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ASSESSMENT OF THE RADIOLOGICAL IMPACT OF THE INACTIVE
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F. F. Haywood, W. A. Goldsmith, D. G. Jacobs, P. T. Perdue,
B. S. Ellis, H. M. Hubbard, Jr. and W. H. Shinpaugh

ABSTRACT

Results of a radiological survey of the inactive uranium-mill site
at Grand Junction, Colorado, made in May and June 1976, are presented
along with descriptions of techniques and equipment used to obtain the
data and an assessment of increased risk of health effects attributable
to radiation and radionuclides from the tailings. The data obtained
indicate that the tailings are adequately stabilized to prevent signifi-
cant wind and water erosion. The average above-graund gamma-ray expo-
sure rate measured over the tailings pile was 170 uR/hr and that around
one of the former mill buildings was 100 wR/hr. Soil samples at a
distance of 960 m to the east and west of the center of the tailings
pile contained an above-background level of 22%Ra. An estimate of
potential health effects of exposure to gamma rays around a former mill
building and to radon daughters produced by radon dispersed from the
tailings has been made for occupants of the site. The estimated maximum
increased risk of death from all types of cancers was 0.06%/year for
exposure to gamma rays and the maximum (off-pile) increased risk of
death from lung cancer was 0.3%/year due to inhalation of radon daugh-
ters. The latter figure may be compared to a risk of 0.2%/year from the
average background radon concentration in the Grand Junction area.

ix



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. In the first four reports, attempts were made to
assess potential health effects of radiation and radionuclides from the
tailings. The first report! in the series also contains a discussion of
modes of radiation exposure to individuals and to population groups from
radionuclides in uranium-mill tailings and a survey of the pertinent
literature. The present report on the site at Grand Junction, Colorado,
like the first four ‘eports, presents an assessment of potential health
effects as well as the results of radiological measurements and analy-
ses. This survey was conducted in May and June 1976, in cooperation
with an engineering team from Ford, Bacon and Davis Utah Inc. (FB&DU),
the architect-engineering company responsible for the Phase Il engineer-
ing assessment of inactive uranium-mill tailings. Their report on this
site? includes ORNL data. The present report serves as technical backup
for the engineering assessment. Included in the present report are
descriptions of the apparatus and techniques used to obtain the data.

Earlier reports on conditions at this site include the previously
unpublished Phase I report on the site visit by McGinley et al. (see
Appendix I). Douglas and Hans® report results of a gamma survey.
Shearer and Sill made a study of the airborne radon concentration over,
and in the vicinity of, the Grand Junction tailings pile.* A similar
study was performed more recently by Duncan and Boysen.® More general
discussions of the uranium-mill-tailings problem and the assessment of
the radiological impact of the radionuclides contained in the tailings
are included in several publications.®-11

The Grand Junction site is of particular interest because the
uranium-mill-tailings problem was first highlighted at this location.
An estimated 273,000 metric tons of tailings were removed during the
period 1951-1966 for construction-related uses in Mesa County (see Ap-
pendix I). Much of this material has been returned to an area adjacent
to the former mill site for storage during the on-going remedial action
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program in Mesa County. A l6-hectare (40-acre) plot on the east side of
the site was deeded to the state by Climax for storage Shearer and
Si11 state® that the impact of uranium milling operations on the air and
water environment, principally the latter, was studied by a number of
federal and state agencies as well as by private industry beginning in
the middle 1950's. The fact that public use of tailings from the Grand
Junction site was not stopped until 1966 indicates that Loth government
and industry were slow in recognizing the potential health effects of
radioactivity and radionuclides from the tailings. The above-mentioned
remedial action program was established by Public Law 92-314, which
authorizes federal (75%)-state (25%) funds for removal of tailings from
structures in Mesa County providing the state take custody, control, and
responsibility for the tailings returned. Hazle reviewed the progress

A

of this program in 1977.'% A discussion of the Grand Junction problem
13

was published in a non-technical magazine.
SITE DESCRIPTION

A detailed description of the Grand Junction site and the history
of the uranium mill operations at this location is given in the Phase I

report by McGinley et al. (see Appendix I), which describes conditions

existing at the time of the 1974 survey, and in the FB&DU report.¢ Only

a brief summary of this information is included here.

Climax Uranium Company, later AMAX Uranium Corporation, operated a
uranium-vanadium mill in Grand Junction for nearly 20 years. After the
mill shut down in March 1970, Climax dismantled the mill, decontaminated
equipment, stabiiized the tailings in accordance with Colorado regula-
tions, and the company fenced and posted the site to limit public access
as required by the state. The origirnal site covered an area of 8l
hectares (200 acres). An aerial view of the site and surrounding area
is shown in Fig. 1. At the time of the Phase I report in 1974 (Appen-
dix 1), Climax had disposed of all but 30 hectares (75 acres). Of this,
22 hectares (55 acres) was reported (Appendix I) to be covered by tail-

ings. The AEC/EPA/Colorado team that visited the site in April 1974,
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Fig. 1. Aerial photo of the Grand Junction site and surrounding
area. Source: EG&G, Inc.



concluded that the tailings were adequately stabilized to prevent wind
and water erosion and that good vegetation existed on most of the
covered tailings. They reportad that Climax was continuing efforts to
improve the vegetation.

