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: LICENSE APPLICATION ~
li ON-SITE THORIUM' DISPOSAL AT THE SALZBURG LANDFILL,

MI D L.A N D, MICHIGAN

El(1ALS

Page Vil - Revise " mci" to read " mci".

Revise *PCi", "PCl/g", "PCi/l", and "PCl/m3" to read
"pCi", "pCl/g", *pCi/l", and "pCl/m3 , respectively

Page 4, last line, 3rd column in Table 1.2-1-Replace "25" with "a few mrem".

footnote 2 Replace with " Based on NUREG 1101, vol. 2 limit for 10CFR
20.302 disposat".

(
Page 14, Table 3.1-2, Thorium Decay Scheme

Change the half life of Radium 228 from "6.7 yr" to "5.8 yr".
Change the half-life of Polonium 212 from '10 sec." to "3 x 10-7 sec".

' Page 20, Figure 3.7-2

Replace Figure 3.7-2 with the attached Figure 3.7-2 (Rev.1), entitled
" Location 'of Magnesium / Thorium Storage Site (Bay City, Michigan)".

|: After Page 58
<

Attached Table 7.4-2 should be inserted at this point in the text.

Page, 60, Figure 7.4 2 -
l '

Replace Figure 7.4-2 with the attached Figure 7.4-2 (Rev.1), entitled
"Salzburg Landfill Monitoring Wells Location Map"

i

i Page 86, second paragraph
i

{ Replace the paragraph with the following:

): '"the migration of the daughter products of Th-232 would also be inhibited
because of the slow transport of water through:the liner' and chemical
retardation of the elements in clay. These factors, combined with the
relatively short half lives of the Th 232 daughters, would result in limited
movement of these constituents from the cell into the liner or cap before'they
decayed".

Page 98, First sentence of next to last paragraph .|
-

1

Revise the sentence as follows: 1

" Smoking, drinking, eating or other activities that would enhance the transfer j
of radionuclides into the human body will be prohibited in the contamination 1

Jand contamination reduction zones".

Appendix 1 Insert the attached Table 12.0 after Table 11.0 in the text.
Appendix i Add the attached list of " References" at the end of Appendix 1.

c..... . , , . . . , . . . , , ,. .m , .
.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ '



. . i! , ' , !

-
-

.

,

s
*

.

e g
h sd. s

ik
n

t f e e d r
ote -e o. r

ea m
it n

ir
n u e s

l
t g

s ix ul ls ra m r. n f r e leh it r s d s
t y .e a s s oMe lo w ne r f rr r r od eo
id oooy

ly is a renpme sf

st s a lyh o ep r i t .

ost ps at wr
f

e u wloe dt

s a 7 e ay
i C la ao o bep3 n e . d ust n a

t .

umh k f

o u e av e cl a
t fot s is h s x. Wey mh

t r a o a
h _nu ui b a s t s
i

t tap
h ael as d n a ul n t n onM sw oh l w .ot i e i dis oe i .

biC. ed v
gf yr -

rdW o ah np sl r r
eir r

l
o s -0 nl n e ms Ht p eiM rd1 ol

f
i t h e ead

lb
e oA gh x ed n se s

t s awr. r, ,o o s n e d
le r -

it i Ws ~de e napmet od e di hi oc a a m a n a non l
t

lohf h moTw m b i ag oe d e .

t o t inr n p inmtp s p .
.

rS
T d e a esp s m m N

e o .
t

. u ls , L
le e . h oA mN npf .d s

le a
r rete e / r et p yd wb s et itel s . tai eE a s0l t e n tmr as hi lata m

e .a1 ot h eM eh h b t
t e wptsp aor eg .

t s r -

M tell pn g W n 'Cinp ld e lap bi g

-
ls ss a e . o eo a eo

C me a e s in rO e t

teW u 2 a s aovd c nLo
as t y s . nix l wL iaWh pu y r ra b u s!er r

ei
lr o

R o d W r. p !eya n e. d d er
A d e ty'p' n m i

ra eb w eat l

N
ine. pdt u e ei2vama iy -

p e s la -

f n stE e n Llu ao wr ih e
)

u 3 ps s s4 a n ss
._e Ht q p2 pe a e !es hh o n ni ae

u8 n "y q-uE

s e a r in r s wi l .hd
lyo A'0 o eh wh9 w ndG t r d h1 3hl r et

l n is dcr t( le
h

i

er uOee e a oo l ot ei i f.eWnn . eh taf io inh adtY t r l
"x oh t eo uh diE ot . uw d h ih t

P a

tg Wre e s l ut n b
v .l g .t e yV r tt e qro dit eo s .d3 wpfR poe. d ull h .a r d -f

s onnn e bi e7d pi rr t s 9d aU a s w o uu ae y eS ,k u ah l,d iw e o
r ra e1 e h y~

Rlt
w nn .Rr tc t -od les s ei te

t p ew n ngmah ed r"L ll b o p mono d .

L e s n wa mi fon lnd s s n a
!e -t r r e n a l id ne

t g a eet ll u
id e , a .

E wnh aa w p
ed

gl f
n r,

g winy
i wr htib

f tr

s ee siW i t l

b ia r
l

ul s y sMu e
E uao ue d le os rB fo r

it ir a inli n a o
ty ar e t

m a w ph t
. 3 n e laew -d wk n t

nis s p2 T - a *
d p di o wn 'v atam c r. ih e -g a uh 6 utA c-

V at a u w qt e nt s

E P
is h e h wo ak h s ilsyef

i
r .4

IR m nwe d o e
n s ae ah i ,it

d7 ebi s r .. f r .

_
mo e e er ouis

t

y eeS eo t t e
z uh a ll ni ntt

l eioh
t es v n vc sl t

o aec e ed g a wsL le sF ple hi a o a aar WueoqsL W Ote aWsB a r

toBi T t HdH H o HSTinA O Wb n h ub
,T S

T .

L H
U T *0.

P 6 ' ' 0 '8. '1'S E ' '6 ~ 4 5'E D 5 o 3 ? 6 4
t 6 90R 3 1 1

L 1 '
1

L 0E 4
W

n )o ko ar
r e p h

E e c s c
A lz t n e u

r i

r i teN
b u u s p

i

G _e ft t
e h

t t rN e -

R o H o h S W . ly a
kc yE B r

T o a isyN h Br
H M wrl s .e.

