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u 
INTRODUCTION 

This i s  the final technical report o f  Phase I1 o f  our activities under 

cooperative agreement D 

Phase I.of this ag 

ID12030 which was executed March 7, 1979. 

arch 7, 1979 t o  March 7, 1980) consisted of 

an evaluation of potential hydrothermal 

Geological Survey's recor Is drilled in the state. The 

Phase I study assemble library system (WELLFILE) of the o i l  and 

o construct a geothermal g rad ien t  map of 

ac te r i s ti c s of pot  en t i a 1 h yd rot he m a  1 

based on the North Dakota 

nd gas wells drilled i n  North Dakota have been drilled 

i n  the western two-thirds o e state, and most of these wells have had 

ned i n  WELLFILE i s  concentrated geograph 

graphically i n  Paleozoic rocks. 

rated i n  areas 

First, WELLFILE was upda expanded. Second, a computer 1 i brary sys tem 'cd 

I 
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GOAL 

The o b j e c t  of this study is  t o  eva lua te  the hydrothermal resources of 

North Dakota. T h i s  evaluat ion is  based on e x i s t i n g  data  on f i l e  w i t h  the 

North Dakota Geological Survey (NDGS) and o the r  s t a t e  and federal  agencies ,  

and f ie ld  and laboratory studies we have conducted. The pr incipal  sources  

of data  used dur ing  the Phase I1 study were WELLFILE? the computer l i b r a r y  

of o i l  and gas well data  developed during our  Phase I s tudy,  and WATERCAT, 

a computer l i b r a r y  system of water well data assembled dur ing  our  Phase I1 

study. A field survey of'the "shal 

ected groundwater observat ion holes 

of the thermal conduct ivi ty  of  core 

ow" geothermal grad ien ts  present i n  s e l -  

was conducted. Laboratory determinations 

samples is being done t o  f a c i l i t a t e .  heat-  
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I DATA BASES 

WELL F I LE 

The  WELLFILE computer l i b r a r y  system manages da ta  obtained from about 

8,000 o i l  and gas wells dr i l led i n  North Dakota. These da ta  a r e  f i led w i t h  

the North Dakota Geological Survey. 

Location, l e g a l ,  production, and s t r a t i g r a p h i c  d a t a ,  as well a s  the 

a v a i l a b i l i t y  and s t o r a g e  loca t ion  o f  cores and samples, a r e  s to red  f o r  each 

well. Well loca t ion  information includes county, township, range, s e c t i o n ,  

and quar te r -quar te r -quar te r  desc r ip t ion  (Figure 3 ) ,  a s  well as the footages 

from north-south and east-west s e c t i o n  lines. Legal data include owner- 

ope ra to r ,  N.D.G.S. well number, N.D.G.S. permit number, permitted da t e ,  com- 

p le t ion  o r  abandoned date,  an .P.I. number. Production da ta  include well 

s t a t u s ,  produci ng hori zon , pe 

ig raph ic  data inc lude  ref 

r a t ed  i n t e r v a l ,  and i n i t i a l  production. S t r a t -  

l eva t ions  , t o t a l  depth,  deepest formation 

hysical  logs r u n .  Cores 

footage of top  and bot- 

i r d  Core and Sample 

sets can be added 
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). 

k 
The f i rs t  da ta  water-qual i t y  information from analyses 

performed on water recovered during d r i l l  stem tests. N.D.G.S. well number, 

t ed  interval ,  pH, resis- 

t i v i t y ,  and t h e  c 

y the  N.D.G.S. s t a f f  f o r  

formation from newly d r i l l e d  wells 

i s  made publ ic .  

A d e t a i l e d  descr ip t ion  o f  the d a t  elements , system main- 

s contained i n  Appendix A. The WELLFILE 

ded i n  Appendix B. 

tenance , and Val ida t ion  techn 

Data Guide and Coding Guide 

WATERCAT 

The WATERCAT computer l i b r a r y  system manages data  from groundwater ob- 

servation, domestic, and stock wells inventoried by the United S ta t e s  Geolog- 

ical Survey, Water Resources Division (U.S.G.S.W.R.D.) and the North Dakota 

k*! depth,  and casing diameter hic da ta  includes the footage of the t o p  

roducing horizon, l i tho logy  of the of the producing horizon, nam 



produci ng hori zon, and the surface 

mperature, specific conductance, 

species. 

elevation. Water quality data include I u 
pH, and the concentration of major ion 

RCAT has one data subset. Temperature and depth data, 

e r  observation wells, i s  maintained as a proje 

ubset includes well location, date measured, and tempe 

These data are i 

accurate, shallow, geothermal g rad ien t  data and accurat 

I t  is anticipated that the WATERCAT system will be 

five- or  ten-metre depth intervals. 

perature data. 

detailed discussion of the data  sources, data elements, 

dation techniques is  contained i n  Appendix A. T 

Data Guide and Coding Guide is included i n  Appendix C .  
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TASKS 

Geothermal Gradient and H 

involved 1 ocati ng , obta i  n i  ng access t o  

le  groundwater ob 

convenience" , d r i  I1 ed by othe 

flow determination sites. Separate di scussions o f  the procedures fol lowed 

and our results follow for t h  

studies. 

Geothermal Gradient S 

, 

- 
O u r  Phase I 1  t e  ogging was geo . -  

areas of above a erage geothermal gradient (greater t h a n  30°C/km), ind ica ted  by 

our Phase I stud 

on this basis (Figure 6 )  and work was concentrated i n  p r i o r i t y  

erature-depth observations have been assembled i n  a data  subset o f  WATERCAT 

(Appendices A and C ) .  
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I Heat-Flow Study 

I 

Determi ne S t r a t i  graphy 

1 I 

Determine Thermal 
Conductivities 0 

Calculate 
Heat-F1 ow 

I 

-Geothermal Gradi en t s 
-Depth and Temperature Data 
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t 

The apparatus used for temperature logging consists of a thermistor 
w 

probe, a cable reel, and a digital volt-ohm-meter. A calibration curve was 

determined in the laboratory for the thermistor circuit (f.03'C). Field 

'operations involve lowering the probe down the borehole, allowing the ther- 

mistor to reach equilibrium, and measuring the resistance of the thermistor 

circuit. The digital volt-ohm-meter was used to measure the thermistor re- 

sistance, and temperatures were calculated from the calibration curve (t.010C). 

Results 

The Phase I1 geothermal gradient study measured temperatures at five- or 

ten-metre intervals in about 241 groundwater observation we1 1s in priority 

areas one, two, and four. This temperature-depth data is stored in WATERCAT 

and can be summarized graphically and in map form. 

Graphical display of th emperature-depth data is accompl i shed *with 
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100 metres. This depth interval was chosen since i t  i s  below t h  

seasonal temperature variatio includes a maximum amou 

col 1 ected. I nterva calculated between a d j  

observations i n  eac rature prof i 1 es 

casing, only i 

es between 8 and 80°C/km calculating the 

-average, geothermal gradi e ch well were the 

the spurious effects o f  1 

duce the "shallow" geothermal gradient map. 

lice maps have been constructed from measured temperat 

and 80 metres (Figures 9,  10, and 11). These machine-contou 

ted temperatures a t  these depths. 

Phase I vs. Phase I1  Geothermal Gradient Maps 

Figure 12 shows a comparison of our  Phase I and Phase I1 geothermal 

, -  

gradient data.  

tributed t o  a t  least three factors: 

calculation techniques. 

The differences observed i n  the two sets o f  data  can be a t -  

well control , depth of the 

The distribution and density of  the wells c o n t r i b u t i n g  data  t o  the two 

maps i s  not the same. 

they were concentrated i n  the western two-thirds of the state. 

contributed data t o  the Phase I1 map, b u t  they were more even 

i n  the areas mapped. Consequently, the "shape" of  the gradie 

shown can not be expected to  be identical. 

More wells contributed data t o  the Phase I map, b u t  

Fewer wells 

The depth of the da ta ,  used t o  calculate the gradients, 

for each map. 

bottom-hole-temperatures recorded i n  principally Paleozoic rocks. These 

The Phase I map displays geothermal gradients calculated f r o m  

k; 
Paleozoic aquifers are regional groundwater flow systems, and h i  

gradients resu t i n  those areas where these aquifers are 

20 
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The Phase I1 geothermal gradient map displays s i te  averages of  interval 
w 

gradients from wells located in three geologic settings: shallow, local 

groundwater sys tems i n  uaternary sediments; shal low, local groundwater 

systems i n  Quaternary sediments, n hydraul i,c communication w i t h  deeper 

regional aquifer systems; and shallow, regional and subregional groundwater 

systems i n  Tertiary rocks. 

The shallow, loc 

i n  the northeastern o 

ture logs run on wells i n  this setting are low (10 t o  20°C/km). 

undwater systems i n  Quaternary .sediments are found 

f of the s ta te .  Gradients calculated from tempera- 

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

communication w i t h  deeper, Cretaceous and 01 der regional groundwater systems. 

I n  these areas the warme water from the deeper aquifers results i n  higher 

temperatures and consequ 

n higher piezometric he 

higher gradients. This "leakage" a1 so resul ts  

poorer water quality. 



1 

L 

n 100 metres were used. 

attire used for the Phase I map i s  not correct. 

low well gradients are calculated from a single t 

On the other 

I t  is our conclusion t h a t  both the Phase I and Phase I1 gradient maps 

are useful. 

higher geothermal gradients t o  Paleozoic aquifers. 

The Phase I map is useful for i n d i c a t i n g  areas of r 

The Phase I1 map is use- 



FIGURE 13 - HEAT FLOW VALUES DETERMINED I N  NORTH DAKOTA; DATA SHOWN I N  
HFU = 1 x 10-6 CALICM~SEC; ALL VALUES FROM SCATTOLINI, 
1978 EXCEPT THOSE MARKED BY * WHICH ARE FROM ZABEL, 1979 



. 

t reported is not very reliable. The general 

however, i s  evident; the region of greatest 

part of the s ta te .  

The results o f  the Phase I s t u d y  (Figure 5 )  suggest quite 

heat flow pattern. 

eastern fringe of the oi l  and gas well da ta .  

The region o f  largest gradients is loca 

plete a t  this time, seems more i n  

Scattolini (1978), and not inconsistent w i t h  the data i n  the 

corner of the s ta te  (Zabel% 1979). 

nal Heat-Flow Data 

During Phase I1 of this project,we were successful i n  casing and cementing 

two holes of opportunity i n  east-central North Dakota (Figures 14 

penetrate the Cretaceous Pierre formation. Determining a value for  the ter-  

res t r ia l  heat flow a t  these s i t e s  would require the measurement of t 

conductivity of the Pierre Shale. 

ma 1 

D r i l l i n g  cuttings and core, 

are available t o  us and an attempt i s  under way to  obtain a reliable value 

I for i t s  thermal conductivity. This proves to  be a d i f f icu l t  experimental 

problem, not yet  successfully solved. Our measurements suggest the value 

t o  be significantly less than the 4 

I 

used often i n  the l i terature .  
cm set% 

I , The heat flow data reported by Scattolini (1978) i s  based on a value of about 
I 

I 
1 
I 3.4  rn and our measurements this past winter suggest the v cm secOC 
I 

even smaller. In l ieu o f  reporting a heat  f low,  a t  this time, i t  

useful t o  determine gradients i n  the Pierre, Niobrara, or Carli le 

possible over the s ta te .  Nine such s i t e s ,  including the two hole 

tunity we completed, have been identified and are shown (Figure 1 

on the ''shallow" gradient d a t a .  

I 

Note the general agreement i n  t 

Figure 17 super \ stern and southwestern portions of the s ta te .  
i J  

28 



c 

0
 
0
 
.- 

+
 

n
4

 
u
 

Y
 









~~ ~~~~ ~ 

\ 

Cretaceous s h a l e  gradie 

well data .  Here the ag 

good, b u t  turns o u t  t o  be 

eas t -cent ra l  North Dak 

the depth  of the o i l  a 

r Phase I g rad ien t  map, based on o i l  and gas 
6., 

gas well d a t a ,  wh ich  i n  the a rea  of agreement i s  

nce the o i l  and gas well data  from the western 

bottom-hole-temperatures a t  depths  of 2500- 

4300 m, the therma 

igraphic  da t a  from o i l  and gas wells 





# 

WELLFILE. This data has 

selected formations and 

led us to construct structural maps on fourteen 

opach map of the Mississippian Madison Formation 
W 

(Appendix E). 

Phase I1 Stratigraphic Studies 

Our Phase I1 stratigra c studies (Figure 19) involved identifying PO- 

tenti a1 Mesozoic and Cenozo quifers and compiling additional stratigraphic 

data, in order to evaluate e aquifers. All Mesozoic and Cenozoic aquifers 

were of interest, but emphasis was placed on the Cretaceous Inyan Kara 

Formation. 

bases used for our Phase 11 stratigraphic study consisted o f  

WATERCAT (Appendices 

WELLFILE was updated and expanded so it now accommoda 

tops.. Oata from new wells, being added to the system, inc 

of the new formation tops * 

WATERCAT contains a stratigraphic identification of the aquifers pro- 

th the stratigraphic iden- 

raphic data contained in 

c distribution of this 
I 

Inyan Kara formation. 

i n WATERCAT wi 1 1 

tern half of North Dakota, 



Generate Computer 
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study being conducted by the N.D.G.S. 

logs ,  will be s to red  i n  WATERCAT. The addi t ion  of r e l i a b l e  s t r a t i g r a p h i c  

da ta  t o  WATERCAT should enable us t o  generate the needed s t r u c t u r a l  maps. 

Two other studies a r e  providing information t h a t  will u l t ima te ly  be 

eva lua t ing  the hydrothermal resources of Mesozoic and Cenozoic 

Formation tops ,  interpreted from these 

aqu i f e r  systems. 

r. Walter Moore, University of North Dakota Geology Department, has 

orked f o r  the pas t  two yea r s ,  i n  cooperation w i t h  the N.D.G.S., on a study 

of the Cretaceous Inyan Kara Formation. 

logs ,  on f i l e  w i t h  the N.D.G.S., and produced severa l  c ross -sec t ions  and 

an isopach map of the Inyan Kara Formation i n  North Dakota. Although unpub- 

lished, the results of his study a r e  ava i l ab le  through the N.D.G.S. 

His study u t i 1  ized geophysical 

The U.S.G.S.W.R.D. has been involved i n  regional a q u i f e r  studies f o r  

several years .  

w i t h  Mesozoic and Cenozoic aqu i f e r  systems i n  the region. 

pects the results t o  be a v a i l a b l e  d u r i n g  the t h i r d  q u a r t e r  of 1981. 

study will produce s t r u c t u r a l  and isopach maps of major a q u i f e r  systems, a s  

Or. Ray Butler, o f  their Bismarck o f f i c e ,  has been working 

The U.S.G.S. ex- 

Their 
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Our structural map 

present throughout  most 

ships contributing we1 1 

Major structural features, evident on the map, include the Williston Basin 

r a t i o n ,  the tendency for contour 

les ,  can be seen 

Dakota, by the southward projection of t h  Nesson 

The anticline i s  clearly shown by the -800 metre contour l ine.  

The Inyan Kara isopach map (Figure 22) was 

formation thickness from a l l  logs penetratin 

township-average thickness values. 

contributing well control to  the map. 

Figure 23 shows the location of townships 

The thickness of the Inyan Kara Forma- 

t i o n  ranges from about 30 metres, i n  the eas t ,  t o  more than  150 metres, i n  

the center o f  the Williston Basin, and shows a tendency t o  t h i n  i n  the area 

of the Nesson Antic1 ine. 

A sand/shale r a t i o  map (Figure 24)  was constructed for the Inyan Kara 

Formation. 

log penetrating the formation, and entered i n  WELLFI 

footage w ? s  divided by the summation of shal 

townshi p-average of these rat ios  was mapped. 

The footages of sand and shale wcre recor 

Figure 

those townships contributing da ta  to  the map. 

footages of sand and shale. 

A r a t i o  of o 

I ki 
A ra t io  of two means twice 

t o  the shale footage, i s  present. 
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- FIGURE 20 - STRUCTURE MAP ON TOP OF THE CRETACEOUS INYAN 
KARA FORMATION. CONTOUR INTERVAL I S  75 METRES 
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isopach map, will  give a t o t a l  footage value for sand and shale a t  that  loca- 

tion. For example, i f  t h  sand/shale ra t io  i two and the isopach map shows 

90 metres o f  sediment; we can expect 60 metres of sand and 30 metres o f  shale. 

w 

The areas where the sand/shale ra t io  i s  greater t h a n  two indicate areas 

accumulation. The location o f  t h  sand-rich areas i s  

ce areas for c las t ic  sediment and the environ- 

d u r i n g  the Early Cretaceous. 

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

nvironment as Cretaceous seas transgressed 

the west and southwest toward the east (Hansen, 1955). The transgressing 

sea reworked sa ver systems, and deposited, i n  a 

nearshore envi r sand transported into the marine environment. 

s of sand are t h o u g h t  t o  be the eroded rocks, of 
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Ld 
objec t ive .  Consequently, 

Phase I was from Paleozoic and 

Phase I1 Water Qual i t y  Studi 

Phase I1 water qu 

ozoic  and Cenozoic 

e aqui fe rs .  As i n  our  s 

retaceou; Inyan Kara, Fox Hills, and 

The da ta  bases used f o r  our  Phas 

1 Creek Formations. 

water q u a l i t y  study consis ted of 

WELLFILE and WATERCAT (Appendices A ,  B, and C )  . 
The Phase I water qua l i t y  da t a ,  contained i n  WELLFILE, . was expanded and 

updated. 

analyses were entered i n t o  the system. 

da ta  is contained i n  Appendix F. 

Water analyses not  included i n  the Phase I study and r 

The updated Phase I wate 

WATERCAT contains  the results of  chemical analyses  performed on the w.?ter 

produced by selected water wells i n  North Dakota. 

of this da ta  is  not  s a t i s f a c t o r y  t o  produce water qua l i t y  maps f o r  most aqui- 

fers. In add i t ion ,  the var iab le  qua l i t y  of the s t r a t i g r a p h i c  control  on th i s  

da ta  results i n  a chaot ic  map presentat ion.  

The geographic d i s t r i b u t i o n  

Consequently, only t abu la r  sum- 
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FIGURE 26 - STEPWISE PROCEDURE USED FOR 
PHASE I 1  WATER QUALITY STUDIES 





COMPUTER BASE MAP SUBTASK 

The da t a  management ribed here manage a 1 volume of d a t a ,  

most of which  have bee 

These da ta  can be numeric 

However, the truevalue of 

which  a r e  best sho 

ake poss ib le  rap i  

d t o  produce summaries and compilations. 

geographical a s soc ia t ions ,  

Base Map Subtask is t o  

omputer-drawn maps, w i t h  the f l e x i b i l i t y  

o rd ina te s ,  ( X ,  Y )  , t o  rep- 

o f  the Subtask becomes one 

accura te  coordinates for each da ta  c o l l e c t i o n  point on f i l e  i n  

m. Because t ons o f  the s i te  ca t ions  can be provided 

1 systems and w i t h  i n g  degrees of accuracy, the Base Map system 

s t  be very f l e x i b l e .  A1 ust be poss ib le  t process pol i t i c a l  and 

system. study a rea  boundaries F ina l ly ,  the system must be a s  com- 

Dakota. The 



L.' 
g r i d  coordinate points of other re 

reference points used include, b u t  

latitude-longitude intersections, and intersections of reference 

h Dakota State Plane system. The system coordinates 

he s t a t e  are calculated by interpolating from the nea 

The i n i t i a l  se t  of reference points were ob 

s h i p  corners of a standard 1:500,000 scale map of the s ta te .  Political boun- 

were not  entered. Although the system came on-line rapi 

y i t  required an overlay of county l ines to  be meaningfu 

available only for  a few map scales, l i m i t i n g  the f lex ib i l i ty  

The task  of this  phase of the project was t o  upgrade the system to  a higher 

degree of accuracy and t o  provide a catalog of poli t ical  boundari 

points for the latitude-longitude and State Plane systems were t 

Reference 

i g i  t i  zed 
0 

1 for future 

compatible 

system was 

conversion system development. 

w i t h  the software of the in i t i a l  version. Furthermore, the new 

t o  allow the entry of new reference points or lines a t  wi l l .  

The upgraded version was to  be 

Accuracy of  the system was improved by using county maps a t  a scale of 

1 inch t o  a mile (1:63,360). 

these maps, t o w n s h i p  corners were again used as reference poin ts .  

corener references can be added l a t e r  as needed. County l ines ,  

longitude intersections, and State Plane intersections were als 

as were reference points for final assembly of the maps i n t o  an integrated 

whole. 

A l t h o u g h  section corners are clearly marked on 

Section 

The county maps used f o r  

t o  enter new poin ts  o r  

d a t a  p o i n t  

th i s  

1 i nes 

or area cannot be referenced adequ b 

Subtask are available, and c 

i n t o  the system. This flexi 



The q u a l i t y  o f  the epends on the ty of the reference maps 

and the d i g i t i z i n g  and assembly processes. The maps are b l u e l i n e  maps d i s -  

t r i b u t e d  by the North Dakota State Highway Department. They are subject  t o  

an unknown amount 

p r i n t i n g  o f  the maps are no t icab le  when the maps are assembled i n t o  an i n t e -  

grated whole. 

ng er ro r .  This e r ro r ,  and er ro rs  introduced i n  

No attempt was made t o  determine the extent  o f  these er ro rs  

o r  e l im ina te  them. Instead the e r r o r  was "spread" t o  the degree possible over 

the o f  fit between maps. 

a claimed prec is ion o f  0.001 inch, the smal lest  

increment recorded. Informal tes ts  of actual  d i g i t i z i n g  a 

average of about +/-0.008 inch. A map can be returned t o  

tab le  wi th  an accu o f  about +/-0.010 inch. A sect ion l i n e  on the map 

0.008 inch  wide. The la rges t  i n c o m p a t i b i l i t y  o f  

over a l i n e  of about 28 maps noted t o  data i s  about 0. . Most l i n e s  

i n  common between maps match i n  length t o  w i t h i n  about 0.015 inches over 15 

t o  20 inche 

four  corners were f o r  each township, p r o v i d i  

values f o r  each corner. The value entered i n t o  the reference tab le  i s  the 

'coordinate represents i s  c l e a r l y  i d e n t i f i e d .  F i n a l l y ,  each p o i n t  is ro ta ted  

and t rans lated,  i n  the Cartesian coordinates system, i n t o  a new coordinate W 

51 



should be completed by July, 1981. 

Recommendations 

T h i s  Subtask  will be completed when the new version i s  operationa1,with 

new t o w n s h i p  corners and political boundaries i n  referen 

are available for developing programs t o  convert t o  and 

longitude and State Plane coordinate systems. 

can be added t o  the system. 

I 

I 

Section c 

Other reference lines, such 

ries,  rivers, lakes, and reservations, can also be 

, 
I 

, 

r n  



SUMMARY 

and implement d WELLFILE, a computer library 

data containe in N.D.G.S.  files (Appendices 

A and B). WELLFILE is an easily accessable data base that can be interrogated 

to sumarize, in map form or listings, the depth, thickness, water quality, and 

potential hyd m a 1  aquifers. Most of the data in WELLFILE 

in Paleozoic fers. Conseque our Phase I 1  study de- 

T, a computer library system based on water well data collected 

by the U.S.G.S.W.R.D. 

supplements the data in WELLFILE. Most o f  the data in WATERCAT is concentrated 

in Mesozoic and Cenozoic aquifers, with potable water, stratigraphically above 

the Pierre Formation. 

ppendices A and C) . WATERCAT is compatable with and 



Mesozoic Aquifers 

Our Phase 11 study concent ra ted  developing s t r u c t u  

a t i o  maps o f  the Cr 

well logs  were s t u d i  

a b l e  temperature  d 

ness and water  qua s u m w i z e d .  The 1 

able for t h i  

idespread  a q u i f e r  of  moderate depth.  

han 400 metres deep i n  the e a s t  t o  more than 1 ,7  

Figure 27 shows t 

n t r a l  part  of  the Wi l l i s ton  Basin. Figure 28 shows 

v a r i e s  from less than 30 metres i n  the e a s t  t o  mo 

Figure 29 shows the l o c a t i o n  of  s i g n i f i c a n t  accumulations 

Kara Formation. 

l oca t ed  i n  the s o u t h - c e n t r a l ,  sou th -eas t ,  no r th -eas t ,  and 

of North Dakota. 

These a r e a s ,  w i t h  s and / sha le  r a t i o s  g r e a t e r  t 

The a v a i l a b l e  water  q u a l i t y  d a t a  i s  summarized, i n  t a b l e  

form, i n  Appendices F and G. In g e n e r a l ,  the t o t a l  d i s so lved  s o l i d s  i n  the 

formation water  range from about 2,000 mg/l i n  the sou th -eas t  p a r t  o f  the 

s t a t e  t o  about  14,000 mg/l i n  the western p a r t  o f  the s t a t e .  In some l o c a l  

a r eas  t o t a l  d i s so lved  s o l i d s  a s  h i g h  a s  50,000 mg/l can be expec ted ,  due t o  

the i n j e c t i o n  o f  o i l  well brines or the v e r t i c a l  movement 

underlying a q u i f e r s .  

e r a t e  depth and moderate water  q u a l i t y .  

thermal a q u i f e r  i n  e a s t e r n  North Dakota. 

The Inyan Kara Formation is  a widespr  

I t  is  l i k e l y  t o  be 

Two o t h e r  Mesozoic, p o t e n t i a l  hydrothermal a q u i f e r s ,  t 

Formations,  will be eva lua ted  d u r i n g  ou r  Phase I 
- 

d a t a  f o r  these formations i s  conta ined  i n  Appendix i 

5 0  







FIGURE 29 - SAND/SHALE RATIO MAP FOR THE CRETACEOUS INYAN KARA 
FORMATION: CONTOUR INTERVAL I S  1 
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L, uality da ta  on most Cenozoic aq 

erature da ta  a t  this 

a for Tertiary aquifer 

uaternary aquifers. 

studies will continue t 

t a  t o  supplement the 

es o f  water produce 

i n  WATERCAT. 

, is summarizing the depth, temperature, 

quality d a t a  for  al l  major Mesozoic and Cenozoic aquifer 

be included i n  future reports. 

Our Phase I11 activities will 

catalog of da t a  col 1 ected dur ing  

also include assembling a user-oriented 

our studies .of potenti a1 hydrothermal 
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PURPOSE OF THIS REPORT 

This report describes the data management system used by the North 

Dakota Geological Survey. 

implementation techniques t h a t  were used are also discussed. 

Factors governing the design, development, and 

Considerable interest has been expressed i n  the philosophical and 

technical aspects of this data management system. The documentation pre- 

sented i n  this report describes the system i n  detail and provides guidelines 

for the development of  similar systems. The needs of potential  users will 

differ from our design requirements, b u t  the GEOSTOR design philosophy i s  

flexible, and can meet most of the needs of a map-oriented data  management 

system. 
0 





GENERAL DESIGN CONSIDERATIONS 

The GEOSTOR Concept 

Computer management o f  geologic and petroleum data  a t  the North Dakota 

Geological Survey i s  based on the GEOSTOR concept. GEOSTOR is  a design 

philosophy used t o  approach the development of 

system for data t h a t  de e an  essential useful 

da ta  management 

R concept i s  embodied i n  ten generalize 

the early phases o f  system desi ovide the founda- 

t i o n  for development o f  a us 

The principles and their app 

Map-Oriented Data 

i n t  i n  three- 
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. The user should be able to  enter description, remarks, o r  comments 
w i t h  l i t t l e  or no restriction. 

grouped i n t o  a. data structure exploiting the natural assoc'iations 
among the variables o r  the anticipated recal 

6. A separate, custom-designed data structure sho 
each natural association of vari ab1 es. 

7. All data structures f o r  a collecting s i t e  should b 
s i t e  and i t s  location data elements. 

8. Each collecting s i te  should have two identifiers.  
be unambiguous, preferably assigned by the system. The second 
should be one assigned by the user and easily recognized by him.  

The quality of maps and cross-sections produced from map-oriented 
data depends heavily on the quality o f  the location va 
a l l  phases of  processing, from data collection, t h  
conversion, t o  final map production. 

Except for  rare cases, justified by very h i g h  dema 
of  the retrieved values should be performed outsid 
sys tern. 

The f irst  should 

9. 

10. 



, 

the system is to have wid t traction. Potential users must be consulted a t  

stages of design and testing of the system. The system must f i t  the i r  

needs, or i t  w i l l  not be used. 

User access to  the system can be controlled i n  two ways. I f  the system 

is interactive, w i t h  menu-driven operations, the system can be made self-  

operational. 

user through the system i s  difficult  and expensive. The f lex ib i l i ty  of this 

s tyle  of operation i s  also limited; changes i n  the system o r  data base can 

requi re who1 esal e revi s i  on o f  the guidance programs. 

The second access method is the use of a syste 

However, wr i t i ng  eff ic ient  programs to  carefully guide the 

egrity of the data base 

user to learn the sys 

pands beyond the resources o f  the operator. We do, however, recommend this 

method . 

i s  a 'pigeonhole' 

em. Data elements 

close cooperation 

7 

- 



I , 

w i t h  potential users will define sufficient data elements to  

of a l l  users under any situation, Comments can f i l l  

retrievals from generalized comments are d i f f icu l t .  Comnents 

handle i n  a co uter data-mana n t  system. Corn 

ant,  however, because they w 

old interpretations, hunches nd items to  a s s i s t  t 

he data elements mus arranged in patterns of asso 

associations w i  11 ref1 ec t  ral relationships among the d 

a date and i t s  three elements of day, month, and year. l 

I 
I 

, 
, 

Fu 

designed structures will enhance e f f ic ien t  use of the sys he structures 

~ anticipate patterns of recall .  

Customized Data Structures 

A data structure should be constructed for  each class of data encountered. 

A data class is  a group of data elements that  are sufficiently related to be 

frequently searched and retrieved together. 

collected a t  a single s i te .  

data, groundwater data, and engineering data. 

regated into separate data structures, and used as separ 

subsets o f  data bases. 

Collecting S i te  Umbrella 

Several classes of data may be 

For example, a test-hole may provide lithologic 

Each data class should be seg- 

s or 

Because several classes o f  data can be collected a t  a 

nked together under the ident i f ier  for  ,the 

cription. This technique provides an index to  

l e  for a s i t e  o r  area. A comnon i n i t i a l  data ' f i  

8 
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i s  of the form: "What do we have fo r  this location (area)?" The system 

should be able t o  respond w i t h  a l i s t  of sites and the classes o f  data 

filed for  each site.  

The Collecting Site Identifiers 

A da ta  collecting s i te ,  such as a well or  outcrop, should be identified 

i n  a t  least two ways. The f i r s t  i s  an internal ID, preferable unambiguously 

he second consists of one o r  more additional liter- 

er. These should a l l  be cross-referenced t o  them- al IDS, famil 

selves, as well as t o  the geographical location of the site. 

The Map Trap 

Map-oriented data  derive much of their value from being mapped. The 

Map Trap discussion concerns the quality of the spatial relationships among 

the data points, as provided by the data-management system. The principle 

i s  called a ' t rap '  because i t  i s  so easy t o  neglect this very important as- 

pect of system design. The neglect i s  a considerable risk, because i f  the 
~ 

user cannot trust the accuracy of points plotted on maps produced by the 

system, the system will not  be used. In short, the system must not p u t  the 

I 
I 

t location con- 

. The user needs t o  be 

9 





V 

SPECIFIC DESIGN CRITERIA 

In add i t ion  t o  the general design cons idera t ions  a1 ready discussed, 

- regula tory  and research needs of the North Dakota Geological Survey had t o  

be met by the da ta  management system. Regulatory da t a  a r e  derived from 

d r i l l i n g  permit app l i ca t ions  received by the Indus t r i a l  Commission and 

records o f  production da ta  maintained by the Survey. 

t a ined  during d r i l l i n g  and from p ro jec t s  sponsored by the Survey. Cores, 

samples, and copies o f  wireline logs  a r e  s to red  w i t h  the Survey. Produc- 

t i o n  data submitted t o  the Survey over the l i f e  o f  a well require continuous 

updating of records. The automated preparation o f  state-required production 

data r e p o r t s  i s  a benefit of this system. 

Geologic da t a  a r e  ob- 

Research conducted by the Survey uses data obtained from regulated 

d r i l l i n g  a c t i v i t y ,  a s  well a s  from p u b l i c  and p r i v a t e  sources. The charac- 

teristics of these da ta  are as diverse as a r e  the app l i ca t ions  of i t .  The 

data-management system must be f l e x i b l e  enough t o  accept many kinds of data 
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Ld. 
DATA BASES 

Three computer l i b r a r y  systems a r e  used by the North Dakota Geological 

which conta ins  o i l  and gas well da t a ;  WATERCAT, 

t a ;  and COALBASE, which contains coal explora- 

Survey. They a r e  WELLFIL 

which contai  ns water we1 1 

t i o n  da ta .  All three a r e  GEOSTOR-base nd use a loca t ion-or ien ted  

organi t a t i o n a l  scheme pes o f  da t a  elem 

however, differ from 

s selected f o r  s to rage ,  

8,000 o i l  and gas wells dr i l led  

i t  i s  made p u b l i c .  

a v a i l a b i l i t y  and s to rage  loca d samples a r e  s t o r e d  f o r  each 





u akota Geological Survey's Wi 1 son M. Lai rd 

ely from the WELLFILE l ibrary.  

used for  spec 

d ,  these subse 

water-quali ty  info 

ed interval , pH, resis- 

stored i n  the subset. 

The second data  subset contains production statistics from o i l  and gas 

wells. This i s  an internal f i l e  and i s  used only by the N.D.G.S.  staff  for 

geol ogi c and engineer1 ng studies . 



L 
p t h ,  and casing diameter. 

produci ng hori zo 

ducing horizon, and the s 

rature, specific , and the concen 

WATERCAT has one data 

o bse rva t i on we 1 

e t  includes well location, date measured, an 

five- or ten-metre d rvals. These data are i 

ovide accurate, shallow, geothermal gradient data and ac 

water temperature data. 

COALBASE 
I 

The COALBASE data base consists of shallow test-hole l i t h  
, 
I associated w i t h  Tertiary coal deposits i n  North Dakota. The data were ob- 

ta i  ned from pub1 i c and private sources. Contr ibutors  i ncl ude the coal 

operators of North Dakota, federal resource assessment and envi ronmental 
I 

I 
impact studies, and academic and s ta te  research projects. 

