1.   GENERAL REQUIREMENTS (GPS SURVEYS).   BASIC PROJECT CONTROL SURVEYS SHALL BE 

PERFORMED USING PRECISE DIFFERENTIAL CARRIER-PHASE TRACKING NAVSTAR GPS MEASUREMENT 

PROCEDURES.   DIFFERENTIAL GPS BASELINE VECTOR OBSERVATIONS SHALL BE MADE IN STRICT 

ACCORDANCE WITH THE CRITERIA CONTAINED IN EM 1110-1-1003, EXCEPT AS MODIFIED OR AMPLI- 

FIED HEREIN.   THE GPS MEASUREMENT TECHNIQUE TO BE EMPLOYED IN MEASURING RELATIVE 

BASELINE  VECTORS  FOR  *[PROJECT  CONTROL]  [PHOTO  CONTROL]  [TOPOGRAPHIC  SITE  PLAN  MAP- 

PING]  IS  *[STATIC]  [STOP-AND-GO]  [RAPID  STATIC]    [KINEMATIC]  [RTK]  [OTF]  [PSEUDO-KINEMATIC], 

*[OR COMBINATIONS THEREOF].  *[CONVENTIONAL SURVEY METHODS SHALL BE USED TO DENSIFY 

SUPPLEMENTAL POINTS RELATIVE TO ESTABLISHED GPS STATIONS.]     *[SPECIFIC GPS BASELINES TO 

BE  OCCUPIED  AND  OBSERVED  IN  THE  DIFFERENTIAL  MODE  ARE  INDICATED  IN  THESE 

SPECIFICATIONS.] 
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C.4.2. HORIZONTAL  ACCURACY  REQUIREMENTS. NEW  *[PRIMARY]  STATIONS  SHALL  BE  ESTAB- 

LISHED TO A *[ ]-ORDER, *[CLASS *[ ]] RELATIVE ACCURACY CLASSIFICATION, OR *[ 

PART  IN ]. *[SUPPLEMENTAL  TOPOGRAPHIC/PHOTOGRAMMETRIC  MAPPING  POINTS  SHALL  BE 

ESTABLISHED TO A *[ ]-ORDER, *[CLASS *[ ]] RELATIVE ACCURACY CLASSIFICATION, OR 

*[ PART  IN ].] *[GPS  HORIZONTAL  ACCURACY  REQUIREMENTS  SPECIFIED  FOR  NEWLY 

POSITIONED STATIONS SHALL BE BASED ON A FREE (UNCONSTRAINED) ADJUSTMENT OF OBSERVA- 

TIONS AND SHALL MEET THE RELATIVE ACCURACY AND/OR LOOP MISCLOSURE CRITERIA INDICATED 

IN EM 1110-1-1003.] 

 

***************************************************************************************************** 

NOTE:  Note that accuracy classifications, and related contract quality control and acceptance, are 

based on a free adjustment of the work -- not a constrained adjustment to fixed/existing control 

which often is of less accuracy than the new GPS work.  Horizontal accuracy classifications exceed- 

ing Second-Order, Class I (i.e., 1:50,000) will not normally be specified for USACE control work. 

GPS derived topographic mapping control need only meet general positional mapping requirements 

based on the site plan scale -- refer to ASPRS horizontal and vertical accuracy standards. 

***************************************************************************************************** 

 

C.4.3. *  VERTICAL  ACCURACY  REQUIREMENTS. GPS-DERIVED  ELEVATIONS  SHALL  HAVE  STAN- 

DARD ERRORS NOT EXCEEDING *[ ] OR SHALL BE COMMENSURATE WITH THE CONTOUR INTERVAL 

OF THE FINAL TOPOGRAPHIC MAP BEING PRODUCED. 

 

***************************************************************************************************** 

NOTE:   When GPS techniques are used to establish vertical elevations for photo or topo mapping 

projects, the required vertical accuracy must be specified.   Extreme caution must be employed in 

specifying the use of GPS in densifying vertical control -- its application for engineering and con- 

struction work is limited. 

***************************************************************************************************** 

 

C.4.4.  PROCEDURAL OBSERVATION REQUIREMENTS.  NETWORK DESIGN, STATION AND BASELINE 

OCCUPATION  REQUIREMENTS  FOR  STATIC  AND  KINEMATIC  SURVEYS,  SATELLITE  OBSERVING  TIME 

PER  BASELINE,  BASELINE  REDUNDANCIES,  AND  CONNECTION  REQUIREMENTS  TO  EXISTING  NET- 

WORKS, SHALL FOLLOW THE CRITERIA GIVEN IN EM 1110-1-1003, EXCEPT AS MODIFIED IN THESE 

SPECIFICATIONS. 

 

***************************************************************************************************** 

NOTE:   At this point, indicate any exceptions, modifications, and/or deviations from EM 1110-1- 

1003.  The specification writer may optionally elect to have the contractor design his observing 

procedures in accordance with general EM 1110-1-1003 criteria.  Alternatively, specific baselines or 

stations requiring occupation may be specified.   Use of either option depends on the GPS and geo- 

detic survey experience/expertise of the specification writer.  The preferred method is to allow the 

maximum flexibility be given to the contractor to determine the most optimum network design 

(interconnections, traverses, loops, spurs, etc.).  In specifying baselines/points that have been monu- 

mented, contingencies should be allowed for resetting marks and/or eccentric observations due to 

obscured satellite visibility.   Maximum use of more efficient kinematic control densification meth- 

ods (as opposed to static methods) should be specified. 

***************************************************************************************************** 

 

C.4.5.  * SPECIFIC BASELINES TO BE MEASURED. 

 

***************************************************************************************************** 

NOTE:  Use the above clause only if the government specification writer is designing the network. 

***************************************************************************************************** 
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*(1)   THE FOLLOWING BASELINES SHALL BE OBSERVED ON THIS PROJECT: [...]   *[list specific sta- 

tion-station baselines and any requirements for redundant observations] 

 

*(2)  THESE BASELINES ARE INDICATED BY [...]  *[specify line symbol]  ON THE ATTACHED MAP IN 

SECTION G. 

 

C.4.6.  NEW STATIONS TO BE *[MONUMENTED AND] OCCUPIED. 

 

(1)  THE  FOLLOWING  *[...]    *[indicate  number  of]    STATIONS  ARE  TO  BE  OCCUPIED  AND  POSI- 

TIONED USING GPS SURVEY TECHNIQUES:    *[list/tabulate new stations name and/or area designation, accuracy 

requirements (order/class), redundant occupations, etc.] 

 

(2)  THE  NEW  STATIONS  *[GENERAL  LOCATIONS]  ARE  INDICATED  WITH  A  *[...]    *[indicate  map 

symbol  used]  ON  THE  ATTACHED  MAP.     *[ACTUAL  STATION  LOCATION  WITHIN  THE  GENERALLY 

DEFINED AREA SHALL BE SELECTED BY THE CONTRACTOR AND SHALL BE LOCATED SUCH THAT ADE- 

QUATE SATELLITE VISIBILITY IS AFFORDED.] 

 

C.4.7.  EXISTING NETWORK CONTROL STATIONS TO BE OCCUPIED AND CONNECTED. 

 

(1)  A TOTAL OF *[...]  *[specify number of]  EXISTING HORIZONTAL CONTROL STATIONS SHALL BE 

USED TO REFERENCE HORIZONTAL GPS OBSERVATIONS ON THIS SURVEY.  A LISTING OF THESE FIXED 

POINTS *[IS SHOWN BELOW] [IS SHOWN IN ATTACHMENT G.*].   FIXED COORDINATES ARE *[NAD 27] 

[NAD 83] [WGS 84 GEOCENTRIC] [...]. 

 

***************************************************************************************************** 

NOTE:   List each existing control station(s) or, alternately, refer to a map or tabulation attach- 

ment in contract Section G. 

***************************************************************************************************** 

 

(2)  A TOTAL OF *[...]  [specify number] VERTICAL CONTROL STATIONS (BENCHMARKS) SHALL BE 

OCCUPIED AND USED TO CONTROL AND/OR PROVIDE VERTICAL ORIENTATION REFERENCE TO GPS 

VERTICAL COMPONENTS.   A LISTING OF THESE FIXED BENCHMARKS *[IS SHOWN BELOW] [IS SHOWN 

IN ATTACHMENT G.*].   ELEVATIONS FOR ALL FIXED BENCHMARKS ARE BASED ON *[NGVD 29] [NAVD 

88] [IGLD-55] [...] DATUM.  GEOID SEPARATION IS *[...] [ASSUMED TO BE ZERO]. 

 

***************************************************************************************************** 

NOTE:  List or reference attachment for existing benchmarks. 

********************************************************************************* 

 

(3)  REQUIRED  GPS  BASELINE  CONNECTIONS  TO  EXISTING  CONTROL  IS  SHOWN  ON  ATTACH- 

MENT  G.*  IN  SECTION  G.    THESE  FIXED  POINTS  SHALL  BE  USED  IN  PERFORMING  A  FINAL  CON- 

STRAINED  ADJUSTMENT  OF  ALL  NEW  WORK.     HORIZONTAL  POINTS  ARE  INDICATED  BY  A  [...], 

VERTICAL POINTS BY A [...], COMBINED POINTS BY A [...], AND GPS BASELINES BY A [...]. 

 

***************************************************************************************************** 

NOTE:   Use the above clause when existing control points to be connected are specified in the 

contract. 

********************************************************************************* 

 

(4)  ALL HORIZONTAL AND VERTICAL MONUMENTS ARE KNOWN TO BE IN-PLACE AS OF *[date]. 

DESCRIPTIONS FOR EACH POINT *[WILL BE PROVIDED PRIOR TO CONTRACT AWARD] *[ARE ATTACHED 

AT CONTRACT SECTION G].  THE SOURCE AGENCY, AND ESTIMATED ACCURACY, OF EACH POINT IS 

INDICATED ON THE DESCRIPTION.   *[A GPS OBSTRUCTION SKETCH IS SHOWN ON (HAS BEEN ADDED 
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TO) THE DESCRIPTIONS.]   *[IF SATELLITE VISIBILITY IS OBSCURED AT AN EXISTING STATION, THEN A 

NEW MARK SHALL BE SET AT THE RATE FOR ITEM [ ] IN SECTION B.]  *[THE CONTRACTOR’S FIELD 

REPRESENTATIVE SHALL IMMEDIATELY NOTIFY THE GOVERNMENT’S CONTRACTING OFFICER REPRE- 

SENTATIVE  IF  EXISTING  CONTROL  POINTS  HAVE  BEEN  DISTURBED  AND/OR  SATELLITE  VISIBILITIES 

ARE NOT AS INDICATED IN THE FURNISHED DESCRIPTIONS.] 

 

***************************************************************************************************** 

NOTE:   Use the following clause(s) only when network design and observation schedule/sequence 

will be determined by the contractor. 

***************************************************************************************************** 
 

(5) * UNLESS OTHERWISE SPECIFIED IN THESE INSTRUCTIONS, AT LEAST *[ONE] [TWO] [THREE] 

[ ] EXISTING (PUBLISHED) CONTROL STATIONS MUST BE OCCUPIED IN THE NETWORK.   CONNEC- 

TION METHODS AND REDUNDANCY ARE AT THE CONTRACTOR’S OPTION.  PRIOR TO USING ANY CON- 

TROL POINTS, THE MONUMENTS SHALL BE CHECKED TO ENSURE THAT THEY HAVE NOT BEEN MOVED 

OR DISTURBED. 

 

C.4.8.  NEW STATION MONUMENTATION, MARKING, AND OTHER CONTROL REQUIREMENTS. 

 

(1) ALL STATIONS SHALL BE MONUMENTED IN ACCORDANCE WITH EM 1110-1-1002, SURVEY 

MARKERS AND MONUMENTATION.  MONUMENTATION FOR THIS PROJECT SHALL BE TYPE *[...] FOR 

HORIZONTAL  AND  TYPE  *[...]  FOR  VERTICAL;  PER  EM  1110-1-1002  CRITERIA.     *[MONUMENTATION 

SHALL BE DEFINED TO INCLUDE THE REQUIRED REFERENCE MARKS AND AZIMUTH MARKS REQUIRED 

BY EM 1110-1-1002.].   *[ALL MONUMENTS FOR NEW STATIONS ARE CURRENTLY IN PLACE AND 

DESCRIPTIONS ARE ATTACHED AT SECTION G.]  *[IF SATELLITE VISIBILITY SHOWN ON THE DESCRIP- 

TIONS IS OBSCURED AT AN EXISTING STATION, THEN A NEW MARK SHALL BE SET AT THE RATE FOR 

ITEM *[        ] IN SECTION B.] 

 

***************************************************************************************************** 

NOTE:  Deviations from EM 1110-1-1002 should be indicated as required.  USACE project control 

rarely requires supplemental reference/azimuth marks -- the optional specification clauses below 

should be tailored accordingly. 

***************************************************************************************************** 

 

*(2)  At each station, angle and distance measurements shall be made between a network station and reference 

marks and azimuth marks set which were established in accordance with the requirements set forth in EM 1110-1-1002. 

All observations shall be recorded in a standard field book. 

 

*(a)  For reference marks, two (2) directional positions are required (reject limit +10 " arc) and with steel taping 

performed to the nearest +0.01 foot. 

 

*(b)  Four directional positions are required to azimuth marks.   The reject limit for a one-second theodolite is +5 

seconds.   Azimuth mark landmarks shall be easily defined/described natural features or structures which are of sufficient 

distance to maintain a *[+ 

muth marks.] 

]-second angular accuracy.   *[ -order astronomic azimuths shall be observed to azi- 

 

*(c)  A compass reading shall be taken at each station to reference monuments and azimuth marks. 

C.4.9.  STATION DESCRIPTION AND RECOVERY REQUIREMENTS. 

(1)  STATION  DESCRIPTIONS AND/OR  RECOVERY NOTES  SHALL BE  WRITTEN  IN ACCORDANCE 

WITH THE INSTRUCTIONS CONTAINED IN EM 1110-1-1002.   [FORM *[ 

DESCRIPTIONS.]  DESCRIPTIONS SHALL BE *[WRITTEN] [TYPED]. 
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(2)  DESCRIPTIONS  *[ARE]  [ARE  NOT]  REQUIRED  FOR  *[EXISTING]  [AND/OR  NEWLY  ESTAB- 

LISHED] STATIONS. 

 

(3)  RECOVERY NOTES *[ARE] [ARE NOT] REQUIRED FOR EXISTING STATIONS. 

 

C.4.10.  MINIMUM OCCUPATION TIMES FOR OCCUPIED BASELINES.  BASELINES SHALL BE OCCUPIED 

FOR A PERIOD OF TIME WHICH IS CONSISTENT WITH THE SPECIFIED ACCURACY REQUIREMENT FOR 

THE  PROJECT  AND/OR  PARTICULAR  NEW  STATION/LINE.     RECOMMENDED  MINIMUM  OCCUPATION 

TIMES ARE CONTAINED IN EM 1110-1-1003.   UNLESS OTHERWISE STATED IN THESE SPECIFICATIONS, 

THE CRITERIA SHOWN IN THIS MANUAL SHALL BE FOLLOWED FOR EACH PROJECT AND/OR OBSERVED 

BASELINE.   MINIMUM OCCUPATION TIMES FOR KINEMATIC GPS SURVEY OBSERVATIONS SHALL BE 

CONSISTENT WITH MANUFACTURER RECOMMENDATIONS AND REQUIRED ACCURACIES OF TOPO- 

GRAPHIC FEATURES. 

 

C.4.11.  TYPE AND NUMBER OF GPS RECEIVER UNITS TO BE DEPLOYED. 

 

(1) THE CONTRACTING OFFICER RESERVES THE RIGHT TO REQUEST PUBLISHED DOCUMENTA- 

TION ON THE ACCURACY/QUALITY OF THE HARDWARE/SOFTWARE USED FOR THIS PROJECT.  ALL GPS 

RECEIVERS AND POST-PROCESSING SOFTWARE USED UNDER THIS *[CONTRACT] [ASSIGNMENT] SHALL 

BE SUBJECT TO REVIEW BY THE CONTRACTING OFFICER.  SYSTEM COMPONENTS SUBJECT TO REVIEW 

SHALL INCLUDE: 

 

(A)  RECEIVERS 

(B)  ANTENNAS 

(C)  POWER SOURCE 

(D)  DATA RECORDING UNITS AND 

STORAGE MEDIA 

(E)  REAL-TIME OR POST-PROCESSING HARDWARE 

AND SOFTWARE 

 

(2) A MINIMUM OF [...] GPS FIELD RECEIVER UNITS SHALL BE CONTINUOUSLY AND SIMULTA- 

NEOUSLY DEPLOYED DURING THIS *[ASSIGNMENT] [PROJECT]. 

 

***************************************************************************************************** 

NOTE:  Add any applicable variations due to project specific requirements. 

***************************************************************************************************** 

 

C.4.12.  FIELD GPS OBSERVATION RECORDING PROCEDURES. 

 

(1)  FIELD LOG *[SHEETS] [FORM] [NOTES] SHALL BE COMPLETED FOR EACH STATION OF EACH 

SESSION AND SUBMITTED TO THE GOVERNMENT.   MINIMUM DATA FOR STATIC AND KINEMATIC 

OBSERVATIONS TO BE INCLUDED ON THESE FIELD LOG RECORDS ARE DESCRIBED IN EM 1110-1-1003. 

 

(2)  RAW SATELLITE TRACKING DATA, BASELINE REDUCTION DATA, AND ADJUSTMENT SOLU- 

TIONS SHALL BE RECORDED AND SUBMITTED TO THE GOVERNMENT ON *[ 

PRE-APPROVED MEDIUM]. 

-INCH FLOPPY DISKS] [A 

 

(3)  IT SHALL BE THE RESPONSIBILITY OF THE CONTRACTOR TO ASSURE THAT AMPLE OBSER- 

VATIONS ARE CONDUCTED SO THAT ALL POINTS ARE INTERCONNECTED IN A COMPLETE INTERCON- 

NECTING NETWORK OR GPS TRAVERSE SURVEY; AND/OR IN ACCORDANCE WITH THE REQUIRED 

BASELINE MEASUREMENTS SPECIFIED HEREIN.   *[ADEQUATE FIELD COMPUTATIONAL CAPABILITY 

SHALL EXIST IN ORDER TO VERIFY MISCLOSURES PRIOR TO SITE DEPARTURE.] 
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C.4.13.  BASELINE DATA REDUCTION REQUIREMENTS (CONTROL SURVEYS). 

 

(1) SOFTWARE FOR POST-PROCESSING OF SATELLITE TRACKING DATA SHALL BE SUBJECT TO 

APPROVAL BY THE CONTRACTING OFFICER.   ALL SOFTWARE MUST BE ABLE TO PRODUCE FROM THE 

RAW DATA RELATIVE POSITION COORDINATES *[AND CORRESPONDING VARIANCE-COVARIANCE STA- 

TISTICS WHICH IN TURN CAN BE USED AS INPUT TO THREE-DIMENSIONAL NETWORK ADJUSTMENT 

PROGRAMS.] 

 

***************************************************************************************************** 

NOTE:   Baseline output statistics are generally only specified when rigorous least-squares adjust- 

ments are required; and then only if the specified adjustment software utilizes such statistics.  This 

is not applicable to topographic surveying uses of GPS. 

***************************************************************************************************** 

 

(2)  BASELINE  PROCESSING  SHALL  BE  COMPLETED  FOR  ALL  BASELINES  AND  SELECTED  FOR 

USE IN THE FINAL NETWORK ADJUSTMENT BASED ON AN ANALYSIS OF THE STATISTICAL DATA AND 

RELATIVE SPATIAL RELATIONSHIPS BETWEEN POINTS.  TEST CONSTANTS GIVEN FOR A PARTICULAR 

SOFTWARE SYSTEM SHALL BE COMPARED TO THE PROCESSED RESULTS AND ANY SUSPECT BASELINE 

THAT DOES NOT MEET THE CRITERIA SHALL BE REOBSERVED OR NOT INCLUDED IN THE FINAL 

ADJUSTMENT.  BASELINE ACCEPTANCE AND REJECTION CRITERIA ARE CONTAINED IN EM 1110-1-1003. 

 

C.4.14.   FINAL ADJUSTMENT REQUIREMENTS (CONTROL SURVEYS).   GPS SURVEY TRAVERSE LOOPS 

AND  NETWORKS  SHALL  BE  ADJUSTED  AND  EVALUATED  IN  ACCORDANCE  WITH  THE  PROCEDURES 

AND  CRITERIA  OUTLINED  IN  EM  1110-1-1003.    FINAL  VECTOR  MISCLOSURES  MAY  BE  PROPORTION- 

ATELY DISTRIBUTED AMONG THE OBSERVED VECTORS USING EITHER APPROXIMATE OR LEAST- 

SQUARES ADJUSTMENT TECHNIQUES DESCRIBED IN EM 1110-1-1003. 

 

(1)  ADJUSTMENTS ARE NORMALLY PERFORMED USING X-Y-Z GEOCENTRIC COORDINATES REL- 

ATIVE TO THE WGS 84 SPHEROID.   TRANSFORMED FINAL ADJUSTED HORIZONTAL DATA SHALL BE 

EXPRESSED IN *[SPCS] [UTM] [GEOGRAPHIC] [GEOCENTRIC] [OTHER] COORDINATES, AND SHALL BE 

REFERENCED TO *[NAD 27] [NAD 83] [PROJECT] DATUM.   FINAL COORDINATES SHALL BE TABULATED 

IN *[METERS] [FEET] [other] TO ONLY *[ ] DECIMAL POINTS OF PRECISION.  *[FINAL ADJUSTED VERTI- 

CAL DATA FOR TOPOGRAPHIC MAPPING APPLICATIONS SHALL BE SHOWN AS ORTHOMETRIC HEIGHTS 

ON *[NGVD 29] [NAVD 88] [other] VERTICAL DATUM.   GPS-DERIVED ELEVATIONS SHALL BE ROUNDED 

TO THE NEAREST *[METER] [FOOT].] 

 

*  (2)  FOR  PROJECT  CONTROL  SURVEYS  AN  ADJUSTMENT  ANALYSIS  SHALL  INCLUDE  THE 

FOLLOWING: 

 

* (a)  GPS TRAVERSE LOOPS SHALL BE ANALYZED RELATIVE TO THE INTERNAL CLOSURE CRI- 

TERIA GIVEN IN EM 1110-1-1003.  INTERNAL ACCEPTABILITY OF THE WORK WILL BE BASED ON THE 

MAGNITUDE OF THE THREE-DIMENSIONAL VECTOR MISCLOSURES RELATIVE TO THE LOOP LENGTH. 

SUCH  LOOP  CLOSURE  ANALYSIS  WILL  BE  CONSIDERED  THE  INTERNAL,  MINIMALLY  CONSTRAINED, 

FREE ADJUSTMENT.   LOOPS/LINES WITH INTERNAL MISCLOSURE RATIOS IN EXCESS OF THOSE SPECI- 

FIED IN THIS CONTRACT SHALL BE REOBSERVED.   MISCLOSURES BETWEEN EXTERNAL FIXED CON- 

TROL   MAY   BE   DISTRIBUTED   USING   THE   APPROXIMATE   DISTRIBUTION   METHODS   GIVEN   IN 

EM 1110-1-1003.    FINAL  CONSTRAINED  ACCURACY  ESTIMATES  WILL  BE  BASED  ON  RELATIVE  MIS- 

CLOSURES AT FIXED POINTS. 

 

***************************************************************************************************** 

NOTE:   The following clauses apply only to rigorous least-squares adjustment techniques.   Note 

that EM 1110-1-1003 does not require that a rigorous least-squares adjustment be performed for 
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USACE control work.  The guide specifications writer must establish the technical requirement for 

such an adjustment method and modify the clauses in this section accordingly. 

***************************************************************************************************** 

 

(b) * WHEN A FREE (OR MINIMALLY CONSTRAINED) LEAST-SQUARES ADJUSTMENT IS PER- 

FORMED  ON  THE  BASELINE  VECTORS,  A  CLASSIFICATION  BASED  ON  THIS  INTERNAL  ADJUSTMENT 

SHALL BE DERIVED AND EVALUATED AGAINST THE MINIMUM ALLOWABLE STANDARDS SHOWN IN 

EM 1110-1-1003  FOR  THE  GIVEN  REQUIRED  ACCURACY.    THIS  FREE  ADJUSTMENT,  ALONG  WITH  AN 

ANALYSIS OF THE BASELINE REDUCTION DATA, WILL BE USED IN EVALUATING THE CONTRACTUAL 

ACCEPTABILITY  OF  THE  OBSERVED  NETWORK. STATION  *[ ]  SHALL  BE  HELD  FIXED  FOR 

THIS UNCONSTRAINED ADJUSTMENT.  THE NORMALIZED RESIDUALS SHALL BE COMPUTED AND ANA- 

LYZED RELATIVE TO THE CRITERIA CONTAINED IN EM 1110-1-1003.   THE VARIANCE OF UNIT WEIGHT 

FOR  THE  MINIMALLY  CONSTRAINED  NETWORK  ADJUSTMENT  SHALL  CONFORM  TO  THE  CRITERIA 

GIVEN IN EM 1110-1-1003.  RELATIVE LINE ACCURACIES SHALL BE COMPUTED FOR PAIR OF POINTS ON 

THE NETWORK USING STATISTICAL DATA CONTAINED IN THE FREE ADJUSTMENT.   THESE RELATIVE 

LINE  ACCURACIES  SHALL  NOT  EXCEED  THE  REQUIRED  ACCURACY  CLASSIFICATIONS  PRESCRIBED 

FOR THE WORK.  STATIONS/BASELINES/NETWORK AREAS WITH FREE ADJUSTMENT RELATIVE ACCU- 

RACIES  NOT  MEETING  THE  REQUIRED  CRITERIA  MUST  BE  REOBSERVED;  IT  IS  THEREFORE  CONTIN- 

GENT  ON  THE  CONTRACTOR  TO  ENSURE  THAT  MISCLOSURE  TOLERANCES  ARE  CHECKED  IN  THE 

FIELD. 

 

(c) * A CONSTRAINED LEAST-SQUARES ADJUSTMENT SHALL BE PERFORMED HOLDING *[FIXED] 

[PARTIALLY CONSTRAINED] THE COORDINATES OF THE STATIONS LISTED UNDER THE EXISTING CON- 

TROL  CLAUSE  IN  THIS  CONTRACT  SECTION.    FOR  THE  PURPOSE  OF  THESE  SPECIFICATIONS,  BOTH 

FULLY CONSTRAINED AND PARTIALLY CONSTRAINED POINTS ARE REFERRED TO AS “FIXED” POINTS. 

THE CONSTRAINED LEAST SQUARES ADJUSTMENT SHALL USE MODELS WHICH ACCOUNT FOR:  THE 

REFERENCE ELLIPSOID FOR THE REFERENCE CONTROL, THE ORIENTATION AND SCALE DIFFERENCES 

BETWEEN THE SATELLITE AND NETWORK CONTROL DATUMS, GEOID-ELLIPSOID RELATIONSHIPS, AND 

DISTORTIONS AND/OR RELIABILITY IN THE NETWORK CONTROL. 

 

***************************************************************************************************** 

NOTE:   Few USACE surveys for engineering and construction require rigorous geodetic adjust- 

ments;  therefore,  these  clauses  should  be  specified  with  caution.    A  variety  of  free  and/or  con- 

strained adjustment combinations may be specified.   Specific stations to be held fixed may have 

been indicated in a prior contract section or the contractor may be instructed to determine the 

optimum adjustment, including appropriate weighting for constrained points.   When fixed stations 

are to be partially constrained, then appropriate statistical information must be provided -- either 

variance-covariance matrices or relative positional accuracy estimates which may be converted into 

approximate variance-covariance matrices in the constrained adjustment. 

***************************************************************************************************** 

 

[1]    *WHEN  DIFFERENT  COMBINATIONS  OF  CONSTRAINED  ADJUSTMENTS  ARE  PERFORMED 

DUE TO INDICATIONS OF ONE OR MORE FIXED STATIONS CAUSING UNDUE BIASING OF THE DATA, AN 

ANALYSIS SHALL BE MADE AS TO A RECOMMENDED SOLUTION WHICH PROVIDES THE BEST FIT FOR 

THE NETWORK.  ANY FIXED CONTROL POINTS WHICH SHOULD BE READJUSTED (TO ANOMALIES FROM 

THE ADJUSTMENT(S)) SHOULD BE CLEARLY INDICATED IN A FINAL ANALYSIS RECOMMENDATION. 

 

[2]  *THE FINAL ADJUSTED HORIZONTAL AND/OR VERTICAL COORDINATE VALUES SHALL BE 

ASSIGNED  AN ACCURACY  CLASSIFICATION  BASED ON  THE LEAST-SQUARES  ADJUSTMENT STATISTI- 

CAL RESULTS AND IN ACCORDANCE WITH THE CRITERIA INDICATED IN EM 1110-1-1003.  THIS CLASSI- 

FICATION SHALL INCLUDE BOTH THE RESULTANT GEODETIC/CARTESIAN COORDINATES AND THE 

BASELINE  DIFFERENTIAL  RESULTS.    THE  FINAL  ADJUSTED  COORDINATES  SHALL  STATE  THE  95% 
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CONFIDENCE REGION OF EACH POINT AND THE (TWO-SIGMA) RELATIVE LINE ACCURACY IN PARTS 

PER MILLION (PPM) BETWEEN ALL POINTS IN THE NETWORK. 

 

(3)   *FINAL ADJUSTED COORDINATE LISTINGS SHALL BE PROVIDED ON HARD COPY *[AND ON 

*[  ]  [specify]  COMPUTER MEDIA]. 

 

(4)  * A SCALED PLOT SHALL BE  SUBMITTED WITH THE ADJUSTMENT REPORT SHOWING THE 

PROPER LOCATIONS AND DESIGNATIONS OF ALL STATIONS ESTABLISHED. 

 

C.5  SUBMITTAL REQUIREMENTS: 

 

C.5.1.   SUBMITTAL SCHEDULE:   THE COMPLETED SURVEY REPORT SHALL BE DELIVERED WITHIN 

*[  DAYS AFTER NOTICE TO PROCEED IS ISSUED] *[By calendar date] 

 

***************************************************************************************************** 

NOTE:  Include a more detailed submittal schedule breakdown if applicable to project. 

***************************************************************************************************** 

 

C.5.2.   SUBMITTED ITEMS:   SUBMITTALS SHALL CONFORM TO THOSE SPECIFIED IN EM 1110-1-1003 

*[EXCEPT AS MODIFIED HEREIN]. 

 

***************************************************************************************************** 

NOTE:   Reference should be made to EM 1110-1-1003 for typical GPS survey submittal require- 

ments.  Modify and/or add items as required. 

***************************************************************************************************** 

 

C.5.3.  PACKAGING AND MARKING:  PACKAGING OF COMPLETED WORK SHALL BE ACCOMPLISHED 

SUCH THAT THE MATERIALS WILL BE PROTECTED FROM HANDLING DAMAGE.  EACH PACKAGE SHALL 

CONTAIN  A  TRANSMITTAL  LETTER  OR  SHIPPING  FORM,  IN  DUPLICATE,  LISTING  THE  MATERIALS 

BEING TRANSMITTED, BEING PROPERLY NUMBERED, DATED AND SIGNED.   SHIPPING LABELS SHALL 

BE MARKED AS FOLLOWS: 

 

U.S. ARMY ENGINEER DISTRICT, 

ATTN: 

*[include office symbol and name] 

CONTRACT NO. 

*[DELIVERY ORDER NO. ] 

[STREET/PO BOX] 

*[complete local mailing address] 

 

*HAND-CARRIED SUBMISSIONS SHALL BE PACKAGED AND MARKED AS ABOVE, AND DELIVERED TO 

THE FOLLOWING OFFICE ADDRESS: 
 

 

*[insert office/room number as required] 

 

***************************************************************************************************** 

NOTE:   In this section, also reference any automated data submittal requirements for GPS obser- 

vations, if applicable. 

***************************************************************************************************** 

 

C.6  PROGRESS SCHEDULES AND WRITTEN REPORTS. 
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C.6.1.  *PRE-WORK CONFERENCE: 

 

***************************************************************************************************** 

NOTE: Detail  any  requirements  for  a  pre-work  conference  after  contract  award,  including 

requirements for preparing written reports for such conferences. 

***************************************************************************************************** 
 

 

SECTION D 

 

CONTRACT ADMINISTRATION DATA 
 

 

 

 

SECTION E 

 

SPECIAL CONTRACT REQUIREMENTS 
 

 

 

 

SECTION F 

CONTRACT CLAUSES 

 

 

***************************************************************************************************** 

NOTE:   Detailed breakouts of personnel and equipment requirements to be furnished by the con- 

tractor should be listed in these sections. 

***************************************************************************************************** 

 

SECTION G 

 

LIST OF ATTACHMENTS 
 

 

G.1.  U.S. ARMY CORPS OF ENGINEERS EM 1110-1-1003, NAVSTAR GPS SURVEYING.  THIS REFERENCE IS 

ATTACHED TO AND MADE PART OF THIS CONTRACT. 

 

***************************************************************************************************** 

NOTE:   List any other attachments called for in contract section C or in other contract sections. 

This includes items such as: 

 

-  Marked-up project sketches/drawings. 

 

- Station/monument descriptions or recovery notes. 

 

- Lists of baseline connections to existing network. 

 

-  Lists of fixed (existing) stations to be connected with and adjusted to. 

