
Pre
 

 
 
Hig
Pal
 
 
 
Janu

 
 
 
Pa
Pars
100 W
Pasa
 
 
 
Cont
Caltr
 
 

elimina

gh Dese
mdale t

uary 2016

arson
ons Transp
West Waln
adena, CA 9

tract No.: 07
rans Projec

ry Hydr

rt Corrid
to Apple

6 

ns 
portation Gr
ut Street 
91124 

7A2912 
ct No.: 0700

rology 

dor 
e Valley 

roup Inc. 

0000080 (E

and Hy

(State R

A: 16720) 

ydraulic

Route 1

cs Repo

4 to Sta

ort 

ate Rout

 

te 18) 









P

 

 

Parso

1 

2 

3 

4 

5 

ons 

PROJECT
1.1 Pu
1.2 Pr
1.2 Pr

HYDROL
2.1 Ex
2.2 Ra
2.3 So
2.4 Fl
Floodplai
2.5 Ex

2.
2.

2.6 Hy
2.
2.
2.
2.

HYDRAU
3.1 Ov

3.
3.
3.
3.

3.2 Br
3.2
3.2
3.2
3.2
3.2
3.2

3.3 Cr
3.

3.4 In
3.5 Re
3.6  C

CONCLU

REFEREN

T DESCRIP
urpose and N
roject Altern
referred Proj

LOGY ........
xisting Wate
ainfall Chara
oil and Grou
loodplain Ch
in Mitigation
xisting Drain
5.1 Off-sit
5.2 Major 
ydrologic/Hy
6.1 Sub-B
6.2 Curve 
6.3 Time o
6.4 Result

ULICS ........
verview of H
1.1 Off-Si
1.2 Design
1.3 On-Sit
1.4  HSR D
ridge Hydrau
2.1 Bridge
2.2 Little R
2.3 Big Ro
2.4 Turner
2.5 Ossum
2.6 Mojav
ross Culvert
3.1 Cross 

nfiltration Ba
etention Bas

Channels ......

USION ........

NCES ........

Pre

TAB

TION ..........
Need ............
natives ..........

ect Alternat

....................
ershed Chara
acteristics ....

undcover Cha
haracteristics
n and Risk ...
nage Pattern
te Drainage C
Streams ......
ydraulic Me
asin Delinea
Numbers ....

of Concentra
s ..................

....................
Hydraulic St
te System ....
n Methodolo
te System ....
Drainage Fac
ulics ............
e Design Me
Rock Wash .
ock Wash ....
r Wash .........

m Wash ........
ve River .......
s ..................
Culvert Des

asins .............
sins ..............
....................

....................

....................

eliminary 

BLE OF CO

SECTIO
....................
....................
....................
tive ..............

....................
acteristics ....
....................
aracteristics 
s ..................
....................
 ...................
Crossings ....
....................

ethodology ...
ation ............
....................
ation ............
....................

....................
tructures ......
....................

ogy ...............
....................
cilities .........
....................

ethodology ...
....................
....................
....................
....................
....................
....................
ign Methodo
....................
....................
....................

....................

....................

Hydrology

ONTENTS

ONS 
....................
....................
....................
....................

....................

....................

....................
...................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................
ology...........
....................
....................
....................

....................

....................

High D
y and Hydr

JA

S 

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

esert Corr
raulics Re

ANUARY 201

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

ridor 
eport 

6  I 

.......1 

.......1 

.......5 

.......6 

.....11 

.....11 

.....16 

.....16 

.....17 

.....19 

.....20 

.....20 

.....27 

.....29 

.....30 

.....31 

.....31 

.....32 

.....33 

.....33 

.....33 

.....33 

.....34 

.....35 

.....38 

.....38 

.....39 

.....39 

.....40 

.....40 

.....40 

.....41 

.....41 

.....42 

.....44 

.....46 

.....47 

.....49 



High De
Prelimin
 

II  JANU

 
TABLES

Table 2-1
Table 2-2
Table 3-1
Table 3-2
Table 3-3
 

FIGURES

Figure 1-
Figure 1-
Figure 1-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 2-
Figure 3-
Figure 3-
Figure 3-
 

  

esert Corr
nary Hydr

UARY 2016 

S 

1. Average A
2. NRCS Cu
1. Q100 Flow
2. Proposed 
3. Proposed 

S 

-1. Project V
-2. Project L
-3. Preferred
-1. HDC Cor
-2. HUC Sub
-3. Typical G
-4. Flood Ma
-5. Flood Ma
-6. Off-Site H
-7. Off-Site H
-8. Off-Site H
-9. Crossing
-10. Big Roc
-11. Turner W
-12. Mojave 
-13. Mojave 
-14. Bell Mo
-15. Californ
-1 Example o
-2 Drainage 
-3 Trench Ty

idor 
ology and

Annual Preci
urve Number
w Rates from
Culvert Cro
Retention B

Vicinity Map
Location Map
d Alternative
rridor and W
bwatersheds 
Ground Cove
ap- Los Ang
ap – San Ber
Hydrology M
Hydrology M
Hydrology M
s over Califo
ck Wash nea
Wash, Ossum
River .........
River at SR

ountain Wash
nia Aqueduc
of Aerial Str
Ditch Adjac
ypical Sectio

 

d Hydraulic

ipitation per
rs Used for H
m HEC-1 Ou
ssings .........

Basins ...........

p ...................
p ..................
e ...................

Watersheds ...
...................

er.................
geles County
rnardino Cou
Map 1 – Dra
Map 2 – Dra
Map 3 – Dra
ornia Aqued
ar SR 138 .....
m Wash, and
....................

R 18 ..............
h at I-15 ......

ct near Sierra
ructures ove
cent to Track
on ................

cs Report 

r Hydrologic
Hydrologic A
utput ............
....................
....................

....................

....................

....................

....................

....................

....................
y ...................
unty ............

ainage Patter
ainage Patter
ainage Patter
duct near Litt
....................
d Mojave Ri
....................
....................
....................
a Highway ...
r Water Bod

k ..................
....................

c Area ..........
Analysis ......
....................
....................
....................

....................

....................

....................

....................

....................

....................

....................

....................
rn West Segm
rn Central Se
rn East Segm
tle Rock Wa
....................
iver ..............
....................
....................
....................
....................
dies ..............
....................
....................

Par

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................
ment of Proj
egment of Pr

ment of Proje
ash ...............
....................
....................
....................
....................
....................
....................
....................
....................
....................

rsons

................. 1

................. 3

................. 3

................. 4

................. 4

................... 

................... 

................... 

................. 1

................. 1

................. 1

................. 1

................. 1
ect ........... 2
roject........ 2
ect ............ 2
................. 2
................. 2
................. 2
................. 2
................. 2
................. 2
................. 3
................. 3
................. 3
................. 3

s 

6 
1 
8 

42 
45 

2 
3 
7 
3 
5 
6 
8 
9 

21 
23 
25 
27 
28 
28 
28 
29 
29 

0 
6 
7 
7 



P

 

 

Parso

 
APPE

Appe
Appe
Appe
Appe
Appe
Appe
Appe
Appe
Appe
Appe
Appe
Appe
Appe
Appe
Appe
  

ons 

ENDICES 

endix A Ex
endix B Ex
endix C Pr
endix D So
endix E Fl
endix F Ca
endix G HE
endix H HE
endix I  HE
endix J Po
endix K Cu
endix L In
endix M Ch
endix N Dr
endix O Qu

xcerpts from
xcerpts from
recipitation D
oil Map 
lood Hazard 
alifornia Aqu
EC-1 Input D
EC-1 Analy
EC-RAS Mo
otential Wild
ulvert Hydra

nfiltration Ba
hannel Hydr
rainage Layo
uantities and

Pre

m Caltrans Di
m Drainage M
Data 

Zones 
ueduct and C
Data 
sis  
odeling Resu
dlife Movem
aulic Summa
asin Location
raulic Calcul
out Plans 
d Cost Estim

 

eliminary 

istrict 8 Hyd
Master Plans 

Crossings 

ults  
ment Corridor
ary 
ns 
lations  

mates 

Hydrology

drology Repo

rs 

High D
y and Hydr

JA

ort 

esert Corr
raulics Re

NUARY 2016

ridor 
eport 

6  III 



High De
Prelimin
 

IV  JAN

 

esert Corr
nary Hydr

NUARY 2016 

idor 
ology and

Th

d Hydraulic

his page inten

cs Report 

 

ntionally leftft blank. 

Parrsonss 



P

 

 

Parso

1 

The C
Coun
Deser
Ange
provi
Unite
Coun
comp
bikew

Figur

1.1

The p
regio
needs
follow

 

 
 
 

 

The s

 
 
 

 

ons 

PROJ

California D
nty Metropol
rt Corridor (

eles and San 
ide route con
ed States Hig
nty and SR-1
prised of one
way, and rec

res 1-1 and 1

 Purpo

purpose of th
n of souther
s within the 
wing objecti

Increase c
future tran
Improve t
Improve t
Provide im
including 
proposed 
system) 
Contribut
for green 

specific need

Recent an
Limited a
Regional 
economy 
Future de
provision

JECT D

epartment o
litan Transpo
(HDC) as a n
Bernardino 

ntinuity and 
ghway 395 (
18 and Inters
e or more of 
ommendatio

1-2 are proje

ose and

he proposed 
rn California
Antelope an
ives: 

capacity of w
nsportation d
travel safety 
the regional 
mproved acc
airports and
California h

te to state gre
energy featu

ds to be addr

nd future pla
and unreliabl
demands for

mands for th
s in State law

Pre

DESCR

f Transporta
ortation Auth
new transpor
counties. Th
relieve traffi

(US 395) in S
state 15 (I-15
the followin

on for green 

ect vicinity a

d Need 

action is to 
a by addressi
nd Victor val

west-east tran
demand 
and reliabil
goods move

cess and con
d existing an
high-speed ra

eenhouse ga
ures along th

ressed by the

anned popula
le west-east 
r goods mov

he use of gre
w and policy

eliminary 

RIPTIO

ation (Caltran
hority (Metr
rtation facili
he proposed 
fic congestio
San Bernard
5) in San Ber
ng major com
energy facil

and location m

improve eas
ing present a
lleys. The pr

nsportation f

ity within th
ement netwo
nnectivity to 
nd future pas
ail (HSR) sy

as (GHG) red
he corridor 

e proposed a

ation growth
connectivity

vement to su

een energy, i
y 

Hydrology

ON 

ns), in coope
ro), proposes
ity in the Hig
63-mile-lon
n between S

dino County 
rnardino Co

mponents, in
lities. 

maps, respec

st-west mobi
and future tra
roposed proj

facilities to a

he High Dese
ork 
regional tran
senger rail s

ystem and the

duction goal

action includ

h within the H
y within the H
upport the gro

including su

High D
y and Hydr

eration with 
s constructio
gh Desert reg
ng west-east 
State Route (

with SR-14 
unty. The pr

ncluding high

ctively. 

ility through
avel demand
ect is intend

accommodat

ert region 

nsportation f
systems (whi
e proposed X

s by support

de: 

High Desert 
High Desert
owth of the r

stainability a

esert Corr
raulics Re

 JANUARY 2

the Los Ang
on of the Hig
gion of Los 
facility wou

(SR) 18 and 
in Los Ange

roject would
hway, rail tra

h the High De
d and mobili
ded to achiev

te existing a

facilities, 
ich include t
XpressWest 

ting future p

region 
t region 
regional 

and green en

ridor 
eport 

2016  1 

geles 
gh 

uld 

eles 
d be 
ansit, 

esert 
ty 

ve the 

and 

the 
HSR 

lans 

nergy 



High De
Prelimin
 

2  JANU

esert Corr
nary Hydr

UARY 2016 

idor 
ology and

Fig

d Hydraulic

gure 1-1. Pr

cs Report 

oject Vicinity Map 

Parrsonss 

 



Pa

 

  

arsonns 

Figure 1--2. Project LLocation Maap 

Prelimminary Hyddrology an
High Dese
nd Hydrau

JANUA

ert Corrido
ulics Repo

ARY 2016   

or 
rt 

3 

 



High De
Prelimin
 
 

4  JANU

esert Corr
nary Hydr

UARY 2016 

idor 
ology andd Hydrauliccs Report 

This pag

 

ge intentionally left blankk. 

Parrsonss 



P

 

 

Parso

1.2

Sever
Build
Draft

NO B

Unde
the pr
SR-1
impro
exper
SR-1
of the

FRE

This 
expre
El M
Expre
incor
woul

Four 

 

 

 

 

FRE

This 
Alter
Stree
evalu
and a

ons 

 Proje

ral project al
d Alternative
t Environme

BUILD ALT

er the No Bu
roject area to
38 safety co
ovements in 
rienced on P
8) would rem
e proposed b

EWAY/EXP

alternative w
essway. It ge
irage Road i
essway Road
rporation of g
d also be con

physical alig

Variation 
main align
Variation 
south of th
would be 
Krey airfi
Variation 
would dip
between 1
Variation 
of the fed

EWAY/TOL

alternative w
rnative (inclu
et East and U
uated as part 
a bike path w

ct Alter

lternatives a
e and four bu
ntal Impact 

TERNATIVE

uild alternativ
o connect Lo

orridor impro
San Bernard

Palmdale Bou
main. The no
build alternat

PRESSWA

would consis
enerally wou
in San Berna
d near I-15 a
green energy
nsidered. 

gnment vari

A: Near Pal
nment, appr
B: East of t

he main alig
at the same 

ield. 
D: Near the

p slightly sou
180th Street 
E: Near Ad

deral prison. 

