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PRELIMINARY INVENTORY OF HYDROPOWER RESOURCES

INTRODUCTION

Since completion of the world’s first central hydroelectric generating
facility at Appleton, Wisconsin in 1882, hydropower has played a major
role in our nation’s social and economic development. Although this
first installation was comparatively small (providing only enough power
to light 250 light bulbs), it had a large impact, and streams and rivers
across the country were rapidly developed to generate electricity.
Today, hydropower provides about 13 percent of the nation’s total
electric power with a conventional installed capacity of about 64,000
megawatts and an average annual energy generation of some 280 thousand
gigawatt-hours.

Hydroelectric power development was rapid during the first half of the
twentieth century, but by the mid-1960°s many factors had combined to
diminish its contribution to electrical utility systems. First, the
most favorable sites were developed early, and the undeveloped potential
simply did not look as attractive when compared to other available
energy sources. Second, demand for electricity increased rapidly during
the 50°s and 60°s, and even with the continued development of new sites,
hydropower’s '"share of the load" steadily decreased. Finally, the low
cost of fossil fuels and optimistic forecasts concerning nuclear
technology and its public acceptability led many planners to believe
that the nation’s energy future was secure.

During the past decade, a number of interacting factors, including
rising fuel prices, rapid escalation of the costs in constructing
thermal generating facilities, and increased public concern over the
safety of nuclear plants have prompted not only a search for new energy
alternatives, but also a reexamination of previously ignored or
discounted alternatives. Because of the immediate need to develop new
sources of energy, planners at all levels of organization have
significantly increased their efforts to assess the most feasible
alternatives to meet present and future energy demands. Hydroelectric
power development, particularly incremental or new capacity at existing
facilities, could provide an important contribution to our nation’s
growing energy needs.

The U.S. Army Corps of Engineers is currently conducting a detailed
assessment of the nation’s hydroelectric resources as part of the
National Hydroelectric Power Study authorized by Section 167 of the
Water Resources Development Act of 1976 (P.L. 94-587). The study is
designed to provide a current and comprehensive estimate of the
potential for incremental or new generation at existing dams and other
water resource projects, as well as for undeveloped sites in the United
States. In addition, the study will address the demand for




DT T TS

hydroelectric power, and will investigate various related policy and
technical considerations to determine the incentives, constraints and
fmpacts of developing hydropower to meet a portion of our future energy
demands. When complete in 1981, the effort will provide a more detailed
evaluation of the nation’s hydroelectric resources, and will serve as a
framework for future planning and development of this important
renewable energy source.

The National Hydropower Study addresses all conventional hydroelectric
power potential at Federal and non-federal installations, and considers
both large and small-scale dams and other water resource projects. The
Corps of Engineers involvement in studying the nation’s small-scale
potential dates from President Carter’s Energy Plan of 1977. This
program specifically recognized the opportunity for redeveloping small-
scale hydropower as an alternative source of energy and the President
directed the Corps to produce summary estimates of the potential at
existing small dams in the country.

The directive led to the Cofps’ preliminary 90-day hydropower study
which was published in 1977°. This study was the first to provide
comprehensive estimates of the small-scale potential at existing dams
and also identified key areas of the country where small-scale
hydropower development could potentially reduce dependence on fossil
fuels as a source of energy generation. It is important to note that
these estimates were based largely on theoretical potentials calculated
for the river basins in the United States and were not the product of
site-specific investigations.

During the initial planning stages of the National Hydropower Study, the
U.S. Department of Energy requested that a more detailed assessment be
made of the nation’s small-scale hydroelectric resources. Because of
the wide public interest in this potentially valuable alternative energy
resource, the small-scale assessment has been integrated into the
overall National Hydropower Study and is included in this series of
reports,

PURPOSE _AND SCOPE

Site-~specific information on the physical hydroelectric power potential
is essential in determining the social, economic, institutional and
environmental feasibility of developing this resource. Because of the
immediate need for wide dissemination of state, regional and national
hydropower data, the Corps’ Institute for Water Resources has prepared

R. J. McDonald, Estimate of National Hydroelectric Power
Potential at Existing Sites, Institute for Water Resources, Ft.

Belvoir, Virginia, July 1977.




this series of regional reports, Preliminary Inventory of Hydropower
Resources. The inventory is the result of a comprehensive data

collection effort conducted by the Corps of Engineers and is based on

site-specific analysis and evaluatiom.

The purpose of these reports 1is to provide preliminary estimates of the
existing and potentially feasible hydroelectric power resources in the
United States, and to briefly evaluate their regional significance. I[lie
estimates of existing, incremental and undeveloped hydropower potential
have been grouped in three categories which are based on megawatt (MW,
capacity. These include small-scale (.05-15 MW); intermediate (15-25%
MW); and large-scale (greater tham 25 MW).

The reports have been organized into 6 volumes, each divided along
regional boundaries of the United States (Figure 1). The regions have
been arbitrarily selected, but each roughly approximates broad physical
and cultural divisions of the country. They include:

ae. Pacific Northwest (Vol. 1)
b. Pacific Southwest (Vol. 2)
Ce Mid-Continent (Vol. 3)

de. Lake Central (Vol. 4)

e. Southeast (Vol. 5)

f. Northeast (Vol. 6)

Each volume of the Preliminary Inventory of Hydropower Resources
contains a description of the methods of study, national and regional
summary statistics, and a brief assessment of the resource potential.
Appendix 1 of each volume contains invididual state summary totals with
the data grouped in various hydraulic head and capacity ranges, and an
inventory of all potentially feasible sites in each state included in
the appropriate region. The inventory includes site-specific geographic
information, project purpose and ownership references, refined
streamflow and hydraulic data, and the capacity and hydroelectric energy
estimates. Appendix 2 of each volume is a brief description of the
hydroelectric power terms used in the reports, and for further
information, Appendix 3 contains a list of Corps of Engineers Division
and District field offices.

METHODS OF STUDY

The preliminary inventory of potentially feasible hydropower resources
includes an estimate of the capacity and energy available at both
existing dams and undeveloped sites in the United States. The major
source of data on existing hydropower facilities was the National
Inventory of Dams developed ?y the Corps of Engineers as part of the
National Dam Safety Program. This inventory contains geographi

2
U.S. Army Corps of Engineers, National Program of Inspection of

Dams, in 5 Volumes, Office of the Chief of Engineers, Washington, D. C.,
May 1975
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physical, and ownership data on approximately 50,000 dams in the
nation. Identification and data collection on undeveloped sites was
more limited since only about 5,000 sites had beeun identitied or
previously studied by the Corps of Engineers and other local, state and
Federal water resource agencies. In addition, no attempt was made to
include pumped storage sites in the inventory.

The data in the original national inventory of dams were supplemented as
necessary to develop preliminary estimates of the hydroelectric power
potential at each site. Computer routines which utilized head, storagc
and streamflow estimates were developed to compute the capacity and
energy potential of each existing dam and undeveloped site. A screening
routine was used to eliminate those sites without sufficient storage,
head or streamflow to generate a significant amount of electrical
energy. Generally, the existing dams and undeveloped site locaticus
listed in the inventory are those with a capacity of 50 kilowatts or
greater. In most cases, the current installed capacity at existing dams
was derived from the nameplate capability. This initial screening
procedure reduced the number of sites in the active inventory from
approximately 55,000 to about 17,500.

