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UNITED STATES OF AMERICA
FEDERAL ENERGY REGULATORY COMMISSION

NORTHERN LIGHTS, INC. ) PROJECT NQ. 2752 i

DIRECT TESTIMONY OF JAMES A. SEWELL
ON BEHALF OF NORTHERN LIGHTS

Q. State your name and address. i

A. James A. Sewell, Newport, Washington 99156. ;

What is your education background?

A. I received a Bachelor of Science in Civil Engineering in 1937 from

O Q0N OY UL P (W0 R
L

Washington State University,
10 Q. What is your experience?
11
12 A. I spent from June 1937 through July 1942 with the Washington State
13 Highway Dapartment and the Washington State Toll Bridge Authority
14 working on design and construction of bridges, highways, and other
15 necessary facilities. From July of 1942 until September 1945 I was =
16 employed by the Everett Pacific Ship Building and Drydock Company in b
17 the construction of drydocks including the actual design of part of ]
18 their outfitting for overseas towing. In January 1946 I became .
19 associated with my father in his consulting engineering business at =
20 llewport, Washington and have been there since that time. This work éf
21 has involved the design and construction of transmission, distribution po
22 and substation facilities. I was Assistant Resident Engineer during -
23 the construction of the Box Canyon Hydroelectric Project No. 2042,
24 located on the Pend Oreille River, and have been responsible for its
25 maintenance and operation since its completion in 1956. T have been
26 involved with the Pacific Northwest Coordination Agreement since its
27 . conception. I have been the representative of Public Utility District
28 No. 1 of Pend Oreille County on the Coordination Agreement Committee
29 since 1966. Another portion of our work has been the design and
30 construction of sewer and water systems, city streets, highways and
31 small dams for recreation Oor small hydroelectric development. I have C
32 been comnected with the Sullivan Creek Project No. 2225, since the -
33 District acquired it in 1959. I am responsible for the maintenance o
34 anc. repair of the Project as well as the release of its storage waters Co
35 for use by downstream Projects. I am a registered Professional Engineer
g? in the states of Washington, Idaho and Montana.
gg Q. What is your connection with the Kootenai River Hydroelectric Project?
40 A. §Farting In 1974, I consulted with Mr. Nordeen, Manager of Northern
41 Lights, Inec. concerning the possibility of constructing a hydroelectrie
-]
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project in the vicinity of‘KootePai Falls. %fter some preliminary
computations, we decided to retain ?arza Engineering Companyqur the
actual design of the project. My firm has been re§ponsible f?z the
field work and the integration of the proposed Project operations
under the Pacific Northwest Coordination Agreement.

What was the result of these studies?

We prepared an application to the Federal Power Commission for a
preliminary permit to obtain prilority for the.liCEﬁse appli?ation
prior to performing detailed feasipility studies. The application
was filed in November 1974 and a preliminary permit was received on

December 1, 1975.

What prompted Northern Lights, Inc to investigate the feasibility of
electric generating facilities?

Northern Lights, Inc. was advised by the Bonneville Power Administration
that they did nor expect to have sufficient power to serve Northern
Lights' load growth in the future.

Why did vyou investigate the Kootenai River Project?

flow of the Kootenai River
from any dam on the river below Li%by Dam firm power,

Why would this be considered firm power?

Because Libby Dam Stores water during the fload season for release
during the winter period when firm power is needed. This also coin-
cides with Northern Lights' firm power requirements,

What was done after the preliminary permit was received?

1S groups to share in the use
greater than Northern Lights'
contacts, the Project output will
ic Coop., Inc., Corvallis, Montana;
e Inc., Dillon, Montana; Missoula Electric
Cooperative, Inc., Missoula, Montana; Flathead Electric Cooperative,
Inc., Kalispell, Montana; Glacier Electric Coop., Inc., Cut Bank,
Montana; Lincoln Electric Coop., Inc., Eureka,'Montana; and the Flathesd
Irrigation Project, st. Ignatius, Montana. These eight utilities later
formed the Western Montana i ng and Transmission Coop-
erative, Inc, . (JAS-1) shows the service areas of

the G&T members which ig éssentially Western Montana and Northern Idaho.
They serve 46,778 customers,

What else did you do during the period of the Preiiminary permit?
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My firm worked with the Harza Engineering C?mpany in preparing the
license application. This involved gonductlng field surveys, measur-
ing river cross sections, and obtaining stream flows of the Kootenai
River from the United States Geological Survey (USGS). 1It also
involved contacting the Burlington Northern Railroad on whose prop-
erty the proposed Project is located. We discussed the Project with
the U.S. Forest Service and the Montana Department of Natural Resouvrces
and Conservation. It was necessary to obtain permits from the U.sS.
Forest Service and the Burlington Northern Railroad for the field

work on their property. Additionally, we developed a Power Requirement

Study (PRS) for the G&T.

Would you please outline what steps were involved in pPreparing the
load estimates in the PRS?

The PRS was prepared within the guidelines outlined in Rural
Electrification Administration (REA) Bulletin 120-3. The REA
Bulletin requires that each member utility work with the G&T in
preparing the PRS. Each member was responsible for gathering its
historical data. Then we worked with the members in preparing their
estimates of future power and energy requirements. Next we assembled
those requirements into a single document outlining the anticipated
loads for the G&T.

Would you please describe in more detail the first step of how the
members of the G&T developed their basic load forecast?

on their use of electrical power. To do this type of analysis, it

was necessary to poll the individual customers to determine their

use of electrical power. This was done by a questionnaire which is
shown as Exhibit (JAS-2) titled "1979 Membership Survey". This
questionnaire was mailed to the individual residential customers of
each cooperative member of the G&T in the early part of December 1979,
eéxcept the Flathead Irrigation Project. The customers selected to
receive this Survey varied somewhat from utility to utility. REA
desired each cooperative to receive at least a return of 1386 question-
naires to assure Statistical significance. The statistical group
created‘by each cooperative consisted of residential customers who

had at least ap 11 month history. The smaller cooperatives then sent
a survey questionnaire to each customer of this group. The other
cooperatives stratified this group by placing the accounts, according
to kilowatt hour usage in the previous 11 months, in order ranked

from the highest to the lowest user and then determined the interval
of selection to obtain the desired number of questionnaire returns.
The starting position was picked at random to Prevent unduly welghing
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The cooperatives mailed the questionnaires to 4982 of their 25,700
residential customers.

How many questionnaires were returned?
3091 questionnaires were returned.

What else was needed for the analysis?

Two other basic pieces of information were required before the
analysis could begin; an estimate of the population, and the estimated
usage of appliances in each household.

How were the population estimates obtained?

3

All eight members did considerable analysis in Projecting populatio
since only three of the members serve all of their geographical area.
The other five serve only the rural area, as the towns are served by
other utilities. Since the most common breakdown of census figures
is by county, each meriber adjusted county census figures to reflect
only the rural area served by it. These estimates were arrived at in
numerous ways depending upon the area and information available. The
members also considered the factors which might change the ratz of
growth of their service area, such as chaniges in the level of the
sustained yield from the niztional forest, or in farming patterns.

How was the appliance usage determined?

Other appliance usage was obtained from The Washington Water Power
Company and The Montana Power Company. Usage levels for unlisted !
appliances were estimated based on capacity and time of uge. These o
basic appliance consumption levels are shown on Exhibit (JAS-3). ?:

The analysis wag done using 1979 ag the base year. The residential
load projection first required a determination of how electrical power

was ased in 1979, Then we made Projections as to how power would be
used in the future,

From the customer survey that was described earlier, we determined

the saturation levels of televisions, freezers, clothes washers,
electric clothes dryers, electric ranges, dishwashers, electric hot
water heaters, car engine heaters, stock water heaters: to keep
drinking water for Stock from freezing, homes heated primarily with
electric resistance heat, and homes heated with heat pumps. Since

it is not Practical to try and estimate all of the uses of electricity
in a home, all the other uses made of electrical Power in the home |
were lumped into ope category called "baseload", This includes

"
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lighting, electric can openers, domesfic water pumps, fans on ‘
heaters and furnaces, toasters and other uses that are not specif-~
ically included in the list above. The baseload for each memb?r was
céleulated by subtracting the electric power used by all the listed
appliances from the kilowatt hours used during the year. The average
kilowatt-hours used per household was calculated for all the homes

in the 1979 survey.

What was your next step?

The members estimated how much power was going to be used in 1984

and 1989. One of the most significant changes that could take effect
during this period of years is the change in the saturation of electric
resistance heating. The 1979 survey of customers showed how many
people were planning to install electric heating, how many people were
planning to convert to wood, and how many people were planning to
convert to natural gas within the next three years. Using the informa-
tion that the customers provided, we.were able to project the rate of
change in the saturation levels by taking into account people with
electric heat that plan to put in wood heat, people that had oil heat
that planned to put in wood heat or electric heat, and also how many
people plamned to put in heat pumps. Another considcration in the
projection of electrical usage for heating was that new construction
would be msre conservation oriented and therefore use less electricity
to heat a home. Data from thls survey were used to estimate the number
of existing homes that would be retrofitted to higher insulation levels
and better heating efficiencies, Therefore, the kilowatt hour usage of
existing resistance heated houses was decreased in each year of the
Projection. The usage levels of the other appliances were also antic-
ipated to change due to increased efficiency of new units and less
usage in future years. Therefore, the typical usage for each of the
appliances was analyzed in each year of the projection to determine if
the consumption leve] should be increased or decreased. Where decreases
in the typical usage were projected, the members provided reasons for
these decreases, For example, engine heater usage might be expected

to decrease by encouraging people to put timers on their heaters, so
that they don't run all night, but rather just come on in the morning
a few hours before the car is needed. We also reviewed the existing
saturation levels for the various appliances in the year of the survey
to determine if changes were necessary.

Prijections were made for the following other classes of customers:
Seasonal residential, irrigation, street lighting, commercial (less

than 50 KVA), commercia] (50 to 350 KVA), and commercial (over 350 kva),
the use by the utility, and system losses.

S i Wbt T e et
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How were the irrigation loads projected?

The irrigation load projections were taken from studies made earlier
by the G&T members for 5, 10, and 15 yearsa.

Would you describe the irrigation studies?

An irrigation study was made by each of the G&T‘members in accordance

with REA Bulletin 145-1. To do this study, each of the members

seégregated its service area int

lands. )

the existing farming patterns.

and potential farm lands that might be used

the future. For each of these sub-areas, the existing irrigation and

cropping patterns were analyzed and trends were determined which would
izatls changes in the amount of irrigation, or the methods of

irrigation. Consideration was also given to any other limiting factors

influence future>irrigation needs such as water availability,

salts in tha soli, length of the growing season, anticipated costs of

hardware and powar; and pressure from residential development. Based

on the above data th e ; a

usage was estimated, studies also determined the sources of

water to be used for irrigation. Once the amount of water used, the

lift required, and the methied of application had b Projected, the

amount of power and energy reguired to do the irrigation for the years

ahead was estimated., These studies were approved by REA.

How was the street lighting load Projected?

The street lighting load wasg Projected by trending. It should be

noted that street lighting was less than 0.2 percent of the total G&T
load in 1979,

You list three classes of Commercial accounts, How were these customer
usages projected?

e made up of services requiring
These accounts are services to
restaurants, hops, offices,

ments. They algo contain t

commercial clagsges, 1 ' Projected by
using a combination of di td end use modeling. The number of
retail trade establishmentsg generally is Proportional ¢t

residential accounts. The Proportion varied considerab

member to the next, since some of them do not serve metropolitan areas,

The next commercial clagg is composed of Customers served with 50 to
350 KVA of transformer capacity. These accounts were Projected by
trending ag 4 class, A few member

in this clasg analyzed each indiv:

on each customer's requirements,
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All large commercial customers requiriug over 350 RVA of transformer

capacity were contacted individually and pProjections were based on
each individual customer estimating major eXpansions and historical

load increases.

What is utility use and how was it estimated?

Utility use is power used by each member in its normal operation of

shops, warehouses and offices. This amount of power wag Projected
of delivery from the distribution

How were the losses estimated and Projected?

Losses are line and equipment losses on the distribution system of

the individual member. These losses are determined by taking the
amount of power which each member purchased and subtracting the amount
of power the utility used and sold. This method of calculating gave
the members the percentage of losses in 1979, These losses were then
analyzed to determine whether they should be adjusted for purposes of
this projection to reflect future operating plans and load growth and
then applied to the Projected load.

For what period of time
PRS made?

1979 was the base year and Projections were made for 5 and 10 years,
making the projected loads for the years 1984 and 1989,

Were projections of peak demands made for each of th= members?
Yes,

coincidental peak
The Projectiuns were
ing load factor is
in loads such ag
smaller number of residential
§ were projected individually

depending up ; - When combined, these peaks gave us the
peak for eac

The analyges you have 5
assistance, i

were done by the memberS‘with'your
OW was the Power Requirement Study for the G&T deveioped?

S PRS was determined by the sum of
's PRS,

Each of the members did the
of its load for 1984 and 198
G&T with the memberg!
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You stated that the G&T PRS was prepared using 1979 as a base year.
Have you reviewed it since its completion?

Yes, I reviewed it in late 1981,

What did you find?

In 1980 the G&T members used 983,700,905 KWH and I have estimated |
the 1981 member loads to be 1,015,000,000 XWH based on !i months of
data, This is slightly lower than the G&T members' 1979 use of
1,025,277,319 KWH of electrical power. During these two years the
numper of accounts in all classes has ncreased by 9.3 percent.
This Indicates that each account is using an average of 9 percent
less power than two years ago.

To what do you attribute this reduction?

The G&T members have been stressing conservation which will account
for a portior of this load reduction. In addition to this the winter
of 1980-81 was milder than normal and the economy in general has been
slower with much of the timber industry shut down or on reduced
production scheduies.

Have you revised Your projections?

Yes, we have made a new Projection of the G&T's loads. This Projection
' storical load. To include a new large industrial
load being served by one of the members, the 1981 load was increased by
8 average megawatts (70,080 MWH). This load came on late inp 1981 and
had not reached full load f - Dxe to the current
economic situation, , ¥ an additional increase of
> average megawatts , e total increase 13 average
2 the load was pProjected
Because the loadsg were

sed a 7.5 percent rate thru 1984, 4.8 percent

rate from 1984 thry 1989, and then a 3.44 percent rate of growth from
1989 thru 1999,

What are your estimates of the loads in 1984, 1989 and 1999?

