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TO: John Hayden Date: QOctober 4, 1982
FROM:  pave Crawford File: p5700.14.53

SUBJECT:  HEP -~ Project Drawdown and Mitigation Flow Case

We have conducted studies to re-assess project drawdown and
mitigation flow cases. These have led to the selection of
120 foot maximum drawdown at Watana and 50 foot drawdown at
Devil Canyon. £Case C (12,000 cfs. in August) has Laen
selected as a practical compromise flow scenario for
inclusion into Ticense application.

A summary paper is attached which details the studies
conducted to arrive at the above selections.
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SUSITNA HYDROELECTRIC PROJECT
ENERGY STMULATION STUDIES CONDUGTED TO SELECT
PROJECT DRAWDOWN AND MITIGATION FLOW CASE,

I. Introduction

The objective of this paper is to provide the details behind the
recommended project operation, drawdown and downstream mitigation
flow. [t is assumed that the vreader is familiar with the
intention of providing minimum downstream flows, basic project
operation procedures and system cost determination. It is also
assumed that the reader is familiar with results to date with
respect to drawdown and downstream flows.

The incentive to redefine the costs associated with providing
downstream minimur flows and greater drawdowns s a resuit of
discussions stemming from review of the Feasibility Report and
internal c¢ritiques of analyses conducted to date, These
discussions  have  resulted in  several developments  and
modifications in the energy simulation procedures which alter the
conclusions on the preferred or recommended project drawdown,
system costs, and costs associated with environmental mitigation
flows.

Basically these changes were made to attempt to relate the
historical streamflow record, which had an extreme dry year, with
more normal design criteria. In addition, further refinements of
project drawdowns and operation scenarios were required to assess
the latest developments in those areas.

The procedural changes entailed modifying infiow hydrology by
introducing a synthetic dry event to the vrecord and in
determining a regressicn relationship between system cost and
project energy production,

Section 2 of this paper gives the change to inflow hydrology to
reflect a more reasonable approach in determining firm energy.
This section also contains the redefinitions of the downstream
flow cases. Section 3 provides details of the derivation of
system costs using a regression equation between present worth
cost and project energies and includes the results of energy
simulations to determine Watana 5rawﬁowm using both historical
and modified inflow hydrology plus simulations used in arriving
at the recommended downstream 7 low cagﬁv

Qﬁﬁféga & containg miscellanecus simulations to assess the impact
an drawdown and flow case selection of lower demand forecasts due
to ?aw toad  growth or the dnclusion of small hydroelectric
project production.



2. Study Input Changes

Modifticastions to basic input data have been made to attain project
objectives and reflect the redefirmition of inflow hydrology and
quantity and timing of mitigation flows downstream., These changes
are discussed below.

2.1 Modified Hydrology

A frequency plot (Figure 1) of annual average discharge at
Gold Creek indicates that the driest year (1969) with an
average annual discharge of 5600 cfs has approximately s
1:500 year recurrence interval. This extreme event (which is
also foliowed by another dry year), has an abnormally large
influence on project energy production and in particular firm
energy production for a given project scenario. This large
bias towards lower energy yields results in an annual firm
energy production with about a 1:500 year return period.
This is accepted as outside the normal Timit wused in
generation and economic planning.

It has been proposed [by JWH and TL] that a more reasocnable
return period for firm energy used in system reliability
tests would be 1:30 vyears. To achieve this goal two
approaches can be followed. The first entails acceptance of
the energy production with present restraints and submit the
1:30 year energy as the firm energy., The second (adopted
here) is to modify the hydrc'ogy to reflect a less extreme
event by insertion, in place of the extreme event, a 1:30
year event derived from flow statistics.

??gur@ 1 shows the plot of annual average flow at Gold Creek
against probability of exceedance. This plot gives the 1:30
year event at about a flow of 7300 cfs. This translates to
about 6100 cfs at Watans as indicated by Figure 2.

