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PROPOSED RADIO_ECOLOGICAL EXPERIMENTS FOR THE

PROJECT RULISON FLARING OPERATION

Bio-Medical Division
Lawrence Radiation Lafﬁoratory, University of California
Livermore, California 94550

The Rulison flaring opefation offers a ﬁnique opportunity’fo_r
research on the mévement’ of tritium thrbugh_a natural open ecosystem.
Several of the proposed field measurements cannot be dul;licated by
labpratory im‘/estigations. In addition, fiéld 'verifiéation of parameters
that are amenable to laboratbry study or of derived parameters ‘is
always highly desirable whenever such studies are feasible. Th.e. _
Rulisoﬁ site is particularly app;opriate for study at this .time since its
source and e;ology are much more 'repreisentative of pfoposed new sites
of gas stimulation experiments than any ofher avéilable study site.

The ecological experiments propoéed here and the ecology prog;am
which the U.S. Public Health Service will carry out are supplementary
to each other and nolt gluplic;tive. Our i)rogram has véry séec'ific
objectives, including the measurement of parameters related to model
building. It would be accom?lished_ by intensive sampling over a short
period of tirﬂe. The PHS program is more concerned with the faté of
the released tritium over long, integrated time periéds without the

measurement of the same specific parameters. The experiments outlined
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below represent a continuation of studies on the movement of tritium through
the biosphere that Division Scientists have been conducting over the past
six years. |
Objectives
| The general objectives of this program would be to determine the
mo‘vement of tritium through an"exfosed, open ecoa'yst.em,' and to acquire
sufficient quant.itative data to adequately evaluate the combined preéic'tive
efforts mé}de by many 6rganiz’ationsﬁ for the Rulison flaring ope'ration.
Within the context of these objectives, the followiné parameters will be
~evaluated under actual field conditions ;avhereVe: the tritium levels afe
sufficient to 'p.ermit measuremerit.
1. Deposifion velocity of tritium.

2. Fraction of tritium deposited ‘upon vegetation.

3. | Half-residence time of tritium deposited upon vegétation.

4, Half-residence time éf tritium in soil.

5. Transfer‘of tritium ingested by dairy cows (via forgge) per

liter of milk.
6. Rate of inéorporation of tritium into. organic m;tter by
exposed organisms. -

7. Trangfef of tritium bet\&een trophic levels.

A particulér interest in the study would be the evaluation of
possible isotopic fractiopatit;)n mechanisms between organic matter and

-
.

) /



free water. The field studies are designed to test current models of
tritium movement through the environment, and to provide data to improve
- these models if necessary.

Experimental Procedures

The experimental p}an- is divided into‘ two parts: the rapid locatibn ‘
of exvposed ﬁreas and further detéiled studies.of exposéd areas. If n\o areas
can be found that are éxpdaeci af lgvels sigqificantly above‘ background, the
.f_;'econd phase would not be pursued. Most of the measurements will ha;ve
to be ;ompleted ‘within a few days foilovﬁ’ng any one of the t‘hree.high— rate
‘ flaripg p_eriodé, so that re-exposure is not a factor. An' exception would
be the determination of the th- residence time in soil. This measuremeﬁt
.cou.ld not be stafted until a large fraction of the total avctivity had been released,
and wpuld necessarily éxtend over-a léngthy period. Suitable Background
samples will be collected before flaring begins.

1. Location of Eprsed Ar'eas. Areas of possible exposure will

be located by fjelding 45 atmospheric moisture condensers at locations
within the Grand 'Valley-Morrisania Mesa-Holms Mes.a area (see map)
 that might be expected to be exposed under nighttime wind condit"io.ns.
These samp_ler; will be opérated. during the high-ratei_}_ﬁaring operations,
and water eollectéd at two hour intefvals during. favorable wind conditions.
The analysis of these samples will be done in the field, and results shouid
be available within several hours after céllection. it will not be possible

to field samplers in areaavvo_f expected exposure during daytime wind

conditions due to the rough terrain,
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2. Detailed Studies of Exposed Areas. If such areas are located,

the following samples would be collected simultaneously at daily intervals:
air moisture, sdil at several de»pths dow_n to a few centimeters, vegetation,.
avaiiéb__le small mammals, surface water, and milk if dairy cows are
within f:he exposed area. The collection of soil samples af several depths
down to six feet would be :started latér anﬁ at much longer sampling
intervals: Sample collection trips into areas of pos sibie daytime exposure
may also be attempted at this time.

