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RADIOLOGICAL SURVEY OF THE INACTIVE URANIUM-MILL
TAILINGS AT RIFLE, COLORADO

F. F. Haywood, D. J. Jacobs, B. S. Ellis,
H. M. Hubbard, Jr., and W. H. Shinpaugh

ABSTRACT

Results of radiological surveys of two inaccive uranium-mill sites
near Rifle, Colorado, in May 1976 are presented. These sites are refer-
red to as Old Rifle and New Rifle. The calculated 225Ra inventory of
the Tatter site is much higher than at the older mil! lccation. Data on
above-ground measurements of gamma exposure rates, surface and near-
surface roncentration of 225Ra in soil and sediment samples, concentra-
tion of 226Ry iﬁ water, calculated subsurface distribution of 22%Ra, and
particulate radionuclide concentrations in air samples are given. The
data serve to define the extent of contamination in the vicinity of the
mill sites and their immediate surrounding areas with tailings parti-
cles. Results of these measurements were utilized as technical input

for an engineering assessment of these two sites.
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1. INTRODUCTION

This is one of a series of reports on results of radiological sur-
veys of uranium-mill tailings at inactive mill sites in the western
United States. A list of all the reports in this series is found at the
front of this report. The first four reports and report No. 12 include
attempts to assess potential health effects of radiation and radio-
nuclides from the sites. In addition, the first (Salt Lake City) report
contains a discussion of modes of radiation exposure to individuals and
to population groups resulting from the radionuclides in tailings at
uranium-mill sites and a survey of the pertinent 1literature. This
report on two inactive mill sites near Rifle, Colorado, presents the
results of radiclogical surveys ccnducted by the authors in May 1976,
together with site descriptions and deta. of the apparatus and tech-
niques used to obtain the data.

The surveyc at the Rifle sites were conducted in cooneration with
an engineering team from Ford, Bacon and Davis Utah Inc., the architect-
engineering company responsible for the Phase II engineering assessment
of the sites considered in this series of radiological surveys. Their
report on the Rifle sites has been putlished.! Results of an EPA gamma
radiation survey of the Rifle sites have also been published.? The pre-
viously unpubliciied Phase 1 reports on the Rifle sites by Mayer et al.
are included in Appendix I. Several publications® ® include discussions

of the wuranium-mill tailings problem and of the assessment of their

radiological impact.

2. SIM. DESCRIPTIONS

Descriptions of the two inactive uranium-m>1}1 cites near Rifle,
Colorado, and a history of the operatiuns at these sites are included in
the Phase I reports (Appendix I), and only a brief summary of this in-
formation is incluced here.

Both inactive uranium-mill sites near Rifle, Colorado, are owned by
Union Caroide Corporation. These sites are referred to in this report
as 01d Rifle and New Rifle,




2.1 01d Rifle Site

The original mill site, located approximately 0.2 km (0.13 mile)
east of Rifle, occupies an area of 8.9 hectares (22 acres). An aerial
photograph of this site is shown in Fig. 1. The si*e is bordered on the
north by U.S. Highways 6 and 24 and on the south by the Oenver and Rio
Grande Western Railroad and the Colorado River.

One tailings pile exists (designated No. 1 in the Phase I reports)
at this site, covering an area of approximately 5.3 hectares (13 acres).
The base of the pile is approximately 1.5 m above the normal river
leve!, and the south edge of the pile is about 23 m from the river bank.
Approximately 690,000 metric tons of ore, containing an average U404
concentration of 0.36%, were processed here in the period 1947-1958.
Part of the tailings was shipped to the new plant for reprocessing. The
remaining 320,000 metric tons of tailings contain an estimated 22%“Ra
inventory of 320 Ci, yielding an average Z22%Ra concentration of 1008
pCi/g.

All mill buildings at thisz site have been torn down with the excep-
tion of the concrete block assay building. Some of the concrete founda-
tions at the east end of the tailings remain, but part of these have
been buried along with other plant debris at this location.

The tailings pile was stabilized in 1967 according to state requla-
tions. The tailings were pushed back from the railroad track, covered
with a minimum 15-cm-thick layer of earth, fertiiized, and seeded. A
sprinkling system was also installed which was reported! to be used

during the latter part of the summer.

2.2 New Rifle Site
An aerial view of the new plant site is shown in Fig. 2. This site
occupies an area of approximately 132 hectares (325 acres), and it is
located about 3.2 km (2 miles) west of Rifle. It is bordered on the
north by the tracks of the Denver and Rio Grande Western Railroad and
U.S5. Highways 6 and 24 and on the south by Interstate /0O and the Colo-

rado River.
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ORNL-Photo 0532-79
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Fig. 1. Aerial view of the 01d Rifle site and surrounding area.
Source: EG&G, Inc.
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ORNL-Photo 0531-79

Aerial view of the New Rifle site and surrounding area.

. EG&G, Inc,

Fig. 2.

Source




The tailings piles at this site contain 2,450,000 metric tons of
tailings. The base of the pile i< approximately 3.0 m above normal
river level and the south edge of the pile is about 183 m from the
river. The estimated 22%Ra concentration in the tailings is 868 pCi/g
and the estimated inventory of this nuclicde is 2130 Ci. The tailigs
were deposited in *wo adjacent piles. The older (No. 2) pile is approxi-
matecly 17 m (55 ft) high, covers an area of 4.3 hectares (10.5 acres),
and contains 70% of the tailings. The newer (ilo. 3) pile is about 12 m
high (40 ft) and covers approximately th: same area as the older pile.
Both piles have flat tops and sides with 3 45° slopc. These figures are
from the Phase I report (Appendix I). However, a cross section of the
tajlings area furnished by FB&DU (Ref. 1, Fig. 2-4b), shows that the
tailings pile nearest the river is 14.3 m {47 ft) high, while the other
part is 22.3 m (75 ft) high.

The eastern edge of the site approacnes to within 335 m of the
river. A dike has been constructed in this area to partially block the
transport of materials to the river. The mill area ic¢ ferced, posted,
and equipped with security gyates.

An active vegetative stabilization program was reported to be
underway at this site.! The original program included application of
fertilizer and mulch followed by seeding, planting, and sprinkling. A

probliem with wind erosion has been dealt with, in part, by erecticn of

wind breaks.

A1l of the mill buildings at this site remain and are being main-
tained in standby condition for possible reactivation. One building is
being used to recover vanadium from a solution shipped from another
plant, but this does not affect the uranium tailings piles or the urani-

um processing ‘acilities.

3. SAMPLING TECHNIQUES AND RADIOLOGICAL MEASUREMENTS

| Sampling techniques, as well as egquipment and methods used for
radiochemical analyses of soil samples and radiological monitoring, are
described in Appendix II. A description of the radiochemical techriques

ured to analyze water samples is cantained in Appendix III.




4. RESULTS OF MEASUREMENTS

Measurements were made at the Rifle sites to determine: (1) the
background gammz exposure rates 1 m above the ground and background
radionuclide concentrations in surface soil samples (collected at points
removed far enough from the tailings so as not to be influenced by the
tailings); (2) external gamma-ray exposure rates 1 m above the ground
both on the site and in the area immediately around the site; (3) radio-
nuclide concentrations in surface or near-surface soil, sediment and
water samples; (4) the subsurface distribution of 226Ra in tailings or
soil as a function of depth; and (5) radionuclide concentrations in air-
borne particies. Radon measurements were made in the area by FB&DU,!
but no radon daughters measurements were made. Results of the various

types of neasurements are discussed ir separate sections below.

4.1 Background Radioactivity

Kncwledge of background external gémma radistion levels and of
background concentrations of radionuctiides in the surface soil is needed
in order to evaluate the extent of spread ¢f tailings from the site and
to provide data needed in implementing clean-up procedures.

Locations are shown in Fig. 3 where background measurements were
made of external gamma-ray exposure rates 1 m above the ¢round ard where
csurface soil samples were obtained for analysis. Details of the sample
sites and the results obtained are displayed in Table 1. These include
some locations used to determine baca,.ound levels for the Durango and
Slick Rock sites.

The data in Table 1 show a variation in measured values of back-
ground gamma exposure rate 1 m above the ground from 7 to 22 pR/hr. The
average value of 14 uR/hr corresponds to an annual backgroune dose
equivalent of 123 millirem. There is not a good correlation between the
direct yamma exposure rate and the 22%Ra concentration in the surface
soil, possibly due to the presence of other terrestrial radionuclides,
failure to obtain representative soil samples, and the poor statistics
which result from the small activities present in the samples.



ORNE Dw

. r
(g !
¢
!
{ b A
|
i
P
RS o
)
i
!
N
ar . X
Nt
LT s A e

® BACARAOND SAME | (AT ION AND 106 NT AT ION

Fig. 3. Locations of background external gamma wmeasurements and background
surface scil samples.

A ]

M

-ty

»s
Teanag

i)




w

Table 1. Background gamna expcsure rates and background concentr-tions
cf radion ~lides in surface soil near Pifle, lalorade
=xternal y Nuc!ide concenrtration
exposut e (pCi/q)
Sample Description of rate: p1/9
point sampie location (uR/hr) i25Ra 2A2ThH 3%y
€02 ~8 km S of Montrose, E <ide
of Hwy 550 14 1.5 1.2 G.5
ce3 W side of Hwy 141, ~1.6 km
S of Gateway 11 3.4 .5
€05 S of [-70 at Colo-Utah border 7 1.0 .3
€010 Beside road at Erikscn Springs,
between Crested Butte and Paonia 13 1.5 : G.5
C011 W side of Hwy 135 0.4 km S of
Crested Butte 22 2 0.5
£012 SE side of intersection of road
at Spur Guest Kanch 19 1.2 .4
cc13 S side of Hwy 50 in Sargent, CGC 19 2.2 1.2
C0i7 ~450 m above Big Blue Mecsa Dam
Reservoir 18 0.9 1.5 G.5
C020 W side of Hwy 139 past the cresct
of Dougias Pass going N 17 2.2 1.2 o8
co21 End of Colorado State Rt 330 at
Collbran, on SW corner of inter-
sertion with county road to
Grand Mesa 10 1.9 1.1 0.8
C022 DeBeque, CO at the intersection
of county road and routes 6 and 24 11 1.2 2.1 iG.H
€023 19 km SE of city limit of Glenwond
Sprirgs, on the NE side of Hwy 82
at edge of Orchard 15 1.2 G.4
€024 Right side ~12 m from road 3.2 km
W of Lay Post office on Hwy 40 11 1.4 1.1 6.4
€025 intersection of Moffitt County
dirt roads 17 and 119 in Yampa
River Valley 12 0.7 0.8 0.3
C026 South side of US 40 E of Maybell 11 0.5 0.6 0.2
Average 14 1.4 1.2 0.5

?One meter above the ground.
“No analysis for this radionuc!ide was perfaormed.




