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. RADIOCHEMICAL ANALYSES OF WATER FROM SELECTED
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PRIOR TO REENTRY DRILLING, PROJECT RULISON

By

" Paul T, Voegeli, Sr,, and Hans C, Claassen

A

INTRODUCTION
The U,S, Geological Survey esﬁabiished alwater—éampling network

in.cgntral and weétern»Colorado on behalf of the U,S,‘Atomig ﬁnergy
Commission to sample the hydrolégic enVirbnment prior to and during
the reenﬁryldfilling and the gas-production tést phase‘oflPrbject‘
Rulison, én experimént to sfimulate gas production'from a low yield
reservoir by a nuciear éxplosion, Samples obtéined from selécted_Al
streams, wells, sﬁrings, and frda precipitation are anaiyzgdAfor
trifium, gross alpha, and gross beta activity, The analyses are
- made in laboratories of the U,S,‘Geoiogical‘Survey,'Denver, Coloradé;
This report contains data from analyses of- samples from the
. network collected prior to reentry drilling (startea'Aﬁril 28, 19705;:

including'sample data obtainéd both prior to ana éfter the'nuclear
detonation, The data are intended to give fepfeéentative values
. over apprbximately_a 1—yeaf-period.and to sﬁow variations in natural

radiocactivity,



) A.de5cription of the procedures used in collectioﬁ, analysis; and
reporting of data is:included to allow the reader to evaluate the
quality of the‘data presented and to permit direct cémparison bétween
data obtained by the Geological Survey and by:othe? ageﬁcies,

Water samples will Be gollected from the sampling points (fig., 1)

until the flaring of gas. is discontinued, Stream and composite.

. precipitation samples will be taken to coincide with the gas production

schedule: A sample will be ﬁakeﬁ to coincide with each phase of high-
volume gés production_and with each ﬁeriod of lqw-volume gas productibn
or shut-in period. In addition to the sampling‘during the'gas-préduction
phase, streams will be'sampled every 30 days after the start of feenery
dfilling, Wells and springs will be sampled SC'days after the start of-
reentry drilling aﬁd'then every 60 t0'96 dayé thereaffer; If gnomalies
are detected at any sampling poin;, the frequency of saﬁpling will be
increased, “ |

SAMPLE-COLLECTION PROCEDURES

The low levels of natural radioactivity in environmental waters.

- make it important to collect samples in a manner that minimizes con-

taminationzof theisample during and after collection, Sample-collection
procedures ére described to befmit'evalgation of anaiytiéal data .
supplied, The sampling technique used depends on whether a surface~
water, .a ground—wgter, or a precipitation samble is collected and on

the type of analy;is télbe made, _A'deséription of these techniques

follows.
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Surface-Water Samples -

Sa@ples to bevanalyzéd for tfitium'are collected in 324ougce glass
‘bottles fitted with nonporous screw baps,’ Thé bottle is inverted'ang
immersed in water with the bottle neck down, .It is then turned upright
and retUrﬁed to the surfacé,

- The firét'dip i§ used as a rinse and discafdéd in such a manner
that the.sampling point is not &isturbed; . The samplé.is collected in
the'samé’mannér as évae, using the saﬁefbotfle, The screw cap is
tighfly éffixed, tﬁé‘dutsidevof the bottle is dried'With a dispéSﬁble.
towel to avoid crosé-éontaminéﬁing the bpttles; and the bottle is
'labeled.‘ Thé cap is sealed with vinyl tape to ensure that ghe éample
is not contaminated béfore arriving at the laboratory.

Samples to be analyzed for grosé alpha'énd gross beta radioaétivity
are collectéd in the same manner as the tritium sampies, using a 4-liter
.polyethylené bottle with a polyéthylene screw cap. .This bottle,is also
sealed with vinyl tape and the bottle labeled. The sampies are filtered
in thé lgbératofy’through a O,45—ﬁicron filtér membrane, and sepafate
determinations‘of.gross alpha/gross beta actiyities are made on the

sediment and the filtrate,



Ground-Water Samples

Samples to be analyzed for tritium are colleéfed in 32-ounce glass
Bottles'with nonporoué screw.céps. The saﬁple is collectéd in a manner
that. eliminates dr at.leasf'miﬁimizeg contaﬁination by air. If a
" submersible pump is in dée and a hose connection is available at the
well head, a»hoée is'attached to the connection wifh the free end Qf
the hose touching tﬁe inside bottom of the 32-ounce glaés bottle, The
bottle is a}lowed to fill and flush for about 30 seconds. lThe frée end
.of the hose is'sléwly wifhdrawﬁ'to minimiée_air,entréinment in the waéér;
" The bottle is thén capped,_sealed'with'tape, and labgled{

