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Abstract:

A method by which the hydraulic design of small scale hydropower facilities can be economically
optimized and tested for sensitivity to hydrologic prediction has been developed. The method is based
on computer modeling of the annual operation of various hydraulic designs for a given flow-duration
curve. The optimum design is chosen on the basis of economic rate of return. Economic sensitivity of
the optimum design to inaccuracies in hydrologic prediction is analyzed by altering the predicted
flow-duration curve by varying degrees and monitoring the project's rate of return.

Three hypothetical project sites representing high, medium, and low head types of development were
analyzed using the design method. A flow-duration curve prediction procedure, developed specifically
for the geographic region containing the three sites, served as the source of flow data.

The results of the three sensitivity analyses provided both illustration of the method and a basis by
which conclusions regarding choice of design from a hydrologic sensitivity and risk mitigation
standpoint could be drawn.
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ABSTRACT

A method by which the hydraulic design of small scale
hydropower facilities can be economically optimized and tested
for sensitivity to hydrolegic prediction has been developed.
The method is based on computer modeling of the annual operation
of various hydraulic designs for a given flow-duration ‘curve.
The optimum design is chosen on the basis of economic rate of
return. Economic sensitivity of the optimum - design to
inaccuracies in hydrologic prediction 1is ‘analyzed by altering -
the predicted flow-duration curve by varying degrees and
monitoring the project's rate of return. S

Three hypothetical project sites representing high, medium,
and low head types of development were analyzed using the design
method. A flow-duration curve pred1ct1on procedure, developed
specifically for the geographic region containing the three
sites, served as the source of flow data.

The results of the three sensitivity analyses provided. both
illustration of the method and. a basis by which conclusions
regarding choice of design from a hydrologic sens1t1v1ty and’
risk mitigation standpoint could be drawn. ‘
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CHAPTER 1
~ INTRODUCTION

With the passage of the Public Utility Regulatory Policies
Act (PURPA) in 1978, potentfaT small hydropower deve1oper§ began

" a race to secure permits on the developable streams of the

United States that has been deemed by some to be the Gold Rush
of the 80's. Until the passing of this act, small sca]e"
hydropower (less than 5MW) was seldom considered an economical
manner of power production in this éduntry,. 1eﬁdin§' itself
useful ‘only in cases of extreme isolation. bURPA, 'héwever,
stipulated that power companies were required:  to burchaQe
renewable energy at a'price consistent with the price necessary
to recover the cost of Bui]ding new power p]ants'(avoided cost).
In addition,'the Federal Government provided for ‘an 11 percent
tax credit on qualifying a]ternatfve epe?gy projects, to be
credited in addition to the standard 10 percent. inyestmgnt,tax ‘
credit. In resbonse to these financial 'incentives, a new .
industry has been introduced which is centered around commércia] .

power generation by the private sector.
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This type of power generation ‘brings with it some uniqﬁe
problems in terms of engineering analysis and‘ design. ';q
contrast to traditional power developments of‘ past decades,
small scale pkojects are being prqposed for locations
representing diverse anq often high]& variable physical and
hydrologic conditions - a situation often compounded by a
chronic lack of climatic, streamfiow and soil test data. In
addition, small scale projects are heavily impacted by a variety
of state and federal requirements (high]y.vériab]e from state to
state) for permitting and licensing. Negotiation of'-a powe?
sales agreement with the local utility compény likewise adds
uncertainty to the ultimate success of proposed projects. Théée
and other factors require that small scale hydroé]ectric

“projects be analyzed and designed with. a high degree of
sensitivity to site specific conditions.
Design

At present there are no design standards for small
hydropower facilities, nor is engineering review required for
licensing by the Federal Energy Regu]atory_Commiséion (F.E.R.C.)
Thus any review of project design that occurs is accomplished by
the various state and Fedéra] agencies involved in the
permitting process. Such agencies inc]udé the. Montana
Department of'Fish, Wildlife and Parks, Army Corps of Engineers,
Forest Service, Montana Department of Natural Resources and

Conservation, and the power company with which the plant will do
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business. Aside from staying within the guidelines and
2

constrafnts set by these governing agencies and others,” the
design procéss is rather arbitrary. '

A good comprehensive summary of design and constructfon
procedures is given by Ott9 for all of the major components of.a
small hydropower plant. Specific details on small dams can be

14

found in Design of Small Dams. Valuable input to the design

of the powerhouse and pipeline can be obtained from'equipment‘
manufacturers. In addition to these. sources of'infofmation'on
design, several demonstration projects fﬁnded by the Departﬁent
of Energy (D.0.E.) include blueprints and associated data that
can be helpful in selecting a design for a future project.

"Design Optimization

Review of the literature associated with design reveals a
Targe void concerning ‘the concept of design optimization.
Several sources deal with optimization of desjign for Targe
hydropower plants at regu]éted dams with accurate, long-term

1,4,6 but none adequately discuss the case of a

flow records,
small run-of-the-river power plant proposed at a previously

ungaged, unregulated site. In addition to the prob Tems poéed_by

2 Superscripts refer to references listed in the "References

Cited" section of.this report.




inadequate flow records, very little information is currently
available concerning such things as guidelines for location of

diversion and powerhouse structures and sizing- of - project

‘components to provide an optimum design. Optimum design, in

this case, refers to that particular combination of project
components which results in the maximum economic rate of return
to the developer.

Design Sensitivity

The major problem associated wifh engineering analysis ahd
design of installations of this type is prediction of a valid
flow regime for the site. Annual hydrogréphs and flow-duration
curves represent the foundation for virtually all major design.
decisions. Because of this, it is very important to assess .the
degree of economic sensitivity for various types of smé]] hydro
projects to variations in the predicted flow regime used in
project design.

Statement of Objectives

It is the purpose of this thesis to develop a method by
which the hydraulic design of small hydropower»facilities can be
economically optimized ‘and then tested‘ for sensitivity to
variations in hydroiogic prediction. Specifically, this method
should provide a means by which: - the pertinent project

components(i.e. intake, pipeline(s), turbine, tailrace) can be
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‘chbsen so as to provide the optima] economic fate of return for
the project. A]so,fthree site examples will be ané}yzed for
sensitivity to inaccuracies of flow-duration curve preqfcfion as
a means of illustrating the procedures outlined. |

The method and concepfs discussed in the following chapters
will provide a developer with the most economical Hesign.among
the alternatives considered for the site in question and give an
indication as to the - degree- of risk associated with

implementation of the desﬁ'gn°




CHAPTER 2
PROJECT LAYOUT

In general, three main types of hydroelectric insta]]ations
exist: low head, medium head, and high head. In its most
general usage, the térm head refers to the gross head of a
facility, that is, the q1fference in elevation between thg,water
surfaces at the intake and tailrace. The.bréakpoint between low
and medium head fs usually defined as 20 m (66 ft.).g No.such‘
clear breakpoint exists between medium and high head sjtes; but
most sources refer to a breakboint in the vicinity of 122 m (400

9 A1l three types of projects share the same basic set of

ft.).
components: an intake structure, a‘ conveyance system for
efficient delivery of water to the turbine, and 2
turbine-generqtor‘unif for removal of the fluid energy. The

form that these three basic components take for each type of

plant is discussed below.

Low Head

The two main types of low head facilities are canal drop

2

structures and existing small dams. "'In the case of a canal

drop, the intake is formed by damming the upper canal and




TUBULAR TURBINE

CANAL OR DAM W/NEW
PENSTOCK

OPEN FLUME TURBINE

CONCRETE DAM
W/ZEXISTING CONDUIT

PROPELLER TURBINE
EARTH DAM W/EXISTING
OUTLET WORKS POWER PLANTS BUILT AS DAMS

FIGURE 1. TYPICAL LOW-HEAD LAYOUTS
(PERMISSION TO REPRODUCE)
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diverting water into a pfessure conduit, which carries the water
downslope a short distance to a powerhbuse, then diSCh@rges if'
either into a canal or natﬁra] stream (Figure 1)? The Qnique
aspect§ of such a facility center aréund the frequent lack of.
environmental constraints such as maintenance of fish habitat,
allowance for spring floods, and streambed protection laws. In
the case of an existing dam with a Tow level outlet works
intact, a powerhouse can be attached to the outlet works either

~at the dam or a short disfance downstream with minor modifica-
tions (Figure 1). An analysis of the safety of the dam and
outlet works is required before this type of construction can
begin, however, and any weaknesse§ will‘haye to be rectified -
before construction can proceed. Such repairs can be costly and
often times render the project uneconomical. A third type of
low head plant is the open flume type in which a small dam is

built to serve as a power p1anf (Figure 1). This type of plant

is best under very low heads where the extent of the required

dam structure is small.

Medium and High Head

There is véry little difference in the layout of medium and
high head small hydropower facilities, so fhey will be grouped -
together here. The intake structure of this type of faci]ity is
typically a small diversion into a: canal or low pressure

pipeline. The Tow pressure conduit or canal carries the water
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with a minimum of headloss along a contour to a surge tank. The
high pressure penstock carries the water from the surge tank to
the powerhouse,.and must withstand both static and waterhémmeh
pressures. .

The design of "the intake structure must take into
consideration fish profection both at the intake and below the
overflow structure, flood protection, debris proteptidn, and
sediment passage. The 10W pressure ~conduit or caﬁaT must‘bé
designed to minimize risk from ava]énche, 1ands]ide, freeze,
sedimentation, linear'expahsibn, and vandalism. The surge fank
is located as near to the powerhouse as poséibTe to minimize
water hammer transients caused by sudden changes in turbjne gate
opening. It must be bﬁi]t‘ with its top at Teast edﬁa] fin
elevation to the water surface at the divergion and its bottom
Tow enougﬁ in elevation to maintain -submergence of'bofh inlet
and outlet during high flow. Any ovérflow during a surge must
be correctly channeled to the maih stﬁeam. Special
consideration in high pressure pensfock‘design musf be given to
transfer of forces from the penstock to the Qround through
thrust blocks or ‘burial. In cases 6f a re1a£iVe1y short
distance from.diversion'to powerhouse., if.may be acceptable to
ruﬁ_the high pressure pipeTine directly from the diversion to
the powerhouse without a surge tank. This- arrangement is'highly_
suscept%b}e to damage from high surges énd unstable transients

due to.changes in valve setting.
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The powerhouse represents the major difference between high
and medium head installations for the purposes of this paper.

Medium head plants utilize reaction turbines which operate on a

‘pressure difference across the blades, and high head plants usé

impulse turbines which operate on a change in momentum of a free

jet of water. A1l other aspects of high and medium head,siteé'

are the same.
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CHAPTER 3

HYDROLOGIC SIMULATION

| At the heart of the problem of designing a small hydropower
plant at an ungaged location is the lack of dinformation
describing the magnitude and time variation of streamflows. Even
if stream gaging commences at the conception of a prdjéct, data
requirements necessary for 'preliminary design, feasibility
analysis, and permitting dictate a need for generation of
synthetic flow data. The form that synthetic flow data assumes
depends on the availability of methodologies and preference of
the engineer performing the study; The two most useful means
for expressing flow data for run-of-the-river hydropower
installations are the annual hydrograph and the f]ow-ddration
curve.

.Annual hydrograph synthesis usually invb]ves'corre1atioﬁ:of'
the dai]yl streamf]owé at the site in question with daily
streamflows at a nearby gaged basin using either a ratio of
drainage areas or area weighted average annual precipitation
vo]uﬁes. The long term "typical" annual 'hydrograph can be

forméd by multiplying the daily flows by the ratio of the Tong
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term mean annuai flow to the mean annual flow of the year used
at the gaged sité. One major problem with this method is its
short term natufe; | Tﬁe yeaf .used to generate ‘the ‘annua]
hydrograph may'exhibit non-typical chafacteristics,rsuch as low
spring runoff and high ~basef1ow, ok' abnormally higﬁ spring
floods andf Tow baseflow., Long-ferm simulation under these
conditions could possibly yfe]d inaccurate resuits.
Flow-duration (F-D) curve prediction at the site in question
is generally accomplished by a correlation. procedure similar to
that used to produce a synthetic annual hydrograph, but with F-D
curve ordinates substituted for daj]y flows. Since the gaged
flow-durafion curves are fbrmed using all hisfqrica] data,‘]dng
‘ terﬁ variation can be accounted for. In additioﬁ; the ease of
usaée of the finished product for design and economic simd]ation
is attréctive to hydropower analysts. For these reasons, the
F-D curve was chosen for usage in this thesis. o '
Methodologieé for synthesizing f]ow{duration curves at
ungaged locatjons have been developed for different geographic
regions by various authors_.?”5

The flow-duration curve prediction procedure for"ungaged

mountainous and high plains streams lin"Montanés‘ was used td
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synthesize flow-duration curves for all three sites

investigatged in this thesis. The procedure is summarized as

foi]ows:

1.

3.

Obtain the weighted mean annual basin precipitation by
weighting annual precipitation isohyetal values by
their areas of influence. : s

Estimate the average annual runoff from the mean annual
precipitation obtained in step 1 using Figure 2 and
convert average annual runoff to average annual
streamflow using the equation: : s

Qup = (A)(Runoff)(.0737)  Where: QAA = Average Annual
- o Flow (cfs)

A= Draﬁnage‘Area

(sq. mi.)
Runoff = Average Annual - A
Runoff (in/yr.)
.0737 = Units Conver-- -

sion Factor
Compufe'the 10% exceedence flow using the equation:

Qi =€Q,,)(3.056) Where: Q,, = Average Annual
10 AR A , A - Flow (cfs)

Q10 = 10%\Exceedénce
Flow (cfs)

Emperical coef-
ficient based
on existing
streamf low
records.

3.056
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Select a dimensionless flow-duration curve from within
the band of Figure 3. The band was formed by the union
of the dimensionless F-D curves of selected U.S.
Geological Survey (U.S.G.S.) stream gages in Montana.
The selected gages were devoid of 1large springs,
diversions, and regulation in their drainage basins.
The vertical position of the curve within the band is
selected from judgement of the magnitude of the
basefiow end of the F-D curve relative to the gages
used to form the band. For example, a small, narrow,
steep, rocky drainage basin with fast time of
concentration and low groundwater storage would most
likely plot near the bottom curve (Tlow position), and a
large, wide, flat basin with deep soil and a slow
concentration time would most likely plot near the top
curve (high position).
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INSTANTANEOUS FLOW
10% EXCEEDENCE FLOW

10 20 30 40 50 60 70 80 90 100

% EXCEEDENCE

FIGURE 3. DIMENSIONLESS FLOW-DURATION CURVE
BAND - MONTANA STREAMS
(PERMISSION TO REPRODUCE) ~
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The curve synthesized for the area in qﬁestion contains a
degree of uncertainty because of fhe difficulty in assessing the
hydrologic similarity betweeh the basins used in the prediction.
Any flow measurements at the site; when incorporated into the
predicted F-D curve, will decrease the amount of risk associated
with the synthesized F-D curve.: Since long term flow records
will probably not be obtained prior to final design of the
project, some risk of inaccurate flow forecasts will still be
present. It is necegsary to jdentify the sources of uncertainty
in the prediction procedure and to assess the consequenceé of

inaccurate flow-duration curve prediction.
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CHAPTER 4
HYDRAULICS

Small séa]é hydropower facility désign utilizes the concepts
of both open channei and closed conduit flow. The open:channél
~ flow concepts apply at the intdke and outlet segfions_of the
power plant. In addition, open channel principles apply to the
diversion canal when used instead of a low pressure cqnduit-°
Closed conduit analysis applies ‘to the penstock, draft tube and

turbine. At the intake structure, the water_surface*e]eVafion is

dependent on the combined spillway flow and power plant’

diversion. In high and medium head systems where a small

diversion structure forms the intake, operation of the turbine

valving mechanism is such that the water surface elevation in

the impoundment is held constant. This provides accurate

minimum flow over a weir or other measuring device for

maintenance of minimum fish requirements. At flows greater than

the turbine maximum, the headwater elevation rises in accordance
with the spillway rating curve. The Tow head system'oberates'in
much the same manner except in situations where storage exists

and releases do not follow the reservoir infiow pattern.
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In these cases the upétream elevation may fall far below
spillway crest. At the outlet of all types of plants,
tailwater e]evatibn varies with the total streamflow,. so
total gross head avai]éb]e at any given time depends on

hydraulic design and the stream flow. In cases of high

the
the
the
fhe

" and

" medium head design, the variation 1in gross head may be

insignificant and hence neglected in hydraulic computations,

simplifying computations greatly. The effects of headwater and

tailwater elevation changes must be accounted for in the fina]

design of the intake structure and powerhouse so that flood

damage, turbine cavitation,' and inadequate submergence of

intake are avoided.

the
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The closed conduit portion of the power plant is analyzed
using the energy equation written between the two free water

surfaces:

o 2
Az= he + V2 /(2q) +ZhLP +ZhLM |
Where: Az = Gross Head(ft)

he = Effective Head
Removed by '
Turbine

= Draft Tube
Exit Velocity
(f/s) '

Vo

g = Gravitational
' Acceleration -
(f/s/s) .

hLP = Pipe Friction
) Losses (ft)

h = Minor Losses.
LM (ft)

It should be notedhthat effective head (he), is defined ;s'the
gross head minus the sum of all head losses in the system,
“excluding those in the turbine manufacturer's definition of :
efficiency. For steady state cdnditions, the hydrau]ic‘grade
line exhibits a configuration as illustrated by Figdre 4., The
efficiency of. the turbine is a meaéure of how well the effecfiye
head is removed. The efficiency varies with the f]bw rate dqe
to the changing incidence angles of the streamlines to tﬁe guidé_
vanes, valves, and turbine blades in a reaction turbine, and the -

variable jet velocity in an impulse turbine. In addition, -
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varying efficiency is the result of variable head losses through
the turbine manufacturer-supplied parts and the variable
rotational speed when attached to an induction generatorf The
head losses accredited to turbine efficiency are all those
between the upstream connection to turbine-supb]ied mééhihery
and either a point just inside the draft tube as specified'by
the International Electrotechnical Commission (I.E.C.) Code or
the equivalent still water surface after exit from the draft
tube as - specified by thé American Society of Mechanical
Engineers (A.S.M.E.) Code.10 Turbines classified by the I.E.C.
Code, therefore, will have higher efficiencies than those
classified by the A.S.M.E. Code. The efficiency curQes for
different types of turbines are unique, but vary only slightly
among manufacturers. For purposes of preliminary design and
analysis, general efficiency curves based on proportions of
design flow (at which peak efficiency occurs) can be used

(Figure 5).
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The power'generated for a given set of conditions is'the
~ product of the flow rate through the turbine, effective head, .

turbine, generator, speed increaser, - and transformer

efficiencies, and the specific weight of the fluid. Due to the

curved nature of the headloss equations and efficiency curves,

an increase in flow through the turbine may not a]Ways

correspond to an increase in power. In fact,.for some systems .

it may not be advantageous to 6pen the gates to full opening

(see Site Examples, Chapter 8). ~The Tlimits of operation of-a -

turbine can be specified either jn terms of effective head

variation or flow rate variétion, and tend to be turbine
type-specific, much Tlike efficiéncy curves. These 1imfts as
given by references 1, 2, 4, 6, 7, 9, 12 énd iS'are summarized
in Table 1, in which 'QD = design f]ow, hD = design effective
head, Q = flow rate, and h = effective head. :

e

Table 1. Turbine Head and Flow Limits

Limits
Turbine Type Flow ' Effective Head
' : €0 <1, | &n =
Impulse . 0.10D Q= 1.9Q, ‘_0‘3hD h, < <@
; . € € £pn £ 1.%h
Francis 0.4QD €Q < 1.4QD 0.65hD he _ 1.25hD

Kaplan 0.45Q, ¢ Q # 1.42Q; 0.5h, -£h -41.5hD

D e _
e £
he 1.5h

"

Propeller 0.45Q, = Q = 1.13Q, 0.5h, D .
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Thé Tow head Timit in Table 1 is the minimum effective head
nat which it is possible to turn the turbine at the synch}ohous
speed of the generator, and corresponds’ fo the maximum flow
condition through the turbines This 1imit is only -approached {n )
" cases where high tailwater decreases ,Qross head appfeciab]y,'~
which forces the gates to open to the maximum in order to keeb
the turbiﬁe at éynchronous speed. The high. heed constraint
corresponds to minimum flow through the turbine. This condition’
is reached when the wicket gates in a reaction turbine cannot
cause the flow to spiral enough to avoid'caQitation at theibacks
of the wicket gates and turbine blades. It also occuks when the
free Jet veTocity in.an impulse turbine becomes so h1gh as to
cause cavitation in the needle valve, the backs of the buckets, :

and in the bottom of the buckets.
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CHAPTER 5
INTERACTION OF HYDROLOGY AND HYDRAULICS- DESIGN

Having described the hydraulics of small hydropower
faci]ities;_ it remains to apply the gnnual variation - in
streamflow to the process of hydraulic design such that economic
returns will be maximized. The chief design variables that
alter plant operating characteristics are: Tocation and
configuration 6f intake and tai]raée; pipe types,'lengths, and
diameters; number and types of minor 1os§ e]emgnts; and the type
of turbine. Finding the best combination of these elements for
a given flow-duration curve requires an itérative procedure in»
which the overall project rate of return is used as the means of
comparison. | | |

Choosing Intake and Tailrace Locations

The locations of intake and tailrace may be set by legal and
institutional constraints such as water rights and Tland
ownership. In the absence of such constraints, however, choice
of these locations becomes a major design variable which has a

considerable impact on project economics. Where severa] logical
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Tocations. for diversions and powerhouses exisf, all cohbinations
éhou]d be tried. 1In this‘case, Togical Tocations for-divérsidné
are at existing structures and points fmmediately below -

tributary entrances, preferably near s]ope‘Abreaks at the
top of steep sections. C]ear]y? a trade-off exisfs' betwgen
moving the diversion point up the stream fo. gain more gross
head, and reduced drainage area, longer pipé]ine, change of.
pipeline route; change in diversion ’structure requirements,

change in in-stream flow requirements, change'in'road 1ength,.
and haréher climate. The same type of tréde-off exisfs for»
locating the powerhouse, with the _exception of decreased
powér]ine'cost as thé powerhouse %s moved downstream. Logical

Tocations include slope breaks to more. gradual STope, and flat

aréas where ponétruction costs and high flood levels are

minimized. In addition to the tradeoffs mentioned, inqreésiﬁg:
the gross Head by sepérafing the diversion and powerhoﬁ;e'
further could introduce the need for a suﬁge tank and more
complicated valving procedures to avoid transient surge problems
inherent in long pipelines. -

Choosing Pipeline Sizes

Once the diversion and powerhouse location options have been
chosen, tentative pipeline routes can be noted and lengths
measured. In some cases- it may_be desirable to examine systems‘

with and without surge tanks.” Pipe diameters can be chosen as
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those near the diameter that produces a velocity of 8 f,p.s.'
(for water hammer considerations) at a pretiminary design fléﬁf
equal to the flow which is equalled or exceeded 25 bercént>pf '
the year (25 percent exceedence flow). 'As will be shown later,
this rule of thumb is consistant with .the fesuits of this stﬁdy.,

Choosing Turbine Type

L

The type of turbine required at a éite can be found by
entering any manufacturer's turbine selection chart such as the
one in Figure 6 with. the preliminary design flow of the 25
percent exceedence flow and the effective head at that ffow{ ‘In
this case, all combinations of gross Head, 25 percent ekcéedehcé
flow, and the various pipe options should be examined.

