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I NTRODUCT ION 

This i s  the f inal  technical report of Phase 111 of our a c t i v i t i e s  under 

cooperative agreement DOE-FC07-79ID12030 which was executed March 7 ,  1979. 

Phase I of this  agreement (January 15, 1979 t o  March 7 ,  1980) consisted 

of an evaluation of potential hydrothermal aquifers based on the North Dakota 

Geological Survey's records of o i l  and gas wells d r i l l ed  i n  the s t a t e .  The 

Phase I study assembled a computer l ib rary  system (WELLFILE) of the o i l  and 

gas well data,  and used this  data t o  construct a geothermal gradient map of 

North Dakota and summarize the charac te r i s t ics  o f  potential hydrothermal 

aquifers (Figure 1 )  (Harris and others ,  1980). 

Most o f  the o i l  and gas wells d r i l l ed  i n  North Dakota have been d r i l l ed  

i n  the western two-thirds of the s t a t e ,  and most of these wells have had 

Paleozoic rock units as  their objective. 

data contained i n  WELLFILE i s  concentrated geographically i n  the western 

two-thirds of the s t a t e  and s t ra t igraphica l ly  i n  Paleozoic rocks. 

Consequently, the o i l  and gas well 

O u r  Phase I1 a c t i v i t i e s  (March 8,  1980 t o  April 30, 1981) dea l t  w i t h  

three main topical areas: geothermal gradient and heat-flow studies, 

s t ra t igraphic  studies, and water quali ty studies (Harris and others ,  1981). 

Geographically, our e f f o r t s  

by our Phase I study, and s t  

Mesozoic and Cenozoic rocks (Figure 2-). - 5 

rated ai n areas of interest i ndi cated 

l l y  .they were concentrated on 

The geothermal gradient'and heat-flow studies involved r u n n i n g  temperature 

logs i n  groundwater observation holes i n  areas of interest indicated by the 

Phase I study; and 

convenience" t o  be 

1 ocati  ng , obtai n i  ng access t o  , and casing "hol es-of- 

used a s  heat-flow determination s i tes .  

5' 



Chemical 

(G) A q u i f e r  S t r u c t u r e  
Maps w i t h  Observed 

Temperatures 
- 

A 
( N )  Charac te r i ze  
E x i s t i n g  Water 

Q u a l i t y  Data 
From S t a t e  And 
Federal Sources 

For  P o t e n t i a l  
Hydrothermal 

Reservo i rs  

( A )  Computer L i b r a r y  
Pro g ram 

I (WELLFILE) I 

I 

(D) I n t e r r o g a t e  
Computer L i b r a r y  

(K) Depth and D e v i a t i o  
From Observed 

\-/ S t r a t i g r a p h i c  

k H ) O t h e r  Maps 1 
I I 

I 
(0) Data i n  F i n a l  

Format t o  NOAA 

I 

1 
I i 

(P) F i n a l  Report 

FIGURE 1 - STEPWISE PROCEDURE FOLLOWED 
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The s t ra t igraphic  and water qual i ty  studies involved two main e f fo r t s .  

First, WELLFILE was updated and expanded. 

(WATERCAT) was assembled f o r  a l l  water wells d r i l l ed  i n  the s t a t e .  

Second, a computer l ib rary  system 

WATERCAT 

combines data from the United States  Geological Survey Water Resources n 
b 

Division's (USGSWRD) WATSTOR and GWSI computer l i b r a r i e s ;  and includes physical , 

s t ra t igraphic ,  and water quali ty data. 

Our Phase I11 work (Flay 1 ,  1981 t o  A u g u s t  1 ,  1982) consisted of a r 
continuation o f  the work s ta ted  d u r i n g  Phase 11. We again concentrated our Iro 

5 
E 

e f fo r t s  on Mesozoic and Cenozoic rocks t o  supplement our exis t ing geothermal 

gradient , heat flow, s t ra t igraphic  and water qual i t y  data. 

In the following report we will r e s t a t e  our goals, de ta i l  our methods 

o f  reaching those goals, and present t h e  f i n a l  results and interpretat ions 

of our study. 
r 
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1 

GOAL 

i Q  
i a  
l i r  
I Q  

The object of t h i s  study was t o  evaluate the hydrothermal resources of  

North Dakota. This evaluation was based on exis t ing data on f i l e  with the 

North Dakota Geological Survey ( N D G S )  and other s t a t e  and federal agencies, 

and f ie ld  and laboratory studies we conducted. The principal sources 

of data used during the study were WELLFILE, the computer l ib rary  of o i l  and 

gas well data developed during our Phase I study, and WATERCAT, a computer 

l ibrary system o f  water well data assembled during our  Phase I1 study. 

f i e l d  survey of the "shallow" geothermal gradients present in selected ground-  

water observation holes was conducted. 

thermal conductivity of core samples were done t o  f a c i l i t a t e  heat-flow 

calculations on those "holes-of-convenience" we cased. 

A 

Laboratory determinations of the 

u 
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DATA BASES 

(0 

a 

II 

a 
u 

WELLFILE 

The WELLFILE computer 1 i b r a r y  system ( H a r r i s  and others,  1982) manages 

data obta ined from about 10,000 o i l  and gas w e l l s  d r i l l e d  i n  Nor th Dakota. 

These data a re  f i l e d  w i t h  t h e  Nor th Dakota Geological  Survey. 

Locat ion,  l e g a l ,  product ion,  and s t r a t i g r a p h i c  data, as w e l l  as the  

a v a i l a b i l i t y  and s torage l o c a t i o n  o f  cores and samples, a r e  s t o r e d  f o r  each 

w e l l .  Well l o c a t i o n  i n f o r m a t i o n  i nc ludes  county, township, range, sec t i on ,  

and quar te r -qua r te r -qua r te r  d e s c r i p t i o n  (F igu re  3) ,  as we1 1 as the  footages 

from nor th-south and east-west s e c t i o n  l i n e s .  Legal data i n c l u d e  owner- 

operator ,  N.D.G.S. w e l l  number, N.D.G.S. pe rm i t  number, pe rm i t ted  date, 

complet ion o r  abandoned data, and A.P. I .  number. Product ion data i n c l u d e  

w e l l  s ta tus ,  producing hor izon, p e r f o r a t e d  i n t e r v a l ,  and i n i t i a l  product ion.  

S t r a t i g r a p h i c  data i n c l  ude reference e l e v a t i o n s  , t o t a l  depth, deepest format i  on 

penetrated, se lec ted  format ion " tops"  and k inds  o f  geophysical l ogs  run. 

Cores c u t  i n  t h e  w e l l  a r e  i d e n t i f i e d  by fo rma t ion  and by t h e  footage of t o p  

and bottom o f  t h e  cored i n t e r v a l .  

footages. 

samples a v a i l a b l e  i n  t h e  N o k h  Dakota -Geofogical 1 . .  Survey's Wilson M. L a i r d  

Core and Sample L i b r a r y .  , 

These a r e  considered work in1  f i l e s ,  c u r r e n t l y  used f o r  spec ia l  p r o j e c t s  and 

N.D.G.S. i n t e r n a l  data management; 

t o  WELLFILE. 

Sampled i n t e r v a l s  a r e  i d e n t i f i e d  by 
I 

Core and sample s torage l o c a t i o n  a r e  l i s t e d  f o r  t h e  cores and 

.*+ ., *I I 
Two data subsets a r e  maintained separa te l y  f rom t h e  WELLFILE l i b r a r y .  

I I f  desired, these subsets can be added 

The f i r s t  data subset conta ins water-qual i ty i n f o r m a t i o n  from analyses 

performed on water recovered du r ing  d r i l l  stem t e s t s .  N.D.G.S. w e l l  number, 

u 11 



FIGURE 3 - THE LAND O F F I C E  G R I D  SYSTEM COARSE 
L E V E L  (LOGSCL) COORDINATE SYSTEM 

12 

A L  



! o  

Ip 
l u  

&J 

i3 
a 

well location, formation tes ted ,  footages of the tes ted interval , pH, 

r e s i s t i v i t y ,  and the concentration of major ion species a re  stored i n  the 

subset. 

The second data subset contains production s t a t i s t i c s  from o i l  and gas 

wells. This i s  an internal f i l e  and i s  used only by the the N.D.G.S. s t a f f  f o r  

geol ogi c and engi neeri ng studies . 
The WELLFILE system i s  updated a s  information from newly d r i l l ed  wells 

i s  made public. 

The WELLFILE coding g u i d e  and a detailed discussion of the data sources, 

data elements, system maintenance, and validation techniques a re  contained 

i n  our Phase I1 f ina l  report (Harris and others, 1981 ) . 
WATERCAT 

The WATERCAT computer 1 i brary system (Harri s and others ,  1982) manages 

data from groundwater observation, domestic, and stock wells inventoried by 

the United States  Geological Survey, Water Resources Division (U.S.G.S.W.R.D.) 

and the North Dakota S ta te  Water Commission ( N . D . S . W . C ) .  The l ib rary  contains 

information on about 41,000 wells d r i l l ed  i n  North Dakota. The source of this 

data i s  the U.S.G.S.W.R.D.'s water-well inventory and water-quality f i l e s  

(WATSTOR and GWSI). 

our location-oriented 1 ibrary system. 

These two source f i l e s  were reformatted and combined in to  

Information stored i n  WATERCAT includes location, physical, s t ra t igraphic ,  

and water quali ty data,  as  avai lable ,  f o r  each well on f i l e .  

includes county, township, range, section, quarter-quarter-quarter, and 

1 a t i  tude and longitude. 

d e p t h ,  and casing diameter. 

Location data 

Physical data i ncl udes to ta l  depth , we1 1 d e p t h  , casing 

Stratigraphic data includes the footage of the 

top of the producing horizon, name 

producing horizon, and the surface 

temperature, spec i f ic  conductance, 

species. 

of the producing horizon, lithology of the 

elevation. Water qual i t y  data i ncl ude 

pH, and the concentration of major ion 

13 



WATERCAT has one data subset. Temperature and depth d a t a ,  measured i n  

groundwater observation wells, are maintained as a project f i l e .  Information 

i n  t h i s  subset includes well location, date measured, and temperature-depth 

values a t  five- or  ten-meter depth intervals.  

provide accurate , shallow, geothermal g r a d i e n t  d a t a  and accurate aquifer 

water temperature da ta .  I t  i s  anticipated t h a t  the WATERCAT system will be 

updated peri odi call  y . 

These d a t a  are intended t o  

The WATERCAT coding guide and a detailed discussion of the d a t a  sources, 

d a t a  elements, system maintenance, and validation techniques are contained 

i n  our Phase I 1  f inal  report (Harris and others,  1981).  

14 
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Geothermal Gradient and Heat-Flow Studies 

This task (Figure 4)  involved locating, o b t a i n i n g  access to ,  and  running 

temperature logs i n  suitable groundwater observation holes and in "holes-of- 

convenience," d r i l l ed  by other agencies o r  in te res t s ,  t h a t  we cased as heat- 

flow determination s i t e s .  Separate discussions o f  the procedures followed 

and our resul ts  fo l low for  the geothermal gradient studies and the heat-flow 

studies . \ 

Geothermal Gradient Studies 

Our Phase I 1  temperature logging was geographically limited t o  those 

areas of  above average geothermal gradient (greater t h a n  30°C/km), indicated 

by our Phase I study, and the extreme eastern edge of the s t a t e ,  where no 

o i l  o r  gas well d a t a  was available (Figure 5 ) .  Our Phase I11 temperature 

logging concentrated on available groundwater observation wells i n  areas not 

logged d u r i n g  Phase 11. 

Locating suitable groundwater observation wells was accomplished by 

interrogating WATERCAT for  a l l  observation wells. 

of cased wells, sorted by location, that.enab,led our f i e ld  crew t o  easi ly  

locate suitable wells. 

and the United States Geological Survey Water Reso ees Division (USGSWRD) 

This resulted i n  a l i s t i n g  

The North Dakota S ta te  Water Commission (NDSWC) 

granted access to  

the 1980 and 1981 

Coding forms 

temperature-depth 

WATERCAT. 

the wells and temperature logging was, accomplished d u r i n g  

f i e ld  seasons. 

and comp,uter storage structures .were designed, and a l l  

observations have been assembled i n  a data subset of 

The apparatus used fo r  temperature l o g g i n g  consisted of  a thermistor 

15 
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FIGURE 5 - PHASE I GEOTHERMAL GRADIENT MAP OF NORTH SAKOTA, DETERMINED FROM O I L  AND 
GAS WELL BOTTOM-HOLE-TEMPERATURES ( C I  = 5 C/KM) 



probe, a cable reel , and a digi ta l  vol t-ohm-meter. 

determined in the laboratory for the thermistor c i r cu i t  (k.03°C). 

A calibration curve was 

Field 

operations involve lowering the probe down the borehole, allowing the 

thermistor t o  reach equilibrium, and measuring the resistance of the thermistor 

c i r cu i t .  The digi ta l  volt-ohm-meter was used t o  measure the thermistor 

resistance,  and temperatures were calculated from the calibration curve 
0 ( L O 1  C). 

Results 

The Phase I 1  and I11 geothermal gradient study measured temperatures 

a t  five- or ten-meter intervals  in 421 groundwater observations wells. 

temperature-depth data i s  stored in WATERCAT and can be summarized graphically 

and i n  map form. 

This 

Graphical display of  the temperature-depth data i s  accomplished with 

machine-generated, temperature prof i les .  

for  a l l  wells with temperature logs, i s  maintained by the North Dakota 

Geological Survey t o  provide potential users with specif ic  local information. 

Figure 6 shows an example of a machine-generated temperature prof i le .  

p l o t t i n g  routine automatically scales the abscissa and ordinate t o  

accommodate the temperature and depth range encountered. 

prove most useful when combined w i t h  a geologic description of the well. 

We have added a l i thologic  data column t o  each temperature prof i le  for  which 

published well data i s  available. 

A catalog of  temperature prof i les ,  

The 

Temperature profiles 

Map summaries of the temperature-depth data include a "shallow" geothermal 

gradient map and s l i c e  maps, showing expected temperatures a t  selected depths. 

Our "shall ow" geothermal gradient map ( Figure 7 )  shows machi ne-contoured, 

s i  te-average, geothermal gradients cal cul ated i n the depth i nterval of 30 t o  

100 meters. 

seasonal temperature variation and includes a maximum amount of the data 

This depth" interval was chosen since i t  i s  below the depth o f  
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collected. Interval gradients were calculated between adjacent temperature 

observations in each well. Since some temperature profiles show isothermal 

zones and the spurious effects  of  imperfect casing, only interval gradient 

values between 8 and 80°C/km were used in calculating the site-averages. 

site-average, geothermal gradients for each well were then machine-contoured 

t o  produce the " s  ha1 1 ow" geothermal gradient map. 

The 

"Slice" maps have been constructed from measured temperatures a t  30, 50, 

80 and 100 meters (Figures 8 ,  9 ,  10 and 1 1 ) .  These machine-contoured maps 

show the expected temperature a t  these depths. The well control for these 

maps i s  shown in Appendix D.  

Phase I vs. Phase I11 Geothermal Gradient Maps 

Figure 1 2  shows a comparison of our  Phase I and Phase I11 geothermal 

gradient d a t a .  

a t t r ibuted t o  a t  l eas t  three factors:  

and calculation techniques. 

The differences observed in the two se t s  of d a t a  can be 

well control, depth of the data,  

The dis t r ibut ion and density of the wells contributing d a t a  t o  the 

two maps i s  not the same. More wells contributed d a t a  t o  the Phase I map, 

b u t  they were concentrated i n  the western two-thirds of the s ta te .  

wells contributed d a t a  t o  the Phase I11 map', b u t  they ,were more evenly dis- 

Fewer 

t r i  buted. Consequently, the "shape" of the gradient features shown cannot 

be expected t o  be identical .  

The depth of the da  , used t o  calculate the gradients, i s  different  

for  each map. 

bottom- ho 1 e- tempe rat u re s recorded 

Paleozoic aquifers are regional groundwater flow systems, and higher t h a n  

average gradients resul t  i n  those areas where these aquifers are closer t o  

The Phase I map disp-lays geothermal gradients calculated from 

pa'l'ly i n  'Pa1,eozoic rocks. These 

the surface. 

The Phase I11 geothermal gradient map displays s i t e  averages of interval 

2 1  



E E 



23 



E 

24 

A
 

0
 

L
o
 

II 

0
 

0
 H
 

v
 

0
 

W
 

I- 
O
 

W
 
a
 

x
 

W
 

G E E i 

I 

0
1
 



0 13 
C C 

I 
I 

I
l

l
,

 I----! 
-- 

I- W
 

k
 

0
 

w
 
a
 

x
 
u
 

n
 

I 

=I 



26 

I 6 h i L F G E 5 E c E E c i 



a 
0 
D 

II 

gradients from wells located in three geologic sett ings:  shallow, local 

groundwater systems in Quaternary sediments; shallow, 1 oca1 groundwater 

systems in Quaternary sediments, in hydraulic communication with deeper 

regional aquifer systems; and shallow, regional and subregional groundwater 

systems in Tertiary rocks. 

The shallow, local groundwater systems in Quaternary sediments are 

found in the northeastern one-half of  the s ta te .  Gradients calculated from 

temperature logs run on wells in th i s  set t ing are  low (10 to  20°C/km). 

I n  some areas these shallow, local groundwater systems are  in hydraulic 

communication w i t h  deeper, Cretaceous and older regional groundwater systems. 

I n  these areas the warmer water from the deeper aquifers resul ts  in higher 

temperatures and consequently, higher gradients. This "leakage" also resul ts  

in higher piezometric heads and poorer water quality. 

The techniques used for  calculating the gradients on the two maps was 

different .  

gas we1 1 bottom-hol e-temperature and total  depth using the following 

expression: 

The Phase I map i s  based on gradients calculated from oi l  and 

Grad. ( O C / k m )  = 4OoF (1823) 

T h i s  calculation assumes a l inear  geothermal gradient from total  depth t o  

surface, and a mean annual surface temperature of 4.4OC ( 4 O O F ) .  Neither of 

these assumptions i s  absolutely correct,  b u t  the l inear  gradient i s  l ea s t  

correct.  

Shallow geothermal gradients were calculated by averaging the interval 

gradients, between adjacent temperature observations, in each well logged. 

Isothermal zones i n  aquifers and water movement behind poorly cemented 

casing caused spurious gradient profiles.  

only interval gradients between 8 and  80°C/km were used in calculating the 

I n  order t o  eliminate these e f fec ts ,  

u 27 



s i t e  average. Only temperature observations 

100 meters were used. Temperatures measured 

in the depth interval of 30 t o  

shallower t h a n  30 meters are 

influenced by seasonal temperature fluctuations and recharge i n  shallow 

aquifers. 

temperatures shallower t h a n  100 meters were used. 

In order t o  maximize the amount of d a t a  available, only observed 

A l inear  projection of most shallow gradient profiles intercepts the 

ground surface a t  temperatures of from 5-10°C. 

(4OoF) surface temperature used for  the Phase I map i s  n o t  correct. 

other hand, i f  shallow well gradients are calculated from a single temperature 

observation and an assumed surface temperature of 4 . 4 O C  ( 4 O o F )  , the result ing 

gradients would be higher t h a n  they actually are. 

Thus, the assumed 4 . 4 O C  

On the 

I t  i s  our  conclusion t h a t  both the Phase I and Phase I11 gradient maps 

are useful. 

higher geothermal gradients t o  Paleozoic aquifers. 

for  indicating the re1 a t i  ve geothermal gradient t o  Quaternary and Tertiary 

aquifers. 

and actual temperatures present in shallow aquifers. This information has 

proven t o  be invaluable in satisfying requests by potential users for  s i t e -  

speci f i c i nformati on. 

Heat Flow Studies 

The Phase I map i s  useful for  indicating areas of re la t ively 

The Phase I11 map i s  useful 

The "s l ice"  maps and geothermal gradient profiles provide expected 

Work completed during Phase I11 of the project in addition t o  t h a t  

reported in the Phase I1 Final Technical Report i s  as follows: 

The thermal conductivity measurements on unfractured samples o f  

Cretaceous Pierre Shale undertaken during Phase I1 were completed. 

i t  was n o t  possible to  achieve good reproducibility in the measurements, 

we were able to  bracket the thermal conductivity value, finding i t  t o  l i e  

between 0.85 and 1.25 Wm K . Blackwell and others (1981 ) have 

reported a value based on in-s i te  studies in four deep wells in Kansas. 

A1 t h o u g h  

-1 -1 
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They find the thermal conductivity of Paleozoic shales t o  l i e  between 
-1 -1 1.05 and 1.25 Wm K . Figure 1 3  indicates nine s i t e s  for  which we have 

reliable temperature gradients in Cretaceous Shales (see Phase I1 Final 

Report for discussion) superimposed on the 30 t o  100 meter thermal gradients. 

Heat flow values ( i n  mWm-2) are given, calculated from the assumption that  

the thermal conductivity K = 1.05 Wm for Cretaceous Shales. - lK- l  

Only one hole was cased during Phase 111. A 750 f t .  well into the 

Pierre in Towner Co. was cased during l a t e  f a l l  1981 in cooperation with 

the North Dakota State Water Commission. 

Stratigraphic Studies 

Results are n o t  available a t  t h i s  time. 

The goal of t h i s  task i s  t o  construct geologic maps of potential hydro- 

thermal aquifers in the s ta te .  

Phase I Stratigraphic Studies 

The Phase I study collected stratigraphic d a t a  from oi l  and gas wells 

dr i l l ed  in North Dakota and assembled t h a t  d a t a  in the computer l ibrary 

WELLFILE.  These d a t a  have enabled us t o  construct structural  maps on fourteen 

selected formations and an isopach map of the Mississippian Madison 

Formation (Appendix A ) .  

Phase I 1  and I11 Stratigraphic Studies 

Our Phase I 1  and I11 stratigraphic studies (Figure 14)  involved 

identifying potential Mesozoic and Cenozoic aquifers and compiling additional 

stratigraphic d a t a ,  in order t o  evaluate these aquifers. All Mesozoic and 

placed on the Cretaceous 

upper Cretaceous and 

1 by Dr. Ray Butler 

study. The resul ts  

of Dr. Butler 's  study are on f i l e  with the USGSWRD in the i r  Bismarck, N D  office.  

The d a t a  bases used for  our  stratigraphic study consisted of W E L L F I L E  

and WATERCAT. 

Cenozoic aquifers were of in te res t ,  b u t  emphasis was 

Inyan Kara Formation and Qia,Ternary aquifers. Since 

Tertiary aquifers have recently been studied in deta 

(USGSWRD), these aquifers were n o t  emphasized in thi  
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W E L L F I L E  was updated and expanded t o  accommodate 47 formation tops. 

Data from new wells, being added t o  the system, includes the footages of 

the new formation tops. 

WATERCAT contains a stratigraphic identification of the aquifers 

producing water. 

ident i f ie rs  used i n  WELLFILE,  b u t  are based on stratigraphic data contained 

in the original U.S.G.S. source tapes. The geographic distribution of this 

data i sn' t sa t i  sfactory for  producing machi ne-contoured maps of  the s t a t e .  

The U.S.G.S. stratigraphic data has been collected over about the l a s t  twenty 

years, and a certain amount of confusion i n  the stratigraphic nomenclature 

i s  found. 

Cretaceous Newcastle Sand i s  considered p a r t  o f  the Cretaceous Inyan Kara 

Formation. 

WATERCAT wi 11 n o t  permi t structural  mappi ng of  aqui fe rs .  

These ident i f ie rs  are compatible with the stratigraphic 

For instance, in the southeastern part  of  North Dakota, the 

As a resu l t ,  the quali ty of the stratigraphic data contained in 

The U.S.G.S.W.R.D. has been involved i n  regional aquifer studies for  

Dr. Ray Butler, formerly o f  t he i r  Bismarck off ice ,  worked several years. 

with Mesozoic and Cenozoic aquifer systems i n  the region. The resul ts  

of  the Mesozoic and Cenozoic study are  on f i l e  with the U.S.G.S.W.R.D. 

in Bismarck. Their study has produced structural  and  isopach maps of 

major aquifer systems, as well as hydrologic and geochemical models and  

maps. 

Cretaceous Inyan Kara Formation 

Structural ,  isopach, and sand/shale ra t io  maps were constructed, for  

the Cretaceous Inyan Kara Formation, d u r i n g  the Phase I1  study. All available 

geophysical logs, in the N . D . G . S .  log l ib rary ,  penetrating this formation 

were studied, and the data was entered in WELLFILE.  

Our structural  map (Figure 15) shows that  the Inyan Kara Formation i s  

present t h r o u g h o u t  most of the s t a t e .  The elevation of  the formation ranges 
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f rom about 100 meters, i n  the  east,  t o  about -1,000 meters, i n  the  west. 

Our s t r u c t u r a l  map was cons t ruc ted  by contour ing  t h e  township-average 

e leva t i ons  o f  t he  top  o f  t he  Inyan Kara Formation. 

l o c a t i o n  o f  townships c o n t r i b u t i n g  w e l l  c o n t r o l  t o  the  map. 

F igure  16 shows the  

Major  s t r u c t u r a l  features,  ev iden t  on the  map, i nc lude  the  W i l l i s t o n  

Basin and the  Nesson A n t i c l i n e .  

contour  l i n e s  t o  descr ibe concent r i c  c i r c l e s ,  can be seen i n  t h e  western 

one-hal f  of t he  s t a t e .  

Nor th Dakota, by the  southward p r o j e c t i o n  o f  t h e  Nesson A n t i c l i n e  i n t o  the  

basin.  

The bas in  con f igu ra t i on ,  t he  tendency f o r  

Th is  bas in  c o n f i g u r a t i o n  i s  i n te r rup ted ,  i n  northwestern 

The a n t i c l i n e  i s  c l e a r l y  shown by t h e  -800 meter contour  l i n e .  

The Inyan Kara isopach map (F igure  17) was cons t ruc ted  by record ing  

fo rmat ion  th ickness from a l l  l ogs  pene t ra t i ng  the  u n i t ,  and contour ing  the  

township-average th ickness values. 

c o n t r i b u t i n g  w e l l  c o n t r o l  t o  the  map. The th ickness o f  t he  Inyan Kara 

Formation ranges from about 30 meters, i n  t h e  east,  t o  more than 150 meters, 

i n  the  center  o f  t he  W i l l i s t o n  Basin, and shows a tendency t o  t h i n  i n  the  

area o f  t he  Nesson A n t i c l i n e .  

F igure 18 shows t h e  l o c a t i o n  o f  townships 

A sand/shale r a t i o  map (F igure  19) was cons t ruc ted  f o r  t h e  Inyan Kara 

Formation. 

l o g  pene t ra t i ng  the  format ion,  and entered i n  WELLFILE. The summation o f  

sand footage was d i v i d e d  by t h e  Summation o f  shale footage f o r  each w e l l ;  

and t h e  township-average o f  these r a t i o s  was mapped. F igure  20 shows the  

l o c a t i o n  o f  those townships c o n t r i b u t i n g  data t o  t h e  map. A r a t i o  o f  one 

means equal footages o f  sa and shale.  A r a t i o  o f  two means tw ice  as much 

sand footage, compared t o  t h e  shale footage, i s  present.  These r a t i o s ,  when 

used w i t h  the  isopach map, w i l l  g i v e  a t o t a l  footage va lue f o r  sand and shale 

a t  t h a t  l o c a t i o n .  

The footages o f  sand and shales were recorded from each geophysical 

For  example, if the  sand/shale r a t i o  i s  two and t h e  isopach 
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map shows 90 meters of sediment; we can expect 60 meters of sand and 30 meters 

of shale. 

The areas where the sand/shale r a t i o  i s  greater than two indicate areas 

of significant sand accumulation. 

related t o  the location of  source areas for c l a s t i c  sediment and the environ- 

ment of deposition during the Early Cretaceous. 

The location of  these sand-rich areas i s  

Sediments of  the Inyan Kara Formation are t h o u g h t  t o  have been deposited 

i n  a marine and marginal marine environment as Cretaceous seas transgressed 

from the west and southwest toward the eas t  (Hansen, 1955).  

sea reworked sand deposited by preexisting r iver  systems, and deposited, i n  

a nearshore environment, the sand transported i n t o  the marine environment. 

The transgressing 
> 

T h e  terrestr ia l  sources o f  sand are  t h o u g h t  t o  be the eroded rocks, o f  

Jurassic t o  Precambrian age, over which the Cretaceous sea advanced, as well 

as sources, mainly Precambrian in age, to  the nor th ,  eas t ,  and south. 

The sand/shale r a t io  map shows concentrations of sand i n  the south-central, 

eas t ,  and north-central parts of the s t a t e .  

t o  be proximal t o  sources o f  t e r r e s t r i a l  sand and/or preexisting r iver  

depos i t s  . 
Quaternary Aquifers 

The accumulations are interpreted 

A map showing the locations of  Quaternary aquifers i n  North Dakota 

(Figure 21 ) was constructed d u r i n g  Phase I I1 by compi 1 i ng information contained 

i n  county groundwater resources studies,  published j o i n t l y  by the U.S.G.S. 

Water Resources Division, North Dakota State Water Commission and the North 

Dakota Geological Survey, and the, Geologic Map of North Dakota (Clayton and 

others, 1980). This Quaternary aquifer map shows the location of known aquifers 

i 
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i n  the upper 100 meters of  sediment i n  the s t a t e .  Since these aquifers are mainly r 
composed of sand and gravel o f  glaciofluvial or glaciolacustrine o r i g i n ,  

the i r  distribution was controlled by the position o f  glacial ice and the 
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regional slope. Consequently, in map veiw they form an in t r ica te  web of 

aquifers,  which may or may n o t  have hydraulic continuity. 

Water Qual i t y  Studies b 
The goal of t h i s  task  i s  t o  summarize existing water quality d a t a  for  r 

potential hydrothermal aquifers i n  the s ta te .  

Phase I Water Quality Studies 
\. 

G- 

The Phase I study summarized water quality data from chemical analyses 

performed on water recovered during o i l  and gas well drill-stem t e s t s .  This E 
I 
Ii 

!ill 
i 

information i s  p a r t  of the o i l  and gas well d a t a  on f i l e  with the N.D.G.S. 

Most o i l  and gas wells have Paleozoic o r  Mesozoic rocks as t he i r  d r i l l i ng  

objective. Consequently, most of the water quality d a t a  collected during 

Phase I was from Paleozoic and Mesozoic aqu i fe rs .  

Phase I 1  and  111 Water Qual i ty  Studies 

Our Phase I 1  and I11 water quality study (Figure 22)  involved identifying 

potenti a1 Mesozoic and Cenozoic aqui fers  and compi 1 i ng addi t i  onal water qual i ty  

d a t a  on these aquifers. 

the Cretaceous Inyan Kara and Quaternary aqui fers .  

As in our  stratigraphic study, emphasis was placed on 

The d a t a  bases used for  our  Phase I1 and I11 water quality study consisted 

E 
E 
E 
c 

of WELLFILE a n d  WATERCAT. 

The Phase I water quali ty data, contained in WELLFILE,  was expanded 

and updated. 

water analyses were entered into the system. 

Water analyses n o t  included i n  the Phase I study and recent 

The updated water quality d a t a  

are contained in Appendix B .  

WATERCAT contains the resul ts  of chemical analyses performed on the 

water produced by selected water wells in North Dakota. The geographic 

distribution of t h i s  d a t a  i s  n o t  satisfactory t o  produce water quality maps c 
for most aquifers. In  addition, the variable quality of the stratigraphic 

42 
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control on t h i s  d a t a  resul ts  in a chaotic map presentation. 

only tabular summaries of the water quality d a t a  are presented for  

Cretaceous and Tertiary aquifers in th i s  report (Appendix B ) .  

Quaternary Aqui fers  

Consequently, 

Because of the good areal distribution of the Quaternary aquifers 

(Figure 21) i t  was possible t o  map the reported Pleistocene water quality 

d a t a  contained in WATERCAT. 

solids of a l l  Pleistocene we 1s on record. 

on the d a t a  in order t o  elim nate spurious values and bogus stratigraphic 

ident i f ie rs .  The conditions imposed on the data were t h a t  the well must be 

less  than 300 meters deep and t h a t  the reported total  dissolved solids must 

be w i t h i n  one standard deviation of  t h e  mean o f  a l l  reported Pleistocene 

total  dissolved solids = 1117 mg/a ,  0 = 885 mg/a) .  Figure 23 shows the 

P1 e i  stocene aqui fe rs  water qual i ty map. 

for the Pleistocene water quali ty map. 

WATERCAT was interrogated for  the total  dissolved 

Two conditions were imposed 

Fi gure 24 shows the township control 

The total  dissolved solids in the Pleistocene aquifers averages abou t  

1100 mgla.  

located along the eastern edge and in the northwestern p a r t  of the s t a t e .  

In  the eas t ,  the areas of higher total  dissolved solids are t h o u g h t  t o  

be related t o  the subcrop o f  Cretaceous and older, regional aquifers beneath 

the P1 eistocene aqui fers  and the associ ated "1 eakage" of the warmer, poorer 

quality into the Pleistocene aquifers. In  the areas mapped in excess of 

2000 mgla ,  considerably poorer quali ty water may be locally encountered. I n  

the northwestern p a r t  of the s t a t e ,  the areas mapped in excess of 2000 m g l a ,  

are t h o u g h t  t o  be related t o  "leakage" of warmer, poorer quality water from 

Tertiary aqui fers  into P1 e i  stocene aqui fers .  

Areas with total  dissolved solids greater t h a n  1100 mgla  are 
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SUMMARY 

B 
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Our Phase I study developed and implemented WELLFILE, a computer 

l i b r a r y  system based on o i l  and gas w e l l  data conta ined i n  NDGS f i l e s .  

WELLFILE i s  an e a s i l y  access ib le  data base t h a t  can be i n t e r r o g a t e d  t o  

summarize, i n  map form o r  l i s t i n g s ,  t h e  depth, th ickness,  water  q u a l i t y ,  

and temperature o f  p o t e n t i a l  hydrothermal aqu i fe rs .  Most of t he  data i n  

WELLFILE are concentrated i n  Paleozoic aqui f e rs .  

Phase I 1  s tudy developed WATERCAT, a computer l i b r a r y  system based on water 

w e l l  data c o l l e c t e d  by t h e  U.S.G.S.W.R.D. and N.D.S.W.C. WATERCAT i s  

Consequently, ou r  

compat ib le w i t h  and supplements t h e  data i n  WELLFILE. 

WATERCAT are concentrated i n  Mesozoic and Cenozoic aqui f e r s  , w i  t h  po tab le  

water, s t r a t i g r a p h i c a l l y  above t h e  P i e r r e  Formation. Our Phase I 1 1  s tudy 

updated, expanded, and v a l i d a t e d  the  computer l i b r a r y  systems, and used them 

t o  eval  uate se lec ted  aqui  f e r s .  

Hydrothermal P o t e n t i a l  o f  Selected Aqui fer  Systems 

Most o f  t he  data i n  

In fo rma t ion  from WELLFILE and WATERCAT has been used t o  evaluate 

the  hydrothermal p o t e n t i a l  o f  a q u i f e r s  i n  Nor th Dakota. Our computer 

1 i b r a r y  systems were i n t e r r o g a t e d  f o r ,  data, on the  depth,, th ickness , 

water  q u a l i t y ,  and temperature f o r  ,the a q u i f e r  se lected.  #.Due t o  the  

geographical  and s t r a t i g r a p h i c  d i s t r i b u t i o n :  o f ,  o i l  and gas w e l l  data and 

water  w e l l  data, i t  wasn' t  poss ib le  t o ' c o n s t v u c t  maps desc r ib ing  each o f  

t h e  f o u r  a q u i f e r  c h a r a c t e r i s t i c s  f o r  a l ' l  se lec ted  aqui f e rs .  

da ta  n o t  mapped are, summarized i n  t a b u l a r  form i n  the  at tached Appendicies. 

Po ten t i  a1 hydrothermal aqui  f e r s  were se lec ted  from each o f  t he  Paleozoic , 
Mesozoic, and Cenozoic Erathems. 

However , the  

B 47 



Pal eozoi c Aqui f e r s  

The Mi s s i  s s i  ppian Madi son Formati on was selected as bei ng typical 

of the Paleozoic, pri nci pal l y  carbonate rock type, aqui fe rs  . The Madison 

Formation i s  also the most p ro l i f i c  o i l  producing formation in the s t a t e .  

Consequently, we have more subsurface information i n  WELLFILE on the 

Nadison than on any other formation. 

The fol 1 owing statement of geol ogi c s e t t i  ng and 1 i tho1 ogi c character 

of the Mi ss i  s s i  ppi an Madi son Formati on i s summari zed from Sedimentary and 

Tectonic History of North Dakota, Part of the Willison Basin (Carlson, C . G .  

and Anderson, S.B. ,  1966). 

The Mississippian Madison Formation was deposited d u r i n g  the Kaskaskia 

Sequence, i n  the tectonically negative Williston Basin (Figure 25) , by 

a transgressive sea spreading across the area from the north and west. The 

Williston Basin i s  par t  of a larger  Devonian seaway whose thickest  deposits 

a r e  i n  western Canada. 

The Madison Formation consists of three gross 1 i thologic subdivisions 

deposited in envi ronments rangi ng from normal t o  r e s t r i  cted mari ne. 

Lodgepole facies  consists of thin-bedded, argillaceous or cherty, generally 

dense, l i g h t  gray t o  dark gray limestone. 

s i s t s  o f  a massive-bedded pure limestone, composed largely of fragmental 

and o o l i t i c  material, ranging in  color from brownish gray t o  l i g h t  yellow- 

ish gray. 

Thin shale and minor sandstone tongues a re  a lso associated with some 

anhydrite beds. 

The 

The Mission Canyon facies  con- 

The Charles facies  consists mainly of ha l i t e  and anhydrite. 

Some primary dolomite may also be included i n  th is  facies .  

The Madison i s  present i n  the subsurface in the western three fourths 

of North Dakota b u t  i s  truncated i n  the eastern half of the s t a t e  by a post 

Kaskaskia erosional unconformi ty  (Figure 25). 

The Madison Formation ranges i n  depth from less than 800 meters in  
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the eastern p a r t  of  the s t a t e  t o  more t h a n  2600-meters deep i n  the west 

central p a r t  of the s t a t e  (Figure 2 6 ) .  

The thickness o f  the Madison Formation ranges from zero a t  the eastern 

erosional limit of  the rock u n i t  t o  more t h a n  650 meters i n  the northwestern 

p a r t  of the s t a t e  (Figure 2 7 ) .  

The total  dissolved solids i n  Madison water, based on the resul ts  of 

analyses of  water recovered on d r i l l  stem t e s t s ,  ranges from less  t h a n  

50,000 mgla t o  more t h a n  300,000 mgla (Figures 28 and 29) .  

The temperature af the water contained i n  the Madison Formation i s  

This map i s  based on township averages of  reported shown i n  Figure 30. 

bottom-hole-temperatures i n  wells t h a t  terminated i n  the Madison (Figure 31). 

Water temperatures increase from less t h a n  3OoC,  i n  the eastern p a r t  o f  

the s t a t e ,  t o  more t h a n  llO°C, in a few areas in the southwestern part 

of the s t a t e .  

The Mississippian Madison Formation and other Paleozoic aquifers, are 

i 
E 
E 
CT 
E 
E 
c 
- 

low t o  medium temperature geothermal resources, b u t  t he i r  great depth and poor wated Ir 
quality will probably preclude the i r  development as s ignif icant  hydrothermal 

aquifers i n  North Dakota. 

Mesozoic A q u i  f e rs  

Our Phase I 1  study concentrated on developing s t ruc tura l ,  isopach, and 

sand/shale r a t io  maps of the Cretaceous Inyan Kara Formation. 

o i l  and gas well logs were studied and the new d a t a  was incorporated into 

W ELLF I LE. 

All available 

No re l iable  temperature d a t a  are available for this formation, bu t .  i t s  

depth, thickness and water q u a l i t y  can be summarized. The Inyan Kara 

Formation is  a 

i t  ranges from 

meters deep in 

widespread aquifer of  moderate depth. 

less  t h a n  400 meters deep i n  the eas t  t o  more t h a n  1,700 

the central p a r t  of the Williston Basin. Based on our 

Figure 32 shows t h a t  
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temperature "s l ice"  maps (Appendix D ) ,  the temperature of the water contained 

in the Inyan Kara Formation can be expected t o  range from a b o u t  3OoC (86'F) 

in the east  t o  abou t  6 5 O C  ( 1 5 0 O F )  in the western p a r t  of the s ta te .  Figure 

33 shows t h a t  the thickness varies from less  t h a n  25 meters in the east  t o  more 

t h a n  150 meters in the west. 

accumulations of sand in the Inyan Kara Formation. 

sand/shale ra t ios  greater t h a n  two, are located in the south-central, south- 

eas t ,  north-east, and north-central parts of North Dakota. The available 

water quality d a t a  are summarized in table form in Appendix B and C .  

general, the total  dissolved solids in the formation water range from abou t  

2,000 mg/a in the south-east p a r t  of the s t a t e  t o  about 14,000 mg/a i n  the 

western p a r t  of the s t a t e .  I n  some local areas total  dissolved solids as 

high as 50,000 mg/a can be expected, due t o  the injection of oi l  well brines 

o r  the vertical  movement of groundwater from underlying aquifers. The Inyan 

Kara Formation i s  a widespread aquifer of moderate depth and moderate water 

quality. 

Figure 34 shows the location o f  significant 

These areas,  with 

I n  

I t  i s  l ikely t o  be an  important hydrothermal aquifer in North Dakota. 

Two other Mesozoic aquifers,  the Cretaceous Fox Hills Formation and 

the Cretaceous Hell Creek Formation, are probably important hydrothermal 

aquifers. Dr. Ray Butler, formerly of the U.S.G.S.W.R.D. i n  Bismarck has 

completed a study of Cretaceous and Tertiary aquifers in North Dakota. 

The resul ts  o f  his study are on f i l e  a t  the-Bismarck U.S.G.S.W.R.D. office.  

s uncertain a t  t h i s  The time schedule for  pub 

time. 

Cenozoic Aqui fers  

ication o f  Dr. Butler 's  study 

. -  

WATERCAT contains useful water/quality d a t a  on most Cenozoic aquifers 

Our (Appendix C ) ,  b u t  l i t t l e  re l iable  stratigraphic and temperature da ta .  

Phase I1 and I11 geothermal gradient and heat flow studies provided re l iab le  

temperature d a t a  which supplements t h a t  d a t a  contained in WATERCAT. However, 
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most of the temperature d a t a  we added areres t r ic ted  t o  re la t ively shallow 

( l e s s  t h a n  100 meters deep) Pleistocene aquifers. 

Tertiary Aquifers - A number of Tertiary aquifers (see Appendix C) are 

probably important hydrothermal aquifers. A 1  1 major Tertiary aquifers have 

been studied by Dr. Ray Butler, a hydrogeologist, formerly with the 

U.S.G.S.W.R.D. in the i r  Bismarck office.  The resul ts  of Dr. Butler's study 

are on f i l e  with the U.S.G.S.W.R.D., however, the time schedule for the 

publication of t h i s  d a t a  i s  uncertain. 

Quarternary Aquifers - In terms of being an economic application of 

geothermal energy, currently in use, the Quaternary aquifers are probably 

the most important hydorthermal resource in North Dakota. Quarternary 

aquifers consist of sand and gravel deposited in Pleistocene glaciofluvial 

and glaciolacustrine environments as well a s  more recent, Holocene, 

fluvial and lacustrine environments. 

Figure 35 shows the distribution o f  Quaternary sand and gravel within 

This map i s  based on a compilation o f  existing 100 meters of the surface. 

aquifer maps contained in county groundwater resources reports,  published 

by the U.S.G.S.W.R.D. and the N.D.S.W.C. ,  and the Geologic Map of North 

Dakota (Clayton and others,  1980). The d i s t r i b u t i o n  o f  these sediments w a s  

controlled by the position of glacial ice and  the regional slope a t  the time of 

deposition. ' Quarternary aquifers are n o t  as uniformly distributed as 

the previously discussed aquifer systems, b u t  they are widely distributed 
, 

over the glaciated portion of the s ta te .  

Figure 36 shows a contour map of the observed temperatures a t  a depth 

of 100 meters. The 100 meter temperatures in Pleistocene aquifers range from 

a b o u t  6.5OC, i n  the n o r t h  central par t  of the s ta te ,  t o  abou t  11.5OC in the 

northwestern p a r t  of the s ta te .  

southwestern p a r t  of the s t a t e  were measured in wells penetrating Tertiary 

sediments. 

The higher temperatures (11 t o  13OC) i n  the 
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The quality of the water contained in Pleistocene aquifers, 

expressed in terms of  total  dissolved sol ids ,  i s  shown in Figure 37. 

P1 ei stocene aquifer water qual i ty , expressed as total  di ssol ved sol ids , 

ranges from less  t h a n  500 mg/a t o  more than 2500 mg/el, b u t  averages about 

1100 mg/a.  Those areas mapped in excess o f  2000 mg/a to ta l  dissolved sol ids ,  

along the eastern edge o f  the s t a t e  and i n  the northwestern part o f  the s t a t e ,  

may be expected t o  produce water of much poorer quali ty locally. 

of  warmer, poorer quali ty water from deeper aquifers i s  l ikely in these areas. 

"Leakage" 

The number o f  groundwater heat pumps, using water from Pleistocene 

aquifers as a heat source, i s  rapidly growing. 

pumps are  now i n  operation in the s t a t e  (Gaugler, 1982). 

groundwater hea t  pumps t o  residential and l i g h t  indus t ry  for heat i s  probably 

the most important application of geothermal energy i n  the s ta te .  

S i te  Specific Capability of  the Data Base 

About  100 groundwater heat 

The application of 

The location - oriented data management system we have developed during 

t h i s  study i s  well suited to  responding to  s i t e  specific requests for 

geothermal d a t a .  

by individuals , architects , c i t i e s  , and contractors during the p a s t  three 

years. We anticipate a growing number of requests for  s i t e  specific data 

i n  the future.  

Dakota Geological Survey. 

We have used t h i s  system to  respond t o  requests for  data 

Our data management system will be maintained by the North 
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FIGURE 1 - CRETACEOUS PIERRE FORMATION (KP) ,  
STRUCTURE MAP ( C I  = 100 METERS) 

L CI 

FIGURE 2 - CONTROL FOR CRETACEOUS PIERRE 
FORMATION STRUCTURE MAP 



FIGURE 3 - CRETACEOUS GREENHORN FORMATION (KG), 
STRUCTURE MAP (CI = 100 METERS) 

F IGURE 4 - CONTROL FOR CRETACEOUS GREENHORN 
FORMATION STRUCTURE MAP 
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FIGURE 5 - CRETACEOUS MOWRY FORMATION (KM), 
STRUCTURE MAP (CI = 100 METERS) 

F IGURE 6 - CONTROL FOR CRETACEOUS MOWRY 
FORMATION STRUCTURE MAP 
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FIGURE 7 - CRETACEOUS I N Y A N  KARA FORMATION ( K I K ) ,  
STRUCTURE MAP ( C I  = 100 METERS) 

F IGURE 8 - CONTROL FOR CRETACEOUS I N Y A N  KARA 
FORMATION STRUCTURE MAP 
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FIGURE 11 - T R I A S S I C  SPEARFISH FORMATION (TRS) 
STRUCTURE MAP ( C I  = 100 METERS) 

i 

E 

FIGURE 12 - CONTROL FOR T R I A S S I C  SPEARFISH 
FORMATION STRUCTURE MAP 
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FIGURE 15 - PENNSYLVANIAN MINNELUSA FORMATION 
(PNM) , STRUCTURE MAP ( C I  = 100 METERS) 

F IGURE 16 - CONTROL FOR PENNSYLVANIAN MINNELUSA 
FORMATION STRUCTURE MAP 
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FIGURE 19 - MISSISSIPPIAN MADISON FORMATION (MM), 
STRUCTURE MAP (CI = 200 METERS) 

_- 

FIGURE 20 - CONTROL FOR MISSISSIPPIAN MADISON 
FORMATION STRUCTURE MAP 
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FIGURE 21 - BASE O F  MISSISSIPPIAN MADISON FORMATION, 
STRUCTURE MAP (CI = 200 METERS) 

FIGURE 22 - CONTROL FOR BASE O F  MISSISSIPPIAN 
MADISON STRUCTURE MAP 
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FIGURE 23 - DEVONIAN DUPEROW FORMATION (DD),  
STRUCTURE MAP ( C I  = 200 METERS) 

F IGURE 24 - CONTROL FOR DEVONIAN 
DUPEROW STRUCTURE MAP 
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FIGURE 25 - S I L U R I A N  INTERLAKE FORMATION ( S I ) ,  
STRUCTURE MAP ( C I  = 200 METERS) 

F IGURE 26 - CONTROL FOR S I L U R I A N  INTERLAKE 
FORMATION STRUCTURE MAP 
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FIGURE 28 - CONTROL FOR ORDOVICIAN RED R I V E R  
FORMATION STRUCTURE MAP 

F IGURE 27 - ORDOVICIAN RED R I V E R  FORMATION (ORR), 
STRUCTURE MAP ( C I  = 200 METERS) 
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FIGURE 29 - CAMBRIAN DEADWOOD FORMATION 
STRUCTURE MAP ( C I  = 200 METERS) 

FIGURE 30 - CONTROL FOR CAMBRIAN DEADWOOD 
FORMATION STRUCTURE MAP 
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FIGURE 3 1  - PRECAMBRIAN, STRUCTURE MAP 
C I  = 200 METERS) 

F IGURE 32 - CONTROL FOR PRECAMBRIAN 
STRUCTURE MAP 
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WELLFILE Water Quality Data 
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The f o l l o w i n g  t a b l e  l i s t s  the  chemical data conta ined i n  WELLFILE which 

cons is ts  o f  the  r e s u l t s  o f  analyses of water recovered from o i l  and gas w e l l  

d r i l l  stem tes ts .  

