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APPENDIX IIT
RELEASE STATISTIC3 AND ESTIMATING EOUATIONS

1. GENERAL

This appendix contains statistical tables and estimating equations to
permit estimation of secondary releases that are optimum under STROFAM~S
(Stochastic Reservoir Operations, Forecasting and Allocation Model -
Simulation Version) operating policy. The STROFAM-S model is fully

described in Volume I of this report.
2. APPROACH

The general approach consisted of statistical analysis of the secondary
releases determined in a simulation environment from five stochastically
generated 50-year traces. The five traces were selected by stratifica-
tion of the probability space of storage requirements, which in turn

was based om 1000 stochastically gemnerated 50-year monthly traces. This
resulted in a sample of size 250 for each of the twelve months of the year.
Stratified sampling affords a valid and economical means for sampling the
statistical effect of range, which effect cannot be effectively sampled

considering the historical trace alone.

Secondary releases under STROFAM-S are determined under optimality crite-
ria that are based on having some stated percent assurance of holding to
the primary rule curve at the end of the forecast period or at the month
of minimum drawdown, if the former includes the latter. The rel§ases
determined under STROFAM-S policy are thus a function of the reservoir
balance over the forecast period, and the "state" components of inflow,
content, primary releases and evaporation. Of these, inflow and content

are of primary importance, the others being essentially constant.



Inflow can be considered in terms of (1) inflow previous to the current
month, and (2) forecasted inflow over the forecast period. We have
chosan to use only the previous month's inflow as a state variable

for previous inflow although it would be possible to use, say, the
previous two, three, or k ﬁonths. For Hetch Hetchy, the expectad
benefit of considering more than one previous monthly inflow would be
small. Tf the reservoir were larger relative to the mean annual flow,

a two- to six-month auto-regressive lag might have been useful.

Torecasted inflow, including the inflow forecasted for the current month,
is the other component of the inflow state variable. It can be regarded
separately from previous inflow in statistical analysis providing the
forecast is independent of the previous month's inflow. The Bartell
Forecast, which is derived from precipitation-snowmelt relations, thus
qualifies as a state variable; however, the lag-K Markov forecast equa-

tion does not, since it is a linear function of last month's inflow.

STROFAM-S includes a procedure for breaking down a Bartell Forecast
through June 30 and appertioning it to individual months in the forecast
period. However, this procedure is not suitable for practical use with
desk calculating machines. Therefore, the Bartell Forecast state varia-
ble is considered to be the total forecast through June 30th for months

in which such forecasts are made (Nov 1 ~ June 1).

The decision variables are the releases. Given some end-of-month content,
last wonth's inflow and a Bartell Forecast (if applicable), what should
the releases be? This analysis addresses only the problem of estimating
the secondary releases. The primary releases cannot be subjected to
statistical analysis since these were essentially constant and equal to
the primary demand in the five traces subjected to simulation studies

and considered here.
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The secondary releases consist of the secondary river releases and the
secondary tunnel releases. However, there is a "structural' relation-
ship between these two releases, which is the allocation mechanism dis-—
cussed in Velume I and illustrated Figure 11 of that volume. For
development of valid statistical estimating equations such structural
relations must be removed. We therefore consider only the statistics
of the total secondary release. After this is determined, the alloca-
tion mechanism can be used to allocate the total secondary release

between the river and the tunnel.

In all the analyses to follow, percent values are used rather than acre-
feet, since it is believed that this giwves operating personnel a better
feel for the data and enables them to more readily recognize critical
situations. Total secondary release is considered in terms of total
secondary demand. Inflow is considered in percent of the mean histori-
cal inflow. Content 1s considered in terms of percent of maximum
content (360,173 acre-£ft). The Bartell Forecast is considered in terms
of percent of the mean historical inflow (not forecast) summed through
June 30th.

3. PURPOSE
The purpose of these investigations is to provide equations for estima-

ting secondary releases one month in advance that are statistically

consistent with the simulation results presented in Volume T.



STATISTICAL TECHNIQUES

A. General. Each of the twelve monthly data sets were first sub-

jected to bracketing in terms of the total secondary release vector.

