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ENALUATION OF A REDUCED PFESSURE BACKF'LOW PREVENm 

USING ACTIVATION ANALYSIS 

Justus N. B i r d ,  Jr. 
W. R. Sanford 
G. A.  Cr i s ty  

ABSTRACT 

Despite i t s  advantages of economy and convenience, the  reduced pressure 

pr inc ip le  backflow preventer has been only p a r t i a l l y  accepted a s  a sub- 

s t i t u t e  f o r  air-gap separation i n  preventing pol lut ion of potable water. 

To.  valuate the protect ion provided by a reduced pressure pr inc ip le  

backflow preventer, a u n i t  was tes ted  under the  following s t a t i c  con- 

di t ions;  ionic  di f fusion,  lower pressure on the  supply s ide  than .on the  

discharge side,  vacuum on the  supply side,  water hammer bn the  supply 

side,  and d e r  hammer on the discharge side.  

Using a solut ion of manganese and potassium n i t r a t e s  a s  a nonradioac- 

t i v e  t racer ,  backflow from the discharge s ide  t o  the  supply s ide  was not 

detectable  by ac t iva t ion  and radiochemical analyses 'having a s e n s i t i v i t y  

of -0.2 p a r t s  per b i l l i o n  of manganese. 

The protect ion f a c t o r . f o r  the  device i s  defined a s :  

Reagent concentration i n  the  discharge zone 
P.F. = Reagent concentration i n  the  supply zone due t o  backflow 

The minimum protect ion f ac to r  proven i n  these t e s t s  based upon the  l i m i t  
8 

of the  s e n s i t i v i t y  of manganese analysis  i s  6.5 x 10  . This f ac to r  pro- 

vides a r a t i ona l  ba s i s  f o r  i n s t a l l a t i o n  where the concentration of radio- 

ac t i i r i ty  o r  other contaminant can be e s t i s t e d ,  measured, o r  l imited.  

'* 
The potassium analyses a l s o  showed no detect ion of backflow but  with a 

l e s s e r  s ens i t i v i t y .  



Detai ls  of ac t iva t ion  analysis  a r e  discussed by Y. Wellwart, L. C .  Bate, 

W. T. Mullins, J. R. Stokely, and G. W. Leddicotte i n  ORNL Report TM-372, 

"Stable Isotope Trace-Activation Analysis Methodology: Use i n  Water Flow 

Studies.  I' 

1 .0 INTRODUCTION 

The Oak Ridge National Laboratory since the e a r l y  lggOrs has maintained 

a po l icy  s ta ted:  "It .is the pol icy of the Laboratory t o  provide separate 

d i s t r i bu t ion  systems f o r  potable and process water and t o  maintain posi- 

t i v e  physical  and mechanical'separaLfon of the  system." (1) 

. A s  new buildings and f a c i l i t i e s  were constructed f a r the r  from the cen t ra l  

complex, it became increasingly d i f f i c u l t  t o  extend completely separated 

potable and process water systems within the  apprugriations a l l o t t ed .  A 

r e l i a b l e  means of s a fe ly  separating potable and process water systems 

within a building o r  f a c i l i t y  while maintaining pressure became extremely . 

desirable ,  and the  reduced p re s swe  prlriefple 'trackflow p~cventei-  wuo in-  

vest igated.  

The d i f f e r en t  a t t i t u d e s  exhPiji tea toward .Lll-ts devlce by h c a l t l ~  authori-  

t i e s  raised some questions. 

The S ta te  of Cal i fornia  recognizes the use of reduced pressure pr inc ip le  

bn.clrf 1 nw prcventern 8 s  ffollcvws : 
\ 

"7604. Type of Protection.  ' The protect ive device required 

s h a l l  depend on the degree of hazard a s  tabulated below: 

(1) . . . ' 
( 2 )  . . .  
( 3 ) .  

(4) A t  the  service  connection t o  any premise on which any 



mater ia l  dangerous t o  heal th  o r  toxic  substance i n . t o x i c  concentra- 

t i on  i s  o r  may be handled under pressure, the  public water supply 

s h a l l  be protected by an air-gap separation. The a i rgap s h a l l  be 

located a s  close a s  pract icable  t o  the  service  cock, and a l l  piping 

between the service  cock and receiving tank s h a l l  be e n t i r e l y  v i s ib l e .  

I f  these conditions cannot reasona;bly be met, the  public water supply u u 
s h a l l  be protected with e i t h e r  an approved reduced pressure pr inc ip le  

backflow prevention device, o r  an approved double check valve assem- 

bly, providing the  a l t e rna t ive  i s  acceptable t o  both the water pur- 

veyor and the  l o c a l  health department. 

(5 ) A t  the  service  connection t o  any sewage treatment p l an t  o r  

sewage pumping s t a t i o n  the  publ ic  water supply s h a l l  be protected by 

an air-gap separation.  The a i rgap s h a l l  be located a s  c lose  a s  pyac- 

t i c ab l e  t o  t he  service  cock, and a l l  piping between the  service  cock. 

and rdceiving tank s h a l l  be e n t i r e l y  v i s i b l e .  I f  t$ese conditions 

cannot be reasonably met, the '  publ ic  water supply sha l l ,  be protected 

wi.th an  approved reduced pressure pr inc ip le  backflow prevention de- 

vice,  providing t h i s  a l t e rna t ive  i s  acceptable t o  both the  water 

purveyor and l o c a l  health'department. F ina l  decision i n  t h i s  matter  

!Shall r e s t  with the  S ta te  Department of Public Health. " ( 2 )  

In  other  words, California accepts approved and properly maintained reduced 

pressure pr inc ip le  backflow preventers a s  a l t e rna t e s  t o  air-gap separation 

even i n  i n s t a l l a t i o n s  where an extreme hazard t o  l i f e  i s  possible  i f '  back- 

flow should occur. These i n s t a l l a t i o n s  include hospi ta ls ,  mortuaries, 

morgues, canneries, chemical plants ,  and f i lm lab,oratories . (3 )  

Reduced pressure pr inc ip le  backflow preventers have a l s o  been approved by 
., the  North Carolina Board of Health. (4 )  . . 

I n  contrast ,  seventeen s t a t e s  expressly proh ib i t  any type of cross- 

connection t o  a potable water supply, and severa l  o thers  p roh ib i t  cross- 

connections with cer ta in  exceptions. ( 5 )  . 
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I n  an e f f o r t  t o  gain f i rs t -hand information about backflow preventers, 

ORNL representat ives  K. E. Cowser and W. J. Boegly, Jr., of the  Health 

Physics Division, and W. S. Hornbaker and W. R. Sanford of the Ehgineer- 

i ng  and Mechanical Division, v i s i t e d  i n s t a l l a t i o n s  i n  the  b s  Angeles, 

Cal i fornia ,  and Los Alamos, New Mexico, areas  during the period May 31 

through June 6, 1959. Backflow preventer i n s t a l l a t i o n s  were viewed a t  c.; * a 
Union O i l  Company, Los Angeles Refinery (42 RPPBP devices), Spencer 

Kellogg & Sons, Long Beach Naval Shipyard, Harbor Department area ,  

Terminal Point bay area ,  McGuire Terminal Company, Catalina Fish Company, 

Los Angeles Fish & Oyster Company,,Los Angeles Water and Power Harbor 

Steam Plant, Harvey Mfg. Company, Douglas Aviation Company, University 

of Cal i fornia  a t  Los Angeles, and Los Alamos Sc i en t i f i c  Laboratory 

(approx. 40 RPPBP devices) .  

Conferences were held with municipal sani tary .engineers  t o  discbss in- 

s t a l l a t i o n ,  inspection,  t es t ing ,  and maintenance of RPPBP devices. An 

o f f i c i a l  t e s t  of two backflow preventers conducted by Prof. E. K. 

Springer a t  t he  University of Southern California Ehgineering Center 

(USCEC) was witnessed i n  company with o f f i c i a l s  of the  h s  Angeles 

Departments of Water and Power, Building and Safety, and Health. This 

t r i p  has been described i n  ORNL i n t e r n a l  comunications. ( 6 ) ( 7 ) ( 8 )  

One of the  recognized spec i f ica t ions  f o r  reduced pressure pr inc ip le  

backflow preventers i s  USCEC Report 48-101. (9 )  This document estab- 

l i s h e s  mater ia ls  of construction, design features ,  workmanship, allowable 

pressure  losses ,  hydrosta t ic  t e s t s ,  and t e s t  procedures f o r  laboratory 

use and f o r  six-month and three-year f i e l d  t e s t s .  ' f ie  t e s t s  outl ined 

there in  r e l y  pr imari ly  on pressure gauge o r  d i f f e r e n t i a l  manometer 

readings and appropriate draining from the r e l i e f  zone a s  evidence of 

proper operation. 

While the  over-al l  requirements of t h i s  repor t  should guarantee an 

exce l len t  device, it i s  doubtful i f  the  gauge measurements would posi-  

t i v e l y  prove the  absence of backflow within the  narrow l i m i t s  permissible 

i n  nuclear operations.  



I n  one t e s t  reported a backflow preventer f a i l e d  t o  gain approval be- 

cause it permitted backflow t o  occur through malfunction de l ibera te ly  

induced by placing chips on the check valve s ea t s  and removing the . load-  

ing spring of the  diaphragm-actuated r e l i e f  valve. (10) 

None of the t e s t  data avai lable  seemed pa r t i cu l a r ly  appropriate t o  the  

t i g h t  shutoff and in te rmi t ten t  flows cha rac t e r i s t i c  of nuclear research 

and batch-type operations, nor was the  data of such a nature t h a t  it 

could be'used a s  a sa fe  guide by hea l th  phys ic i s t s  i n  considering in- 

s t a l l a t i o n  i n  radioactive processes. 