4 2 Direct Samma [ pusure Rates

Measurements were made of direct gamma expasure rates 1 m above the
ground using the "Phil" gamma dosimeter described in Appendix [.. These
measurements were made a3t approximately 46-m (50-yd) intervals in tae
tailings and mill ares except where natural or man-made barrie.s inter-
fered. Results of the measurements at the Old Rifle site are dispiayec
in Fig. 4 and results obtainead at the New Rifle <ite are displayed in
Fig. 5.

The measurements on the 01d Rifle (No. 1) taiiings pile in Fig. 4
range from 50 to 292 puR/hr with an average of 160 uR/hr. Gamma exposure
rates in the former mill area reported by FB&DU! are in the range of 33
to 140 pyR/hr with an average of 90 uR/hr, and the average exposure rate
shown by their data in the fenced area east of the tailings pile is
about the same. The data in Fig. 4, and the data reported bv FBEDU.'!
show spread of tailings and, possibly, ore particles outside the fenced
area with readings up to 280 yR/hr adjacent to the railroad south of the
tailings pile and up to 160 pR/hr near Highways 6 and 24 close to the
east erd of the fenced area.

The data abtained at the New Rifle site (Fiq. 5;,  show higher expon-
sure rates above the tailings pile than at Old Rifle, ranging from B/ tr,
888 pR/hr with an average of 430 pR/hr. The measurements a3lso show that
contamination exists throughout the plant area. The highest reading was
observed near the southeast corner of the la-ge tailings pile. No mea.-

urements were recorded in close proximity te the mili buildings.

4.3 Radionuclide Concentrations in Surface Soil and Sediment Samples

Analysis of offsite soil samples for 4%%Ra and its daughters pro-
vides a sensitive method of detecting spread of tailings. Surface and
nrear-surface soil and sediment samples were analyzed for #2%Ra by use of
the technique and equipment descrihed in Appendix II. The results are
displayed in Table 2 and sample locations are shown in Fig. 6 for thte

Old Rifle site, Table 3 contains data ohbtained with samples from the
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Tebia 2. Concentratica of ““"Ra in <~urface soii 3nd sediment
samples from the 9 . Rifle site

Sasple Concentration of
des igrnalicn Sample description and -ozation 226Ra (oCi/g)
WS : CJater sediment i:em Tolor.ds River Sl m
C 100 yat £ (upstream) froer lailings

pile (TP) 2.0
w2 Water sediaent Trom S i cam flowing

along millsite bldy beti en TP and former

millsite 230
I wh2 Water sediment frea 'io area in old mill

site halfway potwee | fence and N-S

stream in edd mit o~ 12
[SIRCKT Vate- Ledimeat feem ° orado River 91 m

(100 y45 W {dowe e vy from 1P 1.¢
GUWS5 Water sedimert f ;- 0 end of large pond

Tocated ~1RZ2 m (7" - ;d) W of Tf 2.9

OCannw Surface soil 369 m 7400 yd) W from Center

Point (CP; 6.7
DCBONW Surtace snil 548 m (600 yd) W from CP? of 1P 1.5
GC800W Surface soil 732 m (800 yd) W from CP of TP 1.3
0C300S Surface soil 274 m (300 yd) S from CP of TP 1.7
0C4005 Surface soil 366 m (400 yd) S from CP of TP 2.9
0C350¢E Suriace soil 320 m (350 yd) E from CP of TP 2.2
0C550F Surface soil 503 m (550 yd) £ from CP of TP 5.6
G~ 750¢ Surface soil 686 m (750 yd) E from CP of TP 1.9
0C950¢ Surface soil 8A9 m (950 yd) E from CP of TP 4.1
0C1150E Surface soil 1 km (1150 yd) E from CP of TP 3.8

0C300N Surface soil 274 m (300 yd) N from CP of TP 40
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fable 2. (Continued)

Sample Cencentration of
desigration Sample description and location 226Ra (pCi/g)
0C500N Surface sail 457 m (500 yd) N from CP of TP 2.6
0ChO0N Surface scil 548 m (600 yd) N from CP of TP 8.1

0C0wWl Surface sediment from dry wash under fence

at NE corner of TP 34
0CDw2 Sediment from 15 cm below surtace at same

point as OCDW1 3.6
OCDW3 Surface sediment dry wash 21 m (70 ft) S

from SE correr of existing mili building 86
0LDw4 Sediment from 15 cm below surface at same

point as 0CDW3 8.4
0CDW5 Surface sediment from dry wash at extreme

SW end of TP 170
0COwW5 Sediment from 15 cm below surface at same

point as QCDWS 32
OCDW7 Surface sediment from dry wash S of pile

midway between fence and railroad 280
0CDhws Sediment from 15 cm below surface at same

point as OCDw7 170
0COW9 Surface sediment from dry wash at SE

corner of TP between railroad and fence 97
OCDW10 Sediment from 15 cm below surface at same

point as OCDW9 700
0Cow1l Surface sediment from dry wash 23 m

(25 yd) S of existing mill bldg 18
0CDw12 Sediment 15 cm below surface at same

puint as OCDW1l

96




Fig. 6. Locations and identifications of environmental samples at the 01d F'rle site.
Original photo by EG&G, Inc.

Pt
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Table 3. Concentration of “2%Ra in surface soil and sediment
samples from the New Rifle <ite
Concentration
Sample . of 226Ra
designation Sample description and location™ (pCi/g)
IWs1 Wacer sediment from standing water ~91 m
(100 yd) from NW corner of tailings pile (TP) 29
IwWS2 Water sediment from Colorado River NE of TP
where river completes turn to south (S) 1.3
IWS3 Water sediment from Colorado River at foot
of I-70 bridge, north side 0.8
WS4 Water sediment from standing water in depres-
sion 46 m (50 yd) S of large settling pond 7.2
IwWsS5 Water sediment ‘rom water in c<mall basin at
end of ditch which runs NE and SW from
sett)ing pond 1.4
IWS6 Water sediment from standing water W of old
pump station 5.5
1300S Surface soil 274 m (300 yd) S from
Center Point (CP) of TP 68
15008 Surface soil 475 m (500 yd) S from CP of TP 16
1645S Surface soil from bank of Colorado River
589 m (645 yd) S from CP of TP 1.9
1350w Surface soil 320 m (350 yd) W from CP of TP 4.5
1550w Surface soil 503 m (55C yd) W from CP of TP 18
1750w Surface soil 686 m (750 yd) W from CP of TP 7.8
350N Surface soil 320 m (350 yd) N from CP of TP 65
i550N Surface soil 503 m (55¢ yd) N from CP of TP 11
INEOD Surface soil 3 m from fence line at I-70 in
small basin at end of ditch which runs NE-SW
of settling pond 4.7
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Table 3. (Continued)

Concentration
Sample i of 226Rga
designation Sample description and location” (pCi/g)

1100NE Surface soil 91 m (100 yd) NE of INED

sampling location 2.4
I1200NE Surface soil 182 m (200 yd) NE from

INEO at foot of dike near settling pond 2.2
IDW1 Surface sediment from dry wash 182 m

(200 yd) SW from settling pond 53
I1DW2 Sediment from 15 cm below surface at same

point as I0W1 4
IOW3 Surface sediment from drywash 23 m

(25 yd) SW of samples IDW1 and IDW2 38
IDW4 Sediment from 15 cm below suiface at

same point as IDW3 2.6
I0W5 Surface sediment from dry wash 23 m

(25 yd) SW of samples IDW3 and IDW4 17
10W6 Sediment from 15 cm below suirface z¢ same

point as IDW5S 15
IDW7 Surface sediment from dry wash 29 m

(32 yd) from samples [0OW5S and IDWH 14
1DW8 15 cm below surface at same point as [DW7 9.5
10W9 Surface sediment from dry wash ~182 m

(200 yd) from SE corner of TP 2.9
1DW10 Sediment from 15 cm below surface at same

point as IDW9 1.6
I1RTO Random surface sample from near center of TP 370
I3RTO Random surface sample from near center of TP 319
IFL] Surface soil along fence at edge of

Colorado River near foot of [-70 bridge
(NW side) 1.7
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Table 3. (Continued)

Concentration
Sample of 226Ra4
designation Sample description and location? (pCi/g)

IFL2 Surface soil along fence S of settling pond

at edge of Hwy 70 8.6
IFL3 Surface soil 3 m from fence at edge of ditch 4.7
IFL4 Surface soil along fence line W from edge

of drywash 3.1
IFLS Surface scil on old road at SVW corner

of large TP 38
LFL6 Surface soil SW of TP 1.3
IFL7 Surface soil SW of TP 1.7

“See Fig. 7 for sample locations.




18

New Rifle site at locations shown in Fig. 7. In general, the data re-
ported here and other data reported by FB&DU! confirm the spread of
tailings from both sites shown by the above-ground gamna measurements
discussed above. For example, the dats in Table 2 show ®iat the 2%%Ra
concentration ir a sample taken 1 km east of the 0ld fifle tailings
(3.8 pCi/g) is above the background level (1.4 pCi/g). (n the western
direction, the background value is reached at aprioximnately 550 m, but
sampling did not extend far enough in the nortrern direction (maximum
550 m) to reach background. Analysis of dry-wash sediment sampies shows
evidence of water mcvement of tailings toward the river, especially on
the east side of the 01d Rifle tailings pile. The s0il and sediment
samples in the area where the Colorado River makes its closest approach
to this tailings pile show “2%Ra concentrations ranging from approxi-
mately 100 to /00 pCi/g. Although the railroad bed may serve as a par-
tial barrier between the tailings and the river, it is possible that
substantial quantities of tailings are reaching the river.

Data (Table 3) from dry-wash zamples obtained at the New Rifle site
(Fig. 7) indicate movement of tailings south toward the Colorado River:
but Hiyhway I-70, south of the tailings pile and under constriction
during the survey, may serve as a partial barrier to transport of tail-
ings to the river in this direction. A c¢ike constructed east of th:
tailings also obstru:ts movement of tailinoc teward the river. An in-
sufficient number of surface soil samples was obtained around the New
Rifle site to accurately define the extent of spread of tailings, but 2
sample from almost 700 m west of the tailings had a “?“Pa concentration

of 7.8 pCi/g (3bout six timec the background level).

4.4 Radiocnemical Analysis of Water Samples

Water samples from both Rifle sites were analyzed, using the tech-
nique described in Appendix IIl, and the results are contained in
Table 4.

