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APPENDIX 111 

RELEASE STATISTICS AND ESTIMATING EQUATIONS - 

1. GENERAL 

This appendix contains s t a t i s t i c a l  t a b l e s  and es t imat ing  equat ions to  

permit es t imat ion  of secondary r e l e a s e s  t h a t  a r e  optimum under STROFAM--S 

(Stochas t ic  Reservoir Operations, Forecas t ing  and Allocat ion Model - 
Sinu la t ion  Version) ope ra t ing  pol icy .  The STROFAM-S model i s  f u l l y  

described i n  Volume I of t h i s  r epor t .  

2. APPROACH 

The general  approach cons is ted  of s t a t i s t i c a l  ana lys i s  of t h e  secondary 

r e l eases  determined i n  a  s imula t ion  environment from f i v e  s t o c h a s t i c a l l y  

generated 50-year t r a c e s .  The f i v e  t r a c e s  were s e l e c t e d  by s t r a t i f i c a -  

t i o n  of t h e  p robab i l i t y  space of s to rage  requirements,  which i n  tu rn  

was based on 1000 s t o c h a s t i c a l l y  generated 50-year monthly t r a c e s .  This 

r e s u l t e d  i n  a  sample of s i z e  250 fo r  each of t h e  twelve months of t h e  yea r .  

S t r a t i f i e d  sampling a f fo rds  a  v a l i d  and economical means f o r  sampling the  

s t a t i s t i c a l  e f f e c t  of range,  which e f f e c t  cannot be e f f e c t i v e l y  sampled. 

considering t h e  h i s t o r i c a l  t r a c e  alone.  

Secondary r e l eases  under STROFAM-S a r e  determined under op t ima l i ty  c r i t e -  

r i a  t h a t  a r e  based on having some s t a t e d  percent  assurance of holding to  

the  primary r u l e  curve a t  t h e  end of t h e  f o r e c a s t  period or  a t  the  month 

of minimum drawdown, i f  the  former inc ludes  t h e  l a t t e r .  The r e l eases  - 
determined under STROFAM-S pol icy  a r e  thus a  funct ion  of t h e  r e s e r v o i r  

balance over t h e  f o r e c a s t  per iod ,  and t h e  " s t a t e "  components of inflow, 

content ,  primary r e l eases  and evaporation. Of these ,  inflow and content  

a r e  of primary importance, t h e  o the r s  being e s s e n t i a l l y  cons tant .  



Inflow can be considered i n  terms of (1) inflow previous t o  t h e  cu r ren t  

m a t h ,  and (2)  forecas ted  inflow over t h e  f o r e c a s t  period. [Je have 

chosen t o  use only t h e  previous month's inflow as  a  s t a t e  v a r i a b l e  

f o r  previous inflow although i t  would be  poss ib l e  t o  use, say ,  the  

previous two, three ,  o r  k months. For Hetch Hetchy, t h e  e x p e c t ~ d  

b e n e f i t  of considering more than one previous monthly inflow would be  

small .  I f  t h e  r e s e r v o i r  were l a r g e r  r e l a t i v e  t o  the  mean annual flow, 

a  two- to six-month auto- regress ive  l a g  might have been use fu l .  

Forecasted inflow, inc luding  t h e  inflow forecas ted  f o r  t h e  c u r r e n t  month, 

i s  t h e  o the r  component of the inflow s t a t e  va r i ab le .  It can be regarded 

sepa ra t e ly  from previous inf low i n  s t a t i s t i c a l  ana lys i s  providing t h e  

f o r e c a s t  is independent of t h e  previous month's inflow. The B a r t e l l  

Forecast ,  which i s  derived from precipitation-snowmelt r e l a t i o n s ,  thus 

q u a l i f i e s  a s  a  s t a t e  va r i ab le ;  however, the  l a g 4  Markov f o r e c a s t  equa- 

t i o n  does n o t ,  s i n c e  i t  is a l i n e a r  funct ion  of l a s t  month's inflow. 

STROFAM-S inc ludes  a  procedure f o r  breaking down a B a r t e l l  Forecast  

through June 30 and apport ioning i t  t o  ind iv idua l  months i n  t h e  fo recas t  

period. However, t h i s  procedure is not s u i t a b l e  f o r  p r a c t i c a l  use with 

desk c a l c u l a t i n g  machines. Therefore, t h e  B a r t e l l  Forecast  s t a t e  va r i a -  

b l e  i s  considered t o  be t h e  t o t a l  fo recas t  through June 30th f o r  months 

i n  which such f o r e c a s t s  a r e  made (Nov 1 - June 1 ) .  

The dec is ion  v a r i a b l e s  a r e  t h e  r e l e a s e s .  Given some end-of-month content ,  

l a s t  month's inf low and a B a r t e l l  Forecast  ( i f  app l i cab le ) ,  what should 

the r e l eases  be? This ana lys i s  addresses only t h e  problem of es t imat ing  

t h e  secondary r e l e a s e s .  The primary r e l eases  cannot be subjected t o  

s t a t i s t i c a l  a n a l y s i s  s i n c e  these  were e s s e n t i a l l y  constant  and equal t o  

the primary demand i n  t h e  f i v e  t r aces  subjec ted  t o  s imulat ion s t u d i e s  

and considered here .  



