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HYDROPOWER POTENTIAL AT STATE DAM

LOGAN RIVER

Frank W. Haws

Utah Water Research Laboratory
Utah State University
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Hydropower Potential at State Dam

Logan River was early recognized as a potential source of energy.
Beginning near the turn of the century, three mainstem run-of-the-
river powerplants were constructed. The first plant diverted water
from the river at what is locally called "second dam' and carried
water by wooden flume to a 200 foot penstock. This plant was built by
Hercules Power Company in 1893 and diverted 200 cfs using 210 feet of
head. The next powerplant to be built was by Logan City, beginning about
1903, at what is locally known as "third dam.'" This plant was rebuilt in
1923 and uses 200 cfs at 100 feet head. The third power plant was
constructed by the State of Utah at the suggestion of John H., Widstoe,
president of the Utah Agricultural College, in 1911-12 at a site below
the other two and at what is now referred to as "first dam" or the
"state dam." This plant has rights to use 150 cfs at a head of 30
feet,

The power plant at the State dam has produced continﬁously for
over 70 years and has historical significance because it was the first
source of continuous power for the state university, the state capitol
and the state hospital., It still has economic significance because of
the present value of electrical energy.

The state powerplant has recently been renovated, with new windings
on the generator and new tolerances built into the turbine. The tailrace
has also been reconstructed to provide better downstream control.

Despite the rebuilding and rewinding the plant is not producing at rated
efficiency and unused power is passing over the spillway. Logan City has

filed an application with FERC and with the state engineer to construct a



powerplant, using the existing dam, to take advantage of the high flows
and unused capacity of the state plant. This has caused some concern to
the university and to the Utah Water Research Laboratory which uses the
dam to divert water for research needs. It is admitted that additional
energy could be generated at the site, but how much, what configuration,
and the costs to accomplish it is unknown. It is the purpose of this
report to answer some of those questions.

As can‘be seen from Figure 1, Logan River below the state dam has
several large looping bends. The river gradient is steep and head for
power generation can be made available with a relatively short length of
pipe. A proposed pipeline alignment is shown in Figure 1 with two
alternative locations for generation sites. The existing power plant at
the dam is also shown. A change in generation equipment at this site is
proposed. The existing 48" pipeline from the dam to the UWRL is also
shown and the potential generation of the site will be calculated.

The water available at the dam is the natural flow of Logan River
minus the diversion of the Logan, Hyde Park and Smithfield Canal. Both
of these flows are measured at official USGS gaging stations, 10.1090.00
and 10,1084.00 respectively. Water users below the dam includé the Logan
and Northern Canal, the Utah Water Research Laboratory, and a group of
agricultural users who divert below the mapped area and whose flows would
not be interferred with by the proposed power development shown.

The elevation differences between the water surface behind the
dam and the river at the proposed power sites are shown in Figure 2.

At site 1, the existing dam, the available head is 30 feet, with perhaps
some seasonal variation due to decreed water surface elevation. (The

court decree specifying drawdown of the reservoir in low river flows has
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5
not been enforced in recent years and is not considered a factor in power
computation for this study). At site 2 the total head is 42 feet and the
available head at powermax slope for river flows is 28 feet. For canal
flows, the head is 22 ft. At site 3 the available head at powermax slope
is 37.3 feet, with a gross head of 56 feet; the minimum canal head is
17.7 ft. At sites 2 and 3 the available head will increase during low
flows because of the static energy recovered through decreased friction
loss. The head available at the UWRL site, not shown in Figure 2, is
40 ft gross with 27.3 ft at powermax slope.

The objective in building a power plant is to maximize the power
generated, which means utilizing the highest flow rate and the largest
head that can be economically and physically combined. There are at
least two constraints that must be considered. 1) The flow rate of the
canal is established by court decree and the geographic position and
elevation of the canal are fixed. There are two alternative ways to
deliver water to the canal while at the same time generating electricity,
One is to use the existing power site which has a gross head of 30 feet.
The other is to pipe the water to the canal and generate at the canal
with a gross head of 36 feet. 2) The other constraint on maximizing
power is that of providing a minimum flow in the river to maintain
aesthetics and protect the fishery. The minimum historical flow which
will be used as a cfiterion for fish habitat in this section of the rivgr
is 41 cfs and can be released through a turbine/generator with 30 feet
of head.

With the constraints noted separate generators must be established

to:

1. Utilize the fish flow: Q = 41 cfs, H = 30 feet. ("A" on Figure 2)
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2. Utilize the canal flow: Q& 20 to 85 cfs, H = 36 feet. ("C" and
YE™ on Figure 2)

3. Utilize the unused river flows: Q% 30 to 1000 cfs, H = either
42 feet or 56 feet. ("B" and "D" on Figure 2)

The above generation sites were chosen to maximize energy without
regard to ownership of water rights. If the university, which owns the
prior rights to 150 cfs, and Logan City, which has an application to
appropriate up to 1000 cfs, were to develop energy independently, the
university generation sites would consist of site 1, A plus F and A would
probably consist of two parts--one for the fish flow and one for the
canal flow; the city generation site would be at site 2, D and would
include surplus river flow only. For comparative purposes, the potential
energy for these alternatives has been calculated and will be shown

later.

