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2. The Commission will review all determinations of the State
Historic Preservation Officer with respect to sites whose status
(eligibil ity) has to date been found to be "undetermined" or which
are subsequently reported to the Commission as a r~sult of surveys
or discovery during the conduct of the undertaking. If the
Commission concurs with the determinations of the SHPO. the
Commission will take the indicated administrative action (i .e .•
amend TableA. as referred to in the license conditions). If the
Commission does not concur with the determinations of the SHPO.
it will request the comments of the Council before any adverse
effects upon such sites are permitted.

3. The Commission will consult with the SHPO with respect to any
data recovery program to be undertaken by the licensee to mitigate
adverse effects and with respect to the monitoring program which the
licensee will be required to implement. If the Commission concurs
with the recommendations of the SHPO. it will require the licensee to
institute programs in accordance therewith. Otherwise. the
Commission will request the comments of the Council before any
adverse effects upon the affected sites are permitted.

4. The Commission will consult with the SHPO with respect to the layout
of haul roads prior to giving its approval to any request of the
licensee with respect thereto.

5. The Commission will exercise its inspection and enforcement
authority in good faith to assure that the activities of the
licensee are carried out in accordance with its license and the
provisions of this Agreement.

6. The Commission will submit to the Keeper of the National Register
a request to expand the area of the Archeological District to
include the NEI/4 of Sectlon-33. T37S. R22E. when initial deter­
minations have been made concerning the significance of individual
sites within that area.
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PROPOSAL FOR THE CONTElITS OF A
MEMORANDUM OF AGREEMENT-

ENCLOSURES

1. Exhibit A - Map of the area south of Blanding, Utah. This map
shows the entire White Mesa and surroundtng areas. The area surveyed
for archaeological sites is delineated by the checked, heavy line.
This area covers all of the mill site with the exception of the N[~

of Section 33 as well as additional area in Section 32, T37S, R22E.
This map identifies by legal subdivision (sections) the District
boundaries.

2. Exhibit B - "Archeological Test Excavations on White Mesa. San
Juan County, Southeastern Utah," by LaMar Li ndsay, ~lay 197B.

Note: The Plot Plan for the White Mesa Uranium Mill is included.
The boundary of the mill site is delineated by the dark blue line
and the area for designation as an Archeological District is
delineated in pink. The pink line on the Plot Plan corresponds to
the checked line on the map referred to in the description of
Exhibit "A" above. The Plot Plan shows the individual archeo­
logical sites.

3. Exhibit C - "Additional Archeological Test Excavations and Inven­
tory on the White Mesa, San Juan County, Southeastern Utah," by
Asa S. Nielson, January 1979.' Photographs are glossy black-and-white.

4. Exhibit D - Report prepared by David Herrill of the Utah State
Historical Society. This report summarizes the findings of the
historic survey of the White Mesa Area.

5. Exhibit E - Ltr f"om Keeper of the National Ilegister. National
Park Service. 001 to IIRC. dated April 26. 1979.

NOTE: Exhibits A. B. C and D are common to both the Preliminary Case
Report and the proposal for a Memorandum of Agreement.



STATE Of l'TAH
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DEP.-\RT:\IEXT Of
DEVELOP:\IEXT SERVICES

J. Phillip Keene 1\1
Executive Director
104 State Capitol
Salt Lake City, Utah 84114
Telephone: (801) 533-5961

Scott ~.1. ~Iatheson,Governor

May 3, 1979

Mr. Ross A. Scarano, Section Leader
UranitllJ Mill Licensing Section
Fuel Processing and Fabrication Branch
Division of Fuel Cycle and

Material Safety
U. S. Nuclear Regulatory Ccmnission
Washington, D. C. 20555

HE: Proposal for the Contents of a HaJDrandum of Agreanent
White Mesa, San Juan County

Dear Mr. Scarano:

If you have any questions, please contact Wilson G. Martin,
801-533-6017, or Jim Dykman, 801-533-6000.

Sincerely,

~~
~'Ph~li;Keene III
Executive Director

and
State Historic Preservation Officer

The staff has revi~ the proposed meJDrandtlll of agreanent.
The meJDrandum of agreanent will ~atisfy the necessary
mitigation under the requiranents of 106 review procedures.

