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TEST AND DESIGN OF AUTOMATIC 

FLWIAL SUSPENDED-SEDIMENT SAMPLERS 

By J. V. Skinner and J. P. Beverage 

ABSTRACT 

A laboratory test developed to evaluate suspended-sediment sampling 

efficiency was applied to five automatic pumping samplers. The test was 

designed to evaluate separately each of the basic parts of the typical 

san~pling system: the intake, intake tubing, pump, and distributor. A 

conmercial, uniformly graded sand (d50 = 200 microns) was used for the 

tests. A1.l reference samples were collected at ambient stream velocity 

and were extracted through a nozzle aligned with the ambient streamlines. 

Test results showed the efficiency of projecting domstreani-angled 

sampler intakes was nearly the same as for flush-mounted intakes 

(Rept, T, SCWR, 1966) oriented at right angles to the flume wall, To 

maintain sample representativeness, flow within the intake tube ~ m s t  

have a Reynolds Number that exceeds 4,000 and have a mean velocity 

greater than twenty times the fall velocity o f  the largestparticle in 

suspension. Within the mouth of the intake, the mean velocity should 

exceed the approach flow velocity, 



INTRODUCTION 

Sediment particles suspended in flowing water are acted upon by 

turbulence which generates spatial and temporal variations in sediment 

concentration. Even with "steady" flow conditions, the concentration 

will vary from point to point within a stream cross section, and'at a 

given point the concentration will vary from moment to moment. The 

spatial and temporal variations complicate the task of sampling. To 

obtain an accurate sediment discharge for the entire stream cross section 

and to average short-term temporal variations, each sample must be 

collected for a sufficiently long duration (ASCE, 1995, p. 318-3241. 
I/ Furthermore, all samples must be collected isokinetically - to minimize 

sampling errors at each sampling point, At the present time, the only 

practical way to meet a19 requirements is to manually collect the samples 

with a US-series sampler or its equivalent (ICWR, 1963; ASCE, 1995, Guy 

and Norman, 1970). 

Manual sampling has several advantages and disadvantages, Properly 

conducted, the manual procedure is potentially the most accurate. The 

samplers are relatively simple to operate and are reliable. If equiy- 

ment malfunctions occur, they can rssually be corrected promptly at the 

site, A disadvantage stems from the fact that water discharge may vary 

significantly during an interval of several hours or even a few minutes. 

m e n  the water discharge changes, turbulence and numerous other factors 

that determine the stream's ability to transport sediment also change. 

To chart accurately the history of a stream's sediment discharge, the 

sampling must be repeated through the rise and fall of the streamflow. 

If the flow changes unexpectedly or if the sites are remote, collecting 

11 To sample isokinetically is to withdraw the suspension from the - 
ambient flow without acceleration. The nozzle must face into 

the ambient flow and must sample at local instantaneous ambient 

flow velocity. 



an accurate record is extremely difficult. To azleviate some of the 

problems, automatic samplers are being used at many sediment sampling 

stations to supplement a manual sampling program. 

Compared to manual samplers, automatic samplers have several 

advant.ages and some disadvantages. Automatic samplers hold the promise 

of improved documentation of long-term changes with economic savings, 

They can be programmed to collect samples only during periods of signif- 

icant stream change and thereby maximize the amount of information 

conveyed by each sample. On an ephemeral stream, they remain inactive 

mti1 flow begins, On a perennial stream, the samplers can be programmed 

to collect samples periodically, and some samplers can be arranged to 

increase sampling frequency in response to changes in stage, Visits to 

the site are required only to obtain a manual check sample, to collect 

bottled samples, and to perform minor routine maintenance such as battery 

inspection. Disadvantages of automatic samplers include Lack of spatial 

integration, lack of isokinetic sampling, and the complexity of the 

equipment. Although sampling from several points in the cross section 

is feasible, practical and economic considerations have limited sampling 

to one fixed point in the cross section. To be self-cleaning, the 
2 / intakes -- must usually be misaligned with the flow. Equipment failures 

will go undetected and no data will be collected until the next service 

call, As with any piece of complicated equipment, diagnosis and repair 

of faulty components will frequently require the attention of a 

specialist with laboratory-based equipment, 

2 /  As used in this report both intakes and nozzles were short sections - 
of pipe that opened into the flume flow, Misaligned with the flow, 

an intake collected non-isokinetic samples that were conveyed through 

an intake tube to an automatic sampler. Aligned with the flow, nozzles 

were operated to collect isokinetic samples for reference purposes. 



Purpose and scope 

The purpose of this investigation was to develop an evaluation 

procedure for automatic suspended-sediment samplers and to provide 

criteria by which the effectiveness of sampler design could be deter- 

mined. The performance of any automatic sampler is affected by charter- 

istics of the intake and of each component of the sampler. The proce- 

dure and criteria were applied to five different-types sf samplers. The 

hydraulic performance of intakes and important components were evaluated, 

Acknowledgement is given Donald Bensor~, U,S, Army Corps of Engineers, 

who assisted with t h e  tes&s and Florence Wrighk, U , S ,  Geological. Survey, 

who typed the report, Many thoughtful, constructive suggest ions and 

criticisms were offered by menabers of the Technical Cornittee 0% the 

Subcommittee on Sedimentakion, Interagency Advisory Cornittee on Water 

Data, and by employees of their respective agencies, 



TEST FACILITY 

Flume 

With minor alterations, an exksting glass-sided flume (fig. 1) 

located at the St. Anthony Falls Hydraulic Laboratory, University of 

Minnesota, Minneapolis, Minn., was used for the tests. The flume bottom 

had zero slope and was made of smooth steel plates. Water from the 

Nississippi River passed through an elbow-type discharge meter, entered 

the head box, flowed over an elevator-type sediment feeder, passed through 

the flume, and then dropped into a sump connected to a waste-channel. The 

sediment feeder consisted of a rectangular cavity recessed into the 

flume bottom. Within the cavity was a platform coupled to a motor and 

hand crank, arranged to raise the platform so that the sediment load 

could be regulated. The sediment trap was located upstream of the tail 

section, Figure 1 also shows the final location of a vibrating sand 

feeder. This feeder had a 5-cm wide discharge trough. The sand fell 

from the trough onto a convex sheet-metal surface, which spread the 

sand evenly across the 30-cm width of the flume. 

Intakes and nozzles 

Several different sizes and shapes of debris-shedding intakes for 

automatic sarnp1.e~~ have been evaluated previously (see Rept. T, SCWR, 

19666). In that study, all intakes were mounted flush with the flume 

w a l l s  where, unfortunately, high concentration gradients complicated the 

seleckisn of a point for eolleetion of isokinetic reference samples. 

In the present study, the reference nozzles and sampler intakes (fig. 2) 

were extended a short distance from t h e  wall where concentration 

gradients were lower and more easily measured. To simulate sampling of 

a natural stream where fibrous debris would lodge on obstructions, the 

intakes were angled 45" downstream. To minimize the angular acceleration 

~f the sampled fl.ow, ehe end of the intakes were cut parall.el to the 

flume walls. 
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The automatic samplers were not all designed to sample through the 
same diameter intake so alternate sizes were provided, A 1.96-cm 1.D. 

intake was permanently mounted at the downstream position for the 

largest sampler. The upstream position was fitted with an intake that 

matched the I.D. of the intake tube for each of the remaining samplers. 

The intake tube, or simply tube, led from the sampler to the discharge 

end of the intake. Samplers were tested one at a time. The unused 

intake was plugged. 

For collection of isokinetic reference samples one nozzle was 

mounted upstream and one domstreann of the intakes. Each nozzle was 

held by a collet-type fitting so that it could be positioned and fixed 

at any desired distance from the flue wall, 

Sediment 

3 J  AGSCO (AnerXcan Graded Sand Gompw) - No, 4 silica sand was ~Zzasea~ 

because of its ava.il_abi.Pity, chemical stability, and small variation i n  

particle-size, As de'&ernnined from a visual-accumulation-tube ana lys i s ,  

the median particle diaxnecer was 200 niicrons and the geometric stancbard 

deviation was 1,13 (ASCE, 1975,  p. 381, The particles were large enough 

to ampllfy errors caused by potentially deficient sampler pumping rates, 

yet small enough t o  be transported in suspension through a  shor t  reach 

of the flume. Because the particles were nearly uniform in size, the 

need to analyze samples by size fractions was eliminated, 

TEST PROCEDUm 

The concentration of a sample collected by an ideal sampler comected 

to an ideal Intake and intake tube would be equal to the conceaztratfon of 

a sample collected isokinetically and concurrently from the stream in the 

imediate v i c in i t y  sf the intake, The ideal sampler would have a lOQ-. 

percent sampling efficiency. 

-- -- - 
3/ Trade names ar e % c l u d ~ o r m a t r i o n  of the G d e r  and do not  - 
cons"&ttzn%e endsrsemea~t by the Uni tad  States Government. 