- Determining the'Turbine Design Condition

'qu each optjon, a unique turbine design condition of flow
and effective head will produce the max imum annual energy
output from the plant. Thg object is to.size the turbine to
produce power over the widest range of f]on and effective
heads. Thfs is accomp]ished by setting the design head, that
is, the effective head ét which maximum effic%ency occurs, equa1:
to the weighted mean. effective head. 10 Here, the “weighted
‘mean effective head is computed by integrating the effective
head duration curQe, derived from the F-D curve and the énergy
equation, over the 11mits of operation. The design flow, then,

will be the flow rate through the turbine corresponding to,tHe,

design head.




HEAD (M)

IMPULSE TURBINE

FRANCIS TURBINE

PROPELLER &
KAPLAN TURBINE

"STANDARDIZED AC
TUBE TURBINE UNITS

BULB
MINI UNITS
TUBE
5 10 2025 40 60 100 200 400 1,000 4,000 10,000 40,000 100,000

TURBINE OUTPUT (kW)
FIGURE 6. TURBINE TYPE SELECTION CHART

400,000 1.000,000

(PERMISSION TO REPRODUCE GRANTED BY ALLIS CHALMERS CO.)



-30-

CHAPTER 6
ECONOMIC ANALYSIS

Once the design condition has been determined for each
alternative, a numeriéa] 1ntegra£ion of power nver time-canlbe
performed from the system equations and flow duration curve over
the turbine flow range, to yielq average annual énergy'output,
maximhm‘ instantaneous power, and capacity factor. for each
a]ter‘native.2 Selection of optimum désign cannot yet be made on
this basis, however, as plant costs will also vany'with plant
size. In order to determine the relationship between jncreased
output and incréased'costs, a thorough economic evaluation must
be made of each alternative such that objective comparison can
be made. This.evaluation must include such items és financing,
state income and property tax, federal income tax, dpera;ion and
maintenance costs, project .life, inflation, pnwér costs énd
escalation rates. 'Final' comnarison can be made with any
economic indicator preferred by the ang1yst,éuch as bénefit/cost
ratio or rate of return. This. section will discuss the main‘
topics required for an adequate economic analysis. This
material should on]y>be considered‘a'basis for forecasting and
comparison as the scope of each discussion is 1imited to general

terms.
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Estimation of Costs.

Paramount to the accuracy of compérison in any economic
analysis is the estimation of costs. In order for this to be
done adequately, a great deal of time must be spent on prelim-
inary design of all components of each design a]ternative SO
that differ- ences in cdnstrqction requirements can be noted.
For example, an increase in the size of hydraulic components forA
greater maximum power output may, in addition to increasing
hydraulic component costs, require a more substantial powerhouse
foundation, larger crane structure, larger floor plan, mdre
stringent pipeline burial requirements; and a deeper divé}sion
jmpoundment for adequate submergence.

As an alternative to this laborious and costly study, it may~
be preferable to eliminate several alternatives by conducting
economic analyses using cost estimation curves such as those
published by Ott9 and Tudor13 (Figures 7-17) for the various
major proaect components. While these curves are not necessar11y

accurate in an absolute sense, they do show trends that can be

valuable for comparison of design alternatives.
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Financing

The financing-arrangements on a small hydropower plant can
have a tremendous effect on the selection of most econbmiéa%
a]ternative; The contro]]iﬁg factor 1in forming a finéncing
schemé is the total amount to be financed. .fhe magnitude of.
this amount will influence the required collateral, 1nt¢rest
rate, downpayment, length of loan, and even the availability of
the loan itself. It may be necessary'to a1§o consider.secondary
financing to cover ddwnpayment and negative cash flow costs in
the first few years. A preliminary meetihg-with the lending
institution should provide fhe devé]oper with gnough data to
make preliminary alternative appraisals possible.

State and Local Taxes

State'and local taxes are usually combined and assessed in
the form of property fax and income tax. Both types of taxes
are defined 1in publications readily available from state
governments and tax consultants. The Montana tax brochure8
describes the state income tax as either an individual income
tax or corporate license tax. In both cases, the amount of tax
is equal to a percentage of the nef income. In generé], the net
income is computed uéing the same set of deductions from gross
income as is allowed under the Federal Internal Revenue Code.

Property taxes are computed'by multiplying the taxable value
of a given piece of property by the mill levy of the school

district with jurisdiction over the property. The taxable value




-44-

is a fixéd percentage of the assessed value of a piece of
property. This percentage depends on the type of property being
taxed. For example, a small hydropower plant in Montaﬁa héﬁ a '
faxable value of 8.55% of the assessed value of the permanent
fixtures (diversion, dam, roads,.powerhouse,‘etc;).pTus 11% of. -
the assessed value of the deprecigbie machinery (intaké works, .-

pipelines, turbines, generators, electrical gear, etc.). ' The
assessed value of the various components is a vague concept, but

in general can be estimated froﬁ the initial costs. Pérméneht.
fixtures such as buildings and dams may appreciate in value
along with other real estate in the area. Machinery that wears
out can be depreciated by straight 1line depreciation over 20
years to 20% of its initial va1ue after which time the value
remains constant at 20% of initial. The assessed va&ue of the
machinery in a given.year is the vaiue é]ong the depreciation
1iné. The value of the mill levy can vary greatly over the life
of a pquect. A conservative estimate of the variation of the
mill levy can be made by assuming an annual inérease,equal to
the prevailing inflation rate. .

Federal Income Tax

Small hydropower facilities can be taxed either under
individual or corporate tax statutes. The structures of thé§e
stqtutes closely resemble state income taxation codeé, ip that
they compute fax as a percentage_of het or taxable ﬁncome._ A]i

legitimate business expenses such as operation .and maintenance
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costs, interest paid on loans, state inéome and property taxes,
and property depreciation can be deducted from gross income to
yield taxable income.

The current corporate tax 1aw11 allows industrial eduipment
to be depreciated to zero salvage value over five years using
the Accelerated Cost Recovery System (ACRS). The amount of
depreciatfon for each year is computed by set percentages of
first cost. These 'percentages are 15, 22, 21, 21, and 21
perceﬁt for years one through five, respectively. If it is
desired, the industrial assets may be depreciated on a
straight-line basis over 5, 12, or 25 years. In general, it ié
desirable to depreciate an asset as quickly as possible, bdt
occasions do arise where plants operate at losses for several
years and in order to re&over tax credits it may be necessary to
postpone depreciation write-offs.

Once the net income for a given year has been ca1cu1ated,
the corporate or individual tax tables are consuited to find tax
due. For corporations, the first $25,000 is taxed at 16%, the
second at 19%, the third at 30%, the fourth at 40%, andlany
additional net earnings over $100,000 at 46%. In the event of a
negative net income, no tax is due and the loss can be carried
back up to three years or forward up to fifteen years to help
offset past or future tax liabilities respectivé]y. If several

years of net loss years occur, it is wise to "use up" the Tosses
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from the earliest years first, so that none of the write-offs . -

are lost to the fifteen year Timit.

Federal Tax Credit

An added incentive for investment 1in renewable energy
resources is the eleven percent tax creditz in addition to the
standard ten percent investment tax credit. This pertenfage
applfes to the "qué]ifying" portion of the original cosf, which,
for the purposes of this paper, can be assumed to be the total
cost. Thus, 21% of the initial cost of the plant can be
subtracted from the computed tax in qualifying years. The
maximum allowable tax credit that'can be taken in a given year
is the total. tax 1iability, or $25?000 plus 90% of the tax
liability above $25,000, whichever is less. Any unused credit
may be carried back 3 years or forward 15 years. '
Power Cost |

Revenue from power sales usually consists of two components,
the main one resulting from sale of energy, and'the secondary -
one resulting from a cépacity and reliability 'payment. The
energy payment is computed by mu]tip]ying the toté] number of
kilowatt hours in a g%ven period by the energy rate which is set
by the state Public Service Commission. .The value of this rate
for a givenl power company is based on the avoided cost ‘of
building neﬁ power sources, and can be expected to increase with
time. In some long-term power sales contracts this ésca]ation

rate is specified.




-47-

Peak yearly power output, capacity factor, and firm poWer‘
are also of interest to the power company and are iné]uded'in
the power sales contract in some form. The Montana Power
contract2 specifies a payment to the sma]]hproducér proportional
to the capaqity factor and the maximum instantaneous-powe} over
each year. Other cdmpanies may specify two different enefgy
rates to reward consistently oberating plants; one high rate for
"firm" power, or power available at all times during the year,
and one 1ower rate for any excess power. These rates will all
escalate along with the energy escalation rate. |

In general, small power producers have an advantage
over large power producers in that the burden of regulationAin
the grid system lies with the 1arge1power producer;. The small
power producer can usually sell all the power it is capable of
producing, regardless of the electrical demand. The firm power -
and high capacity factor rewards in the power sales agreement
are an encouragement to the»sma]] power producer to operate at a

" relatively constant output.
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CHAPTER 7

COMPUTATIONAL PROCEDURE

Selection of the optimum system desién_and sensitivity ,

analysis of that' design involves an extremely 1eng£hy and
burdensome set of equations. For this reason, this type of
pfob1eh-is well suited for computer so]utién. Aécordingly, a
comprehensive computer program has-been déve]oped in‘thfs thesis
which applies all of the concepts discusged _thus far to the
design and ana]ysfs' of small hydrdpower facilities. An
illustration of the computational proéedure built into the
computer program is given by the f]ow-cha}t of F{gure 18. Thé
remainder of this chapter is dedicated to explanations of "each

of the major'computationa1 steps in the program.
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Read Data
-flow duration curve
-basin and site data
-cost estimation data
-economic data

/ -des gn alternative /

Compute des-gn condition

for each all_ernative such

that design effective head equals
weighted mecm annual effective head

Simulate annual operation for given
flow duration curve to obtain power
output characteristics.

IEstimate Plant Costs

Using economic data, compute cash
flow over the life of the oroiect.

Compute Rate of Return | New Design Alternative
Best Alternative

*Vary flow duration curve
to account for prediction,
uncertainty

Simulate Operation,
Compute cash flow New Flow Duration Curve
Compute rate of return

FIGURE 18. MODELING PROCEDURE FLOW CHART
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Read Data

The data requ1red for des1gn and ana]ys1s of a hydropower

plant by
1.
2.

the method d1scussed herein is listed be]ow
Predicted flow duration curve.

Range of flow duration curve variation accredited to
possible 1naccuracy of prediction.

Gross head between ~upstream sp1]1way crest and some
tailwater datum. .

Variation in headwater and tailwater elevations from
spillway crest and tailwater datum, respectively with
flow rate, if significant.

Minimum in-stream flow requirement.

General turbine efficiency curve- f]ow head 11m1ts of

“turbine types.

10.

Product of efficiencies of all components between
turbine and power sales meter. ‘ :

Cost data or cost curves.
Economic data

"a. Mortgage data; interest rate, ~downpayment,
period. . I

b. Tax data; property tax, state “income tax,
Federal income tax and tax credit.

c. Inflation rate
d. Project life
"e. Power cost data.
Design, alternative data
a. Number of optioﬁs
b. Pipeline layout, including configuration,
lengths, diameters, friction coefficients,

and minor Tloss coefficients between free
headwater and tailwater.surfaces.
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c. Type of turbine

d. Any added costs above those found from curves
associated w1th des1gn alternative.

Compute Des1gn Condition

The des1gn condition for a particular design option is the

combination of flow and effective head used in turbine selection

that results in the most efficient use of the system over the

eXpected_variation of flows. The optimum design condition can

only be found by trial and error. The step by step procedure

for so]v1ng this problem is as fol]ows

1.
2.

Select tria] design flow.

Compute des1gn effective head us1ng the tr1a1 design
f]ow in the .energy equation.

Compute the best turbine flow for each of the
flow-duration curve ordinates. ‘ :

a. For each finite F-D curve ordinate starting with
Tow exceedence flows, begin computation of best
turbine flow by assuming the maximum possible
turbine flow (Table 1) 1is diverted finto the
turbine. If the F-D curve ordinate is less than
this value, assume all of the -available streamflow
is diverted into the turbine.

b. Check the energy equation at this turbine flow to
be sure that this flow is within the head limits
of the turbine (Table 1). In low head analyses it
is necessary to consider gross head changes with
streamflow changes when computing effective head.
If the effective head lies outside the limits of
Table 1, decrease turbine flow until acceptable
from an effective head standpoint.
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c. Compute power resulting from assumed turbine flow.

d. Decrease turbine flow by an arbitrarily small
increment. ' )

e. 'Compute effective head .as in (b) and power as in
(c). : o

£. Continue decreasing turbine flow down to cutoff
flow, noting the turbine flow that produced-

maximum power for the given streamflow.

‘g, Plot "best" turbine flows versus percent

exceedence on the F-D - curve to represent the -

usable flow portion of the F-D curve. Examples of
these plots are given in Chapter 8. -

4, For each best turbine f]ow computed in step 3, cohpute
effective head. _

5.  Sum the‘pfoducts of the effective heads of step 4 and

their respective time weights to give the weighted mean
annual effective head.

6. Compare design effective head (step 2) for the assumed
design .flow with weighted mean annual effective head
(step 3). If they are not equa] adjust design f]ow
and repeat the procedure.

-Simulate Annual Operation

Over the portion of the flow-duration curve useful to the

turbine (step 3g. in the last section), power is integrated to .
yield annual energy production. The capac1ty factor is found by'

dividing the annual energy production by the va]ue of annuaT

energy that would be produced.if the plant Were operated at peak

power for the'entire-year.
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Estimate Plant Costs

The costs of the major plant components are estimated by
entering the cost curves (Figures 7-17) with the design
parameters required or by overriding the curvés_ with input
values. | |

Compute Cash Flow

Using the economic factors given, the cash flow over the
life of the project is computed.

Debt Service

The annual mortgage payment is found using the standard

capital recovery equation:

i1+
A=P -
1+
Where: A = annual payment
P = amount financed (total
" plant cost - downpayment)
i = interest rate
N = number of -years of. 1oan.

The interest portion of debt service is tax deductible and
js found by multiplying the principal remaining before the Tloan
payment by the interest rate. The new value of principal is
found by subtracting the principal portion of loan payment from

the previous brincipa] balance.
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Depreciation

The 5 year depreciation sequence is found by multiplying the
total plant cost by 15%,‘ 22%, and 21% for years 1, 2,.and 3
through 5, respectively. This depreciation dpplies only to

state and Federal income tax deductions.

Operation and Maintenance Cost
Once the.first year operation and maintenance {0 & M)cost is
estimated using Figure 17, subseduent annual 0 & M costs are
found by inflating the original cost using the equation:
F=p (1+i)V Where: . F= future 0 & M cost
P= first year 0 & M cost
i= inflation rate
N= each year in project
life '

Property Tax

The assessed value of the permanent structures in a power:
plant is found by abpreciating the initial cost of the permanent-
structures over the project life using the same equation as that
'used to inflate 0 & M cost, but with the prevailing property
appreciafion rate substituted for the inflation rate. The
assessed value of the temporary machinery 1is found by
depreciating the machinery along a'straigﬁt‘line to 20% of its
initial value at 20 years. For later years,'_the assessed
machinery value is a constant 20% of initial. The taxable value
of the powerplant in ‘a given year is the :sum of 8.55% of the

assessed value of the permanent structures and 11% of the
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assessed value of the depreciable machinery.11 The value of tHe
mill levy in a given .year is found by inflating the ihitia] mill
levy by the brevai]ing inflation rate. Fina]]&, the property
tax in a given year is found by multiplying thg respectfve mill
1gvy by the réspectiQe'taxab]e value. |

State Income Tax

The state tax.due in a given year is the product of the tax
rate and the taxable income. Taxable income 1is found by
subtracting from gross income all business expenses including
Joan interest, 0 & M cost, depreciation, and property tax. If
taxable income 1is less than zefo in a given year; the ioss can
be applied as an expense to revendes.up fq 3 yearsAback_and 15
yea}s forward. |

Federal Income Tax

The Federal income tax due in a given year for a corporafion~
is found by multiplying the taxable incomé greater than $100;000
by 46%, the taxable income between $75,000-$100,000 ﬁy 40%, the
taxable income between $50,000-$75,000 by 30%, the taxable
income between $25,000-$50,0QO by 19%, and the taxable income
less than $25,000 by 16%, and sumhing the resu]ts.11 fhe
taxable income each year is the same as that computed for state
income tax with the included deduction of stéte income tax. As

in the case of state tax, net operating Tlosses caﬁ be carried

back 3 years and forward 15 years.
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Tax Credit

In the event that Federal income tai is due in the three
years preceding power plant investment or 15 yearé after, the
tax credit of-21% of initial cost can be used to of%set the tax.
The amount of tax credit that can be taken in any given year is '
limited to the total tax liability up to $25,000 or $25,000 plus
90% of the tax 1iability above $25,000. Any tax credit left
after 15 years is lost.
Total Cost

Total cost 1is the sum of the debt service, 0 & M cost, -
"property tax, state income tax, and Federal income tax in each
year. | .

Gross Revenue

The energy and capacity.buyback rates jncreas; each year in
the same manner as 0 & M costs, except the energy cost inflation
rate- may be different from the prevailing consumgr'inf1ation
rate. The annual energy, capacity factor, and beak power are
assumed to be constant from year to year, so total anhua]

revenue increases with the energy cost escalation rate.
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Compute Rate of Return

The rate of return for each é]tefnatjve is‘theﬂintefest rate
that equates the present worth of the costs with the present

worth of the revenues. Present worth is computed with the

equation:'
P = F/(1+1)N_r Where: P= present worth
- F= future cost
i= rate of return
N= future year
or
Downpayment + 2P = 2P

costs revenues

Vary Flow-Duration Curve

Applying the above procedure yféTds a best design
alternative that fs next tested for sénsitivity to f]ow-duration
curve prediction. The flow-duration cur&e is itéfated through
the range of foreseeable variations and for each étep the annual

operation, cash flow, and the rate of return are computed. -
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. CHAPTER 8
PRESENTATION OF EXAMPLES

In order to illustrate the method of hydraulic design and
sensitivity analysis discussed thus far, three hypothetical site
examples were selected representing the three head classifica-
tions of small hydropower facilities. The three sites were
selected arbitrarily on streams in Montana with existing
U.S.G.S. flow records. ATl sites chosen had flow recoras of at
least 10 years in 1ength. A further requirement of selection
was that each stream be essentially free of diversions, large
springs, and regulation. The hydraulic conveyance system of each
example site was designed on the basis of a flow-duration curve
synthesized by the Montana method.3 The design was then
analyzed for sensitivity to possible inaccuracies in utilization
of that method. Calculations using. the U.S.G.S. gage data
served as a final indicator of design‘sensitivity by displaying
the effects of the real case on the chosen hydraulic design.

The Tlocations of the various plant appurtenances' in each
case were choseﬁ from U.S.G.S. topographic‘ maps from a -
cost-effectiveness standpoint only. Land ownership or readily

obtainable easements were assumed for purposes of example.
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Site Example #1 - High Head

"The steep, aﬁpine terrafn -along Flower CreeFA near Libby,
" Montana typifies the type of location bést suifed for a high
head hydropower p]ant.. A U.S.G.S. gégé'(#12-3031) lies juét
inside the mouth of the canyon, with the major portion ‘of fhe
relief in the‘draiﬁage above the gage. | o

Examination of the stream profile reveals several possible .

locations for the diversion and powerhouse (Figure 19). The two

1
&

diversion Tlocations - chosen for economic comparison lie
immediately below the confluences of the l4th7and'18th small
unnamed creeks above the gage. These locations were selected.
because moving the diversion upstream of: each would reéujt Hn
substantially decreased drainage area aﬁd-hence flow for the
14th creek diversion,'and an insignificant gross head 1ﬁdr¢ase
for the 18th créek diversion. Three possible locations fo} the
powefhouse were ée]ected; These all 1ié'at thé upstream ends of
small meadows where further movement down the stream for sﬁort
distances would not gain enough gross head fo justify added pipe
costs. In addition, bui]ding costs and chances of flood damage
would be minimized. The locations tested consist of mile 2.69
aboye the gage, at the U,S.G.S. gage, and at the upstream end.of
the small lake below the gage. '

In each combination of diversion qnd pbwerhouse,~-the
shortest énd most effective route for the bibe]ine is a]ongAé

contour on the north side of the main channel to-a surge tank on
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the hillside above the -powerhouse; 'and directly down the
hillside with a high pressure penstock to the powerhouse (Figure
20. ’ I ’ ‘ l

Flow-Duration Curves -

Using the flow-duration curve prediction procedure for

ungaged mountaipous and high plains. streams in Montana,3 the
average annua1 flow is éomputed from the weighted mean annugl'
precipitation over the basin, and then the f1ow;duratidn curve
is drawn by rescaling the chosen .dimensionless curve-by-this

value.

Table 2. Site #1, Average Annual Flow Computation

For Diversion Drainage Weighted = Chosen Annual Avg.’

"Immediately Areaz Mean Annual Runoff . Annual
Below (mi.m) Precip.(in.) (in.) Flow(cfs)
Stream Gage 11.28 69.8 44.0 36.6
#12-3031 . '

14th Small Creek 6.73 79.8 52.7 - 26 .4

18th Small Creek 3.62 ' 180.0 52.8 14.1
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In -Table 2, the ya]ue'of runoff for each value of precipi-

“tation was chosen from Figure 2 as two inches grehter ‘than the

dividing line between a1piné - rocky and deep soil - heavily

timbered, solely on judgement formed from map inspection of the .

‘drainage'area. Using the same judgment, it was felt that the
flow-duration curve would have the shape of a curve lying ‘in the

" center iof the - dimensionless curve band of Figure 3. This

selection of vertical position within the band represents a
compromisé between the steep, rocky nature of the basin tending
to lower the cuf&e within the band, and the presence of numér-'
ous lakes in the upper part of the basin tending'to-raise the
curve within the band due to natural regulation. The
dimensionless. flow- duration curves are scaled by multiplying
the ordinétes by thé‘10% exceedence flow, which is.found-in each
case by multiplying the average annual flow by fhé regreés{oh
Eonstant'3.056 (noted in Chapter 3). The resulting synthetic
f]gw—duration curves for the two diversion alternatives and the

stream gage are given, in Table 3.
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Table 3. Site #1,Synthetic Flow-Duration Curvé Computation
' Synthetic F-D Curve Ordinates(cfs)
I14th Small  18th Small

%

‘Dimensionless

Stream Gage

Exceedence Coefficient #12-3031 Creek - Creek
10 1.0 112 80.7 43.1
20 424 47.4 34.2°  18.3
30 .229 25.6 18.5 9.9
40 .150 16.8 12.1 6.5
50 .100 11.2 8.1 4.3
60 .074 8.3 6.0 3.2
70 .056 6.3 4.5 2.4
80 - .047 5.3 3.8 .0
90 .039 4.4 . 3.1 1.7

100 .036 4.0 2.9 1.6

Actual F]ow-Durati@n Curves

The ‘actual flow-duration curves for the

three points of

interest along Flower Creek were derived from the U.S.G.S. gage

#12-3031 data,

and are given

in Table 4.

