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DEVELOPMENT OF 

A BAGTYPE SUSPENDED-SEDIMENT SAMPLER 

By J. J. Szalona 

ABSTRACT 

Standard U.S. s e r i e s  suspended-sediment samplers have a l imi t ed  

depth range determined by t h e  s i z e  of t h e  conta iner ,  t he  nozzle diameter,  

and t h e  etream ve loc i ty .  To circumvent t h i s  l i m i t a t i o n ,  a co l l aps ib le -  

bag sampler was developed. A U.S. D-77 sampler, which has a 3 - l i t e r  

capaci ty ,  was adapted f o r  use with a t h i n  p l a s t i c  food-storage bag. A 

solenoid-actuat ed va lve  was developed t o  provide point- int  egra t i o n  

c a p a b i l i t y  a s  wel l  a s  t h e  a b i l i t y  t o  depth-integrate deep r i v e r s  

segmentally. 

The system was t e s t ed  i n  a labora tory  flume, measuring sample 

volumes co l l ec ted  during various sampling periods,  and a t  var ious  flow 

r a t e s .  The average nozzle in t ake  ve loc i ty  was ca lcula ted  and divided by 

the  measured stream ve loc i ty  where t h e  sample had been co l l ec ted .  This  

r a t i o ,  t h e  r e l a t i v e  sampling r a t e ,  was i n  t h e  des i red  range of 1.00 + 0.15 

f o r  stream v e l o c i t i e s  from 0.47 m / s  t o  2 m f s ,  which is the  maximum stream 

v e l o c i t y  a t t a i n a b l e  i n  t h e  flume. 



INTRODUCTION 

Suspended-sediment samplers which u t i l i z e  a  c o l l a p s i b l e  bag have 

been inves t iga t ed  a s  an improvement over t h e  U.S. s e r i e s  of suspended- 

sediment samplers, which use  r i g i d  p l a s t i c  o r  g l a s s  b o t t l e s  a s  c o l l e c t i o n  

con ta ine r s .  A i r  must be evacuated from t h e  b o t t l e s  while  samples a r e  

co l l ec t ed .  This removal of a i r  must be accomplished i n  such a  manner 

t h a t  the  fluid-sediment mixture t h a t  e n t e r s  t h e  nozzle experiences l i t t l e  

acce le ra t ion ,  so a s  t o  minimize sampling e r r o r s .  Cont ro l l ing  t h i s  accel-  

e r a t i o n  imposes a  l i m i t  on t h e  v e r t i c a l  t r a n s i t  r a t e  and on t h e  depth f o r  

sample c o l l e c t i o n  due t o  t h e  compress ib i l i ty  of t h e  a i r  w i th in  t h e  b o t t l e .  

This  problem i s  el iminated when using t h e  col lapsible-bag sampler. 

This  r epor t  desc r ibes  t h e  development of a  c o l l a p s i b l e  bag-type 

sampler t h a t  has  t h e  following f ea tu res :  (a )  it i s  designed around t h e  

e x i s t i n g  U.S. D-77 sampler, shown i n  f i g u r e  1. This  sampler is equipped 

wi th  a  3 - l i t e r  b o t t l e ,  nozzle cap and nozzle,  (b) i t  c o l l e c t s  samples i n  

an inexpensive, commercially-available food-storage bag, and (c)  i t  is 

equipped wi th  a  solenoid-actuated valve which al lows f o r  t h e  c o l l e c t i o n  

of poin t - in tegra ted  samples a t  any depth, a s  we l l  a s  f o r  t h e  c o l l e c t i o n  

of depth-integrated samples i n  deep streams (by sampling incremental ly) .  

An a d d i t i o n a l  advantage of t h e  va lve  is t h a t  it i s  e a s i l y  rep laceable  i n  

t h e  f i e l d .  Valves used i n  o ther  poin t - in tegra t ing  samplers a r e  much l e s s  

access ib l e .  

Tes t ing  was accomplished through t h e  c o l l e c t i o n  of samples i n  a  

labora tory  flume. Sample volumes were measured, then average nozzle 

in t ake  v e l o c i t i e s  were ca l cu la t ed  f o r  comparison wi th  t h e  measured s tream 

v e l o c i t i e s .  

TWO v a r i a t i o n s  of t h e  b a s i c  design provided s a t i s f a c t o r y  r e s u l t s  f o r  

stream v e l o c i t i e s  i n  t h e  range of 0.5 t o  2.0 meters per second (m/s). 

The 2.0-m/s l i m i t  was imposed by l i m i t a t i o n s  of t h e  t e s t  flume. 





PREVIOUS INVESTIGATIONS 

Several  i n v e s t i g a t o r s  have researched col lapsible-bag samplers. 

Two e a r l y  models were developed by Gluschkoff and by t h e  Rhine Works 

Authori ty (Rept. No. 1, ICWR, 1940). The Gluschkoff sampler, developed 

i n  Russia, c o n s i s t s  of several balloon-shaped rubber bags, each f i t t e d  

wi th  a  nozzle.  The nozzles  a r e  mounted on a  v e r t i c a l  s t a f f  and a r e  a l l  

o r ien ted  h o r i z o n t a l l y  i n  the  same d i r e c t i o n .  When sampling, t h e  s t a f f  i s  

in se r t ed  i n t o  t h e  stream with t h e  nozzles  fac ing  downstream and with t h e  

bags devoid of a i r .  The s t a f f  i s  then twisted s o  t h a t  t h e  nozzles  f a c e  

upstream. The bags simultaneously c o l l e c t  point- integrated samples a t  

var ious  depths. The s t a f f  is again twisted s o  t h a t  t h e  nozzles  f a c e  

downstream, pinching o f f  any f u r t h e r  inflow. The s t a f f  is c a r e f u l l y  

l i f t e d  out  of t h e  water and samples removed. The major problem with t h i s  

arrangement i s  t h a t  bags a r e  unprotected and must be handled very care- 

f u l l y .  

The Rhine Works Authori ty sampler c o n s i s t s  of a  l a t e x  bal loon,  a  

nozzle,  and a  metal frame with a  t a i l  f i n .  When sampling, a  pinch clamp 

loca ted  a t  the  neck of t h e  ba l loon is operated by an a u x i l i a r y  l i n e  t o  

al low flow i n t o  t h e  balloon. The sampler is not  s t reamlined,  and combined 

wi th  t h e  necess i ty  f o r  t h e  a u x i l i a r y  l i n e ,  l i m i t s  t h e  use of t h i s  sampler 

t o  waterways wi th  low v e l o c i t i e s .  

