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Hubbard

ABSTRACT

surface soil concentrations of “?%“Ra and high above-ground
measurements of gamma-ray intensity 1n the vicinity of the inactive
uranium-mill tailings at Mexican Hat show both wind and water erosion
of the tailings The former mill area, occupied by a trade school at
the time of this survey, shows a comparatively high level of contami-
nation, probably from unprocessed ore on the surface of the ore stor-
age area near the location of the former mill buildings However, the
estimated health effect of exposure to gamma rays during a 2(

work year in the area represents an increase of 0.1X¥ in the risk

death from cancer. Exposure of less than 600 persons within 1.6 km
the tailings to radon daughters results in an estimated 0.2%/year
increase in risk of lung cancer

It appears that nothing has been done to implement the recommen-
dation of an earlier (1968) survey that tailings at this site be s
bilized or that access be restricted with periodic monitoring

assure that prpulation exposures are acceptably low. Data provided

this report and in an engineering assessment report by Ford, Bacor

Davis Utah Inc. will provide guidance for remedial action if

should be undertaken

present report deals
Navajo Nation near Mexican Hat, Utatl
urveys of this site were
(see Appendix I) Gamma : at this site designed
show extent of movement of ta 15 were reported by Douglas and
Hans » survey reported here was conducted by a team of health phys-
from the Oak Ridge National Laboratory (ORNL) during March 1976
in cooperation with an engineering team from Ford, Bacon and Davis Utah

Inc (FB&DU) The latter organization, an architect-engineering f

irm,
was responsible for the Phase II engineering assessment of this site
Their work included estimates of costs of alternate ways of reducing
potential health effects of radiatien and radionuclides from the tail-

4

ings Results of their studies of this site have been reported Data

obtained by FB&DU in the course of their investigation, part of which
have not been previously reported, are included in the present

In addition to documentation of the results of the radiological
survey, including descriptions of the equipment and techniques used to
obtain the data, this report presents results of a limited effort to
evaluate potential health effects among people who may be exposed to

direct gamma radiation or to radionuclides from the Mexican Hat site
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of the lease on tt ite 1r 0, )" ) ver the Nava)
During its period of operation, ni e ted (Apper
have proce od 2.0 miliion metric 3 average
tion 2 Ja0s, and it produced 5692
The estimated “““Ra content of the ilings at this

and the theoretical average “<“Ra concentratior

g (Appendix 1)

The two tail.ngs piles at th site are reported (Appendix

bounded by fairly steep hill n the sout and
1

slopes gently toward the San Juan River about

northeast The western (No. 1) pile cover in area

(18 acres) east of the former mill buildings, and the
about 13 hectares (3 mmeciately ea
jo trade school, operated

located in some of the buildings on the

ed (Appendix 1) to have 100 or

group 15 housed in the former

southwest of the mill

reported (Appendix )

Halchica A lementary schoo

mill 5 km (0.33 mile) s«
lings piles are near

leading into Gypsum Wash from which any water (

1. Aerial photograph of the Mexican Hat site. Source:

5an Juan River The trave! distance from the




pproximately 1.6 k he i ainage firectior
f the 13i1ing wind toward the northeast, and
that direction was reported pendix 1)
at the time of the 1974 Phase te v t that tt
urface wa uste and that water er was m ma
XPOSURE PATHWA
The behavior of radionuclides in ta /| 1€ and the | near the
modes of exposur the radior jes were
and background radionuclide concentrat
1} ssed the t f thi 01 e 3 g .
r irface amples; external gamma exg ire rate
with coverage of efly, the hor f that
" < Y i bott n t site and in the area immediately aro the te
eport concurre ith the conclusion of earlier report % that rador
o 1w f concentrations in surface soil, sediment and water samples;
iffusion f »d by inhalation of radon daughters is the t impor )
) b rad daughter concentrations in former mi buildinc,; and the sub-
tant exposure pathway.* Other pathways involve (1) inhalat f, and P \
a [ p W rfa {istr f 22 in tailings piles and other contamir
body rf ontamination by, airborne tailings particles with “*“Ra,
od : i b areas as a function of No radon mea ments were attempted by
Th and 4 Pa a the princip radionuc je f concern; (¢ jeg 1=
but btained by locations
tior f airborne tailirngs particies on f¢ 3ge or fc owed by up- . <
the tailings piles were reported ' Earlier radon and radon daugh-
take by edible plants and/or intzke by anima and nsumptior n- '
. . ter measurements were reported by Snelling who aiso has published data
ta 3 plant meat r milk ( and “!'°Pb are the principa .
. the concentration of other airborne radionuclides measured at nine
3d clide f concer n the ter al pathways); (3) rad uclides & .
- locations during a period of 11 days.* Other data obtained by M
n the pile d olve i1 ater and migrate to water 2 a
” ) Hans, Jr., at the Environmental Protection Agency, Office of Raciatior
ire t in occur through nsumption f c 1 DA-O \ :
Programs, Las Vegas Facility (EPA-ORR-LVF) on the concentration of air-
water mmer f in the water, r by uptake T 1 cog
f borne radionuclides are quoted by FB&DU.*
plants and anim followed by onsumption by . . ASAL
idanl ’ ‘ ‘ Result f the various types of measurements made by ORNL at the
also the pr ipal radionuc f ncer
F Mexican Hat site are discussed in separate sections below
and (4) direct exposure t adiat 1,
its daughter . .
d Background Radioactivity
Knowledge of background external gamma radiation levels and of
ckground concentrations of radionuclides in the surface soil is needed
in order to evaluate the extent of spread of tailings from the site and
= ) 1 +h 0 provide dat needed in implementing clean- proce 5
*Although tt assumption is made for most tai'ings sites, the a Y to provide data ded implementing clean-uf cedures
are aware t in all cases t 5 necessary to examine phy 3 In Fig. 2, points are shown where measurements were made cf exter-
evidence to evaluate the importance of each pathway

nal gamma-ray dose rates 1 m above the ground and where surface




Fig. 2. Locations of background external gamma measurements and
background soil samples.




samples > tai ) 5 Because of proximity to

ment Vall t 2), the background from the

are ident the sample sites and

displayed in
The data in Tabie 1 show a variation measured values
ground gamma exposure rate 1 m above the ground from 5 to 12 uR

9 uR/hr

point

jverage value of corresponds to an annual background dose equ

alent of 79 millirem There is not a good rrelation betwee p AZl

direct gamma exposure rate and the “““Ra concentration in the

5011. Poor instrumental accuracy and other factors such as the var

n cosmic ray intensity with altitude and the presence of other radi

nuclides in surface soil may affect above-surface background gamma expo

sure rate measurements Snelling reports® an exposure rate of 30 uR

in the vicinity of the former mill housing area (now Halchita),

states that this represents normal background radiation He

Geiger counter for most of his measurement which presumably wa

energy compensated to prevent over response to scattered radiatior

Appendix 11)

The average <*“Ra background concentration (0

average “““Th concentration (0.6 pCi/g) in area surface soil samples a

both lower than the corresponding averages observed in the area ar

the Shiprock, New Mexico, site

Direct Gamma-Ray Exposure Rates

Measurements were made of direct gamma-ray expo e rates 1 m

the ground using the "Phil" gamma-ray dosimeter described in Append

These measurements were made at approximately 46 m (50

the tailings area and at approximately 91 m (100 yd)

Background radiation backqround
concentrations of radi ides in

near Mex

Description of
sample location

In valley 9.7 km south
tailings

South side of Hwy 64, ~0.6
km west of intersection of
Hwys. 89 and 64

North side of Hwy 89, 2.4 km
east of Glen Canyon Dam
(mileage marker 548)

South side of Hwy 160, ~0.4
km east of intersection of
Hwys 160 and 89

Near rest stop on Hwy 264,
11.4 km east of Tuba City,
Ariz.

