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PREFACE

The study reported here in  was authorized by the O f f i c e , Chief of

Engineers (OCE), U. S. Army , on 16 July 1975, at the request of the

U. S. Army Engineer Di st r ic t , Sacramento (SPK).
This study pertains to the 900—MW power project and is Report 1

of a series. At the time this report was prepared , another study was
being made of the same project with a greater power-producing capa-

bility (2250 MW). The report of that study will be published separately

as Report 2.

The investigation was conducted during the period August 1975 to

October 1976 in the Hydraulics Laboratory of the U. S. Army Engineer

Waterways Experiment Station (WEB ) under the direction of Messrs. H. B.

• Simmons , Chief of the Hydraulics Laboratory , and J. L. Grace , J r . ,  Chief

of the Structures Divi sion and Reserv oir Water Quality Branch (Phys i ca l ) .
The study was conducted by Messrs. M. S. Dortch , D. G. Fontane ,

B. Lo ft is , and C. H. Tate, J r . , with assistance from Mr. J. H. Riley .

This report was prepared by Messrs. Fontane, Dortch , Tate, and Loftis
and reviewed by Mr. Grace.

Represen ta t ives  o f WES and SPK met at SPK d u r i n g  November 1975 to

discuss the scope , objectives , and approach of the study. During

July 1916, representatives of WEB , SPK , and the South P a c i f i c  D i v i s i o n

(SPD) met to redefine the scope and objectives of the study . Mr. Dennis

Huff of’ SPK was detailed to liES (luring September 1976 to become f a mi l i n r

with the mathematical model and to assist with the numerical simulations .

Directors of WES during this study were COL G. H. Hilt , CE , nsf

COL J. . Cannon , CE. Technica l  D i r e c t o r  was Mr . F. R. Brown .
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CONVERSION FACTORS , U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units  of measurement used in this report can be con-

verted to metric (SI) units as follows :

!~!ultiply By To Obtain

feet 0.30 118 metres

miles (U. S. statute) 1.609 kilometres

square feet 0.092903 square metres

square mi les (U. S. statute) 2 .58999 square kilometres

acres 11.0116 square kilometres

acre—feet 1233.1182 cubic metres

cubic feet per second 0.02832 cubic metres per second

British thermal unit 1055.056 joules

degrees Fahrenheit 5/9 degrees Celsius or Kelvins*

* To obtain Celsius (C) temperature readings from Fahr’enl;eil (F) ren i-
ings , use the following formula : C = ( 5 /9 )  (F — ‘~~~) .  To ~~~~~
Kelvin (K) readings, use: K (5/ 9 ) (F — 32) + ;~‘fl .15.
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MARYSVILLE LAKE HYDROTHERMAL STUDY

900— MW PROJECT

1-fydraulic  and Mathematical Model Inves t iga t ion

PART I :  INTRODUCTION

Purpose and Scope of Study

1. This study was conducted to determine the ability of the

Marysville Lake project to satisfy downstream water temperature ob-

jectives. The study required (a) understanding and description of the

large—scale hydrodynamic phenomena within the project , (b) development

of temperature profiles within Marysville Lake, and (c) determination

of temperatures released from Marysville Lake, from the afterbay , and

routed to the mouth of the Yuba River .

2. A physical hydrodynam ic model and a numerical simulation model

were used in the study . The physical model provided information rela-

tive to the hydrodynamic response of the prototype for various oper—

ational conditions . The numerical model provided the capability for

assessing for year—long periods the effect of historical meteorologic

and hydrologic data and various operating conditions on temperature

regimes within and downstream of the project.

Project Descr iption

3. The Marysville Lake project , authorized by Congress in the

Flood Control Act of 7 November 1966 (Public Law 89—789) and modified

by the Water Resources Development Act of 1976 (Public Law 911—587), will

provide flood control for downstream areas, hydroelectric power , wster

for irrigation , recreation , and fishery enhancement . The prc iest w i l l

be built and operated by the U. S. Army Corps of Engineers. Irrigation

and power functions of the project will be integrated into the Central

Valley Project of’ the U. S. Bureau of Reclamat i on .

5
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11. Ihe lake will be on the Yuba River ‘ibou~ 1 ,’ r~ . ~ * r ’~~s.

from the ci ty of Marysville (F l  u r o  1) in sor t — o -n t ra l  C i 1  i’s a.

project will consist of a ~.uJ t i I UI’; • 1  c pool i : j~ si i .  : ;‘ m a i n  ~~ on the

Yuba River ju st  above t h ~’ F~ r k .  Bar i’r’i i n  as I on tn  t i . ’ t e nt  i i ’

and an afterbay Li e!! and pool for r” ’ui at ion of I wr.:t ro e:. :t. . w .  The

afterbay will also use-i to s o  r’ r w a t . r  to be ‘ : ‘.se to tr,~ iak ~~.

5. The pr’o ,~ 5 t was :‘ .. lsc’~te.I to the ir k :  oar site fros. tie au ’ or’—

ized Browns V :t l i o .  si Sc ~‘sllow ir is a roy ew of alt ’sa•i’j .e: iii light of

t h e  resent energy crisis . . ‘t ufio : ~r i I 1 ’ t t L  St~ t t  t oe  Dark~ Dir si~ e ha-i

gr~ eiter riotential for h:’ ‘, ej . eot r  I ~w0r , m d

AJ.so , the T a c k s  bar s it e  was :‘ ~ir. .x to be is re: cti ‘srsi.e:.’~ai.iy aL l

socially acceptable.

6. The lair . 5 trio ‘:‘ul a Diver will rise ~ ( ‘~~~~ ‘~ ‘dose the str earr . l .e~
to el 57Q** and consist of a concr0.te , grav~ t;,’—center S ec~ sri with earth—

fill abutments. The dam on Dr’ ,- Creek will rise 321 f’t ‘lO ove the stress.-

bed and consist o nt i r o l ,, . 1’ e t r t b f il l .  Bot h lain : wil l  be 7000 f t  long .

A channel will he excavated through the saddle between the Yuba River

pooi and the Dry Creek  pool to f a c i l i tat e  the exchange of water between

the pools dur ing  low lake levels. tb ’ lake wil l  impound 916 , 000 ‘irro~ ft

whe n t he water is at t l~e gross pool , ci 560. At t h i s  elevation the pool

will cover 66110 acres and will  have 61 miles of shoreline . At minimum

pool , el 1128 , t he lake will have a storage capacity of 213,000 acre—ft

and a surface area of 3180 acres. The afterbay will have a storage

capacity of 140,1100 acre—ft and a surface area of about 91i7 acres at

gross pool, el 233.

7. A 900—megawatt (MW) peaking power plant with four 150—MW pump

turbines and two 150—MW conventional turbines is planned for the Yuba

River dam . Water would be released through the main power plant on an

intermittent basis to produce power during peak demand hours. When

power demand is low, the pump turbines would pump water from the

* A table of factors for converting U. C. customary units of measure-
ment to metric (Si ) units is presented on page 11.

** All elevations (ci) cited herein are in feet referroi to mean se:t
level.

6
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• : t i ’t orbs , to S h e  lake so t i~~’ w iSer can be r ou se  I .  C tu J  ~ ~~ ~ir..e a

.jQ~~C’~~, base—load ow: ’r ’ j ~ an t  j ewn :  t r ’  :~~:‘ of tr io ‘~ tt’~’t ‘ i , -lair : would 1 e

feas ib le .

8. I ’tix i:riun : downstream t c r r p o r at u i ’ e . : ’ :t. SI: ’ . ’ :‘~ .i l ’ I. of the Yu h a D l v i’

have been established by t h e  . C . F i sh  a n i  W ’i ld l i f e  . ‘e r ’ v i c o  ari d the

Cal i fo rn i a  I)e::irtment of Fish jr.:: irUne to s a in t a i n  ‘j nadn’or : ~. is f i s ti rur: : ,

l~ir i im u n : temperatures have been established for stu dy  pun O: e: l•,’ 550

U. S. Army Engineer D i s t r i c t , Caei’ r .ese r i to  ( Cl i ’ :) . Special  i n take  : t r ’ u c —

t we s  will be incorporated to enable withdrawal  of water from l i f f o r” s t

levels in the reservoir to meet the temperature ob,i ‘ctives.

Approach

9. The thermal charac te r i s t i c s  of lakes are ar ’l” i s ted lv  f low

processes such as inflow mixing and placement , outflow w t h d r ’~w’~J u s —

tribution , diffusion , and internal currents. For a lake having ti ;-

highly dynamic flow condi t ions  and flow rsa ’r l i tu LI :; associated wi th  the

pur sed—storage hydropower a c t i v i t i e s  of the Marysvil le Lake pr o ,~ecL , ‘i i ;

u n d e r s t a n d i ng  of these flow processes is necessary if a reasonable de-

script ion of the  thermal characteristics is to be made . A distorted—

scale model (1:1600 hor izontal , 1:160 vertical ) was used to s i r ;I u l r i t e  tJ:e

reservoir and afterbay and determine the response to dynamic , uristes i;,’-

stat e , d e n s i t y — s t r a t i f i e d  flow. Informat ion from the physical  model

was used to modify  e x i s t i ng  algori thms and develop new ones for a one—

d i m e nsi o n a l  (ver t ical ) mathemat ica l  model capatle of simulating and

l ird -et ins physical and conservative chemical water quality

s b i ’.t r r t e ’ -cr i s t i cs .

1° . The r r . a t h i e m r r t .i c ’ r i  model allowed s i m u l a t i o n  of the hydrodynanric

- i n - I  it ex’hiangi’ :hirtrsc Li i’ i s t i e s  so the  thermal regimes w i t h  in ‘~~i:I

I o w r i :t r ’ crim of the  p roj ec t  could he evaluated for various iiyl relosic and

rains oi’olo; ’ic cond i t i e r s ; .

11. Prior to the construction and testing of the ph:’sical rr ’ lcJ

rehiminary mathematical simulations of the Nirir’ ; ;;ville ~ i’ i~ i;’:’I W I ’ -

; r (  1’:;:’ - 1 i r i l  a p r ’ e l im i ’ ; iry report  ( A p p  odix A) was t’in’r~~ :~hied to CI’ K .

8
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The purpose of these preliminary simulations was to estimate the few-i— 

Ibility of the project to meet downstream temperature objectives and to

indicate port locations that would enable these objectives to be satis— -

fled. The results of the physical model and refined ma~ h~ematical model

were later used to more accurately determine the ability of the Lary s-

yu le pro j ect to meet downstream temperature objectives .

,
1

I

I

I

I



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
“

PART II: PHYSICAL MODEL

Purpose

12. The purpose of the distorted—scale model was to aid in de i ’ir r —

15:’ the hydrodynamics of Marysville Lake resulting from the planned

operat ion of the prototype.  The model was needed tu determine the

e f f e c t s  of unsteady generation and punrpback on the density stratifi-

cation of Mar ,’sville Lake and afterbay and to help identify , validat e,

and quantify any modifications needed to the mathematical model for

improving the relialsili ty of the predic t ions .

Scale Rela t ions

13. The predominant forces a f f e c t i n g  densitS’—s t r at . i f io ’d  f low:

lakes are inertia and gravity as modi f ied  by dens i t y  d i f f e r e n c e s .  In

suc h cases , hydraulic similarity between a m odel and p r o t o t y p e -  system

requ i re s  t h i S  the  rat io of i ne r t i a l  to gravitat ional fore;’: , defined as

the  F r -j u d e  number of flow , ‘be the r aise in both t h e  model :j ri , 1 th e  I - r o t e —

type.  Wi th  the d e n s i t y  d i f f e r e n c e s  in the mo-io ’ l set equal to those in

the nr o t o t y p - ’i , t he  accepted equa tion s  of hydrau l ic  s i r i l i t u d e , based on

the Froudian re la t ions , were used to express the  n ;ath er ;ia t ica l  r e lat io ns

I. Otw o er l  t i le  dimensional  and hydraulic quantities of the model and L i i

prototype . Allowing for vertical scale distortion , the general I’i~~

l a t ions  for t r a nsf e r  of model data to prototype equiv:~lent . s  a rt ’

follows :

Dimens ion  Rat io  Scale Rela t ion

L t - r i ’ t . h r  in vertical direction L = L 1:160r y

h ’~o ’th in  h o r i z o n t a l  ~1i t5i ’h OTI L = L 1 :.ltr )Or x

Ata r i in j t ’m’Llc rj l p .1r;ri ; ’ A 1 1 1:. ’
m’ x y

Area In it  h er  i zontal p l ane  A = L2 1 : T~, 560,000

( f o n t i nil .1

10
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Dimension Ratio Scale Relation

Velocity V = L~~
2 

1:12.65r y

Time T = L /L1/2 1:126.5R x y

Flow Q = L L 31
~ 1:3,238,172

Density di fference 
~~r 

= 1 1:1

Measurements of flow, water—surface elevations , and time can be trans-

ferred quantitatively from the model to the prototype by means of the

scale relations above.

Description

111. The model (Figure 2) was constructed to a distorted length

scale ratio of 1:160 vertically and 1:1600 horizontally . Through verti-

cal scale distortion , it was possible to preserve turbulent flow while

simulating the entire reservoir and afterbay . It is necessary to main-

tain the same fundamental character of flow in the model as in the

prototype. Use of an undistorted—scale model of the entire system would

require a model of such large dimensions and discharge capacity to in-

sure turbulent flow that the cost would be impractical. By horizontal

scale compression , the total size of the model was reduced and hydraulic

similitude was preserved .

15. The model lakes and afterbay were constructed of transparent

plastic to facilitate photography and visual obs~ ’ ‘rations of currents

vertically and longitudinally. The model approximated the geometry and

reproduced the scaled elevation—storage relationships of the prototype

lakes. The sides of the model flume were stepped vertically (Figure 3)

to satisfy the above—mentioned requirements without visual distortion

through the side. Urethane foam was contoured to s imulate  the topogra—

by upstream of the intake structures.

16. Saline and fresh water;; were used t o reproduc e the density

van I at. I - ,n.; h I ’ ‘I r’’ ar ‘. id I - ~ ‘ i  i n  the r ‘ : ° ‘ - I ;~~; 
‘ ‘ I ‘ - I ’S ’ 21 ’~ -

ii 

— --.‘— - - — ‘ —



_ _ _ _  — -
~~~~~~~~~

i

_ _  ~~~ kL~~ , 
~~
-

~
---I , .. L~~ . I

I
I
.

’___ - —

a. View of upper reach of lake

_______ 
—

S _ _
~~~~~~~~~~~~~~~~ / —

0 ,

1~ 
“I ~~~~~~~~~~~~_

-.4~~~~~~~~~~~~~ _ •1I
‘l ‘~

:
~ ‘~~i/ -ft ‘a”

b. View of lake in v i c i n i t y  of’ darn

Figure 2. Marysville Lake b; y -ir ’ol yrramic model 



- , - -- ‘- 
:~~~~~~~~~~~~~

-‘-

~

‘-— T~~~~~L I,~~ TT~~~~- 
—-- -----

~~ 
-
~~~~~~~~~~~~~~~

-- ---
~~

-

I

________ ________ O B S E R V A T I O N

I I .~~~

— -a-—-- -

~~~

--—

MODEL CROSS SECTION

Figure 3. Example of model design for convenient observation

differences . Density measurements were obtained with conductivity and

temperature sensors . The conductivi ty and density values were converted

to density by means outlined in Reference 1. Velocity distributions

were determined from video recordings of dye streak displacement . Vari-

ous dyes were used to follow the water movement of particular interest.

~U7. The preliminary mathematical simulations indicated that five

vertical locations of selective—withdrawal ports (~ el 5~4O , 50 0 , i t L
~u ,

375, and 350) and a floodgate located near the bottom (invert el 205)

could be used to meet downstream temperature objectives. The prototype

structure would consist of six intakes at each vertical level to ac-

commodate the six turbines. Preliminary design established selective

withdrawal—port dimensions of 50 ft wide by 10 ft high and floodgate

dim ensions of 28 ft wide by 28 ft high. Because of the difficulty of

reproducing the small—scaled horizontal dimension of the outlet ports

(0.031 ft per port), th e horizontal ports at each level were combirLed

into a single port in the model. The width of this port corresponded

to the width of four ports which more accurately represented pumphack

from the four pump turbines.

18. A widtl. corresponding to six por t ; would have better repre—

sented flow (lu ~n1 - generation through the six turbines. However , the

13 
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correct representation of port width for pumpback was believed to be

more critical than correct representation of port width for generation.

A physical model test was conduc~~ed to determine if the smaller width

would alter the selective withdrawal characteristics during generation .

Releases were made through 0.188—ft- and 0.125—ft—wide ports. There was

no measurable difference in the outflow density of water released from

the two ports of d i f f e ren t  width .  Therefore , the smaller width  did not

alter the selective withdrawal characterist ics.  The floodgate was also

sized to correspond to the width  of four ports and fixed in the  model

at invert el 205 and centerl ine el 219. The five select ive wi thd rawal

port levels were simulated with a single movable port , which represented

four intakes at a given level, that could be positioned at any one of’

the five port elevations. This upper movable port emptied into a wet—

well and was positioned by an electro—mechanical actuator .

19. Generation and pumpback hydrographs were simulated using a

var iable speed , reversible , progran’rniable, positive displacement pump.

Actuated butterfly valves were used to direct the flow through either

the upper (selective withdrawal) port or the lover (floodgate) port. A

constant head tank , rotarneter , and gate valve were used to provide and

regulate inflow from the Yuba River. Downstream releases from the after-

bay were controlled by a rotamneter and gate valve.

20. Model control devices could be operated manually or automati-

cally from the control console (Figure 2b). Automatic control was

achieved through analog signals generated by magnetic card readers that

tracked input data. Automatic control allowed unsteady operation to

proceed for extended simulation periods (14 weeks prototype time). Be-

cause the model was not able to reproduce surface heat exchange , real-

istic prototype simulations exceeding 14 weeks were not attempted because

the meteorological effects could exceed the hydrodynaznic effects.

Model Tests and Results

Pr o to ty jie  simulation

Cl . The antici pat ed th ermal st r a t i f i cat i on cond i t ion s

114 
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(see Appendix A) for July of an average hydrologic and meteorologic year

(1962) were simulated in the model. The model simulated a constant in—
0

flow from the Yuba River of 2288 cfs at a temperature of 114.7 C. The

planned project operation scheme for the above—mentioned average year ,

which was furnished by the Sacramento District and was applied in the

model, is presented below :

Aft erbay
Turbine Configuration Generation Flow Pwnpback Flow Release

2 conventional and 37,700 cfs for 8200 cfs for 2360 cfs
14 reversible turbines 3.71 hr per day, 9 hr per night , con stant

6 days per week; 6 days per week ; release 
- 

-

start at 5 pm start at 10 pm

Generation and puxnpback occur Monday through Saturday . With the pool at

el 5314, the upper level port center line was set at el 500 for with-

drawal during model simulation. Withdrawal through this port would be

required to meet downstream temperature object ives during July of an

average year. Two pumpback configurations were tested , pumpback through

the withdrawal port and pumpback through the low level flood gate.

Marysville Lake stratification

22. The effects of unsteady operation on Marysville Lake stratifi-

cation were investigated by operating the hydrodynamic model with the

anticipated prototype operation scheme . Changes in the stratificati iri

were evaluated by compar ing vertical density prof iles taken at the tIi i

of each prototype week of simulation. As anticipated , these dens ity

profiles revealed that the pumpback flow process had a much s tro ro ’ er’

effect on density stratification than did inflow or withdrawal . h u m p - I

flow establishes a density current that causes mixing with respect. to

time within a vertical zone of the pool as shown in Figure 14. This sara ’

phenomenon was observed in a previous pumped-storage model st u dy  and 1:;

discussed in detail in Reference 2. This zone of mixin g eorm’esj> onW ’I

to the zone of interflow of the pumpback current . The observed ~us;T ba ’k

flow process is schematically described in Figure P .

23. To account for the mixing within the zone of interflow of ‘hr ~-

pumpback current , a procedure that was developed during l iii ’ jI ’ eV I ol1;;

15
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study2 was found to be appropriate for describing the effect in Marys—

yu le Lake. The mix ing procedure consists of three parts: prediction

of the pumpback—current thickness , D, in the vicinity of the dam; de-

termination of mixing coefficients; and partial mixing of layers withi n

the zone of the current . Mixing coefficients characteristic of’ the

Marysville project were determined from density profiles taken in the

model with respect to time . The mixing technique is discussed in

greater detail in Part III.

Marysville generation releases

214. The densities of flows released into the afterbay were moni-

tored during simulated power—generation operations to evaluate whether

variations of release density resulted from the unsteady operation .

There were no transient effects on release densities observed during

any one generation period . Release densities varied some from one

period to the next but, not during a period . The observed release densi-

ties compared closely with those computed by the U. S. Army Engineer

Waterways Experiment Station (WES ) generalized selective withdrawal

technique.3 It was necessary to use the actual discharge rate that

occurred within a generation period rather than a daily average gener-

ation rate to make reasonable predictions. Actual generation rates are

used in the mathematical model ( paragraph 14 6 ) .
Afterbay mixing

25. Tests were conducted to determine the mixing characteristic;;

of the afterbay . The afterbay was set up with a dens i ty stratification

corresponding to 23°C and 18°C waters for the epil imnion and hy polimnion ,

respectively, and the operation schedule was imposed. The vertical

density st ra t i ficat ion of the af t erbay did not exist after one week of

prototype simulation. Therefore, stratification of the afterbay is not

expected to exist. The afterbay was found to be almost totally mixed at

the end of’ each prototype day . However , it was observed that d u r in g  t l i e

period of a day various stages of mixing existed. During gt ’ri e n r i t -  ion ,

release waters from Marynville Lake partially mixed with , i-ut primari ly

displaced , the pregeneration afterbay water , ther eby,  occupying t h e  u p —

stream reach of the afterbay . Because there wI t : ;  semi’ m i l l i n g ,  t h e

1 Ft
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pumpback water consisted of pregeneration afterbay water and Marysville

Lake release water . After the completion of pumpback , the remaining

generation water was observed to disperse throughout the afterbay . For

numerically modeling the afterbay , this allowed the simplifying assump-

tion that the afterbay is fully mixed at the end of each day.

