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SPTLL DISCHARGES BELOW
WATANA AND DEVIL CANYON DAMS

-
<

ia{ ’ GAS CONCENTRATION AND TEMPERATURE OF
\

1 - INTRODUETION

Supersaturation of atmospheric gases (especially nitrogen) in hatchery and
aquarium facilities was first noted in the 1900's (1) and was ascribed as
causing the condition in fish known as gas bubble disease. Supersaturation
caused by entrainment of air in waters spilled over dams on the Columbia
River was recognized as a problem for anadromous fisheries in the river in
1965. A comprenensive study (2) of dissolved gas levels in the Columbia River
showed that waters plunging below spillways was the main cause of super-
saturation in the river waters. Several later studies have confirmed the
harmful effects of nitrogen suparsaturation to fisheries. The tolerence of
fish to Tevels of nitrogen supersaturation depends on the time of exposure,
age, and species of the fish; dissolved nitrogen levels referenced to surface
pressure asove 110 parcent are generally considered harmful (3). The state
of Alaska water quality criterion is set of 110% for totzl gas saturation in

its waters.

With this background, the potential problem of supersaturation of spill waters
from the nroposed Watana and Devil Canyon developments on the Susitna River
Was recoghized eér1y during the feasibility studies. Alternative spillway
faciljﬁ%es were studied to minimize such a potantial problem, and a scheme
ccmgf?sing fixed cone valves and overflow spillway was selected for each
development based on detailed discussions with eavironmental study groups.

[
A\l

1.
This geport describes the selected spillway schemes briefly and prasents the
anaTysés'and field investigations carried out to assess the performance of
the proposed schemes with respect to gas supersaturation in spill waters.
A related concern on temperature of spill waters is also discussed.

A summary of the studies undertaken and the important conclusions are
oresented in Section 2. A short descripticn of the proposed schemes is given



- =

H
. S o . .
- B
t - .
' d
[
: A

/
; ¢ ..,
tlon 3. Section 4 details the engineering analyses carried out. Results

se analyses, field investigations, and their interpretation are presented
VYction 5. The next section prasents the major conclusions drawn from

these stud1es Appendix Aftomprices the field study report and Appendix B

deals ~1th the temperature of spill waters, its impacts downstream, and possible

\ .
reservoir operation scenarios to minimize such impacts.



of fixed-cone valves to réduce gas supersaturation in their discharges. Published

studies‘(él pgjgie aeration efficiency of Howell Bunger valves (the more
commonly known type of fixed-cone vdalves) were reviewed, and a theoretical
assessment of the performance of the proposed valve layouts was made based on
the physical and gecmetric characteristics of diffused jets discharging freely
into the atmosphere. Results of a companion study on assessment of scour hole
development below high-head spillways (5) were used to estimate the potential
plunging of the valve dischargeg into tailwater pools at the proposed develop-
mants, and the resulting supersaturation in the releases was calculated.
Spe.ific field tests were conducted at the Lake Cocmanche Dam on the Mokelumne
River in California (6) to study jet characteristics and the efficiency of the
axisting Hewell Bunger valves in reducing supersaturation level in the reser-

yoir relegases.

The analyses indicate that no sarious supersaturation of nitrogen is likely
to occur in the releases Trom the proposed Watana and Devil Canyon davelocments
for spills up to 1:50 year recurrence interval. Field test results tend to
contirm some of the assumptions made in the theoretical analysis with respect
to jet shape, diffusion, and gas concantration in the valve discharges.
Saveral assumptions and approximations, albeit conservative, have been made in
the analyses whieh should be confirmed in later study phases, perhaps in a
physigal model. For the purpose of feasibility studies, however, it is felt
that:f%e analyses adequately support the proposed schemes for their intended
purﬁbse.

T
A r%ﬁated question of the temperature of spill waters and its effects on the
dewnstream water temperature has been analyzed and detailed in Appendix B.
Simulation studjes of the two-reservoir operations indicate that continuous
(24 hour) spills would occur in the mcnth of August in 30 out of 32 years of
simulation and in 18 cut of 32 years in September {or the Case "C" operation
which maintains a minimum instantaneous flow of 12,000 cfs in August at Gold
Creek. This spill freguency is simulated for a system enerqy domand in the
year 2010 (Bettelle forecast) and assumes that the entire demand is met by
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wat4§; and Devil Canyon déveiopments where possible. The spills will be

grea%?rand_more frequent in the years between 2002 (Devil Canyon commissioning)

and ¥010. Ahen Watana alone is operational (between 1993 and 2002), Tess
frequegt spills are simu1é%ed to occur. Reservoir operation studies are
curren£¥y\§ejng refined to finalize acceptable downstream flows.