More r ecen t ly ,  Stevens and o t h e r s  (1980, p. 611-616) and Nordin 

( w r i t t e n  communication, 1981) cons t ruc ted  bag samplers fashioned from 

s t e e l  bands welded together  t o  make a  frame. 

Nordin used t h e  D-77 nozzle  and nozzle cap, and sometimes used t h e  

same b o t t l e  and bag described i n  t h i s  r epor t .  The o ther  researchers  had 

a  cover hinged t o  t h e  sampler frame which closed over t h e  mouth of t h e  

b o t t l e .  A nozzle extended through t h e  cover and s l i g h t l y  i n t o  the  b o t t l e .  

Their  p l a s t i c  bag was r e l a t i v e l y  th i ck ,  a s  described l a t e r  i n  t h i s  r epor t .  

Both designs were inexpensive and simple t o  cons t ruc t ,  but  n e i t h e r  was 

s t reaml ined ,  and the re fo re  had high drag. When e i t h e r  sampler was used 

i n  s w i f t  flows a  s t reamlined sounding weight was a t tached above o r  below 



t h e  sampler. This  c rea ted  a d d i t i o n a l  problems i n  t h a t  t h e  unsampled zone 

increased when t h e  weight was suspended below t h e  sampler. With t h e  

sounding weight above t h e  sampler, t h e r e  is a tendency to  f o r c e  t h e  

nozzle  of t h e  sampler i n t o  t h e  streambed when sampling t o  t h e  bottom. 

BAG SAMPLER COMPONENTS 

A bag sampling device  was conceived t h a t  would have a s t reamlined 

body and be equipped with a f i e ld - r ep laceab le  va lve  t o  a l low f o r  poin t  

i n t e g r a t i o n  and f o r  depth i n t e g r a t i o n  a t  depths  g r e a t e r  than 5.5 meters  (m). 

The U.S. D-77 depth- in tegra t ing  suspended-sediment sampler ( f i g .  1 )  

was se l ec t ed  f o r  modif ica t ion  t o  a bag sampler f o r  s eve ra l  reasons.  The 

s treamlined sampler body is  c a s t  from bronze and has an a t tached welded 

s t a i n l e s s - s t e e l  t a i l c o n e  assembly. The sampler is moderate i n  weight 

(30 kilograms). The r i g i d  p l a s t i c  sample b o t t l e  t h a t  f i t s  i n t o  i t  has 

a l a r g e  capac i ty  ( 3  l i t e r s )  and can be  equipped wi th  a s p e c i a l  nozz le  and 

nozzle cap. 

A s  o r i g i n a l l y  designed, t h e  D-77 c o l l e c t s  samples i n  t h e  r i g i d  

3 - l i t e r  con ta ine r ,  which conta ins  a i r  p r i o r  t o  sampling. The a i r  is then 

exhausted through a vent  i n  t h e  nozzle  cap during sampling. The sampler 

was modified by i n s e r t i n g  a f l e x i b l e  bag i n s i d e  t h e  r i g i d  con ta ine r  and 

by i n s t a l l i n g  an e l e c t r i c a l l y  operated va lve  i n s i d e  t h e  cap, a s  shown i n  

f i g u r e  2. The downstream end of t h e  nozzle  was c u t  a t  an ang le  t o  form a 

seal wi th  t h e  va lve  s e a t .  The a i r  exhaust was sea led .  Figure 3a shows 

t h e  sampling device.  

Immediately p r i o r  t o  sampling, t h e  space i n s i d e  t h e  r i g i d  con ta ine r  

must be  flooded ( f i g .  3b).  During sampling t h i s  water  must be exhausted 

t o  permit t h e  bag t o  expand ( f i g .  3c) .  One vent  h o l e  was placed a t  t h e  

lower corner  of t h e  r i g i d  b o t t l e  and one a t  t h e  top  t o  a l low f o r  f looding  

and exhausting. A metal rod was in se r t ed  near  t h e  upper ho le  t o  prevent  

t h e  bag from f l o a t i n g  upward and plugging t h e  opening. 

The bag is a commercially a v a i l a b l e  food-storage bag. 28 cm wide. 

33 cm long,  and about 0 .02  m thick .  It has  a maximum volume of about 

2.9 l i t e r s .  
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The v a l v e  con ta ined  a  l i n e a r - t r a v e l  s o l e n o i d  which, when e n e r g i z e d ,  

p u l l e d  t h e  p lunger ,  s h a f t  and v a l v e  s e a t  away from t h e  e x i t  end of  t h e  

n o z z l e .  When t h e  s o l e n o i d  was de -energ ized ,  r x t e n s i o n  s p r i n g s  r e t u r n e d  

t h e  v a l v e  t o  t h e  c l o s e d  p o s i t i o n .  The i n n e r  c a v i t y  of t h e  v a l v e  was 

f i l l e d  w i t h  methanol  t o  i n h i b i t  f r e e z i n g  and c o r r o s i o n .  Methanol was 

a l s o  advan tageous  because  i t  i s  less v i s c o u s  than  w a t e r ,  and i t  a l lowed 

t h e  p lunger  t o  move w i t h i n  t h e  s o l e n o i d  c y l i n d e r  more r e a d i l y .  A l a t e x  

diaphragm was used t o  compensate f o r  v o l u m e t r i c  changes w i t h i n  t h e  v a l v e  

when i t  was c y c l e d .  Valve h o u s i n g s  were  machined from aluminum. T e f l o n ,  

o r  p o l y v i n y l c h l o r i d e  (PVC). The PVC v e r s i o n s  were  used f o r  t h e  m a j o r i t y  

of  tests. The BP-76 b a t t e r y - p a c k  power s u p p l y ,  des igned  f o r  u s e  w i t h  

t h e  P-61 and P-63 p o i n t - i n t e g r a t i n g  sample r s ,  was used t o  a c t i v a t e  t h e  

v a l v e .  Other  components, such  as masks and a  r e t a i n e r  p l a t e ,  were  deve l -  

oped a s  needed.  They w i l l  b e  d e s c r i b e d  l a t e r  i n  t h e  t e x t .  