LLWAY AL

would follow
uding Variat

US 395 opera
of an ongoin

would also be

Pre

rnatives

and design va
uild alternati
Report/Envi

E 

ve, no new t
os Angeles a
ovements in 
dino County
ulevard, Air 
o action alte
tives. 

AY ALTERN

st of a combi
uld follow A
ardino Coun
and curves so
y technologi

ations are be

lmdale, the f
oximately be
he county lin

gnment betw
location, bu

e community
uth of the ma
East and 23

delanto and V
 

LTERNATIV

w the same p
tions A, B, D
ate as a tollw
ng P3 analys
e considered

eliminary 

s 

ariations hav
ives were sel
ironmental I

transportatio
and San Bern
Los Angele

y. Traffic circ
Expressway

ernative func

NATIVE (AV

ination of a 
venue P-8 in
ty. This alte
outh, termin
ies and a bik

eing conside

freeway/exp
etween 15th
ne, the freew

ween Oasis R
ut it would fl

y of Lake Lo
ain alignmen
0th Street E

Victorville, t

VE (AVENU

physical align
D, and E), bu
way. Details 
sis. The inco

d. 

Hydrology

ve been cons
lected for de
mpact Statem

n infrastruct
nardino Cou
s County an
culation and
y, and Happy
ctions as a ba

VENUE P-8

controlled-a
n Los Angel
rnative then 

nating at Bea
ke path along

ered, includin

ressway wou
h Street East 
way/expressw
Road and Cou

are out a litt

os Angeles, t
nt, just south
ast. 
he freeway/e

UE P-8, I-1

nment as the
ut it would h
of this opera

orporation of

High D
y and Hydr

sidered and e
etailed evalu
ment.  

ture would b
unties aside f
d SR-18 cor

d congestion 
y Trails High
aseline to co

8, I-15, AND

access freewa
es County an
extends eas

ar Valley Ro
g segments o

ng: 

uld dip sligh
and Little R
way would f
ughlin Road
tle less and p

the freeway/e
h of Avenue 

expressway 

5, AND SR

e Freeway/Ex
ave a section
ating feature
f green energ

esert Corr
raulics Re

JANUARY 2

evaluated. A
uation in the 

be built withi
from existing
rridor 
currently 
hway (existi
mpare again

D SR-18) 

ay and an 
nd just south

st to Air 
ad. The 

of the alterna

htly south of 
Rock Wash. 
flare out slig
d. Variation B
pass through

expressway 
R approxim

would dip s

R-18) 

xpressway 
n between 1

e are being 
gy technolog

ridor 
eport 

2016  5 

A No 

in 
g 

ing 
nst all 

h of 

ative 

f the 

ghtly 
B1 

h the 

mately 

outh 

00th 

gies 



High De
Prelimin
 

6  JANU

FREEW
FEEDER

This alter
also inclu
Victorvil
track tech
speed of 
technolog
running a
evaluated
energy te

FREEW
FEEDER

This alter
would als
Victorvil
considere

1.2 P

Through 
Authority
Bernardin
Project D
broad geo
and plann
including
four publ
communi

The prefe

 T
B

 H
 H
  B

ex
 G

esert Corr
nary Hydr

UARY 2016 

WAY/EXPRE
R/CONNEC

rnative woul
ude an HSR 
lle. The HSR
hnology and
160 mph. A
gy (i.e., elec
alignment), a
d as part of a
echnologies 

WAY/TOLLW
R/CONNEC

rnative woul
so include an
lle. The inco
ed. 

Preferre

a collaborat
y (local Citie
no), a Prefer

Development
ographic cov
ning goals. T
g, most recen
lic hearings 
ities. 

erred project

The Freeway/
B1) 
HSR Option 
HSR main ali
Bike path be
xtension alo

Green energy

idor 
ology and

ESSWAY A
CTOR SER

ld be the sam
Feeder/Con

R Feeder/Con
d have a desi

Additional de
ctric versus d
and its conn
an ongoing R
and a bike p

WAY ALTE
CTOR SER

ld be the sam
n HSR Feed

orporation of

ed Proje

tive process 
es of the Hig
rred Alternat
t Team (PDT
verage and r
The project h
ntly, upon ci
were conduc

t alternative 

/Tollway wi

1C to conne
ignment to c
tween US-3
ng local stre

y production 

d Hydraulic

ALTERNAT
RVICE  

me as the Fre
nnector Servi
nnector Serv
gn speed of 

etails of this 
diesel-electri
ections to ex

Rail Alternat
path would al

RNATIVE W
RVICE  

me as the Fre
der/Connecto
f green energ

ect Alte

between Cal
gh Desert, an
tive has been
T). The Prefe
regional tran
has actively 
irculation of 
cted during N

as shown in

ith High Spe

ct to the Palm
connect to th
95 and 20th 

eets to the Pa
and transmi

cs Report 

TIVE WITH 

eeway/Tollw
ice between 
vice would u
180 miles p
operating fe
ic), its locati
xisting and p
tives Analys
lso be consid

WITH HIGH

eeway/Expre
or Service be
gy technolog

ernative

ltrans, Metro
nd the Count
n preliminar

ferred Altern
nsportation b

sought the w
f the draft en
November 2

n Figure 1-3 

eed Rail Alte

mdale Trans
he Victorville

Street East 
almdale Tran
ission facilit

HIGH-SPE

way Alternat
the cities of 

utilize proven
er hour (mph
ature, includ
on in relatio

proposed rail
sis. The inco
dered. 

H-SPEED R

essway Alter
etween the c
gies and a bik

e 

o, and the H
ties of Los A
rily identified
native has be
enefits based

wide particip
nvironmental
2014 in the a

consists of t

ernative (incl

sportation Ce
e XpressWe
(with fundin
nsportation C
ies within st

Pa

EED RAIL (

ive except th
f Palmdale an
n steel whee
h) with an o
ding the type
on to the HD
l stations, are
rporation of 

RAIL 

rnative exce
ities of Palm
ke path wou

DC Joint Po
Angeles and 
d by the mul
en develope
d on commu

pation of stak
l document f
affected dese

the following

luding Varia

enter 
st rail station

ng to provide
Center) 
tudy area foo

arson

(HSR) 

hat it would 
nd 

el-on-steel 
perating 

e of train 
C (median-
e being 

f green 

ept that it 
mdale and 
uld also be 

owers 
San 
lti-agency 

ed to provide
unity desires 
keholders, 
for which 
ert 

g elements: 

ations D and

n 
e an 

otprint 

ns 

e 

d 



P

 

  

Parso

 

ons 

 

Preeliminary 

 

Hydrology

Figure 1-3.

y and Hydr

 

 

 

 

 

 

 

 

 

 

. Preferred A

raulics Re

JANUARY 2

Alternative 

eport 

2016  7 



High De
Prelimin
 

8  JANU

These ele

Freeway/
expressw
Mirage R
I-15, and
to four la
construct
would be
project w

 V
m
an

 V
so
th

High Spe
between 
utilize ste
operating
Victorvil
Palmdale

Out of th
documen
Transpor
conflicts 

The prefe
station. O
documen
preferred
would lea
HSR des
Path Elem
the corrid
would be
In additio
plan, alon
Center or
cost. 

Green E
contribut
developm

esert Corr
nary Hydr

UARY 2016 

ements are d

/Tollway Ele
way, will gen
Road in San 
d finally curv
anes of trave
ted at openin
egin at 100th
would incorp

Variation D –
main alignme
nd 230th Stre

Variation B1 
outh of the m
hrough Krey

eed Rail Fe
the cities of 
eel wheel-on
g speed of 12
lle XpressW
e Transporta

he six Palmd
nt, Rail Optio
rtation Cente
with park (4

erred project
Of the two X
nt, the Main A
d Main Align
ave the HDC
ign speed w
ment: The H
dor from US
e designed to
on, the neces
ng 20th Stre
r future High

Energy Corr
te to greenho
ment of new 

idor 
ology and

discussed in m

ement: The a
nerally follow
Bernardino 

ve south, end
el in each dir
ng based on 
h Street East 
porate two va

– Near Lake 
ent, just sout
eet East. 
– East of th

main alignme
y Field. 

eder Servic
f Palmdale an
n-steel track 
25 mph. Two
est Station in

ation Center i

ale Rail Con
on 1C is pref
er, it would h
4(f)), UPRR 

t alternative 
XpressWest c

Alignment o
nment variat
C approxima

would be redu
HDC Project 
S 395 in Ade
o complemen
ssary fundin

eet East and A
h Speed Rail

ridor Eleme
ouse gas redu
green and re

d Hydraulic

more detail b

alignment, c
w Avenue P-
County, then
ding at Bear 
rection will b
the traffic an
in Palmdale

ariations, D a

Los Angele
th of Avenue

e county line
ent between 

e Element: 
nd Victorvill
technology 
o rail connec
n San Berna
in Los Ange

nnection opti
ferred. Altho
have fewer c
and Plant 42

would conn
connection o
option is pre
tion would en
ately 1.8 mil
uced to 150 m
would inclu

elanto to 20th
nt the propos

ng to provide
Avenue Q, i
l station, wil

nt: The gree
uctions and 
enewable en

cs Report 

below. 

combining a 
-8 in Los An
n extend eas
Valley Road

be protected,
nalysis and f
e and end at 
and B1. The

s, the freewa
e R, approxim

e, the freewa
Oasis Road

HSR Feeder
le. The HSR
with a desig
ctions would

ardino Count
eles County. 

ions evaluate
ough it woul
community i
2 property. 

nect at its eas
options evalu
ferred over t
ntail only on
es after that 
mph for com

ude bicycle fa
h Street East
sed freeway/

e bike lane(s)
n its entirety
ll be provide

en and renew
reduce energ

nergy techno

controlled-a
ngeles Count
st to Air Exp
d. Right-of-w
, with the nu
funding avai
US 395 in V

ese selected v

ay/tollway w
mately betw

ay/tollway w
d and Coughl

r/Connector 
R Feeder/Con
gn speed of 1
d be construc
ty and anoth

ed in the dra
ld require rel
mpacts over

stern terminu
uated in the d
the Variation
ne crossing o
crossing. Af

mpatibility w
facilities, ext
t in Palmdale
/expressway
) as specified
y to the Palm
ed by Metro 

wable energy
gy costs. Du
logies, the s

Pa

access freew
ty and just so
ressway Bou
way to accom
umber of init
ilability. The
Victorville. T
variations ar

would dip sou
ween 180th S

would flare o
lin Road and

Service is re
nnector Serv
180 mph and
cted, one at t

her one at the

aft environm
location of t
rall and wou

us with the X
draft environ
n E alignmen
of the Mojav
fter leaving t

with XpressW
tending 39 m
e. The bike f
y and HSR fe
d in the City

mdale Transp
as a project 

y component
ue to the ong
election of s

arson

way and an 
outh of El 
ulevard near
mmodate up
tial lanes 
e toll section
The preferred
re: 

uth of the 
treet East 

out slightly 
d pass 

ecommended
vice would 
d optimal 
the future 
e existing 

mental 
the Palmdale

uld avoid 

XpressWest 
nmental 
nt. The 
ve River, and
the HDC, th

West. Bicycle
miles along 
facility 
eeder service
y’s general 
portation 
mitigation 

t would 
oing 

specific 

ns 

r 
p 

n 
d 

d 

e 

d 
he 
e 

e. 



