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By: PEC Date: 8/8/89 Subject: RADON CONCENTRATION sheet: | or 4
PREDICTION

-
Chkd. WQM‘“'S'”"‘I Proj. No. 88-¢

CORRECTIVE ACTION PLAN RADON CONCENTRATION PREDICTION CALCULATIONS
INDRODUCTION

PURPOSE

THE PURPOSE OF THESE CALCULATIONS IS TO DETERMINE THE IMPACT ON THE RADON-222
CONCENTRATIONS IN AIR ONCE THE ATLAS MINERALS FACILITY UNDERGOES THE CORRECTIVE ACTION Pl
PROPOSED BY ATLAS. AS REQUESTED BY THE NUCLEAR REQULATORY COMMISSION, THESE CALCULATIONS
SHOW THAT THE CORRECTIVE ACTION PLAN CAN BE EXPECTED TO LOWER RADON CONCENTRATIONS BELOW
REGULATORY LIMIT OF 3@ E-10 uCi/ml.

METHODOLOGY «

A GAUSSIAN ATMOSPHERIC DISPERSION EQUATION WAS USED TO MODEL THE RADON GAS
DISPERSION IN AIR. THE RADON GAS IS ASSUMED TO ACT AS A CONTAMINATED GASEOUS

PLUME ORIGINATING FROM A POINT SOURCE WITH THE DEGREE OF DILUTION DEPENDENT UPON
ATMOSPHERIC CONDITIONS SUCH AS WIND SPEED, DIRECTION, AND SOLAR RADIATION.

TO DETERMINE THE AMOUNT OF RADON BEING EMITTED FROM A POINT, THE RADON EXIT

FLUX wWAS MULTIPLIED BY THE AREA OF THE RADON SOURCE TO GENERATE A RADON "PRODUCTION®
TERM . THE DMISSION OF RADON IS ASSUMED TO TAKI PLACE OVER THE ENTIRE SURFACE

OF THE SOURCE AREA. THE POINT SOURCEL =’ "™WEN LOCATED NEAR THE CENTER OF THE AREA
GENERATING THE RADON TO DETERMINE THE DISTANCE DOWNWIND TO THE NEAREST AIR SAMPLING
LOCATION.

PROCEDURE
THE FLUX FOR THE RADON SOURCES; EACH ORE PILE, THE WINDBLOWN TAILINGS STOCKPILE,
AND IMPOUNDED COARSE TAILINGS SHOWN ON SWEET 29 OF _¢2 WAS DETERMINED.

USING THZ "RADON® COMPUTER CODE (USNRC REGULATORY GUIDE NO. 3.64, APRIL 1988).

THE RADON "PRODUCTION® WAS DETERMINED FOR EACH SOURCE AREA PRIOR TO AND AFTER

THE CORRECTIVE ACTION PLAN. THE RESULTS ARE SUMMARIZED ON SHEET _L OF 42 AN
ARE FOLLOWED BY THE "RADON® OUTPUT.

THE RADON CONCENTRATIONS WERE THEN DETERMINED AT AIR SAMPLERS S-1, S$-2 AND
$-3 USING THE GAUSSIAN MODEL MENTIONED ABOVE PRIOR TO AND AFTER THE
CORRECTIVE ACTION PLAN. THE MODEL WAS CALIBRATED 90 MATCH CLOSELY EXISTING
CONDITIONS USING THE AVERAGE OF THE KEPORTED 1988 QUARTELY CONCENTRATIONS
AT EACH OF THE THREE AIR SAMPLING LOCATIONS. THE MODEL WAS THEN USED T0
PREDICT THE RADON CONCENTRATIONS AT THE AIR SAMPLERS BASED ON THE

THE PRODUCTION VALUES AND LOCATION OF THE ORE AND WINDBLOWN TAILINGS AFTER
THE CORRECTIVE ACTION PLAN. THE GAUSSIAN MODEL RESULTS ARE SHOWN BELOW.
THE LOCATION OF AIR SAMPLERS S-1, S-2, AND S-3 ARE SHOWN ON FIGURE 2
SHEET 30 OF 42,

RESULTS PREDICTED
CALCULATED 1988 CONCENTRATIONS

| *1988 AVERAGE | AVERAGE | FOLLOWING CORRECTIVE
AIR SAMPLER | CONCENTRATIONS | CONCENTRATIONS | ACTION PLAN

| uCi/mi | wCi/ml | uCi/ml
--------------- | ecesssccncessss]| csosssesescrccsscncece| coscscssscccen
AIR SAMPLER S-1 | 49 E-10 45 E-10 1.1 E-10
AIR SAMPLER $§-2 | 71 E-10 70 E-10 3.8 E-10
AIR SAMPLER S-3 ; 19.4 E-10
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CONCENTRATIONS



By: PEC  Date: 8/8/89 Subject: RADON CONCENTRATION Sheet & of 43
PREDICTION

Chkd. by: R Date: e s} Proj. No. 87-067

mmﬁsmmrmcomnouum:mmmnmnm
SHOULD BE LOWERED TO MEET NRC RADON CONCENTRATION LIMITS BY PLACING ORE
AND W.NDBLOWN TAILINGS ON TOP OF THE TAILINGS IMPOUNUMENT BETWEEN THE INNER
ACCESS ROAD AND CREST OF THE IMPOUNDMENT.

1. Vesilind A., Peirce J., "Environmental Engineering®, 1982

2. U.S. Nuclear Regulatory Research, Calculation of Radon Flux Attenuation by Earthen
Uranium Mill Tailings Covers®, April 1988

3. Canonie, "Response to Comments® Prepared for Atlas Minerals, Jan,1989
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PREDICTION
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RADON PRODUCTION CALCVLATIONS

mmmormm.

