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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 inactive 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 2 2 6 R a inventory of 
the latter site is much higher than at the older mill location. Data on 
above-ground measurements of gamma exposure rates, surface and near-
surface concentration of 2 2 6 R a in soil and sediment samples, concentra
tion of Z 2 6 R j in water, calculated subsurface distribution of 2 2 GRa, 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. 



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 literature. This 
report on two inactive mill sites near Rifle, Colorado, presents the 
results of radiological surveys conducted by the authors in May 1976, 
together with site descriptions and deta. of the apparatus and tech
niques used to obtain the data. 

The surveys at the Rifle sites were conducted in coooeration 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 published.1 Results of an EPA gamma 
radiation survey of the Rifle sites have also been published.2 The pre
viously unpublislied Phase I reports on the Rifle sites by Mayer et al. 
are included in Appendix I. Several publications3-8 include discussions 
of the uranium-mill tailings problem and of the assessment of their 
radiological impact. 

2. SIT DESCRIPTIONS 

Descriptions of the two inactive uranium-nT 11 sites near Rifle, 
Colorado, and a history of the operations at these sites are included in 
the Phase I reports (Appendix I), and only a brief summary of this in
formation is included here. 

Both inactive uranium-mill sites near Rifle, Colorado, are owned by 
Union Caroide Corporation. These sites are referred to in this report 
as Old Rifle and New Rifle. 
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2.1 Old Rifle S H e 
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 si'ie, 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 U 3 0 8 

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 2 2 0 R a 
inventory of 320 Ci, yielding an average 2 2 e R a concentration of 1008 
pCi/g. 

All mill buildings at this 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 regula
tions. The tailings were pushed back from the railroad track, covered 
with a minimum 15-cm-thick layer of earth, fertilized, and seeded. A 
sprinkling system was also installed which was reported1 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 o' 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.S. Highways 6 and 24 and on the south by Interstate /0 ^nd the Colo
rado River. 
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ORNL-Photo 0532-79 

Fig. 1. Aerial view of the Old Rifle site and surrounding area. 
Source: EG&G, Inc. 
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fig. 2. Aerial view of the New Rifle site and surrounding area. 
Source: EG&G, Inc. 
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The tailings piles at this site contain 2,450,000 metric tons of 
tailings. The base of the pile is approximately 3.U m above normal 
river level and the south edge of the pile is about 183 m from the 
river. The estimated 2 2 6 R a concentration in the tailings is 868 pCi/g 
and the estimated inventory of this nuclide is 2130 Ci. The taili igs 
were deposited in two adjacent piles. The older (No. 2) pile is approxi
mately 17 m (55 ft) high, covers an area of 4.3 hectares (10.5 acres), 
and contains 70% of the tailings. The newer (No. 3) pile is about 12 m 
high (40 ft) and covers approximately lh* same area as the older pile. 
Both piles have flat tops and sides with ,? 45° slope. These figures are 
from the Phase I report (Appendix I). However, a cross section of the 
tailings 3rea furnished by FB&0U (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 approaches 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 it ferced, posted, 
and equipped with security gates. 

An active vegetative stabilization program was reported to be 
underway at this site.1 The original program included application of 
fertilizer and mulch followed by seeding, planting, and sprinkling. A 
problem with wind erosion has been dealt with, in part, by erection of 
wind breaks. 

All 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 facilities. 

3. SAMPLING TECHNIQUES AND RADIOLOGICAL MEASUREMENTS 

Sampling techniques, as welt as equipment and methods used for 
radiochemical analyses of soil samples and radiological monitoring, are 
described in Appendix II. A description of the radiochemical techriques 
U'ed to analyze water samples is contained in Appendix III. 
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4. RESULTS OF MEASUREMENTS 

Measurements were made at the Rifle sites to determine: (1) the 
background gamma axposure 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 2 2 G R a in tailings or 
soil as a function of depth; and (5) radionuclide concentrations in air
borne particles. Radon measurements were made in the area by FB&DU,1 

but no radon daughters measurements were made. Results of the various 
types of measurements are discussed in separate sections below. 

4.1 Background Radioactivity 

Knowledge of background external gamma radiation levels and of 
background concentrations of radionuclides in the surface soil is needed 
in order to evaluate the extent of spread cf 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 cjround and where 
surface 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 bac^.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 uR/hr. The 
average value of 14 ;jR/hr corresponds to an annual background dose 
equivalent of 123 mi Hi rem. There is not a good correlation between the 
direct yamma exposure rate and the 2 2 6 R a 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. 
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Fig. 3. Locations of background external gamma measurements and background 
surface soil samples. 



Table 1. Background gair.:>a exposure rates and background concentrations 
cf radion ^lides in surface soil near °ifle, Colorado 

Sample 
point 

Description of 
sample location 

External y 
exposuie 

ra te ; 

(tjR/hr) 

Nuclide concentration 
(pCi/g) 

^Ra 2 32 Th 2 3*1 

C02 ^8 km S of Montrose. E side 
of Hwy 550 

C03 W side of Hwy 141, -vl.6 km 
S of Gateway 

C05 S of 1-70 at Colo-Utah border 
C010 Beside road at Erikscn Springs, 

between Crested Butte and Paonia 
C011 W side of Hwy 135 0.4 km S of 

Crested Butte 
C012 SE side of intersection of road 

at Spur Guest Roich 
C013 S side of Hwy 50 in Sargent, CO 
C017 ^450 m above Big Blue Mesa Dam 

Reservoir 
C020 W side of Hwy 139 past t'ie creft 

of Douglas Pass going N 
C021 End of Colorado State Rt 330 at 

Collbran, on SW corner of inter
section with county road to 
Grand Mesa 

C022 DeBeque, CO at the intersection 
of county road and routes 6 and 24 

C023 19 km SE of city limit of Glenwood 
Springs, on the NE side of Hwy 82 
at edge of Orchard 

C024 Right side -̂12 ra from road 3.2 km 
W of Lay Post office on Hwy 40 

C025 Intersection of Moffitt County 
dirt roads 17 and 119 in Yampa 
River Valley 

C026 South side of US 40 E of Maybell 
Average 

14 

11 3.4 

7 1.0 

13 1.5 

22 ' 2 

19 1.2 

19 2.2 

18 0 .9 

17 2.2 

10 

11 

15 

11 

1.5 1.2 0.! 

0.9 
0.3 

: 0.5 

0.5 

0.4 
1.2 

1.5 0.5 

1.2 0 8 

1.9 

1.3 

1.2 

1.4 

1.1 

2. 1 

1. 1 

0.8 

d. 6 

0.4 

0.4 

12 0 .7 0 . 8 0 . 3 

H QJ> [J._6 O.J 
14 1.4 1.? 0 . 5 

.One meter above the ground. 
^No analysis for this radionuclide was performed. 
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4 2 Direct Gamma Fxposure Rates 

Measurements we^e made of direct gamma exposure rates 1 m above the 
ground using the "Phil" gamma dosimeter described in Appendix II. These 
measurements were made at approximately 46 _m (SO-yd) intervals in t.-ie 
tailings and mill are? except where natural or man-made barrie.s inter
fered. Results of the measurements at the Old Rifle site ara displayed 
in Fig. 4 and results obtained at the New Rifle site are displayed in 
Fig. 5. 

The measurements on the Old Rifle (No. 1) tailings pile in Fig. 4 
range from 50 to 292 jjR/hr with an average of 160 pR/hr. Gamma exposure 
rates in the former mill area reported by FB&DU1 are in the range of 33 
to 140 pR/hr with an average of 90 pR/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 by FB&DU.1 

show spread of tailings and, possibly, ore particles outside the fenced 
area with readings up to 280 pR/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 end of the fenced area. 

The data obtained at the New Rifle site (Fig. •,;, ^how higher expo
sure rates above the tailings pile than at Old Rifle, ranging from 87 to 
888 pR/hr with an average of 430 pR/hr. The measurement^ also show that 
contamination exists throughout the plant area. The highest reading was 
observed near the southeast corner of the l<i"ge tailings pile. No meas
urements were recorded in close proximity to the mill buildings. 

4.3 Radionuclide Concentrations in Surface Soil and Sediment Samples 

Analysis of offsite soil samples for 2zf'Ra and its daughters pro
vides a sensitive method of detecting spread of tailings. Surface and 
near-surface soil and sediment samples were analyzed for 2 2 >'Ra by use of 
the technigue and equipment described in Appendix II. The results art-
displayed in Table 2 and sample locations are shown in Fig. 6 for U e 
Old Rifle site. Table 3 contains data obtained with samples from the 



ORNl-Photo 2]\,V, 7'J 

Fig. 4. External gamma exposure rates (uR/hr) 1 ni abovp the ground at the Old Rifle site. 
Original photo by EG&G, !i.c. 



ORM-Photo 1436-7; 

Fiq. 5. External gaima exposure rates (uR/hr) 1 m above the ground at the 
New Rifle site. Original photo by EG&G, Inc. 



Tc b t-3 2. Concentration of -"-" Ra in -.jrface soii and sediment 
samples from the 0 ; Rifle site 

Sample 
des ;i|r.a(.?ci 

OCWS: 

Sample description and '.-cation 
Concentration of 

2 2 6 R a (pCi/g) 

;LV. 

fi'"teS3 

1/iX'O 

0C400W 

OC600W 

CC800W 

0C300S 

0C400S 

0C350E 

OC550F 

C:750E 

OC950E 

0C1150E 

0C300N 

-..attr sediment r c<r Color,dy River 91 m 
(100 yd} E (ups'.'^.-m) fn=" .aflings 
pilr (IF) 

Wat^r sedi.T<»nt frost S >\ <:am flowing 
along millsit*1 bldq bet. en TP and former 
mi 1 lsitf1 

Water <,e'iimvr.t frcn 
site halfway ex-twee' 
stream in c'.d mi '• > 

W a t e _,e.jine,it f <'•'••> 
(100 yd; W (dowi- ' :<• 

orea in old mill 
fence and N-S 

,oraQo Rive" 91 rr. 
i from !P 

Water sediment f.'•!•• '. end of large pond 
located ^182 m '<.>' • /d) W of 1? 