TEST FACILITY 

The S t .  Anthony F a l l s  Hydrau l i c  Labora to ry  f ree -wa te r  s u r f a c e  f lume 

was used f o r  t h e  t e s t s .  Water is o b t a i n e d  from t h e  M i s s i s s i p p i  R i v e r  

above  t h e  dam at  S t .  Anthony F a l l s .  Flume f low is c o n t r o l l e d  w i t h  two 

50-cm h y d r a u l i c  g a t e  v a l v e s ,  l o c a t e d  a t  t h e  bot tom of  a d r o p  s h a f t  which 

is a b o u t  3-m downstream from t h e  test s t a t i o n .  The f lume a t  t h e  test 

s t a t i o n  is 0.9-m wide and 2-m deep.  The channe l  is c o n s t r i c t e d  approx i -  

ma te ly  3-m ups t ream o f  t h e  test s t a t i o n .  Flume f low can  b e  v a r i e d  from 

z e r o  t o  approx imate ly  2  m / s .  Once se t ,  f low v e l o c i t y  cou ld  b e  main ta ined  

a t  a s t e a d y  v a l u e .  AF overhead h y d r a u l i c  h o i s t  was used t o  lower  and 

r a i s e  t h e  sampler .  



TEST PROCEDURE, RESULTS AND DISCUSSION 

General 

Sampling was i n i t i a l l y  conducted without t h e  solenoid valve. A 

s topper  was in se r t ed  i n t o  t h e  nozzle,  thea  t h e  sampler was lowered i n t o  

t h e  water t o  f lood t h e  sampler cav i ty .  The sampler was then f u r t h e r  

lowered t o  t h e  sampling depth,  where t h e  s topper  was removed by p u l l i n g  

on an a t t ached  s t r i n g .  A stopwatch was used t o  measure sampling time. 

Sampling was terminated by h o i s t i n g  t h e  sampler out  of t h e  flow. Sample 

volume was measured by pouring t h e  c o l l e c t e d  water  i n t o  a  graduated 

cy l inde r .  Stream v e l o c i t y  was then measured a t  t h e  sampling depth with 

a  P r i c e  cu r ren t  meter. Water temperature was measured with a  mercury 

thermometer. The above procedure was a l s o  followed when sampling wi th  t h e  

va lve  i n s t a l l e d .  The s topper  was el iminated,  and sampling s t a r t e d  and 

stopped by energ iz ing  and de-energizing t h e  valve.  

An average nozzle  in t ake  ve loc i ty  was ca l cu la t ed  from t h e  following 

equation: 

where Q = sample volume 

D = i n t e r n a l  nozzle diameter a t  t h e  en t rance  

v = average nozzle in t ake  v e l o c i t y  
i 

t = sampling time 

Solving f o r  vi and s impl i fy ing ,  where Q is i n  l i t e r s ,  D = 7.94 mm, vi i s  

i n  meters per second, and t is i n  seconds: 

Although t h e  nozzle l eng th  and e x i t  diameter were changed s l i g h t l y  dur ing  

t h e  t e s t s ,  D was never changed, so t h e  above equat ion was v a l i d  throughout 

t e s t i n g .  



A t  every i n s t a n t  i n  t ime t h e  in take  ve loc i ty  should be equal t o  t h e  

s tream v e l o c i t y  (us) .  This  i dea l  condi t ion  would in su re  t h e  c o l l e c t i o n  

of water-sediment mixtures with no e r r o r  i n  concentrat ion.  

The ca lcula ted  value f o r  v and t h e  corresponding r e l a t i v e  sampling i 
r a t e  (v /v ) a r e  average va lues  f o r  t h e  period of sampling. Test  r e s u l t s  

i s 
indicated t h a t  t h e  r e l a t i v e  sampling r a t e  was g rea t e r  than uni ty  f o r  

small sample volumes, near  uni ty  f o r  1 t o  2 l i t e r  volumes, and l e s s  than 

uni ty  f o r  volumes g rea t e r  than 2 l i t e r s .  (See f i g s .  4 and 5) .  Since 

v was s teady dur ing  any measurement, t h e  v a r i a t i o n  i n  v /v occurred s i s 
because t h e  instantaneous in t ake  ve loc i ty  changed a s  t h e  bag f i l l e d .  

Samples t h a t  were co l l ec t ed  with an average nozzle in t ake  ve loc i ty  equal  

t o  t h e  stream ve loc i ty  were not  t r u l y  co l l ec t ed  i n  an i d e a l  manner. This  

is because t h e  a c t u a l  instantaneous in t ake  v e l o c i t i e s  a t  t h e  beginning o f '  

sampling, which were high,  were of f -se t  by lower instantaneous in t ake  

v e l o c i t i e s  during t h e  remainder of sampling. Errors  i n  concent ra t ion  f o r  

p a r t i c l e  s i z e s  w i l l  be  p a r t i a l l y  compensated, with smal les t  e r r o r  f o r  

f i n e s t  p a r t i c l e  s i z e s  (Stevens and o t h e r s ,  1980, p. 611-616). The 

r e l a t i v e  sampling r a t e  could range between 0.85 and 1 .15  without causing 

s i g n i f i c a n t  concent ra t ion  e r r o r s .  

B o t t l e / c a s t i n g  gap 

The D-77 sampler has a cav i ty ,  formed dur ing  cas t ing ,  which holds t h e  

3 - l i t e r  b o t t l e .  The c learance  between t h e  b o t t l e  and t h e  cas t ing  is 1 t o  

2 mm, which is grea t  enough t o  al low water t o  flow through t h e  gap during 

sampling. This water i n t e r f e red  with flow from t h e  ven t s  while t h e  bag 

was f i l l i n g  ( f i g .  3c) .  The in t e r f e rence  caused a reduct ion i n  t h e  

r e l a t i v e  sampling r a t e s .  

