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PREFACE 

W.K. Summers and Associates, Inc., being reissued 8s an EG8zG f o d  report to make it 
available to others who may be interested in this 
goetherma! application. 

prepared this report for EG&G Idaho on Subcon- 
tract No. K-7836, Modification No. 1 under the 
Department of Energy’s Outreach Program. It is 
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ABSTRACT L.l . 
Well Campbell et al. No, 2 near Gila H o t  Springs in south- 

western New Mexico (Section 5, Township 13 South, Range 13 West) 
was pumped for a five-step test and a 48-hour constant-rate test 
during October 1981. Measurements included depth to water in the 

ell and two observation wells, and discharge rates at 
ng well and two springs. 

The water level in the pumping well responded during both 
tests. However, water-level changes in the observation wells 
were too small for analytical use and discharge rates from the 
springs showed no change, 

Chemical analyses of water samples collected from two 
springs and the pumping well show very similar water chemistries. 

Estimates of hydraulic properties show transmissivity from 
12,000 to 14,000 gpd/ft and a storativity of 0.05.  

these parameters with well data gives the first-year optimum 
discharge rate as 50 gpm with 20 feet of drawdown. 

Combining 

Pumping this well at 50 gpm for forty years should produce 
only small water-level changes in wells a few hundred feet away. 
It would diminish the flow of tne springs, and for planning pur- 
poses the combined discharge of the springs and well should be 
considered constant. 
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PUMPING TEST OF WELL CAMPBELL ET AL. NO. 2, . 

i l l s ide  above and east 
New Mexico, 

ange 1 3  West. 

i p t i o n ,  and temperature log  of t h e  

January 20, 1980 
247 t o  277 f e e t .  

x D.A. Campbell measur e depth before  i n s t a l l i n g  

these  tests ( o t a l  depth w a s  on 

e east bank o 

(gpm) i n t o  t h e  

nument, P r imi t ive  A r e a ,  and 

The G i l a  Hot 

i n t o  t h e  r i v  c 

a 
sp r ings  i n  t h e  upper p a r t  of  t he  G i l a  River Basin. These thermal 
spr ings occur  i n  a volcanic  terrain of T e r t i a r y  age where some 
f a u l t s  may s t i l l  be ac t ive .  This s e t t i n g  makes t h e  area an 

b.l 

1 .  
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Figure 1. Map of Gila Hot Springs Area showing the Gi 
Springs, the Gila River and its tributaries, and 
land status. 
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I U  a t t r a c t i v e y g e o t  

D.A. "Doc" 
' e  

5 t h e  water f r o m  
water, both f o r  
t h e i r  ope ra t ion  
feet of homes a 

' * W e l l  :Campbal,.l ets'al.. 'No. -2 is . 'currently about  '250 f e e t  deep. 
and might-provide more and warmer water than is  obta ined  f r o m  the  
sp r ings ,  :. Water ifroh the ' ,well  would ,be used i n  p lace .  of .water 

thereby. not ,only s i m p l i f y i n g  afid (improving t h e  
s ingLthe amount of. 

a 

c 

The pumping program w a s  designed to: 

1 

1 
1 

. e  
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u ahd ,the sp r ings  



u t  the area f r o m  L d  
i 

1 

a shown i n  
Figure 2-- range f r o m  5520 f e e t  i n - t h e  r i v e r  v a l l e y  where it 

r i v e r  bed along the east bank -of the W e s t  ,Fork of 'the G i l a  .River, 
The W e s t  Fo rk -d ra ins  p a r t  of the w e s t e r n  p a r t  of 'the upper G i l a  

River drainage bas in .  As shown i n  F igu re .1 ,  the Middle Fork of 
the G i l a  River j o i n s  the W e s t  Fork some three m i l e s  above G i l a  

H o t  Springs,  whence the West Fork runs . sou theas t  t o  G i l a  Hot 
Springs,  then t u r n s  south t o  the confluence w i t h  the E a s t  Fork, 
about a mile and a h a l f  below Gila Hot.Springs,  
of the  W e s t  and E a s t  Forks, t h e  G i l a  River flows southwest toward 
Arizona. 

.+ 

Flaom the junc t ion  . 

The upper G i l a  River drainage bas in  shows d e n d r i t i c  and 
l i n e a r  drainage p a t t e r n s .  

The W e s t ,  Middle, and E a s t  Forks, and the G i l a  River below 
t h e  confluence a l l  f l o w  perennia l ly .  

Geology 

The summary of s t r a t i g r a p h y  and s t r u c t u r e  t h a t  f Q l l O W S  i s  
our  i n t e r p r e t a t i o n  of t h e  works of many g e o s c i e n t i s t s .  I t  de- f 

pends l a r g e l y  on t h e  work of Ratte and h i  
Gask i l l ,  1973l and 197S2, and Ratte e t  a1 97g3). O t h e r  geb- t 

s s o c i a t e s  (Ratte and 

s c i e n t i s t s  who have-cont r ibu ted  t o  our  knowledge.of t h e  area are .- 

cited i n  conventional fash ion  The work of Rat tg  Ll' 

iates is  no t  cited again.  

4 
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Explanation 

Valley Alluvium and Terrace Gravels (Holocene) 
(Undifferentiated) - 

IKl Sedimentary Rocks - Mainly Gila Conglomerate (Holocene, Pleistocene 8r Pliocene) 

Younger Andesitic and la t i t  va Flows (Miocene) 

Bloodgood Canyon Rh 01 

containing abundant quartz and sanadine phenocrysts. 

f of Elston(1968) 
Phenocryst-rich dense r y welded ash-flow tuff (Miocene? or Oligocene?) 

. 
ITgf(?) I Latitic and Andesitic 

S y m bo1 s 

Contact / 

Lava Flows of Gila Flat. (Oligocene) 

, 0.. 

Fault - Dashed where approximate or inferred, dotted where concealed. 3' U= Upthrown, D=Downthrown. 

Strike and Dip of Beds 9 

t 
F 

Strike and Dip of Flow Banded Rocks 

C V - - - - - - I A '  Cross - Section Line f 

Figure 2A. Explanation to Figures  2, 3 ,  and 4. 

Ld 
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St ra t iq raphy  hk 
* 

Figure  2 shows the d i s t r i b u t i o n  of the volcanic  and sedimen- 
t a r y  rocks,tha - *  

posed i n  t h e  G i l a  Hot Springs area range i n  age 
to  Holocene. 

The volcanic  se ence i n  the area i ly about  3000 
I t h i c k  and probably rests on rocks of Paleozoic  age. Our pre- 

r i a n  base- 

8 

* 

I 

I 

a ts  do no t  c rop  

* 

* 

This u n i t  crops o u t  and occurs  i n  the subsurface i n  the G i l a  Hot 
u 

7 







Springs area. W e l l  Campbell e t  a l .  N o .  2 pene t ra ted  271 
t h i s  r h y o l i t i c  t u f f ,  from s i x  feet t o  t h e  t o t a l  depth of 
B i o t i t e  and san id ine  f r o m  t h i s  u n i t  g ive  potassium-argon 

Li feet of  
277 f e e t .  ? 

ages of  
mi l l i on  years  and 25.3 * 1.5 m i i l i o n  years ,  respec- 
ording to  Bikerman4. I n  t h e  G i l a  H o t  Springs area 

t h i s  t u f f  averages about  600 f e e t  i n  th ickness .  

The Younger Andes i t ic  and Lat i t i c  Flows c o n s i s t  of b recc ia t ed  
andes i t e  and massive l a t i t e .  These flows crop  o u t  i n  t h e  G i l a  Hot 
Springs area and occur i n  t h e  subsurface.  
argon ages f o r  t h i s  u n i t  range 
25.0 * 0.5 m i l l i o n  years ,  as re t e d  by Els ton  e t  a i5 .  These 

Springs area. 

Whole rock potassium- 
m 20.6 * 0.5 m i l l i o n  yea r s  t o  

bably average 450 feet hickness  i n  t h e  G i l a  Hot 

Tert iary-Quaternary Rocks. The G i l a  Conglomerate may span 
t h e  per iod f r o m  mid-Tertiary to  mid-Quaternary t i m e  or  may be en- 
t i r e l y  of T e r t i a r y  age. The G i l a  Conglomerate c o n s i s t s  mainly of 
a boulder conglomerate with pebbles,  cobbles,  and l a r g e  boulders 
f r o m  local sources ,  and conta ins  s o m e  b a s a l t  flows in t e r spe r sed  
wi th  sedimentary rocks i n  t h e  upper p a r t  of t h e  u n i t .  The G i l a  

Conglomerate c rops  o u t  i n  t h e  G i l a  H o t  Springs area, and i ts  
th ickness  ranges from about 50 t o  400 feet. 
whole rock potassium-argon age of 20.6 f 0.5 m i l l i o n  years  f o r  
a n d e s i t i c  f l o w s  beneath t h e  G i l a  Conglomerate along S a p i l l o  Creek. 
Els ton7 reports a whole rock potassium-argon age of 6.3 0.4 
m i l l i o n  yea r s  
Conglomerate along t h e  Mimbres River s o u t h e a s t , o f  t h e  Hot Springs 

Damon6 r e p o r t s  a 

r a l k a l i  o l i v i n e  b a s a l t  near  t h e  t o p  of t h e  G i l a  

area. 

Quaternary and Holocene Rocks. Terrace g rave l s  and v a l l e y  t 

alluvium comprise t h e  youngest rocks i n  t h e  G i l a  H o t  Springs area. 
The terrace g rave l s  of  Holocene age c o n s i s t  of poorly s o r t e d  
boulders,  pebbles, and sand with some s i l t  and c l ay ,  deposi ted i n  

bed. The v a l l e y  alluvium c o n s i s t s  of modern grave ls ,  sands, and 
terraces from t e n  to  a hundred feet above t h e  p re sen t  G i l a  River 

L r  
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bed and i ts  modern f lood deposits .  gr 

A. 

i 

I 

I 
I 

source of 
I 

J 

I 

3 

c 
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Gila H o t  Springs area can be divided into  three catagories: 

w 
itary rocks; - 1. Unconsolidated sedimel: 

1 1  
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Geophysical Anomolies from Plate 2, 
Rattd et al (1979) 

Figure 5. Map showin 
geophysica 
around the 

. 

? 



2. Semi-consolidated to consolidated sedimentary rocks; 
and 

3. Volcanic rocks. 

The unconsolidated rocks include the alluvial terrace 
deposits, and-the'modern-alluvium. Water (or any other fluid) 
moves through these rocks by moving through the void spaces 
between-grains. LocaEly, the rocks-are thick enough and sat- 
urated enough to.yield water to drive points or-shallow wells. 

The semi-con ed to consolidated sedimentary rocks in- 
clude the Gila Conglomerate, some older volcanic-related clastic 

The Gila 
Conglomerate.is a major water-yielding rock of southwestern New 
Mexico, Its hydraulic conductivity, according to TraugerlO, 
ranges from.1 to 10 ft3/ft2/d:in the.uppe 
and 0.0001 to 0.7 ft3/ft2/d in the'lower well-cemented part. 

nd the underlying rocks of Paleozoic age, 

poorly-cemented part- 

The sedimentary rocks older than the Gila Conglomerate are 
probably all wel13cemented. 
primarily on fractures, 

Their hydraulic conductivity depends 

To the best of our knowledge, the hydraulic conductivity of 
ures; however, per- 
eper wells or test 

raulic conductivity 



L+ , INSTRUMENTATION 

Discharge Measurements 

Flow Meter 
. '  

A totaling flow meter with a needle-type flow-rate indicator 
was used to measure discharge from Well Campbell et al. No. 2 
during both these pumping tests We used the.rate shown by the 
needle for field reference, but determined actual discharge 
rates by recording the metered volume at several times and 
calculating the rate. 

Tables C-2 and D-1 contain the meter readings and calculated 
discharge values for the step test and the constant-rate test, 
respectively. The "incremental" discharge rates in these tables 
suggest that some recorded meter readings may not be correct, but 
the averages determined for each step and for the constan 

f 

test probably are correct. 

We believe this meter is accurate to f 2% of the recorded 
discharge rate. 

Flumes 

We set two modified Parshall flumes to measure the discharge 
of springs. These flumes were designed to measure flows from 
about 1 to 500 gpm. One flume is aluminum, the other plastic, 
but both are constructed to the same specifications. For maximum 
accuracy such a flume should be installed in the straight part 

pendicular and parallel to the direction of flow. 
installed, these flumes are accurate to about f 0.5  gpm at the 
discharge rate of flume-site 1A and to about * 0.7 gpm at the 

of a stream with the upper surface of the flume level both per- I 

discharge rate of flume-site 2. Lp: 

14 



tr 
4 

ere usedeto 
k 1 Campbell et 

11 and South Well). 

During the step test one water-level monitor and one steel 
tape were used,at  the pumping well while the other water-leveL mni&x 
was used’in -one-observation well (South Wel1):and the other stee 
tape was used at both observation wells. ,;I;-- 

During-:pre-test-measurements for the :constant-rate test, the 
water-leveli*monitor in use-,at the pumping well failed, so the 
other*water-level monitor was ,removed.from the South Well and . 

used in the pumping well. After that.:change, the same steel tape 
was used for all measurements in both observation wells. 

L 

Steel Tapes 
i 

pes were used for depth-to-water measurements. I 
rveyors -tapes graduated -in ths of-feet; 

and hundredths of feet. 

The steel tape used at the pumping well 

tenths and hundredths of a foot ev 

I *  

d 

To measure water level with a ,steel tape,.&one.first assigns 
a measuring point (co the exposed top rim of the 
well casing) from yhi (Noting .the 

W 

15 



I 

i. height of this measuring poi 
allows calculation of water el altitude if the land surface m 

altitude is known,) Next one lowers 'the 
the lower end is below the water surface 

, above or below the land surface, 

pe inti, the well until 
(This may-require a few * 

but becomes easier with successive measurements.) After 
noting the time and exact footage mark that corresponds to the 
assigned measuring point when the 'tape's end is wet, the tape is 
reeled up until the wet end is visible. -notes the exact 
footage wet and calculates the depth to subtracting the 
footage of wet tape from the total footage lowered into the well. 

For example: if the mark fo 0.00 feet is low 
measuring point at 1003 hours and the tape is wet to 
after immediate retrieval, the depth to water from the-measuring 
point was 19.-57 feet at 1003 hours. 

The chalked-tape method of measurement was used with the 0 

steel tapes at all wells. This method uses blue carpenter's chalk 
(readily available in easy-to-hold hemispherical pieces). The 4 

chalkis rubbed over the lower few feet of the tape before the 
tape is unreeled into the well. The chalk%changes from pale blue 
to dark blue when wet, making the exact line to which the tape was 
wetted more distinct. 

Under ideal conditions, we expect precision of * 0.02 feet 
and accuracy of the same level from chalked steel tape measure- 
mentscof depth to water. 

If a steel tape gets hung up but reaches the water surface 
the depth to water determined from that measurement will be too 

large. Sometimes a steel tape stored on a reel retains some 'rr 

curvature when unreeled; when this happens the depth to water 
measured with that particular steel tape will be slightly larger 
than the actual depth to water. 

- L*. . -  
If the tape rubs something within 'fhe well, such as the 

f 

than the actual depth to water. 
- L*. . -  

If the tape rubs something within 'fhe well, such as the 

f 
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t 

electrical cable f o r  t he  pump, t h e  pump column, o r  t h e  side of 
mark. I f  i n t e r f e r i n g  object 

ts i n  an apparent  
er than the a c t u a l  

depth t o  water.) W a t  ading i n t o  a w e l l ,  whether f r o m  frac- 
t u r e s  i n  t he  w a l l  of ho le  or from s lo ts  i n  cas ing ,  can 
a l s o  w e t  the- t r u e  w a t e r  l e v e l ,  t hus  

too s m a l l .  

ter su r face  w i l l  
wi ld ly  wi th in  a 

urning t h e  pumps 
n to  the  4 8  hours 

of pumping) 'sugg surg ing  w a s  occur r ing  - a t  least a t  

tes i n t o  the constant-  

w e  cannot clearly rela 
depth-to-water measur 

enomena t o  v a r i a t i o n s  i n  t he  

readings  may record  f l u c  
n accompany surging; they Id  also re- 

problems. Fo 

ment . 

1 7  



Ideal 

Figure 6 .  Diagrammatic i l l u s t r a t i o n  of some pro 
during depth-to-water measurements. . 

18 



Electrical. 
omponents t h a t  c from the transducer 

transducer to equivalent feet of water above the 

etermined by sub- 

- t h e  probe 'to t h  
eve1 monitor shows 

1 0 1 . 5  a t  1500 hours , '  

Sure-sensitiv b, 



e on it t o  change ncrease  o r  
sponding i 

i n  t h e  water- level  monitor reading.  
d i t i o n s ,  or during short-term tests wi th  r ap id1  g. depth 
t o  water, apparent  water- level  changes due t o  c tmospheric 
p re s su re .wi l1  be very s compared t o  a c t u a l  changes of depth 
to  w a  However, du led weather, o r  du r ing  long 

Under stable weather con- 

s t  a te  tests w i  y changing depth t o  
a r e n t  water- level  c o changing atmosph p res  s u r e  

might s i g n i f i c a n t l y  a f f e c t  data i n t e r p r  

re powered b 

adings because of va w e r  supply. 
a r g e  m o r e  r ap id ly  w 

t h e  rate of change i n  t h e  power supply t o  vary.  New Mexico's 
t y p i c a l  30°F t o  40°F d i u r n a l  temperature range creates a need f o r  
i n t e r m i t t e n t  c a l i b r a t i o n  measurements wi th  some other 
to  a l l o w  co r rec t ion  of t h e  water-le el-monitor reading  for  t h e  
effects of environmental temperatur changes. , 

. L  

Elec t ron ic  components respond to  temperature a l so :  some con- 
duc t  more r e a d i l y  a t  e l eva ted  temperatures,  s o m e  conduc 

d i l y  a t  e l eva ted  temperatures,  and some appa 
nge wi th  temperature un le s s  t h e  t e r a t u r e  remains 

z .  

(or depressed) for a long t i m e .  

W e  use t h e  t e r m  " d r i f t "  t o  refer to  apparent  water- 
changes t h a t  r e s u l t  from water- level  monitor responses t 
o t h e r  than changing depth  t o  w a t e r .  

/ 

When both  a water- level  monitor reading and a s t ee l - t ape  
m e  e simu eously i n  e l l  , 
both t h e  depth to  water (steel tape)  and t h e  depth of w a t e r  above 
t h e  water- level  monitor probe a t  t h a t  t i m e .  The sum of these  

20 
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measurements equals the depth of the wa r-level monitor probe 
ing point. Because the water-level monitor probe 

um of these 
t. (Any change 

the measurements 
pus measurements 
adings without 

effects of 
I level monitor . 

t inaccuracies 

I 

i 

fter studying all available data, we believe that all the 

1 

' - 5  

* 

ed with both 
1 , L ,  
, 

1 
I 
, 



e Fahrenhei rmometer was kept at 
1. No. 2 throughout the t s  and 

surements there. 

The Celsius-Fahrenheit thermome 
temperature measureme of 

ments at Well Campb a1 . 
eld chemical analyses. 

fter water samples had cooled below 5OoC, we also made 
ature measure 

the specific co uctance probe. We used that temperature to 
adjust the instrument and to convert the spec ic conductanc 
measured to the standard reference temperatur 

nts with’ the thermometer that is built into 

Measurements of the temperature of well water made with the 
two liquid-in-glass thermometers were the same. Their accuracy 
is about 0.5OC. 

During pumping, temperatures of the discharging water from 
ell et al. No. 2 were measured with a thermometer in- 

* 

serted into the plastic discharge pipe through a drilled hole 
just large enough to admit the thermometer. 

During the step test, and during the first few hours of the 
constant-rate test, the thermometer was constantly in place in the 
discharge line. Later in the constant-rate t t, the line showed 
evidence of collapsing, so the thermometer was removed. This 

suction that was collapsing th To measure the temperature, 
the observor then had to inser rmometer, wa 

allowed air to enter the line freely and thereby reduced the s 

4 

stabilize, move the the - 
u 

ng the thermometer 
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z 

ed to  remain i n  t h e  li 
ee Ce l s ius  too l o w  bec surement procedure. 

u 
-4 

S p e c i f i c  Conductance 
& -  

Speci . f ic  Conductance w a s  measured w i t h  a YSI Model 33 
, sal ini ty-conduct ivi ty- temperature  meter; n the range 

ments made during t h i s  test, t h e ' p r e c i s i o n  o f - t h i s  instrument  is  
about  f 1 0  umhos/cm a t  25OC. 

- .  - 

Fie ld  determinat ions of s i l i ca  employed a Hach Chemical Co. 
"Engineers Portable Water Laboratory" Model DR-EL co lor imeter  and 
used t h e  s i l icomolybdate  powder method of ana lys i s ,  
determinat jons w i t h  t h i s  instrument  and method tend t o  be about 
30 percent l lower than when the  same sample i s  analysed a t  the  

-Silica 

I 
t 

r techniques.  

I 

F . t h e  nearest 0.01 p H  

electrode' d 

LJ are accura t e  t o  

I 
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it TEST PUMPING PROGRAM 
* 

Program Summary 

The test pumping program includes:  

1. Pre-test measurements; 

2. A 5-step test; 

3. A 48-hour cons tan t - ra te  test with 60 hours of  recov- 
ery; and 

4.  Col l ec t ion  of water samples for  deta 
ana lys i s .  

Pre-test Measurements 
v 

Pre-test measurements included measurements of depth t o  . 
w a t e r  i n 'Wel l  Campbell e t  a l .  N o .  2 and .the N o r t h  and South 
observat ion w e l l s ,  and measurements of s p r i n g  d ischarge  a t  two 
sites. 

D.A. Campbell's c r e w  installed the.pump i n  W e l l  Campbell e t  
al .  N o .  2 on October 6, 1981 before i n s t a l l a t i o n  of t h e  w a t e r -  
l e v e l  monitor. They a l s o  r a n  about 350 feet of d ischarge  p ipe  - 
down the canyon to  reduce t h e  chances of water discharged f r o m  
the w e l l  flowing v i a  f r a c t u r e s  and/or i n t e r s t i t i a l  pores  f r o m  t h e  
s u r f a c e  t o  the water table and being repumped. 

One water- level  monitor w a s  - i n s t a l l e d  i n  W e l l  Campbell e t >  
a l .  No. 2 ,  and another  i n  t h e  South W e l l .  The water- level  monitor 
uses  a pressure-sens i t ive  t ransducer  t o  determine the he igh t  of 
t h e  column of water above a probe which is  lowered i n t o  t h e  w e l l  
and l e f t  a t  t h a t  s a m e  depth throughout t h e  measurement per iod.  
Since these instruments  r e q u i r e  a t  least t w o  hours t o  a d j u s t  t o  

.c 

I 
- 
Li 
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f 

w e l l  condi t ions ,  the p r e - t e s t  measurements inc lude  i n t e r m i t t e n t  
h check measurements made w i t h  chalked ste tapes  a t  t h e  s a m e  t i m e  
bj 

t h e  water-1evel.monitors w e r e  read. 

