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NOTICE TO USERS OF THIS MANUAL

Regulations specify that this water control manual be published in loose-leaf form
and only those sections or parts thereof requiring changes will be revised and
printed. Therefore, this copy should be preserved in good condition so that

insertions can be made to keep the manual current.

REVISIONS TO MANUAL

As a continuing program, portions of this manual may occasionally be revised and

updated. Changes in the plan of operation or in the project development will be
reported. Whenever revisions are made, new pages containing the revised

material will be issued to holders of the manual.

WATER CONTROL ASSISTANCE PERSONNEL

In the event that unusual conditions arise during non-duty hours, contact can be
made by telephone to personnel of the Hydrology and Hydraulics Section, in the
order listed:

REDACTED CONTENT

For instructions in case of emergency situations at Mud Mountain Dam, refer to
Section 7.05e, Emergency Regulation Procedures.



LIST OF ACRONYMS & ABBREVIATIONS

CENWS Seattle District, U.S. Army Corps of Engineers

CSP Cooperative Streamgaging Program

DM Design Memorandum

DO Dissolved Oxygen

DOE Washington State Department of Ecology

ERS Environmental Resources Section

USFWS U. S. Fish and Wildlife Service

HHS Hydrology and Hydraulics Section

MMD Mud Mountain Dam

NRCS Natural Resources Conservation Service

NTU Nephelometric Turbidity Units

NWD Northwestern Division, U.S. Army Corps of Engineers
NWS National Weather Service

O&M Operation and Maintenance

PDF Project Design Flood

PMF Probable Maximum Flood

PSE Puget Sound Energy

QPF Quantitative Precipitation Forecast

RCC Reservoir Control Center

RFC River Forecast Center

RFS River Forecast Systems

RK River Kilometers

RM River Mile

SDF Spillway Design Flood

SPF Standard Project Flood

SSARR Streamflow Synthesis and Reservoir Regulation
USGS United States Geological Survey

WDFW Washington State Department of Fish and Wildlife



TABLE OF CONTENTS

Paragraph Page
TIHE PAgE oo page number not printed (i)
Mud Mountain Project Photograph.........c.ccccoeveinne. page number not printed (ii)
Mud Mountain Project Region Map ...........ccccuveneee. page number not printed (iii)
Notice to Users of This Manual ............cccooveiiiiiiiiiie e iv
REVISIONS 0 MANUAL .......cciiiiiiicec s 1\
Water control Assistance Personnel...........ccoocooveiiiiie i 1\
List of Acronyms & ADDIeVIations...........cccccveviiiiiieie e %
TabIE OF CONTENTS....c.eiiiiiiee e re e Vi
PERTINENT DATA . oottt sttt ens Xii
GENERAL ...ttt xii
REAL ESTATE ..ottt xii
HYDROLOGIC DATA ..ottt sttt xii
RESERVOIR ... e Xiii
EMBANKMENT ..ottt Xiii
SPILLWALY ettt bbb bbbt Xiii
INTAKE TOWER AND TUNNELS.......cccciiiir e Xiv
AIR SHAFT TOWER ...ttt XVi
ELEVATOR/STAIR TOWER.......c.coi ettt XVi
SECTION 1. INTRODUCTION......cciiiieiiie ettt 1-1
L1.01 AULNOTIEY «oeeiceee e 1-1
1.02 PUIPOSE ANG SCOPE ....veevienieitieiecie sttt 1-1
1.03 Related Manuals and REPOITS ..........cccorireriniiiciee e 1-1
1.04 ProjECt OWNET ....vecveiieieie ettt ettt re e ens 1-2
1.05 OpPerating AGENCY ......ccuiiiirieieieriesie sttt 1-2
1.06 Regulation and Operation Responsibility ............ccccocvvvveiiieieiicieeee, 1-2
SECTION 2. DESCRIPTION OF PROJECT .....ccoiiiiieeiene e 2-1
2.01 LOCAEION ..ottt sttt bbb 2-1
2.02 PUIPOSE ...ttt ettt ettt b e n e 2-1
2.03 Physical COMPONENTS..........coveiiieieciecie et 2-1

A DAM e 2-1

D, SPHIWAY ... 2-2

C. INtAKE STIUCTUIE ..o e 2-2

0. 9-FOOt TUNNEL.....ooiiiiiee s 2-2

€. 23-FOOL TUNNEL.....ooiiiiciiee e 2-3

f. Airshaft/Elevator TOWENS .......cccoooiiiiiiieee e 2-3

2.04 RESEIVOIT ..euiiieieiiteieseeee e ste e ste e te e st e ste e e sreesaeeseesneesteeneesreenseans 2-4
2.05 Fish Collection FaCHity........cccccveiiiiiieiicccee e 2-4

Vi



2.06 Real Estate ACQUISTTION.......ccveiiiieiieiisie et 2-5

2.07 PUDIIC FACIITIES.....c.eiiiieiece e 2-5
2.08 DeDriS CONLIOL.......cooiiiiiiie e 2-5
SECTION 3. HISTORY OF PROJECT .....coiiiiiieieeieee e 3-1
3.01 AULNOFIZALION ...t 3-1
3.02 PIaNNING ...oeieieciiee et 3-1
303 DBSION .ttt reere e 3-1
3.04 CONSLIUCTION .....eevieiieitieie e sre e re e e 3-2
3.05 RelAted PrOJECES ...ttt 3-4
a. WhIte RIVEI PrOJECL.......ccviiieiieie e 3-4

(1) DIVersion Dam .......cceoiiieiieriieiesiesie e 3-4

() I LI I o o LSS 3-5

(3) DIeringer Plant ..........coeveieiiiiiireceee s 3-5

D. LEVEE SYSIEIM ...cviiiicii ettt 3-6

C. Federal ProJECE ........ccooiiiiiiiece e 3-6

3.06 Modification of the Water Control Plan ............c.cccceovive i, 3-6
SECTION 4. WATERSHED CHARACTERISTICS.......cccccoiiiiiiieen, 4-1
4.01 General CharaCteriStiCS ........ccvveiiiiieiiieii s 4-1
4,02 TOPOGIAPNY ..cvvieiiiieieieeee e 4-2
4.03 Geology and SOIIS.......cccieiiiieieee e 4-3
Q. GROIOGY .. 4-3

D, SOUIS. .. e 4-5
4,04 SEAIMENT ... sre et e e e eneeeneenreas 4-5
4,05 CHMALE....ciiiieiiece ettt ste e re e e e e e e ere s 4-6
Q. GBNEIAL ..o s 4-6

D. TEMPEIALUIE .....ovieiece et 4-7

C. PreCIPItAtION ....coviiiiiiiiieicieee s 4-7

. SNOWTAIL ... e 4-9

€. EVAPOIatioN ......oviiiii e 4-9

T WING s 4-9

O LCC e 4-9
LG (0] 41 PSPPI 4-11
4.07 RUNOTT CharaCteriStiCs .........covvuieieereeieseese e see e 4-15
4.08 Channel and Floodway CharacteristicCs...........c.ccceviviiieieeresicieeiee 4-16
0 I o [0 o USSR 4-19
4.10 Water QUAlITY ........ccoiiiiieie e 4-22
4.11 Fish and WildIife..........ccooveiiiie e, 4-22
A FISN e ————— 4-22

B, WIIAITE e 4-23

4.12 DOWNSEIream STTUCTUIES.......ccivieeiiiee et siree e e 4-23

vii



4,13 ECONOMIC DAA......cci ettt e e e e e e e e 4-23

A, POPUIALION ... 4-23

D, AGEICUITUIE ... e 4-23

Co INAUSEIY oo 4-24

d. FIOOd DamMAageS .....ceeiveeiieiiieriecieie e 4-24
SECTION 5. HYDROMETEROLOGICAL DATA AND

COMMUNICATIONS ..ottt 5-1

5.01 Hydrometeorological Data Facilities............c.ccoovieienenenininicieen, 5-1

a. Meteorological Stations .........cccccveveeiieeri i 5-1

b. Streamgaging StatioNS ..........cccoriiiiiiiniieeee e 5-1

5.02 Project Hydromet NetWOrK ..........c.ccoveviiieiiiiecc e 5-1

5.03 Communications NEtWOIK ..........ccoiiereiieiieii e 5-5

5.04 MaINTENANCE ......eeviirieieiieitesie ettt bbbt 5-5

SECTION 6. FORECASTING ....occiiiiiiieie ettt 6-1

B.01 GENEIAL.....ccuiiiiiiiiieieie e 6-1

N0 o ToTo Lol o] <o ] £ S PRTPR 6-1

A, REQUITEMENTS. .. .ociiciiccieee e 6-1

D, MELNOGS. ... 6-2

SECTION 7. WATER CONTROL PLAN ....ocoiiiiicieieiesese e 7-1

7.01 General ODJECLIVES.........cciiiieiiiieieie e 7-1

7.02 Operating CONSLrAINTS .........ccceeiieieiieiecie e 7-1

Q. GBNEIAL ..o s 7-1

D, 9-FOOt TUNNEL.....coiiiiiieeee e 7-1

C. 23-FOOL TUNNEL ..o e 7-2

7.03 RAMP RAte CrtEIIA ..ocvveveeiecieeciece et 7-3

7.04 Flood Control RegUIALION ........ccociiiiiiiiiiieeeeee e 7-4

A GBNEIAL ..o 7-4

b. White River Discharge LImitS........ccccoviiiiiiiiienccsesceeeee, 7-4

c. Lower Puyallup River Flood Control ............cccccceovieviiieiicieee 7-5

d. Evacuation Of STOrage........ccccoeierieniniiiniieeeeeee e 7-5

e. Flood Debris Management...........cccoveveiieeieeieciie e 7-5

7.05 Standing Instructions to Dam Tenders..........ccceovverenenenenesesieeenns 7-6

Q. GBNEIAL ..o s 7-6

b. Normal Operating ProCedures...........ccoiiririeieienene e, 7-6

c. Weekend and Special Coordination............ccceveeviieiieiiieiie e, 7-6

d. FIOOd OPErations.......c..coiiiiiieiiieiiesie e 7-7

e. Emergency Operating Procedures..........cocovvvevieiiieenieiieesie e 7-7

7.06 Fish and Wildlife..........ccooiiiiiiecccece e 7-8

viii



SECTION 8. EFFECTS OF WATER CONTROL PLAN.......cccviiiiiiiinns 8-1

801 GENEIAL......iiiieiiei e 8-1
8.02 FIOOU CONLIOL....oviieiiiiiiiie e 8-1
a. Spillway Design FI00d (SDF).......ccoiiiiiiiiieiiee e 8-1

() T 1151 o) Y 2SS 8-1

(2) The 1986 SDF .....ccvcieieiiie et 8-1

b. Standard Project FIood (SPF) ......ccccvoiiiiieiiiecee e 8-1

. Project Design FI0d (PDF)......cccooviieiiiieiieniiee e 8-1

d. Flood of Record, February 1996..........ccccovvvevviieiieeneee e 8-2

8.03 RECIEALION ...ttt sttt e e 8-3
8.04 Water QUAIILY ........ccooiieieeie e 8-3
8.05 Fish and WIldIIfe..........ccviieiieiiec e 8-4
B.06 FIEOUENCIES ...c.veeveeeiiiieeteeie st ste ettt este ettt steeae e e sreesre e e sreenre e 8-4
SECTION 9. ORGANIZATION AND COORDINATION FOR RESERVOIR
REGULATION ...t 9-1

9.01 General ODJECLIVE .......cceiiiiiiiiieiee e 9-1
9.02 U.S. Army Corps Of ENQINEEIS ......ccovevueeieiieiieie e 9-1
9.03 Interagency CoOrdiNALION. ..........coiveverieriieriesieeeeee e 9-1
a. U.S. GeologiCal SUIVEY ........ccceviiieieeie et 9-2

b. National Weather SEIVICE ........ccovviiieiiiiiiieeee e 9-2

c. U.S. Fish and Wildlife Service (USFWS).......cccocvieiviieiiicincee 9-3

d. Washington State Department of Fish and Wildlife (WSFW) ........ 9-3

e. Washington State Department of Ecology (DOE) .........c.cccccvuvennenne. 9-3

f. Muckleshoot and Puyallup Indian Tribes..........cccocvviiiniiiiiinnn, 9-4

0. Puget SOUNd ENEIgY.....ccoviieiieieccse e 9-4

N, KNG COUNTY ..ottt e 9-4

1. PIErCe COUNY......ocviiieiiicie e 9-5



TABLES

Numbers Page
2-1  Reservoir Contents in ACre-Feet........ccccvviiiiiiiniieie e T2-1,13
2-2  Reservoir Contents in Hectare-Meters..........ccoovvenenennnieiienienen, T2-15,18
4-1  Area EIevation Data........cccoceeiiiiiiiiiiie e s 4-3
4-2.1 Normal Monthly Temperatures, Degrees CelSius...........cccocvrvververivrennne. 4-8
4-2.2  Normal Monthly Temperatures, Degrees Fahrenheit ............ccccccooveeenee. 4-8
4-3.1 Normal Monthly Precipitation, Millimeters ............cccocvvvevieiieiieiieenns 4-10
4-3.2 Normal Monthly Precipitation, INChes...........ccccooiiiiiininniieienenees 4-10
4-4  Average Evaporation, Puyallup 2W .........ccccoeiiiiiiiieiece e 4-11
4-5.1  Storm Precipitation, MM .......cccoiiiiiiiie e 4-12
4-5.2  Storm Precipitation, INCRES ........c.ccceiiiii i 4-13
4-6.1 Mean Monthly DiScharge, M3/S .........ccoeeveeeieeeeeeeeseeeese e, 4-17
4-6.2 Mean Monthly Discharge, CfS.......cccviveiiiiiiiiee e 4-18
4-7.1 Flood Peaks Puyallup River at Puyallup, M/s........ccccoevevirnrirrnnenane. 4-20
4-7.2 Flood Peaks Puyallup River at Puyallup, cfS.......c.ccccooovviiiieiiiecie, 4-21
4-8  POPUIALION ...t e 4-24
5-1  Meteorological StationS ...........cccevveiieiiieiieie e 5-3
5-2  Stream Gaging StatiONS...........ccceeverienieniieie e 5-4
7-1  Minimum Gate Openings, 23-food Tunnel Gates..........c..cccoevevvevvervennns 7-3
7-2  Down RampPing LIMITS.......ccooiiiiiriiieiieiieie e 7-4
CHARTS
Number Page
2-1  Spillway Rating CUIVE.........ccvcieiiecie e C2-1
2-2  Rating Curve, 9 Ft Tunnel, (Gate R3)......cccccrviiiiiinieniecee e C2-2,3
2-3  Low Head Rating Curve, 9-Ft Tunnel, (Gate R3) .........cccecvevvvierirennenn C2-4
2-4  Rating Curve, 23 Ft Tunnel, (Gate R1).......cccccceveeienienieiesie e C2-5,6
2-5  Low Head Rating Curve, 23-Ft Tunnel (Gate R1) ........cccecvevvvverirennenn C2-7
2-6  Rating Curve. 23-Ft Tunnel (Gate R2) .......cccovveeiinienieiee e C2-8,9
2-7  Low Head Rating Curve, 23-Ft Tunnel (Gate R2) .......ccccccevevevvervennne C2-10
7-1  Discharge Regulation Schedule...........ccooeiiiiiiiiiniiee e C7-1
PLATES
Number Page
2-1  BaSINIMAD ..t P2-1
2-2  Dam Area Location Map .......ccccceviriinieiieiieie e pP2-2
2-3  Mud Mountain Dam Cutoff Wall Section ..........ccccoocvvviiiiiinininnen P2-3
2-4  Embankment SECHION .......cccoiiiiiiiiieiie s P2-4,5
2-5  Spillway Modification, Plan and Profile.............ccccoeviiieiiice e, P2-6
2-6  Trash Rack Tower, EIeVAtIONS.........ccooiiieiiiienienieeie e p2-7
2-7  Gate Operations Structure Key Plan and ISOMetrics..........ccccevverivennene. P2-8
2-8  Gate Operations Structure PIans ..........cccoceiieiiinninieseeneee e P2-9
2-9  Gate Chamber, 9-Ft Conduit Gate Chamber, Plan and Section I ........ P2-10



2-10  Tunnel Transition, General Plan ... P2-11
2-11 Gate Chamber 23-Ft Conduit #1 Gate Chambers, Plan and Section I.P2-12
2-12  Gate Chamber 23-Ft Conduit #2 Gate Chambers, Plan and Section...P2-13
3-1  General Plan PSE Dam and DIVErSION.........ccccovieirieienene e P3-1
3-2  Food Control Channel, Tacoma, Puyallup River, Wash....................... P3-2
4-1  Basin Map and River Profile..........cccccoviiiiiiiii e P4-1
4-2  Reservoir Contour Map and Area Vs. Elevation ..........c.cccoceveneinennns P4-2
4-3  Hydrologic Station Map........ccceeeiieiieie e P4-3
4-4  Drainage Basin Normal Annual Precipitation .............ccoccovvevinenieennns P4-4
4-5  Summary Hydrograph, White River Near Buckley...........ccccccvevvvivennnns P4-5
4-6  Summary Hydrograph, Puyallup River at Puyallup ...........cccccoeoeniennees P4-6
4-7  Daily Discharge Hydrographs, Puyallup River near Orting................ P4-7,9
4-8  Daily Discharge Hydrographs, Carbon River near Fairfax ............ P4-10,12
4-9  Daily Discharge Hydrographs, White River Near Buckley............ P4-13,15
4-10 Daily Discharge Hydrographs, Puyallup River at Puyallup ........... P4-16,19
4-11 Inflow to Mud Mountain Dam, Max. Annual Discharge Freq. ........... P4.20
4-12  Outflow from Mud Mountain Dam, Max Annual Discharge Freq......P4-21
4-13  Reservoir Stage, Mud Mountain Dam, Max Annual Freq................... P4-22
4-14  Local Inflow, Mud Mountain to Puyallup Gage, Max. Ann. Freq. .....P4-23
4-15 Puyallup at Alderton, MaxX. ANN. FIeQ .....ccovvvevviieeseeresieseese e P4-24
4-16  Puyallup at Puyallup, Natural & Regulated, Max. Annual Freqg. ....... P4-25
5-1  Hydrometeorological Stations ..........ccccevvveiveieiiese e P5-1
8-1  Spillway Design Flood Hydrograph ............cccccvvenieienencnnseeee P8-1,2
8-2  December 1933 Flood Hydrograph ...........cccceeeveeiieieiiese e P8-3
8-3  Project Design Flood Hydrograph ...........cccceeeiieienienieencne e P8-4,5
8-4  Discharge Hydrographs, February 1996.........c..cccocvvvvniienviicinennene P8-6,7
EXHIBITS
Number Page
1-1  CENPD Regulation 1165-2-2 .......ccccceiiieienineieseseseeiesiesie e E1-1-1,18
1-2  Design Memoranda and Related REPOItS .......ccccceevvevvevvciievieenenne, E1-2-15
3-1  Memorandum of Agreement with PSP&L .........cccccoccvvviniiieninnn E3-1-14
7-1  Routine and Emergency Telephone Directory.........cccecvevvvvenenne. E7-1-1,2
9-1  Telephone Notification List for Emergency Events .............cccoceenee. E9-1-1
9-2  CENWS Organizational Chart...........ccccoevveveiiiiienieneene e E9-2-1,2
9-3  Chapter 173-510 WAL ..o E9-3-1,3

Xi



MUD MOUNTAIN DAM

PERTINENT DATA

GENERAL

Federal Identification Number WAO00300
Owner/Operator Corps of Engineers, Seattle District
Date Constructed 1939-1942 and 1947-1948

Purpose
Downstream Hazard Potential
Size Classification

Flood Control

Category 1 (High)

Large

County King-Pierce Border
State Washington
Tributary White
River Basin Puyallup
Distances River Km River Mile
Above Mouth of White River 47.6 29.6
Above Mouth of Puyallup River 64.3 40
From Enumclaw, WA 11.2 7
(nearest post office, population 11,116)
From Tacoma, WA 64.3 40
(nearest principal city, population 193,556)
REAL ESTATE
Hectares Acres

Owned in Fee 754.08 1,863.33
By Easement 22.94 56.69
Leased 1.41 3.48
Total Real Estate 778.43 1,923.50
Reservoir Guide Taking Elev. 385.5 meters 1,265 feet
HYDROLOGIC DATA
Drainage Area 1,036 km? 400 sg. mi.
Average Annual Discharge at USGS Streamgage

White River near Buckley (Oct 1929-

Nov 1933, Oct 1938-Sept 1992) 40.46 m*/s 1,429 cfs
Runoff, Mean Annual over 400 sg. mi. basin 1,229.1 mm 48.39 in
Runoff, Mean Annual 127,615.5ha-m 1,035,000 AF
Peak Discharge, Historical, Estimated Dec 1933 792.4 m®/s 28,000 cfs
Peak Discharge, Recorded Feb 26, 1932 481.1 m%/s 17,000 cfs
Peak Discharge, deregulated, Feb 1996 837.0 m*/s 29,560 cfs
Flood Regulation Control Station, Feb 1996

Puyallup River at Puyallup Peak Discharge,

Deregulated, Estimated 2152.1 m*/s 76,000 cfs
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RESERVOIR

Elevation Pool Area Pool Capacity Project
Meters Hectares Hectare-meters Discharge
(Feet) (Acres) (Acre-Feet) Capacity
Meters*/Sec
(cfs)
Empty Pool 272.79 0 0 0
(Lowest Outlet (895) 0) 0) 0)
Elevation)
Top of Flood 370.33 392.55 13,109.1 750.5
Control (1215) (970) (106,275) 26,500
(Spillway
Crest)
Spillway 381.67 530.15 18,218.9 6,938.4
Design Flood (1252.2) (1,310) (147,700) (245,000)
Pool
Top of Dam 383.13 535.82 18,968.3 | Not Applicable
(1,257) 1,324 (153,775)
Reservoir Length, elev. 1215 feet 8.8 km 5.5miles
EMBANKMENT
Type Rockfill (concrete cutoff wall in earth core)
Structural Height 131.67m 432 feet
Crest Elevation 383.13m 1,257 feet
Crest Length 246.88 m 810 feet
Width: at Base 487.68 m 1,600 feet
at Crest 7.77m 25.5 feet
Design Freeboard 1.46 m 4.8 feet
Cutoff Wall: Length 246.27 m 808 feet
Height 122.71m 402.6 feet
Width 1.06 m 3.5 feet
SPILLWAY
Location Right abutment
Type Uncontrolled chute
Length 365.76 m 1,200 feet
Crest Elevation 370.33m 1,215 feet
Width 96.01 m 315 feet
Walls (average height) 7.31m 24 feet
Design Capacity 6,933.5 m®/s 245,000 cfs
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INTAKE TOWER AND TUNNELS

L ow-flow Entrance Structure
Left Half.

Invert
Trash Rack (three cross beams)

Net Opening
Right Half

Invert
Trash Rack (two cross beams)

Net Opening

Splitter Pier
Stop Logs, one

one

one

Trashrack Tower

Type
Diameter
Height
Vertical Columns, 36 trapezoidal

Compression Rings, 12

Deck, Concrete girders
Grating, bearing bars
Guard rail, concrete barrier

Vehicle Bridge, concrete deck over
4 prestressed girders

17.6 m high x 6.7 m wide
58 feet x 22 feet

272.7m 895 feet

1.2 m high x 1.2 m deep
4 feet x 4 feet

65.50 m* 705 ft?

12.9 m high x 6.7 m wide
42.5 feet x 22 feet

277.5m  910.5 feet

1.2 m high x 1.2 m deep

4 feet x 4 feet

1.83 m wide x 21. 90 m deep
6 feet x 69.21 feet

9.1 m high x 7.6 m wide
30 feet x 25 feet

4.5 m high x 7.6 m wide
15 feet x 25 feet

9.1 m high x 5.8 m wide
30 feet x 19.33 feet

Cylindrical, free standing

16.4m 54 feet

42.6m 140 feet

0.9 m deep x 0.51 m outer width
3 feet x 1.67 feet
0.36 m inner width,  1.67 feet
0.76 m high x 0.91 m deep

2.5 feet x 3 feet

0.36 m wide x 2.59 m deep

1.17 feet x 8.5 feet

1.22 m x 0.11m at 0.36 m on center
48 inx 4.33inat 14.17 in on center
1.06m high 3.5 feet

5.4 mwide 18 feet
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9-foot Tunnel, R3
Location

Type

Length

Control

Invert Elevation
Capacity
At pool elevation 370.33 m
Elevation 1215 feet
Emergency Closure

23-food Tunnd

Location

Type

Exit

Control

Length

Gates, radial, each entrance

Entrance R1 invert

Entrance R2 invert
Total Capacity, R1 + R2

At spillway crest

Maximum discharge

(during flood control regulation)

Emergency Closure

Tunnel exit

Right Bank

Concrete, horseshoe

516.33 m 1,694 feet

6.7 mradius, 2.74 m

22 feet radius, 9 feet

2.74 m radial gate, 9 foot radial gate
272.79 m 895 feet

130.23 m¥sec 4,600 cfs
Hydraulically operated roller gate

Right bank

Concrete, circular

Flip bucket

Two separate entrance conduits
533.4m 1,750 feet

7.9m radius, 2.13 m wide

26 foot radius, 7 feet wide
3.5mhigh 11.5 feet high
281.9m 925 feet

277.5m 910 feet

597.18 m¥sec 21,090 cfs
367.9 m%sec 13,000 cfs
Hydraulically operated roller

gate each entrance
Flip bucket
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AIR SHAFT TOWER

Type

Height
Between elevations

Air shafts
23-foot conduit No. 1
23-foot conduit No. 2
9-foot conduit

Stair Shaft
between elevations

Pedestrian Bridge
Elevation
Width
Length

ELEVATOR/STAIR TOWER

Type
Height
Between elevations
Elevator Shaft
Stair Shaft
Utility Shaft

Crossover Bridge to Air Shaft Tower
Elevation

Rectangular, free Standing
6.7mx5.18m

22 feet x 17 feet

86.56 m 284 feet
297.48 m and 384 m

976 feet and 1260 feet

2.13mx 1.83m 7 feet x 6 feet
2.13mx1.83m 7 feet x 6 feet
variable from 1.83 m x 1.52 m

6 feet x 5 feet to

2.74mx152m

9 feet x 5 feet
34mx 2.13m 10 feet x 7 feet
329.7 mto 384 m

1082 feet to 1260 feet

384.04m 1260 feet
243 m 8 feet
79.24 m 260 feet

Rectangular, free standing
6.65m x 5.66 m

21.83 feet x 18.58 feet
46.48 m 152.5 feet
297.48 m and 343.81 m
976 feet and 1128.5 feet
2.54mby2.43m

8.33 feet x 8 feet
213mx4.44m

7 feet x 14.58 feet
254mx1.7m

8.33 feet x 5.58 feet

329.18 m 1080 feet
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MUD MOUNTAIN DAM
WATER CONTROL MANUAL

SECTION 1. INTRODUCTION

1.01 Authority. This manual is prepared in accordance with the following
regulations:

ER 1110-2-240, Water Control Management, paragraph 7, dated 8 October 1982,
which assigns to District Engineers the responsibility for development of plans
and manuals for operation of reservoirs.

EM 1110-2-3600, Management of Water Control Systems, dated 30 November
1987, which provides technical guidance on management and operation of water
control systems and general guidance on content of Water Control Manuas
(WCM).

ER 1110-2-8156, Preparation of Water Control Manuals, dated 31 August 1995,
which provides specification on WCM content and format.

