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DISCLAIMER

This report has been reviewed by the Office of Radiation
Programs - Las Vegas Facility, U.S. Environmental Protection
Agency, and approved for publication. Mention of trade names or
commercial products does not constitute emdorsement or recommen-
dation for their use.




PREFACE

The Office of Radiation Programs of the U.S. Environmenta
Protection Agency carries out a national program designed to

evaluate population exposure to ionizing and nonionizing radiay

tion, and to promote development of controls necessary to prot
the public health and safety. This report describes a survey
conducted in the Grants Mineral Belt area of New Mexico to

evaluate the ambient outdoor radon and indoor radon progeny

concentrations. Readers of this report are cncouraged to info
the Office of Kadiation Programs of any omissicns or errors.
Comments or requests for further information are also invited.

o d L s S

Donald W. Hendricks
Director, Office of
Radiation Programs, LVF

rm
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SUMMARY AND CONCLUSIONS

This report presents the results of mcasurcments of
outdoor radon! concentrations and indoor radon progeny wo
level determinations during November 1975 for 10 location
throughout the Ambrosia Lake arca and vicinity, New Mexic
that portion of the study area in the vicinity of uranium
and mills, statistical evaluation of the data indicates t
ambicnt outdoor radon concentrations and the indoor radon

ambient
rking

5
p, For
mines
hat
progeny
Better

levels (WL) are in excess of typical background levels.
definition of background levels and a more thorough evalu
specific source terms in the immediate Ambrosia Lake area
strongly suggested. For locations in proximity to u uran

ation of
is
ium mill

site, gamma radiation exposure rates and the radium-2206 cdontent
of surface soils are also above normal background conditions,

This may reflect the deposition of windblown tailings and
dust. To assure compliance with State and Federal reguly
it is recommended that further studies be conducted over
a onc-ycar period for comparison to the applicable radiat
protection guides for those arcas in the vicinity of urajy

/or ore
tions,
at least
ion

ium mill

sites., Radiation c¢xposures to the genceral population ocqupying

areas in the immediate vicinity of uranium mining and mil
operaticns should also be evaluated.

ling

i. The term "radon” is used in this report to dosignate
radionuclide radon-222.

the



Analysis of the data generated in this report ind
several problem areas which should be resolved if the
mental effects of uranium mining and milling operatiorn
understood.
tional studies include evaluations of the ambient radg
trations, radon progeny working level determinations,
surveys, and airborne particulate measurcments.,

1.

RECOMMENDATIONS

Therefore, the following rccommendations

Source term identification in the Ambrosia |
should be completed. Included in these stud
be radon in effluent discharges from milling
tions, minc ventilation and ion exchange plg
tions; and radon exhalation from ore stockpi
rines and mills, tailings ponds and piles, ¢
uranium-bearing formations.

[n conjunction with the source term identifi
carcful evaluation of the local arca bhackgrg
concentrations is neccessary.

of arca background conditi
to the initiation of active mining and/or mi
operations should be completed for any propg
or milling arca so that pre-operational basc
conditions can be established. Such arcas i
Mateo, Churchrock, and the arca cast of Moqu
a mill and mine are wnder development.,

Ketter definition

Long-term sampling (minimum of on¢ year) to
any seasonal variations and to allow annual
for comparisen to applicable State and Feder
tions should be considered. The need for ad

continuous environmental monitoring and/or r

icates
environ-

s arce to be
for addi-

n concen-
radiation

ake region
ics should
opera-

nt opera-
les at the
nd natural

cation,
und radon

ons prior
1ling
sed mining
line
nclude San
ino where

determine
averaging
al regula-
ditional or
cvision of

discharge limitations could then be bascd on these

data,

The ultimate goal of all the above environme
studies should be a thorough cvaluation of p

exposures duc to uranium mining and milling

ntal
opulation
operations.



INTRODUCTION

At the request of the New Mexico Environmental Imprdvement
Agency (NMEIA), through the U.S. Environmental Protection Agency-

Region VI, the Office of Radiation Programs - Las Vegas Facility
{ORP-LVF) conducted a survey during November 1975 to evajuate the
ra of New

ambient radiological air guality in the Ambrosia lake ar
Mexico.

The Ambrosia Lake area is in the central part of thp exten-
sive (4,400 km?) Grants Mineral Belt. 1t contains three| active
uranium mills, one inactive mill site, and numerous actilye under-
ground mines. Figure 1 shows the study area which includes the
cities of Grants and Milan on the cast, 5an Mateo on the north,
and the villages of Bluewater and Thorcau on the west. |[This
study was designed to provide preliminary information on the
degree of airborne radiological contamination in the entire
Ambrosia Lake area, rather than identifying specific source terms
and their resultant effects.

November was chosen as a month representative of wintertime
inversion conditions throughout the Ambrosia Lake regionp. It was
postulated that radon progeny working levels would be nqar
maximum values since the radon would be “trapped” under|the
inversion layer allowing the radon progeny to achieve r¢latively
high equilib ium concentrations. Maximum indoor radon jirogeny
concentrations were also expected as a result of this inversion
layer source term coupled with the reduced indcor air vpntilation
rate of the heating system versus the "open-air"” coolinp of
summert ime.
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FIGURE 1. GENERALIZED MAP OF SAMPLING LOCATIONS AND SUMMARY OF RESULTS



TYPES OF SURVEYS
RADIATION SURVEYS

Radiation surveys, radioactivity in soils ana
outdoor radon levels, indoor radon progeny concent
(expresscd as working levels [WL]), and the outdog

lyses, ambient
rations
T airborne

particulate concentrations were measured during Navember 1975 at

10 sampling locations (Figure 1) in the study are
ing report discusses only the results of the radi

radioactivity in soils, and the radon and radon pi
trations determinations. The results of the airbd
measurements are the subject of another report to
a later date.

Uipon selection of a site as a suitable air si
tion, indoor and outdoor gamma radiation surveys w
This survey was done to insure that the location y
structed upon an area of elevated terrcstrial radj
that some uranium ore or other radioactive materi
present inside the structure. Such conditions co

the ambient outdoor radon levels and/or the indoor

determinations.

A pressurized ionization chamber (PIC)! was
the radiation exposure rate (ER) in units of micr
hour (uR/h). The PIC is calibrated using a "shad
method employing a cobalt-60 source calibrated by
Bureau of Standards. The PIC is then inter-calib
to a radium-226 gamma spectrum. The PIC measures
and terrestrial gpamma source exposure rates., All
ments werc made at a height of one meter above gr
For the indoor mecasurements, the PIC determinatio
about the center of the rvoom in which the indoor
located.

The follow-
tion surveys,
ogeny concen-
rne particulate
be published at

.

mpling loca-
erc completed.
as not con-
oactivity, or

11 was not
11d have biased

working level

1sed to measure
yTroentgen per
w shield”

the National

rated to respond

both the cosmic
PI1C measure-

rund surface.
n was made in
air sampler was

Radiation surveys were also made using a portahle gamma

scintillator survey meter.?

This instrument was calibrated with

a radium-226 standard and measurcs the relative gamma radiation

exposure rate in units of uR/h. Table 1 prescnts

the radiation

exposure rates measured at cach location (indecor and outdoor) for

both types of detectors.

1
2

.
.

5

Reuter Stokes, Model RSS-111 Environmental Radiation Monitor,
Baird-Atomic, Type NE148A - Gamma Scintillator Ratemeter.



TABLE 1.

RADIATION SURVEYS

Indoor Qutdoor
Locatier Radiation Level Radiation Level Radium-226 Content
Code [uR/h _at ) meter) :Bsh at ter) Top 5 cm Soil
Pressurized Scintillator Fressurized Scintillator
lonization Chamber Survey Meter® lonization Chamber Survey Meter* (pCi/g)
870 16.0 9 14.5 9 6.2
am 13.0 15.5 3 14.9
a02 17.% 20 24.0 30 13.0
803 16.0 10 15.5 10 1.6
BOA 13.0 9 14.5 n 3.3
85 16.5 19 | 15.5 19 2.2
876 29.0 3n 37.0 a5 18.0
807 15.0 3 17.5 10 2.1
8I8 17.5 16 19.0 18 3.6
/10 no survey no survey 15.5 10 1.6%*

* Gross values as measured with the field instrument.
«» Top 10 om of soil.