Consequently, despi te  the  widespread acceptance of backflow preventers 

i n  California,  i n  view of t h e i r  l imited acceptance elsewhere, and the  

inconclusiveness of ex i s t ing  t e s t  data  and upon recornendation by hea l th  

physic is ts ,  the  ins k l l a t i o n  of such devices was expressly forbidden by 

the  Deputy Director of Oak Ridge National Laboratory, "un t i l  it i s  

demonstrated t h a t  backflow preventers a r e  sa fe  f o r  ORNL service  . . " (11) 

The Engineering and Mechanical Division and the  Health Physics Division 

were urged t o  make a cooperative t e s t  t o  e s t ab l i sh  the  accep tab i l i ty  of 

backflow preventers. 

Beginning i n  August, 1959, the Reduced Pressure Backflow Preventer 

Committee, consist ing of representatives from these two d iv i s ions ,  

the  Inspection Engineering Departnent, a11d Health Divis ion, met per iodi-  

c a l l y  t o  consider a l l  aspects  of the  appl icat ion of backflow preventers 

i n  nuclear and radioact ive  service.  During t h i s  period another t e s t  was 

reported i n  which a backflow preventer was subjected t o  de l ibera te  m a l -  

treatment such a s  the  cut t ing of holes  i n  the  r e l i e f  valve diaphragm and 

the  i n se r t i on  of foreign bodies t o  hold the.  check valves open. (12) 

Apparently the  i n t e n t  of such t e s t s  was t o  determine the  number of in-  

t e rna l  elements which gus t  malfunction simultaneously with external  

system malfunctions so  a s  t o  permit backflow. 



The Committee eliminated maltreatment t e s t s  from fur ther  consideration 

because of t h e  ex is t ing  data  and because of the  consequences of radio- 

a c t i v e  contamination a r e  so severe t h a t  only properly functioning back- 

flow preventers f requent ly  inspected and properly maintained can be 

t o l e r a t ed .  

The Reduced Pressure Backflow committee submitted a major report  on 

Apr i l  20, 1961. (13) The.principa1 features  were: 

1.. A recommendation t h a t  the f i v e  following f e a ~ i b i l i t y  t e s t s  'be per- 

formed 1.1n.d.er r i g i d l y  controlled conditions by a .  properly equipped' 

and r e l i a b l e  t e s t i n g  laboratory.  

a .  Ionic d i f fus ion .  - 
b. Backflow due t o  lower pressure on the supply s ide  than oq - 

the downstream s ide .  

c .  Backflow due t o  vacuum on the supply s ide .  - 
d. Backflow due t o  w a t e r . h m e r  on the  supply side.  - 
e. Backflow due t o  wuter hjmmer on the  dclwnstream slde. - 

.Tentative t e s t  procedures were outl ined.  

24 
2. A .  recommcndation t h a t  radioactive t racers ,  spec i f i ca l l y  Na o r  K 

42 

be used t o  t r ace  possible backflow. 

3 .  A recommendatiori t h a t  ce r ta in  mod1flcu~l;f unb: be nlade t o  exi 2tin.g 

models of backflow preventers a s  addi t ional  safeguards. 

4. ' A procurement SpeCifIcatlo~l f u r  backf'lm prevcntck.io. 

5 .  A l i s t i n g  of design c r i t e r i a  f o r  i n s t a l l a t i on .  

6 .  Acceptance and f i e l d  inspection t e s t s .  

7. A recommendation t ha t ,  -dependent upon favorable f e a s i b i l i t y  t e s t  

, r e s u l t s ,  "limited use' of backflow preventers i n  ORNL water supply 

piping i s  justified. I '  



A l a t e r  committee recommendation t h a t  the  t e s t i ng  be conducted within 

the  Laboratory was approved by ORNL management who provided funds f o r  

the  t e s t s  and designated the  Engineering and Mechanical Division t o  

conduct them. While reviewing t en t a t i ve  piping arrangements and t e s t  

procedures employing radioactive t racers ,  the  committee decided t o  in -  

ves t iga te  the possible  use of ac t iva t ion  analysis .  Following a de- 
u 

scr ip t ion  of t h i s  method and i t s  advantages by G. W. Leddicotte a t  

i t s  January 26, 1962, meeting, the  committee agreed t h a t  a nonradio- 

ac t i ve  t r ace r  solut ion containing manganese and potassium would be 

used i n  the  t e s t s  and t h a t  the  r e su l t i ng  samples would be subjected 

t o  ac t iva t ion  analysis .  

The following advantages were ant ic ipateu:  

1. A much more concentrated t r a c e r  solut ion would be used which would 

make backflow more ' r e ad i ly  detectable; 

2. The t e s t  apparatus could be assembled i n  a more convenient loca t ion  

since it would not be necessary t o  use the  ex is t ing  designated 

radioactive zones; 

3. No shielding of the  apparatus or'samples nor other  precautions 

necessary with radioactive compounds would be required; 

4. The apparatus would not require decontamination a f t e r  t he  t e s t s  

were completed; 

5. Since radioactive decay would not be a fac tor ,  ne i ther  the  duration 

time of the  t e s t i ng  nor the  elapsed time between sampling and ana lys i s  

would require  ca re fu l  consideration; and 

6 .  The s e n s i t i v i t y  of ac t i va t i on  ana lys i s  would g rea t l y  exceed t h a t  of 

ana lys i s  using radioisotopes--possibly by a f ac to r  of 1000. 

These advantages were, i n  f ac t ,  r ea l ized  i n  the  t e s t s  which were per- 

formed during.  the  period March through June, 1962. The t e s t s  were made 

using procedures approved by the  committee. 



The Committee bel ieves  t h a t  these t e s t s ,  performed under ca re fu l ly  con- 

t r o l l e d  conditions and using detect ion methods of highest  sens i t iv i ty ,  

have evaluated the  degree of protect ion provided by a properly function- 

i n g  reduced pressure pr inc ip le  backflow preventer when i n s t a l l e d  between 

a poWble water supply and a radioactive process and subjected t o  the  

type of flow and pressure  abnormalities which might be encountered i n  
Y 

prac t ice .  

Appreciation i s  expressed f 'or .valuable guidance from the Reduced Pressure 

Backflow Preventer Committee: G. A. Cristy,  Chairman; W. S. Hornbaker 

and W. R.  anf ford, a l l  of t he  Engineering and Mechani.ca1 Division; R. L. 

Clark and K. E. Cowser of t he  Health Physics Division; R. W. Schneider 

and C.  E. Childress of the  Inspection Engineering Department; and N. E. 

Bolton of the Health Divis ion.  Valuable suggestions have been received 

from L. F. Lieber and G. ' J. Angele . ' senior  Analysts under George W. 

Leddicotte (formerly of t h e  Analytical  chemistry Division) provided . 

'valuable technical  advice, the chemical reagents, and the  ana ly t i ca l  

s e r v i c e  . 



2.. 0 PRELIMINARY TESTS 

Test Procedure 

Essential ly,  the  t e s t s  consisted of confining a chemical solut ion 

i n  the  discharge end of the  device, f i l l i n g  the  supply zones with 

potable water, and conducting the  water hammer, vacuum, o r  other  

t e s t s .  I f  the  chemical concentration i n  the  supply zone a f t e r  

the t e s t  were grea te r . than  t h a t  i n  a potable water sample taken 

before the t e s t ,  then backflow would be indicated.  
, . 

The f u l l  t e s t  procedures a r e  included i n  Appendix 7.4. They were 

very care fu l ly  developed t o  prevent the  chemical solut ion i n  the  

discharge zone from contaminating the  upstream zones, e i t h e r  dur- 

ing the  f i l l i n g  manipulations p r i o r  t o  t e s t i ng  or  the  sampling , 

manipulations fol-lowing tes-Ling. 

Sampling 

'Thorough e f f o r t s  were made t o  maintain i n t e g r i t y  of the  samples. 

The dra in  tubes from the d i f f e r en t  zoneE were washed off  and then 

rinsed with d i s t i l l e d  water p r i o r  t o  sampling. The concentrated 

chemical solut ion was so handled a s  t o  el iminate spi l lage.  In  

sampling, the  r e l i e f  and supply zones were drained completely i n t o  

two-gallon and one-gal-lon bo t t l e s ,  respectively,  which held t.he 

e n t i r e  contents of each zone. !his  eliminated any l o s s  of 

contents. 

During the  water hammer and low pressure t e s t s ,  a two-gallon,bott le 

was kept under the  r e l i e f  drain  o u t l e t  t o  r e t a i n  the  water dis-  

charged a t  each actuation.  This water was then compooited ~ 5 t h  t l ~ e  

 content^ of the r c l i e f  zone a f t e r  the  t e s t .  A l l  sample b o t t l e s  

were new polyethylene bo t t l e s ,  wel l  r insed with d i s t i l l e d  water 

prio'r t o  use. 



2.3 Test Results  

.The r e s u l t s  from ac t iva t i on  analysis  of the  f i r s t  s e r i e s  of samples 

a r e  tabulated i n  Appendix 7.1. The chemical solut ion f o r  t h i s  . 

s e r i e s  contained about .5 grams per l i t e r  of manganese and 1.0  

grams per l i t e r  of potassium. 