S 

Two sites w e r e  chosen a t  which t o  monitor sp r ing  d ischarge  
during t h e  pumping t s. Since flume 
ure d i s c h  tes had to  have w a  

n "co l lec ted"  t o  flow t h  
so chosen a t  

se same sites would 
f o r  chemical 
s e t t i n g  a flume 

w e r e  n o t  those  t i o n .  Therefore,  

a sample w a s  co 
similar  'tempe 

f r o m  t h e  mos 
ear. each of t h  - 

A f t e r  Doc Campbell 
us w e  moved one flume o u t  of 
d ischarge  t o  a s i te  wi th  lower $10 
by runoff f r o m  
and 3 ,  presen t  
pumping tests. ) 

4 '  

test, Sample b 

sample could 

*, 

z 

Campbell e t  al .  N o .  2. 
a few of t h e  many h o t  spr ings ,  a f e w  of t h e  man-made add i t ions ,  
and no trees, shrubs,  boggy areas, or  s t e e p  s lopes .  

This is n o t  a d e t a i l e d  map: it shows only 

bi 
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The distance from Well*Campbell.-et al. No. 2 to the North 
Well is 482~~feet; and -to the South Well is *496 feet. The distance 

b W 
.h 

th,W@llS zs 

Step T e s t  - 

The step test of Well Campbell et al. No. 2 consisted of five 

ements from the time of pump installation'until turn # 

? pumping I steps, each of thirty minutes duration preceded by. back- 

ed. by'measurements of recovery 'from the time the 
d off until time to* prepar for the next test. 

Besides-measurements of depth to-'water, discharge rate 
I 

I temperature of the discharging water at the pumping well, we meas- 
ured depth to water in 1s about 500 feet from 
the pumping welk,;'and m ge rate of the springs 
at two Xocakions I *  

~ 6 

er tb measure the water 
at ,the South observa- 

At'.the North observationL'wel2, '-we .measured- the depth. 

I 
1 

I 

I 

* We used two modified Parshall flumes'placbd in small s 
, carrying run0 
1 

i 

observation w 
the flumes. 

* 
During the pumping period, measurements at the pumping well 

art -immediately following turn-on and im- 
h increase-in discharge, and were contin- mediately 

w. 
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L ued a t  less f requent  i n t e r v a l s  hroughout pumping. Immediately 
after t h e  pump w a s  ,turned o f f ,  e aga in  made measurements of 
depth t o  w a t e r  a t  15-second i n t e r v a l s ,  then g radua l ly  increased  
t h e  t i m e  between measurements u n t i l  the  to ta l  t i m e  s i n c e  pump off 

w a s  equal  t o  t w i c e  t h e  pumping t i m e ,  a t  which hour w e  reduced t h e  
frequency of measurements t o  once every fou r  hours.  

* 

observa t ion  w e l l  measured the depth  to  water 
every t w o  minutes f rom. the  t i m e  pump turned  on u n t i l  30 min- 
U t e s  a f t e r  t h e  pump w a s  turned o f f .  e then g radua l ly  decreased 
t h e  frequency d ~ €  measurements u n t i l  t h e  e lapsed  t i m e  s i n c e  pump 
off w a s  equal  t o  t w i c e  t h e  to ta l  pumping t i m e ,  a t  which hour w e  
fu r the r - r educed  t h e  frequency of measurements t o  once every fou r  

A t  each of t h e  t w o  flumes w e  recorded t h e  he igh t  of w a t e r  i n  
t he  flume t h r o a t  every f i v e  minutes dur ing  pumping and for  t h e  . 
l eng th  of one s t e p  (30 minutes) after tu rn ing  t h e  pump o f f .  W e  
then  gradual ly  increased  t h e  t i m e  between measurements u n t i l  t h e  
e lapsed  t i m e  s i n c e  pump o f f  equaled t w i c e  t h e  pumping per iod ,  a t  
which p o i n t  w e  switched to  measuring t h e  flumes once every four  
hours . 

Data collected a t  t h e  w e l l s  dur ing t h e  s t e p  test are tab- 
u l a t ed  i n  Appendix C, Tables C-1 through C-11. D a t a  from t h e  
flumes appear i n  Appendix B, Tables B-2 and B-3. For the  sake 
of b rev i ty ,  t hese  tables o m i t  some measurements of depth t o  water, 
e s p e c i a l l y  those  recorded f r o m  t h e  water- level  monitors when t h e  
numbers d id  no t  change f o r  s e v e r a l  consecut ive readings.  A l l  

flume readings,  and a l l  flow-mete readings,  have been inc lude  
i n  t h e  appropr i a t e  tables. J 

Constant- R a t e  T e s t  
e 

L* Before pumping W e 1  a l .  No .  2 for  the cons tan t  
rate test, w e  attempted t o  i n c r  he maximum discharge  rate 

28 



possible by i n s t a l l i n g  a c e n t r i f u g a l  pump i n  the  discharge l i n e  
L i n  tandem to  i 1 has used 

e c e n t r i f u g a l  

er a t ’ a  s l i g h t l y  

u 

. e c t i v e  back-press a g a i n s t  t h e  sub- 
mersible pump and allow t h e  two pump 
greater rate than w a s  

‘ i nc rease  i n  discharge 

Background measurements of depth-to-water e observa t ion  
dzthe pumping well;. ’and of disc ge through the flumes 

te  test, whi 
s and  plumb 

asurements of depth to  water i n  the pumpin 
were recorded every 15 seconds 
frequency u n t i l  the i n t e r v a l  between readings w a s  30 minutes. 

t hen  w i t h  g radua l ly  decreas ing  

& 

en’ measured less 

* 

‘ 

&j 
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Lr Water Samples 

Col lec t ion  of  w a t e r  samples began with two spr ings ,  as men- 
ed before. These spr ings  w e r e  chosen to  provide c o n t r a s t s  - 

i n  temperature and loca t ion ,  and t o  be e a s i l y  sampled. 

One w a s  toward t h e  northern end of t h e  s p r i n g  area, t h e  o t h e r  
toward t h e  southern end. 
c o l l e c t e d  from a p ipe  discharging from a box-like collector i n  
the northwest corner  of t h e  old army bathhouse ( # 1 4 ) .  The sample 
a t  t h e  nor thern  end w a s  collected f r o m  an open discharge p o i n t  i n  
the p l a s t i c  piping-from a cemented-crevice c o l l e c t o r  ( P 4 1 ) .  The 

c o l l e c t o r  is on t h e  east  bank of a t i n y  stream t h a t  discharges t o  
t h e  W e s t  Fork G i l a  River through a t i l e  c u l v e r t  nor th  of the 
generator  house. (See Figure 7 for loca t ions . )  

The sample a t  t h e  southern-end w a s  

Five o t h e r  samples w e r e  a l l  collected from W e l l  Campbell e t  
a l .  No. 2 dur ing  t h e  cons tan t - ra te  pumping test. W e  spaced 
c o l l e c t i o n  of these  samples throughout t h e  test to  document any 
chemical change t h a t  might occur. 
c o l l e c t e d  af ter  1 5  minutes of pumping, t h e  second after 100 min- 
u t e s ,  t h e  t h i r d  after 1000 minutes, t h e  f o u r t h  after 1500 minutes, 
and t h e  f i f t h  and l a s t ,  after 2850 minutes. ( T e s t  d u r a t i o n  w a s  
2880 minutes.) 

The first of these  samples w a s  

,. 

When t i m e  and personnel allowed, p a r t i a l  chemical analyses  
w e r e  performed i n  t h e  f i e ld  on samples c o l l e c t e d  from t h e  same 
place  a t  the same t i m e  as those  submitted f o r  detailed ana lys i s .  
These f i e l d  ana lyses  for t h e  t w o  sp r ing  samples and t h e  first two 
w e l l  samples appear i n  Table 1. 

* 

I f  e i t h e r  flume showed a s i g n i f i c a n t  response to  pumping, 
another  sample would have been c o l l e c t e d  from t h e  s p r i n g  n e a r e s t  
the responding flume. Since n e i t h e r  flume showed a response,  
n e i t h e r  sp r ing  has a second sample. r 



- .  
I i  *. 

TABLE 1. F'IELD MEASUREMENTS 

Temperature Canductan 



~~ ~~~ ~~~ ~ 
~ 

I+ Appendix E, T a b l e s  E-1 to E-7 presen t  detailed chemical anal-  
yses  of the seven water samples c o l l e c t e d  dur ing  this p r o j e c t .  
The New Mexico Bureau of Mines and Mineral Resources performed 
these  analyses  fol lowing normal procedures for w a t e r  ana lys i s .  

I n  general ,  these analyses  f a l l  w i th in  the range h is tor ica l ly  
reported (Reference 8 ) .  Analy t ica l  v a r i a t i o n  could account f o r  
a l l  the d i f f e rences  seen. Sodium, w i t h  t h e  lowest value i n  the 
l a s t  w e l l  sample, might be s h o w i  a response t o  pumping, b u t  t h i s  

s i n g l e  anomalous r e s u l t  also might be a measure of the p r e c i s i o n  
of t h e  anazy t i ca l  method or v a r i a t i o n  due to  a n a l y t i c a l  technique 
of the operator .  
the earliest  sample and the h ighes t  value for  the w e l l  i n  the 
las t  sample, might also be construed t o  show a response to  
pumping. However, n e i t h e r  the p t i a l  analyses r a n  nor  the 

intermediate  labora tory  ana lyses  how such a tr i n  s i l i ca  con- 
t e n t ,  and a l l  the analyses  of both the w e l l  and sp r ing  samples are 
wi th in  the  range of a n a l y t i c a l  p rec is ion .  

Sil ica,  w i t h  the lowest value for t h e  w e l l  i n  

c 

= 

T e s t  Resul ts  

D a t a  I n t e r p r e t a t i o n  

Two problems w i t h  the f i e l d  measurements a t  W e l l  Campbell e t  
a l .  No. 2 made data a n a l y s i s  d i f f i c u l t :  

1. The hot water see d to  have an effe 
hole  e l e c t r o n i c  equipment which coul  
separated from the e f f e c t s  of atmosp 
and pressure  changes upon water-leve 
and 

2. Numerous hang-ups i n  the w e l l  caused s 
on the chalked steel tape  t o  b 
rather than the exception. 
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Overview.. .- 

f 
i p  of drawdown, d ischarge ,  and 
t W e l l  Campbell e t  a l .  No.  2 

r i o d  from 1500 hours on October 5, 1 9 8 1  to  0230 hours 

ecific drawdown 
c o r r e c t i o n  (s'/Q) 
i l l ' s  argument13. 
o t  w e  c a l c u l a t e d  

13,900 ga l lons  per 'day per  f o o t  (gpd / f t ) ,  
t 80 gpd/ f t2  i f  
pen hole  b e l o w  L 

or  Jacob's cor- 
No.  2 dur ing  

f i v e  p o i n t s  f i t  

i n e f f i c i e n c y  . 
dix B, T a b l e s  B-2 and C ,  T a b l e s  C-6 

c 

i thm of  e lapsed 
y) for t h e  48-hour 

a .  

bi drawing a str 
of elapsed p 
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0. I 

s'/Q 

0.2 w 
VI 

s/Q 

(ft/gpm) ' 
0.3 

0.4 

* * 1 * C' + c  c .., 

e,. 

EXPLANATION 
Step I , IZ5gpm 

0 Step 2,29.9 gpm 
Step 3.35.8 gpm 

1'3 Step 4,41.3 gpm 
+ Step 5 ,50.9 gpm 

Adjusted time (minutes) or Harril 1's argument (dimensionless) 

Figure 9. Well Campbell et al. No. 2 step test, s'/Q or s / Q  versus adjusted time or 
Harrill's argument. e 
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L as obtained from t h e  s t e p  test. Measurements from t h e  middle 
per iod  of recove 

gpd/ft .  
be  construed t o  i n d i c a t e  T ' s  from 6600 t o  17600 gpd/f t .  

after the -4'8'hours of pumping show T = 12000 
Later or  earlier t i m e s  du r ing  pumping and recovery could 

None of t h e  observa t ion  p o i n t s  showed a s i g n i f i c a n t  response 
t o  pumping W e l l  Campbell e t  a l .  No. 2, e i t h e r  during t h e  s t e p  tes t  
o r  the cons tan t - r a t e  test. Although depth-to-water measurements 
a t  t h e  North observa t ion  w e l l  showed an  apparent  response during 
t h e  aonstant-  t e  pumping test, t h a t  change w a s  too s m a l l  t o  g ive  
any a n a l y t i c  l u t i o n s  for t r ansmiss iv i ty ,  hydraul ic  conduct iv i ty ,  
or s t o r a t i v i t y  . 

Likewise ,  us ing  t h e  recovery d a t a  from t h e  constan 
i n  a log-log p l o t  of s ' / Q  versus  t/t' to  t r y  a Theiss ian  type  
curve f i t  provided ambiguous r e s u l t s .  

Appendix D, Tables D-1 through D-4, p r e sen t  d a t a  for W e l l  
Campbell e t  a l .  No. 2 dur ing  t h e  48-hour cons t an t - r a t e  pumping 
test. 

Appendix B, Tables B-2 and B-3, and Appendix D, Tables D-5 
through D-10, presen t  data for t h e  obse rva t ion  po in t s  dur ing  t h e  
48-hour cons t an t - r a t e  pumping test of W e l l  Campbell e t  a l .  No. 2. 

Temperature I 

T a b l e  2 presen t s  measurements of the temperature of water d i s -  
charging f r o m  W e l l  Campbell e t  a l ,  No. 2 dur ing  these  pumping 
tests. 

Temperature measurements dur ing  t h e  s t e p  test on October 6,  
1981 show t h a t  t h e  m a x i m u m  temperature (62.2OC) was reached about 
75 minutes a f t e r  pumping began 

la ter  pumping (about 30 minutes du ra t ion ) .  

d remained a t  t h a t  l e v e l  for 

about 45 minutes, then decreas  ( to  61.7OC) dur ing  t h e  5- 
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k i  TABLE 2.  TEMPERATURE F WATER DISCHARGING FROM 
WELL CAMPBELL ET AL. NO. 2 DURING~ - . _ -__  I 

w . PUMPING TESTS, OCTOBER 198:- i l .  

. -, 
- 6  1426 60.0 1438 60.0 

1429 60.0 ’ 1440 61.1 

60.8 1435 60.6 46 

1451 61.1 1437 61.1 

1439 61.1 1500 61.7 

1443 61.1 1510 61.7 

1449 61.1 1540 61.9 

1452 61.1 ,1550 61.7 
.I a r n  rnn  

61.7 

1530 

61.7 

61.7 

l b U L  6L.L / f  ’ . .~ 

1607 62.2 PU850 61.7 



,1320 62.2 

1720 61.7 

2020 61.7 

2140 61.7 



During -the const t-rate test, water temperature.appears 
L to show diurnal variation ith.lowest temperatures reached be- 

9 reached between about-1300 and 1600 each day, These temperatures 

'6., 

tween about -2100 900 each night. Maximums were 

may document actual changes in the water temperature, or may re- 
flect the combined effects of measurement in an un-insulated pipe 
and variation in worker's perception of the time required for the 
thermometer to quilibrate -<to -the water  temperature. 

Comparison of measured water temperatures with the 
ature -log in Appendix A shows that the discharging water commonly 
exceeded the bottom-hole temperature recorded during logging in 
spite of the fact that the measured total depth before these 
pumping .tests was 1'5 feet'less than the4total depth measured 

he kemperature log 

. D.A.-Campbell reported that during the 10 minutes of pumping 
after the pump was installed.r-(9730 to 174 
the first water discharged at a temperature of 58.9OC (138OF). 

on October~ 5, 1981), 

irst: recorded -temperature in each test was 6O.O0C (140!F). 

aximum variation in observed water temperature is 3-3OC for 

- 

the maximum variation in recorded water temperature is 2.2OC; 

Well Campbell et al. No. 2. 

*of water in a 
olume of water in well- 

below the initial water. level and (b) the 
relative volumes of water at 58.9OC and at 62.2OC (derived from 
Reference 14), expansion and contraction could cause a maximum 

level change 

J 

A to water when the temperature 

I .  

the well decrea 
r could be meas- 
e, several prob- 

LA 



- 
Lli 

lems combined to effectively reduce the accuracy of depth-to-water 
measurements in Well Campbell et al. No. 2 during these tests and 7 

any changes caused by increase or decrease of water volume due to 
temperature variation cannot be separated from these other effects. 

DISCUSSION 

The text that follows addressesafour questions: 

1. Why didn't the observation wells respond more during 
and why didn ' t the flow of the springs dim- 

inish? 

2. What is the instantaneous optimum yield of this well 
and what are its first-year and forty-year yields? 

What changes in head would occur if the well were 
to be pumped to its forty-year yield capacity? 

3 .  

4. How much would the flow of the springs change if the 
well were to be pumped to its forty-year yield 
capacity? 

We could discuss the relationship of the well to the ground- 
water flow system and the consequent discharge-drawdown relation- 
ships in terms of many conceptual models. 
cross-sections of the four conceptual models that we will consider 
here. 

Figure 12 illustrates 

Three of these models are as follows: 

1. The well fully penetrates a horizontal layer of sat- 
urated homogeneous, isotropic, water-yielding rocks 
of uniform thickness in-which all- heads are ini- 
tially identical (Theissian condition) (Figure 12a) ; 

? 
' 

L 
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- 
LJ 2. The well fully penetrates a horizontal layer of sat- 

urated homogeneous, isotropic, water-yielding rocks 

of uniform thickn s - in which, 'tially, all heads 
are identical and a stream fully'penetrates the 
layer at a dista 
well (Theissian 
boundary) (Figur 

The well fully penetrates a layer of saturated, 
homogeneous, isotropic, water-yielding rocks of 
uniform thickness which slopes toward a distant 
discharge area ( sian condit 
water table) (Figure 12c). * 

from the pumping 

3 .  

Contrast these three s lified conceptual models with the 
fourth which represents our concept of the "actual" system, in 
which the following seem to be true (Figure 12d): 

i 

1. The well partially penetrates the water-yielding 
rocks; 

2. The thickness of the water-yielding rocks that del- 
iver water 'to the well is unknown; 

The rocks are neither homogeneous nor isotropic; 

The hydraulic conductivity is contra 
tures and probably is not only directional but a 
varies radically within' the 
well; 

3.  

4 .  

netrates the water yiel 
point of regio 

e 

discharge; and 

The head varies not only with the slope of the water 
table, but also with depth in the saturated rock. 

b 
6. 

4 4  



6 
Our model of an "actual" system is itself incomplete because: 

ere isotropic, 
actor of 2 or 3. (b) 

The role of aries has been ignored. The 
faults not only increase ally, but also 
cause rocks wit 
reason for the n't know) has been 
ignored. (d) The re hot water has been 
ignored , 

head distribution 
1 model, At best we 

timates of the 

model would require a num uter model) of the 

exercise. However, if 
in the wells near the 

0 .  2 and to esfi he impact of that 
nd on the flow of the 

... - * -  

The South Well has on1 

believe the discharge 
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(b) Theissian Conditioos with Constant Head 

a Sloping Water Table 

Figure 13. P r o f i l e s  of t h e  ground-water flow system showing t h e  
r e l a t i o n  of t h e  pumping w e l l ,  observa t ion  w e l l ,  
t h e  G i l a  River or G i l a  Hot Springs dur ing  t h e  
puniping per iod according to  selected conceptual  models. 



suggests that 
L the water-level ell et .al. No. 2 
tid 

might be as large as 0.2 foot. 
J -  

The fLme measurements, Which areiaccurate.ko about one 
gallon per, minute,. Ghowed no change .in *he 
springs we monitored. 

of the two 

Four explanations can be called upon to xplain these 
observations: 

. 1. The. rock 

2. Part of 
other than storage in the water-yielding rocks, 

a 

c 

1 

the springs by less than 10 percent at’rthe 
end of two days, we see 
leads to .two conclusion 

” 

w 
sY 1. Values of S of this magnitude,auggest that-IS1.F 
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nd t h a t  the water der ived  from poros i ty  s t o r a g e  u 
ather than- elasl3c s torage ; .  and 

2 .  S e t t i n g  S = 0.05 w i l l  produce better estimates of 
discharge and drawdown (under Theiss ian  condi t ions)  
than  would be produced;if 5 w e r e  ass igned a smaller 
value.  

Water no t  f r o m  StQrage 

Water no t  der ived  f r o m  s to rage  could inc lude  (a) water from 
a constant-head source (conceptuai model 21, or  (b) water moving 
through the rock toward t h e  r i v e r  i s d n t e r c e p t e d  b t  t h e  w e l l  
(conceptual model 3 ) .  

Assuming a constant-head boundary a t  the  r i v e r  t h e  d ischarge  
rate a t t r i b u t a b l e  t o  t h e  constant-head s o u r c e a t  t h e  end of 
pumping 50 g p m  for f o r t y  years would be about 50 gpm. That is, 
after fo r ty  years of continuous pumping, the constant-head - 

conceptual model calls for a l l  t h e  w a t e r  t o  come f r o m  the constant-  
head source. 
w a t e r  discharge to  t h e  r i v e r  would be diminished by the  amount of 
discharge of t h e  w e l l .  

W e  could i n t e r p r e t  t h i s  t o  mean t h a t  the ground- 

The s lop ing  w a t e r - t a b l e  model (Figure 13c) assumes'khat 
water is moving-through t h e  rocks a t  a rate determined by the 
s lope  of the w a t e r  table and the  t r a n s m i s s i v i t y  o f - t h e  rocks,  ' 

t h a t  is  

Q is t h e  volume of water i n  gpm t h a t , p a s s e s  through a 
v e r t i c a l  s e c t i o n  of rock L feet w i d e  under t h e  
hydraul ic  gradien 
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I/' he hydrauli 

. a  

I (2 )  

However i f  w e  r-level a l t i t u d e  
di f ferences  between W e l l  Campbell et  a l .  N o .  2 and the North W e l l ,  I 
the gradient would be about 25 feet i n  500 feet or 0 .05  ft/ft. 
so 

L = (50 x 1 4 4  ) *  = -111 feet . 

