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PHEFACE

Th eco Leo t o  were conducted at th o  Del t z vi lj  I: har L 1 ’~~~~ r~ n r j -~ of
t h t _ U.  .~~ . Army EnC 1 l ieu r Waterways Exior ~merit. tat  1, ( . ..m- : )  , m c 1 rau i  :
Laboratory (HL), in August 1976. The ctudy way cpori. ;r -d Ly th e  ~ f f i ce ,

Chief  of Engineer s, and the U. C. Army Engineer District , ~~i~~~ del~~.l a.

Messrs. H. B. Simmons , Chief , HL, E. B. Pickett , Chief , li :~- n-au lic

Analysis Division , and J. L. Grace , Jr., Chief , Structures Div ision ,

directed the tests. Messrs. E. D. Hart , Chief , Prototype Dr ar ich , C.  H.

Tate , Jr., and S. C. Wilhelms, Reservoir Water Quality Branch (ibycical ),

conducted the tests. Mr. Hart and Mr. Wilhelms prepared th is  text .

Mr. D. C. Fontane , Reservoir Water Quality Branch (Physical), assisted

in developing the testing program.

The following personnel assisted in performing tests at Beltzville

Dam: 4essrs. Dave Erickson , Frank Schaefer , Vince Hill, John Borchick ,
- 

~ • and Carl Warner , Philadelphia District , and Ken Brooker , Norfolk District .

The Commander and Director of WES during the study and the prepara-

tion and publication of this report was COL J. L. Cannon , CE. Technical

Director was Mr. F. R. Brown.
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CONVERSION FACTORS , U. C. CUSTOMARY TO METRIC ( C m )
UNITS OF MEASUREMENT

U. S. customary uni ts  of measurement used in this report Can l o  C - h—

verted to metr ic  ( s I)  units  as follows :

Multiply By To OLt a1~
inches 2.514 centimetres

feet 0.30148 metres

miles (U. S. statute) 1.60931414 kilometres

acre—feet 1233.1482 cubic metres

feet per second 0.30148 metres per second

cubic feet per second 0.02831685 cubic metres per second

Fahrenheit degrees 5/9 Celsius degrees or Kelvins *
‘II

)

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read—
ingc , use the following formula: C = (5/9)(F — 32). To obtain
Kelvin (K) readings , use: K = (5/9)(F — 32) + 273.15.
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170 it  m 1 b u v t , m the C 1 e I .. ’k be.1 . D i verciorl fLow.’ ar il I ‘c— l.~~v ’ .1 r e c  - rv o i r

re .Le m i c u c  pa.;: t l i r eu C i ;  a condui t  i i i  the , ou t h  end of n . : - d u m  . Total .

StO r:t~~ ’ c apaci ty  I f  the m m d v ) ;  r 1:; oh ,C~ J O C t . ’ — f t  W: I  -I; Ci l ied to

- ‘- i  i l iw a y  c rc~ t el U,1l.O.*

u t l e t  1/o r - k:

2. P Low t hr o u c h  t m i c  ‘1 5; Ic r - . oii i:, .’d by a t I t I  3 intake t owe: ’ ( F l

ure 3) that c l r ; t ’ L i r i s  two f.1~,od—conLrul in t ak e :  (2.83 by 7.33 i t )  located j
at the  base of the ct r ’ i c t u ry  ( c i  503.3) ) - m l  a water—qual i ty  c on t r o l  ny c—

teni , t i le  intak e :  of wh ich  ~n e located at various  levels of the  t ower .