The p r inc ipa l  an.omaly i n  these t e s t s  i s  t h a t  manganese buildup i n  

the  intermediate r e l i e f  zone i n  most instances was l c c ~  than t h a t  

i n  the  supply zone. Since a backflow of chemicals would have t o  

t r a ~ e r s e  the  r e l i e f  zone and become d i lu ted  before reaching the  

supply zone where it would again be di luted,  the  presence of back- 

flow would require  t h a t  the  manganese coritent i n  the  r e l i e f  zone 

exceed t h a t  i n  the  supply zone. The l a t t e r  zone i s  of p r inc ipa l  

i n t e r e s t  since it i s  connected'direc'tly t o  the  potable water, 

. . 
The manganese .concentrations found i n  both . t l~e r e l i e f  and supply 

zones of the  seven-day ion ic  d i f fus ion  t e s t  were almost t en  times 

llluse resv.1 t,i,ng 'from the  other  t e s t s  which were of shor te r  duration. 

Tllio ra i f i~d  t he  question of whe Llier these  curlccntrsrt.inns were 

caused by t r u e  d i f fus ion  o r  a s  the  r e s u l t  u f  a longer contact  time 

with mater ia ls  of construction. 

. . 

3.4 Auxiliary - Tests . 
Auxiliary t e s t s  werc perfvlvied t o  ascer ta in :  

1. Mngallese picki~p from the p l a s t i c  sample bo t t l e s ,  

2. Manganese Yiuc.tuat.J ons i n  the  potable water, and 

3. Nanganese pickup caused by mater ia ls  of cons,tructlul~ i n  the  

t e s t  assembly. 

To check the  nknganese content, of the  p l a s t i c  bo t t l e s ,  d i s t i l l e d  

water was shaken successively i n  t h i r t y  bo t t l e s .  Analysis showed 

< 1.0 PPB manganese. 



Eghteen  potable water samples were taken a t  d i f f e r en t  times of t he  

day and under d i f f e r en t  conditions of water flow during a two-week 

period. They a l l  analyzed - 3 PPB.manganese. Water, therefore,  

should no$ introduce major inconsistencies i n  manganese content. 

For these  t e s t s  the  manganese background has,been accepted a s  no 

grea te r  than 3.0.PPB. 

The seven-day ion ic  t e s t  was repeated subs t i tu t ing  water f o r  the  

chemical solution.  The manganese buildup p rac t i ca l l y  duplicated 

t h a t  with chemical solution,  confirming the  e f f ec t  of mater ia ls  of 

construction. Several step-by-step changes were made i n  the  t e s t  

assembly, followed by fur ther  ion ic  di f fusion t e s t s .  

3.0 IMPROVEMENT OF TEST ASSEMBLY 

The t e s t  assembly had been constructed with mater ia ls  most read i ly  
. 

a t  hand. Since the  a'ctual t r ace  elements had not been d e f i n i t e l y  

chosen a t  t he .  time. of construction, no thought was given t o  making 

a manganese-free assembly. 

The discharge and supply spoolpieces were s t a in l e s s  s t e e l  with a 

probable manganese content of 2 percent, and i ron  pipe f i t t i n g s  

contained 0.03 t o  0.65 percent manganese. According t o  

the  s e l l e r ,  the  backflow preventer cas t ing i t s e l f '  should contain 

nu nlanganese. 

To minimize water contact with manganese bearing metals, the  two 

s t a in l e s s  s t e e l  springs i n  the  r e l i e f  zone were. copper p la ted  t o  a 

thickness of 0.0045 inch. The supply s i d e  spoolpiece was r e b u i l t  

using a b rass  pipe and brass  f lange with brass  nipples. Construc- 

t i o n  was a l l  brazed using Handy & Harmon BT brazing compound having 

a composi;l;ion of 72 percent s i l ve r ,  28 percent copper. F r i t t e d  

s t a in l e s s  s , t ee l  snubbers were removed from the gauge l i n e s  i n  the 



r e l i e f  and supply zones, and brass  f i t t i n g s  were subst i tu ted f o r  

i r on  i n  these zones. 

Because of these  s teps ,  manganese buildup decreased t o  about one- 

four th  of i t s  former value i n  ion ic  d i f fus ion  t e s t s  (~ppendices  7.2 

and 7.3).  

No-twl.l;hstanding the  improvements made i n  decreas'ing the  manganese 

buildup, the  f igures  i n  Appendix 7.2 and the s l i g h t  pos i t ive '  slope 

of the lower region i n  Appendix 7.3 ind ica te  a time-dependence, show- 

ing  that  the e f f e c t  of mater ia ls  of construction had not been en- 

t i r e l y  eliminated. 

There was no need t o  make the  discharge zone manganese-free since it 

i s  used t o  contain the  manganese chemical solution.  

4.0 FINAL TESTS 

4 . 1  Improvements i n  Experimental procedures 

In  order t o  increase  the  over-al l  8ccuracy and :sensj. ti vi t,y. nf t.he 

t e s t s ,  t he  concentration of manganese and potassium i n  the  chemical 

t r ace r  solut ion was increased t o  the  p rac t i ca l  s o l u b i l i t y  l i m i t .  By 

ana lys i s  the  average value .of manganese for  a l l  f i v e  t ,~s t , s  was 1?6 
8 

mg. per ml. or 1.3 x 10  p a r t s  per  bil l ion. .  The potassium content 
' f averaged 5.80 mg. per  m l .  o r  5.8 x , l o  p a r t s  per  b i l l i o n .  The 

elements were present  a s  n i t r a t e s .  

I n  order t o  reduce the  e f f ec t  of manganese pickup from mater ia ls  of 

construction, it was decided t o  run each t e s t  twice; once with water - 
confined i n  the  discharge zone, and then with chemical reagent con- 

f ined . i n  t h i s  same zone. Under these conditions, corresponding . 
samples would have the  same time of residence i n  the device and be 

subject  t o  the  same conditions of  ag i t a t i on .  Thus, the  pickup of 

manganese from mater ia ls  of construction by the  control  samples 



should be very close t o  t h a t  of the  prime sampl'es. A t  l e a s t  time and 

ag i t a t i on  would be eliminated a s  t e s t  var iables .  

The seven-day ion ic  d i f f u s i o n . t e s t  was omitted from the f i n a l  t e s t  

because it has no grea t  p r a c t i c a l  s ignif icance and the  manganese 

hui3.dup becomes grea t  enough a s  t o  mask any t rue  dif fusion.  The. 

t en  and twenty s e r i e s  of water hammers were omitted because of 

l imited significance.  The twenty-four-hour ion ic  d i f fus ion  t e s t  

and the  .forty-water-hammer t e ~ t  were re ta ined.  

4.2 Cr i t e r i a  f o r  Baekflow 

I n  reviewing the  data,  it should be recognized t h a t  two c r i t e r i a  

must be s a t i s f i e d  simultaneously i f  backflow i s  t o  be proven. 

1. The co~lcentra t ion of chemical i n  the supply zone must be 

grea te r  i n  the  t e s t  using chemical reagent than i n -  the  con- 

t r o l  t e s t  using water a s  a reagent. 

2. ' I n  each t e s t  using the chemical reagent, the  concentration of 

chemical i n  the  r e l i e f  zone must exceed t o  a s i gn i f i can t  extent 

t h a t  i n  the  supply zone. 

Obviously, under the  f i r s t  c r i t e r ion ,  unless the  chemical t e s t  re-  

s u l t s  i n  more manganese or  potassiun; i n  the  supply zone than the  

control  t e s t ,  then only background has been observed and no back- 

flow could have OCCWI-ed. 

However; the  mere f a c t  t h a t  a f t e r  a t e s t  the  supply zone contains 

manganese or  potassium ' i n  excess of control  background does not prove 

t h a t  backflow through the  preventer has occurred. True backflow 

through the  preventer must f i r s t  t raverse  the  intermediate r e l i e f  

zone and then en te r  the.supply zone where it would be di luted.  There- 

fore ,  i f  backflow t r u l y  ex is t s ,  the  chemical concentration must be 

higher i n  the r e l i e f  zone than i n  the supply zone. In  f a c t  it should 

be high enough t o  account f o r  any increase i n  the  supply zone con- 

c e ~ t 1 ~ a t i o n  a f t e r  d i lu t ion .  



Reference t o  t he  piping schematic (~ppend ix  7.5 ) and t o  photographs 

(Appendices 7.6 and 7.7) shows t h a t  about e igh t  f e e t  of one-inch i ron  

bypass piping and th ree lva lves  separate the  discharge zone containing 
8 1.3 x 1 0  PPB o r  manganese from the supply zone containing water with 

only 3 PPB. During two of the  t e s t s  only one of these valves i s  

closed, and during a t h i r d  t e s t  only two a r e  closed. Conceivably, 

minute t r a c e s  of chemicals might diff'use through the  bypass system 

i n t o  the-supply  zone. I f  so, they should not be considered backflow 

through the  backflow preventer. 

It should be noted t h a t  the  r e l i e f  zone i s  considered a con-t;aminated 

zone by the  manufacturer of the  backflow prevent&; hence, the  pres- 

ence of chemical reagent i n  t h i ~  region i s  not detrimental, espe- 

c i a l l y  si'nce t h i s  zone i s  maintained a t  a lower than the  

supply zone. Only backflow i n t o  the  l a t t e r  zone i s  detrimental .  