The secondary r e l eases  cons i s t  of t h e  secondary r i v e r  r e l eases  and t h e  

secondary tunnel  r e l e a s e s .  However, there  i s  a " s t ruc tu ra l "  r e l a t i o n -  

s h i p  between these  two r e l e a s e s ,  which i s  t h e  a l l o c a t i o n  mechanism dis -  

cussed i n  Volume I and i l l u s t r a t e d  Figure 11 of t h a t  volume. For 

development of v a l i d  s t a t i s t i c a l  es t imat ing  equations such s t r u c t u r a l  

r e l a t i o n s  must be  removed. Ke the re fo re  consider only t h e  s t a t i s t i c s  

of t h e  t o t a l  secondary r e l ease .  Af ter  t h i s  i s  determined, t h e  al-loca- 

t i o n  mechanism can be used t o  a l l o c a t e  t h e  t o t a l  secondary r e l e a s e  

between t h e  r i v e r  and t h e  tunpel .  

I n  a l l  t h e  analyses t o  follow, percent  va lues  a r e  used r a t h e r  than acre- 

f e e t ,  s i n c e  i t  i s  be l ieved  t h a t  t h i s  gives opera t ing  personnel a b e t t e r  

f e e l  f o r  t h e  da ta  and enables  them t o  more r e a d i l y  recognize c r i t i c a l  

s i t u a t i o n s .  T o t a l  secondary r e l e a s e  i s  considered i n  terms of total.  

secondary demand. Inflow i s  considered i n  percent  of t h e  mean h i s t o r i -  

c a l  inflow. Content is considered i n  terms of percent  of maximum 

content  (360,173 a c r e - f t ) .  The B a r t e l l  Forecast  i s  considered i n  terms 

of percent  of t h e  mean h i s t o r i c a l  inflow (not fo recas t )  summed through 

June 30th. 

3. PURPOSE 

The purpose of these  inves t iga t ions  is t o  provide equat ions f o r  estima- 

t i n g  secondary r e l eases  one month i n  advance t h a t  a r e  s t a t i s t i c a l l y  

cons i s t en t  wi th  t h e  s imula t ion  r e s u l t s  presented i n  Volume I .  



4 .  STATISTICAL TECHNIQUES 

A. General.. Each of the twelve  monthly da ta  s e t s  were f i r s t  sub- 

jec ted  t o  bracket ing  i n  terms of the  t o t a l  secondary r e l e a s e  vec to r .  

Table 111-1 shows t h e  r e s u l t s  of t h i s  a n a l y s i s ,  which was conducted 

i n  two ways. I n  t h e  f i r s t  case  t h e  r e l e a s e  d a t a  were bracketed 

according t o  t h e  t o t a l  r e l e a s e  (Y) a s  fol lows:  

Bracket Release (Q 

I n  t h e  second case t h e  r e l e a s e  brackets  were a s  fol lows:  

Bracket Release (%) 

The d a t a  wi th in  each of the  above seven brackets  were then subjected 

t o  s e v e r a l  s e t s  of tsgo-way c l a s s i f i c a t i o n  a s  fol lows:  

Inf lor i  vs  . Content 

Inflow vs .  B a r t e l l  Forecast  

Content vs .  B a r t e l l  Forecast 

The two-way t abu la t ions  were use fu l  f o r  judging the  type of s t a t i s -  

t i c a l  a n a l y s i s  t o  fol low. These t a b l e s  a r e  a v a i l a b l e  f o r  i n spec t ion  



bu t  a r e  n o t  reproduced here.  I n  general ,  they a r e  of l i t t l e  d i -  

r e c t  use i n  es t imat ing  secondary r e l e a s e  s i n c e  the  d iv i s ions  a r e  

i n  20 o r  25 percent  increments (of inf low, content  and f o r e c a s t ) .  

However, the  inflow-content c ross  t abu la t ion  is of some value i n  

t h a t  they d isp lay  comhinations of inflow and content  above which 

100 percent  r e l e a s e s  a r e  optimal. Since t h i s  information would 

save computing r e l eases  using the  more e l abora t e  methods to  be  

discussed below, i t  i s  provided a s  a  means of making an i n i t i a l  

check on whether f u r t h e r  computation i s  necessary.  Resul ts  a r e  

given i n  Table 111-2. 

The s t a t i s t i c a l  techniques used f o r  a n a l y s i s  of t h e  250 sample 

po in t s  f o r  each of t h e  12 months var ied  considerably between 

months. D i f f e ren t  techniques were necessary f o r  d i f f e r e n t  months 

because of gross ly  non-normal d i s t r i b u t i o n s  of r e l e a s e .  I n  some 

months, 100 percent  secondary r e l e a s e  prevai led  a  l a r g e  proport ion 

of the  time. I n  o ther  months t h e r e  were a  l a r g e  number of events  

of zero r e l ease ;  i n  s e v e r a l  months t h e r e  were a  considerable num- 

be r  of events a t  both ends of t h e  r e l e a s e  spectrum, with a  var ia -  

b l e  number of poin ts  i n  between. Standard regress ion  techniques 

a r e  of l i t t l e  va lue  i n  such cases unless  t h e  da ta  can be segrega- 

ted s o  t h a t  t h e  regress ion  sampling i s  over a  range of a l l  s t a t e  

v a r i a b l e s .  

