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INTRODUCTION H

The analysis of hydropower storage projects has traditionally
been performed by use of sequential reservoir routing techniques,
whereas the use of non-sequential techniques has been traditionally
limited to the study of run-of-river type projects.

While individual power storage projects should be analyzed by
detailed sequential routings when sufficient funds and detail are
available, the non-sequential or flow-duration technique (as modified
herein) can be made to somewhat approximate the results of a sequen-
tial routing by modifying the flow duration curve to represent
outflow conditions.

The intent of this paper is to briefly outline the technique
developed to enable the analysis of power storage projects using
a non-sequential approach and, more importantly, to illustrate the
improvement in estimates of energy and capacity from employing the
technique.

FLOW-DURATION CURVE ADJUSTMENT

A storage project, in general, accumulates excessive inflows
for future use during low flow periods, thereby transforming the
inflow~duration curve, based on inflows into the project, into a
flatter outflow-duration curve, reflecting the operation and effect
of the project's storage as depicted below:

lﬂydraulic Engineer, Hydrologic Engineering Center, U. S. Army
Corps of Engineers, Davis, CA 95616
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Superimposing the curves in Figure 1 results in the combined 3
curve in Figure 2.

t\ Curve
‘///’WITHDUT STORAGE
Effact

\

\ Curve

WITH STORAGE
tffect

Discharge

O
\S)
—

- - -

i
; ~ ¢
1 .

p
0 % Exceedence 100
- Figure 2

% 2




4
The area (A ) under the original flow-duration curve is preserved .
and the mod¥fied flow-duration curve passes through points C; and i
Cy.
Where:

C1 represents a discharge corresponding to 1007 exceedence;
C, represents a point of intersection between the two curves.

An analytical technique was developed to transform the shape
of the inflow-duration curve to the form of the outflow-duration
curve. This mathematical algorithm will generate an outflow-duration
curve and meet the following conditions:

1) the value of the function (flow-duration ordinate) at
100 percent exceedence must be Cj;

2) the value of the function (flow-duration ordinate) at some
percent exceedence p must be C,, where 0<p<1.0;

3) the area under the modified outflow-duration curve must equal
the area under the original inflow-duration curve (Ao).

st t
PARAMETER DETERMINATION

Attention is now focused on making estimates for parameters
Cl’ CZ and p.

The selected discharge value of Cj, corresponding to the
percent exceedence point of intersection between the two duration
curves, is critical in the mathematical algorithm for allowing
feasible development of the outflow-duration curve. Comparison of
inflow and outflow-duration curves for various storage projects
tested revealed that the point of intersection between the two R
duration curves deviated unappreciably from the percent exceedence
value corresponding to the average annual inflow A,- Therefore,

C2 is assumed to be equal to A,, which generally corresponds to
percent exceedences ranging in value from 15 to 35 percent. The
value of A, is a constant and represents the area underneath the
original inflow-duration curve, which is easily determined by
integration. The selection for C2 will automatically determine the
value of p because Cy and p are functionally related through use of
the flow-duration relationship.

The value of C; is dependent on the storage capability of the
site being analyzed. Accordingly, it seems reasonable to assume
that Cy can be estimated by considering the base flow component




of the flow regime and the minimum flow contribution due to reservoir
regulation during adverse flow conditions as follows:

= QMC + QMSCuuvervnnnonnnnoennnnnannnns S - Tl

(¢
=
I

Cy = the minimum flow value on the outflow-duration curve
corresponding to 100 percent exceedence;

QMC = the minimum flow value on the original inflow-duration
g !
curve without regard to storage effects (100% exceedence ;
value);
QMSC = the minimum flow contribution attributed to reservoir

operation under critical low inflow conditions.

