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By PEC Dates 8/8/89 Subject: RADON CONCENTRATION Sheets | OF {
PREDICTION

............................1.........................................Pro 1.No.Chkd. by Q ate: 8 tW 88-0C
................

CORRECTIVE ACTION PIAN RADON CONCENTRATION PREDICTION CA14U1ATIONS
INDRODUCTION

PURPOSE:

THE PURPOSE OF THESE CALCUIATIONS IS TO DETERMINE THE IMPACT ON THE RADON-222
CONCENTRATIONS IN AIR ONCE THE ATLAS MINERAIJ FACILITY UNDERGOES THE CORRECTIVE ACTION PI
PROPOSED BY ATIAS. AS REQUESTED BY THE NUCLEAR REQULATORY Cote (ISSION, THESE CALCULATION! I

SHOW THAT THE CORRECTIVE ACTION PIAN CAN BE EXPECTED M I4WER RADON CONCENTRATIONS BELOW |
REGU!A'iVRY LIMIT OF 30 E.10 uC1/al, j

HETHODO!AGY I

A GAUSSIAN A'INOSPHERIC DISPERSION EQUATION WAS USED TO HODEL THE RADON GAS
DISPERSION IN AIR. THE RADON GAS IS ASSUMED M ACT AS A CONTAHINATED GASBOUS e

PLUME ORIGINATING FROM A POINT SOURCE WITH THE DEGREE OF DILUTION DEPENDENT UPON i

A1NOSPHERIC CONDITIONS SUCH AS WIND SPEED, DIRECTION, AND SOLAR RADIATION.
M DETERMINE THE A> CUNT OF RADON BEING EMITTED FROM A POINT, THE RADON EKIT |

FLUI WAS MULTIPLIED BY 'INE ARFA 0F THE RADON SOURCE TO GENERATE A RADON " PRODUCTION" |
TERH . THE EMISSION OF RADON IS ASSUHED M TAKE PLACE OVER THE ENTIRE SURFACE
OF THE SOURCE AREA. THE POINT SOURCE k?.S 'NEN IDCATED NEAR THE CENTER OF THE AREA
GENERATING '!NE RADON TO DETERMINE THE DISTANCE DOWNWIND M THE NEAREST AIR SAMPLING
IDCATION. -

t

PROCEDURE:
THE FLUI POR THE RADON SOURCES: EACH ORE PIIZ, THE WINDBI4WN TAILINGS SMCKPILE,
AND IMPOUNDED COARSE TAILINGS SHOWN ON SHEET .11. OF 4 2 WAS DETERMINED. !
USING T>ui: " RADON" COMPUTER CODE (USNRC REGUIA10RY GUIDE NO. 3.64, APRIL 1988). 4

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

THE CORRBCTIVE ACTION PIAN. THE RESULTS ARE SUlt4ARIZED ON SHEET _2. OF (_j|, AN7 !

ARE FOLIDWED BY 1NE " RADON" OUTPUT. :

THE RADON CONCENTRATIONS WERE THEN DETERMINED AT AIR SAMPLERS 3 1, S-2 AND ,

S-3 USING THE GAUSSIAN MODEL MENTIONED ABOVE PRIOR M AND AFTER THE .

ICORRECTIVE ACTION PLAN. THE )CDEL WAS CALIBRATED TO MATCH CIASELY EKISTING
CONDITIONS USING THE AVERAGE OF THE REPORTED 1984 QUARTELY CONCENTRATIONS
AT EACH OF THE THREE AIR SAMPLING IDCATIONS. THE >ODEL WAS INEN U3ED M
PREDICT THE RADON CONCENTRATIONS AT THE AIR SAMPLERS BASED ON THE
THE PRODUCTION VALUES AIS IACATION OF 1NE ORE AND WINDBI4WN TAILINGS AFTER
THE CORRBCTIVE ACTION PIAN. THE GAUSSIAN )CDEL RESULTS ARE SHOWN BE14W.
THE IDCATION OF AIR SAMPIERS S-1, S.2, AND S.3 ARE S)OWN ON FIGURE 2
SHEET '3o OF 4 L.

RESULTS: PREDICTED
CAICULATED 1988 CONCENTRATIONS

| *1988 AVERAGE | AVERAGE | FOLI4 WING CORRECTIVE
AIR SAMPI2R | CONCENTRATIONS | CONCENTRATIONS | ACTION PLAN

| uCi/mi | uC1/al | uC1/al
| ...............| .....................| .............................

AIR SAMPLER S-1 | 49 E-19 | 45 E-10 | 1.1 E-10
AIR SAMPLER S.2 | 71 E-10 | 76 E-le | 3.8 E.10
AIR SAMPLER S-3 | 22 E-le | 21 E-10 | 19.4 E-10

| I I

I I I

I I

* BASED ON REPORTED 1988 QUARTERLY CONCENTRATIONS

_ _ _ _ _ _,__ ._ _ ._ _ _ . . _ _ _ _ _ _ _ - _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ . _ ._
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Sys PEC Date: 8/8/89 Subject: RADON CONCDfTRATION Sheet h of M !
PREDICTION !Chkd. bysY( Dates t;w.-c} Pro 3. No. 47-067 |.......................................................................................

t
.

'IMIS ANALhIS SHOWS THAT RADON CONCENTRATIONS AT THE 3 AIR SAMPLING IOCATIONS
:

I

SHOUID BE LOWERED 'l0 NEET NRC RADON CONCDITRATION LZHITS BY PLACING ORE ',
AND WJIDRIDWN TAftma og 'rgy or 'gyg tag 2,Ings imp 0UNDENT SEDfEDI THE INNER i

ACCESS ROAD AND CREST OF THE INFOUNDHDfT.
|
6
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By: PRC Date: 4/8/89 Subject: RADON CONCENTRATION Sheet,;[, of 4,,.J, t
PREDICTION |

........... N.........Datei : w ejChkd. by: Pro). No. 87-967 I

...................................................................
J
i

RADON PRODUCTION CALCUIATIONS |
1

i

SURFACE AREAS OF RADON SOURCES:
'.....................................................................................

EXISTING: POST - CORRECTIVE ACTION PIAN i

NORTHEAST ORE PIIAS . 3.8 ACRES WORTHFAST ORE PILES . 9 '

NORTHWEST ORE PILES - 1.6 t N 4 WEST ORE PILES . 4 I

SOUTH ORE PILES - 1.0 SOUTH ORE PIIAS . 9
WINDS!4WN TAILING 8 2.4 WINDSIDWN TAILINGS . 4

'

COARSE TAILING 8 - 43.5 COVER ARFA . 43.5
* FINE TAILINGS - 44 ' FINE TAILING 8 40

1
,

h

* RADON EMISSICN8 WILL BE CONTINUED TO BE SUPPRESSED BY WATER SMRAGE
AND EVAPORATIVE DISPOSAL OVER THE TAILINGS SURFACE AND 1NEREFORE '

ASSUMED NOT M CONTRIBUTE M RADON AIR CONCENTRATIONS. '

RADON PRODUCTION PRIOR M CORRBCTIVE ACTION PIAN !

! .............................................................................................. ;
1 '

| BASED ON THE FLUI AE ARFA FOR EACH RADON SOURCE, A PRODUCTION TERM IS
CAICU!ATED. THE FLUI POR EACH CONDITION IS CA!4UIATED USING THE RADON
COMPUT1|R HDDEL (USNRC REGUIATORY GUIDE NO. 3.64, APRIL 1988), i

! THE FOLIDWING SHEETS CONTAIN THE * RAD 0N' OUTPUT. :

GOVERNING SQUATION: AREA I F! alt = RADON PRODUCTION i
;

.................
............................................................| 1

| 14 CATION | * rLUI | AarA I CONVERSION | PR000CTION | |
| | pC1/a'2sec | ACRES
; ................| ...............| .........| FACTOR | pC1/sec | .

| ..........| ..................| ;
| NORTHEAST ORE | 308 | 3.8 | 4646.85 | 4.74E 46 | t

| | NORTNWEST ORE | 308 | 1.6 | 4046.45 | 1.PSE 46 |
1 | 80U1H ORE | 3e8 | 1.e 1 4e46.85 | 1.2ss+e6 | v

| WINDatoWN TAILS | 12.4 | 2.4 1 4046.85 | 1.2eE++5 | t
'| C0 ARSE TAILINGS | 32 | 43.5 | 4646.85 | 5.63E+46 | ;

..............................................................................; iV SEE F ou 4.ow eMe uEet&
Fo a en u s OA u u6A fso N TOTAL RADON PRODUCTION = 1.37E++7 !

,

.

| RADON PRODUCTION POST CORRBCTIVF ACTION:
1 ........................................................