Analytical Methods

A liquid scinfillation counting facility Will be established in the
vicinit)'r of Rifle which will be used to analyze the atxnosphéric_ samples.
The sensitivity of this ana.lysjils will be at least as good as 7 pCi/ml
(abdut 20 pCi/rx_‘x3 of air) 'for'*a‘ ten minute count. Aliquots of these sz;mples
will be saved if necessary for more sensitive ana'lysis by direct gas counting
or more sensitive liquid scintillation countix.ig‘ (sensiti\.rities of 0.1 and O. 4,
respecfively, for é 100 minute count). Measurements of relative humidity
'temperat'ure, and pressure w111 l;e made so tﬁat triti@m con;:entration
vallues in atmospheric water may be converted to concentration per unit
volume of air. Two wind velocity :e;ordera will also be placed in the area
to aid in the interpretation of data. |

Sampies other than atmospheric moisture will be returned to Livermore
for preparation and analysis. Biological and soil samples will be lyophilized
and the free watef é.nalyzed. Organic residues will be combu?ted and

analyzéd for tritium content.
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Needed Cooperation with Other Agencies

We are fully awarebf-the sens iti.vity of the residents within the area ‘
to indis__criminate sample collection. Coordination of all field activities
withi-réje.mbers of the U.S. .Public Health Service and other pertinent agencieé
is thewr:efore highly desirablé. It may be useful to extend such c‘oordination

to cooperative sampling progfarns in areas where tritium levels WcAuld be

high enough for extended study, éarticularly where pasture grass'and

milk safnplé.s are requiréd. ' 'I;his wou.ld have the additional benefit ofvproviding
a cross calibration between I;he two laboratories. Collaberatién with |
AEC-NVOO and ESSA wiil be sought to provide information on the generai
meteorologicai conditiong affecting the plume movement.A

Funding

’i’his would be an add-on, non- interference_ e:iperirnenti. - All funds

would be provided through the Division of Biology and Medicine of the AEC.
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- Radioactivity of Ground Water

Isdtopes, Inc., an AEC saféty contractor, predicted co#ficentra-
tions and movement of radionuclides in water for the Ruiison
detonation and concluded that the occurrence of levels of radio-
act1v1ty exceedlng the appllcable concentra-
tion’ guldes was not llkely at any use point. OgThe nearest use poxnt
for’ ground water is the community of Morrisania Mesa, approxi-
mately three miles from the detonation point, where water for
domestic use is taken from relatively shallow wells pene- *
trating alluvium. (11) FﬁﬂiliEE;-Mo:risahia Mesa lies approxi-
‘mately 6,000 feet above the detonation poingj 'aimost the
entire thicknesses of the Mesaverde and Wasatch Formations
separate the water-bgéging alluvium from the Rulison chimney,
and movement of radionuclides from the chimney . to the alluvium
is very improbable. Movement of radionuclides to the Colorado
River, which lies about 5,000 feet above the chimney and at

least five miles distant, is also unlikely.

Little information is available concerning occurrence'and
movement of ground water or magnitﬁdes of hydraulic gradients
existing in the Mesaverde Formation near the'Rulison chimney.
The USGS indicates that usable ground water in the Rulison

area is primarily limited to alluvium and terrace dep051ts

and that the underlylng bedr ock formations (Green River,
Wasatch, Oh;o Creek Conglomerate, and Mesaverde Formations) are
generally impermeable:and yield little water. From observations
made during the drilling of the expioratory‘hole R-QXC7the USGS
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. concluded that llttle mobile water occurs 1in tne formatlons
penetrated by the liole. (11)

cking sufficient data to-predict accurately the fate of

radlonuclldes from the detonatlon_;ZEZﬁiﬁzn;F=?§e=jpfp$p§ead-
may e & yysdse

the effect on the hydrologic env1ronmen€4by asi?mlng '
-that radioactivity from the detonation —wis uniformly mixed
with a quantlty of water egquivalent to the v01d volume of the
chimney. Slnce sxgnlflcant proportions of the refractory
".radionuclides such as strontium are known to be immobilized
in the melted zone at the bottom of the chimney, this is a con- -
servative assumption. U-eﬁgmzhls assumption and the estimated
tritium production from Table 1, the resulting tritium concen-~
tration would be 0.17 uCi/ml. The corresponding concentrations
of Cs-137 and Sr-90 would be 0.12 :Ci/ml and 9.8 x 10~2 uci/ml,
respectlvely. These concentratlons are approXimately 170
1.8 x lO and 1 x 10 times the concentratlon guides for
tritium, Cs-137, and Sr-90, respectlvely. The concentration
guides are taken from the AEC Manual, Chapter 0524, Annex A,
Table II, Column 2 and are reduced by a factor of three to be
c Sistent with standards for population groups and individuals
i, uncontrolled areas. (Note to reviewer: these guides will
be changed to reference the approptiate FRC recommendations in
a later draft.) '