South side of Hwy 160, 3.2

km west of Kayenta, Ariz

12.9 km south of Mexican Hat,
northeast corner of inter-
section of Hwy 163 and road
to Monument Valley site

East side of Hwy 163, 4
south of Blanding, Utah

Average

distances greater than about 91 m from the edge of the tailing

he resultina data displayed in Fig. 3 show that X[

sure

above the background level outside the unfenced site boundary

direction Since the prevailing winds at this site are reported

1

dix I and Ref. 2) to be from the southwest and there is visual e

of tailings transportation toward the northeast, it seems probable that

One meter above the ground

“No analysis for this nuclide was performed




external gamma exposure rates R/hr) 1 m above the ground.
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(average
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ings range
average surement
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spread of tailings and/or uran

5.3 Radionuclide Concentration

5011 and Sedime
surface and near-surface and sediment

sensitive measure of the spread of tailing

ince 22

is the daughter of <4%“Ra,

distribution in surface and subsurface 1 show areas wh
this s Into air be high Analysi
from streams and dry the extent

water

surface and

surface

4, and analytical result
are locations where
were taker

Tabl 2 confir

% —
. 4. Locations and identifications of environmental m Original photo by EGA&G, Ir

Mexicar t 11 site, espe y t 2 T T
7y n

high **“Ra ncentrations 4 3

and Highway 163 probably ow Lhe ¢ r

stored on the ground soutt

movement of tailings particle

hat water is mo

samples were




in surface and Table 2 (Continued)

Mexican Hat

Nuclide concentration
Nuclide concer Sample Sample location (pCi/g)
Sample sample location { ). designation and description

designation and description

MHBOONE 732 m (800 yd) northeast from base
MHWS1 Gypsum Creek below where dry wast 4 ( of the dike surrounding pond

that drains the northeast corner of
pile empties into it, about 183 m MHZ00E 183 m (200 yd) east from the base
(200 vd) upstream from the San of the dike suriounding pond
Juan River

MH400E 366 m (400 yd) east from the base
Bank of San Juan River a few meters 4 of the dike surrounding the pond
upstream from Gypsum Creek inlet

MH200% 183 m (200 yd) west from the
Bank of San Juan River a few meters ) of the dike surrounding the
downstream from Gypsum Creek

MH250W 229 m (250 yd) west from the base
Bank of San Juan River a few meters of the dike surrounding the pond
downstream from where stream from
sewage pond at pile empties into river. MH300W 274 m (300 yd) west from the base

of the dike surrounding the pond

Bank of San Juan River a few meters
downstream from where stream from MHA00W 366 m (400 yd) west from the base
sewage pond at pile empties into river of the dike surrounding the pond

About 470 m (500 yd) downstream in 2 ‘ MH200S 183 m (200 yd) south from the base
the stream from sewage pond of the dike surrounding the pond

MH200N 183 m (200 yd) north from the base b MH400S 366 m (400 yd) south from the base
of the dike surrounding pond of the dike surrounding the pond

MH400N 366 m (400 yd) north from the base y MHDW1 Surface approximately 274 m (300
of the dike surrounding pond. yd) from base of pile in the dry
wasi on the east end
MH600N 549 m (600 yd) north from the
of the dike surrounding p~nd 15 cm below surface, at the same
point as MHDW]
MH200NE 183 m (200 yd) northeast from
of the dike surrounding pond Surface approximately 274 m (300
yd) from base pile in dry wash
MH400NE 366 m (400 yd) northeast from base 2 north side of pile
of the dike surrounding pond
MHOW4 15 cm below surface at the same
MH600NE 549 m (600 yd) northeast from base £ 1.6 peint as MHDW3
of the dike surrounding pond




Table 2 (Continued)

Sample Sample location
designation and description

MHDWS Surface approximately 91 m (100 yd)
below intersection of north and east
dry washes about 457 m (500 yd)
from base of pile.

15 cm below surface at the seme point
as MHDWS.

Surface approximately 732 m (800 yd)
down dry wash from pile.

15 cm below surface, at the came
point as MHDW7

“This nuclide not sought.

Nuclide concentration
(pCi/g)

-<%Ra €3<Th

37




| ea (M 1)
area (MHW Table 3 Radiochemical analysi

_ (pC
Sample source 226Ra 21
Radiochemi« Analysis of 3te ame e - — = SN
Small stagnant pool ~600 m fr
pile in dry wash running no
the procedure ined in Appe I1I, to San Juan River

10Nns f water amples
the amples, using
Inly one mple (MHW1) taken from G
amp 1€ wi), taken 1 Gypsum Creek just downstream
from where northeast dry wash
empties into it and ~200 m from
San Juan River

leading from the ea and the tailir

the er, 5§ ificantly above » average ncontration

reported by Snell - or five background te amples obtained

Stream seeping from northeast
corner of building called Sal
the 10CFR20 guide for discharge to uncontrolled Palace

Monument 1ley The concentration of © in the pond samg

5. Public Health Service standard tream flowing from septic
> L DI Sep
and the EPA concentration guide for drinking water.'! However, it seems pond

unlikely that anyone would drink water from thi pool The maximum

Stream after seepage from

approximately 30% of the Public northeast corner of Salt
Palace and from sewage pond
run together

265Ra concentration in other samples is

Healih Service standard!® for %%“Ra in drinking water (3.0 pCi
and less than 20% of the EPA concentration guide value, (5.0 pC
or 226R3 + 225Ra3) assuming that the concentration of ?2?%Ra is negligi- Below the detaction 1imi

ble

5.5 Radon Daughter Measurements

Five measurements of radon daughter concentrations were made in a
very large 3812 m? (41,000 ft?) former mill building (the Salt Palace)
the closest building to the tailings pile This building was being used
for parking and for maintenance of heavy equipment Three measureme
were made near the east (toward tailings) end of the building, one near
the center, and the fifth measurement near the west epd This building
was observed to have many openings in the exterior walls and a large
door in the east end was open at the time of measurements Thus, the

ventilation rate for this structure has probably two or more air ch s




ncentrat)
hour 2 conc of the bui ng, i 3 Jirty ( former
time 5L is all that rema
lished a vis survey was completed
measurement that were

technique jescribed in Appendix Il are

four measurements were made between 9
the west end was ma

Alth 10 “““Rn measurements were obtaine he data
jemonstrate that equilibrium between “4“Rn and ,» daughter
sttained in this building, which 5 to be especte n a buil
penings that permit natural ventilation to occur This serie
measurement n the same day shows the normal decrease in rador

concentrations as the n.ahctime inversion conditions disappear

The working 1 is « ir ncentration
radon daughter n one | > i the total pote
stribution of “*“Ra in Subsurface il and Tailing energy
sre drilled at 21 locations at the Mexican Hat
gamma monit ng data were obtained at the 18 locations shown i
Measurements of gamma-ray intensity in these holes as a func
depth were made by FB&DJU and ORNL personnel using the
in Appendix 11 Since the subsurface gamma-rays are

marily to 4?%Ra and several of its daughters, it is possible t
brate the instrument and, thus, to convert the gamma-ray measurements to
oncentration of “<“Ra by comparing these measurements with concentra-
tions of “*“Ra measured in soil collected at depths corresponding to the
gamma-ray measurements The conversion was accomplished, and the
results were plotted (+) by use of a Hewlett-Packard (Model No. 9815A)
desk calculator connected to a Hewlett-Packard (Model No 3B71A)
printer The printer supplies dots between calculated points The

available analytical data (excluding hole composite samples) determined

by use of equipment described in Appendix Il were plotted (o) using the

same equipment The calculated distribution of “““Ra in subsurface soi
and tailings at the site is displayed in Figs. 6 through 10 imilar

graphs for holes 7 and 11 are included in another report.*
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If we assume that the data I p & ant the annual average annual ncreased risk of

ontribution of the Mexican Hat tailings to t total radon concentra- sch~ol in this area

the area and that the annt verage 1 speed in Students and faculty at the grammar
ons is 3 m/sec (7 mph), the radon daughter ncantratior former mill area and Halchita, reported*