The revised load eéstimates are: 1,305,000 MWH in TJ84; 1,647,000 Myy

-in 1989; apgd 2,313,000 MwH in 1999,
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Yes, Exhibit (JAS-~4) has been prepared to show what I have just
describei@ The historical ernergy loads in average megawatts have '
been plotted on the left hand side and the projected loads on the right
hand side of the graph. The dashed line is the projection of loadewe
made in 1980 while preparing the Power Requirement Study for REA which
was discussed earlier. The solid line is the G&T load revised to the
end of 1982 and then projected as discussed above. I have also
included a 4 percent load growth curve to show the effects of a lower

rate of load growth.

What are the existing sources of power to meer the loads of the G&T
and what is their future availability?

The members currently have contracts to receive power for various
lengths of time. The largest supplier of power to the members is BPA.
Currently BPA supplies all power in excess of the members' other
resources. BPA is expected to remain the major supplier of wholesale
powar to the G&T members for some time and will continue to supply

the firm resources that they are supplying on July 1, 1983.

The Flathead Irrigation Project has a 400 KW hydroelectric project on
Big Creek and a contract with The Montana Power Company for 11,200 KW
from Kerr Project No. 5. This license has expired and is currently
being renewed annually., It is expected that the Flathead Irrigation
Project will continue to Treceive this power in the future.

Another source of contracted power for some of the members is the
Columbia Storage Power Exchange. The amount of power from this
contract decreases each year until the year 2003 when only 17 percent
of the curreant power will be available and the contract expires. The
CSPE power available to the members in 1980-81 is 10.5 rgawatts of
peak and 4.2 average megawatts of energy.

What other sources of power are expected to be available to the G&T
members in the future?

Contracted sources of power include the nuclear units under construction
by The Washington Public Power Supply System (WPPSS). All but one of
the members have contracted to purchase a share of the output from

Units 1, 2 and 3 under a net billing arrangement with BPA. Under this
net billing arrangement, the members have purchased a share of the
output from WPPSS Units 1, 2 and 3 and then assigned their share of

the output to Bpa, The net result of this arrangement 1is that BPA is
responsible for making the payment to WPPSS. Since the members assigned

will receive pPower when and if these units are completed. The member
systems' total share {g 1.798 percent which would be 33.6 average
megawatts of eénergy and 44,8 megawatts of capacity. At the time the
PRS was written the anticipated first power from Units 4 & 5 was to be
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Since the PRS was completed, the

; i mber 1987.

; gsi:ziisiiig :EpégPSS Units 4 & 5 has been curtailed and it is |

3 uncertain whether the projects w?ll be completed. Therefore, I have |

4 excluded the projects from the firm power resources expected to be |

5 available. ?

? The only other major source of power presently expec?ed to be ‘ ;

8 available to serve the G&T's loads is the Kootenai River Hydroelectric :

9 Project. The Project will have an installed capacity of 144 mega- L
10 watts (MW) and 49.2 MW of firm energy during the critical period. ;
11 v
12 Q. Have you considered conservation? :
%2 A. Yes, conservation is considered as a reduction in load growth and is i
15 being actively pursued by the G&T members. ?
16 P
17 Q. FEow is conservation being pursued by the G&T members? %i
18 P
19 A. They are attempting to reduce the amount of power used in their own ik
20 facilities and encouraging their customers to conserve. The members e
21 are currently signing up with BPA to pParticipate in the Regional L
22 Conservation Program. This program includes water heater wraps, gF
23 shower fIOW'restrictors, home insulation and more efficient outdoor g:
24 lighting units, g
25 .
26 Q. What is the relationship between the Bonneville Power Administration i
27 and the G&T members? ?,
28 ’
29 A. The members of the G&T currently have contracts with BPA and are i
30 receiving power from BPA. The existing contracts obligate BPA to j
31 supply the members with their load requirements in excess of their P
32 own resources. These existing contracts expire at various times in ?
33 the future between 1985 and 1993. Section 22 of the existing general ?
34 contract provision permits BPA to limit the amount of power that P
33 would be made available to the members if BPA should have insufficient § 
36 resources to serve all of its obligations. BPA determined that the ?
37 firm energy resources available after July 1, 1983 would be insufficient 3
38 to supply the firm energy requirements of their customers. Accordingly 5
39 on June 24, 1976 BPA notified the members that its obligation to supply
40 firm energy to them would pe limited to an allocation computed in g
Zé accordance with Section 22 of the contract. 3
43 In December 1980 Congress pPassed the Pacific Northwest Electric Power
44 Planning & Conservation Act which has changed the role of BPA. The L
45 Act requires that BPA offer new contracts to all power purchasers Lo
46 who request thenm and in September 1981, BPA offered new contracts
47 which must be accepted within one year. Although these contracts i
48 are requirement type contracts, they place certain obligations on | :
49 the purchasing partiesg to supply resources to serve their own load
50 8r0?th. Prior to the passage of the Act, BPA was prohibited from ‘
51 buying power to meet the long term needs of its customers. Now BPA

~10-
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can purchase the power it needs to meet these leng term loads by
buying the output of new generatlng‘plants which have been developed
by some other entity. To meet the 1ncFeas}ng‘needs for power, the
Act requires BPA to acquire resources in the following order:

1. Conservation '

2. Renewable resources including hydroelectric

3. Generating resources utilizing waste heat or generating
resources of high fuel conversion efficient

4. Other projects

BPA must purchase conservation by paying for conservation measures
until the cost of power conserved is 110 rercent of the cheapest
alternative source of power, such as a hydroelectric project.

You mentioned that the G&T members as purchasers would be obligated
to supply resources under the new BPA contract. Please elaborate.

Subsections 5(b), 7(£)(3), 8(e), 9(e) and 11(b) (4) of the proposed
BPA power sales contract place an obligation on the pPurchaser to
develop resources. Section 5 of the proposed contract contains two
parts. The first part is Bomneville's obligation to serve the firm
loads of the purchaser. The second part contains the provision that
"To the extent that the purchaser obligates Bonneville to serve all
or a portion of its load growth pursuant to this contract in lieu
of using Firm Resources to meet such load growth, the Purchaser and

‘ resources must be made available by or on P
behalf of the Purchaser to Bonneville if Bonneville is to have the g
ability to meet its obligations hereunder. The Purchaser therefore ‘
agrees that it will use its best efforts” either to serve its load
growth using Firm,Resources,or to make availabie for acquisition by
Bonneville, in accordance with conservation and resources Priorities
and other requirements of P.L. 96-501, resources equivalent to the
load growth of the Purchaser which is served hereunder."

insufficiency. The
to determine how much

planning insufficiency. Planning insufficiency occurs when Bonne-
ville is unable to dcquire sufficient firm resources to meet itsg
firm obligations, Subsection 7(£)(3) contains the provision that

"Intra-Class Excess Entitlements shall be allocated on the basis of §
an allocation factor,

e e e, g

source deficits, if any,

existing in the
Jear prior to enactment of P.L, 96-501,

squaring the resulting factor
crease the allocation of those Customers which
essful in developing resources and adjusting

the resulting factor SO that the sum of such factors for all Customers
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Section 8 of the proposed contract deals with new large single
loads. Subsection 8(e) allows the purchaser to serve a new large
single load, that is a load in excess of lO‘average megawatts,

with a resource of its own rather than ?uttlng that load upon BPA.q
The alternative is to purchase its requirements from BPA at the new
resource rate which is the cost of new resources on their system.
Currently this rate is several times the rate the members now pay.

Saction 9 of the proposed contract contains limitations on serving
new large single loads. Any new large single load of 35 average
megawatts (MW) or more does not have to be served by BPA until seven
years from the date of notice required in subsection (b) (2) by the
member to BPA. Subsection 9(e) states “The limitations . ., . shall
not apply if the Purchaser has developed adequate resources to meet
its load growth including the increase in load resulting from service
to a new facility of a Consumer or additional service to an existing
facility of a Consumer . The Purchaser shall be deemed to have
built adequate resources for Bonmneville to supply such increase in
load if the Purchaser has developed resources which were dedicated to
its load or sold to Bomneville equal to the sum of (1) reductions

in . . . resources between the '79-80 Operating Year and the date
specified in subsection (b) (2) above, and (2) growth in Actual Firm
Energy Load between (A) the '82-83 Operating Year and the date
specified in (b) (2) above for public bodies, cooperatives and Federal
agencies, . .".

Section 11 of the proposed contract contains Provisions relating to
a8 compensation program in the event of regional curtailment of firm
loads. This section of the contract provides for reimbursing the
purchasers who curtail in the event of 3 regional shortage. Sub-
section 11 (b)(2) states "Bonneville shall pay the Purchaser each

shall be the amount per kilowatt hour by which the Purchaser's

wholesale firm power rate the Purchaser would have paid Bonneville

for the increment of energy determined pursuant to paragraph (3)
below."

Subsection 11(b) (4) states "If regional curtailment has been requested
after July 1, 1983, because Bonneville is unable to acquire sufficient
resources to meet its firm obligations, Bonneville shall reduce the
amount of load curtailment determined in paragraph (3) above during
any month if the Purchaser's load growth after July 1, 1983, as

-]12~
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50 Q.

(A) the excess of the Purchaser's Actual Firm Energy Loa?
in average megawatts over the Purchaser's,Actual'Fir? Energy Load in
average megawatts for the same month during the '82-'83 Operating Year;
and (B) the annual firm energy capability in average megawatts
of (i) resources acquired by Bonneville from the Purchaser under
P.L. 96-501; and (ii) the portion of the Purchaser's Firm Resources
which are included as 5(b) (1) (B) resources in its Firm Resources
Exhibit. Such resources shall not include conservation programs to
the extent such programs have been reflected in the Purchaser's
Actual Firm Energy Load in subparagraph (A) above."

Thus, under the foregoing paragraphs, in addition to the basic
obligation in Section 5, the additional incentives available in the
proposed new BPA contract make the construction of the Kootenai

River Project quite attractive.

Under Section 7 the allocation provision is increased for those cust-
omers who are successful in developing new resources.

Sections 8 and 9 provide a method for meeting new large loads if
the purchaser develops new resources.

Section 11, in the event of a regional curtailment of firm loads,
provides for compensation and reduction of curtailment for those
utilities which have developed new resources.

How was the energy output of the proposed Kootenai River Hydroelectric
Project determined?

The output was determined using synthesized river discharges over the
40 year period, 1928 to 1968 taking into account that the Canadians
could build the Canal Flats Diversion commencing in 1984.

How did you determine the river discharge at Kootenai Falls?

The U.S. Army Corps of Engineer's Libby Dam controls the flow of the
Kootenai River above the Fisher River. The Corps of Engineers had
prepared a monthly discharge schedule for the 40 year period 1928-1968
assuining their regulation of the river by Lake Koocanusa. To this

flow I added the flow of the Fisher River and run off from the area
between Libby Dam and the Kootenai River Project. The result of this
calculation 1s Exhibit (JAS-5) and was shown in the FERC Application
on Table HA~6. It ghould be noted that this does not include the 1.5

million acre feet of water that can be diverted in Canada into the

Columbia River drainage each vear after 1984, 1If this flow were not

diverted, the flow of the Kootenai River would be increased by an
annual average of 2,070 cfs.

How was the firnm output of the Project determined?

-13~
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i - of the Project was determined using the 42 month
z§§t§2§§ ;:E?:g, Sept. 1, 1928 to Feb. 29, 1932, which is used in
the Northwest as the low flow period of recor?. The flows used were
those developed with the Canadian flow diversion taking place prior
to Project operation. The flows during the 42 month critical period
were used along with the generation versus gross head curves. The
sum of this output was then determined and the sum modified by a
correction factor of 93.7 percent. This correction factor is necessary
because the project has a different power generating capability'per
cubic foot of water using hourly flows instead of average monthly flows.
These calculations showed that the Project had a capability of 431,000
MWH on an annual basis during the critical period. This gave the Project
a capacity of 144 MW and an average firm energy capability of 49.2
MW. These figures were calculated with a minimum spill of 750 cfs over
the spillway and with the forebay at elevation 2000.

A.

P
OO 00~ OV £ W R

How was the average output of the_Project determined?

The monthly flows were developed above and combined into a duration
curve, This duration curve is Exhibit (JAS-6) and is FERC
Application Exhibit I-1. The generation versus gross head curves
were then used to determine the Project capability in the 40 year
reriod using monthly flows. These monthly flows were once again
modified by the 93.7 percent correction factor to account for hourly
flows as opposed to monthly flows. The average output over a 40 year
period with 1.5 million acre feet of Canadian diversion is 515,000
MWH per year for an average energy capability of 58.8 megawatts.

Would you describe how the power from this Project will be used
with the other resources available to the members?

Exhibit (JAS-4) shows existing resources on July 1, 1983 including
BPA purchase, which have been previously discussed and the estimated
date that the Project will have power available. The shaded areas
between the resourceg available and the 4 percent load growth curve
indicate a shortzge of power that BPA will supply if available. The
revised PRS load Projection indicates a larger shortage of power for
the G&T members to be supplied by BPA if available.

How will the power from the Project be transmitted to the various
members of the G&T?

What other options do the members have?

The power could be exchanged with BPA pursuant to a "Service & Exchange

) "
Agreement" that would provide transmission, reserves, load factoring,
and seasonal storage,
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] ut could also be exchanged with BPA under an arrange-
izstPiggiéiozggpinvolve a trade of power between the members and BPA.
An amount of power equal to the members residential loads as defined
in the Regional Power Act could be exchanged with BPA under the
residential exchange. BPA would pay for the power at a rate equal
to the average system cost of the member and deliver a similar amount

of power at BPA's wholesale rate.

The Project output could be used in the members' systems to serve
their customers' loads. Then BPA would grant the members a billing
credit that would be applied against their BPA bill. The amount of
the credit would be equal to the amount that BPA saved by not having
to acquire z similar quantity of electrical power.

The Project output could be sold to BPA. The members would continue
to purchase their power requirements from BPA and would have the
assurance that BPA would serve these requirements as I outlined
previcusly in my testimony.

Have you discussed these arrangements with BPA?

Yes, only in a preliminary way since the Project has not reached the
the stage required for negotiating of the necessary contracts.

How will the Project be operated?

The Project will operate under the Pacific Northwest Coordination
Agreement. It will be operated to maintain the maximum power production
possible with the flow in the Kootenai River less the spilling of at
least a minimum of 750 cfs over the Spillway. The flow in the river
depends on the water releases from Libby Dam plus the inflow between
Libby Dam and the Project.

How does Libby Dam usually operate?