***************************************************************************************************** 
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SECTION H 

 

PRESENTATIONS, CERTIFICATIONS AND OTHER 

STATEMENTS OF OFFERERS 
 

 

SECTION I 

 

INSTRUCTIONS, CONDITIONS, AND NOTICES TO OFFERERS 
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Appendix H 
Guide Specification for "Geodetic 
Quality" NAVSTAR Global Positioning 
System (GPS) Survey Receivers and 
Related Equipment/ Instrumentation 

 

 

 

INSTRUCTIONS 

 

H-1.  General 
 

This  guide  specification  supersedes  the  USACE  guide 

CW-01334.2, 21 June 1991, "Procurement of NAVSTAR 

Global Positioning System (GPS) Survey Receivers and 

Related Instrumentation/Equipment."      This guide 

specification is intended for use in preparation and review 

of specifications for geodetic quality GPS survey 

instrumentation, equipment, and software.  The equipment 

may be used in static or kinematic applications where 

centimeter-level applications are required.  The GPS data 

may be post-mission processed to generate positions, or the 

data may be computed in real time, if the appropriate 

software and data link are used.  This guide includes the 

technical requirements needed to develop formally 

advertised specifications. 
 

H-2.  Applicability 
 

This guide applies to differential GPS (DGPS) survey 

systems that provide a three-dimensional baseline between 

two antennas to an accuracy of about 1 cm or better. 

Applications include establishing and/or extending precise 

engineering and construction control, creating   digital 

elevation models, camera station positioning for aerial 

photogrammetry, hydrographic survey vessel positioning, 

and tidal/water surface measuring for civil works and 

military construction projects.  This guide supports precise 

differential static, kinematic, pseudo-kinematic, stop-and-go, 

and on-the-fly survey modes, in both post mission 

processing and real time applications.  This guide is not 

intended to support real-time GPS code tracking systems 

that provide meter-level accuracies for general positioning 

or navigation applications.   (Note that the equipment 

designed to meet the geodetic needs are generally capable 

of also meeting the less stringent differential code 

applications but at much greater cost.)  Refer to Appendix 

I for differential code based equipment to support general 

meter-level positioning and navigation applications. 
 

H-3.  Coverage 
 

This guide follows the Uniform Contract Format for supply 

solicitations, as outlined in Part 14.201 of the Federal 

Acquisition Regulations (FAR). 

a.    This guide may be used for either direct bid 

solicitations or proposal request solicitations, depending on 

the complexity of the required system.  Evaluation factors 

(Part IV, Section M) are provided for contracts involving a 

technical  review  of  proposals.    The  use  of  a  technical 

review is optional. 

 

b.   A sample "Supplies of Services and Prices" 

schedule is included in this guide for insertion in Part I, 

Section B of the contract.  Technical performance require- 

ments for a DGPS survey system are in Part I, Section C 

(Description/ Specifications).  Other contract sections that 

require clauses specific to DGPS equipment are noted. 

Nontechnical supply contract clauses/provisions, which are 

incorporated in Parts I, II, III, and IV of the procurement 

specifications, should be developed by each respective Field 

Operating Activity (FOA) using appropriate FAR and 

supplemental guidance. 

 

c.  Continuing developments in GPS survey 

instrumentation and techniques mandate that these guide 

specifications be continuously evaluated by USACE 

commands to ensure they are technologically current. 

 

H-4.  References 

 

The specification writer must be thoroughly familiar with 

the basic GPS operating functions (e.g., determining the 

optimum number and technical characteristics of GPS 

receivers, auxiliary support equipment and instrumentation, 

baseline reduction software, and network adjustment criteria) 

to define the technical requirement options contained in this 

guide.   Additional guidance is found in the HQUSACE 

POLICY MEMORANDUM,   Subject:   "Acquisition and 

Use of Differential Global Positioning System (DGPS) 

Equipment for USACE Activities," dated 27 January 1994. 

Other  topical  information  on  DGPS  is  contained  in  EM 

1110-2-1003 "Hydrographic Surveying." 
 

H-5.  DGPS System Requirements 
 

This guide may be used to procure a complete "field-to- 

finish" DGPS survey system.   This includes the six 

scheduled items in Section B:  (1) GPS receivers, (2) a 

microcomputer system, (3) GPS baseline reduction software, 

(4) network adjustment software, (5) a data link for real 

time applications, and (6) onsite training.  If desired, the 

system may also be configured to operate with the "On-The- 

Fly" software developed by USACE under the Dredging 

Research Program. Some vendors may also supply software 

providing similar capability.  If GPS receivers are being 

added to an existing system or suite of equipment, then only 

item (1)  above would be required in the solicitation, with 

other  items  deleted  as  necessary.     Also  note  that,  in 
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general, mixing receivers from different manufacturers may 

not work with all techniques and software. 

 

H-6.  Alternate Clauses/Provisions or Options 

 

Alternate clauses/provisions throughout this guide specifica- 

tion  are  indicated  by  a  single  asterisk.     This  asterisk 

signifies that provisions that are not applicable to the 

particular procurement should be deleted. Clauses requiring 

insertion of descriptive material are indicated by  an asterisk 

and in brackets (e.g., *[    ]).  When a choice of items exists, 

they are normally contained in successive brackets. 

 

H-7.  Notes and Comments 

 

General comments and instructions used in this guide are 

contained within asterisk blocks and highlighted in bold 

type. 

These blocked comments and instructions should be 

removed from the final contract. 

 

H-8.  Submittal For Review and Approval 

 

If specifications for NAVSTAR GPS survey systems are 

required to be submitted to higher authority for review and 

approval, they shall include printed copies of this guide 

specification, as revised for the particular procurement 

action.  Guidance on review requirements for GPS systems 

is contained in the HQUSACE POLICY MEMORANDUM, 

Subject: "Acquisition and Use of Differential Global 

Positioning System (DGPS) Equipment for USACE 

Activities," dated 27 January 1994. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H-2 



EM 1110-1-1003 

1 Aug 96 
 

Part I - The Contract Schedule 
 

 

 

Section A 

Solicitation/Contract Form 

******************************************************************************************** 

NOTE:   Include  here  Standard  Form  33  (Solicitation,  Offer  and  Award)  or 

Standard Form 26 (Award/Contract), as applicable. 

******************************************************************************************** 
 

 

 

Section B 

 

Supplies or Services and Prices/Costs 

 

******************************************************************************************** 

NOTE:   The sample below represents a typical schedule for procurement of GPS instrumentation and 

related equipment.   This schedule must be tailored based on 

the specific technical requirements outlined in Section C of the contract. 

******************************************************************************************** 

 

Supplies/Services and Prices 

 

Item 

No. Description Quantity U/M U/P Amt 
 

0001 Precise GPS survey receiver system, *[ 

related equipment, software, data link, 

and other components, in accordance 

with the technical specifications found 

in Section C. 

] EA 

 

******************************************************************************************** 

add for RFP evaluation or if necessary 

******************************************************************************************** 

 

* [Evaluation will be made on the 

basis of the technical data under 

the guidelines found in Section M. 

Failure to show compliance with the 

specifications will require rejection 

of the bid.] 

 

******************************************************************************************** 

NOTE:   The following items are included if a full "field-to-finish" differential GPS 

survey system is required.  Alternately, selected items may be used if the solicitation 

is to upgrade or add to existing GPS equipment. 
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******************************************************************************************** 

 

0002 *[ Micro-computer system, as specified 

in Section C.] 

 

Item 

No.             Description                                                           Quantity            U/M     U/P                   Amt 

0003 * [GPS baseline reduction software, as 

specified in Section C.] 

 

0004 * [Network adjustment software, as 

specified in Section C.] 

 

0005 * [Data link for real-time applications, 

as specified in Section C.] 

 

0006 * [GPS receiver system, data reduction, 

processing and adjustment software 

training.] 

 

******************************************************************************************** 

NOTE:   Add other items to the schedule as necessary.   These may include tripods, 

tribrachs, spare batteries, data storage devices, communication/modem devices, 

software/hardware for navigation (e.g., survey vessel positioning and guidance 

control).  Hardware/software interface requirements to existing survey systems (e.g., 

hydrographic systems) may also be separately scheduled. 

******************************************************************************************** 
 

 

 

Section C Description / 

Specifications 

 

C.1.  General DGPS Description.  The DGPS to be procured under this solicitation is intended for use in *[static 

and/or kinematic] positioning applications using the GPS carrier phase as the principle observable.  The system 

will yield 3-dimensional vectors between a reference and "rover" station to an accuracy of *[10 mm + 2 ppm or 

better on baselines of 1 to 50 km when operating in a static mode] [and] *[3 cm or better on baselines up to 25 

km when operating in a kinematic mode].  *[The system is intended to operate in real time with the incorporation 

of a communications link, as specified further in Section C of this solicitation.]  *[The system will have the 

capability to resolve the initial integer cycle ambiguity in a robust manner, automatically, while the rover is 

constantly in motion, known as on-the-fly (OTF), with no more than 60 sec of data, on baselines up to 25 km in 

length.]  *[The OTF ambiguity resolution software will operate in *[real time] *[and/or] *[post processing] 

applications].  *[The system procured under this solicitation will interface to, and operate with, the USACE OTF 

software distributed by the U.S. Army Topographic Engineering Center, ATTN:  CETEC-TD-GS (OTF software), 

7701 Telegraph Rd, Alexandria, Virginia  22315-3864.] 

 

C.2.  Receiver Requirements. Unless otherwise specified, the performance requirements given below shall be met 

by  the GPS receivers in conjunction with the antenna assembly and antenna cable. 
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C.2.1.  GPS Signal Levels. GPS receivers delivered shall acquire and track GPS signals and otherwise perform 

as specified herein, when the signal levels from GPS satellites incident at the antenna are within the range of 

minimum to maximum levels specified in ICD-PGS-200B-PR. 

 

C.2.2.  Cryptographic Keys.  *[Unless otherwise specified,] GPS receivers shall perform as specified herein 

without requiring  cryptographic keys, whether or not GPS selective availability (SA) and/or anti-spoofing (AS) 

are activated. 

 

******************************************************************************************** 

NOTE:   Two versions of C.2.3. are given. L1 only receivers are adequate for static 

geodetic survey operations.   Robust kinematic operations and OTF ambiguity 

resolution requires more capable hardware observing the full wavelength L1 and full 

wavelength L2 carrier phase.  Choose one of the two given C.2.3 appropriately. 

******************************************************************************************** 

 

*[C.2.3.  GPS Observables.  The GPS receivers delivered shall provide, at a minimum, the following time- 

tagged observables:  full L1 C/A code, L1 P-code, continuous full wavelength L1 carrier phase, L2 P-code, and 

continuous full wavelength L2 carrier phase.] 

 

*[C.2.3.  GPS Observables.  The GPS receivers delivered shall provide, at a minimum, the following time- 

tagged observables:  full L1 C/A code and continuous full wavelength L1 carrier phase.] 

 

(1)  Measurement Time Tags.  Signal measurements (observables) shall be time tagged with the time of 

receipt of the signal referenced to the receiver clock.  Time tags shall have a resolution of 1 µsec or better.  Time 

tags shall be within 1 msec with respect to GPS time. 

 

(2)  Carrier Phase Accuracy.  The receiver shall have L1 {the following is required for OTF operation} 

*[and l2 full wavelength] carrier-phase measurement accuracies of 0.75 cm (RMS) or better, exclusive of the 

receiver clock offset. 
 

******************************************************************************************** 

NOTE:   The following C.2.3. (3) is for OTF operation only. 

******************************************************************************************** 
 

*[(3)  Code Accuracy.  The receiver shall have an L1 C/A-code phase measurement accuracy of 30 cm 

(RMS) or better, exclusive of receiver clock time and frequency offsets.] 
 

C.2.4.  Receiver Output.  The GPS receiver shall be able to output the GPS observables as described in C.2.3. 

with a latency of less than 1 sec *[and, simultaneously, a differential code position and the timing information 

stated in 2.6].  The GPS receivers shall be able to output the information from the full GPS navigation message, 

as specified in ICD-GPS-200 REVB-PR. This shall include ephemeris data, almanac data, ionospheric parameters, 

and coordinated universal time (UTC) parameters.  The UTC and ephemeris data shall be available by request or 

if a change has occurred in those parameters. 
 

C.2.5.  Receiver Data Rate.  The GPS observable data described above shall be available at a minimum of a 

1 Hz rate. 
 

C.2.6.  1 Pulse Per Second (PPS) Output.  GPS receivers delivered shall have a 1 PPS time strobe and its 

associated time tag.   The 1 PPS pulse and time tag shall be accessible through a port (or ports) on the GPS 

receiver so that external system components can be time synchronized to UTC time. 
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C.2.7. Internal Receiver Testing.  The receiver shall perform a self test and checks to detect electronic 

malfunctions and/or faulty data collection, including cycle slips.  The receiver shall provide immediate *[audio] 

*[visual] notification of failures.  The receiver shall perform any needed calibrations automatically. 

 

C.2.8.  Reinitialization.  The receiver shall be capable of reinitializing itself and resume normal operation after 

a power interruption without operator assistance.  The data collected by the GPS receiver shall not be lost due to 

power interruption but stored in the receiver or other archiving media. 

 

C.2.9. Multiple Satellite Tracking.  The receiver must be capable of tracking and observing all signals 

previously stated on  a minimum of eight satellites simultaneously, each on an independent channel. 

 

C.2.10.  Operating Conditions. The GPS receivers delivered shall meet the following criteria: 

 

(1)  Successfully acquire and track unobstructed GPS satellites, visible 5 deg and higher above the horizon, 

in all weather conditions. 

 

(2)  Operate at humidity ranges of 0 to 100 percent. 

 

(3)  Operate within the temperature range of -20 oC to +50 oC. 

 

*[(4)  Be waterproof and able to operate in an ocean environment aboard open survey launches.] 

 

*[(5)  Operate in heavy rain, 50.8 mm/day (2 in./day).] 

 

*[(6)  Operate in fog.] 

 

*[(7)  Operate in and resist corrosion in salty air conditions.] 

 

C.2.11.  Receiver Power Requirements.  The GPS receivers delivered shall meet the following criteria: 

(1)  Be self protecting from power surges, spikes, and reverse polarity. 

(2)  Allow the operator to switch power sources (AC, DC, or battery) while maintaining receiver operation 

and without loss of stored data. 

 

(3)  Provide a *[visual] *[audible] warning for low power. 

 

(4)  Be capable of operating using  *[a battery pack] *[and] *[or] *[AC power] *[and] *[or] *[12-v DC] 

*[24-v DC] *[external DC power]. 

 

*[(5)  The battery pack shall meet the following criteria:] 

 

*[(a) Contain rechargeable battery/batteries which can operate the receiver for at least 3.5 hr on a single 

(re)charge.] 

 

*[(b)  Be *[either] *[internal] *[or] *[external] to the receiver.] 

 

*[(c)  Include all cables, hardware, etc. necessary to connect/install the battery pack.  The batteries shall 

be water and dust tight and be protected from damage and inadvertent shorting of the terminals.] 
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*[(6)  For operation using *[AC] *[and] *[external DC] *[power.] 

 

*[(a) When operating under *[AC] *[or] *[DC] power, the unit shall be capable of simultaneously 

charging the battery pack.  The battery pack shall power the receiver if the normal power supply is interrupted.] 

 

*[(b)  The AC power supply *[shall be internal] *[may be internal or external] to the receiver.] 

 

*[(c)  The power supply/battery charger shall provide all voltages necessary to operate the receiver and 

(re)charge the battery pack.] 

 

*[(d)  The power supply/battery charger shall be designed to automatically protect the battery pack from 

overcharging.] 

 

*[(e)  All cables and connectors needed to connect the power supply/battery charger to the power line 

*[and receiver] shall be included.] 

 

*[(f)  The AC power supply/battery charger shall operate from *[115-v] *[and 230-v] ac (±10 percent) 

*[50/] 60 Hz, single phase power.] 

 

*[(g)  The unit shall operate from external  *[12-v DC] *[24-v DC] *[9 to 32-v DC] power.] 

 

******************************************************************************************** 

NOTE:    Not  all  manufacturers  provide  a  battery  that  is  internal  to  the  receiver. 

Moving the battery pack external to the receiver does not affect the functioning; it is 

a matter of design.  For example, doing this could substantially decrease the size of 

the unit. Different manufacturers have different setups for the batteries. The District 

is encouraged to know what will work best for them based upon District requirements 

and determine the necessary battery life. 

******************************************************************************************** 

 

C.2.12.  Manuals.  At least two sets of complete operation and maintenance manuals shall be included with 

each receiver and shall cover all auxiliary components furnished with each receiver.  *[Updates shall be furnished 

as they become available.] 

 

C.2.13.  Field Planning. The receiver shall have internal software that, as a minimum, is capable of computing 

the availability and positions of satellites for any given time and the current position of the GPS receiver *[and 

terrestrial position] using data gathered by the GPS receiver. 
 

*[C.2.14.  Dimensions.  The dimensions of the receiver shall not exceed  *[ 

*[ ] height, all such that one person can easily transport the unit.] 

] length by *[ ] width by 

 

*[C.2.15.  Weight.  The receiver shall be transportable by one person.  [One complete field station consisting 

of receiver, battery pack, antenna, and antenna cable shall not exceed * [  ] kg * (      ) lbs.] 

 

*[C.2.16.  Data  Logger. The  receiver  shall  be  capable  of  recording  and  controlling  data  on  an 

*[internal]*[external] storage device.  This device shall be capable of storing a minimum of *[4] *[6] *[8] *[ ] 

megabytes (mb) of data.] 
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******************************************************************************************** 

NOTE:   The DATA LOGGER (C.2.16.) option is required by those who wish to store 

data within the receiver for post mission processing.  Without this capability, some 

external device, such as a computer and interfacing software, will be required to 

perform the data logging.   Memory should be specified to cover the maximum 

expected recording durations and rates. 

******************************************************************************************* 

 

*[C.2.17.  Additional Options for Meter-level DGPS Operations.] 

 

******************************************************************************************** 

NOTE:   This  entire  section  is  optional. It  is  possible  for  "geodetic  type"  GPS 

receivers as described previously to perform differential code (meter-level) positioning 

using standard broadcast messages from systems such as the U.S. Coast Guard radio 

beacon network.  If this type of positioning is required, then the following options 

should be included in the solicitation. Use of the USACE’s OTF software does not 

depend on the following options. 

******************************************************************************************** 

 

*[(1) Format.  The reference station receiver shall output dgps correction data in the radio technical 

commission for maritime services special committee 104 (RTCM SC-104) format, version 2.1 and  U.S. Coast 

Guard Broadcast Standard.] 

 

*[(2)  Format.  The remote station receiver shall accept and apply correction data in RTCMM SC-104 

format, version 2.1.] 

 

*[(3)  Accuracy.  Real time positioning accuracy relative to the reference station shall be *[2] *[6] m  *[2] 

DRMS within a range of at least 42 km (25 miles) from the reference station.] 
 

*[(4)  Waypoints.   The receivers shall have the ability to accept up to *[ 

selected by the helmsman.] 

] waypoints which can be 

 

*[(5)  Position Rate.  The receiver shall be capable of providing output position fixes at rates within the 

range of [    ] Hz to [    ] Hz.] 

 

*[(6)  Velocity.  The receiver shall be capable of determining *[velocity and] position while moving at 

speeds of up to [5.14] * [      ] meters per sec (*[10] *[      ] knots).] 

 

*[C.2.18.  Additional Options for Geodetic Grade Static Survey Operations.] 

 

*[(1)  Accuracy Specification. The GPS reference receiver shall be capable, when used in conjunction with 

a remote GPS receiver,  of 10 mm + 2 ppm accuracy or better on baselines of 1 to 50 km in length when used 

in the static differential mode.  The receivers shall have an accuracy of 10 mm or better on baselines less than 1 

km.] 

 

*[(2) Data Collection.  The receiver shall not require over 1 hr of continuous data collection with a 

minimum of four satellites in order to achieve the accuracy requirements stated in Paragraph C.2.18 (1).] 

 

C.2.19. GPS Antenna Assembly. 
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(1)  Antenna Mount.  The GPS antenna shall be capable of being mounted on a standard surveyor’s tripod 

with a 5/8-in. by 11-in. threaded stud *[or to a standard wild type tribrach]. 

 

(2)  Antenna Phase Center.  The center instability of the 3-dimensional phase center of the GPS antenna 

shall be no greater than 3 mm. 
 

(3)  Receiver/Antenna Separation.  The system shall allow the antenna to be located at least *[30] *[ ] 

m from the receiver so that it can be operated remotely from the receiver with no system degradation. 
 

(4)  Antenna Cables.   *[One] *[ ] antenna cable(s) shall be furnished with each receiver.   *[[One] 

*[each] of these cables should be at least *[ ] m,] * [and the other cable should be at least *[ ] m.]   All 

appropriate connectors should already be attached to the cable ends.  *[These cables shall be capable of being 

cascaded for a total length of  *[  ] m of cable for setup flexibility.] 

 

(5)  GPS Survey Antenna.   Survey antennas shall receive GPS signals at the l1 *[and l2] frequency 

*[frequencies] and provide these signals to the GPS receiver. The antenna shall have an omnidirectional horizontal 

pattern and shall incorporate features which minimize multipath error. 

 

*[(6)  Antenna Assembly.  The antenna assembly shall include the following items: 

 

*[(a)  A method to minimize ice and snow buildup.] 

 

*[(b)  A method to reduce bird nesting capability.] 

 

*[(c)  The ability to withstand strong winds up to * [  ] meters per sec (*[  ] knots).] 

 

*[(d)  A method to orient (to north) after mounting.] 

 

*[(e)  A mechanical mark for height measurement with known offset from phase center.] 

 

*[(f)  Operation within the temperature range of -40 oC to +65 oC.] 

 

*[(g)  Dimensions.  The dimensions of the antenna shall not exceed  *[45 cm] in length by *[45 cm] in 

width by *[15 cm] in height, all so that one person can easily transport the unit.] 

 

*[(h)  A method to reduce the effects of multipath.] 

 

*[(i)  A method to amplify the signal for cable lengths in excess of 15 m.] 
 

*[(7)  Each antenna shall be 100 percent  sealed/watertight.  *[One] *[ 

with each GPS receiver unit.] 

] GPS antenna shall be provided 

 

*[(8)  Antenna Pole.  An antenna pole shall be provided for use during survey operations.  It shall be *[a 

fixed height pole of 2 m] *[extendable from a length of 1 m (±0.2 m) to 2 m (with a variance of ±0.5m)] and shall 

allow rapid attachment and detachment of the GPS survey antenna.   The pole shall include a built-in leveling 

device and legs which are *[collapsible and attached] *[detachable].] 

 

*[(9)  Tribrach.  A standard tribrach (with adapters) shall be provided with each antenna.  The tribrach 

shall allow the antenna to be mounted atop the tripod.   The tribrach shall be able to be mounted on top of a 
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standard surveyor’s tripod with a 5/8-in. threaded stud and shall include adapters to allow mounting of standard 

target sets.] 

 

*[(10)  Vehicular Antenna Mount.  A survey antenna mount shall be provided that can easily be attached 

or detached from the vehicle.  This mount shall be designed so that it remains firmly in place at speeds of up to 

88.5 kmph (55 mph) on a level roadway.  The mount shall be designed so that its use does not require vehicle 

modification.] 

 

C.2.20.  Input and Output (I/O) Ports. 

 

(1)  Standards.  All I/O ports will be compatible with the RS-232 standard. 

 

(2)  I/O Ports.  *[I/O ports shall be compatible with any processor, data terminal, or storage devices used 

in the positioning system.] *[The vendor shall provide complete documentation of the I/O ports including 

connector, signal descriptors, connector pin outs, communications protocols, command and message descriptions, 

need to set up the receiver and extract and decode the observed data.] 

 

******************************************************************************************** 

NOTE:   The following options [C.2.20(3) and C.2.20(4)] are not required for the OTF 

system operation. They would be used for differential code position interface to 

marine systems such as electronic charts or hydrographic survey systems. 

******************************************************************************************** 
 

 

 

*[(3)  Real time positional data out of the remote receiver will adhere to the National Maritime Electronics 

Association (NMEA) 0183 data sentences format and will be output over an RS-232 compatible port.] 

 

*[(4)  The receiver shall have the capability to output the data, position fixes, and calibration data through 

a RS-232 compatible serial port.] 

 

C.3. Microcomputer Systems.  The microcomputer shall be a portable, *[notebook style,] IBM compatible, 

microcomputer that is fully compatible with all software and hardware supplied under this solicitation. In addition, 

the following minimum features shall be included: 

 

******************************************************************************************** 

NOTE:   For operation of the USACE OTF software, one microcomputer is required 

for each GPS receiver.  A notebook style IS HIGHLY recommended. 

******************************************************************************************** 

 

C.3.1.  Operate with the microsoft disk operating system (MSDOS) version 5.0 or later. 

C.3.2.  Utilize a *[486] *[pentium] processor. 

C.3.3.  Have a clock speed of at least *[33] MHz. 

 

C.3.4.  Have a minimum of *[250] megabytes of storage capacity on an internal hard drive, with a 20 msec 

access speed. 

 

C.3.5.  Have a minimum *[16] megabyte of random access memory. 
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C.3.6.  Have one 3.5-in. high density disk drive. 

C.3.7.  Have a VGA graphics adapter. 

C.3.8.  Be capable of operating from the same power source as the GPS receiver. 

 

******************************************************************************************** 

NOTE:   The following item, (C.3.9.), is required for the operation of the USACE OTF 

software and may not be required for any vendor supplied OTF or kinematic 

procedure. 

******************************************************************************************** 

 

*[C.3.9.  Have four serial ports that are available for external use after connecting any mouse trackball, or other 

device included by the computer manufacturer for operating that computer. 

 

(1)  The board for the additional serial ports shall have  the host addresses starting at 300 hexadecimal and 

the interrupts slaved to IRQ5.] 

 

******************************************************************************************** 

NOTE:   Microcomputer  and  printer  requirements  must  be  tailored  to  existing 

USACE Command computer resources.  Since this item will generally be based in the 

field, a dual capability may be required in the District office.  Refer to EM 1110-1- 

1003 for additional details on GPS baseline computation and adjustment 

requirements. 

******************************************************************************************** 

 

C.4.  GPS Baseline Processing and Reduction Software. 

 

******************************************************************************************** 

NOTE:   The USACE OTF software may be used to compute 3-dimensional coordinate 

differences and positions of the "object" station.  This software only uses the OTF 

ambiguity resolution technique, and is not suited for classic "static" GPS applications. 

This software is suited for kinematic application and will operate in real-time or post 

mission processing modes.  A number of vendors have similar capability. 

 

Based on FOA requirements, baseline processing software or adjustment software 

may not be a requirement of this solicitation. 

******************************************************************************************** 

 

C.4.1.  General.   The GPS baseline processing software must be fully compatible with the receivers and 

microprocessors listed in Paragraphs C.2. and C.3. 

 

******************************************************************************************** 

NOTE:   If the microprocessor is NOT included as part of this solicitation, then the 

type of processor must be given to verify software compatibility. 

******************************************************************************************** 

 

C.4.2.  Data Computations.  The baseline reduction software shall compute, at a minimum, *[the carrier-phase 

integer cycle ambiguity using static and kinematic techniques, including those commonly known as "known 
 

 

H-11 



EM 1110-1-1003 

1 Aug 96 

 

baseline," "rapid static," "antenna swap," "stop-and-go," and "OTF"] *[and subsequently] the 3-dimensional 

differential baseline components between observation stations, within the accuracy specifications given in 

Paragraph C.1. 

C.4.3.  Ephemerides.  The baselines computations must  utilize both the broadcast and precise ephemerides. 

C.4.4.  Output Data. The results of the baseline processing shall be in any user-selected form, such as 

*[geocentric coordinates,] *[state plane coordinates based on the North American Datum of 1927,] *[state plane 

coordinates based on the North American Datum of 1983,] *[and] *[or] *[universal transform mercator projection 

coordinates]. 
 

C.4.5.  Batch Processing.  The software shall have the capability to post mission process data sets unattended 

in a batch mode. 
 

C.4.6.  Multiple Copies. The Government shall be allowed to operate the software simultaneously on *[ ] 

microcomputer systems. 
 

C.4.7.  Absolute Point Positioning.  The software shall be capable of processing pseudo-range data to obtain 

single point positions of a single receiver. 
 

 

*[C.4.8.  Real-Time Capability.  The software shall be capable of resolving carrier cycle integer ambiguities 

in real time when the observing stations are connected via a communications link *[as specified elsewhere in this 

solicitation] using the computational procedure given in Paragraph C.4.2., and subsequently compute 3-dimensional 

differential baseline components.] 

 

*[C.4.9.  Real-Time Output. The results of the real-time baseline processing shall be in any user-selected form, 

such as geocentric coordinates, state plane coordinates based on the North American Datum of 1927, or universal 

transform mercator projection coordinates.  The results will be time tagged with an accuracy of 50 msec, at the 

time of signal reception at the antenna.  The results will be written to a memory device *[both]*[internal and] 

external to the device performing the computations and shall be sent to an external computer system, at the 

selection of the user.] 

 

C.4.10.  Updates.  All baseline processing software updates shall be provided for a period of *[4] years from 

the date of delivery. 

 

C.5.  Network Adjustment Software. 

 

C.5.1.  The network  adjustment software shall  allow for  the direct input  of data from  the post  mission 

processing software specified in Paragraph C.4.  The adjustment software shall include routines to easily edit, 

correct, manipulate, and output results.  The software shall have the capability of simultaneously adjusting a 

minimum of 100 stations.  *[The software shall be fully compatible with the microprocessor listed in Paragraph 

C.3.] 

 

C.5.2.  The network adjustment software shall be based on the theory of least squares.  It shall be capable of 

performing both minimally and fully constrained adjustments. Output statistics shall include relative line (distance) 

accuracies  between  all  points  in  the  network  and  point  confidence  limits  for  each  point  in  the  network. 

Normalized residuals shall be displayed for all input vectors. 

 

C.5.3.  The network adjustment software shall transform geocentric coordinates and geographic coordinates to 

any user defined projection, such as the North American Datum of 1927 state plane coordinate system. 
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C.5.4.  Multiple Copies. The Government shall be allowed to operate the software simultaneously on *[ ] 

microcomputer systems. 
 

C.5.5.  Updates.  All baseline processing software updates shall be provided for a period of *[4] years from 

the date of delivery. 

 

C.5.6.  Geoid Modelling.  The software shall include the most recent geoid model available to the public from 

the national geodetic survey. 

 

*[C.5.7.  The network adjustment software shall accept and incorporate data from conventional survey methods 

such as angles, distance, and elevation differences.] 

 

C.6. Data Link for Real-Time Applications. 

 

C.6.1.  The data link shall be completely functionally integrated with the receivers and processors procured 

under this solicitation.   This includes the incorporation of modems for the complete interface of radio to 

processor/receiver. 
 

C.6.2.  The data link shall provide data from the reference station to the "roving" station to allow the system 

to compute positions of the roving station using a kinematic processing technique, as specified in Paragraph C.1. 

of this solicitation, at a rate of at least one position per second, with no more than one (1) percent loss of position 

data.  The data link equipment shall be identical at both stations to allow transmission from the "roving" station 

to the reference station.  The kinematic processing technique shall not be a function of the data link used.  The 

data link shall transmit all receiver raw observables, as specified in Paragraph C.2. of this solicitation, to the other 

receiver used in the differential GPS system. 
 

C.6.3.  *[ The data link system shall operate at the *[VHF frequency of ]*[VHF frequencies of 

]].  *[The data link shall operate at a frequency that does not require lincensure for use.]  *[The data link shall 

utilize a commercially available carrier phase broadcast that follows the criteria found elsewhere in Section C of 

this specification.  The proposal will include a fee schedule for prescription and monthly service.] 
 

******************************************************************************************** 

NOTE:   The frequency used for a VHF broadcast must be coordinated with the FOA 

frequency manager.  Modulation rates and/or channel bandwidth requirements also 

may have to be specified.  The unlicensed frequency will also be low power, hence, 

very short range. 

******************************************************************************************** 
 

*[C.6.4.  The  data  link  shall  have  an  omnidirectional  broadcast  range  of  *[8]*[16]*[24]*[32]*[40]  km 

(*[5]*[10]*[15]*[20]*[25] miles) and maintain the positioning capability stated in Paragraph C.6.2.] 

 

******************************************************************************************** 

NOTE:   Today,  the  maximum  range  of  the  OTF  technology  is  about  26.6  km 

(25 miles).    Additionally, the  longer  ranges  require  increased power,  thus,  more 

licensing restriction. 

******************************************************************************************** 

 

*[C.6.5.  A mounting kit shall be included to mount the data link antenna to a mast or range pole.] 

 

*[C.6.6.  The data link antenna shall be *[suitable for installation on small hydrographic survey launches (less 
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than 7 m)] *[and]*[have an antenna cable of at least *[  ] m]]. 

 

*[C.6.7.  Power Supply.  The data link (including modem) shall operate on the same power source as the GPS 

receiver.] 

 

C.7.  Training. 

 

C.7.1.  Upon delivery, the vendor shall provide training of at least *[4] days at *[location] *[to *[4] persons] 

on the operation of all software and hardware delivered as part of this contract. 

 

*[C.7.2.  At a future date, determined by the contracting officer based on coordination with the vendor, and 

not exceeding 6 months after delivery, the vendor will give an additional *[2] days training at *[location].] 

 

C.8.  Miscellaneous Requirements. 

 

C.8.1.  All power cables, computer cables, and any other item not mentioned in these specifications needed 

to make this equipment fully operable shall be furnished as part of this contract. 

