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SUbject: Model tests of Gile Valley Canel Beedworks end Ball Check 
Valves tor the Desilting Basins - Imperial Dem - All-American 
Canal Project o 

Model of Gila Valley Canal Beadworks 

lo Construction and Operation ot Modelo A modal ot the All­

American Canal Beadworka was constructed at the Montrose Bydraulia 

Laboratory during the season ot 19350 This model was built on a scale 

ratio of 1:40 and included the headworks 9 the overflow weir and three 

miles of river, ot which approximately one and three quarter miles was 

upstream and one end one quarter miles downstream from the de.mo Taetiq 

was not completed during the 1935 season and it was necessar,- to open 

the laboratory in the spring ot 1936. The model ot Iapertal Dem, aa 

constructed lent it�elt quite readily to -the addition of the Gila Valley 

Canel Heedworkso It was therefore decided to complete a model ot the 

Gila Canel headworks, but consisting of only the initial development or 

one desilting basin and appurtenant works, figure 1. The model is 

shown on figures 2 and 3. The acale ratio was necessarily the same as 

the rest ot the struotureso 

At the time the model was constructed, detailing ot certain fea­

tures of the structure had been intentionally delayed until same model 

work could be completed fb:'aid in the designingo The parts ot the 
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structures that had not been detailed were completed by the laboratory 

staff in order to have something definite for the initial tests. Ex­

clusive of these details, the model was constructed es shown on drawing 

50coD-151 9 end on drawings contained 1n the specifications for Imperial 

Dem and desilting workso 

The model was completed and a few preliminary runs were made before 

the meeting of the All-American Canal consulting board at the laboratory 

July 26 and 27, 19360 The model was operated in the presence of the 

board and others at the laboratory at that timee After viewing this 

operation it was generally agreed: 

(l} That as a whole the action was very satisfactory; and 

(2) The sluicing of the desilting basin should be effected 
by controlling the inlet gates to maintain shoot ing velocity 
aleng the bottom of the basin with a small volume of water and 
not by flushing with a large volume admitted at low velocityo 

The discussion following the operation disclosed that several fea­

tures of the model should be given further study ., These features may 

be enumerated as follows: 

(1) Study of the design of the crest under the inlet 
gates to the desilting basin to improve conditions of flow 
when the gates are open only a small amount and the water 
level in the desilting basin is very low. 

(2) Study of the upstream ends of the piers of the sluice­
way structure to improve flow conditions during the sluicing 
opt9rations o 

(3) study of the downetreem end of the wide center pier 
of the sluicewey structure to improve flow conditions during 
the sluicing operetionD 

(4). Study of the curved downstream e nds of the piers for 
the headgates to the canal to complete the design and effect 
good flow conditionso (This study to include the location 
of the wall downstream from these gates)o 

(5) Study of flow through the headgatee to the canal to 
determine if the best conditions of flow are obtained with 
the water entering over or under this set of gateso 

,2 



(_} 

J,· 
,.. > 

\ 
z 

0 

u 

0 

Note: Low point on road 

cut throuQh saddle __ 

not lower than £1. 197.0,,-

;JJ i 
I 
I 
I 

I 
I 
I 

:,_ 

_.,----------
--=�..:---,--

_.\.

. 
Note: Axis of overflow weir 

y 

,s offset from axis of non- \ 

overflow darn sections 
// \: ' ' ,· 

' 
\ 
1' 

�\ ·, I 
-; I 

'·Rock fill 

training dike 

0 

0 

190 

zl&S 
0 

�\60 

"' 
"',,s 
.., 
4 .... 
(! 
-:,110 
1/\ 

(! 
uJ 

';;_1&S 
� 

I 
I 
I 
I 
I 
I 
I ' 

\ 
I 

. \. 
I 

, I 
l: 
. I 
. I"-
; I--" 
, I c: 

·,1.8 
I'­
J "' 
I-� 
,ci:: 
I· �, 

' 
\'. 

"· 
0 
0 
!::. 
_j w 

f ' 
I 

,ss � , 4 s 6 , a � " n � • • � 

,,._p,,t-P.. "" ,ooo -.cP.�5 

CApp,.C\iY 1N 10,oOO ACP.f fEE'f 

\t,APERtAL RESEP-.VO\fl 

ARE" ,_,.o cAPAc,,.";· cuR'IES 
I 

---------
1 

z 
0 

N 

...... 

< 

,oo O 
-

� 

�
e:E"'f 

o£P••r•£Nf OF fN£ 1Nf£O•O• 

stJREALl OF lilft;LPJIIAflON 

eouLOER c.ANYON pROJECT 

,ALL-,AlilERIC/lN C/lN.AL SYSTEIII -C.ALIFORNI.A 

111PERIAL DAIi ••• DESILTING #ORl<S 

GENERAL pa.AN 



. . . 

, _,. 

\ 
� 

\. 

'?I . .w . 

', 
J.. 

/ 

- /NTA-'(E L/NE r,ROl#-1 
- 48-/Nc.H <.SATES 

24-/NCH­
..STEEL PIPE 

.. , v V 
\/ 

..,, 

V \J 

.TENT-.,..[] 

.SOUTH 
CANAL 

CHANNEL BELOW 
ROLLE _,q 6AT.ES \ 

-------

'I t \ \ 
::::::::::-=::: -

I 'i/ENTl/RI FLUME . ---
/ .SL UICE11,4Y CHANNEL 

CONCRETE 
.....- ...- APRON .SP/LLWAr" seer. 