W F e et

k e m ke s )

s n e nw m
l

wr nO
iu

r
n L an m h o a .o h o o ar

F ro e a oD
L K J J( F JF C D( F .r

.

.

N )
O
I d d d)

eT e 1 e 7 5 9 v8 vA v 1 - c o- - -
C o' 6 6 6 m- 6 mO m 6 3 3 3 e3 eL e 3
P R R R

(
A (

M
iv

_

.



_

2
-

4 2

E. 7 1M
S 7 6 7

0
3 JG 3 3 Y2

" 0 OD 8 8 e E/l
R2I

3 4) r4) IL E 40 '3 *Bc D T't O A3
G l. -

u
M PM

-
N le - g*

le A T lL U 3 U E E
, il

G 9 W S V F' Eu * V sV
-,,,,

g YI N'( , ' , \\-
-

-
-

. .. ;kh
' $ .j ~,L g .

[ g ''

w|i ;j
g

:\ ' N .

'

'
7 ,

,s E

:-'
. [ .

L .

/
. yF$ ;(:

g _ _ _ _ ,

N s |
-

j f '' , ,'

8 y,p . / .s n_ .

/'@ <9 N \ ,' , ms I
s -

. ' -
-

2 \\ |

e' . N\\ 4,[+ te
g . h sn.

D s
| |I

tEA s
M < N ,,A w
r x -c

M $ 'O 5

s -

b|1 :s s .8
.,s \-

M
4 a 2l

N
'0 <

B W I d |ttI tI
s4 '

psU
. N'

4

[/[! . +Z. 5 %a /x 4v 4

NN $ < p +$ I

4
, '- 1 @03 ' G

4 E$ 1 | | T/' 4 A,
* 4| .

3 -

8 _ 5 x
. / / /4 . -

' 8
- 7

,\
4

_ E: /_ h | .

/

'
,' 4

%'
<rf

,

'
- 3

M !

1

jp i I 7 8
4 .

.a Pa /6 te6 _ d x + a A6
N g s + M4 V-' )8 $
lla p'

1

+l* ,

m(
,

A N
-

,

- M 'I k . Os s/l

7- $ u 'h'' d- 4 g IL' T,', 3?
3

\ 8
-

d; L A
g , 4'|

t @',
' 4~1 ,':

1

5 I~ , /'
,

; ,- le F Cs

_. '., - l O
,1 .g IP * +*'s, ," E

V D.

<'

N L _

'

,' \geys! :
: ~ A-
: "

- y s S
_ f @@"" @i

s ~ L,,

, Li

7 . ** . .

'F / '.
R G LG3 R.

-

f ' I. 69

t -M ''4d
1 1 :

4

R E
# 2

U W ,.'E' 3 X,
, ,

,:. 'N'
8 St i| 4 CE

g _C [ . n BV N

m- - N

e
*||//F y '\o' Le Z G_

= -.
_ N Lt -

g . 9 /s' .
I

DE M A Ry . EU E
G 'i4 3 GQ T1 S OS

A M 8 NI
E 4 AN Y

U S
w B e' fH TiC A Gt'e_ G N Ig, f(' IN R Ie DE R NOE Ey 2BF B

M O. RES .s G
D 0VDM U 'M. ARE N'- G LD 1

B HATDS L
HW

D D
=_ .

=
NY LL LMAS EBa S OE T Vz A TSR

Tm V ESY- E D
I YVB L

=
L TS0M OI
C HG0U
A TN N EIITF VRET T'

2 IEE G =- SBHI
M LN C aLLO e

- 5 : ENT4S V P -

-

/\
_ vI

; = E .' .T 1 2 _

: O_

t E N -L
A
C _
S

-

-

.-

-

-
-
-

-
.



. . . . - .>

?

: ). -

..

>

SCALE: l' = 403"-c'
f

; DITCH i ~~- . . - - -

/ >

PUMPING *
,

STATIONS
..

/ VATER
-

.jp --

;
'

|
_ gdxxxxxw*g q

g[ \ |
,
"

i VATER
c,

'

'(
()) e, ;

&~g :% |'

s 5 .

% '',

s
;

\.>

t

BAY CITY THORIUM
- ,

. STORAGE SITE -

phhh . . - .

THORIUM 'p
'

.

' '
e,,;; _;; |i P x -=

g . (Ij[ m cH n_ ,

t

& \ % $ 3 SURVEYED AREA';
,

::

LOCATION OF MAGNESIUM /TWORIUM STORAGE' SITE'

(BAY CITY , MICHIGAN)
.

Lj
s.- Dames & Moore.' J

Figure 3.7-2.:-
unsal Rev.1 - . j

.

11/25/91: ;

|
,

I



.. . - - .. , ,

. ,

I

Table 1-2.0

Occupational Air Particulate Dose

(A) Bay City Material

Total Maximally Exposed
Exposure Time Total Dose Individual

Activitv (hrs) (mrem /activitvi (mrem)
B

(1) Excavation of 1000- WB 3.7 0_.37
material and L 114 11.4 '

movement to BM 174 17.4
staging area.

( 2 ) Emplacement and 500 WB 1.9 0.31
cover of material L 57 9.5
at Salzburg BM 87 14.5

(3 ) Health Physics
Monitoring
Support
(a) at Source 200 WB 0.7 0.4

L 23 - 11.5
BM 35 17.5

(b) at Salzburg 1000 WB 3.7 2.9
L 114 57
BM 174 87

(B) Midland Material

Total Maximally Exposed
'

. Exposure Time ' Total Dose .. Individual
Activitv (brs) (mrem /activltvi (mremi'

(1 ) Excavation of 300 WB 0.2 0.02- '
material and L 5.3 0.5'
movement to BM 8.2' O.8

'

staging area.

( 2 ) Emplacement and 150 WB 0.1 0.01
cover of material L 2.7 '0.5
at Salzburg. BM 4 .1 0.7

,

.

