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Objec t ives  of the  p r e s e n t  study: 

Within the  o v e r a l l  objec t ives  of P r o j e c t  SWC 2-f3,  the  following 

w e r e  s e l e c t e d  f o r  i m m e d i a t e  study: 

1. T o  s e t  up t h e  ins t rumenta t ion  n e c e s s a r y  f o r  mak ing  a r o u g h  

w a t e r  ba lance .  

2 .  Col lec t  da ta  and m a k e  a p r e l i m i n a r y  w a t e r  ba lance .  

3. Begin col lec t ing  d a t a  f o r  s t u d i e s  of e r o s i o n  and s o i l  

t e m p e r a t u r e  p ro f i l e s .  

Var iab les  under  Investigation: 

1. P rec ip i t a t ion  v e r s u s  t i m e  

2 .  S u r f a c e  runoff v e r s u s  t i m e  

3 .  Soi l  m o i s t u r e  content  

4. T e m p e r a t u r e  and humidity of a i r  

5. S o l a r  r ad ia t ion  

6. P a n  evapora t ion ,  w a t e r  t e m p e r a t u r e ,  and wind m o v e m e n t  

7. Sediment  yield 

E x p e r i m e n t a l  Da ta ,  Ins t rumenta t ion  and Observat ions :  

All  d a t a  obtained d u r i n g  the  1969-70 w a t e r  y e a r  h a s  been appended t o  

t h i s  r e p o r t .  Incomple te  d a t a  w a s  col lec ted  f o r  m a n y  v a r i a b l e s  e i t h e r ,  

due t o  l a c k  of ins t rumenta t ion  o r  l a c k  of need f o r  d a t a  d u r i n g  those  

p a r t s  of the  y e a r .  



Tempera tu re  and humidity were  measu red  with a hygrothermograph. 

Recorded t empera tu re s  were  checked using max imum and min imum 

t h e r m o m e t e r s .  The average  daily t empera tu re  used i s  the average  

of the daily maximum and min imum values.  Recorded humidity was  

checked using an asp i ra ted  psychrometer  e a c h  t ime  the cha r t  was 

changed. The mean  daily humidity was  obtained by averaging the a r e a  

under the recorded  curve for  each  day. All values fo r  humidity were  

r ead  to  the  nea re s t  270, and any analysis  using this data  should not 

a t tempt  g r e a t e r  accuracy.  

Precipi ta t ion was measu red  dur ing the ent i re  wate r  y e a r  by two 

Bendix recording precipitat ion gauges (one shielded, the other  un - 
shielded).  However, t he  data  f r o m  these  gauges has  not been made 

available by the ARS office in Boise a s  of the  t ime  of th i s  repor t .  A 

s tandard type r a in  gauge was s e t  up a t  the  cen t r a l  ins t rument  c lus te r  

providing data  fo r  the l a s t  month of the wate r  y e a r .  In o r d e r  to proceed 

with a very  rough water  balance i t  i s  neces sa ry  to  es t imate  precipi ta-  

tion based on data  collected a t  the Universi ty of Idaho station (four 

mi l e s  to the  southwest) .  A separa te  study i s  now underway to  re la te  

precipitat ion a t  the  Thompson Watershed to  that  a t  these  other stat ions.  

When the da ta  f r o m  the shielded and unshielded gauges a r e  available,  

the data  will  be used. 

Surface runoff is measu red  with a Stevens wate r  level  r e c o r d e r  

on a drop-box we i r .  Considerable  difficulty has  been encountered in 

keeping runoff f r o m  the a c c e s s  road out of the we i r .  The float was  

f rozen  s e v e r a l  t i m e s  dur ing the runoff in January  and Feb rua ry  which 

l imited the amount of valuable hydrograph data.  Only t h r ee  flow 
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measu remen t s  we re  obtained during this  period which w e r e  used to 

adjust  the s tage-d ischarge  ra t ing of the drop-box. An at tempt  was  

made  t o  es t imate  a reasonable  average  daily s tage f r o m  which a 

daily runoff e s t ima te  could be calculated for  the watershed.  