Since the scintillator survey meter utilizes such
Nal crystal (1x1-1/2 inch) detector, its response is en
dependent and, therefore, measurements made using this
meter should be "corrected" to the PIC exposure rates,
correction factor has been derived from a least squares
the regression line of the measurements of the PIC vers
scintillator survey meter (Table 1). Two correction ex
have bee: obtained for the indoor and the outdoor measu
follows:

ressions
rements as

ER

i

1.1 + 2.5 (4R/h) - 1Indoor Measurements

ER = 0.9S + 3.4 (uR/h} - Outdoor Measurements
"S" is the meter reading of the scintillator survey meter and

"ER" is the corrected exposure rate based on the calibrjated PIC
measurements,

In general, measurements by both types of detectoxn indicate
that the indoor radiation levels are slightly lower than the
outdoor levels. This is the "housing factor" effect which
represents the gamma shielding characteristics of the structure
for both cosmic and terrestrial sources of radiation and includes
the contribution from the natural radioactivity of building
materials. The radiation levels at locations #802, 8086, and 808
appear to be slightly elevated compared to the other lacations.
Considering locations 7800, 801, 805, and B07 as repre
of normal background radiation conditions, the average|indoor and
outdoor exposure rate (PIC measurement) was about 15 and 16 yR/h,
respectively. Therefore, the typical housing factor for these
background locations was 0.9.



AMBIENT OUTDOOR RADON-222 CONCENTRATIONS

Sampling System and Analytical Methods

A continuous, low-volume sampling system was use
the ambient outdoor radon sample (U.S. Public Health
1969). This sampling technique consists of drawing f
through a small, low-volume air pump (less than 10 ml
sampling rate) into a 30-liter Mylar bag. The air in
about one meter above the ground surface, Usually a
48-hour air sample was collected and analyzed for rad

Radon analysis was completed at a field laborato
portable apparatus for sample preparation (Johns, 197
system permits the transfer of the 48-hour ambient ai
into a container of known volume, followed by circula
water and carbon dioxide traps. Radon is retained on
coal traps maintained at a temperature of about minus
dry ice and acetone. The sample is then de-emanated
scintillation cell using helium at 400°C. The Lucas
for 4-1/2 hours to allow for the inprowth of the rado
and then counted on a photomultiplier tube/scaler uni

Table 2 summarizes the ambient outdoor radon con
which are given in full in Tables B-1 through B-9 (Ap
All reported results are the measured ambient concent

have not been corrected for '"background' radon levels.

Meteorological data obtained during this study 4
rized in Appendix C.

Geologic Influences on Radon Concentrations

| to obtain
service,
iltered air
min

Lake was
rontinuous
bn content,

ry using a
5). This

r sample
tion through
two char-
80°C using
into a Lucas
cell is held
n daughters
t.

centrations
pendix B).
rations and

re summa-

ncentrations

The determination of typical radon background cq

for the Ambrosia Lake area is complicated by the dif{

specifically identifying the natural versus "man-indy
source terms. Several gecologic formations in the are
from 0.05 to 0.25 percent uranium (Kottlowski, 1975)

a naturally elevated radon source term. The multipli
"man-induced"” radon source terms (ec.g., mill and ion

plant effluent discharges, tailings ponds/piles, minuy
exhausts, and ore storage piles) add to the ambient »
in the area. The lack of adequate sampling locations
non-availability of electrical power also hampers a s

iculty of
ced" radon
a average
and provide
city of
exchange
ventilation
adon levels
due to the
ampling

scheme aimed at identifying specific radon source terms.



TABLE 2. SUMMARY OF AMBIENT OUTDOOR RADON-222 CONCENTRATINNS
AND INDODR RADON PROGENY LEVELS

e Noyember, 1975
NIBIENT OUTODOOR PERCENT
RADON-222 CONCENTRATION RADON PROGENY EQUILIBRIUM*
{pCi/1)
Average Sampling
Location Location Maximum  Minimum Average Working Time Percent
Code Description Level (WL) (Hours) %
800 Milan City Hall 2.7 0.13 1.2 0.0129 687.3 108
801 Bluewater Village 2.8 0.21 0.79 0.0045 328.1 57
802 Milan 4.9 0.46 2.2 0.0128 697.0 58
803 Broadview Acres 3.6 0.24 2.1 0.02N 628.5 129
804 Ambrosia Lake 3.4 0.21 1.9 0.0096 296.9 51
Highway Junction
805 San Mateo 0.90 0.062 0.36 0.0024 620.5 67
806 Ambrosia Lake 5.4 1.0 3.1 0.0257 615.0 83
Post Office
807 Bluewater 1.8 0.32 1.1 0.0077 586.1 70
808 Ambrosia Lake 6.6 1.3 3.6 0.0148 486.5 40
Trailer Park
810 Thoreau _.0D.14 _0.07, 0.11 No_sample —=

Percent equilibrium equals the working level value divided by the ambient radon concentration

divided by 100 pCi/1; since, one working level is equivalent to 100% equilibrium of 100 pCi/l

radon and its progeny.

(See discussion in text under INDOOR RADOM PROGENY LEVELS.)



The sampling locations used in the study were
terms of geologic characteristics and orientation
mining and/or milling activities {(Table 3). This
assessing whether background or man-induced elevat
were present, and was prerequisite to realistic gr
radon and radium data for statistical testing. Ad
background information concerning geologic conditi
to uranium occurrence and the terrestrial radon f1
tained in Appendix A.

The data were grouped into control (backgroun
milling area categories as shown in Table 4. Basi
geologic settings considered consist of alluvium o
(i.e., containing 0.1 percent or less uranium) sed
basalt bedrock. The first comparison involved rel
sequences (>50 feet) of alluvium over barren rock
second considered much thinner alluvium (<50 feet)
bedrock that probably was barren but may have cont
clevated levels of uranium.

Statistical testing was donc using the Mann-W
(Mann and Whitney, 1947; Siegel, 1956) which enabl
of two independent sample sets (using ordinal meas
whether the samples are drawn from the same popula
one of the most powerful of the nonparamctric test
particularly useful when the inherent assumptions

evaluated in
with respect to
helped in

#d conditions
puping of the
ditional

hns as related
IX are con-

1) and mining/
zally, the

ver barren
imentary or
ptively thick
whereas the
underlain by
pined slightly

hitney test

ps comparison
urement) to sec
tion. It is

5 and is

wf the para-

metric tests cannot be satisfied. The power-cffic
Mann-Whitney test approaches 95.5 percent of the
parametric test (the t test) as N, the number of
increases. To employ the test, the radiochemical
ascending order, assigned
according to whether they
locations. The statistic U is calculated using ei
following formula:

nl(n1+1)
U=, ¢ —— -k
n,(n,+1)
u-= nyn, ¢ 2 2 -R2
Where
R; = sum of the ranks assigned to the group w
17t
size ng
Ry = sum of the ranks assigned to the group w
slze n,
Depending on the values of n, and n,, cither criti

U or probabilities associated with the observed U are

10

iency of the
st powerful
servations,
ata are put in

ranks and then the latter are grouped
are from control or elevated sampling
ther of the

ith sample

ith sample

cal values of

uscd to
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TABLE 3.

SUMMARY OF RADON AND RADIUM ANALYTICAL RESULTS AND
GEOLOGIC CHARACTERISTICS FOR SAMPLING LOCATIONS

Beologle Conddtiong
Average Hadon
Sampling Lopatlan Concentratlon | Rudlum In Soll)] Subetrato ) Estinnted Underlain Remarks
tosatlomd In Alr {Top & om) Thlckness
pll/L pitt e ot

4l Mliun 1.4 6.0 Alluviun 1325 Interbedded basaly Background; geclogic econdlilans hroadly
fiowg &Chinle Pa, | sizmilar to ststiions BO1, B2, 303, 807

431 HBlucwnter 5,7 14 Alluvius a9 Sun Andres Bucherounds geolegle zonditlons broadly
Limestone sim! or to stetlong 335, 802, B8i, 837

&2 NHP mlll ares 2.2 18 Alluviun 50.7%] Crinle Formation Elevated radon due 1o milling?

