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‘ ~ UNITED STATES
Rulison-4 DEPARTMENT OF THE INTERIOR USGS-474~67
(date) | GEOLOGICAL SURVEY

| ' Special Projects Branch @@ Y

Federal Center, Denver, Colorado 80225

CHEMICAL AND RADIOCHEMICAL ANALYSES OF WATER FROM
STREAMS, RESERVOIRS, WELLS, AND SPRINGS IN THE
- RULISON PROJECT AREA, GARFIELD AND MESA COUNTIES, COLORADO
By

J. D. 1larson and W. A. Beetem

INTRODUCTION

Project Ruiison, a Plowshare Project, is a cooperative éffort of
the Austral 0il Company, Inc. (opérator), the CER Geonuclear Corporation
(technical consultant), the U.S. Atomic Energy Commission, and the u.Ss.
Department of Inte;ior. Thé project is an experimental .study to determine
the commercial feasibility .of s;imulat;ng natural gas production in thé
Rulison gas field.by fracturing the.reservoir rock with a nuclear explosion.
The detonation of a nuclear dgvice'emplaced approximétely 8,400 feet below
land surface was accomplished September 10, 1969. Currént planning iﬁcludes
reopening the hole approximately 6 months after the detonation and testing
the hole for changes of gas reseryoir characteristics. As part of this
testing, the natural gas will be burned. In this combustién, water vapor
will contain tritium, and the resultant changes in the tritium concentration

in the waters of the Rulison project area will be determined.




A continuing program of collecting water samples from surface
waters in the Rulison project area and vicinity is being conducted by
the U.S.‘Geologica1 Survey in coopération with the U.S. Atomic Energy
Commission, primarily to provide backg;ound data on the quantity and
quality of ground and surface waters. A description of the sampling
locations and chemical analyses available to date are summarized in

this report.
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An inventory of wells and springs in the Rulison project area
and vicinity was made from March 20-April 3 and May 20;25, 1969,
by the U.S. Geological Survey in cooperation with the U.S. Atomic
Energy Commission, The records and chemical analyses of the
invéntoried wells and springs ava;lable in Augusf 1969 were given
in U,S. Geological Survey open-file report USGS-474-40. This report
by Hurr and others, 1969,.was titled, "Records of Selected Wells and
Springs in the Rulison Project Area, Garfield and Mesa Counties,
Colorado." Additional chemical aﬁalyses.as part of that inventory
have been'compieted. The description and inventor& information
about the sampling locations of these édditional chemicallanalyses‘havel
been extracfed from Hurr an& others, 1969, and are included in tables 3-5.
These additional chemical analyses are included with othefs in table 6.
After the nuclear event, there were several wells, springs and
cisterns investigated in relation to possible damage éomplaints. The
same general procedures as during the inventory was followed except
additions in the chemical analyses requested as required to provide'
analytical data for evaluation of the complaint, Thé data acquired

in this effort is also included in tables 3-6.




METHODS OF STUDY AND DATA

Samples of surface waters.--A sampling network of 21 locations was

established to provide the basis of evaluating changes in the tritium
concentrations attributable to thevRulison project. An illustrétion
contained in Yeend, 1969, wés modified to show the locations of 21
surface water sites that will be repetitively sampled (figure 1).
Table 1 gives a iocation description of the points on fignre 1. The
stations are listed in the same donnstream order used in water-supp;y
papers, Stations are listed in a downsfream direction along the main
stem with all stations on a tributary entering above a main-stem

. station listed before that station, If a tributary enters between
two main-stem stations, it is_liéted between them,

Each location has been described in table 1 by including ité
station name and a station number, when available, that corresponds to
phe one used in water-supply papers. 1In assigning station numbers,
gaps are left in the numbers to allow for new stations that may be -
established; hence, fhe numbers are not consecutive,'but do indicate
downstream orderlposition.

A complete 8-digit number for each station, such as 09-0961.00,

" includes the part number "09" plus a six digit station nnmber. In

this report, the non-essential zeros are not shown. For example, the
complete number 09-0961.00 would appear as 9-0961'in brackets following
the station name,

Following the station number is given the latitude and longitude and

a more complete description of where the samples were taken.




Figure 1l.--Selected surface-water sampling locations in the Rulison project
area, Garfield and Mesa Counties, Colorado. Inset is an expansion of,
smaller circle on bottom map.