If no tap is available at the welllhead, a sampling péint and
procedure is chosen wﬁich will provide a sample with the 1east.prds-
ability of air'contaminatidn; Deviations ffém the normal procedure are
noted -on the bo;tle label.

Samples to be analized for gross~élpha and gross Beta radioactivity
aré collected using the saﬁé procedures and cFiteria for choice of
éoilection point as the tritium samples; but'the Qatef'is placedlin a
1%-gallon pressdreﬁfiltration'unit. The filtfatién unit is sealed and
nitrogen gas under a pressure“of about 20 psi (pounds per square inch)
isvaﬁplied, forcing the water through a 4-inch, 0.45-micron membrane
~filter pad. The filter and the 4-liter polyethylene-receiviﬁg bottle
'are‘rinsed'by the first'few hundréd milliliters of water that come
through the filter, this rinse.waﬁer ié discarded, and théﬁ the &4-liter
polyethyléne bottle is filled.’ Concentrated(fabout 12 molar) hydro-

chloric acid (reagent grade, in glass ampoules) is added to thé sample




until the pH of the sémple is 1 ox less; the bottle .is then capped,
sealed with tape, and labeled,

Precipitation Samples

The_procedure described-beléw is fdllbWed in the collectioﬁ of ;
each sample ﬁo be analyzed for botb tritium ;nd’gross alpha/gross beta.
The procedure méy vary éccording to site, type of pre;ipitétioﬁ; énd
 Adate of collection. Thé procedUres'that have been used in céllecting

the samples discussed in. this report are descfibed_below. Additional
'procedures for collection of rain'sémplés wili‘be.discussed in a
later rgport. |

Prdcedure»l,--Snow samp les are>packed into 32-§unce glass Bottles
which are then capped, sealed with tape,'aﬁdblabeled.

Procedure 2.—-A-polyethylen¢ bag is haif-filled-wifh snow, labeled,
-and sealed, ' After the énow has melted, the water is poured into the
appropriate bottles--a 32—6unce.glas§ bottle for tri;ium énaiysis and a
4-liter polyethylené bottle fo; éroSs-alpha/grosslbeta analysis, The

bottles are capped, sealed with tape, and labeled,

LABORATORY PROCEDURES
Water samples received for analyéié at the DenVer laboratory are
first aséigned a laboratory number. Sample-bottles.afe marked with
these numbers énd all pertinent information supplied with;thé samples
is typed on the anglyﬁical transmittal.sheeﬁ. The bbttlgé'are then

taken to the appropriate laboratory for analysis. A summary of the

laboratory practices and procedures follows,




Triﬁium
Tﬁé samples of waterAare énalyéed fér tritium by liquid
scintillation Eounting..‘A small volume of the sample is digtilléd . :
to dryness, ‘Using an aliquof'of completely distilled sample eliﬁinates
interferencé caused by dissolved solids as well as possible fraétionj
ation effects, For counting, a 4,0-milliliter aliquot of the sample
distiliage is mixed with 18,0 milliliters of a dioxane-base, liquid-
scintillation ”qocktaii" inla'polyefhylehé countiﬁé vialé Lébofatory
: procedures ére désigned to minimize air contact with the sample, Th¢.
vial is biaced-ip a Beckman Model LS-lOO.ér a Nuclear Chicago Mark 1
liéﬁid-scintillation'spectrometer and .the éample is cdunted féf at
least 240 minutes, o - - -

Tritium standards of known concentration, obtained from the

ﬁational Bureau of Standards, and water with no tritium activity
(blank), obtained from deep wells, are counted with each group of
samples, The‘actiyity computed for a sample iscalcuiated_by
comparing thé values'of standards, blanks, and samples. The data .
~are adjusted.for instrument noise; detection efficiency, and random
procedural errérs.
‘A detection le§el for the set of sampies is caléﬁlated using phe

follpwing procedure.’ Twé times the theoretical sﬁandafd deviation of

the mean of the counts of each sample is calculated by the equation

%
(raw counts)