Two of the samples frrim the Old Rifle site, OCW2 and OCW3, contain
22%Ra concentrations exceeding the concentration quide (CGW) for drink-

ing water, but the concentration in 0CW2 is only slightly abave the 5.0




‘3')}'.!0 s L —

‘ A . b . - -
X o
N y . . R . . 8 o

61

[
;
-

_ Fig. 7. Locations and identifications of environmental samples at the
New Rifle site. Criginal photo by EG&G, Inc.
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Table 4. Radiochemical analysis of water samples from boutn Rifle sites

Nuclide Concentration
Sample (pCi/liter)

designation Sample location 22Fg,  210py  230Tp

0LD RIFLE SITE

OCwl Colorado River 9 m (100 yd) E

(upstream) from tailings pile (TP) C.4 = a
oCw2 Stream flowing S between TP

and former mill site 5.2 a a
OCw3 Low area in mill site halfway

between TP and N-S stream in mill

area 13.0 a 45
0oCw4 Colorado River 91 m (100 yds) W, -

(downstream) from TP 0.6 4.0 a
0OCW5S E end of large pond ~182 m

(200 yds) W of TP 1.1 4 450
NCWo From well at top of hill N of TP 0.1 % z

NEW RIFLE SITE

Iwl Standing water 91 m (100 yds) from

NW corner of TP 3.4 o =
Iw2 Colorado River E of mill where

river complietes turn to S 0.03 % 7
IW3 Colorado River at foot of I-70

bridge on N ride 0.7 o 4
Iw4 Standing water in depression

37 m S of large settling pond 2.2 75 15
IWS Standiag water from end of ditch

running NE-SW from smal) basin of

settling pond 0.2 “ a
IWé Standing water W of old pump

station and across strip used for
access during construction of [-70
link 0.5 21

9Below 1imit of detection.



pCi/liter quide vajue” and within the analytical uncertainty for the
determination (20.3 pCi/liter)}. It seems unlikely that water from the
mill a3rea would be used for human coasumption. The concentration of
2%%Ra in all the samples from the New Rifle site was below the (Gw fcr
drinking water.

The fcur samples of Colorado River water, OCWl, OCwW4, IW2 and IwW3,
gave somewhat divergent figures for 4Z%Ra concentration ranging from
.03 to 0.7 pCi/fliter. A better indication of potential contamination
nof Colorado River water by tailings at the Rifle sites is given by the
results of analyses of river water above and below Rifle during the
period January 1961-june 1972.'7 The average annual concentration of
226Ra uypstream from Rifle is reported to be 0.19 pCi/liter while the
corresponding downstream figure is 0.17 pCi/liter. These figures show
that the Rifle tailings piles did not contribute significantly to the
“2%Ra content of the river during the extended test period, and the
limited data obtained during the present investigation do not contradict
that conclusion for 1976 site conditions. This belief is reinforced by

data furnished by Union Carbide Corporation’! shown in Table 5.

4.5 Scbsurface Distribution of 22%Ra in Soil and Tailings

Holes ware drilled at 10 locations at the Old Rifle site shown in
Fig. 8 and at the 14 locations in the New Rifle area shown in Fig. 9.
In addition, three test pits were dug at the Old Rifle site and two at
New Rifle at locations shown in the twn figures. Data obtained by
analysis of samples from these tests pits are displayed in Tables 6
and 7. Althougnh holes were drilled close to some of the test pits,
there was not a acod correlation hetween the 22%Ra concentrations cal-
culated from gamma monitoring data in the nearby holes and the actual
analytical values at corresponding depths. The py imary purpose of the
test pits was to provide information on below-surface movement of tail-
ings rather than to provide analytical data for comparison with calcu-

Tated %“%2%Ra concentrations
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Table 5. Radiochemical analysis of Celorado River water

at Rifle furnished by Union Carbide Corporation-

Concentration of .

Sample location UCC No. 226Ra (pCi/liter)”
OLD RIFLE
Above tailings 1 0.45:0.11°
Opposite tailings 2 V.34:0.10
Opposite downstream end of tailings 3 0.2520.09
Downstream of tailings 4 0.21:0.08
NEW RIFLE
Above mill and tailings 5 0.20+0.08
Riverbend above tailings 6 0.24+0.09
Opposite downstream end of tailings 8 0.30+0.09
Downstream (200 m) of tailings 7 0.25+0.09

“R. Beverly, Union Carbide Corporation, Grand Junction, Cotlorado,
private communication, May 1978.

Samples were taken on June 23, 1977, and were filtered within 24 hr

through a 0.45 micron membrane filter, and acidified with HND, to pH <2.0
as per EPA Manual #EPA-625-/6-74-003, pp. v and ix.

“Errors associated with these values are two sigma (95% confidence
intervals).
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ORNL-Photo 1435-79

Fig. 9. Locations of test pits and of holes drilled at the New Rifle
site. OQOriginal photo by EG&G, Inc.
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Table 6. Concentration of 226Ra and 232Th in soil samples
from test pits at the 0ld Rifle site

Nuclide concentration

Sample (pCi/g)
designation Sample depth 226p, 2327h
Test Pit 1 1 ft (0.3 m) 5.6 1.3

2 ft (0.6 m) 1.2 1.5
3ft (0.9 mj 1.5 1.8
4 ft (1.2 m) 1.4 1.8
5 ft (1.5 m) 1.6 1.5
6 ft (1.8 m) 1.2 1.4
7 ft (2.1 m) 1.3 1.4
Test Pt 2 1ft (0.3 m) 210 i
2 ft (0.6 m) 2.1 1.4
3 ft (0.9 m) 1.6 1.3
4 ft (1.2 m) 2.9 1.1
5 ft (1.5 m) 1.4 1.5
6 ft (1.8 m) 1.7 1.2
7 ft (2.1 m) 1.8 1.5
Test Pit 3 1 ft (0.3 m) 11 0.9
2 ft (0.6 m) 4.9 1.5
3ftL (0.9 m) 3.1 1.3
4 ft (1.2 m) 3.7 1.1
! 5 ft (1.5 m) 2.5 i.2

“Radionuclide concentration was below detection limits.
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Table 7. Concentration of 2265R3 and 232Th in soil samples
from test pits at the New Rifle site

Nuclide concentration

~ample . (pCi/g)

designation Sample depth z26Q, 2327y,

Test Pit 1 1ft (0.3 m) 1.8 0.7
2 ft (0.6 m) 1.0 0.8
3 ft (0.9m) 1.1 0.6
4 ft (1.2 m) 0.8 0.8
5 ft (1.5 m) 1.0 <

Test Pit 2 1 ft (0.3 m) 410 a
2 ft (0.6 m) 690 z
3 ft (0.9 m) 1.4 a
4 ft (1.2 m) 1.2 1.0
5 ft (1.5m) 1.6 %
6 ft (1.8 m) 1.9 0.9

4
Radionuclide concentration was below detection limits.
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Mejsurements of gamma radiation levels in the various holes at
these sites were made by FB&DU personnel using the apparatus described
in Appendix II. Since the subsurface gamma-rays are due primarily to
225Ra and its daughters, it is possible to calibrate the instrument and,
thu., to convert the gamma radiation measurements, at specific depths,
to concentration of 22%Ra by cumparing these measurements with concen-
trations of *#25Ra in soil collected at those depths. The conversion was
accomplished and the data were plotted by use of a 9815A Hewlett-Packard
desk calculator and a 9871A Hewlett-Packard printer. The available
analytical data (excluding analysis of composite samples) were plotted
with the same eguipment.

The calculated distribution of 22%Ra in subsurface soil and ‘tail-
ings at the 01d Rifle site is displayed by (+) marks in Figs. 10-12
inclusive, while the corresponding data from holes at New Rifle are
shown in Figs. 13-16, inclusive. Similar plots for hole 2 at 0ld Rifle
and holes 2 and 10 at New Rifle were presented previously.! Analytical
data at specific depths in hole 2 at the 0ld Rifle site are displayed in
Figure 10 while similar data from hole 2 at New Rifle are presented in
Fig. 13. In the latter case, the comparison of these data with the cal-
culated 2%5Ra concentration is not very satisfactory.

The most striking feature of the radioactivity profile in the tail-
ings at 0ild Rifle is the very high calculated concentration of 22%Ra in
hole 2 at the 5.3 m (17.5 ft) depth (5500 pCi/g). It is common to ob-
serve the maximum radioniiclide concentration near the tailings-ground
interface. 1In most cases, this radioactivity is accounted for by the
presence of the slime fraction. This hole is located near the south-
western edge of the tailings pile. A corresponding spike is noted in
the hole 3 plot sc¢ the 3.0 m (16.5 ft) depth but in this case the maxi-
mum calculated concentration is 2100 pCi/g. Anaiytical data feor com-
parison with the calculated concentrations are available only for hole 2
at 01d Rifle, and the agreement is considered satisfactory. The test
pit analytical data contained in Table 6 show fairly low 226Ra concen-
trations except fov the 0.3 m (1 ft) level in No. 2. A1l the values

observed for the No. 3 pit are above the background level. Since some
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of these pits were dug in an area between the tailings pile and the
Colorado River, it may te assumed that there is mincr underground move-
ment of radionucliides at this site away from the pile.

The %25%Ra subsurface distribution curves for the New Rirvle site
(Figs. 13-16) tend to contirm the belief that contamination exists 1in
the area as shown by thke surface samples and the above-grourd gamma
measurements. Three holes were drilled on the flat top of the western
part of the tailings pile. Plots for two of these holes (9 and 10) show
that the interface between tailings and soil s close to 12 m (40 ft)
below the surface. The highest calculated concentrations are near the
interface. No data were obtained for hole 8. No plot is shown for
hole 6 because measurements only extended to a depth of 0.6 m (2 ft) and
the calculated concentrations of 226Ra are below 10 pfi/g. Several
holes drilled near the tailings pile and in the former ore storage area
showed ?%2%Ra concentrations greater than 100 pCi/g. The test pit data
(Table 6) for No. i located east of the tailings pile (see Fig. 8) show
only the 0.3-m (1-ft) sample above the background *%%Ra concentration.
The No. 2 test pit data show a high concentration of 2%2%Ra at th: 0.3-m
and 0.6-m (1- and 2-ft) levels but a sharp drop to background level st a
depth of 0.9 m (3 ft). From the data presented in Table 7, it does not
appear that there is a significant below-surface movement of radio-
nuclides. The high concentration of 225Ra in the upper 0.6 m (2 ft) at
TP-2 indicate the presence of tailings material un the surface. It is
probable that this material was deposited here by water erosion. All
the measured %32Th concentrations at the two sites are in the range of
0.6 to 1.8 pCi/g. The average for the New Rifle site is 0.8 pCi/g while
that observed at 0Old Rifle is 1.4 pCi/g. The a3verage area background
value (Table 1) is 1.4 pCi/qg.

4.6 Radionuclide Concentrations in Air Samples

Airborne particles were collected on an asbestos fiber filter
having a cc' ection efficiency of greater than 99% for particles of 0.3
pm or larger. Air was drawn through the filter by a Staplex high-volume
pump.
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Three air samples were taken over 4_0-hr periods at the 0l1d Rifle
site. The samples were taken at locations indicated in Fig. 17, and the
results arc listed in Table 8. C(Concentrations of 238y, 22%R3 and 2!°Pb
were one tc several orders of magnitude lower than the maximum permissi-
ble concentrations in air (HPCa) listed in 10 CFR 20.'2 These values
are not assumed by the authors to reflect annual average concentrations
due to the relatively short sampling period on a single day.

Although the concentration of radionuclides in air are hiyher than
background concentrations,!® they are lower than concentrations observed
at other uranium tailings piles.!* The tailings at the Rifle sites have
been stabilized with a thin, seeded topsoil cover which probably ac-

counts for the near background concentration of airborne radionuclides.