Temperature of spill waters at Watana is expected to be close to that of

power flow, and hence, it is not expected to create temperature problems
downstream when Yatana is operating alone (1993-2002) or when it spills into
Devil Canyon. At Devil Canyon, hcwever, spill temperature is expected to be
close to 39°F ccmpared to a power flow tamperature of 48-49°F in August and
45°F in Septemper. This is based on the conservative assumption that the
tesperature of spill water does not increase significantly while in contact
with the atmosphere despite the nighly diffused valve discharge. It is,
theretore, considered necessary to keep the spill from Devil Canyon to a minimum to
avoid unaccentably low downstream temperatures. The analyses indicate that by
cparating Tavil CLanyon to weet most or all of the base Toad demand and with
“Jatana generating essentially to meet peak demnands and spilling continuously
when necessary, it would be possible to maintain dcwnstream flow temperatures
selow Devil Canyon close to that of pcwer flow while reducing spili fTrequency
considarably.

During major floods (1:10 year or rarer), there will be significant spills
crom Devil Canyon in addition to the power flow resulting in cold slugs of
water downstream for a few days. "It will be necessary to establish criteria
for acgeptability of lower temperatures for short durations in August and
Septgﬁber in consultation with fisheries study groups and concerned agencies.
Cur,ént]y, downstream water temperature analyses are being revined, and when
‘vayesults are avajlable, the above spill tanperatures and duration should
bejgeviewed to confirm downstream temceratures during normmal power operation
as weyl as flood events. If the projected tamperature ragime downstream is
unacceptable, alternative means to remedy the situation should be considared.
These may include provision of higher level intakes to several or all fixed-
cone valve discharges at Devil Canyon, muitilevel power intake at Devil Canyon,
Timited operation of main overflow spiliway (for floeds 1:50 year or more
freauent) to improve temperature without sepious increase in nitrogen super-
saturation, etc.
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3 <§ SCOPE'OF ANALYSES

The ijectiﬁa of the analyses presented in the following sections is to
providéaan assessment of the performance of the fixed-cone valves in their
proposedxaqpfiggﬁgtion with respect to their potential in reducing gas con-
centration in sﬁ?]] waters from the Watana and Devil Canyon developments. The
analysis is a theoretical study supplemented by available field information on
performance of these valves for aeration. Field measurements were ccnducted
on the Howell Bunger valves at the Lake Comanche dam on the Mokelumne River

in California. Results of the tests are interpreted tc confirm some of the
study assuirptions.

A related question of temparature of spill waters is analyzed in Appendix B.
The data for the analyses has been drawn from the Feasibility Report (7).
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3
4 ﬁtCHWE DESCRIPTION

Thigi’ectioﬁ presents a short description of the selected spillway and outlet
% 0}

faci1fﬁ§es for the proposed Watana and Devil Canyon developments.
M.
S

4.1 - Scheme Description

Selection of the discharge capacity and the type of spillway and outlet
faczilities has been based on project safety, environmental, and aconomic con-
siderations. At each development, a set of fixed-cone valves is provided in
the outlet works to discharge spills up to 1:50 year recurrance interval. The
main spillway comprises a gated control structure and a chute with a flip
bucket at its end. This facility has a capacity to discharge, in combination
with the outlet works, the routed design flood which has a return period of
1:10,000 years. A fuse plug with an associated rock-cut channel is provided
to discharge flows above the desian Tlood and up to the estimated probable
maximum flood at the dam. Cetailed descriptions of the Tacilities are pre-

sented in the Feasibility Renort (7).

"he primary purpcse of the outlet facility is to discharge the spill waters

up to 1:50 year recurrence in such a manner as to reduce potential super-
saturation of the spill with atmospheric gases, particularly nitrogen. This
frequency was adopted after discussions with cavironmental study groups as an
acceptable level of protection of the downstream fisheries against the gas
oubble disease. A set of fixed-cone valves were selected to discharge the
spiTE{“hlfﬁghly diffused jets to achiave significant energy di-sipation
withjut provision of a stilling basin or a plunge pool where potentially large
sup%;saturation develops. The valves have been selected to be within current
wor?g‘experience with respeet to their size and operating heads. At ‘atana,
six 78 inch diameter valves are providad and are located about 125 ft above
average‘tai1water ievel in the river. The design capacity of each valve is
6,000 cfs. At Sévi1 Canyon, seven fixed cone valves with a total design
capacity of 38,500 cfs are provided at two levels within the arch dam, four
102 inch valves at the high level scme 170 Tt above averzge tailwater lavel,
and three 20 inch valves about 50 ft above aver-je tailwater level. The lower



valves have a capacity of 5,100 cfs each and the higher ones 5,300 cfs each.