OF DAM 

T4KEAWAY CHANNEL 

\ 
,\ 
) 

4/LA VALLEY 
INTAKE �O.RK.S 

0 

I I 11 ii' I II I 
/0 

I 
- 20 

I 
.:JO 

I 
..SCALE IN .FEET 

40 

T 

i 
t 

I ' 

-sLU/CEWAY 

I � I 

CARWIN(;; fVo. Z 

r·· 

--------------- -- i----------++--- -----.-: 

ROCK P,LJV/N6 UNDER. 
/ ENTIRE MODEL 

./ 
;I -

I 

... , 

A L-AMERICAN CANAL .SY.STEM 

IMPER L DAM 8.... DE.SILTING WK...S: 
f,'YDRAVLIC MO,DE/... STUD/ES 
! MOt>EL SCALE RAT/0 1-40 i 
i DRAWN L.H, K_ 

MOl'f T./-?0.5E
J 

COLORADO JULY 24 l9!fG. 

. . 

• 

'I 

,t 

�· 



r- -+ 
/ ; - ' " 

-ClCZlDD DD� 

Looking Upstream 

GILA VALLEY CANAL HEADWORKS 

� 
I-'• 

(1Q 
Looking Downstream ij 

Ci) 

CJ.:) 



Each of these studies has been considered separatelyo 

Before the testing program was begun some runs of short duration 

were made tor visual observation to assist in planning a detailed 

study. These runs yielded very little information ot technical value 

but furnished a basis tor further observation and assisted in detect­

ing any peculiarities that might be present during the operation of 

the structureo 

Throughout this series of tests the discharge through the struc­

ture was .maintained at 2 11000 second-feet o The f'low was along the left 

bank of the reservoir, thus the water approached the inlet structure 

normal to the gate structure o The reservoir water surface was main­

tained at elevation 17905 and the water surface in the discharge canal 

was held constant at elevation 17800. The other factors were variable, 

depending upon the test, and will be mentioned in the discussiono 

Careful observations were made during the tests and a complete set of 

notes were recordedo A photographic record was .made when practicableo 

2o Improvement of Inlet Gatp Cresto Preliminary runs on the 

original design of the crest of the inlet structure plan 19 figure 4, 

had indicated �hat very bad entrance conditions existed under the lip 

of the gate .when these gates were opened only a small amount and the 

water in the desilting basin was low. f igure 5. Consequently• runs 

were made on this design and on the several proposed changes by 

raising the water surtaoe in the desilting basin by one-toot steps 

beginning at elevation 16100 and ranging to elevation 179e5e The 

adverse condition consisted of a shooting jet of water which broke 
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free of the crest at the lip of the gate and impinged on the crest at 

the extreme downstream end, figure 5. This condition existed until the 

water in the desilting basin gained an elevation of 171.0, at which 

point the jet became drowned end various forms of surges and rolls 

existed until the water surface reached an elevation ot 179.5, figures 

5 and 60 With the maximum. water surface the flow w as fairly smoothe 

In an effort to eliminate this jet condition the area above the inlet 

gates was paved tor a distan�e ot about 32 feet upstream, on a slope 

beginning et elevation 15900 and rising to elevation 164.5 at the ores\ 

plan 2, figure 4. This plan did not improve the flow conditions over 

the crest as is shown by the pictures on figure 6. A comparison of the 

pictures on figures 5 end 6, show that practically the same conditions 

exist with or without the paving in this area. In a further attempt te 

improve this flow condition the upstream paving was changed as shown on 

plan 3, figure 4. With a low water level in the desilting basin the 

water did not tend to leave the crest but flowed smoothly over it, 

figure 7o At medium water surface elevation the flow was very much 

improved, being smoother and quieter than in previous tests. With the 

maximWll water surface elevation in the desilting basin the flow entered 

so evenly tbJ!lt scarcely e ripple was visible on the surface, figure 7. 

Unless construction or operation conditions warrant otherwise, it is 

recommended that this plan be considered as the solution to the problemo 

3o Upstream Enda of Piers of Slu1cem Structure. The next 

problem to be studied consistd of changing the upstream ends ot the 

piers of the sluioeway structure to improve flow conditions during 

sluicingo The preliminary runs had shown that with a discharge of 
.\ 

2,000 second-feet, sluiceway gates wide open, and a low water surface . i 
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in the desilting basin (the recommended conditions for the sluicing 

operation) the water had a tendency to climb the face of these piers 

and to interfere with the formation of the roller at the foot of the 

crest above the sluice structure, tigure 8. In order to eliminated 

these undesirable conditions part of the pier was removed and was re­

placed by a section as shown on figure 9. This design is symmetrical 

and blends well with the general shape of the structure. Observation 

of resulting conditions indicated that there was no rough flow through 

the gates, no surge of �limb against the pier face and that the 

desired roller was not interfered with by this surge, figure lOo Since 

flow conditions were improved so much with this type of a pier,further 

study was deemed unnecessary and it is recommended that this type of 

' pi�r be incorporated in th� fipel designo 

4 o Down�treem End of Wide Center Pier of Sluiceway structureo 

Preliminary tests had indicated that with the original design undesirable 

hydraulic conditions existed downstream from the wide center pier of the 

sluiceway structure. A wide fin of water was spread over practically 

the entire paved area below the structure end caused undesirable rough 

waves on this surface due to flow from the other openings striking this 

larger fin of water o The worst condition existed with the water surface 

in the desilting basin at the top of the sluice gates and a discharge 

or 2 0 000 second-feet, figure ll. The first attempt to 1.mprove this con­

dition consisted of extending this pier 20 feet downstream in the shape 

or a wedge, plan 1, figure 12. This pier addition improved the flow 

distribution and entirely eliminated any disturbance below the struc­

ture, figure 11, but due to the narrowness of the pier it was believed 

that the same results might be obtained with a short section which 

12 
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would conform better to the general shape ot the structure. With this 