The records for each. s i t e  contain essential indexing and location data, 

Some of the columns are w i t h  or w i t h o u t  interpreted lithologic columns. 

based on outcrop descriptions, b u t  most use test-hol 

s t ra ta  have been identified for many of the over 1,6 

elements for this  system are shown i n  Table 2 a 

I 

i s  shown i n  Table 4. 

Although COALBASE is a part of the data of  the North Dak 

i t  i s  not  managed by Stat is t ical  Analysis S 

hich operates on WELLFILE and WATERCAT. C 

Because the Prototype i s  f u  pe of GEOSTOR. 

,c) only a brief description i s  included here. 

16 
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TABLE 2,  ( a n t . )  

Location: Land Office Grid System, Coarse Level (LOGS 
Section Number 

N/S Distance and Code 

Location : 

Location: 

Location : 

Location : 

Location : 

Location : 

Land Off ice  Grid 
Section Number 
Township Number 
Range Number 

System, Fine Level 

LOGSFL Coordinat-s 

NDGS Coordinates 

Lati tude and Longitude 

S t a t e  Plane Coordinates 

U T M  Coordinates 

Arbi t r a r y  Grid Coordinates 

18 





TABLE 4 

COAL BASE DATA STRUCTURE 

I ndexi ng Level 
(High) (Low) 

N 
0 

Group Codes 

Internal ID 
Site ID 
Location Descri ptions 

Ref e rence E 1 eva t i on 
Other non-stratum values 
Non-stratum comments 
Non-stratum supplementary values 

Depth to  top o f  stratum 1 
Elevation of top of strat  
Other stratum 1 values 
Stratum 1 comments 
Stratum 1 supplementary values 

Elevation t o  top o f  s 
Other stratum 2 value 
Stratum 2 comments 

Depth to  top o f  stratum 2 

Stratum 2 supplementary values * 
* 
* 

Depth t o  top o f  stratum n 
Elevation o f  top o f  stratum n 
Other stratum n values 
Stratum n comments 

r- Stratum n supplementary values 

External Use 

Non-Stratum 
Values 

- 

A 
T 
A 

S 
T 
R 
U 
C 
T 
U 
R 
E 



A publication i s  i n  preparation describing the COALBASE data  base, how 

i t  was compiled, and how the lithologic columns were interpreted. 





DATA ELEMENTS 

WELLFILE 

Table 5 l is ts  the d ments that  were selected for the WELLFILE 

computer l ibrary of o i l  and gas well data. T lements were sel-  

their  useful ness i n  describing the 

hic data, eva 

n on a well, mmari z ing  frequently requested data. The WELL- 

oding Guide can be found i n  Appendix B. 

Location data elements are esse 

location accurately enough 

ements provide-easy access to more detailed , 

arious f i l e s  maintained by the N.D.G.S. These 

permi tti ng information and we1 1 status.  

Production data elements provide a summary o f  the well's production 

eters  for s t r a t -  
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TABLE 5 

I .  LOCATION DATA ELEMENTS 

B. Land Office Grid System 

1. Coarse Level 
(LOGS) Location 

quarter-quarter description of the 
location of the well s i te  (ex. T152N, 
R56W, CBAD) 

2. Fine Level -Wellsite location d 

and an east-west se 
660FNL, 66OFWL) 

(LOGSFL) a footage distance 

I I. LEGAL DESCRIPTION DATA ELEMENTS 
A. We1 1 Operator 

B. Well Name 

C. NDGS Well Number 

D. NDGS Permit Number 

E. NDGS Permit Cancelled 

F. Well Status 

1. Completion Date 
2. Abandoned Date 

-Name of .the operator of the oil o r  
gas well (ex. Wild Goose Gas Co.) 

-Name of the oi 1 or  gas we1 1 (ex. 
#1 S.B. ANDERSON) 

-Sequential f i l e  number for the oil 
o r  gas well ; may or may no t  be the 
same as NDGS permi 

-Sequential number 
or gas wells are p 
may not  be the s 
number 

-Date t h a t  NDGS p 
indicates t h a t  w 

-We1 1 was an oil well, gas well, sin- 
gle completion, dual completion, dry 
and abandoned, or junked 
doned, etc. L -The date the well was 

-The date the well 

24 
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TABLE 5 ,  Continued 
id 

. American Petroleum 
Institute Number (API) the o i l  o r  gas well as having been 

dr i l led i n  a s t a t e  and county. I t  
also identifies the well a s  being 
the n t h  well dri l led i n  the county. 
(ex. ---------- A A B B B C C C C C) 

A = State  
B = County 
C = Number of wells i n  county 

111. PRODUCTION DATA ELEMENTS 

A. Field Name s the o i l  o r  gas well as 

6. Producing Formation -The name of the formation produc- 

-The overall footage interval per- 

being located ei ther  i n  a f ie ld  
or a w i  1 dcat we1 1 

ing hydrocarbons 

forated in the well 

uction t e s t  r u n  on the well 

Perforated Interval 

0. In i t ia l  Produc -The results o f  an in i t i a l  prod- 

1. Gas -Gas produced i n  IP tes t .  Volume 
MCF, w i t h  a lox mu1 t i  pl  i e r  , 

-Oil produced i n  I P  t es t .  Volume 
given i n  barrels-of-oil-per-day (BPD) 

te-produced i n  IP tes t .  

B u s h i n g ,  principal elevation ref- 
erence for geophysical 1 ogs 

25 
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t e r t ia ry  elevation reference for 
geophysical logs 

-The depth of the well , total  depth 
drilled i n  well 

C. Deepest formation . 

E. Geophysical logs r u n  
sical  logs run,  sample logs, and 
dr i l l ing time logs r u n  on well 

selected formatio . Space i s  avail- 
able for  47 forma 

F. Formation tops -Depth (log footage) of the top of 

V .  SAMPLE DATA ELEMENTS 
A. Sample type -Type of samples available from well 

1. Core -Core was cut,  and is  available 
2. Core chips -Core was cut ,  and core chips are 

avai 1 ab1 e 
3. Cut t ings  - C u t t i n g  samples are available 
4. Si  de-wal 1 -cores -Side-wal 1 -cores are available 

B. Formation -Identifies the formations from which 

C. Footage -Upper and lower footages of cored 

D. Storage location -Identifies the stora 

cores and core chips are avai lable 

and sampled interval s 

the N.D.G.S. Glilson 

cores and samples 
l and Sample Library, 

VI. WATER CHEMISTRY DATA SUBSET - A  f i l e  of the results of t es t s  and 
analyses performe 
from dr i l l  stern 
i n  a data subset 
used w i t h  WELLFILE 

26 



TABLE 5, Continued 

A. 

8. 

C. 

N.D.G.S. Well Number -Sequential f i l e  number assigned t o  
o i l  and gas wel l s ,  may o r  may not  
be the same as N.D.G.S. permit num- 
ber. L i n k s  %he data  subset  
t o  WELL FI LE 

Formation Tested -The name of the formation t e s t ed  
8 f o r  which water chemistry da ta  i s  

avai 1 ab1 e 

of the sampled in t e rva l  
Footage Interval  Tested 

Ion Concentrations 

-Log footage of the top and bottom 

-Results of formation water ana lys i s  
1. Cations -Concentration of Na', Ca*, and Mg* 

i n  mg/l , and Fe* i n  mg/l x 100 
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WATERCAT Data Guide and Coding Guide can be found i n  Appendix C. 

Location data elements describe the well s i te  l o  a te ly  enough 

c,. chemical, and temperature param a t  a scale 

Well description data elements were selected t o  evaluate the a v a i l a b i l i t y  

and suitability of groundwater observation we1 1s f o r  temperature logging,  nec- 

essary t o  characteri ze aqui fer water temperatures and near-surface geothermal 

gradients. 

S t ra t igraphic  data elements provide reference elevations and formation 

tops  necessary t o  produce geologic maps of aquif 

ness and l i tho logy  can also be described. 

Chemical da ta  elements characteri te the water qual i t y  of 

A temperature and depth data subset was assembled store data  gathered 

wells. This inform- during the temperature 1 oggi ng of groundwater observati 

ation is  intended t o  verify and expand the aquifer a stored 

28 



-A f i f t e e n  d i g i t  number used as a 
f i l e  number f o r  WATERCAT we l l  data 

-Lat i tude o f  the wel l  s i t e  i s  given 
n degrees, minutes, and seconds i n  
he f i r s t  s i x  d i g i t s  o f  the l o c a t i o n  
umber fo r  the we1 1 

-The fourteenth and f i f t e e n t h  d i g i t s  
o f  the l o c a t i o n  number i d e n t i f y  the 
we l l  number a t  t h a t  l o c a t i o n  

-The county i n  which the we l l  s i t e  i s  
located i s  i d e n t i f i e d  by a three 
d i g i t ,  standard API number 

-Township, range, section, and quar- 
ter-quarter-quarter desc r ip t i on  o f  
the l oca t i on  o f  the wel l  s i t e  (ex. 
T156N, R49W, S.32, ACB) 

. 

29 
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D. S i te  use 

E. Water use 

V . STRATI GRAPH IC DATA ELEMENTS 
A. Surface elevation 
€3. Total dep th  
C. Well depth -Depth a t  which well 
D. Producing formation 

was completed. Formation abbrevia- 
tions are the 

I 

* 1. Top of producing . 
I forma ti on formation (fee 

I i ng  formation ing formation (feet  x 100) 
I , 2. Bottom of produc- -Footage of the bottom o f  the produc- 
I 

3. Lithology of the -Lithology and l i thologic modifier 
producing forma- 
ti  on 

descri be rock uni  t producing water 
(ex. sand, gravel l y) 

V. CHEMICAL DATA ELEMENTS 
I A. Water temperature -Temperature of the water produced 
i 
~ , source agenc 
I 6. Specific conductance 

I 

, D. Concentrations of sel-  i 

~ 

I 

C. pH 

, ected chemical con- performed on wa 
s ti tuents I 

1. Cations -Concentration o f  N 
and K+ i n  mg/l and 

2, Anions 

30 - 
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tr TABLE 6 ,  Continued 

Data Elements Description 

3. Other -Concentration of Si02 and total 
dissolved solids in mg/l 

-Concentration of Ca* and Mg* ex- 
.pressed as equivalent CaC03 i n  mg/l 

exchange reactions w i  t h  soi 1 

E. Hardness 

F. Sodium-adsorption -Relative act ivi ty  of Na+ ions i n  
ra t io  (SAR) 

VI. TEMPERATURE-DEPTH DATA SUBSET 
A. Location number - A  twelve d i g i t  number used as a 

f i l e  number for  subset data f i l e s .  
Also used t o  l i n k  subset data f i l e s  
t o  WATERCAT data f i  1 es 

1. Land office g r i d  -township, range, section, and quar- 
system 1 ocati on ter-quarter-quarter description of 
coarse level the location o f  the well s i t e  (ex. 
(LOGSCL) T156N, R49W, S32, ABC) 

2. Well numb -The eleventh and twelfth d i g i t s  of 
that  1 ocation the location number identify the 

well number a t  that  location 

the temperature log was r u n  
6. Date measured -The month ,  day, and year on which 

C. Temperature-depth -Temperature measured and the dep th  
observations of the observation, repeated as many 

o r  thermistor 

, 
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APHY AND THE SYSTEM 

A P  ' use of the N.D.G.S. GEOSTOR-based retrieval system i s  the prep- 

aration of maps from the data bases. The production of a map requires the 

da ta  values a t  locations that  correctly reflect the relative geo- 

raphic positions of the sites from which data were collected. Manually 

posting values on a map i s  time-consuming, an inefficient use of human re- 

sources, and i t  can be 

t o  human error. 

human resources must be procured, or the number of maps or the amount of data 

per map must be reduced. These need not be the only acceptable solutions. 

Furthermore, manual operations are subject 

I f  many maps are t o  be produced n a short time, addi t iona l  

Computer-assi sted map preparation can meet such overt oads and grow w i t h  

the needs of .the users. However, s rams fa i  thful-ly epl icate any er- 

rors b u i l t  i n t o  the system. Therefore, grams must be designed and written 

w i t h  great care Moreover, reference values used by the conversion programs 

of the system must be as accurate as possible ,(Winczewski, 1980a, p .  14). 

reference values 

also be digitized as a series of 
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The reference poi 

. The original d i  

from the coordinates for the nearest section corner. O t  

polation i s  based on the nearest tow 

sections are square and 5,280 feet on a side, and tha t  

arly ideal. 
0 

The scale of the map providing 

limit on the extent t o  which a map area can be 'blown up' by the computer 

mapping program. 

from i t s  reference coordinates can be enlarged t o  double a dimension i n  any 

direction. 

and smooth curved lines will appear as a series of 

Ideally, the base map should be of as small 

Initially, the geothermal project req 

. 
I f  the reference map is  digitized w i t h  care, a map produced 

- 
Further enlargement would begin t o  sh 

the preparation of generalized maps a t  a scale of 

need was immediate, so a simplified prototype system was 

p of the state of North Dakota. The s 

has been adequate for most application 

rototype base, on which  the state o f  No 

8 cm ( 3 . 5  ft  by 2.2 ft), could not be used fo r  d 

34 
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projects. The most practical level of detail was a base w i t h  a scale of 

ch t o  a mile (1:635360) 6d 

lable from the Nort kats State Highway Department. Over 100 

1 sheets, each representing a county or pa r t  of a county, were 

d i g i t i z e d ,  converted t o  a single coordinate system, and 'pieced together'. 

he master sys t e  



* . 

ference points and 1 i ne segments can be quite 

es a g r id  coordinate system or ig in  ing a t  a nearby section corner 

2 ) .  Grid units are feet f r o m  t h a t  assumes t h a t  

d north-south and exactly 5,2 n a side. Town- 

ships are also assumed t o  be ideal. The grid 

correction 1 ine, where north-south township 

assumptions can be critical t o  the 

tem is  available, however, if  a go 

available. The LOGSFL system is f u l l y  described i n  Winczewski (1980b). 







f 
* 

c 

The N.D.G.S. data man systems are supported by the computer facil- 

akota Computer Center. An IBM 370/158 i s  i t ies  of the University o f  N 

enter. During the development stages o f  

M 3350 disk drives (200 Megabytes each) and 

omputing (VSPC) (International Business 

39 
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L d  
HOW THE SYSTEM IS USED 

\ 

WELLFILE 

976 on developing an o i l  and gas well computer l i b r a r y  

contained i’ocati on ,  1 egal , production, and core and 

sample da ta  on about 4,000 wells d r i l l e d  i n  North Dakota. The d a t a  base 

was coded, key punched, and assembled under the d i r e c t i o n  of Sidney 9. 

Anderson, N . D . G . S .  ubsurface sec t ion .  

WELLfILE was designed t o  supplement and expand the data of this earlier 

system, assembling the entire da ta  base i n  an efficient, loca t ion-or ien ted  

computer 1 i brary  system. S t r a t i g r a p h i c ,  bottom-hole-temperature, water qual - 
i t y ,  and more d e t a i l e d  loca t ion  data were added t o  the e x i s t i n g  data base. 

4 1  



Minnelusa t o p  posted outside the 

point can be identified and chec 

contouring process c reference elevations 

tops, and 1 ocat i ons . 

s t  the source f i l e .  

tour maps as "PO 

data point can b 

e useful i n  identifying 

om- hol e- temp 

t are anomalously 

if ications that are necessary to  correct WELLFILE 

as new data for  that  well, overwriting previous values. 

and system are well suited for  data modification. 

Data Retr'ieval 

Data retrieval i s  accomplished by requesting the neces 

i n  the desired format 'from the N.O.G.S. Data Processin 



. 
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SAMPLES IN CORE L I B  

TOWN RANGE SEC QTR 
L o c a t i o n  

---- ----- 
17 DC 1254 

13 AB 527 
27 AB 140 

5 CB 2820 

2169 MB 10278 1031 
3 DB 2967 MB 10238 10313 
13 AB 527 MM 10490 10493 , 4 

148 98 13 AB 527 MMFA 9795 9994 4 
148 98 13 ' AB 527 MMFA 10050 10107 4 
148 104 28 CB 956 MMFA 9337 9469 5 
149 96 12 DC 33 MMFA 9533 9588 4 
150 96 5 CC 1412 MMFA 9166 9194 
151 95 31 DD 1572 MHFA 9292 9396 

- 152 94 6 CB 1262 MMFA 8735 9177 
I 152 94 17 DC 1254 MMFA 8949 8975 152 95 18 AD 1295 MMFA 9057 9276 6 25 7 

20 CB 1065 MMFA 9110 9178 6 25 5 152 95 
255 152 95 20 CB 1065 MMFA 9184 9337 7 
160 152 96 27 AC 2593 ' MMFA 9113 9172 4 

34 AC 2144 MMFA 9190 9239 3 105 152 96 
34 BA 1995 MMFA 9182 9216 4 189 152 96 

148 98 13 AB 527 MMR 9683 9795 4 137 

150 96 5 CC 1412 MMR 9265 9320 
152 94 
152 94 17 DC 1254 MMR 8934 8949 
152 95 18 AD 1295 MMR 9044 9057 
152 95 20 CB 1065 MMR 9041 9110 8 
148 104 28 CB 956 OF3 12795 1300 
150 96 5 CC 1412 PENNM 7581 7630 
149 96 12 DC 33 SI 12623 12683 
150 97 35 CA 1606 SI 12670 129 
150 97 35 CA 1606 SI 13190 133 
152 94 7 1343 SI 10840 10877 

148 104 28 CB 956 MMR 9240 9337 4 94 

6 CB 1262 MMR 8661 8735 4 34 

FIGURE 4 - WELLFILE; PART OF A L I S T I N G  OF AVAIL 
CORES IN McKENZIE COUNTY LJ 

., 
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a r e  requested, the necess 

task .  

SAS programs a r e  ared t o  accompl ish the 
w 

Postings of data  elements s to red  i n  WELLFILE, on a North Dakota base 

map can be accompl i shed w i t h i n  he accuracy of our  loca t ion  desc r ip t ions  

and d i g i t i z e d  base maps. The values posted on the map may be the raw WELL- 

FILE da ta  o r  manipulated WELLFILE da ta .  

pos t ,  on a 1:1,000,000 North a base map, the average e l eva t ion  o f  the 

top  of the Mississippian Madison Formation for each township i n  the s t a t e .  

sh this ,  i t  is necessary t o  c a l c u l a t e  the e l eva t ion  o f  the top 

For example, i t  may be des i r ab le  t o  

of the Madison i n  a l l  wells that  pene t r a t e  t h a t  formation. 

e l eva t ions  by township and range identifies 

a posted value f o r  each township. 

Sor t ing  the 

Machine contouring of  posted da ta  i s  a l s o  a d i sp lay  option. Rapid Val- 

o f  a l l  bottom-hole-temp 





e 

WATERCAT 

WATERCAT is  a locat ion-oriente  
W 

information on more than 4 

wells from two U.S.G.S.W.R 

The two source l i b r a r i e s  provide physical ,  s t r a t i g r a p h i c ,  and water q u a l i t y  

data  from wells d r i l l e d  i n  

WATERCAT was assemble 

Ver i f ica t ion  o f  a continuing process a s  

information f o r  the  s o j e c t s .  I n i t i a l  ve r i f i ca -  

t i o n  cons i s t s  of mapping and l i s t i n g  data i d e n t i f y  anomalous map 

as  t h a t  ou t l ined  f o r  

an i n t e r a c t i v e  terminal 

Data Retr ieval  

i ncor rec t  Val ues. 

Data r e t r i e v a l  is a requesting the necessary information 

he desired format a t a  Processing Analyst. As w i t h  

he data .  A l l  

o r ted  and l i s t e d  i n  any convenient 

47 
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map o f  any posted data can 

w i t h  water chemistry data, from the Cretaceous Hell Creek 

on which  t o  display the data. 

Graphical presentations of data elements can also be produced. An ex- 

ample o f  this display option is the graphic display o f  our temperature and 

dep th  data subset of  HATERCAT. A graph o f  the measured temperature versus 

the depth of measurement can be produced for each well i n  the data subset. 

These geothermal gradient profiles are automatically scaled i n  degrees Cel- 

I 
i 

versus depth i n  metres and labeled w i t h  the lo 

the date o f  measurement (Figure 8). 

Sor t ing  and l i s t ing  programs can easily provide 

be subjected t o  s t a t i s t i ca l  analysis or  other 

ements i n  WATERCAT are stored i n  the u n i t s  us 

tapes. Data element u n i t s  can easily be converted t o  a 

time a data s e t  is  being prepared for display. 

48 
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CRETACEOUS INYAN KARA FORNATION 
2=ug/ 1 3=1imho/cni 

L( 1)  N03( 1)  DISLD( 1) liARDX( 1)  
230 40 16 455 1200 410 2 2890 76 

440 1200 370 1 2800 63 
7 1200 390 1 2880 75 

1 2670 74 
8 710 40 18 7 1100 1 7  52 1 3160 75 
6 850 80 27 35 790 : 13 357 3 2L50 210 

8 810 12  403 1 2410 84 
6 880 13 547 660 620 3 2490 70 

29 510 23 190 1200 85 1 2050 360 
12 670 12 1 2250 140 
6 870 13 700 640 1 2470 64 

60 330 21 1 2000 770 
7 1100 21 575 160 1300 1 2900 62 

14 810 21 781 200 770 14 2260 120 

129-071-15A 31 460 11 188 1100 7 1  1 1870 360 
3 3600 160 290 76 330 20 180 1200 180 2210 1000 

33 16 1390 16 307 1450 1020 i 4090 150 
8 970 20 334 1290 414 12 2900 70 
7 980 17 461 1200 370 6 2850 75 

'7 970 11 460 1200 400 1 2860 70 
7 900 15 377 1100 370 1 2620 70 
6 920 15 323 1200 370 0 27 10 74 
8 960 13 294 1300 490 1 2970 120 

130-056-06ABB1 4630 6 1100 16 588 790 620 11 3010 60 
13(1-05h-35;\AR1 3810 6 840 13 357 1100 360 8 2540 80 
130-057-02ABC 3500 8 820 18 31 1100 330 1 2470 96 
I :iO-O57-35tUR 4090 0 20 11 6 940 14 57 870 540 4 2690 50 
130-058-06AAA 4140 7 940 90 18 6 930 1 7  565 790 600 1 2670 70 
130-058-ZSCBD 4000 9 60 10 15 8 890 1 7  574 730 580 1 2550 70 
130-050-23CRI) 580 7 30 2500 1000 90 26 8 3 337 55 16 4 401 5 30 
130-059-26CAC 630 7 32 000 1200 95 27 9 3 370 61 4 3 419 350 

ln .e 8 900 1 7  891 210 810 2 2420 77 

FIGURE 6 - WATERCAT; PART OF A L I S T I N G  OF WELLS COMPLETED I N  THE CRETACEOUS 
INYAN KARA FORMATION WITH CHEMICAL ANALYSES OF THE WATER PRODUCED 
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iy, 
COALBASE 

I The User Manu of the SEAM ;roto n the COALBASE 
, 
, 

a are entered into COALBASE 

11). Only the irst i s  required. If strata o be defined a t  

da ta  entry, the t h i r d  sheet i s  used. The 

ents. The records (cards) from these 

into a f i l e  accessible by the prototype. An interactive program guides the 

user i n  entering certain preset val ues and submitting t 

the new data  into a mas 

The substance of a stratum i s  unambiguously define t h  a Datatype Code 

(Table 7 ) .  The user can define his own codes. A stratigraphic marker is  

defined as a stratum of zero thickness w i t h  a code for geologic contact. 

Any stratum, o r  sequence of adjacent strata, can be identified w i t h  a name 

code, which i s  required by some of the retrieval options. 

Data Verification and Modification 

After the master f i l e  has been written, a series 

.is available t o  guide the user i n t o  vie 

.values can be added, changed, or deleted 

these programs. 

D. The strength of  the prototype i s  i t s  ability t o  

strata boundaries. User-defined data elements can b 

Examples of modification sessions are provi 

cti  vel y . c; 
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8 b 

TABLE 7, Cont. 
V 

Code Oescri p t i  on Symbol 

3935 l i g h t l y  Sandy, Foss. (P lan t )  :::.FP 

' *  -- 3990 .... 
4000 . . . .UD 

4050 .... IN 
405 1 Sands tone . . . .ST 
4070 Sand, S a l t  and Pepper . . . .SP 

4 100 Sand, S i l t y  ...... 
4111 Sand, S i l t y ,  S l i g h t l y  Carbonaceous . . , : : c  
4200 Sand, Very Fine ..... 1 

.. 

422 1 Fine, S l i g h t l y  L i g n i t i c  . . .1LG 

4300 ..... 2 
. . . . 2 :  

.. . . . 3  

..... 4 

..... 5 
9 3 , ,UD 

%%%%UD 

%%%%%1 

%%%%%2 

%%%%%3 

%%%%*%I 

8888UD 

OOOOUD 

7000 Boulders, Undifferentiated O O U D  i 

9999 No Da NODATA 

57 



. 
* 

Data Retrieval 
Conditional data retri id 

retrieval run  o 

is of modular design for instal la t ion on small computers. 

i n  the public domain. 

Because the SEAM Prototype i s  a FORTRAN-based system and uses only 

sequential f i l e s ,  i t  i s  slow and inefficient compared t o  what might be poss- 

ible t o  design. 

available interactively a t  an e f f ic ien t  rate of operation. 

tained or supported by the designers, b u t  i t  can be modified easily. 

I t  i s  quite limited i n  the amount of data that  can be made 

I t  i s  not main- 1 

The SEAM Prototype only retrieves values f r  

processing of the values, such as mapping or s 

done by external programs. 

The SEAM Prototype i s  FORTRAN-based, mostly interactive 

design for use on minicomputers. The experien 

operation of the SEAM Prototype was applied t o  advantage i n  
- 

LJ 
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etrieval of the elevati 
ed name. If  more than  

3. THICKNESS - 
a. OF - a requested strat 

t h a t  name, the value retrieved will be t h  o f  thickness 
of all the strata o f  t h a t  name; 

b. ABOVE - t o  the reference el 
most o r  bottom o f  lowermost 

c. BELOW - to the total  depth of record, the top  o f  the upper- 
most or  bottom of lowermost stratum of  the requested name; 

. d.  BETWEEN - the tops o f  uppermost and/ 
most strata of the requested 

e. SPLIT/PARTING - where ' spl i t  
( l i tho logy)  o f  multiple stra 
and 'par t ing '  is the non-primary datatype(s): 

i i )  DEPTH - t o  top of each split/parting; 
i i i )  THICKNESS - o f  each split/parting; 
i v )  SUM THICKNESS OF - all splits/partings; 

NUMBER - o f  split/parting s t ra ta  

he same requested name, 

, i) ELEVATION - of top of each split/parting; 

' v )  , 
I 

and t o  surface mine p lann ing  or  operation. 

trieve values for a structural contour map of the surface o 

The 'TOP' 

I 

- 

u 



The SEAM Prototype data management system i s  public information and 

available for the cost uplication and mai . I t  i s  a somewhat spec- 

ialized system, less flexible and expandable than the SAS-based system, b u t  

i t  can be installed on almost any computer. 





HIS ES IGN DEVELOPMENT 

Approximately . f i ve  yea r s  ago, the North Dakota Geological Survey attempted 

t s  da ta  a s soc ia t ed  wi th  petroleum regula t ion  and geology i n t o  

em. . Data from about 4,000 we1 s were entered i n t o  a system 

PL/ I 1 anguage lthough the system was ope ra t iona l ,  i t  was cum- 

bersome t o  use and d i d  not  r e a l l y  serve  the needs o f  t h  

p r o j e c t  supported by SEAM was begun f o r  the purpose o f  modeling coal s t r a t i -  

graphy i n  North Dakota. *The p ro je  

o f  geologic data. The system t o  m 

which ope ra t e s  on COALBASE 

ded a means of managing a l a r g e  volume 

those d a t a  evolved i n t o  the SEAM Pro- 

In  1979 the N.D.G.S. en tered  i n t o  a cooperative agreement w i t h  the Depart- - 
ment o f  Energy, Division f Geothermal Energy t o  eva lua te  'the geothermal re- 

of North Dakota. The first phase of the study was t o  be based on da ta  

from the N.D.G.S.'s o i l  and gas wellfiles. 

the da ta  c o l l e c t e d  was necessary,  and because there were now more than 7,000 

Because efficient management o f  

the use of SAS. Auxiliary programs f o r  checking o f  i n p u t  da t a ,  o r  t r a n s l a t i o n  
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LJ data were written i n  the languages of SAS, FORTRAN, L/ I , and SNOBOL. 

A means was needed for converting the legal description of the well s i t e  

into a coordinate suitable for use i n g  program. The 

map system, described above, was de i n  coordination w i  

As discussed, the scale o 

u t  more detailed mapping 

t 

I 

being solved w i t h  the ne 

Finally, a good map contouring 

(Dougenik and Sheehan, 1975) was available locally, b u t  provided only printed 

maps. The SURFACE I1 package (Sampson, 1978) was purchased by the 

ological Survey t o  be the primary mapping system. Considerable 

I problems were encountered, b u t  now h i g h  quality pen-plotted maps are possible. 
i 

Both skil led computer scient is ts  and geologists skilled i n  computers are ! 

i 

essential to the successful. development of a system such as 

The avai labi l i ty  of su i ta i le  supportive hardware, and 

a s s i s t  i n  the instal la t ion and operation of a system of this size,  has been and 

will continue %o be a problem. Operation of the N.D.G.S. data management sys- 

tem i s  of low p r i o r i t y  onthe main frame computer. 

cessing or  availabil i ty o f  peripheral devices are constantly encountered. 

of  the processing mus t  be performed la te  a t  n i g h t  o r  on weekends, placing an 

extra s t ra in  on Survey personnel. 

Strengths of the Present System 

Therefore, delays i n  pro- 

Much 

, 
I 
~ 

i 

The primary strength of the present system i s  i t s  ab i l i ty  

large volume o f  diverse data and produce results for  a wide varie 

conditions. 

I 
~ 

The system is able t o  grow w i t h  the volume of data, acc 

ata bases, and s t i l l  retain i t s  f lex ib i l i ty .  I t  i s  run  by people who are 

killed i n  making SAS perform intr icate  tasks perhaps not envis b 
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CODED DATA 

I. NONRECURSIVE DATA 

CARD 1 

WELL NUMBER: Log f i l e  number, may or may not be the same as 
permit number (see Attachment 1) 

CARD COUNTER: Number a l l  cards for the well sequentially 

PERMIT NUMBER: Drilling permit number way or may 
not  be the same as permit number (see 
Attachment 1) 

CHANGE OF 
RECORD COUNTER: Changes in well records are numbered 

sequentially 

A.P.I.  NUMBER: 10 d i g i t  number which identifies well as 
t o  state, county, and sequential number 
within county. The t h i r d ,  fourth, and f i f t h  
digits give county number (see Attachment 2 )  

LOCATION : 

SPACE/FORM 

I6 

I2 

I6 

I 1  

( 1 2 , 1 3 3 )  

213,12,A4 

2 (  14,Al) 

A5 

I 3  

PEWIT CANCELLED: Date the permit was cancelled 
(Jan, 10, 1971; 01 10 71) LJ 

1 
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I 

LiJ 

WELL NUMBER: Log f i l e  number I6 

CARD COUNTER: Sequentially 

Full name, i f  pos ble, of the operator(s 
of the well 

Full name, i s ible ,  o f  the well 

I6 : Log f i l e  number 

: Sequenti a1 ly numbered cards I2 

2(A2 1 WELL STATUS: I n i t i a l  and final status o f  the well 

DATE : 

i (see Attachment 5 )  
1 

- 
COMPLETED: Date o f  the completion of the well of t h  

form January 10, 1971; 01 10 71 

ABANDONED: Enter date the well was plugged or 3(12) 
abandoned 

A16 FIELD NAME: Name of gas or oi l  f ie ld  i n  w h i c h  well i s  
located or indicate well i s  a Wildcat 

The results of the in i t i a l  production t e s t  
are presented as fol lows: 

INITIAL 
PRODUCTION: 

GAS PRODUCTION: MCFPD produced in i n i  ti a1 production 
tes t .  Volume given in t1CF wi . th  a 
l o x  mu1 t i p l i e r  

BOPD produced in in i t i a l  producti 
t e s t  

, 
O I L  PRODUCTION: 

WATER PRODUCTION: BWPD produced i n  i n i t i a l  production 
t e s t  

CONDENSATE PRODUCTION : BCPD produced i n i n i  t i  a1 
production tes t  

GAS-OIL RATIO: 

I 

Enter "N" from gas-oil 
as ( N : l )  'IN" cubic f t .  
re1 of  oi l  

2 
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, ?  u 
I .  NONRECURSIVE DATA 

CARD 3 and 4, CONT. 

CHOKE: Diameter of choke used i n  i n i t i a l  production 
test. Enter numerator of  choke size i n  64ths 
of an inch 

PRODUCING INTERVAL: Description of  producing horizon follows: 

PRODUCING FORMATION: 

PERFORATED INTERVAL: 

Name of producing Formation 
(see Attachment 4)  

Enter d e p t h  of t o p  and bottom of 
overall perforated in te rva l  

Enter ( 2 )  fo r  double, ( 3 )  f o r  t r i p l e .  
Information on each addi t ional  com- 
p le t ion  i s  entered on an addi t ional  
card 3 (see page 2 of  coding form) 

MULTIPLE COMPLETION: 

CARD 5 

* 

locat ions.  
Logs r u n ,  sample types,  Formations, footages,  and s torage 

Sample format repeats  u n t i l  a l l  samples a r e  l i s t e d .  

WELL NUMBER: Log f i l e  number 

CARD COUNTER: Sequent ia l ly  numbered cards 

- LOGS : List logs run; l e f t  j u s t i f y ;  1 log/4 spaces;  
( - )  ind ica tes  compound logs (ex: IES-GR) 
(see Attachment 6 for abbreviat ions used) 

ADDITIONAL SAMPLES: If  addi t ional  samples a re  recorded enter 
( 1 ) .  Code addi t ional  samples on Card 5 U 

SPACE/ FORM 

I2 

A5 

2( 15) 

I1  

80 

3( I4,12) i 

I 1  

79 





11. RECURSIVE DATA SPACE/ FORM 

CARDS .10 th rough  16 

16 

I2 

7 (A5,15) 

78 

WELL NUMBER: Log f i l e  number 

CARD COUNTER: 

FM AND DEPTH: 

Sequential ly numbered cards 

Enter the depth of each of the Formations 
1 i s ted 

DST Water Chemistry Data 
CARDS A t h rouqh  E 

Chemical characterist ics of water recovered by d r i  11 
stem tests  

I6 WELL NUMBER: Log f i l e  number 

TESTED INTERVAL : 

A5 FORMATION: Enter the name o f  the formation 
sampled (see Attachment 4 )  

interval FOOTAGE: Upper and lower limits o f  sampled 2( 15) 
* .  