{9.3=0 E sf =13}
La3 ) PHP =11 nren 2. 1.6 Alluvium 53=7%] thinle Fomation Elevated radon due tc oliling?
1.0 =l 55W of nlil)

Eat) Asbroala Lake 1.9 3.3 AlYuvium n Wegitwnier Canysn Fossibly nuturally high redon
{hmasleon of %3 Hembier
and )

) Zar Uaten e ) 2.2 Al iuviw I Folnt lowokout Backgrownds gecliogln conditions gimilinre
Sandstoue & one- wr sincions 306, 377, 332; no inilings;
fee Fommmtion rlozest mine ventilstion 3 miles NW;

minimal shaft ventilation localiy

2 Asbroolia Leke 3. 12 Allwdus a0 Manzos Shale Elevated radon due 1o mining, afliing?
(1.3 21 NE of Eerr- Uine ventllaticn exhausi neerby.

Mafes =(11)

T Ariasands Co. alll 1.1 P Basall W Alluvius Elevated rudon due to =illing?
area (1.6 Rl SE Flew
o =ill)

E ok kzkremie Lake 1.6 16 Alluviaum » ‘fancos Shale flevated radon due to mining, milling?
(1.1 BE of Wire ventilatlon exhausl nearby.
YerrHchime nill)

E.aie] ThoTeau wres (7.3 a.11 . wi.b' Alluviyz 15-53] Dmkots Sandstone Background; geologie condlil-as sizilsr
=i #e »f Thoreasn) B A — L Mamsce Shele | te st€ilons 806, B08; no mine ventila-

s 3 ——

* Tep 10 o
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TABLE 4. COMP F RADIUM_AND RADON DATA

Geologic Cantrol Elevated .
Setting {Background) (Mining/Milling Areas}
Radium Radan Locaticns Radium Radon
(pCi/1) {pCi/1) Considered {pCi/1) {pCi/1})
Thick alluvium or basalt/ 6.2 1.2 800
underlain by barren rock
802 18 2.2
14.0 0.79 801
803 1.6 2.1
2.1 1.1 807
Thin alluvium/ 804 3.3 1.9
underlain by barren (?) rock
2.2 0.36 805
806 18.0 3.1
1.6 0.11 810

808 3.6 3.6




accept or reject the null hypothesis at the preset level
alpha, usually 0.05 or 0.01.

Radon concentrations in background locations and in
areas of active mining and milling were considered using
individual field measurements of ambient air quality (Ta
through B-9) and averages of these data (Table 4). In b
the data were separated into control (background) and el
categories according to the breakdown in Table 4 and on
of the information shown in Table 3,

Using the averaged radon data for the five control
(#1800, 801, 805, 807, 810) and five stations in areas of]
mining and milling (#802, 803, 804, 806, 808}, a two-tai
at the five percent level of significance indicates sign|
difference in ambient radon concentrations between sampl
points. When actual individual data versus averaged val
compared, the degrees of freedom (number of observations
one) increase from 9 to 124 and thereby increases the st
the test, In this instance, and again using a two-taile
there is a statistically significant difference in radon
trations between the two types of sampling points at thg
percent level of significance. In short, ambient radon
significantly greater in arcas of active mining and mil)
in areas considered to be background.

Results

At San Matco (Location #805), ambient outdoor radoy
trations ranged from 0.06 to 0.90 pCi/1 (Table B-6). T
concentration was 0.36 pCi/l, with a standard deviation

for

the

125

hles B-1
pth cases
pvated
the basis

stations
active
led test
ificant
ing

ues are
minus
rength of
d test,
concen-
one

in air is
ing than

| concen-
le average
of 0.21

isured at
yling

w Mexico
above

o 0.91

pCi/1l., These results are comparable to radon levels me
three locations in the vicinity of San Mateo during sam|
periods extending from September 1972 to August 1973 (N
Environmental Institute, 1974). Measured at three feet
ground surface, radon concentrations ranged from 0.008
pCi/1l, with an overall mean of 0.19 pCi/l for the eightrmonth
sampling program. The statistical error in counting anfl sampling
has a standard deviation of :12 percent (i.e., 0.19 . 0,04 pCi/1,
at the 95 percent confidence lcvel).

The village of San Matco is underlain by the Point Lookout
Sandstone and Menefee Formation, neither of which is ore bearing.
Bencath these are the Gallup Sandstone and Crevasse Canyon Forma-
tions. All four units probably contain 0,05 percent or less
uranium. During the November 1975 study, ventilation of the
nearby mine shaft may have slightly elevated the ambient radon
levels, However, since the shaft was only advanced to a depth of
500 feet, and the target ore body is at a depth of 3,000 to 4,000
feet, significant radon from a single vertical shaft withoutl unv
lateral drifts is believed to be minimal. The monthly average
ambient radon concentration of 0.36 + 0.42 pCi/1 for this study
is about twice the previously reportced determinations made prior

13



to shaft sinking and extending over a longer time p
mean of 0.19 pCi/l for the 1974 report). Both resu
believed tc be representative of local background r
prior to extensive mining or uranium mill operation
increase in 1975 relutive to 1974 sugpests that add
are necessary to adeuyuately define annual variation

During November 1975, the monthly average ambi
concentration at location #801 in Bluewater Village
0.79 ¢+ 1.2 pCi/1 (Table B-2). Geologic conditions
consist of several hundrcd feet of saturated alluvi
by carbonate and clastic bedrock essentially devoid
i.e., less than 0.05 percent uranium. In addition,
Village is about two miles upwind of the Anaconda C
and asscciated tailings pond; therefore, thc measur
levels at this location are believed to be represen
local natural background conditions.

Location #807, a private residence about 1.6 m
of the Anaconda Company mill, is located in an area
by very thin alluvium underlain by a basalt flow (b
monthly average radon level was 1.1 2 1,0 pCi/l (Ta

Although Thoreau (Location #810) is at thc mou
similar to the Ambrosia Lake Valley, the sampling 1
topographically and stratigraphically below exposur
Westwater Canyon Member of the Morrison Formation,
ore-bearing unit in the Grants Mineral Belt. There
average radon content (0.11 pCi/l) is probably less
background radon level in the Ambrosia Lake area.

Until additional studies are completed to bett
radon background conditions in the Ambrosia Lake ar
estimate of background radon concentrations may be
considering locations #800, 801, 805, 807, and B810.
locations arc somewhat removed (at lcast one mile d
the immediate vicinity of any uranium mill or activ
opcration, and are not in close vertical or lateral

rriod (i.e.,
its are

idon levels
3, but the
ftional data
5.

znt radon
was

it this site
am underlain
of uranium;
3luewater
ompany mill
2d radon
tative of

iles southeast
characterized
edrock). The
hle B-8).

th of a valley
ocation was

es of the

the principal
fore, the

than the

er define

ca, the best
obtained by
These five
istant) from
e mining
proximity to

the uranium-bearing formations. In November 1975,
concentration for these f[ive *"background' locations
pCi/l, with a standard c¢rror of 0.21 pCi/l.