Libby Dam usually operates within the following parameters. From

March 1, to July 31st - (reservoir refill season) releases are main-
tained to hold the Reservoir at or below specified flood control rule
curve levels, Discharge may be as small as 4,000 cfs, but is set to
obtain a full reservoir level on August lst. Following floods,
releases may exceed turbine discharge capacity for short periods. In
general, discharges do not vary greatly during a single day. Releases
are made through the turbipes as much as is feasible, although the
sluices may be used to supplement the turbines when necessary. From
August 1, to February 28th - (storage release season) releases are made
for the production of power to help meet the load in the Pacific North-
west. During part of this time releases are 10,000 cfs to 20,000 cfs
from 7AM to 7PM and at a usual minimum of 4,000 cfs from 7PM to 7AM
from Monday through Friday with the usual minimum flow all day on
Saturday and Sunday. During heavier load periods the releases may be
20,000 cfs to 24,000 cfg continuously or with variations from 16,000 cfs
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to 24,700 cfs during each weekday with releases usually varying on
the agove mentioned daily schedule. The releases during this period
must lower the reservoilr to the required flood control elevation en

March lst.

What will be the elevation of the Reservoir behind the Dam?

The Reservoir will be controlled as near as possible to elevation 2000
at the Dam. This elevation will increase upstream from the Dam, the
amount of increase depending upon the flow in the river. The flucti-
ation in levels at the upper end of the Reservoir will be the same as
it is presently for the same change in flow in the river and will
decrease through the Reservoir to no fluctuation at the Dam.

Will the public have access to the Project area?
Yes, the public will continue to have access to all Project areas
that are safe. The Applicant has an agreement with the Libby Lions Club

to improve, overate, and maintain the Lions Club Park area and facil-
ities for visitors to the Project area. The area between the railroad

and river downstream from the Dam will be maintained as near as possible
in its existing state.

Will the area on the north bank of the river be available for use by
the general public?

Yes, this area will be available for use by the general public if they
can obtain permission for access from the various property owners.

What Project areas will be controlled by fencing for safety reasons?
Access to the Dam on each side of the river and to the area immediately
downstream of the Spillway from the south bank of the river will be
controlled by fencing.

Will the Powerstation be available for tours by the general public?

Yes, the Project will have a tour schedule during the tourist season
and by special arrangements at other times during the year.

Does this complete your testimony?

Yes.
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(Your letterhead here)

Exhibit (JAS-2)
Project No. 2752

1979 MEMBERSHIP SURVEY

GENERAL INFORMATION ABOUT
When is this service used? 4.
a. summer only
b. winter only

c. Yyear around 5.

How many people in the house-
hold?

Within which age group is the head
of the household?
a. younger
than 30
31 to 45

c. 46 to 60
d. older

b. than 60

SERVICE Account No.

rent this residence?
rent

Do you own or
a. own b.

residence located?

c¢. suburban
home
rural home

Where is this

a. farm home

b. recreational/
part-time home d.

BUILDING INFORMATION

What is the approximate size of 8.
the house?

a. 1less than 1000 sq. ft.

b. 1000-1499 sq. ft.

c. 1500-1999 sq. ft.

d. 2000 sq. ft. or more

9.

What is the approximate age of
the house?
a. less than 5 yrs. d. 20-29 yrs.
b. 5-9 yrs. e. 30 yrs or
c. 10-19 yrs. older

f. don't know

APPLIANCE INFORMATION

Primary source of space Feating.

a. oil. e. solar

b. wood f. electric heat

¢. natural gas pump

d. buttled gas electric furance

or baseboards
other

13,

g.
h'

Other sources of space
a. oil e.
b. wood £f.
¢c. mnatural gas
d. bottled gas

heating.

solar

electric heat
pump

electric furance
or baseboards
other

g.
h.

3.

Is the house all electric?
ves b. no

How is water supplied to house?
a. public or private water company
b. pumped from own well or spring

What type of structure is the house?
a. one-story c. mobile home
b. two-story d. multiple family

Primary source of energy for hot water.
a. oil e. solar

b. wood f. electric

c. mnatural gas g. other

d. bottled gas

Other sources of energy

water. :
oil e.
wood f.
natural gas g.
bottled gas

for heating

-

solar
electric
other




Primary source of energy to cook with.
a. wood d. electricity

b. natural gas e. other
c. bottled gas

Other sources of energy to cook with.
a. wood d. electricity

b. natural gas e. other
e. bottled gas

1f youvhaﬁe a clothes washer, what
type?

a. mnone

b. wringer washer

c. automatic

d. combination washer-dryer

If you have a clothes dryer, what
type?

a. none c.

b. mnatural gas

electric

Do you have a freezer?
a. yes b. no

What type of air conditioning do you
have?

a., none

b. heat pump

c. central refrigeration unit

d. room units - how many

e. other

Do you plan to add air conditioning in 28.
the next 3 years?

a. yes b. no

CTHER USES OF POWER

Do you have other out-buiidings
connected to the same service as
the house?

a. yes b,

32.
DO

33.

How many electrically heated out-
buildings do you have?

How many electric stock water heaters
do you have?

Do you usually supplement your home
heating equipment with portable
electric heaters during the winter:

a. yes b. mno

How many television sets do you
have?

Do you have a microwave oven?
a. yes b. no

Do you have a dishwasher?
a. yes Db. mo

Do you plan to add or change space
heaters and if so what type will
the new heaters be?

a. no change f.

b. wood g.

c. oil

d. heat pump i.

e. electric furnace

or baseboards

solar
natural gas
h. bottled gas
other

Do you plan to add to or replace your
existing hot water tank in the next
3 years and if so what type will
the new heater be?

a. mno change

b. wood

c. oil

d. electric

solar
natural gas

. bottled gas
other

Do you plan to change the type of
energy used to cock with in the next
3 years and if so what will be the
type of energy used?

a. no change d. bottled gas

b. wood e. electric

c. mnatural gas f. other

How =y electric engine heaters do
you have?_

Do you have any irrigation pump
connected to the same service?
a. b. no

List other major equipment using
electricity not mentioned above that
are connected to the service.

hp BTU




CONSERVATION MEASURES

35. 1In the past 3 years which of the following
have you done?
a. installed attic ventilation
b. added or installed attic insulation
c. added or installed wall insulation
d. added or installed floor insulation
e. added or installed storm docrs & windows
f. added weather stripping or caulking
g. other conservation measures
h. no added conservation measures taken

In the next 3 years which of the following
conservation measures do you plan to undertake?
a. 1install attic ventilation

b. add or install attic insulation

c. add or inmstall wall insulation

d. add or install floor insulatigy

e. add or install storm doors & windows

f. add weather stripping or caulking

g. other conservation measures

h. no added conservation measures planned

37. Do you currently have storm doors?
a. yes b. no

38. Do you currently have storm windows or double
pane windows?

a. vyes b. no




Exhibit (JAS-3)
Project No. 2752

MONTANA 42 WESTERN

Estimated Annual XWH Consumptions of
" Residential Electrical Devices

User KWH/Yr.

Electric Heat

Northern Lights 13,710
Ravalli 19,7Q1
Vigilante 21,060
Missoula ( 18,970
Flathead 23,000
Glacier 22,000
Lincoln 23,000
FIP 19,120

T.V. 300
Freezer 1,200
Washer 90
Electric clothes dryer 990
Electric range 1,200
Dishwasher 370
Electiic water heater 4,800
Engine heater 500

Stock water heater 750
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Year
28-29
29-30

30-31

31-32
32-33
33-34
34-35
35-36
36~37
37-38
38-39
39-40
40-41
41-42
42-43
43-44
44-45
45-46
46-47
47-48
48-49
49-50
50-51
51-52
52-53
53-54
54-55
55-56
56-57
57-58
58-59
59-60
60-61
61-62
62-63
63~64
64~65
65-66
66-67
67-68

July
24826
3976
4260
4580
4120
9789
12239
6716
3756
4280
3240
5679
3260
7160
13061
17847
3778
4100
15010
15080
19132
7584
10452
15157
14246
20332
26916
19261
19953
6856
9424
12274
11403
11024
12587
16571
15726
18659
14530
16671

REGULATED FLOWS AT KOOTENAI FALLS WITH 1984 CANADIAN FLOW DIVERSION
AVERAGE MONTHLY PROJECTED FLOWS
IN CFS FOR 1928-68

Sept
4081
5668
3360
5167
3640
6555
6186
4476
3200
3242
3352
5169
3152
3224
6684
5277
4635
3212
6007
4962
5763
5404
4749
8805
6166
5016
8237
4849
165
5395
4827
11217
4524
7114
4617
5026
5387
6128
4900
5145

5242

Oct.
6282
6639
3821
8797
4223
8626
5115
6959
3216
3192
5915
5930
3240
3708
7260
5664
5743
4668
6023
11971
5650
5777
7716
11421
7053
5199
7264
7289
5922
5377
4130
9537
5068
5624
5440
6165
7145
6327
6069
5664

6171

Nov.
13223
18815
19118
10760

9374
14433
12288
16621
13268

7494
14755
15293
12918

4257
11899
14323
11964
10769
13302
14130
13536
10996
13092
16404
17181
13701
15469
15792
13711
14407
13813

8478
13706

14021
14431
12910
14510
14593
12611
14290

13416

Dec. Jan. Feb. Mar. Apr.
25156 6186 8274 3709 106359
23997 16093 3460 3580 5712
25205 12817 3391 3444 3804
12566 9673 9065 3900 5812
27082 19488 13173 6843 7608
21362 44072 21414 12688 15206
26000 9106 9520 5332 75351
26263 3134 8916 3642 14328
24847 15263 4166 3705 10117
18382 3556 6098 6305 12953
23413 3578 6690 3702 6530
21840 4016 3343 4213 9234
22992 5665 3840 3370 3630
18777 16658 13800 6163 5098
24279 21967 11567 5225 8218
24416 4261 7146 6507 7400
15902 9475 3789 6588 7198
17542 9155 3496 5832 9199
22340 17682 12772 8524 11014
29511 29713 19956 8090 12345
25062 4854 3487 3912 6982
26539 21092 13584 9196 10425
22387 39048 27009 9564 13599
27107 13583 11552 6000 11838
25083 3864 10515 5505 7150
25929 28607 20634 8905 9210
27058 14437 12165 6456 5220
21496 35600 21942 9465 17934
26145 5428 6029 5114 7478
21826 3836 3659 3952 7827
25041 27759 18186 8349 14053
28627 25160 13198 9247 15744
25434 26654 16724 8953 8673
25779 7081 8145 4118 9889
26560 11098 11941 5952 4930
25664 15513 12704 5698 6386
21132 23599 15915 7715 7520
26225 20415 14656 7643 7402
25634 28134 17655 8227 6793
25585 23106 5901 4616 11505
23905 16011 10987 6199 9097

May
5516
5440
6060
7860

13906
7917

14852
6620
6060

15344
5980
8764
4600

5800

6860
10765

4720
12452
15928
10572
14357
12662

8780
10733

7487
10084

7375

8000
19592
12491
11042

6220

8316

8781 .

5222
7046
6702
8016
8530
5730

9080

Ave.
9206
8580
8209
7522
10489
146€9
10550
9174
8031
7924
7461
7995
6612
8565
10875
9576
7110
7309
12000
14248
9975
11884
13980
12331
9756
13419
12196
14358
11169
8645
12368
12699
12243
9543
9621
10934
11379
12031
12533
10893

10469
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NORTHERN LIGHTS, INC, )

UNITED STATES OF AMERICA
FEDERAL ENERGY REGULATORY COMMISSION

PROJECT NO. 2752

DIRECT TESTIMONY OF ARTHUR E. ALLEN
ON BEHALF OF NCRTHERN LIGHTS

Please state your name and business address.

My name is Arthur E. Allen. My business address is
Harza Engineering Company, 150 South Wacker Drive,
Chicago, Illinois 60606,

What is your educational and experience background?

1 received a B.S. degree in Civil Engineering from
Carnegie Institute of Technology (now Carnegie Mellon
University) in 1938, followed by an M.S. Degree in
Civil Engineering in 1939 from the same university.

I have 37 years experience in hydraulic and hydro-
electric engineering since 1939, This consisted of ore
year with the U.S,. Army Corps of Engineers, Pittsburgh
District, 15 years with the Aluminum Company of America
and 21 years wi_h Harza Engineering Company.

My bresent position is Vice President, and Chief of
Senior Professional Staff of Harza Engineering Company.

who have long experience and who advise younger engi-
neers, review reports for completeness and accuracy,
specify planning and design criteria for projects, ang
handle difficult ang complex individual assignments.

My work with Harza has involved projects ranging from a
fgw megawatts to 10,000 megawatts. I have analyzed
river, spillway, and tunnel hydraulics, planned tunnels,
dams, Splllways, and powerstations, studied power and
energy production, participated in selection of tur-
ilnes, denerators, and control systems, and testified in
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One legal proceeding was for the
State of Illinois in the United States Supreme Court
origznal jurisdiction suit concerning withdrawal of

water from Lake Michigan,

legal proceedings.

I was Project Manager of the $epega Pumpedfstorage

Project (FERC No. 2280) from initial plann}ng through
construction, and continue to perfgrm services ﬁo; the
project owners. I have been a Reglsteged Professional
Engineer for 30 yvars and now am a Registered Profes-

sional Engineer in eight states.

What is your connection with the Kootenai River Hydro-
electric Project?

I have been the Project Manager for the work by Harza
Ingineering Company for the XKootenai River Hydroelectric
Project. My association started in 1978 and has con-
tinued to date. The work consisted of directing and
participating in studies of development of the Project,
which were used in preparing the License Application to
FERC. The work was performed in conjunction with James
A. SBewell & Associates. My work utilized specialists,
engineering and environmental, of Harza's organization.
My testimony describes the Project generally and relies
upon the testimony of Mr. Sewell and of witnesses from
Harza. The Harza witnesses on whom I rely and the
subjects of their testimony are as follows:

Earl E. Komie, Geology

Henry H. Chen, Economics

Svante E, Hjertberg, Construction Methods and Cost
B. K. Lee, River ang Reservoir Hydraulics

John R, Bizer, Aquatic Habitat and Water Quality
Robert E, Lindsay, Terrestrial Environment

Peter L, Ames, Birds

Rick K. Suttle, Visual andg Recreation

What was the Scope of the studies you directed or in

which you participated for the Kootenai River Hydro-
electric Project?

Th? studies began after the Preliminary Permit was

1ssued and could be divided lrto the following major
components:

X
Fole
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{1) Analyzing alternative hydroelectric plant sites to
arrive at the most favorable site.

(2) Analyzing ways of developing the most favorable
site to obtain the most favorable plan.