Table TII-~]1 shows the results of this analysis, which was conducted

in two ways. In the first case the release data were bracketed

according to the total release (Y} as follows:

Bracket

Release (%)

Y =20
0< ¥ <100
Y = 100

In the second case the release brackets were as follows:

Bracket

EEUNTCREN R

Release ()

0 <Y <25
25< Y 50
5k Y < 73

75< ¥ < 100

|A

The data within each of the above seven brackets were then subjected

to several sets of two-way

Inflow vs. Content

Inflow vs. Bartell

classification as follows:

Forecast

Content vs. Bartell Forecast

The two-way tabulations were useful for judging the type of statis-

tical analysis to follow,

These tables are available for inspection



but are not reproduced here. In general, they are of little di-
rect use in estimating secondary release since the divisions are
in 20 or 25 percent increments (of inflow, content and forecast).
However, the inflow-content cross tabulation is of some value in
that they display combinations of inflow and content above which
100 percent releases are optimal. Since this information would
save computing releases using the more elaborate methods to be
discussed below, it is provided as a means of making an initial
check on whether further computation is necessary. Results are

given in Table ITI-2.

The statistical techniques used for analysis of the 250 sample
points for each of the 12 months varied considerably between
months. Different techniques were necessary for different months
because of grossly non-normal distributions of release. In some
months, 100 percent secondary release prevailed a large proportion
of the time. In other months there were a large number of events
of zero release; In several months there were a considerable num-
ber of events at both ends of the release spectrum, with a varia-
ble number of points in between. Standard regression techniques
are of little value in such cases unless the data can be segrega-
ted so that the regression sampling is over a range of all state

variables.

To overcome this problem, a multivariate statistical technique
known as discriminant analysis was utilized. A discriminant
function is a linear combination of the state variables which
divides the total '"population' of releases into sub-populations,
with different basic characteristics. TFor Hetch Hetchy Reservoir
and the STROFAM-S secondary demand rates considered herein, it was
found that this technique was extremely useful for categorizing

combinations of state variables that indicated releases to be in

-5 -



either of two (or more) of the following categories (or " popu-

lations'):

(1) Y=0

(2) Y = 100

(3) 0 <Y < 100
(4) 0 <Y < 100
(5) 0<Y< 100

If the discriminant analysis shows that either ¥ = 0 or ¥ = 100,
then no further analysis is required. However, if the discrimi-~
nant function classifies the current state variables as indicating
a release in one of the last 3 populatbns in the.above list, then
further analysis is required to determine what the total secondary
release should be.Regression equations are invoked at this stage;
these equations are derived from that subset of the 250 data points
{(for each of the twelve months) with release values Y within the
appropriate brackets (3) through (5) as given in the above listing

of release categories.

B. Classification by Discriminant Analysis. Discriminant analysis
involves matrix algebra and multivariate statistical techniques;

it is described in a number of sources, including Anderson (1958),
Miller (1962), and Overall and Klett {1972). We give here a brief

summary to permit utilization of the results.

The discriminant function is a linear combination of state varia-

bles of the form

L = ajx] + asxy + asxy (1)
where x; = last month's inflow, pect of average
x2 = end-of-month content (for last month), pct of

maximum content



X3 = Bartell Forecast of remaining inflow through
June 30th, in pct of the mean inflow through
June 30th (for applicable months)

, 1 = 1, 2, 3,are optimal weighting coefficients

e
i

value of the discriminant function

It is seen that the discriminant value reduces the 3 state variables
to one state variable, L; the wvalue of L relative to a critical
value of L, L., then determines whether the total secondary release
belongs in one category or another, e.g., either ¥ = 100 pct or

Y < 100 pct.

The determination of the critical wvalue of LC was based on the

following equation:

(2)

(1)

where L consists of the value of L obtained by inserting the

mean values of the state variables ii i=1,2,3, k=1,2, where

K
the k subscript applies to those mean values associated with

groups 1 and 2, respectively. Thus, if L - LC > 0, the release
belongs to category 1; if L - Lc < 0, the release pattern belongs

to category 2. It is possible to consider multiple categories

of release, however, the nuwmber of discriminants must be one less
than the number of categories, or, less than or equal to the number
of state variables. For the purposes of this‘study, adequate re-
sults were obtained with a binary split of the data into two groups,
resulting in one discriminant function. However, for four months
it was found useful to make two different binary splits, one to
categorize releases as being either equal to 100 pct or less than
100 pct, and the other to categorize secondary releases as being

either equal to zero or greater than zero.