In %zing these valves, it has been assumed that the valve gate opening will
} p

be rstricted to 80% of full stroke to reduce vibration.
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5 ;z ENGINEERING ANALYSES

Thi ;sectidn details the analyses carried out to estimate potential super-
saturatjon in the releases from the Watana and Devil Canyon developments

when the ceservoirs spill.

5.1 - Available Data

Fixed cone valves have been used in several water resource projects for

water control, energy dissipation, and aeratijon of discharge waters, and data
on their performance for such operations is readily available. However, no
precedence nas been reportad on the use of such valves for reducing or
eliminating gas supersaturation in spill waters. Manufacturer's catalog
infarmation on Heowell ZBunger valves and Boving Sleeve type discharge
requlators (both particular types of fixed cone valves) and the Tennessee
Valley Authority Study (4) on aeration efficiency of Howell 3ungar valves form
the specific data available. Theoretical analyses .e carried ocut based on
the gaecmetric znd physical characteristics of diffused jets discharging

ireely into the atmosphere.

5.2 - [ield Data Collection

A review of existing facilities where a potential for spilling during the

spring ot 1982 existed was made, and the Lake Comanche dam, on the Mokelumne

River in California, was selected as a feasible site for specific testing.
'

o2

‘ - o - J_ - . . - J. J.
The Lomanche Lake dam is of the rockfill type with outiet facilities fittad
3 '-.' [} ‘ ot .
wit}, four Howell Bunger valves. These valves are located at the toe of the
’ . . o i &
dam and spray the discharge into c:nfined concrete conduits vefore releasing

the water to the stream.

4

+

Cutflew through the valves was aroung 4,000 c¥s during the test on 2y 28,

1982, ‘Water samples were collected at several depths in the reservoir near
the valves and at downstrezm locations and znalyzed for nitrogen and cxygen
cencentrations. Setails of the test procecure and results are presentad in

Aopendix 1.



5.37¢ Method of Analysis

(a) §f1ow from the fixed cone valves leaves the structure as a free-discharging
j®t diffusing radially at the cone angle. The path of the jet depends on
thé'eggrgx_gf flow available at the valve and the angle at which the jet
Teaves the valve (assumed as 45°). Referring to Figure 5.7, the path of
the trajectory is given by the following equation (8):

2

y = x tan 8§ - X (1)
k(4 H Cos® o)

where:
9 = angle of the jet to the horizontal;

a factor to take account of loss of energy and velocity raducticn
due to the effect of air resistance, internal turbulences, and
disintegration of the jet {assiumad at 0.9);

H = net epergy of the jet, ft.

The propecsad valve operation restricts the opening of the valve gate to
80% of full stroke. This may be interpreted as equivalent to vroducing
an additicnal head Toss in the systam, thareby roducing the discharge

to 80% of *the theoretical capacity. The ceneral discharge equation for

the valve:
& |
{ Qr = CA /g ﬁn (2)

>l el

may then be written as:

= CA vZg x “6¥ X hi_ | (3)



§
}?where:'

’§T theoretical capacity of valve, cfs;
area of valve, ft;

C ’=\§oefficient of discharge (v - 85 for fixed-cone valves);
h. = net héad upstream of valve, cfs;

n
QD = design capacity of valve, cfs.

I

fquation (1) may be rewritten now as:

2
y = x tan § - 2 (4)
k 4 x (0.64 x hn) x Cos? 8

Referring to Figure 5.1, the longitudinal throw of the jet is calculated
with &=45° and -45° while its latarial throw calculated when £=0°.

Vertical rise of the jet aScve the valve is calculatad as a simple
orojectile subject to gravity and neglecting air friction to yield a

consarvative value.

Potential 2lunging Beoth of Jet(s) Into Tailwater Pool

As part of the feasibility studies of the Watana and Devil Canyon develop-

ments, a study was made by Acres on the scour hole development below

nigh head spillways, and the rasults therefrom have besn usad to astimate

the potantial plunging of the jets ¥rom the fixed cope valves into
ﬂiéiTwater. Figure 5.2 presents a detinition sketch for the study
j’carried out for a typical flip tucket spillway contiguration. It may

& be readily observed that significant differences exist between a "solid"
" jet leaving a f1ip bucket and the diffused discha~ge jet frem the fixed-
¢one valves in the available energy and its concentration in the jet
fo}*scouring dewnstream or piunging into the tailwater pool. Equation
(5) was developed in the zhove mantionad studies to estimata scour

depth for a solid jet:

y = 0.24 q0.65 HO.32 (5)



Hwhere:

-

|

‘y = estimated scour depth, ft;
q ﬁ unit discharge, cfs/ft;

H = net fa]] of the jet, ft.