Critical low flow conditions occur whenever, over a sustained
period of time, a reservoir is regulated to release additional
flow in excess of upstream inflows as a means of satisfying designed
project purposes. With regard to hydropower, this operational policy,
if continued, can actually exaggerate the situation since depletion
of power storage reduces the effective headwater and correspondingly !
the operating power head; requiring a continually increasing amount
of flow to sustain energy requirements. The period of maximum draw-
down can be defined as the period of time which begins with full
power storage and ends when the power storage remaining is at a
minimum. By definition, the period of maximum drawdown will then
contain the most adverse streamflow conditions and will require
! the maximum withdrawal of water from the power storage. An estimate
of QMSC can now be approximated by determining the depletion rate
occurring throughout this period.

As an initial step, the power storage can be converted from units
of volume, typically in acre-feet, to units of flow rate (cfs). To
perform this conversion, a time period, say one year, must be selected.
The resulting value expresses the power storage potential as the
average amount of flow that can be extracted from an initially full
power pool throughout a period of one year.

However, as defined above, the period of maximum drawdown is
unconstrained with regard to the length of time required to
complete the process, and actual reservoir operations have demonstrated
this period of time varies from a few weeks to several years in length.
Accordingly, the initial depletion rate (assuming a one-year length
in the period of maximum drawdown) must be adjusted by a factor to




reflect the project's actual length in time to minimum pool level
as shown below:

QMSC = PS * ACF *# ADJF.....ccvnennee teevaressssassss-EQ. 2
where
PS = power storage expressed as a volume (acre-feet);
ACF = a conversion factor (0.00138) which when multiplied by
(PS) expresses the amount of power storages in terms of
an average annual flow rate (cfs-yr);
ADJF = adjustment factor applied to the power storage to correct

for variation in the length of the period of maximum drawdown.

From Equation 2, one can conclude that a length of the period of
maximum drawdown exceeding one year requires the adjustment factor
(ADJF) to be less than one. Conversely, a length in the period of
maximum drawdown less than one year requires ADJF to exceed unity.

In effect; ADJF can be alternatively defined as the reciprocal of
the length in the period of maximum drawdown, when time is measured
in years. i

Several attempts at establishing a relationship to determine
a value for ADJF were performed. The regression equation finally
selected is based upon 113 existing and proposed hydro sites
throughout the United States and is shown below:

ADJF = 0.65 + 1.113 * LOG(1/PSR)....ec0evenececrcese..EQe 3

where PSR represents a project's power storage to mean annual flow
ratio.

Statistically, the above equation resulted in a R-squared value
of 0.49 and a standard error of 0.45. A plot of this relationship
can be seen in Figure 3.

The PSR is a dimensionless parameter which expresses the relative
size of power storage to average annual inflow and is determined by
converting power storage to an average one year flow rate, as
previously suggested, and then dividing the result by the project's
expected average annual inflow. In addition, this parameter is a
relative measure of the ability to control the length of the period
of maximum drawdown through regulation of project storage.
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A relatively large PSR, say greater than 1.0, indicates
sufficient storage capacity so that, on the average, there exists
the capability of extending the period of maximum drawdown during
sustained periods of low inflow., As the PSR falls below 1.0, this
capability to attenuate diversity between inflow awailability and
project demands decreases, causing the average length of the period
of maximum drawdown to decrease, accordingly. Another observation
from Figure 3, substantiating this conclusion, is that as the PSR
falls below 1.0, considerable increase in scatter of the data
occurs., This implies that the storage effect is becoming relatively
less important than the effect of diversity between inflow supply
and energy demand. A direct determination of parameter Cj is now
possible by successive use of Equations 3, 2, and 1l; allowing for a
plausible solution to systematically produce a synthetic outflow-
duration relationship for projects exhibiting power storage.

The substitution of the synthetic outflow-duration relationship
for the original inflow-duration curve should substantially improve
any estimate of average annual energy and should additionally enable
an approximation of dependable capacity to be performed when used
in a non-sequential power potential analysis.

AVERAGE ANNUAL ENERGY COMPARISON 1

Tables 1 and 2 illustrate the effect of using the flow-duration
adjustment technique in the estimate of average annual energy.