Surface soil 365 m (400 yd) W from Center 
Point (f.P) 

Surtace soil 548 m (600 yd) W from CP of TP 

Surface soil 732 m (800 yd) W from CP of TP 

Surface soil 274 m (300 yd) S from CP of TP 

Surface soil 366 m (400 yd) S from CP of TP 

Surface soil 320 m (350 yd) E from CP of TP 

Surface soil 503 m (550 yd) E from CP of TP 

Surface soil 686 m (750 yd) E from CP of TP 

Surface soil 869 m (950 yd) E from CP of TP 

Surface soil 1 km (1150 yd) E from CP of TP 

Surface soil 274 m (300 yd) N from CP of TP 

2.'. 

230 

12 

1.9 

2.9 

6.7 

1.5 

1.3 

1.7 

3.9 

2.2 

5.6 

1.9 

4.1 

3.8 

40 
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fable 2. (Continued) 

Sample 
designation Sample description and location 

Concentration of 
2 2 6 R a (pCi/g) 

0C500N Surface soil 457 m (500 yd) N from CP of TP 

0C600N Surface soil 548 m (600 yd) N from CP of TP 

0C0W1 Surface sediment from dry wash under fence 
at NE corner of TP 

0CDW2 Sediment from 15 cm below surface at same 
point as 0CDW1 

OC0W3 Surface sediment dry vash 21 m (70 ft) S 
from SE corner of existing mill building 

OLDW4 Sediment from 15 cm below surface at same 
point as 0CDW3 

0CDW5 Surface sediment from dry wash at extreme 
SW end of TP 

OC0W5 Sediment from 15 cm below surface at same 
point as 0C0W5 

0CDW7 Surface sediment from dry wash S of pile 
midway between fence and railroad 

0CDW8 Sediment from 15 cm below surface at same 
point as 0CDW7 

0CDW9 Surface sediment from dry wash at SE 
corner of TP between railroad and fence 

0CDW10 Sediment from 15 cm below surface at same 
point as 0CDW9 

0CDW11 Surface sediment from dry wash 23 m 
(25 yd) S of existing mill bldg 

0CDW12 Sediment 15 cm below surface at same 
point as 0CDW11 

2.6 

8.1 

34 

3.6 

86 

8.4 

170 

32 

280 

170 

97 

700 

18 

96 



ORNL-Photo 2159-79 

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

*» 
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Table 3. Concentration of 2 2 6 R a in surface soil an«J sediment 
samples from the New Rifle «;ite 

Samp 1e 
designation Sample description and location" 

Concentration 
of 2 2 e R a 
(pCi/g) 

IWS1 Water sediment from standing water ~91 m 
(100 yd) from NW corner of tailings pile (TP) 

IWS2 Water sediment from Colorado River NE of TP 
where river completes turn to south (S) 

IWS3 Water sediment from Colorado River at foot 
of 1-70 bridge, north side 

IWS4 Water sediment from standing water in depres
sion 46 m (50 yd) S of large settling pond 

IWS5 Water sediment from water in small basin at 
end of ditch which runs NE and SW from 
settling pond 

IWS6 Water sediment from standing wa*er W of old 
pump station 

I300S Surface soil 2/4 m (300 yd) S from 
Center Point (CP) of TP 

I500S Surface soil 475 m (500 yd) S from CP of TP 

I645S Surface soil from bank of Colorado River 
589 m (645 yd) S from CP of TP 

I350W Surface soil 320 m (350 yd) W from CP of TP 

I550W Surface soiI 503 m (55C yd) W from CP of TP 

1750W Surface soil 686 m (750 yd) W from CP of TP 

I350N Surface soil 320 m (350 yd) N from CP of TP 

I550N Surface soil 503 m (55G yd) N from CP of TP 

INE0 Surface soil 3 m from fence line at 1-70 in 
small basin at end of ditch which runs NE-SW 
of settling pond 

29 

1.3 

0.8 

7.2 

1.4 

5.5 

68 

16 

1.9 

4.5 

18 

7.8 

65 

11 

4.7 
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Table 3. (Continued) 

Sample 
designation Sample description and location' 

Concentration 
of 2 2 6 R a 
(pCi/g) 

I100NE Surface soil 91 m (100 yd) NE of INEO 
sampling location 

I200NE Surface soil 182 m (200 yd) NE from 
INEO at foot of dike near settling pond 

IDW1 Surface sediment from dry wash 182 m 
(200 yd) SW from settling pond 

I0W2 Sediment from 15 cm below surface at same 
point as I0W1 

IDW3 Surface sediment from drywash 23 m 
(25 yd) SW of samples IDW1 and IDW2 

IDW4 Sediment from 15 cm below surface at 
same point as IDW3 

I0W5 Surface sediment f-*om dry wash 23 m 
(25 yd) SW of samples IDW3 and IDW4 

I0W6 Sediment from 15 cm below surface JC same 
point as I0W5 

IDW7 Surface sediment from dry wash 29 m 
(32 yd) from samples I0W5 and IDW6 

I0W8 15 cm below surface at same point as IDW7 

IDW9 Surface sediment from dry wash -̂ 182 m 
(200 yd) from SE corner of TP 

IDW10 Sediment from 15 cm below surface at same 
point as IDW9 

I1RT0 Random surface sample from near center of TP 

I3RT0 Random surface sample from near center of TP 

IFL1 Surface soil along fence at edge of 
Colorado River near foot of 1-70 bridge 
(NW side) 

2.4 

2.2 

53 

38 

2.6 

17 

15 

14 

9.5 

2.9 

1.6 

370 

310 

1.7 
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Table 3. (Continued) 

Concentration 
Sample of 2 2 6 R a 

designation Sample description and location3 (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 

IFL5 Surface soil on old road at SW corner 

of large TP 38 

1FL6 Surface soil SW of TP 1.3 

IFL7 Surface soil SW of TP 1.7 

See Fig. 7 for sample locations. 
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New Rifle site at locations shown in Fig. 7. In general, the data re
ported here and other data reported by ^B&OU1 confirm the spread of 
tailings from both sites shown by the above-ground gamna measurements 
discussed above. For example, the data in Table 2 show ' lat the 2 2 8 R a 
concentration in a sample taken 1 km east of the Old f ifle tailings 
(3.8 pCi/g) is above the background level (1.4 pCi/g). In the western 
direction, the background value is reached at approximately 550 m, but 
sampling did not extend far enough in the nortr.ern direction (maxinun 
550 m) to reach background. Analysis of dry-wash sediment samples shows 
evidence of water mcvement of tailings toward the river, especially on 
the east side of the Old Rifle tailings pile. The soil and sediment 
samples in the area where the Colorado River makes its closest approach 
to this tailings pile show - 2 6Ra concentrations ranging from approxi
mately 100 to 700 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 samples obtained at the New Rifle site 
(Fig. 7) indicate movement of tailings south toward the Colorado River; 
but Highway 1-70, south of the tailings pile and under construction 
during the survey, may serve as a partial barrier to transport of tail
ings to the river in this direction. A cike constructed east of tt>. 

tailings also obstructs movement of tailino^ toward 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 a 
sample from almost 700 m west of the tailings had a 2 2 > ;Ra concentration 
of 7.8 pCi/g (about six timec the background level). 

4.4 Radiochemical Analysis of Water Samples 

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

Two of the samples fr<~m the Old Rifle site, 0CW2 and 0CW3, contain 
2 2 f ,Ra concentrations exceeding the concentration guide (CG ) for drink
ing water, but the concentration in 0CW2 is only slightly ab'ivj the 5.0 
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Fig. 7. Locations and identifications of environmental samples at the 
New Rifle site. Original photo by EG&G, Inc. 
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Table 4. Radiochemical analysis of water samples from botn Rifle sites 

Nuclide Concentration 
Sample (pCi/liter) 

designation Sample location 2 2 r R a 2 I O p b 2 3 0 T h 

OLD RIFLE SITE 
0CW1 Colorado River 9 m (100 yd) E 

(upstream) from tailings pile (TP) 0.4 a a 
0CW2 Stream flowing S between TP 

and former mill site 5.2 a • a 
0CW3 Low area in mill site halfway 

between TP and N-5 stream in mill 
area 13.0 a 45 

0CW4 Colorado River 91 m (100 yds) W, 
(downstream) from TP 0.6 4.0 a 

OCW5 E end of large pond ~182 m 
(200 yds) w of TP 1.1 a 450 

OCW6 From well at top of hill N of TP 0.1 a 

NEW RIFLE SITE 
IW1 Standing water 91 m (100 yds) from 

NW corner of TP 3.4 z 
IW2 Colorado River E of mill where 

river completes turn to S 0.03 x -J. 
IW3 Colorado River at foot of 1-70 

bridge on N ride 0.7 -i i 
IW4 Standing water in depression 

37 m S of large settling pond 2.2 75 15 
IW5 Standi.ig water from end of ditch 

running NE-SVI from small basin of 
settling pond 0.2 ? a 

IW6 Standing water W of old pump 
station and across strip used for 
access during construction of 1-70 
link 0.5 21 •: 

Below limit of detection. 
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pCi/liter quide value* and within the analytical uncertainty for the 
determination (±0.3 pCi/liter). It seems unlikely that water from the 
mill area would be used for human consumption. The concentration of 
2 2 C R a in all the samples from the New Rifle site was below the CGw fcr 
drinking water. 

The four samples of Colorado River water, 0CW1, OCM4, IW2 and IW3, 
gave somewhat divergent figures for 2 2 6 R a concentration ranging from 
0.03 to 0.7 pCi/liter. A better indication of potential contamination 
of 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 i972. , f > The average annual concentration of 
2 2 f tRa upstream 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 
i 2 f iRa 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 1' shown in Table 5. 

4.5 Subsurface Distribution of 2 2 6 R a in Soil and Tailings 

Holes were 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 two figures. Oata obtained by 
analysis of samples from these tests pits are displayed in Tables 6 
and 7. Although holes were drilled close to some of the test pits, 
there was not a good correlation between the 2 2 < r'Ra concentrations cal
culated from gamma monitoring data in the nearby holes and the actual 
analytical values at corresponding depths. The pi imary purpose of the 
test pits was to provide information on below-surface movement of tai I-
ings rather than to provide analytical data for comparison with calcu
lated 'Aif,Ra concentrations. 

I 
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Table 5. Radiochemical analysis of Colorado River water 
at Rifle furnished by Union Carbide Corporation^ 

Sample location 
Concentration of . 