Halchita equivalent t 1 pCi/] f 4%<Rn is 1 : % of equ another population group at risk from e

librium) and the corresponding e at Mex tailings The average annual radon conc

equ brium) These figures represent outdoor of rador estimated from the data in Table 5 to

daughter concentration is at 2qu t m with

jaughters For the present health assessment, we 1 adopt the conser- the

vative assumptions that no decay of rado ccu n the time required t the calcuiated concentration is 012 WL ' is equivalent

reach homes in either community; that 1 pCi ter of radon outdoors wil tinuous exposure) to 0.6 WLM/year For a 180-day school year

result in 0.005 WL of daughters indoors; and that continuous exposure to school day, this reduces to 0.09 WLM/year Using the ri

this concentration of daughters will result in an annual exposure of estimator for this exposure (1% increase in risk per WLM) giv

25 (WLM). Wwalsh!® has estimated that an increase of 1.0%/year in risk ; creased risk of lung cancer death of 0.1%/year The results

of death from lung cancer is associated with a continuous exposure to culatio discussed above ar ymarized in Table 6 The population
1 WLM/year For Halchita residents where the calculated %2ZRn cor weighted increased risk ncer attributable to rador om the

tration is 1.3 pCi/liter, the increased risk is J%/year The corre- tailings pile is 0.2%
sponding number for the residents at Mexican Hat, where the calculated An estimate can be made of wcreased risk of death from lung

222Rn concentration is 0.22 pCi/liter, ) year that could result from expo to the background radon concentrati

The high direct gamma measurements reported by FB&DU,* and ORNL this area (0.35 pCi/liter).< Assuming continuous indoor exposur

soil analyses in the former mill and ore storage area (Table 2 5 average indoor radon concentration of I liter, and a daughuer
that the pote :ial exists for high concentrations of radon in this = equilibrium of 50% gives an estimated increased risk of death from Tung
area irrespective of the contribution from the nearby ta ngs cancer of 0.09%/vear, approximately one-half that estimated for exposure

A single 24-hr outdoor measurement? of radon in this area showed to radon from the tailings pile

concentration of 2.0 pCi/liter, lower than the calculated annual
at 0.3 km in the SW and WSW sectors 5.3 Health Effects Attributable to Other Exposure Pathway

average contribution of the tailings

in Table 5 ) liter) If we assume that the higher figure r e-
ar 0 yther pathways through wt h people can conce vably be

Va us

sents the annual average ““?Rn concentration and that the daughter con-
exposed to radionuclides contained in uranium-mil L ings were men-

centration indoors this area is 50% of the equilibrium ratio, as - . _
q tioned in Sect. 3 of this report Data are not available to tioroughly

assumed previously, then continuous exposure would result in 2 3 WLM .
1 evaluate any of these sources of healtk effects, but the available

year. For a 40-hr work week, this value i reduced to 0.5 WLM/ : ~
information is discussed here i n effor t some 1igh n the

which, using the above-mentioned risk ncrease estimator, gives an .
likelihood of health effects from exposure modes n jiscussed above

Snelling® reported results of measurements o s type nine

*The working le WL) is defined as the concentration of short-liJed s " 3 .
] N t
' stations including one on and two near the N 1gs p Other

radon daughters in one liter of air such that the total potentia
alpha energy is 1.3 x 10° Mev A working level month (WLM) is expo- tations were on tne No. 1 pile, in the mil ailer camp

sure to 1 WL for a duration of 170 hr




Table 6 Estimated increased risk of lung cancer deatt
radon dispersed from the Mexican

Population group

Estimated
Distance from indoor “““Rn
center of daughter con-

Halchita
Mexican Hat
Trade School

Grammar School

Population-weighted average

1.0 0.0065
6 L0011
0.038

.012

tailings (km) centration (WL)

attributable t

Increased annual

risk (%)




near the grammar school, and at Halchit Two stations were Jlocated
approximately 1.6 ¥m northeast of the ngs Continuous
ples were collected at each st 1 nsecutive days (
June 7, 1968) at a rate of 0.14 m’ (" r Jata obtained during an
11-day period cannot be safely assumed to represent annual averages
The filters on which Snelling collec airborne particles were
analyzed individually for gross alpha conten and then all the filters
collected at each station were composited and analyzed for #%®Ra, *3“Th,
and natural uranium. Snelling concluded that elevated concentrati
airborne radioactivity existed in the downwind direction from the t2il-
ings but that concentrations of individual radionuclides did not exceed
concentration ’;uiﬂPS (‘:Ga)" nuwever, he pointed out that the tailings
pile was still quite moist (clav ke consistency) at the time of his
measurements and that conditions could very well become worse as the
pile dried out He recommended ‘ither stabilizing the tailings area or
periodic monitoring to ensure tnat the concentration guides are not

exceeded Neither course of action has been followed. bLut more recent

c
data obtained by J. M. Hans Jr. (EPA-ORP-LVF) were reported by FBADU

(Ref. 4, Table 3-4) Measurement« at three locations in 1974 at or near
the former mill site showed that the concentration of each of tne eight
radionuclides found was orders of magnitude below the 10 CFR 20 concen-
tration guides® except for *3“Th The concentration of this nuclide at
the mill site was found to be 15% of the concentration guide wh
at Mexican Hat was about 1% of the guide It appears from the
amount of data available that significant health effects from airborne
particulate radioactivity are unlikely, but many more measurements would
be required to assure that concentration guide values are being met for
all exposed populations

Grazing of burros has been observed on and near the tailing
but consumption of animal meat by residents of the area repre
unlikely exposure mode No data were obtained during the ORNL su
Mexican Hat that permit evaluation of exposure through

and, apparently, none exists in the literature There is

e information that
isumption of contaminate
the concentration of “? in several water
Table 3) that water >ams t 1gs contain
amount f the nuclide t cce ) le r drinking water

axception, stagnant pond that ontain 3 mately three

oncentration quide for drinking water.!!