Machining t h e  c a s t i n g  and adding a s l eeve  t o  e l iminate  t h e  gap was 

impract ical .  It was bel ieved t h a t  an O-ring or  foam-rubber r i n g  a t  t h e  

en t rance  to  t h e  cav i ty  would not  surv ive  rugged use. I n  an e f f o r t  t o  s e a l  

t h e  gap a t  t h e  lower vent ,  the  bo t t l e - r e t a in ing  spr ing  loca ted  i n  t h e  

lower p a r t  of t h e  sampler cav i ty  and along t h e  b o t t l e  was removed, then 

e l a s t i c  ma te r i a l  was placed i n  t h e  upper por t ion  of t h e  cavi ty  between 



SAMRE VOLUME (Vl. IN LITERS 

F i g u r e  4 . - -Ef fec t  of c o l l e c t e d  sample volume on r e l a t i v e  sampl ing  r a t e  f o r  v a r i o u s  
s t r e a m  v e l o c i t i e s .  Sampling was conducted  wi thou t  t h e  s o l e n o i d  v a l v e  o r  
d e f l e c t o r .  The p l a s t i c - b a g  mask was used.  Water t e m p e r a t u r e  was 21.5"C. 
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Figure 5.--Effect of c o l l e c t e d  sample volume on r e l a t i v e  sampling r a t e  f o r  
s eve ra l  stream v e l o c i t i e s .  Test ing was conducted with the  valve and 
d e f l e c t o r  i n s t a l l e d  and no mask. Aft vent ing  was through t h e  bottom 
of t h e  b o t t l e .  Water temperature was 13'C. 
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t h e  cav i ty  wal l  and t h e  b o t t l e .  This  at tempt f a i l e d  t o  inc rease  t h e  

r e l a t i v e  sampling r a t e ,  so changes i n  vent ing were inves t iga ted .  To 

measure t h e  e f f e c t i v e n e s s  of t h e  upper vent ,  t h e  lower vent was closed.  

With only t h e  upper vent open, t h e  r e l a t i v e  sampling r a t e  increased t o  

approximately 1.0,  but  f looding time increased from l e s s  than 1 / 2  minute 

t o  approximately 2 1 / 2  minutes. 

The tape  was removed from t h e  lower vent  and most of t h e  upper vent 

was sea led;  allowing a  small  opening t o  permit f looding.  Flooding time 

was about 50 seconds, but t h e  r e l a t i v e  sampling r a t e  was only about 0.50. 

The t e s t  ind ica ted  t h a t  flow through t h e  lower vent  was inadequate t o  

produce an acceptable  sampling r a t e .  

Re la t ive  sampling r a t e  did improve when t h e  upper vent  ho le  was 

enlarged t o  a  diameter of 30 mm. This  r a t e  decreased dur ing  autumn when 

water temperatures were coo le r ,  but  add i t ion  of a  d e f l e c t o r  ( f i g .  3a) 

immediately upstream of t h e  upper vent  returned sampling r a t e s  t o  accept- 

a b l e  l e v e l s  ( f i g .  6 ) .  

Four 12.7-mm diameter ho le s  were d r i l l e d  through t h e  c a s t i n g  a  few 

cent imeters  downstream from t h e  maximum g i r t h  of t h e  D-77 body, then 

matching holes  were cu t  i n  t h e  r i g i d  3 - l i t e r  b o t t l e .  Re la t ive  sampling 

r a t e  d id  not improve not iceably  when sampling was conducted wi th  t h i s  

conf igura t ion .  

Another scheme fo r  vent ing was inves t iga t ed .  The vent ho le  i n  t h e  

lower corner  of t h e  3 - l i t e r  b o t t l e  was sealed and a  new ho le  was cu t  i n  

t h e  cen te r  of t h e  f l a t  base. A r i n g  of foam rubber was fastened t o  t h e  

base of t h e  cav i ty  t o  s e a l  t h e  new vent  from t h e  gap. A new vent ing  path 

was completed by d r i l l i n g  holes  e i t h e r  i n  t h e  c a s t i n g  o r  i n  t h e  t a i l c o n e  

s e c t i o n  upstream from i ts  sealed chamber. Re la t ive  sampling r a t e  

increased but  was s t i l l  too low a t  low stream v e l o c i t i e s .  (See f i g .  7) .  

Figure 8 shows t h e  r e s u l t s  f o r  t h i s  conf igura t ion  with t h e  add i t ion  of a  

l a t e x  band t i e d  ac ross  t h e  f r o n t  of t h e  sampler. The e l a s t i c  band was 

used t o  f o r c e  t h e  b o t t l e  t i g h t l y  aga ins t  t h e  foam-rubber s e a l .  

The conf igura t ion  which provided t h e  r e l a t i v e  sampling r a t e s  c l o s e s t  

t o  i d e a l  over t h e  widest  range i n  stream v e l o c i t i e s  ( f i g .  9) cons is ted  of 
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Figure 6.--Graph i n d i c a t i n g  improvement i n  r e l a t i v e  sampling r a t e  w i t h  use 
o f  t h e  d e f l e c t o r .  Data c o l l e c t e d  wi th  a  0.91-mls stream v e l o c i t y  and a  
sample volume o f  2 . 0  l i t e r s .  
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Figure 7.--Graph showing average nozzle  intake v e l o c i t i e s  for several stream 
v e l o c i t i e e .  A l l  sample volumes were in the 2 . 0 - 2 . 5  l i t e r  range. Sampling was 
conducted with the valve and def lector .  Aft venting was through the bottom of 
the bot t l e ;  the maek was not used. Water temperature was 5'C. 



STlEAM VELOCITY Ivsl.lN METERS PER SECOND 

Figure 8.--Average n o z z l e  i n t a k e  v e l o c i t i e s  f o r  v a r i o u s  stream v e l o c i t i e s .  Sample 
volumes were approximately 2 . 0  l i t e r s .  Sampling was conducted w h i l e  u s i n g  the 
l a t e x  band, v a l v e ,  and d e f l e c t o r .  Aft v e n t i n g  was through t h e  bottom o f  the 
b o t t l e .  Water temperature was 9 .5 'C .  