Equation (2) assumes that the critical wvalue of L = L, is half-way

o
between the mean values of L for the two groups under consideration.
This value was used in computer studies to classify a particular
set of state variables {out of the set of 250 for each month).
Generally, excellent results were obtained, so further refinement
was not undertaken, However, in operational use better results

can be obtained by considering a refinement based on the apriori
probability of the releases belonging to a particular population.
These probabilities are given in Table III-1. Equation (2) assumes
that the apriori probability of each group is equal teo 0.5, or that
there is a 50 percent apriori chance of heing in either group.

Under the 3-way classification results presented in Table III-1,

it can be seen that the apriori probabilities of any two-way
combination are generally not equal. For example, referring to
Table I11-1, the apriori probability that the October release would
be in a category of Y = 0.0 is 0.376, or 37.6 pct of the time.

The apriori probability that the release would be greater than

zero is 0.164 + 460 = .624 = 1 - ,376. 8Since the chance of a
particular combination of state variables indicating zero release
is less than 0.5, and the chance of being greater than zero is

greater than 0.5, a modification of Lc is warranted.

The modification consists of adding to Lc the quantity loge (q2/ql)
where q9 is the apriori probability of group 2 and qy is the a priori
population of group 1. Thus

1 L—(l) + 172

LC = 5 + loge (quql) (3)

Table II1-3 gives the derived disecrimant function in the form:

L - Lc = a, + a¥y + ayx%, + A% (4)



The rules for applying equation (4) are as follows:

If L. - Lc > 0, Y belongs to category 1
It L - LC < 0, Y belongs to category 2

Table I1I-3 identifies category 1 and 2 for each discriminant

function.

Table III-3 also gives the probability that the particular dis-
crimant function will result in a correct assignment of release

to the proper category. These probabilities of successful classi-
fication range between 0.821 and 0.984, indicating that the dis-
criminating power of the functions is exceedingly good, even though
based on equal apriori probabilities. With operational addition of

the term loge (qzlql) to Lc even better results will be obtained.

C. BRegression Studieg. Standard stepwise regression analysis was

used to supplement the discriminant analysis for estimating the
magnitude of a secondary release between but usually not including

0 and 100 percent. However, if a particular month included only

a few instances of release events at these two extremes, one or

the other was included in the data set used for regression analysis.
For example, February included only 7 events of zero release and

146 events of non-zero release that were less than 100 pet of demand.
The set used to derive the February regression relation consisted

of the 7 zero release events and the 146 non-zero events that were

less than 100 pct for a total sample size of 153.

The derived regression equations are given in Table I1I-4 and

are of the form

Y = b0 4 blxl + b2x2 + b3x3 (5)



Table I1I-4 gives the standard error of estimate (in terms of

pct of demand) for each equation. This ranges from 2.7 pet in
September to 22.5 percent in March and is usually less than 10
percent. Table ITI-4 glso gives the regression multiple corre~
lation coefficients ranging from .584 in March to .992 in December,

in most cases being above 0.9.

The months of June, July, and August provided insufficient data

for developing a regression equation valid for the range 0 < Y < 100.
There were, respectively, only 11, 3, and 21 events out of the

total sample size of 250. The August data provided a sufficient
number of events for a rough regression relation, however, the
resulting standard error exceeded the standard deviation of re-
leases in the 0 < Y < 100 range. The optimum release estimators

for these months for this range are the mean of the 11, 3, and 21
events, respectively. These means are the constants (bo) given

in Table III-4 for these monthe; the standard error column contains

the standard deviation for the events within this bracket.

Full computer output listings are available indicating the computed
release and the error for each event in the subset of events that
was used to derive a particular equation. These are bulky and

are not reproduced here but are available for inspection.

D. Summary. The combination of discriminant analysis and regression
within discriminant groups resulted in a highly satisfactory set

of estimating equations for mimicking the secondary release policies
of STROFAM-S. These results can be used with confidence that op-
timal statistical estimates of release policy can be made omn an
operational basis by monthly application of the equations given

herein.