The monthly distribution of flows is assumed to be the same
as  that of the average Qwih%j flows for the period of
record. Table 1 gives the resultant 1:30 year monthly flows
based on the ratioc of the annual 1:30 year and average flows
times the average monthly flow,

This synthetic hydrologic year is assumed to replace 1969
(year 20) in the inflow record used for energy simulation.
This modified record is mﬂl' used in assessing the economy of
project operation and envi wﬁﬂ&¥?ﬁ3 mitigation., It will not
be used in project flood frequency analysis or gther analyses
requiring inflow records.
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re-definition of summer downstream flow requirements in July
and Saptw iber.  This change provides less water in July and
more in September than has previously been supplied. The
downstream flow requirements are given in Table 2 for Case A
through Case D.

3. Energy Simulations

With the change in inflow hydrology it is required to determine
the best Watana and Devil Canyon project operations particularly
with respect to drawdowns, and to redefine the relative net
benefit between the downstream flow scenarios under
consideration,

The determination of best economic drawdown and the relative cost
between flow cases are based on OGP runs. As fime constrain’s
prohibit the running of the number of cases required it was
necessary to determine a vrelationship between system present
worth cost and the two key cost parameters of project average
annual energy production and annual firm energy.

Based on 14 OGP runs made since April, 1982, the following
relationship has been determined using a standard multi-linear
regression technique:

f

PUC = 0.8154 £y - 0.1260E¢ + 13275

where:

PHC = Present worth cost ($82 X 106)
Ex= Average annual energy (GWH)
Er= Annual firm energy {(GWH)

The standard ervor of estimate is + $23x10°

3.1 Drawdown

in the Feasibility Report the drawdown selected for Watana
was 140 feet, This was based on an evaluation of the
relative merit between production of additional firm energy
al. the expense of losing average energy. [t was therefore
necessary to further assess reservoir drawdown in terms of
system costs to ensure proper accounting of energy values.

The drawdown for Devil Canyon was not re-evaluated due to the
Yy

nature of Devil Canyon operation and the level of regulation

nrovided at Watana.

To reduce the number of simulations it was assumed that Case
¢ flows would, in terms of drawdown se orfiﬁn be
representative of all flow cases., However, some devi ation is



to be expected from the “"best™ Case C drawdown with downstream
flows. Case A would probably have a lower drawdown and Case D

¥

a higher drawdown.

Two drawdown studies were carried out, one with historical
inflow record and the other with the modified record described
in Section 1. The first study consisted of five drawdowns
ranging from 140 feel to 220 feet in 20 foot increments. The
second study ranged drawdown from 80 to 180 feet in 20 foot
increments,

3.1.a Orawdown with Historical Inflow

The energies produced for Case C with the historical
inflow record are given in Table 3. The intention of
using three rule curves for the 140 foot drawdown case
was Lo determine the relative merit of producing more or
less firm energy at the expense of average energy and
vice versa.

In all drawdowns, except as noted above, an attempt was
made to adjust the rule curve until the average annual
energy was about 6710 GWH., This requirement provides
the value of producing more firm energy as a result of
additional drawdown. The variation in firm energy with
drawdown is given in Figure 3.

OGP analyses, details of which are contained in
Attachment A, were made with the above energy
simulations.  The system costs T&ﬁ@? from $7225x10

for 140 foot drawdown to $7088x10% for 220 foot
drawdown. The net benefit_ over the base case thermal
scenario (assumed $8238x10%) is plotted in Figure 4.
This shows a clear break in net benefits around 180 foot
drawdown.

In the OGP analyses it has been assumed that
construction costs are those given in *he Feasibility
Report for the Watana/Devil Canyon development with
140 foot drawdown at Watana. ?ﬁ@r@fcweg all benefits
for drawdowns greater than 140 feet should be reduced by
an amount commensurate with thﬁ additional cost for
intake construction.

Geotechnical considerations have also been reviewed
(Attachment B} with a conclusion that rock stabiiity
would be questicnable and support costs would be
excessive for drawdowns greater than 220 feet.  This
provides an upper Timit drawdown.

The results of 0GP analyses and the above considerations

indicates that 180 foot drawdown has the hest

enginesring and economic justification with historical
4

inflow rece~ds as input to the enerqgy simulations.



