DEPARTMENT OF THE ARMY ETL 1110-2-23°¢
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Engineering and Design
NITROGEN SUPERSATURATICN

1. Purpose. The purpose of this letter 1is to provide guidance
for tnhe evaluation and identification of those projects with
hydraulic structures having the potential to produce nitrogen
supersaturation.

2. Aprlicability. This letter applies to all field operating
agenciles naving responsibilities for the design of Civil Works

prcjects.

3. Referenc

m
n

a. ER 1130-2-334
b. ER 15-2-11

4. Bibliographv.

a. ER 1110-2-1402
b. EM 1110-2-1602
c. EM 1110-2-1603

5. Discussion.

a. Nitrogen supersaturation and associated fish mertality
due to gas bubble disease has occurred at Corps of Engineers
projects on the Columbia River in the North Pacific Division
(NPD) and more recently at the Harry S. Truman project in the
Missouri River Division. Nitrogen supersaturation can result
at any hydraulic structure from entrained air introduced by
the spillway=-stilling pasin action. As the flow is subjected
to hydrostatic pressure in the stilling basin, a zor tlon of
the entrained air 1s driven intoc sclution before 1
opportunity to rise to the surface and escape i“to
sphere. A potential problem 51*uatwon will exist 1
characteristics of the flow within or downstream of t
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flow does nct

stilling basin are such that the

necessary turbulence to degas or purge itself o
dissclvec nitrogen. Flow ccocnditions below oroj
ducive to rapid eqguilipration with the atmospne
snallow, turbulent strzams. The reaeration and
characteristics of deep, slow moving rivers or
raservoira are relatively small. Generally, fi
suffer from gas bubble dlcease so long as they
deptihs ce-ow 15 feet. At those depths the exte
nal gas pressures con fish are approximately =gu
£ish swim to the surface, ncwever, the internal
axceeds the external gas pressure on the fish r
gas embolism or gas bubble diseasa. The tolaran
te levels of nitrogen supersaturation depends u
of exposur2 and the age and species cof the fisn
dissclved nitrecgen levels refzrenced to suriace
ascove 110 percent are generallv considerad to o
(zigurs 1.)

b. mhe ohenomenon of nitrogen supersaturat

-~

hyd structures is complex and depends upc
facto;:. Normally the problem of nitrogsn supe
Seen assoclated with aeratsd flows plungl 1§ 1nzt
casins with slcw moving downstream flow conditi
avdraulic jump in the stilling basin is a frse
cilant turculence should te zresent ko degas the
2isscolved nitrogen levels rafarenced %o surizce
noT 2xXc2ed 110 percent. IZ£ the hydraulic Jump
zn2 Ilow mav plunge o tne zotiom ©f the Dasin.
suzmerged avdraulic jump Zlow condigicons, :tn=2 <
Tementum 2 spillway or ouzleh works ral=2ases &
2J Zoct radius tce curve susjiects the Ilow o 2
Z.13 zimes tne nvdrostatic Trassura on tne 3apro
downstream tallwater. The Jjump will tecome Zul
wren tne tallwatar degth 1s greater than apcrox
cercent Of the theor=2tical dg wvalue. It shoul
that rollar bucket stilling oasins ars designed
wazers greacter than 125 gercent of dy. In gene
FJiven discnarge the tailwater 2xceeds a derzh ©
1Z the tailwater depth is greater than 110 perc
theoraticzl d, (parzially sucmergzed Jump) and i
cenditions downstr2am of the 2rsjecs are noz <2
degassing tnhe Iflow, the sotsntial f£or nizrogen
2x1s5t3 and snould ze investigazed.

C. Nizrogen lesvels can ze determinsd ov me
2as contant witn 2 gas saturcmeczer and subcracs

o,

30 (D
®

t ¢t

LT I o 1Y
15}

S mow

£ W
0

p-

%

3

>

g

™ U
b

—

OO0 uwy 3 & DOoJdr o O

30 M oo

B O

-
.-

- g o
‘g

(]
oy

>

N

O

3 0 (L w3

O rdd - D O e

O "3 -
(7]
M ¥

)

-
I

IO

-
S

-
Uil en o
=} ry

oY

fu

!