Table l.--Location description of surface water sampling points, Rulison
project area, Garfield and Mesa Counties, Colorado. '




Table 2 is a tabulation of chemical analyses of water from surface
waters of the Rulison Project area. Analyses completed to date are
included. Later sampling of this continuing program will be summarized

in a later report.




Table 2.,--Chemical analysis of water from surface waters, Rulison Project -
area, Garfield and Mesa Counties, Colorado.




Samples of wells, springs and cisterns.--An inventory of wells and springs

in a circular area having an approximate radius of 20 kilometers from the
nuclear device emplacement hole was conducted preshot, It was to
document the physical condition of wells and springs, and to collect
samples of water prior to the nuclear event, fo: chemical analyses,

This inventory was in general reported by Hurr and others, 1969.
Additional analyses aé part of that inventory are now available. They ‘
are included in this report (table 6).

Folldwing the nuclear event, the U.S, Atomic Energy Commission
received some complaints of damage to hydrologic'features. These wells,
springs'or cisterns were investigated by the U.S. Geological Survey
as a result of the damage complaints, The analytical data collected
as a result of these investigations are #lso reportea in tablé 6.

To aid in locating the wells, springs or cisterns the location
numbering system of the Coloradp District, Wéter Resources Division,
U.S. Geological Survey was adopted for use in this rgpoft. The entire
discussion describing the location numbering system that follows was
extracted by the authors nearly verbatim from Hurr and others, 1969.
Figure 21111ustrating the éystem except for the title‘also appeared in

that report.




Figure 2,F-System of humbering locations in Colorado.
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The wéll,'spring, cistern and surface-water location numbers in the

tables indicate that numbersbare based on the U.S. Bureau of Land Manageﬁent
system of lénd subdivision and:show the location of the site by quadrant,
township, range, section, and position within the section. A graphic
illustration of this method of location for a well is shown in figure 2;
The first capital letter, "S," preceding the location number means

that the site is located in the area governed by the sixth princibél
meridian. The second capital letter, "C," (also preceding the location
number), indicates the quadrant in which the well or spring is located.
Four quadrants are formed by the intersection of the base line and the

principal meridian: A, indicates the northeast quadrant; B, the

- northwest; C, the southwest; and D, the southeast., The first numeral

indicates the township; the second, fhe range; and the. third, the
section in which the well or spring is located. The letters fallow-
ing the section number indicate the location of the well or spring
within the section. The first letter denotes the quarter éection;
the second, the quarter-quarter section; and the third, the quarter-
quarter-quartef section, The letters are assigned wiéhin the section
in a counter-clockwise direction, beginning with A in the northeast
quarter, Letﬁers are assigned within each quarter section and within

each quarter-quarter section in the same manner. Where two or more

'locations are within the smallest subdivision, consecutive numbers,

beginning with 1, are added after the letter designation in the

order the wells and springs were inventoried. For example, 806-93-168dd2.
indicates a well in the SELSELNELl sec. 16, T. 6 S., R. 93 W,.; the 2 following
the location letters indicates that this well was ;he second well inventoried

in the quafter-quarter-quarter section,




Records.of the wells, spriﬁgs and cisterns are included on tables 3,
4 and 5, respectively. Some of the data was extracted from Hurr and
others, 1969 and part acquired by P. T. Voegeli, Sf. and W. A, Beetem
during their investigations of hydrologic features following the
nuclear detonation. Table 6 includes the chemical analyses of water

samples from wells, springs and cisterns described in tables 3-5.



Table 3.--Records of selected wells, Rulison Project area, Garfield and
Mesa Counties, Colorado.




| Table Y4,--Records of selected springs, Rulison Project area, Garfield
‘ and Mesa Counties, Colorado.




Table 5.--Records of selected cisterns, Rulison Project area, Garfield
and Mesa Counties, Colorado.
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Table 6.~-Chemical analysis of water from selected wells and spfings,
Rulison Project area, Garfield and Mesa Counties, Colorado.
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- Figure 1l.--Selected surface-water sampling locations in the Rulison project
area, Garfield and Mesa Counties, Colorado.




Well §C6-93-16add2

Figure Z.--System of numbering locations in Colorado.




Table 1.--Location description of surrace-water sampling points,
Rulison Project area, Garfield and Mesa Counties, Cclorado.