thought in mind the next section tested was ot the same general shape 

but only 10 teet in lenath 8 plan 2,  figure l2o This addition did not 

give quite as good results as the longer sect ion but since it conforms 

more t o  the general shape of the structure it is considered satisfactory, 

.. ,. ,.·· figure 11 .. 

5o Curved Downstream Ends of Piers in Canel. Operation of the 

modal with the curved downstream ends of t he piers of' the diversion 

·structure removed was no t satisfactory end 'indicated clearly that some ' 
type of' curve should be included in the final design. Runs made on 

the original curved design of the pier tails, plan l, figure 13, in­

dicated that the area between the canal wall and the e nds of the pier 

tails was too small, figure 14. That is, there was a tendency f'or the 

water to ·crowd or build up along t he canal wall and to form. swirls or 

eddies which flowed back end forth across the channel striking first 

the wall and then the pier tails. Po ssible changes to e 11minate this 

condition were: 

( l} Move the wall farther away from the ends of the 
curved pier tails, 

(2} Shorten the pier tails, or 

(3) Straighten the pier  tails. 

The water surface in the deeilting basin was held at elevation 17905. 

The tirst attempt to improve the condition s  in t he channel consisted 

ot shortening the three pier tails on the right, plan 2, figure 130 

Some improvement was noted in the flow, especially between the second 

and third gates from the right, figure 14, and some of the whirl was 

quiet ed in the canal channel. There was also an evident drop in head 

15 
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from right t o  left in the canal below t he sluiceway but generally the 

flow conditions were not appreciably illlproved . All of' t he pier tails 

were removed and new ones of' the shape shown on plan 3, figure 15-, were 

inst alled . Flow conditions in the channel were improved , especially 

below the t hree right openings , figure 16 . F low dist ribut ion in the 

channel above the transition t o  the earth section of t he canal was 

improved but t here was stil l considerable drop in head between the t wo 

ends of t he canal sectiono Observed condit ions indicated that it 

would not be practical to make the pier tails straighter because the 

direction imparted t o  the water  ent ering the channel would then be un­

de sirable . With  furt her changes on this point impractical , attention 

was directed to Jiovine the canal wal l t'Bfther downstream o Th ia wall 

was moved until the opening between it and the right pier tail was 

practically equal to  the width of the gate opening , plan 4 ,  figure 1 5 0 

This change made a very noticeable improvement in the conditions in the 

channel and the distribution in the transition upstream. from the earth 

sectiono !he drop-in head between t he two ends of t he canal section 

was also reduced o There was a el ight surf ace roll belew the t bree left 

gates o Throughout these tests it had been noticed that with flow ever 

the gates the water surtace in the canal was fbove the bottom of' the 

beam across t he top of' the gate openings o Since the bottom of' this beam 

was et elevation 179 00 and the water surface in the desilting basin was 

at elevation 179 0 50 the opening acted as an orifice o Impreved conditions 

of flow were obtained by raising the bottom of t his beam to elevation 

18000 0 Distribution before entrance i nt o  the earth sect ion was very good 

and the drop in head between t he two ends of the structure was reduced o 

18 
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The formation or a slight roll below each gate wae noted o The j et from 

each of the gates wee visible to the center or the channel end then 

became evenly distributed in the canalo These three changes, namely 9 

change in shape of pier tails , plan 3 ,  figure 15 , new posit ion of canal 

well 0 plan 4, figure 15 9 and raising the bottom or t he beam above the 

gates 0 have combined to improve the distribution of flow and entrance 

conditions in the canal o 

6. :Flow through Headgates to Canal o This study was made to 

determine , by visual observation 9 whether or not the best conditions 

existed with the flow over the diversion gates or with the flow under 

these gateso The water surface in the desilting basin was maintained 

at elevation 1790 5, while the water surface in the canal sect ion was 

held at elevation 17800 0 This test was conducted after the changes 

described in section 5 had been made o Observations were mad� with the 

flow under the gates as called for in the origitl81 design. Flow in 

the c anal was very rough, with an action at the gates resembling a 

surge or heavy roll which was not stable o The distribution in the 

canal section was not uniform, with scme dead water along the left 

wall extending into the transition sectiono The gates were then 

lowered and the water allowed to flow over themo Flow in the canal 

was smooth and the only noticeable action below the gates consisted et 

a small roller immediately d ownstream from e e.ch gate o The distribution 

in both the canal and transition sections was very good o The water 

surface was not rough and there did not appear to be any area of dead 

water in the canal section o Entrance conditions were also improved o 

It  is believed that the best conditions of flow are obtained by aa·­

mitting the water over the diversion gates o 
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The Ball Check Valves for Gila Canal Desilt ing Bas ins 

