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APPENDIX II

MAXIMUM PERMISSIBLE CONCENTRADIONS OF RADIONUCLIDES IN EFFLUENT

ATR AND WATER RELEASED TO UNCONTROLLED AREAS

The maximum permissible concentrations (MPCs) below are based on recommendations
of the International Commission on Radiological Protection (ICRP), the National
Council on Radiation Protection (NCRP) and the Federal Radiation Council (FRC)
These recommendations are incorporated in the regulations of the Colorado
Department of Health and those of the Nuclear Regulatory Commission The

levels stated are those relating to general population exposures to radio-
nuclides in effluent air and water

Chemical Form

Insoluble Soluble
Adr (pCi/m3) (pC1i/m3)
Unidentified radionuclides? 0 007 0 007
Unidentified radionuclidesS 33 33
Americium-241 13 0 066
Carbon-14 330,000 100,000
Cerium-141 1,600 6,600
Cerium-144 66 100
Cesium~137 33,000 130,000
Cobalt-60 100 3,300
Hydrogen-3 (Tritium) 66,000 66,000
Iodine-129 660 6 6
Iodine-131 3,300 33
Krvotor-85 100,000 100,000
Lead-210 2 6 13
Niobium=-95 1,000 6,600
Plutonium=238 0 33 0 023
Plutonium=-239 0 33 0 020
Polonium=~-210 23 6 6
Radium-226 0 66 10
Radon-220 - 3,300
Ruthenium-103 1,000 6,600
Ruthenium-~106 66 1,000
Strontium-90 66 10
Uranium-Natural 16 16
Xenon-133 100,000 100,000
Yttrium=91 330 330
Zine-65 660 1,300
Zirconium=-95 330 1,300
Colorado Department of Health - R & HWC Div page 1




APPENDIX II, CON't )

_ o . Soluble
Water "' ) * B (pCi/1})
Unidentified radionuclidess™ 10
Unidentified radionuclidesd 1,000
Americium~241 14300 =
Carbon-14 . 260,000
Cerium-141 30,000 o
Cerium=-144 - 3,300
Cesium~137 5 6,600
Cobalt~60 - 16,000
Hydrogen-3 (Tritiums) , 1,000,000 .
Iodine-129 st ) .20
Iodine-131 . 100 .
Lead-210 |33 .
Niobium-93 - - 33,000 %
Plutonium~238 - ; 1,600
Plugoniun~23 . B 1,600
Polonium~210 . 230
Radfum-226 h 10 7
Ruthenium-103 26,000
Ruthanivne-10% . 3,300
Strontium-90 . 100 .
Uranfum-Natural 10,000
Yrerium=91 EN ‘ 10,000
Zince-65 53;1&90 : ; 33,000.

Zirconium-95 . 30,000 20,000

1

1. Concentrations way be &veraged ovar a veriod not gﬂi::: than » year.
2. Any s radionuclidé whtch deksys dy MW or spontasisous fission

3. msmzcrﬁimnn&mf;“ -gode. othe? thati.alpha smissfon or

spontanecus fission #nd with a radissctive: m%wunr then 2 houts
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APPENDIX II, CON't

MAXTMUM CONTAMINANT LEVELS FOR RADIUM~226, RADIUM-228, AND GROSS
ALPHA PARTICLE ACTIVITY IN COMMUNITY WATER SYSTEMS

The following are the maximum contaminant levels for radium-226,
radium-228, and gross alpha particle activity in community water systems

a combined radium-226 and radium-228 -- 5 pCi/1
b gross alpha particle activity (including radium-226 but excluding
radon and uranium) -- 15 pCi/l

MAXIMUM CONTAMINANT LEVELS FOR BETA PARTICLE AND PFOTON RADIOACTIVITY
FROM MAN-MADE RADIONUCLIDES IN COMMUNITY WATER SYSTEMS

The average annual concentration of beta particle and photon radio-
activity from man-made radionuclides in drinking water provided by

community water systems shall not produce an annual dose equivalent
to the total body of any internal organ greater than 4 mrem/year