UCC No. 2 2 6 R a (pCi/literr 

OLD RIFLE 

Above tailings 
Oppos i te ta i1i ngs 
Opposite downstream end of tailings 
Downstream of tailings 

1 0.45±0.11 
2 u.34+0.10 
3 0.25±0.09 
4 0.21±0.08 

NEW RIFLE 

Above mill and tailings 
Riverbend above tailings 
Opposite downstream end of tailings 
Downstream (200 m) of tailings 

5 0.20±0.08 
6 0.24+0.09 
8 0.30±0.09 
7 0.25±0.09 

"R. Beverly, Union Carbide Corporation, Grand Junction, Colorado, 
private communication. May 1978. 

• Samples were taken on June 23, 1977, and were filtered within 24 hr 
through a 0.45 micron membrane fiHer, and acidified with HNO, to pH <2.0 
as per EPA Manual 0EPA-625-/6-74-003, pp. v and ix. 

'Errors associated with these values are two sigma (95% confidence 
intervals). 



ORNL-Photo 2160-79 

Fig. 8. Locations of test pits and of holes drilled at the Old Rifle site. 
Original photo by EG&G, Inc. 
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ORNL-Photo 1435-79 

F ig . 9. Locations of test p i t s and of holes d r i l l ed at the New Ri f le 
s i t e . Original photo by EG&G, Inc. 
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Table 6. Concentration of 2 2 6 R a and 2 3 2 T h in soil -samples 
from test pits at the Old Rifle site 

Sample 

Test P t 2 

Test Pit 3 

Sampl e depth 

1 ft (0-3 «•> 
2 ft (0. 6 m) 
3 ft (0. 9 m) 
4 ft (1. 2 m) 
5 ft (1-5 m) 
6 ft (1-8 m) 
7 ft (2. I m) 
1 ft (0. 3 m) 
2 ft (0.6 m) 
3 ft (0. 9 m) 
4 ft (1. 2 m) 
5 ft (1. 5 m) 
6 ft (1 8 m) 
7 ft (2 1 m) 

1 ft (0 3 m) 
2 ft (0 6 m) 
3 ft (0 9 m) 
4 ft (1 2 m) 
5 ft (1 .5 *) 

Nuclide concentration 
(pCi/g) 

designation Sample depth " 6 R a ^ 3 2Th 

Test Pit 1 5.6 1.3 
1.2 1.5 
1.5 1.8 
1.4 1.8 
1.6 1.5 
1.2 1.4 
1.3 1.4 

210 ,-i 

2.1 1.4 
1.6 1.3 
2.9 1.1 
1.4 1.5 
1.7 1.2 
1.8 1.5 

11 0.9 
4.9 1.5 
3.1 1.3 
3.7 1.1 
2.5 1.2 

Radionuclide concentration was below detection limits. 
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Table 7. Concentration of 2 2 6 R a and 2 3 2 T h in soil samples 
from test pits at the New Rifle site 

Nuclide concentration 
-ample ^^1 

designation Sample depth 2260 232TK 

Test Pit 1 

Test Pit 2 

Sampl le depth 

1 ft (0.3 m) 
2 ft (0.6 m) 
3 ft (0.9 m) 
4 ft (1-2 m) 
5 ft (1-5 m) 

1 ft (0.3 m) 
2 ft (0.6 m) 

ft (0.9 m) 
4 ft (1-2 m) 
5 ft (1.5 m) 
6 ft (1.8 m) 

1.8 0.7 
1.0 0.8 
1.1 0.6 
0.8 0.8 
1.0 -

410 ^ 
690 Ĵ  

1.4 a 
1.2 1.0 
1.6 -K 

1.9 0.9 

a Radionuclide concentration was below detection limits. 



•)-T *./ 

Measurements 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 
2 2 8 R a and its daughters, it is possible to calibrate the instrument and, 
thu J ( to convert the gamma radiation measurements, at specific depths, 
to concentration of 2 2 6 R a by comparing these measurements with concen
trations of 22*>Ra 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 equipment. 

The calculated distribution of 2 2 6 R a in subsurface soil and tail
ings at the Old 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 Old Rifle 
and holes 2 and 10 at New Rifle were presented previously.' Analytical 
data at specific depths in hole 2 at the Old 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 2 6 R a concentration is not very satisfactory. 

The most striking feature of the radioactivity profile in the tail
ings at Old Rifle is the very high calculated concentration of 2 2 e R a in 
hole 2 at the 5.3 m (17.5 ft) depth (5500 pCi/g). It is common to <JD-
serve the maximum radionuclide concentration near the tailings-ground 
interface. In 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 at the 3.0 m (16.5 ft) depth but in this case the maxi
mum calculateJ concentration is 2100 pCi/g. Analytical data fo" com
parison with the calculated concentrations are available only for hole 2 
at Old Rifle, and the agreement is considered satisfactory. The test 
pit analytical data contained in Table 6 show fairly low 2 2 6 R a concen
trations except for the 0.3 m (1 ft) level in No. 2. All 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 minor underground move
ment of radionuclides at this site away from the pile. 

The 2 2 6 R a subsurface distribution curves for the New Rifle site 
(Figs. 13-16) tend to confirm the belief that contamination exists in 
the area as shown by the 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 2 2 6 R a are below 10 pCi/g. Several 
holes drilled near the tailings pile and in the former ore storage area 
showed 2 2 6 R a 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 2 2 6 R a concentration. 
The No. 2 test pit data show a high concentration of 2 2 P'Ra at th»* 0.3-m 
and 0.6-m (1- and 2-ft) levels but a sharp drop to background level it 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 2 2 6 R a 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 2 3 2 T h concentrations at the two sites are in the range of 
0.6 to 1.8 pd'/g. The average for the New Rifle site is 0.8 pCi/g while 
that observed at Old Rifle is 1.4 pCi/g. The average area background 
value (Table 1) is 1.4 pCi/g. 

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 
ym 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 Old Rifle 
site. The samples were taken at locations indicated in Fig. 17, and the 
results art listed in Table 8. Concentrations of 2 3 8 U , 2 2 6Ra, and 2 ,°Pb 
were one to several orders of magnitude lower than the maximum permissi
ble concentrations in air (MKC ) listed in 10 CFR 20. l 2 These values 

a 
are not assumed by the authors to reflect annual average concentrations 
due to the relatively short sampling period on a single any. 

Although the concentration of radionuclides in air are hiyher than 
background concentrations,13 they a»-e lower than concentrations observed 
at other uranium tailings piles. M 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, Colorado, 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 oDtain the data and 
the previously unpublished Phase I reports (fact-finding tour results) 
on the two sites. The Old 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 2 6 R a 
inventories in the tailings at the two sites are 320 Ci at Old Rifle and 
2130 Ci at New Rifle. Stabilization programs have been carried out on 
the tailings piles at both sites; access to the sites is restricted. 
All but one of the mill buildings at the Old Rifle site have been 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 samples from the same locations gave average concentrations 
(pCi/g) of 1.4 for 2 2*Ra and 1.1 for 2 3 2Th. 
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Fig. 17. Location of Staplex high-volume air samples. Original photo by EG&G, Inc. 
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Table 8. Concentration of radionuclides in airborne particles 
at the Old Rifle site. May 18, 1976 

Radionuclide concentration (fCi/m 3)^ 
Sample" 

2 2 6 R a 210p b 2 3 0 T h 2 3 8 y 

0-3HV 33 ±2.1 88 ± 44 37 ± 2.5 13 ±1.2 

0-4HV 11 ± 0.88 53 ± 2 6 14 ± 1.1 4.8 ± 0.71 

0-5HV 7.2 ±1.1 35 ± 27 11 ± 1.1 4.6 ± 0.71 

MPCa' 2000 4000 80 3000 

'Locations of samples are shown in Fig. 17. 

""Indicated errors associated with these concentrations are 
two sigma (95% confidence level). 

"Maximum permissible concentrations in air (MPC ) for unre
stricted areas from 10 CFR 20, Appendix B, Table 2,aColumn 1. 
Limiting concentrations for the given radionuclides are for the 
soluble state excepting 2 2 6 R a which is for the insoluble state. 
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Gamma-ray exposure rates measured 1 m above the Old Rifle tailings 
pile averaged 160 uR/hr. The corresponding average for the former mill 
area and the fenced area east of the tailings pile is approxiirately 90 
uR/hr.' The gamma exposure rate measurements gave evidence of spread of 
*2ilings 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 any direction to reach the assumed background 
level, but the river serves as a barrier to spread of tailings in the 
eastern and southern directions except for airborne particles. Also, in 
these directions, a soil dike and Highway 1-70 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 
2 2 f iRa confirm the spread of tailings indicated by the above-surface 
gamma measurements but insufficient data were obtained 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 report2 of external 
gamma measurements at these sites. 

Analysis of water samples taken from onsite standing water bodies 
showed that the 2 2 e R a concentration in some samples exceeded the concen
tration guide value for drinking water. Results of analyses of Colorado 
River water collected during thi* survey showed concentrations varying 
from 0,03 to 0.7 pCi/liter, but the limited data obtained cannot be in
terpreted as indicating contamination of the river by the tailings piles 
at the Rifle sites. 

Calculated subsurface concentrations of 2 2*Ra in soil and Icilings, 
based on gamma monitoring data furnished by FB&0U and calibration data, 
are presented for 10 holes drilled at the Old 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 2 2 6Ra. 
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Concentrations of radionuclides in air are above background concen
trations but they are lower than 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 I 

PHASE I 

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

Sites visited May 9, 1974 by 
Stanley A. Mayer, LJCI'US Pitkin, Inc., (Contractor 
to USAEC), Grand Junction, Colorado, 
Jon Yeagley, Environmental Protection Agency, 
Region VIII, Denver, Colorado, 
Don Lanbdin, Environmental Protection Agency, 
Las Vegas, Nevada, 
Bert Crist, Colorado Department of Health, 
Denver, Colorado 

These Phase I site investigations were conducted under a 
cooperative agreement among the Atomic Energy Commission, 
the Environmental Protection Agency, and the State of Colo
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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REPCR? zu .?->:;o:ri:::2 :? URANIUM AT THE CLD ?.iFu= 
MHISI IE A!3 TAlLEJGC FILE A7 .IIFLL, CCLOHADC 

I n t r o d u c f :r. 