7 o  Purpose of the Check Valve o During the sluic ing of t he Gila 

settl ing bas iJ1s , the water surface in the basin  will be lowered rather 

rapidlyo To prevent failure of these bas ins , some form of valve is 

necessary to permit seepage or ground water to drain quickly from the 

saturated soil behind the walls of the set tling bas ins o  To el iminate 

t he care of an operat or , an automat ic check valve was adopted a The 

CO ball type of check valve was selected because of its simpli c ity e This 'v..J 
is an automat ic valve which opens during the sluicing process and close s  

when the water pressure in the structure becomes greater than the hydre­

stat ic pressure due to ground water i n  the saturated soil s 

8 0  Original Valve Design o  The orig inal design of the valve and 

it s field installation arrangement are shown on figure 17 0 Because of 

the importance of the valve , a l  to 1 model was tested in the labora­

teeyo  A 6½,,.inoh hard rubber ball with  a dens ity of l ol4 had been  

specified for the valve o This ball was first tested in  the laboratory 

to  determine whether it would retain any permanent set after  having 

stood under a high head for some period of time e After standing under 

a head of 60 feet for a week , a permanent indented ring was formed at 

the point ot contact of the bell wit h the hard rubber seat o Obviously, 

the ball c ould not be expected to seat in the same posit ion each time ,  

with the result that considerable leakage might have been expected at 

lower heads o The use of ·the rubber ball qwesi, theretore 11 abandoned o 

A chroaiwa=plated hollow brass ball of l o 25 density was next 

tested . No impression was made on this ball when teated under high 

beads o 

22 



I ' 

�i:See Ow9: 50-o- n, _ _ L . 

: n_•Lp�;�----�- �--��-��-�£_{_/5_2_._6_7_� 
: ·, ' ri:o,r : -�--------------------- ---111--....+-' 

SECTION A-A 

3 
BAL.L 

lttn8CR ONC 1/fLOUIRCO 

*-------- 1• Dri ll 8 - � ole s 
e1wlly srxred -

MU. CH£CK VALVE ASSCMBL Y 

LISTOF PAIITS TOR ON£ CHECK VALVC ONLY 

OCSCRl,.TION NO. 
MAT£P(A L 

R(O , 

.... - -- - -
L,_ _ __ ..J 

I 
I 

,-A 

L. - - - - -- -.----�,,. I 

� 
,,, 

� 
C, --- - - - - - -�- -� ---- - - - -

- - :'!':. - - 1 -- - - - - -
i 

I 
··-

I ' L - I .;-, cc 
: Sump ' 

I , and , , 
pump I • 

� - - - -- - - · - - - - - - - -- - - - - - - J- - - - - - - - - - - - - - --- - �- - - - - - -- - - - - -- -: l I 
'- � - - - - - --------- - - - ---- --- -- - - -- - -- - - - --- - - - - I - - - -- - ---- - - - -- _ J  

.,. ·  . . .  

4A L=--A 8 _.J l 

PLA N  \ 

�,,, _,� :�:;:"� '"C,:_ - - --- - - -- 1 + -- -- ---
• ' • ' • I oJJ " � - 18 - ·- - - - - 3 -0 - - --- - - --3 -0 - - -- - - ------ - - - - - 5 - -,6 - - ---- - -

- -s!.: . . .  z:ol '. _ _ _ _ _  z,d -- - - z '. o l '.  r 8 16 161 '5 /6 
1-i 

ELEVATION 

1· • 
a R· 

- - - - - - ) 

� . 
LOWER VALV£ soav 
CA S T  /PON- ON£ '1£'l oJ IP[D 

i 

1\ 0 
i 

l o  , .  , • _ , · B- r Taps · ??_'�ds 
\ � �  bf:2 : - ! 'f�e 

f<j_� r r -,;,r1;1'1  
C 'lD C ""�.,v; .il. 
'?.. 11�·a '/y Spt;':. � 1 

,: · U  1 5  . 0  

, .  Dril/ 6 - 18 holes  eauaf'y 
spaced ror .a. .. 

;;:::--e-

;; 88 BB t\ 0 
-1-----""0 DD DOD_ 

000000 

0 \J D0 0 0 f7 '0. 
�OOC7 

. f---,� 

. t-

1- ,- -. - ,  ... 
""' ... I..C, "" 

--�-_,,,_,-:: _ __ _ _ _ _ _ _ _ _ _ _  - _ _, _ _  .. _ _  t._ _ _  

@ 
STRAIN£R 

CA S T  !RON-FOU.� Ro.QUI REC 

---- - - - ---- - -- -- - - - 7.'- 5 .  - - ---- - - J '- J "  -· .- �  , ,s · , ·  . . - - - - - - 3 - 2
;g

- - - --� -2/
i6

--- -6- - 2 - 6 - � 

u 
, a:,  -,-
� 

@ 
E:.!. 15'. 

PAl'fr 

NO. 