* 

.c 

i change the f l o w  system i n  the v i c i n i t y  of the w e l l  and the water- 



may have little influence on shallow wells until pumping has gone 
on for many days. The predicted "vertically-averaged" head change 
may ba arelatively large number; whereas the head change observed 
in a shallow well may be negligible. Because the head change at 
depth may be substantial the predicted "vertically-averaged" head 
change may actually occur at only one point along the axis of the 
observation well extended downward 

Postscript 

We can account for the lack of response in the observation 
wells and the undiminished flow of the springs when Well 
Campbell et al. No. 2 was pumped in several other ways than those 
cited above. Some preceptions of the relation of the well to the 
flow system automatically dictate that the flow of the springs 
will diminish -- some more than others. 

Still other preceptions can be entertained in which the 
discharge of the springs would be unaffected by the discharge of 
the well . 

We argue that we are more conservative, if we predict more 
effect on the springs than will actually occur, because the 
effects of overestimating are correctible -- those of under- 
estimating are not. 

Optimum Instantaneous Discharge and "First-year" .Yield 

Appendix G presents the formulation for calculating the 
optimum yield of a well. 

Based on test results and our knowledge of Well Campbell 
et al. No. 2 (T = 13000 gpd/ft, C = 0.0047 ft/gpm2, a = 0.0074, * 

and S '  = 0.05) we determined the optimum discharge at the end of . 

Based on the same values for parameters, the optimum 
the first year of pumping for this well is 50 gpm with 20 feet I.# 
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t h  22 f e e t  W '  

- *-I--_ _I -- _ "  

ac- f t /y r )  . 
I f  t h e  w e l l  eepened, so th 

0.01, then w e  would 
have t h e  fol lowing 

< 
*~ 

Yield 
Total Average 

1 .  :' Optimum 

Elapsed Inf taptaneous r - -  - A 1  

Time (days) Discharge (ac-f t) (ac-f t / y r )  
1 1 % * & i 4 1  226 

365 <; %- 1 3 8 223 
36 I : 8846 221 a4600 (4Oyrs) ,. 1 f -  

Ll c- 
1 .  

I . 
Head Changes - I 

-Fhe -discussion of- head-Thanges of - n e c e s s i t y - f a l l s  i n t o  two 
p a r t s :  

I 

1. A d i scuss ion  of  t h e  changes that  w e  can expec t  i n  
pumping w e l l  a t  var ious  pumping rates, and 

2. A d i scuss ion  o f  t h e  chang 
t h e  v i c i n i t y  of  t h e  pumpi 

a t  w e  can expect  i n  

I n  Pumping W e l l  

a Because W e l l  C i s  r e l a t i v e l y  i n e f f i c i e n t ,  
t h e  water-lev w i l l  be  much re than w e  
would p r e d i c t  t t h e  same si te.  

f 

b, Tables 3 and 4 compare t h e  t o t a l  drawdown and drawdown due 
t o  w e l l  i n e f f i c i e n  i n  W e l l  Campbell e t , a l .  No. 2 a t  t h e  end of 
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b TABLE 3 .  DRAWDOWN DUE *TO WELL INEFFICIENCY 'AND TOTAL DRAWDOWN 
I N  WELL CAMPBELL ET 
BASED ON T = 1 3 , 9 0 0  

c 

b i s c h a r g e  Drawdown due to T o t a l  
Rate W e l l  Inefficiency Drawdown 
(gpm) (feet) 

1 0  0 . 4 7  

0 ' ' 1 . 8 8  

30 4 . 2 3  9 . 8 1  

40 7 . 5 2  

50 1 1 . 8  - 2 1  

75 26 .4  * 4 0 - 4  

100  4 7 . 0  6 5 . 6  

125  7 3 - 4  - 9 6 . 7  * 

150 

170  

106 

136 168 



TABLE 4 .  -DRAWDOWN DUE TO WELL INEF~ICIENCY AND TOTAL DRAWD 
EXPECTED I N  'WELL CAMPBZLL ET AL. NO. 2 BASED ON 
T = 12 ,000  gpd/ft. 

bi 
* 

Dr wn due t 
W e l l  Inefficiency 'Drawdown 

F 

I 

1 6 . 1  . 

100 47.0 68.4 
1 

(r 125 73.4 100 

II 

8 



LJ one year based on transmissivity values of 13,900 gpd/ft and 12,000 
gpd/ft respectively. 

Drawdown due to well inefficient 
discharge rate increases. The percen e of drawdown due to well 
inefficiency varies with the values of transmissivity, storativity, 
well diameter, coefficient of inefficiency, and elapsed time used 
to calculate drawdown (as well as the particular method of 
calculation used). Tables 2 and 3 show that, for the present 
conditions, inefficiency accounts for about half the drawdown in 
Well Campbell et al. No. 2 at 40 gpm, and a bit more than half at 
50 gprn. However, if we increased the discharge to 170 gpm to 
draw the water level down to the bottom of the well, about 80 
percent of that drawdown would be caused by well inefficiency. 

Around the Pumping Well 

I 

The amount of water-level change that we would predict for 
wells in the vicinity of Well Campbell et al. No. 2 depends upon 
the model we choose. For example, the drawdown predicted by our 
three conceptual models for the North observation well due to 
pumping Well Campbell et al. No. 2 at 50 gpm are: 

i 

Predicted 
Water-level Elapsed - 

Model Change (ft) Time 
1. Theissian conditions 5.1 1000 years 

2. Theissian conditions with constant 
head boundary 

0.2  Equilibrium 

3. Theissian conditions, sloping water 
table r 

-.. River gradient 4.4-4 .5  Equilibrium 
Well gradient 2 . 4-2.6 Equilibrium L* 



t 

For 7ilohg-Ke~m 2plarinin s the zeseimate Of 2.4 t o  2.6 
* sli f-realislifG 

ter-level change 

ed 

pred i6 t ion  !in -proportioplIto "the %hang 
doubling t h e  pumping rate w i l l  double the, es t imated-water - leve l -  

$ change. 

I '-,: i 

/ I  L t  .r' *.-"!t:: 

The' es t imated.dmpact  of :  'pumping We12 Campbell e t  
I 

POW t0-f ' : theGi la  '"Hot :Spri$gs -:also <depends upon -the - ~ 

conceptua l iza t ion  w e  choose. 
The worst-case estimate is  t h a t  pumping t h e  w e l l  f o r  a long per iod  

Some e f f e c t  seems inevi table , :  
1 

1 reduce *e 3 flow1 6E.:*he ;spxi-ngs?-by '*he amount -pumped. 
e 

i e e n t i r e  -r 

c ra tuke  at  t h e  -to depth  to- 83OC (181OF) ; 

* 

ki: 

\ 
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I. Figure 13 (d),shows possible flow paths for water entering 
Well Campbell et al. No. 2. gures 3 and 4 show possibl - 
therms based on available te ature data. 
that the small increase in temperature experienced during these 

cepts water more laterally than vertically. Thus, deepening the 

- 
tests probably results from e manner .in which th well inter . .  rh 

should’have a greater impact on the temperature of water 
arged than would enlarg or developing the well to increase 

the discharge rate. 

CONCLUSIONS 

Well Campbell et al. No. 2 taps rocks that show an effective 
transmissivity in the range of 12,OOO_to 14,000: 
indicates a hydraulic con 
gpd/ft2. 

e 

In its present condi al, No. 2 should 
be pumped at a discharge rate of 50 gpm or less to,avoid wasting 
energy fighting well inefficiency. 

~ a 

* 

The relatively small values of drawdown compared to the depth 
of water available in this well ndicates that the optimum yield 
is controlled by factors related to well configuration and effi- 
ciency more than by the water-yieldinggroperties of the rocks. 

- 

~ Enlarging Well Campbell et a1 leaning or developing 
the well to increase its efficienc ening -it should 
significantly-increase the .optimum discharge rate. 

Pumping Well C y -years at 50 gpm 
will have a trivial eff er levels in wells a -few hundred 
feet distant. 
planning purposes the flow of the springs plus the discharge of 
the well should be considered a constant. . \  

It will diminish the flow of the springs, and for 
# 

L! 
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APPENDIX A r,,, 
W e l l  Campbell e t  al .  No. 2 

Larjon Dr i l l ing  Company d r i l l e d  W e l l  Campbell e t  a l .  No. 2. 
? 

The r i g  w a s  moved f x O m  W e l l  Campbell e t  a l .  No .  1 to  W e l l  
Campbell e t  al. No. 2 on January 1 6 ,  1980. Dr i l l i ng  began 
January 16 and continued to  January 20 when the f i n a l  depth of 
277 feet was reached. 

, 

The d r i l l i n g  r i g  w a s  a Franks KF-50 with a WBK compressor 
( 5 0 0  c f m  a t  150 ps i ) .  To 

move t o  the  proposed locat ion required construct ion of a pad and 
grading of an ex i s t ing  road. 
r i g  on locat ion,  though help w a s  required t o  move d r i l l  pipe and 
water up to  the  site. 

Dr i l l i ng  f l u i a  w a s  a i r  and Quik-foam. 

No equipment w a s  needed to move the 

T 

Construction of W e l l  Campbell e t  a l .  No. 2 began by d r i l l i n g  

.., t o  13 feet w i t h  a 7 7/8 inch qock bit;..13.4 feet of 6 5/8 inch 
O.D. casing w a s  cemented i n t o  t sacks of concrete. 
Dr i l l ing  continued with a 5 1 / 4  inch hammer b i t  u n t i l  severe 
caving problems a t  277 f e e t  were encountered. 
this w e l l  due to severe caving problems below 247 feet. 

W e  d i d n ' t  develop 



FIELD LOG: Well Campbell et a (NE%, NW%, NE%, Sec. 5 ,  
unty,-New Mexico W 

From To Rock type and Description 
- - *  

0 1 Sand and Gravel - brown, fill from cut bank.. 

d - brown to dark brown, ' 

n, medium hard, drills 
y with rock bit. 

an additional 
e is 135OF. 



i' u LITHOLOGIC DESCRIPTION: W e l l  Campbell e t  a l .  No. 2, (NE*, NWf, 
NE+, Sec. 5, T.l3S., R.13W.) Grant 
County, New Mexico 
By: R.M. C o l p i t t s ,  Jr., January 1980 
( A i r  Rotary Samples) 

Depth (ft) 
From To Rock type  and Descr ip t ion  

a n d e s i t e  i n  a mat r ix  of c l a y  and sand. 

saniidine, 33% g l a s s ,  15% qua r t z ,  and 2% golden-brown 
b i o t i t e .  

of 50 % sanid ine ,  25% quar t z ,  20% g l a s s ,  5% golden- 
brown b io t i t e  and a trace of l i t h i c  fragments. 

-- 
! o  1 0  Rubble - brown, composed of pebbles  of l a t i t e  and 

1 0  60 Rhyo l i t i c  t u f f  - brownish gray,  composed of 50% 

60 1 2 0  Rhyo l i t i c  t u f f  - l i g h t  brownish gray,  welded, composed 

1 2 0  1 4 0  Rhyo l i t i c  t u f f  - gray,  welded, po rphyr i t i c ,  composed 
of 55% sanid ine ,  30% g l a s s ,  1 2 %  qua r t z ,  2% yel low 
sphene, 1% golden-brown b i o t i t e  and a trace of augi te .  
Hydrothermal a l t e r a t i o n  of rocks  inc reases  wi th  depth.  

composed of 55% san5dine, 27% g l a s s ,  15% qua r t z ,  2% 
golden-brown b i o t i t e ,  and 1% aug i t e .  

po rphyr i t i c  w i th  abundant hydrothermal a l t e r a t i o n  of 
f e ldspa r  and t u f f  p re sen t .  
15% quar tz ,  25% g l a s s  and a l t e r a t i o n  minera ls  
(ser ic i te[?]) ,  2% golden-brown b i o t i t e ,  2% unknown 
dark  minera ls  and 1% aug i t e .  

1 4 0  250 Rhyo l i t i c  t u f f  - brownish-gray, po rphyr i t i c ,  welded, 

250 277 Rhyo l i t i c  t u f f  - brownish-gray, very welded, 

Composed of 55% san id ine ,  

TD = 277 
i+ 
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TEMPERATURE. LOG: W Campbell et a1 0 .  2, NE%, NWh, NE&, 
1 Sec. 5, R.l3S., R.13W.8 Grant County, New Mexico 
ii 

By: D. Gambill and A. Kron (LASL) and R.M. 
Colpitts, Jr., January 30, 1980 

a 

Depth Depth 
OF - OC ( ft) - OF - OC - ( ft) 

0 -- -1 170.8 56.0 132.8 , 
52.0 30.~8 87.4 175.9 56.8 134.2 
72.4 35.2 95.4 181.1 57.4 135.3 
81.8 39.6 103.3 186.3 57.7 135.9 
82.8 39.8 103.6 191.5 58.2 136.8 
88.0 40.4 104.7 196.6 58.5 137.3 . 



APPENDIX B 

DISCHARGE MEASUREMENTS OF 
FLUMES DURING TESTS OF WELL CAMPBELL ET AL. NO. 2 
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APPENDIX B 
- 

HOT L v  

SPRINGS, NEW MEXICO, I N  OCTOBER 1 9 8 1  * 

TABLE b2.DZSCHARGE MEASUREMENTS AT FLUME NO 

Hour 

Oct. 6 1205 

1357 

1400 

1405 

1410 

- Date 

1415 

1420 

1425 

1430 

1435 

1440 

1445 

1450 

1455 

1500 

1505 

1510 

1515 

1520 

1525 

1530 

1535 

1540 

1545 

1550 

1555 

1600 

1605 

1610 

1615 

- 
Water Discharge 
Height 
(ft) 

0.03 2.0 

0.03 2.0 Sunny 
0.03 2.0 

0.03 2.0 

0.03 200 Pump on at 1 4  
0.03 2.0 

I '  

'b.03 

0.03 

0.03 

0.03 . 2.0 
* 

0.03 2.0 

0.03 2.0 
0.03 2.0 

0.03 2.0 

0.03 2.0 

0.03 2.0 

0.03 200 

0.03 2.0 

0.03 2.0 

0.03 2.0 

0.03 200 

0.03 2.0 

0.03 2.0 

0.03 2.0 
0.03 2.0 

4 

0.03 2.0 

0.03 2.0 

0.03 2.0 

0.03 2.0 c, 



u TABLE B-2 (continued) . 

-a 

. .  Oct. 6 1620 0.03 2.0 



TABLE I342 (continued) . 
v 

Water Discharge 
Height Rate I 

.Date Hour ( f t) Remarks 
O c t .  7 1523 0.03 

1537 
1605 
1634 
1700 
1736 
1807 
1835 
1909 
1934 
2008 
2040 
2106 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

2138 0.03 2.0 

O c t .  86 

2207 
2234 
2304 
2331 
2359 
0035 
0100 

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

0120 0.03 
0200 0.03 
0233 0.03 
0300 0.03 
0330 0.03 
0400 0.03 
0430 0.03 
0500 0.03 
0532 0.03 

I 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

Level checked - OK 

u 
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I 

6, TABLE B-2 (continued) . 
.L 

* 

- 
Oct. 8 0602 0 . 0 3  

0631 0 . 0 3  
> , e -  c I .. i-  CC!" 8 

t " ;  . .  0700 0 .03  2 . 0  
0800 0 . 0 3  2 . 0  
0900 0 . 0 3  2 . 0  

2 . 0  1000  0 . 0 3  
1 1 0 1  0 . 0 3  2 . 0  
1201  0 . 0 3  2 . 0  
1300 0 . 0 3  2 . 0  

2 . 0  1405 0 . 0 3  
1505 0 . 0 3  2 . 0  
1604 0 . 0 3  2 .0  
1705 0 .03  2 .0  

1904 0 .03  2 . 0  
2008 0 . 0 3  2 .0  

._ : 1 . r: i i. . 

c u  r *' 

5 t-.. 1- s f '  ~ 

:? 

" 8  ,L> 
c 

1 -, i: [, * ' 

f -. 

. 1, " I ,  
< r 
I '. ... * 1- 

't 

i 
P -. i 

1d 1808 0.03 i""z:o 
0 x :> + . I  \ 

0 * I.: :I ~ 9%' i, 
-,. 



c 

I.. TABLE B-2 (continued) . 
" 

Water 
Height 

Hour ( f t) 
O c t .  9 1200 0.03 

1300 0.03 
1405 0.03 
1437 0.03 

- D a t e  

1508 0.03 
1604 
1707 
1812 
1900 
2000 

2100 
2150 
2310 

O c t .  1 0  0007 

0117 
0200 
0400 
0600 

2.0 

0.03 2.0 ( *  

0.03 2.0 
0.03 2.0 
0.03 2.0 
0.03 2 . 0  

0.03 2.0 
0.03 2.0 
0.03 2.0 
0.03 2.0 Clear-cool 
0.03 2.0 
0.03 2.0 
0.03 2.0 
0.03 2.0 

0812 0.03 2.0 
1011 0.02 1.1 No l e a k s  
1200 0.03 2.0 
1600 0.03 2.0 
2005 0.03 2.0 

O c t .  11 0013 0.03 2.0 
0422 0.03 2.0 
0817 0.03 2.0 * 

1213 0.03 2.0 
1614 0.03 2.0 
2014 0.03 2.0 

- 

O c t .  1 2  0025 0.03 2.0 L! 
0256 0.03 2.0 Pu l l ed  flume, 
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T.ABIYE: B-3 (continued) . ' 

Date 
Oct. 6 

Hour 
1540 
1545 
1550 
1555 

- 

ej: 

~- 
Water Discharge - 
Height Rate 

( ft) (gpm) 
0.05 4.5 
0.05 4.5 
0.05 4.5 
0.05 4.5 

1600 0.05 4 .5  
1605 0.05 4.5 
1610 0.05 4.5 
1615 0.05 * 4.5 
1620 0.05 4.5 
1625 0.05 
1630 0.05 
1635 0.05 
1640 0.05 
1645 0.05 

4.5 
4.5 
4.5 
4.5 
4.5 

1650 0.05 4.5 
1655 0.05 4.5 
1700 0.05 4.5 

Octo 7 

1705 0.05 4.5 
1710 0.05 4.5 
1715 0.05 4.5 
1725 0.05 4.5 
1735 
1745 
1800 
1825 
1855 
1955 
2045 
2145 
2300 
0012 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

4.5 
4.5 
4.5 
4 .5  
4.5 
4.5 
4.5 
4.5 
4.5 
4.5 



0 

TABLE €3-3 (continued) 



h*.: TABLE B-3 (continued) . 
" 

Water Discharge 
Height R a t e  .) - Hour ( f t) (gpm) 

Oct .  8 0302 0.05 4.5 
0332 0.05 4.5 

Date 

0402 
0432 
0502 
0535 
0605 
0633 
0702 
0802 

I 0902 
1002 
1103 
1202 
1302 
1408 
1506 
1606 

0.05 4.5 
0.05 4.5 
0.05 4.5 
0.05 4.5 
0.05 4.5 
0.05 4.5 
0.05 4 - 5  
0.05 4.5 
oeos  
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

4.5 
4.5 

t '  4.5 
7 '  

4.5 
4.5 
4.5 
4.5 
4.5 

Level OK. 

1708 0.05 ' 4.5 
1805 0.05 4.5 
1907 0.05 4.5 
2005 0.05 4 .'5 
2102 0.05 4.5 
2202 0.05 4 . 9  
2302 0.05 4.5 

O c t .  9 0002 0-05 4.5 
0102 0.05 4.5 
0202 0.05 4.5 
0302 0.05 4.5 
0402 0.05 4.5 
0403 0.05 4.5 



TABLE B-3 (continued) . W 
z . 

_ .  ." P _ I _ . _  &_" * . *. . . -. . c- . . _ _  , - 1 -. L 

Water Discharge , 
3 

Hour - D a t e  
0, 

*- ".9"" - - a goA6 c 

0700 0.05 4.5 
0800 0 . 0 5  4.5 
0900 0 . 0 5  

1000 0.05 
1100 0.05 
1200 0.05 

_ _ _ _ _  - ._- 2-300 -i 3;05 - --..e.. 
1403 0.05 4.5 
1439 0 . 0 5  4.5 
1510 0 . 0 5  4.5 
1606 0.05 4.5 
1710 0.05 4.5 
1805 0 .05  4.5 
1905 0.06 5.8 
2002 0.06 5.81 
2102 0.06 5.8 
2152 0 . 0 5  4.5 

. 05 4.5 

- .  
i I .  

I 
1 

1 

. t  

O c t o  10 -05 4.5 Clear-cool 
0115 0.05 4.5 
0200 0.05 4.5 
0400 0 . 0 5  4.5 
0600 0.05 4.5 
0809 0.05 4 .5  

a 1008 0.05 4.5 
1158 0.05 4.5 
1602 0.05 4.5 
2007 0 . 0 5  4.5 

O c t .  11 0009 0.05 4.5 
4.5 0420 0.05 

I d  

bil 
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TABLE B-3 (cont inued)  . 

Water Discharge 
Height Rate 

Hour ( f t )  (s??m) Remarks - D a t e  
O c t .  11 0815 0 .05  4 .5  

1210 0.05 
1611 0 .05  
2008 0.05 

O c t .  1 2  0022 0 . 0 5  
0254 0 .05  

4 . 5  
4 . 5  
4 . 5  
4 . 5  
4 . 5  Pulled flume 
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s 'r E E I... 
TRANS 
STEEL. 
TRANS 
.r F: A N s 
STEEL. 
TRANS 
s J E' EL. 
TR h tJ E; 
E;Jg: : j .  
s 'r' E E: I... 

3" j< fi I.! s 
r'!? (3 {\IS 
TR A N 5 
s 7- E: I:: 1". 
-r F; A N s 
h t t:.1-.I- 

s *r E E:: I... 

* . " I. ... 

s r E: E I... 
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TABLE C-4 (continued) 
E! 1% c: (3  m P IJ .(:. a L i CI ri 5 

" *" .... - .... ..- .... .... 
................................. .- 

C MI NlJTE5 WATER < FT 1 READ I NG REM A Rt< S 

. 





................................ _._.. -.._ .. ................................ . ... ......... .- .... ...,-. I ............... .......... ""..........-"....~.~I" ........... 
I.( 

..-I- ....- 
E DEF'TI.4 TU:# f 

REMARKS - 
...... ....... "..... .........-. ....... ".."...,...."- "-...."...-. "...".". ............I............. .̂..--..I......"-....-.-..."."..".".. 

STEEL.. 
TRCINS 
STEEL. 
'T F; A FI s 
'1" RAN s 
SY EEL. 
TRANS 
S 7' EE 1.. 
TRANS 

!3 TEE I... 

STE:E:L. 
TRANS 
S T E: E I... 
STEEL. 
STE E I... 

TRANS 
T R A I\! ti 
STEEL. 
TRANS 
S T E El.. 
s T E E I.. 