..............................................................................
| 14 CATION | 4FIAlt | AREA | CONVERSION | PRODUCTION | |

| | pCi/a^2sec | ACRES | pCi/sec |
| ................| ...............| .........||

FACTOR

..........| ..................|
| NORTHEAST ORE | 384 | 0.0 | 4446.85 | 6.00E+44 |
| NOR1NNEST ORE | 308 | 4.0 | 4046.85 | 8.00E++0 |
| SOUTH ORE | 308 | 6.0 | 4646.85 | 0.00E+08 |
| WIND 81DWN TAILS | 12.4 | 0.0 | 4444.85 | 9.00E+00 |
| COVER AREA | 59 | 43.5 | 4046.85 | 1.64E++7 |
----(?- /At imL t--- .475--------

TCrfAL RADON PRODUCTION =

- -------------------------------------------
t

ca r4 n % vu r m 1.e4E++7
\

| t

._. - - . _ _ . . , . _ _ , . . _ _ . _ . . . . . . _ . - _ _ _ , . _ _ _ . . - _ . , _ , . . . , . . . . . _ _ _ _ . _ . _ - . . . _ - _ . _ . . - _ . . . . _ _ . _ , . _ _ , . _ . _ _ _ .
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4Sheet ____ of R ftys PSC Date: 8/8/89 Subject: RADON CONCENTRATION
PREDICTION iChkd. by:IIN Datee e i ej Pro 3. No. 87-467 !

........................................................................................ j
,

'l

NOTE: PIACING THE ORE ON 1ME SURFACE OF THE IMPOUNEMNT WILL PREVENT {WINDSLOWN TAILINGS. A8 A CONSERVATIVE A88tHPTION, THIS WAS NOT
|

CONSIDERED to ATTENUATE RADON 99G88 IONS. i
A COMPACT SURFACE WILL DE ACHIEVED SY ADDING WATER TO THE ORE FILL '

REDUCING RADON D9CS8 IONS.1 MIS IS ALSO NBGIACTED IN THIS CA14U!ATION
A8 A CONSERVATIVE ASSUMPTION.
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U.3. Nuclear Regulatory Commissien Otfice of Resear:h
j

RADON TLUX, CCNCENTRATION AND TAILINGS COVER THICKNESS !

,

ARE CALCULATED TOR )CLTIPLE MYERS I

I

EXIITING CRE PILES PRICR TO CORRECTIVE ACTION PLAN l
i

CONSTANTS |

)
!?.A."*N IECAY CONSTANT .0000021 1/s
,

FFCN IATER/ AIR PARTITION COErrICIENT .26 l

JFIIITI GRAVITY Or COVER & TAILINGS 2.65 g/ca^3
,

1

GENERAL INPUT PARAMETERS
;

LA7EF3 OF COVER AND TAILINGS 2 fNO *.I.':IT CN RADON PLUE '

LAYT.R '"MIC)3 FESS NOT OPTIMIIED !

CETAULT SURTACE RADON CONCENTRATICN O pC1/1 '
RADON TLUE INTO LAYER 1 0 pC1*m -2/sa

SURTACE FLUE PRECISION .02 pCi*a^-2/s
,

'

LAYER INPUT PARAMETERS '

I.AYER 1
,.

LAYER "'HICXNESS 300 ca
r
'

I LAYER POROSITY .41
,

HEASURED MYER DENSITY 1.61 g/ca^3
i

,

!TASURED LAYER SOURCE TERN .000555 pCi*ca^-3/s
'

i LAYER WEIGHT % HOISWRE 6.6 %

i

!OISTURE ;dTURATION FRACTION .259
HEASURED LAYER DIrrUSION COErrICIDfT .039 ca^2/s

i LAYER 2

|
,

.

LAYER THICXNESS 13 cm '

MYER POROSITY ,41
:!ZASURED MYER DENSITY 1.61 g/ca^3

!IASURED LAYER SOURCE TERN .000555 pCi*ca^-3/s
| LAYER WEIGHT % HOISWRE 4,4rt 6 6 % 4- #
| ICISTURE SATURATION FRACTION .063 ?*^*Ef

,

* * ''
IEASURED MYER DDTUSION COErrICIENT .039 ca*2/s """T''" ''"N

,

| Le m% e. , e

!'uw(c wo .u . -
*

* f ** * D e A & #. a *e .a

n. o r t . , ~. . , . -.

W 4% \4* * g a, ,

|

|

I
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3;JI SC'.RCT. TLUX TRCH IAYER 1: 3.026D 4 2 pC1*c3'-3/s i
-

g

i
RESULTS Cr THE RADON DIrrusION CALCVLATIcNs (

l

!

LAYER THICKNESS EXIT TLUX EXIT CONC.
(ca) (pC1/m*2/s) (pC1/1)

.

!

.

1 3.0000+42 2.794)+42 2.022D44 |2 1.300D+01 [3.077>+02 I 0.0000+40 |_
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Version 1 - April 1, 1986 - G.F. Birchird tel.8 (301) 492 7000* *
.

U.S. Nuciocr R:guict0ry Commission Office of Rese rch

| 9[ 4 2. 1

RADON FLUI, CONCENTRATION AND TAILINGS COVER THICKNESS
{ARE CA14UIATED FOR HULTIPLE LAYERS~

: * a] |m._

WINDBIDWN TAILINGS

:

CONSTANTS

:
RADON DECAY CONSTANT .0000021 1/s
RADON WATER / AIR PARTITION COEFFICIENT .26 '

,

SPECIFIC GRAVITY OF COVER & TAILINGS 2.65 g/ca^3

GENEkAL INPUT PARAMETERS

LAYERS OF COVER AND TAILINGS 2
NO LDCT ON RADON FLUE
IAYER THICKNESS NOT OM'DGIED
DEFAULT SURFACE RADON CONCE;ffRATION 0 pC1/1
RADON FLUI INTO IAYER 1 0 pCi*a^-2/s
SURFACE FLUI PRECISION .02 pCi*a^-2/s

IAYER INPUT PARAMETERS

LAYER 1

IAYER 'lHICKNESS 250 cm
LAYER PORO8ITY .33
MEASURED IAYEA DENSITF 1.82 g/ca^3
MEASURED IAYER SOURCE TERM .000057 pCi*ca^-3/s
LAYER WEIGHT % M ISTURE 8.8 %

MOISTJ'RE SARlRATION FRACTION .485
MEASURED IAYER DIFFUSION COEFFICIENT .0091 ca^2/s

IAYER 2

IAYER '!MICKNESS 250 ca
IAYER POR08ITF .33
MEASURED !AYER DENSITF 1.82 g/ca^3
MEASURED LAYER SOURCE TERN .000057 pCi*ca^-3/s
IAYER WEIGNF % WISHIRE 8.8 %

EISTURE SA'NRATICII FRACTION .485
MEASURED LAYER DIFFUSI0ll COEFFICIENT .0091 ca^2/s
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|' ? - * BARE SOURCE FLUI TROM LAYER 1: 1.237D 4 1 pCi*ca"-3/s |

| II[d1 !
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I- " ' ' ~ RF,SULTS OF THE RADON DITTUSION cal 4ULATIONS !
,

:
! f

IAYER THICKMESS EXIT TLUI EXIT CONC. ,

(ca) (PC1/m 2/s) (pC1/1) {
a

i
1 2.500D*02 2. 775D41 2.653D+04 -

2 2.500D+02 11,23aD41) 0.000D+0e ;

\E. + p C2/e'(xc. }
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Q & tf C IN "Td s f CC s A t% "'e 4 N P t. A N , i,e CAut tb An A m t r ee;
Ub60 Fun g o s n iv e., ortt- w4s etcc ,:c n rc ony
P&cco c> N w it Tuew terg. A c e s.t s ec t.. ~

.

'

* d ow tw i1 C ( e.u s . t t6 e C o et. g. Av a. uA; pt: .r. (c - q .-.
.

IHG M Avimm FM ti p.c o M eF 16, 4 (se 7, [,,, Soc cQ
% ,

WinA:) Stum N 12 " REFi 1. E Tf E rl. 'Tb H nq. I

%''' % 5 F2.o w Ahm mine, a t. '

-

o r2.c 6 '' g w, n,iqq |
% 28 ;

N C o At'l& d TKiuNf I d ,

,

.

TAtt! !

RA(COM lilPUT PARAMtf(R$ i

( t c4 ema v. e i,. c m ) i

Radlem long.Ters Olffustee Dry source !Concentration (sanellen Meisters Ceefficleet Deastty Ters
2 3Material fati/ent fracitan Partantaae fem /11 Para 11tr [,3si,1. InC1/cm /11

-
.

t

Cearse

Tallings 244 0.17 8.1 3.2 I 10 2 0.50 83.6 2.33 1 10'' i
-- -

Affected
sells 17.0 , 0.29 8.8 9.1 I 10'3 0.33 113.6 5.7 I 10 5

, -.- - . . - - . - - .-- - -
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Versten 1 - April 1, 1984 - G.F. 81rchard tel.0 (301) 492-7000-

U.S. Nuclear Regulatory Commission Office of Research i
,

RADON FLUI, CONCDITRATION AND TAILDIGS COVER THICDIESS

I 8kt| ARE CA14UIATED FOR HULTIPLE 1AYDt3 |
t

!

POST CORRECTIVE ACTION FIAN !
,
,

1

CONSTANTS !