The FB&DU report? contains the statement that the tailings pile
covering 20 hectares (50 acres’ was sold in 1976 to Shumway, Inc. and
that Castings Incorporated pur:hased the last 2.4 hectares (6 acres) of
the mill site, including the remaining mill buildirgs. The entire site
is bordered on the south by the Colorado River and on the north by an
industrial park, the Denver and Rio Grande Railroad, and the city metro-
politan area.

During the operation of the mill, 2.0 million metric tons of ore
with an average Us0s content of 0.28% was processed (Appendix I).
Ailowing for the 273,000 metric tons of tailings removed from the site,
it was estimated that the 226Ra content of the remaining tailings is
1350 Ci and the corresponding average concentration of 226Ra is 784

pCi/g.

3. SAMPLING TECHNIQUES AND RADIOLOGICAL MEASUREMENTS

Sampling techniques as well as equipment and metnods used for anal-
yses of soil sampies for radionuclides and for radiological monitoring
are described in Appendix II while a description of the technique used
for the radiochemical analysis of water sampies is contained in Appen-
dix III.

4. RESULTS OF MEASUREMENTS

Measurements were made near the Grand Junction site to determine:
(1) background external gamma-ray exposure rates 1 m above the ground
and the background radionuclide concentrations in surface soil samples;
(2) external gamma-ray exposure rates 1 m above the ground both at the
site and in the area immediately around the site; (3) the radionuclide
concentration in surface soil, sediment and water samples; (4) the sub-
surface distribution of 226Ra and its daughters in tailings and soil as



a function of depth: and (5) the radionuclide concentrations in airborne
particles. Because of the short term of the survey, no attempts were
made at this site to measure the concentration in air of radon, radon
daughters. Results of the various types of measurements are discussed
in the following parts of tnis section.

4.1 Background Radioactivity

Knowledge of background external gamma-ray exposure rates and of
background concentrations of radionuclides in surface soil in the sur-
rounding area is needed to evaluate the extent of spread of tailings
from the site and to provide data required for the evaluation of the
need for remedial action.

Locations are shown in Fig. 2 where background measurements were
made of external gamma-ray exposure rates 1 m ab ve the ground and where
surface soil samples were obtained for measurement of their radionuclide
content. Details of the sample locations and the results obtained are
displayed in Table 1.

The data in Table 1 show a variation in measured values of the
background gamma exposure rate 1 m apbuv> ground from 7 to 17 uR/hr. The
average value of 11 pR/hr corresponds to an annual background dose
equivalent of 96 millirems. The average 2%®Ra concentration in surface
soil is 2.0 pCi/g. There is not a good correlaton between the direct
gamma exposure rate and the ?2%Ra concentration in surface soil, possi-
bly due to the presence of other terrestrial radionuclides, failure to
obtain representative samples of soil, and poor measurement statistics
resulting from the small quantity of radionuclides present.
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Fig. 2. Locations of background external gamma measurements and background soil samples.




Table 1. Background radiation levels and concentration of
radionuclides in surface soil near
Grand Junction, Colorado

Nuclide concentration
External y (pCi/g)
Sample Description of exposure rate? 226Q 2327y, 238
point sample location (uR/hr) .

C03 W side of Hwy 141, ~1.6 km

S of Gateway 11 3.4 b 0.9
€05 S of 1-70 at Colorado-Utah
border 7 1.0 b 0.3 |
|
C0Z20 W side of Hwy 139 just N
of Douglas Pass 17 2.2 0.4 0.7

C021 SW corner intersection of
State Hwy 330 and county road
to Grand Mesa at Collbran 10 1.9 0.8 0.8

€022 Debeque at interseztion of
county road and Hwys 6 and 24 11 33 0.7 0.6

AVERAGE 11 2.0 0.6 0.7

“One meter above the ground.

bThis nuclide not measured.



4.2 Direct Gamma-Ray Exposure Rates

Measurements were made of direct gamma-ray exposure rates 1 m above
the ground using the "phil" gamma-ray dosimeter described in Appen-
dix 1I. The measurements at this site were made, in general, at 46-m
(50-yd) or at 91-m (100-yd) intervals.

The data obtained at this site, displayed in Fig. 3, indicate quite
variable gamma exposure rates with a maximum of 350 uR/hr in the tail-
ings area. The average for the tailings pile is 150 pR/hr. The average
along the western half of the north edge of the tailings pile is approx-
imately the same as for the pile. The distance required to reach the
background gamma level (11 uR/hr) is approximately 500 to 600 meters
from the edge of the tailings pile in each direction. The results of
this gamma survey appear to be in fair agreement with the background
measurements at this site reported by Douglas and Hans. 3

In addition to the gamma exposure rate measurements shown in
Fig. 3, gamma measurements were made 1 m above the ground along the
Colorado River bank near the tailings pile using a G-M survey meter with
the probe window open. An approximate conversion factor was used to
calculate gamma exposure rates from the G-M meter readings. However,
since measurements made with this instrument are not directly comparable
to those made with the energy-compensated "Phil" tube, they are not
included in Fig. 3, but they are listed in Table 2. The primary purpose
of this set of measurements was to determine whether "hot" spots existed
between the tailings pile and the Colorado River. Although the data in
Table 2 show considerable variation, the gamma level appears to be con-
siderably lower at all measurement points than the maximum recorded over

the tailings pile.

4.3 Concentration of 22%Ra in Surface Soil and Sediment Samples

Analysis of soil and sediment samples for 226Ra supplements the
measurements of above-ground gamma intensity in detecting the spread of
uranium tailings. Surface and near-surface soil and sediment samples
were analyzed for 2%26Ra and other radionuclides by use of the techuique
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Table 2.