Figure ').--Data shoving average nozzle intake ve loc i t i ea  for various stream v e l o c i t i e s .  
Intake v e l o c i t i e s  are  c loaeet  to idenl in the m i d  rsnge of stream v e l o c i t i e s .  
Sampling v s s  conducted with the solenoid valve and plaatic bag mak.  Water temp- 
perature was 2Z°C. Numbers by data points indicate aampling duration in aeconds. 



t h e  o r i g i n a l  lower vent ,  t h e  enlarged upper vent  ho le  with t h e  d e f l e c t o r ,  

and a t h i n  mask t h a t  covered t h e  upstream s e c t i o n  of t h e  b o t t l e  and 

cas t ing .  The o r i g i n a l  mask was cut  from a sampling bag. A ho le  was cut  

i n  t h e  bag t o  f i t  around t h e  nozzle cap. The remainder of t h e  m a t e r i a l '  

was trimmed t o  extend 3 t o  5 cm beyond t h e  b o t t l e l c a s t i n g  gap. When wet, 

t h e  p l a s t i c  shee t  adhered t o  t h e  sampler, and was forced aga ins t  t h e  

sampler by stream cur ren t  when submersed. A mask more s u i t a b l e  f o r  f i e l d  

condi t ions  was made from a p iece  of rubber inner  tube. The cupped-shape 

of t h e  tube  conformed wel l  with t h e  su r face  contour of t h e  b o t t l e  and 

cas t ing .  One 6-mm h o l e  was punched i n  each s i d e  of t h e  upper po r t ion  of 

t h e  mask and was s t r e t ched  over lugs  i n s t a l l e d  on t h e  cas t ing .  

(See f i g .  10) .  

The t h i n  (0.02 mm) food-storage bag was compared wi th  t h e  0.11 nun 

t h i c k  p l a s t i c  bag used by Stevens and o t h e r s  (1980, p. 611-616). A t  a 

stream v e l o c i t y  of 0.72 m / s ,  t h e  th i cke r  bag would not  expand. When t h e  

v e l o c i t y  was increased t o  1 .3  m l s ,  t h e  r e l a t i v e  sampling r a t e  was 0.57 

wi th  t h e  t h i c k e r  bag and 0.80 wi th  t h e  th inne r  bag. The water  temperature 

was 9°C. The d a t a  were ad jus ted  f o r  2 - l i t e r  sample volumes. 

It was thought that t h e  used, pre-soaked, food-storage bags were more 

supple  than e i t h e r  dry o r  unused ones and would t h e r e f o r e  expand more 

r e a d i l y  dur ing  sampling. On seve ra l  occasions bags t h a t  were new and dry 

were compared wi th  bags used a few times o r  many (20-30) times. Some of 

t h e  used bags were d ry  and some had been wet f o r  a t  l e a s t  t h e  previous 

24 hours. Comparisons revealed no systematic  d i f f e r e n c e  i n  r e l a t i v e  

sampling r a t e .  New bags a r e  t h e r e f o r e  considered t o  be  adequate f o r  use 

without any t reatment .  

Tes t s  were conducted t o  i n v e s t i g a t e  leakage i n t o  a col lapsed bag. 

The sampler was submerged f o r  a measured amount of t ime without a c t u a t i n g  

t h e  valve. The sampler was then r e t r i e v e d  and t h e  volume of water t h a t  

leaked i n t o  t h e  bag was measured. Leakage r a t e  was approximately 60-mL 

per minute (stream v e l o c i t y  a t  0.9 mls).  Repeated t e s t s  wi th  t h e  a d d i t i o n  





of a  s topper  inser ted  i n  t h e  nozzle entrance demonstrated t h a t  leakage 

was not  through t h e  nozzle.  Tightening t h e  nozzle cap reduced leakage 

pas t  t h e  b o t t l e  threads  t o  10-15 mL per minute. A t  t h i s  r a t e  t h e  

quan t i ty  of leakage is n e g l i g i b l e  compared t o  t h e  t o t a l  volume of sample 

co l l ec t ed .  

Stream v e l o c i t y  l i m i t s  

Re la t ive  sampling r a t e s  a r e  low a t  t h e  lowest stream v e l o c i t i e s  

because t h e  fo rces  t h a t  i n f l a t e  t h e  bag a r e  approximately equal t o  o r  

l e s s  than t h e  f o r c e s  t h a t  r e s i s t  i n f l a t i o n .  I n f l a t i o n  fo rces  a r e  caused 

by t h e  nega t ive  pressures  which develop a t  t h e  ven t s  and by t h e  p o s i t i v e  

pressure  a t  t h e  nozzle.  Re la t ive  sampling r a t e  reached t h e  acceptable  

minimum l e v e l  of 0.85 ( a s  previously discussed)  a t  a s tream v e l o c i t y  of 

0.47 m l s .  This l e v e l  was a t t a i n e d  while  using t h e  mask. When using t h e  

a l t e r n a t e  conf igura t ion  with t h e  ho le  i n  t h e  bottom of t h e  b o t t l e  and t h e  

foam rubber r ing .  stream v e l o c i t i e s  were between 0.5 t o  0.9 m / s  when t h e  

0.85 va lue  was reached. 

Re la t ive  sampling r a t e s  were genera l ly  acceptable  a t  t h e  h ighes t  

stream v e l o c i t i e s  a t t a i n e d  i n  t h e  t e s t  flume, t h e r e f o r e  no maximum stream 

v e l o c i t y  was e s t ab l i shed .  Figure 8 shows a r e l a t i v e  sampling r a t e  of 

about 1.25 f o r  t h e  h ighes t  stream v e l o c i t y  a t t a i n e d  during t h a t  t e s t  

(1.64 m/s). The r a t e  could be  reduced by sampling without t h e  l a t e x  

band (or  d e f l e c t o r ) .  

Flooding time 

The time required t o  f lood t h e  sampler cav i ty  p r i o r  t o  sampling was 

reduced from 27 seconds t o  about 5 seconds by increas ing  t h e  s i z e  of t h e  

upper vent h o l e  and by c u t t i n g  a  s l o t  i n  t h e  upper por t ion  of t h e  b o t t l e .  

This  s l o t  was a l igned  wi th  t h e  hanger-bar s l o t  i n  t h e  cas t ing .  The s l o t  

i n  t h e  b o t t l e  d id  n o t  a f f e c t  the  r e l a t i v e  sampling r a t e .  



Sampling time and temperature e f f e c t s  

Figure 11 shows t h e  time requi red  f o r  c o l l e c t i n g  2 - l i t e r  and 

2 .5 - l i t e r  samples f o r  va r ious  s tream Veloc i t ies .  Data were co l l ec t ed  

when t h e  water temperature was 9.S°C. Col lec t ion  time was g r e a t e r  when 

sampling a t  lower temperatures and decreased a t  higher  s t ream temperatures.  

The temperature e f f e c t  was caused by changes i n  water  v i s c o s i t y  and i n  

bag s t i f f n e s s .  