Two sampling locations (#802 and B03) were est
the vicinity of the United Nuclear-lomestake Partne
and tailings pond complex. Location #80Z is within
directly east of the UNHP complex and had a monthly
concentration of 2.2 pCi/1 (Table B-3). \location #
B-4) is about one mile south-southwest of UNHDP and
pCi/1 radon for November 1975. The arca surroundin
complex is underlain by approximately 100 (ect of a
of which is saturated) which overlies the Chinle Fo
Neither unit is considerecd orc bearing at any locat
Grants Mineral Belt because of the low uranium cont

14
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below 0,05 percent). Radon diffusion is also| expected to be
minimal due to the overlying, ncar-surface grpund water which
inhibits radon diffusion., The averapge monthly radon levels of
2.1 and 2.2 pCi/1 for the two sampling locatipns in the vicinity
of the UNHP complex appear to be in excess of] natural background
concentrations and indicate that the active mill complex is
apparently the source of elevated radon concantrations,

Location #3804 is at the junction of &ta
53, about five miles ecast-southecast of the K
Ambrosia Lake area. Although this location
mines and mills, the elevated radon level of [1.9 pCi/1 (Tabile
B-5) may be influenced by necarby outcrops of |the Westwater Canyon
Member, the principal ore-bearing unit in th¢ Ambrosia Lake area.
This station was regarded as clevated despite the distance from
active mines and mills. (For purposcs of stjtistical comparison
of "background” versus “"elevated” conditions) this decision is
conscrvative in that the radon and radium copncentrations for this
location are slightly lower than the other eflevated locations.)

¢ highways 509 and
rr-McGee mill in the
is downwind from the

The highest radon concentrations in ambient air were mea-
sured in the Ambrosia Lake arca where there (is an active mill,
numerous active mines, and an inactive mill jand associated
tailings pile. For location #806, the highest radon level was
5.4 pCi/1 (Table B-7), with an average of 3.1 pCi/l for November
1975. The highest radon concentration measured at any of the
sampling locations was 6.6 pCi/l, with a monthly average of 3.0
pCi/1 (Table B-9) at lecation #808. Both ldgcations arc necarby
mine ventilation exhaust ducts and these resfults indicate that
elevated radon levels also occur in the vicinity of the active
uranium mining and milling operations in thg¢ Ambrosia Lake area.



RADIUM IN SO!L

Soil samples werce also collected at cach a
location.
reported in Table 1. Each soil sample was obta
spot as were the outdoor radiation mcasurcments

The results of analyses for radium-2]

r sampling

10 content are

ned at the same
A standardized

sampling procedurc, which utilized a steel scoop, 5-cm deep and

100-cm? in surface area, was cstablished to obt

1in a standard

soil sample of 500 cm!, representing activity in the top five

centimeters of soil. The highest concentration
soil (18 pCi/g) was at locations #8006 and 802,
in close proximity to active uranium milling op
clevated radium levels probably represent windb
ore dust in addition to the naturally occurring
levels measured at the other sampling lecations
kigh radium-226 content of 14 pCi/g at location
to cxplain, but may be due to a natural terrest
Radiation levels at location #801 do not appear
compared to the levels measurcd at the other tw
the higher radium in soil contents. Further di
uranium content of soil and rock materials in t
centained in Appendix A.

The Mann-Whitney test was also used to com
soil data as shown in Table 4. Although the av
content in the mining and milling arecas is 8.9
pCi/g in the background samples, the differencd
cant at the five percent level of signilicance.

of radium-226 in
hoth of which are
srations. These
lown tailings or
terrestrial

The unusually
#801 is difficult
rial anomaly.
to be elevated
w locations with
scussion of the
he study arca is

parec the radium in
erage radium

pCi/g versus 5.2
is not signifi-
bDespite the

limited data, this suggests that radium in local soils is

probably not the principal influence on elevatg
concentrations and that other mining/milling-re
of greater importance.

d airborne radon

lated factors are

Radium comcentrations in the upper five c¢
{(Table 4) average 8.9 pCifg at five locavions (
806, 808), all of which are within 0.3 to 2
miles) of active uranijum mills and associated t
levels relative to background locations may be
windblown tailings, although it is unlikely tha
(14 pCifg) inm soil at Bluewater (Location #801})
to tﬁe nearby Anaconda Company mill because the
direction is from the north to northwest. The
Bluewater area is expected to be low in radium,
pCi/g or less.

mile

ntimeters of soil
€802, 803, 804,

s {average 1.2
ailings. Elevated
a result of

t the high radium
can be attributed
prevailing wind
alluvium in the
i.e., 1 to 3

At location *807, which is 1.6 miles southeast

and thercfore downwind of the Anaconda Mill site, radium is only
2.1 pCi/g, or essentially equal to that in the background samples
from Thoreas (Location #8100, 1.6 pCi/g) or San Matco (Location

1805, 2.2 pCi/g).
16



Radium concentrations in the vicinity of the
from 1.6 to 18 pCi/g. Althcugh the prevailing win
north to northwest, windblown tailings have been o
trailer court 0.3 miles east of the mill (Location
could account for the elevated levels (18 pCi/g) ¢
location #8803 which is downwind, but a mile away a
represcentative in that the soil sample was taken f

NHP mill range
ds are from the
hserved in the
#802). This
hmpared to
nd rovsibly not
rom a corral

by stock.
for the
which was an
hhcast of the

area where [ine materials may have been scattered
Similarly, distance and soil reworking mgy account
relatively low value of 2.1 pCi/g at location #807
actively plowed and irrigated field 1.6 miles sout
Anaconda Company mill.

soils is also
e highest
cGee mill.

. In Ambrosia lLake, radium content of surficial
highly variable, ranging from 3.3 to 18 pCi/g. T#
concentration is 1.3 miles northeast of the Kerr-}

Therefore, it appears that radium concentratilons in sur-
ficial soils adjacent to active mining and milling operations do
not readily correlate with known sources of radium and available
wind data. Local wcather conditions, particularly wind speed and
direction, winnowing or mixing processcs associatgd with human
activities, and influences from aother local sourcds such as ore
trucks and other heavy cquipment associated with nining/milling
may contribute to the obscrved high degree of varjability, It is
clear though that backgyrourd locations (#8000, 805 810) are
uniformly low {[average radiuz = 3.3 pCi/g), as cofnpared to those
locations near active mills e.p., 7802, 8006, and 308 (average
radium = 13.2 pCi/g).

Discussion
dicates that
area and in the
re statistically
Mateo, and

i.e., natural

In summary, examination of the radon data in
radon concentrations in air in the Ambrosia Lake
vicinity of the Anaconda Company and UNHP mills a
clevated relative to Jocations in Bluewater, San
Milan. Identification of speciflic source terms |
versus man-induced) cannot be resolved with data from the present
study. Although elevated radon concentratons may be attributable
to the rclative abunpdance of uranium-bearing bedrock in the
Ambrosia Lake area, the radium in soil data suggest that the
principal influences are man-induced radon originating in the
tailings piles, mill and minc exhausts, or ore stockpiles.

vurrent Federal and State of New Mexico regulations for the
nuclecar industrv are shown in Table 5. Insofar as these rcgula-
tions permit amnual averaging of concentrations for compliance
monitorking purposes, and considering the fact that ull samples
were collected in unrestricted arcas occupied by the general
population, it is rcasonabls to apply the population guide of
one-third the 168-hour value (i.e., 1 pCi/1 radon) for radon
sources covercd in the regulations., TE@ dose cquivalent from the
continuous exposure to the regulatory limit of 3 pCi/1 for radon
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{under equilibrium conditicns similar to those of living acc
dations with normal ventilation) is estimated to be 12 rem p
year to the lung (Swift et al., 1976). Therefore, unless th
is appreciable seasonal variations in radon levels, signific
exposures of populations in active mining and milling areas
as the Ambrosia Lake area may be occurring. Additional stud

SN0 -
2T
T e
ant
such
ies

to evaluate all exposure routes and any seasonal variations fin
radon levels in the Ambrosia Lake area are suggested.
— . JABLE S._EXPOSURE OR RADON-222 AND RADON PROGENY* _ |
40 hour 168 hour
Exposure Limits Exposure Limits
Requlation Source {Restricted Area (Unrestricted Area
Annual Average) Annual Averagg}**
Nuclear Regulatory
Commission (10CFR Part 20) 30 pCi/l 3 pCiN
January 29, 1976 {0.33 Working Levels)  (0.03 Working Levels)

Appendix B

New Mexico Environmental
Improvement fgency

Regulations for Governing

the Health and Environmental 100 pCi/1 3 pCiN
Aspects of Radiation

June 16, 1973, Part 4

Rppendix A

*  Concentrations Abave Matural Background.

