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Foreword

In 2005, The California Department of Water Resources published the inaugural Bulletin 250 — Fish
Passage Improvement. The bulletin was the result of ajoint interagency collaboration between the
Department, the Department of Fish and Game, NOAA'’s National Marine Fisheries Service, and the

US Fish and Wildlife Service through CALFED’ s Ecosystem Restoration Program. The document
recognized the depletion of migratory fish species caused by artificial structures in the Sacramento and
San Joaquin River systems. Bulletin 250 promoted continued and increased actions by governments and
private organizations for the protection and recovery of listed anadromous salmonid species in California.

This publication, Calaveras Fish Migration Barriers Assessment Report, is one of those actions. The
Department in cooperation with Stockton East Water District and with assistance from the Department of
Fish and Game, NOAA'’s National Marine Fisheries Service, and US Fish and Wildlife Service produced
this document to be used for improving access into the lower Calaveras River for migrating seaward
rainbow trout (Oncor hynchus mykiss) and Chinook salmon (Oncor hynchus tshawytscha).

This publication provides an inventory and evaluation of barriers on the Calaveras River system—its
confluence with the San Joaquin River to New Hogan Dam, the Mormon Slough flood control channel,
and the Stockton Diverting Canal. Numerous low flow road crossings, flashboard dams, and other
structures exist in the Calaveras River and Mormon Slough that impede fish migration. The largest
structureis Bellota Weir. The screening of the diversion and devel opment of a permanent fish ladder at
Bellota Weir are being addressed by Stockton East Water District. The results of this report will be used
in conjunction with salmon and migratory rainbow trout life history data to identify and prioritize
potential fish passage improvement projects to assist in the restoration of habitat and migratory pathways
in the Calaveras River system.

The information that this report provides will promote the establishment of additional studies, programs,
and projects, leading to cooperative efforts to improve listed and non-listed anadromous fish populations
in the Calaveras River and Bay-Delta ecosystem.

Mark W. Cowin
Deputy Director
Regional Water Planning and Management
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Executive Summary

Artificial structures play a major rolein reducing Calaveras River’'s productivity as a migrating seaward
rainbow trout (Oncor hynchus mykiss) and Chinook salmon (Oncor hynchus tshawytscha) fishery. The
river isin therange of historical and essential fish habitat for fall-run Chinook salmon and part of the
historical distribution of Central Valley rainbow trout. In cooperation with Stockton East Water District,
the Department of Water Resources’ Fish Passage | mprovement Program studied and assessed the
physical and hydraulic conditions of 97 artificial structuresin the Calaveras River from New Hogan Dam
downstream to the confluence with the San Joaquin River.

These structures are low-flow road crossings with culverts, low-flow road crossings without culverts,
bridges, permanent dams and weirs, and flashboard dams with the flashboards removed. Each structure
was evaluated for fish passage and scored on its potential asa barrier to fish passage. Possible scores
ranged from O to 7, with 7 designating the greatest potential to impair fish passage. Clements Road
Flashboard Dam on the Calaveras River was the only structure to score 7. Forty-nine structures received a
score of O; all of them are bridges that have no apron or riprap. A ranking of O does not guarantee
passage; it only indicates the structure has similar passage performance to normal channel cross sections.

The seasonal flashboard dams were also evaluated with their flashboards installed. A revised scoring
system was devel oped to incorporate the unique characteristics of these structures. The possible scores
ranged from O to 9, with 9 designating the greatest potential to impair fish passage. Cherryland, Pandlla,
Lavaggi, McLean, Prato, and Clements dams all received 9 points. Murphy Flashboard Dam had the
lowest score of 3 points.

Seventeen structures were selected to be modeled using HEC-RAS, the US Army Corps of Engineers
one-dimensional open channel flow model. These structures were selected because they are representative
of the different structure types and are the most severein regard to impaired fish passage. The model
allowed the calculation of the percentage of time that adult and juvenile fish can pass through a structure
during their migration period. Clements Road Flashboard Dam was the most severe, allowing

O. tshawytscha and O. mykiss passage only 2% and 5% of their migration periods, respectively.
Additionally, juveniles only have passage during 15% of their migration period. None of the 17 structures
allowed 100% passage during the adult Chinook, O. mykiss, or juvenile migration periods. Thisimplies
that all 97 structures on Calaveras River, Mormon Slough, and Stockton Diverting Canal represented by
the modeled structures are likely to be impassable at some point during each migration season. Riprap
was often the feature that had the greatest impact on fish passage at model ed structures, indicating that the
use of riprap should be eliminated at structures and in the channel where possible.

