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INTRODUCTION

This report presents the resu]té of a ground water investiga-
tion along the semi-depressed portion of the proposed Hoffman
Freeway (Route 17) in the City of Richmond (Figure 1).

The work reported herein was requested by Mr. Tom Walsh, of

the District 04 Materials Department, on March 16, 1977, at a
meeting in Sacramento attended by Mr, Walsh and Messrs. R. A.
?orsyth, R. H. Prysock, and S. B. P. John of the Transportation
Laboratory, Geotechnical Branch. At that meeting Mr. Walsh
outlined the District's design concept for a semi-depressed
portion of the proposed freeway.

Authorization to proceed with the work was given by Mr. D. T.

Cassinelli of District 04 to Mr. G. A. Hill of the Transporta-
tion Laboratory in a memorandum dated March 18, 1977 (1).*

Background Information

The design of Hoffman Freeway (Route CC-17) in the City of
Richmond has been under study by District 04 since the early
1950's. Original design concepts included a rolling grade,
primarily at ground level, rising and descending on approach
embankments to structures over the various cross streets. A
second design alternate consisted of an elevated roadway
profile, supported the entire length (except for short
structures over cross streets) by 25-foot high embankments
(2, 3).

*Numbers thus shown denote cited references.
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These alternates were received with some public disfavor be-
cause of potential noise problems and the physical barrier
that would be created by the embankments. Consequently, a
third design concept was developed which involved fully
depressing a two-mile portion of the freeway to a depth of

25 to 30 feet. Surface streets would be carried by structure
over the'freeway at, or very near, their original grades.

To assess ground water problems associated with the fully
depressed concept, a geotechnical study was initiated in

1970, with most of the work actually being performed in 1971
(4). That investigation included soil sample borings, labora-
tory tests, and four pump (drawdown) tests. The report
concluded that an open cut debressed profile was feasible but
‘that settlement outside the construction Timits probably would
result due to the removal of large quantities of water from an
aquifer below a depth of 30 feet. Futhermore, considerable

- expense would result from providing the necessary permanent
dewatering faci]ities,

The generally unfavorable findings from the 1971 study resulted
in the proposal of a fourth design alternate: an elevated pro-’
file, about half of which would be supported by embankment,

the other half by viaduct. 1In effect, this alternate was a
modification of the earlier elevated concept. This alternate
Proved to be uneconomical as well as unpopular to the public;
conditions that prompted further consideration by the District.

Since most of the prob]ems'associated with fully depressing
the freeway were related to ground water at and below a depth
of 30 feet, an alternate concept was proposed to semi- depress
the freeway which would avoid ground water be1ow 30 feet and
reduce the overall ground water problems to a manageable level
at reasonable costs.



Objectivés oF Investigation "
Specific objectives of the study described herein were to:

1. Estimate the quantities of ground water that will be
removed during construction and after construction,

2. Develop feasible concepts for removing ground water
during construction and after construction,

3. Estimate the effects of dewater1ng, as required by the
) proposed fac111ty, on:
a. Ground subsidence outs1de the construction limits.
b, Sed water 1ntru51on

4. Determine prESent'ground water quality.

Scope of Investigation

The scope of theftheStigation was based on: (1), several
‘field reviews and discussions with District personnel regard-
ing the pre]iminary semi-depressed section concept; and (2),
potential short term (construction phase) and long term
(operat1on phase) ground water probiems in relation to the
proposed fac111ty. The study included the following major
“elements:

1. A bor1ng and samp11ng program to identify aquifers and
‘determ1ne ground water 1evels

. Cy o . b . P . FIPYE
}{%’;‘l - S A A N
. s i P . .

2. 'Drawdown tests to determ1ne quant1t1es of water to be
pumped, and ‘the area influenced by pumping.,



A review of all avai]ab]érbrﬁdnd'ﬁéferi1itérature perti-

nent to the area.

A detailed reconnaissance of the area to establish an
approximate extent of present ground water use and
number of existing wells,

Laboratory tests to determine the present quality of
ground water in the area.

Appropriate analytical work to accomplish the 1isted
objectives of the investigation.




44 PROJECT AND. SITE DESCRIPTION

Project Location

The proposed Route 17 (Hoffman) freeway will traverse the
southwestern section of the City of Richmond along an align-
ment roughly parailel to the existing Route 17 (Figure 2).

This area is part of anra11uvium-fi1]ed valley lying between
San Francisco Bay and the Berkeley Hills to the east. The

terrain is gently rolling and ranges from about 8 to 33 feet
above mean sea Tevel in the project area. This portion of
the city is devoted to 1ight industrial and residential use.

The Hoffman Freeway will cross the southerly end of the
valley in an east-west direcfion, about 1/2 mile north of
Richmond Inner Harbor. The entire freeway will extend
from E1 Cerrito to Marine Street in Richmond. The portion
between Stations 170 and 276 in Richmond (about 2 miles)
will be semi—depressed,IWith cuts ranging from 10 to 26
feet. Recent boring data indicate that depth to ground
water ranges from 5 to 19 feet. Annual rainfall in the
immediate area §s about 19 inches.

Site Geology

The terrain in the Richmond area consists of a complex, non-
homogeneous seqdence of sedimentary, igneous, and metamorphic
rocks ranging 1h age from Late Jurassic to Quaternary. The
basement rocks for the region consist of the relatively im-
permeable Jurassic-Cretaceous Age Franciscan Group, composed

o
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of shéles;'sandgtones, mddstones, serpentines, and greenstones.
In the valley the basement is overlain by marine and non-marine
sedimentary and volcanic rocks above which 1ie the Quaternary
deposits which con51st_of alluvium and bay mud, Figure 3.

The alluvium is derived principally from the Contra Costa
rocks of the Berke]ey Hills to the east. The clay=rich soil
that deve1ops 1n these rocks 1s 1arge1y "of the montmorillonite
'type and is h1gh1y expans1ve ifi charactér. The alluvium aiso
contains s1lbs.~sands, and grave]s. The bay muds are clay and
silt mixtures w1th occas1ona1 sand layers. The thickness of
the alluvial soils in the proaect area, or the depth to bed-
rock, is abouf 50 feet aﬁ the easter]y'end and some 300 feet
at the wester]yiterminus; Site geology is discussed in more
detail under "Subsurface Conditions”.

The Semi—Depreseed Cohcept

The semi—depreséed profile will be approximately two miles in
Tength between 37th and 6th Streets (Station 170-276).

Nominal depth of excavation will vary from 10 to 15 feet.

The max1mum depth of excavation will be about 26 feet at the
easterly end of the proaect in the vicinity of 37th Street
(Station 180%). - This deéper excavation will provide for an
undercrossing’ of the Jo1nt Southern Pacific/Santa Fe Railroads.
It will also be” necessary to raise the railroad grade to
accommodate th1e proposed design.

Normal bottom width of the excavation could be as Tittle as
122 feet, or as much 178 feet, depend1ng upon the geometric
design a]ternate ultimately selected. Nominal additional
widths will be required to accommodate interchange ramps.
Side slope ratios of 2:1 are planned except for those areas
where retaining walls will be employed.

toex



€ JNNII4

NOILO3S §3SSIYJ3A -IN3S dVI SSANMOIHL WIANTIV
. ><.$m_umn_. NVW-440H

5 Wy
%5 T 'hBuons Lsy

by

STICHIIN |
% 66 W

\.
n




Thiee interchanges will be provided for all geometric alter-

nates except the High Occupancy Vehicle (HOV) lane alternate.
The three planned interchanges will be located at 37th Street,
23rd Street, and Harbor Way/Cutting Bivd. (10th Street), In
the event the HOV lane altérnate is adopted, a fourth inter-
chapge would bé'iocateq“at Mariqa%ﬂay_(14th Stfeet).
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FIELD INVESTIGATION

The field investigation along the project route followed
several lines of inquiry in pursuing the objectives of this
study. Work in the field fell generally into the following
four categories:

A program of boring and sampling to evaluate sub-
surface soil conditions and estabiish the location and
extent of aquifers, primarily within the uppermost 30
feet of the soils.

Drawdown tests were conducted to permit calculation of
aquifer constants for the pervious layers and to evalu-
ate recharge potential.

The depth to ground water in all open borings along the
project was measured to establish present (1978) levels.
Fluctuation was assessed on the basis of previouly re-
corded readings. Future measurements will be scheduled
for further comparison. |

A reconnaissance survey of private and publicly owned

water wells within, or proximate to, the project Timits
was conducted to gather general 1nformat1on with regard
to well capacities, water: quality, and usage. '

Boring and Sampling

During 1977 the District 04 Materia]s‘Department made 26

borings along the project to delineate types and geotechnical
characteristics of soils within the proposed excavation area.
The borings ranged from 30 to 80 feet in depth. Some of the
borings were augered (6 inches and 18 inches in diameter) and

11



dfhefs provided %Ainch diameter jar and liner samples. Only
selective undisturbed sampiing was done as the study was
oriented primarily to visual identification of soiis and
location of water-bearing strata.

The information bresented by the 1977 series of borings aug-
mented the data obtained from borings made for the 1970-71
study by Districts 04 and 10 and the 0ffice of Structures.
Details of all the 48 borings made on the project to date
are listed in Table 1 and shown graphically on the boring
profiles presentéd as Appendix A of this report. The
locations of the various borings are plotted on Figures 4

and 5.
TABLE 1, DRILLING DATA
- . .
21 No. of L
=1 Year Borings Depth Drill Type Sample Comments
wnPrilled Used Range Crew
P| 1977 15 30-50 | Dist 04 Auger Jar Gas 0dor
(6"&18") & in P8
Sack
Io|"1977 -| a1 |30-80 | Dist o04fi2n’ Jar Undisturbed
sl e e Cowwo | Sampler .} - & . samples
‘ i Tube taken
1Bl 1971 6 70-75" | Dist 10| 2" Jar "
A . Sampler &
Tube
P| 1970 5 31-35 Dist 04 1] 18" Sack
' E Auger
|84 1970 11 60-136 | Bridge | 1.4" Jar
SO IR * D SPT
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As the complexity of the subsurface soil stratification
precluded development of a single generalized soil profile
for analytical purposes, it was found expedient to divide
the length of the proposed excavation into six areas in
order to facilitate this study. The area designations and
lineal extent are Tisted below.

Area Stationing Approximate Street Limits
1 170-184 - 45th St. to So. 8th St.
2 184-205 So. 8th St. to So. 31st St.
3 205-231 So. 31st St. to So. 21st St.
4 231-252 So,., 21st St. to So. 14th St.
5 252-273 So. 14th St. to So. 7th St.
6 273-276 So.. 7th St. to So. 6th St.

Drawdown Tests

The selection of suitable locations for drawdown tests followed
a detailed visual inspection of continuous samples recovered
from the borings. The two sites chosen were located at the
intersections of 11th Street and 30th Street with Hoffman
Boulevard. Since the four pump sites utilized in the 1971
drawdown studies had all been located on the bayward side of
the then proposed fully-depressed freeway section, it was
decided to locate the two sites for the current study on the
landward side of the presently proposed semi-depressed section.
These latter locations, identified as PT-1 and PT-2, and the
1971 pump test sites denoted as R-1, R-2, R-3, and R-4, are
shown in Figure 6.

The 1971 series of pump tests was oriented to tap aquifers at

depths below 30 feet. By contrast, the 1977 pump tests tapped
aquifers at, or above a depth of 30 feet.
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Pre]iminary Pump Tests

Preliminary pump tests of short duration were conducted by
District 04 personnel at each site to enable estimations of
volumes of water that would be encountered during subsequent
full-scale pump tests. A pump well and four observation
borings were insta11éd=at»each-of the two sites for the
Ppreliminary testing.

‘On December 16, 1977, District 04 personnel used a Proesser
1-HP submersible pump at Site 1, (11th Street and Hoffman
Blvd.) for a period of about seven minutes, at an initial
discharge rate of 24 gpm until the ground water was drawn
down to 21.6 feet below ground surface. The discharge rate
was then ajdusted to 3 gpm by partly closing the valve on
the discharge line. This rate of discharge held the water
Tevel constant at 21.6 feet below the ground surface for the
balance of the test, which was terminated after 4 hours,

Rebound, or ground water recovery readings were then taken for
a period of 2 hours., This procedure was repeated on December
19, 1977. The equipment was then moved to the 30th Street
site, and a similar procedure was carried out at that location
on the 20th and 21st of December.

Full Scale Pump Tests

Following evaluation of preliminary drawdowns full scale
pumping tests were scheduled. To prepare the sites for
these operations District personnel installed additional
observation wells as described below.

16
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For Pump Test 1, three arms were laid out and observation
wells located at 10-, 50-, and 100-ft. intervals along the
north and west arms; and at 10-, 50-, 100-, and 200-ft.
spacings on the south arm. The pump test site is shown in
Figure 7. The maximum depth of observation wells was 25 feet,
whereas the pump well was drilled to 25.5 feet, The pump was
set at a depth of 21 feet.

For Pump Test 2, two arms were laid out, with observation
wells at 10-, 50-, 100-, and 150-ft. intervals along the
north arm, and at 10-, 50-, 100-, and 200-ft. for the east
arm, The maximum depth of observation wells was 20 feet
and the pump well was drilled to 22.5 feet. This layout is
depicted in Figure 8. The pump was set at a depth of 17
feet. 1In both pump tests the casing used for observation
wells consisted of 2-inch diameter PVC pipes, whereas for
éump wells the casing was of 8-inch diameter, perforated/
slotted steel pipe. ATl pump wells and observation wells
were cased top to bottom.

During the first week of January heavy rains saturated the
project area, inundating the ground surface adjacent to some
of the observation wells, This surface water infiltrated and
in some cases filled the borings. Consequently, it was neces-
sary to dewater the wells to natural gdground water levels prior
to beginning tests.

The pump test at the 11th Street site (Pump Test 1) was started
at 1030 hours on January 17th, and was terminated at 1100 hours
on the 18th when the water level in the pump well reached the
desired depth of 21.0 feet below ground surface. Recovery
rates were then monitored for four hours, after which the test
was concluded.

18
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A wind and rain storm delayed the start of Pump Test 2 at the
30th Street site until January 23rd. The procedure previously
described was followed at that Tocation but the duration of
the test was considerably shorter. At a discharge rate of

3 gpm the pump well was completely drained in 3-1/2 hours

and recovery read1ngs were begun immediately and continued

for 4 hours.

Water Level Measurements

Ground water level readings were made in all open borings
within the project limits in July 1978, and compared to water
level measurements recorded in mid-October of the previous
year. These readings are posted on Table 2.

A review of the readings to date on an area-by-area basis per-

mitted the general conclusions shown in Table 3 with respect
to fluctuation during the period of observation.

TABLE 3 FLUCTUATION OF G.W.T.

Ar

1]

a Status
Risen
Risen
No Change
No Change
No Change
No Change

o W N

The rise in ground water table may have been due to higher
than normal recharge or a reduced demand on the ground water
system. Where no change is 1nd1cated a number of factors
may have been responsible,
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. GROUND WATER LEVELS

Boring : - .Dgge , . Depths to GWT {feet)
No. Station Area Boring n9.0,B.,* 10/17/77 7/19/78
:fp9-77  166+70 1 9/3/77 13.6 12.4
“lP12-77 166+85 1. 8/27/77 14.6 13.9
D17-77 172+35 1T 10/11/77 12.85 11.9
- : (7/31)
Y [P1-70 176+45 T |
_k {P11-77 177400 1 8r27/77 - 17.6 16.0
{8371 177435 - 1 -
. |D18-77 178450 1 10/13/77 . 16.9 14.4
, P (7/31/78)
D16-77 181420 T 10/7/77 14.05  11.9
[o11-77 ns7es0 2 .gvz0s77 | 6uss -
PTQ-77.'187+8q”.éf‘h8f27/;iw “ 4.0 14.0
1po-77 ‘201400 2 8/27/77 |<10.0  7.65 8.4
P4-70  202+70 5 o
|p10-77 202+90 2 9/8/77 6.3 6.05 -
P8-77  208+00 3 8/26/77 | <9.0 9.3 Dry?
U lB1-71 219460 3
P5-70  219+80 3
1P7-77 220410 3 8/25/77 |<15.4 7.9 21.6
P6-77  228+50 3 8/25/77 | <16.0 7.95 6.9
D12-77 236+75 4 10/3/77 8.0 8.05 -
P5-77  239+40 4 8/25/77 |<22.6 7.65  Dry?
D8-77  239+60 4 9/1/77 8.9 -

*0n D.0-B. = on date of boring completion; ground water depth.
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TABLE 2, GROUND WATER LEVELS (continued)

Boring P;;e , B ﬁépfhs tS;GNTbkfee;i:
No, Station Area Boring On DoO.B.* VO/ V7777 7719778
P2-70 246+10 4
P4-77  249+80 4 8/25/77 <6.5 6.1 6.0
D13-77 257+45 5 10/4/77 4.8 -
P3-77  259+00 5 8/24/77 | <9.0 6.6 6.7
B4-71 259+50 5 |
D14-77 264+20 5 10/5/77 6.2 -
P2-77 272+00 6 8/24/717 <9.0 8.7 8.7
D15-77 272+00 6 10/6/77 8.9 8.7
D7-77 272+20 6 8/30/77 8.2 8.7
P13-77 274+15 6 8/27/77 <7.7 8.1 7.7
P14-77 276+00 6 8/29/77 7.6 -
P15-77 276 +00 6 8/29/77 | <14.5 7.45 -
P1-77  278+50 /23777 | <720 6.4 -
B2-71  287+25 -
P3-70 294+10 -
Note: *0On D.0.B. = on date of boring completion; ground
water depth.
GWT = Ground Water Table
Depths to water are from existing ground surfaces.
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Ground'NatekiRecdhhaissanée Survey

The ground water reconna1ssance survey was comprised of field
v1s1ts, te1ephone conversat10ns, 1nterv1ews with officials of
both pr1vate and pub11c agenc1es, and a Titerature search. The
purpose was to gather data on ex1st1ng we]]s, ground water

quality, and other pertinent aspects related to this study.