10

Results of gamma survey along river bank south of
tailings pile starting at a point approximately
91 m (100 yd) upstream from tailings pile

Approx.
L gamma
startioe point exposure
meters yards (uR/hr) Remarks
0 0 35 Starting point

46 50 42

91 100 5¢ East edge of tailings pile
137 150 110

183 200 140

229 250 54

274 300 150

320 350 160 Top near road

366 400 62

412 450 50

457 500 42

503 550 35 Midpoint of tailings pile
549 600 110 Halfway up river bank

594 650 44

640 700 65

686 750 150

732 800 140

777 850 170

823 900 65

869 950 31

914 1000 65

960 1050 69 West edge of tailings pile
1006 1100 31
1052 1150 27

“Measurements were made at a height of 1 m above the ground.
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and equipment described in Appendix II. Sample locations are displayed
in Fig. 4, which also shows ihe locations of water samples discussed
below. Soil sample locations are described, and measured 226Ra concen-
trations are presented, in Table 3.

It is evident from the data in Table 3 that surface contamination
of *2%Ra has spread in the vicinity of the tailings pile. However, a
survey with a wider scope would have been required in order to define
the extent of contamination of the area. Soil samples taken approxi-
mately 600 m from the center of the tailings pile in the north and south
directions, and those at 960 m from the center in east (JC 1050F) and
west (JC 1050W) directions were all above 2.0 pCi/g, the average back-
ground concentration of 225Ra in this area.

It is evident from the data in Table 3 that water erosion of tail-
ings has proceeded as far as the Colorado River. Values in the dry wash
clearing at the southwest corner of the tailings pile were especially
high.

4.4 Radiochemical Analysis of Water Sampies

Water samples were obtained at 11 locations shown in Fig. 4 and
described in more detail in Table 4. These samples were analyzed using
the technique described in Appendix III. The results are displayed in
Table 4, which reports observed 22%Ra, 210ph, and 23°Th concentrations
in pCi/liter. Several of the samples exceed the EPA interim standard
for drinking water,!* but it seems unlikely that water from these
sources would be used for human consumption. Water sediment samples
were analyzed using the technique described in Appendix II, and the
results are contained in Table 5. The samples of ditch water near the
tailings pile contain a high concentration of 226Ra. The 22€Ra concen-
tration in Colorado River sediment samples was higher at the upstream
side of the tailings pile than downstream or at the midpoint of the
pile.
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Table 3. Concentration of ?%%Ra in surface soil and sediment
samples at Grand Junction
Concentration
Sampie of 226Ra
designation Sample location and description (pCi/g)
JCOW1 Surface sediment from dry wash ~30 m
from SW corner of tailings pile (TP) 200
JCOW2 Sediment from 15 cm below surface at
sane point as JCDW1 570
JCOW3 Surface sediment from dry wash inside
fence at NW corner of TP 700
JCDw4 Sediment from 15 cm below surface at
same point as JCDW3 72
JCCWS Surface sediment from dry wash S of TP
~297 m (325 yd) downsiream from JCW4
next to lower rip rap al
JCOW6 Sediment from 15 cm below surface at
same point as JCDWS 66
JCOW7 Surface sediment from dry wash ~10 m
from JCOWS 15
JCOws Sediment from 15 cm below surface at
same point as JDCW7 41
JCOW9 Surface sediment from near JCDW7 but
~0.6 m from river 3.5
JCOW10 Sediment from 15 cm below surface at
same point as JCDW9 2.4
JCDW11 Surface sediment from dry wash ~75 m
from SW corner of TP 3.6
JCOw12 Sediment from 15 cm below surface at
same point as JCOW1l 3.4
JCOW13 Surface sediment from dry wash ~10 m
toward TP from JCOW1l 630



Table 3. (Continued)

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

JCOW14 Sediment from 15 cm below surface at

same point as JCOW13 170
JCOW15 Surface sediment from dry wash near SW

corner of TP ~70 m from river 93
JCOW16 Sediment from 15 cm below surface at same

point as JCOW15 10
JCH50W Surface soil 594 m (650 yd) W of TP

center point (CP) 13
JC850W Surface soil 777 m (850 yd) W of CP 2.6
JC1050w Surface soil 960 m (1050 yd) W of CP 5.0
JC1150W Surface soil 1050 m (1150 yd) W of CP 17
JC650E Surface soil 594 m (650 yd) E of CP 62
JC850E Surface soil 777 m (850 yd) E of CP 4.5
JC1050E Surface soil 960 m (1050 yd) E of CP 4.1
JC4508 Surface soil 411 m (450 yd) S of CP 2.3
JC650S Surface soil 594 m (650 yd) S of CP 3.1
JC300N Surface soil 274 m (300 yd) N of CP 260
JC500N Surface soil 457 m (500 yd) N of CP 8.5
JC700N Surface soil 640 m (700 yd) N of CP 6.1
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Table 4. Radiochemical analysis of water samples

Nuclide concentration
Sample (pCi/liter)

designation Sampie location 226p3  210py 2307

JCW1 Colorado River 91 m (100 yd)

upstream from £ edge of

tailings pile (TP) 0.5 a 21
JCW2 Ditch at SE corner of TP next

to Colorado River 0.9 23 310
JCW3 Ditch at NE corner of TP 0.8 a a
JCwa Large caged well on TP ~9 m

(10 yd) from S edge near N-$

centerline 17 51 34
JCW5 Colorado River ~91 m (100 yd)

downstream from TP 0.06 i a
JCW6 Surface water from basement of

a former bldg. W of old mill

bldg. 3.2 77 a
JCW7 Pool in salvage dump basin

~70 m (75 yd) E of TP 19 32 25
JTPW1 Test Pit 1 (See Fig. 5) 20 1500 2600
JTPW2 Test Pit 2 (See Fig. 5) 82 2300 8200
J12w Hole 12 (See Fig. 5) 45 1200 3200
J13wW Hole 13 (See Fig. 5) 70 160 270

“Below detection limit.