EXISTING, ron COWACTIOIM.
NORTHEAST ORE PILES - 3 m NORTHEAST ORE PILES - @
NORTHWEST ORE PILES - 1 t ¥ WEST ORE PILES - @

SOUTH ORE PILES - 1.0 SOUTH ORE PILES - @
WINDELOWN TAILINGS - 2.4 WINDBLOWN TAILINGS - @
COARSE TAILINGS - 43.5 COVER AREA - 41.5

* FINE TAILINGS - &0 *FINE TAILINGS - &

* RADON EMISSICNS WILL BE CONTINUED TO BE SUPPRESSED BY WATER STORAGE
AND EVAPORATIVE DISPOSAL OVER THE TAILINGS SURFACE AND THEREFORE
ASSUMED NOT TO CONTRIBUTE TO RADON AIR CONCENTRATIONS.

RADON PRODUCTION PRIOR TO CORRECTIVE ACTION PLAN:

e i R L .

BASED ON THE FLUX AND AREA FOR EACH RADON SOURCE, A PRODUCTION TERM IS
CALCULATED . mmmmmm&ummmmmm
COMPUTER MODEL (USNRC RBGULATORY GUIDE NO. 3.64, APRIL 1988).

THE FOLLOWING SHEETS CONTAIN THE “RADON* OUTPUT.

GOVERNING BQUATION: AREA X FLUX = RADON PRODUCTION

...................... ..---..--....--...---.----.--..-..........-....--.-.....-|
| LOCATION | * FLUX | AREA | CONVERSION | PRODUCTION |
| |  pCi/m*2sec | ACRES | FACTOR | pCi/nec |
| seecmcccncncnnn. | sesoccnnces seee| eessccnns | weeeeenaes | seeeecccccnccccann |
| NCRTHEAST ORE | 08 | 3.8 | 4046.85 | 4. 748406 |
| NORTHWEST ORE | 38 | 1.6 | 4046.85 | 1.990+06 |
| SOUT™M ORE | 08 | 1.0 | o046.85 | 1,252+06 |
| WINDBLOWN TAILS | 12.4 | 2.4 | o046.8% | 1. 208+08 |
| COARSE TAILINGS | 2 | 43.5 | 4046.85 | 5. 630+06 |
B BT N P g "' """" f """ TESSSesssseIssssses SCASRSSSLSSIINEINBIS VeSO l
) :‘:;:"1:&“:,‘,&‘ TOTAL RADON PRODUCTION = 1.3784@7
RADON PRODUCTION POSYT coancrm mou.
| LOCATION ! LU | AREA | CONVERSION | PRODUCTION |
| | pCi/m*2sec | ACRES | rm | pCi/sec |
| sesecennencncann | semeccccnnnnnnn | seeeennes | eeeemencce | seesecceccccnnccnn |
| NORTHEAST ORE | 308 | 0.0 | mo.u | 0.000+20 |
| NORTHWEST ORE | 08 | 0.0 | 4046.8%5 | 0.000+0 |
| SOUTH ORE | 08 | 0.0 | 4046.8% | 0.000+00 |
| WINDBLOWN TAILS | 12.4 | 0.0 | 46.85 | 0.000+00 |
| COVER AREA | 59 | 43.5 | 4046.85 | 1.04E+7 |
Y a7 PP T I 3 s B et SRRt DL L L L L L
Z.f.: ‘,1 VE OB LULAPEN TOTAL RADON PRODUCTION = 1.04E+27
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Chkd. by: _ »..__ Date. - ¢ ¢ Proj. No. 87-067

AMMPNA@WIM"MM“& THE ORE FILL
REDUCING RADON EMMISSIONS. THIS 1S ALSO NEGLECTED IN THIS CALCULATION
AS A CONSERVATIVE ASSUMPTION.
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saseatONRN) DADON [teeee ...

Versizn 1 - April 1, 1986 - G.F. Birchard tel.s (201) 492-7000

v.&. Nuclear Regulatory Commission Office of Resear:zh

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS

ARE CALCULATED FOR MULTIPLE LAYERS

EXTITING ORE PILES PRIOR T0 CORRECTIVE ACTION PLAN

CONSTANTS

FADTN TECAY CONSTANT
FAZCN ATER/AIR PARTITION COEFFICIENT
SFICITIC SRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

LATTFES OF COVER AND TAILINGS

NO LJTT ON RADON FLUX

LAYIR THICKNESS NOT OPTIMIZED
CEFAULT SURFACE RADON CONCENTRATICON
FADON TLUX INTO LAYER 1

SURIFACE FLUX PRECISION

LAYER INPUT PARAMETERS
LAYER 1

LAYER THICKNESS

LAYER POROSITY

MEASURED LAYER DENSITY

MEASURED LAYER SOURCE TERM

LAYER WEIGHT % MUISTURE

MOISTURE GATURATION FRACTION
MEASURED LAYER DIFFUSION COEFFICIENT

LAYER 2

LAYER THICKNESS

LAYER PORCSITY

MEASURED LAYER DENSITY

'EASURED LAYER SOURCE TERM

LAYER WEIGHT v MOISTURE

MOISTURE SATURATION FRACTION
MEASURED LAYER DIFFUSION COEFFICIENT

000021
26
2.65

Q2

41
1.61
. ODA55S
6.6
259
239

13

41

1.61
ORE5S
ot 6 b
063
239

/8

g/em*d

pCi/l
pCi*n*-2/3
pCi*n*-2/8

g/cn”3
pCi*cem*-3/8

m2/8



.
-

BAFZ ST.RCT FLUX FROM LAYER 1 3.026D+02 pCi‘cm*-3/s

RESVLTS OF THE RADON DIFTUSION CALCULATIONS

LAYER

THICKNESS EXIT rLux EXIT CONC.

