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DERIVATION OF THE SPILLWAY-STILLING BASIN MCDEL™
Consider the conceptual representation of tne stiiling dasin
shown below.
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CONCEPTUAL . REPRESENTATICN OF SPILLWAY-STILLING 3ASIN COMBINATION
The water parcel indicated in cross-section by the snaced area moves
through the stilling basin, decelerating and increasing in neight. It
extends Tlaterally the full effective width, w of the stilling basin as
illustrated in Figure 3 of the main report.
w2 now make the following assumptions for tne water narcel and

stilling basin:

For that length of spillway that is in operzticn
at a given time, the discharge is uniform along the

1.

*Taken from: '"A Nitrogen Gas (Ng) Model for the Lower Columbia River,
"Final Report, Water Resources Engineers, Inc., under contract to
US Army Corps of Engineers, North Pacific Division, January 1971
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crest (this is equivalent to assuming that the
propertias of the water parcal are constant along
any 1ine paraliel to the spillway crest).
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discharge per foot along the crest

total reservoir nead apove the stilling
pasin floor.
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creasa the static pressure2 within %tne
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A given mass of air v, is antrained as discretz bubbles
into the watar parcel”at the point = = 0 and remains
uniformly distrigutad within the waztar sarcsl as 1t -
sassas througn the stiiling basin.

The distribution of the mass of air ameng the various
cupble sizas remains unchanged during the watar carcal’s
journgy <through the stilling basin, ‘
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= total surface area of the air bubbles
contained in the water parceil,

2%
1

effective saturation concentration of
dissolved nitrogen in the water parcei, and

O
il

tay

0

actual concentration of dissolved nitrogen
in the water parcel.

With these assumptions, we can now define the parameters ¥, 4, and C_
in the

-
1
i

in equation A-2 as functions of the location of the water parcel

stiliing basin.

Assumption 6 allows us to write the mass ¥ as the product of
the concentration £ and the volume of the water parcel,

M = (wydz)C (A-3)

where w is the effective width of the stilling basin, i.e., w = (number
of gates open) x (width per gate).

The saturation concentration of a gas such as Nz or O, that is
only slightly solubie in water is governed by Henry's Law which states
that the equilibrium or saturation concentration of the gas in sclution
is directly proportional to the pressure existing at the gas-liquid
interface. In the water parcel the pressure F at an elevation z above
the stilling basin floor is
- fFa AN
Po= 2 tayyt a(y-2) (A-4)
where PO is the atmospheric (or barometric) pressure, and the <« parameters
are the densities of the roller and main flow as shown in Figure A-1.

Hence, the saturation concentration at any elevation z in the parcel is

given as:
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Cone = E?o tayy * aly-2)]c* {A=8)

wnere C* is the saturation concentraticn under cne atmosgners of prassurs,
in aquaticn A-3, % s3ure tarm has units of atmospherss of oragsurs,

From 2quation A-3, it is saen that ¢, varies linearly with 2. It follows

ik

l'i

that the average or 27fzctive saturation concantration, ¢

parcel is the value of C*a* at mid-depth, or at z = y/2: Thus,
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where
m = number of moles of air in the bubble,
7 = universal gas constant,
7 = absolute temperature, and
)=/ -

the total pressure in the bubble.

In equation A-8, m can be replaced by =n./28.9 where 28.5 is the molecuiar
ot

weight of air. The diameter &_ and the area 4, of a sphere are given by:
15 i
& = (8w (A-9e)
2 T D
4y = wdé‘ (A-9b)

Now, combining equations A-8 and A-9, the following expression results
for the surface area Ab of an air bubble with mass ny

. [sERn\Y [ 32
“ " \72&39) |7

Thus, if the total air mass-entrained per unit volume of water at ¥ _is

—
T
’
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~——

'
¥, the total air bubble surface areas 4', per unit volume of water is

t=a s

found from the bubble size distribution and equation A-10 as

"
max . & s
A anb fo)
A = Ay - (A-11)
or’

p— ‘33
a' = (gg;;) Z‘VJAfr;.:]/za’B (A-12)

o o 0. yos
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Finally, to get the total bubble surface area in the watar parcal it is
necessary to integrate equation A-12 over the volume of the parcel wydsz,

3
zaéag

A =2 [ [ 4" d=xdwds (A=13)
gz w 2

3

Applying assumptions 4 and 5 and substituting for 47 from aguation A-12

gives ;
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~ dc . ~ - - - -— 1 1 b} ™
(yuwsz)S= = (wiz) ik, 7 +ap+ (aa)u]¥ - [P +aD-ayl¥
v ac A o o o'~ o o o
2-[? + - (o, - Zler - ¢ (A=17)
-
A
We can now write rate expression == in terms of the location in the
stilling basin by using the relationship
: de 4C dac d \
gl . g2 gt o el . g4l (A-18)
dt ax oz y ax '
where v is the velocity of the parcel and g is the discnarge per unit
width of the stilling basin. In addition, we define a system parameter
X, which we will call the entrainmen: coefficient, as
g /o 1
. 3 5\/'“': 7z QA Y -3 o \
Z = KK = = 7K. M, (nTVE3] A-18
“ra | 28.9 (7%, 4, fry "] (A-18)
¢
Substituting equation A-18 and A-19 into A-17 gives the expression for
the concentration change in the water parcel as
. - 7
ac Z o . s
{-.{-=‘:‘§:_P a3+(a-3h)g}1/3-[’~" +aD-czg]1/‘
s [ “
TC
?[?*ab-(c«. Su)ler - ¢ (A-20)
L o 2

The solution is obtained as follows. EvaIUate the pressure terms at

. s e cmq s , X o+Y .
the midpoint of the stilling basin y = > 2 to obtain
2l X &y e v 1}/'7 So* (A=21)
&= = = =] = {p+V : P - 5 $e c* - ¢ 1
= z £+ z \u -O)] r I(D T < ).’ j
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H

DEFINITION SKEICH

RESIDENCE TIME = ¢_ = WDL/QS = DL/q = L/VL

w

o]
TOTAL HEAD LQOSS = hL = H.-D-'nv = H-(D—WE /23)

ENERGY LOSS RATE = = = hL /tq

11

AVE. PRESSURE = P = ?_+ o(D-Y ) + o(D+Y ) . a= 0.0295 a=./ft.
o) > o 4 o) d= ae
)
N, CONCENTRATION AT EMD OF STILLING BASIN, L
2 _ _ 1/,
=2 POY o PC*x ; = ——
Cs. ?C (PC -CF) 2XD (_% L I )
1/
_l/3 ™ —;"3 r— 1/3 .
AP = P +a (D+Y )] - P - a(D+Y )]
L 7 O 3 o
a PC* T-
X ! 173 1n FC —Cf = KZO(I.OZS) (T-20) T = Watzsr Temperature.
L AP ?c*-cs
K’O = aEb. a & b are empirically determined frcm cbserved data. They
- are shown below:
MODEL COEFTICIZNTS
PROJECT ¢ a 5
Little Goose 1.00 0.09 2.45 ,
Lower Monumental 1.00 0.09 2.%3
Ice Harbor 1.00 0.30 1.20
McNary 1.00 1.00 2.20
Jomn Day 1.00 0.20 2.20
The Dalles 0.30 0.80 2.30 *
Bonneville 1.00 1.90 1.20

1/ Developed by Water Resources Englneers, Inc. for the Ccrps in 1971.
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