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PREFACE

The economic success and high standard of living in this country have
been achieved, in part, at the expense of abundant supplies of low cost,
non-renewable, energy sources. In recent years however, diminishing reserves
of the cheaper non-renewable energy sources, i.e., oil and natural gas, have

prompted a national energy policy which emphasizes conservation and the

development of new and renewable sources of energy. This report is a direct
result of the national energy policy as it focuses on our major existing

renewable energy resource, hydroelectric power.

Hydroelectric power currently provides some 13% of the total electrical
generating capacity in the United States. In capacity and energy units, this
amounts to some 64,000 megawatts (MW) of capacity and some 280,000 gigawatt
hours (GWh) of energy generated annually. Because hydroelectric power is a
renewable energy resource, these figures become more and more significant as

the non-renewable supplies are depleted.

As a result of the renewable nature of hydroelectric power, Congress, in
the Water Resources Development Act of 1976 (P.L. 94-587), authorized and
directed the Secretary of the Army, acting through the Chief of Engineers, to
undertake a National Hydroelectric Power Resources Study (NHS). Among the
objectives of the NHS were (1) to determine the amount and the feasibility of
increasing hydroelectric capacity by development of new sites, by the
addition of generation facilities to existing water resources projects, and

by increasing the efficiency and reliability of existing hydropower systems;



and (2) to recommend to Congress a national hydroelectric power development

program.

In order to facilitate the preparation of the NHS and achieve the goals
set forth by the authorizing legislation, the study organization was made to
conform to the existing electrical power system of the United States. The
existing system is made up of nine regions referred to in the NHS as Electric
Reliability Council (ERC) Regions. A volume addressing the above objectives
has been prepared for each ERC region as well as a separate volume for the
states of Alaska and Hawaii (XIV through XXIII). A report on the
Commonwealth Puerto Rico is included in the Southeastern Electric Reliability
Council Regional report. Volumes XIV through XXIII present regional needs,
resources and plans used to form the recommerded National Hydroelectric Power
Development Plan. The recommended plan with supporting documents will be

forwarded to Congress as mandated by P.L. 94-587.

This volume contains a National Summary of selected, site specific, data
contained in the regional reports and includes hydropower projects which have
no apparent potential for economical hydropower additionms. Selected site by

site data is arranged by state, county and project name in Appendix C. The

text discusses inventory stages, analytic procedures and study sequence.
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Chapter 1
PURPOSE AND AUTHORITY

The Water Resources Develépment Act of 1976 (P.L. 94-587) authorized and
directed the Secretary of the Army, acting through the Chief of Engineers, to
undertake a National Hydroelectric Power Resources Study (referred to
throughout this volume as NHS). Among the objectives of the study were: (1)
determine the amount and feasibility of increasing hydroelectric capacity at
(a) existing hydroelectric project, (b) existing projects not presently
equipped to generate pdwar, (c) identify new or authorized projects not yet
constructed which could feasibly include hydroelectric power as a project
purpose, and (2) to recommend to Congress a national hydroelectric power

development program.

This volume will discuss inventory and study procedures which led to
conclusions contained in the other volumes of the report, primarily
Volumes I, II and XIV through XXIII. More detailed explanations of each step
of the analysis and the actual computer program use are contained in

Volume XIII and associated appendices.

Appendix C to this volume lists selected data, sufficient to identify,
locate, and evaluate the estimated quantity of added capacity and energy
developable at the 5400 sites remaining in the active data file at the
conclusion of the study. These sites are arranged by state, county and

project name.
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Chapter 2
DATA SOURCES

2.1 NATIONAL INVENTORY OF DAMS

The primary initial source of data on existing dams came from the 5
volume report, National Program of Inspection of Dams, May 1975, which is a
compilation of data for an inventory of federal and non-federal dams compiled
by the Corps of Engineers in response to the National Dam Inspection Act
(Public Law 92-367) August 1972. The 1975 published inventory of dams (IOD)
contained data on approximately 50,000 dams which are 25 feet or more in
height or have a maximum impounding capacity of 50 acre—feet or more;
however, dams less than six feet in height, regardless of storage capacity or
which have a storage capacity at maximum water storage elevation less than 15
acre-feet regardless of height were not included. The file containing the
10D data resides on the Boeing Computer Service Company, Seattle Washington
system (BCS). A portion of that data file was transferred to the Lawrence Berkeley
Laboratories (LBL) computer center to initiate the data base for the NHS. LBL

is a system owned by the Department of Energy and is located at Berkeley, California.

Access to this system is available through telephone "dial-up" or dedicated line

by all division and district offices.

2.2 OTHER AGENCIES

Dam inventories compiled for various purposes over the years by other
agencies such as U. S. Geological Survey, Water and Power Resources Service,
Federal Energy Regulatory Commission, Soil Conservation Service, as well as

State Agencies, River Basin groups et al were obtained and included in the
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initial compilation of potential sites for inclusion or addition of
hydropower facilities. These miscellaneous inventories included both
existing and identified undeveloped dam sites. These collections of lists
and records were in various forms, such as reports, card files, data tapes
etc. Duplication of existing dams was expected but each additional record
source turned up a few that had been overlooked and additional undeveloped
projects were identified from each agency source. An effort was made to
eliminate duplicate sites with different names or different sizes from the

data base, however, there may still be a few duplications remaining.

2.3 CORPS OF ENGINEERS REPORTS

A primary source for locating many undeveloped projects was through Corps
of Engineers river basin study reports and project feasibility "survey"
reports prepared through the years. This resulted in the ineclusion of some
undeveloped sites which were alternatives to each other. However, all were
included and those sites recognized or reported as dependent upon the
construction of other sites in the region, or alternatives among a group of

potential sites, were identified in the data base as such.
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Chapter 3
SCREENING STAGES

The study outline prepared by study managers called for four levels of
study called "stages”, representing increasingly restrictive criteria and
refinement. The differences among each of these stages of the study are

discussed in this chapter.

3.1 STAGE 1

As a first step in identifying potentially feasible hydropower sites, an
inventory was taken of existing dams and undeveloped sites as discussed in
Chapter 2. A data form "Form 1" was designed to designate those data
required for sites passing an initial screening evaluation based on storage
and dam height. As a gross criteria, a site was excluded if the product of
storage and height did not exceed 25,000. This criteria excludes those sites
where the theoretical capacity was less than 1 MW if all of the stored water
were released in one day. There were exceptions to this gross rule to allow
low head run—-of-river projects to be included. Each Division office was
allowed to set their own criteria. The major purpose of the screening was to
eliminate sizes such as stock water ponds. A utility computer program was written
to read data from a copy of the Inventory of Dams (IOD) file and write it into the
Form 1 NHS format. Most of the data in the IOD file was transferred and the
above screening procedure or modifications to it were used by each Corps of
Engineers Division to delete those projects not meeting the gross minimum

capacity value.
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A data collection activity was undertaken for the remaining sites and for
those sites added from other data sources, as discussed in Chapter 2. Data

of particular importance and not in the IOD file were:

e drainage area

® representative stream gage
® average annual flow

® normal net power head

° FERC power supply area

Approximately 17,000 sites met gross screening criteria for Stage 1 and
progressed into the Stage 2 phase. Details of data collected and format for

Form 1 will be discussed in Chapter 4.

3.2 STAGE 2
During this next stage more detailed data required for Form 1 was
collected and additional sites were added or deleted as seemed proper by
district and division study personnel. Computer programs and file structure
were finalized and generalized cost curves and economic benefit data were
developed by the Corps Hydrologic Engineering Center, North Pacific Division
Hydroelectric Design Branch and Federal Energy Regulatory Commission (FERC),

respectively.

Analytic computer programs were then applied to compute capacity and
average annual energy potential. Next, generalized benefit/cost criteria was

applied to identify those sites to be recommended for Stage 3 study. The Form 1



data file contained about 3,000 sites where the potential generating capacity
was estimated to be less than 50 kW, with another 3,000 sites where the district
study teams judged that additional data collection effort was not warranted
for one reason or another. These sites were not included in a 6-volume preliminary
inventory of physical potential that was prepared at the end of Stage 2 for
10460 sites. However, these 6,000 sites were not discarded. During Stage 3
data collection and analysis some of these sites were brought back into an
active study status and the required additional data entered into the file. The
remaining sites were eventually placed in an inactive file.

Some 1,500 copies of this preliminary inventory were distributed to federal,
state, and private agencies, libraries and individuals. The six-volume inventory
organized by regions and states contained a selected data listing of those 10,460

existing and undeveloped sites where the estimated developable generation capacity

exceeded 50 kW.

3.3 STAGE 3

A major revision to the site specific data collection was made at this
stage. The number of allowable data items was increased from 67 for the Form 1
to 689 for the Form 2. Data was transferred from the Form 1 preliminary
inventory into either an inactive file or an active file. This transfer of
all sites into Corps of Engineers Division groupings of either "active file"
or "inactive file'" was based on the preliminary potential increase in capacity
being greater than 1,000 kW and the benefit to cost index exceeding 1.0 at
existing dams and 0.7 at undeveloped sites. This resulted in approximately

5,400 sites in the active file and 10,700 in the inactive file. Additional
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data were collected on storage allocation, and corresponding elevations and
surface area. For many sites tailwater rating data, monthly evaporation estimates,
monthly energy demand, outlet capacity, channel capacity, upstream diversions, and

other related data were added to the Form 2.

Editing software was developed to allow a higher level of display for accuracy
checking and computational capabilities were greatly expanded. Cost data and
procudures were upgraded and were packaged into a comprehensive computer program
XFRM2. These expanded capabilities allowed a more site specific cost and
benefit estimate as well as more reliable dependable capacity and firm energy

estimates from a monthly period-of-record sequential analysis.

At the end of the analysis phase of Stage 3, another screening was done
on the 5,400 sites remaining in the active file. Additional economic evaluations
were carried out based on Form 2 data and expanded computer programming. Those
sites that appeared favorable were also subjected to an environmental and
institutional acceptability screening after collecting the additional data required
for such an evaluation. Sites without overriding adverse impacts in any of these

areas were then considered for "Stage 4" ranking and grouping.

3.4 STAGE 4
About 2,000 sites passing all previous evaluation and screening phases
were ranked in various ways as discussed in Chapter 6. Existing and forecasted
regional power demands were determined for each of the Electric Reliability

Council regions and systems of potential hydropower projects which could help



meet future regional demands for electrical energy were grouped and reported
in the various regional report volumes XIV through XXIIT of this NHS. Regional
information emerging from these report volumes were then assimilated for the

Nat donal Hydropower Report to be forwarded to Congress.
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Chapter 4
FORM 1 ANALYSIS

The data management, design, analytical procedures and results of the
Form 1 data collection and analysis conducted as part of Stage 2 of the study
will be discussed in this chapter, in sufficient detail to allow the reader

to evaluate the depth of study and validity of assumptions used to reach the

reported conclusions.

4.1 DATA MANAGEMENT SYSTEM

Recognizing that considerable data at perhaps as many as 60 to 70
thousand sites might be required at the early stages of the study, it was
apparent that a rather formal data management system would be required if
field engineers at 36 District and 11 Division offices were to input data and
have simultaneous access to the files. The data base and computer programs
used to edit and analyze the data base were contained on magnetic tape files
at the Lawrence Berkeley Laboratory (LBL), a Department of Energy facility,
located at Berkeley, California. This facility uses a Control Data
Corporation (CDC) hardware system. It was chosen primarily because of its
extremely low cost and also because of its ready access by dedicated line
from the Hydrologic Engineering Center (HEC) and by dial-up from each
district and division office. Consequently, file structure and editing
software programs are strongly CDC system dependent with some LBL system job

control language calls. The basic analysis programs are standard Fortran.

The working data base files are grouped on eleven separate magnetic

tapes, one for each of the eleven divisions of the Corps of Engineers. Each



divisional file has a header index which is used to provide a quick random
access to a specific state or site within the file by address location.

Additional details and flow charts are included in Volume XIII Part 1.

4.2 FORMAT

Table 4-1 displays the "Form 1" labeled data and item reference numbers.
All of these data have not been entered into the file for every site.
Certain minimum data are required to facilitate an evaluation of power
potential. In some cases, district study managers had feasibility report
details available so that capacity and energy estimates were already
established and could be entered into the file directly. Other sites
identified sufficiently to include in the file initially, remain incomplete
in critical data items for one reason or another and were not processed or
included in the preliminary inventory publication. Some of these may have
been researched further during Stage 3 activities and may be included in the

final publication of active file sites published with this volume.

In addition to the basic 67 items shown in Table 4-1, an additional array
of data items 700 through 889 are stored during the execution of a hydropower
potential analysis as shown in Table 4-2. When a complete Form 1 listing is
requested the entire labeled data file is printed (items 0-889). Most of the
labeled data items are described adequately for a clear understanding of
their meaning. Others, such as items 60, 70, 270, 400, 410, etc., require
additional information in order to decode the data characters. These are
available in Volume XIII Part 1, "Data Base Description”. Negative signs

associated with numeric entries in items O through 660 indicate only that the



Teble 4~ 1
FORM 1 EXAMPLE SITE LISTING

0 STATUS OF FILE DURC 1
1 LASY UPDATE (YR/MO/DY) 79/06/07
? LAST UPDATE PYTME DF DAv) 16,540,548
% USGS GAGE SELECTION (ORUSER {BMACH) 0
8 FLDeNUR,SEQ-RNUT PARAMETER (0,0«1,0) 0,
8 USGS TAPE NO. FOR MONTHLY FLNANWS 55,0
& DRAINAGE AREA nF SELECTED GAGE 8090,0
¥ CALCULATED PNWER HEAD 28,0
8 8ITE YO GAGE DRAINAGE RATIO o8
9 POWER STORAGE TD AVERAGE § RATIO »YR 0.
10 PROJECT ID NUMRER tA7) wloo724
20 PRNJECT NAME (A37) CASTLE ROCK 2Wp724
30 NAME OF S8TREAM €A29) WISCONSIN
406 DIVISION LA%) NED
%0 DIsTYRICTY Ay NCS
60 REGION t12) 7
70 BASIN f12) b
80 LATITUDE ) (FS,.1) 43,9
90 LONGIYUDE (F6,.1) 90,0
100 PRIMARY STATE A2} Wl
11 PRIMARY COUNTY (s 1
§20 PRIMARY CONGRESSYNNAL NISYRICT(12) =0
930 SECONDARY STATYF ta2)
140 SFCONDARY COUNTY (13 =0
150 SECNONDARY CONGRESSTINNAL OIST  (12) w0
160 FERC REGYUNAL NFFICE (A2) £H
170 FERC PNWER SUPRLY ARFA t12) 13
180 FERC RIVER BASYN CNDE £16) 556500
190 FERC SITE CODE (12) 50
200 FERC STATE COPFE r12) 55
216 HYDRAULIC HETGHT OF NAM (FT) (F4,0) 32,0
220 MAXIMUM STORARF C(ACRE=FT) (FE 0) 200960,0
23n HY NF NORMAL RETENTIAN (FT) (P4 0) 32,0
24n NORMAL STORAGE (ACREFT) (F8,0) 160640,0
25n NNRMAL NET PNWER HEAD (FT) (F&,0) 28,0
260 DRAINAGE AREA (80, M1,.) (F&,N) 6849 ,0
274 STREAMFLNK CHARACTERYSTTICS (A1) L
280 MACHINE ESTIMATES DESIRED £AY) YES
290 REPRFIENTATIVE GAGF QE{ ECTED (19) 5404000
B0M AVERAGF ANNLIAL INFLOW (CFS) (F8, 0) 4077,0
21 ELECTRIC RELTARILITY CRUNCIL (AS) MATN
320 INSTALLED CAPARITY (wi) (Fa_ o0y 15000,0
X3 AVF ANNUAL ENFRGY INQTALLED fF8,0) 75000,0
Z40 INDENTIFIED PAWER POATENTTIAL(KW)(FE 0) 8562 ,0
IS0 AVE ANNUAL ENFRGY(MHWIPOTENTYIA(FY 0) 15000,0

