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BY 

W i l l i a m  C. Ra- and Robert F. PiesGf 

PREFACE 

The t e s t s  reported i n  t h i s  paper were made as part  of the progrimr 

of t h e  Federal Interkgency Sedimentation Work Group located at the 

St. Anthony F a l l s  Eydraulic Laboratory, University of Minnesota. The 

program is sponsored by the Subcomittee an Sedimentation, Intez?4'ency 

Cammittee on Water Resources. The sediment volume recorder was  on loan 

ta the  Sedimentation Laboratory as part  of the t e a t  phase of the  project 

f a r  developing improved sediment-sampling equipment. The recorder was 

developed by E3. C. Colby, deceased, formerly Project Supervisor, and 

H. B. Stevens, Jr., Hydraulic Engineer. 

Need for  Develmment 

During the past few decades, much has been added t o  the k n d -  

edge of the  origin of sediment and i t s  movement i n  streams. These 

1/ Contribution from the  USDB Sedimentation Laboratory, Sofl  and Water 
II, 

Cansewation ?.esearch Division, P ~ r i c u l t u r a l  Reeearch Service, United 
S ta tee  Department of k r i c u l t u r e  i n  cooperation with the University of 
Mississippi and the  MississFppi &ricul tural  Ekperiment Station. 

2J Mechanical Engineer, USDA Sedimentation "Laboratory, Oxford, Missis- - 
sippi  and llydraulic Engineer) North Ceatral Watershed Reaea~b G ~ ~ T ; w ~  
Columbii) Missouri, formerly of the USDA Sedimentation Laboratory. 
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advances i n  the s t a t e  of a r t  were dud t o  an increased recbgnition of 

erosion problems, which i n  turn led t o  the development of improved 

techniques fo r  sampling sediments, and f o r  analyzing and interpreting 

s d i r h e n t  movement. 

One of the most serious obstacles t o  further progress i n  t h i s  

f i e l d  i s  the  l imitation of present-day sediment-sampling equipment. 

Although automated systems a re  performing complex taslcs i n  v i r tua l ly  

every f i e l d  of endeavor, no one has yet bu i l t  a sat isfactory sediment 

sampler or discovered a re l iab le  method fo r  monitoring sediment discharge, 

There e re  several reasons for  the lacl: of automation i n  sediment 

sampling. Sediments a re  not! uniformly dispersed throughout the stream 

cross section, e i ther  i n  the ver t ica l  o r  horizontal direction. L 1 1  

present-day samplers must be immersed i n  the stream; since they of fer  

resistance t o  flow, many d i f f i cu l t i e s  ensue. k.lso, an exceedingly 

d i f f i c u l t  problem exists i n  trying t o  sample sediments w i n g  adjacent 

t o  the stream bed, 

Eeczuse limited resources have heretofore been available f o r  

sampler imprwement, we have been forced t o  coexist with elemental 

sampling procedures. During recent years, the problem has been approached 

by u t i l i z ing  electronic-, sonic-, and nuclear-detection equipment. 

Several of these methods show procdse but it w i l l  take years t o  develop 

them in to  f i e ld  research tools, Recognizing th is ,  the Federal Inter- 

Agency Subcommittee on Sedimentation directed the research uni t  a t  the 

St ,  knthony Fa l l s  Hydraulic Laboratory t o  design, build, and t e s t  a 

se r i e s  of automatic pumping samplers, 
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Three types of puqing samplers were built .  The prime objective 

i n  the design of each was t o  permit the collection of pumped-streamflaw 

samples that  did not require attendance during runoff periods. Aside 

from the basic pumping system that  was co-n t o  eech type of sampler, 

three a l t e m e t e  "handli~&' systems were built .  These involved: 

1, The weighing and automatic weight-recording of each pumped 

sample, (The sediment concentrations are  then obtained from 

the weight recorder.) 

2. The automatic collection of pint samples for  l a t e r  laboratory 

analysis. (This operation coulc! properly be called semi- 

automatic, ) 

3. Obtaining a photogrephic record of the sediment and runoff 

volumes for  each pumped sample. (The volumes are  then 

converted t o  sediment concentrations on the  basis of volume- 

weight relationships of the sediment column. The volume- 

weight relation i s  calibrated by laboratory analyses of 

single ~ i n t s a m p l e s  tket  a re  collected a t  each complete 

revolution of the ent i re  group of sedimentation tubes.) 