Table 5. Concentration of 22®Ra in water sediment samples
Concentration
Sample of 22%Ra
designatior Sample location (pCi/g)
JCWS1 Edge of Colorado River 91 m (100 yd)
upstream from tailings pile (TP) 4.4
JCWS2 Ditch at SE corner of TP next to
Colorado River 68
JCWS3 Ditch at NE corner of TP 42
JCWS4 Edge of Colorado River at midpoint of
south side of TP 2.7
JCWSS Edge of Colorado River 91 m (100 yd) 1.6
downstream from TP
Colorado River at SE corner of TP 9.5

JCWS6
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4.5 Distribution of ?%%Ra in Subsurface Soil and Tailings

Holes were drilled at the locations shown in Fig. 5. Measurements
of gamma-ray intensity in these holes as a function ~f depth were made
by FB&DU using the apparatus described in Appendix II. Monitoring data
were not obtained for all of the holes drilled at this site. Since the
subsurface gamma rays are primarily due to 22%Ra and several of its
daughters, it is possible to calibrate the instrument and, thus, to
convert the gamma-ray measurements to an estimate of the concentration
of ?26Ra in subsurface soil or tailings at the depth of measurement.
The conversion was accompiished as described in Appendix II, and the
data were plotted by use of a 9815A Hewlett-Packard desk calculator and
a 9871A Hewlett-Packard printer. Calculated ?2%Ra concentrations are
indicated by +'s and the plotter supplies dots between + marks. Samples
taken at measured depths in test pits dug with a backhoe near three of
the monitored holes were analyzed using techniques and equipment also
described in Appendix II. The resulting values were then plotted as o's
on the figures showing calculated 2%%Ra concentrations in the nearest
hole for which a gamma-ray log was obtained.

The subsurface radionuclide data are displayed graphically in
Figs. 6-12. The comparison between calculated and measured 22%Ra con-
centrations is shown in Fig. 6 for Hole 1 (Test Pit 1) and Hole 4 (Test
Pit 2). The Hole 14, Test Pit 3 comparison is displayed in Fig. 8.
Excellent agreement is noted for the Hole 4, Test Pit 2 comparison al-
though it is necessary to extrapolate the calculated concentration to
complete the comparison. The agreement is only fair for the other two
sets of cata. In the FB&DU report,? a comparison is shown in Fig. 3-13
of calculated ??%Ra concentrations in Hole 1 with data from Test Pit 2
rather than data from Test Pit 1 as was performed in Fig. 6 of this
report. The following maximum concentrations of 226Ra were observed in
test pit samples: (1) Test Pit 1: 3200 pCi/g at 2.4 m (8 ft); (2) Test
Pit 2: 3000 pCi/g at 2.4 m (8 ft); and (3) Test Pit 3: 4200 pCi/g at
2.9m (9.5 ft). The analytical data show that 228Ra penetrated to a
depth of 1 m or more into soil beneath the tailings.
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4.6 Radionuclide Concentrations in Air Samples

Air particles were collected on an asbestos fiber filter having a
collection efficiency of greater than 99% for particles of 0.3 pm or
larger. Air was drawn through the filter by a Staplex high-volume pump.

Three air samples were taken during 3.2-hr periods. The samples
were take at the locations indicated in Fig. 13, and the results are
listed in Table 6. Concentrations of 238U, 226Ra, 210ph and 23°Th were
one to several orders of magnitude lower than the maximum permissible
concentrations in air (MPCa) listed in 10 CFR 10.'® These values are
not assumed by the authors to represent annual average concentrations
due to the relatively short sampling period on a single day.

Although the concentration of radionuclides in air is higher than
background concentrations,'® they are lower than concentrations observed
at other uranium tailings piles.'?” The tailings in Grand Junction have
been stabilized with a thin, seeded topsoil cover which probably
accounts for the near-background concentration of airborne radio-

nuclides.

5. HEALTH EFFECTS ATTRIBUTABLE TO THE GRAND JUNCTION TAILINGS

An assessment of potential health effects of tailings from the
Grand Junction site that have been used for construction in Mesa County
is beyond the scope of this report. This problem is being dealt with
through the on-going Grand Junction Remedial Action program established
by Public Law 92-314 of June 16, 1972, and assessment of potential
health effects would be aimed at a transient state of contamination.
This report is confined to an assessment of potential health effects of
radioactivity and radionuclides from the Grand Junction site as of the
time of the survey in May and June 1976. Although material returned tc
the site for storage under the remedial action program has increased the
total inventory of radioactivity at the site, this incremental increase
is small compared to the total radioactivity in the tailings and should
not affect this calculation of potential health effects in offsite
population groups.
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Table 6. Concentration of radionuclides in airborne
particles at the Grand Junction site

Radionuclide concentration (fCi/m3f’

Samplé®  Date

226Ra 210pb 230Th 238U
J=3HV 5-13-76 1. 55008 B %8 3.8+ 0.66 2.1 + 0.60
J-4HV 5-13-76 - RS w8 11 238 .12 33200
J=5HY 5-13-76 i g 8 W 4L AR 2L  SZsHN
MPCa“ 2000 4600 80 3000

%) ocation of sample shown in Fig. 13.