This equation was modified to take account of the maximum discharge
intensity, q! in cfs/ft? of the fixed cone valves assuming the long-
jtudinal spread of the solid jet as equal to its flow depth at the toe
of tha fl1ip bucket (Figure 5.2). This assumpation i3 expected to yield
a consarvative estimate of the scour depth for diffused jets. The fall
height H was taken as the drop of the diffused jet from the highest
point of its rise to the tailwater pool (Figure 5.1). With these
modifications, equations (6) and (7) were developed to estimate the
scour denth cdue to the valve discharges at Watzna and Devil Canyen, re-
spectively.

yw = .24 (ql w)0.94 0.32 (6)

)0 98 0.32 (7)

= +24 (q? DC

Yne 97 pe

W and DC represent Watana and Devil Canyon, respectively.

Scour depths, as calculatad by equations (6) and (7), give an estimate
of’ the deoth to which water may plunge snould the jet fall into a
4%11water poal instead of on solid ground The values Yy " d Ype @
1ca1cu1at°d for the highest 1ntans1uy ql y or ql oc when all the jets are
Acxkﬂat1ng at each of the devels ts and taken as the plunge depth of
Ehe jets.

5.4 - Supersaturation of Spills

(a) Gas Concentration in Valve Discharges

Results of the Lake Comanche dam tests indicata that the Howell Bunger
valves have been succassful in praventing supersaturation of the spills
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jdand, tb some extent, have reduced the gas concentration in the spill

waters.

! 4

o

Thg Tennessee Va]]ey-guthority studies which were conducted to assess
aeration efficiency of the Howell Bunger valves, suggest that the dis-
charge %faﬁ”{he valves are well aerated. The test results indicated
that small supersaturation (101-102%) of axygen may be found in the
spills but suggested that this may be due to calcuTation procedure used.
The renort concluded that since saturation concentrations were not
measured in the field, it is not certain whether supersaturation acually

occurrad in the runoff downstream.
Based on the above test results, it has been conservatively assumed
that a 100% saturation level of atmospheric gas is likely to exist in

the valve discharges at Watana and Cevil Canyon.

(b) Suparsaturation Due to Plunging

fach component of gas in the atmeosphere will dissoive in water independ-
ently of all other gases and, when at equilibrium (i.e. saturation
condition) with the air, the pressure of a specific dissolved gas is
equivalent to its partial oressure in the air. Approximating one
2tmospheric pressure to 34 ft head of water, the above relationship
translates roughly to 3% saturation per foot of hydrostatic nead. Thus,
{t may be extended that fully saturated water mass when plunging into a
gﬁbo1 would develop a supersaturation of gas at the rate of 3% per foot of
i;ﬂunge provided thet adequate supply of air is entrained.

K}

]
.

(c)'" Ras Concentration in Dewnstream Discharges

Average Fower flows %t the ftwo developrents <uring spills have ktaen
estimatad in the reservoir simulation studies. Ffor the currant analyses,
it is conservatively assumed that these powerhouse discharges will be
fully sat irated. Estimates of final gas cencentrations in the total
downstreaam discharges is calculated assuming the Taws of dilution to

hold for mixing discharges at different gas concentrations.
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jjIt is assumed that spills from Watana will get completely mixed in the

'{Devﬂ Canyon storage during their passage through 26 miles of reservoir
land that no supersaturation would build up in the reservcir due to
waq:ana spills.
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| 6 g RESULTS

Tabi; 6.1 ﬁresents the results of the analyses carried out to assess the
perfoyxmance of the fixed cone valves at the proposed Watana and Devil Canyon
developments in relaticn to the potential gas supersaturation of spill waters.
Figures 6.1 and~“8.2 present the jet interference pattern and the areas of

impingement.

Estimated supersaturation in the spiil discharges with a recurrence interval
of 1 in 50 years is 101% at Watana and 102% at Devil Canyon. For more
frequent spills, these concentrations are expected to be somewhat Tower due
to lower intensity of spill discharge and consequent lower plunge in the
tailwater nool. For spills of rarer frequency, the main chute spiliway will
operate leading to potentially greater supersaturation in the downstream

discharges.