During the second stage of the preliminary screening, additional
physical data were collected for all sites remaining in the inventory.
In particular, the supplemental data inciuded the designation of a U.S.
Geological Survey (U.S.G.S.) reference gaging station; a refined
estimate of tlie availablie net power head; and an estimate of Loc
drainage area associated with each site. Computer routines develoned by
the Hydrologic Engineering Center and the Corps' Southwestern Division
were utilized with USGS streamflow data and drainag- area measurcments

to produce a synthetic flow-duration curve at each site. Conventicnal
flow-duration analysis was used to astimate the capacity and cuergy
available at cach site for a range of plant factors.

Generalized cost estimates were developed by the Corps' North Pacific
Division to approximate the cost of turbines, generators, and other
powerhouse costs associated with the representative capacity selected
for each site in the inventory. Generalized regional power values,
developed for the study by the Federal Energy Regulatory Commiscion
(FERC), were used to provide a preliminary estimate of the value of the
potential capacity and energy at each site. Each site was then sized
at the capacity and energy which gave a maximum net benefit. A second
screening, comparing the estimated powerhouse cost with the value of
power to be produced, eliminated those sites which had doubtful economic
feasibility. This =creening process reduced the active inventory to
approximately 11,000 sitesc which are contained in these regional
reports.

The basic objective of ‘lie preliminary inventory and analysis procedures
is to provide a comuichensive assessment of the undeveloped
hydroelectric power potential in the United States and to determine




which sites merit more thorough investigation. Accordingly,
conservative assumptions have been made in the screening and analysis
process to avoid eliminating any potentially feasible sites. The
curtrent summary tables provide the best estimates to date, but to some
degree, may overstate the actual capacity and energy which could be
devetoped. The estimates for individual sites may be overstated for the
following reasons:

4. A reduction of net power head due to rising tailwater
conditions during high flows was not computed.

b. The analysis toechnique of maximum net benefits, using
incomplete project cost resulted in a low plant factor operation.
Itiis type of operation could require more reservoir storage than is
available for regulating power flows or could cause fluctuations in the
surface elevation of the reservoir or downstream flow that would not be
acceptable,

¢. Computations ignored diversion of water for other uses, as well
as losses due Lo evaporation.

d. Turbines were assumed to be 100 percent efficient, and head
losses through penstocks were not estimated.

e. During periods of high flow, it was calculated that streamflow
would pass through the turbines at the design discharge rate when
infact, during excessively high flows, the plant may be shut down
Iocause of high tailwater and reduced head.

{. Summary tables include estimates of the potential capacity and
energy at each site in the inventory. In some cases, individual
projects may be site alternatives to others in the same general
location, when only one can be considered for hydropower development.

g. Detailed consideration of the social, economic, institutional
and environmental constraints associated with hydropower development
were not specifiecally included in the analysis.

All of the issues listed above will be addressed during future stages of
the Nationmal Hydropower Study through the addition of more detailed
site-specific information, and by refinements in the computer routines
used in assessing the data.

;
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RESOURCE ASSESSMENT

National Potential

Estimates of the existing, incremental and undeveloped conventional
hydroelectric power potential for the various regions of the United
States are presented in Table 1. The total physical resource for ali
reglons is estimated to exceed 512,000 MW of capacity with an average
annual energy generation greater than l.4 million GWH. At the present
time, the Corps has identified 1,251 existing hydropower facilitles
currently generating power with a total installed capacity of some
64,000 MW producing over 280,000 GWH of average annual energy. There
are over 5,400 existing dams which have the potential for new incremental
power development. Some of these are currently generating power, and
full development of the incremental potential could yleld an additional
capacity of some 94,070 MW with an average annual energy generation
exceeding 223,000 GWH. There are also some 4,500 potentially feasible,
undeveloped sites which, if fully developed for hydropower, could
produce another 354,000 MW with an estimated average annual energy
greater than 935,000 GWH.

The distribution of the overall hydroelectric power resource in the
nation is shown in Figure 2. The Pacific Northwest has the largest
proportion of the nation’s installed capacity and currently generates
some 48 percent of the conventional hydroelectric energy produced in the
United States. Other areas with a significant, but smaller proportion
of the total installed capacity and energy generation include the
Southeast, Northeast, and Pacific Southwest regions. Nearly all
existing hydroelectric facilities and other water resource projects in
the country have the capability for incremental energy generation with
the Northeast, Lake Central and Pacific Northwest having a large

share of this potential. The undeveloped hydroelectric resource is
widely distributed, but appears greatest in the Pacific Northwest, Mid-
Continent and Southeast regions, particularly at large-scale sites.

There are over 5,600 small-scale dams in the country which are either
generating power, or have the potential for incremental development.

The installed capacity at existing small-scale facilities is estimated
to be some 3,000 MW with an average annual energy generation exceeding
15,000 GWH. These values represent about 5 percent of the nation’s
current installed hydroelectric capacity and energy generation.
Approximately 5,400 MW of new incremental capacity could be installed at
a large percentage of the existing small-scale dams for an estimated
energy generation of about 17,000 GWH annually. In addition, some 2,600
potentially feasible, undeveloped sites have been identified which could
provide an estimated capacity c¢f 8,000 MW and more than 28,000 GWH of
average annual energy generation.

As shown in Figure 3, the amount and regional distribution of the smali-
scale resource potential varies considerably, as these patterns closely
reflect an interaction between climate, landforms and settlement
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history. The greatest number and density of small-scale facilities with
installed capacity are found in the Northeast and Lake Central regions
of the country. When considered together, these two regions generate
more than 53 percent of the total energy produced from all small-scale
facilities in the United States. All regions have the potential for
incremental power development at existing sites, especially the Northeast,
Lake Central and Mid-Continent regions. Significantly, many of the
small dams with incremental potential in these regions are located near
smaller population and industrial centers where existing transmission
interties are well developed. The undeveloped hydroelectric potential
at small-scale sites is widely distributed, but appears greatest in the
Pacific Northwest, Lake Central, and the Northeast regions of the
country.

Pacific Southwest

The estimates of existing, incremental and the undeveloped hydropower
potential for all states in the various regions of the country are
presented in Table 2. In the Pacific Southwest region, the maximum
physical potential for all sites exceeds 33,000 MW of capacity with an
estimated average annual energy greater than 85,000 GWH. By comparison,
these values represent about b percent of the total potential capacity
and hydroelectric energy generation estimated for the entire United
States.

Of the total capacity estimated for the region, 9,900 MW has been
installed. The remainder (23,200 MW) is the maximum which could be
developed by upgrading and expanding existing projects (6,000 MW), and
by installing new hydroelectric power capacity at all potentially
feasible, undeveloped sites (17,200 MW). Smali-scale facilities account
for less than 4 percent of the region's total installed capacity, but
another 600 MW could be added to these and other small water resource
projects. In addition, 600 MW could be installed at potentially
feasible, undeveloped small-scale sites. The small-scale resource
varies considerably, with the states of California and Utah having the
largest potential for incremental development at existing projects in
the Pacific Southwest region.