This l a s t  sampler, which i s  called the sediment: volume recorder, 

i s  the subject of t h i s  report, It '~72s f i e ld  tested on the North Loup 

River near St, Paul, Nebraska pr ior  to  i t s  ins ta l la t ion  on Laboratory 

Creek at: Oxford, Mississippi. The North Loup River i s  a perennial stream 

with relat ively steady discharges of runoff and sediment; Laboratory 

Creek i s  an ephemeral streem characterized by rapid Sluctuations i n  water 

level and i n  the quantity and substance of i t s  sediment load, S a d  

comprises a large fraction of the sediment loa2 of both streams, 



The Sediment Volume Becorder 

The principal elements of the sediment volume recorder (Figure 1) 

a r e  the 72-unit bo t t l e  rack and the 12wni t  sedimentation tube rack, 

These racks a re  mounted on motor-driven shafts  tha t  a re  made t o  ro ta te  

in to  sampling position a t  the proper time, A brief explanation of 

sampler aperation, on a perennial stream, follows. 

An e lec t r i c  timer s t a r t s  the cycle a t  30-minute intervals  by 

opening a solenoid pinch-valve which allows water from a flush tank t o  

purge the  sampler intake system of debris, The pump then s t a r t s ,  and 

r ive r  water i s  pumped in to  the system for  about 90 seconds, The water 

i s  wasted, f o r  the  f i r s t  minute, i n to  a flush tank which overflows back 

t o  the stream. After about a minute, when a water-sediment equilibrium 

has been established throughout the intake system, a s p l i t t e r  solenoid 

d iver t s  the  flow in to  a sedimentation tube. About 1500 m l  of water- 

sediment mixture is sampled i n  3 t o  4 seconds. This tube i s  photographed 

f ive  and one half hours l a t e r  so that  t he  volumes of se t t led  sediment 

and the  sediinea~-imtcr mixture can be obtained by reading the  sediment 

volume indicator level and sediment level, After 6 hours have elapsed, 

the  tube has dumped i t s  s q l e  and i s  again i n  sampling position. 

With each complete revolution of the  sedimentation tube wheel 

(12 tubes), one s p l i t  sample i s  automatically collected i n  a pint bo t t l e  

f o r  sediment concentration analysis i n  the laboratory, 

A tapper operates a t  the "samplei' position t o  ensure that  the 

sediments do not deposit unevenly i n  the sedimentation tube; another 

tapper aids i n  dislodging sediment from the tube during the "dumpN cycle. 



For more detailed descriptions of the  devices l i s t ed  above, one 

3 / may refer  t o  a report by H, H. Stevens, Jr., ent i t led Report Q.- 

The Laboratory Creek Set= 

The objectives of the t e s t s  were t o  determine the  operational 

r e l i a b i l i t y  of the campanent par ts  of the unit ,  both individually and 

collectively,  t o  determine the sampling efficiency of the unit ,  and t o  

adapt the  uni t  t o  a small ephemeral strean. A. s i t e  on the small ephemeral 

stream behind the USDA Sedimentation Laboratory, and about 120 fee t  above 

a stream gage-sampling station, was selected fo r  the t e s t  (Figure 2). 

The drainage area above the s i t e  i s  about 1% square miles, 

The stream has a trapezoidal-shaped a l luvia l  channel composed of 

bed material with a median diameter of about 400 microns. Average 

channel depth i s  about 6 fee t ;  channel width is ebout 20 feet,  A 25- 

degree bend a t  the s i t e  of the ins ta l la t ion  causes the flow t o  concen- 

t r a t e  s l ight ly  on the sampler s ide of the stream; therefore, the  veloci- 

t i e s  along the wingv7all of the sampler intake are somewhat higher than 

would normally be expected a t  the water's edge. Plow veloci t ies  at: 

midstream sometimes exceed C fee t  per second. 

Sediment concentraf;ims vary widely with watershed and met eoro- 

logic conditions although they do not usually exceed about 30,000 ppm. 

3/ St. Anthony Falls ;3ydralic Lzboratory, "Investigation of a Pumping 
I 

Sampler with Alternate Suspended-S ediment Bandling Systems, " Report Q, 
Progress Report, June 1962. Prepared by 11. B, Stevens, Jr., Hydrau- 
l i c  Engineer, Federal Inter-Agency Sedimentation Project , 
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About 1/3 of the t o t a l  sediment load i s  sand; a significant portion (up 

t o  4 percent) of the sediment i s  colloidal material which does not readily 

se t t le .  