P e r t i n e n t I r . f - r a t i o n ha r been ^~:u-3j'.».t-
t a t e s ar.i c :-r>ir 

: r :J£: ava x.a 3 i c- r ^ c : m s ^ : 
Ar. :r.-slt--- / . s i t v a c rj» 

• / * / * - - » » • - • * - . • 

~.z p o p u l a t e I and i n d u s t 
h '>tner a r.eed i"~r . . - ^ r rec t lve a - t 

*•: and 

-*' T -"-nr* " I t** ** t t o - r r e -* ? r t v 
r . e e e r r . t y -f -» dv t= . 1: i ;-ri-" 

•»5 a O a : 

: a : L : n , « : 
rl--»L:zed a r e a s , pr-. Sv 

;r. - M i s t s . I t l r 
-JT d^ te rT l r . i r i r t h e 

a r n e e n m r r . ' rharc- I I ) . 

Th i s r - - r ; r t r. th-~ s l f - a t R i f l e , C o l o r a d o , v a r p r e p a r e d J o i n t l y 
by t h : AEC, H?A, --.id V- C'-t-r- of T o : - r u l e ' s D e o a r t k - n t of H e a l t h , 
31 v i s : or. of . c c u r a t ' - . n a . a.oi S>ol -lo^lr-al Hea l th fCDH). 

. u a s a r y ar . : 

Aeo- rd r . . - t o Union T^rr 
r « - . - ' : • > - . . - ' 

? :e a r - a p j - r ^ x l r ^ t - l y ; 5 0 , ' > C 
A ru io t .oo t ! a.1 oua r - t l t v of 

« • • - • • - - i 

' :"p J or.d d lr. a ". * /T»- t r a c t a* t h . o *." ---.or.r x •.->*.•• y '. ' c " •> r. 
s v t h e - . - t f ~.Lfl b- tv- -er. th- I>vJ-.:V* F.al I r .•».'} r. t o e .on-th and V. .". 
Hlrhvao - or. - .-'•» r. •.:.• r.:r*.r.. lr. Apr i l 1 >.? I'r.l'.n C a r d i e r . t ab . "~ -d 

" *>. I *#r*. " * • — . . * •* SC-* " ""d J* *" " *' * " 0-"* "*' •-'•»'*'" •**^;'*^' r> 0 **— 

'•or r. ~, t T or " d . f any r^art oz* to* *•*!. r.-»l oil 11 r*d o e . "n. ' -r . 1'ar c'. 

: .:' th--
o (-one..: 

t .->n: r e v ! :•-«• o f Ir.f - r-»*• or. c o n t a i n d 
-: h-.-al th :.z ; -nract o: t n 

• :r'•:.'.'.••9.-.^'i ir. a f\:rth--r s t u d y of 
t j - <••. -

Exar . lnat l •;.-. .f '.he -11 c i t e and It.o v l c ' . r . l t y : i d e t e r r . l : . " 
- / . t e n t 1" r a ! loa' -*.'. v : o i r . t a r . ina t l^ r . --n i ->rrlv a t 
re'-on.T.'.-rilat. »ns '"or i ' f ron ta r - . !na t ion . 

I J . J~zinv: s t a b . 1". z a t l or i n ' . 1 In..-•: t-o T.lnlr?.:7e rador. 
•zhala*. 1 on , irfi .ri ln,- t h i s pro-.-- -: - » . J r ^ b ' e fro-n it pubi 1 
h e a l t h cons.'d-^r-stl r., 

I I I . persoval of t f t l - l r , " ' : ar.d o t h e r r - » d l o a r t i v e . - M t e r i a l c t o -
-,ore r u l t a b ! ' ' l o e a t l o n . 'io ruch " v a t lor. war. I d e n t l fi '-d '. 
t h i s ph"r.r o'.' the r f j a y . 
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•rforrr. •» rrour.d water study In *r'-a of th/- tailln,;.o p i l e 
i-iru- r;-»rt.roIar a t t e r . t i ">n. to se<---a,-e. 

..oc.-» - i 

Th'- t a i l in,-: p i l e '.c located approximately l o ' *" •? mile so-itheast of the 
tovr. of R i f l e , :;-rf ' .eld "o-jjii.y, Coloraao. Th-- r"V- i r in .le-ctions 15 and 
!•,, Te%ri:::iip •', .ioooh, Razve V- '*»-*-, Ci:-:t:i P r ln^ i j a l Merldiar., p r ec i s e ly 
.->; ^ . ' ' . ; ' . . " Hzrtv. l a t i t j i - and :'}7°-»e.'II?" West I on,-it vide ". n a n i r r r . ' 
Colored- ?..'.'•• r -:ir.t-T.r; val ley ar.d or. the west si-ope of the Rocky 
Mo^nt^i.-;::. Th- va.ley floor 1= a\ an levation of f>2':C feet with the 
nearby -r: •:.-•. r : i r ^ to i'i ,X-0 feet :>nd * nearby p . a.: to 11,165 f**"t. 

The .olv ir . -o i l ! ~»uil by Valor; Carbide Corporation. 

.'re r a t i inz 

Th'- o r i / i r . a l pi -sit was b o l t by United 3t-*.es "."ar.=diurv Company (which 
l a t e r cecais* '.'r.lor: Carbide Corporation) in V'2-* to recover vanadiun f ro -
ronoe ' . ' • - • ore an: vac .per--ted u.-.til '-?'2 when I t v» : shut c.ovr, due to 
-••'.• jr. ~ l . r . The p'ar. t va.o re--of vat od in l ^ c vher. the d---.=»r.d : ' . r /an?dii: 
::cr --;: I >.- -• r e s : "t o: *o:-.d War I I , and in I"'--, the process w-.o a l t e r e 

to •: r r . i t .—•e-overy .'.' o-^riiuni a.: we? 11 an '."ciadi-ir:. The zi. ' '. wss e 'ered 
Ir. 1/*-'- and reopened .r. i *»7 under an AEC con t rac t . The - i l l was 
p-'-rr/»r.er.ti.y e osed lr> '. ;o • when i t was replaced by the new Rif le Trull. 
t\?S: r-•'•ord.c show th»t "A,fyY) ions of ore were fed to crocess during the 
peri od 1 i :-7 to -"'-r.o 30, l.'i>^, V t'r. an average ,;rade of 1.2o percent 
','/!':,. r from the- Urg-.-an Mine-a! Bel t , eastern Utah, Mee/cr and Rifle 
CT'-ei: v r • hipped by truel: -nnd r a i l to the Rif le p l a n t . 

--roc*rr I* oc**irjt' on 

The Rlii/- r ' a n t recovered vanadium from roscoe l i t e - t y p e ores by s a l t 
roas t : n- : , voter Leaching and the addi t ion of su l fu r i c acid to the water 
so l ' i t i jnr to p rec ip i t a t e a sodium hexavj»nadatc red cake. \J In 10**7, 
acid i'-ac-ilng and subse :u' nt process r.tepc to recover uranlur. were added 
to the IT f lo p ' a n t . TV record of production p r io r to 1'A? i s not 
ava i l ab le , b-.it from that date :mti L the rr.lll closed in 175"-, the 'J.Co 
::ol-i t , the AJ-.C a-r.our.ted to 2,2?:i tons . 

Prer.-.-nt "J . 1 r i te 

The t a i l i n g s p i l e is located approximately 1/8 of a mile southeast of the 
town of 3 i f ! e »rtd Is s i tua ted between the D&RGW Railroad on the south 
and Hi^way U. S, 6 and i'U or. the nor th . (Photographs 1 and 2). The 

http://rr.it
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Colcr->do River is approximately 50 feet from the railroad and the tailings 
pile fence is about another 1*5 feet beyonc tfce railroad. There arc 
houses within a Quarter of a raiie to the south across the river frcu 
the pile. (Photorraph 2). Th-:- tailings pile covers an area of 
approximately 10 acres. The old concrete bio-* assay building is the 
only buil-iin/- left on this site although several concrete foundations 
stilL exist. (Photograph '•*). 

Buildinr foundations werc filled and the surface was graded. Observation 
Indicates that the fill .las settled in some places. 

The tailinrs were stabilised by Union Carbide in accordance with Colorado 
regulations in 1767. They vere pushed back froE the railroad right-of-
way covered with 6,900 cubic yards of top soil for a rainiznmn depth of 
six inches, fertilized, seeded and a sprinkler systesi installed, which has 
now been dis.7var.tled as sprinkling of the pile was discontinued in l^6S. 
The toe- of the pile is lined with concrete slabs front cid building 
foundations --md floors. 

An area of seepage was observed .ilong the east side of the tailings 
pile. (Photograph 2). This seep has resulted from a sprint' which 
existed in the central =irea. of the pile during; rr.il: operations. 2/ 
(Photograph 2). To effectively contain the seep area which-contains 
exposed t.->i iings, cover should be applied and re vegetation should be 
undertaken. The rest of the piie supports a food growth of vegetation. 

The urar.iu.~. content of this pile is estimated to assay C.05 percent 
UsC.-., and » substantia! quantity of the crir.ir.al tailing.- pile was 
reprocess*"-i .n the new Rifle mill. 

The property is fenc-'J with locked fates and posted as required by the 
2>t.->te, and is under surveillance by Union Orbide Corporation. 
(Ph'tv-r-phc 5 snd 6). 

Environmental Cons'-de rati ,ris 

The motile <».7KriR radiation survey was conducted ir. the Ri :*!'-• area for 
the EPA by t\e AEC (under ar. EFA. contract) durir.r Moy 1*71. 2/ Fror. 
the 'nfornaV ̂;n obtained the .';•-! orndo Department of Health informed the 
occupants of two locations that corrective measures should be 
undertaken, .ond at the same time advised them that no public funds were 
avai; able 'o assist in the corrective mea.rurT. Occupants of 53 
locations fere advised of tailings .s^ within 10 f--et of the structure. ^' 

A post stabilization , amna survey if the pile was wade in January l'/71-
and the r* suit." ar^ shown en Fi.cur'- 1. 

http://dis.7var.tled
http://rr.il
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The radium monitoring network which has been operated, by the U. S. 
Environmental Protection Agency in cooperation with the Colorado River 
Basin Enforcement Conference has maintained surveillance of the radium 
concentration in the Colorado systems froa Jamwry 1961 through June 
1972. 3/ ^* e crtcentration of radium in the Colorado systen has been 
seen to be consistently below allowable levels over the past decade. 