5 



Well 4062 i s  drilled deeper 







c 

A P  I 

ATTACHMENT 2 

STANDARD COUNTY NUMBERS FOR 

COUNTIES 

S t a t e  C o u n t y  

NORTH DAKOTA 





? 

W , . I  2 .  1 a:, 

ATTACHMENT 4 

FORMATION ABBREVIATION LIST 
FOR 

WELLFILE - Oil and Gas Well Data 
WATERCAT - Water Well Data 

NDGS 
Era/System/Series/Fm. /Other Abbrev. 

Unknown Material 

Bedrock (Basement) 

Cenozoic (und. ) 

U N K  

BRK 

CZ 

Q 
H 

HO 
fluvial sediment HF 

HL 1 acus tri ne sediment 
H E  eo1 i an sediment 

PL 

PLC 

PLF 
PLL 
PLE 
PLG 
P L -  

Quaternary (und.  ) 

Pleistocene (und.)  

Coleharbor Group ( u n d . )  

T 

TPLC 

TMC 

TOC 

TWR White River Group (und. f 

Brule Fm. TWRB 
Chadron Fm. TWRC 

br 

11 
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NDGS 
Abbrev. Era/System/Series/Fm./Other 

Graneros Shale KGR 
Bel le  Fourche Fm. (Graneros) KB F 

Lower Cretaceous (und. ) KL 

Dakota Group (und. ) KDAK 

Mowry Fm. (Graneros) KM 

Skull Creek Fm. (Graneros) KSC 
Newcastle Fm. (Graneros) KNWC 

Inyan Kara Fm. (Dakota, Fall  River, 
and Lakota Fms.) KIK 

J u r a s s i c  (und. ) 3 

Morrison Fm. 3M 
Swift  Fm. JSW 
Sundance Fm. JS 
R i  erdon Fm. (Sundance) JR 

T r i a s s i c  (und.) TR 

. Fm. (Sundance) JP 

Spearfish Fm. TRS 

Pal eo to i  c (und. ) P Z  

Permian (und. ) P 

PM 
PO 
PBC 

PN 

PNM 

PNA 
PNT 

M 

MBS 

MH 
MO 

Kibbey Fm. M K  
K i  bbey Sds t n  . MKSS 
Kibbey Ls. MKLS 
Kibbey Si  1 t MKS I 

I 

W 

13 
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E * 

Ls 

NDGS 
Era/Sys tem/Seri es/Fm. /Other Abbrev. 

Stony Mountain Fm. 0 SM 
U. Stony Mountain Fm. (Gunton) OSMU 
L.  Stony Mountain Fm. (Stout.)  OSML 
Gunton Mbr. OG 
Stoughton Mbr. os 

Winnipeg Group (und.) ow 
Roughlock Fm. OWR 
Icebox Fm. ' ow I 
Black Island Fm. OWB I 

Red River Fm. ORR 

\ 

Cambri an (und. ) C 

Deadwood Fm. CD 

Precambrian (und. ) PC 

P le i s tocene  Se r i e s  

- Beaver Creek Aq. 
PLCBK' Cutbank Creek Aq. E l m  Creek Aq. 
PLCLE'  Central Eddy Aq. Emerald Aq. 

W 

15 



bbrev. Rock U n i t  

Esmond Aq. 
Bur. Glac. F luv ia l  Dep 
Buried Outwash Dep. 
Buried Val l e y  Deposi t s  
Esker Dep. 
Kame Terrace Dep. 
Outwash Dep. 
Terrace Dep. 
Fairmount Aq. 
Fordvi 11 e Aq . 
Forest River Aq. 
Fargo Aq. 
For t  Mandan Aq. 
Crevasse Dep. 
Glacial  D r i f t  
I ce  Contact Dep. 
Kame Deposits 
T i  11 Deposits 
Gal es burgh Aq . PLGAL' 

PLGAR' Garrison Aq. 
PLGDF' Grand Forks Aq. 
PLGLE' Glenco Chl. Aq. 
PLGLO' Goldwin Aq. 
PLGLP ' Guelph Aq. 
PLGLV ' 
PLGOO' Goodman Creek Aq. 
PLGRE' Grendra Aq. 
PLHAM' Hama r Aq . 
PLHAN' Hankinson Aq. 

G1 envi ew Aq . 

PLHEA' 
PLHID' 
PLHIL' 
PLHMT' 
PLHNO' 
PLHOF' 
PLHOM' 
PLHSU' 

Heart River 'Aq. 
Hidden Wood Lake Aq. 
H i l l sboro  Aq. 
Hami 1 ton Aq. 
Horse Nose Butte Aq. 
Hoff lund Aq. 
Homer Aq . 
Horseshoe Val 1 ey Aq . 

PLICE' Icelandic Aq. 
PLINK' 
PLJIM' James town Aq. 
PLJON' Johnson Lake 
PL JRV ' 
PLJUA' Juanita Lake Aq. 
PLKAR' Karl srume Aq . 
PLKEN' Kenmare Aq. 
PLKFR' Kni fe River Aq. 

K i  1 1 deer Aq . 
Ki lgore Aq. 
Beach Deposits 
Delta Dep. 

Inks t e  r Aq . 

James River Aq. 

Abbrev. Rock Un i t  

PLL ' 
PLLED' 
PLLGL' 
PLLGN' 
PLLHT' 
PCLKS' 
PLLKS' 
PLLMD' 
PLLMR' 
PLLN ' Lake Net t ie  Aq. 
PLLNL' Lake Ne t t i e  Aq. L. 
PLLNU' Lake Net t ie  Aq. U. 
PLLSL' 
PLMAD' 
PLMAN' 
PtMAR' 
PLMC I ' 
PLMCK' McKenzi e 
PLMCV ' McVi l le Aq. 
PLMDA' 
PLMDF ' 
PLMER' . 
PLM I D  ' 
PLMIL' 
PLMIN' 
PLMIS' 
PLMMR' Mount Morian Aq. 
PLMRT' Mar t in  Aq. 
PLMUN' Munich Aq. 
PL NAP ' Napoleon Aq. 
PLNBU ' Nor'th Burleigh Aq. 
PLNEW' Newton Aq. 
PLNHL' North H i l l  Aq. 
PLNOR' Nortonvi 1 l e  Aq. 
PLNRK' New Rockford Aq. 
PLNT ' 
PLNWC ' 
PLNIJE' 
PLOAK' 
PLOBR' 
PLOTT' 
PLPAG' 
PLPBD' 
PLPBR' 
PLPIP' 
PLPLE' 
PLPOP' 
PLPWC' 
PLPWL' 
PLRAN' 



c * 

Wildrose Aq. 
White Shield Aq. 
West Wi 1 drose Aq . 
Yanktonai Ck. Aq. 

PLSHD' Shields  Aq. 
Shell  Aq. 
South Hill Aq. 
Dibley Chnl . Aq. 
Sidney Slough Aq. 
Sims Aq. 
St .  James Aq. 

PLSKJ' Skjermo 
PLSNK' Snake Creek Aq. 
PLSOO' So0 Channel Aq. 

Souris Valley Aq. 
Spring Creek Aq. 
Spi ri Wood Aq, 
Square Butte Ck. Aq. 
Strasburgh Aq. 

PLSTR' S t r e e t e r  Aq. 
PLSUN ' 
PLSVM 

. PLSYC' Sheyenne Chnl. Aq. 



01 No o i l ,  one gas completion 

20 

30 

02 

03 number near l oca t ion )  

11 

21 by "21" near  l oca t ion )  

AP Abandoned Producer 

ow Observation We1 1 

sw Service We 11 

IW In jec t ion  We1 1 

JW Junked We1 1 

TA Temporari 1 y Abandoned 

Two o i l ,  no gas completions 
(three o r  more ind ica ted  by 
number near 1 oca ti on ) 

No o i l ,  two gas c 
(three or more indica ted  by 

One o i  1 ,  one ga 
(two o i l  and on 

IS In j ec t ion  and Serv 

T Tight  Hole 

OP Other Production 

ST 

MN 

DA 

PA 

18 
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ATTACHMENT 6 

LOG TYPES AND SYMBOLS 

Log Symbol 

E lec t r i ca l  Logs : 

Conductivity Laterolog CLL 

Contact Log CON 

Conti nuous D i  pmeter CDM 

COD Continuous Dipmeter Di g i  t a l  





* 
* 

t 

L./ 
Log 

Radioact ivi ty  Logs, Cont. 

Gamma Ray 

Gama Ray-Neutron 

Isotron 

Neutron 

Neutron- Ep i  the  ma1 Neutron 

Neu t ron- Gamma 

Neutron Lifetime Log 

Neutron Thermal Neutron 

Radioactive Tracer 

Radioactivity (Radiat ion)  

Sidewall Neutron Porosity 

Thermal Decay Time Log 

Symbol 

GR 

GRN 

I so 
NEU 

NEN 

N EG 

N LL 

NTN 

TR 

RAD 

SNP 

TDT 

Nuclear Magneti srn Log NML hi 

21 
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ATTACHMENT 7 

TICAL LISTING OF LOG SYMBOLS 

Log Symbol 

AC S 

AMP Acoustic Amp1 i tude 

B CA 

BHC Borehole Compensated Sonic 

BND Cement Bond 

BUG Paleo Log 

Acoustic, Acous t i  1 og 

Boreho 1 e Compensated Acous t i c 

CAL Cal i per 

CCL Casing Col1 a r  Locator 

CDD Continuous Dipmeter D i g i t a l  

CDM Continuous Diameter 

CHL 

* 

I 

Chlorine Log (Spectral , Spectograph) 

23 





u 
Symbol Loq 

LL Laterolog 

LL3 Laterolog 3 

Laterolog 7 

LS Lime s'tone 

MDL Mud Log 

MIL Min i  1 og 
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ATTACHMENT 8 

i SOURCES OF CODED INFORMATION 

I tern* NDGS Well Number 

NDGS Well No. 
Permi t No. 
API No. 
County 
T.R.S.Q. 
Well Name 
Oper a to  r 
Elevation 
Total Depth 

I 2000 4000 6000 8000 

Well S ta tus  
F ie ld  
Compl e ti on Date 

I.P. 
Date Plugged 
Samples 
Cores 
Logs Run 
M (Produci ng ) 
FM ( Deepest ) 
BHT 
Log Tops 
Perf. In 
L.O.G.S.F,L. 
Chemical Data 

ee Coding Gu. 

r e e x i s t i n a  Oiai  t 

\i 

27 
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eter o f  the casing that was installed 

D. Site Use: 

Indicates the purpose for which the well was drilled. 

The abbreviations used f o r  si te  use are listed in Attachment 3. 

e the use o f  the water produced f r o m  the well. 

used for water use are listed in Attachment 3. 



c z 

1 

I , Lj 1. Top of producing aquifer: Indicates the t 
the producing aquifer (feet x 100) 

2. Bottom of produci 
tom o f  the produc 

3. Lithology of  the produc 
the major 1 i tho1 ogy and 
aquifer producing water 
abbrevi a t ions  used. 

Water Temperature : 

Records the temperature o f  

well, as reported by the source agency ( O C ) .  

Speci f i c Conductance : B . 
Reports the specifi 

duced by the well (pmho/un). 

1 

e 
b 

, C. pH: 
I Indicates the pH of the water produced by the well. 
I 

D. Concentrations of Selected Chemical Constituents : 

Presents the results of chemical analyses performed on 
* 

I 
I 
I 1. Cations: The selected cations an 

the measure of concentration are: I 
Ca++(mg/l) Mg++(mq/l) K+(mg/l) 

I 
Fe++(pg/l) , and B+ + ( p g / l )  . j 

the measure of concentration are: 
SOq'(mg/l) , HC03-(mg/l) , N03-(mg/ 
(mg/l) 

the water produced by the well. 

I 

I 

I 
I 2. Anions: The selected anions and 
~ ~ 

I 

3. Other: A l s o  listed 
are the concentrati 
t o t a l  dissolved sol 

<- 

4 
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W 

E. Hardness: 

The hardness is  the concentration o f  the Ca* and Mg* 

less than 60 mg/l are considered soft. 

F .  Sodi un-Adsorpti 

accurate temperature mea ts o f  formation water and near surface 



2 

a. Land Office Grid System, Coarse Level 
Locati on (LOG 
Indicates the 
and quarter-q 
the well si te i s  located (right justi 
in spaces 1-11 on the coding form). See 
Attachment 2 for LOGSCL location scheme. 

r-quarter i n which 

b . We1 1 Number: 
This i s  a well m le 
wells drilled a 12 
coding form). 

Indicates the month, day, 
ture log was run (rig 
coding form). 

Month Day Year 

3. Temperature-Depth Observations: The 
measured and the depth o f  the 
ment are recorded. Addi ti onal 
observations are entered as re 
all observations for  a well. 

a. Depth: 
The depth of a temperature measurement 
is  recorded t o  the nearest tenth of a 
metre ( r i g h t  justify i n  spaces 19-23 on 
the coding form). 

5 

ex: - 
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.r-. ATTACHMENT 3 

SITE USE AND WATER USE ABBREVIATIONS 
,- 

The following lists include abbreviations commonly used in 

U.S.G.S.W.R.D. and N.D.S.W.C. publications describing their water well 

data. The most commonly used abbreviations in WATERCAT are underlined. 

Abbrevi ation Meaning 

Site Use: 













U 
.-. 

NDGS I 
8, , 

Era/Sys tem/Series/Fm./Oth - Abbrev. 
;-" 
1 -  

i 

f- 

.-- 
! os 

Red River Fm. ORR 

ow i 

. .  
I OWR 
; Icebox Fin. ow I 

Black Island Fm. 

C 

CD 

I .  Precambrian (und. ) PC 

I 

El 1 endal e Aq . 
Elk Valley Aq. 

Cutbank Creek Elm Creek Aq. 



B u r i e d  O u t w a s h  D e  

C r e v a s s e  D e p .  
G l a c i a l  D r i f t  
Ice C o n t a c t  D e p .  
Kame  D e p o s i t s  
T i  11 D e p o s i t s  
G a l e s  burgh  Aq . 

PLGAR' G a r r i s o n  Aq. 
PLGDF' G r a n d  Forks Aq.  
PLGLE' G l e n c o  C h l  . A q .  
PLGLO' G o l d w i n  Aq .  
PLGLP '  G u e l p h  Aq.  
PLGLV' 
PLGOO' G o o d m a n  C r e e k  Aq .  
PLGRE'  G r e n d r a  Aq.  
PLHAM' H a m a r  Aq .  
PLHAN' H a n k i n s o n  Aq. 
PLHEA' Heart R i v e r  Aq.  
P L H I D '  Hidden Wood L a k e  Aq.  
P L H I L '  Hillsboro A q .  
PLHMT' Hami 1 t on  Aq. 

PLHOF' Hofflund Aq .  
PLHOM' Homer Aq . 
PLHSU' Horseshoe Valley Aq. 
P L I C E '  . Icelandic Aq.  
P L I N K '  
P L J I M '  James t o w n  Aq.  
PLJON'  Johnson L a k e  
PLJRV'  James R i v e r  Aq.  
P L  J UA' 
PLKAR' K a r l  s r u m e  Aq .  
PLKEN' K e n m a r e  A s .  

G1 envi e w  Aq . 

I 
I PLHNO' Horse Nose B u t t e  A q .  

I n ks te r Aq . 

Juanita L a k e  Aq .  

A b b r e v .  R o c k  U n i t  

PLLN ' 
PLLNL'  L a k e  Nettie A q .  L. 

L a k e  Nettie Aq. U. 

Manfred Aq.  
M a r s h t o n m o o r  P 1  n. A q .  

. 

PLMCI ' 
PLMCK' 
PLMCV ' 

PLMDF ' Medford Aq.  
PLMER' 
PLMID'  
P L N I L '  
PLMIN'  
P L M I S '  Missouri R i v e r  
PLMMR' Mount Morian A q .  
PLMRT ' Martin Aq.  
PLMUN' Munich A q .  
PLNAP ' Napoleon Aq.  
PLNBU ' North B u r l e i g h  A q .  
PLNEW ' N e w t o n  A q .  
PLNHL' North Hill Aq.  
PLNOR' Nortonvi 1 l e  A q .  
PLNRK' New R o c k f o r d  Aq .  
PLNT ' 
PLNWC ' 
PLNWE' 
PLOAK' 
PLOBR' 
PLOTT'  
PLPAG' 
PLPBD' 
PLPBR'  
P L P I P '  
P L P L E '  
PLPOP ' 
PLPWC' 
PLPWL' 
PLRAN' 

PLMDA' Medina Aq.  i 

PLKFR'  Knife R i v e r  Aq.  
P L K I L '  Killdeer Aq.  

Kilgore Aq.  
B e a c h  D e p o s i t s  
D e l t a  D e  

20 



'-. 

.- Ydnktonai Ck. Aq. 

. -. 
PLSHL' Shell Aq. 
PLSHL' South H i 7 1  Aq. 
PLSIB '  Dibley Chnl . Aq. 
PLSID '  Sidney Slough Aq 
PLSIM' Sims Aq. 

PLS KJ ' Sk jermo 

I 

r*.. PLSJM' St .  James Aq. 

i. PLSNK' Snake Creek Aq. 
So0 Channel Aq. 
Souris Valley Aq, 
Spring Creek Aq. 
Spi ri Wood Aq. 
Square Butte Ck.  Aq. 
Strasburgh Aq. 

Seven Mile Coulee Aq. 

1 PLSTR' Streeter Aq. 

PLSVM ' 
. .  PLSUN' Sundre Buried Chnl. Aq. 



Abbrevi a ti on 

B 

CHLK 

D 

F, - SHLE, Sh 

G, - GRVL, GV, GRAVEL 

L, LS, LM 

1, &, LG, COAL, LGNT 

0 

P, C1, CLAY 

(1, S t . ,  SILT 

R, SAND AND GRVL, SDGL 

S, SAND, Sd 
7 

T, T l  , Ti ,  TILL 

V, - SNDS, SS 

W, SLTS 

X 

Y 

z 

c l  ay 

s i l t  

sand and gravel 

sand 

till 

sandstone 

s i 1  tstone 



. .  ATTACHivl ENT 
t 

Modi f i ers : _ .  - 
1 
, _  

Abbreviation 
,- 

1, E, V.FINE 

2, -* FINE FINE GRAINED, &. 
. I  

, 3, MEDIUM, m, & 

5, Con’t .  
i.”. -~ * - .  

Modi f i er 

very f i  ne-grai ned 

medi um-grai ned 

4,  COARSE, C& CORSE CRS, CRSE coarse-grained 

5, V.CRSE, -- V.CRS, VCSE 

I 1 -’- - 
t ... 

very coarse-grai ned 
\ 6,  - CLAY , CLAYEY cl ayey 1 
, -  7 ,  - SILTY s i l t y  
L.. 1 sandy I 

grave l ly  - 
calcareous 

9 -- 
i 
3 .  

FAIRLY CLEAN moderately sor ted  

well so r t ed  

i nterbedded 

- screened 

U unconsol i dated 

23 
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RUN NS2 

DO YOU UAHT A LISTING OF VALUES? ( Y  OR N) -.  - - - - -  - - - -  - - - -  
?Y 

NOH-STRATUH VALUES FOR SITE ID DEHO ONE INfERdAL ID 10 

DATE DRILLED: D A Y  - 6 HONTH - 7 YEAR - 1980 
SURFACE 4R REFERENCE ELEVATION: 3000.00 F 

DEPTH T O  BEDROCK: 6.OF 

TOTAL BEPTH (HOT n0DIF'IABLE HERE): 80.00 F 

HETHOD OF DRILLING CODE: 2 

DATA RECORDS: 
DRILLER LOG: . YES 
NATURAL G A M A  LOG: N O  
G A M A  DENSITY LOG: NO 
SELF-POTEHTIAL LO6:. NO 
RESISTIVITY LOG: NO 
CALIPER LOG: 
SAHPLES SAVED: 
OTHER RECORDS - CODE: ' , 

-------*-------- 

CHANGE UNITS (fEET/HETE 









c * 

c . 

RUN STRAT 

YOU ARE PROCESSING STRATA DATA OF 
XNTERtlAL ID: 10 SITE ID:  DEHONSTRATION 1 

EHTER TO DO ----- -------------------_------- 
I PROFILE OF THE STRATA DATA 
2 SEE A STRATIGRAPHIC COLUHH 
3 L I S T  ALL THE STRATA VALUES 
4 MIDIFY UALUES OF R STRATUh OR 

E X I T  TO OTHER PROCESSIHG 
?1 

PROFILE O f  THE 





28.00F :::rUD 2972.00F 4.00F 
::::UD 
::::UD 

. . . .UD . . . .UD . . .UD 
CCLGPY 
CCLGPY 
CCLGPY 
CCLGPY 
CCLGPY 

--BEHT 
--BENT 
--BENT 
--BERT 

::::LID 
::::UD 

. . . .UD . . . .UD . . . .UD 
.UD 

32.00F . ... U D  29bB.OOF 7.00F 

39.00F CCtGPY 296t.00F 1O.OOF COAL 2 

49.00F --BENT 2951 .OOF 9.00F 

58.00F ::::UD ’ 2942 5. OOF 

63.00F .... U D  2937. ? .OOF 







YOU ARE PROCESSING STRATUH NAnE DATA; 
DO YOU UANT A LIST OF STRATUH NAXES ON FILE ( Y  OR H) 

?Y 

EiAWEI AEBREV DESCRIPTION 
- 1  ERROR 

0 
5555 IHTRBN T H E  INTERBURDEN 
7001 SAND A 
7002 SAND B 
7003 SAND C SAND BED C 
8001 C O A L  A 

8003 COALAB 
8005 COAL 1 
8006 C O A C  2 
9991 S O I L  A 
9992 SOIL E 

a002 coaL B 



c 
& 



FROFILE OF THE STHkTA 

I D  DEPTH L I T H O L O G Y  E L E V A T I O N  THICKIlEtjS NAME 1 0 .  F 7 S L n . -  3000.  OOF 3.00F S O I L  A INTERNAL ID: 
2 3.00F TSLM:- 2 9 9 7 . 0 0 F  5.0OF S O I L  B 

T O  DO 3 8.0Gf '---UD 2992. OOF 1.00F ENTER 
4 1O.OOF .... U 5  2990.00F 6. OOF 

PROFILE OF 114t STRATA DATh 5 16.00F CCCCLG 2984 .OOF 2 . @ O f  COGL 1 0 18.OOf - - - -  U D  2982. O O F  I.GOF COAL 1 2 -  SEE A S l f i A T 1 G R r l Y H I C  COLUHt{ 

L I S T  ALL TIIE STRATA VALUES 7 1 9 . 0 0 F  CCCCLO 29t31 .OOF 1 . O O F  COAL 1 * 
8 20.0OF - - - - U D  2980. O O F  2.00F COAL 1 9 22.00F CCCCLG 2 9 7 8 . 0 0 F  2.OOF COAL I HER PROCESSING 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ L _ _ _ - _ _ ^ _ _ _ _  _----  
I 

3 
4 S Of A SIRA'IUH of( 

?4 IO 2 4 . 0 0 f  - - - -U l r  2976.00F 4.00; 
I 1  28.00f ::::UD 2972 .OOF 4 ,  O O i  
12 32.00f . . . .UD 2 9 6 8  .OOF 7.  OOf l i  39.00f CCLGPY 2 9 6 1  .OOF 1O.OOF COAL 2 UHE1.I .'TIHE N.W 

N 1 4  4 9 . 0 0 F  - -BENT 2 9 5  t . O O F  9.00F 
15 58.00F ::::UU ZY 42.001 5.00F 
I J  63.00F .... Ub 2 9 3 7  .OOf  
17 72.00f  . . . .IN 2928. OOF 
IS 75.00F - - - -  cc 292S.OOf 1 .OOf RUN COHH 
19 76.00F ... 1:C 2924. OOF 4.00F RUN SUPP 
20 80 .00F  B O T T O H  29?0, OOF 0. F RUN S I T E  

TO DO 

PROCESS S T R A T 0  VALUES 

E N T E R  
+ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _  ____ -__ -  
9.00F SAND C RUN V A L U E  
3.00F SAMD C KUH 6rOUND 

E X l T  10 O T H E H  FROCESSIHG 

Y O U  ARE PROCESSING STRATA DATA OF 
10 S ITE IDI DEIIOtISTRATIO:4 I 

0 

1 . _ _  . _  . . 



? 

bd 

..ample I: I n c r e a s i n g  t h e  Th icknes  Stratum 13 

RUN BOUND 

YOU ARE PROCESSiWG STRATA DATA OF 
I H T E R H A L  ID: 10 SITE ID: DEHONSTRATIOH 1 

E N T E R  TO DO 
e---- ------------_-------------- 

1 PROFILE OF THE STRATA BOUNDS 
2 I iODIFY STRATA BOUNDIRY UAtUES 
3 E X I T  TO OTHER PROCESSIWG 

? 1  

PROFILE OF THE'BOUWDAIY VALUES 

STRATUn DEPTH TOP DEPTH BIH ELEV. TOP THIC 
1 0. F 3.00F 3000.00F 3.00F TSLH.- 
2 3. O O F  8.00F 2997.40F 15.OOF TSLH:- 
3 8. OOF 10. OOF 2992. OOF 2.00F ----UD 
4 1O.OOF 16.00F 2990.00F 6.00F .... UD 
5 16.OOF 18.00F 2984.00F 2.00F CCCGLG 

19.00F 2982.00F 1 .OOF ----U3 6 18.00F 
f 19-00? 2O.OOF 2981 .OOF 1.OOF CCCCLG 
8 20. OOF 22.00F 2980.00F 2.OOF ----UD 

22.00F 24.00F 2978.00F 
24. OOF 
28. OOF 4.00F ::;:U 
32.00F 
39 .OOF 
49. OOF 
58.00F 
63  .OOF 9.00F ... .tJD 
72.00F 3.00F .... IN 
75. OOF 1.00F ----CC 
7 6 ,  OOF 8O.OOF 2924.00F 
80 .OOF 

13 





ENTER THE STRATUH HUHBER OF THE S T R A f U H  
Y O U  UANT TO CHANGE THE BOUNDARIES; 

ENTER A ‘0’ TO ESCAPE: 
32 1 

? 13 

STRATUH DEPTH TOP DEPTH BTH ELEV. Tor THICKNESS ABBREV 
13 3 9 .  OOF 49.00F 2961 .OOF 10. OOF CCLGPY 

IS T H I S  THE STRATUH TO BE CHANGED? ( Y  OR N) 
?Y 

ENTER THE NEU DEPTH TO THE TOP OF THE STRhTUA 
U I T H  A DECIHAL POINT:  

?39.00 

ENTER THE NEW DEPTH TO THE EOTTOtt OF THE STRATUN 
UZTH A DECIHAL P O I N T :  e 

?4?. 50 

u 

15 
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Example 2 :  Adding a 'Yarker Stratum'. 

Y O U  ARE PROCESSING STRATA DATA OF 
INTERNAL fD: 10 SITE ID: DEHONSTRATION i 

ENTER TO DO ----- ----------_---------____I_ 

1 
2 H O D I F Y  STRATA BOUNDARY VALUES 
3 E X I T  T O  OTHER PROCESSING 

PROFILE OF THE STRATA BOUNDS 

?1 

PROFILE OF THE 

STRATUH DEPTH TOP D TOP THICKNESS 
1 0 .  F 3.00F 
2 3 .OOF 8. OOF 2937. OOF 5 .  OOF 
3 .  8 .  OOF IO. OOF 2992.  OOF 2.00F 
4 1Q.OOF 16. O O F  2990 . O O F  6.00F 
5 16.0VF 18 .OOF 2984.00F 2. OOF 

1 9 .  OOF 2982. QOF 1 .OOF 
20 .00F  2981 .OOF I .OOF 
22 .OOF 2980. OOF 2 .  OOF 
2 4 .  OOF 2978.00F 2.OOF 
2 8 .  O O F  2976.  OOF 4 .OOF 
32.00F 2972.00F 4. OOF 
39.90F 2968.00F 7.OOF 
49. OOF 296 1 .OOF 10.00F 
58 .OOF 2951 .OOF 7.00F 
63.00F 2942.00F 5. OOF 
2.00F 2937.00F 9 .  OOF 

3. OOF 
1 .OOF 
4.  OOF 
0. F 

W 

17 





THE NEU 
PROFILE OF THE BOUNDPRY VALUES 

STRATUI I  DEPTH TOP DEPTH 8TH €LEV;. TOP THICKHESS ABBREV 
1 0. F 3.00F 3O.OO.OOF 3.00F TSLfI.- 
2 3.00F 8. OOF 2997. OOF 5.00F TSLH:- 
3 
4 10.OOF 16.00F 2990.00F ‘6.OOF .... UD 
S 16.00F 18,OOF 2984.00F 2.00F CCCCLE 
6 18.00F 19.00F 2982.00F 1 .OOF ----UD 
7 19.00F 20.00F 2981 .OOF 1.OOF CCCCLG 

20.00F 22. OOF 2980. QOF 2.OOF ----UD 8 
9 22. OOF 24.00F 2978.00F 2.00F CCCCLG 
10 24. OOF 28.00F 2976.00F 4.00F ----UD 
1 1  28 * OOF 32-OOF 2972.00F 4.00F ::::UD 
12 3 2 .  OOF 39.00F 2968. OOF 7.00F .... UD 
13 39. OOF 49.00F 2961 .OOF I 0 .  OOF CCLGPY 
134 49. O O F  49.00F 2951 .OOF 
14  49. OOF 59.00F 2951 ;OOF 9.00F --BENT 
15 58.00F . 63.00F 2942.00F 3,OQF ::::UD 

8.00f 1O.OOF 2992.00f 2.00F ---- UD 

0 .  F NEW:* 1 ( C H A H 6 E  

* 16 63.00F 72. OOF 2937 .OOF 9.00F e... UD 
17 72. O O f  75.00F 2928.00f  3 . 0 0 ~  .... IH 
18 75. OOF 76 OOF 2925 OOF I .OOF ---CC 
19 76.  OOF 80.00f 2924.00F 4.00F . ..l :C 
20 80.00F 80.00F 2920.00F 0,  F BOTTOH 

DO YOU U A l T  TO HAKE THE CHAN PERHAHENT? ( r  OR X )  
?Y 

r a t e s  the  chan 
he values for 

U 
1 

19 
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APPENDIX E 

UPDATED PHASE I STRATIGRAPHIC DATA 
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FIGURE 1 - STRUCTURE MAP ON THE TOP OF THE CRETACEOUS 
P I E R R E  FORMATION ( K P ) :  CONTOUR INTERVAL IS 100 METRES 

FIGURE 2 - POSTING O F  
TO THE CRETACEOUS P I E R R E  FORMATION STRUCTURE MAP 
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FIGURE 5 - STRUCTURE MAP ON THE TOP OF THE JURASSIC 
SYSTEM (J); CONTOUR INTERVAL IS 100 METRES 
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FIGURE 6 - POSTING OF TOWNSHIPS CONTRIBUTING WELL CONTROL 

TO THE J U R A S S I C  SYSTEM STRUCTURE MAP 
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FIGURE 13 - STRUCTURE MAP ON THE TOP OF THE MISSISSIPPIAN KIBBEY 
LIMESTONE (MKLS) ; CONTOUR INTERVAL IS 200 METRES 

___  ._--- 

THE MISSISSIPPIAN KIBBEY LIMESTONE STRUCTURE MAP 
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FORMATION (MM); CONTOUR INTERVAL I S  200 METRES 
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TOP OF THE CAMBRIAN DEADWOOD 
FORMATION (CD); CONTOUR INTERVAL IS 200 METRES 

., ... , 
FIGURE 26 - POSTING OF TOWNSHIPS CONTRIBUTING WELL CONTROL 

TO THE CAMBRIAN DEADWOOD FORMATION STRUCTURE MAP 
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APPENDIX F 

UPDATED PHASE I WATER QOALITY DATA 
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The following t a b l e  l ists  the chemical da ta  contained i n  WELLFILE which 

cons i s t s  o f  the results of analyses o f  water recovered from o i l  and gas well 

d r i l l  stem tests. 

A brief explanation of the t a b l e  headings is necessary. 

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

- T-R-S - Location o f  well, township. range, and sec t ion  

FORM - , D, OB, etc. - The abbreviation o f  the formation tested. 
See Appendix "6" f o r  a complete l i s t i n g  of 
the abbreviations used. 
Formation is unknown.) 

(- = blank, 

rn TOP - Top o f  tested in t e rva l '  ( foo tage) .  - 
BOTTOM - Bottom of tested in t e rva l  ( footage) .  

- The concentration of these ca t ions  i n  mg/l o r  ppm. 

/1 o r  ppm x 100. 

hese anions i n  mg/l o r  ppm. 

The pH o f  the teste 

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

tested Formation f l u i d .  