A b r i e f  exp lanat ion  o f  the  t a b l e  headings i s  necessary. 

WELLNO - N.D.G.S. Well Number 

T-R-S - Locat ion  o f  w e l l ,  township. range, and sec t i on  

FORM - , D, DB, e t c .  - The abbrev ia t i on  o f  t he  format ion tes ted .  
See Appendix "B" f o r  a complete l i s t i n g  o f  
the  abbrev ia t ions  used. ( = blank, 
Formation i s  unknown.) 

- TOP - Top o f  t es ted  i n t e r v a l  ( foo tage) .  

BOTTOM - Bottom o f  t e s t e d  i n t e r v a l  ( footage) .  

C A Y  MG, NA - The concent ra t ion  o f  Ca++, Mg++, and Na+ 

- FE - The concent ra t ion  of  Fe++ o r  ppm x 100. 

- - - - 
C03, HC03, S04, CL - The concent ra t ion  o f  these Co3 , HCO3-, so4 and c1- PPm. 

pH - The pH o f  the  t e s t e d  f l u i d  x 100. 

RESIST and F - The 
the 

Formation f l u i d  ( p  x 1000) a t  

- TDS - Tota l  d isso lved soh,& i n  tested,  Formation f l u i d .  

a 



CHEf l l  CAL DATA 
1= ( m d  1 ppm) 2=(rng/l, ppn1)xlOO 3=pH x 100 4=otims/meter3 x 1000 

TOP BOTTOEl C a ( l )  Mg(1) Na(1)  Fe(2) C03(1) HC03(1) S04(1)  Cl(1) PH13) RES(4) OF TDS(1)  WELLNO T-R-S FORM 
6322 130-091-07 
7240 13 1- 104-04 

94 133-005-12 
4570 133-098-05 
4578 133-098-06 
4565 134-098-31 
1541 138-095-06 
7127 139-096-30 
1587 139-100-10 
3813 139-102-02 
3750 139-102-13 
3939 139-102-15 
3829 139-102-23 
4640 140-059-09 

151 140-080-18 
4592 140-080-18 
7403 141-100-07 
7403 141-100-07 
6618 141-101-22 
6618 141-101-22 
7499 142-100-26 
6474 143-100-05 
4488 145-092-28 
7579 145-104-24 

22 146-081-10 
7162 146-104-14 
7162 146-104-14 
4304 146-104-33 
4304 146-104-33 
4304 146-104-33 
6994 147-096-13 
6663 147-104-03 
7166 147-104-22 

8355 5419 12224 1580 
3006 1459 

169 47 
4776 4830 38 8 
4790 4825 38 24 
4816 4881 14 6 
8665 8720 13000 1400 

13828 365 
132 61 
380 58 

15 2 
1210 154 

9029 9038 3080 920 
452 180 

7729 7763 1558 175 
7729 7763 1558 175 
9326 9362 4609 608 
9375 9410 4008 486 
9153 9159 1133 110 
9218 9230 850 141 

4409 486 
23368 4326 

7182 413 
5812 122 
1008 215 

15631 1337 
13026 608 69E3 

11570 11624 16400 6561 
12640 12752 36000 7290 
12766 12826 41200 8391 

77350 4376 
8670 818 

11824 2553 

52300 
28700 

48 1 
4893 
4605 
5387 

76300 
76800 

9631 
3572 

489 
5869 
6598 

8046 
8046 

3 1200 
29800 

9407 
8248 

31700 
87019 
36698 
24800 
20849 
49 180 

180 
108698 
87469 
82317 
37 100 

109600 
99500 

840 
200 

320 

32 

110 
1030 

80 

1000 

692 
4550 

11700 
15100 
16200 
12800 

780 

50  

180 

141) 
305 
293 

1525 
1660 
1370 

144 
330 

1230 
270 
7 10 
214 
245 
268 
295 
295 
738 
629 
488 
476 
256 
159 
281 
506 
380 
537 
732 
644 
195 
127 
101 
146 
268 

1300 110000 
1510 49580 
1045 238 

43 6720 
48 6240 
73  7500 

853 144000 
1410 149600 
835 13936 
984 5468 
183 179 
860 0880 
870 7650 

1350 189 
2872 2800 
2875 2800 
1880 56210 
800 52129 

1125 16000 
1000 13900 
900 58596 
240 197000 
481 70000 

1100 47802 
8606 28000 
1350 108766 

40 135158 
1360 214420 
1600 218680 
3400 223650 

20 237050 
864 184400 
580 174020 

68 1 
685 
7 45 
790 
780 
790 
610 
647 
760 
7 40 
920 

640 
740 
790 
790 
702 
701 
740 
740 
708 
600 
680 
724 
7 30 
669 

1038 
560 
500 
470 
462 
630 
612 

53 
89 

560 
590 
520 

47 
45 

290 
640 

5600 

240 

290 
290 

87 
94 

260 
280 

78 
56 
82 

107 
150 
48 
47 
38 
38 
37 
47 
46 
41 

7 7  L7i552 

7 7  2273 
65 13227 
68 12615 
68 14350 
68 235697 
77 242336 
68 25825 
68 10732 
68 1628 

19187 
68 29363 

2 L 3 n  

68 2674b 
68 26749 

77 845b2 

77 95246 
7 7  87862 
68 28263 
68 24615 
77 96348 
68 312112 
77 115055 
7 7  80152 
68 59058 
77 176808 
77 206444 
77 348200 
77 351385 
77 359847 
77 356125 
68 304498 
77 288753 



CIEHICAJ4 DATA 
I=(mg/l, ppm) 2=(rng/l, ppm)x100 3=pH x 100 4--ohms/meter3 x 1000 

WELLNO T-R-S FORM TOP BOTTOP! Gail) Plg(1) Nn(1)  F e ( 2 )  CO3(1) HC03(1) S04(1) C l ( 1 )  PIf(3) K E S ( 4 )  OF 
7‘366 151-394-06 18036 2768 81900 500 40 (J 490 169400 610 4” 77 

41 1.52-C96-26 9175 9225 1343 217 12‘1697 180 7625 18500G 580 53 b8 
4633 153-058-08 100 170 672 128 223 760 
2665 153-094-20 1660 204 12741: 305 692 22473 720 190 68 
1335 153-094-32 1207 264 17600 330 1730 28900 720 

78 153-095-16 752 168 18234 620 1658 28362 660 170 68 
919 153-095-33 148 110 340 5 35 1012 49 77W 4690 68  

1226 154-095-31 309 262 1529 535 835 2742 730 1140 68 
7570 155-094-09 11764 1165 114000 765 193826 460 46 68  

79 155-095-07 4590 4998 27 1 3418 146 1560 852 3615 890 780 68  
165 155-096-01 4599 4647 39 8 3620 240 1500 522 4050 

7712 155-098-21 9018 365 104500 200 207 1270 185040 778 43 77 
647 156-095-18 4825 5105 21 3 3235 37 1880 650 3420 840 850 68 

44 156-095-33 8641 8671 6423 6243 92098 305 613 171000 660 5 2  68  
4618 156-103-17 * 9533 95’70 28371 2096 87871 1 7 1  390 191700 580 68  

32 157-095-12 8361 8394 12900 1538 99440 205 789 180000 620 50 68 
32 157-095-12 8486 8544 8841 1125 114696 110 1064 195000 610 52 68  
32 1 5 7 - 0 9 5 ~ 1 2  11561 11665 1735 173 126186 110 215 198000 680 52 68 

7279 158-082-01 4315 4360 3407 1094 109600 700 220 3200 180800 656 41 77 
7709 158-083-28 5042 5068 8016 1823 100200 180 348 1350 178872 639 40 77 
4081 159-084-05 12 7 1401 75 1818 800 
5239 161-079-32 3462 3490 3407 705 30793 21200 195 4878 52116 670 90 73  
2214 161-092-03 10146 10147 7520 1390 110000 80 325 186000 630 1207 60  
3030 162-092-22 4288 4384 15 8 4500 72 1549 143 5900 820 650 68  
1549 162-092-24 6330 6352 4260 206 79700 ’ 222 2660 129000 650 5 1  68 
1549 162-092-24 6357 6368 1320 154 12200 900 4810 17600 770 224 68 
6401 163-087-10 8690 8855 20320 2163 92855 49 226 191000 560 60 68 
6401 163-087-10 9257 9364 15748 2472 103258 85 528 200000 620 60 68 
1530 163-092-24 5932 5978 5680 1100 77200 247 2080 129000 710 49 68  
1530 163-092-24 6031 6060 1450 36 10600 420 5860 14700 680 233 68 
1530 163-092-24 6061 6093 1930 206 21600 348 5140 33600 600 136 6 8  
1742 163-092-34 6259 6273 3170 352 28600 300 2780 48600 730 106 68 
7 7 7 3  163-094-06 11423 1580 97700 700 207 930 170391 669 42 7 7  

TDS(1I  
2 7 4 0 0 ~  
31b07i 

1125 
38142 
50031 
49794 

2194 
6212 

321520 
9619 
9959 

300402 
9246 

2766Q? 
3 1 0 5 9 ~  
294872 
320836 
326419 
298328 
29061 1 

3313 
92306 

305236 
12187 

216048 
36984 

306613 
32209 1 
215307 

33066 
62824 
83802 

282238 



CHEM I CXL DATA 
l=(mg/l, ppm) 2=(mg/l, ppm)x100 3=pH x 100 4=obms/meter3 x 1000 

WELLNO T-R-S Fowl TOP BOTTO?I Ca(1) Elg(1) N n ( 1 )  Fe(2)  C03(1) HCO3(1) SG4(1) C l ( 1 )  PH(3)  R E S ( 4 )  O F  TDS(1) 
6 

75 15 
7 5  15 

864 
38 1 

3859 
4218 
6436 
6436 
6436 
3448 
3798 

644 
1202 
1748 
1370 
4240 
1567 
1495 
1495 
1231 
1231 
1982 

182 
1385 
2501 
1534 
1514 
1514 
355 
355 
355 

6684 

163-r)95-27 
163-09G- 52 
163-096-32 
164-080-35 
164-080-36 
135-083-34 C 
152-095-01 CD 
163-087-05 CD 
163-087-05 CD 
163-087-05 CD 
130-107-12 D 
131-106-32 D 
139-068-05 D 
152-094-06 D 
152-094-06 D 
152-094-07 D 
152-094-07 D 
152-095-12 D 
153-094-32 D 
153-094-32 D 
155-096-02 D 
155-096-02 1) 
155-096-12 D 
156-095-16 D 
156-095-16 D 
156-095-30 D 
156-096-26 D 
156-090-34 D 
156-096-34 D 
158-094-18 D 
158-094-18 D 
158-094-18 D 
161-085-02 D 

0 8 4  
10822 608 39400 900 

3330 3390 20240 1216 48800 2190 
2450 924 1555 2050 
2786 870 150 

7882 7950 2270 380 33992 
14166 14308 8640 3596 47580 
9490 9528 11684 14E3 76233 
9532 9596 21336 3090 58556 
9535 9550 559 62 994 
7750 7803 677 103 17773 
8042 8102 517 99 6024 
3199 3216 1026 464 3429 

20240 1503 101815 
10747 10768 6435 2065 33803 

20614 1466 91523 
10693 10891 41804 790 59216 
10334 10351 22770 5605 87513 

21480 2400 100851 
10349 10366 21285 3245 103215 
10279 10460 49920 l l E 3  24307 
10279 10460 49920 l l E 3  22692 
10500 10501 36400 1980 129955 73000 
10267 10304 49995 5605 67938 
10485 10530 56840 9440 56666 
10316 10391 20640 2900 106555 

17150 2990 35658 
10271 10329 54880 6490 65506 
10388 10428 41160 5900 68354 
9920 9945 56050 6380 62051 
9920 9975 55100 5800 62892 

10120 10220 55100 6380 65855 
31930 2817 75619 

744 
159 
54  

108 
230 
710 
134 
122 

98 
317 
586 
660 
100 
135 

25 
143 

220 
230 
110 
475 
355 

30 
146 
185 
230 

232 

7 91  
90 81726 1067 70 7 7  

1250 112566 703 126 77 
2980 7250 
3635 64537 730 1080 77 
2605 55500 780 9 3  68 

430 98430 690 66 68  
414 192000 540 50 68 
760 145000 520 64 68 
185 2580 680 135 68 

1800 27400 800 155 77 
2650 8200 740 390 77 
2526 6210 700 520 68 

162 197064 580 46 68 
124 69376 550 86 68 
142 181800 520 46 68 
346 167560 570 269 
168 191490 500 51 68 

84  200500 450 47 68 
144 206220 460 51 68 
353 157560 600 50 68 
492 154960 600 50 68 
120 264000 485 505 
208 209166 600 51  68 
110 215213 550 46 68 
291 209100 530 48 68  
338 98000 690 710 68 
217 216800 430 48 68  
285 195120 500 48 68 
142 213384 400 50 68 
165 211292 400 50 68 
144 217568 400 50 68 
295 182000 600 55 68 

91 
133399 
184253 

15264 
71938 
94977 

159386 
294679 
228864 

447 8 
48070 
18076 
14315 

3 2 0 8 P ( 8  

111936 
295570 
269859 
307546 
325315 
334109 
243380 
2393 14 
433295 
333387 
338624 
3395 16 
154282 
344078 
311049 
338007 
335249 
345047 
292893 



CKEMICAL DATA 
l = ( m g / l ,  ppm) 2=(mg/l ,  pprn)x100 3=pH x 100 4=ohrns/meter3 x 1000 

WELLNO T-R-S FOWI TOP BGTTON Ca(1) Plg(1) Nd(1)  Fe(2)  C03(1) HC03(1) S04(1) C l ( 1 )  PtI(3) l i t : S ( 4 )  O F  

6634 161-985-02 D 6664 6728 25750 3756 79837 134 300 185000 620 h5 68 
3859 135-083-34 DB 6038 6079 7840 1100 63597 60 2901 113000 680 57 6s 
4280 135-103-18 DR 9690 9734 13320 3420 90085 60 259 172300 610 48 68 
4130 238-105-39 DR 9898 9918 13153 1853 66413 75 341 131350 6!G 53 68 
2584 145-1011-16 DBb 11020 11100 23925 2004 84951 37 179 179000 580 45 7 7  

793 149-091-221DB 10326 10388 12000 1342 73934 162 1740 137808 610 52 68 
607 149-093-24 DB 10850 11062 18200 4514 83753 355 626 173880 550 47 68 
607 149-093-24cDB 10850 11062 250 79 1045 224 1187 1279 500 1750 68 

4095 151-096-34 DB 11060 11088 25816 2071 77542 75 209 171125 600 48 68 
310 180050 600 48 68 2373 152-095-01 DB 10380 10450 25650 2850 82098 85 

3086 152-095-01 DB 10487< 10565 24700 3400 87191 60 412 187800 520 48 68 
7741 156-09.4-28 DB 10664 10691 24800 1880 82700 260 182000 500 49 68 
1385 156-095-16 DB' 10090'10150 27048 3304 79949 270 362 180386 600 46 68 
4618 156-103--17 DB 10494 10560 22306 1731 93911 315 439 189073 610 307 
1517 162-071-16 DB 3393 3400 3430 1593 60325 110 3766 100920 740 66 68 
2010 163-102-07 I)B 8006, 8049 33165 4130 8 7 9 7 7  75 570 205960 590 48 68 

528 1577089-25 DBD 8967 9051 48925 6090 64111 186 245 202924 520 47 68 
528 157-089-25 DBD 9103 9177.40375 4930 57849 112 402 174682 500 48 68 

3160 137-095-20 DD 9895 9952 26970-5600 63376 75 526 161370 550 5 3  68 
4130 138-105-09 DD'  10102 10192 19089 1962 67837 160 901 143375 670 52 68 
1678 139-101-02 DD 10766 10798 38417 2820 78635 122 197400 500 49 68 
3927 139-101-21 DD 10541 10601 33200 4100 66834 4 37 228 173600 570 51  68 
3927 139-101-21 DD. 10631 10686 33200 3250 79662 37 100 191000 610 51 68 
3044 143-092-27 DD 10033 10126 32300 5700 81330 1575 341 198050 720 50 68 
2853 143-101-05 DD 11209-11245 48222 3762 75500 85 99 208000 470 42 77 
5887 144-092-08 DD 10540 10600 1282 1307 135466 195 520 221000 530 58 68 

270 163452 564 45 7 7  7265 144-100-30 DD 39679 2431 54300 1200 98 
3492 146-090-25 DD 10070 10121 16017 2380 60052 122 950 131000 680 53 68 
6894 146-103-05 DD 11118 11153 51904 6199 65700 183 1510 208800 514 44 77 
6832 146-103-09 DD 11170 11240 14600 1750 105400 159 633 173500 530 52 68 
4304 146-104-33 DD 11048 11163 52000 12E3 65182 7400 195 1020 227200 590 37 77 

1100 227200 590 37 7 7  4304 146-104-33 DD 11204 11281 35600 19E3 70265 11200 161 
311 103554 480 60 68  413 147-093-05 DD 10883 10898 25840 2552 32831 34 

wst i )  
:94;77  
183kYti 
279441; 
2 13435 
290096 
226986 
281328 

4064 
276838 
29 1043 
303563 
29 1640 
291319 
307775 
17014r 
331877 
322481 
278350 
2579 17 
233324 
317394 
277999 
307249 
319296 
335668 
359770 
260242 
210521 
334296 
296042 
357821 
353878 
165122 



a 
P 

GjELLNO T-R-S FOG1 
2400 148-096-10 DD 

793 149-091-22 D1) 
1744 149-095-07 DD 
1744 149-C95-97 DD 
1744 149-095-07 DD 
1744 149-095-07 DD 
2750 149-096-36 DD 
7209 149-104-21 DD 
7209 149-104-21 DD 
2494 151-094-19 DD 
4095 151-096-34 DD 
2373 152-095-01 DD 
2373 152-095-01 DD 
2373 152-095-01 DD 
3086 152-095-01 DD 
3086 152-095-01 DD 
2967 152-096-03 DD 
2967 152-096-03 DD 
2226 153-094-18 DD 
2841 153-094-29 DD 
2841 153-094-29 DD 
2665 153-094-30 DD 
2839 153-094-30 DD 
1495 153-094-32 DD 
2602 153-095-06 DD 
1679 153-096-10 DD 
2375 155-096-10 DD 
2487 155-096-12 DD 
1729 155-096-13 DD 
1729 155-096-13 DD 
2438 155-096-13 DD 
2515 155-096-14 DD 
2515 155-096-14 DD 

CHEMI CAI, DATA 
1=(ma/l , ppm) 2=(rng/l, ppm)x10C 3=pH x 100 4=ohms/meter3 x 1 O O O  

TOP BOTTOM Cs(1) Mg(1) Na(1) Fe(21 C03(1) HC03(1) S04(1) C l ( 1 )  PH(3) RES(4) O F  'IDS(1) 
11555 11607 4SG50 A560 75319 
lG712 30724 1026 95 4210 
11470 11520 50490 5310 73536 
11577 11628 47520 4720 77484 
11633 11658 46530 4130 77477 
11657 11691 51975 4425 72164 
11281 11320 47232 4872 76353 

27655 1459 90300 5200 
10998 11008 50100 3890 68200 4400 
11262 11405 52320 3480 79008 
11416 11450 47268 3270 70449 
10562 10640 35150 3420 82764 
10674 10706 57950 5130 65969 
10724 10778 45600 4350 77407 
10658 10744 19950 3420 99276 
10747 10780 57000 5700 63376 
10748 10950 35900 2725 45683 
10748 10950 35900 2725 45683 
11150 11278 56050 3400 70831 
10799 10817 61500 4800 62062 
10858 10933 43500 4200 78084 
10920 10975 24460 1740 94158 
10921 10979 57500 3600 69575 
10710 10785 14694 1344 100287 
10266 10332 28000 6804 89884 12600 
10615 10668 44055 3540 79225 
10151 10236 56050 5700 67053 
10266 10484 63000 6000 61187 
10152 10277 50304 3944 81635 
10424 10490 62370 5900 63618 
10211 10291 43200 3480 79770 
10129 10305 55000 4500 61752 
10322 10352 43607 146 90183 

145 
104 
390 
670 
305 
560 
108 
146 
580 
185 
170 
135 
280 
865 
37 

170 
170 
425 
204 
278 
100 
224 
100 
81 
185 
230 

10 
200 
245 
137 
196 
183 

112 215033 
1926 7099 
182 217854 
232 216800 
208 213548 
184 215716 
139 215384 
690 195200 
3800 204000 
112 224400 
119 201650 
385 199465 
220 218925 
139 212160 
444 198050 
109 215150 
316 141600 
316 141600 
132 218000 
104 218348 
53 209456 

176 193400 
122 219336 
555 184140 
1150 207320 
97 210296 
120 219000 
72 223288 
166 226260 
102 225472 
126 209456 
96 205504 

560 
630 
530 
420 
600 
600 
500 
600 
594 
540 
600 
590 
600 
700 
5 10 
470 
640 
640 
600 
520 
560 
640 
530 
570 
45 0 
560 
770 
440 
500 
540 
520 
510 

51 68 
500 68 
51 68 
50 68 
50 68 
49 68 
50 68 
44 77 
46 77 
51 68 
51 68 
49 68 
50 68 
51 68 
49 68 
51 68 
53 68 
53 68 
50 68 
48 68 
47 68 
52 68 
48 68 
49 68 
38 77 
47 68 
51 68 
49 68 
49 68 
50 68 
49 68 
49 68 

343619 
14458 

347792 
347425 
342198 
345024 
344088 
315502 
330614 
359505 
322926 
321319 
348474 
340S?? 
321 1 i r  
341335 
226394 
226394 
348838 
347018 
33557 1 
314034 
350357 
301120 
333365 
337398 
348153 
353557 
362509 
357707 
336 169 
327048 

192 208119 581 342 342430 



CHEMICAL DATA 
l=(mg/ly P P I  2=(mg/l ,  ppm)xIOO 3=pH x 100 4=ohms/meter3 x 1000 

WELLNO T-R-S FOE1 TOP BOTTOM Ca(1) Mg(1) N a i l )  Fe(3) C@3(1) HC03(1) S04(1) C l ( 1 )  PH(3)  RES(&)  O F  ' rDS(lj  

W 
Ln 

2147 
2409 
138.5 
2092 
2092 
2149 

254 
2344 
2583 
2555 
2555 
2555 
15 14 
1820 
4618 

392 
1002 
1745 
1745 
1689 
355 

4665 
3983 
3983 
3983 
3983 
3983 
3983 
2182 
2182 
4514 
4390 
3899 

155-09b-23 DD 
155-096-23 DD 
156-095- 16 DD 
156-m5- 17  !lG 
156-095-17 DD 
156-095-18 DII 
156-095-19 DD 11 
156-095--19 DD 
156-095-20 DD 
156-096-23 DD 
15-6-096-23 DD 
156-096-23 DD * 

156-09.6-34 DD 
156-096-35 DD 
1.56- 103- 1 7  DD 
157-085-21 DD 
157-094-10 DD. 
157-095-21 DD 
157-095-21 DD 
158-081-07 DD 
158-094-18 DD 
158-095-06 DD 
158-095-16 DD 
158-095-16 DD 
158-095-16 DD 
158-095-16 DD 
158-095-16 DD 
158-095-16 DD 
158-095-21 DD 
158-095-21 DD 
158-095-24 DD 
158-095-27 DD 
158-095-28 DD 

10376 10465 58900 2850 63659 
10131 102G8 57000 8550 62627 
10?30 10420 54880 6490 70154 
10311 10370 58410 7050 62385 
10464 104.65 36135 3540 87023 
10299 10350 57915 5900 64444 
10286 10346 4465 580 111908 

10349 10423 15744 2088 100602 
10304 10356 35520 4350 90737 
10461 10508 23040 3190 103983 
10479 10556 58080 6090 69513 
10456 10504 47040 4425 76335 
10160 10449 6500 660 39629 
10705 10750 55037 8475 58448 

7607 7645 1388 314 5010 
10271 10328 54321 4060 63186 
10082 10205 58410 5900 66134 
10205 10400 58410 6195 64837 
5788 5845 31360 4720 75735 

10155 10220 55100 6380 65855 
10178 10188 59000 4600 60700 
9980 10274 56800 8100 62844 
9995 10105 17460 1640 83963 

10110 10164 14720 1200 72519 
10176 10212 17640 1960 85856 
10230 10250 18540 1860 90982 
10284 10329 19280 1960 90560 
10143 10190 53450 5300 68263 
10195 10274 64350 5300 64057 
10105 10140 55000 14E3 444963 
10027 10065 44180 1lE3 69000 
10076 10129 42250 3545 74648 

1031.4' 1044.0 28215 2950 95964 

295 
635 
280 
279 
185 

75 
39 

205 
120 
340 
29 5 
200 
253 
355 
315 
355 
295 
120 

295 
60 

110 
75 
25 

195 
365 

18 
120 

78 2192300 
230 221844 
122 216550 
128 2199b8 
268 208184 
110 219000 
272 182004 
300 206280 
537 188700 
206 215220 
363 210120 
118 227460 
216 213548 
923 73755 
178 212290 

3136 8580 
131 205138 
174 222220 
156 221136 
344 185744 
144 217568 
50 211400 
71 221000 

560 164600 
770 140800 
396 169000 
435 178200 
405 179200 
200 215060 
120 227820 
69 208600 

247 215840 
225 200000 

5 40 
570 
550 
540 
5 30 
580 
400 
560 
520 
650 
650 
610 
480 
690 
550 
580 
640 
550 
550 
500 
400 
480 
550 
780 
7 00 
720 
690 
600 
540 
550 
550 
480 
560 

51 68 
50 68 
46 68 
52 63 
52 68 
52 68 
48 68 
48 68 
46 68 
50 68 
49 68 
51  68 
48 68 
75 68 

68 
410 68 

49 68 
50 68 
50 68 
47 68 
50 68 
50 68 
48 68 
47 68 
50 68 
48 68 
47 68 
47 68 
50 68 
50 68 
54 68 

50 68 
339 

35 1h92 
3 5 0 8 8G 
348476 
34824 1 
335335 
347369 
299229 
333784 
307710 
346238 
3408 16 
361601 
341859 
121667 
33468 I 

18783 
327 15 1 
353193 
35 1029 
298023 
345047 
335750 
3488 15 
268518 
230069 
274962 
290092 
29 1 4 30 
342468 
362012 
723032 
339977 
320788 



CHEEIICAL DATA 
l = ( m g / l >  ppm) 2=(mg/l ,  pprn)x100 3=pH x 100 4=ohrns/meter3 x 1000 

WELLNO T-2-S FOR11 TOP BOTTOM C a ( l j  Mg(1) Na(1) Fe(2)  C03(1) H C 0 3 ( 1 )  S04(1) C l ( 1 )  PH(3) RES(4) OF 
3899 158-095-28 DD 10236 10271 55900 4100 61476 122 205600 510 52 68 

265 158-095-35 DD 100Lt6 10084 39250 5596 69605 145 185 192906 550 46 68 
7087 163-095-18 ED 8175 8240 2004 24 81200 1060 3451 20747 4900 15680 1015 At5 77 
2010 163-10L-t17 DD 8403 8446 28215 5015 88945 170 440 201320 590 50 b8 
1679 153-096-10 DDB 11038 11069 79200 5900 45088 355 172 226556 570 50 68 
1679 153-096-10 DSR 10980 11015 81180 5900 49105 295 141 236312 560 5 1  68 
3827 162-078-20 DSR 4952 5005 11063 1558 87931 75 913 159029 740 49 68 

793 149-091-22 DTF 10045 10100 2000 52 31355 230 6698 46980 630 100 68 
4304 146-104-33 DW 11624 11674 23600 16E3 76038 9500 136 800 205190 600 39 77 
5279 157-076-34 DW 5079 5129 8016 1556 90788 16900 61  1003 158120 550 44 73 
5498 157-082-01 DW 6765 6821 31872 4228 79525 183 460 199000 610 52 68 
5281 158-075-16 DW 4784 4814 1964 511 28862 51100 610 5548 45380 650 105 73 
5283 158-077-34 DW 5240 5289 6613 632 87783 11100 1 7 1  1480 147839 630 5 2  74 
5277 162-077-11 DW 5691 1143 82403 7600 293 1903 138976 583 49 72 
4655 162-078-31 DW 5333 5365 7068 425 90712 185 1400 152650 720 42 68 
7087 163-095-18 DW 9377 9407 802 61  3030 80 104 1300 5200 834 505 77 

511 134-096-24 K I K  14 2 3014 133 1730 1099 2705 870 900 68 
4485 136-101-09 K I K  5384 5424 351 5246 875 252 8023 740 68 
3339 139-101-12 K I K  625 75 18841 35000 430 910 30000 615 190 74 
2680 158-081-07 K I K  2730 2785 8 4 1624 108 964 329 1600 850 160 68 
3148 158-081-07 K I K  2700 11 1847 48 1122 351 1900 820 149 68 
2792 159-082-36 K I K  2688 2750 24 107 1920 1025 268 2520 640 1070 77 
6001 160-084-21 K I K  462 113 7348 920 736 3744 9196 750 

893 161-079-21 K I K  2192 2203 9 2 1411 96 575 477 1398 860 1800 68 
2782 161-082-14 K I K  2520 2580 52 41 2489 1074 440 3096 680 900 77 
1764 162-095-29 K I K  4615 4625 21 2 3296 2125 306 3666 770 840 68 
924 164-078-32 K I K  18 4 1760 58 918 343 1900 5 1 
165 155-096-01 K I K  405 55 4840 989 2005 6250 760 730 68 

50 155-096-14 K I K  4750 4925 67 29 6710 805 1099 9274 760 400 68 
954 155-096-15 K I K  4502 4920 19 9 3331 43  1990 807 3395 890 850 68 

73 156-095-10 K I K  18 6 4055 1550 1492 557 4900 855 618 68 
43 132-078-08 PI 104 637 200 2 16 839 422 830 3300 79 

1835 133-072-20 N 2720 2738 495 171 1051 220 3550 249 810 1700 68 

TDS(1) 
327 198 
307687 
128017 
324 1 OS 
357271 
372933 
260569 

873 15 
321897 
259713 
315268 

83386 
244629 
23OLQ5 
25244u 

10498 
8697 

14747 
51231 

4637 
5279 
5864 

21608 
3968 
7192 
9416 
5001 

14544 
17984 

9594 
11044 

2220 
5736 



CHEMICAL DATA 
I= (mg/ l ,  ppm) 2=(mg/l ,  ppm)x100 3=pH x 100 4=ohms/meter3 x 1000 

TOP BOTTOM C a i l )  Mg(1) Na(1) F e ( 2 )  CO3(1) HC03(1) S04(1)  Cl(1) PII(3)  RES(4) O F  TDS(1) KELLKO T-R-S FORPI 
1835 133-072-20 ?I 
4150 138-105-99 PI 
3146 13!1-101-01 ?.I 
6780 151-08')-24 f! 
6780 151-089-24 fl 

184 157-094-06 N 
5281 158-075-116 ff 
5183 158-08i1-33 M 

231 158-094-08 M 
237 158-094-23 MI 

482 158-094-30' 
7577 160-086-.1.5" 
5518 16.1-085;--10, 

m 5518 1-61r085d--10 

460 15.8-094,-30 ri 

v 

1794 163-086;03 N 
1794 169-086-03 Pi 
6749 163-08-7-03 fl' 
5834 163-087.-12 f l  
5834 163-087-32, E.1 

793 149-091-22 ffB 
607 149'-093-24. NB 

2996 161-096-25. PlB 
1522 137-100-15, MH 
2923 13J-100-15 PfH 

3733 138-101-24 fUI 
5028 139-098-03 PlH 
2909 139-100-04 MH 
2395 139-100-06 MH 
2486 139-100-08 HH 

2923 137-100--1~5 PlH 

2981 3019 55; 236 983 
8b40 8701 14326 1744 107393 
8008 8034 4650 1232 63930 
9675 978C 43b10 4860 73390 

8272 8312 13056 1740 100511 
30'10 3056 4890 2091 72467 
45'95 4622 6607 2430 98222 
8187 8217 12288 1856 98058 
8340 8394 1751 482 92467 
8,196 8233 12672 1392 98437 
8214 8236 12672 1740 102854 
5465 5495 9619 972 92000 5300 

8702 1112 103109 
. * 8702 1112 103109 

755.4 7594 12228 1856 110459 
30.10 3056 4890 2091 72467 5900 
4444 4460 2830 680 49900 
4448 4480 2520 570 42300 

8702 1946 105291 
9618 834 103070 

9974 10054 2080 73  33382 
10530 10.712 80 82 269 

7906 7940 12864 1508 106954 
8086 8103 7500 660 56121 

4020 972 45669 
4020 972 45669 
3660 350 29764 

8070 8112 16400 1215 95799 29900 
8203 8221 13000 840 73544 
8124 8136 12144 1339 59290 2 

14000 1500 83318 10000 

10760 10863 19238 1459 105400 153 

+ 16232 1459 79400 540 

2s 5 
205 

170 
79 

207 
244 
410 
2 10 

15 1 
215 

1587 
61  
61 

166 
244 
132 
132 
220 
329 
329 
160 
425 
198 
166 

245 
112 
44 

100 
60 

2750 1008 
460 185000 
760 109890 
170 204570 
140 193600 
274 182886 

2196 124795 
1422 169000 

328 178040 
4256 144000 

313 177996 
268 185820 

166844 
570 181000 
570 181000 
971 196612 

2196 124795 
3940 81000 
3160 69000 

920 152800 
584 187000 
570 187000 

7020 50112 
426 234 
465 191672 
532 101270 
527 80000 
527 80000 
764 52700 

1300 179630 
739 138320 
307 176560 
250 160000 

820 
670 
420 
570 
479 
600 
630 
590 
630 

620 
600 
880 
580 
580 
630 
630 
740 
730 
678 
600 
610 
630 
710 
590 
570 
5 40 
540 
660 
410 
540 
590 
5 15 

1550 b8 
47 68 
58 68 
42 68 
43 77 
46 68 
48 73 
47 68 
46 68 

242 68 
46 68 
46 68 
44 77 
50 68 
50 68 
46 68 
48 68 
68 68 
84 68 
44 7 7  
50 68 
50 68 
96 68 

6000 68 
46 68 
60 68 
70 68 
70 68 
99 68 
41 77 
51  68 
56 68 
51  78 

5786  
309528 
180402 
326770 
319918 
298674 
206683 
278091 
290780 
242956 
290961 
303569 
271075 
2945'./1 
294554 
322292 
206742 
138482 
117682 
25 1036 
303852 
301421 

92827 
1516 

313661 
166249 
131188 
131188 
87483 

294755 
226487 
189740 
259228 



CHEMICAL DATA 
l = ( m g / l  w i n )  2 = ( m g / l ,  ppm)x100 3=pH x 100 4=ohuis/meter3 x 1000 

KELLNO T-R-S FOR:l TOP BOTTON C S ( ~ )  Plg(1) N a ( l )  Fe(2)  C03(1) HC03(1) SOb(1) C l ( 1 )  PH(3) U S ( 4 )  O F  

51E 139-100-09 Yli 10668 6699 52353 55 1260 118200 530 61 68 
515 139-100-09 flH 8240 b650 1276 28007 195 705 58053 540 93 68 
518 139-100-09 i.Iw 8245 8247 11020 1392 55273 205 1674 107460 530 58 68 
518 139-100-99 Xli 8245 8287 12100 1580 64200 110 674 124500 450 1134 7 1  
518 139-100-09 fffi 8287 616 244 5778 695 1498 9204 710 41 68 

3146 139-101-01 PlH 8008 8034 4650 1232 63930 760 109890 420 58 68 
2928 139-101-03 ~ I H  8237 8266 11200 1320 54791 264 452 107692 590 58 68 
3643 139-101-12 flH 8024 8052 9911 928 59176 245 459 111038 690 58 68 
1789 139-101-14 flH 11590 644 66898 315 106182 340 5 98 
1789 139-101-14 MII 7947 7960 1280 143 10600 438 1410 17800 550 232 68 
4009 139-101-20 FIH 1836 256 32 1 820 53352 720 79 75 
3761 139-102-02 MH 7668 7710 13080 1300 99129 9 49 824 179200 680 48 68 
3761 139-102-02 fffI 7768 7710 15240 1280 96415 85 766 178800 640 49 68 
3790 139-102-10 Mi 7618 7655 12000 1280 94177 100 1045 169400 650 49 68 
3790 139-102-10 Flll 7692 7750 9530 750 52685 5 185 551 99800 650 62 68 
3829 139-102-23 fM 501 3731 278 781E3 5893 9720 6 68 
4027 139-102-25 Pffi 9023 759 37249 79 558 75260 610 209 
4027 139-102-25 flH 301 30 1886 232 760 2840 740 122 68 
4077 139-102-27 fM 7800 7830 16544 1744 60641 60 284 127650 640 55 68 

613 140-099-31 flH 8249 8254 14250 1624 72846 164 314 141984 500 53 68 
613 140-099-31 MI 8254 8266 15700 417 71609 166 339 139104 500 51 68 
613 140-099-31 flH 8338 8356 15800 417 71436 54 305 139104 480 51 68 
919 153-095-33 ffli 7430 7483 14400 1464 108865 78 414 197316 450 46 68 

1536 138-099-25 flK 8172 8192 3600 120 104500 120 3860 165000 740 44 68 
1508 139-101-10 fK 8178 8222 451 100 21503 365 4387 30809 1043 150 68 
613 140-099-31 flK 8513 8553 8300 915 90412 44 397 156492 480 49 68 

1267 152-096-17 NK 7933 8019 4950 1560 83187 60 743 141036 640 51 68 
796 159-094-29 f1K 6987 7027 4300 671 65290 112 1235 109296 600 57 68 

4280 135-103-18 flKSS 8011 8030 190 57 4598 24 490 6592 2420 840 630 68 
3160 137-095-20 PXSS 7750 7808 7254 896 81324 60 367 140580 600 51 68 
4642 140-102-30 MKSS 8172 8220 380 480 35889 120 2250 55700 720 95 68 
1469 149-096-25 MKSS 8345 8464 7742 1160 110193 85 454 186664 590 46 68 
882 151-095-08 flKSS 8062 8152 4465 522 103258 102 2161 167040 530 47 68 

TDS ( 1) 
189235 
94855 

177024 
203 164 

18035 
180462 
175719 
181757 
185629 
31671 
56585 

293582 
292586 
278007 
163%~ I 

791206 
122928 

6049 
206923 
231182 
227335 
227 116 
322537 
277200 

57615 
256560 
23 1536 
180904 

14371 
230481 

94819 
306298 
277548 



VELLNO T-R-S FOG1 
11 11 152-OO5-O 1 :lKSS 
1 l U l  153-095-28 IIN 
1101 153-095-28 1Pl 
1575 12'4- 1Oh-09 !I11 
6322 130-091-07- klfl 
6322 130.-09 1-07 flfl 
1446 130-103-34 klcl 
2677 130-107-03- flf-1 

43 132-078-08' kfil 
6413 133-092-2 
6413 133-092-2 

511 134-096-24. klflt 

2805 135A-101--09t bltl 
2805 135-101-09. 
2805 135-101 
4280 135-103 
1926 136-093 

6243 137-092-26 
3160 137-095-20 

3160 137-095-20 MI+ 
3160 137-095-20 fP1 

1396 137-100-14 PO1 

1926 136-093-35 f i w  

3160 137-095-203 kD1 

1574 137-099-.15 fP1 

1541 138-095-06 mi 
850 138-098-15 rip1 
657 138-099-09 riki 

CHENICAL DATA 
l = ( m , o / l ,  ppm) 2=(mg/l, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000 

TOP BOTTOPI Ca(1) rlg(1) Na(1) Fe(2j CO3(lj H C U 3 ( 1 )  S04(1) C L ( 1 )  PH(3)  RES(4) "F TDS(1) 
7bc37 7766 65'34 !e20 804 
8872 8026 12376 1800 103519 
8926 S951 1524b 1800 92326 
6855 6867 5653 89 1800 
6220 6310 7375 389 32900 450 
6310 6220 13627 1580 50600 500 
7319, 7395 1137 1 7 7  14000 
6820 6821 386 67 690 
356,9 3599 689 287 3767 200 

6515 668 40300 45 
6968 7058' 7836 1325 85500 150 
7830 7900 551 7206 
7.885 7958 475 4678 
8023 8110 2470 754 17668 
5112 5148 6000 1640 72384 
8648 8694 1270 109 29200 
7890:. 7909 369 30 9616 
8465 848.7 15552 1566 105030 
8655 8677 330 32 910 
86.76 8760 998 64. 4981 
8686 8734 209 80 813 
7819 7884 6138 1475 118672 
7902 7922 9999 1593 102531 
7710 7752 11623 2431 96000 3700 
8310 8357 16740 2352 94296 
8362 8450 13990 1792 78128 
8511 8600 7626 896 45804 
8605 8680 14508 1792 90722 
9045 9085 266 42 1478 

15250 2850 63919 
8485 8532 5840 828 40500 
9080 9170 969 52 5053 
7672 7 7 1 7  10494 2006 115392 

54 
305 
135 
35s 
333 
137 
390 
28 1 
257 
194 
531 

264 
155 160 

5 25 
220 
180 
49 0 

95 
340 
340 
230 
185 
145 
320 
195 
135 
280 
160 
295 
170 
168 
475 
135 

804 ldb2b0 500 
874 185820 600 
698 174040 600 

1778 2523 680 
1500 63500 695 
1050 112000 687 
2786 21840 690 
1461 702 810 
4732 4228 775 
1800 78540 697 
950 155950 640 

10558 3870 1100 
4166 4707 1010 
1477 32426 660 
2329 125200 730 
2870 45500 570 
6057 10820 710 

384 193648 560 
1106 1067 660 
2881 7312 730 

984 997 800 
1100 197288 650 
620 179944 640 
293 180480 612 
869 181170 610 

1246 149490 620 
2634 84645 690 

619 170280 610 
950 2000 740 
251 133600 710 

1990 73800 680 
2814 7308 660 

950 201624 610 

SY 
46 
47 

1000 
74 
51 

200 
2200 

556 
63 
43 

420 
600 
150 
54 

110 
300 

46 
2080 

470 
2300 

47 
47 
40 
49 
52 
70 
50 

1400 
52 
70 

460 
49 

b8 
68 
b8 
b8 
7 7  
7 7  
68 
7 7  
79 
77 
7 7  
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
68 
7 7' 
68 
68 
68 
68 
68 
68 
68 
68 
68 

1753 7:) 

234.245 
7113 

106002 
178999 
40330 

3587 
13962 

128017 
252094 

22449 
1434 1 
55320 

2 0 7 7 7 ~  
79129 
27382 

316275 
3755 

16576 
3313 

324858 
294832 
291184 
295622 
244781 
141885 
27808 1 

503 1 
216040 
123126 

16671 
33060 1 

3045c:h 
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291 139-100-(?() Y?l 
291 139-100-39 fC.1 
625 139-100-09 f1Ef 
754 139-100-9Q 
448 139-100-10 fIf1 
598 139-100--10 fD1 

738 139-100-15 ED1 
739 139-100-16 flM 
795 139-100-16 ;“Dl 
1855 139-101-02 fP1 
4325 139-101-03 EM 
1508 139--101--10 ffll 
1508 139-101--10. fD1 
2725 139--101-.10 fIN 
3268 139-101-10 I@ 
3268 139-101-10 PIfl 
1789 139-101-14 fPI 
3761 139-102-02 Ell1 
3928 139-102-03 Plfl 
4268 139-102-08 fIP1 
3573 139-102-11 I 9 1  
3573 139-102-11 flfl 
3939 139-102-15 ED1 
4012 139-102-22 flM 
3829 139-102-23 fD1 
3829 139-102-23 PIfl 
4019 139-102-26 E1H 
4359 139-103-05 fIfl 
4627 139-103-05 MM 
4627 139-103-05 Pol 
7461 139-103-09 P P I  
4150 140-097-34 N M  

598 139-i00--10 m i  

OA69 
9601 

9425 
9390 
9240 
9444- 

9300 
9349 
9110 
9328 

8929 

9040 
8844 
9260 
8974 
8861 

9240 
9146 
9172 

9508 813 132 2693 
9660 273 38 1645 

130 12 2564 
9435 84G0 2697 1470 16800 
9403 6745 2204 1336 
9291 17100 2320 106890 
9476 1748 139 25386 

139 17 2677 
139 17 2677 

81 46 1352 
11928 2538 99280 

1330 112 1370 180 

380 12 1773 2000 
380 12 1773 2000 

9402 1862 209 8358 
9132 2006 134 5887 
9349 865 82 11551 

277 17 1642 
8935 295 41 1647 

351 30 4727 
9059 400 80 3465’ 
8869 21160 2890 96444 
9280 280 42 1445 
8979 1210 154 5869 
8877 725 80 5838 

35 1 1587 
35 1 1587 
858 58 1655 

9310 863 132 7515 
9194 4200 420 25887 
9205 2200 300 14659 

106 18 792 
17000 1955 83929 

5 10 
500 
389 
610 
380 
742 
440 
5 42 
542 
418 
770 
170 
270 
270 
305 
245 
295 
26 1 
245 
26 7 
355 
205 
255 
214 
120 
303 
303 
270 
305 
130 
25 5 
145 
159 

1370 4650 730 
2122 974 740 
2625 2013 765 
1010 24140 55G 
868 19560 540 
351 201204 550 
5283 38502 660 
3000 1904 770 
3000 1904- 770 
955 6580 620 
300 1694 760 
1275 180600 640 
625 2900 690 
625 2900 690 
786 16038 670 
765 12314 680 
834 18800 630 

611E3 1763 6730 
930 2353 760 
1017 7100 710 
1022 5325 740 
254 194320 600 
720 2167 700 
860 10880 
1765 9150 760 
844 2272 730 
844 2272 730 
1918 2668 720 
1256 12400 750 
3200 46150 720 
2075 25700 690 
330 1134 630 
207 165000 640 

700 
1250 

7 
430 
230 
46 
130 
7 
8 
10 

1700 
46 

1460 

270 
320 
230 
185 
1320 
13 
650 
46 

1350 
19 
400 
11 
5 

1050 
290 
110 
170 
2660 
43 

68 
68 

68 
68 
68 
68 

68 
68 
74 

68 
68 
68 

68 
68 
68 
68 
68 

68 
68 

68 
77 
68 
68 
68 
77 

10103 
5552 
7713 
38495 
31093 
328607 
71498 
8279 
8279 
10767 
4243 

295791 
5980 
59gn 
27550 
21351 
32427 
615098 
5511 
13492 
10647 
315273 
4909 
19187 
17678 
535 7 
5357 
7427 
22471 
79987 
45 189 
2525 

268250 



1 

WELLNO 
613 

2768 
46G2 
4339 
6325 
6325 
4467 

824 
7463 
6936 
7465 
7514 
2894 
2894 
2826 
3044 
3044 
3044 
2853 
2853 
3199 
2689 
2788 
2798 
4419 

734 
282 1 
2584 
2584 
2678 
15 16 
1516 
826 

T-R-S FOR1t 
140-099-21 tlN 
140-10O-Olr 141i.1 
140-102-30 FlM 
140-103-20 M1.! 
140-103-36 ID1 
140-103-36 ED1 
140-105-21 fD1 
141-091-08 )PI 
142-100-03 bLhI 
142-100-06 fD1 
142-100-32 fnl 
142-100-33 I91 
142-103-24 flfl 
142-103-24 ?IN 
143-090-01 f.lM 
143-092-27 tlf.1 
143-092-27 flM 
143-092-27 )Pi 
143- 101 -05 fM 
143-101-05 1li.l 
144-092-16 fP1 
144-099-21 tP1 
144-099-33 MM 
144-100-09 ?fPl 
144-102-14 Htl 
145-091-17 flIl 