5. SUMMARY

Results of radiological surveys at two presently inactive uranium-
mill sites near Rifle, Colecrado, both owned by Union Carbide Corpora-
tion, are presented in this report. Also included (as appendices) are
descriptions of the apparatus and techniques used to ootain the data and
the previously unpublished Phase I reports (fact-finding tour results)
on the two sites. The 01d Rifle mi!l site occupies an area of 8.9 hec-
tares approximately 0.2 km east of Rifle while the New Rifle plant area
covers 132 hectares about 3.2 km west of Rifle. The estimated 2%"Ra
inventories in the tailings at the two sites are 320 Ci at 0ld Rifle and
2130 Ci at New Rifle. Stabilization programs have been carried out on
the tailings piles at hoth sites; access to the sites is restricted.
A1l but one of the mill buildings at the 0ld Rifle site have heen re-
moved, but all the buildings at New Rifle are being maintained for pos-
sible reactivation.

Measurements of the background gamma exposure rate 1 m above the
ground at 15 locations around Rifle averaged 14 pR/hr. Analysis of sur-
face soil samplies from the same locations gave average concentrations
(pCi/g) of 1.4 for 223R3 and 1.1 for 2327h,
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Table 8. Concentration of radionuclides in airborne particles
at the 01d Rifle site, May 18, 1976

Radionuclide concentration (fCi/m3)b

Samp]ea

226Ra 210pb 230Th 238y
0-3HV 33 2.1 88 + 44 37 £ 2.5 13 ¢ 1.2
0-4HV 11 * 0.88 53 + 26 14 1.1 4.8+0.71
0-5HV 7.2 + 1.1 35+ 27 11 + 1.1 4.6 +0.71
MPC; 2000 4000 80 3000

“Lecations of samples are shown in Fig. 17.

“Indicated errors associated with these concentrations are
twoe sigma (95% confidence level).

“ Max imum permissible concentrations in air (MPC_ ) for unre-
stricted areas from 10 CFR 20, Appendix B, Table Z,aCo]umn 1.
Limiting concentrations for the given radionuclides are for the
soluble state excepting 226Ra which is for the insoluble state.
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Gamma-ray expocure rates measured 1 m above the Old Rifle tailings
pile averaged 160 pR/hr. The corresponding average for the former mill
area and the fenced area east of the tailings pile is approxirately 90
uR/hr. ! The gamma exposure rate measurements gave evidence of spread of
t21lings outside the fenced area which was confirmed by the results of
surface soil samples.

The average gamma exposure rate measured 1 m above the New Rifle
tailings pile was 430 pR/hr. Measurements of this type showed that con-
tamination existed throughout the plant area. The measurements did not
extend far enough in d4ny direction to reach the assumed background
level, but the river serves as a barrier to spread of taiiings in the
eastern and southern directions except for airborne particles. Also, in
these directions, a soil dike and Highway I-70 embankments impede move-
ment of tailings and diminish the likelihood of a river flood reaching
the tailings.

Analyses of surface soil and sediment samples from both sites for
226Ra confirm the spread of tailings indicated by the above-surface
gamma measurements but insufficient data were oLtained to define clearly
the extent of contamination in most directions from the tailings piles.
A clearer picture of this may be found in the EPA report? of external
gamma measurements at these sites.

Analysis of water samples taken from onsite standing water bodies
showed that the 226Ra concentration in some samples exceeded the concen-
tration guide value for drinking water. Results of analyses of Cnlorado
River water collected during thic survey showed concentrations varying
from 0.03 to 0.7 pCi/liter, but the limited data obtained cannot be in-
terpreted as indicating contaminition of the river by the tailings piles
at the Rifle sites.

Calculated subsurface concent-ations of 226Ra in soil and i.ilings,
based on gamma monitoring data furnished by FB&DU and calibration data,
are presented for 10 holes drilled at the 0l1d Rifle site and for 13 at
New Rifle. The data for holes drilled off the pile help to define the
spread of contamination and that from holes drilled through the tailings
contribute to knowledge of the subsurface distribution of 22€Ra,
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Concentrations of radionuclides in air are above background concen-
trations but they are lower tltan levels reported at other sites. The
topsoil cover over the tailings probably accounts for the near-back-

ground concentration of airborne radionuclides
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APPENDIX [

PHASE I

Report on Conditions of the 0ld Rifle and New Rifle
Uranium Millsites and Tailings at Rifle, Colorado

Sites visited May 9, 1974 by
Stanley A. Mayer, Luacius Pitkin, Inc., {Contractor
to USAEC), Grand Junciion, Colorado,
Jon Yeagley, Environmental Protection Agency,
Region VIII, Denver, Colorado,
Don Lambdin, Environmental Protection Agency,
Las Vegas, Nevada,
Bert Crict, Colorado Department of Health,
genver, Colorado

These Phase I site investigations were conducted under a
cooperative agreement among the Atomic Energy Commission,
the Envircnmental Protection Agency, and the State of Coio-
rado. The reports were prepared by Lucius Pitkin, Inc.,
under AEC Contract No. AT(05-1)912, and are reproduced
directly from the best available copy with color photo-
graphs from the original reports changed to black and white.
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The RLI - olant recovered vanadium from rascoeliite-type cregc by salt

water leaching: and the addition of sulfuric acid to the water
lutlns %o precipliftale a g2dium hexavsnadate red cake. L/ In 147,
ac’d loacning and subzseunat procecs stapc Lo recaver uranlum were added
e RITIe plant. Thr record of orcduction pricr to L4 13 not

out frem tnan date untll the miil 2 laged ‘n L)S?, the .04

‘e ARC amounted to 2,275 tons, i

preqcant MG licite

The tailin: s pile !5 located approximately 1/8 of a mile southeast of the
town of Rifle and ‘5 situnted between the DE&RGW Railroad on the south
and Highuay U. S. 6 and 2h or the north. (Photographs 1 and 2). The
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Colcrado River is approximately 50 feetl from the railroad and the <allings
pile fence Is mbout esnother kS feet beyoni the railrosd. There arc

houses within a gquarter 2¢ a miie to the south across the river frca

tha pite. (Photcrrapk ). Th: talilings plile covers sn srea of
approximatel: 10 acres. The cld concrels blork assay buiiding iz the

only building left an :his site althoush several concrete foundations
still exist. ({Photosrapn &).

Buildins foundations were fliled and the surface was graded. C(bservation
iniicat2s that the flll 1as seitied in sowe piaces.

Tne tail were stabllized by Union Carbide in erccordance witn Colorado
requlations in 1%7. They were pushed beck frox the railroad rzgh»-oL—

way c2vm ith ,200 cubic yards -f top soll for a minimum depth of

six inch rertilized, seeded and =2 sprlnk er systen instelled, which nas

naw been santlad as sprinkling: of tne pile was ulscontinued in L8,

The tac e piie Is linad with concrete siabs from cld ouilding
sundations and flaors.

A 2rea o7 s2epage wes ~bserved along the eart side o7 the tailings

pile. (Ph sgraph Z). Th ep has resulted from a spring which

2xistad in tne central ares of the pile during mill operstions, 2/
). c : icrk

r— o r
(Phatogranh 2 To affcctively eontalin the scep area wnich contains
exnosed Lalllings, cover shsuld be appiled and revepatatinsn should be

unéertaken, The rest of the pliz supporta a 224 yrowth of vepetalion,

The urarnium c.ontent 27 thic pile s <cstimated %o acsay C.0% percent
UjCZ, anl » zubsnantlia) auantity <f the 2ripina! tallings plle wes
repracersrl tn the now Rifle mill,

The property iz Jencwd with locred rates and pocted as reguired by the
Jinte, and s und?r wrvelllanee bj ion Cerhide Corporstion,

(Pt memive © et 6.

zav.roamental Tanclderatl.ns

The motile ramma ralintinn zurve, was conduct~d
the P4 By toe AEC (under an EFA contract) during Mar L)
the "ri.rma’.’=n ,b*exnrd the J.lornds Depsrimont of Health |
sccupernt; <0 tws lacatiang thet earrccetive measures shouid be
undervazen, and at the zame “ime advis~d “hen “hat, no pudlin
avalabl~s *n aggist in the 2arrective meanur's. e

locat.ong ware advized of tailings ise within "0 £t of the 3

cture,

on camma survey of tae nile we in January 1070
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The radium moritoring network which hss been operated by the U. S.
Environmental Protection Agency in cooperation with the Colorads River
Basin Enforcement Conference has mainteined surveillance of the ralium
concentration in the Colorado systems from Janurry 1961 through June
1972. 5/ The concentration of redium in the Colorado system has been
seen to be cons1stent1y below allowable levels over the past decade.

As a part of the research program to evaluaste radon near _uraniuva piles
two_samples were taken on the covered tailings pile on August 27, 1968,

- and the results were as follows: 32.8 pCi per liter at the northwes:
“corner and 23.8 pCi per iiter at the southwest edge whlch was downwind -
. for night time inversion conditions. 5/

‘Union Carbide COrporation reports thst the old Pifle mill tailings pile .
. ..contains approximately 350,000 tons. AEC records show for the period
1948 to mid-1958 ore sveraging 0.36 perceat U30g was fed to p-ocess.
" Assuming seé¢ular eonilibrium the theoretical Zoncentration of Rs-226

in the tailings from mill feed is-about 1,008 pCi per gram of ore. The

total Ra-226 inventory theoretically in the tailings pile is estimsted
b ;kto be 720 curies,

projectims are related to :xpected growth beceuse of the development of .

" the oil shale indusiry. The 1370 populaticn of Rifis was 2,150 and by .
1987 with normel growth the population will incrsas~ to 10,000, If

moderate oil sh=le deveiopment occurs, Rifle wil. be expected to have an
additionsl 5,200 people or a population of 15,200. However, if intense
oil shale development would occir an additional 4,800 people are proected
prividing & population estimate of 20,000 people.

The miilsite is s _fawvorsble locetion for industrial u.e due to its
proximity to tue highway, the railrosd and the river. Interest in the
property for inmdustriel purposes has reportedly obeen expresscd by several
parties, :

Meteorology

) .The .annual precipi wation is about 11 inches ver year. The mesn temperature

is U7.5°. At night the prevailing wind is from the northeast snd opposite
during the day, in effect paralleling the Colorado River, and as such has
“ittle affect on the town of Rifle.

Hydrology

Tailings naterial at the old Union Carbide “orporation mill near Rifle,
Color:alo, is located on the ancestral flood plain of the Colorado River.
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The river at this point now essentially flows from cast to west whereas
.t formerly took an arcus‘c route beneath vhere the tailings arc now
situated. Therefore, soil materials underlying the tailings probably
consist of permcable, stream-leid, sand end grave! deposits similar to
those ecxposed in the cxhumed terrsces forming smell Dluffs just to the
north of the site,

A recent study by the U. S. Army Corps of Engineers (1973) indicates that
peak floods will rot inundate the tailings. Howecver, at peek river stage,
-.;round water levels will aiso rise and pertially saturate the tailing=.
This will be intermittent ard of relatively short durstion and will
undoubtedly give rise to clevated levels of radioactivity in shallow ground
water 2djacen’ to the pile. Dispersion along the flow path, as well as
dilution with other ground wate: and the river flow should roduce
concentrations to acceptable levels.

