


INTROrnCTIOE 

A program t o  d.evel.op a gauge capab1.e s f  cont inuously measuring 

the  suspended sediment concentrati.tr:n i.n flowing s t reams,  ba.sed upon 

the  a t t e n u a t i o n  of X-rays as they pass  through muddy water ,  has been 

conducted f o r  the  p a s t  forir yea r s  by Parsmet r ics ,  I nc . ,  Waltha,m, 

Massachuset ts .  This -work w a s  supported f i , nanc i a l l y  by the U. S. Atarn.ic 

Energy Commission, Divi  si.cn of 3:sotope DevePopment , and wads sponsored 

'by t h e  Sedimentation Su.bcommF%tee o.f t h e  :Federal. Interagency Committee 

on Water Resources (1.). Technical  g,v.ida,nce was provided by the  

Sedimentat ion Subcommittee's Technical  Committee f o r  the  Sedimentation 

p r o j e c t  a t  t he  S t .  Anthony Pa.13.s Hydraulic Laboratory,  Minneapo1.i~ , 

Minnesota. 

The development of t he  des ign  of the  sedimsnt gauge and r e p o r t s  

of l abo ra to ry  performa-nce t e s t s  k.a.ve been s u ~ m a r i z e d  f o r  e a r l i e r  

models of  t h e  instrument  b:y %:i,eglsr and c:s-workers (2 ,  3 ,  4 ,  5 ,  & 6) .  

Parametr ics  sedi.men.t gauge, S e r i a l  No. 031, was recei.ved a t  t he  

USIIA Sedimenta.tion Laborat@ry i.2 ,Ja:rl~,ary, 1966. Psl,lowing the  

completion of ca%ibra,&l.csn. t % s t s  i.n. t:b.e "k,a.bsratary, f i e l d  ins ta1 la . t ion  

on Pigeon Roost Creek, Ma.rs;l-,al:l. !C:x. :~. ty,  Mi.ssi ,ss ippi ,  was completed 

February 8. This r e p o r t  de.ta.Fls k'i-~e:;e a . c t fv i . t i e s  a s  w e l l  as r epo r t i ng  

the  fie1.d r e s u l t s  obtained dur ing  t h e  tese pe r iod ,  February 8 through 

March 31., 1966. Ana.l.yc;es and Fn.ker.preta~i.o:n.s of the r e s v 1 . t ~  a r e  made 

and sugges t ions  f o r  impro.iled performance o f  fuf-u.:re models of the 

sediment concentra.t ion g2uge a r e  presenked, 



EQEZPKENT AND METHODS 

of t h e  gau,gg. The P a r a m e t r i c s  Sediment Gauge, -- 
S e r i a l  No. 801, h a s  been d e s c r i b e d  by Z i e g l e r  and co-workers (2 ,  3 ) .  

'The complete  u n i t  i s  shown In P i g u r e  1, It c o n s i s t s  of two components, 

t h e  Sens ing  u n i t ,  which i s  i n s t a l l e d  i n  t h e  seream, and a  r e c o r d i n g  

uni.t  on sln.ore. The s e s s i n g  u n i t  c o n t a i n s  t h e  r a d i o a c t i v e  s o u r c e ,  abou t  

errj.0 m i l l i c u r e s  of cadmium-109 (tk = &%0 days) ,  t h e  s w i t c h i n g  

mechanism, a  r e f e r e n c e  c e l l  ( d i s t i l l e d  w a t e r ) ,  and t h e  s c i n t i l l a t i o n  

d e t e c t o r ,  S i g n a l s  and power a r e  t r ansmi . t t ed  between t h e  probe and t h e  

s h o r e  u n i t  by a  5 0 - f o o t  f l e x i b l e  wa te rproof  c a b l e .  The s h o r e  u n i t  

conea ins  t h e  r e a d - o u t  mechanilsm, p r o g r a m e r ,  t i m e r ,  and o t h e r  n e c e s s a r y  

e l e c t r o n i c  c i r c u i t s .  The u n i t  i s  powered by f o u r  1 2 - v o l t  r e c h a r g e a b l e  

baf-.%cries, S e v e r a l  dif&eren..t v o l t a g e s  a r e  s u p p l i e d  t o  t h e  equipment.  

In %be f F e l d  t e s t s  t h e  s t r e a m l i n e d  p o r t i o n s  on each end of t h e  

se::.sfgg u n i t  shown i n  F i g u r e  I were removed. 

D e s c r i p t i o n  pf o p e r a t i o n ,  According t o  t h e  manufac tu re r  

(31, %he gauge o p e r a t i o n  i s  a s  fo l lows :  

'CThe o p e r a t i o n  of t h e  gauge i s  based on measur ing t h e  r a t i o s  of 

ebe  a t t e n u a t i o n  of X-rays through t h e  r i v e r  wa te r  and through a  

refere:qce c e l l  c o n t a i n i n g  d i s t i l l e d  w a t e r .  T h i s  r a t i o  i s  a  f u n c t i o n  

of t h e  c o n c e n t r a t i o n  of suspended sediment i n  t h e  r i v e r  w a t e r .  The 

X-rays a r e  p rov ided  by a  cadmium-109 r a d i o i s o t o p e  whose p o s i t i o n  i s  

r a p i d l y  swi tched  mechan ica l ly  t o  a l l o w  a t t e n u a t i o n  measurements t o  be  

a l t e r n a t e l y  made on t h e  r e f e r e n c e  c e l l  and on t h e  r i v e r  wa te r  ( F i g u r e  21, 