jents of the area would use this pond as a dr
is conceivable that grazing animals could

water samples from the San Juan River over a
vears showed an average upstream <““Ra concentrat

and downstream from Mexican Hat the value was 17 pCi/liter

tial health effects of water use would be less using river water than

from using water from any of the sources shown in Table 3

Sears et al.’ evaluated doses received through exposure pathways

for model uranium mill tailings for the case where all of the food con-
sumed in the area is grown in the vicinity of the tailings and for the
case where none of the food is grown in the potentially contaminated
area Since no gardens or fruit trees were observed in the immediate
cinity of the tailings, it seems likely that the Mexican Hat case is
ntermediate between these two cases but probably nearer the atter
The average maximum total-body dose estimated for the no-grown-food case
was only 2% of that for the all-grown-food case Since the average
population total-body dose for the two sites and two milling processes
considered by Sears et al.” was only 1.0 man-rem, it seems likely that
potential health effects of the Mexican Hat tailings through the food

pathways are small as compaied to the other pathways

SUMMARY AND CONCLUSIONS

The inactive uranium-mill tailings at the Mexican Hat site contain
a large amount of “““Ra Thus far, no effort has been made either %o
stabilize the tailimgs or to restrict accecs to the area. The local
topography and the prevailing winds favor movement of tailings particles

north and northeast toward the San Juau River and the small community of




surface distribut L2k in the
Mexican Ha
aminated areas, most o have not been
from the tailing C 3 ¥
13 sporte ill be helpful in guiding
The direct gamma-ray
be undertaker
1570) pR/hr measured 1 m above the 3 ). 2 (east
while the corresponding value for the No wes tailings ¢
(maximum 880) pR/hr and, in the former mi area (now used
school), the average level s 180 (maxi 57 pR/hr since
uranium ore was stored on the ground 1r 1 area, the higt
level observed could be due to ore part . rather than tail
Other than dismantling the former will n ng, no apparent effort

been made to reduce the radiation leve, t area

Analysis of surface and ncar-surface soil samples for “*"Ra con-
firmed the spread of tailings and/or ore particles indicat by the
gamma survey, especially in the north and r east directions from the
tailings The maximum “““Ra concentratio

outside the tailings area was 314 pC n the former mill area

one exception, all the water samples from the vicinity of the

contained “#““Ra concentrations of less thar liter The ex
was a small stagnant pond

In spite of the high levels of ?%Ra in surface soil, the few mea
urements of radon daughters (made in the Salt Palace) reported here
a few measurements of radon and radon daughters reported by
this site were not excessively high, according to the Surgeon Ge

tior

guidelines.'® Calculation radon concertration as a func
tance and direction from the center of the tailings area enat

estimation to oe made of potential health eff s among four poy

groups resulting from inhalation of radon daughters The

weighted increase in risk of death from lung canc
radon from the tailings is 0.2%/year,
Thic compares to an increase in ncer ri 0 ers and
the former mill site of 0.5%/year from dire ay exposure
No evidence was found to indicate that cant health effects
occur from exposure through other possible pathways than those

considered above




CES (Cont'd

gulations, Title 40, Part 141 (July 9, 1976
Department of Health, Education and dJelfare National Center
for Health Statistics, Final Mortalit tatiatica, 1875, Monthl,
Vital Statistics Report, Vol. 25, No. 11, Supplement (February 1],
Snelling, "Environmental Survey of the T 11 Tailinc 1977).
Hexican Hat, Uta : 17 13. National Academy of Sciences-National Research Council,
v " s ..‘ IO e
Douglas and J. Ir., r ati . vdiation (RETR Report) (November 1972)
echnical = LV-75-5 (August 14. W. M. Culkowski and M. R. Patterson, A Compraie
manaport and Di yion Model, ORNL-NSF-EATC-19 (1975).

Bacon and Davis Utah Inc. Phase 1l tle | p r o : :
© : 15. . 5. Department of Commerce, NOAA, Environment Data Service,

sahility Classes (STAR Progrz-

{“““““ }”’ : eymington, Hew Mezico, May 1983-April 1964, Job No. 12160,
LG Enersy 31 National Climatic Center, Asheville, N. C., August z8, 1970.
‘ +la, WASH-124 1974). 16. P. J. Walsh, "Dose to the Tracheo-bronchial Tree Due to Inhalation
= ':""'"" ental Protect Y of Radon Daughters," pp. 192-203 in the n

Miduear Surmosiwm, Health Physics vietu, Saratoga Springs, “New
York, October 11-13, 1976.
sears, R. E. Blanco, R. C. Dahl 5 . . . » : a 2 =
17. . S ironmental Protection Agency, Region VIII,

Witherspoon, ti . . ; : Ty SR e e v ;A 2y

. BSA/TIB-24, Denver, Colorado (July 1973).
fardin, and H. W. Calle - . . . :
Hardin, s 8. P. Bradford, Utah Navajo Deveiopment Council, Blanding, Utah,

private communication, March 1978.
o ) Surgeon General of the United States, Code of Federal Regulations,
1-76-001 (January 1 . g » Title 10, Part 712-G 1 Junetion Remedia 1 ’ F
S , Title 10, Par 10 CFR peaiater, Vol. 41, No. 252, December 30, 1976.

Public Health Service, Publication 95¢

(19€




PHASE |

Report on Conditions of Uranium Mill Site and Tailings

at Mexican Hat, Utat

Site visited May 16, 1974 by
Gordon T. Brown, Lucius Pitkin, Inc., (Con-

tractor to USAEC), Grand Junction, Colorado

jenicy,

t
Jon Yeagley, Environmental Protectior Ager
/1

Region VIII, Denver, Colorado

David E. Bernhardt, Environmental ytection
Agency, Las Vegas, Nevada

Blaine Howard, Utah Divisi

Salt Lake City, Utah

This Phase | site investigation was conducted
under a cooperative agreement amon) the Atomic
Energy Commission, the Environmen:al Protec-
tion Agency, and the State of Utah The
report was prepared by Lucius Pitkin, Inc.,
under AEC Contract No. AT(05-1) 912, and i
reproduced directly from the best available
copy with color photographs from the original
report changed to black and white




REPORT ON CONDITIONS OF URANIUM MILLSITE AND TAILINGS
AT MEXICAN HAT, UTAH

Introduction

Pertinent information has been accumulated from available records of the
AEC, EPA, the States and coampanies involved. An on-site visit was made
to note current conditions, including the millsite and the tailings
disposal area, 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 I1).

This report on the site at Mexican Hat, Utah. was priopared jointly by
the AEC, the EPA, and the State of Utah's Division of Health, Environ-
mental Health Administration.

Summary and Conclusions

The uranium mill near Mexican Hat, Utah, is on the Navajo Indian Reservation.
The mill operated from November 1957 to February 1965. In that time the mill

processed 2.2 million tons of ore and produced a similar quantity of tallings.

The site reverted to the control of the Navajo Nation in 1970 and a trade
school has been established in some of the buildings. All of the milling
equipment has been removed. None of the millsite or tailings area is fenced.

The tailings are in two large piles. The western (No. 1) pile covers about
18 acres east of the mill buildings. The castern (No. 2) pile covers about
32 acres at a lower elevation immediately east of the No. 1 pile. The piles
are confined by higher grou-d on the south and west and by dams on the north
and east.

The surface of the tailings piles at the time of the site visit were fairly
well crusted, but some wind erosion occurs from southwest to northeast in
the direction of the prevailing wind, which is also the direction of the
surface drainage. Water erosion is minimal.

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

I. Move drifted radioactive material from the area northeast
of the tailings pile, the mill area, and other areas to
the tailings piles; contour and cover the piles and stabilize
tham

Determine measures necegsary to divert surface runoff
from the tailings.

Determine measures nece y » prevent runoff water
from going directly f t tailings area to the San
River.

Perform more detailed radiometric :arveys of the mill
school, and housing areas m 1 determine need for correc
action.

Location

The site of the Mexican Hat uranium mill is at 37°07'5L" North latitude
and 109°52'30" West longitude on the Navajo Indian Reservation about 1.5
miles southwest of the Mexican Hat crossing o: State Highway 47 over the
San Juan River in San Juan County, Utah. Figure 1 is a map of the area.
Aerial Photograph 1 taken in June 1974 views the area from the millsite
to San Juan River.