- 10 -



3. OPERATIONAL USE OF ESTIMATING EQUATIONS

For operational estimation of releases a standardized blank form is
suggested as shown in Figure 1. Figure 3 shows an application of the
form for a typical case. Table III-5 comntains a listing in acre-ft of
demand (Y), average inflow for the previous month (Xl)’ and average in-
flow for the remainder of the Bartell forecasting period (to June 30th).
The maximum content used in computer studies was 360,173 acre-ft. The
form provides locations to convert current state variables in acre-ft

to their percentage values in terms of the 100 percent values given in

Table ITI-5.

The procedure consists of successively applying statistical state esti-
mators of increasing complexity until a decision is reached. If &
clear signal is not given at any one step the analysis is carried to
the next step. The steps are as follows:

{1} Convert current state variables x (inflow), X, {content),

l’
and g (Bartell Forecast) to percentages of the base vdlues

given in Table TII-5.

(2) Check rough rules of Table ITI-2. If these give a clear
signal of 100 pct secondary release no further analysis is

required. If they do not, proceed to step (3).

(3) Make a discriminant analysis using the first discriminant
function in Table ITI-3 for the current month. This function
will either give a clear indication of whether the release

equals 100 pct or is less than 100 pet.

If the indication is a 100 pct release no further analysis is

required. If less than 100 pct, first check to determine whether

- 11 -



a second discriminant function is given in Table III-3 for
the current month. If so, use it to determine whether a

further classification can be made.

{4) If as a result of step 3 it is indicated that the release is
between 0 and 100 pct, complete this step which consists of
a regression equation to determine the best estimate of the
release if the discriminant analysis places the release in

this range.

(5) Summarize the results and convert the release in percent to
acre-ft. using Table III-6, which summarizes demand in acre-
ft. At this point the total secondary release can be allo-
cated between tunnel and river demand. If the total secondary
release is less than 100 pet, the blank form provided in
Figure 3 can be used to allocate the water between the tunnel

and the river on an equal percent curtailment basis.

6. EXAMPLE

An example is given in Figures 3 and 4, for the month of February, 1968.
From the STRO¥FAM-S historical simulation print-out the following data

are obtained:

Last month's inflow (January) 11,621 ac.ft.
Content, January 3lst 131,469 ac.ft.
February lst Bartell Forecast of
remaining seasonal runoff, through
June 30th®* 527,022 ac.ft.
#Note that this is the simulated
Bartell Forecast used in STROFAM-S5
STROFAM-S Optimum Secondary Releases:

Tunnel 16,885 ac.ft.
River 2,869 ac.ft.
Total 19,754 ac.ft.

- 12 -



On Figure 3, a total secondary release of 18,581 ac.ft. is estimated,
corresponding to a difference of -5.93 percent compared to the value
computed by STROFAM-S. On figure 4 the secondary releases are computed
using the same ALCATE allocation mechanism embodied in STROFAM-S. The
releases obhtained for the tunnel and river respectively are 15,738 acre-ft.
and 2842 acre-ft., yielding percent differences of -6.79 percent and

-0.94 percent.

These small differences are not representative. The standard error

for the February regression equation is 15.47 percent (of total secondary
demand). Among the 153 sample points from the 5 stochastic traces used
to derive the regression relation for February, the errors ranged from
-61.24 pct to +27.09 pet. Also, there is a finite probability that a
discriminant function may fail to identify a zero release condition, and
at the same time regression equation may yield a positive release value;
this would result in an infinite error, percentage-wise, however it would

likely be small compared to total demand.
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TABLE TIII-1

