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ABSTRACT

Recent advances in reservoir studies (water-use studies)

have placed emphasis on developing optimization models,

especially chance-constrained models, for multireservoir

systems. WhiIe the derivation of optimal policies for

ser ially-I inked determin i st ic reservoi r systems i s

relatively simple, the construction of a model that produces

optimal operating policies for dendritic reservoir systems

requires tramendous amount of time and efforL especially

when natural variability of the streamflows is taken into

account.

This study uses a Markovian stochastic dynamic

programming model to produce a practical overall operating

policy for a four-dam two-reservoir system located in

Nort,h-Western region of Manitoba. Since complete

optimization for the reservoir problem was found to be

highly intractable, this thesis concentrates on deriving at

a model that produces a more superior overall operating

policy. From this study, âD overall operating policy,

possibly sub-optimal, was obtained. Two major problems v¡ere

encountered: 1) the 'curse of dimensionality', as reported

by many researchers whose used dynamic programming, and 2)

the statistical nature of reservoir problem. Since the
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existing policy operates on a rule curve which requíres a

great deal of judgement and practical experience, Do

detailed comparisons can be done between the existing and

the newly developed policies. Although a rough comparison

shows that the existing policy is slightly better than the

newly developed policy, there is ample of room for

improvement in the proposed model.
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Chapter I

I NTRODUCTI ON

The systems approach to water resources planning often

involves mathematical optimizaLion and simulation of a

mathematical model. In such a mathematical model the

planner can take into account multiple users' multiple

purposes and multiple objectives.

However, the use of optimization models does not always

guarantee the development of optímal plans for water

resources development and management. Given different

conflicting objectives and often-times iIl-defined

objectives or constraints, it is difficult, if not

impossible, to produce the optimal plans for water resources

development and management. Two major reasons for the

difficulty of arriving at a true optimal plan are: 1)

benefits derived from different sources are either

intangible or cannot be expressed in common units' and 2)

the problem under consideration is usually of great

complexity. Nevertheless, with the aid of mathematical

optimization models, one can screen out the clearly

infeasible and inferior alternatives. With the remaining

feasible alternatives, one can evaluate in more detail those

alternatives which best fulfill the system objectives and

identify trade-offs between differenL compeLing objectives.
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Since the advent of Operations Research in the 1940's, a

number of mathematical programming models have developed

;nany of which have been used in water resources planning.

À few examples of those models commonly used in water

resources planning are linear programming, dynamic

programming, simulation, queueing theory' and non-linear

programmi ng .

Dynamic programming (Op), in particular, is extensively

used in reservoir studies. Despite its seemingly complex

mathematical formulations, dynamic programming is easy to

implement. It is especially useful for generating optimal

policíes because it is a model that is suited for making

sequential decisions. Furthermore, it has an advantage over

linear programming for the fact that it does not require

linearization of all objective functions and constraints.

A complication of water resources planning is the

uncertainty imposed by climatic variability. In order to

incorporate the element of uncertainty into mathematical

programming models, various stochastic models have also been

developed. Examinatíon of the literature indicates that

simulation models, along with other mathematical models' are

often used to account for natural variability [8,t0,11,17].

Non simulation models include stochastic Iinear programming

12,9J, and stochastic dynamic programming

12,3 ,5 ,L2,13,15 ,28 ,297 , and chance-constrained nonl inear

programming 1231.
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Stochastic linear programming and stochastic dynamic

programming are often applied to single multipurpose

reservoir studies [ 3,5 ,9,!2,15,29f . The application of

these modelS t,o multipurpose multireservoir studies are

rarely found in the literature. One of the reasons for this

is the ,complexity 
and dimensionality of the problem.

However, attempts have been made by some researchers to

develop models for multireservoir multiperiod operations.

Some of these models are relatively simple, ê.9. the joint

use of dynamic programming and simulation models [8,11],

while others are highly complex and difficult to derive

solutions from. Some examples of these complex models are

statistical and nonlinear programming models 1231, and joint

use of general ized-nonlinear network flow programming,

stochastic dynamic programming and regression analysis 1,321.

In most cases, if these models are to be applied to

multipurpose multireservoir studies, drastic simplifying

assumptions have to be made in order to reduce the problem

to a computationally reasonable size [8,9].
In this thesis, an attempt is made to use Markovian

stochastic dynamic programming to approximate an overall

optimal policy for a multipurpose multireservoir system.

Markovian stochastic dynamic programming is essentially

(deterministic ) dynamic programming which incorporates

first-order Markov chain theory. Àpart from the advantages

of dynamic programming mentioned previously' stochastic

3



dynamic programming also takes into account natural

variability. ft, therefore, Iends more credibility to the

solution technique. As mentioned previously, simpLifying

assumptions are made to reduce the complexity of the problem

and justifications underlying these assumptions are also

given. Since complete optirnization for multireservoir

problem appears to be highly intractabl-e, this study aims at

improvernent rather than optimization. In another words,

this study emphasizes more the practicality of the model

rather than its theoretical details. As such, fo detailed

theoretical derivations and just,ifications of stochastic

dynamíc programming model wilt be given.

The proposed model is applied to an example system, the

Laurie river basin, located in North-western Manitoba. This

basin has been managed by Manitoba Hydro since the 1950's.

The operating policies obtained using this model are

compared to those of Manitoba Hydro to check for model

efficiency and feasibility. Descriptions of the basin, and

definition of the problem and underlying assumptions are

gíven in later chaPters.

This thesis i s developed in the following fashion.

Chapter I reviews systems approach to water resources

planning. Chapters 2 and 3 introduce the methodologies of

dynamic programming and Markovian processes respectively.

chapÈer 4 descr ibes the physical, geographical and

hydrological characteristics of the river basin under study.

4



Chapter 5 details model development and formulation, and

díscusses the results obtained from the model. Chapter 6

provides some recommendations and conclusions regarding the

model and the Policies.

5



ChaPter II

DYNAMIC PROGRAMMING

2.T INTRODUCTION

In this chapter, the basic concepts and essential

features of dynamic programming are presented. No attempt

wiIl be made to provide detailed theoretical justification

of the dynamic programming methodology. For detailed

treatment of dynamic programming model, one can refer to any

number of texts of operations Research Ie'g ' 2l'27j'

2.2 DETERMINISTTC DYNAMIC PROGRAMMING

ln dynamic programming, the problem must be decomposed

into series of stages. Each stage has a set of States

assoc iated with it. The states, represented by state

variables, indicate the conditions that the system may find

itself at that stage. Àt any state' a decision is made

resulting in the transition to another state within the

subsequent stage. Coupted with the decision there is an

assoc iated return which indicates the value of that

decision. Between any two states, there exists a certain

transformation function that defines the transition from one

state to the other. It determines what subsequent state

results from a given decision at a given stat'e.

6



To dem6nstrate the concept, consider a deterministic

reservoir operation problen. Here, the main objective is to

determine the release policy for the reservoir such that the

benefÍts derivecl are a maximum. To solve the problem using

dynamic programming, the problem should be viewed in stages

and States. In this case, the stage can be the time

(expressed in years, months, weeks, etc.) and the states can

be the storage levels as shown in the schematic bel"ow:

Stage N

llonth I

-state I

-state i

Stage n
It{onth t

state 1

state Í

-state t

-åtu.. i
-state j

Stage
llonth

Stage t
I'lonth T

-state I

-state i

n-l
t+1

-state m state m -state m . -state m

Figure 1: Schematic of deterministic reservoir operation
problem

The decision would be how much water to release and the

return would be the benefit derived from the water released.

If one is in state i (Si), stage n (nonth t), and makes a

clecisiOn to release an amount ( x ) of water r oñê will encl up

at another stater sâY state j (Sj) (storage level), in the

next stage (month t+l ) ' see Figure l. The total return

would be the sum of the Ímmediate return ( i. e. benef it

derivecl from releasing x amount of water) an<l the long range

7



return which is the benefit accumulated by following the

,optimal' (to this point) path from the last stage to stacte

n. Inherent in the decisíon making process is the

transformation from one state to another. This

transformation may be defineci by the continuity equation:

Final storage LeveI = Initial stOrage Level + Inflow

Release. See Figure 2 for a pictoriat description of the

transformation function. It should be pointed out that for

reservoir operation problems solved using deterministic

dynamic programming technique the inflow for each staqe is

assumecl to be the monthly average inflow. To solve the

problem, it is necessary to enumerate each state starting at

the last stage ( an arbitrary point in time in the future)

ancl to cletermine its correspondinq optimal decision until-

the f irst staqe is reachecl . By perf orminç¡ the above

operations, it allows the development of an optimal path or

trajectory which if fotlowed gives maximum return.

Decision=release x amount of water
I

Y

s ( storage
tevel i )

-+ s.(
sl-

I

storaqe level j )

x*Inflow

v
Return=Benefit=f (x )

Figure 2z The transformation function

staqe n
I

I



Therefore, in summary, dynamic programmlng

characterized by a sequence of subproblems (staqes);

Fiqure 3.

-L

tt(st

r 
(sl'

1S

see

I

?N
Y

TN
v

I

v
R

I

Y

ir
Y

s¡,ù
-Di

t so,
sN'

RN(SN,DN)
,lrtt-t 

( sol-t'DN-l

Rt,-r ( s*-t'DN-r )

)

-+ +st ..>
,31,

D

Figure 3: Prol^:Iern rlecomposition into seguence of stages

At any sta-<¡e rr ¡ a decision ( D.,) is made f or any state

(sn) an<l a short rancre return (Rn) is derived as a result of

that decision. There is also a transformation function (tr,)

that ciefines the relationship between the current state (Sn)

and the next state ( sn-1 ) . Figure 4 illustrates aIl the

relevant modeì- comPonents.

Sn-l

symbolic representation of the model components
for stage n

-.>--)S
n

D

ln
v

üan=n(sn,D.,
R

n

Stacte n

Fic¡ure 4
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Note also

exist:

at any stage rì ¡ the followinq relationships

n

where f.

For examPle,

return function

where 0 *t-t or *

D)
n

(s . )n-r
= Iong ranqe return

= optimal lonq ranqe return

S

R

R
n

n-1

of

*

SODnn
g(Sn'

f *
n-In

n
*
n

f

In general, the optimizinq procedurer which makes use of

recursion equation, is given bY:

f. (sn) f * (s )
n n n-1 n-l

the sequential optimizaton of the recursrve

f or three (n=3 ) staqes is given as fol-lows:

opt
D

n

@Rt ]

Stage I

Staqe 2t

Stage 3:

eirsr,="BIItnrr]

*tz("2

*rg(s¡

) =opt
Dz

) =opt
D^

J

R +f
3 2 t sz))

I nr+rittr li

*

{

where each

sequentially

stage can be optimizecl individuallY and

of the transition function, suchby making use

l0



as sr=sreD, ancl sr=sr@Dr. It can be shown that the overall

system is optimized at stage 3 by a sequential imbedcled

optimization function of the followinq form:
*f¡(s¡ ) =opt

o3
+opt (R

DI
r)1))t *r.Bl' rRz

Stage I

Staç¡e 2

Stage 3

It is appropriate, ãt this point, to quote Bellmanrs

principte of optimalitY:
whatever, theAn optimal

iniEïal state
policy has the þroperty that'
anð--the initial decision are, the rema r ..Í

rn rng
ããõîsÏõn nrr¡st õõñstEut" gn "pt-I*ãf 

p"ii"y ¡1$ reEãrã to
tEã state resurTîñõTrom tñã efrst aecfEfon tzIT;

The above statements of the principle of optimality has

an intuitively obvious basis. It simply means that every

optimal policy consists of optimal subpolicies.

2.3 STOCHASÎIC DYNÀMIC PROGRAMMING

In this section the concept of stochastic dynamic

programming is presented. Conceptually, it is guite similar

to deterministic dynamic programming; except it emboclies

random phenomena which are described by probabilities. As

before r âÍt example problem is used to illustrate the

fundamental concept of stochastic dynamic programming.

11



2.3.L ExamPle: The Forqetful Traveller

Consider the network in Figure 5. The problem involves a

forgetful traveller who wants to travel from city I to city

6 or 7 aL the lowest cost. Note that the problen is broken

into stages and states. The fact that the traveller is

forgetful is incorporated in the following fashion. When he

is instructed to take certain action (A or B) he remembers

to do so with a certain probability of p. There is also a

probability (l-p) that he forgets and does the opposite. In

Figure 5, those states that are labelled A or B are the

traveller's possible actions and there are probabilities

( shown in fractions ) and costs ( number in parentheses )

attached to each of the actions. For example, in city I the

probability of going to city 2 via plan A is 0'3'

(12) 4 (s)

0.3

(6)

(s

1

7
(

0)

Stage 2 Stage 3

Figure 5: Probabitistic routing problem

0.3

0.8

.2

(3

0.

0.4 0.6

t2t

0.

(B)
0.8

Stage t

L2

.2

Stage 4



To solve the problem, one starts again at the the last

stage an<l works backward evaluating each state until one

reaches the startinct state. For each state and each action

the expected cost is computed. This becomes the lonq range

expectecì cost and it is adcled to the immediate cost' For

instance, from city 4 to the last staqe, the expected cost

would be:

Therefore, if the traveller is at city 4 he chooses

action A. similarly, if he is in city 5, the two possible

routes and associatecl expected eost wor:ld be:

Action A (5-6): 2+(0.612+(0.4)f0

Action B (5-7): 8+(0.8)2+(0.2)10

7.2 -optimal

Action A:

Action B:

and he wiIl choose

By emPloying the

5+(0 .7\2+(0. 3) 10=9.4 - optimal

B+( 0 .B)2+ (0.2) l0=11. 6

=I1.6

plan A.

recurs ive relation:

for all stagesf ( sn ) =min { o,.,*nn,n*r . r* { srr*, )}
n

probability
state to the

of transforminq from
next.

where Pn, n*I

13
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the minimum expected cost can be computed. The final

results are shown in Figure 6. Note that the long range

expected costs are given in square brackets and the short

range expected costs are shoh'n on each stochastic State i.e.

the cost associated with actions A or B.

B OB 4 4

.7
B

lt2.
4 A

lg .4 2t

0.3

11.

(6)

B
16.32

11.

2

9. r8

Figure 6: Solutions to probabilistic routing problem

As can be seen from the above exampl-e stochastic dynamic

programming is similar to deterministic dynamic programming

except that each decision must consider some additional

t r0l

0.3

2

0.8
A

7

0.2

0.6

5.2

1l
A

0.5

0.4

8.0

o

0.1

T4



stochastic states to account for uncertainty. In developing

a solution by stochastic dynamic programming one obtains

what is known as an optimal policy. An optimal policy is

outcome dependent. The decision at each state is dependent

on the current value of the state aÈ that stage. Due to

uncertainty in the results of any given decision, it is

necessary to review the current state before making the next

decision. Recall that optimal decision rules are of the

form u if the state resulting from a decisíon is . . . then

take actioft....."
In Chapter 5, the stochastic dynamic programming concept

wiII be applied to reservoir operations and the solulions

will be presented in the form of optimal policies. The

various characteristics of stochastic dynamic programming

associated with Markov processes wiII be given in Chapter 5.

15



Chapter IIÏ
MARKOV CHAINS

3.1 TNTRODUCTTON,

In this chapter the fundamental concepts and properties

of Markov chains l22,3Ol wiII be presented with the aid of

an example. This chapter only deals with finite and

discrete first-order Markov processes that are appropriate

for this study.

A Markov process has the property that the future values

of the process are dependent on the past values. A Markov

chain is a special kind of Markov process where states of

the process Èake on discrete and finite values. An

additionaÌ feature of the first-order Markov chain is that

it has the property that the current state of the system

depends only upon the immediately preceeding state of the

system. À Markov chain thus represents an approximation to

continuous Markov process and it facilitates the

const,ruction of stochastic optimization models.

16



3.2 TRANSITION PROBABILITY MATRIX

Before proceeding with the derivation of the transition

probability matrix, two basic concepts in Markov chain

analysis are presented. The first concept is the state of

the system and the second is the state transition that the

system may undergo. The stat,e of a system describes the

"position" of the system at any instant in time. Consider a

reservoir problem: The state of the system is the reservoir

Ievel at the beginning (or end) of any time period, sâY, a

week. The state space, usually continuous, is represented

by discrete values. As time passes, the system may move from

one state to another state. In other words, the system may

undergo a transition from one state to another. For the

reservoir problem, the transition from one storage level

(state) to another storage level is dependent on the amount

of water released and the inflow.

To clarify the concept' consider a fictitious reservoir

with the following characteristics:

Maximum storage capacity t 
å"i:l:i 

(in million of cubic

Deadstorage : lunit
Minimum downsteam release: 3 units/week

In this case, the state

values such as s=l ,2,3

transition can also be

as shown in Figure 7.

space may be represented by discrete

and 4 (units of water). The state

described by the transition diagram

Each circle denotes a state (storage

T7



Ievel) and the

that no change

the same state

arro!{s represents Possible

in water leveI is dePicted

in the next time Period.

Lransitions. Note

as a transition to

F i gure 7t The Transition Diagram

The use of transition diagram can be explained as follows'

Àt the beginning of a week, if the reservoir level is at

state 1 and if the inflow is 5 units, releasing 3 units of

water for downstream requirements, the reservoir IeveI will

be at state 3 at the end of the week. fhis implies that the

system is moving from state 1 at the beginning of the week

to state 3 at the end of the week (or the beginning of next

week). Such transitions are shown in Figure 7'

Recognizing that a transition from one state in one time

period to another state in the following time period may

have a certain probabilíty associated with it, it is

possible to build up a transítion probabitity matrix. For

the reservoir problem, the transition probability matrix, of

size 4N,4, may be written as follows:

18



P

represents

, to state j

Blr T

ïtt I
of going from state i,

1 iiî
,"::,

3¡l iii
Here, P

at time
ij
t

the probability

at t irne t+l .

3.3 DERIVATION OF TRANSITION PROBABILITY MATRIX

This section describes the method of clerivinq the inflow

transition prol^rability matrix from the qiven inflow recorcls.

In this case, the probability of getting a particular flow

in one month given another flow in the previotls month will

be developerl.

Cons ider the f ol lowinc, (partial- ) h istorical- inf low ( cf s )

records ( see Appendix À) for the Laurie Dam of the exarnple

bas in:

Year Jan Feb l'lar rMa Jun Jul Au Se Oct Nov Dec

1970

l9 71

1972

r97 3

L97 4

1975

I97 6

197 7

1978

I979

19 B0

130

T2L

151

30

107

319

90

66

I46

404

22

326

75

145

30

50

45

113

70

26r

313

0

248

119

41

51

1B

45

209

70

187

234

0

3r3

416

168

166

367

r46

270

5s9

27

252

169

485

873

I 094

757

72r

766

316

734

558

610

399

429

436

t94

26I

582

523

572

492

467

593

377

t9

446

2L9

267

466

404

460

958

179

266

34

265

111

345

223

193

117

29I

20r

6

643

95

446

232

701

287

159

140

43

252

2TB

672

130

4BB

14r

962

293

413

BB

BO

L67

247

7r5

94

490

347

394

183

390

289

103

285

359

4tr
22

357

229

169

L26

247

tB0

164

190

260

3s6

30

307



To derive the transition probability matrix one has to

decide what the relevant parameters of the l'larkov chain

represent. In this case, the state space is represented by

the inflow Çt and the transition is over a period of one

month. Note the difference in state space representation

between this problem and the previous one. To develop the

transition probability matrix, qoing from January to

February, it is necessary to discretize the state space O

accorcìing to the maqnitudes of inflows in the correspondinq

rnonths. The transition probability matrix can then be

formed by observinq the number of times the inflow ec{ualetì

the inflow at time t+l' Oj, after having in Oi at time t.

Division by the total number of transitions from i to j

completes the calculations. For simplicity, saY' the state

space 0 for January and February is discretízed into 4

states as shown below:

State I 432

Inflow Intervat 0-I00 101-200 201-300 30 1-above

By examininct the inflow records for January and February

one can categorize each inflow val-ue to a particular state

as shown below:
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J anuary !'eþruary

Infl-ow Sta te Intlov, state

r30
I2L
151

30
107
319

90
66

L46
404

22

326
75

I45
30
50
45

113
70

26L
313

0

table the number of times the inflow moves

January to state j in February can be

summarize<ì in the matrix below:

2
2
2
1
2
a
I
I
2
4
9

L1

3
I
2
1
I
1
2
I
3
3

I

From the above

from state i in

counted. This is

February
State t 2 3

The el"ements in the above matrix s impty shows the nurnber

of times the inflow in January moves to another inflow in

February for any pairs of flows or states. Ry dividing each

element of each rovr by the corresponding total number of

transitions (row sums) the transition probability matrix can

be obtained:

4

J
a
n

I
2
3
4

2
0
I

0
0
0

I
0
0

3
I
0

2L



FebruarY
State 1 2 3

Theprocedureoutlinedabovedevel.opsthetransition
probabititymatrixqoingfromJanuarytoFebruary.Since

there are L2 months in a year, there would Ìre 12 transition

matrices,whereeachmatrixcanbeformedinasimilar

fashion. In matrix notation the elements of each matrix can

be denotecl h,v nI: where it defines the probability of a

streamflow QSrt*l in month t+r' given a streamfrow Qira in

month t.

Itshoulcìbeemphasizedthatthediscretizationofa

reguires considerable attention. Too coarse a a interval-

will result in the system being misrepresented ancl the loss

of accuracy. Too fine an interval will increase the

computational requirements of the dynamic programming model-

which by its very nature is already computationally

intens ive.

The transition probability matrices, used in this studyr

for clifferent clam sites can be found in Appendix c. Each

matrix is developecl using the abOVe prOceclure and each has

siqnificantly more discretization intervals than the one

used above.

4

I
2
3
4

J
a
n

0.50
1.00
0.00

0.17
0.00
0.00

0.33
0.00
r.00

0.00
0.00
0.00
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3.4 SO¡4E RELEVANT PROPERTIES OF MARKOV CHAINS

T Referring to the transition probabitity matrix P

given in Previous section ' eaCh iow réÞfesents

one-step transition probability over all states. It

follows that the row sums of P must be equal to l:

for all i
m

fp. . =r. o

î;rtl

This point is obvious if one takes note that the

individual values, Pij, are derived by simple

proportioninq.

2. All eLements in P must have values between 0 ancl I

inclusive. i.e.

0 for all i, j ancl tp L

3. No row in the matrix should contain PurelY zero

follows from Point 1.elements. This

3.5 ASSUMPTIONS USED IN FIRST-ORDER MARKOV CHATNS

It was stated earlier that a

process by which future states

states. In mathematical notation:

14arkov

depend

process

on the

is that

prev ious

Pr(xa=ia)=Pr(Xt=jt I xt-t=jt-I,xt-z=) t-2, .''xO=jO )
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The above expression simply depicts that the probability

of being in any particular state t where xt(a variable)

takes on value jt is the conditional probability of beinq in

state t, where xa=j¡r given aIl the preceeding states'

In first-order t'larkov chainr âS discussed previously,

any future state is assumed to be dependent upon the

immediate preceeding state. The practical implication of

such statement is that the probabil ity of having a

particular inflow in ¡lay, saY, depends more on the inflow in

April raLher than the those of the other months ' The

result ing trans ition matrix thus describes one-step

transition from one state to another because of the

dependency of current state on the immediate preceecling
-.'.

state. In mathematical notations:

Pr(xt=jt) = Pr(xt=jtl*t-I=jt-r)

or

nij = Pr( xt+t=Ci I xa=Ct )

where

*t = state of the sYstem at time t

tj = constant

In using first-order t"larkov chain, serial correlation

studies should be carried out to check if the above

assumption made is true i.e. to check if indeed the

streamflow data of any month has higher correlation

coefficient with those of the immediately preceedinç¡ month

than with those of any other months.
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Another underlying assumption of first-order Markov chain

is that the transítion probability matrix associated with

the Markov chain for a given month is stationary because P

remains constant over time. This merely suggests that the

same transition probability matrix describes the

probabilistic behavior of the system for al1 future one-step

transitions. However, in practice, P may not always stay

stationary becauser âS time passes, the inflow recorcls will

become longer and the calculation of P may also be changecl

as a result of new data. Therefore, in practice the 12

transition probability matrices should be updated from time

to time.

Finally, a hydrologic cycle of one year is assumed for

this study. This assumption implies that the distribution

of inflows witl be the same in any given month t reqardless

of the year. Thus:
t t_+I2

ijP P1l

3.6 CLASSIFICATIONS OF

Accessibil itY

it is possible

P, .>0.1l
For examPlet

of flow in MaY

state associated

accessible from

May.

MARKOV CHAINS

State j is said to be accessible if

to go from state i to state j i.e.

if it is possible to 9o from 400 cfs

to 900 cfs of flow in June then the

with 900 cfs in June is said to be

the state associated with 400 cfs in

I
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2. Communication

communicatinq if

accessible from

trans i tions .

3. Absorbinq State

absorbing state

state. Consider

states i and j are saicl to

i s acces s ible f ror¡ i and i

regardless of the number

Two

j
j

be

is
of

A state is referred

i f it is imPossible to

to as an

leave that

the matrix P given below:I

Sta te 3I 2

P
I
2
3I

state I is accessible from states 2 and 3. Once ln

state 1, it is impossibrte to leave state t. A l'larkov

chainissaidtobeabsorbingifanystateis

absorbinc,. In hydrology, it is very unlikely that an

absorbingstatewouldbefoun<]inpractice.The

natural variability of flows almost c¡uarantees that

Iow flows wil-l eventually be followed by hiqh flows.
r/'

4. period ic Process A periocì ic process i s

characte ríze<7 by zeros in the <liagonal- elements. For

example, in the matrix P 2, if the process is in

states I and 2 they will always move to either states

3 or 4, ancl if the process starts out in states 3 or

4, it wilt always move to either states I or 2' This

forms a cyclic process. In hy<1rology, such cyclic

process seldom occurs in rnonthly streamf low <iata.

I 3I 3I 3

r/4r/4r/2
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However, if one considers seasonal streamflow data,

which is rarely done in reservoir studies, the cyclic

process may be evident.

P

t
2

3

4

0.0

0.0

o.2

0.6

0.0

0.0

0.8

0.4

0.'l

0.4

0.0

0.0

0.3

0.6

0.0

0.0

2

3.7 SgI-îMARY

This chapter presents an introcluctory treatment of a

special cfass of stochastic processes called Markov chain.

The f undamental concepts and propert ies of t'larkov anaJ-ys i s

v¡ere discussed ancl related to their appl ications in

hyclrology. The study of I'larkov moclel provides val-uabLe

insight into the analysis of problems that have several

potential outcomes after the passaqe of periods of time.

Useful as it is, one shoULd be aware of the simplificatons

made in the nodel and the ìafidity of these simplifications

shoulcì bre veri f iecl f or each appl ication.
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ChaPter IV

THE LAURIE RIVER DRATNAGE BASIN

4.] INTRODUCTION

Manitoba is one of the energy rich provinces of Canada

weIl-endowed with water resources. lts many rivers and

Iakes facilitate the production of hydroelectric energy for

local consumption and export. The Laurie river basin is one

of the smallest basins in Manitoba and provides a relatively

small amount hydroelectric energy. Small as it ffiâY, this

basín is appropriate for the testing of the feasibifity of

an optimization model developed for the purpose of reservoir

operations. This chapter gives an account of the

geological, physical and hydrological characteristics of the

basin. In addition, a final section is included to present

a breakdown of the problem as it is considered using

optimization techniques, namely, stochastic dynamic

programming and Markov chain theory which have been outlined

in previous chapters.
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4 2 GEOGRAPH]CAL ANÐ PHYSICAL CHARACTERT STI CS OF

LAURIE RIVER EÃE TN

The Laurie river basin, with an area of 560,000 Hectares

(Ztøq square miles), is located in North-Western region of

Manítoba, see Figure 8. The major river in the basin is the

Laurie river. It links a number of major lakes in the basin

in series. These lakes are Laurie Lake, Tod Lake, Eager

Lake, Megavock Lake and Granvitle Lake. The Russell river

is the major tributary of Laurie river. It connects the

Russell Lake and some of the smaller lakes upstream to the

Laurie river. Together they form a Y-shape system' see

Figure 9,

As shown in Figure g, there are three major dam sites

whích are of importance to this study. The first of these

sites is the two Laurie hydroelectric plants, namely, Laurie

generating stations number 1 and 2. Laurie generating

station number 1 is a two unit power plant capable of

producing approximately 5,000 kilowatts of electricity under

a 16.8 meter (55 foot) head. Its relative location is shown

in Figure g, Laurie generating station number 2 is l-ocated

11 kilometers 0 miles) upstream of Laurie generating

station number 1. It is a single unit power plant capable of

producing approximately 5,000 kilowatts of electricity under

a ]-7.7 meter (58 foot) head. The next dam site is the

Russell dam situated at the outflow of RusseII lake. It is a

control structure which regulateS approximately 60r-. of the

wínter dependable storage water for the two Laurie

THE
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Figure 8: Location of Laurie River Basin
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generating stations. The last site is the Eager dam.

Located downstream of the Eager Lake, it regulates

approximately 4016 of winter dependable flow for the two down

stream generating stations. It should be noted thaL the

water regulations are done using stop-Iogs. This condition

has an impact on the discretization of storage States when

dynamic programming is applied to the problem' The

significance of this feature will be discussed in the next

chapter.

4.3 HYDROLOGY OF LÀURIE RIVER BASIN

This section presents the various hydrologic and hydraulic

characteristics of the basin in relation to the three dam

sites described above. All data and some specifications and

equations are set or provided by Manitoba Hydro t331. As a

result, Do detailed derivations regarding some of the

equations and specifications are 9iven.

Before describing the various features of the two

generating stations it is useful to provide some additional

details and definitions about the siLe. Since the

generating stations are relatively smalI in scale and

Iocated close together they may be lumped together as a

functional unit. Furthermore' there is relatively littIe

storage in the reservoir associated with generating station

number I thus indicating that only the reservoir of

generating Station number 2 is effective as a storage unit.
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This suggests that the characteristics of the two generating

stations may be based on those of either one of the

stations. In this case, Laurie generating station number 2

is used as the basis since it is of larger size. The

unification of the two generating stations also simplifies

the optimization problem as it requires only one set of

optimal policies. It also etiminates the extreme)'y

difficult problem of merging two sets of optimal policies; a

problem which wouLd occur if the two generating stations

were treated seParatelY.

It should also be pointed out that the existing policy

operates on a rnonthly basis with each year being divided

intO twO season5, namely Summer and winter. The Summer

months star| on May and end on October. The remainder of

the months are considered winter months. The proposed model

also incorporates these features. It was stated by Manitoba

Hydro that one megawatt of electricity is worth an average

of $16 (1983) during winter months and $10 (1983) during the

summer months. Note that these prices are average seasonal

values. Detaited breakdown of these prices, i.e. monthly

values, can be found in the main program in Appendix B.

Finally, the time taken for water to flow from Eager and

Russell reservoirs to Laurie reservoir is 2 days and 1 day

respectively. Therefore, âS far as this study is concerned,

the effect of tag time need not be considered since the lag

time is negligible ín comparison to a month'

some of the notations used in this section are!
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V=
E=
FB=

0=
MW=

H=
S=

Storage volume in cfs weeks

Elevation in feet

Forebay height in feet

Discharge in cfs

Megawatt

Head in feet = Forebay - Top of

Storage leve] in feet

logs

Table 1 summarizes the hydraulic characteristics of the

three dam sites.
Figure 10 shows the energy-inflow curve. The equation

given in Figure 10 indicates that energy is a function of

the head (forebay) and the inflow. In this case the inflow

is the inflow to generating station number 2. This equation

incorporates the value of hydroelectric po$¡er from both

generating stations. Such equation has been set by Manitoba

Hydro. The inflow records of the three major dam sites can

be found in Appendix A.

34



TABLE 1

Hydraulic characteristics of various dams

Feature
Laurie Generating Station

#l #

Eager

Dam

Russe I I
Dam

Stage-
Storage
Curve

V=920E-
17 6 ,640

V=9. 04628
-2693.118+

200440

V=20708-
207000

V=2580E-
260s80

Max imum
Storage
Level

Summer-155
Wi nter-1 5 5

Summer-21 2
Wi nter- 2I 3

Summer-115
Wi nter-11 5

Summer-115
Wi nter-11 5

Minimum Q=450
Di scharge

Q=450 * *

Discharge Q= (3.21+
relation- 0.4/26H)
ship/gate Hl.5(14-

0.2H)

Q=40H3/2 Q=30H3/2
Q= (3.27
0.4/48H)
HI.5 ( r¿-
0.2H)

Number of
Open i ngs

2255

Average
height of
Iogs ( ft )

1.01 1.01 0.835 0.860

* - unknow at this stage (ft depends partly on the policy
downstream)

Note - elevations given are with respect to local datum
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MW = -8.45334+O.O35 f. FB +O.OOgg1g45 * Q
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4,4 THE PROBLEM

This section

as

describes the overall picture of the problem.

an introduction to the formulation ofI t serves

stochast ic

chapter.

dynamic programming problem given in the next

Russell Inflow

\ Russell
\ Reservoir

Eager Inflow

Eager
Reservoir

+

InflowurreLa

,t

+

Laur i e
Reservoirs

Figure 11: Simplified view of the reservoir system

The problem here is:
Given a system of three resevoirs shown in Figure 11,

develop an overall optimal operating policy for the

reservoir system. The constraints are really sirnple. The

first constraint requires that at least 450 cfs be released

to the Laurie generating stations (witt¡ optimum operating

plant capacity of 1150 cfs) every month. The second and last

constraint iS one of environmental concern. It involves the

sufficient release of water in Eager dam such that the

37



people who own summer vacation cabins downstream of the dam

will not complain about low water levels (and at times

flooded docks). This constraint is not as severe as it

appears as the reservoir System is situated in a remote area

where there are only a handfuL of cabins located downstream

of Eager dam.