Power and Energy

Power analysis has been made for different configurations requiring
two different pipeline lengths. Power site no. 1 involves replacing the
existing turbine and generator, which are old and inefficient, with a new
system designed to utilize the fish flows only. Power sites no. 2 and
no. 3 are alternative sites which use a pipeline to conduct both the
canal flow and the river flow to two separate generators. Site no. 2
requires 450 feet of pipeline and is analyzed with different alternative
diameters of pipe, 3 ft, 4 ft, 5 ft, 6 ft, and 7.5 ft operating at the
powermax slope. Power site no. 3 requires a longer pipeline, 1800 feet,
to convey both the canal flow and river flow to 2 generating systems. It

is analyzed for two pipe diameters, 5 ft and 7.5 feet., The total output



of each alternative design is the sum of generators A plus D and E at
site no. 2; and generators A plus B, and C at site no. 3, Figure 2.

Since a flow duration curve is a representation of the historical
distribution of a natural hydrologic event, and since canal flows do
not follow the same natural distribution, it was determined that a
duration curve would have no value in this analysis. Instead, the
actual daily flow values which occurred in given years were used to
compute daily power which could have been produced if the generators
were in place at those times. The years chosen include a normal year,
1978, a dry vyear, 1977, and two wet years, 1971 and 1983. The energy
values in megawatt hours for each of the years plus the peak kilowatt
rating of each generator are summarized in Table 1. If the constraints
on fish flows is removed and that water made available for higher head
generation, additional energy would be available and these energy values
are also shown in Table 1, Also shown in Table 1 is the energy available
if the university and city were to develop projects separately. A summary
of energy available for the years studied is shown in Table 2 and the
various configurations are ranked in order of total energy potential.
The daily power potential for the higheét ranked configuration is shown

in Figure 3.

Turbine/Generator Selection

The turbines are selected to match the variability in flow and
the generators are selected to match the peak power potential, For
purposes of this study it is assumed cross flow turbines from Pacific
Hydro Co. will be used. The variability of flow and the sizing of
turbines and generators is shown in Table 3 and the possible configura-

tion in a powerhouse shown in Figure 4.



Table 1. Energy potential and peak power potential for various alternatives,
Maximum
Pipe Energy — MWH A Power - KW

Year Diameter River Canal Dam Total Fish River Canal Dam Total MAX Q
Length: 1800
1971 5.0 6,820 337 0 7,157 4299 )

5,926 357 1173 7,456
1977 5.0 3,674 359 0 4,033

1,971 372 994 3,337 -696

> 1117 250 200 1567 353

1978 5.0 5,920 336 0 6,256

4,005 354 1175 5,534 -722
1983 5.0 7,424 98 0 7,522

6,497 105 1113 7,715 +193
1971 7.5 11,684 469 0 12,153

10,325 478 1017 11,820 -333
1977 7.5 3,805 378 0 4,183

2,008 379 994 3,381 -802

> 3200 250 200 3650 1013

1978 7.5 8,338 442 0 8,781

6,666 451 1017 8,134  —-647
1983 7.5 11,450 143 0 11,593

10,040 145 1012 11,197 =396




Table 1. Continued.
Maximum
Pipe Energy - MWH A Power — KW

Year Diameter  River Canal Dam Total Fish River Canal Dam Total MAX Q
Length: 450
1971 3.0 2,532 383 . 1354 4,269 +1057

2,829 383 0 3,212
1677 3.0 1,374 352 970 2,696 +7

2,376 313 0 2,689

) 388 250 203 838 164

1978 3.0 1,707 340 1285 3,332 +596

2,417 319 0 2,736
1983 3.0 3,012 117 1296 4,436 +1113

3,206 117 0 3,323 y
1971 4.0 4,397 423 1176 5,996  +527 )

5,061 408 0 5,469
1977 4.0 1,478 374 970 2,822 ~295

2,753 364 0 3,117

> 823 250 203 1273 347

1978 4.0 2,971 393 1153 4,517 +207

3,930 380 0 4,310
1983 4.0 4,832 126 1092 6,050 +411

5,518 121 0 5,639 o




Table 1. Continued.
Maximum
Pipe Energy — MWH A Power — KW

Year Diameter  River Canal Dam Total Fish River Canal Dam Total MAX Q
Length: 450
1971 5.0 6,147 475 1068 7,690 4199 )

7,025 466 0 7,491
1977 5.0 1,500 378 970 2,848 -358

2,831 375 0 3,206

) 1468 250 203 1918 620

1978 5.0 4,134 426 1084 5,641 -31

5,254 418 0 5,672
1983 5.0 6,247 148 1030 7,425 +92

7,188 145 0o 7,333 y
1971 6.0 7,687 514 993 9,194 -15 9

8,702 507 0 9,209
1977 6.0 1,506 380 970 2,856 +375

2,853 378 0 3,231

> 2356 250 203 2807 995

1978 6.0 4,980 465 988 6,433 ~-255

6,230 458 0 6,688
1983 6.0 7,483 156 988 8,627 -65

8,537 155 0 8,692 J

01



Table 1. Continued.