As a part of the research program to evaluate radon near uranium 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 northwest 
corner and 23.8 pCi per liter at the southwest edge which was downwind 
for night time inversion conditions. 6/ 

Union Carbide Corporation reports that the old Pi fie mill tailings pile 
contains approximately 350,000 tons, AEC records show for the period 
19U8 to mid-1958 ore averaging 0.36 percent U?0g was fed to p.-ocess. 
Assuming secular eqaiiibriun the theoretical concentration of Ra-226 
in the tailings from Bill feed is about 1,008 pCi per gran of ore. The 
total Ra-226 inventory theoretically in the tailings pile is estinated 
to be ?20 curies. 

Recent population project ion*, have been node for Rifle. 7/ These 
projections are related to expected growth because of the development of 
the oil shnle industry. The I97O population of Rifle was 2,150 and by . 
1987 with normal growth the population will increase to 10,000, If 
moderate oil sh»le development occurs, Rifle wiL* be expected to have en 
additional 5,200 people or a population of 15,200. However, if intense 
oil shale development would occur an additional hf8(X> people are projected 
providing a population estimate of 20,000 people. 

The millsite is a ~C*voF»ble location for industrial u^e due to its 
proximity to the highway, the railroad and the river. Interest in the 
property for industrial purposes has reportedly been expressed by several 
parties. 

Meteorology 

The annual precipitation is about 11 inches per year. The mean temperature 
is *»7.9*- At night the prevailing wind is from the northeast «id opposite 
during the day, in effect paralleling the Colorado River, and as such has 
Uttie affect on the town of Rifle. 

Hydrology 

Tailings Kate rial at the old Union Carbide Corporation mill near Rifle, 
Colorado, is located on the ancestral flood plain of the Colorado River. 
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The river at this point now essentially flows from east to west whereas 
It formerly took an arcuate route beneath where the tailings arc now 
situated. Therefore, soil materials underlying the tailings probably 
consist of permeable, stream-laid, sand and gravel deposits similar to 
those exposed in the exhumed terraces fording small bluffs just to the 
north of the site. 

A recent study by the U. S. Aray Corps of Engineers (1973) indicates that 
peak floods will not inundate the tailings. However, at peak river stage, 
ground water levels will ai»o rise and partially saturate the tailing::. 
This will be intermittent axd of relatively short duration and will 
undoubtedly give rise to elevated levels of radioactivity in shallow ground 
water adjacent to the pile. Dispersion along the flow path, as well as 
dilution with-.other ground water and the river flow should reduce 
concentrations to acceptable levels. 

The primary water supply for Rifle consists of surface water diverted from 
Beaver Creek which is three miles southeast of town. The Colorado River 
is an alternate supply witt the point of diversion located about 0.25 mile 
upstrean. Heitber source is affected by the tailings. 

The ground water flow direction, "Inferred fro».topographic evidence and 
surface water-ground water relationships, is probably to the west or 
southwest. Therefore, existing or proposed ground water development in 
the area down gradient from the pile should be preceded by periodic 
radiologic ir.irvcyz of water quail y. 

Site Visit 

The old Rifle site was .'is;ted May 9> 1971*, by the following personnel 
(team) in the- company of Robert G. Beverly, Director, Environmental 
Control, Mininr and Metals Division, Union Carbide Corporation and 
Harold liper, Plant Superintendent, Rifle Operations, Minine and Metals 
Division, Union Carbide Corporation: 

Stanley A. Jfeyer, Lucius Pitkin, Inc., (Contractor to USABC), 
Grand Junction, Colorado, 
Jon Ye*»fley, Environmental Protection Agency, Region VIII, Denver, 
Colorado, 
Don Lambdin, Environmental Protection Agency, Las Vepas, Hevada, 
Bert Crist, Colorado Department of Health, Denver, Col,/«do. 
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1. Rifle Site (Old) - Augu*t I97»f 
Approximate Scale - One inch equalg 2,000 feet. 

L 
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IP*, if 

2. Aerial photograph prior to stabilisation. 

RIFLE (old mill) - Union Carbide Corporation 

Approximate Scale - one inch equals SOO feet 
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-c 3. East end of pile shoving seep, unvegetated area; rail
road, Colorado River and ranch bouses in background. 

U. Old assay building, only renaining building m millsite, 
U. S. Highway 6 & 2k in background and seep at ?ast of pile. 
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5. Looking northwesterly toward U. S- Highway 6 & 2k over 
vegetated tailings pile. 
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6. Looking southwesterly over vegetated tailings pile. 

L 
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REPORT OS CCSDI7ICIIS C? THE NEW RIFLE 
URAKTX-: MI1LSIT2 AID IAILUJ3S AT RIFLE, CCLCRADL 

In t roduct ion 

Per t ! neat i n fc raa t ion has b-?en accumulated frcn r? va i l able records of the 
AEC, E?A, the S t a t e s sr.d companies involved. An o n - s i t e v i s i t WRS a s i e 
to note cur ren t cond i t ions , Including the a i l l s i t c *nd the t a i l i n g s 
d isposa l a r ea , p rox i a i t y t o osculated and indus t r i a l i zed a r e a s , present 
ownership, *ni whether ft need for correctLv-: ac t ion e x i s t s . I t Is 
intended t h a t t h i s r e s o r t w i l l serve as a bar i s for determining the 
necess i ty of a d e t a i l e d engineering assessaer.t (T*iase I I ) . 

This repor t on the s i t e near R i f l e , Colorado, was prepared j o i n t l y "cy 
the A£C, EPA, *r.i the S ta te of Colorado's Department of Heal th, Division 
of Occupational nrA Radiological Health (COK). 

ouataary and Conclusions 

In July 195? Union Carbide Corporation completed the cons t ruc t ion and 
placed in production B new a i l l two a l i o s southwest of R . f i e , -Jolnra : t . 
The uran ius ar.d vanadiun processing- por t ions of the p lan t v r e o ioc - i 
down Decenber 1?72. Current ly, a por t ion of the p l a n t , e-nplyinr at . - t 
c~, people, i s belnr used for f ina l processing of van'idi ~-n f~r --.-—.-•..-.'«^ 
s a l e s . The remainder of the ai 11 i s maintained in siarid-s-y condition : :r 
poss ible future uranium product ion. 

Durin,- the 1^-1/2 years of operat ion 2 .7 s i l i i o n t i n s of or-- >.id upcrad-^r 
products were p:oe.'3sed with an equivalent aaount of t a i ; i n , : s produced. 
The t a i l i n g s wer" inpo;nded in two adjacent p i l e s on approximately '•'. 
ficrzz next to the Colorado River. The ra i l l s i t e including th* t a i l o r 
area i s fenced and posted as required by the C t a t e . Ve f~"t'st: -r. h^s 
b^^n e s tab l i shed d i r e c t l y on the t a i l i n g s without benefi t ,f *> :./.'•. 
ccver . Such vegetat ion requi res frequent sprinkling in order *. , r.a'.r.tai.-. 
the growth and prevent wind eros ion . Although t h i s s i t e h a : be'--', inciud' 
in the R»ase I study a t the request of the Colorado Department if Health, 
I t i s not an inac t ive nor abandoned f a c i l i t y and I t i s und^-r an ac t iv -
source mater ia l l icense Issued by the S t a t - of Colorado. The s i t " v i s i t 
was confined to inspect ion of the t a i l i n g s . 

The main concerns regarding the t a i l i n g s r e l a t e t o 1) poss ible health 
problems a r i s i ng frora radon exhala t ion , and 2) blowing dust tha t -o» s 
from unvegetated a r e a s . 
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As a result of the site visit and review of information contained in this 
report is is concluded that the public health and economic impacts of the 
following actions should be investigated in a further study of the new 
Rifle site. Such study is predicated on a determination that the still, 
which is being held ia stand-by, will not be used for processing 
additional ore in the future. 

I. Investigate the significance of radon exhalation and wind
blown dust froa the tailings piles on the surroundings and 
determine what corrective action, if any, is required. 

II. Removal of the tailings to a more suitable locution. So 
such location was identified in this phase of the study. 

H I . Evaluate radiation exposure where tailings have been used in 
construction in Rifle. 

IV. Perform a limited examination of ground water conditions 
beneath the site to include at least a well inventory. 

Location 

Union Carbide Corporation's new Rifle millsite is located in the valley 
of the Colorado River two miles southwest of Rifle, Colorado, approxisately 
600 feet south of Highway U. S. 6 and 2h and adjacent to the B6RGW 
Railroad. The toe of the pile is approximately 1,000 feet from the 
Colorado River, The site is in Section 18, Township 6 South, Range 93 
West, Sixth Principal Hsridlan and precisely at 30'31'30" Rorth latitude 
and I07%8'»f5" West longitude. 

The site and its surroundings are shown in Photograph I. 

Ownership 

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

History ot Operations 

The mill was placed in operation in July 1998 and the uranium and vanadium 
recovery circuits were shut down in December 1972. The mill was 
constructed as part of a complex which included the upgraders at SlicK 
Rock, Colorado, and Green River, Utah, all of which had an overall 
capacity of 1,000 tons per day. Tbe products from Slick Rock and Green 
River were hauled to Rifle for further processing. 
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A t o t a l of 2 .7 a t i l l ion zons of o r e , upgrader p roduc t s , and t a i l i n g s from 
the old Rif le a l l ! were ?»& t o process » t the new Ri f le a i l l . A t o t a l 
of 5,667 tons of U-Ca ir. concentra te were purchased by the AEC. 
Addit ional uraniua and a l l vanadius production were sold cocEnercially. 
Cre and upgrader products were t ranspor ted to the a i i l by t ruck and 
r a i l r o a d . 

Process Description 

Law v.-inadixs ores were ac id Leached and high vaaadiuE a res were f i r s t 
sa l ' , roasted then water leached t o resove the soluble sodlua vanadate. 
The residue was then acid Leached and both uraniua and vanadium recovered 
by solvent ex t r ac t i on . _L/ Products received frcn S l ick Hock and Green 
River were fed to process a t various po in t s depending on the uranium 
and vanediua content . 