Although the problem involves a small reservoir system

and seems trivial, to come up with a truly optimal policy

would require a tremendous amount of effort and time. To

date, there have been no optimiza|-ion modefs developed for

the analysis of operation of stochastic multireservoir

systems. Such a point has been realized by many authors in

the literature [31,32]. An attempt to develop a procedure

to determine the optimal policy or at least an operating

policy better than the existing one will be given in the

next chapter.
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Chapter V

MODEL FORMULATION

5.1 INTRODUCTTON

This chapter begins with the formulation of the

stochastic dynamic programming model for the operation of a

single reservoir and downstream-use system. Since the

primary interest of this study is to develop operating

policies for a muftireservoir syStem, âî extension of

stochastic dynamic programming model to a multireservoir

system will subsequently be introduced. In order to

facilitate better understanding, some vital components of

the modet wiIl be presented in seperate sections where their
pertinent features can be discussed in more detail.

5.2 DECOMPOSITION OF ð SINGLE RESERVOIR PROBLEM

As mentioned previously, âll dynamic programming problems

must be decomposed into series of stages and associated

states. As far as regulation of a single reservoir is

concerned, there are a few basic variables to consider,

namely, inflow, storage leveI (or volume), and release. To

obtain operating policies for the reservoir using stochastic

dynamic programming, the stages and states of the problem

must be defined. Since the existing operating policies for
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the Laurie system are monthly policies, months have been

chosen as stages with the staLe representing the st'orage

]eve1 in the reservoir. Associated with each state at every

stage there are "substates" representing the random inflows.

These "substates" are the flow States which represent the

range of possible flows which may occur in that stage i.e.

month. The probability of passing from an inflow state in

one month to another inflow state in the subsequent month

becomes the transition probability; developed in Chapter 3.

A schematic of problem decomposition is shown in Figure L2.

Stage N
Time 1

Stage n
Time t

Stage
Time

Stage 1
Time T

n-1
t+1

Inflow
States

Storage
States

Schematic of stochastic
problem

reservoir operat i on

'j i:L: i.l i;i'ii;i':;ii 7
q ¡ í''l',/ii,i ri i [,r:t l¿¡

i. i iJ i:ì¡\ fì i itl;

Figure 12¿
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Note that the problem can be Lhought of as a two-state

dynamic programming problem as compared to most problems

where they are decomposed into single-state stages. In this

case, one state represents the storage in the System in a

given month and the other state represents the flow in that

month. From Figure !2, it is obvious that the continuous

variables, inflow, reIeaSe, Storage and time are represented

by their corresponding discrete values where each value

takes on certain ranges. For this study, the inflow, Q, is

discretized into 10 intervals. Any interval which does not

take on any values found in the inflow records will be

dropped. The reason for dropping the "empty" intervals is

that in Markov chain theory no row in the transition

probability matrix should contain pure zero elements.

Storage level is discretized according to the number of

stop-Iogs; it may be 2 or 3 logs per storage interval

depending on the reservoir considered.

5.3 FORMULATION

In order to facilitate mathematical formulation of

stochastic dynamic programming, it is necessary to define a

number of variables!

| = time,month

i = index for inflow at time t
j = index for inflow at time t+l
þ = index for storage at time t
! = index for storage at Lime t+l
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Qia = inflow i at time t

Skt = storage k at time t

R.... = release, ât time t, aS a result of qoinct from
KlrE Sr to sl when the inflow is oit

P:- = probability of going from state i, at time t, to
L) state j at time t+I

fl = long rancte return for any state in stage Íl¡ time tt
g( ) - a function of; g(t) would be a function of t

p = benefit function describing the monetary value of
water

short range benefit as a result of a decisÍon
to go from storage level k, at time t ' to
storage level l, at time t+l, given inflow Ota

Bkilr

Referring to

initial storage

storage level r S

Figure L2,

level r S

1,t+l' the

staqe n, time L,

inflow' Qia,

is calculated

given the

and final
at any

kt, the

release as:

S o S*ritt kt ir 1rt+1 (1)

wh ich s imply means that: Re lease=In i t iaI Storage + Inf .Low -

Final Storage. Note that since the reservoirs considered

are of small sizes, the effect of evaporation has been

ignored. The corresponding short range return is:

+

g(Rfilt'F)Brilt

42
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Given the same conditions aS before, the associated long

range expected return would be:

n (t,j)f. (k'i)t
(3)

Lj=I
nTi. tÏ;i

Stage n
Time t

Staqe n-1
Time t+1

S
1

q"k -0 S

-f

-f

-n-'t+

n-I
t+1r1
n-l

f
f

1 I

rr2
I
1'3
t
r,4
I
1r5

t+
n-
t+
n-
t+

5
m

Figure 13: Diagram showing the calculations of long rancte
exPected return
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with reference to Figure 13, the long range expected

return for initial storage level k, inflow state i, ending

at f inal storage levet l, can be calculateci using equat.ion

3:

n n-1
t+1, If (k,i) P *f +Pt it

If (k,i)
T

maximum IB
1

one staqe to stage 2

range expected return

* fn-1
t+1r2 +P *f

rJ
n-1
t+1r3 +P n-l

t+1r4
*f

L¿ i4
+ nis*ri;å

To apply the dynamic programming algorithm to this

problem, it is necessary to use backward recursion i'e' to

start at the last stage i.e. stage l-r at time t=T and work

backward. Assume the objective function is to maximize

return, then for the last stage:

kitr

Moving backward

to gor the long

is given try:

2
T-1

i.e.

for

with two periods

any inflow state

= max imum [B
I kil,T-l I+ n|;telrr,: I r

all k, I; I feasiblel
for

f (k,i)
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In general , f.ot any

recursive relationshiP can

stage and state, the f oJ-lowing

be used:

for all k'1; t f eas ibl-e

. . (4)

lJote that the above relationship is merely the sum of

equations 2 and 3. one also takes note of the similarities

of stochastic dynamic programming outlined in Chapter 2 and

l.îarkovian stochastic dynamic programming just presented

above. The only difference between them is the adaptation

of different statistical techniques to account for

unce rta i ntY .

sometimes, if the planning horizon is long it is

impractical- to assume that present ancl future values of a

fixed amount of benefit are the Same. To account for such a

fact a generalized relationship can be rewritten such that

the present value of the discounted benefits are maximizeci.

The new relationshiP is given bY:

nf (k,i)t

f n (k,i)t

maximum IB
I kilt Tl+ pIi.rl;ï(1,j)l

maximum tB
I

+( 1+r) 5
l

f n-1
t+1

for

(t,j)l
I feasible

(s)

kirr

where r = annual interest rate

45
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Sequential application of the above expressions for each

period (month) of the year and repeatinc, the process for a

number of annual cycles results in a situation where optimal

policy beqins to repeat itself on a yearly basis. This

policy is referred to as steady-state policy. Steady-state

conclitions are reached only when ft+r'(0, i )-tl(k, i ) is

constant for all states k anci i an<l all periods t within a

year. Such constant is the annual expected gain of the

system.

It should be noted that the incorporation of interest

rate into equation 5 will result in reduce<l benefits at

steady-state l2l. However, the resulting optimal policy is

not af fectecl even i f the interest rate varies drasticalJ-y

t3l.

5.4 PROBABTLITY DISTRIBUTTON OF STORAGE AND RELEASE

Solution of dynamic programminq mocjel will provicie a

steady-state operating policy that clefines the final storaqe

Ievel Strt+l for each initial storage level SXt anci inflow

Qi a. The monthl-y optimal policies f or various dam sites can

be found in Appendix D. An example of an optimal poJ.icy is

shown in Table 2.

Given the storage level and inf low at the hregining of the

month, the above policy defines the storage level for the

next month and thus the amount of water released. For

example, referrinq to lable 2, if at the end of month i-t
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TABLE 2

An example optimal policy for month i

Storage
State 0 I

Inflow state
Q2

(cfs)
3

o 0
4

sl(106.or )

s2(ro4.or)

s3(lo2.o')
s4(1oo,or)

*rt
Rzt

R¡t

R¿t

Rl2(2)

R22(3)

nrr(4)

R42(4)

Rt¡

*23

*¡¡

R¿¡

Rl4(1)

R 2412\
R34(3)

R44(4)

(2)

(3)

(4)

(4)

(1)

(2',)

(3)

(4)

the storage fevel is at 104' and if it is predicted that the

inftow for month i will be Q2, then the policy states that

theamountofwatertobereleasedforthemonthiisRzz

cfs_weeks and one ends up at storage state 4 (storage level)

atthebeginningof¡nonthi+l.Notethattheintegersin
parentheses are the optimal pointers which define sl, given

S. and O. for anY Perioci t'KI

It should be emphas ízed that if the actual inflow for

monthiisnotQ,butratherQ3,thenadifferentreservoir

Ieve I woul-d be obta ined at the end of month i . I-f such

situationoccursthepolicystillapplies.Toobtainthe

new rerease for month i+l the same procedure as <lescribed

above is applied usinq the new reservoir leve1, resulting

inmonthi,andapreclictedinflowformonthi+1.from O
3
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By the nature of the stochastic dynamic proqramming ' the

solutions obtained account for variability of inflows i'e'

at any pair of storage and inflow states there always exists

a subpolicy that defines the amount of water to be released'

Since the optimal policy clefines the next storage Ievel

I, given storage Ievel k, the index I is not reguirecl.

Then, the continuity equation can then be written as:

Rxit S + 0 S Irt+l
accorcl i ng

for alI k,i,t

to the optimal
kr it

pol icy

. (6)

From the optimal policy it is possible to cletermine the

probability <listributions of inflow, storage, and release

for any month. Let PRtit b" the joint probabil-ity of

initial storage level Skt, the inflow Qit, ancl the final

storage Level St rt+1. nRLit is specifie<l by the optimal

policy for each k' i and t. The product PRkit - nÏ¡ gives

the joint probability Skt, Oia ancl 0ia,t=1. Summing all

such joint probabitities over a1l k and i that result in the

same finat storage levet Strt+1, as defined by the optimal

policy, gives the joint probability of Sl ,a*l anrl Qi rt*l
i.e. nRtrjrt+'. There is also an adclitional constraint that

reguires the sum of al-l PRfit in each periocl t be equal to

1. Therefore, knowinq the optimal policy and transition
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probabil ities one can develop a set

equations and solve for each PRtit'

notation the set of simultaneous equations

of simultaneous

In mathematical

is given bY:

PR for all I'j and t
Irjrt+I

(7)

IIki
PRxit I.0 for all t

(B)

Note that one eguation in (7') is reclundant in each perioci t'

one can solve the system of equations by substitutinq (B)

with any one equation of (7).

To illustrate the formulation of the system of eguations,

consicier the diagrammatic optimal policy given in Figure 14.

This pol"icy is developecl for a pseudo-year consistinq of

only two months. The arrolts pointinq at the next state

clef ine the optimal pol icy. They corresponrl to the optimal

pointers as describecl before.

Note that, for simplicity, the PR for each inflow state

are replaced by x as shown in the above rliaqram. startinq

at t=1 r storage level st, one f incls that there is only one

arrohr that points at Sl, at time t=l. Therefore, the

followinq eguations can be formed:

= F F nonitPli
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For storage leveI SZ, t=l, there are three arrovts

points at S Z, t=l. Theref ore, there shoulcl be

inclepen<lent variables in the following ecf uations:

The constraining equation is:

that

three

x3 nzt *+xl*
"tt

+

X¿ = PZZ * x6 + PtZ * *7 *PZ2*

D'2L * Xe xg

XB
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x

From the above relationshiP it

considerable amount of computational

solve the system of equations if the

inflow states is larqe.

can be seen that a

effort is reguirecl to

number of storage ancl

0l-X++X+
42I *3

The set of eguations fot t=2 can be developed in similar

fashion:

x = Ptt

=Þ'12

=Þ'11

=Þ'12
+ x- +

b

x P P XI 2I 2 tl_
*

*

*

*

B

6

7

B

5

X*

XI222xl

1.0xg

+

+

*

*

+

+

3

3
X P *x P

2

x x
4

X X
7

x

Combining the two sets of equations one obtains a system

of eight equations ancl eight unknowns. In general , the

number of equations for a year would be given by:

Number of equations=12(months/yeat) * Number of Inflow

States * Number of Storage States

xz +
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If the solutions to the above system of equations are

presented in matrix form, the derivation of probability

distribution for storage, release and inflows can easily be

unciers tood . Suppose f or any month t ' the PRX i t are

presentecl in Table 3 below:

TABLE 3

Proh.rability of release for each inflow state

O I

l 2
0

3

PR PR PR PR 1nI tl I2 t3'
PR PR PR PR

2n2I 22 23'

o00 n

S

sz

s PR PR
ml mn

obtain the probability distribution of storage one

sums the elements in each rov¡:

m
PR. PRm¿ mJ

To

s imply

for all k and tnsk. = F PRkir
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Since the row entries represent the inflows,

elements in each column will give rise to the

<iistribution of inflow. This can be summarized

summing all
probabi I i ty

as:

(10)

nQr. i t 5- Pn. .. for all i and tk]-t
K

In acldition, it should be noted that each of the n*i j of

the matrix corresponcìs to a particular final storage Slra*I.

By summing the nnij according to the optimal policy, the

probability distribution of release may be obtained since

release is defined if the initial storage level Skt, inflow

Qit and final storaqe levet St,t+l(defined by the optimal

policy) are known. It is therefore possible to write:

= F { oo*t. for all

according to

l, t

optimal

PS Irt+1
pol i cy
. (11)

The monthly probability distributions of storage' inflow,

and release for Laurie reservoirs can be found in Appendix

D.
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5.5 SOME ASPECTS OF ÐTSCRETIZATTON

To solve a problem s¡ith continuous variables, using

numerical methods the variables must be discretized.

Discretization of continuous variables is unavoidable when

the problem is solved with the aid of a digital computer.

With no exceptions, the continuous storage and inflow

variables must also be discretized. This section is

included not to present the techniques of discretization but

to discuss some important aspects of discretization and

accuracy in this study. Throughout Lhe course of this study

it was found out that discretization has a very significant

effect on the value and form of the optimal policy.

It is obvious that the accuracy of a discrete

approximation of any continuous variable is directly

af.fected by the v¡ay the discretization is done. The srnaller

the discretization intervals, the more accurate are the

results and vice versa. However, finer discretization

demands more computationat effort and time. This is

especially true in dynamic programming where dimensionality

is always a problem. On the other hand, if the number of

discretization intervals is too few, the continuous variable

might be misrepresented. Therefore, there exists a trade-off

between accuracy and computational effort.
In stochastic dynamic programming, where there are more

state variables than deterministic dynamic programming, the

problem of dimensionality has been tackled by some
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researchers [18,19] who deveì.oped a method for approximating

solutions to stochastic dynamic programming. Ðimensionality

is reduced by replacing the probability distributions of

stochastic state variabLes by their corresponding

expections. Such method, however has not been found to be

applicable to reservoir studies.

In the literature, there have been "on".rn, about the

accuracy of a discrete approximation of probability
distribution of storage. Many researchers have devoted

their efforts to the problem of'how many storage states are

sufficient for practical purposes.' Savarenskiy and Doran

t26J, using the same discretization method, recomended 5 -
10 states, while Moran 1,251 suggested 15-20 states with a

slightly less efficient discretization technique. KIemes

l4l demonstrated, both theoretically and with the aid of a

numerical example, that an overly coarse discrete storage

representation can not only impede accuracy but may

completely distort reality in some unexpected ways. He then

developed a statistical method to determine the required

number of storage states and its associated Iimits of

accuracy. He also commented that the absolute lower Iimit
on the number of storage states is three and that it is not

even a sufficient condition for obtaining accurate, or even

meaningful results.
The validity of these concerns have been confirmed by

this study. A prelimínary test run on the stochastic
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dynamic programming model, where storage states are

arbitrarity díscretized to, seven even intervals, shows that

the probability distribution of storage is highly skewed at

the lower bound. However, when the storage states are

discretized according to the number of stop-Iogs the

resulting probability distribution of storage shows less

skewness at the lower Iimít, although the directions of skew

are basically the same.

In this study, since the number of discretization

intervals falls within the acceptable Iimits set forth by

the above-mentioned researchers, the discretization process

has more direct effect on the optimal policies rather than

the probability distribution of storage. Since the

probability distribution of storage is derived from the

optimal policies, it is indirectly affected by the

discretization process. To clarify such a point' consider

an example where reservoir is regulated by, saY, twelve

stop-Iogs and has certain downstream requirements of water.

If the discretization interval is one stop-1o9, no serious

problem would be incurred with dimensionality. However, the

dimensionality of the stochastic dynamic programming model

might prevent the utilization of 12 storage states. If the

minimum downstream release can be satisfied by, 5aY, one and

a half stop-tog depth of water it would be sensible to

discretize the storage states such that each discretization

interval covers two stop-Iogs. However, if each interval
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represents 3 or 4 Stop-Iogs, moving from one storage state

to the next might satisfy Lhe minimum release requirement,

but the amount of water released may be too much. The vray

the storage states are discretized will therefore affect the

state transformation in dynamic programming and hence the

optimal policies as described by optimal pointers, and their

associated probabil ity distribut ions.

Discretization of storage states, consequently' requires

a great deal of judgement. One not only has to be aware of

accuracy and state dimensionality, but also of the effect on

the outcome of optimal policies. The general idea presented

here also applies to discretization of inflow.

5.6 OPERATING POLTCY FOR MULTIRESERVOIR SYSTEM

As discussed earlier stochastic dynamic formulations in

the literature produce optimal operating policy for a single

reservoir only. To develop an overall operating policy for

a multi-reservoir system, the concept of using a stochastic

dynamic programming model as a 'black box' and then applying

it to aII three reservoirs in an iterative fashion is

presented. At each iteration varying inputs derived from

the previous iteration are used.

To develop an overall optimal policy for the reservoir

system the following steps (making reference to Figure 11)

are taken:
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1. Assume 'natural' conditions, combine the three local

inflow records and use them as input into the Laurie

reservoirs.

2. With the resulting input, develop monthLy optimal

pol ic ies for the Laur ie reservoi rs, subject to

downstream release requirement of 450 cfs and target

release of 1150 cfs as optimal plant capacity.

3. Derive the monthly probability distribution of

release from the resulting optimal polic ies and

determine the expected release for each month.

4. Assume that these monthly expected releases ( for

Laurie reservoir) are the surrogates for downstream

release requirements for the upstream reservoirs,

split the expected release proportionately - with

Russell reservoir supplying 592 of the flows and

Eager reservoir supplying 4]-z of the flows. The

proportion of the split was based on the historical

contribution of the flows on these two systems to the

Laurie River generating system Is¡]. The monthly

downstream release requirements for RusseIl and Eager

reservoirs are thus obtained.

Note that since the rnonthly flow inputs into

Laurie reservoir can be partially compensated by the

local Laurie inflows it is necessary to remove part

of these monthly inputs, equivalent to the local

Laurie inflow for any month, before they are
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distributed proportionately to the upstream

reservoi rs.

5. Ðerive monthly optimat policies for the Russell and

Eager reservoirs subject to the downstream release

requirements determined in the previous step.

6. Assuming that the local inflow records are an

adequate representation of the generated (future)

inflow records, develop the release records for Eager

and RusseIl reservoirs according to their optimal

policies. These release records are found by running

the historical record through the optimal policy.

7. Combine the resulting release records and the local

Laurie inflow records (assumed to be a generated

records at this point) and at the same time determine

the average annual benefit for the system by running

the individual IocaI inflow records (combíned records

for Laurie reservoirs) through the now complete

overall policy. Go back to step 2.

The above process is repeated until the average annual

benefit, determined at the end of each iteratíon, shows no

futher increase over that of the previous iteration.
The underlying principte behind the above procedure is

that there exists a certain coordination in the reservoir

system; the upstream reservoirs respond to the need of

downstream reservoir subject to various inputs and

constraints. At the same time, the downstream reservoir
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also responds to the availability of water upstream of it.
It should also be noted that the reason for assuming

historical inflow records as generated records is that

generated records, developed using statistical methods, are

no more reliable than the original historical data.

Furthermore, while the main aim of this study is to produce

a true optimal policy the nature of the solution technigue

and the problem require that this solution technique be

classified semi-heuristic. Therefore, it is not necessary

to go through a process of extensive statistica] flow

generations when the solutions obtained are approximate

solutions. Besides, the utilization of historical records

facilitates comaprisons of the existing and the proposed

models in monetary terms.

5.7 COMPUTER MODEL FOR THE MULTIRESERVOIR SYSTEM

Computer programs have been written for performing each

of the operations outlined in the previous section. Due to

the problem of dimensionality with stochastic dynamic

programming, which requires tengthy computer time and Iarge

amount of storage, the main program has been broken into a

series of sub-programs. For more detail of these programs,

one can refer to Appendix B. Brieffy, the following

programs (numbered prografr 1, program 2, etc.), along with

their general functions, are described below:
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1. Program 1 generates optimaÌ policies for any of the

three reservoirs.

2. Program 2 sets up a system of equations according to

the optimal poticies and solves the system of

equations i.e. the probability of release (pn)

associated with each inflow state.

3. Program 3 produces the expected release for each

month and also develops the probability distributions

of inflow, release, and storage.

4. Program 4 generates the monthly release record

according to the optimal policies for each reservoir

and at the same time determines the average annual

benefit derived from the overall policies.

Note that any of the above programs can be applied to any

of the three reservoirs. The following flowchart indicaLes

the appropriale program to run for developing an overall

operating policies for the reservoir system. Note that the

flowchart is developed directly from the steps given in the

preceeding section. Each step given in the flowchart

corresponds to a step in the previous section.
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Run Program 4
Combine inflows

(step 1)

Run Program 1
Generate optimal policies

(step 2)

Run Program 2
Solve equations
(steps 3 & 4)

Run Program 3
Develop prob. distributions
& calculate expected release

(steps 3 & 4)

Run Program 1
Generate optimal policies

(step 5)

Run Program 4
Generate release records

(Steps 6 & 7)

Compare
for each

pol ic i es
reservol r

I rc 1es
onver 9e

stop

Yes

Figure L5¡ Flowchart for running the appropriate programs
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5.8 DI SCUSSTONS ON POLICY ITERATIONS

It is obvious that the approach just presented is a

semi-heuristic one. The overall optimal policies obtained

are most likeIy sub-optimal. Since the problem of

developing an overaLl optimal policy is highly intractable,

it is felt that so long as the new policy provides a better

solution, it represents an improvement over the current

operating procedures.

The final solutions to the proposed model can be found in

Appendix Ð. Comparisons can be made between different
iterations on the basis of average annual benefit derived

from the system. BriefIy, the average annual benefit for

each iteration is summarized below:

I teration
Average AnnuaI

Benefit ($)

739955

785452

790552

788287

7 86629

0

1

2

3

4
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From the above, since iteration 2 gives the highest

average annual- benefit, the policy associted with iteration

2 is therefore chosen to be the solution to the proposed

model. See Appendix D for the monthly policies for each

reservoi r.
The existing policy operates on the basis of the rule

curve shown in Figure l-7. The effective use of this rule

curve requires a lot of personal judgement and experience.

Since the author is inexperienced in using the rule curve,

no detailed month by month comparisons wilI be given.

Hgwever, from the past performance recOrdS, the average

annual benefit of the existing policy was found to be

$815163. This implies the proposed model does not work as

well as the existing one. There are a number of reasons why

the proposed model gives a lower value of generation and

these reasons are given in the next section.

From this study it was found that the ease of obtaining

the overall operating policy is totally dependent on the

following factors:
1. The Inflow Record Different magnitudes of inflow

values affects the "size" of the discretization

intervals; thus the optimal policy.

2. Range of Operating Levels The larger the range of

operating levels the coarser the storage

discretizaton intervals. As discussed previously,

discretization affects the optimal policy.
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Pricing function - Pricing function affects the

objective function; thus the optimal policy. The

policies presented here are based on monthly monetary

value of electricity produced. However, in earlier
part of this study, the Laurie operating policy was

also obtained based on (seasonal) average value of

electricity. The results obatined were different
f rom the present one. (thre iterative process v¡as

then stopped as soon as monthly values of electricity
were obtained from Manitoba Hydro). The monthly

values are actually used as they give better accuracy

than seasonal averages.

5.9 DTSCUSSTON ON OPERATING POLICIES FOR MULTTRESERVOIR
SYSTEM

This section dicusses the practical implications and

drawbacks of Èhe proposed modeI.

From Figure 10, the "energy equation" indicates that the

value of generation is a function of the forebay (reservoir

elevation), the discharge through the turbines, and the

monthly values (doIlar/megawatt.hour) of the water used in

the generation of electricity. These features are therefore

expected to be taken account by the proposed model. In

other words, to obtain the maximum benefit the overall
policy should be able to conserve head and at the same time

rel-ease the appropriaLe amount of water at the right time

(summer and winter). Referring to the monthly policies

3
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given in Appendix D, the above characteristics of the

"energy equation" are clearly reflected in the monthly

policies for a1Ì the reservoirs. l{henever possible or

whenever the flows are high enough, there will be a tendency

for the system to "go" to a higher storage levels indicated

by the staLe pointers. This merely implies that the

reservoirs, after releasing an appropriate amount of water,

go into a ponding mode whenever the flows are high enough to

do so. It is also evident that ponding is particularly
frequent in the summer months for the reason that the dollar
value per megawatt hour of water is less in the summer. The

monthly probability distributions of inflows derived for the

Laurie reservoir sysÈem also exhibit a correspondingly

similar flow patterns as those of the local inflow records

i.e. higher. chances of inflow in the summer.

In spite of what was mentioned, there is a problem

inherent in stochastic dynamic programming i.e. the problem

of "trapping state" (not exactly a true trapping state).
The presence of these "trapping states" is indicated by the

pointers where each is pointing to the lowest state in the

subsequent months. When the overall policy is followed

through a number of cycles (years), the state (reservoir

level) of the system will eventually stay at the lowest

Ieve]. Such feature is apparent in the simulated reservoir

operations, obtained by running the Iocal inflows records

through the overall policy, given in Appendix D. Note that
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"trapping state" occurs more oflen in the monthly policies

associated with Eager and Russell reservoirs. The reason

being the upstream reservoirs receive lower inflows than the

Laurie reservoirs. Therefore, after releasing an amount of

waLer to satisfy the downstream requirement, the Laurie

reservoir system has stil1 enough water for ponding i.e.

"going" to a higher state.

The problem of trapping state in stochasLic dynamic

programming is unavoidable because at the Iowest storage

state, if the inflows are not high enough, the pointers are

"forced" to point at the lowest storage state in the

subsequent month in order to satisfy at least or partially

the downstream release requirement. Even if the inflows are

high enough, if the storage intervals are too coarse it

would still impossible for the system to move to a higher

storage state. However, finer discretization intervals

demand greater computational effort. This problem will be

dicussed }ater. For almost atl the monthly policies it is

observed that at the lower storage states there are a large

number of pointers pointing at the ]owest or the next lowest

states. Since the probabilities associated with each and

every state of the poticy are derived from the pointers, the

probabitity distributions of storage and release are

directly affected by the problem of trapping state. From

Appendix D, it can be seen that there are relatively large

number of pointers pointing at the lower states which
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results in the probability space over inflow and storage

being skewed at the lower storage states. As such, the

monthly probability distributions of release given in

Appendix D are highly skewed to the right indicating more

chances of "going" to the lower storage states. For the

same reason, the monthly probability distributions of

storage indicate a higher skew at the states associated with

lower storage levels.

Since these probabitity distributions are "distortêd",
the expected release and storage level for each month are

underestimated. (However, the trend of release, i .e.

releasing the right amounL at the right time, is reflective

of the monthly value of generation of water.) Perhaps, the

problem of the trapping state serves to explain the concern

of the Planning engineer in Manitoba Hydro where he pointed

out that the monthly expected storage levels of the proposed

model are too 1ow. However, the simulated reservoir

operat ions given in Àppendix D shot{ that the Laur ie

reservoir system does indeed try to conform to the "energy

equation" i. e. to keep the reservoír level as high as

possible. For Eager and Russell reservoirs the problem of

trapping state is clearly portrayed in the simulated

reservoir operations. Note that for most months of the year

the reservoir leveLs of these upstream reservoirs are at

their lowest storage levels.
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The second problem, âS far as this study is concerned, is

the discretization of storage space (which is related to the

problem of trapping state. ) For the Laurie reservoir

system, because a system of equations has to be derived from

the resultíng policy, the number of storage states cannot be

excessive. Otherwise, if the system of equations is too

1arge, it might be too costly and too time consuming for the

computer to so1ve. However, a finer Storage interval is

required in order for the policy to provide good accuracy

and to avoid partly the problem of the trapping state. For

the upstream reservoirs, where by the nature of the solution

method the various probability distributions are not

required, the storage intervals have been reduced to one

foot per interval instead of a certain number of stop-Iogs

aS was originally hypothesized. Even then, the problem of

trapping state sti1l remains. Possibly, because of lower

magnitudes of loca1 inflows, one foot per storage interval

might still be too wide for this study. Yet' a further

reduction in the size of the storage intervals requires much

greater computational effort.
The third would be the problem of discretization in

general. This problem ís clearly reflected in the simulated

reservoir operations. Since the storage and inflow

variables are discretized the release variable wilI

automatically be díscretized. As a result, the model has no

control over the releaSe of the exacL amounL of water
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required by downstream requirements. To satisfy a certain

downstream demand, a number of discrete quantities of water,

usually more than what is required, is released. This

results in spillage which is evident in the simulated

operations.

The entire problem in stochastic dynamic programming then

boiIS down to the often-mentioned phrase 'curse of

dimensionality'. Finally, it should be pointed out that if

it is possibte to have finer storage intervals for the

Laurie reservoir policy, the average annual benefit could by

irnproved. A trial v¡as performed on the overall policy by

replacing the Laurie reservoir policy with a policy with 2l

storage states (one foot per storage interval) the average

annual benefit showed an increase of approximately 32. This

implies that the proposed model could be improved to the

point where ít is equally as good as the existing one.

However, this 21-state policy was derived by feeding the

generated records to the model without statistical
considerations i.e. without resorting to probability

calculations. Furthermore, from the past performance

records of the existing policy it was found that when the

Laurie reservoir system is operated without the regulations

of the upstream reservoirs, the average annual benefit was

found to be $784,9I4. Since the símulated operations of the

proposed model show that the Laurie reservoir system is

operating aS if the upstream reservoirs were not needed, it
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may be justified to compare the value of $784,914 with

ç790,552 of the proPosed model.
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Chapter VI

CONCLUST ONS

This chapter briefly describes the

about stochastic dynamic programming

conclusions regarding this study.

findings uncovered

and provides some

STOCHASTIC DYNAMIC6.1 EXPERIENCE GAINED FROM USING
ÞRõGEm[mc-

The following list of points outlines what has been

experienced through the course of this study.

1. With stochastic dynamic programming, a two-state DP

in this case, there is more of a limit on state space

(storage and inflow states) than in deterministic DP.

In the literature such fact is often referred to as

'curse of dimensionalitY' .

In this study, however, it was found that the

state space affects more directly the size of the

system of equations rather than the model itself. As

far as deriving the optimal policy is concerned, the

actual model developed permits .a very J"arge state

space (i.e. Iarge number of states, sâY 20 for

storage and 10 for inflow). The time taken for

policy convergence under these conditions is

relatively smalI. However, when the resulting system

73



of equations is formed from the optimal policy it may

become too large for the computer to handle

efficiently (zo storage states x 10 InfJow states x

12 = 24OO equatíons t ); especially under time sharing

conditions with many users.

2. The vafues used in the objective function of the

model have a very great effect on the solutions. In

some cases, some objective functions have such an

effect on the model that the policy will not

converge. In other cases, a slight change in the

coefficients of the objective function may change the

entire policy in which the Storage or release of

water are affected.

3. Discretization of continuous variables plays an

important role on the final outcome of the solutions.