However, the a.grearent does call for scme unnecessary miti­
gation by the developer. We would like to review these
items individually at a later date.

E-8

cc: Energy FUels Nuclear, Suite 900, 'Ibree Park Central,
1515 Arapahoe Drive, Denver, CO 80202

WGf:jr:B74ffiJ

PS: Table A soould be amended to list sites 6391, 6436, 6437,
6445, 6686, 6697, 6757, 7696 in Eligible colum, instead
of Undetennined. The table is correct to the best of our
knowledge except for the above change.

DIVISION Of: INDUSTRIAL PROMOTION .' TRA\'EL OEVELOP~1ENT. EXPOSITIONS· STATE HISTORY. FINE ARTS
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APPENDIX F. RADON RELEASE DURING MILLING OPERATIONS

F.1 ORE PADS

The radon-222 release from the ore pad can be estimated by the following data and assumptions:

Area of the ore pads (A) 2.43 X 108 cm2 (6 acres)

Thickness of ore piles (t) . 670 cm (22 ft) - maximum case; and 305 cm
(10 ft) - equilibrium case

Radium-226 concentration (eRa) 423 pCi per gram of ore

Density of ore (p) 1.6 g/cm 3

Decay constant of radon-222 (A) 2.1 x 10-6 sec- 1

D Iv (diffusion coefficient/void 2.5 x 10-2 cm2/sec
efraction)

Radon emanation coefficient (generic 0.2
value given. actual ore from numerous
mines may vary widely) (E).

The radon-222 flux (J) at the surface of an area with a finite depth of uniform material may
be estimated:

where the symbols are as defined above.

The hyperbolic tangent factor corrects the infinite thickness radon 'flux for the thickness
of the pile. Substituting into this correction factor for a 670-cm (22-ft) pile and a
305-cm (10-ft) pile reveal that the radon release is reduced by 9 x 10-~ and 0.75%
respectively. This reduction is negligible so the piles may be considered infinitely
thick.

The radon flux (J) for an infinitely thick pile is given by

Substitution of the above values gives

J = (423 pCi/g)(1.6 g/cm3 )(O.2) "(2.1 x 10-6 sec- 1)(2.5 x 10-2 cmz/sec) = 0.031 pCi/w·sec •
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F.2 TAILINGS IMPOUNDMENT

423 pCi/g

1.6 g/cm3

0.2

5 x 10-2 cm2/sec (ref. 1. Table 9.29)

1 x 10-2 cm2/sec (ref. 1.
Table 9.29)

5.7 x 10-6 cm2/sec
(ref. 1. Table 9.29)

Radium concentration (eRa) of solids

Density

Emanation factor

D /v for dry tailings (8% moisture)e

De/V for moist tailings
(15% moisture)
De/V for saturated tailings
(37% moisture)

This value applied to botn the maximum and equilibrium stockpiles. as the flux is a function of
area rather than thickness.

JA = (0.031 pCi/cm2 ·sec)(2.43 x 108 cm2) = 7.54 x 106 pCi/sec = 7.54 ~Ci/sec = 240 Ci/year

For fill operations and prereclamation conditions the impoundment is assumed to have areas of
saturated tailings. areas of moist tailings. and areas of relatively dry tailings. The
following data and assumptions were used to determine radon-222 release rates from the
different areas.

Multiplication by the area gives the release rate:

J =J exp [-~YJ../(D /v).:J:. ],
P ~ e 'Z. 'Z.

i=l

The "infinite thickness" flux is calculated by the expression

J.. = CRapE "Y.>.(D/V)

Substitution of the above values gives

J... dry tails = 439 pCi/m2 -sec.

J... moist tails = 196 pCi/m2 -sec. and

J... saturated tails = 4.7 pCi/m2 -sec.

Based on the conservative assumptions of 40 ha (100 acres) dry tails, 40 ha (100 acres) moist
tails. and 20 ha (50 acres) saturated tails, the annual radon-222 release from the tailings
impoundment system is calculated to be 8064 Ci. Radon releases from ponded areas are
negligible. Radon-222 releases from dry, moist, and saturated tails are 5552 Ci/yr,
2482 Ci/yr, and 30 Ci/yr, respectively.