In this report,

“actual F-D curves" are those obtained from measured data. The

actual flow-duration curve ordin&tes for the 18th and 14th small

creeks above the gage were assumed to be in direct proportion to

“the measured F-D curve ordinates at the 'gage, where the

proportion constant was the ratio of the average anntial flows. as

computed by the weighted precipitation method in Table 2.
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Table 4, Site #1 Actugl F]ow-Duratiqn Curve Computation
Actuai Flow-Duration Curve Ordinates (cfs) _

% Stream Gage 14th Small , 18th Smal]
Exceedence = #12-3032 Creek ' Creek o

10 .82 ' 59.1 31.6

20 36 26.0 | 13.9

30 - 20 14.4 7.7

40 14 10.1 5.4

50 1 7.9 4.2

60 8.8 6.3 3.4

70 7.5 o4 2.9

80 6.5 4.7 2.5

90 5.5 4.0 2.

95 4.9 3.5 1.9

99.9 3.8 2.7 1.5

Minimum In-Stream Flow

Due to the steep céscading nature of the stream bed between

the confluences of the 18th and 14th small creeks above the

stream gage, it was assumed that no minimum flow requirements

for fish would be required in that reach of the'stréam,'however,

a minimum wett1ng f]ow of 1 cfs was a]]otted

creek confluence

increasing the probab111ty of a res1dent fish population.

minimum f1sh requ1rement in this reach was assumed to be 3 cfs

the

slope

of the

Below tHe 14th

stream bed decreases,

A
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It was assumed that an agreement with the Department of Fish,

Wildlife, and Parks could be made that required 1 cfs to be

passed through the 18th small creek diversion regardliess of the
powerhouse location,' with the balance of the 3 cfs required
below the 14th Creek confluence entering the stream below the
diversion naturally. The diversion at the 14th Small creek
would have to pass the entire 3 cfs.

Economic Factors

The economic factors in Table 5 were assumed for all
alternatives. These factors represent current trends to the

extent that realistic results can be eipected.

Design Alternatives
Based on the diversion and powerhouse locations chosen for

investigation, numerous alternative designs were - analyzed.

These are summarized in Table 6, with data common to all-

alternatives given in Table 7.
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Table 5. Site #1, Economic Factors

'Mortgage Interest Rate

Period of Mortgage.

Down Payment

Property Tax:

Permanent Property Appreciation Rate

Taxable Value of‘Permanent Property
Taxable Value of Depreciable Machinery
Method of Machinery Depreciation

Initial Mill Levy
State Income Tax Rate

Federal Tax Credit

Inflation Rate
Project Life
Initial Energy Cost

Initial Capacity Cost

Energy Cost Escalation Rate

n

149

20 yr.
10% of Initial Cost

2%

8.55% of Assessed
Value

11% of Assessed Value
Straight Line to 20%
of initial in 20 yrs.
206.55%

6.75%

21% of Initial cost:

8%
30 yr.
$.064/kw-hr.

$7.9294/Contract
kw/mo.

6%




Table 6.

Diversion

18th Creek
Elev. = 5000

lath Creek

Elev.

= A120

Site #1, Design Alternatives

Powerhouse

Mile 2.69
Elev. = 3600

Stream Gage
Elev. = 2880
Lake

Elev. = 2680

Mile 2.69
Elev. = 3600

Stream Cage

Low Pressure Pipeline

Diameters Type Cu Length
(in.) H (L)

8-30 riberglass 160 11360
8-30 Fiberglass 160 11360
8-30 Fiberglass 160 11360
20-33 Fiberglass 160 7830

16-33 Fiberglass 160 11350

High Pressure Pipeline

Diameters Type

(in.)

8-20

8-20

8-20

18-30

16-30

Steel

Steel

Steel

Steel

Steel

Cu
H

120

120

120

120

120

Length
)

3650

11360

16650

2060

8620

Transmission
Line
Cost

$110,000
70,000
50,000
110,000

70,000
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Table 7. Site-#1 -Additional Design Data

Access Road Cost (18th Creek Diversion 2.5 mi.) $120,060
Access Road Cost (14th Creek Diversion 2 mi.) 100,000
Surge Tank Cost . ' 20,000
Diversion Width . ° S 20 ft.
Turbine Type ' | | Impulise -

Turbine Limits of Operation

Cutoff Flow ' 10% of Design Flow
Wide Open Gate Flow , 190% of Design Flow
Minimum Head - 30% of Design Net Head

Maximum Head thounded

Results of Alternative Comparison

fhe computer .program outlined earlier was used to optimize
. the desigﬁ conditibh and compute the rate of return for each of
the design alternatives listed. The results of that ana]ysis,

listed in Table 8, show a predictable parabolic trend in the
rate of breturn along each row and column, with an optimum
conjugate pipe diameter clearly defined 1in most cases.

Occasionaliy the rate of‘réturh curve along a row or column has
minor humps in it. These are largely attributéb]e to
inaccuracies.in fitting cost and f]oﬁ—duration curves, but a1so.
are fhe result . of tax credits being hti]ized in only the 1érger.

design options, causing non-uniformities. In order to avoid




Table 8. Site #1, Design Alternative Comparison - Rates of Return (%)

Diversion Powerhouse High Low Pressure Pipeline Die. (In.)
Site Site Pressure
Pipeline

Dla. (In.) 8 10 12 14 16 16 20 24 2r O 2

18th Creek  Mile 2.69 8 11.0 16.9

10 11.J 20.0 25.6 27.6 27.1 25.0 25.5
2 10.J 19.7 26.9 50.4 50.5 27.5 27.4 26.5
14 9.0 18.1 25.9 29.0 29.5 28.6 28.5 29.7 29.1 27.7
16 7.6 16.1 25.2 26.4 28.0 27.6 28.8 50.6 JO.7 JO.0
18 14’1 199 25.2 25.5 25.7 27.5 29.5 J0.9 JO.J
20 12.2 17.4 208 22.7 25.2 25.0 28.4 28.J 28.

Stream Cage 10 1J.2 14.0 U.2 12.0
© 12.1 14.0 U.8 12.6
14 10.1 12.0 12.4 11.4
16 7.9 10.1 10.6 9.8
18 5.9 80 86 8.5
20 22 6.1 6.8 6.8

Lake 14 7.6 7.0 6.6
16 6.6 5.6 5.0
18 5.8 4.4 5.4
20 54 55 2.8

14th Creek  Mile 2.69 18 18.5 19.5 18.5 17.8

20 188 20.5 19.6 19.4 1
%4 18.5 20.8 20.7 20.6 2
27 17.6 205 20.5 20.7 2
J0 16.6 19.7 19.6 19.7 1

Stream Cage  I* 11.6 11.4 11.0 9.8 9.5 9.5
16 11.8 12.0 11.9 10.7 10.5 10.6 1
18 1194 11.9 12.0 10.9 10.9 11.2 1
20 10.6 114 11.5 10.7 10.8 11.2 1
24 85 95 9.8 96 100 108 1
27 85 85 91 9.8 I
20 6.9 7.4 7.9 87

CoBE

©0ORPRO®©
oNvNOINOIR oo
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excess computer expense,‘ Tabfe 8 was only Tcomp]eted to the
extent that the best optibns were found- for ‘each set of
diversion and powe%house, or until it was determined that the
peak rate of return would not compare with the best options
already.anélyzed. . |

From the téb]é it‘can be seen that the combinatibn 6f 18th
Creek diversioﬁ and Mile 2.69 powerhouse give the highest rates
of return. The major decision remaining is the choice of pﬁant'
sizing. Since several of‘the pipe combinations show: equally
.'high rates of return, the best éhosen design has to depénd on
other  factors, . such as financing limits, ope}ation
characteristics, and risk of inaccurate flow prediction.

Sensitivity to Flow Prediction

Analysis of hydraulic design sensiti?ity' to hydro}ogic
predictioﬁ was conducted on severai of the best designs in the
hope that conclusions regarding minimum risk designs could be
drawn. '

The two major sources of error in the Montana flow-duration
curve pred{ction'method are: 1)'choo$ing‘the‘va1ue of runoff for
'a.given value of meaﬁ annual précipitatioh from Figure 2, and é)
choosing the vertical position of the dimensionless F-D curve
within the band in Figure 3. While it is true that other
sources of error exist in that prediction method the two 1isted

are the only two tangible enough to. predict variation. It was
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decided that the economic sénsitivity of a‘ﬁydrau]ic design to
the Montana prediction method would be best expressed by
observing the rate of return over all permutations of runoff
within the data 1limits shown in Figure 2, and position within
the dimensionless F-D curve band (Figure 3). _

The options chosen for sensitivity ana]ysié include: 1) 14
in. low pressure and 12 in. high pressure pipelines, 2) 24 in.
1owland 16 in. high, 3) 27 in. low and 16 in. high, ana 4) 27
in. low and 18 in. high. A éopy of the output from Option 1 is
g{Ven in Appendix A. Changes in the tax structure within the
program between the time of alternative comparison runs and
sensitivity ana]ysi§ funs raised the rates of return uniform]y.
The trends in Table 8 still hold true, but the magnitudes are
altered.

Restults of Sensitivity Analysis

The designs for Options 1-4 are summarized in Tables 9-12,
respectively. Following each of these design fab]es are the
design‘operation curves énd sensitivity pjots fpr each option.
In each case the design operation curve (Figﬁre 21) shows the
1imits of power plant operation for the chosen F-D curve. Tﬁese-
Timits form an "opefation block" "of usable area undér the F-D
curve. The sensitivity' plots give the variation in rate of
return of the chosen design with changes in the F-D curve
prediction. The graph at the top of Figure 22 gives rate of
return contours over the two dimensidns of‘uncertainty, namely,.

~ vertical position with the band of Figure 3, measured from the
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bottom curve (position = 0) to the top curve (position = 9), and
the choice of runoff within the boundaries of Figure 2. " The
graph at the bottom of Figure 22 is a three-dimensional
representation of sensitivity of rate.of.return as a function'of

runoff and position within the band.

Table 9. Site #1, Option #1, Chosen Design

Diversion: : | 18th small creek above gage
Powerhpuseg ' _ Mile 2.69 above gége‘
| Low Pressure Pipeline: | i4 in. Fiberglass, CH=140,
Length = 11360 ft.
High Pressure Pipeline: | 12 in. Steel, CH=120;
: , ~ Length=3450 ft.
Gross Head | = . 1600 ft. |
Design Net Head = 1405.4 ft.
- Weighted Avg. Net Head = - 1403.3 ft.
Minimum In-Stream Flow év 1 cfs
Design'F1ow . = - 7.19 cfs.
Flow at Max. Power h = 12.23 cfs.
" Cutoff Flow - .72 cfs.
Design Rate of Return” o= 37.4%
Actual Rate of Return** = 35.2%
* The des1gn rate of return resu]ts from using the synthes1zed
F-D curve.
*%

The - actua] rate of return results from using the U S.G.S.
measured F D curve.
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Table 10. Site #1, Option #2, Chosen Design

Diversion:
Powerhouse:

Low Pressure Pipeline:

High Pressure Pipeline:

Gross Head

Design Net Head
Weighted Avg. Net Head
Minimum In-Stream Flow
Design Flow

Flow at Max. Power
Cutoff Flow

Design Rate of Return

Actual Rate of Return

- 16 in. Steel, C

18th small creek above gage
Mile 2.69 above gage

24 in. Fiberglass, C, = 120,
Length=11360 ft.

H = 120,
Length=3450 ft. '

1600 ft.
14446 ft.
1440.6 ft.
1 cfs.
17.6 cfs.
33.6 cfs.
1.76 cfs.
"37.8%
26.7%




W 30

u 20

flow AT MAXIMUM POWER

MINIMUM FLOW

DESIGN FLOW

/1117777777

FIGURE 23.

SITE #1,
CURVE

CUTOFF FLOW

OPTION #2,

DESIGN OPERATION



-78-

38.05

41.45

44.85

RUNOFF

(in.)

48.3

51.65

\ 70% 55.05

58.45

POSITION ACROSS DIMENSIONLESS
F-D CURVE BAND

FIGURE 24. SITE #1, OPTION #2, RATE OF RETURN
SENSITIVITY
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Table 11. Site #1, Option #3, Chosen Design

Diversion: o _ 18th small creek above gage
Powerhouse: : Mile 2.69 above gage
LOW'Pressufe Pjpe]ine: 27 in. Fiberglass, CH = 140,
Length = 11360 ft.
"High Pressure Pipeline: 16 in. Steel, ¢, = 120,
- Length=3450 ft.
Gross ‘Head : = .1606 ft.
Design Net Head = 1447.1'ft.
Weighfed‘Avg. Net Head = | 1445.8 ft.
Minimum In-Stream Flow = - 1 cfs. -
Design Flow | | = 18.6 cfs.
Flow at max. Power‘ = . 35.5 cfs.
Cutoff Flow . = 1.86 cfs.
lDesign Rate of Return | = . 37.8%

Actual Rate of Return = | 26.3%
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SENSITIVITY
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Table 12. Site #1, Option #4, Chosen Design

Diversion: _ 18th small c}eek above gage
Powerhouse: : Mf]e 2.69 above gage

'Loﬁ Pressure Pipeline: 27 in, Fiberglass, CH = 140

: : Length = 11360 ft.

High Pressure'Pipe1ines: 18 %n. Steel, CH =_120,
o S Length=3450 ft.

Gross Head o = . 1600 ft.

Design Net Head = '1464.6 ft.

weightéd Avg. Net Head = : 1463.9 .ft.

Minimum In-Stream Flow = = 1 cfs.

Design Flow | = 22.3 cfs.

Flow at Max. Power = 45.1 cfs.

Cutoff Flow - 2.23 cfs.

Design Rate of Return = 38.1%

Actual.Rate of'Return = 23.2%




flow AT MAXIMUM POWER

W 30

DESIGN FLOW

-J 20

CUTOFF FLOW
MINIMUM FLOW

% EXCEEDENCE

FIGURE 27. SITE #1, OPTION #4, DESIGN OPERATION
CURVE



84—

38.05

41.45

44.85

48.3

51.65

55.05

58.45

POSITION ACROSS DIMENSIONLESS
F-D CURVE BAND

FIGURE 28. SITE #1, OPTION #4, RATE OF RETURN
SENSITIVITY



-85~

Discussion of Results

Examination of the sensitivity results of the four design
options yields some interesting chara;teristics°
1. The larger the design size the greater the sensitivity
to runoff. |
2. The smaller the design size - the greater the
sensitivity to position.v
3. The smaller the design size - the greater the overall
variation in rate of return and. hence the greater the
6vera11 sehsitivity to prediction.'
4, The smaller the design size - the greater the rate of
return with the actual flow-duration curve. |
Thevfirst two observations are easily exp]ainéd. Designs
based on low exceedence flows on]y.operate during a short timé
of the year, and do not generate 1ncome‘during Tow flow periods.
These designs, therefore, rely heavily on a flow duratfon curve -
syntheﬁis method's ability td'aqcuratefy predict highlflows°
For the Montana method, this task 1@Vo1ves the prediction of
runoff volume from ’‘precipitation. In addition, added
uncertainty lies jn the rejationship assumed between the avefage
annual and ten percent. exceedence  flowsy  Smaller designs,
conversely, rely heavily on low flows for the bulk of their
energy production. While accuracy of runoff prediction lis
imbortant for these types of designs, the selected position is

the greatest influence on low flow magnitudes.
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| The third observation étems from the fact that 1ak§e designs
cover the high flow end 6f the flow~duration curve (Figuré 27).
As the dimensionless prediction procedure is permutated from the
Towest to the highest curve, the pﬁobortionate increase in the
useable area under the.curve for. the Optibn #4 design, at 1.9,
is less than the smaller Option #1's increase of 2.3 (Figure
29). Thus the overall changg'iﬁ rate of return for thé larger
design is less than for the smaller design;

The fdurth‘ observation is the result of the actual flow
duration curve exhibitﬁng only a slightly higher actﬁai runoff
. volume, "while displaying a much higher position than that
prediéted. fheée conditions favor the position-sensitive
smaller design. |

Site Example #2 - Medium Head

The combination of a Tlarge drainage area in mountainous
terrain with'gradual slope are typical of the medium head power
plant.  Twin Creek hear Hungry Horse, Montana, was used to
simulate these'.conditions. U.S.G.S. gage #12-3600, near the
confluence of Twin Creek with the South Fork of the Flathead
RiVer, was used for‘acfua1‘flow-duration curve formulation at
| diversion sites'above'it. |

Two diversion sites .and fiVe‘powerhouses were chosen for
investigation. The diversions were chdsen immediateiy bélow the
confluences of Nanny Creek ahd South Creek, due to the

significant sizes of their subdrainages (Figure 30). The  five -
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LOWEST PREDICTION CURVE
HIGHEST PREDICTION CURVE

~\MAXIMUM FLOW-OPTION #4

MAXIMUM FLOW-OPTION #1

CUTOFF FLOW-OPTION #4
CUTOFF FLOW-OPTION #1

% EXCEEDENCE

FIGURE 29. OPERATION CURVES FOR SITE #1, OPTIONS |1
AND 4 FOR EXTREME HIGHEST AND LOWEST
PREDICTED F-D CURVES
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powerhouse sités were chosen on fhe basis of'slope break, flat
building pad, flood mitigation, ease of pipeline'roufe, and ease
of road building. fhése sites include mile 4 above the‘gdge,
s]opé break at mile 3.63, Flat Creek confluence, mife 2.5, and
at the gage. '
'A-surge tank is required for stability of_p]ant»operation in
cases of long penstocks. For the purposes of this report, it
was aésumed that any pipeline over 10,000 feet 1ong‘ wou 1d
require é surge tank. In those cases the low pressure pipeline

was routed along a contour to the surge tank, with a high

pressure penstock continuing directly to the powerhouse.

Otherwise, it was assumed that a sing]e'low-préssufe pipeline
would be routed parallel to the stream.

Flow-Duration Curves

The value of runoff corresponding to the mean basin

.precipitation for Twin Creek was chosen to lie on ‘the dividihg

line between Alpine - Rocky'and Deep Sail - Heavily Timbered
(Figure 2), due to the presence of iow peaks and high percentage
forest coVer; The chosen position‘within the dimensionless F-D

curve"band.was one-third up, due to:the combination of heavy
forest -and fine soils tending to hon water for high base flows
and the close prokimity of all points in the basin to a stream”
resulting in rapid time .of concentrgtion. ‘Tables 13 - 15 show
the synthetic and actual flow-duration curves formed by thg

procedures outlined in example 1.
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Table 13. Site #2 Average Annual Flow Computation

For Diversion Drainage Weighted  Chosen Average
Immediately Area2 Mean Annual Runoff  Annual
Below (mi.”) PPT. (in.) (in.) Flow (cfs):
Stream Gage 47.0 53.2. 27.9 . 96.7
#12-3600 . '

South Creek 38.2 56.3 30.4 85.4

Nanny Creek 32.9 57.5 ~31.4 76.1

Table 14. Site #2, Synthetic Flow Duration Curve, Computation

Synthetic F-D Curve Ordinates (cfs)

% Dimensionless Stream Gage South Nanny
Exceedence Coefficient 12-3600 Creek . Creek
10 1.0 . 296 261 233
20 .390 115 102 90.7
30 201 59.4 52.5  46.7
40 128 37.8 335 29.8
50 .083 24,5 2.8  19.3 .
60 .060 17.7 15.6 14.0
70 .044 3.0 11.5  10.2
80 .036 | 10.6 - 9.4 8.4
90 .029 8.6 7.7 6.7
100 .027 8.0 7.0 6.3
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Table 15. Site #2, Actual Flow-Duration Curve Computation

' :Actua] Flow-Duration Curve Ordinates (cfs)' :

I . .
Exceedenqe Stream-Gage 12-3600 South Creek  Nanny Creek

10 411 363 323
20 168 : 148 132
30 68 60 54
40 43 38 - 34
50 33 2 .
60 %6 23 20
70 ' 20 , 18 .16
80 16 o 13
90 12 11 9.4
95 9.6 8.5 7.6
99.9 48 a2 3.8

Minimum In-Stream Flow

The gradual slope of Twin Creek is an indicator of the
1fke]ih00d of a resident. and migrating fish popultion. It was
assumed _for this report that a minimﬁm flow of 10 Efs was
spec%fied for both diversion sites by the Monténa Department of
Fish, wi1dfife? and Parks. In addition, it was agsumed that
épecia1 fish screens were‘required at diversions (Figure 8). |

Economic Factors

The economic factors .used in all design alternatives are

given in Table 16.
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Table 16. Site #2 Economic Factors

Mortgage Inﬁerest‘Rate

Period' of Mortgage

Down Payment

Property Tax Data

Permanent Prdperty Appreciation Rate

Taxable Value of ?ermangnt property

Taxable Value of Depreciable Machinery

Method of Depreciation

Initial Mill Levy
State Income Tax Rate '
Federal Tax Credit
“Inflation Rate

Project Life

initia] Energy Cost -
Initial Capacity Cost

Energy Cost Esca]ation-Rate

10%

30 yre

- 15% of ‘Initial Cost

2%

8.55% of Assessed
Value

11% of Assessed Value

Straight line to 20%
of Initial in 20 years

211.696

6.75%

21%

8%

50 yr.
$.064/kw-hr.

$7.9294/contract -
kw/mo ..

6%

Design Alternatives

N

The design alternatives tested are given in Table 17, with

additional data common to all alternatives in Table. 18.




Table 17.