ER 1110-1-4, Metric Measurements in USACE Publication Media, dated 31
March 1994.

Seattle District (CENWS) is delegated primary responsibility for regulation of
Mud Mountain project by NPDR 1165-2-2, "Water Resources Policies and
Authorities, WATER MANAGEMENT RESPONSIBILITIES", dated 2 January
1990, exhibit 1-1.

1.02 Purpose and Scope. This manual serves as a reference source for higher

authority and as a guidance manua for U.S. Army Corps of Engineers (Corps)
staff involved in real-time operation and regulation of the Mud Mountain Dam
(MMD) project. The manual describes the river basins, project features, data
collection facilities, forecasting procedures, reservoir regulation plans, and the

effects of regulation.

1.03 Related Manuas and Reports. A list of published design memoranda
(DM) for the Project and pertinent reports are listed in exhibit 1-2.
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1.04 Project Owner. The owner is the U.S Army Corps of Engineers, an

agency of the U.S. Government.

1.05 Operating Agency. The U.S. Army Corps of Engineers, Seattle District

operates Mud Mountain Dam project under the general supervision of the Corps
Northwestern Division (NWD) office. Prior to 1997, NWD and CENWS were
known as North Pacific Division (NPD) and Sesttle District (NPS). Normally,
the project is attended on a 5-day week basis, from Monday through Friday, 8
hours aday. Under specific abnormal or emergency conditions as defined in the
in paragraph 7.05 of this manual, the project will be attended as conditions dictate
and/or as directed by the appropriate authority. The project office is located at
Mud Mountain Dam, telephone 360-825-3211 or 206-764-3717.

1.06 Reqgulation and Operation Responsibility. As owner and operator of the

project, the Corps is responsible for its regulation. The CENWS Hydrology and
Hydraulics Section (HHS) of Engineering Division forecasts and regulates flows
at Mud Mountain Dam. During floods, weather and river information is provided
by the National Weather Service (NWS) River Forecast Center (RFC). HHS is
located in the CENWS Office, 4735 East Margind Way South, Sesttle,
Washington (telephone 206-764-3584). Direct correspondence may be addressed

to:

Department of the Army, Sesttle District
ATTN: Hydrology and Hydraulics Section
Post Office Box 3755

Sesattle, WA 98124-3755
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SECTION 2. DESCRIPTION OF PROJECT

2.01 Location. The Mud Mountain project is located on the White River in
Section 17, T19N, R7E, W.M. on the boundary between King and Pierce
Counties, Washington. The axis of the dam is River Kilometer (RK) 47.6 (29.6
river miles (RM)) above the confluence of the White and Puyallup Rivers and
64.3 RK (40 RM) above the mouth of the Puyallup River at the city of Tacoma
(Tacoma). The dam is approximately 72 Kilometers (km) (45 road miles)
southeast of the city of Seattle (Seattle), 64 km (40 road miles) easterly of
Tacoma, and 12.8 km (8 road miles) southeast of the town of Enumclaw. A basin

map is shown on plate 2-1 and a dam area location map is shown on plate 2-2.

2.02 Purpose. The MMD is single purpose project providing flood control for
the lower White and Puyallup River valleys.

REDACTED CONTENT
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2.06 Real Estate Acquisition. The Government currently has real estate
interests in 778.4 hectares (ha) (1,923.46 acres) for the Project. Of this total,
754.08 ha (1,863.33 acres) were acquired in fee; 0.004 ha (0.01 acre) by license,
0.02 ha (0.05 acre) by permit; 22.9 ha (56.69 acres) by easement; and 1.4 ha (3.48

acres) by lease. The easements were acquired for road right-of-way, telephone,

utility line, radio transmitter site, cable line, and storage area. The leased areas
were acquired for piezometer sites, weir sites, joint use road right-of-way, and
radio relay site. The guide taking line for the Project was at elevation 385.5 m

(1265 feet) and the Corps acquired all real estate.

2.07 Public Facilities. The public recreation facilities include: a playground

with play equipment; two large, six-table picnic shelters with barbecues, tap
water, and 110-volt electric outlet; numerous single table picnic shelters, several
double table picnic shelters, with barbecues; two restroom buildings; bicycle
parking racks; vista points with paved parking lots; a 5.6 km (3.5-mile) rim trail,

several interpretive signs; and a wading pool.

2.08 Debris Control. The debris transported into the reservoir consists of both

drift (including whole trees, logs, stumps, roots, and other miscellaneous forest
trash) and river bedload or sediment (composed of silt, sand, gravel, and small
boulders). During high water, large pieces of submerged drift lodge against the
intake structure. A lower debris basin, located on the right bank upstream from
the lower boom, is used mainly as a holding area for drift collected by the work
boats. The upper debris basin, also on the right bank, is upstream and is used as
the main disposal area for all drift collected in the reservoir. Several thousand
feet of sweep and sack booms are maintained in the two basins for collecting and
storing drift intercepted by the stationary booms.

During high water, two power vessels are employed to collect the drift and tow it

to storage positions over the debris basins. After the flood season, all floatable
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debris is collected and towed to the upper debris basin for disposal or beneficial
uses. Longer unsalvageable drift is cut to workable lengths by portable chain
saws. Salvageable drift for booms, fireplace wood, habitat logs, and other project
use is removed and the remainder is ricked into piles and burned. Debris will be
removed from the intake structure trashracks by a land-based hydraulic excavator,
with access at the 285.0 m and 292.6 m elevations (935- and 960-foot). Debris
removed from the trashracks will be disposed of in the upper debris basin. River
bedload or sediment deposited in the reservoir while the pool is high is eroded and

passed through the outlets by the river flow when the pool is evacuated
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SECTION 3. HISTORY OF PROJECT

3.01 Authorization. Mud Mountain project was authorized as Mud Mountain
Reservoir by the Flood Control Act of 22 June 1936, 74th Congress, 2d Session.
The Flood Control Act of 1938 provided for operation and maintenance (O&M)
of the project by the Corps and the Flood Control Act of 1944 authorized
construction and O&M of recreational facilities.

3.02 Planning. The proposal for a flood control dam in the vicinity of Mud
Mountain was initiated in 1933 by the Inter-County River Improvement
Commission. This organization, created by King and Pierce Counties under an
enabling act passed by the Washington State (State) Legislature in 1913, was
charged with providing for the control of floodwaters of the Puyallup River and
its tributaries. The investigations of the Commission included the making of a
topographic survey of the proposed reservoir and of a geological report based on
surface evidence later supplemented and confirmed by the drilling of seven
diamond-drill holes. The District Engineer, CENWS, in his report on a review of
House Document No. 154, 72nd Congress, 1st Session, a survey report on
Puyallup River, Washington, with a view to control of its floods, recommended a
dam of the same height and type as that proposed by the Commission but with
structural details and regulating works as designed by CENWS. This review

report formed the basis for the authorization of the project by the Congress.

3.03 Design. Based upon the earlier geological report, which pronounced the
rock at the dam site to be a hard, unfissured andesite rising above elevation 387 m
(1270 feet), an arch dam design was recommended by the Commission and
accepted by CENWS. In the summer of 1936 it was decided that NWD should
design the dam and appurtenant works. Many different types of dams were
tentatively designed, analyzed, and discussed with a number of nationally known
consulting engineers. Design in all cases proved very difficult because of the

geological peculiarities of the site.  Various structural alternatives were
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considered including an arch dam, straight gravity dam, gravity thrust dam, rock
fill dam with earth core, and rolled fill dam. The Office, Chief of Engineers made
the final decision for a rolled earth core dam with dumped quarry rock shell

Zones.

The discharge of water from the reservoir for normal low flow was designed to be
through a 9-foot horseshoe tunnel with higher flows to be passed by a 23-foot
circular tunnel. An overflow spillway was designed for the right abutment. The
designs of the 23-foot tunnel and the spillway were studied by means of tests
performed on 1-to-25 and 1-to-50 scale models respectively at the Bonneville
Hydraulic Laboratory, Bonneville, Oregon. As a result of these tests,
modifications were made to both designs.

3.04 Construction. In 1937 the Corps built a camp at the dam site to use during
the detailed survey and exploration work and which then served to house the
government inspection and supervisory force during construction. Before
awarding a contract, the Corps also built more than 3.2 km (2 miles) of surfaced
access road from the state highway to the dam site and cleared approximately 18.2
ha (45 acres) of heavily wooded land to expedite construction. On 21 July 1939,
CENWS formally advertised for bids on construction of the project. Bids were
opened on August 21 and the contract was awarded to the Guy F. Atkinson

Company of San Francisco, California, on 25 August 1939.

River diversion through the 23-foot tunnel was accomplished on 1 September
1940 and the embankment was placed during the period March to December
1941. As a result of restrictions imposed on civil works construction because of
World War 11, work under the original contract was halted on 27 July 1942, with
the project as originally designed complete with the major exceptions of the three
steel penstocks, steel lining, and Howell-Bunger valves in the downstream end of
the 23-foot tunnel, and the removal of the existing radial gate from the 9-foot

tunnel, installation of a new radial gate and hydraulic operating mechanism with
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construction of a pump house to protect the mechanism. Construction was
resumed in 1947 and installation of the penstocks, valves, and valve house was

completed in 1948.

Sometime between 18 May and 30 June 1948, the original radial gate in the 9-foot
tunnel was destroyed and washed downstream. The reason for the gate failure has
never been fully established but is believed to have had its origin in inadequate
venting and the effect of water flowing through the gate hoist shaft and dropping
on the gate. A severe flood occurred in December 1946 in which the gatehouse
was completely submerged with the gate at 2/3 opening. The situation was
repeated in 1948, resulting in loss of the gate. A new radial gate was installed in
1953, together with an improved venting system extending above maximum pool.
The gate hoist shaft was sealed against reservoir inflow and a modified entrance

throat curvature provided for the 9-foot tunnel.

Major modifications to the project have been made based upon an evaluation
under the CENWS Dam Safety Program. Design work for these changes was
completed in the late 1980s. The principal construction work was completed
during the period 1990 through 1995. These modifications consisted of:

a. Construction of a concrete cutoff wall in the dam core extending from
elevation 378 m (1,240 feet) to 4.6 m (15 feet) into bedrock. From elevation 378
m (1,240 feet) to elevation 382 m (1,253 feet) a cast-in-place concrete wall was
doweled and placed on top of the cutoff wall. This was filled over with soil and
gravel to form the new top of dam at elevation 383 m (1,257 feet). Work was

completed in 1990.
b. Raising the spillway chute walls 2.7 m (9 feet) vertically, parallel to the
existing slope, to increase the discharge capacity to safely pass the spillway

design flood. This work was completed in 1992.

c. Replacing the original 9-foot and 23-foot tunnel intake towers with a
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single intake tower containing an entrance to the 9-foot tunnel and dual entrances
to the 23-foot tunnel. Vehicle access is provided at both the 292 m and 335 m
(960 and 1,100 foot) elevations and pedestrian access across a bridge at elevation
384 m (1,260 feet). New tunnel sections were required to connect the new intakes
with the existing tunnels. The Howell-Bunger valves were removed from the 23-
foot tunnel exit, the exit structure modified, and a training wall erected to direct

flow into the downstream channel. This work was completed in 1995.

The original fish ladder at the PSE diversion dam, approximately 8 km (5 miles)
below the MMD, was reconstructed and adapted to form a temporary trap to
collect anadromous fish during the construction period. The fish were then
hauled by truck around the dam site and released back into the river. The original
project design called for a fish trap to be located near the 9-foot tunnel outlet,
from which the fish would be hauled over the dam on a tramway. Because of
economic considerations and the objections of the State Department of Fisheries,
this plan was abandoned in the early stages of construction. Construction of a
new and permanent fish trap at the diversion dam was completed in February
1949.

3.05 Related Projects.
a. White River Project. This project, owned and operated by PSE,

consists primarily of a diversion dam and headworks, a reservoir named Lake
Tapps, and a hydropower facility known as the Dieringer Plant. Coordination
between the Corps and PSE is required during the summer to protect downstream
river users and during higher flood season flows for the management of lows
carrying high sediment and bedloads and regulation that may be required to
reinstall flashboards if washed out. A Memorandum of Agreement between the
Corps and PSE is presented as exhibit 3-1.

(1). Diversion Dam. The diversion dam is located at RK 39 (RM
24.25) in the city of Buckley. Itis a 3.3 m (11-foot) high structure consisting of a

concrete and rock-filled crib structure 107.2 m by 1.2 m (352 feet long and 4 feet



high), topped with 2.1 m (7-foot) high flashboards. These flashboards, some
wooden and some steel, normally raise the forebay elevation to 204.5 m (671
feet). The concrete intake of the headworks include two stoney gates, each 3.9 m
by 4.7 m (13 feet high by 15.5 feet wide) separated by a concrete pier. The
headworks have a hydraulic capacity of about 56.6 m*/s (2,000 cfs) which is the
existing water right. Most river flows which are in excess of the minimum flow
release required to maintain a minimum mean daily flow of 3.6 m*/s (130 cfs) at
the Muckleshoot Reservation, the diversion dam, but less than the hydraulic
capacity, are diverted into Lake Tapps through a series of flumes, tunnels, canals,
and five settling basins. River flows in excess of the hydraulic capacity pass over
the diversion dam to continue down the White River. A general plan of PSE dam

and diversion is shown on plate 3-1.

(2) Lake Tapps. Lake Tapps, the reservoir for the project, is
approximately 7.2 km long by 4 km wide (4.5 miles by 2.5 miles). The lake
originally consisted of several smaller natural lakes. By constructing earthen
dikes totaling 4 km (2.5 miles) in length, the water level was raised 10.6 m (35
feet) above the original elevation creating a reservoir having a surface area of
approximately 1,092 ha (2,700 acres) and an active storage capacity of
approximately 5,758 ha-m (46,700 acre-feet) at normal maximum pool elevation
of 165.5 m (543 feet). The normal minimum pool elevation is 156.9 m (515 feet).

(3). Dieringer Plant. A concrete lined tunnel 3.6 m (12 feet) in

diameter and 866.2 m (2,842 feet) in length carries water from Lake Tapps to the
forebay well. Three 2.4 meter (96-inch) diameter steel penstocks, each controlled
by a 2.4 m (96-inch) diameter standard coffin sluice gate, direct water from the
forebay well to the powerhouse below. The powerhouse, a concrete building 25.9
m by 68.5 m by 16.7 m (85 feet wide, 225 feet long, and 55 feet high), houses
four reaction-type horizontal shaft turbines that operate at 360 RPM and four
generating units with a total capacity of 82,600 kva. The powerhouse discharges

water into a tailrace approximately 0.8 km (0.5 miles) in length which carries
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water to the White River at RK 5.7 (RM 3.6).

b. Levee System.. The State Legislature of 1913 passed an Act enabling
the Commissioners of King and Pierce Counties to enter into an agreement for the
improvement of Puyallup River and its tributaries for flood control.
Responsibility for action was delegated to Inter-County, a commission composed
of the boards of County Commissioners of King and Pierce Counties. The White
and Puyallup River channels were straightened in many places between the city of
Auburn (Auburn) and the city limits of the city of Tacoma (Tacoma), and levees
and dikes were constructed to maintain a channel capacity of 707.5 m*/s (25,000
cfs) in the White River and 1,415 m®s (50,000 cfs) in the Puyallup River. The
channel capacity of the Puyallup River below the confluence with the White River
continues to be approximately 1,415 m%/s (50,000 cfs). However, Inter-County
has not been able to obtain hydraulic permits from the State to remove deposited
bedload and sediments from the White River. The channel capacity has been
reduced to the extent that the discharge from Mud Mountain Dam is now limited
to 339.8 m%/s (12,000 cfs) unless higher discharge is required to efficiently utilize

all available reservoir storage space for flood control.

c. Federal Project. A Corps project adopted 22 June 1936 provided a
channel with a capacity of 1,415 m%s (50,000 cfs) from the end of the Inter-

County improvement to the East 11th Street bridge in Tacoma, see plate 3-2. The
work consisted of straightening the channel, building levees, (revetting the
channel and levees), and making all necessary bridge changes. The Corps

maintains the project.

3.06 Modification of the Water Control Plan. The basic water control plan has
remained unchanged since the project went in to operation except some
restrictions on discharge during floods have been added to reduce flooding on the
White River. Those restrictions are discussed in paragraph 7.04. The intensity of

coordination with outside agencies has greatly increased over the years as the
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basin has experienced a dramatic increase in the level of development and

concern for the environment has increased.



SECTION 4. WATERSHED CHARACTERISTICS

4.01 General Characteristics. The Puyallup River and its tributaries drain
approximately 2,517 square kilometers (km?) (972 square miles) of the Puget
Sound region. The Puyallup River basin is shown on plate 4-1. The Puyallup
River flows northwestward about 41.8 km (26 miles) from its source, Tahoma and
Puyallup Glaciers on Mount Rainier, to Kapowsin Creek, then turns and flows
north for a little over 24 km (15 miles), then flows northwestward once again a
little over 19.3 km (12 miles) to its mouth where it enters Commencement Bay in
Tacoma. For the first 32 km (20 miles) the fall is rapid with an average slope in
excess of 19 m (62.3 feet) per km (0.6 mile.) Glacial and stream erosion has
rendered the upper portion of the basin of Puyallup River extremely rugged and
irregular. About 1.6 km (1 mile) below the mouth of Mowich River at elevation
472.44 m (1550 feet), the Puyallup River enters a 14.4 km (9-mile) canyon cut
through a hard, eruptive rock and drops approximately 283.4 m (930 feet). Below
this canyon, the Puyallup River flows through a comparatively wide and open
valley of alluvium with a gradually decreasing hydraulic gradient, receiving the
waters of the Carbon River at RK 28.8 (RM 17.9) and those of the White River at
RK 16.7 (RM 10.4). River profiles are shown on plate 4-1. The lower 4.2 km (2
2/3 miles) of the river are within the city limits of Tacoma. The extreme tidal
range at the mouth is 5.9 m (19.5 feet), the highest tide of record being 4.5 m

(15.0 feet) above mean lower low water or 2.4 m (8.1 feet) above mean sea level.

The principal tributary of the Puyallup River is White River (the first 13.3 km (8.3
miles) of the White River is known locally as the Stuck River), drainage area
1,279.4 km? (494 square miles). The White River rises in Emmons and Winthrop
Glaciers and, with its tributaries, drains the whole northeast quadrant of Mount
Rainier as well as a part of the western slope of the Cascade Range. The White
flows generally northward to the point where it receives the waters of the
Greenwater River, turns and flows westward about 37 km (23 miles) to Buckley,

then makes a large north to south loop about 37 km (23 miles) in length around



Lake Tapps before discharging into the Puyallup River at Sumner. The upper
White River, including the Greenwater River, drains very rugged steep slopes of
Mount Rainier and the Cascades. The White, from the mouth of the Greenwater
River to the project, occupies a comparatively wide valley with a river gradient of
about 9 m (29 feet) per km (0.6 mile), and in the 46.6 km (29 miles) below the
project the gradient is about 5.3 m (17 feet) per km (0.6 mile).

Prior to 1906 the waters of White River were discharged partly through Green and
Duwamish Rivers into Elliott Bay at Seattle in King County, and partly through
Stuck and Puyallup Rivers into Commencement Bay at Tacoma in Pierce County.
During periods of low water, from two-thirds to three-fourths of the total volume
of White River flowed into Green River at Auburn, the remainder flowing down
Stuck River to Puyallup River. During high water periods, about half of the flow
went into the Stuck and half into Green River. This condition existed until the
flood of November 1906, which suddenly and with great destruction to the Stuck
and Puyallup valleys, diverted the waters of the White to the Stuck channel,
practically drying up the right-hand channel which joined the Green. In 1915
White River was permanently confined to its present channel by means of a
diversion dam near Auburn which blocked the former channel to Green River.
Hereinafter in the text, the term White River will include that portion of the

channel known as Stuck River.

4.02 Topography. Elevations in the Puyallup River basin's range from sea level
at Tacoma on the west to 4,392.4 m (14,411 feet) at the summit of Mt. Rainier on
the southern boundary of the basin. The high elevations of Mt. Rainier and the
extremely rugged topography in the vicinity of the mountain occur in only a small
portion of the drainage area. A portion of the Cascade Mountain Range, with
elevations reaching from 1,737 m to 2,011 m (5700 to 6600 feet) and the foothills
constitute the upper or eastern portion of the basin. The northern boundary of the
White River basin above Mud Mountain Dam ranges from 914 m to 1524 m

(3000 to 5000 feet) in elevation. The lower, or western portion of the Puyallup
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River basin is characterized by rolling timber-covered lowlands and flat river-
bottom areas. Over 90 percent of the basin is below 1828 m (6000 feet) in

elevation with variations as shown in table 4-1.

TABLE 4-1
AREA ELEVATION DATA

Percent Area Below Listed Elevation

Elevation White River at Puyallup River
Mud Mountain Dam at Puyallup

Meters | Feet

2438 8000 98 98

1828 6000 91 94

1524 5000 77 85

1219 4000 54 72

914 3000 30 56

609 2000 10 40

304 1000 0 24

4.03 Geology and Soils.
a. Geology. During the glacial period the valleys of the Puyallup and its

chief tributaries were occupied by Alpine-type glaciers from the summits of the
mountain to the foothills where they merged with the mass of ice that then filled
the Puget Sound Basin. These Alpine glaciers widened and deepened their
valleys and left in their wake large quantities of debris that now make up the
terraces and bars along the streams. A series of older volcanic rocks, mostly
andesites and basalts, occur northwest of Mount Rainier. These show as erosion
resisting dikes and flows with a rugged surface of sharp peaks and serrated ridges.
Still farther to the northwest, from Fairfax to South Prairie, valuable coal
measures occur in sandstone and shales that have been sharply upturned, although
but little altered.
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The outstanding geologic feature of the Puyallup River basin is Mount Rainier, a
dormant volcano resting mainly upon a very irregular floor of granite, with minor
quantities of other igneous rocks. The cone is made up largely of lava flows and
broken rock expelled from the crater. The following pertinent excerpts are taken
from the report "Volcanic Hazards Assessment For Mt. Rainier, Washington"
compiled for the State Department of Emergency Services by Janet Cullen
Tanaka, May 1983.

At least 55 lahars have left deposits, from a few inches to over 100 feet
deep, in the valleys that head on Mt. Rainier. The largest known of these
is the Osceola mudflow that occurred about 5700 years ago (about 3700
BC). One of the world's largest, it covered an area of at least 323 km?

(125 square miles), filling in an area that was once an arm of Puget Sound.

The lahar that is used as a base for planning purposes, however, is the
Electron mudflow that moved down the Puyallup Valley at least as far as
the present town of Sumner about 600 years ago (about 1350-1400 AD).
This mudflow apparently happened as a result of a steam explosion and/or
earthquake during a period of dormancy rather than during an eruption.

Most mudflows have been smaller than the Electron, but even these can
bury roads, farms and hydroelectric facilities, as well as causing heavy
siltation and debris-laden flooding for many miles downstream.

Many lahars have originated at or near the Emmons Glacier.
A large rockfall from Little Tahoma Peak in 1963 covered the valley head
with debris as far as the White River Campground. In fact, it was the

rapid deterioration of Emmons Glacier in 1969 that triggered the first

serious concern about volcanic activity in the Cascade Range.
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Throughout its history, Mt. Rainier has not been shown to produce large
amounts of ash, compared to Mt. St. Helens and Glacier Peak. Although it
is possible for a future eruption to be accompanied by a widespread ashfall
like that of Mt. St. Helens in 1980, it is more likely that it will follow its
typical pattern.

Very few lava flows have been erupted from Mt. Rainier in postglacial
time. These have been small and confined to the summit and upper
slopes. Lava from a flank eruption would only travel short distances and

at no more than five miles an hour.

b. Soils. Agricultural lands in the valley have four general classifications:
fine sandy loam, silt loam, Orting loam, and muck combined with peat. The fine
sandy loam occurs usually as a comparative narrow strip bordering the present
channel, having been deposited there during periods of overflow. The loose,
incoherent structure of the soil and subsoil insures good natural drainage. The silt
loam owes its origin to the deposition of fine sand, silt, and clay by the stream.
The subsoil is usually a fine sand, this having been covered by the silt loam laid
down by quieter waters. Orting loam is a sticky loam containing small amounts
of gravel with occasional glacial boulders, the whole being of glacial origin left
by retreating ice. Muck and peat represent accumulations of organic matter in
various stages of decomposition, combined with silt and clay. When properly
drained, these muck and peat areas produce profitably so that in the Puyallup
valley overall, intensive farming methods have been especially successful in
growing vegetables, berries, and small fruits. Oats, hay, and hops are staple

crops. Pasturage is good and dairying is an important industry.
4.04 Sediment. The White River carries a heavier bed load and suspended

sediment load than is normal for other Western Washington Rivers because of its

glacial origin. The material that is characteristically carried downstream is silt,
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sand, gravel, and small boulders up to about two feet in diameter. The bulk of
this material moves downstream during high flow conditions, although very fine
suspended sediment, sometimes referred to as glacial flour, occurs primarily when
glacier melt is highest in the summer. The reservoir is empty most of the year and
the load carried by the river passes on through the 9-foot discharge tunnel.
However, when a pool is maintained for maintenance or flood control, a
considerable amount is deposited in the reservoir. When the reservoir is emptied,
most of the deposited material passes out of the reservoir as the sides and bottom
are steep. Some of the remaining deposits, usually fines, will be eroded by rain

falling on the sides of the reservoir and discharged through the outlet tunnels.

Sedimentation ranges have been established in the reservoir with observations
taken in 1951, 1962, 1964, 1969, 1974, 1978, and 1993. No recent sedimentation
studies have been done. Because the reservoir is normally empty and outlets are
at a low level, reservoir capacity loss due to sedimentation is minor based on
visual inspection. Reservoir topography and the capacity vs. elevation and area

vs. elevation relationships are shown on plate 4-2.