(cm) (pCi/m"2/8) (pC1/1l)
3.000D0+02 " 2.022D+04
1.300D+01 . 0. 220D+

3:5 +C /Fllsrg
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Version 1 - April 1, 1986 -~ G.F. Barchard tel.® (301) 492-7000

U.8. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS

ARE CALCULATED FOR MULTIPLE LAYERS

: 0‘1
. -

WINDELOWN TAILINGS

CONSTANTS
RADON DECAY CONSTANT

RADON WATER/AIR PARTITION COEFFICIENT

SPECIFIC GRAVITY OF COVER & TAILINGS

GENEKAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS

NO LIMIT ON RADON FLUX

LAYER THICKNESS NOT OUTDMLED
DEFAULT SURFACE RADON CONCETRATION
RADON FLUX INTO LAYER 1!

SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS

MEASURED LAYER SOURCT TERM

LAYER WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
MEASURED LAYER DIFTUSION COEFFICIENT

LAYER 2

LAYER THICKNESS

LAYER POROSITY

MEASURED LAYER DENSITY

MEASURED LAYER SOURCE TERM

LAYER WEIGHT % MOISTURE

MOISTURE SATURATION FRACTION
MEASURED LAYER DIFFUSION COEFTICIENT

000021

.26
2.65

Q2

250

.33
1.82
02057
8.8

. 485
0091

259

.33
1.82
00057

. 48%
L2091

l/8

g/cm” 3

pCi/l
pCi*n"-2/8
PCi*m™-2/8

cm
g/cm”3
pCi*cm”-23/8
b

cmt2/s

g/cm*3
pCi*em™-3/8

cm2/8



¢ ' BARE SOURCE FLUX FROM LAYER 1. 1.237D+01 pCi'cm™-3/8

-
.~

g <7}
N — RESULTS OF THE RADON DIFTUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX EXIT CONC.

(em) (pCi/m*2/8) (pCi/1)
1 2. 500D+22 % 2. 2.653D+04
2 2. 500D+02 Q. 2D+

12,4 ¢ Cfmiloee
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Version 1 - April 1, 1986 - G.F. Birchard tel.# (301) 492-7000

U.S5. Nuclear Regulatory Commission Office of Research

RADON FLUX, CONCENTRATION AND TAILINGS COVER THICKNESS
ARE CALCVLATED FOR MULTIPLE LAYERS

POST CORRECTIVE ACTION PLAN

CONSTANTS

RADON DECAY CONSTANT
RADON WATER/AIR PARTITION COEFTICIENT
SPECIFIC GRAVITY OF COVER & TAILINGS

GENERAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS

NO LIMIT ON RADON FLUX

LAYER THICKNESS NOT OPTIMIZED
DEFAULT SURFACE RADON CONCENTRATION
RADON FLUX INTO LAYER 1

SURFACE FLUX PRECISION

LAYER INPUT PARAMETERS
LAYER 1

LAYER THICKNESS

LAYER POROSITY

MEASURED LAYER DENSITY

MEASURED LAYER SOURCE TERM

LAYER WEIGHT \ MOISTURE

MOISTURE SATURATION FRACTION
MEASURED LAYER DIFFUSION COEFTICILNT

LAYER 2

LAYER THICKNESS

LAYER POROSITY

MEASURED LAYER DENSITY

MEASURED LAYER SOURCE TERM

LAYER WEIGHT % MOLSTURE

MOISTURE SATURATION FRACTION
MEASURED LAYER DIFFUSION COEFPICIENT

Q21

.26
2.68

02

15

1.61
000588
6.6
. 259
039

/42

"

/8

g/em™3

pCi/l
pCi*m"-~2/8
pCi*n”-2/8

m
g/cm*3
pCi*cm*-3/8
)

cm*2/8

g/l
pCi*em*~3/8
\

cm2/8



——

LAYER 2

o £ o)
LAYER THICKNESS 3 cn
LAYER POROSITY .33
MEASURED LAYER DENSITY 1.82 y/com*3
MEASURED LAYER SOURCE TERM 000087 pCitem™-3/8
LAYER WEIGHT \ MOISTURE 8.8 \
ROISTURE SATURATION FRACTION - 48%
MEASURED LAYER DIFFUSION COEFTICIENT 0091 ca2/s

BARE SOURCE FLUX FROM LAYER 1. 1.437D+02 pCitcn"-3/8

RESULTS OF THE RADON DIFFUSION CALCULATIONS

LAYER THICKNESS EXIT FLUX  EXIT CONC.