R60 NEW POWER POYENTIAL EST, (KW) (FA_,0) «35049,1
37n NEWw EQY AVE AnNn ENERGY (MwM) FFQ_.0) =1108537,.7
38N EXISTING FUT PnikFER FEATURES (A43)

390 DHNER tA24) WY RIVER POWER CO
400 OWNER CODE (A1) I

416 PURPNSES AT HCR

420 8TATUS a2y np

a3n ACTIVE IN INVENTNRY (113 1

a4n DEPEND OR INDEREND (A1) 1

450 COMMENT (AG8)

460 KNOWN PDTENTYAL CONSTRAINTS a3y

470 COMMENT tabn)

480 GENERAL COMMENTS tA03)

490 GENERAL COMMENTS (A48

500 GENERAL COMMENTS (AG8)

600 NEAREST DDWNSTREAM TOWw tA28) wWYSCONSIN DELLS
610 PRIMARY COUNTY NAME A1) ADAMS

%20 ADDITINNAL VALUE 1§ tF10.0) 0,

630 ADDTTIONAL VALIE 2 tF10,0) C.

&40 ADDITIONAL VALUE 3 tF10,0) 0,

450 ADNDITIONAL VALIE 4 (F10,0) 0,

660 ADDITINNAL VALUE § tF10,0) 0,
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entry was the result of a computer program computation or decision rather
than an entry by the user. The lower array of Form 1, (Table 4-2), contains
a center section which represents an array of analysis at 10 points along a
flow—duration curve, representing daily flow characteristics for the site.
The first list, labeled FLOW-DUR, represents flow in c.f.s. and the second
line, labeled EXCEEDENCE, is the decimal fraction of time that the flow shown
on the line above it is exceeded. The first section of Table 4-2 (item
numbers 700 through 709) represents adopted results for the project including
total capacity and energy. If the site already has an existing powerplant,
the lower section of Table 4-2 (items 710 through 719) are the additional
capacity, energy and economic values that are selected by the analysis

procedures.

4,3 FILE STRUCTURE

The file structure is in CDC oriented machine code unlabeled format. The
index of each divisional file contains the seven character ID number of each
site which corresponds to item 10 of Form 1. Also item O “"Status of File" is
included in the index. The third item in the index is the address of the
packed data. This provides a rapid means of locating (a) specific sites, (b)
all sites of a specified analysis status and/or, (c) all sites within a
specified state. For instance an analysis run was typically made on all
sites which had a "status of file" of NEWR, meaning it had a new record site
that had never been analyzed or had significant data entries changed and
needed to be reanalyzed. The "Status of File" is automatically reset after

the attempt at an analysis, to one of the following codes:
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® DEFA - Site not completely analyzed by requested procedure because
of data errors or omissions.

e DURA - Incompleted duration curve analysis because of data errors or
omissions.

® DEFC - Default type of analysis completed.

. DURC Duration curve type of analysis completed.

e EDIT - Editing errors exist.

Two other codes in addition to NEWR can be input by the user to indicate (1)

the site is to be placed in an inactive status "IACT" but retained in the
data base or (2) the site and corresponding data array is to be removed from
the data file "JUNK". Periodically, during merging operations, this was

accomplished.

4.4 DATA INPUT AND RETRIEVAL

Initially, interfacing computer programs were written to read data from

three different independent data filesg:

® National Inventory of Dams/
/
® Federal Energy Regulatory Commission Index of Hydropower Dams

] U.S. Geological Inventory of Hydropower Sites

A data editing and management program was then written to accomplish
individual site specific data entry and user specified selective retrieval of
all data for a given site or group of sites and various statistical counts,
sums and averages. The Form 1 edit program is labeled EDITNHS. The program

was written for either interactive or batch-terminal job entry but because of

the inadequate number of entry ports at the LBL Computer Center and slow
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terminal response, nearly all data entry and retrieval was done by “"remote
batch” processing. Each Division used a unique code identifier which allowed
access to the appropriate Division data file. Data sntry and retrieval can be
done for a selected site by using its Item 10 Project ID number or by
"global” search procedure, constrained by user specified constraints. Basic
needs were met with 3 to 8-letter commands such as:

HELP, LIST, SELISTX, SAVE, LISTSAVE, WIPE
END, MODIFY, AVERAGE AND SUM.

Constraints were by numerical groups and operator symbols such as +, -,

=, #. As an illustration of data entry for California site CA00027 for items
20, 80, 90, and 210, a card stream, after program access, might look like

this:

' BATCH'
'CA00027"
4
20,80,90,210
CAL LAKE

41 22.3

122 48.4
126.

' SAVE'

"END'

Details on other usage and specifics on global search constraints are

documented in Volume XIII Part 1, "EDITNHS USERS GUIDE".

4.5 MERGING FILES

Periodically or after each division and inclusive district office made a
significant number of new data entries all files were copied onto a separate
archive copy of the file in case of system failures or unforeseen loss of

file, so that the data base could be rebuilt with a minimum of lost data.
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Also, as site duplications or sites with insignificantly small storage or
streamflow were discovered and a determination made to delete the site from
the file, the site status "Item Zero" was set to JUNK. A files merger
utility program was developed which wrote each of the eleven files onto a
"backup” tape and during the process, ommitted any record with a JUNK

status. After merger onto the reserve tape, they were written back to the
proper divisional tape as a "cleaned up” or "new"” version. This was done
every week during early phases of Stage 2 studies and progressively less
frequently as files became more stable. There were several occasions when it

was necessary to rebuild a Division file from the "backup” merged file.

4.6 FILES SECURITY

Several precautions were taken to avoid simultaneous data entries and
analysis by more than one user, since several district offices were storing
data on the same file. Some elimination of conflicts were accomplished by
having each Divisions' file on separate tapes. Each Division file required a
different access call name and most district computer sites had a secret
password which protects their account number from being used by any
unauthorized users. The primary security system to prevent simultaneous
access was by "files lockout". Anytime a user had a Division file in process
of "data entry”, "query"” or "analysis™, all other users trying to access the
file were put in a "wait" status until the current users job was completed.
Since the largest Divisions have only 5 district offices and a high speed
computer system was being used, there was seldom a significant "wait time"
resulting from multiple access calls. Major delays that did occur were a

result of heavy system loads from non-NHS users. As discussed in the
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previous paragraph, files loss resulting from system malfunctions were

avoided by periodic files merger and archiving.

4.7 ANALYSIS, ASSUMPTIONS AND COMPUTATIONAL TECHNIQUES

Three different ways of estimating the capacity and energy potential of
each site were adopted.
e User analysis or results from prior studies entered directly into
the file referred to as default analysis DEFA or DEFC

° Flow duration curve analysis to maximize net benefits referred to as
DURA or DURC

® Sequential monthly routing of flow data and reservoir storage to
meet specified trial energy demands, referred to as 5CAN or 5CCP

The sub-paragraphs which follow will briefly discuss the different
assumptions and procedures. A more detailed discussion is contained in

Volume XIII, Part 1, Appendix II, "Computer Program NHSF1".

Default Analysis

The default analysis is a shortened analysis procedure and was applied
when field engineers were confident they knew the sites capacity and energy
capability and optimum size as a result of previous detailed studies such as
documented in feasibility studies recommending authorization or advanced
engineering and design memoranda. In these cases the field éﬁgineer entered
data item 280 as "NO" and the appropriate values into items 360, "new power
potential” and item 370, "new estimate of average annual energy”. The
average annual plant factor was calculated from these last two items and

5

benefit and cost routines applied to make the necessary estimates of annual



benefit, annual cost and B/C index ratio. In the case of "default analysis”

the flow-duration data array, items 720-889 were not computed or stored in

the file.

Flow Duration Analysis

The most common analysis procedure utilized in Stage 2 estimates was the
flow-duration run-of-river type of analysis. A representative stream gage
was either specified by the user at item 290 or a program subroutine was used
to search and select a reasonably representative streamgage within a 4 degree
latitude and 4 degree longitude quadrangle about the damsite. A selection of
all gages found in the 'gage file' was based on minimizing penalty points
based on distance, length of record, drainage area ratio and quality of
record. Flow-duration curves based on an analysis of daily flow data for the
period of record at each of approximately 16,000 stream gage stations had
previously been computed and stored in an accessible file at the computer
center. The appropriate table of values was read and adjusted by site to
gage drainage area ratio to obtain a flow-duration array representative of
the site being analyzed. Ten different points along the applicable
flow-duration curves were assumed as plant design discharge. Capacity and
average annual energy were computed for each assumed design discharge by
using the basic power equation KW = CHQ. The net power head (H) was read
from data item 250 or in the event it had not been entered, an estimate based
on several other alternative assumptions were used such as a fixed percentage
of height of normal storage or height of dam. A plant efficiency of 100
percent was adopted because of other gross assumptions, and to simplify

ad justment to any other user preferred value at this early stage of the study.
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Sequential Analysis

This last method requires more data and analysis time and since a large
number of assumptions concerning reservoir storage characteristics,
allocations, power load characteristic and average tailwater conditions are
also necessary, it was not used in any final production runs during Stage 2.
This sequential analysis procedure was deferred until Stage 3, where
additional data collection was more commensurate to use with a more precise

analytic procedure.

Benefit Analysis

The Federal Energy Regulatory Commission (FERC) furnished preliminary
estimates of capacity and energy benefit values by regional power supply
areas throughout the nation. Data item 170 was used to determine the
appropriate power supply area in which the site was located. Also, the
primary state (item 100) was required in the region benefit rate assumption.
These regional benefit rates associated unit benefit rates for capacity and
energy separately as a function of the average annual plant factor. The
average annual plant factor is a gross estimate of how the plant will be
operated to meet the regional load characteristics and is used to reflect
what alternative type energy fuel source will be displaced if the site were
put in operation. Benefit rates were based on 1978 cost levels "at-market"
and private financing at a discount rate of 10 percent. More specifics on
the benefit assumptions are contained in Volume XIII Part 4, "FERC Regional

Power Benefit Values”.
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Cost Analysis

The North Pacific Division Hydroelectric Design Branch were tasked with
the assignment to develop generalized powerplant costs. Preliminary curves
relating cost to net head were developed with powerplant sizes of 100, 500,
700, 1000, 2000, 3000, 5,000, 7000, 10,000, 30,000, 50,000, 70,000 and
100,000 kW as the third parameter. Costs were based on a simplified
powerplant comprised of a single generating unit, basic mechanical equipment
and a switchyard. Cost adjustment factors were adopted for each state, with
Oregon having a base value of unity. Benefits and costs were computed for
each of the 10 sizes corresponding to the 10 design discharges selected from
the flow-duration curve and based on the assumption of a single purpose
project analysis. The annual benefit, annual cost, corresponding net benefit
and B/C ratio were then calculated and an optimization technique used to
select a project size which would maximize net benefits. The results of each
of the ten points analyzed and the selected size were stored in the lower
section of the Form 1, data array items 700-889 (refer to Table 4-2). A
discount rate of 6-5/8 percent and economic life of 50 years was used at this
preliminary study stage. Later this rate was revised as discussed in Chapter

5'

4.8 PROBLEMS ENCOUNTERED AND RESOLUTIONS

An undertaking of this magnitude, which required major computer program
development, can be expected to meet with obstacles and incur delays. The

major problems that occurred during this study were:
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e Fixed tailwater assumption provided unrealistic hydropower potential
for run of river projects with highly fluctuating tailwater.

e Program application was made before documentation was completed and
available

. Frequent work force turnover

e Lack of formal training on procedures developed during early stages
] Incomplete or inaccurate data\entries

e Unfamiliarity of use of LBL computer system by some districts

. "Dial up"” connect problems of local computer terminals to the remote
system

All of these problems lessened with continued experience and time. User
guidance documentation and item descriptions finally became available to help
new users as personnel turnover occurred. Extensive error checks and message
printout was added to the programs. The Hydrologic Engineering Center (HEC)
staff was available for unlimited consultation by telephone. The technical
manager was in frequent coordination with Division study managers and HEC
support staff. Training sessions were held at HEC and at Division Offices.
Maximum use was made of job control files to preclude the need for Division
and District users becoming unnecessarily familiar with system calls and
files management. Most of the 'analysis run' initiation was done by HEC upon
notification by a Division that they were ready for such a run to be made.
Printer output of the analysis was disposed at HEC as well as at District

offices so that problems or questions could be more easily discussed.

4.9 RESULTS OF FORM 1 ACTIVITY

At the conclusion of Stage 2 (Form 1 studies), a preliminary inventory
of sites capable of a minimum hydroelectric capacity of 50 kW was published.
It was a 6 volume report containing information on approximately 10,000

%

sites. EFEach volume contains several complete states within a geographic
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region. The regions were selected to more or less equalize the size of each
volume. Figure 4-1 shows those states included in each volume. Copies of
"National Hydroelectric Power Resources Study, Preliminary Inventory of
Hydropower Resources”, U.S. Army Corps of Engineers, July 1979 are available
at the National Technical Information Service (NTIS), U.S. Department of
Commerce, 5285 Port Royal Road, Springfield, VA 22161. The NTIS

Identification Numbers are as follows:

ADAO75962 Volume I Pacific Northwest Region

ADAO075963 Volume II Pacific Southwest Region

ADA075964 Volume III Mid-Continent Region

ADA075965 Volume IV  Lake Central Region

ADAO75966 Volume V Southeast Region

ADA075967 Volume VI  Northeast Region
The preliminary report estimated the existing and potentially feasible
hydroelectric power resources in the United States. Summary tables for all
volumes are contained in each of the volumes. Each volume of the inventory
contained a description of the methods of the study, national and regional
statistics and a brief assessment of the resource potential. Appendix I of
each volume contains individual state summary totals and site-specific
hydraulic data, ownership, project purpose, geographic information and
hydroelectric energy for all states within the volume's region. Many of the
listed sites were dropped from consideration as studies continued and more
detailed data collection and analysis were conducted as discussed in Chapter
5. However, for purposes of comparison, a summary of national totals at the
end of Stage 2 are presented in Table 4-3. These Tables represent the
physical potential and include many sites which are not economically nor

environmentally feasible.
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Table 4-3

PRELIMINARY

INVENTORY OF
HYDROELECTRIC POWER RESOURCES

July 1979
Existing Existing Undeveloped
Item Hydro Projectsl Projects2 Sites3 Total4
Small-Scale (50kW-15MW)
Number of sites 842 4,813 2,642 7,744
Capacity (MW) L2,947 5,455 8,010 16,412
Energy (GWH) 15,048 17,267 28,843 61,158
Intermediate Scale (15-25MW)
Number of sites 81 166 387 592
Capacity (MW) 1,517 3,320 7,722 12,559
Energy (GWH) 6,717 7,859 23,503 38,079
Large Scale (Greater than 25 MW)
Number of sites 328 445 1,503 2,124
Capacity (MW) 59,230 85,859 338,217 483,306
Energy~(GWH) 258,239 198,087 883,519 1,339,845
Total (All sizes)
Number of sites 1,251 5,424 4,532 10,460
Capacity (MW) 63,702 94,636 353,948 512,286
Energy (GWH) 280,004 223,214 935,867 1,439,085

1 Existing hydroelectric power facilities currently generating power.

new and

Existin§ dams and/or other water resource projects with the potential for
or additional hydroelectric capacity.