C i scha r~ e t h  .‘w~Ii the flood—control inlets is r i i -ui:t t e 1  by v e rt :c a l —l i f t

cccv I C e  ca te :.  The w a ter — qu a l i t y  control syctem permits select I~J’: w i t h —

irawal through any one or a combination of the eight 2— by 14—ft multi—

level intakes  w i t h  invert elevations ranging from 5 145.5  to 615.0
(Plate 1). F low passes th r ou Th the multilevel intakes into a divided wet

well that co : lv er  cc downward into a single vertical ricer . i ron the ver—

tic l riser flow passes through a converging bend (or eltuw), pan t a C-

by 3—ft cont rol -~at e , and into the water—quality control conduit .  The

flow then ex it s  the water—quality control conduit (which runs i :tw O e r  t t j~~

two flood—control conduits) through a portal in the structure ’c tran:i—

tion section . In the 70.17—ft—long transition section the two flood—

control conduits and the water—quality control conduit converr-e to Corn ,

a stn C l e  1231—ft—long , 7—ft—diam conduit . Finally , the flow ~asses

t : l ruU fh  a conventional , hydraulic—jump—type stilling basin and into tite

creek. Details of the water—quality control system are cliown; in Flute 1.

Purpose and Scope of ’ Tests

3. The primary purpose of these tests was to determine the

* All ‘. .‘ lev-it, i on c  (el) cited herein are in f e e t  above mean sea level
(msl).
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locations and 100cc- - of n - ea r m I L  ion that occurs as flow passe-s t l r ou 1 - t ,

th ~ - Beltzv ille Dam o;it .L 1 ’t , w Ir k :  . The dls : ’,ol vr ’ I ‘ x ’ , -e r i (p o ) o n t I - r i t, O t

cc i ’ ; ; ; ’ ;  i l l ’ h o - o n e  one of the r o r m i n .’ n i t  COI l S  ; i i ’r a t  i on s  in i l - s li m  of

• Corps i ; ;ipoun t h t o n i t m ;  . It  is -en n-ally acce t e l  t , l i ; it  r i -aer at ion  occurs us

CI I  w m a o . ;en i n  U~~i i  t i l l -  out let  w o r K : .  . Ii )wi ’ver , the loca tions  or : ; deCr ee

01 rI ’ ml .’ ;a t  ion have  r io t .  been deterniinecl . Th i s  informat i en is needed to

evaluate w h e t h e r  n q o s e d  p ro j ec t s  can meet r eL e a s e  DO r I m i m i  r eme-r it : :  a r l

Lu ‘Ietor si i ne a up r o n r i ; i t e  design m o d i f i c a t i o n s  to increase reaerat ion

c i i a ; ’ o-L er i c t l c s  of both proposed and e x i s ti ni -  projects .

14. A secondary purpose of these t e s t :  was to use urutct :.’T e  nl l . - . _

sur ~~ne nt s  of the reservoir temperature and DO t r o f i l e s  and the r I ’ s u l t; ; ,

outflow c i i ar a c t e r i n t i c s  to evaluate the accuracy of ti .: U. S.. f ray

neer P a t e t w ay s  Experiment Stat,ion (WES ) selective withdrawal niunl’rlcal

model , SELECT. The WES liy lr :;imlic s  Laboratory has conduc ted  in v e n t ,i~~a—

t i tm: t o  determine the withdrawal zone characterintics created by re-

leases from a density—stratified impoundment . Throu Ci these studies ,

generalized mathematical relationships for describin- the distribution

of flow and the vertical limits of the withdrawal zone for aLlots havl

t een developed .1 This informat ion can be applied , ‘ly o n  th e  ~~-~~f~ i c  of

• OilY water—quality parameter in a reservoir , to i re,li:t the r o c u i t i n i r

qual ity of flow er i t e r L n i ~ an outlet works . Based on t1 ’:e -e n e n a i iz e d

mathematical  re la t ionsh Lu: , SELECT was develd;  j~
5. Tests were also conducted to check result:  of hydraul ic  n r c t c —

type tests  conducted at Beltzville Dam2 in Yap 1973.