** Population exposure in unrestricted area may be limited to one-third

Table II values per NRC 10CFR20, Section 20.106 {e)} and/or HMEIA-
Part 4-160, para. E.
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Several other situations exist which should be evgluated

with respect to minimizing radiation exposure risks to
tions in mining/milling areas.

A mine ventilation exhd

popula-
ust duct

typical of those scattered throughout the Ambrosia Lake area is

shown in Figure 2, Perhaps a vertical exhaust dischar
ment, as opposed to the horizontal discharge shown in
would provide additional dilution of exhaust gases con
elevated concentrations of radon and radon progeny.
minimize population exposures, a populated zone restri
should be considered for active mining areas and engin
planning could also be formulated to locate mine exhau
arcas which would not affect thec air quality of existi
lated areas.

Due to the extensive development of underground m
the Ambrosia Lake area, land surface subsidence has oc
several arecas. The use of mine overburden or uranium
rials as landfill in such areas, as shown in Figure 3,
another source term for increasing radon levels. It i
that appropriate radiolopical surveys be conducted to
public health and safety pricr to any use of mine overx
mine ore, or tailings material in reclaiming land; pax
if the land is to be used for construction of housing
structures.

e arrange-
‘igure 2,
Laining

In order to

ttion
pering

5t ducts in
g popu-

ining in
curred in
ore mate-
provides

s suggested
assure
burden,
ticularly
or other

19



g

b
AR

AR Y. 00

RO AN
IR

0

FIGURE 2. TYPICAL MINE VENTILATION EXHAUST DUCT

FIGURE 3. MINE OVERBURDEN OR ORE MATERIALS USED AS LANDFILL
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INDOOR RADON PROGENY LEVELS

Sampling System and Analytical Methods

The indoor radon progeny levels were measured using |a Type
11, TLD-Radon Progeny Intcgrating Sampling Unit (RPISU)
(Schiager, 1871). This sampling unit uses thermoluminesdent
dosimeter disks (TLD} to absorb the alpha particle emissijons from
the radon progeny collected on a membrane filter through |which
the sampled air has passed.

The measurement of stored energy in the exposed TLD|disk is
obtained with a Harshaw Mcdel 2000-TLD reader. The readgr gives
a readout in nanocoulombs which is converted to a working level
{(WL) valuc by utilizing a working level-liter per nanocouylomb
(WL-1/nC) conversion factor which is obtained through calibration
tests in known radon progeny atmospheres. All WL determjinations
were completed at the Las Vegas facility of ORP.

Results and Discussion

The average ambient indoor radon progeny levels for| November
1975 are presented in Table 2 and shown in Figure 1. All sample

results (i.e., ambient values uncorrected for background level)
for each sampling location are contained in Tables D-1 through
D-9, Appendix D.

Current Nuclear Regulatory Commission regulations (January,

1976) 1limit radon progeny levels to 0,03 working levels |(above
natural background) for continuous exposure in unrestrigted areas
(Table 5). Another guideline for continuous exposure tg indoor
radon progeny concentrations was established by the U,S., Surgeon
General in 1970. These guides were promulgated as a result of
the health hazard evaluation of the use of uranium mill tailings
material for construction purposes. These guides provide reme-
dial action recommendations for three ranges of working level
values above natural background. In summary, for locations with
WL values less than 0.01 WL, no remedial action is recommended,
For sites exceceding 0.05 WL, remedial action to reduce WL expo-
sure is indicated. For the range 0,01 to 0.05 WL, the need for
any remedial action may be suggested after due consideration of
all exposure routes and cost estimates of remedial action alter-
natives. These Surgeon General Guidelines have effectively been
applied to the CGrand Junction, Colorado remedial action program
for structures incorporating tailings material, The natural
background WL value for the Grand Junction area was determined to
be 0,004 WL (Joint Committee on Atomic Energy, 1571).
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During this study, sampling difficulties were encountered at
several indoor locations (e.g., #801 and 804) which had wgod or
coal burning fireplaces, cigarette smokers, or excessive dust
created by nearby vehicular traffic. Such atmospheres were
characterized by excessive airborne particulate matter which
caused the TLD air sampler to shut off due to excessive dust
loading of the membrane filter. Because of this, minimum |sample
volumes were obtained for locations #801 and 804 (Tables D-2 and
D-5, respectively); hence, there may be large error terms /in
these reported determinations.

Considering locations #800, 801, 805, and 807 as representa-
tive of "background" locations, the mean working level determina-
tions was 0.0069 WL, with a standard error of 0.0046 WL. |These
indoor radon progeny working level determinations arc consistent
with the outdoor ambient radon concentration results (Table 1).
Both evaluations show the same trend of elevated levels in the
vicinity of uranium mills or active mining operations, as in the
Ambrosia Lake area.

Assuming that the indoor radon concentration would bd equal
to the measured ambient outdoor concentration, the percent
equilibrium of radon and its progeny may be calculated. These
results are shown in Table 1. The calculated percentage gquili-
brium for locations ¥800 and 803 exceed 100 percent and signifies
that it is erroneous to assume that the indoor radon level is
cqual to the measured outdoor concentration for these two (loca-
tions. That is, for locations ¢#800 and 803, the indoor rgdon
levels are probably in excess of 1.2 and 2.1 pCi/l, respedtively.
The percent equilibrium for all other sampling locations ranges
from 41 percent to 83 percent, with an average equilibriuﬁ
percentage of 61 percent. Such higli equilibrium values aije
indicative of the low air exchange rates for the season (i.e.,
wintertime when doors and windows are not open), and the type of
passive heating systems of the structures (i.e., wood or coal
burning fircplaces rather than forced air heating systems with
filtration).

An initial screening survey, during the week of June 11-17,
1974, mcasured the indoor radon progeny working levels in two
private residences directly cast of the UNHP mill site. One
location had 0.0282 WL for the 144.1-hour sampling period. The
second location (f802) had a value of 0.0106 WL for the
144.9-hour sampling period. For the November 1975 study, the
average ambient radon progeny working level for location #802 was
0.0128 WL (Table D-3). Although the November value is slightly
higher than the June level at location #802, no definite conclu-
sion can be made regarding scasonal variations of radon progeny.
Therefore, it is recommended that additional long-term evalua-
tions of the indoor radon progeny working level be undertaken for
seclected locatlons in the vicinity of mining and milling opera-
tions.
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APPENDIX A
GEOLOGIC FACTORS AFFECTING ATMOSPHERIC RADON

The Grants Mining District, which includes the Ambrosig Lake
area, is one of threce active districts in the Grants Minera]
Belt. Other districts of importance are located north of Laguna,
about 27 miles to the east, and Churchrock, located 33 miles
west-northwest. Relatively inactive districts are located gbout
19-24 miles west in the Mariano Lake-Smith Lake areas, although
there has been no significant production to date.

Geolopgic conditions in the Grants Mineral Belt, particplarly
as thcy relate to the occurrence of uranium deposits, are s{m-
marized in reports by Trauger (1967) and the New Mexico Burgau of
Mines and Mineral Resources (1963). The Grants Mineral Beljg is
flanked on the north and northcast sides by the San Juan Bajin,
on the cast by the Rio Grande trough, and on the south and pest
by the Acoma sag and the Zuni uplift. Exposed sedimentary jrocks
in the area range in age from Pennsylvanian to Cretaceous apd
rest on Precambrian gneiss, schist, and granite cxposed in jthe
core of the Zuni uplift. Intrusive and extrusive rocks of the
Mount Taylor and Zuni volcanic fields arc of Tertiary and
Quaternary ages. The regional dip of the sedimentary rocks is
northward to northcastward, the latter direction prevailing in
the Ambrosia Lake-Crants mining district, Arcally, the mosgt
extensive units in the Grants District consist of llmc:tonc,
shale, sandstone, and basalt [lows (scec Figure A-1).