 

*[C.8.2.  Ruggedized shipping containers shall be furnished for all hardware delivered under this solicitation.] 
 

 

*[C.8.3. Survey Planning.  Survey planning software shall be provided that, as a minimum, includes the 

following items: tabular and graphic satellite rise/set times, elevations, and azimuths for user-specified geographic 

locations and times; sky plots of SV positions with provisions for plotting satellite obstructions on the screen; 

listing of DGOP, PDOP, HDOP, and VDOP; and the selection of specific SV constellations to support in-depth 

kinematic survey planning. 
 

*[C.8.4.  All *[hardware]*[and]*[software] updates will be provided to the Government for a period of * [ ] 

years from the date of delivery, free of charge or delivery cost.] 
 

*[C.8.5.  The vendor shall provide repair and maintenance of all hardware delivered under this solicitation for 

a period of *[  (--)] years, free of charge.] 
 

******************************************************************************************** 

NOTE:   At this point, other unique items may be added to the requirements 

if called for and/or requiring specification in Section B.  Any specific vessel 

installation requirements for receivers, data links or antenna should be added. 

As-built vessel drawings or installation sketches should be attached to the 

contract at Part III, Section J.  If DGPS is to be integrated with an existing 

navigation and/or survey system, manuals, drawings, etc. associated with that 

system should be referenced and attached at Section J.  Both hardware and 

software connections and modifications to the existing system must be detailed 

if such effort is to be an item of work under this contract. 

******************************************************************************************** 
 

Section D Packaging and 

Marking 

 

D.1.  Preparation for Delivery.   The system shall be packaged for shipment in accordance with the supplier’s 
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standard commercial practice. 

 

D.2.  Packaging and Marking.  Packaging shall be accomplished so that the materials will be protected from 

handling damage. Each package shall contain a properly numbered, dated, and signed transmittal letter or shipping 

form, in duplicate, listing the materials being transmitted.  Shipping labels shall be marked as follows: 

 

U.S. Army Engineer District, 

ATTN:  {include office symbol and name} 

Contract No. 

[Street/PO Box] {complete local mailing address} 
 

 

Section E Inspection and 

Acceptance 

 

E.1.  Acceptance Test.  All equipment and related components obtained under these specifications shall be fully 

certified prior to contract award as meeting the performance and accuracy in Section C.  *[Any test previously 

performed for the Federal Geodetic Control Subcommitee (FGCS) will be acceptable for such certification by the 

vendor; otherwise the vendor shall be required to demonstrate, at the vendor’s expense, the acceptability of the 

system in the manner prescribed in Paragraph E.2.  If the FGCS test is to be used in lieu of a demonstration 

acceptance test, all results from the FGCS test shall be supplied to the contracting officer for evaluation by 

technical personnel.] 

 

E.2. Final Acceptance Test.   At the option of the Government, a final acceptance test will be performed to 

demonstrate total system conformance with the technical specifications and requirements in Section C. 

 

E.2.1.  The acceptance test will be conducted with the system operating in the modes stated in Paragraph C.1. 

of this solicitation. 

 

E.2.2.  The DGPS positional accuracy will be tested against the accuracy and ranges specified in Paragraph 

C.1. of this solicitation.  The resultant DGPS accuracy will be evaluated with the 1 DRMS error statistic. 

Inaccuracies in the comparitive testing network / system will be properly allowed for in assessing the test results. 

 

E.2.3.  Final  acceptance  testing  will  be  performed  at  *[the  point  of  delivery  indicated  in  Section  D] 

*[ ], and will be performed within *[ ] days after delivery.  The supplier will be notified of 

the results within *[ 

will be given *[ 

] days after delivery.  If the equipment fails to meet the acceptance test(s), the supplier 

] days after notification thereof to make any modification(s) necessary to enable retesting. 

The supplier will be notified of the place, date, and time of testing and, at his option, may send a representative 

to attend such tests. 

 

E.2.4.  If after a second test, the system fails to perform in accordance with the technical specifications, the 

Government will *[  ]. 

 

******************************************************************************************** 

NOTE:   The applicable contract clause and provisions must be referenced here. 

******************************************************************************************** 
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E.3.  Warranty Provisions.  For 1 year after delivery by the vendor, all equipment failures, other than those due 

to abuse, shall be corrected free of charge.  Equipment shall be repaired within 5 working days of receipt at the 

repair facility, or loaner equipment will be provided at no expense to the Government until repairs are completed 

and the equipment has been returned to the district.  The cost of shipping equipment to the vendor for repair shall 

be paid by the Government while the vendor will pay for returning the equipment to the District. 

 

Section F Deliveries or 

Performance 
 

 

F.1.   Delivery and final acceptance of all equipment shall be made within *[ ] days after contract award. 

Delivery shall be made at the USACE facilities at the address identified in Paragraph D.2. of this solicitation. 

Final acceptance will depend upon all equipment meeting all requirements specified in this contract. 
 

 

F.2.  The contractor shall deliver all material and articles for shipment in a manner that will ensure arrival at the 

specified delivery point in satisfactory condition and that will be acceptable to carriers at the lowest rates. The 

contractor shall be responsible for any and all damage until the equipment is delivered to the Government. 
 

 

Section G 
 

Contract Administration Data 
 

 

Section H 

 

Special Contract Requirements 
 

 

 

Part II - Contract Clauses 

 

Section I - Contract Clauses 
 

 

 

Part III - Contract Clauses 

 

Section J - List of Documents, Exhibits, and Other Attachments 
 

 

 

Part IV - Representations and Instructions 

 

Section K - Representations, Certifications, and Other 

Statements of Bidders 

 

Section L - Instructions, Conditions, and Notices to Bidders 
 

 

 

******************************************************************************************** 
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NOTE:  Add applicable contract clauses and provisions to the above parts/sections 

as required by the FAR and other supplemental regulations. 

******************************************************************************************** 
 

 

 

Part IV - Representations and Instructions 

 

Section M - Evaluation Factors for Award 

 

******************************************************************************************** 

NOTE:   The following clauses would be used if the solicitation requires an evaluation 

of proposals for award.   See the introduction to this guide for the necessity of a 

formal proposal evaluation. 

******************************************************************************************** 

 

M.1.  Price Basis.  Bidders are advised that all bids are solicited on a firm fixed-price basis, and bids submitted 

on any other than a fixed-price basis will be rejected.  Bids submitted on a basis other than free on board (FOB) 

destination will be rejected. 

 

M.2.  Evaluation Criteria. 

 

M.2.1.  Technical Factors.  The technical part of the proposal shall clearly and fully describe the system to be 

furnished.   Descriptive literature, manuals, and/or reports supplied by the Offeror will be the basis of the 

evaluation.  They should clearly address all items found in the specifications.  It is imperative that the Offeror 

respond to all items in the specifications in like language so the evaluation will compare all products from a 

common standard.  Simple statements such as "conform", which indicate understanding of the requirements, are 

not adequate.  Similarly, phrases which imply or state that the product meets or exceeds the specifications without 

providing adequate data for the evaluators to make comparisons with those specifications are not adequate. 
 

 

 

M.2.2.  Pricing Factors.  The Offeror shall submit a lump sum firm-fixed-price in accordance with Part I, The 

Schedule, Section B. 

 

M.2.3.  Preliminary Assessment Procedure.  A preliminary assessment will be performed to determine if the 

Offeror’s proposal is acceptable or can be made acceptable without major modification. 

 

M.2.4.  Evaluation Procedure. The evaluation will be based on the Offeror’s compliance with a set of technical 

requirements consisting of the following items: 

 

(1)  System Operational Characteristics and Capacities.  This includes, but is not limited to, accuracy, 

number of independent channels, kinematic capability, data link system performance, ease of operation, and 

versatility. 

 

(2)  System Physical Characteristics and Capacities.  This includes, but is not limited to, weight, energy 

requirements, ease of use, and protection from the environment. 

 

(3)  *[Post processing software,] *[network adjustment software,]*[and] field planning software.  This 

includes, but is not limited to, adequacy of software for the specified task, ease of use, documentation, versatility, 

graphics capabilities, and support. 
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(4)  Warranty, support services, and miscellaneous items. 
 

(5)  Proposals will be evaluated on the factors listed above by having assigned values that contribute to 

a total score.  Baseline values will be established by the criteria found in the specifications.  Weighting of the 

scores is in descending order of the above factors, with the most important listed at the top and the least important 

listed last.  A technical team will evaluate each technical proposal and assign a point score.  For those proposals 

that do not meet a pre-established minimum score as submitted, but which the Government decides could be made 

acceptable by the submission of more information, technical discussions may be conducted to obtain clarification 

or enhancement of any such proposals.   After these discussions, a final point score will be assigned to each 

proposal by the team. 
 

M.2.5.  Proposal Completeness. Failure to submit all required information will result in the proposal not being 

evaluated. 
 

M.2.6. Number of Technical and Price Proposals.  *[One] technical and *[one] cost proposal(s) shall be 

submitted by each Offeror. 
 

M.2.7.  Final Acceptance Test.  The system (equipment and/or software) may be required to undergo a final 

field acceptance test as described in Section E of this contract.  Final award shall be contingent on this acceptance 

test. 
 

M.3.  Award Procedures. 

 

M.3.1.  The Government will select for contract award the best overall proposal whose final offer is the most 

advantageous to the Government considering the price and the technical factors included in the solicitation. 

 

M.3.2.  The Government may award a contract on the basis of initial offers received, without discussions. 

Therefore, each initial offer should contain the Offeror’s best terms from a cost or price and technical standpoint. 

 

M.4.  Suggested Proposal Submittal Requirements. 

 

******************************************************************************************** 

NOTE:   The following is a list of hardware and software   items/options that should 

be provided by bidders to determine their capability of providing an adequate DGPS- 

based positioning system.   These items should be tailored to specific system 

requirements as developed in Section C of this solicitation, and would be used only 

when technical proposals are being evaluated. 

******************************************************************************************** 

 

M.4.1  GPS Receivers. 

 

Signal levels . 

Operation without cryptographic keys. 

Observables. 

Measurement time tags. 

Carrier phase signals and accuracy. 

Code phase signals and accuracy. 

Receiver output. 

Receiver data rate. 

PPS output. 

Internal receiver testing. 
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Reinitialization. 

Multiple satellite tracking. 

Operating conditions. 

5 deg SV acquisition. 

Humidity range. 

Temperature range. 

Waterproof. 

Corrosion resistance. 

Power requirements. 

Surge protection. 

Power transfer from AC to DC and reverse. 

Low power warning. 

External power source. 

Battery pack. 

Charge/recharge capacity. 

Battery connections/cables. 

Manuals. 

Field planning software. 

Dimensions. 

Weight. 

Data logging device. 

RTCM output. 

RTCM input. 

Waypoints. 

Position update rate. 

Velocity output. 

Antenna. 

5/8-in. by 11-in. mounting. 

Phase center stability. 

Cable length and quantity. 

Frequency reception. 

Environmental considerations. 

Waterproof. 

Antenna pole. 

Tribrach. 

Vehicle mount. 

Input/Output ports. 

RS-232 standard. 

Compatability with other components. 

NMEA position string. 

Serial port. 

 

M.4.2.  Microcomputer Systems. 

 

Software/hardware compatibility. 

DOS operating system. 

Processor chip. 

Clock speed. 

Hard drive capacity and access speed. 
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Random access memory. 

3.5-in. disk drive. 

VGA graphics adapter. 

Power source. 

Four extra serial ports (in addition to a mouse port). 

M.4.3.  Baseline Processing Software. 

Compatibility with receivers and microcomputers. 

Data computations. 

Ephemerides. 

Output data. 

Batch processing. 

Multiple copies. 

Absolute point positioning. 

Real-time output. 

Updates. 

 

M.4.4.  Network Adjustment Software. 

 

Compatibility with other software supplied. 

100 station minimum. 

Theory of Least Squares. 

Transformation capability. 

Multiple copies. 

Updates. 

Conventional survey data input. 

 

M.4.5.  Data Link for Real-Time Application. 

 

Compatibility with receivers and microcomputers. 

1-sec update rate. 

Transmission of raw observables. 

Frequency. 

Broadcast range. 

Data loss (less than 1 percent). 

Mounting kit. 

Power supply. 

M.4.6.  Training. 

At delivery. 

At future date. 

 

M.4.7.  Miscellaneous Requirements. 

 

Cables, etc. 

Shipping containers. 

Survey planning software. 
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Hardware and software updates. 

Maintenance and repair. 
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Appendix I 
Guide Specification for Code Phase 
Differential NAVSTAR Global Positioning 
System (GPS) Survey Receivers and 
Related Equipment/ Instrumentation 

 

 

 

INSTRUCTIONS 
 

I-1.  General 
 

This guide specification supersedes the USACE guide CW- 

01334.3, 21 June 1991, "Procurement of a Real-Time 

Differential  Global  Positioning  System  (DGPS)".    This 

guide specification is intended for use in preparation and 

review of specifications for a real-time differential global 

positioning system (DGPS), generally for use on 

hydrographic survey vessels and dredges.  However, the 

system  may  be  used  for  many  other  applications.    The 

DGPS positions may be computed in real time with the use 

of  the  proper  data  links  or,  if  desired,  it  may  be  post- 

mission processed to generate positions. This guide includes 

the technical requirements needed to develop formally 

advertised specifications. 
 

I-2.  Applicability 
 

This guide applies to DGPS survey systems providing an 

expected accuracy of 1 to 6 m (2drms). Typical applications 

encompass positioning hydrographic survey vessels and 

dredges in support of Civil Works river and harbor 

construction.   Applications may include any number of 

activities requiring real-time positioning of moving 

platforms at the stated accuracy level.   The DGPS system 

specified measures the broadcast code phase to develop 

pseudo range corrections at a shore-based reference station. 

(This may be a reference station installed by the USACE, 

the U.S. Coast Guard, or some other "differential data 

provider", if the appropriate standard message format is 

used.)  The reference station corrections are subsequently 

transmitted to the mobile user via a communications link, 

where the mobile user computes a corrected position based 

on the mobile GPS data and the received pseudo range 

corrections.  This guide is not intended to support  GPS 

carrier-phase measuring systems that provide centimeter- 

level accuracies.   Refer to Appendix H for differential 

carrier- based equipment to support higher accuracy 

applications. 
 

I-3.  Coverage 
 

This guide follows the Uniform Contract Format for supply 

solicitations, as outlined in Part 14.201 of the Federal 

Acquisition Regulations (FAR). 

a.    This guide may be used for either direct bid 

solicitations or proposal request solicitations, depending on 

the complexity of the required system.  Evaluation factors 

(Part IV, Section M) are provided for contracts involving a 

technical  review  of  proposals.    The  use  of  a  technical 

review is optional. 

 

b.   A sample "Supplies of Services and Prices" 

schedule is included in this guide for insertion in Part I, 

Section B of the contract.  Technical performance require- 

ments for a DGPS survey system are in Part I, Section C 

(Description/ Specifications).  Other contract sections that 

require clauses specific to DGPS equipment are noted. 

Nontechnical supply contract clauses/provisions, which are 

incorporated in Parts I, II, III, and IV of the procurement 

specifications, should be developed by each respective Field 

Operating Activity (FOA) using appropriate FAR and 

supplemental guidance. 

 

c.  Continuing developments in DGPS survey 

instrumentation and techniques mandate that these guide 

specifications be continuously evaluated by USACE 

commands to ensure they are technologically current. 

 

I-4.  References 

 

The specification author must be thoroughly familiar with 

the basic GPS functions (e.g., determining the optimum 

number and technical characteristics of GPS receivers, and 

auxiliary support equipment and instrumentation) to define 

the technical requirement options contained in this guide. 

Additional guidance is found in the HQUSACE POLICY 

MEMORANDUM,   Subject:   "Acquisition and Use of 

Differential Global Positioning System (DGPS) Equipment 

for USACE Activities," dated 27 January 1994, and topical 

information on DGPS is contained in EM 1110-2-1003 

(Hydrographic Surveying). 

 

I-5.  DGPS System Requirements 

 

This guide may be used to procure a complete DGPS real- 

time survey system.  This includes reference station GPS 

receiver and processor unit, remote (vessel) station GPS 

receiver and processor unit, a communication link, and 

onsite training.  If GPS receivers are being added to an 

existing system or suite of equipment, then only the first 

item would be required in the solicitation, with other items 

deleted as necessary.  Also note that, in general, mixing 

receivers from different manufacturers may not work with 

all techniques and software. 
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I-6.  Alternate Clauses/Provisions or Options 

 

Alternate clauses/provisions throughout this guide specifica- 

tion  are  indicated  by  a  single  asterisk.     This  asterisk 

signifies that provisions that are not applicable to the 

particular procurement should be deleted. Clauses requiring 

the insertion of descriptive material are indicated by  an 

asterisk and in brackets (e.g., *[    ]).   When a choice of 

items exists, they are normally contained in successive 

brackets. 

 

I-7.  Notes and Comments 

 

General comments and instructions used in this guide are 

contained within asterisk blocks and highlighted in bold 

type.  These blocked comments and instructions should be 

removed from the final contract. 

I-8.  Submittal For Review and Approval 

 

If specifications for NAVSTAR GPS survey systems are 

required to be submitted to higher authority for review and 

approval, they shall include printed copies of this guide 

specification, as revised for the particular procurement 

action.  Guidance on review requirements for GPS systems 

is contained in the HQUSACE POLICY MEMORANDUM, 

Subject: "Acquisition and Use of Differential Global 

Positioning System (DGPS) Equipment for USACE 

Activities", dated 27 January 1994. 
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Part I - The Contract Schedule 
 

 

 

Section A 

Solicitation/Contract Form 

******************************************************************************************** 

NOTE:   Include  here  Standard  Form  33  (Solicitation,  Offer  and  Award)  or 

Standard Form 26 (Award/Contract), as applicable. 

******************************************************************************************** 
 

 

 

Section B 

 

Supplies or Services and Prices/Costs 

 

******************************************************************************************** 

NOTE:   The sample below represents a typical schedule for procurement of GPS instrumentation and 

related equipment.   This schedule must be tailored based on 

the specific technical requirements outlined in Section C of the contract. 

******************************************************************************************** 

 

Supplies/Services and Prices 

 

Item 

No. Description Quantity U/M U/P Amt 
 

0001 Real-time DGPS survey system, related *[ 

equipment, software, data link, 

and other components, in accordance 

with the technical specifications found 

in Section C. 

] EA 

******************************************************************************************** 

Add for RFP evaluation or if necessary 

******************************************************************************************** 

* [Evaluation will be made on the 

basis of the technical data under 

the guidelines found in Section M. 

Failure to show compliance with the 

specifications will require rejection 

of the bid.] 

******************************************************************************************** 

NOTE:   The following items are included as separate components if the solicitation 

is to upgrade or add to existing GPS equipment. 

******************************************************************************************** 

0002 *[ Micro-computer system, as specified 

in Section C.] 
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Item 

No.             Description                                                           Quantity            U/M     U/P                   Amt 

0003 * [DGPS post processing and planning, 

software as specified in Section C.] 

 

0004 * [Data link for real-time applications, 

as specified in Section C.] 

 

0005 * [DGPS receiver system, data link, 

and software training.] 

 

******************************************************************************************** 

NOTE:   Add  other  items  to  the  schedule  as  necessary.   These  may  include   spare 

batteries, data storage devices, communication/modem devices, software/hardware for 

navigation (e.g., survey vessel positioning and guidance control).  Hardware/software 

interface requirements to existing survey systems (e.g., hydrographic systems) may 

also be separately scheduled. 

******************************************************************************************** 
 

 

 

Section C 

Description/Specifications 

 

C.1.  General DGPS System Description.  The DGPS system to be procured under this solicitation is intended for 

use in real-time positioning applications using the GPS code phase as the principle observable.  The system will 

yield positions of a "rover"  station to an accuracy of *[6 m, 2 DRMS, or better on baselines up to 300 km with 

respect to a stationary reference station.]    *[The system procured under this solicitation will interface to, and 

operate  with,  *[the  hydrographic  surveying  package]  *[ ]*[and]*[or]*[the  electronic  display  and 

information system]*[ ].] 
 

C.1.1.  General DGPS System Components. Each real-time GPS-based positioning system shall possess at least 

the following major components: 

 

(1)  Integrated GPS receiver/data link receiver-transmitter (referred to as  the “DGPS receiver”). 

(2)  Integrated GPS/data link antenna. 

(3)  Supporting software. 

(4)  DGPS receiver controller. 
 

 

 

C.2.  Receiver Requirements. Unless otherwise specified, the performance requirements given below, shall be met 

by the GPS receivers in conjunction with the antenna assembly and antenna cable. 
 

C.2.1.  GPS Signal Levels. GPS receivers delivered shall acquire and track GPS signals and otherwise perform 

as specified herein, when the signal levels from GPS satellites incident at the antenna are within the range of 

minimum to maximum levels specified in ICD-GPS-200 REV. B-PR. 
 

C.2.2.  Cryptographic Keys.  GPS receivers shall perform as specified herein without requiring  cryptographic 

keys, whether or not GPS selective availability (SA) and/or anti-spoofing (AS) are activated. 
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C.2.3.  Code Accuracy.  The receiver shall have an l1 C/A-code phase measurement accuracy of 30 cm (RMS) 

or better, exclusive of receiver clock time and frequency offsets.  Signal measurements (observables) shall be time 

tagged with the time of receipt of the signal, referenced to the receiver clock.  Time tags shall have a resolution 

of 1 µsec or better.  Time tags shall be within 1 msec with respect to GPS time. 

 

C.2.4.  Receiver Output.  The GPS receiver shall be able to output the GPS observables as described in C.2.3. 

with a latency of less than 1 sec.  The GPS receivers shall be able to output the information from the full GPS 

navigation message, as specified in ICD-GPS-200 REV. B-PR.  This shall include  ephemeris data, almanac data, 

ionospheric parameters and coordinated universal time (UTC) parameters.  The UTC and ephemeris data shall be 

available by request or if a change has occurred in those parameters. 

 

C.2.5.  Receiver Data Rate.  The GPS observable data described above shall be available at a minimum of a 

1 Hz rate. 

 

C.2.6.  1 Pulse Per Second (PPS) output.  GPS receivers delivered shall have a 1 PPS time strobe and its 

associated time tag.   The 1 PPS pulse and time tag shall be accessible through a port (or ports) on the GPS 

receiver so that external system components can be time synchronized to UTC time. 

 

C.2.7. Internal Receiver Testing.   The receiver shall perform self tests and checks to detect electronic 

malfunctions and/or faulty data collection, including cycle slips.  The receiver shall provide immediate *[audio] 

*[visual] notification of failures.  The receiver shall perform any needed calibrations automatically. 

 

C.2.8.  Reinitialization.  The receiver shall be capable of reinitializing itself and resume normal operation after 

a power interruption without operator assistance.  The data collected by the GPS receiver shall not be lost due to 

power interruption but stored in the receiver or other archiving media. 

 

C.2.9.  Multiple Satellite Tracking.  The DGPS receiver shall be capable of simultaneously and continuously 

tracking a minimum of six satellites and shall simultaneously and continuously receive and decode the GPS 

navigation message from each satellite. 

 

C.2.10.  Operating Conditions. The GPS receivers, *[including its antenna,] delivered shall meet the following 

criteria: 

 

(1)  Successfully acquire and track unobstructed GPS satellites, visible 5 deg and higher above the horizon, 

in all weather conditions. 

 

(2)  Operate at humidity ranges of 0 to 100 percent. 

 

(3)  Operate within the temperature range of -20 oC to +50 oC. 
 

*[(4)  Be waterproof and able to operate in an ocean environment aboard open survey launches.] 
 

*[(5)  Operate in heavy rain (2 in./day).] 
 

*[(6)  Operate in fog.] 
 

*[(7)  Operate in and resist corrosion in salty air conditions.] 
 

*[(8)  Operate in snow.] 

 

C.2.11.  Receiver Power Requirements.  The GPS receivers delivered shall: 
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(1)  Be self protecting from power surges, spikes, and reverse polarity. 

 

(2)  Allow the operator to switch power sources (AC, DC, or battery) while maintaining receiver operation 

and without loss of stored data. 

 

(3)  Provide a *[visual] *[audible] warning for low power. 

 

(4)  Be capable of operating using  *[a battery pack] *[and] *[or] *[110-v AC power] *[and] *[or] *[12-v 

DC power] *[24-v DC power] *[external DC power]. 

 

*[(5).  The battery pack shall meet the following criteria:] 

 

*[(a) Contain rechargeable battery/batteries that can operate the receiver for at least 3.5 hr on a single 

(re)charge.;] 

 

*[(b)  Be *[either] *[internal] *[or] *[external] to the receiver;] 

 

*[(c) Include all cables, hardware, etc., necessary to connect/install the battery pack.  The batteries shall 

be water and dust tight and protected from damage and inadvertent shorting of the terminals.] 

 

*[(6).  For operation using *[AC] *[and] *[external DC] *[power]. 

 

*[(a)   When operating under *[AC] *[or] *[DC] power, the unit shall be capable of simultaneously 

charging the battery pack.  The battery pack shall power the receiver if the normal power supply is interrupted.] 

 

*[(b)  The AC power supply *[shall be internal] *[may be internal or external] to the receiver.] 

 

*[(c)  The power supply/battery charger shall provide all voltages necessary to operate the receiver and 

(re)charge the battery pack.] 

 

*[(d)  The power supply/battery charger shall be designed to automatically protect the battery pack from 

overcharging.] 

 

*[(e)  All cables and connectors needed to connect the power supply/battery charger to the power line 

*[and receiver] shall be included.] 

 

*[(f) The AC power supply/battery charger shall operate from *[115-v] *[and 230-v] AC (±10 percent) 

*[50/] 60 Hz, single phase power.] 

 

*[(g) The unit shall operate from external  *[12-v DC] *[24-v DC] *[9- to 32-v DC] power.] 

 

******************************************************************************************** 

NOTE:    Not  all  manufacturers  provide  a  battery  that  is  internal  to  the  receiver. 

Moving the battery pack external to the receiver does not affect the functioning; it is 

a matter of design.  For example, moving the battery pack external to the receiver 

could substantially decrease the size of the unit.  The FOA is encouraged to define 

their requirements and proceed accordingly. 

******************************************************************************************** 
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C.2.12.  Manuals.  At least two sets of complete operation and maintenance manuals shall be included with 

each receiver and shall cover all auxiliary components furnished with each receiver.  *[Updates shall be furnished 

as they become available.] 

 

C.2.13.  Field Planning. The receiver shall have internal software that, as a minimum, is capable of computing 

the availability and positions of satellites for any given time and the current position of the GPS receiver using 

data gathered by the GPS receiver. 

 

C.2.14.  Dimensions.  The DGPS receiver shall have no single dimension exceeding *[    ] cm. 

 

*[C.2.15.  Weight.  The receiver shall be transportable by one person.  [One complete field station consisting 

of receiver, battery pack, antenna, and antenna cable shall not exceed *[    ] kg (     lbs).] 

 

C.2.16.  Data Format.    The roving station receiver shall accept and apply correction data in radio technical 

commission for maritime services special committee 104 (RTCM SC-104), format version 2.1 and the U.S. Coast 

Guard Broadcast Standards.  *[The reference station receiver shall generate pseudo range corrections for each 

satellite and transmit the corrections in the RTCM format, to be used by the roving station.] 

 

C.2.17.  Accuracy.  Real-time positioning accuracy relative to the reference station shall be *[2]*[6] m *[2] 

sigma, or better, within a range of at least 300 km from the reference station. 

 

C.2.18.  Position Rate.   The receiver shall be capable of providing output position fixes at rates within the 

range of [    ] Hz to [    ] Hz. 

 

C.2.19.  Velocity.   The receiver shall be capable of determining *[velocity and] position while moving at 

speeds of up to  *[    ] knots.] 

 

C.2.20.  GPS Antenna Assembly. 

 

(1) Antenna Mount.  The GPS antenna shall be capable of being mounted on a standard surveyor’s tripod 

with a 5/8 in. by 11-in. threaded stud *[or to a standard wild type tribrach]. 
 

(2) Receiver/Antenna Separation.  The system shall allow the antenna to be located at least *[30] *[ ] 

m from the receiver such that it can be operated remotely from the receiver with no system degradation. 
 

(3) Antenna Cables. *[One] *[ ] antenna cable(s) shall be furnished with each receiver. *[[One] *[each] 

of these cables should be at least *[ ] m,] * [and the other cable should be at least *[ ] m.] All appropriate 

connectors should already be attached to the cable ends.  *[These cables shall be capable of being cascaded for 

a total length of *[  ] m of cable for setup flexibility.] 

 

*[(4). Antenna Assembly.  The antenna assembly shall include the following criteria: 

 

*[(a) A method to minimize ice and snow buildup. 

 

*[(b)  A method to reduce bird nesting capability.] 

 

*[(c)  The ability to withstand strong winds up to *[  ] knots.] 

 

*[(d)  A method to orient (to north) after mounting.] 
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*[(e)  A mechanical mark for height measurement with a known offset from the phase center.]] 
 

*[(7) Be 100 percent sealed/watertight.  *[One] *[ 

receiver unit.] 

] GPS antenna shall be provided with each GPS 

 

*[(8).  Antenna Pole.  An antenna pole shall be provided for use during survey operations.  It shall be *[a 

fixed- height pole of 2 m] *[extendable from a length of 1 m (±0.2 m) to 2 m (with a variance of ±0.5m)] and 

shall allow rapid attachment and detachment of the GPS survey antenna.  The pole shall include a built-in leveling 

device and legs that are *[collapsible and attached] *[detachable].] 

 

*[(9)  Tribrach.  A standard tribrach (with adapters) shall be provided with each antenna.  The tribrach 

shall allow the antenna to be mounted atop the tribrach.  The tribrach shall be able to be mounted on top of a 

standard surveyor’s tripod with a 5/8-in. threaded stud and shall include adapters to allow mounting of standard 

target sets.] 

 

*[(10)  Vehicular Antenna Mount.  A survey antenna mount that can easily be attached or detached from 

the vehicle shall be provided.  This mount shall be designed so that it remains firmly in place at speeds of up to 

88.5 kmph (55 mph) on a level roadway.  The mount shall be designed so that its use does not require vehicle 

modification.] 

 

C.2.21.  Input and Output Ports. 

 

(1) Standards.  *[All I/O ports will be compatible with the RS-232 standard.]  *[I/O ports shall be 

compatible with any remote station processor, data terminal or storage devices used in the positioning system.] 

*[The vendor shall provide complete documentation of the I/O ports including connectors, signal descriptors, 

connector pin outs, communications protocols, command and message descriptions, required to set up the receiver 

and extract and decode the observed data.] 
 

******************************************************************************************** 

NOTE:   The following option, C.2.21.(2), would be used for differential code position 

interface to marine systems such as electronic charts or hydrographic survey systems. 

******************************************************************************************** 
 

*[(2)  Real-time positional data out of the remote receiver will adhere to the National Maritime Electronics 

Association (NMEA) 0183 data sentences format and will be output over an RS-232 compatible port.] 

C.3. Data Link for Real-Time Applications. 

C.3.1.  The data link shall be completely functionally integrated with the receivers and processors procured 
under this solicitation.   This includes the incorporation of modems for the complete interface of radio to 

processor/receiver. 
 

C.3.2.  The data link shall provide data from the reference station to the "roving" station to allow the system 

to compute positions of the roving station using a pseudo range correction processing technique at a rate of at least 

one position per second, with no more than 1 percent loss of position data.  The processing technique shall not 

be a function of the data link used.  The data link shall transmit RTCM special committee 104 v2.1, as specified 

in Paragraph C.2. of this solicitation, to the other receiver used in the DGPS system.  *[The data link equipment 

shall be identical at both stations to allow transmission from the "roving" station to the reference station.] 
 

********************************************************************************************** 

NOTE:  There are several alternatives for the selection of a data link for the transmission of 
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pseudo-range corrections.  Commercial service providers also charge a prescription 

and/or monthly fee for the corrections. 

********************************************************************************************** 
 

C.3.3.  *[The data link system shall operate at the *[VHF frequency of ]*[VHF frequencies of 

] and transmit power of *[ ] w.].  *[The data link shall operate at a frequency and transmit power that does 

not require licensure for use.]  *[The data link shall utilize a commercially available pseudo-range broadcast that 

follows the criteria found elsewhere in Section C of this specification.  The proposal will include a fee schedule 

for prescription and monthly service.]   *[The data link shall be capable of operation at a minimum of 9,600 

baud,  be minimum shift keying (MSK) demodulation,  have a selectable bit rate between 100 and 200 BPS, be 

able to receive and select desired USCG Radiobeacon Signals in the range of 283.5 to 325.0 kHz,  and operate 

in conditions similar to the GPS receiver specified in Section C.2.10.] 

 

******************************************************************************************** 

NOTE:   The frequency used for a VHF broadcast must be coordinated with the FOA 

frequency manager.  Modulation rates and/or channel bandwidth requirements also 

may have to be specified.  The unlicensed frequency will also be low power, hence, 

very short range. 

******************************************************************************************** 
 

*[C.3.4.  The  data  link  shall  have  an  omnidirectional  broadcast  range  of  *[8]*[16]*[24]*[32]*[40]  km 

(*[5]*[10]*[15]*[20]*[25] miles) and maintain the positioning capability stated in Paragraph C.10.2.] 
 

*[C.3.5.  A mounting kit shall be included to mount the data link antenna to a mast or range pole.] 
 