145-101-16 FIM 
145-101-16 N11 
145-101-23 MI1 
146-082-32 f.lM 
146-082-32 ID1 
146-091-11 fP1 

145-099-03 mi  

CHEMICAL OATA 
l = ( m g / l  , ppm) 2= (mg/ 1, ppin)x 100 3=pH x 100 4=ohms/meter3 x 1000 

TOP BOTTOPI Ca(1) Mg(1) N 3 ( 1 )  Fe(2)  CO3(1) HCO3(1) S04(1)  C l ( 1 )  PH(3)  RES(4) O F  TDS(1‘) 
9488 9499 860 49 18591 

401 61  2921 
9150 9220 899 118 6458 
8851 8871 18715 4137 91823 
9060 9080 1152 136 6287 
8946 8986 14800 2080 106954 
7794 7869 1560 268 19573 

4810 1216 38500 
6012 2674 52200 
2204 292 22000 
2325 486 22000 

9413 9486 4000 600 77543 
9498 9594 3600 720 44460 
8112 8173 5600 1320 116315 
8407 8508 15744 2320 104698 
8470 8508 16512 2668 101874 
8527 8597 16200 3400 100487 
9543 9588 4512 855 57818 
9773 9818 5076 1026 54290 
8689 8763 16554 2352 84164 
9910 9952 12800 1080 113071 

10126 10149 11712 1044 107883 
9968 10058 9328 928 110802 
9315 9360 4607 825 88984 
8709 8721 19392 2668 98954 
9981 10049 17088 1508 104619 
9550 9554 12650 1670 103153 
9569 9571 12650 1670 101870 
9462 9517 15400 167 112022 
5797 5841 745 77 4329 
6139 6165 9408 2596 101184 
8568 8610 37000 6710 79776 

9816 9856 499 70 4868 
415 
330 
464 
329 
268 
464 
170 
342 

50 45 2 
130 378 
40 342 
80 342 

145 
415 
180 
234 
224 

’ 25 
345 
415 
185 
224 
315 
305 
244 
246 
222 
159 
195 
1 7 1  
25 5 
220 
270 

3761 27324 
678 7904 

1174 4260 
1362 10700 
613 186200 

1469 10780 
168 197000 

5124 29754 
510 72474 
840 97146 
650 37933 
650 39167 

3226 125970 
3667 74100 
1886 191672 
512 195600 
487 193644 
573 193150 

3325 97000 
639 95000 
718 165330 
271 199875 
397 189696 
332 189696 

2263 146000 
233 192660 
338 195624 
270 186000 
272 184000 
477 200000 

4465 4778 
900 179494 
227 207756 

660 160 
730 4.7 
730 690 
740 335 
600 48 
660 370 
610 48 
640 160 
708 69 
694 51  
774 102 
695 100 
660 53 
670 73 
580 46 
550 46 
520 46 
560 46 
670 52 
640 54 
600 50 
610 47 
630 46 
610 46 
670 51  
550 48 
560 46 
660 45 
670 45 
700 42 
760 530 
710 46 
520 46 

68 51000 
(58 1Lt345 
68 9261 

68 301756 
68 20266 
68 321172 
68 56621 
7 7  117963 
7 7  159251 
77 63421 
7 7  6 4 9 7 1  
68 211484 
68 12696? 
68 316913 
68 319108 
68 315409 
68 313835 
77 163855 
77 156446 
68 269303 
68 327321 
68 311047 
68 311391 
7 7  242923 
68 314153 
68 319399 
77 303902 
77 300657 
77 328237 
68 14649 
68 293802 
68 331739 

7 7  1 9 ~  



CHEfII CAL DATA 
l=(mg/l  Y ppm) 2=(mg/l, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000 

WELLNO T-R-S FOWL TOP BOTTOfl Ca(1) flg(1) Na(1) Fe(2)  C03(1) H C 0 3 ( 1 )  S04(1) C l ( 1 )  PII(3)  RES(4) O F  

6894 146-103-05 fl?t 9290 9405 10421 i459 105500 146 1450 193600 592 44 77 
6906 146-104-36 mi 12024 972 108800 400 1739 450 193600 810 41 77 

413 147-093-05 PIP1 8930 8950 33250 7830 79033 575 416 202924 540 49 68 
413 1 4 7 - o w 0 5  Fri 9012 9040 20140 2320 80540 429 166314 380 48 6 3  
413 147-093-05 flfl 9121 9148 30400 1624 74838 439 173636 100 47 68 

2848 147-093-08 flfl 9104 9127‘38500 5400 82318 310 192 210516 560 47 68 
2848 147-093-08 fDl- 9192 9245,20000 4200 96924 205 546 196612 570 46 68 
2230 147-096--36 fD1 10007 10039 14454 1888 105009 120 680 192480 630 51  68 
6532 147-101-15 fQl’ 9330 9440 11684 6682 96813 122 560 181000 630 59 68 
6532 147--101-15 PPI’ 9468 9560 10160 4764 93234 122 752 170000 580 59 68 
6663 147-104-03 fVlL 9270 9370 9740 584 113900 85 864 184400 570 46 68 
2352 148-095-’18‘:f.1‘- 9510 9575 37620 4720 85537 205 196 212000 580 48 68 
2352 148-095-18 fP1 9894.10005 17622 1770 99159 315 470 188760 640 47 68 
2400 148-096-10 f P l t  9402.. 9456- 36100 3400 88010 205 300 209200 620 5 1  68 
2400 148-096-10 fM’ 961T 7’00 20900 2052 101967 255 860 199460 650 51 68 
2400 148-096-1O-fl?l’ 9614s 9700 20900 2052 101967 255 860 199460 650 5 1  68 

793 149-‘091-22.flfl~. 8 5 5 3  8583 2920 512 126274 210 363 201042 580 46 68 
793 149-091-22 “fD1’ 8840 - 8940 3080 610 114492 88 3313 181332 500 46 68 
793 149-G91-22 fPl’ 8995 9001 18050 2900 92499 278 281 182700 610 49 68 
793 149-091-22 MTl 8999 9036 7700 1342 105012 200 744 178848 620 46 68 

1469 149-09.6-25 fP1 9400 9463 32830 3835 86098‘ 120 253 201818 570 46 68 
3089 150-079-14 ID1 5128 5115 7790 2280 101474 396 920 176040 540 47 68 
3089 150-079-14 Fill 5128 5175 7600 2166 99109 414 1087 171590 570 47 68 
1309 150-094-20 fD1 9205 9350 15444 2040 87552 440 845 167440 640 48 68 
2383 150-094-30 flfl‘ 9291 9329 14630 1600 96961 890 760 179032 680 47 68 
1798 150-095-02 M?l 9384 9447 17028 2006 92477 500 750 177776 670 48 68 
1542 150-095-06 MM 14000 1520 83893 475 173 158200 720 50 68 
1716 150-095-09 rm 9080 9142 35770 4130 77869 60 392 195120 450 47 68  
1716 150-095-09 M?l 9320 9372 15680 1888 93995 355 339 177776 550 47 68 
1792 150-095-15 rm 9304 9363 14652 1888 96794 660 545 179944 630 47 68 
1792 150-095-15 MTl 9474 9534 15642 1888 96255 500 450 181028 620 47 68 
2032 150-095-15 fP1 9300 9366 14454 1888 94177 245 570 175780 690 48 68 
1938 150-095-16 M N  9246 9302 13266 2596 80261 135 1130 153928 600 49 68 

w 
0 
w 

TDS (1) 
3 12876 
317589 

269743 
280937 
337236 
318487 
314631 
296361 
279032 
309573 
340278 
308096 
3372 15 
325494 
325494 
331321 
3029 15 
296708 
293846 
324954 
288900 
281966 
273761 
293873 
290537 
258261 
313341 
290033 
294483 
295763 
287 114 
251316 

324028 
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I=( rng/ l ,  
WELLNO T-R-S FORll 

1111 152-095-01 X! 
lllri 152-095-Oi ?PI 
1250 152-095-51 ?Pl 
1255 152-095-01 Pl?; 
1323 152-095-01 flf.1 
1350 152-095-01 PlM 
1352 152-095-01 flfl 
1372 152'-095-01 fl?l 
1571 152-095-02 NE1 
1711 152-095-02 fl?l 
2035 152-095-02 fltl 
2480 152-095-02 fP1 
1114 152-095-05 fD1 
1474 152-095-05 NPI 
1862 152-095-05 flfl 
1088 152-095-06 i.Ic1 

1162 152-095-06 PIP1 
2030 152-095-06 PPI 
1218 152-095-07 !PI 
1360 152-095-07 fP1 
1504 152-095-07 MPI 
1601 152-095-07 fP1 
4013 152-095-07 fffl 
1310 152-095-08 Flfl 
1312 152-095-08, flP1 

1555 152-095-08 P P I  
1557 152-095-08 flE.1 
1558 152-035-08 flP1 
1596 152-095-08 E l f 1  
1846 152-095-11 PIPI 
1846 152-095-1 1 PlM 

1088 152-095-06 rifi 

1419 152-095-08 rm 

CHEEIICAL DATA 
P P d  2=(niS/1, pprn)xIOO 3=pH x 100 4=ohms/meter3 x ~ O O G  
TOP BOTTO?! Gail) blg(1) N a ( 1 )  Fe(2)  C03(1) HC03(1) 504(1)  C l ( 1 )  PH( [3 )  R E S ( 4 )  O F  

18100 2 3 C O  78009 176 214 158800 690 4? Cis 
20560 2056 85457 230 166 174240 690 48 68 
12850 3700 68180 135 284 138400 660 52 65 
20152 2398 37696 205 185 177714 690 47 68 
14280 2280 71182 185 372 141328 720 5 3  68 
13800 2550 72346 170 194 143200 730 50 68 
14661 1142 73485 205 276 142296 710 52 68 
12380 1256 67783 185 407 129712 740 5 3  68 
19230 1256 88701 205 198 174240 690 48 68 
20182 1941 87567 205 194 176176 690 48 68 

230 298 165528 690 48 68 
170 25 142296 680 51 68 

16755 2170 84222 
19992 2284 65078 
15488 1256 93109 245 407 174240 700 470 68 
12186 1485 68793 160 354 131648 720 5 3  68 
17618 1941 90602 270 337 176176 690 46 68 
16262 1713 82512 330 218 160688 670 49 68 

9053 9063 14208 812 83503 205 255 156000 700 48 68 
16184 1598 92238 185 354 175200 670 47 68 
18973 1599 89662 270 272 176176 670 46 68 
18005 2284 91306 245 177 179080 660 46 68 
11616 1485 61554 465 539 118096 730 56 68 
16946 342 86196 280 235 163600 670 49 68 
14280 1598 77622 183 635 149080 640 50 68 
17326 1028 95181 280 358 180040 670 46 68 
18850 2056 92676 270 210 181984 700 46 68 
18392 1941 87175 195 337 172304 670 47 68 
17517 2398 87258 205 210 172304 690 47 68 
16843 2056 85015 255 386 166496 710 48 68 
18198 1713 92141 185 177 179080 680 46 68 
18779 1941 102992 185 227 197472 680 46 68 
17618 2056 83401 245 190 165528 680 48 68 

8555 9060 23760 2950 95412 255 508 197288 620 47 68 
9052 9108 24750 3245 88759 355 344 189700 650 46 68 

TDSi 1 )  
25759.; 
9 c  7aoq 
223549 
288380 
229627 
232260 
232065 
21 1723 
283830 
286265 
269203 
2298A5 
2841 45 
2146.?i 
286944 
261723 
254983 
285759 
286952 
291097 
193755 
267599 
243398 
294213 
296046 
280344 
279892 
271051 
29 1494 
321596 
269038 
320173 
307 153 

L U L ,  



CHE?lICAL DATA 
l=(rn,g/ l ,  ppm) 2=(mg/l ,  ppm)x100 3=pH x 100 4=atims/meter3 x 1000 

TOP BOTTON Ca(1)  Plg(1) Na(1) Fe(3 j  C03(1) HC03(1) S 0 4 ( 1 )  C l ( 1 )  PM(3) R E S ( 4 )  O F  T D S ( 1 )  WELLNO T-R-S FORhl 
1344 152-095-12 .“PI 
1351 152-095-12 ,“Pi 

2034 152-0‘15-12 !Dl 
1277 152-095-16 PPI 
1181 152-095-17 I‘1M 
1200 152-095-17 P1Pl 
1241 152-095-17 flfl 
1284 152-095-17 Pli“l 
1331 152-095-17 I’D1 
1361 152-095-17 Pl?l 
1488 152-095-17 fIf.1 
1256 152-095-18 f111 
1295 152-095-18 fC1 
1423 152-095-18 flP1 

0 1562 152-095-18 fC1 
946 152-095-19 PP1 
948 152-095-19 I’lfl 

1156 152-095-19 fPl 
1327 152-095-19 flM 
1065 152-095-20 fP1 
1143 152-095-20 flP1 
1242 152-095-20 fP1 
1285 152-095-20 P111 
1289 152-095-20 FIN 
1316 152-095-20 flM 
1433 152-095-20 flfl 
1193 152-095-29 NN 
1246 152-095-29 Mfl 
1317 152-095-29 flf.1 
1330 152-095-29 ED1 
1066 152-095-30 I 9 1  
2661 152-095-32 f I M  

1567 152-095-12 fli.1 

+ 
cn 

21520 2160 
20950 2850 
20940 3420 
25320 228‘3 
20563 2284 
21490 1713 
18973 3198 
15101 1941 
16456 2170 
15875 1827 
19554 1827 
18005 1827 
24006 3426 
17618 2741 

9210 9234 26880 2784 
19040 1598 
15994 1370 

9229 9269 28512 3120 
25362 1941 
25132 1142 
25749 
21706 1126 
27685 1941 
26717 2741 
22845 1599 
24974 2284 
16456 1599 
27878 2512 
28846 2170 
25168 2284 
23813 2170 

9276 9295 26740 3000 
24974 2056 

71751 
87728 
91381 
74149 
89650 
85931 
90441 
67062 
81364 
54368 
94256 
92878 
93577 
94064 
88236 
91497 
56539 
87775 
76566 
85333. 

1941 
88344 
92226 
93682 
85 165 
82701 
54873 
83293 
89255 
94439 
94224 
90396 
90642 

230 
230  
160 
120 
245 
295 
270 
195 
205 
135 
2 45 
270 
255 
245 
315 
255 

9 220 
264 
230 
255 
245 
205 
255 
145 
205 
160 
295 
230 
205 
220 
295 
200 
205 

15b 154800 
131 177200 
135 287800 
303 1655213 
226 181016 
251 175208 
345 181984 
251 135520 
186 160688 
94 117128 

382 184888 
325 180048 
206 196504 
259 183920 
319 191360 
341 179080 
428 119060 
217 194622 

94 168432 
263 179080 
123 176176 
198 177693 
337 196504 
370 199408 
210 176176 
280 178112 
205 118096 
144 184888 
478 194568 
309 196504 

37 193600 
331 195132 
202 189728 

640 
660 
65 0 
670 
690 
690 
690 
720 
690 
750 
690 
710 
630 
640 
580 
660 
640 
520 
640 
65 0 
65 0 
680 
670 
640 
640 
670 
7 10 
640 
650 
660 
660 
570 
670 

49 
47 
46 
50 
46 
47 
49 
51 
49 
56 
46 
46 
46 
46 
46 
46 
56 
46 
48 
48 
46 
47 
46 
46 
47 
46 
56 
48 
46 
46 
46 
46 
46 

6 8  2 5 g b l ;  
68 2S4029 
68 j0!830 
68 267730 
68 293954 
68 284888 
68 295211 
68 220070 
68 261069 
68 189427 
68 301152 
68 293353 
68 317974 
68 2938L7 
68 309894 
68 291811 
68 193611 
68 314510 
68 272625 
68 291205 
68 204234 
68 289272 
68 318948 
68 323063 
68 286200 
68 288511 
68 191524 
68 298945 
68 315522 
68 318924 
68  314139 
68  315799 
68 307807 



CHEElICAL DATA 
l=(mg/l  p p )  2=(mg/l,  ppm)x100 3=pH x 100 4 = o t ~ n s / m e t e r ~  x 1000 

W U J X O  T-R-S FOMI TOP BOTTON Ca(1)  Mg(1) Na(1) Fe(2)  C O 3 C l )  HC03(1) S04(1)  C l ( 1 )  PH(3) RES(4) O F  

147 152-036-15 9066 9110 21200 1752 92654 240 194 185832 610 40 68  
1267 152-0‘90-17 EPl 9001 9060 18216 2520 100533 185 506 194166 650 46  68 
1267 152-096-17 11Y 9143 3265 18216 2880 100456 255 403 195132 630 4b 68 
1085 152-096-24 ECl 9264 9356 20958 1920 97453 280 365 192656 550 46 68 

41 152-096-26 flkl 9083 9116 29300 2840 88348 176 412 196000 580 5 3  68 
2645 153-094-21 ff f l  9454 9548 13600 1920 102186 220 665 186660 640 46 68 
1282 153-09,4-32 flfl 13709 1827 75160 195 272 145200 710 51  68 
1319 153-094-32 riri 16755 2056 85050 270 235 166496 700 49 68 
1335 153-094-32 NPI 8912 9000 21120 2900 88487 2 45 230 182000 660 46 68 
1335 153-094-32 fir1 8912 9000 3120 435 16531 49 273 31875 840 145 68 
2316 153-034-32 flfI 10662 1713 60107 220 384 116160 710 189 
1269 153-094-33 flN 20754 1828 68270 75 238 147136 690 51 68 
1563 153-094-33 flM 13800 2850 89424 170 218 170400 720 47 68 
1886 153-094-33 f.111 9289 9360 19404 1770 94868 280 404 185364 670 47 68 
786 153-095-06 f.1M 8356 8394 29450 2320 24958 34 352 97092 500 65 68 
542 153-095-07 ffll 8718 8776 16400 1830 35446 15 378 88740 620 66 68 

78 153-095-16 flN 8914 8963 20200 1220 91833 308 212 180612 610 46 68 
283 153-095-16 fII.1 8867 8907 12508 2784 98623 248 221 182004 530 48 68 
283 153-095-16 fP1 8868 8904 3069 767 48405 145 1280 81300 670 7 1  68 

1084 153-095-20 tL”1 9166 9201 16236 1680 90792 170 630 173106 520 47 68 
397 153-095-25 flfl 9105 9171 16720 2320 89309 318 382 173636 570 50 68 

3167 153-095-31 f.R.1 8728 8935 14550 1910 86617 270 216 164600 670 50 68 
3167 1 5 3 - 0 9 5 ~ 3 1  fPl 8728 8935 14550 1910 86617 270 216 164600 670 50 68 

919 153-095-33 m i  8960 9020 13490 1856 106871 160 524 193644 600 46 68 
1131 153-095-35 fP1 9036 9139 15642 1920 93575 292 573 177018 550 46 68 
1131 153-095-35 <flH 9118 9139 15840 1920 91363 224 453 174084 530 4 7  68 
1679 153-096-10 f.lfl*. 8890 8943 15680 2124 94112 185 532 178600 530 46 68 
1152 153-098-30 flC1 8823 8909 12078 1440 106910 405 686 189732 450 46 68  
489 1 154-082-31 flfl  5522 5540 9784 340 102950 458 1103 176150 660 42 68 
2930 154-083-08 fLhl 5684 5709 8200 1920 100917 290 978 174876 610 47 68 
2930 154-083-08 flfl 5748 5778 8300 1980 105041 239 744 181792 580 46 68 
2816 154-092-12 flpl 8606 8680 31488 4756 88327 214 262 205504 580 49 68 
2816 154-092-12 Ilil 8821 8998 19200 2552 97613 162 285 191672 530 46 68 

TDS( 1 )  
20207% 
31b126 
317342 
3137C2 
317076 
30525 1 
236363 
270862 
294982 

52283 
189246 
238301 
276862 
302000 
1542Uo 
142809 
294385 
296388 
134966 
282614 
282685 
268163 
268163 
3 16545 
259020 
283884 
29 1333 
311251 
290785 
287 181 
298096 
330551 
311464 



1= (mg/ 1, 
k'ELL?iO T-R-S FOX1 

1135 154-095-07 >PI 
1'26 154-095-1b fl!l 

6068 154-OO5- 18 liEl 
3C5 154-dq5-33 f@.f 
674 154-095-34 PIT1 

1333 154-096-36 fI?f 
474 155-090-24 ill1 

7570 155-094-09 111.1 
3227 155-094-16 flfl 

719 155-095-05 fD1 
87 155-095-06 )IT1 
87 155-095-06 PPI 

216 155-095-06 PIE1 

3k7 155-095-06 fC1 
O3 376 155-095-06 flN 

709 155-095-06 !El 
709 155-095-06 1IfI 

66 155-095-07 PPI 
86 155-095-07 Mfl 

439 155-095-07 flfl 
439 155-095-07 fIl.1 

7 2 1  155-095-07 blII 
490 155-095-08 flE1 
937 155-095-08 fl?I 

1031 155-095-17 !If1 
60 155-095-18 ffF1 

138 155-095-18 PIP1 
281 155-095-18 PIPI 

603 155-095-05 MY 

223 155-095-06 FIN 
c--l 
0 

710 155-095-06 1lt.I 

475 155-095-07 m i  

970 155-095-17 ribi 

CWflICAL DATA 
p p d  2=(mg/l ,  ppin)xiOO 3=pH x 100 4=ohms/rneter3 x 1000 
TOP BOTTOM Gail) f l g i l )  Na(1) Fe(2)  C03(1) HC03(1) S04(1) CL(1) PH(3) RKS(4) 'i' 
5036 9139 15084 2040 9 7 2 1 1  234 642 181908 550 40 68 
8570 8604 12940 1380 97660 230 302 177200 720 46 08 
8240 8320 13270 1240 91500 50 1S6 625 178700 661 41 7 7  

2 5 8 W  3248 80344 15d 320 178866 540 48 68 
8377 8416 15580 1740 61584 54 315 127368 530 57 68 
8502 8515 22572 3360 87976 230 244 185120 610 46 68 
7887 7920 5700 1856 17053 280 1852 40271 570 130 68 
9090 9201 15979 1456 97000 154 372 290709 620 46 68 
8743 8852 16491 1692 94098 330 397 178770 650 47 68 

13138 1598 81054 255 263 152586 700 48 68 
8413 8419 10472 1370 73713 305 294 135828 730 50 68 

9114 1405 71762 256 420 135000 710 60 68 
8410 8446 8378 2170 56908 195 453 108480 780 . 5 8  68 
8406 8454 4760 456 33121 45 0 809 59980 780 87 68 
8532 8566 8758 1142 55086 415 477 103200 790 60 68 
8417 8462 9520 1720 59329 390 453 112800 750 56 68 
8325 8362 13140 2060 81873 220 290 155200 710 49 68 
8440 8466 6912 870 57385 535 294 102752 630 59 68 
8520 8543 10282 1370 65986 340 392 123480 730 54 68 
8502 8530 5332 1256 37695 195 766 70560 780 75 68 
8503 8516 14239 1038 75270' 315 215 143980 580 50 68 
8512 8545 13518 1599 93375 185 272 172300 730 47  68 
8466 8476 10280 1480 70383 39 0 412 130536 710 52 68 
8502 8524 13520 2520 80562 205 289 155200 710 48 68 
8498 8505 13320 2160 81535 365 294 155200 700 48 68 
8428 8435 12760 2060 78943 245 281 150000 700 48 68 
8490 8497 12756 1942 83125 205 284 156120 700 50 68 
8474 8629 9520 1942 64563 25 5 303 121720 730 54 68 
8444 8458 13700 1720 87539 170 246 164000 710 49 68 
8397 8410 15552 1972 99524 245 646 186160 640 46 68 
8473 8488 13900 2060 99977 245 363 184400 680 47 68 
8464 8476 12940 1940 89732 270 275 166600 690 48 68 
8454 a472 18468 2056 86526 205 292 171800 660 48 68 

ms i 1 
_ I  ? c r ;  119 
28'3712 
"55522 
2 8 8 6 7 4  
206641 
299502 

67012 
405670 
291778 
248894 
221982 
217957 
176584 
99576 

169070 
184212 
252783 
168748 
201850 
115804 
235057 
28 1249 
213481 
252296 
252874 
2 4 4 2 8 9 
254432 
198303 
267375 
304009 
300945 
271757 
273347 



C H B I I C A L  DATA 
l=(mg/ly P P d  2=(mg/l ,  : !’iil)xIOO 3=pH x 100 4=otirns/nieter3 x 1000 

WELLNO T-R-S FOWl TOP ROTTOEI Cn(1) P l > : l )  N a i l )  Fe(2)  C03(1) HC03(lj 504(1) C l ( 1 )  PH(3)  RES(&) OF’ 
5(!3 155-095-18 Eli1 8468 8474 l3900 1-20 94588 255 247 175600 6 7 0  47  6s 

1494 155-C95-78 EPl 8378 8 j88  1L112 1338 95825 230 594 177708 690 46 68 
75 155-096-01 flfl 8487 5520 13490 1740 89975 255 291 163360 540 47 6s 

165 155-09b-01 El 8370 S i 0 8  12756 1538 3551; 135 282 174242 710 47 68 
352 155-096-01 flEl 8444 8484 12376 2170 94800 185 4272 174240 700 47 68 
399 155-096-01 PIE1 8399 8435 11620 2280 89891 185 208 165600 650 48 66 
496 155~096-01  fPl 8395 8430 8568 1714 64384 160 426 119060 760 55 68 
575 155-096-01 fPl 8320 8328 10280 1480 81741 230 343 148200 660 50 68 

3844 155-096-01 fPl 8452 8492 22320 1840 85895 185 326 177000 690 49 68 
161 155-096-02 flfl 8350 8390 13708 1941 93759 205 254 174240 730 47 68 
261 155-096-02 flN 8402 8424 11044 1714 85471 305 482 155840 730 49 68 
570 1557096 8278 8398 10852 2170 79094 230 342 147140 740 50 68 
640 155-096 8284 8348 13518 1713 96940 230 252 178120 730 47 68 
789 155-.096-02 fD1 8350 8376 12186 1828 78867 220 314 148180 690 49 68 
300 155-096-10 HE1 8325 8362 6660 920 45354 245 652 83800 720 67 68 
310 155-096-10 flfl 8351 8405 9900 1828 54766 380 514 106720 700 58 68 
143 155-096-11 ffM 8397 8426 16128 1740 96989 176 302 182886 580 46 68 
202 155-096-11 !IT1 8392 8426 536 214 118804 295 10600 176820 650 46 68 
202 155-096-1.1 PIT1 8392 8428 10660 1560 72609 230 369 135000 730 52 68 
267 155-096-11 fR1 8300 8338 4560 1142 37154 295 725 68000 750 7 7  68 
445 155-096-11 fM 8419 8448 12940 1942 81843’ 35 1 289 154400 680 48 68 
648 155-096-11 ED1 8262 8441 14860 1820 83839 230 250 160600 680 48 68 
386 155-096-12 flfl 8420 8052 12000 1820 75178 280 455 142000 730 50 68 
412 155-096-12 FC.1 8428 8466 12948 1942 84635 220 312 158760 720 49 68 
562 155-096-13 ED1 8400 8420 2574 720 51057 160 2298 83619 550 73 68 
562 155,-096-13 flflt 8507 8676 6280 1020 46411 1015 5555 84672 750 67 68 

653 155-096-14 ED1 8422 8629 8568 1256 60232 295 482 111200 730 56 68 
5623 155-096-14 ID1 8294 8375 12560 2970 84868 280 304 161400 700 48 68 

954 155-096-15 flM 8290 8316 12380 1714 84691 550 290 157000 700 48 68 
1895 155-096-22 Ill1 8248 8298 14058 2242 98845 315 665 183200 620 45 68 

136 156-095-03 MPl 8417 8427 13490 1624 95570 162 263 175728 500 46 68 

50 155-096-14 Nfl 8348 8429 10000 3400 90000 2000 180 170000 630 275 

106 156-095-03 flP1 8414 8428 208 165 120379 450 14450 175608 760 49 68 

TDS ( 1 )  
2sO;oG 
2’30357 
373 11h 
2845 7 7 
288043 
269784 
194312 
242274 
287566 
284107 
254856 
239828 
2907 73 
241 5 O 5  
13763 1 
174108 
298221 
307269 
220428 
11 1876 
251765 
261599 
231733 
258817 
140428 
144953 
273600 
182033 
262382 
256625 
299325 
311260 
286837 



CHEPII CXL DATA 
l = ( m g / l ,  ppm) 2=(mg/l ,  ppm)x100 3=pK x 100 4=oh1ns/nieter~ x 1000 

hTLLNO T-R-S FORY TOP BOTTON Ca(1) Mg(1) Na(1) F e ( 2 )  C03(1) HC03(1) SOA(1) C l ( 1 )  FH(3)  R E S ( 4 )  O F  TUS(1) 
146 
14b 
198 
211) 
210 
243 
379 
5 14 
595 
294 
294 
404 

67 
67 

249 
5 1  
5 3  
54  
56 

1045 
42 
42 
42 

163 
181 
182 
182 
443 
790 

1014 
152 
204 
296 

15 6 - 0 9 5 - i) L ?C1 
156-095-L)4 :Pi 
156-095-08 P P I  
156-095-09 X1 
156-095-09 f1N 
156-095-09 flf l  
156-095-09 f121 
156-095-09 flPl 
156-095-09 fPl 
156-095-10 fltl 
156-095-10 flY 
156-095-10 fF1 
156-095-14 flEl 
156-095- 14 ffi1 
156-095-14 fli’l 
156-095-15 flfl 
156-095-15 fP1 
156-095-15 Nfl 
156-095-15 fD1 
156-095- 15 MPl 
156-095-16 fP1 
156-095-16 ffil 
156-095-16 MM 
156-095-16 flfl 
156-095-16 PPI 
156-095-16 Mf.1 
156-095-16 kD1 
156-095-16 flE1 
156-095-16 flM 
156-095-16 PlPl 
156-095-17 f M  
156-095-17 flM 
156-095- 17 fll-1 

8374 
8374 
8456 
8397 
8397 
8406 
8410 
8395 
8422 
8427 
8430 
8500 
8510 
8512 
8556 
831 7 
8448 
8410 
8450 
8469 
8490 
8490 
85 12 
8438 
8522 
8389 
8415 
8444 

8425 
8470 
8420 
8448 

8432 

8390 13680 220: 
8390 12757 1370 
8693 4760 456 
8424 14820 1972 
8424 12186 800 
8440 17480 1972 
8440 12760 1480 
8476 1190 314 
8445 10092 1714 
8453 17100 2552 
8575 1285 286 
8526 10480 1820 
8707 5140 1370 
8540 13680 13E3 
6576 6290 1260 
8473 12756 2170 
8468 12376 2512 
8450 14470 800 
8485 13300 1508 
8475 11804 2284 
8512 13680 1856 
8512 12380 2060 
8537 6839 907 
8478 12560 1480 
8542 11044 2170 
8390 15200 1624 
8484 10860 1600 
8480 10472 1484 
8474 12360 1600 
8455 12940 1380 
8516 13518 1828 
8452 8940 1720 
8506 11804 1714 

9329 1 
97623 
33839 
77887 
98335 
95794 
95720 
10852 
74688 
74865 
15655 
85160 
36336 

2088 
8975 1 
93818 
94860 
85606 
9 330 1 
79609 
94991. 
91902 
98943 
94146 
8331 1 
82936 
83994 
79579 
93521 
50017 
84152 
7209 1 
78977 

7 G O  
170 

I135 
680 
245 
185 
245 

1270 
270 
45 4 

1305 
280 

1185 
342 
140 
270 
220 
245 
185 
305 
342 
120 
330 
245 
255 
660 
170 
220 
255 
205 
160 
160 
270 

294 173880 
440 176722 
578 60860 
261 151524 
311 175200 
317 184096 
264 174200 
680 18520 
406 137600 
262 152716 
644 26020 
329 154800 
714 67920 
376 169452 

2112 151600 
230 173280 
285 175200 
268 159640 
259 171544 
298 149940 

266 169400 
1600 166000 
287 171400 
302 154000 
265 158976 
458 153000 
372 145200 
322 170400 
474 103600 
266 158760 
457 131600 
332 147300 

282 175728 

550 
700 
770  
570 
740 
500 
690 
770 
720 
550 
780 
710 
760 
530 
5 40 
750 
730 
710 
540 
700 
5 30 
630 
620 
700 
670 
580 
670 
750 
700 
690 
690 
660 
700 

46 68 
46 63 
SG 6s 
49  b8 
47 68 
46 68 
47 68 

220 68 
51  68 
51 68 

160 68 
49 68 
82 68 
48 68 
51  68 
47 68 
47 68 
49 68 
4 7  68 
50 68 
48 68 
47 68 
52 68 
47 68 
49 68 
48 68 
49 68 
50 68 
47 68 
60 68 
49 68 
5 3  68 
50 68 

284089  
2 8 9 0:: 2 
li)lt;2Y 
’47 1 4 L  
287077 
299844 
234669 

32826 
224770 
247949 

45195 
252869 
112665 
199218 
251753 
282524 
285453 
261029 
280097 
244240 
286879 
276128 
274619 
2801 18 
25 1082 
259661 
250082 
237327 
278458 
168616 
258684 
214968 
24039 7 



WELLNO T-R-S FORY 
325 156-095-17 !’El 
3S8 156-095-17 ?lY 
4382 156-095-17 PPI 
269 156-075-15 !I?! 
479 156-095-18. tP1 

647 1567095-18 flP1 

1075 156-095-18 flEl 
153 156-095-19 FIE1 

405 156-095,- 1-9 lPP1 
405 156-095-19 tlH 
1039 156-095-19 flP1 

102 156-095-20 E1!1 
131 156-095-2‘0 N?l 
289 156-095-20 ‘l\CI 
311 156-095-20 Wl 
324 156-095-20 flN 

80 156-095-21 fIfl 
424 156-095-21 fPl 
429 156-095-21 fl?l 
444 156-095-21 fIfl 
219 156-095-22 flfl 
428 156-095-22 fill 
428 156-095-22 MfI 
168 156-095-28 flkl 
190 156-095-28 )If1 
191 156-095-28 fD1 
417 156-095-28 klfl 
788 156-095-28 PPI 
183 156-095-29 fG.1 
192 156-095-29 fP1 

500 156-095-18 mi 

io35 156-095-18 ‘mi 

268 156-095-19 p l  

CHEflICAL DATA 
l=(w./ 1, ppm) 2=(mg/1, ppni)x100 3=pH x 100 4=ohms/meter3 x 1000 

TOP BOTTOEI Ca(1) f lg(1)  Na(1) F e ( 2 )  C03(1) HC03(1) SO4(1) Cl(1) PH(3)  RES(&) O F  TDS(1)  
8443 
5449 
8545 

8470 
8454 
8472 
8430 
8482 
8484 
8461 
8427 
8532 
8457 
85 10 
8520 
85b8 
8538 
8562 

8507 
8476 
8507 
8474 
8545 
85 45 
8627 
8620 
8610 
8600 
8602 
8564 
8628 

m o  

8475 13824 1740 
8k96 12566 2254 
8570 16968 2144 
8456 11044 2056 
8496 10472 1598 
8465 13518 1941 
8507 12186 2170 
8742 61 9 
8488 12756 1714 
,8530 11614 2284 
8500 9900 1484 
8459 11420 1380 
8550 6474 800 
8487 10852 1484 
8526 11804 1713 
8600 10092 1142 
8595 12566 1942 
8580 8760 1380 
8600 7044 1828 

10092 1828 
8488 8000 1140 
8503 13138 1256 
8514 13140 1280 
8510 6854 1276 
8566 14820 1740 
8566 14440 1740 
8663 11800 1380 
8675 11040 1600 
8670 8568 1714 
8626 11800 2056 
8615 12560 1600 
8610 12376 914 
8670 9520 1260 

9 443 1 
85633 
77619 
(33474 
75598 
9 1551 
85083 
3372 

88721 
91791 
79661 
9 1894 
49248 
78804 
9399 1 
76273 
83336 
68046 
50664 
66961 
65572 
95 103 
98783 
89432 
92924 
94820 
85758 
73814 
60372 
86941 
9507 1 

79 
72288 

2&5 
245 
120 
205 
305 
230 
245 
1905 
245 
205 
305 
205 
465 
280 
490 
195 
195 
280 
390 

1600 
405 
230 
270 
205 
3 15 
540 
280 
340 
295 
270 
245 
195 
245 

441 174720 
428 160520 
340 155680 
345 153920 
350 139360 
403 170360 
301 158760 
679 3727 
289 164060 
315 168444 
407 144240 
344 165600 
543 89080 
374 144640 
287 170360 
408 138420 
277 156120 
431 124000 
614 95260 
406 125240 
523 118000 
254 173280 
262 179000 
290 153460 
277 173636 
272 176364 
294 156800 
346 137600 
281 112900 
297 160600 
256 173200 
352 147300 
376 131600 

640 
700 
6 10 
750 
730 
7 40 
700 
820 
700 
710 
730 
7 10 
760 
720 
750 
780 
690 
740 

720 
750 
740 
700 
700 
540 
550 
720 
700 
730 
670 
720 
700 
730 

It.: b S  
47 68 
49  68 
4‘3 68 
50 68 
47 68 
49 68 
760 68 
47 68 
47 68 
50 68 
48 68 
66 68 
49 68 
47 68 
51 68 
49 68 
54 68 

53 68 
55 68 
47 68 
46 68 
49 68 
47 68 
47  68 
49 68 
50 68 
57 68 
48 68 
47 68 
49 68 
52 68 

155 

285AO1 
261676 
252871 
25 io&$ 
227683 
27 8003 
258745 
9753 

267785 
274653 
235997 
270843 
146610 
23641L 
278643 
226530 
254636 
202897 
155800 
206127 
193640 
283261 
292735 
251517 
2837 12 
288176 
256312 
224740 
184130 
26 1964 
282932 
161216 
215289 



* * 
N 

218 156-095-29 ?PI 
351 150-095-29 Elf1 
391 156-095-19 CUI 
6 K O  156-095-29 Pli'i 

69 156-095-30 fl:l 
101 156-095-30 flE1 
137 156-095-30 fC1 
414 156-095-30 Ill1 
418 156-095-30 fl!l 
812 156-095-30 fW1 

55 156-095-31 fC.1 
119 156-095-31 flfl 
189 156-095-31 PPI 
189 156-095-31 En1 
272 156-095-31 fI:l 
331 156-095-31 PPI 
442 156-095-31 flfl 
159 156-095-32 fill 
169 156-095-32 fC.1 
169 156-095-32 Hkl 
187 156-095-32 fill 
214 156-095-32 Elf1 
433 156-095-32 Eli.1 
679 156-095-32 PDl 
741 156-095-32 fD1 
841 156-095-33 Elk1 
309 156-095-35 Elf1 
309 156-095-35 flfl 

59 156-096-25 fJI.1 
225 156-096-25 flfl  
688 156-096-25 Elf1 
185 156-096-35 N.FJ 
185 156-096-35 flFl 

8504 
S5G0 
8570 
5532 
8463 
8468 
8460 

8486 
8456 
8460 
8450 
8424 
8426 
8393 
8442 
8500 
8434 
8423 
8423 
8450 
8508 
8554 
8537 
850 1 
8594 
8415 
8416 
8520 
8486 
8485 
8300 
8380 

s532 11503 1484 P,9?50 
5545 12756 1484 84022 
8604 12000 1820 95305 
8570 9900 2284 71527 
8490 12756 1828 103932 
8516 10472 1942 74415 
8500 12186 1828 84566 

11234 1714 76740 
8526 12376 1828 99939 
8476 13320 1714 104720 
8490 12756 2056 86325 
8480 10282 1256 68437 
8436 7236 1028 56397 
8469 7616 1713 55650 
8438 11234 1828 71613 
8487 12566 1714 79763 
8560 12948 1598 82401 
8472 7616 1142 49656 
8456 10660 1720 75686 
8456 11234 1828 70254 
8481 10092 1598 65172' 
8550 9710 2170 76565 
8566 11996 1828 86692 
8542 12948 1370 82851 
8506 12374 1598 81412 
8601 12760 1380 94743 
8449 18810 1624 88219 
8445 25800 1708 43146 
8540 12756 1828 100079 
8521 10852 2170 89789 
8726 27 5 3926 
8328 12160 1826 100460 
8409 9900 1942 74400 

245 
2 ;o 
220 
280 
195 
280 
2 05 
205 
230 
170 
145 
170 
340 
245 
230 
195 
195 
425 
295 
245 
255 
330 
245 
220 
245 
255 
25 8 

195 
280 

1710 
340 
245 

2d0 163tiOh 
299 156120 
290 173200 
379 134060 
403 187800 
446 138480 
286 157000 
331 142880 
306 181020 
253 189800 
316 161400 
430 127000 

1292 101640 
799 103576 
351 133180 
282 149940 
267 154360 
719 92620 
334 140200 
337 133180 
399 122600 
397 141120 
321 157800 
286 154360 
393 151700 
257 172400 
415 173636 
346 116928 
236 181980 
353 163600 
515 4744 
359 181332 
454 137460 

650 
730 
7 20 
71.0 
640 
730 
7 10 
700 
700 
64 0 
720 
760 
730 
770 
750 
730 
730 
790 
690 
760 
720 
770 
750 
7 30 
700 
700 
540 
470 
700 
720 
790 
550 
7 30 

45 6s 
49 68 
47 68 
51 68 
46 68 
51 68 
49 68 
50 68 
44 68 
46 68 
48 68 
53 68 
60 68 
60 68 
51 68 
50 68 
49 68 
64 68 
51 68 
52 68 
54 68 
50 68 
48 68 
49 68 
48 68 
47 68 
47 68 
60 68 
46 68 
48 68 

690 68 
46 68 
51  68 

2 0  i jZY 
25A95 1 
2S2835 
2 18$3(3 
3069 14 
226035 
25607 1 
233104 
295699 
309977 
262998 
207.575 
167933 
1695QQ 
2 1 8 4 ~ ~  
244460 
251769 
152178 
228395 
217078 
200116 
230292 
258852 
252035 
247724 
281795 
282962 
187928 
297074 
267044 

10927 
296477 
224401 

n 



c-' 
c-' 
w 

VEL130 T-R-S FOfiis1 

98.2 156-09b-35 PPI 
45 156-096-36 FlX 

1:: 150-095-36 !PI 
113 156-096-36 flfl 
323 156-096-36 PlN 
420 156-096-36 flfl  
497 156-096-36 fffl 
497 156-096-36 )Dl 

2567 157-075-01 kG.1 
2567 157-075-01 flll 
2610 157-075-10 hP1 
2610 153-075-10 PIN 
2956 157-07.9-33 flhl 

883 157-080-21.M 
392 157-085-23 fl?l 

1503 157-087,--17 NPl 
175 157-094-05 WI 
307 157-094-05 FP1 
129 157-094-06 flN 
184 157-094-06 Fl?l 
367 157-094-06 hD1 
415 157-094-06 flC1 
493 157-094-06 FlN 
554 157-094-06 'Nfl 
245 157-094-07 :Ml 
502 157-094-07 101 
513 157-094-07 hlfI 
978 157-094-07 NE1 

1030 157-094-08 flkl 
1116 157-094-08 fD1 
1092 157-094-18 f1M 
1093 157-094-18 fll-1 

870 156-090-35 PI:! 
TOP ROTTOY1 Cat11 Eli(1) N a ( 1 )  F e ( 2 j  C03(1) H C O 3 ( 1 )  S04(1) C l ( 1 )  PH(3)  H L S ( 4 )  O F  'I'DSili 
8372 
8372 
8472 
8366 
8366 
8416 
8448 
8395 
8484 
2972 
3036 
3012 
3122 
4008 
4362 
6016 
6668 
8227 
8239 
8264 
8272 
8213 
8268 
8224 
8268 
8270 
8281 
8229 
8278 
8298 
8238 
8257 
8255 

8379 11234 228$ 84709 
8605 247b 914 22822 
8.500 13138 2056 87035 
3404 13680 1710 91079 
8404 13328 3198 79568 
8457 11044 1598 90395 
8469 12566 2398 97353 
8415 12756 1598 82649 
8516 10538 1180 79355 
2992 2100 930 35650 
3057 2650 1230 53281 
3052 2352 667 44883 
33138 2832 1044 56470 
4020 4400 1320 75443 
4382 912 15740 
6116 8455 1972 98393 
6681 17700 3340 94900 

~ 8 2 4 4  12000 1940 100570 
8290 11920 2300 102282 
8304 11800 1940 102551 
8312 13056 1740 100511' 
8263 10660 1480 83992 
8308 4760 1260 43592 
8253 10860 1720 90337 
8289 10380 1040 86875 
8297 11540 2180 102462 
8289 10960 2200 100007 
8240 11424 1941 99334 
8286 11740 2180 99715 
8538 9320 1380 73681 
8245 12120 2420 98268 
8277 11040 1260 96853 
8264 12120 1270 98575 

2s 5 
42.5 
185 
185 
195 
245 
170 
185 
120 
78 
68 
58  

132 
288 

168 37 
355 
600 
195 
170 
170 
207 
145 
145 
195 
135 
160 
160 
170 
120 
355 
230 
195 
160 

313 156820 720 49 
515 41b20 740 120 
286 163170 720 48 
314 169452 540 47 
383 155240 730 49 
349 161400 730 48 
284 179080 700 46 
331 154360 49 730 
350 144160 620 50 

5078 57630 660 89 
4350 87210 710 65 
5290 71400 680 74 
4451 91800 680 63 
2526 125970 600 5 3  
9612 18583 1070 190 

989 171540 550 49 
427 186000 680 46 
407 181600 680 46 
357 185200 740 46 
293 184400 690 46 
274 182886 600 46 
334 152400 690 49 
810 78652 760 7 1  
349 163200 690 48 
165 155200 720 49 
441 184400 730 46 
227 179800 680 46 
444 178664 670 46 
359 180600 710 46 
484 133600 820 50 
190 179800 680 46 
387 172200 780 47 
275 176900 670 46 

66 255t115 
66 68772 
08 2i;j$70 
68 276451 
68 251912 
68 265031 
68 291851 
68 251879 
68 235703 
68 101466 
68 148789 
68 124650 
68 156729 

68 4 5 0 s ~  
68 281704 
68 302967 
68  296712 
68 302229 
68 301154 
68 298674 
68 249011 
68 129219 
68 266661 
68 253795 
68 301183 
68 293354 
68 291977 
68 294714 
68 218820 
68 293028 
68 281935 
68 289300 

68 2090/t7 



1 

- 

CHEMICAL DATA 
l = ( m g / l ,  ppm) 2=(mg/l ,  ppm)x100 3=pH x 100 4=otims/meter3 x 1000 

TOP BOTTOH Ca(1)  flg(1) N a ( 1 )  F e ( 2 )  C03(1) HC03(1) S04(1)  C l ( 1 )  PH(3) KES(4j  O F  TUS(1) WELLNO T-R-S FORtl 
1191 157-094-18 Fl3 
1253 157-094-18 flPI 
1253 157-094-18 FDl 
724 157-094-30 ?P1 
612 157-094-31 ft"l 
612 157-094-31 fDl 
822 157-094-31 fU1 

1032 157-094-31 flfl 
1032 157-094-31 flll 

82 157-095-01 fQl 
82 157-095-01 flF1 

114 157-095-01' fQ1 
299 157-095-01 flPl 
350 157-095-01 flP1 
398 157-095-01 Elf1 

c.' 398 157-095-01 fill 
419 157-095-01 Elf1 
855 157-095-01 fl?I 
256 157-095-02 fl.It.1 
256 157-095-02 ID1 

1062 157-095-02 tC1 
1477 157-095-09 fltl 
1165 157-095-10 Mt1 

93  157-095-11 fD1 
366 157-095-11 flfl  
811 157-095-11 fIM 
913 157-095-11 Mfl 
971 157-095-11 HPl 

1027 157-095-1 1 W1 
32 157-095-12 flfl 
32 157-095-12 F1M 
62 157-095-12 flP1 

c.' 