Differential crosion has creat~d a series of northwest-
trending escarpments generally capped by thick-to-massively-
bedded sandstone and underlain by less resistant shale and
thin-bedded sandstone. In the areca surrounding Grants-Bluowater
and Ambrosia Lake, mesas arc formed where crosional remnants of
the cscarpments arc covered by lava which is extremely resistant
to weathering. Lxtensive basalt [lows of Tertiary and Quaternarvy
age originated in the Zuni Mountains to the south, in Mount
Taylor to the ecast, and in a volcanic cone known as El Tintero
(the inkwell) located [ive miles north-portheast of Blucwater.
Not shown in Figurce A-1 is the alluvium which (loors the prin-
cipal valleys and is thickest (average 100-300 feet) in Bluewater
Valley extending (rom Bluewater to Grants. The alluvium is
absent on the crests and steep sides of the mesas and escarp-
ments. A relatively thin covering (average = 40 feet or less) is
believed present in the central portions of the Ambrosia lLuke
arca and at the toe of steep slopes forming the northern and
castern boundarics,
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URANITUM OCCURRENCE

Several uranium-bearing formations crop out in
Mineral Belt region along the ecast-west trending es
on the flanks of major north-south trending valleys
the escarpments by ephemeral strcams. At depths of
feet, the uranium content of the Morrison Formation
averages 0.25 percent and is therefore of commercia
the surface or outcrop, this formation averages abo
uranium whereas other bedrock formations usually co
than 0.05 percent uranium,

Uranium mincralization in the Grants Mincral B
greatly depending on the particular pgcologic unit(s
the depth of burial, and subtle but highly sclectiv
enrichment processes. The latter involve multiple
cycles, regional uplift and crosion, unique palecohy
conditions and geochemical factors, chief of which
organic substances in the clastic sediments and che
reducing conditions. For all practical purposes, m
rence of ore, i.c., rock having a minimum average u
of 0.25 percent, is limited to the Westwater Canyon
Morrison Formation. Furthermore, orc in this unit
occurs at depths of several hundred {eet or morc an
related to a rcducing environment associated with t
of the regional ground-water table, Closer to the
Westwater Canyon Member, oxidizing conditions and a
processes have largely removed any uranium that may
present. Exccptions to this rule are found in shal
deposits in the Poison Canyon arca, immediately sou
Lake, which are associated with the [ntrada Sandsto
stones of the Todilto Formation. Similar deposits
Butte were the basis for the first ore discovery in
the early 1950's. Oxidizing conditions and lcachin
fact that many of the source rocks contain average

the QGrants
carpments and
incised into
700 to 4,000
locally

1 value. At
it 0.1 percent
ntain less

1t varies

) considered,
2 natural
weathering
Irological

are entrapped
nically

arked occur-
ranium content
Member of the
aencrally

1 is probably
e occurrence
putcrop of the
ictive leaching
have been

low uranium

th of Ambrosia
ne or lime-
in Haystack
the region
p, plus the
or helow

in

average uranium concentrations, result in depleted
uranium in alluvial secdiments rclative to scdimenta

Uranium ore has been produced from various un
the Entrada Sandstonc, Todilto limestone, Summervil

levels of
ry bedrock,

its including
lc Formation,

Bluff Sandstonec, Morrision Formation, and the Dhakota Sandstone.

The aggregate thickness of the ore-bearing units is
1,500 fect. The Morrision Formation has yiclded

of the ore and probably contains over 95 percent of
(Kittel et al., 1967;.
Sedimentary bedrock units containing low to in

concentrations of uwranium include the Cretaccous st
Sandstone, Crevasse Canyon Formation, Mancos Shualce,
Sandstone, Mecnefee Formation), and the Jurassic Mor
tion (exclusive of the Westwater Canyon Member).
uranium content in the Dakota Sandstonc, Mancos Sha

1,000 to

about 94 percent

the reserves

termediate
rata {(Gallup
Point Lookout
rison Yorma-

Studles of

1c¢, and Voint

Lookout Sandstone cxposcd in the La Ventana arca some 65 miles
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east of Ambrosia Lake were made by Bachman et al. (1959). They
observed beds of coal, carbonaceous shale, and carbonacgous
sandstone containing a maximum of 0.62 percent uranium,,| The
average content in the "high grade" zones was 0.1 percent and
much larger areas contained between 0.01 and 0.10 percent.
Although conditions may be different in the Ambrosia Lake area,
these analytical results give some credence to the 0,01/ percent
level selected for uranium in nonmineralized strata.

Uranium concentrations in 10 samples of carbonaceojs shale
collected in the summer of 1975 from the La Ventana mesja area
averaged 0.69 pCi/g uranium and from 0.79 to 4.2 pCi/g jof radium-
226. This is essentially background for any arca and is evidence
that at least the Mecnefce Formation is not a significant source
of abnormal amounts of radon. This may also be true o
remaining Cretaceous strata beneath the Mencfee.

Units of Pennsylvanian through Triassic age are pyobably of
average or below average uranium content relative to the average
for crustal rocks. These units include the Abo, Yeso, Glorieta,
and San Andres formations which are present south of and beneath
Bluewater Valley. The Chinle Formation (Triassic) whig¢h is also
believed to be in this category, is exposed from just giorth of
the Anaconda Company mill to the base of the escarpmenft forming
the southwestern rim of the depression containing the brosia
Lake mining district (see Figure A-1). The basaltic lpva flows
present in the Bluewater, HMilan, and San Mateo arcas are also
believed to be low in uranium content. Rogers and Adahs (1957)
and Ahrens et al., eds. (1959) report that the uranium/ content of
basic extrusive rocks (basalts and andesites) is on thie order of
0.2 to 0.4 ppm (0.00002 to 0.00004 pcrcent) and rather evenly
distributed among the various constituents. Initial ¢stimates of
radon release from formations in the Ambrosia Lake area indicated
that natural sources could possibly account for the radon concen-
trations observed during this study. However, there arc numerous
assumptions in these calculations including diffusion ratces,
exposed surface areas for the various gcologic units, and the
influences of dilution (mixing) in ambient air. Diffgrences in
radon concentration among the various air sampling stations, some
of which can be regarded as controls (background), suggest that
local variations in geologic and other natural factors arc of
secondary importance comparcd to the influences from mining and
milling operations.

In addition to the uranium content of soil/rock (and assum-
ing radium is present in equilibrium concentrations), ground-
water and soil moisture conditions significantly influence the
diffusion rate for radon. The study arca has a semi-arid climate
characterized by about 10 inches of annual precipitation, and,
except for a relatively small part of the area east of Grants,
ground water is at least 50 fecet below the land surface, There-
fore, radium content of the soils and soil molsture arc belicved
to be the principal factors affecting the diffusion of radon from
purely natural sources.
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APPENDIX B

TABLE B-1.
AMBIENT OUTDOOR RADON-222 CONCENTRATIONS
LOCATION #800-MILAN CITY HALL

TABLE B-2.
AMBIENT OUTDOOR RADON-222 CONCENTRATIONS
LOCATION #801-BLUEWATER VILLAGE

O 0¥ Radon-222 Two Sigma Error lerm on off Radon-222 Two Sigma Error Term
Date late otin peis Date Date pCi/ pCi/1
T ymae Y ime Time Time
ARRE T2 TR N7477% 1575
10 DR 3.7 0.1% nes 0750 2.8 1
1hi%4 7% T8/ ARVAYRLY /175
0 1h5% &3 7,13 0800 1040 0.83 0.08!
1kt LRNE TS 1 17178 1178775
1585 BrE 1% .11 104% o8 0.55 0.074
T8 1179/1% 11712478
NI 0.9% 0.08 nm 1630 0.52 0.067
Vist 11713475 11716475
[ihg 18 4,4k .06 095% 1600 0.90 0.085
HA RS N 11714008 IRTALTALY ARVAR AL
e nrn 1 6.% 1002 1025 1.4 0.092
11140 M ERFAL TH, IRFARIRLY 11719775
hEh [ttt 2.3 913 102% 1038 0.5¢ 0.067
IR TR SN2 11805 11219778 Mn/21775
Bty feba o] 1.6 '} 1040 1035 0.63 0.067
IRERE That e nr21775 1/23/75
nrye YRy noAn 0.04 1035 0932 0.85% 0.081
T 20Ty 12 13/2317% 11725775
nrTER L .57 0.0 0931 1030 0.7% 0.078
Trepr (AT TEIY 11725075 1422175
7 arze 1.2 n.19 103 0938 0.25 0.082
1076/ 7% 117221118 11/29/75
ES o a.05 0940 1205 0.21 0.042
TITRITY 11729175 1221775
Gy [ 0.0y 1219 1205 0.48 0.063
(3281521 Te71773 TE7crvrs
prtd 9,13 a9.04 1210 1505 0.63 0.069
1247478
ksl 2. n.13
Summary
122475 1.2 1.7 11/8/75 12075 0.79 1.2
(15 Saeples) {14 Samples)
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TABLE B-3,

AMBIENT QUTDOOR RADON-222 CONCENTRATIONS

LOCATION #802-MILAN

TABLE B-4.