{3) Studying and refining the most favorable plan to
accomplish two purposes. The purposes were:

WO 3N U ) B et

g 10 (a) Develop details sufficient for the License
* 11 Application to FERC,

Subsequent to filing the License Application
14 to FERC, modifying and improving details as
15 desirability or need was shown during the
review procedure while the Environmental
Impact Statement was being prepared.

56

18
. 19 Q. What basic principles guided your studies of alternative
g 20 hydroelectric sites?
| The first principle was consideration of hydroelectric
23 sites within reasonable distance of the area served by
g 24 the eight utilities who plan to take the output of the
25 Project. These eight utilities are members of the
26 Western Montana Electric Generating and Transmission
27 LCooperative and are hereafter referred to as "GsT".
28 .
29 0. I show a map marked as Exhibit - (AEA-1), Was this
30 map prepared under your supervision?
31
32 A, Yes, it was. B
% 34 Q. What does Exhibit (AEA-1) show? o
) 35 ‘ i
3 - A, Exhibit  (AEA-1) shows the western part of Montana, [
37 the northern part of Idaho, and the northeastern part of ’
3e Washington, and the outline of the service areas of the
39 G&T. ;
| ?} S What use did you make of Exhibit (AEA-1)? :
‘ 62
| 43 A. The Gg&T contains service areas scattered over approxi- S
é, 3; mately 30,000 square miles, The extreme dimensions of Fas
46 Fhe area served are approximately 230 miles from east to L
west and 280 miles from north to south. There are large £
47 transmission and di

stribution distances within the r-ea,
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The preferred location for a new sgurge‘of.generation
is within the area and near transmlsglon }1pes that can
deliver power to the service areas with Tinimum line
loss 7 =nd transmission charges. Thus, the exhibit
shows roughly the limits o§ tpe area to.be'cons1de§ed
and the availability of existing transmission corri-
dors.

What alternative hydroelectric sites 4§id you select for
study on the basis of Exhibit (AEA-1)?

The first sites considered were within Montana. The
first consideration was of river systems and basins,
rather than individual sites. A basic factor that
appeared quickly was the difference between the seasonal
pattern of flows on many streams and the annual load
pattern of the G&T. Montana streams naturally have
comparatively low flow in autumn and winter, with very
high flow during snow melt season in the spring and with
the high flow continuing, but gradually reducing, into
the summer,

The G&T's peak loads occur in winter. There is an
irrigation pumping load in the summer, but there are
large heating loads in winter, One service area has a
summer peak, but overall summer loads are less than
winter loads. Thus, the natural flow distribution of
streams in the area is not suited to the loads of the

Withig Montana there are not many suitable locations .
One site, as an illustration, that was available but not
Suitable is on the’ Missouri River at Toston, Montana,

. At that site an irrigation drop could pProvide about 10

MW. Seasonal flow regulation benefit at Toston is rela-
tively minor, and power production is mostly during
irrigation season. The same would be true at other
Sltes along the Missouri and Yellowstone Rivers.

Nothing of reasonable size or with seasonal production
Suitability would have been available, so further de-
tailed checks of the Missouri and Yellowstone Rivers
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: iver basin has few, if any, significant power
g?ieilitaiizgle, and even Fhese have the same
undesirable flow distribution. The Yaak River has a few
sites, but requires a large storage reservoir for '
seasonal flow regulation. A large storage reservoir
would be objectionable environmentally because it would
flood a large portion of the Yaak Valley.

The Flathead and Kootenai Rivers have seasonal flow
regulation provided by large storage reservoirs that
redistribute the flow of water so it is more closely
related to power needs. The Flathead regulation is
provided by Hungry Horse and Kerr Reservoirs; thg
Kootenai regulation is pr--vided by Libby Reservoir.

There are a number of siti along the Flathead River
between Kerr Reservoir (Flathead Lake) and the junction
of the Flathead and Clark Fork Rivers. The sites were
being investigated by the Corps of Engineers when this
Project was being planned. I understand that the Corps
has not yet feound any of the sites sufficiently attrac-
tive for construction. If the sites were developed,
they would be part of the Bonneville power pool and only
a small portion of the power output would be available
to the G&T. The Middle Fork, North Fork, and remaining
undeveloped portion of the South Fork of the Flathead
River are designated either as wild and scenic or as
recreational rivers, so that they are unavailable for
power development. The Glacier View site, once proposed
for Federal development, is unavailable because of itsg
effect on National Park land. Elsewhere, the Flathead
does not have suitable or available sites or involves
expensive highway and railroad relocation. For example,
the Paradise site involves major relocations.

Major sites on the Clark Fork River already are deve-
loped. Sites remairing nave undesirable characteristics
or involve expensive highway and railroad relocations.
Sites in Montana other than on the Kootenai River were

rejected without further investigation because of the
various factors involved.

On the Kootenai River there are several alternative
Sites available,

Before discgssigg the Kootenai River, did you consider
hydroelectrlc siltes outside of Montana?
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e are several rivers in Idaho that were con-
A zisére§h§§?e2§y. The Salmon, North Fork Clgarwater,
South Fork (Clearwater, Selyay, and Lochsa Rlvers have
power sites. The Salmon River and parts of tpe North
Fork Clearwater, Selway, an@ Lechsa are unavalla§1$
because of Federal designation as "ylld and scenic" or
"recreational" rivers. The other rivers are in the
Clearwater or Bitterroot National Forests. Sites on
these rivers have been considered for Federal develop-
10 ment, but have not been developed for various reasons.
11 Some of the sites are in designated or proposed "wilder-
12 ness areas" and are not available, Tpe environmental
13 controls on any sites that may be available could be
14 expected to be extremely strict.

OO (b U

The St. Joe and St. Maries Rivers may have power sites,
but there are highways and railroads whose relocation
18 would be expensive. Their seasonal flow distribution
also is not suited to the G&T's loads.

56

S5

21 The sites in Idaho, other than on the Kootenai River,
22 also are somewhat distant from the G&T loads. The
country generally is very rugged, which would make
transmission lines expensive, apart from the routing

N

25 restrictions imposed because of "wilderness areas",
26 "wild and scenic rivers", and "recreational rivers".
27 There are BPA and Washington Water Power transmission
28 lines that might be utilized to the extent that unused
29 transmission capacity is available, but transmission
30 routings would be complex and toll charges wopuld be
31 relatively high,
32
yg 33 Sites in Idaho other than on the Kootenai River were not
; 34 investigated in detail, but from the general assessment
35 none appear suitable or justifiable to the Gg&T.

Q. Returning to the Kootenai River, what facts were deve-

38 loped in your investigation of availability of hydro-
39 electric sites?

P
48

41 A, The Kootenai River is very attractive for hydroelectric
42 development because of large flow of water. The

Kootenai River is the third largest tributary of the
44 Columbia. Tabie 1 shows basic information on drainage

ocations along the Kootenaij
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The table also shows the names of gaging

1 Canada.
2 stations and their distance upstream from where the
3
4 Table 1
2 KOOTENAI RIVER BASIN HYDROLOGIC DATA
7
8 Drainage
9 Area Mean Water Annual Period
: Square River Surface Discharge of
10 Location Miles Mile Elevation cfs Record
11 ' '
12 Port Hill, ID 13,700 105.6 1,745 16,040 1928-1978
%3 Copeland, ID 13,400  124.2 1,745 15,640 1930-1978
18 Bonners Ferry, 13,000 152.8 1,748 15,2501/  1927-1978
15 ID
16
17 Leonia, ID 11,740 171.6 1,804 14,020 1928-1978
18 ,
19 Libby, MT 10,240 204.3 2,045 12,190 1911-1978
20 Libby Reregulating
21 Dria site 9,960 211 2,075 11,7701/
22 e
; Libby Dam
;2 Tailwater 8,985  221.0 2,110 11,0703/
25 Canad;anfbogdé;T 7,660 2.1 2,3152/ 10,5204/  1930-1972
near exror
26 !
gg j/ Computed by difference of drainage areas; not published by usas.
2/  Approximate natural elevation The river usually i ‘ 3 i
= xinm = : . Y 1s submerged by Libb
§€ Reservoir, which operates between elevations 2287 and 2459.g Y d
§1 3/ ééészz ngﬁguring 1871-1976. Mean computed from 12,190 ‘
2 ) £2) &)
gi 4/ Gage now abandoned.
35 the Kootenai Rj \ .
36 water ;urgal River enters Canada. The approximate mean
> Surtace elevation at each station also is shown.
gg ggsée 2( which is derived from Table 1, slhiows the
e r available in sections of the Kootenai River under
0 Eg;ginzoféqw conditions and after Canada exercises its
42 Flats‘ ° Clvert 1,500,000 ac?e~feet per vear at Canal ‘
i Caneatar e upstream from Libby Reservoir. The -
L 39 N 1VeE 1 1 3 !  _' ) ' . B .
44 2,070 cfs, and by tiog duivalent to a mean diversion of -
45 available'iqn Y treaty could start in 1984, Power o
46 discharge, | Proportional to the product of head and e
P
5
-7 P

, e y B e ST




Table 2

1
§ KOOTENAI RIVER - POTENTIAL POWER
4
2 Present After
= Stream ['low Diversion
8 Distance Mean Mean
9 Between Approx. Mean Power Mean Power
10 Loca- Fall or Dis- Out- Dis- Out-
11 Location tions, Head, charge, put, charge, put,
12 | Miles Feet cfs kw _cfs kw

Port

16 Hill, ID 16,040 13,970
ﬁ 17 47.2 3 (15,645) 3,400 (13.575) 3,000
= 18
19 Bonners .
20 Ferry, ID 15,250 13,180
g 21 18.8 56 (14,635) 60,000 (12,565) 51,000
22
: 23 Leonia, |
}é 24 ID 14,020 11,95¢
‘ 25 32,7 241 (13,105) 230,000 (11,035)193,000
) 26
@ 27 Libby, MT 12,190 10,120
. P2 16.7 65 (11,630) 55,000 (9,560) 45,000
29
30 Libby Dam
31 Tailwater,
32 MT 11,070 9,000
. 33 - 50 205 (10,795) 160,000 (8,725)130,000
i 34 : v
g 35 Canadian
_ 36 Border f
8 37 Near §
N i 33 Rexforg, "
5 M 10,520 8,450
41 Notes %
42 ;
43 Discharges in parentheses are numerical averages of flow at

Sté?lons immedlately upstream and downstream, and represent a
bagic flow to be used for energy evaluation.

ES

46

é% 47 The power between Libby Dam Tailwater and the Canadian border
48 near Rexfor&,,MT, already is developed and is shown only to
49 indicate relative magnitude,
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How is the foregoing information related to the studies
of the Kootenai Hydroelectric Project?

The foregoing information.shows tha? the most favorable
powar development is within a few miles along the
Kootenai River, primarily ?gtween'Bonners.Feryy and
Libby. An item not shown in thg 1nforma§1pn 1s the
beneficial flow regulation provided by Libby Dam and
Reservoir. Releases from Libby Reservoir are made on a
coordinated basis under the Pacific Northwest Coordina-
tion Agreement for power production, consistent with
other requirements. Power and‘floqd control purposes
are served by retaining water in Libby Reservoir in the
spring and summer periods of high rungff and releasing
the retained water in the normally drier fall and
winter. The largest releases are in winter, when the
G&T's loads are maximum. Thus, a powerplant on the
Kootenai River will produce power seasonally more nearly
in proportion to the G&T's loads than will a plant on a
river not having such regulation. Even if the genera-
tion is not completely proportional to the loads, the
generation will be part of a controlled optimum pattern
of generation in Bonneville territory. A plant outside
Bonneville territory would not have the benefit of the
water storage reservoirs in the Bonneville system.

There is one significant factor tending to favor a power
plant near Libby Dam over a plant farther downstream.
The 10,120 cfs mean annual discharge at the Libby Gage
after Canadian diversion begins will be almost entirely
regulated by Libby Reservoir. Going farther downstream
along the Kootenai River, the unregulated component of
river discharge increases. Table 2 shows that, at
Bonners Ferry, approximately 3,060 cfs of the mean
annual 13,180 cfs, or 23 percent, is timed by natural
hydrologic factors rather than by power requirements.
Thus, a plant nearer Libby is more suitable for the

GgT's power needs than a plant farther downstream from
Libby, other factors being equal.

With the foregoing information as background, a number
of potential Powerplant sites were located on the
Kootenai River by map study and analyzed.

I show you a map marked as Exhibit __ (AEA-2). Was the
exhibit prepared under your supervision?

Yes,
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What is shown by Exhibit (AEA~-2)7?

Exhibit | (AEA-2), shows.the Kootenai Riyer in Idaho
and Montana, with the locations of several important
items that are involved in the study of alternatlve’
hydroelectric plants on the Kootenai River. The majoy
points shown on the exhibit are as follows:

1. Locations of Libby Dam and the USGS gages at
Libby, Leonia, Bonners Ferry, Copeland, and
Port Hill.

2. The towns of Libby, Troy, and Bonners Ferry.

3. The Albeni Falls-Libby transmission line.
Note that Albeni Falls, which is on the Pend
Oreille River, is off the map a short distance
to the southwest,

4, Five alternative hydroelectric sites investi~-
gated by Harza. All of the sites are2 reason-
ably close to the transmission line, and would
require relatively short new lines to connect
to the present line.

sites are shown in Table 3. Using the basic data of
Table 3, a number of alternative dam heights were ana-
lyzed briefly at each site. Table 3 summarizes studies
made at various times between 1978 and the present., 1In
the License Application to FERC a relatively large

alternative sitegs, Some subalternatives with less head
t@an those listed in Table 4 were analyzed in the
License Application but were found to be very imprac-~
tical; these are not listed in Table 4.
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Table 3

KOOTENAI RIVER - ALTERNATIVE POWER SITES

Mean Annual

Location Discharge - CFS
Site River River Estimated Estimated
Name Mile Elevation Total Usable
) 2/
Katka 165.2 1781 11,960 11,300
Rocky Creek 173.4 1817 11,950 11,2907/
Ruby Creek 181.1 1842 10, 7€0 10,1002/
O'Brien Creek 187.1 1877 10,300 9,73@3/
Kootenai River | |
Foot of Rapids 192 18941/ 10,120 9,350 3/
Head of Falls 193 1970

1/ Water elevation at approximately 2,750 cfs.

2/ 5.5 percent of total flow assumed to be lost by
spilling

3/ 750 cfs is specified as discharge through the river
when inflow to the site is less than turbine dis-
charge capacity plus 750 cfs. An additional 20 cfs
average allowance is allowed for spilling.