Personnel of the'Transportation Laboratory, Sacramento, con-
ducted this survey. The agencies contacted are Tisted in
Appendix B. Information obtained during the survey is summarized
below, along with pertinent tables and figures.

Mr. Alan Neumier, City Engineer, Richmond Public Works Depart-
ment, was interviewed to inquire about City-owned wells and

the surface draihége ditch that crosses Hoffman Boulevard at
about Station 180, A-line. Mr. Neumier stated that there are
several City-owned wells, used mainly for landscape irrigation.
Potable water is pfovided by the East Bay Municipal Utility
District.

A well located qtiRichmond‘s Municipal Plunge was originally
drilled as an oil" well, to a depth of 2,000 feet, and later
developed for fresh-water supply. This well is now inopera-
tive and the pump has been removed. Mr. Walter Smith,
Richmond P.W.D. Director, recalled that it had been possible
to pump this well at a rate of 100 g.p.m. for 24 hours con-
tinuously and not lTower the water level,

The interviewer was ihformed%that several other City wells
drilled more recently are open. However, no specific data
have been obtained regarding them as City personnel were not
available to assist in locating them at the time of this
survey.

24
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Mr. Neumiér stated that the surface drainage ditch at Station
189 was improved by contract work in 1971. This open channel
has an 8-ft wide bottom and 1:1 side slopes. The 6-ft diameter
concrete culvert pipes'under Hoffman Boulevard were placed in
the mid-50's. The flow line elevation of the pipe is 1.66 ft
above sea level at the discharge end near the bay, and about
6.5 ft at its intersection with Seaver Street. The pipe
gradient is .003%. The storm water run-off rate from 1580
acres and from the East Shore Freeway is some 745 cfs.

Mr. Bert Lods, Chief of Maintenance, Richmond Unified School
District, was contacted regarding school wells in Richmond.
He stated that the closest school wells to Hoffman Freeway
would be those of the Richmond High School. There are two
180-ft deep wells which furnish water for landscape
irrigation. The water is fresh but "very hard," and large
quantities are available, although totais have not been
estimated. Mr. Lods, a 1ife long resident of the Richmond
area, has never heard of any local wells having a salt-water
problem.

Mr. John R. Shively, Manager, Technical Services of the
Richmond Field Station, University of California (U.C.), and
Donald V. Hamblin, Physical Plant Superintendent, were con-
tacted on July 26, concerning drilled welis on U.C., Field
Station property. There are three separate well sites on
the grounds on an approximate North-South straight 1ine,
which, if extended to the Hoffman Freeway alignment, would
pass close to the project Boring Number P11-77.

There are single wells at two of the sites. The third site
is a "well-field", consisting of 22 wells which have been
used in various research programs since 1956 by the Sanitary
Engineering Research Laboratory. The well layout is shown
in Figure 9. The well-field is comprised of a central or
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re- charge well WIth 21 observat1on wells in close proximity.
A1l of these we]]s are of 1arge diameter and the depths
exceed 100 feet. Accord1ng to the Sanitary Engineering
Department, the wells producg,]arge quantities of fresh water
from an aquifer of sand and gravel confined between impervious
clay layers some 90 feet below ground surface. The aquifer is
believed to be about four feet thick.

Details of the two wells at the other sites have not been
obtained. No evidence of salt water intrusion has been de-
tected at any of these wells, according to Mr. Shively.

According to Mr. R, C. Chin, of Contra Costa County Health
Department, Richmond Division Contra Costa County requires
permits before wells are drilled but the City of Richmond
does not; consequently, many wells are not recorded with the
Health Department. Mr. Chin provided a 1isting, presented in
this report as Appendix C.

Mr. Chin also disclosed that the U.S. General Services Admin-
istration had required an extensive soils and ground water
study prior to construction of the West Coast Headquarters of
the Social Security Administration Office Building in Richmond.
Mr. Rodriquez of GSA agreed to submit copies of data relative
to the foundation study; however, at this writing the informa-
tion has not been received.

The Pacific Gas and Electric Company had no drilled water wells
on their Richmond properties, according to Mr. R. 0, Jensen,
EIectrica1 Engineer with the Company.

During this survey the various parties were asked if they had
knowledge of, or had experience with, ground water recharge

in the Richmond area. The answers to these queries were
negative.
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Mr. Charles E. N&%dward, Planning Director, City of Richmond,
prov1ded 1nformat1on on the South R1chmond Shore11ne Special
Area PTan. Th1s p]an 1dent1f1es areas adJacent to the Hoffman
Freeway and def1nes ‘thefr present and/or ‘planned uses. He
stated that the East Bay Mun1c1pa1 Utility District does not
have water supp]y outlets adjacent to the U.C, Richmond Field
Station. He sugdested inspection of a well owned by Allied
Propane Co. on South 5Ist Street, near Stauffer Chemical
Company Facilities.

Mr. Stan Teaterman, the owner of Allied Propane Company, was
not available at‘the time of the survey. However, his shop
- foreman showed the well. The well is cased and capped. The
stéel'cap has a 1/2-inch vent plug which can be removed for
water level soundings. This well is about 100 feet deep and
cased with 6-inch diameter plastic casing. The company uses
several hundred gallons of water per day from this well.
Water from the well is not used for drinking, although it is
potable. The shop foreman indicated that other businesses
in the area have their own wells.

Blair Excavators, Inc., located across from Allied Propane,

on Sea Port Blvd. owns two wells in the area, one of which
was’ inspected. Mr. Charles Shadwick supplied the following
information. A large pit about 15 feet in depth was excavated
and a steel fank with dimensions of 4- x 4=~ x 12-ft was
perforated on the sides and laid with the 4~ x 4-ft face

on the bottom. This tank has a 1000-gallon capacity. A 1/2-
HP jet pump was installed to move collected water to a holding
tank on the surface. Mr. Shadwick stated that this shallow
well water is used primarily for filling 2500-gallon tanks

and that it takes about 6 hours to fill each tank. This amounts
to about 7 gpm and allegedly results in no drawdown. On the
day of inSpectioﬁ the ground water level was at a depth of

5 feet below eXisting grodnd surface., This water was tasted
and was found to:have a brakish taste, possibly due to the
presence of a chemical.

28
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In the vicinity of ih{s site a sha]]ow_hd]ding pond was
observed on property owned by the Stauffer Chemical Company.

Mr. Richard Zipp, of the Central District Office of .the Depart-
ment of Water Resources, provided information on the location
of nine wells within the project area, some of which are
cathodic protection wells. This information is summarized

in Table 4. The well locations are indicated in Figure 10.

A summary of the well driller's togs is also presented in

Table 5.

Based on the above information, cathodic protection wells are
located in the project area, It should be emphasized that
cathodic protection wells do not produce water. According

to Section 13711 of the California Water Code, a "cathodic
protection well® is defined as:

"Any artificial excavation in excess of 50 feet
constructed by any method for the purpose of
installing equipment or facilities for the pro-
tection electrically of metallic equipment in
contact with the ground, commonly referred to as
cathodic protection."

A special effort was made to understand the effects of Jower-
ing the ground water table or sea water intrusion on these
installations, Mr. Richard F. Stratfull, Retired Caltrans
Corrosion Engineer, now a private Consultant; Mr. Alvi
Arshad, Corrosion Ehgineer. Sacramento Municipal Utility
District; Mr. Kenneth Jukkala of U.S. Bureau of Reclamation,
Sacramento; and Mr. Arnie Westerback, Corrosion Engineer
with East Bay Municipal Utility District, Oakland, and

Mr. Harry Eyeda, Materials Engineer, U.S. Bureau of
Reclamation, Denver, Colorado, were contacted., It is under-
stood that the long term effects of lowering the ground
water table may reduce the operating efficiency of these
installations while sea water intrusion on the other hand
may be beneficial to them. A summary of the findings and
further discussion are presented in Appendix D.
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TABLE ; DRILLER S Loes OF PRIVATE WELLS
B (Furnished by DWR}
. iy T U
Well Depth _ " Soil
No. (ft.) -~ Description
1 0 -9 Clay
' 9 -16 © - Gravel
16-20 . Clay
20-30 Fine gravel
30-100. Yellow clay
100-130 Clay and gravel
130-160 Clay
160-170 Clay and gravel
170-195 Clay - very hard
195-199 Broken rock
199-210  Hard rock
2 0-60 Brown c1ay
T 60-72 Clay and 'sand streaks
72-109, . Clay
109-120 Sand and c]ay
3 0-50 Yellow sandstone
50-100 Blue sandstone
100-101 Hard ye]Iow rock
4 0-3 Bay mud
3-8 Green sandy c1ay
8-35 Brown clay w/sand and gravel layers
35-80 Serpentine w/hard layers
80-120 Very hard shale w/quartz layers
5 0-2 Dark clay soil
2~31 Light brown sandy clay w/gravel stratas
at 8-12*', 18-20', and 20-31°
31-105 Light brown clay w/gravel stratas at
40-41', 54-58', 71-73', 76~79"' & 89-92!
6 0-16" - Brown clay
16-18 - |, Gravel
18-22 Brown clay
22-26 Gravel and sand
26-53 Gray clay and gravel
53-57 Gravel and sand
5779 Brown clay and gravel
79-81 Gravel and sand
81-100

Brown clay and gravel
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TABLE 5. DRILLER'S LOGS OF PRIVATE WELLS (continued)
(Furnished by DHWR)

Well Depth Soil
No. (ft.) Description
7 0-4 Top soil
4-14 White clay
14-47 Brown ciay w/sand & gravel stringers
47-100 Bilue clay -
8 0-3 Top soil
3-10 Brown clay
10~15 Brown clay w/sand
15-20 Sand and gravel
20-26 Yellow clay and gravel
26~ 35 Yellow clay
35-40 Blue clay
40-45 Brown clay and sand
45-75 Gray clay and sand
75-85 Gray clay, sand and gravel
85-89 Gray clay and sand
89-95 Brown clay, sand and gravel
9 0-41 Clay
41-53 Sand
53-94 Clay
94-108 Sand and gravel
108~120 Clay
!
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~"LABORATORY INVESTIGATION

The 1dbobatory-phase of the'investigdtion was kept to a
minimum due to the abundance of applicable test data from

the 1971 study. ﬁaboratory efforts, therefore, were confined
almost entirely to index and classification tests such as
‘grain size analysis, samp]éfunit weight determinations, and
moisture contents, Types and number of tests are shown in
Table 6, and actual results are 1isted on the appropriate
boring profiles in Appendi} A. A1l tests during the present
investigation weré conducted by District Materials Personnel.

The most importdnt part of the laboratory investigation was
the visual inspecfion of undisturbed 2-inch diameter samples
from 12 borings. “These samples represented continuous soil
columns from ground surfacé‘to‘the bottoms of borings and
provided the opportunity to inspect each soil Tayer and trans-
ition zone. The bbjective was to asseés, subjectively, the
permeability of each soil based on particle size, plasticity,
and denseness. For each boring, the samples were extruded
from the 2- by 4-inch brass tubes and placed in order in core
boxes. Eachréamp1e in turn was then split Tongitudinally to
expose material relatively unaffected by sampling operations.
The inspection was conducted by experienced personnel who
assigned permeability ratings of low, moderate, or high,
based on the previously mentioned criteria. Results are
shown in Table 7.;
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SUBSURFACE CONDITIONS

Sources of Information

The subsurface conditions within the project area are extremely
complex. Evaluation of these conditions necessitated a
thorough review of all available sources of information. A
partia]ITist of the sources utilized in this study follows:

1. Boring Logs of holes drilied and sampled by Caltrans
(District?@ﬂ. District 10, and Office of Structures).

LS

2. Visual idéqpifﬁdafﬁbn 6ﬁ;undistur%ed samples.

3. Well dri]fér's logs from the California Department of
Water Resources.

4, Various Tri-Cities‘(Cities of E1 Cerrito, Richmond and
San Pablo) reports embracing seismic elements, geological
and geoph&sica] elements, and environmental analysis.

5. Observed aquifer cﬁaracteristics during pump tests
(1971 and 1977).

6. Various mébs of U.S. Geological Survey.

7. State Watér Quality Control Plan report for the San
Francisco’Basin.

8. California Department of Water Resources Publications.

)
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9, Information obtained from gedtechhical reports of two
private soils firms. .

This section briefly describes the sub-surface soils;

discusses the so-called "Richmond Aquifer", and presents
two models to describe the existing subsurface conditions,

Soil Descriptions Based on Caltrans Borings

Area 1, Stations 170-184 (1400 ft)

The 7 sample borings in this section range from 30 to 125 ft
in depth. No soil patterns or trends were revealed by this
group. Clayey sands with gravel alternate with silty clays
and clayey silts in an extemely random manner, both vertibally
and laterally. The fine grained soils are moist, and range
from soft to hard with increase in depth. The grand]ar
materials are saturated and dense. '

Area 2, Stations 184-205 (2100 ft)

The subsoils are relatively uniform in this sector along the
line of proposed excavation, Silty clays predominate from
ground surface to depths of 20 to 30 feet. Intermittent minor
layers of wet, dense sand and gravel altternate with the clays
at greater depths. Boring B7 terminated in weathered

rhyolite some 110 feet below ground sUFface; whereas the
rhyolite was found at a depth of only 65 feet in Boring B6.
Boring D11 was bottomed in dense, grave11y sand at 80 ft

below ground surface.
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Areéw3, S;aﬁ%ons'ZOS:ES] (600 ft)

The subsoils within this section to depths of about 30 feet
are basically ovéyconso]idated sandy or silty clays inter-
rupted by minor layers of wet, dense sand and gravel contain-
ing clay binder, " Below 30 ft silty fine sands with some
gravel predominate. Boring B10A at Station 214 encountered
weathered rhyolite at a depth of 40 feet (Elevation -30).

Area 4, Staﬁﬁons 2315552 (2100 Tt)

This section is characterized by massive layers of firm to
hard c]ays and silty c]ays from ground surface to depths of
some 70 feet. Sandy ]ayers here are relatively thin and well
separated vert1ca]1y. - In the v1c1n1ty of Stations 250-252

stiff silts conta1n1ng vary1ng increments of sand or clay are

predominant. #

Area 5, Stations 252-273 (2100 t)

Within this section all borings show clays, silty clays, and
clayey silts with some intermittent dense sand and gravel
layers between Elevat1on =20 and -40, The deepest boring in
this area (B-2) was bottomed in hard sitty clay at 110 ft
be]ow ground surface.

b it

Area 6, Stat1ons 273 276 (300tft)_,

{ R Chee - g
d A ” Y oy

The. soils of th1s short section are pr1nc1pa11y over-
consolidated clay, interbedded with lenses of fine sand and
some gravel. The'clays contain shale fragments, particularly
in the surface areas. The clays are firm to hard in consis-
tency. Boring B1 logged sandy or clayey silt to a depth of
20 feet below ground surface; however silts were not observed
in significant quantities in other borings within this
section,
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Detailed descriptions of the soils and other pertinent
boring data are shown on the individua] boring profiles,
Appendix A, .

Subsurface Information

In this subsection the geomorphological setting of this
project is discussed and the results of a 1iterature survey
to confirm or disprove the existence of the so-called
“Richmond Aquifer" are preﬁented. Fina]1y, the first two

of the four models will be preséented to describe the present
subsurface conditions. The other two models, which deal
With sea water intrusion, will be presented in.a later
section. o

Geomorpho]ogicaT_Setting

As shown in Figure 17, the'ppojggt:areé;1ies”in a large flat
area called the Bay P]ain'andkis'f1ankeduby four southeast-

northwest trending‘ridges. ° Theffb]ﬁoﬁinb quote from. (5)
. o _f- . . o [ A . )
describes the topography adequately,

"The most westeriy of the ridges is the San Pablo
Peninsula, which is separated from the other ridges by
the Bay Plain. The Bay Plain is characterized by a long
shoreline, part marshy and part hilly, and by extensive
flatlands where the population of Richmond, San Pablo,
and E1 Cerrito is concentrated.

“The other three ridges, the Berkeley Hills, San Pablo
Ridge and Sobrante Ridge, are the westernmost extension
of the Briones Hills, a compiex of hills and valleys
noted for its rugged topography and unstabel slopes.