4.3 Test Results 

Manganese data  a r e  shown i n  Table I and potassium data i n  Table 11. 

Each t e s t  produced one s e t  of samples. Each sample was analyzed f o r  

each element separate ly  i n  duplicate.  

4.4 Discussion' of 'Results 

Manganese was employed a s  the  primary t r a c e r  element because:, 

i t s  concentration i n  gotable.  water i s  nn1.y about. 3 p a r t s  per b i l l i on ;  

highly concentrated reagent solut ions  can be prepared, because of the  

excel lent  s o l u b i l i t y  of the  n i t r a t e ;  and ac t iva t ion  analysis  tech- 

niques can de t ec t  concentrations withiri 0.2 p a r t s  per  b i l l i on .  

Potassium was employed a s  a second and conf i rmtory  t racer  element. 

Potassium data  i n  these t e s t s  a r e  of secondary value because the  

potassium concentration i n  potable water i s  comparatively high 

( - 1200 p a r t s  pe r  b i l l i o n ) ;  ana ly t i ca l  methods f o r  i t s  detect ion 

have a precis ion of only about 80 p a r t s  per  b i l l i on ;  and i t s  solu- 

b i l i t y  i n  water a s  t h e  n i t r a t e  i s  l e s s  than manganese so t h a t  i t s  



reagent solutions a r e  l e s s  concentrated. 

In  reviewing the  manganese data i n  lkble  I and applying the  two 

c r i t e r i a  r e l a t i ng  t r a c e r  element concentrations t o  ind ica te  back- 

flow, i t  i s  apparent t h a t  there  was no detectable  backflow indicated 

by any of the  t e s t s .  Although a s l i g h t  increase i n  concentration 

occurred i n  the  supply zone during the  chemical t e s t s  involving 

vacuum and water hammer on the  downStream side,  the  dif ferences  

shown f a l l  within the  limits of accuracy of the  ana ly t i ca l  method. 

Therefore, no backflow i s  indicated.  

The manganese data reported f o r  t he  f i v e  f i n a l  t e s t s  s t i l l  appear .  

t o  be somewhat time dependent despi te  the  f a c t  t h a t  a l l  reasonable, 

s teps  had been taken t o  prevent manganese buildup due t o  mater ia ls  

of construction. For-example, the  ion ic  di f fusion and low 

t e s t s ,  both of which l a s t ed  twenty-four hours, produced the  highest  

manganese concentrations. The lowest manganese concentrations re- 

su l ted  from the  vacuum t e s t  which l a s t ed  s l i g h t l y  over one minute. 

,The two water hammer t e s t s ,  l a s t i n g  about t h i r t y - f i ve  minutes pro- 

duced intermediate values. 

, 
The potassium data i n  lkbie  I1 a l s o  ind ica te  t h a t  no backflow 

occurred based on the  two c r i t e r i a .  The confirmatory nature of 

t h i s  data i s  especial ly  s ign i f i can t  since it displays no time 

dependence charac te r i s t i cs  because p.otassium i s  not present  i n  

the  mater ia ls  of construction. 



'TESTS OF REDUCED PRESSURE BACKFLOW PRENENTER 

S W R Y  OF, FINAL SEBIES 

AWLYSIS OF CONTENTS I N  PARTS PER BILLION OF MINGANESE 

Test Reagent Description - Relief Zone Supply Zone Backflow 

21AC Chemical I o n i c d i f f u s i o n  6 . 3 - 6 . 0  5 . 0 -  5.3 No 
21A"w" ' Water i on i c  d i f fus ion  10.5 - 10.4 12.0 - 11.0 

2ylC Che+cal . Vacuum 4.9 - 5.0 1 .0  - 1 .0  Noa 
2 y l ~  Water va c u m  0.6 - 0.6 0.9 - 0.9 

2 4 ~ ~  Chemical 40 W.H. Supply 
Side 4.5 - 4.6 . 5.1- - 5.0 NO 

2 4 A ~  Water 40 W.H. Supply 
Side . . 1 . 5 ' -  1.6 2.7 - 2.7 

22AC Chemical Low Pressure 7.4 - 7.0 l 9  - 22. No 
2 2 A ~  Water  ow Pressure 15 - 16 21 - 22 

25AC C11errd:l:al- 40 W.H. l3.s-, 
charge Side 3.4 - 3.6 3.0 .i 3.0 Noa 

2 5 ~ ~  Water 40 W.H. Dis- 
charge Side 2.5 - 2.6 2.7 - 2.8 

- ~ 

a 
Differences i n  Supply Zone Analyses f a l l  within the  accuracy of method. 

(composite of 10 Samples) 

Rcl1ci Zonc * 0.9 - 1.0 
Supply Zone 0.7 - 0.8 

ANALYSIS OF CHEMICAL REAGENT I N  PARTS PER BILLION OF MANGANESE , 
. 

Test - 
21AC 1.3 x 10: 

* 22Ac 1.0 x lo8 
23C 1 . 5  x lo8 
24Ac 1 . 3  x lo8 
2 5AC 1 .3  x lo8 
Average . 1 . 3  x 10  



TABLE I1 

TESTS OF REDUCED PRESSURE BACKFLOW PREVENTER 

S'MRY OF FINAL SERIES 

ANALYSIS OF CONTENTS I N  PARTS PER MILLION OF PoTA&IUM 

Test Reagent Description - Relief  Zone Supply Zone Backflow 

2lAC Chemical I o n i c d i f f u s i o n  1 . 3 - 1 . 3  1 .2  - 1.6 No 
2lAW Water I o n i c d i f f u s i o n  1 . 3 - 1 . 3  1.3 - 1.3 

23AC Chemical Vacuum 1..2 - ,1.1 1.2. - 1.2 KO 
23AW Water Va cum 1.2  - 1.2 1 .2  - 1.2 

