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S, A —————— S————— ————— ——

Operation and MAintenance
Average Monthly Costs

1951-52
Hot Percent of FEnergy Capability
_Standby 25 50 75 100 -

STEAM PLANT # - Tacoma, Installed 1922
(9 Mw Peak Capability)

Average Generation My .5 2.0 . 440 6.0 8.0
Operating Labor $ 2,800 $ 4,000 $ 4,400 $ 5,000 $ 6,000
Fuel Cost @ $2.12/BBL, 7,000 16,000 28,000 38,000 48,000
Other Operating Costs 200 300 400 500 500
Meintenance 2,800 2,800 _ 3,000 _ 3,500 __ 3,500
Total Cost $12,800 $23,100 $35,800 $47,000 § 58,000
Unit Cost, Mills/kwh 35.55 16,04  12.42  10.87 10.07

STEAM _PLANT #2 — 25 My - Tacoma, Installed 1931
(29 Mw Peak Capability)

Average Generation My 1.0 5,625 11.25 16.9 22.5
Operating Labor $ 8,000 $10,000 $10,000 $12,000 $ 12,000
Fuel Cost @ $2,00/BEL. 5,000 25,000 45,000 65,000 85,000
Other Operating Costs 1,000 1,600 1,800 2,000 2,000
Maintenance 4,000 5,400 6,200 8,000 8,000
Total Cost $18,000 $42,000 $63,000 $87,000 $107,000

‘Unit Cost, Mills/kwh 25.00 - 10.38 7,78 7.15 6.61
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312.12 4 279,0 = 591,12 ft.

18,36 = 17,87

121

2

0,49 =

Thus, the next section considered is at 5 + 91.

St + 91
Q = 16000
B
ss
d = 15,0
A = 1087.50
V=147

= 3.36
Eg = 18,36
WP = 104.05
r = 10.46
n = 0,014
s = 0.000972

491 4+ 1460 = 1951

Sta. 19 4 51
Q = 16000

1951 + 1744, = 3695

-—A&— =
8 4 So c001666 4 0000972 -+ .000435

049 = 279 ft. be-
tween
sections.

Interpolation to obtain V at s and r:

r 0,000

10.0 14.2

10.46 14,57 14,71

11.0 15

1

20(07 -— 18;36

0,

2000972 4 ,0005 4 ,000435
2

1.71 =

.000736 + .000435

Interpolation

r g 0005

12,0 11.5
12.07 11,54
13.0 12,0
= 1,49

.000420 + .000435  .000855

0010
14.5
14.89
15.35

= 1460 ft.
between

sections,

= 1744 £,
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Preliminary Cost Egtimate of Modification of the Present

Pumping Plant.
Alternative No. 1
Alternative No., 1 assumes the conversion of the present
pumping plant at Grend Coulee for use as & pumped storage plant,
using the present type of pump units. Consider only the differen-
tial in cost as compared to the final 10 pump installation which
is already planned to meet irrigation needs. This alternative is
discussed in some detzil in the Conclusions.
1. Modify headworks. (By-pass siphon to permit free fall,
surge protection, roller gate valve installation). $2,000,000
Very approximate.

2. Johnson Valves., (Possibly omit.)

6 at $100,000 600,000
3. Transformers. (50,000 kva, 13.8 kv to 230 kv, 3 phase)

6 at $300,000 1,800,000
4. Main circuit breakers. (10,000 mve, 250 kv)

3 at $120,000 360,000
5. Generator breskers. (1000 mva, 13.8 kv, 3000 emp.,

3 pole, indoor type.) 6 at $15,000 | 90,000
6. Control panels. 6 at $7,000 42,000

7. Possible work to correct leakage from Equalizing
Reservoir. Omitted as unknown and chargable to irrigation.

Total §4,892,000
The total generating capacity for this type of modification
is assumed to be 6 x 50,000 kva x 60% = 180,000 kva, as noted previcusly

This gives an epproximate cost per kw of:

892,000 . $27,20 per kw.
180,000 Ty = +27+20 per ku







































http:282,000/62.43























































161

store water, letting the run-of-the-river plants, such as Bonne-
ville, carry the load to their ability.

Proposed Steam and Gas Turbine Plants for the Northwest, as
Proposed by the Bonneville Power Administration, 1952. See Data

3 steam electric plants of 100,000 kw each are proposed.

5 gas turbine electric plants totaling 100,000 kw are pro-
posed.

This gives a total of 400,000 kw of new steam and gas turbine
capacity proposed. Unfortunately, it does not appear probable that
this addition will be made immediately.

Cost of New Steam and New Hydro Flants. See Data

New steam plants cost about $170 per kw of capacity to con-
struct, by recent estimates,

New hydroelectric installations costéd an average of $258 per
- kw of capacity from a tabulation of new construction of the past
year (1952).