)
RADON DECAY CONSTANT .0000021 1/s |
RADON NATER/ AIR PARTITION COEFFICIDff .26 '

SPECIFIC GRAVITY OF COVER & TAILINGS 2.65 g/ca'3 !

!
,

GENERAL INPUT PARAMETERS i

LAYERS OF COVER AND TAI. LINGS 3 -

NO LIMIT ON RADON FLUI
LAYER THICKNESS NOT OPTIMIZED ;

DEFAULT SURFACE RADON CONCENTRATION 0 PC1/1 !
RADON FIJJI IN'11) IAYER 1 0 PCi*a^-2/s .

SURFACE FLUI PRECISION .02 pCi*a^-2/s !

i

IAYER INPUT PARAMETERS [

IAYER 1
i

!

[IAYER 'IMICKNESS See en
| IAYER POROSITY .5
| NEASURED LAYER DENSITY 1.34 g/ca^3

*

I MEASURID IAYER SOURCE TERM .000233 pCi*ca^-3/s
IAYER NEI(Bff % WIS'lijRE 8.1 %

EISTURE SATURATICII FRACTION .217 |
MASURED IAYER DIFFUSI0tl COEFFICILNT .032 ca^2/s !

IAYER 2

| IAYER THICKNEBS 15 cu *

| IAYER FOROSITY .41
NEASURED 1AYER DOISITT 1,61 g/ca^3
NEASURED IAYER SOURCE TElti .000555 pCi*cu -3/sa -

IAYER NEIGHT % WISTURE 6.6 %
'
1

HDISTURE SATURATION FRACTICE .259
'

HEASURED IAYER DIFFUSION COEFFICIENT .039 ca'2/s
1

. _ . , . . . . _ _ . . . . , . , , , _ . _ . . _ . _ _ _ . . - _ , . . _ . - - - _ . . _ _ . _ . . . _ _ _ . . . _ . . _ _ _ . . . _ _ _ . . _ . - _ . . _ _ _ . _ - . . . _ . . . _ _ _ . . _ . _ - . ,
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- -. - .

:. u3...
l*

%
, .% t to-o f |

1Am THIC30288 31 ca 14- ( L
' 1AYER FOROSIM .33

MEASUND IAYER DDISITY 1.82 g/ca'3 |
MFASURED LAYER SOURCE TE10( .000057 pC1'ca^-3/s j
IAYER WEIGHT 4 WIS1VRE 8.8 % !

HOISTURE SA1VRATICII FIUCTICII .485 I

MEASURE 1AYER DIFFUSICII CCEFFICIDl? .0091 ca^2/s |

|
i

>

BARE SOURCE FLUI FROH IAYER is 1.437D+42 pCi'es"-3/s |
>

:
I

!

RESULTS OF THE RADON DIFFUSION CAirU1ATIONS |
.

!AYER TNIC301E88 EIIT FLUI IIIT CollC. |

(es) (PC1/a^2/s) (pci/1)
|

1 5.0000+42 3.564D*41 8.344D+44 !
2 1.5000+41 5.966D*0L 7.587D*44 '

3 3.100D+41 - T5. seed * ell 4.0000*00 '
,

i

e, oc/s/,c e
:
!
t

i

f
h

h

i
r

I

!
'

!

'

f

i
,

L

!
i
!

i,

t

4

. . . _ . _ _ . . . . _ . . . _ _ . _ . _ , . . _ _ . . , . . _ . , _ . . . _ _ _ . . . . . . _ _ _ . _ _ _ _ _ . . . _ . _ . _ . . _ _ . _ _ . _ _ _ _ . .. _ . _ _ _ _ _ _ _ _ . . . .
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SEM F* : aOS a PC4.2 . ?- 5-09 ;c 4ete : . p . pm,. j. ,

b et .in
Rogers & Associates Engineering Corporation 5/n

REPORT OF RADIUM AND EMANATION )
COEFFICIENT MEASUREMENTS :

(LAS PROCEDURE RAE-SQAP-3.1)
;,

.. .. , A,, re. . n , a.. ;
-

. .

cominAer casoon j
-

i sy ___ java

Atlas Mnerals )-

s AMPts inesseavia.
Ij s u sam t v a s s'y an oats assaves

'

masen
- '

sAupksmussen metervas guamargen namuu* comusers !

( e n t w f. s ) esarmosant, feesistem)
i

Atlas Mnerals 6.6' O.25 1 0.01 269 1 2 !

i

, . !,
,

l
.

_ _ _ _ |
| |

'
|

*

i , . i

'

, ; ;

i
~

!

'~-
., ..

I

!
.

.

- --

*
;.

;

i

i 'uM4SATAlm?l88 BASSO ON 4AMMA= RAY SOUNTING STAtlettet enty. |
'

PWTOPPCB BOX M '

SALTIAER CRT e VPAN WilemWW
'
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'' ' 4Rogers & Associates Engineering Corporation

1
REPORT OF RADON DIFFUSION -

'

COEFFICIENT , MEASUREMENTS
(TIME-DEPENDENT DIFFUSION TEST METHOD

R AE-SQ AP-3.8) as,.., ear. Fa 27. 2en
,

08 E IcomfaAct
'

RYB,

er

SAWPLE 198NTIP16Atl0N

|
sueulffte gy __ RYS EAT, asesivre

um Nuu weieru.s oeweiry aaeon sierugion .4,u.,7,., ,, . ##WMsNT4a coser. (em f ) gg ,,, .
I esay wt.33 (e/se 3
;

J'

l Atlas Minorell 5.8 1.41 3.9 E-Qt 0.23 0.41 !
'

bp.$t -

:
1
I

-.

;

~

:
,

k

i
i

t

-

_

,

'
i

)

g;- . ... .... 7 4 ,. . a.

.

,o -.
SALT LAKE CITY * UTAN 04 49

tE84885 sese ,

I
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By: PEC Date: 8/8/89 Subject: RADON CCNCENTRATION PREDICTION Sheet:10F 4]l f
t

Chkd. b g % Dates .: / . 8 Pro). No. 88-067 !
.................................................................................................;

i

RADON ATHOSPHERIC DISPERSION I

i

;

i
,

IINT OF INTEREST: AIR SAMPLER S-1 EXISTING CONDITIONS i
IURCE: NORTHEAST ORE PILES PRIOR TO CORRECTIVE ACTION PIAN j
.........................................................................................

3

?

sUSSIAN DISPERSION EQUATION: !

5

DQ. 1 EQ. 2 EQ.3 i

..................|.................| ......................................... ,

o Q/(2 pie *u'oy*oz)(EIP( .5(Y/oy)^2)*(EIP( .5(Z-H)^2/oz 2)+(EIP( .5*(I+H)^2/oz^2)a

(ERE I = RADON CONCDrrRATION AT POINT OF INTEREST (uC1/al) i
.

3-1 1988 AVERAGE: 4.9 I E-9 uCi/m !
BASED ON REPORTED 1988 QUARTELY
CONCENTRATIONS. tnu 7 do R |

\
INPUT PARAMETERS: RESULTS: |
...............................................| .........|............................ i

1 |
0 - PRODUCTION RATE (PC1/sec) GHEGT J | 4.74E+06 | BQ. 1 = 2.95E+03 pC1/a^3
u - AVERAGE WIND SPEED (sph)(a/sec) cues r 39 2| 6.894 | BQ. 2 = 1.00E+49 i

oy - STAND DEVIATION OF Y DISP. | 22 | BQ. 3 = 1.66E+00
oz - STAND DEVIATION OF I DISF. | 13 |

- DOWNWIND DISTAWCE (ft)(a) Fl6. 7. 450 | 137.16 | (1I213)*1E-12 = 4.88E-99 uCi/al !
"

- NORIt0NTAL CROSS WIND DIST (ft)(a) 0| 9|
~

- HEIGHT OF POINT OF INTEREST (m) | 3|
- HEIGHT OF SOURCE (f t)(a) ( t4T**Mo ) 25 | 7.62 | I= 4.88E-99 uC1/al

| | . . . . . . . . . . . . . . . . . .

| ; ..................

...............................................|.........|......................................

:SUMPTIONS:
UNIFORM, STEADY AND UNIDIRBCTIONAL WI30
cy AND og BASED ON M3DERATE 801AR RADIATION (SEE SHEET 80F 44 ) CONDITION "B"
PREVAILING WIND DIRECTION FROM THE WEST-SOUTHWEST. HOST CRITICAL CONDITION (REF. SAFETY ANALYSI! ,
NORTHEAST ORE PIIES HAJOR RADON SOURCE FOR AIR SAMP12R S-1
AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-A43
WIND SPEED OCCURED W OF DATA COLIACTION PERIOD (REF: SAFETY ANALYSIS REPORT 1975) A u s M ic t A '
t Hfet 29 A Za7% T o D : - M '= -

4 AC e F.

>

, - . _ , _ - . . . , , _ , , - _ _ . . . . . . . . . . . _ _ . . , _ . _ . _ _ . _ _ _ . _ . . _ . . _ . - _ . . . _ _ _ . _ . . . _ . _ . . _ . _ _ . _ _ - _ _ _ _ _ _ . _ . _ . _ _ . . - - . - , .