Puinpback temperature

26. Tests were conducted to determine what volume of’ pregeneration

afterbay water was pumped back with the Marysville release water follow-

ing a generation period . This information was needed to provide proper

simulation of the puinpback temperature and mixing of the residual waters

in the afterbay after pumpback. Fluorescent dye , which was mixed with

the pregeneration afterbay water , was used to trace the contribution of

pregeneration afterbay water in the pumpback flow.

27. The predominant factor ’influenc ing the pump’back constituents

was considered to be the pumped volume ratio, which is defined as :

volume of water pumped back in one day
Pumped volume ratio = . (1)

volume of water released during
generation in one day

To examine a full range of flow conditions , three operation schedules

were selected for model testing from the various operations anticipated

by SPK . The flows and pumped volume ratios for the conditions tested

are presented below .

Pumped
Volume

Generation Flow Pumpback Flow Ratio

36,1400 cf’s for 1.80 hr per day 1000 cfs for 2.142 hr per day 0.014

37,700 cf’s for 3.71 hr per day 8200 cf’s for 9 hr per day 0.53

37,1400 cf’s foi 3.28 hr per day 9280 cfs for 9 hr per day 0.68

A constant afterbay release of 2360 cf’s was used for each condition . A

measurement of initial fluorescent dye concent ra t ion  in the after’bay was

mad e prior to generation . The generation period was then simula ted

c- t ’i ;in g mixin g in t h e  at ’terbay . Aft .’r generation , puxnpbac k W I t : ;

19 
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initiated. During pumpback , samples of water drawn into t h e ur’if’t t u t e ,:

were collected and analyzed for fluorescent dye concentration. The

average dye concentration of the pumped flow was related to the initial

concentration of dye in the afterbay to determine the volume of pt’~’ce1it ’r ’—

ation afterbay water pumped back. The ratio of the volume of I reoe:er—

ation afterbay water pumped t ick with respect to the totSl voiur;e of’

water pumped back in one day was correlated with the a:’: ‘i volume : ‘-  I

A best fit of the data gave the following equation:

VA = V (O.001405.SOr ) (2)

where

VA = volume of pregeneration ‘t I t e r - l ay w’ t t - : ’ n a ’ is J - -a pi ’ I lack in
one day , acre—ft

V = total volume of water t :ii’ is s’.~ ~‘:  1 - i - ic i:. or’’ n ’ i , ~, ic r ’ — I ”
p
e = natural logarithmic t,’,se , 2 . ( 1 83

r = pumped volume rat io

With a knowledge of V
A . 

it is possi lit ’ in ‘ i i ’ -  ; .~~~‘ ‘ - : ‘ 1 ”i i  ‘ i - -I : -  ‘ ‘

mine the pumpback teril e n - a t a r i  - - in mix i ’~~’ t -i ’ :‘eoai ni Sc in ‘,h e  ‘c t’ ‘ - —

bay after pumpback.

Pumpback entrainment

28. The amoun t ~,:
‘ :‘l ~w cii t n ’ t~~n ’ 1  h y the puinphack jet wIt: i i

mined from the i hiy .;ical IL I t  f’ r loth the high— and low—li ‘.‘ -
~ 5- .:

configurations . En ’ n- i n , ’ i flow is wIt t er that is .fled i n i t  s I ‘ I :.,‘ I

with the purnpback ,l ’-t . The rn I x f  a r t - sees into storage in the pool ;tt a

density equal to the I ’no-ity of’ * li e mixture , thus , cr’e’it inic I t  n”~~t ‘1 K

density current . Coe f ’f ’i-i& ’n its of’ ~t r’iia~~ nd or” nece::’tI”,’ I’ r n i L”’

model simulations.

29. Conservation of’ mar-s ‘ i i i  I vo . c’. w - r - L i : ’  i I ‘ l i t e r ”  Ii,’ -

amount of hulk en t ra inment  as fo l low: . F reon, L u ”  ‘ n- r v t  ~ n of’ sri: ;

= p i, + i ‘, (3)
c c  o i ’-

20
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where

= average density o:’ puripback current , g/cc

= volume t ’low rate of j unupb ’tc k cux’n’i’nnt , cf’s

p = I,’::i ty on t urd I ark let , g/ee

= volun:,r’ f low n ato - of us.; 1 ‘irk .~~ ‘t , C ”

= avi’r;I~’e e;,;ity of entrainea curn’ enit , glee

= volu m e f low r ite  ~f’ entrain;’:  I c L i r n ’ c’n it , cfs

Al:~~, from the continuity of volnc’.e f ’on’ an i n i L ’ n r ’ .T n ’ e s s i t l ’ ’ t ’l ;i I

I’ = Q + Q  (P)
c o e

, ‘ul : t i t u t i o n  ~f’ e ci ’ ion 14 in to  ~~- ~ti’~t 1onn 3 for Q yi€ ’lI.-

=

where P i s  t l -  n ’ “uino, -:, ’ c o e f f i c ie n t  ‘ill I

— p
(~1

( I )p — p
c e

The value on ’ p WI, , ;  taken no n; I Iii’ m i ’  i~ i lensi Iv n’ ~ : ‘ l i e  0 * i~~ , , —

v’,ti on w i n e s ’ the n ’i xl :’ , ia, con ; rjl ’;ition of en , ; n m ; ’ ’ ni ’ wi : o t - : en ’ v ,  I in I he’

n ;; ’u I ’l. I ‘.‘nis it ,v n e t , ; in’ - :’ ’:;~ -
, were t 5 ’y, - n j ’ ti ~ ~“ ‘it’ ,’.’v i L I ’  t;,jl;’ace in n :

w j t , l i i n i  t he  : u i ; J - i  ‘irk ‘Li; ’ :’ nit a ol L o i n  p ‘i n t l p
~~
, n o .11 ‘c t iv, ’Iv .

30. ‘ki th c ur-U back I } n ’o u , ’t i  an i i : - ’ : ’  port , F’ w i , ; f o n i n i l  I , ‘ be ‘ ,~ r oxi  —

O i l ‘‘I 0.7 101’ the condition s t ~‘: ted . The ‘‘n it n ’’ i I n in nt ’n i I w i , ’ 1’:’ lv ’ I * o

o c c l i n ’  I n’ i :’, : t r ’ n l y  from the l i v ’s,; -i n ’ lii ’ - pool at and imnne d i i t  t ’I ,’ ; i l o v , -  ii;, .

local 1) 5  of’ t h e  port . ‘on ; :  i I , ’ n’al  lv not ’’ ’ i ’m i t m ’ ’ i i n m e n t  w ar - h ’  I ’ l l wi  11

pumph ick tln n ’oiii ’Ii ‘ ‘ -  - v - n ’  level 1,1 nodg’ites . (‘‘ ii c i i i  ‘ n t i s , ’ ‘n o n  den: ’ I I y 
‘

I

i n i l i r - i t ‘ - I  i S t , E w’ i s  1;: large ; r - 2.5 to 3.0.  To s i t  - ‘  an ’ I —

‘i ’ ’  t tj e s ’ ’  value,’ , v’’l ‘ i t  :~ prol’ : Los 1 ’ the ‘ n t , n ’ :tj ne d  l’low wi ’s,  n ’ , ’ ’ . - i ; ’ i -  I
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A s s ;u n i n g  u n i f o r m  flow laterally, the ve loc i t y  p r o f i l e s  w e n ’i ’ cor~ve ; ’oe-l  to

flow ra te , or Q .  By substitution of L~ and ~ into equation 5, E vs.:

:‘ound to Ut- - ‘ ii out  2.5. For 1ui n plcic’k ti;rou1 ’}i the f’1 a igate , ent “‘u nSen t

o:cun’r’ed from the bottom up to an elevation -‘ uP ’ nut 170 ft above the

t a t t o r t .

Inflow

31. W i t h  a constant i n f l o w  from the Yuba River of 2288 cf ’s sins-

lated in the model , the inflow current traveled to the Marysville Darn

in a week (prototype t i m e ) .  This travel t ine  in-iicates that the thermal

structure of the lake at the dam should respond in a short t ime to the

e f f ec t s  of inflow . Practically no en t r a inmen t  due to in f low was a t —

serva i  in the model for tha 2288—cfs  flow ra te .  Therefore , the ‘ u s d a ’ ;—

Lion of zero inflow entrainment was used for the numerical simu la t i ons .

Topographical e f f e c t s

32. The ridge upstream of and generally parallel to the dar t was

observed to influence circulation and mix inii - in the vicinity of the Or ’,

durini - pu,mpback ti’iroui”i; the floodgate. For both pumpback configurations

(jet entering the pool through an upper level port or through the low

level floodgate), the puinpback current travelled upstream and spn’ -a-J

throughout  l larysvil le  Lake. For pumpback through an upper level i-ar t

w i th  the condi t ions  simulated in the physical  model (paragrap h 2 1) ,  the

current  w’ is able to spread over the top of the r i dg e  as i t  t n ’ ; t v e l l l e - .:

u I - s t r e a m . For puxnnp back t h rough  the f loodgate , the  plume becam e :a-u ’- : 11:,’

buoyant at an elevation w i t h i n  the water column (el t p p _ p- ) that  w i:;

below many of the ridge peaks . This forced much of the current tu

travel around Timbuctoo Bend rather than over the ridge. Additionally ,

the entrained flow , which consis ted of water ‘betwee n the Patton: and

about el 1(0, was forced to travel around Timbuctoo Pe ’ m i i l  because - a” the

presence of the ridge . For ta ’- low level l ’-u:~pl s c k , the ridge certainly

influenced circulation in the  vicinity of the dam , and the flow restr ic-

t i o n  created by the r i dg e  tended to i ni u’n ’ ’ i , ;e the turbulence ;iiiil thick-

ness of the pumpback current in the  regloni l’,’tween the l u;, a r i d  L I , .

r jilts:. The above—mentioned phenomnena in  t h u  t l i n t ;  to the 1 in’ t ;e ,‘ nn t r i  I nod

flow tha t  occur’ ; with L i i i ’  low ievei l- um I- i u - k  i warm water  w u I , I  ‘:111: 0
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some m i x i ng  and w’u’nn I ri of water in th e hypolinnriiori . If an ot,i a:~ I’s”

of the project is to conserve cold water r3serves for fall releases ,

then purnpback through the floodgate (accompanying releases through i-in

upper port ) could be undesi rable  arid pumpback at the level of wittuJi’uwal

is recommended .

33. The invert of the channel (el 140o)  connecting the Dry Creek

embayment with the main lake prevents water in the Dry Creek erEbayran’it

l.~ iow el 1400 from entering the main lake . This reduces the total cold

water 5tar’age ca pa c i ty  of the lake. To account for this reduction in

the niwaen’ical  model , t he  volumes of layer: below el 1400 that  are con-

t a i n ed  in the  Pry  Creek r: :.Laynsent were subt rac ted  from the total  volume

of eac h layer be law el 1400. Although water  ‘below el 1400 in the Pry

Creek emb aymon it  was s tagnant , water above el 1400 c i rculated freely .

Inf low , : uj ; ; r t ack , and w it r , -Ir aw’i i flows passel  to and from the Pr,’ Creek

embayrn erit ’iPav ’t el 1 4 ,

I
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PART I I I :  MATHEMATICAL MODEL DESCRIPTION

314. The internal heat budget in Marysvil le  Lake and t h e  r elc ’;u , ;;, ,-

temniperatures downstream of the project  and ‘it tie~ confluence of’ t h e  luba

arid Feather Rivers were predicted us ing  a numerical  s imulat ion model .

The model used in conjunction with this i n v e s t i g a t i o n  was previou sly

i ’ievel i~- ed ‘it WE ’ and modified to uniquely describe the thermal character-

istics of the P;ur’ysville Lake project. During the development of the

m i -I d , conj:;iderable insight has been gained fran the rer-earch efforts of
3 14 5101cm; and ‘Irice , Clay and Fruh , Edinger and Geyer , Dake and Harlern ian ,

and o t h er ’ :; .

Fundamental Assumptions

35. The P;ii’,y sv i ll e  Lake hydrothermal mathematical  model p r o v i d e : ;

a r r’octt dur ’ e for examining the balance of thermal enle’rgy imposed or ; an

im poundment . This energy balance and lake hydrod.ynamic phi er i o : :nu ,.’n ’; an”

used to map ver t ical  prof i les  of temperatur e and release t enn ~’ i ’ n ’ ; ’i t u n ’  - .; in

the time dom a in .  The model includes computat ional  n; :i ” t l i ’cl s t ’cu t’ sin;;ulr~t, —

ing heat t r ans fe r  at the a i r — w ; i t o n ’  in t e r f ace , a d v ect iv e  l a st  due to i n —

f l ow , outf low , arid punrpback processes , and the i n t , m ’ r r n ; t I  1 1  ;‘ pe ’r ’sion at ’

thermal energy . The model i s  conceptual ly one— i ir on ; . ; l u r s , ]  lci , ; e i  on the

d iv i s ion  of the impoundment into d iscre te  hor izon ta l  I ; i ’ / t - n ’ n ; of un i f o t ’n ; ,

t h i ckness .  Assumpt ions  include the following :

a. Isotherms are parallel to the  w a t e , ’ n’  sut’ I ’:& c e  both l a t e r a l l y
and l o n g i t u d i n a l l y.

b. The water in each d i sc re te  l ay er  i s  i s o t , n ’ p a ”  and pl i : c ; ; i—
cally homogeneous .

c .  Internal advect I on and la’;mt , trans for’ c~’u n’ U n i h ’  i n ;  t h e
ve r t i ca l  direction .

d. External :mdvection (inflow , out 1 ,1- - w , ; t ri il 1-1;’ , I ‘ i n k )  oc ’ ;n’:
n m :  a uniform di : ;t ,r’ Il u L lu - u r n wi t h i i n u  ~ ‘ ; i u ’ } i  1; i , v , ’n ’ .

e. Internal di: ;l ’ e’ r’ :;i on (1 -t w o - n i  l’i yer, ’- )  i t ’ tln ’n’t’ n: i l i ’ I n ’ t ’ ~ ”u ’ in :
,‘i r ’omp ’I I ::}~~-i l by a ii I ’t’ i i : ’; ar t  ni ’c li ’j n i i  sIt 1 :it u’:n ; l-imi ” ;: the
, I ’ I’e’ i’ ts of nol ,’c i;I i t Ii t ’ t ’ t i ; ; f ; n ; , tii n’ l n i l .  at Ii ‘ f it ; :  inn , ;tm; f
th i ns - - i l  n ’u ,riv e ’ u, ’l, lu ~~u.
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‘ L i i : :  mi ’ ; , ;;: - ‘:‘, -n. - t~~ , 0 : 4 1 1 1 1 1 ’ , 5’ ‘c -n ;’ ’ ’ it’cs stu n cs f f i c i e n ’its  of

- ‘ “ “t r -  l u , ’ ;i t  - c : :, ’ - . lo ; i il it ri ni’ , ‘o.’:’o ,,‘m ’at  n m’ & .- is m ‘ 1 : , ’’ n as t i n t

‘ - : : n ’ ’r ’ ’ m ta;’’’ ni ’ ‘h ; , , CS td , ’’ n u t  rati- O 1 ’ h e ’ t t  ‘‘x: : , ’ms g i ’  1 ’  ‘ u’-:-:. ‘ he - wat er

dU m ’~~’ t C . -  ;t ri- l  ~ n i e  a ’ mO: j h er ’,: 15 s n’ . ‘ h u e ’ ~~~- , n ’t ’ t ’i C c n t  Of ’ 51Sf- i d ’ -  ,~~‘ ‘ ,

us, S nu ;ir O ’e i s  t i n e ;” i t e  ‘it wh i c h  t a ’  - :, ‘ ‘ u ’ t r u n , :  I ’er I a :~ i rs w : I oc- ’ r’ . P hi ’

e - l u :m t ~~ : n i  I- : s n ’ i  i - i n n s  ‘ : 1 ; ’- r’oi :iLi:-; ,:in ’~m i s :

H = i ’ i ( i - , — ( ‘ ( )

-n ”

H = r u n t n ’’ut , n- f’ ,: u n ’f a c , -  r u e - i ‘ t n- u ; ,  f e - n ’ , I’ ’ f ;  / d e s

P = cu :t~r ’ l’ i ’ie n u ’ ,, i t ’ sc r t ” u , ’e u e ’;i t  , ‘x ’h n a n g e , i o u / f ’

E = c - tin t l i i  n i  a:’. ‘ ‘ n or - i n” , ’, ;5e , F’

= ;‘u r f ” i c u ’  t - :;. I - ’ ’t ” i t ’ n r * ’ ,

‘i’lie ; u : ;; l u t ; m t , j - - I i  ‘a” eduil jlr ’ i is, t,- ’ ’ t ,  ‘‘S i ’, :1:’ - ‘i: i - I heat t ’xc li :~nig *” c o e f f i u ’ i ’ ’ m i t

i s l - ’ t ; : * ” I  ‘oi ly  on m e t e o r o l o ’ i c ; t l  d a t a  :tu ; ‘ n ’ ni l ; ’ -  I i;’ i’.din;t ’er ,

- ‘  
‘T

P u t t  w i n  I e r , : r r n - I  s ev er .

38. The nn ’~: I , hea t € ‘ X s  1i ninu i ’, ‘ a ’ hl~
, - s u m ’ f i r e ’  is composed of sev ’’n i

l u u ; i t  ‘‘Xcni ami g ’’ j u r ’ O :e:;:,e’s:

st w v ’  solar ra i l  5’ i ’S;.

1- . R e f l e c t  e l  , ; h u m ’ t , w : i v , -  r : mul  j at  I

I . o: nu ’—w’ iv ’ -  ‘ i t , m , : ; l } ; .  r i~ n’ ;iJ j ’i t :  l u .

}b ’t ’lect , ’- i  lon g— w ’ i ’s* r : t I j : i t  i o n .

C .  Heat ,  t S illS i ’eS ho- I, - c, “iI~; ‘ ‘ I

-i:~ck r” i ,Ii:i t , I c um ~ 5(15 t O; ,

P n,

‘-- -‘-

~

- - “ —~~~~~~~~~~~ ----- “ - -‘  
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j~~. Heat loss due to evaporation .

For every day of meteorological data , the seven heat exchange terms can

be evaluated and ‘the net heat exchange expressed in terms of an equilib-

rium temperature and an exchange coefficient .

39. All of the surface heat exchange processes , with the exception

of shortwave radiat ion , affect only approximately the top few feet of
the lake . Shortwave radiation penetrates the water surface and increases

the temperature at greater depths . Based on laboratory investigations ,

Dake and Harleman have suggested an exponential decay with depth for

describing the heat flux due to shortwave penetration .

140. The surface heat exchange concepts are implemented in the

model by the exponential penetration of a percentage of the incoming

shortwave radiation and the placement of the effect of all ot her sources
of surface heat, exchange into the surface layer . This procedure can be

expressed mathematically by the following two equations :

H K(E — ~) — (1 — 8) s  ( 8)

H. (1 - 8)Se~~~ i (~ )

where

H = heat t ransfer  rate into or out of surfac e layer , Btu/ft2/day

8 = shortwave radiation absorbed in the surface layer , percent

S = total incom i ng shortwave rn i d i :m t i o n  rate , Btu/ft ’ /day

H . = rate of heat absorbed in layer i , Bt u/ f t 2 /day

= natural logar i thmic  base (2 ,71 83)
—l

A = heat absorpt ion c o e f fi c i e n t , ft

= depth l , ci ow sur face , ft

141. Equations 8 an ’l 9 :mr i ;  applied to the Marynv i l l e  i , : i k ’ ’  t c - n o ; I I ’ —

ature profile once -luring each one—day time step. ‘l’h i c ’ net  hu e’ I ox ‘h’ i t ; , ’o

rntt,e I n i  to er i c  h i layer is connputed a n i l  c anv ~’ r ’t , u ’ , 1 to a I - i tt ; ~~‘r’ rt , u sc ~‘ b ; a n i u ’n ’

The t n ’n n ; ç - t ; r ’ m t n n r ’ ’  ch i :mngi ’ s  are used I a ‘h’t,n ’n’m i r i ’  an u I - l i t  ‘ I  t etn ;p c ’r atur e

prof’i ii’ for i’:it’ y:— ville lake. Nim n n , ’t’ i~’;i1 I v , t i n ’ ’  P’ n’\’svjlle t t ’t ‘ r i -a l , ’ ~~
m i x e d  at I t o ’  ‘ ‘ n i - I  of ’ each ‘h i l ly t ,lrru ’ ’ , ‘~~ ‘ n  . Thus , s u rf a ce  h i , _ ’ , t  ‘x o l i a n u g ~-

27
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in the afterbay is effected by converting the  total heat ex ’l i anu ’e t r i t e

as indicated in equation 7 to a temperature  d ua l ; ” . The tonoleratu :-,-

change is then added to the ex i s t i n, ’ af terbay tes :J’er ;;ture once uj u r in i , ’

each one—day t ime step.

Inflow

142. The process of’ inflow into a lake is simulated in the mat h ; ’ ,’—

matical model by the placement of inflow quantity and qual ity at thi ;it

layer in which the density of’ the lake corresponds most nearly to the

densi ty of the  inf low.  Although not ind ica ted  in t h i s  study , :‘eseari :i,

e f fo r t s  and physical  model studies at WES have shown tha t  ent r a i ni t o ’ n u t —

induced densi ty  currents  can exist which  flow u l - s t r m ’ a : ’ , ‘t lon i , t h u ’ :un’ l ’a”’

into the turbulent mix ing  zone caused by t h e  i n t ’l-sw .