Maximum sample volume 

A maximum sample volume had t o  be e s t ab l i shed  t o  prevent  o v e r f i l l i n g  

t h e  bag, which would r e s u l t  i n  l o s s  of sample through t h e  nozzle a f t e r  

t h e  sampler is r e t r i e v e d  from t h e  water  (when not  us ing  t h e  solenoid 

va lve) .  As  t h e  bag approaches f u l l n e s s ,  t h e  r e l a t i v e  sampling r a t e  w i l l  

d iminish and w i l l  r e s u l t  i n  a misrepresenta t ive  sample. T e s t s  were 

conducted without t h e  valve.  Samples were c o l l e c t e d  u n t i l  t h e  bag was 

f u l l ,  then t h e  excess water was allowed t o  d r a i n  through t h e  nozzle.  The 

volume of t h e  water remaining i n  t h e  bag was then measured. The t e s t  was 

repeated s e v e r a l  t imes and t h e  water remaining i n  t h e  bag was found t o  

vary from 2.6 t o  2.7 l i t e r s .  A volume of 2.5 l i t e r s  i s  suggested f o r  a 

maximum sample volume. This  maximum l i m i t  w i l l  reduce t h e  p o s s i b i l i t y  of 

l o s i n g  p a r t  of t h e  sample dur ing  r e t r i e v a l  when sampling without t h e  

valve.  Also, f i g u r e  4 shows t h a t  i f  sample volumes a r e  l e s s  than 2.5-L. 

t h e  r e l a t i v e  sampling r a t e s  w i l l  be acceptable .  

Trapped a i r  

Excess a i r  w i th in  t h e  sampling bag i s  undes i rab le  because i t  may 

i n t e r f e r e  wi th  vent ing ,  w i l l  decrease  t h e  maximum sample volume, and w i l l  

adverse ly  a f f e c t  t h e  r e l a t i v e  sampling r a t e .  Tes t s  were conducted t o  

determine t h e  amount of trapped a i r .  Samples were co l l ec t ed  whi le  

fol lowing e s t ab l i shed  procedures. The r i g i d  3 - l i t e r  b o t t l e  was then 

withdrawn from t h e  sampler. The b o t t l e  was placed nozzle  s i d e  down i n  a 

tank  of water .  A i r  w i th in  t h e  bag was i s o l a t e d  near  one of t h e  holes  i n  
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F i g u r e  11.--Graph showing sampl ing t ime  r e q u i r e d  t o  c o l l e c t  2.0 and 2 . 5 - l i t e r  
samples  f o r  v a r i o u s  s t r e a m  v e l o c i t i e s .  Data  p o i n t s  shown were  e x t r a p o l a t e d  
and i n t e r p o l a t e d  from d a t a  c o l l e c t e d  when t h e  w a t e r  t e m p e r a t u r e  was 9.5'C. 
Sampling was conducted w h i l e  u s i n g  t h e  v a l v e ,  mask, and d e f l e c t o r .  
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t h e  b o t t l e .  The bag was punctured and t h e  escaping a i r  was c o l l e c t e d  i n  

a submersed, inver ted ,  wa te r - f i l l ed ,  graduated cyl inder .  The t e s t  was 

repea ted  s e v e r a l  t imes. Collected a i r  volumes ranged from 50 t o  150 mL, 

which is a t o l e r a b l e  l e v e l .  Trapped a i r  can be kept  a t  a minimum by 

fol lowing proper pre-sampling procedures ( s e e  Appendix A) .  

Reta iner  p l a t e  

Two complaints from t h e  f i e l d  concerning l o s s  of b o t t l e s  due t o  

weakening of t h e  E-77 sampler r e t a i n e r  s p r i n g  prompted a review of t h e  

design.  A f l a t  p l a t e ,  about 3.5-cm wide and t h e  l eng th  of t h e  c a v i t y  i n  

t h e  E-77 sampler, was a t tached t o  t h e  upper por t - s ide  wal l .  This  pro- 

vided a snug f i t  with t h e  b o t t l e  i n s t a l l e d .  Wear on t h e  p l a s t i c  b o t t l e  

was n e g l i g i b l e .  

Sampling without  t h e  va lve  

The r e l a t i v e  sampling r a t e  was determined f o r  sampling with t h e  

v a l v e  removed. This  arrangement provided l e s s  r e s i s t a n c e  t o  sample 

inf low and increased t h e  r e l a t i v e  sampling r a t e .  Resu l t s  indica ted  t h a t  

it may be  p re fe rab le  t o  use t h e  bag sampler with t h e  va lve  removed f o r  

depth i n t e g r a t i o n  from t h e  s u r f a c e  when low v e l o c i t y  flow and cooler  

water  temperatures  p reva i l .  

Solenoid v a l v e  

The solenoid-actuated va lve  performed s a t i s f a c t o r i l y ,  though i n t e r -  

n a l  misalignment occurred on s e v e r a l  occasions. Misalignment was caused 

by machining e r r o r s  and was e a s i l y  co r rec t ed .  The o r i g i n a l  des ign  was 

modified t o  reduce headloss  by reducing t h e  c ross-sec t ional  a r e a  of t h e  

v a l v e  body. Mater ia l  was a l s o  removed from t h e  forward edge of  t h e  va lve  

body t o  s t r eaml ine  t h e  flow in  t h i s  c o n s t r i c t e d  area .  

The base  f o r  t h e  pad a t  t h e  nozzle  e x i t  was redesigned t o  f l e x  a 

few degrees  t o  improve s e a l i n g  whi le  c losed .  



The l a t e x  diaphragm was found t o  be  incompatible wi th  methanol, so 
1 / Teflon - sheet  and si l icone-rubher c l o t h  were s u b s t i t u t e d ,  each of which 

performed s a t i s f a c t o r i l y .  

Adhesion of sediment t o  bag - 

Several  bags of sediment-water mixture were allowed t o  s tand fo r  a 

few days. The mixtures were then poured out  and t h e  bags examined. Clays 

d id  not  appear t o  adhere t o  t h e  p l a s t i c ,  but  bags t h a t  had contained s i l t  

and fine-sand s i z e s  r e t a ined  some of t h e s e  p a r t i c l e s  wi th in  r e s idua l  beads 

of water.  Two procedures f o r  recovering these  p a r t i c l e s  a r e  ou t l ined  

wi th in  Appendix C .  

FINDINGS 

The bag sampler system can sample with r e l a t i v e  sampling r a t e s  i n  

t h e  0.85 t o  1.15 range when stream v e l o c i t i e s  a r e  g rea te r  than 0.47 m / s .  