SUMMARY

Over 5,400 existing structures have been identified as having the physical
potential to add hydropower plants or increase hydropower output thereby
increasing our present hydropower capacity from a total of 64,000 MW to
158,000 MW and our energy from 280,000 GWH to 503,000 GWH. While the
physical potential for this increase is clearly available, some of these
projects will undoubtly not satisfy more detailed economical analysis as
well as the institutional and environmental criteria which will be imposed
upon them.
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More than 4,500 undeveloped sites have been identified as having the
physical potential to increase our capacity by 354,000 MW and our energy
by 936,000 GWH. Many of these have less chance of acceptance than the
modifications to the existing projects because of the more adverse
environmental and institutional effects. Unfortunately, 47 percent
(166,700 MW) of this undeveloped potential is located in Alaska where

it would be economically difficult to transmit the power to the potential
user.

For the nation's existing hydroelectric power sites, large-scale facilities,
25 MW and greater, account for approximately 92 percent of the capacity and
energy generation, particularly those located in the Pacific Northwest and
Southeast regions. Small-scale facilities account for about 5 percent of
the nation's installed capacity and hydroelectric energy, but incremental
development of other potentially feasible, existing small-scale projects
could more than double this output by adding another 5,400 MW of capacity
and 17,000 GWH of energy to the total. The distribution of the existing
small-scale resource is extremely variable, but nearly all regions of the
country have the potential for incremental energy development. The
undeveloped potential for all sites and capacity ranges is also widely
distributed, and appears greatest in the Pacific Northwest, Southeast and
Mid-Continent regions of the country.

As stated earlier, these data are preliminary; the capacity and energy
estimates represent the maximum physical hydroelectric potential which
could be developed in each state and region. The incremental potential
and that estimated for undeveloped sites do not include detailed
consideration of the engineering, economic, financial and environmental
constraints; nor do they include an assessment of the competitive use of
water at existing impoundments, or consideration of the complex social,
legal and institutional feasibility, all of which could preclude full
development of the hydroelectric potential. Future investigations by
the Corps of Engineers and other local, state and federal agencies will
consider these factors in more detail, and further refine the actual
feasibility of the most favorable sites in the inventory.

Publication of preliminary resource information involves the risk that
errors and omissions may exist, and this inventory is no exception. At
present, the Corps' inventory of hydroelectric power resources is an
active screening tool; its primary function and widest utility is to
present a viable list of existing and potentially feasible hydroelectric
power sites, and to provide reasonably accurate estimates of the
aggregrate state, regional and national development potential. For this
purpose, users of the inventory are encouraged to assist in the
continuing refinement of the data base by bringing errors and omissions
to the attention of the appropriate Corps of Engineers Division or
District office.

For futher information concerning specific hydroelectric power sites in
any state or region of the country, a complete list of Corps' Division
and District representatives for the National Hydropower Study is provided
in Appendix III.

13




TYTLL8 SW0°SOL SLI‘BE 720 7€l 787°8€8 BI6°CL9 666°CE  S9E“OET [£68°L1 8EL Y1 £EV6°T 9121 $90°1C  06£°91 veL‘e 19%°2 (HMD) 33ug

9YSLZE 08%°L97 T9T°EE %0897 69L°L1E 60L°65T 616°1€E 19192 | €00°S 690y 00L ez wLLY 0L %9 oty (MR) +ded

627°C 6%8°1 10% SEl TS0°1 968 €8 €L 1A% 807 9¢ €1 0z11 (374 87 €6 §33FS 3O °ON
18301
uoy8ay

265081  €8E°SL 1€9°07 8€5°%8 €87 TLT 987°89  66%°61 86%°€8 | 0ET‘Y 265°¢ 97y 761 6€8°Y 90€‘E 989 (%8 (HMD) 23Uz

2US‘eS  91LTT (A3 A A LELT 91E‘TS LL6°0T  L91°€T LI €ST°1 L6 0¢l 9% %011 9L <81 LST (MW) -ded

645 ShE L 241 09 €1€ (144 8¢ 119 6S 0s L 4 L02 sor 6L €T S§23FS 3O °ON
uojSurysem

S0Z°8Y1 GEZTOT 6S60°0T S18°9¢ G6L EET 6£0°06 T6€‘8 90¥°SE | %099 oLL Yy £66 %8 L08°L 97%°9 I8¢ 0€9 (HMD) I3uz

96%°8S €SYLE  06T°%T €68°9 1£6°%¢ 1LL°%€  609°€ET 165°9 L6L1 162°1 (342 LST 9Ll 06€°1 1€2 S0t (M) -de)

L68 L0L o¢t 09 062 €S 91 12 £6 99 81 6 YIS 88¢ 96 (113 §33FS 30 °*ON
uo8a10

19.°701 02598 2619 680°21 050°66  86€°78 T6°S 0ET11 SSS‘T 812‘c S61 [AA0 LST E %061 SEY 818 (HMD) 32Uz

9518y  9€s‘on s 87%‘e 98949y 62°6¢€ 1€6°Y 10€°¢ %06 8L 101 91 89¢ L6Y ot 1€1 (M) -dep

697 0ze 601 (044 262 €17 YT ST Sy 6t S 1 Tl 89 08 124 §23FS 3O °ON
oyepl

9TLEYY  LO6°T%%  L6T°1 0zs ¥G6°EEY S66°TEY 979 cee 80S ‘Y 8S1°Y 60¢ 184 292°s ySL Y 79¢ Y1 (HMD) I9uz

TTELIT  SLL99T 81Y 621 866°%91 60L°%9T TIT LL 6%1°1 101 oz1 (1 911 €50°1 98 LE (MW) -dep

78% Ly 8¢ 61 L61 Q61 S z 09 129 9 T Vx44 81 Lz 91 S33FS 3O °ON
BSETV

18301 Aapuf) axdouy 3IsTXy 1e30L Aapuq axouy ISTXF 1e3oy Aspup aaoug IsTXy 18301 Aapun aaouy ISTXT
(s92FS T1V) (MW GZ ueyy 133e319) ayeds-adieq (MW §Z-G1) °3ejpawaaju] (MK S1-60°) @TEYS-TTEBWS
TV10L STONVYE ALIOVAVD ¢0dd0TdAZANN ANV N‘ZaﬁzmmozH TVIINZLOd ~.uz=.mmnm qIVLS

SATAVWHAS FALVIS TVNOIDFH
SAJUNOSTY WAMOd DIUIDATIONARH 30 XMOINAANI AYVNIWITHEd

ISAMHIMON DIJIOVd

1 T0A

*7 379V1

14




162°68  £LS°wE  6¥8°01  SZE‘O¥ L16°LL  Ll8°1E 6TL‘S 11€°2LE | 99%°2 650°T 0sS L€8 S8E°S 0%9°1 695°1 9L1'Z (HMD) a2ud

o%1°€E  %8I°L1 8209 826°6 66%°0€  €%0°91  601°S LY€‘6 SZ0°1 60S SYE (VA 919°1 €9 YLS o1y (MW) -de3