3 Undeveloped sites where no dam or other engineering structure presently

existse.

4 The number of sites for existing projects include so
projects; therefore, the total number of sites is no

column values. This varies from the 11,207

national summaries in the preliminary inventory.
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Chapter §
FORM 2 ANALYSIS

"FORM 2 analysis" refers to all activities associated with Stages 3 and
4 of the studies. At this point in the study a new form was designed to
include additional site specific data (data items increased from 67 to 689).
This included physical, hydrologic, cost and benefit data items as well as
data on impacts of site development ,on environmental,
marketability and social factors. Analytic procedures were expanded to make
use of the added data and an entirely new, higher level data management, edit
and display computer program was written. This chapter will discuss the more
important features of the Form 2 analysis and computer progran
development. A more complete discussion of the file structure, editor,
analysis and program usage is contained in Volume XIII Part 2, "XFRM2,

Computer Software Documentation”.

5.1 DATA MANAGEMENT SYSTEM

A more extensive data management scheme was developed for use with the
Form 2 data. Each Division was assigned two magnetic tape files. The
"active"” tape contains the data at sites where the Stage 2 screening judged
it to have an added capacity potential in excess of 1,000 kW at a B/C index
greater than 1.0 for developed sites and 0.7 for undeveloped sites. The
second tape ("inactive"” sites) contains all other sites which for one reason
or another did not meet criteria for further consideration. Each Division
was assigned their own active tape but generally, inactive tapes were
comprised of two Divisions per tape. In addition to these user accessible

tapes, supervisory accessible "backup” archive files were maintained for both



active and inactive sites (2 each), making a total of 21 magnetic tapes.

There may be several dated versions stored on the inactive tape for each
Division due to revisions in data or analysis.

Figure 5-1 illustrates the scheme utilized. Each of the "backup” tapes
contain records of all divisions on the same tape. The same generation tape
was written from the first generation tape and then the first generation tape
was copled from the active and inactive tapes. Initially this "backup”
procedure was performed weekly and then toward the end of the study period,
as changes and data additions became less frequent, the backup was scheduled
at 3-week intervals. This activity was performed on weekends when the least
amount of file activity was occurring. Since only one user could have write
access to a Divisional file, a "backup” run had to find a time when all files
could be used, while "holding out" other users. A total of approximately
16,000 sites are contained in the data base. About 5,400 sites reside in the
active files and 10,700 sites reside in the inactive files. About 3,000 of
these sites were evaluated to have a capacity potential less than 50kW during
Stage 2 screening. About 3,000 additional sites have incomplete data and
were judged by the field engineers to not be worthy of the extra effort

required to collect and enter the required data.

5.2 FORMAT

The format of the Form 2 also utilizes the item number reference

structure and all entries are read in alphanumeric form and printed in alpha,

real and integer formats as shown in parenthesis at the left of the data
value (see Table 5-1). The Form 2 items were grouped into 12 different

categories as follows:
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INACTIVE FORM 2 TAPES

6 INACTIVE USER TAPES

SWDINAC

SPDINAC
SADINAC

PODINAC
NEDINAC

NCDINAC
NADINAC

NPDINAC

MRDINAC

ORDINAC
LMDINAC

MULTIPLE DATED VERSIONS FOR

EACH DIVISION

WEEKLY BACKUP
OF LATEST VERSION

Figure §-1
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Table 8§-1
FORM 2 EXAMPLE SITE LISTING

-
DO ML AL NN -
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Ry Ra/1 LATITUDE @80= ., . ¢ o 0 o @ 2 6 6 6 o o s s 5 » & o 3 o 5 @ (A10) 30 23,6 .
Ry Ra/U LONGITUCE »90e , s 8 @ o % @ ® & s o 9 0 8 o 0 s 5 @ O 00 (A10) a2 S,1
Ry R2/U PRIMARY SYATE "DO' e o 2 8 6 5 5 o 8 5 & = 2 0 @ g 0 ¢ & 0 (a2) FL
a1 R2/U PRIMARY CALNTY aille s 8 8 5 ¢ 35 0 6 o 8 s & 8 a 8 8 0@ (F12,}1) 3,0
ny Ra/U PRINARY COLATY NAME .b‘o" @ e @ 2 5 8 5 0 5 » 0 8 0 ¢ 0 & O (2410) BAKEN
Dy Ra/U NEARESY DORMSTREAM YOWN @000= 4 4 o o 5 o 0 s 0 o s 0 ¢ o ¢ (3a410) STOKESVILLE 64
ny Ra/su PRIMARY CONGRESSIONAL DISTRICY =120% , o 5 ¢ 2 o 6 o ¢ © o ¢ (F3,0) .
ny DasuU SECNNMASY STATE @330 , 5 o o 8 ¢ » 5 o 6 6 o » » o ¢ 8 o ¢ (A2) G&
ny d2/u BECONDARY COUNTY 0380 o o ¢ o o 6 o 6 & ¢ 0 3 & 8 8 ¢ 8 o ¢ (Fa,0) s,
ny Basy SECNANDARY COUNTY NAME 4 o o o o 6 o » o 0 8 2 ¢ 0 s 0 ¢ 3 ¢ (2A10) CHARLYCH
ny pasy SECNNNARY CONGRESSIONAL DISTRICTY =1%50° o 4 o o o o o o ¢ o ® (¢3,00 1,
Ny Ra/™ FERC REGIONAL OFFICE @$60® 4, 4 o o 0 0 0 06 ¢ 2o 2 ¢ 5 8 0 0 8 (A2) AY
Ry RpsU FERC POWER BUPPLY AREA #370® , 4, 4 4 06 06 0 ¢ s 0 ¢ 0 & © o & (F3,0) @4,
ng baru FERC RIVER BASIN CODE el 80e o e 8 s 0 3 6 8 p 5 @ ¢ & % 8 O ('7.0) C.
o0y Dpasu FERC BITE CNDE w1902 , o 4 ¢ 6 0 0 6 6 8 9 0 s o 5 s o 8 0 0 (F3,0) 0,
0y basu FERC STATE CODE ©2008 o ¢ 5 o o 6 06 9 0 ¢ 2 o 0 o s o 8 o o (F3,0) 12,
01 R2/M ELECTRIC RELIARILITY COUNCIL ®310% , o o o o ¢ 6 ¢ o 5 0 9 ¢ (AS) B8ERC
ELECTRIC RELIABILITY COUNCIL SUBREGION , o, ., s o o ¢ & o &8 (A10) FL
RESERVED FLR FUTURE USE ® & 0 o 0 5 6 0 0 ® g 5 8 ¢ @ b o @ (AlO)
RESERVED FCR FUTURE UBE o s o 0 0 s 06 ¢ 06 5 0 0 s ¢ o 0 o @ (410)
RESERVEN FCR FUTURE UBE o o o o ¢ o o ¢ 06 @ o 2 & o o ¢ a @ (a10)
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62
63
o
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bb

6%« 78

”
T8
79
AR
L}
14
R3
LY
ok-]
L)
Ay
A8
89
an
91
92
93
9a
LL]
94
9y
98
eg
100
10y
t1n?
10y
104
ins
10h=113

1142125

12+
127
128
129%=340

141
142
143
148
148

R2/U
o2/y
R2/U
0y b2sut
01 R2/U
ny R2/U
ny R2/U
by Rp/U

ny. R2/U
01 p2/u

02/u
nasu

R2/U
E2/u
Ea/u
E2/u
F2/u
E2/u
82/u
$2/y
LEXAY
Sg/u
82/u
S2/u
s2/u
8274
270
S2/U
8$2/¢
82 /U
827U
s2/v
82/u
82/u
Fy R2sU
ny Ra/U
F1 F2/u

F2
F2

sa/u
sa/v

$2/0 M
827u ¥

Ry R2/1
Ry RR/U M
Ny R2/U #

S2/u ™
s2/su ¥
s2/u ¥
R2/V
R2/U

Table 5-1 (Continued)

FORM 2 EXAMPLE SITE LISTING

FORMZ2 = FLOBAB000L o PHYSICAL CWARACTERISTICS

TYPE OF DAN ,
COMMENT (DN OTHE
YEAR COMPLETED ,
OWNER =390 ., ,
DWNER CODE o400«
PURPDSES =410e ,
8YATUS <820e , ,
EXISTING FEATURES FOR POWER o380«
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% v e e
* W D B R W
e ®» sw OV e
* o s veove
® o o e ww e
® ¢85 000w
5o 0 8 0w
e ® »w e vwe
©c ® s v e ew
e s s 00 vwveoe
o 28w 9wV
e« ® e e www
e " ®» W e v ®
*» 5 e 39 90w
& o e 0090
e e v 00w
*»" e o e 008w
® ® o8 000
e oo 9 000

[
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. .
L I
* B
LR
380

DEPENDENTY OR INDEPENDENY =440e , ,
COMMENT &80

-
-
.
[
[

-
-
[
-
-

[
[

SYSTEM BSEOLENCE
PRDY &7 69 7
ABDVE 68 10 4
RESERVED FCM PUTURE
RESERVEN FCR PUTURE
RESEAIVED FLR FUTURE
ELEVAYION CF YDP OF
NEIGWT DOF DAM (FT)
CRESY LENGTH (FT) , o o o
STTE CROSS-SECTIONAL CLASSIFI
SITE ARRANGEMENTY CLASSIFICAT]
WATERWAY LENGTH (FT) ., o o 5 o o
wATERwWAY DESIGM #_Ow (CFS8) , , &
MEIGHT TD Y0P OF PLOGD COMTROL 'OCL (PY)
CHMULATIVE STORAGE AT TOP OF FLOOC COMTREOL

73
T

4- e s @
-
» e DOv o sewe
*® " " O B W
~~
e o W

P4

1
2
L)
»
L[]
ML
L]
[ ]
CA
ON

POOL (&C FT)

® 8 8 0 0 0 D e e P A e B G GBI SN O S S R P E B Re

SURFACE AREA AY YOP DF PLOOD CONTROL POOL (AC) o o o o »
mAXIMuM OUTFLNw CAPACITY AT TOP OF FLOCD CONTROL POOW (CF
HEIGHY T0 YOP OF CONSERVATION POOL (FY) , o e s s 0
CUMULATIVE STNRAGE AY TOP OF CONSERVATION POOL (AC 1) o
SURFACE AREA AY YOP 0OF CONSERVATION MODL (AC) s o & o »
MAXTIMIIM NUTELOW CAPACIYY AY YOP OF CONBERVATION POOL (CFS
HEIGHY YO BOTTOM OF POWER BDOL (FT) 4, 4 o * 0 8 o o
CUMULATIVE STORAGE AY BOTTOM OF PCWER POOL (Ac FY) o o @
SURFACE AREA AY BOTTOM OF POWER POOL (ACY *» e 0 ®
MAXIMUM OUTFLNW CAPACITY AT BOYTOY COF POWER PCOL (CF8)
HEIGKT TD TOP OF INACTIVE PONL {ryv) o & 5 @ e s o o
CitmLATTIVE SYNRAGE AT YOP OF INACTIVE POOL (AC FY) )
SURFACE AREM AY TOP DF INACTYIVE POOL (AC) o o o ¢ s o o
MAXTIMIM QUTFLON CAPACITY AY TOP OF INACTIVE POOL (CFS)
HYDRANLTC wEIGWY OF DAM (FY) 2500 o, o o o 6 o 8 ¢ o o ¢
MAXTMUM STCRAGE (AC FY) @220% 4 ¢ 2 o0 0 o 0 0 ¢ 0 s o
NORMA{ NET POWER WEAD (FY) «2%0= , , , * e 0 v s 0
DISCHARGE (CF8) V8 MNEIGKT (PFT) ’ELAYICNSHIP POR TAILWAYER
DISCHARGE(106) 0,(108) 6,(130) 0.(182)
HEIGWT (107 0, (10%) 0. (111) 0, (113%)
MONTHLY PLANT FACTORS
JaNs 0, PEB8s 0, MAR®R 0O, APR® (O, wAvym 0, Juns 0,
JuLs o0, aUGs o0, @8Ep2 O, OCTs o0, ~NOvs O, DECs O,
FOAM2 o FLOSAS000f = WNYDROLOGIC CHARACTERISTICS
DRAINAGE AREA (80 MY) @280e , 4 4 o 4 2 5 o 6 6 5 0 0 9 ¢
REPRESENTATIVE GAGE SELECTED o290 , , 4 ¢4 4 5 ¢ ¢ o ¢ o o
AVERAGE ANNUAL INPLOW (CPB) o300 , 4, 4 o ¢ ¢ 5 0 0 0 o ¢
NET LAKE EvAPORATION (INCHES)
JAN(129) 0. FEB(130) O, HAR(131) O, APR(132) O,
HAY(3133y O, Jungise) o, JUL(135) O, AUG(136) O,
SEP(137Y O, ncr(138 o, NOV(138) o, DEC(140) O,
AVERAGE ANNUAL UPSTREAM DIVERGION (CFO) 4 o 5 s o o 5 0 o
PURPOSE OF DIVERSION , 4 o o ® o 2 8 2 ¢ 0 85 8 0
DDWNSTREAM CHANNEL CAPACITY tcr!) s 5 6 8 8 p 0 0 0 8 0 &
RESERVED POR PUTURE UBE o 4 o 0 o 5 5 8 06 8 0 8 0 0 & o o
RESERVED FCO FPUTURE UBE o o o ¢ s o 06 0 2 0 6 ¢ 0 2 8 8 »

)

.- O

0

DATES

(A2)
(4A10)
(FS,0)
(3410)

(A1)

(A7)

(A2)
(85A10)

(A1)
(5A10)

(A7)
(A7)
(A10)
(A30)
(A10)
(F12.1)
(F12,1)
(F12,1)
(A1)
(A1)
(F12,0)
(F12,0)
(Fta.t)
(F12.0)
(F12,0)
(F12,0)
(ri2,t)
(F12,0)
(F12,0)
(F12,.0)
(F12.1)
(F12.0)
(F12,0)
(F12.0)
(F12.1)
(F12,0)
(F$2,0)
(F12.0)
(Fi2el)
(F12,0)
(F12.1)

(F8,0)
(F8,1)

(F6,2)
(F6,2)

DATE!?