Sediment samples  a r e  obtained by a g rab  technique, s ince the 

depth of flow i s  not deep  enough t o  r equ i r e  depth integration (0. 30 f t ) .  
* 

Because of the sho r t  runoff period and problems  getting t o  the wa te r -  

shed,  sediment  concentration fo r  only four days  could be determined.  

(See Table 1. ) Work during the spr ing concentrated on perfecting a 

gravity sediment  s ample r  fo r  use with the drop-box wei r .  Two 

s a m p l e r s  w e r e  constructed.  One has been del ivered to  the Northwest 

Watershed R e s e a r c h  Center  f o r  use a t  Reynolds Creek  and the o ther  

instal led a t  the  Thompson Watershed.  A paper  w a s  presented about 

th i s  s ample r  (Johnson and Molnau, 1970) and a sho r t  descr ipt ion of 

the s ample r  is appended t o  this repor t .  

Soil mo i s tu re  content was  measu red  by grav imet r ic  methods eve ry  

two weeks dur ing July,  August and September .  Mois ture  samples  

w e r e  taken a t  6-inch in te rva l s  down through the soi l  mant le  t o  a tight 

c lay layer  that  is encountered a t  f r o m  30 t o  36 inches  below the sur face  

depending on the location on the field. The t h r ee  sampling locations 

used w e r e  chosen to  give an  approximate uniform representat ion of the 

watershed.  During the next year  s ample s  will be taken a t  s ix  locations 

using a neutron probe.  

A s tandard four-foot d i ame te r  pan is used to  m e a s u r e  evaporation.  

A Stevens wate r  level  r e c o r d e r  gives a continuous r eco rd  of the wa te r  

level  in the pan. The r e c o r d e r  float i s  located in a 16-inch d i ame te r  

cu lver t  which is attached to the pan by a section of 2-inch pipe. I t  i s  



s u s p e c t e d  t h a t  the  evapora t ion  r a t e  f r o m  ins ide  the  c o v e r e d  c u l v e r t  

migh t  b e  su f f i c i en t ly  d i f fe ren t  f r o m  the  pan to  c a u s e  a cons i s t en t  

e r r o r  in the  evapora t ion  d a t a .  Af ter  t h e  t h i r d  week  in  Sep tember  the  

evapora t ion  r a t e  w a s  reduced  enough t o  just ify tu rn ing  the  pan  o v e r  

f o r  win te r .  L a t e r  examinat ion  of da ta  f r o m  the  Unive r s i ty  of Idaho 

s ta t ion  showed a s igni f icant  amount  of evapora t ion  d u r i n g  the  fol low- 

ing  f ive  weeks .  T h i s  a r e a  s e e m s  t o  b e  af fec ted  b y  a n  "Indian S u m m e r "  

with w a r m e r  t e m p e r a t u r e  and d r y  winds  of m o d e r a t e  speed  tha t  

fol lows the  f i r s t  cold w a v e s  in Sep tember  ( s e e  a t tached g r a p h s ) .  

T h e r e f o r e ,  the  evapora t ion  pan should b e  kept  in  opera t ion  unti l  the  

end of October  o r  a f t e r  s e v e r a l  weeks  of f r e e z i n g  t e m p e r a t u r e s .  A 

s e p a r a t e  s tudy is being m a d e  to  c o r r e l a t e  evapora t ion  p a r a m e t e r s  a t  

Thompson  wi th  tha t  a t  the  Univers i ty  s tat ion.  

W a t e r  t e m p e r a t u r e  and wind m o v e m e n t  w e r e  m e a s u r e d  in  con-  

junction with evapora t ion .  A 24-point  Honeywell r e c o r d e r  with Type J 

t h e r m o c o u p l e s  w a s  used f o r  hour ly  m e a s u r e m e n t s  of w a t e r  t e m p e r a -  

t u r e  in  the  evapora t ion  pan.  F o r  s e v e r a l  w e e k s  da i ly  c h e c k s  of the  

r e c o r d e d  t e m p e r a t u r e s  w a s  m a d e  us ing  a m a x i m u m - m i n i m u m  m e r -  

c u r y  t h e r m o m e t e r  in  the  pan.  Wind d i s t a n c e  w a s  r e c o r d e d  on a n  

E s t e r l i n e - A n g u s  event  r e c o r d e r ,  f r o m  which m i l e s  p e r  day  could be 

obta ined.  