Figure  1, Parametr ics  sediment concen t r a t ion  gauge. The 
sens ing  u n i t  i s  on t h e  l e f t ,  t h e  sho re  u n i t  w i t h  
r eco rde r  i s  on t h e  r i g h t ,  and t h e  b a t t e r i e s  a r e  i n  
the  background, 
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Figure 2 .  Schematie diagram of Parametrics sediment gauge. 



lrA s s c%nt i l l a t i on  d e t e c t o r  conver t s  the  X-ray energy i n t o  

el .e.ctri .eal  pu l se s  which a f t e r  ampli.fica.tion a r e  fed i n t o  a d i f f e r -  

enti.a.1 d i , sc r imina tor .  It i s  designed t o  d i s c r imina t e  pu lses  over  

a range equiva.lent t o  9 kev and 40 kev of X-ray energy. 'The output  

pubes conta in ing  i n f o m a t i o n  about the  d i s t i l l e d  water  a r e  then  

stxzer2d by the  ga,t ing c i r c u i t  t o  counter  9. Simi l a r ly  t h e  pu l se  

:i.n:Eorrnation :f:roz t h e  r i v e r  water i s  s t e e r e d  t o  counter  $1, The 

dura,"i.on during which pu l se s  reach e i t h e r  eo,unter i s  determined by 

a h igh ly  sta.ble t imer ,  Af t e r  coun.ter I has  rece ived  524,288 pu l se s  

:it feeds  back a s i g n a l  t o  the  ga,te c i . rc .u i t ,  b locking a l l ,  pul.ses. 

A t  the  end o:f t he  l 5  minute per iod the  c h a r t  recorder  i s  a c t i v a t e d  

and t:t,e b inary  in format ion  of counter  1% a f t e r  p rocess ing  by t h e  

31.A eqnver te r  i s  p r i n t e d  ou t  i n  analog form onto t h e  s t r i . p  chs.rt. 

:Fr;>ar a.:nalsg ou tputs  a r e  recorded., separa ted  by a s h o r t  t i m e  i n t e r v a l  

o.f ZE.PO am,pl:f tud.e. Af t e r  a . l l  four  o u t p ~ t s  have been recorded ,  t he  

c.ow.n.t:era a r e  zu toma t i ca l l y  r e s e t ,  s ta , r tFng a new cyc l e  s f  d.ata. 

acqu.:i.si t i o n ,  processi..ng and record ing ,  

Gal.Libratisn sf & =Elige. 'nie Para;metrics sediment csncent re t i .oa  --- -- 

gg;u.ge, Se:ri.i;i,,l No, 00%, was ca.%:ibrated i n  t he  USDA Sedimenta,tf on La,bora to ry .  

.-rh -,... L-. ., de.Lestsr head. was immersed i n  wa,ter i.n a smal l  ta.n'k, a.nd reed ings  

were t3,ke.m over a,m extended per iod ,  Af t e r  a, s e r i e s  o:f read ings  -were 

taken t:o detem: ine  t he  wa.ter s t anda rd ,  a bentonice s l u r r y  was a.dded 

ti? the &a.nk. S1,ursi.e.s of ben ton i t e  were prepaxed which conta:i.ned 

F:n.creasPngly g r e a t e r  amounts s f  c lay .  The suspensi.on 'bras thoro.u.gh1.y 

m:ixs3 r"bn the .t:a.n.k and kept  i n  motlsn by two Ri,gh-speed s t : i . r r e r s .  
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S e t . t l l n g  ou.t and d e n s i t y  c u r r e n t s  thus were minimi.zed. A f t e r  a11owf.ng 

t:ime f o r  mixing and equi l ibr ium,  a  s e r i e s  of rea.dings was taken wi th  

Che gzilge. men the  readings appeared t o  rea,ch equil.ibr:Evm, an  

a.verage of t he  readings  taken over s e v e r a l  hours was obta ined ,  P r i o r  

readings  were d iscarded  a s  being representa . t ive of nonequilibriu,m 

(:non-uni.form. concent ra t ion)  condi t ions .  Af t e r  t:a.king du.p3.i.ca.te sa,mpSea 

f o r  grav imet r ic  de te rmina t ion  of t h e  c l ay  concen t r a t ions ,  amother s l u r r y  

2f great:er c l ay  content  was added, a.nd so on. m.e cal.ibra.ti.on cu:rve 

i s  show.n i n  Figure 3 ,  

Each reading obtained from the  gauge was a  number t h a t  was d.irectl.:v 

pro~curtion.a.1 t o  t h e  i n t e n s i t y  of t he  X-rays a t  the  d e t e c t o r .  Hi ,& sed.iment 

c+-,n.centra.tions gave low readings becaduse of the  g r e a t e r  a.ttenu.at:ian of the  

rad%a.tion. An average c l e a r  water reading of 1652 was obta:i,ned f o r  14 

observa t ions  on January 14 and 18 addi t ional ,  observa t ions  on Ja.nuar;y 24.. 

7'll.ese da t e s  braxketed the  period of  ca l ib ra t ion .  with b e n t o n i t e  s l u r r i e s ,  

A compa,rison of the  January 1.966 ca l . ib ra t ion  curve w:ith those 

previaus ly  ob.b-.a.:Lned. f o r  va.rious models of the  Parametsics sediment 

c~.~:ncentrat : ion gauge i s  shown i n  Figure 4 ,  The 1963 ca , l i b ra t ion  

curare w a s  obtained f o r  an e a r l y  experi:menta.l mc>deL, Tin 1964, wb.e.n 

a  ~ m i t  was f i r s t  f o r  f i e l d  t e s t i n g ,  the greatly red.uced 

s ~ n s F t l . v i t y  sh.awn was a t t r i b u t e d  t o  a cha.nge i n  the  rad:ioa,ctive 

sou.rs.3 Lsed and t o  a  change i n  the  composition of t he  window i n  

the. d e t e c t o r .  This decreased sens i , t i .v i ty  was l a r g e l y  e l imina ted  

i..n. t he  red.esi.gned u n i t  which was tes.ted, b r i e f  Ey by the  lJSDA 



PARAbIETWICS SEDIMENT GAUGE 
CALIBRATION CURVE 

Figure 3. Calibration curve for Parametrics sediment gauge 
No. 001, January 1966. 