(cm) (pCi/m*2/8) (pCirl)
1 5. 000D+92 3.564D+01 8. 344D+04
2 1. 500D+01 $.966 7.587D+04
3 3.100D+91 [ O

S’ pc' /n\ ‘/S(g

4 g2
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Rogars & Assoclates Engineering Corporation '</4:

REPORT OF RADIUM AND EMANATION
COEFFICIENT MEASUREMENTS
(LAS PROCEDURE RAE~-SQAP-3.1)

REPORT Darg S80. 27, 1989

conrracr LR900/7

Atlas Minerals

SAMPLE IDENTIPICATION

SUBMITTED BY Rl —————  DATE RECRIVED

MANATION Raown® " 1
el P e A s
Atlas Mnerals 6.6 102 = 0.0l 69 2 2

S—

it
_f‘
+ —— et
. IR B
: sommemoeare - T—————s—r~
S I S e L o
i siaivige "
SUNGEATAINTIEN BABED ON QAMMA-RAY COUNTING BTATIOTICN ONLY.
lﬂ.fg'llug‘ﬂuow: 110 g
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Rogers & Associates Engineering Corporation

Y ATLRS rEmALS
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REPORT OF RADON DIFFUSION
COEFFICIENT MEASUREMENTS
(TIME-ODEPENDENT DIFFUSION TEST METHOD

WIS . % »

“/42

RAE-SQAP-3.8)
REPORT DAty 0. 27, 1965
contRacy 8900/7
s
(1}
At)
SANPLE wumccmon_...[__‘ "3"‘2“' —— R——
SBIEIED IV i i euaessisnetnne OATE A0DBIND c s
ﬁ_. . :ﬁ* '
SAMPLE NUMBER | WOIBTURE | DENSITY ADON DIPPFURION |gatyumamon® oMME
OAY WT.8) | (g/emd) | CORPF.  (em®/4) (NpIP) . e

S e R R AT S

P e R g :—.,‘«4

Atlas Minery)
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e
o .

s g -
JTI
e e —— T S S

‘BASED ON A SPECIIC GAAVITY OF

TKaauaady
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By: PEC Date: 8/8/89 Subject: RADON CONCENTRATION PREDICTION Sheet: = OF 4

Chkd. byr— « . Date: . . - Proj. No. 88-067

RADON ATMOSPHERIC DISPERSION

'INT OF INTEREST: AIR SAMPLER S§-1 EXISTING CONDITIONS
WRCE: NORTHEAST ORE PILES PRIOR TO CORRECTIVE ACTION PLAN

* Q/(2pie*utoy*oz) (EXP(~.5(Y/0y)"2)* (EXP(~.5(Z-H)"2/02"2)+(EXP(~.5% (2+H)"2/02"2)
ERE X = RADON CONCENTFATION AT POINT OF INTEREST (uCi/ml)

S~1 1988 AVERAGE: 4.9 X E-9 uCi/m
BASED ON REPORTED 1988 QUARTELY
CONCENTRATIONS s~e¢é7 40O N

INPUT PARAMETERS RESULTS:
............................................... | rosnsesns | cesnccrcannrscccnscrenesnnee.

Q - PRODUCTION RATE (pCi/sec) s~eEer 3 4. 74E+06 Q. 1« 2.95E+03 pCi/m"3
U = AVERAGE WIND SPEED (mph)(m/sec)sweeT 1% 2 0.89% . 2. 1. Q0L +d0

oy - STAND DEVIATION OF Y DISP. 22 > 1.66E+Q

oz - STAND DEVIATION OF Z DISF. 13

" = DOWNWIND DISTANCE (ft)(m) Fib. 2 459 (1X2X3)*1E-12 = 4.88E-29 uCi/ml

= HEIGHT OF POINT OF INTEREST (m)

HEIGHT OF SOURCE (ft)(m) (€sTi»mAYeD ) 28 X = 4.8BE-Q9 uCi/ml

>
w
~4
—
o

|
|
|
|
|
~ HORIZONTAL CROSES WIND DIST (ft)(m) Q| 2
|
|
|
|
|

...............................................

oy AND oz BASED ON MODERATE SOLAR RADIATION (SEE SHEET 2472<OF 44 ) CONDITION “B*
PREVAILING WIND DIRECTION FROM THE WEST-SOUTHWEST. MOST CRITICAL CONDITION (REF. SAFETY ANALYSLIS
NORTHEAST ORE PILES MAJOR RADON SOURCE FOR AIR SAMPLER S-1
AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-Ad3
WIND SPEED OCCURED M OF DATA COLLECTION PERIOD (REF: SAFETY ANALYSIS REPORT 197§) At ~co A.
S mEET 39 e 2.7% TO RCAls iy s

« AC



By: PEC Date: 8/8/89 Subject: RADON CONCENTRATION PREDICTION Sheet: (% or 4

Chkd. by: v, DOCBL L s 0} Proj. No. 88-067

..............................................................................................

RADON ATMOSPHERIC DISPERSION

OINT OF INTEREST: AIR SAMPLER §-2 EXISTING CONDITIONS
OURCE! TAILINGS IMPOUNDMENT PRIOR TO CORRECTIVE ACTION PLAN

o Q/(2pie*utoy*ol) (EXP(~.5(Y/0y)"2)* (EXP(~.5(Z~H)"2/02"2)+(EXP(~.5*(2Z+H)"2/02"2)
HERE X « RADON CONCENTRATION AT POINT OF INTEREST (uCi/ml)

INPUT PARAMETERS: RESULTS.

.............................................. : ---.----.:.--...-.-------------.-.-.--.--

Q - PRODUCTION RATE (pCi/sec) s~E€T S | 5.600+06 | Q. 1= 8.75E+02 pCi/m"3

U = AVERAGE WIND SPEED (mph)(m/sec)s~é€ris 2 | Q.89 | . 2. 1. ORE+2

oy = STAND DEVIATION OF Y DISP. | 38 | EQ. 3 = 1.19E+0

oz - STAND DEVIATION OF Z DISP. | » |

X - DOWNWIND DISTANCE (ft)(m) F'& 2 700 | 213.36 | (1X2X3)/71E~12 = 1.Q4E-29 uCi/ml

{ = HORIZONTAL CROSS WIND DIST(ft)(m) Q| Q|

I = HEIGHT OF POINT OF INTEREST (m) | 3|

1 - HEIGHT OF SOURCE (ft)(m) T€cnuac 100 | 3.48 | b L] 1.04E-99 uCi/ml
SARCIBITAT I ' ' .................
tAMGN IS, 1989 ' I __________________

.............................................. ' --.-.--.-|------..--...-----.---------.----------.