S o l a r  r ad ia t ion  is needed f o r  us ing the  J e n s e n - H a i s e  method t o  

d e t e r m i n e  evapo t ransp i ra t ion .  An Eppley  r a d i o m e t e r  is coupled t o  

a B r i s t o l  r e c o r d e r  t o  m e a s u r e  radia t ion .  Another channe l  is ava i l -  

a b l e  on t h i s  r e c o r d e r  f o r  the  m e a s u r e m e n t  of h e a t  f lux  in  the  so i l .  

T r o u b l e  wi th  one channel  of t h i s  r e c o r d e r  p reven ted  continuation of 



heat  f lux  m e a s u r e m e n t s  a f t e r  only a few d a y s  of d a t a  had b e e n  col lec ted  . .  

d u r i n g  June .  

C o m m e n t s ,  I n t e r p r e t a t i o n s  and F u t u r e  P lans :  

T h e  p r i m a r y  objec t ive  th i s  y e a r  w a s  t o  ge t  the  ins t rumenta t ion  

and d a t a  col lec t ion  p r o c e d u r e  s e t  up t o  d o  a w a t e r  ba lance .  Only a 

v e r y  rough  w a t e r  ba lance  is poss ib le  a t  th i s  t i m e  s i n c e  m u c h  of the  

d a t a  is i n c o m p l e t e .  

T h e  b a s i c  w a t e r  ba lance  f o r m u l a  c a n  b e  s impl i f ied  t o  

P = Q + E T  + S, w h e r e  P is prec ip i ta t ion ,  Q is s u r f a c e  runoff 

and E T  i s  evapo t ransp i ra t ion .  T h e  t e r m  S is a compos i t e  of a l l  

the  f a c t o r s  f o r  which  no m e a s u r e m e n t s  w e r e  m a d e  d u r i n g  t h i s  w a t e r  

y e a r , .  and inc ludes  t h e  change in s o i l  m o i s t u r e  s t o r a g e ,  d e e p  p e r c o l a -  

t ion  t o  ground w a t e r  s t o r a g e  and s u b s u r f a c e  runoff.  

P r e c i p i t a t i o n  is e s t i m a t e d  t o  b e  3 0  i n c h e s  o r  s l ight ly  h igher  than 

t h e  28 inches  m e a s u r e d  a t  the  Unive r s i ty  s ta t ion .  T h e  Thompson 

w a t e r s h e d  is located  n e a r e r  t o  the  b a s e  of Moscow Mountain and should 

r e c e i v e  m o r e  p rec ip i t a t ion  due t o  the  ef fec t  of o r o g r a p h i c  l i f t ing of 

s t o r m  air m a s s e s .  Sur face  runoff of 5 inches  w a s  m e a s u r e d  d u r i n g  

t h e  months  of J a n u a r y  and  F e b r u a r y .  T h e  J e n s e n - H a i s e  f o r m u l a  w a s  

used t o  d e t e r m i n e  E T  f o r  only p a r t  of the  growing s e a s o n  (June  19 t o  

August  8 )  and the v e r y  high 19 inches  computed f o r  t h i s  pe r iod  h a s  t o  

b e  r e j e c t e d  f r o m  t h i s  a n a l y s i s  until  b e t t e r  c r o p  coeff ic ients  c a n  be  

d e t e r m i n e d .  A m o r e  r e a s o n a b l e  value of 16 inches  f o r  t h e  a v e r a g e  

annua l  consumpt ive  u s e  f o r  s p r i n g  g r a i n s  a t  Moscow w a s  obtained 
> 

f r o m  Su t t e r  and C o r e y  (1970). If the  va lues  e s t i m a t e d  above a r e  used  

in  the  b a s i c  w a t e r  ba lance  f o r m u l a  a va lue  of 9 i n c h e s  r e s u l t s  f o r  



S, the unseen subsurface water movement and change in s torage.  