To adapt the sediment volume recorder for  operation on an ephemeral 

stream a mercury switch was mounted on a common water-closet f loa t  and was  

placed i n  the  well of the water stage recorder. The f loa t  was se t  t o  

act ivate  the timing motor whenever the water rose above the sampler intake. 

A 1/10 rpm timing motor was substituted fo r  the 1/30 rpm motor 

used on perennial streams. This motor is  the primary control fo r  a l l  

sampler ac t iv i t ies ,  which take six minutes; the ten-minute sampling 

cycle was chosen so that  sediment concentration graphs could be defined 

adequately d u r h g  short, high-intensity storms. blso, some time was 

needed between cycles t o  adjust sampler components. 

The pump intake was so placed that sampling could s t a r t  when the 

water reached a depth of 6 inches, and the f loa t  was positioned i n  the  

gage well t o  s ta re  the unit  when the water reached t h i s  depth. To 

cor re la te  stages with samplinz times, a 6-volt relay-operated recording 

pen was instal led i n  the housinz fo r  the A-35 warem: stege recorder. The 

pen was wired in to  the s p l i t t e r  solenoid c i r cu i t  so that  a marlc was made 

on the  lower edge of the chart each time a tube sample was taken. 

&ter these necessa~y modifications t o  adapt the  sampler l o  e 

small ephemei-a2 stream ~7ere coapleted, a number of attempts were made 

t o  co l lec t  automatic samples without fur ther  a l terat ion of the cowonent 
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parts .  These attempts were unsuccessful, however, a s  the  o r ig ina l  

impeller pump did not pull. water from the  stream, The check valve did 

not hold a prime because of sand par t i c les  lodging in the  valve seat ,  

and t h e  brass pump par t s  were scored beyond use by t he  sand pa r t i c l e s  

with a frequency which made repairs  impractical. 

The addit ion of a solenoid pinch valve t o  insure  a prime did not 

solve t h e  problem, so  t h e  impeller pump was f i na l l y  replaced by a rotary  

screw pump which was  more r e s i s t an t  t o  wear and a l so  provided a higher 

vacuum l i f t ,  The un i t  was now ready fo r  tes t ing,  

Cycle of Operation f o r  Tests on Laboratory Creek 

During runoff events, a tube sample was taken every ten minutes. 

Below i s  a l i s t  of cycle events i n  t he  order of occurrence. 

1. me cycle was s t a r t ed  when t he  f l oa t  i n  t h e  gage well 

activated the l/l0-rpm timing motor, which i n  turn  s t a r t ed  

the 113-rpm and li6-rpm timing motors. 

2. The 1/3-qm t h i n g  motor activated t he  solenoid pinch valve, 

whfch allowed flushing w t e r  t o  flow back t o  t he  stream 

th~nugh the  intake. 

3. The l / C - r p m  timing motor activated the  solenoid on t he  16 mm 

xrm? 2 camera so t ha t  c single-frame photograph could record 

t 5 o  r~6frrent  accumlation and water height i n  the  sedimenta- 

t: tr'l ? 1 1 3 ~  T J ~ ~ C F :  he2 previously f i l l e d  11 cycles before. 

4 .  1 .'.t .. :-he p;~stczroph t7as taken, the  wheel mtor wsls s t e r t ed  

an2 the  tube wl-eel wes roteted by the  lib-rpm t iming motor. 
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The wheel motor was stopped by a l i m i t  switch when t h e  next  

tube  was i n  posi t ion.  

5, The 113-rpm timing motor ac t iva ted  t h e  pump f o r  100 seconds. 

For t h e  f i r s t  50 seconds of t h i s  time, t h e  s p l i t t e r  was i n  

t h e  waste pos5tion t o  allow t h e  sediment concentret ion t o  

become constant and. t o  replenish t h e  f l u s h  water. 

6, The 1/6-rpm timfng motor ac t iva ted  the  dump solenoid and 

dump tapper motor. The dump solenoFd drained t h e  tube, which 

wzs photographed et t h e  beginning of t k e  cycle,  and t h e  dump 

tapper helped t o  loosen t h e  sediment. 