Present Mil, i s ice 

The proper ty t h a t Union Carbide owns in t h i s loca t ion t o t a l s about 52; 
a c r - s . The t a i l i n g s were deposi ted in two adjacent p i l e s designated >s 
n-uaber 2 and nucfcer 3 ( p i l e nuaber i being the p i l e a t the old Ri f l e 
=111). The elder p i l e , nunfijer 2 , i s epproximateLy 55 fee t h igh , conta ins 
about l.-j ad I l ion tons , and covers about 10.5 acres a t i t s base . The 
never p i l e i s appro*iaateiy ko f ee t h igh, conta ins approxiasetely 
800.000 tons of t a i l i n g s , and covers about 10.^ a c r e s . Both p i l e s have 
f l a t tops with s ide s lopes of 2 to 1. The southeast por t ion of p i l e 
nuzber 3 has been u t i l i z e d for bu r i a l and s torage of contaminated waste 
ma te r i a l s froa the s i l l opera t ion . I t was not poss ib le a*, t h i titae of 
the v i s i t t c ae tera ine the quant i ty of a a t e r i e i disposed of in t h i s 
manner. 

The t a i l i n g s p i l e s l i e on r e l a t i v e l y f l a t land approxlaa te iy 1,000 feet 
froa the Colorado River. Construction of I n t e r s t a t e Highway 1-73, i s 
progressing through the Ri f le area and w i l l be b u i l t between the r i v i r 
ar.i the southern end of the p i l e s as shown in Kiotcgraph S. The highway 
w i l l be an effect ive b a r r i e r between the r i v e r and the p i l e s sc t ha t 
there car. be no washing away of t a i l i n g s in the event of abnora?i iy 
high water , although sosie s a tu ra t i on could conceivably occur by Ingress 
of water froa the c a s t . A l ink fer.ce has been b u i l t by the Highway 
Department to n«r>. the boundary of the pr<iperr-y and the highway r lgh t -o f -
way. 

The t a i l i n g - p i l e s have been vegetated by d i r e c t p lan t ing without benef i t 
of * s o i l cover and rout ine spr ink l in f . Th'; good vegetat ion as shown in 
Photographs 1 , 2 and 2 g r e a t l y reduces the wind and surface water 
e ros ion , although some spo ts suffer a sand-blas t ing e f fec t from the 
preva i l ing winds and concent ra t ions of coanon s a l t s In the t a i l i n g s as 
shown in Photographs 1 and 2. Continued growth of the vegetat ion is 
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dependent upon continued sprinkling as shown in Riotograph l*. A report 
on the Stab i l i za t ion of Tai l ings Pile Mb. 2 by Union Carbide employees 
J. F. Frost end K. L. Piper, Septenfcer 1968, i s avai lable . 

The area occupied by the mil l ing f a c i l i t i e s l i e s t o the northeast of the 
t a i l i n g s , and the raffinate pond i s imaediately east o f the t a i l i n g s . 
The a i l ! i s comprised of various buildings and structures some of which 
are currently i n use end the res t house equipment Maintained in standby 
condition. All ore stockpiles werr fed to process before the uranium-
v:*n«td-uni c i r c u i t s were pat on standby. 

Environmental Considerations ,_ 

A mobile gramma survey was made of the Rif le area for Qnvironmental 
Protection Agency in cooperation with the Colorado Department of Health. 
As the resul t o f follow-up invest igat ions of the anonaiies reported} 169 
locations were noted in which t a i l i n g s were suspected as the source of 
the radiation. Seventy-five were caused by dust washed from roofs and 
accumulating below the eaves. There were 7t> locations involving possible 
t a i l i n g s use , 2*t involving areas inside habitable structures. 

The radium monitoring network which has been operated by the U. S. 
Envirannsntal Protection Agency in cooperation with the Colorado River 
Basin Enforcement Conference has maintained surveil lance of the river 
for several years. A stat ion was set up at S i l t above Ri f l e and one 
at DeBeque below Rifle and the average annual concentration of Ra-226 
over a period of 12 years was 0.19 and 0,17 pCi per l i t e r , respectiv.-ly. 
This i s well below the maximum permissible concentration in water for a 
nember of the general population of 3 .0 pCi per l i t e r . 

Unior. Orbi.de Corporation reports that the new Ri f le mil l t a i l i n o p i l e 
conta'ni. epproxinateiy 2.7 mi l l ion tons a t the present time. AEC records 
show :'rz" the fe-?d to the n i l I contained an average of 0.31 percent 
UiCtt. Assuming secular equilibrium V:« theoret ical concentration of 
3S-<i26 in the t a : l i n e s from mi l l feed i s 868 pCi per gram of ore. Thf* 
to ta l Ra-22o inventory theoret ical ly in the t a i l i n g s p i l e i s estimated 
to be 2,130 cur ies . 

I t should be noted that the new Rifle mil l t a i l ings have been temporsrily 
con-rol led. Th? m i l l s i t e including the t a i l i n g s area i s fenced and 
posted us required by the s ta te of Colorado and i s under Union Carbide 
Corporation's rurveil lance. The Rifle m i l l s i t e cont : nues to be subjret 
to the State of Colorado control through an active source material 
l i cense . 

Recent population projections h*vs been fc*de for R i f l e . These projections 
are related t o expected growth because of the development of the o i l shale 

http://Orbi.de
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indus t ry . The 1970 populat ion of Ri f le was 2,150 and by 1967 with normal 
growth the populat ion w i l l increase to 10,000. I f moderate o i l shale 
development occurs , R i f l e w i l l be expected to have an add i t i ona l 5,200 
people or a populat ion of 15,200. However, i f in tense o i l shale 
development should occur an add i t i ona l U,800 people are p ro jec ted , 
providing a papula t ion es t imate of 20,000 people , hf Farmland t o the 
south of the p i l e across the r i v e r about one-half mile away has p o t e n t i a l 
for subdivision as a r e s i d e n t i a l a r e a . 

The new Rif le mi l l remains in operable condit ion (Riotograph 5) such tha t 
resumption of processing or uranium-vanadium o r e s could take place wi thin 
the next few y e a r s . In add i t i on , the 325 acres owned by Union Carbide 
are prime development land which w i l l come under increas ing pressure 
from indust ry as the projected o i l shale boots g e t s underway. Land lying 
to the north of the s i t e ->cross U. S- Highway 6 and 2k p re sen t ly has 
some commercial development. This development can a l s o be expected to 
in t ens i fy . 

The annual p r e c i p i t a t i o n i s 10.6 inches per yea r . The mean temperature 
i s hi.9°. At night the p reva i l ing wind i s from the nor theas t and 
opposite durinc the day. The p reva i l i ng daytime winds are toward the 
town of R i f l e . 

Hydrology 

Mill t a i l i n g s a t t h i new uranium mi l l in R i f l e , Colorado, are located 
on the north bank f loodplain of the westward flowing Colcrado River which 
is located approximately 1,000 feet to the eas t and couth. As mentioned 
ir. an e a r l i e r paragraph, the new I n t e r s t a t e Highway w i l l be *r. e f fec t ive 
b a r r i e r in preventing any T.;.ater erosion caused by any abnormal flooding 
of the r i v e r . 

The underlying sediments are composed of sand and gravel, deposi ted by 
the present day Colorado River . T.'orth of the t a i l i n g s p ' l e there ere 
s l i g h t l y elevated d i s sec tod t e r r a c e remnants denoting the former flood 
p la in of the r i v e r . The remnants, l ike the present day channel sediments, 
are conposed pr imar i ly of sand and g rave l . 

The t a i l i n g s are located down g r a d i e r t from Rif le and the efore w i l l hav.» 
r.o adverse impact on municipal water supplies v h i h are d ive r ted from 
Beaver Creek located three mil^s southeast of town. Al ternate supplies 
are diver ted from the Colorado River a t the point about one siile upstream 
from the town. 
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The water table «jdcr ths townsite of Rifle lies -t about 135 feet below 
the surface. But at tue millslte it is at 20-2? feet bslow the surface. 

Site Visit 

The HTW Rifle site was visited on .'£,y 9, 1971*., by the foLlowing personnel 
(team) in the coapany of Robert G. Beverly, Directo*-, Err'ironsa&ntal 
Control, Mirr'ng and Jfctals Division, Union Carbide Corporation and 
Harold Pi.'T, Plant Superintendent, Rifle Opera'.ions, MLn\C£ and MstsLn 
Division, Uiion Carbide- Corporation: 

Stanley A. ?&yer, Lucius Pitkin, Inc., (Contractor tc USA2C), 
Grind Junction, Colorado, 
Jon Yeagiey, Snviiciuaental" Protection Agency, Region'VIII, 
Denver, Colorado, 
Don Lambdin, Environmental Protection Agency, Las Vef.es, Nevada, 
Bert Crist, Colorado Department of Health, Denver, Colorado. 

http://Vef.es
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Twit 

*'w i 
Aerial photograph during operation*. 

RIFLE (new mill) - Union Carbide Corporation 

Approximace Scale - one inch equeU 1000 feec 
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Rifle Site (Hew) - August 19̂ U 
Approximate Scale - One inch equals 2,000 feet. 
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1. Snow fence used to control blowing tailings, Photograph 
also shows effects of erosion by surface runoff. 

2, Unvegetated tailings base on southwest side of tailings 
jftle with good growth above. 
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3. South side of tailings pile, settling pond and Colorado 
River. U. S. Highway 1-70 will be built between tailings 
pile and Colorado River. 

k. Southeast corner of tailings pile, where contaminated 
material is buried and east side of tailings pile, showing 
vegetation being irrigated. 
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o 

5. Union Carbide's new Bill at Rifie, Colorado 

k 



APPENDIX II 

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

A monitoring and sampling procedure was established for this pro
ject in conjunction with FB&OU to measure the radionuclide concentration 
in soil as a function of depth. At each site, a set of 15-cm (6-in.) 
diameter holes was drilled through the tailings and into the subsoil. A 
polyvinyl chloride (PVC) pipe (7.6 cm o.d.), sealed^on_one end, was 
lowered into each hole, and measurements were made of gar^-ray intensi
ties as a function of depth. A 15-cm-long Geiger-Hueller tube shielded 
with a lead cover containing colli ma ting slits was used for"T3vis purpose 
by lowering it inside the PVC pipe for measurements. Signals from this 

^detector were counted using a portable scaler.l 

= ̂ After-gamma-ray vs depth profiles were determined, the position of 
the interface between tailings and subsoil was estimated. Once com
pleted, the drilling rig was moved approximately 1.2 m (4 ft), and 
another hole was drilled to the interface level. Samples of soil core 
were then collected as a function of depth using a split-spoon sampler 
(each core section was 0.6 rn long). 