After the FERC Application was filed, the Montana
Department of Natural Resources and Conservation stated
that their procedures required more detailed investi-
gation of the alternative sites, not only for structures
and costs, but also for environmental impact. Accord-
ingly, a cooperative program was adopted between the
Applicant and MDNRC whereby the Applicant made a
reconnaissance-grade study of the alternative sites in
more detail than was done for the FERC Applicatinn and
MDNRC made a similar study of the environmental effects.
The combined reports from the study then would be suit-
able for MDNRC pur:uses. Table 4 summarizes some «f the
results of the Agplicant-~-MDNRC study. Some of the
energy production figures are revised slightly from
previous studies based on subsequent study refinements,
but their general magnitudes are the same.
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Site
Name

Katka

Rocky
Creek

Ruby
Creek

O'Brien
Creek

Kootenai

River

Table 4

KOOTENAI RIVER - POWER AND ENERGY
CAPARILITY AT ALTERNATIVE SITES

Plant Cgpac%f{
tive Plant Mean Plant Mean with 2.
Algig?:ct Dam Max. Net Annual Output Unztg
Reservoir  Height Head Head Power Energy  Running,
Elevation Feet Feet Feet MW __GWh MW
1817 36 36 30 24.6 216 50
1862 81 81 75 6l.6 540 138
1842 25 25 19 15.6 136 29
1857 40 40 34 27.9 244 59
1868 51 51 45 36.9 323 80
1869 27 27 21 15.4 135 33
1877 35 35 2 21.3 186 48
1897 20 20 14 9.9 86 20
1520 20 97 78 52.17 457 125
2000 30 107 88 58.8% 5151/ 144
2005 35 . 112 93 62.16 544 151

Y/ If average turbine discharge at the Kootenai River site could

e ipcreased by 759 cfs, mean annual energy output at reservoir
elevation 2000 would be approximately 556 GWH.

o Rescribe the general apprcach you used in studying the

al*:rnative sites.

A, The Applicant's studies of the alternative sites con-

sisted of the following:

1

1. Studies of plant location and layout using Usgs

gapographic'maps at a scale of 1 inch equals 2,000
eet,

2. Studies of geologic paviications, as described by
Witness Xemie.
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. Visits to the sites by two engineers and.? geo-
’ logis: involved in the studies, as described by
Witness Komie,

Development of conceptual plant layouts and cost
estimates based on study components 1 to 3 above.

The layouts and estimates considered the following fac-
tors:

WO 00O (e BI
1t
-

11 A, Foundation conditions for dams, power-
12 stations,and spillways.

Cofferdam and diversion problems, and con-
15 struction sequences related to temporary di-
16 version of the river.

Railroad relocation details. The railroacd is

19 the transcontinental main lire of the Burling-
20 ~on Northern, for which there are strict stan-
21 vards of grade and curvature.

Eighway relocation details.

The proximity of major faults, such as the
Leonia Fault, and other faults, such as the

27 Savage Lake-O'Brien Creek Fault.
28 i
29 F. The proximity of the town of Troy to the re-~ A
gg servoirs of some of the alternative sites. £ 3
32 G. Turbine discharge capacity. As Witness Sewell ha
33 explains, and as is discussed iater in my §J;
34 testimony, the Kootenai River Project is [
35 designed with turbine discharge capacity of i
q 36 approximately 24,000 cfs. At the alternative .
;i 37 . sites it was considered reasonable to add the o
38 Mmean runoff between the Kootenai River site P
39 and the alternative sites to 24,000 cfs to P
40 obtain turbine discharge capacity at the al- A
4] ternative sit). The vesultant turoine dis- :
42 - charge capacities were 26,000 cfs at Katka and -
43 Rocky Creek, and 2% Q00 c¢fs at Ruby Creek and o
3; O'Brien Creek. :
43 H, The rise in tailwater leve} between small

7 discharge ang large discharges. At Kootenai
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River, the tailwater rise is much larger than

i % at any of the alternative sites bgt the rise
? : is a major factor at all of the sites.
- é I. The general type of plant layout and its
&' 6 ~ effect on head loss in water conduits.
' =]
) 8 The studies resulted in maps, layout drawings, and cost
! 9 esti;ates. However, the site visit showed that the Ruby
) 10 Creek and O'Brien Creek sites had foundation diff@cgl—‘
11 ties so serious that construction would be prohibitively
12 expensive under present conditions. Therefore, the Ruby
g? 13 Creek and O'Brien Creek sites were not studied further.
14 The reconnaissance studies were completed for Katka and
15 Rocky Creek. The Kootenai River Site, being the most
16 favorable, was investigated in more detail than the
17 other sites.,
4 18 p -
@ 19 Q. I show you a map marked as Exhibit __ (AEA-3). Was it
i 20 prepared under your supervision?
21
22 A. Yes.
23
24 Q. Please describe what it shows.
25
26 A. Exhibit (AEA-3) is a reduced-scale copy of the
27 USGS quadrangle maps of the portion of the Kootenai
23 River in which there are feasible alternative power
g 29 sites. The map shows the focllowing information:
j 30 is’:
° 31 1. The location of Katka, Rocky Creek, Ruby Creek, and E
32 O'Brien Creek sites. Ruby Creek and O'Brien Creek P
33 are shown primarily for comparison with the data in o
34 the License Application, even though they were |
35 found to be undesirable,
36
37 2. The‘reservoir outlines are shown for the subalter-
38 natives of Katka and Rocky Creek. The subalterna-
33 tives are designated by the site name and reservoir :
40 elevathn. For example, a plant at Katka with N
41 reservoir elevation 1817 is designated as "Katka
42 1817",
43
ég 3. The extents of railroad relocations for which cost
43 was estxmate@ in a very preliminary way in the |
:g %1cen§e Appllca?ion are shown by the words ;
Application Railroad Relocation," -
5
3
-14~ i
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4 The railroad relocations developed in the recon-
" naissance study are shown by the designations
"Alternative I, II, or III Railroad Relocation."

The combinations of alternative.siFes thgt p;ovided the
closest approach to the Kootenali River sgite in power
output, energy output, and cost gt November 1981 price
level were found to be as shown in Table 5,

O 00~ O (k> G N

Table 5

ALTERNATIVE SITES - COST COMPARISON

Rated Annual

16 Generating Energy Construction
17 | Capacity Production Cost
18 Project MW CWH $ Million
20 Alternative I - Single~-Dam Project
21 Katka 1862 138 540 $375
22
23 Alterpative II ~ Two-Dam Project
24 "~ Katka 1817 50 216 $275
25 Rocky Creek
26 1868 80 323 192
27 30 539 $467
28
. 29 Alternative III - Kootenai River 1990 with a Downstream Plant
ﬁ} 30 Kootenai e
31 River 1990 125 457 $218 -
i

s i
W
o ()

| ég :2 and develops the lowest head that are practicable for
N 4 the site. A lower dam at Rocky Creek would have head
too small for operation during large flows.

Rocky
Creek 1857 59 244 164 8
gg I87 701 $382
37 Alternative III combines Kootenai River 1990 with a f
38 downstrgam.plant to recover the loss of capacity and b
39 energy in lowering the Kootenai River reservoir from the t
:g Proposed Elevation 2000 to Elevation 1990. The total -
e energy so obtained exceeds availability from Kootenai o
_ River 2000 because Rocky Creek 1857 has the lowest dam :

e ';i;i;;'ﬂ"fg* E 1
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28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

B B f Wb
JaGR

V 4, the difference between plant maximum head
;nggiigtyéean net head is much more at the Kootenai
River site than at the Alternative sites. Why is the

difference more at Kootenai River?

The large difference betweerni maximum head and mean net
head at Kootenai River reflects two major factors. The
first factor is the much larger rise in tailwater level
as discharge increases, which alreaqy has beeg men-—
tioned. The second factor is the difference in basic
layouts of the plants. At Katka and Rocky Creek the
powerstation would be in the river, so that the water .
conduits are short, and head loss is small. At Kootenai
River, as will be explained later, the powerstation
cannot be located in the river and it is necessary to
divert water from the river for generation. The site
topography is such that development of the maximum fea-
sible head required diversion and return points nearly
one mile apart. The relatively long water conduits
involve larger head loss than would be experienced at
Katka cor Rocky Creek.

In Table 3 you estimate a larger utilization of the
total river discharge for producing energy at the alter-
native sites than at Kootenai River. Why is this?

Powerstations at the alternative sites could utilize all
water in the _iver up to turbine discharge capacity to
Produce energy. At intervals large discharge from Libby
or large iocal run-off would produce river flows
exceeding turbine discharge capacity. Such excess dis-
charges were not analyzed in detail, but loss of 5.5
percent of the flow, or utilization of 94.5 percent of
the flow appears reasonable. At Kootenai River the
Appliqant decided that a minimum flow of 750 cfs should
be;malntained in the river between diversion ang return
Points at all times, Witness Chen discusses the
determination of the amount in his testime v,

The losg of the 750 cfg reduced annual generation of
Kogtenal RlVEF 1990 from 484,300,000 kilowatt hours to
457,000,000 kilowatt hours. There is similar loss of

energy for higher reservoir elevations at the Kootenai
River site,

REtgrning to Exhibit (ABA-3), continue your expla~
nation of what is shown — '
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3 j > 1t of land coverage
eservoir outlines show the extent
ghetie reservoirs of the alternative sites. The map
sgaié is small, but several facts can be seen.

For Katka 1817, the reservoir is in a narrow canyon and
inundates a comparatively narrow margin of land along
each zhore. However, the reservoir would inundate the

railroad.

The Katka 1862 reservoir is considerably longer than.the
Katka 1817 reservcir. As far upstream as the Yaak River
the Katka 1862 reservoir also is in narrow canyon, but
upstream of the Yaak River the reservoir would cover
some flat lands along the river shore. The Katka 1862
reservoir would extend nearly to Troy under low-‘low
conditions and the backwater effect probably would
extend farther upstream during large river discharges.

The Rocky Creek 1857 reservoir does not appear very
clearly on the middle drawing on the exhibit because of
the steep hillsides and similarity to Katka 1862, but
the upstream end shows on the lower drawing.

The Rocky Creek 1868 reservoir covers somewhat more
flat-land area than does the Katka 1862 reservoir and
Rocky Creek 1868 extends farther upstream, to a point
upstream of Troy. During large discharges the backwater
effect of Rocky Creek 1868 would be more critical with

respect to Troy than the backwater effect of Katka
1862,

The other important fact shown by the exhibit is the
change in concept of railroad relocation from the side-
hill relocations considered in the License Application.
In general, the geologic structure of the canyon sides
is unsuitable for a side-hill railrcad relocation. The
rock.dip and jointing would require very large and ex-~
pensive rock cuts. In some locations there is indica-
tion of historic hiliside slides, so that it seems de-~
sirable to disturb hillsides as little as possible with
ra%lrcad relocation, 1In severai locations long and high
bridges would have been required to cross streams.

The net result to avoid these difficulties is that rail-
roa@ relocations would involve long tunnels. For Alter~
hatives I and I1I (the single-dam and two-dam alterna-
tives) there would be a railroad turnel with its west

-17-~
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portal approximately 2,000 feet downstrzam from Katka

l y ) . " !
1 extending 50,200 feet (nearly 10 miles) to
§ gigszgztaggrtal at a point appgoximapely 2,000 feet
4 upstream from Rocky Creek damsite. The tunnel would be
5 the longest main-line railroad tunnel in the United
6 States. From the east pgrtalf upstream,.the topography
7 is more suitable for a side-hill relocation.
g The Rocky Creek 1857 and 1868 subalternatives also wc:1d
. 10 require a railroad tunnel, as shown for Alternative III
11 on the exhibit. It would be shorter and on steeper
12 grade than the tunnel for Alternatives I and I1.
13 However, it would be a major structure approximately
14 15,000 feet long.

16 The railroad relocaticn was a major cost factor at all

17 sites except Kootenal River. At the alternative sites

18 railroad relocation cost was approximately one-third of
19 the total.

21 0. Tables 3, 4, and 5 and Exhibit {AEA-3) show alterna-

22 tive plants only at the Kootenal River Site and at

23 points downstream. Why are there no sites upstream?

24

25 A, Sites upstream from the Kootenai River Site were not

26 considered, for the following reasons:

27

28 (1) The Corps of Engineers had already preempted the
5 29 site of the Rerequlating Dam, which develops all
ﬁ; 30 head between that site and Libby Dam. In fact,
- 31 construction began while studies of the Kootenai

32 River Project were underway. Construction since

33 has ceased pursuant to an order of a Federal Dis-
34 trict Court. Although construction has not

35 resumed, use of the site by any entity other than a
36 Federal Government agency appears to have very poor
37 prospects,

38

39 (2) Any site between the Kootenai River site and Libby
40 would run the risk of flooding parts of the town of
41 Libby. Furthermore, the head available hetween the
42 Kootenai River Site and the Libby USGS Gage, as

43 shown by Table 1, is not more than 45 feet. The

44 mein anrual energy available thus is only approxi-
Zg mately 290,000,000 KWh, which is much less than

would be produced at Kootenai River. In addition,
we congidered that the environmental impacts and

<18~
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relocation problems of development upstream from
the Kootenai River site would be unacceptable.

ari 1 btained from
14 vou summarize the conclusxgns (o) .
Szﬁdyigg the alternative power sites along the Kootenai

River?

Tables 3, 4, and 5 and Exhibit | (AEA-3) show several
important facts relative to the alternative sites.

These facts are:

1. At sites other than Kootenai River, the dam height
is not less than the head available. At the
proposed Kootenai River site the dam height is a
small part of the head. In general, both cost and
environmental impact of the Dam and Reservoir can
be expected to be less at Kootenai River,

2. Katka is the only site at which power and energy
could be developed in quantities comparable to the
capability of the Kootenai River site.

3. The Kootenai River site floods less length of river
and has less potential effect on inhabited areas
than any alternative plan supplying approximately
the same power and energy.

4, The Kootenai River site costs less to develop per
unit of power than any alternative site. The
logical procedure was to concentrate studies at the
Rootenai River site.