SSUMPTIONS

. UNIFORM, STEADY AND UNIDIRECTIONAL WIND
. 0y AND oz BASED ON MODERATE SOLAR RADIATION (SEE SHEET 4 "iSOP _‘_3_ JCONDITION "B*"
. PREVAILING WIND DIRECTION FROM THE WEST-SOUTHWEST MOST CRITICAL
CONDITION (REF. SAFPETY ANALYSIS REPORT, 197%)
; mmmmrmmrmmmmumroi
AIR SAMPLER 8<2. THE Qfsuiry A€ ADDED Toek rHe€A oM onEET 21
. AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-A43
. WIND SPEED OCCURED S% OF DATA COLLECTION PERIOD (REF: SAFETY ANALYSIS REPORT 197%)
tHEET 39 2



By: PEC Date: 8/8/89 Subject. RADON CONCENTRATION PREDICTION Sheet:2Q _ OF *

RADON ATHOSPHERIC DISPERSION

POINT OF INTEREST: AIR SAMPLER S§-? EXISTING CONDITIONS
SOURCE: SOUTH ORE PILES PRIOR TO CORRECTIVE ACTION PLAN

..........................................................................................

K = Q/(2pie*utoy*oz) (EXP(~.5(Y/0y)*2)* (EXP(~.5(2-H)"2/02"2)+ (EXP(~. 5% (Z+H)"2/02"2)
WHERE X = RADON CONCENTRATION AT POINT OF INTEREST (uCi/aml)

................

INPUT PARAMETERS RESULTS |
.............................................. : ------.--:-------...----.------..---..-.-
Q - PRODUCTION RATE (pCi/sec)t~€eT & | 1.,208+06 | DQ. 1 = 8.90E+02 pCi/m™"
U = AVERAGE WIND SPEED (mph)(m/sec)ssee™ 39 2 | ©@.894 | BQ. 2 = 1. 2L +0
oy -~ STAND DEVIATION OF Y DISP. | 20| BQ. 3 1.88E+d0
oz - STAND DEVIATION OF Z DISP. | 12 |
X - DOWNWIND DISTANCE (ft)!m) Fie. 2 400 |  121.92 | (1X2X3)/1E+12 = 1.67E-@9 uCi/ml
Y - HORIZONTAL CROSS WIND DIST(ft)(m) o | o |
Z - HEIGHT OF POIMNT OF INTEREST (m) | 3
H - HEIGHT OF SOURCE (ft)(m) £immaren 10 | 3.048 = X - 1.67E-@9 uCi/ml
l
I l
| |

-~ ] -

. UNTPORM, STEADY AND UNIDIRECTIONAL WIND

+ Oy AND oz BASED ON MODERATE SOLAR RADIATION (SEX SHEET ¥ 'js OF 42 )CONDITION "B*

+ PREVAILING WIND DIRECTION FROM THE WEST-SOUTHWEST MOST CRITICAL
CONDITION (REF. SAFTETY ANALYSIS REPORT, 197%5)

« SOUTH AND NORTHWEST ORE PILES AND TAILINGS IMPOUNDMENT MAJOR RADON SOURCE <ok
AIR SAMPLER 8-2. "THE KESULTS ARE AODED TIGE TmEN AN (REET 2

« AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-A43

« WIND SPEED OCCURED S% OF DATA COLLECTION PERIOD (REF: SAFETY ANALYSIS REPORT 197%)

CHEFT 29

&> w N e

o



y: PEC Date: 8/8/89 Subject: RADON CONCENTRATION PREDICYION  Sheet: 2| OF 42
hkd. by X,  Dater ole e} Proj. No. 88-067

RADON ATMOSPHERIC DISPERSION

N. OF INTEREST: AIR SAMPLER §-: EXISTIFG CONDITIONS
RCE. NORTHWEST ORE PILES PRIOR TO CORRECTIVE ACTION PLAN

Q/(2pie*u*oy*oz) (EXP(~.S5(Y/0y)"2)* (EXP(~.5(2~H)"2/02°2)+(EXP(~. 5 (Z+H)"2/02"2)
RE X = RADON CONCENTRATION AT POINT OF INTEREST (uCi/ml)

AIR SAMPLER S-3 1988 AVERAGE: 7.2 E-9 uCi/ml
BASED ON REPORTED 1988 QUARTERLY
CONCENTRATIONS ' SHEET &

NPUT PARAMETERS RESULTS,

|
| |
- PRODUCTION RATE (pCi/sec)SweeT 3 | 1.200+06 | K. 1= 2.730+*3 pCi/m"3
- AVERAGE WIND SPEED (mph)(m/sec) .12 | 0.05364 | B, 2. 1. 00E+w0
= STAND DEVIATION OF Y DISP. | 54 | m. 3= 1.98E+20
- STAND DEVIATION OF Z DISP. | » |
~ DOWNWIND DISTANCE (ft)(m) Fiu. 2 1000 | 304.8 | (1X2X3)/1B~12 = 4 ?SE-Q9 uCi/ml
= HORIZONTAL CROSS WIND DIST(ft)(w) Q| e |
= HIEGHT OF POINT OF INTEREST (m) | 3|
= HIEGHT OF SOURCE (ft)(m) esTimatéd 10 3.048 4.35E-09 uCi/ml