Maximum
Pipe Energy — MWH A Power - KW
Year Diameter River Canal Dam Total Fish River Canal Dam Total MAX Q
Length: 450
1971 7.5 9,181 580 991 10,672 =254
10,351 575 0 10,926
1977 7.5 1,509 380 970 2,859 -385
2,864 380 0 3,244
) 4190 250 200 4640 1769
1978 7.5 5,416 498 988 6,902 -351
6,757 496 0 7,253
1983 7.5 8,699 178 911 9,788 =277
9,889 176 0 10,065 J
1/ 1971 DAM 80 1,778 0 0 N
150 3,167 0 0 3,167
1977 DAM 1,736 0 0
2,137 0 0 2,137 203 80
) 380 150
1978 DAM 1,714 0 0
2,176 0 0o 2,176
1983 DAM 1,778 0 0
3,280 0 0 3,280 J
2/ 1971 4.0 4,316 0 0 4,316
1977 4.0 2,181 0 0 2,181
1978 4.0 2,554 0 0 2,554 527 250 200 977 160
1983 4, 4,502 0 0 4,502

1/ Existing power site with 80 cfs max and 150 cfs max., Turbine range 2:1.
2/ Capacity of pipeline limited by velocity to 10.0 ft/sec and 160 cfs.

11



Table 1. Continued.

Maximum

Pipe Energy - MWH A Power — KW
Year Diameter River Canal Dam Total Fish River Canal Dam Total MAX Q
Length: 450
1971 90 8,761 590 911 10,262
1977 90 1,509 380 911 2,800
1978 90 5,416 498 911 6,825 3170250 200 3520 1000
1983 90 8,422 180 911 9,513
University Only - UWRL Canal Dam
1971 48 2,175 523 911 3,609
1977 48 1,393 317 911 2,621
1978 48 1,483 429 911 2,823 246 250 200 636 150
1983 48 2,822 160 911 3,893
Logan City Only - Lenth 450
1971 72 5,596 0 0 5,596
1977 72 7 0 0 7
1978 72 3,582 0 0 3,582 2357 0 0 2357 995
1983 72 4,801 0 0 4,801

4!
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Table 2. Summary of altermative power configurations.
Rank Total MWH kw Q D Site Notes
Average  High Low inch  No.
1 8,781 12,153 4,183 3,450 1,013 90 3 w/o fish
2 8,134 11,820 3,381 3,650 1,013 90 3 w/fish
3 7,253 10,926 3,244 4,440 1,769 90 2 w/o fish
4 6,902 10,672 2,829 4,640 1,769 90 2 w/fish
5 6,825 10,262 2,800 3,620 1,000 90 2 w/fish
6 6,688 9,209 3,231 2,607 995 72 2 w/o fish
7 6,433 9,194 2,856 2,807 995 72 2 w/fish
8l/ 6,405 9,205 2,628 3,053 1,145 48 1 2/fish
9 6,256 7,157 4,033 1,367 353 60 3 w/o fish
10 5,534 7,456 3,337 1,567 353 60 3 w/fish
11 5,672 7,491 3,206 1,718 620 60 2 w/o fish
12 5,641 7,690 2,848 1,918 620 60 2 w/fish
13 4,517 5,996 2,822 1,273 347 48 2 w/fish
14 4,310 5,469 3,117 1,073 347 48 2 w/o fish
15 3,332 4,269 2,696 838 164 36 2 w/fish
16 2,736 3,212 2,689 638 164 36 2 w/o fish
17 2,554 4,316 2,181 527 160 48 2 w/o fish,
limit to
160 cfs
18 2,176 3,167 2,137 380 150 - 1 existing dam
1/city 3,582 5,596 7 2,357 995 72 2 surplus only
usu 2,823 3,608 2,621 696 150 48 1 w/fish
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Table 3. Variability of flow and peak power requirements (100 percent

efficiency).

Max Q Min Q
Power Site cfs cfs Peak KW Type of Unit
First Dam 80 40 200 Francls or cross flow
L&N Canal 85 20 250 Cross flow
River, 3 units 150 30 460 Cross flow
1, 2, 4 300 60 920 Cross flow
600 120 1820 Cross flow
Total - - 3525

At 80 percent efficiency - rated capacity is 2.82 mw.
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Cost

When choosing among alternative engineering designS,vit is usually
recommended that the alternative with the lowest annual cost be selected,.
When, however, energy systems are being considered, the choice must also
take into account the source of energy and consider the costs of alternate
energy sources. Falling water as a source of energy does not consume the
water and therefore the costs of production are related almost exclusively
to the costs of equipment and its use and maintenance. Burning fuel, on
the other hand, consumes the fuel and the costs of production must figure
in its cost and the availability of the fuel. Since the major part of the
energy used in Utah today is produced from burning fuel (coal in this
case), it would make sense to maximize the production of any individual
hydro production facility as long as that cost of hydro production was
less than the cost of fuel-fired energy sources. This means that the
alternative present in a specific hydro site that would produce the most
energy at a cost less than the alternative fuel-fired source would be
chosen. This ﬁay or may not be the least cost design among the various
hydro designs at a specific site. The cost analysis of the most produc~—
tive alternative which also supplies the fish demand (Rank No. 2, Table
2) is shown in Table 4. To compare site locations, the cost of generation
at site 2, which has the shorter pipe length, is also shown in Table 4,
The same pipe diameter is used, but the flow is limited to 1000 cfs. The
energy production is shown in Table 2 as Rank No. 5. The only cost
difference would be in the cost of pipe. The turbine, generator, and
diversion would remain essentially the same. The value of new electrical

generation for Logan City is set in other studies (Logan City Hydro No.