The primery water supply for Rifle consists of surfsce water diverted from
Beaver Creek which is three miles southeast of towm. The Colorado River

is an alternatc supply witk the point of diversion located sbout 0.25 mile
upstrean. Neither source is affected by the tailings.

The ground uater flow d:irection, nferred from topograchic evidencs and
surface water-ground water relsationships, is probably to the west or
southwost. Thoreform, existing or proposed ground water development in
the arca down cradent Trom the pile should be preceded by perindic
rad olofic surveys of water qusli.y.

Site Visit

| The old Rifle site was risited May 9, 19Th, by the following perscrnel
' (team) in the compeny of Robert G. Beverly, Director, Envirommental
Ccontrol, Minins and Mctels Divisicn, Union Carbide Ccrporation and
Yaroid Tiper, Plant Superintendent, Rifle Cperations, Mining and Metals
Division, Unlon Carbid~ Corporation: '

Stanley A. Mayer, Lucius Pitkin, Inc., (Contrsctor to USAEC),
Grand Junction, Colorndo,

Jon Yenrley, Znvironmental Protection Agency, Region VIII, Denver,
Colorado,

Don Lembdin, Environmental Protection Agency, Las Veras, WNevada,
Bert Crist, Color~do Department of Health, Denver, Col.sado,
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RIFLE (old mill) - Union Carbide Corporation

Approximate Scale - one inch equals 500 feet
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3. East end of pile showing seep, unvegetated area; rail-
rosd, Colorado River and ranch houses in background.

L, o0ld sssay building, only remaining building on millsite,
U. S. Highway 6 & 2k in background and seep at ‘ast of pile.




5. Looking northwesterly toward U. S.

vegetated tailings pile.

s
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6. Looking southwesterly over vegetated tailings pile.
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REPORT ON CCNDITIONS CF TEZ NEW RIFLE
URANTUM? MIZLSITE AD TAILINGS AT RIFLE, TCLCRADC

Introduction

Certinent Information has bren accirrziated froa available records of ke
T, EZFA, the States end compeniss invelwvad, An cn-site visit weas asie
s ncte curreal condlitiong, lncluding the millsitc and the tallings

disposel aree, proxiaity to populated end industriellzed arems, present

own:rsnip, an whather £ need Jor csorrestliv: actlion exists., It is
intended thet thlc repsrt will serve as a ba~is for determining the

necessity of e detailed engincering sssessmenc {Phase I3
is regort on the site zear Rifie, Csloreds, was crepered jointly Ty
the AEC, EPA, sn2 the Glate of Cclo'ado s Department of Health, Divisian

of Cecupatinnal and Redizlogical Healt n (CDE).

uzmary eni Conclusions

[$]

In July 1957 Unizn Carblde _oroc'nt on comple
,-ac" in producticn e new mILD two miles

The uraniws ant vanedium srocessing porils
down December 1372, Zurrcatly, a dorticn

2% neople, is ar used for final process

sales., The r = tae M1 Ig r--"~a~nﬂd In szexlhey oorilclon o
possible future uranium production,

)

Durine the Lh-1/2 years of operaz:on 2.7 =miliio t:ns 58 ar~ and uggredar
products were pr=c:ssed with an equivalent amount ~f “aliings produced.
The tailinge were impoinded in twe adiacent piles on approximately 0
seres next to the Czlorado River., The millsgite Includling the tailinre
erea is fenced and posted as reguired by the Jtate. Uegelalicn hecs
been establigshed dipnctly on the Lallings withocut benaflf .7 n 530!
ccver. GSuch vegeltation requives frequent sprinkiing Iin crder *-. =ainiel
the growth and prﬂven' wind erosion. Although this sits haz beer inciud
Lo Healt

in thn Phase 1 study at the request of the Cslorato Drpartmer
:t iz not an Inactive nor abandoned facility and (% !5 under an eetive

source material license lsgued by the Sta™- =f Ccloradn, The
vas confined to inspecti~n »~f the tailings.

oie fea’ln

7
t that ~omes

The main concerns regarding the tallings relate to ') pass
problems arising from radon exhalation, and 2) blowing dus
from unvegetated areasg.
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As a result of the site 7isit and review of informatior conteined in this
report is is concluded that the public bealth and economic impacts of the
following actions should be investigated in & further study of the new
Rifle site. Such study ispredicatedan s determinat:ion that the mili,
vhich is being held in stand-by, will not be used for processing
sdditional ore in the future.

I. Investigate the significance of radon exhaletion ant wind-
blown dust from the tsilings piles on the surroundings and
determine what corrective action, if any, is required.

II. Removel of the tailings to » wore suitable locetion. ¥o
such location was identified in this phase of the study.

III. Evaluate radiation exposure where tsilings have been used in
construction in Rifle.

IV. Perform a limited exemination of ground vatei- c@itim
benesth the site to include ot least a2 well inventary.

Location

Union Carbide Corporation’s new Rifle millsite is located in the velley

of the Colarasdo River tws miles southwest of Rifle, Coloredo, approximately
600 feet south of Highway U. S. 6 and 2k and edjacent to the DERGW
Reilroad. The toe of the pile is spproximmtely 1,000 feet f{rom the
Colorndo River. The site is in Section 18, Township 6 South, Renge 93
West, Sixth Principsl Meridian and precisely at 30°31°30" Rorth latitude
and (O7°48°L5" West longitude.

The site and its surroundings are shown in Photogreph 1.
Ownership

Union Carbide Corporation has owned the mills.te from the time of
construction to date.

History of Operations

The mill was placed in operation in July 1958 and the ursnium and vaasdium
recovery circuitz wvere shut down in December 1972. The mill wes
congtructed as part of a complex which included the upgraders at Slick
Rock, Colorado, and Green River, Utah, all of which hed an overall
capacity of 1,000 tons per day. The products from Slick Rock and Green
River were hauled to Rifle for further processing.
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A total af 2.7 million tons of ore, u
the 7ld Rifle mil! ware {ed to preces
of 5,57 tons of UsC3

Ridisionel uraniuzmend sll venadiuz p
~re ard upgrader praducls were trans

ra’lrssd.

Process Descrigtion

~ow vanadixm ores wore acld ieachzd a

ipgreder products, and tailings from
s »t the new Rifle mill. A tcta

2 in concenirete wera purchased dy the AEC.
»

raduction were soid cocmercielly.
oarted to the nill by truck and

=3 zlgn anadium cres were first

52l roasted tren watar leachef 5 remove the soluble saodium vansdate.

The residiue was then acid leached ani

by solwmnt extrection. . Produets
River were fal L3 oracess st varisus
ani vansdium contenr.

Pres=nt Hillsite

aumbsr 3 (plle number 1
zlder plie, number 2, is

500,200 tans of tailings, and covers
flat tops with side slopes ol 2 to 1,

nuzter 3 hes teen utilized for burial

93tk urenium and vengdium reccyered
r2caived frcm Slick Rock end Green
seinle depending oo the uranium

in tnis location totals aboubt 323

ngs were depcsited In twa sdjacent piles designated »s

bein: the pile at “he oid Rifle
epprox:mately 55 fee. high, contains

zillion toms, and covers sbout 10.9 acres at its bese. The
c approximateiy LU feet hi

gh, ~onteins approximetely

about 1C.5 scres. Bon piles have
The scutheast porticn of pile
anc storage of contaminated waste

aaterials froz the xmiil cperation. It was not possible o <h time o7
the visit tc determine the guantity <0 zaterie: disposed of in tihl
zenner,

Ta= tailings ciles lie on relatively flat land agproximately 1,000 fent
fram nne Toloradn River. Zonstructicn of Interst.te Kighway 1-70, iz
oricressing hroagh the Rifle ares end will Do ouilt betwcen Lhe river
ani <he gouthern end of the plies ag shown In Photegraph -. The hishuay
will e an offeclive barrier betwesn the river and the plles sc thee

there cat be ro washing away of taill

Nlgh wetar, although so:ae ra’urat on
28 water from the ease. ink ferce

Deoartaent to sare the bou\dary cf th
.

Tne allings piles have been vegetate

nes in the event of abrorma
could conceivably cecur by ngress
nas been built o_/ cae dishwsy

e property snd lne nighway rigshtesf-

d by direct planting without ber.ef'c

2L e zoll cover and routine sprinkling. The g£ocd vegaetatisn as shown in

Photographs 1, 2 and 2 greatly reduce
2rosion, although some spots suffer a

s the wind and surfare water
zand-blasting effect from the

prevailing winds and concentrations 5 common salts in the tailings es

snowr. in Photographs | and 2. Cantin

ued crowth of the vegetation is
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dependent upen continued sprinkling as shown in Photograph 4. A repo-t
on the Stabilizeati-n of Tailings Pile No. 2 by Union Carbide employees
J. F. Frost and K. L. Piper, September 1968, is available.

The area occupied by the milling facilities lies to the northeast of the
tailings, and the raffinate pond is immediately east of the tailings.
The mill is compris:d of various buildings snd structures some of which
are cusreatly in use snd the rest house equipment mmintained in standby
conditicn. AllL ore stockpilies werr fed to process before the uranium-
vanadium circuits were put on standby. ’

nvirsamente! Considerations - . )

A mobile pamma survey was mede of the Rifle area for Environmental
Protection Ageacy in cooperation with the Colcrado Department of Health.
As the result of follow-up investigations of the anommlies reported, 163
iocetions were noted in which teilings were suspected as the source of
the rediation. Seventy-five were caused by dust washed from roofs and
accumulating below the eaves. There were TO locations involving possible
tailings use, 24 involving aress fnside hsbitable structures.

The radiun monitorins network which has been operated by the U. S.
Environmental Protection Agency in coopersation with the Colorado River
Basin Enfarcement Conference has meintsined surveillance of the river
for geveral years. A station was set up at Silt above Rifle snd one

at DeBeque below Rifle and the average annual concentration of Ra-226
over z pericd of 12 years wes 0.19 and 0.17 pCi per liter, respectively.
This is well below the maxirmm permissibie concentration in waster for a
meabar 37 the general population of 3.0 pCi per liter.

Union Cnrbide Corporation reports that the new Rifle mill tailings pile
conta ny 2pprovimetely 2.7 million tons at the present time. REC records
show rz* the fead to the miil contained an average of 0.31 percent
G.Zc. Assuming sccuiar equiliibrium the theoretical concentration of
R3-226 in the tailings from mill feed is 868 pCi per gram of ore. The
total R3-220 inventory theoretically in the teilings pile is estimated
te be 2,130 curins,

It should b2 noted that the new Rifle mill tailings nave been temporarily
con.rolled. Tht millsite including the tailings srea is fenced and
posted as requirnd by the State of Colorado and s under Union Carbide
Czrporaion’s curveillance, The Rifle millsite continues to be subjret
to the State of Colorsdo contrsl through en active source material
licens~,

Recent popuistion projections heve been uade for Rifle., These projections
are related to expected growth because of the development of the oil shale

‘.
[ R

s
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industry. The 157D population of Rifle was 2,150 and by 1987 with normal
graowth the population will increase ts 10,000. If moderate oil shale
development occurs, Rifle will be expected to have an additional 5,200
people or a population of 15,200. However, if intense oil shale

1 development should occur en additional 4,800 people are projected,

f providing a p.pulation estimste of 20, 000 people. 4/ Farmland to the

’ south of the pile acrosc the river about one-helf mile away has potential

for subdivision as a residentiel aree.