E1 Cerrito climbs the more gentle southwest-facing siopes
of the Berkeley Hills, while the steep northeast-facing
~slopes decend rapidly to Wildcat Creek. Between the
Berkeley Hills and San Pablo Ridge is Wildcat Canyon, a
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rugged, wild area, owned in large part by the East Bay
Regional Park District. On the north side of the San
Pablo Ridge, the valiey of San Pablo Creek separates
San Pablo Ridge from Sobrante Ridge. The community of
E1 Sobrante is located largely in this valley." 5’

The geology of this area in general is explained by a qubte
from (6) as follows:

"GENERAL STATEMENT

The terrane in the Tri-Cities study area consists of a
complex, inhomogeneous sequence of sedimentary, igneous,
and metamorphic rocks ranging in age from Late Jurassic
to Quaternary. "Basement" is composed of a complex
assemblage of Franciscan rocks. Stratigraphically above
these materials Ties a section of Tertiary marine and
nonmarine sedimentary and volcanic rocks. The marine
section of Eocene to Miocenre age is represented by a
rhythmically bedded sequence of sandstone and shale with
occasional interbeds of pyroclastic volcanic material.
The Pliocene nonmarine section is composed of loosely
consolidated sedimentary rocks as well as a small amount
of basaltic volcanic rocks. The Quaternary is represented
by bay mud and various alluvial deposits.

FRANCISCAN TERRANE

With relatively minor exceptions, the western ridge Tine
of the Berkeley Hills marks the easternmost outcrops of
Franciscan rocks in the study area. The rock types
common to the Franciscan are serpentinite, greenstone,
graywacke, chert, shale, sandstone, and glaucophane
schist. In their fresh, unweathered, unsheared states,
most of these rocks are dense, hard, and resistant and
underlie areas that will be relatively stable during
earthquake shaking. However, where intensively sheared
and/or weathered, these rocks disintegrate and form much
less stable zones. As much as possible, the Slope
Stability map reflects these variations.

MIOCENE AND EOCENE MARINE ROCKS
Outcrops of the marine sedimentary section are very

limited within the study area, The Miocene and Eocene
section is represented by a rhythmically bedded sequence
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of well-indurated sandstone and shale. These rocks

probably underlie the Contra Costa Group of Pliocene age

in many places, howeyver,” they appear to be absent west

of the Wildcat Fault:  In some places, the marine sedi-

mentary rocks have slid extensively while adjacent areas
<" of the sameformations haVe remained stable.

CONTRA COSTA GROUP

Rocks of the Contra Costa Group crop out east and north

of the western Berkeley Hills ridgeline. Within the

study area, the Contra Costa Group is composed of friable,
poorly-indurated conglomerate, sandstone, and siltstone,
all of which contain significant amounts of clay

(the clays are largely of the montmorillonite type
[Radbruch and Case, 1967] and are therefore, expansive).
Individual beds are lenticular.

The rocks of the Contra Costa Group and the overiying
soils are particularly susceptible to creep and land-
sliding. The rocks are fairly incompetent (Radbruch and
Case, -1967), friable, loosely cemented or compacted, and
extremely heterogeneous. The clay-rich soil that
develops on:these rocks actively moves downhill through
a pronounced shrinkage and swelling response to desicca-
tion and saturation, respectively. In many areas, the

- soil develops extensive sets of cracks which may be 2 or
3 inches wide, 1 to 3 feet deep, and tens of feet long.
The intensity of landsliding within the Contra Costa
Group may also vary with grain-size, composition,
natural slope, or other factors.

QUATERNARY SEDIMENTS -+ -

Alluvium and bay mud‘dominate the low-relief areas of the
three cities, the valley of San Pablo Creek, and the
nearshore bay deposits. Bore hole data indicate that the
alluvium is composed of clay, silt, sand, and gravel, and
the bay mud :is composed chiefly of a clay and siit
mixture with occasional sand layers."

‘The major geologic féature in the western Contra Costa area
is the northwest-trending Hayward fault zone. This 44-mile
long zone varies in width from a few feet in the vicinity of
San Pablo Bay to over a thousand feet or more. It presents a
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:‘maJor topograph1c feature a]ong the base of the Berke]ey
T Hills in. this area. The fault enters San Pablo Bay approxi-
mately one m1]e.south of Pinole Point(7).

The brded a11uv1um plain which emerges south and west of the
Hayward fault slopes gently towards San Pablo Bay. As
mentioned above, this aT]uvia]-deposit is composed. of random
Tayers and thin zones of clay, silt, sand, and gravel. These
sediments range from less than a foot to 400 feet in thickness.
Due to the variab]e'nature of this alluvium and placement of
artificial fill, wide variations in soil condltlons are
present(7). '

Information was obtained'from Bishop et al(6), as to the
depth of alluvium in the project area., ~The 10cat1ons of
the various bore holes from wh1cH this 1nformat1on is
obtained are shown in F1gure 12 . The a]]uv1um thickness: .
contours are presented 1n F1gure 3 In the' v1c1n1ty of

the project the th1ckness of alluv1um varies from about

2 feet to more than 300 feet. Other boring data extracted
from Bishop, et al(6) are summarized in Table 8.

The original shorelines of a portion of San Francisco Bay and
the San Pablo Bay are shown in Figure 13. The hatched area
shows man-made land overlying San Francisco and San Pablo Bay
muds. The entire project area is outside this hatched area
except the westerly end;‘which is very close to the inner
harbor channels.
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TABLE 8 BORING DATA (FROM TRI-CITIES REPORT)

No. of Ground. Water Boring Thickness
Hole Elev, Level Depth of Alluvium
1 7t e 87 >67!

2 100 & 5 70" >70"

3 15 . 5' 75¢ >75*

4 31 i 7! 77" >771
5 ot 4 105° >105"

6 9t 6" - 29! -
7 C13.5 g 31.5" -
8 ' 9*';:- | A 24" -
9 9.6% S e -
10 12" - e e -
1 130 ° “ 200 -
12 15 f 14.5% 20" -

Note: Art1f1c1a1 fi11 in v1c1n1ty of R1chm0nd Harbor
is 2 5 to 5 ft din th1ckness.

Rfchmend"ﬂqgffen'

During the 11ter§ture search for a definition of the "Richmond
Aquifer" it was found that apparent confusion exists as to its
1dent1ty. In the f0110w1ng ‘passages are quotes from various
sources, with comments.. In the next subsection names are
fsuggested for the ground water bas1n and the various aquifers
(at different depths) w1tn1n this basin.

Robert L. Nevin.”of Environmental Assessment Engineering,

in an environmental impact report(8) on a Western Contra
Costa Sanitary Landfill Project, calls the Bay Plain (Figure
11) the Richmond Basin. Even though this particular project
is far northwest of the proposed Hoffman Freeway, the general
topographical description of the basin is still applicable.
The following is quoted from that report.
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"The groundwater basin encompassing the Project Site,
herein referred to as the Richmond Basin, occupies an
area bounded on the north and east by the Hayward fault,
‘marked by the Berkeley Hills, and on the south and west
by the San Pablo fault, which lies along the north edge
of Point San Pablo Peninsula. To the northwest, the
Basin emerges with bay mud deposits and/or sediments
from sources across the Bay. Consolidated bedrock
underlies the Basin sediments at depths averaging
perhaps 300 feet.

"The Richmond Groundwater Basin is made up of consolidated
sediments of clay, sand, and gravel, which dip generally
westward toward the Bay in this area. Clay predominates
in the Basin, making up as much as 90 percent or more of
the alluvial section in most areas for which data are
available. It occurs typically in large thicknesses and
is virtually impermeable. Sand and gravel layers,
deposited mainly by San Pablo and Wildcat Creeks, are
sparse and highly variable in occurrence and cannot be
individually traced for any distance. Generally only a
few feet in thickness, they are found mostly below depths
of 100 feet or more. Such deeper pervious beds constitute
- the only productive aquifers within the area.

"Semi-consolidated and unconsolidated clay and mud underlie
San Francisco Bay and extend beneath the entire project

“area to maximum depths of about 150 feet, Thin stringers
of sand occur erratically within these materials, but are
discontinuous over any distance and have no direct
connecEion with sediments of the Richmond Groundwater
Basin.

Very 1ittle geological mapping of the ground water basin has
been done in the past.. In fact, the "Tentative Water Quality
Control Plan Report for San Francisco Bay Basin, Part 2"(9),
published by the State Water Resources Control Board presents
a figure (Figure-14) that does not show any ground water
basin of importance. The following paragraphs are quoted
from this source(9):. .
U T N . :

"In the Central and North Bay areas groundwater aquifers

are. of limited scope and importance. One comparatively

large aquifer on the east side of the Bay is composed of

old aliuvial deposits overlaid with more recent fine-

grained alluvial deposits and bay sediments. This for-

mation outcrops along the western edge of the Berkeley

Hills and extends westward beneath the Bay where it is
covered by 25 to 100 feet of bay mud.
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"The principal aquifers adjacent to San Pablo Bay underlie
the alluvial piains of the Petaluma, Sonoma, and Napa
Valleys. In the Petaluma Valley the principal groundwater
body occurs in the old alluvial deposits which underlie
the valley as well as the recent alluvial and mud deposits
existing near the Bay. The aquifer has a depth which
varies from 75 to 150 feet on the valley floor and 75 to
250 feet near the Bay."

The report "Environmental Analysis of Western Contra Costa
County", a part of a series of reports to the Cities of El
Cerrito, Richmond and San Pablo (hereafter referred to as

Tri-Cities)(10) concludes as foliows:

"The study area has no areas of groundwater, or
"aquifers”, large enough for use in irrigation or

as a permanent municipal water supply (Webster,
1972). Map 5-4 [Figure 15 of this report] shows
what is presently known about the groundwater in

the Tri-Cities Area; its precise extent and capacity
have not been investigated."

The above quote tends to confirm that studies have not been
performed to delineate thoroughly the extent of this ground
water basin or determine its geohydrological and geotechnical
characteristics.

The location of ground water in this basin is summarized by
two sources. The first source is the Tri-Cities Report on
“The Open Space and Conservation Element of the General
Plan"(12), quoted as follows:

"Groundwater is found in the flat part of the study area,
chiefly near North Richmond and Western San Pablo. The
groundwater is a limited resource and could yield at

most perhaps one million gailons of water per day.
However, the groundwater basin is very shallow and is
extremely susceptible to pollution and overuse, which
could cause sea water intrusion and subsidence of the .
land. Liquid disposal of wastes and deep dredging could
also damage the supply. Thus, the local groundwater
supply is useful chiefly as an emergency supply in case
of disaster or water shortage and for various supplemental
uses, such as irrigation.,"
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“ The second sHﬁ?qé“is‘Webgiéffil and 13), and consists of
two maps of the San Francisco Bay Region. The first shows
areas where cert%in.chemica1s such as Boron, etc., are
present; and the second shows probable well yields in the
ground water basin.

Webster(11) has presented generalized information regarding
the probable maximum yields of wells in the San Francisco Bay
Region. He divided the entire region into four areas by
symbols A, B, C and D. An enlargement of this particular
ground water basin is presented in Figure 15,

The explanation of symbols A, B, and C summarized in Table
9. 'Quoting Webster{l11): -

"Fresh-water-bearing deposits that occur beneath
the bays of the region beneath salt- and brackish-
water deposits along the margins of the bays are
not evaluated,"

Also he indicates that boundaries of very poor control are
indicated by dashed lines and that more detailed mapping at
a larger scale would be‘warranted in many areas. Looking at
Figure 15, the Hoffman Freeway is located in Area B with a
small circular afea near Cortez School having delineation A.

The wells in Area (B) will have maximum yields of 5 to 50 gpm
with a 68 percent chance, and of 1 to 100 gpm with a 95 percent
chance. This was verified during the two recent Caltrans

pump tests (1977) in which the pump rates were between 2 and

3 gpm. The Summary Water Resohrces Report for Tri-Cities(14)
summarizZes the findings of Webster(1ll) in the following words:

"What significant groundwater is available in the study
area is located in the areas marked "B" and "C" on the
map. - The area marked "B" is sufficient for single-

family use, "but inadequate to marginal for light industry.
The area marked "C" is the area of greatest groundwater

iy,

50



Dk TG UNHIOED) =0 NUILLTVO ¢+ 4 34UN9D1

I @ouaigiay \
2.6/ '431883M 3A2HNOS B

v AVE8 QDSIDONVHI NVYS

suijouks —k—

poday vl paunjag -2'‘a‘v

Buiyiom Jou INg 9qISS223Y o
jeunnesadQ .
STI13IM

a0sEes  ximet paoAmice -

>

e R it
o T T
Ok Bttt ke 'wT”m..rr. ‘., .\\ \
s e T A
AHORHNY LA L

~

51

rena,

1

L .

i

‘e

I S AYSE

P

S

P

!

sjouyg ; e s
.- 7 L --
. e = ] i

3
Y
s
1

]
"l
‘-.. /’E>‘f" .

N
N
3

( r,_/j




)
i

‘supp1y and Will y1e1d enough for 1ight industry, but
inadequate to marginal for 1rr1gat1on, heavy industry,
or a municipal supply.

TABLE 9 RANGES IN THE PROBABLE MAXIMUM YIELD OF WELLS
68-percent 95-percent
chance that chance that
maximum maximum

Adequacy of yield yields will yields will
Map (at 68-percent range from range from
Symbol - level of chance) (gpm) (gpm)

A Marg1na1 “to adequate for 0.5 to 6 0.1 to 10
stock oF single family :
domestic use. '

B : Adequatehfbr stock or 5 to 50 1 to 100
single family domestitc
use, but inadequate to
marginal for light
industrial use.

C Adequate’.for Tight 50 to 500 10 to 1,000
industry, but inadequate :
to marg1na1 for Jrriga-
tion, heavy" 1ndustry,

-and mun1c1pa1 uses..
CoR ke f"SoﬁﬁEé: Reference 11.

"Those areas mapped "A" produce on]y enough water to

be

marginally adequate for a single-family home or for

cattle.

Consequently, wells drilled here may go dry

or yield much lTess water in the summer and autumn.

“"There are some springs in the Wildcat Canyon-San Pablo

Ridge Area.

The sandstones and gravels in this area

dip to form'a "syncline", where water.may accumulate

However, the East Bay Municipal Utility
District has no records of wells in this area.

The

groundwater here may be adequate for Park District or

other minimal uses, however”,
There were numerous wells in operation in the entire ground

water basin in the early 1900's, The following paragraphs
from (10) bring out the history of these wells:
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"At one time over 300 wells were operating in areas B
and C for domestic and agricultural purposes. {RPD, 1971).
In fact, the settlement of western Contra Costa County
was made possible by the existence of groundwater.
However, the supply proved inadequate by 1918, when
there was no water in local reservoirs for over five
months, and the entire supply had to be drawn from wells
which were producing a decreasing yield of low-quality
water. After seventeen private water companies failed,
the East Bay Municipal Utility District was formed in
1923. (EBMUD, 1972?. EBMUD capped most of the wells in
the area when it began operation.

"In 1970 the County Health Department began a study of
Richmond wells to establish the depth of the wells, the
quality of the water, and the location of operating
wells. The study discovered 97 operating wells and 59
not working but accessible in case of emergency. .....
-vsess Three are used for drinking water; most, for
lawn irrigation. 1In general, the wells are drawing
water from 25 to 180 feet deep. (CCCHD). This is
Tower than the level where water is first encountered
when boring a hole because wells are usually constructed
to draw water from a certain depth. (Bishop, DMG).

"The chief use of the groundwater today is as an emergency
supply of water is case of earthquake or other diaster.

In an earthquake, the flat part of the study area could

be cut off from the water supply in San Pablo Reservoir.
In that case the groundwater supply could be crucial."®

Appendix C of this report presents a summary of private wells
in the vicinity of the Hoffman Freeway., OFf 91 private wells
identified during the survey (Appendix C), only one was

being used for drinking purposes., In the vicinity of the
University of Ca]ifornia‘s‘Richmond Field Station, a number
of private wells are in use for purposes other tﬁanfd?inking.

At the Richmond plunge, néar the project west end, a 200-ft
well (originally intended as an oil well and drilled to
2,000 feet) exists. It is reportedly capable of delivering
at least 100 gpm with less than 30 ft of drawdown. The
aquifer is at least 90 ft below ground surface at this well,
Near Martin Luther King Park, fresh water is supplied by a
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well. Near the proaect east end in fhe U.C. Richmond
Field Station, there is a well- defined, confined 4-ft
thick aqu1fer at a depth of 90 ft, capab1e of abundant
supply of water.:

The de]ineat%onf%f the depths and thicknesses of the
various aquifers'within this ground water basin are
described variously ‘in the literature. Aquifers are
found not only Qt sha110w}dépths mentioned earlier, but
also at greater ‘depths as:quoted(15) below.