Toincrease the Calaveras River’s productivity as an O. tshawytscha and O. mykiss fishery, many
structures on the Calaveras River system must be retrofitted to allow passage for adult and juvenile
salmonids. Both temporary and permanent modifications are needed to prevent further declinein fish
populations. This report provides a basis for various temporary and permanent structure solutions to the
impaired fish passage these structures create. Such solutions are being developed on a preliminary or
conceptual level for eight of the structures identified in this report.



Calaveras River Fish Migration Barriers Assessment Report viii



Calaveras River Fish Migration Barriers Assessment Report

Table of Contents

ACKNOWIEAGMENTS ..o e e e e e et e e e e e e eeeees Vi
EXECUTIVE SUMIMAIY ..ot e ettt e e e e e e e e et e e e e e e e e e eenann e e e eeeeeas vii
(O g¥=T o) (=T i [ 1 4 o Yo 1¥ To3 1 o Y o PR 1-1
REPOIMS AN STUY ... ettt e e e e et et e e e e e e e eentaa e eas 11
ASSESSMENES AN APPENTICES ...veuiieeiieeiiii ettt e e e e eetbb e e e e e e eeeabaa e aaaaaees 1-1
Hydrology and Water SUPPlY OPEration...........couiiiuiiiiiiieeeiieeiiie et 1-2

(23 o][o]o o= @foT ol [11[0] o S F TSR 1-2
Fish Passage Evaluation Methodology and ReSUItS............ccouuiiiiiiiiiiiiiii e 1-2
ASSESSMENT FINAINGS ...ttt e e e ettt e e e e e e eeraaa e eas 1-3
Selected Preliminary DESIONS ......ocouuiuiiieiii ettt e e e e e et a e e e e eeeana s 1-4
Chapter 2. Existing Hydrologic and Water Supply Operations........ccccccoeveevveeennnnnn. 2-1
INSIFEAIM SEIUCTUIES ...ttt ettt e ettt e e e e e e e e e e e e e e e e arnnnreeaas 2-1
BaSIN HYArOIOQY ... .ottt e e e ettt e e e e e e e e et 2-2
New Hogan Dam and Flood Control OPerations...........ccuuueuiiiiiriieiiiiiaa et 2-4
PeIMIt RESITAINTIS ... e e e e e e e e e e e e e 2-4
Stockton East WALer DISHCL ...........oevviiiiiiiiiiiiiiiiiiie ettt 2-4
SEWD Water SUPPIY AlTOCALION. ....ccuuieiiieee ettt e e e e e eeeea e as 2-5
SEWND Irrigation DIVEISIONS......cciiieeiiit ettt ettt e e e e e e et e e e e e e eeeaba e e e e e e eeesannaeeas 2-5
AGFICUITUIAl DIVEISIONS ...ttt e ettt e e e e e e et e tb e e e e e e e eenana e aaaaeas 2-6
SEWD Municipal and Industrial DIVErsion StrUCLUIE ............ooiiieiiiiiiiiiinieee e 2-7
Calaveras Downstream of the Calaveras Headworks ... 2-7
Mormon Slough/Stockton Diverting Canal ..............ueiiiiiiiiiiiii e 2-7
POEET CIEEK ...ttt e 2-8
(0] =T O =T T 2-8
Chapter 3. Biological CONAITIONS ....ceeuuiiiiiee e e e e eeeeees 3-1
FISN POPUIALIONS ... ettt e e e e e e e ettt e e e e e e e eeneaan e eeas 3-1
Calaveras River FisSh POPUIALIONS .........ooooiiiiiiiii e 3-1
Salmonid Biology Background .............oiiooiiiiiii s 3-1
Calaveras River Salmonid POPUIALIONS. .........cuuiuiiiiiiiiiii e 3-2
Salmonid Migration Timing for the Calaveras RIVEr ............cooiiiiiiiiiiiiiiei e 3-3
HaDItAt CONTITIONS ... 3-4
Rivering Habitat CONAItIONS. ........uuueiiiiiiiiiiiiiiiiiiii s 3-4
CAlAVEIAS RIVET ...ttt 3-4
MOIMON SIOUQGN.....cee e e et e e e e e e e e raa e 3-6