Table 1 is comprised of twenty-six existing storage projects,
each of which is currently installed and operating for energy production.
Each project, defined by a site identification number and a project
name, has been simulated on computer by using a computer program
called HYDUR(1). This program is design to perform power potential
analyses using a non-sequential methodology. HYDUR can be operated
in the traditional fashion or can be operated using the flow-duration
adjustment option based on user input. Column 1 displays average 1
annual energy estimates based on using standard non-sequential
techniques. Column 2 contains energy estimates based on using the
adjustment option. Column 3 represents the percent increase resulting
from estimating average annual energy using the adjustment option as
compared to standard non-sequential methods. In two cases where a
decrease in the estimate of average annual energy occurred, the
corresponding PSR’'s were 0.021 and 0.009; both relatively insignificant
amounts of power storage. In general however, the use of the adjust-
ment option resulted in an appreciable increase in the estimate of
average annual energy. On the average, the increase was 13 percent.

4 This trend is expected because the effect of the flow-duration
adjustment is to produce a flatter and less "peaky" outflow-duration
curve, thereby reducing the amount of average spill and increasing
the amount of average annual energy.




TABLE 1 AVERAGE ANNUAL ENERGY ESTIMATE (GWH)

Column 1 Column 2 Column 3
No

Si.e Name of Project | PSR Storage effect | Storage effect | % Increase
SWT0418 | Broken Bow 0.539 114.63 132.86 16
SWT0419 | Eufaula 0.388 200.51 261.56 30
SWT0457 | Keystone 0.069 203.66 232.55 14
SWF0015 | Whitney 0.251 61.99 88.68 43
SWF0092 | Sam Rayburn 0.817 99.09 106.09 7
SWL0O0O5 | Bull Shoals 0.482 633.14 636.77 1
SWL0013 | Greers Ferry 0.445 198.76 249.91 26
SWL0010 | Beaver 0.863 151.55 179.84 19
SWL0126 | Table Rock 0.667 454 .84 502.48 10
SWTI0513 | Fort Gibson *0.009 190.40 178.46 -6
LMKOOO3 | DeGrey Lake 0.740 83.20 89.56 8
IMKO008 | Quachita Lake 1.075 147.57 169.73 15
LMK0026 |} Greeson 0.642 32.66 36.24 11
MRK0060 | Harry S. Truman [¥0.021 184.25 181.51 -1
MRKQ067 | Stockton Lake 0.714 47.58 50.61 6
MR00123 | Big Horn Lake 0.140 922.45 1000. 64 8
MR00158 | Canyon Ferry 0.171 352.93 375.64 6
MR00215 | Lake McConaughy | 0.838 114.79 115.53 1
MR0O0274 | Lake Francis Case| 0.093 1976.93 2081.48 5
MR0O0326 |} Boysen Reservoir | 0.406 80.03 86.16 8
MR00366 | Glendo Reservoir { 0.344 95.15 122.03 28
SAW0100 | John H. Kerr 0.190 428.36 442,88 3
SAW0101 | Philpott 0.557 29.81 30.37 2
SWL0004 | Norfork 0.270 157.08 222.42 42
SWF0001 | Toledo Bend 0.376 242.68 256.11 6
SWT0302 | TanKiller 0.343 103.59 132.01 27

Average 13

Tables 2A and 2B compare average annual energy estimates derived by
sequential routing methods using computer program HEC-5 , the non-sequential
adjustment technique, and traditional non-sequential techniques; both latter
estimates using computer program HYDUR. For each of the twenty-six existing
power projects, three separate simulations were performed to evaluate the
effect of reallocating additional storage volume to the production of energy,
The first simulation estimates the average annual energy potential of the
existing power project. Simulations two and three estimate the average
annual energy potential after reallocating ten and twenty percent of the
existing flood control storage to power, respectively.