P

 

  

Parso

techn
or uti

Ratio
This 
The a
maint
grow
reduc
gradu
proje
inclu
propo
Berna
a pub
woul

The r

 

 

 

 

 

 

 

 

 

ons 

nologies, inc
ility compan

onale: 
multimodal 
alternative w
tain mobility

wth in the An
ce the potent
ual curves, w
ect alternativ
ding the Cal
osed bike pa
ardino count

blic private p
d contribute

rationale for 

The Prefe
sensitive 
and federa
would oth
The Prefe
residentia
Comment
EIR/EIS p
Given the
transporta
Express L
Regional 
With the i
Preferred 
and openi
network f
The HSR 
additional
connect th
regions. 
The Prefe
accommo
movemen
The Prefe
between v
The Prefe
the variou

luding fundi
ny.  

preferred pr
would improv
y/accessibili

ntelope and V
tial for head 

wider lanes, a
ve would pro
lifornia HSR
ath would pro
ties and wou
partnership (
 to a reducti

supporting t

erred Project
environment
ally-listed so
her build alte
erred Project
al displaceme
ts received f
public review
e uncertainty
ation improv
Lanes is cons
Transportati
implementat
Project Alte

ing, would c
for the motor
feeder servi

l mode choic
he San Franc

erred Project
odate the imm
nt. It also has
erred Project
various dese
erred Project
us affected lo

Pre

ing, construc

roject alterna
ve traffic op
ty and enhan

Victor Valley
on crashes a

and other ge
vide a conne

R system and
ovide a cont
uld be built b
PPP) progra
on in greenh

the Preferred

t Alternative
tal resources
outhwestern 
ernatives. 
t Alternative
ents than wo
from both the
w period sho
y of future fe
vements, and
sistent with a
ion Plan/Sus
tion of a Fas
ernative wou
continue to fo
ring public. 
ice recomme
ce that woul
cisco, Centra

t Alternative
mense projec
s the potentia
t Alternative
rt residentia
t Alternative
ocal jurisdic

eliminary 

ction, and op

ative would m
erations alon
nce mode ch
ys. The prefe
and increase
eometric eng
ection to exi
d the propose
tinuous linka
by Caltrans a
am. The gree
house gas em

d Project Alt

e, with its var
s, including t
willow flyc

e, with its var
ould other bu
e general pu
owed positiv
ederal and sta
d pending oth
and is includ
stainable Co
sTrak system
uld be implem
oster a more

ended betwe
d compleme
al Valley, Lo

e would add c
cted growth 
al as a bypas

e would prov
l communiti

e is consisten
tions as fram

Hydrology

peration, wou

meet the pro
ng the entire
hoice while a
erred project
 safety by in

gineering imp
isting and fu
ed XpressW
age between 
and local pla
en and renew
missions and 

ternative inc

riations, wou
two protecte
atcher and th

riations, wou
uild alternati

ublic and loca
ve support fo
ate governm
her financial
ded as part o
mmunities S

m as part of th
mented faste

e efficient an

een Palmdale
ent the HDC 
os Angeles, 

capacity to t
in internatio
ss of the gre

vide improve
ies, business
nt with the co
med by their 

y and Hydr

uld be done 

oject’s Purpo
e length of th
accommodat
t alternative 

ntroducing m
provements.
ture passeng
est HSR sys
Los Angele

anning autho
wable energy
d reduce ener

cludes: 

uld have few
ed avian spec
he least bell

uld have few
ives. 
al agencies d

or multi-mod
ment funds fo

l options, the
of SCAG’s 2
Strategy. 
he tolling fa
er and, upon
nd coherent t

e and Victorv
and has the 
Las Vegas, a

the transport
onal freight a
ater Los Ang

ed access and
es, and facil
ommunity pl
respective g

raulics Re

JANUARY 2

through a PP

ose and Need
he corridor, 
ting planned
would also 

more gentle a
 The preferr

ger rail syste
stem. The 
es and San 
orities or thro
y component
rgy costs. 

wer impacts t
cies - the Sta
’s vireo - tha

wer projected

during the D
dal options. 
or surface 
e use of Toll
012-2035 

acility, the 
n construction
transportatio

ville provide
potential to 

and San Die

tation system
and goods 
geles urban 
d linkages 
lities. 
lanning goal

general plans

eport 

2016  9 

PP 

d. 

d 
help 

and 
red 
ems, 

ough 
t 

to 
ate 
an 

d 

Draft 

led 

n 
on 

es an 

ego 

m to 

area. 

ls of 
s. 



High De
Prelimin
 

10  JAN

 T
ef
p
g

 T
w

 T
S
es

 C
th
co
T
en
w
im

esert Corr
nary Hydr

NUARY 2016 

The Preferred
fforts in the 
lan expansio
eneral. 

The Preferred
west traffic fl
The Preferred

B 375 in tha
specially nea

Community c
he proposed 
ommunity w

The green and
nergy cost re

would be con
mpacts to en

idor 
ology and

d Project Alt
High Desert

on projects a

d Project Alt
low in the de
d Project Alt
at it may help
ar the propo
character and
bike path/la

with an additi
d renewable
eductions. T

nstructed wit
nvironmental

d Hydraulic

ternative is e
t. It would h

already unde

ternative can
esert making
ternative wil
p foster high
sed HSR rai
d livability w
ane. Incorpor
ional transpo
 energy com

The green ene
thin the study
l resources. 

cs Report 

expected to s
have little or 
rway or on r

n be built wit
g it inherentl
ll help achiev
her-density a
il stations in 
would be enh
ration of a bi
ortation opti

mponent wou
ergy product
y area footpr

support local
no effect on
regional dev

th minimal d
y easier to c
ve smart gro
and mixed-u
Palmdale an

hanced as a r
ike path wou
ion. 
uld contribut
tion and tran
rint, thus res

Pa

l economic d
n the major d
velopment tre

disruption to
construct. 
owth goals re
se developm
nd Victorvill
result of inco
uld provide t

e to greenho
nsmission fa
sulting in no 

arson

development
development 
ends in 

o current east

equired by 
ments, 
le. 
orporating 
the 

ouse gas and
cilities 
additional 

ns 

t 

t 

d 



P

 

 

Parso

2 

2.1

The w
Figur
Ange
origin
sever

The e
flow 
hydro
sever
River
Creek
excep
Moja
exten

The c
Drain
facili
propo
place
addit
withi
the C
servic
disch
on th
speci
B. 

The A
Unit 
subw
Creek
Creek
Le M
Berna
Horse
Lake
Dead 

ons 

HYDR

 Existi

west portion 
re 2-1. This w
eles County a
nating in the
ral dry lakes 

east portion o
to the river a
ologic regim
ral incised st
r, Bell Moun
k. These are 
ption of Bell
ave River inc
nsive riparian

corridor trav
nage Master 
ities for flood
osed improv
e culverts to 
ion, storm d
in the HDC r

City of Palmd
ce would be 

harge of runo
e timeline an

ifications, an

Antelope Va
Code (HUC

watersheds w
k, Lower Am
k, Big Rock 

Montaine Cre
ardino includ
e Canyon-Fr
, Oro Grand

dman Hills, a

ROLOG

ing Wat

of the proje
watershed en
and 143 squ

e mountains 
to the north

of the projec
at the “Narro

me along the 
treams and c
ntain Wash, 
considered 

l Mountain W
cludes peren
n vegetation 

verses the nor
Plan (DMP;
d control. It 
ements iden
accommoda

drains propos
right-of-way
dale and Cal
connected t

off in a more
nd connectio

nd estimate (

alley and Mo
) subwatersh

within the Cou
margosa Cre
Wash, Love

eek, and Elle
de Black Mo
remont Wash

de Wash, Bel
and Isabelle 

Pre

GY 

tershed

ect area is loc
ncompasses 
are miles in 
and foothills

h, including R

ct area is loc
ows” where 
entire corrid

channels that
Fremont Wa
the largest w

Wash, genera
nnial low flow

along its ba

rthern side o
; 1996) that 
is anticipate

ntified in the 
ate the existin
sed in the cit
y limit. After
ltrans, the HD
to the draina
e efficient m
on of the DM
(PS& E) pha

ojave River w
heds. These 
unty of Los 
ek, Lake Pal
ejoy Springs
r Slough. Th
ountain-Fron
h, Manzanita
ll Mountain 
Spring.  

eliminary 

d Chara

cated in the A
approximate
San Bernard

s flow across
Rosamond L

cated in the M
the water bo

dor exhibits t
t cross the pr
ash, Mescal 
waterways w
ally flow no
w channels a
anks and adja

of the City o
incorporates

ed that HDC 
city’s DMP
ng off-site ru
ty’s DMP th
r establishme
DC infiltrati

age network, 
anner. Coord

MP is anticip
ase. Excerpts

watersheds a
subwatershe
Angeles inc
lmdale, Brai

s, Grandview
he subwaters
ntal El Mirag
a Wash, Sha
Wash, Dese

Hydrology

acterist

Antelope Va
ely 1,220 sq
dino County
s the valley 

Lake and Rog

Mojave Rive
ody has pere
the character
roject alignm
Wash, Big R

within the pro
rtherly acros
along the str
acent areas. 

f Palmdale. 
s a network o
construction
. Specificall
unoff under 
at cross the 
ent of a Coo
ion basins w
which woul

dination betw
pated to occu
s of the DMP

are further de
eds are displ
clude Upper 
inard Canyon

w Canyon, M
sheds within
ge Lake, El M
adow Hills-F
rt Knolls W

High D
y and Hydr

tics 

alley watersh
quare miles w
y. Numerous 
floor and ev
gers Lake.  

er Watershed
ennial flow. I
ristics of an 

ment includin
Rock Creek, 
oject area an
ss the projec
ream bed, an
 

Palmdale ha
of storm dra
n will occur 
ly, the HDC 
current cond
corridor will
perative Agr
ithin the city
ld then facili
ween Caltran
ur during the
P are provide

elineated int
layed in Figu
Amargosa C
n-Little Roc

Mescal Creek
n the County 
Mirage Lake

Fremont Was
ash, Apple V

esert Corr
raulics Re

JANUARY 20

hed, as show
within Los 

streams 
ventually pon

d, contributin
In general, th
alluvial fan,
ng Mojave 
and Little R

nd, with the 
ct site. The 
nd it supports

as developed
ains and dete

prior to the 
proposes to 

ditions. In 
l be construc
reement betw
y’s area of 
itate the 
ns and the ci

e plans, 
ed in Appen

to Hydrologi
ure 2-2. The 
Creek, Anave
ck Wash, Ro
k, Jesus Cany

of San 
e, Sheep Cre
sh, Burkhard
Valley Dry L

ridor 
eport 

016  11 

wn in 

nd in 

ng 
he 
, with 

Rock 

s 

d a 
ention 

cted 
ween 

ity 

ndix 

ic 

erde 
ck 
yon, 

eek, 
dt 
Lake, 



High De
Prelimin
 

12  JAN

esert Corr
nary Hydr

NUARY 2016 

idor 
ology and

Th

d Hydraulic

his page inten

cs Report 

 

ntionally leftft blank. 

Paarsonns 



Pa

 

  

arson

 
ns 

 
Figgure 2-1. HDDC Corridor and Waterrsheds 

Prelimminary Hyddrology an
High Dese
nd Hydrau

JANUAR

ert Corrido
ulics Repo

RY 2016   1

or 
rt 

13 

 



High De
Prelimin
 

14  JAN

 

esert Corr
nary Hydr

NUARY 2016 

idor 
ology andd Hydrauliccs Report 

This pag

 

ge intentionally left blankk. 

Parrsonss 



 

P
a
rr
s
o
n
s

 

 

F
ig

u
re

 2
-2

. H
U

C
 S

u
b

w
at

e

P
re

li
m

in
a

ry

rs
h

ed
s 

y
 H

y
d

ro
lo

g
y

 a
H

ig
h

 D
e

s
e

rt
a

n
d

 H
y

d
ra

u
li

c

JA
N

U
A

R
Y

 t 
C

o
rr

id
o

r 
c

s
 R

e
p

o
rt

 

20
16

 
 1

5 

 



High De
Prelimin
 

16  JAN

2.2 R

The proje
cold and 
the propo
Lancaste

HydrologHydrologHydrologWatersheAverage A
 

The aver
the precip
with snow
from the 
within th
precipitat
Fremont 
the HDC
Excerpts 
excerpts 

2.3 S

Lands wi
largely u
is brush-c
Some of 
rangeland
common 
office co
the vicini
gravel de
floodplai
north of t
Little Ro

esert Corr
nary Hydr

NUARY 2016 

Rainfall

ect area has 
windy winte

osed project 
er/626.50, Ro

Table 2gic Unit  gic Area  gic Subarea  ed Area (acreAnnual Rainf
rage annual r
pitation occu
w common i
National Oc

he watershed
tion distribu
Wash were 

C. Flows for F
from the Ca

from the Cit

Soil and

ithin the proj
undeveloped,
covered, as s
the undevelo
d or agricult
use of land 
mmercial pu
ity of cities a
eposits are fo
ins and strea
the San Gab

ock and Big R

idor 
ology and

l Chara

a high-deser
ers. Accordi
crosses the 

ock Creek/62

2-1. Averag

es)  fall (inches)  
rainfall withi
urs between 
in the high m
ceanic and A

ds that are tra
utions are pro
obtained fro
Fremont Wa
altrans Prelim
ty of Adelant

d Groun

ject watersh
, and most o
shown in Fig
oped land is
tural purpose
is for reside

urposes, espe
and towns. S
ound extensi
am channels 
riel Mountai
Rock Wash 

d Hydraulic

cteristi

rt type clima
ng to the Ca
following hy
26.80, El Mi

ge Annual PANTELOLancast626.50557,627.3 
in these hyd
October and

mountains. P
Atmospheric 
aversed by th
ovided in Ap
om the Caltra
ash were obt
minary Hydr
to DMP and 

ndcove

heds are 
f the terrain 
gure 2-3. 
 used for 
es. Another 
ential and 
ecially in 
Sand and 
ively in 
located 
ins in the 
areas. 

cs Report 

ics 

ate, character
altrans Water
ydrologic are
irage/628.10

PrecipitationOPE ANTEter Rock 0 6260 26513
drologic area
d May. Prim

Precipitation 
Administrat

he corridor. T
ppendix C. F
ans District 
tained from t
rology Repo
the Palmdal

er Chara

Figu

rized by long
r Quality Pla
eas/hydrolog

0, and Upper

n per HydroELOPE MCreek E6.80 5,344 13.3 
s is displaye

marily, precip
frequency e
tion (NOAA
Tables show

Flow rates fo
8 Preliminar
the City of A

ort are provid
le DMP can b

acteris

ure 2-3. Typ

Pa

g, dry, hot su
anning Tool 
gic subareas
r Mojave/628

ologic Area MOJAVE El Mirage 628.10 106,382 7.9 
ed in Table 2
pitation occu
estimates wer
A) for variou
wing the vari
or the section
ry Hydrology
Adelanto DM
ded in Appen
be found in A

tics 

ical Ground

arson

ummers and
(WQPT), 
: 
8.20.  