*[C.3.6.  The data link antenna shall be *[suitable for installation on small hydrographic survey launches (less 

than 7 m)] *[and]*[have an antenna cable of at least *[        ] m (       ft)]]. 

 

*[C.3.7.  Power Supply.  The data link (including modem) shall operate on a *[standard 110-v AC power 

source]*[and]*[or]*[unregulated 12-v DC power source].] 

 

*[C.3.8.  Integrated GPS/Data Link Antenna Assembly.  A combined GPS and data link antenna is desired.] 

 

*[C.3.9.  Receiver/Antenna Separation. The system, at the roving station, shall allow the antenna to be located 

at least 22.86 m (75 ft) from the receiver so that it can be operated remotely from the receiver with no system 

degradation.] 

 

*[C.3.10.  Antenna Cables. Two antenna cable(s) shall be furnished with each receiver.  One of these cables 

should be at least 7.62 m (25 ft), and the other cable should be at least 15.24 m (50 ft).  All appropriate connectors 

should already be attached to the cable ends.  These cables shall be capable of being cascaded for a total length 

of 22.86 m (75 ft) of cable for setup flexibility.] 

 

*[C.3.11.  Integrated Antenna Mounting. A standard marine mount shall be provided for the integrated antenna 

to be mounted on top of a survey vessel.] 

*[C.3.12.  Antenna Assembly.  The antenna assembly shall include the following criteria: 

(1)  A method to minimize ice and snow buildup. 

(2)  [A method to reduce bird roosting capability.] 
(3)  The ability to withstand strong winds up to *[100 knots.] 
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(4)  Operation within the temperature range of -40 oC to +65 oC.] 

 

*[C.3.13.  Tribrach.  A standard tribrach (with adapters) shall be provided with each antenna.  The tribrach 

shall allow the antenna to be mounted atop the tribrach.  The tribrach shall be able to be mounted on top of a 

standard surveyor’s tripod with a 5/8-in. threaded stud and shall include adapters to allow the mounting of standard 

target sets.] 

 

*[C.3.14.  Vehicular Antenna Mount.  A survey antenna mount shall be provided that can easily be attached 

or detached from the vehicle.  This mount shall be designed so that it remains firmly in place at speeds of up to 

88.5 kmph (55 mph) on a level roadway.  The mount shall be designed so that its use does not require vehicle 

modification.] 

 

*[C.4.  Receiver Controller.] 

 

*[C.4.1.  A receiver controller shall be provided to allow DGPS receiver controls and settings to be modified 

or changed by the user.  This controller may be integral to the GPS receiver and should have the following 

requirements:] 

 

*[(1)  Be capable of running the disk operating system (DOS) 5.0, or later, release date.] 

 

*[(2)  Have a minimum of a 486-dx (or equivalent processor) (which has the required math co-processor).] 

 

*[(3)  Have a clock speed of at least 66 mHz.] 

 

*[(4)  Have a minimum of 200 megabytes (mb) of hard drive, with 20 msec access speed or faster.] 

 

*[(5)  Have a minimum of 8 mb random access memory.] 
 

*[(6)  Have a minimum of 1 high density 3.5-in. disk drive.] 
 

*[(7)  Have a VGA graphics adapter.] 

 

*[(8)  Have a minimum of one parallel port and two serial ports.] 

 

*[(9)  Have an external monitor port that allows both internal and external monitor display simultaneously.] 
 

*[(10)  Be notebook computers.] 
 

*[(11)  Have an expansion port or module.] 
 

*[C.4.2.  Power.  The controller must be able to operate from the same power sources as the receiver.] 
 

*[C.4.3.  Environment.  The controller must be able to work in the same environment as the DGPS receiver.] 

C.5.  Software 

C.5.1.  All software must be provided to change setting and/or configure the GPS receivers. 

C.5.2.  All software must run on the platform as stated in Section C.4. 

C.5.3.  The software will allow the GPS differential code phase positions to be computed in a post mission 

processing mode. 
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C.5.4.  Updates.  All post-processing software updates shall be provided for a period of 4 years from the date 

of delivery. 

 

C.6.  Training. 

 

C.6.1.  Upon delivery, the vendor shall provide training of at least *[1] day at *[location] *[to *[4] persons] 

on the operation of all software and hardware delivered as part of this contract. 

 

*[C.6.2.  At a future date, determined by the contracting officer based on coordination with the vendor, and 

not exceeding 6 months after delivery, the vendor will give an additional *[1] day training at *[location].] 

 

C.7.  Miscellaneous Requirements. 

 

C.7.1.  All power cables, computer cables, and any other item not mentioned in these specifications needed 

to make this equipment fully operable shall be furnished as part of this contract. 

 

*[C.7.2.  Rugged shipping containers shall be furnished for all hardware delivered under this solicitation.] 

 

*[C.7.3. Survey Planning.  Survey planning software shall be provided that, as a minimum, includes the 

following:  tabular and graphic SV rise/set times, elevations, and azimuths for user specified geographic locations 

and times;  sky plots of satellite positions with provisions for plotting satellite obstructions on the screen;  listing 

of GDOP, PDOP, HDOP, and VDOP; selection of specific satellite constellations to support in-depth kinematic 

survey planning; and selection of multiple satellite obstructions. 

 

C.7.4.   All hardware and software updates will be offered to the Government for a period of 1 year from the 

date of delivery, free of charge or delivery cost, or at a set rate as specified by the contract.  The Government 

may, at its option, accept or reject the offered updates.  The vendor shall support repair and maintenance of the 

Government owned configurations of hardware, firmware, and software for a minimum of 5 years after delivery. 

 

*[C.7.5.  The vendor shall provide repair and maintenance of all hardware delivered under this solicitation for 

a period of *[       (--)] years, free of charge.] 

 

******************************************************************************************** 

NOTE:   At this point, other unique items may be added to the requirements if called 

for and/or requiring specification in Section B. 

 

Any specific vessel installation requirements for receivers, data links, or antenna 

should be added.  As-built vessel drawings or installation sketches should be attached 

to the contract at Part III, Section J. 

 

If DGPS is to be integrated with an existing navigation and/or survey system, manuals, 

drawings, etc. associated with that system should be referenced and attached at Section 

J.  Both hardware and software connections and modifications to the existing system 

must be detailed if such effort is to be an item of work under this contract. 

******************************************************************************************** 

Section D Packaging and 

Marking 
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D.1.  Preparation for Delivery.  The system shall be packaged for shipment in accordance with the supplier’s 

standard commercial practice. 
 

D.2.  Packaging and Marking.  Packaging shall be accomplished so that the materials will be protected from 

handling damage.  Each package shall contain a transmittal letter or shipping form, in duplicate, listing the 

materials being transmitted, being properly numbered, dated, and signed.  Shipping labels shall be marked as fol- 

lows: 
 

U.S. Army Engineer District, 

ATTN:  {include office symbol and name} 

Contract No. 

[Street/PO Box] {complete local mailing address} 
 

 

Section E Inspection and 

Acceptance 

 

E.1.  Acceptance Test.  All equipment and related components obtained under these specifications shall be fully 

certified prior to contract award as meeting the performance and accuracy in Section C.  *[any test previously 

performed for the Federal Geodetic Control Subcommitee (FGCS) will be acceptable for such certification by the 

vendor; otherwise the vendor shall be required to demonstrate, at the vendor’s expense, the acceptability of the 

system in the manner prescribed in Paragraph E.2.  If the FGCS test is to be used in lieu of a demonstration 

acceptance test, all results from the FGCS test shall be supplied to the contracting officer for evaluation by 

technical personnel.] 

 

E.2. Final Acceptance Test.   At the option of the Government, a final acceptance test will be performed to 

demonstrate total system conformance with the technical specifications and requirements in Section C. 

 

E.2.1.  The acceptance test will be conducted with the system operating in *[static] *[dynamic] *[both static 

and dynamic] mode(s). 

 

E.2.2.  The DGPS positional accuracy will be tested against the accuracy and ranges specified in Paragraph 

C.1. of this solicitation.  The resultant DGPS accuracy will be evaluated with the 2 DRMS error statistic. 

Inaccuracies in the comparative testing network / system will be properly allowed for in assessing the test results. 

 

E.2.3.  The data link system will be tested over the operating distance specified in Section C. 

 

E.2.4. Final  acceptance  testing  will  be  performed  at  *[the  point  of  delivery  indicated  in  Section  D] 

*[ ], and will be performed within *[ ] days after delivery.  The supplier will be notified of 

the results within *[ 

will be given *[ 

] days after delivery.  If the equipment fails to meet the acceptance test(s), the supplier 

] days after notification thereof to make any modification(s) necessary to enable retesting. 

The  supplier  will  be  notified  of  the  place,  date,  and  time  of  testing  and,  at  his/her  option,  may  send  a 

representative to attend such tests. 

 

E.2.5.  If after a second test, the system fails to perform in accordance with the technical specifications, the 

Government will *[  ]. {Reference applicable contract clauses/provisions}. 

 

******************************************************************************************** 

NOTE:   The applicable contract clause and provisions must be referenced here. 
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******************************************************************************************** 

 

E.3.  Warranty Provisions.  For 1 year after delivery by the vendor, all equipment failures, other than those due 

to abuse, shall be corrected free of charge.  Equipment shall be repaired within 5 working days of receipt at the 

repair facility, or loaner equipment will be provided at no expense to the Government until repairs are completed 

and the equipment has been returned to the District.  The cost of shipping equipment to the vendor for repair shall 

be paid by the Government while the vendor will pay for returning the equipment to the District. 

 

Section F Deliveries or 

Performance 
 

 

F.1.   Delivery and final acceptance of all equipment shall be made within *[ ] days after contract award. 

Delivery shall be made at the USACE facilities at the address identified in Paragraph D.2. of this solicitation. 

Final acceptance will depend upon all equipment meeting all requirements specified in this contract. 
 

 

 

F.2.  The contractor shall deliver all material and articles for shipment in a manner that will ensure arrival at the 

specified delivery point in satisfactory condition and that will be acceptable to carriers at lowest rates. The 

contractor shall be responsible for and repair any and all damage until the equipment is delivered to the Govern- 

ment. 
 

 

 

Section G 

 

Contract Administration Data 
 

 

 

Section H 

 

Special Contract Requirements 
 

 

 

Part II - Contract Clauses 

 

Section I - Contract Clauses 
 

 

 

Part III - Contract Clauses 

 

Section J - List of Documents, Exhibits, and Other Attachments 
 

 

 

Part IV - Representations and Instructions 

 

Section K - Representations, Certifications, and Other 

Statements of Bidders 
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Section L - Instructions, Conditions, and Notices to Bidders 
 

 

 

******************************************************************************************** 

NOTE:   Add applicable contract clauses and provisions to the above parts/sections 

as required by the FAR and other supplemental regulations. 

******************************************************************************************** 
 

 

 

Part IV - Representations and Instructions 

 

Section M - Evaluation Factors for Award 

 

******************************************************************************************** 

NOTE:   The following clauses would be used if the solicitation requires an evaluation 

of proposals for award.   See the introduction to this guide for the necessity of a 

formal proposal evaluation. 

******************************************************************************************** 

 

M.1.  Price Basis.  Bidders are advised that all bids are solicited on a firm fixed-price basis, and bids submitted 

on any other than a fixed-price basis will be rejected.  Bids submitted on a basis other than free on board (FOB) 

destination will be rejected. 

 

M.2.  Evaluation Criteria. 

 

M.2.1.  Technical Factors.  The technical part of the proposal shall clearly and fully describe the system to be 

furnished.   Descriptive literature, manuals, and/or reports supplied by the Offeror will be the basis of the 

evaluation.  They should clearly address all items found in the specifications.  It is imperative that the Offeror 

respond to all items in the specifications in like language so the evaluation will compare all products from a 

common standard.  Simple statements such as "conform," which indicate understanding of the requirements, are 

not adequate.  Similarly, phrases which imply or state that the product meets or exceeds the specifications without 

providing adequate data for the evaluators to make comparisons with those specifications are not adequate. 

 

M.2.2.  Pricing Factors.  The Offeror shall submit a lump-sum, firm, fixed price in accordance with Part I, The 

Schedule, Section B. 

 

M.2.3.  Preliminary Assessment Procedure.  A preliminary assessment will be performed to determine if the 

Offeror’s proposal is acceptable or can be made acceptable without major modification.  (The basis for this 

assessment will be the descriptive literature as called for in Paragraph M.2.1.  It is important that this literature 

be complete, clear, and concise.) 

 

M.2.4.  Evaluation Procedure. The evaluation will be based on the Offeror’s compliance with a set of technical 

requirements consisting of the following items: 

 

(1)  System Operational Characteristics and Capacities.   This includes; but is not limited to; accuracy, 

number of independent channels, data link system performance, ease of operation, and versatility. 

 

(2)  System Physical Characteristics and Capacities.  This includes; but is not limited to; weight, energy 

requirements, ease of use, and protection from the environment. 
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(3)  *[Post Processing Software] *[and] Field Planning Software.  This includes; but is not limited to; 

adequacy of software for the specified task, ease of use, documentation, versatility, graphics capabilities, and 

support. 
 

(4)  Warranty, support services, and miscellaneous items. 
 

(5)  Proposals will be evaluated on the factors listed above by having assigned values that contribute to 

a total score.  Baseline values will be established by the criteria found in the specifications.  Weighting of the 

scores is in descending order of the above factors, with the most important listed at the top and the least important 

listed last.  A technical team will evaluate each technical proposal and assign a point score.  For those proposals 

that do not meet a pre-established minimum score as submitted, but that the Government decides could be made 

acceptable by the submission of more information, technical discussions may be conducted to obtain clarification 

or enhancement of any such proposals.   After these discussions, a final point score will be assigned to each 

proposal by the team. 
 

M.2.5.  Proposal Completeness. Failure to submit all required information will result in the proposal not being 

evaluated. 
 

M.2.6. Number of Technical and Price Proposals.  *[One] technical and *[one] cost proposal(s) shall be 

submitted by each Offeror. 
 

M.2.7.  Final Acceptance Test.  The system (equipment and/or software) may be required to undergo a final 

field acceptance test as described in Section E of this contract.  Final award shall be contingent on this acceptance 

test. 
 

M.3.  Award Procedures. 
 

M.3.1.  The Government will select for contract award the best overall proposal whose final offer is the most 

advantageous to the Government considering the price and the technical factors included in the solicitation. 
 

M.3.2.  The Government may award a contract on the basis of initial offers received, without discussions. 

Therefore, each initial offer should contain the Offeror’s best terms from a cost or price and technical standpoint. 
 

M.4.  Suggested Proposal Submittal Requirements. 
 

******************************************************************************************** 

NOTE:   Select the appropriate items/options that should be provided by bidders to 

determine their capability in providing an adequate real-time positioning system. 

These items should be tailored to specific system requirements. 

******************************************************************************************** 

M.4.1  GPS Receivers. 

Positional accuracy of system. 

Signal levels . 

Operation without cryptographic keys. 

Observables. 

Measurement time tags. 

Code phase signals and accuracy. 

Receiver output. 

Receiver data rate. 

PPS output. 
 

 

I-15 



EM 1110-1-1003 

1 Aug 96 

 

Internal receiver testing. 

Reinitialization. 

Multiple satellite tracking. 

Operating conditions. 

5 deg SV acquisition. 

Humidity range. 

Temperature range. 

Waterproof. 

Corrosion resistance. 

Power requirements. 

Surge protection. 

Power transfer from AC to DC and reverse. 

Low power warning. 

External power source. 

Battery pack. 

Charge/recharge capacity. 

Battery connections/cables. 

Antenna. 

5/8-in. by 11-in. mounting. 

Phase center stability. 

Cable length and quantity. 

Frequency reception. 

Environmental considerations. 

Waterproof. 

Antenna pole. 

Tribrach. 

Vehicle mount. 

Manuals. 

Field planning software. 

Dimensions. 

Weight. 

RTCM output. 

RTCM input. 

Position update rate. 

Velocity output. 

Ports. 

NMEA 0183 data string. 

 

M.4.2.  Data Link. 

Functional itegration. 

1 percent data loss. 

Transmit/receive frequency. 

Transmit/receive power. 

Baud rate. 

Prescription fee. 

Service fee. 

Antenna mounting. 

Cables. 

Power supply. 
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M.4.3.  Receiver Controller. 

 

Software/hardware compatibility. 

DOS operating system. 

Processor chip. 

Clock speed. 

Hard drive capacity and access speed. 

Random access memory. 

3.5-in. disk drive. 

VGA graphics adapter. 

Monitor. 

Ports. 

Power source. 

Environment. 

 

M.4.4.  Software. 

 

Compatibility with receivers and microcomputers. 

Differential code phase processing, post mission. 

Receiver control settings. 

Field mission planning. 

M.4.5.  Training. 

At delivery. 

At future date. 

 

M.4.6.  Miscellaneous Requirements. 

 

Cables, etc. 

Shipping containers. Survey 

planning software. Hardware 

and software updates. 

Maintenance and repair. 
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SAMPLE IGE COMPUTATION FOR 3-MAN MULTIBEAM/SIDESCAN SURVEY CREW
NOTE: Rates and prices shown are based on ca 2000 costs and equipment rates.  
Some survey equipment listed is now obsolete; thus, this example is for illustrative purposes only.

LABOR
Supervisory Survey Tech (Party Chief) $42,776.00/yr 
Multibeam Operator

  Overhead on Direct Labor (36%) $15,399.36/yr
  G&A Overhead (115%) $49,192.40/yr
  Total: $107,367.76/yr $411.57/day

Survey Technician $35,355/yr 
  @ 151% O/H (36%+115%) $88,741.05 $340.17/day

Survey Aid/Boat Operator $23,332/yr 
  @ 151 % O/H $58,563.32 $224.49/day

Total Labor Cost for 3-Man Multibeam Crew/day:   $976.23

TRAVEL
[Optional to include this item in the IDIQ IGE – typically added to each Task order]
Per Diem (Nominal): 3 @ $ 88/day      
(subject to JTR adjustment on task orders)

Total Travel Cost/day:   $264.00
PLANT, FLOATING

Survey Vessel 32-foot:
$100,000 @ 5 yrs @ 100 d/yr $ 200/day
Fuel, O&M, etc $   25/day

Total Plant Cost/day:    $ 225.00

SURVEY INSTRUMENTATION & EQUIPMENT

Echo Sounder   $30,000 @ 5 yrs @ 50 d/yr $120/day
 POS/MV Carrier Phase Positioning Sys  $120,000 @ 4 yrs @ 100 d/yr $300/day

Motion sensor  $35,000 @ 5 yrs @ 100 d/yr $  70/day
Multibeam System (complete) $250,000 @ 5 yrs @ 100 d/y $500/day
Side Scan Sonar (complete system)  $75,000 @ 5 yrs @150 d/yr $100/day
Total Station (RTK), rods, etc. $32,000 @ 5 yrs @ 120 d/yr $ 53/day

(rental rate: $60/d)
Tide Gage, Auto Telemetry (Manufacturer rental rate) $  22/day
Survey Vehicle  $40,000 @ 6 yrs @  225 d/yr plus O&M $  40/day
Misc Materials (field books, survey supplies, etc) $  25/day

Total Instrumentation & Equipment Cost/day:    $ 1,230.00

Subtotal :   $ 2,695.23
Profit @ 10.0%    $    269.52
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Total Estimated Cost per Day -- 3 man Multibeam/Side Scan Survey Crew    $ 2,964.752 � & � � � 
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  UNIT OF
ITEM DESCRIPTION MEASURE UNIT PRICE

1001 4-Man Topographic Survey Party CD $   885.00
1002 5-Man Hydro Survey Party w/boat CD $1,382.00
1002a 4-Man Hydro Survey Party w/boat CD $1,200.00
1002b 3-Man Hydro Survey Party w/boat CD $1,000.00
1002c 2-Man Hydro Survey Party w/boat CD $  784.00
1003 Survey Aid CD $  144.00
1004 Per Diem   (Florida) MD $    78.00
1005 Project Manager MD $  335.00
1006a Project Manager   (Per Diem-Florida) MD $    78.00
1007 CADD Operator/Draftsman MD $  300.00
1008 Computer    (Person) MD $  238.00
1011 Establish Control Monument EA $    25.00
1012b Extra Vehicle DY $  100.00
1013 Air Boat (Florida w/operator) DY $  130.00
1014 Marsh Buggy (Florida w/operator) DY $  160.00
1016 Side Scan w/Operator HR $  120.00
1018 Multibeam w/Operator HR $  130.00
1019 Magnetometer w/Operator HR $  120.00

NOTES: 
Abbreviations:         CD = Calendar Day      MD = Man Day       DY = Day       EA = Each      HR = Hour 
Prices include overhead and profit.

NOTE: the above items and unit prices were developed ca 1995 and are shown for illustrative purposes only.  They are not based on 
current (2013) survey procedures or equipment.  2 � & � � � 
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R K G [ v P ~ K O v P ~ ~ G H K O x R v v ~ y L n ] n n nv P ~ K J H P I J K O Y K F ~ G H K O v K Y K v x n ` s ` o s ` o \ \ y L q n ] | _ o[ T U a b c T d Q X b S X U a e Y X g U a e T d F T U f � x [ Q Y F m o yI X c e W R T g � K d X h T U a b c Z c � b g � T U a b c Z c R K H K O J T Ê b h X ÍJ U T � � a c � b g F X V a � c T U a b c R v v ~ R r ~| { | } G ` o \ | ` ] } ` \ n ] ^ | `` n ` o _ \ m ] n ^ ^ ` ] _ { m` m ` o _ \ m ] \ } m m ] ` ^ || { | } I ` o o n ` ] m \ | n ] \ m nN Z [ K v v G J m ] m ^ { ` ] \ m \k ] J ] F K N G O H R K [ H P u t P R R K O t K[ T U a b c T d P e X T c a e T c S G U � b V � W X g a e G S � a c a V U g T U a b c[ T U a b c T d P e X T c J X g h a e X N T � X _ b � _� � � � � � �   ¡ ¢ £ ¤ ¥ ¦ § ¦ ¨ © ª « ¬    ® ¯   ° ± ¡ ® ¯ ² ¢ ³ ¨ ´ ¥ µ ´ ¥ ³ ³ §± � ¶ · ¢ ¸ ª ¬ ¬ ² ¯ ¹ ² º » ¯ ® ¸ © ® « ® º¼ ¬ ° ½   ¡ ®± ° ® ®  ¾ � ¿ � ¢ µ µ ¨ µ ¨ ¬ � � � � À Á · ¢ ¥ ¤ Â § ¦ Ã Ä Å ±ª � Æ � Ç À � Á ¢ ® ± ± ® ¸ ® ½   ® ¬ � � È � � À Á · ¢ £ ¥ Â ¨ § Ã ¦ Å É¡ ² ¼   ±   ¯   ° ± �R X T c J X T v X h X d x R J v y a V T U a S T d S T U f � S X U X g � a c X S b h X g T ` o q i X T g [ T U a b c T d H a S T dF T U f � K � b e W ] Z U � X g U T a c V U b d b e T d � X T c V X T d X h X d T c S V W b f d S c b U Ê X e b c � f V X SË a U W U W X � a Ó X S S T U f � V b � [ b g U W G � X g a e T c Y X g U a e T d F T U f � b � ` o ^ ^ x [ G Y F ^ ^ y ][ Q Y F m o a V T � a Ó X S S T U f � T S b � U X S T V T c T U a b c T d V U T c S T g S � X b S X U a e g X � X g X c e X � b gW X a � W U V Ê f U a V c b Ë e b c V a S X g X S V f � X g V X S X S ] [ Q Y F m o a V V b � X U a � X V g X � X g g X S U b T VJ X T v X h X d F T U f � b � ` o m o b g T V R X T c J X T v X h X d b c V b � X X T g d i a V V f X V b � Q X b d b � a e T dJ f g h X i H b � b � g T � W a e w f T S V ] [ Q Y F m o Ë T V b g a � a c T d d i S X g a h X S � g b � T � X c X g T dT S Ô f V U � X c U b � U W X � a g V U q b g S X g d X h X d a c � c X U Ë b g � V b � U W X k ] J ] T c S t T c T S T T � U X gW b d S a c � � X T c V X T d X h X d b Ê V X g h X S T U m | d b c � U X g � U a S X V U T U a b c V T V � a Ó X S ][ f � X g b f V d b e T d T c S Ë a S X q V � g X T S T S Ô f V U � X c U V W T h X Ê X X c � T S X V a c e X X V U T Ê d a V W � X c U a c` o m o ] I X c e W � T g � X d X h T U a b c V g X d T U a h X U b [ Q Y F m o T g X T h T a d T Ê d X � g b � U W X [ T U a b c T dQ X b S X U a e J f g h X i x [ Q J y S T U T Ê T V X h a T U W X ~ b g d S ~ a S X ~ X Ê T U
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[ T U a b c T d Q X b S X U a e J f g h X i ][ G Y F ^ ^ a V T � a Ó X S S T U f � S X g a h X S � g b � T V a � f d U T c X b f V M d X T V U V Ò f T g X V M � a c a � f �e b c V U g T a c U T S Ô f V U � X c U b � t T c T S a T c s R X Ó a e T c s k c a U X S J U T U X V d X h X d a c � b Ê V X g h T U a b c V ]v b e T d � X T c V X T d X h X d b Ê V X g h X S T U u T U W X g N b a c U s O a � b f V � a M t T c T S T Ë T V W X d S � a Ó X S T VU W X V a c � d X a c a U a T d e b c V U g T a c U ] [ G Y F ^ ^ g X � d T e X V [ Q Y F m o T V U W X c T U a b c T dV U T c S T g S � X b S X U a e g X � X g X c e X � b g W X a � W U V ] I X c e W � T g � X d X h T U a b c V g X d T U a h X U b[ G Y F ^ ^ T g X T h T a d T Ê d X � g b � [ Q J U W g b f � W U W X ~ b g d S ~ a S X ~ X Ê T U[ T U a b c T d Q X b S X U a e J f g h X i ][ Q Y F m o T c S [ G Y F ^ ^ T g X � a Ó X S � X b S X U a e S T U f � V Ë W b V X X d X h T U a b c g X d T U a b c V W a � V U bd b e T d R J v T c S b U W X g U a S T d S T U f � V � T i c b U Ê X e b c V a V U X c U � g b � b c X d b e T U a b c U bT c b U W X g ]H W X Y X g U a e T d R T g � [ f � Ê X g x Y R Î y T c S N Z F Î V W b Ë c b c U W X Ê X c e W � T g � V W X X U T g X f c a Ò f Xa S X c U a � a X g V � b g Ê X c e W � T g � V a c U W X U a S T d T c S � X b S X U a e S T U T Ê T V X V M g X V � X e U a h X d i ]K T e W Ê X c e W � T g � a c X a U W X g S T U T Ê T V X W T V T V a c � d X M f c a Ò f X Y R Î T c S s b g N Z F Î T V V a � c X S ]~ W X g X Ê b U W Y R Î T c S N Z F Î T g X a c S a e T U X S M Ê b U W U a S T d T c S � X b S X U a e X d X h T U a b c V T g XT h T a d T Ê d X � b g U W X Ê X c e W � T g � d a V U X S ]H W X [ G Y F ^ ^ X d X h T U a b c a V V W b Ë c b c U W X K d X h T U a b c V b � H a S T d F T U f � V H T Ê d X O X � X g g X SU b R v v ~ b c d i Ë W X c U Ë b b g � b g X b � U W X Ê X c e W � T g � V d a V U X S W T h X [ G Y F ^ ^ X d X h T U a b c V ]H W X [ G Y F ^ ^ X d X h T U a b c g X d T U a b c V W a � V W b Ë c a c U W X U T Ê d X a V S X g a h X S � g b � T c T h X g T � Xb � V X h X g T d Ê X c e W � T g � X d X h T U a b c V g X d T U a h X U b U a S X V U T U a b c S T U f � ] G V T g X V f d U b �U W a V T h X g T � a c � M [ G Y F ^ ^ Ê X c e W � T g � X d X h T U a b c V e b � � f U X S a c S a g X e U d i � g b � U W X U a S T dS T U f � V X d X h T U a b c U T Ê d X � T i S a � � X g V d a � W U d i � g b � [ G Y F ^ ^ X d X h T U a b c V d a V U X S � b gX T e W Ê X c e W � T g � a c U W X [ Q J S T U T Ê T V X ]
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PRELIMINARY SITE INVESTIGATION REPORT 

1.0 INTRODUCTION 

This Preliminary Site Investigation Report for the Doyle Drive storm drain Outfall IJKL Project at 
Crissy Field near United States Route 101 (US-101) in San Francisco, California was prepared by 
Geocon Consultants, Inc. under California Department of Transportation (Caltrans) Contract No. 
04A3578 and Task Order No. 51 (TO-51), EA 04-1637N1. 

1.1 Project Description and Proposed Improvements 

The IJKL outfall project proposes to improve the Doyle Drive storm drain outfall in San Francisco, 
California near Post Mile PM 9.0 on US-101. Proposed activities include the excavation of soil at the 
current outfall terminus at Crissy Field Beach and the construction of an approximately 160-foot 
drainage extension into the San Francisco Bay. Work will take place within the United States 
Department of the Interior and Presidio Land Trust right-of-ways. The project location is depicted on 
the attached Vicinity Map, Figure 1. 

1.2 General Objectives 

The purpose of the site investigation was to evaluate concentrations of California Assessment Manual 
17 (CAM 17) metals, total petroleum hydrocarbons as diesel (TPHd), as motor oil (TPHmo), and as 
gasoline (TPHg), benzene, toluene, ethylbenzene and xylenes (BTEX), volatile organic compounds 
(VOCs), polychlorinated biphenyls (PCBs), naturally-occuring asbestos (NOA), and pH in soil as well 
as groundwater samples for CAM 17 metals, TPHg/d/mo, and BTEX at the Crissy Field Beach and 
inland of Crissy Field near Mason Street. Offshore sediment samples were to be evaluated for CAM 
17 metals, TPHd/mo/g, BTEX, PCBs, and semivolatile organic compounds (SVOCs).  
 
The information obtained from this investigation will be used by Caltrans to evaluate soil handling 
practices, worker health and safety, and soil and groundwater reuse and disposal options. 

2.0 BACKGROUND 

2.1 Hazardous Waste Determination Criteria 

Regulatory criteria to classify a waste as California hazardous for handling and disposal purposes are 
contained in the CCR, Title 22, Division 4.5, Chapter 11, Article 3, §66261.24. Criteria to classify a 
waste as Resource, Conservation, and Recovery Act (RCRA) hazardous are contained in Chapter 40 of 
the Code of Federal Regulations (40 CFR), Section 261. 
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For waste containing metals, the waste is classified as California hazardous when: 1) the representative 
total metal content equals or exceeds the respective Total Threshold Limit Concentration (TTLC); or 2) 
the representative soluble metal content equals or exceeds the respective Soluble Threshold Limit 
Concentration (STLC) based on the standard Waste Extraction Test (WET). A waste has the potential of 
exceeding the STLC when the waste’s total metal content is greater than or equal to ten times the 
respective STLC value since the WET uses a 1:10 dilution ratio. Hence, when a total metal is detected at 
a concentration greater than or equal to ten times the respective STLC, and assuming that 100 percent of 
the total metals are soluble, soluble metal analysis is required. A material is classified as RCRA 
hazardous, or Federal hazardous, when the representative soluble metal content equals or exceeds the 
Federal regulatory level based on the Toxicity Characteristic Leaching Procedure (TCLP). 
 
The above regulatory criteria are based on chemical concentrations. Wastes may also be classified as 
hazardous based on other criteria such as ignitability and corrosivity; however, for the purposes of this 
investigation, toxicity (i.e., representative lead concentrations) is the primary factor considered for 
waste classification since waste generated during the construction activities would not likely warrant 
testing for ignitability or other criteria. Waste that is classified as either California hazardous or RCRA 
hazardous requires management as a hazardous waste. 

2.2 Environmental Screening Levels 

The San Francisco Bay Regional Water Quality Control Board (SFRWQCB) has prepared a technical 
report entitled Screening For Environmental Concerns At Sites With Contaminated Soil and 
Groundwater, Interim Final (updated May 2013), which presents Environmental Screening Levels 
(ESLs) for soil, groundwater, soil gas, and surface water, to assist in evaluating sites impacted by 
releases of hazardous chemicals. The ESLs are conservative values for more than 100 commonly 
detected contaminants which may be used to compare with environmental data collected at a site. “The 
ESLs are intended to help expedite the identification and evaluation of potential environmental 
concerns at sites where contamination has been identified. Data collected at a site can be directly 
compared to the ESLs, and the need for additional actions quickly determined” (RWQCB May 2013). 
ESLs are strictly risk assessment tools and “not intended to serve as a rule to determine if a waste is 
hazardous under the state or federal regulations (RWQCB May 2013).”  
 
Residential and commercial/industrial land use ESLs are commonly used by contractors, soil trucking 
companies, and private and commercial land owners as default acceptance criteria to evaluate 
suitability of import soil material. The most conservative ESL tables were used for this 
characterization: Table A – Shallow Soil [≤3 meters below ground surface (bgs)] – Groundwater is a 
Current or Potential Drinking Water Resource, Table B – Shallow Soil [≤3 meters below ground 
surface (bgs)] – Groundwater is not a Current or Potential Drinking Water Resource, Table E – Indoor 
Air and Soil Gas (Vapor Intrusion Concerns), and Table K-3 – Direct Exposure Soil Screening Levels 
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Construction Trench Worker Exposure Scenario. The respective ESLs are listed at the end of Tables 3, 
4, and 6 for comparative purposes. 
 