"The majority of aquifer material, which lies at greater
greater depths, is overlain by thick and tight

clay zones which serve as aquicludes to confine

these: aqu1fers under artesian pressure. This deep
aquifer zone is encountered at depths of 80 or 100

feet several miles to.the east of ' the landfill area,
but.deepens to below 180 feet in the project vicinity.
This zone has not been fully penetrated by most wells
and appears to vary greatly in makeup and thickness.
Except when pulled down by localized heavy pumping,
deep wells exhibit a water level (piezometric surface)
much above that of the actual producing aquifers. This
condition exists beneath all the lower lands in the
West Richmond-San Pablo area and for an undetermined
distance eastward. Other miscellaneous thin aquifers
at shallower depths are also overlain by substantial
thickness of impermeable clays and probably have their
own individual pressure heads,

"Very shallow sand and gravel beds carry meager quanti-
ties of water which are unconfined and water table

“conditions” preva11 " Most of these occurrences are
perched by underlying ¢lays; this is particularly the
cgsqwfor sgng Tense; w1th1n pay mud. depos1ts."

The bas1n capacmty has been rough]y est1mated by the U.S.
Geo1og1ca] Survey. Quoting from Reference (10):

l:"'l“'h‘é'll}l.s. ééoiogicaI'Survey has estimated that the entire
groundwater basin from San Lorenzo to Richmond could
safely yield approximately 4.5 million gallons per day of
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water (Rantz, 1972). The Richmond area appears to
constitute perhaps one-fourth of this, or to yield
slightly over one million gallons per day. This is a
rough guess at best, however.”

Reference'(li) presents the following conclusions;:

"The U.S. Geo1ogica1'5urvey'has estimated that the
Richmond basin could safely yield approximately 1.0
million gallons per day of water.

"However, both the Utility District and a geologist from
the State Division of Mines and Geology feel that any
pumping from such a small, shallow aquifer might cause
serious problems.

"First, salt water might invade the fresh water.

"Second, pumping groundwater might cause the land to
subside, causing serious property damage."

Diverse opinions expressed in these quotes illustrate the
need for further study on basin capacity. Based on the

two more recent Caltrans pump tests (1977) and ground water
analysis with regard to the Hoffman Freeway, the best
estimate (considered conservative) of pumpage during
construction is between 2.5 mgd and 3.5 mgd. The Tong term
pumpage during the operational phase is estimated at the
upper limit of 1.4 mgd.

Recharge, at least in the area of the Hoffman Freeway,
occurs very slowly. Four guotes are presented below to
summarize the findings on how the ground water basin is
recharged. ‘

Reference (14) states....

"No detailed studies have been made of the groundwater
recharge in the Tri-Cities area. However, in the Tri-
Cities area, most soils are clay or clay loams - the
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types generally least permeable to water. Thus it is
very Tikely that the groundwater basin is recharged
only very slowly, and that much time will be required
to replace any water -taken out.”

EA

Referenqef{lg):§tates.h..¢

*To ma1nta1n ‘the groundwater supply. the basin must be
recharged each year from "groundwater recharge areas"

No studies have been completed to discover specific areas
of groundwater recharge in the Tri-Cities area. However,
recharge usually occurs in stream channels and in
roodp1a1ns."

Referehﬁé:(lg)'sﬁates.... 

'"Recharge to groundwater occurs by direct infiltration of
rainfall, underflow, and seepage along stream channels.
In the hills, early season precipitation is almost
completely retained as soil moisture, and infiltration to
‘groundwater must await later storms that exceed the
capacity of’ the so11 ‘to absorb moisture. (Livingston and
B]ayney, 1971)

Reference (15) states....

“Replenishment of basin.groundwater is mainly from
percolation of stream flows in high areas considerably
east of the landfill site where aquifers are not capped
by impermeable clays and can receive surface water
seepage. From such recharge areas, groundwater moves as
the ground slopes toward the Bay."

The water from shallow aquifers can be expected to be

brackish. From deeper aqﬁifers fresh water can be obtained.
Based on the basin capacity and water quality it is interesting
to note that the following conclusions were arrived at by the
authors of the various Tri-Cities Reports(14):

"Thé County Health Department tested the water in the
wells it found operating. The water was found to be
suitable for drinking if chlorinated, with no evidence
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of sea water intrusion. The supply is easily polluted,
however. The presence of fresh water as close to the
ocean as Point Isabel also indicates that the ground-
water is retaining sufficient pressure to resist sea
water intrusion.

"Because the area's groundwater has not been a crucially
important resource, very few plans or policies have bheen
made regarding it., Richmond's Coastiine Plan found that
the aquifer would provide a useful emergency water supply
and that damage: to the aquifer could result from deep
dredging and underground disposal of liquid wastes. The
Plan has proposeed that: (1) the excessive withdrawal of
underground-suppliies be prevented; (2) the underground
disposal of Tiquid wastes be prohibited; and (3) any
development be rejected that would degrade or deplete the
underground water supply."”

Suggested Names of Aquifers and Basins

The presence of a series of aquifers at shallow depths (0 to

35 feet) have been definitely confirmed during this investiga-
tion. The name Hoffman Aquifers (in plural and not singular)
is suggested for this family. From the field review of existing
wells, boring records, and personal interviews the existence
of a series of aquifers between depths of 35 and 125 feet has
been established. The name Richmond Aquifers (in plural and
not singular) is suggested for this series. From all available
geological records, the maximum thickness of alluvium is 300
feet or more, not only in the project vicinity, but also in

the entire basin; and the name San Pablo Aquifers (in plural
and not singular) is suggested. The above suggested names

are presented in model form in Figure 16. The entire ground
water basin discussed above is recommended to be referred to

as the Contra Costa Ground Water Basin, Figure 17. This area
is referred to as Bay Plain in Figure 11.

'Proposed Models of Subsuface Conditions

In the absence of a generalized soil profile, four models are
proposed in this report to represent the subsurface conditions
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¥é1ong the entiré?Stretch Sf the semi-debréssed section., Two
‘of these models will be presented here. The third and fourth

models will be descr1bed under the section on Sea Water
Intrusion.

Model 1: Idealized Model of Multiple Aquifer System

The deeper aquiférs occurring 35 to 60 feet below the existing
ground Teye]s'weré‘tested in situ by pump tests for aquifer
characteristics in 1971. 1In 1977 the shallower aquifers,
those to depths pf about 35 feet be]ow'existing ground level,
were tested i situ by pump tests. Visual examination of the
undisturbed samples taken during 1977 indicated alternating
layers of sand- grave] 1enses and silty-clayey layers (see
~Table 7). ; T

Based on the pump te%f“dét%”éhd’viéﬁé] review Model 1 is
proposed, as shown in F1gure 18 4% A ser1es of aquifers,
ranging- from a few 1nches to a few feet in th1ckness, and
consisting of sand- grave] lenses are proposed. These aquifers
are format1ons capab1e of storing, transmitting, and yielding
quantities of ground water. They are separated spatially
from each other by c1ayey layers which have been termed
aquicludes. Aquicludes completely exclude movement of ground
water. Aquifers‘have permeabi1ities ranging from low to very
high; whereas the permeaBiTity of aquicludes ranges from very
Tow to almost nil. The model visualizes thin to thick lenses
of aquitards embedded w%thin these aquicludes. Aquitards may
consist of silty sands, clayey sands, or other combinations
of silt, peat, sand, and é]ay. They are rather impervious;
ilé.,'they allow ground water flow at only a very slow rate.
‘The model soil layers are depicted horizontally to facilitate
conception of subsurface conditions. In the field, however,
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these Iayérs wéfé fbﬁ%d to be disforted. contorted, and
twisted in widely varying'combinations. Construction
activities, soil- eros1on, earthquakes, uptift of ocean
floor, and other ge010§ ¢ activities are a few of the
many reasons that can be postu]a}ed'for these conditions.

Model 2: Idealized Mode] of Perched Conditions

Whereas Model 1 dealt with the physical makeup of the
aquifers, Model 2, deSCrqud below, is concerned with

their e1asticipy. Model 2 as shown in Figure 19,
visuaiizes'the'pfesence of perChed water tables and

perched wafer mounds. Perched water tables can be
replen1shed by* surface recharge sources or supplied by
interconnéction to other underground aquifers. The pump
test revealed slow recharge is occurring at shallower depths
in these perched water tables. These may be under moderate

4

artesian pressure.
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DRAWDOWN ANALYSIS

The drawdown analysis for this project entailed a number of
water-related procedures, some of which were complicated by
the highly variable nature of the sub-soils along the line
of the proposed gkcavatioﬁ. - To facilitate the analysis and
enhance the accuracy of the estimates resultant thereof,
each of ‘the six areas into which the Project was divided
was evaluated as"a separaée entity. The elements of the
ana]ysis'included the following:

°Deve1obment of é'cross section typifying each area.

°Determﬁﬁatioh o? fhe geohydrologic parameters: trans-
missibi]ity Facfprs and storage coefficients.

°Determination of‘permeabiﬂities of the sub-soil strata.
°Estima@ﬁon of pumpage during construction (short term).

°Estimation of pumpage following;construction (long term).
. : T T A Tt e :
TR el

Selectiﬁn of TypfcaP"Cros§‘Sectioq§?was 4

As previously de%cribed, fhé 12,000-ft. length of the proposed
semi-depressed sgctfdn was divided into 6 areas based on
criteria deve]opéd'from the field and laboratory investigations.
To implement the”drawdown anaTysis. the soil/aquifer data from
each area was reviewed Tn\detai] and a boring was selected from
the area tﬁap most ﬁear]y represented the general subsurface
_conditions within the aréé. The profile of the selected boring
was then usedutO'develop a typical cross section representation
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of the area. Cross section locations, station limits, and
representative soil borings are 1isted in Table 10. The
sections are shown graphically in Figures 20 through 25.

TABLE 10 TYPICAL CROSS SECTIONS AND AREAS REPRESENTED

Typical

Area Cross Section Representative
No. = Area Limits Location S0il Boring

1 Sta. 170 to 184 178+23 D18-77

2 184 to 205 187+60 _ P10-77

3 205 to' 231 220+05 ' B1-71

4 231 to 252 236+90 D8-77

5 252 to 273 257+62 D13-77

6

273 to 276 272+00 - D7-77

Determination of Geohydrological Parameters of the Aquifer

During'danuary‘]7-23, 1978, full scale pump tests were con-
ducted at the two selected sites, Pump Test 1 was conducted
near 11th Street and Hoffman Blvd. Pump Test 2 was performed
at Hoffman Blvd. and 30th Street. The well layouts at these
sites are shown on Figures 6 through 8.

A pump test program is usually conducted for a continuous
period of 72 hours or more. However, both pump tests per-
formed in 1977 were of shorter duration. For Pump Test 1, the
pumping operation was discontinued after 23 1/2 hours when

the ground water level reached equilibrium. For Pump Test 2,
the well was pumped dry at the end of 3 1/2 hours, at which
time the pumping operation was terminated.
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_ C ‘ : . Poos E’ s
Us1ng the somewhat 11m1ted data obta1ned from Pump Test 1,

geohydrological parameters of the aquifer were calculated
‘using the f0110w1ng methods.

a. Theis non- equi11brium method
b. - Jacob mod1f1ed method

"~ C. Recovery method
d. ”fRes1dua1 drawdown data method
e. --.Cone of depress1on method
f. :Th1em s equat1on

The resuTtsrobta§ﬁéd5from these six methods are summarized
in Tables 11 to 13 and discussed separately.

Theis and Jacob Modified Methods

Table 11 is a tabulation “of the groun& water transmissibility
factors and aquifer storage coefficients obtained by the Theis
and Jacob methods. These aquifer constants differ markedly
from one well to“another.i However, the values obtained by the
two methods compared well with each other.

fﬁe transmissibiiity factors calculated using Theis' method
range from 448 gpd per ft to 5247 gpd per ft, for an average
of 1568 gpd per ft. The factors obtained with Jacob's
mod1f1ed method range from 396 gpd per ft to 4950 gpd per ft,
with an average value of 1615 gpd per ft.

"The storage coefficients are somewhat more. consistent among

the wells. The values range from 1.08 x 10°° to 6.96 X 1073
with the Theis equat1on, and 1.09 x 10~ -3 to 6.65 x 10” -3 using
Jacob's modified method. Average values of 3.88 x 10° -3 and

3.56 x 1073 are derived by Theis and Jacob methods, respectively.

-
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TABLE 11, AQUIFER CONSTANTS THEIS AND JACOB METHODS

Coeff, of Transmissibility

Well Storage Coefficient
No. Theis Jacob Thetis Jacob
1 463 396 6.75x10"3  6.65x10"3
2 2292 - 2140 5.28x107°  5,39x107°
3 5247 4950 1.64x10"3  2.04x107°
4 a4 480 5.90x10"%  4,03x10"3
5 793 701 3.02x1073  2.61x107°
6 806 1320 6.69x10"%  3.84x10"3
7 3163 3046 1.34x10"%  1.58x10"3
8 578 480 4.79x10°3  6.48x1073
9 916 1056 2.05x10"%  1.90x10"3
10 944 1584 1.08x10"%  1.09x1073
TABLE 12, AQUIFER CONSTANTS RECOVERY DATA
AND RESIDUAL DRAWDOWN METHODS
Coeff. of Transmissibility
Well Storage Coefficient
No. Theis Jacob Theils Jacob
1 312 272 6.46x10"° -
2 2031 1886 7.95x1073 -
3 3435 2400 7.83x1073 -
4 194 172 1.16x107% -
5 689 495 3.9x1073 -
6 2400 2141 1.39x10"4 -
7 7920 7200 5,94x10"% -
8 388 305 2.01x107% -
9 727 720 3.44x1073 -
10 1584 1015 9.88x10"" -
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TABLE 13~ AQUIFER CONSTANTS - CONE OF DEPRESSION METHOD

Coeff. X Transm1551b111ty

Well No. ' gpd/ft Storage Coeff.
North “j - N : - . -4
Arm 2 391 , 7.37x10
.3 o
Soﬁth‘ 4 . ' -4
Arm 5 434 Lo 4.52x10
6 - ) e '
N 7 “ .

West 8- L . : -4
Arm 9 576 . 3.75x10

'Réchéry and Residual Drawdown Methods

The overall results ca]cufﬁted by using recovery data and
residual drawdown data are presented in Table 12. There
were generally higher values in transmissibility factors
calculated by reéovery data, as compared with those derived
from the residuaj drawdown data. The average factors are
1968 gpd per ft with rechery data, and 1663 gpd per ft
with residuai dréwd0wn‘data. The storage coefficients as
determ1ned by recovery data ranged between 1.16 x 1074

o and 7.95 x 1073,

Cone of'ﬁéb¥95510n Method

““Table 13 éummariges all the aquifer constants obtained from
three arms ‘of the observation wells using the cone of depres-
“sion method. As}can“be seen, these aquifer constants have
relatively low vatlues compared with those obtained by the
other methods. The average transmissibility factor is 467
'gpd per ft and the average storage coefficient is 5.21 x 10~ 4
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Thiem's Equation °

Using Thiem's equation, permeability values were calculated.
Since the transmissibility factor is the rate at which water
will flow through a vertical strip of one-foot wide aquifer
extending through the entire water-bearing stratum (H) at

a hydraulic gradient (i) of 1.00, the coefficient of permea-
bility (k) is related to the transmissibility factor (T).
This relationship can be expressed as:

T = kH
With an assumed 9-foot water-bearing stratum (H) and the
calculated permeability (k) for various pairs of wells,

transmissibility factors were determined, as shown in
Table 14.

TABLE 14 TRANSMISSIBILITY FACTORS USING THIEM'S EQUATION

Welli Transmissibility Well Transmissibility
No, (T) gpd/ft. No. (T) gpd/ft.
1-2 254 5-6 412

1-3 340 5~7 664

2-3 1591 6-7 1472

4-5 297 8=-9 463

4-6 336 8-10 518

4-7 409 9-10 715

Estimation of Geotechnical Parameter

The geotechnical parameter, namely, in situ permeability of the
subsoil strata, was determined using (a), the six methods
described eariier; and (b), data from recovery tests performed
by District 04.
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Using Six Métﬁods‘fﬁﬁg“f o

Based upon the constants determined by the first five of the
six methods mentioned eariier; and assuming a 9-foot water-
bearing formation, in situ coefficients of permeability were
calculated, as shown in Table 15.

,"“

TABLE j5 ESTIMATE OF IN SITU PERMEABILITY VALUES FROM PUMP
' TEST DATA :

Coeff1c1ents of Permeability, ft/day

4 (1) (2) (3) (4) (5)
© Well Theis' Jacob's Cone of Recovery Residual
No. : - . Depression Data Drawdown
1 6.8 - . 5.9 4.7 4.1
2 34,1 7.31.8 5.9 30.2 28.1
3 77.9 © 73.5 51.1 35.7
4 6.7 7 | 2.9 2.5
5  -11.8 10,4 - . 6.4 10.3 7.4
6 12.0 19,7 35.7 31.8
7 . 46.9. T 45,2 117.7 107.0
8 8.6 7.1 . 5.7 4,5
9 13.6 15,6 8.6 10.8 10.7
10 14.0. . 23.5 23.5 15.1
Avg. 17.4 . 23,9 7 29.3 24.7

AddiEfbnal-cﬁTéUThtﬁéns related to permeability were performed

using the Thiem éﬁuation. In order to determine permeability

from various pumped wells the following assumptions were made:

(a} a pumping rate of 4330 gpd to effect a steady-state con-

- dition; and (b) ghe pumping well penetrates a 9-foot water-
‘bearing formation. .
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Drawdowns in any two observation wells at different distances
from the pump well were determined. From these data, the
coefficients of permeability were estimated and are summarized
in Table 16.