Table 4. Costs of hydropower plant at First Dam.

$ x 1000
Alternative 1 Alternative 2
Land and land rights 0 0
Construction Costs
Civil
Site preparation 10 10
Powerhouse and tailrace 250 250
Pipeline 1800' - 90" dia. 450 113
(450'-90" dia.)
Valves 40 40
Inlet - trashrack 100 100
Surge ~ tank 168 168
Electrical~Mechanical
Turbine-generators
First Dam - 80 cfs, 200 kw 50 50
L&N Canal -~ 85 cfs, 250 kw 69 69
River: 1 @ 150 cfs, 460 kw '
1 @ 300 cfs, 920 kw 546 546
1 @ 600 cfs, 1840 kw
Switchgear 40 40
Miscellaneous ‘ 25 25
Contingencies and Engineering 520 430
Total 2,268 1,841
Annual Cost
o&M 1% $ 23,000 $ 18,400
Amortization 10%, 35 yr. (0.10369) 234,000 191,000
$257,000 $209,400
Average production 6,500 5,460
(based on 1978 @ 80% eff.) MWH
Cost per MWH $39.5 $38.4
Value of energy (from Logan City) $83.0 $83.0

Cost/benefit ratio 2.10 2.16
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2) at 83 mills per kwhr. This gives the First Dam site a benefit cost
ratio of 2,10 or 2.16 before adding costs of financing. Since for every
one dollar invested, two are returned, the larger energy producer is

probably the most attractive,

Annual Distribution of Power

The high flows in Logan River occur in the spring during snowmelt
runoff. The maximum power therefore occurs at this time, but because of
the grid network and intertie system of Logan City and UP&L, it should
cause no problems. There should always be a demand for the power generated
at the proposed site. The monthly distribution of energy and peak power

during the month is shown in Table 5.
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Table 5. Distribution of power and energy by month.
Month Peak Power Energy
kw (1971) kwh (1978)
J 782 461
F 578 545
M 1022 834
A 1726 1495
M 2357 2327
J 2357 2789
J 2342 1921
A 1067 1327
S 921 1333
0 549 132
N 589 301
D 525 417
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FOWER POTENTIAL FOR LOGAN RIVER FOR 1983 WATER YEAR‘DCTGBER 1 THRU SEPTEMBER 30.
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FOWER POTENTIAL FOR LOGAN RIVER FOR 1783 WATER YEAR OCTOBER 1 THRU SEFTEMBER 20.
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107 104. .011710
105 102. . 011741
109 105, . 011694
110 103. . 011725

FIFE
HEAD
L

(FT)

* L3 - L} L3 L3 £ ] £ ] L]
PR -

L2 ) L] * & 3 X 8 s 5 ® 3 [ I ] L B . s

2 * » * Ed L] . * L] L] . » ® L] * [ ] L] * L] ]

NMNNROUONKGOXWORRNRMNNRNNNNNOROQUORXORAVWOOUEAWWMOMRAOAQROMWROOWED DD

L] ® »

FIFE
FOWER FIFE
FLOW POWER
(CFS) (kW)
YET.0 5Y3.
171, 0 H570.
122, G735,
125. 0 5g9.
129.0 &O7.
131.0 &17.
131.0 &H17.
127.0 598,
125.0 589.
175.0 539.
123. 0 520.
1Z23.0 S&0.
1220 5&0.,
123.0 580.
121.0 570.
121.0 570.
121.0 570.
117.0 s552.
120. 0 S66.
120. 0 Géb.
120.0 Shb6.
121.0 S70.
121.0 570.
119. 0 561,
119. 0 41,
117.0 552,
117.0 552.
119.0 561,
121.0 570.
119. 0 561,
110.0 S519.
112. 0 S528.
119.0 561.
117.0 8552,
101.0 {477
“1. 0 420,
95.0__ 449, .
95. 0 449,
?5. 0 449,
101.0 477.
105. 0 4995,
103.0 486,
112. 0 SZ&.
117.0 552,
117.0 852,
110.0 519.
116. 0 S47.
111.0 524.
104, 0 491.
106, 0O 500,
106. 0 500,
104.0 491,
102, 0 481.
105. 0 493,
103. 0 486,

C’ -

CANAL
POWER
(KW )

Q.