25 =2

t




where: 2g is the theoretical two-sigma (counting statistics),
raw counts represents the total number of counts registered
for that sample,
t is the total time the sample was counted,
An experimental two-sigma for each sample is then calculated by
the equation
o n _ 3
T X-X)2|
. i
i=1 :
n-1

where: 2s is the experimental standard deviation,
n is the,number of times the sample was counted,
X is the mean counting rate of the sample,

Xi are the individual counting rates of the sample,

The larger of the two values (2¢g, 25)'is chosen as the probable
error (the 95 percent cqnfidence level) for the sample. Samples for
use- in the calculatipn.of'detectionvlevel are chosen by comparing the
counts-per-minute (gpm) values (Xi) of e;ch sample.with a value of
1.2 timés the average Background cpm (note that 1.2 times éverage
baékgroﬁnd:zvaverage backgrouﬁd +2o'or 2s for the background), Only
those sample values which are less than 1,2 times average background
(Xi) are used in!determination‘of the detéctipn levgl.

The 25 or 2s values corresponding to .the Xi values chosen are
tabuléted in order of incregsing magnitude, shmmed, aqd,the 95-percentilé
valﬁe determined, This value is considered the detection level, A wvalue
of about 200 to 400 tritium units or 640 to 1,é8O bCi/l (picécuries per
liter) has been determined by the above proéedure to gene;ally be the

detection level,




" The units Q;ed in this report for reporting trifium in water
samples are both the.;ritium-uqit (TU); defined in Jacobs (1958) as
a concentration of oné tritium atom in 10*® protium apoﬁs, and the.
activity unit of pCi/1 (3.20 pCi/l =1 TUj. 'Thé tritium vélqes’are

reported. to tﬁo significant -figures.

Gross Aipha and Gross Beta

.The grdss alphé and groés beta radioactivity values are dbtéined
by eVaporatiﬁg»a suitable"quantity'of the water in a teflon .
.eQapérating dish{ transferring_éhe resuiting solids &iﬁh smalltamountg
- of dis;illéd watef‘onto a ringed planchet, evaporating to dfyness at
103;105°C,‘and counting these planchets in a thin-window, flowing-gas,
prdportionél counter, Samples for which fadioactivify valﬁes on éus7
pénded materials are desired are filtered ;ﬁ the laboratory through a
0.45-micfon membrane filter, and the filter cake is dried at 103-105°C
bef¢re counting., Alpha and beté valueé are obtained from the same
planchet, The déta are compared with a célibration curve obéained by
adding known amounts of Cs-137 of Sr-90 to synthetic Qéters having
similar compositions to those of the:waters being analyzed.
The detection 1evéi is determined according to procedures described
"by Barker and Robinson (i963), Theydescfibe two cases as followé:
€D _If the Het sample counting rate exceeds the background
'couhting réte'by more than two stanaard dgviations,
" calculate théAbeta activity from thé equation

1,000 (R-B)
EV




where 'R = gross counting rate

B = background counting rate in counts per minute
V = sample volume in milliliters
E = efficiency of instrument,

() 1f the net sample counﬁing,rate.does ﬁot'excéed the back-
ground counting rate by more than two gtan&ard deviétions,
the result is reported‘as less than the miﬁimum detéctiéﬁ
ievel (MDL) . |

2,000 Gn’
MDL i

where op = the standard deviation of the net counting rate

and is caléulated by the following equation:

2, R]%
O’n =[O'B + q{'] !

where.gB = the standard deviation of background counting rate

sample counting time,

The units for’reportiﬁg ;he'aipha and beta data in this report
are choéen to'alléw comparison with data feported by other agencies,
These units, and the étandards théﬁ were used for calibration, are
discussed below. |

?he‘gross alpha and grosé bétaAdaﬁa are repoftéd to two

significant figures for values greater than 1.0 pCi/l and one

significant figure for values less than 1.0'pCi/1.