MOJAVE Upper Mojave 628.20 556,821 12 
2-1. Most of 
urs as rainfall
re obtained 
s locations 
ous 

ns east of 
y Report for

MP (1992). 
ndix A, and 
Appendix B.

d Cover  

ns 

d 

l, 

r 

. 



P

 

 

Parso

The s
show
CcA2
and C
(Brym
(Hele
and 1
hydro
poten
(such
the cr
Wash
upper
of the

2.4

There
transv
proje
study

FEM
Eleva
are de

Zone
Study

Zone
by de
analy

Zone
surfa
pond
interv

Zone
(0.3-m
determ

Zone
levee

Zone
chanc

ons 

soil map gen
wn in Append
2 (Cajon loam
CaA (Cajon l
man loamy f
endale loamy
49 (Mirage-J

ological soil 
ntial (such as
h as clay soils
reeks and alo
h, and the M
r watersheds
e Mojave Ri

4 Flood

e are several
verse encroa

ect may affec
y are also pro

MA designate
ation (BFE) 
escribed as: 

e A – Corres
y (FIS) by ap

e AE – Corre
etailed metho
yses and are 

e AH – Corre
ce elevation
ing); BFEs a
vals in this z

e AO – Corre
meter) to 3 f
mined. For a

e AR – Depi
es that are be

e X (dotted) 
ce flood with

nerated from 
dix D. In Los
my fine sand
loamy sand)
fine sand), 1
y sand), 133 
Joshua Comp
groups: A, B

s sand and gr
s). In the proj
ong the alluv

Mojave River.
s of Little Ro
ver. Along t

dplain C

l locations al
achments by 
ct a floodpla
ovided. 

s Special Flo
is the water-

ponds to the
pproximate m

esponds to th
ods. In most
shown in thi

esponds to th
n. Flood dept
are derived f
zone. 

esponds to th
feet (0.9-met
areas of alluv

cts areas pro
eing restored

– Other floo
h average de

Pre

Natural Res
s Angeles C
d), HgA (He
). Within San
12 and 113 (
(Helendale-B
plex). Based 
B, C, and D,
ravel), and Ty
ject area, typ
vial fan of m
. Types C an
ock, Big Roc
the alignmen

Charact

long the proj
the project. 
in. Prelimina

ood Hazard 
-surface elev

e 100-year fl
methods. No

he areas of 1
t instances, B
is zone. 

he areas of 1
ths of 1-foot 
from detailed

he areas of 1
ter) (usually 
vial fan floo

otected from
d.  

od areas. Are
epths of less 

eliminary 

source Cons
ounty, the so

esperia loam
n Bernardino
(Cajon sand)
Bryman loam
on these crit

, where Type
ype D is the 
es A and B g

major streams
nd D are gen
ck, Mescal, a
nt, most of th

teristics

ject with flo
This section

ary recomm

Areas (SFH
vation of the

loodplains th
o BFEs or de

100-year floo
BFEs have b

100-year sha
(0.3-meter) 

d hydraulic a

100-year sha
sheet flow o

oding, veloci

m flood hazar

eas of 0.2% a
than 1-foot 

Hydrology

ervation Ser
oils within th

my fine sand)
o County the
), 118 (Cajon
my fine sand
teria, soils we
e A is the m
least perviou

generally foll
s such as Lit

nerally locate
and Fremont
he soil is cha

s 

odplain imp
n identifies t
endations fo

As) accordin
e 1% annual 

hat are determ
epths have b

odplains that
een derived 

allow floodin
to 3 feet (0.

analyses and

allow floodin
on sloping te
ities also det

rds by flood 

annual chanc
(0.3-meter) 

High D
y and Hydr

rvice’s Web 
he project al
, HkA (Hesp
e major soils
n-Arizo Com

d), 144 (Mane
ere further cl
ost pervious
us with high
low the alluv
ttle Rock Wa
ed along the 
t washes and
aracterized a

pacts from lo
the locations
or mitigation

ng to Zones.
chance of fl

mined in the
een determin

t are determi
from detaile

ng with a con
9-meter) (us

d are shown 

ng. Flood de
errain); avera
ermined. 

control struc

ce flood; are
or with drain

esert Corr
raulics Re

JANUARY 20

Soil Survey
lignment inc
peria fine san
s crossed are
mplex), 132 
et Coarse san
lassified into 
s with low ru
h runoff poten
vial deposits a
ash, Big Roc
hillsides, in 

d in the vicin
as type A or B

ongitudinal o
s where the 
n and further 

. The Base F
ood. The zon

e Flood Insur
ned. 

ined in the F
ed hydraulic 

nstant water
sually areas 
at selected 

epths of 1-foo
age depths 

ctures such a

eas of 1% an
nage areas le

ridor 
eport 

016  17 

y is 
clude 
nd), 
e 105 

nd), 
four 

unoff 
ntial 
along 
ck 
the 

nity 
B. 

or 

Flood 
nes 

rance 

FIS 

r-
of 

ot 

as 

nnual 
ess 



High De
Prelimin
 

18  JAN

than 1 sq
annual ch

Zone X –

An overv
E. The fo

As shown
roadway 
extends f
Avenue P

The align
from Sier

 

Accordin
Street E a
year floo
proposed

Accordin
E Palmda

esert Corr
nary Hydr

NUARY 2016 

quare mile (2
hance flood.

– Areas dete

view of the S
ollowing are 

n in Figure 2
and propose

from approx
P-8 Here, the

nment betwe
rra Highway

ng to Figure 
and east of L

oding, for wh
d project  is l

ng to Figure 
ale Boulevar

idor 
ology and

2.5 square ki
 

ermined to be

SFHA locate
detailed dis

2-4, near the
ed rail corrid
imately Divi
e project alig

een SR 14 an
y east to 53rd

Figure 2-

2-4, the prop
Little Rock W
hich no base 
located withi

2-4, the prop
rd to Big Ro

d Hydraulic

ilometers [km

e outside the

ed along the 
scussion of 1

e western term
dor are  locat
ision Street t
gnment wou

nd Division S
d Street E als

-4. Flood Ma

posed roadw
Wash are wit
flood elevat
in Zone X fr

posed projec
ock Wash is l

cs Report 

m]); and area

e 0.2% annu

entire projec
00-year floo

minus of the
ted in Flood 
to Sierra Hig

uld be elevate

Street is loca
so traverses Z

ap- Los Ang

way and prop
thin Flood Z
tions [BFEs]
rom east of L

ct alignment
located with

as protected 

al chance flo

ct alignment
od hazards a

e project,  po
Zone AO. S

ghway, and b
ed more than

ated within Z
Zone X.  

geles Coun

posed rail co
Zone A (an a
] have been 
Little Rock W

t extending e
hin Zone A. 

Pa

by levees fr

oodplain. 

t is provided
long the alig

ortions of the
Specifically, 
between Av
n 6 feet abov

Zone X. The

ty 

orridors  betw
area inundate
established)
Wash to 90th

east from sou

arson

rom 1% 

d in Appendi
gnment:  

e proposed 
this zone 
enue P-4 an
ve grade. 

e alignment 

ween 70th 
ed by 100-
. The 

h Street E. 

uth of 

ns 

x 

d 

 



P

 

 

Parso

Acco
cross
the M
flood

 

As sh
I-15 i

Figur
woul
cross

Acco
Joshu

Flood

It is t
to pro
abutm

ons 

ording to Fig
 both  Turne

Mojave River
ding, for whi

hown in Figu
is within Zon

re 2-5 shows
d be constru
es the Mojav

ording to Fig
ua Road) is w

dplain Mitig

the intention
otect the roa
ments or emb

gure 2-5, the 
er Wash and 
r is labeled Z
ch BFEs hav

Figure 2

ure 2-5, the p
ne A. 

s  the propos
ucted as part 
ve River wit

gure 2-5, the 
within Zone 

gation and R

n of this proje
adway from t
bankment w

Pre

area where t
Ossum Was

Zone AE (a S
ve been estab

2-5. Flood M

project align

sed project a
of the propo

thin Zone AE

alignment fr
A. 

Risk 

ect to minim
the 100-year

would encroac

eliminary 

the proposed
sh is located
Special Haza
blished).  

Map – San B

nment across

lignment alo
osed freeway
E in the vici

from south of

mize floodpla
r storm. For 
ch on a regu

Hydrology

d rail and pro
d in Zone D. 
ard Area inu

Bernardino 

s the Bell Mo

ong the I-15 
y-to-freeway
nity of I-15.

f S Road to C

ain impacts. 
future desig

ulatory flood

High D
y and Hydr

oposed high
Where the a

undated by 1

County 

ountain Was

where direc
y interchange
  

Candlewood

The HDC pr
n considerat

dway.  

esert Corr
raulics Re

JANUARY 20

hway corrido
alignment cr
00-year 

sh to the wes

ct connectors
e. The alignm

d Road (west

rofiles were 
tions, no brid

ridor 
eport 

016  19 

ors 
osses 

 

st of 

s 
ment 

t of 

set 
dge 



High De
Prelimin
 

20  JAN

The prop
with fede

 M
 R

af
 A
 B

2.5 E

2.5.1 O

The off-s
The more
as Hydro

Off-Site 
As shown
drains in 
in this ar

As depic
Wash dra
the Rosam
areas, lab

As shown
Fremont 
are nume
flows nor
contribut
runoff ge
Adelanto
55. This 

As depic
flow to la
Area 57)
(Drainag

Map 3 (F
Wash (D
River. Fi
southwes
(Drainag

esert Corr
nary Hydr

NUARY 2016 

posed HDC p
eral, state, an

Minimize imp
Restore and p
ffected; 

Avoid suppor
Be consistent

Existing

Off-site Dr

site drainage
e-detailed flo

ology Maps 1

Hydrology M
n, the tributa
a northerly 
ea has been 

ted in Map 1
ains northwe
mond and R
beled as Dra

n in Maps 1 
Wash drains

erous stream
rthwesterly t
ting flow to M
enerally flow
o. Drainage A
wash eventu

ted in Map 2
arger stream
, which both

ge Area 58) a

Figure 2-8) s
Drainage Are
inally, at the 
sterly to wes

ge Areas 61 t

idor 
ology and

project will a
nd local agen

pacts that ad
preserve the 

rt of incomp
t with the int

g Drain

rainage C

e pattern cros
ow pattern is
1, 2, and 3, r

Map 1 (Figu
ary area with
direction acr
divided into

1 (Figure 2-6
esterly throu

Rogers dry la
inage Areas 

and 2 (Figu
s northerly a

ms traversing 
to a dry lake
Mescal Cree

ws in a north
Areas contrib
ually drains t

2 (Figure 2-7
ms such as Tu
h drain to the
also flows no

shows that ru
as 59 and 60
east end of 

sterly directi
to 64). 

d Hydraulic

adhere to all
ncies. Some 

dversely affe
natural and 

atible floodp
tent of the St

age Pa

Crossings

ssing the cor
s presented i
respectively.

ure 2-6) show
hin the City 
ross the proj

o 11 subwate

6), the water
ugh the Antel
akes. This wa

12 through 

ures 2-6 and 2
across the pr
the project a

e referred to 
ek include D
easterly alig
buting flow 
to the Mojav

7), from Frem
urner Wash (
e Mojave Riv
ortherly acro

unoff genera
0), which flo
the project s
on across th

cs Report 

l policies for
basic guidel

ect base flood
beneficial fl

plain develop
tandards and

attern 

s 

rridor genera
in Figures 2-
. 

ws the wester
of Palmdale
ject alignme
ersheds, labe

rshed area fr
lope Valley 
atershed area
21.  