24A~ Chemical 40 W.11. Supply 
Side 1.2 - 1.2 1.2 - 1 .3  No 

24AW Water 40 W.H. Supply 
Side 1.1 - 1.1 1.3 - 1.4  

~~~~~~ - ~ 

22AC Chemical Low Pressure 1.3 - 1.3 1 .3  - 1.3 NO 

22AW Water Low Pressure 1.4 - 1.3 1.1 - 1.2 

25AC Chemical 40 W.H. Dis- 
charge Side , 1.3 - 1.3 1 .3 . -  1.3 No 

25AW Water . 40 W.H. Dis- 
charge Side 1.2 - 1.2 1 .2  - 1.2 

ANALYSIS OF POTABLE WATER I N  PARTS PER MILLION OF POTASSIUM 

Relief  Zone 1.2 - 1.3 
Supply Zone 1.3 - 1.2 

ANALYSIS OF CHEMICAL REAGENT I N  PARTS PEB MILLION OF POTASSIUM 

Test - 
2lAC 
2ZC 4 . 1 ' ~  10' 
2 3 c  4.4 x 10 7 
2 4 ~ ~  4.3 lo7 
2 5 ~ c  10.8 x 10 7 
Average 5.8 x 10 7 



The Reduced Pressure Backflow Preventer Committee of the  Oak Ridge 

National Laboratory, i n  attempting t o  develop a guide f o r  properly 

loca t ing  backflow preventers i n  an operating complex and t o  express 

most s i gn i f i can t ly  the  t e s t  data  avai lable ,  has adopted the  follow- 

i ng  de f in i t i on  of a protect ion f ac to r  (P.F. ). 

Weagerl L cullcell L l t t  Lluu ur Llle discl large zwle 
P.F. = Rea.eent, r .nncent,mt,~ on i n  the su-~~ply zonc due t o  b a c k f l ~ w  

The. average manganese concentration of the  chemical reagent i n  the  
8 

downstream zdne a s  shown i n  'lhble 1 i s  1.3 x I? p a r t s  pe r -b i l lP0n  

Because there  was no detectable  backflow, the  question a r i s e s  a s  t o  

what value should be subs t i tu ted  i n  t h e  denominator so as t o  r e f l e c t  

most v a l i d l y  t he  experimental data.  Since experimental accuracy and 

manganese background of the potable water were the  pr inc ipa l  f ac to r s  

i n  determining the  limits of detect ion of.backflow, it appears reason- 

ab l e  t h a t  the  denominator should r e f l e c t  t he  magnitude of these 

fac tors .  The experimental accuracy on the  manganese r e s u l t s  i s  6.6 

percent t o t a l  deviat ion a t  t he  95 percent confidence leve l .  The 

value used f o r  the  manganese content of the  water i s  3.0 PPB a s  found 

i n  t he  eighteen samples of t h e  preliminary t e s t s .  That t h i s  value i s  

a conservative one i s  indicated by the  manganese analyses f o r  the  pot- 

ab l e  water composites taken i n  the  f i n a l  t e s t s .  ( m b l e  I )  

By applying the  accuracy f ac to r  of 6.6 percent t o  the  manganese con- 

t e n t  of 3.0 PPB a value of 0.2 PPB i s  obtained which represents the  

l i m i t  of de tec t ion  i n  these t e s t s .  

The numerical value of the  protect ion f ac to r  f o r  the Gackflow pre- 

venter,  therefore ,  becomes: 
8 

P.F. = 1 * 3 x 1 0  = . 6 5 x i o 9 = 6 . 5 x 1 0  
8 

2. x 10-1 



It should be noted tha t  the numerical value of the protection fac tor  

proved herein was indi rec t ly  l imited by the so lubi l i ty  of anganese 

n i t r a t e .  Had there been a chemical compound having sui'table radio- 

ac t ive  properties and a much greater  solubi l i ty ,  the protection 

fac tor  would have a much greater over-all magnitude. The backflow 

preventer i s  probably considerably b e t t e r  than the above numerical 

value, indi  cate s . 

It should be noted a l s o  tha t  i n  these t e s t s  the d isc  of the preventer 

downstream check valve was completely surrounded with the very con- 

centrated chemical reagent. In a normal indus t r i a l  i n s t a l l a t ion  

probably ten t o  several hundred f e e t  of pipe f i l l e d  with potable 

water would l i e  between the sources of contamination and t h i s  same 

check valve. Thi's length of piping provides a safety fac tor  which:- 

was not present i n  these t e s t s .  

The protection fac tor  may be used a s  a guide in ' l oca t ing  a backflow 

yre.vezl.l;er ahead of a contaminated 'system a s  follows: . . 

If the concentration of the d o w n s t r k  radioactive, 

biological  or  other contaminant can be measured or  

estimated, and i f  the minimum' permissible concentra- 

t ion  of these materials i n  potable water has been 

established, then a r a t i o  can be computed. If t h i s  

r a t i o  i s  l e s s  than the protection fac tor  established 

f o r  the 'backf'low preventer, then the l a t t e r  could be 

safely employed. 

More than one FPPBP device could be used i n  a series-type ins t a l l a -  

t ion  t o  afford the desired protection factor .  . . 
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APPENDIX 7.1 

TESTS OF REDUCED PRESSURE MCKFLOW PRFVENTER 

SUMMARY OF FIRST "AA" SETUES (PRELIMINARY) 

Apr i l  3, 1962 

ANALYSIS OF CONTENTS I N  PARTS PER BILLION OF M4NGAJESE 

Test Description 

IA Ionic Diffusion - 24 hours 

IA I o n i c D i f f u s i o n - 7 d a y s  

2A Low Pressure, Supply Side 
96 cyc. 

3A Vacuum on Supply Side, 
1 Excursion 

4A Water Hammer, Supply Side 
After  40 Hammers 

Af te r  20 H.amrder~ 

After  1 0  Hammers 

5A Water Hammer, Discharge 
Cide 

Water Makeup on Supply 
Side 

After  40 Hammers 

Af te r  20 Hammers 

Af te r  10 Hammers 

- 

Di s &large 
Zone 
Af te r  
Test 

5.2 x 1 0  

4 . 7 ~ 1 0  

4.8 x 10 

5.0 x 10  

5.2 x 10  

-- 
- - 

4.2 x 10  

- - 
- - 

Relief Zone 
Before Af te r  

Test Test 

3 15 
3 100 

5 3 

5 8 

3 5 

3 6 
3 5 

3 7 

3 - 
3 3 

Supply Zone 
Before Af te r  

Test Test 

3 7 

3 80 

3 3 

5 8 

2 7 
2 6 

2 5 

3 15 
3 3 

3 5 



ICnBIC DIFFUSION TESTS 

Manganese Concentration Par ts  Per Bi l l ion  
24-hr. Duration 7-day h r a t i o n  13-day Duration 

Test Zone Before Af te r  Before After  ~e f ork Af t e r  

I.A Original equipment. chsmical  is- 5 . 2 ~ 0 ~  ~ a m i  4 . 7 ~ 0 ~  Same 
solut ion in Cischarge zone. .charge 

Relief 3 1 5  3 100 
Supply 3 7 3 80 

Q1A Original equipment. Water i n  Dis- 
discharge zone. charge 

Relief  
Supply 

RIA Brass was subst i tu ted f o r  
external  ferrous  f i t t i n g s  
i n  r e l i e f  zone. Water i n  
discharge zone. 

S1A Sta in less - s tee l  springs i n  
r e l i e f  zone were cor,per- 
p la ted.  S ~ p p l y  zone made 
a l l  brass,  brazed with 
Cu-Ag com-gound. V a t m  i n  
discharge zone. Dischsrge 
zone unchanged. 

D i s -  
charge 
Relief  
Supply 

Dis- 
charge 
Relief 
Supply 
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APPENDIX 7.4 

TEST PROCEDURES 

(AS performed i n  the f inal  tests .  See Appendix 7.5 for piping designa- 
tions. ) 

Test No. 21A - To Determine i f  Ionic Diffusion Occurs Through the Device 
Under Sta t ic  Conditions 

1. Flush complete device as follows: 

a. Run water t=ugh device for  three minutes with supply and dis- - 
charge globe valves (4 & 5 )  wide open. 

b. - Close &upply (4) and discharge (5) globe valves. 

c. Drain supply spoolpiece (2) through valve (24) which also  - 
causes re l i e f  zone t o  drain, 

d. Repeat three more times. On the %st draining re-kin  samples - 
of water withdrawn from the supply zone and f r o m  the re l ief  zone. 

2. F i l l  complete device a s  follaws: 

Run water through device for one minute with supply and discharge 

globe valves (4 L 5 )  wise open. Valves (21), ( 6 ) ,  ( T ) ,  (30)) 

(15), (17), and (18) are closed. 

Close supply (4) and discharge (5) globe valves. 

Drain completely discharge spoolpiece (3) thmugl-i valve (20), 

f inal ly opening vent valve (27) pressure a p p r o a c h  zero 

url gauge (G). ~~~ 
Part ial ly relieve pressure i n  s iece (2) through vent 

yalve (6) u n t i l  the pressure indicfiteil nn tp11ge (F) i s  7 psi.  

Close valve (6). 
Vent re l i e f  zone by opening valve (14 ). 

\ 

After closing drain valve (20), f i l l  discharge spoolpiece (3) 
with chemical solution f r o m  bot t le  through valve (15 ) . Stop 
f i l l i n g  when l iquid werflows through valve (27). Close valves 

(15 1 and (27 
Add water t o  re l ief  zone from a bott le  through a f i l l  tube con- 

nected t o  cock (B) un t i l  re l ief  zone i s  f'ull. Close valve (14) 



and cock ( B ) .  

3. Plug drain  l i n e  from r e l i e f  zone. 

4. Allow RPPBP devi'ce t o  s e t  f o r  time specif ied with supply spoolpiece 

vent valve (6),  r e l i e f  zone vent valve (14), and discharge spoolpiece 

vent valve (27) a l l  open t o  ' the  atmosphere. 

5 .  One d i f fus ion  t e s t  w i l l  l a s t  twenty-four hours. A second t e s t  w i l l  

last  seven days. 

6 ,  After  each t e s t  take samples a s  follows: 

a .  Drain r e l i e f  zone completely i n t o  a two-gallon container. - 
- b. m a i n  supply. spoolpiece completely i n t o  a one-gallon container. 

c. Withdraw a one-pint sample of chemical solut ion from the  d i s -  - 
charge spoolpiece. 

Test No. 22A - To Determine i f  Backflow Occurs Through the  Device Due t o  
Lower Pressure on the  Supply Side 'Yhan on the  Discharge Side with No Flow 
on the  Discharge Side. 

1. Adjust pressure s ~ r i t c h  (PS) t o  open a t  20 p s i .  

2. Adjust bleed valves so t h a t  pressure drops t o  20 p s i  and re tu rns  t o  

l i n e  pressure i n  .5 - 15 seconds with a discharge from the  r e l i e f  

zone of l e s s  than 150 m l .  per  excursion as follows: 