110°1 80% 91y 681 [444 011 117 69 49 9z LT 6 LEL U 9SE 1 823]§ JO *ON
18301
uojSay

L 01 6526 %5S 626 9096 %888 LY SL9 L62 vs1 (321 0 8€8 02z v9¢ LiY4 (HMD) adugz

55y 210y 8Y€ 061 9ET ‘Y 158°¢€ L1 8E1 8y1 8 99 0 892 18 SET 49 (MR) *de)

U 8y v8 o" vz 0z 2z z L Yy € 0 191 124 6L 8¢ 823JS 3O *ON
ye3n

617°C €12 28 L T4 884 9502 0 0 9502 (A 911 97 0 (1Y44 L6 119 89 (HM9) a9uz

L6L (73 9y LL9 899 0 0 899 8S oy 81 0 1 vE 8z 6 (MW) -de)

6% 12 44 9 1 0 0 1 € 4 1 0 1 61 12 S 833FS 3O *ON
EpRAIN

e LL <9 z01 0 0 0 Q 6€ (1] 6€ (1] ({114 L 92 z01 (BND) a2uz

08 0€ 1€ 61 0 0 0 0 61 0 61 0 19 0€ 4 61 (Mp) *de)

€€ L 4 91 0 0 0 0 1 0 1 0 (A% L 1 91 83335 3O *ON
Freaey

898°S9  600°ST  €SL°6 901°1¢ SE0‘09  €66°2T 1T%°8 12982 | 896°1 68L (443 L€8 ¥98°€ Leecn 066 L99°1 (HM9) a9uz

96192  €SO‘ET  Ly%°S 9€9°L 661°9YZ  T61°Z1  0%8‘% L91°L 008 L8€ (A4 ui LETCT oYy S9¢€ 862 (MK) *de)

189 $62 992 01 681 06 8¢ 19 1 0z A 6 15% <81 912 0S 823F§ JO °*ON
ejuIOIFTED

8L%°9 61 S6€ %909 0229 0 192 656°S 0 0 0 0 8sZ 61 vEl <ot (HM9) 29Uz

SLs1 €1 951 90%°1 96%‘1 0 (441 YLE‘T 0 0 0 0 6L €1 vE 43 (MK) -de)

9L LE o€ 6 8 0 € S 0 0 0 0 89 LE Lz v 823§ JO *ON
BUOZ Fay

Te301 Alpup {¥iduy ISTXY Te3ol Aspun C2&lisg ISTXA Teaol Aspup 3i1duy I8TXF T 301l A puf) Croliyg ISTXF
(s3z1S 1TV) (MR 67 ueyl 1938219) aTed§-33187] (MR §2-G1) @3TpamIajul (MR S1-G0°) 3Teds-TTeWS
TVIOL SIONVY ALIOVAVD QFJOTIAAND ANV ,TVINAWAHONI TVIINALOJ _.uzd.m:u aIvis

LSAMHINOS JIAIOVd

:T 10A

SITYVWHNS FIVIS TVNOIOAY

SADANOSTY YAMOd OI¥LDATAOYAAH 40 XYOINFANI XYVNIRITIUd

*T d419V1L




[Togo‘e 81 z19 00%‘2 896°7 0 895 00%°2 0 0 0 0 €9 81 sy 0 (HMD) Jdug
%9¢L o1 143 oY €€L 0 €0€ o€y 0 0 0 0 1€ o1 iz 0 (MR) *ded
8% k4 Sy 1 T 0 1 1 0 0 0 0 9% z vy 0 §83F§ 20 *ON

eiojeq °N
6L6°1 LA ¢ 799 96 0451 101°1 69% 0 Sl 0 6% 96 %92 0zl 991 0 (HMD) 32ul
91L 0% 987 L2 996 6S€ 102 0 8y 0 114 v 101 9% 19 0 (MW) -dep
6L Ly 1€ 1 L € Y 0 < 0 1 1 oL vy 92 0. §23FS 30 *ON
COTX3 MmaN
gveE‘l 6SY (%43 99¢ 9L€ 0 091 912 €99 0ze £y 00€ o1¢ 6€1 12t 0S (HMD) adug
[44% zn 6 9€1 €01 0 L€ 99 LST 8 1z 149 €8 0€ LE 91 (MR) -dep
08 €2 1% 91 € 0 I 4 8 U 1 € 69 61 6€ 11 $33FS JO *ON
| SBIqQaN
G9T°%S  BE‘6E  S61°‘S L6 1S0°26  T2E°8E  T19L°% 696°8 (444 87S €8 111 6Y°1 00S 0S€ Tv9 (HMD) 2dug
€90°07  €I€°ST  TEe‘T 814°7 8961  8Y6°‘HYT  8YI‘T UET 692 681 €Y L1 SYE 9.1 o1 62 (MR) -de)
e 7€l 88 0z 011 18 L1 A €1 01 4 1 611 34 69 L §93FS jJO *ON >
BUBIUOK ]
LETARS 068 %8¢ o1 LEL 80S 62¢ 0 8€ 0 8¢ 0 60S 8¢ LTl 01 (HMD) 29Uz
z0L 08% 0zz z LEY 962 %1 0 81 0 81 0 9%z €81 19 z (MW) -ded
6S2 061 89 1 6 9 € 0 1 0 1 0 692 %81 %9 1 §23FS 3O *ON
SeSUR)
618°61  L78°%1  €8E°‘E 609°1 €TVLT  SIS‘El  w%9°‘T %971 8€0°T 688 6L oL 8SE°T €Ty 099 1944 (HMD) a3uzk
990°6 2oL €651 10% ze1‘s LLY*9 STE‘T 0€E 08Y 61Y 6€ 144 SSY L 622 6% (MW) -ded
oveE 161 €L1 91 88 6L ] S (44 61 z 1 0€2 (19 191 o1 §33TS 3O °*ON
opeio10)
1e30L Aapuq 210Ul IsTXd 1eiol Aapuq 210Ul 18TX3 1eaio], Aapuq aiduy ISTX3 18301 Aspuq 31duy ISTXF
(s321S T1V) (MR ¢z ueyl 123ea19) aTedS-381E] (MR §2Z-S1) @3eypawmaajul (MR ST1-50°) @TBIS-TTeWS
TVIOL SEONVY ALIOVAVD (3dOTIAIANA ONV ,TVINAWANONI TVIINIIO 1 ONIISIXZ 41IV1S
INANIINOO-AIN € I0A
SITAVWWAS FIVIS TYNOIOIY
SEYNOSTY YIMOd OTHIDFTAONARH 30 AHOINIANI Z¥VNIWITIMd °*7 376VL
= = L = o " —— BT e s