To overcome t h i s  problem, a  m u l t i v a r i a t e  s t a t i s t i c a l  technique 

known as  d iscr iminant  ana lys i s  was u t i l i z e d .  A discr iminant  

funct ion  i s  a  l i n e a r  combination of t h e  s t a t e  v a r i a b l e s  which 

d iv ides  t h e  t o t a l  "population" of r e l eases  i n t o  sub-populations, 

wi th  d i f f e r e n t  b a s i c  c h a r a c t e r i s t i c s .  For Hetch Hetchy Reservoir 

and t h e  STROFAM-S secondary demand r a t e s  considered h e r e i n ,  i t  was 

found t h a t  t h i s  technique was extremely u s e f u l  f o r  ca tegor iz ing  

combinations of s t a t e  v a r i a b l e s  t h a t  indica ted  r e l e a s e s  t o  be  i n  



e i t h e r  of two (o r  more) of t h e  fol lowing ca tegor ies  (o r  " popu- 

la t ions")  : 

I f  the  d iscr iminant  a n a l y s i s  shows t h a t  e i t h e r  Y = 0 o r  Y = 100, 

then no f u r t h e r  a n a l y s i s  i s  required.  However, i f  t h e  d iscr imi-  

nant  funct ion  c l a s s i f i e s  t h e  cu r ren t  s t a t e  va r i ab le s  as  ind ica t ing  

a  r e l e a s e  i n  one of t h e  l a s t  3 p o p u l a t ~ n s  i n  t h e .  above l i s t ,  then 

f u r t h e r  a n a l y s i s  i s  required t o  determine what t h e  t o t a l  secondary 

r e l e a s e  should be.Regression equat ions a r e  invoked a t  t h i s  s t age ;  

these  equations a r e  derived from t h a t  subse t  of t h e  250 da ta  po in t s  

( f o r  each of t h e  twelve months) with r e l e a s e  va lues  Y w i th in  t h e  

appropr ia te  brackets  (3)  through (5) a s  given i n  t h e  above l i s t i n g  

of r e l e a s e  ca t egor i e s .  

B.  C l a s s i f i c a t i o n  by Discriminant Analy-s*. Discriminant ana lys i s  

involves matr ix a lgebra  and m u l t i v a r i a t e  s t a t i s t i c a l  techniques; 

i t  i s  described i n  a  number of sources ,  inc luding  Anderson (1958), 

M i l l e r  (1962), and Overal l  and K l e t t  (1972). T.le give he re  a  b r i e f  

summary t o  permit u t i l i z a t i o n  of t h e  r e s u l t s  

The d iscr iminant  funct ion  is a l i n e a r  combination of s t a t e  var ia -  

b l e s  of t h e  form 

L = alxl + a2x2 + a3x3 (1) 

where x l  = l a s t  month's inf low, p c t  of average 

x2 = end-of-month content  ( f o r  l a s t  month), p c t  of 

maximum content  



x3 = B a r t e l l  Forecast  of remaining inflow through 

June 30th,  i n  pc t  of t h e  mean inf low through 

June 30th ( f o r  app l i cab le  months) 

a .  i = 1, 2, 3 , a r e  opt imal  weighting c o e f f i c i e n t s  1' 
L = value  of t h e  d iscr iminant  funct ion  

I t  i s  seen t h a t  t h e  d iscr iminant  va lue  reduces t h e  3 s t a t e  va r i ab le s  

t o  one s t a t e  v a r i a b l e ,  L; the  va lue  of L r e l a t i v e  t o  a  c r i t i c a l  

value of L, LC, then determines whether t h e  t o t a l  secondary r e l e a s e  

belongs i n  one category o r  another ,  e .g. ,  e i t h e r  P = 100 pc t  o r  

Y < 100 pc t .  

The determinat ion of t h e  c r i t i c a l  value of LC was based on t h e  

following equat ion:  

where ~ ( l )  c o n s i s t s  of t h e  value of L obtained by i n s e r t i n g  t h e  

mean va lues  of the  s t a t e  v a r i a b l e s  ?. i = 1 ,2 ,3 ,  k = 1 , 2 ,  where lk' 
t h e  k s u b s c r i p t  app l i e s  t o  those mean values assoc ia ted  wi th  

groups 1 and 2 ,  r e spec t ive ly .  Thus, i f  L - L > 0,  t h e  r e l e a s e  
C - 

belongs to  category 1; i f  L - L < 0, the  r e l e a s e  p a t t e r n  belongs 
C 

to  category 2.  It  is poss ib l e  t o  consider  mul t ip l e  c a t e g 0 r j . e ~  

of r e l e a s e ,  however, the  number of d iscr iminants  must be one l e s s  

than t h e  number of ca t egor i e s ,  o r ,  l e s s  than o r  equal t o  the  number 

of s t a t e  v a r i a b l e s .  For t h e  purposes of t h i s  s tudy,  adequate re- 

s u l t s  were obtained wi th  a  b inary  s p l i t  of t h e  d a t a  i n t o  f ~ i o  groups, 

r e s u l t i n g  i n  one d iscr iminant  funct ion.  However, f o r  four  months 

i t  was found use fu l  to  make two d i f f e r e n t  b inary  s p l i t s ,  one t o  

ca t egor i ze  r e l eases  a s  being e i t h e r  equal  t o  100 p c t  o r  l e s s  than 

100 p c t ,  and the  o the r  t o  ca t egor i ze  secondary r e l eases  a s  being 

e i t h e r  equal t o  zero o r  g rea t e r  than zero.  