7 .  A t  t h e  end of t h e  waste tj-me, the 1 '3-lcpm timing motor ac t iva ted  

the  s p l i t t e r  solenoid, tthich moved t h e  supply l i n e  t o  t h e  

sample positfor,  f o r  about 5 seconds. This c i r c u i t  a l s o  

actlvatec? t h e  m r k i n g  pen i n  the  A-35 recorder housing. 

n 
U. The sampler rapper motor wes  i n  operat ion during the  6 minutes 

t h a t  t h e  1,'6-qm motor was i n  opesatfan, t o  assure  a more 

even compection of s e t t l e d  msteriols .  

9, If no a m p l e  wes brought i n  by the  s i l t  pump, t he  n o r m 1  

cycle  of operatfan was discontinued and t h e  normal cyc le  

was s t a r t ed .  

The se fe ty  eycle  was not a l t e r e d  f o r  t h e  Laboratory Creek i n e t a l -  

l a t i o n ,  so it i s  not covered i n  t h i s  report .  A f u l l  desc r ip t ion  may be 

found i n  Report Q, previously referenced i n  t h i s  report .  



TEST PROCEDURES 

Test Period 

The sediment volume recorder was operated through 17 storms 

during t h e  period April 1952 through July  1963. The pumped simples were 

compared with concurrent samples collected by A2iS personnel with a USDH-4s 

hand sampler. These l a s t  samples were e i t he r  point-integrated a t  the  

intake, depth-integrated a t  the  intake ver t i ca l ,  o r  depth-integrated through 

t he  e n t i r e  channel cross oection a t  the  pump intake. I n  addition, most 

of these runoff events were sampled et, the  normal cross section near t h e  

gaging s ta t ion.  

ca l ib ra t ion  and S w l e  Analyses 

Shortly a f t e r  the  uni t  was placed i n  operation, each sedimenta- 

t fon tube was volumetrrically calibrated,  a d  procedures were s e t  up f o r  

col lect ing mc! anclyzing the  pumped samples. For each storm sampled 

thereaf te r ,  personnel were present t o  record the  f i l l  time f o r  each 

tube, the  height of the  sediment column, and the  f l oa t  reading. The 

volume of the  sampled water seziment mixture determined the  f l o a t  reading. 

I n  adddtion t o  the s i n s l e  ptcture,  which was talcen automatically, 

several  others were usually tzker! manually. The extra  pic tures  showed 

E pointer  indicating the  sediment-wcter in terface ,  and a card giving 

each tube number, dctc, =d time of f i l l .  This procedure was followed 

because location of the  in te r face  was sometimes obscured by t he  formation 

of foccules. Many of t he  sanples were then ccught i n  bo t t l es  arid carr ied 

i n t o  the  laboratory f o r  analysis. 



Standard mdyseo  by lcboratoty personnel involved the separa- 

t ion  of sand from the oilt-clay fractions by wet sieving on a No. 230 

(.062 m) U, S. Stendarc! sieve; the concentrotion of eoch sediment compo- 

nent was expressed i n  par ts  per million. The to te1  concentretion was de- 

termined by summing the concentrations of the fines, s m d e ,  a d  organic 

m t t e r .  

Cmon.ent Eveluat ion 

The mechnnicrl operation of a l l  parts of the sampler was closely 

observed throughout the t e s t s  t o  determine causes of m y  component ual- 

function. In some i n s t a c e s  the cause of fa i lure  was d i f f i c u l t  t o  ascer- 

t a n  because m y  of t h c  component functions were mutuelly dependent. 

Thus, a malfunction of one component tvouli! cause an apparent f a i lu re  of 

another. 

The  component^ a rc  evaluated es follows: 

1. Pemote recording uni t .  The remote marlring pen and accon.aV 

nying wiring t o  the power supply and sampler splitter c i r cu i t s  geve 

excellent performance. The only fa i lure  occurred on March 5, 1963, 

when a sectson of f i l l  a t  the bridge washecl out. This caused o short: 

i n  the pen c i rcu i t .  

2. Remote f loat  epparatus. This simple arrangement gave trouble- 

f r ee  operation throughout the rests.  No study wes made t o  determine the 

exact stage of sempler activation or  deactivztion, but the f loa t  was 

adjusted so that  i . ~  approximeted the  elevation of the top of the pump 

intake. 
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3. Intake system. Cnly t he  physicel system i s  considered here, 

an evzluetion of in take chcrrc ' ier is t ics  i s  discussed elsewI?ere. 