F.3 TAILINGS COVER REQUIREMENTS

The folloWing formula was used in calculating the reduction in radon flux produced by the
proposed cover system:
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where

i the ith layer of a multicomponent cover (n is the number of components) •

A decay constant for radon-222 (2.1 x 10-6 sec- 1 ) •

x = thickness of cover layer (cm) •

J = resulting radon flux after attenuation through cover (pCi/m2 'sec)

J = radon flux at the surface of the tailings (pCi/m2 ·sec) .
p

The cover proposed by the applicant consists of 61 cm (2 ft) of compacted clay overlain
by 1.2 m (4 ft) of silt-sand soil, a 1.8-m (6-ft) layer of rock overburden material, and
15 cm (0.5 ft) of topsoil. The estimated D~V for these materials are 1.2 x 10- 3 cm2/sec
for the clay and 2.2 x 10-2 cm2/sec for the rest of the cover. 2 The dry tailings
(8% moisture) infinite thickness flux of 439 pCi/m2 ·sec is assumed to model the 10ng­
term conditions for the system. Substitution of these values into the equation yields

J = (439 pCi/m2 ·sec)exp {-/(2.1 x 10-6 )/(2.2 x 10-2)(320) - 1(2.1 x 10-6)/(1.2 x 10-3)(61)}

(439 pCi/m2 ·sec)(3.42 x 10-3 )

1.5 pCi/m2 'sec •

As reported in the Supplemental Environmental Report 3 the average background flux is
0.64 pCi/m2 ·sec. Because of its thickness, the silt-sand material is expected to contribute
background f1ux,so the total radon flux would be essentially twice background. The proposed
cover is adequate for areas where there is no significant accumulation of slimes. The
applicant's proposed operating plan should prevent excessive sand-slimes segregation.

n
I I
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REFERENCES FOR APPENDIX F

1. R. E. Blanco et a1., Correlation of Radioaative Waste Treatment Costs and the Environ­
mental Impaat of Waste Efj1uents, vol. 1, Report ORNL/TM-4903, Oak Ridge National Labora­
tory, Oak Ridge, Tenn., May 1975, Table 9.29.

2, Energy Fuels Nuclear, Inc., Supplement to the Proposed Tailings Disposal System, White
Mesa Uranium Projeat, Oct. 16, 1978.

3. Energy Fuels Nuclear, Inc., Supplemental Report, Baseline Radiology Environmental Report,
White Mesa Uranium Projeat, San Juan County, Utah, Sept. 26, 1978, p. 15.
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APPENDIX G

CALCULATIONS OF TAILINGS PILE GAMMA RADIATION ATTENUATION

Assuming soil to be composed mainly of SiOz, the mass attenuation coefficient for 1-2 MeV
gamma ray is 0.0518 cmZlg. 1 (Most of the dose rate from a typical natural emitter is in
this range. Z) Assuming the gamma radiation from the uncovered tailings pile to be approxi­
mately 12 R/year (same as for Bear Creek project) and the bulk density of the soil to be
1.5 g/cm3 , the effect of the 3.28 m (10.75 ft) of soil materials proposed (excluding the
shale layer) would reduce the gamma radiation to approximately 10.3 pR year.

III = exp[-(~en/p)px] =exp[-(0.0518 cmZlg)(1.5 g/cm3)(328 cm)] =8.5 x 10-lZ ;
o

I = (8.5 x 10-lZ)(12 R/year) =10.3 pR/year .

The background radiation dose as measured by the applicant3 is 77.7 mR/year. The' gamma
radiation from the deposited tailings would be insignificant compared to the natural
gamma background.

REFERENCES FOR APPENDIX G
c

1

2

3
>.,.

;~

E"
~;

U.S. Department of Health, Education, and Welfare, Radiological Health Handbook. U.S.
Government Printing Office, Washington, D.C., January 1970, p. 139.

H. May and L. D. Marinelli, "Cosmic Ray Contribution to the Background of Low Level
Scintillation Spectrometry," Chap. 29 in The Natural Radiation Environment. J. A. S. Adams
and W. M. Lowder, Eds., University of Chicago Press, Chicago, 1964.