3.0 SCOPE OF SERVICES 

The scope of services performed under TO-51, EA 04-1637N1 included the following: 

3.1 Pre-field Activities 

• Prepared the Preliminary Site Investigation Workplan and Health and Safety Plan, dated June 
2013. 

• Retained the services of Cruz Brothers Locators to provide utility clearance services prior to 
field operations. 

• Retained the services of Gregg Drilling and Testing, Inc., a Caltrans-approved drilling 
contractor.  

• Retained the services of Advanced Technology Laboratories, Las Vegas (ATL-LV), a 
Caltrans-approved and California-certified analytical laboratory, to perform the chemical 
analyses of soil and groundwater samples. 

• Retained the services of EMSL, Inc., a Caltrans-approved and California-certified analytical 
laboratory, to perform the asbestos analysis of soil samples. 

• Notified Underground Service Alert (USA) at least 48 hours prior to field work. 

 

3.2 Field Activities 

The field investigation was performed on June 26 and 27, 2013, by Geocon staff. The following field 
activities were performed during the sampling efforts: 

• Advanced 4 soil borings at the project location using hand-auger and direct-push drilling 
techniques to collect soil and groundwater samples. The borings were advanced to a maximum 
depth of 11.5 feet. 

• Collected 3 surface sediment samples from the San Francisco Bay immediately offshore of 
Crissy Field Beach using a stainless steel sediment core sampling device. 

All samples were transported to California-certified environmental laboratories for analysis under 
standard chain-of-custody (COC) documentation. 
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4.0 INVESTIGATIVE METHODS 

4.1 Sampling Procedures 

 
Soil or sediment samples were collected from 7 locations identified by the Caltrans TO Managers 
using direct-push sample rig, hand-auger, or sediment core sampling techniques. Sampling coordinates 
are presented on Table 1 and locations are shown on the Site Plan, Figure 2.  
 
Soil samples collected using a hand-auger (B1-0, B1-1.5, B1-3, B2-0, B2-1.5, and B2-3.0) or sediment 
core device (B5, B6, and B7) were placed in stainless steel tubes and sealed with Teflon tape and 
plastic lids prior to being stored in a chest cooled with ice.   
 
Soil samples collected using a track-mounted direct-push sample rig (B1 to B4) were obtained by 
hydraulically advancing a two-inch-diameter, four-foot-long stainless steel core-barrel sampler lined 
with an acetate sample tube into undisturbed soil. Soil samples were collected for laboratory analysis 
by cutting an approximately six-inch-long section of the acetate tube from the target sample depth, 
capping the ends with Teflon tape and plastic end caps, and then placing the sample tube in a chest 
cooled with ice for storage and delivery to the analytical laboratory. 
 
Grab-groundwater samples were collected from borings B2 and B3 by retrieving groundwater through  
¼-inch-diameter disposable polyethylene tubing fitted with a check valve. Samples were then 
transferred to the appropriate sample containers and placed in a chest cooled with ice.  
 
Sample containers were labeled and transported to a Caltrans-approved, certified environmental 
laboratory using standard COC documentation. Soil borings were back-filled to near-surface with 
bentonite slurry. 
 
Geocon provided QA/QC procedures during the field activities. These procedures included washing 
the sampling equipment with a Liqui-Nox solution followed by a double rinse with deionized water. 
The equipment rinse blanks were collected by pouring deionized water over the cleaned sampling 
equipment and collecting it into a sample container for laboratory analysis. A trip blank sample was 
transported with the groundwater samples to be analyzed for TPHg and submitted to the laboratory for 
analysis. Decontamination water was disposed of to the ground surface within Caltrans right-of-way in 
a manner not to create runoff, away from drain inlets or potential water bodies. 
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4.2 Laboratory Analyses 

Laboratory analyses were performed by ATL-LV and EMSL under both standard and expedited  
(72- hour) turnaround-time (TAT) per the Task Order Managers. The laboratory reports and COC 
documentation are included as Appendix A. 
 
The soil samples were analyzed as follows: 

• 15 samples for total lead using EPA Test Method 6010 ICAP. 

• 5 samples for CAM 17 metals according to EPA Test Methods 6010 ICAP and 7471. 

• 1 sample with total lead concentrations equal to or exceeding 50 mg/kg (i.e. equal to or 
exceeding ten times the STLC of 5.0 mg/l) was further analyzed for WET lead. 

• 4 samples for TPHd/mo using EPA Test Method 8015B.  

• 4 samples for TPHg using EPA Test Method 8015B. 

• 4 samples for BTEX using EPA Test Method 8260B. 

• 12 samples for VOCs using EPA Test Method 8260B. 

• 8 samples for PCBs using EPA Test Method 8082. 

• 4 samples for pH using EPA Test Method 9045C. 

 

The 3 sediment samples were analyzed as follows: 

• CAM 17 metals according to EPA Test Methods 6010 ICAP and 7471. 

• TPHd/mo using EPA Test Method 8015B. 

• TPHg using EPA Test Method 8015B. 

• BTEX using EPA Test Method 8260B. 

• PCBs using EPA Test Method 8082. 

• SVOCs using EPA Test Method 8270C. 
 
The 3 groundwater samples were analyzed for: 

• TPHg using EPA Test Method 8015B. 

• BTEX using EPA Test Method 8260B 

• VOCs using EPA Test Method 8260B. 

QA/QC samples: 

• 2 equipment rinse blank samples were analyzed for total lead using EPA Test Method 6010B. 

• 1 trip blank sample was analyzed for TPHg using EPA Test Method 8015B. 
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4.3 Laboratory QA/QC 

QA/QC procedures were performed for each method of analysis with specificity for each analyte listed 
in the test method's QA/QC. The laboratory QA/QC procedures included the following: 

• One method blank for every ten samples, batch of samples or type of matrix, whichever was 
more frequent. 

• One sample analyzed in duplicate for every ten samples, batch of samples or type of matrix, 
whichever was more frequent. 

• One spiked sample for every ten samples, batch of samples or type of matrix; whichever was 
more frequent, with spike made at ten times the detection limit or at the analyte level. 

 
Prior to submitting the samples to the laboratory, the COC documentation was reviewed for accuracy 
and completeness. 

5.0 INVESTIGATIVE RESULTS 

5.1 Subsurface Conditions 

Observations during field activities indicated that soil in the areas of borings B1 and B2 (near Mason 
Street) consisted of sand to a depth of 0.5 foot. Black, damp sand and silt were present to a depth of 6 
feet, and firm to dense very moist to saturated dark brown silty sand was observed from 6 to 11.5 feet. 
Boring B1 also included serpentenite, possibly a fill material, at approximately 1.5 feet. 
 
Borings B3 and B4 were located on Crissy Field beach and consisted of medium loose white sand site 
to a depth of approximately 1.5 feet, white to light brown coarse sand to 4 feet, and firm, light to 
medium brown moist to saturated sand to 10.5 feet. 
 
Borings B5 to B7 were located offshore from Crissy Field and consisted of dark brown Bay mud with 
organic matter to 0.5 foot. 
 
Groundwater was encountered at an approximate depth of 11 feet in boring B2 and at approximately 9 
feet in boring B3. Grab-groundwater samples were collected for TPHg/BTEX and VOCS analyses 
from borings B2 and B3; however, recharge was insufficient to enable additional sample collection for 
further analyses. Groundwater was not encountered in borings B1 and B4 in sufficient quantities to 
allow sample collection as outlined in the workplan. 
 

5.2 Laboratory Analytical Results 

The analytical results are summarized in Tables 2 to 5 and are summarized below:  
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Soil Sample Results: 

• The following metals were not detected above their respective laboratory reporting limits: 
antimony, beryllium, cadmium, mercury, molybdenum, selenium, silver, and thallium. 

• Total lead was reported at concentrations ranging from <2.0 to 66 mg/kg. 

• WET lead was reported at a concentration of 3.5 mg/l. 

• Remaining CAM 17 metals were reported in the samples at total concentrations below ten 
times their respective STLCs. 

• TPHg was not detected at or above the laboratory detection limit of 1.0 mg/kg. 

• TPHd was reported at concentrations ranging from 1.1 to 2.6 mg/kg. 

• TPHmo was reported at concentrations of 1.2 to 5.1 mg/kg. 

• BTEX were not detected at or above the laboratory reporting limits. 

• VOCs were not detected at or above the laboratory reporting limits. 

• PCBs were not detected at or above the laboratory reporting limits. 

• pH values ranged from 7.7 to 9.3. 

Sediment Sample Results: 

• The following metals were not detected above their respective laboratory reporting limits: 
antimony, beryllium, cadmium, mercury, molybdenum, selenium, silver, and thallium. 

• Remaining CAM 17 metals were reported in the samples at total concentrations below ten 
times their respective STLCs. 

• TPHg was not detected at or above the laboratory detection limit of 1.0 mg/kg. 

• TPHd was reported at concentrations ranging from 2.8 to 5.6 mg/kg. 

• TPHmo was reported at concentrations of 5.4 to 14 mg/kg. 

• BTEX were not detected at or above the laboratory reporting limits. 

• SVOCs were not detected at or above the laboratory reporting limits. 

• PCBs were not detected at or above the laboratory reporting limits. 

Groundwater Sample Results: 

• TPHg/BTEX were not detected at or above the reporting limits. 

• VOCs were not reported at or above the laboratory reporting limits. 

QA/QC Sample Results: 

• Total lead was not detected at or above the laboratory reporting limit of 0.0050 mg/l in the 
equipment rinse blank samples. 

• TPHg was not detected at or above the laboratory reporting limit of 0.050 mg/l in the trip 
blank sample. 
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5.3 Laboratory Quality Assurance/Quality Control 

We reviewed the QA/QC results provided with the laboratory analytical reports. The data indicate 
non-detect results for the method blanks at or above reporting limits. The Matrix Spike (MS) and/or 
Matrix Spike Duplicate (MSD) were outside recovery criteria for several samples, possibly due to 
matrix interference, however the associated laboratory control sample recoveries were acceptable. The 
relative percent differences (RPD) for MS/MSD were outside of recovery limits for several samples; 
however, the analytical batches were validated by the laboratory control samples. Remaining samples 
and internal laboratory QA/QC samples showed acceptable recoveries and relative percent differences 
(RPDs). Based on this limited data review, no additional qualifications of the soil data are necessary, 
and the data are of sufficient quality for the purposes of this report. 
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6.0 CONCLUSIONS 

6.1 Soil 

6.1.1 CAM 17 Metals 

With the exception of lead, CAM 17 metals were reported in the samples at total concentrations below 
ten times their respective STLCs. The reported total lead concentrations are less than the TTLC of 
1,000 mg/kg and the WET lead concentration is less than 5 mg/l. Accordingly, excavated soil would 
be classified as non-hazardous based on lead content. 
 
The CAM 17 metals concentrations in site soil were compared to ESLs. Arsenic was reported at 
concentrations greater than one or more ESL values.  
 
The upper one-sided 95% upper confidence limit (UCL) of the arithmetic mean is defined as the value 
that, when calculated repeatedly for randomly drawn subsets of site data, equals or exceeds the true 
mean 95% of the time. The UCLs of the arithmetic mean concentration are used as the mean 
concentrations because it is not possible to know the true mean due to the essentially infinite number 
of soil samples that could be collected from a site. The UCLs therefore account for uncertainties due to 
limited sampling data. As data become less limited at a site, uncertainties decrease, and the UCLs 
move closer to the true mean. 
 
Because concentrations of arsenic exceeded one or more ESL, non-parametric bootstrap techniques 
were used to calculate the UCLs. Risk assessment characterization is based on the 95% UCL of the 
soil for the site; this is in accordance with the Risk Assessment Guidance for Superfund (RAGS) 
Volume 1 Documentation for Exposure Assessment.  
 
The bootstrap test results are included in Appendix B. ESLs, UCLs, and published background 
concentrations for arsenic are summarized in the table below: 
 

Metal Maximum 95% 
UCL 

Shallow Soil 
Residential ESL 

Shallow Soil 
Commercial/

Industrial 
ESL 

Worker 
Direct 

Exposure 
ESL 

PUBLISHED 
BACKGROUND 

MEAN1 

PUBLISHED 
BACKGROUND 

RANGE 1 

Arsenic 3.7 3.27 0.39 0.96 10 3.5 0.6 to 11.0 

Concentrations reported in mg/kg 
1 Kearney Foundation of Soil Science, March 1996 
 

The 95% UCL arsenic concentration is greater than the residential and commercial land use ESLs; 
however, it is less than the construction exposure ESL and within the published background range. 
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The SFRWQCB November 2007 Update to Environmental Screening Levels (ESLs) Technical 
Document states that ambient background concentrations of arsenic typically exceed risk-based 
screening levels. In such instances, it may be more appropriate to compare site data to regionally 
specific established background levels. 
 
Based on the reported results for arsenic, offsite reuse or disposal of excavated soil may be restricted 
based on arsenic content, depending on proposed use. 
 
6.1.2 Organics 

TPHd and TPHmo were reported in samples at concentrations below the ESLs.  
 
TPHg, BTEX, VOCs, and PCBs were not detected at or above the laboratory reporting limits.  
 
Organics results for soil samples and corresponding ESL values are summarized in Table 4. 
 
6.1.3 Naturally-Occurring Asbestos 

Twelve soil samples were collected from the site and analyzed for asbestos by CARB Test Method 
435 using polarized light microscopy (PLM) and at a target sensitivity of 0.25% asbestos. Chrysotile 
asbestos was reported at 1.25% in one sample (B1-1.5) collected near Mason Street. Three samples 
(B1-3.0, B4-6.0, and B4-7.5) were reported to contain trace (<0.25% chrysotile) asbestos. The 
remaining eight samples were reported to be non-detect for asbestos. 
 
ATCM 93105 sets forth measures to be followed for the investigation and control of naturally 
occurring asbestos for construction sites. ATCM 93105 allows for the mathematical averaging of 
analytical results from a soil mass in order to determine the average asbestos content. Convention is to 
use one-half of the reporting or detection limit as the assumed contaminant content for soils when 
averaging results. Thus for averaging purposes, the eight samples reported as non-detect as well as the 
trace quantity result were assumed to contain 0.125% asbestos, and the average of the twelve samples 
collected from the site is 0.219%, less than the 0.25% regulatory threshold.  
 
There are no restrictions on the reuse of soil containing NOA at less than 0.25% asbestos if it stays on 
the site. If soil known to contain NOA at less than 0.25% is disposed of offsite, we recommend that the 
receiver be notified that the material contains NOA at less than 0.25%. Additionally, it is Caltrans 
policy that a contractor have an asbestos compliance plan in place on projects where personnel may be 
in contact with materials known to contain NOA and that wet methods be employed to minimize the 
potential for airborne asbestos. A summary of NOA results is included in Table 5. 
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6.2 Sediment 

6.2.1 CAM 17 Metals 

CAM 17 metals were reported in the samples at total concentrations below ten times their respective 
STLCs. The CAM 17 metals concentrations in site soil were compared to ESLs. Arsenic was reported 
at concentrations greater than one or more ESL values.  
 
Because of the limited sample population, UCLs for arsenic in sediment samples could not be 
calculated. Maximum arsenic concentration and published background concentrations for arsenic are 
summarized in the table below: 
 

Metal Maximum Shallow Soil 
Residential ESL 

Shallow Soil 
Commercial/

Industrial 
ESL 

Worker 
Direct 

Exposure 
ESL 

PUBLISHED 
BACKGROUND 

MEAN1 

PUBLISHED 
BACKGROUND 

RANGE 1 

Arsenic 2.5 0.39 0.96 10 3.5 0.6 to 11.0 

Concentrations reported in mg/kg 
1 Kearney Foundation of Soil Science, March 1996 
 

The maximum arsenic concentration is greater than the residential and commercial land use ESLs; 
however, it is less than the construction exposure ESL and within the published background range.  
 
Based on the reported results for arsenic, offsite reuse or disposal of excavated soil may be restricted 
based on arsenic content, depending on proposed use. 
 
Metals results for sediment samples are summarized in Table 3. 
 

6.2.2 Organics 

TPHd and TPHmo were reported in samples at concentrations below the ESLs.  
 
TPHg, BTEX, SVOCs and PCBs were not detected at or above the laboratory reporting limits.  
 
Organics results for sediment samples and corresponding ESL values are summarized in Table 4. 

6.3 Groundwater 

Grab groundwater samples were collected from borings B2, and B3 and analyzed for organic 
compounds. TPHg, BTEX, and VOCs were not detected at or above the laboratory reporting limits.  
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Organic compounds results for groundwater samples and corresponding ESL values are summarized in 
Table 5. 

6.4 Worker Protection 

The contractor(s) should prepare a project-specific health and safety plan to prevent or minimize 
worker exposure to metals, organic compounds, and NOA in soil as well as organic compounds in 
groundwater. The plan should include protocols for environmental and personnel monitoring, 
requirements for personal protective equipment, and other health and safety protocols and procedures for 
the handling of soil and groundwater. 
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Boring Northing Easting

B1 2,121,071.882 5,993,233.321
B2 2,121,039.617 5,993,321.844
B3 2,121,738.664 5,993,781.259
B4 2,121,760.104 5,993,867.450
B5 2,121,913.322 5,993,900.622
B6 2,121,911.504 5,993,973.329
B7 2,122,043.808 5,994,035.584

Coordinates shown in feet, NAD 83, Zone 3

TABLE 1
Boring Coordinates
Crissy Field Outfall

San Francisco, California
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TABLE 2
Summary of Lead Results - Soil/Sediment

Crissy Field Outfall
San Francisco, California

Sample ID

Sample
Depth
(feet)

Total
Lead

(mg/kg)

WET
Lead
(mg/l) pH

B1-0.5 0.5 to 1 14 --- ---
B1-1.5 1.5 to 2 37 --- ---
B1-3.0 3 to 3.5 <2.0 --- 7.7
B1-6.0 6 to 6.5 <2.0 --- ---
B1-9.0 9 to 9.5 <2.0 --- ---

B2-0.5 0.5 to 1 66 3.5 ---
B2-3.0 3 to 3.5 9.2 --- 7.8
B2-6.0 6 to 6.5 3.6 --- ---
B2-11.0 11 to 11.5 <2.0 --- ---

B3-0.5 0.5 to 1 11 --- ---
B3-1.5 1.5 to 2 4.4 --- ---
B3-3.0 3 to 3.5 3.0 --- 8.9
B3-6.0 6 to 6.5 2.8 --- ---
B3-9.0 9 to 9.5 3.1 --- ---

B4-0.5 0.5 to 1 3.4 --- ---
B4-1.5 1.5 to 2 3.2 --- ---
B4-3.0 3 to 3.5 2.0 --- 9.3
B4-6.0 6 to 6.5 2.3 --- ---
B4-7.5 7.5 to 8 2.7 --- ---
B4-10 10 to 10.5 6.6 --- ---

B5 Sediment 3.9 --- ---

B6 Sediment 3.9 --- ---

B7 Sediment 3.8 --- ---

Equipment Blank 1 <0.0050 --- ---
Equipment Blank 2 <0.0050 --- ---

Hazardous Waste Criteria
TTLC (mg/kg) 1,000 --- ---

STLC (mg/l) --- 5.0 ---
TCLP (mg/l) --- --- ---

Notes:
mg/kg  = Milligrams per kilogram
WET  = Waste Extraction Test using citric acid as the extraction fluid

TTLC  = Total Threshold Limit Concentration
STLC  = Soluble Threshold Limit Concentration
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TABLE 3
Summary of CAM 17 Metals Results - Soil

Crissy Field Outfall
San Francisco, California

Sample
ID
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B1-0.5 0.5 to 1 <2.0 2.5 120 <1.0 <1.0 20 8.9 22 14 <0.10 <1.0 35 <1.0 <1.0 <1.0 39 32

B2-1.5 1.5 to 2 <2.0 2.1 21 <1.0 <1.0 45 4.9 3.8 27 <0.099 <1.0 26 <1.0 <1.0 <1.0 29 26

B3-1.5 1.5 to 2 <2.0 3.7 32 <1.0 <1.0 37 5.3 6.9 4.4 <0.10 <1.0 25 <1.0 <1.0 <1.0 21 17

B4-1.5 1.5 to 2 <2.0 2.8 9.2 <1.0 <1.0 21 3.9 2.4 3.2 <0.10 <1.0 19 <1.0 <1.0 <1.0 18 13
B4-10 10 to 10.5 <2.0 3.2 8.3 <1.0 <1.0 37 4.7 4.2 6.6 <0.10 <1.0 32 <1.0 <1.0 <1.0 17 16

B5 Sediment <2.0 2.4 9.2 <1.0 <1.0 28 4.9 3.4 3.9 <0.10 <1.0 28 <1.0 <1.0 <1.0 17 19

B6 Sediment <2.0 2.4 8.5 <1.0 <1.0 31 4.9 3.4 3.9 <0.10 <1.0 27 <1.0 <1.0 <1.0 17 19

B7 Sediment <2.0 2.5 9.0 <1.0 <1.0 25 4.6 3.8 3.8 <0.10 <1.0 24 <1.0 <1.0 <1.0 16 19

ESLs
Residential Land Use 20 0.39 750 4.0 12 750 23 230 80 6.7 40 150 10 20 0.78 200 600

Commercial/Industrial Land Use 40 0.96 1,500 8.0 12 750 80 230 320 10 40 150 10 40 10 200 600
Construction Worker Exposure 120 10 61,000 180 110 460,000 49 12,000 320 27 1,500 6,100 1,500 1,500 3.1 1,500 93,000

Hazardous Waste Criteria
TTLC (mg/kg) 500 500 10,000 75 100 2,500 8,000 2,500 1,000 20 3,500 2,000 100 500 700 2,400 5,000

STLC (mg/l) 15 5.0 100 0.75 1.0 5.0 80 25 5.0 0.2 350 20 1.0 5.0 7.0 24 250
TCLP (mg/l) --- 5.0 100 --- 1.0 6.0 --- --- 5.0 0.2 --- --- 1.0 5.0 --- --- ---

Notes:
Results are shown in milligrams per kilogram (mg/kg).
Values listed for chromium are for Chromium III, as there is no standard for total chromium.
< = Analyte was not detected above the laboratory reporting limit.
ESLs = Environmental Screening Levels, Tables A-1, A-2, and K-3, SFRWQCB, Revised May 2013.
TTLC = total threshold limit concentration
STLC = soluble threshold limit concentration
TCLP = toxicity characteristic leaching procedure



E8560-02-51 Crissy Field Tables 1 of 1 August 2013

TABLE 4
Summary of Organics Results - Soil/Sediment

Crissy Field Outfall
San Francisco, California

Sample ID
Sample

Depth (ft)
TPHd

(mg/kg)
TPHmo
(mg/kg)

TPHg
(mg/kg)

BTEX
(ug/kg)

VOCs
(ug/kg)

SVOCs
(ug/kg)

PCBs
(ug/kg)

B1-1.5 1.5 to 2 --- --- <1.0 ND ND --- ND
B1-3.0 3 to 3.5 2.6 5.1 --- --- ND --- ND
B1-6.0 6 to 6.5 --- --- --- --- ND --- ---

B2-1.5 1.5 to 2 --- --- <1.0 ND ND --- ND
B2-3.0 3 to 3.5 1.5 2.4 --- --- ND --- ND
B2-6.0 6 to 6.5 --- --- --- --- ND --- ---

B3-1.5 1.5 to 2 --- --- <1.0 ND ND --- ND
B3-3.0 3 to 3.5 1.7 2.1 --- --- ND --- ND
B3-6.0 6 to 6.5 --- --- --- --- ND --- ---

B4-1.5 1.5 to 2 --- --- <1.0 ND ND --- ND
B4-3.0 3 to 3.5 1.1 1.2 --- --- ND --- ND
B4-6.0 6 to 6.5 --- --- --- --- ND --- ---

B5 Sediment 3.1 6.3 <1.0 ND --- ND ND

B6 Sediment 2.8 5.4 <1.0 ND --- ND ND

B7 Sediment 5.6 14 <1.0 ND --- ND ND

ESLs
Residential 100 500 100 --- --- --- ---

Commercial/Industrial 500 2,500 500 --- --- --- ---

Construction Exposure 900 28,000 1,800 --- --- --- ---

Notes:
mg/kg  = milligrams per kilogram
µg/kg  = micrograms per kilogram
TPHd  = Total petroleum hydrocarbons as diesel

TPHmo  = Total petroleum hydrocarbons as motor oil
TPHg  = Total petroleum hydrocarbons as gasoline

BTEX  = Benzene, toluene, ethylbenzene, and xylenes
VOCs  = Volatile organic compounds

SVOCs  = Semivolatile organic compounds
PCBs  = Poly-chlorinated biphenyls

 ---  = Not analyzed or no standard for this compound
<  = Not detected above the stated laboratory reporting limit

ND  = None detected
ESLs ESLs = Environmental Screening Levels, Tables A-1, A-2, and K-3, SFRWQCB, Revised May 2013.
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TABLE 5
Summary of NOA Results - Soil

Crissy Field Outfall
San Francisco, California

Sample Asbestos Content
Sample ID Depth (feet) (% dry weight)

B1-1.5 1.5 to 2 1.25% Chrysotile
B1-3.0 3 to 3.5 <0.25% Chrysotile
B1-6.0 6 to 6.5 ND

B2-0.5 0.5 to 1 ND
B2-1.5 1.5 to 2 ND

B2-11.0 11 to 11.5 ND

B3-1.5 1.5 to 2 ND
B3-3.0 3 to 3.5 ND
B3-6.0 6 to 6.5 ND

B4-1.5 1.5 to 2 ND
B4-6.0 6 to 6.5 <0.25% Chrysotile
B4-7.5 7.5 to 8 <0.25% Chrysotile

ND  = None detected at 0.25% target analytical sensitivity.



E8560-02-51 Crissy Field Tables Page 1 of 1 August 2013

Crissy Field Outfall
San Francisco, California

Sample ID
TPHg/BTEX

(mg/l)
VOCs
(µg/l)

B2-GW ND ND

B3-GW ND ND

Trip Blank <0.050 TPHg

ESLs
GW is current/potential source --- ---

GW not current/potential source --- ---

Surface Water - Freshwater --- ---

Surface Water - Marine --- ---

Surface Water - Estuarine --- ---

Notes:
mg/l  = milligrams per kilogram
µg/l  = micrograms per kilogram

TPHg  = Total petroleum hydrocarbons as gasoline
BTEX  = Benzene, toluene, ethylbenzene, and xylenes
VOCs  = Volatile Organic Compounds

 ---  = Not Analyzed or no standard exists
<  = Not detected above the stated laboratory reporting limit

ND  = None detected
ESLs  = Environmental Screening Levels (Tables F-1a, F-1b, and F-2a through F-2c)

Revised May 2013.

TABLE 6
Summary of Organics Results - Groundwater
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

July 08, 2013

Geocon Consultants, Inc.
Chris Merritt

Attention: Chris Merritt

RE: Caltrans-CrissyField Outfall, E8560-02-51

Workorder No.: N010467FAX: (925) 371-5915
TEL: (925) 371-5900

6671 Brisa Street
Livermore, CA  94550

CA-ELAP No.:2676
NV Cert. No.:NV-009222007A

Thank you for the opportunity to service the needs of your company. 

Please feel free to call me at (702) 307-2659 if I can be of further assistance to your company.

Sincerely,

Jose Tenorio Jr.
Laboratory Director

Enclosed are the results for sample(s) received on June 27, 2013 by Advanced Technology 
Laboratories, Inc. . The sample(s) are tested for the parameters as indicated in the enclosed chain 
of custody in accordance with the applicable laboratory certifications.

The cover letter is an integral part of this analytical report. This Laboratory Report cannot be reproduced in part or in 
its entirety without written permission from the client and Advanced Technology Laboratories - Las Vegas.
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

08-Jul-13Date:Advanced Technology Laboratories, Inc.

Project: Caltrans-CrissyField Outfall, E8560-02-51
CLIENT: Geocon Consultants, Inc.

Lab Order: N010467
CASE NARRATIVE

SAMPLE RECEIVING/GENERAL COMMENTS:

Samples were received intact with proper chain of custody documentation.

Cooler temperature and sample preservation were verified upon receipt of samples if applicable. 

Information on sample receipt conditions including discrepancies can be found in attached Sample 
Receipt Checklist Form.

Samples were analyzed within method holding time.

Analytical Comments for EPA 6010B:

Matrix Spike (MS) and Matrix Spike Duplicate (MSD) are outside recovery criteria for Antimony 
possibly due to matrix interference. The associated Laboratory Control Sample (LCS) recovery was 
acceptable.

Analytical Comments for EPA 8270C:

Matrix Spike (MS) and Matrix Spike Duplicate (MSD) are outside recovery criteria for some analytes 
possibly due to matrix interference. The associated Laboratory Control Sample (LCS) recovery was 
acceptable.

RPD for Matrix Spike (MS)/Matrix Spike Duplicate (MSD) is outside criteria possibly due to non-
homogeneity of sample; however, the analytical batch was validated by the Laboratory Control Sample 
(LCS).

Page 1 of 1
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

08-Jul-13Date:Advanced Technology Laboratories, Inc.

Project: Caltrans-CrissyField Outfall, E8560-02-51
CLIENT: Geocon Consultants, Inc.