3.1.6 Drawdo

v owith Modified Inflow

The inclusion of a less ﬁf??“‘w event into the hydrology

will have the effect of increasing the firm energy
obtainable from the Qfﬁéfi? for a given drawdown and
operation., As in ~tion 3.1.a, Case C has been assumed

Lo determine any iﬁﬁftd'u in benefit as a result of
incressed drawdown, As time %53 not allowed the running
of the OGP model, the regression relationship determined
above has  been aﬂp75“ﬁ to  the energy simulations.
However, (OGP analyses should be performed to verify

these resulls

o~

The range of present worth costs is from $7351 million
$70L0  million for 80 and 180  foot  drawdowns
respectively.  This transltates to a net benefit range of
b million to %1228 miilion for these two drawdowns,

3 s for the drawdowns

A

ST t

:fgiéag costs and  Dbenefit
ﬁ, This table also shows

f

C idered are given in Table

th& impact on costs of variations in average and firm

nergy due to modifications to the rule curve. Net

its for the "best" case rule curve are plotted
against drawdown in Figure 5.

he benefits fr m (fﬁ"”‘ﬂq drawdown shows a markead
change at appro atel y 7”6 foot drawdown, followed by a
more gzdﬁud? ri;a* The gain assessed to drawdowns above
120 feet are believed to be over-estimated due to an
uva“«Lsﬁgﬁﬂ'a ion for the value of firm energy. This

.

has been adjusted as shown on Figure 5.

i
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To the curve there must also be applied a cost penalty
for drawdowns aghbove 140 foot and a cost be '
drawdowns below 140 foot. These adjustime
reflect the change in intake cests.

above adjustments considered, it appears that
' drawdown is between 100 and *&ﬁ feet,
with the current level of information it i«
vat 120 feet be selected as the drawdown at

fg, §”ﬁ‘7tfé necessary  to determine intake
and to perform 0GP analyses to verify
ot ?i,;?hf

with Mitigation Flow Scenarios

part of the 3‘wdy s to guantify in
of the seven downstream flow cases,
the  requirem for minimum  flow
- the project the gredaler the present
fé%ﬁg' due  to the release of waler
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An analysis of this type was conducted in the Spring of |
and concluded that in all cases the project has a net benefi
over the thermal alternative.  The conclusion then was fo
select the ﬁﬁgi powey operation case {(Case A).

The anaiysis is vepeated here to reflect the change in Watana
drawdown and infliow hydrology. Que to time constraints no
0GP analysis has been conducted and the pr&g@ﬁt worth cost
for each flow case is estimated using the regression equation
given above,

The seven flow cases are defined by the minimum required
monthly flow at Gold Creek given in Tahle 2. Enerqgy
asmaiaf%ﬁna have been made with ?%m%@ requirements and system
present worth costs determined. Due to the flexibility built
into the simulation program, it is possible to produce a wide
range of monthly energy distributions and to give additional
or less firm or average energy. The importance of fthis
vaFTaiz@n in energies is negligible with respect to present
worth cost determined by t.e vregression equation, A

subjective selection of the best combination of firm and
averang annual energy is required.

The energies produced for the simualtions undertaken are
given in Table 5. The first simulation in each of the flow
sets is recommended for use in any further OGP runs.

fon in system presant worth cost with the required
ow in August is given in Figure 6, Also shown in
5 a similar variation assuming 180 foot drawdown at

The varia
minimum f
Figure 6
Watana,

|4
1
i

The smgaat of adopting Caze D flows over Case A flows is a
loss in net benefit of approximately %535 million., For Case
A to Case C the Toss in benefit is abour $58 million. Toe
loss in benefit from Case A for all flow cases is given in
Table 6

EEvar the accuracy associated with estimating the system

present worth cost by a regression {Qﬁaiﬁﬁﬁ and the results
preitﬂaad above it is recommended that Case € mitigation
flows be selected for  inclusion into  the  Ticense
application,

el en
a/Devil Canyon for the
is given in Attachment C,

nergy simulation output for Watana alone and
selected drawdown and Case C
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4.1 Firm Energy Return Period

ification made to inflow hydrology will significant!
the return periods associated with annual  ene
production, With historical inflow the return period of




firm annual energy is of the order of 1:500 years. This is
generally well outside the normal return period used in
hydroelectric studies.

figure 9 shown as plot of frequency with annual enerqy
production for Case € and 120 foot drawdown at Watana
assuming the modified hydrotogy. The firm annual energy with

these conditions has a return period of 1:30 years.