143. When it , ex is ts , entra inment  is 5 ; ; , l ’ l e r ;ueni t :d i n ,  ~~~ :o’ . ’del b y

augment ing  the  inf low quan t i ty  wi th  a volts :; ’- I r on t i n e ’  : - S n ’ ; ” i c , ’- l ; m ’,’ n ’t’ .

The volume from the surface layer is g o n n - r ’ a i i  i y c ’x l ’r ’ e’” ,;e 1 iS a

of the inflow quan t i t y .  C h a r a c t e r i s t i c s  of in f low :iri ,1 t i . -  , ‘n ; ’es ’ ; ilr; ,- ,r

flow are averaged , and mixed v’iIuo:; of den s i t y ,  te ’:;nh - ‘r i ’ ;:“ , a ’. I , t h ’ - : ’

water—quality parameters are determined . T h i -  r : u i x ’ - ,l d e r n : ; j  i ,  u;:e’d t

determine placement of the total quantity ‘uY; ’i rul  x , ’ul upr u I i : ’ ,’ . ‘h ;.; I ‘ . ‘ I m u

of the inflow process displaces upward a volume equa l to  I I;” t a t - i l  i t i -

flow quantity . This upward displacement is rc’l’l,’c te ’,l in ‘ 1:” ; ; - ‘ -I”l 1’ ,’

an increase in the water su r f ace .  A corresponding Ie ’u’ru,’n mu;i ’ m m  ~~~~~~
surface occurs as a result  of the outf low s i m u l a t i o n  n rc ’s, ’:;; .

Internal Dispersion

1414 . The internal  d i spers ion  process is 1” ’ L ’ r a ’ ; e ’ r ; t  n - i  I y u t ;  1 n i t  - n ’ ; :

mixing scheme based on a s i n r i l i l e  di i ’fu.; ion ;mri :i la -g,y . T n ~ ‘ ‘n’: ’ i 1 ‘ - i x  i n ~~’

t ran ;; fers heat ar id o ther  w:mt-er—qual I ty c i  n i : ;  I’ i ti n ’ ‘n it 1 k -; U ,  ‘ -t i a I ,~ - ‘ ‘ - i  i t

l ay e r ’ s .  The magn i tude  a t ’ the iran -fo r l , n - t , w  i ’ ’ n ;  lu’ ’ ,1;iy ’r’ n : in ; S ‘ ‘
~~~‘ ‘ ‘ ‘ ‘ ‘ —

;-,ige of the  t o t a l  t r a n s f e r  r ’ e ’ h i ; i r ’ .’uI to ‘,‘ot n i n ’ l , ’ t  e ly m i x  I t i e ’ t w o  Is,y ’’t’ ;:.

This percentage i ; :  a m i x i n g  eo’’t’fjcivnt Wi : I cli is , l ’ ’ l ’ i ;a ’ -i for ’ ‘ -yi n”,’

28
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layer . Data input include’:; values of the mix ing  c o e f f i c i e n t  at the to~
and :i~ the bottom of tine’ lake . An exponential fit between the two cx—

trenme values is used to deternni ine the ap j i r op r i ; i t e  c o e f f i c i e n t  for each

i’i~ er’.

Outf low

h i /u . The out  ‘law du ) : ; : ! u ” n ; e ;n i t  of t he  rocii .Iel incorporates the se lec t ive—

~ Lt :,~~n” uu”H t ’s1 n n,i ~~~~ t a r  u m ’ i f  i c e  f~ o~ ,Ic ’iall; ~~‘: at W i/P . A~icit ionally ,

1,5 .;~~~‘~ct1’;~ — w i  t n u l m ” tw’i ± - a e s c r i nt i o n ;  w e , ;  a:. ’ u a , ’se I ta include toe a~’~ ~~~~~~

/ ; i t c a; I L~~- S W t  io n ,  t i  s~ mal ’,a:, -: ,~ i s n’ eIeLtn:e. : fro::, : :;u lt ln - l e  i i o r i su : nt ’ el

I ~~~~~~~ ~~~~~ I d ln5~~X B ) .  i’ra r n , ’cc n;il e’n t al e ~ua t ioos  de I ’ l n n i n , ’ to€ ,’ l-.sc:iti-jni of

,t e n ’o — v e  I - ci ;
~ 

limit;; ;.tr’e: ~olve.1 with a hal :‘—inite’n’vne i : ‘-e :.i r ’ us ln :;;e ’tha;I . The
.lo ’. :at ioni  of the zero—velocity lin ;,it. ; is t’u n i c m  lo nal ly .le-’I’ eri,l, ’nt on thu :

co na ’ i . ’ot ” u ’ l ’s;; of ’ the w i n , i ; - , i t ’ ;ewal  . I ’ ’vj c e , re- i’ ’ ;ise f l a w  matte , and ile:u ;:it y

: m’ u o n t ’ , - within t i ne l;ike’ . With knowi u-i ,’e ’ of the l im i ts  of the w i t h —

- I n’ t~ ’ul .5’ i n n ’ : , I is ’  veloc i t , ,’ ,’ n - n e f i l e  due to out I i  oW’ sun l e n  ‘let e ’n’ m n n i soul . The

r i  ‘w f :  ‘ t n  ‘“Cdl ; L;.iy.’r is then ; computed rio tim e n’uJ~;ct ‘. l’ the velocity in

t i n ’ ’ laser’ ‘en - i t he ’ w i  I t h  i n ; I thicknie’s.: of t h e  I ;i;,’er. A flow—weighted

av erage is ‘t I n - i  I e l  t,5 t,he t omp’ ’ n ’ ’ ’.. t ; m n - . ’  -ri . ;’i I.e t i  det e r m i n e  - the value of

r e l .~ ’i.;e t n:;,: ‘‘n” etor’e f 0 t ’  ‘nash  t ’tci u’ co n ; Intion . ‘,~;,c;mi L ii’s 1. 01”. tO La

1 r ’~~n’ 
‘
~~ ‘

~ ‘ i,~ no’ ~ m ’ ~ c~~’ie ’~ , :OSl . ‘is m m  a l’r.,aiict ive :o~ d’:, t a n

to is c i:; ; ‘eI’CJ t n-irg,et t er’ ;; eil” it ore,; an,- I too .: 1:;n,d i t , eJ t nncl’:;.’ e r’-, :‘i I’:;

t o a t t e s t  t : , ’s i - o n ’ ’. ; to  L’e n i , : e l  f- sr withidr’ :w;il .

i on P h i .  ‘- Ia I ‘a  -

h O . i ” ” ’:t I l , : , ’ l iii ’ g i a n t” i l , l ’ O u  r i nd  b ’ U ; , l ’ l ’ i u ’k ‘ 1 ow: i ’h a r u . ” ’  r ’ ’ i : ’k ’ . ’ i i i ,y b ni

a 1.’ej urn ,! t .li’. ’ rate  of t , i ~~’ , ’. , ’  ‘lu iw : ;tf ’l ’,’ e’ t ,:, w i t h ,  l r ’;tw’ e .l a n n u l

cli ’irrtc t ’ -r ’ i :t,ics , il w’ , , ; r io t  ‘ i I . ’ i l u ; i t , ~ ’ t o  u s e  dilly avon -i .,”’ t ’ l o ~~: t - ’  ;t’’ ,’u—

matte’ 1/ l : i  n - m I  ‘ i t , e ’  gen ri en” i ti n; cmi , ! m i t -i ‘ I , ;  - rat  I ,i~~,:• l l : i  I I a : i v en ’ag’ ’ f I - i w

;‘ , n t ,in g;: ni.;untl,ly :mr’ i ’ ‘tub I ,, ’ i l - - l i r e t , . - t a t ’  l.’;;c -l ,’r ct nni i ’ “‘n ; ’’rVu ’irs , :u,O ,

a, : W i t ’S n ; l i J i h i  I ,y i t t , !  I ’ l u i ’ ”l ,‘oru l , r ” i l n t ” i l i ,’u ’L;: . P u t t’  t h i n ;  nn ie il , ’l , t lii ’ 1 1 m m ; ’  -1

, ‘, ‘ n m e ’ r ; m t i o r i  and l in in ;i l ih i; mi ’k ‘ l w  r’;t t, ,’;; Sri - ! ‘inn ’ .’ ,t l i r e : ( i n  L i a r ’ ; ; )  it”-
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rather’ than daily averages . The smodel can handle up to t , w n - I v e  d i f f e r e n t ,

flow conditions wit im in a ul : i ,v .  The Jul i an day n umber , t h e ’  n t i s ! . ’:: of ’  - u l e - ; ’ —

ation (~~e’ne’rat,ion am’ puirmpback) , flow r a d o n , durat ions of’  flow , scud “Ic’—

vation of ’ time i~~ ;;lTh:eck ,ie’v i c e  ire i nput for “ ‘ich day that  a c!i’erd’e - in

the ol—eration schedule occur.:,

t’fai’ysv ille After’bay

14~~~~. Th e af ter’bay is modeled n ium er ica ,l ly  by m:.tin ta in ;in; ,- ’ h n e ’ : ut , arid

water budgets .  The :el ’te n ’h i : c y  is ful ly mixed at the en~1 of erich Is i l y

t ime  step. Tin s :essumption is ;;u~ipo1’ ted l’y p l uy s i c a l  n;;e’mde ’l oi - ; ;u ’r’v;.et i o n ; ; :

anmu! ,Ie’n ’m n: i n: ;ct r ’ is Froude nusmbex’
8 

calc ulnit ions , and it 1 I I  -ow;; furthe r

sirn mp l i f ’ ,’ i rig :1; - ; i u n i p t  ions to is’: n ; m ; e l t ’  w i th  r ’es l e ’e’ t 1 . , u id Vest ,  ion in:1 l~ .’;it

cxc lu : enge  i m m t lie a f terbay  . The daily ;;ur’ fe ’ ‘a I ; , ’;i t , ‘‘xc i c c n ; g e ’  is ‘Cdi ’,

ph shed ‘by a p p l y i n g equat ion 7 to the a l ’to’r’b :ey cur’  t ’;’ mi ’e :cr ’ c ’:e t , l i ; i t ,  e x i t :

at the  beg inn ing  of eac im da i ly  t ime s tep.  O t u e ’ ,’ , !ur’ i r i g  ~n : i c l n  l ay  at ’ s h o n e —

lat.i onu , the volume of w:ite’t’ in t h e  lake in; ;i , l , i usted  to ;:e ’q u’. ’ n i t , I il Lv

account for (a) l’l:ma ’y:ville Lake ~‘. ‘ ; u e ’ m ’ : i L i e ’m ’ i voluinme that is not l u U t : u I u t ~d

back , (b) ~‘r’eg ’anmerat ion .i ‘1 .. ‘n’iu ;ev volume tl n ; i I . I;; punmpeul 1 ;tck , :t n u ! ( c

af’terbay volume that is r’,’le ’a,sed downstream . The n et i ’i ’r it r’i’t’u t . ii ’nm: ; of

volume from Marysville Lake ‘it the n’,’:l’cctive tc ’t n ; !u ’r ’ ; i t  u r n ’ :  mm’ .’ ; i u l d e ’ ,I to

thi s “i t’terin :ey volume produc I nm g :e mixed value of t e ’t;O’c 1 ’ ;t t ar’. . Tin i ;; : : ,  I >0 -1

tcni lier’ :Lture is the af’I,n .’n’Isiy r’el t ’:e;;e tn ’t mmpo n’ ; et um ’ e’ for tlm :tt l i v  at ’ 5

la t i, .i m ; .  l i g n i t e ’ 7 lm e ’lp s de;:cril’e’ t ie ’  ; t l ’ J i m ’ a : i u ’l i  t i ’ I 1 mw , ’ - !  i n  n : u u n l u ’l  I t ~~’ t i m ’ .’

a f t  o n ;  1,’,’

I’unn i,pl’ae’i-c t’i”m ,j’ t_ ’n ’ :i n o r .’ ;i; m.I ‘fitt’ :n i n m t tii ’n i I

148. For the n um e r i e’al  s i ; ; i ’ i I  ‘ i t  iu ’a ; : , i t  is  r m e, ’e’s,;; m n ’ v t i  11i’t ’ i n ;’ t is

te:r; ;l- ’r’’ n tune i t t ’ t i m e  l’low liUt t ;l , -d t ’ n’ i ’i t m n t i n e ’  :tCt,, ’n’l’:iy to tiit’ l ’m k ,’ . T I ’

:ntiofl lOt’;: riot occur arm the :;‘ Ln :i . ’ ’!:iy t .imat t.li ’ ’r ’ n ’ l: ; j’umpbtick , I - tie r ;  t i e

t,’nnlierature i .t ’ the ; i I ’t,, ’t’l ’ ;i y w :m t, t.’m ’ (‘Cinm; ; t i t  ; t  ,‘;: t ,he  I n It Ia l flow I ‘ ‘;‘ :~ ‘

ature . However’, i f  ge ’nne r’ ;it. i ‘‘ mu ocular’ s iii’ li ii’ l it l u IIt;i l ’l :,u ’k ‘ri time ;;:tt ;u , ’ ,l :mv

then t h e  Itump ed t ern ~‘ ‘r’ ;i t ar’ ‘ ,‘ari r,’::u II ’ f;’ ’;;: :m m i  x t , i m r ’ n ’ i t ’ I t’ ’’ ’’ -nme ’ n ’;m I ion

to

_ _ _ _ _ _  _ _ _ _  - - -~~~~~~~ -~~~-‘- -.- ,—- ‘ . ,
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afterbay water and w:tte;r’ rele;.c-oed dur ing  e n ; e ; r ” i t ion . i / u l u ; L t  I Cu S 2 1: u :;en ’l

to determine’ what am ounts of th e  n ’un ; ;i ’e ’d water -;I re’ pregenerat ion : c f ’ t ’.:rLa y

and previously ge ’nm er’ : i t e u l  water .  The tenn :!-e ’m ’;m tum’ c’ of the pumped flow is

de te rmin ed  frorti a voluirme—weigiute ;-i :iver:ige u t  the c o ni ; ;t i t :~en ; t , s . ‘fl ue

residual water of tim. ’ afte’rl.i;t;,- ’ a f t e r  i ’ur i i ’back is mixed t,a obtain a
I

volu,mnie—wei gm u t, eel ave’n’:igen tenn;pe.’r’atur’e

149 . Exitx ’a inmr ;uen t is ~-x ~ - .r ’ t : s ; ;u .’d :LS a !-es r’cenmt :if’e’ of punnpback w a t e r

volume. The entm’;iined w:.t U ,- r of time M:it’y’~ville pool at it;: t-e’:op- e’rator’e

is  withdrawn and numerically n ;n lxe ’d with t I e  W I - L a c k  volume at its

Len n;i’e;ra,ture. This total volume of w;mt t ,’r’ ‘it the mixed te;nnnl’em’:et ure 1;;

placed into the layer of ti;, lake that  most closely corresponds I.e time

mixed temperature of puznpback. For luW ;il’h:ick t hr ou g h  the upper ports , an

entrainment coefficient , E, of 0.’
~
’ was; determined from the physical

model test;; and was used in time nun;erical simulation model . Time l :mye r ’

of the pool from which entm ’ainment occur’s is defined as the layer i n : n o : e d i —

ately above the layer of the pumpback port . For pumpback L!in’ouu ’l u the

f’loo,lga,te, a value of 2.5 was used for F (see paragr aph 30) and w ; it , e’n ’

Wa :;  entrained from the elevation of tine center line of the f ’luod ,’ait . e; .

F~p~p~ ack Mixing Techn ieiue

50. F’rom L i t -  physical, on~ ‘.1, 1 observations it w;t: misted that -ii f t ’e ’ t ’ —

ent density profiles t’xi. ste’! in the vicinity at’ the d wrm relative t o

those’ oli;;erved further imp ; ;  t n’ ,’;itn; inn time lake . l e’c;tem ,;e’ t i n e  :tn :m t i ;n ’nnn :jt . i c :e I .

nn ;ii , !e’l , is one—dimensional , t i m e  Ic’,; i s b n  was nn u: ’t,le ’ 1.0 n ; i m u l ; e t . n ’ t i ; .  t ,iuc ’n ’t ’n al

profile : immned i i t -  I y upstream ‘.1 ’ tite dam , ;; ins.; tlii ~ ~
‘ ‘“  ;‘i le ,‘ , ‘n:f r’ i ’ I ;; t h;.~

withdrawal m mii I ’ u n ; l l ’ L ’ i u .’k , : } u ’ i t ’ : m n ’ t , ’ n ’ i ; ; t  be ;;  W i  t h i t i  t n ; ’  l ake .

u i .  In the t:se t .mi e ’t n , ;m t ic: i I n - m I n i , t l n e  m :;:n l ick , ‘lm n’r’ .’m ;t I.; pi n t. ’’’! I:;

Lf me’ I a y . ’r  win ’ -:o ‘ i. ’n i :it y I~’ ‘: t  : . - ‘ t r ’ i y  “- ‘I ’ r ’ . ’;’I ’ u ’;id : t i  t h e  I. ’nu: i t v ‘of ‘ a,’

piStil ‘ li nt , ’ ‘K - ‘ ‘ ml’ t’~ flt. . I ri I i n ’ ’ V i  C i n ;  i t , ‘ t t ’ t, I ne dam , i } ;,’ I n n ’  I’S’ - ‘K - ‘ ‘ u n ’ ; . ’ : ’

:Le’t , L i ; i . h I ’ ,’ can;; ’- ,; m ix i ru - I: a S - t ~~- ’ ml- , ‘a’ t h i s  f ’ t ’,’ ’ -n ’m , ; i n , , I i r ’ i t ’ ’ -I l 2 ,~ 
. h i , ,

l ’li~’;;ical ;;iuiil ’ ’ I . To n ’ ‘‘I ’ ’ ’ ’ ’ ‘- ‘ ‘ n t  I h i s  ;‘:‘l X l n i , ’ . - t ’ t ’ . ’ , ’t  ‘ i nn - I st I’l l. n’ ,;ij5 I s i n ,  ‘ h i ’

im u :it, l i m I t ”  -I , of 1 , 1mm ’ I ;m ‘K. - , I ‘ i ’ 1 ‘ i ,’ .’ n :  w i t  h i s  ‘ l i e ’ Z e ) t u . ’ are ni ;;’ . r i~”m liv

n u i x ’ ’ l  . ‘ l i t ’ -  mu x i ni g t ei ’ I , n m  las ’ i t’d la ,’ , I W” , n ;  l v i  - - ; - - i f- n’ ’, ‘ r’ ’ v i -  - a; 

--—~~-- - --- ‘-.



pumped—storage tn ;a- fe’l ,;t.u,I’,’ ,
2 

The technique is b:m;;ed on the concept of a

portion of each of ’ the layer;: in the ~‘u,’n :pl sos k zone ‘being removed , mixe-u

together , returning time ::;ixed w-’it t .’r’ to the layers in t he  zone , and then

mixing w ithin e’ac i ’u L i v e r ’ . The portion of water’ removed and mixed from

each l;ey’;r’ i;: computed by multiplying a mixing coefficient (a number’

between 0 amid 1) tintmes the volume of the layer. The mixing coefficients

were determined using dat;; from time physical model. Density profiles

were measured in thu e - ;iy: : ic’il rnoi .iel i ’ -ei ’ar a  “en ; I a f t e r  pu.’srLa-sk a~ ‘s r’:it ions .

By analyzing the ii ;‘:‘e:’.’n;ce in these r’- f i l es , it wSs pa.:sible to -i stc’r—

mine the ;:;ixim;g c o e t” f .L ,s i ’:;u t , ;  neces,:an’i for a; i.’licati ’~au t~~ the m it , i ;c i ,

profile so that the final b’m’ofile ,,n - .,n ;; i~ be oi’s’iir ;eJ.

52. The thickness , D ( ‘f t ) ,  of t i ”  !‘unn l ’l - ”&c k current , which  is the

snirne as the above—mentioned mixin g :tan..’ , is calculated from time equation

/ \2/3
I ~

D 14. 1, c 
(h o )

where

Q = volumetric f i ~~w rate of the n in: ~ ’l i ; t ck  curren t (i;:- ’J ml , ’: ; c - n ; —
C 

trainnnent), Cl’;;

W = a v er a g e  reservoir width at the elevat i o n u  c ’t ’ the ,‘ ; i n ’m ’ , ’ n i t  i n n

the v i c i n i t y of the ‘lam , ft .

Ap = density d i f  f ’ .’ t ’ . ’ tic ’ ’ of Lh . ’  r i ’ 1  i i m n i u ’ n i  ;emn.l h , ’ l - u ’l  i n :,s i - n u , g ,/~’c

= average d .’nsity of l i i . ” i -um ; ; ~ - lu ’ u u ’k , ‘ ; m n ’ m ’ u ’ n u t ,  , g/ cu :

This  ‘squ ;Lt . i . ‘S ri wan ; deve loped from tin. - l’l’°v i - u;; t :ua , Ie ’i :1 a Iv

53. M i  x i  r u g  c o e f f i c i e r i t, s w. , ’r ’ , ’ c i ; t n n t u r m t ,  ‘ ‘ - I f a n ’  the : ‘ i n m o l ’ l i ; u c k  ,t ;i e’ r ’nil

t e nt , ;  su ) r ’i - i n C U u . j  in time l ’i, ~’;LCal mo-Ie’j ‘
~~ 

‘in” i, ’;”t; I ,1). An .’ m j ’,’: i, ;  of tn1 . ’

mixing coet’fic I or; ’:,: revealed t i ; ’md. t,, f ; c , ’ I , ’ t- , l ch i : t ra ct e r i  s ’,~ i s ; ’- sir :; I l :tt’ te:

t i n e mixing coeffic Lout;; ,ievelu .sj iei l in ‘he l’m’ eviou;,; :n,; !‘;l : t ’ m - l , ’ .

ofl t h u .  i;;e r n  n - u t  U s  , plo.: tl;e’. m’csul U;; t’m’ on: time Ma m’ v ‘v II i, ‘a Lnik, - ium ;~ m i :  ‘K

- u n ” m ’;jL L i ;; to, ‘~~~ ;‘,, ‘in ; ‘.1’;’ L u ) 5  W a ; ; - le ,ve ia ;— ’c-j to n — r ’ .’- i i c t  t .~m’: n : ; ixi n m, ’ can ’t ’—

t ’i’:ient fl a ,I, ’i:.Ter  -‘ i:: nm l’ i~ 1i ’st i n ;  o f” f _ i ’ ’ I i  , ; t : m n u , ’ i ,; on ’ , ; ;mt ,L’i ’,’c’m’ 1’ ; ’

t im ’ ; l , u L n ; u l . I ’ n t ’ lt ’. i :i m; ’r’t ’;;t, i mn f,Low i’t ’,”.’r’

‘
~ 13
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—BX .
1 (II)

where

= mixing coefficient

(I — ~~—

B = 0.118

X . = distanc e from the pumpback current inflow layer to layer i

i = layer

514. To represent time pump’back mixing technique wit- m m the nnnat hie—

mat ical model, the following sequence of computational step;; is ct ’:pl”;-y e’l.

Tine thickness of the zone affected by the pumpback current is ci’ ;:. n’-uted

and this zone is distributed about the layer of Pui;nl l ;1cK placement .

The m i x i n g  c o e f f i c i e n t  for each layer in time zone is . n o m n ;j ’o t e - I  liL” edU i—

tion 11, the amount of each layer to be mixed is computed as the p n ’o i u c ’t

of the mixing coefficient and the layer volume , and the portion :; from

the layers are mixeu! tou ’etlmer’ . The mixed water is returned to the

layers , and e’i c ln  layer is individual ly  m ixed .

Downstream Temperature Routing

55. Afterbay temperatures were routed downstre:in:; usins

temperature model for a well mixed stream with u n i t ’s;’;;: depth aru l ve-

locity :

(—K:’: ~~~ vi)
T = (T — E ) e  ~

‘ 
+ F (12)

x 0

where

T = temperature ‘i t  downstream ‘n! 01’ r’each ;, °F

T = t,enupn’n”.iture ‘it upstm’c’ten; i’m - ! of m ’ ,’ae’h i ,

K = equilibr ium t ‘‘~~‘t ’n ’;it ‘u i t ’ t ” , °F

K = ;;ur’t ’:i ce li c ’ :m t, exc lu ’m nmu ’..’ u ’ u s , ’ l ’ t ’ i , ’ i , ’ n u t  , Pt i f ; ’ ; 
~~~,