(F12.1)
(rse,o0)
(F12,.1)

(re,2)
(re.2)
(Fo,2)
(Fi2,.t)
(a30)
(F12.1)
(A10)
(Alo)

02/11/8}

or
CONCRETE AND EBARTH

0, EHBANKNENT

HR
18

122,0
82,.c
12280,0

0,

U,

75.0
57000C,
42809,
87000,
70,0
75000,
32400,
0.

55,0
30%000,
1r80¢,

parsis/ey

720,0
2231000,
700,.0

ARANRRANRR RS

ReRavenneey



146

147
148

149
180
151

152
183

184
15%

156
197

158
159

160

161
162
163
164
165

1662197

198
199
200
201
202
203
202
208

o2/v

Ry R2/V
0t Qa/v

0y D2/u
01 oc2/v
01 De/sv

Da/sm
b2/y

b2su
g2/u

b2/v
da2su

p2/y
p2/y

ba2su

02/y
persu
n2/u
Nasu
b2/u

E2/VeaE2 /M
Fo/UeaEp
E2/UeeE2 /M
Ea/Ueef /M
E2/Ueek2 /™
E2/UaeER /M
E2/UmeEa /M
E2/UaaE2 /M
E2/Ueef2 /M
E2/UesER /M
E?/U--Ea/"
E2/uesE2 /™
E2/UesE2/M
E2/Us=Ea /™
E2/LasE2 /M
E2/yesER/m

Table 8-1

FORMZ o PLOSASOO0! o OTHER PERTYINENT DATA

PRICR STUDIES o COMMENT 5 s o o o o # 06 0 s s ¢

(Continued)
FORM 2 EXAMPLE SITE LISTING

e e 0 0 s »

KNOWN POTENTIAL CONSTRAINTE o860 , , 4, 4 4 , ¢ 5 0 2 0 0 @
COMMENY @870® , o, 4 s 0 6 & 6 6 ¢ 8 0 0 ¢ 0 6 06 8 0 8 8 3 @
GENERAL CONMENTS @B880® 4 o o o ¢ 56 6 0 ¢ 6 6 6 86 0 0 0 0 0 8
GENERAL COMMENTS =890= 4, 4 4 o o o o 06 5 ¢ ¢ ¢ 8 06 s 0 ¢ ¢ ¢
SENERAL COHMENTS =300= o o o 0 ¢ 0 s 0 0 0 06 6 0 8 0 6 5 9 &
KNOWN BIGNIFICANY ADVERSE ENVIRONMENTAL JIMPACYS , , o ¢ o o
CDH”ENT 8 8 0 88 6 © & 8 © 0 0 % & & 5 9 & 8 8 9 B 9 &8 & 0 0@
KNOWN PROJECY PROPONENTE 4 o ¢ o o 0 0 0 8 8 9 0 ¢ o 0 0 o @
COMMENT 4 o o 6 ¢ 5 8 ¢ 86 0 ¢ 8 6 06 0 06 06 06 00 8 08 0 03
KNDwr PROJECT OPPONENTS . o o 0 o o o & 5 5 o 0 ¢ 8 0 0 ¢
CD~MEN7 .8 8 6 & @ » & % & © & & % @ ® O & & ¢ » 3 8 O B s @
KNDWN DR PROJECTED COMPETITIVE USESR OF WATER , o o o s 5 s o
COMMENT o 4 o o o 5 ¢ o ¢ @ 5 8 05 0 8 8 0 0 ¢ 0 s ¢ 8 % ¢ 0
MAP REFERE“CE o 8 @ ® & % 8 5 B 6 ® 0 & B 8 & 8 % 8 & & o @
ADDITIONAL VALUE 1 0b20® 4, 5 5 5 ¢ o 9 06 5 8 s ¢ 06 9 8 % 3 ¢
ADDITINAMAL VALLE 2 @630e , o 4 4 o 6 0 0 0 0 30 0 060 0 06 s @
ADDITIONAL VALUE 3 @880% 4, 4, 4, 4 5 o o ¢ 06 06 2 0 06 86 0 8 o 0
ADDITIONAL VALUE 8 «630® 5, 4o 4 o o ¢ ¢ s s ¢ 0.0 8 a 8 ¢ » 0
ADDITIONAL VALUE S 0b60= , 4 4 o 6 0 6 0 ¢ 0 s » ¢ s 0 0 ¢ o

FORY? o FLESASO00S = FINANCIAL DATA SUMMARY
FIELD MACHINE

ESTIMATE ESTIMATE

TOTAL FIRST COST ($y000) (166)  30177,(182) 122387,
CONTINGENCIES (167 0,(183)305%66206,
ENGINEERING AND OVERWEAD (168) 3309000,(180) 7151526,
INTEREST DURING CONSTRUCTION (169) 2009000,(185) 9026690,
TATAL INVESTHENT ($3000) (176) 35495, (186) 74675,
ANNUAL INYTEREST AND AMORYIZATION(CITY) 3124000,(187) 5140589,
ANNUBL O, M) AND R (172) 262000,(182) 226989,
ANNUAL BUMPING COBY (1ry) C.(189) 0.
TATAL ANNUAL CQSTY (176) 1366000,{190) 5367578,
INTERFSY WATE (PERCENT X 1000) (17%5) 3000,(191) 6875,
PRICE LEVEL (YEAR) (176) 1965, (192) O
ANNJAL POWER BENEFITS (831000) (177 0,(19%) 1021,
OTHER ANNUAL BENEFITS (8$1000)  (178) 0, (194} .
TOTAL ANNUAL BENEFITS (84000) (179} 0.(19%) 1021,
BENEF1TeY0CO8Y RATID X §00 {18¢) 0,(196) 19,
AVERAGE COSY oF ENERGY (8/mWM) (381%) 0,(197) a3s,
RESBERVED FCR FUTURE UBE o o ¢ ¢ o o o 0 ¢ 0 56 06 0 0 06 0 0 ¢
RESERVEN FER FUTURE UBE o 4 o 0 o 5 0o 2 0 86 5 5 6 0 0 0 0 o
RESEAVED FCR FUTURE UBE 4 o o o s o o ¢ # 8 0 ¢ v o o & ¢ 8
RESERVED FCR PUTURE UBE o o o o o o 5 s s o p o 0 2 5 0 0 o
RESERVED FOR PUTURE UBE 4 o s o 0 o 6 6 6 5 2 06 86 ¢ 8 8 s »
RESERVED FCR FUYURE LUSE o o o 5 o 2 0 0 0 o 2 6 06 0 0 ¢ 2 @
RESERVED FCR PUTURE UBE o o ¢ o ¢ s 2 5 8 0 p 2 ¢ 0 s 2 s »
RESERVED FDR PUTURE UBE 45 o o o o o 06 o 6 o s 2 0 o © 8 8 ®

DATES

(5A10)

(A3)
(5A10)

(3410)
(5A10)
(5A10)

(A3
(5a10)

(A3)
(SA10)

(A3)
(SAL10)

(A3)
(S410)

(5410)

(F12,1)
(F12.1)
(F12,1)
(F12.1)
(F12,1)

DATES

(FS,.0U)
(F9,0)
(F9,0)
(F9,0)
(F9,0)
{(F9,0)
(F9,0)
(F95,0)
(F9.0)
(F9,0)
(Fs8,0)
(F9,0)
(F9,0)
(F9,0)
(FS,0)
(F9,0)
(F12,0)
(F12.0)
(F12,0)
(r12,0)
(F12.,0)
(F12,0)
(F12,0)
(F12,0)

02/31/8y

o2/11/8)



206
207
208
209
210
211
212
213
214
218%
216
217
218
219
220
221
222
223
224
22s

226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241

242

243
244
24s
246
247
Q4R
249

25n
2%
252
25%
2%4

255
256
257
2sA
259
260

E2a/m
E2/U
E2/M
E2/M
E2/U
E2/M
E2/m
E2/U
E2/U
EasV
E2/7V
E2/U
R2/U
R2/U
R2/7y
RasU
R2/U
R2/U
R2/U
ge/su

¥TX XXX XX

RasU
Ra/U M

Ry R2/7U
Ra/L ™
Ry Ra/U
R2/V
N2/ M
R2/¥
R2/%
Ra/7u #
Ry Ra2/U
R2/U M
Dasv

na2su

RasL #
Ra/u ¥
Ra /M
R2/U ¥
Ry R2/U
R2/U M
na/u

R2/L M
R/ M
R2/4
Ra/™
nasu

Table 8-~-1

(Continued)
FORM 2 EXAMPLE SITE LISTING

FORMZ o PLESASO001 o DETAILS CF FIELD ESTIMATE

LANDS AND DANAGES (81000) ,
RELOCATIONS (31000) w«e SPECIA
RESERVOIRS t’looo’ s s o 8 8
DAM (s31000) .
AUXILYARY DAN (31000) -- 3PEC
POWER INTAKE (§1000) .
POWERPLANT (INCLUDING sHITCHvAno) (310 00)
ANADS, RAILROADS, AND BRIDGES (81000) =e
RECREATION FACILITIES (81000) o . ¢ o &
TRANSMISSION FACILITIES (31000) = SPECIA
BUILDINGS, GROUNDS, AND UTILITIES (31000)
PERMANENT ODPERATING EQUIPMENT (31000)
POTENTTIAL CAPACITY (KWN) 4 o o o 9 » »
ANNUAL ENERGY PRODUCTION (MWH) o o o o
ANNUAL PUMPING ENERGY (MWH) o ..
DERPENNABLE CAPACITY VALUE (s;xu-vn) .
INTERRUPTIBLE CAPACITY VALUE (3/KiheYR)
ENERGY PRODUCTION VALUE (8/MwM) o , o
PUMPING ENERGY COST (8/MuM) o o & & &
COMMENT = ALTERNATIVE ‘QSUHED " 5 e &

™o » e

CNST ALLOCATION DN WHICH ABDVE CO8TS ARE

LOCAL DR REMOTE OPERATION (TURBINE TYPE = 2ND CHARACTER)

RESERVED FCR FUTURE USE 4 o o ¢ 2 2 o »
RESERVED FCR PUTURE USE o o o o o 5 & @
RESERVED FCR FUTURE USE o o o o 0 s 8 &
CONVENTTIONAL CAPACITY » EXISTING (Kk) 32
CONVENTIONAL CAPACITY = NEW POTENTIAL (KW
CANVENTTIONAL CAPACITY w TOTAL (KW) =360Ce
REVERSIBLE CABPACITY « EXISTING (Xk)
REVERSIRLE CAPACITY o NE4 POTENTIAL (Kn
REVERSIBLE CAPACITY = TOTAL (KW} , , o
TATAL PLANT CAPACITY =« EXISTING (KW)
NUMBER NF UNITS FOR ITEM 237 4 ¢ o s »
AVERABE ANNUAL ENERGY o EXISTING (MWH)
AVERABE ANMNUAL PLANT FACTOR , , , ,

COMMENT e a 8 & & 5 5 & 5 8 8 0 s 8 @

" ® e v 8 s
w
® v We 8w e

COMMENT ® 5 8 & 5 0 2 & 6 6 5 5 8 s o 0

TOTAL PLANT CAPACITY = NEW POTENTIAL (kW)
NIIKBER NF UNITS FOR ITEM 243 , , , , , ,
TOTAL PLANT CAPACITY = TOTAL (kW) , ,
NUMBER nF {NITS FoRrR ITEM 245 , , , .
AVERABE ANAUAL ENERGY o TOTAL (MwH) »370e
AVERAGE ANANUAL PLANT PACTYOR 4+ & o o »

L]

COmMENT = ® 8 & = 8 8 & © 5 o & & »

e e OO0 ®

DEPENNABLE CAPACIYY = EXISTING (KwW) , ,
DEPENNABLE CARPACITY » TOTAL (KNW) , , o &
PUMPING ENERGY REQUIRED o EXISTING (Mhn)
PUMPING ENERGY REQUIRED = TOTAL (MwN)

COMMENT 4 4 o o s ¢ o 8 8 8 8 @ 8 35 s o

ANEUAL FIRN ENERGY o EXISTING (MWH)
ANNUAL FIRV ENERGY = TOTAL (MuN) ,
RESERVED FOR PUTURE UBE s o » o o
RESEAVEN FCR FUTURE USE o o 2 o »
RESERVEN FCR FUTURE USE 5 o o o »
RESERVED FLR FUTURE USE 4 o o o o

* s v e w
" ¢ v v e s
s 3 s o 9w
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OATES

(Fi2.2)
(F12,2)
(F12,2)
(F12.2)
tFi2,2)
(F12,2)
(Fi1e2.2)
(F12,2)
(rF12.2)
(Fi2,2)
(ri2,2)
(F12,2)
(F12,2)
(F12.2)
(F12,2)
(F12,2)
(F12,2)
(F12,2)
(F12,2)

(SA10)

(A$0)
(A10)
(A$0)
(a30)
(A10)
(F12,2)
(P12,2}
(r12,2)
(F12.2)
(F12,2)
(r12,2)
(F12.2)
(F12.2)
(F12,2)
(F12,2)
(5A10)

(%A10)

(F12.2)
(F12.2)
(Fi2.,2)
(F12,.,2)
(F12,.2)
(F12,2)

(5A10)

(F12.2)
(F12,2)
(r12,2)
(F12,2)

(85A10)

(ri12.2)
(F12.2)
{A30)
{A10)
(A10)
(A10)

02/11/81

7324,00
4476,00
5400,00
S632,00
«99000,00
O,

6618,00
38,00

.
®231810,73
Oe

NRRARARSRANS
NRREA ARSI RN AR



261
2062
263
264
26%
264
267
268
269
270
271

272
273
274
27s

276
277
a7
279
280
281
282
283
28a
288
2Re
287
288
219

29n
291
29?2
293
294
298
296
297
298
290

3nn
30t
3n2
303
na
308
306
307
308
39

310
31
32
313
314
31s
316
ny
318
ne

o2/u
027y
02/u
f2/u
n2/y
o2/v
LEXAU]
02/u
nesy
nasy
n2suy

Table

FORM 2 EXAMPLE SITE LISTING

FORMZ » FLO8AB000L »

UPGRADING TURBINES
UPGRADING TURBINES
REALLOCATION DF 870
REALLOCATION OF 870
OPERATIONAL CHANGES
OPERATIONAL CHANGES
ADDITIONAL GENERAYX
ADDITIONAL GENERATY
OTHER (KW) o , & »
OTHER (MWM) , o o
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RABE (HWH) 4 o 4 0 0 6 060 0 0 06 0 8 o ¢
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ENVIROUMENTAL 2ROUP GPPOSITION * s 8 s e
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FORM 2 EXAMPLE SITE LISTING
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DELETE FRON 497;V! INV!NTORV
COMMENT ., 4 ¢ o o s 0 o o

RESERVED FCR FUTURE USE
RESERVED FCR FUTURE USE
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SCREENING INDICATOR BASED ON ITENE 678,658,631,
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° Location and Identification
® Physical Characteristics

o Hydrologic Characteristics

° Other Pertinent Data

® Financial Data Summary

° Details of Field Estimate

° Source by Type of New Capacity and Energy
. Power Data - Machine Results
e Environmental Impacts

® Social Impacts

e Project Acceptability

o Marketability

There are 689 data items requiring 889 words of storage per site. Each
word has the capability of storing ten characters. If this program were
compiled on a system other than CDC, additional word space would be
required. Not all of the word space has been assigned, to allow for
inclusion of additional data types not originally thought essential. Also,
very few if any sites contain data entries for all assigned data items. Much
of the assigned space was unnecessary for an adequate determination of
project acceptability. Table 5-1 lists the Form 2 for a typical project.