Figure 4 ,  Calibration curves for Paremetrics Sediment 
Concentration Gauges, 



S~~:d.i:rnen.ts:~fc~n. L,abora,tory i n  October of 196.5. Mecha.nica1 f a i l u r e s  

i . ~  t:T-.e t:Lmin.g mecha.ni.sm necess i t a t ed  the  r e t u r n  sf the  e1ectroni.c 

:rs-:ad-.o,l>.fi u n i t  t o  t he  ma,nufacturer. Upon re . turn of t h i s  equ.igment, 

che ca:l,i,braki.on curve marked a s  1966 was obtained., The noted 

decrease i n  s e n s i t i v i t y  of t h e  1966 curve i s  no t  p re sen t ly  under 

stood. 

F':i.eld i n s  t a l l a t i o n ,  The Parame t r i c s  sedimeht gauge was 

i .nstal . led a t  Sta,tion 1% (50.2 square miles  of drainage area.) i n  

t k e  Pigeon Roost Creek Watershed, Marshal l  County, Mis s i s s ipp i .  

iFr!e channel bed a t  S t a t i o n  17 i s  approximately 70 f e e t  wide and 

water flows cont inuously a t  a r a t e  of 8 t o  LO second-feet wi th  a 

m.;:n sl;J:i,ds concent ra t ion  of from 5 t o  20 popom, During d i r e c t  

s t,. a r m  . 3 r.u:n,off, peak flow r a t e s  s f  6720 second-feet  ha.ve been recorded 

c\r:i,tFi peak suspended sediment concentra.tion s f  about 3.5,000 p o p  ,m. 

'T?.e sediment gauge ins ta l1a t io :n  cons i s t ed  o f :  

I,. A shi.eld (Pigu.re 5) of welded s t e e l  a,ttached t o  t h e  s t e e l  

br:i,d.ge p2:Iing wFth horf  zo:n.t:a,l wal.es spaced 0.5 :foot a p a r t ,  The 

z!:;$.e:l..il was b.w.iLt 14.5 f e e t  high t o  provide the necessary p r o t e c t i o n  

?-. t:':.e sens:i.ng .unit  from l.arge fJ.bati:ng deb r i s .  

2. A ver t ics .1  s t e e l  channel wi th  a t ravel i r rg dsJ.ly (F.gures 6 

sad f 1 on riiit:i.ch the sens ing  u n i t  was a t tached .  The s t e e l  channel  

was so arranged as t o  o r i e n t  the  probe i n  the  d i r e c t i o n  of flow. 



F i g u r e  5 ,  S$i$%ing w e l l  ( w i t 5  SLevens A-35 continuous c h a r t  
recorder)  and Parametries sediment gauge i n s % a l l a t i o n  
st  Sea t ion  1 7 ,  Pigeon Roost. Cceek, Harshall County, 
M%ssEssLppi, 



Figure  6, InseaLlatEon of  Parametr ics  sediment gauge a t  
S&ar:ion 1'7 s&zowing "creveEl,ng d o l l y  wi th  d e t e c t o r  head 
attached, Noee signal cab le  i s  IooseEy fas tened  t o  
the s t ee l  cab le  ho ld ing  &he d o l l y ,  



Figure 7 ,  Closeup v i e w  of Pa~'~xoui:t:ri-e~ sad&a~m't gauge and 
BB-48 s s ~ ~ ~ p l e r ,   via*^ o f  Ehe daeectas heed i.s from 
upatresm, The "%dlnde~v:#" :in $he c~~a128.3~1 of $the degeetor 
can be seen, Support: oi' dol1.y b y  seeel channel Le 
d e t a i l a d ,  



Figure  8, Closeup of U ,  S, DH-48 m d i f i e d  hand sampler 
and detecesr head s f  Paraa~etr ics  sediment gauge, Note 
p o s f l i s n  s f  nozzle of $be DB-48 sanyler  and mchanism 
f o r  opani~ng and c los ing ,  



3 ,  A stf J, l i .sg w e l l  ( F i g u r e  5) w i t h  a  Stevens  A-35 con t inuous  

c h a r c  r e c o r d e r l '  which provided a  complete  wafer  s t a g e  r e c o r d  

t'k!:ri:j.:zgto~t t he  per  iod  of s t o r m  r u n o f f .  

4., A ,,S. DH-48 hand sampler dl.), ( F i g u r e s  7 and 89, modif ied 

t o  cs l . lec . t  poi.znk samples f o r  comparison w i t h  t h o s e  from t h e  Param,et r ics  

sedim.eat gauge. A v e r t i c a l  gu ide  was mounted on t h e  suppor t  beams and 

a 'hracke: was a t t a c h e d  t o  t h e  s e n s i n g  uni.t  (Pigu.res 6 and 7) s o  t h a t  

p o i n t  samples  o f  t h e  sediment-water  m i x t u r e  could  be  o b t a i n e d  a s  t h e  

suspea.sion flowed o u t  of t h e  channe l  of t h e  s e n s i n g  u n i t .  

5 .  A worki.ng p l a t f o r m  above t h e  probe w i t h  a  ca twalk  t o  t h e  

s t r e a m  bank (F igure  5 ) .  

6 .  An ins t rument  s h e l t e r  on t h e  bank which housed t h e  s h o r e  u n i t  

aad Ehe b a t t e r y  pac,k. 