•5  

� , _  

F -JGU R E. 1 1  

LIST OF' PARTS 
.v; \,fA�£RIAL �a·o 

i'6 "v ;2·  F'-:;-,q� i reduca ,.. '5 ' -- ·,z ... qe •: �7V! 
s x- 1

4 ":1:J :, � ·.- ;s, '!.. J'.i,;; 1 ··1 -:.p�:e t :: ..., 1 :re 
s �r7 11 ' .,. -:; "l : - ·z. :�  ... f� ... · ·"1e . ,'? • .:- ·; .,. 1e tc 

� � =ve s •-:: ,., d: �1 1,.. , · · .... ; 
'2X fi �'<8 .  F. :: - -;� ; ��1�--: ... � "'ee 
'? "- 9 .. .  F ':i..,. ;�: :; b .: �  

' "xil"H e 'I<. "'!.::rd CG_:J sc ·=·.., 8 ;_i.. re :; ;; 
B ::' '  -::hecf< , 1 · ,� .:o...,..:i e-� 's ee cs_e ...,,. : J) 
•.PJr "" No ·s ' "� '5 i ,:fus ·, �· r""' _..., s"'e 1 = 

::-:1st ir,:, 
C:is• irar: 
'.:"-;s4 ;�a ... 
r_,. J. -�"  r s �  

:75' 'rJr. 

I C:s: i:-jn 
' ::�s:  i;or. 

�:;5". :�.;:; 

::sf t r.: ,; 

5:=e' 
::te� 
;.cf --c::� ... 
�r=--= e: 
:i�;;;-i� ;�- I 
�''1,{(,i,;;�" -c·· -; --: :1 -
r-.""e.-; -2 -

CI:; · - - - I 
Br.: �:::: I 

P.rc.�ase(i or. 'n vda t,on Na 24, 559 -:. .:: 25. 33 -:' 
fros· ; '.' :: J.:.::i: - q�5:..,.e fs W"'!- ,..e :-Jj,...,:;es �-..: u ... ea , ... :o. - : --: --::. 
F:;r 1:�e re>e�:::.e D--::i wnqs see !) a 5 - ::: - ::,34 

4 

3 
2 

,3 

,i 

I 

8 
I 

158 
2 .. � 

a 
5 
2 '  

a 
4 

2' 

·U '56 o ·  
_ c  __ _ 

5 •  8 - � iio 'e s  
equa' y sco::ed- - -

r - - - - - - - - - - - - - - - - - - - - - -
.' 2 '  P ,  e 

-f_Loyj 
- - - � - - - - - -- - - - - -- • _ _  J-

VALVE: . S£AT _ . - .. _ . .  
· ·see :Jwq 50 - D- 234  

...JA�� :,u-9-B[R - .:. [ �!.;..., a.::;; 

SEC TION 8- B 

- -1f- - ·.; -"' , .. " @-· ·  · 52 . - -

j 

UPP£R VALVE: BODY 
A S T  /RON- O"Nr. R£QUIR£0 

. ' 
- Dr,1: 8 - � ;,c,'e s 

ea,n''y so�::ed 

,r iff a,,,d C's'< 8 -
Jz' f> ,  e_s _eqv 1 'y 
soa.:t! :: •::;r 1...±.. . . . 

3 •  � , _  :.. 
SEC TION C- C 

. c- "  S "" ; -;a __ i· 

CLAMP R ING 

0/L�C .,.. 0, THC .,,,,,,0,. 
a.Jllll&AIJ 0, "-€c..A,-..«A-·C "'I 

G I i.A PAO.J.l:CT- AAJZONA 

GILA VALLEY CANA.L·DESILTIN6 WORlt$ 
IJASIH 3 -0/VERSION W0MS 

DRAINA G E.  SYSTEM 
'PIP£ - CHECK. VALVE - STRA IHU 



�,,. .. .  .' · 

Operat ion ot the original valve wit h  the brass ball resulted in 

intensive "hammering" ot the ball agai nst the guide vane s accompanied 

by severe v ibrat ion ot the valve tor discharges up to O o 75 second-toot o 

For h igher discharges , the ball remained stat ionary in posit ion up 

against the gu ide vanes . Inspect ion ot the ball atter several minutes  

ot operat ion under t�e "h811111lering" condit ions showed many- scars on the 

surface ot the ball and exposed brKss in .many places o 

To e liminate the "hammeri ng" act ion ot the ball , further test ing 

was conducted ,. The noise ot "bamm.ering" was red�oed to a minimum by 

covering the guide vanes with 1/8-inch hard rubber st rips , but the 

severe vibration ot the valve was undiminished o The vibrat ions can be 

explained tram a considerat ion ot pressures developed in the valve 

during operation . For the original valve with the ball in any open 

pos it ion , the cross-se ct ional area ot flow was greater above the ball 

than below it o It therefore follows from the la�s ot cont inuity and 

Bernoulli that t he velocity was greatest below the ball and the pres­

sure greatest above the ball . Consequent ly , fer low heads result ing 

in di scharges below O o75 second-toot , the greater pressure on t op ot 

the ball tended to move it to its closed pos it ion. The pressure then 

increased under the ball , moving it  toward i ts  open posit iono  It was 

this unbe.lanced pressure system that causea the ball to hunt and con­

sequently "hammer" on the guide vanes and cause the valve t o  vibrate o  

For the greater beads , where flow was above O o 75 second-toot , the 

pressure developed under the ball re.lllained greater t han that above and 
" 

hence the ball was held motionless against the guide vanes o 

9 o  Final Ball Check Valve o Theoret ically 9 the ball wi11 no 

longer hunt when the veloc ity above the ball is greater at all t imes 

than that below it o This requires that the cross-sect ional area above 
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the ball be smeller than that be low it for all open posit ions o The 