1= (mg/ 1, 2=(rag/ l ,  ppni)x100 
WELLNO T-R-S FORM TOP HOIXN C a I I )  Mg(1) Na(1) Fr 

53 77 1; 6322 130-091-07 8355 8419 I?L24 1580 52300 840 1300 110001) 68 
7240 131-104-04 3006 1459 28700 200 305 1510 49580 685 89 7 7  84562 

94 133-06s- 12 169 47 481 293 1045 238 745 77  2273 
4570 133-098-05 4 7 7 1  4830 38 8 4893 1525 43 6720 790 560 68 13227 
4578 133-098-06 4790 4825 38 24 4605 1660 48 6240 780 590 68 12615 
4565 134-098-31 4816 4881 14 6 5387 1370 73 7500 790 520 68 14350 
1541 138-095-06 8665 8720 13000 1400 76300 144 853 244000 610 47 68 235697 

13828 365 76800 320 330 1410 149600 647 45 77 242336 
132 61 9631 1230 835 13936 760 290 68 25825 

7127 139-096-30 
1587 139-100-10 
3813 139-102-02 380 58 3572 270 984 5468 740 640 68 10732 
3750 139-102-13 15 2 489 50 710 183 179 920 5600 68 1628 
3939 139-102-15 1210 154 5869 214 860 10880 19187 
3829 139-102-23 9029 9038 3080 920 6598 245 870 17650 640 40 68 29363 
4640 140-059-09 452 180 32 268 1350 189 740 2439 

151 140-080-18 7729 7763 1558 175 8046 1295 2872 12800 790 90 68 2674b 
ru 4592 140-080-18 7729 7763 1558 175 8046 1295 2875 12800 790 290 68 26749 

7403 141-100-07 9326 9362 4609 608 31200 110 738 1880 56210 702 87  77 95246 
7403 141-100-07 9375 9410 4008 486 29800 1030 629 800 52129 701 94 77 87862 
6618 141-101-22 9153 9159 1133 110 9407 488 1125 16000 740 260 68 28263 
6618 141-101-22 9218 9230 850 141 8248 476 1000 13900 740 280 68 24615 
7499 142-100-26 4409 486 31700 80 25 6 900 58596 708 7 8  77 96348 
6474 143-100-05 23368 4326 87019 159 240 197000 600 56 68 312112 

7182 413 36698 28 1 481 70000 68 82  77 115055 
5812 122 24800 1000 77 80152 
1008 215 20849 68 59058 

48 77 176808 
47 77 206444 

77350 4376 3710 

11824 2553 99500 780 2 41 77 
8670 818 109600 68 304498 

b 



c 

4633 153-058- 

1335 153-094-32 
78 153-095-16 

64 1165 114000 

165 155-096-01 
7712 155-098-21 
647 156-095-18 

32 157-095 841 1125 114696 
32 157-095 735 173 126186 

7279 158-082 407 1094 109600 700 

4081 159-084-05 
5239 161-079-32 
2214 161-092-03 
3030 162-092-22 
1549 162-092-24 

6357 6368 1320 154 12200 
6401 163-08 8690 8855 20320 2163 92855 
6401 163-08 9257 9364 15748 2472 103258 
1530 163-09 5932 5978 5680 1100 77200 

1530 163-092-24 6061 6093 1930 206 21600 
1742 163-092-34 6259 6273 3170 352 28600 
7773 163-094-06 11423 1580 97700 700 

1530 163-092-24 603i 6060 1450 36 io600 

C .1 

3 

4=otun:;/meter3 x 1000 
HC03(1) S04(1) Cl(1) PII(3) RES(41 OF TI)S(I) 

409 490 169400 610 4 2  77  2140tJ8 
189 7625 185000 580 53 b8 ?Ilb071 
672 128 223 780 1125 
365 692 22473 720 190 68 36142 
330 1730 28900 720 50031 
620 1658 283 660 170 68 49794 
535 1012 770 4690 68 2194 
535 

1560 852 3615 890 
1500 522 4050 
207 1270 185040 778 43 77 300402 

1880 650 3420 840 850 68 9246 
305 613 171000 660 52 68 2766Q3 
1 7 1  390 191700 580 68 3105Yr 
205 789 180000 620 50 68 294872 
110 1064 195000 610 52 68 320836 
110 215 198000 680 52 68 326419 
220 3200 180800 656 41 77 298328 
348 1350 178872 639 40 77 290611 

195 4878 52116 670 90 73 
1401 75 1818 800 

325 186000 630 1207 60 305236 
1549 143 5900 820 650 68 12187 
222 2660 129000 650 51 68 216048 
900 4810 17600 770 224 68 36984 

49 226 191000 560 60 68 306613 
85 528 200000 620 60 68 322091 

247 2080 129000 710 49 68 215307 
420 5860 14700 680 233 68 33066 
348 5140 33600 600 136 68 62824 
300 2780 48600 730 106 68 83802 
20 7 930 170391 669 42 77 282238 



75 15 163-096- 32 20822 608 39400 900 YO 81726 1067 70 77 133399 

864 164-080-35 2480 924 1555 2050 15264 
381 164-080-36 2786 870 150 108 3635 64537 730 1080 7 

3859 135-083-34 C 7882 7950 2270 380 33992 500 780 93 6 
4218 152-095-01 CD 14166 14308 8640 3596 47580 430 690 66 6 
6436 163-087-05 CD 9490 9528 11684 14E3 76233 
6436 163-087-05 CD 9532 9596 21336 3090 58556 
6436 163-087-05 CD 9535 9550 559 62 994 

48 130-107-12 D 7750 7803 677 103 17773 
98 131-106-32 D 8042 8102 517 99 6024 

644 139-068-05 D 3199 3216 1026 464 3429 
1202 152-094-06 D 20240 1503 101815 
1748 152-094-06 D 10747 10768 6435 2065 33803 

P 1370 152-094-07 D 20614 1466 91523 25 
4240 152-094-07 D 10693 10891 41804 790 59216 143 
1567 152-095-12 D 10334 10351 22770 5605 87513 
1495 153-094-32 D 21480 2400 100851 

10349 10366 21285 3245 103215 
10279 10460 49920 l l E 3  24307 220 353 157560 600 50 68 243380 

231 155-096-02 D 10279 10460 49920 l l E 3  22692 230 492 154960 600 50 68 239314 
982 155-096-12 D 10500 10501 36400 1980 129955 73000 

75 15 163-096-32 3330 3390 20240 2216 48800 2190 703 126 77 184253 

10267 10304 49995 5605 67938 , 
10485 10530 56840 9440 566 

391 20640 2900 1065 

428 41160 5900 6835 
945 56050 6380 620 

9920 9975 55100 5800 628 165 211292 400 50 68 335249 
10120 10220 55100 6380 65855. 144 217568 400 50 68 345047 

6684 161-085-02 D 31930 2817 75619 232 000 600 55 68 292893 

.\ 

C )  -. 
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CHEMICAL DATA 
3=plI x 100 4=ohins/meter3 x 1000 

GlELLNO T- H c d l )  Mg(1) N~(I) Fe(2) co3( i )  Hco3(i) s040) c1(i) ~11(3) f i s t 4 1  OF rros(1.j 
6728 25750 3756 79837 

3859 135-083-34 DB 840 1100 63597 
4280 135-103-18 DB 9690 9734 13320 3420 90085 
41.30 138-105-09 DR 9898 9918 13453 1853 66413 
2584 145-101-16 DB 1020 11100 23925 2004 84951 

793 149-091-22 DB 0326 10388 12000 1342 73934 
607 149-093-24 DB 0850 11062 18200 4514 83753 
607 149-093-24 D 10850 11062 250 79 1045 

4095 151-096-34 D 1088 25816 2071 77542 
2373 152-095-01 D 0450 25650 2850 82098 
3086 152-095-01 D 0565 24700 3400 8719 
7741 156-094-28 D 0691 24800 1880 8270 
1385 156-095-16 D 0150 27048 3304 7994 
4618 156-103-17 D 0560 22306 1731 93911 
1517 162-071-16 DB 3400 3430 1593 60325 
2010 163-102-07 DB 3165 4130 87977 
528 157-089-25 DBD 8925 6090 64111 
528 157-089-25 D 9177 40375 4930 57849 

3160 137-095-20 DD 9952 26970 5600 63376 
4130 138-105-09 D 0192 19089 1962 67837 
1678 139-101-02 D 0766 10798 38417 2820 78635 
3927 139-101-21 D 0541 10601 33200 4100 66834 4 
3927 139-101-21 D 0631 10686 33200 3250 79662 
3044 143-092-27 D 10033 10126 32300 
2853 143-101-05 D 11209 11245 48222 
5887 144-092-08 D 
7265 144-100-30 D 39679 2431 54300 1200 
3492 146-090-25 DD 1007 21 16017 2380 60052 
6894 146-103-05 DD 
6832 146-103-09 DD 
4304 146-104-33 DD 
4304 146-104-33 DII 11204 11281 35600 19E3 70265 11200 
413 147-093-05 DD 10883 ,10898 25840 2552 32831 

134 300 185000 620 65 68 294717 
60 2901 113000 680 57 bS 1884Y8 
60 259 172300 610 48 68 27'1444 
75 341 131350 610 53 68 213435 
37 179 179000 580 45 77 290096 

162 1740 137808 610 52 68 226986 
355 626 173880 550 47 68 281328 
224 1187 1279 500 1750 68 4064 

75 209 171125 600 48 68 276838 
85 310 180050 600 48 68 291043 
60 412 187800 520 48 68 303563 

49 68 291640 
270 6 68 291319 
315 439 189073 610 7 307775 
110 3766 100920 740 66 68 1 7 0 1 4 ~  
75 570 205960 590 48 68 331877 

186 245 202924 520 47 68 322481 
112 402 174682 500 48 68 278350 
75 526 161370 550 53 68 257917 

160 901 143375 670 52 68 233324 
122 197400 500 49 68 317394 

37 228 173600 570 51 68 277999 
3 7  100 191000 610 51 68 307249 

1575 341 198050 720 50 68 319296 
85 99 208000 470 42 77 335668 

195 520 221000 530 58 68 359770 
98 270 163452 564 45 77 260242 

122 950 131000 680 53 '  68 210521 
183 1510 208800 514 44 7 7  334296 
159 , 633 173500 530 52 68 296042 
195 1020 227200 590 37 7 7  357821 
161 1100 227200 590 37 77 353878 
34 311 103554 480 60 68 165122 



- -  x - - - .  ~ _ _  

ClENl CAL DATA 
l=(mg/l I PPJd 2=(111g/l, ppm)x100 

NO T-R-S FORN TOP BOI'TOM Ca(1) Mg(1) Na(1) Fe(2) CO3(1) tlC03 
2400 148-096-10 DD- 11555 11607 48450 4560 75319 
793 149-091-12 DD 10712 10724 1026 95 4210 
1744 149-095-07 DD 11470 11520 50490 5310 73536 

1744 149-095-07 DD 11633 11658 46530 4130 77477 305 208 213548 600 50 68 342198 
1744 149-095-07 DD 11657 11691 51975 4425 72164 560 184 215716 600 49 68 
2750 149-096-36 DD 11281 11320 47232 4872 76353 108 139 215384 500 50 68 
7209 149-104-21 DD 27655 1459 90300 5200 146 690 195200 600 44 77 
7209 149-104-21 DD 10998 11008 50100 3890 68200 4400 204000 594 46 77 330614 
2494 151-094 19 DD 11262 11405 52320 3480 79008 224400 540 51 68 359505 
4095 151-096 34 DD 11416 11450 47268 3270 70449 170 119 201650 600 51 68 322926 
2373 152-095 01 DD 10562 10640 35150 3420 82764 135 385 199465 590 49 68 321319 
2373 152-095-01 DD 10674 10706 57950 5130 65969 280 220 218925 600 50 68 348474 
2373 152-095-01 DD 10724 10778 45600 4350 77407 865 139 212160 700 51 68 34052? 
3086 152-095-01 DD 10658 10744 19950 3420 99276 37 444 198050 510 49 68 321177 

cn 3086 -152-095-01 DD 10747 10780 57000 5700 63376 109 215150 470 51 68 341335 
2967 152-096-03 DD 10748 10950 35900 2725 45683 170 316 141600 640 53 68 226394 
2967 152-096-03 DD 10748 10950 35900 2725 45683 170 316 141600 640 53 68 226394 
2226 153-094-18 DD 11150 11278 56050 3400 70831 425 132 218000 600 50 68 348838 
2841 153-094-29 DD 10799 10817 61500 4800 62062 204 104 218348 520 48 68 347018 
2841 153-094-29 DD 10858 10933 43500 4200 78084 47 68 335571 
2665 153-094-30 DD 10920 10975 24460 1740 94158 193400 640 52 68 314034 
2839 153-094-30 DD 10921 10979 57500 3600 69575 48 68 350357 

1744 149-095-07 DD 11577 11628 47520 4720 77484 

10710 10785 14694 1344 10028 

10615 10668 44055 3540 7922 
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 126 209456 520 49 68 336169 

DD 10129 10305 55000 4500 61752 196 96 205504 510 49 68 327048 
10322 10352 43607 146 90183 183 192 208119 581 342 342430 

10266 10332 28000 6804 8988 

c 

. * . .  c-', b 

C', 



2092 156-095-17 DD 0464 10465 36135 3540 87023 
2149 156-095-18 DD 0299 10350 57915 5900 64444 

0286 10346 4465 580 111908 
0314 10440 28215 2950 95964 

10423 15744 2088 100602 
2555 156-096-23 10356 35520 4350 90737 

0461 10508 23040 3190 103983 
0479 10556 58080 6090 69513 

1514 156-096-34 7040 4425 76335 
6500 660 39629 
5037 8475 58448 

392 157-085-21 DD 7607 7645 1388 314 5010 
0328 54321 4060 63186 
0205 58410 5900 66134 

0205 10400 58410 6195 64837 
1689 158-081-07 DD 5788 5845 31360 4720 75735 
355 158-094-18 DD 10155 10220 55100 6380 65855 

4665 158-095-06 DD 178 10188 59000 4600 60700 
3983 158-095-16 DD 9980 10274 56800 8100 62844 
3983 158-095-16 DD 9995 10105 17460 1640 83963 
3983 158-095-16 DD 0110 10164 14720 1200 72519 
3983 158-095-16 DD 17640 1960 85856 
3983 158-095-16 D 18540 1860 90982 
3983 158-095-16 D 19280 1960 90560 
2182 158-095-21 DD 53450 5300 68263 
2182 158-095-21 DD 64350 5300 64057 
4514 158-095-24 111) 55000 141'3 444963 
4390 158-095-27 111) 10027 10065 44180 1 1 E 3  69000 
3899 158-095-28 DD 10076 10129 42250 3545 74648 

CID3 IC'ZL DATA 
( m g / l ,  pprii)x100 3=pIf x 100 4=ohms/ineter3 x 1000 
Ca(1) Mg(1) Nail) FeC2) C@3(1) HC03(1) l ( 1 )  PH(3)  R E S ( 4 )  O F  TDS( I j  
58900 2850 69659 295 9800 540 51 68 351492 
57000 8550 62627 635 1844 570 50 68 350886 
54880 6490 70154 280 122 216550 550 46 68 348476 

2092 156-095-17 DD 10311 10370 58410 7080 62385 270 128 219908 560 52 68 348241 
52 68 335335 268 208184 530 185 

2 68 347369 110 219000 580 
272 182004 400 8 68 299229 

8 68 333784 300 206280 560 
537 188700 ,520 6 68 307710 

0 68 34623 
49 68 34081 

118 227460 610 S l  68 36160 
216 214548 480 48 68 341859 

200 923 73755 690 75 68 121667 
253 178 212290 550 
355 3136 8580 580 410 68 18783 
315 131 205138 640 49 68 327151 
355 174 222220 550 50 68 353193 
295 156 221136 550 50 68 351029 
120 344 185744 SO0 47 68 298023 

144 217568 400 50 68 345047 
50 211400 480 50 68 335750 
71 221000 550 48 68 348815 

295 560 164600 780 47 68 268518 
60 770 140800 700 50 68 230069 

110 396 169000 720 48 68 274962 
75 435 178200 690 47 68 290092 
25 405 179200 600 47 68 291430 

195 200 215060 540 50 68 342468 
365 120 227820 550 50 68 362012 

69 208600 550 54 68 723032 
18 247 215840 480 339 339977 

120 225 200000 560 50 68 320788 



CIfEflICAI. DATA 
l=(mg/l, ypm) 2=(nig/l, pp111)x100 3=ylI x 100 

WELLNO T-R-S FORM TOP ROTTON Ca(1) Mg(1) Na(1) Fe(2)  C03(1)  
3899 158-095-28 DD 10236 10271 55900 4100 61476 122 205600 510 52 68 327198 
265 158-095-35 DD 10046 10084 39250 5536 69605 145 2906 550 40 68 307687 
7087 163-095-18 DO 8175 8240 2004 24 81200 1060 3451 20747 4 5680 1015 46 77 1213017 
2010 163-102-07 DD 8403 8446 28215 SO15 88948 170 440 201320 590 50 b8 324108 
1679 153-096-10 DDB 11038 11069 79200 5900 45088 35 5 172 226556 570 50 68 357271 
1679 153-096-10 DSR 10980 11015 81180 5900 49105 295 141 236312 560 51 68 372933 
3827 162-078-20 DSR 4952 5005 11063 1558 87931 75 913 159029 740 49 68 260569 
793 149-091-22 DTF 10045 10100 2000 52 31355 230 6698 46980 630 100 68 87315 
4304 146-104-33 DW 11624 11674 23600 16E3 76038 9500 136 800 205190 600 39 77 321897 
5279 157-076-34 DW 5079 5129 8016 1556 90788 16900 61 1003 158120 550 44 73 259713 
5498 157-082-01 DW 6765 6821 31872 4228 79525 183 460 199000 610 52 68 315268 
5281 158-075-16 DW 4784 4814 1964 511 28862 51100 610 5548 45380 650 105 73 83386 
5283 158-077-34 DW 5240 5289 6613 632 87783 11100 171 1480 147839 63 52 74 244629 
5277 162-077-11 DW 5691 1143 82403 7600 293 1903 138976 58 
4655 162-078-31 I)W '5333 5365 7068 425 90712 
7087 163-095-18 DW 9377 9407 802 61 3030 80 505 77 10498 
511 134-096-24 K I K  14 2 3014 
4485 136-101-09 ICIK 5384 5424 351 5246 
3339 139-101-12 K I K  625 75 18841 35000 
2680 158-081-07 K I K  2730 2785 8 4 1624 160 68 4637 
3148 158-081-07 K I K  2700 11 1847 149 68 5279 
2792 159-082-36 KLK 2688 2750 24 107 1920 1025 268 2520 640 1070 77 5864 

21608 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 3968 
2782 161-082-14 K I K  2520 2580 52 41 2489 900 77 7192 
1764 162-095-29 K I  4615 4625 21 2 3296 840 68 9416 
924 164-078-32 KI 18 4 1760 5 1 5001 
165 155-096-01 K I  405 55 4840 730 68 14544 
50 155-096-14 K I K  4750 4925 67 29 6710- 400 68 17984 
954 155-096-15 K I K  4502 4920 19 9 3331 850 68 9594 
73 156-095-10 K I K  18 6 4055 1550 618 68 11044 
43 132-078-08 M 104 637 200 2 16 839 422 830 3300 79 2220 

1835 133-072-20 M 2720 2738 495 171 1051 220 3550 249 810 1700 68 5736 

03 

c 



W 

CHENICXL DATA 
4=ohms/meter3 x 1000 

H C 0 3 ( 1 )  S04(1) C l ( 1 )  PIf(3) RES(4) O F  

4 130 138- 105-09 
3146 139-101-01 
6780 151-083-24 
6780 151-089-24 

5281 158-075-16 
184 157-094-06 8272 8312 13056 1740 100511 

8702 1112 103109 
8702 1112 103109 
2228 1856 110459 

4 4460 2830 680 49900 
8 4480 2520 570 42300 

8702 1946 105291 
9618 834 103070 

3010 3056 4890 2091 72467 5900 

16232 1459 79400 540 

2996 
1522 
2923 
2923 
3733 
5028 
2900 
2395 
2486 

7940 12864 1508 
8103 7500 660 

137- 100- 15 4020 972 
137-100- 15 4020 972 
138-101-24 3660 350 
139-098-03 12 16400 1215 
139-100-04 03 8221 13000 840 
139-100-06 24 8136 12144 1339 
139-100-08 E I H  14000 1500 

106954 
56121 
45669 
45669 
29764 
95799 
73544 
59290 
833 18 

29900 

2 
10000 

c h 

255 2750 1008 810 1550 68 5786 
205 460 185000 670 47 68 309528 

7b0 109890 420 58 68 1804b2 
170 170 2d4570 570 42 68 326770 
79 140 193600 479 43 77 319918 

207 274 182886 600 46 68 298674 
244 2196 124795 630 48 73 206683 
410 1422 169000 590 47 68 278091 
2 10 328 178040 6 46 68 29078 

4256 144000 242 68 24295 
15 1 313 177996 6 46 68 29096 
215 268 185820 6 46 68 30356 

1587 166844 8 44 77 27107 
61 0 68 2945qIt 
61 80 50 68 294554 

166 30 46 68 322292 
244 2196 124795 630 48 68 206742 
132 3940 81000 740 68 68 138482 
132 3160 69000 730 84 68 117682 
220 920 152800 678 44 77 25103 
329 584 187000 600 50 68 30385 
329 570 187000 610 50 68 30142 
160 7020 50112 630 96 68 92827 
425 426 234 710 6000 68 1516 
198 465 191672 590 46 68 313661 
166 532 101270 570 60 68 166249 

527 80000 540 70 68 131188 
527 80000 540 70 68 131188 

245 764 52700 660 99 68 87483 
112 1300 179630 410 41 77 294755 
44 739 138320 540 51 68 226487 

100 307 116560 590 56 68 189740 
60 250 160000 515 51 78  259228 



CHEHICAL DATA 
l=(mg/ l ,  pptn) 2=(mg/l, ppm)x100 

LNO T-R-S FORM TOP HOTTOM Ca(1) Mg(1) Na( 
16 139-100-09 Ellf 10668 6699 523 
18 139-100-09 k1H 8240 b650 1276 28007 

518 139-100-09 MH 8245 8247 11020 1392 55273 
518 139-100-09 klH 82/15 8287 12100 1580 64200 
518 139-100-09 MH 8287 616 244 5778 

3146 139-101-01 MH 8008 8034 4650 1232 63930 
2928 139-101-03 klH 8237 8266 11200 1320 54791 
3643 139-101-12 MI1 8024 8052 9911 928 59176 
1789 139-101-14 kIH 11590 644 66898 
1789 139-101-14 Mll 7947 7960 1280 143 10600 
4009 139-101-20 MH 1836 256 
3761 139-102-02 MH 7668 7710 13080 1300 99129 
3761 139-102-02 MH 7768 7710 15240 1280 96415 
3790 139-102-10 Mli 7618 7655 12000 1280 94177 

139-102-10 HH 7692 7750 9530 750 52685 
139-102-23 MH 50 1 3731 

4027 139-102-25 9023 759 37249 
4027 139-102-25 301 30 18 
4077 139-102-27 Mlf 7800 7830 16544 1744 606 

w 
0 

613 140-099-31 Mlf 8249 8254 14250 1624 72846 
613 140-099-31 MI 8254 8266 15700 417 71609 

8338 8356 15800 417 71436 
7430 7483 14400 1464 108865 
8172 8192 3600 120 
8178 8222 451 100 
8513 8553 8300 915 90412 
7933 8019 4950 1560 
6987 7027 4300 671 
8011 8030 190 57 4598 
7750 7808 7254 896 81324 
8172 8220 380 480 35889 
8345 8464 7742 1160 110193 
8062 8152 4465 522 103258 102 2161 167040 530 47 68 277548 

6 - i  



S(4) O F  TI)S(I) 
48 68 1754iO 

276 1800 103519 874 185820 60 46 68 3045% 
1101 153-095-28 ml 246 1800 92326 135 698 174040 600 47 68 284245 
1575 129-106-09 HM 568 89 1800 2523 680 1000 

3500 695 74 
6322 130-091-07 I91  137 1050 112000 687 51 77 178999 
1446 130-103-34 MI 390 2786 21840 690 200 68 40330 
2677 130-107-03 Ml 86 67 690 702 810 2200 77 3587 
43 132-078-08 MM 775 556 79 

6413 133-092-21 NM 697 63 77 

6322 130-091-07 rm 

3870 1100 420 68 22449 
4707 1010 600 68 14341 

525 1477 32426 660 150 68 55321) 
220 2329 125200 730 54 68 20777d 
180 2870 45500 570 10 68 79129 

00 68 27382 

340 2881 7312 730 470 68 16576 
230 

1926 136-093-35 Hfl 185 1100 187288 650 
1926 136-093-35 MM 145 620 179944 640 

320 293 180480 612 40 77 291184 
3160 137-095-20 F 8310 8357 16740 2352 94296 195 869 181170 610 49 68 295622 
3160 137-095-20 tIM 135 1246 149490 620 52 68 244781 
3160 137-095-20 MH 280 2634 84645 690 70 68 I41885 
3160 137-095-20 !!El 160 70280 610 50 68 278081 
1574 137-099-15 rib1 295 2000 740 1400 68 5031 
1396 137-100-14 riti 15250 2850 63919 170 251 133600 710 52 68 216040 
1541 138-095-06 rpi 168 1990 73800 680 70 68 123126 
850 138-098~15 ElEl 9080 9170 969 52 5053 475 2814 7308 660 460 68 16671 
657 138-099-09 MI 7672 7717 10494 2006 115392 135 950 201624 610 49 68 330601 



1= (ms/ 1 9 p p d  2=(nig/ 1 
T-K-S FORM TOP HOTTOH C i l (  1 )  

138-099-09 Wl 7884 7900 9108 
849 138-100-34 MM 5985 
849 138-100-34 MI1 9157 
849 138-100-34 MI 9168 

4091 138-102-10 M?l 9016 
3695 138-103-11 MM 8736 
3695 138-103-11 MM 8739 
3695 138-103-11 MM 8964 
3695 138-103-11 k i l l  9178 
4525 138-104-16 klM 8952 
4525 138-104-16 MM 9182 
4130 138-105-09 MM 8795 
4130 138-105-09 t.lt.1 9096 
7127 139-096-30 t.kl 8838 
4250 139-097-17 t.lM 8788 
4250 139-097-17 Mp1 8915 
4224 139-098-10 kIM 8985 
4224 139-098-10 MM 9110 
2117 139499-16 )lM 9018 
2117 139-099-16 ffM 9150 
2117 139-099-16 t.lM 9344 
375 139-100-04 MM 
375 139-100-04 9418 
375 139-100-04 9434 

v 
N 

9032 18050 2320 105795 
9170 1130 116 21289 
9192 874 58 9530 
9042 1200 109 8288 
8796 16678 1450 98654 
8796 16678 1450 98654 
8990 362 46 2055 
9210 362 35 1459 
8972 490 78 2072 
9198 500 60 2302 
8890 364 49 1713 
9120 273 33 1071 
8901 13828 365 76800 260 
8848 24400 llE3 94829 14600 
8965 14000 5589 72266 
9041 16579 1700 10246s 
9130 4215 442 53618 
9046 9900 1534 116828 
9275 15246 1652 111736 
9370 6930 1062 84177 

130 17 2163 
9451 2790 495 68189 
9451 238 35 2877 

135 428 201442 610 46 68 328220 
2886 650 140 68 5926 
5034 6bO 260 68 2745 

690 280 68 25490 
49 68 302891 
49 68 302891 

050 68 6863 
2007 700 1420 68 5256 
3260 700 980 68 7365 

290 950 3740 700 910 68 7842 
730 1200 68 
730 1840 68 

38 77 345880 

281 3100 8 
170 1060 201310 630 49 68 330802 
145 1060 20 620 49 68 333113 

220 592 

139 48 9631 
9415 1422 43 

9402 9466 1665 3 
9404 9430 24 

.f 

_ .  . .  . . .  . .  C ' .  L 
c . _ .  



CHEH I CAL DATA 
4=ohms/nieter3 x 1Oi)o 

C03(1) HC03(1) S04(1) Cl(1) PH(3) RES(4) O F  

510 1370 4650 730 700 68 

625 139-100-09 HM 
794 139-100-0? ?lkf 
448 139-100-10 MM 

795 139-100-16 

3928 139-102-03 351 30 472 
400 80 3465 

4012 139-102-2 
3829 139-102-2 

4627 139- 103-05 l1M 9146 9194 4200 420 25887 
4627 
746 1 
4150 

139-103-05 ElN 9172 9205 2200 300 
106 18 

17000 1955 

14659 
792 

83929 

500 2122 974 740 1250 68 5552 
389 2625 2013 765 7 77 13 
610 1010 24140 550 430 68 38495 

834 18800 630 230 68 32427 
261 611E3 1763 6730 185 615098 ’ 

245 930 2353 760 1320 68 5511 
267 1017 7100 710 13 68 13492 

254 194320 600 46 68 315273 
720 2167 700 1350 68 4909 

9150 760 400 68 17678 
2272 730 11 68 5357 

303 844 2272 730 5 5357 
270 1918 2668 720 1050 68 7427 
305 1256 12400 750 290 77  22471 
130 3200 46150 720 110 68 79987 
255 2075 25700 690 170 68 45189 
145 330 1134 630 2680 68 2525 
159 207 165000 640 43 7 7  268250 

1022 5325 740 650 68 1064 

214 860 10880 19 



CHEM 1 CAL DATA 
1= (%/ 1 p P P d  2=(mg/ l ,  pyln)x100 

FORM TOP BOTTOH Ca(1) Mg(1) Ns(1) Fe 
9488 9499 860 49 18591 

2768 140-100-04 MM 9816 9856 499 70 4868 
4642 140-102-30 MM 401 61 2921 
4339 140-103-20 MM 9150 9220 899 118 6458 329 1362 10700 740 335 7 7  19866 
6325 140-103-36 Ml 8851 8871 18715 4137 91823 268 613 186200 600 48 68 301756 
6325 140-103-36 MM 9060 9080 1152 136 6287 464 1469 10780 660 370 68 20288 
4467 140-105-21 MM 8946 8986 14800 2080 106954 170 168 197000 610 48 68 321172 

824 141-091-08 MM 7794 7869 1560 268 19573 342 5124 29754 640 160 68 56621 
7463 142-100-03 MM 4810 1216 38500 50 45 2 510 72474 708 69 77 117963 
6936 142-100-06 MM 6012 2674 52200 130 378 840 97146 694 51 77 159251 
7465 142-100-32 MM 2204 292 22000 40 342 650 37933 774 102 77 63421 
7514 142-100-33 MM 2325 486 22000 80 342 650 39167 695 100 77 64971 
2894 142-103-24 MM 9413 9486 4000 600 77543 145 3226 125970 660 53 68 211484 
2894 142-103-24 MM 9498 9594 3600 720 44460 74100 670 73 68 126962 
2826 143-090-01 MM 8112 8173 5600 1320 116315 91672 580 46 68 3169i3 
3044 143-092-27 ffil 8407 8508 15744 2320 104698 234 512 195600 -550 46 68 319108 
3044 143-092-27 MM 8470 8508 16512 2668 101874 224 87 193644 520 
3044 143-092-27 MM 8527 8597 16200 3400 100487 * 25 
2853 143-101-05 klM 9543 9588 4512 855 57818 345 52 77 163855 
2853 143-101-05 MM 9773 9818 5076 1026 54290 415 54 77 156446 
3199 144-092-16 Mf 8689 8763 16554 2352 84164 185 718 165330 600 50 68 269303 
2689 144-099-21 klM 910 9952 12800 1080 113071 47 68 327321 

126 10149 11712 1044 107883 46 68 311047 

w 
P 

9968 10058 9328 928 110802 
9315 9360 4607 825 889 

709 8721 19392 2668 989 
821 145-099-03 1 981 10049 17088 1508 1046 

550 9554 12650 1670 1031 
569 9571 12650 1670 101870 
462 9517 15400 167 112022 

1516 146-082 797 5841 745 77 4329 
139 6165 9408 2596 101184 46 68 293802 
568 8610 37000 6710 79776 270 227 207756 520 46 68 331739 

* 

. .  . I  1 . -  1 c- 'I 8 



4J c 
* 

4=ohms/mcter3 x 1000 
lICO3(1) S04(1) Cl(1) S(4) O F  TL)S(l 

146 1450 193600 44 77 31287 
1739 450 193600 810 41 77 317589 
575 416 202924 540 49 

20140 2320 80540 429 166314 380 48 
439 173636 100 47 68 280937 

310 192 210516 560 47 68 337236 
205 546 196612 570 46 68 318487 
120 680 192480 630 
122 560 181000 630 
122 752 170000 580 
85 864 184400 570 
205 196 212000 580 
315 470 188760 640 
205 300 209200 620 51 68 337215 

080 610 1144 88 3313 181332 46 68 302915 
050 2900 924 
700 1342 1050 

3089 150-079-14 
3089 150-079-14 

440 845 167440 640 48 68 273761 
890 760 179032 680 47 68 293873 
500 750 177776 670 48 68 290537 
475 173 158200 720 50 68 258261 

1716 150-095-09 NM 60 392 195120 450 47 68 313341 
1716 150-095-09 MM 355 339 177776 550 47 68 290033 

660 545 179944 630 47 68 294483 1792 150-095-15 MM 
1792 150-095-15 Mf.1 9474 9534 15642 1888 96255 500 450 181028 620 47 68 295763 

1938 350-095-16 ME1 9246 9302 13266 2596 80261 135 1130 153928 600 49 68 251316 

14652 1888 96794 . .  
2032 150-095-15 MI 9300 9366 14454 1888 94177 245. 570 175780 690 48 68 287114 



_-.- ~ ~ _ _ _  - - - -~ 

CHEWICAL DATA 
2=(mg/l, ppm)x100 

BOTTOH Ca(1) Mg(1) Na(1) Fe 
1938 150-095-16 Wl 9319 9354 15642 1888 92755 
1938 150-095-16 MM 9352 9433 19800 10E3 32210 
1459 150-095-18 PfM 9082 9149 33320 4012 88609 
1459 150-095-18 MPl 9270 9327 14504 2006 96721 
1854 150-096-17 MM 9518 9564 16038 2006 92633 
1849 150-096-29 MM 9457 9520 15642 1888 94816 
1849 150-096-29 MM 9526 9550 15642 1770 96366 
1606 150-097-35 MM. 9560 9627 18620 2242 85982 
6780 151-089-24 MM 7800 7857 12374 1962 100237 
1746 151-096-08 MM 9380 9435 18612 2242 106231 
1305 151-096-34 I9 1  9192 9243 32670 4200 84480 
1305 151-096-34 MM 9312 9423 17325 2700 101294 
1305 151-096-34 MM 9375 9405 16830 2550 101453 
1305 151-096-34 HM 9426 9493 19305 3000 98444 

+ 920 151-097-11 Mtl 9310 9408 18050 2320 102690 
920 151-097-11 FlM 9440 9500 16150 2900 105643 170 500 199512 600 46 68 324875 
1202 152-094-06 MM 20989 1692 101798 49 125 198970 520 47 68 323623 

152-094-06 MM 17600 3604 8307 102 46 68 362613 
152-094-06 MI4 14300 2000 72860 185 
152-094-06 MM 21900 1700 92225 110 

8877 8991 15680 1770 98541 39 0 

m 

13350 1450 66842 185 53 68 212756 
1342 152-094-07 MM 10092 1256 52280 160 61 68 165904 

14300 1450 78297 160 50 68 244487 - 
8188 686 99296 25 47 68 277912 
30464 2626 85792 135 
17898 1828 8541 245 

176 
196 
195 
185 
270 

18100 4000 86581 195 165 177000 720 47 68 286041 

-1 . .  . ? .  ~. 0 



CHENTCAL DATA 

* 

20560 2056 85657 
12850 3700 68180 
20182 2398 87696 
14280 2280 71182 
13800 2550 72346 
llth61 1142 73485 
12380 1256 67783 

1862 152-095-05 kP1 17618 1941 90602 
1088 152-095-06 Ilk1 16262 1713 82512 
1088 152-095-06 