Energy Fuel s Nucl ear, Inc., Supplemental Report. Baseline Radiology Envir0l111Uintal. Report.
White Mesa Uranium Project. Sept. 26, 1978, p. 27.
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APPENDIX H

ATMOSPHERIC DISPERSION COEFFICIENTS

Tables H.l through H.4 list x/Q (sec/m3 ) values calculated by the staff using AIRDOS-II,
a FORTRAN computer code,l and onsite meteorological data supplied by the applicant. 2
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2400

1 79E-7

1. 33E-7

7.67£-8

2 74E-7

1.ooE-7

6 64E-8

7.50£-7

1.69E-7

1.66E-7

6.57E-7

2.59£-7

2.19E-7

1.37E:§

2.56E-7

3. 28E-7

1.61E-7

1.39E-7

) 33E-7

7 99E-8

1.05E-7

2400

4.91E-8

5.58E-8

4.72E-7

1 19E-7

1 85E-7

4. 11E-7

8 36E-7

1.68E-7

2.47E-7

1.49E-7

2,01E-7

1. 18E-7

1720

3.23E-7

!8E-7

27E-7

3;43E-7

2.53E-7

2.69£-6

3.ZlE-7

5.28E-7

1. 91E-7

3.07E-7

1. 46E-6

4.22E-7

4.97E-7

1.28E-6

4.94£-7

6.27E-7

1720

2 66E-7

2.g0E-7

2 54E-7

1.52E-7

9.38E-8

1.07E-7

7 27E-7

3.57E-7

9.28E-7

3'.27E-7

1. 66E-6

7 69E-7

8.09E-7

2.25E-7

4.71E-7

3 87E-7

1400

1400

3.74E-7

4. 77E-7

5.10E-7

2.82E-7

2.21E-7

4. 78E-7

2. 17E-6

4.02E-6

1. 87E-7

7.85E-7

7.41E-7

1. 92E-6

7.30E-7

6.28E-7

9.30E-7

2.25E-7

2.96E-7

3.76E-7

3 38E-7

1.60E-7

1. 39E-7

5.34E-7

2,51E-6

1.40E-6

4 91E-7

1. 22E-6

4 32E-7

3.34E-7

5 65E-7

6.99E-7

'3.96E-7

1095

2.95E-7

7.60E-7

4.48E-7

7.60E-7

5.93E-7

1095

8.13E-7

3.06E-6

3.53E-7

3.45E-6

6.42E-6

9.97E-7

1. 24E-6

1.18E-6

1. 16E-6

7. 17E-7

1. 47E-6

6,glE-7

3.59E-7

4.72E-7

2.58E-7

6.35E-7

2.23E-7

5.42E-7

4.09E-6

8.59E-7

2.27E-6

7.93E-7

1. 98E-6

6.96E-7

5.33E-7

1. 12E-6

9.01E-7

Distance from effluent (m)

Oistance from effluent (m)

940

940

7.93E-7

1.09E-6

3.95E-7

4.75E-7

5.99E-7

1.02E-6

4. 11E-6

4.63E-6

8.63E-6

1. 67E-6

1.02E-6

9.58E-7

1. 34E-6

1. 58E-6

1.54£-6

1. 9ZE-6

6.34E-7

8.55E-7

6 09E-7

3.49E-7

4.82E-7

3.01E-7

7.33E-7

5.62E-6

1. 17E-6

2. 72E-6

3.11E-6

1.08E-6

7,20E-7

9.46E-7

1.51E-6

1.21E-6

1. 54E-6

1. 43E-6

1. 11E-6

790

2.34E-6

8.42E-7

5.53E-7

6.70E-7

2.22E-6

5.78E-6

1. 22E-5

1.44E-6

6.49E-6

2.17E-6

1.88E-6

2. 77E-6

1. 34E-6

6.88E-7

9.05E-7

1.23E-6

5.03E-7

790

1 16E-6

4.32E-7

1.06E-6

4.54E-6

1. 69E-6

8.24E-6

3,98E-6

1. 57E-6

1.37E-6

2.16E-6

1.03E-6

1. 73E-6

2. 34E-6

3.91E-6

6.61E",

335

2.94E-6

5.10E-6

7.10E-6

2.42E-5

4.59E-5

2.18E-5

9.24E-6

6.05E-6

7.52E-6

8.61E-6

5.57E-6

9.58E-6

1.20E-5

6.65E-6

2.54E-6

335

5.19E-6

3.94E-6

7. 13E-6

3.00E-6

6.34E-6

5.31E-5

2.54E-5

H-4

1.04E-5

2.88E-5

9.82E-6

8.40E-6

6.09E-6

1. 27E-5

1. 00E-5

Table H.2. Annual average x/Q (sec/1l3 ) at various distances for the 16 CClllpaSS
directions. release height 6 III