4.05 Climate.

a. General. The Puyallup River basin lies on the west side of the Cascade
Range approximately 160 km (100 miles) east of the Pacific Ocean. Westerly air
currents from the ocean prevail in these latitudes bringing the region considerable
moisture, cool summers, and comparatively mild winters. Climate throughout the
basin varies markedly due to topography, especially the imposing presence of
Mount Rainier. Major storm activity occurs during the winter when the basin is
subject to rather frequent, heavy frontal rains associated with cyclonic
disturbances from the Pacific Ocean. During the summer months, weather is
relatively warm and dry due to the decreased activity and northward displacement
of the semi permanent Aleutian low and the increased moisture-bearing capacity
of incoming marine air as it is warmed by passage over land. Climatological

stations in and near the Puyallup River basin are shown on plate 4-3.



b. Temperatures. Mean annual temperatures in degrees Celsius (°C) for
stations in or near the basin vary from 11.2 (52.1 degrees Fahrenheit (°F)) at
Tacoma to 3.1 (37.6 °F) at Rainier Paradise Ranger Station. Mean monthly
temperatures vary from a January minimum of 4.3 °C (39.9 °F) at Tacoma and -
3.8°C (25.0 °F) at Rainier Paradise Ranger Station to a July maximum of 18.2 °C
(64.8 °F) and 11.3°C (52.5 °F) respectively for these stations. Extreme
temperatures vary from 36.6 °C to —15 °C (98 °F to 5 °F) at Tacoma and 35.5 °C
to -28.8 °C (96 °F to —20 °F) at the Ranger Station. The maximum temperature
recorded in the basin was 37.7 °C (100 °F) at Electron Headworks. Normal
monthly temperatures for five representative stations in the basin are presented in

metric and English units in tables 4-2.1 and 4-2.2 respectively.

c. Precipitation. In the Puyallup River basin precipitation is primarily a
function of elevation and varies greatly over the basin. Normal annual
precipitation ranges from about 939.8 mm (37 inches) near the mouth of the river
to more than 3556 mm (140 inches) on Mount Rainier. The normal annual basin
precipitation above the Puyallup River at Puyallup gaging station is 1574.8 mm
(62 inches) and above Mud Mountain Dam is 1549.4 mm (61 inches). A normal
annual isohyetal map is shown on plate 4-4. Approximately 75% of the annual
amount falls during the 6-month period October through March. Mean monthly
precipitation for stations in the basin varies from 17.78 mm (0.70 inches) for July
at Tacoma to 258.3 mm (10.17 inches) for December at Electron Headworks. The
maximum precipitation recorded for one month and for one day is 739.3 mm
(29.11 inches) and 98.8 mm (3.89 inches) respectively at Rainier Carbon River
Entrance in December 1933. Normal monthly precipitation values for seven
representative stations in the basin are presented in metric and English units in

tables 4-3.1 and 4-3.2 respectively.
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TABLE 4-2.1
NORMAL MONTHLY TEMPERATURE

DEGREES CELSIUS
1961 to 1990

STATIONS JAN | FEB [MAR]APR[MAY[ JUN | JUL [AUG] SEP [ OCT [NOV|DEC[ANN
BUCKLEY INE 38| 5.7 7.1] 9.2|12.4] 15.3| 17.5| 17.8] 15.1| 10.6] 6.4 3.7/ 10.4
ELECTRON HEADWORKS | 1.0 2.9 4.1] 6.7] 10.3] 13.1] 15.6] 15.1] 12.6] 8.3] 4.1] 2.2] 8.0
MUD MOUNTAIN DAM 3.1| 4.4 56| 7.4|106|13.7] 16.3] 165/ 13.9] 9.8 57 32 9.2
PARKWAY 6S 23] -09] -0.1] 35| 7.1] 105| 14.1] 13.7| 11.3] 65| 1.4 -0.8] 53
PUYALLUP 2W EXP STA 41| 5.9 7.4] 97| 12.9] 16.0] 18.1] 18.1] 15.3] 11.0] 6.8 4.2| 108
RANIER PARADISERNGR | -3.9] -2.3| 22| 04| 43| 7.2[ 114 142 91| 49| -01] 2.6/ 3.2
STATION
TABLE 4-2.2
NORMAL MONTHLY TEMPERATURE
DEGREES FAHRENHEIT
1961 to 1990

STATIONS JAN | FEB [MAR]APR[MAY[ JUN | JUL [AUG] SEP [ OCT [NOV | DEC[ANN
BUCKLEY INE 38.9| 42.2| 44.7| 48.5| 54.4] 59.6| 63.5| 64.1| 59.1| 51.1| 43.6| 38.7| 50.7
ELECTRON HEADWORKS | 33.8| 37.3| 39.3| 44.0| 50.5] 55.5| 60.0] 59.2| 54.7| 46.9] 39.3| 36.0] 46.4
MUD MOUNTAIN DAM 37.5| 40.0| 42.0| 45.4] 51.0| 56.7| 61.4| 61.7| 57.1] 49.7| 42.3| 37.8| 485
PARKWAY 6S 27.8| 30.3| 31.9] 38.3] 44.7| 50.9| 57.4] 56.6| 52.3] 43.7| 34.5| 30.5] 41.6
PUYALLUP2W EXPSTA | 39.4| 42.6| 45.4] 49.4| 55.3] 60.8| 64.5| 64.6| 59.6| 51.8] 44.2| 39.5| 51.5
RANIER PARADISE RNGR | 25.0| 27.9| 28.0| 32.7| 39.7| 45.0| 52.5| 57.5| 48.4| 40.9] 31.9| 27.4| 37.7
STATION

MMDTABLE4-2.1-2NHC.doc




d. Snowfall. Snowfall amounts in the Puyallup River basin are dependent
upon elevation and distance from the modifying influence of Puget Sound. Mean
annual snowfall for stations in the basin varies from 279.4 mm (11 inches) at
Tacoma to 4.8 meters (192 inches) at Parkway 6 S. At Paradise Ranger Station
the mean annual snowfall is about 14.9 meters (590 inches); the greatest depth
recorded is 9.3 meters (367 inches) and the greatest seasonal snowfall was 25.4
meters (1000 inches) during the winter of 1955-56. There is one Snowpack
Telemetry (SNOTEL) site in the basin and one near the basin. Locations,

elevations, and period of record are shown on plate 4-3.

e. Evaporation. Evaporation is measured at the Western Washington
Research Experimental Station for the months April through November. Average
evaporation at the station, Puyallup 2 W, is presented in table 4-4. Mud Mountain
reservoir is empty except during periods of regulation for flood control and

evaporation does not affect the project.

f. Wind. Winds in the basin of significant velocity are generally due to
the pressure gradient resulting from the relative positions of the semi permanent
high and low pressure cells, storm intensity, and topographic effects. Prevailing
winds in the lower basin are from the south quadrant June through August.
Moving up the river valleys above Orting and Buckley, the airflow is subject to a
topographic "funneling” effect of the deeper valleys and to convergence around
and over Mount Rainier. Occasionally cold continental air from eastern
Washington will flow through Cascade Mountain passes creating cold east winds
in the winter. In the winter season, winds will be in the range of 32 km to 48 km

(20 to 30 miles) per hour during storms, and even higher on Mount Rainier.
g. _lce. The reservoir is empty except during flood control regulation

periods, and flood-producing storms have temperatures above freezing, hence ice

is not a problem on the reservoir.
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TABLE 4-3.1
NORMAL MONTHLY PRECIPITATION
MILLIMETERS

STATIONS JAN | FEB |[MAR| APR |MAY | JUN | JUL |AUG | SEP | OCT |NOV | DEC | ANN
BUCKLEY 1INE 161 | 122 | 114 | 101 | 82 72 37 49 70 | 100 | 168 | 157 | 1233
ELECTRON HEADWORKS 248 | 180 | 155 | 132 | 99 89 35 52 88 | 166 | 224 | 258 | 1725
GREENWATER 205 | 151 | 130 | 113 | 82 77 26 42 87 | 155 | 209 | 227 | 1503
MUD MOUNTAIN DAM 181 | 131 | 128 | 125 | 109 | 95 48 63 85 | 115 | 192 | 176 | 1449
PARKWAY 6S 214 | 166 | 130 | 80 52 45 16 28 44 | 116 | 214 | 206 | 1310
PUYALLUP 2W EXP. STA. 172 | 113 | 99 71 50 50 22 33 49 83 | 152 | 157 | 1023
RANIER CARBONR. ENTR. | 193 | 175 | 174 | 136 | 119 | 106 | 49 42 97 | 156 | 227 | 233 | 1706

TABLE 4-3.2
NORMAL MONTHLY PRECIPITATION
INCHES
STATIONS JAN | FEB |[MAR | APR |MAY | JUN | JUL |AUG | SEP | OCT | NOV | DEC | ANN
BUCKLEY 1INE 6.34 | 479 | 447 | 3.99 | 3.23 | 282 | 1.46 | 1.92 | 2.77 | 3.93 | 6.62 | 6.20 |48.54
ELECTRON HEADWORKS 9.77 | 7.07 | 611 | 5.18 | 3.90 | 3.50 | 1.37 | 2.03 | 3.46 | 6.54 | 8.80 | 10.17|67.90
GREENWATER 8.09 | 594 | 512 | 445|322 | 3.04 | 1.02 | 1.65 | 3.41 | 6.09 | 8.21 | 8.94 |59.18
MUD MOUNTAIN DAM 713 | 516 | 5.05 491 | 428 | 3.73 | 1.89 | 248 | 3.36 | 4.54 | 7.55 | 6.93 |57.04
PARKWAY 6S 843 | 653 | 511316 |205|179 062|109 173|456 | 841 | 811 |51.59
PUYALLUP 2W EXP. STA. 6.79 | 446 | 390 | 280 | 1.98 | 1.97 | 0.88 | 1.30 | 1.93 | 3.28 | 5.99 | 6.18 | 40.26
RANIER CARBON R. ENTR. | 7.60 | 6.88 | 6.84 | 5.36 | 467 | 419 | 193 | 1.65 | 3.81 | 6.13 | 8.95 | 9.18 |67.18

TABLE 4.3.1-2NHC.doc



TABLE 4-4
PUYALLUP 2W EXP STA
AVERAGE MONTHLY EVAPORATION

MONTH EVAPORATION
mm inches
APR 62.23 2.45
MAY 99.31 3.91
JUNE 119.13 4.69
JULY 143.76 5.66
AUG 117.60 4,63
SEPT 69.34 2.73
OCT 31.50 1.24
NOV 15.24 0.60

4.06 Storms. Flood producing storms occur chiefly during the winter season
but are not uncommon in late fall or early spring. The sharp increase in
frequency, duration, and severity of storms in late fall is a result of a southward
displacement and renewed activity of the semi permanent Aleutian low-pressure
system. Frequently, a series of waves develops along the polar front. As the
waves move inland, the unstable, moist air masses are orographically lifted by the
mountains. This results in general, often heavy, precipitation that increases with
elevation. All general winter storms of the northwest are of this one basic type,
having similar origins, air mass trajectories, and a moisture source in the Pacific
Ocean. The storms of December 1933, January 1965, December 1977, January
1990, November 1990 and February 1996 produced the six floods that would
have exceeded zero damage flow of 1415 m%s (50,000 cfs) at the Puyallup River
at Puyallup gage under natural conditions. Precipitation data from stations in
operation during these storms is presented in metric and in English units in tables
4-5.1 and 4-5.2 respectively.
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STATION

Buckley INE

Parkway 6S

Puyallup 2W Exp Sta
Rainier Carbon River
Entrance

Rainier Paradise Ranger
Station

Tacoma

Buckley INE

Electron Headworks
Greenwater

Mud Mountain Dam
Parkway 6S

Puyallup 2W Exp Sta
Rainier Paradise Ranger
Station

Tacoma

Buckley INE
Greenwater

Mud Mountain Dam
Puyallup 2W Exp Sta
Rainier Carbon River
Entrance

Rainier Paradise Ranger
Station

Tacoma

Buckley INE

Mud Mountain Dam
Puyallup 2W Exp Sta
Rainier Carbon River
Entrance

Rainier Paradise Ranger
Station

Tacoma

TABLE 4-5.1

STORM PRECIPITATION
MILLIMETERS

24-Hour 48-Hour
DECEMBER 1933
91.44 132.08
127 162.56
86.36 111.76
137.16 162.56
109.22 114.3
78.74 99.06
JANUARY 1965
69.85 101.6
87.63 120.65
105.41 165.1
88.9 116.84
67.31 96.52
33.02 44 .45
137.16 203.2
27.94 38.1
DECEMBER 1977
31.75 36.322
129.286 152.4
31.75 39.37
19.05 21.59
109.22 121.92
197.104 257.556
11.43 18.796
JANUARY 1990
59.69 104.902
90.17 143.51
105.41 127
106.68 138.43
106.68 167.64
92.964 114.3
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72-Hour

137.16
170.18
121.92
175.26

160.02

106.68

116.84
195.58
210.82
152.4
135.89
66.04
266.7

58.42
48.768
184.15

50.8

22.86

132.08
294.386
18.796
134.112
168.91

152.4
172.72
210.82

149.098

96-Hour

177.8
187.96
124.46
187.96

165.1

144.78

148.082
213.36
242.824
172.72
148.59
83.82
322.58

72.39
48.768
193.04

50.8

26.67
137.16

304.8
18.796

152.146
170.18
157.48
184.15
222.25

162.052



Buckley INE
Greenwater

Mud Mountain Dam
Rainier Carbon River
Entrance

Rainier Paradise Ranger
Station

Tacoma

Buckley INE
Greenwater

Mud Mountain Dam
Rainier Carbon River
Entrance

Rainier Paradise Ranger
Station

Tacoma

STATION

Buckley INE
Parkway 6S
Puyallup 2W Exp Sta

Rainier Carbon River Entranc

Rainier Paradise Ranger
Station
Tacoma

Buckley INE

Electron Headworks
Greenwater

Mud Mountain Dam
Parkway 6S

Puyallup 2W Exp Sta
Rainier Paradise Ranger
Station

Tacoma

NOVEMBER 1990

64.77 90.17
66.04 83.82
66.04 78.74
81.28 99.06
182.88 215.9
96.52 107.95
FEBRUARY 1996
96.52 121.92
99.06 160.02
96.52 124.46
93.98 Missing
187.96 269.24
76.2 99.06
TABLE 4-5.2
STORM PRECIPITATION
INCHES
24-Hour 48-Hour
DECEMBER 1933
3.60 5.20
5.00 6.40
3.40 4.40
5.40 6.40
4.30 4.50
3.10 3.90
JANUARY 1965
2.75 4.00
3.45 4.75
4.15 6.50
3.50 4.60
2.65 3.80
1.30 1.75
5.40 8.00
1.10 1.50

4-13

100.33
96.52
83.82

143.51

226.06
116.84

154.94
215.9
160.02
Missing

363.22

134.62

72-Hour

5.40
6.70
4.80
6.90
6.30

4.20

4.60
7.70
8.30
6.00
5.35
2.60
10.50

2.30

104.14
109.22
93.98
Missing

347.98
131.318

175.26
238.76
180.34
Missing

436.88

149.86

96-Hour

7.00
7.40
4.90
7.40
6.50

5.70

5.83
8.40
9.56
6.80
5.85
3.30
12.70

2.85



Buckley INE
Greenwater

Mud Mountain Dam
Puyallup 2W Exp Sta
Rainier Carbon River
Entrance

Rainier Paradise Ranger
Station

Tacoma

Buckley INE

Mud Mountain Dam
Puyallup 2W Exp Sta
Rainier Carbon River
Entrance

Ranier Paradise Ranger
Station

Tacoma

Buckley INE
Greenwater

Mud Mountain Dam
Rainier Carbon River
Entrance

Rainier Paradise Ranger
Station

Tacoma

Buckley INE
Greenwater

Mud Mountain Dam
Rainier Carbon River
Entrance

Rainier Paradise Ranger
Station

Tacoma

DECEMBER 1977

1.25 1.43
5.09 6.00
1.25 1.55
0.75 0.85
4.30 4.80
7.76 10.14
0.45 0.74
JANUARY 1990
2.35 4.13
3.55 5.65
4.15 5.00
4.20 5.45
4.20 6.60
3.66 4.50
NOVEMBER 1990
2.55 3.55
2.60 3.30
2.60 3.10
3.20 3.90
7.20 8.50
3.80 4.25
FEBRUARY 1996
3.80 4.80
3.90 6.30
3.80 4.90
3.70 Missing
7.40 10.60
3.00 3.90

4-14

1.92
7.25
2.00
0.90
5.20

11.59
0.74
5.28
6.65
6.00
6.80
8.30
5.87
3.95
3.80
3.30
5.65
8.90
4.60
6.10
8.50
6.30

Missing

14.30

5.30

1.92
7.60
2.00
1.05
5.40

12.00
0.74
5.99
6.70
6.20
7.25
8.75
6.38
4.10
4.30
3.70

M

13.70
5.17
6.90
9.40
7.10

Missing

17.20

5.90



4.07 Runoff Characteristics. The heaviest rainfall and, consequently, the

highest runoff generally occur during the winter storm season from November
through March. Frequent sharp peaks of short duration characterize runoff during
this period. However, peaks may be separated by periods of relatively low flow
when temperatures drop with the intrusion of a cold air mass and there is no
precipitation or, if there is any, it falls mostly as snow. Intense winter rainstorms
with warm winds and accompanying snowmelt cause the river to swell from
relatively low flow to flood levels within 24 to 36 hours. Often two or three such
rises will occur in rapid succession as series of severe storms pass through the
basin. After a storm has passed, flows generally recede about as rapidly as they

rose.

In April, heavy winter rains have abated, temperatures rise, and runoff is due
mainly to snowmelt. Spring runoff is characterized by peaks which are generally
smaller in magnitude than those occurring in the winter, but are of much longer
duration. By the end of July, the snowpack over most of the basin is depleted and
flows recede rapidly, reaching minimum flow during August. Rivers draining
glaciers on Mount Rainier, such as the Puyallup and the White, maintain a higher
base flow than those draining the Cascade Range.

The drainage area gaged by the upstream stations Puyallup river near Electron,
Carbon River near Fairfax, White River at Greenwater, and Greenwater River at
Greenwater totals 1195.5 km? (461.6 square miles) and the drainage area above
the station Puyallup River at Puyallup (at Puyallup) is 2455 km? (948 square
miles), an increase of 105 percent. The average annual runoff, however, increases
only 66 percent reflecting the absence of orographic effects on precipitation and
the continuing contribution from the glaciers on Mount Rainier to the upstream
gages. The annual stream flow pattern for the Puyallup River basin is shown by
the summary hydrographs for the stations White River near Buckley (Mud
Mountain Reservoir outflow) and at Puyallup, plates 4-5 and 4-6 respectively, and
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the daily discharge hydrographs for the stations Puyallup River near Orting (near
Orting), Carbon River near Fairfax (near Fairfax), near Buckley, and at Puyallup,

plates 4-7, 4-8, 4-9 and 4-10 respectively.

The mean annual flow at Puyallup varied from 139.5 m®/s to 59.1 m*/s (4,927 cfs
to 2,087 cfs) during the period of record from 1914 to 1992. Extremes of
discharge recorded were a maximum of 1613 m*/s (57,000 cfs) in December 1933
and a minimum of 8.6 m%s (306 cfs) in November 1955. The observed peak flow
in February 1996 was 1322.5 m®/s (46,700 cfs) regulated, but the estimated peak
under natural conditions is 2152.3 m%s (76,000 cfs). The mean annual flow near
Buckley varied from 59 m®/s to 25.6 m%s (2088 cfs to 908 cfs) during the period
of record from 1928 to November 1933 and 1938 to 1992. Extremes of discharge
recorded were a maximum of 481.1 m®s (17,000 cfs) in February 1932 and a
minimum of no flow in 1958 and 1959. The peak discharge in December 1933 is
estimated from flood marks to have been 792.4 m%s (28,000 cfs). The estimated
natural peak discharge for the February 1996 flood is 837.1 m®/s (29,560 cfs).
Mean monthly flows for the stations near Orting, near Buckley, near Fairfax, and
at Puyallup are listed in metric and in English units in table 4-6.1 and 4-6.2
respectively.

4.08 Channel and Floodway Characteristics. Inter-County constructed levees

and improved the channel by enlargement and rectification of the Puyallup River
from the confluence with the White River to the city limits of Tacoma to convey
1415 m¥s (50,000 cfs). The channel through Tacoma would carry no more than
849 m®s (30,000 cfs). The Flood Control Act of June 22, 1936, authorized
channel improvement, rectification, and levee construction on the lower Puyallup
within the Tacoma city limits. The Corps completed the project in 1950 thus
providing a channel that can carry 1415 m®/s (50,000 cfs) from the mouth of the
White River to Commencement Bay. The Flood Control Act of 1938 authorized

the Corps to maintain the federal project through the Tacoma city limits.
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Table 4-6.1

MEAN MONTHLY STREAMFLOW DATA
METRIC UNITS~m3/sec

Stream Station Location Period Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Puyallup  Near Orting 1932-99 136 232 27.3 255 220 175 183 223 249 207 159 126
Carbon near Fairfax 1911,
1929-77, 88 141 153 134 109 87 106 158 184 139 91 69
1992-99
Puyallup  at Alderton loieey 311 441 666 568 547 418 445 513 555 457 30.0 244
White nearBuckley 192953 206 388 482 455 432 371 448 602 653 421 253 190
Puyallup At Puyallup 1914-99 555 95.2 1249 1214 1105 916 96.0 111.9 1258 89.4 59.4 47.8

Table 4-6.1.doc
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Table 4-6.2

MEAN MONTHLY STREAMFLOW DATA

CUBIC FEET PER SECOND

Stream Station Location Period Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Puyallp  Near Orting 1932-99 479 820 963 900 776 617 646 787 878 731 563 444
Carbon near Fairfax 1911,
1929-77, 310 497 542 472 384 308 374 558 651 490 321 245
1992-99
Puyallup at Alderton loieoy 1009 1557 2353 2004 1933 1477 1570 1812 1961 1613 1062 860
White nearBuckley  19295% 726 1369 1701 1608 1526 1311 1581 2127 2305 1485 893 672
Puyallup At Puyallup 1914-99 1961 3360 4409 4287 3901 3234 3390 3953 4441 3158 2,096 1688

Table 4-6.2.doc



At the time of construction of the project, it was believed that the White River
below the dam could carry 498.4 m*/s (17,600 cfs) without causing any damage
because of the Inter-County improvements in the channel referred to in paragraph
3.05b. Because maintenance has been curtailed and there has been development
at some points along the river, there are some reaches where damage might begin
at flows as low as 169.8 m*/s (6,000 cfs). However, in February 1996 dam
release was 382.3 m*/s (13,500 cfs) during the pool evacuation without major
damage in the reach above the mouth of the White. Some specific areas
threatened when discharges exceed 12,000 cfs are: residences in the Red Creek
area, just downstream of the dam; Muckleshoot Tribe fish hatchery; Buckley
Meadows subdivision; Sumner golf course; residences near intersection of 8"

Street East and 138™ Avenue East; and the Sumner sewage treatment plant.

4.09. Floods. Recorded flood peaks are available since the establishment of the
gaging station at Puyallup in May 1914. The maximum flood discharge of record
of 1613.1 m*/s (57,000 cfs) occurred in December 1933, followed 12 days later by
a peak of 1301.8 m%/s (46,000 cfs). Floods in January 1965, December 1977,
January 1990, November 1990 and February 1996 were controlled by the project
to less than 1415 m*/s (50,000 cfs) at Puyallup but the estimated natural peaks
would have been 1499.9 m*/s, 1641.4 m*/s, 1839.5 m*/s, 1726.3 m*/s and 2152.1
m*/s (53,000, 58,000, 65,000, 61,000 and 76,000 cfs) respectively. A tabulation
of flood peaks in excess of 849 m*s (30,000 cfs), the channel capacity before
completion of the federal project through Tacoma, is presented in metric and
English units in tables 4-7.1 and 4-7.2, respectively. Frequency curves,
representing maximum annual inflow and outflow and reservoir stage at Mud
Mountain Dam are shown on plates 4-11, 4-12 and 4-13 respectively. Curves for
local inflow for the area from below the dam to the Puyallup gage are shown on
plate 4-14. Frequency curves for Puyallup River at Alderton and the natural and
regulated condition at the Puyallup at Puyallup gage are found on plates 4-15 and
4-16 respectively.
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TABLE 4-7.1
FLOOD PEAKS
PUYALLUP RIVER AT PUYALLUP

* Regulation began in 1942

**

Table 4-7-1.doc

Estimated historical peak

4-20

M3/S
Month| Year | Recorded| Estimated Month| Year |Recorded| Estimated
Peak m®s| Natural m¥s Peak m®/s| Natural m*/s
Jun (2001 |200 215 Dec |1946 957 1296
Nov |1999 |665 915 Apr (1938 959 *
Dec |1998 |677 930 Oct (1935 1118
Oct [1997 (411 unavailable Jan  |1934 877
Jan 1997 |646 977 Dec |1933 1302
Feb [1996 |1322 2,152 Dec (1933 1613
Feb [1991 |894 1,041 Nov (1932 1070
Nov [1990 |1186 1,726 Feb (1932 934
Jan 1990 |1268 1,840 Jan 1923 877
Nov (1986 |1240 1,344 Dec (1921 1007
Feb |1986 |974 1,084 Jan 1919 1033
Jan 1984 |1050 1,245 Dec (1918 934
Dec (1977 (1149 1,641 Dec (1918 1146
Dec (1975 (942 1,189 Nov |1906 1044 **
Jan 1975 [923 1,053
Jan 1974 |889 1,067
Jan 1965 |1174 1,500
Nov |1959 |1007 1,358
Dec (1955 |1064 1,344
Dec (1953 |976 1,344




TABLE 4-7.2
FLOOD PEAKS
PUYALLUP RIVER AT PUYALLUP

* Regulation began in 1942
*x Estimated historical peak

Table 4-7-2.doc
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CFS
Month |Year |Recorded |Estimated Month |Year |Recorded |Estimated
Peak cfs Natural cfs Peak cfs  [Natura cfs
Jun 2001 {7080 7610 Dec 1946 33,800 45,800
Nov 1999 (23,500 32,300 Apr 1938 33,900 *
Dec 1998 (23,900 32,800 Oct 1935 |39,500
Oct 1997 {14,500 unavailable Jan 1934 |31,000
Jan 1997 (22,800 28,200 Dec 1933 46,000
Feb 1996 (46,700 76,000 Dec 1933 |57,000
Feb 1991 (31,600 36,800 Nov 1932 37,800
Nov 1990 (41,900 61,000 Feb 1932 33,000
Jan 1990 (44,800 65,000 Jan 1923 31,000
Nov 1986 (43,800 47,500 Dec 1921 |35,600
Feb 1986 (34,400 38,300 Jan 1919 |36,500
Jan 1984 (37,100 44,000 Dec 1918 |33,000
Dec 1977 (40,600 58,000 Dec 1918 40,500
Dec 1975 (33,300 42,000 Nov 1906 |36,900 *x
Jan 1975 32,600 37,200
Jan 1974 (31,400 37,700
Jan 1965 (41,500 53,000
Nov 1959 (35,600 48,000
Dec 1955 (37,600 47,500
Dec 1953 (34,500 47,500




4,10 Water Quality. The water quality of the Puyallup River from RK 1.6 to
RK 50.8 (RM 1 to RM 31.6) and the White River from the mouth to Mud
Mountain Dam are classified as Class A (excellent), and the Puyallup River above
RK 50.8 (RM 31.6) and the White River above Mud Mountain Dam are
classified as Class AA (extraordinary) by the State. Water quality of Class A
"shall meet or exceed the requirements for all or substantially all uses" and of
Class AA "shall markedly and uniformly exceed requirements for all or
substantially all uses” as published in Chapter 173-201A WAC. Characteristic
uses include, but are not limited to water supply, stock watering, fish, and

shellfish reproduction, rearing and harvesting, wildlife habitat, and recreation.

411 Fish and Wildlife.

a. Fish. Anadromous fishes widely distributed in the Puyallup River

basin are chinook, coho, pink, and chum salmon; steelhead and sea run cutthroat
trout; and sea run Dolly Varden. Upstream migration of the various races and
species overlap considerably with adults of one or more species entering the river
system every month. In the White River, anadromous fish are trapped at the
Buckley diversion and trucked to a fish dump approximately 8 km (5 miles)
above Mud Mountain Dam. The State maintains and operates the Puyallup
Salmon Hatchery on Voight Creek near Orting where fall chinook and coho are
the principal salmon produced with nearly all fish planted in the basin. Two other
state fish hatcheries, near Puyallup and at south Tacoma, rear anadromous and
resident trout. A major percentage of the fish reared at the Puyallup facility and a
minor percentage of those produced at south Tacoma are liberated in the Puyallup
River basin. Rainbow and cutthroat trout are found in significant numbers.
Brook trout, mountain whitefish, and Dolly Varden are also found in most of the
streams in the basin. Suckers, squawfish, and other non-game species are also
present. In the White River basin Chinook salmon and bull trout are listed as
“threatened” under provisions of the Endangered Species Act. The Muckleshoot

Tribe operates a fish hatchery on the right bank of the White River across the
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from the PSE diversion. The facility propagates White River spring Chinook.
The hatchery draws about 2.5 cfs from the White River during the May through
October period and a similar amount from groundwater wells the remainder of the
year. A fish ladder for the hatchery joins the river just downstream of the PSE

diversion.

b. Wildlife. Black-tailed deer, elk, bear, and mountain lion inhabit the
foothill areas surrounding Mount Rainier and are seen less frequently in the
project area. Deer are by far the most numerous and widespread of the big-game
animals. Beavers, squirrels, chipmunks, coyotes, and similar mammals, as well as
many forest rodents such as moles, mice, shrews, and others, live on adjacent
lands. Game birds in the area include blue and ruffed grouse, bandtailed pigeons,
and quail. Songbirds of numerous species and numbers are present. The bald

eagle, listed as threatened under the Endangered Species Act, is present in small

numbers in the White River basin

412 Downstream Structures. Information on downstream structures can be

found in Section 3, paragraph 3.05.