Equation (2) assumes t h a t  t h e  c r i t i c a l  va lue  of L = Lo i s  half-way 

between t h e  mean va lues  of L f o r  the  two groups under cons idera t ion .  

This va lue  was used i n  computer s t u d i e s  t o  c l a s s i f y  a  p a r t i c u l a r  

s e t  of s t a t e  v a r i a b l e s  (out  of t h e  s e t  of 250 f o r  each month). 

General ly,  e x c e l l e n t  r e s u l t s  were obtained,  s o  f u r t h e r  refinement 

was n o t  undertaken. However, i n  ope ra t iona l  use b e t t e r  r e s u l t s  

can be obtained by cons ider ing  a  refinement based on t h e  a p r i o r i  

p robab i l i t y  of the  r e l eases  belonging t o  a p a r t i c u l a r  populat ion.  

These p r o b a b i l i t i e s  a r e  given i n  Table 111-1. Equation (2) assumes 

t h a t  the  a p r i o r i  p r o b a b i l i t y  of each group is equal  t o  0.5, o r  t h a t  

t he re  i s  a  50 percent  a p r i o r i  chance of being i n  e i t h e r  group. 

Under t h e  3-way c l a s s i f i c a t i o n  r e s u l t s  presented i n  Table 111-1, 

i t  can be seen t h a t  t h e  a p r i o r i  p roba l> i l i t i e s  of any two-way 

combination a r e  genera l ly  n o t  equal.  For example, r e f e r r i n g  t o  

Table 111-1, t h e  a p r i o r i  p r o b a b i l i t y  t h a t  t h e  October r e l e a s e  rvould 

be  i n  a  category of Y = 0.0 i s  0.376, o r  37.6 p c t  of t h e  time. 

The a p r i o r i  p r o b a b i l i t y  t h a t  t h e  r e l e a s e  would be  g rea t e r  than 

zero is 0.164 + .460 = .624 = 1 - .376. Since t h e  chance of a  

p a r t i c u l a r  combination of s t a t e  va r i ab le s  i n d i c a t i n g  zero r e l e a s e  

i s  l e s s  than 0.5, and t h e  chance of be ing  g r e a t e r  than zero i s  

g r e a t e r  than 0.5, a  modif ica t ion  of L is warranted. 
C 

The modif icat ion c o n s i s t s  of adding t o  L t h e  quan t i ty  loge ('12/q1) 
C 

where q2 i s  t h e  a p r i o r i  p r o b a b i l i t y  of group 2  and ql i s  t h e  a p r i o r i  

populat ion of group 1. Thus 

Table 111-3 gives t h e  derived discr imant  funct ion  i n  t h e  form: 



The r u l e s  f o r  applying equat ion (4) a r e  as  follows: 

I f  L - L > 0, Y belongs t o  category 1 
C - 

I f  L - L < 0, Y belongs t o  category 2 
C 

Table 111-3 i d e n t i f i e s  category 1 and 2 f o r  each d iscr iminant  

funct ion .  

Table 111-3 a l s o  gives the  p robab i l i t y  t h a t  the p a r t i c u l a r  d i s -  

crimant funct ion  w i l l  r e s u l t  i n  a c o r r e c t  assignment of r e l e a s e  

t o  t h e  proper category.  These p r o b a b i l i t i e s  of success fu l  c l a s s i -  

f i c a t i o n  range between 0.821 and 0.984, i n d i c a t i n g  t h a t  the d is -  

cr iminat ing power of t h e  funct ions is exceedingly good, even though 

based on equal  a p r i o r i  p r o b a b i l i t i e s .  With ope ra t iona l  add i t ion  of 

t h e  term log  (q2/ql) t o  LC even b e t t e r  r e s u l t s  w i l l  be  obtained.  e 

C. Regression Studies .  Standard s tepwise  regress ion  ana lys i s  was 

used to  supplement t h e  d iscr iminant  ana lys i s  f o r  es t imat ing  t h e  

magnitude of a secondary r e l e a s e  between bu t  u sua l ly  not  including 

0 and 100 percent .  However, i f  a p a r t i c u l a r  month included only 

a few ins tances  of r e l e a s e  events  a t  these  two extremes, one o r  

the  o ther  was included i n  t h e  d a t a  s e t  used f o r  regress ion  ana lys i s .  

For example, February included only 7 events of zero r e l e a s e  and 

146 events of non-zero r e l e a s e  t h a t  were l e s s  than 100 pc t  of demand. 

The s e t  used t o  de r ive  t h e  February regress ion  r e l a t i o n  consis ted 

of t h e  7 zero r e l e a s e  events and t h e  146 non-zero events  t h a t  were 

l e s s  than 100 p c t  f o r  a t o t a l  sample s i z e  of 153. 

The derived regress ion  equat ions a r e  given i n  Table 111-4 and 

a r e  of t h e  form 



Table 111-4 gives the  s tandard  e r r o r  of es t imate  ( i n  terms of 

p c t  of demand) f o r  each equat ion.  This ranges from 2.7 pc t  i n  

September to  22.5 percent  i n  March and i s  usual ly  l e s s  than 10 

percent .  Table 111-4 a l s o  gives t h e  regress ion  mul t ip l e  corre- 

l a t i o n  c o e f f i c i e n t s  ranging from .584 i n  March t o  .992 i n  December, 

i n  most cases being above 0.9. 