a. Run'water through the  device with supply and discharge globe - 
valves (4  & 5 )  wide open. 

b. Close discharge valve (5 ) .  . Bleed a i r  from valves (27) and (14), - 
cldsing them thereaf te r .  

c. Close supply valve (4 )  and open wide water valve ( 3 0 ) .  - 
d. Set  main timer f o r  20 minutes and open solenoid %lves (29) - 

by e l e c t r i c  toggle switch. . Adjust valves (28) and (31) u n t i l  

the  pressure on gauge (E)  reads about 16 p s i .  Close solenoid 

valve (29). 

e.  Set  timer f o r  a 20-second cycle and l e t  system operate auto- - 
matically, adjus t ing,  w i v e s  (28) and (31) u n t i l  the  discharge 

from the  r e l i e f  zone per  pressure decrease i s  l e s s  than 150 m l .  

f .  o f f  timer and r e ~ e t  fo r  a 15-minute cyclc. - 
g. Close valve (30)-  - 



3. Flush complete device as follows: 

a. Run water through device f o r  three minutes with supply and dis-  - 
charge globe valves (4 & 5)  wide open. 

b. - Close supply (4 ) and discharge (5 ) globe valves. 

c. Drain supply spoolpiece (2)  through valve (24) which a l so  - 
causes r e l i e f  zone t o  drain.  

d. Repeat .kllr&e more times. On the l a s t  draining re ta in  E E U T Q ~ ~ E  - 
.of water withdrawn from the supply zone and from the r e l i e f  zon?. 

4. F i l l  complete device as follows: 

a .  Run water through device f o r  "one minute with. supply and dis-  - 
charge globe valves (4 & 5 )  wide open. Valves (21), (6),  (7), 
( 3 0 ) ~  (15), (17), and (18) a re  closed. 

- b. Close supply (4)  and discharge (5)  globe valves. 

c . Drain completely discharge spoolpiece (3) ,  f i n a l l y  opening - 
vent valve (27) a s  the pressure approaches zero on gauge ( G ) .  

d. ' Par t i a l ly  re l ieve  pressure i n  supply spoolpiece (2)  through - 
vent valve (6 )  u n t i l .  the pressure indicated on gauge. (E)  i s  

7 psi .  Close valve (6) .  
e. 'Vent re l ie f '  zone by opening valve (14 ). - 
f .  After closing drain valve (20), f i l l  discharge spoolpiece ('3) - 

with chemical solution from b o t t l e  through valve (15). Stop 

f i l l i n g  when l iqu id  overflows through valve (27 ) . Close valves 

(15) and (27). 

. Add water t o  r e l i e f  zone from a bo t t l e  through a f i l l  tube con- 

nected t o  cock (B)  u n t i l  r e l i e f  zone i s  f u l l .  Closs cock (B) 

and m i v e  (14 ) . t 

5. Pressurize the discharge spoolpiece t o  l i n e  pressure by opening 

valve (17) and then closing it. 

6. After  placing a two-gallon container under the r e l i e f  zone drain out- 

l e t ,  open valve (30) and place the timer on automatic control. 

7. After  twenty-four hours (ninety-six cycles) shut off timer, close 

valve ( 3 0 ) ~  and remove p a r t i a l l y  f i l l e d  container from r e l i e f  drain 

out le t .  
\ 



8. Take samples a s  follows:' 

a .  Place container of two-gallon capacity under r e l i e f  drain  ou t l e t .  
- . '  

b. - Drain supply s ~ o o l p i e c e  completely through valve (24) i n t o  a con- 

t a iner ,  f i n a l l y  venting. through valve (6 ) . 
c. Vent r e l i e f  zone through valve (14). Allow r e l i e f  zone t o  d ra in  - 

* 
completely. Composite.relief samples from the two two-gallon 

containers. 

d. Collect  a one-pint sample from the discharge spoolpiece by drain- - 
ing through valve (20). 

Test. No. 23A - To Determine i f  Backflow (~acksiphonage) Occurs Through 
the- Device Due t o  a Vacuum on the  Supply Side with No Flow on the D i s -  
charge Side. 

1. Flush complete device a s  follows: ' . 

a .  Run water through device f o r  three  minutes k i t h  supply and d i s -  - 
charge globe valves (4 & 5 )  wide open. 

b. - Close supply (4 )  and discharge ( 5  ) globe valves. 

c. . Drain supply spoolpiece (2 )  through valve (24). which a l s o  - 
causes r e l i e f  zone t o  drain .  

d. Repeat three  more times. On the  last draining r e t a i n  samples - 
of water withdrawn from the supply spoolpiece and from the re-  

l i e f  zone,. 

2. F i l l  complete device as follows: 

a .  Run water through device f o r  one minute with supply and d i s -  - 
charge globe valves (4 & 5') wide open. Valves (21), (6) ,  (7), 
(30), (15) ,  (l7);and (18) a r e  closed. 

b. - Close supply ( 4 )  and discharge ( 5 )  globe valves. 

c .  Drain con~ple.telj discharge spoolpiece ( 3 ) ,  finally opening vent - 
valve (27) a s  the  pressure approaches zero on gauge ( G ) .  

d. P a r t i a l l y  re l ieve  pressure i n  supply spoolpiece (2 )  through vent  - 
valve (6)  u n t i l  the  pressure indicated on gauge (E)  'is 7 ps i .  

Close valve (6).  

e . Vent r e l i e f  zone by opening valve (14 ) . - 



f .  After closing drain valve (20), f i l l  discharge spoolpiece, (3) - 
with chemical- solution from bo t t l e  through valve (15) .  Stop 

f i l l i n g  when l iqu id  overflows through valve (27). Close valves 

(15 ) and (27)-.' 

g. Add water t o  r e l i e f  zone from a b o t t l e  through a f i l l  tube con- - . 
netted t o  cock (B) u n t i l  r e l i e f  zone i f  full. Close cock ( B )  

and valve (14 ) , 
3. Pressurize the discharge spoolpiece t o  l i n e  pressure by opening 

valve (17 ) and then closing it. 
. . 

4. After  placing a two-gallon container under the r e l i e f  zone drain 

out le t ,  apply vacuum t o  the. .supply spoolpiece f o r  approximately . 

one minute a s  follows: 

a. Close cock (12) t o  about 25 percent open. - 
b. Open water valve (13). - 
c. S t a r t  vacuum pump. - 
d. After  the vacuum reaches twenty-five inches of mercury a s  - 

measured on gauge. ( H ) ,  open valve (7)  fo r  about the one minute 

u n t i l  r e l i e f  zone, drains.  

e. Close valve (7) ,  open, vent ml-ve (8), . close valve (13), and shut - 
down pump. 

5. Take samples as follows': 

a.  Remove two-gallon container which holds drainage from r e l i e f  - 
zone d n i n  out let ;  

b.  Vent supply spoolpiece by opening valve (6) .  Drain through valve - .  

(24) in to  a one-gallon container. 

c .  Collect a one-pint sample from the discharge spoolpiece by 'drain-  - 
' ing through Wlve (21.). 

Test No. 2 4 ~  - To Determine i f  ~ a c k f l o h  Occurs Through the Device Due t o  
. Water Hammer on the Supply Side with No Flow on the Discharge Side 

I 

1. Plush complete device a s  follows: 

a .  Run water through device f o r  three.minutes with supply and dis-  - 
charge globe valves (4 & 5 )  wide open. 

b - . Close supply (4 ) and discharge (5  ) globe valves. 



c. Drain supply spoolpiece (2 )  through valve (24) which a i s o  - 
causes r e l i e f  zone t o  drain .  

d. Repeat three  more times. On the  l a s t  draining r e t a i n  samples - 
of water withdrawn from the supply spoolpiece and from the 

r e l i e f  zone. 

2. F i l l  complete device a s  follows: 

a. - Run water through device f o r  one minute with supply and d i s -  

charge globe valves (4  & 5 )  wide open. Valves (21), ( 6 ) ,  (7),  

( 3 0 ) ~  (15), (17), and (18) a r e  closed. 

b. - Close supply ( 4 )  and discharge ( 5 )  globe valves. 

c .  Drain completely discharge spoolpiece (3) ,  f i n a l l y  opening vent - 
valve (27) a s  the  pressure approaches zero on gauge ( G ) .  

d. P a r t i a l l y  re l ieve  pressure i n  supply spoolpiece ( 2 )  through - 
vent valve (6 )  u n t i l  the pressure indicated on gauge (E)  i s  

7 p s i .  Close valve (6 ) .  
e .  Vent r e l i e f  zone by opening valve (14). - 
f .  After  closing drain  valve (20), f i l l  discharge spoolpiece (3)  - 

with chemical solut ion from b o t t l e  through valve (15 ) .  Stop 

f i l l i n g  when l i qu id  overflows through valve (27).  Close valves 

(15 )  and (27). 

g .  Add water t o  r e l i e f  zone from a bo t t l e  through a f i l l  tube con- - 
netted t o  cock ( B )  u n t i l  r e l i e f  zone i s  f u l l .  Cl.ose cock (B)  

and  valve (1-4 ) . 
3. Pressurize the discharge spoolpiece t o  l i n e  pressure by opening valve 

(17) and then closing it. 

4 .  Open globe valve (30) and valve (31) subjecting supply spoolpiece 

(2 )  t o  f u l l - l i n e  pressure. Close valve (28) .  

5 .  Place two-gallon container under r e l i e f  zone drain  ou t l e t .  

6. Open globe valve (18) and open and close solenoid valve (25) with 

toggle switch 40 times. The timing of opening and closing should 

be such t h a t  a l l  pressure surges a r e  allowed t o  damp out durtng the  

closed posi t ion before the  valve i s  reopened. 

7. Close globe valves (30) and (18) and remove two-gallon contsa,iner 

from r e l i e f  drain  ou t l e t .  



8. Take samples a s  follows: 

a .  Place container of two-gallon capacity under r e l i e f  zone drain  - 
ou t l e t .  

b .  - Drain supply spoolpiece completely through valve (24) i n t o  a 

one-gallon container, f i n a l l y  venting through valve (6).  

P c. Vent r e l i e f  zone through valve (14). Allow r e l i e f  zone t o  - 
d r ~ i n  rnmpletely. Composite s q l e s  from twc two-gallon con- 

tainers ; 

d. Collect  a one-pint s'ample from the  discharge spoolpiece by - 
draining through valve (20). 