TABLE 16 COEFFICIENTS OF PERMEABILITY DETERMINED BY THIEM'S
EQUATION

Well Permeabi1ity {k} Well Permeabiiity (k)
‘Number fpd Number fpd

1-2 Y 5-6 6

1-3 5 5-7 10

2-3 © 28 g=7 . 22

4-5 T4 8-9 7

4-6 5 8-10 8

-7 6 9-10 11

Using Recovery Tests

During September 1977, recovery tests using 18-inch diameter
bored holes were conducted by District 04 Materials personnel
to determined recovery rates of ground water for various loca-
tions along the proposed depressed section. Coefficients of
permeability were then determined from the recovery test data.
The results are presented in Table 17.

TABLE 17 COEFFICIENTS OF PERMEABILITY CALCULATED FROM RECOVERY

TESTS
Area’ Boring No. Boring Location Permeability (k), fpd
1 - -- *8.0
2 P10 Sta 187+80 8.3 to 4.2
3 P8, P7 Sta 208+00 8.0 to 2.0
4 PS5 Sta 239+40 5.0
P4 Sta 249+80 6.8
5 P3 Sta 259+00 14,2, *8,0
6 P2 Sta 272+00 4.8
P13 Sta 274+15 8.5
P14, P15 - Sta 276+00 4.0

*Assumed values used in analysis.
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These estimated ﬁ%rﬁéabilf%y values ranged from 2.0 fpd to
14,2 fpd, with'an'average;va1ue'of 6.6 fpd. These values are
generaj]y 1ower'than'the values derived from pump test data.
However, the average value is consistent with the values
obtained by the cone of depression method based on the pump
test data. '

Discussion of Aquifer Characteristics
Thickness and Location

A generalized soil profile could not bé constructed to
delineate soil 1ayer1ng along this project because of the
complexity of the soil strata involved. A complex multiple-
aquifer system exists within the shallower horizons relevant

to this study. Two idealized models, considered representative
of this system, are presented in Figures 18 and 19. At least
three definable aquifers exist in localized areas within depths
relevant to this project. Their thicknesses and positions
relative to each -other, however, vary along the Tine of
proposed excavat1on.;_

Geohydrologic Parameters

The'aQeﬁége values for tf?nsmﬁssibi]ity factors and storage
coefficients as calculated by various methods are presented
in Table. 18.-

TABLE 18 GEOHYDROLOGIC PARAMETERS

“Average values Of

Method - T gpd/ft 5

Theis non equilibrium 1568 0.0038
Jacob modified 1615 0.0036
Recovery o g 1968 0.0032
Residual drawdown 1663 - - -
Cone of depression ' 467 0.00052

Thiem's equation- 623 .
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Geotechnical Parameter

The aquifers have permeability characteristics ranging from
Tow (4 fpd) to very high (118 fpd), Table 12.

Careful review of the fnfﬁrmafiﬁh provided by all borings
made in the project area since 1970 indicates that there are
a.large -aumber of perched water- tables with moderate]y
limited stordge :0f draInable Wwater or perched mounds of
water with extremely limited storage capacities (Figure 19).

The transmissibility factor (T) indicates the quantity of
water that will move through a given formation in a given
‘period of time. These values ranged widely, from a low of

194 gpd/ft (Table 12) to a high of 5247 gpd/ft (Table 11).

If a formation has a transmissibility of less than 1000 gpd/ft,
it can supply only enough water for a domestic well, or similar
usage. If the transmissibility factor is of the order of
10,000 or more, yield can be adequate for industrial, munici-
pal, or irrigation purposes. The coefficient of storage
indicates how much water can be moved by pumping, or draining.
At Richmond these values also ranged widely, from a low of
0.000116 to a high of 0.00795 (Table 12). Such values

indicate the existence of artesian conditions. Although
artesian conditions are ‘indicated by theoretical considera-
tions, water table conditions were observed in the fieild.

It is, therefore, concluded that both artesian and water

table conditions exist in the project area. Artesian
conditions indicate the existence of confined aquifers and
water tabile conditions indicate the presence of unconfined
aquifers, ‘
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Rechargihéﬂﬁbiiitj

During the analysis of.Pump_Test 1 data, certain discernible
patterns were observed. The plot of drawdown (s) versus
logarithm of distance from pumping well (r) yielded patterns
as shown in Figure 26. For an ideal condition, i.e., where
incomihg and outgoing flow quantities'are equal, the ideal
line will pass tp;ough 600 feet.,‘The'data plotted, however,
with three linesffpr the'three;arms, pass through the range
150 to 350 feet. This inqicates that recharge was taking
place during pumping operations. The plot, drawdown (s)
versus logarithm of time of pumping (t), produced patterns
shown in Figure 27. This also indicates that the water
bearing formation is being recharged. The plot shows re-
sidual drawdown (s') versus logarithm of (t/t'), where t'

is the time since pumping was stopped, and t is the time of
pumping:' Thé'data from Pump Test 1 consistently passed
through log t/t' = 2 (about), as shown in Figure 28. The
indication is that recharge was taking place at a rather
slow rate. Dﬁring this study it was not possible to
identify sources of recharge., It is believed that some

of the_aquifeES'may be interconnected.

Estimafé of Total Pumpage?During Construction

The total pumpagé was calgulated assuming two rows of deep

wells as shown in Figure 29. The spacing of these wells was

50 ft. The pumping rate in gallons per minute was based on

the pumping'rates used in the two most recent pump tests

and the desired Everage values of drawdown in each of the

six areas previously described. These values are tabulated

in Table 19. From this table it is estimated that a maximum
pumpage of 3.1 x'106 gpd needs to be handled during construction
to keep the water tables depressed to desired levels.
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TABLE 19, PUMPAGE PER DAY

DURING CONSTRUCTION

No. Pumping
Length Spacing of Rate Pumpage
Area Rows (ft) {(ft) Wells gpm apd
1 1400 50 58 6 501,120
2 2100 50 86 6 743,200
3 2, 2600(?) 50 106 : 610,560
4 - 2100 . 50 86 5 525,000
5 1800 50 74 5 532,800
6 600 50 26 4 ‘149,760
Total Pumpage = 3.]x106 gpd
TABLE 20; TOTAL ﬁRAINAGEuQUANTITY AFTER CONSTRUCTIOWN
. o . =--DUE-TO GRAVITY SEEPAGE
“ nye T
- : - q7/LF
k gpd L Ql
Area : .ifpd ~ ‘(gravity 'seepage) (ft) gpd
M 8 23 1400 32,200
2 4 17 2100 35,700
. 10,400
4 26 2100 54,600
5 20 1800 36,000
6 15 600 9,000
(For one side) Total Q1 = 177,900 gpd
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Estimate of Total Pumpage After Construction

The theory of gravity drainage was used to calculate the
quant1ty of water to be removed., In these calculations

deep wells or well points were not considered as a solution
because of the long term expenses involved. 1In this theory
the total quanfity to be drained by any system is considered
to consist of gravity seepage (q]) and gravity drainage (q2
as shown in F1gure 30. Referring to Tables 20 through 22,
from the known values of ay and 9ps the values of q (the
overall quant1ty due to drainage per square foot of permeable
subsurface drainage area in gallons per day) were derived.
From these values of A the total quantity to be drained by
gravity is estlmated at a maximum value of about 1.4 x 10 gpd.

Discussion on Total Pumpage

During construction it may be necessary to remove from 2.5 X
105 galilons per day to 3.5 X 106 .gallons per day, These
estimates are- based on Pump Test 1, wh1ch was made in Area

5. The project construct1on per1od is estimated at between

2 years and 2-1/2 years, Hence,'gun1ng5thjs period the total
pumpage in some reaches of the B;OEéCt could be substantially
lower than at the start of construction. Also, it should be
remembered that the actual pumpage is a function of depth of
penetration of wells; number of aquicludes, sand lenses, or
aquifers encountered; and extent and/or continuity of these
water bearing formations.

After construction the total pumpage would be substantially

reduced to about 1.4 million gallons per day if gravity
drainage is adopted (Tables 20, 21 and 22).
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TABLE 21. TOTAL DRAINAGE QUANTITY AFTER CONSTRUCTION
Z"DUE TO GRAVITY DRAINAGE

| ‘Gravity Drainage
L N Area q q Q
\ 2 g 2
A : ). :
rea  (Ft)  (Ft). (sa ) | oa7ie  gpd)ft? gpd
1 1400 160 . 224,000 39 0.50 112,000
0 122 -~ 1.25 320,250
| e 2100 40 - 256,200 75 0.50(est.) 42,000
: o122, Coan y 0.44 126,880
3 2600 58, ‘317’qu“a .22 0.22(est.) - 30,160
. 4. 2100.. 146 306,600 | 45 0.6 183,960
5% 1800 1460 262,800 | 30 0.4 105,120
6 600  122; 73,200 103 1.7 124,440

Total 1,044,810 gpd
or
972,650 gpd

A

TABLE 22, TOTAL DRAINAGE QUANTITY AFTER CONSTRUCTION
(Gravity Seepage and Gravity Drainage)

Gravity Seepage (2 01) - 355,800 gpd 373,800 gpd
Gravity Drainage (Q,) 972,650 gpd 1,044,810 gpd
Total Quanti#y I.33x'|06 gpd or 1.42x106 gpd
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METHODS OF DEWATERING

The modé1s here proposed for dewatering the semi-depressed
section consider 'during construction' and 'after construc-
tion' conditions for the project. The concepts embodied

in the models can, in application, be employed singly, or
in combination, as required.

During Construction

Explanation of Model

The various elements of a comprehens1ve dewatering system are
depicted in the during construct1on model diagram, shown as
Figure 31, It consists of three principai componentS' deep
wells, interceptor trenches, and physical barriers,.

The total pumpage during construction is based on instailation
of a row of deep wells along each side of the semi-depressed
section. The depths of these wells should be decided based
on the soil profile at each location. A general guideline
can be stated as foliows: The bottoms of these deep wells
should be at least 10 feet below the lowest point in any
cross section, This would allow at least 5 feet of water
standing in the well after it is drawn down 5 feet below the
lowest point in any cross section. This 5 feet of standing
water is necessary for submerging the pump as well as to
allow for any silting. If the criterion of 10 feet below
the lowest point could not be followed in the field because
of entering a deeper aquifer, then much shallower depths
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have to be chosen for these wells and corresponding increases
in pumping rates may have to be adopted to keep the ground
water table depressed to desirable levels,

The second component of this model consists of the interceptor
trenches. These should be excavated to the bottom of the
"first aquifer”. A nominal width of 2 ft is suggested for
these trenches. Their depths will vary, as the trench
bottoms should conform to the elevation of the base of the
"first" aquifer, as determined during excavation. It is
anticipated that this will average about 10 ft below ground
surface. These interceptor trenches may be back-filled wij
suitable sand-gravel material enclosed within filter fabric
and should contain perforated drain pipes laid along the
bottom of the trench. ‘

The third component is the physical barrier, which can consist
of a narrow (2 ft wide) deep trench, cut to the bottom of the
“first aquifer" and backfilled with a slurry of drilling mud
and -water.

- Alternate Methods

Four alternative methods deemed suitable for during construc-
tion dewatering are proposed here in outline.
The first altérnate that may be considered is simply a system
of deep wells alone. This would entail two rows, one on
either side of the freeway, spaced at 100-foot intervals.

The depths, as earlier stated, would have to be decided during
construction. In general, the feasibility of this method is
questionable as evidenced by the short duration of Pump Test
2. However, at either end of this project, where there is a
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possibility of h?fiihg two or more mini-aquifiers, this method
might prove effective.

A second alternate could consist of combining an interceptor
trench on the,injand side (excavated as mentioned above) and

a physical barrier on the bayward side. These trenches could
be installed as the primary excavation proceeds. The physical
barrier can be effected through the use of a bentonite mud
siurry. The interceptor trench would divert ground water
from the inland Side‘while the physical barrier on the bay-
ward side can prevent any gravity seepage into the excavation.
Gravity drainage accumulations can be collected and removed

by means of sumps and .pumps.

A third thernate would utilize two interceptor trenches, one
on either side of the freeway (both being placed in the “"first
aquifer"), plus a physical barrier on the bayward side. The
placement of an interceptor trench on the bayward side between
the physical barrier and the freeway would assure effective
removal of seepage in that sector. This latter arrangement

is recommended for the project as a prime viable method.

Gravity drainage from the bottom of the excavation can be
" handled by a syggemrof sumps and pumps. The physical barrier
may be required to extend:from Station 202 to 272.

oty . oW e A
5

A fowrfhfaltern£ﬁe is a éqmbination of Alternates 1 and 3.

The use of deep wells is recommended if the quantities of

water to be removed will exceed the capacity of the inter-

ceptor trenches. The areas where this alternate could be
used to advantage would be at the ends of the depressed

' sectijon. The length of such areas would have to be decided

during construction as excavation proceeds.
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After Construction

Explanation of Model

The various concepts involved in the after construction con-
dition are presented in Figure 32. They consist of five main
components: namely, observation wells, interceptor trenches,
physical barrier, longitudinal and lateral trenches, and
collection stations.,

The selection of drainage components on a long term basis
(operational phase) wou]d'naturally hinge on the dewatering
components adopted during the construction phase. The
related concepts will be commented on at this time.

Suggested Components

The adoption of observation wells as part of the long term
operational phase is highly recommended. These welis could
be used for periodic monitoring of water elevations, and for
sampling to determine if any sea water intrusion is occurring.
If properly installed they might also be used to augment
drinking water supplies in the event of a natural disaster
(earthquake), or damage to existing potable water conduits.
These wells would be drilled to specified depths at specified
locations. If deep wells are used aslpart of the dewatering
system during construction they can alse function as observa-
tion wells. The second and third components (interceptor
trenches and physical barrier) have been discussed earlier.

In the section of this report related to sea water intrusion

the long term effects of adopting a physical barrier on the
bayward side are discussed. While the physical barrier on the

94



bayward side will be able to prevent gravity seepage, gravity
drainage from below the bottom of the semi-depressed section
will still flow into the fourth component, the longitudinal
and lateral trenches. The fourth component may be referred
to as a "sub-surface drainage system. It is recommended
that filter fabric be used as a bianket over the entire sur-
face of the exposed trenches and pavement areas. The
longitudinal and lateral trenches should contain perforated
pipes to Qarry the drainage water.

The fifth component involves placement of cellection stations
" for drained water. Two locations are recommended for
'c011ection stations: one in the vicinity of Station 225,

and the other near Station 262. The sea water intrusion
studies (discussed elsewhere in this report) indicate that

a portion of the semi-depressed section (east end) might
still have fresh water which can be collected at Station 225;
the contaminated water can be collected at Station 262.

Comments on Pumpage

The total pumpage during construction will vary, depending
upon the method of dewatering adopted. The volume of water
to be removed during construction as determined by theoretical
calculations should be considered as an upper limit. The
actual total pumpage guantities are expected to be much less
than estimated.

In the after construction condition also, the total pumpage
based on the calculated estimates is considered the upper
limit. Heke, again, the components adopted for the Tong
term drainage system will influence volume. Potential uses
of drainage'water based on its present condition will be
discussed in the section, Ground Water Quality.
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SETTLEMENT ANALYSIS

In this section a summary of the findings of the previocus
report (1971) is reviewed initially. After stating the basis
of the present study a detailed presentation of settlement
estimates for each area is given, "This section concludes
with comments on settlement/subsidence effects due to long
term removal Of'water from the project area.

e

Findings of 1971 Study-

Based on a 1argeqnumber of consolidation tests conducted for
the 1971 study(4) detajled settlement analyses were performed
and the conclusions of thé 1971 report pertinent to the
present ground water investigation are quoted below:

"Most soil strata between Stations 179 and 230 are
comprised of significant amounts of sand. Some shallow
and deep clayey layers exist and Bridge Department soil
borings in the immediate area show layers of stiff gray
clay and silty clay underlying dense sand and gravel.
The sand and gravel layers contain some clay binder.

"Analysis of consolidation test data from sample borings
B-1 and B-3 indicate that about 2-1/2 inches of settle-
ment can be’anticipated under a drawdown of 24 feet.