'r F: A N E; 

'r R A N s 

TRANS 

s M E A K Ell 

SMEAR ED 

SMERRED 

S L I G H T L Y  SMEARED 

S 1 . I O H T L . Y  SMEAREIi 



i 
i 

P i 





I
 

I 
s

i
 



DRAW- 
KIOWN(FT) 
..".".--"..-I I" 

I2 + 1.6 
l2e97 
13+27  
i 3 * 3 7  
:I. 3 t 47 
13,47 
13*57 
s3,!57 
13.58 
3.3+&8 
13+69 
13+80 
13.81 
13t82 
:1:; 9 3 

h , 4 3  
2 .53  
1.63 
It 1 3  
1*03 
3. .03 
1*03 
0 .94  
0'74 
0,534 
O * Y 4  
0184 
@ 85 
0 * 8"' 
0 743 
0*87 
0,5F 
0 61. 
0,53 
0 , 4 5  
0 * 4 7  
0 * 50 
3. * 2 4  
0162 
0.64 
0,42 
0+80 
0+86 
0189 
1 12 
0 + 3 6  
0134 
0,934 
0 43 
1.06 
0 37 

\.) 

92 

< FT/GPM > - 
-------- -- I"......-- 

0,239 0 * 231 
0 246 0 255 . 

0,261 0 t 251 
0 + 263 0 253 
0 + 265 0 , 255 
0,265 0 * 255 
0 + 267 0 * 257 
0 * 267 0.257 
0,267 0 + 257 
0 e 269 0 * 259 
0 e 269 0 , 259 
0,271 0,261 
0,271 0,261 
0 * 272 0,261 
0 , 274 0 + 263 
0,126 
#*050 
0 032 
0 022 
0 , 020 
0 020 
0 020 
0,038 
0 + 03.8 
0 + 01.8 
0,018 
0 * 01.7 
0 + 0 :I. 7 
0 E 0 1 7 
0 * 03.5 
01017 
0 0 :i. 2 
01012 
0,010 
-0 ,009 
01009 
0,010 
0 + 024 
0,012 
0,013 
0 008 
0,016 
0,017 
0,017 
0 , 022 
0 + 007 
Q + 007 
0,018 * 

o.ooa 
0,007 0,021 L 

S 



0 024 
.O 02 6 
0,026 
0,029 
0,009 
0 020 
0,009 
0 029 
0 + 033 
0,026 
0 036 
0+009 
0 033 
0,033' ' 

0 + 009 
0 000 
0 035 
0,035' ' 
0 055 
0,011 
0 + 093 



-142 c 0 
-1351(! 
-1st0 
- 1 4 + 0  
-12.0 
-10.0 

-7,o 
*-6 t 0 
- 4 + 0  
-260 
0+0 
1. 0 
2 * 0  
4 ,Q 
hr 0 
8,0 
9r0 

x0.o 
12t0 
14.0 
16*0 
18,0 
20 0 
22.0 
24.0 
25*0 
26.0 
28,O 
Jot0 
32,O 
34.0 
36 0 
38 0 
4 0 , 0  
43 * 0 
44,o 
4 6 * 0  
423.0 
50,O 
52 + 0 
54 ,o  
56.0 
58,O 
60.0 
62.0 
64,Q 
66tO 
60+0 
70+0 
72.0 
74.0 

I sir&wred. F ~!:r,24 . STEEL 
5.21 STEEL EiXidhtlrJ s;rrI&red 
S * l P  STEEL 
G+17 STEEL 
5.18 STEEL 
5*21 STEEL 
4 + 21 STEEL ??? 
4.21 STEEL ? s l i s h t l u  smeared 
5.22 STEEL 
5 . 23 STEEL. Pcirn~ on a t  C a m ~ b e l l  #2 

PUMP ON 
5.23 STEEL. at 1415 
5.24 s 'SEE 1- 
5.18 STEEL sli2htlr smeared 

S TE E I... 
STEEL s1iditJ.u smeared 

5.26 STEEL s l i s h t l r  smeared 
5,24 STEEL s l i s th t l r  smeared 
5*24 STEEL 
5+29 STEEL 
5 * 2 3  STEEL ? 
5.24 STEEL 
5.26 STEEL 

STEEL. 4*25 
5*44 STEEL 
3,213 STEEL 
5Y24 STEEL 
5*25 STEEL. 
5,23 STEEL 
5+25 STEEL 
5.26 STEEL s l i & t , l ~  SRIBiJPed 
5*27 STEEL. 51 i!:JI.l.tl?d smai3r@?d 
5*27 STEEL. sl i :dht lv  smeared 
5*2P STEEL. 
5 30 S T E E I_ 
5,3% STEEL 
5tJ2 STEEL 
5*32 STEEL.. 
5+30 ST E EL. 
5,2q STEEL 
5.30 S T E El.. 
5 . 2 8  STEEL 
5 * 2 8  STEEL. 
5.33 ST E EL, 
5.32 S TE E I-. P 1 i sh t1 M SUI oa red 

STEEL ...a * 3 3  
5+32 STEEL 
5b32 STEEL. 
5.32 STEEL. 
5.30 STEEL- 
5,33 STEEL E i l i s h t l r  smeared 

94 

c 

c 

. 

W +  I ( +  SUMMERS A N D  ASSQCIATESY TNC+ 
I 



cs 
i 

f 

e -  

16: 5bO 110*0 
10: 7.0 I. I2 t 0 
:16: Y b O  i :I 4 t 0 
15: l i  + o  1i6+0 5,37 STEEL 

5+35 . 'STEEL. 

I 1.6:21 bo 1 2 6 b O  5b39 STEEL 
:I. 6 : 23 Q 3.28*0 5 + 38 STEE I... 
I h  : ?!? 0 J30,O 
'I, 6 : 2 7  + 0 I. 3 2 0 
. I .  6 *'9 b I . 0 134*0 
'1.6:31..@ 156.0 

1. b ! 37 t 0 

., 

4 1.7: 5.0 3.70+0 5+28 STEEL 
17: 7 * Q  172.0 5*28 STEEL, 

STEEL- :t7: 9*0 174+0 3 * 28 hd i 7 :  11. b o  176.0 5b30 STEEL. 
r 

9 5  

W e  K +  SUMMERS ND [ASSOCXATES 



17t3,O 
18040 
135*0 
j.?O b 0 
1195,Q 
X96+0 
200 + 0 
205 , 0 
211 +0 
220 + 0 
230 + 0 
240 + 0 
254 + 0 

283,0 
3 2 2 + 0 
344 * 0 
383 b 0 
449 + 0 
451 * o  
510*# 
S?l*0 
a57.0 
10?5*0 

265' b 0 

5 * 27 STEEL. 
5+2? STEEL 
5+28 STEEL. 
5c30 STEEL 
S+38 STEEL 
5+26 STEEL 
5,25 STEEL 

5*27 STEEL 
5*27 STEEL 
5 * 2 2  STEEL.. 
5 27 S'T E: EL. 
S*30 s TEE: I.. 
5 25 STEE L. 
5 * 28 S TEE I... 

S+4Q STEEL. 
5*2? S T EEI ... 
5*27 S TE: E 1.. 
5.26 STEEL 
5 ,29  STEEL. 

STEEL. *I t 28 
5+25 STEEL 

s *r EE L. c. s.*?a 

c* 

51r1ea red 

sli$htls smeared 
smear& 

slidhtlu smeared 
smeared 

*THE TYPE OF RE:ADING DENQTES THE TYPE OF 
LlEPTH TO WATER MEASUREMENT MADE+ THESE MAY 
BE ANY QF THE: I~Ol-L.OWING: 

TRANS::: MEASUREMENT MAKIE: r w  A *rRnNsrtucER IN TI-IE WELL 
THE MEASUREMENT I S  TME MEIGHT O F  THE WATER COL.LJMN 
APQ'SE THE SENSQIS o 

STEEL..= MI:hSlJl2E:MENT* HADE BY A STEEL TAFE: + 
r 

MEASUREMENT MnnE EY AN AIRL-XNE, 
AIRTRAN-MEASUREMENT MADE E ~ Y  A N  nIF iL rNE COCJPL.EXI WITH A 

S'RfiNSltllJCER + 
E1.ECT.V MERSUREMENT MADE BY AN ELECTRIC TAPE + 
A B S O L , ~  ALL. MEASUREMENTS N A V E  BEEN CHANGED TO AESOLIJTE DEPTH- 

'10-WATER MEASUREMENTS* 

#THE WATER 1-EUEL READING IS THE INSTRUMENT READING 
MAKIF: TO FINK1 TEIE DEPTH TO WATER, 

EL-APSED TIME IS TAKEN FROM TO AT $4.15 ON 6 - OCT - 81 
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APPENDIX C 

TABLE C-7. * 

m v u  t a t i on 5 o r t h  Obse ........... ..... ............. ...... .. - - .," .. - .... .-- .. .... ........... ..................... .. ...................... ..... I-". - ......e- -""-""-- -LJ 
.. -.... -- - - -.".I -Y - .. - .-, 

4 t2htl.J smeared 

a t  1415 

i4:21,0 
14:23,0 5 1 i ?Jh t 1 s ! s N ~ c ? ~  red 

s l i g h t l u  smeared 
1 i s l i i ih t lu  smeared 
3 

c 1 4 : ;33 0 

1 

1 i 

0 

S 5 27 + 0 
W i 5 : 2 9 , 0  



--.-..--.--.-....--"..*.-- .-...C-..-..I........." ....-..-..._-....--. "-^ .......-....-..- -..- ....--..- "̂ .,...... ._.-I-.-.-. --..I---.-.- -"..-.,...,.."..-....- 
I -.- .... I" -. - e" "- .... -......e".. .".....,....... "--.I -. ".. ".. .I. .... - .... .". .- .. .".._...I. "" .̂ . .... .I. ".. ,." ".. .... .... .." .- .... .*.- .... .". .". ̂.. ..- - .I.-..-1."........"" -....- -........- .". *.. .... 

DATE EL.APSED TIME DEPTH TCI Lj 
OCT 81  (MINUTES) WATER(FT REMARKS 
I - .- - -.-- - - ..̂  -..... - I - .." - .." "" .... 

6 S5:33,0 78tO 5 + 3 7  
15 : 35 + 0 8040 5+32 B 1 i sh t 1 M striea red e 

3.5: 37 e 0 a2+o 5+32 
15:39+0 84 + 0 5.33 STEEL 1 isht 1 M %mea rwd 
15341+0 86,o 5133 $TEEL 51  i s l r t l u  smeared 
3.5: 43 + O  8 8 t O  5 + 3 3  STEEL 
15:45tO 90.0 5 + 3 3  STEEL s l i g h t l u  smeared 
35:47*0 9 2 + 0  5t32 STEEL 
15:4?+0 ? 4 + 0  5 + 3 3  STEEL. 
15:5s+o 9 6 + 0  5 + 3 7  STEEL smt+?ared 
15:54+0 99,o 5.38 STEEL 
1.5 : 55 * 0 100,O 5 + 3 4  STEEL 
15:58,0 i03*0 5 * 3 7  STEEL 
15 : 59 + 0 104tO 5 + 3 7  STEEL, 
s6: s + o  106+0 5 +  35 STEEL 
16: 3+0 108+0 5+34  STEEL 
16: 5+0 2iO+O 5 * 3 9  STEEL. 61 i s f h C l c t  smeared 
16: 7+0 112.0 5+36 STEEL. 
'1.6; 9 t rt 3.14'0 5 + 3 9  STEEL 
I6:11oO li6+0 5,37 STEEL 
36:13+0 318.0 5.35 STEEL 
16 2 :t 5 + 0 12Q+O 5 + 3 7  STEEL 
16:17+0 122.0 5 + 3 9  STEEL 
16:19*0 124+0  5 + 3 8  STEEL 
16:21+0 a26*0 5+3? STEEL 
16:23tO 128+Q 5+38 .STEEL 
16 : 25 + c! 130+0  5939 STEEL. 
1 6 t 27 + C! 132tO 5 + 3 8  STEEL 
I. 6 29 + 0 134.0 5t39 STEEL 
:L6:3l to 136.0 5 + 3 9  STEEL 
i 6 $ 3 3  0 238+0 5E40 STEEL 
15:35 b 0 140,o 5 + 4 2  STEEL . s l i $ h t l r  smeared 
l6 36 * 0 141 + o  5 3 8  STEEL. 
1 6 : 3 7 6 0 14250 5t40  S T E:E I... 
:L b t 3P 0 S44,O St38 ST E €:I-. 
16:41 e 0  14&+0 5 + 3 9  S TEE I., 
i 6 : 43 0 3.48 + 0 5+42 S TEE I... 5 1 i s.fh .I; I. 3 m e a  red 
16:45+0 s50+0  5+43. STEEL. F'uirw o f f  a t  CamPbell 
X6:47+0 152+0 5 + 4 1  STEEL 82 at 1645. 
16:4").0 S54,O 5 * 4:l STEEL 
3 6 : 5 X t O  1.56+0 5 + 3 6  STEEL 
16: 53 + O  158+0 5+35 STEEL 
:t 6 : 55 0 160+0 3133 STEEL %l i $ h * t I . ~  smeared 

16:59+0 164+0  5'34 STEEL 
17: 1 + 0  1 6 h * O  S*30 STEEL h t l r  smeared 
17: 3 + 0  3.68+0 5*33 STEEL 
17: s + o  170.0 5.20 STEEL 
37: 7 + 0  172+0 5E28 STEEL 
17: 9 + 0  174,Q 5.28 STEEL 
17 : 1 1. * 0 176,O 5.30 STEEL 

1 

v 

i6:57+O 162+0 5,325 ' STEEL B 

I.; 
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ST€EL 
l7:15+0 i80.O 5 .29  STEEL. 
I. 7 20 0 185.0 I 5.28 STEEL 
:L 7 : 23 + 0 19Q’+O 5.30 STEEL 
I. 7 : 30 . 0 193.0 5.38 STEEL 
17:31+0 l Y 6 + 0  5.26 STEEL. 
1 7 : 35 0 200.0 5.25 STEEL c,lishtl:+ smeared 

r 6 17:13,0 178.0. d.27 

17: 4 0  e 0  205,Q 5.28 STEEL sl isihtlu smeared i 

s l i s h t l w  smeared 

1 8 : 4 4 . 0 ~  . 

sme a 1‘Q d 

SI isthtlu mearecl 

slisihtlu sNtei3red 
I S R I  E! 3 red I ’  
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rtJ; I drawdown I sr*@!cii’ic draw- 
co I* re c t i an ( 5 ‘ 1, ) .... .... -....-*.......”. 

.-..a,. .... .... ”” .̂ .,”. .*. .-._..--.. I”_”-.*.-”“.-.--.... ..... --.X“-”.-~”-..”...”.*. ”.. ”..*... L iz . OC‘t 81 t4OUR TIME(M1N ..”- ..” .”. .”.-- *- - ...- ..“ ”.. - - ----I--- ----- ....I 
0+003 0,003 

, 0 * 1 0  ’ 0,003 0 003 
O*lO 0 003 0,003 
0 ,10  0+003 0,003 

90 0 d .  5256EtO . 0*10 0 + 003 0 003 
O,O? 0 002 0 002 
0, lO 0 002 0 002 
0,lri 0 + 003 040‘03 
0 , l S  0 + 004 0 + 004 
O I l l  0 4 003 0+003 
Oe14 ’ 0 003 0 003 

15:59+O 104rO 6.3578Ef01 0 003 
0 003 
0,003 

16:  l+0 lO6,O 6+6187Et03. 
16: 3,O 108,O 6+871!5EtOl‘ 

0,004 
16: 7;O 1;12&0‘ 7+3593E+01 0 003 

1 16: 9 , O  11.4.0 P*5964EtOI. 0 c 004 

I 0 + 003 

1 c S : l l + O  ll6+0’ 7,8300EtOJ 0,003 
0 003 16:13,0 118+0 8*0607E+01 

16:IS+.O 120,O *8+2887Et01 
0 003 
0 003 

16:21 *(I %2h,O 5,3812EtOY. 0*16 0 + 003 0 + 003 
0 , l b  0 003 

T 

:47,0 152, 

f 

8*6447EtOO 
7+,5736EtOO 

4 h+7692Et00 
17: 3,O 168.0 6,1428Et00 
17: 5,Q 17010 5+,c5409EtOO 
17: ? + O  172,O 5+2298€tOO 0 , 0 5  0,001 
17: 9 , o  174. 4,8867Ef00 O*O5 0,001 
17: lJ  + O  176,O 4r5960EtOO Oe07 0 + 003. 

4‘3464Et00 0.04 0.001 17:13,0 178,O 
4+1299EtOO 0,06 0*001 LJ 1 7 t 1 5 , O  180,O 
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- tIcILJFt (MINUTES) 
"U 

b I. b : 4 0  0 
8 '  1i5:6-iacru I 

6 16:4s*o PUMP OFF 
16:46+0 at Campbell #2. 
16:48'0 1 5 3 b 0 57 20 TRANS 
1 6 : :1;0.0 1155*0 57 * 20 TRANS 
I6 : 52 0 1s3,o * ' 57,PQ TRANS 

I :!. 6 : 5'7 * 0 1.62 t 0 5 7 + 2 0 TRANS 
s :! 6 : 5 8 + 0 :L 6 3  b 0 57.20 TRANS 

1 ii 5 + 0 6.45 S 'TEE L. 
1.65 * 0 57 + 20 TRANEI 
16740 5"/,20 TRANS 

:t7: 4to 169 * 0 57 * 20 TRANS 
1.7: b t 0  11 7 :I. 0 57. at> TRANS 
17: @to 1.73to 57 + 20 TRANS 

TRANS 
1 :7 : I 2 z is 177*0 57 o 20 TRANS 
'!. ? : :i 4 + 0 .i 71) t 0 57 t 20 TRANS 
:I '7 ! :I h + 0 1131 E #  57 + 20 TRANS 
I. 7 t :?:? 4 0 11. 87 b 0 57 * 20 TRANS 

11. 9 11 t 0 57 20 TRANS 
!. rJ? + 0 . ! 7 : 3 h * 0 20 J. i 0 5 7 + 2 0 TRANS 
i':? 0 6 b 0 59. 20 TRANS 
2 :I. 'I 0 57 6 2Q TRANS 

:17:54*0 2 I 9 (I 0 57 20 TRANS 
:!.a: 6.0 2 3 : l  + 0 :;y 20 'TRANS 
:i. s3 : 116 6. 0 2 4 1 0 , .>I 20 
!. E3 2 :? ff t 0 :?!53 * 0 57 20 TRANS 

I 2t57,Q 57 t 20 TRANS 
282 o 0 s 7 2 0 TRANS 
3 I. 4 * 0 TRANS 
;3 4 3 E 0 57 o 20 TRANS 
.>k{ / * 0 
449,o 

! 

I 16:5;4*c! I. 55' t 0 57 20 TRANS 

,... .. L I.?: :r 0,0  ?! 75 + 0 31+20 

. 
T rqA N s I? Y 

e)/ .20 

m m s  ... 

5 '7 , 2 0 

v .. ."I 

2 1 2 4 4 . 0 
s 7 0 :  r l io  

r 

1 
v 

X'I'WE' TYPE E1F R E A I I I N G  
& 

z 
IE, EY A TRANSDUCER I N  THE: WELL. -tJ THE: P!EASlJREMENY YS THE HEIGHT OF THE: WATER COLUMN 
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* 
b 

- - .". .." .... .... - - .." 
s 

14: 52 + 0 TRANS 

16 : 58.0 IhJ,O 

17: o + o  
17: 2 * 0  
1.7: 400  
17: s.0  171 ,o 
j.7: 8.0 I. 73 * 0 

t. 11.7 22 + 0 187 + 0 6+4Q TRANS 
17:24+0 1.91 + 0 6 + 4 0  TRANS 

&+40 TRANS 
d 6 , 4 0  TRANS 

x7:34.0 179 + 0 
1 7 : 38 , 0 ZQi,O 
17:41. + o  204 + 0 6+40 TRANS 
1 7 : 4 6 + 0 2 :I. :l 9 0 6+40 TRANS 
:L 7 54 + 0 2 1.9 + c) b * 40 TRANS 

23.1 * 0 6,120 TRANS 
241.0 6r40 TRANS 
253 0 (5+40 TRANS 
267 + 0 6,120 TRANS 
282 + 0 h+40 TRANS 
3 :L 4 * 0 & + 4 Q  TRANS 

3 8 7 * 0 6 + 3Q RAN5 
44V.O h*30 RANS 

743 * 0 6e.40 w w s  

? i .  
t 
1 

* 

8 

EE ANY OF THE F'Qf..LClWSNG: 
'!'RANSzs HEASUREMENT MADE: BY A TRANSDUCER I N  THE WELL.+ h., THE MEASUREMENT IS THE HEIGHT OF THE WATER COLUMN 

ld,  k '+ SLJMMERS D , 'ASSUCIATES I "IN 





4 
9
 



4 
6
 

c 

I I I 1 i I I I I I i I I I I I I I 1 i i I 1 I I I 1 I I i i f 1 I I I I I i I i I I 1 I I ! ! I i i i I I I i ! I 0
0
0
0
0
0
0
 

0
0

0
0

0
0

0
 

0
0
0
0
0
0
0
 

0
0

0
0

0
0

0
 

*
*

*
*

*
*

*
 

0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
 

o
o
o
u
0
0
o
 

0
0

0
0

0
o

c
 

*
+

*
*

*
*

*
 0
0

0
M

M
r

i
M

 
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

 

0
0

0
0

0
0

0
 

1
1

 
I 

*
*

*
*

*
*

*
 M
 
0
 

0
 

0
 

I M
 
0
 

0
 

0
 

i 

0
 

0
 

I r
i M
 
0
 

0
 

0
 

I M
 
0
 
0
 

c
 I 

0
 

0
 

I r
!
 M
 

0
 

0
 

0
 

I M
 
0
 
0
 

0
 

I 0
 

0
 

I r
i 

M
 

0
 

0
 

C
 I M
 

0
 
0
 

0
 

I * 

0
 

0
 

I 6
 

r
i 
C
 

+ w a -3 s 

.rj- 

0
 

h
 

co 

r
i 
. 0
 

f4 
T

 

!a 
** 

ti m 0 
0
 

0
 

I r! 
0

 
0
 

0
 

I 0
 

ri 

F r
l 
C
 

+ &
 
c
 

C
 

Q
 

9
 

0
 

* #
 

r
l 

0
 

Q
 

L? * 

** 

6
.
 

0
 
0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 
0
 

0
 

r
l 
0
 

a
 

LL: 
Q

 
0
. 