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

“Maximum permissibie concentrations in air (MPC_ ) for unrestricted
areas, in 10 CFR 20, Appendix B, Table 2, Column :.* Limiting concen=
trations for the given radionuclides are for the soluble state except
226Ra which is for the insoluble state.
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5.1 Direct Gamma Dose Effects

Examination of the data on direct gamma exposure rates 1 m above
the ground in Fig. 3 reveals that most of the measurements outside the
fenced area are within the range of background measurements made in a
64-km (40-mile) radius of Grand Junction (7 to 17 pR/hr, Table 1).
Therefore, the authors concur with the FB&DU conclusion? that no offsite
health effects should be attributed to direct gamma radiation from the
tailings pile. Although the average exposure rate over the tailings
pile is 150 pR/hr, it appears unlikely that anyone will spend sufficient
time in this area to receive a significant gamma exposure. In view of
the fact that ownership of part of the former mill area, including the
remaining mill buildings, has recently changed, it seems worthwhile to
examine the risk of occupational exposure in this area.

The average of 13 gamma exposure rate measurements in the vicinity
of the old mill buildings is 100 puR/hr. This includes the contribution
of natural background radiation (~11 pR/hr), but it is assumed that all
the 100 pR/hr gamma exposure rate is due to ?2®Ra contamination. Expo-
sure at this rate during a 2000- hr work year would yield an annual dose
equivalent of 200 millirems.

The average annual death rate from all causes in the U. S. popula-
tion is approximately 1,000 deaths per 100,000 persons per year, and the
annual average (as of 1975) death rate!? from all cancers is 186 deaths
per 100,000 persons per year. This average annual death rate includes
179.1 deaths per 100,000 persons per year from all cancers except leuke-
mia, for which the rate is 7.1 deaths per 100,000 persons per year.
Data from the BEIR report!? indicate that the relative risk of death
from all cancers except leukemia is 0.2% per rem. For leukemia, this
rate is 2% per rem. Thus, the total weighted relative risk of death
from all types of cancer including leukemia per rem (ignoring differ-
ences in latency period):

0.2% x 179.1 + 2.0% x 7.1
186.2

= 0.27%,
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or about 0.3%. A one-year exposure to penetrating gamma radiation of
0.20 rem might increase the relative risk of death due to all types of
cancer by about six-hundredths of one percent (0.3%/rem x 0.20 rem

~0.06%).

5.2 Radon Exposure Pathway

Dose resulting from the inhalation of radon daughters is considered
the critical pathway in an assessment of potential health effects from
inactive uranium-mill tailings.®"1!

Measurements of radon concentration were not made by ORNL at Grand
Junction, but calculations were performed using methods described ear-
lier.! An average radon emanation rate of 380 pCi/m?-sec was calcu-
lated, and the atmospheric dispersion model of Culkowski and Patterson2?
and wind distribution data?! were used to calculate the concentration of
radon as a function of distance from the center of the tailings pile in
16 sectors. The calculated outdoor radon concentrations are summarized
in Table 7. The data in Table 7 were compared with measured concentra-
tions in the literature,4-% and found to be in reasonably good agreement
with the published values.

Walsh?? has estimated that a 1 WLM* exposure to radon daughters is
associated with a 1.0% increase in risk of death from lung cancer. This
is in agreement with the risk figure reported by Hazle.!? In the Salt
Lake City report,! a conservative assumption was made that an ouidoor
222Ra concentration of 1.0 pCi/liter could result in a cumulative annual
indoor 226Ra daughter exposure of 0.25 WLM. Therefore, the data in
Table 7 can be converted to increased risk of death from cancer by
multiplying by 0.25. The maximum increased risk thus calculated is 1.0%
i the prevailing wind direction at 0.4 km from the tailings, in the
west-northwest and northwest sectors. Estimates of potential health

*The working level is defined as the concentration of short-lived
radon daughters in one liter of air that eventually produces 1.3 x 10°
MeV of alpha energy. Exposure to this concentration of radon daughters
for 170 hr gives 1 WLM.
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effects among the population at risk from radon and its daughters from
the tailings were not made. FB&DU reported? such an estimate for ."e
exposed population within a circie with a radius of 1.2 km (0.75 mile)
and with the center of the tailings at its center.

5.3 Other Exposure Pathways

Various other exposure pathways were discussed in the Salt Lake
City report! and elsewhere in the literature.® Data needed to evaluate
adequately potential health effects through these pathways were not
obtained during the survey reported here, and such data apparently do
not exist in the literature. According to published evaluations of
these pathways,®-11 it appears likely that doses received through these
pathways are small compared to the radon dispersion pathway discussed
above.