___ __ ____ _

i ,

\-

. . i;.
;

!
?

t

!

e

Bye PEC Date 8/8/89 Subject: RADON CONCENTRATION PREDICTION Sheet:3, CF d i
Chkd. by: N._ Date s c ' . a. ) Pro). No. 88-067 f

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

;

RADON A'DOSPHERIC DISPERSION !,
i

!,
t

CINT OP INTEREST: AIR SAMPLER S-2 EXISTING CONDITIONS
OURCE TAILINGS IMPOUNDMENT PRIOR TO CORRECTIVE ACTION PIAN ;

............................................... ......................................... ;

!

AUSSIAN DISPERSION EQUATION: ;

,

EQ. 1 EQ. 2 DQ.3 :

.................|.................| ...........................................
|
i

' o Q/(2 pie'u'oy*oz)(EIP( .5(Y/oy)^2)*(EIP( .5(Z-M)^2/oz^2)+(EIP( .5'(Z+H)^2/or^2) '

MERE I = RADON CONCENTRATION AT POINT OF INTEREST (uC1/al) !,

t

INPUT PARAMENRS: RESULTS

..............................................| .........|...............................
'

| |
Q - PRODUCTION RAN (pCi/sec) 3e(Esr J | 5.60E+46 | DQ. 1 = 8.75E+02 pC1/a^3 -,

Iu - AVERAGE WIND SPEED (aph)(a/sec)su m M 2| 0.894 | DQ. 2 = 1.00E+ee,

cy - STAND DEVIATION OF Y DISP. | 38 | DQ. 3 = 1.19E+00|
,

j cz - STAND DEVIATION OF 2 DISP. | 30 |
X - DOWNWIND DISTANCE (ft)(a) N- 2 700 | 213.36 | (112I3)/1E-12 = 1.04E-09 uC1/ml |
( - HORIZONTAL CROSS WIND DIST(ft)(a) 0| 0|

'

;

E - HEIGHT OF POINT OF INTEREST (a) | 3| !

4 - HEIGHT OF SOURCE (ft)(a) '7 Fm w a t 100 | 30.48 | I= 1.04E-09 uC1/al
. . . . . . . . . . . . . . . . . . 's/e e eaee ava+n | |

t a "* a ' 6 81H
| | . . . . . . . . . . . . . . . . . . ,

..............................................;.........|........................................

SSUMPTIONS
. UNIFORM, STEADY AND UNIDIRECTIONAL WIND

f. cy AND or BASED ON IcDERATE 301AR RADIATION (SEE SHEET 14 MOP 42 ) CONDITION *B" i
*

e. PREVAILING WIND DIRECTION FROM THE WEST-SOUTHWEST M)ST CRITICAL +

CONDITION (REF. SAFJkTY ANALYSIS REPORT,1975)
.. SOU'!H AND NORTHWEST ORE PILES AND TAILING 8 IMPOUNDHDrf HMOR RADON SOURCE ro A

AIR SAMPLER S-2. T*e D ou rJ A "" A00*4 T* *c r-n o n s re u r 2 f

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

. WIND SPEED OCCUBED 5% OF DATA COLLDCTION PERIOD (REF: SAFETY ANALYSIS REPORT 1975).

suce' 39 q

,

. _____m._ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ . _ _ - - , - _ . - . - - , - . . , - - _ - . . . . . . , . . _ , - . - . _ - , _ , . . . _.- _ ,-.._.,, .r_-- , , . . , - -- -
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By: PEC Date: 8/8/89 Subjects RADON CONCENTRATION PREDICTION Sheet

Chkd. by:~~ _ Date: :1 Pro). No. 88-06 !.

................................................ ...............................................i
:

RADON A1NOSPHERIC DISPERSION
.

j
'

,

|
1

i

POINT OF INTEREST: AIR SAMPLER S *t EXISTING CONDITIONS !

SOURCE: SOUTH ORE PILES PRIOR !V CORRECTIVE ACTION PIAN :...............'...........................................................................

|

3AUSSIAN DISPERSION EQUATION: !
i

BQ. 1 BQ. 2 DQ.3 ;

.................|.................| ........................................... >

I o Q/(2 pie *u'oy*or)(EIP( .5(Y/oy)^2)*(EIP( .5(2-M)^2/or^2)+(EIP( .5*(2+H)^2/oz 2)a
;

etERE I = RADON CONCENTRATION AT POINT OF INTEREST (uci/al) F

I

l i
i

:
,!

!
INPUT PARA >ETERS: RESULTS:

'

..............................................| .........|...............................
I I

Q - PRODUCTION RATE (PCi/sec)18' U T 3 | 1.20E+46 | DQ. 1 = 8.90E+02 pCi/a*!!
. u - AVERAGE NIE SPEED (aph)(m/sec)ter 31 2| 0.894 | SQ. 2 = 1.00E+00 i
Gy - STAE DEVIATION OF Y DISP. | 20 | DQ. 3 = 1.88t+00

'

cz - STAE DEVIATION OF Z DISP. | 12 | |

1 - DONNNIND DISTANCE (ft)(a) reb. 1 400 | 121.92 | (11223)/1E-12 = 1.67E-09 uCi/al
Y .HORI20NTAL CROSS WIE DIST(ft)(a) 0| 0|
2 - HEIGHT OF POINT OF INTEREST (a) | 3| '

i H - HEIGHT OF SOURCE (ft)(a) Entwareo le 3.048 I= 1.67E-09 uC1/ml ,
................

| |
j................

.............................................|.........|......................................;

|

|
|

| ASSLS(PTIONS: i

1. UNIFORM, STEADY AND UNIDIRECTIONAL WIND
, ,

2. oy AE or BASED ON )CDERATE SOIAR RADIATION (SEE SHEET'tsl110F 41 ) CONDITION "B" l

| 3. PREVAILING WIND DIRBCTION FROM 'INE WEST-SOU'lHWEST 108T CRITICAL l
| CONDITION (REF. SAFTETY ANALYSIS REPORT, 1975) i

4. SOU'!H AND NORTHWEST ORE PIIJ:S AND TAILINGS IMPOUNDHDfT HAJOR RADON SOURCE Fod.
AIR SAMP1J:R S-2. TH E A E10Lf4 At( A00(c Toop resa o :ent 2 s

5. AIR SAMP1J:R DISTANCES BASED ON CANONIE DWG. NO. 88-047-A43
6. WIND SPEED OCCUR 5:D 5% OF DATA COLIJ)CTION PERIOD (REF: SAFETY ANALYSIS REPORT 1975) )

: t8Cv7 29
. . - . _ - . - - . - - _ . - . - - - - - -- ---- - ----_- - - - - --- --
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-ye PEC Date: 8/4/89 Subjects-RADON CONCENTRATION PREDICTION Sheet:2.|, OF 4 2. .

' hkd . bys]( Date i d = [: f................. .. ............__................. Pro j . No. 88-067.. ...........__....___...... __.....__........

RADON A'M)SPPERIC DISPERSION

i

N".' 0F INTEREST: AIR SAMPIJ:R S-I EIISTIrG CONDITIONS
RCE: NORTHWEST ORE PILES PRIOR 'IU CORRECTIVE ACTION PLAN
....................... ................_____ .......___...........__ .___..........__..

,

SSIAN DISPERSION EQUATION:

30 1 EQ. 2 EQ.3
i ..___... __.__..|__.............__| .................______....................

Q/ ( 2 pie *u'oy* oz ) ( EIP ( . 5 (Y/ oy ) ^2 ) * ( EIP ( . 5 ( 2-H ) *2 /oz^2 ) + ( EIP ( . 5 * ( 2+H ) ^2/oz^2 )
RE I = RADON CONCENTRATION AT POINT OF INTEREST (uci/al) -

,

AIR SAMPLER S-3 1988 AVERAGE: 7.2 E-9 uC1/mi
BASED ON REPORTED 1988 QUARTERLY
CONCENTRATIONS \ C Hff 7 4 |

NPUT PARAMETERSe RESULTS
......___.........___...___ .____....._______| ...___. |......__ . ___ ..___ .... .....

I l
- PRODUCTION RATE (pci/sec)SHar*f 3 ' 1.20E+46 | 30 1 = 2.30t.*M PC1/m^3

= AVRRAGE WIND SPEED (sph){m/sec) - 9.12 9.05364 | EQ. 2 = 1.SeE+d
- STAE DEVIATION OF Y DISP. | 54 | 30 3 = 1.98E+00
. STAND DEVIATION OF 2 DISP. | 38 |

- DONNWIND DISTANCE (ft)(a) Foo. 2- 1000 | 304.8 | (112I3)/1E-12 = 4,?5E-09 uC1/mi
'

- HORISONTAL CROSS NIE DIST(ft)(u) 0| 6|
| - HIEGHT OF POINF OF INTEREST (a) 3|u
'

- HIEGHT OF SOURCE (ft){m) e&f* AttO le 3.648 I= 4.35E-49 uC1/a1
........__________

| | ..................