The intake system ~ 2 v e  much trouble during i n i t i a l  

s m p l e r  development. Pcrt  of t h i s  d i f f i c u l t y  uunt be ascribed 

t o  a f au l t y  pump which 5rss l a t e r  replcced. 3ecause it was 

suspected that the  intalce system t7eo not maintaining e prime, 

an ex t re  pinch valve solenoid was a l so  i n s t a l l ed  i n  t h e  lirie, 

Therenfter, only one in tdce nalfunction occurred during t he  

17-storm t e s t  period. This happened when a st7ee:Zum b a l l  v72s  

d r a m  i n t o  the  system durlng t h e  Ifarch 5, 1963 storm. Tile 

intake-flush system i s  considered re15 able. 

4 .  Pump. f l ~ e  impeller pump was not su i t sb l e  f o r  operction, 

probably due t o  the  large  mount of sand i n  suspension i n  

Laboretxiry Creek. A rocary screw pump vhich gave a higher 

vacuum l i f t  was i n s t a l l ed  i n  Lprll  1962. The new pump 

performed sat ls5ector i ly .  

5. Drive-motor, center shaf ts ,  m d  geer-drive mechanisms. The 

gears, gccr shaf t ins ,  and bearirizs c ~ u s e d  meny of the  un i t  

melfunctions. Zome of t h e  f e i l u r e s  which were associated 

with these un i t s  a re  l i s t e d  Eelotv: 

a. :lack i n  the  geers end gezr sbaft ing a l l o t ~ d  misalign- 

ment of component par t s  of the  un i t ,  csusing improper 

f i l l i n g  of tubes and bot t les .  

2. Loose genrs 2nd shef ts  ccused i n s t n b i l i t y  of the  tube 

&eel. This frequently permittec! the  tube wheel t o  
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r o t e t e  enough t o  relerzse the  microswitch which, f n  turn, 

s t a r ted  t he  wheel motor out of phase with other cycle 

events. 

c. Eleclc between the  shef t s  m d  Searings caused excessive 

s t r e s s  and weer on geer t e e th  from improper engegement. 

6. SeCimentetion tubes. 13e sedimentation tubes were mede of 

g lass  md were eas i ly  broken. 2eplacement s were expensive 

and d i f f i c u l t  t o  acquire, P las t i c  subs t i tu tes  were found t o  

be unccceptaLle, however. The e l i~nment  of the  tubes i n  t h e  

tube rack i s  somewhetcri t ical .  Some d i f f i c u l t y  was experi- 

enccc'. with the  sediment smeerlng the glass ;  t h i s  mede it 

d i f f i c u l t  to read the  l eve l  of sediment accumletion.  Leak- 

age et the  gasket seats  of the sedimentation tubes sornetLmes 

occurred. Ynis resulted i n  e loss  of per t  of the  scmple. 

7. 'fie tube ~7heel (tube-mounting rack). This i s  the  assembly 

i n to  ~al..ich t he  12 tubes e r e  placez, ar?d includes f l o a t  

assemblies and staff gages f o r  determining t h e  height of t h e  

sediment end water columns. The def lect ion of t he  tube 

wheel. under d i f fe ren t  loeding conditions ( s s  the  tubes 

f i l l e d )  seriously affected t he  operation of t he  e n t i r e  un i t  

by rendering the control  microst;ritch ineffective.  S t i f feners  

were eddec? t o  the tube wheel t o  reduce t h i s  deflection.  

The f l o a t  pulleys which were mounted on t he  tube wheel 

near t he  top of ezck of t he  1 2  sedimentation tubes d i d  not 

r o t a t e  freely. This c ~ u s e d  e r m r s  i n  reading sample volumes. 
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This t rouble  could probably be corrected by i n s t a l l i n g  pulleys 

~ d t h  b e t t e r  bearings. 

2. 30Ltle wheel. Some d i f f i c u l t y  was encountered by nonalign- 

ment of sample bo t t l e s  with the splitter, w i t h  the result 

that some of the samples were l o s t  by spil lage.  Much of t h i s  

t rouble  wns due t o  the gear system which drove t h e  bottle- 

wheel t ab le ;  some was due t o  the f r c t  the: the  s l i d ing  p l a s t i c  

" sp l i t t e r "  assembly would "bind':. 

I n  m y  event, t h i s  feature of t h e  sedfment volume recorder 

wcs not adapted t o  our  needs on e small ephemeral stream. 