‘ l ’ i, ’/°F

~ 

_ -
~~~~~~~~~~~~

-
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~i..,,:

X = n’ e ac l i  length , f t

= ::~‘-c’cific weight of water , (~~
‘ . 14 lb/ft3

C ,, 
= ;;~ e~’cific heat of water , 1 i ’ tu/ 1 i~/ ’~~

d = uniform streanm depth , ft

v u n n i  fuSi’S stream velocity , ft/day

56. Routings were accomplished in two st e ;; due to projected irri—

- “ut jon wi ’j:cmr’:twaii, : it Lt :eguem ’re Point . Afterbay temperatures  were t ’ou t  e l

3. 3 nn;iien; to Pac’u c ’n’ r e  Point with a velocity and depth corre;; Ofu i m p  to

the :e ; ’tei’l;:iy release flow . The temperature con;r’uted for D:’i ’ .u en’re  Pot nt-

~~ : then routed 9.2 miles to time mouth of the Yuba River with a velocity

arid d e p t h  corresponding to the flow remaining after the diversion .

Equilibrium temperatures and surface heat exchan ,i’e coeft’i cients were

the same as those used for Marysville Lake and ;ifter”L-aj’. tTei-ac i t:u’—’i e’ l tb;

products were computed from the re la t ionship  
J

vd = 2730Q°’~ °~
6 

(13)

where

vd = velocity t imes depth , ft
2
/day

Q = flow rate , cfs

This relationship was developed by SPK t’n’or: fitting cd’ ;em’veil flow - l ;i t ’ i

t’ot’ water year 1975 with values of ’  vd computed i’r’om :: e’up m:u t~ion 12 usi n g

u i i ; s e ’ m ’veu ,! water Le;;; r iu ’n” m t u n’e and niet,eon’oi i ,gt c’m 1 -I nit , ; , for’ 10(5 .

L -- ~~~~~ - ‘ — “ __  _ _ _
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PART It : ‘tO’ I ,: - ‘ , ‘ ‘  ‘A I~ I : :  - I~~’I I - f

of  E t a t n e

57. At thin ;‘i:’; uL- s t  of - 
‘ ‘
: K , U ;a ’ ce b:.’ , i i’O liS u ’iC ‘ eat ’ : vi- ’- ’- u::e’d ‘

t l n e  s i m u l a t I o n; : : 19314, the d ri e s t  ‘/‘ ‘nt ’ l u  t . n ,e  ..‘ : ‘ io . n sn ’ n a - - s r I ; i ’ i l iO ,

the  wutt,e,’.t year i n n  t he  ‘ n ’ i a - m  a: ’ t ’ c’~ - i ; ’ d ; i n s  14” . . , -a n ’ c ’l’e-: ’ :t, ”,- :,‘car for

the period of’ n’ i ,’sot ’ d .  Me ’U e- , ’m’ o l ’  ‘ , ‘ ic:.mi data tn’ ”;;: ‘Ke:~ e Air Force baa;’- ,

lo ca t e d  about 7 miles south a: ’ U:: n ’ 1 ’ 0 , f i , ’ i ’ ,,  ex i s t  ‘ci : ; , 1)hfl  n. - - t he

;‘resent . Equilibriurmu tcr;;b’en’’.e _o;’.. .’ , we ’n ,; com; ut e ,-’l f’ :’om these m . ’ : e, ’ u;rot is I —

cal data for years 1960 tlnro’u in 1970. These equilii :r’inu;. t c”;:,i ..”t ’ .’ l , ’; :”’ :

were :emi:ilyzed to determine hot , lu4 e,7; cold , l9h- i ;  ant ;i-ier’c ’ , i o n  -

mnet eau’ological years. These i~ ,’d:’s’l ogic  mind n im ” t ’ : -m r i sj , o, ’j c  c- . m ; ; I i t i o n s  w ’ ’ n ’ .

consL’i rneil to form tnree stud’,’ ;;uars son; nosed  as follows:

Otui ; , : Year 1 1962 Hydrology (aver’;,- -e)

1962 i teteo:’o±og :  ( ‘ever’ ;i,’e’)

2tu d~.’ Yeas’ 2 19314 Hydrology (‘,i~”,’)
4 °E’( 2eti’-’srnl,o,-: (hot)

‘tU o f / Year 3 1002 Hydrolo t. (we’
lOb ~ Meteorolo~’v (ci ”i . i )

These three ‘ ;on n ui i n ; : ;  t, I onu s of ’ I ;:,a1r-s,Lo~~ en and n: :e t , e ’ u n ’ e; 4 a - ; C ‘ i n n ’.. a v’e’t’ e’ ; ,  : : —

1, -ze -d  11 ; the initial ‘s I nt ,u 1 . - m n  I on : .  The l iy ’I r o l ~~gic  da ta ;~on ~ t I n e  t i m r e c ’

stud ,’,-’ y ear;; ‘ira’ sIn u ow ni in Table 1.

58. B,a.;,-d on ç r ’ u .tjn’c ;,ed operations studies , t’, ’’;’im n  n ; : am ; t ~n u i y  i n : : ’ ,l .”w:

and ‘il ’ten’li ’ey n’ei c isc;; were i re ’ v I - .i n I  I’;,’ GPK . Oi n i c e  daily ins ‘nu t S

n’L ’~~u i r c l by the ;;~‘i tb n i ’ n ; : m t  ical ;‘:i u l e ’ f , n - i ; ;  ;:;u’iru n ; ’;emi t h u f . ’ v’-,.Iue w’i: ;:eil l i t ’

each 1 n m 4 -  of ; : im u ,L ’ i t i o n . flhi :ti : :_, ,, 1~oV i ded I n e - I ; u i  l y  ‘“ ‘l ’ ’n ’ s t

schedules , Table 2 (-en ’nien’ ;it ionn ‘nn uu l - W n : l - I - ’e i ;k  f l  i v ; ’;u ’,,’: in i : m n ” i U  1 , 1 m m ; :

for the th ree  s ’ieu:tu’ I i n y ’ ! m ’ o l o , ’ i  en :,‘ ..‘ -‘ er ’ ;: (,-xc - n -’ . t!m ’ i t  I h , ’n” - i: rio I - mn ; : : - —

back for l f t u u l ,y Y,’; : e m ’ 2 ) .
‘ - 1 . As ‘ll ;s e;;i:;;;,’,I in the l” t ’ c’l i m i ; ; u t ’ I , ’ t a d - n t .  ~ - “- n  i - n I I x  A ) , ‘ m ~‘1

;; t eil :iv,’r’:mg,- of New Bullard ’;: 1 s t ’  He ; : en ’v  H r  ; ‘ , ‘ l e ”’ i , ;’ ’ : 1 w  ‘

Lure ; :  ‘m m i i  ‘out in Yuha Riv er’ I ’m’ :; ’ . n ’nm t . m m n ’ , ’: ; W ’ i ;  i - i - - i  - n ’ - ;  n’ ,‘ ‘. -m ~ u n , ’  i t ; —

f j i w  t , i ’ mnn l ’ r n m t , m ; t ’ ’ ’ ;  I , . t ’f ;nn’ y, ’ vjijc’ l ak e  ‘it t ’ ;, I I t h i n ’ . ’ ’ - 5 1 - 1 ,-,-

‘It’

—‘ ‘-~~ —‘ - ---‘ -- ---- — -  - ‘ —- 
“ —~~ -



Alnn.ju-a , otbue:’ n ;; ’ : -e . t ’ tl;c’ ~~~~~~~~~ vi 11 0 x i st , t b ; ’ . ’~’ ’s’ I ” - r: U con —

s i a n ’ . -- ’. in t ine -,,I , ‘ -n ’:; . i n ’ r t t i - o t ,  0:’ i ; . : ’ u ‘v ’ - - :; . ; ’ ’ r’ i ’ -u r . : :  si r ; n€ ’ the 0-- v

P;,i J I ’ , m ” , i ’ ;; la ir ’  “- ,.-a,;es ‘ in . :  2 ’ ‘~~
‘ h i i’’ .:’, bive-r H n, -: ‘ian’.it ~t’ - t h : e  n ’ , :u , ’ i r i t , ’

a;’ t i;e ‘ U ’ ,] n t’ ’-S ’,, i n t ’l -
~~~ . . ‘ i n . : e -  U ; , ’ . : n ’ . - : 2 : 1 : , ’ ;’:’ :In; ,’ul’g, ior;n; s;~ v-i- :

ts,~’’~~
’ r j 1 e~ Oak” t o  ; “ : , ‘ e ’. t’ ,”Il4’ i a- : ’au ,  I t i ’ ,”: t~ ‘,‘an’1’~’,ion,s :‘ ;, ; .,;. ‘ en: , —

n -nr c t ;;“~s ‘ ‘ 4 , it w e,; Loll -:’’ - ;  t:,’tt tb,e :- - -  of cc~’.- :‘,t 3:”

i ’,’O’ u - , ’ -as’ ;el.t ‘ ‘ n ’ ’ ’ ’ ‘ i ;  ‘ - ‘ i n ” . w” i , ’ ’en’ :;’’ ,’, ’ ’ - ’;. ‘tb ,-: ’,; ‘ , . ‘~
- ~

,.:: ,l CL~’ut t ;~..

-
~~n’e ::, -sv ’m ’u i n  1 1- t U e  Al.

‘ t e n : , n , , r e : , ; : - , o ’L’ , r e c t i V ’ ..’ , ‘ i ; 1. ’’ -:‘:mn :’± ,‘ ‘ : ; i ’ ’ ’ ci: ’ t i e ’  ‘:02 a nm , ;

F e ” nH , o n ’ R i ven ’s w - . ’r’ . -  :‘ s t ’ n ’;i . :b ’ ,,~.-’1 l-y HI h’,. 2,.- n e s n : - ,’e’ ,n con s i s t~. ’i f an

0~ I-en ’ s ac l ’s’. - ; ’  u n - i t  a m :  s ’ ’ ’ ’ ;: U - - : : -  ; ‘ - , n , ’ ; ; ’ - ‘c: t ’ ;u : ’, - ; t ,i :3 am ’ U i: ’ ,..’ th un ’ -‘u gh ,

U; ; ’ - ’ ‘;~r ir .  Ti e - ‘:L ,O, , - c ti ’i c s  ( 4  ; - - : , ‘ t : H c ’ - .l a, : “‘ ‘ ‘ 5:,:’:’- ‘a’ n -  ; ‘ i’,’ --: ” - o n ;  t h e

m et e s )  “ire s ; ;own ’, cu r ; ni l , ]  t i u c ’  :4 ~n ,, : ‘5’ “ ‘ 2  ‘t n ’ - : : ; ;  ‘Inc n~t

t,b: ’ - ;’ele;ise , ‘itt. ;‘i- ’~;.’ , ‘ n . m  es nu r ’iu’.-n :l.. - (“ -‘ ‘w’e:t” - ‘,:,
‘ ) .

In i t i a l  . ‘ I: ‘ ; U a t i - n , , ’ ’ ,n ;d H- ’n - ; e .t ‘ ‘;~, L l ’ c , n’ ’ i , l u :’r ’ i

61. A n”r’elin’: i;n : ,’;” , n”:n :1 u;-am ,t’ ijnln ig tine initial n ’ , ’i t , ; . c ’n ; , i t i , ”,J s i t s . , —

1- m i - ”::: Wa ;; ;‘u r t ; i : ’;h i e , l  “ JR in Pe”’.:n::h’er 10 5. t ’ b n e  n it ; ’ :  :es at ’ t a .  1:1’ i i i

s ’i :n i , l ’ i ti o n s  w e t ’ - ’ t o  (~~) ‘ c . l n’ , ’c~ i n : - ’ ~ n ’ -  };~‘ ; ‘- - ‘ , ‘ i i - ,, l , :  i i ” t i n e  ; ; ‘ :- ‘ i ’ - , .’n

nU~ ’-st i a:,’:: ’t i ’-,:’ t::, t ’;;:, :- c ;” i ’, e n n ” _ - ’o ’m. , ’ e s tL V e s , , ;) m - - t - .:’c ’:;; i : . - -  : , - n ”, i a ; ’ . ’ 02:’,s

n ’ j ,;es U to :-. ,,.-e ’. U; : oh ,’ -;st ‘Jo,; , (s) - -n’::, i t ‘~~~:‘,: ‘ .;‘ .: ,n:. ‘sit :, U : ,’

f:. :~’~: :;s,’:uent’Lt’ii sin:;u ,’ it ,.n: to :i,:,:e,n’u the n . .- : , - ’: ’ i u , ; j f  th e  :::,.‘S. ,’’ n .

I :1ve,;tir’.ut i O n ;  ‘en I n ; u :t l: , ‘.;nt ’ eU i sa l n;;: cc ; :‘i n u e ’n n , o ; ; t  S , :5 1 ( I ) tile’s - .1. - tc:’::, —

n i t  n a n ;  O f ’ I - c - H ”  n ’ ~‘ - i ’ - ; : ; - ; ’ ’ n , ; , ; h;’ m n i o d ’ ’ l  -sai m !” ;” u U i o n .  ‘l i m i t  I n ” ’ :

- n t  I:: i n t ’l .; ‘I ;~ ‘ ; ‘5 n  i n n  ii:’: A.

T im e n e - n ’  ‘ n t a t ’ t i e s- - n : , l e n ’  1 “
5 u ’ - n , t ; m  I m ; i ’  I I ,‘ s i r nu  I ; u ~ , i - n ’: f ’ :

l06 :u lr{u !n’slogie n i  ; nue I  ‘ ‘o m ’ ’. I ’ ’ g i c  “ “ n i  i t  i ’ . ’ m u : ’ . , t m i l ’ ; ; i ’ ’ , ’ u -  n , f  it ’ , , ‘i ’ ~ ;s- —

‘m’ ; ’ ’ :t’’il ‘ b unt i r miti’ i i , ; ; ‘ ‘ ; I ’ u t , i  m u ; : l i  n-. ’ t ’ ; ’ ’n ’:’. . ’ I  ‘- n ’ ; : - ’ ;  i - . ’ i  ‘ ‘;.- ‘ i n ’ ;;

; m r i - I  l d ) n 2 .  Iboth a: ’ I h i , ’ , :’’ h i , , I; ’ - , i ’ ; g ic ,:‘“ un ’ : w c’ ;; i n’ mui’ , t ’ ’ 1 w i t h  n o n””

,/ (“m n ’:; o h me f, n ,’o n’ , ’l ” ,’ic ‘i t . ,, , l~°- ’ , ] ‘ n , 
~~, ‘ i t ,  m 1 ’ n  2 .  t h u - c ’ ‘ 1 ” - ,  ‘ . ‘ i - - n , :

requin’ ’ - ’! I’ i v ’ , ; ” ,e k ’ un t j v , ’  wi t m n n ’ ’ ,w ’ ’ . i  .1 ‘ ‘ ‘.‘ ‘ -  i, ;~ ‘ n i l  ‘m 
, ‘ oob — n ’ . - ~~ , -

n,, r n ,p,. n . : LLnun - l b - cl , I vu ’s .  Tim ,’ n ’ , ’ , :imi t , v~ ‘i” ‘ nsa i , ;i n , ’ I .
‘
: n ~“ia .’ ~~~ 

n i  I

1 1 1 ’ . i nn t ’ mv 1 ‘
‘ ‘

‘ , ~~~ f ’ ; ; r ’ m i i . n i  ‘ ‘‘ l it -U’ v - I ‘
‘ t~i~v ‘ ‘ ‘ ‘ I a i n , - ’, ’ i - - . . ’ - n ‘n ,  a 

--. - - -‘ -~~~~~~~~~~~——-—- .- -~~~~~ ‘-~~~~~ . ~~~~~~~~~~~~~ . .  
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mm cv  a l t ; ”  ition ;ntudy , arid the i n i t i a l  ;‘; inn:ul ’it j i m ; :  w i - r n -  a~-:ii n 
~
‘ ‘ n’ f ’ot’n’,e ’i

Each ‘ t~ the i u ’,”ln’o] 0; ’ I C  - ‘i-am’ ;: 19314 , ‘1 ~0 t ’ , and I 962 w ;i : :  51 n :i-t I - i t c H  wi tim n e l l

three ::,e ’t , c;om ’u ”lu ug is y.,- : e r ’ ,: , 1. 60 , ‘1 i)63 , ‘ cru el lu iA’( . These re ;; cii t;: w e - r e ’

fu rn i shed  SPK d u r i n g  June J -i” , .

63. As discussed previously , t ime m ; ; a t l n e -;rn ; : it ica ]  model requi re . :  UI ; ’ .-

de t er’n: i i n u: .,t ion of eoel ’fic i  c u t ; ;  of su rn ’ni c e ’ hea t exchan~te d i st r i l . a t  ii” :; and

internal ::: i King . The ju rel inn i m i n t ’  r.;t ar’t i ’le’:’:crj  1”;: the c a l ib r a t i o n ,  o f ’

the model for the initial :-innnulation : . T b ; , . - mi n i 1 - w i  mug cee ’- 1 ’ ;’i  a “ - r u t :  wer ’

det  er’nt n I n u e ’ d  from that  an al’,’:; 1;;

8 = 0. ’- i ’ _

A = 0.3

=

im 2 = 0. 11

where

8 = ~u e r c e n t ;L t ’e; of inn ’ ’’;:, inn : ’ :‘,Inor ’tw:i vet radinit ion al’. : u ” ; ’ l - ’  - I in
surface ]:i’/~ -t’

A = absorption c o e f f i c i e n t

ii , = nn: I x i n~’ co~’ f’ f ’j  e t c - n m . n i t , ,:ur’ l ’n j c c ’

a,, = mix in’m~’ coeffi ci. ent n i t  I ,s t t  on;:

As .1 i :‘ct,n , ;::,’,j in A b u I :.. ’mn ~1 i;; A , th us value c u t ’ 6 w’ n : :  nmc’c e’ ;n ,; n i m ’ I i ;~ large 
, -

- im ;c i ” tm it , for the use - u i ’ li _ ft v -ct. ic: cl t ;m ,y’’r ’ ;; in I b n ’ - n i t  ni -n:: mt , ic ;ii :‘:~~ ‘ 1 ’ 1.