The =ill was built by Texas-Zinc Minerals Corporation and operated by that
company {rom initial startup in late 1957 until it was acquired by Atlas
Corporation in 1963. Atlas operated the mill through its subsidiary,

AZ Minerals, until shutdown early in 1965. Ownership has aow reverted to
the Navajo Nation,

History of Operations

The Medican Hat mill operated from November 1957 to February 19%65. In
that time the mill processed 2.2 million tons of ore, with an average

grade of 0.26 percent UJC , and produced 5,692 tons of U,0g in concentrate
for sale to the USAEC. lﬁamgrnph 2, looking norchcnste;ly, is a view of
the mill area during the operating period.

Much of the ore processed at Mexican Hat came from the White Canyon area
and contained a considerable amount of copper sulfide and other sulfide
minerals. To recover this copper the ground ore was treated by froth
flotation and both the flotation concentrates and tailings were then acid-
leached separately. The leached flotation concentrates were filtered to
recover a final copper product, and the filtrate was then combined with
the main circuit leached slurry cbtained from the flotation tailings. A
five-stage countercurrent thickener circuit was used to separate leached
solids and pregnant liquor which was then clarified before solvent
extraction. The loaded organic solvent was stripped with ammoniua nitrate
solution which was then neutralized with magnesium hydroxide to precipitate
the final uranium product.




Present Millsite

Since the millsite reverted to the ownership and coatrol of the Navajo
Nation in 1970, a Navajo trade school operated by the Uteh Trades
Commission has been established in some of the buildings. The school
teaches carpentry, welding, etc., and operates a Job placement service
for its trainees. It has 100 or more students.

There are two tailings piles bounded by fairly steep hills oo the south
and lying on ground that slopes gently toward the San Juan River avouc
one-half mile to the northeast. The No. 1 pile begins about 600 feet
east of the mill bulldings and covers an area about 18 acres. The
No. 2 pile covers about 32 acres immediately east of the dam lmpounding
the first pile, The total quantity of tailings is estimated at 2.2
million tons with an average grade of 0.02 percent ujoa‘

Teilings to each pile were distributed by a cyclone separator which built
up the dams with coarse sand and allowed the slimes to flow toward the
lover surfaces in the center and southwestern parts of the piles.

Tailings dams were cut through by water erosion in everal places, but
most, if not all, such cuts were repaired with a new berm built inside

the old one. (Photograph 8). The surface of the piles at the time of
the site visit were crusted, especially on the No. 2 pile. Some soft,
loose, fine-grained material was observed along the southwest edge of the
No. 1 pile (Photograph 4) and some wind erosion was observed on the north-
eastern berm of the No. 2 pile. The prevailing wind is apparentl; froa
the southwest and sowe wind-blown material can be seen northeast of the
No. 2 pile. (Photograph 15). Dikes have been built north and northeast
of the tailings piles in the washes in an effort to reduce the amount of
material washed or blown off the piles from being vashed on down to the
San Juan River., (Photographs 10, 11 and 15). Dikes and diversion ditches
were built in 1966 immediately south and west of the tailings piles to
divert surface runoff from the higher ground away from the piles.

Environmentsal Considerations

Assuming secular equilibrium, the theoretical concentration of Ra-226 is
784 pCi per gram of tailings and the total Ra-226 inventory theoretically
in the 2.2 million tons of tailings is estimated at 1,560 curies.

P i Two Radium Monitoring Network water quality surveillance stutions were

cstablished on the San Juan River. The station upstream from Mexican
URANIUM MILL TAILINGS AND CONTIGUOUS AREA Hat operated from December 1961 until April 1972 and the mean Ra-226

MEXICAN HAT, UTAH concentration during this perioZ was 0.13 pCi per liter. The downstream

station operated from December 1961 until October 1970 and the mean Ra-226
concentration for samples obtained was 0.17 pCi per liter. 2/ The
maximum permissible concentration of Ra-226 in drinking water for the
general population is 3 pCi per liter.

Figure 1




An EPA mobile gamma scanning survey of Mexican Hat found only one anomaly
related to tailings in addition to those at the millsite. Tailings were
apparently used under the floor slab for a business building used as »
laundry and for storage. A similar EPA survey in Bisnding, Utah, 52 miles
to the north found 10 anomalies related to tailings, two of which were
determined to be caused by tailings under structures. The tailings at
landing might have come from the Mexican Hat mill or from the Monticello
mill (which is closer) or possibly from other sources.

The population nearest to the Mexicen Hat millsite and tailings is in

the former company housing, where about 70 families or 250 people reside
about one-half southwest of the millsite. The elementary school is

about a third of a mile southwest, between the millsite and the residence
area. The prevailing wind {s from the southwest, directly away from the
populated area toward the millsite and tailings area. The older settlement
of Mexican Hat, at the San Juan River crossing, is about a mile north of
the tailings area.

R. N. Snelling reported in January 1971 the results of a radiological
survey done in May 1968 at the request of the Director, Division of Indian
Health. Average gamma radiation measurements were at background level in
the housing area southwvest of the millsite, five times background in the
mill area, snd 15 times background in the tailings area. Individual
measurements ranged from below background in all areas to as much as 100
times background in the tailings area. 3/

Radon-222 measurements were at background levels in the housing area. Two
samples in the mill area were respectively two and five times background.
The measured radon concentrations were higher in the tallings area, the
highest of all being about 40 times background northeast and downwind of
the tailings piles. In comparison to samples collected in other areas,

it is possible that measured radon levels will cause elevated working
level exposures to occupants of the mill site structures.

None of the millsite or tailings area is fenced, and there is no apparent
regtriction on entry to the tailings area, nor is there any evidence of
entry.

*lGOFO;Ozi

The average annual precipitation is about 5.5 inches and the average
annual temperature S57°F. Prevailing winds are southwesterly.

Hydrology

The tailings piles are near the heads of small dry wash channels tributary
to Gypswas Wash, an intermittent tributary of the San Juan River. (See map,
Figure 1). Channel distance from the No. 2 tailings dam to the San Juan
River is about a mile.

1 7 3 lthough ground water samples near
Snelling (op. cit.) concluded that alt :

the v:ul;ngs showed uranium concentrations signi !‘zcut.}y above background,
both the uranium concentrations and the soluble Ra-226 concentration are
still well below the recommended LOCFR20 concentration guides.

i lings piles will gradually be
Teilings now in the wvashes below the tal "
removed by flash flooding and will subsequently be diluted by the San Juan
River. Surface water quality is not expected to be adversely affected ir
the tailings piles are stabilized.

Site Visit

The Mexican Hat site was visited on May 16, 1974, by the fcllowing
personnel (team):

Gordon T. Brown, Lucius Pitkin, Inc., (Contractor to USAEC),
Grand Junction, Colorado, .

Jon Yragley, Environmental Protection Agency, Region VIII,
Denver, Colorado, )
David E. Bernhardt, Environmental Protection Agency, Las Vegas,

Nevada ‘
Blmne.}{ovu'd, Utak Division of Health, Salt Lake City, Utah.
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Soil Sampling and Measurement of Radionuclide

Concentration as a Function of Depth in Soil

A monitoring and sampl!ing procedure was established for this pro-
ject in conjunction with FBADU to measure the radionuclide concentration
in s011 as a function of depth At each site, a set of 15-cm (6-in.)
diameter holes was drilled through the tailings and into the subsoil A
polyvinyl chloride (PVC) pipe (7.6 cm o.d.), 2aled on one end, was
lowered i7'0 each hole, and measurements were made of gamma-ray intensi-
ties as a function of depth A 15-cm-long Geiger-Mueller tube shielded

with a lead cover containing collimating slits was used for this purpose

by lowering it inside the PVC pipe for measurements Signals from this

detector were counted using a portable scaler.'’