P r a c t i c a l  sampling systems may s u f f e r  from e r r o r s  t h a t  occur a t  t h e  

in t ake ,  w i th in  t h e  tube,  o r  w i t h i n  t h e  sampler i t s e l f ,  Because t h e  

i n t a k e  i s  misaligned wi th  t h e  flow, samples cannot be ex t r ac t ed  

i s o k i n e t i c a l l y .  I f  flow v e l o c i t y  w i t h i n  t h e  i n t a k e  tube is inadequate,  

some sediment t h a t  e n t e r s  t h e  tube  may be depos i ted  w i t h i n  t h e  tube  and 

f a i l  t o  reach t h e  sampler. I f  purging between success ive  samples i s  

inadequate ,  t h e  deposi ted sediment may appear i n  subsequent samples and 

c r e a t e  a  "carry-overP' e r r o r .  Most pumping samplers con ta in  condui t s  o r  

channels  t h a t  r o u t e  each sample t o  an i n d i v i d u a l  conta iner .  DeposFtion 

w i t h i n  t h e  rou t ing  components w i l l  a l s o  c r e a t e  carry-over e r r o r s ,  

Carry-over e r r o r s  w i l l  cause t h e  system sampling e f f i c i e n c y  f o r  a  p a r t i c -  

u l a r  sample t o  depend upon antecedent  condi t ions .  The t e s t s  were 

designed t o  measure t h e  e f f i c i e n c y  of both t h e  e n t i r e  sampling system 

a s  a  u n i t  and a l s o  t h e  ind iv idua l  components: i n t ake ,  tube,  pump, and 

d i s t r i b u t o r .  

Two d i f f e r e n t  types of antecedent  s t ream condi t ions  were s imulated,  

Tn t h e  ramp t e s t ,  a  s e r i e s  of samples were c o l l e c t e d  and analyzed a s  

t h e  flume sediment concent ra t ion  increased  slowly. I n  t h e  s t e p  t e s t ,  a 

s i t u a t i o n  was simulated whereby samples were c o l l e c t e d  a l t e r n a t e l y  from 

high  concent ra t ions  and from zero concent ra t ions .  

P o s i t i o n  of samplers and i n t a k e  tubes  

To s imula te  t h e  suc t ion  l i f t  a t  a  f i e l d  s i t e ,  t h e  sampler under t e s t  

w a s  pos i t ioned  on t h e  next  f l o o r  above t h e  flume, The i n t a k e  tube  was 

routed through a  f l o o r  opening d i r e c t l y  above t h e  in t akes ,  To f a c i l i -  

t a t e  sediment t r a n s p o r t  during both backflushing and sampling, a11  

s l a c k  tubing was pul led  upward through t h e  opening and w a s  supported on 

an  i n c l i n e  from t h e  opening t o  t h e  sampler. Small samplers were supported 

approximately 0.3-m ( 1  f t )  above t h e  f l o o r .  To i n s u r e  comparabi l i ty  of 

test r e s u l t s  a l l  samplers were t e s t e d  wi th  a  s u c t i o n  l i f t  of 3.8-m 

(12-5 ft) and wi th  an in t ake  tube 6.7-m (22 f t )  long,  t h e  s tandard  

length  provided wi th  many models. 



Methods of injecting sediment 

To minimize both gradients and variations in the concentration at 

the sampling station, several methods of introducing the sediment were 

tested. First, the elevator (fig. 1) was loaded with sediment. With a 

steady flume flow, the floor of the elevator was raised at a slow uniform 

rate to expose the sediment for transport. Unfortunately, turbulence 

and eddies developed at the elevator lip and rapidly scoured sediment 

from the cavity. At the sampling station, transport rates were uncon- 

trollably high and erratic. A sluice was added to decrease flow 

velocity over the elevator; but because only a marginal improvement was 

noted, the elevator-feed method was abandoned. Next, the sluice was 

reinstalled and adjusted to establish a hydraulic jump, A vibrating 

sand feeder was positioned above the flow and between the jump transi- 

tion and the sluice. By means of a large funnel, dry sediment was 

delivered to the sand feeder which steadily fed the sediment into the 

flow. Once set, feed rates varied by no more than 5 percent and could 

be set over a wide range. Unfortunately, sediment distribution across 

the flume was usually asymmetrical. Flow leaving the head-box contained 

a flow component which created a lateral concentration gradient at the 

sampling station. Screens installed at the inlet reduced the lateral 

gradient. In an additional attempt to increase turbulence and further 

reduce vertical gradients, blocks were glued to the flume floor but no 

significant improvement was noted. Tests showed the jump made no 

significant reduction in vertical gradients, so the final arrangement 

included only the sand feeder and screens. The sand feeder was 

relocated as shown on figure 1. 

Intake calibration 

During sampling operations, the sediment concentration within an 

intake would differ from the concentration within a reference nozzle 

because of differences in flow acceleration. To isolate the efficiency 

of the intake from the efficiency of the sampling tube and the sampler's 



d i s t r i b u t i o n  system, t he  i n t a k e  was c a l i b r a t e d  a t  t h e  sampler pumping 

r a t e  f o r  a  wide range of sediment concent ra t ions .  The o b j e c t i v e  was t o  

empi r i ca l l y  e s t a b l i s h  a  c o r r e l a t i o n  between pa i r ed  samples - one c o l l e c t e d  

i s o k i n e t i c a l l y  from t h e  flow f i lament  approaching t h e  i n t a k e  and t h e  

o the r  withdrawn through t h e  in take .  To minimize r e s i d u a l  temporal 

changes, t h e  p a i r s  were withdrawn concur ren t ly ;  because nozz l e s  and 

i n t a k e s  w e r e  l oca t ed  i n  c l o s e  proxrmity,  t h e  p o s s i b i l i t y  of some mutual 

i n t e r f e r e n c e  e x i s t e d .  

To minimize i n t e r f e r e n c e ,  a  two-step procedure involv ing  bo th  r e f e r -  

ence nozz les  was t e s t e d ,  F i r s t  t h e  upstream re fe r ence  was pos i t i oned  

( f i g .  2 )  t o  sample t h e  f i l ament  approaching t h e  automatic-sampler i n t ake .  

Then w i t h  t h e  i n t a k e  plugged, s e v e r a l  s e t s  of pa i red  samples were 

c o l l e c t e d  concur ren t ly  from t h e  two r e f e r ence  nozz les  and t h e  p a i r e d  set 

members were a n a l y t i c a l l y  r e l a t e d  by a l ea s t - squa re s ,  f i r s t - o r d e r  power 

s e r i e s .  Next, s e v e r a l  sets of pa i red  samples were c o l l e c t e d  through t h e  

app rop r i a t e  automatic-sampler i n t a k e  and t h e  downstream r e f e r e n c e  nozz le ,  

Approach concent ra t ions  computed from downstream re fe r ence  samples and 

t h e  power s e r i e s  were compared wi th  i n t a k e  samples. The wide s e p a r a t i o n  

of nozz les  insured  freedom from i n t e r f e r e n c e ,  but un fo r tuna t e ly  it  a l s o  

c r ea t ed  a  l a r g e  random v a r i a t i o n  i n  t h e  c o r r e l a t i o n  between pa i r ed  

concen t r a t i on  va lues .  The v a r i a t i o n  could be  averaged but  on ly  by 

c o l l e c t i n g  l a r g e  numbers of r e p l i c a t e  samples. 

To minimize the random v a r i a t j o n ,  a  second proceduFe was t e s t e d  i n  

which t h e  app rop r i a t e  automatic-sampler i n t a k e  and only  t h e  upstream 

re fe r ence  nozz le  was used. The in t ake  tube  was connected t o  an appro- 

p r i a t e  in take ;  then, w i th  t h e  sampler ope ra t i ng ,  t h e  pumping r a t e  was 

measured. Next, t h e  i n t a k e  was reconnected t o  a  s h o r t  tube  ad jus t ed  t o  

d i s cha rge  a t  a  r a t e  equa l  t o  t h e  pumping r a t e .  S imi l a r ly ,  a  t ube  a t t acked  

t o  t h e  upstream re fe r ence  nozz le  was ad jus t ed  t o  produce a  f low v e l o c i t y  

equa l  t o  t h e  v e l o c i t y  a s  measured w i t h  a  p i t o t  tube j u s t  upstream of t h e  

r e f e r ence .  With both flume d ischarge  and sediment i n j e c t i o n  rate he ld  

s teady ,  one sample was c o l l e c t e d  from t h e  nozz le  and one from t h e  i n t ake .  

Each sample p a i r  was c o l l e c t e d  s imultaneously,  Addi t iona l  p a i r s  were 



collected, each with a different sediment concentration. Table 1 illus- 

trates the data and computations for one calibration test. Each reference 

sample concentration, labeled Cr, was paired with its corresponding 

intake-sample concentration, labeled C,, to compute the least-squares 

equation, Cs = 2.17 Cr 0s879 Compared to the first procedure, the 

second produced a better correlation coefficient and required fewer 

samples. Because of the reference nozzle's small size and small dis- 

charge, it was judged to produce negligible interference with the intake. 