2-7), the trib
roject alignm
alignment an
as Lake Los

Drainage Are
gnment to Fr
to this stream

ve River, as 

mont Wash t
(Drainage A
ver farther to

oss the alignm

ated east of I
ows southerly
site, the off-s
e project alig

r floodplain m
lines are: 

dplains; 
loodplain va

pment; and 
d Criteria of 

ally flows in
-6 through 2

rn portion of
 (from SR 1
nt. The off-s

eled as draina

om Little Ro
in an alluvia
a has been d

butary area f
ment. East of 
nd tributary 
s Angeles. D
eas 22 throug
emont Wash
m include th
depicted in F

to I-15, the o
Area 56) and 

o the north. 
ment.  

-15 is conve
y across the 
site drainage
gnment to A

Pa

management

lues that are

the NFIP. 

n a northerly 
2-8, which ar

f the project 
4 to Little R
site watershe
age areas 1 t

ock Wash to
al fan format
divided into 1

from Big Roc
f Big Rock W
to Mescal C

Drainage Are
gh 43. Farthe
h within the 
hose labeled 
Figure 2-8.  

off-site drain
Ossum Was
The Mojave

eyed to Bell M
alignment to

e flows in a 
Apple Valley

arson

t associated 

e adversely 

direction. 
re referred to

alignment. 
Rock Wash) 
ed depicted 
through 11. 

o Big Rock 
tion toward 
10 drainage 

ck Wash to 
Wash, there 
Creek, which 
eas 
er east, the 
City of 
44 through 

nage areas 
sh (Drainage
e River 

Mountain 
o the Mojav

y Dry Lake 

ns 

o 

e 

e 



Pa

 

 

arsonns 
Figuure 2-6. Offf-Site Hydrology Map 1 – Drainnage Pattern West Seegment of Project 

Prelimminary Hyddrology an
High Dese
nd Hydrau

JANUAR

 

ert Corrido
ulics Repo

RY 2016  2

or 
rt 

21 



High De
Prelimin
 

22  JAN

esert Corr
nary Hydr

NUARY 2016 

idor 
ology andd Hydrauliccs Report 

This pag

 

ge intentionally left blankk. 

Parrsonss 



Pa

 

 

arsonns 
FFigure 2-7. OOff-Site Hyddrology Mapp 2 – Drainaage Pattern Central Seggment of Prroject 

Prelimminary Hyddrology an
High Dese
nd Hydrau

JANUAR

 

ert Corrido
ulics Repo

RY 2016  2

or 
rt 

23 



High De
Prelimin
 

24  JAN

esert Corr
nary Hydr

NUARY 2016 

idor 
ology andd Hydrauliccs Report 

This pag

 

ge intentionally left blankk. 

Parrsonss 



Pa

 

 

arsonns 
Figure 2-8. Off-Site Hyydrology Maap 3 – Drainnage Pattern East Segmment of Prooject 

Prelimminary Hyddrology an
High Dese
nd Hydrau

JANUAR

 

ert Corrido
ulics Repo

RY 2016  2

or 
rt 

25 



High De
Prelimin
 

26  JAN

 

esert Corr
nary Hydr

NUARY 2016 

idor 
ology andd Hydrauliccs Report 

This pag

 

ge intentionally left blankk. 

Parrsonss 



P

 

 

Parso

2.5.2

Little

The p
of the
was n
72nd S

Runo
footh
Rosam
locate

A hyd
Rock
the al
role i

Big R

The p
curve
hydro
Basin
Figur

ons 

Figure 2

2 Major S

e Rock Was

project align
e California 
no interferen
Street E, as w

off in Little R
hills that outl
mond Lake. 
ed east of Ro

draulic featu
k Dam, with 
lignment and
in reducing p

Rock Wash 

proposed alig
es to the nort
ologic system
n. Big Rock 
re 2-10 displ

2-9. Crossin

Streams 

sh 

nment across
Aqueduct (F

nce with the 
well as in th

Rock Wash i
let into the A
Northeast o

osamond La

ure associate
a tributary d
d 3 miles sou
peak flows, a

gnment woul
theast past L
m with its sis
Wash is app
lays the SR 1

Pre

ngs over Ca

 Little Rock
Figure 2-9). 
natural flow
e area near M

is generated 
Antelope Val
of Rosamond
ake in the nor

ed with Little
drainage area
uth of the Ca
as well as se

ld cross Big 
Lovejoy and 
ster drainage

proximately 
138 Bridge o

eliminary 

alifornia Aq

k Wash is loc
The Californ

w path of Litt
Magda Stree

from the Sa
lley. The wa
d Lake is Ro
rthern part o

e Rock Wash
a of 49.2 squ
alifornia Aqu

erving as a st

Rock Wash 
Alpine butte
e, flowing to
7.5 miles do
over Big Roc

Hydrology

ueduct nea

cated approx
nia Aqueduc
tle Rock Wa
et. 

an Gabriel M
ash conveys 
gers Lake, w

of Antelope V

h is the Littl
uare miles, is
ueduct. The 
torage featur

east of Little
es, and it eve
o the Rosamo
ownstream o
ck Wash, 5 m

High D
y and Hydr

ar Little Roc

ximately 5 m
ct was built s
ash in the are

Mountains an
flow to a clo

which is also
Valley.  

e Rock Dam
s located 8 m
Little Rock 

re in the wat

e Rock Wash
entually form
ond and Rog
f the Califor
miles south o

esert Corr
raulics Re

JANUARY 20

ck Wash 

miles downstr
such that the
ea just west o

d its norther
osed basin at
o a closed ba

m. The Little 
miles upstrea

Dam plays 
tershed. 

h. The alignm
ms a commo
gers Dry Lak
rnia Aquedu
of the alignm

ridor 
eport 

016  27 

 

ream 
ere 
of  

rn 
t 

asin 

am of 
a 

ment 
on 
ke 
ct. 
ment. 



High De
Prelimin
 

28  JAN

Mojave R

The Moja
intermitte
northerly
Mountain
Bernardin
largest dr
A small s
“Narrow
groundw
adjacent 
year. Thi

Figure

esert Corr
nary Hydr

NUARY 2016 

Figur

River 

ave River is
ent river that

y from the ea
ns into the M
no County. T
rainage syste
section of th
s,” is a peren

water outcrop
to Victorvill

is is the loca

e 2-10. Big R

idor 
ology and

re 2-11. Turn

, for the mos
t conveys ru

astern San B
Mojave Dese
The Mojave 
em in the Mo
he river, refer
nnial stream

ps in the narr
le throughou

ation of the p

Rock Wash 

d Hydraulic

ner Wash, O

st part, an 
unoff 
ernardino 

ert in San 
 River is the

ojave Desert.
rred to as the

m where 
row valley 
ut the entire 
proposed 

near SR 13

cs Report 

Turn

The p
Turn
drain
Figur

Ossu

Ossu
of Tu
Moja
2-11.

 

Ossum Was

e 
. 
e 

 

38 

Project
Route 

Figure 2-12

Project
Route 

ner Wash 

proposed ali
ner Wash eas
ns to the Moj
re 2-11. 

um Wash 

um Wash cro
urner Wash b
ave River, as
. 

sh, and Moj

Pa

2. Mojave R

ignment wou
st of Phantom
jave River, a

osses the alig
before it dra
s also shown

ave River  

arson

River 

uld cross 
m E, before i
as depicted i

gnment east 
ains to the 
n in Figure 

 

ns 

it 
n 



P

 

 

Parso

cross

Figur
south

Bell 

Bell M
drain

Fi

2.6

To ev
comp
sizing
repor
water
hydro
Natur
follow

 

 

ons 

ing of the HD

re 2-13 show
h of the align

Mountain W

Mountain W
ns to the Moj

igure 2-13. 

6 Hydro

valuate the h
puter model w
g of flood co
rt. The HEC-
rshed to prec
ologic and hy
ral Resource
wing inputs:

The tribut
areas are 

Use of pre
from NOA
considera
distributio
location u
models ac

DC, as show

ws the bridge
nment.  

Wash 

Wash crosses 
ave River, a

Mojave Rive

ologic/H

hydrology of
was employ

ontrol and flo
-1 program i
cipitation by
ydraulic com
e Conservati
  

tary area for
obtained;  

ecipitation fr
AA, as listed
ably between
ons from Pal
using the NO
ccordingly; 

Pre

wn in Figure 2

e over the M

the alignme
as depicted in

er at SR 18 

Hydrau

f the drainag
yed to develo
ow conveyan
is designed t

y representin
mponents. Th
on Service (

r each draina

frequencies t
d in Appendi
n the mounta
lmdale easte

OAA distribu

eliminary 

2-11. 

Mojave River 

ent just west 
n Figure 2-1

Figu

lic Met

e area within
op flow rates
nce facilities
to simulate th
g the waters
he hydrologi
(NRCS) curv

age basin. Se

to develop a 
ix C. Becaus

ainous and fo
erly to Fremo
utions and w

Hydrology

on SR 18 (D

of I-15, east
4. 

ure 2-14. Be

hodolo

n the project
s used for hy
s described i
he surface ru

shed as an in
ic methodolo
ve number m

ection 2.6.1 e

hypothetica
se rainfall ch
oothill sectio
ont Wash we

were incorpor

High D
y and Hydr

D Street) nea

t of Turner W

ell Mountain

ogy 

t site, the HE
ydraulic mod
in later sectio
unoff respon

nterconnected
ogy is based

method, whic

explains how

l storm distr
haracteristics
ons of the wa
ere estimated
rated into the

esert Corr
raulics Re

JANUARY 20

ar I-15, 1.2 m

Wash, before

n Wash at I-

EC-1 hydrolo
deling and fo
ons of this 

nse of a 
d system of 

d on the U. S
ch requires th

w the tributar

ribution deriv
s vary 
atersheds, st
d for each 
e hydrologic

ridor 
eport 

016  29 

miles 

e it 

-15 

ogic 
or 

S. 
he 

ry 

ved 

orm 

c 



High De
Prelimin
 

30  JAN

 A
th
an
fu

 T
C
C
C
b

The hydr
hydraulic
cross sec
roughnes
Input Par

2.6.1 S

Drainage
topograp
HDC Pro
of 77 sub
corridor a
sub-basin
obtained 
A) and th

The Calif
approxim
of the HD
on the we
is shown

As shown
watershe
upstream
traverses
Valley. T
grade, wh
of the flo
assessme
was deter
channel c
railroad t
and impe
Therefor

esert Corr
nary Hydr

NUARY 2016 

A curve numb
he drainage a
ntecedent m
urther discus

The time of c
County is cal
County of Lo
County is cal

elow in Sect

raulic compo
c routing of f
ction of the c
ss coefficien
rameters, Un

Sub-Basin

e sub-basins 
hic mapping

oject area. Fl
b-basins wer
at different l
ns west of Fr
from the Ca

he Adelanto 

fornia Aque
mately 10 mi
DC alignmen
est end. A ph
 in Figure 2-

n in Append
ed tributary t
m of the Calif

 along the so
This facility 
hich causes 

ows generate
ent of the sub
rmined that 
crossings un
tracks) exist 
eded flows w
e, the hydrol

idor 
ology and

ber (CN), wh
area through

moisture cond
ssed below in

concentration
culated usin

os Angeles as
culated by u
tion 2.6.3. 

onent of this 
flows throug

concentrated
nt of the flow
ndeveloped D

n Delinea

were deline
g superimpos
low areas an
re delineated
locations. No
remont Wash
altrans Distri
DMP (Appe

duct is locat
iles south on
nt to about 3
hotograph o
-15. 

dix F, portion
o the HDC a
fornia Aqued
outh side of 
is generally 
it to act as a 

ed upstream.
b-basin areas
sufficient cu

nder the aque
to prevent f

within the sub
logy calcula

d Hydraulic

hich is a par
h infiltration 
dition, and hy
n Section 2.6

n (TC) for ea
ng the Time o
s part of thei

using the Ker

model is ba
gh the downs

d flow path, (
w path. The p
Drainage Ar

ation 

ated using U
sed on aerial

nd flow paths
d, each show
ote that hydr
h. Flow rate
ict 8 Prelimi
endix B).  

ted between 
n the east end
3 miles south
f the aquedu

ns of the 
are located 
duct, which 
the Antelop
placed abov
dam to som
 During the 
s, however, 
ulvert and 
educt (and 
flow diversio
b-basins. 

ations will 

cs Report 

Figu

rameter that 
and storage 
ydrologic co
6.2; and 

ach drainage 
of Concentra
ir Hydrology
rby Equation

ased on the k
stream sub-b
(2) the slope
parameter tab
rea TC Calcu

United States
l photogram
s are shown 
ing areas tha
rologic calcu

es for the sec
inary Hydrol

d 
h 
uct 

e 
ve 

me 

it 

ons re 2-15. Cal
Sierr

evaluates pr
based on so

ondition. The

sub-basin. T
ation Calcula
y Manual. TC

n. The TC ca

kinematic wa
basins. The v
 of the flow 
ble is shown
lations, and 

s Geological
mmetric mapp

in Figures 2
at cross the p
ulations were
ctions east of
logy Report 

Pa

lifornia Aqu
ra Highway

recipitation l
oil type, land
e calculation

TC within Lo
ator provide

TC within San
alculation is e

ave equation
variables inc
path, and (3

n in Appendi
Composite C

 Survey (US
ping provide
2-6 through 2
proposed alig
e only condu
f Fremont W
for the HDC

arson

ueduct near
 

loss within 
d use, 
n of CN is 

os Angeles 
d by the 

n Bernardino
explained 

n for 
clude: (1) the
3) the 
ix G, HEC-1
CNs. 