Table H.1. Annual average x/Q (sec/m 3 ) at various distances for the 16 compass
directions. release hei9ht 1 m
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Table H.3. Annual average x/Q (sec/m 3 ) at various distances for the 16 compass
directions, release height 13.7 m

Oistance from effluent (m)

Toward

N

NNW

NW

WNW

w

WSW

SW

SSW

S

SSE

S£

ESE

£

£NE

NE

NNE

335

3.92£-6

2.81£-6

3.67£-6

2.22£-6

1.29£-6

9.58£-7

. 2.15£-6

2.21£-6

5.82£-6

3.11£-6

3.25£-6

1.76£-6

2.10£-6

2.04E-6

5.30E-6

4.74E-6

790

1. 19£-6

8.78£-7

1. 13£-6

4.76£-7

3.83£-7

9.47£-7

1.37£-6

6.28£-6

3.36£-6

3.02£-6

1. 25£-6

1. 12£-6

8.95E-7

1. 94E-6

1.60E-6

940

9.31£-7

6.84i-7

8.80£-7

5.25£-7

3.84£-7

3.11£-7

7.85E-7

1.18£-6

5.70£-6

3.05£-6

2.73£-6

1.10£-6

9.61E-7

7.38E-7

1. 57E-6

1.27E-6

1095

7.43£-7

5.45E-7

7.01£-7

4.16£-7

3.13£-7

2.55£-7

6.51£-7

1.00E-6

4.95E-6

2.65E-6

2.37£-6

9.36£-7

8.11£-7

6.09E-7

1. 28E-6

1.02E-6

1400

5.06£-7

3.71 E-7

4.77£-7

2.82£-7

2.18£-7

1.79£-7

4.63£-7

7.32£-7

3.70£-6

1. 97£-6

1. 76£-6

6.88£_7

5.88£-7

4.32E-7

8.96£-7

7.09E-7

1720

3.61E-7

2.64E-7

3.39E-7

2.00E-7

1 58E-7

1.30£-7

3.39£-7

5.43E-7

2.78£-6

J.,48£-6

1. 32E-6

5.12£-7

4.35£-7

3.16E-7

6.50E-7

5.10E-7

2400

2.02£-7

1.48£-7

1.90£-7

1. 12£-7

8 m-8

7 m-8

1. 94£-7

3 16E-7

1.63£-6

8.73£-7

7.75£-7

2.99£-7

2.52£-7

1. 82£-7

3.70E-7

2.89E-7

Wind

Table H.4. Annual average x/Q (sec/m 3 ) at various distances for the 16 compass
directions, release height 27.4 m

Distance from effluent (m)