Colorado River at New Castle (9-0876), lat =5%34'06", Long i07°32'26",
on left bank southwest edge of New Casrie, 50 fezt downstream from
county bridge, and 600 ft downstream from Elk Creci,

East Mamm Creek near Rifle, lat 39°25'58", loag 107°40'29"; 2.5 wiles
south of convergenci with west and middle Mzmm Creeks and about .1{: miles
southeast of Rifle.

Middle Mamm Creek near Rifle, lat 33°2:'13", long 1OT7°LZ2%*34"; .. miles
south of convergence with west Mamm Creek and 12 miles southeast
~of Rifle,

West Mamm Creek near Rifle, lat 39°25'44", long 107°46'12", about half a
mile upstream from (uakenasp Gulch Creex and 7 miles (revised) south
of Rifle.

Mamm Creek near Rifle, lat 39°29'47", long 107°41'22" 50 feet above
county bridge about 4.5 miles south of Colorado River,

Beaver Creek near Rifle (9-0925), lat 35°28'20", long 107°49* 55",

on left bank 150 ft upstream from unnamed tributary, 200 ft upstrecam
from road bridge, 4 miles upstream from mouth, and 4.8 miles southwest
of Rifle,

Cache Creek near Rulison, lat 39°28'33", long 107°5u'33"; culvert on
county road 1.5 miles southeast of Rulison.

Battlement Reservoir near Grand Valley, lat 39°22'25", long 107955'50",
at head of Battlement Creek about 4 miles southeast of Grand Valley.

Battlement Creek near Morrisana, lat 3G°24'35", long 107°57'29",
about 0.5 mile west of Rulison project site about 7 miles southeast of
Grand Valley,

Tributary of Battlement Creek near Morrisana, lat 39°24'33", long 107957 .u4",
about 1,200 feet northwest of Rulison project site about 7 miles southeast
of Grand Valley.

Battlement Creek near Grand Valiey (9-0926)i lat 39°26'10", long 107958 hO"
on left bank 300 ft downstream from ford, Y45 miles upstream from south,
and 5 miles southeast of Grand Valley,

Spring Creek near Grand Valley, lat 39°23'41", long 108°05'32", across
Colorado River from Una railroad siding, £ miles southwest of Grand Valley,



Table l.-~Location description of surface-water sampliag pointcs,
Rulison Project area, Garfield and Mesa Counties, Colorado--Continued.

Colorado River near DeBeque (9-0937), lat 39°20'22", long 108°11'35",
on right bank 50 feet downstream from U. S, Highway 6 bridge, 1O miles
-east of DeBeque,

Vega Reservoir near Collbran )9-0961), lat 39°12'30", long 107°48'40
at dam on Plateau Creek, 10 miles southeast of Collbran.

Plateau Creek near Collbran (9-0965), lat 39015'00" long 167°50125",
on right bank 10 ft downstream from private bridge, 12 miles downstream
from Leon Creek, and 6 miles east of Collbran.

Road Gulch near Collbran, lat 39°17'30", long 107°h3'18", above
convergence of Sheep Creek and Road Gulch 16 miles east of Collbran,

Buzzard Creek near Collbran (9-0975), lat 39°16'20", long 107°51'00",
on right bank 150 ft upstream from county bridge, half a mile upstream
from Brush Creek, and 7 miles east of Collbran,

Brush Creek near Collbran (9-0976), lat 39°19'30", long 107°50'30",
"4.5 miles north of Peninsula road and about 8 miles northeast of
Collbran.

Hawkhurst Creek near Collbran, lat 39°16'21l", long 107°54'52",
at culvert 200 yards west of farm house and 0.5 mile north of convergence
“with Buzzard Creek.

Kimball Creek near Collbran, lat 39°17'00", long 107°57'13", at
culvert of first crossing about 3 miles north of Collbran,

Plateau Creek near Cameo (9-1050), lat 39°11'00", long 108°16'10",

on left bank 300 ft from State Highway 65, 1.1 miles upstream
from mouth, and 4 miles northeast of Cameo.

-5=- (Continued)
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(Chemical analyses in milligrams per liter)

Table 2.--Chemical analyses of wdter from surface waters, Rulison Project area, Garfield and Mesa Counties, Colorado.