P 

1027 157-095-11 mi 

82 10 

8159 
8264 
8284 
8284 
8336 
832 1 
8321 
8242 
8242 
8292 
8226 
8260 
8265 
8265 
8254 
8282 
8275 
8275 
8267 
8332 
8285 
8258 
8208 

817 1 

8202 
8312 
8312 
8258 

8231 11420 2280 95575 
10780 1962 83602 

8259 10780 1962 83602 . 
8272 11395 1827 91932 
8318 13068 3120 96688 
8318 12186 1599 92760 
8537 3175 692 26177 
8327 11805 1599 93291 
8327 11805 1599 93291 
8290 13248 266 102182 
8290 12350 2204 90736 
8331 9901 2284 82884 
8254 6660 1380 61326 
8276 11800 1820 98357 
8300 3998 679 36131 
8300 3944 808 32606 
8499 3560 580 29844 
8302 11920 1740 99140 
8320 13248 2204 100671 
8320 13248 2204 100671 
8290 9720 1380 67659' 
8361 12544 1888 96224 
8292 12186 1485 100540 
8294 7800 1260 72019 
8274 4960 1020 42588 

2980 405 28490 
8242 100 30 5732 

9330 1256 79154 
11805 1713 105614 

8268 144 127 594 
8350 35590 6920 40321 
8350 14652 2160 103075 
8290 1485 171 16623 

18.5 
155 
185 
230 
240 
160 
475 
245 
245 
188 
410 
355 
195 
110 
170 
185 

1295 
145 
185 
185 
145 
120 
160 

195 
755 
9 05 
185 
185 
135 
185 
240 
585 

262 178600 
350 153380 
350 153380 
316 167'354 
386 180930 
346 168954 
930 47050 
476 168954 
476 168954 
266 185820 
441 167670 
461 151476 
660 109800 
314 177600 
811 64086 
325 59280 
474 52920 
270 178800 
269 J84842 
269 184842 
227 169920 
395 175760 
367 180606 
490 128200 
821 76720 
433 49640 
535 8100 
527 141766 
415 188374 
280 1256 
425 144920 
490 190710 
494 28062 

690 
700 
700 
690 
550 
670 
750 
7 10 
710 
570 
550 
730 
670 
650 
750 
730 
760 
690 
610 
610 
610 
650 
690 
400 
730 
730 
860 
710 
700 
680 
650 
550 
810 

46 6 8  
49 68 
49 68 
47 6s 
46 68 
47 68 

110 68  
48 68 
48 68 
46 68 
47 68 
49 68  
57 68 
46 68 
83  68 
89 68  
98 68 
46 68 
46 68 
46 68 
49 68 
49 68 
46 68 
53 68 
72 68  

100 68 
470 68  

51 68 
46 68 

2620 68  
50 68 
46 68 

160 68  

29 1322 
25 0 259 
250259 
274286 
294432 
276005 

78499 
276370 
276370 
301970 
27381 1 
247361 
18002 1 
290001 
105875 
97 148 
88673 

292015 
301419 
301419 
24905 1 
286931 
295344 
209769 
126304 
82703 
15402 

2322 18 
308106 

2536 
22836 1 
311327 

47420 



CHEMICAL DATA 
1=(mg/ 1, ppm) 2=(rng/l, ppin)x100 3=pII x 100 4 = o h ~ n s / m e t e r ~  x 1000 

F;'ELLKO T-I?-S FORPl TOP BOTTON Ca(1) Mg(1) N a ( 1 )  F e ( 2 )  C O 3 ( 1 )  HC03(1) S04(1)  C l ( 1 )  PH(3) RES(4)  'E' 
681 157-095-12 flN 8289 8297 11420 2060 99681 135 341 179600 670 b70 bS 
606 157-095-13 fP1 8265 8271 10960 1260 88372 305 270 1590c)S) 570 4 8  68  
606 157-095-13 PPI 8265 8271 7045 799 62985 60 334 111666 740 57 68 
643 157-095-13 ElH 8260 8268 12864 1624 96512 205 274 176040 620 46 68 
649 157-095-13 ElN 8260 8268 12864 1624 96512 205 274 176040 620 46 68 
876 157-095-13 fP1 8291 8298 13660 1384 90480 160 235 167500 690 47 68 

1018 157-095-13 Nfl 8279 8287 11805 1370 96133 135 334 172838 730 68 
301 157-095-14 ffif 8240 8,272 171 80 692 390 272 1175 820 2520 68 
365 157-095-14 fll'i 8238 8271 11220 1700 97349 160 321 174600 750 47  68 
473 157-095-14 PlN 8238 8244 11805 1713 96741 145 319 174780 680 46 68 

1043 157-095-14 ED1 8162 8227 11360 1962 92083 135 379 167500 690 47 68 
315 157-095-23 fP1 8270 8310 329 45 1623 525 1070 2120 740 1280 68 
315 157-095-23 Ptfl 8276 8290 12314 1732 101753 145 275 183500 690 46 68 
928 157-095-23 Plt.1 8251 8261 3040 680 28041 465 1118 49520 720 99 68 

1077 157-095-23 ftfl 2500 580 19427 1365 5658 34800 760 130 68 
751 157-095-24 mi 8251 8257 12314 1732 93770 135 183 171260 660 47  68 
946 157-095-24 PlPl 8260 8268 12120 1380 102087 170 318 182600 710 298 
989 157-095-24 ?PI 8269 8276 11736 1732 97531 185 251 175960 680 47 68 
990 157lC95-24 fIf1 8263 8271 12672 2640 98729 270 457 181908 550 46 68 
552 157-095-25 flfl 8257 8266 11995 1827 95052 145 328 172838 700 47 68 
552 157-095-25 fll.1 8257 8266 14046 1154 90481' 185 235 167500 700 47 68 
626 157-095-25 NI.1 8228 8239 9720 1020 43875 7 601 87400 560 66 68 
666 157-095-25 fIN 8220 8230 11995 1370 95430 220 568 171868 700 46 68 
935 157-095-25 flfl 8247 8253 11995 1713 95273 37 425 172838 660 47 68 

1047 157-095-25 ffi l? 8191 8196 11424 1599 93626 185 310 168954 700 47 68 
744 157-095-26 flfl 8238 8418 3660 580 28645 425 412 51800 700 100 68 

1029 157-095-26 PlfP 11424 1485 91397 230 428 165070 710 48 68 
1029 157-095-26 flN 8230 8236 11210 1596 91628 234 546 165282 570 48 68 
1078 157-095-26 ftfl 8214 8221 11805 1485 95971 170 423 172838 710 47 68 
257 157-095-35 M I  8300 8328 12566 1370 94658 205 334 I71868 680 47 68 
257 157-095-35 ffN 8300 8328 11928 2192 90913 170 170 167500 700 47 68 

77 157-095-36 blfl 8323 8372 13056 1508 96516 212 280 176040 600 46 68 
290 157-095-36 blff 8282 8310 13248 1392 96509 196 280 176040 620 46 68 

TDS(1) 
20.3237 
260167 
182889 
2875 19 
287519 
273419 
282615 

2780 
285350 
285503 
273419 

5712 
299719 

828hL 
6 4 3 3 ~  

279394 
298675 
287395 
296676 
282185 
27 360 1 
142623 
281451 
282281 
276098 

85522 
270034 
270496 
282692 
281001 
272873 
287612 
287665 



4 

C-J 
C-J m 

WELLKO T-R-S FObI 
507 157-095-36 PPI 
507 157-005-36 flihl 
770 15 7-095 - ? 6  E I  
909 157-095-35 ?Cl 

1973 158-077-13 f1L.l 
2652 1.58-078-13 fP1 
2708 158-080-05 FIN 
3396 158-080-05 fD1 
3396 158-080-05 H?l 
2670 158-080-06 fC1 
2803 158-080-06 fP1 
3151 158-080-08 fDl 
255A 158-081-06 
2614 158-081-06 N>l 
2614 158-081-06 fl?l 
1689 158-081-07 flN 
2696 158-081-07 MJ 
3194 158-081-07 ElPl 
2663 158-G81-08 NPJ 

4127 158-081-13 NN 
2633 158-081-19 flbl 
2617 158-082-02 PIN 
3145 158-082-03 fU1 
2835 158-082-10 PlN 
2926 158-082-13 fll-1 
3116 158-082-15 flt.1 
1876 158-087-22 NE1 
1876 158-087-22 PDl 
1844 158-091-10 fIL.1 
416 158-093-15 NM 
416 158-093-15 tP1 

4127 158-081-13 m i  

441 158-094-05 mi 

CHEMICAL DATA 
l=(mn!L, ppm) 2=(rng/l, pprn)x100 3=plI x 100 4=otims/meter3 x 1000 

TOP BOTTOFI C a ( 1 )  Mg( l>  Na(1) Fe(2)  C03(1) HC03(1) SOG(1) C l ( 1 )  PH(3) RES(4) O F  TPS(1)  
83C0 
8300 
8269 
3254 
3325 
3343 
4242 
6742 
6743 
420 1 
4278 
4246 
4514 
4528 
4554 
4512 

4499 
4519 
4576 
4589 
4558 
4559 
4583 
4564 
4560 
4600 
6161 
6224 
7680 
8312 
8367 
8238 

8309 1305b 1624 96302 
8309 13056 1624 96302 
8282 12000 1720 S0S99 
82?1 i i 9 2 0  ; ; i t0  959!3 
3348 2574 1268 36937 
3363 2160 552 45288 
4272 520U 1200 88434 
6755 8360 1482 114444 
6755 8360 1482 114444 
4212 5184 1334 96117 
4333 5376 1450 97780 
4264 4940 1480 95649 
4525 6528 1392 105315 
4543 5600 1320 90477 
4574 6200 1260 108393 
4539 6076 1770 91889 

5962 1568 92566 
4512 5194 1298 74472 
4529 6700 1458 106789 
4583 6500 1260 104939. 
4595 6500 1260 103628 
4573 5500 1140 87822 
4572 6200 1440 103338 
4603 5520 1480 85088 
4581 6700 1620 101323 
4580 7600 840 104307 
4620 6840 1596 101146 
6202 4455 826 117643 
6250 10791 1652 100268 
7724 4356 1003 121641 
8364 3135 870 67381 
8400 6745 1073 105675 
8263 12120 1500 98156 

210 
210 
170 
175 
100 
63 

168 
2 05 
205 
118 
335 
340 
132 
305 
330 
270 
317 
390 
305 
270 
310 
'224 
365 
340 
400 
366 
362 
145 
295 
145 
255 
305 
160 

293 176040 

425 166042 
5 174000 

1640 63956 
5910 70890 
2030 147510 

445 195190 
445 195190 

1178 160380 
1825 163020 
1955 158950 
1051 177200 

184 153000 
112 181560 

1644 156275 
959 162000 

2311 125913 
889 180000 
895 176220 
807 174240 

2043 146880 
1287 173400 
1856 143760 

974 171912 
962 175864 

1246 171639 
1194 190784 

843 177776 
1200 197288 
4181 108784 
1506 176774 

185 177000 

293 176040 
590 
590 
660 
690 
730 
690 
590 
670 
670 
620 
590 
580 
630 
630 
620 
550 
640 
620 
730 
610 
560 
65 0 
640 
560 
590 
610 
570 
650 
620 
640 
550 
520 
690 

46 6s 

47 68 
47 68 
83 68 
76 68 
51 68 
49 68 
49 68 
48 68 
48 68 
49 68 
47 68 
49 68 
46 68 
47 68 
52 65 
53 68 
50 68 
47 68 
47 68 
50 68 
47 68 
49 68 
47 68 
47 68 
47 68 
46 68 
46 68 
47 68 
62 68 
48 68 
46 68 

4b 68 
287525 
287525 
2712.555 
283753 
106475 
124863 
244542 
320126 
320126 
26431 1 
269786 
263314 
291618 
250886 
297855 
257924 
263372 
209578 
296141 
290084 
286745 
243609 
286030 
238044 
282929 
289939 
282829 
315047 
29 1625 
325633 
184606 
292078 
289121 



CHEfl ICAL DATA 
l = ( m g / l ,  ppm) 2=(mg/l ,  ppm)x100 3=pH x 100 4=otuns/meter3 x 1000 

WELLNO T-R-S FORY TOP BOTTOM Ca(1)  flg(1) Na(1) F e ( 2 )  C03(1) HC03(1) S 0 4 ( l )  C l ( 1 )  PH(3)  RES(&) O F  TUS(1) 
4s4 
629 
804 
340 
393 
510 
628 
662 
728 
728 
238 
238 
312 
339 
346 
452 
506 
314 
209 
285 
753 

99 
99 
99 

132 
176 
215 
282 
326 
326 
345 
355 
148 

158-09It-05 hC1 
153-094-05 Ml\l 

158-09.i-Ob E l  
158-094-06 fP1 
158-094-06 klfl 

158-094-06 h l  
158-0?4-06 Nll 
158-094-06 *flfl 
158-094-0j I 9 1  
158-094-07 Mfl 

158-094-05 PPI 

158-094-06 mi  

158-094-10 mi 

158-09'4-17 rip1 
158-094-1'7 NM 

158--094-17 )If1 
158-094-18 1lM 
158-094-18 Mfl 
158-094-18 flf l  
158-094-18 flfl 
158-094-18 Mfl 
158-094-18 IW, 

158-094-1s PIP1 

158-094-18 MM 

158-094- 19 flfl 

158-094-18 m i  

158-094-18 m i  

158-094-18 rip1 

8240 
8197 
8240 
8185 
8204 
8183 
82 18 
8200 
8106 
8106 
8116 
8116 
8158 
8200 
8170 
8226 
8205 
8193 
8141 

8195 
8121 
8122 

8098 

8195 
8086 

81 1 7  
8084 
8049 
8142 

8 1-5 8 

8.1 6 0 

811~1 

8260 9720 i260 84346 
5217 11920 1500 102041 
8249 11614 1713 101396 
8240 11360 3116 99657 
8245 12376 1827 94650 
8234 12186 1142 101825 
8236 11800 1820 102176 
8253 12320 1740 104224 
8145 11540 1620 102324 
8205 11540 1620 102324 
8156 9240 2420 77769 
8158 9240 2420 77769 
8194 11740 1620 102003 
8240 11740 1740 95712 
8210 8568 1256 75642 
8246 13276 1154 100530 
8217 12314 1846 96647 
8266 11360 1740 97273 
8180 10780 2080 98040 
8211 12314 1846 89315 
8400 6160 1260 49607' 
8176 11904 3972 97610 
8260 6283 1256 55795 
8218 13300 1740 96089 
8228 4240 1040 38649 
8150 8860 1960 81480 
8254 11420 1720 99267 
8127 5570 776 57380 

14360 1300 99995 
8169 11043 1599 97225 
8140 10960 700 92963 
8120 10100 1280 90361 
8216 10860 1720 97696 

245 
185 
170 
170 
205 
185 
110 
160 
160 
160 
220 
220 
175 
185 
170 
195 
170 
195 
160 
160 
830 
244 
685 
366 
245 
135 
185 
145 
185 
220 
160 
170 
195 

444 150506 
205 182600 
360 181578 
328 182560 
354 172838 
362 181578 
275 183520 
461 187200 
380 102324 
380 182600 
315 143000 
315 143000 
175 182600 
230 173200 
579 134970 
250 181620 
251 175960 
135 175000 
360 176000 
220 164680 
552 90200 
286 177018 
581 100014 
330 176364 
550 69600 
260 146800 
311 178000 
731 100000 
244 183150 
311 173810 
180 164600 
359 161200 
316 174784 

690 
7 10 
680 
680 
69 0 
710 
670 
730 
720 
7 20 
710 
710 
650 
570 
700 
710 
690 
570 
730 
700 
760 
580 
720 
550 
720 
7 30 
690 
740 
660 
700 
720 
700 
680 

49 68 
46 68 
46 68 
46 68 
47 68 
46 68 
46 68 
46 68 
46 68 
46 68 
50 68 
50 68 
46 68 
47 68 
52 68 
46 68 
47 68 
47 68 
47 68 
47 68 
65 68 
47 68 
61 68 
46 68 
78 68 
50 68 
46 68 
60 68 
47 68 
46 68 
48 68 
48 68 
47 68 

246531 
29845 i 
296331 
297191 
282250 
297278 
299701 
3061 05 
218348 
298624 
232964 
232964 
298313 
282807 
221185 
297025 
287 188 
285703 
287420 
268535 
148609 
289034 
164614 
288189 
11 4324 
239495 
290903 
164602 
299234 
284208 
269563 
263470 
28557 1 



W L L N O  
148 
195 
25 0 
58 1 
523 
523 
650 
703 
894 
906 
964 
199 
199 
454 
482 
667 
809 
135 
186 
368 
400 
487 
498 
729 
729 
749 
488 
908 
908 
495 
495 
726 
726 

T-R-5 FORN 
158-0'94- 19 flPl 
155-094-19 flS.1 
158-094- 19 Elf1 
155-094- 19 PFl 
158-094-20 FPl 
158-094-20 )If1 
158-094-20 fR1 
158-094-20 fO.1 
158-094-20 flM 
158-094-29 fJN 
158-094-29 fD1 
158-094-30 fP1 
158-094-30 fP1 
158-094-30 FlH 
158-094-30 bD1 
158-094-30 Hi.1 
158-094-30 ful 

158-094-3 1 PPI 
158-094-31 FP1 
158-094-31 f1i.l 
158-094-31 f.lPI 
158-094-31 ffb l  
158-094-31 flfl 
158-094-31 Mfl 
158-094-31 flfl 
158-094-32 Mfl 
158-094-32 flN 
158-094-32 fPl 
158-095-01 Mfl 
158-095-01 fpf 
158-095-01 Mfl 
158-095-01 flfl 

158-094-31 m i  

CHEfII CAL DATA 
I= ( m . 9 1 1  P P ~ )  2=(mg/l ,  pprn)x100 3=pH x 100 4=otims/meter3 x 1000 

TOP ROTTOP1 c3(1)  Mg(1) Na(1) F e ( 2 )  CO3(!) I I C O 3 ( 1 )  S04(1)  C l ( 1 )  PH(3) 
8 1.50 
8182 
8162 
8156 
8206 
8208 
8225 
8208 
8262 
829 1 
8263 
8222 
8226 
8250 
8214 
8218 
8256 
8287 
827 1 
8260 
8306 
8235 
8228 
8226 
8228 
8206 
8255 
8222 
8222 
8148 
8 160 
8150 
8 160 

8186 10960 1500 90296 
8240 10750 lb20 97567 
8225 11920 1384 97361 
8138 11740 2078 97896 
8216 558 162 13328 
8216 558 162 13328 
8233 11920 1840 98307 
8217 12120 1840 100981 
8503 54  16 3718 
8297 12000 1940 99365 
8269 12180 1720 101363 
8276 12540 1624 54023 
8236 11920 1620 101804 
8295 8940 1140 109340 
8236 12672 1740 102854 
8228 12180 2160 96959 
8263 12180 2060 101901 
8336 12380 2160 101531 
8300 8860 220 25975 
8274 12320 2080 99796 
8346 1540 700 108987' 
8247 12000 1820 100078 
8274 11100 1140 102345 
8243 12890 2078 94344 
8243 12890 2078 94344 
8225 4425 1185 40243 
8273 11420 1820 98903 
8476 760 920 97154 
8478 760 920 97154 
8255 8930 1276 87015 
8195 12320 1620 99499 
8184 12186 1370 102056 
8195 12672 2400 99142 

170 
220 
185 
255 
465 
465 
220 
195 

1645 
185 
185 

92 
175 
255 
215 
135 
205 
185 
100 
175 
170 
170 
205 
205 
205 

85 
185 
280 
280 
135 
145 
85 

170 

195 162500 
260 174000 
235 175020 
275 17;840 

1150 20900 
1150 20900 
220 177800 
617 182000 
550 4515 
336 179800 
280 182600 
499 109830 
190 182600 
321 187400 
268 185820 
440 177000 
292 184400 
286 178800 
165 56200 
125 181600 
235 172600 
280 180600 
145 180600 
255 174080 
255 174080 
215 73150 
359 177694 
433 153400 
433 153400 

1279 152716 
150 179800 
509 182548 
453 181908 

710 
670 
700 
700 
790 
790 
680 
700 
710 
790 
69 0 
530 
660 
690 
600 
780 
690 
780 
750 
680 
7 20 
690 
7 10 
7 10 
710 
720 
670 
700 
700 
500 
700 
680 
550 

R E S ( 4 )  OF TUS(1) 
4s  
47 
47 
46 
21 

210 
46 
46 
72 
46 
46 
58 
46 
46 
46 
47 
46 
46 
94 
46 
47 
46 
46 
47 
47 
75 
46 
49 
49 
48 
46 
46 
46 

6s ?e5921 
68 284457 
68 286105 
68 2900s; 
68 36563 
68 36563 
68 290307 
68 297753 
68 10498 
68 293626 
68 298328 
68 178608 
68 298309 
68 307396 
68 3035br 
68 288874 
68 301038 
68 295342 
68 91520 
68 296096 
68 284232 
68 294948 
68 295535 
68 283852 
68 283852 
68 119303 
68 290381 
68 252947 
68 252947 
68 251351 
68 293534 
68 298754 
68 296745 



CHEEI I CAL DATA 
l=(mg/l, ppm) 2=(mg/l., ppm)x100 3=pH x 100 4=ahms/meter3 x 1000 

WELLNO T-R-S FOKPI TOP ROTTON Ca(1) flg(1) Na(1) Fe(2) CO3(1) HC03(lj SO4(1) CL(1) PA(3)  
783 158-ow01 rip! 
1016 158-095-11 fP1 
1051 158-095-11 !El 

238  155-095-12 MI 
576 158-095-12 PIN 
627 158-095-12 fLh1 
905 158-095-12 f11.1 
108 158:095-13 flfl 
156 ' 158-095-13 flfl 
157 158-095-13 flfl 
158 158-095-13 Nff 
158 I 158-095-13 flfl 
276 158-09-5-13' flfl 
5 0 9 15 8 - 0 9 5 - 1 3 ' flfl 
717 158-095-14 flfl 

c1 P 800 ' 158-095-14 ffP1 
co 800 158-095-14 fill 

574 158-095-23 flfl 
641 158-095-23 flfl 
241 158-095-24 flfl 
252 '158-095-24 PPI 
253 158-095-24' PIN 
319 .158-095-24 fP1 
332 158-095-24'. flfl 
154 158-095-25 fiI.1 
233 158-095-25 fD1 
259 158-095-25 f1EI 
266 158-095-25 PPI 
266 158-095-25 fPl 
423 158-095-25 flfl 
423 158-095-25 fP1 

8078 

8185 
8178 
8188 
8136 
8152 

8102 
8139 
8182 
,8634 

8265 
. 8246 
8246 
8309 
8326 
8234 
8194 
826 1 
8136 
8180 
8372 
8200 
8266 

8260 
8304 
8365 

960 
8154 12186 

3998 
10853 
11995 

8193 11234 
8192 11995 
8218 11740 
8225 377 
8178 11424 

11 160 
8246 7620 
8250 10960 
,8220 10960 
8650 6283 

4570 
8283 12566 
8295 11995 
8295 11805 
8319 9139 
8336 12120 
8276 11920 
8280 7426 
8307 10860 
8204 7616 
8230 10100 
8400 11740 
8242 14440 
8336 11540 

12000 
8300 11420 
8335 11220 
8395 16720 

1 

1i20 72757 
1941 101555 
571 37180 
1142 io5804 
1485 
1713 100608 
1713 100956 
1500 101542 
90 3155 

1485 102071 
1840 103567 
1380 73359 
1740 103239 
1620 97352 
1142 57969 
1256 39675 
1370 109729 
1256 104973 
1256 109578 
1713 90429. 
1740 99540 
1960 96636 
1370 68682 
1380 88371 
1256 63528 
1480 87825 
1840 96051 
1500 94269 
1500 96864 
1940 76190 
1940 100516 
1140 95403 
2088 93717 

169.5 
185 
940 
170 
195 
160 
205 
120 
280 
220 
170 
160 
230 
185 
245 
1015 
170 
195 
170 
160 
160 
135 
205 
160 
185 
160 
185 
185 
175 
405 
165 
205 
135 

453 4980 
321 183520 
655 65058 
231 185462 

11513 189346 
443 179636 
326 181578 
135 181600 
236 5460 
375 181578 
487 184400 
497 130200 
235 183400 
230 175000 
1074 102926 
679 71854 
288 195170 
347 186432 
326 193230 
459 160216 
218 179800 
251 175600 
823 122346 
345 159200 
598 114578 
456 157220 
250 174000 
275 175020 
135 174000 
506 143800 
282 180600 
288 170000 
319 179912 

750 
7 10 
760 
680 
700 
680 
680 
700 
750 
710 
610 
710 
720 
690 
750 
770 
700 
720 
700 
730 
720 
700 
730 
790 
690 
690 
700 
680 
7 10 
660 
670 
790 
5 30 

680 
46 
81 
46 
46 
46 
46 
46 
7 10 
46 
46 
52 
46 
47 
60 
76 
46 
46 
46 
49 
46 
47 
54 
48 
56 
49 
47 
47 
47 
50 
46 
47 
46 

6s 81905 
68 29970s 
68 108.502 
63 303662 
68 214534 
68 293794 
68 296773 
68 296637 
68 9598 
68 297153 
68 301624 
68 213216 
68 299604 
68 28531.' 
68 16963Y 
68 119049 
68 319293 
68 305198 
68 316365 
68 262116 
68 293578 
68 286502 
68 200652 
68 260316 
68 187761 
68 257241 
68 284066 
68 285689 
68 284214 
68 234841 
68 294923 
68 278256 
68 292891 



I= (mg/ 1, 
IELLNO T-R-S FOR3 

466 158-095-25 PPI 

29s 158-095-26 PlZ.1 
298 158-035-26 ?PI 
356 158-095-26 P P I  
537 158-095-26 HPl 
541 158-095-26 PN 
541 158-095-26 PDl 
556 158-095-26 fll l  
677 158-095-27 Nfl 
118 158-095-35 fl1.l 
453 158-095-35 Plfl 
471 158-095-35 PIPI 
127  158-095-36 fP1 
213 158-095-36 fX-1 

t-r N 353 158-095-36 PDl 
0 421 158-095-36 Ill1 

447 158-095-36 PPl 
781 158-095-36 flM 
847 158-095-36 fIf1 

2960 159-080-31 PG.1 
3009 159-081-30 flfl 

2471 159-081-33 flfl 
5986 159-082-35 fl?l 
2792 159-082-36 kif1 

796 159-094-29 PDl 
796 159-094-29 fP1 
796 159-094-29 flt l  
796 159-094-29 fIf1 
796 159-094-29 PIPI 
823 159-094-29 flF1 

466 158-095-25 ?PI 

2976 159-081-31 mi 

1843 159-088-32 m i  

CICEMI CAL DATA 
PPm) 2=(mg/ l ,  ppm)xlOO 3=pIi x 100 4 = c l ~ i s / r n e t e r ~  x 1000 
TOP BOTTOPI C a i l )  Mg(l) N ; i ( l )  F e ( 2 )  C03(1) HC03(1) S04(1) C l ( 1 )  PH(3)  K E S ( 4 )  “ F  
5274 8326 12864 i85b 99400 149 300 181185 590 46 68 
8274 8316 12564 1856 99400 149 300 181185 590 46 68 
8278 83.35 12864 1508 97‘334 158 277 177996 b30 $6 48 
8278 8335 12864 1508 97991, 183 277 177996 6.30 46 08 
8300 8350 6100 920 57758 160 640 102000 810 60 68 
8268 8301 32864 1508 99901 173 299 180930 610 46 68 
8304 8332 12864 1508 100221 206 280 181419 590 46 68 
8304 8332 12864 1508 100221 206 280 181419 590 46 68 
8277 8448 5140 1140 44191 840 668 79600 810 70 68 
8276 8511 4189 1142 40979 1025 716 72826 800 75 68 

2475 571 220281 1365 690 36024 760 120 68 
8276 8308 8940 800 78505 170 464 138800 770 51 68 
8328 8356 9040 2078 73230 185 460 134560 700 52 68 
8306 8344 12000 1820 105789 170 292 189400 660 46 68 
8293 8332 12180 1820 104785 160 258 188200 700 46 68 
8346 8390 12500 1740 100913 170 198 182600 690 44  68 
8249 8274 10662 1485 94085 145 334 167984 710 47  68 
8271 8290 7620 1380 72075 170 514 128200 750 53 68 
8330 8360 10662 1370 91883 220 484 164100 690 48 68 
8312 8340 5520 800 47985 270 756 85400 820 68 68 
4229 4248 5568 1508 95783 356 2340 160056 600 48 68 
4547 4562 5376 1160 77977 298 2158 131404 620 52 68 
4510 4523 5472 1276 74561 318 2304 126524 620 53 68 
4492 4521 6528 1620 102518 270 1425 173194 720 47 68 
4547 4557 6600 1680 102196 410 1450 172900 560 47 68 
4500 4543 6400 4131 98946 312 520 175370 450 41 7 7  
6534 6584 5346 1239 111680 120 1332 184280 620 47 68 
7669 7705 5100 610 114621 120 1667 186300 600 46 68 
7878 7900 11900 1586 109400 190 762 193752 610 46 68 
7965 7982 5700 1037 114741 58 1728 188784 620 46 68 
8015 8040 11424 1485 102715 220 407 182548 710 46 68 
8080 8100 17400 1708 101912 132 510 192510 630 46 68 
7905 7965 2375 549 119182 78 3679 186876 500 46 68 

ws [- 1 
205754 
2‘35754 
2908’7 
290827 
167578 
295675 
296498 
296498 
131579 
120877 
26 1406 
227679 
219553 
309471 
307403 
298121 
274695 
209959 
2687 19 
140731 
265611 
218373 
210455 
285555 
285236 
285679 
303997 
308418 
317590 
31 2048 
298799 
314172 
312739 



C I E M I C A L  DATA 
l = ( m g / l ,  ppm) 2=(mg!l, ppm)x100 3=pH x 100 4=otims/meter3 x 1000 

k'ELLN0 T-R-S FORY TOP BOTTOEI C a ( 1 )  Mg(1) kd(1) F e ( 2 )  C03(1) HC03(1) S04(1) C l ( 1 )  PH(3)  l X S ( 4 )  'I.' 'I'DS(1) 
823 
8'3 
828 
960 

1449 
2790 
2054 
1910 
1910 
.962 
962 

2899 
4534 
2995 
2995 
7227 
7227 
7227 
995 
995 

1660 
207 1 
207 1 
2194 
2646 
2646 
57 16 
2777 
2705 
2424 
2457 
1592 
1656 

159-094-29 fC1 
159-091.-29 fIi.1 
159-09;-32 kP1 
159-094-32 !1El 
159-094-32 flM 
159-094-34 fl!l 
160-078-17 Ml 
160-079-04 fPl 
160-079-04 *fCl 
160-080.-05 fR1 
160-080-05 fr:! 
160-083-22 afP1 
1 6 0 ~ 0 8 3 - 2 7  fl?l 

160-084-32 PlM 
160-084-32 fffl 
160~G89-23 W1 
1 6 0 ~ 0 8 9 - 2 3  flfl 
160-092-01 fPI 
1 6 0 ~ 0 9 4 - 0 3  Nfl 
160-094-03 fPI 
160-1094-29 fIf l  
160-094-29 fP1 
160-094-29 fiM 
160-096-13 PPI 
161-078-17 fltI 
161-078-19 fl?l 
161-078-20 flP1 
161-078-20 f.Ifl 
161-079-15 PPI 
161-079-16 f@I 

7970 
8013 
8044 
S O ! 9  

4500 
3429 
3382 
3448 
3640 
.3912 
45 F8 
4520 
4662 
4906 
4900 
495 1 
495 1 
6160 
6322 
7222 
7600 
7782 
7937 
7933 
7933 
7787 
3341 
3329 
3322 
3313 
3465 
3443 

8009 7220 1G98 107477 
8029 3135 610 118401 
8295 6920 1160 57578 
8083 6336 1010 108779 

11360 2080 102750 
4543 6400 4131 98946 
3446 2970 767 40819 
3403 4405 1210 33214 
34'10 2772 885 40393 
3652 3990 1160 26683 
3924 3800 1508 47733 
4540 6200 1800 94849 
4550 6500 2400 90655 
4696 7680 2320 105031 
4920 6912 1624 99177 
4927 17635 1702 61900 

15832 1823 59500 
4952 11423 1702 85100 
6213 8170 1566 104851 
6412 9785 1798 107593 
7253 8232 1534 95983' 
7647 10890 1880 113732 
7800 10494 1888 107201 
7955 10692 1711 106984 

11000 1440 108468 
7933 11000 1440 108468 
7806 2398 8 3  100498 
3358 2832 783 41478 
3355 2620 360 42668 
3336 2746 499 52407 
3348 2880 986 57708 
3490 3332 1475 50394 
3498 9504 1652 44852 

102 
88 

415 
1 i o  
185 
312 
170 
135 
170 
170 
205 
336 
270 
366 
312 

5 10 92 
450 140 

15 10 177 
102 
440 
145 
135 
170 
205 
149 
149 
111 
110 
112 
98 

120 
160 
415 

1469 180622 
2687 187920 

808 103600 
1515 180930 
200 184000 
520 175370 

5000 66666 
2400 60704 
4100 66666 
2861 49389 
3354 82152 
1733 161044 

775 157600 
1028 177640 
1099 168948 
1710 128800 
1740 121600 
2010 161600 
1001 179952 

652 187776 
1228 166098 
1020 199346 
1060 188544 

315 190650 
315 190650 
500 162000 

4234 68310 
3988 84150 

4000 83388 
1550 89430 

360 188540 

4337 68023 

4750 93408 

530 
530 
750 
610 
690 
450 
710 
690 
690 
620 
610 
610 
640 
550 
560 
672 
6SO 
667 
600 
600 
530 
630 
640 
630 
660 
660 
640 
700 
670 
740 
720 
800 
620 

4 i; 
46 
59 
46 
46 
41 

820 
94 
86 

100 
7 1  
4 s  
50 
46 
47  
49 
51 
44 
47  
46 
48 
47 
46 
47 
46 
46 
57 
77 
77 
69 
64 
68 
66 

6s 2979;s 
68 312841 
68 1701rSi 
68 298810 
68 300575 
7 7  285679 
66 116392 
68 102068 
68 114986 
68 84253 
68 138752 
68 265962 
68 258200 
68 2942Aq 
68 27801- 
7 7  211844 
77 2006;O 
7 7  262027 
68 295642 
6 s  30801r4 
66 273220 
68 327003 
68 309357 
68 308492 
68 312022 
68 312022 
68 265390 
68 117563 
68 118304 
68 143888 
68 159852 
68 142749 
68 147403 



CHE?lICAL DATA 
l = ( m g / l >  p p d  2=(mg/l ,  ppm)x100 3-pfr x 100 433 t iins /met e r x 1 ooo 

GlELLNO T-R-S FOW1 TOP BOTTOfl C a ( 1 )  flg(1) N , i ( l )  Fe(2)  CO3(1) HC03(1) S04(1)  C l ( 1 )  PEI(3) R E S ( 4 )  'E TDS(1) 
893 

1906 
2289 
1526 
2090 
2187 

524 
524 
524 
524 
524 

2271 
2300 
2877 
2782 
1058 
1058 
1058 
1058 
2813 
2813 
2320 
2320 
2343 
2343 
2343 
6624 
3571 
3838 
3838 
1487 
1487 
1487 

l61-079-'1 %'l 
161-073-23 3 1  
161-079-25 fM 
161-379-27 FlY 
161-079-28 ffil 
161-080-01 f1N 
161-081-19 fl?l 
161-081-19 PC1 
161-081-19 fC1 
161-081-I9 
161-081-19 PPI 
1 6 1 - 08 1 - 3 0 ?PI 
161-081-30 FLl 
161-082-09 fl?l 
161-082-14 PITI 
16 1 - 082 - 15 ?lY 
161-082-15 f1N 
161-082-15 flfI  
161-032-15 fCf 
161-082-23 ED1 
161-082-23 ffil 
161-082-25 PPI 
161-082-25 ffil  
161-082-25 flfi 
161-082-25 flkl 
161-082-25 ffi1 

161-086-08 f1M 
161-086-16 fl?1 
161-086-16 PIP1 
161-087-09 fP1 
161-087-09 flP1 
161-087-09 fl11 

161-085-01 mi 

3h76 
3368 
3308 
3361 
3396 
3438 
4041 
4072 
4092 
4114 
4531 
4092 
4080 
4218 
4104 
4142 
4152 
4152 
4159 
4124 
4142 
4151 
4182 

4098 
4098 
4941 

5294 
5294 
5524 
5555 
5622 

3509 
3390 
3324 
3380 
3462 
3456 
4048 
4125 
4120 
4120 
4557 
4129 
4112 
4236 
4122 
4147 
4158 
4168 
4167 
4145 
4145 
4167 
4202 

4111 
41 12 
5000 

5309 
5909 
5553 
5577 
5640 

4845 1276 48166 
5049 1239 50478 
6336 1357 52159 
3155 1121 52247 
2277 501 28921 
5346 1121 42620 
1348 302 6141 
5510 1972 92435 
2565 696 13576 
4940 1566 83103 
5130 1856 65228 
5148 1357 75584 
5148 1298 80460 
6400 1800 102216 
4800 2187 109434 
2273 689 15702 
3789 1020 27554 
4210 1530 49237 
3473 1071 29982 
5376 1566 100992 
5376 1566 100992' 
5742 1534 98262 
5890 2052 100341 
5700 1557 97443 
5760 1740 104893 
5760 1740 104893 
6283 1409 107989 
9020 1820 105960 

399 112 4653 
8000 1361 107019 
9604 1652 93000 

10976 2006 103347 
4606 885 37601 

100 
75 

25 5 
120 
65 

110 
425 
295 
380 
362 
270 
440 
425 
270 
254 
137 
99 
77 

115 
274 
274 
35 5 
270 
256 
170 
170 
220 
219 

7 
429 
365 
365 
170 

2 6 d 3 .  8 4 5 b 4 
2000 88886 
1480 94380 
3798 86621 
3300 47627 
2450 76596 
3037 10250 
1360 156900 
2959 25104 
1516 140160 
2675 112968 
2350 127660 
2050 135240 
1596 172900 
390 183180 

3132 27860 
3214 49750 
3037 85570 
3004 53233 
1021 168940 
1021 168940 
800 165400 

1120 170200 
965 164000 

1001 176220 
1001 176220 
1020 186000 
583 184250 

11 5146 
530 182470 
983 164320 
522 184080 

2805 66560 

6 10 
650 
650 
730 
670 
720 
620 
530 
580 
530 
540 
640 
580 
610 
570 
680 
660 
640 
650 
570 
570 
580 
630 
690 
670 
670 
620 
630 
49 0 
490 
630 
620 
65 0 

68 68 
70 68 
06 68 
6 4  68 

115 68 
75 68 

350 68 
49 68 

180 68 
53 68 
57 68  
57 68 
55 68 
47 68 
41 7 7  

173 68 
68 

72 68 
100 68 
47 68 
47 68 
49 68 
48 68 
51 68 
47 68 
47 68 
58 68 
41 68 

1191 76 
41 77 
48 68 
46 68 
82 68 

] h j t j i L  
147729 
15 5 9 t, 7 
147993 
8169 1 

12S'<3 
21503 

2581r72 
45250 

231647 
188127 
212539 
22462 1 
285 1 F 3  
300242 

49793 
85426 

14366 1 
90678 

278169 
27816Y 
272093 
279873 
269921 
289784 
289784 
30292 1 
301912 

10328 
299809 
269924 
301296 
11 2627 



CHEMICAL DATA 
I=(mg/ l ,  ppm) 2=(mg/l, ppm)x100 3=pIi x 100 4=ohms/meter3 x 1000 

KELLNO T-R-S FOAPl TOP BOTTOP! Ca(1) N g i l )  Na(1) Fc(2)  C03(1) HCO3(1) S@4(1) C l ( 1 )  PlI(3)  RESI4) O F  

1487 161-087-Gg ISPt 5784 5807 10584 2124 102215 285 565 I82000 h00 46 6P 
1083 161-090-11 ZD.1 6155 6215 435b 840 34537 380 3486 60636 660 88 68 
945 161-090-28 PPI 6530 6590 646 186 56664 234 2558 87042 610 660 68 
945 16?-C90-28 PPI 6683 6741 1292 209 111541 254 959 174084 610 46 68 

1082 161-090-30 fP1 6530 6590 3663 780 49978 220 3506 83130 600 68 68 
1082 161-090-30 flP1 6817 6844 6237 1260 59653 305 2572 104646 600 59 68 
1082 161-090-30 PIN 6882 6910 10890 1800 105125 355 868 185820 600 46 68 
2214 161-092-03 fl?l 7280 1320 110000 1030 335 186000 630 

836 161-092-06 fthl 6890 6900 2300 976 90628 85 4918 143028 600 50 68 
836 161-092-06 flM 6960 6978 2600 488 85823 220 4877 134676 600 51  68 
836 161-092-06 fI?l 7245 7275 9200 1464 97041 136 1383 169128 600 47 68 

4759 161-092-35 flf! 7261 7309 8480 1871 126767 425 5500 211580 500 38 7 7  
4759 161-092-35 fBl 7261 7309 8480 1895 118215 7 478 4100 199510 500 39 77 
2996 161-096-25 fDl 7648 7677 12096 1972 108846 210 384 194636 600 46 68 
2722 161-098-13 MPI 7288 7390 4608 580 83453 96 2708 136620 620 51 68 
3827 162-078-20 fII1 3865 3900 5002 1269 71737 120 2362 121389 740 54 68 
1435 162-079-04 ffPl 3295 3302 2573 696 27336 120 3955 27336 750 110 68 
3004 162-079-08 fill 3292 3309 3168 957 46884 120 4181 77558 8670 70 68 
3309 162-079-18 fill 3402 3412 3561 1354 52274 120 3983 87870 720 67 68 
2842 162-079-20 fIM 3356 3388 3034 673 44321 168 4037 72618 730 74 68 
2740 162-079-30 fDl 3393 3441 3200 1008 52313' 44 3580 86625 650 66 68 
1670 162-080-06 tlfl 3522 3547 3332 1239 40191 195 3560 68761 640 82 68  
1588 162-080-17 flfl 3538 3556 2499 620 25884 145 3741 43311 700 110 68 
1629 162-081-23 PDf 3607 3620 4410 2242 46422 425 2377 83942 600 68 68 
916 162-081-26 fDl 3636 3648 3515 928 32701 112 3255 56898 530 92 68 
916 162-081-26 Plfl 3692 3704 3040 928 49687 108 4378 81432 530 69 68 

1637 162-082-34 MM, 4032 4042 5390 1652 99160 270 1420 166098 620 47 68 
1761 162-082-36 flff 3834 3843 5742 1711 50637 100 2165 91598 690 65 68 
1761 162-012-36 flN 4027 4035 5148 1711 99821 280 1312 166936 610 47 68 

2729 162-085-22 fP.1 4730 4761 7600 1440 103440 285 1100 176220 640 47 68 
2484 162-090-09 Elf1 5802 5335 4032 928 65887 110 3292 108976 700 59 68 

985 162-090-16 kif1 5830 5870 1782 276 14915 135 3831 24059 620 180 68 

w 
Iv 
w 

1450 162-084-09 fll.1 4590 4610 3504 783 38846 365 3671 65480 730 * 81 68 

TDS( 1 )  
297772  
104235 
147360  
286339 
141277 
174673 
304858 
3 0 4 9 4 5 
241935 
228664 
278352 
354623 
332678 
3 1 8 1 1: 4 
228063 
201879 

62016 
132868 
149162 
12485 1 
146770 
117278 

76200 
139818 
97409 

139573 
273990 
151953 
275208 
112649 
290085 
183225 

44998 



cmtIcAr, DATA 
l = ( m g / l ,  P P ~ )  2=(rng/ l ,  ppm)x100 3=pH x 100 4=oIinis/rnrter3 x LOO0 

WELLNO T-R-S FORbl TOP BOTTOM Ca(1 )  Flg(1) Na(1) F e ( 2 )  C03(1) t I C O 3 ( 1 )  S04(1) C l ( 1 )  P l I (3)  RES(4) ‘E’ TDS(1)  
2922 
1554 
146 1 
1485 
1535 
1535 
1580 
1593 
1687 
1639 
1639 
1500 
1878 
3545 
3431 
2562 
2474 
1847 
1429 
2970 
6555 
1669 
1237 
128 1 
2119 

438 
438 
438 
993 

1510 
1353 
91 1 

3162 

w 
N 
P 

162-090- 17 Wt 

162-091-05 MI1 
162-391-05 !C1 
162-091-05 flPl 
162-091-05 PlPl 
162-091-06 fD1 
162-091-06 PPI 
162-091-06 fDl 
162-091-07 tPl 
162-091-07 PIP1 
162-091-08 flI-1 
162-091-08 PIP1 
162-09 1-08 flfl 
162-091-35 PIN 
162-092-03 PIP1 
162-092-12 Ml 
162-092-22 tC1 
162-095-20 PIPI 
162-101-20 PDl 
162-103-03 flPl 

163-079-20 flfl 
163-080-0.5 flfl 
163-080- 19 PIN 

163-080-21 ID1 
163-080-21 flfl 
163-081-12 tlf.1 
163-081-24 tP1 
163-082-04 flfl 
163-082-31 NN 
163-083-05 k P 1  

162-09 1-94 c u  

163-078- 11 rici 

163-080-21 m i  

5552 
6110 
6155 
6034 
6078 
6078 
6081 
6095 
608 1 
6142 
6142 
61 16 
6108 
6142 

6236 
6237 
6348 
7026 
7022 
6811 

3269 
3314 
4519 
3394 
340 1 
3417 
3396 
3465 
3692 
3730 
3789 

5884 2100 360 19182 
6128 5782 1180 57169 
6185 3293 661 33020 
6308 1803 307 17774 
6104 5586 1298 57514 
6104 5586 1298 57514 
6110 5292 1121 113123 
6140 774 101 3640 
6110 5292 1121 113123 
6174 5292 1062 109712 
6174 5292 1062 109712 
6161 3920 649 70267 
6140 3564 885 57447 
6179 2565 513 30300 

5600 1191 114306 
6263 7872 1392 107894 
6260 4876 880 123539 
6372 4356 106 89230 
7032 11300 1820 104400 
7039 9024 1580 141527 
6950 14490 1740 63653‘  

720 194 4550 
3292 4158 1080 47105 
3340 1820 552 14665 
4529 5634 2006 121674 
3404 2613 841 24508 
3421 1976 314 14603 
3421 2945 870 42595 
3406 2653 672 23477 
3475 1901 271 12888 
3702 2030 570 18313 
3750 2090 464 19344 
3821 3540 ‘100 39605 

230 
255 
220 
234 
195 
195 
230 

2700 
230 
205 
205 
390 
295 
220 
195 
255 
550 
245 
108 
98 
43 

240 
245 
145 
340 
108 
240 
152 
135 
440 
245 
110 

72 37 

4201 31120 
2285 100016 
3247 56160 
4736 27872 

603 101802 
630 101802 
728 186448 

3540 3180 
728 186448 
731 181028 
731 181028 

3633 114304 
4100 94300 
5400 48660 

860 188860 
894 183600 
660 200940 

1800 144180 
344 186000 
756 196612 

1111 128050 
5090 5100 
3198 80661 
3572 24730 

900 204260 
4033 41840 
3712 24058 
4444 70082 
3646 40098 
3658 21078 
3984 30420 
4119 31785 
3457 67320 

710 150 65 
670 60 68 
690 92 65 
790 i70 68 
690 62 68 
690 62 68 
630 46 68 
680 595 68 
630 46 68 
640 46 68 
640 46 68 
690 60 68 
770 63  68 
600 100 68 
480 40 7 7  
640 46 68 
720 47 68 
580 50 68 
650 41 68 
580 46 68 
670 59 68 
810 548 68 
740 70 68 
760 180 68 
590 46 68 
570 120 68 
660 180 68 
550 78 68 
640 130 68 
710 210 68 
750 148 68 
640 140 68 
860 77 68 

5 7 103 
l h b 6 9 0  
96601 

166998 
167025 
306942 

13935 
306942 
298030 
298030 
193163 
16059 1 
87659 

311011 
301907 
33 3 445 
2399 17 
303972 
349597 
209087 

15894 
136447 
45484 

3348 14 
73943 
44903 

121088 
7068 1 
40236 
55562 
57912 

114931 

52726 



CKEFIICAL DATA 
I= (me,/ 1 > P P d  2=(mg/ l ,  pprn)x100 3=pH x 100 4 = ~ h m s / m e t e r ~  x 1000 

WELLNO T-R-S FORN TOP BOTTOPl Ca(1) Mg(1) Na(1) Fe(2)  C03(l)  HCG3(1) S04(1) CL(1) PH(3)  RES(&)  O F  

3770 163-083-16 Yff 3828 3855 4290 1220 45560 100 2526 79500 730 70 6 s  
2233 163-OS3-23 fP1 3953 3964 1782 283 12670 120 3500 20870 740 210 68 
2283 163-083-23 ?IP1 3968 3988 3168 649 36292 280 3300 60880 600 88 68 
1436 163-083-25 !El 3995 4014 4809 1392 80811 355 2430 135200 650 51 68 
1436 163-083-25 fDl 4010 4024 4320 1334 68115 270 2765 114400 680 56 68 
3914 163-084-26 fP1 4240 4265 5640 1420 98770 85 1129 165600 680 48 68 
1794 163-086-03 PPI 4526 4558 7400 1700 101700 204 1000 174000 640 43 68 
1539 163-086-13 flPl 4399 4415 2450 3009 46495 110 2320 83048 710 72 68 
5557 163-086-13 fl?l 9618 2780 99804 256 560 183000 600 50 68 
5557 163-086-1'3 fir1 9618 2780 99804 256 560 183000 600 50 68 
5708 163-086-13 fl?l 9160 1946 90946 268 584 166000 620 50 68 
5708 163-086-13 El?l 9160 1946 90946 268 584 166000 620 50 68 
5587 163-087-01 FlN I 9618 3058 100568 171 540 185000 620 50 68 