Except for the radionuclides listed below, the concentration of man-made
radionuclides causing 4 mrem total body or organ dose equivalents shall
be calculated on the basis of a 2 liter ver dav drinking water intake
using the 168 hour data listed in "Maximum Permissible Body Burden and
Maximum Permissible Concentration of Radionuclides in Air or Water for
Occupational Exvposure', NBS Handbook 69 as amended August 1963, U S
Department of Commerce If two or more radionucliiaes are present, the
sum of their annual dose equivalent to the total body or to anv organ
shall not exceed 4 mrem/year

AVERAGE ANNUAL CONCENTRATIONS OF RADIONUCLIDES ASSUMED TO PRODUCE A TOTAL
BODY OR ORGAN DOSE OF ¢ mrem/VEAR

pCi
Radionuclide Critical Organ per liter
tricium total body 20,000
strontium-90 bone marrow 8
Colorado Department of Health - R & HWC page 3
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ARPENDIX III
LIMITS oF %&ﬂtﬁﬁ,

¥

3

Lower Hm'ts*af aetectioa tLLD’s) are baseé on the U.S.A.E.C bﬁﬂth and
Safety Laboratory Procedures Manual (HASL-300,: 1;?2).; -

The calculated LLD will be -reported bassd: upon actual measurement wien they ~
are available. Otherwise the following tLD will be r&pﬁﬁd whf*-h«iﬁw“ -
upon nominal (average) meagurements , , ‘ .
A. WATER MRALYSIS L | o
1. Gross alpm 7.0 pCiéL : Joe e
- 6.0 . ‘ LT
— 7 : - é!
B. "
2. Gross l;gta fmg@ﬁd SeapiRy 7 N e BEES 5
&cm oot n;%i;w FETE D oL ptther

P-x sta’ { = ;}%‘::‘» T - -&51 }ﬁf’#?
3. mtonégﬁas . { - i 1 * ;
dual samples (using m . :
m statigns ( 1&9@% : .00019 pCt/md

D-x sﬁ»ﬁm (3@ ). . .00009 pEi/m3
Monthly composites (usipgs 11::&%@&% sample) - \
APG tations (1800 n3 & samples) 9@37 pCimd
D-x Stad aus {3000 éxsm é 13 sadples) 00011 pCiaed -
Quarterly coubs! ool -
APC station ﬂ%ﬁ fmﬁs famptes} 00013 pCi/md  °
C. SOIL ANALYSIS - T
1 Plutonium - 239 0.08 pCiZgm P ;cawgi‘ .

A “lower detsction lMmit" for fluorometric afwﬁg ;Qgﬁfs i5. revarted by "t he
Water Qualtty Laberatory as 3 ug/L, or 2 pRi/L g:**tsptﬁpf mﬁibr‘lm, and is ;
defined as “three times batiground . ‘ |

RN

b ~

COLORADO DEPARTMENT OF HEALTH
gadi a*{} g: Gantrol D vision/Radfation Em,mttm
ev.




TABLE C
PLUTONIUM AND TOTAL LONG-LIVED ALPHA
CONCENTRATIONS IN AIR
January 1987

DATE pu239+240 Total Long-1iyed
Station Month/Quarter (pC1/m3) ALPHA (pCi/m>)
D-1 1/86 0 00004 # 0 00001 <0 005
D-2 1/86 0 00002 ® 0 00001 <0 004
D-3 1/86 0 00120 # 0 00004 <0 005
D-4 1/86 0 00019 ® 0 00002 <0 004
D-5 1/86 <0 00001 <0 003
D-6 1/86 <0 00001 <0 003
D-7 1/86 <0 00001 <0 003
D-8 1/86 <0 00001 <0 003

NOTE Total Long-lived ALPHA and Plutonium error
terms are based on the 2 sigma counting error
for the single analysis
Nominal values for the minimum detectable
activity are listed 1n Appendix III
The standard for general pop§1at1on exposure
for soluble Pu 1s 0 02 pCi/m

Page 4
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Station
R F Pond A-3
R F Pond B-3

Monthly Average

Walnut Creek
at Indiana

Monthly Average

Broomfield**

Monthly Average

Woman Creek
at Indiana
Westmins ter***

Monthly Average

/23

Date
01/28/87

01/07/87
01/14/87
01/21/87
01/28/87

01/02/87*
01/05/87*
01/07/87*
01/09/87*
01/12/87*
01/14/87*
01/16/87*
01/19/87*
01/21/87*
01/23/87*
01/26/87*
01/28/87*
01/30/87*