A larger state space provides better accuracy. This

is especially true when one tries to derive the

probability of various variables. However,

increasing the state space for storage, from I states

to 10, does not affect the annual expected return or

the annual expected gain of the system.

4. Regardless of where the starting point (i.e. month of

the year) of calculation is taken the 'optimal'

policy will eventually converge. For some starting

points, however, the policy actually converges

faster.
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5. When working on large DP system, it is better to have

a devoted computer system if one wants to get quick

results.
6. One must also take into account the amount of time

required in writing and debugging the program;

especially when the reservoir system considered is

large. If situation perrnits or if the problem is

Linear, one might prefer to use stochastic ]inear

programming where canned programs are readily

ava i IabIe .

6.2 CONCLUSION

In this study, âD attempt was made to produce a model for

multireservoir operations using Markovian stochastic dynamic

programming. By the nature of stochastic dynamic

programming, the 'curse of dimensionality' becomes the main

problem encountered in a two-state DP used. Such a fact has

not only caused a lot of problem in accuracy but may also

hinder the possibility of obtaining an approximate solution.

Nevertheless, in this study, âñ approximate solution was

obtained for a four-dam two-reservoir problem. Because of

the problem of dimensionality a considerable degree of care

and judgement is required to obtain a solution which

reflects reality as closely as possible.

As a result of this study, ít was recognized that the

problem of dimensionality wiII remain until some form of
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'modified stochastic ÐP' model is produced or a larger and

more dedicated computer to solve a }arge syst,em of equations

is available. With the existing computer environment at the

University of Manitoba iL llas, however, possíbIe to obtain

an approximate solution for the problem of the size and

dimensionality described in the study.
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Appendi x A

HISTORICAL INFLOV/ RECORDS
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A.I LOCAL EAGER INFLOW RECORDS (CFS)

Year Jan Feb l,tar Apr l'lay Jun Ju I Aug sep Oct Nov Dec

1953
I 954
1955
1956
1957
I 958
1959
1 960
ì 96l
1962
1963
I 964
1965
I 966
1967
I 968
1969
ì 970
197 1

1912
1973
197 \
1975
1976
1971
I 978
1979
I g8o

3\5
221

l0
84

105
2l

34ì
6S

2

r40
17\
312
7\
68
6o
3\

146
257
t48
32\
2\6
233
\2

205
296
5o
73

l5l

25
252
il3
95
84
z9

202
17
22

108
123
258

15
15

93
52

I l2
107
177
289
ì t5
2l I

52
232
206
35
20

145

26
85

162
76
S6
35

157

38
il

153
29\
167
t2
67

t84
217
132
186

87
152
121
z8
20

187

r6
202
t87
6\

r68
r r8
ro8
¡8
t0

153
159
221
207
185
ilt
286
256

l0
z6t
20t

94
217
156
163
443
t43
l0

333

444
566
575
6t6

l4t6
860
797
526
705

r4r2
52\
66\
640
267
725
359
336
379
5t0
l+85

\21
444
562
356
gl4
325
202
167

398
6oo
r68
l13
\20
4ro

t t65
873
\76
502
803
tz6
\2\
6t9
521
\02
297
393
460
488
\95
51\
361
713
617
tz6
282
139

4il
256
3\
17

65\
192
386
300
337
370
706
327
t66
380
\22
21\
289
286
434
3\\
279
298
3\9
847
229

90
201
r02

233
ì64

I
39

346
229
480
217
193
il3
165
771
184
65

720
ll

3

9
904
339

9
40

33
1\5
321

1 192
2l I

33
35

551
r r05

1t0
692
289
221
t t+5

r4l
370
2\\
392
265
I+l I

t+79

20

r6
538
ì91

5
t 10

77
149
270
6lt
156
30
\3

312
368
276
826
382
256
213
137

33\
307
316
258
623

321
72
8o
9r

382
369

6

53
273
259
199

305
roB
8z

123
355
398

13
6

230
217
lt5
20\
t30
221

88
165
306
211
3t8
271
231
215
167
319
6\
30

209
175

92

197

137
t38
129
93S6

\3
lB
37

\3
694
t9l
353
307
206
zt6
229
6t9
234
\32

78
335

r86
267
2\3
395
307
265
221
153
35\
130
93

z\3
250
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A.2 LOCAL RUSSELL INFLOW RECORDS (CFS)

Year Jan Feb Har Apr f'lay Jun Jul Aug Sep Oct Nov Dec

1953
195\
1955
1956
1957
I 958
1959
I 960
r96r
1962
1963
196\
1965
1966
1967
I 968
1969
1970
197 1

1972
197 3
197 t4

197 5
1976
1977
I 978
1979
r g8o

132
196
t2l
40
\3

350
6o

262
12\
215
165
272
277
5\
96
63

2\\
180
t90
283
257
340
t86
84

230
88

169
153

ì l9
t68
102
\5
t8
90
59
4o
73

159
160
2\7
308

l4
8l
35
97

ll+l
157
\2\
258
263
155
6o
8g

t64
ì33
t86

126
t88
98
44
21

553
137
155
1\2
228
6\

t94
l7l

16

97
40
97

148

99
\69
192
266
12\
\9

23\
203

17
275

352
588
310
253
8zo
8l+6

1 \57
98l
278
725
931
36\
539

I 383
8zr
\62
328

1023
823
6\9
555
8rB
788
921
706
\27
630
t6t

220
39\
503
l3l

I 660
\6\
\77
378
100
I t9

I 199

305
z6o
309
576
312
376
796
490
481+

\53
468
502

1628
230
251

l8
ro6

8g
2\6
289

37
159
360
585
8o
79

I l0
\23

t 08l
178
r28

9l+

7
236
279
195
38t
555
390
2\6
906
229
\51
288
\36

219
155

21

t2
1\\2
723
\12
200

l+8

173
597

1 \77
329
6r
29

825
1533

336
7\\
652
400
193
99

216
302
530
335
551

220
251

6g
263
464
830
3l I

88
t49
95

\51
845
312
t5t

27

589
688
315

1203
531
\36
151
I l0
tr5Z

248.
366
348
59\

325
t6ì
ll9
r4l
95

307
190
207
312
2\6
297
t+36

276
226

37
236
57/4
2t0
577
396
338
142

71
283
225
157

3\9
314

26\
373

79
48
66

157
175
223
172
206
298
405
156
220

79
155
r88
192
464
306
319
296
7\

2\5
l3ì
r r4
212
226

r08 6ls
to8 983
I 84 1\27
r58 r638
561 r 360
96 1172

387 1\23
237 1539
r5r 1223
79 22\8

344 85\
3t8 r34r
382 t25z
55 63\
95 r l9l

195 780
7O7 222
70 625

\95 937
397 7\2
306 721
582 955
4r 3 87\
\5 351

46r+ 13\5
\o7 \63
6l \39

5\7 233
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A.3 LoCAL LAURIE INFLo!,J RECoRDS (CFS)

Year Jan Feb I'tar Apr l'lay Jun Jul Aug sep oct Nov Dec

1953
195\
1955
1956
1957
I 958
1959
ì g6o
t 961
1962
1963
I 964
1965
1966
1967
I 968
1969
I 970
197 |
1972
197 3
197 \
1975
1976
1977
I 978
1979
I 980

7\
2

38
r3

130
8o

2

t04
235
t80

6
114
201
\39

r3
236
279
130
l2l
t5l

30
107
I t9
90
66

t46
404

22

9
3

l0
l0

r4r
365

2

258
213
3\
95
75

212
39/4
107
250
209
326

75
t45

30
5o
\5

I 13

70
261
3l3

0

r3
ì3

t48
30

t43
330

2

257
321
5l
79

r04
t78
360
t44

8l+

266
248
I t9
4l
51
l8
\5

209
70

187
23\

0

9
134

357
t50
94

684
270
213
277
t60
276
\76
4¡{ 1

4r0
167
225
550
313
416
168
166
367
146
270
559

27
252
169

635
972

ì0ì2
552
752

t3ì3
r r54
r 348
868

I 790
777

I 087
r 067

681

775
638
287
485
873

r 094
757
721
766
316
73\
558
6ro
399

434
486
237
550
2.l0
330

I 062
9t4
3t3
608
5\2
380
ìgÀ

I 066
819
28/9.

2l/N'

429
\36
194
261
582
523
572
\92
\67
593
377

306
30

212
209
776
448
229
330

t5
97

r r r4
40r

4r
3t ì

403
3\9

4r
4l+6
219
267
\66
404
460
958
179
266
3\

265

706
127
r09
298

r r 3r
228
273

t+9

9
l0

297
to22
269

282
322
20\
2\\
250
823
248
229

10
20

\\6
r0r6
4tg

82
46

361
r5ì0
232
701
287
159
r40

l+3

252
2r8
672
t30
488

313
156
300

5
217
t09
375
\22

10
8t

293
537
401

28

507
565
59\
r4r
962
293
413

88
8o

167
2\7
715

94
490

221
12

232
9

r60
30

337
2\2
144
\7

163
388
298

13
298
449
155
3\7
39\
t83
390
289
t03
285
359
4r r

22

357

r04
4

160
3

t00
3

235
266
228
153
5r

25\
353

ì3
291
401

38
229
169
126
2\7
180
t64
190
260
356
30

307

164

5o
238
223
ill
3\5
223
193
117
291
20.l

6
6\3

95
446
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Append i x B

COI4PUTER PROGRAI4S FOR DEVTLOP I NG OVERALL OPT IT4AL

PoLlclEs
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B.l PR0GRA|'1 I ; ( SToCHASTTC DP )

Th i s program generates opt i ma I

pol icies.

monthly operating

ft¡t:t¡trt:tftf;¡t)k Pr9gram L iS i t ing JcfcfiJc¡l¡t¡t:t¡tfc

AVGFLO REAL
BFACTR REAL
CF LAG I NTEGER

ARRAY VARIABLE - AVERAGE I4ONTHLY INFLOW(CFS)
BENEF IT FACTOR FOR WINTER AND SU¡4I'1ER

(0' l) VARIABLE - I ==) 0PTl¡'lALlTY CHECK F0R
EVERY STAGE

VECTOR VARIABLE CONTAINS THE CONSTANT TERT4S OF

STAGE-SToRAGE EQNS F0R EACH RESERVoTR
TNDEX F0R C0UNTTNG (¡lAtN PGT4,TRPRoB)
ARRAY VARIABLE - INDEX FOR COUNTING (TRPROB)

ELEVATION FOR STORAGE LEVEL
ARRAY VAR I ABLE - I'IAX RESERVO I R E LEVAT I ONS FOR

EACH I4ONTH

ARRAY VAR I ABLE - 14I N RTESERVO I R ELEVAT I ONS FOR

EACH I4ONTH

INDEX FOR INFLOW STATE (TRPROB)

VECTOR VARIABLE - STATE NUI4BER FOR INFLOW
STATE

CONST REAL

COUNT I NTEGER

COUNTR REAL
ELEV REAL
E¡4AX REAL

E¡4I N REAL

FLOIJ REAL
F LONUf'1 I NTEGER

FLOW POINTER
I NDEX FOR LOOP I N

I NDEX F

I NDIX F

GENERAL
LOOP I NG

¡lAXF LO REAL

I'lAXI,lIN INTEGER
I4FACTR REAL
I4F LST I NTEGER

14INFLO REAL

I'1I NR REAL

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

FLOPTR I NTEGER

FLOVJ INTEGER
FLOWI I NTEGER

FLOWJ I NTEGER
I I NTEGER

I J I NTEGER
I NTEGR I NTEGER
I NTRST REAL
I ORJ I NTEGER
J I NTEGER

K I NTEGER
LR REAL

G INFLOW STATES
G INFLOW STATES IN I4ONTH(I)
G INFLOW STATES IN T4ONTH(J)
I NDEX

OR

OR

L

I

LO

S

S

LOOP I N

LOOP I N

OOP I NG

NDEX (TRPROB)

¡4ONTH

I'loNTH I

¡4ONTHJ

I NTEGER
I NTEGER

I NTEGER

GENERAL

I ND I CATE

I ND I CATE

VAR I ABLE FOR STOR I NG I NTEGER VALUES
I NTEREST RATE
LOOP I NG I NDEX (TRPROB)

INDEX FOR GENERAL LOOPING (TRPROB)

INDEX FOR GENERAL LOOPING (TRPROB)

VECTOR VARIABLE - LONG RANG RETURN FOR INFLOW
INFLOW STATES (I)

VECTOR VAR IABLE - ¡1AX INFLOÌ.J FOR EACH ¡IONTH
(TRPROB)

(0,l) vARtABLE - I ==) t4AXt¡ltZATt0N PRoBLEt'l
I4ULT I PLY I NG FACTOR (TRPROB)

VECTOR VAR I ABLE - # Oç I NF LOI.' STATES I N

tN TRANStTt0N t"lATRtX tN EACH ¡10NTH(t4AtN,TRPRoB)
VECTOR VAR I ABLE - I4I N I NLOW FOR EACH I,IONTH

(TRPROB)

VECTOR VAR IABLW - I.1IN II4UT4 RELEASE FOR EACH

RESERVO I R

OP ING INDEX FOR EACH STAGE (I,IONTH)

THE 
'4ONTH 

OF THE YEAR FOR STAGE (I)
THE I'IONTH OF THE YEAR FOR STAGE (J)
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I4THPTR
Í'4THRLS

NF LST
NF LST I

NF LSTJ
NPCH K

NSTAGE

NSTATE
NUI4REC

OF LAG

OPTCOD

OPTVA I

OPTVAJ
OPTVYR
OUTF LO

PCHKOD

PRTP
PRTPI'1

PTRCHK

I NTEGER

REAL
I NTEGER

I NTEG ER

I NTEGER

I NTEGER

I NTEGER

I NTEGIR
I NTEGER

I NTEGER

I NTEGER

RE AL
REAL
RE AL
RE AL
I NTEGER

I NTEGER

I NTEG ER

I NTEGER

ARRAY V
ARRAY V
TOTAL O

PO I NTER

(o,t)
(0,l)

ARRAY

(0,l)

(0, 1)

(0, t)

ARRAY VARIABLE - STORES POINTERS FR EACH ¡4ONTH

ARRAY VARIABLE - STORES I4ONTHLY RELEASES

# Or INFLOW STATES

# or r NF Lo}/ STATES I N ¡40NTH ( | )
# or rNFLows srATEs tu ltourH (.1)

# or lvrnns) oF PoINTER cHEcK

# or srlcE (I4oNTH) lN PLANNING HoRlzoN
# or STORAGE STATES

# oF rNFLo!\l REcoRDs (TRPRoB)
(0, I ) vAR I ABLE - I ==) oPT I l'1AL ITY CHECK 0K
(o,l) vARIRBLE - 1 ==>

ARRAY VAR I ABLE - OPT I I4A

OPT II4AL ITY CHECK FOR

FOR EVERY STAGE

L vALuEs rH srnce(l)
L VALUES I N STAGE (J)
L VALUES FOR EACH YEAR

ARIABLE - OPTII'14
ARIABLE - OPTII,lA
UTFLot./ (SPILL+Q TO TURBINE) IN CFS-WKS

CHECK C$DE - I ==) P0INTER CHECK FAIL
0 ==) P0 I NTER CKECK 0. K.

PRALL I NTEGER

PRF LOT^' I NTEGER

PROB REAL

PRPODA I NTEGER

PRRLDA I NTEGER

PRSTAJ INTEGER

VARI ABLE
VAR I ABLE
VARI ABLE

VAR I ABLE

VAR I ABLE

VAR I ABLE

I) VARIABLE -
I) VARIABLE -
I) VARIABLE -

I ==) PRINT ALL RESULTS

I ==> PRINT FLOþl RECIRDS
I,IARKOV TRANS IT I ON I'IATR I X

(TRPROB)

I ==) PR I NT OPT I l'lAL POL I CY

ON DATASET
I ==) PRINT RELEASE POLICY

ON DATASET
I ==) PR I NT RESULTS AT STAGE

0 ==) PRINT RESULTS AFTER

OPTII4ALITY IS REACHED

(
(
(

0
0
0

==) PRINT TRANSITI0N
==) PRINT TRANSITI0N
==) P0 I NTER CHECK 0N

OK

ARRAy VAR I ABLE _ STOR I Nc I NF L0!,, (cFS) STATES

FOR EVERY I,IONTH

A (CFS) FLOWING OUT OF THE TURBINE

a rN cFs-wEEKS
LOOP I NG I NDEX FOR COUNT I NG RECORDS

VECTOR VARIABLE . STORING RELEASES FOR INFLOW

STATES ( I )
VECTOR VARIABLE - RETURN ASSOCIATED WITH EACH

EACH INFLOW STATES

vEcToR (-l ,0, l) vAR IABLE - I ==) I'llN RELEASE

REQUtREt4ENT lS l,lET
(0, t) vARIABLE - ì ==) RELEASE REQT lS l4ET

VECTOR VARIABLE _ CONTAINS NAT4ES OF RESEVOIRS

VECTOR VARIABLE - (RELEASE PER FOOT) CONTAINS

SLoPES 0F STAGE-SToRAGE tQN FoR EACH RESERVoIR

CORRESPONDING SEASON ASSOCIATED WITH I4ONTH (I)
C0RRESPoND r NG SEASoN ASS0C I ATED !\l I TH ¡10NTH ( | )

VECTOR VARIABLE - ELEVATION STATES

CORRESPOND ING TO SUI,lI,lER I4ONTHS

STORAGE ASSOCIATED WITH ELEVATION STATE (I)
STORAGE ASSOCIATED I.JITH ELEVATION STATE (J)

PROB.
PROB.
POL I CY

Q I REAL

QOUT REAL

QVOL REAL
RECNO I NTEGER

RELEAS REAL

RETURN REAL

RFLAG I NTEGER

RLCODE I NTEGER

RNAI'IE CHAR

RPFOOT REAL

SEASN I I NTEGER

SEASNJ I NTEGER

SELEV REAL

S I REAL
SJ REAL
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

SLEVEL REAL ARRAY VARIABLE - CONTAINS ELEVATIONS FOR A YEAR

STAGNO I NTEGER LOOP I NG I NDEX FOR STAGE (I4ONTH)

STATE I NTEGER GENERAL LOOP I NG I NDEX FOR ELEVAT I ON STATES

STATE I INTEGER LO0P ING INDEX FoR ELEVAT I 0N STATE lN t',loNTH ( l)
STATEJ INTEGER LOOPING INDEX FOR ELEVATION STATE IN T4ONTH (J)

TEI'IP REAL TEI'IPORARY VAR IABLE
TF LAG I NTEGER TEI4PORARY (O, I ) VAR I ABLE

TITLE CHAR TITLE OF DATASET

TNVAR INTEGER TOTAL NUI,IBER OF VARIABLES(INFLOW STATES) IN A YR

TP REAL TRANSITION PROBABILITY I{ATRIX
UNITPL INTEGER UNIT NUT4BER FOR 'PLOTTINGI DATASET

UN ITR I NTEGER UN ITR NUI4BER FOR 'OPT I I'IAL POL I CY I DATASET OR

RESERVotR coDE (1,2,3)
VALUE REAL ARRAY VAR IABLE - I4ONTHLY VALUE ($/¡IW.HN) OF H2O

WELEV REAL VECTOR VAR I ABLE - ELEVAT ION STATES FOR \'JINTER

I4ONTHS

YRPTR I NTEGER ARRAY VAR I ABLE - STORES OPT II'IAL PO I NTERS

FOR THE WHOLE YEAR

YRRLS REAL ARRAY VARIABLE . STORES OPTII4AL RELEASES FOR

FOR THE WHOLE YEAR

INTEGER NSTAGE, NSTATE, STATEI, STAGNO, T'IONTHI' I'lONTHJ' FLOWI,

S STATEJ,FLOI.JJ,FLOPTR,I'IONTH,STATE,FLOW, UNITR'NFLSTI,NFLSTJ'
s FLONUI4 (1O) /1,2,3,\,5,6,7,8,9,10/,t'lAxt'llN,l'lFLST(ì2),NFLST,
E YRPTR (2l,lO,l2) ,TNVAR, PRTPI'I, TITLE (15) ,

E I.ITHPTR (2 I , l0) , PTRCHK, oPTCoD , NPCHK ' PCHKoD ' CoUNT 'E RFLAG (2I), RLCODE, PRALL, UNITPL, PRPODA' PRRLDA'

S CFLAG, OFLAG, TFLAG, NDELTA, SEASN I ' SEASNJ

REAL St, SJ, EI'IAX (12) , El4lN (12) , RETURN (21) , 0PTVAI (21,10) 
's SDELTA (t2) , LR (2.|) ,TP (lO, lO ,12) , oPTVYR (21, lO, l2) ,FDELTA (12) 

'
Ë oPTVAJ (2ì,lO) /2101'.0.0/, BFACTR, ELEV, Ql (10,12) , 14lNR(12) 'I oUTFLO,RELEAS (21) ,I1THRLS (21,10) , TEt'tP, QVoL' FREEBD'

E YRRLS (2l,lO,l2) , SLEVEL (Zl,lZ) , SELEV(2ì) ' WELEV(21) 'ê RPF00T (3) /2O7O.0,2580,0,92O.0/ , I NTRST'

ê coNsr (3) /207000.0,260580 .o,1766|q0.o/ ,

E VALUE (t 2) /15.9,15.1,1\.2, 12.8, 10.7,8.3,9.3,10.3, l2-3,12.5,
s t2.8,13.8/, QoPT/1150.0/,
s |'ITHDAY(12) /31.0,28.0,31.0,30.0,31.0,30.0'3.l.0'31.0,30.0'3.l.0'
E 30.0,31 .0/

CHARACTER GRAPHf¡] (IO)
Cot'lpLEXrcB RNAl,lE(3)/r EAGER ','RUSSELL ',' LAURIE '/
COI,II'ION TP, I'lFLST, FDELTA, QI
READ (5,7) TrTLE
READ (5,rc) NUI,IREC

CALCULATE TRANSITION PROBABI LITY

ii¡¡¡

CALCULATE THE I,IARKOV TRANS IT I ON PROBAB I L ITY I'IATR I X.

c
c
c
c
c
c
c
c
c
c
c
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CALL TRPROB (NUI.IREC)

c
RE AD

RT AD

READ

RE AD

RE AD

RE AD

RE AD

RE AD

RE AD

RE AD

RE AD

RE AD

RE AD

RE AD

RE AD

RE AD

RE AD

RE AD

PRTPT,l

¡1AXl,1l N

NSTAGE
NSTATE
EI4AX

EI4I N

(SELEV ( I

(wELEV(r
14INR

UNITR
OPTCOD
PRSTAJ
PRGRAF
PRAL L

PRPODA

PRRLDA
I NTRST
I DBG

) TITLE

UN I TPL=UN I TR+l 0

IF (PRPODA .EQ.
rF (pnnloR .EQ.

| =l , NSTATE)
| =1, NSTATE)

t) wRtrE (uNlrR,I l1) TIrLE
1) r.tRtrE(UNlrPL,lll) TIrLE

(5,'t)
(5, t')
(5 

' 
t")

(5, t',)

(5,,t)
(5, rt)
(5, r()

(5, rt)
(5, ù)
(5,,',)
(5, r',)

(5, tt)
(5, r,)
(5, tt)
(5, Jr)

(5, 
"')(5, t',)

(5, tt)
¡ (6,1

)
)

WR IT
c
c
c

UN ITPL=UN lT NUt{BER F0R I PL0TT I NG' DATASET.

c
c
c
c
c
c
c
c
c
c
c
c

.aaa'¡"" ""'.:
: PR I NT TRANS lT I 0N PROBAB I L ITY |'IATR I X :
.:
:::::::::::::::3::::::::::::::::::::::::::::::::::::::

IF PRTPI,I=YES (ì) THEN PRINT THE THE I4ARKOV TRANSITION I4ATRI IX.
OTHER}IISE,SKIPTHEPRINTING.BUT,PRINTINGINTODATASETISDONE

I F (PRPODA

I F (PRPODA

I F (PRRLDA

I F (PRRLDA

. EQ. t)

.EQ. r)

. EQ. l)

.EQ. l)

VJR ITE (UN I TR, ¡t) NSTATE

wRtrE (uNlrR,5t l) t4FLST
l.lR ITE (UN ltet,,t¡ NSTATE

VJR ITE (UN I TPL ,5I I ) ¡lF LST

c
t F (PRTPi4 . EQ. l ) VJR ITE (6, 1) T IrLE
D0 2 ¡gNTHt=t, t2

H0NTHJ=ftlONTH l+l
I F (nOrurH¡ . EQ. 1 3) ,'1oNTHJ= I

NF LST I =I,IF LST (I4ONTH I )
N F LSTJ=¡F LsT (t40NTHJ)

tF (PRTPll .EQ. l) WRIrE (6,5) l'toNTHl, (FL0NU¡4(J) , J=1, NFLSTJ)

D0 3 FLOþJl=1, NFLSTI
ir (PRTPtl .EQ. ì) WRIrE (6,4) FLoWl, (TP (FLoWl,FLoWJ,l'loNTHl) ,

6, FLOWJ=I, NFLSTJ)
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IF (PRPODA .EQ. t) wRlrE (uNlrR,l+4) (TP (FLoVJl,FLoV/J,I'loNTHl) ,

FLOWJ=1, NFLSTJ)

3
2

f"

CONT I NUE

CONT I NUE

c
c
c
c
c
c
c
c
c
c
c
c
c

CALCULATE TOTAL NU¡'lBER OF VARIABLES

:::::3:::::::::33::::::::::::::::3::::::3:::::::::::::

CALCULATE TOTAL NUT4BER OF VARIABLES I.E. THE TOTAL NUI4BER OF

I NF LOI.J STATES I N A YEAR

TNVAR = TOTAL NUi'IBER 0F VARIABLES

TNVAR=0
D0 l0 I'loNTH=l , 12

TNVAR=TNVAR+l4F L ST (t'10NTH)'lN STAT E

CONT I NUE

t',RtTE (6,rc) 'TNVAR: 
"TNVAR

:::::::::::::::3::::::::::::::::::::::::::::::::::::::.:
: INITIALIZE VARIABLES :

.:
....!!::::::!::::::::::!:::::::::3::::::::::

tNtTlALlzE THE I'loNTH OF THE YEAR FoR THE lNlTlAL STAGT ( l.E
I4ONTH (I) , THE CURRENT STAGE)

l0

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c
c
C:
c
c

¡40NTHt=NSTAGE/t2
|4ONTH I =NSTAGE- ì 2¡tl¿lONTH I

tF (I40NTH I .EQ. o) I40NTH l=12
ll0NTHJ=H0NTH l+l
I F (nOHrH¡ . EQ. l3) I'1oNTHJ=l

ltlONTHl=12
ll0NTHJ= 1

:: INITIALIZE TLAGS FOR PRINTING ''OPTII'1AL POINTERSII ON DATASETS.

NPCHK=0
PCHK0D= I

CFLAG=1
0F LAG=O

c
c
c
c
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c
c
c
c
c
c
c
c

BEG IN STAGE (¡4ONTH)

BEG IN LOOP ING FOR EACH STAGE (I'lONTH)

fCItfr }rIQJ!: I'IONTH (I) IS THE CURRENT STAGE (UOT NOruTH (J))
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c
c
c
c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c
c
c

D0 20 STAGNO=1, NSTAGE

TF LAG=OF LAG

lF (PRSTAJ .EQ. l) 0FLAG=l
NF LST I=I'IF LST (I4ONTH I )

NF LSTJ=I,IF LST (¡4ONTHJ)

tF ( oFLAG .EQ. r .AND. PRALL .EQ. r) !,rRrrE(6,2Ð RNA|4E(UNlrR),
s STAGN0, NSTAGE, |'10NTHl, (rlOruUm(FLol"J) , FLoW=1, NFLSTI)

I F (OTIRC .EQ. ] .AND. PRALL .EQ. I) WRITE (6,27)
s (Ql (FL0I.J,|'10NTH l)'t4.0, FL0w=l , NFLsT l)

SEASN I =l
lF (l4orurHl .GE. l1 .0R. I'loNTHl .LE. 4) SEASNI=0
S E ASNJ= ì
I F (I4ONTHJ .GE. I I .OR. I4ONTHJ . LE. 4) SEASNJ=O

: BEGIN STATE (I)

BEGIN LOOPING FOR EACH STATE (STORAGE) IN THE CURRENT STAGE

S I =EHAX (IIONTH I ) -SDE LTA (T4ONTH I ) It¡P¡g' 
'D0 30 STATEI=1, NSTATE

s t=RpF00T (uN tTR) ,t (SEASN ITcSELEV (STATE l) + (l -SEASN l) 't
wE LEV (STATE I ) ) -CoNST (UN r rR)

FREEBD= (EI4AX (I'IONTH I) - (SEASN I¡KSELEV (STATE I) + (I -SEASN I) It
wELEV (STATE r ) ) ) ¡tRPr00T (UN I TR)

BEcrN FL0W(r)

BEGIN L00PlNG F0R EACH INFLOW STATE ¡ lN THE CURRENT STAGE

D0 40 FLOVJI=.l, NFLSTI
QVot=ql (FLov\,l,tloNTH I ) rtla.g

BEGIN STATE (J)

BEGIN LOOPING FOR EACH STATE (I4ONTH) IN THE NEXT STAGE

g

E

c
c
c
c
c
c
c
c
c
c
c
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c SJ=EIIAX (I'IONTHJ) -SDELTA (I'IONTHJ) 
''CNPLUS 

I

RLC0D E=0
D0 50 STATEJ=.l, NSTATE

sJ=RpF00T (uN tTR) rc (SEASNJfcsELEV (STATEJ) + (ì -SEASNJ) 
"r

WELEV (STATEJ) ) -CONST (UN I TR)
LR (STATEJ) =O.O

:

BEGIN FLOW(J) :

.;aaaaaa..

BEGIN LOOPING FOR EACH INFLOW STATE IN THE NEXT STAGE

DO 60 F LOI.IJ=I , NF LSTJ
LR (STATTJ) =LR (STATEJ) +OPTVAJ (STATEJ , F LOV.IJ) 

'T
TP (F LOW I , F LOWJ ,I'IONTH I) / (I. O+ I NTRST)

Jc rk Jc fr:'¡ Jc Jc:k fc¡t:t fc fr fc¡tr'c ¡k ¡k ¡'i fcJrJ¡ Jr r'r ¡t fc fi fc¡t fcfc ¡t:t¡'t ¡T:'c:l ¡t fc *:t ¡k ¡'cJc ¡tfcrtfcfc:t ¡t ¡'cfc:t

¡, lt
rc END 0F L00P FL0W(J) :t

¡,c rk

fr ¡t:'c:k rt fc fc:k rtfc fc fc ¡t ¡tJcfc ¡t:tJc ¡k fc ¡k ¡k fr f¡ fr ¡t¡t ¡t frrt ¡'c ft:k¡t ¡t:tlt:t ¡'t¡t fcfc ¡t ¡l J¡ rkfc fc ¡l fc:tJc rt

CONT I NUE

0UTF L0=S I +QV0L-SJ
RE LEAS (STATE J) =0UTF L0
rF (STAGN0 .NE. 3 .OR. IDBG .EQ. 0) G0T0 49

BFACTR=10.0
lF (SEASN I . EQ. O) BFACTR=.l6.0
PRINT IOOO, SI,STATE I,Q,FLOWI,SJ,STATEJ,RELEAS (STATEJ)'

RELEAS (STATEJ) ¡tBF ACTR

PRI NT IOOI , (OPTVN¡ (STATEJ, FLOWJ) , FLOWJ=I , NFLSTJ)
PRTNT lOO2, (TP(FLOl.Jl,FL0WJ,t'lONTHl), FLot.lJ=1, NFLSTJ)
PRINT lOO3, (TP (FLoWl,FLoWJ,t'lONTHl) :tgplyO' (STATEJ,FL0WI),

F LOV.IJ= I , NF LSTJ) , LR (STATEJ)

PRINT ì004, LR (STATEJ)+RELEAS (STATEJ) 
'CBFACTR

' ,///,' STATE l:',F8. l,'-' ,12,3X,'FLoW l:',F8. l,'-',
2,3X,'STATE J:',F8.1,'-',12,3X' ¡RELEAS:',F.l0. l'3X'
l. RETURN: t,FìO.l/)

"' 
oPTVAJ: r,lO(Fl0.l,lx))

"/,, 
T.P. r,6X,lo(F8.3,3X))

' ,/,' L. RETURN: | ,lO (F9.l,lX) ,2X,F9.1)
' ,/,' T. RETURN: r,lO (Flo.l,lX) ,r ttfcrtrtfcr)

SET FLAG FOR DIFFERENT CATEGORIES OF RELEASE

c
c
c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c

ê

t 00o FoRttAT ( |

¿l
EI

loot FoRI4AT ('
I 002 F 0RI4AT ( '
too3 FoRt4AT ('
1004 F0RtlAT ( '

c
c
c
c
c
c
c

¿

6o

E

ê
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c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c

RLCODE=l ==) THERE lS AT LEAST 0NE OUTFLOW' ASSOCIATED

EACH STATE I AND INFLOW STATE I, THAT SATISFIES THE

t4 r N I r4ut4 DOWNSTREAT'1 RELEASE REQU I REI4ENT.

lF 0UTFL0 >= l'llNR
tF 0.0 < ouTFL0 < l'llNR
lF 0UTFL0 <= 0.0

I F (oUTF L0 . GE . 14l NR (¡'10NTH I )

tF (ouTFL0 .GE. tllNR(I'loNTHl)
r F (ourr lo . LT . t4l NR (|'10NTH I )

RFLAG (STATEJ) =0
r F (ourr lo . LT. 14l NR (|40NTH I )

RFLAG (STATEJ) =- I

===) ftfLAG=l
===) ffLAG=Q
===) ftfLAF=-l

) RFLAG (StRte¡) =l
) nlcooe=l

.AND. OUTFLO .GT.