10



Gross Alphé
'The U.S. Geologidal Sﬁrvey has used ﬁatﬁral ufanyl acetate‘as an
~alpha standard since 1957, ‘Tﬁe term'”natural-uranium" is defined in’
the Code of Federal Regﬁiations 10 éFRA150.20,5c as 3,000 kg'(kiiograms)
natural U =1 Ci (curie) natqral U= (3.7 x 101°_disintegrations per '
second F38) -+-(3.7 x 10t° disintegrations per second UR34) N |
+ (9°x 1d3 disintegrationé per second WR35), Theréfore the'cpnversion
from.rédioactivity expréssedvas.uﬁits of mass to units of radioactivity
as pCi/l is:- lpCi/natural U =3 ug (miérograms) natural U, In this
repért; tﬁe.grOSs aiphé data are preéented both in units of mass

(g U/liter) and in units of radioactivity (pCi/liter).

Gross Beta
Gross beté data can be reported in‘many ways; Sr-90 equivalent
.and'Cs—137 equivalent are most commonly used, The difference is only '
in which isotépe.is uséd for_calibrétion, Although Sr-90 is'commonly
used Aé a gross beta standard by tﬁe U.S. Geological Survey, gross beta

values calibrated with Cs-127 are also tabulated in this report to

facilitate interagency data comparison and evaluation,

RESULTS
The results of the analyses of the streaﬁ, well, spring; and
preéipitation samples collected prio; to reent?y drilling at ﬁhe:
Rulison.sitelare presented in tébles i through 4. Tﬁe data from samples
colleqted April 1-12, 1970,'afe included. 1In addition,Aresults.from
selected samples colleéted prior to April 1970Vare inclﬁaed td provide_
baékgroﬁnd data,
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Table 1.--Radiochemical analyses of water from selectcd streams in western Colorado

Location tatitude N.{ Longitude W. DistﬂnC{ X Tritium Dissolved Suspended
v c from Gross alpha Gross beta Solids Gross alpha Gross beta
Sample | | . s . surface Date . il i
Stream point § Z1Z|E|C| 2|09 el o|g ground of . | . /1 Ci/l L Remarks
numbe r17 § 2 loly § ‘05 ] ¢l 215 lzevo, in  leotlection PCL/L) TU | (wp/1 as | (pCif) as as (pa; mg/1 (wg/1 as | (pCi/1 as | as (p::”‘
H clolof 2lgly ol Ejo miles U natural) | U natural)|Sr-90/ Cs-137) 2 U natural)| U natural) |Sr-90/ Cs-137)
Flelwn|*]l olz|w al z|w kilometers Y-90) ¥-90)

Roaring Fork 1 2/). 39 10 48 106 48 05 64 (103) 4- 6-70 <960 <300 7.8 2.6 2.3 2.9 <1 <0.4 <0.1 0.6 0.6 USCS gaging station
River nvar ) : - 9-0734. N
Aspen

Colorado River 590 31 SW 39 34 06 107 32 26 25(40) 8-26-69 1,100 350 -- .- -- -- - - -- -- USGS gaging station

Y ar New Castle 10-19-69 1,100 350 -- -- -~ -- -- -- -- -- 9-0876.

4- 6-70 1,300 390 28 9.3 8.7 11 16 .9 .3 1.1 1.3 ’
fwaver Creck 3 6 93 20 SE 39 30 40 107 48 03 10.‘6(17.1) 3-24-69 <700 <220 <2.6 <.9 2.5 3 -- -- -- .- - Sample collected
acar Rifle between settling
pond and filter
plant, Rifle
water works.
3 794 1 NE 39 28 20 107 49 55 7.6(12) 9-20-69 <960 <300 -- - -- -- -- -- .- .- USGS gaging station
4-10-70 <960 <300 6.9 2.3 3.4, 4.2 39 3.6 1.2 2.9 3.3 $-0925.