)

Hardness as

: Dis-
i , . CaC Specific
{Tem- Ccal- Mag- Bi _ Car- : % soi:zd conduct-
Station name Altitude Date Time per= i ne- Lor bon- Cal- Non- sotids ance Tritium
: (ft above msl) o lature Ecum sium _bon- ate cium car- (resi- (micro- PH Turbidity | (Tar)
ir0 a) ate _ ’ . due :
(°c) (Mg) (1ca, ) (ng) mag- bon- at mhos/gm :
- ne- ate 180°¢) at 25 c)
sium
"ado River at New Castle 5,515 8-26-69 .  .1225 19.0 71 14 161 0 2 103 4 8 T, 6
Do do 10-19-69 11600 i 8.0 -- -- -- -- §? ~= . 5§- ?§ 7-§ -- <ggg
Mamm Creek near Rifle 6,220 9- 2-69 11500 27.0 51 60 671 Y 374 0 1,050 1,460 8.1 -- <220
e Mamm Creek .near Rifle 6,830 8-27-69 11235 19.5 by 21 261 0 197 0 237 450 7.9 8 <220
Mamm Creek near Rifle 7,080 8-27-69 1145 13.5 62 31 360 0 282 0 369 648 7.6 4 <220
Creek near Rifle 5,610 8-27~-69 1300 275 51 .93 . 588 0 510 28 1,390 1,820 7.7 50 <220
r Creek near Rifle 6,685 9-20-69 1209 10.0 36 8.0 173 0 124 0 149 282 8.1 15 <220
Creek near Rulison 5,950 8-27-69 1025 13.5 21 y, 101 o] 71 0 81 171 7.0 5 263
e t Reservoir near Grand Valley 10,200 9- 3-69 1000 7.0 7.1 .8 35 0 21 0 53 60 7.0 - 336
e. ¢ Creek near Morrisana 7,760 8-28-69 i 0815 9.5 10 2.5 55 0 36 0 T4 | 96 7.1 10 229
ement Creek near Morrisana 7,760 9-20-69 1355 9.5 12 2.6 59 0 41 0 41 100 . T4 2 <220
- tary of Battlement Creek near : ' . » ;
risana 7,880 8-27-69 1500 17.0 36 11 200 0 135 0 147 322 7.3 <1 <220
Do do 9-20-69 1400 16.5 36 11 - 208 0 135 0 178 338 8.0 7 <220
ement Creek near Grand Valley 6,630 8-27-69 1425 8.0 17 5.0 89 0 63 0 110 150 6.8 2 258
Do | do -20-69 1320  11.0 .23 7.3 126 0 88 0 104 212 8.0 2 <220
ement Creek near Grand Valley do 10-19-69 1420 4.0 -- - .- -- -- -- -- .- -- -- <220 -
g Creek near Grand Valley 5,080 -27-69 1610 22.0 29 38 334 0 229 0 471 790~ = 7.9 1 <220 .
ado River near DeBeque 4,940 26-69 1615 23.5 67 15 157 . 0 229 120 53T 882 - 6.5 .10 "7 335
Do do -20-69 1515 17.0 105 16 166 0 328 192 601 1,030 8.1 10 <220
Do do 10-19-69 1200 18.0 -- -- C - -- -- -- -- | e- -- - 288
. Reservoir near Collbran 7,906 -26-69 1945 14.0 18 3.2 81 0 58 0 56 124 6.7 y .. 230
au Creek near Collbran 7,130 =27-69 0755 12.0 17 4.2 83 0 60 0 57. 121 6.8 2 2Lo
Gulch near Collbran 7,400 28-69 1110 18.5 51 10 295 0 168 0 276 k75 7.9 15 <220
rd Creek near Collbran 6,955 -26-69 1830 22.0 51 25 338 0 230 0 383 565 . 7.8 10 - 430
Do ‘ do ~20-69 1800 14.5 76 18 322 0 264 0 335 580 8.2 2 <220
Creek near Collbran 8,183 -26-69 1905 16.0 51 13 248 0 181 0 201 350 7.9 10 263
urst Creek near Collbran 6,560 8-26-69 1800 19.0 51 29 430 0 247 0 370 605 7.5 2 354
Do do 9-20-69 1655 4.5 76 30 443 0 313 0 Lok . . 668 7.9 <1 250
1’ “vreek near Collbran 6,880 8-26-69 1735 17.0 67 20 433 0 250 0 384 610 7.5 <1 <220
Do do 9-20~69 1630 12.5 105 20 481 0 345 0 h2s 708 7.9 2 <220
1u Creek near Cameo 4,836 8-28-69 0955 18.5 41 38 S h11 0 . 259 0 e, 780 8.1 2 <220
Do do 9-20-69 1545 17.0 37 35 385 0 237 0 418 712 8.1 8 . <220
Do do 10-19-69 1100 16.0 - -- -- -- -- .- -~ -- -- -- 291
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Table 3.--Records'of selectec wells,

Rulison Project Area, Garfield

Location number: See text for numbering system,

Date of inventory: Date of inventory, water-level measurement, yield measurement,
Depth of well: All depths are reported depths given in feet.