.AND. OUTFLO .LE.

49

t,

E

0.0)

0 .0)

50

SJ=SJ-SDELTA (I,IONTHJ) 
'( 

(NPLUS ] -STATEJ)

fc¡tfc ¡k ¡'c ¡!:t:t fc ¡t fc:t¡k¡k ¡'c:k Jc¡t fc ¡t:t fc fc:tJc ¡tfi fc ¡t ¡t ¡t ¡t:tJc ¡'c ¡t ¡t ¡t¡'c ¡t Jc Jcfc ¡t ¡t fc:tfi Jr ¡l ¡'c fi:l ¡l

^q 
)'(

'c END OF LOOP STATE (J) :t

rk t(

Jcfc¡t Jc¡t:t:t fc fc¡'cfc:k f¡ ¡k:!:k¡t¡t ¡'c fc fc fr Jc rt:'c rtfc fc ¡t ¡t:t¡t¡k fc Jc ¡t ¡t ¡tfc ¡t:t ¡'c:t ¡t ¡l ¡l fifc fc ¡t Cc fc ¡k ¡t

CONT I NUE

DETERT4INE BENEF IT FACTOR

DETERI,IINE THE FACTOR TO BE T4ULTIPLIED TO THE OPTII'IAL

RETURN. TH IS FACTOR DENPENDS ON THE T II'lE ' SUI4I1ER

(t4AY T0 oCT.) 0R l..l|NTER (NoV. T0 APRIL) , 0F THE YEAR.

BFACTR=.l0.0
IF (SEASNI .EQ. o) BFAcTR=16.0

c
c
c
c
c
c
c
c
c
c
c
c
c

c
c
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

CHECK RFLAG FOR D I FFERENT OUTFLO CATEGORI ES

IF RFLAG ARRAY CONTAINS AT LEAST A II' (CAN BE O, ì, -])
I .E. RLCODE=l
RFLAG .EQ. I ===) RETURN=RELEASE
RFLAG.NE. I (0,-l) ===> RETURN=-555.0

lF RFLAG ARRAY CoNTAINS N0 rlt (oNLY 0 0R -ì ==> l',llN

RELEASE REQU IREI4ENT ARE N0T l'lET) I . E RLC0DE=0
RFLAG .EQ. 0 ===> RETURN=RELEASE
RFLAG .NE. 0 (-l) ===> RETURN=-555.0

D0 5l STATEJ=l, NSTATE
RETURN (STATEJ) =-99999.0
rF (nlcoor .NE. l) GoTo 52

I F (RF LAc (STATEJ) . EQ. ì )

c0 T0 53
r F (RFLAG (STATEJ) . EQ. 0) RETURN (SrRt¡¡) =

RELEAS (STATEJ)
r F (ne run¡r (srATEJ) . GT. 0 .0 . AND. RETURN (STATEJ) . LT.
Q0PT¡t4.0 .AND. UNITR .EQ. Ð Q0UT=RETURN (STATEJ) /\.0
rF (Rrrunn(STATEJ) .GT. O.O.AND. RETURN(STATEJ) .GE.

QOPTr.4.O .AND. UNrTR .EQ. 3) Q0UT=QoPT
rF (Rrrunru (srnrr¡) .GT. 0.0 .AND. RETURN (STATEJ) .LT.

r,1r NR (¡40NTH r ) . AND . UN rTR . LE . 2) QOUT=RETURN (STATEJ) /4.
IF (RETURN (STATEJ) .GT. O.O .AND. RETURN (STATEJ) .GE.
r,lrNR(r,lONTHr) .AND. UNrrR .LE. 2) QoUT=t'llNR (i40NTHt) /\.0
rF (nerunru (srATEJ) "GT. 0.0 .AND. UNITR .EQ. 9)

RETURN (STATEJ) =RETURN (STATEJ) 
"BFACTR+LR 

(STATEJ)

rF (uNrTR .EQ. 3 .AND. RETURN (STATEJ) .GT. 0.0)
RETURN (STATEJ) = (-8 .45334+0 .0J!,t (S¡RSru¡rcS E L EV (STATEJ)

( I -SEASNJ) ¡'(wE LEV (STATEJ) )

0 .00891 l\!:tQouT) 'tvRl-u¡ 
(moruru t ¡ 't

iITHDAY (l,lOrurH r ) ,r24.0+LR (STATEJ)
rF (uNrTR .LE. 2 .AND. RETURN(STATEJ) .GT. 0.0)
RETURN (STATEJ) = (0.0J!* (SEASNJfTSELEV (STATEJ)

(ì -SEASNJ) ¡tr,JELEV (STATEJ) )
0.0089 r $4!*Q0uT) ¡tvALUr (morurH t ¡,t
t'lTHDAY (¡¡rO¡¡rH t) :t2l+.0+LR (STATEJ)

r F (nrruR¡¡ (srATEJ) . NE . -99999.0 . AND . RETURN (STATEJ)

. LT. 0 .0) RETURN (STATEJ) =0 .0
CONT I NUE

rF (STAGNo.EQ.3.AND. TDBG.EQ. l)
PRINT IOO5, (RETURN (STATEJ), STATEJ=I, NSTATE)
F0Ri'1AT (r ' ,/ ,' *rtrk=>Çl{Q$E | ,10 (F 10.l, lX) )

6

RETURN (St¡tr¡) =
RELEAS (STATEJ)

52

53

51

E

g

6

E

E

ê

ê
E

E

E

E

E

E

E

E

E

I 005
c
c
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c
c
c
c
c
c
c
c
c
c

:

DETERI4I NE OPT I llAL RETURNS AND P0 I NTERS !

:::::::::::3::::::::::::::::!::::::::::::::!::::::::::

DETERI'lI NE THE OPT I I4AL RETURN FOR EACH I NF LO}J STATE AND

ITS CORRESPOND I NG PO I NTER (PO I ¡¡T I NG TO THE NEXT STAGE (J) )

E

E

E

6

F L0PTR= I

D0 70 STATEJ=2, NSTATE

I F (RETURN (STATIJ) . LT. RETURN ( I )

F LOPTR=STATEJ
I F (RETURN (STATEJ) . LT. RETURN ( I )

RETURN (I) =RETURN (STATEJ)

I F (RETURN (STATEJ) .GT. RETURN (I)
F LOPTR=STATEJ

I F (RETURN (STATEJ) .GT. RETURN (I)
RETURN (ì) =RETURN (STATEJ)

CONT I NUE

. AND . ¡1AXT4I N

. AND . I4AXT4I N

. AND . i4AXT4I N

. AND . I'îAXI4I N

. EQ. o)

. EQ. o)

.EQ. t)

.EQ. t)

7o
c
c
c
c
c
c
c
c
c
c
c

STORE OPTII,IAL RETURN AND POINTERS

STORE THE OPT II'IAL RETURN AND ITS CORRESPON ING PO INTER

FOR EACH INFLOW STATE

OPTVA I (STATE I, FLOI,JI ) =RETURN (I)
t'lTHPTR (STATE l, F L0W I ) =F L0PTR
T4THRLS (STNTE I , F LOW I) =RELEAS (F LOPTR)

fcfc ¡kJc fc fc:t:t Jr r'c¡t ¡t ¡t ¡t fc ¡'c fi Jc Jc ¡!¡t:t¡t:t ¡t ¡t:t:t:t fc¡tfcrk ¡t fc fc ¡t¡k¡t rtfc ¡t rt:t ¡t rtJc rt ¡t Jc:t¡1 rt fc

r- l'(

rr END 0F LOoP FLOW(I) )'(

^u )'l

fr ¡t Jc fc:t ¡t fc:t ¡'c¡tJc¡k Jcfc fc ¡t fi:t:! fc fc ¡l fc:t rt ¡t¡! Jc¡k¡t:!¡t ¡t¡t ¡! fc ¡t ¡t ¡t ¡t ¡k¡t ¡t ¡tfc ¡t ¡lJr fc¡tJc¡tJc ¡t

CONT I NUE

.:¡¡;;;¿.. "¡".:
: DETERT'IINE h'ATER ELEVATION :
.:

.;;¡;;aaaai¡r¡¡

DETERI4INE THE ELEVATION OF VJATER LEVEL CORRESPONDING TO

A PARTICULAR STORAGE STATE.
UN ITR=l ==> EAGER RESERV0 I R

o?-

40

c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c
c
c



c
c
c
c
c

UN I TR=2
UN I TR=3

==> RUSSELL RESERVOIR

==> EAGER RESERVO I R

E

E

rF (uNrTR .EQ. r) ELEV=(Sr+20700O.0)/2070.0
rF (uNrrR .EQ. 2) ELEV=(Sr+26058O.0)/2580.o
rF (uNrTR .EQ. 3) ELEV=(Sr+r91360.0) /920.O
tF (sTAcN0 .LE. 12)
SLEVEL (STATE I ,I'lONTH I) =SEASN I:tSELEV (STATE I)

( I -srlsru I ) rcY¡ LEV (srATE I )

PRINT STAGE RESULTS

c
c
c
c
c
c
c
c
c
c
c
c

ô

t

PRINT OUT THE OPTII,IAL RETURN FOR EACH STATE AND ITS
CORRESPOND I NG P0 I NTER; I N THE CURENT STAGE.

ELEV=SEASN tr<SELEV (STATE t) + (t -SEASN t) rcy¡¡¡y (STATE t)
rF (PRALL .EQ. 0) G0 T0 30
rF (orlnc .EQ.0) G0 r0 30
tJRtrE (6,80) srATEt, St,
(oprvnt (srATEt,FLot.ll), FLol.ll=l,NFLsTl)
wRtrE (6,83¡ (|4THRLS (STATE t,FLoWt) , FLoWt=1, NFLSTT)
t^lRtrE (6,85¡ ELEV, (nrHprR(STATET,FLoWT),

FLOWI=.l, NFLSTI)
S I =S I -SDELTA (mOrurH I ) r, (NpLUS I -STATE I )

¡t ¡t¡t:t fc:t Jc fc ¡k:t¡k¡t ¡tfc ¡t¡k fc fc ¡t ¡t ¡t¡tfc ¡'cJcf¡ r'r:t ¡t fc f<fc JcJc ¡t fcrt ¡t¡trt¡t¡t ¡t:t:k rt:'c:t:t:t:t ¡t ¡t¡t
¡t ¡t
tr END 0F L00P STATE ( l) rc

¡'r fc

¡t¡t fc ¡t rt:lJc fc:t¡t r'<¡t:l¡t ¡tr'c rk Jcfc Jc fc¡k:! ¡t:'c¡t:t fc:'c¡t ¡k ¡t¡l ¡'rfc ¡tJc:k fc¡t¡t rtfr ¡'c r'c¡'clt fc ¡t ¡t fcfc:t ¡'c

30 CONT I NUE

c
c
c
c
c
c
c
c

c
c

c
c
c
c
c
c
c
c
c
c
c
c

t^lR rTE (6, r03) 14 r NR (i4oNTH r)

PR I NT PO I NTERS (GRAPH I CAL)

PRESENT THE OPT I¡,1A1 PO I NTERS I N GRAPH I CAL FORI'I FOR EACH STATE .
PR INT ING IS DONE ONLY I F OPT II'1AL ITY HAS BEEN REACHED.
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

6
tF ((.ruor.0FLAG.0R. PRGRAF.EQ. O) .AND. PRALL.EQ. l)

G0 To 230
tJR trE (6,98)
D0 90 STATEI=1, NSTATE

D0 95 FLOWI=1, NFLSTI
r F (mruprn (7, F Lot,l ) .EQ. (NSTATE+r-STATE r ) )

XI
) .ur. (NSTATE+r-STATET))

GRAPH (r tOW t ) =
r F (T4THPTR (7, F LoW

GRAPH (¡ l-Ow I ) =
CONT I NUE

wRtrE (6,96) NSTATE+l-STATE l, (CRRplt (FL0tJ) , FLoW=1, NFLSTI)
tJRtrE (6, tot)
r F (srATE r .EQ. NSTATE) WR lrE (6 ,97) F LoNUt4

CONT I NUE

CHECK PO I NTERS

AFTER OPT I I'1AL ITY HAS BE EN ACH I EVED , CHECK PO I NTERS OF

CORRESSPONDING T4ONTHS OF TWO CONSECUTIVE YEARS.

lF (PRALL .EQ. 0) WRITE (6,:t) r¡k¡t¡trt¡k=> SATEGE N0:r,STAGNo
tF (srAGNo .LE. ì2) G0 To 99
PTRCHK=0
D0 9l STATEI=1, NSTATE

D0 92 FL0l.ll=.l, NFLSTI
pTRCHK=pTRCHK+ (yRpTR (STATE t, FLoWt,tloNTH I )

-f4THPTR (STATE r, FLoWt ) )
CONT I NUE

CONT I NUE

PTRCHK=0 ==> ALL P0 I NTERS ASS0C I ATED V,J ITH EACH ST0RAGE AND

I NF LOW STATE ARE THE SAI.IE BETWEEN THE CORRESPOND I NG I.IONTHS

lF (PTRCHK .EQ. O) l.JRlTE (6,tc) t¡t¡t¡t¡'cr'c=> P0INTER CHECK

IF (PTRCHK .NE. O) WRITE (6,TC) 'XXXXX=> POINTER CHECK

IF (PTRCHK .EQ. O) NPCHK=NPCHK+I
tF (PTRCHK .NE. 0 .AND. NPCHK .GT. 0) NPCHK=0
tF (NpcHK .LT. 2\.0R. PCHKoD .EQ.0) G0 T0 99

NPCHK >= 2\ ==> POINTER CHECK O.K. FOR AT LEAST 24 I4ONTHS

t F (PRPoDA . EQ. l ) WR I TE (UN t Tn, r,¡ TNVAR

VJR ITE (6, tc) I frfcrtfc¡t:tfc¡t¡k¡t PoL I CY CoNVERGES ! ! ¡t:tfcrt:t¡t:tJc¡tfcr

D0 86 I'IoNTH=1, 12
NF LST=I.IF LST (T4ONTH)

I F (PRRLDA . EQ. I ) V''R rrE (UN I TPL ,521) (Q I (F LoV'',1'10NTH) ,
FL0W=1, NFLST)

rF (pRpoDA .EQ. r) t.''RrrE (UNlrR,52l) (Ql (FLol^l,l't0NTH) ,

E

E

95

90

230

t
92
9r

c

c
0.K. I

FA ILS I

c
c
c

E

94



&

E

6

FL0W=1, NFLST)

DO 87 STATE=ì, NSTATE

lÉ (PRPODA .EQ. l) WRIrE (UNlrR,89) SLEVEL (STATE,I4qNTH) ,

(YRPTR (STATE,FLOW,I4ONTH), FLOW=I, NFLST)

tF (PRRLDA .EQ. l) WRIrE (uNlrPL,53l) SLEVEL (STATE,I'10NTH)

r F (PRRLDA .EQ. l) WRIrE (UNlrPL'521)
(YRRLS (STATE, FLoW,m0NTH) , FL0!"=.l , NFLST)

CONT I NUE

CONT I NUE

P CH K0D=0

87
86

c
c
c
c
c
c
c
c
c
c
c

CHECK F OR OPT I I,IAL POL I CY

¡õiiii¡¡rr

CHECK FOR OPTIT4AL POLICY AFTER I2 STAGES OF CALCULATIONS.

OFLAG=TFLAG
rF (pcHroo .EQ. o) sroP

lF (oPrcoo .EQ. l) cFLAG=l
rF (STAGNO .LE. 12.0R. CFLAG .EQ.0) G0 T0 112
TEllp=ABS (OprVRt (1, t) -oprvyR (l ,l ,l,loNTH l) )
C0UNT=0
D0 200 STATE=l, NSTATE

D0 210 FL0W=ì, NFLSTI
D I F F=ABS (OPTVR I (STATE , F LOW) -OPTVYR (STATE, F LOW,I'IONTH I) )
lF (ABS (D IFF-TEt4P) .LE. 0.01¡tTEl'lP) C0UNT=CoUNT+l

CONT I NUE

CONT I NUE

tF (couNT .EQ. NSTATEtcNFLSTI) 0FLAG=l
lF ( orlnc .EQ. l) cFLAG=l
tF ( oFLAG .Ea. l) þlRITE (6,t) trcf¡fc:'c*> oPTl¡{ALITY CHECK 0.K. I

rF (orlnc .EQ. I .AND. UNIrR .EQ. 3) WRIrE (6,104) TEI4P

I F (Or lnc . EQ. o) WR ITE (6 ,ZZO) CoUNT, NSTATE:tNF LST I

....!.aaaaiir¡¡ ¡rio¡
:

TRANSFER POINTERS AND RETURNS :

TRANSFER THE OPTI¡lAL RETURNS AND THE CORRESPONDING POINTERS

FROI'I THE PRESENT STAGE TO THE NEXT STAGE

D0 100 STATE=], NSTATE

D0 I l0 FLOWI=l, NFLSTI
OPTVYR (STATE,FLOVJI ,|'10NTHl) =oPTVAl (STATE, FLoWI)

0PTVAJ (STATE, FL0WI) =0PTVA I (STATE, FL0WI)

99

2ì0
200

c
c
c
c
c
c
c
c
c
c
c
c

112
t06
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I l0
t00

c
c
c
c
c
c
c
c

YRPTR (STATE, FLOWI, |,10NTH I ) =|[THPTR (STATE, FLoVll )

YRRLS (STATE, F L0þJ t, t'10NTH I ) =tlTHRLS (STATE, F L0t^ll )

CONT I NUE

CONT I NUE

RECACULATE I4ONTH FOR THE NEXT STAGE

I'IONTHl=I4ONTHl-l
rF (no¡¡rHr .EQ. o)
l,l0NTHJ=l40NTHJ- ì

I F (¡1oNTHJ . EQ. o)

l,l0NTHl=12

l,l0NTHJ= I 2
c
c
c
c
c
c
c

¡t:t rt:k ¡t Jcr!¡l:t ¡t fc ¡t:t:!:t:l fcJr:l Jc fc fc fc ¡trt ¡t¡t fcfc fc ¡tfc ¡t Jc fr fc ¡t fr¡'¡ ¡l ¡t ¡t fcttlt¡k ¡t¡t ¡'c¡t Jc J< rt ¡k

¡t Jc

¡t END OF LOOP STAGE (I4ONTH) :t
¡t fc

¡tfc ¡t fc:t¡t fiJr ¡t ¡tJc:'r ¡t:t ¡k ¡t ¡kJc¡t ¡t fc¡tfr ¡t ¡l ¡t rt ¡t ¡'r rt:k ¡t¡l rtJc Cr fc firt fc ¡'<:'c:t ¡t ¡t fc fc ¡t fc rt ¡t¡t ¡k rt

CONT I NUE

FOR|'IAT (' I 
"20 

(/) ,40X,50 ('#') ,/,T4t,'#' ,TgO
'| I'IARKOV TRANS tTt 0N I'IATR t X 

"T9O,', 
#"

Tgo,' #t, /,Tl+1,' #"'lgort #t r/ r\}x,50
F0RI4AT ('}', ,//,TlO, t2,T30, t0 (F4.2,4X) )
FoRI'1AT (', ' ,lX, I 2,6X,lo (F4.2, I X) )
F0RI'1AT (r 1 

"T50, 
t0 ("',') ,' ltloNTH N0: ',, 13,'

20
I

E
g

E

ET
ET
ET

F0R|4AT ( '
F0RI'IAT ( '
F oRtlAT ( '
F 0R¡IAT ('
FORI,IAT ('
FORI'IAT ('
FORI'IAT ('
F 0RI4AT ( '
F oRt'tAT ( '

6r
FoRt4AT ( 

'

F 0RI4AT ( 
'

F0R¡1AT ( 
'

F ORI4AT ('
F 0R|4AT ( '

,t#',
/,-t/41
('#')

/ , 1\1 ,' #', ,T5\,
, t #' ,T54, l5A4 ,
)

4

c4
5 ',lo ('r\') ////,ê T3r,ro(t2,6x)///)

C5 FoR|'lAT(r ',///,' .CE ',ìO('tt'),' I'i0NTH N0: ',13,' ',lO(tscr¡¡¡,
c 6' sr0RAGE"T27, ' INFLoW STATE"/,' STATE¡,Tll,l0(t2,3X))
7 FoRrlAT (r5A4)
25 FoRl,lAT (r I 

"T54,lO 
(':t') ,2A4,10 ('r\',) ,//,

27
44
80
83
85
89
96
97
98

0

Tl+9,10('rtt),t STAGE r,l3,r 0F',13,",.lO(tict)//,
50,10(,r,') ,' t'toNTH N0: ',13, ",10 (¡:rt) ///,
3, ' SToRAGE | ,T15, I SToRAGE', ,T62, 'FLoW STATE' ,/ ,T\, 'STATE' ,

14,' (CFS-I,JKS) ' ,/,r27,9 (t2,gX) ,12)
' ,T2l , lo (3x, F8.l) )

IX,to(t5.3,2X))
/ /,t5,12,r 13, F8 ,1,-t22, lo (lx, Elo.3) )
T22,to(tx,Elo.3))
Tl4, | (' ,F6 .2,') 

" 
Tlg,lo (7x,' (' ,12,',) ') )

3X, F8. 1,2X, lo (l 2,2X))
35X,12,3X,,*, , lo (4X,Al) )

36X,, O' ,3X,'*" 10 (4 ('-,) ,'+') , /,T\6,10 (12,3X))
/ / ,T\\, I GRAPH I CAL PRESENTATI ON OF PO I NTERS FOR STATE I 

,

ox,'f"/,41x,'l')
/,TlO,'l'llNl¡4Ut4 RELEASE!',F 10.2,/)
,TlO, I ANNUAL EXPECTED RETURN! ' , F 10. l)
x, t5A4)
/, ' XXXXX=> OPT I l'1AL ITY CHECK FA I LS | ,
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s 3X, r COUNT=' , 1 3,2X, 'VrlH I CH

6 | FL0W STATES/STAGE')
5il FoRtlAT (|', tX,12 (t2, tX))
521 F0RI4AT (" , tX,5 (tX, F8. ì) )

531 F0RI'1AT (|', tX, F8.l)
STOP

END

c
c
#El,lBED F=TRPROB DR0P0
c
c
C#El'lBED G=THES lS. DATA.I'1TH4 F=Ci+O

C#El'lBED F=LAURIEI
$ E rurnv
#E¡1BED G=THES I S.DATA.l4TH4 F=C40
#E¡lBED F=LAURIEI
( I NPUT DATA )

r s NoT EQUAL T0 'r13

B.l.l Sample lnput

LAURIE INFLOI,J RECORD (TITLE OF FLOW RECORD)

28 RECORDS
(28 YEARS OF INFLOI,J OR RELEASE RECORDS; G IVEN IN APPEND IX A)

PRINT THE FLOW RECORDS IN THE TRPROB ROUTINE?
PRINT THE TRANSITION I4ATRIX IN THE TRPROB ROUTINE?
PRINT TRANSITION PROBABILITY I'IATRIX IN THE T4AIN PGI4?

l'14X. OR t'l1N.oBJECTIVE FUNCTI0N? (l'tltl=0, l'îAX=l)
NUI'IBER OF STAGES?
NUI'IBER OF STATES?

213.0 213.O 213.0 213.O 212,0 212,O 212.0 212.O 212.0
212.0 2r3.0 2t3.0 t'lAX. l'loNTHLY RESERVoIR ELEVATI0NS

192.0 r92.0 r92.0 r92.0 r92.0 192.0 192.O 192.0 192.0
t 92 .0 192,0 l'1r N I4oNTHLY RESERVo I R ELEVAT I oNS
2lo.o 207.0 204.0
r98.0 r95.0 r92.0 SToRAGE LEVELS (STATES) F0R SUI'1I4ER

209.0 207.0 201+.0
l98.o ì95.0 192.o SToRAGE LEVELS (STATES) F0R WINTER

o l8oo.o 18oo.o r8oo.o r800.0 ì800.0 1800.0 1800.0 1800.0
o l8oo.o t4lN. I'10NTHLY DovJNSTREAl,l RELEASE REQU lREl,lENT (CFS-WKS)

O WHAT IS THE 14INI4UI'l RELEASE (CFS-WEEKS) ?

!üH I CH RESERVO I R? (TICEN=I , RUSSELL=2, LAUR I E=3)
PERFORT4 OPT I I'1AL ITY CHECK FOR EVERY STAGE AFTER OPT I I4AL PO I NT?

PRINT RESULTS STARTING AT STAGE I OR AT OPTITIAL STAGE? (STAGE ì=I)
DO U WANT RESULTS TO BE PRINTED AT ALL?
PR I NT OPT IT4AL POL I CY I N DATASET?
PRINT OPTI¡lAL RELEASE IN DATASET?
!.IHAT IS THE INTEREST RATE?

0
0
I

I
2\O
I

192.0
r 92.0
213.0
20t.0
212.0
20t.1
I 800.
I 800.
I 800.
3
I
ì

I

I
l
0.0
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B..l.2 Sample Output

The output produced by this program is similar to those

given in Appendix B for Eager and Russell reservoirs except

that it also prints out the optimaì releases. Note: This

program also prints optimal monthly pol icies and optimal

month I y rel eases on two d i fferent datasets.
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c
c
c

8.2 PRocRAr4 2 - ( rOH sysrEm )

This program sets up the system of equations according to

the optimal pol icies and solve for the system of equations.

The results obtained are the probabi I ity of release (PR)

associated with each inflow state.

f<¡t:kdc:l:tfc¡t:lt( Pf Ogram L i st ing ¡t:kJc:k:kJc:'crtfcfc

I NTEGER TNVAR, NSTAGE , NSTATE , I4ONTH I , I'IONTHJ ,
EQNPTR, VARPTR, VARNUI'l, FLOI,/I, FLOWJ, STAT
tER, ENDprR, UNtrpR, NUt4(lO) /t,2,3,\,5,6,7
YRPTR (IO, IO,12) , STATE, FLOW, NFLSTI,NFLST
f{FLST(t2), TTTLE (15), UNrTR

REAL A (832,833) ,8 (832) , PS,
PQ (to) , sutlPR, TP (to, 10, t2)

UN I TR=3
UNITPR=UNITR+20

: READ lN OPT ll'tAL POL I CY FR0t4 THE l4A I N PROGRAI4

READ IN POINTERS AND TRANSITION PROBABILITY ¡1ATRIX

El'
,8,
J'N

E

6
E

E

E

STATEJ,
9,l0/ ,
F LST,

c
c
c
c
c
c
c
c
c
c

READ (UNITR,52O) TITLE
READ (UN ITR, fc) NSTATE
READ (UN lTR, rc) ,,1F LST
t.lR trE (6, 1) T t rLE
t{R rTE (UN rTPR ,57O) T rTLE
D0 530 i'1ONTHl=l, 12

l40NTHJ=t'lONTH l+ ì

I F (|'1oNTHJ . EQ. 1 3) l,toNTHJ= I

N F LST I =T4F LST (I4ONTH I )
N F LSTJ=I'îF LST (I4ONTHJ)

D0 540 FLOWI=1, NFLSTI
READ (UN tTR, rr) (Tp (F LoW I , F LoV,'J , |'10NTH I ) ,

CONT I NUE

CONT I NUE

RE AD (UN I TR , T'C) TNVAR
l¿l=TNVAR+ I

D0 550 I'IONTH=l, l2
N F LST=IIF LST (¡IONTH)

540
530

99

FLOWJ=l, NFLSTJ)



560
550

c
c
c
c
c
c
c
c
c
c
c

160

30
20
t50

READ (UN ITR, fC) DUT4T,IY

READ (UN tTR, rc) DUt'lt4Y

DO 560 STATE=I, NSTATE
READ (UNlTR,rc) DUt4l'lY, (Ynptn (STATE,FL0W,l,loNTH) , FL0W=1, NFLST)

CONT I NUE

CONT I NUE

DETERT4I NE CHOLESKY AUGI,lENTED I4ATR I X

&

DETERI4I NE THE AUGI'lENTED I.IATR I X ACCORD I NG TO THE OPT I I'1AL POL I CY.

E QN PTR=0
VARPTR=TNVAR-14F LST ( I 2) TC¡51¡1'
D0 l0 l'10NTHJ=l , l2

i4ONTH l=llONTHJ- I
lF (I'loNTHl .EQ. 0) l,toNTHl=t2

N F LST I =llF LST (¡10NTH I )
N F LSTJ=I.1F LST (}IONTHJ)
VARNUtI=VARPTR
D0 20 STATEJ=l, NSTATE

D0 30 FLOVJJ=l, NFLSTJ
EQNPTR=EQNPTR+I
D0 .l60 J=1, f'l

A (EQNPTR, J) =o.o
CONT I NUE

rF (STATEJ .EQ. NSTATE .AND. FLoWJ .EQ. NFLSTJ)
G0 T0 r5o

A (EQNPTRI EQNPTR) =I .O
D0 40 STATEI=1, NSTATE

D0 50 FLO!,ll=1, NFLSTI
VARNUII=VARNUI'l+ ì

IF (YNPTN (STATE I ,FLOWI ,I'IONTH I) .EQ. STATEJ)
A (EQNPTR, VARNUI'l) =-TP (F LOW I , F LOV''J ,I'lONTH I )

CONT I NUE

CONT I NUE

VARNUI,I=VARPTR
CONT I NUE

CONT I NUE

NVARPS=HF LST (I4ONTHJ) :'(NSTATE

VARPTR=EQNPTR-NVARPS

REPLACE THE LAST EQN 0F EACH STAGE W|TH THt CoNSTRATNT
EQN I.JHERE SUl,l 0F PRr S= I .0

DO 60 VARNUI'I=I, TNVAR
rF (vARNUr4 .GT. (EQNPTR-NVARPS) .AND. VARNU¡4 .LE. EQNPTR)

ê

5o
4o

c
c
c
c
c
c
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E A (EQNPTR, VARNUII) =I .O
CONT I NUE

A(EQNPTR,I'l)=I.o
CONT I NUE

! CALL EQUAT I 0N SOLV I NG SUBR0UT I NE :

s0LVE SYSTET'1 0F EQUAT l0NS US ING CH0LESKY l,lETH0D

CALL CHLSKY (A, N,I'1, B, NR)

PR I NT RESULTS

PRISENT RESULTS I N THE FORI4 OF OPT I I4AL POL I CY

wRrrE (uN rrPR,59Ð T4FLST

FoRI'1AT (' 
" 

lX, ì2 (12,lX) )
utR tTE (uH ltpR, r,) NSTATE
VARPTR= I

D0 80 I'loNTH=1, t2
NF LST=I'IF LST (IlONTH)
tJRITE (6,90) i10NTH, (ttUt't (t) , l=1, NFLST)
END PTR=VARPTR+N F LST- I
D0 95 FL0W=I, NFLST

PQ (F l-ow) =o . o
CONT I NUE

SUIIPR=O.0
D0 .l00 STATE=l, NSTATE

PS=O .0
J=l
D0 105 l=VARPTR, ENDPTR

PS=B(I)+PS
pQ (J) =pQ (J) +B ( | )
J=J* I

CONT I NUE

S Ul,lPR=S Ul,lPR+PS
v.JRtrE (6, t t0) srATE, (B (t) , l=vARPTR, ENDPTR)
wRtTE (UNtTPR,580) (B (l) , l=VARPTR, ENDPTR)
wR rrE (6, r r 5) PS

t.'lRtrE (6, I l6) (YRPTR(STATE,FLoW,I4oNTH), FL0W=1, NFLST)
VARPTR=ENDPTR+.|
ENDPTR=VARPTR+N F LST- I

6o

0
c
c
c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c
c
c

599

95

ì05

t0l



100

8o

90

I l0
I t5
r r6
t20
125
520
570
580

CONT I NUE

wRrrE(6,lzo) (PQ(l), l=1, NFLST)
v,fR I TE (6 ,12Ð sut4pR

CONT I NUE

STOP

F0R|4AT('l,,20 (/) ,4OX,50 ('#') ,/,T41, t#t ,190,1
'!I'IARKOV TRANSITI0N tlATRlXt,T9O,' #"/,
Tgo,' #,,/,T4.l,' #"1go,t #t,/,\ox,50 ('

F0R|4AT (' 1 

"T50, 
' PR0BAB l L lrY 0F RELEASE T ,/

12, / / /,13,'SToRAGE 
"162,' 

I NFLol,J ST

E

E

6
E

t

#,,/
T4r,
#') )

/,16
ATE I

, T4l ,t#t rT5L+,
, #' ,r5|4 ,l5A\ ,

0,'|,IONTH: r,
,Tl2l ,

¡PRoBABlLlrY', ,/,T\, TSTATE | ,r122, ' (SToRAGE)', ,/,
T22,to(t2,8X))

F0Ri4AT (', O" / /,15, 1 2,116, l0 (2X, F8.3) )

F0RI4AT (' *',T lZZ,F8.3)
FoR¡lAT(' 

"T15,ìO(7X,' 
(" 1 

.|,')'))
FoRI'lAT (',}', ,//,]|2,' PRoB (INFLOWS) ' ,Tì6, ìO (2X, F8.3) )
F0Ri4AT (' O', / / /,T50, I r!:'c¡'c¡t¡'c=) ToTAL PR=',F8.3)
FoRr4Ar (t5A4)
FoRtlAT (" , ìX,l5A4)
F0RI'1AT ('! ' ,lX,lo (F5.3,.lX) )

STOP

c
c
c
c
c
c
c
c
c
c

: TH E CHOL ESKY I'1ETH0D :

S0LVE THE SYSTEI4 0F EQUAT l0N US ING THE CHoLESKY i'1ETH0D

SUBROUTI NE CHLSKY (A,N,I'1, X,NR)
REAL A(NR,]), X(N)

C CALCULATE F I RST ROW OF THE UPPER UN IT TR I ANGULAR I'IATR I X

D0 3 J=2' l'1

3 A(l'J)=l(l'J)/A(l'l)
C CALCULATE OTHER ELEI'IENTS OF U AND L I'IATR ICES

D0 I l=2, N

J=l
D0 5 I l=J, N

S Ul'1=0 .0
Jl'11=J - I
D0 4 K=.l, Jt'lt

4 SUH=SU¡1+A ( I I , K) ¡tA (K, J)
5 A(il,J)=r(il,J)-SUt4

lPl=l+l
D0 7 JJ=lPl, ¡4

S Ul,1=0 .0
ll'11=l-1
D0 6 K=1, ltll

6 sul,l=sul4+A ( I , t<) ,rt (K, JJ)
7 A(t,JJ)=(A(t,JJ) -SUtt) /A(t,l)
8 CONT I NUE

c S0LVE FoR X (l) BY BACK SUBSTITUTIoN
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X(N)=A(N,N+l)
L=N- I
D0 l0 NN=.|, L

SUll=O .0
| =N-NN
lPl=l+1
¡Q ! J=lPl, N

9 SUI'I=SUH+A ( I , J) 'kX 
(J)

Io x(t)=A(1,¡1)-sul'l
RETURN

END

$ E rurnv
( I NPUT DATA )

8.2.1 Sample lnput

The i nputs to th i s program are the opt i ma ì month I y

policies (in dataset) produced by Program l.