Only one scmple czn be  col lec ted with each complete 2-hour 

revolution of t he  tube t k ee l ;  therefore, it taas possible  t o  

e7qerience a major szorm and s t i l l  not have adequate sample 

coverszc. 

Fiuch Zhouzht wzs gfven t o  changing the un i t  so tkzC more 

f reqvent bot.21~-wheel samples could be obtefned. ;%is could 

not  be d o ~ e  without ee:rtensive modificetion, however, b e c ~ u s e  

the camera, dump, and fill posizioris are consecutive. 

9 .  S a p l e  s p l i t t e r ,  Althouzh minor B i f 3 c u l t i e s  were expertenced 

with the s p l i t t e r ,  sc"mpling solenotd, and associeted mechan- 

i s m s ,  these  units are f a i r l y  rel l&le.  

LO. F - e  dump essemblies. The dump solenoid i s  very effective.  

31e metor ZTf f cu l t y  wzs due t o  the  brass rods soldered 'co 

the dump mec3mism; they frequently Erolce loose and EeI1 out. 

In  fukure use of t h e  smpler ,  this  undesire3le fea tu re  

can be corrected. 
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Tappers. Yne purpose of the tapper et the sampling position 

was  t o  level  the precipitating sediments i n  the neck of the 

sedimentation tube; the function of the dump tapper was t o  

dislodge end help drein the sediment from the tube when at 

clump positlton. 

The tappers senerally did not operete sat isfactor i ly .  

thlfunctions were mostly due t o  inadequacies of tepper 

design, althouzh some trouble occurred becrmse the tubes 

were not roteted in to  proper position. 

Photographic record. 'The photogrephic recordo of the  sedi- 

ment and wcter levels of each sedimentation tube a re  very 

important. Some minor d i f f i cu l t i e s  were attributed 'to 

irnpmper l ighting end subsequent fi lm exposure; another 

eerly problem t7as caused by a misfit  of the shutter relecse 

threads wL& the tapped threads of the canera housing. Pa 

occesional "misfire" was due t o  improper adjustment of the 

solenord arm. 

llthouzh the 2bove problems occurred during the e~rly 

operetion of the sempler, they were largely overcome. 

The r m i n i n g  d i f f icu l ty  was the inabi l i ty  t o  locete  the 

water-sedimmt interface. %:is problem was due to: 

a. 'Sle turbidi ty  of the water (because the colloids do not 

s e t t l e  out.) 

c. me slnining of the tube glass by previous f i l l  cycles. 



Figure: 3 
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c. 3.e fornetton of f loccules i n  the neck of t he  sedimenta- 

tLon tube during ce r t a in  storms. LCese f loccules formed 

ebove the  p r e c i p i t z t d  sediments, and it wes d i f f i c u l t  

t o  discern t h e  t r u e  v7zZer-sedime~t in terface ,  even with 

the  n&.ed eye. 

13. 3 z e  safety  cycle. Although the  safe ty  cycle functioned as 

Intended f o r  a perennial streem, i t  i s  not e desi rable  fea ture  

fo r  small ephemeral streuns. Fxcept f o r  t he  presence of *. 

personnel to manually in terrupt  it, the twelve-hour cycle 

taould have caused t h e  uni'i t o  remain inoperative through 

several  runoff events. 

DATA COPfPARISO~!S 

S ediment-Volume FE lat5-p 

The Laboratory Creek t e s t s  shoved the  sedbent-volume re la t ionship  

t o  be t h e  g ree tes t  problem i n  .?he determination of sediment concentration 

f o r  pumped samples. A p l o t 0 2  dry v7eigEc versus t he  volume of deposited 

sediments i n  t he  sedimentation tube, es skovm i n  Tisure 3, reveals e 

s c a t t e r  from .5 t o  2.5 grams per cubic centimeter. %is range of values 

i s  obviously too z r ec t  end Zhere i s  strong indicat ion t ha t  i t  resul ted 

from the  i n a b i l i t y  to read t h e  volumes accureLely when t h e  t o t e l  volumes 

were small. This i s  illus.2raked by Figure 4, i n  which dens i t i es  of 

s e t t l e d  materials  from the  sedimentation tube samples a r e  plot ted ageinst: 

t o t a l  volumes of s e t t l ed  mrteriols .  The greates t  s c e t t e r  occurs at low 

t o t a l  volumes, 3 igure  5 shows t hc t  t he  dens i t i es  of the  s e t t l ed  materials  
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increesed trith increases i n  gage height. %is re la t ionship  between density 

anc! gage height was probably influenced considerebly by the  increase i n  

send conten& with increase i n  gase height. LTxe f a c t  t ha t  sand content 

increased with gzge height i s  sho~m in Bigure 5, and Figure 7 shows t h a t  

t h i s  increase i n  sand content ceused an increase i n  density. 