The results indicate that the non-sequential flow-duration adjustment
estimates of average annual energy were generally larger than the energy
estimates resulting from sequential routing efforts. Conversely, the
standard non-sequential estimates were generally smaller than the energy
estimates resulting from sequential routings. On the average the fractional
differences were 1.046 and 0.960 for the existing project comparison;

1.054 and 0.956 for the 10 percent reallocation comparison, and 1.059 and
0.952 for the 20 percent reallocation comparison, respectively.

8




266°0 TT°I%6L LY T26¢L 9660 09°€eEY7L w6 8LLL 096°0 79°L0EL %8'TT9L TrIol
96870 0Z2°90C¢ 91°0¢€2 £68°0 78'86T 99°72¢ S68°0 0%°06T 9.°C12 uosqy) 3104 €TSOLMS
2L6°0 I7°09% ¢8°ELY 696°0 £9°LG%  EE°TLY L66°0 89Sy 0£°9GY ¥o0y |1qel 9ZTO'IMS
088°0 £8°Z6T €L°¢tLT 188°0 9T°2ST  9L°TL1 £88°0 96 TIST  £9°TLT Iaaeag 0T00'IMS
9¢8°0 S0°L0Z 86°CY%C 8¢8°0 98°00C TL°6€2 %8°0 9.°86T 62°9¢T L1134 s19319 £TO0'IMS
6€0° T 6£°799 T%°L¢9 870" 1 8%°9%9  76°9719 LS0° T PT°€EL9  8L°86S sTeoys 11nd S000IMS
886°0 98" 100 OT"tOT 066°0 ¢6°00T 06°T0T 986°0 60766 06 °00T uanqdiey wes 26004MS
6£8°0 9L°%%  0T°LL 8¢8°0 6€£°¢£9 09°6¢ 9%8°0 66°19 0E €L Kau3TyM 6T004MS
£98°0 0¢°81c 08°ts¢ 698°0 09°TTZ  0OL°%%C 698°0 69°t0T 0% %t auo3sAay LS%0LMS
088°0 68°¢£0C 08°1¢€ 288°0 | R A YA VS YA %88°0 05700 0L°9C2 ernejny 6T%01MS
£68°0 6%7°8TT 0L°C¢1 688°0 ¢9°9TT 0C° T¢I £88°0 €9°%1T 07621 mog uanjoag 8T%01MS
988°0 £6°L0T Ov°TCT 988°0 99°60T OL°6TT £88°0 65°€0T 08°9TT 19TTTUEeL Z0E0LIMS
£66°0 02 wyZ 0Z°9s2 T166°0 ¢9°€vT 01°96¢ 6%6°0 89°zve  08°6STC puag opaToy T0004MS
€LL°0 08°09T 01°807 9LL7°0 00°6ST  08°%02 6LL°0 80°LST O0L°TOC }103I0N %000 IMS
890°1 81°0¢ ST°8C £90°1 86°62 01°82 TL0°T 18°62 8 LT 130d1TYd TOTOMVS
¢86°0 TE"TIS?  %%°6SY 886°0 TL°ThYy  T1°8%y £86°0 9¢°8T% 96°6LY 119} °H uyor 0010OMVS
9¢6°0 89°86  L%°S0T 0%6°0 18°96 86°C0T 8%6°0 ST°S6 LE°00T *AI9S3Y OpuaT)H 99€ 00N
020" 1 96°S8 0t°%8 LT0°1 G878 06°18 9101 £0°08 08°8¢L *ax2s3y uasdog 97¢00uK
656°0 92°800¢ 08°£60¢ £96°0 9%°666T 07" %907 7L670 €6°9.6T 08°€L0C |°SE) SToUBRLY aeT] %L 200K
€e0° 1 wSULTIT 09°¢€TT 790°1 ZT°9TT  O0T°60T 160°T 6L°%TT  02°60T Ay3neuoddy e STZOOUH
9¢6°0Q ¢8°69t 08°%LE 6(6°0 £8°66€  06°L9¢t ¢86°0 £6°76€  0%°65¢ L1133 uwokue) 85 TO0WH
886°0 90°0%6 T9°1S6 886°0 9£°1€6  09°Z%6 886°0 9%°776 0%°€€6 e uloy 3rg £ZTO0UK
LL6°0 6%7°6% 99706 786°0 16°8% 6£°6Y 266°0 86°LY 96 LYy 278 u03}203S £900MH
%?00°1 69°1ZC 06°0TC T10°1 £€5°60C  0£°€0T 9€0° 1 ST°%81T 0T°s8lT uewniy *S Axxey 0900TaH
8.8°0 0e-ee w6 LE 8.8°0 L6°C¢ £6°LE 088°0 99°2¢ £1°LE uosaaxy 9Z00MH1
6.8°0 96°6%T T2°0LT 6.8°0 Z6°8%T  66°89T1 8(8°0 9G°I%T  66°L9T e eiryoend 80001
6%6°0 16°%v8 80°68 6%6°0 98°¢8 LE£°88 6%6°0 0Z7°¢8 £9°L8 aje1 £a193q £ 000N
FONTYIJL1A dNAAH G6~D3H | IONIYAAAIA dNGAH  S-DdH | IONTYILIIA YNAAH  $-DO3H Lo3rodd JLIS
TYNOILOVHA TVNOILOVYEd TVNOILOVYA 40
INIO¥dd 02 INIIYdd 0T ONILSIXH JWVN