SGS) 
ed for the 
2-8. A total 
gnment 
ucted for the

Wash were 
C (Appendix

ns 

r 

o 

e 

 

e 

x 



P

 

 

Parso

disreg
cross

2.6.2

Curv
hydro
undev
reside
A and
vicin
CNs 
differ
show

LandRangRangRangLow-FarmRoadSourc
A com
calcu
CNs 

2.6.3

TC fo
in the
input
Secti
perce
Hydr
Flow

TC fo
Kerby
rough

ons 

gard the phy
ings within t

2 Curve N

e numbers fo
ologic soil gr
veloped, and
ential district
d B along th
ity were bes
used for cha
rent HSG typ

wn in Table 2

Tab

d Use/ Hydroe or Open Bre or Open Bre or Open BrDensity Resimsteads s (Hard Surface: State of C
mposite CN 

ulated using a
for various s

3 Time o

or the areas w
e County of 
t parameters:
on 2.6.2; (2)

ent within th
rology Manu

w Path Length

or the areas e
y Equation, 
hness coeffic

ysical impact
the vicinity 

Numbers

for the sub-ba
roup (HSG)
d in HSG Ty
ts with avera

he concentrat
st characteriz
aracterizing t
pes, were ob

2-2.  

ble 2-2. NRC

ologic Condirush – Poor Crush – Fair Corush – Good Cidential (2-ac
ace) alifornia Hig
was used fo
an area-weig
sub-basins a

f Concen

within Los A
Los Angeles
: (1) Tributa
) Impervious
e watershed)

ual as shown
h; and (6) Fl

east of Little 
which solve
cient depend

Pre

ts of the Cal
of the projec

s 

asins were e
. Most of the

ypes B, C, or
age lot size la
ted flow path
zed as rangel
the various l
btained from

CS Curve N

ition Condition ondition Condition cre lots) 
ghway Design
or basins with
ghted averag
re provided 

ntration 

Angeles Coun
s Hydrology

ary Area, wh
s Percentage
); (3) Soil Ty

n in Appendix
low Path Slo

Rock Creek
es for the TC 
dent on land 

eliminary 

ifornia Aque
ct area are pr

estimated bas
e upper wate
r D, while th
arger than 2 
hs. In genera
land or open
land uses thr

m State of Ca

umbers Use

n Manual, 20
h multiple la

ge for each C
in Appendix

nty was com
y Manual. Th
ich could be

e (percent im
ype from the
x G; (4) Rai

ope.  

k in San Bern
given flow p
use.  

Hydrology

educt. The lo
rovided in A

sed on the la
ersheds were

he lower wate
acres, or as u

al, undevelop
n brush in po
roughout the
lifornia High

ed for Hydr

A 68 49 39 48 59 74 12. 
and uses. Th
CN associate
x G. 

mputed using
his calculator
e obtained by

mpervious, w
e Isohyet Ma
nfall Isohye

nardino Cou
path length, 

High D
y and Hydr

ocations of t
Appendix F.  

and use type 
e characteriz
ersheds were
undeveloped
ped areas wi

oor to fair co
e watersheds
hway Design

rologic Anal

Hydrologic 

B 79 69 61 66 74 84 
he composite
ed with each 

g the TC Calc
r includes th
y the method

which varied 
aps obtained
t found in A

unty were est
slope, and a

esert Corr
raulics Re

JANUARY 20

the various 

and the 
zed as 
e characterize
d in HSG Ty
ithin the proj

ondition. The
, and for 
n Manual, as

lysis 

Soil Group 

C 86 79 74 78 82 90 
e CN was 

land use. Th

culator provi
he following 
d described i
from 1 to 20

d from the 
Appendix G; 

timated usin
a retardance 

ridor 
eport 

016  31 

ed as 
ypes 
ject 

e 

s 

D 89 84 80 83 86 92 
he 

ded 

in 
0 

(5) 

ng the 



High De
Prelimin
 

32  JAN

The resul
in Appen

2.6.4 R

The inpu
Appendix
Hydrolog
also prov

As a chec
flow rate
5 percent
very goo

esert Corr
nary Hydr

NUARY 2016 

lts range fro
ndix G. 

Results 

ut parameters
x G. The out
gic maps sho
vided in App

ck, the flow 
es computed 
t. This level 
d. 

idor 
ology and

m 0.9 to 5.1

s used in the
tput results f
owing the flo
pendix H. 

rates obtain
by District p
of accuracy 

d Hydraulic

 hours for th

 HEC-1 hyd
for the hydro
ow rates use

ned from the 
personnel an
between tw

cs Report 

he various su

drologic mod
ologic mode
d for all the 

HEC-1 mod
nd were foun

wo different h

ub-basins. Ca

del are provi
ling are prov
drainages cr

dels were com
nd to vary, in
hydrologic m

Pa

alculations a

ded for each
vided in App
rossing the a

mpared with
n most cases
modeling tech

arson

are provided

h sub-basin i
pendix H. 
alignment ar

h preliminary
s, by only 0 t
hniques is 

ns 

d 

n 

e 

y 
to 



P

 

 

Parso

3 

3.1

3.1.

In ge
eleva
flood
in the
6 feet
storm
prote
the ro
In mo
facili
down
slope
possi
capac
be co

3.1.2

As di
north
flood
roadw
existi
the al
throu
flow 
and c
for fl

Culve
effect
minim
alignm
assum
reduc
minim          1 Hyd

ons 

HYDR

 Overv

1 Off-Site

neral, the ro
ated approxim
dplain at the 
e Drainage L
t above grad

m drain pipel
ction will be

oadway align
ost cases, the
ities may be 
nstream. Exi
es will gener
ible to minim
cities. Emban
onstructed at 

2 Design

iscussed in S
herly directio
ding of the pr
way. Two alt
ing flow con
lignment and

ugh the culve
to crossings

cause associa
ood and ero

erts were siz
ts (maximum
mize downst
ment as dict

med to be rei
ce clogging p
mum of 2 fee                     rologic and hy

RAULI

view of 

e System

oadway woul
mately 5 to 6
connection w

Layout Plans
de. Infiltratio
lines and inle
e constructed
nment withou
ese facilities
constructed 
sting slopes 
ally follow e

mize erosive 
nkment slop
4:1 or flatte

n Methodo

Section 2.5, r
on. Facilities
roposed road
ternatives en

nditions by p
d, where app
ert; or (2) pla
s. Because flo
ated erosion,
sion control 

zed for the 1
m headwater
tream veloci
tated by topo
inforced con
potential due
et of cover o                      ydraulic calcu

Pre

CS 

Hydrau

m 

ld be constru
6 feet above 
with SR 14, 
s in Appendi
on basins, ea
ets, riprap en

d so that runo
ut the need o
s will be plac
in cut as lon
are relativel

existing grad
flow velocit

pes shall not 
er to the max

ology 

runoff gener
s would be d
dway and po
nabling flood
placing cross
plicable, con
ace longitud
ow diversion
, the first alt
along most 

00-year stor
r of approxim
ities1. They w
ography. At t
ncrete box co
e to sedimen
over each cu   ulations for eac

eliminary 

ulic Str

ucted on fill,
grade. In Pa
as shown in

ix N, the roa
rthen and co
nergy dissipa
off will be in
of pump stati
ced at or abo
ng as gravity
ly flat, less th
de. Swales an
ties while m
be steeper th

ximum exten

rally crosses 
designed for t
otential flood
d flows to cr
s culverts at e
nstruct infiltr
dinal channel
n would exa
ernative was
of the projec

rm flow with
mately 5 feet
were sited at
this prelimin
onstruction w
nt buildup. T
lvert could b

ch culvert are

Hydrology

ructure

, and the pro
almdale, the 
n Figure 2-5.
adway profile
oncrete chann
ation device

ntercepted an
ions, while m
ove grade, th
y flow condit
han 2 percen
nd channels 

maintaining ap
han 2:1 (hor

nt practicable

the propose
the 100-year
ding upstream
ross the freew
existing flow
ration basins
ls along the a
acerbate dow
s chosen as t
ct alignment

hout producin
t) and placed
t concentrate
nary level, cu
with a minim

The culverts w
be maintaine

 provided in a

High D
y and Hydr

s 

oposed alignm
alignment w
 Within this 
e is significa
nels, bridges
s, and other 

nd conveyed 
minimizing e
hough in som
tions are ma
nt on averag
will be cons
ppropriate c

rizontal to ve
e.  

ed project co
r storm even
m and down
way are to: (
w concentrat
s upstream to
alignment to

wnstream floo
the recomme
t.  

ng objection
d at slopes th
ed flow path
ulverts were

mum height o
were placed 
ed. The cross

a separate doc

esert Corr
raulics Re

JANUARY 20

ment would 
would pass th

area, as sho
antly higher 
s, cross culv
forms of ero
along and ac

erosion poten
me instances,
aintained 
e. Proposed 
structed as fl
onveyance 

ertical) and w

orridor in a 
nt to prevent 
nstream of th
(1) mimic 
tion points a
o reduce runo
o divert exist
oding condit
ended conce

nable backwa
hat would 
s along the 

e generally 
of 3 feet to 
such that a 

s culverts we

cument. 

ridor 
eport 

016  33 

be 
he 

own 
than 

verts, 
osion 
cross 
ntial. 
, the 

flat as 

will 

he 

long 
off 
ting 
tions 
pt 

ater 

ere 



High De
Prelimin
 

34  JAN

placed to
perpendi
estimated
headwall
and ditch
site flows
used as w
the alignm

3.1.3 O

Based up
mile corr
sections o
project co
corridor. 
be approx
Preferred
impervio
traversed
relatively
along the
basins, to
impervio
stormwat
will mim
cost for t

HSR faci
modeling
the propo
(e.g., brid
potential 
Preferred

The impa
analyzed
roadway 
Culverts 
issues rel
facilities 

esert Corr
nary Hydr

NUARY 2016 

o intercept flo
cularly acro
d assuming e
ls and downs
hes will also 
s to the prop

wildlife cross
ment and mi

On-Site Sy

pon the Prefe
ridor is estim
of roadway a
orridor and s
The existing

ximately 220
d Alternative
ous area, an i
d by the corri
y deep, the in
e alignment w
o mitigate th
ous surface a
ter runoff ge

mic existing c
the on-site dr

ilities would
g analysis co
osed HSR Fe
dges, cross-c
hydrology a

d Alternative

act of a HSR
d as a part of 

crossings w
were design
lated to the H
for the HSR

idor 
ology and

ow at the up
ss the road t
embankment
stream energ
be placed at

posed bridge
sings requiri
inimum wid

ystem 

erred Alterna
mated at appr
along SR 18
sections of r
g imperviou
0 acres; henc
e was estima
increase in ru
idor. Becaus
nstallation o
will therefor

he potential i
areas. Infiltra
enerated from
conditions fo
rainage syste

d be construc
onducted for 
eeder/Conne
culverts, infi
and hydrauli
e.  

R Feeder/Con
f this report. 
were modified
ned with con
HSR Feeder/

R Feeder/Con

d Hydraulic

pstream toe o
o the downs
t slopes of 4
gy dissipater
t the edge of
 crossings an
ing heights v
ths of 7-ft. W

ative, the tot
roximately 1
8 in the town
roadway with
s surface alo
ce, the propo

ated as  1,440
unoff will be
se the soils a
f infiltration
re incorporat
ncrease in fl

ation basins a
m imperviou
or both high 
ems is provi

cted within th
the Freeway

ector Service
iltration basi
ic impacts as

nnector Serv
Cross -culve
d to accomm

ncrete bottom
/Connector S
nnector Serv

cs Report 

of embankm
stream toe of
:1. Each cul

rs in the form
f right-of-wa
nd cross culv
varying from
Wildlife corr

tal imperviou
1,660 acres. T
n of Apple V
hin the City 
ong the entir
osed addition
0 acres. Ther
e exhibited w
are relatively
n basins is pr
te flow contr
low that cou
are proposed

us surfaces an
and low flow

ided in Appe

he HDC RO
y/Expresswa
e alternative.
ins) and BM
ssociated wit

vice option, a
ert locations

modate the H
ms in order to
Service. Con
vice are inclu

ent and conv
f embankmen
vert was equ

m of riprap p
ay along the 
verts. Certai

m 3-ft to 6-ft 
ridors are sho

us surface ar
The propose

Valley at the 
of Palmdale

re 63-mile co
nal impervio
refore, as a r
within the va
y pervious an
ractical. The
rol devices, 

uld occur due
d at most of 
nd for flow c
ws. An estim
endix O. 