NO. OF OCCURRENCES AND A PE_A{TIORI PROBABILITY OF TOTAL SECONDARY RELEASE IN VARIOUS BRACKETS

1 2

3

4

7

a

10

i

Q

Month

3 WAY|

CLASSIFIGATION RES

4 WAY CLASSIFI

CATION RESULTS

v = 0%

0<vy<100

v = 10.0.%

0&y<25

258 y<50

508 y< 75

75< y< 10

Total

October L] ot 4 | 115 250 R 23 o] || 115 | 250! |
November 20 222 | 8 250 L. 86 113 55| | 14 250 |
December 19 217 14, 250 . b4 | 11. 37 | 38 250 -
January b 141 o103 o 250 - 116 i 25 40 160 250
February 7 146 97 250 b4 32 55| | 139 250|
March R4 109 _117° | 250 46 | 31 30! 143 250
April B, 54 1881 | 250 * || . o7 | 23] 15| | 197 250
May 10, 3 2091 | . 250 . 23 13 4) | 310 250
June 9. 11 230 250 15 5 b 234 250
July 18 3 229 250 . 20 1 o 229 250
August 33| v | 196 | 250 ' B2 2 b 194 0.5 0
September b1 20 169 || | 250 5 0 0 149 25 0
] : R o ] e
g EhdE BEING T BRACKET 1NDIC AT
PR%CJR% PHOBABILITY QF RELEAJE BEING 1N BRACKET INDICATED | |
Pl ‘ ‘ i ! P ! }
October 76 Ju64 | 1 460 1.0 : L L 44B 1,092 1440 L0
November , 08D ggg | | .03z | | i.0 ! mo 3 || 452 A9 . 064 1) 0
b ' : I : . H 1] N :
December N rid gelg | i .054 | 1.0 s .56 144 148 1152 1) 0
T L R P o ! :
. —— L . :
January . b4 564 | 11412 10 | 1! L l06d 11100 196 1840 1|0
7 t T 7 = 1= H : T
February . OpB .|5:84 /388 11,0 | . 096 128 AAY 1556 1! D
March . obb J436] | | :.468 11,0 | f (L jsa 124 2D 1572 T
N i R L L]
H H : N ; | i i
April 216 752 ijo i .068 092 052 788
May 0R0 124 1836 140 H . 092 TTos2 .o 844 1D
June 0Bb 044 1920 1400 2 J0g0 1102 D 934 1} 0
EENTE FEEREEN B WY |
July Jré 012 11916 10 L 080 1004 D 1916 1,0
August 182 084 1784 "1)0] | L. los o0 D 784 1D
September Rl 080 11676 140 .[324 Io LD 1676 I
| Hil I
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| 5N TN I i
Ll N i
i #i
| ] |
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NN 1R | g E |
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TABLE III -~ 2

ROUGH RULES FOR 100 PCT, SECONDARY RELEASE

Last Month's Inflow 2 End of Month Content> :

October 75 75
November 75 75
December 100 75
January 50 75
February 100 55
March 75 55
April 100 55
May 75 75
June 75 95
July 85 90
August 75 85
September 75 85

Both conditions above must apply before using rough
rules to permit 100 pct., release. If one or both con-
ditions are not met, discriminant analysis is required
to determine whether 100 pct. release is feasible.



TABLE III - 3

DISCRIMINANT FUNCTIONS FOR VARIQOUS RELEASE CATEGORIES

j—y

0 o e W M

[

L= - -

ik

e

f 0

g

1 2 a 4 5 5 7 8 9 10 it 12
Month Release {Catepory A Priori |[Probability Discriiminant Fundtion Pr, gf Correct ({lassificatign
1 2 q3 <P . Clopificients log (92 {g]} Assuming equal a-priori prpb.
an at ay as
H I ! [ ik H E i H ! ;
October |y =l 106% || [yl ibbs| | Liako | 1844 |-25, 4606 | [+i 006388 | 4.371378 |- 01644 0. o4
! e T N T 5
(2)| iy /0% vis 0% .6D0 | ,400  |-153, 0138 +.003272 || +.194891 - +.14055 0. 821
| BN o o i i
n L - it —- :
November (1) |y pla% v $10% | |90 .08q |[-B3l4687 | |+ 005317 | +.479673 [+] 097248 | 12,4423 0. 987
B ; B i ; aiis
December (1) Iy |4 |100%| |vI4100%| | 056! ,944  |-BH.2720 | |+, 021308 | +.503703 |+/038946 | 2. 8248 0. 956
)| |y Dld% v E[0% 924 .76 | -p2] B4sy -l 0p8azs | +.499544 [+]014128 |-2]497¢ 0. p7R
1 i ;
January (1) || |y |4 (100 |vi<100%| ||4p2 588 |-28.5846 -L0p0025 | 4.342411 |+]141577 || 40.3957 0. pi1p
|
February (U] v |5 [100%| |v|€100%| |.38B8 | J612 | -p6l 6820 + 016530 | +./072315 |+]114833 || +0/4887 || | 0. Bop
B
Mazrch | |y blog v|= 0% L 904 1096 |- 5.911143 |+ 011910 | 4.058195p |1/ 091448 | 422425 . 836
2} | |y |4 [1ao%s| |¥|4100% | | |46 (532 |-16i 075072 |+ 017198 1824 [[+) 110900 | +].1482 . By
= i
April % ~1b. 521447 21067 g . 868
May 1% - 8,396341 21307 ] Bl 6
|
June \% - 7.477084 236336 2. 824
July 1% -66. 097691 712 9 95D
August 1 04% -55. 849354 3920 g 978
0% = |- 9,599888 |+ 075106
September % L6 44, 2256 127 97 981
i
L
atpriori the
fir i nt fi thie
1 t asg
i
f
|
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TABLE III - 4