4.13 Economic Data.

a. Population. The major portion of the Puyallup River basin is in Pierce
County, with the White and Greenwater Rivers providing most of the boundary
between King and Pierce Counties. The Puyallup River discharges into
Commencement Bay in Tacoma, the principal industrial and commercial center of
the basin. The population of the larger cities and towns in the basin, based on

U.S. Census Bureau 2000 data, is given in table 4-8.

b. Agriculture. Agriculture land in the Puyallup River basin totals about
34,400 hectares (85,000 acres), of which about 8,903 ha (22,000 acres) are in
productive farms. Products include hay, grain, poultry, berries, vegetables,

nursery stock, bulbs, and dairy products. Berry farms in the vicinity of Sumner
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and Orting are among the most productive in the United States.

TABLE 4-8
POPULATION (2000 census)

City Population City Population
Tacoma 193,556 Sumner 8,504
Puyallup 33,011 Buckley 4,145
Enumclaw 11, 116 Orting 3,760

c. Industry. Lumber mills, wood product factories, flour mills, and food
canning plants, are located in Tacoma. Timber is harvested in the basin with
much of it trucked to ports and shipped to other countries. Clay and sandstone are
found in the basin and are used commercially for manufacturing pipe and building

respectively. Hydroelectric power is a primary resource.

d. Flood Damages. No complete account of past flood losses is available.

It has been estimated that the total damage from the floods of December 1917 and
January 1919 was $400,000. The December 1933 flood was by far the most
destructive flood in the history of the valley with damages estimated at $950,000.
Since flood control regulation began at Mud Mountain Dam in 1942, no flows
exceeding the 1415 m®/s (50,000 cfs) capacity of the channel below the mouth of
the White River have occurred and no damages have been incurred in that reach.
However, due to aggradation in the White River channel and encroachment in the
flood plain, the White River can no longer carry the planned maximum discharge
from Mud Mountain Dam of 498.4 m%s (17,600 cfs) without some damage
occurring. Project operations during the February 1996 flood of record resulted in
$146.1 million in damages prevented, accounting for almost half of the total
damages prevented during the 50 plus years of operation. Total damages
prevented by Mud Mountain Dam through Fiscal Year 1999 are estimated at
$308,152,000.
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SECTION 5. HYDROMETEOROLOGICAL DATA AND
COMMUNICATIONS

5.01 Hydrometeorological Data Facilities. There ae 23 active
hydrometeorological (hydromet) stations in the Puyallup River basin. Plate 5-1

shows the location of these stations.

a Meteorological Stations. For this manual, all weather stations,

cooperative climatological stations and SNOTEL stations are considered
meteorological stations. Eight such stations are currently active in the basin and
arelisted in table 5.1.

b. Streamgaging Stations. There are fifteen active streamgaging stations
in the basin, which are listed in table 5.2. Thirteen stations are operated and
maintained by the U.S. Geological Survey (USGS) with six stations funded fully

by project funds transferred annually under the Cooperative Streamgaging
Program (CSP). The Corps operates and maintains the reservoir and White River
at Bridge Camp gages. The USGS is reimbursed under the CSP for publication of
the reservoir data under the station name Mud Mountain Lake near Buckley, WA.

5.02 Project Hydromet Network. The Project automated network includes six

streamgaging stations, two precipitation stations, and the project station (see
tables 5-1 and 5-2, and plate 5-1). Each of these stations is tied via VHF and
microwave into the hydromet data controllers located in the Project office and the
Reservoir Control Center (RCC) in the CENWS Office. Each remote data station
can be interrogated from the controllers either individualy or in a group.
Interrogation can be initiated manually at any time or automaticaly at preset
intervals. The length of time intervals can be set according to need. Each remote
data station is equipped with a rea-time clock and can, without controller
interrogation, automatically transmit data at preset intervals or whenever a
predetermined criterion is met. All interrogated and remote self-initiated data
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transmissions received by the controllers are automatically relayed directly into
the Columbia River Operational Hydromet Management System's Central Facility
Data Controller for data processing by computer.
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TABLE 5.1
METEOROLOGICAL STATIONS

PRECIPITATION STATIONS

Station Weather Hydromet Elevation Period Operated On
Svc. Station of and Hydromet
Station Code Record Maintained By Network
Number meters feet
Buckley 1 NE 450945 BUCW 208.78 685 1913- Puget Sound Energy No
McMillan Reservoir 455224 MMLW 176.47 579 1941- Tacoma Water Dept. No
Mud Mountain Dam 455704 ENUW 398.67 | 1308 1939- Seattle District Yes
Puyallup 2W Exp Sta 456803 PLXW 30.48 100 1914- | W WA Resch Ext Ctr No
Carbon R Nr Fairfax None FEXW 366.30 | 1202 1992- Seattle District Yes
Tacoma 1 458278 TACW 33.22 109 1878- | Tacoma Public Works No
SNOTEL SITES
Station National Hydromet Elevation Period Operated On
Resource Station meters feet of and Hydromet
Conservation Code Record Maintained By Network
Service
(NRCS)
Sta. Number
Morse Lake 21c17f MRSW | 1645.92 | 5400 1956- NRCS No
Corral Pass 21b13f COPW 1828.8 | 6000 1940- NRCS No
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TABLE5-2

STREAMGAGING STATIONS

Station USGS | Hydromet Drainage Period On

Station Station Area of Hydromet

Number Code Record Network

km® | Sq. miles

Puyallup River near Electron 12092000 | ELEW 240.87 93 1908-33; 44-49; 57- No
Puyallup River near Orting 12093500 | ORTW 445.48 172 1931- Yes
Puyallup River at Puyallup 12101500 | PUYW | 2455.32 948 1914 Yes
South Prairie Creek At South Prairie | 12095000 | SPEW 207.2 80 1949-71; 87- No
Mud Mountain Lake near Buckley 12098000 MMD 1036 400 1943 Yes
White River near Buckley 12098500 | MMDW | 1038.59 401 1928-33; 38- Yes
White River Canal at Buckley 12099000 | WRCW * * 1913-38; 81- No
Boise Creek at Buckley 12099600 | BOSW 38.85 15 1977- No
White River at Buckley 12100000 | BUKW | 1105.93 427 1910-11; 77- No
White River near Auburn 12100496 | WABW | 1201.76 464 1987-89; 90- No
Lake Tapps near Sumner 12101000 TAP * * 1911- No
Lake Tapps Diversion at Dieringer 12101100 | LTDW * * 1958- No
Greenwater River at Greenwater 12097500 | GEEW 191.66 74 1929-77; 80- No
Carbon River near Fairfax 12094000 | FFXW 204.61 79 1910-12; 29-78; 91- Yes
White R at Bridge Camp Abv MMD | COE Only | MMAW | 854.70 330 2002- Yes

* Part of the diversion system supplying water to Dieringer Power Plant
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5.03 Communications Network. The CENWS office and the Project are linked

via commercia telephone for voice communications. A five-channel VHF voice
system is available for communication between the Project and CENWS office or
Corps vehicles equipped with two-way radio equipment. Cellular telephones are
available both at the Project and in the District Office.

5.04 Maintenance. Maintenance and repair of any of the sensing equipment
that is part of the hydromet network is the responsibility of the HHS.
Maintenance and repair of the communications and data transmission system is

the responsibility of Project Support of Operations Division.

5.05 Project Reporting Instructions.

a. Effective communications are essential to the safe and efficient operation
of Mud Mountain project. The preceding paragraphs describe
hydrometeorological data collected and physical facilities available for
transmission of information. This data and information provide the basis for
implementation of the Water Control Plan as specified in Section 7, the Water

Control Plan.

b. Genera instruction for recording reservoir regulation activities and

hydrometeorological information are provided in paragraphs 7.05, aand b.

c. Specia coordination for weekend and non-standard operation and flood

control is described in paragraphs 7.05, c and d.

d. Coordination with Puget Sound Energy’ s diversion facility located
downstream of MMD project is especially sensitive and critical. Guidance for
this coordination is specified in Exhibit 3-1.

e. Exhibit 7-1isalist of agencies and individuals that are often involved in

operation of the project and information for contacting them.
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5.06 Warnings and Emergency Operating Procedures. Paragraph 7.05, e

provides guidance on responsibilities for reporting and responding to unusual and
emergency situations and supplements guidance provided elsewhere in Section 7
and other Sections of the manual.
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SECTION 6. FORECASTING

6.01 General. Streamflow forecasts are used for flood control regulation in the
White/Puyallup River Basins. Forecasts of weather and streamflow conditions
for the White River at Mud Mountain Dam, South Prairie Creek at South Prairie,
the Carbon River near Fairfax, the Puyallup River near Orting, and the Puyallup
River at Puyallup are made by the National Weather Service (NWS) River
Forecast Center (RFC). The RFC uses the River Forecast Systems (RFS) model
for predicting streamflow throughout the Pacific Northwest. These RFS model
forecasts are useful for estimating the natural river flows in the White/Puyallup
basins during high flow periods. When local weather conditions on the White
River basin are contrary to regional patterns, RFC forecasts can be inappropriate
for predicting inflow to Mud Mountain Dam. For this reason, a customized
inflow forecast is prepared by the CENWS for the White River above Mud
Mountain Dam using a quantitative precipitation forecast (QPF) by the district
meteorologist.

6.02 Flood Forecasts.

a. Requirements. Flood forecasts for the White/Puyallup Rivers are

necessary to allow adequate time for Project regulation to be effective in reducing
flood flows in the lower valley as observed at the control station, USGS gage
number 12101500, Puyallup River at Puyallup. The primary purpose of Mud
Mountain Dam is to control the flow of the Puyallup River as measured at the
Puyallup control point to 1415 m®s (50,000 cfs). To compensate for the
uncertainty associated with the rainfall/runoff forecasting process and the flow
from the unregulated portion of the basin, a target flow of 1273.5 m*/s (45,000
cfs) at the Puyallup gage is used. Travel time between the dam and Puyallup is
approximately 6 hours during high flows. Therefore, forecasts must be developed
expeditiously so that regulation at the dam can be implemented to reduce the

natural flood peak downstream. Flood forecasts by the RFC for the White,
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Carbon and Puyallup Rivers are used in conjunction with the CENWS forecast for
the White River to formulate an effective reservoir regulation plan.

b. Methods. The RFC RFS model combines the Anderson Snow Model
with the Sacramento Soil Moisture Accounting Model to predict total runoff. A
unit hydrograph is used to distribute the runoff over time in 6-hour increments.
The RFS model also includes a Streamflow Synthesis and Reservoir Regulation
(SSARR) reservoir operation model. With the inclusion of real time reservoir
operations and one of several channel routing methods, the model is capable of
producing a realistic forecast for the control point, Puyallup River at Puyallup.
Runoff forecasting for inflow to Mud Mountain Dam can also be done using the
HEC-1 flood runoff model developed by the Hydrologic Engineering Center and
customized to apply to the Puyallup basin by CENWS. Runoff values are
computed at hourly intervals using both forecasted and observed precipitation,
snow water equivalent, and temperature data. Due to the limited network of
stream gages and weather stations in the White/Puyallup Basin, the HEC-1 model
of the upper White River Basin is modeled as a single watershed. Default unit
hydrograph parameters, loss coefficients, and snowmelt parameters have been
calibrated from past storm events. Considerable hydrologic judgment must be
applied when adjusting model parameters due to the uncertain nature of the
rainfall/runoff process.

The customized inflow forecast created by the district meteorologist is on an
hourly basis rather than the standard 6-hour increments to not only present a more
detailed description of the rainfall intensity and duration, but also to create the
hourly QPF required by HEC-1 and a flood routing spreadsheet program.
Atmospheric pressure, air temperature, humidity, wind speed, and wind direction
data from a radiosonde launched from Quillayute, Washington, along with other
supplemental data such as the strength and orientation of the polar jet stream, are
entered into a proprietary computer spreadsheet program. The program output
consists of an hourly precipitation and temperature forecast for a 72-hour period

for seven locations in Western Washington including Mud Mountain Dam.



A flood routing spreadsheet program aids regulators in determining the gquantity
and timing of project releases to obtain the desired control flow at Puyallup. The
spreadsheet (on Microsoft EXCEL) is linked to the HEC-1 model output. It
reveals the resulting reservoir level associated with possible project releases.
When using the spreadsheet program in a predictive mode, the regulator enters
trial discharges from the dam, and predicted local inflows to obtain the desired
45,000 cfs target flows at Puyallup. A fixed travel time of 6 hours from the dam
to Puyallup is assumed. Predicted local inflow is based on the RFC's RFS model

runs for the Carbon and Puyallup Rivers, and sound hydrologic judgment.

Current streamflow forecasting procedures will be updated and replaced as the
District's database expands and the Corps' next generation software is made

available.



SECTION 7. WATER CONTROL PLAN

7.01 General Objectives. Mud Mountain Dam is a single purpose project
regulated primarily to prevent flood damages in the Puyallup River valley below
the mouth of the White River. The reservoir is empty except during periods of
actual flood regulation or during periods when a pool is required for debris

removal or project maintenance.

7.02 Operating Constraints.

a. General. The maximum capacity of the modified 9-foot tunnel is
approximately 127 m®/s to 141 m*/s (4500 - 5000 cfs), about the same as existed
with the original intake. The maximum possible capacity of the 23-foot tunnel is
approximately 608 m%s (21,500 cfs), significantly greater than existed with the
original tunnel. Because of this additional discharge capacity, extreme diligence
must be exercised to ensure that total MMD outflow from combined operation of
both the 9- and 23-foot tunnels does not exceed the authorized release of 498 m%/s
(17,600 cfs). Except in cases of extreme emergency, i.e., save the dam conditions,
MMD is to be requlated to a maximum total release of 498.08 m*/s (17,600 cfs).

b. 9-Foot Tunnel.
(1) Control gate (R3) should be in the 100 percent open position at

all times unless regulation is needed for flood control or maintenance.

(2) Control gate is not to be operated at less than 100 percent open
to regulate tunnel discharge in the 56.6 m®/s to 141.5 m*/s (2000 - 5000 cfs) range
to prevent potential gate-to-tunnel control shift problems. Control gate is not to
be operated at less than 10 percent open regardless of pool elevation because of
the potential for blockage of the gate opening by debris.

(3) Rating curves for the 9-foot tunnel are found on charts 2-2 and
2-3.
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c. 23-Foot Tunnel.

(1) Control gates (R1 and R2) will normally be set at 80 percent
open and remain at that position unless a different setting is required for water

control regulation or maintenance.

(2) Control gates are to be limited to a maximum opening of 90

percent when pool elevation exceeds 320 m (1050 feet) except in cases of extreme

emergency, i.e., save the dam conditions, when gates may be opened to 100

percent.

(3) Control gates are not to be positioned in the greater than 90
percent to less than 100 percent open range regardless of pool elevation. If gate
openings larger than 90 percent are required, the gate(s) are to be opened 100
percent.

(4) Control gates are not to be operated to pass water at less than
10 percent open regardless of pool elevation because of the potential for blockage
of the gate opening by debris. To the extent possible, avoid long term operation of
the gates at gate openings less than those shown in table 7-1 to minimize potential

cavitation conditions.



TABLE 7-1

MINIMUM GATE OPENINGS
23-FOOT TUNNEL GATES

Pool Elevation (Meters) | Pool Elevation (feet) Minimum Gate Opening (%)

< 289.56 <950 10
289.57-304.80 950.1-1000 15
304.81-312.42 1000.1-1025 20
312.43-320.04 1025.1-1050 25
320.05-327.66 1050.1-1075 30
327.67-342.90 1075.1-1125 35
342.91-350.52 1125.1-1150 40
350.53-358.14 1150.1-1175 45

> 358.14 > 1175 50

(5) Control gates should generally be operated to obtain

approximately equal discharges through the two openings. Difference in

discharge between the two entrances of more than 30 percent should be avoided

when possible.

(6) Rating curves for the 23-foot tunnel are found on charts 2-4,

2-5, 2-6 and 2-7.

7.03 Ramp Rate Criteria.

a.General. Ramp rate limits are intended to reduce stranding of fish and

apply as follows:

(1) When flow is being reduced by operation of gates. The limits

do not apply to river fluctuations that occur downstream with no gate changes.

(2) When discharge is less than 28.3 m*/s (1000 cfs).

(3) Limits do not apply to operations required during flood

emergencies.
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(4) Rate-of-rise limit is 0.3 m/hr (1 ft/hr) except during flood
emergencies

TABLE 7-2

DOWN RAMPING LIMITS

Daylight Hours Night TimeHours

(1 hour before sunriseto 1 | (1 hour after sunset to 1

hour after sunset) hour before sunrise)

in/hr cm/hr in/hr cm/hr
February 16-June 15 0 0 2 5
June 16-October 31 1 2.5 1 2.5
November 1-February 15| 2 5 2 5

7.04 Flood Control Requlation.

a. General. During the winter flood control season, 1 October - 31
March, the reservoir will be empty with MMD on free flow to provide
approximately 13,069 ha-m (106,000 acre-feet) of storage for use in regulating
floods. The primary flood control objective is damage prevention on the lower
Puyallup River. A secondary objective is to reduce damage in the White River
reach between the dam and the mouth of the White by limiting dam discharge to
339.8 m¥s (12,000 cfs) when feasible.

b. White River Discharge Limits. Dam discharge will be increased on

the rising side of the flood hydrograph to preserve storage for Lower Puyallup
River flood control up to a limit of 339.8 m%s (12,000 cfs). During floods,
discharge will be reduced as necessary to provide flood control on the Lower
Puyallup River except during large floods discharge will be increased according
to the requirements of the Discharge Regulation Schedule, Chart 7-1, to best

utilize remaining reservoir storage.
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c. Lower Puyallup River Flood Control. Although the channel capacity

in the lower Puyallup is 1415 m*/s (50,000 cfs), the control flow at Puyallup is
established at 1273.5 m®/s (45,000 cfs) to provide a factor of safety against errors
in forecasting. When the flow at Puyallup is forecast to exceed 1273.5 m®/s
(45,000 cfs) in 8 hours, the discharge from MMD will be regulated to hold the
discharge at the Lower Puyallup control flow as long as feasible considering that
inflow below dam and the contribution from the upper Puyallup River may
exceed the control flow. Because MMD controls only 42 percent of the total
drainage area at Puyallup, not all potential floods can be held below the non-
damaging discharge even if there is no discharge from the dam. Also, MMD
discharge will be increased if necessary to make best use of remaining reservoir
storage as specified in paragraph b. above. During flood control regulation, if the
reservoir fills to the spillway crest, elevation 370.33 m (1215 feet), a reduction
will be made in the sluice discharge, if any is occurring, equal to the increase in
spillway discharge until the sluices are closed to make use of surcharge storage.

Chart 2-1 is a spillway rating curve.

d. Evacuation of storage. Evacuation of storage shall begin after

forecasts indicate a continuing falling trend in the flow at Puyallup and a
discharge below 1,273.5 m*/s (45,000 cfs) for two consecutive hours. Releases
from the dam will be scheduled to maintain a 1,273.5 m®/s (45,000 cfs) discharge
at Puyallup until project discharge reaches 339.8 m®s (12,000 cfs). Discharge
may be increase to as high as 498 m®s (17,600 cfs) if forecasts indicate that
expedited evacuation is required to provide for control of an expected subsequent
flood. At any time during the evacuation period storage will be resumed for
flood control if the discharge at Puyallup is again forecast to exceed 1,273.5 m®/s
(45,000 cfs) in 8 hours.

e. Flood Debris Management. Typically, large amounts of floating

debris accumulate in the reservoir during flood events. If weather forecasts
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indicate that subsequent flood events are not imminent, reservoir evacuation may
be temporarily suspended when drawdown reaches approximately elevation 1050

to allow for collection and disposal of debris.

7.05 Standing Instructions to Dam Tenders.

a. General. The project shall normally be attended on a 5-day-week
basis from Monday through Friday, 8 hours per day. MMD personnel will man
the project continuously during a declared flood alert or periods of flood control
regulation, including evacuation. A list of project and HHS personnel to be
contacted in emergency situations is reviewed and disseminated each year (see
exhibit 7-1). Dam tenders will implement only reservoir regulation instructions
received directly from HHS unless communication is interrupted, in which case
regulation will be in accordance with emergency regulation procedures, paragraph
7.05c. All instructions pertaining to reservoir regulation will be implemented as
expeditiously as possible and recorded, along with physical data, personnel
involved, contacts made, etc., in the Mud Mountain Dam Operating Log book.

b. Normal Operating Procedures. Collecting, recording, and reporting

data are routine functions required at all Corps projects. Each normal workday at
0800 hours, MMD personnel will collect the maximum, minimum, and current
temperature, snowfall and snow depth, and precipitation in the manual gage, and
record the data. This data will also be reported to HHS during a morning
telephone call together with data from the gages on Boise Creek near Buckley, the
flume flow and spill at the PSE diversion dam, any gate changes made since the
last report, and the temperature and turbidity of the reservoir inflow and outflow
from the day before. The data may be cumulative for one day or for up to a four-

day period depending upon weekends and holidays.

c. Weekend and Special Coordination. Prior to a weekend or holiday,

during periods of construction at the project, when gate operations are required

after normal duty hours or in any situation or when any unusual situation exists



which may require non-routine gate operation, the assigned MMD gate operator
will contact the HHS regulator for coordination. Coordination will include but
not be limited to:

(@) Initial gate settings.
(b) Weather forecast.
(c) Contact procedures for telephones, pagers, computers etc.

(d) Information pertinent to any expected unusual operations or
events.

d. Flood Operations.

(1) In flood situations when communication with major hydromet
stations is lost, dam tenders may be required to go to the station to observe
streamflow and/or weather data at-site and transmit this information to the dam by

portable radio or cell phone.

(2) The project shall be attended by at least two persons during flood
alerts and/or flood control regulation as required for monitoring of the reservoir
and the weather, and regulation of the discharge. The dam tender will
immediately notify HHS if either of the following conditions should occur:

(@) Rainfall in excess of 5 cm (2 inches) during any consecutive 3-
hour period or 7.6 cm (3 inches) during any consecutive 24-hour period.

(b) Computed reservoir inflow approaches 283 m®/s (10,000 cfs) or

is rapidly rising to this level.

e. Emergency Operating Procedures. It is impossible to anticipate every

unusual flood, power, or physical feature emergency or combination of events
that may require special attention. If an emergency develops requiring immediate
action to protect human life or prevent damage to the project, the dam tender will
take action and then immediately contact HHS. Should an emergency develop or

appear to be imminent which will affect reservoir regulation functions, the dam
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tender will promptly contact HHS, report on the existing conditions, and request

instructions.

7.06 Fish and Wildlife. MMD is a single purpose flood control project which

passes all inflow, except during times of flood or maintenance, and does not store
water during low flow periods. As such, special minimum instream flow releases
have not been set for MMD. Special maintenance operations will continue to pass
inflow when possible or maintain 5.66 m*/s (200 cfs) below the dam. Special
impoundments for maintenance or conditions in which the project cannot pass
inflow will be coordinated with the Environmental Resources Section (ERS) and
avoided during the March-July fish out migration period whenever practicable.
Ramping rate criteria is specified in paragraph 7.03 and is established primarily to
minimize adverse impact on fish. PSE is required to release sufficient water at its
diversion dam to produce a continuous flow in the White River of at least 3.67
m3/s (130 cfs) at the boundary of the Muckleshoot Reservation, approximately
RK 25.2 (RM 15.7), unless it is precluded from doing so because of releases from
MMD, concerns for public health and safety, or agreement between the Tribe and
PSE that a lower flow is necessary for fisheries studies or

maintenance/construction activities at the diversion facility.

Dam configuration and operations have been designed to provide safe passage of
downstream migrant fish, both fingerlings and adult fish. Of the three radial gates
now used in operating MMD, the radial gate controlling the 9-foot tunnel is the
primary means of regulating downstream flow. During periods of normal
operation (non-flood), this gate is operated fully open while the 23-foot tunnel
radial gates are open at 80%. Both gates provide safe passage for out migrating

salmonoids.

Operation of a debris removal bypass tunnel that enters into the 9-foot tunnel will
be restricted to specific conditions according to the Dam Safety Assurance

Program Supplemental Environmental Assessment 3, dated 21 September 1995.



Constraints to be observed are:
a. Coordinate timing and duration of debris bypass operation with ERS.

b. Limit operations to daytime hours.
c. Confine operation only to debris removal.

d. Limit operation of bypass tunnel to flows less than 28.3 m%s (1000
cfs).

e. Monitor and clear obstructing debris within debris bypass.
During extended periods of maintenance on the 9-foot tunnel, sediment deposition
occurs upstream of the radial gate. Extended maintenance and the discharge of
sediment deposition occurring as a result of this maintenance will be coordinated

with ERS.



SECTION 8. EFFECTS OF WATER CONTROL PLAN

8.01 Generad. MMD is asingle purpose flood control project. The effects of project
operation are discussed in the following paragraphs.

8.02 Food Control.
a. Spillway Design Flood (SDF).
(1) History. The SDF for design of initial project construction was
developed in 1938 with peak inflow of 4248.0 m%s (150,000 cfs) and outflow of 3936.5
m?/s (139,000 cfs). The SDF inflow is equivalent to the probable maximum flood.

Severa reviews were conducted during the period between 1938 and 1985; however,
none of the revised SDFs were officialy adopted. A site specific probable maximum
precipitation (PMP) anaysis, completed in 1985 was performed by the
Hydrometeorological Branch of the National Weather Service incidental to a major

redesign of project features for dam safety assurance.

(2) The 1986 SDF. A new SDF was developed in 1986. The 1986 SDF
adds a snowmelt component to the 1985 PMP and applies it to a basin runoff and

reservoir routing model. This results in a peak inflow of 7136.6 m*/s (252,000 cfs) and
outflow of 6938.4 m%/s (245,000 cfs). The 1986 SDF was utilized in design of features
later constructed as a part of the Dam Safety Assurance project. Development of the SDF
is summarized on plate 8-1. Results of routing the SDF through the reservoir are shown
on plate 8-1, page 2. Additional details on development of the project PMP and SDF can
be found in General Design Memorandum 26, dated July 1986.

b. Standard Project Flood (SPF). No SPF has been developed for the Puyallup

basin.
c. Project Design Flood (PDF). Definition of the PDF for Mud Mountain project

is complicated by uncertainties associated with hydrologic data available at the time the
project was designed in the mid-1930s and by major changes in the design of the project

between authorization in 1936 and award of the construction contract in 1939.
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Early design documents consistently reference the level of protection to be provided by
the proposed project to the December 1933 flood, the largest flood of record at the time.
Estimated hydrographs at the dam site and Puyallup for the 1933 flood are shown on
plate 8-2. However, no discharge measurements were made at the project site and at
several other key locations in the basin during that flood. Also, some of the discharge
estimates for the flood were revised after the hydrologic input to the authorizing
document was compl eted.