OW. It is assu
ay Alternativ
. Similarly, t

MPs proposed
th constructi

as it relates t
, infiltration 

HSR Feeder/C
o withstand 
nceptual draw
uded in App

Pa

vey the flow
nt. Culvert l
uipped with 
pads. Numero
alignment to

in culverts ar
in various a
own in Appe

rea for the pr
ed project wo
east end of t

e at the west 
orridor was e
ous surface a
result of the 
arious water
nd groundwa
 on-site drai
such as infil
e to increase
the interchan
control so th

mate of quan

umed that th
ve would als
the drainage 
d would also 
ion and oper

to drainage f
basin sizes,

Connector S
structural an
wings of dra
endix N. 

arson

w 
lengths were
inlet/outlet 
ous channels
o convey off
re also being

areas along 
endix J.  

roposed 63-
ould  replace
the proposed
end of the 

estimated to 
area for the 
increased 
sheds 
ater is 
nage system

ltration 
s in 
nges to treat

hat flow rate
ntities and 

he hydrologic
so apply to 

facilities 
address 

ration of the 

facilities, wa
 and 

Service. 
nd vibratory 
ainage 

ns 

e 

s 
f-
g 

e 
d 

ms 

t 
s 

c 

as 



P

 

 

Parso

3.1.4

Seven

 

 

 
 

 

 

 

AER

Bridg
freeb
soffit

The b
down
along

Wher
the di
down
to col

Wher
imper
colum
An an
capac
addit
be pu

ons 

4 HSR Dr

n drainage c

Aerial Str
located ou
Culvert C
concrete b
Tunneling
Drainage 
cross drai
Under Dr
restrained
Pump Sta
roadway s
Retention
and/or inf

RIAL SEGM

ges are propo
oard would 
t elevation. 

bridge deck d
nspouts, and 
g the deck to

re the draina
itches, deck 

nspouts to co
llect the flow

re the elevat
rvious surfac

mns to the ex
nalysis of th
city. Where 
ional capaci

ursued if ade

rainage F

conveyance s

ructure – Wo
utside the flo

Crossings – W
box structure
g under Wat
Channels/D

inage. 
rains – Woul
d areas. 
ations – Wou
sag areas if g

n/Detention B
filtrate flows

MENTS 

osed to cross
be provided

drainage sys
bridge end c

o minimize st

age ditches a
drainage de

ollect, conve
w into the sto

ed guideway
ces, rainwat
xisting storm

he receiving d
sufficient ca
ty would ne

equate right-o

Pre

Facilities 

scenarios hav

ould cross la
oodway. Dec
Would conve
es. 
er Bodies – 

Ditch – Woul

ld capture flo

uld dispose o
gravity flow
Basins – Wo
s. 

s major river
d between the

stem include
collectors. A
tanding wate

are not feasib
sign may inc

ey and drain 
orm drainag

y passes ove
er would be 

m drainage sy
drainage sys

apacity to acc
ed to be add
of-way exist

eliminary 

ve been iden

arge water bo
ck drains wo
ey drainage a

Would mini
ld convey lon

ows under th

of drainage a
w cannot be a
ould be utiliz

rs as shown 
e 100-year w

es the bridge 
A longitudina
er on the bri

ble or if the r
clude a suffi
the entire de
e system. 

r developed 
collected vi

ystem with a
stem must be
commodate 

ded. Alternat
ts. 

Hydrology

ntified for th

odies. Colum
ould collect r
across the tr

imize impact
ngitudinal fl

he ballasts at

at cut section
achieved. 
zed as necess

in Figure 3-
water surface

deck, bridg
al drainage s
dge structur

runoff excee
icient numbe
eck. Inlets w

urban corrid
ia inlets and 
approval from
e carried out
project runo

tively, onsite

High D
y and Hydr

he HSR: 

mns would ty
runoff from 
acks by pipe

ts to existing
lows and ons

t retained sec

n, trench sect

sary to atten

1. A 2 feet m
e elevation a

e gutters, inl
system woul
e. 

eds the availa
er of inlets, p

would be prov

dors with ex
conveyed do
m jurisdictio
t to assure th
off is found t
e retention/ d

esert Corr
raulics Re

JANUARY 20

ypically be 
the bridge d

es or reinforc

g water bodi
site flows to 

ctions and 

tion, tunnels

nuate peak flo

minimum 
and lowest br

lets, pipes, 
ld be provide

able capacity
pipes, and 
vided at inte

xisting 
own support
onal authorit
here is adequ
to be lacking
detention cou

ridor 
eport 

016  35 

deck. 
ced 

es. 
a 

s, and 

ows 

ridge 

ed 

y of 

ervals 

t 
ties. 
uate 
g, 
uld 



High De
Prelimin
 

36  JAN

AT-GRA

The at-gr
placed in
10 feet (1
laterally 

The onsit
the outer
to provid
100-year
4-foot fla
design ru

The use o
where dit

Water fro
or directl
is preferr

esert Corr
nary Hydr

NUARY 2016 

Figur

ADE SEGM

rade track w
n the form of
1.2 to 3 m). R
out from the

te storm drai
r sides of the
de hydraulic 
r base flood e
at bottom tra
unoff anticip

of under dra
tches cannot

om the open
ly enter into 
red rather tha

idor 
ology and

re 3-1 Exam

MENTS 

would be ball
f an embankm
Rainfall wou
e subballast a

inage system
e track bed. T
capacity for
elevation an
apezoidal sha
pated while a

in pipes wou
t be construc

n ditches and
the offsite d

an under dra

d Hydraulic

ple of Aeria

asted. Depen
ment having
uld percolate
and into a di

m would con
The main foc
r the storm ru
d the subbal
ape and wou
allowing the 

uld be utilize
cted. 

d under drain
drainage syst
ain systems f

cs Report 

al Structure

nding on loc
g a typical he
e through the
itch or under

nsist of open 
cus in design
unoff while m
llast. Tracksi
uld be deep e
subgrade to 

ed in retaine

ns would eith
tems. The us
for at-grade 

es over Wate

cal topograph
eight ranging
e rail ballast
r drain system

ditches and/
ning an open
maintaining
ide ditches a
enough and s
drain. 

d sections or

her enter the 
se of ditches
sections. 

Pa

er Bodies 

hy, the balla
g approxima
t, and it wou
m.  

/or under dra
n ditch for th
 freeboard b

are typically 
sized for han

r constrained

local storm 
, as shown in

arson

ast may be 
ately 4 to 
ld likely flow

ains placed a
his project is 
between the 

a minimum 
ndling the 

d areas 

drain system
n Figure 3-2

ns 

 

w 

at 

m 
2, 



P

 

 

Parso

TRE

The t
them 
throu
point
trench
and c
segm

ons 

NCH SEGM

trench segme
(Figure 3-3

ugh a drainag
t of the trenc
h. Longitudi

collect offsite
ments in the c

Figure

MENTS 

ents would b
) and with c
ge system on
ch and will b
inal ditches a
e drainage a
current desig

F

Pre

e 3-2 Draina

be below gra
oncrete slab

n or within th
be pumped ou
along the top
way from th

gn. 

Figure 3-3 T

eliminary 

age Ditch A

ade and have
s connecting
he concrete s
ut from the s
p of the retai

he trench sec

Trench Typi

Hydrology

Adjacent to T

e trench wall
g the walls. R
slab and disc
sump to a dr
ining wall w

ction. Note th

ical Section

High D
y and Hydr

Track 

ls to retain th
Rainfall wou
charge to a s
rainage syste

would be requ
hat there are

n 

esert Corr
raulics Re

JANUARY 20

he earth behi
uld be carrie
sump at the l
em outside th
uired to inter
 no trench 

 

ridor 
eport 

016  37 

 

ind 
d 
low 
he 
rcept 



High De
Prelimin
 

38  JAN

TUNNEL

Tunnel se
above. Tu
it enter th
extinguis

3.2 B

Bridges a
Turner W
Section 2
alignmen
Fremont 

3.2.1 B

The bridg
surface e
To analy
Engineer
model wa
analyze h
hydraulic

Bridge hy
bridges c
River for
improvem
output, a

*HEC-RAS 

esert Corr
nary Hydr

NUARY 2016 

L SEGMEN

egments do 
unnels, how
he tunnel via
shing activiti

Bridge H

are proposed
Wash, Ossum
2.5.2. Cross 
nt, including 
Wash, and B

Bridge De

ges would be
elevations, fl
ze the impac

rs (USACE) 
as used. The
how the prop
c data requir

ydraulic ana
crossing Littl
r a minimum
ments (Table
s shown in A

LittleBig RTurnOssumMojavBell MStreamStreamStreamStreamJoshu
Hydraulic Analy

idor 
ology and

NTS 

not typically
wever, would 
a groundwat
ies inside the

Hydrau

d over the de
m Wash, and 

culverts are 
Grandview 

Bell Mounta

esign Met

e designed t
ow velocitie
cts to these w
Hydrologic 

e goal of usin
posed projec
red for bridg

alysis was co
le Rock Was

m distance of
e 3-1). The 1
Appendix H.

Table 3-1. Q

Streae Rock Wash Rock Wash er Wash m Wash ve River Mountain Wam at Coughlinm at Koala* m at Bellflowem US 395* ua Wash* 
ysis were not perf

d Hydraulic

y encounter 
require a m

er, upstream
e tunnel. Tun

ulics 

eeper stream
Mojave Riv
proposed at 
Canyon Cre

ain Wash.  

thodolog

o minimize 
es, and overa
washes from
Engineering

ng the HEC-
ct would affe
e design.  

onducted for 
sh, Big Rock
f 500 feet up
100-year flow
.  

Q100 Flow R

am Name 

ash n Road and Off
er* 
formed for these m

cs Report 

surface runo
means of colle
m track way l

nnel segmen

s, such as Li
ver. These m

the other wa
eek, Graham

gy 

impacts to th
all streambed

m the propose
g Center Riv
-RAS model
ect the flow o

the 100-yea
k Wash, Tur
stream and d
w rates were

Rates from 

f-ramp* 

minor streams.  B

off as in othe
ecting and d
leading to th
nts would be

ittle Rock W
major streams

aterways tra
m Canyon Cre

he upstream 
d and emban
ed project, th
ver Analysis 
l for this app
of the major

ar storm even
rner Wash, O
downstream 
e obtained fr

HEC-1 Ou

Q100 (c22,9417,265,292,1727,4810,702,231,2514687 2,16
Bridges are assum

Pa

er segments s
disposing of w
he tunnel, or 
e direct fixati

Wash, Big Ro
s were discu
aversed by th
eek, Mescal 

and downst
nkment confi
he U.S. Arm
System (HE

plication was
r streams and

nt flow (Q100

Ossum Wash
of the propo

rom the HEC

tput 

cfs) 44 68 9 8 84 04 8 0 6 
9 

med to span over t

arson

shown 
water should
potential fir
ion. 

ock Wash, 
ssed in 

he project 
Creek, 

tream water 
figurations. 

my Corps of 
EC-RAS) 
s to: (1) 
d (2) provide

0) for the 
h, and Mojav
osed 

C-1 model 

these washes. 

ns 

d 
e 

e 

ve 



P

 

 

Parso

Withi
assum
sectio
hydra
each 
and fi
condi
were 
mode
each 
freeb
bridg
flow 

3.2.2

A rou
indic
3,000
alignm

For a
veloc
the fl
0.97-
the F
show

Impa

The L
appro
The d
softw

Incor
reduc
witho
storag
remai
with 

 The 

3.2.3

The o
slight

ons 

in the upstre
med to be no
ons input and
aulic model 
water course

field surveys.
itions by ins
added both 

els were run 
cross section
oard criterio

ges will impo
velocities, a

2 Little R

ughness coef
ative of floo

0-foot-long b
ment of the c

a 100-year flo
city (V100) ran
low depth ra
-foot upstrea
ederal Emer

wn in Append

act of Little 

Little Rock C
oximately 8 m
dam’s effect

ware.  

rporating the
ced the peak 
out the dam. 
ge capacity c
in somewha
reduced flow

HEC-1 mod

3 Big Ro

overbanks w
tly less vege

eam and dow
ormal depth w
d hydraulic o
of the study 
e, with cross 
. A post-proj
serting the pr
upstream an
in the mixed
n was then p

on of 2 feet. 
ose no signif
and flow dep

Rock Was

fficient of 0.
odplains with
bridge with v
creek) and a 

ood event, th
nges from 2 

anges from 2
am of the bri
rgency Mana
dix K. 