DM
FLOW
(CFS)

41. 0
41.0
41.0
41.0
41.0
41.0
41.0
41.0

41.0 -

41.0
41,0
41.0
41.0
41.0
41.0
41.0
41. 0
41.0
41.0
41.0
41.0
41.0
41.0

41.0

41. 0
41.0
41.0
41.0
41.Q
41. 0
41.0
41.0
41,0
41.0
41.0
41.0
41.0
41.0
41.0
41.0
41. 0
41.0
41.0
41.0
41.0
41.0
41.0
41.0
41.0
41. 0
41.0
41. 0
41.0
41.0
41.0

DAM
POWER
(KW)

104, 1
104, 1
104, 1
104. 1
104, 1
104. 1
104. 1
104.1
104. 1
104. 1
104. 1
104. 1
104.1
104. 1
104.1
104. 1
104, 1
104. 1
104. 1
104. 1
104. 1
104. 1
104. 1
104, 1
104.1
104.1
104. 1
104. 1
104. 1
104. 1
104.1
104. 1
104. 1
104. 1
104. 1
104. 1
104. 1
104, 1
104, 1
104. 1
104. 1
104. 1
104. 1
104. 1
104. 1
104. 1
104. 1
104. 1
104. 1
104, %
104. 1
104. 1
104.1
104.1
104. 1



FPOWER POTENTIAL FOR LOGAN RIVER FOR 1983 WATER YEAR OCTORBER 1 THRU SEPTEMBER Z0.
7.5 FOOT DIA. PIPE

TOTAL FIFE FIPE
FIPE HEA  POWER  PIPE CANAL  CANAL  DAM 1AM
FLOW  FRICTION L0535 FLOW FOWER  FLOW POWER  FLOW POIWER
DAY (CF&)  FALTOR  (FT) (CFE) (KW (CFS) (KW ) {CFS) (KW)
11t 7. L0OL1739 z 7. 0 447. 0, Q. 41,0 104, 1
113 9. LOV17EY .2 PY. 0 _A67. Q. O. 41.0 104, 1
113 99. . 011789 .z 99. 0 447. o, 0. 41.0 104.1
114 97. L 011822 .2 97. 0 458, 0. 0. 41.0 104. 1
115 3. . 011789 . Z 99. 0 447, 0. 0. 41,0 104. 1
116 95, . 011854 .z 95. 0 449, Q. 0. 41.0 104. 1
117 97. . 011827 .z 97.0  _458. 0. 0.  41.0 104. 1
118 5 . 011854 . Z 95. 0 449, 0. 0. 41.0 104. 1
119 97. . 011872 .2 97. 0 458, 0. 0. 41.0 104, 1
120 10z L 011725 .2 103.0 YT 0. 0. 41.0 104. 1
121 97. L 011827 .z 97.0 458, 0. 0. 41.0 104, 1
1zz . 101. . 011756 .Z  101.0 477. 0. 0.  41.0 104.1
123 95. . 011854 .2 95.0  449. 0. 0. 41.0 104. 1
« 124 93, . 011891 .2 3.0 437, 0. 0. 41.0 104, 1
1175 9= . 011856 .2 95. 0 439, 0. 0. 41.0 104. 1
126 a9. . 0119565 .2 89. 0 420, 0. 0. 41.0 104.1
127 1. . 011928 .2 91.0 430. 0. 0. 41.0 104. 1
128 ¥3. - .011891 L2 93. 0 439. . 0. 41.0 104. 1
129 87. . 012004 .2 87.0 411. 0. 0. 41.0 104. 1
130 97. . 011827 .2 97.0 458, 0. c. 41.0 104, 1
.13 93, .011891 .z 93. 0 439. 0. 0. 41.0 104. 1
13z 95. . 011856 .2 95. 0 439, 0. 0. 41.0 104. 1
133 93. . 011891 .2 93.0  _439. 0. 0. 41.0 104.1
- 134 91. . 0119283 . Z 91.0 430, 0. 0. 410 104. 1
135 g9. . 0119465 . Z 89. 0 420. 0. 0. 41.0 104. 1
136 3. . 011891 .2 93. 0 439, 0. 0. 41.0 104. 1
137 3. . 011891 .2 93. 0 439, ‘ 0. 0. 41.0 104. 1
138 89. . 011965 . Z 89.0  _4z0. 0. 0. 41.0 104. 1
139 89. . 011965 .2 89.0 4Z0. 0. 0. 41.0 104. 1
140 89. . 011965 .2 89. 0 420. 0. 0. 41.0 104. 1
141 91. . 011928 .z 91.0 430, 0. 0. 41.0 104. 1
14z 7. . 011822 .z 97.0 453, 0. 0. 41.0 104. 1
143 1. . 011928 .2 91.0 430, 0. 0. 41.0 104.1
144 91. . 011928 .2 91.0°  430. 0. 0. 41.0 104. 1
145 1. . 011928 .2 91. 0 430. 0. 0. 41.0 104. 1
146 1. . 011928 .2 91.0 430, 0. 0. 41.0 104, 1
147 93. . 011891 .z 93.0 439. 0. 0. 41.0 104. 1
138 5 . 011856 .2 95. 0 449, B¢ 0. 41.0 104. 1
149 97. L 01182 . Z 97.0 454, 0. 0. 41.0 104. 1
150 5. . 011856 .2 95. 0 449, 0. 0. 41.0 104.
151 93. . 011891 .2 93. 0 439, 0. 0. 410 104. 1
v15Z 97. . 011822 .2 97.0 45%, 0. 0. 41.0 104. 1
1153 101. . 011756 .2 101.0 477. 0. 0. 41.0 104. 1
154 97. . 011822 .2 97. 0 458, 0. 0. 41.0 104. 1
155 103 . 011725 .2 103.0 436. 0. 0. 41.0 104. 1
156 10=, . 011725 .2 103.0 486. 0. 0. 41.0 104.1
- 157 103. . 011725 .2 103.0 486, 0. 0. 41.0 104.1
158 101. . 011756 .2  101.0 477. 0. 0. 41.0 104. 1
159 101. . 011756 .Z  101.0 477. 0. 0. 41.0 104, 1
160 99. . 011789 .2 99. 0 447. 0. 0. 41.0 104. 1
161 110, . 011621 .3 110.0 51%. 0. 0. 41.0 104. 1
16z 106, . 011679 .3 106.0 500. 0. 0. 41.0 104. 1
163 121, . 011476 .3 1z1.0 570. 0. 0. 41.0 104.1
164 127. . 011404 .4 127.0 598. 0. 0. 41.0 104. 1
165 160, . 011081 .5 160.0 751. 0. 0. 41.0 104. 1