6. SUMMARY

The Grand Junction uranium mill was the source of an estimated
273,000 metric tons of tailings used for construction purposes in Mesa
County, Colorado in the period 1951-1966. Consequently, this is one of
the best known of the inactive uranium-mill sites. The tailings have an
estimated average 22%Ra concentration ~“ 784 pCi/g, and they are esti-
mated to contain 1350 Ci of this isotope. The tailings and former mili
site are bounded on the south by the Colorade River and on the north by
an industrial park, the Denver and Rio Grande Railroad, and the Grand
Junction metropolitan area. The tailings pile covers an area of 22
hectares (55 acres). It has been partially stabilized to prevent major
wind and water erosion and has a good vegetation cover.

Measurements of the direct gamma-ray exposure rate 1 m above the
tailings pile gave an average value of 150 pR/hr with a maximum rate of
350 uR/hr. Similar measurements around the former mill buildings aver-
age 100 uR/hr. Analysis of surface soil and sediment samples confirmed
the spread of tailings indicated by above-ground gamma measurements.
Samples taken 960 m easc and west of the center cf the tailings pile and
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600 m to the north and south were all above the background #2Ra concen-
tration for the area. Dry wash sediment samples indicated that tailings
had spread to the Colorado River. The subsurface distribution of 226Ra
was calculated from gamma monitoring data for 26 holes. Soil samples
from three test pits dug in the tailings pile were also analyzed, and
the data were compared with calculated 226Ra concentrations in nearby
holes. From these data it appears that downward migration of radio-
nuclides is limited to about 1 m.

Potential health effects of radioactivity and radionuclides from
the tailings were not estimated directly, however estimates were made of
the increased risk of cancer death for two exposure pathways: occupa-
tional exposure to direct gamma radiation around former mil) buildings
and inhalation of radon daughters due to radon dispersed from the tail-
ings in the predominant wind direction. The direct gamma radiation was
estimated to result in a potential increase in risk of death from all
types of cancer of 0.06%/year. The increased annual risk of death from
lung cancer due to exposure to radon daughters in the direction of the
prevailing winds reached a maximum of 1.0% at 0.4 km (0.25 mile), from
the center of the tailings pile in the west-northwest and northwest
directions from the tailings. This estimated risk increase can be
compared with the estimated increased risk of lung cancer death of
0.2%/year due to exposure to the average “?%Rn background concentration
of 0.8 pCi/liter reported by Shearer and Sil1.4
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APPENDIX I
PHASE 1

REPORT ON CONDITIONS OF URANIUM MILLSITE AND TAILINGS
AT GRAND JUNCTION, COLORADO

Site visited April 18, 1974 by

Frank E. McGinley, U. S. Atomic Energy Commission,
GJO, Grand Junction, Colorado;

W. E. Haldane, Lucius Pitkin, Inc., (Contractor to
USAEC), Grand Junction, Colorado;

Jon Yeagley, Environmental Protection Agency,
Region VIII, Denver, Colorado;

David Duncan, Environmental Protection Agency,

Las Vegas, Nevada;

Jay Silhanek, Environmental Protection Agency,
Washington, D. C.; and

Bert Crist, Colorado Department of Health,

Denver, Colorado

This Phase I site investigation was conducted under a
cooperative agreement among the Atomic Energy Commis-
sion, the Environmental Protection Agency and the
State of Colorado. The report, prepared by Lucius
Pitkin, Inc., under AEC Contract AT(05-1)912, is re-
produced directly from the best availble copy with
celor photographs attached to the original report
changed to black and white.
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REPORT ON CONDITIONS OF URANIUM MILLSITE AND TAILINGS
AT GRAND JUNCTION, COLORADO

Introduction

Pertinent informstion has been accumulated from available records of the
AEC, EPA, the States and companies invol/ed. An on-site visit was made
to note current conditions, including the millsite and the tailings
disposal arca, proximity to populated and industrialized areas, present
ownership, and whether a need for corrective action exists. It is
intended that this report will serve as a basis for determining the
necessity of a detailed engineering assessment (Phase IT).

This report on the site at (rand Junction, Colo ado, was prepared jointly
by the AEC, EPA, and the State of Colorado's Deparument of Kenlth,
Division of Occupational and Radinlogical Health (CDH),

Summary and Conelusions

Climax Uranium Company (now AMAX Uranium Corp.) operated a uranium-
vanadium mill in GCrand Junction, Colorado, for almost 20 years. During
that time 2.2 million tons of ore were processed and a similar quantity
of tailings was produced, The tailings, except for an estimated 300,000
tons removed during the period 1951-1966 for construction related uses in
Mesa County, were impounded in a 55-acre area adjacent to the Coloredo
River. After the mill shut down in March 1970 Climax dismantled the
mill, decontaminated equipment and stabilized the tailings in sccordance
with Colorsdo regulations. Additionally, Climax fenced and posted the
tailings »rea as required by the State. Of the approximately 200 scres
constitut 'ng the millsite in 1970, Climax has disposed of all but 75
acres. The 75 acres still held by Climex includes the 55 acre tsilings
area and two other 10 acre parcels, As a result of Public Law g2-312
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authorizing Federal (75%) - State (25%) funds for removal of tailings
from structures in Mesa County (providing the State take custody, control
and responsibility for the tallings returned), Climax deeded 4O acres on
the east side of the millsite to the State of Colorado for a repository
for the returned tailings. The formerly owned land immediately to the
north of the site (s rapidly being devel:ned as an industrial park with
removal of any contaminated materials preceding actual construction.
Industrial development is such that there will be increasing pressure to

utilize land near the tailings pile,

The AEC/EPA/State team visited the si%e in April 1974 and concluded
that the tallings are adequately stabilized to prevent wind and water
erosion. There is good vegetation on the covered tailings and Climax
continues efforts to improve the vegetation by routine sprinkling. At
present, the Climax office is located at the site, and the site is being

maintained by the Climax personnel.