The months of June, Ju ly ,  and August provided i n s u f f j c i e n t  da t a  

f o r  developing a  regress ion  equat ion v a l i d  f o r  t h e  range 0 < Y < 100. 

There were, r e spec t ive ly ,  only 11, 3, and 21 events out  of t h e  

t o t a l  sample s i z e  of 250. The August da t a  provided a s u f f i c i e n t  

number of events f o r  a  rough regress ion  r e l a t i o n ,  however, t h e  

r e s u l t i n g  s tandard e r r o r  exceeded t h e  s tandard dev ia t ion  of re- 

l e a s e s  i n  t h e  0 < Y < 100 range. The optimum r e l e a s e  est imators  

f o r  these  months f o r  t h i s  range a r e  the  mean of t h e  11, 3, and 21 

events ,  r e spec t ive ly .  These means a r e  t h e  cons tants  (b ) given 
0 

i n  Table 111-4 f o r  these  months; t h e  s tandard e r r o r  column contains 

t h e  s tandard devia t ion  f o r  the  events  w i th in  t h i s  bracket .  

F u l l  computer output  l i s t i n g s  a r e  a v a i l a b l e  ind ica t ing  the  computed 

r e l e a s e  and the  e r r o r  f o r  each event i n  t h e  subse t  of events  t h a t  

was used t o  de r ive  a  p a r t i c u l a r  equation. These a r e  bulky and 

a r e  not  reproduced h e r e  bu t  a r e  a v a i l a b l e  f o r  inspec t ion .  

D. Summary. The combination of d iscr iminant  ana lys i s  and regress ion  

wi th in  d iscr iminant  groups r e su l t ed  i n  a  highly s a t i s f a c t o r y  s e t  

of es t imat ing  equations f o r  mimicking t h e  secondary r e l e a s e  p o l i c i e s  

of STROFAM-S. These r e s u l t s  can be  used wi th  confidence t h a t  op- 

t imal  s t a t i s t i c a l  es t imates  of r e l e a s e  pol icy can be made on an 

ope ra t iona l  b a s i s  by monthly app l i ca t ion  of t h e  equations given 

he re in .  



5. OPERATIONAL USE OF ESTIMATING EQUATIONS 

For ope ra t iona l  es t imat ion  of r e l e a s e s  a s tandardized blank form i s  

suggested as  shown i n  Figure 1. Figure 3 shows an app l i ca t ion  of the 

form f o r  a t y p i c a l  case. Table 111-5 conta ins  a l i s t i n g  i n  acre- f t  of 

demand ( Y ) ,  average inf low f o r  t h e  previous month (x ) ,  and average in- 
1 

flow f o r  t h e  remainder of t h e  B a r t e l l  fo recas t ing  period ( t o  June 30th) .  

The maximum content  used i n  computer s t u d i e s  was 360,173 ac re - f t .  The 

form provides loca t ions  t o  convert cu r ren t  s t a t e  va r i ab le s  i n  acre- f t  

to  t h e i r  percentage values i n  terms of t h e  100 percent  values given i n  

Table 111-5. 

The procedure cons i s t s  of success ive ly  applying s t a t i s t i c a l  s t a t e  e s t i -  

mators of increas ing  complexity u n t i l  a dec is ion  i s  reached. I f  a 

c l e a r  s i g n a l  is not  given a t  any one s t e p  t h e  ana lys i s  is c a r r i e d  t o  

t h e  next  s t e p .  The s t e p s  a r e  as  fol lows:  

(1) Convert cu r ren t  s t a t e  va r i ab le s  x ( inf low),  x2 (content ) ,  1 ' 
and x ( B a r t e l l  Forecast)  t o  percentages of t h e  base vdlues 

3 
given i n  Table 111-5. 

(2) Check rough r u l e s  of Table 111-2. I f  these  give a c l e a r  

s i g n a l  of 100 p c t  secondary r e l e a s e  no f u r t h e r  a n a l y s i s  i s  

required.  I f  they do n o t ,  proceed t o  s t e p  (3) .  

(3)  Make a d iscr iminant  ana lys i s  using t h e  f i r s t  d i scr iminant  

funct ion  i n  Table 111-3 f o r  t h e  c u r r e n t  month. This  funct ion  

w i l l  e i t h e r  give a c l e a r  i nd ica t ion  of whether t h e  r e l e a s e  

equals 100 p c t  o r  is l e s s  than 100 pc t .  

I f  t h e  i n d i c a t i o n  i s  a 100 p c t  r e l e a s e  no f u r t h e r  ana lys i s  is 

required.  I f  l e s s  than 100 p c t ,  f i r s t  check t o  determine whether 



a second d iscr iminant  funct ion  i s  given i n  Table 111-3 f o r  

the  cu r ren t  month. I f  s o ,  use i t  t o  determine 5~hether  a 

f u r t h e r  c l a s s i f i c a t i o n  can be made. 

(4) I f  a s  a r e s u l t  of s t e p  3 i t  i s  ind ica t ed  t h a t  t h e  r e l e a s e  is 

between 0 and 100 p c t ,  complete t h i s  s t e p  which c o n s i s t s  of 

a r eg res s ion  equat ion t o  determine t h e  b e s t  es t imate  of t h e  

r e l e a s e  i f  t h e  d iscr iminant  a n a l y s i s  p laces  t h e  r e l e a s e  i n  

t h i s  range. 