01/07/87
01/14/87
01/21/87
01/28/87

01/12/87

01/07/87
01/21/87

TABLE D
WATER SURVEILLANCE SUMMARY
(INDIVIDUAL SAMPLES)
January 1987

Activity (pCi/1)

ALPHA BETA
<4 14 ¢ 5
<4 14 ¢ 4
<4 14 & 4

5= 3 1304
<4 15 e 5
<4 14
<3 <5

23 <5
<3 6z 4
<3 <3
<3 <5

4 = 3 <5

5+ 3 <5

<3 =<3

<4 <5
Page S

TRITIUM

<350

<350
<250
<350
<350

<350

<350
<350
<350
<350

<350




TABLE D
WATER SURVEILLANCE SUMMARY
(INDIVIDUAL SAMPLES)
January 1987

. et ity (pCis1)
Station Date ALPHA BETA
Arvada ' o1/30/87 @ <5
Boulder* ]
Golden* 01/21/87 <3 | <5
North Table 01/30/8% @ S ’
Mountain ! '
COH (ppt) 01/22/87 - o
D-4 (ppt)* 01/12/8F P
01/19/8%: - t
Planned Releases s - eEL T e !
R.F Pond C-2 02/04/82- T+¢4 O 5. 6+ 4
. e ;
. N s
NOTE: Error terms gre ban{ﬁaﬁﬁe 2 sigma

couatf#ifl:wr for tﬁ ﬁmg anﬁisis; .

Nominal vaiues for the s detectable
activity are Tistdd ‘E& ppondix 111
* & No sample collected
k4 ] e

= wiekly composite
= bi~-weekly composite )
SI unit gquivalent: 1 pCifl » 0.037 Bg/

N.R = No regults -
20 pCY/Y « 0.74 _ Bg/1
Page 6

TRITIUM



[ 9beyg

1/42d 02
1/10d 1 juajeainba Jiun |g
P33} 291102 ajdues oy =
111 xipuaddy up pajzsi| aue
A31Aa1300 31qe)23713p wNWuLw ayj L0j SIN|eA |eULWON
sysApeue ajbuis ayj 40j aouud
bugjunod ewbys gz 3yl uo paseq aie SuuI} 40443 JION

1/bg ¥, 0
L/bg (£0 O

n

05¢€> S ¥ b1 v> Kienuep
L861
85€> 1> > ejeQq (enuuy
WELTTEREY]
0s€> v ¥ 22 9 £ O A3qQUIAOY
0s¢> 2% ) b 59 43g03 20
091 = £V /2 € £ ¥ 42quajdas
0se> b ¥ 9 G> 3snbny
0g¢€> §> 6> Ainp
0s€> t ¥ ¢ (S 2 aunp
0s€> b L £ 9 Keyw
0s¢> §> £> { tady
0s5€> b ¢ 9 G> yuey
0se> b L 9> Kenaqay
0sg> v ¢ 9 G 8 Kienuep
9861
aleq
(1/12d) (L/12d) (1/12d)
WRILI YL vi3g VIl WV

L861 Pue 9861
£€-V aNOod
V1vVa NOSIYYdWOD ATUILNOW
AUVIRHIS JINY T IAUNS U4LVM
-4 310v1

L2



il .A&?wm

o o,
¢ v .?&.
3
g ety w P
Eil ,.~
! ; N} |
o |
,,_5 x s
e Al
w
B o
et ost”
0s€” po
ost? o
w G
e
A
W o
o d v %V
e O
pee? 05€”
. fg . %ﬂﬁ
(/)
wpiaigd