Will you describe the general pattern of studies of the
Kootenai River gite?

tudies of the Kootenai River site began using USGS
quadrangle maps at scale 1 inch to 2,000 feet and ex~
pandgd in detail as site investigations were conducted.
Tbe %nvestigations were directed partly as original
flndlggs of information and partly to answer specific
quegtlons as planning advanced. Project layouts, cost
estlmateg, and environmental appraisals were developed
as planning proceeded. I will describe the plans in
general; other witnesses will describe optimization,

2025?§UCti°n Planning, cost estimates, and environmental
etails,
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on what basis did the studies of the Koctenai River site
begin?

i eagan by selecting a site for the dam. At
g?ie:tsgéiz : giveryhas compar§tiyely steep slope for a
short distance, as the Koe?enal River has gt the
Project site, two alternatives can.be considered., One
alternative is to build a comparatively small dam at the
upstream end of the steep section of river and connect
the resultant reservoir to the lower water level down-
stream by waterways, with a powerstation located at some
intermediate point or at the downstream end to develop
the power and energy. The waterways might be canals,
tunnels, steel penstocks, or a combination. The other
alternative is to build a comparatively high dam at the
downstream end of the steep section and locate the
powerstation next to the dam or within the dam, which
shortens the length of waterways and reduces head loss
to a minimum,

At the Kootenai River site geologic and environmental
conditions at the downstream end of the steep section
made a dam impractical. At the left abutment, there are
several difficulties. These are a zone of sheared rock,;
U.S. Highway 2, and the Burlington Northern Railroad.
The right abutment was not investigated in detail but it
has questionabie foundation conditions. The various
problems were indicated without detailed evaluation to
be such that the second alternative of a high dam would
be impractical, so that the first, or low dam and long
waterway, alternative was adopted.

Topographic maps and visits to the site showed quickly
that the most favorable conditions for a dam would be
just upstream from the upper end of the steeply~-sloping
section of the river. The site of the dam has been
selected, although there is possibility that more
detailed geotechnical investigations following issuance

of a license will cause the site of the dam to be moved
a few feet.

The layouy of the Kootenai River Hydroelectric Project
in the FERC Application was developed by a series of

successive steps, each involving additional information
and analysis,
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uts relied on the Kootenai Falls 7.$~min-
52: gzgézaig{:umap published by the USGS and a brief
site reconnaissance. Later layouts were based on topo-
graphic maps which were.dgveleped from surveys at ?he
site. Later layouts utilized the results of a limited

program of site investigation.

Describe the first layout that was developed for the
Kootenai River site,

The first layout was developed primarily to presept to
FERC a concept for study under a Preliminary Eerm*t.
The layout is dis-:ussed best with the aid of drawings.

I show you two drawings, one marked as Exhibit ___ (AEA-
4) the other marked as Exhibit (AEA-5). Were they
prepared under your supervision?

Yes,
Describe what they show.

Exhibit (AEA-4) shows the general plan of the Pro-
ject that was in the Application to FERC for the Preli-
minary Permit,

Exhibit . (AEA-5) shows the profile through the
waterways and powerstation and the plan of the intake,
penstocks; powerstation, and tail tunnel outlet in the
same layout. For discussion, the Preliminary Permit
layout is called "Layout 1",

Layout 1 had the following major characteristics:

Reservoir El. - 1990

Tailwater El. - 1900, approximately, as stated on
Exhibit __ {AEA-5)

Gross Head developed - 90 ft, (approx.)

Power installation - 140 MW

The tailwater elevation was obtained from preliminary
assessment before any surveys were made. Later studies
showed that the tailwater level would be higher,

The distinguishing features of Layout 1 were as
follows: -
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1 A pit~type powerstation about halfway between
) the reservoir and tailwater, as shown on

Exhibit (AEA-S) .,

2. A long, open canal between the reservoir and
powerstation, as shown on Exhibit (AEA-

4).

3. The tail tunnel essentially paralleling the
river from the powerstation to the tail tunnel
outlet, as shown on Exhibit ____ (AzA-4), The
outlet would have been a few hundred feet
upstream from the presant outlet location.

All project structures except part of the
primary transmission line would have been
between the railroad and the river. Th- loca-
tion of the primary transmission line was left
for later selection.

Layout 1 and subsequent layouts were evaluated on a
preliminary, gualitative basis for strong, or favorable,
peints and objections. Successive layouts were
developed with tlie aim of accentuating streng points and
overcoming objections,; until the proposed Project wes
developed.

*

Lavout 1 strong peints were as follows:

1. A low dam

2. A small reservoir

3. The powerstation mostly below ¢g.-oound level
Layout 1 objections were as rfollows:

1. Open-cgt excavation for powerstaticn znd canal
was adjacent to the railroad. Support during
construction would have been very difficult andg
expensive, Tie canal walls would have veen massive
and expensive concrete structures, The spillway
from the canal would have been a large structure
and would have produced occasional unpredictable
incresses in river discharge between the dam andé
tail tunnel outlet.
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; imary transmission line probably would have
Eﬁepgggmthzough the Libby Lions.Club park, although
it might have paralleled the railroad upstream.
The switching equipment would have been on the top
of the powerstation and would have occupied an area
of 20,000 to 30,000 square feet. It would have
included egquipment 15 feet to 20 feet high.

3. Construction access to the tunnels would have been
difficult. If the access were near the powersta-
tion, either a hoisting system and truck loading
area or long, open-cut ramps would have been re-

quired.

4, Parts of the tail tunnel would have been under
shallow roci cover and might have reguired cut-and
-~cover construction. If so, ths environmental
impact would have been major and support of the cut
on the railroad side would have been difficult and
expensive,

5. The site for the canal actually was shown by sub=-
sequent site visits to be not suitable topographi-
cally or geologically for canal construction.

8., The permanent access road to the powerstation would
have been between the Lions Club park and the
river,
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The objections outweighed the strong points, so addi-

31 tional layouts were studied as improvements of Layout 1.
32 Two possible layouts, which are designated as Layouts 2a

-
(99 ]
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and 2B, were considered as being more suitable to the

gg site and therefore a better basis for future studies. § j
' ;5 36 Q. I show you two exhibits marked as Exhibit (AEA~6) ;f
| 37 and Exhibit __ (AEA-7). Were these exhibits prepared ta
zg under your supervision? o
2 :
40 A, Yes.
41
ig Q.  What do these exhibits show?
44 A.  Exhibit (AE2-6) sh : - ibi
| \ - - ows Layout 2A and Exhibit
45 (AEA-7) Shows Layout 2% . —
i
t
A
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ts 2A and 2B were studied concurrently as a basis
Eggo;uiaing future work. Both utilized a dam in the

1
g same location and with the same forebay elevation as in
4
5

Layout 1. The canal between regervoir and-powerstation
was shortened for both engineering and environmental

7 reasons. In Layouts 2A and 2B the powerstation was in
7 the same location and would have been built in a pit to
. minimize above-ground structures.

Two tail tunnels were proposed instead of one to reduce
11 possibilities of cut-and-cover gonstruction. Two small

]

tunnels might have had sufficient rock cover to permi%:
13 normal underground construction methods. For one large
14 tunnel, the rock cover would have been insufficient for
15 normal underground construction and cut-and-cover con-
16 struction would have been certain. Comparison of the

17 two layouts, 2A and 2B, is as follows:

Layout 2A = Shortest tail tunnel, smallest head,
reduced power capabiliity.

21
22 Layout 2B - Longest tail tunnel, approximately same
g 23 head and power as Layout 1,
24
| 25 Layouts 2A and 2B had the following strong points:
| 26 ‘
g 27 1. The powerstation was mostly below ground, although
28 switching equipment would have been above ground,
25 as in Layout 1.
30
31 2. The site disturbance because of the canal was |
g: gg reduced greatly frrm Layout 1. .
‘ gg Layout 2A and 2B had the following objections: ”
§ gg 1. A study showed that a spillway from the canal to b
¢ 38 the river would have been necessary. :
39 2, The canal and access road continued to be between ﬁ
32 the park and the river. : .
: ﬁ% 3.  The bowerstation would have been very close to the i
 § 42 rlver and railroad, and would have been very
R i difficult to construct. Sides of the excavation
| 46 would have required extensive support and rater
’,g' entrance could have been a problem,
y
~24- -
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4. Tunnel access remained difficult, requiring either
ramps or hoists near the powerstation. Hoists
probably would have peen used. Hoists would
require deep excavation, and a large area would
have been used. Ramps would require deep
excavation, and a large area would have been
affected by side slopes along the ramps. Either
way, there would have been major‘lmpact on the
Lions Club park during construction.

5. Switching equipment on top of the powerstation and
the primary transmission line would have continued
to be prominent.

Layout 2A had the following additional strong point:

1. The tail tunnel outlet was farther away from the
railroad than it had been in Layout 1, fThis
simplified side sSupport required during cons-
truction wherever cut-and-cover construction would
have been required.

Layocut 2A had the following additional objections:

1. High cost per kilowatt.

2. The layout pProbably would not have met the FERC
requirement of maximum utilizeion of the water
resources of the site for the production of power
in the public interest,

Layout 2B had the following additional strong point:

1. More complete development of power resources than
provided by Layout 2a.

Layout 2B also had the following additional objection:

1. The closeness of tail tunnel outlet to the railroad
breésented construction difficulties, although the

location. The cofferdam shown in Layout 2B could
not have been built. The Problems with
Powerstation construction, canal construction, ang
tunnel access near the Lions Club park led to a
totally reviged concept for Layout 3.

-25-
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Q.

A,
Q.

A,

I show you an exhibit marked as Egh%bit (AEA-87.
Was it prepared under your supervision? '

Yes.,
Will you explain it?

Exhibit (AEA-8) is a plan drawing of Layout 3.

In Layout 3 the powerstation would have been in the
river adjacent to the left bank of the river. Water
would flow directly from the reservoir into the turbine
spiral cases. Two tail tunnels would have connected the
powerstation with the tailwater. The tail tunnel out-
lets wore moved upstream from Layout 2B to provide room
at the tail tunnel outlets for a truck exit ramp during
construciton.

The railroad would have been relocated landward and
raised in elevation at the powerstation and for the
necessary distances upstream and downstream to reconnect
with the existing grage.

Layout 3 had the following strong points:

1. There would be no project structures between
the Lions Club park and the river.

2. The only parts of the pProject visible above
thg surface would have been the dam, powerstation,
switching equipment, and access road.

3. The tunnels would have been in socunder rock
. and excavated with less difficulty than in the
Preceding laycut.

Layout 3 had the following objections:

1. The dam would have been shortened, which would
have required higher gates to pass floods.
Gates of the size needed would have been diffi-
cult and expensive to obtain.

2. The pcwerstation would have stood out of the
wgter and would have been conspicuous when
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The long tail tunnels created a difgicult
surge problem whigh would have required a

major water spilling structurg not shown on .

the layout near the powerstation. The spilling
structure would have risen to above the highest
anticipated water level in the river adjacent to
the spilling structure. The height is needed to
prevent pruject head from being destroyed by inflow
intc the tail tunnel from below the dam during

large floods.

4, The construction ramp at the tail tunnel outlets
would have been provided a major adverse impact
on the area. 1In addition, it is possible that
loaded rock trucks would have had to cross the
railroad to get to Highway 2. It developed that
the powerstation would not be large enough to
receive the full 24,000 cfs discharge at the de-
sired trashrack velociti, of 3 ft per second.
Either velocities would have nhad to be much
higher or the powerstation would have had to be
enlarged.

The shortcomings in Layout 3 led to relocation of struc-
tures and modification of components to prcduce Layout
4.

I show you two drawings marked as Exhibit (AEA-9)
and Exhibit (AEA-10). Were they prepared under
your supervision?

Yes,
Explain what they show.

Exhibit (AEA-9) shows a léyout numbered 4A and
Exhibit (AEA-10) shows a layout numbered 4B. The

prinﬁipal difference between Layouts 4A and 4B is in the
intake,

Layout 4 endeavored to remedy two of the deficiencies of
Layout 3. One was an effort to provide an intake system
that would reduce the velocity through the trashracks to
the desired 3 ft per second. The other was to provide a
feasible surge tank system in the tail tunnels.

-27-
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Layout 4 involved a powerstation on the left shore of
the river with the long axis of the station being para-
llel to the river, instead of across the river as in all
previous layouts. The powerstation would have contained
four generating units. Downstream from the powerstation
there would have been two surge galleries, one for each
tail tunnel. The surge galleries would have been buried
structures and would not have spilled water into the

river.

In Layout 4A water would have flowed directly from the
river into the powerstation. In Layout 4B there would
have been two intakes in the reservoir, each intake
serving half of the powerstation. Each intake in Layout
4B would have been a circular plate set on radial piers.
The water would enter under the plate, between the ra-
dial piers, and then be turned downward intoc a verical
shaft. The vertical shaft would lead to a horizontal
tunnel which would connect to the spiral cases of two
tuirbines.

Incidentally, Laycut 4B was the first in which reservoir
level was raised from Elevation 1990 to Elevation 2000,
as is shown by Exhibit (AEA-10),

Layouts 4A and 4B shared the following strong points:

1. The full length of the dam was restored, with
corresponding improvement in the feasibility
of the spillway gates.

2, Water velocity at the trashracks would have
been 3 ft per second at 24,000 cfs,

3. The powerstation would have been in a pit
below ground level,. Switching equipment would
have continued to be above ground level.

Layouts 4A and 4B also shared the following okbjections:

1. Surge structure excavation would have extended
to the surface, which during construction
would have created major disturbance in the
Lions Club park. Years would have been requireqd
to restore the landscape after construction.
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Powerstation construction would have required
either very expensive support or flat slopszs
extending over a large part of the avea on the
left bank of the river at the Falls, Access
ramps from the powerstation for removing
excavated material from powerstation and tunnel
would have been long and would have required
extensive cuts intoc the hillside.

Layout 4A had the following objection:

1,

Intake excavation in the riverbed would have to
have been over 100 ft. deep. The construction
impact would have been very objectionable, and
maintaining such a deep hole free of sediment after
construction for satisfactory plant operation would
have been very difficult.

Layout 4B had the following strong points:

1.

The intakes were of a design that minimizes vortex
formation. Vortices are undesirable because th. y
can suck air or floating objects. including fiua,
into the turbines.

Layout 4B also had the following objection:

1.

The depth of excavation for the intakes was greatly
reduced from 4A, but still required a very long and
wide area, extending all the way across the river.
It would be necessary to provide access to the
intakes for maintenance, so that there would have
been a bridge most of the way across the river,

The objections to Layouts 4A and 4B led to Layout 5,

I show you a drawing of Layout 5 marked as Exhibit
(AEA-1l). Was it Prepared under your supervision?

Yes,

Will you explain what it shows?

Exhibit (AEA-11) shows that Layout 5 followed the
ba§1cipr1nc1ples of Layout 4, with some changes. The
Principal changes were as follows:

R iy b A,
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The powerstation was located landward of the
railroad.

The intake excavation was simplified, but the
water ccnduits connecting the forebay with the
units passed under the railroad.

An excavation adit, or construction tunnel,
was provided for access from the tail tunnels.

It was planned to accept the difficult control
conditions that would have been caused by
eliminating the tail tunnel surge tanks.