After gamma-ray vs depth profiles were determined, the positio
the interface between tailings and subsoil was estimated. Once com-
pleted, the drilling rig was moved approximately 1.2 m (4 ft), and
another hole was drilled to the interface level Samples of soil core

§

were then collected as a function depth using a split-spoon sampler
(each core section was 0.6 m iong)

Most of the penetrating gamma radiation monitoresd is attributable
to 4*“Ra and its daughters Therefore, a calibration factor for “<“Ra
concentration was determined for the collimated gamma--ay probe by com-
paring the response of this unit (counts per unit time) with a measured
value for the radium concentration (picocuries per gram) in several soil
samples determined by a gamma-ray spectrometr technique. A least-

squares fit of FBADU data (first probe) from this comparison yields the

equation

For this case, R is the 22°Ra activity in picocuries per gram and C is
the observed response of the collimated gamma-ray detector n counts per
minute: there were 16 background counts per minute for the gamma-ray

detector




The above expressior 1S U 1] in estimating the overal
tion of radioactivity in the t 1igs as well as the total
radium in the tailings area surface soil samples were obtained
ly by removal of an approximately 3-cm-deeg ayer of s¢
of about 25 x 25 cm The same procedure 35 used to
15 cm (6 in.) below the surface except at e top 15-cm
was discarded and the sample was pmoved rom the next -cm yer
Each sample was dried for 24 ~ at 11 in order to remove mois-
ture The samples were then pulverized n a high speed rotary crusher
having plates adjusted to provide particle larger than £ pm The
soil was dispensed into 25-ml polyethylene vials o pe used for
liquid scintillation counting and sealed tight A sc 5 le nor-
mally consists of 12 of these vials. The
vials was measured to the nearest tenth of
The sealed sample vials were a period
allow attainment of equilibrium between #?Ra and its short-lived daugh-
ters Radon-222, which has a radioactive half-life of 8 days, wil
reach the same activity as its long-lived parent, 226Ra, about 30
days The short-lived progeny of #*““Rn will have reached ec ilibrium
within the same time. Determination of the activity of any of the
daughters in the sample will reflect ??®Ra activity After equilibra-
tion of radon daughters, the 12 sample vials (or smaller number) were
inserted into a sample carousel or holder (Fig. II-1) that wa ylaced on
a Ge(Li) detector for counting as described in the section on gamma-ray

spectrometry below.

Field Laboratory Facilities and Equipment

A 20-ft mobile laboratory van was used as a field office and for
transporting instruments. This van contained an alpha spectrometry
counting system for air samples along with air sampling equipment; a
Johnston Laboratory radon monitor complete with Lucas-type flasks and an
evacuation manifold; gamma-ray detectors; miscellaneous electronic test-
ing equipment; and standard calibration sources. A trailer-mounted,

gasoline-powered 12 kW motor generator, pulled by the van, was used to

L-Photo ¢

SAMPLE

/Hc_osn

Fig. I11-1. Horizontal mounted Ge(Li) detector system used
counting soil samples (carousel-type sample holder is shown in
counting position).
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supply electrical power

de requlated

d field laboratory used
conditioned semitrailer with running
suppli It served as an instrument ca
workshor Tt trailer required electrica
source During most of this project, the tra

ary field off

Gamma-Ray Spectrometry

A Har integral i Nal ( ) crystal, a high
detector, sed to scan all s: . r a preliminary
<2bRa activit i detector « used i 3 "pickle barr
shield, lined with copper and admium to pld x-rays Sigr
the crystal were sorted by a computer-based (PDP-11) pulse-he
lyzer The computer was programmed to control all functions
ar‘va)yrns and counter, to analvze the data, and to print out
tically weighted average of the “*“Ra activity per unit mass
vantage of this counting arrangement is that it permits quick
samples can be scanned at the rate of about six per hour (minimum count-
ng period is 5 min).® An energy calibration of the Nal crystal and
analyzer was obtained by standardizing with ®7Co, '*7Cs, and %“C An
efficiency calibration was obtained through daily counting of a uranium
a[amjard’ (0.05% uranium mixed with dunite, particle size 5 pm)
Radium-226 is in equilibrium with the uranium, and this isotope and its

daughters provide a source of gamma-ray lines for calibration

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

t :
Standard uranium sample obtained from the former Atomic Energy
Commission New Brunswick Laboratory

the concentration of radionuclides in soil samples
ng all samples with one of three high resolu-
These high resolution counting systems

mounted 50-cm® Ge(Li) crystal positioned on a

vement into and out of a lead shield (Fig. 1I-1), and two

(Fig. 11-2) The detector systems were

photon spectra of the soil samples. Signals

Ge(Li) crystal were routed to a 4096-channel pulse

signals from the other two Ge(Li) crystals were

2688 channel regions of a computer based pulse height

yles were counted for periods long enough to eval-

ntration to a statistical accuracy of 5% or better

spectra > horizontally mounted Ge(Li) detector were recorded on

magnetic tape and stored for later analysis using the ORNL IBM computer

system

The computers were programmed to sort out peaks from 232Th daugh-

ters including the 909 and 967 keV peaks from 22%Ac, the 239 kev from

212pp  and the 2614 and 583 keV peaks from 29871 These data permitted

measurements of the 23%Th concentration and data are reported for many
of the samples

Energy calibration of the Ge(Li) detectors was controlled through

the use of isotopic sources of 57Co, 22Na, '37Cs, %°Co, ®8Y, and *°K.

A calibration check was completed each day prior to beginning sample

counting. In order to maintain linearity of the ADC's, a spectrum

stabilizer was utilized. This instrument can be adjusted so that two

individual photon energies are detected and maintained in two channels

at separate ends of the scale. These two calibration points helped

maintain an energy span of 1 keV per channel. Efficiency calibration

was obtained through the use of the same uranium ore standard samples as

for the Nal crystal. An analysis of the counting data was accomplished

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




near least-squares ng ' ad justed

of interest were compared with an extensive
Data from the computer were presented for each

3 weighted mean with standard deviat

ternal Gamma-Ray Dete

A gamma radiation survey was made on round the mill
tailings pile The instrument used for these measurements was a
gamma-ray dosimeter The basic unit was a 15-cm- (6-in.) long
cm? nlass-walled organic-filled Geiger-Mueller (G-M) tube with ar
compensation shield made of tin and lead Pulses from this uni
ounted with a battery-powered portable scaler Typically, G-M
are not used for dosimeters because of a peaked response at low photc
energies However, perforated layers of tin (1 0 mm), and lead

! mm), were used as an energy compensation filter to flatten this

response at photon energies below about 200 keV Sealed sources

s and “?°Ra were used for ralibration It was found that the
response of this detector was 1 mR/hr = 3400 cour