M

[
MS
[OTa
D

IO Uy

i €
M thnw O B oor @

5 g

(ST RN = |
oot b O O

Mo oeromog

3 [T
UV ~

3 rnAb oy

(o8

OB

10O Q0

Ui ~i =

[T 1)

@ Q-
i1

1]
[

[

o

[89]

(o

1

(1, i

-

=y

N E O r

S RNy

b 4=
L1 e Y w41

oowmE -

v U U

ui O M gr

31

[ W)
3
AW
h

{D

=~

()
s

jo B co a1

[o¥
-
ct
1’D
"

™ Fh
y

jo
i
o v

0
3 £ D 3

-

8l
{1

-0 e

k8 B O Sl
oo
Y]

< D

= (D

k- (D

m

-

S

£

H oy 55 e 0 b U o e of (DO

g
b
[

O

-

fu
]

VY b 3

m b
(RS 2 & 1Y

3 fu

Faun o r O
(t (D
[YO RN

bty

1
-
-
-
P
£ 3
- =
e

M O ¢
€

= (D

W}

Hoomou e

(D
[oI™

3
>

3

>
-

o e
Y i '(_;

[ e

471
[{'IE
Qo
[

+
.

D On
o U,

Lt ud ¢y
w D

[ o
i

O

fu ™t

oy b D

LR TN YN SR |
D
3
{1 fu

[IR1]
moO
YUY
ja-

[
(]

- 73
0 0
n

O
Q)
<< ¢t
D {u
|G T =

IS
b

It

[



Sep 78

[ dunnla

HSId 4O4 SINOZ ¥IONVA ANV 14VS TVOILIJOIHL

ETL 1110-2-239

A

o

INOZ JIONVA ~% .
<

' I
orl o€l ozl ol ool DVAUNS YILVM B

(13A31 V3S) 34NSSI¥d IDVAINS OL IDNIUIITY
(1VS %) NI9OULIN




ETL 1110-2-239
15 Sep 78

oxygen content measured or by using a calibrated gas chromato-
graph. Technnigues to estimate the percentage of nitrogen
supersaturation celow a hydraulic structure have cean
develcored bDv NPD and 2y the U.S. 2ur=sau of Reclamaticn (USER).
Inclosure 1 zives a summary of the develcpment and avaluation
procedure Zor the NPD methed. Inclosure 2 gives a summarv of
the USBR method. The technigue developed oy NPD was opased ¢on
projects in the Columbia River Basin. The spillwavs are all
gate- contro-¢v; ogee crests and with the exception ¢of The
Dalles, theyvy have similar stilling basin characteristics.

The NPD method should be used to evaluate the effects c:
structures similar to those in the Columbia River Basin. The
coefficients for this technigue ars based on these tvzes of
structures. The technique devalcped by the US3R is mor=
general than the NPD technigue and tilized cdaza Ifrom 2 wider
variety <I nvdraulic structures. The USBR technigue snould
ce used to svaluatza the DF¢=C“" cf structuras othar zthan a9
tyze found 1n NPD. 3Both technigues ccmgute downstr=2am nitzo-
gen concentration values by considering such variables as
upstream concentration, hesadwater and tailwater =lesvations,
head loss, angle of. the ]eu, residence time of the opuoscles,
and pressur2 conditions in the opasin.

d. I1Z measuraments or astimatas indicat2 that 2 ¢
for nitrogen sugersaturacion problems exists, tnsn deta
medel studies oI the prolect may ce necessary 0 davalodo
alleviaticn measur=s. Assistance in the studies <zan ce
oprained frcm &tnhe Watarways Zxpgeriment Staticn.t Alsc, z=2c¢ha-
nical assistance can 2e optained Ifrcm 20th tnhe Fedsral
Interagency Stszering Ccommitt2e on Reaeraclon Researcn ang tna
Commiczzese on wWatar Quallcy (r=2fsr=nce 3D} Reguests I0r Ine
services or =21tner ©f these coemmittees snould Se ccooriinatzd
zarough dACCA (DAZIN-CWE=-H) WASH CC 20314.

5. Acticn Reguirad. Reviaw all reservoir orelects, Zollcocwing
The Drocegures gcuziined in Inclosurass 1 and 2, %o dezsrmine
cotential for nitrogen supersaturation progclems under all
operating ccndizions including interim conditions during con-
struction.

2. Ixisting Projects. R2gorzT rasulits and Trepcssa
corractiva measures 1n Annual Division wacar Juallzy Rssorits
(rafarence Za),

0. Precjects under Planning, Cesign or Construction. Repcer
ra2sults and 2rogcosed alleviation measuras 1f recuired in
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Survey-Feasibility Rercorts, Design
led Prcject Reports, etc.
ENGINEERS:
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