E:i.eld o p e r a t i o n  -- of t h e  gauge,  Prom t h e  o p e r a t i n g  e x p e r i e n c e  ga ined  

i y . 4  .?he ' l .aboratory  dw.ri,ng c a l i b r a t i o n  i t  was n o t  deemed d e s i r a b l e ,  o r  

even p o s s i b l e ,  t o  o p e r a t e  t h e  P a r a m e t r i c s  sediment gauge f o r  7 days  

withoue s e : r v i c i n g ,  The d i f f e r e n t i a l  d r a i n  on t h e  b a t t e r i e s  was such 

t h a e  some c e l l s  would be v e r y  weak w h i l e  o t h e r s  would be  r e l a t i v e l y  

f r e s h ,  EC was t h e  p o l i c y ,  t h e r e f o r e ,  t o  charge  t h e  b a t t e r i e s  2 o r  3 

t 'imes a  week. 

:P : rac t i ca l ly  no sedi:ment i s  t r a n s p o r t e d  d u r i n g  b a s e  flow 

a t  Sta.Ci.on 17 ,  Base f low,  t h e r e f o r e ,  provided 

I /  Trade  names a r e  provided f o r  inform,at ion and do n o t  imply - 
exlorsemen2 by t h e  'Go S, Departmenk of A g r i c u l t u r e ,  



an o p p o r t u n i t y  f o r  e v a l u a t i n g  t h e  con t inuous  performance of t h e  

Paramett-xcs u n i t .  Observa t ions  d u r i n g  t h e s e  f low c o n d i t i o n s  cou ld  

b s  used t o  check on t h e  c o n s i s t e n c y  of c l e a r  w a t e r  r e a d i n g s ,  There- 

fo re ,  tho i n s t r u m e n t  w a s  o p e r a t e d  s e v e r a l  t i m e s  a  week f o r  one t o  t h r e e  

d a y s  under  b a s e  f low c o n d i t i o n s  t o  o b c a i n  a knowledge of t h e  o p e r a t i n g  

c h a r a c t e r i s t i c s  of t h e  u n i t  w i t h  t ime.  

I d e a l l y ,  che  u n i t  would b e  o p e r a t e d  f o r  6 t o  24 hours  b e f o r e  

a staxm, through a complete runof f  e v e n t ,  and f o r  1 2  t o  24 h o u r s  

a f s e r  the f l o o d  runof f  ceased .  The s t a n d a r d ,  w a t e r  r e a d i n g  would 

b e  t a k e n  a s  t h e  mean of t h e  b a s e  f l o w  measurements, 

During f l o o d  r u n o f f ,  hand samples were  c o l l e c t e d  and t h e  t ime  

at whish each sample was t a k e n  was n o ~ e d .  The hand saqdes  were 

t a k e n  wf th  t h e  modi f i ed  DH-48 sampler  a t  a p o i n t  immediately behind 

she channe l  i n  t h e  P a r a m e t r i c s  d i r e c t o r  head (Figure .  G , ) ,  A s  o n l y  a 

s h c r t  t ime ,  u s u a l l y  l e s s  t h a n  a minu te ,  was invo lved  i x ~  f i l l i n g  t h e  

b o ~ t l e ,  t h e  hand samples r e p r e s e n t ,  more n e a r l y ,  ins%aakaa&ous 

samples ,  whereas t h e  P a r a m e t r i e s  read-out  i s  a n  int.egraLed v a l u e ,  

The c l o c k  t i m e  and sample numbers were  n o t e d  on  the  s t r i p  

chaarg. of t h e  P a r a m e t r i c s  gauge,  F r e q u e n t l y ,  t h e  time ~f read-out 

of t he  P a r a m e t r i c s  gauge was a l s o  n o t e d ,  Th is  was n e c e s s a r y  i n  

o-der ro c o r r e l a t e  number of read-ou t s  w f t h  c l o c k  t i m e ,  



EXPERIHENTAL FIELD RFSULTS 

Fieid observa t ions  of runoff  events .  Furing t h e  repor ted  

t =,:& : i r l ~ d ,  February 8 t o  Marc% 31 ,  1966, t h r e e  storms s f  

~ a t c - r e s t  occurred.  The d a t a  from these  t h r e e  storms a r e  d i s cbs se3  

i n  ~ r d e r  .)f t h e i r  occurrence. 

2 .  Storm on Pebr:;a.ry 9- 1.8, 1966 

On February 9 a,nd l , i5,  from 4% t o  5 inches  of r a i n  f e l l  i n  t he  

watersfed above S t a t i o n  17. A storm of t h i s  magni.t:ude and i n t e n s f t y  

m~~i.l.:l ocsu:r a.bo.ue twice a year  a t  t h i s  loca,t ion. In  Figure 9 ,  f Pow, 

secIi:men.t concentra.kion a s  d e t e m i n e d  by a U, S. DH-48 ha.nd sampler,  

and sed:i.ment concent ra t ion  a,s recorded by t h e  Parametr ics  gauge 

?.:re shown as a func t ion  o:f c lock time. The d ischarge  a.nd sediment 

c :mcentra , t ions were t y p i c a l  of a ma.jor storm. 

Band samp1.ing d i d  no t  begin u n t i l  the  peak d ischarge  had 

F q r ~ ~ z 2 ~  - Durtng the  time. i.n which hand sa.mpl.es miere taken tk .e  

;g,-reem+rl& between 'band samples and t h e  Parametr ics  ga3rge was good, 

btk -~,g'- rke cornearison i s  f o r  a low concent ra t ion ,  'The g e w r a l  

a:j:g-ara.nc,e of the s e d h e n t  concen t r a t i on  curve ,  based. on the 

P;=,raiaiit:r:i,cs gauge r ead ings ,  when compared wi.th t he  hy'drsgra.ph, seems 



Pdgure 9 .  Runoff and sediment concentrat ion £OF storm o f  
February 9-10, 1966. 