Test  No. 25A, Revised - To Determine i f  Backflow Occurs Through.the 
Device Due t o  Water Hamner on the  Discharge Side with No Flow on the  
Discharge Side -- 

1. Flush complete device a s  follows: 

a .  Run water through device f o r  three  minutes with supply and d i s -  - 
charge globe valves (4 & 5 )  wide open. I 

b.  - Close supply ( 4 )  and discharge ( 5 )  globe valves. 

c. Drain supply spoolpiece (2 )  through valve (24) which a l s o  causes - 

d. Repeat thrcc more 'L511ies. On t.hc In.tr;tr draining r e t a in  samples of - 
water withdrawn from the supply spoolpiece and from the r e l i e f  

zone. 

2. F i l l  complete device a s  follows: 

a .  Run water through device f o r  one minute with supply and d i s -  - 
charge globe valves (4 & 5 )  wide open. Valves (21),  ( 6 ) ,  ( 7 ) ,  

(30), (15), (IT), and (18) a r e  closed. 

b .  - Close supply ( 4 )  and discharge ( 5 )  globe valves. 

c. Drain completely discharge spoolpiece (3),  f i n a l l y  opening vent - 
valve (27) a s  the  pressure approaches zero on gauge ( G ) .  

d. P a r t i a l l y  r e l i eve  presswe i n  supply cpoolpiece (2 )  t , h r m ~ g h  vent - 
valve (6 )  u n t i l  the  pressure indicated on gauge ( E )  i s  7 p s i .  

Close valve (6 ) .  
e .  Vent r e l i e f  zone by opening valve (14).  - 



f .. After  closing drain  valve .(20), f i l l  discharge spoolpiece (3)  
- .  

with chemical solut ion from b o t t l e  through valve (15). Stop 

f i l l i n g  when l i qu id  overflows through d v e  (27). Close valves 

(15 and (27'). 

g. Add trdtef t p  r e l i i f  zone from a b o t t l e  through f i l l  tube con- - 
netted t o  cock (B)  u n t i l  r e l i e f  zone i s  full. Close cock (B) 

and valve (14 ) . 
3. Pressurize the  discharge spoolpiece t o  l i n e  pressure by opening 

.valve (17). . : 
. , 

4. Pressurize the  supply spoolpiece t o  l i n e  press,ure by opening valves 

(30) and (31) arid then closing them. 

5. Place two-gallon container under r e l i e f  zone dra in  ou t l e t .  

6. Open globe valve (18) and open and close solenoid valve (25) with 

toggle switch 40 times. The timing of opening and closing should 

be such t h a t  pressure surges a r e  allowed t o  damp out  during the 

closed positi-on before the  valve i s  reopened.' Af te r  each closing 

of the  solenoid valve (25), open valve (4)  t o  r e s to re  the  pressure 

i n  the supply zone t o  f u l l - l i n e  pressure and then close &lve (4) .  
' 

7.. Close globe valves (17.) and . (18) .  

8. Talfe 'scunples as follows: 

a .  Drain supply spoolpiece completely' through valve (24 ) into.,  a. - 
> 

one-gallon container, f i n a l l y  venting through valve (6).  

, b.  Vent r e l i e f  zone through valve (14). ' Allow r e l i e f  zone t o  d ra in  - 
completely i n t o  ex is t ing  two-gallon container. 

c. Collect  a one-pint sample from the discharge spoolpiece by drain- - 
ing through valve (20 ) . 
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Backfluw P=venter Test Installation, Closeup 



Backflow Preventer Test Installation, Overall View 



APPENDIX 7.8 

COMMEWTS ON TEST IZQUIPMENT 

7.8.1 Reduced Pressure Pr inciple  Backflow Preventer Device 

A three-inch BEECO Model 6 ~ ,  S e r i a l  No. ~ B P ~ C - 3 3  backflow pre- 

venter manufactured by the  Backflow Engineering and Equipment 

Company, 5200 Ekst 60th S t ree t ,  Los Angeles 22, California,  

was subject  t o  t e s t .  This make, model and s i ze  had previously 

received fd1 . app rova l  by the  Research Foundation f o r  Cross- 

Connection Control, University of Southern California,  Los Angeles, 

California,  following Liaboratory t e s t s  and six-month and three- 

year f i e l d  t e s t s .  

A 318-inch hole was d r i l l e d  and tapped i n  the  bottoms of the  

supply and discharge zones f o r  sample withdrawal. A 318-inch 

hole w a s  d r i l l e d  and tapped i n  the  cap over each check valve 

and 3116-inch holes were d r i l l e d  i n  the  check valve spring 

 support^. These holes were provided t o  .ven'l; a i r .  

7.8.2 vacuum pump 

The vacuum pump used was a Nash Hytor, Size MD-673, Test No. 

~ ~ 1 4 9 9 ,  Rpm-1740. 

7.8.3 Piping , 

The piping i n s t a l l a t i o n  i s  shown i n  the  Piping Schematic Draw- 

ing  D-44280 ( ~ p ~ e n d i x  7.5). The bas ic  t e s t s  were made under 

s t a t i c  conditions, hence a f u l l  three-inch flow was not re-  

quired. One-inch piping provided adequate flow f o r  .f lushing 

.the device and adequate flow f o r  producing water hammey i n  

the  by-pass . l i ne .  



The piping from the supply cutoff valve (4)  through the dis-  
charge cutoff valve (5 ) was' considered c r i t i c a l  a s  leaks would 

endanger the success of the. experiments. A l l  small valves i n  

t h i s  region were packiess Kerotest valves. .The one-inch valves 

were packed brass  globe valves which were ins ta l led  with the 

discs  looking a t  the preventer regardless of the direct ion of 

water flow through the valve. To improve leaktightness, re- 

s i l i e n t  neoprene discs  were substi tuted f o r  Lhe original  discs 

i n  these valves. 

Pressure Testing 

After the backflow preventer was instal led,  the system between 

the discharge and supply cutoff valves was pressure tested w i t h  

n2trogen a t  120 psig and coated on the outside with soapy water. 

After  minor leaks were ;topped, the system was pressurized &th 

nitrogen and shut off  overnight. Leakage was minor and within 

p rac t i ca l  l imi ts .  These t e s t s  were repeated a f t e r  every major 

change i n  the piping. 

Pressure Measurements 

The gauges were of an indus t r ia l  type having a six-inch diameter. 

BeEure -Lhe t e s t  began a l l  gaugo~ were calibm.ted and ad.just,ed 

within two percent. The gauges were protected with Chemequipt, 

Cablorg. No. 25S, sni~hhers having porosity "Dl' fo r  o i l '  over 50 

S S ~ .  After  the  preliminary t e s t s  it became obvious tha t  the 
9 / 

porous snubbers might cause an increase i n  the manganese content 

of the water, hence they were removed from the gauges and the 

pressure switch i n  the r e l i e f  and supply zones. 

Solenoid Valve 

Solenoid valve 25 was especially chosen f o r  quick closing 

charac ter i s t ics  .since the magnitude of water hammer depends upon 



the  speed of stopping water flow. This valve, a General Controls 

Type K-15B, Catalog No. ~ 1 5 ~ ~ 2 2 6 2 ,  Solenoid s i ze  300B, with a one- 

inch por t ,  appeared t o  go from f'ully open t o  f u l l y  closed i n  l e s s  s 

than 1/10 second. 

7.8.7 Volumes of Zones 

Edch of the  three  zones of the  backflow preventer i n s t a l l a t i on .  
8 

w a s  cal ibrated f o r  sampling and computing purposes. The volumes 

were a s  follows: 

supply Zone - - - . -  - - - i - - - - .- - - - - - - - 1 - - 3080 d. 
(Includes volume between supply s ide  check valve and cut- 

. . off  valve (4 ) 
Relief Zone - - - - - - - - - - - - - - - - - - - - - - - 5280 d. 
(Includes volume between supply s ide  and discharge s ide  
check valves ) 
Discharge Zone- - - - - - - - - - - - - - - - - - - ' -  - - 4340 d. 
( ~ n c l u d e s  volume between discharge check valve and cut- 
off  valve (5 ) 



APPENDIX 7. g 

COMMENTS ON TESTS 

7.9.1 Test No. 21A - To Determine i f  Ionic Diffusion Occurs 'Through the  
Device Under S t a t i c  Conditions 

Tight shutoff  conditions frequently .occur i n  .nuclear prwcesslllg 
4 

operations, hence the  perfoimance of the  backflow preventer under 

these condit ions was considered important. 

. . 

There was a p o ~ ~ i b i l i t y  t h a t  t h e ' r e s i l i e n t  neoprene d i s c  of the  

check valves, when seated under t i g h t  shutoff 'conditions, might 

a c t  a s  a.permeable membrane permitt ing ions t o  d i f fuse  from a zone 

of high concentration t o  a zone of lower concentration. 

I n  planning the  i on i c  di f fusion Lest, serious thought w a s  given 

t o  el iminating a l l  e f f e c t s  bu t  t h a t  of di f fusion while operating 

t he  system under pressure.  However, if the  discharge zone 

valved of f  and the  supply zorle wefe pressurized by water presswe 

from the  l i ne ,  f luctuat ions  i n  l i n e  pressure might cause the  check 

valves t o  l i f t  and permit chemical t r ans fe r  t o  occur. Other possi-  

ble v a l ~ n g  asmngements appeared t o  have t h i s  same disadvantage. 

I n  observing operation of the  backflow prcventer it was noted. t h a t  

,wi th  water flowing, the  pressure drop across the  supply s ide  cl~ecls 

valve was 8 'psig,and t h a t  across the  discharge check'valve was 1 

ps ig  even though the  supply water pressure might be varied through 

the  range of 1 0  - 80 psig .  1 f .wate r  flow was stopped by closing a 

downstream valve, water was confined i n  the three zorles under s t a t i c  
. . 

conditions, bu t  t he  pressure drop across  the  check valves s t i l l  re-  't 

mined  a t  8 ps ig  and 1 psig.  

Since the  hydraulic pressure dif ference across the check valve 