{ Results of spill temperature analysis is presented in Appendix B.

LI
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! TABLE .6.1 - RESULTS QF ANALYSES

Descm‘ptiorﬂ__ -

1.

Valve Parameters

——ay

Diameter of fixed cone valves-inches
Number of valves

Design capacity-cfs

Elevation of valve centerline-ft
Elevation above average tailwater-ft
Net head (hn) at the valve-ft

Angle of valve discharge with
horizontal-degreas (assumed)

Jet Gewnetry

Lengitudinal throw-nesar edge-ft
Longitudinal throw-far edge-ft
Lateral throw-ft

Impingement area of single jet-ft2
Impingament area of all jets-it?
Maximum fall of jet (H)-ft

Jet Charactaristics

Average intensity of discharge of
single jetacfs/ft2

Maximum intensity (q') when all jets
are opégating cfs/ft?

Estﬂnﬁféd plunge depth-ft

Watana Valves

Devil Canyon Valves

Upper Level

Lower Level

/8

4,000
1,560
105
508

45

91

676

351
145,200
221,300
359

Supergaturation Estimates (1:50 year flood)

&
Desigﬁ valve discharge-cfs

Assumed simultaneous power flow-cfs
Total downstream discharge-cfs
Assumed gas concantration in power

flow-percent and valve discharge at valve-%

Aaximum gas cencentration in valve
discharge below dam-%

Maximum gas concentration in total
downstream discharge-%

24,000
7,000
31,000

100.0

100.9

100.7

102

5,800
1,050
170
365

45

130
550
378
112,250

353

0.052

5,

83,

173,250

30

100
930

50
450

45

46
564
228
400

275

0.061

4 x -052 + 3 x -06]

0.62 (H=353%)

38,500
3,500
42,000

150.0

101.9

101.7

= 0.391

(g
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4 concLusIONS

‘he analyses described above indicate that the proposed fixed-cone valves
woyld adequately prevéht serjous gas supersaturation in spill waters up to
a recurrence interval of 1:50 years.

Phale

Several assumptions have had to be made in the analyses with respect to
Jjet characteristics and its potential plunge into tailwater pool. Field
test results avajlzble are only indicative of the valve performance. In
particular, the configuration of the proposed valves set high above the
tailwater pool and their free discharge with the atmosphere differ signi-
ficantly from the Lake Ccmanche dam arrangement and the TVA test facility.
In view of the nature of analyses and lack of precedence for the proposed
valve arrangement, it is recommended that a physical model study be
carried out to confirm the performance of the valves.
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) ﬁiﬁrogen %as‘ia the deep water of a reservoir =ay be slightly super-saturated due
J‘: I}
to the hydrc~static pressure of the overlying water (Wetzel, 1975). Therefore
wateraflowlﬂg from a dam with a deep intake may contain a super- -saturated concen-
trat n of nitrogen. If this excess nitrogen gas is not rapidly released into the
atmos here, it may cause nitrogen gas bubble disease in fish residing below the

dam odkfall (Conroy and Herman, 1970).
*.\ @

A study was conducted at Lake Comanche Dam, Mokelumne River, California, to
determine the afficiency of the Howell-Bunger Valve in removing super-saturated

dissolved nitrogen (Nz) from the dam's tailwater.

The valves spray outfall water into concrete condults before releasing the watar
to the stream. This was observed and photographed at Lake Comanche Dam on 28 Yay,

2881, at a flow of 4000 cfs into the Mokeluane River (see accompanying photos).

ﬁQ

This creata2s a turbuleat aad aerated flow with the purpose of facilitating nitrogen
gas release to the atmosphere.
By sampling nitrogen gas im the reservoir anear the intake, and at several locations

below the outfall valves, the efficiency of the valve was obtained.

~£110DS

In order to detarmine nitrogen gas coacantrations at various depths in the reser-
voir, watar samples were collected in Lake Comanche approximately 50 m from the
dan directly over the river channei on 28 May 1982. A Van Dorn 3Bottle was lowared
from a bcat to collect water samples at depths of 0, 10, 20, 30, and 38.4 m. As
reported by East 3ay Municipal Utility District the dam intake was at a depth of
38.4 m (126 ft) it the time of the sazpling.