CG 
e
 
9
 

0
 

k? 0 * . t
i
 

0
 

0
 

C
 

+* 

rt 0
 

0
 
0
 

0
 

0
 

0
 

0
 

0
 

0
 
0
 

0
 

r
i 
0
 

+ iLt 
0
 

4
 

-?
 

h
 

9
 

0
 

h
 

0
 

4
 

C
 

C
.i 

9
 

* 

** 

r
)
 

0
 
0
 

0
 

G
 * 

0
 
0
 
0
 

0
 

0
 
0
 

0
 

t
i
 
0
 

+ iit 

a
 

h
 

v
 

P. G
 

M
 

1'3 * 

'+
 

+
 

0
 

a
 

C
 * 

** 

4
 0
0
0
 

0
0
0
 

0
0
0
 

o
c
c
 

*
*

*
 

0
0

0
 

0
0
0
 

0
0
0
 

0
0

0
 

*
*

*
 

0
0
0
 

0
0
0
 

0
0
0
 

*
*

*
 0
 
0
 

0
 

0
 * 

0
 
0
 
0
 
0
 

0
 

C
 
0
 

4
 

0
 

a! 
N
 
c
 
9
 

M
 

C
 

i-4 

+
 

iii 

%
+
 

.r
l 

0
 

C
 

9
 * 

r
l 

** 
r
l 

r
!
 
0
 

0
 

0
 

i 

*
 
0
 
0
 

0
 

I 9
 

0
 

0
 

I ti 
C
 

4- 
u
 e 

0. 
a
 

9' 

9
 

C
 

L
3 
C
 . + 

7
i 

c
 
0
 

9
 

r! * 

** 

0
 
0
 

0
 

0
 * 

0
 
0
 
0
 

0
 

0
 
0
 

0
 

r?
 
0
 

+ tii 
0
 

k3 
ti3 
C

 

C
 

0
 

M
 

tpI 
6
 

0
 

CG 
r4

 

9
 

ri 

** 0
0

0
0

0
0

0
 

0
0

0
0

0
0

0
 

C
O

O
0

0
0

0
 

0
0

0
0

0
0

0
 

*
*

 *
*

*
 *

*
 

0
0

0
0

0
0

0
 

0
0
 G

O
O

 0
0

 
0

0
0

0
0

0
0

 

0
o

c
o

0
0

0
 

*
-

*
*

*
*

+
 

*
*

*
*

*
 

0
0

0
0

0
 

0
0

0
M

M
*

M
 

0
0

0
0

0
0

0
 

0
O

Q
O

O
O

O
 

0
0

0
0

0
0

0
 

1
1

 
1 

*
*

*
*

*
*

*
 

0
0

0
0

0
 

0
0

0
0

0
 

0
c

0
0

0
 

*
*

*
*

*
 

c
o

o
0

0
 

0
0

0
0

0
0

0
 

L? 
0

0
c

0
0

0
0

 
x 

0
0

0
c

o
0

0
 

i-4 
*

*
+

*
*

*
*

 
0

0
0

0
0

0
0

 
0

0
0

0
0

0
0

 

0
0

0
0

0
0

0
 

*
*

+
*

*
*

*
 

0
0

c
0

c
 

0
0

o
o

c
 

0
0

C
C

0
 

*
*

*
*

+
 

k
 

z
 

C
Y

Q
 

d
 

r
l 

ri 
0
 

+ w 9 
5
 

L3 
0
 

k? * r
i 
0
 

+ w 0 c s 
C4 

ti3 

0
 

O
I 

h
 

0
 

F
 

M
 

k3 
** 

r
!
 4

 
0

 
+ L1 
M
 F 

C.1 
L3 

L2 

0
 

a; 9
 

r
i 

Y
 

s
 

0
 

h
 

P. 

0
 

* M
 

t3
 

** 

4
 



TABLE C-11. (continued) 
South Observation well ste~~3tf;e't;t 

W 

16:46cO 151cO 

1.3989EtOl 
1 + 1 1 f l O E t O  1 
8c6447E.1.00 
8.0681E.1.00 -0.10 -0 002 
7.1447E.1.00 

I -0 p 10 ,. 

i 

17: 4.0 169.0 5c8787E+00 -0*10 -0 . 002 
17: 6.0 171cO 5c4256EtOO -0.10 -0 c 002 
17: 8 * 0  173.0 !5*0508EtQO -0c10 -0 + 002 
17:lO.O 175.0 4+7356Et00 -0*10 -0 002 
17:12cO 177.0 4c4666Et00 -0.10 -0 . 002 
17:14+0 179'0 4c2344EtOO -0.10 -0.002 
17:16*0 181,O 4+0319ESOQ -0*10 -0 . 002 
17:22cO 187+O 3*5!545Et00 -0clO -0 002 
17:26+0 191.0 3.3531EtOO -0.10 -0 . 002 
17:34,0 199+0 2.9470E.1.00 -0ci0 -0 c 002 
17:36cQ 201.0 298732EtOO -O*lO -0 . 002 
17:lbi.O 206.0 2*7114Et00 -0.10 -0 . 002 
17:46*0 211,O 2c3757EtOO -O*iO -0 . 002 
17:54+0 219+O 2.3989Et00 -0*10 -0 c 002 
18: 6.0 231,O 211982Et00 -0.10 -0 . 002 
18:j.6*0 241cO 2c0707Et00 -0.10 -0 + 002 
18:28cO 253*0 1*9498EtOO -0*10 -0 002 
18:42*0 267.0 i.8396Et00 -0.10 -0 . 002 
18:97+0 282.0 1+7470Ef00 -0.10 -0 . 002 
19:29cO 3111*0 lc605XEfOO -O*lO -0 . 002 
1 9 : 5 8 , 0  343+0 1+5164EtQO -0c10 -0 . 002 
20:42.0 387t0 1*4227E+00 -0c20 -0 . 0011 
21:44+0 449.0 1.3368E.1.00 -0 . 20 -0 + 004 

1*2777EtOO -0.10 -0 c 002 
1c2310Et00 -0.10 -0 . 002 

4:30*0 855,O 1.1448EtOQ 0.10 0 c 002 
I 1+1086Et00 0.30 0 006 

1 + 0953ES-0 0.40 0 008 
O b 4 0  0*008 

I 

2 1  

li 
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TABLE C-11. 

*HARR XL..I- P J 

1 . I  

EOL. t SURU * t PROF t PAPER 
7QO-CYP,C212-213t 

BTRSOYY Y t  Kt 2 SUMMERS9 Wt K t t  1980~ DETERMINATION AQUIFER 
PARAMETERS FROM STEP TESTS ANI3 INTERMITTENT PUMPING DATA; GROUND 

THE DR S AT EXRF'SED TIME I S  CALCULf$TED FROM' THE 

S " . (  UED DEPTH TO WATER-AT TIME T I -  

ttAD,.JUSTEKI TfMEr A G GUMENT P -. 

WATERY U 1 8 ~  #2 FP137--146t , 

9:s' IS THE JACOB  CORRECTION^ s' ;= s-swwmt 

(TRENIbt INIT IAL DEPTH TO WATER) 

END= 0 S ELhPSED TIMEt  - 
THE LENGTH O F  THE CQNTRIEUTING IfiTERVAL O F  THE WELL I S  71 FEET, 

TH FROM T H E ~ T U P  OF CAS1 .TO 'THE SCREEN 1s 4 FEET, 

9 

w 

., - 

.i 

L, 





APPENDIX D 

. ... ..... ....... .... ..... ..................... -..- 1.1-11 ......_....-. . ................. ...... .-....-.-...._- ^._. ".." .... -... "*. .....-. -... ..... ."̂  ........ ".... --..... -.... ... ............. 
i 

.. - - .̂. .... 
- - - - 11 A 'T'j.7 .... -. I_ - E 1." A F 8 E.: 1s ........-- INCREMENTAL---- 

.a ' OCT M 0 11 Fi' TI: ME pi E T r: R D I S (3 HA R G E RUE: I? AGE' U V/T 
' lP8l CMD'T) (Tip MINI !?EADlNG ( V I  GAL.) (U/Tlr GFM) (GAL_) (MIN) CGBM) 
*I--- ---.".--.... ....---....---.... .".---.----- -.-."..-....-....-"- ""....--------.... -I.--- --....I- ----I 

7 :I. 4 : 30 t 0 0*0 30 1800 z 

20 0.5 40+0 
'1.4 : 3 0 * !5 0 t 5 301820 20 40,o  

'I 4 3 1 + 0 1+0 30 1 850 50 5QIO 

:14::51 .r; :I. + 5 '70:; 880 8 0 53 3 

1 4 : 32 0 2.0 3Gi : i .Y IO  :I. I # 55.0 

:t 4 : 33 + 0 3.0 301960 16Q 53.3 

:I. 4 ! 3 4 0 4 * 0 3020J.O 2 2 (1 52*5 

1 4 : 35 + 0 5*Q 30 :2 0 60 260 52 . 0 
1 4 : 3 6 * 0 6 * 0 302:110 3 :I. 0 5 3. 4 7 

j. 4 : 38 * 0 8.0 3 02 2 2 0 420 52,5 

1 4  : 46 * Q 10*0 3 0 2 3 30 530 53,o 

3.4:51 *0 21 .0 3 0 2 P 0 Q 1. 3.00 52t4 

3040 3 0 3 3 S c) :I. 560 s*. * o  l .d*  0 4 < r  

:I. rs : :I. t? .. 0 4010 303880 20BQ 52*0 

1 5 ! 412 + 0 7010 30 5 4 6 0 3660 52,3 

'j, 3 t 5 f) " ( j  3 0 . 0  :3 i? 5 B 4 0 4 :I. 4 0 5148 

1.6: ii.!i 90. c 3 (i & 4 r; 0 4 6 6 0 51+8 

1 6 : 'I ti 0 .I 00 0 j 5 Y 6 0 !5 1.6 # 51 + 6 

'1.6 : 3c t 0 120.0 3 ' s  7 'j, 9 0 6 'I. 9 0 51 ,h  

1. 6 : 50 0 l40,O dOSQ1.0 7210 51 *5 

17 : :L 5)  * 0 160tO 3 1.0040 8240 51.5 

.17:30*0 :L80 * 0 31 :10c50 9240 5'1.4 z 

17:50+0 200 * 0 3 :I. 2 090 10290 51. ,5 

18::L0*0 220.0 31 3:l.20 I. 1.3 2 Q 51*5 

1 8 : 30 . 0 240 + 0 3 i. 4 1.7 0 1. :? 37 0 5l.5 

:I. 8 : 50 E 0 2Er0'0 31.5180 S 3380 51 45 

30 0,s 60.0 

30 0.5 60.0 

30 0 * 7; 60.0 

SO 3. ,# 50.0 

50 3. 0 50+0 

50 :I. + 0 50.0 

50 1 9 0  50*0 

110 2.0 33*0 

110 2 * #  55to 

570 11+0 S1*8 

460 P * 0  51.1 

520 10*0 52*0 

3.580 30.0 52,7 

480 10.0 4 8 t 0  

520 1000 52,O 

500 10*0 50*0 

1030 20,0 51.5 

3.020 2 0 * 0  51,o 

1030 20+0 51.5 

1020 20.0 51 to 

1030 20.0 51.5 

I030 2 0 + 0  51.5 

1050 20,o  52.5 I 

1010 ZQ,O 50.5 

rF 

i 
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- 
I?. .? . F I  

* 
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TABLE D-1. (c 
-.-- _..- - - .... '... -- -.... -..- ... .... ... . ."._. "" .- ̂ . -..--....... ... 

1290 25eO 51 e 6  

780 15.0 52.0 

1040 2 0 * 0  32.0 

io40 20.0 52.0 

i o 4 0  20*0  5 2 * Q  

1.290 25 .0  51.6 

780 1540 52 .0  

1030 2O*O 51 .5 

1040 20*0 52.0 

1030 20.0 51 .5 

21670 " 51.6 

1.040 20.0 52*0 

1040 20.0 52*0 

2090 40.0 52 .3  

1040 20+0 52*0 

1040 20.0 5 2 b Q  

1040 20.0 5 2 * 0  
343120 7 . ;5Y3;'0 





TABLE D-1  . (continued) 
2 PUIAP L e s t  -- ..... ... ....... ...... ....... ....... .... .".....*..""..".̂...-I. -. .... .... .-.... -.-.... ... I -- ".. .... --. ............................ I._.... "...-.-... "---.... -....----.....--.... ,._.I ......... .....,..... ................ ".... ..... .......-. . - .- .- .- ._".. 

TOTAL ---- INCREMENTAL---- 
CiISCHARGE A U E I3 A G E U U/T 

3.981 ( M D T )  NG (Ur GAL)  (V/T1r GPM) ( G A L )  (MINI (GPM) ....... 

?: 

10: 

10: 20 + 0 

10 : 4 0  + 0 

1:1: 1.0 

............................ 

361340 59540 

1171 ,o 362430 60630 

. -  363410 61610 

364440 62640 

1231.9 , 3155530 63730 

51 18 

91+8 

51*8 

51*8 

... ..... 
1040 

1090 

980 

1030 

I O Y O  

980 

1040 

1080 

990 

1030 

I140 

11:z0*0 1250+0 366520 64710 51+8 

i l l  ~ 367550 65750 51+8 

1291.Q 3 6 8 6 3 0 6,6830 51+8 

36?620 67820 5118 

.. 1.2 : 4 0 * 0 370h50 68850 51 e 8  

1.3: ';?*O 1352.0 . 371790 69990 51 *€I 
R 930 

1190 

1020 

890 

1020 

i 

c 

* 

ad 1050 

! 
I 

20*0 52 * 0 

21 * o  51.9 

19*0 51.6 

20,o 51,s 

23. .o 5 1 + 9  

19,O 51+6  

20,O 5210 

21*0 5 1 * 4  

19.0 52.1 

2 0 , o  51 *5 

22.0 51 .El 

18*0 51 .7 

2 3 + 0  5 %  *7 

20*0 51. * O  

17*0 5214 

20 . 0 51.0 

2010 51.5 

20.0 5240 

20.0 5 2 . 0  

20*0 51 .!5 

2010 5 2 , o  

20*0 53.45 

20.0 52,O 

20,o 5 i * O  

2010 5245 



TABLE D-1. (continued) 
rle 

b 
-.-,..-.....".-.-. I ...-.-. - ._.^. ---I. ........-. --.-- ..".... ..... ...... " ._I. ..""_" .... " ......... " -... "........._.I ."_.. .... ..".. ...... "" .... ...... 

TOTAL -.-..".-. INCREMENTAL.---- 
a TIME r/iE*rm D I S C H A R G E  AVERAGE U U/T 

< T I P  MINI REAIllING (UP GAL..) (V/Tlr GFW) ( G A L )  (MINI (GPM) 

io40 2010 

1040 20.0 

t 

52.0 
85900 

86440 

87480 

89030 

89750 

90580 

9:1620 

- 92650 

Y3690 

' 9 4 7 . 4 ~  

# I---? .i.'S/.JO 

96'770 

97870 

99360 

i@0Y:?@ 

.I 0247'0 

I .  0 4 Q 2 0 

1.0 9 9 :; 0 

107l40 

:108c480 

1 i0220 

1 1. :I. 7 7 0 

Y. 2 3 3 1.0 

J1.4850 

I. 1.6390 

51+8 

51 18 

51e8 

52.1 

1.550 t 0 

J. c', 7 0 t 0 

lbY0,O 

52,0 

52,0 1040 20+0 

1550 20*O 

720 2 4 * 0  

830 16.0 

1040 2OtO 

io30 20.0 

77,5 

30*0 

51. 4 9  

5 2 , Q  

j1*5 

1040 20.0 

1050 20,O 

i o 1 0  20.0 

52,0 
I. 8 1. 0 . 0 

52.5 

50.5 

5 

1020 2 0 * 0  

J I O O  21.0 
2 2 :  :I . G  

1.490 29.0 

l.560 3010 

i550 30,o 

1.550 30.0 

lY30 37t0 

5 :I. 4 
2 2 ; 3 0 + 0 

3.750*0 

:i980+0 
5 l + 7 

51. +7 

52 . 2 

%I90 23to 51.7 

3.540 30.0 

1540 30.0 

:t550 30.0 

1.540 30+0 

1540 30,O 

'1540 3OtO 

51,3 
51. .8 

51.7 
51*3 

51,7 
t 

51. . 7 
sj. .7 

51.7 

51 + 7  

2160t0 
51.3 

51,3 
f 

Li 
51t3 

120 



TABLE D-1.  (continued) 

1540 30*0 ";*J 

1540 30, 5 1 * 3  

1540 30, 51.3 

1550 30*0  51+7 

1530 30*0 51*0 
2.400 t 0 4258rJ0 124090 51.7 

1.540 30*0 51*3 
7: 2430 - 0 427430 125h30 51*7 

1570 30*0 52t3 
7 : 9.460 + 0 429000 127200 51*7 

1520 30+0 50+7 
8: 0 , o  2490 + 0 4 3 0 5 2 0 128720 51.7 

1530 30*0 51.0 
I 130250 51,7 (3 : 30 . 0 4 32 0 5 0 

510 10.0 51*0 
4 2530 * 0 4 3 2 5 b 0 13076'0 5 :I. + 7 

I060 20*0 5 3 * 0  

c 1490 30+0 49 *7 

2510 30.0 5Q.3 

250 5*0 50.0 

1280 25*0 51 *2 

51. *7 

1500 30rO 59,O 

1530 30*0 51. *0 

1520 3010 50.7 

1520 3 0 * 0  50.7 

2520 * (j 

r > e r  &-ad0 t 0 

2580 t 0 

10: o * o  2610.0 

2615 c 0 

2640 (i 

2670 4 0 

2700,o 

2730 * 0 

2760 * 0 

13: o * o  2790 * 0 

j. 3 : 45 0 

*) * ,,30,0 

50+7 

50+0 

51*7 

5 0 * 0  

15 0 2*0 50.0 

. 
8.0 2850.0 

* :i.c3f 6 + 0  2856 Q 9 

5:1 e6 14: t , G  2857 . 0 449160 :14736Q 

14: 8 , O  28:1;8 c 0 4.49210 147410 51 +6 
* b r  

121 2.::: 
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WATER L.EVEL. 
RE AD I N G 9: 

67 F 50 
67,"jQ 
h7.40 
67 t 40 
67 * 40 
(57 + 40 
147 * 40 
h7 i 30 
67 + 30 
47 t 30 
67 E 30 
67 * 30 
"9 e 28 
67 c 30 
6 7  t 20 
(57 9 20 
67.20 
67 + 20 
67 * 20 
67 + 20 
67 + 1.0 
6'7.3.0 
t i 7  * 00 
67 + 20 
6 7 P I 0  
67.19 
67 + 20 
98 + 46 
67 c 1.0 
67 v 20 
(57 P :to 
6 h + Y O  
66 9 80 
66 * 80 
6 4  * 80 
66*80 
98, ;77 
hh * :70 
66 + '0 
&!> + 60 
d h  + 60 
66Ch9 
66 + 60 
98 4.85 
66 + 60 
66 c 50 
bdi t 50 
66 + 50 
&6 , !YO 
66 + 40 

..... - - ".. .. - I .... ... 

6 6 4 CJ 

124 

". 
REM 61 RK s 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

TEMP 142 F 

TEMF i43 F 

R E A D I N G  

TRANS 
TRANS 
TRANS 
'TRANS 
T R A N S  

TRANS 
TRANS 
TRANS 
T R A N S  
TRANS 
TRANS 
S T E E L  
7'RANS 

c "., .... ".. ... .... .". "" 

'r R A N s 

-rRANS 
'TRANS 

-r R A N s 
m m s  

TRANS 

TRANS 
TRANS 
'T fi A N s 

TRANS 
TRAN8 
TRANS 
TRANS 
S T EE I... 
TRANS 
*r R A N s 
TRANS 
TRANS 
TRANS 
T t7 R N s 
TRANS 
'TRANS 
s 7E E:L" 
TRANS 

*r fi A N s 

rmws 
'r R AN s 
'SRANS 
TRANS 
TF:ANS 
STEEL. 
TRANS 
TRANS 
TRANS 

TRANS 

TRANS 

T R A N s 

TRANS ob': 

. 



TABLE D-2.  (continued) 
C ~ ~ l r l P ~ L ~ e l 1  et 81 FUllIP Lest  -- water -......... L". .. '..^"-..--.."...".--(.-*..h.., .... ". "'. .... - .... ..- .- "..- - - I .." .... -* 

.-.-.".-".I .-*- ... -I..- ....- ........... ..- ". .".."._......I.. ".. .... ,- .*. .*. "., .... ..* .-. .... 
-L, 
* 

.... L d .  .... .."_.a. I, -. .-+..&...,..-- 

HANGS C?292' 

t 

OR R E A B I N G  

5. 

x 

1 

* 

c 

+sJ 

i 
I 

I 



TABLE D-2. (continued) 
.. .. .I .I ........ ".,.I. 

id 
_".. .I .I. ... ".. "_ I .r I ....- .-..,. 