FOWER POTENTIAL FOR LOGAN RIVER FOR 1982 WATER YEAR OCTOBER 1 THRU SEPTEMBER 20.
7.5 FOOT QIA. PIPE

1Ay

166
147
168
169
170
171
172
173
174
175
176
177
178
179
180
181

A8z

¢ 183

184
1685

. 186
167
188

- 189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
20%
206
207
208
209
210
211

212

713
214
215
2164
217
218
219
220

TOTAL

FIPE

FLOW
(CFE)

{44,
140,
149,
127,
125,
123,
121,
121.
121,
117,
115,
115,
115
115,
11%.
117.
124,
124,
126. -
130.
126,
124,
122,
122,
122,
122,
1264,
134,
134.
132,
130.
126.
130,
139.
1466,
165,
Z19.
233.
Z46.
257,
289.
292,
266,
246,
238,
257.
283
303,
301.
309.
316.
372,
369.
343
3469.

FRICT ION
FACTOR

L O 206
L0L1%44
«. 011381
L 011404
L 011421
. 011451
.011476
011476
» 011476
L Q11527
. 011553
. 011553
» 0115532
. 01155=
L 011593
. 011527
. 011439
011439
011414
011370
0114146
« 011439
. 011464
. 0114464
011444
. 011464
011416
. 011326
0113246
. 011348
. 011370
0114146
. 011370
L 011274
. 011033
010895
. 010693
« 010623
. Q10563
. Q10516
«. 010396
« 010385
. 010480
. 010563
- 010599
. 0105146
. 010417
- 010349
. 010356
. 010330
- 010309
L. 010161
. 010148
L 010233
. 010148

FIPE
HEAD
LOss

(FT)

1

» L] ®
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FIFE
FOWER
FLOW
(CFS)

1446, 0
140,0
129. 0
127. 0
125, 0
123.0
1Z21. 0
121. 0
121.0
117. 0
115.0
115. 0
115. 0O
115. 0
112. 0
117.0
124. 0
124. 0
126.0
130. 0
126. 0
124. 0
122.0
122, 0
122.0
122.0
124.0
134, 0
124. 0
132. 0

130. 0

126.0
130. 0
139.0
1646. 0
185. O
219.0
Z233. 0
246. 0
257.0
289.0
Z292Z. 0
266.0
Z246. 0
238.0
257.0
Z2838.0
303. 0
301.0
309. 0
316.0
37Z. 0
369.0
343. 0
3469. 0

FIFE
FOWER
(kW)

BB,
659,
LO7.
578.
5a9.

_980.
570.
570.
570.
552.

42,
5S4z,
S42.
547,
528.
552,
584,
584.
594,
&2,
594,

_584.
8573,
575,
575,
578,
594,
631,
&2,
AZ1.
LY2.
594,
&HYZ.
&54.
779,
8&6é.

1620,

1083,
1141,
1189,
1329.
1342,
122%.
1141,
1105,
1189.

1303,

1390.
1381.
1415.
1445.
14679,
1666.
1559.
16566,

CANAL

FLOW
(CFS)

CANAL
POWER
(KW )

O.
0.
0.
Q.

DAM
FLOW
(CFS)

41.0
41. 0
41.Q
41. 0
41.0
41.0
41.0
41.0
41. 0
41,0
41. 0
41,0
41.0
41. 0
41. 0
41.0
41.0
41. 0
41.0
41.0
41.0
41.0
41.0
41.0
41.0
41.0
41.0
41.0
41.0
41. 0
41. 0
41. 0
41.0
41.0
41.0
41.0
41.0
41. 0
41.0
43,0
41.0
41,0
41. 0
41.0
41.0
41.0
41.0
41.0
41.0
41. 0
41.0
41.0
41.0
41. 0
41. 0

DaM
POWER
(EW)