9618 3058 100568 171 540 185000 620 50 68 
w 5634 163-087-01 fIP1 10076 834 107430 171 516 190000 630 50 68 
r3 UT 5634 163'087-01 I 9 1  10076 834 107430 1 7 1  516 190000 630 50 68 

5565 163-087-02 f01 10076 1112 105683 220 516 188000 610 50 68 
5565 163-087-02 fP1 10076 1112 105683 220 516 188000 610 50 68 
5485 163-067-12 flF1 9618 1390 93534 220 510 169000 610 50 68 
5485 163-087-12 fP1 9618 1390 93534- 220 510 169000 610 50 68 
5603 163-087-12 1V.l 10076 1390 100579 244 530 181000 630 50 68 
5603 163-087-12 HN 10076 1390 100579 244 530 181000 630 50 68 
1080 163-088-11 fP1 5030 5055 2376 432 112574 230 2646 177018 550 46 68 
1490 163-088-31 Hfl 5819 5840 9996 1770 104493 365 596 183270 610 46 68 
2800 163-089-13 fP1 5150 5162 7872 1508 90786 280 1497 157092 600 49 68 
2800 163-089-13 flfl 5243 5302 9216 1972 107295 610 633 186732 550 46 68 

974 163-089-22 PDl 5180 5247 760 220 2029 670 3782 1936 710 860 68 
974 163-089-22 flP1 5306 5336 6840 1276 58133 510 2069 103668 600 62 68 
974 163-089-22 FPl 5307 5357 3990 928 98237 365 2257 159414 620 49 68 
974 163-089-22 flN 5308 5342 3230 638 34022 755 3918 56724 620 92 68 

1552 163-090-18 fl?l 5713 5735 1470 208 11200 1140 3480 17400 770 231 68 
1076 163-090-22 flfl' 5506 5530 2257 360 24143 270 4074 39120 602 120 68 
1076 163-090-22 fP1 5531 5555 594 60 1701 160 3819 939 660 1150 68 

5587 163-087-01 fit1 

TDS! 1 ) 
133196 
39225 

104t:O') 
224333 
191204 
272644 
286004 
137432 
296018 
296018 
268904 
268904 
298'155 
2989';'; 
30902 I 
309027 
305607 
305607 
2 7 4 2 7 2 
274272 
293819 
293819 
295276 
300490 
259035 
306458 

9397 
172496 
265191 

99287 
34898 
70224 

7273 



r 
ro 
0-l 

CHEMICAL DATA 

WELI.NO T-R-S FOE1 TOP BOTTOEI Ca(1)  MgC1) Ka(1') Fe(2)  C 0 3 ( 1 )  €iC03(1) S04(1) C l ( 1 )  PH(3) RES(4) O F  TDS(1) 
l = b g / l  ppm) 2=(rng/l, ppm)x100 3=pH x 100 4=otms/meter3 x I O O O  

1076 
1837 
1837 
1837 
1501 
1501 
1501 
1872 
1492 
1492 
1950 
1648 
2548 
1540 
1540 
1540 
1640 
1700 
1700 
1700 
1799 
1530 
1742 
2412 
1703 
3617 
3617 
7087 
7087 
7087 
7087 
469 1 
2688 

163-090-22 PIP1 
163-G90-18 fl?l 
163-090-28 fDl 
163-090-28 FIfl 
163-091-17 f0.1 
163-091-17 fC.1 
163-091-17 Plfl 
163-091-22 NPl 
163-091-23 10.1 
163-091-23 HPl 
163-091-24 fCI 
163-091-28 P0.l 
163-092-02 ED1 
163-092-17 MPI 
163-092-17 HI1 
163-092-17 fIE.1 
163-092-17 FIE1 
163-092-20 flPl 
163-092-20 b0.1 
163-092-20 flfl 
163-092-20 FIM 
163-092-24 PIP1 
163-092-34 PDl 
363-093-19 fP1 
163-094- 12 Ell1 
163-095-03 fIPl 
163-095-03 Nl.1 
163-095-18 fP1 
163-035- 18 flN 
163-095-18 flM 
163-095-18 fP1 
163-095-29 flN 
163-098-10 m i  

5587 
5694 
5719 
5755 

5878 
6041 
5920 
5903 
5903 
5841 
5940 
6 160 
6028 
6075 
6095 
6065 
6083 
6160 
6160 
5737 

6303 
6191 
6250 
6376 

6300 
6300 
6400 
6503 
6453 

5602 5'14 72 1642 
5719 574 7 1  1972 
5739 554 106 2245 
5706 7425 1534 77959 

2200 613 37900 
5912 8820 1298 108436 
6056 7840 2124 101385 

10890 1888 98073 
5913 7300 1450 73200 
5916 640 48 2290 
5851 9504 1593 99072 
5950 6664 870 112738 
6178 8428 1534 107081 
6058 3720 595 102000 
6091 4-800 1270 93600 
6111 2190 413 15300 
6096 2979 424 14282 
6118 5684 1062 74078 
6178 8526 1652 108499 
6178 8526 1652 108499 
5744 47520 5900 75218' 

3400 789 87100 
8700 789 110900 

6356 1663 314 18314 
6221 5880 1357 107324 
6287 7574 1283 101045 
6479 6409 813 71920 

6212 1459 59200 150 
6342 6012 729 94400 310 
G424 7615 1094 100100 
6324 8216 122 98600 1010 
6521 7890 1210 102912 
6493 8600 1200 105390 

160 
240 
200 
205 

1020 
185 
230 
255 
162 
720 
170 
425 
295 
162 
180 

1320 
390 
490 
270 
270 
45 0 
234 
186 
475 
245 
220 

85 
288 
134 
372 
20 1 
160 
81 

3572 1066 
4050 1138 
4300 1463 
1570 136580 
4040 61200 
1080 185744 
808 175716 
404 175600 

1510 129000 
4060 1500 
1000 173440 
598 187532 
573 183958 

1540 165000 
661 156000 

3010 25800 
4893 33488 
1649 125913 

627 186638 
627 186638 
330 216800 

2240 141000 
476 186000 

4900 28217 
1220 178860 
912 172198 

1978 123136 
650 102368 

3800 160000 
2110 174400 
4000 164800 

450 175800 
1122 180400 

660 
700 
700 
580 
7 80 
630 
690 
660 
660 
810 
610 
740 
520 
65 0 
640 
620 
690 
580 
520 
520 
590 
700 
620 
830 
530 
680 
660 
642 
695 
670 
667 
590 
610 

1150 65 
1000 68 
1000 68 

55 68 
83 68 
46 68 
47 68 
46 68 
49 68 

913 68  
46 68 
46 68  
46 77 
48 68 
45 68 

167 68 
140 68 
5 4  68 
46 68 
46 68 
49 68 
49 68 
43 68 

160 68 
47 68 
47 68 
54  68 
41 77 
44 77 
42 77 
44 7 7  
47 68 
46 68 

7106 
so45 
8868 

225273 
106973 
305563 
288 103 
287110 
212622 

9258 
284779 
308827 
301 869 
2 7 30 1. ? 
2565 11 

48033 
56456 

208876 
306212 
306212 
346218 
234763 
30705 1 

53883 
294886 
283232 
204341 
170179 
265078 
28569 1 
275949 
288422 
296793 



CKEfi ICAL DATA 
I=(mg/l, ppm) 2=(mg/l ,  ppm)x100 3=pE x 100 4=otims/meter3 x 1000 

WELLNO T-R-S FOE1 TOP BOTTOll C a ( 1 )  Mg(1) Na(1) F e ( 2 )  C03(1) IIC03(1) S04(1)  C l ( 1 )  PH(3) RES(4; O F  

2688 163-098-10 FPI 6&53 6499 8600 1200 105390 81 1122 180400 610 46 68 
2010 163-102-07 fP1 658@ 6607 29700 4130 86418 I45 710 197280 600 48 68 
2010 163-102-07 fD1 6660 6693 35640 4720 84074 110 650 205960 580 47 68 
20 10 163- 102-C)i !I?! 6710 676C 36630 5015 83032 1?5 480 207G40 610 48 68 
2010 163-102-07 fP1 6773 6828 8316 590 13807 5350 96480 120 29 68 
2010 163-102-07 flfl 6967 6991 4653 944 62972 120 2450 106240 610 60 68 
2010 163-102-07 fIf1 6967 6997 3861 649 63909 355 2650 105140 680 60 68 
2010 163-102-07 PIPI 7160 7180 30690 4425 76841 75 440 185360 620 49 68 

884 164-077-33 flF1 2980 2987 3323 1238 54698 258 2946 91540 640 62 68 
994 164-081-33 f lN 3525 3537 3990 1334 35614 1 1 2  3046 63570 600 90 68 

3749 164-084-35 PIT1 3998 4015 3620 700 45303 170 3288 75800 760 72 68 
317 156-095-20 fD1 8479 8517 3998 799 38421 205 851 67920 810 80 68 
215 158-094-18 PDl 8284 8318 12186 1599 92760 185 311 178000 5690 7046 
413 147-093-05 fD1B 10360 10390 37050 1160 11097 387 85772 200 62 68 

7614 148-096-10 I 9 i B  9845 9872 4809 486 114600 2400 280 4300 180414 670 43 77 
2148 155-095-07 flHB 10316 10365 48400 12E3 62800 7300 269 608 217000 450 44 68 
2148 155-095-07 flflR 10456 10529 50300 18E3 46300 15200 433 743 210000 450 48 68 

528 157-089-25 H?lB 7580 7675 7410 1856 70348 415 1721 125520 540 54 68 
1 186 153-094-32 flflFAR 13708 1484 62051 185 382 123904 740 55 68 
223 155-095-06 PPlFAR 8458 8488 10100 2160 65774 195 418 125200 750 54 68 

4716 155-096-11 fIflPAR 29925 2309 68034 79 581 164370 540 265 
4716 155-096-11 "FAR 8332 8365 7218 1276 46090 153 1490 86480 690 0 68 

979 157-095-14 " F A R  8246 8255 11614 1713 98192 135 272 176722 670 46 68 
1067 157-095-23 P1fSf"AR 8271 8276 12180 1380 96333 170 332 173820 650 47 68 

77 157-095-36 flPlG.4K 8323 8372 13860 1920 96135 220 383 177996 550 46 68 
65 158-005-13 MllFAR 8150 8194 14155 1624 53386 145 354 111780 550 5 9  68 

1764 162-095-29 flflFAR 7064 9520 1734 104873 185 344 183300 630 46 68 
1764 162-095-29 fiflFAR 7064 7065 9520 1156 105354 185 342 182360 630 46 68 
4268 139-102-08 fIHR 8808 8844 18468 4796 104890 110 357 208120 570 46 68 
6861 139-106-10 fP1R 8687 8891 4896 2943 103955 634 1105 178000 760 56 68 
6894 146-103-05 flflR 9170 9230 13627 1459 107600 7600 146 700 196800 544 42 77 
7206 146-104-29 flflR 9270 9371 9419 243 93000 720 1470 15011 900 168000 990 47 77 
7292 146-105-36 fVIR 17635 2674 114000 17300 317 580 215880 607 41 7 7  

b 
r\) 
U 

TDS( 1) 
2 9 c i c ) 3  
318383 
331 154 
'13239'' 
124543 
1 7 7 3 7 9  
176564 
297831 
154003 
107666 
128.88 1 
112194 
285041 
135466 
3049 12 
34 1300 
325428 
207270 
201714 
203847 
265298 
142707 
288648 
2842 15 
2905 14 
1 8 1 4 4 4 
299956 
298917 
336741 
29 1533 
320408 
288050 
35 1259 



c1 
N 
03 

CHEMICAL DATA 
l = i m g / l ,  ppm) 2=(mg/ l ,  ppm)x100 3=pH x 100 4=ohms/meter3 x 1000 

WELLNO T-R-S FOR11 TOP BOTTOfl Ca(1 )  flg(1) Na(1) Fe(2)  C03(1 )  HC03(1) S04(1)  Cl (1)  PH(3) RES(4) OF 

6625 147-104-11 ? l ? S  9038 9045 12400 1050 108500 134 184E3 593 620 46 6 s  
6625 147-lo&-11 lliso:, 9038 9095 12700 1170 95300 85 482 174500 610 46 68 
7614 148-OY6-10 ?PI)? 9095 9180 26853 194h 94700 4900 146 900 198'318 600 42 7 7  
7570 155-034-C? XI2 8570 8635 11175 12S2 107000 76 733 301952 600 46 68 

499 158-095-35 PlPlR 8168 8186 2280 1020 21890 305 1078 39800 830 120 68 
6696 162-103-02 f P I K  6631 6690 21400 2920 93800 110 711 183400 620 51 68 
6555 162-103-03 f N R  6596 6654 11592 2320 107145 49 593 192075 600 47 68 
4429 162-103-35 fD1R 6968 6989 10400 4131 99636 19000 35 1 1240 183180 650 41 7 7  
2894 142-103-24 PlPlRN 9289 9360 18400 2040 104178 30 538 198780 550 41 68 
2584 145-101-16 PlNWl 9423 9428 28600 3006 86135 232 192000 440 45 77 
2230 147-0'16-36 flflKf1 9780 9992 20233 2124 103078 120 700 200400 610 49 68 
7741 156-094-28 fD1RfI 8760 8863 18000 1530 96800 83  528 180000 610 48 68 
1549 162-092-24 fClk'1 5200 910 107700 180 1160 177000 660 45 68 
1532 162-095-09 fJ?lRY 6695 6725 5600 728 73200 342 2300 123000 700 52 68 
1794 163-086-03 fiMRl1 4351 4418 2600 461 18900 192 1920 33600 750 146 68 
1872 163-091-22 fPR'l 5920 5921 10890 1888 98073 255 404 175600 660 46 68 
1648 163-091-28 flflR!l 5940 5950 6664 870 112738 425 598 187532 740 46 68 
4691 163-095-29 PPlR?] 6462 6455 6830 1210 99293 145 656 168200 600 48 68 
2702 163-096-08 fDIRf1 6346 6373 6700 1020 98904 234 1257 166320 590 48 68 
2688 163-098-10 ffClRfl 6569 6614 5600 890 80891 142 2028 135550 650 5 1  68 
3749 164-084-35 fDlR?l 3868 3896 2760 700 40268'  120 4156 65900 710 81 68 
3268 139-101-10 0 12708 12754 59031 2820 69042 219170 510 50 68 
3268 139-101-10 0 13456 13515 22488 4512 80445 377 176750 460 53 68 

151 140-080-18 0 2801 485 52358 105 2757 85000 690 70 68 
6920 141-104-25 0 12000 12250 21643 486 93700 440 476 930 182400 750 45 77 
1231 155-096-02 OG 12570 12610 2304 604 11774 37 311 187200 560 46 68 
485 129-104-36 ORR 9176 9221 1235 186 14558 720 2375 2375 630 200 68 
485 129-104-16 ORR 9270 9332 2565 580 24645 510 2856 41840 660 120 68 
485 129-104-16 ORR 9335 9346 2280 464 27152 415 1358 46024 600 110 68 
485 129-104-16 OHH 9350 9402 2280 464 29124 330 1296 49162 600 100 68 
485 129-104-16 ORR 9400 9460 4370 1102 36157 380 1518 65375 530 81 68 

3261 129-106-15 ORR 8289 8308 2061 226 58615 205 3691 91910 660 64 68 
3261 129-106-15 ORK 8322 8394 2420 220 67385 195 5028 105040 610 59  68 

TDS( 1) 
3 0 7 0 i 7  
284736 
3235 i 0  
422218 

66373 
302341 
313774 
299i2S 
323966 
309973 
326655 
296941 
292150 
205 1 7 C  

287110 
306827 
276334 
274435 
225 101 
113904 
350063 
284572 
143506 
299639 
202230 

2 1449 
72996 
77693 
82656 

108902 
156708 
180288 

57673 



I=(mg/l 
WELLNO T-R-S FORH 

6322 130-09 1 - 0 7  OR? 
6322 130-092-07 OHR 
6322 130-091-07 OR? 
6322 130-C91-07 OR< 
2677 130-107-03 ORR 
7240 131-104-04 ORR 
7241 131-104-29 ORR 
7383 133-103-28 Ow 
7383 133-103-28 OKR 

511 134-096-24 ORR 
511 134-096-24 ORR 

3859 135-083-*34 ORR 
3859 135-083-34 ORR, 
4280 135-103-18 Oh 
4134 137-092-15 ORR, 
1620 139-090-27 O& 
1678 139-101-02 O h  

3268 139-’101-*1:0’ OPk 
3927 139-101-21 ORR 
7012 141-100-3’0 ORR 
7012 141-100-30 ORR 
3044 143-092-27 ORR 
2853 143-101-05 ORR 
6508 144-104-01 OKR 
6531 144-104-12 ORR 
2584 145-101-16 ORR 
6308 145-103-07 ORR 
5975 145-103-18 ORR 
6014 145-103-19 OliR 
6544 145-103-29 ORR 

7206 146-104-29 ORR 

3268 w - i o i 4 0  om. 

6655 145-104-12 o m  

CEIEMI CAL DATA 
2=(rng/L, ppm)x100 3=pH x 100 4=otms/meter3 x 1000 

1 P P d  
TOP BOTTOH Ca(1) Mg(1) Na(1)  F e ( 2 )  C03(1) HC03(1) S04(1) C l ( 1 )  FH(3)  
8307 8310 17836 2158 88500 8700 24 275 180000 560 
8355 8514 21643 2552 89400 790 159 215 188000 596 
8378 3416 4449 741 29300 140 390 1630 52620 691 
5378 8G16 5471 668 310CO 100 403 15400 57582 702 
8346 8348 893 203 13227 403 2304 20640 820 
9870 9910 4610 608 53700 1860 220 3100 91200 674 

1202 486 24300 270 195 2200 38400 666 
4810 365 59000 800 256 4900 97790 624 

10320 13230 1483 76600 5550 195 650 152970 610 
10199 10300 28400 1392 20363 490 2136 83680 700 
10318 10375 544E3 4060 64790 560 667 188280 630 
6918 6961 7640 1420 66056 60 1235 118600 680 
7023 7060 9460 1960 79163 60 708 144000 680 

10816 10845 6860 3880 55966 37 504 109380 640 
10216 60449 5450 59591 60 179 214600 580 
10346 10387 18620 3245 100733 60 537 197353 450 
12176 12223 44976 2820 72301 61  199280 460 
12070 12086 41400 2575 67145 123 184240 530 
12072 12118 14055 1128 102437 85 370 185840 520 
12041 12092 18180 1526 66070. 195 543 138014 670 
12312 12342 77900 2900 31900 156 202000 510 
12460 12492 974 8180 78000 73 1040 151000 620 
12068 12157 85500 9200 39918 110 239600 480 
12785 12920 1692 342 64897 781 2220 102000 680 

39779 2734 74500 23900 510 160 201600 558 
43888 3160 71900 4390 61 40 198800 512 

13205 13280 15125 1336 33384 610 1050 81000 700 
50100 3829 69100 4950 143 7 209600 549 

17 210800 575 48096 4011 72300 2510 116 
55310 3160 66600 5330 55 10 212800 506 
47795 4011 70200 1030 104 38 205200 472 
50000 3707 73900 5110 247 8 209200 534 

80 49 766 40 67 7 10 840 875 

RF.S(4) ‘I.’ 
44 7 7  
44 7 7  
85 7 7  
80 7 7  

191 77 
61 7 7  

110 7 7  
54 77 
44 7 7  
75 68 
50 68 
56 68 
50  68 
56 68 
53 68 
47 68 
51  68 
56 68 
48 68 
52 68 
46 68 
54 68 
55 68 
52 7 7  
43 77  
45 77 
69 77 
45 7 7  
44 7 7  
45 7 7  
45 77 
45 7 7  

1750 7 7  

TDS(1) 
288910 
30 1977 

89 13 1 
1 1 m 5  
37670 

153657 
66786 

167129 
245184 
136461 
802057 
195011 
23535 1 
17667-7 
340329 
320548 
319438 
295483 
3039 15 
224528 
314856 
239267 
374328 
171932 
319522 
317893 
132505 
332829 
335365 
337988 
327358 
337113 

2422 



w 
w 
0 

CHEEIICAL DATA 
I= (ms/  1, PFm) 2=(mg/l ,  ppm)xi00 3=pH x 100 4=k>lims/meter3 x 1000 

k'E1,LNO T - R - S  EOR?I TOP ROTTOff C a ( 1 )  f lg(1)  Na(1) Fe(2)  CO?(1) HCO3(1) S04(1)  C l ( 1 )  PH(3)  RES([&) O F  

7200 146-105-36 ORX 31463 122 78300 8 O i ) O  116 1020 175560 565 4 4  7 7  
34 187353 544 46 77 7550 l i8-102-34 OR? 13471 13563 53306 2431 58700 8809 104 

793 149-031-73 CKF. 13075 13170 3400 183 36711 220 4798 59508 630 90 68 
7306 149-102-35 OI!R 13416 56112 3282 50100 5400 153 22 191208 506 43 77 
7478 149-102-35 ORR 13504 52505 5348 54800 1800 153 170 191979 552 43 77 
6780 151-089-24 ORK 12010 12089 81700 7900 40040 7 30 1 7 0  229610 530 47 68  

124 35900 630 160 68  1231 155-096-02 ORR 12810 12876 7880 3940 6871 
1403 155-096-15 ORR 12710 12735 32340 9735 8853 788 98677 250 70 68 

25 217000 620 46 68 1403 155-096-15 OM 12710 12885 65660 5310 55471 355 
54  221464 770 46 68 1403 155-096-15 ORR 12?45 12985 79380 5310 42805 795 

4990 156-084-22 ORR 9055 9115 49000 5880 62690 60 145 200400 590 49 68 
6223 156-036-15 ORK 10216 10243 65731 6321 46300 10400 198 32 218880 515 45 77 
1385 156-095-16 ORR 13292 13360 102E3 8260 29649 415 34 249890 570 46 68 

219678 480 5 1  68 1514 156-096-34 UP3 13046 13120 75460 7670 41530 45 0 
7054 156-102-14 OKK 43300 4133 58100 15900 90 191940 432 45 77 

242816 530 57 68 1745 157-095-21 ORR 12904 12955 98010 8260 29522 390 
430 158-094-17 ORR 3704 3717 279 248 11810 132 5564 15252 660 240 68  

287 184096 500 48 68 355 158-094-18 ORR 12195 12295 23560 440s 84159 72 
355 158-094-18 ORR 12432 12474 38950 l l E 3  2181 1185 147486 150 38 68 

2009 158-095-16 ORR 12742 12790 11682 1888 90147 425 1330 163994 700 48 68 
4514 158-095-24 OM 12896 13011 78000 4200 44055' 23 218200 570 61 68 

390 160-067-24 ORR 3520 3540 1620 853 25352 136 5389 40400 630 120 68 
390 160-067-24 ORR 3575 3602 1620 770 25397 96 5876 39895 620 120 68 

6624 161-085-01 ORR 8370 8510 14420 2817 86672 134 360 170000 640 60 68 
4655 162-078-31 ORIi 5964 6041 6266 1106 89140 1 7 9  1185 143070 680 44 68 

32 218880 515 45 77 6293 162-080-03 ORR 10216 10243 65731 6321 46300 198 

600 201320 590 50 68 2010 163-102-07 ORR 10492 10550 32670 4720 84445 100 
560 204260 590 5 1  68  2010 163-102-07 ORK 10550 10585 29700 4425 90287 75 

220 1582 648 710 2250 68 
519 15700 720 1024 68 1231 155-096-02 OW 13470 13510 1920 230 7959 45 0 
322 176814 480 48 68 1514 156-096-34 OW 13762 13792 21364 2478 85656 164 

1279 134900 630 44 68  4655 162-078-31 OW 6570 6604 4712 626 81440 61 

434 163-068-27 ORR 3704 3717 477 272 14117 152 5604 19190 630 200 68  

515 129-063-11 OW 1840 46 22 1165 

TIIS ( I ) 
2Sl ib : i  1 
3020 16 
104e20 
3ocsi3 1 
304973 
359550 

547 15 
150393 
34382 1 
349808 
318175 
337566 
390168 
3447RP 
2 9 7 7 2 ~  
378998 

33285 
296582 
200822 
269466 
344478 

73750 
73654 

274403 
240946 
337462 

39812 
323855 
329307 

3683 
26778 

286798 
2230 16 



WELLNO 
511 

4959 
3853 
4250 
1508 

613 
4642 
1469 
17 16 
1665 
4224 
4224 
2395 
2309 
2486 
5 18 

2426 
4325 
4357 
3859 
4130 
3044 
3044 
2584 
6839 
3387 

34 1 
34 1 

2841 
284 1 
2665 
1679 
2148 

T-R-S FORbI 
134-096-24 PNSI 
135-082- 11 PIQl 
135-083-34 Phil 
135-103-15 PNN 

140-099-31 PNN 
140- 102-30 F?NN 
149-096-25 Plifl 
150-095-09 PNN 
137-100-15 PNT 
139-098-10 PET 
139-098-10 PNT 
139-100-06 PPT 
139-100-07 PNT 
13.9-100-08. PNT 
139-100-09 "PNT 
139-100-17 PNT 
139 - 10 1..-03 PNT 
140-103-13 PNT 
135-083-34- S 
138-105-09 S 
143-092-27 S 
143-092-27 S 
145-101-16 S 
150-104-11 S 
152-094-07 S 
152-094-21 S 
152-094-21 S 
153-094-23 S 
153-094-29 S 
153-094-30 S 
153-096-10 S 
155-095-07 S 

i 3 9 - i o i - i o  P m  

CHEfl I CAI. DATA 
l = ( w / l ,  ppm) 2=(rng/l, ppm)x100 3=pH x 100 4=ohms/meter3 x 1000 

TOP BOTTOM Ca(1) PtR(1) Ka(1) Fe(2)  CO3(1) HC03(1) S04(1) C l ( 1 )  Plf(3) RES(4) O F  TDS(1) 
7610 7660 2660 245 1 1  
3902 3913 824 210 6086 
4615 4534 2360 1200 66493 
7365 7400 40C: 9 1  8763 
7452 7500 2471 708 119679 
8019 8066 7400 1525 106386 
7410 7445 2100 580 117392 
7770 7843 706 742 122537 
7315 7374 568 566 125866 

7985 8023 3316 408 51270 
8045 8058 3990 578 60092 
8124 8136 9600 1320 45989 
8155 8170 12400 1560 60243 
8281 8292 13200 2160 63329 
8271 8278 14000 1320 63312 
8244 8261 13600 1560 67200 

7818 7912 9235 4111 66029 
6497 6571 4270 820 30023 

10390 10440 691 109 9187 
11316 11373 21400 3400 98199 
11668 11735 30400 5100 88700 
12336 12386 23100 1837 89443 
11720 11840 24950 2188 89800 
11805 11854 26128 1618 95427 
12175 12271 5510 638 103257 
12413 12460 26800 1972 99964 
11933 12007 21500 2400 101002 
12007 12065 28000 1680 99340 
12004 12058 13248 1850 66745 
11814 11887 30690 3245 94472 
11606 11823 15444 2242 107713 

8123. 8128 6800 1140 48686 

81.52 8165 10390 1485 58222 

3t30 
49 
60 

330 
49 

185 
512 
315 
174 
134 
98 

2 174 
152 
204 
112 
200 
255 
170 
160 
255 

25 
25 
73 

760 582 
24 

196 
146 
274 
156 
48 

170 
535 

8692 35564 1080 130 6s 
3225 9050 640 380 68 
2714 108200 630 58  68 
2666 12340 810 310 6 s  
1081 190210 660 46 68 
410 181332 380 47 68 
775 185800 730 46 68 

3852 189280 640 46 68 
7473 191102 500 46 68 

600 89908 620 65 68 
2800 84000 450 68 77  
3900 98500 460 55 7 7  

380 91390 570 65 68 
365 119054 570 55 68 
350 126958 580 5 3  68 
328 125970 570 54 68 
341 131898 570 52 68 
770 114802 630 56 68 
290 129858 610 5 3  68 

2117 54600 770 97 68 
1033 14800 700 270 68 
314 199000 570 48 68 
227 205400 530 49 68 
214 184000 730 45 7 7  

90 191360 687 41 7 7  
152 198016 570 47 68 

1768 169452 540 48 68 
227 207108 500 46 68 
145 200.564 580 47 68 
136 207480 580 47 68 
518 131376 610 5 3  68 
234 209212 620 47 68 
480 199340 670 50 68 

71787 
19444 

181027 
24596 

314198 
297053 
306832 
317629 
325890 
147308 
1419'28 
167158 
148853 
19 3 7 7'1 

205042 
214799 
185924 
209693 

9 19-90 
26075 

322338 
329852 
298667 
308978 
32 1365 
28082 1 
3362 17 
325885 
336792 
213785 
338023 
325754 

20620 I 



CHEPIICAL DATA 
I=(ms/ 1, ppIn) 2=(mg/L, pprn)x100 3=pH x 100 4=otirns/meter3 x 1000 

VELLXO T-R-S FORM TOP BOTTON C a ( 1 )  f l g ( 1 )  f ; a ( l )  Fe(2)  C03(1) IICO3(1) S04(1)  C l ( 1 )  PH(3) KES(4) OF '  TIIS(1) 
2148 

16 1 
1231 
1231 
1231 
1231 
1231 
1231 
1231 
2438 
25 15 
1403 
1403 
1835 
1385 
1385 
1385 
1636 
1636 
2092 
2149 
250 1 
2173 
21 73 
1745 
1745 
355 

2009 
2009 
45 14 
4323 
4323 
4434 

155-095-07 S 
155-096-02 S 
155-096-32 S 

155-096-02 S 
155-096-02 S 
155-096-02 S 
155-096-02 S 
155-096-02 S 
155-096-13 S 
155-096-14 S 
155-096-15 S 
155-096-15 S 
155-096-22 S 
156-095-16 S 
156-095-16 S 
156-095-16 S 
156-095-17 S 
156-095-17 S 
156-095-17 S 
156-095-18 S 
156-095-30 S 
156-095-31 S 
156-095-31 S 
157-095-21 S 
157-095-21 s 
158-094-18 S 
158-095-16 S 
158-095-16 S 
158-095-24 S 
158-095-26 S 
158-095-26 S 
158-035-35 S 

155-093-3-3 S 

11609 11763 15642 2724 107019 
11441 11526 12600 2124 67600 
11441 11526 7776 406 31814 
11566 11516 17856 4292 64190 
11566 11632 16240 1200 99703 
11628 11680 20640 4640- 84550 
11696 11766 26880 7830 79271 
11960 12011 31680 2900 88531 
11990 12050 29568 2552 93012 
11558 11713 18240 2320 110111 
11764 11436 17280 4060 108978 
11616 11658 19110 4720 94898 
12279 12390 45570 7375 53686 
11524 11574 27720 3540 95152 
11785 11870 26950 5310 89420 
11910 11960 27440 3540 92231 
11982 12020 23030 2065 97348 
11702 11886 25650 5985 90599 
11926 11996 26235 5015 96217 
11750 11900 15345 2360 108169. 
11702 11890 13860 1792 109097 
11703 11900 16896 2088 111145 
11603 11857 13840 2124 110947 
11627 11720 13662 1888 100755 
11490 11552 29205 2950 96677 
11590 11685 29700 3540 94337 
11375 11445 19380 348 108927 
11424 11473 12276 1062 119634 
12258 12342 19988 2596 102433 
11555 11588 26500 2700 90957 
12226 12264 27128 2424 91445 
12306 12348 26936 1616 98198 
11514 11544 27500 2700 88026 

365 
600 
108 
390 
465 
490 
185 
145 
185 
185 

72 

110 
110 
270 

120 
120 
120 
110 
120 
110 
100 
120 
92 
60 

255 
37 

60 

500 198360 
636 132000 
634 63400 
556 142480 
382 185470 
349 179920 
207 192400 
354 200720 
160 203000 
393 194600 
356 210200 
229 193780 
122 184851 
240 205960 
141 200925 
199 200925 
373 196494 
240 202400 
230 209212 
650 200328 
780 197380 
402 207060 
600 201300 
740 198360 
172 209212 
252 208128 
467 202924 
200 209166 
620 200328 

51  195000 
106 196040 
135 203740 

99 192200 

660 
630 
690 
740 
720 
700 
690 
600 
650 
65 0 
640 
480 
450 
440 
560 
550 
560 
380 
530 
520 
610 
560 
600 
600 
560 
580 
500 
590 
630 
580 
460 
410 
610 

.~ 
50 68 
49 68 
85 68 
54 68 
46 68 
48 68 
46 68 
46 68 
46 68 
49 68 
49 68 
46 68 
46 68 
46 68 
46 68 
46 68 
46 68 
50 68 
47 68 
50 68 
49 08 
49 68 
49 68 
49 68 
49 68 
47 68 
47 68 
47 68 
49 68 
51 68 
48 68 
48 68 
51  68 

324010 
2 15560 
104198 
229764 
303460 
290589 
306773 
324330 
328477 
325849 
340946 
312737 
29 1604 
33261 '? 
322850 
324445 
319580 
324874 
337029 
326972 
323023 
337701 
32893 1 
3245 15 
338316 
336077 
332138 
342398 
326220 
315245 
317143 
330625 
310585 



WELLN 
2675 
2675 
4670 
4655 

793 
793 

7570 
2219 
6243 
6243 
1606 
2128 
3779 
2094 
2113 
161 1 
2160 
3440 
3440 

89 3 
1607 
1675 
1675 
1675 
1675 
1755 
3354 
1996 
2090 
2168 
3827 
2709 
2842 

1= ( r n g l 1  
0 T-R-S E'OR?l 

159-07Q-3h S 

161-080-01 S 
162-078-31 S 
149-091-22 SI  
149-091-22 S I  
155-094-09 S I  
161-079-06 S I  
137-092-26 TRS 
137-092-26 TRS 
150-097-35 TRS 

159-079-34 S 

161-079-09. TRS 

161-079-21 TRS 
161-079-21 TRS 
161-07.9-21 TRS 
161-079-21 TRS 
161-079-21 TRS 
161-079-21 TRS 
1 6 1 -0 7 9 -2 1 * ~  TRS 
161-079-21 TRS 
161-079-23 TRS 
161-079-28 TRS 
161-07~9-28 TRS 
162-078-20 TRS 
162-079-20 TRS 
162-079-20 'I'RS 

c m m x  DATA 
9 P P I  2=(mg/ l ,  ppm)x100 3=pH x 100 4=otirns/meter3 x 1000 

TOP BOTTOEI C n ( 1 )  Ng(1)  Na(1)  Fe(21 C O 3 ( 1 )  H C O 3 ( l )  S04(1)  C l ( 1 )  PtI(3) RES(4) O F  
2603 2655 580 276 10374 160 5934 13362 700 240 68  
5975 6056 6600 1140 93211 142 1142 157850 620 49 68 
5853 5913 6480 1260 99629 37 800 168200 590 47 68 
5466 5495 5213 322 70679 359 2596 117150 70G 48 68  

12626 12771 3700 976 51063 230 5395 84042 610 70 68  
12770 12855 70 1 3  74 102 217 670 9999 68 
13530 13617 11764 1165 114000 765 193826 460 46 68 
5895 5912 6138 1003 82970 230 1640 140420 610 55 68  
5750 5868 8317 790 20200 146 1700 51600 745 88 77 
5868 5750 8317 790 20200 150 146 1700 51600 745 88 77 
7540 7641 7252 1416 113747 68 510 191994 570 46 68 
3342 3412 4059 885 27183 220 2340 49836 600 110 68 
31?8 '3204 4670 810 47439 85 2641 81800 660 69 68 
3327 3352 7326 1003 49402 168 2100 90340 910 66 68  
3408 3434 5472 986 49337 44 2156 87042 690 66 6 s  
3360 ,3394 5684 1298 45924 54 2165 83049 530 68 68  
3419 3441 5346 1003 51700 100 2340 90344 620 67 68  
3438 3449 2484 636 29043 50 37 3930 48410 850 100 68  
3438 3452 7360 1503 50790 75 1971 94248 700 65 68 
3403 3411 6745 1392 52100. 58 1786 95004 520 63  68  
3403 3411 6840 1334 51761 74 1771 94482 550 63 68 
3381 3417 6370 1593 52045 85 1753 94850 500 64 68 
3436 3444 7309 1466 54495 100 1647 99990 700 65 63 
3454 3462 7309 1241 53609 185 1576 97970 830 65 68  
3458 7496 1692 51949 280 1630 96960 850 65 68 
3419 3405 5622 1128 53370 60 2158 93930 660 67 68 
3402 3432 5060 1241 52649 120 2440 91910 680 68 68 
3322 3390 5445 1180 50386 60 1800 89430 650 71 68  
3368 3383 5940 1121 62400 121 37 2500 108020 830 60 68  
3410 3424 7128 1534 52169 100 1700 96240 660 63 68 
3086 3160 2092 389 20697 185 4082 33641 780 130 68 
3344 3360 4000 780 52147 34 2265 89688 620 70 68  
3273 3285 4456 719 43886 98 2757 75582 740 72 68  

l D S (  1 )  
306S6 

260085 
276406 
196319 
145406 

476 
321520 
232401 

82753 
82755 

314987 
84523 

137445 
1503?(' 
14503 I 
138174 
150833 
84590 

1559A7 
157085 
156262 
156696 
165007 
161890 
160007 
156268 
153420 
148301 
180139 
15887 1 
61086 

149814 
127498 

t 



LELTAO T-R-S FOKY 
28112 lb2-079-20 TR,' 
28Q 162-079-20 TRS 
2111 lb2-079-31) TRS 
2195 1GZ-075-31 THS 
3088 162-079-31 TRS 
2455 162-080-15 TRS 
1588 162-080-17 TRS 
1489 162-080-22 TRS 
1629 162-081-23 TRS 
916 162-081-26 TRS 

3342 163-078-19 TKS 
[to52 163-079-07 TRS 
4052 163-079-07 TKS 
2084 163-079-35 TKS 

438 163-080-21 TRS 
1259 163-081-01 TRS 
1130 164-081-36 TRS 

CHE:?IICAL DATA 
I=(mg/ l ,  ppin) 2=(mg/l ,  ppm)xlC)O 3=pK x 100 4=0hins/meter3 x 1000 

TOP BOTTOfl Ca(1)  f l g ( l )  Na(1) Fe(2)  C O 3 ( 1 )  tIC03(1) S04(1)  C l ( 1 )  PI I (3)  RES(4) O F  'l'DS(1) 
3277 
3277 
3392 
3$10 
3369 
3407 
3450 
3440 
3585 
3550 

3190 
3190 
3143 
3260 
3377 
3334 

3282 
3289 
3402 
3425 
3415 
3437 
3468 
3430 
3610 
3566 

3191 
3190 
3280 
339 7 
335 1 

4895 870 
5060 902 
5741 l ob?  
6633 1357 
5568 986 
4085 1026 
4165 944 
5684 1239 
4900 1475 
5225 1102 
2983 64 
4329 866 
4329 866 
3317 620 
3753 1073 
3663 840 
4257 900 

49369 
5 1238 
50390 
31329 
48298 
33318 
32424 
45836 
45699 
47798 

4863 1 
48631 
47003 
38641 
33147 
39526 

136 
49 
60 
25 
76 

100 
100 
100 
135 
54 

138 
49 
49 

220 
145 

68 
75 

2323 
23 13 
2150 
1475 
2176 
4 3.0 0 
2754 
2212 
2265 
2861 
6300 
2125 
2125 
3350 
3175 
3313 
2889 

85462 
88880 
89360 
63840 
85575 
58380 
58045 
82680 
81710 
84042 
45647 
83600 
83600 
77578 
66944 
565 11 
68949 

580 
640 
660 
500 
7 20 
720 
690 
710 
550 
500 

570 
570 
680 
550 
670 
580 

67 b Y  
64 68 
66 68 
87 63 
67 68 
89 68 
90 68 
72 68 
69 68 
68 68 

69 68 
69 68 
74 68 
81 68 
90 68 
78 68 

14:')i)s 
148$42 
145 7 ti i 
105259 
142679 
101209 

98432 
137751 
136184 
141082 
55 132 

'139600 
139600 
132088 
113731 
97542 

116596 



APPENDIX C 

WATERCAT Water Quality Data 
(Ter t ia ry  And Cretaceous Aquifers) 
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1 

The f o l l o w i n g  t a b l e  l i s t s  t h e  chemical  da ta  con ta ined  i n  WATERCAT 

f o r  t h e  f o r m a t i o n  l i s t e d  below. 

U.S.G.S.W.R.D. computer l i b r a r y  systems WATSTORE and GWSI.  

T h i s  da ta  was o b t a i n e d  f rom t h e  

A b r i e f  e x p l a n a t i o n  of t h e  t a b l e  headings f o l l o w s :  

T-R-S-Q - The l o c a t i o n  o f  t h e  w e l l ,  township,  range, s e c t i o n ,  and 
quarter-quarter-quarter. 

SPCND - S p e c i f i c  Conductance (pmho/cm). 

- PH - pH o f  wa te r  recovered. 

SI02 - Concen t ra t i on  o f  Si02  (mg / l ) .  

FE and MN - Concen t ra t i on  o f  Fe++ and Mn (mg / l ) .  

CA, MG, NA, and K - Concen t ra t i on  o f  Ca++, Mg", Na', and K+ (mg / l ) .  

HC03, S04, CL, and NO3 - Concen t ra t i on  o f  HC03-, SO4=, C1-, and 
NO3 ( m s / l ) .  

D I S L D  - T o t a l  d i s s o l v e d  s o l i d s  ( m g / l ) .  

0 
HARDX - Water hardness ( e q u i v a l e n t  Calc ium Carbonate) (mg / l ) .  

137 



Aquifer Page 

139 T e r t i a r y  Aquifers  . . . . . . . . . . . . . . . . . . . . . . . . . .  
139 For t  Union Group . . . . . . . . . . . . . . . . . . . . . . . .  
140 “Tongue River’’ Formations . . . . . . . . . . . . . . . . . . .  
142 

143 Sent ine l  Butte Formation . . . . . . . . . . . . . . . . . . . .  
“Tongue River” - Ludl ow Formations . . . . . . . . . . . . . . .  

149 

150 

151 

155 

Sent ine l  Butte - “Tongue River” Formations 

Cannonball Formation . . . . . . . . . . . . . . . . . . . . . .  
Ludl ow Formati on . . . . . . . . . . . . . . . . . . . . . . . .  

T e r t i a r y  - Cretaceous Aquifer  . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . .  