Most of the penetrating gamma radiation monitored is attributable 
to 2 2 6 R a and its daughters. Therefore, a calibration factor for 2 2 6 R a 
concentration was determined for the collimated gamma-ray probe by com
paring the response of this 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&OU data (first probe) from this comparison yields the 
equation 

R = 0.528(C - 16) 

For this case, R is the 2 2 6 R a activity in picocuries per gram and C is 
the observed response of the collimated gauma-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 saaples were obtained normal
ly by reaoval of an approximately 3-ca-deep layer of soil froa an area 
of about 25 x 25 ca. The saae procedure was used to obtain saaples 
15 ca (6 in.) below the surface except that the top 15-cm layer of soil 
was discarded and the saaple was removed from the next 3-ca layer. 

Each saaple was dried for 24 hr at 110°C in order to reaove mois
ture. The saaples were then pulverized in a high speed rotary crusher 
having plates adjusted to provide particles no larger than 500 pa. The 
soil was dispensed into 25-al polyethylene vials of the type used for 
liquid scintillation counting and sealed tightly. A soil saaple nor
mally consists of 12 of these vials. The net weight of the group of 
vials was measured to the nearest tenth of a graa. 

The sealed saaple vials were stored for a period sufficient to 
allow attainment of equilibrium between 2 2 e R a and its short-lived daugh
ters. Radon-222, which has a radioactive half-life of 3.8 days, will 
reach the same activity as its long-lived parent, 2 2 6 R a , in about 30 
days. The short-lived progeny of 2 2 2 R n will have reached equilibrium 
within the same time. Determination of the activity of any of the 
daughters in the sample will reflect 2 2 6 R a activity. After equilibra
tion of radon daughters, the 12 sample vials (or smaller number) were 
inserted into a sample carousel or holder (Fig. II-l) 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 witt. 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 generator, pulled by the van, was used to 
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ORNL-Photo 2171-75 

Fig. II-l, Horizontal mounted 6e(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 stabilizer was 
used to provide regulated power for instruments. 

A second field laboratory used in the project was an 8 x 35 ft air-
conditioned semitrailer with running water, tools, and Miscellaneous 
supplies. It served as an instrument calibration facility, office, 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 (Tl) crystal, a high sensitivity 

detector, was used to scan all samples for a preliminary estimate of 
2 2 6 R a activity. This detector was used in a "pickle barrel" type 
shield, lined with copper and cadmium to shield x- r=»ys. Signals from 
the crystal were sorted by a computer-based (PDP-11) pulse-height ana
lyzer. The computer was programmed to control all 1 unctions of the 
analyzer and counter, to analyze the data, and to print out a statis
tically weighted average of the 2 2 6 R a 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 
analyzer was obtained by standardizing with S 7Co, 1 3 7 C s , and 6 0Co. An 
efficiency calibration was obtained through daily counting of a uranium 
standard (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 high resolutions Ge(Li) gamma-ray spectrometers. + Standard uranium sample obtained from the former Atomic Energy 
Commission New Brunswick Laboratory, 
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Final data on the concentration of radionuclides in "soil 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 5 0 - C M 3 Ge(Li) crystal positioned on a 
platform for Movement into and out of a lead shield (Fig. II-l), and two _̂ 
vertically Mounted detectors (Fig. II-2). The detector systems were _ iT: 
used to obtain complete photon spectra ef the soil samples. . Signals 
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 
routed to two 2688 channel regions of a computer based pulse height 
analysis system. Samples were counted for periods long enough to eval
uate the 2 2^Ra concentration to a statistical accuracy of ±5% or better. -
Spectra from^the horizontally mounted Ge(Li) detector were recorded on 
Magnetic tape^-and stored for later analysis using the ORNL IBM computer 
system.* _ : ^ E L 

The computers were programmed to sort out peaijScfrom 2 3 2 T h daugh
ters including the 909 and 967 keV peaks from 2 2 8 A c , the 239 keV from 
2 1 2 P b , and the 2614 and 583 tceV peaks from 2 ^ T 1 . These data permitted 
measurements of the 2 : ? 2Th concentration and data are reported for many 
of the samples. 

Energy calibration of the Ge(Li) detectors was controlled through 
the use of isotopic sources of "Co, 2 2Na, 1 3 7 C s , 6 0Co, 8 8 Y , and 4 0K. 
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 accomplished 

*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. 
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ORNL-Photo 6719-76 

Fig, I I - 2 , Computer based multichannel analyzer and one of three Ge(L1) counting systems, 
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through a lir.ear least-squares fitting routine. lei adjusted areas 
under photo peaks of interest were compared with an extt-nsive radio
nuclide library.2 Data from the computer were presented for each radio
nuclide as a weighted mean with standard deviation. 

Externa! Gamma-Kay Detector 
A gairam radiation survey was made on and around the mill site and 

tailings pile. The instrument used for these measurements was a "Phil" 
gamma-ray dosimeter.- The basic unit was a 15-cnr (6-in.) long 30-mg/ 
cm 2 glass-walled organic-filled Geiger-Mueller (G-M) tube with an energy 
compensatior shield made of tin and lead Pulses from this unit were 
counted with a battery-powered portable scaler. Typically, G-M counters 
are not used for dosimeters because of a peaked 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. Scaled sources 
of 1 3 7 C s and 2 2 6 R a were used for calibration. It was found that the 
response of this detector was: 1 mR/hr = 3400 counts/min. 

For each cjamma-ray-exposure rate measurement, at least three 1-min 
counts wera 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 U>. use at 0RNL for several years, 4 

and it was also used to make some comparative measurements in the reme
dial action program in Grand Junction.5 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 radiological surveys of 
milling facilities. They are incluaed in each report in this series. 
However, in some instances, the measurements were not possible. 
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Fig. II-3. System used for measurement of r&don daughter concentrations. 
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counter for housing a 450-nm2 silicon diode. Normally, this type detec
tor is operated in a vacuum chamber. However, in this case, it was 
found that by flowing helium at atmospheric pressure through the assem
bly, abtorption of alpha particles is small relative to absorption in 
air. Alpha particle pulses were recorded with a lOO-cfonnel analyzer. 
A small 2 2 8 T h alpha source standard was used for standardizing the 
energy scale. Air that was monitored for 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 sampler'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 mip after removal of the 
sample and continued for 10 min. For this case, a determination was 
made of the number of counts due to the decay of 2..18Po (RaA) and 2 1 4 P o 
(RaC). A second count was started 15 min after removal of the sample 
and continued for 15 min. In this case, counts were recorded from the 
decay of 2 , 4 P o . Dat3 from the counter were stored in a pulse height 
analyzsr and reduced by computer. The code for this analysis is ex
plained in detail elsewhere.6 Results of the analysis of data using 
this code were presented as concentrations 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. 

Rr.don Monitor 
The instrument used by ORNL to measure radon concentrations in air 

consisted of 95-ml 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 aW. 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., Baltimore, Md. 
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progeny Monitor provided an estimate of the degree of equilibriun be
tween radon and its daughters in the selected locations where air sam
ples were taken. 
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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-um filter to 
remove suspended solids. The samples are then analyzed by 
radiochemical techniques as described in this appendix. 



85 

Procedure for the Sequential Determination of 2 2 6 R a , 2 3 0 T h , 
and 2 1 0 P b in Water from Uranium Mill Tailings Sites 

P. M. Lantz 
Health and Safety Research Division 

Oak Ridge National Laboratory 
Oak Ridge, Tennessee 

Radium-226 
1.1 Filter the ^1.0 liter water sample using a vacuum flask <ind 

#42 Whatman filter paper to remove suspended particles. 
1.2 Reduce the volume of the water sample, to which 10 ml of 

concentrated HN0 3 has been added, to less than 250 ml by 
evaporation. 

1.3 Transfer the solution tc a 250-ml, long-neck, tapered-joint, 
flat-bottom Pyrex boiling flask. Insert a Teflon-coated 
magnetic stirrina bar. Add 37 ml of concentrated HN0 3 to 
make the final concentration 3 w . 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 2 2 2 R n in the flask. Store for at 
least 30 days to await attainment of 2 2 6 R a - 2 2 2 R n equilib
rium. 

1.4 Next, connect the 250-ml 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 unfired 
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 Hters/hr. The radon-helium stream 
is dried and stripped of organic condensable components by 
KOH 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 the 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. 

1.7 Bypassing the flask, Mse a controlled stream of helium to 
flush residual radon into the Lucas chamber until neatr'at-
mospheric pressure has been reached. Stop the gas—flow anm^c 
close the stopcock o« the Lucss chamber. = ;̂/J' „. .,-§ c 

1.8 After a delay of 3.0 to 3^5 hr to permit ifte 2 2 2RR~tobreach- c^c^ : 

equilibrium with its:ciaughtert, place the Lucas chamber over 
a photomultip]ier tube and ccur.t the gross^alpha for.:20 min. 

1.9 Subtract the Lucas chamber background, counted under the " 
same conditions', from trie gross count. Divide the net courtt-
by three to obtain the - 2 2Rn count at that time. Correct 
the count foretime elapsed since de-emanation was terminated 
and the efficiency of the Luca^ chamber for converting alpha--V 
discharges to scintillations (^85%). Report the 2 2 ( iRa in 
equilibrium with 2 2 2 R n as picocuries per liter. 

Thorium-230 
2.1 Transfer one-half of the water sample remaining from the 

radon de-emanation process (3 u HN0 3) to a Pyrex beaker for 
volume reduction on a magnetic stirrer hot plate. 

2.2 Add 0.7 g A1(N0 3) 3 • 9H 20, 2.0 ml (20 mg) Pb carrier, 1.0 ml 
(20.9 mg) Bi carrier and 5,000 to 10,000 cpm of 2 3 4 T h tracer 
to the water sample before reducing the volume to. approxi
mately 20 ml. 