( 3 ) . Health Physics
Monitoring
Support
(a) at Source 60 WB 0.04 0.02

L 1.1 0.6 ,

3M 1.6 0.8
'

A,- (b) at Salzburg 300 WB 0.2 0.1
L 5.3 2.7
BM 8.2 ' 4.1

+
. -
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. ;Emitting Materials,1981.
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RESPONSE TO COMMENTS DATED SEPTEMBER 18,1991
ON 10 : CFR PART 20.302 APPLICATION
- SUBMITTED BY DOW CHEMICAL FOR

DISPOSAL OF MAGNESIUM THORIUM SLAG MATERIAL AT THE
SALZBURG LANDFILL,- MICHIG AN DISPOSAL FACILITY

COMMENT (1)

Pace Vil * mci - millicurie - 10-3 Ci" should be mGl and "Enl - picocurie - 10-12 Ci"
6should be pfl. The capital M refers to mega - 10 , while the capital P refers to pela -

1018;

RESPONSE

'See attached errata sheet for corrections

COMMENT (2)

Section 1.1 The licensee needs to clearly state that the ultimate goal of this activity is to

terminate NRC source material license number STB-527.

RESPONSE

Upon completion of the slag material removal operations at Midland and Bay City, and
validation by Dow and the NRC that residual radioactivity levels are within allowable
limits, Dow intends to apply for termination of license STB-527.

COMMENT (3)

Section 1.1 is it DOW's plan to make the Salzburg Landfill available for the
magnesium / thorium slag wastes.now in the Kawkawlin landfill?

RESPONSE

As discussed in the meeting of December 4,1991 between NRC and DOW, DOW will
consider disposing of the pile of thoriated material on the surface of the MONR property
at the Kawkawlin landfill in Cells 36 & 37 at the Salzburg Landfill in conjunction with
the comparable Midland and Bay City material. Prior to DOW assuming this
responsibility, the NRC will have to have the material characterized to. assure that is .
compatible with the Midland and Bay City material, validate that the volume of material
will not exceed the remaining capacity of Cells 36 & 37, and assume liability for any
future impacts from disposing of the Kawkawlin material. DOW would intend to pick up:
the material in conjunction with the Bay City material, truck it to the Salzburg Landfill,
and emplace it in Cells 36 & 37 with the Midland and Bay City material prior to cell
closure.

-COMMENT (4)

Section 1.1 The application indicated that if Cells 36 & 37 were not filled by the
material from the two sites, Bay City and Midland, that earth material would be added to
complete the cell. Information should be provided on these other materials, where'they
are generated, what, if any, contaminants are in these soils, etc.

.
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COMMENT (5)

Section 1.1 it is suggested that the licensee not put anything in the cell besides.the
licensed material. If non-licensed must be put into the cell, describe the non-licensed
material and investigate the possibility that it may increase the solubility of the.
magnesium / thorium slag.

RESPONSE TO (4) AND (5)

Cells 36 & 37 will only be filled with licensed material from the 2 thorium sites. No- ,

other material will be used in these cells.

COMMENT (6)

Section 1.1 The current NRC soil clean up standard for thorium is the Branch Technical
Position on burial or on-site storage of uranium and thorium waste (46 FR 52061).
The licensee must show that the proposed thorium (and daughter) concentration of
material to be left in-place will not give a dose over a few mrem /yr total effective dose
equivalent (TEDE). .

RESPONSE

lt is intended to remove thorium contamination to residual levels below 10 pCl/g total
thorium. Since daughters are assumed to be in equilibrium with the parent Th-232, the
cleanup criteria can'be translated to 5 pCl/g Th 232 above background. ~ All calculations
assume the presence of Th-232 and all daughtern in equilibrium at 5 pCi/g.- Even if
equilibrium has been disturbed by process or E uonmental action the short lived
daughters of Th 232 will return to equilibrium in about 30 years,' or will be produced
at the equivalent rate by the decay of Th-232. Therefore, for the important intruder
pathways of direct radiation, dusting, and agriculture, analysis over 50 y' ears will
produce the same results as a 10,000 year analysis,

in response to the comments herein, and discussions with NRC personnel, calculations
have been performed of TEDE for an intruder scenario with the hypothetical condition.of
no soillayer over the residual material. Both the MAXI and RESRAD models were'used to
perform these. analyses. In reality clean soil will be emplaced over the residual-
material to restore the site. The postulated scenario of loss of this cover due to long-

~

term erosion taken together with the consideration that institutional control over the
~

site will be eventually lost permitting intrusion to the residual material makes it '
essentially impossible to achieve a TEDE of less than "a few mrem /yr" (see.below).
This unrealistic combination of factors would require reduction of ' residual
concentrations to less than 1 pCi/g Th-232 above background at the site (and any'other
site containing thorium). As discussed below, the more realistic assumption of the
maintenance of a minimal clean fill of 10" over the' residual material would reduce long-
term total dose to about 10 mrem /yr; or, the presumption of continued control over site -
access would eliminate the presence of the intruder. y gg j>
Calculation of direct radiation exposure to an intruder from released site depends on
the assumed duration of exposure and the protection o red by a structure such as a
residence. The Jode MAXI uses a default duration of 2 00 hours / year. For the material
in question, and the postulated scenario of the resigual material being directly on the'
surface, this yields an estimate of 24 mrem /yr direct exposure. An additional 18 -

\ f /% O ,4
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$ mrem /yr of exposure is received through dietary pathways .and inhalation iSimilar '

results are obtained from RESRAD except that a factor of 0.6.1s useo to correct for,
. annual direct exposure, as opposed to the factor of .0.23 (2000/8760) used by MAXI.'
This accounts for almost all the difference between MAXI and the RESRAD results of 64

Themrem /yr from direct and 18 mrom/yr from other water-independent pathways.
RESRAD results are taken at T-100 years when the code has reached equilibrium.

These results are considered to be highly conservative and unrealistic. -11.is' unlikely.
that a person could grow an entire diet on a 1900 m2 plot such as the Midland site or the
-84C0 m2 available'at Bay City. Time spent off-site and shielding would produce lower-

F exposures than suggested by the 0.6 direct exposure factor used by RESRAD.
,

Doses will actually be well below those calculated by the code'due to several factors.
Though not intended as a radiation protection mechanism, the fill that will be used to
level and grade the excavated sites at Midland and Bay City after slag excavation will
function as an effective shield. As shown in Figure 125 cm of dirt (10 inches) would
reduce the total dose from all pathways to about 10 mrem /yr (the peak at about 2000:
years is from teaching and groundwater transport see the response to Comment No. 43,'
44). _ Actual doses will. also be even-lower since residual radioactivity will be a
maximum of 5 pCi/g Th 232, and will be lower throughout most of the site because
additional soil will be removed to fill Cells 36 & 37. Also, the 1 rneter thick layer of
residual contamination is a conservative modeling assumption. Thorium does not leach
readily, and prior experience shows soil contamination to commonly be limited to the top.
15 cm (6 inches).