The alphanumeric key shown between the item number and description was

initially used to indicate whether the user needed to enter the data.
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R = required

0 = optional

1 = during Form 1 Studies

2 = during Form 2 Studies

M = machine, automatic input

U = user input

Example R1 R2/M U infers that item 8 was required in Form 1 and Form 2
studies and the XFRM2 computer program (machine) would normally transfer this
data from the Form 1 tape to item 8 of Form 2 but that as a second choice the
user could enter it or change it. These keys were not utilized for long, as
error messages were relied on to tell a user where data deficiencies remained
or what assumptions were used by the program during an analysis. The
notations in parenthesis indicate the print format (FORTRAN designation) of
the data item. F (floating point) numbers are right justified in the
printout while the A (alphanumeric) characters are left justified in the

print field. Detailed descriptions of each data item are contained in Volume

XIII Part 3, "Form 2, Data Item Description”.

5.3 FILE STRUCTURE

Each Division file contains a series of indexes and site information records.
The indexes allow the system to access the site information records in a direct
or random access mode., A ''master index" (See Figure 5~2) for each Division contains
the location of the 'sub-indexes'" for each combination of State-Corps District
within the Division. Each sub~index contains six words for each site within the
State-Corps District combination. The first of these six words is the site ID
number and the 6th word is the address of the start of the entire Form 2

data for that particular site. The other
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4 words contain pertinent data (see list below) about the site., This data

may be used as a constraint in searching for a particular group of sites such as
all sites in Texas with existing hydropower and an estimated added increment

of capacity potential between 100kW and 25,000kW. The constraints would be
tested in the sub-index before going to the storage segment of the file

where the entire Form 2 data is stored. The sub-index contains the following

data which provides for efficiency in search time.

® State where located

. Project type

® Corps of Engineers District and Division
® 4 digit code serial number unique within a District
° Status of file

° Data of last analysis action

e Date of last data modification action

° Region code

] Basin Code

o Primary Congressional District

® Owner code

° Total potential capacity group (36 ranges)
) Existing capacity group

e Total potential B/C ratio

e Existing B/C ratio

° FERC power supply area

° Activity flag

® FERC site code

. FERC river basin code
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Figure 5~2 diagrams the file structure and more specific detail is contained
in Volume XIII Part 2, "XFRM2, Computer Software Documentation”, paragraph

2.1 and Appendix B.

5.4 DATA INPUT AND RETRIEVAL

A

Basic data common to both the Form 1 and Form 2 were transferred from
Form 1 to Form 2 by use of a special computer routine. Additional data
required for the improved capacity and energy estimates were input by remote
batch terminals located at each District Office. A combination editor and
analysis program, XFRM2, consisting of a main program and numerous
subroutines was developed by the Hydrologic Engineering Center to provide
data input-retrieval, editing, tabular displays, count, sum, list and
different methods of project analysis. Data words can be masked to use only
parts of the stored word. Temporary data changes can be made to a site's
data, an analysis executed and results printed without permanently affecting
the file. Tabular displays can be easily designed in a flexible manner and
any number of Divisional files searched on user specified constraints and
then merged, sorted and displayed by an hierarchical sort criteria such as by
state, county, project name, size, etc. Mathematical expressions between
data items or between real numbers and data can be applied before entering
the modified data back into the file or displaying it in a tabular printed
form. A data item for a site or group of sites can be computed as a function
of any other data item or combination of data items. Tables 5-2 and 5-3
contain a list of single site and global commands. More details are
contained in Volume XIII Part 2, Section 4.3. The table of sites from the
active files of all Divisions included as Appendix C to this volume was

generated by means of the TAB command.
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EXAMPLE OF LOCATING SITE NYANCB0023

MASTER INDEX |<— MASTER DIVISIONAL INDEX
CONTAINING A LIST OF
SUB-INDEXES STATE-DISTRICT SUB-INDEXES
(6 WORDS/SITE)
SUB-INDEX
(NY-NCB)
MN-NCS LIST OF SITE INFORMATION
FORM 2 ‘ (6 WORDS PER SITE)
DATA OH-NCB (1000 SITES PER SUB-INDEX)
FOR MI-NCR
1ST WORD
N ¢ D IL-NCC
SITE ID.
NY-NCB NUMBERS
(1000 SITES)
PA-NCB -
OH-NCR NYANCBO023 | =(ADDRESS X)
TA-NCC -
END OF 2ND WORD
SUB-INDEXES
(1000 SITES)

NYANCB0023 = (ADDRESS X+1000)

ADDRESS POINTERS 3RD WORD
1000 (1000 SITES)
NYANCB0023 = (ADDRESS X+2000)
7563
4TH WORD
14214
(1000 SITES)
23001 : NYANCB0023 = (ADDRESS X+3000)
31000 5TH WORD
FORM 2 DATA 38974 (1000 SITES)
FOR SITE < NYANCB0023 =(ADDRESS X+4000)
NYANCB0023 46123
, 6TH WORD
69000
(1000 SITES)
END OF POINTER TO = (ADDRESS X+5000)
ADDRESSES FORM2 DATA
NYANCB0023

Figure 5-2
SCHEMATIC OF MASTER DIVISIONAL

INDEX AND SUB-INDEXES
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Table 5§-2
AVAILABLE “SINGLE SITE" COMMANDS

COMMAND CODE COMMAND FUNCTION
CRT CREATE a Form 2 site
DCT DEACTIVATE a Form 2 site
DLT DELETE a Form 2 site
END Job TERMINATION command
FDN Power potential analysis using new FLOW-DURATION
FDO Power potential analysis using previous FLOW-DURATION
FDP Request printout of LATEST FLOW-DURATION analysis
LST LIST items for a Form 2 site
MOD MODIFY items for a Form 2 site
RET RETRIEVE a Form 2 site
SEP Request printout of LATEST SEQUENTIAL analysis
SEQ Power potential analysis using SEQUENTIAL ROUTING

techniques for CRITICAL PERIOD OF DRAWDOWN

SER Power potential analysis using SEQUENTIAL ROUTING
techniques for PERIOD-OF-RECORD

SRR Power potential amalysis using SEQUENTIAL RUN-OF-
RIVER technique
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Table §-3

AVAILABLE GLOBAL SEARCH" COMMANDS

COMMAND CODE COMMAND FUNCTION

AVE AVERAGE items from a group of Form 2 sites

CNT COUNT the number of sites meeting specified
conditions

CUM Plot a CUMULATIVE DISTRIBUTION from a group of Form
2 site items

DCT DEACTIVATE a group of Form 2 sites

END Job TERMINATION command

FDN Power potential analysis for a group of sites by
using new FLOW-DURATION data

FDO Power potential analysis for a group of sites by
using previous FLOW-DURATION data

FDP Request printout of LATEST FLOW-DURATION analysis
for a group of sites.

HIS Plot a HISTOGRAM from a group of Form 2 site items

INV Generate an INVENTORY of a divisional/district file

LST LIST items from a group of Form 2 sites

MOD MODIFY items in a group of Form 2 sites

RET RETRIEVE a group of Form 2 sites

SEP Request printout of LATEST SEQUENTIAL analysis for a
group of Form 2 sites

SEQ Power potential analysis for a group of sites using
SEQUENTIAL ROUTING technique for CRITICAL
PERIOD-OF-DRAWDOWN

SER Power potential analysis for a group of sites using
SEQUENTIAL ROUTING technique for PERIOD-OF-RECORD

SRR Power potential analysis for a group of sites using
SEQUENTIAL RUN-OF-RIVER technique

SUM TOTAL items from a group of Form 2 sites

TAB Develop a TABLE of items from a group of Form 2 sites
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5.5 DATA COLLECTION

Personnel in each Corps of Engineers District who were assigned to the
study used many sources to obtain the physical and hydrologic data required
for detailed analytic procedures. The availability of data and level of detail
was diverse for each site. Data for existing structures were usually
available in state registers of dams, "as-built' drawings or project reports.
Some projects were so old that reports and drawings were no longer available.
Many contacts with project owners and some site visits were required. Most
of the details required for cost estimates and power estimates at undeveloped
sites came from "basin wide'" and project feasibility reports. Topographic
mapping with scales of 1 inch = 2,000 feet and 1 inch = 1 mile were commonly
used to estimate crest lengths, valley shapes, and drainage areas. Reference
stream gages were reviewed and accepted or replaced in the data file early in
Stage 3 data collection. Some of the major additions to the data file for

undeveloped sites over that contained in Form 1 were:

Physical Characteristics

e Valley cross section shape
] Site type
e Waterway length and design discharge

e Elevation, area and storage data at 6 levels
of allocation

° Tailwater rating
e Monthly evaporation data

¢ Monthly load pattern
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Environmental Impacts (adverse or enhance)

° Park Areas impacted
. Wild and Scenic river reaches
] Primitive areas impacted

° Cultured areas, fishery habitat, endangered
species affected

e Water quality

Social Impacts

Project Acceptability

Marketability

After this additional physical data was collected and

added to the District's file, one of the several analytic procedures was

applied and the first screening, based on net benefits, was used to sort out those

projects considered worthy of continued data collection on environmental and

other aspects.

5.6 TYPES OF PROJECTS

One of the significant bits of data affecting the analytic procedure
applied to a site was the project type. Each project was classified in data
item 84 as one of 36 categories of project type. Table 5-4 displays the
possible categories. Cost routines were designed to handle various types of
projects encountered in this study, such as existing, undeveloped,

run-of-river, storage, reservoir, or diversion.
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Table 5-4
DESCRIPTION OF PROJECT TYPE
(ITEM 84)

STATUS TYPE OF OPERATION
OF

WATERWAY RUN OF RES., WITH = IRRIGATION

STRUCTURE RIVER DIVERSION RESERVOIR DIVERSION CANAL OTHER
EXISTING A B c D E F
EXISTING
WITH POWER G H I J K L
EXISTING
WITH RETIRED M N 0 P Q R
POWER PLANT
BREACHED S T U v 1) X
BREACHED
WITH RETIRED Y Z 0 1 2 3
POWER PLANT
UNDEVELOPED 4 5 6 7 8 9
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5.7 ANALYSIS ASSUMPTIONS AND TECHNIQUES

The analysis procedures for Form 2 were significantly modified over
those used during Form 1 to estimate capacity, energy and cost. There are

five basic ways to perform the capacity and energy analysis via XFRM2.

Flow Duration Analysis

This procedure (FDN) uses an estimated flow-duration curve by selecting
a representative stream gage (if the user has not designated one). This
representative gaged flow is adjusted by drainage area ratio. Trial design
discharges are selected at flows exceeded 1, 5, 10, 20, 40, 60, 80, 90, 95
and 99 percent of time. A capacity associated with each of these design
discharges is computed and the cost and benefits of each is calculated.
Curves are fitted through the capacity-benefits points and the capacity-costs
points. Next the program searches the range of these two curves to find the
capacity at which "net"” benefits are a maximum. This optimization function
can be altered by the user specifying optimization on some other wvariable or
combination of variables. Typically this might be maximizing the B/C ratio,
minimizing unit energy cost or maximizing energy production. A variation of
this procedure can be activated by an "FDO" command if the site has
previously been analyzed and a gage selection and adjusted flow—duration
curve already stored in the data base, thus avoiding unnecessary computer
time to search for gage data. Dependable capacity is assumed as the capacity
which is available 85 percent of the time, but not exceeding the assumed
design capacity. Firm energy is assumed as the avérage annual energy

associated with the dependable capacity. These are somewhat arbitrary, but
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reasonable assumptions for truly run~of-river projects. Another variation of

this procedure can be invoked by the user selecting the capacity, energy and
dependable capacity. - Thus, the cost and benefit routines can be circumvented

from making a selection based on optimization of some other parameter.

This flow duration method is particularly applicable to a run-of-river
type project when no significant amount of storage exists to store surplus
flow during wet periods to be released during flow deficient periods. A
tailwater rating curve is particularly important in low-head sites because if
high flows cause the tailwater stage to rise faster than the headwater stage,
a flow will be reached which causes the "net head"” to fall below the turbines
capability to operate smoothly and forces it to be shutdown. A uniform plant

efficiency of 0.86 was adopted in the power equation.

Sequential Monthly Flow Analysis

For sites with significant storage that can be allocated to hydropower,
a month by month storage, inflow-outflow routing was used to develop a more
realistic estimate of dependable capacity. The same procedures were used to
select a representative stream gage from the file of some 16,000 possible
gages as is used in the flow-duration procedure. The monthly flow for the
period-of-record for that gage was factored up or down by the drainage area
ratio. The physical data and hydrologic data section of the site's Form 2
file was searched to obtain data required for establishing reservoir
storage—area—elevation-discharge-tailwater rating and reference levels used
in the sequential simulation model (HEC-5). Many data checks were required

and default assumptions were printed to alert the user to assumptions made in
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the absence of user specified preferences. The SER command caused the
sequential model to search for the critical drawdown period and plant
capacity which would empty the designated power storage allocation one time
during the period of streamflow record. This was an interative process of
trial and adjustment. Usually no more than two cycles of critical period and
subsequent period-of-record analysis were required to come within the
specified limits (5%) of utilizing all of the available storage. Firm annual
energy was adjusted to an annual basis by use of the load pattern and
critical drawdown period. "Dependable Capacity” was set at the installed
capacity which fully utilized available storage during the critical drawdown
period. Average annual energy was computed and printed as a comparison with
the average annual energy determined from the flow-duration procedure. The
program only used the dependable capacity and the corresponding firm annual
energy from the sequential analysis. The average annual energy was developed
for the ten project sizes using the flow duration procedures. Since a higher
value was credited to dependable capacity and firm energy using the
sequential analysis - a larger plant could usually be economically

justified. The power storage/mean annual flow index of 0.1 was recommended
as an indication that a sequential analysis should be performed. This
equates to a power storage equal to about 5 weeks of normal flow. Any
smaller index value will likely cause optimization problems in the sequential
model determination of dependable capacity based on monthly averages.
Evaporation data were taken into account in the sequential analysis. Also,
any specified diversions above the project or losses through fish ladders or

navigation were deducted.
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The other two procedures which perform a monthly sequential type routing

differ from that described above in the following manner.