8973 1599 89662 
18005 2284 91306 

1360 152-095,-07 11616 1485 61554 
16946 342 86196 
14280 1598 77622 
17326 1028 95181 
18850 2056 92676 

1312 152-095-08 18392 1941 87175 
1419 152-095-08 17517 2398 87258 
1555 152-095-08 16843 2056 85015 
1557 152-095-08 NM 18198 1713 92141 
1558 152-095-08 MN 18779 1941 102992 
1596 152-095-08 kP1 17618 2056 83401 
1846 152-095-11 blf.1 8555 9060 23160 2050 95412 . 
1846 152-095-11 MM 9052 9108 24750 3245 88759 

ZOO 
l(1) P H ( 3 )  RES(4) O F  TlIS(1’ 

690 49 68 25759 

185 177714 69 

170 
205 52 68 232065 
185 407 129712 74 53 68 211723 
205 
205 
230 
170 
245 
160 
270 
330 218 160688 670 49 ,68 261723 
205 255 156000 700 48 68 254983 
185 354 175200 670 47 68 285759 
270 272 176176 670 46 68 286952 . 
245 60 46 68 291097 
4 65 30 56 68 193 
280 235 163600 670 49 68 267 
183 635 149080 640 50 68 243398 
280 358 180040 670 46 68 294213 
2 70 210 181984 700 46 68 296046 
195 337 172304 670 47 68 280344 
205 210 172304 690 47 68 279892 
255 386 166496 710 48 68 271051 
185 177 179080 680 46 68 291494 
185 227 197472 680 46 68 321596 
245 190 165528 680 48 68 269038 
255 508 197288 620 47 68 320173 
355 344 189700 650 46 68 307153 



1344 152-095-12 PIH 
1351 152-095-12 MM 
1567 152-095-12 !PI 

1277 152-095-16 FlM 
1181 152-095-17 MM 
200 152-095-17 MM 
241 152-095-17 MM 
1284 152-095-17 MM 
1331 152-095-17 MM 
1361 152-095-17 MM 
1488 152-095-17 Mtl 
1256 152-095-18 MM 
1295 ‘152-095-18 blM 
1423 152-095-18 flM 
1562 152-095-18 MM 

948 152-095-19 MM 
1156 152-095-19 MM 
1327 152-095-19 Mkl 
1065 152-095-20 MM 
1143 152-095-20 M N  
1242 152-095-20 MM 
1285 152-095-20 MM 
89 152-095-20 MI4 

2034 153-095-12 rm 

w 
00 

948 152-095-19 mi 

1066 152-095-30 MM 
2661 152-095-32 MI 

20950 2850 87728 230 131 177200 660 47 68 289089 
20940 3420 91381 160 87800 650 46 68 
25320 2280 74149 120 65528 670 50 68 
20563 2284 89650 245 226 181016 690 46 68 
21490 1713 85931 295 75208 690 47 68 284888 

270 81984 690 49 68 295211 
195 35520 720 51 68 220070 

18973 3198 90441 
15101 1941 67062 
16456 2170 81364 205 60688 690 49 68 261069 
15875 1827 54368 135 17128 750 56 68 189427 
19554 1827 94256 245 
18005 1827 92878 2 70 
24006 3426 93577 , 255 
17618 2741 94064 245 

9210 9234 26880 2784 88236 315 
19040 1598 91497 255 341 179080 660 46 68 291811 
15994 1370 56539 9 

9229 9269 28512 3120 87775 
25362 1941 76566 
25132 1142 85333 
25749 1941 - 
21706 1126 88344 
27685 1941 92226 
26717 2741 93682 
22845 1599 85165 

27878 2512 83293 
28846 2170 89255 
25168 2284 94439 
23813 2170 94224 

9276 9295 26740 3000 90396 
24974 2056 90642 205 202 189728 670 46 68 307807 



c A 

‘I 

4=oh11s/meter3 
(2)  C03(1) lIC03(1) S04(1) Cl(1) PH(3 S(4) O F  TDS( 

246 194 185832 610 46 68 302078 
185 
255 
280 
176 412 196000 580 53 68 317076 

2645 153-094-21 kfM 220 665 186660 640 46 68 305251 
195 272 145200 710 51 68 236363 
270 235 166496 700 49 68 270862 

1335 153-094-3 1120 2900 88487 

75 
170 
280 404 185364 670 47 68 3020QC 

c1 34 352 97092 500 65 68 1542~0  
CD 15 620 66 68 142809 

308 610 46 68 294385 
248 221 182004 530 48 6 68 296388 

283 153-095-1 145 1280 81300 670 71 68 134966 
170 630 113106 520 47 68 282614 

397 153-095-25 318 382 373636 570 50 68 282685 
3167 153-095-31 270 216 164600 670 50 68 268163 

270 216 164600 670 50 68 268163 
919 153-095-33 MI1 160 524 193644 600 46 68 316545 

1131 153-095-35 I.IM 292 573 177018 550 46 68 289020 
224 453 174084 530 47 68 283884 
I85 532 178600 530 46 68 291233 
405 686 189732 450 46 68 311251 
458 1103 176150 660 42 68 290785 

2930 154-083-08 MI 290 978 174876 610 47 68 287181 
2930 154-083-08 flM 239 744 181792 580 46 68 298096 
2816 154-092-12 klH 8606 8680 31488 4756 88327 214 262 205504 580 49 68 330551 
2816 154-092-12 blfl 8821 8998 10200 2552 97613 162 285 191672 530 46 68 311484 



128 1Si-095-16 MPl 8570 8604 12940 1380 97660 
068 154-095-18 FlM 8240 8320 13270 1240 91500 
305 154-095-33 MI1 25840 3248 80344 
674 154-095-34 MM 8377 8416 15580 1740 61584 
1333 154-096-36 kfil  8502 8515 22572 3360 87976 
474 155-090-24 MM 7887 7920 5700 1856 17053 
7570 155-094-09 MM 9090 9201 15979 1456 97000 
3227 155-094-16 MN 8743 8852 16491 1692 94098 
603 155-095-05 MM 13138 1598 81054 
719 155-095-05 MM 8413 8419 10472 1370 73713 
87 155-095-06 MM 9114 1405 71762 
87 155-095-06 ElM 8410 8446 8378 2170 56908 
216 155-095-06 MM 8406 8454 4760 456 33121 
223 155-095-06 Mfl 8532 8566 8758 1142 55086 

Iu 347 155-095-06 MM 8417 8462 9520 1720 59329 
376 155-095-06 MM 8325 8362 13140 2060 81873 
709 155-095-06 ELM 8440 8466 6912 870 57385 
709 155-095-06 MH 8520 8543 10282 1370 65986 
710 155-095-06 MM 8502 8530 5332 1256 37695 

86 155-095-07 MN 8512 8545 13518 1599 93375 
439 155-095-07 klM 8466 8476 10280 1480 70383 
439 155-095-07 Efil 8502 8524 13520 2520 80562 
475 155-095-07 MI1 8498 8505 13320 2160 81535 
721 155-095-07 ml 8428 8435 12760 2060 78943 

155-095-08 Mkl 8497 12756 1942 83125 
155-095-08 MM 8629 9520 1942 
155-095-17 fa1 8444 8458 13700 1720 

0 

66 155-095-07 MM 8503 8516 14239 io38 75270 

8464 8476 12940 1940 89732 
8454 8472 18468 2056 86526 

_ _  

CHENICAL DATA 
l=(mg/l I ppm) 2=(mg/l ppin)x100 

LNO T-R-S FORN TOP BOTTOM Ca(1) Mg(1) Na(1) Fe 
35 154-0Y5-07 Wl 9036 9139 15084 2040 97211 

230 302 177200 720 46 b8 289712 
50 186 625 178700 661 41 77 285522 

156 220 178866 540 48 68 288674 
54 315 127368 530 57 68 206641 

46 68 299502 
130 68 67012 

90709 620 46 68 405670 
330 397 178770 650 47 68 291778 
255 700 48 68 248894 
305 730 50 68 221982 
256 

450 
415 
390 
220 290 155200 71 
535 

54 68 201850 340 
195 75 68 115804 
315 215 143980 580 50 68 235057 
185 272 172300 730 47 68 281249 
390 130536 710 52 68 213481 
205 155200 710 48 68 252296 
365 294 155200 700 48 68 252874 
245 281 150000 700 
205 
55 
70 
45 
245 
270 275 166600 690 8 68 271757 
205 292 171800 660 48 68 279347 

i95 

c 



S(4) O F  TI)S(l) 
47 68 286300. 
46 -68 290357 
47 68 27311 
47 68 284577 

352 155-096- 76 2170 94800 47 68 288043 
48 68 269784 

160 426 119060 760 55 68 194312 
575 155-096-01 230 343 148200 66 

185 326 177000 69 
205 254 174240 730 

261 155-096 305 482 155840 730 
230 ' 342 147140 740 
230 30 47 68 290773 

186 1828 78867 220 90 49 68 241SaS 
245 67 68 137631 
380 514 106720 7 58 68 174108 
176 302 182886 5 46 68 298221 
295 10600 176820 6 46 68 307269 

52 68 220428 230 
295 
35 1 
230 250 160600 6 
280 455 142000 730 50 68 231733 

68 258817 
550 73 68 140428 

68 144953 
' 273600 

68 182033 
5623 155-096-14 NN 8294 8375 12560 2970 84868 280 304 161400 700 48 68 262382 
954 155-096-15 bib1 8290 8316 12380 1714 84691 550 290 157000 700 48 68 256625 
1895 155-096-22 mi 8248 8298 14058 2242 98845 315 665 183200 620 45 68 299325 
io6 i5~-095-03 tirf 8414 8428 208 165'120379 450 14450 175608 760 49 68 311260 
136 156-095-03 ME1 8417 8427 13490 1624 95570 e 162 263 175728 500 46 68 286837 



~ - - -~  - --. .-_.- -. - _.___ 

b 

CHEflICAL DATA 
l = ( m g / l ,  ppm) 2=(1ng/l, ppm)x100 

0 T-R-S FORM TOP 8OTTOfl Ca(1) Mg(1) Na(1) Fe 
156-095-04 Mfl 8374 8390 13680 2204 93291 
156-095-04 PlM 8374 8390 12757 1370 97623 

198 156-095-08 MM 8456 8699 4760 456 33839 
210 156-095-09 MM 8397 8424 14820 1972 77887 
210 156-095-09 Mfl 8397 8424 12186 800 98335 
243 156-095-09 MM 8406 8440 17480 1972 95794 1 a5 317 184096 500 46 68 299844 
379 156-095-09 MM 8410 8440 12760 1480 95720 245 690 47 68 284669 
514 156-095-09 MM 8395 8476 1190 314 10852 770 220 68 32826 
595 156-095-09 MM 8422 8445 10092 1714 74688 720 51 68 224770 
294 156-095-10 MM 8427 -8453 17100 2552 74865 52716 550 51 
294 156-095-10 MM 8430 8575 1285 286 15655 26020 780 160 
404 156-095-10 MM 8500 8526 10480 1820 85160 280 329 154800 710 49 

67 156-095-14 MM 8510 8707 5140 1370 36336 1185 67920 760 82 68 
67 156-095-14 MM 8512 8540 13680 13E3 2088 342 376 169452 530 48 68 

h3 249 156-095-14 MM 8556 8576 6290 1260 89751 140 2112 151600 540 51 68 
51 156-095-15 MM 8317 8473 12756 2170 93818 270 230 173280 750 47 68 282524 
53 156-095-15 MM 8448 8468 12376 2512 94860 
54 156-095-15 MM 8410 8450 14470 800 85606 

045 156-095-15 Mkl 8469 8475 11804 2284 79609 
8490 8512 13680 1856 94991 
8490 8512 12380 2060 91902 

42 156-095-16 MM 8512 8537 6839 907 98943 
8438 8478 12560 1480 94146 

522 8542 11044 2170 83311 

r\) 

56 156-095-15 PlM 8450 8485 m o o  1508 93301 

15200 1624 829 
10860 1600 839 

444 8480 10472 1484 795 
8432 8474 12360 1600 
8425 8455 12940 1380 
8470 8516 13518 1828 84152 
8420 8452 8940 1720 72091 
8448 8506 11804 1714 78977 

53 68 214968 
50 68 240397 

L 



W
 

23 



l=(mg/l3 p p d  2=(nig/1, ppm)x100 3=pH x 100 4=ohms/nieter3 x 1000 
T-R-S FORM TOP BOTTON Ca(1) Mg(1) Na(1) Fe(2) C03(1) fiCO3(1) S04(1) Cl(1)  PH(3) RES(4) O F  TDS(1) 

218 156-095-29 Mfl 8504 8532 11800 1484 89950 245 280 L63bOO 650 48 b8 267359 
351 156-095-29 MM 8500 8545 12756 1484 84022 2 70 299 156120 730 49 68 254951 
391 156-095-29 Mfl 8570 8604 12000 1820 95305 220 290 173200 720 47 68 282835 

280 379 I34060 730 51 68 218430 480 156-095-29 Ill1 8532 8570 9900 2284 71527 
69 156-095-30 MM 8463 8490 12756 1828 103932 195 187800 640 46 68 306914 

101 156-095-30 MM 8468 8516 10472 1942 74415 280 138480 730 51 68 226035 
137 156-095-30 MM 8460 8500 12186 1828 84566 205 710 49 68 256071 
414 156-095-30 MM 11234 1714 76740 205 700 50 68 233104 
418 156-095-30 MM 8486 8526 12376 1828 99939 230 306 181020 700 46 68 295699 
812 156-095-30 MI 8456 8476 13320 1714 104720 170 253 189800 640 46 68 309977 

55 156-095-31 MM 8460 8490 12756 2056 86325 145 316 161400 720 48 68 262998 
430 127000 760 119 156-095-31 Mfl 8450 8480 10282 1256 68437 170 

189 156-095-31 MM 8426 8436 7236 1028 56397 340 1292 101640 730 
799 103576 770 189 156-095-31 kIM 8426 8469 7616 1713 55650 245 

272 156-095-31 MM 8393 8438 11234 1828 71613 230 
N 331 156-095-31 FIM 8442 8487 12566 1714 79763 195 

442 156-095-31 MM 8500 8560 12948 1598 82401 195 
159 156-095-32 MM 8434 8472 7616 1142 49656 425 
169 156-095-32 fM 8423 8456 10660 1720 75686 295 

245 337 133180 760 169 156-095-32 MM 8423 8456 11234 1828 70254 
187 156-095-32 Ilfl 8450 8481 10092 1598 65172 255 399 122600 720 
214 156-095-32 kltl 8508 8550 9710 2170 76565 330 397 141120 770 
433 156-095-32 MM 8554 8566 11996 1828 86692 

156-095-32 MM 8537 8542 12948 1370 82851 
156-095-32 MM 8501 8506 12376 1598 81412 
156-095-33 8594 8601 12760 1380 94743 

45 25800 1708 43146 
40 12756 1828 1000 

P 

8415 8449 18810 1624 88219 7 68 282962 

8486 8521 10852 2170 
8485 8726 27 5 
8300 8328 12160 1826 1 6 68 296477 
8380 8409 9900 1942 7 I 68 224401 

L 

c .  > . . < .  
c i  
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CimiTcaI, DATA 
3=pH x 100 4=oIuns/meter3 x 1000 

1) Fe(2) C03(1) HC03(1) SO4(1) Cl(1) PtlC3) (4) OF ms( i 
8372 8379 11234 2284 84709 255 9 6s 255b15 
8372 8605 2476 914 22822 425 120 68 68772 
8472 8500 13138 2056 870.35 185 286 163170 720 48 68 265870 
8366 8404 13680 1740 91079 186 314 169452 540 47 68 276451 

113 156-096-36 MM 8366 8404 13328 3198 79568 195 383 155240 730 49 68 251912 
323 156-096-36 tIM 8416 8457 11044 1598 90395 245 349 161400 730 48 68 265031 

170 284 179080 700 46 68 291851 
185 49 730 68 251879 

620 50 68 235703 
5078 57630 660 89 68 101466 

68 4350 87210 710 65 68 148789 
2610 157-075-10 MM 58 5290 71400 680 74 68 124650 

132 4451 91800 680 63 68 156729 
288 2526 125970 600 53 68 209qf17 

168 37 9612 .I8583 1070 190 68 4505~ 
N 355 50 49 68 281704 

700 3340 94900 600 427 186000 680 46 68 302967 
175 157-094-0s fRi 000 1940 100570 195 407 181600 680 46 68 296712 
307 157-094-05 Nkl 8239 8290 11920 2300 102282 170 357 185200 740 46 68 302229 
129 457-094-06 HN 8264 8304 11800 1940 102551 170 293 184400 690 46 68 301154 
184 157-094-06 kill 8312 13056 1740 100511 207 274 182886 600 46 68 298674 
367 157-094-06 tiri 8263 10660 1480 83992 145 334 152400 690 49 68 249011 
415 157-094-06 MN 8308 4760 1260 43592 145 760 71 68 129219 
403 157-094-06 8253 10860 1720 90337 195 690 48 68 266661 
554 157-094-06 10380 1040 86875 135 165 155200 720 49 - 68 253795 
245 157-094-07 M!1 11540 2180 102462 160 441 184400 730 46 68 301183 
502 157-094-07” Elf1 10960 2200 10000 160 227 179800 680 46 68 293354 

8240 11424 1941 9933 170 444 178664 670 46 68 291977 
8286$ 11740 2180 99715 120 359 180600 710 46 68 294714 

1030 157-094-08 klM 8538 9320 1380 73681 355 484 133600 820 50 68 218820 
I 1  I6 157-094-08 Mri 8238 824s 12120 2420 98268 2 30 190 179800 680 46 68 293028 
1092 157-094-18 rib1 8257 8277 11040 1260 96853 195 387 172200 780 47 68 281935 
1093 157-094-18 tiri 8255 8264 12120 1270 98575 160 275 176900 670 46 68 289300 

vl 

I 



l=(m PP") 2=(mg/l, ppm)x100 3=pB x 10 
FORM TOP BOTTOM Ca(1) Mg(1) Na(1) Fe(2) COS(1 

91 157-094-18 MPI 8210 8231 11420 2280 98575 
1253 157-094-18 MI 107130 1962 83602 
1253 157-094-18 Mf.1 8159 8259 10780 1962 83602 
724 157-094-30 EM 8264 8272 11335 1827 91932 230 318 167984 690 47 68 274286 
612 157-094-31 MM 8284 8318 13068 3120 96688 240 386 180930 55 46 68 294432 

47 68 276005 612 157-094-31 flM 8284 8318 12186 1599 92760 160 346 168954 67 
822 157-094-31 MM 8336 8537 3175 692 26177 475 110 68 78499 

1032 157-094-31 MM 8321 8327 11805 1599 93291 245 
1032 157-094-31 MM 8321 8327 11805 1599 93291 2 45 

82 157-095-01 MM 8242 8290 13248 266 102182 188 46 68 301970 
82 157-095-01 WI 8242 8290 12350 2204 90736 410 441 167670 550 47 68 273811 

114 157-095-01 MM 8292 8331 9901 2284 82884 355 461 151476 730 49 68 247361 
299 157-095-01 HM 8226 8254 6660 1380 61326 195 660 109800 670 57 68 180021 

46 68 290001 350 157-095-01 MM 8260 8276 11800 1820 98357 110 
398 157-095-01 MM 8265 8300 3998 679 36131 170 83 68 105875 

I. cn 398 157-095-01 t€M 8265 8300 3944 808 32606 185 730 89 68 97148 
419 157-095-01 MH 8254 8499 3560 580 29844 1295 474 52920 760 98 68 88673 
855 157-095-01 ffM 8282 8302 11920 1740 99140 
256 157-095-02 MM 8275 8320 13248 2204 100671 

8275 8320 13248 2204 100671 
8267 8290 9720 1380 67659 
8332 8361 12544 1888 96224 

1165 157-095-10 8285 8292 12186 1485 1005 
93 157-095-11 8258 8294 7800 1260 720 



c n 

* 

CHEHLCAL DATA 
4=ohins/meter3 x 1000 

fIC03(1) S04(1) C l ( 1 )  PH(3) RES(4) OF lOS(1 
1420 2060 9968 135 341 179600 670 670 68 293237 
0960 1260 8837 305 270 159000 570 48 68 260167 
7045 799 6298 60 334 111666 740 5 7  68 182889 

205 274 176040 620 46 68 28751 
205 274 176040 620 46 68 28751 
160 235 167500' 690 47 68 273419 
135 

301 157-095-14 390 
365 157-095-14 160 

145 46 68 2855 
47 68 2734 135 
80 68 57 525 

145 46 68 2997 
465 1118 49520 720 99 68 828 

760 130 68 643 
660 47 68 2793 

170 318 182600 710 298 298675 
I85 251 175960 680 47 68 287395 
270 457 181908 550 46 68 296676 
145 328 172838 700 47 68 2821 

552 157-095-25 k@l 185 235 161500 700 47 68 2736 
626 157-095-25 MN 7 601 87400 560 66 68 1426 
666 157-095-25 t.1M 220 . 568 171868 700 46 68 281451 

. 935 157-095-25 MM 37 425 172838 660 47 68 282281 
1047 157-095-25 t.IM 185 310 168954 700 47 68 276098 

425 412 51800 700 100 68 85522 
1029 157-095-2 230 428 165070 710 48 68 270034 
1029 157-095-2 234 546 165282 570 48 68 270496 

170 423 172838 710 47 68 282692 
257 157-095-35 ME1 8300 8328 12566 1310 94658 205 334 171868 680 47 68 281001 
257 157-095-35 H1H 8300 8328 11928 2102 90913 170 170 167500 700 47 68 272873 

77 157-095-36 blll 8323 8372 13056 1508 96516 212 280 176040 600 46 68 287612 
290 157-095-36 HH 8282 8310 13248 1392 96509 196 280 176040 620 46 68 287665 



CHEHICAL DATA 
l=(mg/l s ppm) 2=(mg/l, ppm)x100 

T-R-S FORM TOP BOTTOM Ca(1) klg(1) Na(1) ke  H(3) RES(4) O F  
157-095-36 I 9 1  8300 8309 13056 1624 96302 590 46 68 

507 157-095-36 !It1 8300 8309 13056 1624 96302 590 46 68 
770 157-095-36 MI 8269 8281 12000 1720 90899 170 425 166042 660 47 68 271256 
909 157-095-36 MM 8284 8291 11920 1740 95913 175 5 174000 690 47 68 283753 
1973 158-077-13 MM 3325 3348 2574 1268 36937 100 1640 63956 730 83 68 106475 
2652 158-078-13 M M  3343 3363 2160 552 45288 63 5910 70890 690 76 68 124863 
2708 158-080-05 M M  4242 4272 5200 1200 88434 168 2030 147510 590 51 68 244542 
3396 158-080-05 Mfl 6742 6755 8360 1482 114444 205 445 195190 670 49 68 320126 
3396 158-080-05 MM 6743 6755 8360 1482 114444 205 445 195190 670 49 68 320126 
2670 158-080-06 MM 4201 4212 5184 1334 96117 118 1178 160380 620 48 68 264311 
2803 158-080-06 MM 4278 4333 5376 1450 97780 335 1825 163020 590 48 68 269786 
3151 158-080-08 MM 4246 4264 4940 1480 95649 340 1955 158950 580 49 68 263314 
2554 158-081-06 Ml 4514 4525 6528 1392 105315 132 1051 177200 630 
2614 158-081-06 f@l 4528 4543 5600 1320 90477 305 184 153000 630 
2614 158-081-06 HI1 4554 4574 6200 1260 108393 330 112 181560 620 

270 1644 156275 550 03 1689 158-081-07 Mfl 4512 4539 6076 1770 91889 
2696 158-081-07 PDl 5962 1568 92566 
3194 158-081-07 bPJ 4499 4512 5194 1298 74472 
2663 158-081-08 flM 4519 4529 6700 1458 106789 
4127 158-081-13 MM 4576 4583 6500 1260 104939 270 895 176220 610 
4127 158-081-13 HM 4589 4595 6500 1260 103628 310 807 174240 560 

Iu 

4558 4573 5500 1140 87822 80 650 50 68 243609 
4559 4572 6200 1440 103338 
4583 4603 5520 1480 85088 
4564 4581 6700 1620 101323 
4560 4580 7600 840 104307 
4600 4620 6840 1596 101 
6161 6202 4455 82 
6224 6250 10791 165 
7680 7724 4356 1003 1216 
8312 8364 3135 870 67381 

416 158-093-15 Wl 8367 8400 6745 1073 105675 
441 158-094-05 Mf 8238 8263 12120 1500 98156 160 185 177000 690 6 68 289121 



c 4 

* 

3)  RES(4) O F  TDS(1) 
245 444 150506 690 49 68 246521 
185 205 182600’ 710 46 68 298451 
170 360 181578 680 46 68 296831 
170 328 182560 680 46 68 297191 
205 354 172838 690 47 68 282250 
185 362 181578 710 46 68 297278 
110 275 183520 670 ’ 46 68 299701 
160 461 187200 730 46 68 306105 
160 380 102324 720 46 68 218348 
160 380 182600 720 46 68 298624 5 

220 315 143000 710 50 68 232964 
220 315 143000 710 50 68 23296 
175 175 182600 650 46 68 29831 
185 230 173200 570 47 68 28280 

346 158-094-07 k 170 579 134970 700 52 68 22118 
452 158-094-08 P 195 250 181620 710 46 68 297025 ’ 

506 158-094-08 170 251 175960 690 47 68 287188 
314 158-094-10 195 135 175000 570 47 68 285703 
209 15b-094-17 141 8180 10780 2080 98040 160 -360 176000 730 47 68 287420 
285 158-094-17 158 8211 12314 1846 89315 160 220 164680 700 47 68 268535 
753 158-094-17 830 552 90200 760 65 68 1486W 
99 158-094-18 8121 8176 11904 1972 97610 244 286 177018 580 47 68 2890% 
99 158-094-18 8122 8260 6283 1256 55795 685 581 100014 720 61 68 164614 
99 158-094-18 366 330 176364 550 46 68 288189 

245 550 69600 720 78 68 114324 
135 260 146800 730 50 68 239495 
185 311 178000 690 46 68 290903 

282 158-094-18 m i  145 731 100000 740 60 68 164602 
326 158-094-18 ffil I85 244 183150 660 47  68 299234 
326 158-094-18 Ht4 220 311 173810 700 46 68 284208 
345 158-094-18 MM 8084 8140 10960 700 92963 160 180 164600 720 48 68 269563 
355 358-094-18 ME1 8049 8120 10100 1280 90361 170 359 161200 700 48 68 263470 
148 158-094-19 tlkl 8142 8216 10860 1720 97696 195 316 174784 680 47 68 285571 

# 
u) 

132 158-034-18 



CHEHICAL DATA 
l=(mg/l, p p d  2=(mg/l, ppm)x100 

LLNO T-R-S FORM TOP BOTTOM Ca(1) Mg(1) Na(1) Fe(2) CO3(1) H 
148 158-094-19 MJI 8150 8186 10960 1500 90296 
195 158-094-19 MM 8182 8240 10780 1620 97587 
250 158-094-19 MM 8162 8225 11920 1384 97361 
581 158-094-19 MM 8186 8198 11740 2078 97896 
523 158-094-20 MM 8206 8216 558 162 13328 
523 158-094-20 MM 8208 8216 558 162 13328 
650 158-094-20 MM 8225 8233 11920 1840 98307 220 220 177800 680 46 68 290307 
703 158-094-20 MM 8208 8217 12120 1840 100981 195 2000 700 46 68 
894 158-094-20 MM * 8262 8503 54 16 3718 1645 4515 710 72 68 
906 158-094-29 MM 8291 8297 12000 1940 99365 185 9800 790 46 68 
964 158-094-29 MM 8263 8269 12180 1720 101363 185 280 182600 690 46 68 298328 
199 158-094-30 MM 8222 8276 12540 1624 54023 92 ,499 109830 530 58 68 178608 
199 158-094-30 MM 8226 8236 11920 1620 101804 175 190 182600 660 46 68 298309 
454 158-094-30 MM 8250 8295 8940 1140 109340 255 87400 690 46 68 307396 
482 158-094-30 MM 8214 8236 12672 1740 102854 215 85820 600 46 68 

u 667 158-094-30 MM 8218 8228 12180 2160 96959 135 77000 780 47 68 
809 158-094-30 MM 8256 8263 12180 2060 101901 205 84400 690 46 68 
135 158-094-31 MM 8287 8336 12380 2160 101531 185 780 46 68 
186 158-094-31 HII 8271 8300 8860 220 25975 100 750 94 68 
368 158-094-31 MM 8260 8274 12320 2080 99796 175 680 46 68 
400 158-094-31 MM 8306 8346 1540 700 108987 170 '235 172600 720 47 68 284232 
487 158-094-31 MM 8235 8247 12000 1820 100078 170 46 68 294948 
498 158-094-31 Mkl 8228 8274 11100 1140 102345 205 46 68 295535 

0 

. 

8226 8243 12890 2078 94344 205 
8228 8243 12890 2078 94344 205 
8206 8225 4425 1185 40243 85 
8255 8273 11420 1820 98903 185 

8476 760 920 280 
280 
135 

8160 8195 12320 1620 9 145 
8150 8184 12186 1370 10 85 46 68 298754 
8160 8195 12672 2400 99142 170 453 181908 550 46 68 296745 

* 

. .  . .  b 



98 571 37180 
10853 1142 105804 

576 158-095-12 Mfl 
627 158-095-12 MM 11234 1713 100608 
905 158-095-12 IfM 

509 158-09 

0 
c.. 

241 158-095-24 N 

253 158-09 
319 158-09 
332 158-095-24 MM 8230 10100 1480 87825 
154 158-095-25 8400 11740 1840 96051 
233 158-095-25 8200 8242 14440 1500 94269 

8266 8336 11540 1500 96864 
12000 1940 76190 

826 00 11420 1940 100516 
830 35 11220 1140 95403 

423 158-095-25 EIM 8365 8395 16720 2088 93717 

4=ohms/meter3 x 1000 
IIC03(1) S04(1) G l ( I )  PH(3) RES(4) "F 
1695 453 4980 750 
185 321 183520 710 
940 655 65058 760 81 ~ 68 
170 231 185462 680 46 68 
195 11513 189346 700 46 68 

299705 
108402 
303662 
214534 

160 443 179636 680 46 68 293794 
205 326 181578 680 46 68 296773 
120 135 181600 700 46 68 I 

280 236 5460 750 710 68 
220 375 181578 710 46 68 297153 
170 487 184400 610 
160 497 130200 710 
230 235 183400 720 46 68 299804 
185 230 175000 690 47 68 285347 
245 1074 102926 750 60 68 16963Y 
1015 679 71854 770 76 68 119049 
170 700 46 68 319293 
195 720 46 68 305198 
170 326 193230 700 46 68 316365 
160 459 160216 730 49 68 262116 
160 218 179800 720 46 68 293578 
135 00 47 68 286502 
205 54 68 200852 
160 48 68 260316 
185 90 56 68 187761 
160 456 157220 690 49 , 68 257241 
185 250 174000 700 47 68 284066 
185 275 175020 680 47 68 285689 
175 135 174000 710 47 68 284214 
405 506 143800 660 50 68 234841 
165 282 180600 670 46 68 294923 

. 205 288 170000 790 47 68 278256 
135 319 179912 530 46 68 292891 



- - -_. . - . - . - - - . - - . . 

C1 
2=(mg/l, pprn)x100 

BOTTOM Cail) Mg(1) Na(1) Fe 
8274 8316 12864 1856 99400 

466 158-095-25 MM 8274 8316 12864 18.56 99400 
298 158-095-26 E l M  8278 8335 12864 1508 97994 
298 158-095-26 PlM 8278 8335 12864 1508 97994 36 630 46 68 290827 
356 158-095-26 rm 8300 8350 6100 920 57758 
537 158-095-26 MM 8268 8301 12864 1508 99901 
541 158-095-26 1lM 8304 8332 12864 1508 100221 
541 158-095-26 MM 8304 8332 12864 1508 100221. 
556 158-095-26 MM 8277 8448 5140 1140 44191 
677 158-095-27 Ml 8276 8511 4189 1142 40929 
118 158-095-35 MM 2475 571 220281 
453 158-095-35 MM 8276 8308 8940 800 78505 
471 158-095-35 MM 8328 8356 9040 2078 73230 
127 158-095-36 MM 8306 8344 12000 1820 105789 
213 158-095-36 I91 8293 8332 12180 1820 104785 

u 353 158-095-36 NM 8346 8390 12500 1740 100913 
421 158-095-36 MM 8249 8274 10662 1485 94085 
447 158-095-36 rm 8271 8290 7620 1380 72075 
781 158-095-36 MM 8330 8360 10662 1370 91883 
847 158-095-36 MM 8312 8340 5520 800 47985 
2960 159-080-31 EN 4229 4248 5.568 1508 95783 

4547 4562 5376 1160 77977 
4510 4523 5472 1276 74561 
4492 4521 6528 1620 10251 
4547 4557 6600 1680 10219 

2792 159-082-3 4500 4543 6400 4131 9894 
6534 6584 5346 1239 11168 
7669 7705 5100 610 11462 

Iu 

878 7900 119 
965 7982 57 
015 8040 11424 1485 10271 
8080 8100 17400 1708 10191 
7905 7965 2375 549 119182 6 68 312739 

? 