The related RESRAD and MAXl runs supporting the above discussed results are included
in Appendix A.

,

The TEDE to a member of the off-site public (outside the site boundary) or to a non-
nuclear worker in a 'on-site building from the covered or uncovered residual material at
the 5 pCilg level would be inconsequential ( 1 mrem /yr) because of the distance to the
receptor from the source and the lack of any dietary pathways.

COMMENT (7)

Section 1.1 Please include the dry bulk density of the thorium slag and the glacial tilli

RESPONSE

The average dry bulk density of the thorium slag is 66 lb/ft3 (as measured for the same
3material in the . Madison, Illinois site) and of the glacial till is 135 lb/f t ,- The bulk

density of the slag is highly variable.

COMMENT (8)

Table 1.2-1 The regulatory limits for non nuclear workers and general public,.-
including inadvertent intruders, should be "a few mrem /yr" for -a 10 CFR' 20.302;
tiisposal (see NUREG-1101, Volume 2). The low-level waste management regulation,'
:10 CFR Part 61, does not apply to a 10 CFR 20.302 disposal.

RESPONSE

See attached errata sheet for corrections
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COM T,i E NT (9)

Section 2.0. Accendix A and Accendix i The application discusses six possible
alternative dispositions for the thorium wastes. However, in the case of the three viable
alternatives, namely; 1) disposal at an existing LLW site, 2) on-site-temporary storage
followed by off-site disposal at a future LLW site, and 3) on-site disposal under 10 CFR
Part 20.302, incomplete cost estimates and radiological impacts analysis are given.
What is required is cost estimate information on alternatives 2 and 3 above. Also,
radiological impact information on alternatives 1 and 2 above need to be determined. In ,

addition, cost estimates and a radiological impact analysis for shipment by bulk ~to an ;

existing or proposed bulk disposal site (e.g., Envirocare of Utah or Dawn Mining of -j

Washington State) need to be included in the application.

RESPONSE
:>

In order to provide a basis for evaluating comparative costs for the " viable" remedial-
alternatives, complete cost estimates are prov:ded in Appendix B. The cost estimates
have been updated since the original estimates are over 2 years old. In summary, the ',

estimated costs for these alternatives are;

Remedial Alternatives Estimated Cost ($1 ,

(1 ) On-site disposal at the Salzburg Landfill 4,978,000
'

under CFR 20.302

( 2 ) Disposal at an existing LLW site (.Beatty, NV) 325,728,000

'
( 3 ) On-site temporary storage followed by off-site 392,187,000

disposal at a future LLW (i.e., Compact) site.
,

( 4 ) Disposal at the Envirocare facility in Clive, Utah 28,224,000

Thus, in addition to the comparative advantages and disadvantages discussed in Section
' 2.0 of the License Application,'the considerably lower cost of. the on-site disposal.

alternative is another factor in favor of this alternative;

Comparative radiologicalimpacts can be weighed by considering the analyses in Appendix
! of the License Application for the on-site disposal option at the Salzburg Landfill, and
comparing parameters in the other alternatives that would tend to change these doses.

The radiological impacts associated with the off-site disposal options for excavation,
vehicle loading and unloading, emplacement of the material at the disposal site, cell
closure and post-closure are essentially comparable to the Salzburg Landfill disposal
option. The primary variations are: (1) exposure to truck driver transporting the
mat 6tial and; (2) the total population exposure along the transport routes. These

'

variations result from the difference in transport distance to each disposal location. Tha .

total population exposures along the transport routes have been calculated using the'
IMPACTS-BRC Vealen 2 Code. The exposures for each disposal alternative are compared
in Table 1 for these transport exposures. All other exposures are essentially
comparable.

4
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it should be noted that 'the long term post-closure exposures from .the ~ thoriated
material to an inadvertent intruder at any of the potential disposal locations for the
worst case hypothetical scenario of loss of institutional control in conjunction with
erosion of the cover would be essential:y the same. in fact, the excellent containment
capabilities of the proposed composite cover at the Salzburg Landfill |would permit-
material isolation for at least as long as that projected for the future compact site, and .
likely longer than for the other sites. Nor is the current sparse population or land use.
at the Clive and Beatty sites a basis for projecting that an intruder scenario is not'
feasible at those sites in the future since demographics and land use change. -It is

*

therefore suggested that the exposure for this hypothetical scenario is not a basis for
evaluating the suitability of these disposal locations for the Midland and Bay City

'

material. (Also see response to Comment No. 6 and 41).

COMMENT (10)

Section 2.2 There is no current prohibition to disposal of high volume, low activity
material at commercial disposal facilities. In addition, the discussion of radium
contaminated material in this section are inapplicable to this case as the thorium wasies
are licensable source material.

COMMENT (11)

Section 2 A The NRC is unaware of any concentrated thorium waste that would be
unacceptable for disposal at a commercial low-level waste disposal facility. All thorium
waste material would be a class A waste regardless of its concentration.

RESPONSE TO (10) AND (11)

The statement relative to disposal of high volume, low activity material at commercial
disposal facilities was not intended to imply a prohibition, but to reflect negative
attitudes then conveyed -(1989) to Dow in conversations _ with disposal facility
management as to accepting this type of material in. preference to higher activity ,

material from out of state sources. We recognize that disposal of this-Class A thorium .
waste at a commercial disposal facility is a viable alternative at this time, and have. *

reflected the disposal costs and special fees (surcharges) associated with disposal of the -'

material in 1992 into the cost estimates in response to Comment No. (9). |

The discussion of problems associated with shipping radium-contaminated waste to a
commercial disposal site was not intended to apply directly to the thorium wastes.-- We-
recognize that as licensable material, the thorium waste would be considered in a-
different manner than radium material. The intent of citing the examples of difficulties

*
.

in disposing of radium material was to emphasize the then existing problems associated
,

with disposal of high volume, low-activity bulk material from out of state remediation
projects.