A t  t h e  h i g h e s t  d i s c h a r g e  t h e r e  was c o n s i d e r a b l e  v a r i a t i o n  i n  

s u c ~ e s s i v e  sediment  gauge r e a d i n g s ,  i . e , ,  0500 t o  0800 h r ,  During 

t h i s  s to rm t h e  d e t e c t o r  head was abou t  9  i n c h e s  from t h e  bed a t  

b a s e  f low,  It was thought  t h e  observed v a r i a t i o n  might r e f l e c t  p a s s a g e  

or  sand dunes (and consequen t ly  a v a r i a t i o n  i n  measured c o n c e n t r a t i o n ) .  

T h i s  being t h e  f i r s t  b i g  s to rm of t h e  y e a r ,  Large amounts of d e b r i s  

were  pr e s e n t  , 

2 .  Storm on February 12 ,  1966 

Thzs s to rm was much t h e  s m a l l e s t  of t h e  t h r e e ,  based  on t h e  

d i s c h a r g e  r a t e  ( F i g u r e  1 0 ) .  From 1-112 t o  1-314 i n c h e s  of r a i n  f e l l  

Gver che wate r shed ,  Runoff was observed a t  abou t  0500 h r ,  on t h e  1 2 t h  

and con t inued  f o r  some 1 6  h o u r s ,  The P a r a m e t r i c s  gauge was a c t i v a t e d  

a t  0940 h r .  Only a  few hand samples were  t a k e n  d u r i n g  this s to rm,  

Gauge v a l u e s  f o r  sediment  c o n c e n t r a t i o n  were a l i t t l e  less t h a n  t h e  

hand-sampled v a l u e s .  There  was c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  concen- 

t r a t i o n  r e p o r t e d  by t h e  P a r a m e t r i c s  gauge. Th is  saw-tooth e f f e c t  may 

l a r g e l y  b e  exp la ined  by t h e  i n h e r e n t  v a r i a t i o n  i n  t h e  decay r a t e  s f  

che r a d i o i s o t o p e ,  However, t h e  abrupt. change i.n r e p o r t e d  concentra-  

c i o n  by t h e  P a r a m e t r i c s  gauge a t  1330 h r ,  can n o t  b e  e x p l a i n e d ,  Is 

a p p e a r s  c h a t  two l e v e l s  of o p e r a t i o n  were i n v o l v e d ,  More w i l l  b e  

s a i d  on t h i s  m a t t e r ,  A d i s c u s s i o n  of t h e  n e g a t i v e  c o n c e n t r a t i o n  

v a l u e s  w i l l  a l s o  be  g i v e n  below. 



s CONCENTRATION, 
WRAMETRICS 

Figure 18. Runoff and sediment concentration for storm 
of February $2, 1966. 



3 .  Storm on March 3-4, 1966 

Sood ccverage  of t h e  s to rm on March 3-4 was o b t a i n e d .  About 1.k 

L:.?,ches of r a i n  were recorded  i n  t h e  wa te r shed .  Base f low r e a d i n g s  

w e r e  o'bcained 'before and r i g h t  up t o  t h e  t ime  of t h e  r i s e ,  

f' t! .; ..,,,g,,>,:ce 114. Numerous hand samples were  o b t a i n e d  d u r i n g  t h e  r i s e  and 

r e e e s s i o a  of t h e  hydrograph,  T h i s  s t o r m  produced a t y p i c a l l y  shaped 

hydr ogca ph.. 

The gauge-measured c o n c e n t r a t i o n s  d u r i n g  t h e  f i r s t  hour were 

a  L i t t l e  h i g h e r  t h a n  t h o s e  o b t a i n e d  by hand sampling.  T h e r e a f t e r ,  

t h e  sample c o n c e n t r a t i o n s  were  abou t  20 p e r c e n t  h i g h e r  t h a n  t h o s e  

f.xlfca,Led by t h e  gauge,  The r e a s o n s  f o r  t h e s e  d i f f e r e n c e s  and f o r  

the r e v e r s a l  la d i r e c t i o n  of t h e  d i f f e r e n c e s  a r e  n o t  known. The 

co :>cen t ra t ions ,  a s  i n d i c a t e d  by t h e  P a r a m e t r i e s  gauge, d i s p l a y e d  a  

f " c&.;, s ,  3at:i.on abou t  a  mean t r e n d  l i n e  a f t e r  2100 hours  t h a t  was of a  

mag::!i.t,:~.de t o  b e  expected because  of t h e  random decay p a t t e r n  of t h e  

r a d i . o i s o t o p e  (Pl,g~z're 11), The s t a n d a r d  d e v i a t i o n  i s  approxi,mately 

2QO p e p o m .  f o r  t h i s  gauge,  

'The xean  of t h e  p reced ing  b a s e  f low r e a d i n g s  of 1628 was used 

a s  t h e  c . l ea r  wa te r  s t a n d a r d  f o r  com,pu.ting the sedim.en.t: c o n c e n t r a t i o n s ,  

". . .rl.e9d observa t i ,ons  i.n lob7 w a t e r ,  'To s u p p l e m e ~ t  t h e  l,abora.%ory 

c,al"r.5.t-a&i,o::1 and t o  a s s u r e  t h a t  ze.o s i g n i f i c a n t z  changes i n  o p e r a t i n g  

s.harae 'cerist . i ,cs of the Pa:raanetrics sediment  gauge occ,izfred, 

mees,:renlen$s of sediment concentraki.on of b a s e  f low were  made b e f o r e  

". , 
aad a f t e r  t h e  s e l e c t e d  e v e n t s ,  'tjexy I L ~ t l e  sediment  i s  



Figure 11. Runoff and sediment concentration for storm 
of March 3-4, 1966. 