Installed Stesm Capacity in the Pacific Northwest. See
Data and Caleulations

There are 14 steam plants in operation in the Northwest Power
Pool, Thelr combined capacity iss:

| Rated capacity 380,000 kw
Peak capacity 470,'000 kw

The larger, more economical plants are all in the Seatile or

Portland areas. These 4 more efficient plants make up approximately

one-half of the total ecapacity of the combined steam capacity. The peak

capacity of the 4 larger plants is 238 mw, with an average incremental
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cost of 6.4 mills per kw~hr. The costs for the other plants range
up to a maximm of 15 mills per kw-hr.

The basic operatioﬁ of the steam reserve varies from year
to year. In normal water years, the 4 more efficient plants are
kept in spinning reserve about 50% of the time. During low water |
years, which occur in approximately 4 year cycles, the steam plant
operate on base load for the entire period of the water shortage.

These plants are at too great a distance from Grand Coulee
to provide pumping energy directly for pumped storage, but indirectly
by shuttling energy across the Power Pool, they could in effect
furnish the required energy.

The high cost of steam energy tends to destroy the economic
advantage which may be gained by pumped storage.

Optimum Methods of Operation to Utilize the Available Kw
and Kw-hr Most Effectively ag Produced by Pumped Storage. See

Calculations
A) Using Present Type of Pump Units Reversibly

The rated output of the present pump units operating reversi-
bly as turbines is reduced to approximately 60% of their pump rating.

This would give output ratings at different Equalizing Reservolr

elevations as shown in the following tabulations:
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Hours of
Maxinum Operation
MNumber Maximum drawdown Acre Tt at Max.
of Units _kvs From Full Available Rating kw-hr
6 units 180,000 3.3 ft. 113,100 143 25,750,000
4 units 120,000 7.5 £t 203,100 384 46,600,000
from full
90,000
from 170.5 20,400,000
1566.7 ft
2 units 60,000 12,0 £t 313,100 1185 71,000,000
from full
110,000 ,
from 416 25,000,000
1562.5 ft
1 unit 30,000 15.0 ft 382,100 2890 86,700,000
from full
69,000
from 522.5 15,650,000
1558.0 ft

Since these units have no meéns‘of control, the energy would
be released in blocks., This is shown very clearly in the followlng
curve sheet,

First, consider 6 unit operation, starting with the reservoir
full, The pumped storage plant should take load whenever the load
reaches within 180,000 kw of the peak load of the period involved.
For the period investigated, (March, 1950) this maximum output of
180,000 kva can absorb 5.6% of the peak load. By going to the Load
Duration Curve for this period, it is found that the load exceeds

100 - 5.6 = 94.4% of the peak value for approximately 30 hours per

week, The plant should then go on or off the line as the load exceeds
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or falls below this value. The pumped storage plant could operate
in this way for a period of 4.75 weeks, absorbing all of the upper
5.6% of the load curve.

 After this, only 4 units could operate at full load without
further pumping. These 4 units could absorb 3.72% of the peak load
(as of March, 1950) for a total perind of 170.5 hours. From the
Load Duration Curve, the load exceeds 100 - 3.72 = 96.2% of the
peak‘load for approximately 18 hours per week. The plant should
then go on the line when the load exceeds 96.2% of peak load and drop
off when the load decreases below this value, and can operate thus |
for a period of 9.47 weeks following the 6 unit operation.

" Peeking energy could be saved if the units were cut in and
out mamually as the load demands, giving a rough block step type of
regulation. This is not shown on the curve sheet.

B) Using Specislly Designed Pump-Turbines with Wicket Gates

The rating of specially designed pump-turbine units is much
higher than it is for the present type of pump units used reversibly.
Six of the pump-turbine units should have an output of approximately
256,000 kw at full load as compared to 180,000 kw for the pump units.
The number of hours of operation and water use is assumed to be the
same for the two types of units,

Since the pump-turbine units have wicket gates, they could
be furnished with governor control and made to regulate over the
peaks of the load curves. This type of operation gives a greater
economy in water use with better utilization of the available peaking

energy. As they will not necessarily operate at full load at all
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breakers plus a minor amount of control panel equipment. Of course,
the present penstocks would be satisfactory. The major construction
necessary would be modification of the Feeder Canal headworks and inser-
tion of a by-pass for the canal input-output siphon. Also butterfly
valves in the penstocks would be required.

Financially, this alternative is much the most conservative,
and from an engineering standpoint; mey be the éoundest, until data
on the unknown factors in the problem is obtained. These unknowns
include: 1) the occurrence or extent of leakage of the Equalizing
Reservoir at the upper elevations and the possibility and economics
involved in repairing thls leakage, should it occur. No method of
reverse flow can operate with serious reservolr leakage, without
very expensive cenal or penstock modifications. 2) If the present
pump units should not operate satisfactorily as turbines due to
cavitation, very low efficiency or severe limitation of reverse flow
rating, this alternative, at least, would need to be dropped. 3) The
construction of modern steam’plants (to be used for off-peak pumping)
would modify the use of any such storage plant. 4) The extent and
success of river regulation by the proposed and authorized upstream
dams will infiuence the sﬁrplus water perilods, making pumping for
storage from surplus water more possible; and conversely, pumped storage
peaking capacity less necessary. Since the reversed pump units are un-
regulated, all energy generated would be of a block nature, and so
could not follow the actual peaks of power. They would furnish
blocks of energy on base load during periods of peak power.