Kimbhall Creck 4 © 99514 NE 391700 .107 57 13 8.4(14) 8-26-69 <960 <300 -- -- -- -- -- -- -- -- --

near Collbran 9-20-69 <960 <300 -- - .- -- -- -- - -~
. 4-11-70 <1,300 <400 7.2 2.4 7.6 9.4 10 5. .2 5.8 6.4

Platcau Creek =~ 5 10 97 18 SW. 39 11 00 108 16 10 A 23(37) 8-28-69 <960 <300 -~ -- - .- -- -, -- -- USGS gaging station

near Cameo . : . 9-20-69 <960 <300 -- -- - -- .- -- -- -- 9-1050.
' 10-19-69 <960 <300 -- - - -- -- -- -- -
4- 6-70 <960 <300 24 8.0 7.1 8.9 98 6.1 .0 3.9 4.9

Colorade River 6 897 23 sWw 392022 108 1t 35 14(23) 8-26-69 960 300 .- -- -- .- .- -- -- .- Downstream 2.7 miles

near Ueleque 9-20-6%. 960 300 -- -- -- -- -- -- -~ -~ (4.3 kilometers)
10-19-69 <960 <300 .- . -- -- -- -~ - -~ -- from USCS gaging
4~ 6-70 1,200 380 17 5.8 1.6 9.5 16 - .7 2 1.2 1.3

station 9-0937.

1/

27
="Het survexed,

=" As shown on figure 1.




et

Table 2.--Radiochemical analyses of water from selected springs in western Coldrado

Location |{Latitude N. |Longitude W.| ) . Tritium Gross alpha Gross beta —
Sample o = Distance from Date - ('Ci/l -
] pl1
owner or temant soint t;z = .g ‘8 o g. @ § surfac(.e gr?und of (ug/t (pCi/l ae (pCi/1 Remarks
el grsl 8 ¢ 851 §1 Y[5 (6 [zero, in miles wrian PCI/1} TU as as as :
number=/4E21 2t o a1 | 2 S{. &1 218 (kilometers) collection . R S1-90/
ow|lalo|] 9| o =4 o o |~ | o s e . U natural)|U natural) -90) Cs-137)
= Zin|A| A = 2] al|xX|w
Mrs. Betty Potter 20- 6 94 31 NW 39 29 20 107 56 12 5.7(9.2) 3-20-69 <700 <220 12 3.9 8.4 11 -
. 4-10-70 <1,300 <400 18 - 5.9 8.8 9.1
Carl Bernklau At 79 4 Nw 39 28 09 107 53 45 '5.1(8.2) 10-20-69 <960 <300 10 3.4 4.6 5.8 --
’ 4-10-70 <960 <300 10 3.5 4.3 4.8
Town of Grand Valley 22 7. 95 5 —SE_ 39 27 49 108 00 58 5.3(8.5) 3-21-69 <700 <220 21 6.8 3.0 3.7 Town of Grand valley
) ' . . 9-20-69 <960 <300 -- -- -- -- water supply.
10-19-69 <960 <300 -- . - -L . . o
4-11-70 <1,300 <400 . 20 6.7 3.0 3.4
Otis Murray 23 796 35SE 39 23 23 108 04 28  6.8(11) 3-18-69 <700 <220 11 3.7 6.7 - 8.4 --
4-11-70 <1,300 <400 .45 15 19 24
Cecil Gardner . 24 79518 N 39 26 16 108 02 40 5.6(9.0) ) 3-26-69 <700 <220 26 g.7" 4.6 .5.8 e-
. 4-11-70 <1,300 <400 31 10 5.2 6.0 '

}‘/As shown on figure 1.
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Table 3.--Radiochemical analyses of water ¢rom selected wells in western Colorado

Location “{Latitude N. Longitudell Tritium ] Gross alpha l Gross beta i
sampl - R 1 Distance from Date — ; teCi/1
amplé 4 x| g| 9| of @ w| wl| w!| w|surface ground ‘ (ug/l (pCi/l P (pCi/l
Owner or tenant point g2l ol o) =) 9} 9 o ¢} . as Remarks
o ber rafel|dl ol @ 8 g ol = g | zero, in miles} : 1. tiion pCi/1 | TV as as 5r-90/ as )
S %ﬁ < o % ] A Y& 2 (kilometers) U natural) U natural) ¥-90) Ccs-137)
goislalwl Bl Elwl alsl v |- » . .
Norman Mead 15 € 94 26 NW 39 29 50 107 51 44 7.7(12) 3-24-69 1,300 420 ) 6.8' 2.3 6.3 1.8 ' o --
: ’ : : ~ 4-10-70 1,000 310 . 17. 5.6 7_.0 7.3
Russell -Bingham, Sr. 16 794 6SE 39 27 41 10755 12 4.1(6.6) . 3-22-69 <700 <220 5.0 S 1.7 <35 <43 --
: 10-20-69 <960 <300 <&4.6 <1.5 2.1 2.7
4-10-70 <1,300 <400 - 4.8 - 1.6 3.9 4.5
= Albert Gardner 17 79520 NW 39 25 49 108 01 37 4.6(7.4) 3-26-69 960 300 9.1 3.0 <.b .5 -
’ K 4-11-70 <1,300 <400 17 5.6 4.1 4.4
§inclair 0il Co. - .18 6 96 29 SE 39 29. 31 108 07 23 11.1(17.9) 3-20-69 <700 <220 - ‘3 10 15 19 .-
. - _4-1?.-70 <1,300 <400 26 . 8.6 15 18
Willard Nicoll . 19 9 94 22 NE 39 15 49 107 52 02_ 10.6(17.1) 3-25-69 <700 <220 14 4.8 “15 19 --