The second procedure was used in all subsequent tests. 

The ramp test 

The ramp test simulated operation during a period when sediment 

concentration gradually increased. Discharge from the upstream refer- 

ence nozzle was adjusted to isokinetic conditions, the sediment feed 

rate was set and maintained constant, and then the test sampler was 

started. As samples flowed from the delivery point within the sampler, 

the discharge from the reference nozzle was collected. The delivery 

point was defined as the location within the sampler where flow entered 

the sample container. The sampler was allowed to complete its normal 

cycle. Then, without disturbing sediment that may have deposited within 

the sampler or intake tube, the feed rate was increased and the process 

repeated. 

The weight of the water-sediment mixture for both the reference sample 

and the delivery-point sample was measured, then the water in both 

samples was carefully decanted. The sediment in each sample was dried 

and weighed. The dry weight in milligrams was divided by the mixture 

weight in grams and the quotient was multiplied by 1,000. The result was 

reported as concentration in m g / ~  (milligrams per liter). See table 2 ,  

As shown in table 2, the concentration within the sampler intake, 

Cc, was computed from the correlation equation established in the 

intake-calibration test and the concentration p f  the reference sample, 

C,. The percent efficiency expressed numerically the ability of the 

sampler to deliver a sample representative of the flow that entered the 



in take .  Comparison of t h e  t rend  of reference-sample concent ra t ions  

shown i n  t a b l e  2 wi th  those  shown i n  t a b l e  6 and a l l  succeeding ramp 

t e s t s  r e v e a l s  t h a t  con t ro l  of sediment feed r a t e  improved wi th  p r a c t i c e .  

Unfor tuna te ly , the  l imi t ed  supply of sand precluded a re run  of t h e  f i r s t  

ramp t e s t ,  bu t  t h e  e f f i c i e n c y  ( i n  percent )  i s  be l ieved  t o  be reasonably 

accura te .  

The s t e p  test 

Table 3 i l l u s t r a t e s  d a t a  c o l l e c t e d  i n  t h e  s t e p  t e s t ,  designed t o  

measure t h e  sampling system's response t o  abrupt  changes i n  s t ream 

concent ra t ion  and t o  measure and d e t e c t  t h e  source  of carry-over contami- 

na t ian .  A l l  p a r t s  of t h e  sampler t h a t  contacted t h e  sample were thor- 

oughly cleaned,  t h e  tube  was connected t o  t h e  in t ake ,  and t h e  sediment 

feed r a t e  was s&. Then a p a i r  of samples were s imultaneously co l l ec t ed :  

one from t h e  r e f e rence  nozz le  and one from t h e  d e l i v e r y  poin t  w i th in  

t h e  sampler. Delivery-paint sample concent ra t ion  was labe led  Cia. When 

t h e  sampler completed i t s  cyc le ,  t h e  tube  w a s  disconnected from t h e  

i n t a k e  and Smersed  i n  a bucket of c l e a r  water ,  Then a del ivery-pofnt  

safnple was pumped from t h e  bucket. Any sedfmmt  c o l l e c t e d  ( f ,  t a b l e  3) 

w a s  d i r e c t l y  a t t r i b u t a b l e  t o  carry-over contamination because t h e  e l e a r  

water was free of sediment, The sampler was then  disassembled, The 

i n t a k e  tube  and sample d i s t r i b u t i o n  system w e r e  r i n s e d  separa te ly  with 

c l ean  water, Each batch of rinse-water was c o l l e c t e d  and t h e  t o t a l  

quan t i t y  of sediment w a s  weighed (d,  t a b l e  3 ) .  The sampler component 

t h a t  y i e lded  t h e  bulk of t h e  sediment w a s  noted as "source of residue."  

The e n t i r e  system was reassembled, t h e  feed r a t e  ad jus t ed  t o  a new va lue ,  

and t h e  process  repeated.  

me grouping of d a t a  in t a b l e  3 r e q u i r e s  explanat ion.  For each 

t e s t ,  t h r e e  l i n e s  of d a t a  a r e  given. The f i r s t  Pine i s  d a t a  c o l l e c t e d  

from sediment-laden flume flow. The second l i n e  is  d a t a  c o l l e c t e d  from 

t h e  sediment-free source, The t h i r d  l i n e  shows only t h e  amount of 

residue.  The lower ca se  I e t e e r s  r e f e r  t o  va lues  used i n  computing t h e  

va r ious  e f f g c i e n c i e s  i n  t a b l e  4. 



Tables  1-4 p e r t a i n  t o  t h e  PS-1 sampler. I n  s i m i l a r  fashion,  

t a b l e s  5-8 p e r t a i n  t o  t h e  PS-1A samp1er;tables 9-12 p e r t a i n  t o  t h e  

PS-2 sampler, t a b l e s  13-16 p e r t a i n  t o  t h e  PS-3 sampler,  and t a b l e s  17-20 

p e r t a i n  t o  t h e  PS-4 sampler. 

DESCRIPTIONS OF AUTOMATTC SAMPLERS 

Table 21  shows mechanical, e l e c t r i c a l ,  and hydrau l i c  c h a r a c t e r i s t i c s  

of each sampler. 

PS-1 Sampler 

Samples were c o l l e c t e d  by a  p e r i s t a l t i c  pump programmed t o  r eve r se  

r o t a t i o n  and thereby backflush t h e  i n t a k e  tube be fo r e  and a f t e r  each sample 

c o l l e c t i o n  (see f i g .  3 ) -  The sampler could be  powered from 120-V a , c , ,  an  

e x t e r n a l  12-volt b a t t e r y ,  o r  a se l f -conta ined  rechargeable  b a t t e r y ,  The 

pump discharged each sample i n t o  a  s l i g h t l y  i n c l i n e d  channel which 

routed t h e  flow t o  t h e  proper g l a s s  conta iner .  

PS-lA Sampler 

Except f o r  t h e  higher-speed p m p ,  t h i s  sampler was i d e n t i c a l  w i th  

t h e  PS-l ( f i g .  3 ) .  

PS-2 Sampler 

h i n t e r n a l  wet-cel l  b a t t e r y  provided power t o  al.1 mechanical 

a c t u a t o r s  and t o  an a i r  pump which served t o  withdraw samples and purge 

t h e  i n t a k e  tube. The sampling c y c l e  cons is ted  of a  purge-sample-purge 

secluence. The top  s f  a  con ta ine r ,  termed t h e  metering chamber 

( s ee  f i g .  4 ) ,  was connected t o  an  a i r  pump and an i n t a k e  tube;  t h e  

bottom was connected through a  pinch va lve  t o  a spout  which routed 

samples t o  i n d i v i d u a l  b o t t l e s .  During t h e  f i r s t  purge, a i r  was pumped 

through t h e  i n t a k e  tube  t o  d is lodge  debr i s .  Then t h e  pressure  i n  t h e  

meter ing chamber was reduced t o  a l low t h e  atmosphere to f o r c e  a sample 

up t h e  i n t a k e  tube  and i n t o  t h e  chamber, When t h e  chamber was f u l l ,  a  

sensor  operated a so lenoid  which routed  compressed a i r  i n t o  t h e  chamber 



F i g u r e  3.--Schematic d i ag ram of PS-1 and PS-IA h y d r a u l i c  s y s t e m s ,  



Ffgure 4.--Schemtic diagram of PS-2 hydraulic system, 
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and expel led t h e  contents  of t h e  sampling tube. The pinch va lve  then  

opened and allowed t h e  con ten t s  of t h e  chamber t o  flow through t h e  

d i s t r i b u t o r  and i n t o  a sample b o t t l e .  Within t h e  metering chamber, an 

a d j u s t a b l e  siphon could be set t o  withdraw excess  sample dur ing  t h e  

second purge. 

PS-3 Sampler 

The Chickasha sampler ( f i g .  5) was designed by personnel  s f  t h e  

Agr i cu l tu ra l  Research Serv ice  a t  Chickasha, Oklahoma (Allen and o t h e r s ,  

l976) ,  The sampler w a s  s i m i l a r  t o  t h e  XPS-62 developed by personnel  s f  

t h e  Federa l  Inter-Agency Sedimentation P r o j e c t  (Rept. Q, IC:F%R, 1962).  