A1l of these limiting factors with the exception of No. 2 will
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Provision for de-icing, since reverse operation would occur

in the coldest part of the winter.

4. Penstocks: The present penstocks leading from the pumping

plant to the Feeder Canal should operate satisfactorily for flow in

either direction. There is a possibility that cavitation might occur

during reverse flow, but in the present studywith the data available

it is not considered wise to speculate on every possibility.

Canal.

are the

Pumping

In (2) a new penstock was considered to replace the Feeder
This would completely by-pass the present system of penstocks.,
5. Yalves: At present the only valves in the pumving plant
roller-gate valves at the Roosevelt Lake Inlet,.in the
Station. This type of valve gives no degree of control.

If the presently installed units are to be used reversibly,
some method of regulating and cutting off the reverse flow
mnst be provided. It would be unwise to attempt to really
regulate these units as it is possible with the wicket gates,
but a rough control would be advisable. A Johnson valve or
butterfly valve just above the pumps would operate satis-
faétorily. Possibly a roller gate valve at the upper end

of the pehstocks would be sufficient. It is not necessary
to be able to control the water flow to synchronize the
generator units., It will be simpler to start and run them
as synchronous motors with rotation reversed and then open
the valves.

If specially designed reversible units with wicket gates

are considered, no additional valves are needed. It is




185

necessary to be able to un-water penstocks to work on them,

but the siphon and by-pass arrangement at the upper end will

serve to accomplish this. |

6. Outlets into Leke Roosevelt: These should require no
modification whatsoever. Some turbulence might occur in this under-
water discharge, but would not be serious, especially cdnsidering
the small number of hours of operation.

7. Turblines: As noted, the presently installed pumps can
be used reversibly'as turbines. However, their rating mﬁy be re-
duced to approximately 60% of their pump hp input at the same head.
Also, head fluduation will have a great effect on efficiency and
output, If it were possible to change the speed from pump to turbine
operation, these effects could be largely overcome, but this is not
practical under the present circumstances.

As there are at least 4 more units to be later installed to
meet the wltimate pumping requirements, it is possible to consider
installing specially designed reversible units for these. This
brings up several problems.

a. Reversible units usually are of the regulating type with
wicket gates. The wickel gates also help compensate for

head fluctuations. However, for a gi#en hp and speed, a

wicket gate unit i1s larger in diameter, and the pump wells

are alreaedy poured. Any enlargement is limited by the units
being adjacent to each other - and moreover, a major modifi-
cation of the pumping station structure would be very costly

and highly improbsble. It can be assumed that any new
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Factors Against Construction of a Pumped Storage Flant at

Grand Couleg.

1.

2.

5.

There is a relatively short ideal pumping period (surplus water

period).

a) In many years, there is not enough time to pump water beyond
the predicted ultimate irrigation water requirements from
surplus water. Although there is no direct correlation,
dry winters must follow dry summers in certain years, permitting
no extra storage for pumped storage when it is needed most.

b) The irrigating season is considerably longer than the ideal
pumping season. This means that although the Equalizing
Reservoir may be full at the end of the surplus water pumping
éeason, fall irrigation - which continues into October - may
draw the reservoir down below the reverse flow elevations.

Absence of efficient steam plants in the region, These are -

necessary for all pumping except during excess Qater periods. Pump-

ing using hydro energy is not justified except during surplus

flow veriods.

The distance of the plant from the load centers. Peaking plants

should be near their load.

The basic economic advantage usvally achieved by pumped storage is

destroyed by the distance from the load centers and the reéultant

low value per kw-hr at Grand Coulee. There is 1little or no price
differential between firm and peak energy at Grand Coulee.

Limitations of the Feeder Canal. Reverse flow limitations are very

severe, allowing 6 units to operate reversiblj for only 3.3 ft of




10.

11.

12.
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draw-down from reservoir fuil. Pumping limitations will also be

a factor in filling time, especially when the final 10 or more pumps

are installed. | _

Necessity of operating with the Equalizing Reservoir full.

a) As pointed out in number 1 sbove, fall irrigation may make
this very difficult.

bj The Equalizing Reservoir may leak very badly at the upper
elevations. This leakage may be very difficult or impossible

to correct.

‘Except through use of off-peak steam energy or hydro energy from

surplus water, pumping for pumped storage does not represent the
most efficient use of the river water. If pumping must be done
using stored water reserves, the reserve water could be used more
efficiently directly through the turbines in the main steam plants.
Absence of severe peak load periods in the system.

The type of power shortages in the system. The most severe power
shortages are due to low-water years and are cyclic. This does not
require peak-power for remedy, but steam plants to operate on base
load for several months at a time.

The effect of upstreem dams will make pumped storage less necessary.
The great cost of modifications to eliminate the limitations of the
Feeder Canal for ideal and unrestricted operation of the Equali-
zing Reservoir.,

&
Reduction of the rating of the present units for reverse operation.

Their rating would probably be approximstely 60% of the pump rating.



