1
'
!
1]
1
'
]
'
L]
'
'
L
L
'
'
)
'
i

B i I e S,

OTAL RADON CONCENTRATION POR S-2 = 1.04 E-9 uCi/ml + 1.67 E-9 uCi/ml + 4.35 £ -9 uCi/ml = 7.06 E-¢

( TAILINGS ) (SOUTH ORE)
SKEer 19 SHEET 20

UMPTIONS

UNTPORM, STEADY AND UNIDIRECTIONAL WIND ;

oy AND oz BASED ON MODERATE SOLAR RADIATION (SHEET 34 ‘i OF 42 )CONDITION *B*

PREVATLING WIND CIRECTION FROM THE WEST-NORTHWEST MOST CRITICAL. ASSumeEp CALM  rong TiaNs
CONDITION (REF. SAFJETY ANALYSIS REPORT, 1975) STF SheaT My

SOUTH AND NORTHWEST ORE PILES AND TAILIMGS IMPOUNDMENT MAJOR RADON SOURCE

AIR SAMPLER S-2

AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-Ad3

o



By: PEC Date: 8/8/89 Subject: RADON CONCENTRATION PREDICTION Sheet: 22 OF 42

Chkd. byr—7.__ Date: &/ (v [#7 Proj. No. 07«,&"-

...............................

RADON ATMOSPHERIC DISPERSION

POINT OF INTEREST: AIR SAMPLER §-3 EXISTING CONDITIONS
SOURCE WINDBLOWN TAILINGS PRIOR TO CORRECTIVE ACTION PLAN

........................................................................................

X = Q/(2pie*utoy®oz) (EXP(~.5(Y/0y)"2)* (EXP(~.5(2~H)*2/02°2)+(EXP(~. 5% (Z+H)" 2/02"2)
WHERE X = RADON CONCENTRATION AT POINT OF INTEREST (uCi/ml)

INPUT PARAMETERS, | RESULTS,
............ el Tt
| |
Q - PRODUCTION RATE (pCi/sec) sHEe€T 3 | 1.208+0% | . 1= 5.39E+02 pCi/m*3
U -~ AVERAGE WIND SPEED (mph)(m/sec) .99 | 0.04023 | . 2= 1.00E+00
oy - STAND DEVIATION OF Y DISP. | Q| R. 3= 1.91E+20
oz -~ STAND DEVIATION OF Z DISP. | 22 |
X - DOWNWIID DISTANCE (ft)(m) Flb. 2 700 |  213.36 | (1X2X3)/1B-12 = 1.038-99 uCi/al
Y - HORIZONTAL CROSS WIND DIST (m) Q| Q|
Z ~ HEIGHT OF POINT OF INTEREST (m) | 3|
H - HEIGHT OF SOURCE (ft)(m) €sTimat€o 20 | 6.096 | ) 1,03E-99 uCi/nl
| |
| |
| |

- - - - - - R B S ——

1 .

2. oy AND oz BASED ON MODERATE SOLAR RADIATION (SER SHEET 3 3sO0r 42 )CONDITION "B*

3. PREVAILING WIND DIRECTION FROM THE BAST-NORTHEAST. A SSumcO Chumw winO. SEE o HEET 29
‘5T CRITICAL CONDITION (REF. SAFTETY ANALYSIS REPORT, 197%)

4. TALLINGS mmmmmmmmmmm
FOR AIR SAMPLER S-~3 3SE€ CHEEFT 22 FOR TeTAL

DISTANCES BASED ON CANONIE DWG., NO. 88-067-A43

IS < IMPH AT THE EAST-NORTHEAST DIRECTION (REF: SAFETY ANALYSIS REPORT 1975)



By: PEC Date: 8/8/89 Subject: RADON CONCENTRATION PREDICTION Sheet:22 of 43
chkd. by:~2_  Date: »/ 29 Proj. No. 87-067-03

RADON ATMOSPHERIC DISPERSION

INT OF INTEREST: AIR SAMPLER $-3 EXISTING CONDITIONS
JRCE: TAILINGS IMPOUNDMENT PRIOR TO CORRECTIVE ACTION PLAN

* Q/2piety’ Oy*oz (EXP(~.5(Y/0y)"2)* (EXP(~.5(2-H)"2/02"2)+(EXP(~. 5" (2+H)*2/02"2)
IRE X = RADON CONCENTRATION AT POINT OF INTEREST (uCi/ml)

S-3 1988 AVERAGE: 2.2 X E-9 uCi/ml
BASED ON REPCRTED 1988 QUARTERLY
CONCENTRATIONS  sweeT 42,

o T T T GRS b el | e e i e R e 0

e e

INPUT PARAMETERS RESULTS:
............................................. : ---------:-----------------------------
« PRODUCTION RATE (pCi/sec) | 5.60E+06 | BQ. 1 = 1.25E+@23 pCi/m"3
= AVERAGE WIND SPEFD (mph)(m/sec)swes 242 | .89 | Q. 2 = 1.00L+20
* = STAND DEVIATION OF Y DISP. | 38 | EQ. 3 = 7.05E-Q1
-~ STAND DEVIATION OF Z DISP. | 21 |
~ DOWNWIND DISTANCE (ft)(m) F/6. 2 700 | 213,36 | (1X2X3)/1E~12 = 8.81E-10 uCi/ml
= HORIZONTAL CROSS WIND DIST (m) Q| @ |
. = HIEGHT OF POINT OF INTEREST (m) | 3|
i =~ HIEGHT OF SOURCE (ft)(m) Tecnure tPxs 100 | 30.48 | X = 8.81E-10 1Ci/ml
| |
| |
|