Diversion

South Creek
Elev.,»0*0

Nanny Creek
Clev.,*080

Site #2,

Powerhouse

Mile *
Elev..3860

Mile 3.63
Elev..38*0

Flat Creek
Elev..37»)

Mile 2.3
Elev.«3760

Stream Cage
Elev..3383

Mile 3.63
Elev..38*0

Mile 2.5
Elev..3760

Design Alternatives

Low Pre»»ure Pipeline

Dliweters Type CTT" Length
(In.) ()
27- Fiberglass 1*0 6860
72
27- Fiberglass 1*0 8630
72
27- Fiberglass 140 10*00
72
27- Fiberglass 1*0 12100
72
27- Fiberglass HO 2*100
5*
27- Fiberglass 1*0 10*50
72
27- Fiberglass HO 1*900
72

Surge
Tenk
Cost

$0

$20,000

$20,000

$20,000

$20,000

$20,000

High Pressure Pipeline

Flemeters Type ET- Length
(in.) " (ft.)
m - - L ]
27- Fiberglass HO 1000
72
27- Fiberglass HO 1500
72
20- Steel 120 1300
3*
27- Fiberglass HO 1000
72
27- Steel 120 1500
72

Diversion
Width

22.5
22.5
60

22.5
60

22.5-
60

22.5-
*5

22.5-
60

22.5-
60

Trensmlsslon
Line Cost

$163,000

$135,000

$130,000

$115,000

_0-

$133,000

$115,000
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Table 18. Site #2, Additional Alternative Data

‘Access Road Cost (South Creek Diversion 5.3 mi) $260,000
Access Road Cost (Nanny Creek Diversion 5.83 mi) $286,000
Turbine Type = - Reaction (Francis)

Turbine Limits of Operation

Cutoff Flow ' 40% of Design Flow
" Wide Open Gate Flow | 140% of Design'Flow
Minimum Head .. 65% 6f Design Net Head
Maximum Head . 125%:of.Design Nef Héad

‘Resu1ts of Alternative Comparison

The diversion and powerhouse 1ocatibn5'wére first screened
by.usihg~equa1 diameters for high and Tow pressure pipelines.
© It soon became evident that the Soch Creek diQersion site was
the most economical choice, so oﬁiy two - powerhouge locations
were tested with- the Nanny Creek .diversion before it was
dropped. The South Creek diversion - ‘stream gage powerhouse
combination produced'the highest rétes of retufn on the equal
diameter runs, as shown in Table 19, e1iminating aii other
powerhouse options. The best ’combination of high and Tow
preésure pipeline diameters for the chosen diyersion powerhouse
option was found next (Table 20), and unlike Site Example #1,

was a single option.
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Table 19. Site #2 Design Alternative Comparison Rates of

Low and High Pressure Pipeline Diameter (in.)

Return (%)
Diversion Powerhouse 27
South Cr. Mile 4 0

Mile 3.63 0
Flat Cr. 3.0
Mile 2.5 4.5

Stream
Gage 7.9
Nanny Cr. Mile 3.63 0

Mile 2.5 4.5

30 33
0 3.9
3.7 7.0
5.6 8.0
6.7 8.9

9.4 11.2
0 2.6
6.6 8.9

36 42 48 54 60 66 72
5.2 6.3 5.9 6.3 6.5 6.4 6.0
8.0 9.0 84 88 9.0 8.7 8.1
9.7 11.1 10.2 10.4 10. 10.4 9.8
10.9 12.3 11.3 11.6 11.8 11.2 10.6

13.5 14.4 13.0 12.1
46 58 53 58 6.0 57 53
10.1 10.5 10.4 11.0 11.0 10.0 9.4

As in Site Example #1, Tables 19 and 20 exhibit parabolic

behavior of the rate of return across rows and down columns,

with small minor imperfections caused by inaccurate curve fits

and tax credit phenomena.

The optimum design from Table 13 is

clearly defined as a 42-inch low pressure 42-inch high pressure

pipeline combination from a rate of return basis.
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Tab}e 20.-Sit¢ #2 South Creek Diversion - Stream Gage. Power-

house; Pipeline Optlon Compar1son Rates of

Rehwn(%)

“High Pressure

Pipeline ~ Low Pressure Pipe]fne Dia. (in.)

Dia.(in.) 27 30 33 36 42 48 54

20 - 7.5 8.0 8.4 .85

2 7.9 8.8 10.0 0.8 11,9 11.3 10.2
27 7.9 9. 106 13.1 13,1 126 1.3
0 7.9 9.4 108 13.3 13.7 13.4 11,4
3 8.0 9.5 11,2 13.4 142 13.3 1.7
3 7.8 9.4 111 13.5 143 13.011.8
42 L. 1l2 134 148 12,9 12,0
18 110 13.2 143 13.0 121

54 S 107 129 140 12.8 12.1

o Séqsitivify To Flow Prediction :

The single, best design was next tested for sensitivity to
inaccuracies of F-D curve prediction, as described for Site
Example #1. As with Site Examp]e #1 m1nor changes were made in

thé cpmputer program to reflect the true property tax structure
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between the time alternative comparison runs and sensitivity
_ runs were made. Those chanées had no effect on the choice of
best alternative.

In additipn to the property tax_changes, minbk losses at the
intake, surge tank,'Va]ves,"and tai]face were added in the final
sensitivity run. These changes wéréﬂmadg iﬂ'attempt-to more

realistically simulate the systenm.

Results of Sensitivity Analysis  '
The design, summarized in Table 21, with the predicted
operation curve of Figure 31;'was fqund-to héve»the sehsifivity

plots of Figure 32.
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Table 21. Site #2, Chosen Design

Diversion:
Powerhouse:

. Low Pressure Pipeline:

_ High Pressure Pipeline:

Gross Head .
" Design Net Head -
Weighted Avg. Net Head =
Minimum In-Stream F]qw'. =
Dééign Flow - =
Flow at Max. Power . o=
Cutoff Flow - .
. Design Rate of Return =

Actual Rate of Return- =

South Creek Confluence
Stream Gage

42 in. Fiberglass,

. C,= 140, Length =

H 24,100 F£. = |

= 120,
ft,

42 in. Steel, C

Length = 1,300 "

455 ft.

366.4 ft.
365.2 ft.

© 10 cfs.
75.2 cfs.

91,8 cfs.

- 30.1 cfs.

16.4%
18.9%
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FLOW AT MAXIMUM POWER

DESIGN FLOW

CUTOFF FLOW

MINIMUM FLOW

FIGURE 31.

SITE #2, DESIGN OPERATION CURVE
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23.5
25.9

10% -

28.4

RUNOFF

(in.)

30.8

33.2
35.7

38.1

POSITION ACROSS DIMENSIONLESS
F-D CURVE BAND

VERTICAL SCALE:
1" = 20.32%

POSITION

RUNOFF

FIGURE 32. SITE #2, RATE OF RETURN SENSITIVITY
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Discussion of Results

Review of the sensitivity plot for the medium head example
reveals a few interesting characteristics:

1. The chosen design is more sensitive to position
than runoff.

2. The overall surfade is flatter than thosé for
Example #1. .

The first observation indicates a design which depends
primarily on the low flow period of the year. The increased
sensitivity to position is attributable to the high cutoff flow
associated with reaction turbines, which, for this design, is
located at a point where the low f]ow leg is beginning to
flatten out. Any small change in position will shift the cutoff
exceedence a great . deal, providing a signifiéaq} change " in
annual energy production;

The flatness of the sensitivity surface is due to the narréw
operating range of the reaction turbine. This narrow range has
the effect of restricting the ability of the powerplant to
effectively absorb changes in the flodeuratioh curve.,

Site Example #3 - Low Head

Flat topography and a large drainage basin make Belt Creek
near Monarch, Montana suitable for a low head hydropower
facility. For the purposes of this reporf, ‘a 48 foot high

run-of-the river dam was assumed to be in place at the same |
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location as the existing U.S.G.S. gage #6-0905. It was also
assumed that the spillway and low Tevel outlet works wefe in
"good enough condition to allow development fo be Tlimited to
attaching a powerhouse to the Tow Tevel outlet.

It was necessary to obtain the Sp111Way and tailwater rating
curves, because any head changés wi]] be significant. 'The-
~ta11water rating curve was assumed to"be the same as the
. stage-discharge relationship existing at fhe gage, which is
given in Table 22. The spillway was assuméd to be.designed to
pass the U.S.6.S.'s value of the 100 yr. flood, equal to 6700
cfs, at a depth of 7 feet.' Thus,.%or a spillway crest of 40
feet above the basé, and a U. S. Army Corps of Engineers
Waterway Experiment Station standard' spillway shape, a crest
width of.90 feet was selected. The spillway rating curve is
then defined by: H |

= 2/3
H= .0196620S

‘Where: - HS‘= water depth over
spillway ft.
Qs = flow rate over

.spillway cfs.

Further assumptions regarding the existing dam structure are

given as they are needed.




-103-

Table 22, Site #3 Tailwater Rating Curve

ETevation ! ~~ Tailwater
Above Datum* Flow Rate
(ft.) - cefs)

1 27.1
2 32.6 -
.3 38.8
4 46.0
5 54.0
6 63.0
.8 845
1.0 | 115
1.2 T ‘ 152
1.4 | . 194
1.6 242
1.8 295
2.0 . 355
2.4 - 505
2.8 694
3.2 . 921

3.4 . - - 1050

*Datum is assumed to be 40 ft. below spillway crest.

Flow-Duration Curves

Even though the actual U.S.G.S. flow data was used to
provide a hypothetical dém design, the hydrqpower design was

selected on the basis of predicted data.
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The synthetic f]ow—duration curve for Belt Creek was formed
by assuming a runoff roughly midway between the A]pine'- Deep
~Soil Tine and tﬁé lower data boundary (Figure 2) aﬁd a position
of 3/4 of the way up the dimensionless F-D band (Figure 3) The.
choice of rdnoff was made to a&count for the 1oss-of water to
" deep percolation expected in that location. The reigtively high
F-D curve position . was chosen to account for the 1argg
grouﬁdwater storage and s1ow'time of concentration expected in
fhe wide; flat;‘and deepAsoiled drainage basin of Belt Creek.

Tables 24Agives the synthetic and actual F-D curves resulting.

Table 23. Site #3 Average Annual Fldw Cpmputétion

Loéation " Drainage Weighted Chosen - Average
on stream Area Mean Annual . Runoff Annual
(mi.”)- PPT. (in.) (in.) Flow(cfs)
. Stream Gage 368 24.2 5.5 - 149

#6-0905
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Table 24. Site #3, Flow-Duration Curves at Gage

% . Dimensionless Synfhetié F-D' , :Actua1 F-D.
Exceedence  Coefficient  -Ordinates (cfs) Ordinates (cfs)

10 1 456 529

20 A 26 218

30 269 123 116

40 .183 o 83.2 . 77

50 .125 o 57.0 | 59

60 .094 43.0 ' 47

70 .074 33.7 3.

80 064 29.0 A

90 054 R % S|

100 .049 22.2 2.9

Minimum In-Stream Flow

Since no water is being diverted from the stream, it was
" assuméd that all of . the water was available for -power
generation. | '

Economic Factors

The econonmic factors used are given in Table 25.
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Table 25. Site #3 Ecénomic Factors
Mortgage Interest Rate '

Period of Mortgage |

Down Payment

Property Tax Daté

Permanment Pfoperty Appreciation Raté‘

Taxable Value of Permanent Property

Taxable Value of Depreciable machinery

Method of Depreciation

‘Initial Mill Levy 3
State Income Tax Rate
Federal Tax Credit
Inflation Rate
Project Life

Initial Energy Cost

_Initia] Capacity Cost

Energy Cost Escalation Rate

1]

12%
30 yr.
10% of initial cost

2%

8.55% of Assessed
Value ‘

11% of Assessed Value

Straight Tline to 20%

of initial
237.24

6.75%

21%

8%

40 yr;
$.064/kw. hr.

$7.9294/Contract
kw/mo . '

6%

Design Alternative

‘Due to the low slope of the terrain at the outlet, moving

the powerhouse downstream'of the dam‘wou}d not be pfofitable.

The only alternative considered, then, was that of affixing the
. . & i .,

powerhouse to the outlet works at the.dam.
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The existing Tow level ‘ouflet was ;sﬁumed’ to have been
designed to release the actual 25% exceedence flow at 10 fps,
" The dam was assumed to have 3:1 slopes with a 20 foot top width.
The low level outlet, assumed horizontal 8 feet up from fhe

base, was therefore assumed to have the characteristics:

Dia. = 54 in.. . ‘
Type: Steel

CH = 120

Length = 260 ft.

The inlet was assumed to be well rounded, with.a dewatering gate
valve and trashrack in place. fhe trashrack was assumed to be
round, with a velocity of 2 fps. through it at theidesign_f]ow:"l
and a minor loss coefficient of .41.9’10 !

From the Allis-Chalmers sizing chart for tube " turbines
(Figures 33,34), the §1ze of the tailrace of'a standard turbine
for a design flow 6f 165 cfs (the synthetic 25% exceedence flow)
and a design head'of'38 feet wés found to be 2 meters by 1.5
meterss The turbine itseTf was assumed to.pe a fixed blade
propeller type with adjustable wicket gates for flow control.

The hydraulic design.is summarized in Table 26 and 27.
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STANDARD TUBE TURBINE UNITS
OPERATING RANGES

750 mm to 3000 mm
GENERATOR OUTPUT IN KILOWATTS

TEN UNIT SIZES — MILLIMETRES (INCHES)

58L

4 BLADES

4 BLADES

3 BLADES

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54
___________ DISCHARGE CUBIC NETRES PER SECOND

400 500 600 700 800 900 1000 11(X) 1200 1300 1400 1500 1600 1700 1800 1900
DISCHARGE (CUBIC FEET PER SECOND)

UT BASED ON UNIT CENTERLINE SETTING OF ONE-HALF (W) RUNNER
ETER (DIA/2) ABOVE TAILWATER. CENTERLINE OF UNIT AT
ATION 150 m (500 Il)ABOVE SEA LEVEL

ALLIS-CHALMERS TUBE TURBINE SIZING CHART
(PERMISSION TO REPRODUCE GIVEN BY ALLIS-
CHALMERS CORPORATION)
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TFIHMNAL HO ! s(-——-- |

OHOUWO HIHIUTOH

HORIZONTAL

UNITS
( IWTAHI VHLVH t OIWtHATOH
U i

BASIC DIMENSIONS
A - Runner Diameter in millimeters (inches) -1.00
All Other Dimensions Are In Proportion From Runner Diameter

A 750 1000 1250 1500 1750 2000 2250 2500 2750 3000

(29.5) (39.4) (49.2) (59.6) (68.9) (78.7) (88.6) (98.4) (108.3) (118.1)
B 1.43 137 1.3 132 131 130 129 128 127 1.2
¢ 86 7.9 73 72 69 67 6.6 6.6 65 6.5
0 2.0 2.0 20 2.0 2.0 2.0 2.0 20 2.0 2.0
E 07 07 07 07 07 06 06 0.6 0.6 06
Foo18 16 15 15 15 L4 14 L4 L4 14
6 38 36 35 35 3.4 3.4 33 33 33 33
W15 13 11 11 1.0 09 09 0.9 0.8 0.8
309 09 09 09 09 09 09 09 09 0.9
K 15 15 15 15 15 15 15 15 15 15
L 09 09 09 09 08 08 0.8 08 08 0.7
W13 13 13 L2 12 12 L2 12 12 12
N30 27 26 25 2.4 24 23 23 23 22

NOTE: DimtnstonH are approximate and may vary for specific applications.

FIGURE 34. ALLIS-CHALMERS TUBE TURBINE DIMENSIONS
(PERMISSION TO REPRODUCE GIVEN BY ALLIS
CHALMERS CORPORATION)
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Table 26. Site #3, Design Data Constants R
' Diameter or

. Loss Equivalent - Length
Ttem Coefficient . Diameter(in.)  (ft.) °
Intake (well rounded) 1 o 54 -
Trashrack . .41 123 | : -
Gate Valve (wide openj .2 . 54 -
Low Pressure Pipeline 120 54 - 260
Wicket Gates ~ - ' In Efficiency — -

Exit Losses 1.0 o - 78 f -

Table 27. Site #3 Additional Design Data

Access Road Cost ' ' ’ | \"$'O

Tfansmission'Line Cost o - "$0

Turbine Type . | ‘ ~ Reaction (Prbpe]]er)
Cutoff Flow S 45% of Design Flow
Wide Open Gate Flow ‘ 113% of Design Flow
Minimum Head --" 50% of Design Net Head

Maximum Head ' ~ 150% of Design Net Head

Results of Operation Simulation and Sensitivity Analysis

The variable gross head on the Tlow head site example

produced some interesting operatidn results, particharTy the
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instantaneous power production at high flows. The computer
output for this example, printed in Appendix B, shows the output
power changing in response to the varying gross head. -.For this
particular design, the tailwater elevation changes faster.than
the spillway elevation at flows 1less than 800 cfs (aBout 6%
exceedence). The power output decreases from 0-6%'exqeedence,
then increases from 6-24%; all while the powerhouse flow remains . -
‘constant at the ff]ow at maximum power“} These tfénds are
entirely site specific 'and could jdst as easily have had
changing powerhouse flows and continuousiy decreasing gross head
over the same flow duration curve domain, -and- are found by
optimizing theloperation at each streamflow to produce maximum
power.

The operation and sensitivity plots are shown in Figures 35
and 36. ' : ;

Discussion of Results

The sensitivity of the low head example design exhibited
higher sensitivity to runoff than pbsition, indicating a high
flow design with narrow flow limits. The high rates of return
at the peak of the sensitivity p]bt are due to the Tow original
runoff selection, combined with the effect of the gross head
raising abéve 800 cfs, causing higher outputs for high stream

flows.
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Table 28. Site #3 Design Conditions

Gross Head = Variable
Design Net Head = 37.48 ft.
Weighted Avg. Net Head = 37.54 ft.
Minimum In-Stream Flow = 0 cfs.

Design Flow

Flow at Max.

Cutoff Flow
Design Rate

Actual Rate

Power

of Return

of Return

132.05 cfs.

146.58 cfs
59.42 cfs
13.9%
13.2%
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500

FLOW AT MAXIMUM POWER
- DESIGN FLOW

CUTOFF FLOW

% EXCEEDENCE

FIGURE 35. SITE #3, DESIGN OPERATION CURVE
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6.12

RUNOFF

POSITION ACROSS DIMENSIONLESS
F-D CURVE BAND

VERTICAL SCALE:

POSITION

RUNOFF

FIGURE 36. SITE #3, RATE OF RETURN SENSITIVITY
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CHAPTER 9
CONCLUSIONS

A method by which-the economically optimum hydrau]ic design
of small scale hydropower facilities can be'found aﬁd tested for
sensitivity to hydrologic prédictidn‘has been developed. This
method provides §ma11 hydropower developers with a tool to, make-
accurate assessment of the capabilities of"gfven sites‘ along
with the degrees of risk associated with.the imp]gméntaf%on of
~ Chosen designg. |

Three example sites were analyzed to demonstrate the method.
In addition to the suﬁmaries of thqse examp]es.written within
the body of this report, two samb]e computer outputs have been
included for illustration in Appendices A and Bf

Based on the results of the sensitivity aﬁalyses of the
thrée site examples, several concfusions were drawn:

1. . Where several design options gave equa]]y'high'rates of

return, the larger capacity‘designé were less sensitive
to variations in the predicted flow-duration (F-D)

curve.
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2. The larger design options used in this sfudy were found
to be more sensitive to- r&noff prediction from, hean.‘
basin precipitation (Figure é) than the position chosen
within the dimensionless flow-duration curve band
.(Figure . | - |

3. Smaller options were found to be more sensithe to
choice of position within the flow-duration curve band
than runoff prediction. B

4. Impulse turbine.designs were found to be more sensitive
to variétions in ‘flow-duration curveé than reaction
turbines; |

5. Smaller designs, a]though' more éensitive_ td flow
prediction than Tlarger designs, carry less overall
economic risk. ' | |

The first four conclusions are a product of the_p]acement of

the Aperation block under the flow duration.curv¢} In this
case, “"operation block" .refers to the BTopk of useable area
under fhe f]ow—duratfon curve confined by the turbine flow and
head limits. As the B]ock extends out into the low flow leg, the
inf]ueﬁce of the F-D.curve position.qhoice increases. As the -
block extendé dpward tb\ accommodate high flows over short -
periods of time, the design becomes more and more dependent on
the‘accuracy’éf predicFing the '10% eXceedence f]ow, and hence .

runoff from precipitation. Impulse turbines are able to operate
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over a wider range of flows than reaction turbines, so they have
a larger operation b]ock which extgnds in. both directﬁons; Any
change in runoff or position will therefore have 5 greater 
effect on an impulse turbine than on a rgactidn turbine. '

The final conclusion is the most'impOrtanf. It would appear
from the data ’that §ince smaller désigns- are more 'sensitiye
overall to inaccuracies in flow-duration curve prediction, a
higher degree of economic risk would be associated. If
sensitivity to flow prediction weré the only source of risk, the
inference would be correct._In reality, ofher elements of risk
must be added into thé risk of the ]arger'design; such as higher
investment, greater yeér]y variation of.high,f]ows, greater down
time, inconsistent cash F]ow; difficulty of obtaining a poﬁer
sa1e§ confract due to the low capacity factor, and gréater‘risk
in th¢ event of breakdown. In additibn,-the‘risk associated‘
with .imp1ementation of small capacity désighs .can be :easi1y.
.1ow¢red  by adjusting the "predicted flow-duration @urve to
éorrespond with spot.meésurements taken during ]ow:flow periods.
The high flows on the modified flow-duration curve will then

carry the greatest uncertainty.
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APPENDIX A

Site #1, Option #1, Computer Output
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273699. 06400
276705. .06784
27987 3. .07191
283208. .07623
286717. .08080
290409. .08565

294289.
iSIMh 10201
307133. .10813
311839. 211461
334977. .12149
355418. .12878
s el
- uIsS
116258
Siilll: SIS
699822
522847.
57522 .2175?
594471 .23063

Slilfl:  -IUIS
72055 7 .2

768256. .29116
IUUS:
931216. .34678

RATE

7.9294
8.4352
8.9095

9.4440
10.0107

16.9128
19:0333

IklUI

22.6332

IhzUl

34.0320

42.9646

TOTAL
REVENUE



403 * POSITION RINOFF (1 1) ENERGY PvAX CF ROR UNUSED CREDIT

404

405 0. 58.050 2332.356 910.50 2937 .0330 344815.
406 1. 33.050 2541.197 910.50 3186 .mo 34481 5.
407 2 33.050 2705.0 20 910 .50 3395 .1210 344 31 5.
403 3. 38.050 2382.123 910.50 361 4 .1440 344815.
409 ¥ 4. 38.050 3064.547 910.50 3842 .1720 344315.
410 5. M. J30 3253.422 910.50 4035 .2090 266309.
a1 W 6 . 33.050 3471.70," 910.50 435X ‘2570 137750.
412 = 7. 33.3:J 3705.10u 910.50 4645 .3180 0.
43 ¥ 8. 33.350 3735.9)0 910.50 4935  .3850 0.
414 % 9. 33.050 4137.340 910.50 5187 “4500 0.
415 * 0. 41.450 2437.274  910.50 3113  .0950 34481 5.
416 1. 41 .450 2659.435 910.50 S334 1150 344 81 5.
47 = 2 41.450 2334.638 910.50 g;ﬁg 1390 344815.
a1 W 3. 41 .450 3023.036 910.50 1660 344815.
41 9 4. 41.450 3227.15X 910.50 4046 .20 20 287043.
420 * 5. 41.450 3443.605 910.53 4317 .2500 156711.
21 7 6 - 41.430 3586.580  910.5] 4627 .31 30 8 538.
42 2 7. 41.450 3934.646 910.5 4933 .3340 0.
423 * 8 . 41 .450 4151.461 910.53 5205 .4550 0.
424 * 9. 41.450 4372.622 910.50 .5437 .5320 0.
425 * 0. 44 .850 2587 .691 910.50 3244  .1060 344815.
426 I. 44 _S5u 2772.343 910.50 3476 -1290 344815.
457 « . 44850 2965.521 910.50 .3718 .1570 344815.
428 ¢ 3. 44 .350 3168.305 910.50 .3972 .1910 326236.
29 4. 44 .55C 3535.445 910.50 4245 _2370 195836.
430 5. 44 .850 3628.694 910.50 4550 .2970 47477 -
431 » 6 . 44 _.850 3392.938 910.50 4831 .3720 0