.............._____ ....__...__________......| .........|....______._____________ .... _________.
,

OTAL RADON CONCDPfRATION FOR S-2 = 1.04 E-9 uCi/mi + 1.67 E-9 uC1/a1 + 4.35 E -9 uCi/mi = 7.06 E-?
(TAILINGS) (SOUTH ORE)

~

sacarsg speev zo
UMPTIONS
UNIFORM, STEADY AND UNIDIRECTIONAL NDO

.

oy AIC oz BASED ON MODERATE SOIAR RADIATION (SHEET 34 W0r 4 2- ) CONDITION "B"
PREVAILING WIND DIRECTION FROM THE NEST-NORTHNEST ) CST CRITICAL. AU u>co tM M ro N o Jm Ni

CONDITION (REF. @EST ORE PILES AND TAILDGS IMPOUNDMENT MAJOR RADON SOURCE 8 H687 79
ANALYSIS REPORT, 1975) W

SOUTH AND NORTHN
AIR SAMP!J:R S-2
AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-A43

. . . ,

, g968

. . . . . , - . . . ~ . - . . - . . _ ~ _ . . . . - . , . . . _ . . _ _ _ . _ . . , . . . ._. _ . _ . . . , . _ _ - . . _ . _ _ . . . _ _ . _ - _ -.-
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By: PEC Date: 8/8/89_ Subject: RADON CONCENTRATION PREDICTION Sheets /d 0F d2
Chkd. byt :-Fdatea dt. b7 Proj. No. 87467- |

.__ .._____......__...................__.___ ......................................___....___...
l

I RADON ATN38PHERIC DISPERSION

?

f

POINT OF INTEREST: AIR SAMPLER 8-3 EIISTING CONDITIONS
SOURCE:- WINDBLOWN TAILING 8 PRIOR To CORRECTIVE ACTION PIAN -

......................_____.._____....________.....__.....____...___________..........__
,

GAUSSIAN DISPEASION EQUATION: ,

EQ. 1 EQ. 2 50 3
...____......___|......________._.| ...___._......__........___..__... __..__

'

I = Q/(2 pie *u'oy*oz)(EIP( .5(Y/oy)*2)*(EIP( .5(I-H)^2/oz^2)+(EIP( .5*(I+M)*2/os^2)
NHERE I = RADON CONCEFFRATION AT POIlrF of INTEREST (uci/al)

IMPUr PARAMTERS: RESULT 8:
.____'____.._______......._____________________|...._____|_____........________________

l I
Q - PRODUCTION RATE (pci/sec)5H68 T I | 1.285+45 | EQ. 1 = 5.395+02 pC1/a^3 '

u - AVERAGE WIRE) SPEED (aph)(m/sec) 9.99 | 9.04023 | EQ. 2 = 1.885+00 "

cy - STAlm DEVIATION Of Y DISP. | 40 | EQ. 3 = 1.91E+46
cz - STAE DNVIATION of Z DISP. | 22 |
I - DONNNI35 DISTANCE (ft)(a) Fi k. 2. 700 | 213.36 | (112I3)/15-12 = 1.033-09 uci/al
Y - NORIICIFFAL CR088 Nils DIST (a) G| 9|
2 - HEIGHT OF POINT OF INTEREST (a) | 3|
H - HEIGHT OF SOURCE (ft)(m) nTicas.Yto 20 | 6.096 | I= 1.935-09 uC1/ml

| | ...________... __.

| | _____...__________

... ___..__.. __________ .___..___...._____..| _________|......___ ..____ ...__..__________ ___

ASSUMPTIONS:
1. UNIFORM, STEADY Alt UNIDIRECTIONAL WIE

,

2. oy AllD oz BASED ON MODERATE SOEAR RADIATION (SR SHEET M or 42 )ColWITION *B"
3. PREVAILING WDW DIRECTION FROM TM EAST.WORTHEAST, Asswcc e u wmo. se e s, scei !,3

W/F CRITICAL COICITION (REF. SAF'$TY ANALYSIS REPORT,1975)
4. TAILINGS IMPOUNDHENT Alm NINDRIANN TAILINGS MMOR RADON SOURCE

FOR AIR SAMPLER 8-3 8 de' tHeeT 22. Pe t. To W.
5. AIR SAhPIER DISTABICES BASED ON CANONIE DNG. NO. 88-067-A43
6. WIND SPEED IS < 1 MPH AT THE EAST-IIORTHEAST DIRECTION (RIF SAFETY ANALYSIS REPORT 1975)
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!By: PEC Dates 8/8/89 Subject: RADON CONCENTRATION PREDICTION Sheet Q Of 4.5

Chkd. bye r(Dates t 6 /d1 Proj. No. 87-067-03 ~
............................................. . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

RADON A'508PHERIC DISPERSION l
,

r

,

INT OF INTEREST: AIR SAMPLER S-3 EEISTING CONDITIONS
'

JRCE: TAILINGS IMPOUNDHENT PRIOR TO CORRECTIVE ACTION PIAN
i

................................................................... .........__........ ,

JSSIAN DISPERSION EQUATION:
1

[ 80 1 BQ. 2 BQ.3 '

................|.................| .........................................

* Q/2 pie *u oy*or(EIP( .5(Y/oy)^2)*(EIP( .5(Z-H)^2/or^2)+(EIP( .5*(Z+H)^2/ot^2)o

CRE I = RADON CONCENTRATION AT POINT OF INTEREST (uC1/al)

S-3 1988 AVERAGE: 2.2 I E-9 uC1/al|
,

BASED ON REPORTED 1968 QUARTERLY|
CONCENTRATIONS C H t eP T 4 2.

t

| [N?UT PARAMETERS: RESULTS:
........................ ...

................| .........|......................__.....!
| |'

- PRODUCTION RATE (pci/sec) | 5.64E+46 | BQ. 1 = 1.25E+43 pC1/m^3
- AVERAGE WIND SPEED (uph)(m/sec) sHee1 M 2 | 9.894 | EQ. 2 = 1.00E+08
- STAND DEVIATION OF Y DISP. | 38 | BQ. 3 = 7.05E-01

. . STAND DEVIATION OF Z DISP. | 21 |
- DOWNWI3O DISTANCE (ft)(a) F16 2 700 | 213.36 | (1Z223)/1E-12 = 8.81E-10 uC1/a1
- HORIZONTAL CROSS WIND DIST (a) 0| 9|
- HIBGHT OF POIIFF OF IIFFEREST (a) | 3|

{ - HIEGiff 0F SOURCE (ft)(a) rttmtM. tParlet | 30.48 | I= 8.81E-10 uC1/a1
cAi=me, aai ------------------

... ..............
................................. ___..__..._| .........|_....................__....____.......

COTAL RADON CONCENTRATION FOR AIR SAMPLER S-3 = 1.41 E-10 uC1/al + 7.57 E-10 uC1/al = 2.2 E-9 uC1/3
(WINDRIOSI TAIIA)

IUMPTIONS:

UNIM RM, STEADY AND UNIDIRECTIONAL WIile
,

cy AND oz BASED ON HDDERATE SOIAR RADATION (SEE SHEET *J,ffs OF 42. )
PREVAILING WIND DIRECTION FROM THE EAST-SOUTHEAST
HOST CRITICAL CONDITION (REF SAFMTY ANALYSIS REPORT,1975)
TAILING 8 IMPOUNDHENT AND WINDBIDWN TAILING 8 HMOR RADON SOURCE
FOR AIR SAMPLER S-3
AIR SAMPIER DISTANCES BASED 01: CANONIE DWG. NO. 88-067-A43
WIND SPEED OCCU3g|D 5% OF DATA ColtJ)CTION PERIOD (REF: SAFETY ANALYSIS REPORT 1975)snu p

._. , .__ _ _. .- _ __ ._ _ _.. _ _ _ _ ..._ _ _ _ _ _ _. __ . . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ - __-
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By: PEC Date: 8/8/89 Subject: RADON CONCENTRATION PREDICTION Sheet:E6 0)
) !

'Chkd. by.J? Date: SD 6 Idf Pro). No. 88 1
..............t:".T_................___.......... ...........................__...............

:
'

RADON ADOSPHERIC DISPERSION

.

POINT OF INTEREST: AIR SAMPLER S-1 POST-CORRECTIVE ACTION PLAN .

SOURCE: TAILINGS IMPOUNDHENT AFTER ORE PIACEMENT
...........................__................... ........_____..............__............

GAUSSIAN DISPERSION EQUATION:

EQ. 1 EQ. 2 D0.3 |
........___ ...._|........... ___..| ____ ..___....... ___....................._

.

'I = Q/2 pie *u'oy*oz(EIP( .5(Y/oy)^2)*(EIP( .5(Z-H)^2/oz^2)+(EIP( .5*(Z+H)^2/oz^2)
WHERE I = RADON CONCENTRATION AT POINT OF INTEREST (uci/al)

.