Sample Comparisons 

I n  Figures 2 t o  12, t he  concentration curves e r e  based upon hand 

seaples collected by the  equal t r m s i t  r a t e  procedure, These curves 

are considered representatfve of t he  cross  section concentrations f o r  the 

selected storms. The concentrmtiono f o r  t he  specia l  sample$' a t e  p lot ted 

on these graphs so tEEt a v i sua l  comparZson c m  be made between t he  

concentrations of sd iment  i n  the  specia l  svnples m d  the  repreoentative 

cross  section s q l e  concentrations. 

T t  i s  noted from these  f igures m d  Table I t h a t  approximetely SO 

percent of the specia l  samples had lower concentrations than t h e  depth- 

in tegrated semples, 9 igure  13 sI..ows t h i s  same re la t ionship  and, i n  

addition, ind ica tes  t ha t  t h e  deviation of pumped and pump-inteke sarnplg 

cor,cen"tretions from the  me= s t rean  concentrations increased with 

increasing stese.  

The samples compared i n  Tables 1-111 end plot ted i n  Figure 13 

were chosen because they were taken concurrently, thereby eliminating 

t h e  chance of e r ro r  which might have been Induced by a time difference. 

4/ "Special samples" r e f e r s  t o  a l l  samples , taken f o r  comparison with - 
cross  sect ion setmples. 
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comparisons i n  Pablc I show tha t  the  everage r a t i o  of concentrations 

of pumped samples 'co c o ~ c m t r e t i o n s  of c?ept!--ir.:egroted sanples wes .C5. 

5Tis r a t i o  increased drrsi-i.,g the t e s t s ,  whlcir inZ5cetes 'chat tke r a t i o  was 

affected by en increase in werege Eel e l e v a t i o ~ s  of &:,out three  inches. 

Yr?,les XI a d  11': s h o ~ ~  tha t  the concentrations of pump samples, on t h e  

average, agree f a i r l y  we11 vrL" h t h  concer,trations of " t h e  "poin2" 

' ' s ingle  vertical:' sauples. The merage m t i o  of concen2rations 04 pumpecl. 

s m p l e s  t o  the  conceritratLons of point and s ingle  v e r t i c a l  omples was 

1.01. Each of t he  above tcb les  ~!:OWG tI?a",the sand contenZoof the pumped 

samples r e l e t i v e  to the sen6 content of each of the specia l  samples was 

ven j  e r ra t i c .  In eecb czse, %owever, 9 t e  avercge r a t i o  04 s a d  concen- 

t r a t i o n  of e l l  oeker camples wnc usually g ree te r  'chm 1. L1.2hougE.1 %here 

were l a rge  dwia"ionc 17it12 respec2 t o  gage heig!." the re  ves e def io ice  

trend tot~ard higker sonil content et higher stezeo of flow. 

l a y  overal l  evaiuatioii of ehe sempler ms2 be based upon the 

aclzptaZlon of eEe various sampler charac2erfst ics 20 a given s i tuat ion.  

It i s  essumed tha"Ltl:e srmpler c m  be m e  opernkional (mechanically 

re l i ab le )  and t h a h o  mafor modificc.tiorrr; a r e  necessary. Tor what 

condi2ions, then, i s  the  sampler best suiteZS :%at a r e  the lid tin^ 

conditions f o r  p r ec t i c s l  operation: l s i d e  from rnecltrcilical d i f f i c u l t i e s  

ettribu-Zec? t o  various sampler compocents, t he  following fectors  l i m t 2  

t h e  sampler operetLon: 
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1. Intdce characteristics.  Results of prevfous sediment sampler 

tes t s ,  as well as the preoent one, indicate e concentration 

difference between pump samples er,d those collected at the 

pump intake by conventional. equipment, Comparisons, from 

Table 111, for  example, show tha t  the r a t i o  of point samples 

t o  pump samples varies from 0.34 t o  1.57, There i s  well- 

documented evidence that  the point concentration a t  the 

intake veries, within rether wide l i d t s ,  from the represent- 

a t ive  cross-section concentration. The amount of variation 

also changes tdth stege, secson, and ~ 6 t h  intake location. 