6. The sub ,~ect tes ts  were conducted at Beltzv il le  Cam durinc th~
period i b — ~~ A u fu st  1976. DO ao l  Le aF on-ature  profiles were neasured in

the reservoir  at the  beginning of each lay . These  prof i les  were c oo —

i l e red representative for the entire I-a:; I~~ test iso. Check nneacur cr : T .’ I t .m ;

4 l o r I s -  the day ind i cated that th is  assumption was r e a m m o n u d  le. in ~md i i —

t ion , DO and t emperatur e levels were measured at seven :~~i l , I c n s  w i t hin

the ou t l e t  works and at one ntation in t he downstream c} snnel for ai r - - —

m e  test conditions. The measurement stations are l i s L e;  l elow . (See

also Plate 2.)

8
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Measurement
Station Location and Description

1 Reservoir :  every 5 ft ( i n  some case;; every foot through
the metalimnion) from the surface to the bottom

2 Wet well : below the invert elevation of the intake when
flow conditions permitted

3 Water—quality gate: 5 ft upstream
14 Conduit : sta 5+09.0

5 Conduit : sta 9+29.0

6 Conduit : sta 11+91.0

7 Portal

8 Baffles

9 Channel : about 600 ft downstream of the stilling basin

9
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PART II: TEST FACILITIES AND EQUIPI€NT

DO and Temperature Measurement:

7. The DO and temperature tests were conducted u s i r i c  a Yellow

Springs Instrument (YSI) Company Model 57 Oxygen Meter t h a t  includes a

temperature sensor (Figure 1 4 ) .  The instrument has a DO m easurement ranpo

of 0 to 20 ppm and a quoted accuracy of ±1 percent of full scale at cali—

bration temperature (+0.1 ppm on the 0 to 10 scale of 0.1 p~ rn~, whichever

is larger). It has a temperature measurement range of —5° t.o +L5°c with

a quoted accuracy of ±0.5°C.
8. The YSI meter was calfbrated at the beginning of each day

using the Azide Modified Winkler titration method (Figure 5). This is

a proces s for determining the amount of DO in terms of the smallest
amount of reagent of known concentration required to bring about a Civen

chemical reaction in a known volume of water. The prc~ ess is descr ibed

in detail in Appendix A. The method was also used to check DO readiucs

at regular intervals throughout the test period . Depths at which titra-

tion checks were made in the reservoir are given in Table 1. The loca—

• t ion of t itration checks in the outlet works and downstream channel are
given in Table 2. A thermometer was used to check temperature readings

indicated by the meter. The depths in the reservoir where DO and tem-

perature were recorded were measured by attaching a weir)ited neasurement

tape to the sensor.

Other Instrumentation

9. At measurement stations 14—6 in the conduit , samples were taken

in 3—in .—diazn by 18—in. —deep canisters. The canisters were attached to

7—ft house jacks that were wedged vertically in the conduit as shown in

Figure ~ and were set just below the predetermined water surface antici—

pated for each test condition .

10. Discharge measurements were made at a gaging station

approximately 1/2 mile downstream from the dam. The stage recording

10
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Figure 14. DO and temperaturc sensor , cable , and meter
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Figure 5. Aside modified Winkler t tration being

performed for DO content
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Figure 6. Conduit jack and sample can —
mister for measurement stations 14—6

instrumentation consisted of a Fisher Digital Recorder operating on a
- - Cheisea Timer with a 15—m m cam, referenced to an electric tape gage.

Air temperature readings were obtained at the weather station situated

near the project of f ice .

• Hydraulic Measurement Equipment

11. Hydraulic prototype tests were conducted at Beltzville Dais
2

in May 1973. It was considered desirable to check results of the earlier

tests , where possible , during conduct of the 1976 test program . There—

- fore , measurements were made for confirmation of discharge rating curves

at the water—quality intakes, wet well elbow, and water—quality control

gate.

12. For the water—quality intake rating curve, it was necessary
t n- determine the differential head between the reservoir and the wet

well. The reservoir elevation was read from a staff gage on the intake

tower. Wet well water surfaces were measured from the top of the tower

with an M—scope. This instrument consisted of a sensor that was lowered

into the wet well on a marked cable. At the point of touching the water

surface , the sensor circuit closed and was monitored on a meter at the

top of the tower.