Glass sample b o t t l e s  were supported on t h e  periphery of a c i r c u l a r  t r a y  

9%-cm (3 f t )  i n  diameter,  Rotated by a weight and indexed by an  

escapement mechanism, t h e  t r a y  pos i t ioned  a b o t t l e  d i r e c t l y  under t h e  

funnel .  m e  sampling cyc le  cons i s t ed  of a waste-sample sequence. F i r s t ,  

the i n i t i a l  d i scharge  from t h e  pump w a s  wasted t o  e s t a b l i s h  an  equ i l i b -  

rium i n  the i n t ake  tube,  then  t h e  so lenoid  moved t h e  d i v e r t e r  t o  d i r e c t  

the  d ischarge  fnts t h e  funnel  which drained i n t o  t h e  sample b o t t l e ,  

Because t h e  Chickasha sampler w a s  cons t ruc ted  around an  open framework, 

t h e  sampler could be modified to m e t  custom requirements.  For example 

t h e  number, sPze, and shape s f  t h e  sample con ta ine r s  could be v a r i e d ,  

and the type and l o c a t i o n  s f  t h e  pump could be changed, To nrinimize 

suction l i f e ,  Ehe pump could be  pos i t ioned  near  t h e  stream, In the  

event of occas iona l  submergence, t h e  pump could be cover& wi th  an  

open-bottom c o n t a h e s ,  a "diving b e l l .  '' 

PS-4 Sampler 

The PS-69 ( f i g ,  6)  was s p e c i f i c a l l y  designed t o  sample f l u v i a l  

sediment,  Beveloped by personnel  of t h e  Federa l  Inter-Agency Sedimen- 

t a t i o n  P r o j e c t ,  t h e  sampler ho lds  72 one - l i t e r  p l a s t i c  con ta ine r s ,  The 

con ta ine r s  zre nested i n  a pull-out draxder, Constructed i n  an open 

framexqork, the  sampler may be modified t o  meet a v a r i e t y  of requi re -  

ments. Bowever> i t s  s i z e  l i m i t s  i t s  a p p l i c a t i o n  t o  semi-permanent 



F i g u r e  5.--Schematic d i a g r a m  of PS-3  h y d r a u l i c  sy s t em.  



F i g u r e  6.---Schematic  d iagram of PS-4 h y d r a u l i c  sys t em,  
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i n s t a l l a t i o n s  where a  s u i t a b l e  s h e l t e r  may b e  provided.  The sampling 

pump is of t h e  p r o g r e s s i v e - c a v i t y  t y p e  powered by a  1/3-hp, 36-volt  

motor. Three  12-vol t  automobi le  b a t t e r i e s  are r e q u i r e d  f o r  power. 

The sampling c y c l e  c o n s i s t e d  o f  a purge-waste-sample-waste 

sequence.  The c y c l e  starts when w a t e r  i s  pumped from t h e  b a c k f l u s h  

r e s e r v o i r  through t h e  i n t a k e  t u b e  t o  t h e  s t ream.  At t h e  end of t h i s  

purge o p e r a t i o n ,  wa te r  i s  pumped from t h e  stream t o  r e p l e n i s h  t h e  reser- 

v o i r  and e s t a b l i s h  a n  e q u i l i b r i u m  i n  t h e  i n t a k e  tube .  A f t e r  a p r e s e t  

t ime  i n t e r v a l ,  a s a m p l e - s p l i t t e r  d i v e r t s  t h e  pump d i s c h a r g e  i n t o  a 

f u n n e l  which,  through a  sys tem of t u b e s ,  d r a i n s  t h e  sample i n t o  one of 

t h e  b o t t l e s .  The s p l i t t e r  t h e n  r e r o u t e s  t h e  f low t o  t h e  r e s e r v o i r .  

Pumping c o n t i n u e s  u n t i l  t h e  r e s e r v o i r  r e f i l l s  i n  p r e p a r a t i o n  f o r  t h e  

nex t  c y c l e .  

SAMPLER EVALUATION AND COMPAIiZSON 

The fo l lowing  e v a l u a t i o n  is  o f f e r e d  p r i m a r i l y  as a  b a s i s  f o r  formu- 

l a t i n g  s u g g e s t i o n s  and c r i t e r i a  f o r  f u t u r e  d e s i g n  purposes .  With one 

e x c e p t i o n ,  t h e  ramp-test  e f f i c i e n c y  was g r e a t e r  t h a n  t h e  s t e p - t e s t  

e f f i c i e n c y .  I n  t h e  o n l y  excep t ion ,  (PS-I), t h e  two e f f i c i e n c i e s  were 

equal .  

PS-1 Sampler 

I n  t h e  s t e p  t e s t ,  48 p e r c e n t  of t h e  sediment  t h a t  e n t e r e d  t h e  

i n t a k e  was d e l i v e r e d  t o  t h e  d i s t r i b u t i o n  system w i t h i n  t h e  sampler .  Of 

t h i s  m a t e r i a l ,  1 8  p e r c e n t  was i n  t h e  sample b o t t l e ,  7 1  p e r c e n t  was 

c a r r i e d  i n t o  t h e  n e x t  ( f l u s h )  c o n t a i n e r ,  and 11 p e r c e n t  remained behind 

a s  r e s i d u e .  Depos i t ion  w i t h i n  t h e  i n c l i n e d  channe l  accounted f o r  t h e  

low s t e p - t e s t  e f f i c i e n c y .  The g l a s s  sample c o n t a i n e r s  used w i t h  t h e  

PS-1 sampler  had a smooth i n t e r i o r  and consequen t ly  were s u p e r i o r  t o  

p l a s t i c  c o n t a i n e r s .  The sample masses were q u i t e  c o n s i s t e n t .  With a n  

average  m a s s  of 407 g  (grams),  t h e  s t a n d a r d  d e v i a t i o n  was o n l y  

4  p e r c e n t  of t h e  average.  



PS-1A Sampler 

The g l a s s  c o n t a i n e r s  used w i t h  t h i s  sampler were  s a t i s f a c t o r y  i n  

a l l  r e s p e c t s .  Compared t o  t h e  9 s - I ,  t h e  i n c r e a s e d  c a p a c i t y  of t h e  high- 

speed pump se rved  t o  raise t h e  e f f i c i e n c y  of t h e  i n t a k e  sys tem t o  100 

p e r c e n t .  The q u a n t i t a t i v e  d a t a  ( t a b l e s  5-8), and v i s u a l  o b s e r v a t i o n s  

th rough  t h e  t r a n s p a r e n t  i n t a k e  tube ,  confirmed t h a t  t h e  suspens ion  was 

t r a v e l i n g  a s  a  homogeneous m i x t u r e  w i t h  no ev idence  of d e p o s i t i o n ,  A s  

s h o r n  by t h e  s t e p  test,  t h e  pumping system responded v e r y  w e l l  t o  an  

i n c r e a s e  i n  c o n c e n t r a t i o n ,  The average  f o r  s i x  r u n s  i n d i c a t e d  t h a t  of 

t h e  seclimenlr. d e l i v e r e d  t o  t h e  i n c l i n e d  channe l ,  47 p e r c e n t  was d i s c h a r g e d  

on t h e  f i r s t  sampling c y c l e  and 34 p e r c e n t  on t h e  second c y c l e ,  The 

remain ing  1 9  p e r c e n t  would have been d i s c h a r g e d  d u r i n g  some succeed ing  

c y c l e ,  The o n l y  d e t r i m e n t a l  f e a t u r e  was t h e  i n c l i n e d  channel  t r a y ,  A s  

w i t h  t h e  PS-1, l a r g e  q u a n t i t i e s  of m a t e r i a l  d e p o s i t e d  i n  t h i s  channe l  

wez;ld c o n ~ a m i n a r e  o t h e r  samples d u r i n g  subsequent  sampling c y c l e s ,  

PS-2 Sampler 

D ~ ~ r l n g  tile tests, t h e  w e i r  was p o s i t i o n e d  t o  r e t a i n  t h e  maximuria 

sa,attple, a l t h o u g h  4 p e r c e n t  was a u t o m a t i c a l l y  skimmed and d i s c a r d e d  d u r i n g  

the second purge,  For sediments  t h a t  s e t t l e  r a p i d l y ,  skimming a p o r t i o n  

of the  sample will .  resu2.t i.n undes i red  enr ichment ,  The pressure-.vacuun1 

sys tem proved very e f f e c t i v e  b o t h  kin purg ing  t h e  system and i n  m a i n t a i n i n g  

h igh  f low v e l o c i t i e s  i n  t h e  ink.ake tube .  (See  tables 9-52),  The r e l a -  

ti.ve3.y f l a b  bottom in t h e  mete r ing  chamber d i d  t r a p  and hold. s i g n i f i c a n t  

quantities of sediment ,  Rowever, d e p o s i t i o n  w a s  p a r t i a l - l y  cancel-led by 

carry-o,ver contamina,tion throughout  most of she rmp test and r e s u l t e d  

i n  an a v e r a g e  e f f i c i e n c y  of 78  p e r c e n t ,  Step-test r e s i d u e s  were 

c o l l e c t e d  t o  i s o l a t e  Zihe in take- tube  e f f i c i e n c y  which averaged 5.04 per-  

c e n t ,  The excess  4 p e r c e n t  was undoubtedly  t h e  r e s u l t  of s iphoning  

d u r i n g  t h e  purge  cyc l e ,  O f  t h e  sediment d e l i v e r e d  t o  t h e  meterbag cham-, 

b e r ,  an average  of 30 p e r c e n t  was d e l i v e r e d  i n t o  t h e  f i r s t  smple 

c o n t a i n e r ,  34 p e r c e n t  i n t o  t h e  seconsd ( c l e a r  f l u s h )  c o n t a i n e r ,  and &Be 

remain ing  36 p e r c e n t  was a v a i l a b l e  f o r  d e i f v e r y  QE a m b q u e n t  sw1&,  
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PS-3 Sampler 