REGRESSION EQUATIONS

e —— o — — [ 7 g8 T 9

10

R
SN

B
il

gy

L

- t
Fren

Regrgssion Equation Mult. Coeff.| Std. Error - Pct. of Dm«:lNo.ofCasWI.s Limits pn E
Month Constant | CUoefficients Correlation S«lx w; {out of 250 v |
....... bo b1 b2 b3 R ’ | !
o.1déld 1ol o AN Calii N IR T
October 648, Bire | - !6 2| #+11.2563 |- 0.947' | 411 ] a1 <ly<igo | |
T P R . R ; ‘ : ‘: l N
November -18p. 486 | 40./0222 I+ [3.2l788 |+6.3781 0.946 6usal |l 1230 0y <100
1 o Cor e 18 B
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! ! | L I L P ‘ : E ‘ ! ik j !
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i ; ! T - i o ‘ B ‘
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TABLE III - 5

LONG TERM AVERAGE VALUES OF INFLOW

Date of Last Month's(1) Expectant Average Inflow(?)
Decision on Average through June 30

Release Policy Inflow {af) (For Nov.1 - Jan. 1 Forecasts)(af)
October 1 4,141 -

November 1 5,747 639, 027

December 1 10,276 625, 449

January 1 20,513 602, 946

February 1 19, 400 583,282

March 1 23,729 559,553

April 1 36,857 522,695

May 1 91,053 431, 643

June 1 220,582 211, 060

July 1 211,060 -

August 1 70, 646 -

September 1 12,173 -

(1} Use as denominator for computing X

(2} Use as denominator for computing X3



TABLE III - 6

DEMANDS FOR SECONDARY WATER

ACRE FT.
Month Tunnel DW River DI Total DT
Qctober 26, 142 3,689 29,831
November 25,288 3,570 28,858
December 26, 142 3,689 29,831
January 26,142 3,689 29,831
February 23,772 3,356 27,128
March 26,142 3,689 29,831
April 25,288 3,570 28, 858
May 26,142 8,300 34,442
June 25,288 8,033 33,321
July 26, 142 8,300 34,442

August 26, 142 8,300 34,442

September 25,288 5, 802 31,090



'EFERENCE: Vol, I, Hetch Hetchy - Tuolumne River Releases

HETCH HETCHY RESERVOIR Date

Bechtel, Inc., San Francisco, California, 1972
DEPARTMENT OF WATER AND POWER -~ CITY OF SAN FRANCISCO Release Estimate for Month