There have been extensive radiation studies (treated in more detail in the
body of the text) including measurements of gamma radistion levels and
radon and radon daughter concentration in the Grand Junction area to
assess public health problems resulting from the main tailings pile and
from the removed tailings. At present, the main health concern at the
site relates to the radon emanation from the pile, and this is currently
being further evaluated by a cooperative effort of EPA and CDH.

As a result of the site vigit and review of information contained in this
report, it is concluded that the public health and economic impacts of
the following actions should be investigated in a further study of the

Grand Junction site:

) 8 Examination of the millsite and its vicinity to
determine extent of radioactive contamination and
arrive at recommendations for decontamination.

I1I1. Improve the stabilization of the teilings pile to
min.mize radon emanation and exposure to radon
daughters in the surrounding buildings.

III. Remove the tailings pile, including those tailings
in the repository area, from Grand Juaction to a
more suitable location. No such location was
identified in this phase of the study.
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Location

The Climax Uranium Company millsite is located in Grand Junction, Mesa
County, Colorado. The original Climax site of about 200 acres was
bounded on the gouth by the Colorado River, on the north and west by
the Grand Junction city limits, and on the east by scattered privately-
owned residences and small ncreages. The site as viewed across the
Colorado River and looking from west to north to east ig shown in
Photographs 3, . and 5. The site is in Sections 23 and 24, Township 1
South, Ranpe | West, Ute Principal Meridian precisely at 39°03'20"
North latitude and 108°33' West longitude.

Grand Junction and the millsite are located in a large mountain valley
spproximately 30 miles east of the Colorado-Utah state line near the
confluence of the Colorndo and Gunnison Rivers on the west slope of the
Rocky Mountains. The valley floor consists of abou. 330 square miles in
the west central portion of Mesa County and varies in elevation from
b,b00 feet to 4,800 fect with mountains on all sides at distances of 10
to 60 miles and heights of 9,000 feet to 12,000 feet.

Ownershig

The Climax Uranium Company, a unit of American Metal!s Climax, Incorporated,
was the operational owner of this mill, The site ls presently under the
same ownership, however, the name hrs been changed to the AMAX Uranium
Corporation, still a unit of American Metals Climax, Incorporated., In the
interest of continuity, the plant and property will be referred to as
Climax and C!imax Uranium Company.

Most of the aporoximate 200 acres of land owned by the Climax Uranium
Compary nave been disposed of so that in April 1974 Climax now owns

only about 75 acres (55 acres of tailings arca, 10 acres containing the
existing buildings, and 0 acrcs to the northeast =long 27-'/2 Road).

The other 125 acres arc now held as follows: 65 scres tu the northeast

and 20 acreg to tho northweet of the existing buildings were gold to
Industrial Development, Incorporated (IDI), and, 40 acres Lo the cast
(Photogr-ph 4) were deeded to the State of Colorsdo for use as a repository
for tallings removed from the Crand Junction area during the remedial
action program,

IDI is now known as Color~do West Improvement, Inc., a non-profit
community dev:lopment organization and an affiliate of the Grend Junction
area Chamber of Commerce, Portions of this property are presently under-
#oing decontamination as a requirement for a Department of Commerce grant
for development as an industrial park. Past and present ownership is
shown in Figure 1 and Photographs 1 and 2.
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History of Operations

The Climax mill became operational in June of 1991 with a design capacity
of 330 tons of ore per day and was expanded to a 500 ton per day capacity
in 1955. y The mill shut down in March 1970 after processing a total of
2.2 million tons of uranium-vanadium ores.

Ores averaging 0.25 percent U.0g and 1.41 percent V.0, were delivered to
the Climax mill from all pcrtg gf the Uravan Miner.g gelt of southwestern
Colorado and eastern Utah, and from outlying aress of southeastern Utah,
wegtern New Mexico and northeastern Arizona. In addition, roscoelite-
type cres from the Rifle Creek, Colorado, area were also processed. The
majority of the ore was truck?d from these areas into Grand Junction with
less than 5 percent received by rail.

The AEC contracted with the Climax Uranium Company to purchase U.0q in
concentrate from July 1450 through December 1966 during whicﬁ Qime
the AEC purchased 4,713 tons of U.0z. After 1966, until the mill shut
down in 1970, uranium oxide was 3318 in the commercial market, The
vanadium oxide produced by Climax was sold commercially.

Process Description

After crushing and grinding the ore to a nominal minus 28 mesh it was
conditioned with recirculated acid bearing mill solutions and then
neutralized with ammonia. 1/ A sand-slime separation was then made.
The sands, vhich constituted approximately 70 percent of the ore and
contained approximately 30 percent of the values were acid leached,
washed and discharged to tailings. The slimes containing approximatel y
70 percent of the values were dewatered, dried, salt roasted, water
leached for V.0. recovery, dewatered, acid leached for U308 recovery,
washed and discharpged to waste. ‘

Present Millsite

The site an. tailings disposal area is underlain by quaternary gravels
and clays deposited by river action. The gravels and clays range from 30
feet to %0 feet in depth and rest on Cretaceous Mancos shale bedrock.
The bedrick !s impervious and ranges up to 200 feet thick. The Cretaceous
Dakota £andstone underlies the shale bedrock. The Dakota formation in
this area contains a non-potable aquifer as well as gas and salt water
and has a low permeability. Below the Dakota formation s the Jurassic
Morriscn formation (shale) and then the Entrada (also Jurassic). The
Entrada contains the aquifer which supplies most potable well water for
the area around Crand Junction and is a minimum of 200 fe:t below the
original ground surface. Studies have indicated that migration of
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radioisotopes to local wells is essentially impossible, However, public
water supplies for Grand Junction, Orchard Mess and Fruita are imported,
and therefore would be in no way affected by the presence of tailings.