7
Once., ﬁakan aboard, each sanple was poured with aoinimum turbulence iato an airtight
bottﬁg and capped in a manner that laft no air bubbles in the bottle. Bottles
were placed in a cooler for traasportation to the lab. Studies conductad by Stave
Wilhelms of the Hydraulic Laboratory, U.S. Army Watarway Experiment Station,
Vicksburg, Mississippi (personal communication) indicate that brief exposure of
deep water saoplas to atmospheric conditionms has little effect on nitrogen gas

coancantrations. Hewever, he has found that pericds of axposura to atmospheric
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air bubb%ﬁé during tramsportation can cause significant changes in nitrogen gas

conceangtions hence the peed for removing all air bubbles before transportationm.
Etcasd*water remaining in the Van Dorn 3ottles was measurad for temperature. The
atmosvhéric pressure measured on site at the time of sampling was 753 wm.

L |
At thé\gailwater below the.dam, water was collected by immersing the sample bottleas
under tﬁé water and capping them in a manner that left no air bubbles in the bottles.
Samples were taken at the outfall, 100 m below the oﬁtfall, and 200 m below the out-
fall. Water temperatures were taken at each of these locations. Bottles were placed
in a cooler for transportation to the lab. At the time of sampling, the outfall flow

was 4,000 cfs. The atmospheric pressure was 753 mm.

The watar collected was analyzed for nitrogen gas (Nz) and oxygen (02) in a
California State Cartified Water lab using a Carle Model 8700 Basic Gas Chromato-

gram with a thermal conductivity conductor several hours after collectionm.
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¥ RESULTS :
\
"-\‘
Nz 02
Depth Temperature % %
Location _ (m) (°C) (zg/1l) Saturatiom (mg/1) Saturat
Reservoir 0 22.0 14.9 101 9.2 105
10 14.5 17.0 100 2.3 30
20 13.2 17.3 99 10.0 94
30 11.0 17.9 G9 10.2 93
38.4 1J.0 18.5 ’ 101 9.3 &2
Dzm Taillwvater
At VRlve O 10-2 1.7 u7 97 11-1 91‘
100 m devustraam 0 10.5 17.3 95 11.2 a8
200 a downstream 0 11.5 17.9 97 10.9 58
f
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APPé\IDIX B-

SPI{LS AT WATANA AND DEVIL CANYON DEVELOPMENTS

\ u

B.1 - OPERATION OF WATANA AND DEVIL CANYON
COMBINED (Beyond Year 2002)
(a) Spill Quantities and Frequency

.
a

i

4‘;.

N

The monthly reservoir simulation studies calculate spill volumes as the
flow reguired to be discharged from the dam to satisfy downstream
requirements less the maximum turbine capacity, and does not restrict
the turbine flow in relation %o the actual energy demand of the system.
Total energy production, as calculated, is the energy potential of the
schemes. Usable energy is then calculated as the potential or the
maximum energy demand, whichever is smaller. The turbine flows are nof
readjusted tu the level of usable energy production. Tables B.1 to B.9
present selected results of the reservoir simulation studiess which
i.dicate this,

Tables B.10 to B.12 are developed from the raservoir simulation studies
for adjustad turbine flows for two alternative generation patterns at
Watana and Devil Canyon for the months of August and September when
spills are most likely to occur. Alternative A assumes that whenever

}the potential energy generation from Watana and Cevil Canyon develop-

-

ments is greater than the usable energy lavel. each devalopment will

share the usable energy generation in proportion to their average heads.

However, in the months when Yatana outflow, as simula*ted, is not
sufficient to genarate energy in proportion to its average nead, Devil
Canyon will make up this difference. This oparation is reguired in
such years when Devil Canyon is teing drawn down to meet the minimum
downstream flow raquirements (years 1, 2, for exzmple). Alternative R
assumes that Devil Canyon would generate all the energy possible
consistent with downstream flow requirements, and Watzna would conly
operate to make up the difference in years when energy potential is

oot Y
T o vty oo e

b i A A




; regard to downstream water cuality (see Saction B.2).
h.

;% greater than usable. This assumes that all the energy from Devil Canyon is
g useable as base load on a daily basis. Battelle load forecast (1981)
! tends to confirmm this assumption for the year 2010. However, during earlier

years, such operation may not be fully possible.

[t may be readily seen from Tables B.10 to B.12 that frequency of
continuous spills (24 hours) from the reservoirs in the months of Auqust

and September is significantly greater than presented by the reservoir
simulation (Tables B.3 and B.6).