1n . K-H ! - ,‘w i rmg tine n i t  i’ ;I simul nm tionms , f l u e  : ‘ O n ’ t ” i , ’. i u ’ ” it  ‘ x,’ ti ’ mmi ,”-

i ’ ; ’ ’ , J i m n n  i , l ’ the mnm :m th enna l , inn ’ii ;‘ : - “ I c  1 w i : ’ ; ’ . ~m f l - I  ,no t in- nt , ‘ Ii ’ 8

i ’ i e ’j u m u t  i s  ‘ c l i i i i c - u i t u ’i l , j 0 ’  m n m - n ’ ~ -r ’  2 n t  ,,; ‘ 1 ,;, - I ;m k , ’ , n ’

vertical 
~

‘ i ’,’ c’n’ ; nlze . T im i ;n allow;; v :nlue;: for ~ ‘m n - n A l i s t ‘ ‘ ‘ m u i - i ’

more ‘ ‘ ; , , ;i~~v ,“o’.’t’. ’ I ;i t , t ’ I  ~, ,  l i g h t t - r - ’ nn: m ” it ’ . ’m , ’ ’s’ , I ; i t , ’ , . , td ’ I j n ii ’ nmallv, f in ,-

i_ mike ws:’ ‘ i i v i , I i ’ u i  in t o  ‘ , _ ; ‘ t  v e n t i c ’ml l ni y.nn’ . ’ to ‘‘ i _ e l - I  - ‘m a s t - n ’  m . ’ ’ a i  I i n

t h ’ -  :n:i ’’ i ’ ’l t’ ,’:;ult : ‘ . T m i to’’ c i t  i n n , ’ I : ‘‘ , ;u ‘ l i - u i g ’ ’ ; : , t i n ’ ’ m ;u’ i ’ I, ‘ i t  i o u  n: , ‘ ‘ 1 . -I

w i :  r ’ . ” , ” n l j h i r ; m l , , ” I  n m u ’ a i n n , ; t , II; ,’ or i.-~ i m m ; il , ‘ n u I i i - m ’st  j a m  m a i n . ; ‘ m n u , I  ‘ l i L t  ‘ - - n ’

1’’ i ’ - rn  I i s O ’  n ’ ; t r u ; ; i ’ .’ m r ” ’ n , - ’s’ a n u . ,i t bu , ’ n ’ m ; i nil n’ I i  I t ’ ; :  s i  0 . -u  i - - I ;  I 1 ‘ m c I ’ s ‘an’

11



:ind Vm ;m ’L c;I ,- n ’i ’, b u L Ib , ’:;e’m ’voi n’;’ . ‘t’ l i c ~’ e’ - l ; i t , : i  we re- I m ’ u ’ v 4 0 n i l  by ‘1K . The ~,i ’ ij  n o-:

of the c uso l ’l ’ i si e n ts  from;; t h i s  ma cnil i n- tac t i , ’mi w i’s:

= 0 .35

0
2 

= 0.1

Predicted t,h ;em’n:i:j ’l proi’i leen at t-t:.iu’ y :nvi lie lack ’ - for 1962 i;;,’ -1m ’a 1~a’ i :‘ “mn ud

meteorologic dat’; and observed thermal i’rot ’iles i t  N ew ‘-u li e n ” ]  ‘ s liar

I,,ake for 197 5 ‘immu l 1976 ire :;l; ’wni in Plate 1. The n - r c ’ - .hi ,.’te’d i- r a ft le,; nit

Marysville Lake were obtained by simulatirm the 1:,kc’ considerin,- n-ut.

purrmpback flow cmi i w: ct ,em’ bei ru t m’eleased only from t u e .’ l i i  gins: U i v ; ,  1 1 :1-is

tort. (tu n: ,i-:ir ’ison of the profiles in Plate 1 :bnusws t ha t  t h i n ’  c ’ c~~
, m I i ’t . ” l

2-cr y ,;v i l ie Lake lire ’ ‘.1 l ’s  have a s imi lar  shal e saud have’ s  irmmilar :;uy’ face’

n iru u l bottom t ‘n:~l’’ ’r’atun’
i - r’;imng e;; to the observed New Itul ian’-l ‘ 5 u ni t ’  Lake

rot ’ I i_ es

I i  mi nd I”- I n :i ci L ;iU I :.m n u : c

6’,. I - Oc t  n . n ut t e a l  ;: i m :nnjl’n tj ” un i: ; w .;m’ e- ’ ..’on;d ui’t  ‘0 ‘i ’ .;’ ill t i n n’ -’,,’ cn n ‘ i - i ,:

y.,’ni m ’ :: t om’ we n -mn n:i t-L : n , ck c’oru ’h; tion;;. ‘lOis- ne ’ can ’lit iom u ; ’ were l’i .en’ , ;-f n , , ’k ‘H

t h u  l u o t , i ,ort ; ‘ ‘I ‘a ‘n i t  e - ‘ m u d  i ’ u r n n i ’ l ’ : i c k .’it. the level :~;‘ Wi’-, u - I n - n y u

; n i m u i a t i ’ u n m t n  t, ‘ -n’ ,,’ fi mas t, ~‘ ujm n , l i i , _ ’ t  e l  w i t h  t i n . -  :nn , .’ : i t u  ‘ m n ’ ~’c ’ t ’ ’ n ’ n l ’ . ’r’ ’i t 1;’ ’ - ;’ n m n

t i n t’ :‘on i’l’,n . - nce - u t  time Iuli ’n ‘,mud b -i n tl hen’ Rivet’ .’ a-s time I - i t ’  ‘ ‘ t  cc i i, ”

t’,’n n i l ’ ‘ ‘ m ’s  tun es m ’,”m’ t.i :im’ ’-,’ :;vii Ia’ In k , . Time l’r’e’.l i c t ’ ’i i v’ : , ,  ; t , t ’ , - ; c ; : t  I ‘ ‘n:: n ’ :’ ’ , ’ nt’ .

w i - n ’ ’ r i o t ,  ‘ m u ; ’ ’ ’ ‘p f : i  i l  i; , ;m ,l t ,im i ’ ’nm ’}n t i i  icc ‘t~~-~ -n ’  u - i  n i ;  i n n -I 1 -  ,‘ ‘ ‘ ; n u , ’ ’ - ,, I i i i  I I , ’ - l i i i  ‘ i - a l

j rnu 1:~ I , i u r n , : (An - i - ‘ - n i - i l  x A) :mm m I y i ci 1- - ‘ 1 : ‘ ; m f- Is f ’ ,, .’ t new ma - ,‘,i ; i t  ‘s .  ‘,‘, ; t i :  n b ,  -

r” -v i , m n :n i thnema t I ‘i. I n ; : ‘-  I- - I , the et ’ 1’ . ‘ ‘ 1  i ’ i i  n i  ‘i i -r i - my arm n h ’  i - vt , :  tm . n ’ - ‘ en’

t , -n m n l’ . ’ m’n i ’, imr s’:; w e:; n n i ’ ’ r ” - t’ , ’:u , I i , :t l ull ,’: l ,’::in n ’ i l ’~’iI . 1~ n ’ ’ ’  ‘: 1  i ’ t h e

I ‘ i i , I ‘ m i  - , i i i  I I :: n’, n m , ’ i: m a t  I ,  wo n’ t ’ sari I, ’ ‘ - ‘‘ u ‘ n I ’ ’ - , : , ‘ V ’ ’ : ’ : ’ . n n  ‘ 1’’

‘in u t i c i i’ .’ m t ‘ ‘ I .  An - ‘ c  ‘ c’m tl ’ u t m n t i ,;in ’ , m n. - ,’ in n ‘“ ‘ - ‘, - , - v j l l ’ -  I , ;ik u ’ - ; , m :’ I-. n : m ; m.I ’ ’

w i t h  ;:im f f ’j,’ i , -n , t ] ‘- ;i.I t i ;nu ’ - 1 - ’  n’ - ’- l - ,, ’,’ ’ h i ’  - n - i  ‘‘ . 1  h u n t  ‘‘ ‘ ‘ i nn, I ‘ - ‘ -  - ‘ ‘it , ; ;’ ’-



- — —~~~

at t h e  desired tinn:e . Ban-n ’:uI on t ; ; 0 -  f i r , : ’ , ‘f s i :n ,u l at ions , r’ev~~:’’’ -1

t’ir’gc,’t n’,:I, e’:i;’,en te’ nn : i - e ,’r;mtul’e : n’u n c t -I ne n ’’ ,’:’,’iil’: ,‘t k i r  u n - c e  - I u t m : r n n , i n e d  so m

U lie re.;uI t a n t  downstm’e;e:n: U c -n; ,; - ,‘t” i tui’ ,:’,: v’.’;r’e w :- thi a ;,;ne:- ”em ’;, ’.: -‘I ’ ,lc’,c 1 red

dow’nstreaimm t:irg.:t tenn ‘:m ’:etmer’ . -:. The ;‘esui t.~~ of ’  - i i i  : 1 : - cl sIn; :u,lni n. ions

a:”. ’ shown on t b ’ ;e’ n - s I  l u n w i r n , ’ ~-i a t e:

Pumpback at the Bottom

i ’ re.iicted 4 m ;—L’ikc’ h r’ci :’ile;;

Study Year 1 — Plate 2

Study Year 2 — h ’lnl t L’ 3 n ; ;  
~~~~~ 

i sack

ft u J ’ ,’ Year 3 — Plate 14

Predicted Release , Afterbay , ‘ c m i i  Li v ; , ; ‘ r , ’n i n: ,  ‘ l’ e:;, n - ec’ ct um’ i - :

?tudy Year 1 — Plate 5

Study Year 2 — Plate 6. no i’uu ; :n ’i ’ :i:’ k

Study i’ean’ 3 — Plate I

Pump’back ‘it the Level of Wit lnin’aw ’el

Predicted In—Lake Pr o f I l e : ;

Study Year 1 — Plate 8

tlt ’J d , ’ Ye: , ; ’  2 — sam;;e ’ - as Li -c t ’’ 3 since L b s - n e  is no a:- : n ’ - - . ’,

Ut t u ,Is’ ‘t’ e:ir’ 3 — FInite ‘I

Prel I cUt -h i’- c ’len;;e, A ft. er’b~c,’ , a mi d  I H’u’Sfl :; I,:’.- ‘in’ , ‘ti- n t; ‘ ‘  !“ t t - u:” :

Htui’,’ Year 1 — Plate 10

‘- L a d y  Year 2 — s- -n ic e nj ; :  ‘ I,n i t e  6 since tluc’ na; is no 1-ur n O 1 ;n, ’k

Study Year 3 — P L a t e  11

A lLb nou ,thm bl ending c u t ’ f low from nnuit in t e v . ’ ; ’ t - i c ; n l - -a t. 1 . ’ ’ :: to ‘c u ,’ h t i  c ’ ’:.

Uen nn u ! ’ o- n’ :ct ’i rn t  ob .- ,1 enct iv-c : :  was used in the i n i t i a l  .; ‘,.:t.i;,’ ’ ia- 1 san ,  l u . ’  .~ n , 1 Lu

-c,c f ’ t” :ct  Ore , at p l i sa t i o n  to a pro j ect ,; ‘, i s ;n  as t h u l S  ‘ e:il i be i ::n l ’ - f ’ .’i ‘t i ‘ n i t

fr om n il ;  opera t ion ; :  view . ‘j’h uu .ni’efon’e , these ::in:,’nt ;c ’ I o n ; ’- wcm ’~- con-I a , n t . - - n

i n n ’ t f t n c t , releases front all six turn ’ I- n~~’s 055 0’ f’ n ’ -c mnn t he  , :nm ,’:, ’ ‘sI t; , —

lm”iwnil, level (no  tu Lending)
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PART V:  I ’iL’CU~ f I UN

r u nt . The resul ts  of the final simulations indicate t , i ’ et t he  I- ta m ’y :—

ville Lake Ft ’oj  ect can m nne e t  t e m p e r a t u r e  eL , n ecti ye’s at f ;b , e  Y uiu :m :ir u-l

Fe ’n it i: e ;t’ Rivers  conf lue rmc e .  Pu ’edic ted - i u ’u w r n s t r ’ e ; ,t r:: L e u n n : m i e r ’ n m t a t ’ c- : w i - r e ’  w i n , : . —

in th e ’  band of t i m - cu t  Le .-: n: l -e -r” tture,: , w i t h  only a f e-u exce i_ - t  i on ; : ; , for ‘iii

t h r ee . - s tudy ye ’’ c n’: ’in ’u ,I for ’ both  -W! i l’ i . - ’ i : k c or u .1  I t ions :;t ,u.i l e d .  ‘l’h u e ’ ;;e n tn ,n ’ ,:c’

;ntudy years represent  a n r c - i l  r n i n u f i -  o n ’ Iuy dr’ol  ‘sic and meteorolof, lc  c n n ; —

‘, i i t n o n , , ; . n uc-:;cu:e t’ ,”tc ’;ise tennm l ~-r . ’ c t , ur ’’s en -in - u c ; u - ’ i f l ’ iI h ’ c - t  we - c - n ,  t - I :ciry : :vil le  L i k e

‘crud the conf luer i , ,n~’ - ‘ I ’ tine ‘n’’aP;c teem I:’c, ’it b nc,r I’I ’i vi m’ :; , i l l  n ’f . . r t n t  r e Ic ’; ;sc -

tncr’ ~’et t..’.’n ;; h m ur’nlturs:; O i l  to be e- ;;tntL ,L i : :b u e ” ]  i n  ‘ tnt  ic i t - n i t  ion ; of the t c - n : l ” .’c ’ —

‘1 a tu r ” ,’ - : b , ’ cn n , ’e . Pe-’ieni :;e t , ;n :;I e, r : in ,.u r u ‘ : .‘ ‘ n’ -::- , I- ” n ’: :’,’ ille Ltck.: i ; : , n ,  l u  ti lt , e t c h

La n; uc-t ’t U l i c  H- ‘wa n t, n - c - - en ;, ‘nL ,~ ect Ives ni  I n c  c o r m f l ’ m ’  -n .c e  o n ’ n ine ’ ‘;‘ ul ‘u ‘ in ,,;

F’e’;;i,bu.’r ’ River’s , :i,-. n ’ ,’,’n :n u ,’ n : , ’ t r a t e d  f rom Ii, , - :
‘ -
~~~- :  ~b , -~t ‘ w a n t  n’ ,,’;c n ’ ; U.’n,’:m’ ,-r.’;—

turn;:.; c:ir be moved n n e a - i t ,  w i t h  mm t i ’ s-  .,:l 0- ‘1 i v , -  t , . n :u I . er’at u;r’ m ’ i - - urn I wi ‘ h i ’  a ’

b I en n u l i n g  of wi thdrawal  f lows .  T h i , - n as h ; : n c i - ,’:iten;: tie ‘ m l  1 1 1 1,:, ’ o f ’ I lie

p r o j e c t  to :‘cn , .i :cr ’y “r , e ’ct , ive t e n t  • “- , n . ; ” - - . ’ ’, ’ i ’  -c i i .  A t  ‘ b u s :;t - ’ u , ’e: sf ’

L Ine ’  t - n ’ o , l e ’c t  n - ,L’ _ cn m m i t n i , ’, it I S  f e i  ‘ ‘0 ’ -. ’ t -  . ‘ n . m u , t c : m t c ’  t i n , .- ‘ . n ; i ; ’ - ; ’ ’  i t  a m’ ’ - . ’

of the; lowmu ::t,n’ .::nur’ n’ , -len e ;’,’: ’, v t - - n i  I be w i t i n in  ~n ‘ c- n .H  1 - m i ’ 4 ’ -  n’ ana ’ e - ‘1 ,- - o i l

be s u f f i c i e n t . At - m 1;m ’ t , ’ ’” :‘. ‘ , “ , t b ; ” u l  I ,  I n ” ,w’ n n t  r : ;e ’t  : n c e  - h e - ; ;  I ’m ; :mni - l

m ’ , ’:, ’cv ~~i r  opera t ion  c ;cn i  I c ’  r e f i n e d t 0  s i ’ ~ ‘~
‘t’ n .m ” ,:‘ ; ‘ i n ~ “ ‘ n u t  I -w’t, ,’t,”’ e’;,

tenmperatur e ui ’ , e,c t , I vu: ; ;  , i f ’  - I i ’ , ; 0’- ’

67, Simu c e ” bo f,i , j’iu ;i~’ i- ; u- ’k ‘e r - I l ;  I- -mu: Ha -l I ed n ’ , ‘ ; ;H ,e , l  I : , ,; ;~ i I :;”: i n , , ’

i .u wmi :tn ’ c namni t’’ :::j’c’n ’n ,t , i m n ’ i - ‘- h ’ ,~ee’tiv-’:, th~,’ ;h’;” - m ’- -mn c ’ - i n n 1 ~;‘ , I n k  n e t  t i m e ’

bottom in’ at the  level of ’ v - i t  I , - . i m ’ ; , w ’ , i  - ‘‘ un ; m e t  m e -  :i ,; , ’e, ::;e ’ m i, n’ ’ m m

of t, l n e  ;‘‘ n’ i ’ l i ~ nt _ ’ iI i n n — I n k ’ I -n’ ‘ f u n ; .  A;: u’n o ;ml I i i i -  . ‘ X l e ” u ’ t ’ . - I , t i n ’ ’ ,- f t , - e ’ t - I ’

punmpbnick nit , t i c , i’ ’ ’-t,tom i ,  r’.’ , lu - t n i m n ; u ,mut , in ; h ~’ 1 u ;‘ ‘t O i e mu et ’ ’ , b ; . -  L u k e

w i , i 1 ’ - ; - i ; ; - ; j ; , , ’~ at t , hmc’ 1. ’v’.-l 0I’ w it ,b ; - i;’ - ;w’ i I  n ’ i; ; - m n ’ i , ,  ‘ m m ’:’ c’ i - ’ - - i  u ’-m m i t n ’ t Ine

u;~~’- m’ li - v - i . ’ . The ‘ mn - m t - c - k  oh” w.’H ’’ n’ ‘ e t t O , ’  1 ‘ n , , ’ w H i l  ,_ ‘ ‘ i ; m ; ; . ’  cm ’n i: ’i I ’ -: ’—

n i l — I , ’  w’ m r ’ t n : i m n g  i n ,  t h u  I i y I - ’ ’ l i r n n i on i n n - i  n ’ . - l m i ’t , i - - n ,  a t ’ ‘ - ‘- i  i ‘s-H r n’ . -; :’-m ’v ’’s .

I t , : I i , , m m I I  also he nm , ” n ’ - -I I O u l  t h u  n’ , ’ ; :u l n : of ‘ - i n ’  - l - t , ’:ii ’:’tl nt - - i - I  i n ; - I i ’ ” m t ’ ’ - i

• ‘ :,‘i ‘ n : , r un rim ix  i n n , ’ wi tin in t , l i i ’  I ;tke w ; , , ; i n :  I :m , ’ ’ - -  i 1 ,
‘ ,‘ n-cn n ’:; 1 ‘ u - . mc n , I , - l ’~ i t

LI n e n  by i im :n~ h u s k ,  ni t  t i n - - l u .’ v , - l  ‘I ’ vi ‘1’ , n - - m w ’ , I

- - ‘  . ‘i , :, -n n : ; i ’ , . I v I t ’ ,’ ’ , mun m [y:; i n : u- ,‘. , ‘ , - m m  I . ;  - t - - ‘I t I’ ‘ ‘ - t ” , I t ; ’  -

— —‘ - -  — 
- _,,,___~~~~ .1_ ~~~~~~~~~~~~~~~
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effect on release temnpeaatures a significant error in the ent r a in m u c m n t

coefficient E would have for pumpback through the floodgate (at t hu .-

bot tom).  Because considerable mixing occurred in the hypol irnnionm for ’

this pumpback configuration and there was some diffiscmlty in determin-

ing E , th is analysis was neces sary to assess the reliabi l i ty  of’ the

results. To determine the impact of E on release temperatures , Study

Year 1 was simulated with all condit ions (pumpback at the bottom , port

selection , flows , e t c . )  held constant except the value of’ B which
was changed from 2.5 to 5 .0.  The e f f ec t s  of E on release’ ternt jn e- rne t -an’ e’:’

from Marysville Lake and, down stream temperatur es ar e presented in
Plate 12. The dashed—line circle represents ;i hi:ec; e cane ,Iition of rc ’Ie ”m , ’.e

t emperatur e compu ted by t h e  numerical  model w i t h  E 2 .5  . The solid

line plots the deviat ion in temperature  from the b:ise condition as a

result of the perturbation (E = 5.0). The base and perturbed result::

are plotted throughout the cycle of one year (360
0 

1. year ) ; ; t a r t i mm , ’

on 1 January positioned at the scaled axis and rotating counter-

clockwise. The results indicate that this variation’; in B i m n u , ’re em :~ e ’ - i

the Marysville Lake release temperature  by a maximum of 1.5°C am,.I the

downstream temperature by a maximum of 0. 75°C ( Plate 12). The t en ’: :  — - a -

ature increase was realized only during ti’e last .jua:’L’.n m’ of tbu .: year

when releases were made from the floodgate. The sit’ili v a r i ; i t i u , m ;  1mm

downstream temperatures iru.Ii:at en: that tbc ~ Iov’naLc’- ’-an:. te n ;u I  er a tu r e n

routing: are not very sensitive to E amid that con:’id em;se in time pre’-

diction can be maintained even witi; a large error In Line E value’.

69. The phy sical model prov ided valuable w’mde n’ ;;t- ’tm u - i i n t - of t ime

m i x in~t characteristics within f’tan’y:cnville Lake and a;’t, e m’l , ’i:- . l’L- cn ,m Its

from the physical model tests were u: e:-d to nmmo d if ’y I he :;,;,; - “ ‘ n t , I i ’; m 1 tni ’-~e ’l.
These mod i f i c a t i ons  described the  efl’ects of the nn em’ :n t I ’ m  ‘i m ; - l ~‘an ;,~ h- ’ ‘K

operations on the dens i ty  s t ruc tu re  w i t h i n  2 :mn ’v sv i l l . ’ L n m k , ’ . h e - : ; u ; I 1

were also u:ned to ,Ic ,- :;u; ribe the propor’t I 0mm :; O n ’ I’ m’ ’ ‘V ,.,u:; , ’, ’m ; , ’n ’ ’ H i ’m v’’, -

and af terbay w ’ i t i ’n ’  that comcpn :;u- ’i the l ’ m n ; l - l ’ ; t , n k  flow . T i m i ; :  ‘ u ] l - ’w , -  I ‘ n ’ ’ ; ’

s innula t  ion of t i m e  l-w ;,f-l nick t u ’ n - , j  - c- n t . -ice ‘ u n ; u l  mixin g of ‘c’: i, hi m: ml w i t  er i n ,

the :i: ’t  c r i m e,

70. The re’;nu,lt:; -o ’ t, I u ~ “ i n n al : i n ;,;; l ; mt le mm a fi n’ 1 - (; I ’ m ’ , .’;: , ‘ m m  r , )

-~~~~~~~
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wit h pumpback at the bottom can be compared with the initial simulation

result s shown in Appendix A. The predicted thermal profiles w ithin the
lake are similar even though the entrainment by the pumpback jet was

2.5 times greater in the final simulations than i t  was in the  in i t ia l

simulations. This is because in ‘both cases the pumpback current was

placed into the region of the lake below the thermocline where tempera-

ture differences are small and changes in the thermal structure would
not be great. Although the final and initial predicted downstream

temperatures are similar, the target release temperatures for Marysville

Lake to achieve those downstream temperatures were quite different .