final design ot the valve , f igure 18 9 is  such that , with the ball in 

the open posit ion 9 there is a progre ssive decrease in cross-sect ional 

area from inlet to outlet , with the result ing increase in veloc ity and 

decrease in pressure head e 

Operation ot the final valve at d ischarges below Oo 46 second-toot 

re sulted in  no v ibrat ion of the valve and such a sl ight mot ion ot t he 

ball that its presence could be d etected only by the fluctuation of the 

mercury colUlllJlS of p iezometer conne ctions o During small flows , the 

ball is  l ifted only a small distance above the seat so that the cross­

sect ional area of flow �etween the ball and the seat is smaller than 

that above the ball 9 which results in an unbalanced pressure system 

s imilar to that developed in the orig inal valve o Obviously , this con­

dit ion can never be completely eliminated e The range of discharge 

over which the ball has mot ion can be reduced by further reduc ing the 

cross-sect ional area through the valve p but 9 s!nce this inoreases the 

loss and c onsequently reduces the d ischarse through the ve.lve 11 and 

because the mot ion of the ball in the revised design was not cons idered 

excess ive , this design was adopted o 

lO o Calibrat ion of the Final Design ot Valve o Figure 19 shows the 

characterist ics of the bell check valve tor di scharge s up t o  about 2 o 5  

second-teet o The head loss through the valve in the l t o  l scale model 

was measured by 1/8-inch inside diamete r  piezometer  openings located at 

quarter  points i n  planes A and D ,  f igure 180  A large d ifferent ial 

pressure for rat ing purpose s was obtained from diametrically opposite 

openings at locat ion B end C . A slight ly greater differe nt ial was ob­

tained by us ing piezometers at point A in the 8-inch p ipe instead of at 

25 



l 

� 

fl -f
f 

Dia. drilled holes. 
equally spaced, spot · 
face for side for .S.. · ·  .. 

c.J 

i:ri 
a 

!::! 

2 Equally space ·: "0-- j_ 
taps for piezometer 
tube connections.­
See Detail "E." 

-< .
. 
4 f' · .  ·>­

·>- if -< lf >- If -<· 
A . . . .  · · · · ·  

'-
� 

.t? Cl 
� .. .. "13 

ti 

� 

c_j 

c:i ci c:s cri 
- c5 cS .Q . , . a 

I 
B -F01a drilled hol

�
s 

equally spaced spo ·· 
face far side for §...  . . 

-- · 
� � ,.._ It') a::r·t; , 

I Q_ - "!" 
� 

V . . 
.L · - · · · 

- · · · ·  i. .  
.Y. _ .  : . . . . . 

® 
ASSEMBLY 

VALVE BODY - LOWER SEC TION 
.CAST IRON - EIGHT REQUIRED 

O·f Dia. drilled holes. 
"11JQ//y spaced. 3pot· 
face far side for .§.:·· ... 

2 Equally spaced / 
tops for pi,,zometer 
tube connection�. · 
SH Detail ·�· 

.L 

...i 
v . . . . 

6 Ribs, equally spaced. fo be �. "'-'"--'I .. : 
covered with rubber ·See Oetail "B:··· 

Chamfer at ribs only . .. ...-

12 · f
{ 
Dia. drilled holes. eqlally 

spaced. spotface far sr·de 
for � :, 

.. .:i._ .  

· · - . .  Y . I 

30
• .!;! ·· . . :·,covering on face ofll +--..........,.---:-�· Cl r,b to extend over 

"'·· · - · · · · · · ·  · · · · · · · · · ·7 i- . . . . . . .  · · - · . · · · · · · · · ·- � � ":- flange · See Detail "Bi 
I • •• i 

' 

� - - --- ----- - - ·  5 ·  - - · · · · ·· · · · · 7 · · · · · 2 , .. · · · · · ·� 

DETAIL •a• 

� 
:....., 

CD 

5ECTION C ·C 

,. 
>- i- < ,-Rubber vulcanized 

�,nnq 

SECTION D·D 

VALVE BOD Y - UPPER SE CTION 
CAS T  IRON - EIGHT REQUIRED 

·Rubber tread stock seat 
· vulcan,zed ta ring. 
· . :<· ·f · · 6f o,a · ·· >-

, 

t -¾ . ,.'. }·· rz> I :� . '·f ),. 
, -< · . . .  5· /. 0 · · · ··>-
�· · · · · · · · ·· 7·f 0. D · · · · · · · · >-

@ 
VA LVE SEAT 

Bf?ONZE AND f?UB8ff? ·f/GHT REQUIRED 
Finish all over 

z -f Dia. -<· · · · · · · · · · · · · · 9 '" O. D. · · · · · · · · · · ·>-

?���s;�. :�f-<· · · · ·· · r w · · · · · ,..f-<-
,z Thds·4!£S f 

� � ;zg::·� .·.+·� 
-<· · · : · · · 6 ··

1
,. 0�· · · · ·>-

·
· �

··
' 

.
. 

�
· 

-<· · · · · · · · · ·· 8f O. D . . . . . . . . .  ,. 

® 
CLA M P  RING 

BRONZE - E:IGHT REQUIRED 

-;-'.-----,----�----

DE TA I L  "A
H 

BALL OM I TTED 

-< · · · · · · · · · · · · · · L ENGTH ·· · · · · · · · · · · · · · · ·>-

t J 

' , .  ·> Is- -< ·  - �  If -<· . 