The analysas summarizad in Tables B6.10 to B.12 indicate that Devil

Canycs would spill in 30 out of 32 years in August and 16 out of 32
years in Septanber for the Case "C" operation which maintains a minimum
instantaneous flow of 12,000 cfs in August at Gold Creek. For down-
stream discharge requirements greater than 12,000 cfs at Gold Cresk, it
is estimated that the frequency of spills may not be increased signi-
ficantly. However, the volume of spills will be larger to make up for
increasad flow raquirement. The above spill fraquency is simulatad for
a system anergy demand in the year 2010 (Battelle Forecast) and assumes
that the entire demand is met by Watana and Devil Canyon developments

wnere possible. The spills will ve greater and more frequent in the
years between 2002 (Cevil Caryon commissioning) and 2010.

oo vt s

it may be scen that operation Alternative 2, which provides for maximum
noossible energy generatien from Devil Canyon while Watana is allowed to
#spill, results in significantly reduced spill frequency from Devil
ji'Canyon. This type of operation is expected to be advantageous with

\
Several intearmadiate distrivuticns of generation between Watana and
Davil Zanyon is also possibfe. A recommended operation will Se derived :
after finalizing the downstream flcw rogquirsments and the refined
temperature modeling studies which are currently in progress.
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(b)ifSpill Quality

alreat oy

xi (1)

Spill Temperature

Figures B.1 and B.2 area extracts from the project Feasibility
Report (7) and present simulated temperature profiles in the Watana
and Devil Canyon reservoirs for the months June to September.
Refinement of resarvoir temperature mndeling is currently in
prograss, but the differences between the revised profiles are not
axpected to be very signiticant from the ones presentead here

for thase menths.

Tamperature of spill waters at Watana is expected to be close to
that of power flow, and nence, it is not expectad to create
tanperature problems dcwnstream when Watana is operating alone
(1993-2002) or when it spills into Devil Canyon. At Devil Canyon,
owever, spill temperature is axpactad to be close to 39°F ccipared

a Do
September. This is basad on the consarvative assumption that the
tenperature of spill water does not increase significantly wnile
in ccntact with the atmospnere despite the nighly diffusad valve
discharge. It is, therefore, considered prudent to keep the spill
from Devil Canyon to a minimum to maintain as high a downstream
tanperature as possible during spills.

The operation Alternative 7 indicates that bty operating Cavil
Canyon to generats as much as possible during these months and
with “Watana generating essentially to meet peak dcmands and
spilling continuously when necessary, it would bSe possible to
maintain downstream flow temreratures below Devil Canyon close fo
that of power flow.

quancy), there will be
ables B8.10 and B.11)
in &ddition to the pcwer Flcw resuliing in cold slugs of water

Curing major floods (1:10 year or rarer fre
significant spills from Devil Canyon (see T

dewnstream for a few to several days. It will be necessary to
establish criteria for accentability of lower temperatures for
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short durations in August and September in consultation with
fisheries study groups and concerned Agencies. Currently, down-
stream water temperature analyses are being refined, and when the
results are available, the above spill temperatures and duration
should be reviewed to confirm downstream temperatures during normal
power oneration as well as flood events. If the projected
temperature regime downstream is unacceptable, alternative means

to remedy the situation should be considered. Thnese may include
provision of higher level intakes to saveral or all fixed-cone
value discharges at Devil Canyon, multilevel power intake at Devil
Canyon, Timited operation of main overflow spillway (for floods
1:50 year aor more frequent) to improve downstream water temperature
without serious increase in nitrogen supersaturation, etc.

Gas Suparsaturation
It dozs not agscear (from Table 6.1) that there would be sig: ificant

acvantage in spilling from Watana as ccmpared to spills from Cevil

Canyon 1in terns of gas concentration.




.,

.

B.2/% OPERATION OF WATANA ALONE (1993-2002)

R |
L

Bef&ﬁg Devil Canyon is commissioned, Watana would operate aTone, and spills
required to maintain downstream flows will have to be made through the fixed-
cone valves. Reservoir simulations indicate that, generally, spills would be
of lower magnitude during this operation due to greater percentage of flow

being used to generate usable energy.

It is beilieved that the river reach of some 30 miles between Watana dam and
Devil Canyon would lessen thea impact of spill temperafure and gas concentration
pelow Devil Canyon and would pose less problems, if any, compared to the case

when Devil Canyon development is also ccmmissioned.

‘- “\
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Nitrogen gas ic the deep water of a reservoir =ay be slightly super-saturated due
to the hydro-static pressure of the overlying water ‘Wetzel, 1975). Therefore
water flowing from a dam with a deep intake may contain a super-saturated conceti-
tration of nitrcsgen. If this excess nitrogen gas 1s not rapidly released into the
atmosphere, it may cause nitroéen g2s bubble disease ia fish residing below the

dam outfall (Conroy and Herman, 1970j.