As a c h e c k o n t h i s  value of S, the fo l lowingreason ingmaybe  

applied: The soi l  profile shows a res t r ic t ive  layer  below the three-foot 

depth a s  an average for  the watershed. The soi l  mant le  above this 

l aye r  allows ample room for  good root  development for barley o r  other 

s m a l l  g ra ins .  

Let  us accept  the high moi s tu re  holding capacity of 3 . 4  inches p e r  

foot available mois ture  determined f r o m  data collected by E a r l  Neff 

(1966). The root  zone of 3 .  0 feet  on the average  should be able to  

hold 10 inches of s tored available mois ture  f r o m  winter precipitation.  

The  total  precipitation through the end of April  (when consumptive use 

begins) was es t imated a t  22  inches. Since 5 inches were  last in the 

root zone the remaining 7 inches mus t  have gone to  deep percolation. 

Precipi ta t ion during May was near ly  3 inches,  of which i t  i s  reasonable 

to expect 2 inches l o s s  in E T  and 1 inch left  for  deep percolation.  

Precipi ta t ion during May was near ly  3 inches,  of which i t  i s  reasonable 

to expect 2 inches l o s s  in E T  and 1 inch left  for  deep percolation.  

The 8 inches in  deep percolation obtained f r o m  this  analysis  i s  in good 

agreement  with the 9 inches obtained for  S in a previous paragraph.  

I t  must  be borne in  mind that th i s  i s  only a prel iminary water  balance 

and therefore  a l l  values used a r e  c a r r i e d  to  only one significant f igure.  

Since the re  i s  l i t t le ra in  in July and August the root  zone will be 

depleted of mos t  available mois ture  a t  th is  t ime  each yea r .  Therefore,  

very l i t t le mois ture  will be involved in change in s torage  in the soi l  

mant le  and the two var iables  of significance f o r  S a r e  the change in 

ground water  s torage and subsurface flow f r o m  the watershed.  The 

two observation wel ls  might provide information that  will allow 



computa t ion  of both of t h e s e  v a r i a b l e s ,  if t he  w e l l s  can  be  m a d e  t o  

function p r o p e r l y .  No main tenance  o v e r  t h e  p a s t  t h r e e  y e a r s  has  

r e s u l t e d  in  v e r y  dubious r e s p o n s e  of t h e  w e l l s  t o  w a t e r  l e v e l  changes .  

Dur ing  t h e  next  w a t e r  y e a r  e m p h a s i s  wi l l  b e  p laced on improv ing  

the  d a t a  col lec t ion  m e t h o d s  and obtaining comple te  ( o r  n e a r l y  c o m -  

p le te )  r e c o r d s .  The  r e s u l t  of t h i s  m o r e  exact ing  and comple te  d a t a  

should p rov ide  a b e t t e r  p ic tu re  of t h e  w a t e r  ba lance  on th i s  w a t e r s h e d .  

Deta i led  computa t ion  and a n a l y s i s  me thods  wi l l  b e  provided in t h e  

M a s t e r  t h e s i s  which  is scheduled  f o r  comple t ion  a t  the  end of t h e  

F a l l  S e m e s t e r  1971-72. 
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Appendix 1 

B a s i c  D a t a  



T a b l e  1. Runoff S u m m a r y  f r o m  a J a n u a r y  Snowmelt  P e r i o d  

Mean  dai ly  Mean  s e d i m e n t  
d i s c h a r g e  concentrat'ion E r o s i o n  l o s s  

Da te  ( c f s )  ( m g  /l) ( tons  / a c r e )  

J a n .  23 . 15 800 . 0 4 0  















R U N O F F  IN INCHES (1 969-1 970) 

Thompson Watershed, Moscow 1/ 

DAY OCT N O V  D E C  JAN F E B  MAR A P R  MAY JUN JLIL AUG SEP 

TOTAL 3.04 1/ 

I /  A ca l cu la t ed  area  of 8 ac res  was used t o  compute depth of runoff .  - 
2/ Some runoff occured during t h e  l a s t  two weeks i n  February b u t  t h e  records - 
a r e  mfssing. Therefore a value of two inches is  est imated f o r  t h e  month. 