The authorizing document anticipates that dam will be a concrete arch structure with
20,978.0 ham (170,000 acre-feet) of storage available below spillway crest elevation
381.0 m (1250 feet). Initial studies concluded that this project would control a flood 50
per cent greater than the 1933 flood to 1416.0 m*/s (50,000 cfs) at Puyallup. The design
of the dam evolved during the final design process to the earth core, rock fill structure
that was built with spillway crest at elevation 381.0 m (1215 feet) and 13,080.4 ha-m
(106,000 acre-feet) of storage.

In the early 1940s studies were done to define the hypothetical flood hydrograph which
could be controlled to 1416.0 m*/s (50,000 cfs) a Puyallup by the as-built project. See
Exhibit, 1-2, 72. The December 1933 flood was again used as a pattern. The conclusion
was that the project could control aflood approximately 1.4 times the volume of the 1933
flood. Hypothetical unregulated and regulated hydrographs for that flood are shown on
plate 8-3. These flood hydrographs, have historically been referred to as the "project
design flood" even though they were not the basis for the design of the project. In 1992
McGrane performed some studies (see exhibit 1-2, 73) which question some of the
assumptions and characteristics associated with the floods shown on plate 8-3; however,

the revised McGrane hydrographs have not been officially adopted.

d. Flood of Record, February 1996. The February 1996 flood occurred when a

moist tropical airmass, transported on a strong jet stream with origins near Hawaii,

arrived in the Northwest. The storm was preceded by prolonged cold weather that froze
much of the ground, followed by a significant snowpack. The cold spell lasted until
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February 5 when the Arctic air supply was cut off. Warm temperatures arrived and,
combined with heavy precipitation, began melting the snowpack. One unusual feature of
the storm was its duration; it lasted five days, two more than typica flood-producing
storms. Runoff from the Puyallup River basin set new peak flow records at some of the
gage sites. Inflows to Mud Mountain Dam peaked at 837.1 m*/s (29,560 cfs), while the
discharge was shut off completely for nearly eight hours to protect downstream towns
and cities. Eighty-four percent of the flood control storage was used bringing the pool
level to a new record of 364.6 m (1196.1 feet), 5.8 m (19 feet) below the ungated
spillway crest. Still, due to the high flows from the unregulated portion of the basin, the
water reached the top of the levee in Puyallup. The Puyallup River reached a stage of 9.0-
m (29.8 feet), which corresponds to a discharge of 1,322.5 m*/s (46,700 cfs). Without
Mud Mountain Dam, the discharge at Puyalup would have reached approximately
2,152.3 m*/s (76,000 cfs), which would make the peak a 1.5% chance exceedence flood.
This event is a new flood of record for some gages in the Puyalup River Basin.

Hydrographs are shown on plates 8-4.

8.03 Recreation. The reservoir is not used for recreationa activities. The Corps
maintains vista points and picnic grounds near the top of the canyon rim and a fisherman
access area along the lower debris basin road. Only foot traffic is permitted in the
vicinity of the dam for fishermen, hikers, and sightseers. Stretches of the lower White
River are used for swimming and other recreational activities during the summer. The
Corps and PSE coordinate changes in river flow to provide a factor of safety for river

USers.

8.04 Water Quality. Water quality above and below the dam is greatly affected by the
steep profile of the White River with elevation ranging from 4,392.4 m (14,411 feet) at
the summit of Mt. Ranier to 274.3 m (900 feet) at the dam site. Because of the
exceptionally steep profile and the relatively high discharge rates experienced during
winter floods and spring snowmelt, the stream carries exceptionally high volume of bed
load and suspended solids. Because the reservoir is kept empty except during operation

for flood control and during special operations, most of the bed load and suspended solids
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pass through the dam and on downstream. During the summer period much of the
streamflow originates from glacial melt on Mt. Ranier. Glacial melt introduces very fine-
grained suspended sediment, commonly referred to as glacia flour, in to the water giving

it amilky appearance.

After flood control operations and other specia operations where water is temporarily
stored, the reservoir is emptied as expeditiously asis feasible without major fluctuation in
project outflow. This allows accumulation of sediment in the reservoir to pass through the
dam at the highest feasible flow rate and results in the best possible distribution of

material in the channel downstream.

Project personnel normally measure project inflow and outflow water temperature and
turbidity daily except on weekends and holidays. The measurements are made at the fish

trap site downstream of the dam and at the fish dump site upstream of the reservoir.

See additional information on water quality in paragraph 4.10.

8.05 Fish and Wildlife. The migration and rearing of fish in the White River during

spring, summer, and fall are enhanced or sustained by the configuration and operations of
the project. Since 1949 adult migrants have been trapped at the facility located at the

PSE diversion dam near the city of Buckley and transported around the dam by truck.
Normally the reservoir is empty and the dam passes inflow. This enhances rearing
conditions between the dam and the PSE diversion because flow through side channels,
water temperature, and sediment movement more nearly approximate natural conditions.
Specia operation of MMD to assist Puget Sound Energy in replacement of their
diversion dam has resulted in fish kills. Because MMD is normally operated as a run-of-

the-river project with no reservoir, the facility’ s effect of wildlifeisinsignificant.

8.06 Frequencies. The effect of Mud Mountain project on flood peaks at the dam and
at the control station at Puyallup is shown on plates 4-11 through 4-16.
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SECTION 9. ORGANIZATION AND COORDINATION FOR
RESERVOIR REGULATION

9.01 General Objective. Mud Mountain project is operated to regulate flood

flows in the lower reaches of the Puyallup River basin and is the only flood
control project in the basin. Much of the lower reach is levied and several
pumping installations are in place to pump interior runoff which ponds landward
of the levees. A number of agencies are involved in data collection and providing
information to be evaluated in reservoir regulation. exhibit 9-1 is Telephone

Notification List for Emergency Events.

9.02 U.S. Army Corps of Engineers. Congressional authorizations delegate

responsibility to the Corps to operate projects under its jurisdiction for all
authorized purposes. The Corps is responsible for regulation and for all
continuing studies that will ensure the maximum sustained public benefit from
MMD project operation. Headquarters, United States Army, CE approved a RCC
for the NWD in May 1968 and delegated responsibility for reservoir regulation
activities in the NWD area to the Division Engineer. The Division Engineer
delegated responsibility for regulation of MMD to CENWS in the RCC Guidance
Memorandum (exhibit 1-1), dated January 1972. Reservoir regulation is a
function of Engineering Division in accordance with EM 1110-2-3600 and direct
responsibility on all matters concerning regulation of water with regard to timing,
quantity, and quality is assigned to HHS. Project operation and maintenance
activities are assigned to Operations Division and the physical operation of
project facilities to effect the regulation directed by HHS and the performance of
maintenance is the responsibility of the Project Engineer. A CENWS
organization chart is shown as exhibit 9-2.

9.03 Interagency Coordination. There are a number of agencies that collect

data and/or provide information that is useful or essential to the efficient and

effective regulation at the project. In addition, information is provided to some

9-1



individuals and agencies that have an interest or requirement related to project

operations.

a. U.S. Geological Survey. The USGS has a water resources division that

collects and processes water quantity and/or quality records for 13 stations in the
Puyallup River basin. These stations are listed in table 5-2 and are shown on plate
4-1. Six of these stations are funded totally by the Corps through the CSP. In
addition to their regular periodic streamflow measurements to maintain current
stage-discharge relationships, the USGS will, upon request from the Corps, make
special measurements if a shift in a rating table is suspected. The USGS also
operates a northwest water resources data center that publishes streamflow,
storage, and water quality data obtained from the data collection system.
Administrative and maintenance services are provided by the Tacoma,
Washington office, telephone 253-428-3600.

b. National Weather Service. The NWS operates 5 stations that provide

data used in planning and scheduling regulation at MMD project. The National
Meteorological Center of the NWS issues QPFs twice daily in the form of
national maps showing isohyetal lines of expected precipitation of ¥4, %%, 1, 2, 3
inches, etc. These QPFs are for successive periods of 6, 6, 12, and 24 hours, the
first period beginning 12 hours after the data time. These QPFs are of necessity
generalized and not specific enough for direct application to the relatively small
subareas of the Puyallup River basin, but do alert the Corps to potential flood
threats. The NWS Forecast Office, Seattle, issues QPFs that are site specific for
the Seattle-Tacoma Airport and for Stampede Pass. The QPFs are made daily
during the flood season and provide precipitation amounts by 6-hour increments
for the first 48 hours after forecast time and a 24-hour amount for the third day.
These QPFs are used as indicators only because of the potential for wide
variations in precipitation distribution depending upon storm track, topographic
influences, storm type, etc. The telephone number for the Forecast Office is 206-
527-6095. The NWS River Forecast Center (RFC) in Portland, Oregon, is



officially charged with the preparation of flood forecasts and the dissemination of
flood warnings to the public. These forecasts are made available to the Corps as
discussed in paragraph 6.02. The telephone number for the RFC is 503-326-7291.

c. U.S. Fish and Wildlife Service (USFWS). USFWS is the Federal

agency primarily responsible for ensuring, at the Federal level, the conservation

and management of the nation's wild birds, mammals, and sport fishes, both for
their recreational and their economic values. The regional office is located at
Portland, Oregon. Included in the major program areas of the FWS are: technical
assistance to Federal, State, and private organizations in the development and
administration of sport fishing and wildlife management programs; administration
and operation of a national system of fish hatcheries engaged in the propagation
and distribution of sport fish; and cooperation with other Federal and non-Federal
agencies. FWS coordinates with agencies involved with water resource projects to
determine the effects of such projects on fish and wildlife resources and

recommends measures for the protection and improvement of these resources.

d. Washington State Department of Fish and Wildlife (WSFW). The
WSFW has the authority for regulation of fish and wildlife in the Puyallup River

basin. This agency collects data and makes studies to evaluate the effects of the
project, exchanges information with the Corps, and makes recommendations on
potentially beneficial changes in project regulation. Except in cases of emergency
requiring prompt action, WSFW should be contacted in advance of any unusual
regulation of discharge at the project to obtain advice on scheduling which might

reduce any potential adverse impact on the fishery.

e. Washington State Department of Ecology (DOE). The DOE is the

responsible agency for assigning water rights for both groundwater and surface
water in the Puyallup River basin. PSE has a water permit to divert up to 56.6
m?*/s (2,000 cfs) from the flow of the White River at its diversion facility 8.59 RK
(5.34 RM) downstream of the project. DOE has approved a number of small
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irrigation and domestic permits from time to time.

The DOE is the agency responsible for the instream resources protection program
in accordance with Chapter 173-500 WAC (Water Resources Management
Program). Chapter 173-510 WAC applies specifically to all waters within the
Puyallup River basin, the provisions of which apply, as a matter of state law, to
future water right authorizations issued pursuant to the State's water rights codes.
The purpose of this chapter is to retain perennial rivers, streams, and lakes in the
basin with instream flows and levels necessary for the preservation and protection
of wildlife, fish, scenic, aesthetic, and other environmental values, recreational,
and navigational values, and to preserve water quality. A copy of Chapter 173-
510 WAC is presented as exhibit 9-3. Of special interest to reservoir regulation at
MMD project is paragraph -030 and -070(1).

The DOE is also responsible for the water quality criteria in the State and for a
surveillance and enforcement program. The Federal Clean Water Act of 1977
requires that State Water Quality Standards be reviewed periodically and that

agencies and the public be allowed to participate in the review.

f.  Muckleshoot and Puyallup Indian Tribes. These tribes have fishery

treaty rights on the White/Puyallup system under treaties with the U.S.
Government.  Executive Order 13084 and Corps Indian Policy require
coordination and consultation with the tribes regarding possible impacts to treaty
rights.

g. Puget Sound Energy. PSE operates the White River project, a

hydroelectric power facility, using water from the White River discharged from
the MMD. PSE will be advised whenever a change in MMD discharge might

have a significant effect on PSE's diversion facility.

h. King County. Coordination with King and Pierce Counties is required



because part of the White River basin is in each county. As shown on Plate 2-1,
the county boundary generally follows to the channel of the Greenwater River
downstream until the Greenwater joins the White. The boundary then follows the
channel of the White all the way to a point near Auburn. A short stretch of the
White River is entirely in King County in the area near Auburn; however soon
after the stream turns southward it enters Pierce County; thereafter, it is wholly in

Pierce County downstream to the confluence with the Puyallup River.

King County receives information from the Corps HHS during flood events
regarding flow releases and expected operations which is then provided to
floodplain residents through the King County flood warning system. The
National Weather Service provides forecast information to the media. HHS
assures that information relating to MMD operation is provided to King County

and other interested stakeholders.

i. Pierce County. As described in paragraph 9.03, h, above, part of the

White River basin lies in Pierce County. HHS assures that appropriate

information relating to MMD operation is made available to Pierce County.

Pierce County has accepted administrative responsibility for Inter-County;

therefore, is the initial point of contact for issues pertinent to that organization.



TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
895 0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
896 2 2.3 2.6 2.9 3.2 3.5 3.8 4.1 4.4 4.7
897 5 5.3 5.6 5.9 6.2 6.5 6.8 7.1 7.4 7.7
898 8 8.3 8.6 8.9 9.2 9.5 9.8 10.1 10.4 10.7
899 11 11.3 11.6 11.9 12.2 12.5 12.8 13.1 13.4 13.7
900 14 14.3 14.6 14.9 15.2 155 15.8 16.1 16.4 16.7
901 17 17.3 17.6 17.9 18.2 18.5 18.8 19.1 19.4 19.7
902 20 20.3 20.6 20.9 21.2 21.5 21.8 22.1 22.4 22.7
903 23 23.4 23.8 24.2 24.6 25 254 25.8 26.2 26.6
904 27 27.4 27.8 28.2 28.6 29 29.4 29.8 30.2 30.6
905 31 31.4 31.8 32.2 32.6 33 33.4 33.8 34.2 34.6
906 35 35.4 35.8 36.2 36.6 37 37.4 37.8 38.2 38.6
907 39 39.4 39.8 40.2 40.6 41 41.4 41.8 42.2 42.6
908 43 43.4 43.8 44.2 44.6 45 45.4 45.8 46.2 46.6
909 47 47.5 48 48.5 49 49.5 50 50.5 51 515
910 52 52.5 53 53.5 54 54.5 55 55.5 56 56.5
911 57 57.5 58 58.5 59 59.5 60 60.5 61 61.5
912 62 62.5 63 63.5 64 64.5 65 65.5 66 66.5
913 67 67.5 68 68.5 69 69.5 70 70.5 71 71.5
914 72 72.5 73 73.5 74 74.5 75 75.5 76 76.5
915 77 77.6 78.2 78.8 79.4 80 80.6 81.2 81.8 82.4
916 83 83.6 84.2 84.8 85.4 86 86.6 87.2 87.8 88.4
917 89 89.6 90.2 90.8 914 92 92.6 93.2 93.8 94.4
918 95 95.6 96.2 96.8 97.4 98 98.6 99.2 99.8 100.4
919 101 102 102 103 103 104 105 105 106 106
920 107 108 108 109 109 110 111 111 112 112
921 113 114 114 115 116 117 117 118 119 119
922 120 121 121 122 123 124 124 125 126 126
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T2-2

TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
923 127 128 128 129 130 131 131 132 133 133
924 134 135 135 136 137 138 138 139 140 140
925 141 142 143 143 144 145 146 147 147 148
926 149 150 151 152 153 154 154 155 156 157
927 158 159 160 161 162 163 164 165 166 167
928 168 169 169 170 170 171 172 172 173 173
929 174 176 177 179 181 183 184 186 188 189
930 191 192 194 195 196 198 199 200 201 203
931 204 205 207 208 210 211 212 214 215 217
932 218 220 221 223 224 226 227 229 230 232
933 233 235 236 238 239 241 243 244 246 247
934 249 251 253 255 257 259 260 262 264 266
935 268 270 271 273 274 276 278 279 281 282
936 284 286 288 290 292 294 295 297 299 301
937 303 305 307 309 311 313 315 317 319 321
938 323 325 327 329 331 334 336 338 340 342
939 344 346 348 351 353 355 357 359 362 364
940 366 368 371 373 375 378 380 382 384 387
941 389 391 394 396 399 401 403 406 408 411
942 413 416 418 421 423 426 428 431 433 436
943 438 441 443 446 448 451 454 456 459 461
944 464 467 469 472 475 478 480 483 486 488
945 491 494 497 499 502 505 508 511 513 516
946 519 522 525 528 531 534 536 539 542 545
947 548 551 554 557 560 563 566 569 572 575
948 578 581 584 587 590 594 597 600 603 606
949 609 612 615 619 622 625 628 631 635 638
950 641 644 648 651 654 658 661 664 667 671




TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
951 674 677 681 684 688 691 694 698 701 705
952 708 712 715 719 722 726 729 733 736 740
953 743 747 750 754 757 761 765 768 772 775
954 779 783 787 790 794 798 802 806 809 813
955 817 821 825 829 833 837 840 844 848 852
956 856 860 864 868 872 876 880 884 888 892
957 896 900 904 908 912 917 921 925 929 933
958 937 941 945 950 954 958 962 966 971 975
959 979 983 988 992 997 1001 1005 1010 1014 1019
960 1023 1030 1036 1043 1049 1056 1062 1069 1075 1082
961 1088 1091 1093 1096 1098 1101 1104 1106 1109 1111
962 1114 1119 1123 1128 1133 1138 1142 1147 1152 1156
963 1161 1166 1171 1175 1180 1185 1190 1195 1199 1204
964 1209 1214 1219 1224 1229 1234 1238 1243 1248 1253
965 1258 1263 1268 1273 1278 1283 1288 1293 1298 1303
966 1308 1313 1318 1324 1329 1334 1339 1344 1350 1355
967 1360 1365 1371 1376 1381 1387 1392 1397 1402 1408
968 1413 1418 1424 1429 1435 1440 1445 1451 1456 1462
969 1467 1473 1478 1484 1489 1495 1500 1506 1511 1517
970 1522 1528 1533 1539 1544 1550 1556 1561 1567 1572
971 1578 1584 1590 1595 1601 1607 1613 1619 1624 1630
972 1636 1642 1648 1654 1660 1666 1671 1677 1683 1689
973 1695 1701 1707 1713 1719 1725 1731 1737 1743 1749
974 1755 1761 1767 1773 1779 1786 1792 1798 1804 1810
975 1816 1822 1829 1835 1841 1848 1854 1860 1866 1873
976 1879 1885 1892 1898 1905 1911 1917 1924 1930 1937
977 1943 1950 1956 1963 1969 1976 1983 1989 1996 2002
978 2009 2016 2022 2029 2036 2043 2049 2056 2063 2069
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TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
979 2076 2083 2090 2097 2104 2111 2117 2124 2131 2138
980 2145 2152 2159 2166 2173 2180 2187 2194 2201 2208
981 2215 2222 2229 2237 2244 2251 2258 2265 2273 2280
982 2287 2294 2302 2309 2316 2324 2331 2338 2345 2353
983 2360 2368 2375 2383 2390 2398 2405 2413 2420 2428
984 2435 2443 2450 2458 2465 2473 2481 2488 2496 2503
985 2511 2519 2527 2534 2542 2550 2558 2566 2573 2581
986 2589 2597 2605 2613 2621 2629 2636 2644 2652 2660
987 2668 2676 2684 2692 2700 2708 2716 2724 2732 2740
988 2748 2756 2764 2773 2781 2789 2797 2805 2814 2822
989 2830 2838 2847 2855 2863 2872 2880 2888 2896 2905
990 2913 2922 2930 2939 2947 2956 2964 2973 2981 2990
991 2998 3007 3015 3024 3032 3041 3050 3058 3067 3075
992 3084 3093 3102 3110 3119 3128 3137 3146 3154 3163
993 3172 3181 3190 3199 3208 3217 3225 3234 3243 3252
994 3261 3270 3279 3288 3297 3307 3316 3325 3334 3343
995 3352 3361 3370 3380 3389 3398 3407 3416 3426 3435
996 3444 3453 3463 3472 3482 3491 3500 3510 3519 3529
997 3538 3548 3557 3567 3576 3586 3595 3605 3614 3624
998 3633 3643 3652 3662 3672 3682 3691 3701 3711 3720
999 3730 3740 3750 3759 3769 3779 3789 3799 3808 3818

1000 3828 3838 3848 3858 3868 3878 3888 3898 3908 3918
1001 3928 3938 3948 3959 3969 3979 3989 3999 4010 4020
1002 4030 4040 4051 4061 4072 4082 4092 4103 4113 4124
1003 4134 4145 4155 4166 4177 4188 4198 4209 4220 4230
1004 4241 4252 4263 4274 4285 4296 4306 4317 4328 4339
1005 4350 4361 4372 4383 4394 4406 4417 4428 4439 4450
1006 4461 4472 4484 4495 4507 4518 4529 4541 4552 4564




TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1007 4575 4587 4598 4610 4621 4633 4645 4656 4668 4679
1008 4691 4703 4715 4726 4738 4750 4762 4774 4785 4797
1009 4809 4821 4833 4845 4857 4869 4881 4893 4905 4917
1010 4929 4941 4953 4966 4978 4990 5002 5014 5027 5039
1011 5051 5064 5076 5089 5101 5114 5126 5139 5151 5164
1012 5176 5189 5201 5214 5227 5240 5252 5265 5278 5290
1013 5303 5316 5329 5342 5355 5368 5380 5393 5406 5419
1014 5432 5445 5458 5472 5485 5498 5511 5524 5538 5551
1015 5564 5577 5591 5604 5618 5631 5644 5658 5671 5685
1016 5698 5712 5725 5739 5752 5766 5780 5793 5807 5820
1017 5834 5848 5862 5875 5889 5903 5917 5931 5944 5958
1018 5972 5986 6000 6014 6028 6042 6056 6070 6084 6098
1019 6112 6126 6141 6155 6169 6184 6198 6212 6226 6241
1020 6255 6270 6284 6299 6313 6328 6342 6357 6371 6386
1021 6400 6415 6429 6444 6459 6474 6488 6503 6518 6532
1022 6547 6562 6577 6592 6607 6622 6637 6652 6667 6682
1023 6697 6712 6727 6743 6758 6773 6788 6803 6819 6834
1024 6849 6864 6880 6895 6911 6926 6941 6957 6972 6988
1026 7160 7176 7192 7208 7224 7240 7256 7272 7288 7304
1027 7320 7336 7353 7369 7385 7402 7418 7434 7450 7467
1028 7483 7500 7516 7533 7549 7566 7583 7599 7616 7632
1029 7649 7666 7683 7700 7717 7734 7750 7767 7784 7801
1030 7818 7835 7852 7870 7887 7904 7921 7938 7956 7973
1031 7990 8008 8025 8043 8060 8078 8096 8113 8131 8148
1032 8166 8184 8202 8220 8238 8256 8273 8291 8309 8327
1033 8345 8363 8381 8400 8418 8436 8454 8472 8491 8509
1034 8527 8546 8564 8583 8601 8620 8638 8657 8675 8694
1035 8712 8731 8750 8768 8787 8806 8825 8844 8862 8881
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TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1036 8900 8919 8938 8957 8976 8996 9015 9034 9053 9072
1037 9091 9110 9130 9149 9169 9188 9207 9227 9246 9266
1038 9285 9305 9324 9344 9364 9384 9403 9423 9443 9462
1039 9482 9502 9522 9542 9562 9582 9602 9622 9642 9662
1040 9682 9702 9723 9743 9763 9784 9804 9824 9844 9865
1041 9885 9906 9926 9947 9967 9988 10009 10029 10050 10070
1042 10091 10112 10133 10154 10175 10196 10216 10237 10258 10279
1043 10300 10321 10342 10364 10385 10406 10427 10448 10470 10491
1044 10512 10534 10555 10577 10598 10620 10642 10663 10685 10706
1045 10728 10750 10772 10794 10816 10838 10859 10881 10903 10925
1046 10947 10969 10991 11014 11036 11058 11080 11102 11125 11147
1047 11169 11192 11214 11237 11259 11282 11304 11327 11349 11372
1048 11394 11417 11440 11462 11485 11508 11531 11554 11576 11599
1049 11622 11645 11668 11691 11714 11738 11761 11784 11807 11830
1050 11853 11877 11900 11924 11947 11971 11994 12018 12041 12065
1051 12088 12112 12136 12160 12184 12208 12231 12255 12279 12303
1052 12327 12351 12376 12400 12425 12449 12473 12498 12522 12547
1053 12571 12596 12621 12645 12670 12695 12720 12745 12769 12794
1054 12819 12844 12869 12895 12920 12945 12970 12995 13021 13046
1055 13071 13097 13122 13148 13174 13200 13225 13251 13277 13302
1056 13328 13354 13380 13406 13432 13459 13485 13511 13537 13563
1057 13589 13616 13642 13669 13695 13722 13749 13775 13802 13828
1058 13855 13882 13909 13936 13963 13990 14017 14044 14071 14098
1059 14125 14152 14180 14207 14235 14262 14289 14317 14344 14372
1060 14399 14427 14455 14483 14511 14539 14566 14594 14622 14650
1061 14678 14706 14735 14763 14791 14820 14848 14876 14904 14933
1062 14961 14990 15019 15047 15076 15105 15134 15163 15191 15220
1063 15249 15278 15307 15337 15366 15395 15424 15453 15483 15512




TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1064 15541 15571 15600 15630 15659 15689 15719 15748 15778 15807
1065 15837 15867 15897 15927 15957 15988 16018 16048 16078 16108
1066 16138 16169 16199 16230 16260 16291 16321 16352 16382 16413
1067 16443 16474 16505 16536 16567 16598 16628 16659 16690 16721
1068 16752 16783 16815 16846 16878 16909 16940 16972 17003 17035
1069 17066 17098 17130 17161 17193 17225 17257 17289 17320 17352
1070 17384 17416 17448 17481 17513 17545 17577 17609 17642 17674
1071 17706 17739 17771 17804 17837 17870 17902 17935 17968 18000
1072 18033 18066 18099 18132 18165 18199 18232 18265 18298 18331
1073 18364 18398 18431 18465 18498 18532 18566 18599 18633 18666
1074 18700 18734 18768 18802 18836 18870 18904 18938 18972 19006
1075 19040 19074 19109 19143 19178 19212 19246 19281 19315 19350
1076 19384 19419 19454 19489 19524 19559 19593 19628 19663 19698
1077 19733 19768 19804 19839 19874 19910 19945 19980 20015 20051
1078 20086 20122 20158 20193 20229 20265 20301 20337 20372 20408
1079 20444 20480 20517 20553 20589 20626 20662 20698 20734 20771
1080 20807 20844 20881 20917 20954 20991 21028 21065 21101 21138
1081 21175 21212 21249 21287 21324 21361 21398 21435 21473 21510
1082 21547 21585 21622 21660 21698 21736 21773 21811 21849 21886
1083 21924 21962 22000 22039 22077 22115 22153 22191 22230 22268
1084 22306 22345 22383 22422 22460 22499 22538 22576 22615 22653
1085 22692 22731 22770 22809 22848 22888 22927 22966 23005 23044
1086 23083 23123 23162 23202 23241 23281 23321 23360 23400 23439
1087 23479 23519 23559 23599 23639 23679 23719 23759 23799 23839
1088 23879 23920 23960 24001 24041 24082 24122 24163 24203 24244
1089 24284 24325 24366 24407 24448 24489 24530 24571 24612 24653
1090 24694 24736 24777 24819 24860 24902 24943 24985 25026 25068
1091 25109 25151 25193 25235 25277 25319 25360 25402 25444 25486
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T2-8

TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1092 25528 25570 25613 25655 25698 25740 25782 25825 25867 25910
1093 25952 25995 26038 26081 26124 26167 26209 26252 26295 26338
1094 26381 26424 26468 26511 26554 26598 26641 26684 26727 26771
1095 26814 26858 26902 26945 26989 27033 27077 27121 27164 27208
1096 27252 27296 27341 27385 27429 27474 27518 27562 27606 27651
1097 27695 27740 27785 27829 27874 27919 27964 28009 28053 28098
1098 28143 28188 28233 28279 28324 28369 28414 28459 28505 28550
1099 28595 28641 28686 28732 28778 28824 28869 28915 28961 29006
1100 29052 29098 29144 29190 29236 29282 29328 29374 29420 29466
1101 29512 29558 29605 29651 29697 29744 29790 29836 29882 29929
1102 29975 30022 30068 30115 30161 30208 30255 30301 30348 30394
1103 30441 30488 30535 30582 30629 30676 30722 30769 30816 30863
1104 30910 30957 31004 31052 31099 31146 31193 31240 31288 31335
1105 31382 31430 31477 31525 31572 31620 31667 31715 31762 31810
1106 31857 31905 31953 32000 32048 32096 32144 32192 32239 32287
1107 32335 32383 32431 32479 32527 32575 32623 32671 32719 32767
1108 32815 32863 32912 32960 33008 33057 33105 33153 33201 33250
1109 33298 33347 33395 33444 33492 33541 33590 33638 33687 33735
1110 33784 33833 33882 33931 33980 34029 34077 34126 34175 34224
1111 34273 34322 34371 34421 34470 34519 34568 34617 34667 34716
1112 34765 34815 34864 34914 34963 35013 35062 35112 35161 35211
1113 35260 35310 35360 35409 35459 35509 35559 35609 35658 35708
1114 35758 35808 35858 35908 35958 36009 36059 36109 36159 36209
1115 36259 36309 36360 36410 36461 36511 36561 36612 36662 36713
1116 36763 36814 36864 36915 36966 37017 37067 37118 37169 37219
1117 37270 37316 37362 37408 37454 37500 37546 37592 37638 37684
1118 37730 37786 37842 37899 37955 38011 38067 38123 38180 38236
1119 38292 38344 38395 38447 38498 38550 38601 38653 38704 38756




TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1120 38807 38859 38911 38962 39014 39066 39118 39170 39221 39273
1121 39325 39377 39429 39481 39533 39586 39638 39690 39742 39794
1122 39846 39898 39951 40003 40056 40108 40160 40213 40265 40318
1123 40370 40423 40475 40528 40581 40634 40686 40739 40792 40844
1124 40897 40950 41003 41056 41109 41162 41215 41268 41321 41374
1125 41427 41480 41534 41587 41640 41694 41747 41800 41853 41907
1126 41960 42014 42067 42121 42175 42229 42282 42336 42390 42443
1127 42497 42551 42605 42659 42713 42767 42821 42875 42929 42983
1128 43037 43085 43134 43182 43231 43279 43327 43376 43424 43473
1129 43521 43582 43643 43703 43764 43825 43886 43947 44007 44068
1130 44129 44184 44239 44295 44350 44405 44460 44515 44571 44626
1131 44681 44737 44792 44848 44903 44959 45014 45070 45125 45181
1132 45236 45292 45348 45404 45460 45516 45571 45627 45683 45739
1133 45795 45851 45908 45964 46020 46077 46133 46189 46245 46302
1134 46358 46415 46471 46528 46584 46641 46698 46754 46811 46867
1135 46924 46981 47038 47095 47152 47209 47266 47323 47380 47437
1136 47494 47551 47609 47666 47724 47781 47838 47896 47953 48011
1137 48068 48126 48184 48241 48299 48357 48415 48473 48530 48588
1138 48646 48704 48762 48820 48878 48937 48995 49053 49111 49169
1139 49227 49286 49344 49403 49461 49520 49578 49637 49695 49754
1140 49812 49871 49930 49989 50048 50107 50165 50224 50283 50342
1141 50401 50460 50519 50579 50638 50697 50756 50815 50875 50934
1142 50993 51053 51112 51172 51231 51291 51351 51410 51470 51529
1143 51589 51649 51709 51769 51829 51889 51949 52009 52069 52129
1144 52189 52249 52310 52370 52430 52491 52551 52611 52671 52732
1145 52792 52853 52913 52974 53035 53096 53156 53217 53278 53338
1146 53399 53460 53521 53582 53643 53705 53766 53827 53888 53949
1147 54010 54072 54133 54195 54256 54318 54379 54441 54502 54564
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TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1148 54625 54687 54749 54810 54872 54934 54996 55058 55119 55181
1149 55243 55307 55371 55436 55500 55564 55628 55692 55757 55821
1150 55885 55946 56006 56067 56127 56188 56249 56309 56370 56430
1151 56491 56554 56617 56680 56743 56806 56869 56932 56995 57058
1152 57121 57184 57248 57311 57375 57438 57501 57565 57628 57692
1153 57755 57819 57883 57946 58010 58074 58138 58202 58265 58329
1154 58393 58457 58521 58586 58650 58714 58778 58842 58907 58971
1155 59035 59100 59164 59229 59293 59358 59423 59487 59552 59616
1156 59681 59746 59811 59876 59941 60006 60071 60136 60201 60266
1157 60331 60396 60462 60527 60593 60658 60723 60789 60854 60920
1158 60985 61051 61117 61182 61248 61314 61380 61446 61511 61577
1159 61643 61709 61775 61842 61908 61974 62040 62106 62173 62239
1160 62305 62372 62438 62505 62571 62638 62705 62771 62838 62904
1161 62971 63038 63105 63172 63239 63306 63373 63440 63507 63574
1162 63641 63708 63776 63843 63911 63978 64045 64113 64180 64248
1163 64315 64383 64451 64519 64587 64655 64722 64790 64858 64926
1164 64994 65062 65131 65199 65267 65336 65404 65472 65540 65609
1165 65677 65746 65814 65883 65952 66021 66089 66158 66227 66295
1166 66364 66433 66502 66571 66640 66710 66779 66848 66917 66986
1167 67055 67125 67194 67264 67333 67403 67472 67542 67611 67681
1168 67750 67820 67890 67960 68030 68100 68169 68239 68309 68379
1169 68449 68519 68590 68660 68730 68801 68871 68941 69011 69082
1170 69152 69223 69293 69364 69435 69506 69576 69647 69718 69788
1171 69859 69930 70001 70072 70143 70215 70286 70357 70428 70499
1172 70570 70642 70713 70785 70856 70928 70999 71071 71142 71214
1173 71285 71357 71429 71501 71573 71645 71716 71788 71860 71932
1174 72004 72076 72149 72221 72293 72366 72438 72510 72582 72655
1175 72727 72800 72873 72945 73018 73091 73164 73237 73309 73382




TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1176 73455 73528 73602 73675 73748 73822 73895 73968 74041 74115
1177 74188 74262 74336 74410 74484 74558 74631 74705 74779 74853
1178 74927 75001 75076 75150 75225 75299 75373 75448 75522 75597
1179 75671 75746 75821 75896 75971 76046 76121 76196 76271 76346
1180 76421 76497 76572 76648 76723 76799 76874 76950 77025 77101
1181 77176 77252 77328 77404 77480 77557 77633 77709 77785 77861
1182 77937 78014 78090 78167 78243 78320 78397 78473 78550 78626
1183 78703 78780 78857 78935 79012 79089 79166 79243 79321 79398
1184 79475 79553 79630 79708 79786 79864 79941 80019 80097 80174
1185 80252 80330 80409 80487 80565 80644 80722 80800 80878 80957
1186 81035 81114 81193 81271 81350 81429 81508 81587 81665 81744
1187 81823 81902 81982 82061 82141 82220 82299 82379 82458 82538
1188 82617 82697 82777 82857 82937 83017 83096 83176 83256 83336
1189 83416 83496 83577 83657 83738 83818 83898 83979 84059 84140
1190 84220 84301 84382 84463 84544 84625 84706 84787 84868 84949
1191 85030 85112 85193 85275 85356 85438 85519 85601 85682 85764
1192 85845 85927 86009 86091 86173 86256 86338 86420 86502 86584
1193 86666 86749 86831 86914 86996 87079 87162 87244 87327 87409
1194 87492 87575 87658 87742 87825 87908 87991 88074 88158 88241
1195 88324 88408 88491 88575 88659 88743 88826 88910 88994 89077
1196 89161 89245 89330 89414 89498 89583 89667 89751 89835 89920
1197 90004 90089 90174 90258 90343 90428 90513 90598 90682 90767
1198 90852 90937 91023 91108 91194 91279 91364 91450 91535 91621
1199 91706 91792 91878 91964 92050 92136 92221 92307 92393 92479
1200 92565 92652 92738 92825 92911 92998 93084 93171 93257 93344
1201 93430 93517 93604 93692 93779 93866 93953 94040 94128 94215
1202 94302 94390 94478 94566 94654 94742 94829 94917 95005 95093
1203 95181 95270 95358 95447 95535 95624 95713 95801 95890 95978
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T2-12

TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1204 96067 96156 96246 96335 96424 96514 96603 96692 96781 96871
1205 96960 97050 97140 97230 97320 97410 97500 97590 97680 97770
1206 97860 97951 98041 98132 98223 98314 98404 98495 98586 98676
1207 98767 98798 98830 98861 98893 98924 98955 98987 99018 99050
1208 99081 99233 99385 99537 99689 99842 99994 100146 100298 100450
1209] 100602 100695 100788 100880 100973 101066 101159 101252 101344 101437
1210] 101530 101624 101717 101811 101904 101998 102091 102185 102278 102372
1211) 102465 102559 102653 102748 102842 102936 103030 103124 103219 103313
1212) 103407 103502 103597 103692 103787 103882 103976 104071 104166 104261
1213] 104356 104452 104547 104643 104738 104834 104930 105025 105121 105216
1214 105312 105408 105505 105601 105697 105794 105890 105986 106082 106179
1215] 106275 106372 106469 106566 106663 106760 106857 106954 107051 107148
1216 107245 107343 107440 107538 107636 107734 107831 107929 108027 108124
1217) 108222 108320 108419 108517 108616 108714 108812 108911 109009 109108
1218] 109206 109305 109404 109503 109602 109702 109801 109900 109999 110098
1219 110197 110297 110397 110496 110596 110696 110796 110896 110995 111095
1220] 111195 111296 111396 111497 111597 111698 111798 111899 111999 112100
1221) 112200 112301 112402 112504 112605 112706 112807 112908 113010 113111
1222] 113212 113314 113416 113518 113620 113722 113823 113925 114027 114129
1223 114231 114334 114436 114539 114641 114744 114847 114949 115052 115154
1224] 115257 115360 115464 115567 115670 115774 115877 115980 116083 116187
1225 116290 116394 116498 116602 116706 116810 116914 117018 117122 117226
1226| 117330 117435 117540 117645 117750 117855 117959 118064 118169 118274
1227) 118379 118485 118591 118696 118802 118908 119014 119120 119225 119331
1228 119437 119544 119650 119757 119864 119971 120077 120184 120291 120397
1229 120504 120612 120719 120827 120934 121042 121150 121257 121365 121472
1230] 121580 121689 121797 121906 122014 122123 122231 122340 122448 122557
1231) 122665 122774 122884 122993 123103 123212 123321 123431 123540 123650




TABLE 2-1 MUD MOUNTAIN RESERVOIR CONTENTSIN ACRE-FEET

Elev~Ft 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
1232 123759 123869 123980 124090 124200 124311 124421 124531 124641 124752
1233 124862 124973 125084 125196 125307 125418 125529 125640 125752 125863
1234 125974 126086 126198 126310 126422 126535 126647 126759 126871 126983
1235 127095 127208 127321 127434 127547 127660 127773 127886 127999 128112
1236 128225 128339 128453 128567 128681 128795 128908 129022 129136 129250
1237 129364 129479 129593 129708 129823 129938 130052 130167 130282 130396
1238 130511 130627 130742 130858 130973 131089 131205 131320 131436 131551
1239 131667 131784 131900 132017 132133 132250 132367 132483 132600 132716
1240 132833 132951 133068 133186 133304 133422 133539 133657 133775 133892
1241 134010 134128 134246 134364 134482 134600 134717 134835 134953 135071
1242 135189 135309 135428 135548 135668 135788 135907 136027 136147 136266
1243 136386 136506 136625 136745 136864 136984 137104 137223 137343 137462
1244 137582 137704 137825 137947 138068 138190 138311 138433 138554 138676
1245 138797 138918 139040 139161 139283 139404 139525 139647 139768 139890
1246 140011 140134 140258 140381 140504 140628 140751 140874 140997 141121
1247 141244 141367 141490 141614 141737 141860 141983 142106 142230 142353
1248 142476 142601 142726 142851 142976 143101 143226 143351 143476 143601
1249 143726 143851 143976 144101 144226 144352 144477 144602 144727 144852
1250 144977 145104 145231 145358 145485 145612 145738 145865 145992 146119
1251 146246 146373 146500 146626 146753 146880 147007 147134 147260 147387
1252 147514 147638 147763 147887 148011 148136 148260 148384 148508 148633
1253 148757 148881 149006 149130 149254 149379 149503 149627 149751 149876
1254 150000 150128 150255 150383 150510 150638 150765 150893 151020 151148
1255 151275 151403 151530 151658 151785 151913 152040 152168 152295 152423
1256 152550 152673 152795 152918 153040 153163 153285 153408 153530 153653
1257 153775 153898 154020 154143 154265 154388 154510 154633 154755 154878
1258 155000
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TABLE 2-2 MUD MOUNTAIN RESERVOIR CONTENTS IN HECTARE-METERS

T2-14

Elev~-M 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
273 0.1727 0.2911 0.4096 0.5280 0.6464 0.7648 0.8833 1.0017 1.1201 1.2385
274 1.3570 14791 1.6012 1.7233 1.8455 1.9676 2.0897 2.2118 2.3340 2.4561
275 2.5782 2.7324 2.8866 3.0408 3.1950 3.3492 3.5034 3.6576 3.8118 3.9660
276 4.1202 4.2781 4.4360 4.5939 4.7518 4.9097 5.0676 5.2255 5.3834 5.5413
277 5.6992 5.9003 6.1014 6.3025 6.5035 6.7046 6.9057 7.1068 7.3078 7.5089
278 7.7100 7.9185 8.1270 8.3354 8.5439 8.7524 8.9609 9.1693 9.3778 9.5863
279 9.795 10.039 10.283 10.528 10.772 11.016 11.260 11.505 11.749 11.993
280 12.237 12.494 12.750 13.007 13.264 13.520 13.777 14.033 14.290 14.547
281 14.803 15.087 15.371 15.654 15.938 16.222 16.506 16.789 17.073 17.357
282 17.640 17.986 18.331 18.677 19.022 19.368 19.713 20.058 20.404 20.749
283 21.095 21.637 22.180 22.723 23.266 23.808 24.351 24.894 25.437 25.980
284 26.522 27.201 27.879 28.558 29.236 29.915 30.593 31.272 31.950 32.629
285 33.307 34.060 34.812 35.565 36.317 37.070 37.822 38.575 39.327 40.080
286 40.832 41.720 42.609 43.497 44.385 45.273 46.161 47.050 47.938 48.826
287 49.714 50.763 51.811 52.860 53.908 54.957 56.005 57.054 58.103 59.151
288 60.200 61.384 62.568 63.752 64.937 66.121 67.305 68.489 69.674 70.858
289 72.042 73.362 74.682 76.002 77.322 78.642 79.962 81.282 82.602 83.922
290 85.242 86.697 88.153 89.609 91.064 92.520 93.976 95.431 96.887 98.343
291 99.80 101.43 103.05 104.68 106.31 107.94 109.57 111.20 112.83 114.45
292 116.08 117.99 119.91 121.82 123.73 125.64 127.55 129.47 131.38 133.29
293 135.20 136.95 138.71 140.46 142.21 143.96 145.71 147.46 149.22 150.97
294 152.72 154.82 156.91 159.01 161.11 163.21 165.30 167.40 169.50 171.59
295 173.69 175.94 178.18 180.43 182.67 184.92 187.16 189.41 191.65 193.90
296 196.14 198.56 200.98 203.40 205.81 208.23 210.65 213.07 215.49 217.90
297 220.32 222.83 225.33 227.83 230.34 232.84 235.35 237.85 240.35 242.86
298 245.36 248.15 250.94 253.73 256.51 259.30 262.09 264.88 267.67 270.45
299 273.24 276.24 279.24 282.24 285.23 288.23 291.23 294.23 297.22 300.22
300 303.22 306.40 309.58 312.77 315.95 319.13 322.32 325.50 328.68 331.86
301 335.05 338.43 341.81 345.19 348.57 351.95 355.33 358.71 362.09 365.47




TABLE 2-2 MUD MOUNTAIN RESERVOIR CONTENTS IN HECTARE-METERS

Elev~M 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
302 368.85 372.30 375.75 379.21 382.66 386.12 389.57 393.02 396.48 399.93
303 403.39 407.16 410.94 414.71 418.49 422.26 426.04 429.81 433.59 437.36
304 441.14 445.11 449.08 453.05 457.02 461.00 464.97 468.94 472.91 476.89
305 480.86 485.09 489.32 493.55 497.78 502.01 506.24 510.48 514.71 518.94
306 523.17 527.72 532.27 536.83 541.38 545.93 550.48 555.03 559.59 564.14
307 568.69 573.38 578.06 582.75 587.44 592.13 596.82 601.50 606.19 610.88
308 615.57 620.70 625.83 630.96 636.09 641.23 646.36 651.49 656.62 661.75
309 666.88 672.34 677.79 683.24 688.69 694.15 699.60 705.05 710.50 715.96
310 721.41 727.15 732.88 738.62 744.35 750.09 755.83 761.56 767.30 773.04
311 778.77 784.82 790.86 796.91 802.95 808.99 815.04 821.08 827.13 833.17
312 839.22 845.60 851.97 858.35 864.73 871.11 877.48 883.86 890.24 896.62
313 903.00 909.56 916.12 922.68 929.25 935.81 942.37 948.93 955.50 962.06
314 968.62 975.83 983.03 990.24 997.44 1004.64 1011.85 1019.05 1026.26 1033.46
315 1040.66] 1048.28 1055.89 1063.50 1071.11 1078.72 1086.33 1093.94 1101.56 1109.17
316 1116.78] 1124.78 1132.79 1140.80 1148.80 1156.81 1164.81 1172.82 1180.83 1188.83
317] 1196.84] 1205.26 1213.69 1222.12 1230.54 1238.97 1247.39 1255.82 1264.24 1272.67
318 1281.09] 1289.67 1298.24 1306.81 1315.39 1323.96 1332.53 1341.11 1349.68 1358.26
319 1366.83] 1376.08 1385.33 1394.58 1403.84 1413.09 1422.34 1431.59 1440.84 1450.10
320 1459.35 1469.11 1478.86 1488.62 1498.38 1508.14 1517.90 1527.65 1537.41 1547.17
321] 1556.93] 1567.26 1577.60 1587.94 1598.28 1608.61 1618.95 1629.29 1639.63 1649.96
322| 1660.30] 1671.22 1682.14 1693.05 1703.97 1714.89 1725.81 1736.72 1747.64 1758.56
323 1769.48] 1780.64 1791.80 1802.97 1814.13 1825.30 1836.46 1847.62 1858.79 1869.95
324 1881.12] 1893.22 1905.32 1917.42 1929.52 1941.62 1953.73 1965.83 1977.93 1990.03
325 2002.13] 2014.80 2027.47 2040.14 2052.81 2065.48 2078.15 2090.82 2103.49 2116.15
326| 2128.82 2142.07 2155.32 2168.57 2181.82 2195.07 2208.32 2221.57 2234.81 2248.06
327| 2261.31] 2275.17 2289.02 2302.87 2316.73 2330.58 2344.43 2358.29 2372.14 2385.99
328| 2399.85] 2413.85 2427.85 2441.85 2455.85 2469.85 2483.85 2497.85 2511.86 2525.86
329 2539.86] 2554.93 2570.01 2585.08 2600.16 2615.23 2630.31 2645.38 2660.46 2675.53
330 2690.60] 2706.30 2721.99 2737.68 2753.37 2769.06 2784.75 2800.44 2816.14 2831.83
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TABLE 2-2 MUD MOUNTAIN RESERVOIR CONTENTS IN HECTARE-METERS

T2-16

Elev~-M 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
331 2847.52| 2863.85 2880.18 2896.52 2912.85 2929.18 2945.52 2961.85 2978.18 2994.51
332| 3010.85] 3027.81 3044.77 3061.73]  3078.70 3095.66 3112.62 3129.58 3146.54 3163.51
333 3180.47] 3198.06 3215.65 3233.24]  3250.83 3268.42 3286.01 3303.61 3321.20 3338.79
334| 3356.38] 3374.06 3391.73 3409.41] 3427.09 3444.77 3462.44 3480.12 3497.80 3515.48
335 3533.15] 3551.90 3570.66 3589.41] 3608.16 3626.91 3645.66 3664.41 3683.16 3701.91
336| 3720.66] 3739.83 3759.00 3778.17| 3797.34 3816.51 3835.68 3854.85 3874.02 3893.19
337 3912.36] 3931.89 3951.42 3970.95] 3990.47| 4010.00] 4029.53] 4049.06] 4068.59] 4088.11
338 4107.64] 412758 4147.51| 4167.45] 4187.38| 4207.32| 4227.25| 4247.19] 4267.12] 4287.06
339 4306.99] 4326.69] 4346.39] 4366.09] 4385.79] 4405.49] 4425.19] 4444.90] 4464.60] 4484.30
340 4504.00] 452459 4545.17| 4565.76] 4586.35| 4606.94| 4627.53] 4648.12| 4668.71] 4689.30
341 4709.88] 4731.08] 4752.27| 4773.46] 4794.66| 4815.85| 4837.04] 4858.24| 4879.43| 4900.62
342 4921.82] 4943.31] 4964.80] 4986.29] 5007.77 5029.26 5050.75 5072.24) 5093.73 5115.22
343 5136.71] 5158.13 5179.54| 5200.96] 5222.37 5243.79 5265.20 5286.62 5308.03 5329.45
344| 5350.86] 5373.13 5395.40 5417.66] 5439.93 5462.20 5484.46 5506.73 5529.00 5551.26
345] 5573.53] 5596.44 5619.34| 5642.25| 5665.16 5688.07 5710.98 5733.88 5756.79 5779.70
346| 5802.61] 5826.03 5849.46 5872.89] 5896.31 5919.74| 5943.16 5966.59 5990.02 6013.44
347| 6036.87] 6060.78 6084.68 6108.59 6132.50 6156.40 6180.31 6204.22 6228.13 6252.03
348 6275.94| 6300.34 6324.74 6349.14 6373.54 6397.94 6422.34 6446.74 6471.14 6495.55
349 6519.95 6544.85 6569.76 6594.67 6619.57 6644.48 6669.38 6694.29 6719.20 6744.10
350 6769.01] 6793.64 6818.28 6842.91 6867.55 6892.18 6916.82 6941.45 6966.09 6990.72
351] 7015.36] 7041.29 7067.22 7093.15 7119.08 7145.01 7170.94 7196.87 7222.80 7248.73
352| 7274.66| 7301.14 7327.61 7354.08 7380.55 7407.03 7433.50 7459.97 7486.45 7512.92
353| 7539.39] 7566.40 7593.40 7620.40 7647.41 7674.41 7701.41 7728.42 7755.42 7782.42
354 7809.43] 7836.99 7864.55 7892.10 7919.66 7947.22 7974.78 8002.34)  8029.90 8057.46
355 8085.01] 8112.28 8139.54| 8166.80] 8194.06 8221.33 8248.59 8275.85 8303.11 8330.38
356| 8357.64| 8386.28 8414.93 8443.57| 8472.22 8500.86 8529.51 8558.15 8586.79 8615.44
357 8644.08] 8673.27 8702.46 8731.64) 8760.83 8790.02 8819.20 8848.39 8877.58 8906.76
358| 8935.95 8965.74 8995.53 9025.33] 9055.12 9084.91 9114.70 9144.49 9174.28 9204.07
359 9233.87] 9264.40 9294.93 9325.46]  9355.99 9386.52 9417.06 9447.59 9478.12 9508.65




TABLE 2-2 MUD MOUNTAIN RESERVOIR CONTENTS IN HECTARE-METERS

Elev~M

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

360

9539.18

9569.50

9599.83

9630.15

9660.47

9690.79

9721.11

9751.44

9781.76

9812.08

361

9842.40

9874.39

9906.38

9938.36

9970.35

10002.34

10034.32

10066.31

10098.30

10130.29

362

10162.27

10194.98

10227.68

10260.38

10293.08

10325.79

10358.49

10391.19

10423.90

10456.60

363

10489.30

10522.76

10556.21

10589.67

10623.12

10656.58

10690.03

10723.49

10756.94

10790.40

364

10823.85

10858.04

10892.22

10926.40

10960.59

10994.77

11028.95

11063.13

11097.32

11131.50

365

11165.68

11199.53

11233.38

11267.23

11301.08

11334.93

11368.78

11402.63

11436.48

11470.33

366

11504.18

11539.95

11575.71

11611.47

11647.23

11682.99

11718.76

11754.52

11790.28

11826.04

367

11861.80

11895.57

11929.33

11963.10

11996.86

12030.62

12064.39

12098.15

12131.91

12165.68

368

12199.44

12240.05

12280.66

12321.27

12361.88

12402.49

12443.10

12483.71

12524.32

12564.93

369

12605.54

12644.12

12682.69

12721.27

12759.84

12798.41

12836.99

12875.56

12914.14

12952.71

370

12991.29

13030.83

13070.36

13109.90

13149.44

13188.97

13228.51

13268.05

13307.58

13347.12

371

13386.66

13425.90

13465.14

13504.38

13543.62

13582.86

13622.10

13661.34

13700.58

13739.82

372

13779.07

13820.44

13861.82

13903.19

13944.57

13985.94

14027.31

14068.69

14110.06

14151.44

373

14192.81

14235.16

14277.51

14319.86

14362.21

14404.56

14446.91

14489.26

14531.61

14573.96

374

14616.31

14659.84

14703.38

14746.91

14790.44

14833.98

14877.51

14921.05

14964.58

15008.11

375

15051.65

15096.38

15141.11

15185.84

15230.57

15275.30

15320.03

15364.76

15409.49

15454.22

376

15498.95

15543.48

15588.02

15632.55

15677.08

15721.62

15766.15

15810.68

15855.21

15899.75

377

15944.28

15991.42

16038.55

16085.69

16132.82

16179.96

16227.10

16274.23

16321.37

16368.50

378

16415.64
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RATING CURVE"
9 FOOT TUNNEL (GATE R-3)
MUD MOUNTAIN DAM ) ’ :
. NP
0% 10% 0% 30% 40% 50% 60% TO% 80% 90% 100%
1210
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990
970
950
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Discharge (cfs)
1998 Rating table combined the 1995 table with observed measurements (David van Rijn).
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Mud Mountain Rating Table (1998)

R3 [R3|R3 |R3|R3 |R3|R3 |[R3 |R3 |R3 |R3

POOL FLOW IN CUBIC FEET PER SECOND (CFS)