104,
104.
104,
104,
104. 1
104. 1
104, 1
104. 1
104, 1
104, 1
104. 1
104. 1
104. 1
104. 1
104. 1
104. 1
104. 1
104, 1
104. 1
104. 1
104. 1
104. 1
104. 1
104, 1
104. 1
104. 1
104. 1
104. 1
104, 1
104. 1
104. 1
104, 1
104. 1
104. 1
104, 1
104. 1
104. 1
104. 1
104, 1
104. 1
104. 1
104, 1
104, 1
104, 1
104. 1
104. 1
104. 1
104.1
104, 1
104. 1
104. 1
104. 1
104. 1
104. 1
104. 1

Lo T



POWER POTENTIAL FOR LOGAN
7.5 FOOT DA

TOTAL.
FIPE
FL O
oAy (CFS)
221 405,
A 37
223 Lb,
224 340.
225 JZ%
Z2i6 319.
227 ICH3CH
Z28 319.
Z29 203,
230 328
231 379.
232 372
233 40Z.
£324 461.
235 554.
£36 647.
237 763.
238 893.

237 1013,

240

1013,

281§ 1013.
242§ 1013,

243 1013.

. Z4% 1013,
245 ¥ 1013,
Z46 1013,
Z47  1013.
248 1013,
749  1013.
250  1013.
Z51  1013.
252  1013.
753  1013.
754  1013.
755 1013,
256  1013.
257  1013.
Z38 1013,
259  1013.
260  1013.
761  1013.
26 1013,
263 1013,
264  1013.
265  1013.
Z66  1013.
L Z67 1013,
268  1013.
269 1013.
“%70  1013.
271 } 1013,
272y 989,
273 911.
273

275

907.
QN 469,

PIFE

FRICTION
FACTOR

. 10087
01014
« 012499
. 010241
010282
« 010300
010318
. 010300
. 010349
010274
. 010145
010161
. 010095
. 009984
. 009854
. 009754
« Q09655
. Q09377
. 0093518
. 009518
. 009518
- 007318
. 009518
. 009318
. 009518
. 009518
. 009518
. 009518
. Q09518
. 009518
. 009518
- 009518
. 009518
. 009318
. 009518
. 009518
. 009318
. 009518
. 009518
. 009518
. 009318
. Q09518
. 009518
. 009518
. 009518
. 009318
. 009518
. 009518
. Q09518
. 009518
. 009518
. QO9529
. OO9567
« Q095369
. 009538

RIVER FOR 1983 WATER YEAR OCTOBER 1 THRU SEPTEMBER 30.

PIFE
HEAD
LOSH
(FT)

RURA
* = = E Y

NOPRNNNERERNRN
N e U= 0O 0O e (= W

10. 7
14. 6
18. 6
18. &
18. &
18. 6
18. 6
18. &
18. 6
18.6
18. 6
18. 6
18. &
18. &
18.6
18. 6
18. 6
18. 6
18. 6
18. 6
18. 6
18. 6
18. &
18. &
18. 6
18. 6
18. 6
18. &
18. 6
18. &
18. 6
18. 6
18. 6
18. 6
18. 6
17. &
15. 2
15. 0
17. 1

PIFE
POWER
FLOW
{CF35)

405, O
272, 0

bbH. 0
340.0
325, 0O
319.0
313. 0
219.0
203. 0
3Z8. 0
379. 0
372. 0
40%. 0
4461, 0
554. 0
&47.0
7630
893. 0
1012. 9
1012.9
101%2. 9
974. 9
994. 9
994, 9
94, 7
994, 9
94, 9
994, 9
F7Z2. 9
986. 7
975, 9
68, 9
68.9
969. 9
981. 9
98Z. 7
970. 9
967. 9
9b7. 9
967. 9
Y-V
Q&7 7
967. 9
1002, 9
971.9
969. 9
9468. 9
9468. 7
9468, 9
968, 9
968, 9
928. 0
844, 0
8358. 0
47.0

FPIFPE
POWER
(KW)

1311,
679"
312,
1546.
1483.
1455,
1432, ¢
1458.
1390.
1496.
1707.
_1679.”
1799.
2027.
2355,
2640,
2923, 2
3130,
3202,
3202,
3702,
3145.
3145, 3
"‘éﬁ%/
3145,
3145,
3145,
3145.
3139.
3120,
3085,
3063,
3063,
2066.
3104,
3107.
3070,
3060,
30&0.
3060.
3060.
3060.
3060.
3171,
3073.
3066.
3063.
3063,
3063,
3063,
3063.
3001.
2917,
2906,
3118.

CANAL
FL.OW
(CFS)

18.
18.
18.
18,
18.
18.
Z0.
Z6.
37.
44,
44,
43.
31.
30.
4z,
45.
45.
45,
43.
45,

45,

10.
41,
43,
44,
44,
44,
44,
434,
61.
67.
69.
22.

CANAL
POWER
(KW )

AN
C.
Q.
0.
0&
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
Q.
Q.
0.
0.
G.
Q.
0.
0.
0.
0.
O.
O.
Z9.
38.
S4.
4635,
635,
63.
46.
44,
&2,
&b,
b6,
bb.
bb.
&b,
bb.
0.
&0,
63,
635,
635,
65.
&35,
&3,
4.
118,
122.
35.