INPUT PARAMETERS: RESULTS:
........................ __ ......_______ ....| ___....._|....................___ .......

| |
0 - PRODUCTION RATE (pci/sec) | 1.04E+07 | EQ. 1 = 6.86E+01 pC1/ ,
u - AVERAGE WIIC SPEED (uph)(m/sec)SHe8 M 2| 0.894 | FQ. 2 = 1.00E+00
oy - STAND DEVIATION OF Y DISP. | 150 | EQ. 3 = 1.97E+00
oz - STAND DEVIATION OF E DISP. | 180 |
I - DONNWIND DISTANCE (ft)(a) Fl6. 2. 4500 | 1371.6 | (1I2I3)*1E-12 = 1.35E-10 uC1/
Y - HORIZONTAL CROSS WIND DIST(ft)(a) 0| 0|
Z - HEIGHT OF POINT OF I3rfEREST (a) | 3|

'

H - HEIGHT OF SOURCE (ft)(a) rarat.A6 ueu 100 | 30.48 | I= 1.35E-10 uCi/."
enno n e e, t 9s1 .............

_ _ _ _ . . . . . . . . . ,

......____...........................___......| .........|.........__...._____ ..............

ASSUHPTIONS:
1. UNIFORH, STEADY AND UNIDIRECTIONAL WIND

.

2. oy AND oz BASED ON N)DERATE SOIAR RADIATION (SEE SHEET"tell( OF 41 ) CONDITION "B"
3. PREVAILING WIND DIRECTION FRON THE WEST-SOUDINEST

HOST CRITICAL CONDITION (REF. ANALYSIS REPORT, 1975)
4. TAILINGS TAPOUNDHENT HAJOR RAD @'N SOURCE FOR AIR SAMPLER S-1O

5. AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-A43
6. WIND SPEED OCCURRED 5% OF DATA COLLECTION PERIOD (REF: SAFETY ANALYSIS REPORT 1975)

Cheer e

_ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ __ ___.___. _ __._.._._._._ _.._._._ _ __ _ _. _ .



.. _- _ . - - - - . . _ _ - - .- ..

!
-.-

,

f ,

,

f

By PEC Date: 8/8/89 Subjects RADON CONCENTRATION PREDICTION Sheets 4 0F 4

Chkd. byi T"w'' Dates ! [ n, l'e 1 Pro). No. 88-06 ,
...........................................__.. ............................................... ,

RADON ATNOSPHERIC DISPERSION

!

' POINT OF INTERESTS AIR SAMPLER S-2 POST-CORRECTIVE ACTION PLAN
SOURCES TAILINGS IMPOUNDHENT AFTER ORE PLACEMENT
_.........................__................... .........................................

GAUSSIAN DISPERSION EQUATION:

EQ. 1 EQ. 2 EQ.3
..............__|.......... ......| ...___............ _____ ................._

.

I = Q/2 pie *u'oy*oz(EIP( .5(Y/oy)^2)*(EIP( .5(Z-H)^2/oz^2)+(EIP( .5*(Z+H)^2/oz^2)
WHERE I = RADON CONCENTRATION AT POINT OF DITEREST (uC1/al)

,

>

D*PUT PARAMETERS RESULTS:
..__..........__........____

............____| .........| .....__..................___.

I l
Q - PRODUCTION RATE (pC1/sec) | 1.04E47 | EQ. 1 = 3.09E+02 pC1/m^3 '
u . AVBAGE NDO SPEED (wh)(m/sec)1Heer 212 | 9.894 | EQ. 2 = 1.00E+00
oy - STADO DEVIATION OF Y D3P. | 80 | EQ. 3 = 1.84E+40

'cz - STAND DEVIATION OF Z DISP. | 75 |
I - DOWNWIND DISTAPCE (ft)(a) Ft6 2. 2500 1 762 | (1Z2I3)41E-12 = 5.68E-10 uC1/mi
Y - HORIZONTAL CROSS WIND DIST (a) 0| 0|
Z - HEIGHT OF PODff 0F'INTERBST (a) | 3|
H - HEIGiff OF SOURCE (ft)(a) rsmot peu 100 | 30.48 | I= 5.68E-10 uci/ml

es name, us9 ..........__....

...__...........

...............__..............._ ...... ____| _.................. ___.........................

ASSUMPTIONS:
1.. UNIFORM, STEADY AND UNIDIRECTIONAL WIND
2. cy AND oz BASED ON HODERATE SOLAR RADIATION (SEE SHEET Myf 0F 42- )
3. PREVAILING WIND DIRECTION FROM THE WEST-SOUTHWEST

HOST CRITICAL CONDITION (REF. SAFTETY ANALYSIS REPORT, 1975)
4. TAILINGS IMPOUNDHENT HMOR RADON SOURCE FOR AIR SAMPLER S-2
5. AIR SAMPLER DISTANCES BASED ON CANONIE DWG. NO. 88-067-A43
6. WIND SPEED OCCURRED 5% OF DATA COLLECTION PERIOD (REF: SAFETY ANALYSIS REPORT 1975)

CHee7 29
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By: PEC Dates 8/8/09 Subject: RADON CONCENTRATION PREDICTION Sheet:27 (

Chkd. bys p % Dates e3 p. 8................................1............... ..............................Proj. No. 81
............

1

RADON ATHOSPHERIC DISPERSION

POINT OF INTEREST: AIR SAMPLER S-3 POST-CORRECTIVE ACTION PLAN
SOURCE: TAILINGS IMPOUNDHENT AFTER ORE PLACEMENT
..................... ......................... .......................................

GAUSSIAN DISPERSION BQUATION: i

EQ. 1 EQ. 2 EQ.3 +
.............. ..|.............. ..| .........................................

'I = Q/2 pie *u'oy*oz(EIP( .5(Y/oy)^2)*(EIP( .5(2-H)^2/ot^2)+(EIP( .5*(Z+Hi^2/ot^2)
WHERE I = RADON CONCENTRATION AT PODFF 0F INTEREST (uci/al)

l

INPtff PARAMETERS:
L RESULTS:

*

..............................................| .........|........... ............ ....
'

I | '

Q - PRODUCTION RATE (pci/sec) | 1.04E+07 | EQ. 1 = 1.62E+03 pC1/
u - AVERAGE NIND SPEED (mph)(m/sec) user.ti 2 | 0.894 | EQ. 2 = 1.00E+00oy - STA E DEVIATION OF Y DISP.

| 38 | EQ. 3 = 1.19E+00
or. - STAND DEVIATION OF 2 DISP. | 30 |
I - DONanfIND DISTANCE (ft)(a) Fl41 700 | 213.36 | (11213)*15-12 = 1.94E-09 uCi/
Y - HORIZONTAL CROSS NIE DIST(ft)(a) 0| 0|
Z - HEIGHT OF POINT OF INTEREST (a) | 3|
H - HEIGHT OF SOURCE (ft)(a) recewic% soeu 100 | 30.48 | I= 1.94E-09 uC1/m .is, # tai

-.....-......

.............
__........__...___... ...............__.......p _____...........................__.......__

1

|

|

ASSUHPTIONS:
1. UNIFORH, STEADY AND UNIDIRECTIONAL WIND

2. oy AND oz BAS 3D ON HDDERATE 80!AR RADIATION (SEE SHEET 41.21 OF 42 )
3. PREVAILING NIMD DIRECTION FROH EAST-SOUTHEAST|-

'

HOST CRITICAL CONDITION (REF. SAF$!TY ANALYSIS REPORT,1975)
4. TAILINGS IMPOUNDHENT HAJOR RADON SOURCE FOR AIR SAMPLER S-1
5. AIR SAMPLER DISTANCES BASED ON CANONIE DNG. NO. 88-067-A43
6. WIND SPEED OCCURpD M OF DATA COLIJ:CTION PERIOD (REF: SAFETY ANALYSIS REPORT 1975)

nacer g3, a 2.7 % A4,-co (b. *

|
|

, - - - - - . . , . - . _ , _ _ , . - - - . _ , . . . - . _ - . . - . _ , . _ _ . . _ _ ___ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _



.

. . . . -

.. ..
.

CanOnte 5nvironmena' !
.

I
i

Date b!/ I$4 Subject E4-- ' 'c~~'f Sheet No. 28_ ofSy ~EL '

_

Chkd.By J ete - E ? Pro). No - ** C'*
;

1/4 X 1/4

- - " .- -

[. f
.

|
-

r s
1b- I1 - .

*

I

+

%

I

L

,

9

_ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _



_ . _ . _ _ _ ____ __ __. _ - . _ _ _ _ _ _ _ _ _ . . _ . . _ _ _ . _ _ _ __ _ _ _ . _

f

6t
,

,
29/. _ve w

_

* 'k. * -* h> N - . ..
. h. i . - .- *

-, -i . ..
s- --T * , |

. , , .- . , ; .- ?. , ;, ,
- '- U

~. .

N*
~ . ,,

7 j . L,
* 4 ; . *5 .- -_ . .. _ _E _ .: -

- - _ , . _ . . .. ,
.

. ,
.r - ... -

IS mass#- j " * .', s
. .. . --s._ , ; .7

,

*
.

,

, ,i
.. . - - , . . .