For each gamma-ray-exposure rate measurement, at least three 1-min
counts were recorded The mean of these readi s instrument back-

external gamma rays

Radon Daughter Sampier*

Radon daughter concentrations were measured with a sampling and
counting instrument which has been in use at ORNL for several years,*

and it was also used to make some comparative measurements in the reme-

dial action program in Grand Junction.® The filter counter for this sam-

pling device, shown in Fig. II-3, utilized a modified gas flow alpha

*This section and the following section contain descriptions of de-
vices and methodologies typically used in the radiological surveys of
milling facilities They are included in each report in this series.
However, in some instances, the measurements were not possible
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counter for housing a 45 ¢ silicon diode Normall this type

tor is operated in a vacuum chamber However, in is case,

found that by flowing helium at atmospheric pressure through the
absorption of alpha particles is small relative to absorpti

particle pulses were recorded with a 100-channel ar

A small “*"Th alpha source standard was used for standardizi

energy scale. Air that was monitored for radon daughters was sampl

3 rate of 12 to 14 liters/min. An absolute calibration of the

was provided through a comparison of the sampler mass flow

wet tesc meter Samples were normally collected for 10 min,

first count of the filter was started at 2 min after removal

sample and continued for 10 min For this case, a determinatior

made of the number of counts due to the decay of %!%Po (RaA) and “!*Po

(RaC'). A second count was started 15 min after removal of the sample

and continued for 15 min In this case, counts were recorded from the

decay of 4'%Po Data from the counter were stored in a pulse height

analyzer and reduced by computer The code for this analysis

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

this code were presented as concentrations of RaA, RaB, and RaC

addition, a value for the working 1 1 concentration was also provi
J

along with an estimate of the error associated with each reported val

Radon Monitor

The instrument used by ORNL to measure radon concentrations in air

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

*LLRC-2 Low Level Radon Counting System manufactured by Johnston
Laboratories, Inc., Baltimore, Md.
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Water Sampling and Analy

Water samples are obtained at appropriate p

nts on and around
the mill site, labeled and stored for

later analysis Each
45-um filter to
he samples are then analyzed
described in this appendix

sample is centrifuged and filtered through a
remove suspended solids. Tt

VY

radiochemical techniques as
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s ”n >top the de-emanation process after 30 min
Procedure for the Sequential Determination of £20Ra, 230Th,

[solate the radon trap

21¢ , : A the gas flow, close the helium exit
and *19Pb in Water from Uranium Mil]

and the evacuated Lucas chamber from the remainder of the

P. M. Lantz system via stopcocks

Health and Safety Research Division
Oak Ridge National Laboratory e
Oak Ridge, Tennessee gen from the radon trap to allow the gaseous radon to dif-

Open the Lucas chamber stopcock and remove the liguid nitro-

fuse into the chamber. To hasten the diffusion, the trap
Radium-226 may be gently flamed
1.1 Filter the ~1.0 liter water sample using a vacuum flask and Bypassing the flask, use a controlled stream of helium to
#42 wWhatman filter paper to remove suspended particles flush residual radon into the Lucas chamber until near at-
Readuce the volume of the water sample, to which 10 m) of mospheric pressure ha; been reached Stop the gas flow and

concentrated HNO, has been added, to less than 250 ml by close the stopcock on the Lucas chamber

evaporation. 1.8 After a delay of 3.0 to 3.5 hr to permit the Rn to reach
Transfer the solution to a 250-m1, long-neck, tapered-joint, equilibrium with its daughters, place the Lucas chamber over
flat-bottom Pyrex boiling flask Insert a Teflon-coated a photomultiplier tube and count the gross alpha for 30 min.
magnetic stirring bar. Add 37 ml of concentrated HNO3 to 1. Subtract the Lucas chamber background, counted under the
make the final concentration 3 Insert the modified, same conditions, from the gross count. Divide the net count
female, tapered joint with gas diffuser and side arm with by three to obtain the 222Rn count at that time Correct
stopcock. Seal off the gas inlet and close the stopcock to the count for time elapsed since de-emanation was terminated

assure containment of 222Rn in the flask. Store for at and the efficiency of the Lucas chamber for converting alpha

least 30 days to await attainment of 226Ra-222Rn equilibrium discharges to scintillations (~85%). Report the 228Ra in
Next, connect the 250-ml de-emanation flask to a helium

equilibrium with 222Rn as picocuries per liter
source and the radon trapping system. Attach an evacuated

Lucas chambe Flush the system with helium gas whils by-

s c ¢ 1 N i 2
passing the flask Stop the gas flow. Immerse the unfired Thorium=-230
Vycor radon concentrator in a liquid nitrogen bath Be sure 2.1 Transfer one-half of the water sample remaining from the

the upstream exit for helium gas is open Start the mag- radon de-emanation process (3 ¥ HNO3) to a Pyrex beaker for

netic stirrer. Open the flask side arm stopcock to the volume reduction on a magnetic stirrer hot plate

system and start helium gas flowing through the Tigquid at a . .2 Add 0.7 g AI(NO3)3 - 9H,0, 2.0 ml (20 mg) Pb carrier, 1.0 mI
rate not to exceed 2.8 liters/hr The radon-helium stream (20.9 mg) Bi carrier and 5,000 to 10,000 cpm of 234Th tracer

is dried and stripped of organic condensable components by to the water sample before reducing the volume to approxi-

KOH and ascarite traps Radon is condensed on the Vycor at mately 20 ml

liquid nitrogen temperature and thus separated from the Should the sample solution contain undissolved salts, sepa-

helium gas carrier.

~

rate liquid and solids by use of centrifuge Dissolve the




solids by heating with a minimum volume of distilled water
or dilute HNO;. Combine the dissolved solid with the origi-
nal supernate. Should silicic acid form in the solution
during volume reduction, as evidenced by its deposition on
the beaker walls, cool the solution to room temperature and
centrifuge. Add an equal volume of concentrated HNC; to the
supernate. Wash the solids with a small volume (5.0 ml) of
8 M HNO3 and centrifuge. Combine the wash with the adjusted
supernate. Discard the solids. Keep the solution cool in
an ice bath during precipitation of hydroxides with an ex-
cess of ammonium hydroxide to minimize the formation of
silicic acid from dissolved silicates. Let stand 5 to 10
min. Centrifuge, pour off the supernatant liquid, and wash
the precipitate with dilute ammonium hydroxide. Discard the
supernatant and wash liquids Dissolve the solids in 10-20
ml of 84 HNO;. Should the solution contain suspended sili-
cic acid, centrifuge, wash the solids with 5 ml of 8% 4NO,
and combine the supernatant liquids Discard the solids
Transfer the 8 ¥ HNO; solution to a conditioned Dowex 4 x 1
anion exchange column 5 mm i.d. x 10 cm long (~2.0 ml vol.)
The column is conditioned by passing through it at least
5 column volumes (10 ml) of 8 ¥ HNO, The anion-complexed
thorium adsorbs on the resin column to the exclusion of the
cations. Wash the column with 10 ml of 8 ¥ HNO, to remove
residual bismuth. Combine the effluent and wash solutions
and save them for lead and bismuth recovery

Strip the thorium from the column with 5.0 ml of distilled
water followed by 10 ml of 6 M HCI.

Convert the chloride to the nitrate by adding an excess of
HNO; and reducing the solution to near dryness on a hot
plate. Dissolve the solids in 5.0 ml of 0.1/ HNO,

Transfer the 0.1 & HNO; solution to a conditioned Dowex 50 x
1 mm cation exchange 2.5 mm i.d. x 7 cm long (~0.4 ml vol.)