The new Rifle mill remains in opersble condition (Photograph 5) such that
resumpt ion of processing or urenium-venadium ores could teke place within
the next few years. In addition, the 325 acres owned by Union Carbide
are prime development lend which will come under increasing pressure:
froz industry as the projected oil shesle boom gets: underway. Land lying
to the north of the site ~cross U. S. Highway 0 and 2% presently hes

some commercial development. This deve'opmert cen also be expected to
intens:ify.

Het.eorolggz

The annual preripitation is 10.»6 inches per year. The me2n temperature
is k7.3°. - At night the prevailing wind is from the northeast and
opposite during the day. The preveiling dayhime winds are -oward the
town of Rifle. '

Hydrology

!-ﬁll teilings et th: new uranium mill in Rifle, Coloreds, =re located
the north bank fiosadplein of the westward flowing Colcmdo River waich
is located apprexinatsaly 1,000 feel tc the east and south. &35 wentioned
in an esrlier paragroph, *he new Interstal~ Highwey will be ar, ~ffective
barr-r.r' in preventing any uater erosion caused by any abtnormal [loading
T the river.

The underlying cediments are compesed =f sand and grzvel dzposited by

t'—xe nresent day Colorado River. North of the a'l"m s pile thrre ere
lightly elevated dissectzd terrace remnantc denotln: the former £lcod

pla'" of the river, The vemnants, lik~ *he present dsy channel sndimonts,

arz comozed poimarily of sand am. gravel.

The tailings are located down gradiert from Rifle and the-efare will have
r.c adverse Irmpact on municipal water sunpiles whi~h are diverted from
Beaver Creek loceted three miles zoutheast o town. Altermate supplies
are diverted from the Colorsds River at the palnt about one mile upstream
from the town.
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The water table wader the townsite of Rifle lies ~t about 135 feet below
the surface. But a2t lue millsite it is st 20-25 feet b=low the surface.

Site Visit

he now Rifle site was visited on ¥siy 3, 1974, by the fol lomng nerso-mcl
{team) in the company 2f Robert G. Peverly, Director, Environmental
Control, Min“ng and !etals Division, Union Carbide Ccrporation and
Harold Pi-er, P.ant Sumerintendent, Rifle Qpera‘.ions, Minirg and Metsgl:s
Division, U1ion Carbide Corpora:.lon.

Stenlzy A. Mayer, Lucius Pitkin, Ine., (Contractor tr USAEC),
Grwnd Junction, Cclorado, . .
Jon Yeagiey, Envircumental’ Protection Agency, R«*gm;x UIII .
Denver, Colorado, - :
Dor Lambdin, Environmental Protection Agency, Las Vegas, Nevada,
Bert Crist, Colorado Department of Health, Denver, Cclorado.

A AL A s e 7
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Rifle

(Wew) - August 197k ‘
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SO TEUSIINTS

S 1. Snow fence used to comtrol blowing tailings. Photograph
e also shows effects of erosion by surface runoff.

2, Unvegetated tailings base on southwest side of tailings
pile with good grwwth above.
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3. South side of tailings pile, settling pond and Colorado
River. U. S. Highway I-70 will be built between teilings

pile and Colorado River.

-

4, Southeast corner of tailings

piie, where contaminated
material is buried and east side of tailings pile, showing
vegetation being irrigated. ,







~ APPENDIX II

Soil Sampling Techniques
and
Radiological Measurements
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Soil Sampling and Measurement of Radionuclide
Concentration as a Function of Depth in Soil

A monitoring and sampling procedure wzs established for this pfo-
Ject in conjunction with FB&DU to measure the radionuclide concentration
in soil as a function of depth. At each site, a set of 15-cm (6-in.)
diameter holes ﬁa§ drilled through the tailings and into the subsoil. A
polyvinyl chioride (PVC) pipe (7.6 cm o.d.), sealed on_one end, was
Towered into each hole, and measurements were made of garwa-ray intensi-
ties as a function of depth. A 15-Eh-long Geiger-Mueller tube shlelded,,' S
. witha lead cover containing co]llaatIng sllts was used for-this purpose
by lowerlng it inside the PVC pJpe;for measurements SIgnals from this
_.detéctor were countedzus1ng a portable scaler.!
B After'gamma ray vs depth proflles were determlned the p051tlon of
' the interface between ta!ltngs and subsoil VEQ estlmated Once com~--
~ pleted, thef—drlrl1ng rig was moved approximately 1.2 m (4 ft), and
another hole was drilled to the interface level. Samgles of soil core - -
were then collected as a function of depth using a split-spoon sampler
{each core section was 0.6 m long). - -
Most of the penetrating gahha radiation monitored is attributable
to 226Ra and its daughters. Therefore, a calibration factor for 225Ra
- concentration was determined for the collimated gamma-ray probe by com-
e ;:\"paring the response of tbis unit (counts per unit time) with a measured
value for the radium concentration (picocuries per gram) in several soil
samples determined by a gamma-ray spectrometry technique. A least-
squares fit of FB&DU data (first probe) from this comparison yields the
equation

R = 0.528(C -~ 16)

For this case, R is the 22%Ra activity in picocuries per gram and C is
the observed response of the collimated gamma-ray detector in counts per
minute; there were 16 background counts per minute for the gamma-ray
detector.
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The above expression was useful in estimating the overall distribu-

tion of radioactivity in the tailings as well as the total quantity of -

radium in the tailings area. Surface soil samples were cobtained normal-
ly by removal of an approximately 3-cm-deep layer of soil from an area
of about 25 x 25 cm. The same procedure was used to obtain samples
15 cm (6 in.) below the surface except that the top 15-cm layer of soil
was discarded and the sample was,renovéd;'?i:; the next 3-cm layer.

Each sample was dried for 24 hr at 110°C in order to remsove mois-

" ture. The samples were then pulverized in a high speed rotary crusher

having plates adjusted to provide particles no larger than 500 ym. The

soil was dispensed iato 25-ml polyethylene vials of the type used for

o m

liquid scintillation counting and sealed tightly. A soil sa-p]e"m‘ir- )
mally consists of 12 of these vials. The net weight of the group of

vials was measured to the nearest tenth of a gram. _

The sealed sample vials were stored for a period sufficient to
allow attainment of equilibrium between 226Ra and its short-lived daugh-
ters. Radon-222, which has 5 radioactive half-life of 3.8 days, will
reach the same activity as its long-lived parent, 22%Ra, in about 30

days. The short-lived progeny of 222Rn will have reached equilibrium ~

within the same time. Determination of the activity of any of the
daughters in the sample will reflect 226Ra activity. After equilibra-
tion of radon daughters, the 12 sample vials (or smaller number) were
inserted into a sample carousel or holder (Fig. II-1) that was placed on
a Ge(Li) detector for counting as described in the section on gamma-ray
spectrometry below.

Field Laboratory Facilities and Equipment

A 20-ft mobile laboratory van was used as a field office and for
transporting instruments. This van contained an alpha spectrometry
counting system for air samples along with air sampling equipment; a
Johnston Laboratory radon monitor complete with Lucas-type flasks and an
evacuation manifold; gamma-ray detectors; miscellaneous electronic test-
ing equipment; and standard calibration sources. A trailer-mounted,
gasoline~powered 12 kW motor generatcr, pulled by the van, was used to
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T | ORNL-Photo 2171-75

Fig. [1-1. Horizontal mounted Ge(Li) detector system used for
counting soil samples (carousel-type sample holder is shown in its
counting position).
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supply electrical power in remote locations. A voltage stablllzer was
used to provide regulated power for instruments. C
.. A second field laboratory used in the project was an 8 x 35 ft air-
conditioned semitrailer with running water, tcols, and miscellaneous _
supplies. It served as an instrument calibration facility, offiée, and
workshop. This trailer required electrical power from an external
source. During most of this project, the trailer was parked in Grand

Junction and was used as a. temporary field office.

Gamma-Ray Spectrometry Systems

A Harshaw integral 3 x 3 in. Nal (T1) crystal, a higir sensitivity
detector, was used to scan all samples for a preliminary estimate of
226Ra activity. This detector was used in a “"pickle barrel” i:ype
shield, lined with copper and cadmium to shield x-rays. Signals from
the crystal were sorted by a conputer-'bassd (PDP-11) pulse-height ana-
lyzer. The computer was programmed to control all iunctions of the
analyzer and counter, to analyze the data, and to print out a statis-
tically weighted average of the 22%Ra activity per unit mass. One ad-
vantage of this counting arrangement is that it permits quick sorting;
samples can be scanned at the rate of about six per hour (minimum count-
ing period is 5 min).* An energy calibration of the Nal 'crystal and
anaiyzer was obtained by standardizing with 57Co, !'37Cs, and °Co. An
efficiency calibration was obtained through daily counting of a uranium
standardT (0.05% uranium mixed with dunite, particle size = 500 pm).
Radium-226 is in equilibrium with the uranium, and this isotope and its
daughters provide a source of gamma-ray lines for calibration.

*The principal reason for using this scanning system was to esti-
mate how much time would be required to count the samples with one of
three higk resolutions Ge(Li) gamma-ray spectrometers.

TStandard uranium sample obtained from the former Atomic Energy
Commission New Brunswick Laboratory,
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‘vertically -ounted detectors (Fig. 1I-2). The detector systens were
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Final data on the concentration of radionuclides in s0il samples-
were determined by counting all samples with one of three high resolu-

tion Ge(Li) spectrometers. These high resolution counting systems “con-

sist of one horizontally mounted 50-cm® Ge(Li) crystal positioned on-a

platform for movement into and out of a lead shield (Fig. II- 1) -and twn

used to obtaln compiete photon spectra ef the soil samples. Slgnals
from the horizontal Ge(Li) crystal were routed to a 4096-channel pulse

height analyzer and signals from the other two Ge(Li) crystals were 'f B

routed to two 2688 channel regions of a computer based pulse helght

magnetic tape—and stored for later analysw usmg the ORNL IBM computer
system.* . e e

The computers were programed to sort out peaks— from 2-'-"2Th daugh--

ters 1nclud1ng the 909 and 967 keV pegks “from 228Ac, the 239 keV from
212ph  apd the 2614 and 583 keV peaks from. “{3H, These data permitted
measurements of the 232Th concentration and data are reported for many
of the samples. 4 o | ‘

Energy cahbratlon of the GE(L‘I) detectors was controlled through
the use of isotopic sources of S7Co, 22Na, 137(Cs, €9Co, 33Y,, and 49K.