‘ 12
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13. The elbow measurements were made , as in the 1973 tests , by

recording the pressure d i f f e ren t i a l  between piezometers  P1 and P2. These

piezometers were or iented opposite each other on the outs ide  and inside

radius , respectively , of the elbow. This elbow , as described in para-

graph 2 and shown in Figure 3 and Plate 1, is located just  upstream of

the water—qual i ty  control gate. Openings of the water—qual i ty  control

gat e were set and recorded in the gat e control room located at el 658.0
‘ 1 in the tower.

-I
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PART III: I’Fi YL t~~ i l i [ i ) f l  AND PROCEDURES

t~p e r aL in ig  Cond i t ions

114 . Twelve tests  were conducted at Beltzville Dam . The condit ions

for each test are listed below. Eleven of these were made while releas—

ing flow through the water—quali ty system and one test was conducted with

flow through the flood—control  release system only. The reservoir pool

elevation was practically constant at el 629.0 (+0 . 2  ft) throughout the

t e st i n g  program . Variables in the water—quali ty system tests were the

number and location of intakes opened and the percentage opening of the

water—quali ty control gate. For the flood—control test , both gates were

open 3.25 f t .

Air
Intake No. Control Temper—

-
. Test (100 Per— Gate Opening Discharge Pool ature Aug 1976

N o .  cent Open) percent ft cfs  el °F Dat e

1 FC~ 1414 3.25 12314.0 629.0 714 19
-

- 2 5 10 0.3 25. 14 628.8 50 20
3 5 50 1.5 159.0 629.1 68 23
14 5 100 3.0 331.0 629 .0 82 23

• 5 3 10 0.3 23.0 629 .0 71 214
6 3 50 1.5 156.0 629 .0 8o 214
7 3 100 3.0 255.0 629 .0 57 2 14
8 7 10 0.3 26.6 629.0 62 25

9 7 50 1.5 155.6 629 .0 82 25
10 7 100 3.0 328.. 5 629.0 75 25
11 14, 7 50 1.5 15~~.O 629 .0 614 26
12 1 50 1.5 155.0 629 .0 80 214

* Flood—control test.

Test Procedures

1 : 4
15. The DO meter was calibrated each morning to a titrated DO

reading as described in paragraph 8 and Appendix A. Throughout the day

titrations were made to check the meter ’s accuracy and provide a su 1 I le-~
mentary data set . When necessary , the meter was recalibrated. Flnite 2
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‘how;; the stations where measurements were made . The test procedure:

we 1 1 - a I  follows:

a. Calibrate DO meter to titrated reading .

b. Make intake and control gate setting:.

c. Measure reservoir DO and temperature profiles.*

- 
— d. Record reservoir pool and wet well water surface

elevations.

e. Record DO and temperature levels at stations 2, 3, 7 ,
8, and 9.*

f. Record piezometers P1—P2 pressure differential in the
water-quality elbow.