Also the release and afterbay temperatures are different in the initial

and final simulations . In the final simulations , the effect of the

aft erbay is properly accounted for , and the results show that Marysville

Lake must be operated to complement or compensate for the afterbay
effect (paragraph 65) in order to achieve the desired, downstream temper-

atures. Certainly , the final mathemat ical model more realist ically
describes the physical si tuation than the ini t ia l  mathemat ical model d id

and should serve as an excellent tool for design of the w i thdrawal
structure.

71. All port locations were used by the mathemat ical model during

the final simulations. The port operation schemes used in the simu—

lat ions are described at the top of the predicted release temperature

plot:; of Plates 5, 6, 7, 10, and 11. A summnary of the ports used for

each study year and pumpback condition follows :

Study Year Location of’ Pumpback Ports Used
1 1962 Hydrology Withdr awal level 2 , 3, 6

1962 Meteorology Bottom 2, 3, 6
2 19314 Hydrology No pumpback 14 , 5, 6

1961 Meteorology

3 19142 Hydrology Withdrawal level 1, 2, 14* , ‘.* , (

,l’n (n3 Meteorology Bottom 1, Ii, 6

* fort;: 14 and 5 were used for very short periods ‘en n ui u -n’ ’ m sa”t
rn ’a .’essary for this case.

143



‘i t, - pon t nm un: ; ’L’ ,’n ’ :’- t’ --: - m’ ,- ,; e ’ n i t t ,b u~’ m ’m,l Iu ’m wi r ;, - port b eat i - u r n : : :
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Table 1

II,y -In ’i ’nlogic Input Data, Hydrol~~ ’ l - ’  ‘n’ - ‘ - it’ ,;

1i462, 19314, and

Ir’rI,a~t i-  a
A 1 ’ t’.:r ’l,uay W I ’ , ’ , i n ’ ’ mv ’ ’ m l  ‘i ’

Inflow , Eel ease,’ , ‘eg - .ce; ’ n ’e 131:,;.
Year Month cf ’ .n j’e-n’ day f ,; n - -n ’ 14 , ’ - : ‘

: ,p ’  r lay

1962 Jan 11414 9 114314 I-)
Feb 33814 1: 11” , 0
Mar 22141 lu im 5 50
Apr 2237 21’,’.’ 31 1’
May 2136 ‘1°-I’ 800
Jun 23614 ?l u; ’ -l i 1,000
Jul 2288 2273 1130
Aug 17114 l81-i 3 1030
Sep 1283 13143 800
Oct 1n8914 14975 360
Nov 1010 2020 0
Dec 1’S -I 1985 0

l93!-n Jan 1773 1758 0
Feb 2081 2076 0
‘-t an’  j ’  i ’14 1’ t I ’ S  50
;‘n f n r ’  j N  ~~~i 1) 45 0 3140
May 132 3 h i S S  800
Jun .I- ,350 1 :1 ,8 9140
,Jul 11141 151 , 14 O- ;g

Aug 1 51 1371; LII
828 i J i ,( mcdi ’

c m ~~t 153 1020 3140
N ov 707 707 0
Dec 631 n’S:’ I)

1 - , ” , , ’ h u n  57?? 5551 0
I’ . - P ( ‘(58 ‘ - - ‘5, 0
Stn,ir’ 2556 I - i l l  50
fO ur ’ 14793 - - ‘n: S 310

14672 l i l n I l u  90:~
.Jun 3788 3788 1000
Jul 091 $h’ i( . 1130
Aug 1717 .1 , “ m 1130
ie’~ i 1258 - ‘I , ‘ c 800
Oct i 4 u n 5  - ‘LI mO l u n g
Nov ‘ ( I i , ’ l’m”53 0
lu’ , : ILl 7’( ‘ “ c i  U

I 
—

~ 

, _ ,~~ _ *~~ 2’~~~~~~~~~~~~~~~ -
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‘tabl e 2

Operation Schedule, ll ydr’olog,lu: Year’s

1962, 19314, ;irmd 19142

Generation b’ un::~ ’) -as k
Generat ion Duration , Pumpback

Year Month Rate , c f s  hr per day 1-Hit.:’, af: n n  j -  ; ‘

1962 ,t:en 39,8(W) 1.68 1194-n 9 .00
Feb 38 ,900 1.88 2560 ‘,;.OO
Mar 36,900 1.73 3830 9.00
Apr 36,S ’O 1.80 1000
May 36 ,500 1.714 1000 2 . S: ”
Jun 36,900 2.33 2020 0.00
Jul 31,100 3.11 8200 “.00
Aug 37,500 3.7 14 9860 0 .00
Sep 37,1400 3.28 9280 9 .00
Oct 38 ,300 3.63 0 0
Nov 31,500 1.78 11140 0.00
Dec 38 ,100 1.11 1000 7 .4 - :.’

19314 Jan 143,200 1.114 I-In pumpback for t,1i1 ,s
Feb 143,000 1.35 study year
I-t an’ 143,200 1.25
Apr 1~3,5O0 0.93
May 143,500 0.95
Jun 143, 000 0.88
Jul 142,600 0.95
Aug 142 ,100 0.9 1
Sep 141,300 0.80
Oct 141 , 000 0.70
Nov 140,800 0.148
Dec 140,noo

191n 2 Jan 39, 800 3.90 0 0
F’eb 39,900 14 . 148 0 0
t i ne’ 36,500 1.73 ‘3580 0O
Apr 35, Sfn ) 2 . 140 0 0
f-I nn ,-; 314 , uS )() 3.53 0 0
Jurm 314 , ’ 1W ) 3 .07 0 0

‘ii i , i , t ( ’) . 8 3  Ii n1,g - m

Aug t I n , ‘ ;‘ ‘ c L  .8 2 0110 ‘i .OO
35 , ( a ’ ;  3. 33 6(50 ‘i .QQ

Oct 0 ,500 2., n u “ n u , u 0 .00
ti - v 37,500 1.78 l u c O n  -i ~ Q()
I n n - ,: 38 ,1 l. ’( l  1000

t n ’  H n t -n i ’  ‘ r ’ ; m t . ‘m u or’ I - m m: ’ , ; I- ’ u - k ‘‘ m m -

-‘~~~~~~~~-
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APPENDIX A: MAEYSVILLE LAKE TEMP ERATUR E STUD Y
INITIAL MATHEMATICAL MODEL INVESTIGATIONS

PART I :  INTR ODUCTT DN

1. The Marysville Lake Temperature 3t u l y  iii current ly  bein1’ ~
ducted at the U. S. Army Engineer Waterways Experirrnent Station ( ‘~~s )  S-or

the U. S. Army Engineer District. Sacramento (SPK). Both a physical

model and, a numerical simulation model will be used during the stu-i~1’.

The study will consist of an initial mcthematical model investigation ,

prior to t he const ruct ion of the physical model , and then a detailed

invest igation usin, ’ both physical and mathematical  models. This pro-

cedur e was used (a) to provide an early insli ’ it into tk1c ability of

Marysv ille Lake to meet downstream temperature ob jectives , (b) to F - I - r u ’L t

comparison of results of the numerical simulations with and without t0_e

: o v - i r o ’ , I v n l u l l i c s  as def ined by the phys ical model , thereby J~rov ’i I1Iiu ~ 5311 ,1,1

assessment of the benefit of a physical model investisat ’iusi , lul l (c) ‘, -
-

allow determinat ion of proper values of coef f i c i e n ts t~” be nire l in - — -‘

sequent simulations in order to provide the most reliable reo” i i i  to ’ poo~; 1—

lii,- I ’ru slo the simulations. The purpose of th is  pci ”] T T C I T 1 ’ iT ’V I’l l ’ , ”  ~~~
‘ 1O tu ’

.‘ r’,tsent the results of the initial mathematical nuo~Iei m v - H  i , :i ’ ‘ T i : .

2.  The j i r u o ’o : c u l  t-~ar’y :;v 1 111 L’
~ Lake , w i t h  the dam at the ‘ -ii’kc- t’ n ’n~

nn tb ’ Yub a R i v n - r , will be about ,~ ( u f l  ft  deep w~ tb a \rH ,
~~ ’ , , ’ of

‘) 16 , I ) Ir) acre—ft and an area of ( ,(,t iO acres ‘ it  ,- ‘r oolo ’  POOl ci 5~ fl . A

st,lectiv,1~ w iL 1ndrawal facility will provide flows to t h i -  TI-3W’ ’T’ t i - , ’ ll, ’i ’ . t i , ’

F ’ T ” S ,~ “-r  c r ’ V F fr- : for pumped— st n i ’ ’ n , ’, e power op r r ’ oi t -~ ons , 3: in~ ci aft ~‘~‘t ‘ n , ’

immediately - I ) w r i ; t r s -IU I I  of the u I ~u : n .

‘
~~. The i f t I -r h ay  of MIII’ IV lie L:Lku,1 will  P n ]u, ,’u n i t  “‘

~ 
I ’ t i “ p  Wi In I L

volisi ’ ’ of ) ) 4  , - l , ) I )  is cc— ft u n , f  III l I , C ’P i of ‘ ) t . O  l i i ’ n ’ I -o ;  ‘ i I  ‘l’ u ’> I S  T ’ - ” ’l ci S~

A ~- i ,t, ’- - f > ‘J ’ ’ r t ’ l i i w  sp i l lwlty  w i t h  ;iuic ,’s wi l l  , ‘ ,,l T i t , T ’ , n l l ’ I ’ ~w I • T ’Tli I I , ’ ’ ‘ i i i

Lay .

14~ ‘lb - ‘ful l River ,]in ri, t b ’  1- ’, ’ -- i l , h - r  River ‘ i t u r - r ’ ~~~x I 1 i i I , ’ l , ’ I i  mii 1 :

- 1 - L I W  t , l I ’  M ’ L t ’ y : v I l ] I ’ Darn . Tt . jS ‘ ,~~ , t l n F ~ - ‘ u u l i l ’ t ’ i ’ - l n , ’ I ’ t , t n i~~, ’ t ’ ’ ,~”’r” ill ”

- iI ’ l - u ’t , V I  ‘2 -ir ’e c l  t~~i lu 1 ‘II ’ ’ -

Al, 

-‘-‘U-- ‘ . -~~~~-- — lL,U,~~ , --
_ _  ~~-~~~-— ~~~~~
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The ‘I ‘~ T .  ‘ 1 ’’ 11111 a- , ‘ n ’ t’ ’ , ’ I ’’ ’ S ’ t I - T ’ I O I T i n - -co - I the I r i T i r m a] o;t,ruc—

t a r - - H ’ t~ - : 1~-’ i - E ’ -  i l -or ’’ -  for ‘~ - i : ’ ,’:’.-j l1e -  L ’ i~’, - ‘w” ’ T ’ I ’  F - ! ’ , f i s t e d  u-s ir ’ ., ’ a ri ui T in , l ” i c t i

- ‘ti T~ -” i , -i .  ‘lh r T iu , , ,l ( ’ l  ‘.~‘i- ,, ”:’ - :’:) U . Ic 1 in  ,- r ij w i c t i ’j r i  w i t h  th i s

invest ~u ’ t t  010 W~~3 d I V  - IH- ‘-o - ‘  WED il l:’’ I SF-o Il the results of Clay and
1* 2 5Fruh , S it r i , ’, -r’  m u  -‘ ir-~~’’i’ , L ii-: i’ -aj ’i ’i Ih x r ] , ’,”m :ir o , and Boham and Grace.

6. The W1 -HTI -tx model i T uT ” ~ ‘-i -I , ’: a r’roce-Prre for examining the balance

31’ t I n , -  t’ TII ’ L i  ener ,gy i r l l i u u ’) , : I ’ I an i r T n I u o Ln u: r’n ’ . TSr-se energy balance and

lake t iy l l ’o -i ynamic I I h e r i o r r errI are ~ :eJ to :riti~,- vertical profiles of temper-

ature in the t. tm ’ -  domain. The T o-tel incluuies computational met inoulo: for

s i r T I n d a t i n g  heat t ransfr ’ n- at the air—water in terface , heat adveetion due

to inf low and out t’low , and the int e rna l  lir j ’erc ion  of thermal energy .

The model is conceptually based on the -livision of t I n e  i rripo’ui~1suoit in to

discrete horizontal layers. Fundaznentat aso -u mp t i u n o r  include the follow-

ing :

a . Isotherms are parallel to the water surf ace h otS laterally
and longitudinall y.

b. The water in each discrete layer is isotropic and physi—
cally homogeneous.

Internal advection (between layers within the lake ) and
heat transfer occur only in the vertical direction.

1. External advection (inflow to and outflow f ro r,  the lake)
occurs as a uniform horizontal distribution within each
layer.

r’. Internal dispers ion of thermal energy is aecorl F’ ] ished by
a d i f f usi o n  mechanism t hat combines the ef f ect : ” of molecu—
lam’ d i f fus ion , tnu ’bu ,lent d i f f u s i o n , and thermal n ’o~ivoH ion.

7. The -sir’ f ’acc ’ hI “it , ex1,’ l alncc ’ , T i 1,e 131 1] mixing, inf low , ann -i out—

flow processes are :rimu,lat ’- f - par ’itely , m l  their -ffects loVe int ro-

duced - ‘‘pr --nt i~iily at. daily F n t ” r ’ v tl

The WES ITEX model I ~~~~~ - ‘
- -  :: ar Lp T ’r ’ ~

- I cli to t i n t ’ evalu i i , r - T n  of

ss r ’ f u ” ’  1r - - -’ iL I , r ’ ,’ i, n: ft r h - v - l u  - - - I  ~‘:~‘ “ i i r gn ’r  i l l  io ’ V I ’ T ’ . ~~~i i 5  I I I ’ t , I n , II I

l ’u ’ I ’ T T I I I I i t  r- , ‘“ F ull ib r i u m  t , ’ ’ T ’ J i ’ I ’ 1 ” I t , 1 i V ~~’ , i mind C, , )t ’- f f ~~~u~ i t t - s  of l u l l ’ S I u ’I ’  ~~- ‘ t t

* See Re t I ~~r’I, ’ r i l ,  ‘I: , P~ f~ 
- Al i .

AL



-
~

-‘-
~

.—
~ 

‘- -
~~:: “ T~~~

’-T 
~~

‘

~~~~~~~~~:~~~~~~~~~
‘ ‘

~

-

~~~~
‘ —- , -

~~~~~~~~~~~

,--- -

~~~~~~~~~

exchange. Equilibrium t , I ’ r T I n u - I ” i , : i : ’e i s  , 1 r - f l n m i u t  as that temperature it ,

which  the net rate of he: ’,t exchange between the water surface and t- hn ,’

atmosphere is zero. The coefficient of surface heat exchange  is the

rate :mt which the heat transfer process occurs. The I ’,lU:u i ,ion -Ieooc r ’rb—

iri g this relationshi p is:

H = K ( E  — Q) (1)

where
2

H = net rate of surface heat transfer , n ’ t u/ f t  /day
2 o

K = coefficient of surface heat exchange , Btu/ft / , S i y /  F
0

E = equilibrium temperature , F

= surface temperature , °F

The computation of equilibrium temperature and heat ex c l i - ’in gn ” coef f i c ient

is based solely on meteorological data as outlined by Edinger , tiu tt,wn’iler ,

and ieymu’ .

9. The net heat ex c l i an u o e at the s:ir’f-ane is composed of o”c ve m i  heat

excFi ~mrige  F I’0Ce~~~e

a. Shortwave solar T’ aul i ’n t t ,” i i .

I. Reflected shortwave r:iull ‘,itien.

C. Long—wave ,‘itr r:-~sp hi ’ Vie’ 1” t i i  - ‘i t ,  i o n .

‘ I . Re t”’l,e1 ’t,u ,’ol lu oi g—w :iv i ’  r n - l i  - i t ,  ion.

c . Heat t r a m n ~ f’ -r ‘jut- to conduction .

1’. Back radiation from the water ~ur 1 -me ’,’.

1. Heat loss due to eV : m 1n 0 1 ’ a t , i o n .

For every u I ~e,r or ’ meteorological -l’ n t ,~n , t F t ~ :11,- V T  heat u ’x o l i : m r l n ’I ” ‘ cr311 ’, ’ 5101

be ‘-‘v: mlu ’i t o , - - I anu l the rim -f - he-it exchange n ’at ,e ‘xpr ’ i ’:: s e u I  In l e r : ’ ,: 0 T ’ -U n

equilibrium I , , ‘ T T 5 l ’ T ” n l i i i ’ , ’  — in I mn “ x r l r m r i  r- “~e l ’ T ’ i i i  cr 1, .

10. All i f ’  t ,}~~’ su m ’ fa, ,’ n ’  l n ’ ’ ~ n t ,  excli :inge pr’o u ,res:Ie: , W i t h  t - l i~ i’X C I ’ l  1

of shortwave V I o l  ‘i t ,  ion , :i f’ fu ’ u ,~ t, ~ n l y the  I n u p few fel t, ‘~ f the  I -ik I ’ . h O  —

wave radiation Fl ,~ r 1, , t , r ’ ,m t , , s t , l I ’  w - m t , u -r  s ir ’ f , - n i ’ e  and i n c rel i ,’I m ’’ , , t b ’  t u .- T : o 1  - -c—

~if ,i ir’’ it, ‘r’ -:it, -r  depths.  I l l o l e u l  On l l i l u o l ’ , I t  017 i f l V e stj i ’ ’ i t ,  h u r l : :  l 5~ ’ , : t r n u l

I lmi r leman have : l ir - ’g~ ‘:1, - I an “x : ”  i m n n ’ t i t ,  i i i  ‘I’ ‘u~ l IV w i t h  1. - I l t , l n  for - l u ’ :-s’ f i r , ’

the I l l - - I t ,  f lux  ‘ 1 1 2 4 ’  L i i  o :l iu irtwa v n’ l u u ’ r i I ’ t , r ’ l m t , L on .  

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ - - - - -  -— - — _,i__ _,~~~~~~~~~ ,~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



11. The :uL’ T ’-aee heat exchange concepts arm’ jai l ere’-ated in the

~rEb r 1u ELK m ou l t L i,’ t h e  I l x r u o m s - r l t i’d penetr- mt~ ion of a ‘i- c’er ita”- of the in—

- ‘ -omiirig ::~ n’ u n ” r :m-iiation arnd the placement :5 the effect of all other

s- Ja r-s e-n ; of sui’f-~e’e heat ex c k l a r i 1 le- into the surface layer. This e ’Ui be

I’~-s se  I on ’ h..’rr atically ly  the :‘e-] I I l u w i m i , ’ two equations

N,, = K(E — Q)  — (i — (2 )

-A z.
H . = (1 — 

~ ) Se i ( 3 )

= h e t  t i m c i ’ int ~r out o surface l~~,m , Btu/

= ‘s}i-,r’t,W’i ’je r a d i a tf t ri  absorbed in the surface layer , percent

S = rat e of total irico:- nm n n; shortwave radiation , Btu/ft
2
/day

S . ra t - of heat  ‘ nt-Il ’I rp t i o n  in l-y,’er ( i ) ,  Btu/ft 2/day

e natural logaritl ’n m’i c base (2 .7 183)

- —1,
A ah:urytion coeff icinr ut, , ft

depth below sn ,i m ’ f ’ :m, ’e , f t

1’ . The process of inflow into a lake is simuJ, ’ n te- ,l in W’iS,’T’i- S by

t~- n r ’~~~- L aoc ’r lnen t  of inf low pi n n t it y  and quality at that layer in w l i  i - H ,  the

len s ~~~ of iS ’-.- lake corresponds most nearly to the density of the inn —

fl’, ’w. Research efforts an-i physical model studies at WES ir ’lic’~t e the

existence if entrainment—induced densit ,’ currents which flow upstream

‘,m ,Long the- surface into tie turbulent mixing zonm- caused by the inflow.

i n n -nt  is implemented in the model by augment ing  the in flow ‘ l u : m r i —

t i ’ty vith a volume from t,he surface l iver ~~~ 1 i s c u n : : e u l  in p a r ” t u ’I’ ; } I ~)

(tb’ mr”~ b r  i sties of inflow aru’l l,l i’ entrainenl flow mr .’ IVI ’r’a g I ” l , n s f  m i x’ - i

v’ ‘i--n - ~ of - fe - m n : i l ,y, t , e r T I h u l : r ’ : l t ’ l m ’ u’ , an ’j  other w:n , t , u - r ’ — u i i i a l  iI ,v 1 ’ml ’runeter ’: ” are

- l u ’ t  ,- r ’ T ’ : i I i I , ’ , l  . The a i x - i  uier n~ity is 20 :1.- LI to - , I I - t , e r r r i i rn - m l  :i, ’ m- r : I , ’ r n t  ‘ ‘ I ’ the

1, - H - m i  quan t i t y  ‘ m l  mix r’-I - pi n I ity . In the model the pro:’:;:; of inflow

lj :r l ‘I”,’:: u i r ’ w a r ’ - l  a volur r i ’-  1, - u p i l u i  to tb ’ t, ‘ f l  ‘i nfl u pl us t-n trai n:r: ’ r d

Al l 
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- 1u’i r i t i t ’r . TI i ’i : :  u i -war ’ !  displacement is r e - f l ee - t e d  in the mrio~ el by an

iris l’1,-ns’: in the wat,”r surface. A corr c :sp omn’i ing decrease in water surface

:“ , ‘Uj ’ n; as a result of the outflow rocess.

l~ . The volume of the entrained current is generally expressed as

-a ~‘er c ’:’mitage of the inflow quantity. Frior flume studies ir~’iioated that

this n - r cu:rit age rnri :’e-s f ra I l  25 to r ear’ly 200. The percentage is thought

to be a function of slope , wi Lh , flow quant ity , density of i n f J -~w , and

i. ’rsity within the lake , but analytical relationships have not yet l een

‘,i , ,-t ex ’r : i ined .  Thus , a phys ical mode l is of s ign i f i cant benefi t  in the

mo ’T’ m l,1i n i t i - n of entrainment . For these initial simulations, it was as-

sumed th at there is no entrainment current generated by the’ infl , w’.