COMMENT (12)

Section 2.6 Another disadvantage would be possible state or compact restrictions, under
the Low Level Radioactive Waste Policy Amendments Act, that would prohibit disposal of i

the low wastes at the Salzburg Landfill regardless of NRC approval of the 10 CFR 20.302 >

~ disposal.

,
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RESPONSE

This subject was discussed with the appropriate State personnel prior to submittal of
the application. We are not aware of any restrictioris relative to the Compact that would 1

prohibli disposal of this thorium material at the Salzburg Landfill.

COfAMENT - (13)

Section 3.0 The application did not contain detailed soil removal / closure / remedial.
'

action plans or citations for plans to ensure all contaminated material is adequately
removed when site restoration occurs. These details need to be cited or provided.

RESPONSE

The application has been prepared to be responsive to the requirements of 10 CFR .

''

20.302 as amplified by NUREG 1101. The detailed plans and procedures requested in
this comment and in other comments that relate to the implementation of the remediation
process are appropriate for inclusion in a work plan. The plan will be prepared and
submitted for NRC and agency review subsequent to this response to the comments on the
license application. An outline of the contents of the work plan is provided in Tabte 2.0.
It is our understanding that the NRC will proceed with the review and approval of the
license application pending receipt of the Work Plan.

COMf4 ENT (14)

Table 3.1-2 There are incorree values given for the half-lives of two of the nuclides.
The correct values should be Po-e12 = 3 x 10-7 seconds and Ra-228 - 5.7 years. .

RESPONSE

See attached errata sheet for corrections. Since there is some variation concerning the
half-lives provided in various publications, the corrected values have been obtained
from Table 3.0 (page 43) of the UNSCEAR publication " Sources and Effects of lonizing
Radiation" of 1977.

COMMENT (15)

At the Bay City site, soil samples were taken until natural soil was reached.__ At the
Midland site, cores were taken until the thorium concentration was less than 5 pCi/g on-
two consecutive samples. Some soil samples should have been taken down to the water
table and groundwater samples taken and analyzed for evidence of leachate.

RESPONSE

The difference in approach to characterizing the 2 sites reflects the variation in
available data at the time. The more detailed characterization of the soil at Bay City was
required because the extent and variability of the thorium material were not clearly
known, and a thorough mapping was required to determine volumetric contamination and
distribution. At Midland, source and deposition records gave a better indication 'of the
locations and distribution of the-thorium material and showed it to be considerably
smaller and more intact than at Bay City. Thus, the conservative approach of using 2
consecutive' measurements of less than 5 pCi/g Th 232 was acceptable to validate the
intact nature of the " pile".

6
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Appendix C contains the following drawings which provide details of the characterization
prograrns conducted at the 2 sites:

.

Thorium Limits Site Plan - Midland Plant - Shows boring locations, depth of-

contamination (above 5 pCilg level), and lateral extent of contamination;-

-Thorium Site Cross Sections - Midland Plant;

Bay City Plant - Thorium Delineation Site - Shows boring and survey --

locations, elevated readings, and contamination boundaries for entire area and
for Sections A1-A4 and B1-B4; and

Bay City Plant - Soil Analysis Boring Locations.-

Appendix C also contains a map showing the sampling wells (Figure C-13) and the-
radionuclide sample analysis for constituents of the thorium and uranium decay chains
from wells located around the Bay City tirrium pile from the last 4 sampling periods for
which results are available. There is no indication of any migration of leachate to the

.

groundwater under the Bay City pile. While there is some variability (solids / salt
content of the groundwater is high) the constituent concentrations a"e essentially at or
near background levels; Only well No. 9 shows any significant elevation in Ra 228
levels and this is likcly due to high solid content of the samples.

As discussed in the application, sampling and measurements program to be conducted
during material removal will carefully validate that the residual Th-232 concentration .
is less than the standard of 5 pCilg above background.

COMMENT (16)

Section 3.4 Cleanup of the pi!es is proposed to be to the.10 pCi/g level. An ALARA
.

"

analysis should be required to evaluate the cost / benefits of cleaning to an optimum level
lower than the proposed level. Since thorium is relatively immobile, cleanup to
background may be possible at reasonable cost.

RESPONSE

lt is proposed to remove thorium slag & soil material until residual concentrations at
the regulatory criteria of less than 10 pCi/g of Th-232 plus Th-228 above background
are achieved. There is no regulato'ry requirement to . achieve background levels in
removing the material, and it is suggested that this would establish an inappropriate and
unsupported precedent. Further, the current characterization of the' Bay ' City and
Midland sites does not provide sufficient data to show where background levels are L ;

achieved, and a costly and time consuming sampling and analysis effort would be required .
to obtain this data for use in a predictive analysis.

Since, as was noted in the comment, the thorium is relatively immobile it is likely that
the boundary between the slag and the uncontaminated soil is relatively. distinct in.most
peripheral locations around the " piles"; 11 is therefore probable that, when the material.

removal achieves the regulatory limit, concentrations below this value will also occur.
Furthermore, since Dow intends to continue to remove soil from Bay City and Midland
sites to fill Cells 36 & 37 (see response to Comment Nos. 4 and 5) additional
concentration reductions. approaching background will be achieved.

7
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-COMMENT (17) ,

Section 3.5 The application suggests that there are limited amounts of construction,

debris mixed with the soil-like slag materials that consists primarily of masonry with ~
limited amounts of wood. The application should contain additional information that
estimates the total amount of construction debris in the waste material.

RESPONSE

There is od a small volume of construction debris mixed with the slag materiak
generally about 1% of the total volume. The debris typically lies close to the surface.

.

COMMENT (18)

Section 3.6 Identify the types of chelating agents considered in this section.

RESPONSE

Chelating agents include chemical solvents and cleaners that contain hydroxides and
carbonates in the acid ranges. No materials of this type are known to be present in the
thorlated slag. While there is indication of some carbonates in the clay media at-the
Salzburg Landfill (See response to Comment No. 29), the presence of these constituents
would not change the solubility and mobility of the thorium sufficiently to effect the
grcundwater (See response to Comment No. 43,44).