B .2 .2 Samp I e 0utput

The output of this program are the probabi I ity of reìease

associated to each inflow state and the monthly optimal

poi nters wh i ch are stored i n datasets and I ater used by

Program l.
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8.3 PRoGRAH I ; ( ASSE¡lBLE lNFo )

This determines the probability distributions of inflow'

release, and storage and also the monthly expected releases.

¡t¡t:tfc:tttJc:t¡tt( Program L i St i ng ¡'<JcJcfc:t¡tfcrkfc:t

INTEGER TITLE (]5) , I'lFLST (I2) , NSTATE, NFLST, STATE,
ê uNtrPL, FLoW, NUI'ISKlP, YRPTR(.l0), PTR,
g FLONUI'1 (lO) /1,2,3,\,5,6,7,8,9,10/, UNlrR, UNITPR

REAL Q(rO) , RELEAS (lO) , PRS (10) , DUI'l¡,lY, PRDIST(.l0) , EXPRLS,

e PQ(ro), PS(to), ELEV, EXPST0,
s AVGFLO (t 2) /126.1,136 .3,133.8,276.6,818.6,48À .6,331.3,281.2,
s 351.2,296.5,226.\,175.5/

COHPLEX'C8 RNAT4E(3)/' EAGER 
"'RUSSELL 

',' LAURIE I/

READ OPT IT{AL POL I CY

::: READ lN OPTlt4AL POLICY FR0t4 DIFFERENT FILES

c
c
c
c
c
c
c
c
c
c

t0

READ (5, r,) UN ITR
UN I TPL=UN I TR+l 0
UNITPR=UNITR+20
READ (Ururrpt,lo) TITLE
READ (UNITPR,IO) TITLE
READ (UNITR,IO) TITLE
FoRI4AT (r5A4)
READ (UN ITPL,:'c) NSTATE
READ (UN ITPL, t ) f,lF LST
READ (UN trPR, dc) t'lF LST
READ (UN ITPR,") NSTATE
NUI'ISK I P=0

SKIP UNWANTED DATA LINES

D0 l5 l=1, 12

NUI4SK I P=NUlçlSK I P+l'tF LST ( | )
CONT I NUE

NUI'ISK I P=NUt4SK lP+3
D0 l7 l=1, NUI4SKIP

READ (UN ITR, fC) DUI4¡{Y

CONT I NUE

c

c

t5

c
c

17

r04



c
c
c
c
c
c
c
c
c
c

CALCULATE PROBAB I LITY D I STRI BUTI ONS

CALCULATE THE PROBABLITY DISTRIBUTIONS OF STORAGE' RELEASE'
AND INFLOW. ALSO, CALCULATE THE EXPETED RELEASE AND EXPECTTD

STORAGE LEVEL FOR EACH I4ONTH.

D0 20 HONTH=I, 12
NF LST=I1F LST (I4ONTH)

READ (UN tTPL, r'c) (Q (r IOW) , F L0W=l , NF LST)

READ (UNlTR,rt) (Q(rlOW) , FLOW=1, NFLST)
EXPRLS=0.0
EXPST0=0.0
D0 25 FL0W=1, l0

PRD I sT (r tOw) =o . o
PQ (r low) =o . o
PS (F L0t.") =0 .0

CONT I NUE

tlR trE (6,26) RNAtlE (UU ltn) ,

s |'10NTH , (r lo¡tutl (F Lovr,) , F Low= I , NF LST)

!',R trE (6,27)
s (Q (F LotJ) , F LoW=l , NF LST)

D0 30 STATE=l ' NSTATE
READ (UN tTPL,rr) ELEV, (n¡l¡¡s (rtow) ,

¿ FL0W=1, NFLST)

READ (UNlrPR,rt) (PRS (FLoW) , FL01,J=1, NFLST)

READ (UN tTR,rr) ELEV, (YRPTR (rlOW) ,

e, FL0t.l=I, NFLST)
DUI'IHY=O.0
D0 40 FLOW=I, NFLST

PQ (F LoW) =PQ (F Lol^l) +PRS (F LoW)

DUI4I,IY=PRS (F LOW) +DUI.lI'lY

PTR=YRPTR (T IOW)
PRD r ST (Rtn¡ =pp¡ I sr (PTR) +PRS (F LoW)

EXPRLS=EXPRLS+RE LEAS (F LOVJ) T'<PP5 (F LOW)

CONT I NUE

PS (STATE) =DUH¡'1Y

EXPSTO=EXPSTO+PS (STATE) ¡tE LEV
h,R tTE (6,80) STATE, ELEV,

s (RELEAS (FLOW) , FLoW=I,NFLST)
wR lrE (6, 83¡ (PRS (F LOW) , F Lot,J= I , NF L.ST)

l./R I TE (6, 85¡ (YRPTR (F Lot^J) ,

S FLO!,1=1, NFLST)
CONT I NUE

!úR I TE (6, 9O) (pQ (r LoW) , F LoW= I , NF LST)

vúRlrE (6,loo) (PS (srATE) , STATE=1, NSTATE)

l^JRtrE (6, I lo) (PRDIST(STATE) , STATE=1, NSTATE)

TEt4p=EXpRLS-AVGF L0 (I4ONTH) :r4. O

t,JR trE (6, I zo) EXPRLS, TEI'lP
wR ITE (6, I 30) EXPRLS¡',co.4.| , TEI'lPtco.4l
WR tTE (6, t 40) EXpRLStco.59, TEtlPrco .59

25

40

30
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t.JR I TE (6, r 50) EXPST0
20 CONT I NUE

STOP

26 F0RI4AT ('l ' ,T54,.l0 ('rc') ,2A4,lO ('lr',) ,//,
s T5O,lO('f,'),' ltloNTH N0: ',13,' ',lO(rlrt)///,
s T3, I SToRAGE' ,T15, I ST0RAGE | ,T60, I I NFLol^l STATE (CrS) ' ,/,1\,
E r srATE' ,T16, I LEVEL', ,/,T27,9(:t2,9X) , I 2)

27 FoRt'lAT (|' ,T2ì, to (3X, F8. ì) )

8o F0RI4AT ('0.,//,T5,t2,T13,F8. t,T22,10 (lX,El0.3))
83 FoRtlAT('',T20, 1o(3X,F8.3))
85 FoR¡4AT(t',Tlg,lo(7X,' ("12,')'))
g0 F0R|4AT('| 

"///, 
'¡PRoB. DISTR. (INFLoWS) r,

I T2O,lo(3X,F8.3)/)
t00 FoR|'lAT(,0,,'pRoB. DtsTR. (SToRAGE)',

Ë T2o,to(3x,F8.3)/)
I t0 F0R|'1AT ('O' ,'pRoB. D tSTR. (RrtERSe ) ' ,

s T2o, l o (3x,t8 .Ð /)
t20 F0R|4AT('0"'EXPECTED RELEASE F0R THE I4oNTH (CFS-WKS) 

"ê T50,FlO.2,T8O,'|DEDUCT INFLoI.J ',Fì0.2)
t 30 F0RmAT ('0' , ' EXPECTED RELEASE F0R EAGER (CFS-þ'KS) ' ,

ê T5O,F1O.2,T8O, 'DEDUCT INFLoW 
"F10.2)I40 FORI'IAT('O','EXPECTED RELEASE RUSSELL (CFS-WKS) ',

s T5O,FlO.2,T80,'DEDUCT INFLoW r,Fl0.2)
I50 FOR¡lAT ('O' , 'EXPECTED STORAGE LEVEL' ,

E T5o,FlO,2,'FEETT)
END

S ¡¡¡rNV
( I NPUT DATA )

8.3.1 Sample lnput

3 WHICH RESERVOIR (l=EAGER, I=RUSSELL, 3=LAURIE) ? (part of

The sample inputs for this program are: l) l'lonthly release

pol i c i es (i n dataset) produced by Program I , and 2)

Probability of release (in dataset) produced by Program 2.

i nput)

8.3.2 Sample 0utput

The sample output for this program can be found in

Appendix C for Laurie reservoir.
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8.4 PRoGRAT'l !; (GENRTN)

Th i s program generates the monthì y rel ease records

according to the optimal pol icies.

¡k¡'cfc¡k:trt:tJ¡:'<* Pf ogf am L ist ing ¡lrt:t¡t:t¡t:trtJt¡t

TNTEGER TtrLEì (t8,3), t4FLST(t2,3), NSTATE(3), NFLST, STATE, YR,
, uNtTPL, FLoV'', NUi4SKtP, YRPTR (2t,10,12,3), FLoPTR,STPTR,

PRFLDA, UNITR, NUI4REC, RECNO,
pTR3 (3) , UNtTFL, RESNo, tNFLoW(28,12,3), TtrLE (t8) ,

c 0r,1E NT ( r 8)
REAL QDutlt'ly (t0) , RELEAS (2t,10,12,3), DUt'lt'lY, Q (12,10,3) ,

ELEV (12,21 ,3) , SLEVEL (28,12,3) , RETURN (t2) ,
8, t0.7,8.3,9.3,t0.3, 12.3,

TtNFLO, OUTFL0 (28,12,3), ADFLot^J(28,12) ,

Qopr/t150.o/ , Qour, AVc tN (12,Ð /36rc0.0/ ,
AVGoUT (r Z,3) /36r.0.0/

COI'IPLEX¡t8 RNAT,IE(3)/' EAGER 
"'RUSSELL "' 

LAURIE '/

READ IN OPT II4AL RELEASE POL ICY

::: READ lN THE OPTll'1AL RELEASE POLICY FR0l4 DIFFERENT FILES

READ (5, to) Co''lENT
wRtrE (6,I t) cot4ENT
D0 5 UNITR=I' 3
UNITPL=UNITR+10

å
E
eI

&

E

E

E

6
ê
E

E

ê
ê
E

.0,3ì .0,30.0,3t .0,3t .0,30.0,3.l .0,

vALUE (12) / 15.9,15. t, 14.2, 12.
12 .5 ,1 2 . I , 1 3 .8 / ,

|4THDAY (12) /31 .0,28.0,3t.0,30
30.0,31 .0/,

LAVGQT (12) /r26. l, 136. 3,133.8,276.6,818.6,484 .6,331 .3,281.2,
351 .2,296 .5,226 .\,17 5.5/ ,

c
c
c
c
c
c
c
c
c
c

READ (5
READ (5
READ (
READ (

READ (UN I TPL,
READ (UN I TPL,

,10) (TtTLEt(t,uNlTR), t=1, l8)
,fr) NUtlREC
UN I TPL
UN I TR,

, to) TTTLE
ìo) TtrLE
,'() NSTATE (UN ITR)
)r) (t4F LST (nOrufH, uN tTR) , I'loNTH= I , I 2)

c

c
SK IP UNI.'ANTED DATA L INES

NUI1SK lP=0
D0 15 l=.1 , 12

NUt4SK I P=NUHSK I P+tlFLST ( l, UN I TR)
CONT I NUE15
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7

NUI4SK IP=NUI,lSK IP+3
D0 17 l=.l, NUI'ISKlP

READ (UN lTR, rt) DUI'lI'lY

CONT I NUE

DETERI,IINE THE AI'IOUNT TO RELEASE FOR EACH I'IONTH

::: DETERI4INE THE AIIOUNT T0 RELEASE AND PRINT RESULTS

D0 20 |'1ONTH=l, 12

NF LST=I,IF LST (I'IONTH, UN ITR)
READ (UNtTPL,fr) (QDUt4t4Y (FL0W) , FLoW=1, NFLST)
READ (UNtTR,rr) (Q(l,tO¡lrU,FL0W,UNtTR), FL0W=.l, NFLST)
wRtTE (6,:'t)'!QDUt'lt'lY', (QDUt4l4Y (FLoW), FLOW=1, NFLST)
v,rRtTE (6,rc) 'TRUE Q', (Q(¡IO¡¡TH,FLOW,UNtTR) , FLoW=1, NFLST)
tTEI4P=NSTATE (UN tTR)
D0 30 STATE=l , lTEl'lP

READ (UN tTPL,:'r) DUt4t4Y, (net¡RS (STATE, FL0W,l40NTH,UN ITR),
S FL0Ì.1=l' NFLST)

READ (UNITR,dC) ELEV (T4ONTH,STATE,UN ITR), (YRPTR (STATE,FLOW,
s l'l0NTH,UNlrR), FLoW=.|, NFLST)

CONT I NUE

CONT I NUE

D0 l+0 RECN0=l , NUI'lRtC
READ, YR, (tNFL0W(RECN0,I'IONTH,UNlTR), I,loNTH=1, t2)

CONT I NUE

CONT I NUE

D0 250 UNITR=I ' 3

START OPERATION AT FSL
STPTR= I

120
200

yR= I 953
TVALUE=0 .0

D0 ì00 RECN0=l, NUI'IREC

YVALUE=0.0
D0 I l0 HONTH=I, 12

T I NF L0= I NF L0W (RECN0, tloNTH , UN tTR)
rF (uNrTR .EQ. 3) TTNFLo=TlNFL0

S OUTFLO (RECNO,I'IONTH, I)+OUTFLO (RECNO,i4ONTH,2)

lTEl,lP=tlF LST (|'10NTH, UN ITR) - ì
D0 .l20 FLOW=.l, lTEI'IP

B0UND= (Q (|4oNTH, FLot.l+t, UN tTR) +Q (t'lOHrH, FL0lr, UN I TR) ) /Z.O
rF (TrNFL0 .LT. BoUND) G0T0 2oo

CONT I NUE

F LOPTR=F L0W

OUTF LO (RE CNO, I'IONTH, UN I TR) =RE L EAS (STPTR, F LOPTR, I'IONTH, UN I TR)
E /\.0

IF (UNITR .EQ. 3) ELEVI=ELEV(I4ONTH,STPTR,UNITR)

c
c
c
c
c
c
c
c
c
c

c
c

30
20

40
5

c
c

c
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E

E

STPTR=YRPTR (STPTR, F L0PTR,|'IONTH , UN ITR)
I'ITHJ=l'10NTH+ I

rF (i4THJ .EQ. r3) r.lTHJ=l
SLEVEL (RECNO,I'IONTH, UN ITR) =ELEV (T4THJ,STPTR, UN ITR)
AVG I N (T4ONTH, UN I TR) =AVG I N (I,IONTH, UN ITR) +T I NFLO
AVG0UT (I'loNTH, UN trR) =AVGoUT (|'1oNTH , UN lrR)
ourF L0 (RE cNo , ¡10NTH , UN I TR)
rF (uNrTR .NE. Ð G0T0 il0

tF (rl¡vl .EQ. SLEVEL (RECN0,l'loNTH,UNlrR) .0R.
FLOPTR .EQ. ITEI'1P+I) OUTTLO (RECNO,I'lONTH,UNITR) =TINFLO
¡ g= ($LEVE L (RECNO, ¡lONTH, UN I TR) +ELEVI ) / Z.O
Q0uT=0uTF L0 (RECNo, I'1oNTH, UN ITR)
I F (Q0UT .GT. Q0PT) Q0UT=Q0PT
RETURN (|40NTH) = (-8 . \533\+0.035,',F B

0.0089 1)\isc
Q0uT) tcvALUE (I'1oNTH) trl'lTHDAY (¡10NTH) ¡',r24.0

YVA L UE=YVA LUE+RETURN (I'lONTH)

r F (RETURN (I40NTH) . LT . 0 . O) RETURN (|4oNTH) =0 .0
ADF LOl.J (RECN0, l'10NTH) =T I NF L0

CONT I NUE

rF (uNrTR .NE. 3) G0T0 roo
I F (1400 (RECNo,4) . EQ. r ) WR rrE (6, ì 30)
D0 140 HONTH=1, 12

SP I LL=0.0
tF (ourrL0 (REcNo,I40NTH, uN lrR) .GT. QoPT) SPILL=
OUTF LO (RECNO,I.IONTH, UN ITR) -QOPT
t.JRtrE (6, t50) yR,tloNTH, I NFL0W (RECN0,¡10NTH,3),
tNFL0þt (RECN0,I'loNTH, ì) ,SLEVEL (RECNo,¡10NTH, ì) ,

0urFL0 (REcN0,|'10NTH, l) , INFL0W (RECN0,I'loNTH,2) ,

SLEVEL (RECN0,f'10NTH, 2),
0urF L0 (REc¡to, I'loNTH, 2) , ADF L0W (RECN0,|'1oNTH) ,
SLEVEL (RECN0, t'10NTH, 3),
0uTFL0 (RECN0,t'10NTH, UN I TR) -SP I LL, SP I LL, RETURN (i4oNTH)

CONT I NUE

þJR ITE (6, ¡t) I I

l,.lR ITE (6,:t) I I

YR=YR+l
TVALUE=TVALUE+YVALUE

CONT I NUE

CONT I NUE

WR ITE (6, I60) TVALUE,/NUI4REC
WRITE {6,,t¡ ' INITIAL RES. ELEVATIONS FOR EAGER RUSSELL Ê LAURIE I

WntTE (6,*) ELEV(t,1, ì) , ELEV(1, ì,2) , ELEV(l, t,3)
D0 170 UNITR=.l, 3

WRITE (6,I8O) UNITR, (AVGIN (I4ONTH,UNITR) /NUI4REC, IIONTH=I, 12)
WR ITE (6, ì 90) (AVGOUT (T4ONTH, UN ITR) /NU¡îREC, I'îONTH=I , I2)
rF (uNrTR .NE. 3) c0T0 r70

ÐO 175 l40NTH=l ' 12

TEt'lP= (AVGOUT (|40NTH, 3) /¡tUmReC-LAVGQ I (|40NTH) ) ¡tl . 64
lF (TEl'lP .cT. Q0PT,kl.64) 1¡¡p=QoPT:t.l.64
AVGoUT (I,loNTH, I ) =TEl'lP
TEl,lP= (AVG0UT (I40NTH , 3) /ttUmn¡ C- LAVGQ I (I40NTH) ) ¡t2 . 36
I F (TEI4P . cT. Q0PT't2 .36) 1E¡p=Q0PTr.2.36
AVGoUT (¡tOrurH, 2) =TEl'lP

E

E

I t0

E

6

6

E

E

E

E

r40

100
250
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175

l0
ll
t30

t70

210

260
199

4

3

2

2

CONT I NUE

wRtrE (6,I t) RNA¡1E (r)
I.JR trE (6, 340) (AVGoUT (l.loNTH , l ) , I.loNTH= 1 , 12)
v,JR trE (6, I l ) RNA|4E (2)
!,JR trE (6 , 340) (AVG0UT (|'10NTH, 2) , I'1oNTH= I , 12)

CONT I NUE

D0 .l99 
UNITR=l ' 3

r'JR tTE (6, 3 ì 0) C0t4ENT, RNA¡1E (UN I TR)
YR= I 952
D0 2ì0 RECN0=ì, NUI4REC

yp=!ft*l
vJRtTE (6,221) YR, (tNFLoþJ(RECN0,t'toNTH,UNlTR), I,1oNTH=1, ì2)

tF (uNrrR .NE. 3) G0T0 230
t.JR trE (6, 320)
YR= I 952
D0 240 RECNO=1, NUI4REC

YR=YR+ I

I./RITE (6,ZZO) YR, (ADFL0W (RECN0,|4oNTH) , HoNTH=l , l2)
tJR tTE (6, 330) C0¡4ENT, RNAt'lE (UN rTR)

YR=i 952
DO 260 RECNO=I, NUI4REC

yp=fft+ ì
t.JRtrE (6,220) YR, (oUTFL0 (RECNo,|40NTH,UNlrR) , I{0NTH=1, l2)

CONT I NUE

STOP
FoRI4AT(18A4)
F0R|4AT (r ' ,/////,lO (',t') ,' ' ,.l844,10 ('rct¡ ¡

FoR¡,lAT ('l' , t8X,' EAGER ..RUSSELL',
Er .PLANT # 2

E/,11x,'uNRtG."l0x,'END 0t"2lx,'END 0F',23X,'END 0Fr,2lX,
e'vALUE 0F' ,/,' YEAR t'lTH tNFLoW lNFLol^J l'10. ELEV. oUTFLoW"
EI INFLOVú I'10. ELEV. OUTFLOVJ INFLOW T4O. ELEV. OUTFLOW SPILL'
6,' GENERATI0N"//)

FORI'IAT ( " 1 5, I 4, t7, ||8, F l O .2,F tO.O, I 8, F lO .2,t 10.0, F9.0, F I 0,2,t l O.O,
êF8.0,F10.0)

FORI4AT ('l',5X, I EXPECTED ANNUAL RETURN: r,Fl0"O///)
F0R|4AT (

&

0',3X,///,rRESERV0lR N03', I l,//,4X, TAVERAGE I'IONTHLY I

' I NF L0W: ' ,2X,12 (F7. I , I X) )
O' ,3X, 'AVERAGE i4ONTHLY 0UTFLOW:' ,2X,12(F7.1,1X))

',1x, l\,12 (lx,F5.o))

0
0

160
ì80

t50

r go F 0R|{AT (

22O F0R|'1AT (

221 F0RI4AT (

3to FoRI'lAT (

32O F0RI4AT (

330 F0R|4AT (

340 F0RI4AT (

END

S erurnv

rrlX,l
l' , l8A4
lr,rT0T
l' , l8A4

"6 
(lx

4,1

AL

,t7

2(rx,t4))
2A|c,'UNREcULATED tNFLoWS (CFS)',/)
INFLOWS INTO LAURIE RESERVOIRSI/, I 28 RECORDS')
2A\,' REGULATED OUTFLOI^JS (CFS)'/,' 28 RECORDS')
. t) )

Comment line to indicate which iteration the program is processing.
( r Hpur DATA )
{ Eager lnflow Records }
{ Russel I I nf I ow Records }
{ Laur i e I nf I ow Records }

ilo-



8.4.ì Sample lnput

The sample inputs to this program are just the individual

i nf I ow records .

8.4.2 Sample Output

The output ot this Program are:

l. The local inflow record for each reservoir

2. The release record for each for each reservoir

3. The simulated reservoir operations which can be found

in Appendix C.

ill



Append i x C

TRANS IT I ON PROBAB I L ITY }IATR I X
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This section contains the three sets of 12 transition

probabi I ity matrices for each of the reservoirs. Note that

these transition probability matrices are developed from the

original inflow records.

lt3
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rt¡tfc¡t¡lr'rfcfc¡t)'( EAGER REStRVQ lR - |{QNTH N0: I fcrtr'cfc:lrtrtr'cfirt

STORAG E

STATE

STORAG E

STATE

123
I NFLOW STATE
\56 7 I 9 ro

2

3

4

5

6

7

8

9

l0

0 .50

0.60

0.67

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

o.25

0.20

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0.00

0 .00

0.00

0.20

0.33

I .00

0 .00

0.00

0.00

0.00

0.00

0.00

0 .00

0.00

0.00

0.00

0.25

0.00

0.00

0.00

0.00

0.00

0 .00

0.00

0.00

0.00

0 .00

0.00

0 .00

0 .00

I .00

o.25

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

0 .50

0 .00

0 .00

0 .00

0.00

0 .00

0.00

0.00

0.00

0 .00

0 .50

0.00

0.00

0.25

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

o.25

0 .00

0 .00

0 .00

0 .50

0 .50

0 .00

I .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

0 .00

0 .00

0 .00

0 .00

0 .00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0. r7

0.00 0.00

0.00 0.00

0 .50 0 .00

0.00 0.50

0.00 0.00

0.00 0.00

-il5-

:'r¡krt:l:krt:k¡t¡t:l EAGER RESERVO I R - 1,10NïH N0: I :tfcrtftfcfrfcfirtr'c

123
I NFLOW STATE
\56 789

2

3

l+

5

6

7

I
9

t0

0.88

0 .00

0 .00

0.t7

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

o.67

0.00

0 .00

0 .00

0 .00

0 .00

o .00

o .00

0.t3

0.50

0.33

0. ì7

0.00

0.00

0.00

0.00

0.50

0.00

0.00

0.00

0.00

0. 33

0.00

0.00

0.50

0.00

0.50

0.00

0.00

0.00

0.00

0 .00

I .00

I .00

0.00

0 .50

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

ì .00

0.00

0.00

0 .00

0.17

0.00

0.00

0.00

0 .00

0 .00

0 .00



frft¡kfcrt¡trt¡t¡lfc EAGER RESERVQ lR - |,|QNTH N0: J :'tfrrt:'cttttrt:t:k:t

STORAGE

STATE 123
I NFLOW STATE
\56 789

2

3

4

5

6

7

I

9

0.50

0.00

0.00

0 .00

0.00

0.00

0.00

0.00

0.00

0.t3

0 .00

0.20

0 .00

0.50

0.00

0 .00

0.00

0.00

0.t3

0.33

0 .00

0 .00

0 .00

o.25

0 .00

0 .00

0 .00

0.13

o.33

0.20

0.00

0 .50

o.25

0 .00

0.00

I .00

0.ì3

0 .00

0.40

0 .00

0.00

0 .50

0.33

r .00

0 .00

0 .00

0 .00

0.20

0.00

0 .00

0.00

0.33

0 .00

0 .00

0.00

0.33

0.00

0 .00

0.00

0.00

0.00

0.00

0 .00

0.00

0 .00

0 .00

0 .00

0.00

0 .00

0.33

0.00

0 .00

0 .00

0.00

0 .00

I .00

0.00

0 .00

0.00

0 .00

0.00

fcrt¡tJ<fcfcJcfc¡btr EAGER RESERVQIR - |{QNTH N0: 4 Jrtrf(rt)trtf(:'(rk:l

STORAGE

STATE 123
I NFLOW STATE
\56

2

3

4

5

6

7

I

9

0.25

0.00

0 .00

0.00

0.r4

0.00

0.00

I .00

0.00

o.25

0.00

0 .00

0.33

0 .00

0.50

I .00

0.00

0.00

0.25

o.67

0 .00

0. 17

o.29

0 .50

0 .00

0 .00

0 .00

0.00

0.33

0 .00

0.ì7

o.57

0.00

0 .00

0.00

0.00

o.25

0 .00

0.33

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

o.67

0 .00

0 .00

0 .00

0 .00

0 .00

I .00

7

0 .00

0 .00

0 .00

0. 33

0 .00

0.00

0 .00

0.00

0.00

-il6-



rtltrk)Ttc:trt)t¡t¡t EAGER RESERVQ I R - |'|QNTH N0: ! ttrtrtfcrtrtfttt:t:t

STORAGE
STATE 123

I NFLOhI STATE
\56 789

2

3

4

5

6

7

0 .33

0.20

0 .00

0 .50

0 .00

0 .00

0 .00

0.33

0.20

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0.40

0. r4

0. 33

0.00

0. 33

0 .50

0.00

0 .00

0.57

0.00

I .00

0 .00

0 .50

0.33

0 .00

0 .00

0.t7

0.00

0.33

0 .00

0 .00

0.20

0 .00

0 .00

0 .00

0.00

0 .00

0.00

0 .00

0. r4

0.00

0 .00

0 .00

0.00

0 .00

0 .00

0. 14

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0.33

0 .00

:t:t¡t¡tJcfc:t¡t:'<¡t EAGER RESERVQI R - |4QNTH N0:

3

$ rtr'cfcrkfcrtrtrt lt:t

STORAGE
STATE I

0.60

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

2

0.20

0.00

0.ll+

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

I NFLOI.J STATE
\56 789

2

3

4

5

6

7

I
9

0.00

0 .50

o.29

0 .00

o.67

0 .00

0 .00

0 .00

0.00

0.20

0 .50

0. r4

o.57

0 .00

0 .00

0 .00

I .00

0 .00

0 .00

0.00

0.29

0.29

0.33

0 .00

0.00

0 .00

I .00

0 .00

0 .00

0 .00

0. t4

0.00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0. 1¡{

0 .00

0 .00

0.00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0.00

0.00

I .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

I .00

0 .00

0 .00

0 .00

- ì17 -



rlfr¡trt¡trtfc:t¡trk EAGER RESERVQ lR - l40NTH N0: / :trttt:tfcft:t:t:t:t

STORAG E

STATE 123
I NF L0V', STATE
\56 7 I 9 lo

2

3

¡+

5

6

7

I

9

o.67

0 .00

0 .40

0.00

0.t7

0 .00

0 .00

0 .00

0 .00

0.00

0 .00

0.00

0 .00

0. l7

0.00

0 .00

0.00

0 .00

0.00

0.50

0 .60

0.63

0 .50

0 .00

0.00

t.o0

0 .00

0 .00

0 .00

0 .00

0.t3

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

0.00

0 .00

0 .00

I .00

I .00

0.00

0 .00

0.33

0 .00

0.00

0.00

0 .00

0.00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0.17

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

I .00

0.00

0 .00

0.00

0.t3

0 .00

0.00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0.t3

0.00

0 .00

0 .00

0 .00

0 .00

¡t¡t:t¡t¡t¡'cJc¡trttc EAGER RESERVO I R - l40NTH N0: $ :t Jcrt:trtrbfcfc:t:t

STORAGE

STATE
I NFLOW STATE
\56

2

3

4

5

6

7

I

9

I

0 .60

0 .00

0.38

0 .00

0 .00

0 .00

I .00

0 .00

0 .00

0 .00

2

0.00

I .00

0. 31

0 .00

0.00

0.00

0.00

0.00

0.00

0 .00

3

0.20

0.00

o.23

t.o0

0 .00

0.00

0 .00

0.00

0.00

0.00

0 .00

0 .00

0.00

0 .00

0.33

0 .00

0.00

0.00

0 .00

0.00

7

0 .00

0 .00

0 .08

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

I

0 .00

0 .00

0 .00

0 .00

0.33

0 .00

0.00

0 .00

0 .00

0.00

9

0.00

0 .00

0.00

0.00

0 .00

0.00

0 .00

0.00

I .00

I .00

0.00 0.20

0.00 0.00

0.00 0.00

0.00 0.00

0.33 0.00

1.00 0.00

0.00 0.00

t.00 0.00

0.00 0.00

0 .00 0.00

-il8-
t0



¡tf(t )ttrrtt tt)'(t( EAGER RESERV$ I R - |{QNTH N0: ! rt*tt:t:t:'rrtrttt:t

STORAGE

STATE

STORAG E

STATE

123
I NFLOW STATE
\56 7 I 9 lo

2

3

4

5

6

7

I

9

o.67

o .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0.22

0 .60

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.20

0. 20

0 .00

0 .00

0.00

0. o0

0 .00

0 .00

0.rl

0.20

0.60

o.67

1.00

0 .00

0 .00

0.00

0 .00

0.00

0.00

0.20

0 .00

0 .00

0.00

0 .00

0 .00

0.50

0 .00

0.00

0 .00

0 .00

0.00

0.00

ì .00

0 .00

0 .00

0 .00

0.00

0 .50

0.00

0 .00

0.00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

ì .00

0 .00

0 .00

0.00

0 .00

0. 33

0 .00

0 .00

0.00

0 .00

0 .00

0.00

0.00

0 .00

0 .00

0 .00

0 .00

0.00

0 .00

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

I .00

0 .00

0 .00

0 .00

Jc:tfc¡tJc¡tfc¡k¡ttc EAGER RESERVQ lR - |'|QNTH N0: lQ fcfcrtrtfc:tfcrtfcrt

123
I NFLOW STATE
t+56 7 I 9 ro

2

3

4

5

6

7

I

9

t0

0.t7

0 .00

0.00

0.00

0 .00

0 .00

0.00

0.00

0 .00

0 .00

0.t7

0 .40

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.33

0.00

0.00

0.13

0.00

0 .00

0. o0

0.00

0.00

0.00

o. l7

0.40

0 .00

0.t3

0.00

o .00

0 .00

0.00

I .00

0 .00

0 .00

0 .00

0 .00

o.25

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0. 17

0.20

0 .00

0.38

0 .50

0 .00

0 .00

I .00

0 .00

0 .00

0 .00

0 .00

0.00

0 .00

0 .50

0 .00

0 .00

0.00

0.00

0 .00

0 .00

0 .00

0.00

0.t3

0 .00

I .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.50

0 .00

0 .00

0 .00

I .00

0 .00

0 .00

I .00

- lt9 -



fcJc¡tfcfr¡t¡lf<¡t¡'( EAGER RESERVQ lR - |,|QNTH N0: I I ¡t¡tf<fcrkfc¡tfcfcrt

STORAGE

STATE

STORAGE

STATE

123
I NFLOW STATE
\56 7 8 9 lo

2

3

4

5

6

7

I
9

t0

I .00

0.33

0.33

0 .00

0 .00

0.00

0 .00

0.00

0 .00

0 .00

0 .00

0.33

0 .00

0.20

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0. 33

o.67

0.00

0 .50

0.00

0 .00

0.00

0 .00

0 .00

0 .00

0.00

0 .00

0.40

0 .00

I .00

0.71

0 .00

0 .00

0 .00

0 .00

0.00

0 .00

0.00

0 .00

0 .00

0 .00

1 .00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.r4

0 .00

I .00

0 .33

0.00

0 .00

0.00

0 .00

0 .00

0 .00

0.00

0 .00

0.00

0. 33

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.33

0. 33

0 .00

0 .00

0 .00

0.00

0.t3

I .00

o.25

0 .00

0 .00

123

0 .00

0.00

0 .00

0.20

0 .00

0.00

0 .00

0.00

0 .00

0.00

0 .00

0 .00

0 .00

0 .20

0 .50

0 .00

0.r4

0 .00

0 .00

0 .00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.00

0.00 0.33

0.00 o.r3

0.00 0.00

0.00 0.50

1.00 0.00

0.00 0 .00

- 120 -

I NFLOW STATE
\56 7 8 g ro

:'c¡tfcfc¡'r¡tr'c:'cfc¡t EAGER RESERVQ IR - l,lQNTH N0: lf :tfcfc:tttrtftfitk:t

2

3

4

5

6

7

I
9

0 .00

0 .50

0 .00

0 .00

0.33

0.13

0 .00

0 .00

0 .00

I .00

o.67

0 .00

o.25

0 .00

0.33

0.t3

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

o.25

I .00

0.00

0.t3

0.00

0 .00

0 .00

0.00

0 .00

0 .00

o.25

0 .00

0 .00

0 .00

0.00

0.25

0 .00

0 .00

0 .00

0 .00

o.25

0 .00

0 .00

0.13

0 .00

0.00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

0 .00

0 .00

0 .00

0 .00

0 .00

0.50

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0.00

0.00t0



C,2 RUSSELL RESERVO I R
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fc:krkf¡Jc¡t¡t¡'r¡t:l RUSSELL RESERVQ lR - H0NTH N0: I rlrtJcrk:Tr'crt:tfc:t

STORAG E

STATE

STORAGE
STATE

123
I NFLOW STATE
\56 789

2

3

4

5

6

7

I

9

0.80

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0. 20

0 .00

0.20

0.67

0.33

0.00

0 .00

0. o0

0.50

0.00

0.50

0 .00

0.00

o.67

0.00

0.20

0 .00

0 .50

0 .00

0 .00

0 .00

o.33

0 .00

0.00

0.80

I .00

0 .00

0.00

0.00

0 .00

0 .00

0 .00

1.00

0 .00

0 .00

0.00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.40

0 .00

0.00

0.00

0.00

0.00

0.00

0 .00

0 .00

0 .00

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.20

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .20

0 .00

¡kfcfc:t:'t¡tfc¡tfcrc RUSSELL RESERVQ I R - ¡10NTH N0: ! :t:'r:'c:t:tfotrtfcfc

3

I NFLOW STATE
456 7

2

3

4

5

6

7

I

9

l

0.80

0.t7

0.25

0.r4

0 .00

0 .00

0 .00

0 .00

2

0.00

0.17

0 .50

0. r4

0 .00

0.00

0.00

0.00

0 .20

0.33

0.25

0.29

0 .00

0 .00

0 .00

I .00

0.00

o .17

0.00

0.00

I .00

0.00

I .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0.00

0 .00

0.00

0.00

0.00

0.43

0 .00

I .00

0 .00

0.00

0 .00

0.t7

0 .00

0 .00

0.00

0.00

0.00

0.00

0.00 0.00 0.00 0.00 0.00 1.00 0.00

-122-



)ttt*rt)kf.tr:'.trtc RUSSELL RESERVQ lR - l,10NTH N0: J, rt:krtr'c:lfifrrkfcrt

STORAGE

STATE

STORAGE
STATE

123
I NF LO!.J STATE
\56 7 I 9 lo

2

3

l+

5

6

7

0.43

o.25

0.29

0.40

0 .00

0 .00

.l.00

0. r4

0 .00

0.r4

0.00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0.20

0 .00

0 .00

0 .00

0. 14

0.00

0.00

0.20

0 .00

0 .00

0 .00

0 .00

0 .00

0.43

0.20

0 .00

1.00

0.00

0. r4

0 .00

0 .00

0 .00

0.33

0 .00

0 .00

0 .00

0.00

0 .00

0.00

0.33

0.00

0 .00

0 .00

o.25

0 .00

0 .00

0 .00

0 .00

0 .00

0.r4

0.25

0.ì4

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

0 .00

0 .00

0.33

0 .00

0 .00

ftfc¡tfrfi:k¡k¡t:ltt RUSSELL RESERVQ I R - l'10NTH N0: l¡ frrf fcfcr'r:tr'<firk:'c

123
I NFLOW STATE
\56 78

2

3

\

5

6

7

I

9

l0

0.il

0 .00

0 .00

0 .00

0.00

0.00

0.00

0.50

0 .00

I .00

0.22

0 .00

0 .00

0 .00

0.00

0.20

0 .00

0.00

0 .00

0 .00

0.22

0 .00

0.33

1.00

0 .00

0.20

0.00

0.00

0.00

0.00

0.ll
0 .00

0 .00

0 .00

0 .50

0.20

0 .50

0.00

I .00

0.00

0.22

0.50

0 .00

0 .00

0 .00

0.00

0.00

0.00

0.00

0.00

0 .00

0 .00

0.33

0 .00

o .50

0.40

0 .50

0 .50

0 .00

0 .00

0 .00

0 .50

0.33

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0.1I

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

-123-



¡t¡'cfcfcfc:'c:t¡l:ttc RUSSELL RESERVQ lR - È10NTH N0: I rtrtrtfotrtr'c:trkrt

STORAG E

STATE

STORAGE

STATE

123
I NFLOW STATE
\56 78

2

3

4

5

6

7

I

0.33

0 .00

0"00

0 .00

0.33

0 .00

0 .50

0 .00

I .00

0 .00

0 .00

0.25

0.33

0.00

0 .00

0.00

0 .00

0. 33

0.20

0 .00

0 .00

0.t7

0 .00

0 .00

0.00

0.33

0.40

0.20

0 .00

0.00

0.00

0 .00

0 .00

0 .00

0 .00

0.20

0 .00

0.t7

0 .00

I .00

0.33

0 .00

0 .00

0.60

0.67

0.t7

0 .00

0 .00

0.33

0 .00

0.20

0 .00

0 .00

0.33

0 .00

0 .00

0 .00

0.33

0 .00

0 .00

0 .00

0 .00

0 .50

0 .00

0 .00

0 .00

0.20

0 .00

0 .00

0. l7

0.00

0 .00

¡'r:'c¡bfot¡t¡tJc¡ttc RUSSELL RESERVQ lR - l,10NTH N0: S :t:!:t:trkrtfrrtrbfc

123
I NFLOW STATE
456

2

3

4

5

6

7

I

0 .00

0.50

t.00

0 .00

0.33

0 .00

0 .00

0 .50

0.00

0.50

0.00

0.75

0.33

0.43

0 .50

0 .50

0.00

0.00

0 .00

0 .00

0 .00

0. l4

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

0.00

0 .00

0 .00

0 .00

0 .00

0. o0

0.r4

0 .00

0 .00

7

0 .00

0 .00

0 .00

0 .00

0 .00

o.29

0.00

0.00

- r24 -



fc¡'rJc¡trt:l¡tfrfctr RUSSELL RESERVQ lR - H0NTH N0: / r'c:t:t:trtrt*fc:'c:'c

STORAG E

STATE 123
I NFLOW STATE
456 78

2

3

4

5

6

7

0 .60

o.29

0 .09

t.o0

0 .00

0 .00

0 .00

0.00

0.29

0 .09

0 .00

0.00

0.00

0.50

0 .20

0.r4

o. 36

0 .00

I .00

0 .00

0 .00

0.20

0 .00

0.27

0 .00

0 .00

t.00

0 .00

0 .00

0.r4

0 .00

0 .00

0 .00

o.oo

0 .00

0.00

0 .00

0. t8

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.50

0 .00

0.t4

0 .00

0 .00

0 .00

0 .00

0 .00

$ rtrtrt:t:tfr:trtrtrtJc:t¡k¡t:t:t¡t:t:ttc RUSSELL RESERVQIR - }1QNTH N0:

STORAGE

STATE 123
I NF LOT.J STATE
\ 5 .6

2

3

\

5

6

7

I

0.43

0.25

0.43

0 .00

0 .00

0 .00

0 .00

0 .00

0.43

0.00

0.r4

0.20

0 .00

0.00

1 .00

0 .00

0 .00

0.25

o.29

0 .00

0 .00

I .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .40

I .00

0 .00

0 .00

0 .00

0 .00

o.25

0 .00

0.40

0 .00

0 .00

0 .00

0 .00

0. r4

0.00

0.00

0 .00

0.00

0.00

0.00

0 .00

7

0.00

o.25

0.r4

0 .00

0.00

0.00

0 .00

I .00

-125-



¡trtfr:trt:tfcrt¡t¡'( RUSSELL RESERVQ lR - l40NTH N0: I tlfc:tfc:'cttrkfcttf<

STORAG E

STATE l

0.43

0.33

0.00

0.00

0.00

0 .00

0.00

2

0.43

0.50

0 .00

0.00

0.00

0 .00

0 .00

3

I NFLO!.J STATE
\56 78

2

3

4

5

6

7

0.r4

0 .00

0.80

0.33

0 .00

0 .00

0 .00

0 .00

0. t7

0.20

0. 33

0 .00

0 .00

0. 33

0 .00

0.00

0 .00

o.33

o.33

I .00

0.00

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0.33

0 .00

0 .00

0 .00

0 .00

0.33

0 .00

0.33

0 "00

0 .00

0 .00

0 .00

0.33

0 .00

0.00

I Q fcrtfcrtfcrtrtfctk:'c¡t¡tfc:t:l¡t¡tJcrkrc RUSSELL RESERVO I R - i4ONTH N0:

STORAGE

STATE 123
I NFLOW STATE
\56 789

2

3

4

5

6

7

I

0.40

0.00

0.00

0.00

0.00

0 .00

0.00

0.00

0.20

0.ì7

0.17

0.25

0 .00

0.00

0.00

0 .00

0 .00

0.t7

0.33

0 .00

0 .00

0 .00

0 .00

0 .00

0.40

0.33

0. t7

0 .00

0. 33

0 .00

0.00

0 .00

0 .00

0.00

0.t7

0.50

0 .00

0 .00

0.50

0.00

0 .00

0.33

0.17

0.25

o.33

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0.33

0.00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

I .00

0 .00

I .00
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)trktrrkt(rtfcrkrttr RUSSELL RESERVQ lR - |'|QNTH N0: I I :lfcfcfc¡trkJrrt:kfc

STORAG E

STATE 123
I NFLOW STATE
\56 7 8 9 lo

2

3

4

5

6

7

I

9

1.00

0.75

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0.00

0.33

0.00

0.00

0 .00

0.00

0.00

0 .00

0 .00

0 .00

0 .00

0.33

0 .50

0 .00

0 .00

0 .00

0 .00

0.00

0 .00

0.33

0.33

0 .00

0.40

0.00

0.00

0 .50

0 .00

0 .00

0 .00

0.33

0.25

0.20

0.00

0 .00

0 .00

0.00

0.25

0 .00

0.00

0 .00

0.20

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0.25

0.20

ì .00

0.00

0 .00

0.00

0 .00

0.33

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

I .00

0 .00

0.00

0.00

0 .00

0 .00

0.00

0.00

0 .00

0 .00

0.50

¡'c¡tfc¡l:tfc:t¡l¡krc RUSSELL RESERVO I R - I4ONTH N0: I t rt:'cfcfrr'c:tfc:t:!fr

STORAG I
STATE 123

I NFLOW STATE
\56 789

2

3

4

5

6

7

I

9

l0

0.40

0 .00

0.25

0. l7

0.25

0 .00

0 .00

0 .00

0 .00

0 .00

0.20

I .00

0.00

0.00

0.25

0.00

0.00

0.00

0.00

0.00

0 .20

0 .00

0.00

0.17

0 .00

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.t7

0 .00

0 .00

0.00

I .00

0 .00

0 .00

0 .00

0.00

0.25

0.17

0 .00

0 .00

0.00

0.00

0 .00

0 .00

0 .00

0 .00

o.25

0.00

o.25

0.00

0.67

0.00

I .00

0.00

0 .00

0 .00

o.25

0 .00

0 .00

0 .50

0 .00

0 .00

0 .00

0 .00

0.00 0.20

0.00 0.00

0 .00 0 .00

0.00 0.33

0.25 0.00

0.00 0.00

0.00 0.33

0.00 0 .00

0 .00 0 .00

0.00 t.00
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C.3 LAURIE RESERVOIR
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:t¡trtf¡Jc¡brkfc¡'r)'( LAURIE RESERVQ lR - |'|QNTH N0: I fcrtrt:'c:bfi:'ct'cttfr

STORAG E

STATE

STORAG E

STATE

123
I NFLOW STATE
\56 789

2

3

4

5

6

7

I

0.75

o.33

0 .00

0 .00

0 .50

0.00

0 .00

0 .00

o.63

0.20

0 .00

0.00

0 .00

0.00

0.00

0 .00

0 .00

0 .00

0.33

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

0 .40

0 .00

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

0.00

0.13

0 .00

0 .00

0 .00

0.00

0.00

0 .00

0 .00

o.l3

0 .50

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

0 .50

I .00

0 .00

0 .00

0 .00

0.13

0 .50

0 .00

0 .50

0 .00

0 .00

0 .00

0 .00

0. 33

0 .00

0 .00

o.33

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

0 .00

0 .00

0. l3

0 .00

0.00

0 .00

0 .00

0 .00

0.00

0. 33

0 .00

0.00

0 .00

0.00

0 .00

0.50

0.00

0.00

0 .00

0.00

0.33

0 .00

0.00

0 .00

0.00

Jc¡trtJcfcfc¡t¡tfr¡'r LAURIE RESERVO lR - I,IONTH N0: f fcfcfr*:tfcrb:'cttfc

123
I NF LOT.J STATE
\56 7 8 9 lo

2

3

4

5

6

7

I
9

0 .00

0.20

0.33

0 .00

0 .00

0.33

0 .00

0.00

0 .00

0 .00

0.20

0 .00

0.50

0 .00

0.00

0 .00

0.00

0 .00

0.ì3

0 .00

0.33

0 .00

0.33

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

I .00

I .00

0.00

0 .00

0.00

0 .00

0 .00

0. 33

0.33

0 .00

0.00

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0.00

0 .00

I "00

-129-



rt)ttrfrrtrltrttc¡t LAURIE RESERVo lR - I'loNTH N0: J rlrtrtfcfr:k:k:tfcfc

STORAG E

STATE 123
I NFLOW STATE
\56 789

2

3

4

5

6

7

I
9

t0

0.t7

0 .00

0 .00

0 .00

0 .00

0 .50

0.00

0 .00

0 .00

0.00

0. l7

0 .00

0 .00

0 .50

0.00

0 .00

0.00

0.00

0.00

0 .00

0.33

0.80

0 .00

0 .00

0.33

0 .00

0.00

0.00

0.00

0 .00

0.t7

0 .00

0.67

0 .00

0 .00

0 .50

0 .50

0.50

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

0 .00

I .00

0 .00

0.17

0.00

0 .00

0.00

0. 33

0 .00

0.00

0.00

0.00

0.50

0.00

0.00

0.33

0.50

0.33

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.20

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

¡t¡tfç:t:t:tfc¡t¡ttr LAURIE RESERVOIR - HONTH N0: ! :t:'cfcrkfcrt:t:trt:k

STORAGE

STATE 123
I NFLOW STATE
\56 789

2

3

4

5

6

7

I
9

0 .00

0 .00

0.r4

0. t7

0 .00

0 .00

0.00

0.50

0.00

0.50

0.00

0.r4

0.00

0.50

0 .00

0 .00

0 .00

0 .00

0 .50

0 .00

0 .00

0.33

0 .00

0.67

0.00

0.50

0.00

0.00

0.00

0. r4

0.17

0.00

0 .00

0.67

0 .00

0.00

0.00

0.00

0.00

0 .00

0.00

0 .00

0 .00

0 .00

't .00

0 .00

0 .00

0 .00

0. l7

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0.00

0.r4

0 .00

0 .00

0.00

0.00

0 .00

0 .00

0.00 0.00

1.00 0.00

0.43 o.oo

o.r7 0.00

0.50 0.00

0.00 0.33

0.33 0.00

0.00 0.00

0.00 0.00

- t30 -



fcfcfc:t:t¡trt¡tfc¡'( LAURIE RESERVQ lR - ttQNTH N0: ! :trïfcfcrtfcfc:ttkfr

STORAGE

STATE 123
I NFLOW STATE
\56 78

2

3

4

5

6

7

I

9

0. 33

0.00

0 .00

0.25

I .00

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0.t7

0.t3

0 .00

0 .00

t.00

0 .00

0 .00

0.33

0.33

0.t7

0.t3

0 .00

0.25

0 .00

0 .00

0 .00

0 .00

0.33

0. l7

0.25

0.00

0 .00

0.00

0 .00

0.00

0.33

0.33

0.33

0.t3

0.00

0.00

0.00

0.00

r .00

0 .00

0 .00

0 .00

0.13

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

I .00

0 .00

0 .00

0.00

o.17

0 .00

0 .00

o.25

0.00

0 .00

0 .00

$ fcrtfc:tfc:tfcfc:trtrtr'crtfi'cfc:'c¡t¡ttc LAUR I E RESERVOIR - HONTH N0:

STORAGE

STATE 123
I NFLOW STATE
\56 78

2

3

4

5

6

7

I

0.33

0. 33

0 .00

o.25

0.33

0.00

0.00

0 .00

0.17

0 .00

0.20

0.25

0.t7

0 .00

0 .00

0 .50

0.ì7

0.00

0 .40

0.25

0 .00

0 .00

I .00

0.50

0.00

o.67

0.40

0.00

0. l7

I .00

0.00

0.00

0. l7

0.00

0.00

0.25

0 .00

0.00

0.00

0.00

0. l7

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.t7

0.00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0.t7

0.00

0 .00

0 .00

- t3l



)'(f.rlrtrt¡ltr?tt(rt LAUR I E RESERVQ lR - |TQNTH N0: / ftrtfct'rrkfc:t:tfcfc

STORAG E

STATE

STORAGE

STATE

123
I NFLOW STATE
\56

2

3

4

5

6

7

I

0 .50

0.40

0.t7

0.50

0.00

0 .00

0 .00

0 .00

0.33

0 .00

0. 33

0.t7

0.50

0 .00

1.00

0.00

0. l7

0.40

0 .00

0.17

0.50

0.00

0.00

I .00

0 .00

0. 20

0.17

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0.r7

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

I .00

0 .00

0 .00

0.00

0 .00

0.ì7

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0. r4

0 .00

0 .00

0 .00

0 .00

0 .00

7

0.00

0 .00

0 .00

0.t7

0 .00

I .00

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0.00

0 .00

0.50

¡t:tft¡!¡t¡tfc¡t:ttc LAURIE RESERVOIR - |'|QNTH N0: $ rt:tr'crtfc:trkfcftfc

123
I NFLOW STATE
\56 78

2

3

4

5

6

7

0.56

o.29

0. l7

0 .00

0 .00

0 .00

0 .00

0.44

0.29

0.33

0 .00

0.00

t.00

0 .50

0 .00

0.ì4

0.50

0.00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.50

0 .00

0 .00

0 .00

0.00

0.r4

0 .00

0.00

0.00

0 .00

0.00

-132-



¡t¡trtrtfc¡t¡'cfr¡t)t LAURIE RESERVQ lR - ||QNTH N0: $:'otfrtlrtttt'cfcfcfc

STORAGE

STATE

STORAGE

STATE

123
I NFLOW STATE
\56 789

2

3

4

5

6

7

I

0.75

0.t0

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0.30

0.25

0 .00

0 .00

I .00

0.00

0 .00

0.00

0.20

0 .00

0 .00

0.00

0.00

0.00

0 .00

0 .00

0.40

o.25

0 .00

0 .00

0.00

0 .00

0 .00

0.t3

0.00

o.25

0.00

0.00

0.00

0.00

0.00

0.t3

0.00

o.25

I .00

0.00

0.00

I .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

I .00

0.00

0.00

0.00

0 .00

0 .50

0 .00

0.00

0.00

0.00

0.00

0.00

0 .00

0 .50

0.00

0.00

0.00

fcfc:tfc¡t¡'cfc¡'c:t¡'r LAURIE RESERVQ lR - |,|QNTH N0: lQ:trT:tfcfc:k:t:t:'rfc

123
I NF LO!.J STATE
L+56 789

2

3

4

5

6

7

I

9

o.57

0.40

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0. r4

0 .00

0 .00

0.00

0.00

0 .00

0 .00

0.00

0.00

0.r4

0 .00

0.50

0.20

0.00

0 .00

I .00

0.00

0.00

0.00

0 .00

0 .00

0.40

0.00

0 .00

0 .00

0 .00

0.00

0 .00

0.20

0.00

0.20

0.00

0.00

0.00

0 .00

0 .00

0.r4

0.20

0 .00

0.00

0.50

0.25

0 .00

0.00

0 .00

0 .00

0.20

0 .50

0 .20

0 .00

o.25

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0.00

0 .50

0.25

0.00

0.00

I .00

0 .00

0.00

0.00

0 .00

0 .00

o.25

0.00

I .00

0 .00

-133-



fcf¡¡t¡'c¡lfc:k¡'c:ttt LAURIE RESERVo lR - ltloNTH N0: I I ¡tfc¡kfc¡'tJcfcftrt:k

STORAGE

STAÏE

STORAGE

STATE

123
I NFLOW STATE
\56 7 8 9 ro

2

3

4

5

6

7

I

9

0.83

0 .00

0.25

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

0.50

0 .00

0 .00

0 .00

0 .00

0. o0

0. 17

0 .00

0 .00

0 .50

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

0 .00

0 .00

0 .00

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

0 .00

o,25

o.67

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

0.25

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.25

0 .00

0 .00

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0 .50

123

0 .00

I .00

0 .00

0 .00

0 .00

0 .50

0 .00

0.33

0 .00

0.00 0.00

0.00 0.00

0.00 0.00

0.33 0,33

0.00 0.00

0 .00 0 .00

0.00 0.00

0.00 0.00

0.50 0.50

0.00 0.00

- 134 -

INFL0V', STATE
\56

Jcfc:trk¡k¡t¡tfcfttt LAURIE RESERVo lR - I'loNTH N0: l/ rt:t:ttkfcfcfcrt:tfc

78

2

3

4

5

6

7

I
9

l0

0.33

r .00

0 .00

0.33

0 .00

o.33

0.25

1.00

0 .00

0 .00

0. l7

0 .00

0.50

0 .00

0 .00

0 .00

0.25

0 .00

0 .00

0 .00

0.00

0.00

0 .50

0 .00

I .00

0.33

0 .50

0 .00

0 .00

0 .00

0 .00

0 .00

0 .00

0.00

0 .00

0.33

0"00

0.00

0 .00

I .00

0.t7

0 .00

0 .00

0 .00

0.00

0 .00

0 .00

0 .00

0 .00

0.00

0.33

0 .00

0 .00

0.00

0 .00

0.00

0 .00

0.00

0 .00

0 .00



Append i x D

THE OVERALL OPT II'IAL POL ICY

This section contains the overal I optimal pol icy which

was obtained from iteration 2 of the solution technique. A

simulated reservoir operation is also included in the latter

part of the Appendix.
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rt¡trtt()kt(tctrtcrT LAUR I E

STORAG E

STATE 2

tB 236

0.002 0.007
t-2t3.0 (2) (2)

- PASS 2 . IIIONTH NO:

TNFL0W STATE (CFS)

3\56
393 551 866 1023

0.000 0.00t 0.002 0.004
(2) (t) (r) (t)

0.000 0.001 0.002 0.003
(3) (2) (2) (2)

0.00t 0.002 0.004 0.005
(4) (4) (3) (3)

o.oor 0.003 0.005 0.008
(5) (5) (4) (4)

o.0or 0.007 o.oì3 0.0r6
(6) (6) (5) (5)

o.oo3 o.or r 0.018 0.042
(7) (6) (6) (6)

I *fcr'crt:T:trtfcCcrt

0.00t
( 2)

0.006 0.001
( 2) ( 3)

0.006 0.00t
(3) (3)

0.022
(4)

7
I l8l

I
I 338

9
1\96

00
l

0.005 0.
( l) (

o .003
( 2)

)

040.0
(

0.00.l
2-2ì0.0 ( 3)

0.003 0

3-207.0 ( 4)

0 .004
4-204.0 ( 5)

0.0.l0
5-201 .o ( 6)

0 .005
( 3)

o .003
( ì)

o.or6 0.034
6-198.0 (7) (7)

0 .024
(6)

0 .007
(5)

0.020
(5)

0 .006
(2)

0 .006
(3)

0.005 0.0r9(4) (4)

0.006 0.024
(6) (6)

0.013 0.025
( 7) (7)

0.0r9
(5)

.007
(4)

o.03r
(8)

0.035
(6)

0.015
7-195.0 ( 8)

o.or5 o.or9 o.orI(7) (7) (7)

0.056 0.o77 0.026 0.103 0.043 0.0¡+7
8-rez.o (8) (8) (8) (8) (8) (8)

.003
(8)

0 0.021
(7)

0 .020
(8)

PROBABI LITY DI STRI BUTION OF INFLOWS
o.l07 0.215 0.035 0. r43 0.106 0.143 0.107 0.035 0.107

PROBABI LITY DI STRIBUTION OF STORAGE

0.026 o.or9 0.035 0.053 0. r28 0.175 0.152 0.4ì0

PROBABI LITY DISTRIBUTION OF RELEASE

o.o2o 0.03r 0.029 o.o72 0.083 0.178 0.164 0.421

EXPECTED RELEASE FOR THE I4ONTH (CFS-WKS) : 3006.7

EXPECTED RELEASE F0R THE l.lONTH (CFS-I.JKS) z 2502.3

EXPECTED RELEASE F0R EAGER (CFS-I^JKS): .l026.0

EXpECTED RELEASE RUSSELL (CFS-WKS) t 1\76.\

EXPECTED STORAGE LEVEL (FEET) I 196.3

- ì38 -



o.006 o.oo3 o.oor o.oo2 0.006 0.007
3-2ot.o (4) (4) (4) (3) (3) (3)

0.010 0.005 0.002 0.007 0.015 0.017
4-204.0 (5) (5) (5) (4) (4) (4)

fc¡'r¡'c¡krtJr¡t¡k¡l¡t LAUR I E - PASS 2 - I4ONTH NO:

I NFLOW STATE (CFS)

3\56
377 679 830 981

o.oot o.oo2 0.006 0.006
(z) (l) (l) (l)

o.ool 0.003 o.oo4 0.006
(3) (2) (z) (2)

0.005 o.ooo 0.0r8 o.ol5(6) (5) (5) (5)

o.or5 o.oo8 o.026 o.032(7) (6) (6) (6)

o.oo8 0.007 o.02l 0.026
(8) (7) (7) (7)

0.038 0.007 0.0r2 0.033
(8) (8) (8) (8)

f fcrtfcrt:'cftrtfcfct'c

0.001
( l)

STORAG E

STATE

0.r86
8-r9z.o ( 8)

7
1 132

I
I 283

9
I 43475 226

0 .002 0.000
(2) (2)r-2r3.0

0.006 0.004
2-2t0.0 (3) (3)

o.022 0.0r2
5-2ot.o (6) (6)

0.042 0.030
6-198.0 (7) (7)

0 .048
7-195.0 ( 8)

2

0.r29
(8)

o.oo4 0.000 0.007
(5) (4) (4)

0.002 0.001
( t) ( r)

0 .oo3 0 .00 I
( t) ( l)

0.002 0.002
(2) (2)

0.007 0.005
(3) (3)

0.008 0.006(5) (5)

0.007 0.0r3
(6) (6)

0.007 o.
(7) (

0.00t
(2)

0 .001
(3)

0 .002
(4)

0.0t I
(6)

0 .004
(7)

0.0.l2
(8)

0 .030
(8)

000
7)

PROBABI LITY DI STRIBUTION OF INFLOWS

0.322 0.2r3 o.O7r 0.036 o.lO8 0.142 0.036 0.036 0.035

PROBABI LITY DI STRIBUTION OF STORAGE

0.02r 0.029 o.o3o o.o7o 0.083 0.178 0.164 0.42\

PROBABI LITY DI STRIBUTION OF RELEASE

0.022 o.o2r 0.039 0.058 0.068 0.136 0.152 0.503

EXPEcTED RELEASE F0R THE I4ONTH (cFS-wKS) z 2\70.9

EXPECTED RELEASE F0R THE I'IONTH (cFS-WKS) z 1925.7

EXPECTED RELEASE FOR EAGER (CFS-WKS) I 789.5

EXPtcTED RELEASE RUSSELL (cFS-wKS): ll36.l

EXPECTED STORAGE LEVEL (FEET): I96.4
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fc¡tfc¡'rrtfc¡krt¡tt( LAUR I E

STORAG E

STATE

7\ 223

0.000 0.000
ì-2t3.0 (2) (2)

- PASS 2 - t'10NTH N0:

INFLOW STATE (CFS)

3456
372 521 670 8r9

o.oo3 o.oo2 o.ooo 0.008
(2) (t) (t) (r)

0.004 0.003 0.000 0.005
(3) (2) (z) (2)

0.007 0.002 0.001 0.01l
(4) (3) (3) (3)

0.0t2 0.007 o.0ol 0.olo
(5) (4) (4) (4)

0.0ì4 0.000 0.00.l 0.020
(6) (5) (5) (5)

0.030 o.oo8 0.002 0.025
(7) (7) (6) (6)

0.045 0.007 0.005 0.02r
(8) (8) (7) (7)

0.170 0.007 0.026 o.oo8
(8) (8) (8) (8)

3 t rt)kr'c¡tr'rrtt tËtr

2 7
1266

0 .004
( t)

I
r4r5

0.00l
2-210.0 ( 3)

0.00t
(¡)

3
)

00
I

.01 3
(7)55

8)