T RIMPEIALUIE ...t ettt ettt e ettt e e ettt e et eta e e e eeta e e eesa e e eeta e eeennnaeaentnnaaaaaes 3-6
RIPAIAN VEGETALION ... ..ttt e e e e et et e e e e e e e e abaa e e e e aeeeeennnns 3-6
Fluvial GeomMOrPROIOQY .....ccouiiiiie e e e et e e e eeaenaans 3-7

WALEE QUAIITY ...ttt e e ettt ettt e e e e e e e et e tta e e e e e e e eenbna e e e e eaaas 3-8



Calaveras River Fish Migration Barriers Assessment Report

Chapter 4. Fish Passage Evaluation Methodology .........cooeuviiiiiiiiiiiici e 4-1
Literature Review — Fish Passage CrHEEIA ........u.iii i 4-1
Phase | Fish Passage Evaluation Methodology...........ccouuuuiiiiiiiiiiiii e 4-4
Phase Il Fish Passage Evaluation Methodology ... 4-7
FIOW DUFALION ANGIYSIS ..ttt ettt e e e et ettt e e e e e et eeaab e e e e e aeeenban e e aaaaaas 4-9
Chapter 5. Fish Passage Evaluation ReSUItS ........ccooiiiiiiiiiiii e, 5-1
Phase | Fish Passage Evaluation RESUILS .............oii i 5-1
Phase Il Fish Passage Evaluation ResuUltS — GIOUPING .......uuiiiiiiiiiiiiieeee et 5-2
Phase Il Fish Passage Evaluation Results — Model Selection...............ooooiiiiiiiiiii, 5-4
Phase Il Fish Passage Evaluation Results — Hydraulic Modeling............ccceuiiiiiiiiiiiiiiiiiiine, 5-5
2004 MOAEIEA STIUCTUIES ... e e e e e 5-5
Central California Traction Railroad Bridge.........ccuuuuuiiiiiiiiiiiiii e 5-5
Budiselich FIashboard Dam.............oeeiiiiiiiiiiiiiiiiiiiiieiiieee et aeennnnees 5-7
Caprini LOW-fIOW RO CrOSSING .....ccooeiiitiiieeiiiieiiiia ettt e e e e e et e e e e e eeeabi e e eaaeees 5-9
Hogan LOW-TIOW ROGA CrOSSING ... iieiiiiiiiiiiaie ettt e e ee e e e e e eeaaan s 5-11
HOSie LOW-TIOW RO CrOSSING ... . i iieeiieiiiiiiae ettt e e e et e e e e eenen s 5-13
Watkins LOW-flOW ROAA CrOSSING ......uiieeiiiiiiiiiii ettt e e e eeatiie e e e e e eeenenas 5-15
Murphy FIaShDOArd Dam........couuuuiiiieiiieeii e et eeeeeeaaa s 5-17
Clements Road FIashbDOArd Dam .............uuuuuuriiimiiiiiiiiiiiiiiiiii s 5-18
2005 MOAEIEA STIUCTUIES ... e 5-21
Lavaggi Flashboard Dam ............eiiiii e 5-21
Fujinaka LOW-fIOW RO CrOSSING .. .ciiiieiiiiiiiieeiei ettt e e e e eeaaa s 5-23
Mormon Slough Railroad Bridge.........ccooeuuiiiiii e 5-25
Piazza FIashbDOArd DaM ...........euueiiiiiiiiiiiiiiiiiiiiieeieieee ettt eeaeasnnessenennnnnes 5-27