Three d i f f e r e n t  pumps were t e s t e d  wi th  t h e  Chickasha sampler. The 

f i r s t  two, of t h e  f l e x i b l e  impel le r  type,  were judged u n s a t i s f a c t o r y  

because of l imi t ed  s u c t i o n - l i f t  c a p a b i l i t i e s .  The t abu la t ed  experimental 

d a t a  ( t a b l e s  13-16) were c o l l e c t e d  wi th  a  small, commercially a v a i l a b l e  

p e r i s t a l t i c  pump. Any p e r i s t a l t i c  pump of s i m i l a r  capac i ty  should g ive  

almost i d e n t i c a l  r e s u l t s .  The sampler responded we l l  t o  both a s t e p  

inc rease  and s t e p  decrease.  The sampler was a b l e  t o  c l e a r  i t s  hydrau l i c  

system of  v e s t i g e s  of previous samples and t o  t r a n s p o r t ,  wi th  modest l o s s  

i n  e f f i c f ency ,  a  r e p r e s e n t a t i v e  sample t o  t h e  conta iner ,  The d i s t r i b u t o r  

sys"cm contained essent ia l - ly  no plumbing and consequently r e t a ined  only 

a  n e g l i g i b l e  amount of sediment, O f  t h e  sediment %ransported t o  t h e  

sampler,  99 percent  was discharged i n  the f i rs t  sample and 1 percent 

i n  t h e  second. Only a r e s i d u a l  t r a c e  remained. 

PS-4 Sampler 

The purge and waste  opera t ions  t h a t  preceded sample e x t r a c t i o n  

proved e f f e c t i v e  i n  e l imina t ing  from t h e  i n t a k e  tube a l l  t r a c e s  of pre- 

v ious  sa~npkes. (See t a b l e s  1.7-20,) The pumping r a t e  w a s  adequate t o  

t r a n s p o r t  r e p r e s e n t a t i v e  samples t o  t h e  machine and t h e  s t e e p  s lopes  i n  

t h e  d i s t r i b u t o r  tubes  provided efficient t r anspor t  to the sample 

b o t t l e s .  For each s a q l e  pumped, 99 percent  of t h e  sediment was 

de l ive red  t o  t h e  proper conta iner .  S l i g h t l y  l e s s  than 1 percent  was 

c a r r i e d  forward t o  t h e  second sample and l e s s  than 1./lO percent  

remained a s  a  r e s idue  i n  t h e  s p l i t t e r  and d i s t r i b u t o r  tubes ,  

Sn both t h e  ramp and s t e p  tests t h e  e f f i c i e n c y  of t h e  pumping 

system was approximately 10'3 percent .  The excess  7 percent ,  being l e s s  

than  t h e  s tandard dev ia t ion  of 10  percent ,  was probably a r e s u l t  of 

random experimental e r r o r s .  



Operating and physical characteristics 

To provide a numerical system of comparison, data from table 21 

was used to compute various figures-of-merit indices shown in table 22. 

Each figure-of-merit characterized, in numerical form, a salient physical 

or operating characteristic. Within any given category the index was 

defined so that the most desirable sampler had the highest numerical 

value. Furthermore, to permit comparison of samplers with different 

characteristics, each index was defined in terms of a single sample, for 

example the total power required per sample. The carry-over contamina- 

tion index emphasizes sediment sampling efficiency by combining, with 

equal weight, the step-increase and step-decrease efficiencies. 

The electrical index is the potential (minimum) energy required to 

lift a sample from the stream to the sampler divided by the measured 

electrical energy required to power the sampler through one complete 

sampling cycle. As defined, the index is a measure of overall electrical 

efficiency. 

The electro-hydraulic index is proportional to the product of the 

electrical index and the sampling-tube efficiency, En design, a high 

electrical figure-of-merit could be achieved at the expense of sampling- 

cube efficiency by incorporating low pumping rates to reduce hydraulic 

Losses, The electro-hydraulic index gives equal weight to the electrical 

index and sampling-tube efficiency. 

The indices for floor area, volume, and weight are, respectively, 

the sample volume stored per unit of floor area, per unit of machine 

volume, and per unit of machine weight. 

The dimensions are in a convenient, but not necessarily consistent, 

system of units; therefore, no direct interpretation should be made of 

individual numbers nor should comparisons be made from different cate- 

gories. No great Importance should be attached to figures-of-merit that 

differ by small amounts. 



RECOMMENDATIONS 

Future design 

To e s t a b l i s h  des ign  c r i t e r i a ,  much can be learned  by examining ind ices  

of t h e  t e s t e d  samplers. Table 22 shows t h a t  samplers which ranked low i n  

carry-over contamination ranked high i n  s e v e r a l  o the r  i n d i c e s ,  The 

converse was a l s o  t rue .  The p a t t e r n  i l l u s t r a t e s  t h e  f a c t  t h a t  wi th  t h e  

cu r r en t  l e v e l  of technology i n  m a t e r i a l s  and components, a des igner  can 

make a marked inc rease  i n  one Index, bu t  only by making a marked decrease  

i n  one o r  more o the r  i nd ices .  It appears  p o s s i b l e  t o  produce a sampler 

w i th  a well-balanced des ign  t y p i f i e d  by t h e  fol lowing range of ind ices :  

carry-over contamination, 80 t o  100; e l e c t r i c a l ,  50 t o  75; e l e c t r o -  

hydraul ic ,  50 t o  75; f l o o r  a r ea ,  50 t o  75; volume, 35 t o  100; weight,  

50 t o  75. Innovat ive des igners  may, through more r a d i c a l  changes, be 

a b l e  not  only t o  meet a l l  recommended minimums but  exceed some of t h e  

suggested va lues .  

When designing new samplers,  cons idera t ion  must be given t o  t h e  

fol lowing f a c t o r s  which augment t he  figures-of-merit:  

( a )  S tor ing  sepa ra t e  samples is recommended over compositing them i n  

one l a r g e  conta iner ,  With s e p a r a t e  samples t h e  group can be  analyzed f o r  

t r ends  and each sample can be c o r r e l a t e d  wi th  water discharge.  Faul ty 

samples can be d is regarded ,  and i f  des i r ed  t h e  remainder can be compos- 

i t e d  mathematically.  

(b) The requi red  number sf sample conta'iners w i l l  depend upon t h e  

sampling frequency and t h e  i n t e r v a l  between s e r v i c e  v i s i t s .  Experience 

i n d i c a t e s  t h a t  approximately twenty con ta ine r s  is t h e  requi red  minimum. 

(c )  Sampling du ra t ion  would be s u f f i c i e n t l y  long t o  average short-term 

f l u c t u a t i o n s  i n  s t ream concentrat ion.  Bennett and Nordin (1973, p .  17-13) 

used a v a r i a b i l i t y  of 10  percent  a s  a q u i t a b l e  c r i t e r i o n :  t h a t  is ,  t h e  

sample volumes should be l a r g e  enough t o  i n s u r e  t h a t  t h e  s tandard devi- 

a t i o n  of a group of success ive  samples a l l  c o l l e c t e d  during s teady  stream 

condi t ions  is  no l a r g e r  than  10 percent  of t h e  mean sample concent ra t ion ,  

(d) Sample volumes must be l a r g e  enough t o  s a t i s f y  not  only t h e  sampling 

du ra t ion  requirement,  but  a l s o  s p e c i a l  a n a l y t i c a l  requirements,  For only 
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concent ra t ion  and p a r t i c l e - s i z e  a n a l y s i s ,  350-ml is gene ra l ly  t h e  

minimum usable  volume, but i f  i nd iv idua l  samples must be s p l i t  f o r  o t h e r  

ana lyses  t h e  volume must be increased  accordingly.  

( e )  Sample con ta ine r s  should be shaped t o  f a c i l i t a t e  sample removal, 

(£1 For combined sediment and chemical a n a l y s i s ,  t h e  sampler i n t a k e ,  

i n t a k e  tube,  and sample con ta ine r s  should be chemically i n e r t ,  

(g) For b i o l o g i c a l  a n a l y s i s ,  p rovis ions  must be made f o r  cool ing  t h e  

samples. 

(h)  A t  s i t e s  where evaporat ion,  d u s t ,  o r  i n s e c t s  a r e  a problem, con- 

t a i n e r s  should be covered, 

( i )  Unless t h e  e n t i r e  sampler can be submerged, t h e  sample withdrawal 

system must be capable  of l i f t i n g  t h e  sample f a r  enough t o  span t h e  

extreme range of water s t ages .  A t  most s i t e s  a pumping l i f t  of s i x  

meters  (20 f t )  has  proven t o  be adequate; but  a t  a few s i t e s  where t h e  

s t ream flows through a deep canyon, t h e  s t a g e  change and r equ i r ed  l i f t  

may exceed twenty meters  (66 f t ) .  