6 abey

1/13d oz
t/13d 1 juaeatnby juup s
Pa31231 102 ddwes oy =

L/bg 8t 0
L/bg L£0 0

I11 xi1puaddy ujp pa3sj| 3a4e A3LA}300 3[Qe]d313p WNWEUEW Y]} L0j SAN|eA [RUWOR

0s€>

0s¢e>
0se>

0s¢>
0se>
0se>
0se?
0se>
osg?
0s¢>
0s¢e?>

Ut

§59

0s¢e>
0s€>

1] X
0s€>
05€>
0se>
L9€
0s€>
559>
0se>

xeu

(1/12d)
WNILIYL

9s¢€>

0s¢€>
0s¢g>

0se>
0s€>
0s€>
0s€>
as¢>
0s€>
11] 2
0s¢E>

PaAUdSQO UOJRAJUIIUCD J|dwes [enpLAipul wnputuiw = upw
paAJdSqO uo}3edjudaduod a|dues |[enprAlpul wnwixew = Xew
ueaw Jjjaunfae = x
(s@|dwes) su0}ILAN3SQO JO a3qUNU =N 310N
6> 81 L> 2> ST L
L 6 8 G> 8 L>
S S S 9 9 9
L L L > 24 v>
6> G> G> b> 9 §>
G> (1] § 9> £> 6 g
G> 8 9> £> 01 g>
> 9 G> 2> 6 2
9> 81 8> 9> ST or>
g 21 L 9> 11 8>
9 6 8 9> b1 1>
utLw xew X :_E xeu X
(1/710d) - (1/719d) -
vi3g Vild v

£861 PU® 9861
VNVIONTI 1V %3340 LNNTVM
VLiVQ NOSIY¥VAWOID ATHLIHOW

AYVHKNS FONVIL IAUNS HILVM
£-1 31wl

¢9

yAaenuep
(861

ejeq |enuuy
x93 (udd3Q
JAQUIDAOYN
490320
xJ4oquadag
Isnbny
Linp

aunp

Aey

L fady
youey
Kaenaqay
Aaenuep

H[23



L
I x_vgang< ug vea«,. e xgvg,gua a

m;

0sg?, |

b

w4 4

I

ose>

e

0s¢

05t >
05¢>
os¢>
05¢>
05¢€»>
ose>
ose>
05>
0s¢>
05¢>
ose>
0s¢>

ufw

ost>
oge>
ommv

aa§~
0s¢>
ose>
0S¢

056>
0s¢>
S6¢>
0se>

Xew
{1/12d)
WnLLryy

0s¢>

#3p>
05¢>
056>
0se>

s8e>

056>
osE>
05€>

bog>
ose>

af

{861 pue 9861
*0731 #00yg
Viva Nosi 4Vdo2 AT 1 Now
Advdins 311 3nans Le TR
b-3 gy

¢
.




11 abey

1/42d 02
1/1d 1 juajeatnba jqun s
pai1d910d ajduwes oy = 4
[11 xtpuaddy u} pajsi| aue
A3jA 308 3[qe]29713p wnWiugw Y] 40j SIN|RA [RUJWON
sisAjeue 3|buys syy a0j aouad
bugjunod ewbis g ayj uo paseq aue suMUd} JO4AT  JLON

i/bg v 0
L/bg L£0 O

0s€> > €5t Avenuep
L861
osg> §> G> ejeq (enuuy
0se> 5> £> 49qua 3¢
0s€> 5> £> 49(QUBAON
¥43Q03 20
xA3quadag
x3snbny
»ALnp
0se? §> 28 3 aunp
0se> §> G> Key
0s€> > 2+ € L tady
0sg> 5> b ¥ 11 yauey
0sg> 5> £+¥9 Kieniqa 4
05¢> L q KAenuep
9861
ajeq
(1/142d) (L/12d) (1/12d)
KNILIYL vi3d Viid v

L861 pue 9861
VNVIANI 1V 334D NVIOM
VIVQ NOSTHVAWOD ATHLNOW

AUYVHWNS JONVITI IAUNS YILVM

§-3 1uvl

/25



0s€>

’
06,

ose>

05€>
gae>

%
E 0
4 b y [

5E>

Qsg>
0se>
oge>
ose>
05¢>
05>

ge>
05€>
ose>
05¢>
056>

*xou
(1/13d)
HNILIYL

§
£

:.:. L0 = 174 02
£0°0 = 1/49d ¥

eez.%% %ﬁ!ﬁ«%& ajdwes ....33_,5

M ; &

tu—gﬂ a.azqt#ﬂuws ..%. [

0s€? s 8 P b s
08E¥ R - ey
05 > mv §> 2
09€ TR O S cP €
0s¢> ¢ 14 g £
= £ P B b !
Wyl y . ; ey W ﬁv , ﬂy MV
g ) B i ,,; ‘,st&e . AWY mmf \ fp%k . n
0s¢e> ,mv ws L 1d > X
1% §> mv §> £ b
§Y §> g > £> £
0s¢> §> G> §> > £>
0s¢> . 8 §> §> £ X4
X ‘upm *Xeu X “ujm xew
- (1/12d) - (1/42d)
viig VHd WV
(86T pue 9861
dIISNINLSIN