(HMD) XDYANT 'IVNNV AOVYIAV

SANDINHOAL TVIININDAS-NON AYVANVIS ANV TVIININDAS HNISN
KOWIANT TVANNY FAOVYAAV JO NOSITYVAROD VI 318Vi




650° 1T 26°68€8 Lv°T1Z6L %60° T 69°00Z8 %6°8LLL 970" 1T Z21°296L %8°T19L TeI0]
%00° 1T GO'TET 9T1°0€T 8.6°0 9.°L1Z 99°22C 6€8°0 9%°8.T 9.°21C uosqI9 31103 €T1S01MS
6L0°T 9% TIS T8 €LY €L0°T L6°90S €€°TLY T0T°1 8206 0€°96% o0y 3rqel 9ZT0IMS
(90T [8°T8T €L°EL1 L90°1 T8°08T 9L°ZLT 8v0° T %8 64T €9°TLT 13avoyg 0T00IMS
€90°T 9€°86Z 86°TYT 090°T TI°%ST  TL'6ET 860°T 16°6%Z 67°9¢€C L1321 813219 €100TMS
090°1 19°GL9 1y LE9 %90°1 Z7°969  Z6°919 €90°1 LL°9€9 BL°86S sTeoys 1Ing $000MS
650° 1 91'60T 01°€0T 560" 1 %6 /0T  06°T0T 960°T 60°90T 06 00T uinqiey wes Z6004MS
0TE" T LT°TOT 0Z°LL 692°T $6°S6 09°6L 01T 89°88 0€°€L Lau3Tym S$T004MS
L%0°1 08°'%9Z 08°5¢ 020°T $9°6%C 0L %%C 266°0 §6°Z€Z 0% %ET auo3ysfay LSYOIMS
997" 1 0Z°0L7 08°1£C 091°1 00°99Z 0£°622 Y611 96°19Z 0£°92Z erneng 6TY01MS
L£0°T 9SG LET 0L°ZET T€0°1 €2°6CT  0T°TET 870°T 98°7€T 0Z°6¢T mog uanoig 8TH01IMS
191°1 %6°0%T O% 1T SHT'T 09°9€T 0£°6TT 0£T°1 10°2€T 08°91T XaTTTNUEL Z0€01MS
%10 T GL 657 0Z°95C 600°T 8€°857 0T°962 100°T T1°96Z 08°6ST puog opaTolL T0004MNS
TASE £€6°€€Z 01°80C STIT'T 9822  08°%02 €0T°T IY°7TT 0L°T0T y10310N $0007IMS
680° T {L°0€ ST°8T 8801 96°0¢ 01°82 160°T LETOE w8l 330dYTUd TOTOMVS
910°1 65°99% Y¥%°6GY 9T0°'T TE'GSY  TT 8%Y% 910°T 88°IHY 96°SEY 119y °H uyof 00TOMVS
1621 96°TET (%S0T VINANT 60°LZT 86°70T 9TZ°T €0°2ZT LE£°001 *A19s2y OpuUdTH 99€00YW
rZA SN 96°%6 Q€ Y8 LOT°T © €2°06 05°18 €60°T 91°98 08°'8¢ *A19s9y uaskog 9Z£00UH
T€0°T £8°6STZ 08'€60C 620°T LS 9ZTT 0Z°%90Z £€20°T1 8%°180Z 08°€€0Z| @s€D sTouray ae] %LZ00W
£%0° 1 1S°8TT 09°€TI 2L0°T L6°9TT OT'601 860" T €6°STT 02°60T Ky3neuonoy ae] STZOOUW
€90°1 Z0°66€ 08°Y(E $GS0°T (8°L8C  06°/9€ SH0°T %¥9°GLE 0%°6S€ L1193 uodue) SSTOOWN