The tail tunnel outlet detail was changed so
that the tunnels could ke excavated behind a
bulkhead. The bulkhead would be in a vertical
concrete shaft that would be installed before
tunnel excavation reached the location.
Material between the bulkhead and the river
would be excavated by equipment working from
the top of the bulkhead structure. The con-
cept of guarry-type excavation, with no cofferdam
and minimal rock fall into the river, was
developed as part of Layout 5.

Layout 5 had the following strong points:

1.

2.

The difficult access to the tail tunnels and
the adverse environmental effects of the
access would be eliminated.

The intake service bridge across the forebay
would be eliminated.

Layout 5 had the following objections:

1.

Analysis showed. that excavating the intake
tunnels under the railroad between the reser-
voir and the powerstation would be practically
impossible because of the small construction
area available, which would made extensive
construction support necessary.

Site investigations showed that the powersta-

tion excavation would have been a very large
open pit which would be backfilled after the
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powerstation was completed: The open pit wguld
extend a long way up the hill towards the Lions
Club park and even if landscaped would alter
the forest character of the area for many
years, Supports to reduce the extent of open
pit excavation would have been major in scope

and very expensive.

3. Later studies showed that surge conditions in
the tail tunnels could not be overcome without

a surge tank.

The studies and conclusions from Layouts 1, 2A, 2B, 3,
4A, 4B, and 5 led to the conclusion that further major
changes were necessary. The associated studies led to
Layout 6, which is the one for which the Applicant
applied for License, Layout 6 was developed to avoid
environmental objections associated with all prior
layouts and to provide hydraulic surge conditions in the
Project waterways that would be practicable and
acceptable from the viewpoint of controlling the units.
The proposed Project for which the Applicant seeks a
license is shown by a group of 9 exhibits.

I show you a copy of Exhibit (AEA-12). Was it pre-
pared under your supervision?

Yes,
Explain what it shows.

Exhibit (AEA~12) is a revised Sheet 1 of Exhibit L
in the License Application. It shows the plan of the
Project. The revision is in the Access Tunnel and its
approaches which connect the Powerstation with U.S,
Highway 2. The plan represients the knowledge obtained
from studies of prior layouts and from core borings and

geologic reconnaissance at the site. The major features
of the Project ave:

1. The Dam,
2, The Reservoir, which is created by the Dam.
3. The Intake.

4, The Head Tunnel.
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The Powerstation and associated underground gal-
leries.

5.

6. The Tail Tunnel.

The Dam is shown on Exhibit __ (AEA-12), occupying the
same location as in prior layouts. The Dam provides a

Spillway that extends across the full width of the

river,

The Reservoir is approximately 18,000 feet long.

The depth of the Reservoir at the Dam is approxi-

mately 30 feet. At the deepest point, which is adjacent
to the Intake, the depth is 45 feet. At the upstream

end of the Reservoir, mean water depths are approxi-

mately as shown in Table 6.

Table 6

KOOTENAI RIVER HYDROELECTRT® PROJECT
WATER DEPTH AT UPSTREAM END UF RESERVOIR

River Discharge Mean Water Depth

st btk o s s,

cfs feet
2,000 4
10,000 7.5
25,000 3.5
50,000 15

At various locatioas across the river at the bed of
the Reservoir, depths vary from the numbers in

Table 6 because of irregularities in the reservoir
bottom and the cross-sectional shape of the river
chaﬁpel,kbut Table 6 helps illustrate the relative
magnitude of the Reservoir. The Reservoir is small,
particularly when considered relative to the size

of t@e river. The area and volume of the Reservoir
provide a basis for describing its size. Table 7
presents the data.
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TABLE 7

KOOTENAI RIVER HYDROELECTRIC PROJECT
RESERVOIR AREA AND VOLUMES

Water Reservoir Reservoir
Surface Area Volume
Elevation Acres Acre-Feet
1960 0 0
1970 23 85
1980 100 615
1990 168 1920
2000 ‘232 3840

If the above volume of 3,840 acre~feet is compared to
volume of Libby Reservoir, which is 5,809,000 acre~feet,
the relative scale is apparent. Libby Reservoir is
approximately 1,500 times as large as the Project Reser-
voir. The Reservoir of the Kootenai River Project
exists primarily to create head and to provide satisfac-
tory hydraulic conditions at the Project Intake. A
secondary function is to provide pondage for controlling
discharge when the load on the plant or the flow of
water received into the Reservoir changes suddenly.

The areas shown in Table 7 are for a level water surface
and the volumes shown are from the riverbed up to a
level water surface. 1In actuality, the water surface at
the upstream end will be curved because of backwater
effects as the Reservoir water surface merges with the
natural profile of the water surface.

Describe the Dam and its relationship to Project opera-
tion.

The Dam is best described with the aid of a drawing.

I show you a drawing marked, Exhibit (AEA-13),
Was it prepared under your supervision?
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Yes.

What does it show?

Exhibit (AEA-13) is Sheet 3 °§ ?xhibit L in the
Application for License. The exhibit shows the plan, .
elevation, and cross secticq of the Dam gor the Koopenal
River Project. The design is based on site reconnais-
sance and a core boring near the left abutment.

The Dam basically is a concrete weir, with 12-foot high

xap-type gates mounted on the top. Each gate is
planned to be 127.5 feet long, so that the length of
gated structure across the river is 765 feet. The gates
are to be operated by hydraulic cylinders, actuated by
oil pressure. The gates operate around a horizontal
shaft at their bottom, so that they are lowered to
increase the flow of water and raised to reduce the flow
of water.

The proposal is that all gates normally will be lowered
by the same amount and sufficiently so that 750 cfs will
be discharged over the Dam with the Reservoir at E1l.
2000. The amount by which the gate is lowered depends
upon the detail of the shape of the top &f the gate, but
is expected to be approximately 0.44 feet. When larger
discharges are to be released, the present plan is to
lower all gates by an equal amount.

The plant control will be developed so that the
Reservoir level is held as closely as pwossible to E1.
2000. Head is eXtremely valuable at the Project and
every effort will be made to develop control equipment
that will conserve heagd and water for power and energy
production to the maximum degree possible.

The sensitivity ang accuracy of the control equipment
will be develcped during detailed design following issu-
ance of the License. 1In general, however, the
coordinated oaperation of both the Libby bam ang Kootena*

River‘ggoject as part of the Northwest Power Pool will
be utiiized to the utmost.

cgrta@p rates du;ing certain hours and after a period of
transit time, which will be developed accurately from
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‘ i the water will arrive at the Kootenai River
gigigéinﬁiéervoir. At river flows 9f appr0§i@ately
25,100 cfs or less the water flow will pe divided to
provide 750 cfs to the Dam and the remainder to the
Powerstation. At larger river flows, the Powerstation
will operate at full turbine discharge capability, with
the remaining water going over the Spillway. The
remaining water always will exceed 750 cfs at river
flows above 25;100 cfs. If river flow is dacreased
below approximately 2,750 cfs, it is probable that the
Project will not be able to generate power and all of
the river flow will be discharged over the spillway.

A generalized graph illustrates the concept of the rela-
tive daily operation of Libby and Kootenai River Power-

stations.

I show you a chart marked as Exhibit (AEA-14)., Was
it prepared under your supervision?

Yes,
Please explain what it shows.

Exhibit (AEA-14) is a hypothetical illustration of
operation of Libby and Kcotenai River Powerstations
during a week-day in which the average release from
Libby is approximately 16,000 cfs. The release from
Libby Dam is divided into the following components:

Off-peak 8,000 cfs for 8 hours, ¢ PM previous
day to 5 aM
Increasing
Discharge 8,000 cfs to 24,000 cfs in 4 hours,
5 AM to 9 PM
On-peak ) 24,000 cfs for 8 hours, 9 AM to 5 PM
Reducing
Discharge 24,000 cfs to 8,000 cfs in 4 hours, 5
PM to S PM

It is assumed that 3.5 hours is required for a discharge
chagge at Libby Pam to be received at the Kootenai Kiver
Project Reservoir, Thus, at the Kootenai River Project
river flows into the Reservoir would be as follows:
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12:30 AM to 8:30 aM

8,000 cfs
Increase 8,000 cfs |

to 24,000 cfs 8:30 AM to 12:30 PM
24,000 cfs 12:30 PM to 8:30 PM

Reduction 24,000 cfs |
eto 8,000 cés 8:30 PM to 12:30 aMm

The above river flows would be divided at the Kootenai
River Project as follows:

Specified
Discharge Turbine
Time Cver Dam Discharge
cts cfs
12:30 AM - 8:30 AM 750 7,250
8:30 AM - 12:30 PM 750 Increase 7,250
to 23,250
12:30 PM - 38:30 PM 750 23,250
8:30 PM - 12:30 aM 750 Reduce 23,250
to 7,250

River channel storage between Libby Dam and the Kootenai
River Project Reservoir would affect the time of arrival
of flow, the rate of flow increase, and the rate of flow
reduction at the Project Reservoir, so that the increase
and reduction in river flow would be slightly less rapig
than at Libby. However, to illustrate the relative
operation the effects of channel storage can be ignored.
If the effects were considered, the sharp changes in
flow rate at the Project at 8:30 AM, 12:30 PM, 8:30 BM

and 12:30 AM would be more gradual than shown by the
exhibit,

In any event, the Project operating procedure and
5eénsing equipment would operate to hold the Reservoir as
close to El. 2000 as pPossible all through the change in
river f}ow. With modern equipment, the fluctuation in
Reservoir level will not exceed a few tenths of a foot.
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Q.

Describe the Intake briefly.

i Exhibit (AEA-12), the Intake is
Sﬁ:gggén%otgause minimum disturbance and intrusion into
the Kootenai River. The Intake will handle discharges |
ranging approximately from 2,000 cfs to 24,350 cfs. The
velocity of water entering the Intake is 3 feet per '
second when the basic design dlschargg of 24,009 cfs is
flowing through the turbines. When dlscharge_dlffers
from 24,000 cfs, the wvelocity differs proportionally, so
that at 2,000 cfs water velocity is 0.25 feet per second
and at 24,350 e¢fs velocity is 3.045 feet per second.

How did you arrive at the basic discharge of 24,000
cfs?

Basically there were two reasons for selecting 24,000
cfs. One reason was that 24,000 cfs was proposed to be
the maximum turbine discharge from the Libby Re-
regulating Dam. The second reason was that the duration
curve of expected outflow from Libby Dam showed
infrequent discharges larger than 24,000 cfs and little
energy to be obtained by utilizing such larger
discharges. Incidentally, as stated previously the
alternative sites were based upon similar turbine
discharge capacities, the actual amounts being 24,000
cfs plus approximately the mean annual discharge from
the drainage area intermediate between the Kootenai
River site. Further analysis shows that occasionally
turbine discharge at the Project will be as large as
22,35@ cfs, which is 1.5 percent larger than 24,000
cfs.

gg?tinue'with your explanation of Exhibit __ _ (AEA-

The Intake leads by a vertical shaft to the Head Tunnel
which as shown on Exhibit (AEA-12) is a tunnel 49.5
feet wide and high having a horseshoe-shaped cross-

iection. The Head Tunnel is approximately 3,100 feet
ong.

As the Head Tunnel approaches the Powerstation, it
dlyldes lnto.flve penstocks, one for each generating
unit. The five penstocks continue from the Head Tunnel

to the Valve Gallery, which is part of the
Powerstation,
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] nt difference between the final layout and
22ri?ggr§:youts is the underground Powerstation, which
is shown in the left half of Exhibit (AEA-12).

The underground Powerstation consists of three major
caverns, several connecting water tunnels, an access
tunnel from the surface, and a combination of a tunnel
and vertical shaft that serves the two purposes of emer=—
gency exit from the Powerstation and.thg route for elec-
trical bus leading to the BPA Transmission Line. The
Primary Transmission Line will be undergrogndf except
for switches connecting the Primary Transmission Line to
the Libby-Albeni Falls transmission line.

The Powerstation is located under deep rock cover. Deep
rock cover is advantageous for stability of the roof
over the caverns, during construction and afterward.

The contours on the map show the ground surface. Over-
burden above the Powerstation is comparatively shallow,
so that the contours of the ground surface are only a
few feet above top of rock. The ground surface eleva-
tions over the Powerstation range from 2,400 to 2,650.
All of the Powerstation is to be below El. 2000, so that
rock cover over the Powerstation will range from 400
feet to 650 feet.

The Powerstation caverns are shoun as oriented in a
southwest-to-northeast direction. The orientation is
subject to adjustment based on subsequent underground
investigations, but is based on site geologic reconnais-
sance and present knowledge of site details. The recon-
naissance indicates that the orientation shown will
provide the maximum roof stability and wall stability in
the caverns.

The three caverns serve the following purposes:

1. The upstream cavern is the Valve Gallery, which
receives the five penstocks that divide from the
Head Tunnel and houses the penstock valves, there
being one penstock and one valve for each unit,
The valve is used to prevent flow of water to a
turbine when the turbine is not scheduled to pro-
duce power, during an emergency in which the tur-
bine wicket gates would fail to operate, or during
an outage for maintenance. The penstocks continue
from the Valve Gallery to the main Powerstation,
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where each of the penstocks enters the spiral case
of one of the turbines.

The second cavern will contain the turbines, gene-
rators, transformers, auxl;iary equipment, sztgh—
gear, and an area for storing parts and assembling
components of the station, After water flows
through a turbine it enters the Draft Tube Tunnel
for the turbine, and flows to the third Power-
station cavern, which is Gate Gallery and Surge

Chamber.

3. The third cavern serves two purposes. The first
purpose is to contain vertical steel gquides and a
crane for placing a gate on any of the water
tunnels leading from the turbines, to permit a
turbine to be taken out of service and drained when
necessary for maintenance and inspection. The
second purpose is to provide a surge gallery for
the tunnel system on the downstream side of the
turbines.

From the Gate Gallery and Surge Chamber the Draft Tube
Tunnels continue until they unite into the single Tail
Tunnel that returns the water to the Kootenai River.

The Tail Tunnel is approximately 1,000 feet long and has
the same cross-section shape and dimensions as the Head
Tunnel. Water flowing through the Project from Intake
to Tail Tunnel Outlet travels underground for ap-
proximately 5,100 feet.

Wwhat is the gross head developed by the Project?

The gross head developed is the difference between the
Reservoir elevation, which is 2000, and the tailwater
elevation. Witness Chen explains the decision to have
the Reservoir water level at El. 2000, Tailwater
elevation is a function of the total discharge flowing

‘in the XKootenai River, and is shown by the Tailwater

Rating Curve. The Project gross head, therefore,
dep§nds upon the Reservoir elevation, the tailwater
rating curve, and the relative discharges through the
Powerstation and over the Dam.