VIVQ NOSIHYANOD AWM LNOW
AUVHHNS IV T IAUNS YILVM
9-3 118Vl

uzssgfs_,u 3um IS

*111 xypusddy ul, 2%: Sl amwz mﬁs % Sﬁ.ﬂ”gi b%& pémumr
pem = °x

3108

v

£>
£
>
4
£>
g
£
g>
£>
24
£
£
£>

™

%

mONNNOANNNNMNN

"KARRUR P |
1861
33 :.3..2

Kienaqa §
Kaenuep
9861




g1 abey

1/12d o2
L/12d juaeatnba jiun |g
pa329({0d ajduwes oN = 4
111 xtpudaddy up pajsy| aue
A31A 1300 3qR)I913p WNWULW 3Y) 40J SIN|BA |eULUWON
sisAjeue 3 buls ayj 40§ A0uu4d
6upjunod ewbis Z 9yl uo paseq a4 SuUUI] A0u4I  JION

i/bg vL o
L/bg L£O O

0s¢> G> 2> Aienuep
(861
W 05€> G> A ejeq |enuuy
0s¢€> G> 2> 43qud 29(
0se> 5> 2> J49(UIAON
pse> 5> 2> 4340320
05¢€> G> 2> 43quajdas
0s¢€> §> 2> Isnbny
0s¢e> 5> 24 Ainp
! 05¢> G> 2> aunp
0s€> s> 2> Aey
0s€> §> 2> Liddy
0g€> 5> 2 yaey
05¢€> G> 2> Aeanaqaq
05¢€> £ f9 2 ¥S Kienuep
9861
a3eQ
(L/42d) (1/42d) (1/12d)
WNILIYL vi3g Viid WV

(861 pue 9861
VavAYdvY
V1VQ NOSTYVAWOD ATHLIROW
AUVHWNS IONVIITIAUNS ¥ILVM
L-3 3714Vl




e

(1/19)
WALLIYL

4

9961

aed

wh
8,



G] 9bey

1/12d 02
1/13d 1 juajeatnba jJiun [g
pa}23| 102 3idues oN =
I11 xipuaddy up pajsy{ ae
A31AL3108 3| QR}O91ap wNWLUW 3y} 40j SIN|{RA |eUjWOpN
sysAieue ajburs ayj 40§ Au4d
futjunod euwfits 2 ay3 uo paseq aue suudjl aad3j  JION *

L/bg vL 0
L/bg L£0 O

£8/12/10 - 0 3s1

h.m.mwl mV hw.l eleq jenuuy
0sg> G> £> 98/61/11 - O U
0s¢> v ¥ L 2y 98/0€/L0 - O Mg
0LT ¥ LIb 6> £> 98/£2/b0 - b pu
05¢> R £ ¢ € 98/82/10 - 0 3S1

9861

uap 109
ose> §> 2> ejeq |enuuy
0S€> G> FA3 98/82/11 - 0 4ip
0sg> > 2> 98/0€/L0 - b PAE
05€> > 2> 98/€2/v0 - b pu2
0s€> §> £> 98/82/10 - b 3sI

9861

Jdapnog

(1/12d) (1/142d) (1/12d) ajeq

WNI LI YL vi3id Vild W

(861 pue 9861
NIQT09 anv ¥3ainog
VIVQ NOSTYVIWOD AIY¥3IL¥VRD
AUYHHAS FONVTT3AUNS d3ILVM