A calibration check was completed each day prior to beginning sample

counting. In order to maintain linearity of the ADC's, a spectrum
stabilizer was utilized. This instrument can be adjusted so that two
individual photon energies are detected and maintained in two channels
at separate ends of the scale. These two calibration points helped
maintain an energy span of 1 keV per channel. Efficiency calibration
was obtained through the use of the same uranium ore standard samples as
for the Nal crystal. An analysis of the counting data was accompiished

*Spectra from the two vertically mounted Ge(Li) detectors were
stored on magnetic tape for record purposes, but were analyzed immedi-
ately using a Tennecomp Model TP-5/11 computer-based analyzer.

o~

LT

’cnalyns system. Samples were counted for periods long enough to eval-
_ uate the-226Ra concentration to a statistical accuracy of 5% or better. :
- Spectra from.the honzontaﬂy mounted Ge(Li) detector were recorded on
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Fig. 11-2. Computer based multichannel analyzer and one of three Ge(Li) counting systems.
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through a lirear least-équares fitting routine. et adjusted areas
under photo peaks of interest were tompared with an extencive radio--
nuclide library.? Data from the computer were presented for each radio-
nuclide as a weighted mean with <‘andard deviation.

“Externa! Gamma-Ray Detector

A gamm: radiation survey was made on and around the mill site and
tailings pile. The instrument used for these measurements was a "Phi1"
gamma-ray dosimeter.” The basic unit was a 15-cm- (6-in.) long 30-mg/
cm? glass-walied organic-filled Geiger-Hué1ler (G-M) tube with an energy
co@pengétion;shie]d made of tin and lead Pulses from this unit were
counte&_with a battehprowéféd portable scaler. Tyrically, G-M counters
are not used for dosimeters because of aspeaked response at low photon |
- energies.  However, perforated layers of tin (1.0 mm), and lead
(0.1 mm), were used "as an energy compensation filter to flatten this
peaked response at photon energies below about 200 keV. Sealed sources
of 137Cs and 226%a were used for calibration. It was found that the
respodse of this detector was: 1 mR/hr = 3400 counts/min.

- For each gamma-ray-exposure rate measurement, at least three 1-min
counts werz recorded. The mean of these readings (less instrument back-
ground) was used to ‘determine the exposure rate to external gamma rays.

Radon Daughter Sampler*

Radon daughter concentrations were measured with a sampling and
counting instrument which has been in use at ORNL for several years,*
and it was also used to make some comparative measurements in the reme- '
dial action program in Grand Junction.® The filter counter for this sam-
pling device, shown in Fig. II-3, utilized a modified gas flow alpha

*This section and the following section contain descriptions of de-
vices and methodologies typically used in the radfological surveys of
milling facilities. They are incluoed in each report in this series.
However, in some instances, the measurements were not possible.
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Fig. 1I-3. System used for meésurement of radon dhughter<toncéntrations;
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counter for housing a 450-mm? silicon diode. Normally, this type detec-

tor is operated in a vacuum chamber. However, in this case, it was

B found that by flowing helium at atmospheric pressure through the assem-
bly, ab-arption of alpha particles is small relative to absorption in

air. Alpha particle pulses were recorded with a 100-ch~1inel analyzer.

A <mali 228Th alpha source standard was used for standardizing the

energy scale. Air that was monitored fcr radon daughters was sampled at

. a rate of 12 “o 14 liters/min. An absolute calibration of the airflow

was provided through a comparison of the sampier's mass flow meter and a

wet test meter. Samples were normally collected for 10 min, and the

- first count of the filter was started at 2 min after removal of the
sample and continued for 10 min. ‘For this case, a determination was

3 made of the number of counts due to the decay of 218po (RaA) and 214po
. ' (RaC'). A second count was stirted 15 min after removal of the sample
' and continued for 15 min. In this case, counts were recorded from the
decay of 214po. Data from the counter were stored in a pulse height

analyzer and reduced by computer. The code for this analysis is ex-

plained in detail elsewhere.® Results of the analysis of data using

this code were presented as ccncentrations of RaA, RaB, and RaC'. In

addition, a value for the working level concentration was also provided

along with ar estimate of the error associated with each reported value.

Rodon Monitor

The instrument used by ORNL to measure radon concentrations in air
| consisted of 95-m1 Lucas chambers and a readout unit.* Each chamber was
; : evacuated to approximately 1 mm Hg and then opened to atmospheric pres-
; - sure in the area where a radon measurement was required. No filtration
was used for sampled air. The short-lived daughters of radon drawn into
the chamber were allowed to decay for 3 to 4 hr prior to counting the
flask. Comparison of the results from this instrument and the radon

*LLRC-2 Low Level Radon Counting System manufactured by Johnston
Laboratories, Inc., Baitimore, Md.
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progeny monitor provided an estimate of the degrée of equilibrium be-
tween radon and its daughters in the selected locations where air sam-
ples were taken.




81

APPENDIX II REFERENCES

1. J. H. Thorngate and J. E. Parks, "A Portable Scaler,"” Health Phys.
12, 385-393 (1965). |

2. J. F. Emery and F. F. Dyer, "Multi-Element Determina;;ion in Environ-
mental Neutron Activation Analysis Using MONSTR," Proceedings of the
Second International Conference on Nuclear Methods and 7E‘rwi1{amenvtal
Research, CONF-740701, held at the University of Missouri, Columbia,
Mo., July 29-31, 1974. o A

3. E. B. Wagner and G. S. Hurst, "A Geiger-Mueller y-Ray Dosimeter with
Low Neutron Sensftivity;“ Bealth Phys. 5, 20-26 (1967).

4. P. T. Perdue, W. H. Shinpaugh, J. H. Thorngate and J. A, Auxier,

"A Convenient Counter for Measuring Alpha Activity of Smear and Air
Samples,” Health Phys. 26, 114-116 (1974).

5. G. D. Kerr, "Measurements of Radon Daughter Concentrations in Air,”
Pp. 202-207 in Dosimetry for Human Ezposures and Radiological Impact,
ORNL-4979 (July 1974).

6. G. D. Kerr, Measurement of Radom Progeny Concentrations in Air by

Alpha-Particle Spectrometry, ORNL TM-4924 (July 1975).




APPENDIX III

Water Sampling and Analysis

Water samples are obtained at appropriate points on and around
the mill site, labeled and stored for later analysis. Each
sample is centrifuged and filtered through a 0.45-pm filter to
remove suspended solids. The samples are then analyzed by
radiochemical techniques as described in this appendix.
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Procedure for the Sequential Determination of'zz‘il(aL 230Th,
and 2!9Pp in Water from Uranium Mill Tailings Sites

P. M. Lantz .

Health and Safety Research Division
O0ak Ridge National Laboratory
O0ak Ridge, Tennessee

1.0 Radium-226 |
1.1 Ffilter the ~1.0 liter water sample using a vacuum flask snd
- #42 bvhatman filter paper to remove suspended particles.

1.2  Reduce the volume of the water sample, to which 10 ml of
" concentrated HNO; has been added, to less than 250 ml by
evaporation.

1.3 Transfer the solution tc a 250-mi1, long-neck, tapered-joint,
flat-bottom Pyrex boiling flask. Insert a Teflon-coated
‘magnetic stirring bar. Add 37 ml of concentrated HNO; to
make the final concentration 3M. Insert the modified,
female, tapered joint with gas diffuser and side arm with
stopcock. Seal off the gas inlet and close the stopcock to
assure containment of 222Rn in the flask. Store for at
least 30 days to await attainment of 226Ra-222Rp equilib-
rium. v

1.4 Next, connect the 250-m] de-emanation flask to a helium
source and the rauon trapping system. Attach an evacuated
Lucas chamber. Flush the system with helium gas while by-
passing the flask. Stop the gas flow. Immerse the unfived
Vycor radon concentrator in a liquid nitrogen bath. Be sure
the upstream exit for helium gas is open. Start the mag-
netic stirrer. Open the flask side arm stopcock to the
system and start helium gas flowing through the liquid at a
rate not to exceed 2.8 liters/hr. The radon-helium stream
is dried and stripped of organic condensable components by
KOM and ascarite traps. Radon is condensed on the Vycor at
liquid nitrogen temperature and thus separated from the
helium gas carrier. '
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1.5 Stop the de-emanation process after 30 min. Having shut off
the gas flow, close thé helium exit. Isolate the radon trap
and the evacuated Lucas chamber from the remainder of the
system via stopcocks.

1.6 Open the Lucas chamber stopcock and remove the liquid nitro-
gen from the radon trap to allow the gaseous radon to dif-

fuse into the chamber. To hasten the diffusion, the trap =

may be gently flamed. e

1.7 Bypassing the flask, wse a controlled stream of hel)um to
flush residual radon into the Lucas chamber yntll neat at—
mospheric pressure has been reaqhed Stop the gu&~¢1ow ana
close the stopcock os: the Lucas chamber. = i =

1.8 After a delay of 3.0 toA1'5 hr- £o permIt Lhe Zzzpr*to Feach: <«
equilibrium with 1t> uaughterf,, place tﬁe Lucas chamber over

-

a photonultlpller tube and count the gross,a!pha for 70 mis..

1.9 Subtract the Lucas chamber backnround counted under' the ';52

same rondltlons'~from the gross count DTV]de the net couﬂt
by three to obtatn the “2Rn ccunt at that ttme Correct
the count for:time elapsed since de-emanatlon was termlnated

and the eff1c1ency of the Lucas chamber for copverting alpha - /

"discharges .to sc1n£1llat1on~ (~85%) Report the 2‘GRa in
equ111br1um thh ‘22Rn as p1cocur1es per liter.

2.1 Transfer one-half of the water sample remaining from the
radon de-emanation process (3i4 HNO3) to a Pyrex beaker for
volume reduction on a magnetic stirrer hot‘p1ate.

2.2 Add 0.7 g AT(NO3)s - 9H,0, 2.0 mi (20 mg) Pb carrier, 1.0 ml
(20.9 mg) Bi carrier and 5,000 to 10,000 cpm of 234Th tracer
to the water sample before reducing the volume to. approxi-
mately 20 m}. .