(j) Prom t h e  a s p e c t s  of s a f e t y  and un ive r sa l  use ,  a low-voltage b a t t e r y  

supply is p re fe r r ed  over a 120-V a.c.  system. 

(k) Figure 7 shows t h a t  w i th in  t h e  range of experimental  r e p ~ o d u c i b i % i % y ,  

t h e  e f f i c i e n c y  of t h e  in t akes  used i n  t h i s  test were no t  s i g n i f i c a n t l y  

d i f f e r e n t  from t h e  in t akes  t e s t e d  i n  Report T ( IWR,  1966). 

(4) The s t e p  t e s t  i s  more r igorous  than t h e  ramp t e s t  and t h e r e f o r e  

should be used t o  eva lua t e  modi f ica t ions  of e x i s t i n g  samplers and new 

pro to types ,  

(m) The des igner  must s t r i v e  t o  reduce t h e  combined c o s t  of equipment 

a c q u i s i t i o n ,  i n s t a l l a t i o n ,  and maintenance. I n  a d d i t i o n  t o  minimizing 

manufacturing c o s t ,  t h e  des igner  should at tempt  t o  minimize o r  e l imina te  

t h e  requi red  degree of opera tor  t r a i n i n g ,  t h e  damage caused by f r eez ing  

water ,  and t h e  c o s t  of a n c i l l a r y  s h e l t e r s  and hea t e r s .  

The des igner  must pay p a r t i c u l a r  a t t e n t i o n  t o  t h e  diameter  of t h e  

i n t a k e  Zube and i t s  r e l a t i o n  t o  t h e  capac i ty  of t h e  sampling pump. Within 

Ehe i n t a k e  tube,  the f low r a t e  must be adequate t o  i n s u r e  e f f i c i e n t  

t r a n s p o r t  of t h e  water-sediment mixture.  For each of a v a r i e t y  of condi- 

tions, the  minimum r a t e  i s  d i f f i c u l t  t o  e s t a b l i s h  p r e c i s e l y ,  bu t  it may 
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INTAKE VELOCITY, I N  CM/S 

F i g u r e  7--Pl.ot of sampling e f f i c i e n c y  v e r s u s  i n t a k e  vei .oci%y f o r  t h e  e n t i r e  
range of c o n c e n t r a t i o n s  t e s t e d  ( c i r c l e s )  and f o r  c o n c e n t r a t i o n s  l e s s  t h a n  
2,500-2,800 ppm ( s q u a r e s ) .  Numbers r e f e r  t o  aratomatic sampler code,  Curves 
a r e  from Rept. T (ICWR, 1966) f o r  flush-mounted i n t a k e s  t e s t e d  w i t h  0.19-mm 
sand ,  3 .7  f t j s ( l . l  m/s) f lume  v e l o c i t y ,  and c o n c e n t r a t i o n s  of 2,500 pprn o r  
l e s s .  The dashed c u r v e s  a r e  enve lopes  t h a t  i n d i c a t e  t h e  s c a t t e r  i n  Rept .  T 
d a t a  ( p ,  4 9 ) ,  and t h e  s o l i d  curve  i s  t h e  average  curve  shown i n  Rep t ,  T 
( f i g .  1 2 ,  p ,  36).  



be  e s t i m a t e d  from t h e  minimum r e q u i r e d  Reynolds number and from t h e  

f a l l  v e l o c i t y  of i n d i v i d u a l  sediment p a r t i c l e s .  T e s t s  o u t l i n e d  i n  t h i s  

r e p o r t  i n d i c a t e  a  Reynolds number as low as 2,000 may b e  s a t i s f a c t o r y ,  

bu t  t o  p r o v i d e  a margin of s a f e t y  t h e  minimum should be  4,000 t o  5,000. 

Good e f f i c i e n c i e s  were ob ta ined  i n  t h e  r a n g e  of 5,000 t o  7,000. Above 

7,000 t h e  added e f f i c i e n c y  probably  does  n o t  w a r r a n t  t h e  i n c r e a s e d  head 

l o s s  and power demands, These e s t i m a t e s  are based p r i m a r i l y  on t r a n s p o r t  

of AGSCO No. 4 sand which had a  h i g h  s e t t l i n g  rate, and t h e r e f o r e  

s i m u l a t e d  wors t -case  c o n d i t i o n s .  

Another s imple  and reasonab ly  r e l i a b l e  f low-ra te  c r i t e r i o n  is  t h e  

r a t i o  o f  t h e  mean v e l o c i t y  i n  t h e  i n t a k e  t u b e  d i v i d e d  by t h e  s e t t l i n g  

v e l o c i t y  of t h e  l a r g e s t  p a r t i c l e  t o  b e  t r a n s p o r t e d .  E a r l y  e s t i m a t e s  set 

t h i s  r a t i o  a t  a minimum of 17 i n  h o r i z o n t a l  c o n d u i t s  (Fed. Tnteragency 

Work Group, 1972, p ,  111-20) and t h e s e  tests confirmed t h e  e s t i m a t e .  For 

example, t h e  PS-3 w i t h  a  r a t i o  of 18.4 had a n  in take- tube  e f f i c i e n c y  of 

88 p e r c e n t ,  PS-LA w i t h  t h e  high-speed pump had a  r a t i o  of 28 and a n  

e f f i c i e n c y  v e r y  n e a r  100 p e r c e n t .  To p r o v i d e  f o r  a margin of s a f e t y  i n  

d e s i g n ,  t h e  r a t i o  should be  no less t h a n  20. 

A change i n  t h e  n a t u r e  of t h e  sediment  be ing  sampled w i l l  a f f e c t  

t h e  pumping requ i rements ,  G i l b e r t  and Durand (ASCE, 1995, p. 272) 

observed t h a t  t h e  sediment t r a n p o r t  r a t e  i n c r e a s e d  when t h e  sediment 

s i z e  g r a d a t i o n  was broadened, 

(ASCE, 1975, p. 254-254) summarizes 

g e n e r a l i z e d  e q u a t i o n s  f o r  sediment t r a n s p o r t  i n  p i p e s ,  The c r i t i c a l  

v e l o c i t y  r a t i o  a s c r i b e d  t o  Newitt  and o t h e r s  d i v i d e s  hon~ogenous and 

he te rogenous  p i p e  f lows : f o r  AGSCO No. 4  sand ,  Vll/w = 56, where VH i s  

t h e  c r i t i c a l  f low v e l o c i t y  and w is  t h e  p a r t i c l e  f a l l  v e l o c i t y .  For 

sarnpling.purposes,  t h i s  r a t i o  seems t o o  h i g h ,  Transpor t  would be 

e f f i c i e n t  bu t  p u m ~ i n g  head l o s s  would be  e x c e s s i v e .  An e q u a t i o n  

a s c r i b e d  t o  S p e l l s  y i e l d s  a  v e l o c i t y  r a t i o  of 1 5  f o r  t h e  AGSCO sand. 

For sampl ing purposes ,  S p e l l s '  e q u a t i o n  a p p e a r s  more r e a l i s t i c .  The 

d i s p a r i t y  between t h e  two e s t i m a t e s  i n d i c a t e s  t h e  need f o r  a d d i t i o n a l  

s t u d i e s .  



Sampler mod i f  icat i o n  

Of t h e  samplers  t e s t e d ,  each was d e f i c i e n t  i n  one o r  more a s p e c t s .  

As a n  a l t e r n a t i v e  t o  complete  r e d e s i g n  which would b e  c o s t l y  and l e n g t h y ,  

each sampler could  b e  improved th rough  m o d i f i c a t i o n  o r  l i m i t e d  r e d e s i g n .  

The f o l l o w i n g  sugges ted  m o d i f i c a t i o n s  w i l l  i n c r e a s e  some f  igures-of-meri t  

and d e c r e a s e  o t h e r s  toward t h e  balanced d e s i g n  concept .  

To i n c r e a s e  t h e  carry-over  con tamina t ion  index,  t h e  pumping r a t e  of 

PS-l must b e  i n c r e a s e d  and t h e  sample d i s t r i b u t i o n  systems of PS-1, PS-LA, 

and PS-2 must b e  redes igned .  To m a i n t a i n  t h e  con tamina t ion  index a t  a  

h i g h  v a l u e  y e t  p r o v i d e  l a t i t u d e  t o  improve o t h e r  i n d i c e s ,  t h e  PS-4 pump 

shou ld  b e  r e p l a c e d  w i t h  a s m a l l e r ,  more e f f  i c i m t  u n i t ;  and the  d iamete r  

o f  t h e  i n t a k e  t s b e  should h e  decreased  t o  m a i n t a i n  a  s u f f i c 5 e n t l . y  high 

f l o w  velocity. 