Lab Order: N010467
Work Order Sample Summary

Lab Sample ID Client Sample ID Collection DateMatrix Date Received

Contract No:

Date Reported

N010467-001A B5 6/26/2013 8:30:00 AM 6/27/2013 7/8/2013Soil

N010467-001B B5 6/26/2013 8:30:00 AM 6/27/2013 7/8/2013Soil

N010467-002A B6 6/26/2013 8:28:00 AM 6/27/2013 7/8/2013Soil

N010467-002B B6 6/26/2013 8:28:00 AM 6/27/2013 7/8/2013Soil

N010467-003A B7 6/26/2013 8:10:00 AM 6/27/2013 7/8/2013Soil

N010467-003B B7 6/26/2013 8:10:00 AM 6/27/2013 7/8/2013Soil

N010467-004A EB 6/26/2013 9:30:00 AM 6/27/2013 7/8/2013Water

Page 1 of 1
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B5
Collection Date: 6/26/2013 8:30:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-001

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

SEMIVOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8270C

Analyst: MDM

EPA 3550B

RunID: MS3_130701A 43311QC Batch: PrepDate: 6/28/2013

1,2,4-Trichlorobenzene 7/1/2013 12:43 PM330 μg/Kg 1ND
1,2-Dichlorobenzene 7/1/2013 12:43 PM330 μg/Kg 1ND
1,3-Dichlorobenzene 7/1/2013 12:43 PM330 μg/Kg 1ND
1,4-Dichlorobenzene 7/1/2013 12:43 PM330 μg/Kg 1ND
2,4,5-Trichlorophenol 7/1/2013 12:43 PM330 μg/Kg 1ND
2,4,6-Trichlorophenol 7/1/2013 12:43 PM330 μg/Kg 1ND
2,4-Dichlorophenol 7/1/2013 12:43 PM1600 μg/Kg 1ND
2,4-Dimethylphenol 7/1/2013 12:43 PM330 μg/Kg 1ND
2,4-Dinitrophenol 7/1/2013 12:43 PM1600 μg/Kg 1ND
2,4-Dinitrotoluene 7/1/2013 12:43 PM330 μg/Kg 1ND
2,6-Dinitrotoluene 7/1/2013 12:43 PM330 μg/Kg 1ND
2-Chloronaphthalene 7/1/2013 12:43 PM330 μg/Kg 1ND
2-Chlorophenol 7/1/2013 12:43 PM330 μg/Kg 1ND
2-Methylnaphthalene 7/1/2013 12:43 PM330 μg/Kg 1ND
2-Methylphenol 7/1/2013 12:43 PM330 μg/Kg 1ND
2-Nitroaniline 7/1/2013 12:43 PM1600 μg/Kg 1ND
2-Nitrophenol 7/1/2013 12:43 PM330 μg/Kg 1ND
3,3´-Dichlorobenzidine 7/1/2013 12:43 PM660 μg/Kg 1ND
3-Nitroaniline 7/1/2013 12:43 PM1600 μg/Kg 1ND
4,6-Dinitro-2-methylphenol 7/1/2013 12:43 PM1600 μg/Kg 1ND
4-Bromophenyl-phenylether 7/1/2013 12:43 PM330 μg/Kg 1ND
4-Chloro-3-methylphenol 7/1/2013 12:43 PM660 μg/Kg 1ND
4-Chloroaniline 7/1/2013 12:43 PM660 μg/Kg 1ND
4-Chlorophenyl-phenylether 7/1/2013 12:43 PM330 μg/Kg 1ND
4-Methylphenol 7/1/2013 12:43 PM330 μg/Kg 1ND
4-Nitroaniline 7/1/2013 12:43 PM1600 μg/Kg 1ND
4-Nitrophenol 7/1/2013 12:43 PM1600 μg/Kg 1ND
Acenaphthene 7/1/2013 12:43 PM330 μg/Kg 1ND
Acenaphthylene 7/1/2013 12:43 PM330 μg/Kg 1ND
Anthracene 7/1/2013 12:43 PM330 μg/Kg 1ND
Benzidine (M) 7/1/2013 12:43 PM1600 μg/Kg 1ND
Benzo(a)anthracene 7/1/2013 12:43 PM330 μg/Kg 1ND
Benzo(a)pyrene 7/1/2013 12:43 PM330 μg/Kg 1ND
Benzo(b)fluoranthene 7/1/2013 12:43 PM330 μg/Kg 1ND
Benzo(g,h,i)perylene 7/1/2013 12:43 PM330 μg/Kg 1ND
Benzo(k)fluoranthene 7/1/2013 12:43 PM330 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B5
Collection Date: 6/26/2013 8:30:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-001

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

SEMIVOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8270C

Analyst: MDM

EPA 3550B

RunID: MS3_130701A 43311QC Batch: PrepDate: 6/28/2013

Benzoic acid 7/1/2013 12:43 PM1600 μg/Kg 1ND
Benzyl alcohol 7/1/2013 12:43 PM660 μg/Kg 1ND
Bis(2-chloroethoxy)methane 7/1/2013 12:43 PM330 μg/Kg 1ND
Bis(2-chloroethyl)ether 7/1/2013 12:43 PM330 μg/Kg 1ND
Bis(2-chloroisopropyl)ether 7/1/2013 12:43 PM330 μg/Kg 1ND
Bis(2-ethylhexyl)phthalate 7/1/2013 12:43 PM330 μg/Kg 1ND
Butylbenzylphthalate 7/1/2013 12:43 PM330 μg/Kg 1ND
Chrysene 7/1/2013 12:43 PM330 μg/Kg 1ND
Di-n-butylphthalate 7/1/2013 12:43 PM330 μg/Kg 1ND
Di-n-octylphthalate 7/1/2013 12:43 PM330 μg/Kg 1ND
Dibenz(a,h)anthracene 7/1/2013 12:43 PM330 μg/Kg 1ND
Dibenzofuran 7/1/2013 12:43 PM330 μg/Kg 1ND
Diethylphthalate 7/1/2013 12:43 PM330 μg/Kg 1ND
Dimethylphthalate 7/1/2013 12:43 PM330 μg/Kg 1ND
Fluoranthene 7/1/2013 12:43 PM330 μg/Kg 1ND
Fluorene 7/1/2013 12:43 PM330 μg/Kg 1ND
Hexachlorobenzene 7/1/2013 12:43 PM330 μg/Kg 1ND
Hexachlorobutadiene 7/1/2013 12:43 PM660 μg/Kg 1ND
Hexachlorocyclopentadiene 7/1/2013 12:43 PM660 μg/Kg 1ND
Hexachloroethane 7/1/2013 12:43 PM330 μg/Kg 1ND
Indeno(1,2,3-cd)pyrene 7/1/2013 12:43 PM330 μg/Kg 1ND
Isophorone 7/1/2013 12:43 PM330 μg/Kg 1ND
N-Nitrosodi-n-propylamine 7/1/2013 12:43 PM330 μg/Kg 1ND
N-Nitrosodiphenylamine 7/1/2013 12:43 PM330 μg/Kg 1ND
Naphthalene 7/1/2013 12:43 PM330 μg/Kg 1ND
Nitrobenzene 7/1/2013 12:43 PM330 μg/Kg 1ND
Pentachlorophenol 7/1/2013 12:43 PM1600 μg/Kg 1ND
Phenanthrene 7/1/2013 12:43 PM330 μg/Kg 1ND
Phenol 7/1/2013 12:43 PM330 μg/Kg 1ND
Pyrene 7/1/2013 12:43 PM330 μg/Kg 1ND
 Surr: 1,2-Dichlorobenzene-d4 7/1/2013 12:43 PM23-120 %REC 142.6
 Surr: 2,4,6-Tribromophenol 7/1/2013 12:43 PM24-134 %REC 172.7
 Surr: 2-Chlorophenol-d4 7/1/2013 12:43 PM28-120 %REC 154.4
 Surr: 2-Fluorobiphenyl 7/1/2013 12:43 PM32-120 %REC 155.4
 Surr: 2-Fluorophenol 7/1/2013 12:43 PM29-120 %REC 154.9
 Surr: 4-Terphenyl-d14 7/1/2013 12:43 PM51-128 %REC 181.9

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B5
Collection Date: 6/26/2013 8:30:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-001

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

SEMIVOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8270C

Analyst: MDM

EPA 3550B

RunID: MS3_130701A 43311QC Batch: PrepDate: 6/28/2013

 Surr: Nitrobenzene-d5 7/1/2013 12:43 PM29-120 %REC 159.2
 Surr: Phenol-d5 7/1/2013 12:43 PM28-120 %REC 156.9

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130627A D13VS038QC Batch: PrepDate:

Benzene 6/27/2013 05:21 PM5.0 μg/Kg 1ND
Ethylbenzene 6/27/2013 05:21 PM5.0 μg/Kg 1ND
m,p-Xylene 6/27/2013 05:21 PM10 μg/Kg 1ND
o-Xylene 6/27/2013 05:21 PM5.0 μg/Kg 1ND
Toluene 6/27/2013 05:21 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 6/27/2013 05:21 PM63-139 %REC 181.4
 Surr: 4-Bromofluorobenzene 6/27/2013 05:21 PM75-124 %REC 186.1
 Surr: Dibromofluoromethane 6/27/2013 05:21 PM70-133 %REC 192.6
 Surr: Toluene-d8 6/27/2013 05:21 PM80-123 %REC 1103

DIESEL  & MOTOR OIL RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: MDM

EPA 3550B

RunID: GC3_130701A 43322QC Batch: PrepDate: 7/1/2013

DRO 7/1/2013 05:09 PM1.0 mg/Kg 13.1
ORO 7/1/2013 05:09 PM1.0 mg/Kg 16.3
 Surr: p-Terphenyl 7/1/2013 05:09 PM59-127 %REC 197.9

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702A 43312QC Batch: PrepDate: 6/28/2013

Aroclor 1016 7/2/2013 02:02 PM17 μg/Kg 1ND
Aroclor 1221 7/2/2013 02:02 PM33 μg/Kg 1ND
Aroclor 1232 7/2/2013 02:02 PM17 μg/Kg 1ND
Aroclor 1242 7/2/2013 02:02 PM17 μg/Kg 1ND
Aroclor 1248 7/2/2013 02:02 PM17 μg/Kg 1ND
Aroclor 1254 7/2/2013 02:02 PM17 μg/Kg 1ND
Aroclor 1260 7/2/2013 02:02 PM17 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/2/2013 02:02 PM40-146 %REC 185.3
 Surr: Tetrachloro-m-xylene 7/2/2013 02:02 PM32-109 %REC 159.6

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B5
Collection Date: 6/26/2013 8:30:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-001

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

GASOLINE  RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: QBMRunID: GC4_130627B E13VS069QC Batch: PrepDate:

GRO 6/27/2013 03:03 PM1.0 mg/Kg 1ND
 Surr: Chlorobenzene - d5 6/27/2013 03:03 PM51-136 %REC 198.1

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: LCC

EPA 7471

RunID: AA1_130627B 43302QC Batch: PrepDate: 6/27/2013

Mercury 6/27/20130.10 mg/Kg 1ND
ICP METALS

EPA 6010B

Analyst: admin

EPA 3050B

RunID: ICP2_130708A 43320QC Batch: PrepDate: 7/1/2013

Antimony 7/8/2013 10:50 AM2.0 mg/Kg 1ND
Arsenic 7/8/2013 10:50 AM1.0 mg/Kg 12.4
Barium 7/8/2013 10:50 AM1.0 mg/Kg 19.2
Beryllium 7/8/2013 10:50 AM1.0 mg/Kg 1ND
Cadmium 7/8/2013 10:50 AM1.0 mg/Kg 1ND
Chromium 7/8/2013 10:50 AM1.0 mg/Kg 128
Cobalt 7/8/2013 10:50 AM1.0 mg/Kg 14.9
Copper 7/8/2013 10:50 AM2.0 mg/Kg 13.4
Lead 7/8/2013 10:50 AM1.0 mg/Kg 13.9
Molybdenum 7/8/2013 10:50 AM1.0 mg/Kg 1ND
Nickel 7/8/2013 10:50 AM1.0 mg/Kg 128
Selenium 7/8/2013 10:50 AM1.0 mg/Kg 1ND
Silver 7/8/2013 10:50 AM1.0 mg/Kg 1ND
Thallium 7/8/2013 10:50 AM1.0 mg/Kg 1ND
Vanadium 7/8/2013 10:50 AM1.0 mg/Kg 117
Zinc 7/8/2013 10:50 AM1.0 mg/Kg 119

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B6
Collection Date: 6/26/2013 8:28:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-002

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

SEMIVOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8270C

Analyst: MDM

EPA 3550B

RunID: MS3_130701A 43311QC Batch: PrepDate: 6/28/2013

1,2,4-Trichlorobenzene 7/1/2013 01:38 PM330 μg/Kg 1ND
1,2-Dichlorobenzene 7/1/2013 01:38 PM330 μg/Kg 1ND
1,3-Dichlorobenzene 7/1/2013 01:38 PM330 μg/Kg 1ND
1,4-Dichlorobenzene 7/1/2013 01:38 PM330 μg/Kg 1ND
2,4,5-Trichlorophenol 7/1/2013 01:38 PM330 μg/Kg 1ND
2,4,6-Trichlorophenol 7/1/2013 01:38 PM330 μg/Kg 1ND
2,4-Dichlorophenol 7/1/2013 01:38 PM1600 μg/Kg 1ND
2,4-Dimethylphenol 7/1/2013 01:38 PM330 μg/Kg 1ND
2,4-Dinitrophenol 7/1/2013 01:38 PM1600 μg/Kg 1ND
2,4-Dinitrotoluene 7/1/2013 01:38 PM330 μg/Kg 1ND
2,6-Dinitrotoluene 7/1/2013 01:38 PM330 μg/Kg 1ND
2-Chloronaphthalene 7/1/2013 01:38 PM330 μg/Kg 1ND
2-Chlorophenol 7/1/2013 01:38 PM330 μg/Kg 1ND
2-Methylnaphthalene 7/1/2013 01:38 PM330 μg/Kg 1ND
2-Methylphenol 7/1/2013 01:38 PM330 μg/Kg 1ND
2-Nitroaniline 7/1/2013 01:38 PM1600 μg/Kg 1ND
2-Nitrophenol 7/1/2013 01:38 PM330 μg/Kg 1ND
3,3´-Dichlorobenzidine 7/1/2013 01:38 PM660 μg/Kg 1ND
3-Nitroaniline 7/1/2013 01:38 PM1600 μg/Kg 1ND
4,6-Dinitro-2-methylphenol 7/1/2013 01:38 PM1600 μg/Kg 1ND
4-Bromophenyl-phenylether 7/1/2013 01:38 PM330 μg/Kg 1ND
4-Chloro-3-methylphenol 7/1/2013 01:38 PM660 μg/Kg 1ND
4-Chloroaniline 7/1/2013 01:38 PM660 μg/Kg 1ND
4-Chlorophenyl-phenylether 7/1/2013 01:38 PM330 μg/Kg 1ND
4-Methylphenol 7/1/2013 01:38 PM330 μg/Kg 1ND
4-Nitroaniline 7/1/2013 01:38 PM1600 μg/Kg 1ND
4-Nitrophenol 7/1/2013 01:38 PM1600 μg/Kg 1ND
Acenaphthene 7/1/2013 01:38 PM330 μg/Kg 1ND
Acenaphthylene 7/1/2013 01:38 PM330 μg/Kg 1ND
Anthracene 7/1/2013 01:38 PM330 μg/Kg 1ND
Benzidine (M) 7/1/2013 01:38 PM1600 μg/Kg 1ND
Benzo(a)anthracene 7/1/2013 01:38 PM330 μg/Kg 1ND
Benzo(a)pyrene 7/1/2013 01:38 PM330 μg/Kg 1ND
Benzo(b)fluoranthene 7/1/2013 01:38 PM330 μg/Kg 1ND
Benzo(g,h,i)perylene 7/1/2013 01:38 PM330 μg/Kg 1ND
Benzo(k)fluoranthene 7/1/2013 01:38 PM330 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B6
Collection Date: 6/26/2013 8:28:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-002

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

SEMIVOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8270C

Analyst: MDM

EPA 3550B

RunID: MS3_130701A 43311QC Batch: PrepDate: 6/28/2013

Benzoic acid 7/1/2013 01:38 PM1600 μg/Kg 1ND
Benzyl alcohol 7/1/2013 01:38 PM660 μg/Kg 1ND
Bis(2-chloroethoxy)methane 7/1/2013 01:38 PM330 μg/Kg 1ND
Bis(2-chloroethyl)ether 7/1/2013 01:38 PM330 μg/Kg 1ND
Bis(2-chloroisopropyl)ether 7/1/2013 01:38 PM330 μg/Kg 1ND
Bis(2-ethylhexyl)phthalate 7/1/2013 01:38 PM330 μg/Kg 1ND
Butylbenzylphthalate 7/1/2013 01:38 PM330 μg/Kg 1ND
Chrysene 7/1/2013 01:38 PM330 μg/Kg 1ND
Di-n-butylphthalate 7/1/2013 01:38 PM330 μg/Kg 1ND
Di-n-octylphthalate 7/1/2013 01:38 PM330 μg/Kg 1ND
Dibenz(a,h)anthracene 7/1/2013 01:38 PM330 μg/Kg 1ND
Dibenzofuran 7/1/2013 01:38 PM330 μg/Kg 1ND
Diethylphthalate 7/1/2013 01:38 PM330 μg/Kg 1ND
Dimethylphthalate 7/1/2013 01:38 PM330 μg/Kg 1ND
Fluoranthene 7/1/2013 01:38 PM330 μg/Kg 1ND
Fluorene 7/1/2013 01:38 PM330 μg/Kg 1ND
Hexachlorobenzene 7/1/2013 01:38 PM330 μg/Kg 1ND
Hexachlorobutadiene 7/1/2013 01:38 PM660 μg/Kg 1ND
Hexachlorocyclopentadiene 7/1/2013 01:38 PM660 μg/Kg 1ND
Hexachloroethane 7/1/2013 01:38 PM330 μg/Kg 1ND
Indeno(1,2,3-cd)pyrene 7/1/2013 01:38 PM330 μg/Kg 1ND
Isophorone 7/1/2013 01:38 PM330 μg/Kg 1ND
N-Nitrosodi-n-propylamine 7/1/2013 01:38 PM330 μg/Kg 1ND
N-Nitrosodiphenylamine 7/1/2013 01:38 PM330 μg/Kg 1ND
Naphthalene 7/1/2013 01:38 PM330 μg/Kg 1ND
Nitrobenzene 7/1/2013 01:38 PM330 μg/Kg 1ND
Pentachlorophenol 7/1/2013 01:38 PM1600 μg/Kg 1ND
Phenanthrene 7/1/2013 01:38 PM330 μg/Kg 1ND
Phenol 7/1/2013 01:38 PM330 μg/Kg 1ND
Pyrene 7/1/2013 01:38 PM330 μg/Kg 1ND
 Surr: 1,2-Dichlorobenzene-d4 7/1/2013 01:38 PM23-120 %REC 146.2
 Surr: 2,4,6-Tribromophenol 7/1/2013 01:38 PM24-134 %REC 174.3
 Surr: 2-Chlorophenol-d4 7/1/2013 01:38 PM28-120 %REC 155.8
 Surr: 2-Fluorobiphenyl 7/1/2013 01:38 PM32-120 %REC 157.2
 Surr: 2-Fluorophenol 7/1/2013 01:38 PM29-120 %REC 157.8
 Surr: 4-Terphenyl-d14 7/1/2013 01:38 PM51-128 %REC 179.5

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B6
Collection Date: 6/26/2013 8:28:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-002

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

SEMIVOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8270C

Analyst: MDM

EPA 3550B

RunID: MS3_130701A 43311QC Batch: PrepDate: 6/28/2013

 Surr: Nitrobenzene-d5 7/1/2013 01:38 PM29-120 %REC 162.0
 Surr: Phenol-d5 7/1/2013 01:38 PM28-120 %REC 159.1

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130627A D13VS038QC Batch: PrepDate:

Benzene 6/27/2013 05:43 PM5.0 μg/Kg 1ND
Ethylbenzene 6/27/2013 05:43 PM5.0 μg/Kg 1ND
m,p-Xylene 6/27/2013 05:43 PM10 μg/Kg 1ND
o-Xylene 6/27/2013 05:43 PM5.0 μg/Kg 1ND
Toluene 6/27/2013 05:43 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 6/27/2013 05:43 PM63-139 %REC 184.6
 Surr: 4-Bromofluorobenzene 6/27/2013 05:43 PM75-124 %REC 188.3
 Surr: Dibromofluoromethane 6/27/2013 05:43 PM70-133 %REC 195.2
 Surr: Toluene-d8 6/27/2013 05:43 PM80-123 %REC 1106

DIESEL  & MOTOR OIL RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: MDM

EPA 3550B

RunID: GC3_130701A 43322QC Batch: PrepDate: 7/1/2013

DRO 7/1/2013 05:37 PM1.0 mg/Kg 12.8
ORO 7/1/2013 05:37 PM1.0 mg/Kg 15.4
 Surr: p-Terphenyl 7/1/2013 05:37 PM59-127 %REC 1104

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702A 43312QC Batch: PrepDate: 6/28/2013

Aroclor 1016 7/2/2013 02:32 PM16 μg/Kg 1ND
Aroclor 1221 7/2/2013 02:32 PM33 μg/Kg 1ND
Aroclor 1232 7/2/2013 02:32 PM16 μg/Kg 1ND
Aroclor 1242 7/2/2013 02:32 PM16 μg/Kg 1ND
Aroclor 1248 7/2/2013 02:32 PM16 μg/Kg 1ND
Aroclor 1254 7/2/2013 02:32 PM16 μg/Kg 1ND
Aroclor 1260 7/2/2013 02:32 PM16 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/2/2013 02:32 PM40-146 %REC 162.4
 Surr: Tetrachloro-m-xylene 7/2/2013 02:32 PM32-109 %REC 148.6

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B6
Collection Date: 6/26/2013 8:28:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-002

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

GASOLINE  RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: QBMRunID: GC4_130627B E13VS069QC Batch: PrepDate:

GRO 6/27/2013 03:34 PM1.0 mg/Kg 1ND
 Surr: Chlorobenzene - d5 6/27/2013 03:34 PM51-136 %REC 1103

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: LCC

EPA 7471

RunID: AA1_130627B 43302QC Batch: PrepDate: 6/27/2013

Mercury 6/27/20130.10 mg/Kg 1ND
ICP METALS

EPA 6010B

Analyst: admin

EPA 3050B

RunID: ICP2_130708A 43320QC Batch: PrepDate: 7/1/2013

Antimony 7/8/2013 10:56 AM2.0 mg/Kg 1ND
Arsenic 7/8/2013 10:56 AM1.0 mg/Kg 12.4
Barium 7/8/2013 10:56 AM1.0 mg/Kg 18.5
Beryllium 7/8/2013 10:56 AM1.0 mg/Kg 1ND
Cadmium 7/8/2013 10:56 AM1.0 mg/Kg 1ND
Chromium 7/8/2013 10:56 AM1.0 mg/Kg 131
Cobalt 7/8/2013 10:56 AM1.0 mg/Kg 14.9
Copper 7/8/2013 10:56 AM2.0 mg/Kg 13.4
Lead 7/8/2013 10:56 AM1.0 mg/Kg 13.9
Molybdenum 7/8/2013 10:56 AM1.0 mg/Kg 1ND
Nickel 7/8/2013 10:56 AM1.0 mg/Kg 127
Selenium 7/8/2013 10:56 AM1.0 mg/Kg 1ND
Silver 7/8/2013 10:56 AM1.0 mg/Kg 1ND
Thallium 7/8/2013 10:56 AM1.0 mg/Kg 1ND
Vanadium 7/8/2013 10:56 AM1.0 mg/Kg 117
Zinc 7/8/2013 10:56 AM1.0 mg/Kg 119

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B7
Collection Date: 6/26/2013 8:10:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-003

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

SEMIVOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8270C

Analyst: MDM

EPA 3550B

RunID: MS3_130701A 43311QC Batch: PrepDate: 6/28/2013

1,2,4-Trichlorobenzene 7/1/2013 02:06 PM330 μg/Kg 1ND
1,2-Dichlorobenzene 7/1/2013 02:06 PM330 μg/Kg 1ND
1,3-Dichlorobenzene 7/1/2013 02:06 PM330 μg/Kg 1ND
1,4-Dichlorobenzene 7/1/2013 02:06 PM330 μg/Kg 1ND
2,4,5-Trichlorophenol 7/1/2013 02:06 PM330 μg/Kg 1ND
2,4,6-Trichlorophenol 7/1/2013 02:06 PM330 μg/Kg 1ND
2,4-Dichlorophenol 7/1/2013 02:06 PM1700 μg/Kg 1ND
2,4-Dimethylphenol 7/1/2013 02:06 PM330 μg/Kg 1ND
2,4-Dinitrophenol 7/1/2013 02:06 PM1700 μg/Kg 1ND
2,4-Dinitrotoluene 7/1/2013 02:06 PM330 μg/Kg 1ND
2,6-Dinitrotoluene 7/1/2013 02:06 PM330 μg/Kg 1ND
2-Chloronaphthalene 7/1/2013 02:06 PM330 μg/Kg 1ND
2-Chlorophenol 7/1/2013 02:06 PM330 μg/Kg 1ND
2-Methylnaphthalene 7/1/2013 02:06 PM330 μg/Kg 1ND
2-Methylphenol 7/1/2013 02:06 PM330 μg/Kg 1ND
2-Nitroaniline 7/1/2013 02:06 PM1700 μg/Kg 1ND
2-Nitrophenol 7/1/2013 02:06 PM330 μg/Kg 1ND
3,3´-Dichlorobenzidine 7/1/2013 02:06 PM660 μg/Kg 1ND
3-Nitroaniline 7/1/2013 02:06 PM1700 μg/Kg 1ND
4,6-Dinitro-2-methylphenol 7/1/2013 02:06 PM1700 μg/Kg 1ND
4-Bromophenyl-phenylether 7/1/2013 02:06 PM330 μg/Kg 1ND
4-Chloro-3-methylphenol 7/1/2013 02:06 PM660 μg/Kg 1ND
4-Chloroaniline 7/1/2013 02:06 PM660 μg/Kg 1ND
4-Chlorophenyl-phenylether 7/1/2013 02:06 PM330 μg/Kg 1ND
4-Methylphenol 7/1/2013 02:06 PM330 μg/Kg 1ND
4-Nitroaniline 7/1/2013 02:06 PM1700 μg/Kg 1ND
4-Nitrophenol 7/1/2013 02:06 PM1700 μg/Kg 1ND
Acenaphthene 7/1/2013 02:06 PM330 μg/Kg 1ND
Acenaphthylene 7/1/2013 02:06 PM330 μg/Kg 1ND
Anthracene 7/1/2013 02:06 PM330 μg/Kg 1ND
Benzidine (M) 7/1/2013 02:06 PM1700 μg/Kg 1ND
Benzo(a)anthracene 7/1/2013 02:06 PM330 μg/Kg 1ND
Benzo(a)pyrene 7/1/2013 02:06 PM330 μg/Kg 1ND
Benzo(b)fluoranthene 7/1/2013 02:06 PM330 μg/Kg 1ND
Benzo(g,h,i)perylene 7/1/2013 02:06 PM330 μg/Kg 1ND
Benzo(k)fluoranthene 7/1/2013 02:06 PM330 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B7
Collection Date: 6/26/2013 8:10:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-003

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

SEMIVOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8270C

Analyst: MDM

EPA 3550B

RunID: MS3_130701A 43311QC Batch: PrepDate: 6/28/2013

Benzoic acid 7/1/2013 02:06 PM1700 μg/Kg 1ND
Benzyl alcohol 7/1/2013 02:06 PM660 μg/Kg 1ND
Bis(2-chloroethoxy)methane 7/1/2013 02:06 PM330 μg/Kg 1ND
Bis(2-chloroethyl)ether 7/1/2013 02:06 PM330 μg/Kg 1ND
Bis(2-chloroisopropyl)ether 7/1/2013 02:06 PM330 μg/Kg 1ND
Bis(2-ethylhexyl)phthalate 7/1/2013 02:06 PM330 μg/Kg 1ND
Butylbenzylphthalate 7/1/2013 02:06 PM330 μg/Kg 1ND
Chrysene 7/1/2013 02:06 PM330 μg/Kg 1ND
Di-n-butylphthalate 7/1/2013 02:06 PM330 μg/Kg 1ND
Di-n-octylphthalate 7/1/2013 02:06 PM330 μg/Kg 1ND
Dibenz(a,h)anthracene 7/1/2013 02:06 PM330 μg/Kg 1ND
Dibenzofuran 7/1/2013 02:06 PM330 μg/Kg 1ND
Diethylphthalate 7/1/2013 02:06 PM330 μg/Kg 1ND
Dimethylphthalate 7/1/2013 02:06 PM330 μg/Kg 1ND
Fluoranthene 7/1/2013 02:06 PM330 μg/Kg 1ND
Fluorene 7/1/2013 02:06 PM330 μg/Kg 1ND
Hexachlorobenzene 7/1/2013 02:06 PM330 μg/Kg 1ND
Hexachlorobutadiene 7/1/2013 02:06 PM660 μg/Kg 1ND
Hexachlorocyclopentadiene 7/1/2013 02:06 PM660 μg/Kg 1ND
Hexachloroethane 7/1/2013 02:06 PM330 μg/Kg 1ND
Indeno(1,2,3-cd)pyrene 7/1/2013 02:06 PM330 μg/Kg 1ND
Isophorone 7/1/2013 02:06 PM330 μg/Kg 1ND
N-Nitrosodi-n-propylamine 7/1/2013 02:06 PM330 μg/Kg 1ND
N-Nitrosodiphenylamine 7/1/2013 02:06 PM330 μg/Kg 1ND
Naphthalene 7/1/2013 02:06 PM330 μg/Kg 1ND
Nitrobenzene 7/1/2013 02:06 PM330 μg/Kg 1ND
Pentachlorophenol 7/1/2013 02:06 PM1700 μg/Kg 1ND
Phenanthrene 7/1/2013 02:06 PM330 μg/Kg 1ND
Phenol 7/1/2013 02:06 PM330 μg/Kg 1ND
Pyrene 7/1/2013 02:06 PM330 μg/Kg 1ND
 Surr: 1,2-Dichlorobenzene-d4 7/1/2013 02:06 PM23-120 %REC 151.3
 Surr: 2,4,6-Tribromophenol 7/1/2013 02:06 PM24-134 %REC 177.1
 Surr: 2-Chlorophenol-d4 7/1/2013 02:06 PM28-120 %REC 163.2
 Surr: 2-Fluorobiphenyl 7/1/2013 02:06 PM32-120 %REC 164.3
 Surr: 2-Fluorophenol 7/1/2013 02:06 PM29-120 %REC 163.2
 Surr: 4-Terphenyl-d14 7/1/2013 02:06 PM51-128 %REC 189.4

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B7
Collection Date: 6/26/2013 8:10:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-003

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

SEMIVOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8270C

Analyst: MDM

EPA 3550B

RunID: MS3_130701A 43311QC Batch: PrepDate: 6/28/2013

 Surr: Nitrobenzene-d5 7/1/2013 02:06 PM29-120 %REC 168.8
 Surr: Phenol-d5 7/1/2013 02:06 PM28-120 %REC 165.1

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130627A D13VS038QC Batch: PrepDate:

Benzene 6/27/2013 06:06 PM5.0 μg/Kg 1ND
Ethylbenzene 6/27/2013 06:06 PM5.0 μg/Kg 1ND
m,p-Xylene 6/27/2013 06:06 PM10 μg/Kg 1ND
o-Xylene 6/27/2013 06:06 PM5.0 μg/Kg 1ND
Toluene 6/27/2013 06:06 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 6/27/2013 06:06 PM63-139 %REC 187.9
 Surr: 4-Bromofluorobenzene 6/27/2013 06:06 PM75-124 %REC 183.1
 Surr: Dibromofluoromethane 6/27/2013 06:06 PM70-133 %REC 193.5
 Surr: Toluene-d8 6/27/2013 06:06 PM80-123 %REC 1102

DIESEL  & MOTOR OIL RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: MDM

EPA 3550B

RunID: GC3_130701A 43322QC Batch: PrepDate: 7/1/2013

DRO 7/1/2013 06:04 PM1.0 mg/Kg 15.6
ORO 7/1/2013 06:04 PM1.0 mg/Kg 114
 Surr: p-Terphenyl 7/1/2013 06:04 PM59-127 %REC 194.2

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702A 43312QC Batch: PrepDate: 6/28/2013

Aroclor 1016 7/2/2013 03:31 PM17 μg/Kg 1ND
Aroclor 1221 7/2/2013 03:31 PM33 μg/Kg 1ND
Aroclor 1232 7/2/2013 03:31 PM17 μg/Kg 1ND
Aroclor 1242 7/2/2013 03:31 PM17 μg/Kg 1ND
Aroclor 1248 7/2/2013 03:31 PM17 μg/Kg 1ND
Aroclor 1254 7/2/2013 03:31 PM17 μg/Kg 1ND
Aroclor 1260 7/2/2013 03:31 PM17 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/2/2013 03:31 PM40-146 %REC 178.5
 Surr: Tetrachloro-m-xylene 7/2/2013 03:31 PM32-109 %REC 150.5

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: B7
Collection Date: 6/26/2013 8:10:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-003

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

GASOLINE  RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: QBMRunID: GC4_130627B E13VS069QC Batch: PrepDate:

GRO 6/27/2013 04:06 PM1.0 mg/Kg 1ND
 Surr: Chlorobenzene - d5 6/27/2013 04:06 PM51-136 %REC 1102

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: LCC

EPA 7471

RunID: AA1_130627B 43302QC Batch: PrepDate: 6/27/2013

Mercury 6/27/20130.10 mg/Kg 1ND
ICP METALS

EPA 6010B

Analyst: admin

EPA 3050B

RunID: ICP2_130708A 43320QC Batch: PrepDate: 7/1/2013

Antimony 7/8/2013 11:50 AM2.0 mg/Kg 1ND
Arsenic 7/8/2013 11:50 AM1.0 mg/Kg 12.5
Barium 7/8/2013 11:50 AM1.0 mg/Kg 19.0
Beryllium 7/8/2013 11:50 AM1.0 mg/Kg 1ND
Cadmium 7/8/2013 11:50 AM1.0 mg/Kg 1ND
Chromium 7/8/2013 11:50 AM1.0 mg/Kg 125
Cobalt 7/8/2013 11:50 AM1.0 mg/Kg 14.6
Copper 7/8/2013 11:50 AM2.0 mg/Kg 13.8
Lead 7/8/2013 11:50 AM1.0 mg/Kg 13.8
Molybdenum 7/8/2013 11:50 AM1.0 mg/Kg 1ND
Nickel 7/8/2013 11:50 AM1.0 mg/Kg 124
Selenium 7/8/2013 11:50 AM1.0 mg/Kg 1ND
Silver 7/8/2013 11:50 AM1.0 mg/Kg 1ND
Thallium 7/8/2013 11:50 AM1.0 mg/Kg 1ND
Vanadium 7/8/2013 11:50 AM1.0 mg/Kg 116
Zinc 7/8/2013 11:50 AM1.0 mg/Kg 119

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

15 of 46
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Project: Caltrans-CrissyField Outfall, E8560-02-51

Client Sample ID: EB
Collection Date: 6/26/2013 9:30:00 AM

Matrix: WATER

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010467

DF

Lab ID: N010467-004

Advanced Technology Laboratories, Inc. Print Date: 08-Jul-13

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3010A

RunID: ICP2_130703C 43325QC Batch: PrepDate: 7/1/2013

Lead 7/3/2013 01:34 PM0.0050 mg/L 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

July 09, 2013

Geocon Consultants, Inc.
Luann Beadle

Attention: Luann Beadle

RE: Crissy Field Outfall, E8560-02-51

Workorder No.: N010479FAX: (925) 371-5915
TEL: 925-371-5900 Ext 403

6671 Brisa Street
Livermore, CA  94550

CA-ELAP No.:2676
NV Cert. No.:NV-009222007A

Thank you for the opportunity to service the needs of your company. 

Please feel free to call me at (702) 307-2659 if I can be of further assistance to your company.

Sincerely,

Jose Tenorio Jr.
Laboratory Director

Enclosed are the results for sample(s) received on June 28, 2013 by Advanced Technology 
Laboratories, Inc. . The sample(s) are tested for the parameters as indicated in the enclosed chain 
of custody in accordance with the applicable laboratory certifications.

The cover letter is an integral part of this analytical report. This Laboratory Report cannot be reproduced in part or in 
its entirety without written permission from the client and Advanced Technology Laboratories - Las Vegas.
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

09-Jul-13Date:Advanced Technology Laboratories, Inc.

Project: Crissy Field Outfall, E8560-02-51
CLIENT: Geocon Consultants, Inc.

Lab Order: N010479
CASE NARRATIVE

SAMPLE RECEIVING/GENERAL COMMENTS:

Samples were received intact with proper chain of custody documentation.

Cooler temperature and sample preservation were verified upon receipt of samples if applicable. 

Information on sample receipt conditions including discrepancies can be found in attached Sample 
Receipt Checklist Form.

Samples were analyzed within method holding time.

Analytical Comments for EPA 6010B:

Matrix Spike (MS) and Matrix Spike Duplicate (MSD) are outside recovery criteria for Antimony on 
QC samples N010478-001B-MS and N010478-001B-MSD possibly due to matrix interference. The 
associated Laboratory Control Sample (LCS) recovery was acceptable.

Matrix Spike (MS) is outside recovery criteria for Lead on QC samples N010479-021AMS possibly 
due to matrix interference. The associated Laboratory Control Sample (LCS) recovery was acceptable.