MEAN DAILY RELATIVE HUMIDITY (1 969-1 970) 

Thompson Watershed, Moscow - 1/  

DAY CCT NOV DEC JAN F E B  MAR APR MAY JUN JUL A U G  SEP 
. . . . . . 

1/ Nean da i ly  r e l a t i ve  humidity determined from area under the  24-hour - 
continuous recording . 



AVERAGE DAILY TEMPERATURE (1 969-1 970) 

Thompson Watershed, Moscow 1/ 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

AVG 45.6 38.7 30.6 29.1 37.4 36.7 39.8 53.5 61.7 68.4 68.C 

1/ Average daily temperature i s  the average o f  the maximum and minimum - 
daiiy temperature. 



TOTAL D A i L Y  SOLAR RADIATION, INCHES OF WATER ( 7  969-1 970) 

Thompson Watershed, Moscow 

DAY OCT NOV D E C  JAN FEB MAR A P R  MAY JUN JUL AUG SEP 

TOTAL 
AVG 



DAILY WIND DISTANCE IN MILES (1969-1970) 

Thompson Watershed, Moscow 

DAY O C T  NOV D E C  JAN F E B  MAR A P R  MAY JUN JUL AUG SEP 

A V G  65.7 91.6 
* 
Total miles f o r  this period was d i s t r ibu ted  uniformly over these days. 



PAN EVAPORATION IN INCHES (1 969-1 970) 

Thompson Watershed,  Moscow - 1 / 

DAY OCT NOV DEC JAN F E B  MAR ApR MAY J U N  J U L  AUG SEP 

TOTAL 
AVG 

1/ Evapora t ion  was from t h e  s u r f a c e  o f  a s t a n d a r d  4 - foo t  d i a m e t e r  pan,  - 
but  d e p t h s  shown i n c l u d e  any e f f e c t  o f  s t o r a g e  and e v a p o r a t i o n  i n  t h e  
16- inch we11 f o r  t h e  r e c o r d e r  f l o a t .  



AVERAGE WATER TEMPERATURE I N  
EVAPORATION PAN (1 969-1 970) 

Thompson Watershed, 'MOSCOW lJ 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

AVG 

I /  Average i s  t h e  average of t h e  maximum and minimum temperatures.  - 



Appendix 2 

Sediment sampler  repor t  



Sample  Design and L a b o r a t o r y  Tes t ing  

The  b a s i c  s t e p s  which any sed iment  s a m p l e s  m u s t  follow a r e  

shown by the  block d i a g r a m  below. The  w a t e r  and sed iment  m i x t u r e  

m u s t  be c a r r i e d  t o  the  s a m p l e  bott le .  Some m e a n s  m u s t  be provided t o  

d i v e r t  the s a m p l e  s t r e a m  into the bott le  while i t  fills and then r e m o v e  the  

s a m p l e  s t r e a m  when the bott le  is full.  Another device i s  needed to s e n s e  

when the bott le  is ful l .  F inal ly ,  s o m e  m e a n s  m u s t  be provided f o r  p r e -  

p a r i c g  t h e  s y s t e m  f o r  a  new s a m p l e .  

/ Advance 

1 m e c h a n i s m  i s  

I t r ipped  

( Water  r e a c h e s  s a m p l e  I I intake and s a m p l e r  I 
p r i m e s  J 

i 
Sample  i s  reques ted  + I and s a m p l e  s t r e a m  is I I diver ted  into s a m p l e  I 
bott le  1 

I 

Bottle is Sample  s t r e a m  i s  

d iver ted  away f r o m  - I bott le  t o  was te  I 

I Advance i s  i / completed  and I 
/ s a m p l e r  is ready  I I f o r  next  s a m p l e  1 

Block d i a g r a m  of s a m p l e r  opera t ion 

Because  of i t s  p roven  des ign,  low c o s t ,  and e a s e  of const ruct ion,  

the  b a s i c  configurat ion of the  Chickasha Sed iment  S a m p l e r  (Mil ler  and 

o t h e r s ,  1969) w a s  chosen  a s  the s t a r t i n g  point f o r  des ign  o f a  gravi ty  

feed s e d i m e n t  s a m p l e r .  