0.004 0.
( 2) (

0.008 0.004
(2) (2)

0.0r4 0.009(3) (3)

0.0r4 0.010
(4) (t+)

0.032 o.or7
(5) (5)

0.003
( l)

0.0r4
(6)

0.003 o.oo4
3-zo7.o (4) (4)

0.003 0.003
4-204.0 (5) (5)

0 .004 0.006
5-2ot.o (6) (6)

0 .010 o.0l 3
6-198.0 (7) (7)

0.0ì9 0.032
7-195.0 (8) (8)

8-r9z.o
00 04

8)

0.01I
(6)

0.020 0
(8)i i

PROBABI LITY DISTRI BUTI ON OF INFLOWS

0. r44 0.2r4 o.zBS 0.036 0.036 o.lo8 0. t07 o.o73

PROBABI LITY DISTRI BUTION OF STORAGE

o.o2o 0.02r 0.01+0 0.059 0.069 0.137 0.154 0.503

PROBABI LITY DISTRI BUTI ON CF RELEASE

o.o2o 0.027 0.043 0.056 0.088 0.076 0.100 0.593

EXPECTED RELEASE F0R THE l,loNTH (cFS-WKS) 2 2360.7

EXPECTED RELEASE FOR THE I'IONTH (CFS-I^JKS) 2 1825.5

EXPECTED RELEASE FOR EAGER (CFS-WKS) Z 748.5

EXPECTED RELEASE RUSSELL (CFS-V''KS) Z I077.I

EXPECTED STORAGE LEVEL (FEET) Z 196.6

- r40 -



¡k¡tr'c¡T¡tr'cfcrt¡'cfc LAURIE - PASS 2 - ltl$NTH N0: !:trtrtrtrkrtrkrt:'cfc

STORAG E

STATE

INFLOV', STATE (CFS)

23\56
r85 308 \32 555 679

78
802 ro4961

9
1173

0.
(

000
2)r-2r3.0

0.
(

000
2)

o.oo3 0.004 0.000 0.006
(t) (t) (l) (l)

0.o0t
( t)

0.004 0.001
( t) ( t)

0 .006 0.004
( t) ( t)2-2r0.0

0 .00.|
3-207.0 ( 4)

0 .003
5-20ì .o ( 6)

0 .005
6-t98.0 ( 7)

0.01l
7 -195 .o ( 8)

8-r9z.o

.000 0 .00 I(3) (3)

0 .002
(4)

0.00
(6

0.006
(7)

0 0.002 0.005 0.000 0.00,+ 0.005
(2) (2) (2) (2) (2)

.09r 0.100 0.031 0.000
(8) (8) (8) (8)

o.oo5 0.007 o.ooo o.oo9 0.006 0.008 0.005
(4) (4) (3) (3) (3) (2) (2)

0.003 0.003 0.006 0.013 0.001 0.010 0.007
4-204.0 (5) (5) (5) (5) (4) (4) (4)

0 .008
(4)

0.005
(3)

5
)

o.092
(8)

il2 0
8)

0.rì9 0.
(8) (

0.
(
009 0.0r0 0.00r 0.0.l7 0.014 0.017
6) (6) (5) (5) (5) (5)

o.or2 o.or3 o.ool 0.0]4 0.008 0.0.l2 0.005
(7) (7) (7) (6) (6) (6) (5)

0.0t I
(4)

0.0t3 0.0.l5 0.o25 0.002 0.0.l3 0.010 0.007 0.002
(8) (8) (8) (7) (7) (7) (7) (7)

0.009 0.038
(8) (8)

PROBABI LITY DISTRIBUTION OF INFLO!.'S

o.ì¡{2 0.r42 0.r43 0.177 0.036 0.073 0.143 0.071 0.071

PROBABI LITY DISTRIBUTION OF STORAGE

o.org o.o27 0.043 o.056 0.087 o.076 0.098 o.592

PROBABI LITY DISTRI BUTION OF RELEASE

o.o2g 0.029 0.021 o.o52 o.079 o.06l 0.071 0.656

EXPECTED RELEASE FOR THE I4ONTH (CFS-WKS) 2 2382,9

EXPECTED RELEASE FOR THE I40NTH (CFS-WKS) z 1276.5

EXPEcTED RELEASE F0R EAGER (cFS-I.JKS) z 523"\

ExPEcTED RELEASE RUSSELL (cFS-!.lKS). 753.1

EXPECTED STORAGE LEVEL (FEET): I95.4

- r4r



¡'crtfr*¡t:l:t¡lfrr'( LAURIE - PASS 2 - |'|QNTH N0: ! rtrtrkrt:t:'cr'rfcfcfc

STORAG E

STATE
85

0.009 0.009
1-212.0 (2) (2)

0.0ì4 0.0t4
4-204.0 (5) (5)

0.0t6 0.021
7-195.0 (8) (8)

TNFLoW STATE (

23\5
255 \25 595 765

0 .008 0 .000 0 .00 I
(2) (r) (l)

0.0r4 0.003 0.oor(5) (4) (4)

0.003 0.000
( t) ( t)

0.002 0.000
(2) ( t)

0.000
( l)

0.006 0 .000
(4) (2)

0.002 0.00t
(5) (4)

0.000 0 .00 I
(6) (5)

0 .001
(6)

cFS)
6

r ì05
7

1615

0.008 0.010 0.006 o.oot 0.ooì
2-209.0 (3) (3) (3) (2) (2)

0.005 0.003 0.009 0.002 0.000 0.003
3-207.0 (4) (4) (4) (3) (3) (2)

0.0r8 0.026 0.024 0.005 o.oo3
5-201.1 (6) (6) (6) (5) (5)

0.0ì3 0.019 0.o22 0.004 0.002
6-198.0 (7) (7) (t) (6) (6)

0.024 0.005 0.003 0.00t
(8) (7) (7) (7)

0.166 0.t84 0.143 0.087 0.025 o
8-r9z.o (8) (8) (8) (8) (8)

.0
(

t9 0
8)

.0
(

32
7)

PROBABILITY DISTRIBUTION OF INFLOVJS
0.2\g 0.286 0.250 0. r07 0.036 0.036 0.035

PROBABI LITY DISTRIBUTION OF STORAGE
0.030 0.028 0.o22 o.o52 0.079 0.06t 0.071 0.656

PROBABI L ITY DISTRI BUTION OF RELEASE
0.004 0.033 0.026 0.028 0.053 0.075 0.095 0.685

EXPECTED RELEASE F0R THE ¡10NTH (CFS-WKS) z 2235.5

EXPECTED RELEASE FOR THE T4ONTH (CFS-I.JKS) : O.O

EXPECTED RELEASE FOR EAGER (CFS-WKS): O.O

EXPECTED RELEASE RUSSELL (CFS-I,JKS) : O.O

EXPECTED STORAGE LEVEL (FEET) : I95. I

-t\2-



¡T¡tfcfcrt*¡kfc:trt LAURIE - PASS 2 - l,lQNTH N0: f, fr:t:t:'cfcfc:tfcrkrt

STORAG E

STATE 2

75 227

0 .003
(2)

0 .000
r-2r2.0 ( 2)

0.000 0.000 0.001 0.000 0.000 0.000
(2) (t) (t) (t) (t) (t)

INFLOW STATE (CFS)

3\56
378 530 681 8tt

7
ì r36

I
| 439

0 .001
( l)

0.00ì
( 2)

0.026
(8)

0.001+ 0.0r0 0.004 0.008 0.004 0.002 0.00.l
2-209.0 (3) (3) (3) (2) (2) (2) (z)

0.004 0.004 0.004 0.008 0.002 0.002 0.00'|
3-207.0 (4) (4) (4) (3) (3) (3) (2)

0.002 0.0t0
4-204.0 (5) (5)

0.006 0.0t0
5-2ot.t (6) (6)

0.006 0.0r r

7-195.0 (8) (8)

0.002 0.005 0.005 0.003 0.000 0.00r
(5) (4) (4) (4) (4) (3)

0.006 o.or3 o.oo8 o.oo5 o.(6) (5) (5) (5) (
20
)

00
\

.002
( t*)

0.008 0.012 0.008 0.023 0.010 0.006 0.003 0.003
6-198.0 (7) (7) (7) (6) (6) (6) (6) (5)

0.006 0
(8)

.0
(

50 0.0ì 1 0.007 0.002 0.003
7) (7) (7) (7) (6)

0.078 0.il9 0.078 0.r78 0.r02 0.082
8-r9z.o (8) (8) (8) (8) (8) (8)

0.o23
(7)

PROBABI LITY DISTRI BUTION OF INFLOWS
0. r08 0. r79 0. r08 0.285 0. r43 0. r07 0.035 0.034

PROBABILITY DISTRIBUTION OF STORAGE

0.004 0.034 0.026 0.028 0.o52 0.073 0.096 0.686

PROBABI LITY DISTRIBUTION OF RELEASE
o.oo2 0.020 0.03r o.o2g 0.043 0.067 0. r2r 0.686

EXpECTED RELEASE F0R THE I'1oNTH (CFS-WKS) | 2280,1

EXpECTED RELEASE F0R THE i4oNTH (CFS-t'KS) z 3\1.7

EXPECTED RELEASE FOR EAGER (CFS-VJKS): I4O.I

EXPECTTD RELEASE RUSSELL (CFS-WKS): 201.6

EXPEcTED ST0RAGE LEVEL (FEET): .l94.1+
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LAURIE - PASS 2 - |'1oNTH N0: / :r:kfc:rfcr.c:'c:'tfc:r

STORAG E

STATE

0.08t
8-r9z.o ( 8)

TNFL0t.J STATE (CFS)
123\56

78 235 392 5\9 706 86¡
7

I 020

0.002
(5)

0.00t
( t)

0.001
( 2)

0 .000
( t)

I
1 177

9
I 334

t0
r49r

0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000
1-212.0 (z) (2) (2) (l) (t) (1) (l) (l)

00000 00
I
0

))i (

0.002 0.002 0.003 0.004 o.oo6 0.003 0.002 0.005 0.002 0.00r
3-207.0 (4) (4) (4) (3) (3) (3) (2) (2) (2) (2)

0.002 0.00'|
2-zo9.o (3) (3)

0.002 0.00t
(5) (5)

0 .004 0.002 0 .001+

5-2ot.t (6) (6) (6)

o.oo8
7-195.0 ( 8)

0.002 0.005 0.005 0.003 o.0or(¡) (2) (2) (2) (2)

0.004 0.007 0.002 0.002
(4) (4) (4) (4)

0.003
4-204.0 ( 5)

0.004 0.001
(3) (3)

0 .005
(4)

0 .00.|
(3)

0.002 0.00t
(4) (4)

0.026 o.oz8(7) (7)

0.005 0
(5)

0 .005
(5)

.01 3
(5)

0.007 0.005 0.005 0.0r r

6-re8.o (7) (7) (7) (6)
0.0r5 o.oo8 0.005 o.oo8 0.002 0.002(6) (6) (6) (5) (5) (5)

0.009 0.009 0.0t7 0.040 0.015 0.009 0.0r0 0.002 0.003
(8) (8) (7) (7) (7) (7) (6) (6) (6)

0 .050
(8)

0.048
(8)

0 .096
(8)

o.tz6
(8)

0.070 0.050 0. r09
(8) (8) (7)

PROBABI LITY DISTRIBUTION OF INFLOWS
0. r07 0.07r 0.072 0. r42 0.2r4 o. ro6 0.07t 0. r42 0.036 0.036

PROBABI LITY DISTRIBUTION OF STORAGE
0.002 0.02r 0.030 0.027 0.043 0.068 o.t2z 0.684

PROBABI LITY DISTRIBUTION OF RELEASE
0.003 0.025 o.oz4 0.030 0.043 0.064 0.26t o.S\7

EXPECTED RELEASE F0R THE t40NTH (CFS-r.,/KS) z Zt+69.3

EXPECTED RELEASE F0R THE I'loNTH (CFS-WKS) : ì t 44. ì

EXPECTED RELEASE FOR EAGER (CFS-I,JKS) : 469. I

EXpEcTED RELEASE RUSSELL (cFs-vr,Ks) z 675.0

EXPECTED STORAGE LEVEL (FEET): I93.8

- 'r44 -



LAURIE - PASS 2 - l,ioNTH N0: g rrfcfc:k:r:tfcrrfcr'r

STORAGE

STATE

90 270

0.000 0.00t
t-2t2.0 (2) (2)

0.00t
2-209.0 ( 3)

I NF LOV\, STATE (CFS)

345645ì 6lt 8r2 992
2 7

117 3

I
t7 1\

0.00t 0.00r 0.000 0.000 0.000 0.000(ì) (t) (t) (t) (r) (r)
0.003 o.oo9 0.003 0.00r 0.003
(3) (2) (2) (2) (2)

0 .002
(z)

0 .003
( t)

3-207.0
0.003 0.007 0.002 0.002 o.oo3
(4) (3) (3) (3) (2)

0.005 0.005 0.008 0.002 0.003 0.004
4-204.0 (5) (5) (4) (4) (4) (4)

0.007 0.009 0.02r 0.005 0.006 0.009
6-198.0 (7) (7) (6) (6) (6) (6)

0.005 0.006 0.0ì4 0.001+ 0.004 0.006 0.003 0.002
5-20r.ì (6) (6) (5) (5) (5) (5) (4) (4)

0 .003
(4)

o .034
(8)

0.002 0.001
( 3) ( t)

0.002 0.002
( 3) (2)

0.006 0.002
(5) (5)

7-195.0
o.026

(6)

0.087 0.096 0.r38 0.000 0.080 o.og8 0.048 0.000
8-rez.o (8) (8) (8) (8) (8) (8) (7) (7)

PROBABI LITY D I STRIBUTION OF INFLOI,JS

0.r42 0.r43 0.286 o.072 0.r07 0.r4r o.o72 0.036

PROBABI LITY D ISTRIBUTION OF STORAGE

0.003 o.oz5 0.023 0.031 0.044 0.065 0.26r 0.5\7

PROBABI LITY DISTRI BUTION OF RELEASE
o.oo6 0.024 0.0r9 o.oz8 0.046 0.087 o.236 o.553

EXPECTED RELEASE FoR THE tloNTH (CFS-þ,KS) z 2376.3

EXpECTED RELEASE F0R THE ttoNTH (CFS-!,'KS) z t25t.5

EXPECTED RELEASE FOR EAGER (CFS-l.,KS): 5]3.I

EXPECTED RELEASE RUSSELL (CFS-hrKS) : 738.4

EXPEcTED sr0RAGE LEVEL (FEET): l9l+.6

0 .020
(8)

0.088 0.055 o.or r o.or8 o.oog(7) (7) (7) (7) (6)

- tl+5 -



Jr:t¡tfcfcfc¡tfc:'ct( LAURIE - PASS 2 - l,loNTH N0: ! t'rfrr'rfittfcft:'c:tfi

STORAGE
STATE

t-212.0

0 .00.|
2-2o9.o ( 3)

0.00t
3-207.0 ( 4)

0.00ì
4-204.0 ( 5)

0 .002
(6)

8- r 9z.o

0.004 0.002
(3) (2)

0 .00
(z

o .005
(2)

0.009 0.0r2 o.oo6
(5) (4) (4)

0.002 0.00t
( l) ( t)

0.000 0.002
( t) ( 1)

0 .001
(2)

TNFLoW STATE (CFS)

z3\56
383 638 894 I 149 1405

7
r 660

0 .002
(4)

I
217 |

9
2\27

0 .000
( l)

0 .00.|
( r)

0.00t
( r)

0.00t
(2)

0 .002
(5)

127

0.000 o.oo0 0.000 0.001 0.004 0.000 0.000 0.000 0.000
(2) (2) (t) (ì) (l) (l) (t) (t) (l)

0 .002
( l),

0 .003

4 o.oo8
) ( l)

0.002 0.002 0.005(4) (¡) (3) ( 2)

o.oo4 o.oo3 0.005 o.oo8 0.003 0.00ì
(5) (4) (4) (3) (3) (2)

0.oo7
(6)

0.004
(5)

0 .003
(3)5-20r. r

o.oo3 o.olo o.oo6 o
6-198.0 (7) (7) (6)

o.oo8 o.oo2 o.oo4 o.oo2(5) (5) (4) (4)
.or3 0.040
(6) (6)

o .027 0 .030
7-195.0 (8) (8)

0.01I
( 7)

0 .041
( 7)

0.07 r

(6)
o.oz6

(6)
0 .005 0 .02¡+
(6) (5)

0.
(
ooo 0.120 o.o8o
8) (8) (8)

0. r38 0.068 0.094 0.o25 0.000 0.029
(8) (7) (7) (7) (6) (6)

PROBABI LITY DISTRIBUTION OF INFLOWS

0.035 o.177 O. ro8 o.216 0.216 0.142 0.037 0.035 0.036

PROBABI LITY DISTRIBUTION OF STORAGE

o.oo5 0.024 o.o2r 0.027 0.046 0.088 o.237 0.55\

PROBABI LITY DISTRI BUTI ON OF RELEASE

o.ozz 0.0r7 o.oz6 0.037 0.054 0.199 0.252 o.395

EXPECTED RELEASE F0R THE ¡,10NTH (cFs-!.lKs) z 292\.9

EXPECTED RELEASE FOR THE I'lONTH (CFS-WKS): I520.I

EXPEcTED RELEASE FOR EAGER (CFS-WKS) z 623.2

EXPECTED RELEASE RUSSELL (CFS-WKS): 896.9

EXPECTED STORAGE LEVEL (FEET) Z 195.2

- t46 -



Jc¡l¡'c¡trt¡kfr¡'r¡trc LAURIE - PASS 2 - flQNTH N0: lQ rtfcfcfc:trkrlfcrtrk

STORAG E

STATE 2

76 383

0.000 0.000
1-212.0 (2) (2)

0.000 0.001
2-2o9.o (3) (3)

0.003 0.002 0.002 0.00t
3-207.0 (4) (4) (3) (3)

0.002 0.00t
4-204.0 (5) (5)

5-20r . I

TNFLoW STATE (CFS)

345678
537 690 844 997 I r5r r 304

0.001 0.001 0.003 0.002 0.003 0.003
(3) (2) (2) (2) (2) (2)

0.000 0.002 0.002 0.002 0.003 0.006 0.007
(2) (t) (l) (ì) (t) (t) (t)

9
ì 458

0.007 0.009
7-195.0 (8) (8)

8-r9z.o

0 .004
( t)

0.004 0.003 0.003 0.005 0.003
(3) (3) (2) (2) (2)

0.0ì9 0.023 0.029 0.025 0.070
(6) (6) (5) (5) (5)

0.062 0.025 0.042 0.035 0.047
(7) (7) (6) (6) (6)

0.076 0.046 0.053 0.000 0.ooo
(8) (8) (7) (7) (7)

0 .003
(6)

0.002 0.002 0.005 0.004 0.005 0.008 0.007
(4) (4) (4) (4) (3) (¡) (3)

002 0.004 0.000 0.008 0.003 0.005 0.026 0.005
6) (5) (5) (5) (5) (4) (4) (4)

0 .005
6-r98.0 ( t)

0.
(

0.053
(8)

o .087
(8)

0 .004
( 7)

o .005
(6)

0.0r8
(6)

0.012 0.011(7) (7)

.000
(8)

0 0080
8)(

PROBABILITY DISTRIBUTION OF INFLOWS
0.107 o.o72 0.106 0.035 0.179 0.r08 0.r43 0.r08 0.ì43

PROBABI LITY DISTRI BUTION OF STORAGE
o.022 0.0ì8 0.026 0.036 0.056 0.t98 o.250 0.395

PROBABI LITY DISTRI BUTION OF RTLEASE
o .026 o .o23 0.032 0.054 0. 1 42 0. I 94 0.172 0.358

EXPECTED RELEASE F0R THE I4oNTH (CFS-WKS) . 2611.7

EXPECTTD RELEASE F0R THE |'10NTH (CFS-WKS) : 1\25.7

EXPECTED RELEASE F0R EAGER (cFS-I^JKS) z 58\.5

EXPECTED RELEASE RUSSELL (CFS-V,tKS): 841.2

EXPECTED STORAGE LEVEL (FEET) z 196.2

-t\7-



:t?tt(rttrrtrtrtrt* LAURIE - PASS 2 - |'!QNTH N0: ll ¡'cfc¡'crt¡trt¡k¡lfcrt

0.00t
t-2t3.0 ( z)

0 .002
2-2t0.0 ( 3)

TNFL0W STATE (CFS)

3\56416 582 7\g 915

0.002 0.003 o.or0 0.001
(2) (t) (r) (l)

0.004 0.002 0.000
(t) (l) (t)

o.oo3 0.003 0.000
(2) (r) (ì)

0 .005 0 .004 0 .00 1

(3) (2) (2)

0.005 0.009 0.001(4) (3) (3)

0.010 0.001
(4) (4)

STORAGE

STATE 2

8¡ 249

0.002
(2)

7
r 082

0.034 0.0r3
(6) (5)

89
t248 t58l

0 .002
(5)

0.003 0.003 0.005 0.003 0.001
(3) (3) (2) (2) (2)

0 .002 0.004 0.004
(t+) (4) (4)

0.005 0.007(3) (3)
0.00ì
(¡)

0.007 0.001
(4) (4)

0 .008
(6)

3-207 .0

o.oo3 o.ol0 0.006 0.0t l
4-204.0 (5) (5) (5) (4)

o.oog 0.0r0 0.0r3 0.0r6 0.054 0
5-2or.o (6) (6) (6) (5) (5)

.001
(5)

5 0.0r5
) (8)

0.027
(5)

00.0t2 0.0ì5
( 7) (7)

.02\
(7)

o.o3o 0.058
(6) (6)6-r98.0

0.0r7 0.006 0.054 0.o22 0.024 0.008 0.034 0.004 0.004
7-195.0 (8) (8) (8) (7) (7) (7) (7) (6) (6)

0.063 o.o57 0.108 o.or5
8-t92.0 (8) (8) (8) (8)

0 .030 o .027 o .027
(8) (7) (7)

0.0t
(8

PROBABI LITY DISTRIBUTION OF INFLOWS
0. r09 0. r07 0.2r4 0. r07 0. r78 0.036 0. r42 0.o72 0.036

PROBABI LITY DI STRIBUTION OF STORAGE

0.025 o.o23 0.033 0.053 0.r4r 0.r96 o.173 0.357

PROBABI LITY DISTRIBUTION OF RELEASE
0.023 o.o22 0.036 0.045 0.132 0. r70 0.r93 0.380

EXpECTED RELEASE F0R THE I'loNTH (CrS-WrS): 2881.3

EXpECTED RELEASE F0R THE |4oNTH (CFS-WKS) z 1975.7

EXPECTED RELEASE FOR EAGER (CFS-I,JKS) : 8IO. I

EXPECTED RELEASE RUSSELL (CFS-WKS) 2 1165.7

EXPECTED STORAGE LEVEL (FEET) ¿ 197.2

- t48 -



¡t¡t¡t¡t¡tfcJc:tfcrt LAURIE - PASS 2 - |'|$NTH N0: l/ rt*rtrtrkfcfrrtrt:t

STORAGE

STATE 2

7t 21\

0.000 0.000 0.000 0.004 0.008 o.0ol
r-2t3.0 (2) (2) (2) (ì) (l) (t)

0.000 0.002 0.001 0.004 0.004 0.001
2-210.0 (3) (3) (3) (2) (2) (2)

I N F Lot^J STATE (C F S)

3\567
357 5oo 6\3 786 929

I
1072

9
t2t 5

l0
I 358

0 .001+ 0 .005 0 .002 0 .000
(l) (t) (t) (t)

0.00t
3-207.0 ( 4)

0 .00.l
4-204.0 ( 5)

0.00t
5-20ì.0 ( 6)

0 .003
6-198.0 ( 7)

0.003 0.010 0.009 0.002
(5) (4) (4) (4)

0.007 0.036 0.033 0.0t I
(7) (6) (6) (6)

0.0r0 0.o27 0.03r 0.0t3(8) (7) (7) (7)

0.003 0.002 0.006 0.009 0.002 o
(4) (4) (t) (3) (3)

0.002 0.004 0.00t
(2) (2) (t)

.004 0.008 0.00r
(3) (3) (2)

0.004 0.010 0.00r
(¡*) (4) (3)

0.00t
( r)

0.00t
(2)

0 .001
(3)

0.007 0.007 0.024 0.035 0.008
(6) (6) (5) (5) (5)

0 .004
(5)

0.0r4
(7)

0 .020
(5)

0.0r9
(5)

0.01I
(4)

0.002
(4)

0.030 0.020
(6) (6)

0.012 0.004
(5) (5)

0.004
7-195.0 ( 8)

000
7)

o,026
8- l9z.o ( 8)

0.02r
(8)

0 .026
(7)

0.029 0.005 0.027
(7) (6) (6)

0.r28 0.042 o.067 0"014 0.035 0.053 0.013 o.oo3 o.
(8) (8) (8) (8) (8) (8) (8) (7) (

PROBABI LITY DISTRIBUTION OF INFLOWS
0.036 0.r79 o.o72 0. r78 0. r43 0.073 0. t43 0.108 0.036 0.036

PROBABI LITY DISTRIBUTION OF STORAGE
0.024 0.020 0.037 0.045 0. r34 0. r70 0.t93 0.38ì

PROBABI LITY DISTRIBUTION OF RELEASE
0.026 0.0r7 0.034 0.054 0.130 0.177 0.153 0.413

EXpECTED RELEASE F0R THE I40NTH (CFS-WKS) ¿ 26\\.5

EXPECTED RELEASE F0R THE I'loNTH (CFS-WKS) : tg\Z.5

EXPECTED RELEASE F0R EAGER (CFS-l,,/KS) z 796.\

EXPECTED RELEASE RUSSELL (CFS-t'KS): ll46.t

EXPECTED STORAGE LEVEL (FEET) . 197.5

- t49 -



0.1.2
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t50 -



STORAG E

STATE

r-r ì5.0

2-ì r4.0

3-1r3.0

4-rì2.0

5-r r r.0

6-r ro.o

7-r09.0

8-ro8.o

9-r07.0

lo-lo6.o

il - r05.0

r2-r04.0

r3-r03.0

r4-ì02.0

l5-r0r.0

r6-too.o

¡T¡k¡l¡'c¡t:tJc¡k¡'c¡k E AGER - PASS 2 - I'IONTH NO: 1

TNFL0W STATE (CrS)

3456
86 r2o 155 r89

(2) (2) (2) (2)

(3) (3) (3) (3)

(4) (4) (4) (4)

(5) (5) (5) (5)

(6) (6) (6) (6)

(7) (7) (7) (7)

(8) (8) (8) (8)

(e) (e) (e) (e)

(lo) (ro¡ (to) (lo)

(tì) (lt) (ll) (lt)

(12) (12) (t2) (12)

(13) (l¡) (r¡) (r3)

(t4) (14) (t4) (t4)

(15) (r5) (15) (15)

(t6) (16) (r6) (r6)

(t6) (t6) (r6) (r6)

ì

17

(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(l t)

( r 2)

(l¡)

( l4)

(l¡)

(16)

(t6)

2

51

( 2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(l t)

(t2)

(l 3)

(14)

(ls)

(t6)

(16)

7
22,{.

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(1t)

(t2)

(l¡)

(14)

( 15)

(16)

(r 6)

I
z58

( l)

(z)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(10)

(t t)

(ì 2)

(13)

(ì4)

(t5)

( t6)

9
293

( l)

(z)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

( I 2)

(l¡)

(t4)

(t5)

(r6)

t0
327

( ì)

(2)

(3)

(4)

(5)

(6)

( 7)

(8)

(e)

(ì0)

(t l)

(t2)

(13)

(14)

(t5)

(t6)

- t5t



STORAGE

STATE

r-r r5.0

2-r r4.0

3-r r3.0

4-1r2.0

5-r r r.0

6-r ro.o

7- r 09.0

8-ro8.o

9-r07.0

ro-ro6.o

r r-r05.0

r2-r04.0

r3-ì03.0

r4-r02.0

r5-r0t.0

r6-loo.o

rtfcfc¡tfcJcJrJc¡ttc EAGER - PASS 2 - I'IONTH NO:

TNFL0W STATE (CFS)

3\56
68 96 123 l5l

(2) (2) (2) (2)

(3) (3) (3) (3)

(4) (4) (4) (4)

(5) (5) (5) (5)

(6) (6) (6) (6)

(7) (7) (7) (7)

(8) (8) (8) (8)

(e) (e) (e) (e)

(lo) (ìo) (to) (lo)

(lt) (ti) (ll) (ll)

(12) (t2) (12) (12)

(r 3) (l l) (l 3) (l ¡)

(t4) (t4) (t4) (t4)

(r5) (t5) (l¡) (15)

(r 6) (t 6) (l 6) (l 6)

(r6) (ì6) (r6) (r6)

f fcrt:'crll'c:trt:'crtfc

l
ì3

(2)

(3)

(4)

(5)

(6)

( 7)

(8)

(e)

(10)

(t t)

(t2)

(r3)

(14)

( 15)

( l6)

(t6)

2

4r

(2)

( 3)

(4)

(5)

(6)

( 7)

(8)

(e)

(t0)

(l l)

( I 2)

(ì 3)

( l4)

(lE)

(t6)

(r6)

7
t78

(z)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(11)

(t2)

(t3)

(t4)

( l5)

(ì6)

( l6)

I
zo6

( t)

(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(l l)

(12)

(l¡)

(14)

(t5)

( l6)

9
233

( r)

(2)

(3)

(4)

(5)

(6)

( 7)

(8)

(e)

(t0)

(l t)

(12)

(r3)

(14)

(15)

( l6)

l0
z6t

( l)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t 1)

(t2)

(t3)

( l4)

( 15)

(t6)

-152-



¡'c¡t¡lfc¡t¡t¡lfc¡ttr EAGER - PASS 2 - l40NTH N0: J rtrbfrrkfc:'cJcfrrtrt

STORAG E

STATE

ì-r r5.0

2-t 14.0

3-r r3.0

4-r r2.o

5-r r r.o

6-l ro.o

7-r0g.o

8-ro8.o

9-r07.0

t0-t06.0

ì r-105.0

'I2-t04.0

r 3- r 03.0

t4-102.0

15-r0t.0

'r6-roo.o

I

l4

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t l)

(t2)

(t 3)

( ì l+)

(t5)

(t6)

(r6)

2

42

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(l t)

(t2)

(ì3)

(t tr¡

(l ¡)

(ì6)

( l6)

6
1s6

( 2)

(¡)
(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(t t¡

(t2)

(r3)

(ì 4)

( l5)

(r6)

(r6)

7
t85

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(l t)

(t2)

(13)

(ì4)

(t5)

(t6)

(t6)

I
213

( r)

(2)

(r)
(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t l)

(t2)

(t3)

(t4)

(t5)

(t6)

9
270

( t)

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( t0)

(t t)

(r2)

(r 3)

(14)

(t5)

(t6)

I NFLOW STATE

3\
7t 99 I

(2) (2) (2)

(¡) (3) (3)

(4) (4) (4)

(5) (5) (5)

(6) (6) (6)

(7) (7) (7)

(8) (8) (8)

(e) (e) (e)

(lo) (t0) (10)

(il) (il) (ì t)

(t2) (12) (t2)

(r ¡) (r 3) (l 3)

(r4) (t4) (14)

(t5) (t5) (t5)

(l 6) (t 6) (t 6)

(r 6) (t 6) (t 6)

(cFs
5

zB

- 153 -



STORAG E

STATE

ì-il5.0

2-r r4.0

3-il3.0

4-ìr2.0

5-il r.0

6-r ro.o

7- r 09.0

8-ro8.o

9-r07.0

ro-ro6.o

ì r-t05.0

t2-r04.0

r3-r03.0

ì4-102.0

ì5-r0r.0

l6-loo.o

¡!¡k¡tfcJcrt¡t¡t¡t¡t E AG ER - PASS 2 - |'IONTH N0:

r NF Lor,J STATE (CFS)

3\56
lo8 152 195 239

(z) (l) (t) (l)
(3) (2) (2) (2)

(4) (3) (3) (3)

(5) (4) (4) (4)

(6) (5) (5) (5)

(7) (6) (6) (6)

(8) (7) (7) (7)

(e) (8) (8) (8)

(t0) (9) (e) (e)

(t l) (10) (t0) (t0)

(12) (H) (il) (il)

(l¡) (t2) (12) (t2)

(14) (r 3) (r ¡) (l ¡)

(t5) (ì 4) (1 4) (r 4)

(r6) (15) (ls) (r5)

(r 6) (t 6) (l 6) (t 6)

l¡ :tfcfc:tfcr'cfcfcfrrt

I

21

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t 0)

(l l)

(t2)

(ì3)

(r4)

(r¡)

qr6)

(16)

2

6S

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(10)

(t t)

(t2)

(t3)

(14)

(t 5)

(ì6)

(t 6)

7
zBz

( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(t t)

(t2)

(ì 3)

(t4)

(t5)

(r6)