1 show you a graph sheet marked as Exhibit _ (AEA~

15) and headed "Tailwater Rating Curve". Was it pre-
pared under your supervision?
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Yes.

Please explain it.

Exhibit (AEA-15) shows water level in the Kootenai
River at the Tail Tunnel Outlet for various discharges
of the Kootenai River. The quantity of water shown is
the sum of discharge through the turbines of the
Kootenai River Project plus discharge over the Dam to
flow down the river between the Dam and Tail Tunnel

Outlet.

Now, explain the relationship between Project gross
head, the tailwater rating curve, and the distribution
of discharge between turbines and spillway that you

mentioned.

Table 8 shovs the relationship of Project gross head to
total discharge in the Kootenai River, the discharge in
the portion of the river between the Dam and the Tail
Tunnel Outlet, and the tailwater rating curve. The
table shows selected illustrative total discharges in
the Kootenal River between the lower limit of 2,000 cfs
and an illustrative upper limit of 30,000 cfs and the
tailwater elevation for each discharge selected. The
table also shows the gross head of the Project on the
basis of the water surface elevation of the Project
reserveir being 2000,

Table 8 shows that Project gross head for a particular
turbine discharge decreases as the specified discharge
in the Kootenai River between the Dam and Tail Tunnel
Outlet,increases. Thus, Project energy output is
reduced from the amount theoretically available at the
site nct only by the quantity of water going over the
Dam and additionally to a small degree by the head
reduction for a given discharge through the turbines.
Witness Chen discusses the energy losses. The Project

tailwater elevation and gross head depend upon three
factors:

s e e iR 5

1. The total amc :: of water flowing in the river,
which is to say, the release from Libby Dam as
lncreased or reduced by valley storage change
@etween Libby Dam and the Project Reservoir and ag
tnereased by inflow from the intervening drainage
area between Libby Dam and the Project Reservoir,
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The elevation of the Project Reservoir.

3 The amount of water discharged through the Kootengi
River between the Dam and Tail Tunnel Outlet., Thls
water will be discharged over the Dam by the Spill-

way Gates.

The Project plan assumes that discharge released from
Libby Dam ordinarily will bg between 4,000 cfs.qnd
24,000 cfs, in accordance with the Corps o@ Englneey‘s
plan of operation. However, part of the time the'dle
charge can be as small as 2,000 cfs and at times it will
exceed 24,000 cfs. In general, all releacses between
2,000 cfs and 24,000 cfs are expected to be through the
Libby Dam turbines. The Corps is in the process of '
adding additional turbines tc¢ ILibby Dam, but to maintain
the same basic flow regime downstream they planned to
build the Reregulating Dam. Thus, the Kootenai River
Project was planned on the basis of turbina discharge
capacity of 24,000 cfs, which would accommodate Libby
turbine discharge or Rerequlating Dam discharge plus
inflow from the intervening drainage area.

Following that decision, it was necessary to arrive at
the flow that would be released over the Dam to keep
water flowing between the Dam and Tail Tunnel Outlet and
prevent that part of the river from being dewatered.
After analysis, the Applicant selected 750 cfs as the
continual, or specified, flow between the Dam and Tail
Tunnel Outlet,

In the five columns to the right of Table 8 there are
shown the turbine discharges through the Project for
five different specified discharges in the river between
the Dam and Tail Tunnel Outlet. The five such dis-
charges are 500 cfs, 625 cfs, 750 cfs, 87 cfs, and
1,000 efs, such discharge would be maintained continu-
ously, except when the Project would be unable to use
water to generate power. When the Project could not
generate power, discharge over the Dam would exceed the
specified amount. Table 8 is prepared on the basis that

minimum turbine discharge through the Project will
be 2,000 cfs.
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Table 8
RELATIONSEIP OF PROJECT GROSS HEAD TO TURBINE AND SPILLWAY DISCHARGES

Kootenal River Project Operating Conditions
Reservoir Elevation 2000

River Project Specified Discharge in River, cis
Total Gross 200 bo> 430 B> 1,000

T ilwafer Head
ni:ggarge, Biévation Feet' PTOjectﬁrurbine Discharge - cfs
2,000 1892.¢6 107.4 0 0 0 0 ¢
2,500 1893.0 107.0 2,000 0 0 0 0
2,625 1893.1 106.9 2,125 2,000 0 0 0
2,750 1893.2 106.8 2,250 2,125 2,000 0 0
2,875 1893.3 106.7 2;375 2,250 2,125 2,000 0

3,000 1893.4 106.6 2,500 2,375 2,250 2,125 2,000
3,500 1893.8 106,2 3,000 2,875 2,750 2,375 2,500
4,000 1894.2 105.8 3,500 3,325 3,250 3,125 3,000
5.000 1895.2 104.8 4,500 4,375 4,250 4,125 4,000
6,000 1896.2 103.8 5,500 5,375 5,250 5,125 5,000
10,000 1899.6 160.4 9,500 9,335 9,230 9,625 9,000
15,000 1903.9 96.1 14,500 14,375 14,250 14,125 14,000
20,000 1907.9 92.1 19,500 19,375 19,250 19,125 19,000
24,000 1910.6 89.4 23,500 23,375 23,250 23,125 23,000
24,850 1911.20 88.80 24,350 24,225 24,100 23,975 23,850
24,975 1911.29 88.71 24,355 24,350 24,225 24,100 23,975
25,100 1911.33 88.67 24,350 24,350 24,350 24,225 24,100
25,225 1911.43 88.57 24,335 24,335 24,335 24,335 24,225
25,350 1911.56 88.50 24,327 24,327 24,327 24,327 24,327
28,000 1913.0 87.0 24,100 24,100 24,100 24,100 - 24,100
30,000 1914.5 85.5 23,890 23,890 23,890 23,890 23,890

On the basis of the conditions underlying Table 8, the
Project would not be able to generate power when total
discharge in the Kootenai River would be 2,000 cfs.

All of the water would be discharged over the Dam. If
SOO'cfs were the specified discharge over the Dam, the
Project could start to generate when total discharge in
tpe Kootenai River would be 2,500 cfs. If the specified
d}scharge over the Dam were more than 500 cfs, the total
dlscharge§ in the Kootenai River at which the Project
could begin to generate would be as shown in Table 9.

The Project turbine discharge increases as total
discharge in the Kootenai River increases, but the
amcunt t@ap “'an be utilized in the turbines decreases as
the specifiegd discharge over the Dam increases. At
10,120 cfs, the mean discharge passing Libby USGS gage
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Table 9

after Canada begins diverting 1,500,000 acre-feet
annually, the Project's ability to discharge water
through the turbines would be as shown in Table 10.

MINIMUM RIVER DISCHARGES
FOR POWER GENERATION

Specified
Yischarge

Over Dam

cfs

500
625
750
875
1,000

Table 10

for Project Generation

Minimum Total
Discharge in the
Kootenal River

cfs

2,500
2,625
2,750
2,875
3,000

AVERAGE WATER AVAILABLE

FOR GENERATION

Specified
Discharge

Over Dam

cfs

500
625
750
875
1,000
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Project
Turbine
Discharge
Ability
cfs

9,620
9,495
9,370
9,245
9,120
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Table 11

TOTAL RIVER DISCHARGE
ABOVE WHICH SPECIFIED
DISCHARGE OVER DAM
WOULD BE EXCEEDED

Specified Total Discharge
Discharge in Kootenai
Over Dam River

cfs cfs

500 24,850

625 24,975

750 25,100

875 25,225
1,000 25,350

At the upper end of the discharae scale, with Project
turbine discharge capacity being 24,350 cfs, the total
discharge in the Kootenai River at which flow over the
Dam would start to exceed the specified discharge over
the Dam would be as shown in Table 11.

As total discharge in the Kootenai River increases above
the foregoing amounts, flow over the Dam will increase
above the specified amount. Table 8 shows also further
reduction in the Project gross head and reduction in
turbine discharge capacity because of the reduction in
gross head as total flow in the river increases.

The foregoing facts illustrate some of the qualifica-
tions which must be kept in mind in stating the head
develoged by the Project. The largest gross head deve-
loped is at minimum discharge of the turbines. The head
depends upon the specified flow that is to be discharged
over Fhe Dam. As head reduces, turbine discharge
capacity increases to a particular discharge, above
which both head ang turbine discharge capacity reduce.

The Applicant proposes that the specified discharge over

the Dam.be 750 cfs. For 750 cfs, the Project gross
heads will be ag shown in Table 12.
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Table 12

GROSS PROJECT HEAD

River Project
Total Turbine Gross
Discharge Discharge Head
cfs cfs Ft
2,750 2,000 106.8
5,000 4,250 104.8
10,000 G,250 100.4
15,000 14,250 96.1
20,000 19,250 92,1
25,100 24,350 88,66
30,000 23,900 85.5

As Table 12 shows, gross head can vary from 106.8 feet
at smallest generating discharge to 88.66 feet when
river flow is such that the turbines are discharging at
capacity and 750 c¢fs is passed over the Dam. Gross head
will be less than 88.66 feet when larger river flow re-
quires that more than 750 cfs be passed over the Dam.
The heads would be different than tabulated above if the
specified discharge over the Dam is other than 750 cfs.

What effect does the foregoing analysis of head have on
production of power and energy?

The foregoing analysis is of gross head. Power and
eénergy production depends on the product of discharge
through the turbines, net head available at the tur-
bines, and generating efficiency. Net head depends upon
the details of the Project waterways that permit water
to flow through the turbines. The overall factors in-
volved thus are the Dam, Intake, Head Tunnel, Penstocks,
Tu;blnes, Generators, Transformers, Draft Tubes, and
Tail Tunnels. These components should be explained
additionally before figures for production of power and
energy are derived.
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eration of the.Dam already 1s described, in tha
Eﬁg ggillway Gates will be operated to pass the proper
discharge downriver while maintaing the Reservoir at
Elevation 2000, Intake design and operation also are

important factors.

Describe the Intake and its relation to the Dam and
Reservoir.

The Intake has the function of receiving water for gene-
ration from the Reservoir and directing the water with
minimum practicai head loss into the Head Tunnel. ‘Thg
largest discharge, 24,350 cfs, involves the most diffi-
cult hydraulic problems and the Intake is designed for
that discharge even though discharges smaller than
24,350 cfs occur for approximately 90 percent of the

time.

I show you a drawing marked, Exhibit (AEA-16). Was
it prepared under your supervision?

Yes.
What does it show?

Exhibit _ (AEA-16) is a reproduction of Exhibit L,
Sheet 5, in the Application for License and shows de-
tails of the Intake. During final design hydraulic
model studies will be required and dimensional changes
may be made in the Intake structure and surrounding
excavatior,

The Intake is an adaptation of the intake used for the
Seneca Pumped-Storage Project, FERC Project No. 2280.
The Kootenai Intake is designed to take water from the
Reservoir at low velocity, with minimum submergence, and
w@th minimum turbulence or vortex action in the water.
Within the Intake the water is accelerated. The Intake
glso is designed for minimum environmental and aesthetic
impact.

The Intake is semicircular as viewed from above. The
top of the Intake has a radius of 100 feet around the
vertical centerline of the vertical Intake Shaft. The
obPening through which water enters includes the entire
Semicircle plus 25,25 feet additional toward the left

shore of the Reservoir from each end of the semicircle,.
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21 length of the top perimeter thus is 314.16
T?istggaéolfegt, or 364.66 fest. The bottom of the
?ntake ﬁrojects 15 feet farther into the Reservoir than
does the top of the Intake, as shown on the exhibit.

The water enters the Intake structure throggh an opening
30 feet high arcund the 364.66 feet of perimeter. The
gross flow area thus is 10,940 square feet. The flow
area is reduced by seven radial piers, which support the
roof slab of the Intake structure. The piers will be
approximately 5 feet wide, which reduces the width of
the flow section to 329.66 feet and reduces the flow
area to 9,890 square feet.

The bottom of the flow passage is at Elevation 1960, as
shown on the exhibit, and the top is at Elevation 1990,
which is 10 feet below the normal elevation of the
Reservoir, The water in moving from the entrance of the
Intake to the Intake Shaft flows between the two plates.
Since flow area reduces as the water moves toward the
Intake Shaft, the velocity of the water increases stead-—
ily until the water enters the Intake Shaft. The Intake
Shaft is 50.5 feet in diameter, which provides a flow
area of 2,003 square feet,

The top of the Intake flow passage is concrete slab,
approximately 2 feet thick. Thus, the top of the slab
is at approximately Elevation 1992 and normally will be
submerged by 8 feet of water.

Submergence of the entire Intake structure was adopted [\
to minimize environmental and aesthetic impact. How-

ever, it is necessary tc place steel trashracks around

the perimeter of the iIntake to collect large floating

tras@ that otherwise would obstruct fiow through the
turbines or damage the turbines. At intervails it is C
hecessary to rake the debris from the racks. To perform
the raking a roadway around the perimeter is needed.

The largest aiount of trash moves during large floods,
SO the roadway is set at Elevation 2005, which would be
above a flood of approximately 185,000 cfs. The roadway
willl be wide enough to accommodate a truck crane.

Thus: to the public the Intake will appear to be a con-'| __ 4
crete S€ml=-circular roadway projecting five feet above |
the water in the Reservoir. There will be culverts
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through the roadway sO that water level will be the same
on both sides of the roadway.

The trashracks and vertical steel guides that support

will provide a partial obstruction to the
Egiwtgzszgggt? Howeser, it i§ expected thgt net flow
area through the trashracks will pe approxlmate;y 8,000
square feet. Outside the racks,.;q the Reservoir, the
flow area increases. As the exhibit shows, the rock
outside the concrete structure 1is excavateé down to
Elevation 1955. The excavation is to provide a trench
around the Intake to catch boulders or water-logged
trash. Thus, below the projected bottom of the Intake
roof slab at Elevation 1990 there is a flow area 412
feet long and 35 feet deep, which is 14,400 square feet.

What is the significance of the various flow areas you
have been presenting?

Basically the design effort has been to provide an
Intake in which water entering moves at the lowest prac-
ticable velocity in the interest of protecting fish. If
the Project were designed with maximum eccnomy as the
only consideration, the veloc¢ity of water through the
gross flow area at the trashracks would be approximately
5 to 5.5 feet per second. In the proposed Kootenai
River Project, the Applicant has selected velocities
that are approximately half the foregoing economical
amounts in the interest of fish protection. Table 13
describes the range of velocities at various locations
in and near the Intake. Table 13 shows flow areas and
mean water velocities at four locations at or near the
outer perimeter of the Intake f