[ T T o= To [ = T4 e (o =SSP 5-29
Gotelli Low-flow ROAA CrOSSING.....cccieiuiiuiiieiiiiiiiiia et eeeeetti e e e e e e eeenaaa e e aaaeees 5-31

Y (oA =T o = To I =1 o [0 = U UPPUPPPTRR 5-32
MCAIlen FIashDOArd Dam ..........oevviiiiiiiiiiiiiiiiiiiiiiieeee ettt eeaeesessenennnnnes 5-34
Cherryland FIashbDoard Dam .........coooeiiiiuie e e e e 5-36
Chapter 6. CONCIUSION ...oooiiiiii e e e e e 6-1
(O gF= o) 1T A €10 117 T YT 7-1

Chapter 8. REFEIENCES ....ooeiiiii e e e 8-1



Calaveras River Fish Migration Barriers Assessment Report

Appendix A — Site DESCIIPLIONS ...coiiiiiiiiiiiiiii ettt A-1

Calaveras River downstream of Confluence with the Stockton Diverting Canal ........................ A-1
INEEISLALE 5 BIIOGES. ... uu i ieiiiiiitit ettt e e e et ettt e e e e e e eeebba e e e e e eeeesann e aaaaaeees A-1
Pershing AVENUE BIIOQE .......uuuuiiiiiiiiiiiie ettt ettt e e e e e e e e taa e e e e e e eenennnns A-4
Pacific Avenue Bridge, NOrthDOUN ... A-7
Pacific Avenue Bridge, SoUthDOUNG ... e A-9
Concrete Remnant Structure Upstream Of Pacific Avenue Bridge............oocovveviiiiiiiiieniiennns A-12
El DOrado Street BrAQE .. ..oceuiii ettt e et e e e e e e e et e e aaaees A-13
Railroad CroSSING NO. 2.ttt e e et et e e e e e e eeetana e e aaeaeees A-16
WESE LANE BIIAGE ..ottt ettt e e e e et ettt e e e e e e e eesna e e e aaaane A-20
Pedestrian Bridge Downstream of Railroad Crossing NO. 1.........ooooiiiiiiiiiiiniiiiiiieiiiieee A-23
Railroad CroSSING NO. L. ..ottt e e e e e e e et e e e e e e eeesaaa e e aaaaeees A-26

Calaveras River between the Calaveras Headworks and the Confluence with the
StOCKtON DIVEItING CaANaL.........oiiiiiiiiiii et e e e et e e e e e eneaaans A-29
O] o RiY oTe o (=] oI =] o [o = TP UUPPPPTPPR A-29
Gotelli Low-flow Road Crossing (RIiVEr Mile 6.2) ........ccouiiiiiiiiiiieiieiiii e A-33
Y (oA =Tl o = To I =T o [0 = ST TUUPPPPIN A-35
MCAIIEN FIashDOAIrd DA ........uuuuiiiiiiiiiiiiiiiiiiiiiie s A-39
Highway 99 Pedestrian Bridge .......ccoiiiiiiiiiiiieaiii ettt e e e e e e aeees A-43
Highway 99 Bridge, NOrthDOUNG..........c.uuueiii e A-46
Highway 99 Bridge, SOUthDOUN ............uuiiii e A-49
Cherryland FIashbDoard Dam .........ooouuuuiiiiie e e e e eeeeaaas A-52
Railroad Crossing near Leonardini ROAd............ooouuiiiiiiiiiiiiiii e A-57
Old DWR GAGE WII. ..ttt ettt e e e e e e et et e e e e e e eeebaa e e e e aaeeeennnns A-59
Solari RaNCh ROAA BHAQE. ... ..ot e e e e et e e e e eeaenaas A-61
Solari Ranch FIashboard Dam .........cooooiiiii e A-65
ASNIEY LANE BIIOQE. .. e ettt ettt e e e e et ettt e e e e e e eeana e e aaaaee A-68
AIPINE ROAA BIAGE ...ttt e e e e e eetaa e e e aaaeees A-71
Pezzi FIasShDOArd DamM.........uuiiiiiiiiiiiiiiiiiiiiiii s A-74
PEZZi ROGM BIIAQE .. .ttt e e e ettt e e e e e e eeeaaa e e e aaaeees A-78
Murphy FIaShDOArd Dam............iiiiiiieiiii et e et e e e e e e e eeaaa e e e eeaeees A-81
HIGNWAY 88 BIIagE. ... i eeeiiiiiiiii ettt e e e ettt e e e e e e e e ata e e e aaaeees A-85
Eight Mile ROAA BIiOQE .. ..cceeeiiiiii ettt e et e e e e e e e eeeana e e e eaaeees A-88
Eight Mile FIashDOArd Dam .........ooooiiiiiiiiii et e e e e eraa e e e eeeees A-90
JaCK TONE ROAA BIIOGE. ... .. i eiiieeiiiii ettt e e et e e e e e eeaa s A-93
Jack TOoNe FOODIAGE .....eu et A-95
YL Y R (o= To I =14 o [o = TSP A-97
Tully FIashbDOArd Dam .........oooiiiiiiiiii et et e e e eeaaa s A-99
R 1S: W =] 4o [0 [PPSR A-102
Duncan Road Bridge (PrIVALE) ..........uuuuruuueitriiiiiiiiiiiiiiiiiiiii s A-104
MESSICK ROAA BIIOGE .....uuviiiiiiiiiiiiiitiiiiii s A-106
Guernsey ROAd Bridge .......coooiiiiioie e A-108
Clements Road Flashboard Dam and Bridge ... A-110