During its years of operation the millsite contained approximately 12
major buildings and assorted tanks. The buildings are shown on
Figure 2 and in Photograph 2. The operational uses of the major
buildings were as follows: number 1 - crusher plant, storage bins,

sample room; number 2 - main milling building; nwmber 3 - roaster building;

number 4 - glime leach building; number 5 - genersl laboratory and con-
centrate room,

At this time the remaining buildings include the east sections of building
numbers 2 and 3 and building number 5 - the laboratory. A large wooden
thickener tank is present to the west of buildings numbered 2 and 3.

Photographs 6 and 7.

An underground nonoperational sewer line runs under the tailings from

the laboratory east by building number L and then south to the (olorado
River. In addition, there is a 30 inch diameter wood stave water conduit
that runs disagonally beneath the tailings from the river to the mill that
provided process water, A 10 inch city water main runs under the northwest
corner of the pile from Struthers Avenue to building number 5. The water
main ruptured in August of 1973 washing approximately 140 tons of sands
and slimes to the Colorado River. Photographs 14 and 15. The water main
wes repaired by replacing 30 feet of 8 inch pipe and installing a one

inch by-pass pressure reduction pipe between the 10 inch city line and the
8 inch Climax line. The pressure on the one inch line is reduced to 20
psi. The gate valve between the 10 inch city and the 8 inch line has been

closed.

The tallings disposal area was between the mill and the Colorado River
and covers about 55 ascres. East of the millsite and tailings pile were
three large effluent ponds having a total area of about 35 acres. West
of the millsite was the ore storage area as noted in Figure 2.

The three effluent ponds located east of the mill on what is now the
State-owned repository land (Figure 2) were allowed to dry and then the
bottoms were scraped., Sediments recovered from pond number I, which was
relatively high in uranium and vanadium, was sold to Union Carbide
Corporation as mill feed. Pond number III is now being used as the re-
pository for tailirgs being removed from beneath and around structures in
the Grand Junction remedial action program. Photograph 8.
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The settling ponds located south of the mill (Figure 2) were allowed to
dry and some of tac waste concrete and brick from the mill buildings and
smoke stack were placed in that area. The debris was covered with a
minimum of four feet of tailings. In order to achicve proper contouring,
an estimated 174,000 tons of tailings were transferred from the

east area of the main tailings pile to the settling ponds. The con-
solidated and contoured pile was covered with 87,000 cubic yards of soil
to a minimum depth of six inches with materiai obtained from Climax land
to the northeast of the mill buildings (that land currently owned by IDI).
The covered tail.nes area was seeded, fertilized and sprinkled. Currently
the topsoil supports a good growth of vegetation. Climax sti.l maintains
a routine sprinkling program from May through geptember.

An estimated 7,000 cubic yards of brick and concrete waste from the mill
buildings and foundations were placed as riprap elong the river dike as
shown in Pholographs O and 10,

The Climax teilings were suabilized in accordance with Colorado regula-
tions which require prior State approvel of stabilization plans. The
tallings area is fenced and posted as required by the State snd continues
L0 be subject to State control through the continuation of a source
materinl license. The tailings sppear to be well contalned from wind and
surface wator erosion., However, within the last year prairie dogs have
established a colony on the north side of the pile (Photograph 11). These
exposed tailings will be covered by Climax ss efforts are made to exter-
minate the rodenis.

AEC records indicnte that 2.2 million tons of ore were processed at the
Climax site with & similar quantity of tailings produced. Considering
the average 0,28 percent U,Cy content in the ore and assuming secular
equilibrium in the ore, Lné theoretical concentration of Ra-226 is 784
pCi per gram of tailings. Subtracting 300,000 tons for that material
dispersed in Orand Junction and Mesa County ¢/, the net tonnage remaining
is about 1.9 million tons, with a total estimated Ra-226 content of 1,350
curies, In addition, the stack materisl and conteminated mill floors and
foundations buriod in the pile has a calculated contribution to the pile
of about 0,.:0 curics.,

Environmente! Considerations

During the lost decade extensive surveys of the Climax Uranium mill
tailings eito and surrounding area have been made collaboratively by the
U. 8. Public Health Service (PHS) and the Colorado Department of Health
(CDH), and later by EPA when the EPA took over these functions of the
Public Health Service.
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Before stabilization the CDH conducted a gamma survey of the tailings
pile and millsite and the results of that survey are shown in Figure 3,
Following stabilization another gamma survey was made by the CDH and

the results are shown in Figure 4., Also, pric- to the stabilization of
the Grand Junction pile an evaluation of Rn-222 levels on and around the
pile was conducted jointly by the PHS, the AEC and the CDH. 3/ Air
samples were collected for U8 hours every third week for the period of a
year., Five sampling stations were located on the pile, 19 additional
stations were established at various distances around the pile and one
station was established several miles from the pile to establish back-
ground levels. The five "on pile stations" hed an average <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>