155 Ludlow - Hell Creek Formations . . . . . . . . . . . . . . . . .  
158 Cretaceous Aquifers  . . . . . . . . . . . . . . . . . . . . . . . . .  
158 Hell Creek Formation . . . . . . . . . . . . . . . . . . . . . .  
161 Hell Creek - Fox Hills Formations . . . . . . . . . . . . . . .  
165 Fox Hills Formation . . . . . . . . . . . . . . . . . . . . . .  
177 Inyan Kara Formation . . . . . . . . . . . . . . . . . . . . . .  

r 

c 

r 
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1 4 3 - 0 8 0 - 2 5 D&I 5U5 
143-080-35DAD 759 
143-080-3GCBB 488 
147-087-12BAB 2920 
148-086-03AA.4 2680 
148-086-13RCC 2410 
149-084-02DBD 1890 
149-085-19CDC 2380 
149-089-23CCC 1750 
149-090-llADA 2010 
150-081-31CAC 2640 
150-083-2OCCC 2480 
150-089-26RCC 3350 

8 
8 
8 
9 
8 
8 
8 
7 
8 
9 
8 
8 
8 

8 so 240 
18 130 
9 150 
7 

13 940 
15 100 
17 560 
12 2200 
20 
8 
13 220 
26 3000 
10 220 

82 
109 
76 
7 
6 

170 
12 
141 
178 
2 
8 

174 
10 

27 1 4 310 70 6 
27 4 4 428 46 1 
17 1 4 271 41 3 
1 732 3 1110 286 154 
3 720 3 7360 437 2 
70 330 9 769 659 52 
3 467 3 771 35 1 5 
87 362 11 526 1020 9 
121 61 7 646 445 5 

1 510 2 885 316 3 
1 656 2 1220 253 127 

90 322 10 741 858 8 
6 812 4 1020 947 12 

1 
0 
0 
1 
1 
89 
0 
2 
43 
0 
1 
0 
0 

352 
420 
285 
1840 
1860 
1770 
1250 
1910 
1220 
1320 
1670 
1860 
2330 

220 
385 
26 1 
22 
29 

7 12 
42 
7 10 
940  
11 
23 
805 

LQ 



TERTIARY TONGUE R I V E R  FORflATlON 
l=mg/  1 2=11g/ 1 3=ilmho/ c i i i  

T- R - S - (4 SPL'XI(3) PH ST02(1)  F E ( 2 )  ?lX(21 CA(1) MG(I) N A ( 1 )  K ( l )  F I C C ) 3 ( 1 )  S04(1)  
132-d90-14AABi 2600 7 100 100 1ci 3 b10 3 639 820 
13 3 - 09 2 - 05 BAA 1 7  20 8 9 340 2 1 451 2 1090 17 
1 3 3 - 0 9 4 - 0 4DA-4 1 9 2 0 8 . 700 6 3 457 2 738 374 
134-094-32AM 
134-096-32ADD 1790 8 0 5 2 434 2 808 272 
135-089-22CDD 1350 7 1300 20 3 0 340 1 666 160 
135-090-23RBB2 2170 9 7 260 20 7 2 526 4 870 405 
1 35 - 09 3 - 0 1 BCB 1 4 40 8 7 1100 18 6 329 3 643 248 
1 3 5 - 0 9 7 - 2 8 D z U  2 0 4 0 8 . 528 45 2 
138-095-23DBA6 1450 . 2800 80 
139-099-04nDC 3200 . 400 . 647 1030 
140-096-28DDC 3180 7 . 1000 . 608 828 
140-096-29DDD1 2320 7 . 7900 . 380 726 
141-085-27DDD 2280 8 7 2000 7 3 611 3 1560 2 

P 141-093-16AA.41 9740 8 3 8100 640 100 75 2400 12 860 5000 
143-091-19AAA1 2830 9 0 40 40 33 12 660 7 1320 420 
143-093-09BCB 3140 9 9 80 20 4 3 870 4 2100 10 
144-09 I-30tUAZ 2400 9 10 40 30 17  16 610 7 1440 150 
144-097-26CRD1 2780 9 8 510 0 2 2 770 4 1930 8 
145-091-05DDD2 2960 9 19 60 0 7 5 780 4 2060 6 
146-082-21CCC 1320 9 19 900 0 3 1 350 2 762 74 
147-091-26CCD 2950 7 20 0 620 374 123 229 10 746 1290 
147-091-29RCA 3650 8 7 90  40 8 4 973 4 2400 9 
147-097-06ABB 2830 8 8 400 40 3 1 772 3 2050 1 
148-033-04CAB1 4250 8 17 0 20 6 2 1100 3 1180 1300 
148-093-04CBD 3680 9 10 230 60 10 6 1000 4 2230 12 
151-080-24CBC 2700 8 18 1100 0 6 6 660 3 1330 380 
1 5 2 - 0 8 0 - 2 9 . W  2 2 0 0 8 19 2000 100 42 11 670 4 1200 490 
155-081-1lCCC 1050 8 28 870 100 75 32 110 6 475 160 
155-08 1- 1 ICCI) 1600 8 28 1800 80 63  23 280 5 551 390 
155-083-23BBB 470 7 10 0 270 40 20 36 11 218 68  
1 5 5 -0 9 6 - 1 7 ADC 1 9 0 0 8 30 1600 100 8 4  79 340 9 660 

c, 

0 

C L (  1) N03(1) DISLD(1) !i.-iRE!i! 1 ) 
3 1 1781i 37 

27 1 1080 10 
11 3 1250 26 

5 2 
16 1 
6 1 
3 0 
7 0 

250 
30 0 
32 92 

6 0 
1 7  1 
8 0 

12 1 
14 1 
14 1 
10 1 
26 1 

0 1 
21 26 

159 1 
1 7  1 
6 1 

85 1 
19 1 
79 3 
8 1 

19 1 
11 1 

7 

1160 
874 

1410 
9 35 

1320 
3 160 
1930 
2070 
15 10 
1440 
8030 
1850 
2090 
1580 
1800 
1910 

863 
2460 
2350 
1820 
3050 
2370 
1750 
1910 

656 
1080 

305 
1540 

22 
9 

23 
70 
20 

660 
680 
610 
Q1C 

3'2 
560 
130 
23 

110 
16 
38 
12 

1400 
35 
14 
24 
50 
38 

150 
320 
250 
180 
5 40 



TERTIARY TONGUE R I V E K  FORliiTlON 
1 =trig/ 1 2=11q/ 1 3=1unho/ cm 

T-R-S-Q SPChTI(3) PH SI92[1 )  FE(2) ?!."(2i % ( I )  Y G ( l j  N A ( 1 )  X ( 1 )  ' r iL 'O; ( l )  S O 4 ( 1 )  CL(1) NO:;(!) DISLD(1) :URI)S;iI 
155-096-118CB1 ISCO 13 20 30 130 64  48 320 5) 610 5 1370 JbiJ 
155-096-21BCB2 1650 8 1 7  10 110 85 63 250 8 550 7 1290 470 
155-096-28CBD 1990 7 10 160 60 42 27 470 6 430 5 1460 220 
163-097-34ADIl 1300 8 1 9  100 0 66 26 210 6 811 8 57 7 800 270 



TERTIARY TONGUE RIVER LUDLOK F0RflATii)N 
I=mg/ 1 2=ug/ 1 3=umiio/ cin 

T- f? - S - (4 Si-'C?n)(;I PH S102( 1)  FE!2) F i ( 2 )  CA(1) E I G ( 1 )  IVA(1) h(1)  H C o j ( 1 j  SO4(1) CL(1) N03(1) fi[SLL>(lJ lL-lkl;?.;\ i )  
129-391-13BA.A 935 8 11 190 20 4 1  14 147 4 409 147 2 0 568 162 
129-093-28ARR2 1950 8 10 80 24 22 422 4 643 462 24 26 1310 150 
129-095-08BCC 1050 8 10 4500 10 64 68 76 11 487 197 4 0 675 439 
129-095-13RBD 1830 8 11 0 40 195 90 113 5 362 7 49 33 31 1410 856 
129-095-18RBAl 1120 8 14 0 90 71 48 129 10 651 126 4 1 7 25 375 
129-095-18BBA2 1150 8 14 0 90 87 40 127 10 649 129 4 0 731 380 
129-095-30CBC 1060 8 11 0 10 41 26 167 10 458 194 3 1 680 209 
129-096-02DDC2 1840 8 13 380 50 81 56 278 14 566 550 2 0 1270 433 
129-096-12DCD2 909 8 15 0 60 94 59 24 4 535 65 18 2 547 476 
129-096-13BBB3 1480 8 16 0 100 80 139 50 6 519 298 68 43 95 7 774 



TERTIARY SENT INEL BUTTE FORfliZ'TII~N 
l=mg/ 1 2=ug/  I 3=iiiii tio/ cm 

T- R -  S-Q SPL'?tD( j )  PH STOZ(1) F E ( 2 )  klf i ( .?)  C A ( ! )  NC;(I)  E A (  1) K ( 1 )  H C O j ( 1 )  S04(1)  C L ( 1 )  N O S ( 1 )  DlLLE(lj HAI<D>.i ! !  
132-092-;5SCb Y;O 8 . 420 . 353 153 0 b13 J; 7 
132-092-28DCD 3700 . 376 1350 0 2420 49 
134-101-35BCC 690 8 17 1600 60 40 17 100 2 436 30 1 1 425 170 
135-09 1-0611.4.4 3300 8 . 1200 . 444 1030 11 2150 1190 
135-095-32BCA 1300 9 . 275 1040 80 
135-097-04ADH 1350 8 13 570 100 38 18 304 3 558 232 26 1 1300 169 
135-098-32DAD1 4010 7 11 80 10 420 520 62 6 574 2700 16 35 4060 3200 
135- 10 I - i6CR!\ 2050 8 6 7100 250 69 36 370 6 707 560 3 1 1410 320 
136-098-33CCD 2390 8 9 730 160 36 10 580 5 954 580 4 1 1700 130 
139-09 7-34ACA2 1270 8 . 200 . 352 241 26 24 824 350 
139-098-17CCD 2300 9 15 100 20 3 3 550 4 1010 300 7 1450 19  
139-099-04DBC1 . .  
140-095-08h4A , 6 0 1  8 , :25 1100 330 72 20 28 4 285 93  1 1 386 ?60 
1 40 - 09 6 - 2 8ADA 2 3 1 0 8 . 1000 . 784 407 4 0 1500 L4 

P 140-098-10DDD 1600 9 6 140 20 7 3 370 11 340 3 1090 31 
8 11 5200 60 32 22 874 7 1290 1050 3 3 2650 170 14 1 - 09 3 -02ABB 

1 4 1 - 0 9 3 - I, 4ABA .2 5 9 0 8 10 620 30 11 4 691 3 1850 10 10 1 1670 45 
14 1 - 09 3 -  16N\i\2 2'1 40 9 13 1100 40 4 2 550 3 1400 11 10 1 1340 18 
141-094-02BBA 2320 8 14 3900 20 66 30 471 6 745 702 3 3 1670 290 
141-094-34AAA 5330 8 7 310 80  23 15 1400 5 1310 1900 8 1 4030 120 
141-094-34DAD 4530 9 7 470 40 . 1 9  11 1100 7 1220 1400 11 7 3210 93 
141-097-23ABD 2220 8 14 80 20 137 130 183 11 672 325 113 231 1480 E80 
143-097-32AAB 784 8 18 0 130 72 40 46 3 322 130 14 18 500 350 
142-09 1- 12DD 2560 8 10 0 30 5 1 700 2 1750 19 51  1 1660 17 
142-092-10BBC 2780 8 7 500 50  14 5 750 4 1980 19 14 13 1800 54 
142-092-10BCC2 2710 8 22 0 10 26 24 641 6 1370 436 23 2 1860 160 
142-092-34BBB 2760 8 8 170 20 7 16 712 4 1550 338 7 1 1880 83 
142-093-09BBA 3320 8 15 0 20 24 19 800 6 1150 9 10 5 1 2370 140 
142-094-19DDD % 6190 8 15 470 140 238 298 1020 15 735 3430 10 34 5430 1800 
142-095-02BCB 1980 8 14 250 20 62 5 3  353 7 741 5 15 2 1 1370 370 
142-095-04CCD 1540 8 17 0 70 74 70 210 6 630 385 2 1 1080 470 
142-035-27BCC 745 8 19 0 100 36 22 101 3 371 82 11 10 468 180 

w 
w 

3 7 70 



1 

, 

142 - 3 Y 5 - 3 x c c :  
142-096-36CCB 
142-097-24CCR 
142-099 -031)CC 
742-099-10DDD 
142-100-01EDC 
143-087-18BCC 
143-091-llCH.4 
143-09 148H:ID 
14 3 - 09 1 - 19.lA.A3 
143-092-03BAA1 
143-092-08CCC2 
143-092-20DRB 
1 4 3 - 0 9 2 - 22AAD 

-W 143-093-03CCB 
143-033-18ACB 
143-093-31ACD 
143-093-33BCC 
143-094-21CCA1 
143-094-21CCA2 
143-094-34nAD 
143-096-10DCB 
143-096-21BDD 
143-096-27DBB 
143-097-09CDD 
143-097-20DCD 
144-089-35AAD 
144-091-1 113CAl 
144-092-04DBB 
144-092-10ADC1 
144-093-03ccc 
144-033-17ADA 
144-094-07DAAI 

c-' 

- P  

3;79 
4250 
4910 

680 
565 

5230 
3000 

996 
795 

2530 
1080 
557 
929 
75 1 

1350 
987 

3110 
5260 
3530 
2870 

748 
767 
548 

3440 
870 
57 1 

1350 
2650 
2520 
2700 

4 10 
2760 
2310 

s 
7 
8 
8 
8 
7 
6 
7 
8 
8 
8 
8 
8 
7 
8 
8 
8 
8 
8 
8 
8 
8 
7 
9 
8 
8 
8 
8 
7 
8 
8 
8 
9 

15 7 4 G  2su 
12 0 0 
11 0 50 
11 100 20 
10 0 60 
11 100 160 
48 730 6200 
13 5700 350 
2 230 30 
8 0 140 
6 310 30 

25 290 450 
19 220 10 
14 100 90  
19  130 50 
24 4500 140 
23 0 50 

4 10000 320 
20 800 60 
17 0 10 
21 70 10 

9 730 10 
14 90 10 
18 500 20 
1 1  0 10 
8 100 520 

11 210 20 
10 880 30 
13 100 520 
. 6000 

11 10 10 
9 160 60 
3 540 10 

330 
367 
355 

57 
5 3  

120 
480 
123 

14 
140 
11 
72 

2 
90 
24 
64 

6 
235 

29 
109 
63 
60 
64 
30 
75 
28 
97 

7 
390 

33 
20 

5 

l i b  1083 
241 337 
419 235 

36 44 
26 31 

100 1100 
170 43 
55 1 9  
12 147 
58 390 

6 240 
1 7  1 7  
1 224 

25 15 
13 296 
18 146 
3 779 

74 1070 
19 835 
58 534 
39 32 
30 65 
22 22 
23 821 
30 80  
18 69 

100 64 
6 632 

150 5 6  

35 5 
11 670 
2 570 

7 lb30 
90 464 
89 902 

6 393 
3 318 

13 1060 
8 
8 445 
8 276 

10 590 
4 547 
4 275 
2 483 
2 263 
3 674 
3 445 
4 1190 

12 941 
7 1130 
6 808 
2 309 
3 341 
2 294 
4 1240 
2 426 
7 252 
3 695 
5 1230 

I 1  554 
. 1260 
1 50 
5 1160 
3 1040 

2440 
2000 
1530 

61  
46 

2200 
2000 

207 
174 
940 
138 
5 3  

105 
142 
175 
183 
65 1 

2270 
1040 
1020 

79 
125 
65 

843 
124 
104 
180 
423 

1200 
230 

46 
560 
370 

82 
130 
315 

4 
6 

18 
4 
0 
0 
3 
0 

11 
0 
1 
3 
1 
4 

81 
5 
7 

27 
13 
0 

13 
8 
0 

1 7  
1 

1 7  
27 

1 
5 
1 

1 
226 
68 1 

8 
2 
7 

1 
3 
3 
3 
1 
1 
7 
1 
1 
1 
1 
3 
3 
9 
1 
3 
1 

11 
4 

39 
2 
3 
0 

2 
1 

$940  
3630 
4080 

422 
334 

4100 
2820 

65 2 
504 

1850 
679 
336 
593 
426 
878 
666 

2080 
4220 
2520 
2150 

425 
476 
337 

2390 
55 1 
363 
854 I 

1690 
21 10 

159 
1870 
1510 

15Ud 
1900 
2600 

290 
240 
710 

1900 
530 

84 
500 

54 
250 

e 
33v 
110 
230 

27 
850 
150 
510 
320 
270 
250 
170 
310 
140 
650 

40 
1600 

230 
95 
22 



TERTIARY SENT INEL BUTTE FOKi.iA? I(~td 
1=ins/ I 2=ugi 1 3=ilmho/ C!;I 

T - K - - I !  Sf?C';D(3) 2H S102(!) !?E(?) F l l i ( 2 j  C A ( 1 )  M ( i )  U ( 1 )  K ( l 1  t I i d j ( 1 )  57411)  C L ( 1 )  N03(1)  D I S L ' J j ! :  1:.?ii131.\1) 
144-994-1tiD;Li 833 ; 9 100 Zb 19 150 j $31 69 3 52b 143 
144-094-12CCC 4900 8 10 40 200 58 36 1100 12 80 1800 7 3070 300 
144-094-34BAH2 3030 8 11 410 20 11 9 710 6 743 1000 6 1 2120 64 
144-097-08DRI) 911 7 16 1300 480 37 27 124 4 299 220 1 1 580 200 
1 4 4 - 0 9 9 - 3 OA.4 R 3 8 0 0 8 9 5400 730 180 130 610 8 1080 1300 8 1 2790 980 
144-100-13~BO 2950 9 6 210 0 2 2 730 3 1220 590 3 2 3970 12 
145-091-05DDD3 565 8 11 20 280 36 19 64 4 270 83 4 1 356 170 
1 4 5 - 0 9 1 - 1 1 GDD 2 2 4 9 0 8 9 0 300 51  34 516 11 795 694 0 1 1710 270 
145-091-16CCC 2520 7 . 620 . 328 1100 19 4 
145-091-20AA-41 2380 8 10 480 80 i 2 630 2 1570 18 68 1 15 10 19 
145-091-20AAA2 1630 7 . 7400 7 . 400 480 4 0 
1 4 5 - 0 9 2 - 2 2DAA 1 1 7 6 0 8 18 200 20 i 7 414 4 691 372 0 1 1170 46 
145-092-25AAC 5220 8 14 700 100 415 288 591 12 760 2640 47 211 4600 3200 

w 145-092-25ADC2 3030 8 8 420 40 6 4 756 4 1290 624 6 1 2050 31 

S 145-092-25R.CAl 4710 8 21 0 40 92 190 805 6 1120 1660 75 129 3530 1000 
145-093-04DDD 1740 8 12 170 220 54 35 300 10 560 480 3 1 1180 280 
145-093-21CDD 1850 8 18 0 .  0 1 4 453 2 758 35 5 0 1 1220 20 
145-093-22DC4 1830 8 12 200 280 17 5 441. 2 796 334 3 1 1210 61 
145-093-26BAD 1980 8 11 0 10 10 7 499 3 1060 218 0 1 1290 54 
145-093-27DBC 1980 8 10 190 0 11 1 2  490 3 1040 28 1 3 1 1330 7 7  
145-093-29CDB1 2250 8 11 0 10 19 6 571 3 1130 305 0 1 1490 7 1  
145-093-30CDD1 2210 8 11 0 10 14 12 563 3 1140 293 0 1 1480 84 
145-093-32BBB1 2930 9 10 2500 30 7 5 729 4 1070 680 4 2 2000 38 
145-093-32BBB2 10000 7 16 3900 250 283 494 1820 14 728 5210 239 251 8690 2700 
145-034-06CCC1 698 8 10 110 180 16 12 130 2 350 86 3 1 433 69 
145-094-10ABBl 2270 9 10 0 10 14 8 565 2 1000 409 1 1 1530 69 
145-094-10ABB2 7630 7 15 1300 350 366 553 992 14 267 4290 103 424 6890 3200 
145-094- I O C C I I  2220 8 12 0 10 21 6 565 2 1100 322 2 3 1500 78 
145-094-15DDD1 2190 9 8 680 20 3 4 530 2 900 410 3 1 1430 23 
145-094-19ccc 933 9 7 170 0 2 3 220 1 430 71 2 1 565 17 
145-094-20DDR2 5820 7 21 50 110 313 326 789 21 749 2250 309 450 4860 2100 
1 45 - 0 9 4 - 2 6A.4.4 3 1 7 7 5 20 340 310 50 31 540 7 688 820 4 1810 250 
1 45 - 0 9 4 - 2 6AA.44 2 6 9 0 39 6800 380 83  7 1  420 13 418 1100 6 1950 500 

- 



TERTIARY SENT I NEL EUTTE F O R M "  i O N  
l=lug/ I 2=ug/  I 3=UIIIhO / C I ~ I  

T-R-S-Q SPCNDI3) PH S 1 0 2 ( 1 )  E 'E i2 )  NSt.2') C A ( 1 )  E I G ( . I )  N A ( : )  K ( 1 )  H C ~ ~ ' j ( i 1  
145-il94-26BBE 1750 8 2.0 14a 10 12 b 409 3 763 
145-094-26BDD 2110 8 18 540 10 4 3 500 3 713 
145-094-27ACC 2060 8 14 560 0 3 2 530 3 1230 
145-094-27CAA 2230 8 10 390 100 23 15 500 5 820 
145 -0 9 5 - 2 3AAD 48 2 8 14 80 50 15 14 72 4 287 
145-096-12DAA 818 8 13 0 30 73 27 70 3 277 
145-096-14EBA 596 8 25 0 10 62 26 28 12 327 
145-096-21DDD 2920 8 8 120 100 8 3 730 4 1230 
145-09 7 - 15C;+D 34 1 7 13 180 0 13 7 51 2 176 
145-097-22DCC 1050 7 13 780 190 12 10 217 5 456 
146-091-08CAA 2860 8 8 0 350 206 120 357 5 705 
146-091-13BCA1 693 8 16 6700 50 64 36 84  7 433 
146-091-20DDD 1230 8 11 0 10 91 37 129 5 420 
146-091-21DCD 4260 8 9 0 80 27 17 1050 6 937 
146-091-22BBA 2200 9 5 620 30 2 1 550 2 863 
146-092-27DDD 407 8 10 0 180 34 13 37 3 220 
146 - 0 9 2 - 3 ODA4 4 7 0 7 15 100 30 24 16 52 2 249 
146-092-32CDD 810 8 13 50 40 5 3  33 66 5 275 
1 4 6 - 09 3 - 0 3CDD 2 1 30 8 15 50 0 2 0 530 2 1150 
146-093-17CUB 745 7 15 3100 420 85 38 26 4 374 
146-093-20ADD 220 7 1 7  1200 60 26 8 9 5 99 
146-093-2OCRC 670 8 16 4300 10 58 37 37 4 312 
146-093-20CCA 655 7 16 1300 320 48 32 49 3 324 
146-093-22ADD 174 7 19 6200 140 6 4 24 2 65 
146-093-24DCCI 421 8 24 14000 130 29 16 34 2 113 
146-093-26CBB 887 7 23 220 400 47 45 62 13 5 3  
146-O93-27CCC 1030 8 12 40 300 95 44 73 6 340 
146-093-28MA2 909 8 14 100 800 100 44 40 5 450 
146-093-28DDR1 733 8 18 530 10 35 15 105 5 312 
146-O93-29CCC 212 7 22 4200 140 13 6 20 2 78 
146-093-34CCC 433 8 9 80 100 49 19 16 4 180 
146-094-24DDD2 442 8 14 120 190 26 16 53 2 249 
146-094-25AAA 950 8 12 200 60 14 7 210 4 420 

S04( 1) 
30 1 
5 24 
210 
530 

33 
181 

36 
590 

25 
167 

1180 
150 
322 

1660 
40 1 
38 
44 

107 
8 

126 
25 

113 
70 
32 

113 
19 1 
300 
150 
131 
27 
71 
46 

150 

C L ( 1 )  N!i '3( lJ  DtSLl)( 1) HA!!FI:~\ i )  
2 1 1140 50 
0 1 1410 22 
2 1380 15 
5 1 1500 120 
0 0 295 9s 

14 1 7  535 230 
7 13 370 260 
6 1 1980 32 
0 8 206 63 
3 1 65 4 7 1  

12 1 2240 1000 
2 1 580 310 
4 3 810 2pn 

0 1 1450 7 
3 1 248 140 
0 1 278 130 

25 65 504 270 
180 1310 7 

0 3 485 370 
12 4 157 98 
4 1 428 300 
4 19 403 250 
6 1 133 32 
0 1 290 140 

32 189 630 300 
5 1 705 420 
2 1 579 430 
2 1 467 150 

10 1 145 59 
10 11 278 200 
2 3 285 130 
6 1 616 64 

4 3 3240 14U 



146-094-i5AB.A 
146-095-07DDB2 
1 4 6- 0 9 5 - 1 0 AR :I 1 
346-095-22DC.A 
146-095-30DDTl 
146-096-13ADA 
146-096-24CBB 
146-096-36A4.4 
146-097-25AACI 
146-097-26AAD 
147-093-03DBB 
147-093-29DCA 
147-095-13ccc2 
1 4 7 -0 9 5 - 2 4AAC 
147-095-26BBB1 
147-096-36DCB 
147 -09 7-05.M 
1 4 8 - 09 2 - 06BDB 
148-092-23CCA 
148-093-IOCCC 
148-093-14CDC 
148-094-13BBD 
148-094-20DDD 
148-096-17CCD 
148-096-18ABC 
148-096-22BCB 
148-096-23BBB 
148-096-35BCC 
148-097-04DBA 
148-097-09DBD 
148-097-1OCA.4 
148-057-12ADA 
14 8 - 09 7 - 1 7DAA 

i o 6  
2010 
3680 
2080 
1030 
1580 
1890 
895 
1950 
685 
4060 
3240 
2120 
2070 
2270 
1600 
3060 
888 
1530 
3880 
5270 
1090 
1490 
3080 
3230 
3210 
3160 
719 
2750 
2180 
2940 
3200 
2380 

8 
8 
8 
8 
8 
9 
8 
8 
9 
8 
9 
8 
9 
8 
8 
8 
8 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

16 410 
18 70 
18 30 
23 200 
23 570 
10 6700 
12 1300 
11 80 
12 300 
15 30 
26 160 
6 80 
15 250 
15 0 
16 200 
3 390 
2 0 
13 0 
13 2400 
15 390 
17 430 
24 1000 
23 440 
9 40 
7 180 
6 0 
7 0 
13 90 
9 0 
14 0 
8 80 
6 80 
15 0 

3oi) 
20 
20 
20 
20 

3 00 
10 
20 
20 
10 

0 
20 
20 
20 
50 
10 
20 
100 
220 
160 
520 

50 
40 
40 
10 
670 
0 
20 
40 
40 
200 

6 4  
99 
137 
25 
8 
8 
15 
40 
3 
61 
9 
5 
2 
2 
3 
6 
4 
69 
95 
87 
17 
118 
74 
8 
5 
4 
4 

105 
4 
3 
4 
5 
3 

27 55 
64 311 
126 647 
34 449 
5 226 
3 368 
12 441 
24 138 
2 472 
43 28 
11 1060 
4 903 
0 522 
0 519 
2 564 
3 390 
2 841 
50 59 
44 200 
40 860 
12 1300 
64 43 
28 250 
0 821 
3 881 
2 876 
2 867 
24 22 

1 736 
2 552 
2 803 
3 878 
1 587 

4 360 
7 532 
7 762 
7 819 
3 471 
2 599 
5 742 
6 *' 448 
2 771 
13 356 
4 1510 
3 2360 
2 1100 
2 1110 
2 1170 
2 813 
4 2220 
5 491 
5 566 
5 930 
4 1190 
2 497 
5 581 
3 2090 
4 2360 
3 2320 
3 2360 
5 471 
4 1970 
2 1150 
3 2110 
4 2330 
3 1150 

87 
728 
1620 
510 
149 
296 
407 
113 
338 
77 
920 
5 

10 
100 
19 
160 

4 
120 
400 
1500 
1900 
212 
378 
0 
0 
0 
0 
21 

1 
3 
0 
28 
5 

6 
3 
31 
2 
2 
7 
4 
4 
1 
8 

11 
31 
150 
82 
189 
6 
21 
2 
6 
8 
8 
5 
2 
62 
16 
19 
22 
0 
19 
154 
25 
13 
23 1 

1 
1 
3 
1 
1 
1 
1 
1 
1 

11 
3 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
2 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 

438 
1500 
2970 
1460 
656 
1020 
1270 
559 
1230 
432 
2880 
2120 
1280 
1290 
1380 
995 
1970 
563 
1050 
2980 
3860 
716 
1050 
1940 
2080 
2060 
2070 
426 
1750 
132'0 
1890 
2090 
1430 

2 70 
510 
860 
200 

40 
33 
87 
200 
13 

330 
68 
27 

6 

15 
26 
17 
380 
420 
380 
92 
560 
300 
21 
23 
19 
19 

360 
15 
13 
19 
22 
9 

0 



TERTIARY SENTI?EL BUTTE FORlhM'TIOfr' 
,I  - I =mg/ I 2=11g/ I J - i l C l t l O  ,'an 

T- R- S - (2 SPC,L2,[.3) P!I S [ O 2 (  1) F E ( 2 )  ElN(2'i C A ( 1 )  ;1C( 1 )  N A t  I )  K l  I )  H C O j (  1 )  SG4(1) C L ( 1 1  VU?: t j  DlSI,D( 1) i G K l ) X :  i J 

148-09i-jjBCC 2893 8 10 0 20 3 1 737 3 1760 3 148 1 1780 I 1  
154-096-04AAB 2040 8 23 850 220 83 70  390 9 700 7 1630 500 
160-090-15DCC 2200 8 23 80 10 5 2 590 3 960 440 8 1550 2 1  
160-090-21DDD1 2050 9 8 60 10 6 2 540 3 290 12 1370 23 
160-090-21DDD2 1560 7 23 200 240 100 40 240 8 420 5 1160 420 
1 6 0 - 0 9 0 - 2 3 Li R A 2 6 2 0 8 22 60 20 27 4 650 3 65 0 9 1870 86 
162-093-30DDD 3200 8 1 7  70 30 19 6 840 8 862 1100 10 2430 72 
162-093-30DDD1 3050 9 7 80 30 2 770 3 520 25 2090 83 
162-094-10AAJ.1 2500 9 8 150 10 3 2 710 4 1420 140 47 1740 18 
162-094-26BBB 4600 8 9 60 30 20 7 1200 5 1500 1 7  3450 81 



T E R T I A R Y  SENTINEL BIjTTE TONGUE R I V E R  FORflA'l'ION 
l=rng/ 1 2=11g/l 3=imho/cm 

T-R-S-Q SPCXD(3) PH S T O L ( , l )  E(?) P I N ( ? !  C A (  I )  ?12(1) N A ( 1 )  K (  1 )  t iCo.l(  1) S04(lj C L ( 1 )  N03(1  I I)[SLF( 1) t I A F X 4 I  I )  
139-035-02tWB; i07G . 2200 856 595 
143-084-28CCC2 1050 8 27 400 . 103 32 97 4 485 186 3 1 69 3 358 
143-OS7-19BBB2 1950 6 1 7  1500 330 390 68 40 6 1100 11 1800 1300 
155-096-21CDC1 2060 8 9 100 40 4 3 730 4 1800 54 54 1750 22 
155-096-21CDC2 1520 8 11 0 10 58 47 250 11 396 560 11 1150 340 
162-093-17CCCI 2800 8 10 90 20 3 1 700 3 1380 130 35 1670 1 4  



TERTIARS CIZh’NONBALL FOKFWT ION 
1=mu,/ 1 2=11y/ 1 3 = i ~ l l ~ t l ~ * /  cm 

T-R - 5 -!I s P c m 3 )  P Y  s r x i i )  F F : < ~ )  w ( , ! )  c r z t i )  lv;(i! NA( I )  K ; ~ I  t m i : i ~  so4(1)  C L ( I I  ? ; 0 3 ( i ~  U I S L D C J  HYW ( I ;  

129-99L-0uDDC 3193 8 5) 320 LO 29 21  i38 b 642 1210 L 0 2346 159 
129-096-01DAD2 2690 8 11 0 120 228 105 298 13 485 1160 29 14 2100 1000 
130-092-22CBB 1780 8 8 1700 10 4 2 457 2 924 207 7 0 1150 17  
131-098-07ECC 1440 8 5 530 20 8 8 380 3 861 85 17  0 955 52  
1 3 1 - 0 9 8 - 2 3D.AD 1 1 7 6 0 9 10 40 20 19 16 431 2 642 426 1 2 1250 1 0 4  
13 3 - 089 - 32 BD.1 2 3 6 0 8 11 2800 20 115 68 366 6 519 876 9 1710 568 
133-089-34BAB 1620 9 . 960 418 13 946 10 
134-089-22BDD 2150 8 12 50 120 2 1 538 1 1260 3 92 1290 12 

1 5 3-0 7 9 - 3Otl.4A3 1 4 00 8 9 150 40 4 1 350 2 728 51 43 1 860 12 
151-077-34BA . 1800 93 89 210 7 444 530 13 520 

153-080-25CDC 710 8 12 480 0 5 0 170 2 335 100 3 1 459 13 



TERTIARY Ll,'Df.O!J FORELAT I ON 
1=mq! 1 2=ug/ I :j=:mlho/cm 

T- R- S - SI'CND(3) PH S I O 2 ( 1 )  F E ( 2 )  th\[L) C X C i j  ? i G ( l j  N A ( I )  K ( 1 j  i ! C 0 3 ( 1 1  S 0 4 ( 1 )  CL(1) N 0 3 ( 1 )  DLSL!.i( t!-'itii!:\[ : :  

124-091-3iAAXL L.!;(J 9 '3 0 LO 9 5 521 J i l u  529 3 L 1470 4.4 

129-091-O8CCC 1790 8 30 50 20 7 2 422 3 590 418 5 1 1170 27 
129-092-26CCB 3660 ' 8 9 70 30 159 82 659 13 747 1490 29 8 2820 7 34 
129-093-08CBB2 1760 8 8.  140 30 5 3 432 2 942 170 13 1 1110 27 
1 2 9 - 09 3 - 2 RAlHj3 1 6 7 0 8 8 480 10 4 1 419 2 886 15 1 10 1 3060 1s 
129-094-17BBC2 1610 8 8 280 30 13 4 401 2 947 68 17  0 1000 51 
1 2 9 - 0 9 4 - 2 9 BB R 2 7 5 0 8 8 1300 10 9 7 674 4 875 759 4 0 1900 53 
i 2 9 - 0 9 5 - 0 2 D ~ ~  2 i 4 0  8 8 0 30 7 3 516 3 770 435 9 0 1370 27 
129-095-OGBCC 1620 8 8 0 10 4 2 407 2 903 130 11 1 1030 18 
129-095-llCCC1 1600' 8 8 680 10 8 43 408 2 989 166 23 0 1170' 196 

129 - 095 - 30AAB 20 7 0 8 .  6 0 240 18 15 476 5 764 468 26 2 1410 106 
129-095- 1 3 B C D  3420 8 8 0 30 14 6 804 3 727 1180 13 1 2390 59 

129-096-06D.W 1660 8 9 200 10 8 0 422 2 858 156 14 1 1050 ?? 
129-096-18CDD 3320 8 8 '  380 60 10 6 811 4 807 1090 7 0 2340 L( 0 

129-096-20AAA 1830 9 6 .  140 20 4 4 459 3 797 257 16 1 1180 21 
129-096-25BAD 1350 8 9 '  0 50 75 44 173 10 415 412 7 1 937 368 
129-096-26CAA 2050 8 8 0 20 5 3 496 3 832 39 1 10 2 1330 25 
1 2 9 -09 6 - 33AAA 1 235 0 8 8 0 20 5 3 572 3 808 547 11 1 1550 24 
129-097-llD.4C 2750 9 8 360 30 6 .  3 655 3 759 781 10 2 1880 27 

c-r 
cn 
c-r 

1 2 9 -09 7- 15MB 2 180 8 8 0 20 4 2 538 2 860 40 7 10 1 1410 19 
129-098-07DDA 1520 8 8 2400 20 7 7 391 1 955 35 6 0 955 49 
129-098-30DCC 3550 8 8 2600 130 12 8 890 3 1230 980 9 2 2530 65 
129-099-04CBB 1630 8 11 100 20 2 1 393 1 724 213 30 1 1020 9 
129-100-07DilA 2570 8 8 0 20 1 2 606 2 721 679 8 1 1690 10 
129- 100 - 2 1 DB.4 25 5 0 8 8 240 40 5 3 609 3 787 685 4 1 1730 26 
129-100-25DAA2 1710 8 9 1100 20 8 8 425 1 834 207 16 1 1110 55 
129-100-26ADA 1630 8 11 50 10 2 1 400 1 745 219 21 1 1030 8 
129-101-07CCC 1580 9 11 440 10 3 1 392 1 697 203 24 0 1010 11 
129-101-278l3B 1600 9 12 320 10 3 0 390 1 689 208 22 1 1010 7 
129-102-llCAA 1550 9 11 300 10 3 1 378 1 666 186 12 2 955 11 
129-102-27"4 1590 9 11 40 20 2 0 386 1 647 249 11 1 1030 6 
129-102-28BAD 2240 8 9 300 20 3 1 539 1 693 570 8 1 1500 14 



TERTIARY LUDLOW FOkMTION 
I=mg/ 1 2-wg: I j=uinho / a n  

‘r-K-S- ‘2 St’Chil(3) Pi3 S I O 1 (  1 )  F E ( 2 )  ?!N(2) I )  ? l G ( l )  N.4(1) K (  1) l i C O 3 (  i )  S O 4 ( 1 )  C L ( 1  f N O 3 ( l !  U[SLI)( I )  ’[‘i!-\!;’.(! 1 
129- 103-iODCC 159C 9 9 400 LU 3 1 287 1 700 232 4 i 1020 10 
129-103-23BDD 302 10 1 520 40 3 1 44 4 64 8 2 1 130 IO 
129-104-08DDD 2060 9 8 160 20 2 1 505 1 792 367 5 1 1330 1 2  
129-105-02CAA 1290 6 11 370 20 2 0 306 1 581 180 1 2 807 4 
1 3 0 - 0 9 2 - 2 7 BRA2 1820 8 7 0 30 14 6 452 6 944 183 20 2 1180 61  
130-096-17DA4 1940 8 8 830 20 8 7 461 2 877 303 7 0 1270 51 
130-098-21CCC2 1590 9 9 0 30 4 4 405 2 932 66 17 1 1010 29 
130-098-26BAC 1560 8 9 0 30 7 2 396 2 936 58 18 0 9 89 27 
1 3 0-0 9 9 - 1 7.k‘t.A 1 16 1 0 9 7 220 10 15 7 399 2 719 222 5 5 1060 65 
1 3 0 - 0 9 W  7AAA2 2280 8 6 0 10 27 24 499 5 604 716 7 1 1610 165 
130-103-34DDD 1590 9 11 440 10 3 1 379 1 705 207 7 2 994 10 
131-091-IOCCC 1780 8 9 320 10 4 2 468 2 1130 33 50 1 1160 19 

131-093-21AA.41 1600 8 9 40 30 10 4 408 2 1030 23 20 1 99 1 + u  
1 3 1 - 0 9 3 - 2 1 tlA.42 1 6 3 0 8 7 440 40 7 4 407 4 960 62 1 7  1 1000 32 
131-094-2OCBC3 1590 8 8 0 20 20 3 405 2 970 44 16 1 1010 64 
1 3 1 - 0 9 9 - 0 4 D AA 1 45 0 8 9 1700 30 7 5 362 1 767 146 6 0 933 37 
I 3  1-099 -25BBB1 1640 3 40 400 5 6 420 5 968 63 6 1 1040 36 
131-100-24ARU 1050 8 9 100 50 25 . 15 198 7 454 192 3 2 678 125 
13 1 - 102-02DDA 1 7  10 8 13 80 10 1 0 409 1 743 240 26 0 1070 3 
131-102-13CCC2 2470 9 9 450 20 8 3 558 2 452 832 7 1 1660 33 
131-103-06CAC1 1740 9 12 0 10 2 1 428 1 722 248 10 1 1110 8 
131-105-l8DCC 1820 9 9 180 10 3 0 444 1 701 322 7 1 1170 9 
131-106-03DAA 2500 8 12 100 80 46 22 541 5 825 68 1 6 4 1720 206 
131-106-04DCC 869 8 13 0 20 32 15 149 4 390 138 11 2 558 143 
132-096-22ABCl 2040 8 9 300 10 2 2 538 3 1350 34 17 1 1300 16 
132-097-07CAR3 1500 8 10 1100 30 26 2 374 2 882 104 16 1 997 75 
132-097-07CAB4 2050 9 8 620 10 2 1 540 2 1340 14 8 1 1300 9 
132-099-32DDC1 2600 9 9 2500 20 18 30 595 3 954 598 15 1 1790 169 
132-099-32DDC2 1130 8 15 500 80 92 61  79 7 441 286 3 5 767 482 
1 32 - 100 - 3511DD 18 10 8 12 0 10 4 1 447 1 908 179 37 0 1130 15 
132-102-241jbBl 1620 6 11 500 50 11 12  427 2 1020 54 4 1 1060 76 
133-01) 7-34BRn 2040 9 3 70 2 2 538 2 1200 23 14 1 1260 1 2  

131-091-13CCR 1870 8 10 160 20 3 2 473 2 1150 42 50 1 1170 1 7  



'TERT I tuiY LUD LOW FrJElAT I ON 
L-mR j 1 ?=!Is/ 1 .3=iililho i C I : ~  

12s-i()5-d>J>LAb 2'53 9 s :e 40 l i  9 b j d  J 1; 850 4 1.1N ;9 
138-105-07CCC 2160 7 12 10 60 230 140 360 18 1100 3 2350 1200 
138-105-22BCR 3250 8 8 300 70 41 19 730 8 1100 4 2340 180 
138-106-OlA:~A 4250 8 8 10 80 43 100 950 22 1800 5 3250 5 20 
138-106-02AA.4 3200 7 22 130 2000 480 450 130 21 2500 10 4010 3100 
139-105-07DCC2 1760 8 8 200 20 8 5 510 3 150 22 1280 40 
1 3 9 - 1 0 5 - 0 8AA.4 1 9 6 0 9 10 340 100 12 0 540 16 69 26 1370 32 
1 39 - 105 - 18DDIl 2 2 00 8 8 80 40 10 5 520 5 530 63 1490 47 
139-105-2OCCC 3200 8 8 20 30 29 14 700 5 950 8 2090 130 
139-105-21Ak41 1860 10 1 10 20 5 2 430 3 440 16 1220 20 
1 3 9 - 1 05 - 2 1 A4A2-- 3 0 8 8 150 10 14 6 660 3 1300 15 2190 59 

8 6. 10 70 23 21 800 7 1300 6 2420 1 5 C  
8 11 30 40 31 20 630 9 890 6 2000 1 c;n 
8 7- 60 30 10 6 500 9 290 10 1360 -ti 

W 139-106-23B , 8'  9 10 40 18 10 610 6 640 7 1770 86 
7 15 330 290 97 89 34 7 310 34 741 610 

139-106-27AAB 3'100 ' 6 12 1000 1700 390 260 7 7  10 1800 16 2690 2100 
139-106-34DDDi 2000 7 10 2300 80 120 7 1  330 12 640 3 1540 600 
139-106-34DllB2 770 7 10 190 130 83 39 6 4 120 3 42s 370 
140-105-06BBB2. 2720 8 7 40 20 11 41 590 4 770 15 1740 200 
140-105-17AAA 2250 8 9 150 40 8 4 460 3 260 15 1260 36 
140-105-27BBB 2380 8 8 90 20 . 110 4 500 5 1130 61 
140-105-3OCCC4 2700 9 2 30 30 . 130 3 790 7 1300 27 
140-105-3OCCC5 3250 8 10 1100 60 21 13 750 5 1000 7 2220 110 
1 40 - 1 0 6 - 02DD.C 2000 8 8 280 30 7 19 470 5 76 25 1260 96 
140-106-23AAA 2250 8 9 510 40 11 8 550 4 160 20 1370 61 
140-106-36BCC 1450 8 9 20 10 5 3 390 3 230 11 9 7  1 2Ir 
141-056-04BBB 5610 8 18 . 450 213 500 20 346 1860 605 80 3920 2000 
141-057-15CBBc 1430 8 21 . 212 56 29 8 517 398 10 2 990 760 
141-105-03BHB 2200 9 8 10 20 5 5 600 4 850 13 1730 33 
141-105-05RRB1 3500 8 9 140 10 21 16 800 4 920 6 2310 120 
141-105-07AAA 4000 3 1  2 30 0 11 7 880 6 1400 11 2570 56 
1 4 1 - 1 0 5 - 0 7 11 DD 1 7 0 0 0 7 20 150 1000 87 240 2400 15 5000 8 8560 I 2 i' 0 

1'- K -  -,I SPC?, 'DI~)  PH S;u?(l) FE(2)  : 1 X ( 1 )  C A ( 1 )  : i L ( i )  N A ( 1 )  K ( 1 )  t l C o $ l i )  S O A ( I )  C L ( l !  ' W j i l J  DlS!uI!! !bIP&>, : j  



c, 
cn 
.P 

i & I -  105-O;UDi)2 
14 1 - 10 5 A 09.4iItl 
l ~ l - 1 0 5 - 0 9 ~ B H  

14 1 - 1 05 - 1 7tZDC 
141-105-20BBB 
141-105-2occc1 
141-105-2occc2 
14 1 - 105 - 2 1AA:ll 
1 4 1 - 1 0 5 - 2 1 AAA2 
1 4 1 - 1 0 5 - 2 9 ADD 1 
141-105-29ADD2 
141-105-29ADD3 
14 1 - 105-32DCC 
141-105-36AAAl 
141-105-36AAA2 
143-06 1 - 14DAD 

1 4  1- 105- 14DD:I 

4GS0 
1930 
2600 
1850 
3475 
3750 
2950 
3600 
2300 
3300 
3750 
4000 
3800 
2700 
3400 
4900 

624 

7 
8 
8 
8 
6 
8 
8 
8 
8 
8 
8 
8 
8 
8 
9 
8 
8 

i 4  1200 
13 300 
8 70 
2 2500 
8 40 

11 40 
3 120 

10 40 
6 10 
8 30 
8 150 
8 30 
8 30 
7 110 
0 190 
6 30 

24 

360 
80 
10 
60 
20 
20 
60 
60 
30 
40 
30 
30 
30 
30 
50 

230 

4 8  
13 
6 

10 
14 
20 
27 
19 
6 

16 
27 
23 
23 
14 
12 

180 
69 

22 
7 
4 
6 
9 

11 
36 
13 
10 
9 

13 
15 
13 
63  
46 

25 0 
29 

SUO 3 
490 5 
590 2 
460 5 
800 4 
840 4 
550 5 
750 6 
490 3 
750 3 
900 4 
950 4 
9 20 5 

3 
650 8 
600 16 

13 10 

1200 
54 

680 
170 

1100 
960 

1000 
970 
700 

1000 
1200 
1200 
1200 
990 

1400 
2400 

284 76 

340 
21  
10 
27 

6 
5 

22 
5 

40 
8 
6 
6 
5 

14 
25 
31 

5 

2 G V O  
1200 
1630 
1210 
2360 
2430 
1900 
2320 
1500 
2200 
2700 
2790 
2760 
1330 
2290 
3750 

1 9  385 

L l G  
63 
33 
51 
73 
96 

220 
100 
56 
78 

120 
120 
1’9 
iru 
220 

1500 
290 



T - R - 5 - I.! 
113-07 i-Ui"WA1 
129-093-08CBBl 
123-094-17BBC1 
129-096-02DcC3 

129-096-13AAD 
1 29-09 8- 09 BDD 
129-098-32XDB 
129-100-13DD~4 
129- 100- 19AAA,," 
129- 100-25DL.p 

1 29 -09 6 - 0201jC 1 

+ 
wi I 29- 1 0 3- 13AD.4 

130-091-09BAB 
130 - 09 2 - 2 7 BB,i3 
1 3 0 - 0 9 7 - 3 5 E CB 1 
130-098-2ICCC1 
130-099-15BCC 
131-091-15ccc 
131-094-20CBC2 
131-100-09CCD 
1 3  1- 100-23DBA. 
131-100-29IlBBl 
131-100-29BBB2 
131-102-07DDD1 
131-102-llDDC 
131-102-73ccc1 
132-097-07CAB2 
132-100-14ADB 
132-101-10DDD 
132-102-09DDD 

c7 

srjca 3 )  
- 7.7 ~ 

11 IU 
1870 
2270 
1610 
1560 
1720 
1580 
1570 
2950 
1170,. 
1650 
1660 
1590. 
2360 
l89Q_ 

1670, 
17.60 

7012 
1860 
2020 
1730 
1660 
1680 
2 0.3 0 
1890 
1900 
21 20 
21 10 
2280 
1750 
2080 

16'7 0 ., 

TERTT.MY LlJIjLOW ! E L L  C R E E K  
1'111 $1 1 2=11q/ 1 ? = m h o  / im 

PH SI i l ; l ( i )  iTi(.!) >b!(2) !I[\) P f G ( 1 i  ' i A ( i \  S( l ' j  ~ I C ( J ~ (  1 )  S O L ( 1 )  C L i l )  N i j 3 ( l l  9 [SLi ) ! l l  HAl'?l:>;(l, 
9 s 120 40 5 2 4 k 3  2 975 24 58 I 1080 16 
8 8 90 50 5 2 471 2 1140 14 67 1 1160 20 
8 4 0 30 11 6 525 4 851 489 9 1 1470 54 
8 9 0 3 9 391 3 889 101 12 1 1000 46 
8 8 2000 10 7 0 410 2 927 69 14 1 994 1 7  
9 6 0 30 3 3 422 2 929 50 43 2 1050 20 
8 11 200 10 0 2 394 1 768 149 31 3 990 8 
8 5 180 10 11 6 411 2 950 66 25 1 1020 54 
8 9 460 40 30 25 654 4 962 816 7 3 2030 176 
9 8 1100 60 1 7  5 455 2 855 239 6 2 1190 65 
9 4 1300 10 4 0 389 1 672 220 22 1 1010 10 
8 10 320 10 3 1 411 3 744 258 14 1 1070 12 
9 2 4400 10 3 1 391 1 676 212 22 1 1000 10 
8 10 200 40 4 1 579 1 793 604 4 1 1610 15 
8 10 280 10 5 2 484 2 1180 49 48 1 1190 18 
9 7 90 50 6 2 422 3 977 13 0 1 990 23 
8 10 320 80 8 6 442 3 1040 9 1  . 12 1 1090 45 
9 8 320 30 4 1 466 1 989 132 12 1 1160 13 
8 11 120 10 31 18 103 5 362 79 3 1 432 152 
8 9 80 30 5 2 489 2 1170 99 1 1 1200 15) 
8 10 680 10 8 7 516 2 1250 9 65 2 1270 50 
8 13 240 10 2 2 416 1 783 212 44 1 1090 12 
8 12 300 10 2 0 415 1 789 179 35 1 1040 7 
8 13 620 30 9 4 425 2 767 277 5 0 1140 39 
8 10 170 30 13 9 482 3 617 576 3 1 1430 70 
8 8 230 20 3 1 465 3 779 165 133 2 1190 1 1  
8 12 0 140 106 76 240 6 675 450 56 1 1280 579 
8 7 0 30 11 10 486 2 647 576 9 0 1430 68 
8 8 0 40 8 4 546 3 1250 144 15 1 1390 36 
8 7 180 20 32 11 500 5 634 668 4 1 1550 124 
8 8 1100 30 9 7 428 5 629 427 9 6 1220 51  
8 8 440 20 5 2 482 1 538 626 3 1 1400 23 



TERTIARY LIJDLCjW E L L  CPSEK 
I=rnq/ L 2=UQ,f  1 3 = i ~ i t l 0 /  r:n 

T - K -  S - Q  si-~:?.o('y) FH SIC\;?(I! F E ( ~ )   IN(^! cr1( 1%) ~ ( 1 )  N A (  1 )  i(( 1 1  w . i [ i )  sc)4(1) c r d w  u-n I I  imm I )  I~A"\.( I 
132-lO2-33GUD 1700 9 9 880 40 3 1 4u7 1 4il 444 3 2 1130 11 
132-102-12CCC 4120 7 19 680 200 566 259 227 6 419 2320 44 86 3730 2480 
132-102-18B.4.4 2430 9 8 360 20 4 3 561 1 492 799 4 1 1640 21 
132-104-09CDD 3330 7 15 . 485 274 53 37 727 1900 8 1 3160 2340 
132- 105-081JIiT) 3390 9 3 200 20 4 6 848 2 982 799 3 1 2300 36 
133-098-14AArl 2200 9 10 190 0 4 1 590 2 1450 9 13 1 1400 13 
134-103-30BB 2800 9 6 20 60 7 5 650 3 709 830 5 1 1880 36 
13 4 - 105 - 05 AA4 16 9 0 9 5 0 40 3 2 390 1 616 320 12 1 1060 16 
134-105-25AbD 3500 8 6 100 70 23 18 830 3 923 1200 6 2 2540 130 
134-106-27DBD 2800 9 4 230 40 7 6 660 2 897 710 5 3 1870 41 
135-101-26BA.4 2000 9 9 270 20 3 2 530 1 1300 3 24 3 1250 13 
136-098-31ABB 2070 9 6 400 10 3 3 540 2 1390 6 14 4 1290 19 
136-100-31DDC2 2950 9 0 100 40 6 15 670 9 553 1000 22 1 2000 

+ 136-102-05DRB lG00 9 12 1 1 430 2 930 63 12 3 020 5 
Ln 136-102-08ACC 1500 9 9 2 0 410 2 900 100 5 1010 6 