"OTAL RADON CONCENTRATION POR ATR SAMPLER S-3 = 1.41 E-10 uCi/ml + 7.57 E-10 uCi/ml = 2.2 E-9 uCint
(WINDBLOWN TAILS)

JUMPTIONS

UNIFORM, STEADY AND UNIDIRECTIONAL WIND

Oy AND oz BASED ON MODERATE SOLAR RADATION (SEE SHEET 4735 OF 42 )

PREVAILING WIND DIRECTION FROM THE EAST-SOUTHEAST

MOST CRITICAL CONDITION (REF. SAPRETY ANALYSIS REPORT, 197%)

TAILINGS IMPOUNDMENT AND WINDBLOWN TAILINGS MAJOR RADON SOURCE

FOR AIR SAMPLER S§-3

AIR SAMPLER DISTANCES BASED OF CANONIE DWG. NO. 88-067-A43

WIND SPZED OCCURED S% OF DATA COLUECTION PERIOD (REF: SAFETY ANALYSIS REPORT 1975)
CHEFT 3 g
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By: PEC Date: 8/8/89 Subject: RADON CONCENTRATION PREDICTION Sheet . &5 ¢

Chkd. byr—<  Date: 5( e <5 Proj. No. 88
RADON ATMOSPHERIC DISPERSION
POINT OF INTEREST: AIR SAMPLER S-1 POST~CORRECTIVE ACTION PLAN
SOURCE TAILINGS IMPOUNDMENT AFTER ORE PLACEMENT

.........................................................................................

X = Q/2pie*u*oy*oz(EXP(~.5(Y/0y)"2)* (EXP(~.5(2-H)"2/02°2)+(EXP(~.5" (Z+H)"2/02"2)
WHERE X « RADON CONCENTRATION AT POINT OF INTEREST (uCi/ml)

INPUT PARAMETERS: RESULTS:
.............................................. : ---------:-------------------------------
Q -~ PRODUCTION RATE (pCi/sec) | 1.04E+@7 | . 1= 6.86E+01 pCi/
U = AVERAGE WIND SPEED (mph)(m/sec)iwe€T 39 2 | .89 | Q. 2 = 1.QE+20
oy - STAND DEVIATION OF Y DISP. | 150 | EQ. 3 = 1.97E+0
0z - STAND DEVIATION OF Z DISP. | 180 |
X -~ DOWNWIND DISTANCE (ft)(m) Fi6e. 2 4500 | 1371.6 | (1X2X3)*18-12 = 1,3S5E-10 uCi/
Y - HORIZONTAL CROSS WIND DIST(ft)(m) Q| Q|
Z - HEIGHT OF POINT OF INTEREST (m) | 3|
H - HEIGHT OF SOURCE (ft)(m) Tacmcac crew 100 | 30.48 | X = 1.35E-10Q uCi/
CAnonIE, (989 |
| |\ esssecccceses
.............................................. l ---------|.---------.----------------.-..--_--
ASSUMPTIONS
1. UNIFORM, STEADY AND UNIDIRECTIONAL WIND
2. oy AND oz BASED ON MODERATE SOLAR RADIATION (SEE SHEET %475 OF 42 )CONDITION “B"
3. PREVAILING WIND DIRECTION FROM THE WEST-SOUTHWEST
MOST CRITICAL CONDITION (REP. AKALYSIS REPORT, 197%)
. TAILINGS I4{POUNDMENT MAJOR RADON FOR AIR SAMPLER S-1

. AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-A43
WIND SPEED OCCURRED S% OF DATA COLLECTION PERIOD (REF: SAFETY ANALYSIS REPORT 1975)

CHEer @y

LA



By: PEC Date: 8/8/89 Subject: RADON CONCENTRATION PREDICTION Sheet:<¢ O!‘?

Chkd. byi ", Date: < v g9 Proj. No. 88-06

..............................................................................................

RADON ATMOSPHERIC DISFERSION

POINT OF INTEREST: AIR SAMPLER §-2 POST-TORRECTIVE ACTION PLAN
SOURCE TAILINGS IMPOUNDMENT AFTER ORE PLACEMENT

e i e p—— e i S —

Xe Olzpto'u‘oy'oz(tlr(-.S(Y/oy)“z)'(tlr(-.S(z-H)‘2/0:‘2)*(!!!(-.5'(z~H)‘2/oz‘2)
WHERE X = RADON CONCENTRATION AT POINT OF INTEREST (uCi/ml)

-

CANOMIE, (169

-

IXPUT PARAMETERS: RESULTS!
............................................. : ---------: neesssssensssrsssesesasssaess .
Q - PRODUCTION RATE (pCi/sec) | 1.04E+Q7 | Q. 1= 3.09E+@2 pCi/m"3
U - AVERAGE WIND SPEED (mph)(m/sec) sweeris 2 | .89 | Q. 2 = 1.00E+00
oy ~ STAND DEVIATION OF Y DISP. | 80 | . 3= 1.84E+2@
©z - STAND DEVIATION OF Z DISP. | 75 |
X ~ DOWNWIND DISTAMCE (ft)(m) Fie. 2 2509 | 762 | (1X2X3MIE~12 = 5.68E-10 uCi/ml
Y - HORIZONTAL CROSS WIND DIST (m) Q| @ |
Z - HEIGHT OF POINT OF INTEREST (m) | 3
H = HEIGHT OF SOURCE (ft)(m)Tecrcal sreq 100 | 30.48 | b $.68E-10 uCi/ml
| |
| |
|