432 7. 44 .850 4135.578 91Q.50 5135 .4490 0.
433 Y 44 gsSC  4562.154 910.50 5469 .5280 0.
434~ 9. 44 -850 4578.498 910.50 5740 .6080 0 .
435 u. 43.250 2635.966 910.5] 3365 .1180 344315.
436 . 43.250 2530.453 910.50 3611 .1440 344815.
43 7 . 43.250 3036.216 910.50 3869 .1760 344815.
438 « 3. 43.250 3305.713 910.50 4142 .21 80 235541 .
439 4. 43.25J 3541.296 910.50 A440 2740 100 35 7.
440 * 5. 43.250 3312.062 910.50 e4779  _.3480 0

41 6 . 43.25C 4083.192 910.50 5176 .4330 0

442 = 7. 43.250 4524.732 910.50 5472 -5150 0.
44 3 8 48 .250 4559.960 910.50 3617 .6010 0.
44 4 9. 43.250 4734.154 910.50 M 6 380 0

44 5 0. 51.650 2776.340 910.50 .3431 . 1300 344 815

44 6 (I 51.850 2734.126 910.50 B3741 0 1600 344815

_On_



44 7
44 8
44 Q
45 0
45 1
45 ?
45 t
454
455
456
457
453
459
460
46 1
462
463
464
46 5
466
467
468
469
470
471
472
473
474
475

LRI R R RN R I R EE

51.65)
51 .65,]
51.65 j
51.650
51.650
51.65C
51-65]
51.65
55.05]
5S5.0s:
55.050
53.05 J
55.050
53.05 J
55.Q05 1
55.05j
55.05J
55.05:
53.45)
53.45]
53.45]
53.45:
53.450
53.450
53.430
53.450
53.450
9. 53.430
MEASUt 5D CURVE:

o hw™

Owmw
- ¥,

V-8

WNO OB 00=C©O® o ;1h

5202.315
5435.113
3690.307
3937.837?
4259.369
4502.684
4745 .747
4977 .137
2364.839
3035.643
3514.076
3565.379
3350.555
4-55.039
4420.275
4534.031
4923.2"*
5159.3 56
2)49.940
3179.243
3422.03?
3639.615
4000.47 5
4299.7Q1
4535.615
4342.552
5304.221
5509.7 13
3327.473

910.50
910.S0
910.S0
910.53
910.S0
910.50
910.50
910.53
913.S8J
910.50
910.50
910.50
910.50
910.50
910.50
910.50
910.50

.4015
4307
.4634
-5000
15340
.564 5
-5)50
.6240
-3592
3866
4155
_446 3
.6823
.5210
15542
.567 3
16169
.644 4
236)9
.7936
.4290
_4626
.5016
25301
5747
-607 1
2637 4
-665 7
S4799

-1970
-24 80
-3150
-4010
-4920
-5300
.6?30
-7640
-1420
-1750
-2210
-2300
-3590
4560
-54 30
-6493
.74 20
-3 500
-1540
-1930
-24 50
-3130
-4050
-5060
-6100
-7110
-8080
-9010
-3520

303752.
162421.

1995 .

:OIOO OO OO«

[§™
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APPENDIX B

Site #3, Computer Output
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Ok ok b %k kb ko R b R % b F ok % F X

F R EA R kb b bk R b X % F A

HYO ROP OWES DESIGN ANO SENS ITIVITY- BELT CRAEK NFSR MONARCH, MT, LOW HEAD
PREDICTED FLOW-DJRATION CURVE AFTER MINIMUM FLOWS
% EXCEEDENCE J(CFS)
10 455 .57
20%. 216.34
30. 123.13
AO . 83.95
50. 58.13
60 . 42 .51 \
TO. 33.45 —
30. 23.59 P
90. 25.55 '
HO . 21.95
MINIMUM FLOW= 0.CF5
DESIGN OPTION= |
TURBINE TYPE= REACTION
PIPE F 1. CONVEYANCE= .0001 159 DIAMETER= 5A .300" CH=120.



* *

* %

ok % R K R E X X kX %A

EERE

* %

* % %

LR B N

QSTRE4M
(CFS)

1356.93
1347. 82
1338771
1329.63
1520.50
1311.39
1302 .26
1293. 18
1234707
1274.96
126 5. 86
1255.75
1247. 64
1238.54
1229.43
1220.32
1211.21
1207.11
119 3.00
11)3.39
1174.79
1165.63
1156.57
1147.47
1138.36
1179.25
1120.15
1111.04
1101.93
1092.32
1367.72
1)74 .01
1065.50
1056 .40
1047.29
1033. 13
1329.33
1019. 97
1010.86
1301.76
992 .65

983.54

/74, 44
965.33

JTIIH

(CFS) HEAD(FT)
146 .575 33.47
146.575 33.47
146 .575 33.47
146 .575 53.4 7
146 .575 33.47
146 .575 38.47
146.575 33.47
146 .575 38.47
146 .575 33.46
146 .575 53.45
146 .575 33.40
146 .575 33.46
146.575 33.45
146.575 33.46
146 .573 33.46
146 .575 33.45
146 .575 38.45
146 .575 33.45
146 .575 33.45
146 .575 33.45
146 .575 33.44
146 .575 33.44
146 .575 33.44
146 .575 33.44
146 .575 33.4 4
"46.575 33.4 3
146.575 33.4)
146.575 33.43
146 .575 53.4 5
146.57 5 33.43
146 .575 33.42
146 .575 33.42
146 .575 53.42
146 .575 33.42
146 .575 33.4 2
146.375 33.41
146 .575 33.41
146 .575 38.41
146 .575 33.41
146 .575 33.41
146 .575 33.4 1
146 .575 38.40
146 .575 33.40
146 .575 38.40

GROSS TAIL ,VATER
ELEV(FT)

3.76
3.75
3.74
3.73
3.72
3.71

3.73

AR ARBRAQOIOIO OO T OIO DO D DO

WWWWWW WWWWUHITWWWWW WWWWWWWWWW WW
OO RNy hm@ﬂm@ol_\mw AOo~NowOORFNW O

RERN N NININ

wWwwww
W WWW
whoo

3.32

HL

(FD

— S — T g S m— ) o S

e o — —— o

-39
.89
-39
-39
-39
-89
-89
-39
-89
-89
.39
-89
.39
-39
-39
-89
-39
-39
-39
-89
-39
-39
-39
-89
-89
-89
-S9O
-89

-89
37
34
-89
-39
-89
.37
-89
-39
-89
-39
-89
-89
-89

-89
-89

HN
(FJI)

35.53
35.53
36.5.3
36.53
36.53
36.53
36.57
36.57
36.57
36.57
36.57
36.57
36.57
36.56
36.56
36.56
36.56
36.56
36.56
36.55
36.55
36.55
36.55
36.55
36.54
36.54
36.54
36.54
36.54
36.53
36.53
36.53
36.53
36.53
36.57
36.52
36.52
36.52
36.57?
36.52
36.51
36.51
36.51
36.51

EFF

778
-770
778
778
773
778
773
773
777?
L
778
778
77 ?
773
772
773
773
779
778
773
773
778
778
779
773
77?
775
778
777
779
773
778
778
778
778
778
778
778
.778
77

77

772
778
779

P
(KwW)

353.14
353.13
353.12
353.11
353.10
353.09
353.08
353.07

353.05
353.04
353.03
353.31

353.00
352.3J8
352.97
352.95

052.93
052.92
352.90
352.S8
352.86
352.34
352.32
352.81

352.79
352.77
252.75

352.73

352.71

052.69
357.67
352.65

352.63
352.61

352.59
352.57

352.55

352.54

352.52

352.50
352.48
352.47
352.45
352.43

TIME

.00100
.00100
.00100
.00100
.00i no
.00100
.00100
.00100
.00100
.00100
.00100
.0010

.0310

.00100
.00100
.00103
.00100
.00100
.00100
.00100
.03100
.001QQ
.00100
.00100
.001 on
.00100
.071cCO
.00100
.03100
.001 00
.00100
.00100
.00100
.03100
.00100
.00100
.00100
.GOoI100
.CCI00
.00100
.00100
.00100

.00100
.001nn

ENERGY
(MWHR)

3. 093
3.093
3.093
3.093
3.093
3.093
3.097
3.093
3.093
3.093
3.093
3.092
3.092
3.092
3.092
3.092
3.092
3.092
3.poi
3.Q0l1
3.091
3.091
3.091
3. 091
3.090
3.090
3. 090
3.090
3.090
3.090
3.089
3.089
3.089
3.089
3.089
3.089
3.088
3.088
3.088
3.088
3.088
3.088
3.087
3.087

~pET-



Ve RO W~NOUTRWN= O

e o ——————
NN N) e o o o e = e

152
125
126
1?7
i2s
129
130
131
132
133
134
135
136
137
138

* %

ok ok ok ok X X

*

$o% bk R bk F b b R % % ¥

Aok b b kK R kX F

146.575
146.575
146.575
146.575
146.575
146.575
146.575
146.575
146.575
140.576
146 .575
146 .575
146.575
146.575
146.575
146.575
146.575
146.575
146 .575
146.575
146.575
146.575
146 .575
146.575
146 .575
146.575
146 .575
146 .575
146.575
146.575
146.575
146 .50
146.575
146.576
146.575
146 .575
146 .575
146.5 75
146 .575
146 .575
146.576
146.575
146.575
146 .575
146 .575

©O0 00 OO PR R EEERNNNNNN NN W

PN AUTO0©OON g~ @ OO

NNNNONNNDONNNNNNN NN NDNWW WW WO gTw ool\)oowwwwwwwwwwwfn

Nh@mowm\lwg'\)hmmw U'ILH(D@OHI\)-bU'I ~w!

OO y~NNV~No®UIONGO OOO o

56.5 1
36.51
36.50
36.50
36.50
36.50
36.50
36.50
36.50
36.50
36.50
36.4 9
36.4 9
26.49
56.4 9
36.4 9
36.4 9
36.49
35.4 9
36.49
36.50
35.50
36.50
36.50
36.50
36.50
36.50
.26.50
36.51
56.51
36.51
36.51
36.5 3
36.5 2
36.5 2
36.5 3

36.5 3
35.54
36.54
<6.55
36.55
36.56
36.56
35.57
36.57

352.42
352.40
352.39
352.38
352.36
352.35
352.34
352.33
352.32
352.32
352.31
352.30
352.30
352.29
352.29
352.29
352.29
352.29
352.30
352.30
352.31
352.32
352.32
352.34
352.35
352.36
352.38
352.40
352.42
357.44
352 .47
352.49
352.52
352.55
352.59
352.62
352.66
352.70
352.75
352.79
352.84
352.89
352.95
353.00
353.06

-GET-



$ ok b RB b % b %
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* *

* oz

*

1o 1 o o T g ¥ % E

546. 41
537.30
523.20
519.09
509.93
500.33
491.77
482 .66
473 .56
464 .45
454.02
452.70
451 _38
450.06
443 .74
447 .42
446.10
444 .78
443 .46
442 .14
440.82
439.50
438. 17
436 .35
435.53
434 .21
457 .39
431.57
430.25
423.93
477.61
426.29
424 .07
423 .65
422 .35
421 .01
419.69
413.37
417 .05
415.73
414 .41
415.03
411.76
410.44
407.12

40 7.80

)
DADNDDADADANDNDNDARN
OO OONOIDGHPODD

—— S -
N NI NN N
00 o OO O O

575
.575
-575
575
575
.57 5
.57 5
-575
575
-575
-575
.57 5
-575
.57 5
-575
.57 5
-575
-575
-575
.57 5
.575
-575
-575
.57 5
-575
.57 5
-575
.57 5
.57 5
.57 5
.57 5
-5 75
.57 5
.57 5
.57 5
-575
.57 5
575
.575
-575
575
575
.57 5
575
575
.575

33.47
33.48
33.49
33.49
33.50
33.51
33.52
33.53
38.5 3
33.54
38.55
38.56
33.55
38.56
33.56
33.56
53.55
33.57
33.57
33.57
33.57
33.57
33.57
33.57
33.53
33.53
33.53
33.53
33.53
33.53
38.59
33.59
38.59
33.59
38.59
33.59
53.60
33.60
33.60
33.60
53.60
38.60
38.61
33.61
38.61
33.61

NNN N NN NN NN
NN NNNONOND NN
@ooHHMNNww

w
o
OO0 OO U iUl

WwW w
oo o
oo
Y

36.67
36.6 7
36.63
36.68
36.68
36.6 8
36.6 8
36.6 8
36.68
35.6 9
36.6 9
36.6 9
35.6 9
36.6 9
36.69
36.70
56.70
35.70
36.70
36.70
35.70
35.70
36.71
36.71
36.71
36.71
36.71
36.71
36.77
36.7 2

~N~PonPwwN RO ©O®

353.13
353.19
353.26
353.33
353.41
353.48
353.56
353.65
353.73
353.32
353.93
353.95
353.96
353.97
353.99
354.00
354.02
354.03
354.05
354.06
354.08
354209
354.10
354.12

354 13

354.15
354.16
354.16
354.19
354.21
354 .22
354._.24
354.26
354 .27
354 .29
354.30
354 .32
354.33
354._35
354 .37
354.38
354 .40
354.41
354 .43
354 .45
354 .46

.00100
.00100
-00100
.00100
.00100
.00100
00100
.00100
.00100
.00100
00140
.00040
-00040
00040
.00040
.00040
~000 30
-00040
100040
.00040
00040
200040
.00040
200040
-00040
10004Q
00040
00040
.00040
00050
00040
100040
-00040
00040
.00040
-00040
.00040
.0:00 50
-00040
- 000 40
100040
-00040
.000 50
-00040
.00040
00040

© O ©©
~w

0O OO
WOWO WO, U

WWWowww

RPempPROWWWWw wWww ww
NNONWEFR OO O

w
(e¢]

-9€T-



185
186
187
183
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
203
209
210
211
21 2
213
21 4
215
21 6
217
21 S
219
220
221
222
223
224
225
226
227
223
229
230

A R R AR E E EE E R,

¥ = X %

406.48
405.16
403.84
402 .52
401.20
399.88
39.3.56
397.24
395.92
394.60
393.28
391.96
390.64
89.32
37.99
86.67
385.35
334.03
38271
3g1.39
330.07
378. 75
377.43
376. 11
374.79
373.47
377.15
573.33
369.51
563.19
366.37
565.55
364.23
362.9j
361.53
360.26
358.94
357.62

356.33
554.93
353.66
352.34
351.02
349.70
348.33
347 .06

www

146.
146.
146 .
146.
146.
146.
146.
146.
146 .
166 .
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146 .
146.
146.
146.
146.
146.
146.
146
146.
146.
146.
146 .
146.
146.
146.
146 .
146.
146 .
146.

57 5
575
575
575
575
575
575
575
575

575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
57 5
57 5
575
575
575
575

-575

575
575
575
575
575
575
575
575

57 5
575
575

33.61
33.61
33.62
33.62
38.62
33.62
58.62
38.62
33.63
38.63
38.6 3
38.63
38.63
38.63
58.64
38.64
33.64
38.64
38.64
33.65
33.65
38.65
38.65
38.65
38.65
38.66
38.66
58.66
38.66
38.66
38.67
38.67
58.67
59.67
38.67
38.63
33.68
33.63

38.68
33.68
38.69
38.69
33.69
53.69
33.69
33.70

2.19
2.18
2.18
2.13
2.17

NN N
[RYEGEN
oo~

©©OOOO0000 D00 000000 OO0 OoORRERRERR LR PR P

PREPEENNNN DN NN NDNNNNN DR NN NN RN NN NN N
W OO©OOOFRE NN GLWARAULO (NJM OO OOFRRPNMNWW R A DG U

36.76

EVENINENIENENENENENENIY]
g1 X000 Ny~~~

O WWW WWW WWwWww
0 OO0 OO OO

354 .48
354.49
354 .51
354.53
354.54
554.56
354.58
354.60
354 .61
354.63
354.65
354 .66
354.68
354.70
35472
354.75
354.75
354.77
354.79
354.30
354.82
354.84
354.86
354.88
354.89
354.91
354.93
354 .95
354.97
354.98
355.00
355.02
355.04
355.06
355.08
355.10
355.12
355.13
355.15
355.17
355.19
355.21
355.23
355.25
355.27
355.29

00050
-00040Q
.00040
00050
00040
00040
100050
00040
00040
200050
100040
.00050
100040
00050
100040
.00050
.00040
00050
100040
00050
200040
00050

-00050
-00040

-00050
-00050
-00040
-00G 50
.00050
-00040
.00050
.00050
-00050
-00040
-00050
-00T50
-00050-
.00050
-00050
-00040
-00050
.00050
.00050
-000 50
-00050
-00050

-LET-



231
232
23 3
234
235
236
237
238
239
240
24 1
24 2
24 3
244
24 5
24 6
24 7
249
24 9
250
251
252
253
254
255
256
257
253
259
260
26 1
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
)74

Ok % o kR X ok F F % X+

Ok R R X X X X Xk *= %

¢ AT

Ok X % X X b ok X 0 *

345. 74
344 .42
343. 10
341.78
340.46
339.14
337.81
336.49
335.17
333.35
332.53
331.21
379.S9
323.57
327.25
325.93
324 .61
323.29
321.97
320.65
319.33
313.01
316.69
315.37
314.05
312.72
311.40
310.06
303.75
307.44
306.12
304.30
50 3. 43
302.16
300.34
299 .52
29S.2J
296.38
295.56
294 .24
292.92
291 .60
290.28
238.96
287.63
236.31

234.99
?29T » 7

146.57 5
146.575
146.575
146.575
146.575
146.575
146.575
146.575
146 .575
146.575
146 .575
146.575
146.575
146.575
146.575
146.575
146.575
146.575
146.575
146.575
146.575
146.575
146.5 75
146_.57 5
146.575
146.575
146 .575
146.575
146 .575
146 .575
146.575
146.575
146 .575
146 .575
146.575
146.575
146.575
146.575
146.5 75
146.575
146 .575
146.575
146.575
146 .575
146.575
146.575

146 .575
I1ZA S75S

33.7Q
33.70
38.70

33.70
35.71
33.71
33.71
33.71
39.71
38.72
33.72
33.72
33.77?
3.3.72
33.73
33.73
33.73
33.73
33.74
33.74
33.74
33.74
33.74
33.75
33.75
33.75
33.75
33.76
33.76
33.76
33.76

35.76
33.77

33.77
33.77
33.77
33.73
33.78
33.73
33.73
33.73
38.79
33.79

33.79
33.30

qg.so
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-39
-39
-39
-89
-39
-89
1.89
1.89

1.89
1.39
1.89
1.89
1.89
1.89

1.39

1.39
1.89
1.89
1.39
1.89
1.89
1.39
1.39
1.39
1.S9
1.39
1.39

1.89
1.39
1.37
1.89
1.39
1.39
1.39
1.39
1.39
1.89
1.39
1.82

1.39

36:31
36.81
36.91
36.81
36.31
36.82
36.8 2
36.82
36.3 2
36.8 2
36.83
36.8 3
36.33
36.3 3
36.84

36.91
36.91

778
778
778
778
778
778
.778
773
778
.778
778
773
773
778
.778
773
773
779
778
778
.778
773
773
.778
778
775
778
778
778
773
773
.77 8
773
778
. 778
778
773
.778
778
778
778
.778
778
777
778
778
778
.77 3

355 .31
355 . 33
355 .
355 .37
355 .
3% -1
355 .
355 - a
355 .47
355 .49
355 .51
355 .53
355 .55
355 .57
355 .59
355 .61
355 .63
355 .65
355 .67
355 .69
355 .71
355 .74
355 _ 76
355 .73
355 .S0
355 .32
355 .34
355 .36
355 .38
355 .90
355 .93
355 .95
355 .97
355 .99
356 .
356 .81
356 .
300 B8
356 . .
356 -14
356 .
356 . 16
356 . 19
355 .2
356 .23
356 .25
356 .27
356 .30

-00050
-00050
-00050
-00060
-00050
-00050
-000 50
-00050
-00050
-00060
-00050
-00050
-00050
-00060
-000 50
-00050
-00060
-00050

00050

-00060
-000 50
-00060
-00050
-00060
-000 50
-00060
-00060
-00050
-00060
-00060
-000 50
-00060
-00060
-00060
-00060
-00050
-00060
-00060
-00060
-00060
-00060
-00060
-00060
-00060
-00060
-00070
-00060
-00060
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279 * 282.35 146.575 38.80 1.72 1.39
i . ) ) ] 56,01 .7

%gf . §$91_$f 146.575 33. 30 1.71 1.89 35 .91 _ﬁg ggg 23421 '888?8 1-879
281 21971 122 575 38.31 1.71 1.59 36.,9? .778 356 .36 .00060 ?'%%
282 1 279 575 33.31 1.70 1.39 36.92 .778 356 .39 .00060 1.871
283 1 275_77 1|4£116_575 38.31 1.69 1.39 36..9? .773 356.41 .00070 2.183
282 . 275- 5 6.575 33.31 1.69 1.89 36..92 .778 356.43 _.00060 1.871
285 | 273_4115, 146.575 33.32 1.68 1.39 36 .92 .778 356 .45 00070 )
286 273.11 146 .575 38.32 1 .65 1.89 36..93 -779 356 .48 ~00060 %'%?%
287 % orL-79 Hg.g?s 33.32 1 .67 1.39 36..93 .778 356 .50 .00070 2.183
238 279- 47 146. 75 33.32 1.67 1.39 36..93 .778 356.52 _00060 1.871
289 3 269. 1< 146.5 75 38.33 1 .66 1.89 36.93 .779 356 .54 200070 2.184
290 1 267. 82 146’2?2 33.33 1 .65 1.89 36 .94 _7728 356 .57 00070 2.184
21 266.51 146.5 33.33 I .65 1.39 36..94 _778 356 .59 _00060 1.872
292 * 265-19 146. 75 gg.ae, 1.64 1.89 36..94 _.778 356 .61 .00070 2.184
293 7 26387 lig_g;g 53_32 1.64 1.89 38,94 .778 356 .63 .0007Q 2.184
204 1 262.54 1. 53.3 1.63 1.39 36.95 .778 356 .66 .00070 2.184
295 1 261.22 146_2;5 33.321 1 .62 1.89 36,95 .773 356. 68 .00060 1.872
296 1 259:90 |46'5755 33.34 1.62 1.39 36..95 .778 356. 70 00070 2.18
27 258.58 146.57 L . 1 .61 1.89 36.,95 .778 356 .73 00070 2'185?
298 * 25720 146.575 58.35 1.61 1.89 36..95 .773 356 .75 .00070 2185
299 % 255.94 146.575 38.35 1-60 1.89 36_.96 .778 556 .77 00070 27185
30 254.62 146.57 33.35 _50 1.89 58 _.96 .775 356 .79 .00070 2.18
302 * 251.98 146-572 gg'gg : 'gg %'%3 %g "%g ';;g ggg 'gi -00070 2-182