BOESTOIA BriAGE HL .. uuuiiiiiiiiiiiiiittitieteii s A-114



Calaveras River Fish Migration Barriers Assessment Report Xii

(2701 i) (o (o I =T o [0 =22 SO A-116
[ (013 (o] g I =T o [0 = TP PPT TR A-118
DeMartini LAne BIiAgE ........coiuiiiiiiiiiee ittt A-120
DeMartini WOo0d Bridge ........ccuuiiiiie ittt e e st e e e e e s st e e e e e e e s s anranenaaae s A-122
Chestnut Hill ROAA BIOGE ......oitiiiiiiiiiee ettt e e A-124
0T LTS = T T [ 1= SO A-125
(L= (o) F= W =T T [0 [T PPT T UURTRRPP A-127
Gotelli #1 FIashbDOard DAIM .........ccoiiiiiiiiiiiee ettt e e nnbeee e A-129
L€ T0) (=] | IE=22 R0 =74 To Lo [T A-131
€101 (=] | TIR= 20 = o (o = O PP PPRPUPPRROPPRN A-133
L 110 V= N A G 3 =T o (o = P A-135
Calaveras HEAAWOIKS .........ii ettt e et e e e e e e e s bbb e e e e e e e e e e nnneeees A-137
Upstream of Calaveras Headworks to New Hogan Dam on Calaveras River...........cc.ccc.oo.... A-141
[ [l €10 g == T g1 g I = Lo PO PSSR TPRR A-141
McGUrk LOW-flOW ROGA CrOSSING......ceiiiiiiiiieiiiiiee ittt ettt A-143
Wilsons LOW-fIow ROAA CrOSSING.......cccuuuiiiiieee ettt e e e e st e e e e e s e sanbraee e e e e e e e e snnrnreeeee s A-146
Old Dog Ranch LOw-flow RO CrOSSING .....uveeiiiiiiiiiiiiiiiiieae et a e A-149
(@10l ToTo T2 = TaTod TN 2 1T [ 1= S S EEE A-152
Y = (o] g I R (o= To I =T o [o = TP PPTTPT TP A-154
Deteriorated LOW-flOW RO CroSSING .....coeeiiiiiieiiiiiee ittt A-156
Gotelli Low-flow Road Crossing (River Mile 35.3) .....ccuviiiiiieiiiiiiiiiieeeee e A-157
Rubble Dam upstream of Bellota WEIN..........ocuuiiiiiiiiee e A-159
New Hogan Dam ROAA BHOQE......uuiieeiiiieiiieieei e e et et e e e s s sieeer e e e e s s s eae e e e e e e s e snnraneees A-160
Stockton Diverting Canal and Mormon SIOUQN ... A-164
Wooden Bridge West Of WIISON WY ......couiiiiiiiiiiiiiicc e e e e e na e e e A-164
WIISON WaAY BIIAGE ...coeie it s e e e e e e s e st e e e e e e s s e sanraaaeeeaaeaans A-165
Central California Traction Railroad Bridge (CCTRR) ......cueviiiiiiiiiiiieee e A-166
(01 g1 (o] (TR R Lo To I 2] o [o =TSSR A-170
Waterloo ROAA BHAGE ... ...ttt e e e e e e e e ann e eeaaaeeas A-171
Highway 99 Northbound and Southbound Bridges (Stockton Diverting Canal) .................. A-172
2100 ES7=] 1ol o I 7 o o E PP ETT PRI A-174
Stockton Terminal and Eastern Railroad Bridge...........cooiiiiiiiiiiiiiiiie e A-181
Highway 26 Bridge (Stockton Diverting Canal)........ccccevveeiiiiiiiiiieeie i A-183
Southern Pacific RAIIF0ad BriOQe ........cooi ittt A-183
Southern Pacific RaIIr0ad Bridge ........ccoiieeiiiiiiiee et e e st e e e s e e e e e e e A-184
Main Street FIashDOArd DA ........cooii i a e eeeeas A-185
Panella FIashboard Dam............ueeiiiieiiiiiiiiiiie e e e e e s s reee e e e e e s s s snnnreeeeaaee s A-189
Bridge Upstream of Panella Flashboard Dam ...........ccccccoiiiiiiiiiii e A-192
Caprini LOW-flow RO CrOSSING........uutiiiiiiiieeiiiiie ettt e e A-193
Lavaggi FIashboard Dam ............cceiiieiiiiiiiiiiiee s r e s r e e e e e s e reaneeee s A-198
Jack Tone Road Bridge (Mormon SIOUG)..........eiiiiiiiiiiieee e A-201
Hogan LOW-flow ROAA CrOSSING......ccciiiiiiiieiiiiie e iesitiiieie e e e e e s s e e e e e e s s sintaeer e e e e e s e nnnnaneeees A-203
McClean FlashbDOard DA ..........cooiuiiiiiiiiiie ettt et e e et e e s snba e e e s sbeeeaeanes A-208