2.3 Should the sample solution contain undissolved salts, sepa
rate liquid and solids by use of centrifuge. Dissolve the 
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solids by heatvng with a minimum volume of distilled water 
or dilute HN0 2. Combine the dissolved solid with the origi
nal supernate. 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 volume of concentrated HN0 3 to the 
supernate. Wash the solids with a small volume (5.0 ml) of 
8 M HN0 3 and centrifuge. Combine the wash with the adjusted 
supernate^ .Discard the 'olids. Keep the solution cool in 
an ice bath during precipitation of hydroxides with an ex
cess of^ammoniuiR.'tQ'droxide ttf minimize the formation of 

c - silicic' acid fF6m dissolved silicates. Let r stand 5 to 10 
ftin. Centrifuges point off liie-supernatant^iquid, and wash 

...-,-"-' the precipitsts with dilute-ra«3mbnium hydroxide.: Discard the 
supernatant and wash liquids. -Dissolve the-solids in:10-20 

-ml bf'8>/ HN0 3. Should the solution contain suspended :sili- .. 
cic acidy centrifuge, wash the solids with 5 ml of_,8 :•! HN0 3 

ana" combine the supernatant liquids. Discard the solids. 
2.4 '---.Transfer .-the 8 A' HN0 3 solution to a conditioned Dowex 4 x.l 

anion exchange co;Tumn 5 mm i.d. x 10 cm long (̂ 2.0 ml vo'!.). 
The column is conditioned by passing through it at least 
5 columfr volumes (10 ml) of BM HN0V- The am'on-complexed 
thorium adsorbs on the resin column to the exclusion of the 
cations. Wash the column with 10 nil of BM HN0 3 to remove 
residual bismuth. Combine the effluent and wash solutions, 
and save them for lead and bismuth recovery. 

2.5 Strip the thorium from the column with 5,0 ml of distil fed 
water, followed fry 10 ml of 6 M HC1. 

2.6 Convert the chloride to the nitrate by adding an excess of 
HN0 3 and reducing the solution to near d.ynass on a hot 
plate. Dissolve the solids in 5.0 ml of 0.1 M HN0 3. 

2.7 Transfer the 0.1 .'.' HN0:4 solution tc a conditioned Dowex 50 x 
1 mm cation exchange 2.5 mm i.d, x 7 cm long (~0.4 ml vol.). 
The column is conditioned by passing 5.0 ml 8 M KNO3 through 
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it and then washing it free of excess 3cid with distilled 
water as indicated by litmus paper. 

2.8 Wash the column with 5.0 ml of 2 M HC1 to remove traces of 
bismuth and other weakly bound cations. 

2.9 Strip the thorium with 5.0 ml of 8 y HN0 3 and reduce the 
volume of the solution to a few drops by evaporation. 

2.10 Transfer the solution with a suitable pipette onto a 2-in. 
stainless-steel disc supported on a hot platf; by a steel 
washer 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. 

2.11 Determine the thorium yield by counting the 2 3 4 T h beta with 
an end window counter and compare it with a mounting of like 
count of the 2 3 4 T h tracer used in the analysis. 

2.12 Determine the 2 3 0 T h alpha disintegrations per minute (dpm) 
by pulse-height analysis using a diode pickup in a helium 
atmosphere. Compare the counts of 2 3 0 T h alpha in the sample 
with those in a 2 3 o T h standard mounting whose dpm is known. 

2.13 To correct for the contribution of 2 3 o T h which may be in the 
2 3 4 T h tracer, pulse analyze the 2 3 4 T h mounting. Subtract 
the contribution from tho tracer after correcting for yield 
to obtain the net 2 3 ( )7h content of the water sample. 

2.15 Calculations 

230Th(pCi/liter) = $fa' 

where 
A = Water sample net alpha (cpm) 
8 =-- 2 3 0 T h standard (dpm) 
C = 2 3 0 T h standard (cpm) 
D = Fracti on of 2 3 1 Th tracer recovered 
E = Volumt » of sampl e (liter) 
c = 2.22 d/On-pCi) 
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Lead-210 
3.1 Evaporate the Dowex 4 x 1 effluent and wash from Step 2.4 to 

•̂ 20 ml. Cool and slowly add ammonium hydroxide, while stir
ring in an ice bath, until hydroxide precipitation barely 
starts. Add 1 to 2 drops of concentrated HN0 3 to each 10 ml 
of solution to give an acidity of 0.2 to 0.4 yi. 

3.2 Slowly bubble H 2S through the chilled solution to precipitate 
metal sulfides. Let the mixture stand 10 to 15 min and cen
trifuge. Discard the supernate. Wash the sulfides with 5 to 
10 ml of H2S-saturated^ 0:2l.K HN0 3 solution. Centrifuge and 
discard the wash. 

3.3 Dissolve the sulfide precipitate in a minimum of concentrated 
HN0 3 by heating in a hot water bath. Dilute with 5 to 10 ml 
of distilled water and filter out the suspended sulfur on #42 
Whatman filter paper. Wash out the centrifuge tube and filter 
with 5 to 10 ml of distilled water. 

3.4 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 ml of dilute NH 40H. Discard the super
natant and wash liquids. 

3.5 Dissolve the hydroxides in a minimum of concentrated HNOo and 
dilute to 10 ml. Add 0.5 ml of concentrated H 2S0 4 to precipi
tate PbS0 4. Digest 15 min in a hot water bath, cool, centri
fuge, and wash the PbS04 with distilled water. Save the 
supernatant and wash liquids for bismuth recovery. 

3.6 Transfer the PbS0 4 slurry onto a tared #42 Whatman filter 
paper disc which is supported by the perforated fixed plate of 
a Hirsch funnel. Dry the PbS0 4 and paper with ethyl alcohol 
followed by ethyl ether, 

3.7 Weigh the filter paper and PbS0 4 to determine the yield of 
2 1 0 P b . Store the 2 , o P b S 0 4 sample for 30 days to allow the 
2 I 0 P b to reach equilibrium with its 2 l 0 B i daughter. The 2 I 0 B i 
beta is counted in a low-lovel gas-proportional counter with a 
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1-mil-thick polystyrene cover to shield out any stray alpha 
emissions. 

3.8 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 ml of distilled water. Discard supernatant and wash 
liquids. 

3.9 Dissolve the solids in a minimum of KNO^. Add 3-4 drops of 
concentrated HC1 and dilute to M O ml with hot distilled water 
to precipitate BiOCl. Digest for M 5 min in a hot water bath 
or until the precipitate has settled. 

3.10 Pour the hot supernatant liquid through a tared #42 Whatman 
filter paper supported 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. 

3.11 Weigh the BiOCl and filter paper in order to determine yield. 
3.12 Count tho 5.01 day 2 1 0 B i beta, which is in equilibrium with 

2 I 0 ? b , in a low-level, gas-proportional counter. The counting 
efficiency of the counter is determined by counting several 
similar mountings having known 2 1 0 B i disintegration rates, 
with varying weights of BiOCl from which a calibration curve 
is constructed. 

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

3.14 Calculation 

2JoP b „, 2Jo B i(pCi/Hter) -- ^ ' 

where 

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

to counting time 
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C = Counter efficiency 
D = Fraction of Bi recovered 
E ~ Volume of sample (liter) 
F = 2.22 d/(m-pCi) 

4.0 Reagents 
4.1 Aluminum nitrate. 
4.2 Lead carrier, 10 rog/ml. Dissolved 8.0 g Pb(N0 3) 2 in dilute 

HN0 3 and dilute to 500 ml with water. 
4.3 Bismuth carrier, 20.9 rog/ml: Oissolve 5.225 g bismuth metal 

in concentrated HN0 3 ar«d dilute to 250 ml with water. 
4.4 Thorium tracer, 2 3 4 T h . Pretreat a 30% Adogen 364-Xylene solu

tion by extracting it with an equal volume portion of 2 M HN0 3 

for 2 min. Dissolve 5.0 g of recently depleted 2 3 8 U (as U 3 0 8 ) 
in 2M HNO3. Extract the thorium 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 solvent with 10 ml of 10 M HC1. Con
vert the chloride solution to 2 M HNO3 solution for a repeat 
extraction with solvent to remove traces of uranium. The 

J second 10 M HC1 strip is again converted to the nitrate for 
counting the 2 3 4 T h beta on a stainless steel disc. The mount
ing should be examined in a pulse-height alpha analyzer for 
the presence of 2 3 0 T h . Should the 2 3 0 T h level be significant, 
then another source of depleted 2 3 8 U should be sought, or 
alternatively extract the 2 3 4 T h from a batch of 2 3 8 U from 
which the thorium had been extracted 1 to 2 months previously. 

4.5 Ammonium hydroxide, concentrated. 
4.6 Nitric acid, concentrated. 

1 4.7 Hydrochloric acid, concentrated. 
I 4.8 Sodium hydroxide pellets. 

4.9 Sulfuric acid, concentrated. 

L 
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4.10 Hydrogen sulfide gas. 
4.11 Dowex 4 x 1 and Powex 50 x 1 exchange resins. 

5.0 Apparatus -
5.1 Radon de-emanation train with radon concentrator* and Lucas 

chamber. 
5.2 Radon photomultiplier counter. 
5.3 Modified1 250-ml, flat-bottom, boiling flasks. 
5.4 Othe*- counting equipment--G-M beta countei; low-level, gas-

proportional beta counter; pulse-height spectral alpha analy
zer. 

5.5 Stainless-steel alpha counting discs. 
5.6 Laboratory centrifuge. 
5.7 Pyrex centrifuge tubes, 50 ml. 
5.8 Beakers, assorted. 
5.9 Ion exchange columns. 
5.10 Dowex 4 x 1 and Dowex 50 x 1 exchange resins. 
5.11 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 li-section is 
filled with 20 to 40 in. unfired Vycor which has a large surface to 
volume ratio. When the tube is immersed in liquid nitrogen and radon-
laden 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% oi the radon to the Lucas chamber. Since the efficiency 
of Lyc?s chambers for counting alphas may vary from 75 to 85%, it is 
necessary to calibrate each chamber with an equilibrated 2 2 6 R a stancard 
solution. 

The radium-radon equilibrating flask consists of a flat-bottom 
250-ml 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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