To meet t h e  e l e c t r i c a l  and e l e c t r o - h y d r a u l i c  o b j e c t i v e  t h e  t o t a l  

l i f t  c a p a b i l i t i e s  of PS-1, PS-2, and PS-3 should b e  i n c r e a s e d ,  On b o t h  

PS-l and PS-LA, t h e  p e r i s t a l t i c  pump should b e  nlounted so- t h a t ,  as a n  

o p t i o n ,  it  can b e  e a s i l y  detached and r e l o c a t e d  n e a r  t h e  s t ream,  Througla 

r e l o c a t i o n ,  t h e  h igh-pressure  d i s c h a r g e  c a p a b i l i t y  of t h e  p e r i s t a l t i c  

pump could  be; more f u l l y  u t i l i z e d .  The pump and motor must b e  enc losed  

t o  permit  o p e r a t i o n  d u r i n g  s t ream f9.ows h i g h  enough t o  submerge t h e  

u r r i t s ,  To i n c r e a s e  i t s  t o t a l  l i f t ,  t h e  PS-2 would probably  Brave t o  be 

equipped w i t h  an  a u x i l i a r y  punrp. As mentioned previously , ,  t h e  PS-4 

should b e  equipped w i t h  a s m a l l e r  pump, 

The f l o o r - a r e a  index  of t h e  PS-3 could  b e  improved by r e a r r a n g i n g  

t h e  b o t t l e s  i n t o  a  more compact a r r a y ;  two o r  t h r e e  c o n c e n t r i c  c i r c l e s  

o r  p o s s i b l y  a  two-level. arrangement.  To a c c e s s  a l l  b o t t l e s ,  a new 

d i s t r i b u t o r  sys tem must b e  des igned ,  

The volume index  o f  PS-E, PS-2, and PS-3 could  b e  lowered w i t h o u t  a 

s i g n i f i c a n t  s a c r i f i c e  i n  p o r t a b i l i t y ,  At m n y  s i t e s ,  volume i s  n o t  of 

p r h e  concern;  however, f o r  manhole j . n s t a l l a t i o n  t h e  o v e r a l l  h e i g h t  could  

b e  i n c r e a s e d  t o  accommodate m o d i f i c a t i o n s  previous1.y mentioned. PS-3 

would a g a i n  b e n e f i t  from a  more compact b o t t l e  arrangement.  The h e i g h t  



of PS-4 could be reduced s l i g h t l y ,  but  more important ly t h e  volume per  

sample and sampling du ra t ion  could be nea r ly  doubled through use  of 

t a l l e r  conta iners .  

The weight index of PS-3 could be g r e a t l y  increased  by s u b s t i t u t i n g  

l i gh twe igh t  aluminum f o r  t h e  heavy s t e e l  used i n  t h e  frame. 

CONCLUSIONS 

1. The s t e p - t e s t  procedure was adequate  t o  d e f i n e  d e f i c i e n c i e s  i n  a l l  

samplers t e s t e d .  

2 .  A 1 1  samplers t e s t e d  could be  improved through modi f ica t ion ,  

3 .  Three condi t ions  f o r  r e p r e s e n t a t i v e  samples can be s t a t e d :  

a )  The mean v e l o c i t y  w i th in  t h e  mouth of t h e  in t ake  should exceed 

t h e  approach flow ve loc i ty .  

b) Plow i n  t h e  in t ake  tube should have a  Reynolds number t h a t  

exceeds 4,000. 

c )  Mean v e l o c i t y  i n  t h e  in t ake  tube  s h ~ u l d  exceed 20 t imes t h e  

f a l l  v e l o c i t y  of t h e  l a r g e s t  p a r t i c l e  i n  suspension. 

4 .  The e f f i c i e n c y  of p ro j ec t ing ,  downstream-angled sampler i n t a k e s  was 

n e a r l y  t h e  same a s  flush-mounted in t akes  o r i en t ed  a t  r i g h t  angles  

t o  t h e  flume wal l .  

The p re fe r r ed  procedure f o r  t e s t i n g  f u t u r e  samplers o r  modi f ica t ions  

of e x i s t i n g  des igns  is  t h e  s t e p  t e s t .  This  t e s t  is  simple and e a s i l y  

adapted t o  any sampler. By f i r s t  sampling flow wi th  a  known sediment 

concen t r a t ion  and then  sampling c l e a r  water ,  t h e  amount of carry-over 

contamination can be determined. Also, by disassembling t h e  sampler and 

f lu sh ing  t h e  sepa ra t e  p a r t s ,  s i t e s  of depos i t i on  may be loca t ed ,  
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Sampler PS-1 Date January 24, 1977 

In take  t u b e  I.D. 6.35 mrn. To ta l  l eng th  6.7 m. 
E leva t ion ,  i n t a k e  t o  sample con ta ine r s  3.8 m. 
Water temperature 4' C. 
Test  sediment AGSCO No. 4. 
In take  tube flow r a t e  15.7 m l / s .  

Curve f i t :  C, = f ( C r )  = 2.17 C, 
0.879 Corre la t ion  coef .  0.999 

Mean v e l o c i t y  i n  i n t ake  tube 49;s  cm/s. Reynolds No .  2000 

Sediment Dgo f a l l  v e l o c i t y  3 cm/s, 

Rat io of mean v e l o c i t y  i n  i n t ake  tube t o  Dgo f a l l  v e l o c i t y  17 

Table 1.--PS-1 in t ake  c a l i b r a t i o n  d a t a ,  



Sampler 9s-1 Date January 26, 1977 

C,, Conc, at Cc, Computed Cd, Conc. at Efficiency 
Reference Conc. at Sampler Sampler Delivery Percent 
Nozzle, Intake (I), Point (2),  ( 3 )  
mg/ L mg/ L m g / ~  

(1) 6 ,  = 217 C, 
0 ,879  Hean 65 

Standard Deviation 22 
(2 )  At discharge side of pump 

(3)  Eff ic iency  i n  percent - (100Cd) /c, 

Table 2.--Ramp--test data for PS-1, 

3 2 



Sampler  PSrl - Date January 27, 1 9 7 7  
+ 

Sampler Delivery-Point Sample 

Gross Sample Meaa 
Standard Deviation 

Source of Residue - Inclined channel 

Table 3.--Step-test data for PS-L. Each test consisrs of a suspended- 
sediment sample (first line), a cleatdwarer sample (second line), and 
a system flushing residue (third line). Lower-case letters reference 
values used in table 4. 
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Sample D a t e  

Sampler Del ivery  

Test C, 9 

No. 
mg/ 

Ef f i c i ency  Ef f i c i ency  Eff iciency 
f o r  f o r  of 

Step Step Sampling 
Increase ,  Decrease, Tube, 
Percent  Percent  Percent  

(1) (2) (4)  

Mean 8 ~~ean-.l@-.-- 
Idea l  = 100 i d e a l  : 100 Ides1 100 

('I) 100 a / b  

Table 4.--Computed e f f i c i e n c i e s  based on s t ep - t e s t  d a t a  i.n t a b l e  3 .  

3 4 



Sampler PS-1A Date  January  31, 1977 

I n t a k e  t u b e  I . D .  9.53 .mm. T o t a l  l e n g t h  6 .0  m. 
E l e v a t i o n ,  i n t a k e  t o  sample c o n t a i n e r s  3 .8  m. 
Water tempera tu re  4' C. 
T e s t  sediment AGSCO No. 4. 
I n t a k e  t u b e  f low r a t e  60 m l / s .  

.D, 4.76 mm. 

Computations 

Curve f i t :  C, = f ( C r )  =, 4.09 C, 
0.819 

b r r e l a t i o n  c o e f .  0.995 

Mean ve l -oc i ty  i n  i n t a k e  t u b e  84 cm/s. Reynolds No. 5200 

SedLment Dgg f a l l  v e l o c i t y  3 cm/s. 

R a t i o  of mean v e l o c i t y  i n  i n t a k e  t u b e  t o  Dgo f a l l  v e l o c i t y  28 

Tab le  5.--PS-1A f n t a k e  c a l i b r a t i o n  d a t a .  



Sampler PS-lA. Date January 31, 1977 

Cr, Conc. at 
Reference 
Nozzle, 
mg /L 

Cc, Computed 
Conc. at Sampler 

Intake (I), 
mg/L 

Cd, Conc. at 
Sampler Delivery 

Point (2), 
m g / ~  

Efficiency 
Percent 

(3) 

(1) Cc=4.09C, 0.819 
Mean 97 ----- 

Standard Deviation El 
(2) At discharge side of pump 

(3)  Efficiency in percent = (lOOCd)/@, 

Table 6.--Ramp-test data for PS-PA. 
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Sampler  PS-1A Date February 1, 1977 -- 

Gross Sample Mean 
Standard Deviation 

Source of Residue - Inclined channel 

Table 7.--Step-test data for PS-1A, Each test consists of a suspended- 
sediment sample (first line),a clear-water sample (second line), and a 
system flushing residue (third line). Lower-case letters reference 
values used in table 8. 