: a r r ~ e d  a t  dxscharges  of l e s s  t h a n  10 t o  12 second- fee t  a t  S t a t i o n  1 7 ,  

Th i s  i s  insignificant i n s o f a r  a s  t h e  s e n s i t i v i t y  of t h e  P a r a m e t r i c s  

gauge is concerned.  A summary of t h e  b a s e  f l o w  measurem.ents i s  g i v e n  

i n  Table  6 ,  For each p e r i o d ,  t h e  number of o b s e r v a t i o n s  (gauge read-  

o u t s ) ,  t h e  mean v a l u e  and t h e  p robab le  e r r o r  of t h e  mean are g i v e n ,  

The c a l i b r a t i o n  c u r v e  f o r  t h e  sediment  gauge is  based on t h e  

seaaadard v a l u e  t aken  f o r  w a t e r ,  Th i s  l a b o r a t o r y  c a l i b r a t i o n  was 

made w i t h  r a p  w a t e r  whose d i s s o l v e d  s o l i d  c o n t e n t  i s  comparable t o  

the  c o n c e n t r a t i o n  of Pigeon Roost  Creek a t  b a s e  f low,  I f  t h i s  c l e a r  

w a t e r  v a l u e  v a r i e s  u n p r e d i c t a b l y ,  t h e  computed r a t i o s  would n o t  b e  

c o m p a c ~ b l e  w i t h  t h o s e  f o r  t h e  c a l i b r a t i o n  curve .  Examples of t h i s  

pass ibLe  e r r o r  a r e  r e a d i l y  found on examinat ion of t h e  d a t a .  At 

t imes  t h e  u s e  of t h e  Laboratory  s t a n d a r d  f o r  computing sediment  

c o n c e n t r a t i o n  would y i e l d  a n e g a t i v e  c o n c e n t r a t i o n ;  i .e , ,  t h e  

observed r e a d i n g s  on t h e  sediment  gauge c h a r t  a r e  more t h a n  t h e  

s t a n d a r d ,  A d i f f e r e n t  w a t e r  s t a n d a r d  must b e  used ,  I n  most c a s e s  

when t h e  above-c i t ed  i n s t a n c e  o c c u r s ,  i t  w i l l  b e  found that Che 

b a s e  f low mean r e a d i n g  p r i o r  t o ,  o r  a f t e r ,  t h e  s to rm e v e n t  i s  indeed  

Iower tha,n t h e  I -abosatory s t a n d a r d .  I n  t h e  c a s e  of t h e  s t o r m  on 

March 3,  i t  seemed n e c e s s a r y  t o  u s e  t h e  b a s e  f low mean (March 2-3) 

L O  compute mean ingfu l  c o n c e n t r a t i o n s ,  



Table  1.--Base f low r e a d i n g s  o b t a i n e d  w i t h  t h e  P a r a m e t r i c s  
sediment gauge, S t a t i o n  17,  Pigeon Rooost Creek,  

Miss i s s i p p i ,  February-March, 1966. 

Number Mean 
of Gauge Gauge Probab le  

Date  Condit ions$< Readings Reading Er r  o r  

Jan.  14 

J a n .  2 1  

Feb. 8-9 

Feb. 14-15 

March 2-3 

March 7-8 

March 8-9 

March 18-11 

Labora to ry  

1 1  

Base f low,  
8-10 c . f . s .  

9 Essea?.i;ially c l e a r  w a t e r .  



The tempera tu re  of t h e  base-flow w a t e r  does  n o t  v a r y  g r e a t l y ,  

I n  t h e  l a b o r a t o r y ,  a  1 0  t o  20° F. change i n  w a t e r  t empera tu re  d i d  

n o t  a f f e c t  t h e  c a l i b r a t i o n  r e s u l t s .  However, when h a u , S y  mean b a s e  

f l o w  w a t e r  r e a d i n g s  were p l o t t e d  a g a i n s t  h o u r l y  m e a n  a i a : . t ~ e r a t u r e s  

as a  f u n c t i o n  of t ime ,  a  s t r i k i n g  response  of r e a d - o u t , t ~  t empera tu re  

was observed ( F i g u r e s  12 and 131, A i r  t empera tu res  w e r e  measured a t  

t h e  North M i s s i s s i p p i  Branch A g r i c u l t u r a l  Experiment S t a t i o n ,  some 

8 m i l e s  away, These d a t a  a r e  i l l u s t r a t i v e  of t h e  observed d a t a .  

S l m i l a r  r e s u l t s  were o b t a i n e d  f o r  each s e r i e s  of measurem.ents, 

A p r e l i m i n a r y  a n a l y s i s  of t h e  b a s e  f low d a t a  o b t a i n e d  i n  Febru- 

a r y  and t h e  f i r s t  9 days of March i n d i c a t e d  t h a t  t h e  r e a d i n g s  n o t  

on ly  decreased  w i t h  i n c r e a s i n g  a i r  t empera tu re  b u t  a l s o  d e c r e a s e d  

w i t h  i n c r e a s i n g  t ime  by approximately  0.8 t imes  t h e  number of days  

between r e a d i n g s .  Th is  ad jus tment  was made and t h e  h o u r l y  means 

r e p l o t t e d  a g a i n s t  a i r  t empera tu re  a s  shown i n  F i g u r e  14.  Data 

~ b t a i n e d  subsequen t  t o  March 9 a r e  e r r a t i c  and do n o t  conform t o  

t h e  t r e n d  of t h e  e a r l i e r  d a t a ,  excep t  f o r  d a t a  o b t a i n e d  on Marsh 28 

(not shown), which may b e  a  happenstance,  Th is  e r r a t i c  b e h a v i o r  

was p o s s i b l y  due t o  a m a l f u n c t i o n  i n  t h e  g e a r s  of t h e  t iming  mech- 

anfsm as t h e  t i m e r  f a i l e d  comple te ly  on March 31. 