Altitude of land surface: Altitude, estimated from 7%-minute quadrangle

Method o
Yield:

f lift and ¢t
R, reported;

Use of water: D, dor
Temperature: Recorde

topographic maps, is given in feet above mean sea level, Remarks: DC, depth-u
Depth to water: Measured depths to water are given in feet and tenths
below land surface; reported depths are given in feet below land surface,
, Owner "~ Date Year Depth : Casing Altigude Depth
Location of to
; or of com- land
nunber tenant inventor leted well Diameter Type surfa water
J P (feet) (iaches) yP urace (feet)
(feet)
SC-5-92-334AAC W. D. Jewell 10-22-69 - 1962 35 6 Steel. 5,690 8.0
=7-94-06DDD R. Bingham, Sr. 10-20-69 - 1945 140 T Steel 6, 480 100 .
~7-95-0Tadb J. Lawson 5=13-69 1960 100 7 Steel 5, 160 30
-7-95-10adc-2 E. Schwab 5-14-69 1954 134 6 Steel 6,140 13
-7-95-10adc~2 do. ‘ 9-19-69 do. do. do. . Steel do. --
SC-7-95-10bda L., Haywood 5=-14-69 1962 143 5 Steel 5,990 43
-7-95-18cbb G. Rogers 5-13-69 1960 95 7 Steel 5,110 66
-8-96-12aac N. Dutton 5=-13-69 1949 160 6 Steel 6,100 14y
-8-96-12aac - do. 10-21-69 do. 165 6 Steel 6,100 134
-9-95-22bab W. Severson 5=15-69 1966 - 110 7 Steel 6,940 --
5 Steel 6,320 57

-9-95-26baa “P. Hight ‘ © 5=15-69 1951 T5




p sttty i hen
“ypEhis
T s F A

by \ L ; b

nctec wells, Rulisod Project Area, Garfield and Mesa Counties, Colorado

Method of lift and type of power: J, jet; P, pistom; S, submersible; E, electric motor.
cment. Yield: R, reported; E, estimated. :

Use of water: D, domestic; I, irrigation; S, stock,

Temperature: Recorded to nearest 0.5°C,

Remarks: DC, depth well cased.

. bid-
Casing Alti;ude Depth 4 Me;?od Yield Use Temper- Tuzt;d
to (gallons ature
i land 1ift of (milli- Remarks
Diameter water per of water
(iaches) Type surface (feet) and minute) water (°c) grams
1aches (feet) € ' power per liter) ,
6 Steel 5,630 8.0 -- -- D,S - -
7 Steel 6,“‘80 100 P’E - D’S ' ‘m- . L --
7 Steel ~ 5,160 30 J,E 1R D 16.0 L7 ==t " DC, 63 feet
6 Steel 6,140 13 S,E 50R D,I -- Lr .- :
do, Steel do. - S,E do. do. 17.0 ‘ 23 #
5 Steel 5,990 43 S,E -- D 11.0 : - : _
7 Steel 5,110 66 S,E - 30E D 12.0 .- T -
6 Steel = 6,100 14k P,E 2E D,S 13.0 -- DC, 160 feet W
6 Steel 6,100 134 P,E 1-2 D,S 12.0 “- DC, 165 feet e
7 Steel 6,940 -- - §,E . 5E D,S 10.0 -- a
5 Steel 6,320 57 J,E ~- D 15.0 -




Table 4,--Records of selected SpringsLiRulison Project Area, Garfield and Mesa Counties, Colorado.

Location number:

Date of inventory:

measurement,

Altitude of land surface:

See text for numbering system.

Date of inventory and yield

Altitude of point of dis-
charge, estimated from 73-minute quadrangle topo-

graphic maps, is given in feet above mean sea level,

Yield:

Improvements:

E, estimated, ,
Use of water: D, domestic; M, municipal.