Tes ts  were not  conducted above 2 m / s ,  s o  no upper limit is es tabl i shed.  

The r e l a t i v e  sampling r a t e  is  dependent on t h e  sample s i ze .  It is 

high f o r  t h e  e a r l y  pa r t  of c o l l e c t i o n ,  steady i n  t h e  1 t o  2 - l i t e r  range, 

and decreases a s  t h e  bag approaches fu l lness .  

Flow through the  gap between t h e  3-L b o t t l e  and the  inne r  wal ls  of 

t h e  D-77 hody must be prevented. Such flow i n t e r f e r e s  with proper venting 

and reduces t h e  r e l a t i v e  sampling r a t e .  

A d e f l e c t o r  placed upstream of t h e  upper vent increases  t h e  r e l a t i v e  

sampling r a t e .  

The sample in t ake  r a t e  through t h e  nozzle is temperature dependent, 

increas ing  wi th  an increase  i n  temperature and decreasing with a decrease  

i n  temperature. 

- 11 Trade names a r e  included f o r  information o f . t h e  reader  and do not  

c o n s t i t u t e  endorsement by t h e  United S t a t e s  Government. 



The modified D-77 sampler used f o r  t hese  labora tory  t e s t s  d id  n o t  

show any adverse handling c h a r a c t e r i s t i c s .  

The solenoid va lve  developed dur ing  these  t e s t s  performed s a t i s f a c -  

t o r i l y .  

The sample c o l l e c t i o n  bags can be  used without any pre-treatment.  

Small amounts of  sediment a r e  r e t a ined  by t h e  bags, but  a r e  

recoverable.  

A maximum sample volume of 2.5-L has  been e s t ab l i shed .  

The sampler cav i ty  can be flooded i n  5 seconds. 

A r e t a i n e r  p l a t e  was developed t o  r ep lace  t h e  b o t t l e - r e t a i n e r  s p r i n g  

i n  t h e  D-77. 

CONCLUSIONS 

The bag sampler system, which c o n s i s t s  of t h e  D-77 sampler, 3 - l i t e r  

b o t t l e ,  nozz le ,  and nozzle cap, a long wi th  t h e  cormnercially-available 

p l a s t i c  food-storage bag and t h e  newly-developed so lenoid  va lve ,  has  

p o t e n t i a l  fo r  f i e l d  use. 

Two v a r i a t i o n s  of t h e  b a s i c  design evolved from t h e s e  t e s t s .  The 

conf igu ra t ion  t h a t  uses  t h e  mask provides r e l a t i v e  sampling r a t e s  c l o s e s t  

t o  i d e a l  over t h e  widest  range of stream v e l o c i t i e s .  The conf igura t ion  

with t h e  foam-rubber r i n g  and vent ho le  through t h e  bottom of t h e  b o t t l e  

shows l e s s  r e l i a b l e  performance a t  low stream v e l o c i t i e s ,  bu t  it a l s o  

e l imina te s  t h e  need f o r  t h e  mask. 

NEED FOR ADDITIONAL TESTING 

Laboratory development and t e s t i n g  should cont inue  i n  order  t o  

e l imina te  need f o r  t h e  mask. 

Re la t ive  sampling r a t e s  a t  low stream v e l o c i t i e s  and low temperatures 

should be  improved. Suggested approaches a r e  t o  inc rease  t h e  waterway 

a r e a  around t h e  va lve  and t o  f i n d  a more supple bag. 

Nozzles having smal le r  i n t e r n a l  diameters should be  t e s t e d .  

F i e ld - t e s t s  should be conducted t o  t e s t  t h e  bag sampler and P-61 



sampler side-by-side. Tes t s  should be a t  stream v e l o c i t i e s  and depths 

g r e a t e r  than those  a t t a i n a b l e  i n  t h e  laboratory.  Samples should be 

co l l ec t ed  and analyzed f o r  sediment concentrat ion and p a r t i c l e  s i z e .  

Tes ts  should be conducted t o  a u t h e n t i c a t e  o r  improve procedures 

mentioned i n  t h i s  r epor t .  

R e l i a b i l i t y  and sal t -water  damage t o  t h e  solenoid va lve  should be  

inves t iga t ed ,  a s  wel l  a s  t h e  r e t e n t i o n  of sediment wi th in  t h e  nozzle 

cap-valve assembly. 
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APPENDIX A 

Set-up and sampling procedures 

To d e p l e t e  a i r  from t h e  bag, grasp an upper corner  and t h e  lower 

corner  on one s i d e  of t h e  bag, using thumb and f i n g e r s  of each hand. 

P l e a t  t h e  bag while  holding ends t a u t .  I n s e r t  t h e  closed end i n t o  t h e  

b o t t l e .  F l a i r  t h e  top of t h e  bag over t h e  mouth of t h e  b o t t l e ,  then 

d i s t r i b u t e  t h e  ma te r i a l  evenly around t h e  b o t t l e  threads .  Gently screw 

on t h e  nozzle cap while  holding t h e  outer  bag ma te r i a l  a g a i n s t  t h e  neck 

of t h e  b o t t l e .  Check f o r  leakage between t h e  nozzle  and va lve  s e a t  a s  

descr ibed  i n  I n s t r u c t i o n s  f o r  use of t h e  solenoid va lve ,  (Appendix B). 

Connect t h e  BP-76 b a t t e r y  pack t o  t h e  va lve  assembly and t e s t  t h e  u n i t  a s  

d i r e c t e d  by t h e  I n s t r u c t i o n s  fo r  b a t t e r y  pack BP-76 (Skinner,  3 .  V . ,  1976) 

I n s e r t  t h e  b o t t l e  i n t o  t h e  D-77 sampler cav i ty .  The b o t t l e  should 

be f i rmly sea ted  aga ins t  t h e  foam s e a l  when using t h i s  conf igura t ion .  I f  

t h e  mask conf igura t ion  is used, i n s t a l l  t h e  mask by s t r e t c h i n g  t h e  upper 

l e f t  and r i g h t  ho le s  over t h e  lugs  on t h e  D-77 body. 

Lower t h e  sampler i n t o  t h e  water  u n t i l  t h e  top is seve ra l  cent imeters  

below t h e  sur face .  The 3 - l i t e r  b o t t l e  is flooded when bubbling ceases.  