Rock Creek

Creek Dam, 
miles upstre
iveness in re

e Little Rock
100-yr flow
Given that t

cannot be gu
at conservativ
w rates was n

del incorpora

ck Wash 

were modeled
etative growt

Pre

wnstream stu
within the str
output results
reach was fi
sections tak

ject condition
roposed brid
nd downstrea
d-flow condi
plotted and th
The HEC-R
ficant rise in
pths at each l

sh 

05 was used
h light to me
vertical face
pier width o

he flow rate 
to 4 feet per
 to 4 feet; an
dge at Statio
agement Age

k Dam 

with a tribut
eam of the H
educing peak

k Creek Dam
w rate to 20,0
the dam is al
uaranteed. A
ve in the brid
not prepared

ating the Litt

d with a Man
th than at Lit

eliminary 

udy reach lim
reams. The H
s are listed in

first created t
ken from rece
ns model wa

dge to the ba
am of the bri
ition. The re
he roadway 

RAS model re
n the BFEs. T
location are d

d for the enti
edium brush,
d abutments

of 7 feet has b

(Q100) was d
r second (fp
nd the maxim
on 1079+00, 
ency (FEMA

tary drainag
HDC and 3 m
k flows was 

m into the hyd
000 cfs; dow
lso used as a

At this level o
dge design. T

d for this con

tle Rock Cre

nning’s roug
ttle Rock W

Hydrology

mits, the boun
HEC-RAS m
n Appendix 
to represent t
ent topograph
as then gener
seline mode
idge to mode

esulting wate
profile adjus
esults show 
The flow rate
described be

ire floodplain
, as found in
s (skewed 20
been propose

determined t
s), exhibitin
mum rise in w

which is wi
A) guidelines

e area of 49.
miles south of

evaluated us

drologic mo
wn from 22,9
a reservoir, t
of design it w
Therefore, a

ndition. 

eek Dam is in

ghness coeffi
Wash. A 9-spa

High D
y and Hydr

ndary condit
model geomet

I. A baselin
the existing c
hic mapping
rated to analy
l. Ineffective
el the flow tr
er surface ele
sted to main
that construc
es, bridge co
elow. 

n in this area
 the project 

0 degrees to f
ed for crossin

to be 22,944
g little to no
water surfac
ithin the acce
s. The comp

.2 square mi
f the Califor
sing HEC-1 

odel for the L
944 cfs when
he availabili

would be mo
a separate HE

ncluded in A

icient of 0.04
an, 1,800-foo

esert Corr
raulics Re

JANUARY 20

tions were 
tric cross-
e HEC-RAS
conditions o

g including ae
yze the prop
e flow areas 
ransitions. A
evation from

ntain the Calt
ction of the 

onfigurations

a, which is 
area. A 15-s
follow the 
ng the water

 cfs; the flow
o scour poten
ce elevation i
eptable limit

parison table 

iles, is locate
rnia Aqueduc
modeling 

Little Rock W
n the model i
ity of the tot
ore prudent t
EC-RAS mo

Appendix H 

4 to simulate
ot-long bridg

ridor 
eport 

016  39 

S 
f 
erial 
osed 

All 
m 
trans 

s, 

span, 

rway.  

w 
ntial; 
is 
ts of 
is 

ed 
ct. 

Wash 
is run 
tal 
to 
odel 

e 
ge 



High De
Prelimin
 

40  JAN

with vert
of 7 feet 

For a 100
fps; the f
is 0.2-foo
observati
well-grad

3.2.4 T

A roughn
because f
brush, wh
bridge is 

The Q100

than Littl
maximum

3.2.5 O

A roughn
because f
brush, wh
bridge is 

The Q100

scour pot
7 feet; an

3.2.6 M

A roughn
because f
short veg
embankm
foot-long
approxim

The Q100

from 17 t

esert Corr
nary Hydr

NUARY 2016 

tical faced ab
has been pro

0-year flood 
flow depth is
ot. A roughn
ions indicate
ded sandy so

Turner Wa

ness coeffici
field observa
hile the over
proposed at

 was compu
le Rock Was
m rise in wat

Ossum W

ness coeffici
field observa
hile the over
proposed at

 was compu
tential than L
nd the maxim

Mojave Ri

ness coeffici
field observa
getation alon
ment and alo
g bridge with
mately at Stat

 was calcula
to 20 feet; an

idor 
ology and

butments (sk
oposed for c

event, the Q
s approximat
ness coefficie
e that this are
oils and muc

ash 

ient of 0.04 w
ations indica
rbanks inclu
t approximat

uted as 5,299
sh and Big R
ter surface e

Wash 

ient of 0.04 w
ations indica
rbanks inclu
t approximat

uted as 2,178
Little Rock W
mum rise in w

iver 

ient of 0.04 w
ations indica

ng the bottom
ong the overb
h vertical fac
tion 1124+0

ated as 27,48
nd the maxim

d Hydraulic

kewed to foll
rossing the w

Q100 was com
tely 2 feet; a
ent of 0.03 w
ea is more ch

ch less vegeta

was used for
ate that the c
de much tall
tely Station 

9 cfs; the V10

Rock Wash);
levation is a

was used for
ate that the c
de much tall
tely Station 

 cfs; the V10

Wash and B
water surfac

was used for
ate that the c
m and toe of 
banks. A 3-s
ced abutmen
00.  

84 cfs; the V1

mum rise in w

cs Report 

low the align
waterway.  

mputed as 17
and the maxi
was used for 
hannelized t
ation growth

r the main ch
channel is fai
ler vegetatio
1049+30.  

0 ranges from
; the flow de
approximatel

r the main ch
channel is fai
ler vegetatio
1081+50.  

0 ranges from
ig Rock Wa

ce elevation i

r the main ch
channel is ve

slope, with r
pan (80-foot

nts and a pier

V100 ranges fro
water surface

nment of the

7,268 cfs; the
imum rise in
the main ch

than Little R
h is exhibited

hannel and 0
irly well def

on. A single-

m 9 to 13 fps
epth ranges f
ly 0.2-foot.  

hannel and 0
irly well def

on. A single-

m 9 to 10 fps
sh); the flow
is approxima

hannel and 0
ery well defin
rock outcrop
t, 150-foot, a
r width of 7 

om 6 to 7 fp
e elevation is

Pa

e creek) with

e V100 ranges
n water surfa
hannel becau
Rock Wash. R

d within the 

0.065 for the 
fined with so
span, 180-fo

s (higher sco
from 2 to 3 f

0.065 for the 
fined with so
span, 100-fo

s at the bridg
w depth rang
ately 0.7-foo

0.065 for the 
ned, charact
ppings along
and 90-foot 
feet is propo

s; the flow d
s approximat

arson

h a pier width

s from 4 to 5
ace elevation
use field 
Relatively 
channel.  

overbanks 
ome light 
oot-long 

our potential
feet; and the 

overbanks 
ome light 
oot-long 

ge (higher 
es from 4 to

ot.  

overbanks 
erized by 

g the upper 
each), 320-

osed 

depth ranges 
tely 0.2-foot

ns 

h 

5 
n 

l 

o 

 
. 



P

 

 

Parso

3.3

3.3.

The p
upstr
flow 
freew
down
dissip
ends 
cross
veloc
veget
inclu
the vo
the in

The h
progr
by Be
of hy
propo
only 
Culve
issue

If sof
floor 
be all
of the
certai
larger
heigh

Cross
inund
The f
Hydr
culve
rates 
the fr
sizing
cross
of qu

ons 

 Cross

1 Cross C

proposed HD
eam runoff. 
conditions a

way without 
nstream prop
paters, in the
of the cross 
 culvert slop

cities from ri
tation where
de placemen
oids within t
nterstices of 

hydraulic an
ram and the 
entley Corpo

ydraulic cont
osed cross cu
concrete box
erts were de
s related to t

ft bottoms ar
has been inc

lowed. The m
e culverts if 
in locations,
r wildlife to 

hts is shown 

s culverts ha
dating the fre
flow rates we
rology Maps
erts were site
shown for th

reeway for th
g of the culv
 culverts are

uantities and 

s Culve

Culvert D

DC alignmen
Cross culve

along the pro
inundating t

perties. Each
e form of veg
culverts to s

pes are flat e
ising too hig
e riprap is to 
nt of 1-foot o
the underlyin
the riprap, th

alysis for siz
summary ou
oration is a c
tinuity to ana
ulverts locat
x culverts an
signed with 
the HSR Fee

re required, t
corporated in
minimum he
silt buildup 
 culverts we
cross the HD
in Appendix

ave been size
eeway or cau
ere taken fro
 1, 2, and 3, 

ed along the 
he sub-basin
he particular
verts. Approx
e shown in th
cost for the 

Pre

erts 

Design Me

nt is at least 
erts are place
oject alignme
the paved sur
h culvert wou
getated ripra
slow flows to
nough (on th

gh. To addres
be used, con

of topsoil ab
ng riprap. Th
hus allowing

zing each cro
utput from th
culvert hydra
alyze and de
ted througho
nd reinforced
concrete bot

eder Service 

the allowanc
nto the desig
eight for each
occurs and e

ere increased
DC. The wil
x J. Hydraul

ed to accomm
using object
om the flows
which are in
corridor at t

n were divide
r sub-basin. T
ximately 140
he Drainage 
cross-culver

eliminary 

ethodolo

5 to 6 feet ab
ed to minimi
ent. The culv
rface and wi
uld be design
ap pads, wou
o non-erosiv
he order of 0
ss agency co
nstruction of
ove the ripra
he flood com
g vegetation 

oss culvert w
his model is 
aulic softwar
esign culvert
out the alignm
d concrete pi
ttoms in ord
Alternative

ce for a smal
gn, though si
h culvert is 3
enable small
d in height by
ldlife corrido
ics for each 

modate the 1
ionable floo
s generated b
ncluded in A
the outlet of 
ed into the n
These sub-d
0 cross culve
Layout Plan
rts is provide

Hydrology

gy 

bove grade a
ze flow dive
verts would 
ithout floodi
ned with inle
uld be incorp
ve levels whe
0.2 to 0.5 per
oncerns regar
f such energy
ap that will b
mpacting wil

to grow.  

was conducte
provided in 
re that uses t
s. Table 3-2 
ment. Note t
ipe culverts 

der to withsta
.  

ll amount of 
ilt buildup b
3 feet. This w
l wildlife to 
y 5- and 6-fe
or used in th
cross-culver

100-year stor
ding outside
by the HEC-

Appendix H. 
a sub-basin.

number of cu
divided flows
erts are prop
ns provided i
ed in Appen

High D
y and Hydr

and acts as a
ersions and t
enable runo

ing upstream
et/outlet hea
porated at the
ere necessar
rcent slope) 
rding establi
y dissipation
be "flood com
ll cause the f

ed using the 
Appendix K
the energy e
provides a s

that at this pr
have been e

and structura

f silt buildup 
beyond one f
will ensure m
cross the ali
eet in order t

he design for 
rt are shown

rm event flo
e the freeway
-1 model pro
In some cas

. In these ins
ulverts conve
s were then u
posed along t
in Appendix

ndix O. 

esert Corr
raulics Re

JANUARY 20

a dam to 
to mimic exi
ff to cross th

m and 
adwalls. Ener
e downstream
ry. In genera
to prevent 
ishment of 
n devices sho
mpacted" to
fill soil to en

CulvertMas
K. CulvertMa
equation and 
synopsis of t
reliminary le
valuated. 
al and vibrat

in the culve
foot should n
maintainabil
gnment. At 
to allow for 
the culvert 

n in Appendi

ow without 
y right-of-wa
ovided in 
ses, several 
stances, the f
eying flow a
used for the 
the corridor.

x N. An estim

ridor 
eport 

016  41 

isting 
he 

rgy 
m 

al, 

ould 
 fill 

nter 

ster 
aster 
laws 

the 
evel, 

ory 

ert 
not 
lity 

x K. 

ay. 

flow 
across 

 The 
mate 



High De
Prelimin
 

42  JAN

 Cross cu
part, cros
requirem
A separa
of this stu
change a

3.4 In

The desig
runoff ge
should ha
limited to
preferred
Maintena
side ditch
limited to
flooded. 
is pruden

Station 

270+75 

276+00 

287+50 

329+39 

330+04 

330+89 

349+00 

352+50 

365+00 

383+50 

385+00 

399+39 

403+00 

408+65 

414+93 

420+79 

439+19 

456+67 

464+07 4

473+50 

507+79 

esert Corr
nary Hydr

NUARY 2016 

ulverts locate
ss culverts sh

ment in the H
ate hydrologi
udy. It is ass

as a result of 

nfiltrati

gn criterion 
enerated by t
ave 2 feet of
o 3 feet. If th
d side slope i
ance is requi
hes or longit
o 3 feet. No 
In all cases, 

nt to provide

Description

(4) 7'x3' RCB 

(1) 12'x8' RCB 

(3) 7'x3' RCB 

(4) 7'x3' RCB 

(1) 6'x6' RCB 
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Location 5th St. Basin 5th St. Basin 5th St. Basin 5th St. Basin 0th St. Basin 0th St. Basin 0th St. Basin 0th St. Basin 
sin @ 20th SSt. Basin - AlSt. Basin - AlSt. Basin - AlSt. Basin - Al0th St. Basin 0th St. Basin 0th St. Basin 0th St. Basin 
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