2




_ 1!5- :1: |l:,. - L
9T% 01T T6%°‘0L  %YI‘Sl ~m~.qN1g 8ST°66  wLZ%9  18%°TT  €0%*TT | TL9‘'Y e 72¢ 900°T1 v85‘Q 9L0°€ 8E1‘T zLeT “ (HM9) saug
; 9i1‘y%  898°6C  BSL'L 889 2S0°0"  9LE‘LT  68S°9 L80°9 9yt T L1¢ 817 912z 811 0se v81 (MW) *d¥d
; ST6°1 €96 €58 601 LEE Li%4 65 11 68 €9 Sl 1 66%°1 999 6LL ©s $937§ 3O *ON
3 | 1830
i voyday
09€°6 T08°L 858 000°1 $96°, ey L85 909 €9zl L8 76 087 166 652 8L1 vl (HMD) A3ug
09Z°% 996 e L8y %44 865°¢ %S0°¢ 1493 61 675 o1y £y 9¢ (731 8 1 61 | (Mx) *dep |
81 89 59 Sl 17 0§ 6 Y 9z 0z € € 6L 81 19 8 ﬁmu“«m 3o *oN
] BuyuwoiMm
: €86°S 9%y 519 €06 1€6°¢€ 6hT°¢ ohz (429 £19 LSY L 6v1 8EY°1 H68 (443 217 (imp) asma
8952 SL8°1 e 12¢ 0€8‘T 0znl <81 (344 vET L91 e (17 $0¢ 887 S91 49 (¥w) *den |
1 9L€ 651 107 91 1€ 44 U S 11 8 T 4 vee 671 961 6 [8231s 30 *oN
i | sexa], ~
) -
S60°¢L 174 868 SZ1‘9 9269 8¢ €8 950°9 0 0 0 0 191 €€ <9 69 | (HMD) 213u7
L56°1 LE oy 0051 S06°1 (%4 L6€ €8Y°1 0 0 0 0 16 1 7z i (My) -dep
1] S 97 Al 8 1 € L4 Q o (4] ) (4% Y {4 8 $33TS 3o -oN ;
BIONPC *G
€629 €69°1 01z 0s€2 119°¢ 0Lzt 1661 0$€°‘C 01z LL €ET 0 A% 9¥E 98 o (HMD) asuz | _
. 8L9°F 610°1 0£9°1 620°1 oze‘e L6/ v6y°1 620°1 el vy L8 0 Lze 8LY 6% ¢ L w) vdm | {
o1¢ %81 STt 11 9¢ 4! €l 11 9 T L 0 892 0L1 86 (o 63315 JO *OK ¥
1 PUWOYE|N0O
THI0L © Aopup SIOUI 3oy Telol  ASpup  Audul  ISTXY {2301  Asbuy  eaouy  asyxa SYaTe e pan ) IeToT uw?wnm..l s !
(82215 1TV) (MW 67 ueyl 193P319H) 2[EIG-381ET] (MR §T-G1) @3vFpawiajul (MK S1-G0*) °TedS~TTRWS
TVI0L SEONVY ALTOVAVO (GFJOTIAFAND QNV ,TVINAWA¥ONI TVIINILIO |°ONILSIXE m IVIS m

AQMDZHHzoovazmzHHZOUIQHz“mqo> m
SHTYVWWIS dIVIS TVYNOIOAY |
SA2YNOSTY HIMOd OT¥LOFTAOYAAH 40 AYOINFANI AWVNIWITAMd °T FTEVL




809°S 80%°‘2 9nE‘T vs8 88L°¢E z09°1 898°1 81€ 209 Y€ 887 0 612°1 z6Y 161 9€S (HM9) 33ug

L7A &4 Lz70°1 686 8S1 L99°1 SSL S8 L9 [§44 (4 001 0 00¢€ 9%1 £9 16 (MW) -dep

102 89 711 61 o€ L1 4 1 11 9 S 0 091 sy L6 81 823FS Jo °*ON
BJOSIUUTKH

9929 0 TLEY 5681 €L1°E 0 SEL‘T 8EY 11L 0 66€ 4¢3 €8€°T 0 8€Z°1 (32881 (HMD) I3ug

619°1 0 EET‘T 98% 098 0 60 181 €LT 0 12t 49 98¢ 0 €0€ €82 (Mw) -dep

8€2 0 991 26 L 0 v € 6 0 9 € 1444 0 9€T 98 893S jJO °*ON
ueSTYITH

968°8¢  618°T1  B8I8‘%Z 6S7°C €0S‘8E  L69°TT L%  6S2°CT 88 0 88 0 Y0€ 121 €81 0 (HMD) 23umk

EV6°ET  9£0°Y 126 9€9 08L°CT  S86°¢E 6516 9€9 8y 0 8% 0 STt 1$ %9 0 (MW) -ded

1 €€ 98 9 L4 01 0¢ Y z 0 4 0 St €2 43 0 893S JO °*ON
£yonjuay

LEO*S 809 88G°€ 8 189°% 80% 89Y‘¢ S08 6€ 0 6€ 0 L1E 002 18 9¢ (HM9) a3um

60S°1 LST LIt GET 98€°1 061 890°1T 821 12 0 12 0 201 L9 :14 L (Mw) -dep

8 oy 8€ ” 91 € 4 T 1 0 1 0 <9 Le 194 € 833FS JO °*ON
emo]

GSE“T 8.6 6L2 86 918 918 0 0 06 0 06 0 6%y 291 681 86 (HMD) I3uy

896 LAd] 96 8¢ €8¢ €8¢ 0 0 LE 0 LE 0 1 19 8S :14 (MR) -dep

78 :1] 43 v € € 0 0 z 0 4 0 6L 4 0€ v 893S 3O *ON
eUBTpU]

6LE‘E 685 902°T 78S €761 8L1 0SL°1 ST L9e 0 Lve 0 680°1 11y 601 695 (HMD) 23Uz

1211 652 0€L (431 %69 68 €€¢ 43 (141 0 (321 0 12€ 691 149 001 (MW) *dep

€0€ [4%4 119 L1 o1 T 4 1 8 0 8 0 S82 0€Z 6€ 91 §33IS 3O °*ON
STOUTTTI

18301 Aspun 2asul ISTXE Tel01 A2pun 210Uy 18TXy 1e30L Aapuq 2ao0u] I8TXE Te301 Aapup aiouy ISTX3
(s?z1s 11V) (MR ¢Z ueyl 1a3ea19) a1EBI§-331ET (MW §Z-G1) @3ieypamiajul (MW ST-60°*) @1BIS-TTRWS
TV1OL SHONVY ALIOVAVD GAJOTIAFANA QNV ,TVINAWINONT 'VIINALOL | “ONIISIXE AIVLS