3 3 



Sampler PS-1A Date February 1977 

Efficiency Efficiency Efficiency 
for for of 

Step Step Sampling 
Increase, Decrease, Tube, 
Percent Percent Percent 

(11 (2) (31 

Mean 47 Mea Near2 100 
Ideal 106 I d e a l  : 100 I d e a l  106 

Table 8.--Computed efficiencies based on stepptest data in table 7. 



Sampler PS-2 Date February 2, 1977 

In take  tube  I . D .  9.53 mm. To ta l  l eng th  7  m. 
E'levation, i n t ake  t o  sample con ta ine r s  6  m. 
Water temperature 4O C. 
Test  sediment AGSCO No. 4. 
In t ake  tube flow r a t e  8 1  m l / s .  

Reference nozzle  I . D .  4.76 mm. In t ake  I . D .  7.54 mm. 

Computations 

Curve f i t  : Cs f (Cr) = 3,58 Cr 0,837 Cor re l a t ion  coef ,  0.999 

Mean v e l o c i t y  i n  i n t ake  tube  115 cm/s. Reynolds No. 7  000 

Sediment Dgo f a l l  v e l o c i t y  3  cm/s. 

Rat io of mean v e l o c i t y  i n  i n t a k e  tube t o  Dgo f a l l  v e l o c i t y  38 

Table 9.--PS-2 i n t a k e  c a l i b r a t i o n  da t a .  
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Sampler PS-2 Date February 3, 1977 

Cr, Conc. at 
Reference 
Nozzle, 
mg/ L 

Cc9 Computed 
Conc. at Sampler 

Intake (I), 
mg/ L 

Cd, Conc. at 
Sampler Delivery 

Point (2), 
mg/ L 

Efficiency 
Percent 

(3) 

(1) C, = 3.58 Cr 
0.837 

Mean 78 

Standard Deviation 19 
(2) At discharge side of spout 

(3) Efficiency in percent = (lOOCd)/Cc 

Table 10.--Ramp-test data for PS-2. 
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3.1*C.YI---I- Date  February 3 ,  1977 

T e s t  
No, 

Cc 9 

Computed 
Conc. a t  
Sampler 
I n t a k e  

(1) 9 
m g / ~  

Sampler Del ivery-Point  Sample 

Residue 
? lass ,  

g 

Gross Sample Mean 
S tandard  Devia t ion  1 i 

Source of Residue - Meter ing chamber 

Table  11,--Step-tesc d a t a  f o r  PS-2. Each t e s t  c o n s i s t s  of a suspended- 
sediment sample ( f i r s t  l i n e ) ,  a  c l e a r - w a t e r  sample (second l i n e ) ,  and a 
system fluslbirag r e s i b  ( t h i r d  l i n e ) .  Lower-case l e t t e r s  r e f e r e n c e  
v a l u e s  used i n  t a b l e  92, 4 1 



sampler PS-2 . - . . . - - . 
Date February - 1977 

Sampler De 1 l ve ry  - 

Tes t  

No. 

E f f i c i ency  Ef f i c i ency  Eff ic iency  
f  91- f o r  of 

Step Step Sampling 
Increase ,  Decrease, Tube, 
Percent  Percent  P e r t e n t  

(1) (2) ( 3 )  

Mean 32 Mean 65 Mean 104 
I d e a l  = 100 Ideal. 100 Ideal. = 180 

Sample enrichment caused by s iphoning during second purge e l eva t ed  t h e  
e f f i c i e n c y  by 4%. 

'Table 12.--Computed e f f i c i e n c i e s  based on s t e p - t e s t  d a t a  i n  %tab le  11. 
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Sampler PS-3 Date February 7 ,  1977 

In take  tube  I . D .  '9.53 am. Tota l  l eng th  6.7 m. 
Elevat ion,  i n t ake  t o  sample con ta ine r s  6 - 1  m. 
Water temperature 4O C. 
Test  sediment AGSCO No. 4 .  
In t ake  tube f l o w r a t e  40 m l / s .  

Curve f 2 t :  Cs - f(Cr) =.2.88 C, Corre la t ion  coef . 0,998 - 

Mean v e l o c i t y  i n  i n t ake  tube 55 cm/s. Reynolds No, 3400 

Sediment BgO f a l l  v e l o c i t y  3 cm/s. 

Rat io of mean vePsc i ty  i n  i n t a k e  tube t o  Dgo f a l l  v e l o c i t y  18 

Waste before  sample e x t r a c t i o n  = 0.74 l i t e r s ,  

Table 13,--PS-3 (Chickasha sampler wi th  p e r i s t a l t i c  pump) in t ake  
c a l i b r a t i o n  d a t a ,  



Sampler PS-3 Date February 7, 1977 

C,, Conc. at 
Reference 
Nozzle, 
mg / L  

Cc, Computed 
Conc. at Sampler 

Intake (I), 
m g / ~  

Cd9 Conc. at 
Sampler Delivery 

Point (2), 
m g / ~  

Efficiency 
Percent 

(3)  

Standard Deviation 7 
(2) At discharge of sample splitter 

(3) Efficiency in percent = ( 1 0 0 ~ ~ )  /c, 

Table 14. ---Ramp-test for PS-3, 
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Sampler  J'S-3 Da t e February 7 , 197 7 

Sampler ~elivery-Point Sample 

Source of Residue - Sample splitter 

Table 15.--Step-test data for PS-3. Each test consists of a suspended- 
sediment sample (first line), a clear-water sample (second line), and a 
system flushing residue (third line), Lower-case letters reference 
values used in table 16, 

4 5 



sampl e r p s - 3  Date 

Sampler Delivery 

Efficiency Efficiency Efficiency 
for for o f 

Step Step Sampling 
Tes t C~ , Increase, Decrease, Tube, 
No. 

m g / ~  Percent Percent Percent 
(1) (2)  (3)  

Mean 87 Mean Mean 
Idea l  = 100 I d e a l  : 100 I d e a l  = LOO 

Table 16.--Computed efficiencies based on step-test data in table 15. 



Sampler PS-4 Date February 16, 1977 

Intake tube  I . D .  19.1 mm. Tota l  length  6.7 m. 
Elevat ion,  in t ake  t o  sample conta iners  4 . 1  m. 
Water temperature 2' C. 
Test sediment AGSCO No. 4. 
In take  tube flow r a t e  560 m l / s .  

.D. 4.76 mm. 

Computations 

Curve f i t :  Cs = f(Cr) 
989 Carre la t ion  coef.  0,988 

Mean v e l o c i t y . i n  in take  tube 195 cm/s. Reynolds No. 24,000 

Sediment Dgo f a l l  v e l o c i t y  3 cm/s. 

Ratio of mean v e l o c i t y  in. i n t ake  tube t o  D ~ o  f a l l  v e l o c i t y  65 

Sample ex t rac t ion  preceded by 10.6 l i t e r s  s to red  i n  backflush 
container .  

Table 17,--PS-4 (PS-69 sampler  with 1/3-hp motor) in t ake  c a l i b r a t i o n  d a t a ,  



Sampler PS-4 Date February 16, 1977 

C,, Conc. at Cc, Computed Cd, Conc. at Efficiency 
Reference Conc, at Sampler Sampler Delivery Percent 
Nozzle, Intake (I), Point (2) , (3) 
m g / ~  mg/L mgkL 

Mean 107 

Standard Deviation 9 .- 

(2) A t  d i scharge  end of tubes  t h a t  lead  t o  ind iv idua l  sample beetles 

(3 )  Ef f i c i ency  in percent = (90OCd)/C, 

Table 18.--Ramp-test. data for PS-4. 
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Sampler PS-4 41.D , , D a t e  February 17, 1977- 

Table  19, - -Step- tes t  d a t a  f o r  PS-4. Each t e s t  c o n s i s t s  of a suspended- 
sediment sample ( f i r s t  l i n e ) ,  a c lea r -wate r  sample (second l i n e ) ,  and a 
sys tem f l u s h i n g  res i -due  ( t h i r d  l i n e ) .  Lower-case l e t t e r s  r e f e r e n c e  
v a l u e s  used i n  t a b l e  20, 

4 9 

--- 

Standard Devia t ion  19 

(1) C, = 1 - 0 9  C, 0.989 

Source  of Residue - Funnel and t u b e s  



Sampler IT-4 Date February 1977 

Tes t  c c  , 
blo . 

mg/ 

Ef f i c i ency  Eff ic iency  Eff ic iency  
f o r  f o r  o  f  

Step Step Sampling 
Increase ,  Decrease, Tube, 
Percent  Percent  Percent  

(1)  (2) (3)  

Mean 107 Mean %/lean 
I d e a l  = 100 I d e a l  : 3.00 I d e a l  100 

Table 20.--Computed e f f i c i e n c i e s  based on s t e p - t e s t  d a t a  i n  t a b l e  19.  
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