80°T %6°G6Z0T T9°1IS6 GL0°T L7 ET0T 09°Z%6 7L0°T %9°000T 0% €E€6 aje1 uioy 9rg €ZTO0MK _

%60° T 8€°€S  99°0§ T160°T 6 1S 6E 6% 6S0°T 19°0S 96°LY a)eT uo3xRd01g £900MIK .
950°T 62°€€C 06°0TZT 6€0°T LZ 117 0€°€02 6T0°T IS°T8T 02°8.LT uewniy) g Lxxey 09003
9/6°0 ¥0°LE  %6°LE 9/6°0 79°9¢ €6°LE 9L6°0 %2°'9¢ ET°LE uos?319 9Z00MIT
£10° T 9¢€°ZLT TT°0LT Z10°T 66°0LT 66°89T 010°T €L°69T 66°L9T e earyoend 80001
€20°T ST°16 80°68 €20°T 8€°06 LE°88 2e0°1 96°68 €£9°/8 e Kaa9aq €000

FONTHIIA1A MNAAH  6-D3AH  [IONTNTIIIQ YNAAH  G-DdH  [TONTYRIIIA ANAAH  $-D3H 103royd ar1s i

TVNOIXIOVYI TVNOILOVYA TVNOILOVYI 30 ,

INGO¥Ad 07 INID¥YAd 0T INILSIXT THVN
(1M9) ADWANZ IVANNV AOVIIAV .
SANDINHOAL INAWLSACAY IVIININDAS-NON ANV TVIINANDAS HNISN .
LOWANT TVANNV I9VHIAV 40 NOSTAVINOD 492 AT1aVl 4




Additionally, comparison of average annual energy estimates
calculated by both the sequential and non-sequential methods
resulted in fairly constant deviations in the energy estimates for
all three cases tested for each of the twenty-six projects.
Although the absolute energy estimates differ on the average by five
percent, the estimates of incremental energy gained from reallocating
additional storage to power are averaging within about one percent.

These observations suggest that the flow-duration adjustment
option is adequately redistributing the available streamflow for
power potential analysis and therefore indicates that the primary
cause of the difference in energy estimates is due to a difference
in power head between the two techniques. This was expected because
the average headwater elevation in all the non-sequential simulations
was assumed to be at the top of power pool. A more practical
selection would be to choose the normal pool headwater level as a
fractional percent of the total power pool available. If the project
is existing, past operation of the project may give a clue in estab-
lishing this fractional percent value. For proposed projects, results
from Table 2B indicate that a fractional percent ranging between 0.85
to 0.95 is appropriate for projects exhibiting sufficient power
storage (power storage to mean annual flow ratio greater than 0.10).