AMBIENT OUTDOOR RADON-222 CONCENTRATIONS
LOCATION #803-BROADVIEW ACRES

in aff Radon-222 Twy Sigms Error Tem 0n orr Radon. 222 Two Sigma Error Term

Date Date pCid phist Date Date pi/l pLi/}

Yow Time Yime Timn
[RVLT2 LRI 13/5/72% 1172718

L 2% b 4.9 0,18 0958 0%y 2.9 0.15
117; ¥+ 11/8175 ) 11/8/7%

1 010 2.4 0.13 07%% 073 13 0.16
118775 ARVALTRLY 1178775 1/10/75%

e el oo 20 0.1 nras 0240 2) a.12
[RTA T4 nAaAuK 1710775 nunas

it 1 f1.1% .01 074 07153 0.80 0.075
\1FANY LY LRTAS T vt IATALTAL

Hy 1409 1.4 0.1 LI 0748 2.5 0.14
ARTANT LAFALYR ] 1114778 11716/7%

1% 135} 1.5 0.8 045 0730 2.7 0.15
TS A 11716775 nNnans

1353 01 29 n.17 0110 0821 3.4 .18
NS 1419478 11718/ 12075

oy o437 1.2 0.0%% 0828 0753 1.5 0.099
W 1eyrs 11720715 11722718

s b 04 1.6 0 0810 1.6 o.n
T2YTS noumn sz /28775

m nans 4] 06.18 0810 0818 2.6 0.13
Nn2YS 1n/eers 11/28/75 11/26/75

GES 0832 1.1 0,087 0820 0803 1.2 0.089
THEs18 ViFEifEs AR PEIY NN 11/28/75

2333 arsn 0.52 0.065 0805 Q07458 0.2% T
LAVEST ST W /28175 11/30/75

5755 1345 0.%6 0.057 0750 0915 0.65 0.072
TRTS 2rs 11/30/75 12/2/7%

950 b red 1.5 an 0920 0850 3.6 0.16
121405 12/Y75

021 074 2.6 0.13
Suemaey Sumary
TH4L05 27uT8 2.2 2.8 175075 12/2,75 21 2.2

{15 Samples) (14 Samples)
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TABLE B-5.
AMBIENT OUTDOOR RADON-222 CONCENTRATIONS
LOCATION #804-AMBROSIA LAKE HIGHWAY JUNCTION

TABLE B-6.

AMBIENT OUTDOOR RADON-222 CONCENTRATIONS
LOCATION #805-SAN MATEO

On Off Radon-222 Two Sigma Error Term On Off Radon-222 - Two Sigma Error Term
Date Date pCi/t pCiN Date Date pCi/l pLi/l
Time Time Time Time
N/5/18 N5 11/6/15 11/8/75

LD 0820 3.4 0.15 1630 0900 0.35 0.082
17375 11/9/75 1n/9/75 11/10/75

o825 0500 1.2 0.099 0935 1614 0.60 0.056
1/10/75 NnN275 11/10/75 1/412/15

0812 0825 0.6 a.074 1615 1540 0.13 0.038
nnym NN4/78 nnN2/rs 1113/75

0810 0808 2.1 0.12 1536 1615 0.90 0.083
n14/18 11/16/75 11713475 11/16/75

0808 0755 3.4 0.16 1616 1428 0.29 0.048
11/18/75 11/19/7% nN5/75 Nn/12/75

0756 0852 1.2 0.0% 1430 0438 0.35 0.058
n/19/1s Nn/2)/75 1217728 11719/75

0354 084S 2.4 0.14 0340 0956 0.19 0.040
11/21/78 11723775 11/19/75 1172175

0845 0820 3.2 0.15 0958 0955 0.49 0.057
1172375 11/285)75 1421775 n 75

0823 0850 1.3 0.10 695& 6526 0.30 0.050
11/25/7% 1727775 1/23/75 1 75

0850 0330 0.48 0.064 0Bs0 6526 .3 n.047
1/27/7% 1172975 11/21715 11/29/75

0805 1010 0.21 0.042 0955 115 0.062 0.025
11/729/75 12/1/75 11/29/75 12/1/7%

1015 2540 1.9 0.12 1120 1100 0.31 0.048
121775 1273775 1241425 12/2/75

mAas 0830 2.R n.14 nm 1353 0.38 V5%
Suma Swsma
|i7§7;g' 127375 2.2 ||757;§ 1272775 0.42

0.38
{13 Samples)
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TABLE B-7.

AMBIENT QUTDOOR RADON-222 CONCENTRATIONS
LOCATION #806-AMBROSIA LAKE POST OFFICE

TABLE B-8.

AMBIENT QUTDOOR RADON-222 CONCENTRATIONS
LOCATION #807-BLUEWATER

On OFf Radon-222 Two Sigma Error Term on Off Radon-222 Two Sigma Error Tem
Date Date pCi N pLisl Date Date pti/l plisl
Time Time Time Time
175775 NN 116175 11/8/75

1528 0830 4.2 0.17 0930 0930 1.6 on
WINS 1179775 1178175 11/10/75

0835 0905 1.8 0.1? 0935 1200 0.94 0.085
1179775 [RVARTS 10/75 11712475

0905 0911 1.0 0.08y 1710 1615 0.5% 0. 068
11775 NnIys 11712/75 11714778

0932 0820 1.8 0.12 1614 0942 1.6 0.1
1713178 1715775 11/14/75 116275

0820 0833 3.1 0.15 0942 0843 1.1 0.087
11715475 NN 11/16/75 11/18/75

0833 0850 s 0.16 0843 1105 1.8 0.12
NS 11419775 N/18/75 11/20/75

0850 0993 2.8 0.14 1105 1029 0.69 0.074
119775 /21775 11720175 11722775

0904 0905 2.5 0.14 1030 1035 1.3 0.083
N/21/75 1/23/75 11922775 11/24/78

0905 0831 5.4 0.21 1035 1635 1.3 0.099
11723475 11/25/75 11724775 11726175

0832 0903 3.1 0.6 1035 1505 0.51 0.061
13/25/75 12T . Tr2Ees LEWLT.Y511

0915 oo 2.0 D.12 3! 1530 0.32 0.052
1321775 129775 11/30/75 12/2/75

0812 1035 1.1 0.086 1535 1030 1.7 o.n
1729775 1241475 Sumaary

Toeo 1015 3.2 0.16 11/6/75 1212175 1.1 1.0
1241775 1243475 (12 Samples)

1035 0845 3.9 0.16
SuTmary
11/5/75 1243778 2.6

(L} g&‘lpln)




TABLE B-9. AMBIENT OUTDOOR RADON-222 CONCENTRATIONS
e OCATION = KE _TRAILER PARK ..
On 0ff Radon-222 TWp Sigma Error Term
Date Date pCi/1 pCi/l
Time Time
11/6/75 11/8/75
1040 0818 6.6 0.22
11/8/75 11/79/7%
0819 0910 3.3 0.16
11/9/75 11/11/75
0915 0925 2.0 0.12
11/11/75 11/13/75
0930 0810 4.0 0.18
11/13/75 11/15/75
08 0829 4.2 0.17
11/15/75 11/17/75
0830 0845 4.7 D.18
11/17/75 11/18/75
0845 0700 5.3 n.19
11/18/75 11/20/75
0933 0937 2.7 0.13
11/22/75 11/24/75
0945 0900 4.3 0.17
11/24/75 11/26/75
0905 1320 3.0 0.16
11/26/75 11/28/75
1325 0816 1.3 0,099
11/29/75 11/30/75
1025 1012 1.9 0.12
11/30/75 1272775
1015 0953 4.0 0.17
Summary
11/6/75 12/2/75 3.6 3.0
(13 Samples) .
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APPENDIX C
METEOROLOGY

Meteorological data for this study were collect
November 4-30, 1975 using a portable mechanical weat
at location #8022, east of the United Nuclear-llomesta
(UNHP) mill site. Wind speed and direction (3 meter
ground surface) and ambient temperature were continu
recorded at this station. In addition, the official
and low temperatures and barometric pressures for th
Municipal Airport station were obtained from the U.S
Weather Service. Unfortunately, confirmation of inv
conditions was not obtainable duc to limitations of
cal weather station.