SEQ does a sequential analysis on an estimate of the critical drawdown period
only. The critical period is estimated by an empirical equation which was developed
through regression analysis based on numerous sequential routings of different
projects. This linear equation estimates the length of the critical period based
on an estimate of the available power storage at the site; where the storage is
expressed in terms of annual power storage-to-mean annual flow (70 x ps/MAF).

A test run on about 170 projects in different regions of the country were utilized
in developing this equation. Storage is expressed in units of equivalent annual
mean flow. As with the SER procedure, the SEQ procedure is only used to estimate

"dependable capacity" and "firm annual energy".

SRR is the third procedure which can be employed and it is primarily
applicable for run-of-river type projects where a specified capacity is used
to route sequentially one-time through the period-of-record to determine the
average annual energy that can be generated. Usually this is desirable where
the installed capacity is significantly larger than 'dependable capacity" and
a large amount of secondary energy can be generated during periods of high flow.
This option provides the only way for the economic routines to use the average
annual energy determined from sequential routings instead of from flow-duration
analysis. More discussion on error messages and procedures are documented in

Volume XIII part 2, "XFRM2" Section 5.4.

Cost Procedures

Both the flow-duration and sequential routing procedures used the same
cost estimating routines. The costing procedures were developed by the
Hydroelectric Design Branch of the North Pacific Division and personnel of
the Portland District, Corps of Engineers. Complete documentation of these

procedures are contained in Volume XIII Part 4, "Cost Estimating Manual'',
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revised July 1980. Basic data to develop the various cost curves were
obtained from numerous sources: Corps Districts, Water and Power Resources
Service, Soil Conservation Service, Federal Energy Regulatory Commission and
Tennessee Valley Authority. Cost information was based on data obtained on
approximately 100 projects, either in final design stage, presently under

construction, or recently completed.

Procedures contained in the cost estimating manual were programmed as a
subroutine in the XFRM2 computer program. The procedures provide a
reasonable reconnaissance level cost estimation for single purpose projects
based on either additions to existing dams or total costs at undeveloped
sites. In the case of existing dams, costs include powerplant, intake and
outlet works and any special costs input by the user. Undeveloped sites
include costs of embankment, spillway, waterway (canal, etc.), reservoir
clearing and land acquisition. Powerplant costs include required excavation
costs, intake and trashracks, bulkheads and gates, draft tube trashrack and
guides, turbine,generator, cooling system, electrical switchgear, breakers,
buses, station service unit, control system, auxiliary systems and equipment,
including tailrace gantry cranes, powerhouse bridge crane and switchyard.

For the small sites (less than 10 MW and 100 feet of head) no costs were
included for gantry and bridge cranes and switchyard. Costs for fish facilities,
relocations, clearing and purchase of lands and final landscaping

can be supplied on a specific project. Adjustment factors were applied to
construction costs and land costs for geographic location (based on State);

also for the number of units in the powerplant. Engineering and overhead

were added at a variable rate based on total project construction costs and

ranged from 9% at $150 million to a maximum of 17.5%. Interest during

5-26



construction was based on an estimated period of construction of 2 years for
adding a powerplant to an existing dam to 6 years for a large (greater than
250 feet height of dam) hydro and dam project. An assumed uniform annual
construction cost and 6-7/8 percent interest rate and 100-year economic life
were adopted. Annual operation and maintenance costs were related to
installed capacity and whether the project was perceived to be operated
locally or remotely. A 10 MW locally operated plant's annual O&M charge was
estimated at about $150,000 and a 1,000 MW locally operated plant was charged
about $2,500,000. Spillway costs were estimated as a function of average

annual flow. All costs were based on July 1978 price levels for both Form 1

and Form 2 analysis.

Benefits

Power benefits used in the NHS analysis were obtained from the Office of
Electric Power Regulation, Federal Energy Regulatory Commission. Regional
offices of that agency prepared the area-specific values. Several editions
of these benefit values were received during the various study stages.
Preliminary generalized power values were received in June 1978 for use in
the Stage 2 analysis (using Form 1 data). These values were based on
regional alternative fuel costs for the 32 different Electrical Reliability
Council regions and sub-regions throughout the nation. They were based on
January 1978 price levels and considered to be applied "at-market".
Assumptions included private financing at 10 percent cost of money,
characteristics and costs (including fuel costs) of thermal alternatives,
suggested "mix" of base-load alternatives and estimated pumping energy cost.

Steam—electric base-load alternatives reflect the added cost of environmental
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control facilities. Benefits were given for both the capacity ($/kW-YR) and
energy (mills/kWh) components of the projects. The annual capacity factor
(equated to plant factor in this study) was used as an indicator of the most
probable alternative fuel source. Plants having annual capacity factors of
0-20 percent were based on combustion turbine alternatives; those with plant
factors of 30-40 percent were based on combined cycles alternatives; those
with plant factors of 50-100 percent were based on either coal fired or
nuclear alternatives. For those locations where coal fired or nuclear
alternatives were indicated, the coal fired alternative was always used.
Although FERC provided equivalent values whereby all benefits could be
assigned by either capacity or energy, the study managers decided to treat
the two benefits separate. Also, an assumption was made

to credit non-dependable capacity at 1/2 the value of dependable and non-firm
energy at the full value of firm. During Stage 2 evaluations, where
dependable capacity was assumed at a capacity associated with the 85% of
time-exceeded flow, benefits were generally undervalued for storage type
projects. However, some compensation resulted from the assumption of 100%

plant efficiency.

During Stage 3 analysis, the FERC provided study managers with an
updated set of values based on two separate computations (1) based on private
financing and 11-1/2 percent cost of money and (2) federal financing and
7-1/8 percent cost of money. Both were adjusted to July 1979 price levels.
Based on a review of the options of adjusting cost routines and benefits to a
higher cost of financing and 1981 projected price levels (date of report

publication) and the many generalized techniques and assumptions used

throughout the reconnaissance level studies, it was concluded to maintain the
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preliminary values of capacity and energy during all stages of the study and
leave the costs at July 1978 price levels. Tables 5-5 and 5-6 display the
adopted values associated with the computed average annual plant factor for

the different regions shown in Figure 5-3. It is recognized that use of the
overall average annual plant factor (more properly a plant use factor) rather
than the plant factor based on dependable capacity and firm annual energy is
another in a long line of simplifying assumptions to obtain a relative
evaluation of a large unumber of projects distributed throughout the U.S.

Future studies of site specific project feasibility must become more site specific
in both cost and benefit analysis as well as storage and cost allocation aspects.
Volume XIII Part 5, contains regional data and assumptions leading to the

adopted preliminary values developed by FERC.

Analytic¢ Techniques and Display

Each project analyzed went through the cost evaluation routines of
XFRM2. 1If a project had an existing powerplant, the cost display was for the
incremental cost of adding units to the project and cost curve lookup for
powerplant costs was based on the equivalent cost of a new powerplant equal
in size to the added increment. No additional cost was included for project
costs already incurred. The array of different powerplant sizes considered
(10 sizes) in an analysis represent costs for the added increment in those
cases. For undeveloped projects, the analysis included costs and benefits
for all aspects of a single-purpose hydropower project. Table 5-7 shows a
typical analysis display for an undeveloped storage type project. The
analysis and output are different for other project types. The three basic

project types are:
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0.60
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0.50
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1978)

Energy Benefit as Function of APF ($/MWH)

0.30
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Table 5-8
REGIONAL ENERGY BENEFIT VALUES
(FERC,
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Source: Hydroelectric Power Evaluations. Federal Power Commission,
Washington, D.C., March 1968.

Figure 85-3
FERC REGIONS FOR CAPACITY AND ENERGY BENEFITS
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® undeveloped project
e existing project without existing hydropower

e existing project with existing hydropower

Tables 5-8 and 5-9 illustrate the output for the existing storage project
types. Other characteristics that would have a less significant affect on
the analysis might include situations of diversion, run-of-river, retired
powerplant, and/or breached dams. Project selection was typically based on
maximizing net benefits (benefits minus costs). However, a previously
discussed, the user could have directed that the selection be based on the
variables on rows labeled "STORED" in Table 5~7, or mathematical combinations

of these parameters.

The versatility of defining an objective function follows. In this example,
the objective will be to select an installed capacity which minimizes the cost
of producing energy output. In Table 5-7, this variable is displayed as row
assignment 15. Note that this variable is not permanently preserved on the
data base since the word 'STORED' does not appear in the table for this row.
However, this variable can bé regenerated for use in the objective function by
using the stored row variables of 16 and 2 in a similar form as displayed for
row assigmment 15 under the heading of "mathematical expression'. Since the
selection routine is programmed to maximize the objective function, the negative
of the mathematical expression is required, ie. (-16/Z). Other schemes of

defining the objective function can be developed similarly.

5-35



Various assumptions made in the absence of data entries by field
personnel are made by the programmed default procedures. Many of these are
printed out, as messages to the user, ahead of the results of economic
analysis. Examples of this are shown in Figure 5-4. The following items are
some of the more important default assumptions that are utilized in the
analysis and printed on the output in case the field engineer has no better

knowledge of the required parameters:

@ representative stream gage
e monthly evaporation rates
e optimization function

e waterway design flow (diversion projects only)
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Figure 5-4

EXAMPLE OF ANALYSIS MESSAGES

——— - - Y A " e . . Y e e MR R SR R G WS G R M Gn S e G N S S R D P 4 S TR D S R S A MR AR M e G M O e R A R e S WA -

07,486,484 o=INITIATE PLOW DURATION ANALYSI®eSITE« FLOSASO0O!
REGIONALIZED EVAPORATION RATES SELECTED MACCLENNY
EVAPDRATION LOSBES & o2 cF8
UPSTREAM DIVERSIONS EXCEEDS LIMITS

PROPER RANGE 18 FROM *$00000000,00000 10 100000000,00000

UPSTREAM DIVERAION B o cr8

NORMAL NET POWER WEAD BELECTED (CONSTANT MEAD)
SITE HAS FLODD CONTADL POOL o MAXIMUM MEAD ASSUMED
EXTRAPOLATION OF CD8Y DATA 18 REGUIRED
EXTRAPOLATION OF CO8T DAYA I8 REQUIRED
EYTRAPDLATION OF CO8Y DATA 38 REQUIRED
EYTRAPQLATION OF CD8Y DATA I8 REGUIRED
EXTRAPOLATION OF COBY DATA 18 REQUIRED

09;1: 209 =oINITIATE PLOW DURAT!DN ANALYSISmS]ITE= BCC!ACo7e1
EVAPORATION LOSSES = 4 CFS Pa L VER D
UPSTREAM DIVERSIOr = 0 crs COLET RIvE
NORMAL NET POWER WEAD SELECTED (CONSTANT WEAD)

PONER STORAGE SIGNIFICANT » ABBUME NO SPILLAGE

EXTRAPDLATION OF CC8Y DATA 18 REQUIRED

EXTRAPOLATION OF CO8Y DATA 18 REQUIRED

EXTRAPLLATION OF CO8Y DATA I8 REQUIRED

EXTRAPOLATION OF CO8Y DAYA 18 REQUIRED

bbbttt ettt UL LA L LI LT PR P LTSI Y TP T Y P T LT TY T LT T 1Y Y N P e T PR T X T Y P iy ey

MESSAGE TYPE o INFORMATIVE
MESSAGE YYPE o INFORMATIVE
MESSAGE TYPE o INFORMATIVE
MESSAGE TYPE e INFORMATIVE
VALUE 19 weneetpeantaansanned

MESSAGE TYPE e INFORMATYIVE
MESSAGE TYPE = INFORMATIVE
MESSAGE TYPE » INFORMATIVE
MESSAGE TYPE = INFORMATIVE
MESSAGE TYPE = INPORMATIVE
MESSAGE YYPE o INFORMATEIVE
MESSAGE TYPE » INFORMAYIVE
MESSAGE TVYPE INFORMATIVE
NESSAGE TYPE = INFORMATIVE
MESSAGE TYPE = INFORMATIVE
MESSAGE TYPE o INFPORMATIVE
MESSAGE TYPE = INFORMATIVE
MESSAGE TYPE = INFORMATIVE
MESSAGE TYPE » INFORMATIVE
MESSAGF TYPE o INPOSNMATIVE
MESSAGE YYPE e INFDNAvATIVE
MESSAGE TYPE o INFORMAYIVE
MESSARF TYPE o INFNRWATIVE
MESSAGE TYPE INFNRMATIVE
MESSAGE TYPf = INFARMATYVE
MESSARE TYPE = INFARMATIVE
MESSAGF TYPE = INFARMATIVE
MESSAGE TYPE = INFORMATIVE
MESSAGE TYPE = INFORMATIVE

17.22,11 =oINITIATE FLOw DURATION ANALYSIS=SITE= WIINCS0194

nEc!oNALIZED EVAPCRATINN RATES SELECTED CASTIE RANCK 2uwp
EVAPORATION LOSSES = «] CFS
UPSTREAM DIVERSIDN s 0 CcFS

TAILWATER RATING SELECTED (VARIABLE NWEAD)
TAILWATER RATING DEFINED FROM 2 TU 254 (31000 CFS)

POFER WEAD CURVE

POMER HEAD 15,8 30,5 12,3 12,3
DISCHARGE 2000,0 15000,0 151000.0 25640C¢C,1

SITE MWAS FLOOD CONTROL POOL » MAXIMUM WEAD ASSUMED
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5.8 PROBLEMS ENCOUNTERED AND RESOLUTIONS

Some of the same problems encountered during the Form 1 collection and
analysis activities continued to plague the study during Form 2 data
collection and analysis stages. Many of these were solved by programming
default parameter values and by more extensive error messages. Curve fitting
routines had to be modified several times to overcome bad extrapolations on
storage, area, and tailwater ratings. Several program changes were required
to cover the various ways that latitude and longitude were being entered.
On-line program documentation and update messages to the user were used to
try to keep the field engineers aware of program modifications that impacted
on required input or results. Several upgrading cycles of edit and display
capabilities were accomplished as the need became apparent and training sessions

were conducted on proper use of the programs.

A major problem encountered during the Form 2 analysis was the determination
of dependable capacity at storage projects. This problem was mot resolved in
the flow duration procedures prior to the final Form 2 analyses. Storage can
have a major impact on the magnitude of dependable capacity. A sequential
analysis was available to determine dependable capacity at storage sites. However,
many users selected the flow duration analysis that had no correction for storage
and, thus, underestimated the dependable capacity. Since the final analyses were
made the flow duration analysis (HYDUR program) has been amended to include
subroutines to reflect storage effects, in addition to other improvements and

can be obtained from HEC.