OCT 81 HOUR (MINUJE:SZ RE A D  T NG 31: READ X NG .) - .^ .", .." - .... ".. I. I .". - .I .... "" .-I - - .... .*. .- - *.. ". - "I ._.I - - -.......-- I ".. -........I - .... ... I I .." .- - ..- - .'m I .." - I ... - .," ,...I I.... - I. .." ..* 
99.04 STEEL E A 11 I- Y SMEARED 
65.10 * r R A N s  7 

?9,42 STEEL SMEARED! SAMPLE @0711 
65 + 00 TRANS 
99.45 CJ TEEL.. SLIGHTLY SMEARED 
6 5 a 1 0  TRANS 
65 * 00 TRANS 

44.90 TRANS 
64 . 9'0 'TRANS 

IOQ+4*1. STEEL HUNG - BAIt.Y SMEAREIl 

j. 00 + 85 S T E X  L. SHEAR ED 

101 e35 STEEL. EAKiI,Y SMEARED i HUNG? 
64+80 * r R A N S  

64.80 TRANS 
S T E E I... EtA1lL.Y SMEARED 
m A N S  
S TEE' I... KIECENT MARK 

64*70  TRANS 

6 4  + 70 TRANS 
64 + 70 TRANS 

64 c 60 TRANS 

99 + 35 STEE I., GOOD HARK 
64 + 50 TRANS 
64 30 TRAMS 
99 + 42 S T E: EL.. SMEAR E 11 

64e.00 TRANS 

(53 + 80 TRANS 
6 3  > '70  TRANS 
9'17 :;:; s'r E:E I_ SHEAR E rl 
63 . 60 T R A N s 
100 c 2 4 s 'T E E I... 
63*,40 'rfimS 
100 + 6:t 5 T E EL. SMEAR E I1 
63 * 20 'TRANS 
90 + 37 ST EE I... S Pi E A R ED 

1.00 + 53 STEEL S ME A RED 
100 + 95 s T E EL.. GOTID MEASUREMENT 

100 * 20 S T EEI.. E A 11 I... Y s MEA RE n 

1.00 * 49 8 TEE1 ... BADL-Y SMEARED 

h4 + 60 . r R A N S  

64 + 20 .rR A N s  

l o o *  1.2 STEEL tam ON BACK 

G Q OD MEA S 1J RE M E N T 

63 00 
0 :I. t 0 0 
62 00 
98 I53 
98 + 46 
61. .60 

ON 
t 

100*42 F R O N T  SMEARED GOOII ON 
1 (io + 57 !;TEE:L. G 0 11 D ME AS IJR Ehi EN T 

I., 61 60 TRANS 

i 



0 

i 

e 

* 

E 
f 

P 3: 2 , o  21.92+0 STEEL. GO a rl MEA su R E: w E N T 
3: 5 * 0  2195.0 STEEL GOOD FRONT A N D  BACK 
4: o * o  2250 * 0 TRANS 
4: Z*0 2252 * 0 STEEL. 
5: oto 231010 TRANS 
F *  A *  2t0 2312,O STEEL GOOD MARK ON BACK 
5: 7.0 2317*0 L SOO+28 STEEL GOOD MARK ON FRONT 
3 4 .L .L 0 
6 :  o + o  2370 0 TRANS 
6: 2+0 2372 0 S TE E I-. SLIGHTLY SMEARED 
6: b + 0  2376 * 0 STEEL 

2321 * a 99 137 STEEL. SMEARED l - t .  .I 

b :  44 + 0 2416.0 STEEL BADLY SMEARED 
6:So*O 2420 0 *IOX*37 ' STEEL. SMEARED MARK ON BACK 
7: 0 * o  2430 0 I00 47 STEEL. BADLY SMEARED; MARK 0 
7: O * O  24:w 0 61 + 60 TRANS 
7 :  6 + Q ,  243h + 0 101. .00 STEEL.. EADLY SMEARED; MARK O 
7:29+0 2459 + 0 101 t70 STEEL SM E ARE11 
7:311*0 2464 + 0 97 53 STEEL.. SMEAR ED 
7:39+0 2469 + 0 99 98 STEEL.. BADLY SMEARED 

S M EA RED / e ~ P . 0  
7:59*0 2489 0 

S M E A RE: D 
t3:45*0 2535 t 0 SMEAREX1 

2485) t 0 99*91 'S T E E I,.. '7 + F 

ql-qlr 
L J d.. ..i + 0 f3:35.0 

a : 50 + 0 2540 * 0 SMEARED 
8 : 59 * 0 S MEA R E D 
8 t 59 > 0 
8 Q * .  I + 1 . 3 4 0  l- 2565*0 BADLY SMEARED 
u:29*0 2579 * o  SMEAR E 11 
'j, : 4:; + 0 E A DL Y S PI E A F? E KI 

2549 d 0 

i o :  C J t O  2 6 1 0  + 0 
z . 0 :  G * Q  261(3*0 

2625 + 0 0 : 7-5 9 0 
Q : l B . O  E AItl..Y S M EA RED 
0:12*0 

'1.0 : 29 P 0 
3. i? : 5'3 4 0 
I0 : 59 0 
1132SlO 2698 0 
12: oto 2730 0 
12: O * Q  2730 + 0 
12: 6*0 27363 + 0 
12330.0 2760 0 
J.z:5Y * o  2789 t 0 
12:59+0 2787. (i 

2820 a L Y  SMEAREU 
2850.0 

:I 4 : 23 *0 2873 t Q RK ON BACK 
i4:30*0 2880 + 0 PUMP OFF 
1 4  30 t 3 2880 * J OTHER PUMP OFF 
34:30*5 2883 " 5 
1 4 : 3 0 + 8  2880 * 8 

r '  127 
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DATE 
ac7' 83. I-I 0 1.1 Fi 

9 J4:3I.*i) 
1'1 : 3:1. t 3 
:i 4 : '3 1 5 
1 4 : 3'7) 4 c? 
1 4 : 33 P f) 
I. 4 : 3 4 . 0 
.l4:35.0 
14 : 37 + 0 
14  $37 * 3 
14:3P,O 
54 : 42,0 
5 4 : 45 + 0 
14 : 50 * 0 
:t 4 : 54 a 
1 4 : 50 + 9 
15: 2,o 
15: 2 , Q  
15: 6,O 

..... --- ........ - .... R t x r m c x  
.......-...... -.. ".".1.".1 

81. ,OO 
81  +20 
81 * 20 
81. *30 
8 J  30 
81.40 
8% 4 40 
79*99 
8% t 40 
g r i  *5u 
83. * 60 
81 +70 
81. + 90 
82 * 00 
821 10 
81. .00 
82 * 20 
82 30 
82 t 30 
92 * 40 
82 + 50 
82 * 50 
52.60 
82 * 70 
R2 7Q 
32 c no 
82,80 
#:.? UQ 
82 c PO 
8 2 + Y 0 
83.00 
# 9 * ? 0 
F:t 3 I 0 
:79 + 3:7 
83 1.0 
78 4 50 
83 4 20 
83 + 20  
78440 
83 20 
83110 
83.20 
83 + 30 
83 20 
83 * 20 
53 L 30 
"8+47 
53 I) 30 
83,30 
83 * 30 
33 . 30 
128 

TYPE OF* 
READ I NG 

TRANS 
TRANS 

TRANS 
TRANS 
TRANS 

STEEL.. 
TRANS 
TRANS 
TRANS 
rRANS 
TRANS 
TRANS 

STEEL 

TRANS 
T RAN :: 
TRANS 
TF'ANB 

TRANS 
TRANS 
TRANS 
TRANS 
TRANS 
TRANS 
TRANS 

TRANS 
TRANS 
TRANS 

TI? A N  s 
;jT F:'F'L- 
TRANS 
TRANS 
STEEL 
TRANS 
TRRNS 
TRANS 
TRANS 
TRANS 
TRANS 
TRANti' 
S T E E I... 
TRANS 
TRANS 
TRANS 
TRANS 

.".-- .. .... ... .". .. 

I 'rwws 

r m N S  

' r R A N s  

*rRANs 

* r R A N S  

TRANS 

sr EE I... 
.... 

RE I*f n RKS 
............................. 

s ME A RErl 

TAPE HUNG? 

GOOD MEASUREMENT 

a 

. 

f 





TABLE D-2.  (continued) 
MADE TCI FIND THE DEPTN TO MATERI 

V 

t 



APPENDIX D 

TABLE D-3 .  
.". .I- - ".. .". .... -. .... .- -. - ".. .... - -* 
I. ... *- ".. - *," ..,. I -- -* ...# .". .". ..I *I 1". -.. ". ,... I ..* ,Q.. /.I. .... -. .-. .." .". --u -- 

REMARKS ------,...-- ---.".-.I-.." -----I--------------- 

i 
-I I ".. -- - .." -"- --I --. --- .". --- - - 

-1 4 0  0 75 e 03 TRANS / 1.2: 2 *>O 
12: .5,0 1 4 5 , O  78r10 STEEL" 

145*0 76 73 TRANS 12: 5to 
12:17*0 -133,Q 79t92 S TEE I... 
x2:17+(1. -:t 33 * 0 . 77.72 TRANS 

12:21 to -129.0 77.72 TRANS 
14: 3+0 -27 t 0 77*97 STEEL. 
14: 3 + 0  -27 t 0 77 . 54 TRANS 
14: 13;o -17 t 0 77+96  STEEL.. 
I4 13 t 0 -3.7,o 77 * 53 TRANS 
14:26tO -*4 + 0 77 * 95 STEEL 
1 4 : 2 4 . 0  "-4 + 0 77 52 TRANS 
I 4 : 28 0 -2,Q 
14:28*0 -2.0 
l4:30+0 o t o  PUMP TURNED ON 
14: 30.3 0 , 3  
14:3015 0.5 
1 4 : 3 Q  t 8 # + 8  
14:31*0 S * O  
14:31*3 l*3 
14:31*!5 1.5 
14:31 t8 S t 8  
:14:32*0 ' 2tQ 
14:32*3 2 * 3 
14:32+5 . 5 
11.4 Z 32 8 2 c 8 
'I. 4 : 33 * 0 3,c) 
1.4 : 3 J t 5 3,s 
1:'t:34*0 4.0 
1 4 : 3 4 + 5  . A 1  , 5 
14:  35 * o  5 . 0  
1.4 : 35 t 5 5 * 5  
14:56+0 6 t O  
:I. 4 t 36.5 6.5 
:I 4 z ;37,* 0 7.0 
14:37,5 7.3 
14:38*0 at0  
14:3€3+5 8 , s  
14:39.0 9 , o  
14:39t ' 3 9 5  
1 4 : 4 o *  10.0 
14:41*0 3. I. t 0 

, :1.4 : 42  0 12+0 
14:43*0 S.3*0 
1.3 : 44  .o 14.0 
:L 4 45 6 0 1.5tQ 

14:47*0 17+0 
14:48*0 18*0 

L. 

'i 

12:21*0 -129,Q 78+13  STEEL. SLIGHTLY SMEAREIt 

i 

i 
8 

a ? ,4 :46+0 J.6,Q TEMP 141*5 F 

44  1 4 : 49 t 0 %9*O 

131 
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OCT 81. HOI.JR IMINUTES) WATER(FT) REAKIINO REMARtiS 
............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

90 t IQ 
98.10 
98.20 
98.20 

98.19 
'38'19 
98.29 
98 27 
98 * 29 

98.27 
99.28 
98'29 
78.39 
98 + 38 
90 + 38 
90 + 38 

98 , 37 
98 * 4 7  
98 47 
98.56 
4'8 0 36 
'i'F3.46 
98 c 45 
98.34 
9 # * 4 8  
98 P 44 
Tz8 + 34 
98.43 
98 P 63 
'38 . 72 
98 * 7.2 
9 8 * 7 1. 
9s 0 76 
98 7 7  

98.80 
98 * 79 
98 88 
'38 * 87 

Y9 + 86 
98.85 
98+85 
?)#CY4 
98 . 93 

98 + 9 2  
99 0:L 
9(? t 00 

132 

98.20 

913 + 29 

98 + 38 

98.86 

98 92 

0 

TRANS 
TRANS TEPIF' 142 F 
TRANS 

TRANS 
TRANS 
TRANS 
TRANS 
'T'RANS 
rRnw TEMP 143 F 
TRANS 
TRANS 
STEEL, 
TRANS 
TRANS 
f ' R A N S  
TRANS 
TRANS 
TRANS 
TRfiNS 

, TRANS 

TRANS 

TRANS 
TRANS 
TRANS 
STEEL 
TRANS 
TRANS 
TRANS 
TRANS 
TRANS 

TRANS 

* r m w  

'r R A NS 

TRANS TEMP 1.43.5 F 

-r r2 A N s 

' r w w  
s 'r EE: I.. 
TRANS 
TRANS 
TfiANS 
TRANS 
TRANS 
TRANS 
STEEL 
TRANS 
T R h N S 
TRANS 
-r 1:; A N  s A 

TRANS 

1.i TRANS 
TRANS 

- 
Y 

* 

d 

c 



.... .- -. .... *" .- .... "" .... .... .... ". .... 

* 
-k, 

---.".I"..".. ....--"..---"..--....---- 
1 ~ ;,2po.o 

D 

HANGS @292' 

' J  

i 

OR READING 

4 8 0: .o.o I 570.0 

Ir 

MEASUREMENT 

L L 

t 

s 

I 
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TABLE D-3.  (continued) 
- ...... "...."...I .." ._"" "I .... .- ........ .-. .." 

."....I" ........ .,."* ....- .- *- ..- .... .*. .". 
L 

REM n R K s x 
I I" - I .... .". .." .... ".. ""- .I-. I - ..., "" - - - _" .." "" ........................ c - - - - .... .". - e-.... .- .I .... .." - -. - - - - CII --I-.- 

99.04 STEEL 
99 + 73 TRAMS 
99 + 42 STEEL. 
99 + 80 TRANS 
99 t 45 s TEE I". 
997,68 * TRANS 

s 'r E E I.. 

soo ,  w , s'rmx 
9Y I 8 3  'I'RApj8 
99 8:t TRANS 

99.89 TRANS 
101 t 35 STEEL. 
99 86 TRANS 

10l*:L1 S TE:EL, 

me. 13 Sf' E EL.. 
99 4.91. TRANS 

IOOt20 S TE E I.. 
(39 + 89 T R A N S  

100649 ST E El ... 
99 * 94 TRANS 
99 0 89 TRANS 
99 t 35 STEEL 
99,525 TRANS 

99 + 42 STEEL 
TRANS 

99t84 mnNs 

99 + 87 m A N s  

I . O O + i O  rRnNs 

, 1 m t 3 0  m n w  
100 1.2 s *r EE I... 

1 rz 0 4 5 3. 'r F: il N s 

:L 00 * 1 5 

1.00" 46 TRANS 

Y Y * 5 :; 9 T E: E: I", 
'L 00 t :;a I' R A N $3 
:l.00.24 !s 'r I::: 1- 
'1 6 C! ,. ' 7  I .  7' R 13 N I:; 

F;.rk:r 1.. .I 00 . (5.1. ... 
:I. 00 F?'? 

TRANS 
s T E E: I... 
s TE 1: L. 
T Ft n N s* 

*:!. 00 * 4:: 
'I. 00 * 57 
1 c.:) 

134 

m rli ... Y SHEARED 

SMEAREIii SAMPLE 80711 
r 

GH 'r L. Y SMEAR ED 

HllNG - BADLY SMEARED 

R A I f L Y  SMEARED 

Gcnnn ON BACK 

Sf4EAFiED 

G UO D ME' AS 11 I?E: M E N T 

SHE' A R Ert 

SlviE ARE D 
s M E A I? En 

G n O B  MEASUREMENT 

SMEARED GQQD UN * 

G 0 c) D ME AS UREH EN T 
0 0 QlCi ME AS URE M E EIT 

* 

FRONT SMEAREIi GOUIi ON 

L J  
GO 0 D ME A 8 l.i RE MEN T 







TABLE D-3.  (continued) 

...... _.."" ..... -.-. ....... -........ "...". 
. 'u 

-.-.-.. ..̂ ..."....U".....Y..-...,-. 

10 0:59*0 
i 

3930.0 d c3: o * o  
: yj2 , 0 4042 * 0 TAPE HlJNG? 

Q + I ?  , .E ,r6 c 0 4 0 4 6  E 0 78 66 STEEL GOOD ON BACK 
9 : 5& c 0 4046 i. 0 78.70 TRANS 

1 .1:49*0  4159 ,0 78 47  8 TE El ... GOUT1 MEASUREMENT 
I :I. : 49 0 4159 + 0 78*51 TRANS 
16: 0 + 0  44:ta * o  78*17 STEEL. GUQD MEASUREMENT 
16: o * o  441060 78+1.J. TRANS 
20:  h * O  4 6 5 6  * 0 78.22 STEEL SMEAR ED 

4r5",;6 4 0 7 7 * ? 1  TRANS 
4E190 c 0 78.30 ti T EEL.. 

3 : 0 c c 4BCbO < 0 7 7 , 7 3  TRANS 

4 : 7 '. 0 513?*#  ;77 + 33 'I'R A N S . ,:p -3 ...e -3 # 7 8 1 !5 STEEL SHEA REKI 
8: :3*0 5;3n Y 0 77 + 34 'TRANS 
%2! o * o  SSSO'Q 78 22 STEEL.. 
I 2 : 0 0 563 0 * 0 77 56 TRANS 
16: 6*Q 3856 0 78 03 STEEL 
l b ;  h*O I ,*Q 77 + 26 TRANS 
?.t3! 0 * 0  6090 6 0 78.10 STEEL S MEA REI1 
20: 0,o (5090 Q 77 37 TRANS 

0: S*Q 6 f 3 h  + 0 78 4 8  TRANS 
7 : 30 * o 6.180 * 0 78 I. 7 STEEL. 

i 
I 

3 3  ? + #  5 :I. :3 ::' .. 0 7 8 , # 8  s*r E E: I... 

8: 3.0 ~ J L  1 s  

* 

1 2  0 t 6 + 0 633& * 0 70 + 20 STEEL GO an ME AS IJR EM E N T 

137 
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0 42' 21 450 0,389 
0,42 21 530 0,391 
0 1 4 5  23 330 01421 
0.42 211520 0,391 
0142 21 500 0,390 
0142 21 420 0 389 
0,42 21 +490 01390 
0 * 4 2  21,570 0 392 
0.42 21,550 0,391 
0142 21 1 A40 0 393 
0146 231930 0,431 
0 1 4 1 '  211170 0 385 
0 + 4 2  21 t620 0 + 392 
O t 4 2  21+710 01394 
0142 21 690 0 1 394 

0,426 #+46 23 620 
0142 21,680 01393 
0142 221670 0 + 393 
0142 21 770 0 + 395 
0142 21 + 760 0 395 
0.42 21.740 0 394 
0146 23 t 650 0 426 
0146 23 1 540 0.425 
0,42 21,820 0 + 396 
0142 2i+810 0 396 
0142,  21 1 790 01395 
0143 22+180 0 t 402 
0.41 2i1110 0 384 
0*42$. 21,880 0,397 
0142 211860 c 396 
0142 21,850 0,396 
0144 22,790 0,412 
0 * 4 l  ' 201980 0 382 
0.42 211920 0 397 

0145 23 320 0.421 
0 43 221160 0,401 
0.46 23 670 0 427 
OI43 22 + 130 01401 
Qt42 21 ,520 0,391 

w ,  K #  SUMMERS mrl ASSQCIATES~ INC, 



TABLE D-4. (continued) 
b G ! l  1 et 31 t 4:2 F'UlRP te 
Y Harrill's ardimcw~tr C J r i w d c ) w n ~  w e c i - f i c  draw- 
drawdown odiu~ted Pur> Jicabr :; c:or.r~ectian (ti'/n) 

t'tL . s/a DRAW- S'/Q# 
.....I. ........-I..̂ .I- .... .... .... -. .._ .... -.. .". .... .." - .... .*. .... .." ".. ....". .... ..- - .... - ",. - .-.....- .- .... .... .... .._-........ -- .... ..-..- ........ ----*.....*..... "..."..... .... .... ".. .... .". ,- ,." ".. -. .... .." .... .̂ . .... ".. .-........e " -..... - I "" I.. ..I -. .... -I- "I .... 

(MINI ' t/t' 
-.... ...--..-.."-- -...-....--.." ,...".....--...-.- I....----- 

8 7: 0, Ot43 221210 0 * 402 
7:10*0 %000+0 0,122 21 t 900 0,397 
7:30*0 l O 2 0 * O  Ot43 22 t 280 0,403 
8: 0to  1050to at43 21,930 0,398 
8: 0,0 1050to Ot43 22,160 0t401 
8:30+0 :!080t0 Ot43 22 t 240 0 t 403 
9: 0 , o  2I3.0,0 Ot44 22 t 890 0t414 
9: oto 1110,o Ot43 22,310 Qt4Q4 
P:30,O 1 1 4 0 t O  I Ot43 22,290 0t404 
915u,o 1158t0 01-45 23t330 0,423. 

Ot43 22 t 370 0 405 
@e46 23 t 830 0 t 429 

10: 0 , o  1170,o 
1.0: s * o  11?5*0 
1o:mto 12ooto ot43 22 t 340 0,404 
10559*0 1229t0 O t 4 6  23 590 0 * 425 
11: o,o 123010 Ot43 22 t 320 0 404 
11: 4 * O  1234t0 ot4.4 22,610 0 * 409 
11 :Joe0 126OeO 0143 22 t 390 0,405 
11:SYtO 1.289t0 #I44 22 t 680 0t410 
.l.1:!59*0 1289cO ot43 22 t 370 0,405 
12:?I#t0 132010 o t 4 3  22 t 350 0 t 405 
13: 0.0 1350eO 0.45 22 t 970 0,415 0 

13: 0,o  1 3 5 Q t O  0143 22 t 420 0 + 406 
14: o * o  l 4 1 . 0 t O  0 + 4:3 22 370 0 t 405 
:I. 4 : 55 t 0 I 465 0 0 0 t 42 21,830 0 t 396 
1.5! 0*0 1 4 7 0 t O  0143  22,430 I 0 t 40C4 
14: 0tO 1330tO 0144 22 t 580 0t409 
16:56,0 1586tO 0 t 42 21 t 900 0,397 
17: c)*0 1590t0 Ot44 22 t 630 0 409 
18: O I O  1650tO 0t44 22 4 780 0t412 
:1?3:4';;',0 .shY7,0 Ot44 22 t 600 0 9 409 
19: 0 ,0  171.0.0 0.44 22 t 940 01415 
2 G :  O t Q  1?7Q*0 Ot45 22 e 990 0t415 
21: O I 0  IHJci'0 0,123 22 t 030 0,399 
2 2 :  ' l e 0  1830.0 Ot45 23 t 040 0.416 
21.: .7+0 183"+0 0.44 22 t 720 0t411 
2 2 :  (3'0 189C>,O Qo4S 23t190 0t4s.9 
22f11.0 1901 b o  0 45 23 t 090 0,417 
23: 0 , Q  1'7!3r;~*0 0 t 45 23 t 350 0t421 
23 : :L ;3 t f'i :t "63 3 0 0140 20 4 850 0 t 379 
2 3 : 1. % .- 0 1, 869 t 0 U t 4 5  23,010 0t416 

4 t 0  1974.0 at45 23 t 030 0,416 
0 ,o  2010.0 Ot46 23 t 500 0,424 

0 ; 1 4 t 0 ' 21324 t 0 Ot46 23 + 480 0 * 424 
1: 0,o 207010 Ot47 24 t 450 0 + 440 1 

O t 4 1  21,010 0,382 
Ot41 20 + 9-40 0,381 

2: 0 t o  21.30to Ot4R 24 800 0 446 
2 :  t3+0 2138t0 Ot44  22 900 0,414 
2:13+0 2143tO Ot45 23 t 050 0,416 
3: 0 , o  2190to 0148 24 t 750 0,445 
3: 2,*0 2192t0 ot44 22 t 700 0t411 

. 