Fujinaka LOW-floW RO CrOSSING.....ccciiitiiiieiiiiiee ittt ettt A-211



Calaveras River Fish Migration Barriers Assessment Report

CopperopoliS RO BIIQE ... .o e eiieeeiiiiiie ettt ettt e e e e e et e e e e e eeeeennas A-213
Prato FIashDOArd Dam ... ......uuuuiiiiiiiiiiii ettt e e e et e e e e eeeaa e e aaaaees A-214
Mormon Slough Railroad Bridge ..........eueeiiiiiiiiii e A-217
DUNCAN ROAA BIIOGE. ... ..cciieeiiiiiii ettt e ettt e e e e e e e eeeaaa e e e aaaeees A-222
Piazza FIashboard Dam............ooo it aeeees A-223
MiltON ROAA BIIAGE ... .ot e e et e et e e e e e e e eeeaaa e e e aaaeees A-226
BoNomO FIaShDOArd Dam ..........oio ittt e e e e ee et eaaeeees A-227
Concrete Slabs (RemMNant SIFUCTUI)........cciiiiiiiiiiii e eeeeeeees A-230
HoSie LOW-TIOW RO CrOSSING ... oeiieeeiiiiiii ettt e et e e e e eeetb e e e aaeees A-231
HoSie FIashDoard Dam .........uuueii oot e e e e e e e e aeeees A-236