.. . . c  c 



WELLNO T 
102 1469 180612 530 

823 159-094-29 MM 88 2687 187920 530 46 68 312841 
828 159-094-32 tIM 920 1160 57578 . 415 808 1.03600 750 59 68 170481 
966 159-094-32 Elfl 336 1080 108779 170 1515 180930 610 46 68 298810 

1449 159-094-32 MM 11360 2080 102750 185 200 184000 690 46 68 300575 
2790 159-094-34 MEI oa 4131 98946 312 520 175310 450 41 71  285679 
2054 160-078-17 MM 5000 66666 710 820 
1910 160-079-04 EfM 
1910 160-079-04 MM 72 885 40393 68 114986 

68 84353 962 160-080-05 HPI 90 1160 26683 
962 160-080-05 EM 68 138752 205 3354 8 

336 1733 161044 610 48 68 265962 
270 775 157600 640 50 68 258200 
366 1028 177840 550 46 68 294265 
312 1099 168948 560 47 68 2 7 8 0 i ~  

35 1702 61900 510 92 1710 128800 672 49 77 211844 
140 1740 121600 680 51 77 200640 

7227 160-084-32 HM 177 2010 161600 667 44 7 7  262027 
995 160-081)-23 ME1 6160 6213 8170 1566 104851 102 1001 179952 600 47 68 295642 
995 160-089-23 W1 6322 6412 9785 1798 107593 440 652 187776 600 46 68 30 

w 
w 

1660 160-092-01 Ell1 7222 7253 8232 1534 95983 145 1228 166098 530 48 
2071 160-094-03 MM 7600 7647 10890 1880 113732 135 1020 199346 630 47 

7782 7800 10494 1888 107201 170 1060 188544 640 46 
55 10692 1711 106984 205 0 47 68 308492 

11000 1440 108468 149 0 46 68 312022 
1000 1440 108468 149 315 190650 660 46 68  312022 

500 162000 640 57 68 265390 2198 83 100498 111 
110 4337 68023 700 77 68 117563 
112 4234 68310 670 77 68 118304 

2424 161-078-20 Flfl 98 3988 84150 740 69 68 143888 

1542 161-079-15 Elf1 3465 3490 3332 1475 50394 160 4000 83388 800 68 68 142749 
1656 161-079-16 ill1 3443 3498 9504 1652 44852 415 1550 89430 620 66 68 147403 

58 2832 783 ,  41478 

2457 161-078-20 blfl 3313 3348 2880 986 57708 120 4750 ,93408 720 64 68 159852 

I 



CHEMICAL DATA 
l=(mg/lp P V d  2=(nrg/l, ppm)x100 

LLNO T-R-S FOMl TOP BOTTOH Ca(1) Hg(1) Na(1) Fe 
893 161-079-21 flM 3476 3509 '4845 1276 48166 100 2663 84564 610 68 68 141614 

1996 161-079-23 kPI 3368 3390 5049 1239 50478 
2289 161-079-25 klM 3308 3324 6336 1357 52159 
1526 161-079-27 MM 3361 3380 3185 1122 52247 
2090 161-079-28 HM 3396 3462 2277 501 28921 
2187 161-080-01 MM 3438 3456 5346 1121 42620 

524 161-081-19 MM 4041 4048 1348 302 6141 
524 161-081-19 ml 4072 4125 5510 1972 92435 
524 161-081-19 MM 4092 4120 2565 696 13576 
524 161-081-19 MM 4114 4120 4940 1566 83103 
524 161-081-19 Mf.1 4531 4557 5130 1856 65228 

2271 161-081-30 MM 4092 4129 5148 1357 75584 
2300 161-081-30 MM 4080 4112 5148 1298 80460 
2877 161-082-09 MM 4218 4236 6400 1800 102216 

1058 161-082-15 MM 4142 4147 2273 689 15702 
1058 161-082-15 MM 4152 4158 3789 1020 27554 
1058 161-082-15 MM 4152 4168 4210 1530 49237 
1058 161-082-15 flM 4159 4167 3473 1071 29982 
2813 161-082 4124 4145 5376 1566 100992 
2813 161-082 4142 4145 5376 1566 100992 
2320 161-082-25 MM 4151 4167 5742 1534 98262 
2320 161-082-25 mf 4182 4202 5890 2052 100341 
2343 161-082-25 MM 5700 1557 97443 
2343 161-082-25 flM 4098 4111 5760 1740 104893 

098 4112 5760 1740 104893 
941 5000 6283 1409 107989 

9020 1820 105960 
5309 399 112 4653 

294 5909 8000 1361 1070!9 
524 5553 9604 1652 93000 
555 5577 10976 2006 103347 

5622 5640 4606 885 37601 

2782 161-082-14 MM 4104 4122 4800 2187 109434 
u 
P 

88888 650 70 68 147729 
66 68 155967 
64 68 147092 

47627 670 115 68 82691 
76596 720 75 68 128243 
10250 620 350 68 21503 

295 1360 156900 530 49 68 258472 
380 2959 25104 580 180 68 45280 

140160 530 53 68 231647 
57 68 188127 

47 68 278169 
47 68 278169 

51 68 269921 
47 68 289784 

170 1001 176220 670 47 68 289784 

170 2805 66560 650 82 68 11 

, c .  ' c _. ' .  



w cn 

WELLNO 
1487 

5 1083 

v 

CIIE~~ICAI,  DATA 
/I, ypm)x100 3=pII x 100 
1)  Hg(1) Na(1) Fe(2) C03(1) 
84 2124 10221.5 
56 840 34537 

945 161-090-28 Wl 6530 6590 646 186 56664 
945 361-090-28 MM 6689 6741 1292 209 111541 

6530 6590 3663 780 49978 
6817 6844 6237 1260 59653 

1082 161-090-30 t.lfl 890 1800 105125 
2214 161-092-03 MI 280 1320 110000 1030 
836 161-092-06 MM 300 976 90628 
836 161-092-06 MM 600 488 85823 

7245 7275 9200 1464 97041 

7 
2996 161-096-25 2096 1972 108846 
2722 161-098-13 7288 7390 4608 580 83453 
3827 162-078-20 002 1269 71737 
1435 162-079-04 MM 513 696 27336 
3004 162-079-08 MM 168 957 46884 
3309 162-079-18 MN 561 1354 52274 
2842 162-079-20 flM 3356 3388 ,3034 673 44321 
2740 162-079-30 MM 3393 3441 3200 1008 52313 
1670 162-080-06 tlkl 3522 3547 3332 1239 40191 
1588 162-080-17 flkl 3538 3556 2499 620 25884 
1629 162-081-23 MI1 3607 3620 4410 2242 46422 
916 162-081-26 tiM 3636 3648 3515 928 32701 
916 162-081-26 rib1 3692 3704 3040 928 49687 

1637 162-082-34 MN 4032 4042 5340 1652 99160 
1761 162-082-36 MM 3834 3843 5742 1711 50637 
176 1 162-082-36 t.1N 4035 5148 1711 99821 
1450 162-084-09 riri 4590 4610 3504 783 38846 
2729 162-085-22 k l t l  4730 4761 7600 1440 103440 
2484 162-090-09 ME1 5802 5835 4032 928 65887 ,, 
985 162-090-16 kiri 5830 5870 1782 276 14915 

4=ohnrs/oieter3 x 1000 
HCO3(1) S04(1) Cl(1) PH(3) 

286 565 182000 600 
RES(4) O F  

46 66 

c 

'TDS ( 1 ) 
297772 

380 3486 60636 660 88 68 104235 
234 2588 87042 610 660 68 147360 
254 959 174084 610 46 68 288339 
220 3506 83130 600 68 68 141277 

600 59 68 174673 
600 46 68 304858 

335 186000 630 304945 
85 4918 143028 600 50 68 24 

220 4877 134676 600 51 68 22 
136 1383 169128 600 47 68 278352 
425 5500 211580 500 38 71 354623 
478 4100 199510 500 39 77 332678 
210 384 194636 600 46 68 318144 

96 2708 136620 620 51 68 22806s 
120 2362 121389 740 54 68 201879 
120 3955 27336 750 110 68 62016 
120 4181 77558 8670 70 68 132868 
120 3983 87870 720 67 68 149162 
168 4037 72618 730 74 68 1 
44 3580 86625 650 66 68 1 

195 3560 68761 640 82 68 I 
145 3741 43311 700 110 68 76200 
425 2377 83942 600 68 68 139818 
112 3255 56898 530 92 68 97409 
108 4378 81432 530 69 68 139573 
270 1420 166098 620 47 68 273990 
100 2165 91598 600 65 68 151953 
280 1312 166936 610 47 68 275208 
365 3671 65480 730 81 68 112649 
285 1100 176220 640 47 68 290085 
110 3292 108976 700 59 68 183225 
135 3833 24059 620 180 68 44998 



c i m m r .  DATA 
PPm) 2=(mg/l, ppm)xlOO ' 

0 T-R-S FO TOP BOTTOM Ca(1) Mg(1) Na(1) Fe 
162+090- 17 MPI 5852 5884 2100 360 19182 
162-091-04 MM 6110 6128 5782 1180 57169 

6155 6188 3293 661 33020 
6034 6108 1803 307 17774 
6078 6104 5586 1298 57514 

1535 162-091-05 MM 6078 6104 5586 1298 57514 
1580 162-091-06 MM 6081 6110 5292 1121 113123 
1593 162-091-06 MM 6095 6140 774 101 3640 
1687 162-091-06 MM 6081 6110 5292 1121 113123 
1639 162-091-07 MM 6142 6174 5292 1062 109712 
1639 162-091-07 HM 6142 6174 5292 1062 109712 
1500 162-091-08 MM 6116 6161 3920 649 70267 
1878 162-091-08 MM 6108 6140 3564 885 57447 
3545 162-091-08 tlkl 6142 6179 2565 513 30300 

5600 1191 114306 
6236 6263 7872 1392 107894 
6237 6260 4876 880 123539 
6348 6372 4356 106 89230 
7026 7032 11300 1820 104400 

2970 162-101-20 MN 7022 7039 9024 1580 141527 
6555 162-103-03 MM 6811 6950 14490 1740 63653 

720 194 4550 
63-079-20 MM 292 4158 1080 47105 

340 1820 552 14665 
529 5634 200 
404 2613 84 
421 1976 31 
421 2945 87 
406 2653 672 2347 
475 1901 271 1288 
702 2030 570 18313 
750 2090 464 19344 

3789 3821 3540 900 39605 

. _ - . .  



c 

4=ohms/meter3 x 1000 

10 68 39225 
280 3300 60880 600 88 68 104569 
355 2430 135200 650 51 68 224988 

1436 163-083-25 270 2765 114400 680 56 68 191204 
3914 163-084-26 85 1129 165600 680 48 68 272644 

204 1000 174000 640 43 68 286004 
1539 163-086-13 MM 110 2320 83048 710 72 68 137432 
5557 163-086-13 k1M 256 560 183000 600 50 68 296018 

256 560 183000 600 50 68 296018 
268 584 166000 620 50 68 268904 
268 584 166000 620 50 68 268904 
171 " 540 185000 620 
171 540 185000 620 
17 1 516 190000 630 50 68 3090 

0 17 1 516 190000 630 50 68 309027 
-4 5565 163-087-0 10076 1112 105683 220 516 188000 610 50 68 305607 

5565 163-087-0 10076 1112 105683 220 516 188000 610 50 68 305607 
9618 1390 93534 220 510 169000 610 50 68 274272 
9618 1390 93534 220 50 68 274 

5603 163-087-12 !lN 10076 1390 100579 244 50 68 293 
10076 1390 100579 244 530 181000 630 50 68 293 

5030 5055 2376 432 1125 230 2646 177018 550 46 68 295 
5819 5840 9996 1770 1044 365 596 183270 610 46 68 300 

280 1497 157092 600 49 68 259 
2800 163-089-13 610 633 186732 550 46 68 306458 
974 163-089-22 670 3782 1936 710 860 68 9397 
974 163-089-22 510 2069 103668 600 62 68 172496 
974 163-089-22 rm 365 2257 159414 620 49 68 265191 
974 163-089-22 MM 755 3918 56724 620 92 68 99287 
1552 163-090-18 tiri 1140 3480 17400 770 231 68 34898 
I076 163-090-22 NM 5506 5530 2257 360 24143 270 4074 39120 602 120 68 70224 
1076 163-090-22 rib1 5531 5555 594 60 1701 160 3819 939 660 1150 68 7273 



1837 163-090-28 MM 
1837 163-090-28 blM 
1837 163-090-28 blP1 
1501 163-091-17 MM 
1501 163-091-17 MPl 
1501 163-091-17 MM 
1872 163-091-22 MM 
1492 163-091-23 MM 
1492 163-091-23 MM 
1950 163-091-24 MM 
1648 163-091-28 MM 
2548 163-092-02 MM 
1540 163-092-17 MM 
1540 163-092-17 MM 

u 1540 163-092-17 MM 
03 1640 163-092-17 MM 

1700 163-092-20 MM 
1700 163-092-20 ffil 
3700 163-092-20 blM 
1799 163-092-20 MM 
1530 163-092-24 klP1 

5694 
5719 
5755 

5878 
604 1 
5920 
5903 
5903 
5841 
5940 
6160 
6028 
6075 
6095 
6065 
6083 
6160 
6160 
5737 

5719 574 71 1972 
5739 554 106 2245 
5766 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 4800 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 

CHEMICAL DATA 
2=(mg/l, ppm)x100 

BOTTObI Ca(1) Mg(1) Na(1) Fe(2) C03(1) HC 
5587 5602 594 72 1642 

200 4300 1463 700 1000 68 8868 
205 1570 136580 580 55 68 225273 
1020 4040 61200 780 83 68 106973 

630 46 68 
690 47 68 

255 404 175600 660. 46 68 
9000 660 49 68 
1500 810 913 68 
3440 610 46 68 

425 598 187532 740 46 68 308827 
295 573 183958 520 46 77 301869 

650 48 68 273017 
640 45 68 256511 

1320 3010 25800 620 167 68 48033 
390 4893 33488 690 140 68 56456 

54 68 208876 
46 68 306212 

234 2240 141000 700 49 68 234763 
1742 163-092-34 MN 8700 789 110900 

6303 6356 1663 314 18314 
6191 6221 5880 1357 107324 
6250 6287 7574 1283 101045 
6376 6479 6409 813 719 

6212 1459 592 
6342 6012 729 944 
6424 7615 1094 1001 

6400 6324 8216 122 986 
6503 6521 7890 1210 1029 
6453 6493 8600 1200 1053 46 68 296793 

- .  . . .  ~. c b  



CHEHICAL DATA 
/ 1 ,  ppm)x100 3=pH x 100 4=ohms/meter3 x 1000 

WELLNO T-R-S 1) Mg(1) Na(1) Fe(2) C03(1) IiC03(1) S04(l) C l ( 1 )  PH(3) HES(4) O F  TDS(1) 
00 1200 105390 81 1122 180400 610 46 68 296793 
00 4130 86418 145 710 197280 600 48 68 318383 
40 4720 84074 110 650 205960 580 47 68 331154. 
30 5015 83032 195 480 207040 610 48 68 332392 
16 590 13807 5350 96480 120 29 68 124543 

2010. 163-102-0 53 944 62972 120 2450 106240 610 60 68 177379 
61 649 63909 355 2650 105140 680 60 68 176564 

2010 163-102-07 90 4425 76841 . 75 440 185360 620 49 68 297831 
884 164-077-33 23 1238 54698 258 2946 91540 640 62 68 154003 

90 1334 35614 112 3046 63570 600 90 68 109666 
3749 164-Q84-35 HM 68 12Ii881 
317 156-095-20 flM 68 112194 
215 158-094-18 MM 285041 
413 147-093-05 MPl 387 85772 200 62 68 135466 
7614 148-096-30 MM 280 4300 180414 670 43 77. 304913 
2148 155-095-07 MM 10365 48400 12E3 62800 7300 269 608 217000 450 44 68 341300 

00 18E3 46300 15200 433 743 210000 450 48 68 325428 
10 1856 70348 540 54 68 207270 
08 1484 62051 740 55 68 201714 
00 2160 65774 195 418 125200 750 54 68 203847 
25 2309 68034 79 581 164370 540 265 
18 1276 46090 153 1490 86480 690 
14 1713 98192 135 272 176722 670 46 68 288648 
80 1380 96333 170 332 173820 650 47 68 284215 
60 1920 96135 220 383 177996 550 46 68 290514 
55 1624 53386 145 354 111780 550 59 68 181444 

9520 1734 104873 185 344 183300 630 46 68 299956 
20 1156 105354 185 342 182360 630 46 68 298917 
68 4796 104830 110 357 208120 570 46 68 336741 
96 2943 103955 634 1105 178000 760 56 68 291533 

6894 146-103-05 NMR 9170 9230 13627 1459 107600 7600 146 700 196800 544 42 77 320408 
7206 146-104-29 MflR 9270' 9371 9419 243 93000 720 1470 15011 900 168000 990 47 77 288050 
7292 146-105-36 klflll 17635 2674 114000 17300 317 580 215880 607 41 77 351259 



- 

CHE!dICAL DATA 
l=(mg/ 1 PPI 2=(mg/l, ppm)x100 

LLNO T-R-S FORN TOP BOTTOEI C a ( l >  Mg(1) 
625 147-104-11 blM3 9038 9045 12400 1050 108 
625 147-104-11 MMR 9038 9095 12700 1170 95 
7614 148-096-10 MMR 9095 9180 26853 1944 
570 155-094-09 MMR 8570 8635 11175 1282 
499 158-095-35 MMR 8168 8186 2280 1020 21890 
696 162-103-02 MMR 6631 6690 214'00 2920 
555 162-103-03 MFfR 6596 6654 11592 2320 
429 162-103-35 MNR 6968 6989 10400 4131 99636 19000 
894 142-103-24 MMRM 9289 9360 18400 2040 104178 
584 145-101-16 MMRM 9423 9428 28600 3006 86135 
2230 147-096-36 MMRfl 9780 9992 20233 2124 103078 
7741 156-094-28 fltIREI 8760 8863 18000 1530 96800 

5200 910 107700 
6725 5600 728 73200 
4418 2600 461 18900 
5921 10890 1888 98073 
5950 6664 870 112738 
6485 6830 1210 
6373 6700 1020 
6614 5600 890 
3896 2760 700 40268 
2754 59031 2820 69042 
13515 22488 4512 

2801 485 
2250 21643 486 

9460 4370 1102 36157 81 68 108902 
8308 2061 226 58615 



. 
CHEMICAL DATA 

g/1 ppm)x100 3=pil x 100 4=ohms/meter3 x 1000 
a(1) Mg(1) Na(1) Fe(2) C03(1) HC03(1) S04(1) Cl(1) PH(3) WS(4) OF TDS(1) 
7836 2188 88500 8700 24 275 180000 560 44 77 288910 
643 2552 89400 790 159 215 188000 596 . 44 77 301977 
449 741 29300 140 390 1630 52620 691 85 77 89131 
471 668 31000 100 403 15400 57582 702 80 77 110525 
893 203 13227 403 2304, 20640 820 91 77 37670 
810 608 53700 1860 220 3100 91200 674 61 77 153657 

7241 131-104-29 ORR 202 486 24300 270 195 2200 38400 666 10 ' 77 66786 
810 365 59000 800 256 4900 97790 624 54 77 167129 
230 1483 76600 5550 195 650 152970 610 44 77 245184 
400 1392 20363 490 2136 83680 700 75 68 'i36461 
4E3 4060 64790 560 667 188280 630 
640 1420 66056 60 1235 118600 
460 1960 79163 60 708 144000 680 
860 3880 55966 37 

60449 5450 59591 60 53 68 34032 
* 620 3245 100733 60 537 197353 450 47 68 32054 

976 2820 72301 61 19g280 460 51 
400 2575 67145 123 184240 530 

3268 139-101-10 12072 12118 14055 1128 102437 85 370 185840 520 
3927 139-101-21 180 1526 66070 195 543 138014 670 52 68 224528 

900 2900 31900 156 202000 510 46 68 t314856 
974 8180 78000 73 1040 151000 620 54 68 239267 

3044 143-092-2 500 9200 39918 110 239600 4'80 55 68 374328 
692 342 64897 781 2220 102000 680 52 77 171932 

39779 2734 74500 23900 558 43 77 319522 
43888 3160 71900 4390 512 45 77 317893 

0100 3829 69100 4950 143 7 209600 549 45 77 332829 
8096 4011 72300 2510 116 17 210800 575 44 77 335365 
5310 3160 66600 5330 55 10 212800 506 45 77 337988 

6655 145-104-12 OHR 50000 3707 73900 5110 24 7 8 209200 534 45 77 337113 
7206 146-104-29 ORR 80 49 766 40 67 7 10 840 875 1750 77 2422 

+ 

I25 ,1336 33384 700 69 77 I 132505 . 

795 4011 70200 1030 104 38 205200. 472 45 77 327358 

I 



c t t E r i I c A ~  DATA 
1= (me/ 1 ppnd 2=(nig/l, ppm)x100 

T-R-S FORM TOP BOTTOM Ca(1) Mg(1) Nafl)  
7200 146-105-36 OM 31463 122 78300 8000 
7580 148-102-04 ORR 13471 13.563 53306 2431 58700 8800 104 34 187353 544 46 77 302016 
793 149-091-22 ORR 13075 13170 3400 183 36711 220 4798 59508 630 90 68 104820 

7306 149-102-35 ORR 13416 56112 3282 50100 5400 153 22 191208 506 43 77 300931 
7478 149-102-35 ORR 13504 52505 5348 54800 1800 153 170 191979 552 43 77 304973 
6780 151-089-24 ORR 12010 12089 81700 7900 40040 130 170 229610 530 47 68 359550 
1231 155-096-02 ORR 12810 12876 7880 3940 6871 35900 630 160 68 54715 
1403 155-096-15 ORR 12710 12735 32340 9735 8853 98677 250 70 68 150393 
1403 155-096-15 ORR 12710 12885 65660 5310 55471 355 25 217000 620 46 68 343821 
1403 155-096-15 ORR 12945 12985 79380 5310 42805 795 54 221464 770 46 68 349808 
4990 156-084-22 ORR 9055 9115 49000 5880 62690 60 145 200400 590 49 68 318175 
6223 156-086-15 ORR 10216 10243 65731 6321 46300 10400 198 32 218880 515 45 77 
1385 156-095-16 ORR 13292 13360 102E3 8260 29649 
1514 156-096-34 ORR 13046 13120 75460 7670 41530 
7054 156-102-14 OHR 43300 4133 58100 15900 

P 157-095-21 ORR 12904 12955 98010 8260 29522 
158-094-17 ORR 3704 3717 279 248 11810 
158-094-18 ORR 12195 12295 23560 4408 84159 

355 158-094-18 ORH 12432 12474 38950 l lE3  2181 
2009 158-095-16 ORR 12742 12790 11682 1888 90147 
4514 158-095-24 ORR 12896 13011 78000 4200 44055 

390 160-067-24 ORR 3520 3540 1620 853 25352 
390 160-067-24 ORR 3575 3602 1620 770 25397 

6624 161-085-01 0 8370 8510 14420 2817 86672 
4655 162-078-31 0 5964 6041 6266 1106 89140 

10216 10243 65731 6321 46300 
477 272 14117 

32670 4720 84445 
0550 10585 29700 4425 90287 

N 

13762 13792 21364 2478 8565 
6570 6604 4712 626 81440 



4=ohrns/mcter3 x 1000 
IIC03(1) S04(1) Cl(1) PH(3) RES(4) O F  lDS(1 

8692 35564 1080 130 68 7178 
49 3225 9050 640 380 68 1944 

511 134-096 
4989 135-082- 
3859 135-083- 60 2714 108200 630 58 68 181027 
4280 135-103-18 PNN 7365 7400 400 . 91 8769 330 2666 12340 810 310 68 24596 
1508 139-101-10 PNN 7452 7500 471 708 119679 49 1081 190210 660 46 68 314198 
613 140-099- 400 1525 106386 410 181332 380 47 68 297053 

4642 140-102-30 100 580 117392 185 775 185800 730 46 68 306832 
1469 149-096725 512 3852 189280 640 46 68 317629 
1716 l50-095- 315 7473 191102 500 46 68 325890 
1665 137-100- 800 1140 48686 174 600 89908 620 
4224 139-098-1 316 408 51270 134 2800 84000 450 
4224 139-098- 990 578 60092 98 3900 98500 460 

600 1320 45989 2 174 380 91390 570 
400 1560 60243 152 365 119054 570 
200 2160 63329 . 204 350 126958 580 53 68 206201 

518 139-100- 000 1320 63312 112 328 125970 570 54 68 205042 
0 2426 139-100-1 600 1560 *67200 200 570 52 68 214799 

4325 139-101-0 390 1485 58222 255 630 56 68 185924 
4357 140-103- 235 4111 66029 170 290 129858 610 53 68 
3859 135-083- 270 820 30023 160 2117 54600 770 
4130 138-105-09 691 109 9187 255 1033 14800 700 
3044 143-092-27 S 400 3400 98199 25 314 199000 570 48 68 
3044 143-092-27 S 400 5100 88700 25 227 205400 530 
2584 145-101-16 S 100 1837 89443 73 214 184000 730 
6839 150-104-11 S 950 2188 89800 760 5 82 90 191360 687 41 77 308978 
3387 152-094-07 S 128 1618 95427 24 152 198016 570 47 68 321365 
341 152-094-21 S 12175 32271 5510 638 103257 196 1768 169452 540 48 68 280821 
341 152-094-21 S 12413 12460 26800 1972 99964 146 227 207108 500 46 68 336217 

P 

2841 153-094-29 S 11933 12007 21500 2400 101002 274 145 200564 580 47 
2841 153-094-29 S 12007 12065 28000 1680 99340 156 136 20’7480 580 47 
2665 153-094-30 S 12004 12058 13248 1850 66745 48 518 131376 610 53 68 213785 
1679 153-096-10 S 11814 11887 30690 3245 94472 170 234 209212 620 47 68 338023 
2148 155-095-07 S 11606 11823 15444 2242 107713 5 35 480 199340 670 50 68 325754 



? P P d  2= (mg/ 1 
TOP BOT'I'OM Ca (1)  

11609 11763 15642 
161 155-096-02 S 11441 11526 12600 2124 67600 

1231 155-096-02 S 11441 11526 7776 406 31814 
1231 155-096-02 S 11566 11616 17856 4292 64130 
1231 155-096-02 S 11566 11632 16240 1200 99703 
1231 155-096-02 S 11628 11680 20640 4640 84550 
1231 155-096-02 S 11696 11766 26880 7830 79271 
1231 155-096-02 S 11960 12011 31680 2900 88531. 
1231 155-096-02 S 11990 12050 29568 2552 93012 
2438 155-096-13 S 11558 11713 18240 2320 110111 
2515 155-096-14 S 11764 11436 17280 4060 108978 

1403 155-096-15 S 12279 12390 45570 7375 53686 
1895 155-096-22 S 11524 11574 27720 3540 95152 
1385 156-095-16 S 11785 11870 26950 5310 89420 

P P 1385 156-095-16 S 11910 11960 27440 3540 92231 
1385 156-095-16 S 11982 12020 23030 2065 97348 
1636 156-095-17 S 11702 11886 25650 5985 90599 
1636 156-095-17 S 11926 11996 26235 5015 96217 
2092 156-095-17 S 11750 11900 15345 2360 108169' 

1403 155-096-15 S 11616 11658 19110 4720 94898 * 

600 636 132000 680 49 68 
108 694 63400 690 85 68 104198 
390 556 142480 740 54 68 229764 
465 382 185470 720 46 68 303460 
490 349 179920 700 48 68 290589 
185 207 192400 690 46 68 306773 
145 354 200720 600 46 68 324330 
185 160 203000 650 46 68 328477 
185 393 194600 650 49 68 325849 

72 356 210200 640 49 68 340946 
93780 480 46 68 
84851 450 46 68 
05960 440 46 68 

110 
110 
270 

120 
120 

2149 156-095-18 S 11702 11890 13860 1792 109097 120 610 49 68 
2501 156-095-30 S 11703 11900 16896 2088 111145 110 560 49 68 
2173 156-095-31 S 11603 11857 13840 2124 110947 120 600 49 68 328931 

11627 11720 13662 1888 109755 110 740 198360 600 49 68 324515 
11490 11552 29205 2950 96677 
11590 11685 29700 3540 94337 

55 158-094-18 11375 11445 19380 348 108927 
11424 11473 12276 1062 119634 
12258 12342 19988 259 
11555 11588 26500 270 
12226 12264 27128 2424 9144 

323 158-095-26 S '12306 12348 26936 1616 98198 
11514 11544 27500 2700 88026 



CHEHICAL DATA 
/I, ppm)x100 3=pH x 100 4=ottms/meter3 x 1000 
1) Mg(1) Na(1) Fe(2) C03(1) HC03(1) S04(1) Cl(1) PH(3) RES(4) O F  TDS(1) 

2675 159-079- 2603 2658 580 276 10374 160 5934 13362 700 240 68 30686 
2675 159-079- 5975 6056 6600 1140 93211 142 1142 157850 620 49 68 260085 
4670 161-080-01 S 5853 5913 6480 1260 99629 37 800 168200 590 47 68 276406 
4655 162-078-31 S 359 2596 117150 700 48 68 196319 

793 149-091-22 SI 
793 149-091-22 SI 

460 46 68 321520 

P 54 2165 83049 53 
100 2340 90344 620 67 68 150833 

50 37 3930 48410 850 100 68 84590 
75 1971 94248 700 65 68 155947 
58 1786 95004 520 63 68 

m 

411 6840 1334 51761 74 1 7 7 1  94482 550 
417 6370 1593 52045 85 1753 94850 500 

100 1647 99990 700 
1576 97970 830 65 68 161890 

280 1630 96960 850 65 68 160007 
60 2158 93930 660 67 68 156268 

120 2440 91910 680 68 68 153420 
60 1800 89430 650 71 68 148301 

121 37 2500 108020 830 60 68 180139 
100 1700 96240 660 63 68 158871 
185 4082 33641 780 130 68 61086 

2709 162-079-20 TRS 34 2265 89688 620 70 68 149814 
2842 162-079-20 TRS 273  3285 4456 719 43886 98 2757 75582 740 72 68 127498 



CIIEMICtZJ, DATA 
I=(mg/l ,  p p d  2=(mg/ l ,  ppin)x100 

WELT.NO T-R-S FORPI TOP BOTTOEI Ca(1)  Elg(1) Na(1) Fe 
2842 162-079-20 TRS 3277 3282 4895 870 49309 136 2323 85462 580 67 68 142995 
2842 162-079-20 TRS 3277 3289 5060 902 51238 49 2313 88880 640 64 68 148442 

2195 162-079-31 TRS 3410 3425 6633 1357 31929 25 1475 63840 500 87 68 105259 
3088 162-079-31 TRS 3369 3415 5568 986 48298 76 2176 85575 720 67 68 142679 
2455 162-080-15 TRS 3407 3437 4085 1026 33318 100 4300 58380 720 89 68 101209 
1588 162-080-17 TRS 3450 3468 4165 944 32424 100 2754 58045 690 90 68 98432 
1489 162-060-22 TRS 3440 3430 5684 1239 45836 100 2212 82680 710 72 68 137751 
1629 162-081-23 TRS 3585 3610 4900 1475 45699 135 2265 81710 550 69 68 136184 
916 162-081-26 THS 3550 3566 5225 1102 47798 54 2861 84042 500 68 68 141082 

55132 3342 163-078-19 TNS 2983 64 138 6300 45647 
4052 163-079-07 TRS 3190 4329 866 48631 49 2125 83600 570 69 68 139600 
4052 163-079-07 TRS 3190 3191 4329 866 48631 49 2125 83600 570 69 68 139600 
2084 163-079-35 TRS 3143 3190 3317 620 47003 77578 680 74 68 1320R8 
438 163-080-21 TRS 3260 3280 3753 1073 38641 145 3175 66944 550 81 68 113731 

P 1259 163-081-01 TRS 3377 3397 3663 840 33147 68 3313 56511 670 90 68 97542 
0-l 1130 164-081-36 TRS 3334 3351 4257 900 39526 8949 580 78  68 116596 

2111 162-079-30 TRS 3392 3402 5742 1062 50390 60 2150 89360 660 66 68 1487b4 

I 





The following table l i s t s  he chemical da ta  contained i n  WATERCAT 

(Appendix " C " )  for the formations l is ted below. 

the U.S.G.S.W.R.D. computer library systems WATSTORE and GWSI. 

This d a t a  was obtained from 

A brief explanation of the table headings follows: 

T-R-S-Q - The location of the well, township, range, section, and 
quarter-quarter-quarter. 

- SPCND - Specific Conductance (umho/cm). 

- PH - pH of water recovered. 

- SI02 - Concentration of Si02 (mg/l). 
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TERTIARY FGRT UNION CROUP 

1 )  S04(1) CL( 1)  N0311) DISl.I)f 1 )  IlXRUXi 1 )  
70 6 1 352 320 . 109 27 4 4 428 46 1 0 420 385 . 76 17 1 4 271 41 3 0 285 26 1 
286 154 1 1840 22 
437 2 1 1860 29 
659 52 89 1770 712 
35 1 5 _ o  1250 42 . 141 87 362 11 526 1020 9 2 1910 7 10 . 178 121 61 445 5 43 1220 940 
316 3 0 1320 1 1  
253 27 1 1670 23 
858 8 0 1860 805 
947 12 0 2330 49 

w 



TERTIARY TONGUE . R I V E R  FOHflATlON 
l=mg/ 1 2=ug/ 1 

SPCND(3) PH S102(1 )  FE(2) NN(2') C A ( 1 )  M G ( Z )  NA(1  DISLD(1) HARDXI 1 )  
132-090-14AXB2 2600 7 100 100 10 3 b10 3 639 820 3 1 1780 37 
133-092-05BAA 1720 8 9 340 2 1 451 2 1090 17 27 1 1080 10 
133-094-04DAA 1920 8 . 700 6 3 457 2 738 374 11 3 1250 26 
134-094-32AAA 

135-089-22CDD 1350 7 1300 20 3 0 340 1 666 160 16 1 874 9 
135-090-23BBB2 2170 9 7 260 20 7 2 526 - 4  870 405 6 1 '  1410 
135-093-01BCB 1440 8 935 
135-097-28DAA 2040 8 1320 
138-095-23DBA6 1450 1160 
139-099-04BDC 3200 1930 
140-096-28DDC 3180 7 2070 
140-096-29DDD1 2320 7 1510 

8 1440 
8 8030 
9 1850 

3-093-09BCB 3140 9 9 80 20 2090 
144-091-3OAAA2 2400 9 1580 

097-26CBD1 2780 9 1800 
091-05DDD2 2960 9 1910 38 

863 
2460 

7 90 40 2350 
8 400 40 1820 

3050 
2370 
1750 
1910 

0 230 60 1 

19 2000 100 42 
656 
1080 
305 

134-096-32N)D 1790 8 0 5 2 434 2 808 272 i 2 1160 22 

30 1600 100 84 79 340 1540 540 



kd 

A
.