-

~ 
~~~. Record discharge .

h. Record air temperature.
-

‘ i . Close control gate.
S.
- 

- j. Record DO and temperature levels at stations 14_ 6. *
• k. Adjust intakes and gate for the next test.

Test Data

16. The data consisted of:

a. For all tests:

(1) DO (meter and titration) and water temperature at all
stations (stations listed in paragraph 6).

(2) Reservoir staff gage elevations .

(3) Discharge.

( 14 )  Air temperature.
(5) Control gate opening .

1. For the water— quality system tests (tests 2—12):

(1) Elbow manometer differentials.

(2) Wet well water surface elevations .
- (3) Intakes open.

* Titrations were included at some stations.

15
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PART IV: TEST RESULTS

Reaeration Characteristics

17. The primary purpose of the test program as stated in para-

graph 3 was to determine the location and degree of reaeration that oc-

curred as flow passed through the structure. In general, the following

tests and analyses indicate that the Beltzville outlet works reaerate

• flows to a level such that the DO content of release is essentially

90 to 95 percent of the saturated value, regardless of the discharge or

DO content entering the structure.

Flood—control system

18. Because of downstream channel restr ict ions only one flood—

control test was conducted (test 1). During this period the dissolved

oxygen meter was inoperative and only temperatures were recorded. The

test conditions are listed in paragraph 114. Reservoir temperatures are

listed in Table 1 and the profile is plotted in Plate 3. The water was

drawn from near the bottom of the reservoir where the temperature was

almost a constant 7°C. As would be expected , the downstream channel

temperature was approximately the same, 7.7°C (see Plate 3).

19. Although no DO measurements were made in the reservoir during

the flood—control test , a sample from the downstream channel was t i t ra ted

and its DO was 11.8 ppm (Table 2). Table 1 shows that DO from near the

bottom of the reservoir was always less than 3.0 ppm. These measurements

indicate that the structure (probably due primarily to the partial gate
openings and the stilling basin) effectively reaerated the water during

the flood—control test .

Water—quality control system

20. The minimum allowable daily average DO level for tributaries

of the Lehigh River3 is 7.0 ppm. No discharge is allowed with a DO

content below 6.0 ppm. During the period of the testing program the

minimum probe recording in the downstream channel was 7.88 ppm (test 6).
All other recordings were greater than 8.0 ppm indicating that the Beltz-.

ville Dam water—quality system effectively reaerates flow through the

16
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structure regardless of the level of withdrawal .

21. The reservoir metalimnion was found to lie approximately be—

twoen the depchs of 20 and 25 ft. Table 1 indicates that the sharpest

DO reduction occurs at depths from 23 to 25 ft. Because of this sharp

decrease and the large size of the titration sampler , it was difficult

to confirm some DO meter readings . (For example , see Table 1, tests 3

and 14 at depth 22.5 ft.)
,. 2. In most tests a major portion of the reaeration occurred be—

low the water—quality control gate (between stations 3 and 14). Table 2

indicates that substant ial reaeration also took place in the wet well
for tests 14, 6, 7, and 12 because of the heavy surface churning and tur-
bulence due to less intake submergence and greater flow (higher control

gate openings). Because of the high turbulence in tests 14, 6, 7, and
12 , it was not always possible to lower the DO sensor below the intake

invert . Some of the DO readings in the wet well were, therefore ,
questionable.

23. The low flows passed tranquilly through the stilling basin ,

and little foaming action was observed . Samples taken upstream of,

within, and downst; earn of the stilling basin indicated that little re—

aeration took place in the stilling basin. However , true effectiveness
of the stil]Jnr basin could not be determined because of the low demand

for reaeration due to the aforementioned large change in DO occurring

between the control gate and station 14. The effectiveness of the water—

quality control gate operation as a means for inducing reaeration is dem—

onstrated in the tabulation below. The DO and temperature profiles for

all tests are presented in Plates 3—8.

DO
- - Above Water— Below Water—

e-oality Gate Quality Gat e
• Test Sta 3 Sta 14 ChanCe

M o.  ~pm ppm ppm percent
4 • 2 2.75 9.00 (.C5 227

3 2.80 8.95  ri .l5 219
14 5.9Y 8.52 .5 7 143

( ° or~~inued )

* See c o m m e n ts in -I , r - L , - r- ; rn 1 22 mui l in Table 2.
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DO
Above Water- Below Water—
Quality Gate Quality Gate

Test Sta 3 Sta 14 Change
No. ppm ppm ppm percent