-
‘ 1i . The in tirna l  mi x in  process is simulated by a t r a ns fe r  of

heat and othe r’ water—quality constituents between adjacent layer:’. The
ma ,- -r smtu de  of the heat t r ,mri s f ey  between two layers is a percentage of

t!,e total heat transfer required to completely mix the two layer:- . The
perce-rit m u ”e is a r ;nixirin coefficient th at is definea for every layer.

Data input includes values of the m i xi ng  coefficient at the t -ar i at

the i’ ’ttom of the i’~k- .’ . An exp c ’rne ~ t ial fit between the two ext r’e’mI,e

va’Lu,- - ,~ is u::ed to determine the ap p r on r i a t e  coefficient at en::, aye:’ .

Becnj u ::e o f ’  the lack of knowledge concm,-I ’T ’:i nig -di f f u s i o r n  1- l ’oc e : : o,~1n :; and th e

lack of ,~- i , : t i fi c a t io n  for a nor , ’ cor~m 1r-x procedure , t h i s  s i m r le  di  5—

fu s i o n  ‘ o r i’~io7  is applied to mixing between layers for’ tu’-n: ,p e r ” i tu r e  and

o t her ’  a t- - ’— -~ :e’nj ity I- -ar’;,m rrne tem’ :;.

15.  The out flow c ,uTnnon n t  of the  model in r ’o rnior : i t e : ’ t~~~- : ‘e lec t ive—

wi iS l r ” ia”il t’ ‘chri i - j n i u ’ :  leve l ‘:1-c-I at ~~~~~~ Transcendenta l  e u l u : mt  ir is:; de-

s_ i m i n i ’ the zero velocity l~ F ,’,: it: of the with lraw:i] zone are solve w i t h

a f - i l  f— i n t l .-rv - -jl sn ,- ’ r u ,S  Inet li ’) I .  lii t i n  knowle’I,”,: of the a-i t h i i I ~~a l imit  :1,
‘l_ u i ’ ’ lty  1,r r f i  f, ’ - f u n ’  to 00 1 f t  - ‘ w  C - U i  be ,j , ’ t , er ’ r , , i r i ’ I .  i ’ f0e  f t  ‘w fror::

e-’nc ln ], -c,”or is t: }n ’ ’r i the p r o u l i i u ’I  of th e veloc i ty in the layer , hi, a t if S

of the  ~- n.yer , ; mri ’ J  1 . 5- - thi - ’k T , ’s:: of t , f i n ’  i - m y r ’r .  A f l ’ ’w — w e i gl:t ’’ I

1 .1 ‘ m i o- ’l i n - - i  t ” u w - n t  u ’ ’ r ’ _ o l u l : j i  it~,’ F - ru ’)f’iles to n-:i, ’’ m im i ’ : -  f h i , -  V ’ n - : ‘  of ‘ 1 ’ .- ‘ u —

lr-an;e ‘: - ‘ : 1 - -T n t of” I o l I , u l h  F” m r’ eTou ‘~ -c f u r  “ iu ” h tim -n ’’ s t e m - .

I t  . The h - ike- r ’ ’ ’ , ’’- n l - o f , m o n  a l , ’ o ’ i t , t i m l , , - h ive t ’ ’p r i  I - v  1 0

t : L i c a l ly  : i r i , i l ’ n t , - -  l i i ’ -  f i l l  u ; - - c - i , t ,  m ,  o f 11 e’e-ic”’ 1 y’ ’ — ’~’ E L : -. - l ~ ” n w ” u 1

At 

— ~~~~~~~~~~~~~~~~~~~
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The selm -ct ive—withdr awal  system is assume d to be o ” T o I ’i ‘ i ir’ - - I  w i t  i ,

;i r i :i trary nu irnber of se l e c t i v e— w i t t ,u l r ’ tw ’~’l i rot l ikes  locat - -
~ in  e- ’m c h  of f

Win1 , wells a i t , ln  a o:ej nr’-’it: uo fi , u o,b’ t t , , - . Maximum mS I ml a i n un : f t  - ‘a: : fre r r

e ’ i c in  intake and from the floou l: ’:-mt e m i n t be sped  ‘i - -  r .  Also , t a t .- max

flow for’ the selective—wit }i.Io’ -mw ;d n:y ster ’i is spe’~ifi ’- :. The - min ’ or i t h m r : ;

a t t e mp t  to numerically withdraw wat cc at i n ’  near the r u h ,’ - °ct ive  tem ; !I -n’ —

ature. Wi~.l : , lr auat  will l’s from e i t h e r  one i r i t ’ mke 1 - - v u - i , two ‘cU - m e - n t

i n t a k e  levels , arid/or t in - : -  fi -:- :,l— - - ,:rL : ‘ :1 in, t a!’,’ - . , Iu ,- r u n ? m i I i  r i g  U T - C u l l  t h e  ‘d ’—

J 1,-e’t ive  t , enmn u.’rature , the t,em: : r - u : - n ’ s -  U’ , -  r”u n ’i le , t u e  t~~ t , ’ n k - ”  c ’ t ; - ’ m b i l t t  er- ,

an-i the amount of flow 4,o I e r ” : - I ’ - -~, :-

17. ‘ur iph ack o a r - n ’ - ’ :~~ ,~ are n ’ - m  r-  si m - i T  ; , - ‘ -  - (Ic] w tb n - three

pL ’ac esses of eriti’a iS r,’ -- rot , :‘:ia in’ , ‘ i n :  I plac- - r e m o t .  ‘d o ’. r ’a in :- , - , -r ~ ’. in ’ -- on —

t ’re s o eu i  as a percentau ’e- ‘j I ” i - L ’ l , t  I i.tck VOL L’l : ’ . ‘,},‘.- o i ~~ V m ~ r o e I -u - f en’ ~~ its

t “ rita_ rat are is numerically r- , t x e - i  ai th it , ,’ m ’ llr : I ’ -k’ ul - iu ,’t: v’~1 ‘iriu - ’it i’ S ‘ - n ’ s - - n ’ —

at, ’i r ’ c .  This total volume of wr i t e r ’  at t n l e  r ’:ixed bem’r per -~’ - , n’ -’ - 1 1  r , i ici ’

in to  the  lake at the - m r p r o r  r - t ‘ ote ‘lens i t’,’ 1- vu ’ -]  . The -:en ” ic-il ‘I o”at ion

from which end r -; ,i i r i n r : u ,-r i t takes place :on: , I 5” -u ’mc~-r ot ‘t- ’ - of , r n t r ~ i lolL ’ 1:1 ‘ i ! ’ -

nm - - l u  re !  as data input to tb :  mo - Ic ]  . A rie n~: c d  T I! ’) I - ’] t 5 01’ ,, ‘l’ I ” i i  I - ‘T i ’—

‘i t  for assessment ‘of these ; ‘;irnrne ’L er’s .

I I  
i
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PART III : DEVEL0PIm~~~~T OF TNILIJ’i’ DATA

18. At t ine r ’ c -l o e s t  of SPK an ave ’n ’ ;mu ’e ny dr o lon ’i c year (1962 ) wan :

:n : , ’ o - f  for t in e  im: i t i al  s i r , ; : ]  at i - n m : : : . For calibration purposes simulations

were c o r i I u e ’t , , I  with roe t ‘- ,r’:u l a,’ heal ,I~it a from 1216 and l5’U and hydro-

logical - m m i i t r o t ,  1 , in” . - .

19. Pn’teorologic :il - ‘Pita fr r, Beale Air Force h - i s - c wi -n”:’ used for

th i s  s tudy . ‘fine r -~ ’ -jui r e - i  , la ta  corns i ~ ted -of d ry bulb i m I T I S  to r’atLZ (’e, - lea ’

point temrnper’ature , w i n o — i s;, ‘~~.‘ ,l , mm d - - ‘ : n ~~I c. v ‘~~
‘ . I-’o-m 1562 , these data

wn,’n ’ - - obtain - - I t ’n’ ,c,, t,b - il - tional Cl i :’: t ic i’,.-n it ’ .- n ’ , A s h e v i l l e - , S n i t

Ca ro l ina .  For 1976 ;m n , I l 1 t’S , 1 5 ’ - ’. .: dat a  wen’ r ‘d ’t a i r i e -j  fn’ ,ur:: ‘- i ‘K .

20 . h n i s e ’I  on a ;‘I’n , ,, -~~t i ’d  o p e r a t io n  st :- i ~ • Int o -an n;, ur :th !y infl -ws

and, out flows were t’r~~v m - ~~-~ l ’y  ?F~~:. ,h ~~ u.’e I i i  ! ,‘ i n n - nt is  r t ’ .j i i I’ u .’~l f - C

the W’ESrPEX m l ~J n ’J  , the ne - lu : rI o n t l i l L ’  valu, , - a’- n , ; use- i  for c u e S  d:my of t i n e

appropriate month.

21. Althi~ ug}n ii u- a ’S ’, - ’ , r I ’ s Bar Reservo i r’ is i To ni , - l i : i t .~ -l :~‘ h f - s t  n ’ -ar~
of ~1ar’ ,-svi1 le Lake : . m n i , n will contr ibute the mn: :i ,i :r’ i t,v of iri f’low to the

project,, N--u ‘ S i ‘c - u ’s Bar’ Reservoir was not n um e r i c - i l l~’ s i r , : ’ i l ; i f  ‘ ‘ I .

Thi:: decision was h ” t s ’.- ,r on the lack of adequate input - I. ’ i ’ - u foi ’  a n:tu, -~’ri—

cal s I r n : n i - ~ t n - n I l  in - well as uncer’t,ainit ies ;i ’b , s - n T  t b : - select ,iv’:’ a t  t bn - lr’’ ,a- o~i

c l: ; m T ” i c ’ t , , - r ’ i : .;t iu ’s - f  the S i ’W i’millard ’s Bar ~n :t ;m k’- :t n”n- ’t’u r - ,” . n 1l~,:er’ v u- I

:;treI~ n tempt .’r” il i n n ” ’ dat,,i w i - re avmmi m u’] u ’ l ’ n ’ J  sw CoT “n ’ , ‘ p- a- - : ’ : - i:e , + I,

I o n ’, i lr i ‘ it  wh i , ’ t ,  bite Su ow Bull :mn’ -i’ :; - m r~ nu ’ ’t - ’- ’ i , ‘ ‘ - , ‘ - u r’ - - ,.Ij , ’ c t - m n ’ u ’e,I to I b i t ’

Yuba RI-i - , -
. ‘- ‘,‘ ~‘ - m , :l ’ i ro in 1 - th ese ,l u L ~~ wi t h , u l - , a _ n ’ v , - , r  stm- ’ -’c’ ‘ ‘n r~ - ‘ ‘ m’ af i n n ” ’

( i - mba  u r n  the ‘ n o :’ e mIl! du, i~~b i  Y 1cm R ive r , ni “rIm s’- ‘
‘ lam - - n ‘~~~ T’ e:L’l:  u ’ll!; ‘ - I ’ —

a t , ’ i r ” -  ‘d i  w i , : n - - f  ‘ i l l  j : r l i e , l .  ‘! ‘ f n r , ’ u -  : ; ‘ ‘t , s  o f ’ im : ~ - :n l  : ;t r ’e nimno ‘-li i ‘mit lie u ’s

w e’ ’ t O e - i  I n  the i ii it ,i;ml :nin ~ l - nt i - i n s .  Tin ’- r ’ e : r n i l 1 :; of th i ’’ : ‘ t T l : l t u ’ 10115

w - ’ r ’ ’ ’  r’’-l :m t i’;u-l y i mn s u ’m,, ’iti v u ’ t o ’  t i n ’ ’ v , n r ’ i - u t , : ’ ’ri :, of i n , :  o n ’ t e m r i - ’ r ’ oi t . n n r ’ - , n

I ;  ‘,~~~‘r ’ -~ f - u n ’e , oin-o  ‘ c t  h f  i n 1  it  I t i ’ ’am t e t~ ‘sn” 0 01 ’ :, ‘ v ’ i. ’- ::- rd -n’ ‘il l

‘ - u n . . ‘ e f I r , ’ : :hn ,  dat i n n ..’ . I I - ’ t ’,e- Al :‘. ‘a. - tin’: nn t’l, -~v t i , ;  “0 i n ’ - : I di ’.

‘ 1 .  m o . ’’.- n e - r n :  ‘.- r ’ ’d nr ’ e.; ~‘ - ‘ r ’ e- : , n ; n : u  , ‘ e-I  :1:: ‘I S i _ -a- —a’-- oS_ed i ’,’ ’ O m ’ l~~u ’u ’

of  ~
‘ ‘ n l l ’ mr’ u ’ :; - - m r  ‘, - ,- . , - ‘ - m ’ - ,’, ’i r  n ’ e L s ’ i ’ ;e ‘ t , , a -  ‘ ‘ i’ , ’ ’ ‘o n ’S Ysl ’n - i ’ .’ i ’ n ’ ’ ’I ‘a- . - .

5!’. ‘i’ - rn i -- n ’ i n on n - - l o T  - i vu ’ — : ;  - , T he ,° ‘r i  f t  ‘ n - - n ’ ’ - e l ’ t i n t ’ ~,‘ u dci ‘ I I :  - I

- ‘ i f l o u r f i v - r ’ :’, wi r”’ fnir ’ni I d i ’  ‘ - I ~ ‘ 
‘ -2- 1 ’ 

i ’ ,’ SINK . ‘ t n ,  - -  - ‘ l u , ’ ’ - i v ’ ’ - , ’- n” u r n . ’ i s ’ , - I

A

a—- - - - —  -~~
. -‘-- - --- ‘ -- --- 
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of an up e-er ’ and lower limit on str’..- --mr , tenn rnernture a:; functions of i nn’.’

throu, ’io a one—year r n e m i c - . i .  These lb j ; ,its ‘ire sho~~ on t h t -  j u ] - . u f  .; of

predicted tenn ’. ’m-.’r ’ - u i u,re at the confluence ( i  lent  I f l u - - i  a:; “ - l o w m : s t  c - -c - , ’ on
tI :e variou. p l at e s) .

AR
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PART IV: MODEL CALIBRATIU!

23. As has been discus::u.-d previously, the Wl-d”!’EX model n’e - q u J r ’u - r

the det e-n ’r:i t . r i ’ mtion of coefficients of :;u i ’f ’ ace heat ex e l i an e ’e l ict r i b u t  i i i

and internal mixing. For ~-t.in - ’ i s v -i11e Lake , these co e f f i c i e n t s  w u n i ”  ‘i t ’ —

tn ’ r ’r n nim :e u l ‘by ~o r i , l u i c t i n i g  simulations with 1976 and l.~l’ ,1u1 meteorologic ul’ttii .

C o efl ’ic .h e n n t : ;  w e - r e  adjusted and the simulation ace’ repeated un t i l  t i ,

~-r’ e- di~; t .~ ’,l t ’. n n op e r ’ ;m t u r ” profiles correspond ed in : ‘ln ’mT- m- an 1 r~mr n: ’e t o  t~ . ‘ -

obser-ve,I iIi ~ i’1~i u ’ 1975 in the nearby Sew Su l] . ar ’d ’  s Bar and E r uo ’leiur ‘ - ‘ ho ’ .

Reservoirs .  The operation of the outlet works used in Ito -se sir :,uJ ‘ m i - n m :

Wa:: r’ e~ ’r’~nr e r nt a t i v e  o~ ’ the New Bullai’d’ s Bar Reser”;-” i n ’ . T~ie t o t :  ‘ a i r , , ’

“ u - f i ’icients W i l l ’  detemr :oine -d fr om th is analysis :

=

A = 0.3

a
2 

0.1

wI e- O ’ u -

= i’ ‘r’ u -entage of ’ I n n c o n n i  nc shortwave radiat i - c o  ‘U - : ’ - ‘T O ‘ - - :  in t ’ u ’
, ; ‘u r f : m u ’ m -  layer’

A = :mh:,:.’ nr’~’t. h orn one f t ’i u .

a
1 

= mli i ~ tn . ’ co e f f i c i e n t  - i t ,  -cu r

r,o i x i r i , ’ ,‘u u u ’ f l ’ I C i ’ ’ I i ’, ‘ i t , h - ’ f  t nT:,

‘6. It shouj,uI I” . - mi ot ,e-1 thaI, ti n -  val’i” seli ’- ’ ’ u u S ‘n ’  ~ (0. ) I : ’

‘ l e c u ’  re I ‘i f , i ’ve I i  v- n i, rt , ’s ni ,: ’ ’- f h i :,’ WEB ‘ -n n , ’t m o ’er’  in t m n -r ’ ’,’i. ’’ n , ’ ‘ cm i i i

St . i i i  i s - .  A lIm e - n e-’ nr:iluu , ’ of ~ m i g h t  n i l  i t - j -  - n i ’ i l l v  I ” -  :i sus l  t ‘ t~~ i “ - ‘ I ’

rim ‘x l ,  n -TI n ’ — t , t ‘ n r ’ l ’ i - i  1 1 , 1 1- s -u n  b r - - n , ’ , f _ li n t 1:1 , ,. u m n , ’- in W?l;, ’h lj :’b,t

t ,ju u ns w~- r’ - - r u nv-’ r”iy r’u’ : :t.r’ic t ,e ,l . In t l n t - ~~ ‘is- f , f~ b ia s  I “ “ ‘ I  c u - i ’ ’  ‘ ‘ e l  I ’ l l ’

a 2— ’ f — I ’ i y u - n ’  t l i i c k r  n - - : : ’- ‘ n r i u i , ‘ i l l  hua_ .in ’ln i f j.s ; i -sr u im ; -, ’’ lt ; nt ‘ f ’ n ” . ’ : v i  I i ’  d; k ’

-g j I i  1, ’ ’ r u n  I n i ~‘ ‘ i  y m ’ t a r , thi s v- ti ns’ 0n ’ a “i: I n ’ - ’ - , 1, ’ ,I I Cu ‘ n , ’ - ’ o - o n , ’ S

t h u  ‘I. :’: of i - I — ’ ‘; ‘-r’ t i , ’;u l lay -n’ :’ in t h e  m ; : ; i f , f , ’ ” . ’n ’ i ” i l  :‘n ; m i h i i ; t t  I 
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PART V: MODIF ICAT I , !SS

25. Several  nno~ii f ’ iL’ - .m t  ions w e -r u ’ n ;~’ m ’ i ~’ to.: t b ’  ‘,-~I- ., ”PEX IiO,iel b -

I ’d ’  the e t ’f en ’t , : of i - u r r~ .- ’ - - - l .:tot o r - e ’r :it n i: :  at t .fni: ’ :’ :’-,S I i - - t , ’j k n ’  , mmn-I  to

comput e the :;t r e :imr : t e l l, ;  i n ’;mture it. t h i n -  SOIl  f 1~iu .’m i c e  :1’ t i c ‘:‘-,d a ‘ui .1 Feather

Rivers.