.
 .y

z
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*r - H - s -Q SPCW(:I) PH SI02(1) kE(2) M ( 2 )  C A ( 1 )  
129-091-19BAA 935 8 11 100 20 41 
129-093-28ABB2 1950 8 10 80 . 24 22 422 

10 4500 10 64 68 76 11 487 129-095-08BCC 1050 8 
129-095-13BBD 1830 8 11 0 40 195 90 113 5 362 
129-095-18BBA1 1120 
129-095-18BBA2 1150 8 
129-095-3OCBC 1060 
129-096-02DDC2 1840 

129-096-13BBB3 1480 8 16 0 100 80 139 50 6 519 

856 

380 
680 209 

433 
476 
774 

749 33 31 1410 

14 0 90 87 40 127 10 649 129 4 0 731 

8 13 380 50 81 56 278 14 566 550 2 0 1270 
65 18 2 547 

298 68 43 957 

8 1 4  0 90 71  48 129 10 651 126 4 1 725 375 

8 11 0 10 41 26 167 10 458 194 3 1 

129-096-12DCD2 909 8 15 0 60 94 59 24 4 535 

d l  

c 





'IERT I ARY SENT1 NE I, BU'PTE FORClAl' ION 
l=mg/ 1 2=ug/ 1 3=unltlo/ cn1 

S P C N U ( ~ )  PH s r o w )  FEW PIN(:!) c ~ i )  r i m )  N A W  K(I) Co3(11 S04(11 1:Lill N O S ( 1 )  0 D( 1 i IMRDU 1 ; 
3DCC 5770 8 15 746 250 330 176 1080 1630 2440 49 40 1500 
Q 

142-096-36CCB 4250 7 12 0 0 367 241 337 90 464 2000 3630 1900 
8 11 0 50 355 419 235 89 902 1530 4080 2600 
8 1 1  100 20 57 36 44 6 393 61 422 290 

142-099-10DDD 565 8 10 0 60 53 26 31 3 318 46 6 2 334 240 
142-100-OlBDC 5230 7 1 1  100 160 120 100 1100 13 1060 2200 18 7 4100 7 10 
3-087-18BCC 3000 6 48 730 6200 480 170 43 4 2820 1900 
3-091-llCBA 996 7 13 5700 350 123 55 19 0 1 65 2 530 

143-091-18BAD 795 8 2 230 30 14 12 147 
343-091-19AAA3 2530 8 8 0 140 140 58 390 1 
143-092-03BAA1 1080 8 6 310 30 11 6 240 
143-092-08CCC2 557 8 25 290 450 72 17 17 
143-092-20DBB 929 8 19 220 10 2 1 224 

M 143-092-22AAD 751 7 14 100 90 90 25 15 
143-093-03CCB 1350 8 19 130 50 24 13 296 
143-093-l8ACB 987 8 24 4500 140 64 18 146 
143-093-31ACD 3110 8 23 0 50 6 3 779 

93-33BCC 5260 8 4 10000 320 235 
94-21CCA1 3530 8 20 800 60 29 1130 1040 

17 0 10 109 58 534 
21 70 10 63 39 32 
9 730 10 60 30 65 
14 90 10 64 22 22 

13 100 520 39 

1 50 46 1 159 230 
144-093-17ADA 2760 9 160 60 20 5 1160 560 5 i 1870 9s 

3 540 10 5 2 570 3 1040 370 1 1 1510 22 

c 

< .  * .  . I  C'  



B 

3 526 140 
7 3070 300 
6 1 2120 64 

144-097-08DBD 91 1 1 1 580 200 
144-099-30AAB 3800 8 1080 1300 8 1 2790 980 

3 2 1970 12 
4 1 356 170 
0 1 270 
19 4 
68 1 19 
4 0 

47 211 4600 2200 

0 40 92 190 805 6 1120 1660 75 129 3530 1000 
12 170 220 54 35 300 10 560 480 3 1 1180 280 

4 453. 2 758 355 0 1 1220 20 
3 1 1210 61 

0 10 10 7 499 3 1060 218 0 '1 129 54 
0 11  12 490 3 1040 28 1 3 1 133 77 

0 10 19 6 571 3 1130 305 0 1 149 71 
0 10 14 12 563 3 1140 293 0 1 148 84 

10 2500 30 7 5 729 4 1070 680 4 2 2000 38 
16 3900 250 283 494 1820 14 728 5210 239 251 8690 2700 
10 110 180 16 12 130 2 350 86 3 1 433 89 

0 10 14 8 565 2 1000 409 1 1 1530 69 
15 1300 350 366 553 992 14 267 4290 103 424 6890 3200 

145-094-10CCB 2220 0 to 21 6 565 2 1100 322 2 3 1500 78 
145-094-15DDD1 2190 8 680 20 3 4 530 2 900 410 3 1 1430 23 
145-094-19CCC 933 2 1 565 17 

145-094-26AAA3 1775 20 340 310 50 31 540 7 688 820 4 1810 250 
145 - 094- 26AAA4 2690 39 6800 380 83 71 420 13 418 1100 6 1550 500 

2 80 1800 

. 328 1100 

0 1 46 

6 1 2050 32 . 

145-094-20DDB2 5820 309 450 4860 2 100 



. .  

TERTIAKY SENTINEX BUTTE FORMA 
l=mg/ 1 2=ug/l 

SPCND(3) PH S102(1) 1.'1.:(2) MN(2) C A ( 1 )  MG(1)  NACI) K(1) 
8 20 140 10 12 6 409 3 763 30 1 2 1 1140 5b  

145-094-26BDD 2110 8 18 540 10 4 3 500 3 713 524 0 1 1410 22 
145-094-27ACC 2060 8 14 560 0 3 2 530 3 1230 2 10 2 1380 15 
145-094-27CAA 2230 8 10 390 100 23 15 500 5 820 5 30 5 1 1500 120 
145-095-23AAD 482 8 14 80 50 15 14 72 4 287 33 0 0 295 95 
145-096-12DAA 818 8 13 0 30 73 27 70 3 277 181 14 17 535 290 
145-096-14BBA 596 8 25 0 10 62 26 28 12 327 36 7 13 370 260 
145-096-21DDD 2920 8 8 120 100 8 ' 3 730 4 1230 590 6 1 1980 32 
145-097-150 341 7 13 180 0 13 7 51 2 176 25 0 8 206 63 
145-097-22DCC 1050 7 13 780 190 12 10 217 5 456 167 3 1 654 71 
146-091-08CAA 2860 8 8 0 350 206 120 357 5 705 1180 12 1 1000 +. 146-091-13BCA1 893 8 16 6700 50 64 36 84 7 433 150 2 1 310 

O 146-091-20DDD 1230 8 11 0 10 91 37 129 4 3 3t-w 
9 46-09 1-2 lDCD 4260 8 9 0 80 27 17 1050 4 3 i 40 

-22BBA 2200 9 5 620 30 2 1 550 2 863 401 0 1 7 
-27DDD 407 8 10 0 180 34 13 37 3 220 38 3 1 140 

146-092-3ODAA 470 7 15 100 30 24 16 52 2 249 44 0 1 278 130 
146-092-32CDD 810 8 13 50 40 53 33 66 5 275 107 25 65 504 270 
146-093-03CDD 2130 8 15 50 0 2 0 530 2 1150 8 180 1310 7 
146-093-17CBB 745 7 15 3100 420 85 38 26 4 374 126 0 i 485 370 
146-093-20ADD 220 7 17 1200 60 26 8 9 5 99 25 12 4 157 98 
146-093-2OCBC 670 8 16 4300 10 5 8 ,  37 37 4 312 113 4 1 428 300 
146-093-20CCA 655 7 16 1300 320 48 32 49 3 324 70 4 19 403 250 
146-093-22ADD 174 7 19 6200 140 6 4 24 2 65 32 6 1 133 32 
14O-UYJ-24UbL1 4L1 L4 14lJuu 1JU LY 10 34 L 1 1 3  1 1 3  V 1 LY u 
146-093-26CBB 887 7 23 220 400 47 45 62 13 53 19 1 32 189 630 300 
146-093-27CCC 1030 8 12 40 300 95 6 340 300 5 1 705 420 
6-093-28AAA2 8 14 100 800 579 

8 18 530 10 467 
7 22 4200 140 145 
8 9 80 100 4 278 
8 14 120 190 2 285 
8 12 200 60 14 420 1 616 64 

.. 



i 
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TERTIARY SENTINEL BUTTE FORMATION 
2=ug/ I 3=unrho/ em 

E ( 2 )  MN(2) C A ( 1 )  M C ( 1 )  NA(1) Kili HCO311) SO4CI) C G ( 1 )  NO3(l) DtSl,l)(L) HAflDSIl) 
410 300 64 27 55 4 360 87  6 1 438 270 

70 20 99 64 311 7 532 728 
137 126 647 7 762 1620 

146-095-22DCA 2080 23 200 20 25 34 449 7 819 510 
146-095-30DDD 1030 23 570 20 8 5 226 3 471 149 
146-096-13ADA 1580 10 6700 100 8 3 368 2 599 296 

12 1300 10 15 12 441 5 742 407 
11 80 20 40 24 138 6 448 113 
12 300 20 3 2 472 2 771 338 
15 30 10 61 43 28 13 356 77 

9 11 1060 4 1510 920 
5 4 903 3 2360 5 

r 2 0 519 2 1110 100 
3 2 564 2 1170 19 

+ 2 0 522 2 1100 10 

147-096-36DCB ' 1600 8 3 390 50 6 3 390 2 813 160 
14 7 -097 - 05AAA 8 4 2 841 4 2220 4 
148-092-06BDB 7 0 20 69 50 59 5 491 120 
148-092-23CCA 8 95 44 200 5 566 400 
148-093-1OCCC 3880 8 15 390 220 87 40 3 860 5 930 1500 
148-093-14CDC 8 17 430 160 17 12 1300 4 1190 1900 
148-094-13BBD 8 24 1000 520 118 64 43 2 497 212 
148-094-20DDD 8 . 74 28 250 5 581 378 
148-096-17CCD 8 8 0 821 3 2090 0 
148-096-l8ABC 8 5 3 881 4 2360 0 
148-096-22BCB 8 4 2 876 3 2320 0 
148-096-23BBB 8 4 2 867 3 2360 0 
148-096-353CC 8 105 24 22 5 471 21 
148-097-04DBA 8 4 1 736 4 1970 1 
148-097-09DBD 8 14 0 20 3 2 552 2 1150 3 
148-097-10CAA 2940 8 8 80 40 4 2 803 3 2110 0 
148-097-12ABA 3200 8 6 60 40 5 3 878 4 2330 28  
148-097-17DAA 2380 8 15 0 200 3 1 587 3 1150 5 

3 1 1500 510 
31 3 2970 860 

2 1 1460 200 
2 1 656 40 
7 1 1020 33 
4 1 1270 87 
4 1 559 200 
1 1 1230 13 
8 11 432 330 

11 3 2880 68 
31 1 2120 27 

150 1 1280 6 
82 1 1290 b 

189 1 1380 15 
6 1 995 26 

21 1 1970 17 
2 2 .  563 380 
6 1 420 
8 1 380 
8 3 92 
5 1 560 
2 2 1050 300 

62 1 1940 21 
16 1 2080 23 
19 1 2060 19 
22 1 2070 19 
0 2 426 360 

19 1 1750 15 I I 

154 1 1320 13 
25 1 1890 19 
13 1 2090 22 

23 1 1 1430 9 

, 
, 





, 



T - R - S - ~  . S P C N D ( ~ )  PH s ~ i j m )  
129-092-0~DI)C 3190 8 9 
129-096-01DAD2 2690 8 11 
130-092-22CBB 1780 8 8 
131-098-07BCC 1440 8 5 
131-098-23DAD1 1760 9 10 
133-089-32BDA 2360 8 11 
133-089-34BAB 1620 9 
134-089-22BDD 2150 8 12 

153-080-25CDC 710 8 12 

151-077-34BA 
153-079-30AAA3 1400 8 9 

. -  

F13 [ 2 )  
320 

0 
1700 
5 30 

40 
2800 

960 
50 

1800 
150 
480 

~~ ~~-~ - 

TERTIARY CANNONBALL FDRPWT ION 
l=mg/ 1 “=ug/ 1 3=umho/cm 

M N ( 2 )  C A i l !  2 1 G I I )  N A ( 1 )  K(1I t i C O 3 ( 1 )  SOlt(1)  C I , ( 1 )  ?iO3(1 )  UISLD(1) tlA%l)S(I) 
LO 29 21 138 b 642 1210 2 0 2340 159 

10 4 2 457 2 924 207 7 0 1150 1 7  
20 8 8 380 3 861 85 17 0 955 52 
20 19 16 431 2 642 426 1 2 1250 104 
20 115 68 366 6 519 876 9 1710 568 

418 13 946 10 
120 2 1 538 1 1260 3 92 1290 12 

. 93 89 210 7 444 530 13 5 20 
40 4 1 350 2 728 51 43 1 860 12 

0 5 0 170 2 335 100 3 1 459 13 

120 228 105 298 13 485 1160 29 14 2100 1000 

L 

c C 6  
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TERTIARY LIIDLOW FORtlATlON 
2=ug/ I 3=iunho/cm 

.\(1) Pititl) N+(l) K(1.) I l C O 3 ( l )  S 0 4 ( 1 )  CL(1) N03(1) D [ S L I ) ( I )  IIAKI)S( 1 )  
9 5 527 3 716 3 2 14 10 44  
7 2 422 3 590 5 1 1170 27 

159 82 659 13 747 29 8 2820 734 
5 3 432 2 942 170 13 1 1110 27 

8 480 10 4 1 419 2 886 15 1 10 1 1060 15 
8 280 30 

129-096-25RAD 1350 
129-096-26CAA 2050 

129-098-30DCC 3550 8 2600 130 

129-100-211) 
9 1100 20 

9 12 320 10 
129-102-llCAA 1550 9 1 1  300 10 
129-102-27AAA 1590 9 1 1  40 20 
129-102-28UAD 2240 8 9 300 20 

‘) 

13 4 401 2, 947 68 17 0 1000 51 
9 7 674 4 875 759 4 0 1900 53 
7 3 516 3 770 435 9 0 1370 27 
4 2 ‘407 2 903 130 11 1 1030 18 
8 43 408 2 989 166 23 0 1170 136 
14 6 804 13 1 2390 59 
18 15 476 26 2 1410 106 
8 0 422 2 858 156 14 1 1050 22 
10 6 811 4 807 1090 7 0 2340 4i; 
4 4 459 3 797 257 16 1 1180 27 
75 44 173 10 415 412 7 1 937 368 
5 3 496 3 832 39 1 10 2 1330 25 
5 3 572 3 808 547 11 1 1550 24 
6 3 655 3 759 781 10 2 1880 27 
4 2 538 2 860 407 10 1 1410 19 
7 7 ‘391 1 955 35 6 0 955 49 
12 8 890 3 1230 980 9 2 2530 65 
2 € 393 1 724 213 30 1 1020 9 
1 2’ 606 2 721 679 8 1 1690 10 
5 3 609 3 787 685 4 1 1730. 26 
8 8 425 1 834 207 16 1 1110 55 
2 1 400 1 745 219 21 I 1030 8 
3 1 392 1 697 203 24 0 1010 1 1  
3 0 390 1 689 208 22 1 1010 7 
3 1 378 1 666 186 12 2 955 11  
2 0 386 1 647 249 1 1  1 1030 6 
3 1 539 1 693 570 8 1 1500 14 



129-103-23BDD 302 10 1 520 40 3 1 44 4 64 8 2 1 . 130 10 
129-104-08DDD 2060 9 8 160 20 2 1 505 1 792 367 5 1 1330 12 
129-105-02CAA 1290 8 1 1  370 20 2 0 308 1 581 180 1 2 80 7 4 
130-092-27BBA2 1820 8 7 0 30 14 6 452 6 944 183 20 2 1180 61 
130-098-17DAA 1940 8 8 830 20 8 . 7 481 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 1580 8 9 0 30 7 2 396 2 938 58 18 0 989 27 
130-099-17AAA1 1610 9 7 220 10 15 7 399 2 719 222 5 5 1060 65 
130-099-17AAA2 2280 8 6 0 10 27 24 499 5 604 7 16 7 1 1610 165 
130-103-34DDD 1590 . 9  1 1  440 10 3 1 379 1 705 207 7 2 994 10 
131-091-1OCCC 1780 8 9 320 10 4 2 468 2 1130 33 1 1160 19 
131-091-13CCB 1870 8 10 160 20 3 2 473 2 1150 42 1 1170 l ?  

I- 131-093-21AAA1 1600 8 9 40 30 10 4 408 2 1030 23 1 99 1 46 
8 7 440 40 7 .  4 407 62 1 1000 32 131-093-21AAA2 1630 

4-20CBC3 1590 8 8 0 20 20 3 405 44 1 1010 64 
8 9 1700 30 7 5 362 146 0 933 37 

3 40 400 5 6 420 5 968 63 6 1 1040 36 
0-24ABB 1050 8 9 100 50 25 15 198 7 454 192 3 2 678 125 

8 13 80 10 1 0 409 1 743 240 26 0 1070 3 
9 9 450 20 8 3 558 
9 12 0 10 2 1 428 
9 9 180 10 
8 
8 
8 9 300 10 
8 
9 
9 
8 

132-100-35DDD 1810 8 
132-102-24BBBl 1620 8 11  500 50 1 1  
133-097-34BBB 2040 9 3 70 2 2 538 

m 



n 
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TERTIARY LIIDLOW FOWATJON 

Ci:3(lj S O 4 ( l )  CL(1) M X ( . l )  DlSL.l)t 1 )  HAKI)B( I )  
8 30 40 17 850 4 1940 79 
12 10 60 230 140 360 18 1100 3 2350 1200 
8 ' 300 70 41 19 730 1100 4 2340 180 

138-106-01AAA 4250 8 10 80 43 100 950 22 1800 5 3250 520 
138-106-02AAA 3200 . 2500 10 4010 3100 

150 22 1280 40 
69 26 1370 32 
5 30 63 1490 47 
950 8 2090 130 
440 16 1220 20 
1300 15 2190 59 
1300 6 2420 150 
890 6 2000 'I 60 

139-106-13CC 290 10 1360 47 
640 7 1770 86 
3 10 34 741 610 
1800 16 2690 2100 
640 3 1540 600 
120 3 428 370 

7 40 20 1 1  41 590 770 15 1740 200 
9 150 40 260 15 1260 36 

5 00 5 1130 61 
790 7 1300 27 
1000 7 2220 110 

8 280 30 76 25 1260 96 
9 510 40 1 1  160 20 1370 61 
9 20 10 230 11  97 1 24 

141-056-04BBB 5610 . 450 213 500 20 346 1860 605 80 3920 2000 
141-057-15CBB 1430 . 212 56 29 8 517 398 10 2 990 760 
141-105-03BHB 2200 8 10 20 850 13 1730 33 
141-105-05RBB1 3500 8 9 140 10 21 16 800 4 920 6 2310 120 
141-105-07AAA 4000 11  2 30 0 1 1  7 880 6 1400 1 1  2570 56 
141-105-071)D1)1 7000 7 20 150 1000 87 240 2400 15 5000 8 8560 1200 

I 





TERTIARY LUDLOW lELI, CREEK 
2 = q /  1 ::=umho/cm 
W ( 1 )  N A ( 1 )  K(1) tiC03CL1 SO4(1) i L i l )  N O : l ( l !  DISLi)( l )  t l A I ~ l X ( 1 )  

2 443 2 975 24 58 1 1080 18 
2 471 2 1140 14 67 1 1160 20 
6 525 4 851 489 9 1 1470 54 
9 391. 3 889 101 12 1 1000 46 

8 2001) 10 0 410 2 927 69 14 1 994 17 
3 422 2 929 50 43 2 1050 20 

129-098-09RDD 2 394 1 768  149 31 3 990 8 
6 411 2 950 66 25 1 1020 54 

40 30 25 654 4 962 816 7 3 2030 76 
5 455 2 855 239 6 2 1190 65 
0 389 1 672 220 22 1 1010 10 

1 391 1 676 212 22 1 1000 IO 
1 579 1 793 604 4 1 1610 15 
2 484 2 1180 49 48 1 1190 18 
2 422 3 977 13 0 1 990 23 
6 442 3 1040 91 12 1 1090 45 
1 466 1 989 132 12 1 1160 13 

18 103 5 362 79 3 1 432 
2 489 2 1170 99 1 1 1200 

10 680 10 8 7 516 2 1250 9 65 2 1270 
2 416 1 783 212 44 1 1090 

1 211 3 744 258 14 1 1070 12 ' 

2 300 10 0 415 1 789 179 35 1 1040 7 
3 620 30 4 425 2 767 277 5 0 1140 39 

9 482 3 617 576 3 1 1430 70 
131-102-07DDD1 1890 1 465 3 779 165 133 2 1190 11 
131-102-llDnC 1900 0 140 106 76 240 6 675 450 56 1 1280 579 
13 1- 102- 13CCCi 2120 0 30 11 10 486 2 647 576 9 0 1430 68 
132-097-07CAB2 2110 *4 546 3 1250 144 I5 1 1390 . 36 
132- 100- 14Al)B 2280 7 180 20 32 11 500 5 634 668 4 1 1550 124 
132-101-10Dl~D 1750 8 1100 30 9 7 428 5 629 427 9 G 1220 51 
132- 102-0911DD 2080 8 8 440 20 5 2 482 1 538 626 3 1 1400 23 

. 





c 

1 )  s04(1) cL(1) N0,3 (1 )  l )ISl .Dil ,  J f i ~ R r J X t l l  
1110 8 

1240 24 
1580 ’ 7 

139-102-20ABB 1 1410 16 
1240 9 
1180 8 
784 8 
1020 4 
2130 95 
1340 8 

1 1370 19 
1310 R 
1400 6 

1 1450 32 
1340 6 
1320 6 
1400 3 

1 1040 8 

139-101-17CD i 1030 10 



-- --- - - - ---- 
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CRETACEOUS HELL CREEK FORElATION 
l=mg/ L 2=uq/ 1 

SPC?11)(3) t’li S [ U 2 ( I )  F E ( 2 )  FIN(?) CtI(1) M C ( 1 )  N A C I )  
129-088-31DL)A 2150 8 15 240 140 6 2  22 425 4 593 b66 b 
129-090-29ACA 2050 8 9 . 0 140 1 1  3 479 3 590 577 3 1380 39 
129-099-04ABA2 1620 9 10 860 30 2 1 400 1 685 214 29 i 1030 8 
129-102-01ADD 1550 9 12 240 30 2 1 381 I 687 196 16 1 98 1 1 1  
130-084-31AAA1 4260 8 7 150 70 120 49 900 6 495 1900 83 28 3340 500 
130-086-28CCC2 1900 16 380 50 4 1 480 1 810 260 39 1 1220 14 
130 - 10 1 - 25ADD 3 7 40 8 11 70 40 22 12 923 8 1150 1140 6 1 2690 106 
130-102-13DCD 2930 8 13 120 20 60 ‘37 600 14 893 863 . 0 1 2030 30 1 
130-103-29CBB 2120 8 10 200 30 4 1 519 1 783 447 5 1 1400 17 
130-104-15CAC 1660 9 1 1  320 10 2 2 393 1 610 285 2 2 1060 14 
131-080-33ADD 1320 8 24 200 110 44 18 245 5 546 227 14 861 184 
131-081-31DRC 1730 8 16 120 10 5 0 430 1 969 104 30 1070 14 
131-081-33ACA 2420 8 17 260 10 12 2 592 3 984 479 18 1610 40 
132-087-27ADA 1800 14 610 30 3 1 440 1 921 98 78 1 1100 12 

9 11 240 20 3 3 425 1 736 259 3 0 1100 20 
89-04DAD 2100 9 360 90 3 1 530 1 1140 2 100 1 1250 11 

8 27 680 50 12 4 750 2 820 900 12 1 2120 45 
134-083-05CCD1 1530 8 27 20 10 2 0 380 1 700 260 0 1 1020 6 
134-083-05CCD2 1640 8 24 40 0 2 0 400 1 740 270 5 1 1070 5 
134-084-03AAD 2020 8 11 230 60 3 1 490 1 620 550 1 1 1380 9 

10 1300 60 13 4 980 3 1140 1200 2790 50 
12 110 20 3 1620 14 
14 150 20 4 1380 15 

1300 33 
3070 60 
1760 49 

12 310 10 6 1790 19 
12 150 0 3 1380 11 

137-086-03AAD2 2400 12 60 20 3 1 670 2 1270 4 220 1580 10 

9 9 440 20 13 6 349 1 559 256 14 0 960 57 

80-30CCD 2200 8 38 100 . 126 482 . 96 498 99 

11 220 40 ‘2 1 600 2 1120 7 230 0 1460 9 

- ,  c *  



. 150 45 150 7 850 150 
7 1 800 3 1170 6 
4 1 720 2 1220 4 
7 2 800 5 1090 5 
74 30 280 7 807 240 
84 24 130 3 540 140 
26 . 12 830 5 1530 650 
3 1 640 1 1110 4 

330 50 11 8 1100 2 1400 1200 
23 3500 50 52 27 140 3 558 62 
17 3500 110 53 26 380 4 580 170 
2 140 10 3 2 1420 0 
7 150 20 5 4 1070 280 

11 80 40 4 4 1490 34 
10 190 0 3 3 640 3 1240 1 

3 3 680 4 1770 17 
3 4 680 4 1750 24 
2 2 640 4 1530 32 
2 3 660 3 1620 7 

7 720 20 2 2 420 4 730 280 
140-089-15DCC 2130 100 54 360 1 1  1110 330 
140-089-36N)Dl 2250 140 75 410 12 721 980 

4 1 750 2 1880 3 
3 2 542 9 650 10 

141-095-08BCIl 5910 12 90 80 661 546 421 8 399 4090 
141-095-17ACC 788 8 14 140 10 7 10 172 4 371 125 
14 1-097- 1 OCIM 561 8 14 50 10 16 12 103 4 298 58 

e 

. I  

26 0 980 5 60 
580 1 22 
330 14 
590 1 26 
4 1 310 
3 1 310 
4 1 119 

240 1 1  
6 59 
3 1 240 
o <  1 240 
6 *2 1290 13 
8 0 1390 23 
88 1 1570 17 
290 1 1590 20 
22 3 1620 18 
20 1 1610 21 
71 2 1540 15 
66 1 1570 17 
2 1 1100 12 
7 1 1430 470. 
2 1 2010 660 
33 2 1760 14 
191 1 1340 12 

1 287 6230 3900 
1 1 523 56 
4 0 35 7 89 

~~ 



l=mg/ 1 2=ng/ 1 3=umho/cni 

145-095-22DAD1 1870 8 11 1100 50 3 2 480 3 1060 12 106 i 1150 13 
147-095-04BDA 3210 8 10 580 20 5 2 837 3 1730 1 2050 18 

151-075-15CBA 1490 8 16 330 740 75 27 230 7 611 250 44 3 954 300 
151-075-23BCC 1700 8 2 1  580 300 74 23 290 10 704 160 140 3 1070 280 

151-076-02CBC3 . 1000 7 630 4 910 120 420 1 29 

151-076-07DDC3 2200 9 11 710 40 i 3 520 1 230 1 1270 24 
151-076-07DDC4 2000 8 10 80 20 5 3 500 89 90 1 1220 25 
151-076-10AAA 1550 8 7 620 0 2 1 440 7 110 1 1060 8 
151-077-29ADD 2500 8 6 250 20 5 6 590 2 370 1 1490 36 

T- K- S - Q  SPC"D(.J) PH SIi t2(1)  FE(2)  EIN(2) C X ( I )  PIG( l j  N A ( 1 )  K ( 1 )  t I C 0 3 ( 1 )  S04 i l l  C L ( 1 )  N03(1) DrSLD(1) Hi\Rl)StI) 
144-091-23DtlB 2360 8 10 9 0 3 1 620 2 1560 8 14 1500 10 

148-096-15AAA 2310 8 14 90 30 4 0 580 2 1240 1 1410 11 

151-076-02CBC2 . 900 5 580 3 660 74 320 1 20 

151-076-03DDA . 1400 5 560 270 73 * 1 20 

N 152-076-05CAC 2300 8 10 290 10 6 1 670 3 540 1 1660 19 
* 152-077-30DDA3 3200 8 12 20 0 8 5 710 0 650 1 1790 39 

152-079-13DDD2 3000 9 12 100 0 8 3 740 690 74 1 2020 33 
152-079-13DDD3 4000 8 11 150 70 8 4 800 3 859 10 10 1 2020 34 
152-080-05DAA 2500 8 7 690 10 6 1 710 3 1160 3 20 1 1730 20 
153-077-15ADD 2400 8 6 420 10 4 1 590 3 978 5 60 1 1460 15 
153-079-30AAA2 4000 9 4 150 40 4 4 780 3 1140 7 80 1 1930 26 
153-080-22CDB 8 7 420 0 5 3 680 2 1160 3 410 1 1690 22 . 
154-078-31BAA 8 9 210 50 10 5 890 3 756 110 880 1 2310 47 
154-079-30AAC 2300 a 7 670 20 5 2 550 1130 190 83 3 1410 19 

155-080-14AAA 410 6 210 20 8 39 

154-079-36CAC 350 19 2500 60 74 26 630 858 2 690 1 1880 290 
155-080-10DCD 400 16 860 60 38 150 

7 480 20 6 
6 670 60 8 

4 

j -  .- , 



11 320 40 4 
11 40 10 2 

2 
2 
2 
1 
3 
3 

130-098-04DBB 3 
130-098-04DCC 2 

6 
7 
2 
4 

131-103-211) 6 400 10 5 
131-104-28A 12 760 20 3 
131-105-23C 2 

5 
82 
7 
2 
2 
1 

133-105-3OCCC 2570 6 
133-106-13ADB2 2400 4 

133-106-34BAA 1960 3 
134-104-24DDDl 1800 11  250 10 3 
134-105-09llAA 1420 9 5 270 20 2 
134-105-26BAA 1480 9 8 210 10 2 
135-102-03CDB 1780 9 7 130 20 2 

133-106-34AAA 2220 , 3 

I 

1 455 3 852 45 165 1 
0 460 2 884 7 180 

2 400 1 794 66 71 0 
1 390 1 a53 70 44 1 
3' 376 1 708 194 2 4 1 
1 375 1 646 235 16 2 
0 396 1 683 254 14 1 
2 418 2 897 11 129 1 
1 438 1 892 4 138 1 
2 504 3 888 44 237 1 
3 518 6 601 668 6 1 
1 498 2 1200 48 7 2 
2 435 2 782 93 120 1 
1 459 3 488 55 1 5 0 
1 366 1 663 209 4 1 
0 435 1 767 242 7 2 
1 451 2 877 175 54 1 

3 510 6 435 766 3 2 
2 480 . 1 891 150 80 2 
3 450 1 830 180 64 3 
1 410 6 814 65 8 1 
2 610 2 700 720 10 1 
5 570 2 678 660 8 1 
3 530 2 788 500 9 1 
1 460 1 4 30 5 
3 400 3 653 150 110 

1 '360 2 623 220 9 2 
2 420 2 712 220 66 1 

1 393 1 789 101 47 2 

150 43 14 580 130 88 

2 330 1 527 230 23 i 

1110 
1100 
966 
970 
947 
977 
999 
1050 
1030 
1050 
1250 

15 
6 
9 
12 
10 
15 
12 
10 
15 
11 
25 

1520 , 32 
1200 8 
1100 19 
1320 19 
95 1 12 
1120 5 
1.1 40 19 
1070 820 
1530 29 
1200 12 
1160 16 
995 6 
1730 22 
1640 31 
1450 22 

11 
1050 19 
885 14 
944 7 
1100 12 



CRETACEOUS HELL CKEEK-POX HILLS 
I=mg/ I 2-ug/ 1 

S-iJ SPChD(3) PI[ 5IG2il) E'E(2) FIN(?)  C A ( 1 )  z l l C ( i )  N A ( 1 )  K ( I )  
135-102-19DhrI 1910 9 8 350 0 2 2 460 
136-100-31DDC1 1920 9 13 80 10 5 1 470 
136-102-llDAC 1600 8 16 1 0 410 

102-15ACC 1700 9 10 130 20 2 1 420 
102-20BRD 1550 9 14 1 0 410 2 700 220 28 1050 4 

136-102-21DBD 1610 9 14 1 1 400 2 730 220 22 1060 6 
136-103-14ADA 1650 8 12 1 0 410 2 720 220 18 1060 4 
136-103-23MB 1600 8 13 2 0 400 1 690 220 21 1050 6 
136- 103-24ABD 1600 8 14 1 0 400 2 730 220 22 1060 4 
136-104-12BAD 1670 9 7 80 10 2 2 390 4 593 300 25 1 1060 14 
137-101-29CCA 1600 9 14 2 0 410 2 850 110 19 1020 6 
137-101-30ABC 1610 9 10 120 20 2 0 390 1 710 180 27 1 1000 5 
137-101-30BBC 1590 9 14 1 0 400 2 860 110 15 1000 2 

102-06CBD 1600 9 11  1 1 420 2 750 240 7 1090 7 
103- l2BAB 1600 9 15 0 1 400 2 620 280 31 1070 7 

137-105-10ABB 2020 9 10 210 0 6 1 500 1 770 370 1310 19 
138-102-34DDA 1600 9 11 100 20 1 1 410 1 650 210 1030 5 
138-106-25DDA 1780 9 9 80 20 2 2 420 1 717 280 21 3 1120 10 
139-102-02DCA 1650 9 16 1 1 420 2 730 220 39 1100 5 

16 1 0 410 2 733 2 10 41 1070 3 
10 1100 40 2 1 410 1080 8 
10 340 0 3 1 440 1160 11 

40-100-28CAB 1 1  230 0 2 1050 13 
15 40 0 4 13 
10 140 20 1 4 
9 3 12 
9 100 10 3 13 
13 230 0 3 13 
14 40 0 1 4 

0-102-26ACC 17 4 1130 10 
14 0 0 3 0 410 1060 8 
14 140. 20 3 1 410 1060 9 
14 1 0 440 2 780 170 42 1110 5 

Tu cn 

a 

. .  