ETEVATION | 0%l 10%|  20%| 30%| _ 40%| 50%| 60%| 70%| 80%| 90%| 100%
895 0 0 0 0 0 0 ‘0 0 0 0 0
900|. 0} 120 200} 300 360} 410 435 450 500f 545 550
so5l ol ~170| 290] 430]  525] 20| 670] 715| 815 923| 1200
s1ol ol 195| 45| 530] _ 675| 820] 900 985| 1115] 1300 1550
o5l ol 215] 390] 615]  800| 985| 1140] 1270| 1410] 1570] 1750
920 .0] 230] ~430f{ 680 goo| 1150] 1340] 1485{ 1630| 1760| 1900
925 0} 245 465| 735|. 980] 1265| 1465] 1605 1740 1865 1995
930 0] 260 500] -790] 1060| 1380] 1590| 1725] 1850 1970| 2090|
935 0} 275 540] 845| 1130] 1460] 1665] 1798} 1920 2035] 2158
940 0} 280 580 900| 1200] 1540] 1740| 1870 1930 2100 2225
950 0] - 320 650/ 990] 1315] 1675] .1870f 1980| 2095 2213} 2350
960 0f 350 700| 1080] - 1430] 1800] 1990 2090 2200 2325] 2465
970 .0l 375 755] 1155] 1535| 1915] 2090| 2195| 2305 2433| 2580
980 ol a00] 80| 1230{ 1640} 2030| 2190} 2300 2410| 2540| 2690
990 ol 425 es0| 1300] 1725| 2115] 2280 2395] 2498| 2633| 2790

1000 0] 450 goo| 1370| 1810} 2200] 2370 2490 2585 2725]| 2890
1010 0] 475 045| 1430] 1890| 2275] 2455| 2580] 2683 2813| 2970
1020] = 0] 500 ooo] 1490| 1970} 2350] 2540| 2670| 2780 2900f 3060
1030 ol s20] 1o025] 1545] 2045] 2420] 2615 0750| 2860] 2990] 3140
1040 ol s40l - 1060} 1600] 2120| 2490| 2690 2830] 2940| 3080} 3220
1050 ol .555] +1o0o0] 1650| . 2185| 2560} 2760 2905] 3020 3165} 3300}
1060 ol s70l 1130} 1700] 2250| 2630| - 2830] 2980 3100} 3250| 3380
1070 ol sss| 11es] 1750] . 2310} 2690 2900 3055| 3175| 3320] 3460
1080 ol e00] 1200 1800] 2370| 2750{ 2970 3130f 3250} 3390} 3540
1090 ol 615 1225 1840 2430| 2810 3035 3200| 3320] 3465] 3620
1100 ol e30] 1250] 1880] 2490| 2870 3100 3270| 3390| 3540j - 3700
1110 ol _e45] 1285] 1925] 2545| 2930| 3165 3335| 3460[ 3613] 3780
1120 ol 660l ~ 1310] 1970} 2600} 2990{ 3230 3400] 3530] 3685| 3860
1130}. ol e7sl 1335} 2010] 2655| 3050| 3295| 3465| 3605| 3758] 3940
1140 ol eg0l 1360] 2050] 2710| 3110 3360 3530] 3680| 3830] 4020
1150 ol - 700l 1385} 2090] 2765| 3165| 3420] 35 95|  3745| 3905| 4100
1160 ol 710] 1410l 2130] 2820| 3220] 3480 3660] 3810] 3980] 4180
1170| o] 725 1430] 2165] 2870 3070] 3540 3720] 3878] 4053} 4260
1180 ol 740l - 1450] 2200] 2920| 3320} 3600} 3780 3945] 4125] 4340
1190 ol 7s0] 1475} 2235] 2970| 3375| 3660 3840| 4008] 4188] 4420
1200 ol 7e0] 1500] 2270]. 3020| 3430 ~3720] 3900] 4070] 4250} 4500

_1210 ol 770l 1525| 2305] 3070] 3485| 3780| 3960 4133] 4313] 4580
1220 ol 780l 1550] 2340 3120| 3540] ,3840] 4020 4195| 4375] 4660

ATTACHMENT 1 TO
€23

.CHART 2-2
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LOW HEAD RATING CURVE

Pool Elevation (ft)

9 FOOT TUNNEL (GATE R-3)
MUD MOUNTAIN DAM
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Pool Elevation (ft)
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Mud Mountain Rating Table (1 998) '

R1[R1|R1|R1|R1|R1]|R1]|R1 R1|R1|R1
POOL . FLOW IN CUBIC FEET PER SECOND (CFS)
ELEVATION| 0%| 10%| 20%| 30%| 40%| 50%| 60% 70%] 80%| 90%| . 100%
895 0 o] o 0 0 0 0 0 0 0 0
900 00 o 0 0 0 0 0 0 0 0 0
905 0. o 0 0f -0 0 0 0 0 0 0
910 0 0 0 0 of. o 0 0 0 0 0
915 0 0 0 0 0 0 0 0 0 0 0]
920‘oooooo‘oooo o|
925 of ‘o 0 0 of- of. .o 0 0 0 0
930 0 51 103{ 189] 274] 323] 371] 380 390] 395 400
935 0] 102 204] -354] 504] 601] 698] 799 s00| 960 1000
940 0] _138] 275| 466| 658 789] 921| 1079] 1237] 1400 1640
950 Of 193] 386| 638 889 1074| 1250| 1482| 1706 2190 2725
. 960 O 238] 476| 774| 1072| 1300| 1529] 1805| 2081| 2674 3314
970| o] 277| 555 891| 1228| 1494| 1760| 2083 2406] 3074 3813
980 0| 313] 625| - 996| 1367| 1666| 1966] 2331| 2695| 3430 4258
990 0| 345 690] 1091| 1492| 1823 2154] 2557 2960| 3754 4662
1000 0 _376] 751| 1180| 1608| 1968] 2328| 2767| 3205 4054l 5036
1010 O _404] 808| 1262 1716| 2103| 2490] 2063[ 3435| 4334 5386
1020 0| 431] 862| 1340| 1818] 2231| 2644| 3148 3653| 4508 5716 -
1030 0| 457) 913| 1414 1914| 2352| 2789] 3324] ses9| 4848 6029
1040 0] 481] 963| 1484| 2006| 2467| 2928 3492] 4056 5086 6327
1050 0| 505| 1010| 1552| 2094| 2577| 3061| 3653] 4246 5315 6613
1060 0 528]| 1056] 1617| 2178| 2683] 3189] 3809 4428} 5535 - 6888
1070 0] 5501 1100| 1680| 2259| 2786| 3312| 3958! 4604] 5746 7153
1080 O -572f 1143| 1740| 2337| 2884| 3432| 4103 4774] 5951 7409
1090 O] 592| 1185] 1799| 2413} 2980| 3547| 4243| 4939| 6143 - 7657
1100 0] 613] 1226| 1856| 2486} 3073] 3659| 4379] 5099] 6341 7898
1110 0] 633} 1265| 1911| 2558] 3163| 3768| 4512| 5255| 65028 8132
1120 0] 652| 1304| 1965| 2627| 3251] 3875] 4641] 5407| 6710 8360
1130] _of e71] 1342] 2018] 2695| 3336 3978| 4767| 5556 6887] 8582
1140] -0 e89] 1379] 2070] 2761| 3420 4079 4890] 5701 7080 8799
1150 0] _707| 1415] 2120| 2825] -3502| 4178] 5010| 5843 7230 9011
1160 0] _725| 1450| 2169| 2888| 3582| 4275| 5128 5981] 7395 9219
1170 0 _743| 1485| 2217| 2950| 3660] 4370| 5244 6118] 7558] 9422
1180 0] _760j 1519] 2265| 3010| 3736| 4463] 5357] e251] 7717|9621
1190 0 777) 1553| 2311| 3069| 3812| 4554] 5468| 6382| 7872 9817
1200 01 793| 1586| 2357| 3127| 3885| 4644] 5577] 6511| 8025 10009
1215 0l 817| 1635]| 2424] 3213 3904| 4775| 5738] 6700 8250] 10290

' ATTACHMENT 1 TO
C2-6 - CHART 2-4
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1998 Rating table comblned the 1995 table with observed measurements (David van Hijn):



Pool Elevation (ft)

RATIN G CURVE

23 FOOT TUNNEL (GATE R-2)
MUD MOUNTAIN DAM
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. L

C2.8 - ' CHART 2-6



Mud Mountain Rating Table (1 998)

R2 |R2 |R2 |R2|R2 |R2|R2 |R2 |R2 |R2]R2

POOL FLOW IN CUBIC FEET PER SECOND (CFS)
ELEVATION 10%  [10% [20% [30% [40% |50% [60% [70% [80% |00% [100%

895 0 o o 00 o o o of o o 0

900 0 o 0 . ¢ 0 0 0 0 0 0 0

905/ . o o 0 o o 0o of of. o0 0

910| ‘o] © 0 0 of o o of o o 0

915 0 24f 48] 71| 95[ 119 143 1e6] 190 196] 200

920 O] 79| 158| 268] 378] 489 600| 655| 691] 696] .700

925 0] 123] 246] 403] 561 724 887| 969] 1051] 1125 1200

930 Of 157 314) 506] 698] 900| 1103| 1214] 1326| 1538] 1750

935 0 186| 372| 592| 813| 1048] 1283| 1421| 1550] 1843] 2130

940 0]_212| 424] 668] 913| 1177| 1441| 1603| 1765| 2090} 2510] _

950 0] 2571 515| 801| 1088| 1401| 1714] 1920] 2126] 2522| 3200

960 O] 297} 595| 917) 1238| 1594| 1949] 2195| 2441| 2900] 3750

970 0] 334] 667} 1020 1373| 1766] 2159] 2441| 2724 3240] 4240

980] o} 367| 734] 1115| 1496] 1923| 2351| 2667| 2083| 3553] 4680

990] O] 398] 797| 1203| 1609] 2069| 2528| 2877} 3225| 3845 5081

1000] O] 428] 856] 1286| 1716] 2205 2694| 3073| 3452| 4118] 5440

1010} _ of - 456} 912| 1364 1816| 2333| 2850| 3259 3667 4378] 5781

1020] o 482 965| 1438| 1911f 2455| 2999| 3435| 3872| 4625] 6105

1030 0] 508] 1016| 1509 2002f 2571] 3140| 3604| 4068| 4862] 6415
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*NPDR 1165-2-2

DEPARTMENT COF THE ARMY
NORTH PACIFIC DIVISION, CORPS OF ENGINEERS
P. 0. Box 2870
Portland, Oregon -97208-2870

CENPD-EN-WM .
Regqulation
Number 1165-2-2 ' 2 Januvary 1990

Water Resource Policies and Authorities
WATER MANAGEMENT RESPONSIBILITIES

1. PURPOSE. This regulation pertains to the management of the Columbia River
reservoir system through the regulation and operation of Corps of Engineers
dams and those owned by other agencies. The purpose of this regulation is to
clarify the organizational structure of and define specific responsibilities
for the Division, districts, and project offices engaged in this activity. It
also defines the Water Management Board and associated procedures for
Division-district interface on water management activities.

2. APPLICABILITY. This regulation is applicable to Engineering and
Operations elements in Headquarters North Pacific Division (HQNPD), and in

Portland, Seattle, and Walla Walla Districts (including Planning Division in
CENPW) . ’ : .

3. REQUIRED PUBLICATIONS.

a. ER 1110-2-240 (Water Control Mamagement). Cited in paragraph 5a, 6b,
11b, 12 and 13. ’ '

b. ER 1110-2-241 (Use of Storage Allocated for Flood Control and
Navigation at Non-Corps Projects). Cited in paragraph 5a.

c. ER 1110-2-249 (Management of Water Control Data Systems). Cited in
paragraph 12a. =

d. ER 1110-2-1400 (Reservoir Control Centers). Cited in paragraph 4.

e. EM 1110-2-3600 (Management of Water Control Systems). Cited in
paragraph 5a. '

f." Columbia River Master Water Control Manual. Cited in paragraph 5c.

g. CENPD Master: Plan for Wéter Control Data Systems. Cited in
paragraph 11. ' . .

*Supersedes NPDR 1165-2~2, 10 January 1967
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NPDR 1165-2-2 ' . 2 January 1990 Y ;

4. BACKGROUND AND DEFINITIONS.

a. Water control management of dams and reservoirs in North Pacific

Division (NPD) is the responsibility of both district and division offices.

In the Columbia River basin, which encompasses three district jurisdictions, a
need exists for centralized management of reservoir regulation activities,
since the system of reservoirs requires unified coordination and operation.
Accordingly, a system management organization, now the Water Management
Branch, was established in 1968 in the HONPD. The duties and responsibilities
of the Branch, which includes a Reservoir Control Center, are defined by ER
1110-2-1400. District offices also remain involved with the Columbia basin
reservoirs, but in a secondary capacity. In certain geographic areas that are
independent from the Columbia River basin, however, district offices assume :
rimary regulation responsibilities. Jurisdiction for district/division
responsibilities for each major project within the NPD boundaries have been
deZined and are shown in Appendix A. Responsibilities_have generally been
assigned to the district office in which the project exists unless the project
is connected electrically and/or hydraulically to the Columbia system.

b. Certain key terms used in this regulation are defined in Appendix B.

Some of these terms are used very explicitly in defining the responsibilities
covered by this regulation.

5. WATER MANAGEMENT POLICIES, GUIDANCE.

a. General Policies and Guidance. Corps of Engineers' projects will be ‘
regulated to conform with basic provisions in authorizing documents and water M
management policies and criteria. Corps of Engineers' policies with regard to
water management are contained in ER 1110-2-240 and ER 1110-2-241. Technical
guidance in carrying out reservoir regulation is contained in EM 1110-2-3600.

b. Project Regulation Guidance. Project water control plans have been
developed to define and describe regulation procedures for each Corps project
and for non-Corps projects for which the Corps has primary regulation

responsibility. These are usually contained in the project water control
manuals.

c. Policies and Guidance for System Management. The Master Water Control
Manual for the Columbia River (reference 3f) contains policy and guidance for
regulating the dams and. reservoirs in the Columbia basin to fulfill integrated
system objectives. Since the projects in the Columbia system are
interrelated, regulation for individual projects must be coordinated with
objectives for the system as a whole. Project obligations to meet system
objectives. are broadly defined in authorizing documents, with specific
requirements contained in contractual agreements which are described. in the
CENPD Master Water Control Manual (reference 3f).

EXHIBIT 1-1 N
Page 2 of 18
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6. DIVISION OFFICE ORGANIZATION AND RESPONSIBILITIES.

a. Organization. The organizational chart for those elements in the
HONPD associated with water management is shown in Appendix C. Also shown are
the other agencies with which coordination is required. Water management
activities are carried out by the Water Management Branch in Engineering
Division. The Branch is organized into three sections which carry out the
varjous responsibilities relating to the watetr management mission described
below. These are also summarized on the organizational chart.

b. Responsibilities. . HONPD is responsible for:

(1) Preparing the annual operating plan for the Columbia system in
accordance with Pacific Northwest Coordination Contract and Columbia River .

Treaty, including performing system regulation studies and coordination as
shown in Appendix A. -

(2) Preparing the annual 6perating plan for the Willamette basin.

(3) Primary regulation of the Columbia reservoir system, including
coordination with BPA, USBR, district offices, fishery agencies, electrical
utilities, etc.; performing back~up analyses; and issuing instructions to
projects. Also performing secondary regulation for other projects as
necessary. See specified projects in Appendix A.

(4) Implementing the Columbia River Treaty in accordance with Treaty
documents, through the Treaty Operating Committee and Hydrometeorological

Committee, including performing required studies as well as daily regulation
activities.

(5) Representing the Corps of Engineers on the Coordination Contract
Committee ahd NWPP Operating Committee, for water management responsibilities.

(6) Developing, coordinating, planning and implementing the juvenile
fish passage plan and water budget plan on the Columbia and Snake Rivers.

(7) Coordinating water supply forecasts with NWRFC, BPA and other
agencies, overseeing forecast integrity, and preparing forecasting procedures
for projects listed in Appendix A. -

(8) Performing system flood control, power, water quality, and
conservation storage studies to improve regulation procedures or analyze
problem areas for projects for which water .control plan responsibilities

- exist. . :

(8) Maintaining and impiementing the CROHMS System, including the
central computer facility hardware and software (in conjunction with CENPD-
IM). Includes maintenance of communications facilities such.as the CBT

- EXHIBIT 1-1
Page 3 of 18
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network and the GOES system; coordination of remote stations; and the
pProcessing of real-time data. :

(10) Performing public information/involvement activities in
accordance with annual plans. :

(11) Participating in activities associated with the Water Management
Board. ‘

(12) Assuming necessary dam safety responsibilities relating to
reservoir regulation and flood warning and notification, including conducting
and participating in emergency action plan exercises.

(13) Preparing and maintaining master water control manuals for the

Columbia and Willamette River basins and portions of other water control
manuals for projects designated in Appendix A. ‘ :

{14) Implementing water quality programs required for mainstem
Columbia and Snake River projects.

(15) Preparing the Columbia River Treaty and Columbia River Water
Management Group Annual Reports, and special after-action reports such as
post-~£flood reports, as defined in Appendix A. .

(16) Performing oversight and approval of district Water Control Data
System (WCDS) development as required by ER 1110-2-240.

(17) Performing oversight and gpproval of District water control
plans and manuals as required by ER 1110-2-240.

(18) - Performing oversight of district reservoir regulation
activities.

7. DISTRICT OFFICE ORGANIZATION AND RESPONSIBILITIES.

a. Organization. Appendix C contains separate organizational charts for
. those parts of the organizations associated with water management. This

activity resides as a section within the Districts' Hydrology and Hydraulics
branches. .

b. Jurisdiction. Projects and responsibilities that fall within the
jurisdiction of each District Office are shown in Appendix A.

i

c. Responsibilities. District Offices will be responsible for:

(1) Maintaining and updating as necessary the water control plan for
projects shown in Appendix A, including making studies and coordinating with
other agencies as appropriate.

EXHIBIT 1-1 .
Page 4 of 18 : -
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(2) Primary and secondary regulation of those projects specified in
Appendix A, including the necessary coordination and back-up analyses.

(3) Preparing and updating water cdntrol manuals or projects
specified in Appendix A.

(4) Performing flood control and conservation storage studies to

improve regulation procedures or analyze problem areas for projects for which
water control plan responsibility exists (Appendix 2).

(5) Operating and maintaining designated Water Control Data Systems,
including data controllers and remote stations.

(6) Déveloping and implementing water supply and streamflow
forecasting procedures for those projects listed in Appendix A.

(7) Preparing special after-action reports such as post-flood
reports for projects shown in Appendix A.

(8) Participating in activities associated with the Water Management
. Board. . )

(9) Assuming necessary .dam safety responsibilities.

(10) Performing public information activities in accordance- with
annual plans. . . :

(11) Conducting and participating in emergency action plan exercises.

(12) Water quality studies and activities for tributary and coastal
streams. .

(13) Collecting snow cover data from aerial flights and satellite
imagery for use in spring flood forecasting (CENPS and CENPW).

8. PROJECT OFFICE ORGANIZATION AND RESPONSIBILITIES.

a. Organization and Coordination. Project offices are within the purview
of CENPD Construction-Operations Division, with Operations organizations in
district offices providing oversight to project engineers and staff.

Interface with water management personnel in district or division offices
occurs in the project regulation process. In routine regulation situations
this is normally accomplished by direct contact between district or division
reservoir regulation persomnel and project personnel. In unusual situations,
district or division managers may be brought into the communication line. For
Columbia Basin projects, the NPD Reservoir Control Center communicates
directly with project personnel, unless otherwise agreed or if special
circumstances arise that would be of significance to the District (e.q.,

EXHBIT 1-1
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regulation that would be sensitive to local communities, or a change in
operating plans).

b. Respongibilities. Project offices will be responsible for the
following actions, with regard to water management.

(1} Carrying out instructions from Division/District water control
managers. ‘ ]

(2) Reporting project status and hydromet data as required.

(3) Coordinating with water control managers regarding O&M activities
that will affect project regulation. .

(4) Carrying out responsibilities with regard to dam safety.

(5) Carrying out public information activities with regard to project
regulation.

9. WATER MANAGEMENT BOARD. The Water Management Board is composed of
district (excluding CENPA) and HONPD representatives who consult with the
Chief, CENPD-EN, on water management of the Columbia River reservoir system by
CENPD-EN-WM. The purpose of the Board is to provide consultation on this
Division-wide activity, to assist in resolving differences between division
and district offices on setting policy, and to keep district offices better
informed on the management of the Columbia River. The Board is an independent
consultative body, reporting to the Chief, CENPD-EN and assisting him by
presenting a perspective on the management of the Columbia River that reflects

points of view of district offices and CENPD-CO. The Board receives overall
direction from the Chief, CENPD-EN. :

used

a. Composition. The HONPD will be represented by the Chief, CENPD-EN and
by the Chief, CENPD-CO-0 or their representatives. Each District Office will
be represented by the District Commander or his representative. These will be
designated in writing to the Chief, CENPD-EN. Each office may have additional
supporting staff to assist in the Board's activities, but there will be only
one official spokesperson for each of the five organizations represented.

b. Board Chair. The Board meetings will be chaired by the Chief,
CENPD-EN. .

¢. Meetings. The Board will have a formal meeting at least once a year,
generally in the month of January or February. This time~frame is desirable
because it provides the best opportunity to address matters pertaining to the
current operational outlook, the development of the next year's Operating
Plan, and the 0&M budget submittal. Additional meetings may be requested by
Board members and set by the Chief, CENPD-EN.

EXHIBIT 1-1 N
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d. Responsibilities. The Board will address both routine items as listed
below, and special issue topics requested by Board members or by Chief,
CENPD-EN. Routine items are to include:

(1) The Corps' input to the Annual Operating Plan prepared by the
Pacific Northwest Coordination Agreement Contract Commlttee.

(2) Requests for changes by board members to the current year's

operating plan and actual system regulation, as drlven by current water supply
forecasts and operating requirements.

(3) The annual public information program.

(4) Water Management Branch's staffing expenditures, and budget,

including staffing, budget, and expenditures for operating and malntalnlng the
NPD CROHMS computer facility.

(5) CENPD-EN-WM (and other participants as appropriate) will prepare
the necessary information to address agenda topics. Technical information
will be distributed to Board members at least one week prior to the meeting.

e. Procedures. Prior to the scheduled Board meeting, the follow1n§ will
be implemented. Fér special Board meetings, similar procedures w111 be
followed as approprlate.

(1) chief,4CENPD-EN will set the date of the meetiné.

(2) Chief, CENPD-EN will solicit issue papers from Board members,
which will be considered as agenda topics for the meeting. Additionally, the
Chief, CENPD-EN will circulate to Board members his desires for agenda toplcs.

The meeting agenda will be set by the Chief, CENPD-EN at least one month prior
to the meetlng/date.

(3) CENPD-EN-WM will provide an update of financial, budgetary, and
staffing information to Board members at least two weeks prior to the meeting
date.

(4) CENPD-EN-WM will provide theé annual power operating plan and

summary of the supporting refill study data for the current operating year two
months before the meeting.

(5) CENPD-EN-WM (and other participants as appropriate) will prepare
the necessary information to address agenda topics. Technical information
will be distributed to Board members at least one week prior to the meeting.

f. Documentation. Minutes of Board meetings, along with any formal
correspondence relating to the Board, will constitute the record of the
Board's activities and actions. HQNPD will be responsible for recording,
preparing, and dlstrlbutlng the minutes of the Board's meetings.

EXHIBIT 1-1
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g. Resolution of Issues. Where there are unresolved issues, the Chief,
CENPD-EN will submit a copy of the minutes along with his plan to address
these issues to the Division Commander and the Board members.

10. PUBLIC INFORMATION. A reservoir regulation outlook will be developed by
CENPD-EN-WM each year in January, reflecting Corps of Engineers obligations to
the system, the first water supply forecasts for runoff in the northwest,
projected reservoir regulation, and other factors. The reservoir regulation
outlook is to address in particular the potential impacts of reservoir
regulation on local users of the projects, such as reservoir and downstream
river users. This outlook will be reviewed by the Water Management Board at
its January/February meeting and a pPlan will be established with agreed-upon
procedures for informing and involving the public regarding the regulation of
reservoirs for the forthcoming winter-spring-summer period. In years having
especially low or high runoff, or if other circumstances are expected to
result in unusual project regulation, the board may recommend special public
meetings. Otherwise routine procedures to inform the public would suffice.
The Districts have the lead responsibility for public information, including
gathering input from the public disseminating information, and organizing
public meetings. Technical assistance will be provided by CENPD-EN-WM as
necessary.

11. WATER CONTROL PLANS AND MANUALS.

a. Responsibilities. District offices have the responsibility for _ o K
preparing and maintaining project water control Plans and manuals, and HQNPD \
is responsible for reviewing and approving those manuals. In the case of
several projects on the mainstem of the Columbia Rivér which involve extensive
system-wide coordination, HONPD will also be involved in the preparation and
maintenance of the plans and manuals. .Appendix A indicates the
Division/District responsibilities by project. HONPD will also be responsible
for preparing and maintaining two master water control manuals, for the
Willamette and Columbia River basins. :

RS

b. Requirements. The following requirements and procedures apply to
project water control manuals, with the objective of maintaining the most
important parts of the manuals (including the water control plan) in an
accurate and up~to-date status while utilizing a minimum of personnel
' resources. : .

(1) The water control plan for the project is to be current and
‘accurate. : . ,

(2) The water control manual will be considered functional and
officially acceptable if it contains at least an up-to-date plan. Preferably,
it would also contain other chapters that are of a technical nature. It need
not contain other chapters with general information to be a functional manual.

EXHBIT 1-1
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(3) Water control manuals will be updated such that the more
important parts are given a higher priority.

(4) The manual will be contained in a loose-leaf binder with cover
sheets at the front that indicate status of the chapters in the manual.

(5) District offices will prepare their annual status report to HQONPD
in accordance with ER 1110-2-240. A division-wide report will be submitted to
HQUSACE.

12. WATER CONTROL DATA SYSTEMS.

a. Responsibilities. General responsibilities as defined in ER 1110-2-
240 and ER 1110-2-249 are for district offices to develop and maintain Water
Control Data Systems, while HONPD maintains approval authority for systems and
networks through the submittal of the Master Plan for Water Control Data
Systems and its annual updates. Because of the necessity of having a
centralized data collection and processing system for the management of the
Columbia River, the HQNPD has developed the Columbia River Operational
Hydromet and Management System (CROHMS) in conjunction with district offices
and other federal agencies. The maintenance of CROHMS, along with the
Columbia Basin Telecommunications (CBT) system requires that the Division be
involved with data collection at some projects. Appendix A defines specific
areas of responsibility for each project.

b. Requirements and Procedures. ER 1110-2-240 gives specific

requirements for submittal and updating of district and Division WCDS mater
plans.

13. AFTER-ACTION REPORTING.

a. Routine Reports. ER 1110-2-240 requires that a Division report on
water management activities be submitted to HQUSACE annually. For NPD,
HQUSACE has permitted the Columbia River Water Management Group Annual Report
to.fulfill this requirement. This report is prepared by HQNPD at the end of
each water year, with input requested from district offices. Another routine
water management report prepared by HONPD that may require district input is
the Columbia River Treaty Annual Report.

EXHIBIT 1-1
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b. Special after-action reports. After the occurrence of large floods

and other unusual events such as natural disasters, an after-action report may

be required. General guidance on responsibilities for these are shown in
Appendix A.