U, undetermined,
Temperature: Recorded to nearest 0.5°C.

B, box; D, ditched; P, pipe;

Date

Altitude Yield

fore chlorination,

Temper- Turbidit
Location Owner or tenant of of land (gallons Improve= atgre (milligraia Remarks
number : { surface per ments °
nventory (feet) minute) water ("c) per liter)
SC-6-04-32cca W. Wells 10-20-69 5,770 - D U -- -- Sample collected
o from tap in
' house,
-6-95-36aab Mr. Lemon 9-5-69 5,200 -- D D 13.0 -- -
~-6-95-36aabl Mr, Lemon 9=-5-69 5,200 -- D D 13.0 -- --
-6-95-36abd  Mr. Lemon 9-4=69 5,200 30 E, D D 12.0 -- --
-6=95-36abdl Mr. Lemon 9-5-69 5,200 .- D D 13.0 -- --
SC-7-94-0tbde C, H. Bernklau 10-20-69 -- -- D U .- .- Sample collected
, from tap in yard.
Do do do 6,040 -- D B,P 10.0 -- Sample collected
‘ ’ at spring,
-7-95-05dcd  City of Grand : ‘
Valley 9-20-69 5,360 -- M U 14.0 <l --
-7-95-05dcd  City of Grand
Valley 10-19-69 5,360 -- M U 12.0 -- Reservoir feed be-
fore chlorination,
-7-95-08cca J. Satterfield 5-14=-69 -- -- - U -- -- .-
-8-95-24acc F, Wallace 9-19-69 10,200 -- -- U 7.0 1 --
-9-93-19bda  C. T. Bruton 9- 469 7,180 75 E, D U 9.0 - -
-9-95-26daa  City of Collbran 9-20-69 6,040 -- M D T+5 3 Sample taken be~
Do : do 3-25-69 6,040 -- M D 8.0 --




Table:5.--Records of selected cisterns, Rulison Project Area, Garfield and Mesa Counties, Colorado.

Location number: See text for numbering system, Source: D, irrigation ditch from Battlement Creek;
Date of inventory: Date of inventory and samples, E, estimated, '
Altitude of land surface: Altitude of point of dis- Use of water: D, domestic.

charge, estimated from 7%-minute quadrangle topo- Temperature: Recorded to nearest 0,5°C,

graphic maps, is given in feet above mean sea level,

Altitude

Location Date of land Use Temper- Turbidity
N Owner or tenant of Time N¢ - Source of ature  (milligrams Remarks
number : surface P
inventory (feet) water (°C) per liter)
7-95=10ab Mrs. M. Barr 9-19-69 - 6,080 D D 13.0 8 In cistern
7-95-10ab do. do. 6,100 D D 18,5 5 In house
- 7-95-10ab M. Barr 9-19-69 6,120 D D 11.5 5 ~Irr, house
7-95-10bdb D. Moore 10-20-69 -- D D -- --
7-95=10bdc D, Moore  10-20-69 - D D 6.0 ° --




Table G.--Chemicsl nnalvses of water from xcl&étcd.wvllilfj§:4prings and cistesas, Rolison Prod v Area,
. . o e i

Gariicld and Mesa Countices, Colorado,

Location number: Sece text for well andi spring numbcring system, Clussificatior: W, wells; S, spring; D, ditch; C, cistern