5-42



Chapter &
REGIONAL RANKING

Stage 4 study objectives were to evaluate the relative merits of added
hydropower at each site by economic, environmental, social and institutional
criteria. Those sites that passed an economic screening were then ranked on
their merits and impacts relative to environmental, social and institutional
aspects. Detailed criteria used by study managers responsible for each of
the regional reports are contained in Volumes XIV through XXIII. The
regional boundaries coincide with the National Electrical Reliability Council

regions shown on Figure 6-1, plus a report covering Alaska and Hawaii.

6.1 RANKING CONCEPTS

The ranking categories were grouped into (a) economic (b) non—economic
and (c¢) composite. Each of these were subdivided into sites that could
likely be developed by the year 1990 "near-term development” (ranking numbers
1000-1999) and those that Were\judged more likely for development beyond 1990
"far-term" (ranking numbers 2000-2999). The economic ranking considered cost
of energy development $/MWH or mills/kWh and ability of the project to meet

forecast regional load characteristics. Since adding power f

acilities to
existing dams can usually be accomplished at less cost and in a shorter time
frame than at undeveloped sites it is only natural that the "near-term”
ranking would include mostly, if not exclusively, existing projects.
Similarly the non-economic ranking considerations typically could expect a
more adverse impact environmentally and socially at undeveloped sites. Here

again, the "near-term"” (1000-1999 code) group contained mostly existing

projects.
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The composite ranking followed the same "near—term” and "far—term”

concepts but was a subjective, weighting, composite of the other two rankings.

6.2 VARIATIONS

Considerable variation in procedures and subjectivity went into the
ranking numbers assigned to each project. The consensus ranking order of
potential candidate sites was reached by the study teams, some of which
included representatives from other federal and state agencies. The B/C
ratio was sometimes given consideratién along with the unit cost of energy.
Some regional study teams grouped all sites into either a "near-term” or
"far-term" without trying to identify any probable order of study.

Site specific benefit values and cost data are needed to

obtain a very reliable degree of confidence in ranking order. The WSCC
region ranking team concluded not to rank any of the sites, but rather to
give more detail on known or unknown social and environmental constraints,
and grouping existing projects into "near-term" development potential and
undeveloped sites into potential development beyond 1990. Consequently,
Appendix C of this volume will show no entries in the ranking column in most
of the western states. Volume XXIII, Western Systems Coordinating Council
Regional Report, presents site specific information on the environmental and

social impacts of project development for the western region states.






Chapter 7
SUMMARY

The data management systems, analysis techniques, data collection,
screening and ranking process have been discussed in this volume in order to
provide the reader with a better perspective of the degree of reliability
which can be placed on the sites contained in the "active” data base. Of the
70,000 or so sites that were considered at some level of detail during the
various study stages, about 5,400 remain in residence on the active tapes.
Many of these have existing hydropower presently in operation with no
apparent economically feasible increment that can be added. Also in the
active files,there are some undeveloped sites which are alternatives to
other undeveloped sites; the development of the better alternative would
preclude the development of the other.

The State by State listing of the sites that field study managers have
decided to leave on the active file are displayed in Appendix C. The
Regional Reports (Volumes XIV through XXIII) contain listings of those sites
with an activity code of 2 (Item 3 of Form 2) or have been assigned a ranking
number, both implying it is recommended for active continued study in sit;
specific detail. Those with an activity code other than 2 have failed to
pass some test along the way and could have been moved to the inactive files
of the study. There are 1993 ranked, or activity code 2, sites in the active
data base of the 11 Divisional Files. Tables 7-1 and 7-2 summarize the sites
with incremental potential, aggregated by head and size range. Table 7-1(1353 sites)
covers the small hydro range of .05 to 15 MW while Table 7-2 covers the total
range of sizes. The aggregate added increment of capacity and energy

represented by development of all active or ranked sites is estimated at
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60,700 MW and 130,000 GWh. About 48 percent of this capacity increase and 36
percent of the added energy is at existing projects. Based on the results

shown in Table 7-2, an increase in the existing hydropower energy of about 15 percent
can be obtained by adding or increasing hydropower capability at existing
reservoirs. An additional 26 percent increase in energy can be obtained from
undeveloped sites making a total of 41 percent increase in energy. Thus

those projects which appear to be attractive considering economic, environmental
and institutional factors represent only about 10-15 percent of the physically
possible additional capacity and energy reported in the preliminary report of
July 1979 (see Table 4~3), Table 7-3 summarizes from the active Form 2 file,

by state, the existing installed capacity and annual energy developed as well

as the additional capacity and energy considered developable at those sites where
the increment exceeds 50 KW. Table 7-3 also contains 521 existing hydropower
sites that appear to have no potential for additional capacity which are not

contained in Table 7-2.

The values presented in Tables 7-4 and 7-5 were developed during October
and November of 1980 and are superceded by those values in Tables 7-1, 7-2,
and 7-3 developed in February 1981. These two tables do provide information
on characteristics that is useful. Table 7-4 presents an estimate of
additional capacity and energy at existing and undeveloped projects
aggregated by size and by Corps of Engineers Division Boundaries., Figure 7-1
is based on Table 7-4 and presents bar charts depicting the distribution of
potentially developable capacity and energy between existing and undeveloped
sites. Table 7-5 was prepared by INTASA, Incorporated and is a national
summary indicating the type of project and size range versus ownership by the

Corps of Engineers, other Federal, and non-Federal entities.
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Table 7~-4

ESTIMATE OF ADDITIONAL CAPACITY AND ENERGY
AT EXISTING AND UNDEVELOPED PROJECTS
(AGGREGATED BY CORPS OF ENGINEERS DIVISION BOUNDARIES)

Capacity range .05 - 5 MW 5 =30 MW Over 30 MW Total
Exist. Undev. Exist. Undev. Exist. Undev. Exist. Undev.
Proj. Site Proj. Site Proj. S{te Proj. Site

Lower Mississippi Valley Division

Number 1 0 19 0 2 2 22 2

Capacity (MW) 4 0 299 0 154 149 457 149

A.A., Energy (GWH) 11 0 1099 0 698 1171 1808 1171
Missouri River Division

Number 19 0 17 0 13 1 49 1

Capacity (MW) 53 0 213 0 1373 363 1639 363

A.A. Energy (GWH) 166 0 680 0 1033 664 1879 664
North Atlantic Division

Number 80 0 59 8 11 8 150 16

Capacity (MW) 185 0 721 128 746 848 1652 976

A.A. Energy(GWH) 695 0 1942 356 1333 1541 3970 1897
North Central Division

Number 91 0 72 9 7 2 170 11 %

Capacity (MW) 149 ] 997 171 931 459 2077 630

A.A. Energy (GWH) 932 0 2900 525 3501 3794 7333 4319
New England Division

Number 356 66 27 20 7 7 390 93

Capacity (MW) 348 70 294 266 389 1461 1031 1797

A.A. Energy(GWH) 1989 311 997 799 537 3055 3523 4165
North Pacific Division

Number 54 39 56 131 29 123 139 293

Capacity (MW) 136 128 750 2149 5134 18746 6020 21023

A.A. Energy(GWH) 558 613 2485 10225 7055 54155 10098 64993
Ohio River Division

Number 50 5 63 3 25 20 138 28

Capacity (W) 126 13 757 43 1624 2465 2507 2521

A. A. Energy (GWH) 426 21 2567 111 6524 4435 9517 4567
Pacific Ocean Division

Number 3 5 0 0 0 0 3 5

Capacity (MW) 1 7 0 0 0 0 1 7

A.A, Ene-gy(GWH) 9 27 0 0 0 0 9 27
South Atlantic Division

Number 51 11 44 36 8 15 103 62

Capacity (MW) 108 13 601 603 753 2709 1462 3325

A.A. Energy (GWH) 283 63 1197 1949 638 4135 2118 6147
South Pacific Division

Number 95 0 32 32 19 37 146 69

Capacity (MW) 142 0 447 431 2593 6549 3182 6980

A.A. Energy (GWH) 614 0 1227 2270 3305 13557 5146 15827
Southwestern Division

Number 37 21 33 39 5 18 75 78

Capacity (MW) 61 44 446 576 817 1224 1324 1844

A.A. Energy (GWH) 148 98 1542 1848 1091 3054 2781 5000
Total

Number 837 147 422 278 126 233 1385 658

Capacity (MW) 1313 275 5525 4367 14514 34973 21352 39615

A.A. Energy (GWH) 5831 1133 16636 18083 25715 89561 48182 108777
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APPENDIX A

GLOSSARY

ACRE FOOT: (AcFt) A measure of volume. An acre (43,560 square feet) of
Water, one foot deep (43,560 cubic feet).

AVERAGE ANNUAL INFLOW: The average yearly inflow into a reservoir for the
historical period-of-record, measured in cubic-feet—per-second (cfs).

CAPABILITY: The maximum load which a generator, generating station, or other
electrical apparatus can supply under specified conditions for a given period
of time, without exceeding approved limits of temperature and stress.

CAPACITY: The load of which a generating unit, generating station, or other
electrical apparatus is rated either by the user or manufacturers' name plate

rating. Capacity is sometimes used synonymously with capability.

CONVENTIONAL HYDROELECTRIC POWERPLANT: An electric powerplant utilizing
falling water from streamflow or Teservoir storage as the primary motive
force of electrical generation.

DEMAND: The rate at which electric energy is required.

ELECTRIC ENERGY/POWER: That which does or is capable of doing work; measured
in terms of the work it is capable of doing, i.e., kilowatthours.

EXISTING FACILITIES: A dam or other existing water resource project which
has created a hydraulic head suitable for generating hydroelectric power.
Such facilities include, but are not limited to:

° Irrigation drop structures and canals.

Existing dams without any provisions for installing power facilities

° Existing dams with minimum facilities for installing power in the
future; i.e., intakes and penstocks usually have been installed.

° Existing dams with generating facilities and with additional space
constructed for adding more generating equipment.

e Existing dams with generating equipment installed; however, a
potential exists for additional power geneation.

FLOW-DURATION CURVE: A plot of streamflows ranked in descending order of
magnitude, against time intervals, for a specific period.

FOSSIL FUEL: Refers to coal, oil, and natural gas.

CENERATOR: A machine which transforms mechanical energy from the prime mover
(turbines) into electric energy.

GIGAWATT (GW): One million (1,000,000) kilowatts.

GIGAWATT-HOURS (GWH): One million kilowatt—hours.




HEIGHT OF DAM: Distance from streambed at dam centerline to the top of the
dam with respect to maximum storage capacity.

HYDROELECTRIC POWER: Electrical energy derived from the energy of falling or
flowing water.

INCREMENTAL DEVELOPMENT: The estimated hydroelectric power potential that
can be added to an existing facility or water resource project.

INSTALLED CAPACITY: The total of the capacities as shown by the name plates
of the generating units in a station or system.

KILOWATT-HOURS (kWH): The basic unit of electric energy equal to one
kilowatt demand over a period of one hour, equal to 3,413 BTU.

LOAD: The amount of electric power delivered at a given point or points in a
system.

L/D: An indication that the existing project is a dam with a navigation lock
included; lock and dam.

MEGAWATTS (MW): A million watts or 1,000 kilowatts.

MEGAWATTS-HOURS (MW): 1,000,000 watt-hours or 1,000 kWH.

NAME PLATE RATING: The full-load, continuous operation rating of a
generator, prime mover or other electrical equipment under specified

conditions as designated by the manufacturer.

NET POWER HEAD: The difference between the elevations of the power pool and
the tailwater less hydraulic and mechanical losses in the waterways.

NUCLEAR POWERPLANT: An electric generating plant utilizing the heat from a
nuclear reactor as the source of power.

PENSTOCK: A conduit used to convey water to the turbine units of a

hydroelectric plant.

PLANT FACTOR: The ratio of the average load on the plant for the period of
time considered to the aggregate rating of all the generating equipment

installed in the plant.

POTENTIAL HYDROELECTRIC POWER: The aggregate capacity capable of being
developed by practical use of available streamflow and net powerhead.

POWER HOUSE: An electric generating station at which is located prime
movers, electric generators, and auxiliary equipment for producing electric

energy.

PUMPED STORAGE POWERPLANT: A hydropower plant where electric energy is
generated for peak load use by utilizing water pumped into a storage
reservoir, usually during off-peak hours.




SMALL-SCALE HYDROELECTRIC POWERPLANT: A hydroelectric generating station
with less than 15 MW of installed capacity.

THERMAL GENERATING FACILITY: A generating plant which uses heat as the
source of energy for the prime mover. Such plants may burn fossil fuels or
use nuclear energy to produce the heat.

UNDEVELOPED SITES: No dam or other structures exists at this site to create
the hydraulic head needed for generating hydroelectric energy. However, the
topography of the site is favorable for developing a hydroelectric power

project.

WATER RESOURCE PROJECT: A facility planned and constructed to obtain one or
more uses or benefits from water. Purposes or uses may include navigation,
flood control, hydroelectric power, land and water recreation, irrigation,
water supply and water quality management.

WATT: The rate of energy transfer equivalent to one ampere under a pressure
of one volt at unity power factor.






