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Abstract

Basically, there are two ways viewing the reservoir storage-yield relationship. The most common
viewpoint is the determination of the storage required at a given reservoir to supply a required
yield. This type of problem is usually encountered in the planning and early design phases of a
reservoir. The second viewpoint is the determination of yield from a given amount of storage.
This often occurs in the final design phases or in re-evaluation of an existing reservoir for a
more comprehensive analysis.

The purpose of this study is to improve the present methodology estimating the storage-yield
relationship for a reservoir design or a reservoir operation. The Residual Mass curve Technique,
the slightly modified version of Low Flow Techniques and the Transition Probability Matrix Tech-
nique are reviewed and examined for the best fit technique to find the reservoir storage-yield rela-
tionship. The historical data during 1917~1940 at the proposed Hongchun damsite and the synthetic
data simulated by Thomas-Fiering model are utilized to examine the reservoir storge-yield relationship
with three techniques in detail.

After the three techniques which estimate the reservoir storage-yield relationship were reviewed
extensively, it was concluded that the Residual Mass Curve Techrique and the slightly modified
version of Low Flow Techniques were suitable for a preliminary design, but the Transition Proba-
bility Matrix Technique Provided satisfactory results as a final design technique because it reflected

the variation of a monthly yield as well as seasonlly.
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Fig. 1. Diagrams for residual mass curve technique.
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Table. 1 Sample computation of independent low flow
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500, C=500 unit (full)e] 7 7t @2 448 5+ 9
o}

Brokiwe] FIHRAEZL o(empty) A=), F wjo] 9l-&
R @3 BHEAERA & 19174 2 ARA9
174 1 AR K& (Ciarr.2)-2 chg3h 2Het.

Cipir.1+ Xig17.1— Yisra=0{empty) +9. 9
—82. 05=—72. 15(unit)

C1917-2 =

284, Ciore 9 FKEe] —72.5 unit &) $= ¢
o, divistd, HKEel B(—)ol FES $ 97 AF
olet. ojuli= ke O(empty)ebz fBiEstn H&E

< MBa.
Cinr.a=Crar.2+ Xigiz.a— Yig17.2=0-+8,5—82. 05
=-73. 55 (unit) —0(empty)
C1913.1=.01917.1z+X1917-12“ Yis17.12=0+13. 9—82.05
= —68. 15(unit) —~0(empty)
%, 01758 A BREHER 98] 19184 1
AANTE 12 A Qe WkES Fai=, £3
o HrkHt vlglE W ERNZ A ", mker

Cir1 9] kol OAXER 500x10%m3 & 238 =
sl 22 Br/KE&S 500unit(full) 2t R8sy g,

oj ol . Fvel o8] 1918 4Eol A 1940 AR 4
) BrKEo) o(empty);ﬁﬁﬁ%ﬂ F£X kg RS

, #EBX Table 2 b ztch, o4 ( )
e HEE Jekig,

Table 2. Transition years
Initial state
C=0(empty)
Final state
C=0(empty) (x 10°m?) 1917 1919 1921 1929 1939 (5)
0<<C100 1924 1928 1932 (3)
100<CC <200 1918 1923 1937 (3
200<CC <300 1920 )]
300<CC <400 1922 1925 1926 1927 1930 1933 1934 1935 1936 1938 1940 (11)
400<CC<500 1931 1)
C=500(full) 0

1917 1918 1919 1920 1921 1922 1923 1924 1925 1926 1927 1928 (24)

Failure 1029 1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940

Ve A R KHOREE - 0<<C <100,  100<<C <200,
200<<C <300, 300<CC<400, 400<<C<500, C=500unit
(full)el] sisi A 23 2w, C=500unit }REES == 3
BE gt o9 REEY =& 2 Zone o] miRfHsl
50, 150, 250, 330, 450 unit 2 Er7kihe] FMEAREED BE
ok, zElm gl Aol 2L Hikew R Erki

7t ol fREES &3beAE TY 4 slch
Z E PR 93t FRAMRIEE transition years o]
g ()l 98t 752 Frsld g3t zbc.