;% (Chcm{cal analyses, in milliL.Jms per litor)
1 Al Man- Ccal- ;Sod— Potas- Lith- Bicar-~ Car- Sul- Chlo~ Fluo~ Ni= Phos= Sele- Diss°1V°d .ig::3£tf Hafd#cﬁﬁ a5 CaCo,
Dz;e Time Silic minzm %;0; 82~ ium ? sium ium bonnt$ 522- face ride vride trate phate C?g3§r %;n§ nium B?;;“ (122;;ds ( ance Cal- Hon= pH Is;t-
Si e) nese K Li e, Y so 3 N (N - ; n - ue micro- cium, -
g% collection ( IQ?) (Al) (In) (Ca) (Sr)%:(Na) ( ) ( 1) (l1(" (CQ;)( Oy (Cl) <FI '(hQ3) (PQ4) (Sc) at 180°C) _ mhos/cm mag-~ 'Ezz- T.U.
at 25°C) nesium ate
- 0.5 «0.01 403 0 20230 0.9 20  <0.01 0.02 0.11 <0.0l 0.2 8 1,1z ;
-22-69 1230 31 <0.1 0.06 <0,01 T2 . .11 <0, 0.20 783 0 565 234 7.6 <220
18_20_22 11%0 29 <.l .04 <.01 61 b7 <.01 ,26§ 0 35 7.9 .2 1 <.01 .04 .11 i<,01 .02 304 '500 219 1 7.6 <220
9- 5-69 - == - - -8 - o fzi 2 oot Tt T . ) 695 222 0 8.0 <z20
9- 5-69 - - - - -- 8 - - iio v =TT - - == == == -- -- . 116 €98 330 0 7.9 <27
9- 4-69 -~ - -- -~ ‘\\81 o , 0 T o o - == - == - 433 725 322 0 7.8 220
L . - - - 85 "= = 43]“ 0 == = =" == == it == - - ; 422 T12 320 0 8.0 220
- 9~ 5-69 | 3.4 ol 434 o 11 2 14 o1 2 . z: o<
. -20- .1 .03 <.01 75 . : 43 . < -0z .07 <.01 .07 531 825 357 1 7.6 <220
: ig_gg”gg iggg g; 2.1 O .02 T4 3.4 .01 131 0 Yo 11 2 14 <.01 .0l «<.01 <.01 .06 512 820 35 1 7.6 :220
; 10-20-60 1100 36 <.l %0.0 <.01 66 32 <Ol 325 0 o7z .2 8.1 <0l .2 .19 <0l <0l 3% SL5 264 o 1.1 220
; 9'20'69 - == -~ 30.0 28.0 o o 3 0 o o o o T o o= = - 289 518 4190 0 7.9 <220
O R R T I ToTono Tononononoo O
v 5--13-63 -~ - -- <0l -- I R R 1,470 -- -- 7.3 <220
' “1h- - -- - -- -- _ . - ~ T ) - =otT - - =" ~- -- -~ e~ <220
z Z“ig_gg - - -- .22 -- 27 - . egg 13 oo T . - 252 ok 0 9.6 --
" S1h-69 ~- - -~ .02 == 31.0 20 - T T 438 160 0 7.8 | 323
. . — 0 - - - =e - == - - -- - == -- -- -- -- 87 - -~ .-
W 9-19-69 == - - 2.81 - -§ - -- b2t 0 - " == -- == == m- - -- ., == 710 -~ - 7.8 <220
W 5-14-69  -= - L 03 < o1 35 1.9 «.01 -- 7 . 11 8 .1 .8 <0l .01<.01 <.01 .0l 103 310 & - . 13 0.8 275
o 10-20-69 1000 9.9 <-1 -05 Sol 29 1.7 <.01 154 0 . 18 .6 .2 <.01 ,0l <.,01 «<.01 .03 154 270" 11h.. 0] 8.2 315
c - 10-20-69 1030 20 LS <0l R , - 313 0 -~ =- - -- -- - == - - - 892 -- -- 1.6 236
W 5-13-69 == .oV A . : L, L
. 9 19 69 .‘ %0 <.l .01 <,0L1° 8 8 2.0~ .0)4 2'.')4,‘ .9 <001 3819 : 8 05 l3 o1 -5 <.01 - - .Og . .02 >~;,-“6,+ . . gj 30. .0 7.0 <220
T : ' - -- .= -- - R ; : - .= - == - - - e O 782 - -— T.8 <2l
W 5-13-69 -- == == <01 : 3.7 .02 299 0 108 35 Q15 01 .0l .k ol 6 486 60 ’ 2
.01 u8 ul 1.1 - 56 9 , <. . A7 <. .0 _ 7 29Q 45 T.7 <220
v P o 1033 B <b 00 e e R 1,280 484 My 7.6 <220
s - —- - e e e ee e e —.ee e e R -~ 6 -- -~ 7.6 £l
w 5_15_69 - - o hadiad aoz . e . . 75 + 6 rlf
- . - R - - == 563 0 - == -~ -- ~ . e- - .- -- 1,120 -- -- 7.5 3¢
ﬁ 5-15-69 == - - 02 - 16 33 ae’ ae = -~ L2 0 e e 509 ,’652 325 0 1.7 367

9-20-69  -=

.

505 474 i
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