Id: 
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0.09 4 600 
0109 4 + 600 
0109 4 500 
0.09 41500 
0109 4 1 400 
0109 4.400 
0105 2 + 470 
0109 4 400 
0108 4 300 
0108 4 200 
0108 4 1 090 
0.08 3 890 
0.07 3 + 790 
0107 3 + 680 
0107' 3 480 
0007 3 580 
0107 3 400 
0107 3 470 
0107 3 1 370 
0106 3 c 270 
0.06 3 260 
0106 3+i60 
0.06 3 050 
0106 3 040 
0106 2 930 
0.06 2 930 
0105 2 1 820 
0105 2,810 
0105 2 1 800 
0105 2 t 690 
0105 2 670 
0105 2 + 550 
0 + 04 11850 
0105 2 + 540 
0 1 02 0 1 980 
0105 2 420 
0105 21410 
0102 0 + 880 
0103 21390 
0 * 05 ' 2.470 
0105 2 E. 340 
0104 21220 1 

0 . 04 2c30O 
0104 2,270 
0.04 2*150 
0 1 02 0 950 
0104 2*s20 
0104 2.100 
O * 0 4  2.080 
010.4 2 + 050 
0.04 1 +910 

0108 
0*08 
0108 
0108 
0108 
0.08 
0104 
0108 
0108 
0.08 
0.07 
0107 
0107 
0107 
0106 
0106 
0106 
0106 
0106 
0106 
0106 
0106 
0 * 0 5  
0105 
0105 
0105 
0105 
0.05 
0.05 
0105 
0105 
0104 
0103 
0104 
Q + O i  
0104 
0+04 
0101 
0104 
0104 
0104 
0104 
0104 
0104 
0104 
O*OX 
0104 
0104 
0104 
0103 
0103 

t 

f 

T 

L;' 



9252.0 4042.0 l.+1617Et03, 3.4794Et00 
9:56+0 404h+0 1*1657EtO3 3.4709Et00 
9$56+0 4046.0  1*1657Et03 3*4709Et00 

11:49*0 4159+0 1t2787Et03 3.2525Et00 
j.l.:49+0 4159+0 1.2787Et03 3t2925EtOO 
16: 0.0 4 4 1 0 + Q  1.5297Et03 2+8829Et00 
16: 0.0 4 4 1 0 + 0  1.5297EtQ3 2+8829Et00 
2 0 :  6 t O  46!54+0 1+7757EtO3 2+622lEtOO 
20: 5 . 0  4656+0 1+77S7Et03 2+622iEtOO 

1 1  9: 0 + O  4890+0 2,0097Et03 2t4332Et00 
0: 0.0 4890.0 2.0097Et03 2,4332Et.00 
4: 7.0 5137.0 2.2567Et03 2.2763EtOO 
4: 7.0 5:137+0 2.2567Et03 2.2763Et00 
8: 3 . 0  5373,O 2.4927ES.03 2.1555EtOO. 
(3: 3.0 5373.0 2.4927Et03 2*1555Et00 
12: OtO 5610.0 2.7297EtO3 2.0552Et00 
12: O + O  5 h i 0 + 0  2.7297Et03 2.0552Et00 

6 :  6.0 5856.0 2.9757Et03 1.9679EtOO 
I 

6 :  6.0 5856.0 2.~757~to3 i.9679~too 
20: O * O  6090.0 3.2097Et03 ir8974Et00 
20:  0.0 6090+0 3.2097Et03 5*8974E+O# 
0: 6.0 6336.0 3.4557Et03 1.8335Et00 
0: 6 + 0  6J36tO 3.4557EtQ3 1+8335Et00 
2: : 30 + 0 b4tlO 0 3 *ST97E+03 1 + t3002Et00 
2:30.0 6 4 8 O Y 0  3+5997E+03 1~8002E+OO 

I 

I 

1 L  

0.03 1.470 
0.03 1.370 
0.04 2,100 
0.02 1.140 
0.02 1 180 
0.02 0 950 
0.02 0 e 990 
0.01 0 650 
0.01 0 590 
0.01 0 700 
0.01 0 + 390 
0.02 0 780 
otoo o.210 
0.01 0 560 

-0 4 00 -0.190 
0.01 0 + 630 
-0 . 00 -0.180 
0.01 0 + 700 

0.040 0.00 
0.01 0.510 

-0.01 -0 260 
0 + 580 0.01. 

-0 . 00 -0.150 
0 4 680 0.01 

0.02 0 ~ 9 6 0  
0.01 0 + 650 
0.03 1.540 

W e  K +  SUMMERS AND ASSOCIATESY INC. 

0.01 
0.03 
0103 
0.03 
0.02 
$0.02 
0.02 
0.04 
0.02 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.00 
0.01 
0.00 
0.01 

0.01 

0.01 
0.00 
0.01 

0.01. 

0.01 
0.01 
0.01 
0.03 



TABLE D-4. (continued) 
t s  IS THE JACOB CORPECTIO = s-st*2/21+ 

THE DRAWDOWN S AT ELAPSED TIME T IS CALCULATED FROM THE EQUATION: 

ENIS-: 0 t EL-APSEKI TIHE t I N I T I A L .  DEPTH-TO-Wt$TER+ 

THE 1.E:NGTI.I OF 'THE CONTRIEUYXNG INTERVAL O F  WELL. 1s 170 FEET+ 
THE DEPTH FROM THE TOP O F  CASING TO THE REEN I S  77,52  FEET, 

t IS 1HE EL.AFSEI1 TIME FROM WHEN THE PUMP WAS TURNED ON+ 
%*t' IS THE 'TIMET THAT HAS ELAPSED SINCE T FlJMP WAS TURNED OFF, $ 

' ,  

, - 

t 

b 
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APPENDIX D 

... ......................................... r*r,-.”....””.. ................. .......... .................................. -.-..*.,a ........... E=: ................................. ............... ‘... 
”- 

a ......... .................... 
,o ’ -228,O 

t I S  M4r0 
I2 : I. 4 * 0 5141’ STEEL 
14:  2,0 5128 STEEL 

7 14:30,0 PUMP ON 
14: 34 + O  PUMP ON AT 
:13; 3,o CAMPBELL #2 
1.5 Z 16 0 
1 5 33 + 0 
3.5 : 59 * 0 
S1(, 32 0 
16:58+0 
17:3!5+0 
18: 0 , o  
I 8 : 33 0 
19:  7+0 
I9:30+0 

20 :34 *O 364,O S + 4 6  ‘STEEL 
21: 4,O 394eO 
21:35*0 425 0 

5 22: 5,Q 455 * 0 
22t33.0  483 0 

23:36+0 546 * 0 
8 0: 6*0 576+0 

0:34+0 604 + 0 
1: 6.0 636 + 0 
1:36*0 666 0 
2 :  7,O 697 0 
2139 ,o  729.0 
3 :  5*0 755 + 0 
3:35*0 785 * 0 
4: 5.0 815,Q 
4:3!5+0 E345,O 
5: “ciro 873,O 
5 : 3 7 + 0  9 0 7 + #  
6: 7 . 0  937 I 0 
6f37.C 967 0 
’7: n,0 994 + 0 
8: 4 ,Q 1054.0 
9 :  5,o llX5IO I 

10: 4 + 0  1174,O 
:1.3.: 5,o 1235,O 
12: 5,0 1295,o 
13: 4 * o  
14:  3*0 

d 15: 2,o 
163 010 ‘1530 0 
17: 2,0 1592.0 

b, 18: O*O 1.650 0 STEEL. 

S 23:’ 3.0 513eO 

i 

‘ L  

I 

147  
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TABLE D-5.  (continued) 

........ ................ - ._.". - ..--. I 
"...."...."..._I.. _. - -. 

L 
p.  

3 * 53 ' S7'EE:I" 

5 * 4Y 3 'I' E E.: I... 
5 c "53 ... S 'I' E E: I... 
5*52 S T E: El ... 

5,47  !:i 'r E I: L.. 

5.53 I STEEL 
5*52 STEEL 

5+55 STEEL 
5+42 STEEL 
5.37 srEEi,  
cj * 36 I s r E t x . .  
5*34 s r E: E' I... 

5 * 33 s 'r t:: E: t. 

5 35 S T E: E I . .  
5 3 3 $2 'r' E:: I " 

5,2Y S T EE I.. 

$3 TEE I... 
5.29 $5 T E: E: I... 
5.27 S T E: lii: I... 

5 'F' 1: F 1.. ..J + 26 
5 * 24 S TE: E 1.. 
5 27 S TEEL 
5 22 S T E!E I-. 

5+28 STEEL 
STEEL d*28 

3 28 
5+25 STEEL 
5 . 2 7  STEEL 

STEEL, -5 * 24 
5'26 S T E:EL.. 

STEEL d*21 
S T E E I... 5.23 

5 * 2 5  ST E E L  

5'35 
e ..I 26 

S T f? ... k" ..... 

c 

5 + 2 8  , s r E E 1.. 

s * r E t x  
c 

P 

e 

l!? 

148 
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IWMP OFF 
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APPENDIX D 

TABLE D-6. 

" . .".."...... .. .." ".. .". .... - -. .... _.. .....-.- I. -., ̂ _  -. .... ...... 
TO4 

(M1NU'rE:S) WATERCFT) READING 
DATE 

0CT 81. 1-10 1.J f - - "................. ..... .. "...."..." .-_. ". 
7 

7 

8 

u . 
23 1 .STEEL 

5.49 , STEEL. 

51.46 STEEL 
5 48 STEEL.. 
5 e 4 8  5 TEE L.. 

5 e 4 8  STEEL. 
5*57 STEEL.. 
5"48 STEEL 
5 + 4 8  STEEL.. 
5 * 4 ?  SlEEL 
5 * 4 9  S TE E I... 
5,50 STEEL. 

5.49 ST E El ... 
5,49 ST EEL.. 
5 .49 S TE E I-. Hard to r ~ a d  s L e i 3 i r 1  
5,51 STEEL cumil'ss~ W J ~  of' w e 1  X 
5 + 51. STEEL 
5 * 50 STEEL. 
5 c 5 1  S J E E L  
5+50 STEEL. 
2; * 52 STEEL 
5 * 52 STEEL 

5+46 s r n x  

5.49 s-rEEL 

se5?;2 - s ' rEEL 
5*!x? s-r E E I... 
5*52 S 'r EE L 
5c52 STEEL. 
5*52 S'rEEi... 
5 ~ 5 2 s 'T'EEL. 

s 'I' E E I... ...I . 53 a 

5 + 52 s - r  E: E I. . 
s T E E I... .J . r L  

3 52 :; 7' E 1: L.. 
F ."I 9. r.9 dd.. 5; TEE L, v 

5.54 STEEL 
5*51 STEEL 
5 c 4 8  STEEL 

1:- 

E' c:" 

1 
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-..- "" .... .- .-. ... ..** '......."I" ".I .- -. ".. .". "I ". _... ".-...."..I. ...--..-. _,..._..........-.- .....- ...._..-.. 

b HOUR (MINIJTE CIC" 81 
-- -u 

.̂  -. "" .... .". - I I---._.I I...". ,..... ̂.--"e-.... 
t3 :L I1 : 2 0 

, .  

1838*0 

4' 0: 8*0 

13: O * O  
:L4: 3 t 0  

9 14:30+3 0 

PUMP OFF AT 
CAMPBELL $2 

I 

I d > :  2 * 0  2972 * 0 5+37 STEEL 
17: Q * O  3030 + 0 5 * 3 6  STEEL 
:18: 2'0 3 0 9 2  t o  5 * 3 4  STEEL 
:tY:lo*o ;416C)*O 5*35 STEEL 
Z o : l o + a  3220 0 5*33 STEEL 
21: a I o  3278 0 5*33  STEEL 

3328 * 0 5.29 STEEL 2 : L  : 58 0 
23: 7+0 3397,o 5*35 STEEL 

5.26 STEEL 
1: 5 * 0  35i5 0 5 * 2 9  STEEL 
2: 6.0 35763 * 0 5+27 STEEL 
'4: 5*0 3&95 0 5e26 STEEL 
6: 590 3815.0 5 * 2 4  STEEL. 

1.0 0 : 1 8 * 0  3468 0 

t 8: 4 * 0  3 9 3 4  0 5 * 27 
I' 10: 6 * 0  4056 0 

1 i : 54 .0 4164.0 
16: 9+0 4419*0 
2o:~O*O 46hO 0 3 20 
0: 7*0 48?7 *0 5*28 
4:16+# 514Cc1*0 5*25 
a: 9,o  5379 + 0 512'7 
12: 7*0 5617*0 5.24 
16: 5 * 0  5855 * 0 9.26 

B 20: 2.0 6092 * 0 5*21 
1.2 0 : 1 4 * 0  6344 0 5*23 ST E E 1.. 

2:45+0 6495 + 0 3*2s STEEL W -  

- 151 
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TABLE D-6.  (continued) 

LTHE TYPE O F  READING DENOTES THE TYPE,OF 
DEPTH TO WATER HEASUREMENT H&DE, THESE MAY 
EE ANY O F  THE FOL..LOWI:NO: 

TRANS= MEASIJREMENT MAUE ,EtY A TRANSDliCER IN THE WELL. + 
THE MEASURELMENT IS THE HEIGHT OF THE WATER COL,UilN ' 
ABOVE THE SE:NSOR I 

STE:EI-:.:: MEASIJREMENT MlSlfE EY A STEE 
A 1 F: :::: HEASUREMENT MALE EY AN A I R  
AIRTRAN=MEASUREMENT MADE BY AN AIRLINE COUPLED WITH A 

TRANSD!.JCER + 
EL.ECTz MEASUREMENT MAOE BY AN ELECTRIC TAPE + 
AESOL,:. RLL.. MEASUREMENTS I-IAUE BEEN CHANGED TO ABSCILUTE DEPTH- 

TO-WATER MEASUREM 

*THE IIEPTH TO WATER IS THE CA TED fiEPTkl 'TO WATER 
FROM THE *raP OF THE WI:.I...L _  CASING^ +JS FEET ABQUE THE 
L.AND SURFACE + . .  

THE DEPTH TO WATER EELOW THE 'TOF OF THE CASING IS COMPUTED BY 
THE FORHlIl-A 9 

FOR STEELY ICIEPTH TO WATER 'I'ER LEVEL. READING 

TkE AVERAGE DIGCHARGE f l ! J R I N G  PUMPAGE IS 51 E 6 GFM + 

€:I ...APSED TME: 1:s TAKEN FROM TO AT 1430 CIN 7 - ac*r - 81 
s 

, 
j 
1 

I 1 

, 

* 

- 

bv 
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APPENDIX D 
TABLE D-7. 

er H a r ~ l i . 3 1  ’*si arrmtrmrsl.r drawdownr specific draw- 
~ ~ d d t ~ ~ t e c l  P a  r Jam h ‘ s cor rec t i un ( s ‘ /a ) .......................... .............................. 

LAPSED : t ‘ Z t  
{MXN)d .  I ( E 4 l - N )  

-b 
i 

.. ....--....-_-.”.- -------- ...... 
* 

0 1000 
0 1004 
-0.002 
-01ooi 

01000 
O*OOf 

1 & : ” 5 8 e O  X48+ -0 1000 
27:35+(r 185* -01000 

-0 1000 
-0 000 
-0 1001 
-0 1000 
-0 1000 

0+040 ‘ -O+OOi 
21: 4.0 39.110 -0 + 000 
21:”.J5io 43“ A d * O  1 5  . 0100s 
22: 5 .0  455. -0 1000 
22:33*0 48310 -0 1000 
2.3:- 3.0 5%3*0 -0 00 -01010 -0 1000 

s 

4 

-0 100 -0 1000 
d 

$ 8  

01020 * ‘  o*ooo 

l 

a 

18: 0.0 t650+0 -0 100 -0 1020 -0 1000 
19: 2.0 165210 0.00 0+03O 0 001. U 1’9: 0.0 1710+0 -0 100 -01ol.o -0 000 
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7 1i:45+0 
12 t20 ,O 
13:SS,O 

15:1390 
15: 30 * 0 

8 

fr + 58 
6.35 
6 * 45 
he42  
6*47 
6448 
6 .46  
I 5 E . 1 5  
6 0 4 5  
6 t 43 
b e 49 
6.49 
6 4 7  
6*43 
6 *  43 
6 0 41. 
6 + 4 3  
6,43 
6*41 
6940 
6,39 
6,42 
6442 
6.41 
6t42 
h * 4 3  
he42 
6.42 
6 4 2  
b 6 42 
6.42 
6t42 
6 t 4 2  
6 + 4 2  
I5942 
6 ,42  
6 + 4 2  
6 t 42 
h " 4 4  
6 . 43 
6E43 
6 <  42 
6.42 
6.43 
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ST E: E 1, 
STEEL 

STEEL. 
S T E: EL.. 
S" E.: E I- 
s TEE t.. 
s i  E E: I- 

s TEE 1.. 
STEEL. 
8 TE EL.. 
STEEL.. 
s T E: E I." 

STEEL" 
S -r E E: I, 
STEEL.. 
6 'I' E E I... 

s *r EE I". 

8 'r E: E I... 

z 

STEEL I 

S TE E I.. 
STEE I... 
S'I'EEL 
ST EEL. 
STEEL 
S TE: E L. 
s 7' E E 1.. 
3'Y'E:E:L.. 
s 'I" E 1.:: I." 
s T' E E I... 
s T E:E:I .. 
5 T E Ei' I... 
5 'J E E I,.. 

s T E EL. 
STEEL 
S TEE I... 
STEEL 
STEEL. 
S T EE I., 
STEEL. 
S T EEL 
s-r EE 1" 
S TEE I., 

5; 'r E E I... 

4 

STEEL -_ 

L-I 

SIEE~ ... 
s 'J E E I". 

ASSOCI Y INC+ 



TABLE D-8 .  (continued) 
water Xev 

8 2i: 7 , o  1837*0 
* 

2 3 :  5 t 0  ' X 9 5 f i i O  .6;42 . STEEL.. 
Y 0: htO 

4: 5 , 0  

7: otc) 2430 4 0 
€3: 0.0 2 4 Y 0 * 6  ' 
9: 0.0 2550 * 0 6 * 4 2  STEEL 
10: o*O f!blOtO 6e42 STEEI- 
l i t  040 2670 t 0 6 t 4 l  STEEL. 
1.2: o t o  2730 * 0 6 e 4 1  STEEL. 
13: O I Q  2790 0 6 + 4 Z  STEEL 
:L4: o * o  '1?85O 0 6042 STEEL. 

6 t 4 2  S TEE 1.. PUMP OFF AT 1 3 : 32 0 
3.5: 4 , 0  2914 to  6*43 STEEL. CAMFBEL.1, $2 

a 16: o t o  2970 * 0 h * 4 J  STEEL 
:I.?: 2to 3032 * 0 6 * 4 7  STEEL 
Is: Q + O  30?0 + 0 h 53 STEEL 
19:12*0 33,6210 h e 4 2  STEEL 
2 0 :  5.0 3215 t 0 6 e 4 6  STEEL 
21 : I5 t 0 3285 0 h*44 STEEL 
2 :k t E- I.:' 332510 I 6 + 45 STEEL 
2 3 :  3 , 0  3393 * 0 6 t45  STEEL 

:t.o o::t5,0 3465 * 0 6 4 4 7  STEEL. 
3. : ? 0 3519 ,o  6.44 STEEL 
2: 5*0 357:; t 0 6+43 s "E E I". 
4 :  6*0 3696 + 0 6 4 3  STEEL, 
6 :  o * o  3810*0 6+43 STEEL 
8 : 6 t o 39345 * 0 
0: 3*0 4053 * 0 
1::57*0 4167eO 
16: 5 * 0  4415t0 
20 : 1 2 * 0 4662 + 0 

:i.l O t  h e 0  4896 t 0 
4:17.0 5147 * 0 
8 : :t 2 t 0 5382 t 0 

12: 5,0 5645+0 
5858 * 0 16: 8+0 

20:  0tO 6090 0 
6948 4 0 
6497 0 

# 

? t4:30*3 0.0 PUMP OFF 
25382 * 0 

d 
f 

* 4 ,.J * (i 

i 

1 

c 

U *THE TYPE: QF R E n r i x m  DENOTES THE TYPE OF 
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TABLE D-8.  (continued) 

. 

b 





TABLE D- 9. (continued) 
SC>l.J.(;h 0bser~va.Lior.l k l e i  .I. ~ l , , l l I l P  .(;e.;.L --- 

.."..".."." .... _.". ..". . ...... . ..... .. .." .̂  .... .." .*. ".. .-. .. . .. ......... ".I. "I .._ .._._ .... -.. .. ".. ..., - 
E I.. A I"' S EL D T S ME: 

RE MA IWS 

*THE TYPE: O F  READING DENOTES 

6+43 S*rEEL 
6,47 s *r E E 1.. 
6.53 STEEL. 
6.42 ' STEEL 
& e 4 6  STEEL 
6 + 4 4  STEEL 

6 45 STEEL 
6e47 S T E El.. 
6 * 44 STEEL 
6+43 STE:EL.. 

15.45 s'r EE t, 

6.43 s r  E E L 
6*43 s *r E E I.. 

6.47 s *r E E L. 

6+41.  s -r EX L 

6t41 S TEE:I... 

6 . 47 S'I' E: E I... 
6 + 4 3  S TEEL. 

6.43 STEEL 
6 4 7  ST E: E 1.. 
6.43 s T'EEL.. 
6640 ST EEL 
6.41 s TEEL.. 
6 + 4 3  STEEL. 
6 + 4 2  s 'I' E: E I, 
6 .44  STEEL. 

THE TYPE OF, 

160 

....- .... .." - c - ..., c -"*"I -. -. I. .- ,".I" .." .... ........ "* ..- - - .... -- I.--I-- -- 
6 42  S T EE I, 
6 + 4 0  5 TEE I., 
6 s  4 2  s T f: E I... 
6+38 $3 'r' E E I... 
6042 ST EE:L.. 
h e 4 1  STEEL. 
5 s 4 2  STEEL 
6e.12 STEEL. 
6 * 4 2  STEEL.. 
6,42 S T E: E I.. 
6 * 4 2  ST EEL. 
6+43 STEEL. 
6+42 STEEL 
6 c 4 2  STEEL. 
6 D 4 1  STEEL 

I 6 P 4 1 s T E EL.. 
s 'r E: E I... 

6 + 4 2  STEEL. 

6 . 4 2  STEEI. PUMP OFF AT 
6+43 S T E: EL.. CAMPEELA.. #:2 

6.42 

PUMP OFF' 

W ,  h't SIJMMERS AND ASSQCTRTESY INC, 
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-(J- 
i' i ,THE PlEASUREMENT IS THE-HEIGHT QF THE WATER XOLUMN 

ABOVE. THE SENSOR, 

* 

I 

,. , < 

THE TOP OF THE CASING IS C 

ATER =: WATER 1,EUEL READING 

QM -ro AT 1430 ON 7 - OCT - 81 

* 



APPENDIX D 
TABLE D-LO. Sowt,).) Observation well P ~ W P  te82; -- 

Pecific draw- 

(& 
* 

---.e- ...I - - 
7 12:20.0 

1 ;3 : 5M t 0 
14:30+0 ~ 

15: o * o  

25:30,0 . 6 0 c O  
16: 2 + C  9 2 t O  
16:2W+O l29+Q 
17: 09.0 250,o 
3.7: I t 0  :L51,0 
i 7 :30*0  S80+0 
18: s*0 215,o 
28:30+0 240t.O 
19: 4 , 0  274,o 
%Y:33'Q 303.0 -0 to1 -0,510 -0,010 
20: o t o  330,o - 0 , O S  -0 + 530 -0,010 
2 0 : 3 0 + 0  360,O -0*ol. -0 470 -0 + 009 
2x :3f 60 421. *0 -0*02 -0 470 -0 009 
22 :  QtO 450,o -0,01 -0 490 -0,010 
2 2 : 3 0 + 0  480,O -0101 -0 530 -o+oio  
23: O + O  :?10+O -0tO1 -0 530 -0,010 
2 3 : 2 5 * 0  535,o -0,Ol -0 550 -0 02 1. 