WORKSHEET FOR ESTIMATING TOTAL SECONDARY RELEASES
FOR COMING MONTH

tep 1. Compute Percent Values for State Variables Step 2. Check State Variables X7 and Xo against rough rules of Table II-2 for 100 pct. release.
i Rough rule: Infl th > =
State Variables Current Value Base Value Current Value in Ugh Tuler IRiIoW ust be P X1
Symbol Description ac Ft, Table III~5 % of Base Value Content must be % Xo =
z1 Inflow last month:
Thi le indicates . 1 : Y
%2 Gontent end of month: 360, 173 is rule indicates 100 pct, release es No
If not, to Step 3,
X3 Bartell Forecast thru June 30: & B0 Lo Btep
tep 3. Discriminant Analysis {if required) Step 3a. (if required) Step 4. (if required)
Function No. 1, Discriminates between: Function No. 2 Discriminates between: Regression analysis, limits on region
Category 1: Category 1: of applicability (Table III-5):
Category 2: Category 2: Coefficients (Table I11-5) Product b; xj
Discriminant Coefficients Product aj %3 Discriminant Coefficients Product ajx; (1) by
Table I1] - 3 (23 in pct.) Table III - 3 {xj _in pct.)
(2) b2
(2) a2 (2) az (4) Subtotal
(3) 23 (3) a3 (5) bp = Constant
(4) L = Subtotal (1i (1) to (3)) (4) L = Subtotal (1i {1) to (3)) (6) Total
(5) ag {Tab, Iil-3) = (5)-L. = bo (Tab. NI-3) = (7) Y = Min (0.0, Li. 6)
(6) L-L = total (1i. (4) + (5)) , (6) L-L = total (li. (4) + (5)) Y = Max (Li. 6, 100.0)
(7} A Priori Pr. Correction {7} A Priori Pr. Correction
loge (d2 / 91) - Tab. III-3 loge (42 / a41) - Tab. IHI-3
(8) L-L{ = total (1i. (6) = (7)) (8) L-LL = total (i, (6) + (7)) Step 5.
Summary
(9) Assignment of release to category 1 or category 2 (9) Assignment of release to category 1 or category 2
. Y = total secondary vol, pct.
If line (8) 2 0.0 : Cat. 1 Rel. Cat. No. If line (8) 2 0.0 : Cat. 1 Rel. Cat. No. of demand
If line (8)< 0,0 : Cat. 2 Y If line (8) < 0.0 : Cat. 2 Y Total demand, ac ft.
Y = total secondary
release, ac ft,
FIGURE 1




HETCH HETCHY RESERVOIR
DEPARTMENT OF WATER AND POWER
WORKSHEET FOR ALLOCATION OF TOTAL SECONDARY
WATER TO TUNNEL AND RIVER
(For Case of TW< DT)

Refer to Fig., 11, Vol. I, Hetch Hetchy Reservoir Tuclumne Month
River - River Releases, Bechtel Inc., Date
San Francisco, California

Compute Ratios: Decimal % (Fraction) of
Acre Ft, Total Demand

DW = Tunnel demand dig =

DF = River demand de T

DT = Total demand dy = 1.0

TW = Available Water -

Identify Case {equal % curtailment).
1. 2. 3.

dy < tw < 1.00 df < tw = de 0%ty Sds
Check applicable box and use equations in column
below to compute tunnel and river releases,.

Tw = twdw rw = tw 2/(df + tw) Tw =Tf = 0.5ty
= 0.5 ¢ )
Tw = x rw = ( )2 Tw = ¥f =
{ + )
Iw = T = Convert to Acre Ft.
rf = twdf RW = Ty * DT
rf = x ri = twds /{df + tw) =( X )
rf = rf = { ) ) = af
( + ) RF =rg+ DT
Ty = = ( ) )
= af

FIGURE 2



EFERENCE: Vol.II, Hetch Hetchy - Tuolumne River ases
& . BechItIel Inc., San grancisco Ca.li;ornii{elf‘)?sz EETCH HETCHY RESERVOIR Date
’ ' ’ ! DEPARTMENT OF WATER AND POWER - CITY OF SAN FRANCISCO Release Estimate for Month
WORKSHEET FOR ESTIMATING TOTAL SECONDARY RELEASES
FOR COMING MONTH