26. The WESTEX model is in, ’ r m r ’ - ~b1e of s imula t ing  u” x ;n - o ’ is,’ h o’ u n i o n : ’

con f i~mu’:mt , ion of the intake structure proposed f’..:’ T:m :” ,’ :v i  1] ’,.’ I’m - P . The

model r u - u f u l  t ’ u’O :  t h i : ’it fLow: ;  be released through ~“ n i u  - or two we - h  — a ’ - 1  ,: ‘:‘un—
-

‘ 
t ’ i r i i r n ~~ :;ciuo ,’Live—wit I n  : n ’ - mw ’d in takes  nin ’I  a s in g]. ’: f] -” e ’n , - ’ il u ’ , Th i, - ’

posed s t ruc ture  c ’oni ::I : ;t : :  i f  ~;i wet we- i ls  , -oa ’. ; i i ’,c i t : , ,- . m Si: o ’ :, “ .n ’_ - .- a:,

10— ft t emp er at inr’ u. ’ - ~o b n i n t t ’~x’ . : r ’n ’ , ’cn , tu st  above t b o .~ f t ’ ’ : - . ’ e ; o ’  the ‘.o n c’

the tower .  For the  m i t  ‘I a]  o; i r : n i n l  i t .  i - ..n r n s  , one f l o o . l u ’’ m t ’  ‘ level arid t b , r em ’

levels of’ selec t ive -— a ’! t :i -  hr ~ mw m1 i n n t : m k c ’ :: vu . ~ ‘u nns! m :” -l .  ‘i ’b , e - , - n i t e u ’ — 1 i n n ’ ’

elevation of the 1 ,1 ,‘ n o - u s - m n ,c 1~’ve-1 was 250 ft and the “enit ’ ’r—tir~e m1e~

v’.m t i o u i , : -I t ’ tSr:  s- -i -o c t im’ :— ’,,’ it , ’ , I (“is-”~ ,. i n n ’ .  ‘t,’m,S ue-r-_ t S ,  , ,  , P5.0 5 , l~j  f t .

i ; , L e : n n i r n g  of t’i . ’a’ a’ - ,.,’ .u . 1 .s- . i  t~- ’ o- .:::.n . i . n t n n , ’ ‘.- :,e six act  ve - ,1s i:,’ r’’ .a

ThL; i’ s-i i’; I I ’- , :’ i . 1, ’u: . i n , ,~ i . - , t w , ’s-n ‘m t ,i’ 1- ,:’,:’m,t old dove-I,: - ,n , .n/ on’

.o ’ .’ j g ’n t i e ‘,,‘ U i - .l : .  r~n ’ n - ’ nt , L , ’ H.- 1 - i s e - i  ‘-a ’- :, s:, - , r ’ - . - ’.o . . ’ fuesdIhil ten i’,,. -~
‘ n - . ’,

i - l - : r -. i i : i u ’ -c - .an : l be ‘u ~~: n t ’ : ’,’e - t  a - i t : , si x a - ’ .  ,,‘ - - ,. f : ,  A l, ; ,mnn ,::’ ,’ ,-:

to  -as , :  tar’ - ’ nd: t r e -  l b . - ~~~~~~

27 . To enable t , r m ’ i’,’h ’d ’ i’b - Y. model I. ” ‘ i u n s u r i i r n t ,  f ’,.ur’ ‘ . 5.51 1 0~~ . - l T i t n ’l.-

a p n : r ’ n i t  l o r i s , it , wI ns i i u ’ C u ’ ! I .~~~~i t ’ 7  to :um ” ,”’ n n I i I  S i ’  the eff’s-t, of the ‘i fl ’ ‘1

on the ter nn~’ er ’ ’,t _ n n , ’ , ’ of the ‘e’n n u - r’ ;ut u ’,i eel C—li : ’u.’. II , acm: ; : I _ ’: ’ :ir: n ’ ’ ’ I  that  t in ’ ’

‘ i l ’t . u ’ m l ’ s -  will T’ u ’ I ; l ’ u ; l ,  ‘-.nlly rn ;  x e - - I .  Tine b i u ’;it  n ’ x i n t i ; m r n c u - at the ~i n ’ — w ’ o t  em

; i f , , -n’I” ene - in tine ‘ u , i ’ t u ’ e l ’c1’ w , i , ; f : m j~ u ’ ~i m i t , - ’  ‘mc i - l i e n t i m :  - i  ;- u - i r n r , ’ 0 :‘: i m n : i l ’ m n ’  to

that  for ‘-h’ ,’ ,’::vllim ’ b ike. The ‘ , n r ’ . l , i l i ’ I e l ’ S - - f , o f ’ t , b , i s  h u n t ,.- x u ’I i n u n , ’, ‘ - t

f -he - ai r’ —wa - - I ’  in fer S -a - ” ’ - ‘ i l l - I  H , ’ ’  i , ’s-1’ ’ -r” i t ‘nn ” - . ’ t ’ I t, ’ - , ‘l ’T d-i ” ~ ’ t - ’ I l  ‘t a:

yiel’l~’ - l t b , ’ mS x c i  ‘ ‘ ‘ m : , : - - - I ’  ‘ u ’ ‘ n e - u ’  of  t d -  ‘ m I t  ‘ r ’ h u n m ’ ,’ . This  ‘ ‘ ‘T n 5 - ‘ I ’ ’  l~ - u r ’ ’ a- n: ;

u n : : - - u I  ‘m: ; t i n ’ ’  t - m I n I ’ u ’ n ’ - i f , l n I ’ - of t he  ; n u n , . : 1 - i , ”k f t  ‘‘a’ ‘ L I :  I of the - f t  ‘ i - I ! ;  r m -1 ’  -
‘ , ‘ ,

‘P . A l t  0 i ’ .~ ‘ I ’ / l ’ i - _ u I ,  0 1 ’ f b i ’ ’  R i ’ ’ f n : n n ’ ’ I  h r . b f i n : ’ :’ ’ ’l i  L r i k - ’  W : u t . ’ - r ’  - - o n ]

Wa :; t h n , ul , :i n , ’n :’ , m -i ’ ack l e t ,  u ’ n n f ’ - r ’ i iog the r s- :u ’r ” ,’ ’ i r  ‘ ‘a ’ e l - n i -‘mn

- u ,; , - ‘ n : S o T ’ I” - : : ‘ . ‘ I ’V ‘ i , n ’ a’,n t ’ - ‘ I. , - ‘nul inn - inn -‘inn : i ç - : ;  I ru - i n’ , ‘o n e r’ - ‘m l - - n ’ ‘ i ’ - - r

(In nu , ’ri j f  i-Eu - I , I n n i n i  i i i ’ ’  ‘uri , ’ ,-n ’o ‘ of 1’] -a’ I ‘ ‘ ‘ i r i s  i - - n i  t - I .  I- ’ in’ ‘‘‘ ni ’ ,’ ‘yu le wi ‘ Soo n ’

A I n
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t ine bene f i t  of tb: i ’ physical momlel , th i s  entn” i i r n ’ , ’ I fl ow ‘u:i: assum ed to

comnne I c iii t he -  area of tine reservoi r  irrunnediately above the floodgate

opening. ‘~~o valr , ue - s of ent ra inment  were :.i::: :urn , l ’d , 0 :01 1 10(1 percent .

29 . A -lmomi ], y m ower operation : ; c i n L ’  lul e ha:: not ‘been establiootnl,:,n r u n ’

t ’t:mr ’ysville Lake. Fon’ this  :;tudy , SPK provided WES w i th  maximum ar , - i

min imum I on ic  0.’i t tori flow c-ate- : : .  Ass n l l :n i m n g  a 6—hr  ge-nc-ra t ,  l n u n i  per iod , t ine

er ie - r an , i o n  flow rate:; analyzed w o e  1,500 , 26 ,000 , “end 50 ,000 c f s . As

:.i lu : ’t :,e ,nondit ion , one :: .t r i n r i l ’i t i  onn n ‘as made ‘in’ n urs ing no gen e-m it l o i n  or

iuumpback flow.

30. Sinc e tile obje-r’t.’ive teIn :J-er at,rln’ I ,-:; for th is  ~-r o jec t  iou ” ‘it t t n e

con l ’ L ’ .ner ,u ,’ u ’ of the ‘~‘r n b ’ i  and Fe:itbien’ Riven’,;, the ‘i f t ’_” r ’ i, ’u : r ”ll ”i: :u - t m ’ n ni i ’ ’r—

‘ i t , o , n r ’ u ’ : ’ must be 00W ‘ . 1-1 ‘ipr r ox iunl ’ i ’ ‘ ‘ i f  10 n o b l e - : ;  - i - ’v n i :h  r ” ” e -~.. Thi : ’- r u n ’ i n 1

is ‘ me , : ,.’m: : i - i i : : ln ’ ’ -,l U ’,’ :i :: , : ur ij r n t ’  a fu l l  m i x i ” I  flow a n n u l  u i ng  t i m ’ n’u ’l ’i t in .’r,—

ship of hKnl i r i sen’ ‘ m r , ’ i  Geyer .  2

= (T — E) 1” + E
x 0

n m = — h x / y C yi !

wI ne-re-

T = 1 .-ann : ‘ re;~~ w’mH’r temperni . t~ure, 
°F

= i r n i t i a l  -u -i t - n ’  t. -T : 1 1 u 1 ’ n ’ , i t  n i r ” ’ , F

. - . . 0F. = 11 1 0  bibr inu ’ : t’ ’I nnn , ’r ’ ;it , rnl ’ ,’ , F

hI = ,n ’n e f f t  “ 1 , -ni t , 0 1 ’ : : i n l ’ f ’ , - n - ,.; ’ ’ m u - n i t , ex,’bi ;u ru T ,’, 0, 1/ ST - / - l n y / °F

x = I ’ u w n n : ; t , i ” - - er : I i  : , t : i n n c ” - , f t

= , I ; ’ ,~n n 1 I L ~ W , ’ H d u t o f ’ w ; i l ’ ’n’ , p ’ 6  i l / 1 ’L
3

= n ; n ‘~~i l  : - ‘ lie -m it, ‘I w i t - -i’ , 1. 1) St in , 1l ’~ F

= r n ’  - ‘n S - 
- ‘ ‘‘ - - ‘ u r n  I ’  - - I  I n  , ‘ I

h i  = 1’) “ Ill , : i , I’ - “en ‘,‘- - I ’nnn Ly, I ”

n ’ - . ‘ of’ ‘ - , L i  1’ n . j  s’ - -n’ ~ r e ’ , ’ -u n’  - m u i l ‘ ‘- ‘ ‘ - I ’ l u , i- -ni ’ - ) S . i n I ’  ‘‘ i’ ’ ’’ I n - ’,

- ,: n i  - n m  -
‘ - -g- n ’ - ‘ tn n , ; ’  ,. - I

’ ‘e “ u n ’ ,’ ‘- v i i  1, I , ‘ik - - for’ , ‘ ‘ ‘ u ’
~ 

I 0 0 ‘1 -u I ‘ ‘  lay

A I i



— 
,-——- -- - —,-  ~~~~— ‘— - “. -.

Additionally , for the initial  simulat ions , no attempt was nnnade- to

incrementally route flow down the Yu ba , but instead a constant value- of

mean stream depth (6 ft) and mean stream velocity (6 fp s)  were used to

accomplish the routing in one step.

I

Aj,-
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31. The re:’ujt,s at ’ the :nimnulations in the form of t ime—his to r ies

of’ cor:ol’ m nt u .’d temperature of tile release , in the afterbay , and downstream

n ’ur l it ’,:’ and computed thermal p ro f i l e s  in Marysville Lake for various

date:: . i ’ . n r i n n g  the period April—September 1962 are presented in Plates A- -’—

A7 . f lut e : , : AS nirn nl A3 j n r u ,’:;ent the base cond i t ion  results with inc power

flow. Plates Au and A5 present the results for generation and pumpback

1 1 w:: w i t h  the  assumption of 100 percent entrainment  of flow by tine -

pumpback jet . Plates A6 and AT present the results for generation ann O

pumpback flows assuming no entrainment  of flow by the pumnpback jet .

32 . The results indicate the abili ty of the project to meet t enn ip er ’ —

- m 1, l i r ’ m~ object ives.  Inspect ion of the computed Marysville Lake thermal

profiles shows the lake to be less thermally stratified for the gener-

ation and pumpback flows with 100 percent pumpback ent rainment than

flow w ith no entrainment . It is believed that the ability of the pro—

jm ,e-t, to meet temperature objectives is primarily related to the hydro—

u i y r n n u n i i c s  u5f tine ‘m i ke .  Caution shoul d therefore be exercised in drawing

‘irny c on ’ l u on i o n s  from : these r ” - : ’;n i ] i ,:: , :;ince s impl i fy ing  assumpt ions  ~ib- u:i h

t i l l ’  iiy ’lr - .)u l :,’n i ’ mnmih cs were T : i n m ’ I c  for this anaiy:; i s .  The results of the

~lny: :inna1 ‘un- I advanced T;o ’it, b I , ’Tns-t ’mcal m o S t  i r n , n  e f f o r t s  on the Mn .i r yn; ’~’i lle

I,;m kr ’ I t’o,~r’ct will  ‘letermine tine validity of these assumptions.  Only

;i t’t ,m ’r  t ine inynirodyn amics of Mary m n v i l l o  Lake have been properly def ined

earn  any modi f l i c i t , i o n i : n  to the b n r u ’o j e l n t  be analyzed.

- ‘ -‘, —  ~~-“- _ - - ‘~~~~~~~~~~~~~~~ ‘~~~~~~~~~~~~~~ 
J
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AP PENDIX 11: SELECTIVE WITH DRA WAL P~.SALYSIS

1. Tht ~ ‘o ’l’ ,,~ ,“I . ,- n l l ’n ’ a l I z e t I  selective wi th ’ln’o t , wa ]. te chini i - ’
~’ae ucn’c the

I w i  r ig  e - lu a t . ion to nUuni l ’ u te  the upper arid lower h a lt  :o of withdrawal

for an ori !’ice:

V A 0. 0 ,-

~ =( O O ~~~ (Bl )

~~~~~

Z = v e r tn c ~ii - i i ~~t t n n c e  from the elevation of the o r i f i c e  r ( - n l t e ’r
L ine  ‘ ,~~~

‘ to the ,i~.’~
’-l .’t’ or lower l i i ’ , I of t l1~- - : 0 0 1 4 1’:’ of with—

, ft

V aver’ i, ’’ ‘ vol un ity thr’oug}i t b  - on flee , fps

A = - ‘nc ’- ” . of the o ri f i , ’e operilni,’, e’~ ft

Ap - ie - r i : o i ty - i t  H I .’ n ’ c r i e l ’  of f la i l h , , - t w l ’ : ’n l  t h e  c-’l e v ’ o t i ’t n u  of t :,~
~~ t ’ i  L ’ .,i U ’ L - e i - i  the k i p p e r  ‘ i  lower l h n o i t  of t i e  zone of w i L l : —
‘11” n w a h  , f/ c c

p flu i t -1I .o n e o i t y  at the e l eva t ion  ~~f’ t 1 l ’ ot ’i  t ’ t , ,’e L~ o/- ” -’

g ac m’ e -lt- r a t ,  i c i i  due to gi’a Vi  H~’ , ft/e ec

The 1 10’ ( ,1 IIic of V and A e, ive s the ‘ -  i ’ flow n ’ - ‘. - - ( i n  - - r’.~) l o t ’ , ~It~ , 1n
0 0 -

the o n i f i l n U - . n ’h i e - t ’ l ” f I i r ’ o ’ , k n o w i n g  the port ‘Ii. ’,eioar ’ ,’ ’ , S can be li’’ tn

Fr’’ S o n ,  ‘ ,~~, t m L ,  h url Bl.

2 .  ‘l i n e  ;, .‘ l I - ( O L ’L V u ’ wi t in ’ ir’on w n, l on t u-ijee ‘~- - n ” ’ - ‘ - , 0 4 ’ ’  ‘ ‘ . 1  1’, I t ’  Olli fle nmd

- v, - r ’t , i n n a l  o r i f i c .-oo , SO t i n t - i c  1:1 10 ’ ’  0’- ’I 1, 10 in  a~’~ - I y inig the I c - i n —

n i - lOt ,’ Lu a : n i n g i i ’ h o r i :’, ’~i n t : t , 1  1U 1’t .  l w - v - n ’ , wi ’ : ,  ‘ t n - p l y i n g  ‘ 1 , 1 1  ‘ ‘ I ’ l l t n c  41 ’

t i  :;j ::,,iht’eo’ - ti,: -i i ~~’ ’hi -tr’g ’ ’ , I ~~ l ’ ) , 4 l ’1, a t i t I p t u ’  n I r ’ i e i ) r n t , ’Ll “ - n ’? ( a l l  i? ~he

d I n ’ ’  1 ev’ ,-l ) , the l oll ‘:5 , h I  In ii: tn3 H ” on n ’ o i  k u - - I W h e t , : , ’  - n ’  - 1  
~~

‘ I - , ‘ i l~ ’~~~I n ~~~ 1 1 1 0

tO i l ’  W I  t , h i - i t ’ :.two .tl l_ M’ , L i  01 t i n t -  - I ~~’.II ’ i n ~I i ’ l~’ ’ -‘u n - I r ’ -  I n ’ ?  n,r’ ~ ’a III ’ ‘I s in , ’ I ’ ’ I )O!’~ i, ) 1’

¶ , i i u ’  no un  ‘ I I ’ f l , , ’  , I i : : , i , ’ n t ’ - ’I ’ - :  ‘ u r n - I  ‘ ‘ ‘ 0 1’ ‘ i t ’ S  V ’ ’ ; - ’  1’? a r - n t  ‘ a’ a l l  ‘ i i ’ -

n - t n - i t  tri g nit , ?,bi:i ~, I c y - I .  ?l’l ’ - , ,’e’ - t i n ’ - I t ’  I 1 n ; I I t ’ t I ’ V  n ’ ’ : : n ~~’ni  n ’ - i ’ H-

~ Se-’. H~’ :‘e -r’~ n o  I ‘: ‘ ‘e- ’~_ ’

IL ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , -- .-—~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Marysville project include’:.: C i  K J I u t ’ t  :n at each level , t,~ , i : - i ’ n ,’ - :’tion ha’!

to be answered.

3. The .i.ogical apI .’l i cat ion  of Equation Bl w i :  to use the  ‘ i i : ’, r }, ’ n n’cI -

and port area for a s in ig l .e port s ince  t Ill .’ equation w i : :  i t - V I -1 u’I-, J for  :&

single p o r t .  A s s n u n n i n g  t i n -i t  equal s imultar :euu :;  r c h I , - ’ i , ; I ’ , ’ o ,: wont ! occur

thro ugh c-wi, port , the wi thdrawal  cl i : ’ir a ct e r l ct i c s  :t,n re leao,nl ’ t -rn 1 -

:i ture: ;  for a s i n g l e  i;c~ ’t, woul d apply to all t b n c~ j ’or t S  tt that  level.

The vat i ’iIty of’ t h is  appr’,.oich was t e s ted  be So ‘1’ neor ’l-or’ Lt morn i nito t -

Marysville s imulat Ion : ‘ : c i : ’ l .

A serie:’. of tests  were c ) t i , I U ! I I ’ , i i n n  an ~‘ : ‘ : i : t i r r g  i — f t  — w t  i ’ b y

S— Ft — d e e p  by 2r , _ f t_ h o n g  1 ,1 COle - c o n i e t n ’ u c t , e , !  of t r”c;oop ’nr ’ I .’n it . i’ ,i owL I,’ t , 1 n

evaluate the  withdrawal cI ia i ’acter i e t Ios  of mul t iple ‘oct r I - i l - -a, i n 1 ’

simultaneously from the same level of a dens i ty  st r ’ a t i f i e - i  pool . ‘ 0 , - -

c ’ °n u ~~e of the dimensional l imitation of the f i~~ne w h .,Itii , it W .t:’- only

possible t .~ model four’ of t In e  :‘ ix ports. Thi r w:’t :n c~c ro: :  t iere’I - I be

s u f f i c i e n t  for determining the e f f e c t  of mult i ple hon , , -. ti? nt p o n t : .

Each port was 0.1 CI, wide by 0.02 ft high or l i - I l l  a w i  I t t ,  f i v e

larger’ than the he:i g i n t .  Flow Scorn; each port v- oS S - i t - , ?  ,‘d v t Lb :1 a - t  ‘to .—

I ’ t l ’r - ’  ani- ,1 gate valve and could be v :n ’r ’ic ’d f r ’o n r ;  - .00014 ‘ - . ‘ .0017 c:’ ’ .

Densi ty  :;tr’ t t .  i fica t ion  W’ n , : 01~~i 1j  ,‘VOI ,l W I t  I ,  sal t n e  :111 .1 : r ’ I ’ : : I ,  wo O. ~‘r ’e . ‘ ‘~ —

dul .o L l v l t y  and t, ’In, l ’I ’l” iI, IU’l ’  sensors , c-il  h 1 ’r : L t II’ - i  ‘ n e a j o n o t , kno~~i - i n . , ’ L i o n ,

were used to r n n t ’ : L 0 0 0 r ’ I ’  d e nsi t y .  V e l o c i t y  d i rt r i i - ’, iI , . i ’m n o  WI ’S’ - I ’  ‘, ,I ’0d’I I i ’ ’

From video recordi I1 l ’o , n o f ‘ly’’ ::t r ’ ’ak - i i  :npi tn ice!ont ” i i  I

5. The LI’ :;t , t ’ I ’ : ’ t f i t , , ’ I n n  t i c ’ S ’ - I t h at , w i t h  i l l  : - . I : 4 n ’ I ’ , I n ’  t : ,o o ’,i o, : i I—

t;tr n , - , o n i : n I 3 ” ‘ Ii : o l ’ n I : .or ’ l o r n i n ’, t h e -  observed lim t t. s of W I ?  1H “iv’ i t  in ! r’~’ l - ’i~~,,’

‘ i ’ n n i : :  i t i , en n  c ’) u l  Ii  more ~~~~~~~~~~~~~~~~~~~~ be ftt’ t ’ Il ’IOt ,OII i l ,’ ‘;:n l ri, ’ th e flew “ it ,-

‘t r i l l  1101 ’?, :ir” i For u rn ’ 0? ’ 1 , 1 ,  J U S t  on rat her than the t o t  o i l  ‘ I ,  OW !“ ,~~ C u n - I

1 0 15 , ‘t r u - a .  t h n . ’ t’ t ’ l o t ’ I - , t . 1 1 1 ’  I.hirysvi lle n i m u l a t i -  - n ,  m o -Iu ’i was  C l - i l ’ 1 0 0 1  ‘ I i ’ ’

die nit it ’g ’ f h i ~oug~i a i ~e- ’~ , ‘ .1 ,r ? , , wh l o in  I s  l i l t  o i l  nt - - i  I v  ii V i I i 10 ’ ‘ - c  I - 1 i i

,‘l- r il ’r-Lt , i ’ I n i  r’I”l I”L:o ’ r’~ t . ’  i-
’ ,’ 6 (fur’ t’ t , i i r ’l l  i r n t - : : )  , I S  i , . ’ l  t , ’ I ‘“O’~O ‘i ~ ‘ 0, -

l i m i t s  oF w i t , i , , ir’nw’ i I



In accordance with ~~ 70-2-3, paragraph 6c (1) (b),dated 15 February 1973, a face m ile catalog card
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