136-102-17BDD 1410  9 10 0 1 400 2 880 88 5 974 4 
136-103-19CDC 1600 9 6 170 0 2 1 400 3 827 160 8 1 1020 9 
136-305-OIAAD 1550 9 2 460 60 3 3 370 2 617 200 12 1 967 20 
136 - 1 05 - 26AC.4 1 800 9 10 230 40 3 3 400 1 608 260 17 1 1060 20 
137-101- I9BBD 1800 8 16 1 0 470 2 1250 8 1 1140 2 
137-101-32CCB 1640 9 7 100 20 2 1 430 1 930 79 9 1 1040 8 
137-101-33CCA 1600 8 11 1 0 410 2 1010 27 2 990 4 
137-101-34CCA 1550 8 11 1 I 410 2 1050 7 1 99 1 6 
137-103-01ACA 1700 9 10 1 1 440 2 850 210 7 1130 6 
137-104-29ADX 2050 9 6 310 10 3 2 510 2 677 490 8 1 1380 17 
138-100-07AAAl 2250 9 11 770 40 2 1 540 2 1300 1 11 1 1280 10 
138-102-03BBC 1850 9 11 1 1 470 2 1170 5 1 1100 6 
138-102-06ADD 9 11 2 1 490 2 960 220 9 1250 11 
138-102-07CAC 1800 9 10 2 1 450 2 900 220 7 1180 11 
138-102-08BRC 1900 9 11 2 2 470 2 930 210 9 1210 12 
13 8- 10 2 - I 8CBR 1 9 00 9 10 2 1 470 2 900 260 7 1220 11 
138-102-19ACD 1850 9 1 2 1 450 2 880 220 9 1160 9 
138-102-20ADA 9 11 2 1 440 2 1080 41 2 1070 8 

7 9  

CTI 



TERTIARY LLfllLOW HELL CREEK 
l=rng/ I 2 = q /  1 3=ur:1ho/ cm 

138-1Uj-3DB.4 9 12 L 3 1 420 L i 7 d  250 7 1110 d 
139-101-17CDA 1550 9 9 460 0 2 2 410 2 791 140 33 3 1030 10 
139-102-10DBD1 2000 8 10 3 4 480 2 990 220 4 1240 24 
139-102-10DBD2 1700 8 12 I 1 700 4 1720 8 2 7580 7 
1 3 9 - i o 2 - 2 0 ~ ~ ~ ~  2160 9 7 140 10 3 2 530 2 860 390 13 1 1410 16 
139-102-21CAB 8 10 2 1 490 2 1000 200 2 1240 9 
139-102-33CBB 1950 9 10 2 1 480 2 930 190 10 1180 8 
140-102-17CCi4 2050 8 12 2 0 510 2 112 170 3 784 8 
1 40 - 1 02 - 2 7AcIl2 9 14 1 0 410 2 900 71 29 1020 4 
140-105-30CCC2 3100 10 1 40 10 5 20 700 6 1000 20 2130 95 
141-101-02BBB 2020 8 10 2 1 570 3 1490 9 1 1340 8 
142-100-25DDA 2180 9 13  120 10 3 3 580 2 1410 4 12 1 1370 19 
143-102-09CBBJ 8 10 2 1 560 3 1470 9 2 1310 8 

T - R - S - (2 sf'CsE(3) Pi3 SXo2(1) FE(2)  kl&(2) d t j ( 1 )  FIG(  1 )  N.4(11 K ( 1 )  HC(J'3( I )  S 0 4 ( l )  c L (  1) N U 3 ( i )  DIsls1)\1) lI.'d'.9>:{ I 1  

143- 102- 2 1 DDD 23dO 9 11 2 0 600 3 1460 15 2 1400 c, 
12 170 20 3 6 610 3 1450 5 21 1 1450 32 

8 1.0 0 1 560 2 1230 110 2 1340 6 
9 

8 10 0 1 550 2 1250 90 4 1320 6 
144-102-16BBR 1720 8 9 0 0 580 2 1320 110 1 1400 3 

w 
wl 
v 

144-102-24DI)D i620 9 14 250 10 2 1 420 1 874 77 56 1 1040 8 



129-090-29ACA 
129-099-04ABA2 
129- 102-0 1 ADD 
1 3 0- 0 8 A -  3 1 AA.4 1 
130-086-28CCC2 
130-101-25ADD 
130-102-13DCD 
130-103-29CBL 
130-104-15CAC 
131-080-33ADD 
131-081-31DBC 
131-081-33ACA 
1 3 2 -0 8 7 - 2 7.4D.4 
132-201-12CCC 
132-105-16BDB 

134-080-30CCD 
134-081-O6DAB1 
134-083-05CCD1 
134-083-05CCD2 
134 -084 -03AAD 
135-083-32CRB2 
135-086-15DDD1 
136-081-07DDC2 
136-082-O7CCC2 
137-080-35CAD 
137-081-25CAB 
137-083-OCCDD2 
137-083-OGCDD3 
1 3 7 - 0 8 6 - 03tlAD2 
137-089-09ABA1 

133-089-04D:ID 

215G 
2050 
1620 
1550 
4260 
1900 
3740 
2930 
2120 
1660 
1320 
1730 
2420 
1800 
1450 
1720 
2100 
2200 
3180 
1530 
1640 
2020 
3870 
2680 
2230 
2130 
4030 
2500 
3400 
2500 
2400 
2480 

s 
8 
9 
9 
8 

8 
8 
8 
9 
8 
8 
8 

9 
9 

8 
8 
8 
8 
8 
9 
8 
9 
8 
9 
8 

9 
9 

15 240 
9 0 

10 860 
12  240 

7 150 
16 380 
11 70 
13 120 
10 200 
11 320 
24 200 
16 120 
1 7  260 
14 610 
9 440 

11 240 
9 360 

38 100 
27 680 
27 20 
24 40 
11 230 
10 1300 
12 110 
14 150 
8 290 

17 0 
15 90 
12 310 
12 150 
12 60 
11 220 

140 
140 

30 
30 
70 
50 
40 
20 
30 
10 

110 
10 
10 
30 
20 
20 
90 

50 
10 
0 

60 
60 
20 
20 

0 

20 
10 
0 

20 
40 

02 22 425 G 593 
11 3 479 3 590 

2 1 400 1 685 
2 1 381 I 687 

120 49 900 6 495 
4 1 480 1 810 

22 12 923 8 1150 
60 37 600 1 4  893 

4 1 519 1 783 
2 2 393 1 610 

44 18 245 5 546 
5 0 430 1 969 

12 2 592 3 984 
3 1 440 1 921 

13 6 349 I 559 
3 3 425 1 736 
3 1 530 1 1140 
. 126 482 96 

12 4 750 2 820 
2 0 380 1 700 
2 0 400 1 740 
3 1 490 1 620 

13 4 980 3 1140 
3 2 660 3 1300 

2 1070 4 1 560 
6 530 2 1160 3 

14 1000 6 1050 41 
8 610 2 870 7 

6 1 720 3 1210 
3 1 570 2 1210 
3 1 670 2 1270 
2 1 600 2 1120 

666 
577 
214 
196 

1900 
260 

1140 
863 
447 
285 
227 
104 
479 

98 
256 
259 

2 
498 
900 
260 
270 
550 

1200 
15 

110 
23 

1400 
690 

6 
23 

4 
7 

b 
3 

29 
16 
83 
39 

6 
0 
5 
2 

14 
30 
18 
78 
14 
3 

100 
99 
12 
0 
5 
1 

14 
260 
130 
140 

3 
0 

440 
160 
220 
230 

2 
1 

28 
1 
1 
1 
1 
2 

1 
0 
0 
1 

1 
1 
1 
1 
1 
1 
1 
3 
1 
2 

0 

i490 
1380 
1030 
981 

3340 
1220 
2690 
2030 
1400 
1060 
86 1 

1070 
1610 
1100 
960 

1100 
1250 

2120 
1030 
1070 
1380 
2790 
1620 
1380 
1300 
3070 
1760 
1790 
1380 
1580 
1460 

244 
39 

8 
11 

500 
14 

106 
30 1 

17 
14 

184 
14 
b 9 
1.2 

57 
20 
11 

45 
6 
5 
9 

50 
14 
15 
33 

160 
49 
19 
11 
10 
9 



1 3 5-9 8 C - d SABA 1 
1 3 8 - 0 8 0 - 2 8.4rl.4 1 

138-090-28DCB 
139-081-09RAA2 
139-081-09UA3 
139-081-36DD.41 
139-081-36DD.42 

139 -085 - 30:UB2 
1 3 9 - 0 8 5 - 3 O.UB 3 
139-086-34ADC' 
139-088-22DCB 
139-088-34BCC2 

u1 139-088-34BCC4 
139-089-08DDC 
139-089-27BCC 
139-090-14RBD 
140-084- 08IlC1) 
140-084-33ccc 
1 40 - 085 - 0 3DDI) 
140-085-03DBD 
1 4 0-  0 8 5 - 2 OI3DA 1 
140-085-28BCD1 
140-085-30AM 
140-086-12BCG 
140-089-15DCC 
140-089-36ADD1 
1 4 1 - os9 -20c11 
141-090-19CCD 
1 4 1 - 09 5 - 0 8 BCD 
141-095-17ACC 
141-097- l O C D A  

1 3 8 - 0 8 1 - 0 9 ~ ~ ~ 2  

1 3 9 - 0 8 3 - 1 2 D  L.42 

w 
L o  

2090 
890 

2300 
20so 
3100 
2800 
1530 
3460 
2600 
3450 
1700 
10110 
3340 
2550 
4700 

1160 
2060 
2130 
2460 
2670 
2520 
2490 
2440 
2470 
1690 
2130 
2250 
2750 
2320 
59 10 

788 
56 1 

1000 

S 
8 
9 
8 
9 
9 
8 
8 
8 
9 

8 
8 
9 
8 

8 
8 
8 
9 
8 
8 
8 
8 
8 
9 
8 

8 
10 
7 
8 
8 

18 5:oo 
12 1100 
11 50 
5 300 
8 50 

11 110 
25 7200 
1 7  20 

9 1900 
23 1600 
25 1900 

5 2000 
10 190 

7 330 
23 3500 
17 3500 
2 140 
7 150 

11 80 
10 390 
10 870 
10 680 
11 40 
12 40 

7 720 
1 7  40 
24 5500 

9 1800 
2 300 

12 90 
14 140 
14 50 

ii 5 0  

2700 
310 

10  
0 
0 

20 

20 
160 
5 10 
120 
570 

0 
50 
50 

110 
10 
20 
40 

0 
40 

0 
0 

10 
20 
50 

140 

20 
80 
10 
10 

i 30 
110 

3 
12 

9 
5 

150 
7 
4 
7 

74 
84  
26 

3 
11 
52 
5 3  

3 
5 
4 
3 
3 
3 
2 
2 
2 

100 
140 

4 
3 

66 1 
7 

b i  220 
35 52 

1 590 
4 560 
2 800 
2 680 

45 150 
1 800 
1 720 
2 800 

30 280 
24 130 
12 830 
1 640 
8 1100 

27 140 
26 180 

1 560 
3 540 
2 650 
3 640 
3 680 
4 680 
2 640 
3 660 
2 420 

54 360 
75 410 

1 750 
2 542 

546 421 
10 172 

16 12. 103 

b 850 
6 480 
2 1270 
2 1460 
3 1150 
2 1070 
7 850 
3 1170 
2 1220 
5 1090 
7 807 
3 540 
5 1530 
1 1110 
2 1400 
3 558 
4 580 
2 1420  
4 1070 
4 1490 
3 1240 
4 1770 
4 1750 
4 1530 
3 1620 
4 730 

11 1110 
12 721 

2 1880 
9 650 
8 399 
4 371 
4 298 

45 0 
130 

3 
8 
6 

10 
150 

6 
4 
5 

240 
140 
650 

4 
1200 

62 
170 

0 
280 

34 
1 

17 
24 
32 

7 
280 
330 
980 

3 
10 

409 0 
125 
58  

61 
1 

200 
10 

500 
410 

26 
580 
330 
590 

4 
3 
4 

240 
6 
1 
0 
6 
8 

88 
29 0 

22 
20 
71 
66 

2 
7 
2 

33 
1 9  1 

1 
1 
4 

L) 

2 

1 

0 
1 

1 
1 
1 
1 

1 
1 
2 
0 
1 
1 
3 
1 
2 
1 
1 
1 
1 
2 
1 

287 
1 
0 

14s0 
587 

7 440 
1330 
1960 
1680 
980 

2000 
1720 
2000 
1060 
680 

2290  
1540 
3030 

588 
742 

1290 
1390 
1570 
1590 
1620 
1610 
1540 
1570 
3 100 
1430 
2010 
17  60 
1340 
6230 

523 
35 7 

ubi) 
420 

11 
47  
30 
21 

560 
22 
14 
26 

310 
310 
11g 

59 
240 
240 

13 
23 
17 
20 
18 
21 
15 
17 
1 2  

470 
660 

I 4 
12 

3960 
SG 
89 

1 1  



1&4-031-L>D!3b 
145-095-22DAD1 
147-095-04BBA 
1 4 8- 0 9 6 - 15 AAA 
351-075-15CBA 
15 1-075-23BCC 
151-076-02CRC2 
15 1-076-02Cl;C3 

151-076-07DDC3 
151-076-07DDC4 
151-076-10AAA 
15 1-077-29ADD 
152-076-05CAC 

152-079 - 13DDIl2 
152-079-13DDD3 
I 5 2 - 08 0 - 05 DAA 
153-077-15ADD 
1 5 3 - 0 7 9 - 30AAA2 
153-080-22CDB 
154 - 0 7 8 - 3 1 B.4A2 
154-079-30AAC 
154-079-36CAC 
155-080-10DCD 
155-080-14AAA 
155-080-17BBD 
155-080-1 7CAC 

1 5 1 - 0 7 6 - 0 3 UD:I 

15 2-0 7 7-30DD.43 w 
65 
0 

L2bd 

1870 
3210 
2310 
1490 
1700 

2200 
2000 
1550 
2500 
2300 
3200 
3000 
4000 
2500 
2400 
4000 
2500 
4030 
2300 
3500 
4000 
4100 
3250 
4200 

3 

8 
8 
8 
8 
8 

9 
8 
8 
8 
8 
8 
9 
8 
8 
8 
9 
8 
8 
8 
8 
8 
8 
8 
8 

10 9 
11 1100 
10 580 
14 90 
16 330 
21 580 
. 900 
. 1000 
. 1400 

3 1  710 
10 80 
7 620 
6 250 

10 290 
12 20 
12 100 
11 150 

7 690 
6 420 
4 150 
7 420 
9 210 
7 670 

19 2500 
16 860 
6 21.0 
7 480 
6 670 

i) 
50 
20 
30 

740 
300 

40 
20 

0 
20 
10 
0 
0 

70 
10 
10 
40 

0 
50 
20 
60 
60 
20 
20 
60 

3 
3 
5 
4 

75 
74 

5 
5 
2 
5 
6 
8 
8 
8 
6 
4 
4 
5 

10 
5 

74 
38 

8 
6 
8 

1 020 
2 480 
2 837 
0 580 

27 230 
23 290 

5 580 
7 630 
5 560 
3 520 
3 500 
1 440 
6 590 
1 670 
5 710 
3 740 
4 800 
1 710 
1 590 
4 780 
3 680 
5 890 
2 550 

26 630 
13 790 
5 870 
1 730 
2 870 

2 1580 
3 1060 
3 1730 
2 1240 
7 611 

10 704 
3 660 
4 910 
3 705 
2 917 
2 973 
2 977 
3 1030 
3 84G 
3 769 
3 936 
3 859 
3 1160 
3 978 
3 1140 
2 1160 
3 756 
2 1130 
6 858 
7 742 
4 842 
3 983 
4 829 

8 
12 
15 

0 
250 
160 

74 
120 
270 

1 
89 

7 
2 
3 
0 

690 
10 
3 
5 
7 
3 

110 
190 

2 
7 

10 
3 
3 

74 
106 
323 
192 
44 

140 
320 
420 

73 
230 

90 
110 
370 
540 
650 

74 
710 
420 
360 
480 
410 
880 
83 

690 
910 
890 
580 
900 

1 
1 
1 
3 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 

i560 
1150 
2050 
1410 
954 

1070 

1270 
1220 
1060 
1490 
1660 
1790 
2020 
2020 
1730 
1460 
1930 
1690 
2310 
1410 
1880 
2150 
2210 
1820 
2210 

10 
13 
18 
11 

300 
280 

20 
29 
20 
24 
25 

8 
?h 
; I  

39 
33 
34 
20 
15 
26 
22 
47 
19 

290 
150 
39 
17 
27 



CKE‘TACEOUS HELL CREEK-FOX HZ 1,LS Fi)R?l:\”i ION 
1 =nig j  1 L=uqll 3=ilmho/ci11 

T-R-S-(2 SPC!,I)f 3 )  PH STO2(1) F E ( 2 )  ? I : / ( ? )  C A (  1) i . l C ( l )  X A ( l )  F ; { i )  H ! : i J 3 (  1 )  S04(1 )  C L ( 1 )  N O J ( 1 )  1) :5LDi I) [l.\J;l>\.;: I 

123-dYo-a4L!cIi !5;,0 9 11 700 70  5 0 39; 1 135 120 55 0 983 14 

129-096-12DBR 1840 8 11 320 40 4 1 455 3 852 45 165 1 1110 15 
129-096-13ACA 1880 9 11 40 10 2 0 460 2 884 7 180 1100 6 
129-096-13ADD 1550 8 11 200 0 2 1 393 1 789 101 47 2 966 9 
129-096- 13RnUl 1590 8 11 280 0 2 2 400 1 794 66 71 0 970 1 2  
129-096-13BDD1 1530 8 11 480 0 2 1 390 1 853 70 44 1 947 10 
129-098-31ABB 1540 8 10 260 1 3 376 1 708 194 24 1 977 15 
129-103-35EBB 1600 9 12 300 10 3 1 375 1 646 235 16 2 999 12 

130-098-04DBB 17 8 1,2 0 10 3 2 418 2 897 11 129 1 1030 15 
11 130-098-04DCC 1760 8 11 140 10 2 1 438 1 892 4 138 1 1050 

13 1-094- 20CBC 1 l’930 8 10 260 50 6 2 504 3 888 44 237 1 1250 25 
6 1 1520 7 7  131-099-22CCC1 2260 8 8 1600 40 7 3 518 6 601 668 

c.L 131-099-22CCC2 1880 8 9 320 10 2 1 498 2 1200 48 7 2 1200 6 
13 1 - 100 -2hAB.4 18.70 9 11 420 20 4 2 435 2 782 93 120 1 1100 19 
1 3 1 - 1 0 3 - 2 1 D B C--l9 8 0- 9 6 400 10 5 1 459 3 488 55 1 5 0 1320 19 
131-104-28AAA2 1490 9 12 760 20 3 1 366 1 663 209 4 1 95 1 12 
331-105-23CDD I760 9 ’9 160 0 2 0 435 1 767 242 7 2 1120 5 
132-097-07CAB1 1790 8 12 2800 30 5 1 451 2 8 7 7  175 54 1 1140 19 
132- 102- 28AAA 1730 8 12 50 82 150 43 1 4  580 130 88 1070 820 
132-103-20BBB 2230 8 9 360 20 7 3 510 6 435 7 66 3 2 1530 29 
133-099-02CBB 1920 9 9 750 10 2 2 480 1 891 150 80 2 1200 12 
133-099-32BBi 1830 9 9 410 40 2 3 450 1 830 180 64 3 1160 16 
133- 103-23RI)C 1600 9 4 290 10 1 1 410 6 814 65 8 1 995 6 
133-105-3OCCC 2570 9 6 240 0 6 2 610 2 700 720 10 1 1730 22 
133-106-13hDB2 2400 9 32 80 40 4 5 570 2 678 660 8 1 1640 31 
133-106-34AtlA 2220 9 5 40 20 3 3 530 2 788 500 9 1 1450 22 
133-106-34BAA 1960 9 9 60 0 3 1 460 1 430 5 11 
134-104-24DDDl 1800 9 1 1  250 10 3 3 400 3 653 150 110 1050 19 
134-105-09BAA 1420 9 5 270 20 2 2 330 1 527 230 23 3 885 14 
13 4 - 105 - 26 BAA 1 48 0 9 8 210 10 2 1 360 2 623 220 9 2 944 7 
135-102-03CDB 1780 9 7 130 20 2 2 420 2 712 220 66 1 1100 12 

129 - 104- 34.AE.A 1 6  9 12 140 20 3 0 396 1 683 254 14 1 1050 10 

cn 
w 



T - d - S - i J  
135 - 10 2 - 19D.U 
136-100-31DDC1 
136-102-llDAC 
136-102-15ACC 
1 3 6 - 1 02 - 2OIIRD 
136 - 102 -2 3 DBD 
136- 103- 14AD.4 
136-103-23ADB 
136- 103-24tw 
136-104-12BAD 
137-101-29CCA 
137-101-30AEC 
137-101-30BBC 
137-102-06CBD 
137-103-12BAB 
1 3 7 - 1 0 5 - 1 0 ABB 
138-102-34DDA 
138-106-25DDA 
139-102-02DCA 
139-102-14DRD 
139-102-17CAC2 
139-105-13BUC 
140-100-28CAB 
140-101-35DAD 
140-102-06DCC 
140-102-10DDA 
140-102-18DCC 
140-102-22DR11 
140-102-22DCD 
140-102-26ACC 
140-102-26RBB 
140-102-26l3CA 
140- 102-27ACB 1 

CRETACEOLS KELL CREEK- FOX HILLS FOR;1ST T O N  
1 =nig; L '> &-Ug! - L 3=urnh,> / crn 

S F C : : C . ( S )  PH SIG2(1) F E ( 2 )  : ! 5 ( 2 )  C A ( 1  ) E I C ( i )  !JAfI') K ( I 1  IJCC?.3( 1 )  S O 4 ( l )  C L (  1)  Nd'!( 1 )  D I S L U (  T I  fL' .I(Uk\ 1 i 
19 10 5 8 353 0 2 2 460 4 892 L 56 170 1 1150 1; 
1920 9 13 80 10 5 1 470 4 742 220 57 1230 14 
1600 8 16 1 0 410 2 710 220 25 1070 2 
1700 9 10 130 20 2 1 420 1 730 140 88 2 1060 9 
1550 9 14 1 0 410 2 700 220 28 1050 4 
1610 9 14 1 1 400 2 730 220 22 1060 6 
1650 S 12 1 0 410 2 720 220 18 1060 4 
1600 8 13 2 0 400 1 690 220 21 1050 6 
1600 8 14 1 0 400 2 730 220 22 1060 4 
1670 9 7 80 10 2 2 390 4 593 300 25 1 1060 14 
1600 9 14 2 0 410 2 850 110 15 1020 6 
1610 9 10 120 20 2 0 390 1 710 180 27 1 1000 5 

1000 7 1590 9 14 1 0 400 2 860 110 15 - 

1600 9 11 1 1 420 2 750 240 7 1090 i 

1600 9 15 0 1 400 2 620 280 31 1070 7 
2020 9 10 210 0 6 1 500 1 770 370 18 1 1310 19 
1600 9 11 100 20 1 1 410 1 650 210 28 1 1030 5 
1780 9 9 80 20 2 2 420 1 717 280 21 3 1120 10 
1650 9 16 1 1 420 2 730 220 39 1100 5 

9 16 1 0 410 2 733 210 41 1070 3 
1700 9 10 1100 40 2 1 410 1 660 25 0 32 1 lOS0 5 
1840 9 10 340 0 3 1 440 1 760 270 24 4 1160 11 
1670 9 11 230 0 2 2 410 2 794 160 34 0 1050 1 3  
1690 9 15 40 0 4 1 410 2 120 68 1 3  
1750 9 10 140 20 1 0 430 1 680 260 37 1 1120 4 

9 9 3 1 480 2 590 500 8 1340 12 
1800 9 9 100 10 3 2 420 1 670 260 44 1 1100 13 
1700 9 13 230 0 3 1 410 1 668 220 56 1 1080 13 
1720 9 14 40 0 1 0 410 1 220 50 4 

17 4 0 440 0 740 220 38 1130 IO 

1680 9 14 140 20 3 1 410 1 730 190 37 1 1060 9 
1700 9 14 1 0 440 2 780 170 42 1110 5 

1670 9 14 0 0 3 0 410 1 677 220 41 1060 8 



CRETACEOUS HELL CREEK-FOX lI ILLS Fc jR>f.? 1lOL 
l=-ng; 1 ?=us/ 1 J=iimtio; c - m  

r-R-s- t i  S ' r ' C Z D k i )  Pii S i c ? ? ( l )  YE[') ? P i ( ? )  C A ( 1 )  Y G t i )  Y ; I [ l >  K i l j  k i C t j ; ( i ;  .S04(1'1 rLll; N [ ) ? ( i )  f)15Li)! I )  k A l ~ i ~ \ i l l  

140-103-02CDC 1790 9 10 230 20 2 2 440 1 710 220 65 2 1130 15 
140-104-12ADB 1670 9 11 130 10 2 1 430 2 666 300 38 3 1140 8 

i 4 0 - i 0 ~ - ~ & A M  1;Gu Si i 5  1 0 400 2 / 1 0  240 31 1080 3 

140-104-15RBD 1820 9 10 100 10 2 1 430 2 674 310 38 3 1150 7 
1 4 0 - 1 0 5 - 1 4ARA 1 8 9 0 9 10 330 0 4 1 450 2 708 320 37 1 1210 12  
140-105-3OCCC1 2060 9 7 40 20 1 3  19 570 3 728 640 31 1 7 680 110 

14 1 - 100-30xA 1600 9 10 210 0 2 1 410 2 765 170 37 2 1050 9 
1 4 1 - 1 0 1 - 0 2A4C 1 7 00 8 15 0 0 440 2 890 150 40 1091) 0 

141-101-21CAC 9 13 2 0 410 2 740 190 38 1070 5 
142-101-33DBA 2400 9 15 0 0 460 2 820 190 35 1150 1 

2 1370 Q 142-102-04BCB 8 11 3 0 570 3 1500 12 
cn c1 143-102-01BBD 8 15 1 0 470 2 870 140 48 1140 5 
c3 143-102-29AAD 9 16 2 5 450 2 750 250 44 1180 27 

143-105-33BAB 2050 9 13 730 20 4 1 450 1 834 190 40 1 1140 11 
144-099-14ABB 1550 9 13 270 10 2 1 430 1 969 7 84 2 1050 8 
144-100-24BBD1 1720 9 15 420 0 3 0 450 2 29 78 7 
144-102-27DCC 8 14 2 0 470 2 890 160 56 1180 4 
144-102-29BBA 8 13 2 0 440 2 810 170 49 1110 4 
144-102-35CCB 8 12 2 1 430 2 790 160 66 1110 12  
1 4 5 - 0 7 4 - 0 8 AAA 1 4 5 0 8 29 1700 0 26 1 3  300 6 644 140 79 3 918 120 
145-07 7-04~BC 2 100 8 12 420 120 19 6 500 3 883 410 13 3 1400 74 
145 - 07 7-04DAB 2 150 8 12 460 60 8 3 550 3 915 460 13 0 1500 34 
145-077-09BBB 21003 8 13 380 40 30 11 520 5 973 400 10 1 1470 3 20 
145-077-09DDD 1900 8 19 3000 60 11 5 480 3 941 280 1 7  0 1290 48 
1 4 5 - 0 7 7 4  6CAA 2250 9 10 150 20 8 2 590 2 796 600 10 3 1630 30 
145-077-22llAA 1750 8 11 1000 20 7 4 420 3 852 240 15 3 1130 34  
146-077-29DBB 1700 8 13 750 10 6 2 430 2 996 7 85 1 1040 22 
147 - 0 74-04 BDD 1850 7 22 13000 240 140 73 210 8 905 340 6 1 1260 650 
147-075-20ADC 1910 7 26 20000 260 140 51 240 10 786 430 16 0 1320 560 
148-077-02DDD2 2700 9 13 3000 100 10 6 570 5 867 150 270 1 1480 50 
143-075-15AHR 2200 8 18 650 10 6 1 560 3 741 540 51 3 1560 20 

140-106-25CBB1 2170 9 11 80 20 4 2 530 1 790 430 23 1 1410 15 

141-101 -21BCB 1700 8 16 2 0 430 . 760 200 33 8 



c.1 
r3

 
4
 

rn 

164 

S 



cm'rfmous FOX HILLS E ' O I I P L ~   LO:^ 
1=mq: 1 ?=a?,/ 1 J=iiititio i t - m  

I -  r< - 5 - Q spc;;,iE(.j) p!1 s ~ ( J ~ ! I )  ~ ~ ( 2 1  c ~ , ( I )  ~ l ~ ( 1 )  : ; . ~ ( l j  [ ; ( I )  ti(;!):[ 1 )  SO4(1) C I , ( l )  Y O j ( [ ;  !)ISi.!!lI) !L!k!.i.t(! 1 

129-078-11DCC 1870 7 15 0 250 74 54 299 9 763 422 20 1270 407 
12C1-O7;- i7;W, 2053 8 2s 4 i u o  730 2'); 128 220 15 Y 7 i  825 14 LO30  12bd 

129-081-01BAB 2520 8 12 2100 40 11 3 610 5 905 600 13 1 1720 38 
129-087-10BBC 2000 10 220 20 3 1 470 1 907 2 220 1 1170 1 0  
129-089 -24DDII2 2000 8 10 0 20 23 5 473 2 725 508 3 1390 7 7  
130-071-20DDI> 1080 8 43 80 140 68 44 74 12 378 170 13 2 613 350 
130-076-34DCD 3510 8 12 3600 200 78 32 669 12 204 1240 229 2380 325 
130-077-01CCC 1500 8 31 80 64 196 11 545 395 10 1060 462 
130-081-313!302 1440 8 17 0 10 7 0 340 1 577 254 0 918 18 
130-083-25CBC 2590 8 15 0 20 16 4 617 1 820 739 5 1810 56 
130-083-28DCD1 2030 9 . 690 595 9 1200 32 
130-083-28DCD2 2530 9 . 2100 846 21 1540 46 

w 330-084-36AB.4 2470 8 13 1200 80 7 1 540 2 675 410 130 0 1450 LL  

130-086-28CCC1 2130 9 11 0 10 4 2 510 3 8 7 4  30 249 0 1270 16 
130-089-32DDA 2600 9 40 20 3 1 600 2 847 2 410 1 1460 9 

130-083-28DCD3 8 . 400 . 432 . 726 330 10 1110 1 5  

or Ln 130-085-171),&11 2200 16 1200 30 3 1 510 2 875 3 270 1 1250 12 

130-089-33CCB 3180 8 6 140 30 185 125 421 11 663 1320 13 2410 975 
130-099-04B.U 4500 7 14 
131-067-35ACC 990 7 20 1100 1500 140 56 36 8 456 260 9 0 757 580 

131-072-02CCC2 400 8 15 240 240 40 12 28 6 237 21 3 1 246 150 
131-072-14RI3B2 420 8 19 0 100 35 18 19 6 224 7 3 1 219 160 
131-073-35BCC 1180 8 19 480 120 39 20 170 11 514 120 11 2 650 180 

131-071-07BBB2 610 8 20 0 100 44 19 61 6 313 50 5 1 370 190 

131-087-06BCB 1770 8 10 100 40 4 2 425 1 742 29 1 13 1130 21 
131-088-01AXD 1750 1140 10 
131-089-30AAA 2330 8 10 980 40 i 1 550 3 880 10 330 1370 12 
131-090-04CAA 1040 8 11 360 10 61 21 143 13 415 212 1 668 240 
132-068-02DDD2 840 8 26 80 200 92 51  1 7  6 397 120 6 1 527 440 

132-069-05BCD 1670 8 19 420 1400 97 26 250 11  485 370 95 0 1110 350 
132-668-22CDA 1850 8 16 190 560 180 110 120 12 479 590 40 87 1390 900 

132-070-22BBB1 800 8 22 210 220 26 11 140 7 373 86 4 2 49 8 110 



T - i-! - S - !,) 
1 I >-()7  i - 

J L  1 I 3 1 1 ) D i j  
132-072-22ccc2 
132-073-02DDD2 
132-073-04BBB2 
1 3 2 - 0 7 3 - 0 4CAB 
132-073-08CBC 
13 2 - 0 7 3 - 2 8B.4B 
133-047-17ccc1 
133-047-2OB.4.41 
133-047-20DDD1 
133-078-09CCC 
133-082-05ABC 
133-082-05DE.4 
133-082-35ACD2 
133-062-29CDD1 
133-082-31DDA 
133-082-32HAD 
133-085-12AAD 
133-O88-14D.AC 
134-075-08DCR 
134-077-18CCB 
134-079-07BCB 
134-079-20AAB 
134-080- 16D.U 
134-080-17DDD 
134-080-23BAB 

134-081-08DAl)l 
134-081-08DAD2 
134-081-30BCD2 
134-082-01MC 
134-082-01ACA 
1 3 4 - 08 2 - 3 5DAA 

+ cn 
0, 

134-081-06DL182 

S1'Z?JD[ ;) Ptf ; ; 0 2 (  I !  F f<!2 )  
5SiJ d 18 40 
555 8 25 0 
610 8 45 0 

1690 8 22 350 
4120 8 7 1  60 
4520 7 21 170 
1650 7 15 690 
869 8 21 60 

7 090 8 21 850 
2890 8 16 3200 
1200 8 1 7  0 
2300 8 17 270 
2120 8 21 380 
2730 8 16 860 
2240 8 16 90 
2 i50  8 16 220 
2270 8 16 0 
2270 8 1 7  920 
1640 7 . 11000 
1070 7 49 6400 
1260 8 19 280 
1750 8 27 40 
1150 8 15 150 
1930 8 24 0 
1940 8 19 200 
1940 8 15 490 
2700 8 26 20 
2540 8 25 310 
2520 8 25 80  
2490 8 1 7  20 
7 800 8 22 90 
1420 8 24 400 
2370 8 16 60 

CRE'I'ACEOUS EOX HILLS FORIA'T ION 
I --I,! '? ,/ I :'=11g/i 1 : ~ = l l l l l n o /  !'I11 

..1:;(2) c ; , ~ [ l )  ~ f i . ( l )  g ( , \ j  ; [ c o : ) ( ~ ' )  SO. i ( l )  ~ T > ( I )  N i i ? ( I j  Oisl . i l ( i j  ?Ai:\j>i( i i  

28 3Y 1 E  i s 9  4 A l b  98 18 3 573 i 7 0  
460 61 21 1 7  6 292 37 2 2 318 240 
300 68 24 37 7 322 9 1  3 1 44 1 270 
720 1 4 4 340 7 667 210 8 7 941 50 
180 190 250 470 15 852 1100 190 570 3220 1500 
50 320 240 580 23 499 2500 64 33 4030 1800 

400 200 88 78 12 683 460 6 0 1200 860 
260 77  36 67 7 490 66 16 2 535 340 
320 84 83 35 5 456  250 7 2 713 550 

30 370 140 170 12 341 1500 41 3 2430 1500 
60 32 25 220 6 599 163 8 770 164 
30 6 1 590 2 1170 170 100 1 1480 18 
20 79 30 410 7 1170 130 96 1 1350 ??n 
40 7 2 670, 8 1130 530 42 1 1840 L4 

10 3 4 560 2 1150 230 74 1 1470 26 
10 4 2 530 2 1100 240 37 1 1360 17 
0 5 1 570 2 1130 200 93  1 1453 17 
0 3 1 559 2 1130 6 224 1380 1 2  

. 391 456 11 1170 680 
630 126 54 37 11 408 264 2 753 538 

10 30 16 243 4 494 237 4 800 142 
260 32 15 370 5 720 350 5 1 1160 140 
260 36 32 190 6 470 240 7 0 757 220 

20 14 7 450 4 880 3 10 10 1 1260 64 
80 1 9  7 440 5 910 300 10 1 1250 76 

240 12 8 450 3 840 350 5 1 1260 62 

40 25 11 600 3 800 690 4 4 1760 110 
30 7 4 610 2 760 750 2 3 1780 32 

50 3 3 470 2 1000 140 44 3 1 I80 20 
50 3 3 360 1 730 160 9 1 928 20 

40 9 4 680 3 890 700 41 3 1910 41 

10 5 1 610 3 1100 320 69 1 1570 18 

0 5 6 570 2 1110 240 82 1 1490 3 6 



134- c " - u-  3bilC2 
134-083-05DCC 
134-083-17CCC 
134-083-17DDB1 
134-083-17DDE2 
134- 083 - 2 3CAD 
134-083-26BBA 
134-083-32AA.41 
1 3 4 - 0 8 3 - 3 2AAA2 
1 3 4 - 0 84- 0 1 CDC' 1 
134-084-01CDC2 
134-084-03ADC 
134-084-03CBA 
134-084-llDDD 

6) 134-084-17DBD 
135-075-12DBH 
135-076-19CCC 
135-076-19CCC 
135-076- 19cCC 
135-079-10AABl 
1 35 - 0 8 0 - 3 0 A M  
135-080-32DDA 
135-080-33DDA 
135-081-03BCC 
135-081-04nAB 
135-081-24DDD 
135-082-30CRB 
135-083-31 RCI) 
135-083-32ChBl 
135-084-04DCC 
135-084-09CCD 
135 -084- 1 6AAA 1 
1 3 5 - 0 8 4 - 1 6Ar2.4 2 

c-' 

U 

LbSO 
1610 
1.600 
1'9 5 0 
1530 
1410 
21 10 
2280 
1790 
773 
862, 
2240 
2100 
730 
1610 
533, 
1150 
1170 
1210 
2900 
1310 
1770 
2080 
1070 
998 
1760 
1310 
1450 
31 10 
1930 
2330 
9 19 
889 

8 
8 
8 
8 
7 
8 s 
8' 
8 
8 
8 
8 
8 
8 
8 
8 

8 
9 
8' 
8 
8 
8 
8 
8 
8 
7 
9 
8 
8 
8 
8 

14 25013 
22 610 
25 920 
24 190 
25 1300 
26 5800 
23 270 
24 360 
22 3600 
24 2100 
19 3100 
13 170 
9 370 
20 2100 
24 1300 
43 0 
40 
40 
44 640 
9 40 
28 40 
16 640 
27 100 
22 1500 
30 1100 
12 100 
14 40 
. 940 
8 0 
25 1000 
14 7400 
24 1700 
15 2900 

SO 
100 
160 
140 
60 
500 
20 
120 
60 
620 
520 
10 
10 

540 
100 
20 

140 
40 
10 
50 
140 
1200 
480 
10 
80 
60 
4 0 
40 
220 
340 
220 

5 
26 
22 
140 
66 
140 
70 
20 
110 
70 
90 

4 
3 
67 
14 
7 

11 
18 
32 
7 

110 
6 
70 
160 
120 
8 
17 
16 
6 
31 
130 
130 
110 

2 
11 
9 
68 
35 
60 
33 
8 
47 
28 
43 
3 
3 
27 
4 
38 
12 
7 
17 
2 
33 
3 
26 
41 
29 
5 
6 
7 
2 
15 
55 
35 
40 

ofto 
360 
350 
250 
25 0 
100 
420 
520 
250 
56 
39 
520 
470 
51 
380 
45 
249 
254 
230 
690 
150 
430 
400 
21 
62 
420 
290 
320 
750 
430 
380 
35 
33 

2 ia&G 
2 800 
3 680 
7 800 
5 710 
6 600 
5 1050 
3 1070 
7 670 
4 330 
4 360 
2 960 
3 600 
4 340 
2 720 
7 220 
6 567 
5 561 
5 570 
3 1110 
8 560 
2 800 
6 720 
8 460 
7 410 
2 800 
3 550 
2 670 
2 1160 
5 950 
6 660 
2 550 
5 520 

A70 
230 
280 
460 
270 
310 
300 
210 
470 
150 
190 
250 
540 
120 
270 

9 0  
15 1 
166 
190 

5 
260 
300 
510 
240 
210 
270 
230 
230 
470 
280 
790 
73 
88 

49 
4 
16 
27 

5 
14 
30 
90 
4 
3 
3 
90 
5 
2 
2 
9 
3 
1 
7 

420 
5 
0 
7 
2 
4 
9 
3 
0 

160 
6 
4 
1 
3 

I 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
0 
1 
1 

1 
0 
3 
1 
0 
1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
1 

1729 
1060 
1050 
1370 
1010 
9 60 
1400 
1410 
1250 
502 
570 
1370 
1340 
462 
1060 
348 
755 
778 
81 1 
1730 
873 
1150 
1410 
7 25 
668 
1140 
836 

2000 
1270 
1710 
5 76 
555 

ii; 
110 
93 
630 
310 
600 
310 
83 
470 
290 
400 
20 
20 

L O U  

52 
174 
77 
73 
150 
27 

410 
26 
280 
570 
420 

40 
67 
69 
24 
140 
550 
470 
440 



T - R -  5 - 1-1 

1 3 5 - JE k - i C X L 4 3  
1 3 5 - 0 8 4 - 1 6XAA4 
1 3 5 - 0 8 4 - 1 6:!tL;\5 
1 35 - 0 8 4 -  1 6.4.4A6 
135-084-16A.4.47 
135-084-  16AA.48 
1 3 5 - 0 8 4 - 1 CA4.4 9 
1 3 5 - 084-  1 6AAB 
135-084-16AHA 
1 3 5 - 0 8 4 - 1 6ARU 
135-084-21DDD2 
135-084-21DDD3 
1 3 5 - 0 8 4 - 2 3.4.4 B 
1 3 5 - 0 86 - 2 6D:l.A 1 
1 3 5 -0 8 4 -  2 6DA:I2 

co 135-084-26DA.43 
135-090-23BBfil 
1 3 6 - 0 7 5 - 1 4;!..1.A 
136-079-05ccc 
1 36-0 7 9-0 7 BAD I 
136-081 -06BBR 
1 3 6 - 0 8 1 - 0 7 A . U  
1 3 6 - 0 8 1 - 0 7 BBIi 
136-081-07DDC1 
136-081-13DBD 
136-081-16BBB 
136-081-IGCDD 
1 36- 08 I - 3 1 rZI3li 
136-081-32ARD 
136-082-0 7CCCl 
136-082-08A:ZR 
136-082-22RRC 
1 3 6-0 8 2 - 2 2D:ZA 

c-' cn 

I:RETACECL'S FOX HILLS imw:r I O N  
1 =iag/ 1 :2=tig j 1 3 = imh r) / c 5) 

. . ,  5i?<;>iEi'jj  PY S I G ? <  1') I;'E(:) ? l ! J ( . L )  (::\(1) ?I<,(  1 )  :J.\(.1 1 i;( 1 )  !!1:0':(: ) S f ) & ( l j  C [ , ( , 1 )  NO:$( i j  [ILSLRi i I i!2! . I  .,' 6 Y 15 ,'.'.G(j 546 i i 0  41 3s it s3ci 100 3 1 3Gb 

1480 8 19 1200 80  32  12  330 3 830 150 9 1 9 69 130 
990 8 17 5700  300 130 38 41 4 5 7 0  110 3 1 632  480  
969  8 16 2600 300 120 41 40 5 5 5 0  110 4 1 611  470 
995 8 15 4500 140 7 9  30 110 4 560 100 3 1 6 2 4  320 
9 0 4  8 23 2700 40 130 3 3  27 3 5 6 0  6 9  2 1 568 460 

1020 8 22 3800 240 110 2 8  93 3 610  89 2 1 654  390  

- .  '1 '. 
; ,J 

1320 8 18  3300 560 37 1 6  280 5 700  150  . 6 1 869 160  
1950 8 25 1400  160 70 28 370 6 830 410 5 1 1330 290 
1620 8 24 5700 200 97 48 230 6 700 360 1 1 1120 4$0 
1920 8 25 1600 20 45 21 400 5 760 420 8 1 1300 200 
1o:o 8 23 3300 140 47 20 ' 170 4 470 180 3 1 685 200 
21 i o  8 300 20 4 1 530 1 930 370 17 3 !? 