A study was conducted at Lake Comanche Dam, Mokelumne River, California, to
determine the efficiency of the Howell-Bunger Valve in removing super-saturated

dissolved nitrogen (Nz) from the dam's tailwater.

The valves spray outfall water into concrete conduits before releasing the water

to the stream. This was observed and photographed at Lake Comanche Dam on 28 May,
1981, at a flow of 4000 cfs into the Mokelummne River (see ar~ompanying photos).
This creates a turbulent and aerated flow with the purpose of facilitating nitrogen

gas celease to the atmosphere.

By sanpling nitrogan gas in the reservoir near the intake, and at several locations

below the outfall valves, the efficiency of the valve was obtained.

METHODS

In order to deteraine nitrogen gas concentrations at various depths in the reser-
voir, water samples were collected in Lake Comanche approximately 50 m from the
dam directly over the river channel on 28 May 1982. A Van Dorn Bottle was lowered
f:om a boat to collect water samples at depths of 0, 10, 20, 30, and 38.4 m. As
r:ported by East Bay Municipal Utility District the dam intake was at a depth of
38.4 m (126 ft) at the time of the sampling.

Oace taken aboard, each sample was pourzd with minimum turbulence into an airtight
bottle and capped in a manner that left no air bubbles inm the bottle. Bottles
were placed in a cooler for transportation to the lab. Studies conductad by Steve
Wilhelms of the Hydraulilc Laboratory, U.S. Army Waterway Experiment Station,
Vicksburg, Mississippi (personal communication) indicate that brief exposure of
deep water samples to atmospheric conditions has little effect on nitrogen gas

concentrations. However, he has found that periods of axposure to atmospheric




)

SRS

air bubbles during transportation can cause significant changes in nitrogen gas

concentrations, hence the need for removing all air bubbles before transportation.
Excess water remaining in the Van Dorn Bottles was measured for temperature. The

atmospherlc pressure measured on site at the time of sampling was 753 cm.

At the tailwater below the dam, water was collected by immersing the sample bottles
under the water and capping them in a manner that left no air bubbles in the bottles.
Samples were taken at the outfall, 100 m below the outfall, and Z00 m below the out-
fall. Water temperatures ware taken at each of these locations., Bottles were placed
in a cooler for transportation to the lab. At the time of sampling, the ocutfall flow

was 4,000 cfs. The atmo_pheric pressure was 753 mm.

The trater collectad was analyzed for nitrogen gas (NZ) and oxygen (02) in a
California State Certified Water lab using a Carle Model 8700 Basic Gas Chromato-

gram with a thermal conductivity conductor several hours after collectiom.




i RESULTS
Nz 02
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i

105
S0
94
93
g2

I Reservoir 0 22.0 101
T 10 14.5 100

14.9

| 17.0

20 13.2 - 17.3 99
17.9
18.5

30 11.0 ¢9
38.4 10.0 101

e
=
VO OoOWww
.
W Ok

2mm Tailwatar

— it Ay —— ] ol St A

10.2 17.7 97 11.1 94
95 11.2 98

11.5 17.9 97 10.9 98

1At Talve
1100 m downstream
2200 m downstrean

o NoNe
T
(o]

]
(V]
H
~4
L ]
L)

{ TN
»

Te1
0!
|




References

Conroy, D.A., and P. L. Herman. Textbook of Fish Diseases. 1970, T.F.H.
Publications, Jersey City, New Jersey. 302 pp.

Wetzel, R. G. 1975.° Limnology. W.B. Saunders Company, Philadelphia.
743 pp.



	0001-0001
	0001-0002
	0001-0003
	0001-0004
	0001-0005
	0001-0006
	0001-0007
	0001-0008
	0001-0009
	0001-0010
	0001-0011
	0001-0012
	0001-0013
	0001-0014
	0001-0015
	0001-0016
	0001-0017
	0001-0018
	0001-0019
	0001-0020
	0001-0021
	0001-0022
	0001-0023
	0001-0024
	0001-0025
	0001-0026
	0001-0027
	0001-0028
	0001-0029
	0001-0030
	0001-0031
	0001-0032
	0001-0033
	0001-0034
	0001-0035
	0001-0036
	0001-0037
	0001-0038
	0001-0039
	0001-0040
	0001-0041
	0001-0042
	0001-0043
	0001-0044
	0001-0045
	0001-0046
	0001-0047
	0001-0048
	0001-0049
	0001-0050
	0001-0051
	0001-0052
	0001-0053
	0001-0054