The column is conditioned by passing 5.0 ml 8 ¥ HNO, through

aind then washing it free of excess acid with distilled
water as indicated by 1ilmus paper
Wash the column with 5.0 ml of 2 ¥ HCl to remove traces of
bismuth and other weakly bound cations
Strip the thorium with 5.0 ml of 8 ¥ HNO, and reduce the
volume of the solution to a few drops by evaporation
Transfer the solution with a suitable pipette onto a 2-in
stainless-steel disc supported on a hot plate by a steel
washer 0.75 in. i.d. x 1.5 in. o.d. Dry slowly to minimize
the deposit area at the center of the disc. Fire the disc
to red heat with a gas torch to r2move carbonaceous mate-
rials.
Determine the thorium yield by counting the 234Th beta with
an end window counter and compare it with a mounting of like
count of the 234Th tracer used in the analysis.
Determine the 23°Th alpha disintegrations per minute (dpm)
by pulse-height analysis using a diode pickup in a helium
atmosphere. Compare the counts of 23°Th alpha in the sample
with those in a 239Th standard mounting whose dpm is known

To correct for the contribution of 23%Th which may be in the

234Th tracer, pulse analyze the 234Th mounting. Subtract

the contribution from the tracer after correcting for yield
to obtain the net 230°Th content of the water sample
Calculations

230Th(pCi/liter) = C'S'g?'

Water sample net alpha (cpm)

230Th standard (dpm)

230Th standard (cpm)

Fraction of 234Th tracer recovered
= Volume of sample (liter)

2.22 d/(m-pCi)




Evaporate the Dowex 4 x 1 effluent and wash from Step 2.4
~20 ml Cocl and slowly add ammonium hydroxide, whi
ring in an ice bath, until hydroxide precipitation barely
tarts Add 1 to 2 drops of concentrated HNO; to each 10 m
f solution to give an acidity of 0.2 to 0.4 ¥
lowly bubble H,S “hrough the chil solution to precipitate
metal sulfides. Let the mixture stand 10 to 15 min and cen-
trifuge. Discard the supernate Wach the sulfides with 5 to
10 m1 of H,S-saturated 0.2 ¥ HNO, solution. Centrifuge and
discard the wash
Dissolve the sulfide precipitate in a minimum o concentrated
HNO; by heating in a hot water bath. Dilute with 5 to 10 ml
of distilled water and filter out the suspended sulfur on #42
Whatman filter paper. Wash out the centrifuge tube and filter
with 5 to 10 ml of distilled water
Transfer the solution to a centrifuge tube and precipitate
hydroxides with an excess of ammonium hydroxide. Digest 10
min in a hot water bath. Cool, centrifuge, and wash the pre-
cipitate with 5 to 10 ml of dilute NH,0H. Discard the suvper-
natant and wash liquids.
Dissolve the hydroxides in a minimum of concentrated HNO; and
di'ute to 10 m1. Add 0.5 ml of concentrated H,S0, to precipi-
tate PbSO4. Digast 15 min in a hot water bath, cool, centri-
fuge, and wash the PbSO, with distilled water Save the
supernatant and wash liquids for bismuth recovery
Transfer the PbSO4 slurry onto a tared #42 Whatman filter
paper disc which is supported by the perforated fixed plate of
a Hirsch funnel. Dry the PbSO, and paper with ethyl alcohol
followed by ethyl ether
Weigh the filter paper and PbSO, to determine the yield of
210ph,  Store the 219PbS0, sample for 30 days to allow the
210pp to reach equilibrium with its 21987 daughter. The 219Bj

beta is counted in a low-level gas-proportional counter with a

1-mil-thick polystyrene cover to

emissions

Add pellets of NaOH to the bismuth solution from

precipitate bismuth hydroxide Digest for 10 min in a hot
water bath, cool, and centrifuge wWash the precipitate with
10 m1 of distilled wat r Discard supernatant and wash
liquids

Dissolve the solids 7 a minimum of HNO, Add 3-4 drops of
concentrated HC1 and dilute to ~40 m] with hot distilled water
to precipitate BiOC) Digest for ~45 min in a hot water bath
or until the precipitate has settled

Pour the hot supernatant liquid through a tared #42 Whatman
filter paper supported by a perforated, fixed-plate, Hirsch
funnel Slurry the BiOC1 onto the filter paper disc with
small portions of hot distilled water. By means of a stirring
rod, guide the deposit to the center of the disc Ory with
ethyl alcohel and ethyl ether

Weigh the BiOC] and filter paper in order to determine yield

Count the 5.01 day 2!°8i beta, which is in equilibrium with
210ph, in a low-level, gas-proportional counter The counting
efficiency of the counter is determined by counting several
similar mountings having known 2198j disintegration rates,
with varying weights of BiOC1 from which a calibration curve
1s constructed.

Refer to the calibration curve and convert cpm to dpm by means

of an efficiency factor for the weight of sample in question

.14 Cailculation

210ph + 210§ (pCi/liter) = AS

( F

Beta count minus background (cpm)
Correction for decay fron Pb separation time

to counting time




Counter effiziency
Fraction of Bi recovered
Volume of sample (liter)
2.22 d/(m-pCi)

4.0 Reagents

4.1
4.2

Aluminum nitrate.

Lead carrier, 10 mg/ml. Dissolved 8.0 g Pb(NO3), in dilute
HNO; and dilute to 500 ml with water.

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

Thorium tracer, 234Th. Pretreat a 30% Adogen 364-Xylene solu-
tion by extracting it with an equal volume porticn of 2 ¥ HNO 4
for 2 min. Dissolve 5.0 g of recently depleted 238U (as U304)
in 2 & HNO3. Extract the thorium and uranium with an equal
volume of pretreated 30% Adogen 364-Xylene in a separator
flask by hand shaking at least 2 min. Separate phases and
strip thorium from the solvent with 10 m] of 10 & HC) Con-
vert the chloride solution to 2 ¥ HNO; solution for a repeat
extraction with solvent to remove traces of uranium The
second 10 ¥ HC1 strip is again converted to the nitrate for
counting the 294Th beta on a stainless steel disc. The mount-
ing should be examined in a pulse-height alpha analyzer for
the presence of 23°Th. Should the 23°Th level be significant,
then another source of depleted 233U should be sought, or
alternatively extract the 234Th from a batch of 238U from
which the thorium had been extracted 1 to 2 months previously.
Ammonium hydroxide, concentrated.

Nitric acid, concentrated.

Hydrochloric acid, concentrated.

Sodium hydroxide pellets.

Sulfuric acid, concentrated.

4.10 Hydrogen sulfide gas

1

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

Apparatus

5.1 Radon de-emanation train with radon concentrator® and

Lucas

chamber.
Radon photomultiplier counter
Modified' 250-m1, flat-bottom, boiling flasks
Other counting equipment--G-M beta counter; low-leve)
proportional beta counter; pulse-height spectral alpha
zer.
Stainless-steel alpha counting
Laboratory centrifuge
.7 Pyrex centrifuge tubes, 50 ml
8 Beakers, assorted.
9 Ion exchange columns.
.10 Dowex 4 x 1 and Dowex 50 x 1 exchange resins.
.11 Hirsch fixed plate funnel.

*The radon concentrator consists of a 20-cm-long U-tube constructed
from 6 mm o.d. Pyrex glass tubing. Ten centimeters of the U-section is
filled with 20 to 40 in. unfired Vycor which has a large surface to
volume ratio. When the tube is immersed in liquid nitrogen and radon-
laden helium gas passes through the tube, the condensable radon adheres
to the Vycor surface. The stripped helium gas exits the syste Upon
removal of the coolant the radon vapor diffuses through 10 to 15 cm of
capillary tubing to the evacuated Lucas chamber Flushing the U-tube
and attached capillary tubing with 20 to 30 ml of helium transfers
essentially 100% of the :adon to the Lucas chamber. Since the effi-
ciency of Lucas chambers for counting alphas may vary from 75 to 85%, it
is necessary to calibrate each chamber with an equilibrated 22%Ra stand-
ard solution.

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