RPD for Sample Duplicate (DUP) is outside criteria for samples N010479-002A-DUP and N010479-
014A-DUP possibly due to non-homogeneity of sample; however, the Laboratory Control Sample 
(LCS) validated the analytical batch.

Analytical Comments for EPA 8015B DRO/ORO:

RPD for Sample Duplicate (DUP) is outside criteria for sample N010479-003A-DUP possibly due to 
non-homogeneity of sample; however, the Laboratory Control Sample (LCS) validated the analytical 
batch.

Page 1 of 1
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

09-Jul-13Date:Advanced Technology Laboratories, Inc.

Project: Crissy Field Outfall, E8560-02-51
CLIENT: Geocon Consultants, Inc.

Lab Order: N010479
Work Order Sample Summary

Lab Sample ID Client Sample ID Collection DateMatrix Date Received

Contract No:

Date Reported

N010479-001A B1-0.5 6/27/2013 10:10:00 AM 6/28/2013 7/9/2013Soil

N010479-002A B1-1.5 6/27/2013 10:15:00 AM 6/28/2013 7/9/2013Soil

N010479-003A B1-3.0 6/27/2013 10:20:00 AM 6/28/2013 7/9/2013Soil

N010479-004A B1-6.0 6/27/2013 10:25:00 AM 6/28/2013 7/9/2013Soil

N010479-005A B1-9.0 6/27/2013 10:25:00 AM 6/28/2013 7/9/2013Soil

N010479-006A B2-0.5 6/27/2013 11:05:00 AM 6/28/2013 7/9/2013Soil

N010479-007A B2-1.5 6/27/2013 11:10:00 AM 6/28/2013 7/9/2013Soil

N010479-008A B2-3.0 6/27/2013 11:20:00 AM 6/28/2013 7/9/2013Soil

N010479-009A B2-6.0 6/27/2013 11:40:00 AM 6/28/2013 7/9/2013Soil

N010479-010A B2-11.0 6/27/2013 11:50:00 AM 6/28/2013 7/9/2013Soil

N010479-011A B3-0.5 6/27/2013 8:20:00 AM 6/28/2013 7/9/2013Soil

N010479-012A B3-1.5 6/27/2013 8:25:00 AM 6/28/2013 7/9/2013Soil

N010479-013A B3-3.0 6/27/2013 8:35:00 AM 6/28/2013 7/9/2013Soil

N010479-014A B3-6.0 6/27/2013 8:40:00 AM 6/28/2013 7/9/2013Soil

N010479-015A B3-9.0 6/27/2013 8:40:00 AM 6/28/2013 7/9/2013Soil

N010479-016A B4-0.5 6/27/2013 8:55:00 AM 6/28/2013 7/9/2013Soil

N010479-017A B4-1.5 6/27/2013 8:55:00 AM 6/28/2013 7/9/2013Soil

N010479-018A B4-3.0 6/27/2013 9:00:00 AM 6/28/2013 7/9/2013Soil

N010479-019A B4-6.0 6/27/2013 9:05:00 AM 6/28/2013 7/9/2013Soil

N010479-020A B4-7.5 6/27/2013 9:05:00 AM 6/28/2013 7/9/2013Soil

N010479-021A B3-GW 6/27/2013 9:10:00 AM 6/28/2013 7/9/2013Groundwater

N010479-022A B2-GW 6/27/2013 12:00:00 PM 6/28/2013 7/9/2013Groundwater

N010479-023A B4-10 6/27/2013 12:00:00 PM 6/28/2013 7/9/2013Soil

N010479-024A Trip Blank 6/27/2013 6/28/2013 7/9/2013Water

N010479-025A Equipment Blank 6/27/2013 4:00:00 PM 6/28/2013 7/9/2013Water

Page 1 of 1
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B1-0.5
Collection Date: 6/27/2013 10:10:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-001

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: LCC

EPA 7471

RunID: AA1_130701B 43313QC Batch: PrepDate: 6/28/2013

Mercury 7/1/20130.10 mg/Kg 1ND
ICP METALS

EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130708A 43320QC Batch: PrepDate: 7/1/2013

Antimony 7/8/2013 12:38 PM2.0 mg/Kg 1ND
Arsenic 7/8/2013 12:38 PM1.0 mg/Kg 12.5
Barium 7/8/2013 12:38 PM1.0 mg/Kg 1120
Beryllium 7/8/2013 12:38 PM1.0 mg/Kg 1ND
Cadmium 7/8/2013 12:38 PM1.0 mg/Kg 1ND
Chromium 7/8/2013 12:38 PM1.0 mg/Kg 120
Cobalt 7/8/2013 12:38 PM1.0 mg/Kg 18.9
Copper 7/8/2013 12:38 PM2.0 mg/Kg 122
Lead 7/8/2013 12:38 PM1.0 mg/Kg 114
Molybdenum 7/8/2013 12:38 PM1.0 mg/Kg 1ND
Nickel 7/8/2013 12:38 PM1.0 mg/Kg 135
Selenium 7/8/2013 12:38 PM1.0 mg/Kg 1ND
Silver 7/8/2013 12:38 PM1.0 mg/Kg 1ND
Thallium 7/8/2013 12:38 PM1.0 mg/Kg 1ND
Vanadium 7/8/2013 12:38 PM1.0 mg/Kg 139
Zinc 7/8/2013 12:38 PM1.0 mg/Kg 132

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B1-1.5
Collection Date: 6/27/2013 10:15:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-002

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 04:21 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Chloroethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 04:21 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B1-1.5
Collection Date: 6/27/2013 10:15:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-002

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Dibromochloromethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 04:21 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 04:21 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 04:21 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 04:21 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 04:21 PM63-139 %REC 1105
 Surr: 4-Bromofluorobenzene 7/2/2013 04:21 PM75-124 %REC 192.4
 Surr: Dibromofluoromethane 7/2/2013 04:21 PM70-133 %REC 1102
 Surr: Toluene-d8 7/2/2013 04:21 PM80-123 %REC 196.6

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

Aroclor 1016 7/3/2013 12:12 AM17 μg/Kg 1ND
Aroclor 1221 7/3/2013 12:12 AM33 μg/Kg 1ND
Aroclor 1232 7/3/2013 12:12 AM17 μg/Kg 1ND
Aroclor 1242 7/3/2013 12:12 AM17 μg/Kg 1ND
Aroclor 1248 7/3/2013 12:12 AM17 μg/Kg 1ND
Aroclor 1254 7/3/2013 12:12 AM17 μg/Kg 1ND
Aroclor 1260 7/3/2013 12:12 AM17 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/3/2013 12:12 AM40-146 %REC 185.8

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

6 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B1-1.5
Collection Date: 6/27/2013 10:15:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-002

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

 Surr: Tetrachloro-m-xylene 7/3/2013 12:12 AM32-109 %REC 180.0
GASOLINE  RANGE ORGANICS BY GC/FID

EPA 8015B

Analyst: QBMRunID: GC4_130702A E13VS071QC Batch: PrepDate:

GRO 7/2/2013 11:03 AM1.0 mg/Kg 1ND
 Surr: Chlorobenzene - d5 7/2/2013 11:03 AM51-136 %REC 192.9

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 03:10 PM2.0 mg/Kg 137

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

7 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B1-3.0
Collection Date: 6/27/2013 10:20:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-003

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PH
EPA 9045C

Analyst: LCCRunID: WETCHEM_130628A R89413QC Batch: PrepDate:

pH 6/28/20130.10 pH Units 17.7
Temp. at time of pH Analysis 6/28/20130 pH Units 125

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 08:03 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

8 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B1-3.0
Collection Date: 6/27/2013 10:20:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-003

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Chloroethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Dibromochloromethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 08:03 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 08:03 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 08:03 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 08:03 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 08:03 PM63-139 %REC 1106
 Surr: 4-Bromofluorobenzene 7/2/2013 08:03 PM75-124 %REC 182.3
 Surr: Dibromofluoromethane 7/2/2013 08:03 PM70-133 %REC 1102
 Surr: Toluene-d8 7/2/2013 08:03 PM80-123 %REC 190.4

DIESEL  & MOTOR OIL RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: MDM

EPA 3550B

RunID: GC3_130701A 43322QC Batch: PrepDate: 7/1/2013

DRO 7/1/2013 06:32 PM1.0 mg/Kg 12.6
ORO 7/1/2013 06:32 PM1.0 mg/Kg 15.1
 Surr: p-Terphenyl 7/1/2013 06:32 PM59-127 %REC 1104

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B1-3.0
Collection Date: 6/27/2013 10:20:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-003

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

Aroclor 1016 7/3/2013 03:09 AM16 μg/Kg 1ND
Aroclor 1221 7/3/2013 03:09 AM33 μg/Kg 1ND
Aroclor 1232 7/3/2013 03:09 AM16 μg/Kg 1ND
Aroclor 1242 7/3/2013 03:09 AM16 μg/Kg 1ND
Aroclor 1248 7/3/2013 03:09 AM16 μg/Kg 1ND
Aroclor 1254 7/3/2013 03:09 AM16 μg/Kg 1ND
Aroclor 1260 7/3/2013 03:09 AM16 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/3/2013 03:09 AM40-146 %REC 169.7
 Surr: Tetrachloro-m-xylene 7/3/2013 03:09 AM32-109 %REC 151.7

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 03:38 PM2.0 mg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

10 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B1-6.0
Collection Date: 6/27/2013 10:25:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-004

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 04:43 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Chloroethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 04:43 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

11 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B1-6.0
Collection Date: 6/27/2013 10:25:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-004

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Dibromochloromethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 04:43 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 04:43 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 04:43 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 04:43 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 04:43 PM63-139 %REC 196.2
 Surr: 4-Bromofluorobenzene 7/2/2013 04:43 PM75-124 %REC 186.3
 Surr: Dibromofluoromethane 7/2/2013 04:43 PM70-133 %REC 197.7
 Surr: Toluene-d8 7/2/2013 04:43 PM80-123 %REC 194.4

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 03:42 PM2.0 mg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B1-9.0
Collection Date: 6/27/2013 10:25:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-005

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 03:55 PM2.0 mg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

13 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-0.5
Collection Date: 6/27/2013 11:05:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-006

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 03:59 PM2.0 mg/Kg 166

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

14 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-1.5
Collection Date: 6/27/2013 11:10:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-007

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 05:06 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Chloroethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 05:06 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

15 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-1.5
Collection Date: 6/27/2013 11:10:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-007

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Dibromochloromethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 05:06 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 05:06 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 05:06 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 05:06 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 05:06 PM63-139 %REC 1107
 Surr: 4-Bromofluorobenzene 7/2/2013 05:06 PM75-124 %REC 193.1
 Surr: Dibromofluoromethane 7/2/2013 05:06 PM70-133 %REC 1106
 Surr: Toluene-d8 7/2/2013 05:06 PM80-123 %REC 1100

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

Aroclor 1016 7/3/2013 03:39 AM16 μg/Kg 1ND
Aroclor 1221 7/3/2013 03:39 AM33 μg/Kg 1ND
Aroclor 1232 7/3/2013 03:39 AM16 μg/Kg 1ND
Aroclor 1242 7/3/2013 03:39 AM16 μg/Kg 1ND
Aroclor 1248 7/3/2013 03:39 AM16 μg/Kg 1ND
Aroclor 1254 7/3/2013 03:39 AM16 μg/Kg 1ND
Aroclor 1260 7/3/2013 03:39 AM16 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/3/2013 03:39 AM40-146 %REC 194.8

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-1.5
Collection Date: 6/27/2013 11:10:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-007

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

 Surr: Tetrachloro-m-xylene 7/3/2013 03:39 AM32-109 %REC 156.5
GASOLINE  RANGE ORGANICS BY GC/FID

EPA 8015B

Analyst: QBMRunID: GC4_130702A E13VS071QC Batch: PrepDate:

GRO 7/2/2013 11:34 AM1.0 mg/Kg 1ND
 Surr: Chlorobenzene - d5 7/2/2013 11:34 AM51-136 %REC 1103

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: LCC

EPA 7471

RunID: AA1_130701B 43313QC Batch: PrepDate: 6/28/2013

Mercury 7/1/20130.099 mg/Kg 1ND
ICP METALS

EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130708A 43320QC Batch: PrepDate: 7/1/2013

Antimony 7/8/2013 12:44 PM2.0 mg/Kg 1ND
Arsenic 7/8/2013 12:44 PM1.0 mg/Kg 12.1
Barium 7/8/2013 12:44 PM1.0 mg/Kg 121
Beryllium 7/8/2013 12:44 PM1.0 mg/Kg 1ND
Cadmium 7/8/2013 12:44 PM1.0 mg/Kg 1ND
Chromium 7/8/2013 12:44 PM1.0 mg/Kg 145
Cobalt 7/8/2013 12:44 PM1.0 mg/Kg 14.9
Copper 7/8/2013 12:44 PM2.0 mg/Kg 13.8
Lead 7/8/2013 12:44 PM1.0 mg/Kg 127
Molybdenum 7/8/2013 12:44 PM1.0 mg/Kg 1ND
Nickel 7/8/2013 12:44 PM1.0 mg/Kg 126
Selenium 7/8/2013 12:44 PM1.0 mg/Kg 1ND
Silver 7/8/2013 12:44 PM1.0 mg/Kg 1ND
Thallium 7/8/2013 12:44 PM1.0 mg/Kg 1ND
Vanadium 7/8/2013 12:44 PM1.0 mg/Kg 129
Zinc 7/8/2013 12:44 PM1.0 mg/Kg 126

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-3.0
Collection Date: 6/27/2013 11:20:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-008

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PH
EPA 9045C

Analyst: LCCRunID: WETCHEM_130628A R89413QC Batch: PrepDate:

pH 6/28/20130.10 pH Units 17.8
Temp. at time of pH Analysis 6/28/20130 pH Units 125

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 12:38 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-3.0
Collection Date: 6/27/2013 11:20:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-008

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Chloroethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Dibromochloromethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 12:38 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 12:38 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 12:38 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 12:38 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 12:38 PM63-139 %REC 196.4
 Surr: 4-Bromofluorobenzene 7/2/2013 12:38 PM75-124 %REC 190.8
 Surr: Dibromofluoromethane 7/2/2013 12:38 PM70-133 %REC 197.1
 Surr: Toluene-d8 7/2/2013 12:38 PM80-123 %REC 197.3

DIESEL  & MOTOR OIL RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: MDM

EPA 3550B

RunID: GC3_130701A 43322QC Batch: PrepDate: 7/1/2013

DRO 7/1/2013 07:27 PM1.0 mg/Kg 11.5
ORO 7/1/2013 07:27 PM1.0 mg/Kg 12.4
 Surr: p-Terphenyl 7/1/2013 07:27 PM59-127 %REC 197.1

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-3.0
Collection Date: 6/27/2013 11:20:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-008

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

Aroclor 1016 7/3/2013 04:08 AM16 μg/Kg 1ND
Aroclor 1221 7/3/2013 04:08 AM33 μg/Kg 1ND
Aroclor 1232 7/3/2013 04:08 AM16 μg/Kg 1ND
Aroclor 1242 7/3/2013 04:08 AM16 μg/Kg 1ND
Aroclor 1248 7/3/2013 04:08 AM16 μg/Kg 1ND
Aroclor 1254 7/3/2013 04:08 AM16 μg/Kg 1ND
Aroclor 1260 7/3/2013 04:08 AM16 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/3/2013 04:08 AM40-146 %REC 190.3
 Surr: Tetrachloro-m-xylene 7/3/2013 04:08 AM32-109 %REC 163.8

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 04:05 PM2.0 mg/Kg 19.2

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-6.0
Collection Date: 6/27/2013 11:40:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-009

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 08:25 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Chloroethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 08:25 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-6.0
Collection Date: 6/27/2013 11:40:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-009

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Dibromochloromethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 08:25 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 08:25 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 08:25 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 08:25 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 08:25 PM63-139 %REC 1105
 Surr: 4-Bromofluorobenzene S 7/2/2013 08:25 PM75-124 %REC 170.4
 Surr: Dibromofluoromethane 7/2/2013 08:25 PM70-133 %REC 197.3
 Surr: Toluene-d8 7/2/2013 08:25 PM80-123 %REC 183.4

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 04:09 PM2.0 mg/Kg 13.6

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-11.0
Collection Date: 6/27/2013 11:50:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-010

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 04:13 PM2.0 mg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-0.5
Collection Date: 6/27/2013 8:20:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-011

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 04:18 PM2.0 mg/Kg 111

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-1.5
Collection Date: 6/27/2013 8:25:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-012

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 05:28 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Chloroethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 05:28 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-1.5
Collection Date: 6/27/2013 8:25:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-012

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Dibromochloromethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 05:28 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 05:28 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 05:28 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 05:28 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 05:28 PM63-139 %REC 1107
 Surr: 4-Bromofluorobenzene 7/2/2013 05:28 PM75-124 %REC 194.4
 Surr: Dibromofluoromethane 7/2/2013 05:28 PM70-133 %REC 1102
 Surr: Toluene-d8 7/2/2013 05:28 PM80-123 %REC 196.9

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

Aroclor 1016 7/3/2013 04:38 AM16 μg/Kg 1ND
Aroclor 1221 7/3/2013 04:38 AM33 μg/Kg 1ND
Aroclor 1232 7/3/2013 04:38 AM16 μg/Kg 1ND
Aroclor 1242 7/3/2013 04:38 AM16 μg/Kg 1ND
Aroclor 1248 7/3/2013 04:38 AM16 μg/Kg 1ND
Aroclor 1254 7/3/2013 04:38 AM16 μg/Kg 1ND
Aroclor 1260 7/3/2013 04:38 AM16 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/3/2013 04:38 AM40-146 %REC 193.6

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-1.5
Collection Date: 6/27/2013 8:25:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-012

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

 Surr: Tetrachloro-m-xylene 7/3/2013 04:38 AM32-109 %REC 169.2
GASOLINE  RANGE ORGANICS BY GC/FID

EPA 8015B

Analyst: QBMRunID: GC4_130702A E13VS071QC Batch: PrepDate:

GRO 7/2/2013 12:35 PM1.0 mg/Kg 1ND
 Surr: Chlorobenzene - d5 7/2/2013 12:35 PM51-136 %REC 1107

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: LCC

EPA 7471

RunID: AA1_130701B 43313QC Batch: PrepDate: 6/28/2013

Mercury 7/1/20130.10 mg/Kg 1ND
ICP METALS

EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130708A 43320QC Batch: PrepDate: 7/1/2013

Antimony 7/8/2013 12:50 PM2.0 mg/Kg 1ND
Arsenic 7/8/2013 12:50 PM1.0 mg/Kg 13.7
Barium 7/8/2013 12:50 PM1.0 mg/Kg 132
Beryllium 7/8/2013 12:50 PM1.0 mg/Kg 1ND
Cadmium 7/8/2013 12:50 PM1.0 mg/Kg 1ND
Chromium 7/8/2013 12:50 PM1.0 mg/Kg 137
Cobalt 7/8/2013 12:50 PM1.0 mg/Kg 15.3
Copper 7/8/2013 12:50 PM2.0 mg/Kg 16.9
Lead 7/8/2013 12:50 PM1.0 mg/Kg 14.4
Molybdenum 7/8/2013 12:50 PM1.0 mg/Kg 1ND
Nickel 7/8/2013 12:50 PM1.0 mg/Kg 125
Selenium 7/8/2013 12:50 PM1.0 mg/Kg 1ND
Silver 7/8/2013 12:50 PM1.0 mg/Kg 1ND
Thallium 7/8/2013 12:50 PM1.0 mg/Kg 1ND
Vanadium 7/8/2013 12:50 PM1.0 mg/Kg 121
Zinc 7/8/2013 12:50 PM1.0 mg/Kg 117

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

27 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-3.0
Collection Date: 6/27/2013 8:35:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-013

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PH
EPA 9045C

Analyst: LCCRunID: WETCHEM_130628A R89413QC Batch: PrepDate:

pH 6/28/20130.10 pH Units 18.9
Temp. at time of pH Analysis 6/28/20130 pH Units 125

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 05:50 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-3.0
Collection Date: 6/27/2013 8:35:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-013

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Chloroethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Dibromochloromethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 05:50 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 05:50 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 05:50 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 05:50 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 05:50 PM63-139 %REC 1104
 Surr: 4-Bromofluorobenzene 7/2/2013 05:50 PM75-124 %REC 193.6
 Surr: Dibromofluoromethane 7/2/2013 05:50 PM70-133 %REC 1101
 Surr: Toluene-d8 7/2/2013 05:50 PM80-123 %REC 197.8

DIESEL  & MOTOR OIL RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: MDM

EPA 3550B

RunID: GC3_130701A 43322QC Batch: PrepDate: 7/1/2013

DRO 7/1/2013 07:54 PM1.0 mg/Kg 11.7
ORO 7/1/2013 07:54 PM1.0 mg/Kg 12.1
 Surr: p-Terphenyl 7/1/2013 07:54 PM59-127 %REC 1104

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-3.0
Collection Date: 6/27/2013 8:35:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-013

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

Aroclor 1016 7/3/2013 05:07 AM17 μg/Kg 1ND
Aroclor 1221 7/3/2013 05:07 AM33 μg/Kg 1ND
Aroclor 1232 7/3/2013 05:07 AM17 μg/Kg 1ND
Aroclor 1242 7/3/2013 05:07 AM17 μg/Kg 1ND
Aroclor 1248 7/3/2013 05:07 AM17 μg/Kg 1ND
Aroclor 1254 7/3/2013 05:07 AM17 μg/Kg 1ND
Aroclor 1260 7/3/2013 05:07 AM17 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/3/2013 05:07 AM40-146 %REC 191.3
 Surr: Tetrachloro-m-xylene 7/3/2013 05:07 AM32-109 %REC 154.8

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 04:22 PM2.0 mg/Kg 13.0

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-6.0
Collection Date: 6/27/2013 8:40:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-014

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 06:57 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Chloroethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 06:57 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-6.0
Collection Date: 6/27/2013 8:40:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-014

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Dibromochloromethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 06:57 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 06:57 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 06:57 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 06:57 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 06:57 PM63-139 %REC 1104
 Surr: 4-Bromofluorobenzene 7/2/2013 06:57 PM75-124 %REC 195.6
 Surr: Dibromofluoromethane 7/2/2013 06:57 PM70-133 %REC 1105
 Surr: Toluene-d8 7/2/2013 06:57 PM80-123 %REC 198.4

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 04:31 PM2.0 mg/Kg 12.8

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-9.0
Collection Date: 6/27/2013 8:40:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-015

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 04:52 PM2.0 mg/Kg 13.1

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-0.5
Collection Date: 6/27/2013 8:55:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-016

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 05:21 PM2.0 mg/Kg 13.4

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-1.5
Collection Date: 6/27/2013 8:55:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-017

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 01:01 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Chloroethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 01:01 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-1.5
Collection Date: 6/27/2013 8:55:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-017

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Dibromochloromethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 01:01 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 01:01 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 01:01 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 01:01 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 01:01 PM63-139 %REC 193.6
 Surr: 4-Bromofluorobenzene 7/2/2013 01:01 PM75-124 %REC 192.6
 Surr: Dibromofluoromethane 7/2/2013 01:01 PM70-133 %REC 194.7
 Surr: Toluene-d8 7/2/2013 01:01 PM80-123 %REC 198.9

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

Aroclor 1016 7/3/2013 05:37 AM16 μg/Kg 1ND
Aroclor 1221 7/3/2013 05:37 AM33 μg/Kg 1ND
Aroclor 1232 7/3/2013 05:37 AM16 μg/Kg 1ND
Aroclor 1242 7/3/2013 05:37 AM16 μg/Kg 1ND
Aroclor 1248 7/3/2013 05:37 AM16 μg/Kg 1ND
Aroclor 1254 7/3/2013 05:37 AM16 μg/Kg 1ND
Aroclor 1260 7/3/2013 05:37 AM16 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/3/2013 05:37 AM40-146 %REC 189.4

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

36 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-1.5
Collection Date: 6/27/2013 8:55:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-017

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

 Surr: Tetrachloro-m-xylene 7/3/2013 05:37 AM32-109 %REC 162.0
GASOLINE  RANGE ORGANICS BY GC/FID

EPA 8015B

Analyst: QBMRunID: GC4_130702A E13VS071QC Batch: PrepDate:

GRO 7/2/2013 01:06 PM1.0 mg/Kg 1ND
 Surr: Chlorobenzene - d5 7/2/2013 01:06 PM51-136 %REC 1105

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: LCC

EPA 7471

RunID: AA1_130701B 43313QC Batch: PrepDate: 6/28/2013

Mercury 7/1/20130.10 mg/Kg 1ND
ICP METALS

EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130708A 43320QC Batch: PrepDate: 7/1/2013

Antimony 7/8/2013 12:57 PM2.0 mg/Kg 1ND
Arsenic 7/8/2013 12:57 PM1.0 mg/Kg 12.8
Barium 7/8/2013 12:57 PM1.0 mg/Kg 19.2
Beryllium 7/8/2013 12:57 PM1.0 mg/Kg 1ND
Cadmium 7/8/2013 12:57 PM1.0 mg/Kg 1ND
Chromium 7/8/2013 12:57 PM1.0 mg/Kg 121
Cobalt 7/8/2013 12:57 PM1.0 mg/Kg 13.9
Copper 7/8/2013 12:57 PM2.0 mg/Kg 12.4
Lead 7/8/2013 12:57 PM1.0 mg/Kg 13.2
Molybdenum 7/8/2013 12:57 PM1.0 mg/Kg 1ND
Nickel 7/8/2013 12:57 PM1.0 mg/Kg 119
Selenium 7/8/2013 12:57 PM1.0 mg/Kg 1ND
Silver 7/8/2013 12:57 PM1.0 mg/Kg 1ND
Thallium 7/8/2013 12:57 PM1.0 mg/Kg 1ND
Vanadium 7/8/2013 12:57 PM1.0 mg/Kg 118
Zinc 7/8/2013 12:57 PM1.0 mg/Kg 113

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-3.0
Collection Date: 6/27/2013 9:00:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-018

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PH
EPA 9045C

Analyst: LCCRunID: WETCHEM_130628A R89413QC Batch: PrepDate:

pH 6/28/20130.10 pH Units 19.3
Temp. at time of pH Analysis 6/28/20130 pH Units 125

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 07:19 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-3.0
Collection Date: 6/27/2013 9:00:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-018

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Chloroethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Dibromochloromethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 07:19 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 07:19 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 07:19 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 07:19 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 07:19 PM63-139 %REC 1111
 Surr: 4-Bromofluorobenzene 7/2/2013 07:19 PM75-124 %REC 196.3
 Surr: Dibromofluoromethane 7/2/2013 07:19 PM70-133 %REC 1102
 Surr: Toluene-d8 7/2/2013 07:19 PM80-123 %REC 1101

DIESEL  & MOTOR OIL RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: MDM

EPA 3550B

RunID: GC3_130701A 43322QC Batch: PrepDate: 7/1/2013

DRO 7/1/2013 08:21 PM1.0 mg/Kg 11.1
ORO 7/1/2013 08:21 PM1.0 mg/Kg 11.2
 Surr: p-Terphenyl 7/1/2013 08:21 PM59-127 %REC 189.4

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-3.0
Collection Date: 6/27/2013 9:00:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-018

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

PCBS BY GC/ECD
EPA 8082

Analyst: MDM

EPA 3550B

RunID: GC7_130702B 43333QC Batch: PrepDate: 7/2/2013

Aroclor 1016 7/3/2013 06:06 AM16 μg/Kg 1ND
Aroclor 1221 7/3/2013 06:06 AM33 μg/Kg 1ND
Aroclor 1232 7/3/2013 06:06 AM16 μg/Kg 1ND
Aroclor 1242 7/3/2013 06:06 AM16 μg/Kg 1ND
Aroclor 1248 7/3/2013 06:06 AM16 μg/Kg 1ND
Aroclor 1254 7/3/2013 06:06 AM16 μg/Kg 1ND
Aroclor 1260 7/3/2013 06:06 AM16 μg/Kg 1ND
 Surr: Decachlorobiphenyl 7/3/2013 06:06 AM40-146 %REC 186.4
 Surr: Tetrachloro-m-xylene 7/3/2013 06:06 AM32-109 %REC 160.0

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 05:01 PM2.0 mg/Kg 12.0

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-6.0
Collection Date: 6/27/2013 9:05:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-019

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,1,1-Trichloroethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,1,2,2-Tetrachloroethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,1,2-Trichloroethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,1-Dichloroethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,1-Dichloroethene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,1-Dichloropropene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,2,3-Trichlorobenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,2,3-Trichloropropane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,2,4-Trichlorobenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,2,4-Trimethylbenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,2-Dibromo-3-chloropropane 7/2/2013 07:41 PM10 μg/Kg 1ND
1,2-Dibromoethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,2-Dichlorobenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,2-Dichloroethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,2-Dichloropropane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,3,5-Trimethylbenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,3-Dichlorobenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,3-Dichloropropane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
1,4-Dichlorobenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
2,2-Dichloropropane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
2-Chlorotoluene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
4-Chlorotoluene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
4-Isopropyltoluene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Benzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Bromobenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Bromodichloromethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Bromoform 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Bromomethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Carbon tetrachloride 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Chlorobenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Chloroethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Chloroform 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Chloromethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
cis-1,2-Dichloroethene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
cis-1,3-Dichloropropene 7/2/2013 07:41 PM5.0 μg/Kg 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

41 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-6.0
Collection Date: 6/27/2013 9:05:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-019

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS1_130702A D13VS040QC Batch: PrepDate:

Dibromochloromethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Dibromomethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Dichlorodifluoromethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Ethylbenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Hexachlorobutadiene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Isopropylbenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
m,p-Xylene 7/2/2013 07:41 PM10 μg/Kg 1ND
Methylene chloride 7/2/2013 07:41 PM5.0 μg/Kg 1ND
n-Butylbenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
n-Propylbenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Naphthalene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
o-Xylene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
sec-Butylbenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Styrene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
tert-Butylbenzene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Tetrachloroethene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Toluene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
trans-1,2-Dichloroethene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Trichloroethene 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Trichlorofluoromethane 7/2/2013 07:41 PM5.0 μg/Kg 1ND
Vinyl chloride 7/2/2013 07:41 PM5.0 μg/Kg 1ND
 Surr: 1,2-Dichloroethane-d4 7/2/2013 07:41 PM63-139 %REC 1106
 Surr: 4-Bromofluorobenzene 7/2/2013 07:41 PM75-124 %REC 193.7
 Surr: Dibromofluoromethane 7/2/2013 07:41 PM70-133 %REC 1100
 Surr: Toluene-d8 7/2/2013 07:41 PM80-123 %REC 197.8

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 05:26 PM2.0 mg/Kg 12.3

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

42 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-7.5
Collection Date: 6/27/2013 9:05:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-020

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130702B 43321QC Batch: PrepDate: 7/1/2013

Lead 7/2/2013 05:10 PM2.0 mg/Kg 12.7

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

43 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-GW
Collection Date: 6/27/2013 9:10:00 AM

Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-021

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS5_130705A P13VW105QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/5/2013 11:42 AM0.50 μg/L 1ND
1,1,1-Trichloroethane 7/5/2013 11:42 AM0.50 μg/L 1ND
1,1,2,2-Tetrachloroethane 7/5/2013 11:42 AM0.50 μg/L 1ND
1,1,2-Trichloroethane 7/5/2013 11:42 AM0.50 μg/L 1ND
1,1-Dichloroethane 7/5/2013 11:42 AM0.50 μg/L 1ND
1,1-Dichloroethene 7/5/2013 11:42 AM0.50 μg/L 1ND
1,1-Dichloropropene 7/5/2013 11:42 AM0.50 μg/L 1ND
1,2,3-Trichlorobenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
1,2,3-Trichloropropane 7/5/2013 11:42 AM0.50 μg/L 1ND
1,2,4-Trichlorobenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
1,2,4-Trimethylbenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
1,2-Dibromo-3-chloropropane 7/5/2013 11:42 AM1.0 μg/L 1ND
1,2-Dibromoethane 7/5/2013 11:42 AM0.50 μg/L 1ND
1,2-Dichlorobenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
1,2-Dichloroethane 7/5/2013 11:42 AM0.50 μg/L 1ND
1,2-Dichloropropane 7/5/2013 11:42 AM0.50 μg/L 1ND
1,3,5-Trimethylbenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
1,3-Dichlorobenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
1,3-Dichloropropane 7/5/2013 11:42 AM0.50 μg/L 1ND
1,4-Dichlorobenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
2,2-Dichloropropane 7/5/2013 11:42 AM0.50 μg/L 1ND
2-Chlorotoluene 7/5/2013 11:42 AM0.50 μg/L 1ND
4-Chlorotoluene 7/5/2013 11:42 AM0.50 μg/L 1ND
4-Isopropyltoluene 7/5/2013 11:42 AM0.50 μg/L 1ND
Benzene 7/5/2013 11:42 AM0.50 μg/L 1ND
Bromobenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
Bromodichloromethane 7/5/2013 11:42 AM0.50 μg/L 1ND
Bromoform 7/5/2013 11:42 AM0.50 μg/L 1ND
Bromomethane 7/5/2013 11:42 AM1.0 μg/L 1ND
Carbon tetrachloride 7/5/2013 11:42 AM0.50 μg/L 1ND
Chlorobenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
Chloroethane 7/5/2013 11:42 AM1.0 μg/L 1ND
Chloroform 7/5/2013 11:42 AM0.50 μg/L 1ND
Chloromethane 7/5/2013 11:42 AM0.50 μg/L 1ND
cis-1,2-Dichloroethene 7/5/2013 11:42 AM0.50 μg/L 1ND
cis-1,3-Dichloropropene 7/5/2013 11:42 AM0.50 μg/L 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