[ (oToTo l m{oT= o [ =14 o [0[RP A-239
Avansino Street Flashboard Dam...........couuuuiiiiiiiii e A-240

e T o= To [ =74 e (o= PP TR TSPPPPRIN A-243
Fine Road FIashboard Dam ... A-244
Highway 26 FIashDOard Dam .........coooeuuiuiiiiaiiieiii et e e e e aaeees A-248
Watkins LOW-flowW ROAA CrOSSING ... ...cciiiiiiiiiiiie ettt e e e e eenaa s A-250
EScalon Bellota Bridge ... ...couuueuiiieiiieiiiie ettt e e e a e e A-256
ST o] v YT | USSP A-257
Fish Ladder Optimal and Actual Operating ConditionS..............ueviiiiiiiiiiiiiineeeeeiiienn, A-257
Denil Application at Bellota WeIr..........coooiuiiiiiiieei e A-258
Appendix B. Data Sheets for Ranking .......coouuiiiiiiiiii e B-1
Bridges and Railroad CrOSSING ......ccuuuuuiiiiiiiiiiiiie ettt e e e e et e e e e e e eeaena s B-2
L1011V T o PR B-3
LOW-TIOW CrOSSINGS ... ceieeiiiiie ettt ettt ettt e e e e e e e ettt e e e e e e e ettt e e e e e eeeennnannns B-4
Permanent Dam @0 WEIE ........ooiiiieiiii ettt e e e e e et e e e e e e e eeaaa e as B-5
Seasonal FIashbDOard DamMS..........uuuuiiiiieiiii ettt e e e e e ettt e e e e e eeeeaaa e e e aaaeees B-6
Flashboard Dam BasSE ...........ii oottt e ettt e e e e s B-7
Appendix C. Details of Flow Duration AnalySes ...........ccoiiiiiiiiiiiiiiiiiieeceeeeeee e C-1
Calaveras River Upstream of BellOta .........couuuuiiiiiiiii e C-1
Calaveras River Downstream of the HeadWOrks .............eoiiiiiiiiiiiiiiiei e C-3
Mormon Slough Upstream of POtter Creek............iii i C-5
Stockton Diverting Canal and Mormon Slough Downstream of Potter Creek ............ccccceeeee. C-8
Appendix D. Hydraulic Model RESUILS ......covviueiiiieeee e D-1
FaLrgoTo (011 o] o H PSSP D-1
GOAIS ANA ODJECHIVES. .....uei ettt e e e e e e et etb e e e e e eeeasna e aaaaaeee D-2
Overview Of Hydraulic MOGEIS. .......u.. et e et aaaaeees D-2
Hydraulic Model CaliDration ..... ..ot e e e e s D-3
Criteria Used to Evaluate Structure PerformanCe ............oov oot D-4
Hydraulic MOl RESUILS ......... et e e e as D-5
Analysis Of StruCture PerfOrManCe.............oi oot eeeeaaas D-5
2004 MOAEIEA STTUCTUIES.... ..ttt e ettt e e e e e e e eebaa e e e e e eeeesann e aaaaaeees D-6
Central California Traction Railroad Bridge..........oovveeiiiiiiiiiieee e D-6

Budiselich FIashbDOArd DA .........couniiuiiiiii et e e e e e e e eaaas D-18

Xiii



Calaveras River Fish Migration Barriers Assessment Report Xiv

Caprini LOW-fIOW RO CrOSSING ....ccuuruuiiieiiiiiiiiiiae e ee ettt e e et eetii e e e e e e eeaaai e e e aaeeeesnnas D-29
Hogan LOW-TIOW ROGA CrOSSING ... .cciieeiiiiiiiieeeie ettt e et e e e e e eeeana e e eeaeees D-41
HoSie LOW-TIOW RO CrOSSING ... o eiiiiiiiiiiiii ettt e e e e eeeaaa e e e eaeees D-52
Watkins LOW-flow ROAA CrOSSING ... ...cceeuitiniiieiiiieiiii e ettt e et e e e e e eeeeaa e e eaeees D-63
Murphy FIaShDOArd Dam...........uiiiiiiiiiiiii ettt e e e et e e e e e eeaaa e e e eeaeees D-74
Clements Road FIashboard Dam ..., D-82
2005 MOdEIEd STIUCTUIES ... ..o D-93
Lavaggi FlashbDoard Dam ...........ooo it eaaeees D-93
Fujinaka LOW-fIOW RO CrOSSING ....ceeutttuiiieiiieiiiiae ettt e et e e e e eeeeb e e e e eeees D-104
Mormon Slough Railroad Bridge ...........ueeiiiiiiii e D-115
Piazza FIashDOArd DaM ...........uuuuuiiiiiiiiiiiiiiiiiiii s D-124
e T o= To I =74 o [0 =P TRPPPPPIN D-135
Gotelli Low-flow ROAA CrOSSING ....ccvvruuniieiiiiiiiii et e ettt e et e e e e eeeebi e e e e aeeeeeanas D-142
MCAIIEN RO BIIOQE - ettt e e e e e ettt e e e e e e eeeetna e e aaaaeees D-155
MCAIIEN FIashDOAIrd DA ........uuuuuuiiiiiiiiiiiiiiiiiieii s D-166
Cherryland FIashbDoard Dam .........couuuuiiiiiiiiiii e eeeeeeeanas D-178