Two modifications w e r e  required.  The f i r s t  i s  the addition of a 

device to opera te  the sample  solenoid and the  second i s  a device t o  s ense  

when the bottle i s  full.  

Since no t i m e r  i s  involved, the sample  solenoid mus t  be kept 

energized by some o ther  means .  A si l icon-controlled rec t i f i e r  (SCR) 

was  chosen fo r  th i s  purpose .  Once the s ignal  is received by the  SCR 

that  a s a m s l e  is de s i r ed ,  i t  wil l  go into a s ta te  of conduction and remain  

s o  even i f  the  ini t ial izing s ignal  i s  removed.  The SCR i s  shut off by 

breaking the  i ine f r o m  the  ba t t e ry  t o  the SCR. . This  is accomplished 

by using a SPDT switch which i s  incorporated in the sca le  which i s  

used to  s e n s e  when the  bott le i s  full  (F igu re  2) .  About 2 0  seconds is 

requ i red  to go through the en t i r e  sample  sequence.  Since the  s amp le r  

a t  the Thompson Watershed ope ra t e s  on a s tage  ba s i s ,  it  is not poss ible  

t o  regulate  the length of the initializing pulse which is used to  tu rn  on 

the SCR. The re fo re  a blocking capaci tor  is instal led in s e r i e s  with the  

SCR gate.  This  capac i to r  cha rges  and blocks the  cu r r en t  flow below 

the gate c u r r e n t  for  the  SCR. Thus the SCR will  not conduct until the 

capac i to r  is d i scharged .  

No flushing of the s y s t e m  is n e c e s s a r y  because  the sample  s t r e a m  

r u n s  a t  a l l  t i m e s  that  the wa te r  sur face  is above the inlet  on the drop-box 

w e i r .  Since the s a m p l e r  is mounted below the we i r  outlet,  t he r e  i s  a l -  

ways the possibil i ty of wa t e r  s t r ik ing t he  s amp le r .  Thus a cover  should 

be used to  both protect  the s amp le s  f r o m  contamination and to protect  

the  s ca l e  mechanism.  

TESTING 

The s ample r  was  tes ted in the hydraulic l abora tory  using a l a rge  



flume a s  a substi tute fo r  a we i r .  The s amp le r  was  s e t  up to operate  a s  

in the f ield and,  a f t e r  ini t ial  adjusting,  pe r formed  successful ly  through 

s e v e r a l  cyc les .  

Unfortunately, no runoff events  have occu r r ed  s ince  the s amp le r  

w a s  instal led a t  the Thompson Watershed.  

F u r t h e r  tes t ing is now proceeding on a photoelectric s enso r  to  take 

the place of the sca le  o r  of the SPDT switch on the sca le .  Severa l  p rob lems  

have been encountered,  the m o s t  important  of which is the sensing of ve ry  

c l e a r  snowmelt  wa te r .  Another a l ternat ive  which will be tes ted in the  

l abora tory  i s  the use of a t ime  delay r e l ay  in the place  of the SCR. This  

would provide for  a 20-second holding of the sample  solenoid and may  

el iminate  the need for  the  balance.  

Some design deta i ls  ( s ee  F igu re  2): 

1. SCR m u s t  be ra ted  24 volts ,  4 amps  o r  be t t e r .  

2. R mus t  be chosen to l im i t  the SCR gate c u r r e n t  to  l e s s  

than the m a x i m u m  value fo r  the par t i cu la r  SCR. 

3 .  C is chosen so  the RC t ime  constant  i s  5 seconds o r  l e s s .  

4. The SPDT switches a r e  any good quality, very l ight  action,  

2 - ampere  microswi tch .  

5. As the t r a y  advances ,  the bott le m u s t  d r o p  off the  balance 

before the advance solenoid can  r e l e a s e  and s top the t r a y  

f r o m  moving. 

6 .  Solenoids may  be  e i t he r  l inear  o r  r o t a ry .  L inear  solenoids 

w e r e  used in th is  design (Dormeyer  B25-754-A-1) 

because  of thei r  availabil i ty.  However,  a  r o t a ry  solenoid 

has  a r e a l  advantage fo r  the sample  solenoid. 
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