The Green River, Wasatch, Ohio Creek Conglomérate, and Mesa- . |
srerde Formations dip to the north at about two degrees. (11) \
‘n the absence of dlsturbances,vthe hydraulic gradient could" ' ‘ \
‘easonably be assumed to follow the dip of the beds; flow of : ' ' \
‘round water would also follow the dip of the beds. Assuming o '

the beds were saturated and the porosities and permeabilities :
sorrespond to the valuee'given as average reservoir”character- \
-stics for the Rulison Field (10), the expected average

.tracer) velocity of the ground water would be less than one

?oot/yeag’ (see Appendix'ga).



Assuming that the Rulison deltonation initially increased ground
water velocities in the vicinity of the chimney by a factor of 200(see Appondix D),
initial post-shot velocities as high as 150 feet/year might occur, If
the;o velocities were sustained indefinitoly, tritium would migrate less
than thrge<~:miles before radicactive decay would reduce the concentration
to 1 x 10-3 uCi/ml, the appropriate guide recommended by AEC Manual: 0524,
| This estimated reduction j.gnores dilution by diffusion and mixing.
Tritium can be assumed to move with tho velocity of ground water,

but Cs-137 and Sr-§0 will be retarded by ion exchange with the ‘medium,
depending on a prop§rty of the combination of medium and 'grouhd water
callea thé distribution.coefficiént, Kd. Values of Kd for rocks in the
Rulison area were not measured, but Isotopes, Inc. has reported values.
for sandstones and ground water in the Gasbuggy area which will be
assumed to be representative of the Rulison area(15). Using these
values) effectivev velocities of movement for Cs-137.a.n.d Sr-90 are caiculat,e_d
in Appendix D. Assuming the initial increase in ground‘ water velocities
cause;i by the detonation is prolonged indefinitely, Cs;137 would m.ove. only»
a few dozen feet before decaying below the cont_:enf.ration guide ova
0.67 x 10-5 uCi/ml. Under the same conditioné; 'Sr-90 would move less -
than one-half mile before decaying below its éoncentration'gui.de. of 1 x 10..7 uCi/m

 These estimated veloctties of movement are conservative because the |
initial increase.in ground water velocities;wil],ﬁot persist indefinitely,
because entrapaﬁent of radionuclides in the melted zone is ignored', and

because dilution of radionﬁclide'g:oncentrations By mixing and diffu=ion

is imored,
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Since the Me;sm'r_erde sandstones are not asturated with water, a ground

ter -anomaly. of the »type discussed in Appendix D might not have been
oated, and in this caée the' dssumed initial incre7se in ground water
alocities would not have occyirred. The estimatﬁe;'hagroundwater movement

4 based on the assumption that the entire Mesaverde Forn;ation has the
ermeabilities and porosities reported for the sandstone lenses; howeverv
the Mesaverde consists of sandstone 1e'nses- interbedded with shales of
much lower permeabilities (10,11). - Permeabilities of the shales cr;uld
reasonably be expected to be two orders of ménitnde smaller than the

permeabilities of the paying smdsioxio;-lansea (16), and ground water >
velocities in the shale would then be nmch smaller (see Equation D-1).
Values of Kq for shale would be larger than for sandstone, resulting in
which are
much lover effective velocities for radionuclides/retarded by ion exchango.
T Dm'ing the period when gas is -
released from the well, hydrnulic gradients in tho portion of the gas-
producing rock contacted by the chimney - will drive water toward
the well because chimmey pressure will beA lower than the pore pi'essuré
of the formation. Until ‘gas production from the w'ell‘vceasesA y NO
migration of radioactivity away from the chimney can accur. .

For the above reasons the-poseibilitywed significant concentrations

are N sl z//////c'/
of rad::.onuclides in water at any use point Q considered ‘a
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Table 1 Radionuclide Activity at. T +

$0 days

\
. - s 0. . 4 ;e
Resulting from Detonation of 40 Fission Kilotons.