44 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B3-GW
Collection Date: 6/27/2013 9:10:00 AM

Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-021

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS5_130705A P13VW105QC Batch: PrepDate:

Dibromochloromethane 7/5/2013 11:42 AM0.50 μg/L 1ND
Dibromomethane 7/5/2013 11:42 AM0.50 μg/L 1ND
Dichlorodifluoromethane 7/5/2013 11:42 AM0.50 μg/L 1ND
Ethylbenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
Hexachlorobutadiene 7/5/2013 11:42 AM0.50 μg/L 1ND
Isopropylbenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
m,p-Xylene 7/5/2013 11:42 AM1.0 μg/L 1ND
Methylene chloride 7/5/2013 11:42 AM2.0 μg/L 1ND
n-Butylbenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
n-Propylbenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
Naphthalene 7/5/2013 11:42 AM0.50 μg/L 1ND
o-Xylene 7/5/2013 11:42 AM0.50 μg/L 1ND
sec-Butylbenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
Styrene 7/5/2013 11:42 AM0.50 μg/L 1ND
tert-Butylbenzene 7/5/2013 11:42 AM0.50 μg/L 1ND
Tetrachloroethene 7/5/2013 11:42 AM0.50 μg/L 1ND
Toluene 7/5/2013 11:42 AM0.50 μg/L 1ND
trans-1,2-Dichloroethene 7/5/2013 11:42 AM0.50 μg/L 1ND
Trichloroethene 7/5/2013 11:42 AM0.50 μg/L 1ND
Trichlorofluoromethane 7/5/2013 11:42 AM0.50 μg/L 1ND
Vinyl chloride 7/5/2013 11:42 AM0.50 μg/L 1ND
 Surr: 1,2-Dichloroethane-d4 7/5/2013 11:42 AM70-127 %REC 1100
 Surr: 4-Bromofluorobenzene 7/5/2013 11:42 AM80-120 %REC 1102
 Surr: Dibromofluoromethane 7/5/2013 11:42 AM73-128 %REC 1102
 Surr: Toluene-d8 7/5/2013 11:42 AM80-120 %REC 1101

GASOLINE RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: QBMRunID: GC4_130703A E13VW038QC Batch: PrepDate:

GRO 7/3/2013 11:38 AM0.050 mg/L 1ND
 Surr: Chlorobenzene - d5 7/3/2013 11:38 AM74-126 %REC 1110

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-GW
Collection Date: 6/27/2013 12:00:00 PM

Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-022

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS5_130705A P13VW105QC Batch: PrepDate:

1,1,1,2-Tetrachloroethane 7/5/2013 12:10 PM0.50 μg/L 1ND
1,1,1-Trichloroethane 7/5/2013 12:10 PM0.50 μg/L 1ND
1,1,2,2-Tetrachloroethane 7/5/2013 12:10 PM0.50 μg/L 1ND
1,1,2-Trichloroethane 7/5/2013 12:10 PM0.50 μg/L 1ND
1,1-Dichloroethane 7/5/2013 12:10 PM0.50 μg/L 1ND
1,1-Dichloroethene 7/5/2013 12:10 PM0.50 μg/L 1ND
1,1-Dichloropropene 7/5/2013 12:10 PM0.50 μg/L 1ND
1,2,3-Trichlorobenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
1,2,3-Trichloropropane 7/5/2013 12:10 PM0.50 μg/L 1ND
1,2,4-Trichlorobenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
1,2,4-Trimethylbenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
1,2-Dibromo-3-chloropropane 7/5/2013 12:10 PM1.0 μg/L 1ND
1,2-Dibromoethane 7/5/2013 12:10 PM0.50 μg/L 1ND
1,2-Dichlorobenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
1,2-Dichloroethane 7/5/2013 12:10 PM0.50 μg/L 1ND
1,2-Dichloropropane 7/5/2013 12:10 PM0.50 μg/L 1ND
1,3,5-Trimethylbenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
1,3-Dichlorobenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
1,3-Dichloropropane 7/5/2013 12:10 PM0.50 μg/L 1ND
1,4-Dichlorobenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
2,2-Dichloropropane 7/5/2013 12:10 PM0.50 μg/L 1ND
2-Chlorotoluene 7/5/2013 12:10 PM0.50 μg/L 1ND
4-Chlorotoluene 7/5/2013 12:10 PM0.50 μg/L 1ND
4-Isopropyltoluene 7/5/2013 12:10 PM0.50 μg/L 1ND
Benzene 7/5/2013 12:10 PM0.50 μg/L 1ND
Bromobenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
Bromodichloromethane 7/5/2013 12:10 PM0.50 μg/L 1ND
Bromoform 7/5/2013 12:10 PM0.50 μg/L 1ND
Bromomethane 7/5/2013 12:10 PM1.0 μg/L 1ND
Carbon tetrachloride 7/5/2013 12:10 PM0.50 μg/L 1ND
Chlorobenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
Chloroethane 7/5/2013 12:10 PM1.0 μg/L 1ND
Chloroform 7/5/2013 12:10 PM0.50 μg/L 1ND
Chloromethane 7/5/2013 12:10 PM0.50 μg/L 1ND
cis-1,2-Dichloroethene 7/5/2013 12:10 PM0.50 μg/L 1ND
cis-1,3-Dichloropropene 7/5/2013 12:10 PM0.50 μg/L 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-GW
Collection Date: 6/27/2013 12:00:00 PM

Matrix: GROUNDWATER

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-022

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

VOLATILE ORGANIC COMPOUNDS BY GC/MS
EPA 8260B

Analyst: QBMRunID: MS5_130705A P13VW105QC Batch: PrepDate:

Dibromochloromethane 7/5/2013 12:10 PM0.50 μg/L 1ND
Dibromomethane 7/5/2013 12:10 PM0.50 μg/L 1ND
Dichlorodifluoromethane 7/5/2013 12:10 PM0.50 μg/L 1ND
Ethylbenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
Hexachlorobutadiene 7/5/2013 12:10 PM0.50 μg/L 1ND
Isopropylbenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
m,p-Xylene 7/5/2013 12:10 PM1.0 μg/L 1ND
Methylene chloride 7/5/2013 12:10 PM2.0 μg/L 1ND
n-Butylbenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
n-Propylbenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
Naphthalene 7/5/2013 12:10 PM0.50 μg/L 1ND
o-Xylene 7/5/2013 12:10 PM0.50 μg/L 1ND
sec-Butylbenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
Styrene 7/5/2013 12:10 PM0.50 μg/L 1ND
tert-Butylbenzene 7/5/2013 12:10 PM0.50 μg/L 1ND
Tetrachloroethene 7/5/2013 12:10 PM0.50 μg/L 1ND
Toluene 7/5/2013 12:10 PM0.50 μg/L 1ND
trans-1,2-Dichloroethene 7/5/2013 12:10 PM0.50 μg/L 1ND
Trichloroethene 7/5/2013 12:10 PM0.50 μg/L 1ND
Trichlorofluoromethane 7/5/2013 12:10 PM0.50 μg/L 1ND
Vinyl chloride 7/5/2013 12:10 PM0.50 μg/L 1ND
 Surr: 1,2-Dichloroethane-d4 7/5/2013 12:10 PM70-127 %REC 1102
 Surr: 4-Bromofluorobenzene 7/5/2013 12:10 PM80-120 %REC 1103
 Surr: Dibromofluoromethane 7/5/2013 12:10 PM73-128 %REC 1101
 Surr: Toluene-d8 7/5/2013 12:10 PM80-120 %REC 1101

GASOLINE RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: QBMRunID: GC4_130703A E13VW038QC Batch: PrepDate:

GRO 7/3/2013 12:39 PM0.050 mg/L 1ND
 Surr: Chlorobenzene - d5 7/3/2013 12:39 PM74-126 %REC 198.4

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B4-10
Collection Date: 6/27/2013 12:00:00 PM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-023

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

MERCURY BY COLD VAPOR TECHNIQUE
EPA 7471A

Analyst: LCC

EPA 7471

RunID: AA1_130701B 43313QC Batch: PrepDate: 6/28/2013

Mercury 7/1/20130.10 mg/Kg 1ND
ICP METALS

EPA 6010B

Analyst: WLS

EPA 3050B

RunID: ICP2_130708A 43320QC Batch: PrepDate: 7/1/2013

Antimony 7/8/2013 01:03 PM2.0 mg/Kg 1ND
Arsenic 7/8/2013 01:03 PM1.0 mg/Kg 13.2
Barium 7/8/2013 01:03 PM1.0 mg/Kg 18.3
Beryllium 7/8/2013 01:03 PM1.0 mg/Kg 1ND
Cadmium 7/8/2013 01:03 PM1.0 mg/Kg 1ND
Chromium 7/8/2013 01:03 PM1.0 mg/Kg 137
Cobalt 7/8/2013 01:03 PM1.0 mg/Kg 14.7
Copper 7/8/2013 01:03 PM2.0 mg/Kg 14.2
Lead 7/8/2013 01:03 PM1.0 mg/Kg 16.6
Molybdenum 7/8/2013 01:03 PM1.0 mg/Kg 1ND
Nickel 7/8/2013 01:03 PM1.0 mg/Kg 132
Selenium 7/8/2013 01:03 PM1.0 mg/Kg 1ND
Silver 7/8/2013 01:03 PM1.0 mg/Kg 1ND
Thallium 7/8/2013 01:03 PM1.0 mg/Kg 1ND
Vanadium 7/8/2013 01:03 PM1.0 mg/Kg 117
Zinc 7/8/2013 01:03 PM1.0 mg/Kg 116

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

48 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: Trip Blank
Collection Date: 6/27/2013

Matrix: WATER

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-024

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

GASOLINE RANGE ORGANICS BY GC/FID
EPA 8015B

Analyst: QBMRunID: GC4_130703A E13VW038QC Batch: PrepDate:

GRO 7/3/2013 01:10 PM0.050 mg/L 1ND
 Surr: Chlorobenzene - d5 7/3/2013 01:10 PM74-126 %REC 198.3

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

49 of 98



3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: Equipment Blank
Collection Date: 6/27/2013 4:00:00 PM

Matrix: WATER

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

DF

Lab ID: N010479-025

Advanced Technology Laboratories, Inc. Print Date: 09-Jul-13

PQL

ANALYTICAL RESULTS

ICP METALS
EPA 6010B

Analyst: WLS

EPA 3010A

RunID: ICP2_130703C 43325QC Batch: PrepDate: 7/1/2013

Lead 7/3/2013 02:33 PM0.0050 mg/L 1ND

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

50 of 98
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

July 15, 2013

Geocon Consultants, Inc.
Luann Beadle

Attention: Luann Beadle

RE: Crissy Field Outfall, E8560-02-51

Workorder No.: N010479FAX: (925) 371-5915
TEL: 925-371-5900 Ext 403

6671 Brisa Street
Livermore, CA  94550

CA-ELAP No.:2676
NV Cert. No.:NV-009222007A

This is an addendum report. Please incorporate with documentation previously submitted.

Thank you for the opportunity to service the needs of your company.

Please feel free to call me at (702) 307-2659 if I can be of further assistance to your company.

Sincerely,

Jose Tenorio Jr.
Laboratory Director

Enclosed are the results for sample(s) received on June 28, 2013 by Advanced Technology 
Laboratories, Inc. . The sample(s) are tested for the parameters as indicated in the enclosed chain 
of custody in accordance with the applicable laboratory certifications.

The cover letter is an integral part of this analytical report. This Laboratory Report cannot be reproduced in part or in 
its entirety without written permission from the client and Advanced Technology Laboratories - Las Vegas.
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

Project: Crissy Field Outfall, E8560-02-51

Client Sample ID: B2-0.5
Collection Date: 6/27/2013 11:05:00 AM

Matrix: SOIL

Analyses Result Qual Units Date Analyzed

CLIENT: Geocon Consultants, Inc.
Lab Order: N010479

Lab ID: N010479-006A

DF

Advanced Technology Laboratories, Inc. Print Date: 15-Jul-13

PQL

ANALYTICAL RESULTS

ICP METALS BY STLC
WET/ EPA 6010B

Analyst: CEIRunID: ICP2_130715A R89566QC Batch: PrepDate:

Lead 7/15/2013 11:56 AM0.050 mg/L 53.5

Qualifiers: B Analyte detected in the associated Method Blank E Value above quantitation range
H Holding times for preparation or analysis exceeded ND Not Detected at the Reporting Limit
S Spike/Surrogate outside of limits due to matrix interference Results are wet unless otherwise specified

DO Surrogate Diluted Out

2 of 3
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3151 W. Post Rd   Las Vegas, NV 89118     Tel: 702-307-2659      Fax: 702-307-2691 

 

1

Glen S. Gesmundo

From: Rick Day [day@geoconinc.com]
Sent: Tuesday, July 09, 2013 11:12 AM
To: Glen S. Gesmundo; Marlon Cartin
Cc: Luann Beadle
Subject: RE: Crissy Field Outfall, E8560-02-51 (ATL No.N010479)

Please run sample N010479‐006 (B2‐0.5) for STLC Lead on 72‐hr TAT. 
 
Thanks, 
Rick. 
 
 
Please note new office extension and direct dial number. 
 
 

Richard Day, CEG, CHG | Principal / Senior Geologist 
Geocon Consultants, Inc. 
6671 Brisa Street, Livermore, California 94550 
Office 925.371.5900, ext. 401    Direct 925.961.5270    Mobile 925.872.5860 
Visit our NEW website at www.geoconinc.com 
 

From: ATLInc Reports [mailto:reports@atl-labs.com] 
Sent: Tuesday, July 09, 2013 10:59 AM 
To: beadle@geoconinc.com; 'Rick Day' 
Cc: livermore@geoconinc.com 
Subject: Crissy Field Outfall, E8560-02-51 (ATL No.N010479) 
 
Enclosed  is the final report  for the above project. 
 
Thanks. 
 
 
Glen Gesmundo 
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EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577

Phone/Fax: (510) 895-3675 / (510) 895-3680

http://www.emsl.com sanleandrolab@emsl.com

091310221

CustomerID: GECN21

CustomerPO: E8560-02-51

ProjectID: E8560-06-**

EMSL Order:

Attn: Rick Day

Geocon Consultants, Inc.

6671 Brisa Street

Livermore, CA 94550

Received: 06/28/13 12:15 PM

CRISSY FIELO OUTFALL (CALTRANS) / E8560-02-51

Fax: (925) 371-5915

Phone: (925) 371-5900

Project:

7/5/2013Analysis Date:

6/27/2013Collected:

Sample Description Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Test Report: PLM Analysis of Bulk Samples for Asbestos via EPA 600/R-93/116 Method 

with CARB 435 Prep (Milling) Level A for 0.25% Target Analytical Sensitivity

B1-1.5

091310221-0001

Gray

Non-Fibrous

Homogeneous

Chrysotile1.25%Non-fibrous (other)98.75%

B1-3.0

091310221-0002

Brown

Non-Fibrous

Homogeneous

Chrysotile<0.25%Non-fibrous (other)100.00%

B1-6.0

091310221-0003

Brown None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100.00%

B2-0.5

091310221-0004

Brown None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100.00%

B2-1.5

091310221-0005

Brown None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100.00%

B2-11.0

091310221-0006

Brown None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100.00%

B3-1.5

091310221-0007

Brown None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100.00%

Baojia Ke, Laboratory Manager
or other approved signatory

Test Report  PLMPTC-7.25.0  Printed: 7/5/2013 3:30:59 PM 1

Analyst(s)

This report relates only to the samples listed above and may not be reproduced except in full, without EMSL's written approval. This report must not be used by the client to claim product certification, 

approval, or endorsement by NVLAP, NIST, or any agency of the federal government. EMSL is not responsible for sample collection activities or method limitations. Some samples may contain asbestos 

fibers below the resolution limit of PLM. EMSL recommends that samples reported as none detected or less than the limit of detection undergo additional analysis via TEM.Samples received in good 
condition unless otherwise noted.

Samples analyzed by EMSL Analytical, Inc San Leandro, CA 

Jorge Leon (12)

Initial report from 07/05/2013  15:30:59

http://www.emsl.com
mailto:sanleandrolab@emsl.com


EMSL Analytical, Inc
2235 Polvorosa Ave , Suite 230, San Leandro, CA 94577

Phone/Fax: (510) 895-3675 / (510) 895-3680

http://www.emsl.com sanleandrolab@emsl.com

091310221

CustomerID: GECN21

CustomerPO: E8560-02-51

ProjectID: E8560-06-**

EMSL Order:

Attn: Rick Day

Geocon Consultants, Inc.

6671 Brisa Street

Livermore, CA 94550

Received: 06/28/13 12:15 PM

CRISSY FIELO OUTFALL (CALTRANS) / E8560-02-51

Fax: (925) 371-5915

Phone: (925) 371-5900

Project:

7/5/2013Analysis Date:

6/27/2013Collected:

Sample Description Appearance %  Type

AsbestosNon-Asbestos

%     Fibrous %   Non-Fibrous

Test Report: PLM Analysis of Bulk Samples for Asbestos via EPA 600/R-93/116 Method 

with CARB 435 Prep (Milling) Level A for 0.25% Target Analytical Sensitivity

B3-3.0

091310221-0008

Brown None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100.00%

B3-6.0

091310221-0009

Brown None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100.00%

B4-1.5

091310221-0010

Brown None Detected

Non-Fibrous

Homogeneous

Non-fibrous (other)100.00%

B4-6.0

091310221-0011

Brown

Non-Fibrous

Homogeneous

Chrysotile<0.25%Non-fibrous (other)100.00%

B4-7.5

091310221-0012

Brown

Non-Fibrous

Homogeneous

Chrysotile<0.25%Non-fibrous (other)100.00%

Baojia Ke, Laboratory Manager
or other approved signatory

Test Report  PLMPTC-7.25.0  Printed: 7/5/2013 3:30:59 PM 2

Analyst(s)

THIS IS THE LAST PAGE OF THE REPORT.

This report relates only to the samples listed above and may not be reproduced except in full, without EMSL's written approval. This report must not be used by the client to claim product certification, 

approval, or endorsement by NVLAP, NIST, or any agency of the federal government. EMSL is not responsible for sample collection activities or method limitations. Some samples may contain asbestos 

fibers below the resolution limit of PLM. EMSL recommends that samples reported as none detected or less than the limit of detection undergo additional analysis via TEM.Samples received in good 
condition unless otherwise noted.

Samples analyzed by EMSL Analytical, Inc San Leandro, CA 

Jorge Leon (12)

Initial report from 07/05/2013  15:30:59

http://www.emsl.com
mailto:sanleandrolab@emsl.com






 
 
 
 
 
 
 
 
 
 
 
 

 APPENDIX  B



As - Soil
Number of Valid Observations 5
Number of Distinct Observations 5
Minimum 2.1
Maximum 3.7
Mean 2.86
Median 2.8
SD 0.619
Variance 0.383
Coefficient of Variation 0.216
Skewness 0.257
Mean of log data 1.032
SD of log data 0.219
   95% Standard Bootstrap UCL 3.27

As - Sediment
Number of Valid Observations 3
Number of Distinct Observations 2
Minimum 2.4
Maximum 2.5
Mean 2.43



                State of California                                                                                                                 California State Transportation Agency 
 DEPARTMENT OF TRANSPORTATION 
 
 

 M e m o r a n d u m          Flex your power! 
                                                                                               Be energy efficient! 
  
 
To:  MR. PETER AGUILERA     Date: July 18 2014 
 Project Development 
 Special Project 
  
        
 Attention:   Susana Onate    File:  04-SF-101- PM 9.0 
         EA 04-1637N1 
         Efis # 0400020923 
         Doyle Drive Outfall IJKL 
          
        
  
                            
From:  CAROLINE CHEN     MAHMOOD MOMENZADEH  
 Transportation Engineer    Chief, Branch C 
 Office of Geotechnical Design – West  Office of Geotechnical Design – West 
 Geotechnical Services     Geotechnical Services 
 Division of Engineering Services   Division of Engineering Services  
 
 
Subject: FOUNDATION RECOMMENDATIONS  
 

 
This memorandum provides foundation recommendations for the modification of Doyle Drive 
Storm Drain Outfall, located at and near Crissy Field, beach area, and extend into San Francisco 
Bay.  The site location is shown on Figure 1. 
 
The beach in the area has been accreting and the outfall has subsequently been covered and 
blocked with sand, causing flooding of the drainage system upstream along Mason Street. The 
proposed project will replace approximately 175 feet of the existing 42” outside diameter High 
Density Polyethylene (HDPE) pipe from the manhole on the beach to the current outfall outlet, 
and extend the outfall by approximately 291 feet into San Francisco Bay with a 54" outside 
diameter HDPE pipe for a total project length of 466 feet.  

 
GEOLOGY AND SUBSURFACE CONDITIONS  
 
A Geology Report dated May 30, 2013 was prepared by Matthew Gaffney from Office of 
Geotechnical Design West for the same project. The following sections depicting regional 
geology, site geology, faulting and seismicity, and hazardous waste are part of the referenced 
report. 
 
 
 

 



 MR. PETER AGUILERA 
 Attn: Susana Onate 
 July 18, 2014 
 Page 2 
 

Regional Geology 
 
The project site is located within the California Coast Ranges geomorphic province. Extensive 
folding has created a series of northwest trending ranges and valleys. One of which is the San 
Francisco Bay. San Francisco Bay drains 40% of California via the Sacramento and the San 
Joaquin Rivers through the Golden Gate to the Pacific Ocean. The San Andreas Fault forms the 
boundary between the Pacific Plate and the North American Plate, and was formed following the 
cessation of the subduction of the Farllon Plate. Once the plate was subducted, the San Andreas 
fault was the new contact and was between the Pacific Plate and the North American Plate. This 
fault is a right lateral strike slip fault and is part of a larger system including the Hayward, San 
Gregorio, and Calaveras faults, which accommodate the stresses formed by the migrating plates.   
 
Site Geology 
 
San Francisco is mostly covered by Quaternary deposits with outcrops of the Jurassic Franciscan 
Complex dotted across the city.  This project is underlain by Quaternary alluvium at the west end 
of the project, and artificial fill and Quaternary beach and dune sand under the remaining line to 
the bay. (Geology is presented on Figure 2) The soils directly beneath the surface are sands and 
then clay layers (young bay mud and possible old bay mud at depth).  
 
Faulting and Seismicity 
 
The project site is located within a seismically active region dominated by the northwest trending 
San Andreas Fault.  Several other faults that parallel the San Andreas make up the larger San 
Andreas Fault system and separate the Pacific Plate on the west from the North American Plate 
to the east.  The San Andreas Fault system can be thought of as a diffuse plate boundary at which 
strain is spread across a wide region.  There are larger, well-known faults within the system that 
tend to be the most active, however, there are other unnamed faults that are not mapped that may 
produce moderate earthquakes.   
 
There are numerous active faults within the San Francisco Bay Area that have the potential to 
produce large earthquakes, such as: the San Andreas (Peninsula), San Andreas (North Coast) and 
San Gregorio fault (San Gregorio section). The closest of these faults is the San Andreas 
(Peninsula) Fault, which is within six miles of the project site. The San Andreas Fault is a right-
lateral strike-slip fault that dips 90 degrees relative to horizontal. Table 1 presents the seismic 
data for the closest faults to the project.  
 
Tsunami 
 
According to the Association of Bay Area Governments website the project site is in a “Tsunami 
Inundation Area.”  
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Hazardous Waste Potential 
 
This site has been remediated in the past, so to our knowledge there is no hazardous waste in the 
project limits. 

 
Table 1 Seismic Data 

 

FAULT Fault 
No. 

Distance  
(Miles) Fault Type Maximum 

Magnitude (MMax) 

San Andreas (Peninsula)  134 5.9 Right Lateral Strike 
Slip 8.0 

San Andreas (North 
Coast)  80 7.2 Right Lateral Strike 

Slip 8.0 

San Gregorio fault (San 
Gregorio section) 127 8.8 Right Lateral Strike 

Slip 7.4 

 
 
SUBSURFACE CONDITIONS 
 
Field investigation was conducted by the Office of Geotechnical Design West in June 2013 and 
Earth Mechanics, Inc. in July 2013 for the proposed project. A list of the Cone Penetration Tests 
(CPTs) and rotary wash borings (SPTs) is summarized and presented in Table 2.  
 
Borings RW-13-001 and RW-13-002, and CPTs CPT-13-003 through CPT-13-005 were 
conducted on the beach. Borings R-13-003 through R-13-006 were conducted off shore. The 
boring locations are shown on the Log of Test Borings (LOTBs).  LOTBs are attached to this 
report in Appendix A.   
 
Based on these borings, loose to dense sand, sand with silt, and silty sand were encountered up to 
elevation -35 ft. The underlying soil is consisted of soft to stiff clay interbedded with medium 
dense to dense sand and silty sand to the exploration depth. Two very dense sand layers were 
encountered at approximate elevations -30 ft and -60 ft in both Borings R-13-004 and R-13-005. 
Thickness of each layer ranges from 5 to 10 ft.  Presence of dense sand layers is anticipated 
throughout of the site area.  
 
Groundwater was not measured during drilling. Considering the project starts at beach and 
extends into San Francisco Bay, the Mean Higher High Water (MHHW) elevation at 5.9 ft 
should be considered for design and construction purpose. The Mean Lower Low Water 
(MLLW) elevation at this site is 0.06 ft. 
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Table 2 Summary of CPTs and SPTs conducted for the project 
 

Boring No. CPT/Boring Depth (ft) Top of CPT/Boring 
Elevation (ft)  Bottom Elevation (ft) 

CPT-13-003 25.3 7.5 -17.8 

CPT-13-004 101.5 7.3 -94.2 

CPT-13-005 33.8 8.3 -25.5 

RW-13-001 71.5 8.3 -63.2 

RW-13-002 81.5 8.5 -73.0 

R-13-003 -2.4 68.4 -70.8 

R-13-004 -10.4 76.6 -87.0 

R-13-005 -10.3 86.7 -97.0 

R-13-006 -2.2 78.8 -81.0 

 
 
CORROSIVITY 

 
No corrosion test was performed for the proposed project. The site is considered corrosive due to 
the nature of the site being located at marine environment. But corrosivity of the site is a non-
issue for the outfall pipe, piles, and the other plastic components. 
 

 SCOUR 
 
There is no hydraulic study available to conclude the scour issue.  A scour depth was assumed  
for the pile design described in the Foundation Recommendation below.  

 
SEISMIC DATA/LIQUEFACTION POTENTIAL  

  
The peak ground acceleration obtained using Caltrans ARS online tool (v2.3.06) is 0.67g. Based 
on the field investigation mentioned above, the layers of loose to medium dense poorly graded 
sand/silty sand encountered blow the water table, up to elevation -25.0 ft, poses a moderate to 
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high liquefaction potential during a strong seismic event. 
 
FOUNDATION RECOMMENDATIONS  
 
SeaPile with section of 13SP8F08 is proposed by structure designer to support the proposed 
drainage pipe. The proposed piles are 13 inch in diameter, consisted of recycled HDPE 
reinforced by 8 1-inch diameter fiberglass rebars. They are products of Bedford Technology. 
Properties of the proposed piles are shown on Table 3. Plans showing layout and longitudinal 
cross section of the proposed piles, pipe, and the shoring are shown in Figure 3 and 4.  These 
plans were provided to us by District 4 Special Design in December 2013 and June 2014, 
respectively.   

 
Table 3 Performance Data of the Proposed SeaPile (Manufacturer: Bedford Technology) 

 
 

Seapile   
Section 

Diameter  
(inch) 

Rebar  
Quantity 

Rebar 
Size 

(inch) 

Yield 
Strength 

(psi) 

Modulus of 
Elasticity 

(psi) 

Stiffness 
(psi) 

Weight 
(lb/ft) 

13 SP 8F08 13 8 1 5170 345000 4.84E+08 43-50 

 
The existing pipe is supported by 13 inch plastic piles. These piles will be driven 6 ft down from 
current tip elevation -19.25 ft to the new tip elevation at -25.25 ft after the existing pipe and 
crossties are removed. If some of the piles can not be driven to the specified tip elevations before 
loads demands are satisfied, they will need to be extracted and re-installed. We recommend 
including contingency to account for this uncertainty in cost estimate. 
 
Based on the input from consultant Moffatt&Nichol, there is no compression demand on the 
piles. The tension design load is 500 lb per pile and lateral force 500 lb equal to the entire 
applied wave force. Pile tip elevation is controlled by lateral demand. Pile tip elevations 
specified by Moffatt&Nichol ranges from -34.07 to -34.62 ft (See Figure 5). The length of each 
pile is 35 ft.  Calculations by Moffatt&Nichol shows deflection at pile top is 4.1 inch, without 
taking scour and liquefaction into consideration. We conducted the pile lateral analyses using 
LPile 5 Plus Program for the same load demand using subsurface soil conditions of boring RW-
13-001, which is generally the weakest among boring drilled.  The analyses were conducted for 
the maximum free standing pile length, which corresponds to the lowest existing ground surface. 
Pile top deflection considering liquefaction of loose to medium dense sand layer is in the order of 
1.4 inch. And the pile top deflection considering 5 ft deep scour is in the order of 4.1 inch. 
Structure designer should evaluate if this amount of pile deflection is acceptable. If the pile 
deflection is not meeting requirement, use of a stronger class of the Sea Pile is needed since 
making piles deeper does not reduce the deflection for this case. 
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PILE DRIVING 
  

Due to environmental concerns, diesel hammer driving system is not allowed. 
 
All piles shall be equipped with a suitable driving shoe to drive the pile in denser soil layers and 
to reduce the sound pressure caused by pile driving.   If other obstructions are encountered during 
driving, special driving tips or take other measures to prevent damage to the pile during driving 
should be provided.    

 
Isolation casing of 40 inch inside diameter shall be used for all piles. The casings shall be 
provided with a suitable base support or a sufficient embedment in the sea floor soils at the 
discretion of the contractor to be sufficiently stable during the pile driving. The isolation casing 
shall be equipped with a suitable Air Bubble system. The Air Bubble System shall be turned on 
during all pile driving operations. 
 
The sound pressure shall not exceed 170 db (Peak) and 160 db (RMS) at 33 ft distance from the 
pile driven. Only the Peak or RMS value can exceed by 5 db.  If sound pressure criteria 
mentioned above is exceeded due to tidal water effects, the piling shall be conducted during the 
slack tide. 
 
Contractor may perform a test pile in deeper section of alignment before the actual pile driving to 
calibrate the driving energy and other hammer setting needed to satisfy the pile installation to the 
specified pile tip and the sound pressure criteria. The criteria of the sound pressure limits can also 
be checked during conducting the test pile. 
 
PILE DRIVABILITY STUDY 
 
Pile drivability is analyzed by Caltrans Foundation Testing Branch using software GRLWEAP. 
Since there is no option available for plastic composite pile in GRLWEAP, timber pile and 
concrete pile are analyzed to find out the possible bound of driving stress. Two driving system 
was used in the analyses, hydraulic hammers MHF 5-5 and MHF 5-6.  Base on the results, the 
maximum compressive stress during driving is less than 2.0 ksi. Thus, the proposed piles should 
be able to be driven to the specified tip elevations without being overstressed. In our opinion, 
timber pile is a closer simulation of the proposed piles, but is not an accurate match. Contractor 
is responsible for selecting appropriate driving system and is required to submit related 
documents. Table 4 presents the parameters used in the drivability analysis. 
 
We recommend Pile Dynamic Analysis (PDA) conducted on one pile between Station 23+50 and 
25+00 where dense subsurface layers are more frequent.   The test pile will need to have 15 ft 
extra length to allow PDA assuming water depth is 10 ft.   The exact location will be determined 
by the Engineer and approved by the Office of Geotechnical Design West. 
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Table 4  Properties used in the drivability analysis 

 

Smith 
Damping Soil Quakes Note 

Static 
Elastic 
Modulus 
(ksi) 

Dynamic 
Elastic 
Modulus 
(ksi) 

Shaft 
(s/ft) 

Toe, 
s/ft 

Shaft 
(inch) Toe (inch)    

0.2 0.24 0.09 0.61 End of initial driving 490 1125 

0.3 0.38 0.1 0.11 Beginning of re-strike   

 
 

CONSTRUCTION CONSIDERATIONS 
 
• Dewatering and shoring are anticipated throughout the project limits particularly for the 

onshore excavation. Shoring may be designed based on the LOTBs prepared for this project 
and/or subsurface soils data obtained by the contractor by drilling additional boreholes, if 
needed. Contactor should submit shoring design and plan for our review. The excavation and 
shoring in general shall conform to Cal-Osha requirements and any other design and safety 
requirements deemed necessary for a project in marine environments. There are some 
specific measurements required due to environmental concerns, such as turbidity curtain for 
the section from station 21+80 to approximate station 23+40, and 48 inch steel casings to be 
replaced at the pile location during driving for the section from station 23+40 to the end of 
the pipe. Contractor should consider all these requirements when designing shoring.  

 
• Difficulties with pile driving in marine environments and hard driving in dense sand layer is 

anticipated.  
 

 
If you have any questions or need additional information, please contact Caroline Chen at 916-
227-5386 or Mahmood Momenzadeh at 510-286-5732.  
 
 Attachments: 
     

 c:    TPokrywka -Email 
  MMomenzadeh -Email 
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  MMacaranas -Email 
  APang – Email 
  Geodog 
 
 CChen/MMomenzadeh/mm      
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Figure 1 Location Map 
 
 
 

 
 
 

Figure 2 Geology Map 
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