COMMENT (19)

Section 3.8 and Fiaure 3.7-2 Figure 3.7-2 shows, by cross hatching, the location of the
contaminated area at Bay City. This cross-hatched area stops at the fenceline to the east |

of the slag pile shown in the figure. This is inconsistent with the text in Section 3.8 that
-

states that contamination exists outside of the fence to the_ east.' .The application should
clarify this discrepancy by either correcting the text and/or figure appropriately, or by
explaining why surveying will not be conducted to the east of the fenceline where
contamination is known to exist. ,

RESPONSE

The rnap in Figure 3.7-2A will replace Figure 3.7 2,in the text (see errata), 11shows
the extent of the region now surveyed at Bay City and reflects the results of an extensive
survey of the site. There are discrete areas of elevated thorium that have been located
outside'of the fence. The results of the survey will be used as the starting point for the
excavation, with all elevated material inside and outside the fence removed to the
required cleanup levels.

COMMENT (20)

Section 38.1 and 38.2.The two existing sites are near flowing water and may have been
flooded in recent years. No details were provided on sampling the. cover and canal
sediments for accumulations due to surface runoff.

|
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RESPONSE

-The Midland site is not within the 100 or 50n year flood boundaries as shown on the
FEMA mapin Appendix D. To the best of Dow's knowledge the site has never been flooded.-

All surface runoff from this site is collected in the Dow plant stormwater collection
. system.which discharges into Dow's. wastewater treatment plant. ,

At Bay City, the sediments in the waters immediately adjacent to the storage site will be .
sampled in the near-term to assess whether runoff has transported any contamination
into these water bodies. Any elevated sediments will be excavated as part of the Bay City

- material removal program.

COMMENT (21)

Section 3.9 The specific instrumentation used in site characterization or for final
surveys should be identified.

RESPONSE

The specific instruments to be used in the in-process and final surveys used in the
monitoring programs will be identified as part of the detailed procedures in the Work

-

Plan. The following types of instruments will be used in these programs;

Portable pressurized ion chamber-

Portable ratemeter scaler and ratemeter scaler-

Alpha scintillation probe-

G M probe-

2" x 2" Nat Gamma scintillation probe-

Alpha tray counter-

Air Sampler-

Micro R meter-

COMMENT (22)

Section 3.9.2 The application states "it is assumed that the Th-232 daughters are-in
equilibrium" (page 13). However, the application proposes to not remove contaminated
material if the concentration of only Th-232 is below 10 pCi/gm (page 23). .The
licensee should include the Th-228 daughters in the total thorium activity
determination. .

RESPONSE

The statement on page 23 is not complete. Dow intends to remove slag and soil until a
residual concentration of 5; 10 pCi/g Th-232 plus Th-228 is achieved. . For the purpose
of predictive dose analysis it is assumed that Th 232 is in equilibrium with its
daughters in the decay chain (See also the response to Comment No. 6).

COMMENT - (23) ,

Section 3.9.2 Sufficient details were not provided on proposed surface and subsurface
sampling after the bulk of the thorium is removed to evaluate the adequacy of the
proposed plans.

:
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RESPONSE

The information provided in Sections 3.9.1 and 3.9.2 was intended to be a summary
. description of the in-process, final survey, and . sampling programs to validate' the
removal of the thoriated material to cleanup standards. The detailed survey and sampling
plan will ta provided as part of the follow on Work Plan (see response to Comment No.
13).

COMMENT (24)

Section 3.9.2 If significant amounts of contaminated material at the 10 pCi/g level are
to be left at the Bay City and/or Midland sites then a dose assessment will need to be ,

performed for that site. If such a situation arises, site characterization and -
characterization of residual contamination at that site will need to be performed in order
to do a dose assessment.

RESPONSE

The analyses performed in response to Comment No. 6 assessed the doses as a function of
residual contamination levels at Midland and Bay City.

COMMENT (25)

Section 4.0 ' Describe how Department of Transportation requirements will be met.

RESPONSE

Relevant DOE requirements for transportation of radioactive rnaterials, as defined in
49CFR Parts 171-173 and 177-178, will be strictly adhered to.

3 rucks will be used to transport the material from Midland and Bay CityStandard 25 yd t
to the Salzburg Landfill. The trucks will be covered with tarpaulins affixed in a manner
that prevents material release during transport. The truck tailgates ' will have
pressurized gaskets to also prevent material release. Fugitive dust will be washed from
the exterior of the truck aed tires prior to leaving the site. Radiation surveys will then
be conducted on each vehicle exterior and in the cab to validate that regulatory limits are ..'
achieved, and the results recorded. The trucks will be placarded as appropriate for the
thoriated material being transported.

Transport papers and Dow's internal manifest system will be used to assure that all
. shipment and receipt of material is accounted for at each stage in the operation and all
records generated will be maintained. The documentation 1wlll provideL material
characterization, records of radiation surveys, routing information, in addition to. ,

accountability data. Drivers and material handlers will be given radiation health and
safety training prior to starting the job. All personnel will be monitored to ensure that
personnel exposures are maintained ALARA. Drivers will .be provided with written:
standards and emergency procedures and in-vehicle communication equipment.

The background radiation levels along the transport route from Bay City and Midland to.

the Salzburg Landfill have been measured and are provided in the Dames & Moore report
entitled " Background Radiological Survey, Bay City / Midland, Michigan'of October 11-
13, 1989", excerpts of which are included in Appendix E. Radiation levels along the

10
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route will be validated to remain at or near background through periodic surveys and
post transport survey and sampling.

C

COMMENT (26)

Section 5.0 Detailed closure and post-closure plans for the'Salzburg Landfill were not 4,

included or cited in the application.
,

RESPONSE ,

Detailed closure and post-closure plans for the Salzburg Landfill (Cells 36'& 37) will
^

be provided in the Work Plan. See response to Comment No.13.

COMMENT (27)

Section 5.3.1 Figure 5.3-2 indicates that the " Generalized Development Plan" calls' for
*

this land to be designated as industrial. The text also states that the " Midland Township'-
Zoning Ordinance has the property adjacent to the site zoned residential [but that this]'
should only be considered a temporary zoning designation, since the Township Master a

'

Plan proposes this property be developed as industrial in the future." It is also indicated
that this information was current in 1984. The application should contain the most .
recent information on the zoning designations for the lands adjacent in all directions to
the Salzburg Landfill. Also, the application should contain additional information on the ;

actions that will be taken to implement either the " Generalized Development Plan" or the -
" Township Master Plan" that will lead to an industrial zoning designation for the lands
east of the Salzburg Landfill. ,

RESPONSE

Appendix F contains drawings No. B2-042-884040 and B2-043 884040-Sheets 1
'Iand 2 titled " Cells 36 & 37 Surrounding Land Uses Map" which show the current zoning.

designation for the area surrounding the Salzburg Landfill.