Step 1. Compute Percent Values for State Variables Step 2, Check State Variables X7 and X5 against rough rules of Table III-2 for 100 pct. release.
State Variables . Rough rule: Inflow must be P /ﬂﬂ % Xi-= 5_7?/7 Z
, Current Value Base Value Current Value in 5 P
Symbol Description ac Ft. Table 1i1-5 % of Base Value Content must be 3 % X = ]é 14
X1 Inflow last month: //. é,Z/ /%4ﬂﬂ j—?7ﬂl ><
%2 Gontent end of month: /3_4_4/54/- 360, 173 3é fﬂl This rule indicates 100 pct. release: Yes No
St
%3 Bartell Forecast thru June 30: _5’2 7, %20& {53,2 Y.Z fﬂ jiﬁ-— If not, go to Step 3.
Step 3., Discriminant Analysis (if required) Step 3a. (if required) Step 4, (if required)
Function No, 1. Discriminates between: o Function No. 2 Discriminates between: Regression analysis, limits on region
Category 1: Y=/00 Category 1: of applicability (Table III-5):
L # -
Category 2-1<-_...__._...__/00 b Category 2: Coefficients (Table [1I-5) Product b; x;
Discriminant Coefficients Pz:o-duct aj xj Discriminant Coefficients Pro_duct ajxj (1) by ?L&/g/j /\/5-7. ?ﬂzé- G £ £2
Table 1T - 3 (x; in pet.) Table III - 3 {xi in pct.)
N | 7 o 2) bz 74 7704 X7 502 = WL .935
(1) al 0.0/55—30 Xf?. é”l Oa ?02, {1) a‘l (3) b37l/;5‘207/‘/?ﬂ';{;—: /?7 403
+0,07213/5 %3¢ 50 (19 ¢ )
(2) a2 @, / j;f ;5 ]5-5}' Zo 30 (2) ap ' (4) Subtotal Z¢? . 00 a
(3) a3 # . H/§S5 2 X7 ﬁ' 7! - (3) a3 (5) bo = Constant ""_/gﬂ 50 &
(4) L = Subtotal (li (1) to (3}) [4.337% (4) L = Subtotal (1i (1) to (3)) 6) Total (2 494
(5) ag (Tab. II-3) = ~/£.6420 (5)-L. = bo (Tab. HI-3) = (7) ¥ = Min (0.0, Li. 6)
(6) L-Lc = total (li. (4) +(5)) —2. 3422 (6) L-Lg = total (li. (4) + (5)) Y = Max (Li. 6, 100.0) L 5/,47/
(7) A Priori Pr. Correction (7) A Priori Pr., Correction
loge (92 / Q1) - Tab. HI-3 7 ’ 4‘5—{7 loge {92 / a1) - Tab, UI-3
(8) L-L& = total (1i. (6) - (7)) —2.797 8 (8) L-Ll = total (li. (6) + (7)) Step 5.
: Summary
(9) Assignxnent of release to category 1 or category 2 {9) Assgignment of release to category 1 or category 2
Y = total seconda ol, t. -
If line {8) > 0.0 : Cat, 1 Rel, Cat. No. If line (8) > 0.0 : Cat. 1 Rel. Cat. No. of demand vy pe A{% 4/74
J . A
1 line (8)< 0.0 : Cat. 2 Y___ < /00 J If line (8) < 0.0 : Cat. 2 ¥ Total demand, ac ft. 27,/28
Y = total secondar
- 4 /8,55/

W fﬂ Jédf l/ releasge, ac ft.

Pxample

/L7_q Ure. 3




HETCH HETCHY RESERVOIR
DEPARTMENT OF WATER AND POWER
b WORKSHEET FOR ALLOCATION OF TOTAL SECONDARY
v WATER TO TUNNEL AND RIVER
_ (For Case of TWLDT)
1. Refer to Fig. 11, Vol. I, Hetch Hetchy Reservoir Tuolumne Month /L?é /75’37
River - River Releases, Bechtel Inc., Date /[ 2012~
San Francisceo, California

2. Compute Ratios: Decimal % (Fraction) of
Acre Ft, Total Demand
DW = Tunnel demand 2/’;? 77 % dy = . y7£2 7
DF = River demand 3,75¢ de = /23 7/
DT = Total demand Z 7, /Z;/ d, = 1.0
TW = Available Water 1858/ t,;.-. 4549y

3. Identify Case (equal % curtailment).
i. 2. 3.

dy < tw < 1. 00 df <ty S dw 0<tyw Sds

X

Check applicable box and use equations in column
below to compute tunnel and river releases,

Tw = tydw Tw = tw 2/(df + tw) Ty = Tf = 0.5 ty
Ty = x rw = (08494 2 rWZS;S—_—( )
(./Zf?/+.!ﬁ%’)
Ty = re = _° yJels Convert to Acre Ft.
Tf = tydg BRW =1y + DT
rf = x re = twdf /(df + tw) =(.590/5 (27115 y
e = et = (L1137 Ny A
(L2270 +_£398¢) RF =14+ DT
res 04 TH - (M3 27728
= 24l s
%
Example

Frgure 4