Toward

N

NNW

NW

WNW

W

WSW

SW

ssw
S

SSE

SE

ESE

E

ENE

NE

NNE

335

2.0~-6

1.35E-6

1.82E-6

1.07£-6

5.68£-7

3.95E-7

7.43E-7

5.82E-7

1.02E-6

5.01£-7

7.49E-7

4.85E-7

7.67E-7

7.59E-7

2.45E-6

2.28£-6

790

8.07E-7

5.88£-7

7.62E-7

4.63E-7

2.76E-7

2.07E-7

4.74E-7

5.13E-7

1.50£-6

7.99E-7

7.94E-7

4.12E-7

4.69E-7

4.47E-7

1.12E-6

9.86E-7

940

6.38E-7

4.69i-7

6.06E-7

3.69E-7

2.27E-7

1. 73E-7

4.05E-7

1. 57E-6

8.43E-7

.8.01E-7

3.9OE-7

4.15E-7

3.82E-7

9.15E-7

7.96E-7

1095

5.20£-7

3.84E-7

4.95E-7

3.01E-7

1.91E-7

1. 48E-7

3.53E-7

4.38E-7

1.61E-6

8.64E-7

8.03£-7

3.71E-7

3.74E-7

3.32E-7

7.72E-7

6.62E-7

1400

3.72E-7

2.76E-7

3.55E-7

2.15E-7

1. 44E-7

1.14E-7

2.79E-7

3.75E-7

1. 56E-6

8.33E-7

7.58E-7

3.29E-7

3.11E-7

2.62E-7

5.83E-7

4.88E-7

1720

2.81E-7

2.09E-7

2.68E-7

1.61E-7

1.13E-7

2.27E-7

3.23E-7

1. 44E-6

7.72E-7

6.97E-7

2.90£-7

2.64E-7

2.12E-7

4.60E-7

3.78£-7

2400

1. 75E-7

1.30E-7

1.67E-7

9.93E-8

7.43E-8

6.04E-8

1.56£-7

2·37E-7

1.15E-6

6.12E-7

5·48E-7

2.19E-7

1. 91E-7

1. 45E-7

3.04E-7

2.44E-7
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APPEIlDIX I. RADON DOSE CONVERSION FACTORS

The basis upon which the NRC staff has relied for its radon daughter inhalation dose conversion
factor consists of the following major ccrnponent carts:

1. The indoor working level (ilL) concentration resultini from an outdoor radon-222
concentration of 1 pCi/m3 is approximately 5.0 x 10· ilL;

2. The number of cumulative working level months (IILM) exposure per year for an
average individual at a constant concentration of one ilL is 25 WLM/yr; and

3. The cOl1ltlitted dose equivalent to the bronchial epithel1l111 (basal cell nuclei
of segmented bronchi) per unit IILM exposure is 5000 mrem (5 rem).

These component parts enter into the following equation which yields the radon-222 inhalation
dose conversi on factor used by the staff:

5.0 X 10-6 ilL 25 WLM/yr 5000 mrem 0.625 mrem/yr
x x

1 pCi/m 3 ilL IILM 1 pCi/m3

Each of the three ccrnponents identified above derive fran sources and data identified below:

t. 5 x 10-6 WL per pCi/m3 of radon-222 is established by the assuNd indoor air
concentration ratios for radon-222, polonium-21S, lead-214, and bisRlUth-214
of 1.0/0.90/0.51/and 0.35. These concentration ratios and the derived conversion
factor are representative of conditions in a reasonably well ventilated stnlcture
(Refs. 1 and 2).

2. 25 IILM/yr per ilL concentration derives from the assUllption that an average
individual's average breathing rate will be about 50 percent of that of a
working miner. A IILM is defined, in terms of exposure to a working miner,
as one month's occupational exposure to a one-ilL concentration. This assUlled
breathing rate would result in an average individual receiving about 0.5 IILM
as a result of the same 1ength of exposure to air at a one-ilL concentration.
The following relationship applies:

(S760 hrs/yr) x 12 IILM/yr-IIL x 0.5 • 25 IILM/yr-llL
40 hrs/wk x 52 wks/yr

3. Five rem/IILM is the value derived fran applying a quality factor (QF) of 10
for alpha radiation, to convert fran rad to n!II (Refs. I, 2, and 3), to the
figure of 0.5 rad/IILM as reported in the SEIR Report (Ref. 3, page 148).

The staff considers the above basis for its radon-222 inhalation dose conversion factor to be
both sound and reasonable. The staff acknowledges that radon dosillltl'y is extretRly cOllPlex
and strongly influenced by ass~ environnental and biological conditionil. In view of the
large variations induced by rather slllilll changes in the asslllM!d free-ion fraction, relative
equil ibrillll, thickness of the intervening tissue and mucous layers, etc., the staff"as
endeavored to use physical, envirol1llental, and other data reasonably representative of average
conditions.

IllfelWlCes for Appendix I

1. "Potential Radiological IIIIPKt of Airborne Releases and Direct G.- Radiation to Individua15
Living Hear Inactive Uranillll Mill Tailings Piles," U.S. EPA, EPA-520/1-76-OO1, January 1976.

2. "Environmental Analysis of the UraniUlll Fuel Cycle, Part I--Fuel Supply," U.S. EPA,
EPA-520/9·73-003·B, OCtober 1973.

3. "The Effects on Populations of Exposure to Low Levels of Ionizing Radiation," Report of the
Advisory CoaIIlittee on the Biological Effects of Ionizing Radiations (BEIR), National~
of Sciences - National Research Council, November 1972.
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