6.00 8.140 2.140 140
6 8.30* 8.00 —0.30 —14
7 7.98~ 8.09 —0.11 —1
8 3.50 10.00 6.50 186

9 3.05 9.140 6.35 208
10 2.98 9.80 6.82 229
11 3.13 9.35 6.22 199
12 11.00* 8.10 — —  — —

* See comments in paragraph 22 and in Table 2.

Compar ison with other observed data

214. Analysis of DO data from the outlet works of four north Mis-

sissippi reservoirs is presented in Figure 7•
14 Several details of these

outlet works are shown in Figure 8. As Figure 7 indicates , the DO con—
• tent of the release flows (measured below the stillino basin) of all

four reservoirs was approximately 80 to 90 percent of the saturation

level* regardless of the discharge. This same analysis was applied to

Beltzville Dam DO data, which yielded similar results (Figure 9). Anal-

ysis indicated that sufficient reaerat ion occurred in the outlet works
to enhance the release DO content to approximately 90 to 95 percent of

the saturation level regardless of discharge , DO content entering the
structure , or the control system used to regulate flow.

S

Selective Withdrawal

H 25. One purpose of the testing program, as stated in paragraph 14 ,
• - . . . 1was to validate the WES Generalized Selective Withdrawal Techniques ,

the result of which was the numerical model SELECT. SELECT predicts the

limits and shape of the withdrawal zone due to outflow from a lake. As

stated in paragraph 14, this information can be applied, given the

* Based on temperature and saturation tables for DO (Reference 5).
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l r o t r  Ic oC any w at e r — q u a l i t y  ;u ;~ m :ete r  in a reservoir , to r r ed ic t  tue

n e :;ult  i n i .  quality or : u n i :en t n - at i o n  of flow c n t c r i n l f ’  an u u t~~~t w:~ k~ . In

t he  case ot  a n o n c o n sen v o t  lye w -i t - ’ 1- — 10;ll i ty l ;1r~~~~t -r sor t  a: DO , SELECT

m n - e l i o t . ; the  o-eni ~ ei:tn - - i ’ t o n i  of the parameter -~r i t e n - l n , - the cu t let  works .

t ’e n j e r a t  ure

The result:; or - t~ n 1 y ir i c SELECT to the  Beltzville 12am ten:: era—

ture p r u ti l e :  , t ab u la te l  below and ~rc:;ented in Plate: ~~~~~~~~ oc:; pare

‘ red -i ct -d F’ ‘vlit i or
10 -i ’a.;od of Or - o i l s

Test Temi - er a t u r e  Temperature  fro m ; : L r c -rj e J
No.  O ( °C ______________

1 7.70 8.26 +2 .56
2 16.140 16.05 —0.35
3 17.70 15.93 -1.77
14 16.140 16.33 — 0 .0 7

5 20.90 20.83 -0.07
6 2 1.92 20.61 —1.2 9
7 21.140 20.80 —v .60
8 13.50 11.88

9 12.70 11.92 — v . 7 8
10 12.20 12.13 — -- . 0 1
11* 15.80 15.07 —0.73
12 25.00 23.87 —1.13

• * Flow division between ports based on E er or e nc c  6.

favorably with observed release temperature levels. Variation: in t en-

rL 
perasures observed in the structure were probably due to s t r a t i f i ed  flow

through the structure that may not become fully mixed until it has
passed the stilling basin. The mean deviation of the predicted release

temperature and the observed temperature downstream was calculated to

be —0.66°c and is described by

N A .
( 1)

1=1 ’

6 where

= mean deviation , °C

N = number of t e:-t s

A . = deviat ion in toa~t i ,1 
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Ftc max i mum m : n s r a t u r -  - l ev i  ation Wa:; —1.77°C (test 3)

Dissolved :x y i f eS

27. Am n’Iyi n g SELECT to t h e  DO p ro fI l e s  resulted in the prediction

of DO s - nt e r in ~- th e  w a t e r — qu a l i t y  ~n i tak c- : .  The result: of this applica—

tic: , which also :i~~m- eed closely with the observed data. are as follows :

Predicted Deviation
Obse rved DO at DO Enter ing of Predicted

Test Water-~ uality Gate Water—Quality Port from Observed

_________________ — 
ppn ppm

1 N /A N/A N/A
2 v. 75 2.28 —0. 147
3 o.8o 1.73 —1.07
14 2.95* 1.81

5 mo .O0 6.27 +0 .27
6 9.30* 5.30 _ 3 . O O *
7 7.98* 5.28 _2.62*
8 3.5 0 3.28 —0.22

9 3.05 3.15
10 2.98 3.05 +0.07
ll** :.13 2.148 —2 .65
12 11. 20* 8.13 _2.87*

* See comments in paragraph 22 and Table 2.
** Flow division between ports based on Reference 6.

The mean deviation of the predicted DO entering the water—quality control

system and the observed DO at station 3, descr ibed in the same manner as
the mean temperature deviation (Equation 1), was calculated to be
—1 .33 ppm . The maximum deviation was —14.114 ppm (test 14). However , dis—

regardinm : those tests in whic h reaeration was probably occurring in the

wet well due to surface turbulence (tests 14, 6, 7, and 12, as discussed
in J:ara ram lk 22), the mean deviation was calculated to be 0.28 ppm , and
the maximum deviation was 1.07 ppm (test 3). The results of both tem-

perature and DO tests and analyses indicate the adequacy of the ~.-JES gen-

eralized selective withdrawal techniques .

Hydraulic Measurements

28. The differential pressures measured between piezometers P1

23
