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Background

The fixed cone valves have been included in the Watana and Devil
Canyon layouts in order to mitigate possible nitrogen supersatura-
tion in the river downstream for releases up to the 50 year flood
.event. The ACRES computation which supported the effectiveness of
the cone valves for this purpose has several inconsistencies which
would probably not stand up under close inspection. For this

reason, JHT asked me to update the computation using defendable
computations based on relevant references.

The resulting computations and references are included in
Appendices A and B.
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il ge EJG, JHT, WEL, AZ, FGD NUMBER
““Hn rrow H.W. Coleman | Page Two
r o SUBJRCY , »Sus:.tna Project
- *§ Fixed Cone Vales
VS IEA! N, Supersaturation
B 2
i
ki
" Operating Conditions
. ?§ Watana Devil Canyon
m HW 2185 1455
T T™W 1455 ‘ 880
4 El. of Valves 1560 1050 (Upper)
| 930 (Lower)
. ‘
s Number, Size Valve 6 & 78" 4 @ 102" (Upper)
o 3 @ 90" (Lower)
‘ﬁ Design Discharge {per valve) 4000 cfs 5800 cfs (Upper)
= 5100 cfs (Lower)
m
i Power Flow ~ 0-7000 cfs 0-7000 cfs
o % Watana Reservoir and power flow assumed to be 100% saturated with
1L B,
1 Computations
At :
i LU The following computations were made:
;1’3 l. Theoretical trajectories of various porticns of the valve
L discharge.
i 2. Air entrainment of jet.
‘% 3. Possible disintegratiocn of jet before reaching tailwater.
éé 4. Jet penetration of tallwater with and without effect of air
= entralnment.
°‘ 5. Expected N, supersaturation with apd without powerhouse
d operating.
'ﬁ' Computations are included in Appendix A.
o
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. FROM H.W. Coleman Page Three
i sussgey ___Susitna Project
: * Fixed Cone Vales
e Wg ' N2 Supersaturation
- Results

Watana Only (1996-2001): BHw 2185

TW 1455
} N2 Supersaturation
B
Range of N, Supersaturation
. in"impact zone 0-17%
.:m-i '
3 Fully mixed supersaturation
,é 1 Valve operating Q 4,2%
) 6 Valves operating ‘ : 4.2%
- 6 Valves + Powerhouse 3.2%
i J@ 1 Valve + Powerhouse 1.5%
:ilf Devil Canyon (2002-2020) N {with Watgna)
o Range of N, Supersaturation
in"impact zone 0-26% 1.58~30%
Fully mixed supersaturatfcn
; i 1 Valve operating 0% (Upper) 4.2%
o e 6.1% (Lower) 10.3%
RN ) 7 Valves operating 2.4% 6.6%
i 7 Vvalves + Powerhouse 2.1% 5.3%
W 1l Valve + Powerhouse 0% (Upper) 1.5%
! 2.6% (Lower) 4.1%
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MEMORANDUM
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BT D ___ NUMBER

H.W. Coleman . Page Four

. Susitna Project
Fixed Cone Vales

N, Supersaturation | .

Conclusions

1.

2.

Final mixed supersaturation levels when Watana operating alone
from 1996 thru 2Q01 are expected to be in the range of 1.5-4.2%.

After Devil Canyon comes on line in 2002; particularly in the
first few years when there is excess generating capacity, it is
expected that cone valves will occasionally discharge 51mu1-
taneously at both Watana and Devil Caryon. In this case, it is
assumed that N, levels produced by Watana discharge will not be

removed in the"Devil Canyon Reservoir. Therefore, the supersat-
uration effects at the two dams will be cumulative. The result-
ing levels of N, supersaturation are expected to be somewhat
higher in the Dévil Canyon tailrace than at Watana, ranging from
1.5% to 6.6%. Note that if one of the lower level valves at
Devil Canyon is operating aione;, supersaturation levels can
be as high as 10.3%. It is thereforg recommended that the upper

level valves at Devil Canyon always be used first if possible.

These computations indicate that the fixed cone valves at
Watana and Devil Canyon are sufficient to limit i., supersatura-
tion in the river to levels well below the 10% lzmit, for alil

operations without the spillways.