Sample c o l l e c t i o n  may now proceed. Use techniques s i m i l a r  t o  those  used 

f o r  t h e  P-61 and P-63 suspended-sediment samplers. 

Post-sampling procedures a r e  explained under Sample ex t r ac t ion ,  

(Appendix C)  . 



APPENDIX B 

I n s t r u c t i o n s  f o r  use  of t h e  solenoid va lve  

1. Remove t h e  va lve  assembly from t h e  nozzle cap by removing t h e  

r e t a i n e r  screw loca ted  on t h e  s i d e  of t h e  cap. S l i d e  t h e  va lve  out  

of t h e  nozzle  cap. Be c a r e f u l  not t o  damage t h e  two wi res  t h a t  

connect t h e  va lve  t o  t h e  cap. 

2.  Remove e i t h e r  of t h e  screws on t h e  s i d e  of  t h e  valve.  These screws 

have rubber O-ring s e a l s  under t h e  head. With t h e  va lve  plunger down 

f i l l  t h e  va lve  with methanol, then r ep lace  t h e  screw. WARNING: Do 

not  remove t h e  screw(s) a t  t h e  a f t  end of t h e  assembly. Expect some 

leakage  around t h e  s h a f t .  I f  methanol contamination of t h e  sample 

is unacceptable,  use d i s t i l l e d  water  ins tead .  

3.  Manually a c t u a t e  t h e  solenoid plunger by depressing t h e  va lve  s e a t  

with your thumb. Repeat s eve ra l  t imes t o  v e r i f y  t h e  plunger moves 

smoothly. 

4 .  R e i n s t a l l  t h e  va lve  i n  t h e  nozzle cap; be c a r e f u l  not  t o  pinch t h e  

wires .  P u l l  any s l a c k  wi re  back t o  t h e  end of t h e  va lve  and t ape  t o  

t h e  a f t  po r t ion  of t h e  assembly (opt ional ) .  Do not  i n s t a l l  t h e  

r e t a i n e r  screw. 

5. Check f o r  t i g h t n e s s  of s e a l  between t h e  va lve  s e a t  and t h e  nozzle by 

blowing gen t ly  i n t o  t h e  nozzle.  I f  leakage is present  withdraw t h e  

va lve  from contac t  w i th  t h e  nozzle and tu rn  t h e  nozzle  s l i g h t l y  i n  

e i t h e r  d i r e c t i o n .  Reinser t  t h e  va lve  and r epea t  procedure a s  

necessary. WARNING: Do not  t u r n  t h e  nozzle wh i l e  t h e  va lve  is 

closed.  This  may damage t h e  va lve  s e a t  pad and t h e  ex tens ion  sp r ings  

wi th in  t h e  u n i t .  

6. Connect t h e  BP-76 b a t t e r y  pack t o  t h e  valve. Switch t h e  b a t t e r y  

pack t o  t h e  "CHARGE" pos i t ion .  Wait a t  l e a s t  60 seconds, then switch 

t o  t h e  "SAMPLE" pos i t i on  (hold t h e  switch, do n o t  r e l e a s e ) .  The va lve  

should func t ion  wi th  an aud ib le  "CLICK." Blow i n t o  t h e  nozzle  t o  



confirm t h a t  t h e  va lve  is i n  t h e  open pos i t ion .  The va lve  should 

c l o s e  when t h e  switch i s  re leased .  I n s t a l l  t h e  r e t a i n e r  screw. 

7. The va lve  is now ready f o r  sampling. Repeat switching sequence a s  

mentioned above dur ing  a c t u a l  sampling. 

8. Drain t h e  f l u i d  from t h e  va lve  a t  t h e  end of each work day. R e f i l l  

with f r e s h  f l u i d  and t e s t  t h e  va lve  a t  t h e  s t a r t  of t h e  next  work 

day. 



APPENDIX C 

Sample e x t r a c t i o n  

'The handling of unconfined f i l l e d  sample bags is unadvisable due t o  

t h e  l i ke l ihood  of rup tu re  and leakage. A bag f i l l e d  with sample cannot 

be  convenient ly removed from t h e  r i g i d  b o t t l e .  Shipping i n  t h e  modified 

b o t t l e  is not  advisable  because the c o l l a p s i b l e  bag could be  punctured 

through t h e  vent  holes  and because t h i s  would be a n  i n e f f i c i e n t  use of 

t h e  spec ia l i zed  conta iner .  The suggested procedure f o r  handling of t h e  

sample is t o  remove t h e  nozzle cap with one hand while  holding t h e  loose  

p l a s t i c  bag ma te r i a l  aga ins t  t h e  neck of t h e  b o t t l e  with t h e  thumb and 

f o r e f i n g e r  of t h e  o the r  hand. This  w i l l  he lp  prevent  t e a r i n g  of t h e  bag. 

Maintain t h e  grasp on t h e  b o t t l e  neck and pour t h e  sample i n t o  a s tandard 

D-77 3 - l i t e r  p l a s t i c  b o t t l e .  This w i l l  a l low excess water  and sediment 

from o u t s i d e  of t h e  c o l l a p s i b l e  bag t o  d r a i n  from t h e  bag without contarn- 

i n a t i n g  t h e  sample. Remove t h e  bag and r i n s e  o f f  any sediment adhering 

t o  t h e  e x t e r i o r .  

Now, e i t h e r  (1) r i n s e  t h e  i n s i d e  of t h e  bag wi th  a known (recorded) 

amount of sediment-free water and add it t o  t h e  sample; o r  ( 2 )  i n s e r t  t h e  

bag i n t o  t h e  b o t t l e  conta in ing  t h e  sample. Screw on t h e  cap. The sample 

i s  now ready f o r  l abe l ing ,  t r anspor t ing ,  and s torage .  I f  t h e  bag was 

included wi th  t h e  sample, l abora to ry  personnel should remove t h e  sediment 

from t h e  bag p r i o r  t o  a n a l y s i s  of t h e  sample. 

An i n v e s t i g a t i o n  of sediment adhesion t o  t h e  p l a s t i c  bag was 

conducted. Clay d i d  not  appear t o  present  a problem, but  beads of water 

remaining wi th  t h e  bag entrapped s i l t  and f i n e  sand s i z e s .  Retent ion of 

t h e  bag wi th  t h e  sample may be  p re fe rab le  f o r  t h i s  reason. 