The settlement rate in the clay will be relatively slow.
Residual settlement can be expected in the clay strata
following construction for a period of one and one-half

to two years. The amounts involved are probably in the
order of 1-1/2 to 2 inches. We believe these amounts are
tolerable. Settlements of 2.5 inches, 2.0 inches, 1.6
inches, 1.4.1inches, 0.75 inch and 0.5 inch were calculated
for distances of 0, 50, 100, 150, 200, and 250 feet from
the pumping'station, respectively. The maximum differen-
tial settlement is expected to be approximately one-half
inch within any 50-foot interval; but if extensive dewater-
ing occurs,:differential settlement will be much Tess.”
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"The soils between Stations 230 and 290 are predominantly
fine-grained. Aithough a 1imited amount of peat was
noted in the upper 13- to 15-foot clayey layer the soil
is firm to stiff and only sltightly compressible., Our
laboratory test data show that the ultimate settlement at
the pump due to 22 feet of drawdown will be in the
neighborhood of 2-1/2 inches. Differential settlement
will be less than 1/2 inch in a 50-foot interval. The
settiement will be mostly complete during construction
and no special treatment is recommended. Since very
Tittle ground water recharge is expected from the bay
side of the excavation, a general settlement of 1.5 to
2.0 inches is expected throughout the industrial complex
southwest of the excavation. It is recommended that a
survey be conducted to see if this will interfere with
production in any way."

Note: It should be noted that the idealized soil profile
constructed for the 1971 study, and upon which the above
quoted conclusions are based, was developed from a limited
number of borings and differs markedly from the model profiles
developed during this investigation, which are considered more
representative of actual subsurface conditions.

Settlement Estimates

The estimates for settlement presented in this report are
based on data developed during the 1971 study. For that
study, laboratory consolidation tests were performed on
samples from four borings (B-1 through B-4). In view of
the limited amount of information available with regard to
soil compressibility along the length of the project a .
considerabie degreé of interpolation has been required in
the settlement evaluation ﬁrdcess.“‘fbrﬁthié reason the
settlement predictions presented here should be considered
as indications only. h \

For the purpose of estimating settlement that will occur as
a resuit of ground water drawdown during construction a
hypothetical ground water profile was assumed based on pump
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tést'ddtai Settﬁemehf”ﬂasfthen calculated for each of six
specified sub-areas along the proposed depressed section.
A summary of these calculations is tabulated on Table 23.

L

TABLE 23, SUMMARY OF SETTLEMENT ESTIMATES

Draw- Settle- ' Draw- Settle-

Area down ment Area down ment
(Station)  (ft). (in.) {(Station)  (ft) {in.)
1 : 26 1.7 4 18 2.2

(Sta 170 21 . 1.6 (Sta 23] 14.5 1.9
to 16 1.2 to 11 1.5
Sta 184) 11 1.0 Sta 252) 7.5 1.25
) 6 0.6, 4 0.75
2 . 0.2 - 1.5 0.4

2 18 2.0 5 18 2.2

(Sta 184 14.5 1.7 (Sta 252 14.5 1.9
to 11 1.4 to 11 1.5
Sta 205) 7.5 1.2 . Sta 270) 7.5 1.25
4 0.8 q 0.75

1.5 0.5 1.5 0.4

3 18 2.0 6 14.5 1.3
“|(Sta 205 14.5 1.7 (Sta 270 11 1.1
to 11 - 1.4 to 7.5 0.8
Sta 231) 7.5 1.2 Sta 276) 4 0.45
4 0.8 1.5 0.25

1.5 0.5

3

Curves répfesentfng settlement versus drawdown were developed
and plotted in Figureg33.,”Eva1uapibns of settlement relative
to each of the six areas follows:

Area I (Station 170 to 184)

Based on the hypdtheticaIiground water profile, the depths of
drawdown for this area at distances of 0, 50, 100, 150, 200
and 250 ft from pumped well were estimated to be 26, 21, 16,
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Analyses based on the
consolidation test data of Boring B-3 indicate that ultimate
settiements of 1.7, 1.6, 1.25, 1.0, 0.6, and 0.2 inches will
occur for distances of 0, 50, 100, 150, 200, and 250 ft from
pumping station, respectively. The rate of settlement will
be relatively siow. Residual settlements can be anticipated
over a period off]-I/Z to 2 years,

‘Area II (Station 184 to 205) and Area III
(Station 205 to 231)

The subsoils in ‘these areas are predominantly fine grained.
At some locations in the vicinity of Borings P6 and B-9, the
clays contain peat or organic fractions. Laboratory test
data from soil samples taken from Boring B-1 indicate that
the ultimate sett]ement will be in the order of 2 inches.

The amounts 1nv01Ved are est1mated to range from 2 to 0.5
inches. Differential settlement should be less than 0.2 inch
within a 50 ft interval,

Area IV (Stat1on 231 “to 252)gand
Area V (Stat1on 252" to 270)

The current anaTysis for these two areas is based entirely on
consolidation data derived from a single boring; Boring B-4.
Settlements of 2.25, 1.9, 1.5, 1.25, 0.75, and 0.4 inches

were calculated for distances of 0, 50, 100, 150, 200, and 250
feet from the pumping well, respectively. The calculated
settlements are based on assumed depths of the ground water
drawdown ranging from 18, 14.5, 11, 7.5, 4, and 1.5 feet.

The predicted settlement will be essentially completed

during construction, |
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Area VI (Station 270 to 276)

Soils in the vicinity of Boring No. B-2 (located 100 feet

left of Station 287+25), if subjected to dewatering of 14.5,
1, 7.5, 4, and 1.5 feet would result in settlements of 1.3,
11, 0.8, 0.45, and 0.25 inches, respectively. These values
should be considered as conservative since it is believed

that the depths of drawdown actually required in this area will
be less than the depths considered in this evaluation.

" Should this prove to be the case, the settlements will be less
than stated. The rate of settlement will be relatively rapid
and only minor residual settlement is anticipated following
construction.

Drawdown Estimates

The drawdown at any particular distance from the pump well
is necessary in order to estimate settlement at that point.
With this in mind a family of drawdown curves has been
developed (Figure 33B). These drawdown curves are valid
only for the following conditions

Maximum Maximum Distance

.Drawdown _ of Pump Well
Area Pump Rate at Pump Well From Hinge Point
No. (gpm) (ft) (ft)
1 5 _ 26 15
2 thru 3.5 18 15
5

Should the pumping rates be altered from the rates listed
the plotted curves (Figure 33B) will be invalid and a new
set of curves must be developed.
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To estimate maximum settlement at any given distance from
the pump well, the following procedure is followed. First,
with the distance of this point from the pump well known,
the drawdown (in feet) should be estimated from Figure 33B.
From this drawdown value the settlement {(in inches) can
then be determined by use of Figure 33A.

Settlement/Subsidence Effects

Comparing the settlement estimates of the 1971 study with the
current study, the magnitudes of ultimate settlement due to
the adoption of semi-depressed section are observed to be
tower, in generai. Hence the differential settlements in a
50 ft interval would be much less. The ultimate magnitudes
of settlement will depend upon the choice of the dewatering
components adopted both during and after construction.

As previously explained, the depths of deep welis are yet to
be decided. The settlement values are estimated at 2.2
inches for a drawdown of 26 feet and 0.2 inch for a drawdown
of 1.5 feet.

The continued pumping or removal of ground water from the
project area may cause subsidence over areas extending to a
maximum of 300 feet beyond the right-of-way. At this
distance, subsidence of areas would not exceed 0.2 inch.

During construction the presence of San Francisco Bay Mud
layers in excess of 3 feet in thickness should be noted
and their extent determined. The settlement estimates
presented in this report may require modification if such
Tayers are detected during excavation.
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'AgﬂimprecaUtionaFj measure it is recommended that prior to
the start of dewatering operations & condition survey be
conducted of all the major structures adjacent to the excava-
tion area. This condition survey should include adequate
detailed photographs, and the placement of suitable bench
marks for monitoring settiement during opekations. The
condition survey should be repeated at periodic intervals
during and after the project.
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SEA WATER INTRUSION

Sea water intrusion is of considerable importance along the
coast of California. Various coastal ground water basins
and the aquifers in them are vulnerable to contamination and
subsequent degradation in quality by sea water encroachment.
In this section, this problem, as relevant to the semi-
depressed section, is discussed under four separate parts as
enumerated below:

.I L] .

Ground water sampling and chemical testing conducted
in 1971, 1977, and 1978 are summarized with some
conciusions.

Analyses conducted to determine the gradients and
direction of ground water flow both during and after

construction are discussed. The disposition of the

sea water-fresh water interface using the Ghyben-

‘Herzberg approximation is determined along the project

alignment. Fresh water contours were developed to
depict present ground water conditions.

Two further models (Models 3 and 4) are presented in
idealized form both for existing conditions and to
illustrate the long term effects of adopting a
physical barrier on the bayside.

Potential protective measures are discussed with a
few recommended for this project.

Finally, the effect of semi- depressed freeway construction
on sea water intrusion is summarized,
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" Ground Water Samﬁ]ing and'Testing'

The possibility of ground water contamination due to sea
water intrusion was first assessed during the 1970-71
depressed section investigation. Ground water samples
were extracted at intervals during pump tests in 1971
and chloride contents determined. The results of the
tests are listed in Table 24,

TABLE 24 GROUND WATER CHLORIDE CONTENT
: (from tests in 1971)

Test Chloride
No. - Sta . ppm
R-1 290 810
R-2 260 190
R-3 . 220 140
R-4 180 100

Although Tests R-1 through R-4 indicated very low chloride
contents, well within acceptable limits for fresh water
aquifers, Test R=1 with 810 ppm chloride indicated slight
sea water contamination in the vicinity of Station 290, .
(Figure 6), It can be observed from Table 24 that the
chloride content “increases progressively from 100 ppm, at
R~4, to 810 ppm, ‘at R-1. Even though R-1 is outside the
lTimits of the present study, by straight-line interpolation
the chloride content can be expected to be about 500 ppm

in the vicinity of Station:275i. Boss and Squires commented
on this in the following quotation from their report of
September 1971(4)..

"The chloride content analyses of pump water
at the various locations indicate fresh water
aquifers except at the extreme northwest loca-
tion. This ‘area is near a dredged ship channel
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where the impermeable liner of bay mud has pro-
bably been perforated and is allowing salt water
intrusion into the area. Lowering the fresh
water-water table and hydrostatic head in this
area will undoubtedily increase the chances for
salt water intrusion into a larger area. How-
ever, no quantitative results can be presented

at this time. The relative imperviousness, and
the fact that the depressed section is daylighting
in this area would tend to minimize the possibility
of the salt water."

The water samples taken in 1971 presumably represented ground
water levels pertinent to the then contemplated fully depres-
- sed section. However, in 1977 with a semi-~depressed section
under consideration the ground water condition at shallower
depths became more important. In September 1977 a more
comprehensive sampliing of ground water was performed at the
time of the two previously described pumping tests. Eleven
samples were taken and tested to determine resistivity and

PH values as well as chloride and sulfate content. The
chloride contents ranged from 64 to 142 mg/1, somewhat

lower than those of the 1971 series. The conductivity (E.C.)
values varied from 600 micromhos/cm to 1400 micromhos/cm

Wwith nine of the eleven samples having values equal to, or
greater than, 1000 micromhos/cm., The results of the 1977
test series are tabulated in Table 25.

A third series of ground water samples was collected in July
1978 and tested for chioride and sulfate content and various
chemicals. This group was obtained from 9 borings at depths
ranging from 12 to 17 feet below ground surface. The test
results are l1isted in Table 26. The chloride content and
sulfate content showed a silight increase in two borings (P-9
and P-10) since the 1977 study. However, in Borings P-7,
P-6, P~4, P-2, P-11 and P-13 these constituents remained
constant, or decreased slightly. The ratio of chlorides
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to sum of carbonates and bi-carbonates varied from 0.27 to
0.38 in Borings P-i11, D-16, P-10, P-9, P-7, P-6, and P-4,
which is indicative of fresh water. However, the ratio
value of Boring P-2 was 0.52, and that of Boring P-13 was
0.56, which indicates slight contamination by sea water.

Analyses
Gradients and Directions of Ground Water Flow

The thickness of alluvium daries from about 50 feet in the
east end to about 300 feet in the west end of this project.
This alluvial bed contains a multiple aquifer system, con-
sisting of thin to thick silt or sand and gravel lenses.

Some of these 1enses are not connected with one another while
others are spat1a11y 1nter connected The Presence of perched
water tables and mounds was confirméd dur1ng the field inves-
tigations. It 1s assumed that'these water bearing layers

are in hydrau11c cont1nu1ty with sea water.

From a review ofbbroposed profile grades it is evident that
subexcavation levels will be below mean sea Tevel between
the approximate Timits of Station 222 &nd Station 274.
These limits are based on a maximum excavation depth of

5 feet below profile grade, which corresponds to the after
construction condition as far as the depressed ground water
level 1is concerned.

S5ix cross sections were drawn to scale at Stations 178+00,
189+00, 221+00, 238+50, 260+00 and 270+00 (as shown in
Figures 34 through 39) to determine if there are any
gradients that would cause landward flow of sea water. At
these six locations the gradients before construction were
catculated using the difference between existing ground
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water levels at the time of ground water investigation
(1977) and mean sea level, taking into account the shortest
distance from the centerline of the semi-depressed section
to the bay. For the "during construction condition", the
ground water level was assumed to be depfessed eight feet
below profile grade. For the "after construction condition"
the depresseQ'ground water 1eve1'was
below profilé grdde. Based on these assumptions, the gradi-
ents and diréctions’ of flow were determined and are tabulated
in Table 27.-

assumed to be five feet

TABLE 27, ESTIMATED GRADIENT AND DIRECTION
OF GROUND WATER FLOW
Gradient Direction of Flow

Cross Before  During After Before During After
Section Const. Const. Const, Const, Const. Const.
178+00 | .0060  .0005  .0014 | Bayward Bayward  Bayward
189+00 .0071 .0027 .0037 Bayward Bayward Bayward
221400 .0073 .0006 .0003 Bayward Landward Bayward
238450 .0024 .0039 .0027 Bayward Landward Landward
260+00 .0050 0120 .0096 Bayward Landward Landward
270+00 .0020 .0082 .0058 Bayward Landward Landward

From Table 27, it is evident that from about Station 221+00
to Station 238+50 there will be temporary reversal to Tand~
ward of the ground water flow during construction.
construction this trend will be‘reversed and bayward flow

of ground water will resume,

Hawever,

After

between Station 238+50

and 270400 the landward flow that will be established during

the construction period will continue without change.
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gradients and directions of flow described above will hold.
true only for the conditions assumed in this analysis. 1If
these conditions are altered either during or after construc-
tion the gradients and directions of flow will not be the
same. This is particularly true of the area between Stations
221 and 238+50; where, if more ground water is removed either
because of facility-related requirements or due to any other
cause, the temporary landward flow condition could become
-permanent.

The direction of sea water advance (encroachment or invasion)
is shown in Figure 40. The contours are for fresh water
depths below mean sea level.

Indications “of"C'ﬁ-‘emijéiai'A'na1ys{s' B
- From chemical analyses it is known that slight contamination

by sea water already exists around Station 270 presumably due

to past construction activities which resulted in puncturing

of the bay mud layers. Dredged ship channels are now located

in this area. It is anticipated that the present sea water
contamination will increase in this area due to the construction

of the proposed semi-depressed freeway.

Disposition of Interface

The interface between sea water and ground water can be
determined using the Ghyben-Herzberg principle (gg). This
principle considers the fact that saline water is about

1.025 times heavier than fresh water; and, when the two

meet within a permeable formation, the lighter fresh water
tends to float above the heavier or more dense saline water.
Using this principle at six locations, the dispoéition of

the interface has been evaluated and graphicaliy delineated

in Figures 41 throudh 46. The résu]ts are listed in Table 28.
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TABLE 28 DISPOSITION OF INTERFACE

Depth to Interface

g ' Station Below M.S.L.(Feet)
178+00 o 880
189+00 . 880
221+00 ' 320
238+50 g 240
260+00 - 240
270+00 100

Note: -Depths are below profile grade at
centerline of freeway.

The depths given in Table 28 are based on the assumption that
the soil IS homogeneous to the depths cons1dered in this report.

In rea11ty. it is‘well known that the subso11 cond1t1ons are
qu1te heterogenequ;.t'

s . W !
LI

An observat1on can be made to the effect that the depth of
fresh water is on]y about 100 feet in the vicinity of Station

270, or much ]ess compared to about 800 feet around Station
]78- )

Another observation can now be stated, that at about Station
270 there will be a much lesser depth of fresh water due to

the homogengity of the soil conditions when compared to the

depth of fresh water at Station 178,

The indications Sf cHem{éal ‘analyses are that there is slight

contamination by sea water in the area of Station 270. The
findings by Ghyben Herzberg approx1mation also confirm this.

Proposed Models *

Based on the.subsurfacé‘in¥ormation coTlected, two models
(Models 3 and 4) of how the sea water intrusion occurs and
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how a physical barrier would affect it in the long term, are
here proposed. Models 1 and 2 were proposed eariier in this
report.

- Model 3, Idealized Model of Existing Conditions

Model 3, shown in Figure 47, depicts the presence of alternating
1ayers-of aquifers and aquicludes., It summarizes the five usual
sources of sea water intrusion, namely: direct intrusion,
‘leakage of sea water through man-made breaks in upper clay beds,
interconnections between upper and lower aquifers, movement

through aquicludes, and leakage through improperly constructed
and/or sealed wells,

Model 4, Idealized Model of Long Term Effects of a
Physical Barrier

Model 4, shown in Figure 48, illustrates the long term effects
of a physical barrier., If there is continued drainage around
the constructed area of the semi-depressed freeway, the
interface could continue to move until gravity drainage is
established between the freeway subsurface drainage system
and the closest aquifer. The physical barrier can stop gravity
seepage due to the advance of the interface but cannot prevent
gravity drainage. (Figure 30 graphically defines gravity
seepage and gravity drainage.)