1700 8 25 2700 40 110 55 220 7 680 420 4 1 1180 500 
1270 8 22 5000 80 110 50 120 5 480 320 3 1 875 460 
2250 9 10 300 80 3 1 567 3 1080 20 167 0 1370 12 
764 7 39 1600 130 33 12 129 5 380 103 1 515 130 
2990 8 12 130 20 7 3 720 3 1210 140 340 1 1830 2'1 
2070 8 12 370 20 4 1 490 2 630 550 4 3 1380 13 
2570 8 28 500 80 8 4  27 510 8 1000 5 10 63 1 1730 320 
980 29 1700 400 77 24 88 12 467 88 1 1 553 2510 
2640 8 27 120 120 62 18 570 6 IO10 490 76 1 1750 230 
1620 9 10 190 20 2 3 400 1 380 130 7 1 775 19 
2420 8 18 1200 100 59 27 500 4 750 750 0 8 1740 260 

1350 8 25 190 100 70 23 220 4 490 310 9 1 905 270 
1420 8 21 120 260 37 12 290 5 560 300 5 1 950 1 A 0  

1880 8 2i 1800 20 110 45 290 5 620 550 5 1 1350 9 u 'd 

1800 8 28 440 250 140 46 230 7 590 520 7 1 1270 540 

1050 8 1 4  11000 1600 150 49 22 7 450 250 0 3 72') 580 
2840 8 11 460 10 5 4 690 2 1200 0 380 4 1710 30 
2560 8 18 420 30 8 2 660 3 1380 25 210 0 1610 26 
1980 8 15 400 0 4 0 500 2 1060 130 61 3 1240 10 
1450 8 28 150 1000 110 38 170 9 550 320 21 1 969 430 



CRETACEOUS FOX HILLS FOK:!A1'luN 
,- l=niy,' I 2 = i 1 q  1 ; - ~ 1 ~ ! 1 I l i ~  ! CIII  

c.;j,.! r * 
< ., ,,,d\-$) Pti S I ! ) 2 t i )  F E t 2 )  T . ' [ 2 )  C * j ( i )  t l G \ l )  !J.;( ! )  A L ~ , !  i[(i,I;! i !  S04(1)  L ' L ( 1 )  I ; I ISLI) \  1 )  ! T - R - - ;; 

lJb-d6;-dlCzL 21;d 6 13 19i) b 3  5 2 :id 2 1125 8') 110 1 1;;u 
136-083-10CDA 2190 8 12 90 0 6 2 540 2 810 530 0 1 1400 21 
136-083-10CDD 421 8 8 800 130 41 15 29 2 260 10 0 2 236 l b 0  
136-083-19ADB1 2150 8 11 40 0 4 1 550 2 1150 61  140 1 1340 12 
136-083-22!31!112 2110 8 11 180 20 5 12 500 2 740 570 0 0 1470 G3 
136-083 - 2XWD3 2980 8 13 '900 90 37 16 720 4 1070 830 1 I 2150 1 G O  
136-083-22CCB 1760 8 11 160 30 3 1 440 1 810 300 0 1 1160 13 
136-083-26DDC 9090 8 14 310 80 400 980 1200 10 930 6400 150 170 9790 5080 
136-083-32CDDI 2310 7 1 7  44000 400 230 170 130 9 710 960 6 1 I 9 2 0  13irO 

8 23 1300 80 7 7  33 160 5 540 210 24 1 803 330 

136-014-31ADD1 f2120 8 19 380 10 4 1 530 2 1160 3 130 0 1390 16 
8 21 3500 10 68 34 150 4 450 270 4 1 7 7 7  3 i u  

136-084-33DDD 1500 8 10 870 40 4 0 380 1 780 200 0 3 989 10 
136NOS11J16CCC 1070 8 26 40 820 100 29 100 6 420 25 0 4 1 7 22 370 
136NOllW16CCD ~ 931 8 33 60 400 88 29 84 6 430 160 3 1 615 340 
137-080-07CAD 2490 8 16 20 0 4 2 610 2 1010 380 87 0 1610 18 
137-081-IOBAX 957 8 23 350 400 70 38 110 5 510 140 1 1 6 4  1 330 
137-081-24ADB 2310 8 16 200 20 6 0 580 2 1170 300 23 2 1510 15 
137-081-28CBC1 1220 8 26 2000 110 39 15 230 3 520 230 0 1 803 I G O  
137-081-28CCD 1810 8 31 20 60 66 21 360 6 790 320 24 1 1220 250 
137 - 082 - 36DIlD -25 80 8 20 580 40 19 8 610 4 1260 300 66 1 1650 81 
137-083-06CDD1 3800 15 100 10 5 1 740 3 1200 7 490 1860 1 7  

137-084-22ACD1 2190 8 12 160 140 3 1 560 2 1210 200 30 3 1410 10 
137-085-06CCD 2900 8 25 860 10 80 39 600 7 1120 720 5 1 2030 360 
137-085-17CDB 2490 8 1 9  1200 60 61 26 510 6 990 520 4 1 1640 260 
137-086-03AAD1 2600 9 11 40 10 3 1 720 2 1210 5 330 1710 11 
137-086-28DCD 733 8 11 530 220 64 34 41 7 360 89 13 1 439 300 
137-086-34DAB 1550 9 8 110 10 2 2 370 2 660 240 4 1 985 1 4  
137-087-12CDA 2230 9 6 190 20 4 2 560 2 1090 290 8 1 1440 16 
137-088-21DDC 950 1 40 20 4 6 220 2 339 62 22 566 34 

' 8  ,13 140 10 5 0 590 2 1150 150 120 1 1450 12 
136-084-30DAA 1220 8 18 120 240 48 27 200 4 510 230 10 1 792 230 

c1 m 
u3 

137-083-07RBB1 2610 8 23 220 80 40 1 7  570 4 990 460 120 1 1730 1 i o  



CRETACEOUS FOX HILLS FirRYATION 
L=lnq/’l 3=uo;‘L j=iunho/  UIl  

T-!< - J - 0 srz!d%(3) t’k! sic?[l) yJ--(L] !1:4fL; (It\( 1 )  ‘!G( 1 )  !$A( 1 )  k( L )  i ! C ! > ; f  1 )  S04( 1) c L ( l )  :L‘J;( L )  I)ISI!/( i i  li.’.s!jy.\ ) 
1 3 s - Lj 3 I) - LJC.&5 6 ;u d 15 LOO3 1930 11 2u i l  3 320 160 13 1 5 L  i L t u  
138-080-06BCA1 1880 8 16 1200 1400 130 55 250 5 940 260 47 1 1230 550 
138-080-06BC42 2750 8 13 100 0 5 2 670 2 1150 8 360 1 1630 20 
138-080-OGBCC 1540 8 2 1  2400 520 120 66 170 7 850 180 27 1 1020 570 
1 38 - 080 - 30CD1) 1860 8 15 100 10 32 15 370 4 600 330 63 66 1190 1 it0 
138-OSO-31DBB 2200 8 13 40 10 5 2 530 4 950 260 98 3 1390 18 
138-083-01CBD 1350 8 19 210 20 31 13 280 5 620 210 16 1 881 130 
138 -08 1 - 0 1 CCA 1230 8 28 250 580 87 37 140 7 550 200 29 0 800 370 
138-081-09ABB1 4600 16 1100 30 8 3 970 3 1100 3 890 1 2440 32 

7 -- 

138-08 1 -09ABE4 2230 9 5 60 40 3 2 560 2 1140 220 36 1 1420 17 
138-081-12DAB 1370 7 21 12000 100 98 52 150 5 960 5 11 1 827 460 
138-081- 15DDC 17 10 9 9 170 0 13 24 420 2 820 190 18 3 1110 130 
1 3 8 - 0 8 1 - 1 7 DDA 2 1 7 0 8 10 230 10 4 1 550 4 1220 4 140 3 1330 l <  

138-08 1-20B.4.-l 2050 8 9 140 0 4 1 520 3 1180 79 63 1 1280 13 
8 15 100 10 22 10 340 4 510 280 70 1 994 94 

1 3 8 - 08 1 - 35AB.l 2 1 80 8 22 1100 170 39 13 460 5 940 120 210 1 1340 150 

138-082-05DBC 2860 8 13 190 10 5 12 700 6 1230 2 380 1 1730 61 
138-082-08DDD 2920 8 11 560 20 7 2 700 5 1250 5 390 1 1740 27 
138-082-20DDD 2440 8 9 190 30 6 5 630 8 1090 400 23 2 1640 32 

138-082-34DAU 2620 8 9 230 20 5 2 650 8 990 580 11 1 1780 21 

c.L u 138-081-25ADB 1540 
138-08 1-30tmB 726 8 11 60 80 77 33 26 4 330 76 13 41 444 330 
1 3 8 - 0 8 1 - 3 2 .ID.\ 2 2 6 0 8 10 40 0 5 1 560 3 990 380 16 3 1480  17 

1 3 8 - o 8 2 - 04 H r i n  1 2 8 o o 8 11 40 0 20 7 670 10 1160 1 390 1 1b90  78 
138-082-05BC.A 2830 8 12 60 0 5 1 690 7 1230 3 360 1 1690 18 

8 

138-082-30CBD 2340 8 10 170 30 4 1 610 8 1120 260 59 1 15110 16 

138-083-14ABB 2850 8 10 80 0 4 2 690 4 1270 13 350 I 1720 15 
138-083-22AM 2900 8 12 570 10 4 1 700 4 1190 17 380 1 1720 14 
138-083-22liDR 3100 8 12 0 10 4 1 740 4 1230 18 420 1 1620 15 
138-083-26ACC 2680 8 12 110 20 3 2 660 3 1300 15 260 1 1620 14 
138-083-26CDB 2340 9 10 110 10 3 1 580 3 1030 330 38 0 1510 13 
138-084-01ARC 4300 7 19 380 80 77 58 7000 9 1750 1200 2 1 3230 430 
138-084-10ABB 2520 8 8 570 70 3 1 630 4 1470 5 140 1 1540 12 
138-084-25AAA 3350 8 11 260 10 7 2 820 5 1020 960 2 3 2330 27 



CRE’I’ACEOUS FOX HILLS FOML4TIOK 
I=ii~g/ 1 2=ug j  I 3=imliio cat 

T-K-S -0 SPCND(3j ?tI . ‘ ; tO2 t l )  F E ( 2 )  ? L V ( L !  C A ( 1 )  ? I C ( ! )  N ? ? . ( l j  K ( l )  f I C O j (  1) S04(1 )  C L ( I )  N03(1> DLSLI)( 1 )  ti‘:~tI:X. 1 I 

1 3 8 - W 8 4 - L 7 C C C 2  1230 s 9 20 2ci 12 7 28i) j b3ci 140 5 3 1 7 9  3 Y  
13 8 - 085 - 0 1 CA.4 2 340 9 9 680 20 2 3 590 4 1360 54 82 1 1450 18 
138-085-10CAB 1920 9 3 1300 20 3 1 490 2 1060 150 3 2 1210 12 
138-085-20RBD 2320 8 8 110 40 7 2 570 4 1130 330 3 1 1500 28 
138-085-22BAD 1730 9 4 310 10 3 1 440 1 880 220 3 1 1140 10 
138-085-26CDF 1470 9 6 130 20 3 0 360 1 640 220 3 1 936 10 
138-086-llDDB 1460 25 2100 80 10 5 350 2 740 180 2 1 953 43 
138-086-13CCC 1560 8 18 480 80 19 8 360 3 820 190 3 1 1010 82 
138-086-17C 1.600 8 18 1600 170 23 10 370 3 840 200 5 1 1050 99 
138-086-17D 8 26 8 21 100 20 94 40 33 3 510 51 4 0 500 400 
1 38 - 08 6 - 20-B 2740 8 22 2900 40 60 29 610 6 1170 600 12 1 1920 270 
138-OS6-20B 215’0 8 18 270 20 46 23 470 5 1070 290 9 1 1390 210 
138-086-21BCR 1640 8 16 I50 320 90 43 250 6 820 280 5 1 1100 1, n n 
138-086-26CCC 3020 8 23 190 0 96 46 630 8 1140 850 13 1 2230 LtJ-)L) 

4 138-086-2LCDDl 0 8 9 270 40 35 15 500 4 920 470 4 5 1500 150 
138-086-3SBBC 0 8 23 350 10 96 44 650 8 1130 800 9 1 2190 420 
138-086 - 36AAR 1 2S10 8 13 640 20 3 2 640 4 1310 310 10 3 1660 18 
138- 08 7 -03DBR 3 120 8 24 2100 90 110 47 620 9 1140 870 7 1 2250 470 
138-087-28BBC2 2390 9 8 140 120 2 2 600 2 1090 360 5 3 1550 14 
138-087-34CBA 2210 8 9 0 80 2 2 560 2 1210 210 7 3 1410 12 
138-089-13CBB 2990 8 8 80 120 3 4 750 2 1230 640 6 1 2030 23 
138-089-32CBH2 1940 8 9 290 100 3 1 500 2 1240 65 10 1 1210 11 
138-089-35BM 2000 8 6 90 120 12 6 520 2 1290 82 10 1 1280 56 
139-080-3’lCAA 114‘0 8 16 560 1500 120 41 82 4 450 260 16 1 764 470 
139 -080-3 1CI)D 9 10 8 16 60 460 98 35 63 4 480 100 13 1 567 39 0 
139-0Sl-04BDAl 3710 8 11 70 30 17 8 930 4 1140 1200 24 2760 76 
139-081-04BDA2 3360 8 18 190 0 6 2 810 3 1290 3 500 1 1980 23 
139-081-09AAA1 3250 8 19  240 10 6 2 850 3 1300 4 560 2090 24 
139-081-09MA4 8000 8 10 40 210 78 50 2000 7 960 3800 24 6450 400 
139-081-15CBB 3020 8 9 190 70 8 3 750 2 1150 660 16 5 2040 32 
133-081-16BCC 3350 8 8 100 10 1 1 800 2 1310 1 500 1 1970 8 
139-081-16CDR 2730 8 11 20 20 5 2 650 2 1200 13 350 1 1630 22 
139-081-22ACC 2710 8 10 370 0 6 2 680 2 1240 320 94 1 1740 21 

+ 
w 
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N 

CW.Tt\CE:OUS FOX HILLS FOKtL4TIO:I 
l=tI!g/ 1 2-11gi L ) = i i r n h ~  / c:~'  
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139-3Li-L5iBH 192G d 1 /  GL0 100 95 49 310 b 910 
139-081-25CCC 1690 8 17 210 2400 190 67 130 6 840 
1 39 -08 I -26.ICtI 15 30 8 21 4600 860 130 43 180 5 730 
139-081-2SCDC 1250 8 12 80 70 150 43 81 5 570 
139-081-30AlM 1680 8 1 7  250 160 100 2 310 4 720 
139-08 1 -30UHI3 887 8 14 1000 600 100 27 62 9 420 
139-081-30DD.I 2520 8 10 120 10 4 2 610 3 1200 
139-081-36CCD 1870 8 19 1200 100 110 47 280 5 920 
139-081 -36DAli 1270 8 16 1800 1700 130 43 110 8 750 
139-082-08BCC 2790 8 14 20 0 5 1 690 4 1300 
1 3 9 - 0 8 2 - 1 5 -4D.4 3 0 7 0 8 18 390 0 6 9 760 7 1290 
139-082-21A.AB 45SO 8 11 20 10 15 10 1100 5 1210 
139-082-23DCB 3060 8 12 230 40 8 2 730 7 1190 
139-082-24CCA 3200 8 13 140 0 6 2 770 8 1280 

18 5400 280 120 32 100 8 560 139-082-25ADD 1170 7 
139-082-25BBD 1030 8 16 6300 700 170 60 140 4 720 
139-083- 12DIiX1 2800 9 12 60 20 4 1 750 2 1220 
139-083- 12DR.43 2300 9 9 30 20 4 2 600 2 1040 
1 39 -083 - 2 4DI)H 4 380 9 9 20 10 13 7 1100 5 1090 
139-083-28DiID 2550 8 7 40 20 4 4 620 2 1100 
139-084-27HBC 1980 9 7 80 10 3 2 500 2 1090 
139-085-03DCC 2190 8 8 1600 20 2 2 570 2 1180 
139-085-OCCDD 2480 8 6 I40  60 11 7 630 3 1450 
139-085 -06DD1) 1 1650 8 70 260 620 70 48 260 6 560 
139-085-06DDD2 1020 8 10 100 200 88 28 92 5 370 
139-085-18DCD 1640 8 25 220 160 89 26 290 5 780 
139-085-21AAD 2420 9 8 0 20 3 1 620 2 1230 
139-085-21ADC 2240 9 8 400 10 3 1 5 7 0  3 1160 
139-085-21BAC 2800 8 3700 80 5 3 700 3 1320 
139-085-21BDR 1670 10 3 260 40 2 1 400 4 380 
139-085-22HCR 2740 9 9 4100 100 4 3 700 3 1320 
139-085-24RAB 2190 9 12 590 20 2 1 5 7 0  3 1140 
1 3 9 - 0 8 5 - 3 OrLlB 1 3 4 5 0 9 9 1900 160 7 2 800 5 1090 

S 0 4 ( 1 )  C L (  1 )  NO':( I )  DISLi)( 1; X A l ~ l j ' i ~  I )  
280 51 s 12 79 440 
300 10 1 1140 750 
260 11 5 1020 500 
240 7 1 820 550 
220 83  1 1090 260 
3 40 5 1 567 360 

7 260 1 1500 1 7  
29 0 3 7  1 1250 470 
120 6 5 812 500 

5 330 1 1690 16 
1 420 1 1860 51 

1500 11 5 3260 79 
1 45 0 1 1810 29 
2 470 1 1910 L4 

110 60 1 731 430 
340 25 1 1120 670 

4 370 1800 15 
380 22 1540 19 

1500 8 0 3210 61 
410 34 5 1650 26 
110 45 1 1240 15 
230 5 1 1430 12 
220 13 5 1610 57 
440 19 5 1140 370 
190 18 45 659 340 
300 2 1 1120 330 
310 4 1 1580 1 2  
290 6 0 7 480 1 2  
380 6 1 1830 26 
190 11 0 1020 10 
410 5 1 1810 21 
260 7 1 1440 12 

5 590 1 2000 26 



CRETACEOUS FOX HILLS FORXYI" 19Y 
I=rng/ 1 2=ug/  1 3=111:the ,' sn: 

l J 9 - d e b - 2 7 E . G  1500 8 it! 0100 520 50 18 250 4 640 290 3 1 Y Y O  /!do 
139-086-35BCC 1320 8 17 1100 220 22 13 290 3 650 190 4 1 863 110 
139-086-35BD.A 1460 8 13 1200 520 140 32 170 4 560 350 14 1 1000 480 
139-086-35CBC 1250 8 14 1800 360 80 19 200 3 590 190 12 1 813 280 
139-086-35CCC 1575 28 2600 70 16 5 370 2 856 160 3 1010 60 
139-OS7-01BCB 2100 9 9 190 10 2 1 520 2 1000 290 2 3 1350 8 
139-087-08BAB 2270 9 11 190 40 3 1 590 3 1330 170 7 1 1470 10 
139-087-llDCD 2340 8 8 380 40 2 3 590 4 990 450 2 2 1570 15 
139-087-16CDR 1310 8 8 480 780 79 57 160 5 510 320 3 1 886 430 

1 3 9 - 0 8 7 - 2 3BRB 2 1-20 9 6 320 20 4 1 560 3 1310 18 14 1 1330 12 
139-087-26XDB 2170 8 13 90 10 2 1 590 3 1510 7 13 1 1400 8 
139-088-06DDD 3790 8 19 2000 60 210 94 670 11 960 1500 3 8 3000 O ? c )  

139-088-15CCC 3400 8 25 0 80 140 73 630 10 1000 1200 5 1 2580 0 3 U  

139-088-25BAD 3330 8 21 60 80 110 57 630 11 1150 930 8 2 2340 5 10 
139-088-25I%CC 3i10 8 24 1200 0 90 50 630 9 1070 910 5 1 2250 430 
139-088-28DDA 4240 8 21 1800 70 130 57 910 7 1300 1400 6 1 3180 560 
139-088-31RBC1 2060 8 27 920 40 28 10 490 6 1020 280 6 2 1350 110 
139-088-31BnC2 3460 8 24 2500 70 47 22 800 6 1310 890 6 1 2450 210 
139-088-34BCCl 2400 4 20 5 4 1 730 3 880 7 390 1770 16 
139-088-34RCC3 2600 9 180 60 3 3 630 2 1300 290 10 1 1610 18 
1 3 9 - 0 89 - 2 2AaIJ.4 25 40 8 10 20 50 17 20 700 3 1880 96 4 1 1780 130 
139-089-26CCD2 3990 8 17 1700 120 260 110 650 12 1330 1600 6 3 3200 1100 
139-090-12DAA 3160 8 8 140 30 6 3 790 4 970 1000 5 2300 28 
140-062-02CCC 1240 8 23 490 180 70 40 150 9 493 210 52 1 799 340 
140-062-16DDD 1690 8 23 130 20 26 23 340 8 601 240 110 1 1070 160 
140-062-23AAR 11 10 8 22 20 120 65 24 150 7 478 160 41 0 706 260 
140-062-23AHR 11 10 8 23 1400 60 63 25 150 7 468 160 44 1 706 260 
140-062-27CCC1 1430 8 21 1400 160 24 10 300 7 519 210 76 1 907 100 
140-062-27CCC2 1060 8 19 0 10 140 46 28 7 406 250 13 1 704 540 
140-081-18AHD 137G 8 15 5100 1600 110 43 160 4 600 280 12 1 928 450 
140-081-21CnC 1870 8 18 1700 100 190 77 160 6 1020 260 26 4 1250 790 
140-081-29/1CC 2780 8 10 60 0 5 1 660 2 1190 4 350 1 1630 1s 

'r - 3- s - Q SPC';I)(3) P!I SIG2(l) F E i ? )  ? l? i (2)  C A ( 1 )  I l i ; ( l j  ! iA{11  S i l )  lit:O.j[ i )  S 0 4 ( 1 )  C L ( 1 )  l \ i O 3 ( 1 )  D [ - > L I ) ( . ~ J  tl.'i:I)!..:'' 

139-087-18AB%2 2400 9 8 90 20 9 22 620 4 1430 160 15 3 1580 1 I O  



CRETACEOUS FOX HILLS FOR."IA'I'lO?I 
> -  , .  l = n r Q j L  ?=us/ 1 J-i1!11ilC/ cfil 

S>-' , 'CIJ)  !';I S ; ( i 2 ( 1 )  FE. : i )  ? I h ( 2 )  L ' A ( l j  ' ! ~ ~ ~ l J  SA( 1 ,  h i  I ,  It(:!;.;( I )  S 0 4 ( 1 )  1 - ? - S - ,  

I 4 G - 3 S L - u 1 U .a i I/ L J 8 14 40 i l O U  50  30 160 4 3bci 140 
140-084-35CCC 1960 8 9 1400 5 6 490 4 1100 180 
1 4 0 - 085 - 1 8BIiC 2 6 3 0 9 7 420 120 5 4 690 3 1750 38 
140-088-16ADB1 2900 9 4 0 10 2 3 750 3 1630 5 6  
140-089-36:11~D)2 2800 16  5500 60 100 44 260 7 791 330 
140-090-12DCC 966 8 12  20 0 110 38 48 4 330 160 
140-030-17ACB 2680 8 2 90  10 4 2 730 2 1870 9 
140-090-20DBA1 2100 8 11 20 70 6 1 760 2 2020 7 
140-090-21BCR1 2500 8 19 0 40 5 5  23  530 6 890 630 
140-090-21BCB2 9760 8 10 . 100 490 670 1500 7 630 6500 
140-090-32BDD 2310 8 21  360 20 3 2 600 4 1450 72 
140-090-33ACD 2390 8 2 100 10 7 1 620 2 1250 280 
14  0-0 9 0 - 34A.4.4 18 3 0 8 20 100 40 62  23 340 4 660 440 

w 1 4 0 - 0 9 0 - 3 5 B EA 2 9 7 0 8 I 4  2100 70 13 7 760 5 1550 500 

141-095-OGCCD 1970 9 9 0 10 10 10 501  2 1060 197 
141-096-29CCC 2470 8 13 1200 0 22  4 550 6 897 260 
I 4 1 - 09 7 - 0 6 R.lD 1 040 8 13 8 0  40 95 32 77  3 279 137 

142-092-08BBU 1440 8 1 7  130 10 5 10 361 2 832 127 
1 4 3 - 09 5 - 3 2 A C  13 26 60  8 27 200 5 0  5 3 708 4 1870 13 

141-089-36DCD 2930 8 18 2000 60 140 80  500 11 817 1100 
U 
P 

142-084-24RI%A 2820 9 8 320 4 1 684 2 1170 5 

143-095-34ACD 2550 8 28 340 20 4 2 673 3 1790 11 
143-097-24DBll 779 8 16 120 10 22 15 146 3 439 74 
144-089-35AAU 2460 9 11 290 20 4 0 590 2 :I60 3 
145-075-09BRL31 1280 9 20 410 20 5 1 320 1 653  88 
145 - 07 8-05RBll 2 700 9 11 20 100 13 5 570 3 901 23  
146-074-08DCUI 1500 9 42 140 40 3 3 390 3 874 110 
1 46  - 0 7 4 - 0 8 D C  112 1 5 00 8 4 3  120 20 4 2 390 3 873 110 
146-074-2ICCC 1500 8 25 380 120 61 26 250 6 716 200 

146-077-1 l A D R  1600 8 26 180 560 45 14 400 6 788 100 
146-077-20CDl3 2290 8 13 480 10 7 0 590 3 952 3 
146-077-21L3BR 1900 8 11  200 20 6 3 540 4 993  4 

146-076-33DAA l6IO 8 30  3300 40 50 16 330 7 601  330 

C I A ( !  ! P O 7 (  I ! J i S i . E [  1 j !L'iFL.' i : 1 

3 1 080 L>C) 

4 3 1260 38 
24 1 1670 30 
35 1 1860 19 

1 1 1150 430 
1 110 646 430 

31 2 1710 17 
38 1 1820 20 
8 1 1720 230 
4 1 9500 4000 

12  1 1460 18 
5 1 1540 22 
3 1 1220 ?<;n 
0 1 2070 O L  

3 3 2260 6SO 
9 1 1290 64 

220 3 1530 70 
0 187 682 370 

343 0 1670 16 
3 1 946 5 3  

10 1 1730 22 
9 1 1640 18 
5 2 500  120 

210 1 1420 10 
34  1 830  14 

360 1 1460 5 3  
15 1 1010 21 
16 1 1010 16 
1 7  1 940 260 
40 3 1110 I90  

220 1 1200 170 
340 1 1430 19 
250 1 1340 27  



T-3-S-Q SFi':;U::) PfI S I U L I  1)  F E ( 3 )  
14b - 6 7 7 - 3OIlAE 1 9 UO i3 I?  120 
I46-09O-2OCCC 2260 8 14 240 
lA6-092-29DDCl 1100 8 17 0 
146-094-05CBD 2890 8 10 0 
1 4 6- 0 9 4 - 0 8DtI C: 1 4 0 7 0 8 19 0 
146-094-08D.W .3590 8 11 40 
146-094-35AR.4 ' 729 7 13 940 
146-095-03DCB 2100 8 14 30 
147 -075-03ccc 1 '2200 8 25 400 
347-094-26BCB 2350 8 12 0 
14 7 - 09 4 - 34 BAD $2 2 30 8 15 100 
147-095-12CAD ,'2900 8 11 530 
1 4 7 - 0 9 5 - 1 4A.4.4 2 8 8 0 8 11 0 
147-095-14'CBBl 3860 8 13 2200 
147-097-05HDBd, 2900 ' 8 8 ' 60 
l48-076-03DDC 2910 8 21 380 
148 - 0 7 7 - 02DDD 1 '2000 9 10 1000 
148-095-31CCA 2020 -8 14 220 
148-095-32DnD 2660 8 11 100 
148-095-35BDD -31 10 8 8 250 
148-096-06DCA 3280 8 7 0 
148-096-09ABD 2140 8 13 0 
148-096-1.1BB 3060 8 10 0 
148-097-20CAD 2140 x8 14 60 
148-097-22CDC 2060 9 14 290 
148-097-27RCH 3180 *-8 8 100 
146-097-28ACB 2900 8 9 20 
148-097-30ADA '2030 8 15 0 
148-097-33ARB 1980 8 15 90 
1 49 - 07 2-07DI)D I 3 1 0 8 41 240 
149-092-22CDC 772 8 6 1800 
1 4 3 - 0 9 3 -0  2XC 11 2 2 3 0 8 15 540 
149-093-05CDC 2620 8 16 200 

CKE'I'4CEOUS FOX IiZiLS FORMATION 
1 =wx; z 2=112/ 1 3=i~i ih0/  cm 

>1!;(2) C ; i ( l i  t1Gi 1; N A ( 1 )  t ; :  1 )  ifCO:( i )  SOj(1) CL(l) N O i ( i l  !IiSLil( i )  i ~ A i - ~ ! ) ~ \ ~  l i  
LO 5 2 470 2 915 31 170 1 11511 LO 

2 1 564 2 1100 3 214 2 1370 9 
20 92 37 81 2 311 124 36 161 725 380 
40 5 3 732 3 1660 10 206 1 1790 24 

180 219 103 694 10 1060 1480 17 46 3110 970 
4 0 7 3 913 3 1980 10 274 1 2220 27 
350 86 38 20 2 284 172 2 1 47 6 3-10 
0 2 1 527 2 1160 0 154 1 1280 8 

140 52 20 440 9 669 520 66 1 1470 210 
0 3 1 596 2 1230 2 214 1 1440 9 
0 2 1 560 2 1190 4 181 1 13bO 9 

10 3 1 736 3 1560 100 129 1 1760 13  
10 3 2 745 3 1570 94 136 1 1770 ' &  

30 226 130 625 8 870 1650 7 1 3090 1 I U U  
10 3 2 802 3 2080 -7 22 1 1880 14 
0 7 2 650 3 1160 2 380 1 1640 24 
90 9 4 540 4 940 340 33 1 1430 40 
10 2 2 500 2 1130 14 124 1 1230 12 
10 3 2 703 3 1690 0 139 1 1700 14 
10 4 3 859 3 2300 0 24 1 2040 22 
10 3 3 911 3 2480 0 24 1 2180 18 
10 3 0 535 2 1200 11 138 1 1310 7 
30 4 5 771 2 1690 7 249 1 1890 32 
20 2 1 556 2 1170 4 150 1 1310 7 
10 2 0 512 2 1140 0 122 4 1250 6 
20 4 3 860 4 2300 4 16 1 2050 23 
40 3 2 798 3 2110 1 41 1 1300 14 
0 3 1 514 2 1140 5 119 1 1240 9 

20 2 0 500 2 1150 6 120 0 7 220 5 
3 1 337 3 730 61 41 1 850 10 

190 45 32 81 4 359 134 0 1 482 240 
0 2 0 557 3 1100 329 4 1 1460 c 
0 3 1 656 1 1140 531 4 2 1780 12 



cRmcmus FOX HILLS FCRYATION 
!=,;;g#i I ?=11q/ I 3=ciinlio/ r m  

T-R-S-rj SPC';U: i! P!i S ; O X ( l )  TE(;!  b!h(:) C.1(1) K C l i  S A ( 1 )  i ; ( l )  H C W (  1 i SC)4(1)  
149-dY3-dSDCC 3 3 l b  s 1s 300 09 3 J 743 2 i l l 0  7 10 
150-076-21BBB 4000 8 20 80 160 15 3 960 7 576 1 
150-077-05DDD 2200 8 10 0 10 5 8 580 3 7050 10 
150-080-08BBB 739 8 14 0 0 90 40 3 1  4 359 120 
151-076-07DDC1 3600 9 20 20 40 7 1  6 850 4 640 11 
151-076-07DDC2 3000 9 14 380 60 5 4 650 3 725 0 
151-077-01BCC 3000 8 7 330 10 8 4 680 3 744 4 
152-077-llCCD . 430 2 10 1100 7 459 32 
152-077-21CDD . 380 5 11 1100 8 444 26 
1 5 2-0 7 7 - 30DDA 1 42 00 9 14 230 40 13 4 890 4 687 6 
152-077-30DDA2 4500 8 12 330 70 10 8 800 4 724 7 
152-079-13DDDl 4330 8 23 480 60 11 7 950 4 737 3 
153-072-03DDD 1 1  10 8 45 4300 2 1 279 3 588 101 
153-077-34ACD 4000 8 17 330 0 12 4 970 5 632 5 

8 11 210 40 9 1 840 3 991 8 153-079-30MAI 4800 
I 5 4 - 0 75 - 0 4AA.4 1 2 7 0 0 9 31 40 10 6 2 570 4 892 3 
154-075-21CDD1 1300 9 38 130 0 4 1 340 2 818 5 
154-075-21CDD2 700 9 19 80 0 4 2 180 1 397 13 
154-078-3 1 BAA1 4610 8 21 60 80 15 4 1200 4 626 3 
155-075-03ADD 1300 8 15 440 40 8 1 300 3 721 100 
155-075-15BBD 2700 9 25 120 0 6 1 590 3 949 53 
155-075-23ABB 650 8 20 270 80 19 6 120 4 373 39 
155-060- 1 SAAA 5 680 8 17 580 60 17 10 1200 6 585 3 
155-080-19CCB2 4900 8 6 860 40 10 3 960 3 764 7 
156-071-05AAA 479 8 17 20 320 52 15 25 5 285 16 
156-071-17CDA 1320 8 18 60 100 46 11 260 7 648 180 
156-073-12CCC 1420 9 44 80 20 4 2 340 3 690 120 
156-075-22CCC 3500 9 20 870 160 7 3 710 4 834 4 
156-077-22CCC 1030 9 14 0 0 3 1 260 1 612 12 
157-076-22DCC 1310 8 16 270 80 20 5 300 3 731 58 
158-079-13CCC 5210 8 12 40 90 10 10 1200 5 690 7 

w 
m 

CL(I 1 ::03( I )  U l S l  D \  I i L i R D X [  1 i 
2 2 2040 It; 

1200 1 2490 49 
310 1 1450 45 
3 3 462 390 

920 1 2170 51 
5 30 1 1620 28 
680 1 1760 36 
1100 2 46 
1300 2 58 
960 3 2250 50 
820 1 2040 57 
1000 1 2390 55 

5 1 747 Q 

1200 1 2530 40 
660 1 2070 27 
370 5 1460 25 
27 1 847 15 
3 1 454 15 

1400 1 2960 52 
4 1 790 26 

310 3 1480 18 
1 2 39 7 74 

1600 1 3160 84 
1100 1 2470 36 

1 1 274 190 
15 1 858 160 
26 2 907 16 
600 I 1780 31 
28 1 648 12 
51 4 819 69 

1400 1 3030 64 



1 2 9 - 35 j - 0 S,'t,;b 
129-054-02AAC 
129-054-18BEb 

129-056-30DDD 
129-057-14CCC 
129-057-30DCC 
1 2 3 - 0 5 8 - 2 21IllD 
129-060-06CCA 
129-060-28CCB 
129-061-31BCA3 
129-063-25BBB 
129-063-34BfiB 
1 2 9 - 0 6 4 - 2 0 EBB 

t.' 129-065-35DBD 
1 29 - 0 7 1 - 1 5AAB 
129 -0 7 3- 2 1CDB 
130-048-31DCD1 
1 3 0 - 0 5 2 - 2 9 DAA 
130-053-06DDD 
130-053-28DDB 

1 2 9 - 0 5 5 - 1.3 B C C 

1 3 0 - 0 5 4 - 2 9 AHA 
130-055-13ACB1 
130-055-32ADD1 
130-056-OGABB1 
130-056-35AAB1 
130-057-02ADC 
130-057-3SAAR 

130-058-25CBD 
130-059-23CBD 
1 3 0 - 05 9 - 26 CAC 

130-058-OGAM 

A300 
4100 
4500 
3890 
4600 
3900 
3740 
3970 
2870 
3150 
4020 
2640 
4830 
38'80 
4000 
2650 
2'8 0 0 
6060 
4230 
4250 
4310 
4000 
3950 
4390' 
4630 
3810 
3500 
4090 
4140 
4000 

580 
630 

s 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
7 

8 
8 
8 
7 
8' 
8 
8 
8 
8 
8 
8 
8 
8' 
8 
8 
8 
8 
7 
7 

a 

0 230 
6 330 
5 580 
8 1400 
8 710 
6 850 
8 480 
8 3100 
6 2200 
6 430 
8 40 

11 4100 
6 1800 
6 5100 
9 1300 
9 1400 

13 3600 
6 
8 
8 440 
8 500 
8 1800 
7 580 
8 130 
6 60 
9 0 
8 990 
8 0 
7 940 
9 60 

30 2500 

si) 
10 
60 
60 
40 
80 
40 
80 
60 
60 
60 

220 
20 
60 

60 
160 

10 
40 

620 
40 
30 
40 
40 
50 
20 
90 
10 

1000 
3 2  900 1200 

! G  
34 
15 
19 
18 
27 
21 
19 
96 
37 
16 

2 10 
13 
25 
18 
93  

290 
33 
15 
18 
16 
1 7  
20 
35 
14 
22 
25 
11 
18 
15 
90 
95 

9 10Gc) 
7 960 
9 1000 
6 880 
7 1100 

35 790 
8 810 
6 880 

29 510 
12 670 
6 870 

60 330 
7 1100 

14 810 
8 900 

31 460 
76 330 
16 1390 
8 970 
7 980 
7 970 
7 900 
6 920 
8 960 
6 1100 
6 840 
8 820 
6 940 
6 930 
8 890 

26 8 
27 9 

13 455 
14 440 
14 477 
13 344 
1 7  527 
13 357 
12 403 
13 547 
23 190 
12 210 
13 420 
21 190 
21 575 
21 781 
17 891 
11 188 
20 180 
16 307 
20 334 
17 461 
11 460 
15 377 
15 323 
13 294 
16 888 
13 357 
18 315 
14 576 
1 7  585 
1 7  574 
3 337 
3 370 

1200 
1200 
1200 
1200 
1300 
920 
900 
660 

1200 
1300 

700 
1200 

160 
200 
210 

1100 
1200 
1450 
1290 
1200 
1200 
1100 
1200 
1300 

790 
1100 
1100 

870 
790 
730 
55 
61 

41u 
370 
390 
360 
430 
470 
440 
620 

85 
100 
640 

67 
1300 
770 
810 

7 1  
180 

1020 
414 
370 
400 
370 
370 
49 0 
620 
360 
330 
540 
600 
580 

16 
4 

L 
1 
1 
1 
1 
3 
1 
3 
1 
1 
1 
1 
1 

14 
2 
1 

7 
I ?  
6 
1 
1 
0 
1 

11 
8 
1 
4 
1 
1 
4 
3 

2S9d 10  

2800 63 
2880 75 
2670 74 
3160 75 
2450 210 
2410 8 4  
2490 70 
2050 360 
2250 140 
2470 64 
2000 770 
2900 h? 
2260 1 iu 
2420 7 7  
1870 360 
2210 1000 
4030 150 
2900 70 
2850 75 
2860 70 
2620 70 
27 10 74 
2970 120 
3010 60 
2540 80 
2470 96 
2690 50 
2670 70 
2550 70 

40 1 330 
419 350 



'r-;;-. 3 -9 
l jo-aJt ,  l-::.;c;! 
130-062-15ADl1 
130-062-15CI~l~ 
130-063-20DDC 
130-065-11C~B 

1 3 1 - 0 4 7 - 0 7 DAD 
130-084- 13;1:21) 

131-048-28r\Ar\ 

131-052-32ccc 
131-053-10DDC1 
1 3 1 - 0 5 4 - 1 7 B:l:\ 
13 1-054-26rIBD2 

i 3 1-05 1 - ~ ~ D C A  

131-055-03CDD 
w 4 131-056-23CBB1 
03 131-057-12CDC 

13 1-05 7-30ADD 
13 1-058-1 1 B:1.+1 
131-060-27r118:\ 
131-061-23DDC 
131-062-15ACB 
131-062-3ODCC 

1 3 2 - 04 7 - 0 8ABI) 
132-047-08ACb 
1 3 2 - 0 4 9 - 1 2 DA.4 I 
132-050-O6DCB 
132-051-05CCD 
132-052- 1 9 C R B  1 
132-054-09DtlC 
132-054-09DCt1 
132-054-13Alj13 

13 1-064-22AA.4 

132-054-31LI:1Bl 

CKET~XEOUS I~UTAJ um m w ~ r m  
l=mg i 2=!1Q/ 1 h1!1 l1  13 / L!i l  

;) !'H SiQ2(:1 IC(') ' l ' * i [ L l  C A ( L !  Y L ( ! )  N A ( l 1  k , ~ )  !!(IO)(!) j r ) A ( i )  CL(:) : \ O ; ( l )  I f ' . i , ! j . . , 1 !  

8 b L?UO ou YO 28 220 29 i(: , 7  lL0b 95 1 LGdd .JdO -I,!.-tJ 

1800 8 11 5000 180 200 54 330 35 199 1200 7 1  1 2010 7 20 
4890 8 7 350 20 34 6 1000 24 470 200 1200 2 2710 110 
4530 8 7 100 20 18 7 970 21 700 160 1100 1 2640 75 
2570 8 8 2900 220 230 64 290 25 190 1200 79 1 2000 8 4 0  
2030 8 . 300 . 514 . 773 485 0 1220 2 4  
2880 9 7 8 5 650 10 486 464 364 5 1790 42  
3560 8 7 32 29 778 14  327 784 578 4 2400 200 
4350 8 7 12 6 990 18 478 1180 443 12 29 10 55 
4290 8 7 14 4 1020 21 544 1170 443 6 2950 50 
5500 8 7 480 0 9 7 1100 7 565 1300 420 1 3160 50 
4000 8 9 270 40 23 8 870 15 318 1200 350 1. 2650 91 
4000 8 8 1500 60 20 7 910 1 7  374 1100 370 1 2640 Rn 
4000 8 8 120 20 20 4 880 15 437 950 470 0 2570 U I  

4000 8 8 130 20 17  7 890 1 7  459 980 440 1 2600 70 
4000 8 8 60 40 14 4 920 1 7  529 880 490 6 2620 50 
380G 8 8 1200 60 26 6 830 18 299 1100 320 0 2470 89 
4500 8 9 1700 20 18 4 970 20 643 750 640 1 2760 6 2  
5780 8 7 1400 200 47 13 1300 22 310 1900 590 1 4040 170 
3390 8 7 470 40 62 16 680 24 270 1200 200 1 2330 220 
5000 8 7 190 10 24 10 1000 26 582 160 1200 1 2720 1 00 
4910 8 7 80 20 21 12 1000 23 620 160 1200 1 2740 100 
4640 8 8 100 40 38 13 910 25 570 33 1200 2 2520 150 
1590 8 8 10 5 357 13 544 245 98 1 1000 45 
1670 8 8 8 10 380 7 734 150 104 1 1030 63 

5800 8 7 30 18 1250 21 315 1230 970 0 3680 150 
4390 8 6 15 4 1060 34 649 1170 465 3 3080 54 
4460 8 7 5 7 1010 10 546 1200 405 0 2930 40 

[to00 8 . 150 10 

\ I  - 

2420 8 21 . 34 10 506 6 424 558 220 2 1570 1 2 7  

3900 8 6 596 66 22 5 870 15 338 1100 380 1 2590 75 

4 U O O  8 8 80 60 24 i 870 16 32; 1200 360 1 2660 7 7  
8 8 130 10 24 3 860 15 317 1100 390 4 2570 74 



CRETACEOUS XhRAN KARA FO t ~ ~ i A ' ~ I O ~ i  
l=me/ I 2=11q/ 1 3=li!niic/ 1 x 1  

5 1 f L : D i ; )  Ptl  S J t ~ . ? i i )  FC(i) ? I - ' , ( ? )  &!(I) i ~ ( ; t l )  'i:,(l) ~ . . i i ;  ~ P - I , I  I )  S i ) 4 ( t )  C I A ( : )  S<I;I 1 1  i ) i : ; i . ( ~ f i ;  i ! ' . k ; b ' . t ! ~  
1 3 L - 3 5 3 - \I L!jC 4 (2 :J d u s ilili) LC 18 5 ?'lo i d  010 1100 420 1 LY,  i, c/4 
132-056-07DDIl 3990 8 3 890 60 1 7  5 930 19 513 1100 420 3 2760 62 
132-056-08CAC 3900 8 5 190 40 27 6 810 1 7  268 1200 310 1 2520 92 
132-056-34CCC 3600 8 8 1700 20 23 6 820 18 321 1200 310 1 2550 80 
132-057-06DCC 5000 8 9 370 10 14  9 1200 24 805 680 890 4 3240 7 0 
132-057-1Sl)Dll 3900 8 8 790 40 27 7 830 1 7  309 1200 340 1 2590 96 
1 3 2 - 0 5 8 - 2 OlID'C 4 2 5 0 8 8 120 20 12 5 960 1 7  666 780 600 1 2720 50 
132-060-1 7DAA 3000 8 9 290 40 47 10 600 21 210 1200 85 1 2080 1 i o  
132-063- 12:1:.-1 5340 8 9 220 40 20 11 1100 26 750 25 1400 1 2970 95 
1 3 2 - 0 6 3 - 2 9 LlBE 5 060 8 7 0 40 28 12 1100 26 700 10 1400 2 2940 120 
132-076-07BBC 3460 8 13 840 160 118 74 617 11 207 1440 232 26 10 507 

8 7 1800 0 71 13 790 28 278 1100 420 1 2570 230 
8 7 670 40 38 9 910 23 380 1100 470 1 2760 1 ?n 

133-055-16CCA~ 5500 8 8 580 10 21 6 1000 19 540 1100 420 1 2860 ! I  

4 1 3 3 - 05 5 - 2 OCBH 3 7'6 0 8 6 100 60 20 7 830 14 310 1200 280 1 2520 7 1  
133-056-26ARB 4500 8 8 80 60 25 8 820 18 303 1200 280 1 2520 9 4  
133-056-32RBD 4500 8 8 1700 180 27 5 840 18 292 1300 260 0 2610 89 
133-05S-19CCD3 3120 8 4 80 40 20 8 680 14 200 1200 94 1 212s 82 
133-05S-22DDDl 4000 9 8 2500 60 36 7 840 15 233 1400 240 1 2670 120 
133-059-02BCD 3050 7 8 100 20 19 3 670 19 218- 1200 97 2130 62 
133-059-1 l A A B l  4300 8 6 890 0 15 7 1100 22 605 290 1200 0 2950 65 
133-OS9 - 1 lrlrZB2 4 180 8 7 940 100 45 12 870 25 230 1200 500 3 2780 160 
133-059-14CHB 3710 8 6 130 0 16 5 790 17 358 960 380 1 2310 59 
1 3 3 - 0 5 9 - 2 2i1DD 2 5 6 0 8 9 890 20 19  7 660 19 236 1200 94 1 2130 78 
133-059-23BCC 3050 8 3 350 20 20 4 630 15 176 1100 95 5 1970 68 
133-053-27ADD 4670 8 4 1300 20 15 8 980 20 541 440 990 5 2740 71 
133-060-19BA.4 4890 8 5 380 0 14 10 1100 22 681 140 1200 26 2860 76 
133-060-24CCCI 5410 8 6 230 0 15 8 1200 23 604 180 1400 3 3140 70 
133-060-34iICI~ 3040 8 7 380 60 35 10 620 21 215 1200 96 1 2100 1 s o  
133-06I-OIDlW 800 7 26 850 570 100 33 35 6 434 93 15 525 390 
133-06I-03BBC 4860 8 6 190 0 16 6 1100 24 764 100 1200 1 2840 66 
133-06 1 - It;:!CB 2270 8 7 2500 160 210 67 290 33 190 1200 80 1 1990 800 
133-063-05ADII 2690 8 7 7900 140 240 75 280 27 198 1200 92 1 2030 910 

J 
1 T- E; - s - ,  

CB 



CRETACEGUS INYAN KARA E‘owifu ION 
l = d q /  1 2=LlgIl 3-unilin cii: 

‘I - K - S -<! S W X ? l C l  Pil S Z K ? !  1 )  Fl l (2 )  EL‘;(‘) iAill ?iG( 11 !;A( 1 )  i i  l )  di:O3( I) S04(1) t;i>(I) !J(?;( 1 ! DLSLDt 1 1 

1 34 - 05 3 - 2 3ADC 5 0 00 8 7 40 20 10 7 1100 5 325 1300 580 1 3190 
134-054-28BB.4 4000 8 7 350 20 40 7 900 24 348 1000 510 1 2670 
134-055-03BBC 3900 8 7 1500 70 61 9 760 33 253 1100 360 1 2470 
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The depth and temperature d a t a  contained i n  WATERCAT and WELLFILE 

are presented here i n  map form. 

The WATERCAT temperature and depth d a t a  consist of  measured temperatures, 

a t  various depths, i n  groundwater observation wells i n  North Dakota. These 

d a t a  are  presented as  "s l ice"  maps of temperatures observed a t  depths of  

30, 50, 80 and 100 meters. All temperatures were mapped t h a t  were w i t h i n  

52 meters of  the "s l ice"  map depth. 

The WELLFILE temperature and depth data consist of recorded bottom- 

hole-temperatures a t  the t o t a l  depth dr i l led  i n  o i l  and gas wells in North 

Dakota. 

bottom-hole-temperatures recorded, a t  300-meter intervals from a depth of  

300 meters t o  4500 meters. All temlperatures were mapped that  were w i t h i n  

one s t anda rd  deviation of the mean temperature for  the depth interval and 

k 1 5 0  meters of the "s l ice"  map depth. 

These d a t a  are presented arj contour maps, of  the township average, 

The WATERCAT data are considered the most re l iab le ,  since they consist 

The o f  temperatures we measured with a calibrated thermistor probe. 

WELLFILE data are considered less  re l iable  since they consist o f  reported 

temperatures measured by many logging companies over many years. 

These maps are useful i n  estimating the temperatures of water contained 

i n  an aquifer i f  the aquifer depth and the l a n d  location of the well are 

known. 

u 185 



F I G U R E  1 - 3 0 - M E T E R  " S L I C E "  MAP ( C I  = . 5 O C )  

F I G U R E  2 - CONTROL FOR 3 0 - M E T E R  " S L I C E "  MAP 

186 

E 

E 
L 

L 

E 

c 
EF 
5 

E 



FIGURE 4 - CONTROL FOR 50-METER " S L I C E "  MAP 
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F I G U R E  5 - 8 0 - M E T E R  " S L I C E "  MAP ( C I  = . 5 O C )  
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FIGURE 6 - CONTROL FOR 80-METER S L I C E  MAP 
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FIGURE 8 - CONTROL FOR 100-METER " S L I C E "  MAP 
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F I G U R E  9 - 300-METhR "SLICE" MbP 
( C I  = 5 C ;  = 3 2 . 2  C )  
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FIGURE 11 - 600-METbR " S L I C E "  MbP 
( C I  = 5 C; T = 31.4 C) 
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FIGURE 12 - CONTROL FOR 600-METER " S L I C E "  MAP 
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FIGURE 13 - 900-METER "SLICE" M i P  
(CI = 5 c ;  T = 37.9 C)  
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F I G U R E  14 - CONTROL FOR 900-METER " S L I C E "  MAP 
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FIGURE 15 - 1200-MEJER :SLICE" r$AP 
( C I  = 5 C; T = 41.2 C )  
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F IGURE 16 - CONTROL FOR 1200-METER " S L I C E "  MAP 
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FIGURE 18 - CONTROL FOR 1500-METER " S L I C E "  MAP 

F I G U R E  17 - 1 5 0 0 - M E L E R  "SLICE" VAP 
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FIGURE 19 - 1800-MEJER "SLICE" VAP 
( C I  = 5 C; T = 56.3 C) 

F IGURE 20 - CONTROL FOR 1800-METER " S L I C E "  MAP 

195 



E 

FIGURE 2 1  - 2100-MEJER " S L I C E "  VAP 
( C I  + 5 C; = 60.5 C) 

FIGURE 2 2  - CONTROL FOR 2100-METER " S L I C E "  MAP 
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FIGURE 23 - 2400-MEJER :SLICE" UAP 
(CI = 5 C ;  T = 72.5 C )  

FIGURE 24 - CONTROL FOR 2400-METER "SLICE" MAP 
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FIGURE 25 - 2700-MEJER :SLICE'' NAP 
(CI = 5 C ;  T = 82.4 C) 

FIGURE 26 - CONTROL FOR 2700-METER "SLICE" MAP 
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FIGURE 27 - 3000-MEJER "SL ICE"  MAP 
( C I  = 5 c; T = 93.8%) 

FIGURE 28 - CONTROL FOR 3000-METER "SL ICE"  MAP 
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FIGURE 29 - 3300-MEAER L S L I C E "  M t P  
( C I  = 5 C; T = 101.8 C )  

F I G U R E  30 - CONTROL FOR 3300-METER " S L I C E "  MAP 
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FIGURE 31 - 3600-MEJER :SLICE" MbP 
(CI = 5 C; T = 105.7 C) 

FIGURE 32 - CONTROL FOR 3600-METER "SLICE" MAP 
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FIGURE 34 - CONTROL FOR 3900-METER " S L I C E "  MAP 

FIGURE 33  - 3900-MEJER "SLICE" MflP 
( C I  = 5 C; T = 112.7 C) 
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FIGURE 35 - 4200-MEJER ''-SLICE" MbP 
( C I  = 5 C; T = 1 2 0 . 1  C) 
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FIGURE 36 - CONTROL FOR 4200-METER "SL ICE"  MAP 
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FIGURE 37 - 4500-MEAER .''-SLICE" MtP 
(CI = 5 C; T = 127.5 C) 

F I G U R E  38 - CONTROL FOR 4 5 0 0 - M E T E R  "SLICE" MAP 
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