- . : : _ - : .
3 0 sleo 1aglsrs 33l 13 flm 3olor lrrs eme 180078 5438

W ) . ) . . .- ) 356. i
282 A %ﬁ%'% %22'55’;5 gg-ss 1.56 1.89 36..97 .778 356 -§i3 3888;8 5-%28
306 24613 146.575 3 .37 1 .56 1.89 35..97 .77 3 356 .93 00080 2.499
307 . 245.38 146. 5 3.37 1.55 1.80 36.98 .773 356 .95 .00070 2 18
303 1 242. 0¢ 128'??2 38.3Z 1.55 1.39 36..98 .773 356 . 00070 2'188
309 7 242.74 146.575 g%_s. 1 .54 1.89 36..98 .773 357 88 " 00080 2.499
30 7 241.42 145.575 3 .33 1.53 1.39 36..98 .778 357 .02 00080 2.4 99
11 740.10 146.575 3%.22 1.53 1.39 36,99 .778 357 .04 _00070 2.187
3i 3 237.46 146.575 33. 1785 1385 299 78 B 80080 2-500
33 237.46 146.578 3 .38 1.52 1.89 56..99 _.778 357.09 -00080 2. 500
314, 236.15 146.571 3%'%8 1.51 1.8/ 36,99 .778 357 .11 _o0o0o070 2 187
S5 234.81 146. . 1.50 1.39 37,.00 .778 357 .13 .00080 2.500
316 2 23349 I46.575 38.39 1.50 1.89 37,.00 .778 357 .16 00080 2. 50
a7 232.17 146.575 33-39 1.49 i.39 57..00 .778 357 .13 _00080 - 200
38 229_53 _.575 8.39 1.45 1.59 57,00 .775 357 .20 " 000 80 2.501
39 L 229.53 146.575 3890  1.43 1.89 37,.00 .778 357 .23 00080 51801
320 228.21 128'575 33.90 1.47 1.89 37,01 .779 357 .25 .00080 2.
321 % 226-89 14 .575  38.90 1 .46 1.39 37,01 .773 357 .27 00080 - 2o
323 = 553738 1aeien2 3891 1.46  1.89 37,01 -778 857..29  .00090 2,804
323 1 224.25 146.575 38 1 145 1.39 37,91 -779 357 .31 .00080 )
324 222.93 .575 .91 1 .£5 1.89 3702 .778 357 .34 00080 2-201

. 146.575 33.91 1.44 1.89 37..02 .773 357.36 00090 %’ggé

-6€T-



352
353
354
355
356
357
35%
359
360
36 1
362
363
364

365

367
368

369
370

371
372

¥ Ok b X o+ X x= ok ok kO R R X o X

Bk b kb ok kR % Rk o % F % %

* % X

220.29
213.97
217 .65
216.33
215.01
213.69
212 .37
211.05
209.72

205.40
207 .03
20 5. 76
204 .44
203.12
201.80
200.43
199.16
197. 34
196.52
195.20
193.88
192 .56
191.24
189.92
1S3.60
137.28
185.96
184 .64
153.31
181.99
1*0.67
17 7.35
173.03
176.71
175.39
174. 07
172.75
171.43
170.11
168.79
167 .47
166.15
164.83
163.51
162.19
160.«7
159. 55

146.
146.
146.
146.
146.
146.
146.
146.
148.

146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
145.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.
146.

575
575
575
575
575
575
575
575
575

575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
575
5/5
575

53. PI
33.91
33.92
38.9 2
33.92
33.92
38.93
33.93
33.93
38.93
33.93
33.94
33.94
38.94
33.94
33.95
58.95
33.95
33.95
33.95
38.96
33.96
33.96
33.96
33.96
38.97
38.97
33.97
33.97
33.97
(5.97
38.98
33.93
33.98
33.98
33.98
33.98
33. 93
33.93
53.9/
33.99
38.99
38.99
38.99
33.99
33.99
33.97

PRRPRRPRRrRRPERFReEpRPRmm e e om0 o o o -

) T

37,
37
37
37
37
37,
37
37
37
37
37,
37
37,
37,
37,
37,
37.
37,
37.
37.
37.
37
37.
37
37.
37
37.
37
37.
37
37.
37.
37.
37.
37.
37.
37.
37,
37
37
37.
37.
37
37
37.
37.
37.

.02

=02

»0*3
.03
.03
.03
.03

-04

»04

.04
.04

05
.05

.05
.05
.05
-06

.05
.06

.06
.06

07
.07

»0?
.07

07
.07

.06
,05
.05
.08
.03

.08
-0?
-09
.09
-09
-09
-09
-09
.09
-09
.10
-10
,1C
-10
.10

.778
.778
.778
.778
.778
.778
.778
.778
.778
.77 8
.778
.77 8
.778
.778
778
.778
778
.778
.778
77
.778
.778
.778
77T%
779
LT7T7*
.778
.778
LT77T%
775
773
773
.778
.778
.778
.778
.778
.778
.77 8
.778
.778
.778
.778
773
.778
.778
.778

357.

357 -28
357 .43
357 .45
357 .47
357 .49
357 .51
357 .53
357 .55

357 .58

357.
557 -88
357 .64
357 .66
357 .68
357 .70
357 .72
357 .74
357 .76
357 -78
357 .5
357 .
357 -1
357. 55
357 .57
357 .89
357 .91
357 .32
357 .94

357 87
357 .

355. 88
353 .

358 .03
353 .04
358 .05
353.06

358 .07
353 .08

-00080
-00090
-00080
-00090
-00090
-03090
-00090
-00090
-00090

--SSS90
.00100
-00090
-00100
-00090
.00100
-00100
-00100
-001 00
-Nn0 100
.001 00
-00110
.00100
-00110
-00100
.00110
-00110
-00110
.00110
.00110
.00120
-00120
.00110
-00120
.00120
-00120
-00130
-00120
-00130
-00130
-00130
-00130
-00130
-00140
-00140
-00140
-0014Q

-0vT~



373
374
375
376
377
378
379
380
38 1
382
383
384
385
386
387
388
389
390

391

392
393
394
395

396
397

388

400
401

402
403

40 4
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153.23
156.90
155.58
154.26
152.94
151.62
150.30
148.98
147 .66
146.34
145.02
143.70
147 .33
141.06
139. 74
138.42
137. 1Q
155.78

134.46
133. 14
131.82
130.49
129.17
127.85
126.53
125.21
123.89
122 .57
121.25
119.93
118.61
117.29
115.9?
114.65
113.33
112.01
110.69
109. 37
10 3. 05
106. 73
105.41
104.03
102.76
101.44
100.12
93. SJ
97.43

146 .57 5
14b .575
146 .575
146. 57 5
146 .575
146 .57 5
146. 575
146. 575
146 .575
|4g .255
143 .

142 .61 4
141 .295
139. 97 3
133 .65 2
137. 332
I36-§ |
134 .
133. 370
132 .350
130 _7%8
129 .4
173. USZ
126. 76<S
17S.447
124 127
127 .336
121 .436
120. 165
113. 84 5
117. 524
11c. 234
114- 63 3
115. 56 3
112. 24 2
110 . 922
10 9. 60 1
133. 231
106. 960
105. 64 J
104 310
107. 09p
101 .67 3

33.99
33.99
38.99
53.99
33.93
38.98
33.93
38.97
33.97
33.97
33.98
33.99
39.00
39.00
39.01
39.02
39.0 5
39.03
59.04
39.05
39.06
39.0c
59.17
39.03
39.09
39.09
39.10
59.11
39.12
59.13
39.13
39.14
39.15
59.16
39.16
39.17
39.18
39.19
39.20
59.70
39.21
39.2 2
59.2 3
39.24
39.94
39.25
39.26

- ———— -

o0
-5

W o™ v

OO 00O mR,r NN NWWWe B BN AT GIUT o

RPRpPp=RPRpRRRPRmRpRRRPRRE PR PR - -—-
rooFPpowPNONOIER

O
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0
(6]

W
by
[l

773
775
773
.778
.778
778
773
778
.778
.784
-789
-793
797
-800
-802
-304
.305
-306
-306
-306
-306
-305
.uGc4
-302
-301
-799
-796
-794
-791
.738
.78 5
.?62
779
775
771
-763
.764
-760
-756
.752
.74 8
.744
- 740
.736
.732
.72 8
.723

358 .
353 .
353.
353 .
358 .
358 .
355 .
357.
357 .
357 .
357 .
356 .
354 .
353 .
351 .
348 .
346 .
345.

340

337 .
534 .
331 .
327.
724 .
320 .
316.
312.
303 .
314 .
300 .

201 .
237 .
283 .
277?.
274 .
269 .
265 .
261 .
256 .
252 .
243 .
24 3.
239 .
235 .
230 .

226.

.00150
.00140
200150
200160
.00150
.00160
~00160
100160
.00170
-00170
.00170
100180
.00180
-0019Q
.00180
200200
-00190
-00200
.00210
.00210
002 20
-00220
-00230
-00230
.00240
200240
-00260
~00260
.00260
-00? 80
-002 SO
200290
.00300
-00300
700320
.00320
.00340
.00330
200350
.00360
100360
.00360
200380
100370
.00380
200370
100330

4.703
4. 389
4. 703
5.016
4.702
5.016
5.015
5.015
5. 327
5.323
5. 3U
5.611
5. 590
5.873
5.534
6.111
5.765
6.022
6.270
6.214
6.448
6.382
6.601
6.528
6.732
6.651
7.115
7.023
6.929
7.360
7.256
7.407
7.550
7.436
7.sIn
7.688
8.039
7.676
3. 008
8.099
7.967
7.825
8.116
7.762
7.829
7. 484
7.545

-Tv1-



420
421

422
424

434

437
43 8
439
44 0
44 1
44 2
44 3
44 4
445
44 6
44 7
44 8
44 9
45 9
45 1
452
45 3
454
455
45 6
457
45 8
459
46 0
46 1
462

ot % R EEE R

ok % % o % R F F= % k%

okt %k % % % F %

96. 16
94. 34
93.57?
92.20
90.83
89.56
83.24
86.92
35. 60
84.28
82.96
31.64
30. 32
79.no
77.67
76 .35
75.03
73.71
72.39
71.07
69.75

68.43
67.11

65.7/
64.47
63.15
61.83
60. 51

55.07 8
53.755
92.435
91 H4
35.794
33.473
37.153
35.832
34.512
33.19 |
31.371
30.55)
75.230
77.905
76.539
75.263
73.543
72.627
71.307
69.93 6
68.666
67.345
66.025
64.704
63.334
62.363
60.743

59.422

59.27
39.28
39.28
39.29
39.30
39.31
39.32
39.3 3
39.3 5
59.34
59.55
3?7.36
39.37
39.35
39.38
39.39
39.40
39.41
39.4 2
39.4 3
39.4 3
39.44
39.4 3
35.46
39.47
39.48
59.4 5
39.40

FOR DESI GN OPTION 4 1:

RATED FLOW=
FLOW AT MAXIMUM POWER=
CUTOFF FLOW=
RATE D HEAD =

WEIGHTED AVG .

MI\VIT"AIM PEAD =
MAX | MUM HEAD =

NET HE AD =

.75
.74
.74
.73

.71
.70
.69
.68
.67
.66
.65
.65
.64
.63
.62
.61

.59
-59
.58
.57
.56
.55
.54
.53

53

132 .C5CFS
146 .5SCFS
59.42CFS
3%.AgFT
37.54FT
18.74FT
56.22 FT

.35
-Sli
.79
.76

.74

.72
.68
.66
.64

.62

.60
.59

.57
-55

.51
-50
.48
.46
.45
.43
.41

-40
.53

.35
.34

33.44
33.4 7
33.50«
33.53
33.56
33.59
33.6 1
33.6 4
33.67
33.70
33.73
33.75
33.78
38.31
33.83
33.86
33 .39
33.91
33.94
33.96
33.99
39.01
39.04
39.06
35.09
39.11
39.13

39.16

.719
.715
711
-706
702
.693
693
1689
684
.680
.675
671
.666
.661
656
651
645
.640
.634
-628
622
.616
609
.602
595
.587
.579

.571

227?_ 48
213 .27
214. 07
209. 90
205. 75
201 .62
197. 51
193. 41
139. 33
135. 26
181.
177 i%
173. 1
165. |
165. (
H1 .05
157.
195 81
148. 99
144 . 96
140. 92
136. 38
132. 83
123. 76
124 69
12j .59
116. 49
112. 37

-00370
-00370
-00370
-00360
-00350
-00350
-00340
-00330
-00320
-00310
-00080
-00360
-00450
-00460
-00470
-00480
-00490
-00490
-00510
-00520
-00530
-00540
-00550
-00570
-00570
-00600
-00610

-00630

7.209
7.073
6.937
6.618
6. 307
6.1 80
5.881
5.590
5.306
5.030
1.269
5.586
6.823
6.81 3
6. 795
6. 771
6.739
6.567
6.655
6.60Q2
6. 542
6.474
6.399
6.429
6.225
6.338
6.224

6.201
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466
46 7
468
469
470
471
47 2
473
474
475
47 6
477
478
479
480
481
482
48 3
484
48 5
486
487
488
489
490
49 1
492
493
494
495
496
497
49 3
49 9
500
501
502
50 3
50 4
505
506

50 7
503

% XA >(->(-Q>(->(-**********************>(->(->('>(->(->(->('>('>(->(->(->(-

AVG . ANN. ENERGY = 1249.664 M

MAX. POWER= 358. 11KW
capacity factor= -3984

ECONOMIC ANALYSIS

COSTS

DIVERSION STRUCTURE=
HIGH PRESSURE PENSTOCK=

POWERHOUSE CIVIL COST= 139762,

INTAKE COS T= .

%OW PREiﬁBRE PIPELINE= ’

WITCHY = 43185

TURd INE,GENERATOR,CONTROLS,SWITCHGEAR = 557794

UTILITY HOOKUP= 69160

EXTRA COST =

TOTAL COST= 809931 .
ECONOMIC FACTORS

OSM COST IN 1ST YEAR= 9843.3

DOWN PAYMENT= 133 (FRACTION

MORTGAGE INTEREST RATE= .120

n ERIOD OF MORTGAGE= 30.3

PROPERTY APPRECIATION RATF= .020

TAXAJLE VALUE (PERMANENT)= .3355

TAXABLE VALUE (-IAC HI NERvV) = NE

"-'ACHINERY DEPRECIATION LIFE= 23 YEARS, TO 20%

INITIAL MILL LEVY= 2372

INVESTMENT TAX CREDIT= .21 0 (FRACTION

STATE INCOME TAX RATE= 0675

INFLATION RATE= 030

PROJECT LI FE= 40

INITIAL POWER COST= .364030 (S/KWH)

INITIAL CAPACITY COST = 7.92943 (5/7ANNu»L

RATE Oc POWER COST | NCRPASE = 063

5 YEAR ACRS DEPRECIATION

-Ev1-

MiM Iv @M

of first COST)

contract

KW/MO0 )
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FLO."®

OEPT

SERVICE

90490,
90490.
90490.
90490.
90490.
90490.
90490.
90490.
9349Q.
90490.

9J490.

90400
90490.
90490.
90490.
90490.
90490.
9Q490.
904090.
90493.
90490.
904090.
90490.
90490.
90490.
9049Q

93490.
90490.
90490.
904090.

copoocooooo

INTSr

36701

86246 .
85737.

35 167
84 528

83813.
83011.
32114.
81 109.
79933.
75722.
77310.
75729.
73958.
71974.
69752.

67 263

64476 .
61354.
57353.
53 94 2 .
49 557 .

44645

39143.
32982.

26081

18352.
9695.

o

cocooooooocoo

DE PR

121485.
179178 .
17Q0 79.
170079.
1700 79.

0C00O0O0O0OO00O0O0OO00O0O000O0O0000000OO00O00O0 000000

[ Rl S

- - =

COsT

9848.
10636 .
11437.

1% % % :
14470.
1 5623.
16373.
13229.
1 9687.
21762.
22963.
24300.
26734.
73926 .
31240.
33740.
36439.
39354.
42502.

53541.
57824.
62450.
67446 .
72341.
79669.
84962.
91759.
99100.
07028.
15590.
24937.
34824

45610.
57259.
69840

83427.

98101.

°"ROP.
TAX

NN NN
b wN R Q@
PN pWA D
AN o~No@
©O yr oW

76073.
26987.
27834.
28753.
29587.

30 37 X.
31100.
31753.

32317.

32777

33099.
33275.
33275.
36330.
39669.
43319.
47309

51672.

56443.
61660.
67 366

73607.

30433.

37902.

96077.

10501 2.

114795
1 25500.
137917.

1 50 04 1.

164 079.

1 79 446 .

196271.

STATE

I NC TAX

N
w
w
©

10560.
11538.
12577.
13679

14851.
16098.
17473.
18 834

20337.

21939.
23646.
24736.
25.361

27 022 .

28 217 .

29445,
30 706
31 996.

33 31 3.

34656 .

WOOO0O0OO0OO0OO0OO00OO 00 OO0 ©

TAXABLE

NCOME

144931.
34224 8.
576859.
706539.
880938.
979601.
8721 99.
858295.
837414.
80904 3.
77262 8.
727570.
673219.
60887 3.
5 3376 8.
447078.

240700.
260193.
280954.
303078.
526671.
341722.
357268.

373301

38981 |
40678 1.

460218.
478761.

TAX
CREDIT

170079.
170079.
170Q79.
170079.
170079.
170079.
17007 9.
170079.
170079.
170079.
170079,
17Q079.
17007
17007
17007

coocow®© oo

cooo

OO 00000000

° o

FED.
INC TAX

o o

O0cooo0oo0oooo0oooo00®PPoo.

.S 1?2
53573.
60171.
671 80.

w u I

90972.

99939.
109489.
119666.
150518.
137442,
144593.
151969.
159563.
167369.

191950.
200480.

2?240*1.
313024.
333336.
355298.
378=84.
404287.
34 1166.
365278.
391357.
418622.
448104.

TOTAL
cosT

47964

oo

N o
© o
(L

ow
~o

ENERGY CAPACITY
rate RATE
.06400 7.9294
.067 84 8.4052
L07191 8.90*5
.07623 9.4440

10.0107

10.6113

.09079 11. 24 80

.0*623 11.9229

12.6383

13.3966

11461 14.2003

12149 15.0524

. 12878 15.9555

.13651 16.9128

.14470 17.9276

.15338 19.0033

20.1435

21.3521

.13768 22.6332

.1*364 23.9912

.20526 25.4307

221757 26.9565

.23063 28.5739
24446

'Mtll 34.0320

.2%116 36.0739

.30863 38.2383

4Q.5326

42.9646

.36758 45.5424
.38964

54.2418

.46407 57.4,63

.491 91 60.9461

6%. 6028

68.4790

.53587 72. 58 77

.62102 76.9430

TOTAL
REVENUE

93553

99166.
105116.
111423,
113108.
125194.
132706.

158055.

167538

17759 1.
13824 6.
19%54 1.
211513.
224204,
237656.
251916.
267Q31.
28 305 3.
300036.
31803s.
337123,

8

35734

378788.
401 516.
425637.
451143.
473212.
506904.
537319.
569558 .
603731.
639955.
678352.

307923.
856434.

907788.

S

n

T



561
567
563
564
565
565
56 7
56 3
569
57T
57 1
577
57 3
574
575
576
577
573
57%)
583
58 1

>8 3
534
585
536
58 7
58 3
589

59C
59 1

59 2
593
594
595
596
597
598
599
600
60 1
60 2
60 3
60 4
60 5
60 6

ok X X Ok X

Aok b ko % % F * ¥

*

A= % %

FOORE R o Gk Ok X % X X% ¥

UNUSED TAX CREDIT AFTER

RATE OF turn- .1390

option CHOSEN= 1

POSITION RINOFP(IN) ENERGY
o. 3.373 637.683
1. 3. 33 725.534
2 5.373 772.247
3. 3.673 326.724

5.873 332.157

5. 3.67 3 934.438
6. 3.673 934.932
7. 3.87 3 1035.073
3. 3.575 1091 .093
3. 4.994 794.126
le 4.994 367.174
?. 4.994 930.235
3. 4.994 936.667
& . 4.994 104 2.91 ?
5. 4.994 1110.459
6. 4.994 1178.384
7. 4.994 1246.3 30
8e 4.994 1314.349
0. 6.116 910.337
1. 6.116 975.106
Pe 6.116 1034.795
3. 6.116 1103.511
4. 6.116 1186.334
5. 6.116 1264.2 58
6. 6.116 1342.051

I5YR CARRYOVER=

P24 X

353.11
358.11
358.11
353.11
358.11
358.11
753.11
358.11
353.1i11
358. 11
358.11
352.11
353.11
353.11
558.11
358.11
358.11
358.11
358.11
353.11
358.11
358.11
558.11
358.11
353.11

170079.

CF ROR
.2197? .0030
.231 3 .0130
.246 2 .024 0
.2635 -03 70
.2812
15676 9838
.3140 .07 20
.3299 .0350
.347 3 .097 ]
.2531 .0290
.2764 0460
.2965 .0600
.3145 .072 0
.3324 .0850
.3540 .1020
.3756 .1190
.397 3 .1380
.4 190 .1590
.290 2 .05 50
.3108 _.0700
.3299 .0330
.3534 _1010
.3737 .1210
.4 030 .1440
4273 1690

UNUSED CREDIT

1700 79.
170079.
170079.
170079.
1700 79.
170079.
170079.
170379.
170079
170079.
1700 79.
170079.
1700 79.
170079.
170079.
1700 79.
1700 79.
170079.
170079.
170079.
170079.
1700 79.
170079.
170079.
170079.