R A —— -

ASSUMPTIONS «
. UNIFPORM, STEADY AND UNIDIRECTIONAL WIND
+ Oy AND oz BASED ON MODERATE SOLAR RADIATION (SEE SHEET 24(¢s OF 42 )
. PREVAILING WIND DIRECTION FROM THE WEST-SOUTHWEST
MOST CRITICAL CONDITION (REF. SAFTETY ANALYSIS REPORT, 197%5)
. TAILINGS IMPOUNDMENT MAJOR RADON SOURCE FOR AIR SAMPLER S-2
. AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-A43
WIND SPEED OCCURRED S% OF DATA COLLECTION PERIOD (REF: SAFETY ANALYSIS REPORT 197%5)
CMEET 29

w N -
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By: PEC Date: 8/8/99 Subject: RADON CONCENTRATION PREDICTION Sheet:< [«

Chkd. by 74 .. Date: & (o 1 Proj. No. B¢

POINT OF INTEREST: AIR SAMPLER §-3 POST-CORRECTIVE ACTION PLAN
SOURCE TAILINGS IMPOUNDMENT AFTER ORE PLACEMEONT

X - Q/2p10'u'oy'oz(m(°.S(Y/w)‘Z)'(m(-.5(2-")"2/0:‘2)0(m(-.S'(ZOK)“ZI‘oz‘Z)
WHERE X = RADON CONCENTRATION AT POINT OF INTEREST (uCi/ml)

INPUT PARAMETERS RESULTS
.............................................. T

Q - PRODUCTION RATE (pCi/sec) 1.04E+27 . 1= 1.62E+@3 pCL/
U - AVERAGE WIND SPEED (mph)(m/sec) sreeriq 2 .89 . 2. 1.00E+20

oy - STAND DEVIATION OF Y D1SP. Q. 3= 1.198+20

or - STAND DEVIATION OF Z DISP.

X - DOWNWIND DISTANCE (ft)(m) Fit. 2 700
Y - HORIZONTAL CROSS WIND DIST(ft)(m) 2
Z - HEIGHT OF POINT OF INTEREST (a)

H - HEIGHT OF SOURCE (ft)(m)Tecnmicn . shes 100

Chmoni€, (9498

(1X2X3)*1E~12 = 1.94E-@9 uCi/

b 1.94E-09 uCi/

-

-
s o
Suelll

-

ASSUMPTTONS |
. UNIFORM, STEADY AND UNIDIRECTIONAL WIND

+ oy AND oz BASTD ON MODERATE SOLAR RADIATION (SEZ SHEET '3 OF 43 )

. PREVAILING WIND DIRECTION FROM EAST-SOUTHEAST

MOST CRITICAL CONDITION (REP. SAF¥ETY ANALYSIS REPORT, 1975)

TAILINGS IMPOUNDMENT MAJOR RADON SOURCE POR AIR SAMPLER S-1

. AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-Ad3

« WIND SPEED OCCURED 34 OF DATA COLLECTION PERIOD (REF: SAFETY ANALYSIS REPORT 1975)

SHEET 2q S 87 Atjumeo Cavm ]
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METEOROLOGY AND AR QU ALITY

Tahle 1K.)

Aimosphene Stabiliny

hey for Figure 1818

Nt
Dave

Incoming “olar Radiation
Sunihine

Thinis
Overcaw

v " — or 4 8 Ia
Moderae shight

syrface Wind
speed (at 10 my
im ) Sirong

Low “loud Cloud

n

‘The neuiral Gategory, D, should de JSiumed 1or oy er

<as Londitions Jurin 14 Mgnt

100%0 efficient sink for the pollutants
ground level due 1o inability of the plume 10 disperse INto the ground
This etfect can be taken into account if we think of an imaginary mirror
Image source at elevation z - H. as shown in Figure 18-1° Taking this
INLO acCount, we can write

i

+ and the levels must be higher at

~f\.g\p1 . {2 « M) - p )

«* Exampie 18.2

‘s Civen a sunny summer arternoon with avera

emission Q =0.01 kg’ sec, and the agfe
ground level concentration at 200 r;%

% Using the above equation, and
meters, 0 =36 and 0 =20 for
“radiation (Table 18.1 ),
,-',-_‘;h] that maximum

§¢ wind, u=d4 m sec.
tive stack height 20 m. find the
§ from the stack

from Figure 18-16 finding thar at 200
an unstable superadiabatic sitrong solar
the atmospheric sonditions are (Tvpe B), and not-
.on;emrataoni Occur on the plume centerline. at y=0

Q

exp (- t{(y’a, )%
IrU0 o .

X lexpl = (2 - H)'ve,%)) « Xl = iz + H): e,

0.01

Xpl= [(0/36)'])
S LHANIEN20) ee .

6P = 0 - 20)° 20°)) ! « el = (0 « 20)¢
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April 1988

o... «""  OFFICE OF NUCLEAR REGULATORY RESEARCH

REGULATORY GUIDE .64
(Task WM 503 4)

/ X //) Y
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CALCULATION UF RADON FLUX ATTENUATION BY EARTHEN
URANIUM MILL TAILINGS COVERS

USNRC REGULATORY GUIDES

Requistory Gui0es 878 ued 10 DENEriDE 4Na MEKE availadie 10 the
PUDIE MEINSAl ACCEDtAte (o the NRC 1taf! of imolementing
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| " TREVISION, AUGUST 15, 1978
| ATLAS MINERALS DIVISION
ATLAS CORPORAYION

MOAB URANIUM MILL

DAMES & MOORE JOB NO. 5467-013-06
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FIGURE 2.2-3
WIND ROSES FOR VARIOUS STABILITIES
AT ATLAS MILL SITE. MOAB . UTAN
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