'Potential Protective Measures

The three conditions that signal the beginning of an in-
trusion problem are: ground water levels falling below sea
tevel, landward hydraulic gradients being established, and
increase in mineral constituents of ground water. When such
conditions become evident corrective steps must begin unless

degradation of ground water quality is not considered
important,

Several methods of repelling saline invasion shown in
Figure 49, They are briefly described below:
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POTENTIAL PROTECTIVE MEASURES

PUMPING WELL f PUMPING WELL f
BARRIER I

CONTROLLED PUMPING
B.

INJECTION BARRIER ARTIFICIAL RECHARGE
C. | D.

PUMPING WELL /
A

PUMPING WELL

NOTE: Arrows show
the direction of flow.

‘PUMPING TROUGH BARRIER
. . . ”l.. .E' .ot

SEA WATER INTRUSION STUDY, RICHMOND SEMI-DEPRESSED SECTION
' FIGURE 49 REFERENGCE 17, PAGE 394
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(a) Water Conservation (Controlied Pumping). This
method involves convincing all users of ground water 1in the
project area of the urgent need to reduce usage. If water
use 1s curtailed the T1ikelihood of sea water encroachment
is lessened, or prevented for a Tong time.

(b) Limitation of Ground Water Extraction. If
alternate sources of water are developed this would reduce
dependency on ground water supplies. Alternative sources
might consist of imported water, or reclaimed municipal
waste water.

{c)} Recharging Operations Using Reclaimed Waste Water.
If this alternative is considered, adequate provisions should
be made to ensure approximate water quality for the intended
use(18).

- (d) Physical Barrier. Construction of an impermeable
membrane between the bay and the semi-depressed freeway is
feasible for this project because of the thin upper aquifers.
This procedure has been recommended for this project in the
Section: "Methods of Dewatering". In this case the physical
barrier could consist of a slurry wall extending to the
bottom of the first aquifer. As shown in Model 4 (Figure 48),
this would permit considerable latitude in allowing sea water
encroachment. The sea water can be permitted to meet the
Physical barrier and ground water pumped to allow that con-
dition to develop. On a long term basis, even this method
may not be able to prevent ground water - sea water gravity
drainage.

(e) Artificial Recharge by Surface Spreading. The
presence of extensive permeable forebays suitable for re-
charge and well defined permeable aquifers capable of trans-
mitting and storing large quantities of ground water is a
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prime requisite.rTAs this study did not cover areas beyond
the vicinity of the project area, the presence of extensive
permeable forebays. was not established. During the sub-
surface investigation no well defined aquifers were located.
Hence, this method could not be recommended for this project.

(f) Injection Barrier (Hydraulic Barrier). This
method involves the use of a Tine of injection wells separ-
ating the bay from the semi-depressed freeway. This
requires an alternate source of water for operating the
injection wells. The injected water would create a
hydraulic pressure barrier that would restrain a landward
advance of sea wgter. This method allows great flexibility
of ground water level fluctuation below sea level in the
inland area., ¢

(g) Pumping Trough. This method involves continuous
maintenance of a line of control pumping wells between the
bay and the water supply wells in the area of the project.
This method is very expensive, and much usable water would
"be wasted. The success of this method depends on two
factors, namely: monitoring ground water levels at the trough;
and determining the amount of water to be pumped at the con~
trol wells. This method is rot recommended for this project.

{h) Combination Barrier. This method combines the
injection barrier and the pumping trough. The pumping trough
would be developed on the bay side, with the injection barrier
installed on the landward side. Although this method would
offer greater flexibility in managing ground water levels, it
is a very expensive a1ternative,

Effect of Freeway‘Construction

Sea water encroachment already exists in the westerly end of
this project where ship channels are situated. The depth

132



of fresh water is estimated at about 100 feet. Even this

fresh water was found to be slightly contaminated. During
construction, between Stations 221+00 and end of project,

the normally bayward direction of flow of ground water will

be reversed to Tandward flow. After construction this trend
would be reversed and original conditions restored between
Stations 221+00 and 238+50; whereas between Station 238+50

~and end of the project, the direction of flow will be permanently
landward. The import of this is that one of the most important
causes of.sea water encroachment will be established. This,
added to any increase in demand on 10ca];aquifer~supplied

water or drought-related lowering of ground water levels due

to slow recharge, would add to these problems. The use of

a physical barrier on the bayward side as recommended in

this section would mitigate most of this encroachment and.
control it within the confines of the semi-depressed.freeway
section. | '
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* """ GROUND WATER QUALITY

A three-phase pragram to determine the present ground water
quality was started during July, 1978, The objective was to
determine the potability of ground water that would be removed
both during and after construction, as well as to define
potential uses of the ground water in its present condition.
In the following paragraphs a partial summary of the results
of tests conducted under Phase I is reported. Sampling for
Phase II was completed during August, 1978, and the laboratory
tests are in progress, Phase II]l sampling will be done in
Septemben, 1978, and a supp]emental report will be prepared
summar1z1ng testadata from all three phases.

Some of the tégigiaﬁe-béiﬁg condﬂcted at the State Department

of Public Health Laboratory, in Berkeley. The remainder are
being performed at the Transportation Laboratory in Sacramento.

Standards Used

’

The California Damestic wéter Quality and Monitoring Regula-
tions{19) pubTished by the State Department'of Health were

used to assess preéent water quality. As a supplemental
source, proposed:interim standards for safe drinking water as
-required by the Safe Drinking Water Act (PL 93-523), published
by the Federal Environmental Protection Agency, were used. The
California Department of Health water quality standards are
presented in Tables 29 through 32. The Interim Primary
Standards for safe drinking water according to the Safe
Drinking Water Act PL 93-523 are summarized in Table 33.
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CALIFORNIA DOMESTIC WATER QUALITY STANDARDS (1977)

TABLE 29 MAXIMUM CONTAMINANT LEVELS
INORGANIC CHEMICALS

Maximum Contaminant

Constituent Level, mg/1
Arsenic ceieveeeneennsase 0.05
Barium +.vveeeenrrerennn. 1.
Cadmium 4. veeeeerrveennas 0.010
Chromium ...veereneennnns g.05
Lead ..iiiviveererenaronsne 0.05
METCUrY i vrrneenennen wse 0.002
Nitrate (as NO3) ........ 45.
Selenium ...oeeeneen.. vees 0.07
Silver ciiveeeeceennn +eee. 0.05

TABLE 30 MAXIMUM‘CONTAMINANT LEVELS
ORGANIC CHEMICALS

Maximum Contaminant

Constituent Level, mg/1
(a) Chlorinated Hydrocarbons
Endrin ......c......., 0,002
Lindane ..... seeeeses 0.004

Methoxychlor ........ 0.1
Toxaphene ....ce0eee. 0.005

(b) Chlorophenoxys

23 4-0 R "8 e 0-]
2y, 3, 4 - TP Silvex . 0.01

- ppl1708 and 1717 of Ref (19)
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" CALIFORNIA DOMESTIC WATER QUALITY STANDARDS (1977)

TABLE 31 CONSUMER ACCEPTANCE LIMITS~-SECONDARY DRINKING WATER

STANDARDS

Constjtuents

Maximum CoOntaminant Levels

Color .;... ..... ceeaes

Copper-.-'.c..o......o.......
CorrOSiV'ity [N B B B R N A B R A R N N ]

Ir‘on LR R R R R I RN B I I I B B BE B BB A

Manganese ..ceseses .

Odor - Threshold ..eevevnnenn
Foaming Agents (MBAS) .......
Turbidit‘y a8 v % % 2 b b b s SEsE DN

Z‘inc ....... e e 4 8 b0 e a0 B e he E

1.0 mg/1
Relatively low
0.3 mg/1

0.05 mg/1

3 Units

0.5 mg/1

5 Units

5.0 mg/1

TABLE 32 MINERALIZATION-SECONDARY DRINKING WATER-STANDARDS

Constituent, Units

Maximum Contaminant Levels

Recomme

Total Dissolved éo]ids, mg/1

or N '
Specific Conductance, micromhos
Chloride, mg/l (iiesvrensncanne
Sulfate, Mg/l iiveevennssnnennce

500

900
250
250

Short

nded Upper Term
1,000 1,500

1,600 2,200

500 600

500 600

- pp 1708 and 1717 of Ref (19)
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TABLE 33 PROPOSED INTERIM PRIMARY STANDARD FOR SAFE DRINKING
WATER (As Required by Safe Drinking Water Act
PL 93-523)

' Organic Chemicals (mg/]f“?

Chiorinated Hydrocarbons Chlorophenoxys |
Chlordane ' 0.003 2, 4-D 0.1
Endrin 0.0002 2, 4, 5-TP Silvex 0.01
Heptachlor 0.0001
Heptachlor Epoxide 0.0001

- Lindane ' 0.004
Methoxychlor 0.1
Toxaphene 0.005

Microbes

When the membrane filter technique is used, coliform densities
may not exceed one per 100 milliliters as arithmetic mean of
all samples examined per month.

For the fermentation tube method, coliforms shall not be
present in more than 10% of the portions in any month.

No greater than 500 organisms per one milliliter (as
determined by the standard bacterial plate count) will be
allowed. :

Inorganic Chemicals (mg/1) Fluorides (mg/1)
Arsenic 0.05 50.0 - 53.7°F 2.4
Barium 1.00 53.8 - 58,3°F 2.2
Cadmium ¢.010 58.4 - 63.8°F 2.0
‘Chromium 0.05 63.9 - 70.6°F 1.8
Cyanide 0.20 70.7 - 79,2°F 1.6
Lead 0.05 79.3 - 90.5°F 1.4
Mercury 0.002

Nitrate 10.00

Selenium 0.01

Silver 0.05

Turbidity

The level at representative entry points to the distribution
system is one turbidity unit except that five or fewer
turbidity units may be allowed if the supplier can demonstrate
the higher turbidity does not:

Interfere with disinfection

Prevent maintenance of an effective disinfectant agent
through the distribution system

Interfere with microbiological determinations

Ref: Page 10, American City - May 1975
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Test- Conducted Under Phase I ~ - o

.1 < [N

The State Department:ongab1ic Health Laboratory in Berkeley
conducted tests for hydfocarbbhs'ahd bateriological content.
The Transportatidn'Laboratory in Sacramento conducted tests

for heavy metals, minerals’, pH, and electrical conductivity.

A Mar-Tek Mark V water quality analyzer was used in the fieid

to determine pH, dissolved oxygen, electrical conductivity,
and temperature.

Tabu1ation of Results

Four ground water samples were taken during the 1977 pump
tests. Test results from those samples are presented in
Table 34. Laboratory test results from the sea water
intrusion study been presented earlier in Table 25 and 26.

The various hydfééaﬁbons are presented in Table 35. The
inorganic chemicals are summarized in Tables 36 and 37.

Table 38 presenté{the total dissolved solids in the nine
samples tested., Table 39 contains statements on the pesticides
and herbicides ah%]yses. The bacteriological quality tests

are posted in Table 40.

.
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" TABLE 37, MINERAL ANALYSIS

Boring No. Calcium mg/1 Magnesium mg/1 Bicarbonate mg/l
P11 50 26 185
P16 b5 25 : 180
P10 60 29 270
P9 127 50 425
P7 47 17 250
P6 73 29 285
P4 55 19 190
P2 84 27 270
P13 98 33 305
fNote:
Calcium Ref: Table 17, Vol. V, Ref. 20§
1. Calcium is beneficial to humans.
2. No standards in USPHS 1962 drinking
water standards.
3. Calcium desirable in irrigation water.
4., It should be <52 mg/1 for fish and
aquatic life.
Magnesium Ref: Table 27, Vol. V, Ref. 20

5.

Noe limit in 1962 USPHS Drinking Water
Standards (500 mg/1, taste threshold
for humans). '
Industrial 5 mg/1 to 30 mg/1.

Fish and aquatic 1ife 14 mg/1. #
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37 (Continued) 7"

Bicarbonate Ref: Table 12, Vol. V Ref. 20

8. For municipal drinking use, it should
be <150 mg/1 and for washing <60 mg/1.

9., For industrial use, <100 mg/1.

10. For dirrigation, not harmful, but can
affect Na ratio (formation of CaCO3).

11. For fish and wild 1ife it should be
<180 mg/1.

" Carbonate (C03)

12. ‘No carbonéte was present in any of the
‘ samples.

13. No standards exist for drinking, or fish
and wildlife.




TABLE 38 GROUND WATER QUALITY ANALYSIS - PHASE I

Total Dissolved Solids

Total
Dissolved
Boring Solids
Area Station No. mg/ 1
1 177+00 P11 456
- 181+20 D16 504
2 187+80 P10 543
2 201+00 P9 998
3 220+10 P7 430
3 228+50 P& 635
4 249+80 P4 451
6 272+00 p2 724
b 274+15 P13 917

NOTE: Calif. standards for allowable total dissolved solids
(mg/1) in secondary drinking water are:

500 (Recommended), 1000 (Upper}, 1500 (Short Term)

Potential Uses in Present Condition

The test results presented in Table 34 indicate that the

ground water at the site of Pump Test 1 has a tendency to be
brackish in taste whereas at the site of Pump Test 2 the

water was found to be fresh. The various organic contaminants,
~ both chlorinated hydrocarbonslanq ch1orophenogys,Vare_presented
in Table 35. Curreht,;tanqdrds for drinking water Are not
exceeded. \ i
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Referring’ to Table 36, the nitrates, clorides, sulfates, and
copper concentrations are within allowable 1Timits for drinking
water. The manganese content is fairiy high ranging from 0.1]
mg/1 to 1.9 mg/1. The allowable limit is 0.05 mg/1. For
irrigation purposes and to encourage plant growth the permissible
level of manganese is 0.5 mg/1. It will be harmful to plant
1ife if greater than 0.5 mg/1. Trout can survive up to 7 days
where the manganése content is 15 mg/1. River crayfish can
tolerate only up to 1 mg/1. Thus, the Manganese content does
not meet the standards for secondary drinking purposes. Three
of the nine samples have specific conductance values greater
than the recommended 900 micromhos. But these values are lower
than 1600 micromhos which is the upper 1imit for purposes of
secondary drinking.

Tabie 37 presents contents of calcium, magnesium and
bicarbonates. At present there are no standards for calcium
for drinking purposes. In fact, it is beneficial to humans.
This is desirab]é in irrigation waters., To support fish and
“aquatic life 95% of good fish water should contain less than
52 mg/1. In this case it varies from 50 mg/1 to 127 mg/1.
Hence it is doubtful whether it can support fish and aquatic
life. There are no limits for magnesium for drinking purposes.
It varies from 17 mg/1 to 50 mg/t. At a level of 500 mg/1 of
magnesium humans begin to detect jits taste. For industrial
purposes the suggested range is 5 mg/1 to 30 mg/1. To support
fish and aguatic ‘1ife it should be less than 14 mg/1. The
bicarbonate values range from 180 mg/1 to 425 mg/1. For
washing'purposes”it should be Tess than 60 mg/1, for drinking
purposes it should be less than 150 mg/1 and for industrial
use-it should be less than 100 mg/1. To support fish and
aquatic 15 fe 1t shou]d be Tess than 180 mg/1.

From Table 38 iﬁﬁdhh'be seen that the total dissolved solids
range from 451 mg/1 to 998 mg/1. For drinking water the
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recommended value is 500 mg/1 and only 3 samples had values
Tess than 500 mg/1. The upper allowable Timit is 1,000 mg/1
and 1,500 mg/1 for short term. Ninety-five percent of water
supporting fish fauna contains less than 400 mg/1, although
most aquatic forms will not be affected up to a limit of
2,000 mg/1.

There were no pesticides or herbicides found in the ground
water sample as presented in Table 39.

The coliform density varied from 70 MPN/100 m1 to greater
than 24,000 MPN/100 ml, as shown in Table 40. According to
California standards it should not exceed 1 MPN/100 ml. For
municipal water supply the desirable criterion is Jess than
100 MPN/100 m1 with a permissible criterion of 10,000 MPN/10O
mi. Also it should be noted the coliform density can depend
upon the variation of‘tempe?atufe.

Based on the California Department of Health drinking water
standards and keeping in mind the objectives for San Francisco
Bay tidal waters required by the San Francisco Bay Basin Water
Quality Control Plan, Gary Winters of the Water Quality Unit at
the Transportation Laboratory reviewed the test data for Phase
I and summarizes his conclusions as follows(21):

"Review of the analyses indicates a couple of areas of
concern regarding the water quality of samples analyzed:

1. Dissolved oxygen levels ranged from 1.2-4.2 mg/1,
averaging 2.1 mg/1. The Water Quality Control Plan
objective is to maintain a minimum of 5.0 mg/1 in
the Bay below the Carquinez Bridge and in all
aquatic life habitats of the San Francisco Bay. The
input from the dewatering of this project would not
meet this standard.