(5) Summarize t h e  r e s u l t s  and convert the  r e l e a s e  i n  percent  to  

ac re - f t .  us ing  Table 111-6, which summarizes demand i n  acre- 

f t .  A t  t h i s  po in t  the  t o t a l  secondary r e l e a s e  can be  a l lo -  

ca ted  between tunnel  and r i v e r  demand. I f  t h e  t o t a l  secondary 

r e l e a s e  is l e s s  than 100 p c t ,  t h e  blank form provided i n  

Figure 3 can b e  used t o  a l l o c a t e  t h e  water  between t h e  tunnel  

and t h e  r i v e r  on an equal percent  cur ta i lment  b a s i s .  

6. EXAMPLE 

An example i s  given i n  Figures 3 and 4 ,  f o r  t h e  month of February, 1968. 

From t h e  STROFAM-S h i s t o r i c a l  s imula t ion  pr in t -out  t h e  fol lowing da ta  

a r e  obtained:  

Las t  month's inf low (January) 11,621 a c . f t .  

Content, January 31s t 131,469 a c . f t .  

February 1st B a r t e l l  Forecast  of 

remaining seasonal  runoff ,  through 

June 30th* 527,022 a c . f t .  

'kNote t h a t  t h i s  i s  the s imulated 

B a r t e l l  Forecast  used i n  STROFAM-S 

STROFAM-S Optimum Secondary Releases : 

Tunnel 16,885 a c . f t .  

River 2,869 a c . f t .  

Tota l  19,754 a c . f t .  



On Figure 3, a t o t a l  secondary r e l e a s e  of 18,581 a c . f t .  i s  est imated,  

corresponding t o  a d i f f e r e n c e  of -5.93 percent  compared to  t h e  value 

computed by STROFAM-S. On f i g u r e  4 t h e  secondary r e l eases  a r e  computed 

us ing  t h e  same ALCATE a l l o c a t i o n  mechanism embodied i n  STROFAM-S. The 

r e l e a s e s  obtained f o r  t h e  tunnel  and r i v e r  r e spec t ive ly  a r e  15,738 ac re - f t .  

and 2842 acre- f t . ,  y i e l d i n g  percent  d i f f e rences  of -6.79 percent  and 

-0.94 percent .  

These small  d i f f e rences  a r e  not  r ep resen ta t ive .  The s tandard e r r o r  

f o r  'he February r eg res s ion  equat ion is 15.47 percent  (of t o t a l  secondary 

demand). Among t h e  153 sample po in t s  from t h e  5 s t o c h a s t i c  t r a c e s  used 

to  de r ive  t h e  r eg res s ion  r e l a t i o n  f o r  February, t h e  e r r o r s  ranged from 

-61.24 p c t  t o  +27.09 pc t .  Also, t h e r e  i s  a f i n i t e  p r o b a b i l i t y  t h a t  a 

d iscr iminant  func t ion  nay f a i l  t o  i d e n t i f y  a zero r e l e a s e  condi t ion ,  and 

a t  the same time r eg res s ion  equat ion may y i e l d  a p o s i t i v e  r e l e a s e  va lue ;  

t h i s  would r e s u l t  i n  an i n f i n i t e  e r r o r ,  percentage-wise, however i t  would 

l i k e l y  be smal l  compared t o  t o t a l  demand. 

Anderson, T. W . ,  " A n  In t roduc t ion  t o  Mul t iva r i a t e  S t a t i s t i c a l  Analysis", 

Ch. 5,  pp. 126-153, John Wiley & Sons, I n c . ,  New York: 1958. 

Mi l l e r ,  Robert G., " S t a t i s t i c a l  P red ic t ion  by Discrimicant Analysis" 

I+ieteorological Monograph No. 25, American Meteorological Socie ty ,  Boston, 

Mass.: 1962. 

Overal l ,  John E .  and K l e t t ,  C. James, "Applied Mul t iva r i a t e  Analysis", 

Ch. 9-11, McGraw H i l l  Book Co., New Yorlc: 1972. 





TABLE I11 - 2 

ROUGH RULES FOR 100 PCT. SECONDARY RELEASE 

October 

November 

December 

January 

February 
I 

March 

I April  

May 

June 

July 

August 

September 

Las t  Month's Inflow2 : End of Month content: : 

75 75 

7 5 7 5 

100 75 

5 0 75 

100 55 

75 5 5 

100 55 

75 75 

7 5 95 

85 90 

75 85 

75 85 

Both conditions above must  apply before using rough 
ru les  to permit  100 pct. re lease .  If one o r  both con- 
ditions a r e  not met ,  discriminant analysis is required 
to determine whether 100 pct. r e l ease  is  feasible. 