STOANOSTY YAMOd DOIULOETIONAAH A0 X¥OLNAANI

IVHINAD ANV
SATEVWIWAS AIVIS TYNOIOAY

iy 104

ANVNI

KITa¥d

*7 479V1

18




9279°SL  ®00°1T  99L°%%  %wS8‘6 JE°T9  O0BELT  wIS‘6E  GLY*S LT8°€E €9¢ LZA Sk 0v6 9T%'6 6$8°C 821°‘¢ 6EY°¢E (HMD) 22uy
1€2°9  66L°L 0€8°ST  T09°C 6L2°TT 18S9 8€0‘7T  689°1 LET 61€ SL8 081 wLS*T 926 v16 vEL (MW) *de)
6851 929 TeL 1€2 791 (19 88 L1 69 91 €Y o1 95€*1 1£9 109 %02 833§ JO *ON
1P301
uoy8ay
889°S 1991 L80°7 0761 960°T 0L8 858 89¢€ 880°1 26 9% v€S ({0194 669 89 8€0°1 (HM9) a2uy
8(9°T LEY [4¢:] 62% vTL 6€C L8E 86 LSE 0% s02 1 L6S 8s1 612 02z (MW) -dep
L67 89 (124 LE] )54 9 A € 81 z o1 9 852 09 €21 St §33FS JO *ON
NFSUOCIS M o
-
696 102 89 0 %02 0L vel 0 €2€ 0 (43 0 6€Y 1€1 80¢ 0 (HMD) 23Uy
%0% 06 v1€ 0 66 €Y 95 0 €51 0 €51 0 St LY So1 0 (MW) +de)
96 61 LL 0 € 1 4 0 L 0 L 0 98 81 89 0 623§ 3O *ON
oTYo
9z%°8 oLz €0E‘Y €8€°1 S9T¢L 6EL T LI3 884 [/RAR 6€S LSE 88 %6 12L £Y9 19 0 (HMD) I3ug
3 S1Z¢ 6721 89€°T 865 99LT 898 10€°1 LLS S12 9S1 Sy 91 %S$T LT t44 S (MW) °-de) |
L91 811 4 L o€ 7A 6 L 11 8 4 1 921 €6 1€ z $93FS 3O *ON
JANOSSTH {
T30 Aapup 210Uy ISTXy Te3ol Aspuq 2adujl ISTXY 1e301 Aapup aaduy ISTX3 1e30]1 Aapuf 2ad5u] ISTXy
: (s221S 11V) (MW GZ ueyyl 123B319) 3TEIg-281ET] (MR GZ-G1) @3eFpamIajul (MW ST-60*) @Teds-TTeUS
B
1V10L SEONVY ALIOVAVO Q3JOTAATAND QNV ,TVINIWI¥ONI TVIINZLOd | ONILISIXE qIVIS

(panUTIuO)) TVHINAD MIVI :% "T0A
SATYVWHAS ALVLIS TYNOIOAY
SE0YNOSTY YIMOd OI¥IOATAOYAAH 40 AYOINAANI X¥VNIWITA¥d °Z dT4VL




_vooo 8L 8¢ 0 | 6Lc L8 61 0 611 119 S9 0 802 LEY 1 0 (HMY) F3uy
| 257 611 €1 0 | e 5 L6 0 6¢ €7 91 0 1 16 0z 0 (w) -de)

£6 0y € 0 3 1 Z 0 z 1 i (] g8 8¢ 0s 0 $33FS 30 *oN
| ! JdA1SSiSSTR

_ |

6c1'8 9611 8 134 w16 L 1L 816 (384 | o 0 0 0 591 sS 011 0 (HMy) a8uy

sttt §6E°T o7 €] 0£9° 9ecte €S2 18 1 0 ] ¢ 0 3 A 8¢ 0 (MR) *dep

[ 1 €2 1 1§ 9 Y 1 b0 0 0 0 9T S 61 0 $231¢ Jo *ON
" _ EUPTSINOT]
| [ {
| ovo*rt  8we* €98 gz’ | 81C‘6 768°h 10$ GZ8°C | 188 816 43 11€ 1%6 8€C 91¢€ 8 (HM9) I3uz

916~ 090°t 50% 050z | sr6’€ 0691 »0€ 9T6°1 L1€ <81 €z 901 187 81 6L 07 (M) -den

91 €L 89 4 | % €€ Yy sl o1 6 1 9 16 1€ 19 S 893S JO TON |
m ¥T732000

| 4

_ &L% 96 181 (4% 4 414 0 0 'AXA [ 99 99 ] 0 181 0t 151 0 (H#9) vz

S01 o€ 1 o€ | ot 0 0 0t 0z 0T 0 ] 49 o1 sy 0 (MR) *d2)
| 2t 3 I3 z | 0 0 1 1 i 0 0 0z z L1 I $3315 3© *ON o
\ ” 1 ePTI0TS f
_ | H
| L16°82 679°0T 68Y°S 66L°7 618°LT w861  6EL°S 96T h 564 £6f S0t 0 009 uy 421 €9 (HMO) 3euz ”
i 10201 ggzt9 988" 2 080°1 [ T1L’s L74: M9 690°1 $8C gle L9 0 (414 €91 15 11 (M) -den {

761 8L (D) 1 | o L1 01 vl It g 0 | onl 0§ 68 1 S237§ 30 -ON
“ m gesuex Iy
|
“ 71681 9LE‘T L 9TL‘6 | 9¥8°LT  S66 19162 0126 331 wh7 6 0 m £€E LET 061 9 (HMD) 3uw ;
| €269 186 121 ez | soL9 L 010°Y 697°2 671 #O1 1y 0 Iid Aer (37 0L z (mR) -den |
| ort 1z €L 91 ™ 8 61 ¢ 4 < 4 \ ] 8 49 1 s3I 30 ‘oN
| | BUEQETY
1550 Tes I LR D SN O e = LTI SR S
| TP301 Aspuq) 21007 ISTXY 1B301 Aapup 230U IsIxy | Te3ioy A3pup |1%uy ISTXF ~ 1230}, AB DU 23201 sy
<— (s9z18 TTV) (MK 67 u=iy Ia3eA1n) 2TRog-98aeq (MR GZ-C1) @IpTpamIalu] { (MR G1-G0*) aTeds-Trens :
| TY101 SIONVY ALTOVAVD (QHdOTHABGNN QN ,TVLINSWEMONT TVIINZIOd | ‘ONLISIX3 auves