FOR THE COMMANDER:

Executive Assistant

3 Appendices

App A - District/Division Water Management Responsibilities
App B - Definitions and Acronyms '

App C - Division/District Organizations for Water Management

Distribution:
A and B
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2 January 1990 - NPDR- 1165-2-2

APPENDIX B
DEFINITIONS AND ACRONYMS

Primary Regulation. For the purposes of this regulation the term primary
regulation is meant to indicate the lead regulation responsibility for a
project. This involves frequent monitoring of the project, the issuing of
operating instructions, and personal contact with project operators. It also
involves the .necessary analysis required to make regulating decisions.

Secondary Regulation. For purposes of this regulation the term "secondary
regulation® means the responsibility to maintain surveillance of their
project's regulation to provide information to others and to participate in
periodic cecordination that may be necessary.

Regulation/Cperation. The term "regulation" as applied to water management
m2ans the activity of regulating reservoirs, including receiving information
=nd data on reservoir status, making analysis and decisions, coordinating with
:£fected parties/agencies, and issuing instructions to dam operators. In this
¥PDR the term *"regulation® is kept distinct from "operation® which refers to
the actions by field personnel of maintaining and physically operating
equipment at projects. '

Water Control Data Systems (WCDS). A& system of gages, telemetry, and computer
bProcessors that collects hydrometeorological data from remote sites and sends .
it‘to computer controllers for processing and use by water control managers. : kA

Water Control Manual. A manual used as reference for regulating a reservoir
project or system of projects. It contains a Water Control Plan, a specific
rlan of regulation for that project. '

.BPA Bonneville Power Admihistration

CBT Columbia Basin Telecommunications Network. A data communication network
within CROHMS.

CROHMS The Columbia River Operational Hydromet and Management System, the
name given to the Water Control Data System for the Columbia River. -

GOES Geostationary Operational Environmental Satellite. A hydromet data
collection system within CROHMS.

NWPP Northwest Powgr Pool.
NWRFC Northwest River‘Foreast Center, National Weather Service.

USBR Bureau of Reclamation
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APPENDIX €
DIVISION/DISTRICT ORGANIZATION FOR WATER MANAGEMENT

DIVISION OFFICE

DIVISION COMMAKDER

AND DEPUTY - = = = = . - .. A > COORDINATION
; REQUIRED

' ‘
OPERATIONS DIV, INFO. MANAGEMENT CH, ENGRG DIV, |- - v = 2 = 0 o w o o oy . - -
: . BPA -
- CROHMS Computer . .
- Communications . .
OPERATIONS BR. . . USBR .
Oversite, Distr Ops ; . .
) . B.C. HYDRO  |31/.
. UTILITIES |2/,
CH, WATER MANAGENENT BR. . - .
_ ) : . " .
: ; . ISTRICTS .
o | ] | - X
BYDROLOGIC ENG. SEC. POUER SECTION RESERVOIR CONTROL CTR. . .
- |DATA AceNCIES |3/,
- Forecasting - Annual Operating Plan - Primary/Secondary . .
- Ucbs - Power Studies Regulation - .
* - Bydrology & flood - Fishery studies - Fishery Coordination . FISH PASSAGE .
control studies ~ Weos } . CENTER .
~ CRWMG Report = Fishery studies . . .
= \C Manuals - Water quality studies . .
. FISHERIES .
. AGENCIES  |2/.
- tocaL | .
. . INTERESTS .
NOTES: : - .
V Tthrough Columbia River Treaty . ] TS .
2/ Direct, and through committees : . .
3/ birect, and through Columbia River Water Management Group . .
. NWPPC .

—— i
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APPENDIX C (CONTIKUED)

DIVISION/DISTRICT ORGANIZATION FOR WATER MANAGEMENT

PORTLAND DISTRICT OFFICE

DISTRICT COMMANCER

AND DEPUTY

|

OPERATIONS DIv.

INFO. MANAGEMENT

CH, ENGRG DIV.

PROJECTS BR.

—

PROJECT OFFICES

--------------- > COORDINATION

CH, HYDRAULICS & HYDROLOGY BRANCH

1

HYDRAULIC DESIGN SEC

HYDROL/RIVER ENGR SEC

RESER REGUL / wa SEC

- Studies for Water = Primary/Secondary
Control Manuals

- WCDS

- Water Quality studies

Regulation
= Water Controt Manuals

NOTES:

1/ cCoordination at Lost Creek

EXHIBIT 1-1
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NPD

NPD

USBR-

DATA AGENCIES

"|LOCAL INTERESTS

NUS
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APPENDIX

C (CONTINUED)

DIVISION/DISTRICT ORGANIZATION FOR WATER MANAGEMENT

SEATTLE DISTRICT OFFICE

e e e e

DISTRICT COMMANDER
AND DEPUTY

i

OPERATIONS DIV, INFO. MANAGEMENT CH, ENGRG DIV,
PROJECT OPS BR.
PROJECT OFFICES
; CH, HYDROLOGY & RYDRAULICS BRANCH
' i
i i i
HYDRAULICS SEC HfDROLOGY SECTION WATER MANAGEMENT SEC
- Studies for Water = Primary/Secondary
"Control Manuals Regulation
- Water Control Manuals
= WCDS
= Water Quality programs

EXHIBIT 1-1
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--------------- > COORDINATION

REQUIRED
NPD .
UTILITIES .

DATA AGENCIES .

LOCAL INTERESTS| .

KWS .




B R Y

- memesemie ) ev e~

D

APPENDIX C (CONTINUED)
DIVISION/DISTRICT ORGANIZATION FOR WATER MANAGEMENT

WALLA WALLA DISTRICT OFFICE

DISTRICT COMMAKDER

AND DEPUTY |- =« « -« - o o . Lo .. > COORDINATION
REQUIRED

] ] » :

OPERATIONS 01V, INFO. MAMAGEMENT CH, PLARNINGDIV]- = « = = = = « - 0 ¢ 0 0 = o o . >,
PROJECT OPS BR. ) . NPD .
I . USER .
PROJECT OFFICES ) . .
. | paTA acencies | -

- . . |rocaL InTERESTS] .
CH, HYDROLOGY BRANCH

| ‘ . .

l | s - :

KYDROLOGIC STUDIES SEC RESERVOIR REGULATION SEC . .

. UTILITIES .

- Studies for Water = Primary/Secondary . .

Control Manuals - Regulation * h e e e s e
- Water Control Manuals

- WOs
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10,

11,

12. )

13.
14.
15.

16.

17.

18.

MUD MOUNTAIN DAM
REPORTS AND REFERENCES
Subiject
Construction Plans
Geological Report, Edwin T. Hodge

Analysis of Design, Mud Mountain Dam

‘Design of Mud Mountain Dam and Appurtenances

Report on Soil Tests for Mud Mountain Dam

T 164-1, WES, Results of Soil Test on
Materials from Proposed Mud Mountain Dam

Contract Specifications for the Dam
Test Fill Report for Mud Mountain Dam

Bonneville Hydraulic Laboratory, Model
Study of the Spillway for Mud Mountain Dam

WES Bulletin No. 14, Permeability
Characteristics of Mud Mountain
Imprevious Clay Materials

Foundation Report

Bonneville Hydraulic Laboratory, Model
Study of the 23-Foot Qutlet Tunnel for
Mud Mountain Dam

Prototype Testing
Agenda for Consulting Board Meeting
Analy;is of - Design—~Embankment ﬁesign

Analysis of Design-——Design Other Than

~ Embankment

Analysis of Design—Original 9-Foot Gate,
Modified 9-Foot Gate and Cable Way

Master Recreation Plan

EXHIBIT 1-2
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Date
18 July 1938
03 December 1938

30 December 1938

11 May 1939

20 December 1939

1939

1942

20 February 1942

21 March 1942 -

15 July 1942 °

. January 1945

28-29 July 1945

1946

1946

1946

1946



Item
19.

20.
21.

22.

23.
24,

25.

26.

27.

-28.

29.

30.-

31.

32.

Subject

Real Estate, Preliminary Planning Report—
Civil Project—Tracts 14 and 15

Supplement to Agenda for Consulting
Board Meeting

Proceedings of Consulting Board
Meeting

Real Estate, Preliminary Planning
Report—~Civil Project——Easements for
Radio Reporting Network, Puyallup River
Basin, Mud Mountain Dam

Proposed Improvements—Right Bamk
Proposed Revisions-——Outlet Works

Real Estate Supplement to Preliminary
Planning Report—Easements for Radio

Reporting Network, Puyallup River Basin,
Mud Mountain Dam

Real Estate Supplement to Supplement
dated 13 February 1950 (same title)

Reservoir Regulation Manual

Real Estate Planning Report—Civil

Project—Mud Mountain Dam, Piezometer
Stations

Real Estate—Design Memorandum No. 1—-
Access Road and Bridge

Design Memorandum (unnumbered)-—lmproﬁed
Access Upstream and Downstream Qutlet
Works Structures

Design Memorandum Supplement No. 1—
Improved Access to Upstream and Down-
stream Outlet Works Structures

Design Memorandum No. 1B—Reservoir

Management and Public Use Development
(Master Plan)

EXHIBIT 1-2
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Date
04 March 1948
28-29 July 1948

28-29 July 1948

04 May 1949

Januvary 1950

3anuary 1950

13 February 1950

06 March 1952

August 1954

26 August 1954

11 February 1958

December 196b

December 1962

March 1964



Item , Subject Date

33. Report of Earthquake Damage ' 1965
34. ' Periodic Inspection and Continued
Evaluation Report—Inspection of: 20 July 1967
35. Design Memorandum No. 1B Revised
Master Plan December 1968
36. Periodic Inspection and Continuing
Evaluation Report-——Inspection of: 29 April 1969
37. Periodic Inspection and Continuing :
Evaluation Report No. 3—Inspection of: 07 October 1971
38. Environmental Impact Statement—Mud
Mountain Dam and Reservoir, White River,
Washington o April 1972
39. " Cableway Replacement Plamning Report : May 1973
40. Periodic Inspection and Continuing . ,
Evaluation Report No. 4—Inspection of: 23 May 1973
41. Feasibility of Forest Management ' :
Determination Report - - December 1973
42, Mud Mountain Dam, Interpretive Concept
Plan April 1974
43. USGS Water Resources Investigation 78-113
Sediment Transportation by the White River June 1974~
into Mud Mountain Reservoir June 1976
44, Design Memorandum No. 20B--The Mud
. Mountain Dam Master Plans, Phase IIIX September 1974
45. . Periodic Inspection and Continuing
‘ Evaluation Report No. 5-—Inspection of: 22 April 1975 -
46. Design Memorandum No. 1¢--Mud Mountain
Master Plan April 1976
47. Design Memorandum No. 2--Vigitors Center May 1976
48. Design Memorandum No. 3-Water Treatment
: Plant

September 1976
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49.

50.

51.

52,

53.
54,

55.

56.
57.

58.

59.

60. -

61.

62.

63.

64.

Subject

Real Estate—Design Memorandum No. 8-—
Revised Guide Taking Line

Means of Improving the Capability and
Quality of the Water System—Harstad

hAccounts, Inc.

Periodic Inspection Report No. 6—

Inspection of:

Design Memorandum No. 4—-Stabilizing
Right Downstream Bank ’

Design Memorandum No. 5—Construction
of Road on Upstream Face of Dam

Design Memorandum No. 6—Stop log Hoist

for 9-Foot Tunnel
Report on Right Rim Reservoir leakage

Design Memorandum No. 7—Rehabilitation
of Apron Structure for 9-Foot Tunnel

Supplement No. 1 to Design Memorandum 1C—

Landscaping and Parking Improvements

Design Memorandum No. 12—Supplement
No. 9, Rockfill Dam, Spillway Outlet
Works and Related Project Facilities

"Operational and Maintenance Manual

Emergency Preparedness Brief with Dam
Break Flood Inundation Maps

Periodic Inspection Report No. 7— .
Inspeqtion of:

Effect of Mud Mountain Dam Regulation
on Sediment Movement in the White River,
Northwest Hydraulic Consultants, Inc.

Design Memorandum No. 25-——Earthquake
Analysis of Mud Mountain Dam '

- Reconnaissance Report for Mud Mountain

Dam, Dam Safety Assurance Program

EXHIBIT 1-2.
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Date

September 1976

March 1977
April 1977

September 1977

September 1977

September 1978

December 1978

August 1979

October 1979 R
June 1981

April 1982

05 May 1982

July 1983
September 1983
April 1984

\\\/,
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_) Item

66.

67.

 68.

69.

70.

71.

72.

73.

o = o im vaten e et + o

Subject

Preliminary Reconnaissance report on
Seepage Studies at Mud Mountain Dam

Reconnaissance Report on Seepage
Control, Mud Mountain Dam

Real Estate--Design Memorandum No. 27--
Contractor Staging Area Dam Safety

Assurance Program, Mud Mountain Dam

General Design Memorandum No. 26. --
Dam Safety Assurance Program, Mud
Mountain Dam

Supplement No. 1 to General Design
Memorandum No. 26--Mud Mountain Dam
Seepage Control Measures

Feaﬁne Design Memorandum No. 28-- ‘
Intake Tower, Mud Mountain Dam

Letter Supplement No. 1 to Real Estate
Design Memorandum No. 27, Access Road
And Bridge

Hydrology & Hydraulics Section File, 11-2-240a,
Mud Mountain Dam O&M, Flood Routing--Standard
Project Flood

Hydrology & Hydraulics Section File, 11-2-240a,
Mud Mountain Dam O&M, Project Design Flood
(PDF) Review by McGrane
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Date

- 20 August 1985

13 December 1985 |
January 1986
July 1986
November 1986

1988

~ June 1987

December 1951

April 1992
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| Chapter 173-510 WAC |
- INSTREAM RESOURCES PROTECTION PROGRAM~——
PUYALLUP RIVER BASIN, WATER RESOURCE
- INVENTORY AREA (WRIA) 10

WAC

173-510-010
173-510-020
173-510-030
173-510-040

General provision, .

Purpose. - )

Establishment of instream flows.

Surface water souroe limittions to further consump-
tive appropriations.

Ground watcr.

fakes.

Exemptions.

Fuwre rights.

Enforcement,

Appesls.

Regulation review,

173-510-050
173- 510-060
§73-510-070
1713-310-080
173-510-0%0
173-510-055
173-510-100

WAC 173-510-010 General provision. These rules
apply to waters within the Puyallup River basin, WRIA
10, as defined in WAC 173-500-040. This chapter is
promulgated pursuant to chapter 90.54 RCW (Water
Resources Act of 1971), chapter 90,22 RCW (minimum
water flows and levels), and in accordance with chapter
173-500 WAC (watcr rcsources management program).
{Statutory Authority: Chapters 90.22 and 90.54 RCW.
80-04-047 (Order DE 79-31), § 173-510-010, filed
3/2)/80.) : : S

WAC 173-510-020 Purpose. The purpose of this
chapter is to retain percnnial rivers, streams, and lakes
in the Puyallup River basin with instream flows and lev-
els necessary to pravide protection for wildlife, fish, sce-
nic-aesthetic, cnvironmental values, recreation,
navigation, and to preserve high water quality standards.
{Statutory Authority: Chapters 90.22 and 90.54 RCW.

80-04-047 (Order DE 79-31_). § 173-510-020, filed

3/21/80.)

WAC 173-510-030 FEstablishment of instream:

flows. (1) Stream management units and associated
control stations are cstablished a3 follows: '

Stream Management Unit Information

Control Stataon by
Controt Sation No. River Kile and
Stwream Management Section, Township, Affected Stream
Unit Name and Range Resch{en)
12-0965.00 122 Cobluence with Puyalup River
Upper Puyallup Rivee 25-20-4E 10 the headwatens incloding
. . all ributarics

12-0951.00 0.1 From the confluence with the

Cerbon River 13-19<4E White River ta the headwaren
including sli tributarics,
excloding the Carbon River.

(6/9/88)

.. -EXHIBIT 9-3

Conlrol Station by
Contret Stiation No. River Milc and
Stream Manag: Soction, Township, Aflfected Stream
Uait Name and Range Reach(es)

12 1015.00 . 0“6 trom the inflvence of mean S

Lower Puysllyp River 20-20N-R4E  annual high tide at fow base
faw fevels Lo the conflucnce
with the White River
including atl teibutacices -
and excludmg (he Whice River.

L A L L L T e R L L T Y'Y T I P A PP, SO

- (2) Instream flows are established for the stream
management units in WAC 173-510-030(1) as follows:

Instream Flows in the Puyallup River Basin

(in cubic fect per gecond)
12-0963.00
Payallup River 12-1015.00 12-0957.00
Month Qay (At Alderton) Puyaliup River Catbon River

Jan ] kY 1400 L 600

13 700 1400 550 .
Feb I 150 1400 A50

18 800 1500 550
Mar 1 8w 1600 . 50

13 850 1700 350
LY 1 900 1300 £00

s 950 1900 700
Mesy 1 950 2000 900

s 1000 2000 200
Jun 1 1050 2000 600

15 1050 2000 %)
Jul 1 1050 2000 . 450

15 1050 1250 400
Aug 1 00 1500 350

18 800 1300 250
Sep 1 600 1se . 3%0

53 $00 1000 350
Ot 1 200 1000 350

13 300 1000 $50
Nov 1 00 1000 ssn

1$ 700 1100 &00
Doc 1 700 17200 - 700

15 700 1300 700

(3) Instream flow hydrographs, as teprescnted in the
document entitled. *Puyallyp River basin instream rc-
source protection program,® shall be used for definition
of instream flows on thosc days not specifically identi.
fied in WAC 173-510--030(2). 4

(4) All consumptive water rights hereafter established
shall be expressly, subject 10 Instream flows established
in WAC 173-510-030(1) through (3). .

(5) At such timc as thc department of fisheries
and/or dcpartment of wildlifc und the department of

ecology shall agree that additional stream management .

units should be identificd other than those specificd in

WAC 173-510- 030(1), the department of coology shall

identify additional control stations and management

[Ch. 173-810 WAC—p 1)
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173-510-030

units on streams and tributaries within the basin and
© Y further protect instream flows where possible for
2 stations as provided in chapters 90.22 and 90.54
--~W. (Statutory Authority: Chapters 43.218, 43.27A.
90.22 and 90.54 RCW. 88-13-037 (Order 88-11), §
173-510-030, filed 6/9/88. Statutory Authority: Chap-
ters, 90.22 and 90.54 RCW, 80-04-047 (Order DE 79-
'31). § 173-510-030, filed 3/21/80.]

WAC 173-510-040 ' Surface water source limjtations
(o further consumptive appropriations. (1) The depart-
ment of ccology. having determined unlimited consump-
tive appropriations would harmfully impact instream
valucs, adopts instream flows as follows confirming sur-
face water source limitations previously established ad-

ministratively under the authority of chapter 90.03
RCW and RCW 75.20.050.

Low Flow Limitations

Stmm Number
Stream Name -
Sectlon, Township. Range of

Stream Mouth or Lake Outlet Limitatioa
10.029¢ No divemion when flow
Unasmed seream, tributary to fafls t0 0.10 cfs.
Puyaliup &2 -

NIi/4ase S, T.IBN, R.SE
o041 Wo diversloa when Nlow

tanamed steca-x:. 1 Tayloe Creck)
teibutary of Carbon River
NWi/a8W1i/se, Nec. 33, TI9N., RSE

10,0402

fails to 1.0 cfs, -

No Giversion wikn

T med stream, (Van Ogle Creek) discharge into the
y to Poyallep River Puyaliup River drope
SE1/4, Sec. 30, T.20N, R.SE tol0cfe -
Unnamed stream, (Canyoa Creck) No diversion when flow
tributaty 10 Puysliup River (alis 10 1.0 fs,

SE1/4NEL /4, Sec. 26, T, 20N, RIE

(2) The following stream and lake closures are
adopled confirming surface water source limitations pre-
viously established administratively under the authority
of chapter 90.03 RCW and RCW 75.20.050. .

Existing Surface Water Closures

‘Streamn Numbder
Stream Name Date of Period of
Secction, Townshlp, Range Closure Cloturs
100414 2/26/7% Al year
Voight Creek. tributary to Carbon River
. NW{1/4SW1/4, Sex, 33, T.I9N, RSE .
100389 2/26(18 . Al yeae )
Unapamed strenm (L awrence Crock).
iribotary (o Payatiup River
NWI/ANEI/8, Sce, 25. T.I9N. RSE
Unnatnod springs, teibuary to 12/14/64 Al yeac
Puysttup River
SULJANES/8, Sec. 38, T.ION, R4E
10. 000§ Hylebos Creck 4726176 ALl year
Hylebas Creck, draing into .
Commencoment Say and Puget Sound
NWI/4NEL/4. Sec. 27, T.2IN, RJE
10.0406 2726775 © Al year
Feanel Creek, tributary to Puyaliup River
SEI/4SEL/4, Scc. 6. T.I9N, RSE
’ ke /19747 All year
F2IN, RAE
{Ch. 173-510 WAC—p 3]

. South Preirie Creek and all tributaries, tribytary

EXHIBIT 9-3 ;:»,
Page 2 of 3

Puyallup River Basin—WRIA 10

(3) The department, having determined that further
consumptive appropriations would harmfully impact in-
stream values, closes the following streams and fakes in
WRIA 10 to further consumptive appropriations.

New Surface Water Closures

Streem Number
Stream or Lake Name
Saction. Townhip, Renge of
Sceeam Mouth oc Lake Ousler

10,0429 AN yesr

to Cerdoa River
SWI/4SEL/4, Sec. 27, T.19N, R.SE

10.0027

Clarks Creck and sl (ridutarics, tribatery
tv Puyaliup River

NE1/4NEI/4, Sec. 19, T.20N. R4E

10.0600

Kapowsin Ceeck and all tributaties, tributary
to Puyallep River

SWI1/4SW1/4, Sec. 20, T.I8N, RSE

10.0031 ~N)eT
White River snd all teibutacies
SW/4SEl/4. Sec 23, T.20N. RAE

Kapowsin Lake
SEIJ4NE/4, Scc. $, T.UIN, RSE

10,0603 —.0607 -
Ohop Creek and sll tributaries source

of Kapawsin Lake

SEI/4NW1/4, Scc. 13, T.ITN, RIE

10,0022

Clesr Creek and all tridutarics. tributary

10 Puyativp River :
NWII/8SWI/E Sec. T], T.20N.. RIE

100410 ' :

Canyon Falls Ceoek and sl iributarics. tributary
to Puyatiep River

Sex, 7. T.I9N.. RSE

100596

Fiske Croek and all tributarior, tributary

to Puyaltup River

SW1/45Wi/d, Sec. 1. T8N, R.SE

10.0006

Hytebor Creck and all wibutarics, tibutary
to Commencement Bay :
NWI/aNEL/4, Scc, 27, T2IN.. RIE

10.0620
Le Dout Creek and atl tndutarics, trivutary

to-Puyaliup River
NWI/ENW1/6, Sec. 28, T.ITN. RSE

10,0622

Niexson Crock and all tributscies. teibutary
0 Puyaltup River .
NEI/4SEL/4, Soc. 3, T.ATN., REE

10.0017

Wapato Crock and afl tributsrics, tritutsry
to C

ommencement Bay
NW]/4SW]/4, Sec. 27, T.2iN., R.IB

10.0038

Unaamed Steeam (Strawberry Creek), {Salmon Creck)
a0d oH tributaries, tributary to White Rivec
NEI/4SEL/4, Sec. 13, TON., R4E

10.0621

Kellogg Creek and all tributarica, tributary

o Puyallup River

SE1/4SWI1/4, Sec, 28, T.ITN., REE

{Statutory Authority: Chapters 90.22 and 90.54 RCW.

80-04-047 (Order DE 79-31), § 173-510-040, filed
3/21/80.)

All year
Al year
All yaar

Al year
All yesr

| Al year
All year
Al yeur
Al year
Al yar
Al )‘tlf'
All year
All yosr

Al yoar

(61988



Puysliup River Basin—WRIA 10

‘p 173-510-050 Ground water. In future per-
, 3 actions relating 10 ground water withdrawals,

" uucularly from shallow squifcrs, 2 determination shall

[ L

made as to whether the proposed withdrawal will
have a direct, and measurable, impact on stream flows in
streams for which closures and instrcam flows have been
adopted (WAC 173-510-040). If the determination af-
firms such interrelationship, the provisions of WAC
173-510-040 shall apply. [Statutory Authority: Chap-
ters 90.22 and 90.54 RCW, 80-04-047 (Order DE 79-

©31), § 173-510-050, filcd 3/21/80.)

rocpea

lijons relating to withdrawal of lake waters, lakes and
{ponds shall be retained substantially in their natural
:condition. Withdrawals of watcr which would conflict
Jtherewith shall be authorized only in thosc ‘situations
'where it is clear that overriding considcrations of the
ipublic Intercst will be served. [Statutory Authority:
Chapters 90.22 and 90.5¢ RCW. 80-04-047 (Order DE
79-31), § 173-510-060, filed 3/21/80.)

WAC 173-510-070 Exemptions. (1) Nothing in this
chapter shall affect water rights, riparian, appropriative,

or otherwise existing on the cffective datc of this chap- .

ter, nor shall it affect existing rights rclating to the op-
cration of any navigation, hydroelectric, or water storage
rescrvoir or refated facilities. _
«2) Domestic in-housc use for a singlc residence and
‘watering shall bc exempt except that use related to

" s, [Statutory Authority: Chapters 90.22 und 90.5¢
\_«c

W, 80-04-047 (Order DE 79-31), § 173-510-070,
filed 3/21/80]

WAC 173-510-080 Future rights. No rights to di-
vert or storc public surface waters of the Puyallup
WRIA 10 shall hereafter be granted which shall conflict
with the purposc of this chapter as stated in WAC 173.
$10-02 [WAC 173-510-020]. {Ststutory Authority:
Chapters 90.22 and 90.5¢ RCW, §0-04-047 (Order DE
79-31), § 173~510-080, filed 3/21/80.]

WAC 173-510-090 Enforcement. In enforcement of
this chapter, the department of ecology may imposc such
sanctions as appropriate under authoritics vested in it,

. : including but not limited to the issuancc of rcgulatory

orders under RCW 43.27A.190 and civil penaltics under
RCW 90.03.600. [Statutory Authority: Chapters 43-
21B, 43.27A, 90.22 and 90.5¢ RCW. 88-13-037 (Or-
der 88~11), § 173-510-0%0, filed 6/9/88. Statutory

Authority: Chapters 90.22 and 90.54 RCW, 80-04-047 -

! (Order DE 79-31), § 173-510-090, filed 3/21/80.)

S

WAC 173-510-095 Appeals. All final written deci-
sions of the department of ecology pertaining to permits,
regulatory orders, and refated decisions madc pursuant

's chapter shall be subject to review by the pollution
a1 hearings board in- accordancc with chapter 43-
«.o RCW, {Statutory Authority: Chapters 43.21B, 43-

)
/

—’21A, 90.22 and 90.54 RCW. 88-13-037 (Order 88-11),

§ 173-510-095, filed 6/9/88.)

(6/5/88)

* WAC 173-510-060 Lskes. In future permitting ac-

WAC 173-510-100 Regulation review. The depart-’

ment of ecology shall initiatc a review of the rules cs-
tablishcd in this chaptcr whenever new information.
changing conditions, or statutory modifications make it
necessury 1o consider revisions. ' [Statutory Authority:

Chapters 43.21B, 43.27A, 90.22 and 90.54 RCW. 88

13-037 (Order 88~11), § 173-510-100, filed 6/9/88.
Statutory Authority: Chapters 90.22 and 90.54 RCW,

80-04-047 (Ocder DE 79-31), § 173-510-100, filed -
3/21/80.) . o o
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