2.3 Should the sample snlution‘contain'undissolved salts, sepa-
rate liquid and solids by,bse of centrifuge. Dissolve the
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solids by heating with a minimum volume of distilled water

er dilute HNO,. Cembine the dissolved solid with the origi-

nal sdperaate. Should silicic acid form in‘ the solution

during volume reduction, as evidenced by its deposition on

the beaker walls, cool the solution to room temperature and

centrifuge. Add an equal vclume of concentrated HNO; to the

supernate. Wash the solids with a small volume (5.0 ml) of

'; 8 » HNO; and centrifuge. Combine the wash with the adjusted

supernate:  Discard the :nlids. Keep the solution cool in

e an ice bath Juring precipitation of hydroxides with an ex-

_ cess of ammonlum h}drox1da td‘unnlmlze the formation of

S 5111c1c ac1d.rFom d1ssolved 51]1catPs - tef.stand 5 to 10

ST ,,m1n Centid fuge psur off Ahe - cupernat;nt \quIG and wash
3izﬁthe prec1p1tate with d1}upe~ammon1um .ydrox1de - D1scard the 7

supernatant and wash- llqulds ~D15<9rve the\solwds in-10-20 o -

,;:${51) 4 j;f: ' 7 ~m7 oF 8% HNOa Should the solution contain suspenoed $ili- .
T . cic acid, ‘centrifuge, wash the so!]@s with 5 ml 0f-% » HNOs ’
e and” comsine the supernatant 1iquids Discard the solids.

et - o 2.4 i”iransfer the 8 HN03 sojution to a rﬁndxtloned Dowex 4 x 1
' o " anion-exchange celumn S mm i.d. x 10 cm long (2.0 ml vol.).
. :? o _ ti'he column 15-cond1t[qned by pass1ng through it av least - -
o 5 coluarr volumes (10 ml) of 8 ¥ HNO;. The anion-complexed - ]
o - thorium adsords on the resin column to the exclusion of the k
' " catinas. “Wash the column with 10 ml of 8% HND; to remove
- residuai bismuth. Combine the effluent and wash solutions,

and save them for lead and bismuth recovery. . ’3
. 2.5 Strip ‘the thorium from the column with 5.0 m of d15t1l}ed = -
. . water followed by 10 ml of 6 ¥ HCI.
2.6 Convert the chloride to-the nitrate by adding an excess of

HNO, and reducing the solution to near dryn2ss on a hot
plate. Dissolve the sclids in 5.0 mi of 0.1 & HNO,. |
Transfer the 0.1 » HNO, solution tc a conditioned Dowex 50 x

1

! wm cation exchange 2.5 mm i.d. x 7 c¢m long (~0.4 m) vol.).
The column is conditioned by passing 5.0 ml 8 M HNO3; through

AR
~J
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it and then washing it free of excess 3acid with distilled
water as indicated by 1itmus'paper.

Wash the column with 5.0 ml of 2 X HCl to remove traces of
bismuth and other weakly bound cations.

Strip the thorium with 5.0 ml of 8 ¥ HNO; and reduce the
volume of the solution to a few drops by evaporation.
Transfer the solution with a suitable pipette onto a 2-in.
stainless-steel disc supported on a hot plate by a steel
washe 0.75 in. i.d. x 1.5 in. o.d. Dry slowly to minimize
the deposit area at the center of the disc. Fire the disc
to red heat with a gas torch to remove carbonaceous mate-
rials.

Determine the thorium yield by counting the 234Th beta with
an end winduw counter and compare it with a mounting of like
count of the 234Th tracer used in the analysis.

Determine the 23°Th alpha disintegrations per minute (dpm)
by pulse-height analysis using a diode pickup in a helium
atmosphere. Compare .the counts of 23°Th alpha in the sample
with those in a %39Th standard mounting whose dpm is known.
To correct for the contribution of 23°Th which may be in the
234Th} tracer, pulse analyze the 234Th mounting. Subtract
thektontribution from th2 tracer after correcting for yield .
to obtain the net 229Th content of the water sample.
Calculations

230Th(pCi/liter) = C%%?'

Water sample net alpha (cpm)

= 230Th standard (dpm)

2307h standard (cpm)

Fraction of 23#Th tracer recovered

Volume of sample (liter)
2.22 d/(m-pCi)
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3.0 Lead-210

3.1

3.2

Evaporate the Dowex 4 x 1 effluent and wash from Step 2.4 to

'~20 ml. Cool and slowly add ammonium hydroyxide, while stir-
-ring i an ice bath, until hydroxide precipitation barely

starts. Add 1 to 2 drops of concentrated HNO; to each 10 ml
of solution to give an acidity of 0.2 to 0.4 . E

Slowly bubble H,S through the chilled solution te precipi tate
metal sulfides. Let the mixture stand 10 to 15 min and cen-

~. trifuge. Discard the supernate Wash the sulfides with 5 to

3.3

3.4

3.5

3.6

3.7

10 m1 of H,S- saturatec 0.2 M HNO; solution. Centrifuge and
discard the wash. ' :
Dissolve the sulfide precipitate in a minimum of concentrated '
HNO; by heating in a hot water bath. Dilute with 5 to 10 ml
of distilled water ahd filter out the suspended sulfur on #42
Whatman filter paper. Wash out the centrifuge tube and filter
with 5 to 10 ml of distil]edlyater.

Transfer the solution to a centrifuge tube and precipitate the
hydroxides with an excess of ammonium hydroxide. Digest 10
min in a hot water bath. Cool, centrifuge, and wash the pre-
cipitate with 5 to 10 m1 of dilute NH,0H. Discard the super-
natant and wash liquids. ‘

Dissolve the hydroxides in a minimum of concentrated HNO, and
dilute to 10 mi. Add 0.5 ml of concentrated H,504 to precipi-
tate PbSO,. Digest 15 min in a hot water bath, cool, centri-
fuge, and wash the PbSO; with distilled water. Save the
supernatant and wash liquids for bismuth recovery.

Transfer the PbSO; slurry onto a tared #42 Whatman filter
paper disc which is supported by the perforated fixed plate of
a Hirsch funnzl. Dry the PbSO4 and paper with ethyl alcohol
followed by ethyl ether.

Weigh the filter paper and PbSO, to determine the yield of
210pp,  Store the 2'9PpS0, sample for 30 days to allow the
210ph to reach equilibrium with its 2'98i daughter. The 210Bj
beta is counted in a low-level gas-proportional counter with a
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I-mil-thick polystyrene cover to shield out any stray alpha
emissions. '
Add pellets of NaOH to the bismuth solution from Step 3.5 to
precipitate bismuth hydroxide. Digest fcr 10 min in a hot
water bath, cool, and centrifuge. Wash the precipitate with
10 m1 of distilled water. Discard surernatant and wash
Tiquids. A

Dissolve the solids in a minimum of HNO,. Add 3-4 drops of
concentrated HC1 and dilute to ~40 ml with hot distilled water
to precipitate BiOCI. Digest for ~45 min in a hot water bath
or until the precipitate has settled. 2
Pour the -hot supernatant liquid through a tared #42 Whatman
filter paper sdpported by a perforated, fixed-plate, Hirsch
funnel. Slurry the BiOCl onto the filter paper disc with
small portions of hot distilled water. By means of a stirring
rod, guide tne deposit to the center of the disc. Dry with
ethyl alcohol and ethyl ether.

Weigh the BijOC1 and fiiter paper in order to determine yield.
Count the 5.0%1 day 2!°Bi beta, which is in equilibrium with
210ph  ip a low-level, gas-proportional counter. Thc counting
efficiency of the counter is determined by counting several
similar mountings having known 210Bi disintegration rates,
with varying weights of BiOCl from which a calibration curve
is constructed.

Refer to the calibration curve and convert cpm to dpm by means
of an efficiency factor for the weight of sample in question.
Calculation

210pp » 2108i(pCi/liter) = Cégr'

A = Beta count minus background (cpm)
B = Correction for decay from Pb separation time

to counting time
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€ = Counter efficiency

D = Fraction of Bi recovered

E = Volume of sample (liter)

F =2.22 d/(m-pCi)

Reagents

4.1 Aluminum nitrate.

4.2 Llead carrier, 10 mg/ml. Dis-olved 8.0 g Pb(NO3), in dilute
HNO; and dilute to 500 ml with water.

4.3 Bismuth carrier, 20.9 mg/ml; . Dissolve 5.225 g bismuth metal
in concentrated HNO; and dilute to 250 ml with water.

4.4 Thorium tracer, 234Th. Pretreat a 30% Adogen 364-Xylene solu-
tion by extracting it with an equal volume portion of 2 y HNO,
for 2 min. Dissolve 5.0 g of recently depleted 238y (as U;0g)
in 24 HNO3. Extract the thorijum and uranium with an equal
volume of pretreated 30% Adogen 364-Xylene in a separator
flask by hand shaking at least 2 min. Separate phases and
strip thorium from the so'vent with 10 ml 6f 10 ¥ HC1. Con-
vert the chloride solution to 2 M HNO3; solution for a repeat
extraction with solvent to remove traces of uranium. The
second 10 HC1 strip is again converted to the nitrate for
counting the 234Th beta on a stainless steel disc. The mount-
ing should be examined in a pulse-height aipha analyzer for
the presence of 239Th, Should the 23°Th level be significant,
then another source of depleted 238U should be sought, or
alternatively extract the 234Th from a batch cf 238y from
which the thorium had been extracted 1 to 2 months previously.

4.5 Ammonium hydroxide, concentrated.

4.6 Nitric acid, concentrated.

4,7 Hydrochloric acid, concentrated.

4.8 Sodium hydroxide pellets.

4.9 Sulfuric acid, concentrated.
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4.10 Hydrogen sulfide gas.

4.11 Dowex 4 x 1 and Cowex 50 x 1 exchange resins.

5.0 Apparatus &
5.1 Radon de-emanation train with radon concentrater* and Lucas
chamber .
5.2 Radon photomultiplier counter.
Modified' 250-ml, flat-bottom, boiiing flasks.

5.4 Other counting equipment--G-M beta counte:; low-level, gas-
preportionai beta counter: pulse-height spectral alpha analy-
zer.

Stainless-steel alpha counting discs.
Laboratory certrifuge.

Pyrex centrifuge tubes, 50 ml.
Beakers, assorted.

W 0 N O,

Inn exchange columns.

.10 Dowex 4 x 1 and Dowex 50 x 1 exchange resins.

oy o On

.11 Hirsch fixed plate funnel.

*The radon concentrator consists of a 20-cm-long U-tube constructed
from 6 mm o.d. Pyrex glass tubing. Ten centimeters of the U-section is
filled with 20 to 40 in. unfired Vycor which has 3 large surface to
volume ratio. When the tube is immersed in liquid nitrogen and radon-
Taden helium gas passes through the tube, the condensable radon adheres
to the Vycor surface. The stripped helium gas exits the system. Upon
removal of the coolant the radon vapor diffuses through 10 to 15 cm of
capillary tubing to the evacuated lucas chamber. Flushing the U-tube
and attached capillary tubing with 20 to 30 ml of helium transfers es-
sentially 100% o) the radon to the Lucas chamber. Since the efficiency
of Lucas chambers for counting alphas may vary from 75 to 85%, it is
necessary to calibrate each chamber with an equilibrated 226Ra stancard
solution.

TThe radium-radon equilibrating flask consists of a flat-bottom
250-m1 boiling flask with a female 24/40 tapered joint. A saber-type
sintered glass gas diffuser is sealed into a male 24/40 taper joint sec-
tion so that when it is inserted in the flask it will extend well into
the equilibrating solution. A suitable inlet gas connection is provided
on the opposite end of the diffuser tube. Onto the shoulder of the male
24/40 joint is sealed a short length of small bore (5 mm i.d.) glass
tubing with a glass stopcock terminating with a connector suitable for
hooking up with the radon trapping system.
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