A consideration of intdce character is t ics  then leads t o  the 

conclusion that  sampler performance i s  best fo r  streams where 

aediments e re  well mixed. 

2, Quali ta t ive and auantitative var iab i l i ty  of sediments. Large 

changes i n  the oize dis t r ibut ion and the concentration of 

oedimen'is occur during a given storm runoff period. These 

variettons a re  elso ceused by chaq-ing season, land use, etc,, 

and they affect the operation of the sediment volume recorder 

i n  severel ways: 

a. volume-weight relations1,ip i o  a funcrion of the s i ze  

distribution of deposited aediments. The var iab i l i ty  of 

sec?inenr density i n  the se t t l ing  tubes i s  qui te  serious. 

The calibration cuwe of Figure 3 show a plot of dry 

sediment weight versus volume. me sca t te r  i s  readily 

evident. 
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b. %-&is uncerteinty i n  the  volume-weight re la t ion  i s  a l so  

a func2ion of the  t o t a l  volume of s e t t l ed  sediments as 

indicizted ir Yigure 4. Vhenever there  i s  a la rge  

Sluctuation i n  sediment concen:rations, the  diameter of 

the  kkroat of the  sedimenletion tube must be l a rge  enough 

t o  contein t he  deposit. 3y such a Zesign, however, low 

sediment concentreZions accumulate t o  low heights i n  the 

tube, mcl the  e r ro r  i n  resding column helghts i s  often 

es much as 25 percenE. 

This source of e r ro r  could be eliminated by the  use of 

sec'iime~tetion tubes with tapered necks, but inquiry indica- 

ted t ha t  the  cost  of makir.= such tubes was prohibit ive.  

The a l t e rna t ive  i s  t o  l i m i t  sampler use t o  those streems 

t h a t  do nok have widely-flucfunting concentrettons. 

3 .  Inef f ic ien t  oseretion (inadequate bottle-wheel s m l i n g )  on 

ephemeral s'cremm. The bot tle-wheel fea tu re  of t he  sedimenz 

volume recorder i s  not adepted fo r  use on small ephemeral 

s t r e w s ,  es previously discussed. 

4 .  Gpera t i on~ l  d i ~ f f i c u l t i e s  due togower  requirements, cold 

weather, and the  general vulnera5i-lity of the  complex sempler 

"pack~ge". Pract ical  considerations associated with t he  

i n s t a l l a t i on  of the  sediment volume recorder a r e  the  

g-ro:;imity t o  power l ines ,  the use of power un i t s  i n  remote 

locations, and provisioxs f o r  operation i n  the  several  cold 

weather months during which s ignif icant  runoff occurs. 



The f i e l d  condit ions under which .;-he sediment volume recorder, 

as not7 const i tu ted ,  c ~ n  most su i t ab ly  operate, ~ ~ o u l d  be t o  sample 

" t o t a l  load'' from a l a r g e  perennial  stream. A t  a t o t a l  load s t a t i o n ,  

:he sediments a r e  near ly  uniformly d i s t r ibu ted  through t h e  r i v e r  cross  

sec t ion,  e i t h e r  by nz tu re l  o r  by a r t i f i c i a l  meens, so  t h a t  a l l  sedfments 

a r e  i n  s u s p e n s i o ~ .  Llso, we  would e-xpect l a r z e r  percentages of coarse 

mazerial an3 l e s s  va r ia t ion  i n  sediment concentration at these  locations.  

These circumst;mces would tncrease t h e  accuracy of t h e  volumetric 

c a l i 3 r a t i o n  of t b e  sanpler.  

The sedimen? volume recorder i s  l e a s t  su i ted  f o r  operetion on a 

small ephemeral stream, because of the m - y  reesons ci ted.  Kowever, t h e  

modifications added at C::ford t o  adapt the  sampler t o  t h i s  type operation-- 

remote apparatus, etc.--t~orlcec)! f ine.  i f  one i s  s e t i s f i e d  with the l imi ted  

accuracy of t h i s  type of operation, some benef i t  can be derived from it. 



Figure 1.--Sediment volume recorder Installation, with 
sedimentation tubes at top of photo and 
partially f i l l e d  bottle rack at bottom. 
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