4.2 Low Demand Forecast

The enerqgy simulations made above have assummed that the
medium load forecast s applicable as an upper limit to
energy procuction from the project. In all runs the forecast
for year 2010 of 7791 GWH has been assumned. This annual
energy has been further broken down to a monthly value which
is a constraint to energy production.

For Case C and the rule curve determined the load forecast of
#70 GWH for December is met 20 of the 32 years simulated,
Similar results are obtained for other menths of the year.
Because the project can meet projected demands on a more than
regu lar basis the dmpact of a significant reduction in the
forecasted energy demand 1is substantial. The reduction of
forecasted demand would cause Tless energy production and a
subsequent increase in the present worth cost,

To assess this impact simulation runs were made assuming the
low Tload forecast of 6303 GWH. Case A, Case C and Case D
flow scenarios were assumed with 120 foot drawdown at Watana
and with modified inflow hydrology. The energies producen
for the three flow cases are given in Table 9. The change in
annual average energy for Case A under the two load forecasts
is 588 GWH. For Case © the change in average annual energy
is 582 GWH.

The cost impact of this Jower forecast can only be accurately
assessed by using the 0GP model.

iium Forecast Reduced by Small Hydroelectric
oduction

The dnciusion of small hydroelectric production into the
system results in the reduction in energy production from
Susitna during those periods when Susitna is able fo meet
system demands,  This has the result of reducing firm and
average annual yields and  will reduce the net benefit over
the thermal alternative for a given flow case.



Annval energy production under Case C and 120 foot drawdown
at Watana is reduced from an average of 6773 GWH to 6631 GWH.
Firm enerqgy is reduced by 98 GWH. The dmpact on system
present worth costs s an increase of 384 million. Details
ot this simulation are given in Attachment C.

4.4 Energy Simulation with Failures

An energy simulation assuming the acceptance of both energy
demand and mitigation flow failures has been made with the
historical inflow record, and with the rule curves, demand
failure and operation scenario selected above.

This simulation results in four month, with energy production
below minimum demand energy and two months with flows below
target flows. The flow failure months are March and May;
hence are not critical.  Energy failures, however, are in
February, March and April for  one year and May of the
following year, For thi; simulation the average annual
energy is 6/37 GWH, a reduction of 36 GWH, and a firm energy
of 5354 GWH, a reduction of 174 GWH. Details of tris run are
included in Attachment C,
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Table 2, Downstream Flew Reguirements at Gold Creek

MT 14 FLOW (cfs)
A Al A? C cl co D
0 2000 2000 2000 2000 2000 2000 2000
N 1000 1000 1000 1000 1000 1000 1000
D 1000 1000 1000 1000 1000 1000 1000
J 1000 1000 1000 1000 1000 1000 1000
F 1000 1000 1000 1000 1000 1000 1000
M 1000 1000 1000 1000 1000 1000 1600
A 1000 1000 1000 1000 1000 1000 1000
M 2000 4000 5000 6000 6000 6000 6000
J 2000 4000 5000 6000 6000 6000 6000
g4 2000 4320 5400 6480 6650 6810 7050
A 2000 8000 10000 12000 14000 16000 19000
52 2000 6200 7750 9300 10400 11500 13150
Notes:

Derivation of transitional flows.
(July = July flow, June = June flow, etc.)

L. July = (June x 26 + 5 [ June *+ August ] ) %
g 1T

2. Sept = (August x 14 + 5 [ June + August] + June x 11) 1
2 30
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e 5. Energy Productionl with Downstream Flow Requirements.