Initial State

0 1) @ @) @ G 6
W (s 5 5 5 4 2 2
mi3 3 3 2 1 2 0]
{3 3 3 3 3 1 ’
i1 1 1 2 3 4
(4) |11 11 11 10 11 13 I
G/ 1 1 1 2 2 2 2
@®to 0 ¢ J
S R&EY m@%‘to
3 e TPM & 3 4+ 9ot

Final
State

242 vy
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0.20833 0.20833 0.20833 0.20833 0.16667 0.08333 0.08333
0.12500  0.12500 0.12500 0.08333  0.04167 0.08333  0.00000
0.12500  0.12500  0.12500  0.12500 0.12500 0.04167  0.12500
T=| 0.04167 0.04167 0.04167 0.08333 0.12500 0.16667 0.16667
0.45833  0.45833 0.45833 0.41667 0.45833 0.54167 0. 54167
0.04167  0.04167 0.04167 0.08333 0.08333 0.08333 0.08333
0.00000  0.00000  0.00000 0.00000 0.00000 0.00000 0.00000

a2zl 8] TPM & %

AR —FFgd ¢
= zheh.
P;={0. 18073 0.08000 0.11938 0.09229 0.46011
0. 6750 0.0000017
T; #E{EfT15(Transposea)
Table 2 <] 4} Failure 9| #EpEx= 1
Aol chE fFkithzh vl gl ool #dsts 2
vebd iz, ( )<kl #EE FEY HAES »}E}Lﬂﬂ}.
whebA fpkihe] 7t fREEH dei M FEe Helm RE
of Tl A REEZ 7S MFEHKEGESE 2l
el Table 2 o 722 FE (Fp3 &9 Failure f§2
C ke 2l FEE OHfEe HERQ 242 Jy
ol 4 T & gl
f:=01.00000 1.00000 0.83333 0. 45833 0. 20833
0. 08333 0. 8333]

28 ste}, FEo)] 4T pER(Probability of Failu-
re)& X (2,129 o84 ohgslk gol RRY 4 9l
.

o= #o BuieERe Bd 4%

EEE] ) o] ,<1

Prob.:}l:_j: Pifi
=0.504 & 30.4%
2| F7hA Bk &
o] 500x10°m3 <l A

2 T+t
grell A o} 2+ kel oA ErKHe  Storage 9}
Yield o] i BEA 7Y BRE 7+ At F,
HHae ATEHAR (9], 2% 10%m/mon.) 4 10, 20, 30,
40, 50, 60,70, 80, 90% 2. BEIAA =, /& BEj

o] 82.03x 10°m3/month o}
‘F"] Z:E:XO ‘11

I ERE
& PR 50.4%

BREED = R (2 1)l oA ofef of 22 M AR R Biftd o,

0 -0.79167  0.20833 0.20833  0.20833 0.16667 0.08333  0.08333 Py
0 ( 0.12500 -0.87500 0.12500 0.08333 0.04167 0.08333  0.00000 P,
0 0.12500  0.12500 -0.87500 0.12500 0.12500  0.04167 0. 12500 Py
Lo = 0.04167  0.04167 0.04167 -0.91667 0.12500 0.16667 0.16667 |-| Ps
! 0 0.45833  0.45833 0.45833  0.41667 ~0.54167 0.54167 0. 54167 P,
t 0 0.04167  0.04167 0.04167 0.08333 0.08333 -0.91667 0. 08333 P
1 1.00000  1.00000  1.00000 1.00000 1.00000  1.00000 1.00000 P )

sl KBRS
md) o 7 BEjAI7] A Rige]
gk,

Fig. 9 &= Computer & Flffsted 2#a FEIEFES
ekl Aole, 2 RS Fig. 10 3 o] Storage &}
Yield o] 7} fgif-g FRst +F okl Ax 2 HEE
7Horsle] 50, 20, 10, 5, 2% RS %43 Storage-Yield
M#gE FRT & Ao =4 2 HikeZ Thomas-
Fiering o] os] #ERA" S Agslg
Bol BAEY ERE 7 4 ot

READ;
MONTHLY FLOWS

RESERVOIR STORAGE CAPACITY
RESERVOIR YIELD

RSl 100, 200, 300, 400, 500( x 108
WY HELT TE S

OBTAIN TRANSITION PROBABILITY MATRIX
BY MONTHLY FLOWS THROUGH RESERVOIR ZONES

SOLVE SIMULTATEOUS EQUATIONS
BY PIVOT — CONCENTRATION METHOD

| CALCULATE THE PROBABILITY OF FAILURE |

WRITE;

TRANSITION PROBABILITY MATRIX
SIMULTANEOUS EQUATIONS
PROBABILITY OF FAILURE

STOP

Fig. 9. Flow chart for the calculation of TPM technique,
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Fig. 10. Storage-Yield curves by TPM technique
(historical data).
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Fig. 11. Storage-yield curves by residuzal mass curve technique, low flow technique and
TPM tzchnique (historical data & synthetic data),
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