Figure C-1 shows the daily temperatures at loca
high of 73°F was recorded on November 5 and 17, and
minus 8°F on November 30, The average daily maximum
temperaturce was 54°F and 16°F, respectively, with a
{November, 1975) average daily temperature of 32°F,
diurnal variation (57°F) occurrcd on November 14, wi
65°F and a low of 8°F. Minimum diurnal variation (2
on November 28, with a high of S51°F and a low of 30°
results can bc compared to Figure C-2 which shows th
temperatures recorded at the Grants Municipal Airpor
C-3 shows the daily barometric pressure for the airp|

Precipitation was not quantitatively measured a
location #802 but data were obtained for the Grants
Airport station. Total precipitation for November ]
of 0.06 inches of rain on the 18th, and on November
inches of snow (0.38 inch rain equivalent) for a tot
precipitation of 0.44 inches. The official average
precipitation for November at Grants is 0.60 inches

cfl from
hler station!
ki Partners
s| above
ojusly
daily high
Grants
. National
grsion
the mechani-

tion #802.

low of

and minimum

+onth1y
Maximum

ch a high of

L°F) occurred

A

.  These
b daily
t. Figure

ort station.

t field
Municipal

975 consisted
29, four

al monthly
monthly

(U.S. Navy,
several air

1965). Measurements of the November 29 snowfall at
sampling locations in the Ambrosia Lake area reveale
of seven to nine inches or about twice that measured

d snow depths
in Grants.

Figurc C-4 is the wind rosc plot for field location #802 for

November 1975.
wind was blowing. Roughly one percent of the time t
calm, i.e., less than one mile per hour (mph). Pred
were from the north to northwest (about 43 percent o

1 Meteorology Rescarch, Inc., Model 1071-Mechanical

Station.
35

This plot represents the direction from which the

he wind was
ominant winds
£ the time),
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FIGURE C-1. DAILY TEMPERATURES FOR NOVEMBER 1975 AT
FIELD LOCATION #802, GRANTS, NEW MEXICO
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FIGURE C-2.

DAILY TEMPERATURES FOR NOVEMBER 1975 AT
THE GRANTS MUMICIPAL AIRPORT, NEW MEXICO
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LOCATION #802, GRANTS, NEW MEXICO
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TABLE D-1,

APPENDIX D

IHD0OR RADO. PROGENY
Location #800-Milan City Hall

TACLE D-2,

111DOOR RADOMN PROGEIlY
Location #801-Bluewater Village

On

0off

Total Working Level On Off Total Working Level
Date Date Hours (L) Date Date Hours (L)
11/04/75 11/10/75 148.7 .01292 11/04/75 11/08/75 54.5 .00670
11/10/75 /17775 164.7 .01420 11/08/75 11/10/75 23.0 .00213
N/7/7% 12/01/75 319.8 .00832 11/10/75 11/16/75 113.9 .00074
12/01/75 12/03/75 541 .01615 11/16/75 11/20/75 43.7 .00871
Summary 11/20/75 NM/21/15  14.8 .00€77
11/04/75 12/03/75 687.3 0.0129 11721775  11/24/75 16.5 .00596
11/24/75 11/26/75 13.5 .00304
11/26/75 11/27/75 7.3 .00555
11/27/75 11/28/75 9.5 .00285
11/28/75 11/30/75 25.1 .00229
11/30/75 12/02/75 6.3 .00433
Summary
1/04/75 12/02/75 328.1 0.0045




F1]

TALE 2-3.

1HDOOR RADON PROGENY

Location #802-Milan

TABLE -4,

THDODR RADON PROGENY

Location #803-Broadview Acres

S B Nl | I S Ml Y
11704/75  NM/10/75 144.1 01888 11/05/75 11/19/75 125.4 .03660
N/10/25  NA8/75 0 112.8 .00997 11/10/75  11/15/75  112.8 .02845
N/18/78 11/20/75 120.0 .01300 11715775 11/20/75 12¢.0 .02832
n/20/75 127/03/7% 3201 .00919 11/20/75 12/02/75 270.3 .01508
Sumnary Summary
11/04/75  12/03/75 _ €97.0 0.0128 11/05/75  12/02/75  628.5 0.0271
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TABLE D-5,

INDOOR RADON PROGENY

Location #804-Ambrosia Lake Highway Junction

TABLE D-6,

INDOOR RADO! PROGENY

Location #805-San Mateo

On off Total Working Level On off Total Working Level
Date Date Hours (WL) Date Date Hours (ML)
11/058/75 11/07/75 10.6 .01082 11/05/75 11/10/75 122.6 .00305
11/07/75 n/N/75 72.6 .00538 11/10/75 11/15/75 2.7 .00247
LAFARYALS 11/16/75 94,7 .01482 11/15/75 12/01/75 385.2 .00170
11/16/75 LAVAMZAE] 4.4 .00694 Summary
NS /75 24.8 -01432 11/05/75  12/01/75  620.5 0.0024
11/20/75 N/2/75 5.2 .02902
1721775 11/24/75 na .00766
11/24/75 11/25/75 10.7 .00532
11/25/75 11/26/75 22.4 .00337
11/26/75 11/28/75 6.5 .00623
11/28/75 11/30/75 26.0 L0013
11/30/75 12/02/75 8.2 .01052
Summary
11/05/75 12/02/75 296.9 0.0096
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TABLE -7,

INDOOR RADON PROGENY

Location #806-Ambrosia Lake Post Office

TABLE 9-8.

INDOOR RADON PROGENY

Location #807-Bluewater

date __ vate  hewrs oo tm)t dite  Date  beurs " fm
11/05/75  11/10/75 66.3 .03476 11/06/75  11/10/75  100.6 .00787
nA0/715 N3/ 68.3 .01605 1710/75  N/15/75  112.6 .00692
NNy NN 95.1 .02116 1/18/75  11/20/715  120.8 .01068
NN2/15  11/20/75 7.0 .02374 11/20/75  12/02/75  252.1 .00524
1/20/715  11/22/75 41.0 .02794 Summary
11722715 12/01/75  221.4 .0N37 11/06/75  12/02/75  586.1 0.0077
12/01/15  12/03/75 45.9 .04460
Sumary
11/05/75  12/03/75  615.0 0.0257




TABLE N-9.

INDOOR RADON PROGENY
Location #808-Ambrosia Lake Trailer Park

On Off Total Working Level
Date Date Hours {WL)
11/06/75 11/09/75 56.9 0213
11/09/75 11/11/75 43.1 .01450
11/11/75 11/14/75 28.6 .01794
11/14/75 11/19/75 101.8 .01534
11/19/75 11/22/75 47.0 .0107M
11/22/75 11/24/75 35.6 .01584
11/24/75 11/26/75 50.7 .01340
11/26/75 12/01/75 97.6 .00485
12/01/75 12/03/75 25.2 .01927

Summary
11/06/75 12703/75 486.5 0.0148

L)
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