'-
..

'.' J
' . ., . ~~ *

..( g, as . .
-

g .. =. - , - *- *CRE 510CacPetts , .
#

* - 4 .T - ; . -- r d.- Q . - y%-,
* ,

-

g , 3 . . ' ] *.-- ..
- - - . . . - "- ,, , . yt. ACE N -

-

N 66LTH ( C
e

,
. " - , . , 2 - -:-

! ",
,

.,:: -- mts=cs Amowe : - _ * * , , , , ,-

- ~ I- SmCuenEo
oeto .q, ? , ; j' ' '''' ' I' " ***^'' "' ' , '''

-

E nskroeAT80.s M .@*EM 2 5|.2 *C
J' ;. *, * * ' - ' '- * * - .#8 AREA AS *( * -

, , -
8 AEQui#EOS

__ 4-

_

. .j pe'tLT.Mws(2T.
-

- g1 g, * .
.-*

. ' ..~s.. - g ~

(7- -.- . , . -

t.EGEND:/ '35. eise, ,-
''

, , _. _*l g J,-' - -

*s- - - *
e E s tSTING NPdER ACCESS ROAD- ,- ..-- _ . - , . .

-
mga . *- d

- -*r*-
*

~g .

Q* - ROAD LOCATaDN,

~1.s : d 7~ #_ ~ 772 ,
-

,

------- PROeOSEo toCAT oN w
7t - - ...=..;r.. u j- . '

- ENHANCED EVAPORATION
k _.-
i- ' /',, j. * 1 -

.

| q
- . s'

.

SYSTE M

n'""'" g * .. ,* ~

gp -

- -

.s / <- '

*

'a -- T- g .~7* -

3 v g . f '[ -

- =

- - * * =
*

ORE STOctP4.ES'

"t- .~ .k M./ .

f EPt. ACE.13 AROLDO .l
1

OWER r a

.-*
4

-

TAf tes
_N...f4 t,\ .\ tvAeoRATmN AaEA

- = co = c!- , \
/,

,'t s s .i' .. .d cei ..
*-

-- AREA / t

- ,9--, .g ' N E yA PORAf t096 ,\
, ,-

.

,

3 *

t s'. e , .. ..
\

e. .e
. -\- s,

. . c o. . . . . . -
s ,a . ..

* so stes c . /
, l

. . . .
_

- -- Ny \\ .,
,

y\'h !}
* oog -

g- N .'
..

1YEICALCOVEll.'f-' p ra -

\. N .t N<

N // .

EVAPORATION AREA
Ou SDfLDEs w

- Vy \# N // f - .c, vo uats
-- ~ es est N, ,

Q* amea s ..

,40% %, ,[.u
*--4

.

#

.

.. g h, .r =* ...'

'
^ '

',~, %r** ,-- ,. ~ , , ,'

,
. . . , , . ,-

*

Y *.9 \ , , ..
. .. n

- ae .,/- -

,
', / CONCEPTUAL CORRfCT3yE,

.
- %s; . '.~Ay * ACTION REGRADING PLAN

- ,7 . "f ~ - c =w.co re.
'

, .1 - / .-,\
"' '

' * * " * - --
.

, , h gi, I, i -
GRAND JUNCTION, COLORADO -

*
'

ATLAS MNERALC
, --- -

M

- . .' ~ % W,
.I- -- * s ,

_

-
. , * , -

e* IWI ~"***| g .r a g a e jtteessrs 69

r .
-- e. . . . , _ ,



1

!.

e ,. -,
. --

.

.4, s.. , .e ~..

.

. ._ . m . :..- Seem w rat- -- - - . - - ---. -
. . . . . . . .A

;; N . ;, . ' : :' --- _ ... . .;, g . w ~~.y 7 ;.A R m w ea.
. . , . . . . . . .

.
* * - - - ~- - --

, . T ... ,

., _ - .
. . .. ,, ,

. ,
.

, , s.io .. , s,. . . . - . -. . . -
. .

; , ,.g ,. s .p -- g .., %. a
. ..

g.:u:c
, _

mI= .

2 , ,..

__ . v. . . .a . . . . ,...,
., . ..

s.u .s, ..

. . . . . . . .
_ .-- .

s . . ---.- ,, .. /.n.a .- , \ .
..

sw ..v, ..,
.. + .w,. ,. .u Ee

. .- - ,.s . a\ q..q= '
. 's . . .

=/ s
: s' ORE STOCKFILES-

s. '

.N . ..- N .. .j.. . 2,4 .. - (TyP.)
|

g ..~3.-... . .s. :-
.. . . .

: \' s + cr i C ts.,
-

., ss e ,, . . . . . .
3 0 'g \ / TA: LINGS iMPOUNCMENT i O'i.

'.. g- ,

, ...v. *..h' '
. . .. . .

g . . p.3
., . . . . . , .. . . . . . . .

y:, - . ~ . , . . . - - EX NS E I'T'*. I'O'N'G'S '' ' ' ~~~''."
' ''-.

,
,

, ' - . ' ' - ;
SURFACE '

'-- '

'.|= ,

* . -.

m"e' 8
'"".

. .'.
y .I ** *y ,. .

- s,. . .: -
s _, .

1- .. . .
.

. .s- .s. . . t. . . . .
. .-. .. . .. .... . . . _ . . . .. . .s..

' ; yk. ,
. --

< - 279 .i f.
. .- -

=. - -. ..

1.t.wie . i,...s . .-. ; '
'

. ,.y ,
,

.. . . . , ,_-33, . .; , ' . 34 - .- .'s
.

M-
= C .

,
. -i e ,, y, ,-.'. 1 M ~ ,-' -m -

.

-, ; ., s
- . .s,. : .

.

's g.

e '.
. .. . . . , .

j ?. g*..,.- , , -
-

i s.
.

e
,2 _ ze |1 ,w)., -

,,'

' . ' ' , -
.. .

.

, e :.
3 *3.,,- .s. a ,

- -

s h '. . g* ,'
i . -

; <, =s.
... . ' ,,- . .,,,. -
- -

.

3 a .". , s -
,-

4 - .. -
, ,:. .. s. g .. y .. . . . . . . . .. .. _. . ... .. .._..

. . .

.g s.. - ., .
., ,

i

H#p. ./ . .-.s , .
s . - .

-NhS'N .
~ *'e. ''

| : .''
<~'

N' MCAB, UTAH /'"'.
,

\
.

4 -].,,' ',s.._'.,-
'.

. . -. ,

m .u . . M.. 6 s. . s -

5

.. e , . )g . s . ' , . ;. . .,

,$
,

.
. , -

r T.:
.'' '; . , ~ . , . . 4,-. S - ..

.

t' i , ,i,t %~ 'g~. '
.r

- y. , ;, - ,
.

4 hiGI ,' . 7
. .

. .,

t3. . . . .. ,. . . s. ,t . . . .. .n.,., z . .
.

> .
.... ... . .. . . ._.. .

;
..,

I

1
*l

| '

| LEGEND:
s: ALE

AIR MONITORING STATICNS-2 j
* APPROXIMATE LOCATION 2000 o 2000 rEI'

|' AND NUM3ER g

ORE STOCKPILE AND I

33 SECTION NUMBE? A;R MONITORING STATION LOCAT CNS |,
PREPARED FOR

ATLAS MINERALS i

GRAND JUNCTION, COLCRACO |

DRORM-. .\"i ""'..''' .'.'. - ir"=EscEt
7.5 MINu?E TC#oGR APndic 6. v.
0.' a:R ANGLE VAP OF %10A8 UTAH. ,

CA?E3t 1985. SCALE: 1" 2000. 0ArE 6 .4-99 |c:9teun INTERVAL: ao'. scauc as $4o,, FIGURE 2 DRA* LNG N'.95tR I l

i

es.ce ..o
_ _ _ _ _ ___ _ _ _. _.



; m
. -

-

n
. * .

-.-
..

o .
..

F

CanOnte.3nvironmena.
I

\
p

!k- By A ~- C Date .6//? So Subject r. ,; - Sheet No.il of
*

- - . c- - - .
_

Cc- - '* ~"
Prof. No. c- "a *Chkd, By Date '-

1/4 ' X 1/4 '.

;

>

( W
,*

l I '\ f j
'g
-

- _ - ' ~' o ,-
- t u.- _ __ .

|4

i

f
,

,-

|

|
,

;

1

I

i

|

|
|

1'
|
|

1

4

1

i

1

. _ _ - _ - . _ , _ . , . _ _ . . . .._.. .. _ .. ~ _. . _ _ . _. __ _ . ~ . _ _ _ _ _ .. J



. . - . _ _ __ __ ._

.

.

.. .

.
'

/~ : ' .1 y*

s; e t 88 6; . Atlas MinsoP
,. ary
a.

-,
,
&

s .-.

1- :
. .

Response to NRC Comments .

. ..

!..

Reclamation Plan
'

--

: ' Uranium Mill and Tailings
.

Disposal Area-

"" ,

1

.

;..

l
. . .

. -

. . .

'

,

. ..