4-11-70 <1,300 <400 34 1 6.0 7.3

1/

~"As shown on figure 1. . = -
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Table 4.--Radiochemical analyses of precipitation from selected points in central and western Colorado

Location Latitude N.|Longitude W. . Tritium Gross alpha - Gross beta
Sample N 5 . Distance from Date (i1 g ;
. 1+ : . pCi
Location point = §lcls| o 28| o |surface ground of - (ue/l (pci/l as | (PCL/L Remarks
A - 171 @ w wlole | | ¢ 0w ¢ | zero, in miles . pCi/1 TU. . as as as
number= c 20 vleolwl 3 0. & ]2 ° . collection : Sr-90/
2 e o|lojw| 2] 0 wl|le| o (kilometers) ) . U natural)|u natural) Cs-137)
L] [ Q- A ] Q | Q Y-90)-
A 3 wfANa| | »n Q| n
Denver, Colorado 7. “4S. 68W. 29 NW 39 40 30 105 01 40 . 154 (248) 3-23-69 2,000 620 -~ -- .- -~ .-
’ ' ) 10-15-69 <960 <300 -~ -~ -- -~
3- 6-70 <1,300.<400 -- -- .- -~
4- 1-70 -1,800 550 2.2 0.7 23 26
Kenpsha Pass, 8 8. 75W. 27 NE 39 25 00 105 46 00 117(188) 1-27-69 <700 <220 - -~ -- -- -~ ,Oﬁ_summit.
Colorado _ 4= 5-70 1,500 460 4 .1 11 12
Near Loveland Pass, 9- 2h 39 38 34 105 52 02 113(182) 1-14-70 <960 <300  -- - -- -~ Near Arapahoe Basin
Colorado’ ’ - 2-10-70 <960 <300  -- -- -- -~ ski area.
4- 2-70 2,100 660 1.0 .3 20 22
Near Vail Pass, 10 @2/ 39 32745 106 13 13 93(150) 1-14-70 . -- -- -- -- One mile west of
Colorado ) . 2-10-70 <960 <300 -- . summit.
4- 2-70 2,000 620 7.5 2.5 31 39
Near Grand Junctiom, . 11 1s. 1W.. 6 NE 39 06 .10 108 37 30 40(64) . 12-21-68 830 260 -- -- -= -- Samplidg-point at
Colorado - : ‘ junction of high-
ways I-70 and U.S.
6-50.
Near Grand Junctiom, 11 12s. 101W. 11 NW 39 01 47 108.39 10 46(74) 4- 7-70 1,100 350 1.2 4 21 24 At Colorado
Colorado : National Monument.
Red Mountain Pass, 12 ¢7)) 37 53 S50 107 42 40 105(169) 1-28-69. <700 <220 .- -- -- -- On summit.
Colorado 4= 7-70 1,500 460 <.4 <.1 15 16 .
Wolf Creek Pass, 13 /) 37 28 50 106 48 10 146(235) 1-27-69 <700 <220 .- .- -- ~- On summit.
. Colorado. s . 4~ 7-70 <960 <300 ~-- - -- ~-
Monarch Pass, 14 () 38 29 50 106 19 40 4~ 5-70 1,900 580 <.4 <.1 20 21 On sumﬁit.-

Colorado

108(174)

1/

© ='As shown on figure 1.

z/Nol: surveyed.
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