-Gy1-



60 1
60S
609
61 0
61 1
61 2
61 3
61 4
61 5
61 6
61 7
61 S
61 9
620
62 1
622
623
624
62 5
626
62 7
628
629
630
63 1
632
633
634
635
636
637
638
639
640
64 1
64 2
64 3
64 4
64 5

* X

ok % b %k % kR X X R XA

B R R o b xR %

' EEEE;

—~OPND NPWN=OV N

-430
-802
TO. 60 2
10.602
10.602
10.502
10.602
10.60 2
10.602
- 10.602
ME ASO9EO CURVE:

0 ND U0 N= O oNG (1 LN =
=
o

1420.022
1499.128

993.786
1064.596
1151.600
1239.279
1526.391
1413.262
1500.894
1591.276
1636.563
1063.231
1154 .452
1249.710
1343.726
1436.929
1531.669
1630.664
1737.2 37
1356.432
1133.046
1235.1 74
1335.215
1433.518
1535.675
1639.549
1754.3 53
1335.687
2042 .390
1210.095
1316.511
1419.506
1525.3 40
1633.034
1762.2 49
1904 .334
2078.877
226 3.2 11
1275.713

358.11
358.11
358.11
353.11
353.11
358.11
358.11
358.11

358.11
358.11
358.11
358. 11
358.11
355.11
358.11
358. 11
358.11
358.11
353.11
358.11
353.11
358.11
358.11
358.11
358.11
358.11
358.11
356.11
358.11
358.11
353.11
353.11
358.11
358. 11
355.11
358.11
358.11
358. 11
358.11

4527
4779
-3134
-3394
5671
-.3950
4223
4505
4734
-507 2
5376
-3339
.3630
.3934
4233
-4 530
433 2
.5198
.5533
-5913
.361 2
.3937
4256
-.4570
-4839
.5226
.5594
-601 1
.6511
.3857
-4197
4576
4352
.5222

-5617

.6070
.662 7
7230

.3907

170079.
170079
170079.
170079.
170079
170079.
170079.
170079.
170079.
159128
112109.
170079
170079.
170079.
170079.
17Q079.
170079.

135121 .

82492.
22616.
170079.
170079.
170079.
170079.
170079.
130211.
76146.
8412.

0.
170079.
170079.
170079.
170079.

130651 .

73354.
0.
0.

0.
170079.
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APPENDIX C

Computer Program Listing




3800

3.000
4.000

B. 000

7.000
-000

o5
gt

.00

.000
. 000
.000
.000
.000
.000
.000
.000
.000
.000
27.000 5
.000
.000
.000
.000
.000
.000
4.000
5.000
6
7

NNNODNNNN T —F e P o
COUITRAWNRFO ©~N W AWRN—™ OO0

20

.000
.000
.000
.000
.000
.000

30

N
A
[eloleolole]
[eoleoleoleole]
[cleoleolole]

35

R S o R o o

SMALL HYDROPOWER DESIGN AND SENSITIVITY PROGRAM

* k k k k k%

DIMENSION PIPE(50),DIA(50)zCH(50),PWCOST(100),PENG6(9),PENT7(9)
DIMENSION CONVEY(50)zFRACP(50)zFRACJ(50)zPHSE(6)zPEN5(9)zADJST(99)
dimension PHSEO0(6),PHSE1(6)zPHSE2(6)zPHSE3(6)zQA(50)zTA(50)
DIMENSION PHSE4(6)zTURBO(7), TURBI(HZTURBZ(?),TURB3(7),TURB4(U
mMENI%N 9(10)zZPENO(9)zRENI % PEN2 9%PEN3(%,PEN4%2,COSPEN(%
DIMENSION c R(7) /OMCOS(l1 00)7ENRATE (1'00)zTAX(100)zDEPR(IQO)
DIMENS ION ADJINC(100)zP8AL(100)zSITAX(100)zPTAX(100)zREV(100)
DIMENSION CAPuﬁO)CAPRTEuoonENERGY(lmnzCREDuﬁo>zPTRATEu00)
REAL INTSTzINTKOz INTKIzMI NOR(5
REAL INTKFOUNTKFI,INFLzNOTURBzNTURBDUNCOSTzINTUOO)

REAL JDIA(50)zKM(50)zJCT(50)zL(50)

INTEGER PERIODzCURVESzO PT SzOPT | ONzGzH | GHPR(50) zMORTLF
READ(5,5)AL1zAL2zAL3zAL4,AL5zAL6zAL7zAL8zAL9,AL10,AL11zAL12,AL13,A
1L14zAL15zAL16zAL17zAL18zAL19zAL20

READ(5z120) FDUOzFDU1zFDU2zFDU3zFDU4zFDU5zFDU6zFDU7

READ(5z120) FDLOzFDL1,FDL2zFDL3,FDL4,FDL5zFDL6zFDL7Y

READ (5z1 20)
READ(5 ,120)
READ (52120

READ(5 ,120
READ(5,1 20)
RE AD(5

REAO(5z115)
READ(5 z 11 5)
| —O

FORMAT
DO 10 1=1,9
READ(5(1 5)

)IzPE 1)
=0

DO 20 1=1,6
READ(5,125)
I =0

DO 30 1=1,7
READ (5,125)
=0
READ(5,125)
READ (5,120)
READ(5,102)
READ(5,120)
READ (5,115
READ (5,102
=0

DO 35 I1=1zK
READ (5,120

PPTUO zPPTUI

PPTLOzPPTLI

EREACO0zZzEREAC1zERE»C2zEREAC3zEREAC4
EIMPO,EIMP1,EIMP2,EIMP3,EIMP4,EIMP5zEIMP6zEIMP7,EIMP8
DIVSTOzDIVSTI

INTKO, INTK1,Il NTKFOz | NT KFI
PPCOSOzPPCOSIzDPC0S2zPPC0S3zPPC0S4
SWTCHO,SWTCHI,SWTCH2zSWTCH3zSWTCH4

(20A4)

PENQ(I),PENL1(I),PEN2(I),»EN3(l),PEN4(1),PENS5(1),PENG

PHSEO(I)ZPHSE1(l),PHSE2(1),PHSE3(l),PHSE4(I>

TURBQ(I JzTUrBI (1), TURB2(I ),TURB3(l ),TURB4(I)

UTILOzUTILIZUTIL2zUTIL3zUTILA4

INTS T, APREC,PER IOD,| NFLZDWNPMT,PROPTXzTXCR,SENS |
MQRTLF,TARI FF,C APPMTzTARINCzSTTXzQIOACT

PPT,AREA,ELEV1, QOAACHzZQMINzPOSCH,OPTS,POSTEP,RUNSTP
TAILOZTAILI,TAIL?,TAIL3,TAIL4,SpILLC

TA(I),QA(I)

-Sfri-



47.000
48.000
49.000
50.000
51.000
52.000
53.000
54.000

55.000
56.000
57.000
58.000
59.000
60.000
61.000
62.000
63.000
64.000

86660
88000

69.000
70.000
71.000
72.000
73 .000
74.000
75.000
76 .000
77.000
78.003
79.000
80.003
81.00C
82.000
83. 000
84.000

86000

87.003
88.003
89.000
90.030
91.000
92.000
93.000

40

50
60
70

I OO
102
105
110

115

1 20
125

1 30

1 40
200

~"FORMAT(////,'PREDICTED FLOW-DURATION CURVE AFTER MjNJMyM FLOWS",/,

2 4 ", 111, % EXCEEDENCE ',5X,'Q(C
3FS) ' 1)

FORMAT F8,0,F14.2)

FORMAT i//// ", /,'DESIGN OPTION=", 12, /, "-memmeemmeenee

/)
FORMAT(/7/ " WINIMUN FLOW=",F5.0, CFS ", ///)

FORMAT(218,7F8.0)
FORMAT (18,8F8.0)
FORMAT (5F8.0/12)

FORMAT('PIPE #',F 3.0, CONVEYANCE=',F10.7," DIAMETER=",F7.3,""

| CH=',F4.0)

FORMAT(6E12.6)

FORMAT(9F8.0)

FORMAT(2F6.0,6E11l .6)

Q10=9AACH* 3.056

RUNM=PPTUO+PPTUIl *PPT

RUN=0.

G=0

POS=POSCH |
PRINT(6,5)AL1,AL2,AL3 AL4,AL5, AL6,AL7,AL8, AL9,AL10,AL11,AL12,AL13, =
IALI4,ALIS5,ALI ALI 7,ALI 8,ALI 9,ALZ20 ©
PRINT(6,40) !
A=0.0

RORMAX=0

DO 130 1=1,4

A=AM.

EX=.1*A

Q(l1)=010*(POS/POSTEP*(FDUO+FDUI*EX+FDU2*EX**2.+FDU3*EX**3.)

1+ (POSTEP-POS)/POSTEP*(FDLO+FDL1*EX+FDL2*EX**2.+FDL3*EX**3 ))-QMIN
EX=EX*100.

[F(Q(1).LE.0.0) SI):0.0

PRINT(6.50) EXzQ(l

?:8e

DO 140 1=5,10

A=AM .

EX=.1*A

%(lFZZQlo*(POS/ OSTEP*&FDJ +FDUS*EX +FDUG6*EXW.+FDU7*EX**3.) +(POSTE
1P-POS)/POSTEP*(FDL4+FDL5*EX+FDL6*EX**?.+FDL7*EX**3.))-QMIN

EX=EX*100.

I F I1).LE.O.O 1)=0.3

PRIN(TQ(()6,50) Ex)zQ?ls)

PRINT(6,70)  QMIN

READ(5,100) N,J, TYPE,NOTURB,QCUTzQMAX,WIDTH,FISHSC,PRI NT

READ (5,102)CURVES,EXTRA,HNMINzHNMAXz EFFOTH



94.000
95. 000
96.000
97.000
98.000
99.000
100. 000
101.000
102.000
103.000
104.000
105. 000
106. 000
107.000
108.000
109. 000
110.000

111.000
112.000
113.000
114.000
115.000
16.000
7.000

ArWONRFROO
o
o
o

7. 000

250
260

300

4Q0
500

550
800

350

900
902

905

1=0

PRINT(6,60) G-M

IF (TYPE.EG.1.) GO TO 25]

PRINT (6,500)

GO TO 260

PRINT (6,550)

B%ASO% 11359 PIPE (1).DIACI)NCH (1)/L (1) ,FRACP (1) HIGHPR (1)
CONVEY(I)=L(1)*855580. /(CHRI **] 85*DIA(I1)**4.87)
PRINT(6,110) PIPE(I),CONVEY (I),DIA( YACH(

)
4=0.

IF(J.LT.1) GO TO 800

10 0o wL

READ (5,120) JCT JDIA I)ZKM(I) FRACJ (1)
MINORCTY=KM”(1)*5 2 /JDIAgI

FORMAT("TURBI NE TYPE= IMPULSE' /7))

SSR%ﬁT ("TURBINE TYPE= REACTION",//)
PMAX=0.

1=0

PM =0.

PL =0.

A=0 _

F=QMAX

DO 850 1=1,

PL = CONVEy(I)*FRACP(I)**l 85 +PL

1=0

IF(J.LT.1) GO TO 902

DO 900 1=1,J

PM=MI NOR(T)*FRACJI (1)**2. +PM
IF(TYPE.GT. 1.0) GO TO 905
EO=EREACO

El =ER EACI

E 2= EREAC2

E3=EREAC3

E4=EREAC4

IF (TAILO.G T.0.) GO TO 937
GO TO 910

EO=EIMPO

EI=EIMPI

E2=EIMP2

E3=EIMP3

E4=EIMP4

CH¥* * % xkxdk k& * % GET RATED FLOW starting point Kok ok ok ok kok ok kk ok ok kokkkokkhkhkxKhk*x*

910

E=EO+E1*F+E2*F**2 +E3*F**3.+E4*F**4.
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o
o
Q
(@]

.000
.000
. 000
. 000
.000
.000
.000
. 000
000
.000
.000
.000
.000

167 .000
163. 030
169. 300
170.000
171.003
172. 003
173.000
| 74 .000
175.000
176.000
177. 030
178.000
179.000
180.000
ls1.000
182.000
183. 000
184.000
185. 300
186. 000

- T T T T T T T T R R R T T R T
ORWNPFPOOWNOORPRWNROOONOUIRWNE ,

OO0 OOUIUIUTUIUITUITTOTARRANDMRMDDDIAN

()}
o
o
o

1*F+2 . *E2*F**2 . +3.*E3*F**3.>4 *E4*F**4,

Cl=E
ERZELEVI*(E+CI)-PL*(E*2.35 +C1)*(F*QR)**1.85-PM*(E*3.-i-C1)*(F*OR)**2
TF(ER.GE.-.1) GO TO' 930

QR=QR-.5
GO TO 920
C * % % % % % % % % % % % GET RATED FLOW * k kK kK k k kK k k kK k k k k k k k kK k k k k k¥ k ¥k k¥ k¥ k¥ ¥ k¥ k¥ k¥ *k *¥ ¥ ¥ ¥ * *x %
C****************** FLOW AT MAXIMUM POWER * k khk k kkk kkhkkhk kkhkkhkkhkkhkkkkkk ok k ok Kk
930 IF (TAILO.GT.0.0) GO TO 937
QE=QR*3MAX
932 F=QEZQR
IF (TYPE.EQ.1.) GO TO 934
IF (F.GE..36) GO TO 934
EFF=EIMP5+EIMP6*F+EIMP7*F**2 +EIMP8*F**3,
GO TO 936
934 EFF=EO+EL1*F+E2*F**2 +E3*F**3 . +E4*F**4.
936 P=(QE*ELEV1-PL*QE**2.85-PM*QE**3.)*EFF/11.815
IF "(P.GE.PMAX) PWAX=P
IF (P.GE.PMAX) QPMAX=QE
QE=QE-.5
[F (QE,LE.(QCUT*QR)) GO TO 937
GO TO 93
C****************** INTEGRATE NET HFAD * k kK kK k kK k¥ k¥ k k¥ k k& k¥ k¥ k¥ k¥ k¥ k¥ k¥ k¥ k¥ k¥ *¥ k¥ *¥ ¥ ¥ * % % |L
937 TI=0 o7
T2=0. B
T3=0
WTHN=0
QSTR=QR+QMIN
ELEV =ELEVI-(TAILO+TAILI *)STR+TAIL2*QSTR**2.+TAIL3*QSTR**3.+TAIL4*Q
1STR**4.)
HNR=ELEV-PL*QR**1.85-PM*3R**2
IF (TAILO.GT.O.) QPMAX=QIl 0*2.93-QM IN
QE=QPMAX
933 =0
| F(TAILO.EQ.0.) GO TO 947
STR=QE+3MIN
TAIL=TAILO+TAIL1*QSTR+TAIL2*QSTR**2.+TAIL3*QSTR**3.+TAIL4*QSTR**4.
ST:£CUT*QR
MAX=0.
HNB=0.
939 QS=QE-UT+QMIN
I[F (QS.LE.O.) US=O.
ELEV=ELEV1-TAIL+SPILLC*QS**(2./3.)
HN=ELEV-PL*QT**1.85-PM*QT**2
IF EHN.GT.EHNMAX*HNR;; GO TO 940
IF (HN -LT.CHNM IN*HNR GO TO 94|
F=QT /QR
EFF=E3+E1*F+E2*F**2 +E3*F**3.+E4*F**4



o
o

NNONNNNONNDNDNDNDNNDNDNNDNDNNDNDNN =T
NNRRP——FPRPRPRRPRPPRPOOOCOOOCO0OO0O0O
RPOOWNoOURAWNROOONOOTD WNE

|
-~
[ ]
\

\A

NN NDNNN
WWWNRNPPDNNDNN
NRrOoOwoyOoOUThw
[cle)ololololololeole)
[clejeoleololeleololole]
[efeleololololeoNoNa)i]

. 000
. 000
. 000
.000
.000
.000
.000
.000
. 000
. 000

[eleola)
[ecleole]
[eleole)

5000 0000000000000 O00O
5000000000000 O0O0OO0OO0OO0O0

>

940

94 1

942

944

94 5

94 6
947

94 8

94 9
950

C*****

95 |

D=QT*HN*EFF

IF (P1LT1PMAX) GO TO 940

PMAX=P

HNB=HN

QT:QT+Q /100,

IF(QT.GT.QE ) GO TO 941

IF (QT.GT.(OQMAX*QR)) GO TO 941
GO TO 939

I F(HN.GT.(HNWAX*HNR)) GO TO 951
HN=HNB

GO TO 944

HLP=PL *QE**| .85

HM=PM*QE**2.

HN=ELEVI-HL P-HM
N.LT.<HNMIN*HNR)) GO TO 949
N.GT4HNMAX*HNR)) GO TO 951

—_—~—
IT

QMIN).GT. QI0) T=(3.* QIO-QE-QMIN)/20./QIO
QMIN).GT.Q 10) GO TO 943
T.3.) T=T2+.05

.4) "GO TO 946
JO+FDUL*T+FDU2*T**2 . +FOU3*T**3.
LO+FDL1*T+FDL2*T**2.+FDL3*T**3.

—|6/\
N
OOT%

MM~ —— =
oUTTTTMI T
OOA/-\AA
N ||_|
I

LO-I-IU_|

-25T-

8
—
O
\‘

U4+FDUS*T+FDUG*T**2. +FDU7*T**3.
LA+FDLS5*T+FDLG6*T**2. +FDL7*T*+3.

I0*( POS/POSTEP*FDCI +(POSTEP-POS)/POSTEP*FDC2)+QMIN
E.O.) GO TO 948
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.GT.IJ GO TO 951

HN.LT. (HNMIN*HNR) ) T3=T2
=WTHN + HN*T1

QE.GT.Q10) QE=QE-QI0/50
QE T.QlO) GO TO 950

_.EQ.0.) GO TO 952
HN) . GE. (-. 02*HNR&%
R-WTHN).GE. (-.002*HNR)) "6 16 953
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952

QR=QR-OEC*Q 10

A=A-M .

IF (A.GT.25.) GO TO 953

GO TO 930

I F( (A8S(WTHN-HNR) ). (.005 *HNR) ) GO TO 953

QR “ELEVl WTHN)MPL+PM)V*“PL+PM)MPL*l85+PM*2))

IF (A GT.50.) GO TO 953
GO TO 930

C**** xxxxxxxx FOR RATED FLOW, INTEGRATE OPERATION ***% %%k %%k x %k %%k«

953

954
955

956

957
960

96 1

TI=O.
WTHN=0
T2=0
IF (TAILO.GT.O0.) QPMAX=QIQ*2.98-QVIN

QE=QPMAX

PMAX=0.

ANOZ=0.

T3=0.

G=G-M

ET=0.

QSTR=QR+QMIN

1%%iy ELEVl (TAILO+TAIL1*QSTR+TAIL2*QSTR**2.+TAIL3*QSTR**3.+TAIL4*Q
HNR=ELEV-PL*QR**1.85-PM*QR**2.

IF (PRINT.GT.l.) GO TO 960

IF (TAILO.EQ.O0.) GO TO 954

PRINT (6/1020)

GO TO 960

PRINT (6/955)

FORMAT (///,10 X ,"NOZZLE'///' Q(CFS) AREA(SQ FT) HL(FT) HN(FT) EFF
IP(KW) TIME E(MWHR)")

PRINT (6/956)

FORMAT ("'

FORMAT(F8.3,F8.5/2F8.2/F5.3/F3.2/F7.5/F9.3)

1=0

IF (TAILO.EQ.O.) GO TO 969

QSTR=QEfQMIN

TAIL=TAICOfTA ILI *QSTRfTAIL2*QSTR*» 2.MAIL3*QSTR**3 . +TAIL4*QSTR**4.
QT=QCUT*QR

PMAXS=0.

HNB=O.

QS =QE-QTfQM IN

IF (QS.LF.0.) QS=0.
ELEV:ELEVLTAIL+SPI LC*QS**(2./3.)
HN=ELEV-PL*QT**1.85-PM*QT**2.
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962

96 3

969
970

975
976
977

97 3

IF (HN.GT. ( HNMAX* HNR)) GD TO 962
IF (HN.LT.(HNMIN*HNR)) GD TO 963 |
F

TZQR
EFF=(EO+EL1*F+E2*F**2 +E3*F**3 +E4*F**4.)*EFFOTH
P=QT *HN *E FF/I | .815

IF (P.LT.PMAXB) GO TO 962
PMAXB=P

ELEVB=ELEV

HNB=HN

QPMAXB=Qt

EFFB=EFF

QT=QT+QR/100.

IF EQT.GT.QE) GO TO 963

IF (QT.GT. COQMAX*QR)) GO TO 963
GO TO 961

I[F (HN.GT.(HNmAX*HNR)) GD TO 992
P=PMAXB

ELEV=EL EVB

HN=HNB

HL=ELEV-HN

QT=QPMAXb

EFF=EFFB

GO TO 977

HLP=PL*QE**1.85

HM=PM*QE**2.

F
F

HL=HLP+HM

HN=ELEV-HL

IF (HN.LT.(HNMIN*HNR)) GD TO 990

IF (HN.GT.(HNMAX*HNR)) GD TO 992
AnOZ=QEZC(64.4*HN)**.5)

F=GEZQR

| F(TYPE.EG. 1.) GO TO 975

IF&F.GE..36) GO TO 975
EFF=(EIMP5+EIMP6*F+EIMP7*F**2 +EIMP8*F**3.)*EFFOTH
30 TO 976
EFF=(EO+E1*F+E2*F**2 +E3*F**3 +E4*F**4 )*EFFOTH
P=QE*HN*EFFZI | .815

IF (RUN.GT.RUNM) GO TO 931

T=1.

IF g(QE+QMINg.GT.QIOg T=(3. *QI 0-QE-QMIN)Z20.2Q10
IF ((QE+QMIN).GT. Ql0) GO TO 984

IF(T2.GT.0. ) T=T2+.05

| F(T.GT.0.4) GO TO 979

FDC|=FOUO +FOUI*T + FDU2*T **2 +FDU3 *T **3.
FOC2=FDLO+FDL1*T+FDL2*T**2 . +FDL3*T**3.