Appendix E. Table of Structures with LOCAtiONS ..........ccooovviiiiiiiiiiiiiiiiiiieeeeeeeeeeee E-1



Calaveras River Fish Migration Barriers Assessment Report

Acronyms and Abbreviations

af

cfs

DFG
DO
DWR
ESU
FFC
FPIP
fps
HEC-RAS
NMFS
SEWD
USACE
USBR
USFWS

USGS

acre-feet

cubic feet per second

California Department of Fish and Game
dissolved oxygen

California Department of Water Resources
Evolutionarily Significant Unit

Fishery Foundation of California

Fish Passage Improvement Program

feet per second

Hydrologic Engineering Centers River Analysis System
National Marine Fisheries Service
Stockton East Water District

US Army Corps of Engineers

US Bureau of Reclamation

US Fish and Wildlife Service

US Geological Survey
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Metric Conversion Table

Multiply Metric Unit

To Convert to Metric

Quantity To Convert from Metric Unit To Customary Unit By Cuggi;;lulti ply
y Unit By
millimeters (mm) inches (in) 0.03937 254
Length centimeters (cm) for snow depth inches (in) 0.3937 254
meters (m) feet (ft) 3.2808 0.3048
kilometers (km) miles (mi) 0.62139 1.6093
square millimeters (mm?) square inches (in?) 0.00155 645.16
Area square meters (m?) square feet (ft) 10.764 0.092903
hectares (ha) acres (ac) 24710 0.40469
square kilometers (km?) square miles (mi?) 0.3861 2.590
liters (L) gallons (gal) 0.26417 3.7854
megaliters (ML) million gallons (10%) 0.26417 3.7854
Volume cubic meters (m°) cubic feet (ft) 35.315 0.028317
cubic meters (m®) cubic yards (yd®) 1.308 0.76455
cubic dekameters (dam®) acre-feet (ac-ft) 0.8107 1.2335
cubic meters per second (m®/s) cubic feet per second (ft¥/s) 35.315 0.028317
liters per minute (L/mn) gallons per minute (gal/mn) 0.26417 3.7854
Flow liters per day (L/day) gallons per day (gal/day) 0.26417 3.7854
megaliters per day (ML/day) million gallons per day (mgd) 0.26417 3.7854
cubic dekameters per day (dam®/day) acre-feet per day (ac-ft/day) 0.8107 1.2335
Mass kilograms (kg) pounds (Ibs) 2.2046 0.45359
megagrams (Mg) tons (short, 2,000 Ib.) 1.1023 0.90718
Veocity meters per second (m/s) feet per second (ft/s) 3.2808 0.3048
Power kilowatts (kW) horsepower (hp) 1.3405 0.746
Pressure kilopascals (kPa) pounds per square inch (psi) 0.14505 6.8948
kilopascals (kPa) feet head of water 0.32456 2,989
cszf\)s;:g![; liters per minute per meter drawdown gﬁgxgzvﬁ)/ﬁ minute per foot 0.08052 12.419
Concentration milligrams per liter (mg/L) parts per million (ppm) 1.0 1.0
Ecl)fg:j';?\l” ty microsiemens per centimeter (uS/cm) Eﬂgﬁc:;hcor:)pef centimeter 1.0 1.0
Temperature degrees Cesius (°C) degrees Fahrenheit (°F) (1.8X°C)+32 0.56(°F-32)
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