TABLE ITT - 4 

-- -- - 
REGRESSLON EQUATIONS 



T A B L E  I11 - 5 

I D a t e  of 
Decis ion on 

I 
R e l e a s e  Pol icy  

October  1 

November  1 

D e c e m b e r  1 
I 

J a n u a r y  1 

F e b r u a r y  1 

M a r c h  1 

A p r i l  1 

May 1 

J u n e  1 

July  1 

August 1 

S e p t e m b e r  I 

LONG T E R M  AVERAGE VALUES O F  INFLOW 

Last Month' 
A v e r a g e  
Inflow (af) 

1) Expectant  Average  Inflow ( 2 )  
th rough  June  30 

- ( F o r  Nov. 1 - J a n .  1 F o r e c a s t s ) ( a f )  

Use  as denominator  fo r  computing X I  

(2 )  Use  as denominator  f o r  computing X3 



TABLE I11 - 6  

Month 

October 

November 

I December  

January  

Feb rua ry  

March  

1 Apri l  

June 

July  

August 

September  

DEMANDS FOR SECONDARY WATER 

ACRE FT .  

Tunnel DW 

26, 142 

25,288 

26, 142 

26, 142 

23,772 

26, 142 

25 ,288  

26, 142 

25,288 

26,142 

26, 142 

25 ,288  

River  D F  

3 ,689  

3 ,570 

3 ,689  

3 ,689  

3, 356 

3 ,689  

3 ,570  

8 ,300  

8 ,  033 

8 ,300  

8 ,300  

5 ,802  

Total  DT  

29 ,831  

28, 858 

29 ,831  

29,831 

27, 128 

29,831 

28,858 

34,442 

33 ,321  

34,442 

34 ,442  

31,090 



LEFERENCE: Vol. 11, Hetch Hetchy - Tuolumne River  Releases  
Bechtel, Inc., San Francisco,  California, 1972 

HETCH HETCHY RESERVOIR 
DEPARTMENT O F  WATER AND POWER - CITY O F  SAN FRANCISCO 

WORKSHEET FOR ESTIMATING TOTAL SECONDARY RELEASES 
FOR COMING MONTH 

Date 

Release  Est imate for  Month 

;teo Compute Percent  Values for State Variables I Step 2. Check State Variables Xi and X7 against rough ru le s  of Table 111-2 for 100 pct. re lease .  

State Variables 

Svmbol Description 
Current  Value Base  Value Current  Value in 
a c  Ft. Table 111-5 70 of Base Value 

ltep. Discriminant Analysis (if required)  

Rough rule:  Inflow must  be 2 % X I  = 

Content must  be  > % X2 = 

XI Inflow l a s t  month: 

x2 Content end of month: 360, 173 

X3 Bartel l  Forecas t  t h ru  June 30: 

Function No. 1. Discriminates between: 
Category 1: 
Category 2: 

This rule  indicates 100 pct. re lease :  Yes No 

If not, go to Step 3. 

Discriminant Coefficients Product ai xi 
Table 111 - 3 Ixi in pct. ) 

[ I )  a 1  

(2) a2 

(3) a3  

(4) L = Subtotal (li (1) to (3)) 

(5) a0 (Tab. 111-3) = 

(6) L-LC = total  (li. (4) + (5)) 

(7) A P r i o r i  Pr. Correction 
loge (92 / 91) - Tab. 111-3 

(8) L-L& = total  (li. (6) - (7)) 

(9) Assignment of r e l ease  to  category 1 o r  category 2 

If line (8) 2 0. 0 : Cat. 1 Rel.  Cat. No. 

If line (8) < 0. 0 : Cat. 2 Y 

I Step 3a. ( i f  required)  

Function No. 2 Discriminates between: 
Category 1: 
Category 2: 

Discriminant Coefficients Product a j x i  
Table 1.1 - 3 (xi in pct. ) 

(1) a 1  

(2) "2 

(3) a3  

(41 L = Subtotal ( l i  ( I )  to (3)) 

(5)-LC = bo (Tab. 111-3) = 

(6) L-LC = total  (li. (4) + (5))  

(7) A P r i o r i  Pr. Correction 
loge (42 / 91) - Tab. 111-3 

(8) L-L& = total  (li.  (6) + (7)) 

(9)  Assignment of re lease  to category 1 o r  category 2 

I If line (8) 2 0. 0 : Cat. 1 Rel. Cat. No. 

If line (8) < 0. 0 : Cat. 2 Y 

Step 4. ( i f  required) 

Regression analysis,  l imits  on region 
of applicability (Table 111-5): 

Coefficients (Table 111-5) Product bi xi 

(3) b3 

(4) Subtotal 

(5) bo = Constant 

(6) Total 

(7) Y = Min (0. 0, Li. 6)  

Y = Max (Li .  6, 100.0) 

-- 

Step 5. 
Summary 

Y = total  secondary vol, pct. 
of demand 

Total demand, a c  ft. 

Y = total  secondary 

FIGURE 1 



HETCH HETCHY RESERVOIR 
DEPARTMENT O F  WATER AND POWER 

WORKSHEET FOR ALLOCATION O F  TOTAL SECONDARY 
WATER TO TUNNEL AND RIVER 

( F o r  Case  of TW < DT) 

1. Refer  to Fig.  11, Vol. I, Hetch Hetchy Rese rvo i r  Tuolumne Month 

River  - River  Re lea se s ,  Bechtel  I n c . ,  Date 

1 San F ranc i sco ,  California 

2. Compute Rat ios :  

DW = Tunnel demand 

D F  = River  demand 

DT = 'Total demand 

TW = Available Water 

Decimal  % (Frac t ion)  of 
A c r e  Ft. Tota l  Demand 

d,,, = 

df 

d+ = 1 . 0  

t,,,= 

3 .  Identify Case  (equal O/o curta i lment) .  