GO TO 980
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979 FDC1=FDU4>FDU5*T+FDU6*T**2. +FDU7*T**3,

:888 FDC2=FDL4 +FDL5*T + FDL6*T +*2.+FDL7*T**3. nA
000 930 ER=QE-QI0 (POS/POSTEP*FDC1+(POSTEPrPOS)/POSTEP*FDC2>+QMIN
000 IF(ER.LE.0.0) GO TO 984
. 000 T=T-.0001
000 ?Q/\TO 978
.000 981
000 932 IF ((QE+QMIN).LE.QA(1)) GO TO 983
000 1=1+1
000 IF (1.LT.K) GO TO 0982
000 983 T-ta(l-1)-(QA (1-1)-9E-QMIN) *(TA(I-1)-TA(I))/(QA(I-1)-QA(I]))
.000 984 TI=T-T?
003 I F(TI.LE.O.000) TI=0.
000 TZ=T
000 IF(T.GT.1.) GO TO 992
000 IF "(HN.IT.(HNMIN*HNR>) T3=T2
000 EN=8.76*TI*P
000 ET=ET+EN
000 WTHN=HTHN+HN*T1
000 |F (PRINT.GT.1.) GO TO 938
000 IF (TAILO.EQ.O.) GO TO 937
000 PRINT (6x1025) QSTR,QT,ELEV, TAIL,HE,HN,EFF/P,TI ,EN e
. 000 60 TO 988 o
000 937 PRINT (6 957) GE,ANOZ,HL,HN,EFF,P,TI,EN e
.000 938 | F(P.GE.PMAX) PMAX=P
000 IF %TA LO QcO) GO TO 989
000 IF (P.GE.PMAX) QPMAX=QT
000 GO TO 990
.000 939 | F(P.GE.PMAX) QPMAX=QE
.000 990 |IF EQE GT. Qlog QE=QF-QI0/50.
IF (QE.GT.Q10) GO TO 991
-883 QE=3 E-QR/ 100
000 991 FCQE.LT. (QR*QCUT)) GO TO 992
.000 GO TO 960
.000 992 CF=ETZPMAX/8.76
000 F(G.GT.OPT S) GO TO 1325
000 PRINT(6,993) G
000 WTHN=WTHN/(T2-T3)
000 QLOW=QR*QCU T
000 HNMN=HNR*HNMIN
000 HNMX =HNR*HNMAX
000 993 FORMAT(///,'FOR DESIGN OPTION #1, 12, sy S e
000 1.//7/
000 BRIN (6,994) QR,OPMAX,QLOWzHNR
000 994 FORMAT('RAT ED FLOW=',12X,F7.7?,'Cfs * ,'FLOW AT MAXIMUM POWER=',X,F
000 |_7 "CFS',/,'CUTOFF FLOW=',11X,F7.2, CFS',/,'RATED HeAD=', 12X, F8.2
000 =RT")
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995

1000
1010
1012

1015
1020

1025
C

1040

| O50

1056
1057

dRINT (6,1012) WTHN,HNMNZ HN MX

PRINT (6,1000) ET

PRINT (6.1010) PMAX :

FORMAT%///'AVG. ANN. ENERGY=',6X,F10.3, ' MWH")

FORMAT('MAX. POWER="',12X, F8.2,'KW)

FORMAT("WEIGHTED AVG. NET HEAD=',F8.2 ,'FT',/,’"MINIMUM HEAO=",1Qx,F
13.2, "FT',/, '"MAXIMUM HEAD=', 10X,F8.2,' FT')

PRINT(6,101 5) CF

FORMAT C CAP ACI TY FACTOR=',8 X,F6.4)

FORMAT (///,'"QSTREAM  QTURB GROSS TAILWATER HL HN EFF P
1 TIME ENERGY ',/,' (CFS) (CFg) HEAD(FT) ELEV(FT) (FT) (F
2T) (KW) (MWHR)",/,"

3 ")
FORMAT(F8.2,F8.3,4F7.2,F5.3,F7.2,F8.5,F9.3)

* k k¥ * k¥ % % % ************* COST OF DESIGN * % * % %

k k k k kK k ok k k ok k ok k k ok k%

PENCOS=0.
PHCOST=0.
INCOST=0.

PIPCOS=0.
SWCOST=0.
TURCOS=0.
UTLCOS=0.
IF (WIDTH.LE.
IF (WIDTH.L
DIVSTR=DIVST

O0.) DIVSTR=0.
E.O.) GO TO 1040
0+DIVST1*WIDTH

IF (CURVES.GT.1) GO TO 1310

IF (G.GT.1) GO TO I 40

| =O

DO 1050 1=1,9

COSPEN(I) =PENO(I)+PENI (1) *HNR +DEN2 (1) *HNR**2. + PEN3(1)*HNR**3.+PEN4
(1) *HNR**4

| =O

| F(HNR.LE.800.) GO TO 1057

DO 1056 1=1,7
COSPEN(I1)=PENS5(1)+PEN6(1)+HNR+PEN7(I)*HNR**2.

IF (DMAX.LE.10.) GO TO 1360

IF (PMAX.LE .100.) GO TO 1070

IF (PMAX.LE .500.) GO TO 1080

IF (PMAX.LE .1000.) GO TO 1090

IF (PMAX.LE .1500.) GO TO 1100

IF (PMAX.LE .2000.") GO TO 1110

IF (PMAX.LE .3000 GO TO I1 20

IF (PMAX.LE.4000. GO TO I1 30

PENCST = (PMAX-4000.)/10D0.*(COSPEN(9)-COSPEN(8))+COSPEN(8)

GO TO 1140
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.000
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.000
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.000

o y=R=tet=r=1=1=T=1=1=1=1=1=
COCOCO000O00O0O00
COCOCO000O00O0000

O
0500000000050

le¥==R=l=R=1=R=1=)

o
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o

1060
10 70
10 50
1090
1100
1110
1120

1130
1140

1145

1150

1160
1170

1180
1190

1200

penc$t=pmax/10. *cosPENC i)

PENCST =CPMA X-10.)/90. *( COSPENC2)-C 8SPEN C D) +C OSPENC 1)
PENCST =CPMAX-100.>/400.*C COSPENC3)-COSPEN C2))+COSPENC?2)
PENCST=1PMAX-500.)/500.*CCOSPENC4)-COSPENC3>)+COSPENC3>
PenCST=CPMA X-1 000. >/500.* CCOSPEN C5 J-COSPEN C4) >+C OS PENC 4)
PENCST= TPMAX-1500 .)/5 00.*CCOSPENC6)-C 0SPENC5))+C0OSPENCS5)
PENCST=CPMAX-2000.)/1000.*CCOSPENC7)-COSPENC6))+COSPENCS)
PENCST=CPMAX-3000.)/1000.*CCOSPENC8)-COSPENC7))+COSPENCT7)

PENCOS=0.0

DO 1145 1=1,N

IF CHIGHPR CI).GT.1 ) GO TO 1145
PRES=HNR*_.36667

THICK=DIACI)/ C32000./PRES-I1.)
CP=4700.*C1./C1.+.01*DIACI)/THICK))**.5
VEL=QR*183. 35/DIACI)**2.
PRES=HNR/2.308+CP*VEL/74.308

;HICK DIACI )/C32000./PRES-I1.)

n , LW N X
SEC=3.1416 CCCDIACIJ+THICK)/2 )**2.-CDIACI)/2J**2.)
IF CG.E3.1) PNCST =PENCST/X SEC
IF CHIGHPRC 1) . EQ.lI) PENC9S=PENCOS¢ PNC ST*XSEC*L <I >
| =0
DO 1150 1=1,6
PHSE CIl )=PHS EOCI )+PHSEI Cl) *PMAX+PHSE2(l ) *PMAX**2. +PHSE3 CI)*PMAX**3.
1+PHSEA4Cl) *PWAX**4 |
IF CTYPE.EQ.1.) GO TO 1130
IF CHNR.GE.1000.) GO TO 1160
I F CHNR.GE. 500.) GO TO 1170
PHCOST=PHSEC4)-CHNR-250.)/250.*CPHSEC4)-PHSEC3)>
GO TO 1190
PHCOST =PHSE(2)-CHNR-1000. >/1000.*CPHSEC2)-PHSE (D)
GO TO 1190
PHCOST=PHQEC3)-CHNR-500.)/500.*CPHSEC3)-PHSEC2))
GO TO 1190
PHCOST=PHQEC6)-CHNR-25.)/75.*(PHSEC®6)-PHSECS5))
IF CFISHSC.GT.2.) GO TO 1235
IF CFiSHSC.GT.1.) GO TO 1200
I NCOST =INTKFO+INTKFI*QR
GO TO 1210
I NCOST =INTKO+INTK | *QR

Al
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509.000
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12 10
1220

1230
1235

12 40

1 250
1260
1270
12 80

1290
1300

1310

1320
C

1325

| =O

PIPCOS=0

DO 1230 1=1/N

LE=L(I)

LF (HIGHPR(1) EQ.1) LE=0
PIPCOS=PIdCOS+(PPCOSO+PPCOS1*DIA(I>+PPCOS2*DIA<I>**2.+PPCOS3*DIA(l
| 178, tPRCOSASDIA(L)* 4 ) LEIFRACP ()

WCOST=SWTC HO+SWTCH1*PMAX + SWTCH2*PMAX**2. + SWTCH3*PMAX**3.+SWTCH4*P
IMAX **4 .

=0

RO 1349 Lot/

STORCI)=T UP30(1)+T URBL(I)*P*TAX+TURI2(I)*PHAX**2_ +TURB3(I)*PUAX**

13. +TURB4( T *P ManxX+=+4

' F (HNR.GE. 1500.) GO TO 1250
| F (HNR.GE. 800.) GO TO 1260
| F (HNR.GE. 400.) GO TO 1270
| F (HNR.GE. 200.) GO TO 1280
PLD=PL

PMD=PN

HUM IMD=HNM IN

HMMAX D=HNMA X

EFFTHD=EFFOTH

IF (HNR.GE. 100.) GO TO 1290
TURCOS=COSTUR(7)-(HNR-25.)/75.*(COSTUR(7)-COSTUR(6))
GO TO I 300

TURCOS=COSTUR(2)- (HNR-1 500. >/500.*(COSTUR(2)-COSTUR(1))

GO TO 1300

TURCOS =COSTUR(3)-(HNR-800.) /700.*(COS TUR(3)-COSTUR(2))

GO TO 1300

TURC OS=COST UR (4 >- (HNR-400. )/400. *( COSTURU >-COSTUR (3) >

GO TO 1300

TURCOS=COSTUR(5)-(HMR-200.) /200.*(COS TUR(S)-COSTUR(4))

GO TO 1300

TURCOS=COSTUR(6>-(HNR-100.>/100.*(COSTUR(6)-COSTUR(5>>
UTLCOS=UTILO+UTIL1*PMAX+UTIL2*PMAX**2 +UTIL3*PMAX**3. +UTIL4*PMAX**

14 .
TOTCOS=Di VSTR+PENCOS+PHCDST+INCOST+PIPCOS+SwcOST+TURCOS+uTLCOS+EXT
I RA

GO _TO 1320
TOTCOS=EXTRA

9£M£9§*:*J%7*2*0*0*'*** Pivl*ekx*/} 0%%0 BKA]C ANALYSIS **x*Fxdkkhrhhrhhrrhrrhhrh
1=0

CREDI T=TXCR*TOTCOS

DEPSUM=0.0

STSUM=0.0

PFRMC S=DIVS TR +PHC ORT +PX TP A
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13 30

1 340

1342
1344

| 346
1349

I 350

1 360

DEPRCS=TOTCOS-PERMCS
FINCED=CI.O-DWNPMT>*TOTCDS
DEPRCI)=.15*TOTCOS
DEPRC2)=.22*TOTCOS

DO 1330 1=3/5

IIDEBR Cl)=.21 *TOTCOS

A=0.
DO 1340 |=6/PERIOD
EPRCD=0.0

DEPTSV=C1.+INTST)**MORTLF*INTST/CC1.+INTST)*MORTLF-1. )*FINCED
DEPT S=DEPTSV
PB4LC1)=FINCED

DO 1422 |=| /PERIOD
OMCOSCD=0OPMCOS*C1.+INF
ENRATECI) =TARIFF* CI.+TA
CAPRTECD=CAPPMT*CI.+TA
PTRATE Cl )=PROPTX* C1. +IN
ENERGY Cl ) =ENRATEC 1) *ET*
CAPCD=CAPRTE CD*CF*PMA
REVCI) =ENER GYC | ) +CAP Cl )
A=A+ .

IF ClI.GT.20) GO TO 1342
PTAX(l) =CPERMCS*<1.+APREC)* *1*.085 5+DEPRCS*C1 O4*A)* . 11)*PTRATE C

)

PTAXCI)=CPERMCS*CI| . +APREC) ** | * . 0855+ .022*DEPRCS)*PTRATECI)
INTCI )=PBAL CD* | NTST

PBALC | +D=PBALCD-DEPTSV+INTCD

L EGINT CI) [ LE 0,0) INTC1)=0 0

ADJSTCD £REVCD-OMCOSCD-PTAXCD-INTCD-STSUM-DEPRC 1)

IF CADJSTC1).LF.0.) GO TO | 346

STSUM=0.

SITAXCI)=STTX*ADJSTCI)

GO TO 13409

STSUM=-ADJST(I)

*

XPTnogor

-69T-

aps INC (1) =REVC | )-OMCOSCI)-PTAX(1)-SITAX(1)-INT(I)-DEPSUM-DEPRC I)
| FCADJ INC CI ).LE.0.0) GO TO 1410

| FCADJ INCC|).GT.25000.) GO TO | 350

TAX(1)=.1 6* ADJINC CI )

GO TO 1390

[F(ADJINC Cl ).GT.50000.> GO TO 360

TAX(1)=4000.+ .19* CADJINCC 1)-25000. )

GO TO 1390

I FCADJ INC Cl ). GT.75000.) 30 TO 1370
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563.000
564 .000
565.000
566 .000
567 .000
563.000
569.000
570.000
571.000
572. 000
573.000
574 .000
575.000
576 .000
577 .000
578.000
579. 000
580.000
581.000
582.000
583. 000
584 .000
585.000
586.000
587 .noo
588.000
589.000
590.000
591.000
592.000
593.000
594 .000
595.000
596 .000
597.000
598.000
599.000
600.000
601 .000
602 .000
603.000
604 .000

1370

1380
1390

1400

1405

1407

14 10
1420

1421
1422

1425

1430

1440

1460

TAX(1)=87 50. +.3*(ADJINC(I >- 50000.)

IF(ADJ INC(1>.GT.1 00000.) GO TO 1380
TAX(1>=16250.+_4*(ADJINC(1)-75000.)

TAX11)=26250.+.46*(A0JINCCI>-100000.)
DEPSUM=0-0

IF (TAX (1 ).GT. 25000.> GO TO 1405

If (CREDIT.GE.TAX(1)) GO TO 1400

TAXd )=TAX (1)-CREDI T

CREDIT=0.0

GO _TO_ 1420

CRED ITZCRED IT-TAX(1)

TAX(1)=0.0

GO TO 1420

E.(.9*TAX(1)>2500.,)) GO TO 1407
)-CREDIT

%%EglT=CREDIT—(.9*TAX(I)+2500.)
TAX(1)=.1*TAX(1)-2500.

GO TO 1420

DEPSUM=-ADJINC(1)

|8:o-o
|

X
o~

0
) +SITAX(1)+DEPTSV+T4X(1)

—:I‘T;U 'U—_I—_|O—|
1o =nTxo>
OO O~ m
I O~
- (N,

PWREV=0 .

PWCST=OWNPMT*TOTCOS

DO 1430 1=1/PERIOD

PWCST =PWC ST+PWCOST(1)Zd.+ROR)**1
PWREV=PWREV+PEV(1)/(1.*ROR)**1I

IF A.GT.%) Go To" 1449
IF ((PWREV-PWCST) .GE.O.) ROR=4.

A=2

IF° (ROR.FQ.4.) GO TO 1425
IF((PWREV-PWC’ST).GE.0.) GO TO 1460
ROR=ROR-.0010

IF (ROR.LE.O.) GO TO 1460

GO TO 1425

IF (PUN.GT.RUNM) GO TO 1560
IF(G.GT.OPTS) GO TO 1509

1 F(ROR.LT.RORMAX) GO TO 1465

rormax=ror

09T -
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613.000
614.000
61 5.000
616.000
617.000
618.000
619.000
620.000
621.000
622.000
623.000

624.

855: 900
626.000
627.000
628.000
629.000
630.000
631.000
63?.000
633. 000
634.000
635.000
636.000
637.000
638.000
639.000
640.000
641.000
642.000
643.000
644.000
645.000

847600
648.000
649.000
650.000

651.000

1464

1465

1475

OPTION=G

ND =N

JD=J

PLD=PL

PMD=PM
HNMIND=HNMIN
HNMAXD=HNMAX
EFFTHD =EFFOTH

ETB=EP

E2D=E2

E3D=E3

E4AD=E4
TYPED=TYPE
NTUR3D=NOTURB
0CUTD=D CUT
QPMAXD=QPMAX
QRD =QR
OPMC SD =OPMC 0S
TOTCSD =TOTC 0S
D IVSTD =DIVS TR
PHCSD=PHCOST

PRINT®(6x1470) DIVSTR,PENCOS,PHCOST

., INCOST,PIPCOS,SWCOST,TURCOS, UT
1LCOS,EXTRA,TOTCOS

IF (PRINT.GT.I1.) 6o TO 1501
14 70 FORMAT(// "ECONOMIC ANALYSIS"/// —————— */Z//"COSTS*"///"
————— /7, SX /*DIVERSION STRUCTURE ",21X/F9.Q,/,SXz"HIGH PRES] PE
2NSTOCK— ,13X,F9.0,/,SX, "POWERHOUSE"CIVIL COST=",19X/F9.0// INT
3AKE COST=' 29X Fo. Q,/,5X LOW PRESSURE PIPELINE=",19X,F9.0///5X/"S
ANITCHYARD= XOX,F9 0,/,5x," TuRaINF GENERATOR CONTROL S SWITCHGEAR—
5/3X/F9 . O///SX UTIL 1TY  HOOK UP = , 2 , S X, *EXTR A CO0ST= 30X, F9
6.0//7/5X, " ————— '///5x
7« TOTAL COST= ,30X,F9.0///7)
PRINT (6/1475) OPMCOS,DWNPMT,INTST,MORTLF,APREC/PROPTX,TXCR,STTX,I
INFL,PERIOD, TARIFF,CApPMT,TARINC
FORMAT ("ECONOMIC FACTORS®,/,*-- ,/,SX1 OSM COST 1IN 1
1ST YEAR=",7X,F9.1 /,5X,"DOWN PAYMENT= ,I5X,F9-3/3X,'(FRACTION OF F
21RST COST)',/,SX,'MORTGA E INTEREST RATE=",5X,F9.3,/7, 5X,'PERIOD OF
3 MORTGAGE =" ,9X,F9_. 1, /,5 X, "P ROpERTY APPRECIATION RATE =" ,X,F9.3,/,5X
‘TAWA@UE VALUE (PERMANENT = 8 X 0855"#/,5X, "TAXABLE VALUE (MACH
51NERY)— X, ,{.5X, "MACHINERY DEPRECIATION LIFE=",6X, 20 years
6, TO 20% MlNlMUM'— —SX,'INITIAL MILL LEVY=",10X,F9.4 5X "investnm
7ENT TAX CREDIT=" éX,F9-3,3X, (FRACTION OF FIRST §OST) ./, 5X STATE
8 INCOME TAX RATE:',6X1F9-4,/ 5X, "INFLATION RATE= 13X, FQ. 3 / 5X "P
9ROJECT LIFE=",15X,19, /, INITIAL power COST=7,9X, F9. 6, 3X (S/K
9WH) ",/ -SX, "INITIAL CAPACITY COST=',6X,F9_5,3X,'($/ANNUAL CONTRACT
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652.000
655. 000
654.000
655.000
656.000
657.000
658.000
659.000
660.000
661.000
662.000
665.000
664.000

585600

667.000
668.000

669.000
670.000
671.000
672.000
673.000
674.000
675.000
676.000
677 .000
678 .000
679 .000
680 .000
681 .000
682 .000
683.000
684 .000

688900

687 . 000
688.000
689 . 000
690 .000
691 . 000
692.000
693.000
694.000
695.000
696.000
697 .000

9KW/MO.) =, 5X/*"RATE OF POWER COST INCREASE=",F9.3,7/,5X,"5 YEAR ACR
9S DEPRECIATION®,//7)

PRINT 6,1480 # .

1480 FORMAT("CASH 'FLOW®,/, " —————————— ",//,"YEAR DEPT INTST DEPR
l. OSM PROP.. STATE TAXABLE TAX FED. TOTAL ENER
2GY CAPACITY TOTAL *,/.,5X, "SERV ICE",22X, "COST TAX INC TAX IN
3COME CREDIT INC TAX COST RATE RATE REVENUE®,/, " ————
D e e

1=0
DO 1490 1=1 ,PERIOD
DE TSV=DEPTS

SJ GT. ORTLF) DEPTSV =0.
1490 PRI T (6,1500)° 1,DEPTSV ,IN

T (1),DEPR(I1),OMCOS CI),PTAX(1),SITAX(1),A
IDJ INC CI),CRED (1), TAX(1).,0WC OSTCl ),ENRATEd), CAPRTE(I) ,REV(I)
1500 FORMAT(13,3F9.0,F8.0,F9.0,F7.0,F10.0,2F8.0,F9.0,F8.5,F9.4,F9.0)

1501 PRINT (6,1 502 )CRED(15)

1502 FORMAT (//,"UNUSED TAX CREDIT AFTER I5YR CARRYOVER =",F9.0)
PRINT_ (6,1506 ), , ROR
1506 FORMAT (//7,"RATE OF RETJRN=",F6.4,/, " ———mmmmmmmmmmmmm

GO TO 1510
1509 PRINT (6,1540) POS, RUN, ET, PMAX, CF, ROR, CRED( I 5)
1510 IF(G-OPTS) 200,1511,1520
1511 POS=0.

RUN=°PTLO+PPTL1*PPT

QAA=ARE A*.07367*RUN

Q10=3.056%Q AA

N=ND

J=JD

TYPE=TYPED

PRINT (6, 1550) OPTION

IF (SENS i.EQ.2.) STOP

NOTUR B=NTUR BD

QCUT=0CUTD

Q PVAX =Q PMAX D

PRINT=2.

PL=PL D

PM=PMD

HNM IN=HNM IND

HNMA X=HNMAXD

EFFO TH=EF FTHO

EO=EOD

EI=EID
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698 .000
699.000
700.000
701.000
702.000
703.000
704.000
705.000
706.000
707 .000
705.000
709.000
710.000
711.000
712.000
713.000
714 .000
715.000
716.000
717.000
718.000
719.000
720.000
721.000
722.000
723.000
724 .000

725.000
726.000

1515

1520
1530

1540
1550

1560
1570

E2=E2D

E3=E30

E4=E40

QR=QRD
OPMC 0S =OPMCSD
TOTCOS=TOTCSD
DIVSTR=DIVSTD
PHCOST=PHCSD
EXTRA=EXTRAD
GO TO 1530
POS=POS+1.

IF(POS.LE.POSTEP) GO TO 953

FORMAT(F6.0,F10.3,F11.3,F8.2/2F7.4,F12.0>

FORMAT!// , " o ——— =, /,"0OPTION CHOSEN=",12,/, " ———————————
ﬁ““' ////,"POSITION RUNOF F(IN) ENERGY PMAX CF ROR

SED CREDIT’ ,/, SRRl il R St
B3 ")

POS=0.

IF (RUNSTP.LE.O.) STOP
RUN=RUN+!(PPTUI-PPTLI)*PDTFfPPTUO-PPTLO)/RUNSTP
QAA=ARE A* J07367+RUN

Q10=3.056*0AA

RUNM=PPTUO*PPTUI *PPT

IFIRUN.LE_RUNM) GO TO 953

Q10=QI0ACT

GO TO 953

PRINT 16,1570) ET,PMAX,CF,ROR,CRED(I5)

FORMAT 1*MEASURED CURVE: *,FI1.3,F8.2,2F7.4,F12.0)

END
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