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iii ! P2 (r ee  l i ate  i )  in t h e  elbow of the water—quality corntrol :y:te-m

are plotted in Plate 9 (Plate 3 of the e a r l ier -  rem nr t).
2 

All points

F fall  Lirhit ly above the or igina l  rcvr e :a ;ion i  l ine .  The new lat ;a  were

not u t i l i zed  to recalculate a b e s t — f i t  l i n e  and equation .

2~~. A hydraulic model invest igat ion of outlet works was conducted

at WES in l9614.~ Plate 10 (Plate 14 of f leference 2 )  i r  a comparison of

the hydraulic model and the prototype discharge r a ti n~ characterirtics

for the water—quali ty control system . The aver~ate di:;char-u e through

- 
the water—quality control gate in the 1976 p r o t o t y m e  tests ~o~reed rea-

sonably well with the hydraulic model and the earlier f ie ld  tests , 1- c-

1mg sli~~ht1y higher at 50 percent open ing s and lower at 100 percent

-. cpenings. The submerged flow discharge characterirtics for the 1976
- tests were much the same as those predicted by the model and measured

during the 1973 tests. Discharge coefficients for the water—quality

control gate are plotted for comparison . The head , H , used in the

equat ion in Plate 10, is the distance from the wet well water surface
to the  center line of the control gate.

• 21.
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PANT 1: ‘N e H ~~ 1 ’  b

• . ito : 1 w i n m ~ 0 ‘mc l i , : ion :  rc~~m t n i i u t i m e  r o t -r at l it: •f 2 .

t l~r 0- ; t he  Belt :;v F lle ‘ m ; : m i L l e t . w rk . ’ wen .; lrawni

a.  i c r  i L l  t ot : ;  COndUCt e d , the 14 c ov,em1. of to - ‘  r H - ’  s e
-
. 21 w , ’ w i , : ;t m n ’ r : x i m a t .- lv  H to )5 Is’rs erit of t i . - . ;a t ’~r’ & —

ion  icvt: l , n - - - r- rn - ,f le: ;s of t h e  dj : ; c : a r m ~e or DO r o nt e n t  C f
tu e  Flew I o n t e n -  i S , t o  .;truoturm: with relca;e:; th rouc:

• e it :ei- L - , - ‘  2l 1 u i— s u n n t r o l  or water—~ uili t’; - - 3n : t r -ol 0 ’ :’ ’

‘ I h e  m c - i - -i :~ - DO level Wa. : aO’ i -io t h e  N t at e  ~ f 
m ; m l  norm r a ’ lu i m eme n to

• n .  F - Fm ) : ; L  Or the reaeration in the water—quality r a c i l i t  es
occurred t-o t wc- er i  the water—qual i ty  control • a t ~ and sta—
t ion  ~ lire to the  high air entrainment in iu-:ed by t I e

• 
‘- n-elatively shallow , turbulent , and supercrit ical tiow in

the wa ter—qua l i ty  conduit downstream of the control -ate .
Fo r these low—flow tests , the stilling basin had a mri:i—
mal e f f ec t  on the DO content of the release because the
demand was satisfied upstream of the stilling basin.

-
‘ c. The one flood—control test ( tes t  1) indicated that the

f lood—control  f ac i l i t i e s  of the outlet works e f fec t ive ly
reaerate releases also.

1 It should be noted that t hese results address only the DO content of the

flow as it leaves the s t ructure .  The DO content of the flow fa r th er

downstream can be e f fec ted  by either a supply of or demand for oxy~ en ,

depending on downstream conditions relative to reaeration and to the

chemical and biological charaeteristics.

31. The results show that SELECT can predict with minimal  devia—

tion the release concentrations of conservative water—quality parameters

for the Beltzville Dam outlet works and the concentrations of nonconser—

vative parameters enterini’ the Beltzville gated intake tower . This in—

dicates that the e f f e c t  of an outlet works on a nonconservative water—

qual i ty  parameter such as DO can be estimated by: (a) validatinm~ SELECT

- results on observed data of a conservative water—quality parameter , (b)

predictinm the concentration of t r~e nonconservative parameter en terin c

the outlet works , and (c) comparing these predicted values and observed

• values within and downstream of the structure .

32. The hydraulic : measurements agreed very well w i t h  t h e - c  of

the 1973 t es t s .2

• 25
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33. The Beltzville Dam water—qual i ty  tests  illustrate a r e l i —
-
~~ t ively simple but excellent means of o b t a i n i ng  data per t inen t  to r I —

aeration , selective withdrawal, and hydraulic characteristic : of ‘ill
e x iot i ng  reservoir  outlet works .

-1

5—
’

H 
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V,• TESTS OF MAY I973
0 T ESTS OF AUGUST 1976 
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- A H J -N h I X  A:  DET ERMINA T ION OF DI~3SOLVED OXY ~ 1-Ifl CD I~’i’FJJT WITH AZIDE
5 MODIFICATION OF THE ~ TAIWARD WINKLFH lI ’ ~’hf~Fi ~ *

— 

1. This iodometr ic  method of analyzing for dissolved oxyl U ,:rl (r,n )
[5 t C :1:II? d on the oxidizing property of 1)1 1 . Improved by variation :: in

techniques and equipment , the ~odometric test i:~ the To::t prc-cu~c and

reliable tit.rimetric procedure for DO determination .

- 2 .  The test is based on the addition of divalent manganese (man—