.

a ..

l. ". Moab, Utah
..

l

.q..
; .. ;

,

,

^

1]_ Submitted by: c.u. . : . . , . . . .,

Atlas Minerals E |,,| J 'E'
~ .

Grand Junction, Colorado 3.... . ,'
.

,,

PMin, c. c,.m.
,J Prepared by:

.,

" ~' Canonie Environmental
Englewood, Colorado g g,,... _

-
-

_ _ ._- .._ .- ...... - . _ _ _ - .- - _ . . - - _ _ - . - - . _ _ - . -



'

. , ,

i a
my34 . . . _ . _ , . _ _ _ . . . - - _ . _ _ . , _ _ . . _ _ _ . . . _ , . .

.,y~_ L ..
'' - - ' -

. .
::,. ... .- . -. : . ...< ~ ' '.s .

).js. . a 11; f Y,.:.,.
..

.

1 I
..

, f.h Y' .g - - ' I 71; /*

': . .' #f.'#
'"

i* *

, -( . .g .x '
~ f%

:

,,

..; - 4; ,.y g '

~m .-

v

.dM e'd2%4,.g svqs[he.%..ge-wA4pg.jyrg/^ , ,; ,,

-.

- .- , .

3-
,

- -- ,. 4
..

. . . ...:- e. . 1
~

.U/

1

I'

I4=

Iid.,

i.,

,

J

1

3; 7-" n <-'' ' " "

, .., <_u . . , u ,_u .., ._, ,e

[ [ |
~?

. .

-
,

,

{' e-..

@o 01:13 V32ELEld*
;

2 ? ' , . ~ '. i Do DB$d 324 }$$2O3
. e o n,

: <k, - .-
,$ .

x.' :
, ,

.
.

,

.-

..,

.$.k -

X

BUTTERWORTH PUBLISHERS
Boston Londonorles

'e human Sydney Wellington Durban Toronto
Ork

An Ann Arbor Science Book
.1 Counns

-. _ .



,,,, . _ _ . _ . . . . _ . _ . . _ - _ . _ . . . . _ _ _ _ _. . . _ _ _ . _ . . . . . . _ . . _ . . . . ~ . _ . . . . _ _

1
I

1- ,

.

'.. .

I'
1

*

s (

/ /

7

'/ *
/

f
*
.

1

/.
.

/
I '4y i

/.

/
,

.

!'

'%
J~

/I

- 1 '

240 k

9 (
J! f

%

/%
3

,5 4 -
p

/

/so P
./
/

7 /

, ~ <-
.

4

/*
20'

- ,/1

/. /
10

/ I
/>

3/ ?
*

4
%

4/
.'

)
-

\10 qu1 0.3 1 2 5 to
|'

tuo I
Distance Downwind ikml t.

Figure 617 Vertical dispersion coefficient 1

i i

(Source Turner Isee sourtenute for Figure 6151,196?.1 |

;
I -

.

,

,

9WaiFG W"q: ffN. .
x.. ., N7@gg, JV" '.

C'-
<. <

.
.

,
.

4, ;. s
:,, tp _. _ .

.,
..

,;. ' . , , . -
', .

.,



. _ . ~ . - . . ._ - . . . ~ . - - . - - . . . . . . -- ~ -.. _ _ . - . .- . . -

. - - _ - - .]. . i

;
Up 't * T rs' .

-; g '}.
'

: . -
1..

.

*
, i

, .e. .
. ,

AL '

n _J 'n _ =. 0- Y' t . L t'_ Eb $* m e Ya $'n. '1~ . . . .

.w % d| tw
- -

#

d| 2r
-

6-6 AntOSPhT.PJC DISPERSION 359

10 000

i
.

'

,

/ '

|/s'a'
N
* t.000

/

s P ., - .

300

'*P A.

.

BS-
!
'

C
200 _

S
#

' O
,

4 eE
100 - p '

.

|
.

30
i

..

1 20 ..

i

10
.

.

'

.. . . . . ..

. . . . .
'

. .

3

01 0.5 1 2 3 5 to 100

.

Distance Downwmd ihmt
6 14 Hontontal dispersion coeffkwnt

.

ISource: Turner liee sourcenote for Figure 6-131.1967.1

'

t
.

' ".
e

, *)
%-

'

'''4-F e-1-Je-& ww w- v--wer -e-=--een--w-en-- e. e eD- v' e ws-'es%W-<*.*----w-'--'w wtp g-'mmwm y -W - 3 M w w ww-segewwwwwww'r-=--=p--*T-= 9y-=--*ywvg y- - '''s=-'wv'e ''dF ** *



"h ,

9

*o s
'

, i.'"

\tETEOROLOG) AND AIR QL ALIT) 449 M
,

.., .,
Table 151.

Aime heric Stabelets kes for figure (816
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% ght*
Det a

Inenment %olar Radiasson
--

,vrf ace W ind Thinh
* *unshine s

ppeed sai 10 me Ot ercasa
- - - at 48 34sm secs %eront \laderait %Iitht 1.o w Tiesud Cloud
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D D D
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'The neutrai .alegors. D. ihoulJ De assumed 'or m ersau .oncitions Juring Jas or nignt

1008e efficient sink for the pollutants, and the lesels must be higher at5
ground lesel due to inability of the plume to disperse into the ground.:

,j This effect can be taken into account if we think of an imaginary mirrora

, image source at elesation z - H. as shown in Figure 18 I?a inito account, we can a rtte Taking this

, - (
_

*

,f q
,

.

X ,,,,= ,roo a, letp ( :(O o.Pl';
. .

' '

j
= l etp< - j fu - H) a )) + espe < ! r . H);- :

D/ * o.s' | .- Liample 18..''
,-1

y Gisen a sunny summer afternoon with average wind. 0 = 4 m'sec.
'

,- j
' emission Q = 0.01 kgesec, and the,',i'

',-] ground lesel concentration at 200 m' ectise stack height 20 m, find the'

5 from the stack.
Using the above equation, and from Figure 18-16 finding that at 200

" .;.
-

'pfadiation (Table 181), the atmospherte conditions arsneters, o. = )6 and a, = 20 for an unstable superadiabatic strong solar
.]

,

!4'
Qing that maximum concentrations occur on the plume centerline, at y = 0{

e tType B), and not-
| -

-| {T O 1E d' X,,,=-,

raa, o, (etp ((- jl(y'o );)|)3

'. 3*
*

- '.
x t etpt - jl(z - H)ba, )) + e.tpt 1 - }l(z + H);'a,;l))
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1 J
# X= 0.01
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ATLAS MINERALS '

MOA8 MILL I

CONTIKU0CS AIR SA.V LES '

1988

CONTI.VUOUS' AIR SAVLE #1

s

1988
Avg.

Ist 2nd 3rd 4th % :Qtr. h h Qtr. g .

u-ust
x10*" uci/mi . 00063 .0014 .0034 .0035 .04 .

:
!

Rn-222
x10*" uCi/mi 21.0 33.0 15.0 127.0 61.2 Avs : 41

'

\

Ra-226 ,t

,

x10*" uCi/mi .0032 .0006 .0048 .0013 .06

i

Th-230 I

x10*" uci/al .016 .059 .16 .12 1.1
,

*

*

i

i

1
1

.

|

t

1

|

|'

.

1-

I
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AT1.AS NINERALS f
MOAS MILL '

I

CONTINUOUS AIR SAMPLES
1944 ;

CONTINU0US AIR SAMPLE #3,

1988 !'Avg.
let 2nd 3rd 4 th ' s
Qtr. Qtr. Qtr. Qtr. g

U-Nat +

x10ea uCi/s1 .00046 .0014 .00064 .0033 .03 )
liS I

'Rn-222 3=amd I '' I

(4h 71. 7 A .# ' 'l ' 5x10"' uC1/mi - 48 14.0 7.0 19.0.
,

se 3
'J *
o

Ra-226
,

. x10.is uci/mi .0092 .010 .0060 .0031 .23
.

Th-230
,

x10*" uC1/mi .12 1.57 1.06 .63 10.6 [

;

. .

.

r

I
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ATLAS MINERALS
MOA8 MILL

CONTINUONSAIRSAMPLES |
1988

-

CONTINUOUS AIR SAMPLE #2 :

!

1988
Avg.

1st 2nd 3rd 4th % '

Qtr. Qtr. Otr. Qtr. E
U-Nat '

x10*" uCi/ml .00088 .00013 .0019 .0036 .03 :

' .

Pa-222
Il ~ "x10*" uCi/s1 22.0 57.0 $1.0 159.0 ' 240 Ad'*

!

.

Ra-226 -

x10*" uCi/a1 .00046 .00049 .00077 .00098 .02
'

i

Th-230 i
,

x10*" uCi/s1 .059 .059 .16 .26 1.68
i

r

Across the River free #2 Station

4th Quarter 1987 a 1.5 pCi/L Rn-222
2nd Quarter 1988 a 1.0 a "

!

3rd Quarter 1984 a .9 a a
4

4th Quarter 1984 a Discontinued
i

I

.'*

.