Nuclide - Half-life Curies

Kr®S' 10.76 y 0.96 x 10°

sr® 50,6 d 0.91 x 10°

sr?° 28.8 y 0.59 x 10°

Y?! 59 d 1.01 x 10°

2x®8 65 d 1.82 x 10°

 NbE 35 d 0.32 x 10°

Rut©3 40 d 0.41 x 10°

RhtO3 57 min 0.41 x 10°

Ru*°® 1.0 y 1.52 x 10°

Rhi©® 30 sec 1,52 x 108 ,
731 8,05 d 1.13
Xet33 5.27 d 0.86 x 103
cst?? 30y 0.75 x 10*

Ba'®? 2.6 min - 0,69 x 10°

Bal4® 12.8°d. 0.34 x 10°

Lat*° . 40h 0.40 x 10°
Cet? 32,54 0.52 x 10°

P43 013.7 4. 0.63 x 10°

Cet 235 d 1.47 x 10°

prt 44 17.3 min 1.47 x 16°

Pm* 47 2.6y 0.28 x 10°

K 12,27 y 1.9 x 10t

NOTE: This table was taken from reference 15. o
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APPENDIX D

ESTIMATION OF GROUND WATER VELOCITIES>

N8 Va/ Jﬂ
An expression for the average veloc1tonf ground water flow

~é§=====§ue;e¢é=y$ under Darcian conditions is (23, 24):

k s dp , :

v = . -—_ ' Egquation D-1

WHERE :

v = Tracer veiocity, feet/second

s = Specific weight of water, 1bs/ft3 = 59.8 lb/ft3
at 215°F

u = Viscosity of water at formation temperature

= 0.59 x ].0"5 lb-seé/ft2 - (approximate).

n .= . Formation porosity

dap : . . .

>x = Pressure gradient or hydraulic gradient, feet of
water per foot of distance

k = Permeability of the saturated medium, ft2

The reported average permeability'and porosity of the sandstone
lenses of the Mesaverde Formation are 0.5 millidarcys and 8-10%,
respectively. " Using these values in EqQuation D-1 and assuming
the hydraulic’ gradlent is approx1mately equal to the dlp of

the beds, the estimated pre—detonatlon ground water velQC1ty
isbapproximately 0.7 ft/year.  This development assumes that

the medium is saturated.



A well-kmown Stud"y of the Aardvark event by Knox, et. al., indicated

| that a nuclear detonation in nearly satui;atod rock may create a ground-water
mqu‘by compaction of thé rock. Their calculations indicated that after
Aardvark ground water initially flowed inward toward the chimney for a
period of days and then i’lowéd-radially outward with early velocities
approximately 200 times pre-shot velocities, After sbout 40O days, ground

water velocities had declined to less than their pre-shot values(il).

® A ground water mound is a mound-shaped irregularity in the water
tablé (or. ground water free surface) and in the sense used here would

occur only in saturated media.
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If th%\detonation is assumed todcreateﬂg“ground water mound
that p,roduce_d ground water velocities 200 times greater than
normal, the initial and'peak velocity of flow would be about
150 feet/year. Assuming that this increased velocity persists
indefinitely and that the distribution coefficients for the
Mesaverde sandstones énd ground waters are equal to those
reported by Isotopes, Inc. for Gasbuggy sandstones (15), the
distance which Cs-137 and Sr-90 would move before radioactive
decay reduces their conc¢entrations to the concentration

guides can be predicted.
The relationship between the average ground water veleocity, v,

and the effective'velocity v' of a given radionuclide in ground

water is (24)

v' 1

_—= ' Equation D-2

v 1+ Kd(m/n) ~

WHERE :

Ky = Distribution coefficient for the particular

radionuclide for a given combination of rock

and ground water, in ml/g

3
]

Bulk density of the rock or aquifer, g/cc

Isotopes, Inc. reported values of Kd for Gasbuggy sandstone
and ground water of approximately 100 for Cs-137 and 1.4 for
Sr-90 (15). CER Geonuclear reported an average overburden
density of 2.35 g/cc and a core grain density of 2.67 g/cc

for the Rulison site (10); as assumed bulk density of 2.4

g/cc seems reasonable. ‘Using these values the ratio (v/v') is



v/v 4.2 x 1073 for €s-137 and

’

v/v' = 0.029 for Sr-90

The-distance travelled by Cs-137 before its concentration

' > LCi/ml
would be less than 30 feet, and Sr-90 would move abaut 0.47
miles be fore decaying to the concentration guide of 1 x 10~

decays to the concentration guide of 0.67 x 10~

.;Ci/mlfw;f

7
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