8 0: 4 + 0  574+0 -O*01 -0 530 -0,010 
0:22*0 592.0 -0 ,oi  -0 530 -0,010 
1: 4 . 0  h34,O -0,oi -0 550 -0 * 01 i 
%:34+0 664,O -0,oi -0 + 560 - 0 , o i i  
2: 3 + 0  633,O -0,oi -0 570 -0 05 1 
z:J7,f) 727,o -0,Oi -0 540 -0,oY.i 

-0*01 -0 540 -0 01 2 3; 7 0 '7l.Y.- 

3:37+0 787,O -0 01. -0 590 -0,011 
4: 760 817,O -0*01 -0 540 -0,011 
4:37+0 8 4 7 , O  -0 + 01. -0 530 -0,020 
5: 7+0 877,O -0.01 -0 540 -0,011 
5:'39,0 909,O -0*01 -0 540 -0,011 
6:10,0 940,O -0 01. -0 540 -0,011 
6:40,0 970,O -0,Oi -0 540 -0,011 
7: C i + O  996+0 -0101 -0,540 -0,011 
3 :  6 , O  1056t0 -0t01 -0 540 -0,011 
9: 6 + 0  11:16+0 -0,o1 -0 t 540 -0 01 1 
10: 6,O 1176,O -0*01 -0,540 -0tOXi 
11.: 7,O j.237,O -0*01 -0 540 -0,022 
1.2: 5 t o  32?5*0 -0,01 -0,540 -0,011 
1.3: <1+0 1356.0 -0,oi -0 540 -0 t OY. 1 
14: 0 , o  14IO.O -O,01 -0,540 -0,011 
15: o,o 1470.0 -0.01 -0 520 - o + o i o  
16: 2.0 2532t0 -0 t 01 -0 330 -0,010 
17: 0,c) 1 5 Y O * O  -0t01 -0 530 -0,010 
18: 2+0 1652,O -0,Ol -0 540 -0,Oil 
19: O + O  1310,O -0,Ql  -0 540 -0,Oii _ -  
2 0 :  3,O i373+0 - O * O i  -0 e530 -0 010 
21: 3,O 1837,O -0,Ol -0 540 -0*011 - 

1 

/ 4 1 , 0 

. 

b 

162. 8 
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TABLE D-10. (continuEd) 
oxLh Observation well PIJRIP 

c a l c u l a t e d  adAi-isted t ,: intar Harr i l l  'si ardi..imerstr 

-.. .." *" "" ".. ".. ".. .. .-. .." .." "1. .̂. .... -,u - 
3 

-e 

I 
I -0 . 01 i 4: 6 . 0  225&*0  -0*O1 -0 540 

-0 540 -0.011 r. 3 ,  n * o  2318.0 -0*01 
-0 . oi 1 7: 0.0 2430+0 -O*Ol -0 + 540 

8 :  9.0 2490.0 -o*oi -0 530 -0.010 
9: 8+0 2550.0 -0.01 -0 . 540 -0.011 

, 10: 0.0 2610,O -0.01 -0 540 -o*oii 
11: O + 0  267Qi0 -0.01 -0 .550 -0 01 1 

-0.01 -0 550 -0,011 12: 040 2730.0 
-0 540 -0.011. 13: 0 ,o  2?'70*0 -O*Ol 

14: 0.0 2850*0 -0.03. -0 540 -0.011 
14:32+0 2882.0 i~700OEtOO 1*6953Et03 -0,Ol -0 540 -0*01 
15: 4+0 2914,O 3*370OEtOi 8.6469Et.01 - O * O I  -0 530 -o*oi 
16: O + O  2970.0 8+9700Et01 3r3110Et01 -0.01 -0 + 530 -o*oi 
17: 2 * 0  3032.0 1+5i7OEt02 1.9987Et01 -0.01 -0 490 -0.oi 

CL 18: O * O  3090.0 2*0970Et02 1*4735EtOl -o*oi -0 430 -0 . 00 
19:12*0 3162,O 2.8170Et02 1*1225EtOi -0,oi -0 . 540 -o*oi 
20: 5 . 0  3215+0 3+3470Et02 9+6056EtOO - O * O X  -0 . 500 -0.01 

-O*Ol 21:15+0 3285.0 4+0470Et02 8.li71Et00 
21:55+0 3325+0 4*4470Et02' 7+4770EtQO -0.01 -0.510 -o*oi 
23: 3,O 3393.0 5+1270Et02 6+6179EtOO -o*oi -0e5Y.O -0.01 

10 O:i5*0 3465*0 5.8470Et02 5.926iEtOO -0.01 -0 490 -O*Qi 
1: 9.0 3519+0 6*3870Et02 5.9096Et00 -0.01 -0 + 520 -o*oi 
2: 5r0 3575;O h*9470E+02 5.1461E:tOO -0.oi -0 530 -O*Qi 
4: 6 , O  369640 8.1570Et02 4~5311Et00 -0*01 -0 + 530 -0.01 
6 :  0.0 3810.0 9+2970Ef02 4,0981EtOO -0,Ol -0 + 530 -0,OI 
8 ;  6 . Q  3936'0 1*0557ES03 3,7283Et00 -0.01 -0 A 5 0  -0*01 
10: 3*0 4053.0 l*.X727Et03 3+4561E+OQ -O*Ol -0 . 490 -0.01 
I.1:5?*0 4167.0 Y. 4367Et03 3e2385Et00 -0.01 -0 + 490 -0,oi 
3.14: 5.0 4415,O 1*5347Et03 2r8768Et00 -0.01 -0 . 530 -0.01 
20:i2*0 4bh2.O 1,7817Et03 2.6166EtOO -o*oi 

11 0: be0 4896,O 2+0157EtO3 2*4289EtOO -0.01 

* 
-0.01- -0 520 

i 

2*2h67Ef03 2.2707EtOO 
2*5017EtO3 2*1513ESOO 

20: O*O 6090,O 3.2097Et03 1*8 
i 2  0:18,0 6348+0 3 -O*Ol 

-0,Ol 
- 

b 

Ld 
i 

163 
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TABLE D-10. (continued) 
8s’ IS THE JACOB CORRECTIONP S‘ S-S**2/2II+ 

Ld OWN s AT Et-APsm TIME T xs CALCULATE OM THE EQUATIONt 
- 

S 

WHERE>TREND= 0 * ELAPSE11 TIME t INITIAL BEFTH 
“ = OBSERVED KiEPTl-l TO WATER AT TIME ‘1’-TRE - -  ~ 

3 

THE L.ENGTH O F  THE ‘CONTRIBUTING INTERVAL OF THE 
THE DEPTh FROM THE TOP O F  CASING TO THE SCREEN IS 4 FEET+ 

f*t’ IS THE TIME THAT HAS ELAPSED SINCE THE PUMP WAS TURNED OFF+ 
E ELAPSED TIME FROEI WHEN THE PUMP WAS ruRNEr1 ON. 

B 

- - 

t .  

I 





HCCIJ- 
C CI 3 -2 
so4-2 
Cl- 
F- 
B -. 
F:'o 4 - 3 
N03- 

SI.JITI of' catiorts8 6*07 100*0 

0 Q*OO o t o  
110 2+29 37+8 
84,8 2439 3Y *5 
2+25 0*12 2 * 0  

O*QQ O * O  
0 4. 3 1. 0.00 0*1 

76 1 +25 20+6 

6 + O 5  SOQ*O 





s i  c12 
Fe t 3 / t o  t a 1 
Mnt2 
Cat2 
m t 2  
Nat 
Kt 

HCQ3- 
co3-2 
SQ4-2 
c1- 
F- 
B- 
PQ4-3 
N03- 

:t 0-14-81 7*97 10-7-81 
11.0 1 4-8 1 620 1 10-7-81 

168 





Concentrat ion 
Curtst i %i~erst asf/l me/l Percent ........................ .......................... ........................ ........ .............. 

--.."I.. - - .I - I .." - -- - ........ *...I" ........ .. ---.*"..*I......"-,.... .... 
e 

-~....--*"...."- 

o*oo  O*Q 
O*OO O * O  
0 + 5 5  9 + 3  
o*o r  011. 
5*22 
OIlO 

88+8  
2 * 7  

5 + 8 8  100.0 

t4CQJ- 76 3. *25 21 1. 
I CQJ-2 0 O*OO Q i O  

so4-2 103 2.14 36*4  
C l -  84 .8  2 t39 4 0 + 6  
F- 2,io 0*11 1 * 9  
E- 
PO4-3 o*oo o * o  
N03- 0+27 * o *oo  0.1 

Suns o f  aniurrs: I 5+90 100,o 
it 

2 ,  C d .L; i on I - An i an ti 

C i3 t i o n i  t A n  i an5 
.............. 0*2 100 x 

a 

KIPLO F i e l d  Date 

10-13-01 LJ 
IO- 3.4-8 2 

Dischar?3e re~te:  52,Q 2~1~1 

170 





Si02 
Fet3/total 
Mrd2 
cat2 
Mgt2 
Nst 
I< t 

IiCI?J- 
co3-2 
SO4-2 
c1- 
F- 
H- 
F'o4-3 
N03- 

70 
(Q t 5 OIQO o * o  
.*:o + .1 otoo oto 

IO,& Qt53 10*1 
o*o9  otor  Otl 
106 4t61 8 8 t l  
3 * 4  Ot09 1 t7 

Suin of' c a t  i on6 : 5t23 1oo*o 

*.:0 t 09 
QtOO 
O*QO 

22*# 
QtO 
36+7 
41 *3 

O + O  

QtO 
Q t Q  

Field ' I Date 

a 

. 
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APPENDIX F 

u VERTICALLY AVERAGED HEAD - --.-- 
* I  

We d e f i n e  the k e r t i c a l l y  averaged head as  follows: 

h ( x , y )  = 1 *h(x,y,x)cIz/) dz 

Y 

_I z ( 2 2  

z1 z 1  

where 

AZ 22 - Z 1 ,  

h ( x , y )  i s  t h e  v e r t i c a l l y  averaged head, 
h ( x , y , z )  i s  t h e  three-dimensional head d i s t r i b u t i o n ,  
2 is  the  v a r i a b l e  i n  t h e  v e r t i c a l ,  and 
ZI'Z? arc the limits over  which w e  f i n d  t h e  

average value of h(x ,y ,z ) .  

0 

J 

-- 
h(x,y)  a l w a y s  lies between h ( x l , y l , z l )  and h ( x , , y , , z , ) .  ' 

Most ground-water systems, because they are three-  
dimensional, e x h i b i t  s u b s t a n t i a l  head v a r i a t i o n  along v e r t i -  
cals ( 2 ) .  The m o s t  v a r i a t i o n  occurs  i n  recharge and discharge 
areas. 

For i l l u s t r a t i o n  purposes, f i g u r e  1 shows a poss ib l e  
head d i s t r i b u t i o n  i n  one cross sec t ion .  I t  also shows a 
graph of t h e  head a t  t h e  water table  and t h e  averaged head i 

system of necess i ty  would genera te  t h e  average head (5) -- i 
n o t  t h e  head a t  t h e  water t a b l e . ]  

I 

i n  t h e  v e r t i c a l .  [Any two-dimensional ( z , y )  model of this I 
I 

1 
; F  

1 

I 

hv 

174 



Figure F-1. Head distribution, head at the water table, and vertically-averaged head in 
one cross-section. 

L 



APPENDIX G 

ESTIMATING THE OPTIMUM AND "FIRST-YEAR" ~ 

' YIELDS OF A WATER WELL 

4 



I 

r 

; .I- . 
APPENDIX G 

ESTIMATING THE OPTLMUM AND 
8 -  

' I  . 1 YIELDS -OF A*< WATER _FE&L 
5 , -. 

ESTIMATING THE OPTLMUM AND 
8 -  

' I  . 1 YIELDS -OF A*< WATER _FE&L 
5 , -. 

I 
I 

charge that occurs 

permissible vel f a well is the 

3 

c 

through which water enters  the 

wire-wrapped screen, o 

of the well.". 

i 

optimum i n s t  

* 

velocity. 
s 

1v- 

I 



i 

! NOTATIO 
& 

i L- 
W e  use t h e  following no ta t ion  i n  o u r  ana lys i s :  

a is t he  a r e a  of  openings pe r  foot of sc reen  

through which water e n t e r s  t h e  w e l l  ( f t 2 / f t ) ,  

d i s  t h e  l eng th  of  t h e  screen ( f t ) ,  

Ho is t h e  i n i t i a l  ( p r e  pumping) depth to t h e  

bottom of t h e  screen  from t h e  water  level 

i n  t h e  w e l l  ( f t ) ,  

Q i s  t h e  optimum discharge  rate (gpm), 

Q' is  t h e  optimum d i schd  ate (ft3/sec), 

t h e  6r i thrnet ic  mean d ischarge  during a 

pumping per iod (gpm) , 
is  t h e  well r a d u i s  ( f t ) ,  r w  

s is t h e  drawdown (ft) , 
S is t h e  c o e f f i c i e n t  of s to rage ,  

t is t h e  time (days) , 
T is  t h e  t r a n s m i s s i v i t y  ( g p d / f t ) ,  

v is  t h e  vel-ocity through t h e  screen  

openings ( f t/sec) I and 

V is the volume o during a given 

me i n t e r v a l  (gal 

.. 

k 

178 
I 



~ 

r.J ,?THEORY 

In our- analysis we.-assume that  Theissian condit ions apply. 

hese,_.the most important is that  T remains appraximately 

-- kd 
w 

A 
% -  constant during the .  pumping period.) ‘ i  , 

15. .the, pumping water level, is ove the  top;of the screen 
1 / ,  

of a pumping well (Ho-szd) I ^  

f 



I f  w e  know v, a ,  d ,  T, t r ’ rW,  S ,  and C for  t h e  case where 

t h e  pumping l e v e l  i s  above t h e  screen-we solve equat ion  

then estimate s using equat ion ( 4 )  However, f o r  t h e  case where I !  

t h e  pumping l e v e l  i s  i n  t h e  screen, equat ions (3)  and ( 4 )  become 

(2) and 

4 

t w o  equat ions wi th  t w o  unknowns. 

rearranging t e r m s  w e  g e t  

( 7 )  448.8vaCQ2 + (448.8vaB + l)Q - 448.8vaHo = 0 

so 
-(448.8vaB + 1) + J(448.8vaB + 1) ‘- 4(448,8vaC) (-448.8vaHg) 

2 ( 4 4 8.8vaC ) 
Q =  

( 8 )  

I n  t h i s  case w e  so lve . equa t ion  (8)  f o r  Q,  w e  t hen  estimate s using 

equat ion ( 4 )  . 
These procedures g ive  an  estimate of t h e  ins tan taneous  

P 

optimum Q and r e s u l t i n g  s a t  t i m e  t. The to ta l  d ischarge  (V) for . 
t h e  t i m e  per iod t ,  t o  t2  i s  then 

v =(It1 t 2  Q d t )  x 1440 ( 9 )  

We o b t a i n  t h e  f i r s t - y e a r  y i e l d  by s e t t i n g  t l =  1 and t 2 =  365 days. 

The average d ischarge  ra te  is: 

= V / ( t i - t ; l )  ,2440 (10) 

ENTRANCE VELOCITIES 

Presumably t h e  v e l o c i t y  at t h e  exterior screen-face is  t h e  

fastest  t h a t  t h e  water achieves in.moving through t h e  rocks t o  

t h e  w e l l .  The i d e a l  approach v e l o c i t y  is t h e  one t h a t  i s  pre- 
* 

c e p t i b l y  less than i s  necessary t o  produce t u r b u l e n t  flow i n  

t h e  rocks near t h e  w e l l .  T h a t  is, t h e  Reynolds Number (NR) for 

t h e  water-rock system near t h e  w e l l  should be less than 100. 
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ndswater; Nk= I O ’ D v ,  where D is t h e  condui t  diameter i n  -U’ 
f e e t ,  and v is  the  v e l o c i t y  i n  feet per second. Because, a t  ,k 

= 100, v = 1 0 - 3 / D ,  t h e  diameter of t h e  condui t  c o n t r o l s  t h e  

e s t ima te  of t h e  optimum e n t r  e l o c i t y .  Faster v e l o c i t i e s  

are permiss ib le  i n  small-dia r condui t s  than i n  large-diameter 

NR 

1 So -for flow ‘through f ine-grained rock8 wi th  ihtergranu- 

l a r  pore ‘diameters o f ‘ 0 . 1  f .  0003f t) 8 t h e  maximum ,permissible  
. 7.-  

uld  %e about  3 f t / sec :  whe 

ned r o c k s  w i th  : i n t e rg ranb la r  pore diameters of 5 mm 

s for flow *through‘: * 

i 

t h e  maximum -pe issib’le ve loc i ty .would  be about  - 0 5  ft/sec. 

F rac tu res  and s o l u t i o n  f e a t u r e s  may g ive  rise t o  l a r g e r  condui t  

diameters and even slower maximbi permiss ib le  ve loc i t i e s . ‘  
,- 
;a The maximum %entrance v e l o c i t y  depends upon well-site condi- 

il t i o n s .  D r i l l i n g  e,, w e l l .  can caus changes- i n  t h e -  po ros i ty  char- 

acterist ics of rock-s near-.  l 1 . b o r e  and , the bore may cross 

water-yielding r o s i t y  c h a r a c t e r i s t i c s .  SO i n  

p r a c t i c e  w e  may no t  be able--on t h e  s t r e a g t b . o f .  t h e  data i n  hand-- 

e the maximum permiss-i 

Johnson, ,: p.193.); s u  t h e  maximum sc reen -  

t r a n c e  v e l o c i t y  should be less t h  u a l  t o ,O . l , . f t / s ec ,  

because experimental  

t h i s  m i n i m i  

(a) f r i c t i o n  losses, 

(b) t h e  rate of, 

(c) t h e  rate of 

* 

i 

Our exper icnce< i g. t h e  optimum y i e l d s  of w e l l s  o f  

all sorts using 0 .1  f t / s e c  as the, ,optimum ent rance  y e l o c i t y  in-  
u 



dicates t h a t  the 0 . 1  ft,(sec is an acccptible value to  use  i n  day 

t o  day p rac t i ce .  
hiJ 

I 

DISCUSSION 

.Ap&ication 

The procedure outl . ined above r e q u i r e s  t h  r e s u l t s  of a step 

pumping test on t h e  w e l l  fo r  which the  optimum and " f i r s t -yea r "  

y i e l d    is to  -be est imated.  hese tests gene ra l ly  provide T and C. 

With an  observat ion w e l l  .during t h e  step test  S may also be meas- 

ured: but i f  no data on S are available, a reasonable  estimate 

of S can be made by e i t h e r  

1 

(1) assuming t h a t  S = d x Ss= d x 1 0 - 6 / f t  
- 
1. (where S F is 'the s p e c i f i c  storage) , or 

(2) assuming t h a t  S = S,= . 0 5  for rocks w i t h  

i n t e rg ranu la r  po ros i ty  or  Sy= .005 for  

rocks w i t h  f rac ture  po ros i ty  (when Sy= 

s p e c i f i c  y i e l d ) .  

These assumptions are reasonable,  because order-of-magnitude 

e r r o r s l i n  t h e  estimates of S produce less than 20 percent  error 

i n  estimates of  Q and s .  

we can e s t i m a t e  a i n  three ways: 

from t h e  cons t ruc t ion  records ' ( t h e  

s p e c i f i c a t i o n s  for some louvered cas ing ,  
f 

mill-slotted casing,  and wire-wrapped or 

p l a s t i c  screens g ive  a ) ,  

f r o m  t e l e v i s i o n  surveys of t h e  w e l 1 , ' o r  

f r o m  t h e  pumping-test data. 
b.' 
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To use puntping-test data to determine a, so lve  equat ion (8 )  

. by t r i a l  and error. Use a s  cons t an t s  f o r  t h e  equat ion t h e  values 
W * 

determined f r o m  t h e  t es t  and t h e  l a s  t of t h e  pumping per iod.  

Then, assume a value for  a and so lve  for Q ;  i f  t h e  computed Q 

d o e s n ' t  agree  w i t h  t h e  observed Q ,  change a appropr i a t e ly  and 

so lve  for Q again.  Repeat u n t i l  t h e  chosen va lue  of a produces 

a computed Q approximately equal  t o  t h e  observed Q. Then check 

t h e  v a l i d i t y  of a l l  computed parameters by so lv ing  equat ion ( 4 )  

f o r  s; i f  t h e  s computed for  t h e  tes t  approximately equals  t h e  

1 * *  * 

, 

I 

t 

observed s, p r e d i c t i o n s  of t antaneous optimum y i e l d  a f t e r  

one year e a r  I' ,~ y i e l d  can be accepted 
1 ,. * . I  * 

. I  

! Reservations 

The procedure for es t imat ing  optimum y i e l d s  and " f i r s t - y e a r "  

I y i e l d  presume Theiss ian  condi t ions .  Thus, t h e  impacts of nearby , 
I 

1 pumping w e l l s  and hydrologic boundaries are excluded f r o m  t h e  

p red ic t ions .  To r e f i n e  t h e  p r e d i c t i o n s  tak ing  these  factors i n t o  

account may r e q u i r e  geologic  or hydrologic mapping, a n  inventory 

of nearby w e l l s ,  o r  s i t e - s p e c i  d d i  t i o n a l  information. More- 

over, because t h e  major Theis ssumption i s  t h a t  a l l  water 

came from s to rage ,  s o f  V may be too small  

I 

1 i 
I 

I account. I 

rq 

, P" 
1 

Johnson, Inc.  (1975) Ground Water and Wells: S t .  Paul,  

u Minnesota, 440p. 
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APPENDIX H 

Determination of Aquifer Parameter 
Step Tests and Intermittent Pumping Data 

by Yuksel K. Birsoy and W. K. Summers c 

f 

4 

1 

I 

\\ '*.. 
1. 

from the March-April 1980, Volume 18, Number 2 issue of Ground Water 
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