H.W. Coleman

RyC/mmg
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PIG. 2 —= One of three P6-inch
Nowsell-Bunger valves discharging

feot hend at the U.S. Engineers
Mud Moevnizin Dem, Whits River,
Wash. (See Fig. 1) for a detailed
installetien drawing.)

provide easy, efficient regulation and

control of water under free discharge

Howell-Bunger valves have a wide range of appli-
cation where easy, eificient regulation and control
of waier flow under free discharge iz demanded.
These valves are used {o pass a coantrolled amount
of water downstream for power requirernents, flood
control or irrigation, or to drain a reservoir or pond.
They may be used as turbine bypass valves. .. and
also for the aeration of water.

A remarkable record of performance in these vari-
ous applications, together with many other advan-
tages, has made the Howell-Bunger valve the Jeader
among balanced free-discharge valves. In addition,
its initial cost i much lower than that of any other
type of balanced free-discharge valve.

Advanced design of the Howell-Bunger valve pro-
vides efficient free-discharge operation for both high
and low heads. It operates without excessive vibra-
tion or pitting, and with negligible maintenance.

Because the valve has a very high coefficient of
discharge, pipelines or conduits can be kept to a

1/4 goie epening wndes 170-

minimum size for economical construction.

Only one moving part — the cylinder gate which
operates over the valve ports — is in contact with
the stream flow. Moreover, this cylinder gate is sub-
ject only to well-balanced hydraulic forces and re-
quires little effort to operate it at any position of
gate stroke from “fully open” to “fully closed.”

The Howell-Bunger valve controls and helps dis-
sipate an enormous amount of energy {(without
damage to the valve, operating eguipment or sur-
rouvnding structure) by breaking up the discharge
into a large, hollow, expanding jet.

The Jowell-Bunger valve is installed at the free
end of a pipeline or conduit and discharges either
into atmosphere or into water. When the valve dis-
charges into atmosphere, the issuing jet breaks up
the water into & fine spray (see Fig. 2} which helps
prevent the formation of “poti bvles” in the bed

£ a stream.




value for the larger-size valves. Maximum values
for other heads can be determined from the formula:

irable to confine the normal

es
expansion of the discharge jet, the valve is located

In cases where it is d

bx 2eHx A

Q
cubic feet per second {cfs).

in the discharge chamber or hood. It also may be

A

coefficient of discharge with valve full

open = .86.

where @
C

installed for discharge directly into a tunnel. The

application sketches on the-opposite page and

throughout this bulletin show scme of the arrange-

ments generally used.
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valve

gizes 8 inches to 108 inches, based on net heads up

to 500 feet.

Fig.

shows the maximum calculzted discharge for

ize of the valve is determined by the maximum

S
available net head at the velve. Net head is the

distance between head water elevaticn and the
centerline of the valve (or if the valve is submerged
— the tail water elevation) less the inlet, conduit,

bend or other friction losses. The graph (

5354 Dt YH

where D is the diame

can 8ls0 be expressed as |

Q=

This graph is ba..d on an average coefficient of

discharge of .85, although field tests show a higher

ter of the valve in feet.
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Average values for discharge coefficient have been
determined from field and laboratory tests. These
values make it possible to predict quite accurately
what the discharge will be for any size valve under
varying heads for any position of gate stroke from

“fully open” to “fully closed.”

The gate position indicator (shown in Fig. 1) is
graduated into ten increments. With the values
given below, a curve sheet can be plotted in tenths
of the gate stroke so that an operator can tell at a
glance where to position the gate to discharge the
required amount of water at the available head.
Figure 8 shows such a curve for a 48-inch valve.

Dischargein cfs = K. x D* Y H

the diameter of the valve'in feet.
net head in feet.

where DD
H

-~

Fame
-—
-—

Standard Howell-Bunger valves are available in
sizes up to 108 inches. Large-size valves have been
installed for heads up to 420 feet, and smaller sizes
for heads up to 900 feet. Dimensions of valves 18
inches and over are shown in Fig. 10 on the follow-
ing page, and 8 and 12-inch valves are available in
the design shown in Fig. 23. Additional sizes for
special applications can be provided. Valves almost
14 feet in diameter have been considered. Valves of
all sizes may be motor-operated and tliose above
42 inches are rarely operated by hand. Sizes below
18 inches usually have manually operated mecnian-
isms as shown in Fig. 23 on page 13.

All free-discharge valve installations should in-
clude provisions fcr unwatering the supply pipe.
Stop logs, gates, butterfly or Dow valves may be
used for this purpose.
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