sea t s  was independent of the  l i n e  pressure and r a t e  of flow, 



5 .  The s,wge chamber consist ing of a th i r ty- inch length of three- 

* inch pipe dampens out any water hammer which otherwise might 

be produced when the .solenoid valve (29) closes.  

When the  solenoid valve causes the  supply zone pressure ' t o  drop, 

the r e l i e f  zone drains  so  a s  t o  keep i t s  pressure 8 ps ig  below 

the supply zone pressure. As the supply zone i s  restored t o  W1- 

l i n e  pressure ,by the  closing of ' t he  solenoid valve., the  supply 

s ide  check valve opens momentarily and permit's water t o  flow i n t o  

the r e l i e f  zone u n t i l  tne previous drainage i s  replaced. 

The volume of. drainage from the r e l i e f  zone i s  markedly affected . . 
. . 

by the  amount of entrapped a i r  remaining i n  the r e l i e f  zone. When 
\ c . .  

t h i s  a i r  was not vented, the  drainage from.the r e l i e f  zone .approxi- 

mated 300 m l  per excursion. , P r i o r  venting of the  r e l i e f  zone 

through valve (14) reduced the  volume of drainage t o  22-33 m l  

per  excursion. The lower volume was desi rable  from t h e  stand- 

point  of sampling convenience. 

'Illis indicates  t h a t  .when a backflow preventer i s  i n s t a l l e d  i n  an  

i ndus t r i a l  l i n e  and "spi ts"  excessively with pressure f luctuat ions ,  

the  s i t ua t i on  could l i k e l y  be improved by'venting entrapped a i r  

from the  r e l i e f  zone. 

Test No. 2'iA - Tc 

The~vslcuum tcst nny seem .to be- or exceedingly shor t  duration. 
s 

However, when the  supply zone i s  subjected t o  vacuum,the r e l i e f  

valve opens immed.intely and the  contents of the  r e l i e f  zone. drain 
t 

Q 
completely i n  about one minute. Once the  r e l i e f  zone i s  empty, 

there  i s  no way for.backflow t o  t~%vel.se 'Lhe empty chamber ancl 

' pass the  supply s ide  check valve. Hence, there  i s  not reason t o  

extend the  t e s t  period beyond the time required t o  empty the  



it appeared reasonable t o  perform the t e s t  a t  .atmospheric pressure, 

thereby avoiding the e f fec ts  of l i n e  pressure fluctuations.  This 

w a s  done most conveniently by c10,sing the r e l i e f  zone drain ou t l e t  

with a rubber stopper and f i l l i n g  the three zones with the proper 

l iquid,  then venting them t o  atmosphere. The.backflow preventer 

then remained quiescent f o r  the specified period. 

This t e s t  appears t o  viola-te a basic pr inciple  of backflow pre- 

venter ins ta l la t ion;  i . e . ,  the r e l i e f  zone ou t l e t  must never be 

blocked. However, t o  make the t e s t  more thorough and, t o  provide 

ample opportunity f o r  diff'usion t o  proceed, it was,necessary that 

the r e l i e f  zone r*in f i l l e d  with water throughout the t e s t .  

This could only be done by blocking the r e l i e f  zone drain out let .  

7.9.2 Test No. 22A - To IIet&mine i f  Backflow Occurs Through the Device 
Due t o  Lower Pressure on tbe Supply Side Than on the Discharge 

' Side With No Flow on the Discharge Side 

The cycling and dwation of the t e s t ,  96 cycles i n  24 hours, o r  

one cycle pwry 15 minutes, was chosen t o  provide ample opportunity 

for  backflow t o  occur. The'pressure i n  the supplyspoq~piece i s  

varied a s  follows: (see Piping Schematic, Appendix 7.5) 

1. The bypass l i n e  carr ies  fu l l - l ine  pressure of 80 psig.- 

2. With valves (30) and (31 ) open and valves (29) and (28) 

closed, the fu l l - l i ne  pl-eaaurc i~ transmit.t,cd tn  the 

supply spoolpiece. 

3. If valve (28) and the solenoid valve (29) a r e  opened wide, 

the flow through valve (31) goes t o  tne drain; and the pressure 

transml4;ted t o  the eupply spoolpiec,e reaches a very low value. 

4. By th ro t t l i ng  valve (31) and adjusting valve (28), the 

pressure i n  the supply spoolpiece can be s e t  a t  16 psig 

with solenoid valve (29) open. This pressure builds t o  

fu l l - l i ne  pressure when the solenoid closes. This solenoid 

i s  actuated by  the timing devices. 



r e l i e f  zone. The vacuum a t  the  pump (gauge H )  was 27 inches of 

mercury. The gauge reading a t  the  supply zone was 22 inches of 

mercury. 

7.9.4 Test No. 24A - To ~ e t e m i n e  i f  Backflow Occurs Through the  Device 
Due t o  Water Hammer on the Supply Side With No Flow on the  D i s -  
charge Side 

I n  considering the water hammer t e s t s ,  separate s e r i e s  of 10, 20, 

and 40 water hammers were planned to,determine the  re la t ionship 

between possible backflow and the  number of water haimmers. The 

preliminary t e s t s  showed t h a t  the  manganese content i n  the  supply 

zone did not increase i n  proportion t o  the  nuuiber of water hammers. 

Therefore, only the  40-water-hammer s e r i e s  was re ta ined i n  the f i n a l  

t e s t s ,  and the  l e s s e r  s e r i e s  were omitted. 

The water hammer i n  a l l  of the  water hammer t e s t s  produces a loud 

audible knock and obvious shaking of ' the piping. 

Typical wnt.er hammer t e s t s  on the s u p ~ ~ l y  s ide  were measured using 

a cal ibrated Baldwin-Lima Hamilton SR-4 Pressure Cell,  Type P.P.S., 

0-1000 p s i  capacity, screwed i n t o  a drain  hole i n  the  supply zone. 

This pressure c e l l  was connected e l e c t r i c a l l y  t o  a cal ibrated 

Sar~born Model 127 Recorder. Pressure measurements a s  taken from 

gauge readings and the  recorder t race  a r e  a s  follows: 

Pressure During Pressure &t Height. 
Flow i n  Bypass of Water Hammer 

PSIG Surge PSIG 

Supply Zone ( ~ a u g e  E )  . . 60 100 
Supply Zone (pressure 
c e l l )  GO 150 

The'I.a.tt.er figure i.s thc  more accu-d te  and represents a 250 per- 

cent pressure surge. This surge occurred i n  about one second 

according t o  the  t race .  In  discussing water hammer i n  penstocks, 



Marks' Handbook gives formulas fo r  the increase i n  pressure, h, 

following gate closure and' comments: "They a r e  quite accurate 

f o r  r i s e s  not exceeding 50 percent of the i n i t i a l  

pressure, which includes most prac t ica l  cases. " (14 ) 

Tlie wa.ter harmner i n  the ha.ckflow greventer rtests therefore ex- 

ceeded Pkrks' value by a sig.nifican.% margin. 

During the water hammers when the bypass solenoid valve (25) 

was opened t o  start a flow of water, a pressure drop was trans- 

mitted i n t o  the supply zone and caused.th@ r e l i e f  valve t o  drain 

momentarily t o  reduce the pressure i n  the r e l i e f  zone. 'The re- 

l i e f  valve opened 'again s l igh t ly  under the impact of the water 

harmer. The drainage accumulated from both of these actions 

.during the t e s t  t o t a l l ed  one gallon. 

7.9.5 Test No. 25A, Revised - To determine i f  Backflow Occurs Through 
the Device Due t o  Water Hammer on the Discharge Side with No 
Flow on the Discharge Side 

In the preliminary performance of Test No. 25A water hammer was 

applied t o  the discharge zone containing chemical solution with 

t -he  pressurized supply zone valved off .  The s t a t i c  pressure 

drnpped i n  the supply and r e l i e f  zones with each successive 

.water hammer u n t i l  an equilibrium was reached. .For example: 

Number of Water Hammers 0 1 2 3 4 5 6 7 8 9  
Line Press,ure (Gauge D)  psig 79 79 79 79 79 79 79 79 79 79 
supply Zone (Gauge E )  psig 80 '56 50 46 44 43 42 41 40 40 
Relief Zone (Gauge I?) psig 72 50 43 39 37 36 35 34 32 32 
Discharge Zone (Gauge F)  ps ig  80 81 80 80 81 80 80 80 80 80 

It i s  noteworthy tha t  the r e l i e f  zone pressure i n  every case was 

l e s s  than the supply zone pressure; hence, the safety feature of 

the device was operating consistently. 



The decrease i n  pressure i n  the  r e l i e f  zone i s  a t t r i bu t ed  t o  the  

pressure of the  shock wave on the  discharge s ide  check valve. 

Through compression of the r e s i l i e n t  neoprene disc ,  the  pressure 

surge was p a r t i a l l y  transmitted i n t o  the  r e l i e f  zone and caused 

the  r e l i e f  valve t o  open b r i e f l y  and dra in  out a small volume of 

water whicll was p a r t i a l l y  replaced by forward flow from the supply 

zone. The draining continued fur ther  with each hammer u n t i l  the  

check valve d i s c  could force no more f l u i d  from the r e l i e f  zone. 

This diminishing of pressure with successive water hammers had 

not been foreseen and the  t e s t  a s  planned cal led f o r  fu l l - l i ne  

pressure i n  t h e  supply zone. This 'condition would more near ly  

simulate the  conditions of an' a c tua l  i .ns ta l la t ion.  

Therefore, i n  performing the  f i n a l  t e s t s ,  valve (4 )  was opened , . 

momentarily a f t e r  each & t e r  hammer t o  pressur ize  the  supply zone 

t o  fu l l - l i ne  pressure, and the  r e l i e f  zone pressure rose t o  i t s  . . 
. .. . 

normal value of 72 psig .  Under these conditions., the  drainage . 

from the r e l i e f  zone o u t l e t  average 8.0 ml per  water hammer. 