I
326

( l)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(l l)

(t2)

(r3)

( l4)

( l5)

(16)

9
413

( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( 10)

(t t)

(t2)

(l¡)

(t4)

(ì 5)

( l6)

-15\"



STORAG E

STATE

r-r ì5.0

2-rr4.0

3-rì3.0

4-r r2.0

5-r r r.0

6-r ro.o

7-r09.0

8-ro8.o

9-r07.0

ro-lo6.o

il - r05.0

ì2-',r04.0

r3-r03.0

t4-r02.0

r5- r01 .0

l6-loo.o

¡tfcfr¡t¡k¡trt¡t¡t¡'c EAG ER - PASS 2 . I,IONTH NO:

TNFLoW STATE (CFS)

3456
313 \39 56\ 690

(l) (l) (l) (r)
(2) (2) (ì) (l)
(3) (3) (z) (2)

(t+) (r+) (3) (3)

(Ð (5) (4) (4)

(6) (6) (5) (5)

(7) (7) (6) (6)

(8) (8) (7) (7)

(e) (e) (8) (8)

(r0) (r0) ( 9) ( 9)

(t t) (t t) (10) (t0)

(t2) (t2) (rì) (ll)

(t 3) (t 3) (l 2) (l 2)

(14) (t4) (l¡) (l¡)

(r¡) (r5) (14) (r4)

(ì 6) (r 6) (t 5) (15)

! rtrlfcfc:T Jcfr:tfcl'c

7
1192

( l)

( l)

( 1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(l l)

(t2)

(13)

(14)

ì

62

( t)
(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

( 10)

(t t¡

(12)

(13)

(14)

(t5)

( l6)

2

188

( t)
(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(l 0)

(t t)

(t2)

(l¡)

(t 4)

(r¡)

(t6)

-155-



STORAGE

STATE

r-il5.0

2-I r4.0

3-r ì3.0

4-1r2.0

5-il r.0

6-r ro.o

7-ì09.0

8-ro8.o

9-r07.0

ìo-l06.o

I l-r05.0

ì2-104.0

r3-r03.0

r4-102.0

r5-r0t.0

l6-loo.o

fc¡t¡t¡k:lfcrtfc¡l¡'c EAGER - PASS 2 - HONTH NO:

TNFL0W STATE (CFS)

3\56263 369 \7\ 580

(r) (t) (r) (t)
(2) (2) (2) (t)
(3) (3) (3) (2)

(4) (t+) (4) (3)

(5) (Ð (5) (4)

(6) (6) (6) (5)

(7) (7) (7) (6)

(8) (8) (8) (7)

(e) (e) (e) (8)

(10) (10) (r0) ( 9)

(t1) (lt) (lt) (t0)

(12) (12) (t2) (lt)

(l ¡) (t 3) (l ¡) (l 2)

(rt+¡ (t4) (t4) (13)

(15) (15) (lS) (14)

(16) (r6) (re¡ (15)

S :tfcrtfcrt:trtlt:t:'r

l
52

( r)

( 2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(ì0)

(t l)

(12)

(t3)

(14)

(ls)

(16)

2
158

( t)

(2)

( 3)

(4)

(5)

( 6)

( 7)

(8)

(e)

(to¡

(l ì)

(l 2)

(r 3)

(14)

(ll)

(ì6)

7
68s

( ì)

( t)

( 2)

( 3)

(4)

(5)

(6)

(7)

( 8)

(e)

(to¡

(1ì)

( I 2)

(l ¡)

(14)

(l¡)

8

791

( t)

( t)

( z)

(3)

(4)

(5)

(6)

( 7)

(8)

(e)

(t0)

(t t¡

(t 2)

(13)

( I l+)

(l ¡)

9
I 002

( l)

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(t2)

(13)

(t4)

(l¡)

-156-



STORAGE

STATE

r -ì ì5.0

2-ì ì4.0

3- il 3.0

4-r r2.o

5-r r r.0

6-r lo.o

7- r 09.0

8-ro8.o

9-r07.0

ro-t06.o

r r-r05.0

r2-r04.o

r3-r03.0

l4-ì02.0

r5-r0t.0

r6-roo.o

¡'c¡t¡t¡t¡l¡tl'c¡k¡ttr EAG ER - PASS 2 - }IONTH NO:

TNFL0W STATE (CFS)

3\56208 292 375 \59

(l) (t) (t) (t)
(2) (2) (2) (2)

(3) (:) (3) (3)

(4) (4) (4) (4)

(Ð (5) (5) (5)

(6) (6) (6) (6)

(7) (7) (7) (7)

(8) (8) (8) (8)

(e) (e) (e) (e)

(t0) (t0) (10) (10)

(lt) (lt) (rr¡ (ll)
(t2) (t2) (t2) (12)

(r 3) (ì 3) (r 3) (l ¡)

(t4) (t4) (t4) (t4)

(15) (r5) (l¡) (ì5)

(r6) (r6) (r6) (t6)

/ rtrtrll'rrtrttt Jc:trt

I

4t

(2)

(3)

(4)

(5)

(6)

( 7)

(8)

(e)

(t0)

(t t)

(t2)

(t3)

(14)

(ls)

(r6)

(t6)

2

125

( l)

(2)

( ¡)
(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t t)

(t2)

(t3)

( 14)

(t5)

(te¡

7
626

( ì)

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(t2)

(l¡)

(t4)

(l¡)

( 16)

I
709

( t)

( l)
(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(l l)

(12)

(t3)

(tt+¡

(l¡)

9
793

( t)

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( 10)

(ì t)

(12)

(l¡)

(t4)

(t5)

-157-



STORAG E

STATE

r-r r5.0

2-l14.0

3-1r3.0

4-r r2.o

5-ilr.0
6-r ro.o

7- r 09.0

8-ro8.o

9-r07.0

ro-lo6.o

Ir-r05.0

I 2- r 04.0

r 3- r 03.0

l4-t02.0

r5-r0r.0

l6-loo.o

fc¡tfcfr¡'cJcfrJc¡ttc E AG E R - PASS 2 - tjtONTH N0:

r NFL0W STATE (CFS)

3\56192 269 3\6 \23

(r) (t) (1) (t)
(z) (2) (2) (z)

(3) (3) (3) (3)

(4) (4) (4) (4)

(5) (5) (5) (5)

(6) (6) (6) (6)

(7) (7) (7) (7)

(8) (8) (8) (8)

(e) (e) (e) (e)

(t0) (t0) (10) (t0)

(n) (ì t) (il) (il)
(t2) (12) (t2) (12)

(l 3) (t 3) (¡ t) (t 3)

(t 4) (t 4) (ì 4) (t 4)

(t5) (r5) (l¡) (r5)

(l 6) (t 6) (t s¡ (r e¡

$ rtrtrtfcltrtfcltfc:t

I

38

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t l)

(l 2)

(r¡)

(t4)

(t5)

(t6)

(t 6)

2

I l5

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(10)

(t l)

( I 2)

(r3)

(14)

(r s)

(r6)

(t 6)

7

500

( r)

(2)

(3)

( t+)

(5)

(6)

(7)

(8)

(e)

(t0)

(ì t)

( I 2)

(l¡)

(tt+¡

(t5)

(t6)

I
577

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(l t)

( I 2)

(r¡)

(t4)

(ì5)

(r6)

9
65\

( l)

( t)

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(ì2)

(r3)

(ì4)

(i¡)

l0
731

( t)

( r)

(2)

( 3)

(4)

(5)

(6)

( 7)

(8)

(e)

(t0)

(t l)

(t2)

(t3)

(t4)

(r5)

- t58 -



STORAG I
STATE

ì-r't5.0

2-r 14.0

3-t t3.0

4-il2.0

5-ilr.0
6-l lo.o

7-r09.0

8-ro8.o

9-r07.0

lo-ro6.o

r r-105.0

l2-r04.0

r3-r03.0

r4-t02.0

ì5-r0r.0

r6-roo.o

¡t¡tfi¡'crtfr:k:tfc¡! EAGER - PASS 2 - T,IONTH NO:

INFLOW STATE (CFS)

3\56298 418 fi7 657

(t) (l) (t) (t)
(z) (2) (z) (2)

(3) (3) (3) (3)

(4) (4) (4) (4)

(5) (5) (5) (5)

(6) (6) (6) (6)

(7) (7) (7) (7)

(8) (8) (8) (8)

(e) (e) (e) (e)

(to) (t0) (t0) (to)

(il) (il) (t ì) (l l)

(l 2) (l 2) (ì 2) (t 2)

(l 3) (r 3) (t 3) (r 3)

(l 4) (t 4) (t 4) (l 4)

(15) (15) (r¡) (t5)

(16) 116) (r6) (le)

I rtltrl:lfctkl'c:tlt;t

I

59

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t l)

(t2)

(13)

(t4)

(l¡)

(t6)

(t6)

2

179

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t t)

(t2)

(l¡)

(t4)

(ls)

(t6)

7

776

( t)
( t)
( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t t)

(t2)

(t3)

(t4)

( l5)

I
896

( t)
( t)
(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(t t)

(12)

(rl)

(ì4)

(t¡)

9
t 135

( t)
( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(l t)

(t2)

(r3)

(14)

(t5)

-159-



fc:l¡t¡'c¡'c¡tfc¡'rJr)'t E AG E R - PASS 2 - I,IONTH NO:

r NF L0W STATE (CFS)

I Q tkrk:trt:'cfcfirl:krt

STORAGE

STATE

r-r ì5.0

2-r ì4.0

3-il3.0

4-il2.0

5-r r r.0

6-r ro.o

7-r09.0

8-ro8.o

9-r07.0

r0-106.0

r r-r05.0

r2-ì04.0

r 3- r 03.0

t4-r02.0

l5-r0r.0

l6-100.0

I

4t

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(l t)

(t2)

(l¡)

(t t+¡

(r5)

(16)

(16)

2

123

( 2)

( 3)

(4)

(5)

(6)

( 7)

(8)

(e)

(t0)

(t l)

(12)

(r ¡)

(t4)

(l 5)

(t e¡

(t6)

3
zo6

( l)

( 2)

( ¡)
(4)

(5)

(6)

( 7)

(8)

(e)

(to¡

(t l)

(12)

(13)

(t4)

(l¡)

(16)

4
288

( l)
( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(l t)

(t 2)

(ì 3)

(t4)

(l¡)

(16)

5
371

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(ì0)

(l l)

( I 2)

(r3)

(t4)

(r¡)

(te¡

6
\53

( r)

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(ì2)

(l:)

(t4)

( l5)

(t6)

7

536

( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t l)

(t 2)

(t3)

(t4)

(t5)

(t6)

I
6t8

( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t o)

(11)

(12)

(ll)

(14)

(l¡)

(ì 6)

9
70t

( l)
( t)
( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(ì ì)

(ì2)

(t3)

(14)

(r¡)

t0
783

( r)

( l)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(ro)

(l ì)

(ì2)

(r3)

( I l+)

( l5)

- 16o -



STORAG E

STATE

r-r r5.0

2-1r4.0

3-rr3.0

4-n2.0

5-r r r.0

6-r ro.o

7-r0g.o

8-ro8.o

9-r07.0

¡o-ro6.o

n-t05.0

t2-104.0

r 3- r 03.0

r4-102.0

l5-r0r.0

l6-roo.o

Jc¡t¡trt:'cfcfc¡t¡ttr EAG ER -PASS2-

I NFLOW S

34
97 136

(2) (2)

(3) (3)

(4) (4)

(5) (5)

(6) (6)

(7) (7)

(8) (8)

(e) (e)

(10) (10)

(t l) (l t)

(12) (t2)

(r l) (l ¡)

(t4) (14)

(r5) (r5)

(l 6) (t 6)

(t6) (t6)

I'lONTH NO:

TATE (CFS)

I I :tJc¡t¡t¡t¡kfc¡t¡t¡t

I
t9

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(ì t)

(12)

(13)

(t4)

(l¡)

(t6)

(t6)

2

58

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( to)

(l l)

(t2)

(t¡)

( l4)

(l¡)

(t6)

(r6)

5
175

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

( I z)

(t3)

(t4)

( 15)

(t6)

(t6)

6
2l\
( t)
(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(il)

(t2)

(t3)

( l4)

(ls)

(te¡

7
253

( l)
( 2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(l t)

(12)

(13)

(14)

(r5)

( l6)

I
292

( ì)

(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(l t)

(12)

(lr)

(14)

(r5)

(t6)

9
331

( l)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(10)

(t l)

(t2)

(t ¡)

(r4)

(r 5)

(t6)

10

370

( t)

(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(l 0)

(t l)

(t 2)

(ì 3)

(t4)

(l¡)

(t6)

- r6r



rttlrtfc:tfc¡t¡l¡'crt EAGER - PASS 2 - lilONTH N0:

TNFL0W STATE (CFS)

I I :t:kr'cfc:tfcfcfcrt:t

STORAGE

STATE

r-r 15.0

2-il4.0

3-r r3.0

4-r r2.o

5-r r r.o

6- il 0.0

7-r09.0

8-ro8.o

9-r07.0

r0-t06.0

II-r05.0

l2-ì04.0

r3-r03.0

t4-t02.0

r5-r0r.0

ì6-too.o

I

r9

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(ì t)

(t2)

(r¡)

( t t+¡

(l 5)

(t6)

(te¡

2

59

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(g)

(ì0)

(t t)

(ì2)

(l¡)

(14)

(l¡)

(16)

(te¡

3

98

(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t l)

(12)

(lt)

(r4)

(r5)

(16)

( l6)

4
rl8

(z)

( 3)

(4)

(5)

(6)

(7)

( 8)

(g)

( l0)

1r r)

(12)

(l¡)

(t4)

(r¡)

(t6)

(16)

5
177

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(ì t)

(t2)

(ì3)

(t4)

(t5)

(t6)

(t6)

6
217

( 1)

(2)

( 3)

(4)

(5)

(6)

( 7)

(8)

(e)

( l0)

(t l)

(12)

(l¡)

(t4)

(t5)

(t6)

7
256

( ì)

(2)

( 3)

(4)

(5)

(6)

( 7)

(8)

(e)

(lo)

(t l)

(12)

(r3)

(14)

(ì5)

(t6)

I
296

( l)

(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(t t)

(12)

(t3)

( l4)

(l¡)

(16)

9
335

( ì)

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(ì0)

(l t)

(t2)

(r¡)

( l4)

(ls)

(16)

l0
375

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(lo)

(l t)

(t2)

(r3)

(r4)

(l¡)

(t6)

-t6z-



D. I .3 RUSSELL RESERVo I R

- t63 -



STORAGE

STATE

r-r r5.o

2-r t4.0

3-r r3.o

¡{-ì 12.0

5-rì1.0

6-r ro.o

7-r09.0

8-r08.o

9-ro7.o

r0-r06.0

lì-r05.0

r2-t04.0

r3-r03.0

l4-ì02.0

r5-t0r.0

¡k¡t¡t¡'c¡'r¡t:t¡trltc RUS S E L L - PASS 2 - I'10NTH N0:

tNFLoW STATE (CFS)

3\56
77 r08 139 I 70

(2) (2) (2) (2)

(3) (3) (3) (3)

(4) (4) (4) (4)

(5) (5) (5) (5)

(6) (6) (6) (6)

(7) (7) (7) (7)

(8) (8) (8) (8)

(e) (e) (e) (e)

(10) (lo) (10) (10)

(il) (ì l) (l t) (t r)

(ì 2) (l 2) (t 2) (l 2)

(l¡) (t3) (r3) (l¡)

(14) (t4) (14) (t4)

(r5) (r¡) (l¡) (r5)

(15) (t5) (rs) (t5)

I fcfcfr:trtltrt:t:t:'c

I

ì5

(2)

(3)

( t+)

(5)

(6)

(7)

(8)

(e)

(t 0)

(l t)

(t2)

(t 3)

(t 4)

(t 5)

(rs)

2

46

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(12)

(t3)

(14)

(r5)

(l¡)

7
20t

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(t2)

(l¡)

(14)

(t5)

(t5)

8
232

(2)

(3)

( t+)

(5)

(6)

(7)

(8)

(e)

1r o)

(t t)

(t2)

(t3)

( I l+)

(t5)

(l¡)

9
29\

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(12)

(r ¡)

(t4)

(l¡)

( l5)

- 164 -



STORAGE

STATE

r-r t5.0

2-r r4.0

3-rì3.0

4-r r2.o

5-rìr.0
6-t to.o

7-ì09.0

8-r08.o

9-ì07.0

t0-t06.0

I l-r05.0

I 2- I 04.0

r3-r03.0

t4-102.0

r5-r01.0

¡'c¡tJc¡tfcrt¡t¡l¡tfc R US S E L L - PASS 2 - I'IONTH NO:

INFL0t/ STATE (CFS)

3\56ì03 t\5 186 228

(2) (2) (2) (2)

(3) (3) (3) (3)

(4) (4) (4) (4)

(5) (5) (5) (5)

(6) (6) (6) (6)

(7) (7) (7) (7)

(8) (8) (8) (8)

(e) (e) (e) (e)

(10) (10) (t0) (lo)

(il) (il) (l l) (il)

(12) (12) (12) (t2)

(t3) (t3) (13) (t3)

(14) (tt+¡ (14) (14)

(t 5) (l ¡) (l 5) (l 5)

(l¡) (15) (t5) (t5)

| :trTfrrtrklt:lrt*lt

I

20

(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(l t)

(t2)

(l ¡)

(t4)

(t5)

(l¡)

2

62

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(10)

(t t)

(t2)

(lr)

(t4)

(r¡)

(l¡)

7
269

(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(ì0)

(l l)

(ì 2)

(t3)

(t 4)

(t5)

(l ¡)

I
3l I

( t)

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(t2)

(l¡)

(14)

(r5)

9
39/+

( l)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(r0)

(l t)

(t2)

(t3)

( l4)

(l¡)

-165-



STORAGE

STATE I

27

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(lo)

(ì t)

(12)

(l¡)

(t4)

(l¡)

(r5)

2

8r

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(ì2)

(t3)

(t4)

(r¡)

(r¡)

r-1t5.0

2-1r4.0

,3-ì 
ì3.0

4-t t2.0

5-r I1.0

6-r lo.o

7-rog.0

8-to8.o

9-r07.0

ro-r06.o

ìr-r05.0

t2-104.0

r3-r03.0

t4-ì02.0

r5-rol.0

:tJcJcr'r¡l¡t¡TJr¡tr'( RUSS E L L - PASS 2 - I'IONTH N0:

rNFLow srATE (cFs)
3\56135 ì89 243 \59

(2) (2) (2) (ì)
(3) (¡) (3) (2)

(4) (4) (4) (3)

(5) (5) (5) (4)

(6) (6) (6) (5)

(7) (7) (7) (6)

(8) (8) (8) (7)

(e) (e) (e) (8)

(t0) (t0) (to) ( g)

(tt¡ (tt) (lt) (ro)

(t2) (t2) (t2) (il)
(l¡) (ì3) (13) (12)

(14) (ì4) (t4) (l¡)

( r5) (1 5) (t 5) (r 4)

(l¡) (ì5) (r5) (15)

J rtrk:t*rtr'crtrt:tfi

7

513

( t)

(2)

(3)

(4)

(5)

(6)

(7)

( 8)

(e)

(t0)

(t t)

(12)

(r¡)

(t4)

( l5)

- 166 -



STORAG E

STATE I

33

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t l)

(t 2)

(r3)

( l4)

(r¡)

(t5)

2

99

(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(12)

(l¡)

(t4)

(t5)

(l¡)

7
\32

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(ì0)

(t l)

(t2)

(r3)

( 14)

( l5)

I
4gg

( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(t2)

(l¡)

(t4)

( l5)

9
565

( t)

(2)

(3)

(4)

(5)

(6)

( 7)

(8)

(e)

(t0)

(1ì)

(12)

(l¡)

(tt+¡

(l¡)

t0
63t

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(r t)

(t2)

(13)

(t4)

( l5)

r-r 15.0

2-r ì4.0

3-r ì3.0

4-t 12.0

5-r r r.0

6-l ro.o

7-r09.0

8-ro8.o

9-r07.0

lo-lo6.o

r r-r05.0

r2-104.0

r3-r03.0

ì4-r02.0

r5-10t.0

¡'rr'c¡t¡t¡t¡tJc¡t¡trt R US S E L L - PASS 2 - I'IONTH N0:

tNFL0t/ STATE (CFS)

3\56
r 66 42 299 365

(2) (r) (ì) (ì)
(3) (2) (z) (2)

(4) (3) (3) (3)

(5) (4) (4) (4)

(6) (5) (5) (5)

(7) (6) (6) (6)

(8) (7) (7) (7)

(e) (8) (8) (8)

(to) (e) (9) (s)
(t t¡ (lo) (to) (to)

(t 2) (r r¡ (H) (l t)

(t 3) (l z) (l 2) (ì 2)

(r 4) (r ¡) (t 3) (l ¡)

(l¡) (tt+¡ (t4) (t4)

(r5) (ì5) (r5) (t5)

l¡ fc :trtrt:'c:'crtrtlt:t

-167-



r-ì 15.0

2-r t4.0

3-r r3.0

4-l t2.0

5-r I t.0

6-l lo.o

7-r09.0

8-ì08.0

9-r07.0

ro-r06.o

Ir-t05.0

l2-104.0

r3-r03.0

t4-102.0

l5- l0 r .0

¡t¡t:T¡t¡k¡t¡tfc:trt RUS S E L L - PASS 2 - I4ONTH NO:

tNFLot^J STATE (CFS)

3\56
507 7t0 gt3 I I t6

(t) (t) (l) (t)
(2) (t) (l) (ì)
(3) (2) (2) (2)

(4) (3) (3) (3)

(5) (4) (4) (4)

(6) (5) (5) (5)

(7) (6) (6) (6)

(8) (7) (7) (7)

(e) (8) (8) (8)

(to¡ (e) (9) (9)

(t t) (t0) (to) (to)

(t2) (il) (lt) (ll)
(t 3) (t 2) (t 2) (t 2)

(l 4) (r ¡) (l 3) (t 3)

(l ¡) (t 4) (t 4) (l 4)

! fclt:trtrk:trkfcrt:t

STORAGE

STATE I

t0t

( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(g)

( l0)

(t ì)

(tz¡

(l¡)

(t4)

(t5)

2

304

( t)
(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(ì0)

(t t)

(t2)

(l¡)

(t4)

(l¡)

7
I3tg

( t)
( t)
( ì)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(l t)

(t2)

(l¡)

I
I 928

( t)

( ì)
( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t t)

(12)

(l¡)

- r68 -



r-ì t5.0

2-t t4.0

3-l l3.o

4-t t2.0

5-ì r r.0

6-t ìo.o

7-t09.0

8-ro8.o

9-r07.0

lo-lo6.o

r r-t05.0

r2-r04.0

r3-r03.0

l4-t02.0

r5-r0l.0

rtfcr'crtfrJr¡trTrt* RUS S E L L - PASS 2 - I1ONTH NO:

TNFLo!./ STATE (CrS)
3\56

325 \55 585 715

(t) (l) (t) (ì)
(2) (2) (2) (l)
(3) (3) (3) (2)

(4) (4) (4) (3)

(5) (5) (Ð (4)

(6) (6) (6) (5)

(7) (7) (7) (6)

(8) (8) (8) (7)

(e) (e) (e) (8)

(t0) (to) (10) ( 9)

(t t) (t t) (t t) (ìo)

(t2) (12) (t2) (t ì)

(t3) (lr) (t3) (t2)

(t4) (r4) (14) (lr)

(t5) (t5) (t5) (14)

f, :Tr'cfcrTrtfc:!*:'cfr

STORAG E

STATE I

65

( t)
(2)

(¡)
(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t t)

(t2)

(l¡)

(t4)

(l ¡)

2

195

( l)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(t t)

(12)

(l ¡)

(14)

(l¡)

7
84¡

( t)
( l)
( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(g)

(t0)

(t t)

(r2)

(l¡)

(t4)

I
1235

( t)

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(ì2)

(l¡)

(t4)

- t69 -



STORAG E

STATE

r-t 15.0

2-t t4.0

3-il3.0

4-il2.0

5-il t.0

6-t lo.o

7-r09.0

8-t08.o

9-107.0

r0-ì06.0

r r-105.0

r2-104.0

r3-r03.0

t4-t02.0

ì5-r0t.0

I

8z

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t t)

(ì 2)

(l¡)

(14)

(t5)

(l¡)

2

246

( l)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(s)

( l0)

(l t)

( I 2)

(l¡)

(t4)

( 15)

¡t:tlt¡l:l¡t:t¡t¡tt'c RUS S E L L - PASS 2 - È1ONTH NO:

TNFLoW STATE (CFS)

3456
4t I 575 7\o 1233

(t) (1) (r) (t)
(2) (2) (2) (t)
(3) (3) (3) (2)

(4) (4) (4) (3)

(Ð (Ð (Ð (4)

(6) (6) (6) (5)

(7) (7) (7) (6)

(8) (8) (8) (7)

(e) (e) (e) (s)

(to¡ (lo) (to) ( 9)

(ìl) (il) (il) (to)

(t 2) (l 2) (t 2) (t t)

(r¡) (r¡) (r¡) (lz)

(t 4) (l 4) (r 4) (l ¡)

(r5) (t5) (l¡) (14)

/ rt:tfcfr:tfr:trT:t:T

7
t56z

( r)

( l)

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t l)

(12)

(l ¡)

- 170 -



r-t t5.0

2-l t4.0

3-t t3.0

4- r 't2.0

5-t I ì.0

6-l lo.o

7- I 09.0

8-lo8.o

9-r07.0

to-t06.o

ì r-105.0

l2-ì04.0

r 3- r 03.0

t4-r02.0

r5-t0t.0

¡t¡t¡t¡I¡'crt¡t¡t¡'cr'r R US S E L L - PASS 2 - HONTH NO:

I NF LOI.J STATE (CFS)

3\56270 378 486 59\

(t) (t) (l) (l)
(2) (2) (2) (2)

(3) (3) (3) (3)

(4) (4) (4) (4)

(5) (Ð (5) (5)

(6) (6) (6) (6)

(7) (7) (Ð (7)

(8) (8) (8) (8)

(e) (e) (e) (e)

(10) (t0) (t0) (to)

(il) (il) (l l) (il)
(t2) (t2) (ì2) (t2)

(r¡) (t3) (l¡) (t3)

(14) (t4) (t4) (14)

(r5) (ì5) (15) (l¡)

$ :k:'cr'crt:t:!fcrtrtfr

STORAG E

STATE I

5\

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(t2)

(l t)

(t4)

(lg)

(l¡)

2

162

( 2)

( 3)

(4)

(5)

(6)

(7)

( 8)

(e)

(t0)

(ì t)

(t2)

(t3)

( 14)

(l¡)

(r5)

7

9ì8

( r)

( t)
(2)

( 3)

(4)

(5)

(6)

(7)

( 8)

(e)

( l0)

(t t)

(r2)

(r¡)

(t4)

I
t026

( r)

( t)
(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(r0)

(l l)

(12)

(r3)

( 14)

- 171



r-115.0

2-l t4.0

3-il3.0

4-t t2.0

5-t I t.0

6-il0.0

7-log.0

8-to8.o

9-t07.0

t0-t06.0

H - 105.0

r2-ì04.0

r3-ì03.0

r4-102.0

l5-10r.0

rt:t¡t¡k¡tfcr'clt:tfc RUS S E L L - PASS 2 - I'IONTH N0:

INFLOI.J STATE (CFS)

3456
381 fi3 686 838

(t) (t) (t) (t)
(2) (2) (2) (2)

(3) (3) (3) (3)

(4) (4) (4) (4)

(5) (Ð (Ð (5)

(6) (6) (6) (6)

(7) (7) (7) (7)

(8) (8) (8) (8)

(e) (e) (e) (e)

(lo) (ro¡ (lo) (ro)

(l l) (l l) (l l) (il)
(l z) (t 2) (r z¡ (t 2)

(l ¡) (r 3) (l:) (l ¡)

(r4) (t4) (t4) (t4)

(t5) (15) (t5) (rs)

! filTr'c:ttt:tr'cl'r:trt

7
ì 448

( t)
( l)

( 2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t¡

(12)

(t3)

(tt+¡

STORAG E

STATE ì

76

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(ì t)

(t2)

(l¡)

( l4)

(r¡)

(r¡)

2

228

( r)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(t2)

(r3)

(t4)

(r5)

-t7z-



fclk¡'clt:l¡t¡k¡l¡tr'( RUS S E L L - PASS 2 - I'IONTH NO:

tNFLot^J STATE (CFS)

I Q ltr'cfcrtrtrt:tlt:tr'r

STORAG E

STATE

ì-t t5.0

2-t 14.0

3-t 13.0

4-t t2.0

5-r il.0
6-t to.o

7-r0g.o

8-t08.o

g-t07.0

I 0- I 06.0

ì t-t05.0

I 2- I 04.0

r3-t03.0

t4-t02.0

15-t0t.0

I

59

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(il)

(t2)

(l:)

(t4)

( t5)

(l¡)

2

177

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t 0)

(l t)

(t 2)

(t¡)

(l t+)

(t5)

( l5)

3
295

( t)
(2)

( 3)

(4)

(5)

(6)

(7)

(8)

(e)

(lo¡

(t t¡

(ì2)

(r¡)

(t4)

(ls)

4
413

( ì)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t l)

(lz)

(t¡)

(t4)

(t5)

5
531

( t)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(l l)

(t2)

(13)

(tl+¡

(t5)

6
6\g

( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(ì 1)

(t2)

(r¡)

(t4)

(t5)

7
767

( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(l l)

(t2)

(r ¡)

( l4)

(l¡)

I
I121

( t)

( ì)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(l t)

(12)

(l¡)

(t4)

-173-



fcfc¡t:t:t¡tJcfi¡'ctc R US S E L L - PASS 2 - I4ONTH NO:

I NF LotJ STATE (CFS)

I I ¡t:'r¡t:t¡k:t¡t¡,c¡t:t

STORAG E

STATE

r - il5.0

2-1t4.0

3-lì3.0

4-1t2.0

5-ilì.0
6-l lo.o

7-109.0

8-108.0

g-107.0

ì0-t06.0

il-t05.0

r2-t04.0

r3-t03.0

t4-t02.0

r5-t0I.0

I

27

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(lo)

(t l)

(12)

(t3)

(t4)

(l¡)

( l5)

2

8t

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(t2)

(13)

(t4)

(r¡)

(l¡)

3
136

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(rz)

(l¡)

(14)

(l¡)

(l¡)

4
190

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t t)

(lz)

(l¡)

(t4)

(l¡)

(l¡)

5
2\5

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(t t¡

(t 2)

(13)

(lt+)

(r¡)

( t5)

6
299

( 1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( 10)

(t ì)

(lz)

(l¡)

(t 4)

(l¡)

7

354

( l)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t t)

(t2)

(l¡)

(t4)

(r¡)

8
408

( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(lo)

(t l)

(i 2)

(l¡)

(t4)

( l5)

9
517

( ì)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(lo)

(ì t)

(12)

(t3)

( l4)

(r¡)
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tNFL0Ì.J STATE (CFS)STORAGE

STATE

t-It5.0

2-t t4.0

3-l13.0

4-l t2.0

5-l I r.0

6-l lo.o

7-109.0

8-lo8.o

9-ì07.0

r0-t06.0

r r-105.0

t2-t04.0

ì3-t03.0

t4-102.0

r5-t01.0

1

2t

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(t l)

( I 2)

(t3)

(t4)

(t5)

(ì5)

2

6l

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(lo¡

(t t)

(t2)

(13)

( I l+)

(l¡)

(t5)

3
t05

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(r0)

(l l)

(12)

(r¡)

(t4)

(t¡)

(rs)

4
1\7

(z)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(ì0)

(r t)

(t2)

(r¡)

(ì4)

(t ¡)

(l¡)

5
t89

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(t0)

(r r)

(12)

(l¡)

(r4)

(l¡)

(r¡)

6
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(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t ì)

(t2)

(t 3)

(t 4)

(t5)

(t5)

7
273

(z)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(t l)

(t2)

(13)

(t4)

(l¡)

(l¡)

I
315

( l)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

( l0)

(l l)

(lz)

(r¡)

( t t+¡

(r¡)

9
357

( t)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(lo)

(t l)

(12)

(l¡)

(r4)

( l5)

l0
399

( l)
(2)

(3)

(4)

(5)

(6)

(7)

(8)

(e)

(to¡

(lt)

(12)

(t3)

( I l+)

(l¡)

D.2 S ll'lULA ED RESERVO I R

This section contains

the system of reservoi rs.

obtained by running the

through the 'optimalr pol i

the inflow and the outfl
even though the reservoir

OPERAT I ONS

simulated reservoir operations of

The simulated operations were

individuaì local inflow records

cy. Note that in some instances,

oh/ are not at the same magnitude

level stays the same before and
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after release of water. The reason for this is that the

outflow are representative flows set_forth by the pol icy.
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