DEPENDABLE CAPACITY COMPARISON

Dependable capacity can be defined as the capacity which
under the most adverse flow conditions on record, can be relied
upon to carry system load, provide dependable reserve capacity,
and meet firm pcwer obligations, taking into account seasonal vari-
ations and other characteristics of the load to be supplied(3)..
The association to the "most adverse flow conditions on record," in
the definition of dependable capacity strongly supports the notion
that parameter Cj might be valuable as an indicator in approximating
this capacity value. This assumption was tested and it was found
that dependable capacity could be estimated by using the power
equation as follows:

DCAP = C(C1/PF) He.vevevenerenonesennoss S - I
Where:
DCAP = dependable capacity in kilowatts:
C = .084603 conversion factor which expresses power in
kilowatts;
c

1 the minimum flow parameter as previously defined;




PF = the average annual plant factor relating dependable
capacity to its firm energy requirement;

H

il

net power head in feet;

e = overall efficiency (assumed equal to a constant 0.86)

The quantity (C1/PF) represents the expected minimum flow adjusted
for average time of hydropower plant operation.

Equation 4 was employed with data from all 113 projects used.
to develop the parameter ADJF and the resulting estimates of
dependable capacity were compared to corresponding dependable
capacity values estimated from sequential routing techniques (HEC-5).
This comparison, depicted in Figure 4, resulted in an R-squared
value of 0.985 and a standard error of 10,700 kilowatts. Comparison
of empirical (non-sequential) to sequentially determined capacities
varied over a range of 100 kilowatts to 650 megawatts., A departure
in plotting position above an imaginary 45° line represents an
underestimate of dependable capacity determined empirical as compared
to dependable capacity estimated using sequential routing techniques.
Conversely, a departure below this line represents an exaggeration
of dependable capacity. Maximum departure about this line, in terms
of percent difference, occurs for small installations (i.e., projects
having installed capacities less than 2 megawatts). Small install-
ations are generally associated with projects possessing limited
storage capacity and correspondingly small power storage to mean
annual flow ratios (PSR). Since the regression equation used to
estimate ADJF (Equation 3) was incorporated in the empirical determi-
nation of dependable capacity, the problem of increased scatter
associated with small PSR's is most probably the underlying
influence causing these maximum departures to occur in this capacity
range.

An approach to alleviate this problem of increased scatter
is to introduce a parameter into the regression analysis for
determining ADJF which represents a measure of the diversity
associated between energy demand requirements and inflow avail-
ability at a project., Although this approach was not performed
for this paper, an initial attempt at defining this parameter can
be suggested by plotting the firm energy demand requirements of a
project against project inflow in the form of normalized distributioms.
As an illustration, assume the monthly distributions of inflow and
firm energy demand can be determined from available data and are
as follows: )
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Monthly
Inflow JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC é
(cfsm) 175 150 75 175 250 375 325 300 250 175 125 125

Monthly

Firm Ene:.y Required

(MWH) 80 75 60 60 70 80 90 110 110 100 80 85

The distributions can be normalized by dividing the monthly
values by annual inflow (2,500 cfsm) and annual firm energy (1,000MWH),
respectively. Figure 5 is a superimposed plot of these normalized
distributions, where the area under each distribution is unity.

The plot graphically displays the diversity between energy demand

and flow availability. In general, from April through August, this
project will have sufficient storage available to meet all energy
demands and might actually be accumulating storage and experiencing
spill. From September to March, inflow recedes and storage
depletion occurs to supplement flow needed for power generation.
Therefore, an initial definition of the diversity parameter might

be to accumulate the percent differences between the distributions
throughout the year whenever percent of energy demand exceeds percent
of annual inflow. This suggestion is only one of several alternatives
which can be conceived to measure diversity. Future funding may
allow for further investigation in this area.

In conclusion, the non-sequential adjustment technique has
been shown to be a viable alternative to use in estimating energy
and capacity values associated with power storage projects. It
is recommended that this option be employed (through the use of
computer program HYDUR) throughout the screening process of any
basin wide power potential study. Once project alternatives
become manageable, a more detailed sequential routing effort should _ !

be undertaken.
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