APPENDIX B

DIVISION AND DISTRICT STUDY COORDINATORS
FOR NATIONAL HYDROPOWER STUDY

B.1 DIVISION STUDY COORDINATORS

U.S. Army Engineer Division
Lower Miss. Valley

ATTN: John C. Cole, LMVPD-F

P.0. Box 80

Vicksburg, MS 39180

601-636-1311, X5827

U.S. Army Engineer Division
Missouri River

ATTN: Terry Schlaht, MRDPD

P.0. Box 103, Downtown Station

Omaha, NE 68101

402-221-7272

U.S. Army Engineer Division
North Atlantic

ATTN: James Daniels, NADPL

90 Church Street

New York, NY 10007

212-264-7088

U.S. Army Engineer Division
North Central
ATTN: Joseph Raoul, Jr., NCDED-W
536 S. Clark Street
Chicago, IL 60605
312-353-4595

U.S. Army Engineer Division
New England

ATTN: Harmon Guptill, NEDPL-H

424 Trapelo Road

Waltham, MA 02154

617-894-2400, X513

U.S. Army Engineer Division
North Pacific

ATTN: Tom White, NPDPL

P.0. Box 2870

Portland, OR 97208

503-221-2088

U.S. Army Engineer Division

Ohio River
ATTN: Daniel E. Steiner, ORDPD-F
P.0. Box 1159
Cincinnati, OH 45201
513-684-3043

U.S. Army Engineer Division
Pacific Ocean

ATTN H. Paul Mizue, PODED-PP

Building 230

Ft. Shafter, HI 96858

808-438-9526 (5 hrs difference)

U. S. Army Engineer Division
South Atlantic

ATTN: Merlin Foreman, SADPD-P

510 Title Building

30 Pryor Street, S.W.

Atlanta, GA 30303
404-221-6739

U.S. Army Engineer Division
South Pacific

ATTN: Robert Parnell, SPDPL-R

630 Sansome Street, Room 1216

San Francisco, CA 94111

415-556-5709

U.S. Army Engineer Division
Southwestern

ATTN: Jerrell Sartor, SWDPL-M

Main Tower Building

1200 Main Street

Dallas, TX - 75202

214-767-2310
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B.2 DISTRICT STUDY COORDINATORS

U.S. Army Engineer District
Vicksburg

ATTN: Hydro Study Rep

P.0. Box 60

Vicksburg, MS 39180

601~636-6744

U.S. Army Engineer District
Memphis

ATTN: Hydro Study Rep

668 Clifford Davis

Federal Building

Memphis, TN 38103

901-521-3233

U.S. Army Engineer District
New Orleans

ATTN: Hydro Study Rep

P.0. Box 60267

New Orleans, LA 70160

504-865-1121, %220

U.S. Army Engineer District
St. Louis

ATTN: Hydro Study Rep

210 North 12th Street

St. Louis, MO 63101

314-268-3385

U.S. Army Engineer District
Kansas City

ATTN: Hydro Study Rep

700 Federal Building

Kansas City, MO 64106

816-374-3062

U.S. Army Engineer District
Omaha

ATTN: Hydro Study Rep

6014 USPO & Courthouse

215 North 17th Street

Omaha, NE 68102

402~-221-3900

B-3

U.S. Army Engineer District
Baltimore

ATTN: Hydro Study Rep

P.0. Box 1715

Baltimore, MD 21203

301-962-4713

U.S. Army Engineer District
New York

ATTN: Hydro Study Rep

26 Federal Plaza

New York, NY 10007

214-264-3567

U.S. Army Engineer District
Norfolk

ATTN: Hydro Study Rep

803 Front Street

Norfolk, VA 23510

804-446-3772

U.S. Army Engineer District
- Philadelphia

ATTN: Hydro Study Rep

U.S. Custom House

2nd & Chestnut Street
Philadelphia, PA 19106
215-597-4839

U.S. Army Engineer District
Buffalo

ATTN: Hydro Study Rep

1776 Niagara Street

Buffalo, NY 14207

716-876-5454, %2147

U.S. Army Engineer District
Chicago

ATTN: Hydro Study Rep

219 South Dearborn Street

Chicago, IL 60604

312-353-0789



U.S. Army Engineer District
Detroit

ATTN: Hydro Study Rep

P.0. Box 1027

Detroit, MI 48231

313-226-6791

U.S. Army Engineer District
Rock Island

ATTN: Hydro Study Rep

Clock Tower Building

Rock Island, IL 61201

309-788-6289

U.S. Army Engineer District
St. Paul
ATTN: Hydro Study Rep

1135 U.S. Post Office & Custom Hous

St. Paul, MN 55101
612-725-7472

U.S. Army Engineer District
Alaska

ATTN: Hydro Study Rep

P.0. Box 7002

Anchorage, AK

907-752-2114

U. S. Army Engineer District
Portland

ATTN: Hydro Study Rep

P.0. Box 2946

Portland, OR 97208

503-221-6449

U.S. Army Engineer District
Seattle

ATTN: Hydro Study Rep

P.0O. Box C-3755

Seattle, WA 98124

206-764-3473

U.S. Army Engineer District
Walla Walla

ATTN: Hydro Study Rep

Building 602

City—-County Airport

Walla Walla, WA 99362

509-525-5500

B-4

U.S. Army Engineer District
Huntington

ATTN: Hydro Study Rep

P.0O. Box 2127

Huntington, WV 25721

304-529-5639

U.S. Army Engineer District
Louisville

ATTN: Hydro Study Rep

P.0. Box 59

Louisville, KY 40201

502-582-5643

U.S. Army Engineer District
Nashville

ATTN: Hydro Study Rep

P.0. Box 1070

Nashville, TN 37202

615-251-7194

U.S. Army Engineer District
Pittsburgh

ATTN:  Hydro Study Rep

Federal Building

1000 Liberty Avenue

Pittsburg, PA 15222

412-644-6849

U.S. Army Engineer District
Charleston

ATTN: Hydro Study Rep

P.0. Box 919

Charleston, SC 29402

803-724-4236

U.S. Army Engineer District
Jacksonville

ATTN: Hydro Study Rep

P.0. Box 4970

Jacksonville, FL 32201

904-791-3467

U.S. Army Engineer District
Mobile

ATTN: Hydro Study Rep

P.0O. Box 2288

Mobile, AL 36228

205-690-2781



U.S. Army Engineer District
Savannah

ATTN: Hydro Study Rep

P.0. Box 889

Savannah, GA 31402

912-233-8822, X378

U.S. Army Engineer District
Wilmington

ATTN: Hydro Study Rep

P.0. Box 1890

Wilmington, NC 28401

919-343-9971, x447

U.S. Army Engineer District
Sacramento

ATTN: Hydro Study Rep

650 Capital Mall

Sacramento, CA 95814

916-440-3557

U.S. Army Engineer District
Los Angeles

ATTN: Hydro Study Rep

P.0. Box 2711, Room 6562

Los Angeles, CA 90053

213-688-5441

U.S. Army Engineer District
San Francisco

Attn: Hydro Study Rep

211 Main Street ’

San Francisco, CA 94105

415-556-8550

U.S. Army Engineer District
Albuquerque

ATTN: Hydro Study Rep

P.0. Box 1580

Albuquerque, NM 87103

505-766-3225

U.S. Army Engineer District
Galveston

ATTN: Hydro Study Rep

P.0. Box 1229

Galveston, TX 77553

713-763-6323

U.S. Army Engineer District
Little Rock

ATTN: Hydro Study Rep

P.0. Box 867

Little Rock, AR 72203

501-378-5735

U.S. Army Engineer District
Tulsa

ATTN: Hydro Study Rep

P.0. Box 61

Tulsa, OK 74102

918-581-7666

U.S. Army Engineer District
Fort Worth

ATTN: Hydro Study Rep

P.0. Box 17300

Ft. Worth, TX 76102

817-334-2024






APPENDIX C

ACTIVE FILE LISTING OF SELECTED DATA
BY STATE

C.1l DESCRIPTION OF APPENDIX C

Appendix C contains information on all sites in the Form 2 active data file.
Three tables are provided for each state. The first two tables contain summary
information based only on those sites with an activity code of 2 or those which
have a composite ranking number. These two tables indicate potential incremental
capacity and energy for each state. The first summary table includes only
those sites with an incremental capacity in the range of .05 to 15MW. The second
summary table contains information on all sites with an incremental capacity
greater than .05MW including those in the first table, The third table contains
project data on all sites within the state that were retained in the active file.
These sites are generally existing hydroelectric projects and undeveloped projects
that have favorable incremental potential for development. Twenty-nine data items are
displayed for each site showing pertinent physical and hydrologic characteristics
as well as project type, status, purpose and estimated potential for development.
Appendix C is separated by state alphabetically. The detailed information for
each site within a state is also listed alphabetically by county, project name,
and then if more than one alternative remains, site ID in increasing alpha-
numeric left to right character order.

C.2 COLUMN HEADINGS DESCRIPTION

This section contains information describing twenty-nine data items listed
for each site in this Appendix. A more detailed description of each item is
contained in Part 3 of Volume XIII entitled "Data Item Description For Form 2",
Three lines are displayed for each site within each column. Column heading
label descriptions follow:



Column

Line

Form 2
I1tem No.

Daescription

1

1

1

™ 2 ID NO - This is a 10 character identifi-
cation number for each site in the inventory
established during compilation of the Form 2
data bagse. Tha first two characters identify
the state; the 3rd character identifies the
type of project as designated in Form 2 item
84; the 4th, 5th and 6th characters identify
the Corps of Engineers Division and District
in which the site is located; and the last 4
characters are a unique 4 digit number within
a Corp District.

FM 1 ID NO - This is a 7 character identifi-
cation number for each site in the inventory
established during the initial development of
the Form 1 data base. Most numbers for
existing dams are identical to the National
Inventory of Dams data base. The first two
digits identify the State and the last 5 are
site unique within a given State.

ACTV CODE - The left margin number designates
the activity status in the Form 2 inventory.
A site that is active (considered to have
economic and non-economic merit for further

study) should have a value of "2", The following

codes were used:

0, = New site in the data base and other sites

where capacity and B/C values have not been

computed.

1. = Sites that were active in stage 2 but
screened out prior to stage 3, lst data
collection, These sites have B/C ratio
greater than 1.0 and a capacity greater
than 50 KW and less than 1000 KXW based
on Form 1 computations.

2. = Currently active sites. (See note below)

3. = Sites that were individually screened out
by the Districts, prior to the completion
of capacity and B/C computations in
Stage 2,

4., = Sites screened out in stage'2 that have
B/C ratio less than 1.0 or capacity less
than 50 KW based on Form 1 computations.

5. = Sites screened out in stage 3 - lst screening,

These gites have a capacity less
that 1000 KW and a B/C ratio less than 1,0
for developed sites and a B/C ratio less
than 0.7 for undeveloped sites, based on
Form 2 data and computations,

c-2



CQlumn

Line

Form 2
Item No.

Description

6. = Sites screened out in stage 3 - 2nd
screening. These sites passed the
stage 3 - lst screening but failed the
screening on adverse environmental
soclal, and/or institutional impacts.

7. = Reserved for future screening.

8. = Reserved for future screening.

9, = Sites with file status (Item 4) equal to
ICT.

NOTE: The sites with a 2. in Item 3 during
the lst data collection of stage 3 are sites
that have a B/C ratio greater than or equal

to 1.0 and a total potential capacity that

is greater than or equal to 1000 KW, based

on stage 2 computations using Form 1 data.
Other sites chosen by tha Districts for Form 2
study also can have a 2. in Item 3.

FILE STATUS - The file status code indicates
the type of analysis performed for the site.
Status will be determined by the program but
may be changed by the user if necessary. The
following types of status codes are allowed:

(1) NWR = New record that indicates site is
yet to be analyzed for power-potential.
(2) EDT = Site contained editing errors prior
to determination of type of analysis
desired (either flow-duration or
gequential),
(3) DFA = Site unable to complete default
(fixed) analysis due to data errors.
(4) DRA = Site unable to complete flow-duration
analysis due to data errors.
(5) 5AN = Site unable to complete sequential
analysis due to data errers.
(6) DPC = Site successfully processed using
default (fixed) analysis technique.
(7) DRC = Site successfully processed using
flow-duration analysis technique.
(8) S5IN = Site that has completed development
of HEC-5 input for sequential analysis.
(9) 5CP = Site successfully processed using
sequential analysis technique.
(10) ICT = Site considered inactive but saved
in inventory for possible future
processing.
(11) JNK = Site which should be deleted from
the data base.



Form 2

NOTE: Districts should give a status of NWR

to new sites that are entered into the file.

Also, 1if data errors that effect computations

are discovered for sites that have been processed,
the District should change the status to NWR

when they correct the other data items.

DEP CODE - The right margin letter identifies
whether the site depends on the development
of some other site or in lieu of some
alternative site. The preferred site to a
group of 2 or more alternative sites should
be designated with a "D" and the others with

D = Dependent, alternative site, which is
chosen by District for inclusion in
summary tables.

E = Dependent, alternative gsite, excluded from

I = Independent site,
S = Dependent, part of a system.

PROJECT NAME - Common name by which project
is known. Only the first 29 characters of a
potential 40 character name is printed.

PRIMARY CO. -~ The county name in which the
project or site is principally Located. Those
sites which are on a stream which forms the
county line are designated at the discretion of

NAME OF STREAM -~ Name of stream on which
project is located.

OWNER - Name of owner, if known. Various
abbreviated symbols are also used e.g., DAEN
xyz represents the Army Corps of Engineers with
xyz being the Division and District code (see
Form 2, Item 60 for list of standard abbrevia-

LATITUDE - the degrees, minutes and tenths of
minutes locating the project latitude,

Column Line Item No. Description
1 3 65
an "E" .
summaries.
2 1 2
2A 2 40
the study manager.
2B 2 31
2 3 60
tiOHS) .
3 1 36
3 2 37

LONGITUDE - the degrees, minutes and tenths of
minutes locating the project longitude.



Column

Line Item No.

Form 2

Degcription

3

3

126

62

63

128

81

104

11

300

DR. AREA - The drainage area expressed in
square miles contributing to runoff at the
project site.

PROJ. PURP, - Designation of authorized project
use or purposes.

Navigation
Other
Farmpond
Recreation
Water supply

Flood Control

Debris Control
Hydroelactric

Irrigation

Sl -Nel
[ I |
nxHYoAR
[ T I ]

STATUS - Two letter designation of project
status .,

DM = General Design Memo in progress
FP = Feasibility Study in progress
IS = Identified site

OP = Project in operation

PA = Project authorized

SA = Authorized for study

SI = Study inactive

SP = STudy proposed

UC = Project under construction

AVE. Q - Average annual flow in c.f.s. A
negative value indicates that the estimate was
computed from a gage selected by the computer
program rather than direct input by field
engineer.

DAM HT. - Physical height of dam from streambed
to top of dam (in feet).

MX. STOR. - Maximum storage (in acre-feet) in
the reservoir; associated with the hydraulic
height of dam.

PWR. HD. - Weighted powerhead. This can be
based on flow-duration computation or
transferred from Item 105.

EXIST. CAP. - The sum of the name plate
capacities of all producing generators at an
existing powerplant (in kW).



Form 2
Column Line Item No. Degcription

6 2 310 INC. CAP. ~ An estimate of the incremental
capacity (in kW) determined by maximizing the
economic paraméter used (usually net benefits).

6 3 290 TOT. CAP. -~ The sum of the existing capacity
and incremental capacity (in kW).

7 1 301 EXIST. ENRG. - Amount of average annual energy
generation at an existing power project (in
(MWH)

7 2 311 INC. ENERGY - Amount of average annual energy

generated by the incremental capacity in(MWH).

7 3 291 TOT. ENERGY - Sum of existing and incremental
average annual energy for the project (in MWH).

8 1 318 ANUL. COST - Total annual cost (in $1,000) of
producing the incremental energy.

8 2 318/311 ENERGY COST -~ Cost (in mills per kilowatt hour
or $/MWH) of producing the designated
incremental energy.

9A 1 26 ERC. ECONOMIC ~ Project ranking number in its
Electric Reliability Council region based on
economic parameters.

1000 series - study in near-term period
(by the year 1990)

2000 series - study in long-term period
(beyond the year 1990)

9B 2 27 ERC. NON-ECONOMIC - Project ranking is similar
to the economic ranking described above and is
based on non-economic parameters (environmental,
sociability, marketability, other).

9C 3 28 ERC. COMPOSITE - The composite project ranking
is similar to the economic ranking described
above except that both economic and non-economic
parameters are considered. The smaller the ranking
number the higher the study priority.
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