LSVAHINOS 5 "10A
SUIAVIANS FIVLS TVNCIOHY
SHDUNOSHTY ¥AMOd OTHIDATHOUAAH A0 AJOINHANI XYVNIWI'TH¥d T ETYVL



ﬂﬂ ——

o I S S S S S S - S

o
W 9TOLET  TL9‘EL  OW8*%T  %IS‘8E SEE‘SZT  09%°L9  99%‘1T  60%°9¢ M {14 B €98°7 7881 STt 8£S°9 67€°C 681°C 000°1 (4mo) 0w |
| | 800°8y 091°tz TZ0‘€l  (I8‘IN 606°€Y  696°07  BSL1T TBI‘11 | €e0'T VAR &R ¢ 655 09¢ 990°T LL0°1 %0L 94 | (MK) *de3 ~
| 8% 9% 189 L3 1€€ 9%1 i 86 | zol v 62 61 1%6 <92 996 ot §931S 3O *ON _
| | ] _ 1elol |
| | | uoy8ay |
! | {
. 6459 09S¢y 89€¢1 199 oLz'y LEO‘E 102 449 ﬁ 89 61% (119 ] T & 5 § 7601 81¢ 6¢l (#mo) 0wz
| 096°2 LLLtt L6y 989 (19 &4 9621 992 €69 | OT¢ €1 Let 0 s6n 8Y€ v6 €5 (W) +des |
81z SIt 8 81 9E brd L Yy 91 6 L 0 891 23 1’ 91 $93F§ jJO *ON
{ _ eyuysaia
| : | {
s | o6L'ly  95E°ST 9IS 80Z°11 1811y $00°ST  €11°S ve0* 11 | zig i 9¢ 111 I Ee 10T LS €€ (HMD) a9ug
| 62921 w97t 692°¢ 960°C LEETT  BY1°L e 9%0°z | %91 Sy 08 6% | 8zl 0L Ly 11 (MW) -dep
| o e 6% Lz 19 €7 ol vz “ 8 z " z Lo 6 1€ 1 $23]5 Jo +oN
| | EECEELUES
€v6°L €0S°€ 00L°T ohLe 1199 £60°E 1021 )40 i A T 087 o1 £€T v w8 o€l (149 06¢ (HMO) 22u3
| sge’s SLT°1 829 (AL 6T 1901 €1 B9E‘1 | OIC 08 s 9L B ke Ve 19 88 “ (MR) -dey
| OfT 44 $9 (3 9¢ €1 o1 01 w 11 U € Y €8 S 6% 62 | 8231 30 -oK
| { i ePUFTOIED
| yanog
\ H _ =
| toe €9 971 811 0 0 0 0 | zer 0 3¢ %S ~ SLT €9 8y %9 (HMD) a2ug £y
691 €1 <3 99 0 0 0 0 16 0 19 9€ 8L €1 LE 82 (MR) -dep
9z 9 €1 L 0 0 0 0 | ¢ 0 € s _ 12 9 o1 S $33FS 30 “ON
! w — OUﬂH m
| ojaeng i
|
4 VA4 SRR | (3381 209°9 | sor‘Oor  l8t‘g 09 856°¢ ﬂ 78¢€°1 99t "t 96€ £2¢°1 avs 62Y 8%2 (HM9) 2um
€9ty £66°1 €59 L86°T | TOE‘E YET T soy 2901 gty 667 98 €01 A 6% 091 91 U (MR) +dep
| 692 79 T€1 9L 6% 44 6 g1 | @z A < < | 861 8t L1 [39 §231FS JO *ON |
“ “ eujlOIR) i }
Yy3a0N
TSR S S AT THS | S ] TR L v |
e300l adpun 2a2UY ISTXEYF _ leaol lapup 210u] ASTRF Te30] Aapuj) 2aouy AsIxy Teacl Aapuj) mubﬂ.h umwuﬂm&ﬂ
(82215 T1V) | (MW 67 upyg 1212915) alecs-afieq (MW ST-$1) 23eIpowaajul (MR S1~50*) 21BO5-(TeUS
i ——
TV10L ﬂ SAONVY ALIOVAVO cQIJOTHARANA QNV ,TVINSWAUONI TVIINALOd | “OINILSIXH hAARY

(penutlu0)) LSVAHINOS :§ TOA
SITAVARAS AIVIS TVNOIOIY i
SHOUNOSAY ¥AMOd DIMIDATAONAXH 40 XYOLNIANI AXYVNIKI'TINd *Z IT74VL

M i i it i



4
€561 128°1 911 81 1281 128°1 0 0 9¢ 0 9s 0 9L 0 8¢ 81 (HMH) 22ul
€69 L9 0% 9 %9 L9 0 0 €2 0 €1 0 Lz 0 12 9 (MR) -ded
oy S LE (e < S 0 0 1 0 1 0 8¢ 0 9¢ z $23IS JO °*ON
Kasaar maN F
S10°2 VN 816 L60°1 149 VN 0 143 297 VN 8 081 G61°T VN 9€8 6S€ (HM9) I3ug
9 WN 192 98¢ 182 VN 0 182 %S VN €2 1€ zie VN 8€T 9L (MK) -dep
0L$ VN s 8¢ Z VN 0 z € N 1 5 $95 VN 198 vt 8235 jJo *ON
qou«:un-ﬁ: mdN
(L1081 N €0y €99 951 VN 0 vS1 9L1 YN 0 9.1 91L VN £0Y £1€ (HMD) a9ul
6¢E VN S11 LET 1€1 VN 0 1€1 €€ YN 0 €€ 881 VN ST1 €L (MW) °de)
0€€ VN 10¢ 67 Y VN 0 L T VN 0 4 1249 VN 10€ (%4 893S JO °*ON
cuuuunssununqz
780°¢€ 809 1874 €EL°1 616°C 0SS 059 61L°1 1% 0 1% 0 e 8S 0s vl (HMD) a3ug
092°1 ri Y4 r4%19 9Ly 2021 t434 96y LY 61 0 61 0 oY 0z 81 4 (Mw) -dep
A3 6 0z € z z Y 1 1 0 1 0 174 L s1 4 823FS JO *ON
pueTAaeR
190°¢ VN 3:7AR 9LL1 €€L VN 922 L0S SSY YN L9 88¢€ €L8°1 VN 266 188 (HM9) 13ug \
€ N 69¢€ (1% [4€4 VN 49 841 8L VR 07 8S 1ty YN Y82 1341 (MW) -ded ~ |
01§ VN wy 8¢ Y VN z T v YN 1 € 20$ VN 69% €€ $231S 3O *OoN i s
Juyen {
¥
9 9 0 0 0 0 0 0 0 0 0 0 9 9 0 0 (HM9) duy
z z 0 0 0 0 0 0 0 0 0 0 z z 0 0 (MW) -dey
2 e 0 0 0 0 0 0 0 0 0 0 T z 0 0 §21TS JO *ON
a1emer2q J
089 VN 80€ e 91z VN 0 912 0 VN 0 0 999 VN 80t 951 (AMD) a2uy
161 VN 88 €01 89 VN 0 89 0 VN 0 0 124 VN 88 9¢ (MR) -dep
0zz VN S0z St T VN 0 4 0 VN 0 0 81T VN ({14 €1 $33JS 3O *ON
cusouuucacou
Te301 Aapuq 105U ISTX3 1e3ol Aapugy 3xduy ASIXY 1e301 Aspuq) 2aduy ISTXF 1301 Aspup aaoug ISTX3
(89215 11V) (MW §Z ueyl 133jealrn) aredg-a8ie] (MW G7=G1) 23eTpamiajul (MW S1-G0°*) 31eIg-1TEBUWS
TVLIOL SEONVY ALIOVAVD GHJOTIAIAND GNV ,TVINWANONI TVIINALOd | ONIISIXE kRAARY

LSVAHIMON :9 'T0A
SATYVIHAS 4LVIS TVNOIOHY¥
SFOAUNOSTY YAMOd DIYIOFTIOYAAH A0 AYOILNIANI AYVNIWITAEd 7 FT9VI

-
|




er

*(VN) 9[Qe[TBAR J0U 21 S931E3Is pueyBuy maN &yl Uy salys pado(sAspun uo vIeq,

*£357xa £[3uasa1d sin3joniys BupasdujBus 19y3lo 10 WEp OU BIIYM SIITS vwmo~w>wv==m