'%.e t rend  l i n e  of Figure 14 may be  symbolica11y expressed 

R = 193% - (P + 0.8D) 

w:i:.ere R = gauge readings 

P = temperature  degrees  Fahrenhei t  

D = days s i n c e  January 1, 1966 

Tk:e dashed l i n e s  t h a t  b r acke t  t h e  t rend  Line f o r  t he  da,ta. 

obta:i.ned p r i o r  t o  March 9 r ep re sen t  t he  l imit : ing va.lues t o  be 

ex;?ected from t h e  ra.n,d~m dec,ay p a t t e r n  of  the  r a d i o a c t i v i t y  of 

t h e  :i.sotope. '&.is i s  computed on the  basi.8 of p l o t t i n g s  of 

averages of  4 cozl.secut:i,ve 15-minute r eadou t s ,  us ing  the  r a t i o  of  

524,288 impulses per  15-minute readout  (as s t a t e d  i n  t he  manual 

accompanying the  gauge) t o  t he  mean. readout  va lue ,  and the  assumption 

:hat the sta.nda,rd d e v i a t i o n  of the  impu.lse count i s  equa l  t o  t h e  

bq,daa.re :root of  t he  count ,  The d i s p e r s : i ~ a  (apprrj-:xi.ma,eely 2 3 o ) 

o.f ::he ea r ly  data. i s  see:n .to be  somewhat g r e a t e r  than expected e.ven 

8Ete-r 8cIjus~ments  f o r  age and temperat.ure. 

DESCUSSEON AND CONCLUSION'S 

-,, The s p e c i f f  ca%i.sns  f o r  t he  Para.metrics gauge, 

Ser:i,a.l. No, 001, a s  given, by the manil.fa,cturer F a  t he  a,ccompa.nying 

in.ist,..r.~.c.t .Lon ma,nual axe esser i t ia . l ty  those a.greed upon a t  t h e  Pnter-  

agzna3.y Sedimeatatj:sn Stibco'mmf t t e e  meeting i,n Minn.ea.psEis i n  1964. 



They au e  : 

1) Concen t ra t ion  range :  500 t o  50,000 p.p.m, of sediment 

3 of d e n s i t y  averag ing  2 .65  g/cm . 
2) Accuracy: 20% a t  1000 pap.m. by weigh t ,  b e t t e r  a t  

h i g h e r  c o n c e n t r a t i o n ,  

3 )  Read-out: The t o e a l  number of c o u n t s  of r i v e r  water 

a r e  recorded  every  1 5  minu tes  on a s t r i p  c h a r t ,  

4)  S e r v i c e  p e r i o d :  7-112 days .  

5) Opera t ing  Temperature:  a )  Measuring head 32 t o  85' F, 

b )  Shore  s t a t i o n  20 t o  120' F. 

6)  Power: 4 l ead-ac id  b a t t e r i e s  of 100-AH c a p a c i t y  each ,  a t  

1 2  V nominal.  

These s p e c i f i c a t i o n s  w i l l  b e  d i s c u s s e d  i n  t u r n .  

1) Concentration range  

The f i e l d  t r i a l s  d i d  n o t  t e s t  t h e  r e s p o n s e  of t h e  equipment a t  

Che h i g h  end of t h e  s c a l e  because  t h e  maximum c o n c e n t r a t i o n  was o n l y  

15,000 p.p.m, The p r a c t i c a l  lower l i m i t  of d e t e c t i o n  w a s  abou t  500 

p,>p,m, The e r r o r s  a s s o c i a t e d  w i t h  c o n c e n t r a t i o n  measurements less 

t h a n  l o 0 0  popom.  i n c r e a s e  r a p i d l y  w i t h  d e c r e a s i n g  c o n c e n t r a t i o n .  

2) Accuracy 

At 1000 p,p,m, t h e  accuracy  i s  t o  b e  + 20% (by w e i g h t ) .  T h i s  

means one shou ld  b e  a b l e  t o  d i s s i n g u i s h  between a suspens ion  a t  

l o 0 0  p a p o m ,  and one a t  1400 p e p o m ,  From t h e  c a l i b r a t i o n  c u r v e  

t h i s  d i f f e r e n c e  i s  c a l c u l a t e d  a s  equfvaPene t o  abou t  5  u n i t s  on 



th-e char2 r e a d o u t .  T h i s  d i f  f e r e n c e  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  , 

p::c:.~,fded t h e  v.nit i s  f u n c t i o n i n g  p r o p e r l y  and t h e  v a r i a n c e ,  o r  

d a t a  s p r e a d ,  i s  n o t  g r e a t .  The e r r a t i c ,  up-and-down, o r  saw-tooth  

r e s p o n s e  of t h e  gauge t o  sediment  c o n c e n t r a t i o n s  l e s s  t h a n  1000 p.p.m, 

h.as 3 e e ~  no ted .  These s h o r t - p e r i o d  v a r i a t i o n s  a r e  i n  t h e  r a n g e  o f  

n?ags:i.t.iide t o  be expected from t h e  random decay p r o c e s s  of t h e  

rad io l . so tope .  The s t a n d a r d  d e v i a t i o n  f o r  t h i s  gauge f o r  t h i s  s o u r c e  

of v a r i a t i o z l  i s  abou t  200 p o p e m ,  

Ta a d d i t i o n  t o  t h e  observed t empera tu re  e f f e c t  on wate r  r e a d -  

i .ags,  t h e  e a r l y  d a t a  showed a  p r o g r e s s i v e  d e c r e a s e  i n  wa te r  r e a d i n g s  

.with F-ncreasing age  of t h e  d e v i c e .  Also,  from t h e  gauge r e c o r d s  t h a t  

- ., . b e r e  o b t a i n e d  d u r i n g  two f l o o d  e v e n t s  and from t h e  gauge r e c o r d s  f o r  

the base  flow c o n d i t i o n s  of mid-March, t h e r e  appears  t o  be a l a r g e  

amox:~t s f  unexplai .ned e r r a t i c  behav ior .  