2. The total coliform analysis on the water samples
derived by the Multiple Tube Technique indicates
the samples were moderate to severely contaminated.
The MPN (Most Probable Number) for the samples
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“““TABLE 39, PESTICIDES AND HERBICIDES ANALYSES

LABORATORY REPORT
State of Catlifornia - Department of Public Health
Sanitation and Radiation Laboratory
2151 Berkeiey Way, Room 235, Berkeley 94704

Lab No._20-28

" Description _ Place

of sample Well collected Richmond Depressed Section
”Coilector Caltrans g Repbrt to Caltrans

Date collected .7-18-?8 Date'Feceived 7-18-78 Date reported 7-27-78

Pesticides Ana]yéﬁs:

E&ﬁ%&bﬁjﬁ/z 9511oﬁ-wifh“207m1;;Béﬁzené; inject into Glc
using {1.5% OV 17 + 1.95%:OV 210 and §% OV 210) as column.

! . @
A gy A e P

Herbicides

Same as standardﬁhethods Fbr the examination of water and
waste water usihﬁ the same above columns for the analysis
by Glc.

None of either'tﬁ% pesticides or the herbicides was found
in these'samp1esf#20-28.

Zene Jasaitis
Saufi Khalifa

Form LAB-1418 LM 8/25/70C
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ranged from 70 to 24,000 (Ave. 4,071) bacteria per
100 m1 samplie. The California Department of Health
standards indicate 2,2-9.2 bacteria per 100 ml
sample as the maximum for potable water. Addition-
ally, levels of bacteria in some of the samples
exceed the Water Quality Objectives for Coliform
Bacteria for contact recreation uses in the San
Francisco Bay Region. In the Bay tidal waters,
total coliform counts should not exceed a median of
240/100 m1 with no sample exceeding 10,000/100 ml.

The serious bactéerial contamination will have to be
addressed prior 'to éxport of the efflueft anticipated
from the project.r Whether the high counts are seasonal,
from existing fill material, or some type of external
sources, e.g. anjmal®droppings, etc. into the wells,
would require further investigation:

Heavy metals reported so far (Cu, Fe, Hg, and Mn) do not
present a water quality problem at the levels detected.
The additional heavy metals parameters currently being
analyzed should also be reviewed. Major ions such as
Ca, C1, H103, Mg, Na, and S04 show Tevels that are not
excessive. The Department o% Health tested for hydro-
carbons {pesticides and herbicides) and no contamination
was found. :

It should be noted nitrate concentrations in the P-13
boring were slightly above the maximum 45 mg/1 standard
for drinking water. More importantly, the nitrates
levels are relatively high in numerous wells and should
be addressed when disposal of the dewatering effluent
is considered. The input of these nitrate levels may be
deleterious to Bay algal populations.”
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CONCLUSIONS AND RECOMMENDATIONS

Results of Investigations

Based upon extensive study of boring profiles, visual identi-
fication of soil samples, and taboratory tests, the existance
of a muttiple aquifer system with perched water conditions
was confirmed. This aquifer system had both artesian and
water table conditions. Two models of existing subsurface
conditions are proposed,

A ground water reconnaissance survey disclosed the fact that
many private wells, in addition to cathodic protection wells,
exist in the project vicinity. Only one well is currently
used for drinking purposes. Most of the wells are inopera-
tional. 1In areas near the U.C. Richmond Field Station
private companies use ground water from shallow aquifers
(within 25 feet) as well as from deeper aquifers (90 to 125
feet). Ground water over the entire project arQa'WQsAfoqnd
to be fresh with a s]ight=contamiﬁation by sea water near the
westerly end.

A literature survey to clarify the term "Richmond Aquifer"
revealed that confusion presently exists concerning its
identity and location. To avoid future confusion, names
for the ground water aquifers encountered and the basin
containing them are proposed.
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Conclusions From Drawdown Analysis

The aquifers had a system transmissibility factor ranging
from 194 gpd/ft to 5247 gpd/ft. The system storage coef-
ficient values ranged from 0.000116 to 0.00795. These values
indicate the yier of these aquifers may not be adequate for
industrial, municipal, or irrigation purposes and confirmed
the existance of artesian conditions. Slow recharge occurs
in the project viEinity.

The total pumpage would vdry depending upon the combinations
of dewatering components adopted. Assuming two rows of deep
wells, one on either side of the semi-depressed section, the
total pumpage dufing construction (short term) would be
between 2.5 x 106_and'3.5 X ]06 gpd. Assuming a good pavement
subsurface drainage system with intercepting trench on the
landwdrd side and a physical ‘barrier on the bayward side the
quantity to be removed after construction (long term) would

be a maximum of 1.4 X 106 gpd. The estimated quantities for
both short term and long term conditions represent upper
Timits., Actual quantities may be substantially lower, depend-
ing dpon the soil conditions encountered and the dewatering
scomponents aﬁébtéd? kA EE

Lo ! s . N a1
R R o e Tt ! FEETERY ; . E

Suggested Dewatefﬁnngomponents

Three dewaterihg3componEnts: namely, deep wells, interceptor
trenches, and physical barriers, are suggested for use in
combination durihg construction. Of the four alternates
previously‘diSCu§Sed the most useful combination appears to
be a 1ongitudinai interceptor trench on the landward side
with a physical barrier on the baywérd side as construction
proceeds. Any séepage from the bottom of excavation could
be removed by sumps and pumps. If, in certain locations,
the capacity of the above recommended dewatering systems is
exceeded, supplemental pump wells could be introduced for
the particular area.
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Five dewatering components: namely, Tongitudina1 trenches
physical barriers, pavement drainage system with longi-
tudinal drains and lateral drains, observation wells,

and collection stations are suggested for use after construc-
tion. Most of the seepage from the bay would be blocked by
the physical barrier and the interceptor trench would collect
the seepage from the landward side. The gravity drainage from
the bottom of'the semi-depressed section would be intercepted
by a system of blanket drains, and longitudinal and Tateral
drains. ' ’

N S

Effects of Dewateriné

The maximum area affected by any settlement would comprise a
maximum distance of 300 ft outside the right of way on ejther
side, Maximum settlement would be in the order of 2.2 inches
nearest the excavation. Differential settlements will be
minimal. A condition survey of sensitive structures in the
project vicinity before, during, and after construction is
suggested.

Sea water intrusion already exists at the westerly end of the
project due to the presence of ship channels and man-made fill
over bay muds. Construction of the proposed semi-depressed
section would induce sea water encroachment over a certain
length of the project both during and after construction.

" This sea water intrusion would be stabilized at the semi-
depressed section after a period of time subsequent to _
construction. The saline waters intercepted by the drainage
system probably would be discharged into the bay.

Ground Water: Quality and Potential Uses

Work on Phase I sample is still in progress. Even though
there are no hydrocarbons, pesticides, or herbicides in the
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groundwater it Was high mahganesé content and high coliform
count. In its pFésent condition the ground water is not
potable according to California Department of Health Standards.
The apparent bacterial contamination of this water would
pred]ude its use for support of fish and aquatic life. Heavy
metals analyzed to date indicate no ground water quality
problem. The hiéh nitrate content in some samples may be
injurious to algae.

These conclusfdns on ground water qua11ty should be considered
pre11m1nary as the date of this report. A supplemental

report will be prepared after Phases II and III sampling and
testing are comp]eted ,ag{-r '

Note: In addition to the 'foregoing conclusions and recommenda-
tions reference is made to Appendix D for a discussion
concerning cathodic proteétion systems located in the project
area. ' o '
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APPENDIX B

AGENCIES CONTACTED DURING
GROUND WATER RECONNAISSANCE SURVEY
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APPENDIX B .~

AGENCIES CONTACTED DURING GROUND
WATER RECONNAISSANCE SURVEY

Department of Public Works, City of Richmond

Richmond Unified School District

University of California, Richmond Field Station
Contra Costa County Health Department, Richmond Division
U. S. General Services Division, Richmond Office
Pacific Gas and Electric Company, Richmond and Oakland
City of Richmond Planning Department

Allied Propane Co., Richmond

Blair Excavators, Inc., Richmond

Buildings Regulations Division, City of Richmond
Pacific Cryogenics, Richmond

Port Director, City of Richmond

City of ET Cerrito Planning Department

Department of Community Development, City of San Pablo
Sanitary District, City of San Pablo

Contra Costa County Planning Department, Martinez

East Bay Municipal Utility District, Oakland

San Francisco Bay Region O0ffice, Regional Water
Quality Control Board, Oakland

Sanitary Engineering Section, State Department of
Health, Berkeley

Department of Water Resources, Central District Office,
Sacramento

B1i



o

[+]

[+]

o

[+]

Sacramento Mﬁﬁiciﬁgl Utﬁiit District
Bureau of Reciémation;mSacramento

U. S. Geological Survey, Menlo Park

U. S. Geo1ogiéa1 Survey, San Francisco

Bureau of Reclamation, Denver




APPENDIX C

PRIVATE WELLS IN PROJECT.VICINITY
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APPENDIX C

‘

LIST OF PRIVATE WELLS IN PROJECT VICINITY

Address Operational Address 0pgrationa1
131 S. 2nd St. No 635 S. 29th St.

231 S. 5th St. Yes 608 S. 30th St. -
229 S. 9th St. - 654 S. 30th St. No
148 S. 11th St. . Foot of S. 32nd St: -
203 S. 13th St. " No 2016 Cutting Blvd. No
141 S. 14th St. = Yes 719 Florida Ave. -
728 S. 14th St. No 901 Florida Ave. No
332 S. 15th St. - ' 2924 Johnson No
316 S. 16th St. No 718 Main No
725 S. 16th St. No 825 Maine No
401 S. 18th St. - 1906 Maine .
338 5. 19th St. - 2029 Maine ' No
425 S. 19th St. Yes 326 Ohio .
433 S. 19th St. - 1933 Uhio .
200 S. 20th St. No 1420 Potrero -
331 S. 20th St. No 1910 Potrero -
425 5. 20th st. - 614 Virginia No
253 5. 2lst St. No 1829 Virginia Yes
167 S. 22nd St. - 1314 Wright Yes
315 S, 23rd St. - 1431 Wright -
416 S. 23rd St. No 555 S. 30th St. No
546 S. 29th St. Yes 3033 Florida i
609 S. 29th St. No ' |

C1



X

Address Operational

Agid res S

”Opeiafional

4310 Florida - 153 S. 45th St. -
2621 Maine - 220 S. 45th St. -
2625 Maine No 729 S. 45th St. -
2508 Maine - 832 S. 45th St. No
3519 Hall No 890 S. 45th St. -
3815 Wall - 900 S. 45th St. -
3827 Wall No | 919 S. 4bth St. -
4604 Wall - ‘ 923 S. 45th St. -
4914 Wall - 241 S. 46th St. -
1339 Merced - 700 S. 46th St. -
601 S. 3ist St. No ﬁ.d 736 S. 46th St. -
381 S. 34th St. - 701 S. 47th St. No
384 S. 34th St. No 1333 S. 47th St. -
400 S. 34th St. No 4321 Potrero -
151 S. 37th St. “ 4827 Potrero No
213 S. 37th St. - 3812 Ohio * - Yes
355 5. 37th St. - 4127 Ohio No
380 S. 37th St. Yes 4849 Cypress*f Yes
350 S. 38th St. \ - 425 Stege -
403 S. 38th St. . No 317 S. 49th St. -
419 S. 38th St. _ No 345 S, 49th St. -
421 S. 38th St. “ - 740 S. 49th St. -
214 s. 41st St. - NOTE:

743 S. 41st St. - ~ Source:

s mase - 01 puste deaion epe. of
* Used for drinking until (2) Richmond Civil Defense

" about 3 years ago.
** Being used for drinking.

and Disaster 0Office,

Dist. 1
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APPENDIX D

CATHODIC PROTECTION WELLS

The proposed Hoffman Freeway alignment in the City of
Richmond will traverse in an industrial area bordering on
San Francisco Bay. Corrosion protection of buried metal
structures using electrical current (cathodic protection)

is commonly practiced in the area. Users of such systems
include Pacific Gas and Electric Company, Stauffer Chemical
Company, Standard 0i1 Refinery, City of Richmond, East Bay
Municipal Utilities District, and numerous small, indepen-
dent companies. Moisture changes can affect the resistivity
of the soil, a basic design parameter of these systems.

Ground Water Reconnaissance Survey

During the course of the ground water reconnaissance survey,
a few well driller's logs were identified as being logs for
bore holes drilled for installing cathodic protection "deep
well anodes"”. Such well installations are commonly used

for corrosion protection of buried metal structures by use
of electrical current. It has been determined that cathédic
protection systems have been used in the Richmond area for
about ten years. Additional ones will be added with new
construction in the near future,

Source of Information

Mr. Owen Uhimeyer, Chief, Corrosion Control, DWR, Sacramento,
was contacted by telephone, and he furnished information

D1



IIC6néern%ng the installation and use of cathodic protection
systems, 1.e., deep well anodes.

Several other corrosion engineers mentioned earlier in the
report were contacted for their opinions as to whether con-
struction of the semi-~depressed section would interfere
with cathodic protection systems currently in use. It was
generally agreed that dépressing the ground water table
approximately 30 feet may affect the operating efficiency
of some of theﬁe systems depending upon type and location.
Whether there are any of these systems within the proposed
excavation limits and/or within the areas influenced by
ground water drawdown has not been determined.

Types of Cathodic Protection Wells

Section 13711 of the California Water Code defines a
Cathodic Protection Well as:

"Any artificial excavation in excess of 50 feet
constructed by any method for the purpose of
installing equipment or facilities for the pro-
tection electrically of metallic equipment in
contact with the ground, commonly referred to
as cathodic protection.”

There are two types of cathodic protection wells, impressed
current and sacrificial anode. Both may require deep, large
diameter drilied wells. The impressed current type uses more
current for operation which is usually supplied by the local
utility company. The sacrificial anode requires very low
current, and is seif-generating. If either of these types

of wells are to be abandoned, the California Water Code
prescribes the procedure to be followed. It should be
emphasized that these are not water producing wells.
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Known Locations

The "Joint Committee for Protection of Underground Structures
in Alameda and Contra Costa Counties" maintains a Tisting of
cathodic protection systems. Mr. Francis R. Shoemaker, P.E.,
Bay Toll Authority, is the Secretary of the Committee. A

map provided by Mr. Arnie Westerback of East Bay Municipal
Utility District is attached showning locations of some of
these cathodic protection installations in the vicinity of
the Hoffman Freeway alignment. Mr. G, Dowd, also of East

Bay Municipal Utility District, furnished a Tist of cathodic
protection rectifiers in Contra Costa County. From this
list, 6 rectifiers in the project vicinity were chosen and
details pertaining to them are tabulated in Table D-1. It
should be emphasized that this map (Figure D-1) and 1ist

are incomplete and were not verified by Caltrans personnel,

The Assistant qu%‘Dirébtor, City of Richmond, Mr. Sal N.
Bose, P.E., stated during interview that the City uses
cathodic protection on sheet piling in port facilities.

He expressed his opinion that due to the distance from

the Hoffman Freeway alignment, there would be no interference
with those systems when the ground water is depressed.

Effects of Dewatering

With the 1imited information available at this time relative
to existing cathodic protection installations in the area of
the proposed depressed section, it is not possible to fully
assess the effects of dewatering on these systems. In some
areaé dewatering may enhance the efficiency of such systems.

The National Association of Corrosion Engineers Basic
Corrosion Course notes(22), states that in tidal areas
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‘particulariy, the resistivity range for water in the soil
acting as the electrolyte varies greatly and is subject
ﬁo'Change. This complicates the cathodic protection
apb]ication. If the natural parameters upon which a
cathodic protection design is based do not remain constant,
then resistance of the anode in the electrolyte increases
and the structure may be affected and cause current require-
ments to vary.

In soils which contain sulfate ions the magnesium anode
operates very well when it is buried below ground water
table due to good drainage into the anode. When ground
water is depressed and if sulfates and chlorides are absent
~the magnesium anode tends to polarize and the soil tends to
display high resistivity. The anode efficiency is then
reduced by the low current density achieved,

Effects of Sea Water Intrusion

"It is probable that sea water_intrusion'WOu1d not adversely
“affect cathodic protection deep well systems since magnesium
anodes operate at peak performance in sea water. Sea water
introduces an environment which has high chloride content
and this contributes to high performance. Cathodic pro-
tection systems are designed after detailed, careful study
of the environment in which they are placed. Monitoring
facilities are an integral part of these systems and regular
checks are made to detect changes.

Conclusions and Recommendations

Cathodic protection systems utilizing deep well anodes are
prevalent in the vicinity of the proposed Hoffman semi-

“
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depressed section and the adjacent areas which will be
affected by the ground water drawdown. The exact location
of many of these systems have not been verified by Caltrans
personnel to date. Since there is a possibility that the
proposed drawdown would affect these systems, we recommend
a survey and cataloging of both drilled water wells and
deep well anodes prior to construction. We further
recommend so0il resistivity measurements at designated

sites in the six design study areas comprising the semi~
depressed portion of the Hoffman Freeway.
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