0 
BA LL 

El6HT RcQU/RE:D 

f.. - - · - - -:,. · 

-·B · Ctass A cast iron pipe. 

2 Equally spaced taps on-,

1 't. between flange bolt 
holes for piezometer tu� 
conn ections in part 11.- , 
See Detail "E'.'-, 

e--· . . ·; .. _ . . . . _· -
3"· ·� 

·8 ·[Dia. drilled holes 
equally spaced and . 
spotfaced for .11... : · · · · ···· 

® @ @ 

PA RT 
NU/118[/? 

9 
1 0  
I I  

PI P E  

NUMBER LEN6TH IR[QUJREJ. 
I I  t;'. 3 
8-f I 2 
5._ I 3 

• :  

/· 

(j 
a:i ic:s 
0 6  

.o � - -

* 
* 

FI GU R E  1 8  

L I S T  OF PAR T S  

PART MATERIAL 
'1'16Elic 

NU/;!B£R 
DESCRI PTI ON �QIJIIE 

I 
2 

3 

4 

5 
6 
7 

8 
9 

10 
I I  
1 2  
1 3  

* 

Valve bodv - uooer sec tion (see defa1/J Cast iron 8 

Valve body · /owe r section (see deta1/J Cast iron 8 

Valve seat (see detai/J Bronze and rubber 8 

Clarno nnq (see deta1/J Bronze 8 

Ball (see detail) See speci''tcaf1on 8 

fxJi Hex.head machine bolt wdh hex nut. semt ·ftn,sh Sfeel So 

IZ"0.0x9 "lDxf cloth inserted nna qask1Jt Rubber 8 

, ?·fODx 5"1 Dxt cloth inserted nnq aasket Rubber 8 

8" Pice (see detail) Cast ,ron 3 

1 B"PI/Je (see defaitJ Cast iron 2 
18 "Pioe r�ee dvta1/) Cast iron L 
lfx ti-" Studs threa ded r each end Steel I Z 8  
I Hex nuts for 11. semi · finish Steel 256 

I I 

To be furnished by the Government 

-f Std. pipe threads . 

f'Ota drilled hole ··{ /Yltn. 
Remove burr. 

DETAIL 

N O TE 
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B ,  but,  for dependability tor field measuring purposes ,  location B is 

recommended . Manometer readings were practically the same when any one 

or all of the piezomete:ts were connected o Pie'°1ueter openings at B and 

C were located on a line midway between adjacent ball guides and in a 

plane through the longit udinal axis ot the valve . It is important that 

piezometer openings in tt.e field installation be located in the same 

relat ive position to the guide vanes so that the laborato1"7-developsd 

calibration CfD be used without question o 

The increased resistance to flov, when the ball is in motion 1a 

clearly shown by the lower portion of the CUrYes of figure 19 0 As the 

tlow increases , the ball is in motion up t o  a discharge of O o 46 second­

toot and a loss ot head of 2 o05 feet , at which point the ball is held 

motionless against the guide vanes , with an accompanying decrease in 

head loss and corresponding increase in dischargeo The head loss plotted 

against discharge then follows a smooth cune whose equation is 

0 468 ( ) Q • 0 o 612 8.t-' g · ,  • • • o • o o o o o o o o o o o o o o o o o o o o o e • 1 

where Q is the di scharge through the valve and Br, is the head loss 

between A and D .  As the flow decreases from the me.ximum ,  the discharge­

head los s relationship is th e seme tor increasing flow and is given by 

equation ( 1) until a discharge of 0.19  second-toot and a head loss ot 

0 .10 toot are reached , at which point t he ball drops from its stationary 

position and assumes a very slow mot ieno The head loss ilRllediately in­

creases to that value found with the ball in motion during increasing 

disch arge o During increasing flow, the ball remains in motion over a 

greater range of di scharge than during decreasing flow because a greeter 

difference in pressure between the top and bottom of the ball is re-

quired to stop its J110tion than is required to start it again. 
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The characteristics of the rating curve are the same as for the 

head-loss curveo The equat ion tor discharge in terms of the measured 

differential pre ssure between B and C is 

Q. 1111 0 0410 Bn 0.1,��8, - . 0 0 • • • 0 • 0 • • • • • • 0 • • • • • • • • • • • • 0 • ( 2 )  

where Q is the discharge and � is the measured pressure difference 

between B and c .  The use of this curve will be explained in detail in 

section 11 .  

The cune for veloc ity at the 4-inch throat against head loss 

necessarily has the same characteristics as t he discharge-head loss 

cune o The equation for bead loss in terms of throat velocity is 

2ol4 Hz. •  0 . 0155'1 V o o • • • • • • • • • • • • ( o o • o • • • • • o o o • • • (3 )  

Note that the exponent of the v•lecity is higher than the usual value 

ot 2 .00o 

The head loss through the valve is greater than the theoretical 

velocity head , · v2 /2g o Expressing the head loss in terms of theoret ical 

velooit'y head , 

B_r. • K ( v2 /2g ) o • • • •  , • • • • • • • • •  o • o • • • • •  o o • • • • • •  o • •  ( 4 )  

. Substituti:ag (3 )  in  (4 ) , 

K • l �OO VO . l4, o o o o • • • • • • o • o • o o • • • • •. 0 0 0 0 0 0 • • • • • 0 • ( 5 ) 