1. 2. 3 .  

d W < t W S  1.00 df ': t, 5 d, 0 5 tw ( df 

W U 
Check applicable box and u s e  equations in  column 
below to  compute tunnel and r i v e r  r e l e a s e s .  

Convert  t o  Ac re  Ft. 

RW = rw . DT 

=( ) ( ) 

FIGURE 2 



REFERENCE: Vol. II, Hetch Hetchy - Tuolumne River Releases 
Bechtel, Inc., San Francisco, California, 1972 

HETCH HETCHY RESERVOIR 
DEPARTMENT OF WATER AND POWER - CITY O F  SAN FRANCISCO 

WORKSHEET FOR ESTIMATING TOTAL SECONDARY RELEASES 

Date 

Release Estimate for Month 

FOR COMING MONTH 

Step 1, Compute Percent Values for State Variables Step 2. Check State Variables XI and X7 against rough rules of Table 111-2 for 100 pct. release. 

State Variables 
Current Value Base Value Current Value in 

Symbol Description ac  Ft. Table 111-5 % of Base Value 

XI  ~nflow last  month: /L6$ / / 9,400 j-7,?42 
xi! Content end of month: /3 /46Y 360, 173 3 6.50z 
X3 Bartell  Forecast thru June 30: $2 7,022 583,Z 22 90.355 

Step 3. Discriminant Analvsis (if required) 

Function No. I. Di.scriminates between: 
Category 1: y=/QO % 
Category 2 : ~ < / 0 0 8 ~  

Discriminant Coefficients Product ai xi 
Table 111 - 3 (xi in pct. ) 

(3) a3 + 0, //$533 x 9d,J3-5- /be  7/06 
(4) L = Subtotal (li (1) to  (3)) /d. 3378 
(5) % (Tab. 111-3) = - /&. 682 
( 6 )  L-LC = total (li. (4) + (5)) - 2. 342 2 
(7) A Pr ior i  Pr. Correction 

loge (92 1 9 1 )  - Tab. 111-3 f ,4ff;7 
(8) L-Lk = total (li. (6) - (7)) -2.7478 
(9) Assignment of release to category 1 o r  category 2 

If line 18) 2 0. 0 : Cat. 1 Rel. Cat. No. 2 
~f line (8) < 0.0 : Cat. 2 Y < /SO 5 

Rough rule: Inflow must be > /db' % X I =  n 9 a z  
Content must be 7 5f % X, = 36. go 

This rule indicates 100 pct. release: Yes No 

If not, go to Step 3. 

1 

Step 3a. (if required) 

Function No. 2 Discriminates between: 
Category 1: 
Category 2: 

Discriminant Coefficients Product a jx i  
Table 111 - 3 (xi in pct. ) 

(3) a3  

(4) L = Subtotal (li ( I )  to (3)) 

(5)-LC = bo (Tab. III-3) = 

(6) L-LC = total (li. (4) + (5)) 

(7) A Pr ior i  Pr. Correction 
loge (92 1 91) - Tab. 111-3 

(8) L-L& = total (li. (6) + (7)) 

(9) Assignment of release to category 1 o r  category 2 

If line (8) > 0. 0 : Cat. 1 Rel. Cat. No. 

If line (8) < 0.0 : Cat. 2 Y 

I Step 4. (if required) 

Regression analysis, limits on region 
of applicability (Table 111-5): 

Coefficients (Table 111-5) Product b; xi 

(I ) b 1 $0, /d3 ?G)25 7.662 
(2) b2 42, 792LX360702s /b/ 3 3  5 
(3) b3 f /,5207I%, j$j'-= /? 7 .do3 
(4) Subtotal 2$5; .OO 8 
(5) bo = Constant -/$d .,?d 6 
(6) Total 0 .444 
(7) Y = Min (0.0, Li. 6) 

Y = Max (Li. 6, 100.0) ~ ~ 4 / 3 1  

Step 5. 
Summary 

Y = total secondary vol, pct. 
of demand . - 

Total demand, ac  f t .  2 71/25 
Y = total secondary 
release, ac  ft. /g f2/ 



HETCH HETCHY RESERVOIR 
DEPARTMENT O F  WATER AND POWER 

WORKSHEET FOR ALLOCATION O F  TOTAL SECONDARY 
WATER TO TUNNEL AND RIVER 

- (For  Case of TW< DT) 

Refer to Fig. 11, Vol. I, Hetch Hetchy Reservoir Tuolumne Month /qb$ 
River - River Releases, Bechtel Inc., Date //-26-72- 
San Francisco, California 

Compute Ratios : Decimal O/a (Fraction) of 
Acre  Ft. Total Demand 

DW = Tunnel demand 24 17 3 d,,, = 2 7 S q  
DF = River demand 3,356 df = . / 2 3  ? /  
DT = Total demand 1 7,12?' d+ = 1.0 

TW = Available Water /8 58/ - - .6Y49J 

Identify Case (equal 70 curtailment). 

1. 2. 3. 

d w < t w ~ l . O O  d f < t w  5 d w  o < t w  Ldf 

Check applicable box and use equations in column 
below to compute tunnel and r iver  releases.  

rw = rw = . >-J'd/>- Convert to Acre Ft. 