6-31 374v1

5ZC7/%:5



TABLE F

PLUTONIUM AND TOTAL ALPHA
CONCENTRATIONS IN WATER:
~  January 1987 '

py239+240 ‘

-

DATE 39+24 Total Alpha
Statfon Month/Day /QTR pCiN } ApCi/t)
R.F Pond A-3 05/14/86 0.22 5¢3 P
4th QTR <0.01 - 18
R F. pond B-3  04/86 0.05 ¢ 0.01 - 2
05/86 O.B? $‘Bf63 ‘(3 « - m“-i;i
06/86 0.08 * 0.01 <3 200
4th QTR et 2‘ i,‘e’e? (5 ?‘(‘t; :: =
Walnut Creek 04786 = RV S <&
at Indfana 08/86 ?-e0.00 7 5.
06/86 0.09 # 0.01 <5 -
07/86 0.02 # 0.61 <5 :
10/86 - 4901 7 T 6 =
. 1186 0.0 - <
Broomfield 01/86 i <001 <6 ”
D4/86 <0.01 <4
06/86 N <0.01 . €3
07/86 < <0.01 <4
11/86 <0.01 <5
12486 <0 01 * = <4
Woman Creek 06/16/86 <0 03 4+5
at Indiana 4th QIR <0 01 - <3 )
Westminster 04786 iy <0.01 <4
08786 0,01 - 3 - .
06/86 <0.01 - . <5
07786 .01 el
11/86 6.5 <3
12786 - <0.01 - 3
Boul der 11/28/86 . ©.01 @
Colden 11/18/86 T <0.01™ - <3
North Table 04/23/86 <8.01 ‘ <2
Mountain

NOTE  The 95/. confidence interval far total
gated from2
“95+/. cont dem

alpha analysis is props
back Zepunts

1

sample count &nd
ie intarval

for plutonium amalysis’ is propegated fros the sample

count, the background -ount, the tracer count, the
tracer background &ount, and the gontribution of tracer
pPogeny to the sampte count. Nominal Jalues for the
minfmm detectable activity are 1isted:.in Appendix .
111 The standard for general papulation exposure for
soluble Pu is 1600°pCH/1. -
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TABLE G
NATURAL URANIUM AND TOTAL ALPHA
CONCENTRATIONS IN WATER

January 1987

URANIUM ALPHA
Station Date (ug/1) (pC1/1) (pC1/1)
R F Pond A-3 01/28/87 <3 <2 <4
R F Pond B-3 01/87 <3 <2 <4
Broomfield 01/87 31 21 <3
Woman Creek 02/09/87 <3 <2
at Indiana
Westminster 11/86 <3 <2 <3
01/87 <3 <2 <4
Arvada 01/30/87 30 20 <2
Golden 01/21/87 4 2 28 <3
North Table 01/30/87 <3 <2 <2
Mountain

NOTE Total Alpha error terms are based on the
2 sigma counting error for the single analysis
Nominal values for the minimum detectable
activity are listed 1n Appendix III
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APPENDIX I

Y FLATS PLANT- AIR mm
o STATION wzurzrzm::et

On-Sire ( Security) Location
M M -

D=~} Rocky Fiacs Plantg,

D-2 Eastern perimeter At the

D~3 securicy fence, .

D=-4 North to south -

On-Site (Perineter - ) -

_"———h—__.._‘-_ * o ;

D= 3 ~ SE e

D-6 - ~LNE Rocky Flsts Fien, N

D - 7 ‘i? x 7; :,;,-49; -

b-~38§ 6 MW >

Of f~Site (&EHZ -

BROOMFIFLD  Gardep Office Conter -

ADAMS CrTY 4301 Rege 12nd Avenue

ARVADA -~ 8101 Ralsgen Road

AURORA 1633 Florence Street

WER 13th & Sprucs -
414 - 14;&8::«:

ENGLEUOOD 4857 saurh Aro

GOLDEN 911 - 10ch Stragt

LAREWOOD aqnth—«ﬂ.pring .

LONQMONT City Hall

Off~Sice (Remoce - -

M

DURANGO Fire Station ‘

LAMAR sz Plagr

LEADVILLE 510 Hefrigon Mm =

RANGELY Bigh Sehosy

STERLING o 3rd ¢ n@sam: =

ﬁ\

Colorado Deparipen: of Heslth -
Rev 1/8¢ o

Radiacion gon’gn; Division

"1