'l'he plotted points are somewhat scattered but they follow equation ( 5) 

fairly well 0 For a discharge ot 2 . 00 second-teat , the value ot K is 

l o 6C o  

ll o Operation of Valve . The necessary theoretical head required 

to  lift the ball and start operation is computed as follows : Diameter • 

6½ inches , volume • 14308 cubic inc hes ;  we ight ot ball under water • 

1 030 pounds ; required unit pressure to  lift the ball = 0 00662 pounds 

per square inch, and the corresponding head of water = l o835 incheso 
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Careful t ests showed that the ball l ifted from t he seat and flow 

started when the head was slightly under 2 inches o After  standing under 

a 60-foot head for a week 8 the seal was broken by a back pre ssure of 

approximately 2 incbe s o  There is a little leakage up to an 8-inch 

Special emphasis should be given to the rate of lowering the 

water surface in the settling basin . If t he water surface is lowered 

so rap idly that the ground water exerts more p ressure on the walls end 

floor than that for which they are designed , serious damage may re sult i 

In the f ield operation , therefore, the operator should acquaint himself 

with the operating program and lower t he water surface accordinglyo In 

the Gila check-valve installation , provieion bas been made for careful 

control of  t he p ressureso Piezometer connections which communicate th e 

manometer gages have been installede The pr1m.e ry p urpose of these ge ges 

is t e  insure that the allowable pressu re d i fference between the b&ok end 

the face of the wall s and floor is not exceeded . This ie accompl ished 

by measuring the d ifferent ial pre ssure between piezomet ers at B and C 

and consult ing the d i fferential prese-ure rating curve constructed from 

laboratory test s ( equation 2 ) o From this curve 9 the discha rge is ob­

tained, and, from computations of losses , the  total head ( or difference 

between wat er levels inside and outside the basin) nece s�ary to produce 

this discharge is  obtained o Thus 9 the total  head is the friction los s 

in the piping plus the loss through the valve plus the loss through the 

elbows, tees 9 and strainer plus the velocity heado These losses may all 

be expressed in terms of the velocity head corresponding to the velocity 

in the 12-inoh p ipeo It is then found that the total allowable head 
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( dif'f'erence ) between water levels inside and outs ide the walls .� is 

where 

+ k v2 + b v2 + V2 

2g 2g 2g 

t • coefficient of' velocit y  head expressing friction loss o 

b • sum of' bends , tees , etc . , coefficient plus st rainer 
loss coefficient . 

k = coefficient of check-valve loss o 

V = velocity at the 12-inoh section of t he valve o 

H • ( f  + k + b + 1 )  A 9 0 0 0 0 0 0 0 G O G  O O O a O O O e G O O  ( 7 )  

By evaluating f and b and assigning to � the maximum allowable value 

of pressure on the we.lle p equat ion ( '1 ) may be solved for V . From the 

equation 9 Q • AV 9 and . using the value of the area at the 12-inoh pipe 

for A 9 the max imum allowable discharge , Q,  through the pipe is found .. 

Assuming that the flow through each valve is half that through the 12-

inch pipe , then the corre sponding maximum value of differential pressure 

as found from piezometers at B and C ia f'ound from the curve on figure 

19e The rate of lowering the water surface in the settling basin is 

thus defined by this maximum a llowable difference between pietometers 

at B and C 

The walls of the settling basin were designed for a pressure of 

1 .. 15 feet of' water at the top and 2 . 6 feet at the bott om.  �nd the wall 

t hickness varies uniformly from top to bottomo  Comput ations ind icate 

t hat the check valves ot line I will operate with the balls in mot ion 

( on the higher loss curve ot tigure 19) unt il the t otal head causing 

flow becomes 2 o3 feet or water e At the heads above 2o 3 teet , the 
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valves will operate with the balls mot ionle ss . and the los s t hrough the 

valve s will be appre ciably s1118ller o  Because drain l ine I is langar and 

has as many or more f itt ings than the other two l ine s ,  the lose through 

it will be the greatest » and , conse quently, the flow and the maximwn 

allowable di fferent ial pressure as ind i cated by piezometers B and C 

will be the lowest a Obviously, then , values of different ial pressure 

found for line I will control the rate of lowering the water surface 

in the basi no A summary of computed values for line I follows o 

SUmmary for Line I 

.Allowable Computed Allowable differ-
head on walls valve ent ial pressure , 

cir floor,  discharge11 piezometers B and 0 9 
. .  . 

feet water second-feet feet water Remarks 

l ol5 O o30 l ol8 ) Withi• raxige where 
) ball ot check 

2o30 \ Oo46 2 o 40 ) valve is in 
) mot ion 

2 o30 a 0 .,78 2 o 7 3  ) Within range when 
ball of check 

2 o60 O a83 3 007 ) valve 1s . ) mot ionless • . 

It must be kept in  mind that the values of "allowable different ial 

pressure" as measured �t the valve between piezometers B and C ( taken 

from the curves of figure 19) are based on computed values of discharge 

through the valves o Should the actual values of les se n  be greeter than 

those assumed for computation purposes , then the computed values of dis­

charge and the corresponding allowable di fferential pressures are t oo  

high o For complete safety of operation 9 e ither f ield measurements of the 

los ses in line I should be made , or provis ions made for measuri ng the 

head , due to ground water , on the walls and floor in the area drained 

by line I o 
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