. -  .I 3 ;  dzad-ozlt 

':&e r e a d - o u t  mechanism is  s e t  f o r  somewhat more t h a n  a  15-mi.nute 

p e r i o d ,  On a  15-minute b a s i s ,  some 40 mJnu.tes a r e  l o s t  d u r i n g  a  

24-ho.::!:r p e r i o d .  For r o u t i n e  u s e ,  a  3-minute c o r r e c t i o n  was n e c e s s a r y  

every 2 hoars t o  main ta in  read-oaat t ime  om c l o c k  t h e ,  

4 )  Se:rvice p e r i o d  

The cn i t  b a s  f u ~ c t i o n e d  up  t o  f i v e  days  with no b a t t e r y  

ae:rvi.c'f."g. Becs:u.se of the  d i f f e r e n t i a l  b a t t e r y  d r a i n  it was thought 



d e s i r a b l e  K O  r e c h a r g e  t h e  b a t t e r i e s  more f r e q u e n t l y  t h a n  once a week. 

The  Elmer motor i n  t h e  s h o r e  u n i t  f a i l e d  a f t e r  237 hours  of a c t u a l  

f i e l d  o p e r a t f n g  t ime ,  

59 Opera t ing  t empera tu re  

The measuring head performed w i t h i n  i t s  s p e c i f i c a t i o n s .  The 

s h o r e  s k a t e 0 ~  was, as no ted  above,  t empera tu re  s e n s i t i v e .  It i s  

n a r  meecing s p e c i f i c a t i o n s .  

6 )  Power 

The u s e  of 4 l ead-ac id  b a t t e r i e s  tapped a t  d i f f e r i n g - v a l d a g e s  

l e a d s  t o  d i f f e r e n t i a l  d i s c h a r g e  of t h e  b a t t e r y  c e l l s ,  This-makes  

n s  d i f f i c u l t  t o  r e c h a r g e  t h e  b a t t e r y  evenly  o r  q u i c k l y ,  Th is  i s  a 

s e r i o u s  o p e r a t i n g  problem and one t h a t  shou ld  be  elimin&ed by t h e  

u s e  of a v o l t a g e  d i v i d e r  w i t h i n  t h e  s h o r e  u n i t  t o  pe rmi t  t h e  u s e  of 

1 2  v o l t s  on ly  from t h e  s t o r a g e  b a t t e r i e s .  

General  recommendations. The u s e  of t h e  o c t a l  read-out  system on 

a s t r i p  c h a r t  r e c o r d e r  can  b e  improved w i t h o u t  added expense,  

The r e a d  o u t  shou ld  b e  d i g i t a l  and w i t h  a n  o p t i o n  af b e i n g . o n  

punched Gape t h a t  can b e  handled by e x i s t i n g  tape-to-computer 

c o n v e r t e r s .  

The d e t e c t o r  head i s  o v e r l y  l a r g e ,  I f  t h i s  u n i t  cou ld  b e  made 

s m a l l e r  and s h e  c o r n e r s  rounded, i t  would c r e a t e  less of a problem 

En a d e b r i s - l a d e n  s t ream.  

O p e r a t i o n  of t h e  u n i t  from AC power would b e  advantageous ,  

B a t t e r i e s  s p e r a t f n g  through a n  f n v e r t e r  would a c t  as emergency 



power source .  Such a n  AC u n i t  might  be  produced a t  a  lower c o s t  t h a n  

%e Ct v,ni t .  

T n z e r e s t  h a s  been shown i n  a  s h o r t e r  r ead-ou t  t ime  f o r  t h i s  

ins t r t iment .  A t  i t s  p r e s e n t  l e v e l  of s e n s i t i v i t y  such a  r e d u c t i o n  

i n  c o u n t i n g  t ime  would a d v e r s e l y  a f f e c t  t h e  d e t e c t i o n  l i m i t s  of  t h e  

gaage.  Unless  g r e a t e r  s e n s i t i v i t y  can be  o b t a i n e d ,  o r  u n l e s s  t h e  

d e v i c e  i s  t o  b e  used i n  s t reams  w i t h  h i g h  c o n c e n t r a t i o n s ,  t h e  u s e  

of t h e  s h o r t e r  t ime c o n s t a n t  would be  of d o u b t f u l  u t i l i t y ,  

I n  c o n c l u s i o n ,  t h e  Parametr i c s  sediment c o n c e n t r a t i o n  gauge 

has shown promise i n  i t s  f i r s t  f u l l - f l e d g e d  f i e l d  t e s t s ,  a l l  t h i n g s  

coaleerned. S e v e r a l  components of t h e  gauge a r e  n o t  up t o  d e s i g n  

s p e c i f i c a t i o n s .  The n e x t  model of t h e  gauge shou ld  be  c a p a b l e  of 

g r e a t e r  accuracy  and r e l i a b i l i t y  i f  t h e  below-standard e lements  

a r e  improved and t h e  s t a b i l i t y  o f  t h e  u n i t  i s  improved by i n s t a l l a t i o n  

o f  improved components. 
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