DAM DAM
FLOW POWER
(CFS) (KW)
41. 0 1004, 1
41.0 104. 1
31.0 104. 1
41.0 104. 1
41. 0 104. 1
41. 0 104. 1
41. 0 104. 1
41.0 104. 1
41.0 104. 1
41.0 104. 1
41.0 104. 1
41.0 104. 1
41. 0 104. 1
41,0 104, 1
41.0 104. 1
41,0 104. 1
341.0  104.1
41,0 104.1
37. 1 119. &
80.0 2031
80.0  203.1
80.0  203.1
80.0  703.1
80.0  203. 1.
'80.0 2021
80.0  203.1
80.0  208.1
80.0  203.1
0.0 2031
80.0  Z0%. 1
80.0 2031
80.0  203.1
§0.0  203.1
80.0  203.1
80.0  203.1
80.0  203.1
80.0 2031
80.0 2031
80.0  Z03.1
80.0  203.1
80.0  203.1
80.0  203.1
80. 0 203, 1
80.0 2031
80. 0 203. 1
80. 0 203, 1
80. 0 203. 1
80.0  203.1
80.0  203. 1
67. 1 170. 4
47.1 119. &
31,0 104, 1
41. 0 104, 1
31.0 104. 1
41.0 104. 1



FOWER POTENTIAL FOR LOGAN
7.5 FOOT DIA.
TOTAL
FIFE
FL.CW
(CF3)

.

IAY

a7
277
278
279
280

el

282
283
764
785
286
267
269
269
290
291
292
293
294
295

. 296
297
298

- 299
200
301
302
303
304
205
306
307
308
309
310
211
312
313
314
315
316
317
318
319
320
321

- 322
323
324
375
326
327
328
329
230

z7.
BEg,
)G S
8504,
799
790,
7&1.
78%.
727.
LHE0,
638.
601.
S89%.
Sbb.
539.
S1z.
4%97.
483,
473,
457.
447.

A2,
450..

457.
416,
395,

LTt
S

369.
355
348.
33E
3ze.
3ZZ.
31
303.
Z98.
Z9Z.
340.
286,
3&b.
343,
301.
309.
294,
301.
292,
3.
3.
3&3.
313.
Z80.
269,
266.
263
257.

PIPE

FRICTION
FACTOR

. QOPESY
» QOYRYP
. Q09613
« 009630
. Q07633
. OO263Y
. 0074645
« 07643
. Q07685
. 009724
. QO976Z
- 0092800
. 007813
. 009839
. Q09873
. 009907
. 009930
. 009951
« Q09963
. 009993
. 10010
. 010042
. 010005
« 009993
. 010067
010110
010131
. 010168
. 010207
. 010220
. 010246
. 010274
. 010291
010318
. 010349
» 0103465
« 010385
. 010241
« 010406
010175
. 010274
« 010356
. 010330
- 010385
. 010356
. 010385
. 010291
010274
- 010274
. 010318
010427
. 0104469
. 010430
. 010492
. 010514

RIVER FOR 1983 WATER YEAR CGCTOBER 1 THRU SEFPTEMBER 30.

FIFE
HEAD
LOSS
(FT?

-
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P
[y
.

[Rr g Wy
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7.8

w
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7.6
6.8
4.5
6. 0
5.5
3.0
4.7
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PIFE
FPOWER
FLOW
(CFS)

PET. 0
854, 0
£831.0
804.0
799. @

790. O

7&81.0
785.0
727.0
4&80. 0
638. 0
6&01. 0
S87. 0
566. 0
539. 0
S51Z. 0
497. 0
483, 0
453. 0
434. 0
424. 0
406. 0
450. O
413.0
367, 0
3446. 0
337.0
323. 0
307.0

"302. 0

292. 0
282. 0
£76.0
239. 0
244. 0
Z40. 0
237.0
285. 0
232.0
324.0
273.0
261.0
Z71.0
Z55.0
265.0
260. 0
292. 0
319.0
318.0
302. 0
Z69.0
£38.0
235. 0
257.0
Z30. 0

FIFE
POWER
(KW)

F143,
3082,
_B087,
3002,
2993,
2976,
2959,
2 .
2844,
2729.
2614,
2505,
2468,
Z394,
2205,
2212,
2159,
2108,
1983,
1911,
1873,
1803,
19864,
1818,
1636,
1552,
1515,
1459.

1371,
1329.
1286,
1261.
1185,
1119.
1102z,
1089.
1296,
1 .
14464,
1Z45.
1197.
1241.
1472,
1216,
1195.
1334.
1455,
_1450.
1382,
1239.
1191,
1178.
1188,
10464,

CANAL
FLOW
(CFS)

0'

0.
0.
0.
0.
Q.
0.
0.
Q.
O.

0.
o.
0-

0.

0.
ZZ.
Z3.
Z3.
Z3.

0.
44,
49,
49.
44,
46.
46.
44,
44,
46,
46,
54.
S59.
58.
S5.
55.
54,
4z,
53,
40.
38.
37.
36,
32.
30.

10.
11.
11.
11.
11.

6.
7.

CANAL
POWER
(KW )

.
0.
O.
Q.

DAM
FLOW
(CFS)

41.0
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