, 

A 

4 

TACEOUS HELL CREEK-FOX HILLS FORflA'f'lON 
2=llg/2 3=iimho/cm 

A ( 1 )  M ( 1 )  Y X ( 1 )  K(1) t i C O 3 ( l i  S04(~i) CLll) !403(l} I ) I S i n l l )  t f A t 2 1 ~ Y ( I )  
1 0 400 2 710 240 31 1080 3 i 1130 15 

38 1140 8 
1150 7 

2 2 440 1 710 220 
2 1 430 2 666 300 

140-104-15BBD 2 1 430 2 674 310 38 3 
140-105-14ABA 4 1 450 2 708 320 37 1 1210 12 

13 19 570 3 728 640 31 1 1680 110 
140-106-25CBB 4 2 530 1 790 430 23 1 1410 15 
141-100-30ACA 2 1 410 2 765 170 37 2 105 9 
141-101-02AAC 0 0 440 2 890 150 40 109 0 
141-101-21BCB 2 0 430 . 760 200 33 8 
141-101-21CAC 2 0 410 2 740 190 38 1070 5 
142-101-33DBA 0 0 460 2 820 190 35 1150 1 
142-102-04BCB 3 0 570 3 1500 12 2 1370 8 

2 143-102-01BBD 1 0 470 2 870 140 48 1140 3 
143- 102-29AAD 2 5 450 2 750 250 44 1180 27 
143-105-33BAR 2050 13 730 20 4 1 450 1 834 190 40 1 1140 11 

13 270 10 2 I 430 1 969 7 84 2 1050 8 
3 0 450 2 29 78 7 
2 0 470 2 890 160 56 1180 4 
2 0 440 2 810 170 49 iiio 4 

144-102-35C 2 1 430 2 790 160 66 3110 12 
0 26 13 300 6 644 140 79 3 918 120 

145-077-04ABC 12 420 120 19 6 500 3 883 410 13 3 1400 74 
145-077-04DAH 12 460 60 8 3 550 3 915 460 13 0 1500 34 

13 380 40 30 11 520 5 973 400 10 1 1470 120 
145-077-09DD 19 3000 60 1 1  5 480 3 941 280 17 0 1290 48 
145-077-16CA 10 150 20 8 2 590 2 796 600 10 3 1630 30 
145-077-228A 11 1000 20 7 4 420 3 852 240 15 3 1130 34 
1 4 6 - 0 7 7 - 2 9 D H  H 1 7 00 8 13 750 10 6 2 430 2 996 7 85 1 1040 22 
147 -074-048Dl) 1850 7 22 13000 240 140 73 210 8 905 340 6 I 1260 650 
147-075-20ADC 1910 7 26 20000 260 140 -51 240 10 786 430 16 0 1320 560 
148-077-02DD112 2700 9 13 3000 100 10 6 570 5 867 150 270 1 1480 50 

65 3 

149-075-15ABB 2200 8 18 650 10 6 1 560 3 741 540 5 1 3 1560 20 





cRmicwus FOX HILLS Fomwrm 

l i  so401 C I . ( i )  
825 14 

0 250 74 422 20 

0 20 23 

00 200 78 '32 669 12 204 
80 64 196 11  545 

330 10 
410 130 
3 270 
30 249 
2 410 

1 1  663 1320 13 

131-067-35ACC 990 20 1100 1500 140 56 36 8 456 260 9 
131-07 1-07BBB2 610 50 5 

21 3 
7 3 

120 11 
10 100 40 4 2 425 1 742 29 1 13 

10 330 
212 1 

26 80 200 92 51 17 6 397 120 6 
132-068-22CDA 1850 8 16 190 560 180 110 120 12 479 590 40 
132-069-05HCD 1670 8 19 420 1400 97 26 250 11 485 370 95 
132-070-22RBH1 800 8 22 210 220 26 1 1  140 7 373 86 4 

%13( 1 ) DISLD! 1 ) !l.\kCS:i 1 I 

2030 12tO 
1270 407 

1 1720 38 
1 1170 10 

1390 77 i 61 3 350 
2380 325 
1060 462 
918 18 
3810 56 
1200 32 
1540 46 
1110 15 

1 1250 12 
0 1270 16 
1 1460 9 

2410 975 

0 1450 L i  

1 370 190 
1 246 150 
1 219 160 
2 650 180 

1130 21 
1140 10 
1370 12 
668 240 

1 527 440 
87 1390 900 
0 1110 350 
2 498 110 



132-073-04BBB2 1690 8 22 350 720 14 4 340 7 667 210 8 7 941 50 
132-073-04CAB 4120 8 11 60 180 190 250 470 15 852 1100 190 570 3220 1500 
132-073-08CBC 4520 7 21 170 50 320 240 580 23 499 2500 64 33 4030 1800 
132-073-28BAB 1650 7 15 690 400 200 88 78 12 683 460 6 0 1200 860 
133-047-17CCC1 869 8 21 60 260 77 36 67 7 490 66 16 2 535 340 
133-047-2OBAA1 1090 8 21 850 320 84 83 35 5 456 250 7 2 713 550 
133-047-20DDD1 2890 8 16 3200 30 370 140 170 12 341 1500 41 3 2430 1500 
133-078-09CCC 1200 8 17 0 60 32 25 220 
133-082-05ABC 2300 8 17 270 30 
133-082-05UBA 2120 8 21 380 20 
133-082-15ACD2 2730 8 16 860 40 

0 133-082-29CDDl 2240 8 16 90 10 
133-082-31DDA 2150 8 16 220 10 4 2 530 2 1100 240 . 37 
133-082-32BAD 2270 8 16 0 0 5 . 1 570 
133-085-12AAD 2270 8 17 920 0 
133-088-14DAC 1640 7 . 11000 

7 49 6400 630 
8 19 280 10 

8 15 150 260 
8 
8 200 80 
8 

134-081 -06DAB 8 
134-081-08DAD 8 
134-081-08DAD 8 25 80 30 

8 17 20 10 
8 22 90 50 

W 

134-079-07BCB 8 27 40 260 .32 15 370 

8 24 400 50 3 3 360 1 730 160 9 1 928 20 
134-082-35DAA 2370 8 16 60 0 5 6 570 2 1110 240 82 1 1490 36 

4 



1 )  504(1 )  C L c l )  N03(!) DISL1)( 1 )  ! l A h X < ! i j  
4 70 49 1 172Ci I d  
230 4 1 1060 110 
280 16 1 1050 93 
460 27 1 1370 630 

134-083-17DDl32 1530 270 5 1 1010 310 
310 14 ‘ 1  960 600 
300 30 1 1400 310 
210 90 1 1410 82 
470 4 1 1250 470 
150 3 1 502 290 
190 3 1 570 400 
250 90 1 1370 20 
540 5 0 i 340 30 
120 2 1 462 26; 
270 2 1 1060 52 
90 9 348 174 

6 567 ’ 151 3 1 755 77 
166 1 0 778 73 

3 81 1 150 
135-079-10AA 1 1730 27 
135-080-30AA 260 5 0 873 410 
1 ’3 5 - 080 - 3 2 DD 300 0 1 1150 26 

510 7 1 1410 280 
22 1500 1200 160 41 21 . 8 460 240 2 I 725 570 

2 10 4 1 668 420 
270 9 3 1140 40 

40 80 17 6 290 3 550 230 3 1 836 67 
135-083-31BCD 1450 940 60 16 7 320 2 670 230 0 1 69 
135-083-32CRB1 31 10 9 8 0 40 6 2 750 2 1160 470 160 1 2000 24 
135-084-04DCC 1930 8 25 1000 40 31 15 430 5 950 280 6 1 1270 140 

135-084-16AAA1 919 8 24 1700 340 130 35 35 2 550 73 1 1 576 470 
135-084-09CCD 2330 8 14 7400 220 130 55 380 6 660 790 4 1 1710 550 

135-OS4-16AAA2 889 8 15 2900 220 110 40 33 5 520 -8 8 3 I 555 440 



56 
T- fc - '2 - 

135-i.m- lbrL\A3 933 8 15 4500 540 A20 41 34 4 530 100 3 1 
135-084-16AAA4 1480 8 19 1200 80 32 12 330 3 830 150 9 1 969 130 
135-084-16AAA5 990 8 17 5700 300 130 38 41 4 570 110 3 1 632 480 
135-084-16AAA6 969 8 16 2600 300 120 41 40 5 550 110 4 1 61 1 470 
135-084-16AAA7 995 8 15 4500 140 79 30 110 4 560 100 3 1 624 320 
135-084-16AAA8 904 8 23 2-700 40 130 33 27 3 560 69 2 1 568 460 
135-084-16AAA9 1020 8 22 3800 240 110 28 93 3 610 89 2 1 654 390 
135-084-16AAB 1320 ' 8 38 3300 560 37 16 280 5 700 150 6 1 869 160 
135-084-16ABA 1950 8 25 1400 160 70 28 370 6 830 410 5 1 1330 290 
135-084-16ABB 1620 8 24 5700 200 97 48 230 6 700 360 1 1 1120 440 
1 35 -084 - 2 1DDD2 19 20 8 25 1600 20 45 21 ,400 5 760 420 8 1 1300 200 
135-084-21DDD3 1040 8 23 3300 140 47 20 170 4 470 180 3 1 685 200 
135-084-23AAB 2170 8 300 20 4 1 530 1 930 370 17 3 13 

Iu 135-084-26DAA1 3880 8 26 1800 20 110 45 290 5 620 
084-26DAA2 1700 8 25 2700 40 110 55 220 7 680 
084-26DAA3 1270 8 ' 22 5000 80 110 50 120 5 480 
090-23BBB1 2250 9 . 10 300 80 3 1 567 3 1080 

136-075-I4AM 764 7 39 1600 130 33 12 129 5 380 
136-079*05CCC 2990 8 12 130 20 7 3 720 3 1210 
136-079-07BAD1 2070 8 12 370 20 4 1 490 2 630 
136-081-06BBB 2570 8 28 500 80 84 21 510 8 1000 
136-081-07AM 980 29 1700 400 77 24 88 

8 27 120 120 62 18 570 
9 10 190 20 2 
8 18 1200 100 59 
8 28 440 250 140 
8 25 190 100 70 
8 21 120 260 37 
8 14 11000 1600 150 
8 11 460 10 5 
8 18 420 30 8 
8 15 400 0 4 0 500 
8 28 150 1000 110 38 170 9 550 

b 

. .  , I ., c - *  



( 1 )  K ( 1 )  H C O 3 ( 1 ' )  S04(1) i ' L i l )  NO:i(l)  DISLll(1j l i M ! : . A i  ii 

6 2 540 2 810 530 0 1 1490 21 
' 136-083-1OC 1 15 29 2 260 10 0 2 236 160 

4 1 550 2 1150 61 140 1 1340 12 
5 12  500 2 740 5 70 0 0 1470 62 
7 16 720 4 1070 830 1 1 2150 160 
3 1 440 1 810 300 0 1 1160 13 

80 400 980 1200 10 930 6400 150 170 9790 5000 
400 230 170 130 9 710 1 1920 1300 

7 33 160 5 540 1 803 330 
5 0 590 2 1150 1 1450 12  
8 27 200 4 510 1 792 230 
4 1 530 2 1160 0 1290 16 

10 68 34 150 4 450 270 4 1 777 3 i u  
4 0 380 1 780 200 0 3 989 10 
0 29 100 6 420 250 4 1 722 370 
8 29 84 6 430 160 3 1 618 340 
4 . 2 610 2 1010 . 380 87 0 1610 18 
0 38 110 5 510 140 1 1 64 1 330 
6 0 580 2 1170 300 23 2 1510 15 

26 .2000 110 3 9 .  15 230 3 520 230 0 1 803 160 
31 20 60 66 21 360 6 790 320 24 1 1220 250 
20 580 40 19 8 610 4 1260 300 66 1 1650 81 
1s 100 10 5 1 740 3 1200 7 490 1860 17 
23 220 80 40 1 7  570 4 990 460 120 1 1730 170 
12 160 140 3 1 560 2 1210 200 30 3 1410 10 
25 860 10 80 39 , 600 7 1120 7 20 5 1 2030 360 

137-085-17CDB 2490 8 19 1200 60 61 26 510 6 990 520 4 1 1640 260 
1'3 7 - 086-03AAD 1 2600 9 11 40 10 3 1 720 2 1210 5 330 1710 11 
137-086-28l)Cl) 733 8 11 530 220 64 34 41 7 360 89 13 1 439 300 
137-O86-34BAB 1550 9 8 110 10 2 2 370 2 660 240 4 1 985 14  
137-087-12CDA 2230 9 6 190 20 4 2 560 2 1090 290 8 1 1440 16 

5 2 550 2 1120 89 110 1 1351) il 

137-088-21DDC 950 1 40 20 4 6 220 2 339 62 22 566 34 



CIW'ACEOUS FOX HTLLS FORbL4I'ION 

Sl'Ch+D( 2 ) l'tl S io:! ( 11 FF.(2 1 tlN( 3) C A (  1 ) FIG( I ) NA( 1 ) 
8 15 2000 1000 I1 20 77 

138-080-06BCA1 1880 8 16 1200 1400 130 .55 250 
138-080-O6BCA2 2750 8 

138-080-30CDD 1860 8 15 100 10 32 15 370 
138-080-31DBB 2200 8 
138-081-01CBD 1350 8 
138-081-01CCA 1230 8 28 250 580 87 37 140 
138-081-09ABB1 4600 16 1100 30 

138-080-06BCC 1540 a 

5 60 40 2 1140' 220 

9 170 0 13 24 420 
10 230 10 

13 190 10 
11 560 20 
9 190 30 
10 170 30 
9 230 20 

12 570 10 

12 110 20 

8 570 10 
11 260 10 

A 

. .  



6 

NG3( 1) DTSLD( 1) IIARDS! I 1 
3 779 SY 
1 1450 18 
2 1210 12 

138-085-20BB 1 1500 28 
138-085-22BA 1 1140 10 
138-085-26CD 1 936 10 

1 953 43 
1 1010 82 
1 1050 99 
0 500 400 
1 1920 270 
1 1390 210 
1 1100 /+an 
1 2230 Jd 
5 1500 150 
1 2190 420 
3 1660 18 
1 2250 470 
3 1550 14 
3 1410 12  

138-089-13CBB 2990 1 2030 23 
1 1210 11 

1 38 -089 - 35 BAA 6 90 120 12 1 1280 56 
139-080-31CAA 16 560 1500 120 41 82 4 450 260 16 1 764 470 
139 -080- 3 1 CIID 16 60 460 98 ~ 35 63 1 567 390 
139-081-04BDA1 11 70 30 17 8 930 4 1140 1200 2760 76 
139-081-04RDA2 1 1980 23 
139-081-09AAA1 19 240 10 - 6 2 850 3 1300 4 560 2090 24 
139-081-09AAA4 8000 8 10 40 210 78 50, 2000 7 960 3800 24 6450 400 
139-081-15CI3D 3020 8 9 190 70 8 3 750 2 1150 660 16 i 2040 32 
I:j9-08I-I6UCC 3350 8 8 100 10 1 1 800 2 1310 1 500 1 1970 8 
139-081-16CDB 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 



139-081-25CCC 1690 8 
139-081-26ACA 1530 8 
139-081-28CDC 1250 8 
139-081-30AIlA 1680 8 
139-081-30BBB 887 8 
139-081-30DDA 2520 8 
139-081-36CCD 1870 8 
139-081-36DAn 1270 8 
139-082-08BCC 2790 8 
139-082-15ADA 3070 8 
139-082-21AAB 4580 8 
139-082-23DCB 3060 8 

m GJ 139-082-24CCA 3200 8 
139-082-25ADD 1170 7 
139-082-25BBD 1630 8 
139-083-12DBA1 2800 9 

-12DBA3 2300 9 
-24DDB 4380 

39-085-03DCC 2190 8 

139-085-06DD 
139-085-06DD 

139-085-3OAAB1 3450 9 

17 210 2400 190 67 130 6 840 300 10 1 1140 750 
21 4600 860 130 43 180 5 730 260 1 1  5 1020 500 
12 80 70 150 43 81 5 570 240 7 1 820 550 
17 250 160 100 2 310 4 720 220 83 1 1090 260 
14 1000 600 100 27 62 9 420 140 5 1 567 360 
10 120 10 4 2 610 3 1200 7 260 1 1500 17 
19 1200 100 110 47 280 5 920 290 37 1 1250 470 
16 1800 1700 130 43 110 8 750 120 6 5 812 500 
14 20 0 5 1 690 4 1300 5 330 1 1690 16 
18 390 0 6 9 760 7 1290 420 1 1860 51 
11 20 10 15 10 1100 5 1210 15 11 5 3260 79 
12 230 40 8 2 730 7 1190 
13 140 0 6 2 170 8 1280 
18 5400 280 120 32 100 8 560 
16 6300 700 170 60 140 4 720 
12 60 20 4 1 750 2 1220 
9 30 20 4 2 600 2 1040 
9 20 10 13 7 1100 5 1090 1500 
7 40 20 4 4 620 2 1100 
7 80 10 3 2 500 2 1090 
8 1600 20 2 2 570 
6 140 60 11  7 630 
10 260 620 70 48 260 
10 100 200 8 
25 220 160 8 
8 0 20 
8 400 10 
8 3700 80 
3 260 40 
9 4100 100 4 3 700 
12 590 20 2 1 570 
9 1900 160 7 2 800 



1 )  S04( I )  CIA(  I ) N03( 
3 
4 

14 
12 
3~ 
2 
7 
2 
3 

15 
14 
13 
3 
5 

0 57 630 11 1150 930 8 
5 

7 1300 1400 6 
6 
6 

7 390 
10 
4 

7 1700 120 260 110 650 12 1130 1600 6 
8 140 30 4 970 1000 5 

52 
23 130 20 26 23 340 8 601 240 110 

41 
140-062-23ABB 1110 44 
140-062-27CCCl 1430 8 21 1400 160 24 10 300 7 519 210 76 
140-062-27CCCZ 1060 8 19 0 10 140 46 28 7 406 250 13 
140-081-18ARD 1370 15 5100 1600 110 43 160 4 600 280 12 
140-081-21CBC 1870 18 1700 100 190 7 7  160 6 1020 260 26 
140-081-29ACC 2780 8 10 60 0 5 1 660 2 1190 4 350 

1 863 110 
1 1000 480 
1 813 280 

1010 60 3 1350 8 
1 1470 10 
2 15 
1 4 30 
3 110 
1 1330 12 
1 1400 8 
8 3000 910 
1 2580 Obi) 
2 2340 5 10 
1 2250 430 
1 3180 560 
2 1350 110 
I 2 10 

16 
1 18 
1 1780 130 
3 3200 1100 

2300 28 
1 799 340 
1 1070 160 
0 706 260 
1 706 260 
1 907 100 
1 704 540 
1 928 450 
4 1250 790 
1 1630 18 



CRETACEOUS FOX If 1 LLS FORMA'I'lON 
I=nlg/ 1 2=ug/ I 

SP'CND13) 1'11. S l W ( . I )  F t ( 2 )  EINI;!) C A ( 1 ;  h(;( 1 )  N A t l )  K(11 t I W : 3 ( 1  
-0lDAfl 1080 8 14 40 1100 50 30 160 5 1 486 

140-084-35CCC 1960 8 9 1400 5 6 490 4 3 1260 
140-085-18RBC 2630 9 7 420 120 5 4 690 38 24 1 1670 
140-088-16ADB1 2900 9 4 0 10 2 3 750 3 1630 56 35 1 1860 
140-089-36ADD2 2800 16 5500 60 100 44 260 7 791 330 1 1 1150 430 
140-090-12DCC 966 8 12 20 0 110 38 48 4 330 160 1 110 646 430 
140-090-17ACB 2680 8 2 90 10 4 2 730 2 1870 9 31 2 1710 17 

140-090-21BCB1 2500 8 19 0 40 55 23 530 6 890 630 8 1 1 f20 230 
140-090-21BCB2 9760 8 10 . 100 490 670 1500 7 630 6500 4 1 9500 4000 
140-090-32BDD 2310 a 21 360 20 3 .2 600 4 1450 72 12 1 1460 18 

140-090-20DBA1 2800 8 11 20 70 6 1 760 2 2020 7 38 1 1820 20 

140-090-33ACD 2390 8 2 100 10 7 1 620 2 1250 280 5 1 1540 22 
140-090-34AAA 1830 8 20 100 40 62 23 340 4 660 440 3 1 1220 -.I ' 5 0  

Q3 140-090-35BBA 2970 8 14 2100 70 13 7 760 5 1550 500 0 1 2070 02 
141-089-36DCD 2930 8 18 2000 60 140 80 500 11 817 1100 3 3 2260 680 

9 9 0 10 IO 10 501 2 1060 197 9 1 1290 64 
8 13 1200 0 22 4 550 6 897 260 220 3 1530 70 
a 13 80 40 95 32 77 3 279 137 0 187 682 370 

142-084-24BBA 2820 9 8 320 4 1 684 2 1170 5 343 0 1670 16 

w 

142-092-08BBB 1440 8 17 130 10 5 10 361 2 832 127 3 1 946 53 
143-095-32ACB 2660 8 27 200 50 5 3 708 4 1870 13 10 1 1730 22 

143-097-24DBB 779 8 16 120 10 22 15 146 3 439 74 5 2 500 120 
143-095-34ACD 2550 8 28 340 20 4 2 673 3 1790 11  9 1 1640 18 

9 1 1  290 20 4 0 590 2 1160 10 

9 11 20 100 13 53 
9 42 140 40 3 21 
8 43 120 20 4 16 
8 25 180 120 61 260 
8 30 3300 40 50 190 

146-077-llADB 1600 8 26 180 560 45 14 400 100 220 170 
146-077-20CDB 2290 13 480 10 7 0 590 3 952 19 

11 200 20 6 3 540 4 993 1 1340 27 

9 20 410 20 5 1 320 1 653 14 

. .  

1 



* 

I 

CHETACEOUS FOX I1 ILLS FORMATION 
2=ug/ 1 3=iimho / cm 

MN(2) C A ( . I )  f l G ( l !  NA(1) R(1) H C K I ( 1 )  
2 915 5 2 470 

2 1 564 2 1100 
92 37 81 2 311 
5 3 732 3 1660 

219 103. 694 10 1060 
7 3 913 3 1980 

146-094-35AB 86 38 20 2 284 
146-095-03DC 2 1 527 2 1160 

52 20 440 9 669 
3 1 596 2 1230 

3 1 736 3 1560 
0 147-095-14 3 2 745 3 1570 

30 226 130 625 8 870 
3 2 802 3 2080 
7 2 650 3 1160 
9 ’ 4 540 4 940 
2 2 500 2 1130 

148-095-32DB 11 100 10 3 2 703 3 1690 
8 250 10 4 3 859 3 2300 

3 3 911 3 2480 
3 0 535 2 1200 
4 .  2 1690 
2 2 1170 
2 0 512 2 1140 
4 3 860 4 2300 
3 2 798 3 2110 
3 1 514 2 1140 

148-097-33ADB 1980 15 90 20 2 0 500 2 1150 
149-072-07DI)D 1310 3 1 337 3 730 
1 4 9 - 09 2 - 22CDC 7 7 2 6 1800 190 45 32 81 4 359 
149-093-02ACB 2230 8 15 540 0 2 0 557 3 1100 
149-093-05CDC 2620 8 16 200 0 3 1 656 1 1140 

2 1 560 2 ,1190 

ro 

3 214 2 1370 
124 36 181 725 
10 206 1 1790 

1480 17 46 31 10 
10 274 1 2220 

17 2 1 476 
154 1 1280 

520 66 1 147 
2 214 1 144 
4 181 1 1360 

100 129 1 1760 
94 136 1 1770 

1650 7 1 3090 
7 22 I 1880 
2 380 1 1640 

340 33 1 1430 
14 124 1 1230 
0 13 1 
0 2 1 
0 24 1 

11 138 1 1310 
7 249 1- 1890 
4 150 1 1310 
0 122 4 1250 
4 16 1 2050 
1 41 1 .1900 
5 119 1 1240 
6 120 0 1220 

61 41 1 850 
134 0 1 482 
329 4 1 1460 
531 4 2 1780 

SOS(1) CL(1) N04(1) I1ISI.D( L J  I iAHUS(1) 
31 170 1 1150 20 I 

9 
380 

24 
970 

27 
370 

8 
210 

9 
9 

13 
16 

1 IUU 
14 
24 
40 
12 
14 
22 
18 

7 
32 

7 
6 

23 
14 
9 
5 

10 
240 

6 
12 



9 20 20 40 1 1  6 850 4 640 11  920 1 2170 51 
9 14 380 80 5 4 650 3 725 0 530 1 1620 28 
8 7 330 10 8 4 680 3 744 4 680 1 1760 36 

152-077-IlCCD . 430 2 10 1100 7 459 32 1100 46 
152-077-21CDD . 380 5 11  1100 8 444 26 1300 2 58 
152-077-30DDA1 4200 9 14 230 40 13 4 890 4 687 . 6 960 3 2250 50 
152-077-30DDA2 4500 8 12 330 70 10 8 800 4 724 7 20 1 2040 
152-079-13DDD1 4330 8 23 480 60 1 1  7 950 4 737 3 00 1 2390 
153-072-03DDD 1110 8 45 4300 2 1 279 3 588 101 5 1 747 
153-077-34ACD 4000 8 17 330 0 12 4 970 5 1200 1 2530 

0” 153-079-3OAAA1 4800 8 11 210 40 9 1 840 8 680 1 2070 
9 31 40 10 6 2 570 4 892 3 370 5 1460 
9 38 130 0 4 1 340 2 818 5 27 1 847 

154-075-21CDD2 700 9 19 80 0 4 2 180 1 397 13 3 1 454 
78-31BAA1 4610 8 21 60 80 15 4 1200 4 626 3 1400 1 2960 52 
75-03ADD 1300 8 15 440 40 8 1 300 3 721 100 4 1 790 26 
75-15BBB 2700 9 25 120 0 6 1 590 

155-075-23ABB 650 8 20 270 80 19 6 120 

860 40 10 
20 320 52 

12 40 90 10 

. I  . . . _  . <  b 



([: 

CRETACEOUS lNYM KAWA FO 
3=umtio/ciii 

N A f  1 )  K ( 1 )  t{COl(  I )  S04(1) CC( 1)  N03(1) DLSLD( 1 )  ttNUiS( I )  
9. iooo 13 455 1200 2 2890 i b  

330 10 14 7 960 14 440 1 2800 63 
1 2880 75 
1 2670 74 
1 3160 75 

920 470 3 2450 210 
8 810 12 403 900 440 1 2410 84 
6 880 13 547 660 620 3 2490 70 

510 ' 23 190 1200 85 1 2050 360 
1 2250 140 
1 2470 64 
1 2000 770 
1 2900 62 

810 21 781 200 770 14 2260 1211 
900 17 891 210 810 2 2420 77 

9 1400 60 93 31 11 188 1100 71 1 1870 360 
20 180 1200 180 22 30 1000 
16 307 1450 1020 i 4090 150 

8 970 20 334 1290 414 12 2900 70 
7 980 17 461 1200 370 6 ' 2850 75 
7 970 11 460 1200 400 1 2860 70 
7 900 15 377 1 2620 70 
6 920 15 323 0 27 10 74 

1300 490 1 2970 120 
30 10 60 

0 40 22 6 840 13 357 1100 360 8 2540 80 
130-057-02ABC 3500 8 990 50 25 8 820 18 315 1100 330 1 2470 96 
130-057-35AAB 4090 0 20 1 1  6 940 14 576 870 540 4 2690 50 
130-058-06AAA 4140 8 7 940 90 18 6 930 17 585 790 600 1 2670 70 
130-058-25CUD 4000 8 9 60 10 15 8 890 I7 574 730 580 1 2550 70 
130-059-23CRD 580 7 30 2500 1000, 90 26 8 3 337 55 16 4 40 1 330 
130-059-26CAC 630 7 32 900 1200 95 27 9 3 370 61 4 3 419 350 

790 13 357 

790 620 ' 1 1  

I 



F'E(2) 
2300 
5000 
350 

130-063-2ODDC 4530 8 7 100 
130-065- 11CAB 2570 8 8 2900 
130-084-13AAD 2030 8 . 300 
131-047-07DAD 2880 9 7 

~ 

CRETACEOUS 

m c j  CA(  i )  
60 YO 
180 200 
20 34 
20 18 
220 230 

l=mg/ 1 

8 
131-048-28AAA 3560 8 7 . 32 29 778 It( 327 2400 200 
131 -05 1 -31DBA 4350 8 7 12 6 990 18 478 1 2910 
131-052-32CCC 4290 8 7 14 4 1020 21 544 1 2950 
131-053-1ODDC1 5500 8 7 480 0 9 3160 
131 -054- 17BAA 4000 8 9 270 40 23 2650 

8 8 1500 60 20 2640 
8 8 120 20 20 4 880 15 437 2570 - e  8 8 130 20 17 7 890 17 459 2600 
8 8 60 40 14 4 920 17 529 880 490 2620 
8 8 1200 60 26 6 830 18 299 1100 320 2470 

13 1 -058- I 1 BAA 4500 8 9 1700 20 18 4 970 20 643 750 640 1 2760 
131-060-27ABA 5780 8 7 1400 200 47 13 1300 22 310 

7 470 40 62 16 680 24 270 
7 190 10 24 10 1000 26 582 

12 1000 23 620 

150 10 
80 60 24 

8 130 10 24 3 860 15 317 1100 390 4 2570 74 

. - , _  



:hinho/ cm 
N A ( 1 )  K(lf N O 3 (  

5 990 18 610 

70 
7 830 17 309 96 
5 960 17 666 50 

600 21 210 160 
1100 26 750 95 

120 
59 7 
230 
130 

;7 
7 830 14 310 1200 280 77 
8 820 18 303 94 
5 840 18 292 89 
8 680 14 200 82 
7 840 15 233 1400 240 1 2670 120 
3 670 19 218 1200 97 62 

I100 22 605 290 1200 0 68 
870 25 230 1200 500 3 160 

7 660 19 236 1200 94 - 1 78 
4 630 15 176 1100 95 5 1970 68 

980 20 541 440 990 5 2740 71 
1100 22 681 140 1200 26 2860 76 

8 1200 23 604 180 1400 3 3140 70 
7 380 60 . 35 10 620 21 215 1200 96 1 2 100 130 

133-061-01DBD 800 26 850 570 100 33 35 6 434 93 15 525 390 
133-061-03HBC 4860 8 6 190 0 16 6 1100 24 764 100 1200 I 2840 66 
133-061-18ACB 2270 8 7 2500 160 210 67 290 33 190 1200 80 1 1990 800 
133-063-05ADD 2690 8 7 7900 140 240 75 280 27 198 1200 92 1 2030 910 

5 790 17 358 960 380 1. 59 



134-054-28BBA 4000 8 
134-055-03BBC 3900 8 
134-055-07BAB 4030 8 
134-056-13ABA 4000 8 
134-056-14AAB 3900 8 
134-056-28CUD1 3800 8 
134-056-28CDD2 3900 8 
134-058-33BBA 4000 8 
134-059-02AAA 3100 8 
134-060-01DCA 3030 8 
134-060-20DDA1 4780 8 
134-061-06DCA 2710 8 
134-062-34CAA 2530 8 
134-063-10DDD 9140 8 
134-065-26CDC 2640 8 
135-053-17ABB 4400 8 
135-054-IOCAD 4000 8 

SI021 1 )  

7 
7 
7 
8 
6 
7 
8 
7 
9 
9 
5 
4 
6 
5 
7 
8 
6 
7 

a 

CRETACEOUS 1NYAN KAIa E' 
l=mg/ 1 

FE(2)  FlN(2) C A ( 1 )  
10000 120 320 

40 20 10 
350 20 40 . 
1500 70 61 
480 37 
2500 60 30 
150 70 30 

5000 27 
1500 60 31 6 840 19 263 1300 300 
950 80 52 10 880 24 239 1200 500 1 2800 170 
890 20 33 12 680 33 257 1200 130 1 2230 
620 60 60 22 580 26 205 1200 120 1 2120 
2100 10 16 10 970 2 120 1100 2 2610 
3300 80 230 69 280 3 0 2010 
8000 200 240 .75 240 30 1 1970 
6400 60 59 23 1900 3 1 5100 
8800 160 320. 97 190 23 1 2140 
460 40 7 .  7 980 1 2750 
270 60 38 11 870 24 313 1100 1 2700 

135-055-02BCB 8 8 1200 80 130 2490 
135-056-10DDB 8 8 1400 50 47 2500 
135-057-12BBC 3600 8 9 1100 80 75 2480 

7 3700 100 120 2190 
6 860 120 52 2150 
7 2700 80 8 2900 
7 920 60 13 2680 
8 2200 40 51 10 83 2690 
9 480 20 69 14 88 2840 
9 2900 80 120 34 62 2400 
10 1400 80 180 54 720 2960 670 

136-056-21DCC 4550 7 7 580 80 28 2600 100 
136-057-04DCB 4950 8 11 330 60 87 20 930 33 208 1200 720 1 3110 300 
136-057-19DRD 4990 8 8 250 10 30 11  1000 30 529 280 1200 1 2830 120 



CRIITACEOUS INYAN KAHA FCiWl4TION 
2=uq/ 1 3=umho/cm 

MNt 2 1 CA( I )  MC( 1 )  %A( 1 )  K (  1 )  HC03( 1 f SO&( 1 )  CL( 1 ) NO34 1 )  DIsLi)( 1 )  i!AK!fSi 1 ? 
12 770 24 280 1200 300 0 2500 140 
75 450 43 199 1300 230 1 2410 810 

10 21 14 1100 27 657 110 1300 1 2910 110 
145-066-01CDD 4490 6 1000 40 553 1160 431 5 2930 45 
146-065-32DAD . * 31 . 403 150 

2 1050 3 672 1150 349 i 2950 18 
1 982 3 466 1290 325 7 2860 18 . 342 258 1022 25 260 1271 94 1 35 600 

. 254 86 900 33 37 900 

. 302 128 776 1 2 39 1280 . 298 116 1360 52 19 1560 1860 22 5300 1220 
- . 152 119 158 25 307 285 206 547 1670 870 . 326 104 1160 27 325 1410 1460 26 4700 1 ?./to 

. 328 127 1110 33 345 1210 1620 10 4640 I34U . 222 70 1220 34 228 1570 1220 0 4480 840 
150-051-31RAB 4280 . 296 173 102 543 952 630 478 352 1450 4100 
150-051-33CCC 6210 . 230 77 1070 39 238 1420 1210 1 4180 890 
150-051-34AAA 6970 . 316 120 . 226 1480 1680 0 5020 1280 . 226 82 1120 34 252 1530 1170 2 900 

. 253 70 414 19 406 988 368 1 9 20 

. 90 23 16 4 328 63 16 4 318 

. 125 90 46 3 544 253 47 2 855 683 . 270 101 1550 40 278 1450 1990 0 5560 1090 
12 7 5 139 61 9 14 24 1 178 

. 208 88 1100 22 258 1400 1170 4 4150 880 

. 150 62 1260 33 278 1330 1260 3 4250 628 . 52 29 22 6 225 103 3 6 351 250 
152-056-02RAA 3810 . 384 173 310 11 414 1310 382 139 2030 1670 
154-064-34DCB1 5 . 840 1100 830 4 3770 50 
154-064-34DCB2 5 . 870 1100 880 1 3770 51 
154-064-34DCC 8 7 . 750 1100 880 1 3870 50 

160-054-3ICCC 20700 8 10 0 90 300 143 4410 44 285 1090 6600 2 12800 1360 
156-054-19DDA 6210 8 7 3400 . 49 24 1370 18 642 1200 1030 25 4050 220 
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