ENERGY  (GWH) , PUCZ
Case  Rule Average Firm ($x100)
Curve 0-A M-S Annual 0-A M-S Annual

A 1 4548 2263 6811 3622 2043 5665 7007
2 4427 2377 6799 3682 2101 5783 7003

3 4514 2292 6806 3587 2113 5695 7007

4 4479 2310 6788 3600 2152 5752 7015

Al 1 4417 2380 6798 3631 2128 5759 7007
AZ 1 4459 2340 65799 3455 2119 5574 7029
Z 4374 2418 6793 3512 2177 5689 7019

C 1 4466 2307 6773 3375 2153 5528 7056
2 4448 2318 6765 3382 2121 5502 7065

3 4291 2466 6758 3376 2189 5565 7064

4 4407 2361 6763 3435 2128 5563 7060

C1 1 4302 2382 6685 3150 2141 5291 7157
2 4185 2486 6672 3249 2182 5431 7150

cz i 4169 2369 6538 3022 2099 5121 7298
2 4057 2477 6534 3088 2106 5194 7293

{ 1 3874 2378 6252 2966 2074 5041 7542
2 3800 2462 6262 2818 2105 4923 7549

3 3912 2348 6260 2747 2063 4810 7565

Notes

UTA

,,,,,

Assuming 120 drawdown at Watana and modified hydrology.
Present worth cost (PWC) determined from regression relationship.



Table 6. Loss Benefit between Case Al and Other Flow Cases.

CASE AUGUST FLOW  PWe? NET BENEF

173 LOST BENEFIT4
(cfs) ($ x 106)  ($ x 10 6) (% x 106)
A 6400 7007 1231 0
Al 8000 7007 1231 0
A2 10000 7029 1209 22
C 12000 7056 1182 49
€1 14000 7157 1081 150
£2 16000 7298 940 291
D 19000 7542 696 535
Nptes

Based on modified hydrolegy record and 120" drawdown at Watana
Estimated by regression relationship.

Based on thermal alternative cost of %8238 million.
From Case A,

B Lad T3 ot
e



Table

/. Energy Production with Drawdown - (ase
(with modified hydrology and small hyd

P a1
st €33
¥
bl
[

hydro production)

ENERGY _ (GWH)

0 /00WH , Average ; Firm ' chlb

G- A W<-5 Anual 0 -A M-S Annual ($x108)
80 4005 2257 6262 3328 2225 5553 7469
80 4206 2185 6391 3220 2180 5400 7383
100 4276 2328 6604 3255 2272 5527 7194
120 4336 2295 6631 3311 2119 5430 7184
140 4349 2317 6666 3404 2130 5634 7142
160 4344 2315 6658 3600 2125 5725 7124
180 4327 2320 6646 3715 2171 5886 7114

Notes:

1.

Present Worth Cost (PWC) determined from regression relaticnship.



Table 9. Energy Production! with Demand Reduced by Small Hydro
Production.

 ENERGY  (GWH) -
CASE | Average Firm PUC2
O - A M-S ThAnnual 0= A M-S TAmual  ($x106)

A 4434 2245 6679 3632 2038 5670 7115
Al 4380 2295 6674 3600 2172 5772 7106
A2 4381 2295 6676 3455 2116 5571 7129
C 4336 2295 6631 3311 2119 5430 7184
Cl 4258 2282 6540 3153 2037 5190 7289
4 4152 2261 6412 3022 1956 5018 7414
y 3906 2230 6136 2966 1972 4938 7649

1. Assuming 120°' drawdown at Watana and modified hydrology record.
2. Present worth cost (PWC) determined from regression relationship.



Tabie 9,

Energy Production with Low Load Forecast.

ENERGY (GWH)

CASE __Average Firm -
0 «A M-5 Annual O~-A M-S Annual

A 4058 2165 6273 3736 2106 5843

" 4019 2164 6183 3543 7032 5575

0 3792 2115 5907 3002 1952 4954
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FROM:

SUBJECT:

GFFICE MEMORAMDUM
Dave Crawford Date: September 2, 1982
File: P5700,14.57

Phil Hoover G. Krishnan

%)
3

Attached are the results and OGP summaries as related by phone on

o

September 1. C140 and €200 have some slightly unusual results due

to our cut-off dates and methodology.

Please call if you have any questions.

PMH/pml Phil Hoover

Bttachments
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140 160
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4920 5369
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6704
5778

6619
5722
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