*431ovdey DTAIVD[ROLPAY [EUOTITPPY 10/PUb maU 103 [RTIusled AUl yarm s3192(01d 90IN0SIA 133BA 19Y10 do/pue suep FULISIXH,

c1amod Bupjleasuaf LT73usaand saFITTFORJ Jamod OFI3ID2T[20IphY m:«un«xm-

STOEST 8L0°‘TE  O¥7‘68  80G°TE 78L°9€1 019°8Z 868°18  9.7°9Z | %80°‘% 8€6 €ES°T €191 091°21  T€S°1 6009 029y (HMD) 23ug

0szee  LSv°8 LEL‘BT  €S0°9 86L°87  895°L 97991 48L°Y 8LT°1 00% 1243 1413 9L1'¢ 16% 1241 v16 (MW) -dep

6/8°C 122 e‘e 9T¢ 0L1 8¢ S8 Vs 17 0z 97 61 79T (324 1€2°T 0L2 82315 3JO *ON
Te30] uoy8ay

PeL*OT  %79°C 68Tt (¥4:] 6LL°6 650°C AR (279 %92 $0T 65 0 269 19¢ (1] 87 (HMD) 33uy

10€‘y 7811 696°T 891 686°¢€ 856 626°C 201 811 S6 €2 0 961 el 81 9% (MW) -dep

€6 149 9€ [ SE vl 0z 1 9 S 1 0 [A €€ St Yy 823§ JO °*ON
BIUTBITA M

~$62°1 VN wuy 28 LT€ VN 0 L1€ oL W¥N 0 oL 806 VN wy 9gy (HM9 19ug

1€€ N vEl 161 174 VN 0 L7 91 VN 0 91 (1174 VN vET 901 (MW) -deg

202 VN 191 3} 4 VN 0 z 1 VN 0 1 661 VN SS1 Li2 §33FS 3o *ON
JUOWIIA

¥

Sl VN 6€E1 9 0 YN 0 0 0 VN 0 0 syl VN 6€1 9 (HMD) aduy

A/ WN 0% z 0 VN 0 0 0 VN 0 0 ™ N (1] z (M) -dep

Lo1 YN <01 4 0 VN 0 0 0 VN 0 0 L0T VN So1 4 §33FS 3O *OoN
(PUETSI 2pouy

60L°€E1  90L°L e’y 189°1 89221  696°9 819°¢ 189°1 ey 0L1 FA%4 0 610°1 195 sy 0 (HMD) aduy

6LE°S (17481 T€LT €0% 998y LL6°T 99%°1 £0% 981 6L Lo1 0 LYE 681 8S1 0 (M) +dep

(134 88 €91 Y 6% 92 61 Y o1 Y 9 0 961 8¢ 8€1 0 §211S JO *ON
BJUBATASuuag

T0E“STT  €TE°8BT  €SHE€L  GE€S°€T 610°80T TT1Z°LT [ZZ°0L 18S°0C | 8EE‘T €96 9L6 661 96y 6€S 0sz‘z (49 &4 (HM9) aaug

9Ze‘61  LT1°E 1 A4 G £ 748 # SYELT  4SL‘T 16%°11 €01t 152 922 60€ 912 Lzl 8yl LS9 ey (Mw) -dep

71S S9 90€ £l 09 11 oY 6 Lg 1 [ 11 Ly €Y 152 € $931S 30O *ON
jI0oX m3IN

1e301 Adpuf 2aduy ISTXF 18301 Aapun ?aduy ISTXY 1301 Aapuq aaduy IsTxy 18301 Aapup 3xouy ISTXF
(s3z1s 11V) (MW §Z ueyl 133®219) aTeds5-a81e1 (MW Sz-ST1) @3eFpamrajug (MR ST-60°) @TEdS-TTEUS
AT 41vis

SIONVY ALIOVAVD mﬁmmoqu>mnz= ANV N4<HZN2EMU=H TVILINILOd _.QZHhmeN

(QANNTINOGD) ISVAHINON

9 T0A

SATYVWANS FLVIS TVNOIOAY
$AANOSEY YAM0d DTHLOHATIOYAAH A0 AYOINFANI XYVNIWITINd

*T d79VL

23

po

oy




APPENDIX 1
U.S. ARMY CORPS OF ENGINEERS
SUMMARY SHEET AND SITE SPECIFIC
LISTING OF HYDROELECTRIC POWER RESOURCES

BY STATE AND COUNTY

Arizona, California, Hawaii, Nevada and Utah
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PRELIMINARY INVENTORY OF HYDROPOWER RESOURCES

DESCRIPTION OF TERMS

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 for which a generating unit, generating station, or

other electricl apparatus is rated either by the user or manufacturers’
nameplate rating. Capacity is sometimes used synonymously with
capability.

CONVENTIONAL HYDROELECTRIC POWER PLANT: An electric power plant

utilizing falling water from stream flow or reservoir 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., kilowatt-
hours.

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:

e Irrigation drop structures and canals.

o Existing dams without any provisions for installing power
facilities.

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

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

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

FLOW DURATION CURVE: A plot of stream flows ranked in descending order

of magnitude, against time intervals, for a specific period.

FOSSIL FUEL: Refers to coal, oil, and natural gas.
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GENERATOR: A machine which transforms mechanical energy from the prime
mover (turbines) into electric energy.

GIGAWATT (GW): Oune 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
nameplates 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.

MEGAWATT~-HOURS (MW): 1,000,000 watt-hours or 1,000 KWH.

NAMEPLATE 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 POWER _PLANT: 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 aggregrate rating of all the generating
equipment installed in the plant.
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POTENTIAL HYDROELECTRIC POWER: The aggregate capacity capable of being
developed by practical use of available stream flow and net power head.

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

PUMPED STORAGE POWER PLANT: 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 POWER PLANT: 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 structure 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.
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DIVISION STUDY COORDINATORS

NATIONAL HYDROPOWER STUDY

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: Chris Garvey, MRDPD

P.0. Box 103 Downtown Station

Omaha, NE 68101

402-221-7267

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 St., S.W.

Atlanta, GA 30303

404-221-6739

U.S. Army Engineer Division
South Pacific

ATTN: Ted Albrecht, SPDED-M

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, Texas 75202

214-767-2310
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DISTRICT REPRESENTATIVES

NATIONAL HYDROPOWER STUDY

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, x220

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

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

ATT: 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, X2147

U.S. Army Engineer District
Chicago

ATTN: Hydro Study Rep

219 South Dearborn Street

Chicago, IL 60604

312-353-0789
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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 House
St. Paul, MN 55101
612-725-7472

U.S. Army Engineer District
Alaska

ATIN: 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.0. Box C-3755

Seattle, WA 98124

206~764-3473

U.S. Army Engineer District
Walla Walla

ATTN: Hydro Study Rep

Bldg 602

City-County Airport

Walla Walla, WA 99362

509-525=5500

U.S. Army Engineer District
Huntington

ATTN: Hydro Study Rep

P.0. 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
Pittsburgh, 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 Angles, 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
Fort Worth

ATTN: Hydro Study Rep
P.0. Box 17300

Ft. Worth, TX 76102
817-334-2024

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