Dow continues to purchase the residential property east of the Salzburg Landfill
adjoining Waldo Road and Milner Road. Currently the only residences not owned by Dow| ;

are the Trout and Bober residences, as shown in the property ownership sketch of Figure -
2.0. Dow continues to pursue the purchase of these properties as they become available
and conversion of the zoning of all the existing' residential property to industrial.-

.

COMMENT (28)

Section 5.3.3 The proposed disposal site is close to a river. Information is needed on the
~ *

elevation of the site above any water table and above the river's 500 year flood plain.

RESPONSE

The figure in Appendix G shows Cells 36 & 37 elevation in relation to the 100 and 500
year flood elevations of the Tittabawassee River. The location of Cells 36__ & 37 is
approximately 100 feet above the highest level of the regional aquifer (Sce response to

~

Comment No. 29 for_more detail).
' _

:
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' COMMENT (29) (

- Section 7.2 The geophysical log of the well nearest the proposed disposal cell, well
2396, appears to' have the poorest quality clay of the logs furnished. The application
should include data from the nearest soil borings which were cantinuously split. spoon
sampled,' including blow counts, and geotechnical, geochemical, and hydrogeological
testing performed on tit samples and the well bores, especially any mineralogical
testing of the clays obtained. ,

RESPONSE :

According to the closest soil borings on the northwest (S.B. #3421) and the southeast'
(S.B. #3398 and 3399) sides of the proposed thorium Cells 36 &' 37 at the Salzburg .
Landfill, the glacial till below 600* USGS datum does contain some thin layers of clayey
sand and silt (see boring location map in Figure H-1 and boring logs in Appendix.H).
These sand and silt layers are historically one-quarter to 'one half inch in thickness,
and are poor hydraulic conductors due to the fine-grained sediment and extreme
compaction. Previous construction at the Salzburg Landfill has shown even the thicker
(four to six inches) layers to be isolated from aquifers by rapid dewatering during
construction with little or no subsequent seepage occurring. Also,' the engineered -
composite liner, including compacted clay, provides an even more impermeable barrier'
to flow than the natural clays. Where the sand and silt. seams are found, they are
horizontal in trend, providing only limited horizontal flow over the short distance-they.
exist. The clay above and below the sand and sitt seams inhibit vertical flow through the
till.

Sixty-three silt and clay samples from the Lakebed Clay unit:were collected at'the
- Salzburg Landfill and analyzed for permeability, Atterberg limits, pH, and particle size.

.

Laboratory permeability ranged from 3.1 X 10 6 o 1.4 X 10 8 cm/sec, with eighty-t

six percent less than 1.0 X 10-7 cm/sec. ClayL particles' (<5 microns)' comprise a
significant fraction of all samples, ranging from 23.4 to 96.2 percent, with an average
of 56.3 percent. The liquid limit ranged from 13.0 to 56.5' percent,'and averaged 36.2
percent. The plastic index ranged from non-plastic to 35.8, and averaged 16.6. The' pH-
ranged from 7.3 to 8.9. Using the Unified Soil Classification, the unit is predominantly
a CL clay with subordinate amounts of CH, SC, SC-SM, ML-CL, and ML soils.

The matrix material of the Glacial Tillis predominantly highly compacted sand and silt,
with a clay fraction that averages thirty percent (as compared to the Lakebed Clay,.
averaging greater than fifty percent). Twelve samples from this unit were analyzed for -
permeability, Atterberg limits, pH, and particle size. Permeability ranged from 1.2 X
10-7 o 2.5 X 10-8 cm/sec, with eighty-two percent less 'than 1.0 X 10-7 cm/sec.t

'

The liquid limit and plastic index averaged 20.4 and 8.4, respectively, which are
notably lower than for the Lakebed Clay unit. The pH ranged from 8.0. to 9.0, and the
unit is a mix between the SM, SC, SC-SM, CL-ML, and CL Unified classes.

.

Eight split spoon samples were taken from soil . boring 3421 -(250' north of the
proposed thorium Cell) and analyzed for sediment characteristics in April,1985. The
results are listed in Table 3.0.

Samples of the Lakebed Clay and Glacial Till from the Salzburg Landfill were analyzed by-
Dr. Glass of the lilinois Institute of Natural Resources in 1981 for clay mineralogy; X--

ray diffraction analyses indicated that 62 to 64% of the clay in both units is illite; 17 to
25% is chlorito plus' kaolinite; and 11 to 20% is expandable ' clays, which in these
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samples, are alteration products of chlorite. The cation exchange capacity measured low-
in all samples, ranging from 6.2 to 14 millicquivalents (meq) per 100 grams.

.The structure of illite is characterized by ' fixed" potassium ions between two planes of
oxygen atoms. This forms a very rigid crystalline unit that impedes water penetration

' between crystal layers. Because of this rigid structure, only limited swelling occurs
when saturated. The low cation exchange capacity is due to the high percentage of illite,
in which the potassium ions between successive crys'ai layers are ffixed" or non-
exchangeable.

Calcite (CACO 3) and dolomite (CaMg(CO3)2) were also found in the clay samples,
although no quantitative measures were made. The presence of these minerals> .

contributes to the buffering of the clay, preventing the alkaline pH of the clay from
being easily lowered. The alkaline pH of the clay reduces the likelihood of dissolution of
metals in contact with the natural Salzburg clay, and also the acidification of anyp

'

groundwater contained or in contact with the clays.

COMMENT (30)

Section 7.3.3 More detail should be provided on how radioactive leachates will be
collected, evaluated and treated and on what controls will be placed on the release of
radioactively contaminated materials. Under unrestricted release conditions, no teachate
treatment should be necessary. As stated in the application, the teachate will be tested to
ensure 10 CFR Part 20, Appendix B limits will be met. These limits apply to licensed
operations and are based on a 500 mrem /yr dose objective. For unrestricted release,
doses should not exceed a few mremlyr. Dow needs to demonstrate that leachate
radioactivity concentrations will not produce doses in excess of a few mrem /yr.