-
~~~ 5 -anou~ sulfate, MnSO),) , followed ~-y a ~tronl ’ alkali (alkaline iodine—

azide -. NaOH + NaT + NaN
3
), to the water sample in a g],ass—storpered

-
~~ bottle . DO present in the i lr: pll:’ r I t ~ idi ,~~ oxid iz+-2~- an equivalent amount

-
~ of the  man Yani ou~ }i:rdroxide precipitate (~-~rn (OH)2

) to hydroxides of I~- i - } e-r

- valency ::tate~:. In the presence of iodide ions and upon the i~~U I I It2 Of l
IS5

- 

‘
. of concentrated sulfuric acid , the oxidiz c-d manganous hydroxide re v er t:~

to the divalent :tate , l i ber a t i n i l - iodine equivalent to the original DO

- - 
content of the c-u:c-L . The iodine then titrated with a standard

- solution of PAO (ph sylarcirie—oxide ) or thiosulfate.

3. The t t r ation ‘- :~ 1 ~-c ir :t  is then detected visually usin~ a

-
, starch i n d ica t o r .  The r:i r~io,~u:: w-:ount of titrant used to make the so~n~ le

colorless is :-ror -ort ion- il to the  DO content .

1~

’

* This  method of determination of disso1ved oxygen comes from Refer-
ences 8 and 9 (reference numbers refer to similarly numbered items
in the References sit the end of the main t e x t ) .
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