RESPONSE

The Cells 36 & 37 leachate collection system (LCS) which is to be built equivalent to the
other Landfill cells is shown in the schematic cross section of the cell in Figure 1-1.0 of
Appendix 1. It is placed below the waste and consists of a 12 inch thick layer of sand over
the geotextile and polyethylene (PE) liner at the bottom of the cells, with a 2% slope to
assure drainage to 4 inch diameter perforated PE collection pipes located at the. low_

points in the cell. The sidewall teachate co!!ection system, consisting of geotextile and
geonet layers over a PE liner, is tied into the cell bottom leachate collection system.
Details of the teachate collection pipe and sidawall system are shown in Figures 1-2.0
and 1-3.0. The piping and monitoring system connecting the collection pipe to the 10
foot diameter PE lift stations No. 26 and 27_is shown in plan and isometric views.in
Figures I-4.0 and 15.0. The lift stations have a total capacity of greater than 27000
gallons. In fact experience has shown that the isolation capability of the cellis such as to
essentially eliminate teachate generation within 18 months after cell closure.

The leachate collected in the lif t stations will be' monitored for radionuclide
concentrations prior to transport to the Dow wastewater treatment facility and
subsequent release. No release will be made if concentrations exceed appropriate State
and Federal environmental release standards. Any leachate having concentrations-
exceeding these limits will be treated prior to release. This approach is more
conservative than basing the permissible radioactivity concentrations in the leachate on
an exposure level of "a few mrem /yr" at the receptor (drinking water intake).

13-
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COMMENT (31)

Tabb 7A 2 This table.is missing g

]
RESPONSE

Table 7.4-2 was inadvertently omitted from the License Application. It is.now included
with the errata to the Application. .

COMMENT (32)

Section 7.4.2 The I.D. numbers for the well locations shown in Figure 7.4 2 are either
illegible or missing.

RESPONSE

Figure 7.4-2(A), titled "Salzburg Landfill Monitoring Wells Location Map" shows the
,: monitoring wells with their I.D. numbers, it is included with the text corrections in the

errata.

COMMENT (33)

Sections 7.4.2. 7.7.2 and 7.7.4 The primary danger to groundwater would be the
existence of any unplugged soil borings or abandoned well bores underlying or adjacent
to the cells used if such a boring existed,it would act as a conduit and would have caused
at least some lateral disturbance of the bedded sediments resulting in an increase _in
permeability and porosity, thereby allowing possible _ migration of the contaminants.
The application should indicate if previous borings were made near the cell and how-
these borings were plugged. The application should also include the Stiff diagrams, pump
tests, and recovery rates of the monitor wells.

RESPONSE

No borings or wells within Dow's documented usage of the site have been located within
the boundaries of Cells 36 & 37. No borings or wells previous to Dow's usage of the. site*

have been found during previous investigations that were located on or near the proposed
thorium cell site. As far as can be determined from a search of the Salzburg Landfill
records, a pump test has not been performed on any of the monitoring wells. Recovery
times average about one day for all the wells except #20, which takes greater than three
days to recover.

,

COMMENT (34)

Section 7.5 Provide up to-date water level data if available. *

RESPONSE

Water level data for the 19 Salzburg Landfill monitoring wells for 1990 and 1991 is
provided in Table 4.0.

COMMENT (35)

Section 7.6 Please provide data on the yearly average rain and snowmelt runoff, snow
pack accumulatior', and vegetative cover in the area between the proposed cell location

14
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and the Tittabawassee River, as well as a description of the land surface (surface
roughness).

1
RESPONSE

The following information has been extracted from the Salzburg Landfill RCRA Part B
Application. Revision 30 - February 14,1986 submitta!, and updates the data in Section
7.0 of the 20.302 License Application. ,

" The following climatological summary is based on data derived from the
weather station at the City of Midland Wastewater Treatment Plant
approximately two miles northwest of the landfill site.

The lake influence, so noticeable in many areas of Michigan, is minimal at
Midland, since it is partially sheltered by the higher plateau region to the
northwest. The continental type climate of the Midland area .is *

characterized by greater daily, monthly and annual temperature ranges
than experienced in other areas at the same latitude but nearer to the
Great Lakes.

Normal daily temperatures in January range from a normal maximum of-

30.4 F to a daily normal minimum of 16.0 F, the average temperature
being 23.2 F. In July, the daily normal maximum temperature is
approximately 82.7 F and the daily minimum low is 60.2 F, the avera0e
daily temperature being 71.4 F. Summers are dominated by moderately
warm temperatures, with an average of 10 days exceeding the 90 F mark.
The lake influence is reflected by milder minimum temperatures with an
average of six days between November and March experiencing zero
temperatures.

Precipitation is well distributed throughout the year, with the growing..
fseason (May through October, averaging'143 days) receiving an average

of 17.06 inches, or 58% of the average annual total.

The normal annual precipitation is 29.28 inches. The record maximum'
monthly amount of precipitation received was in August,- 1975, with a
total of 12.76 inches. Minimum monthly precipitation was recorded in
September,1979,' with only a trace received for the monthi The 'mean
total annual snowfall is 36.3 inches, with the maximum monthly amount
being received in February,1949, which totaled 29.4 inches. The
average date for Midland's first 1-inch snow depth is' November 29; first
3 inch snow depth, December 20; and first 6-inch snow depth, January
8. The average date of the last freezing temperature in spring'is May 12, ',

'

while the average day of the first freezing temperature is October 2.

Prevailing winds are generally from the southwest. Strongest winds I

occur in late fall and early spring, with the strongest being recorded in
~

,

May,1956 at 81. miles per hour The mean annual hourly wind speed is
approximately ten miles per hour."-

The following information has been extracted from the Waste Storage Area I Act 64 i

Reapplication Revision 40 of January 29,1987.
!
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"The' flora of the entire site is typical of industrial locations. Trees and
brush have been removed. Nuisance weeds are located throughout the site.
Small areas of grass'and ornamental plantings are scattered through out
the site mainly concentrated around - administrative' and research
buildings. To 'the south and east of the entire site, at a distance of
approximately two miles, active agriculture is occurring with corn being
the predominant type. No active agriculture is present on the site itself. .

The flora of the Tittabawassee River is typical of waterways in this
region. Indus; rial activity has resulted in tree and brush removal from
the river bank areas. Flora consists of noxious weeds, quack. grass, milk
weed, cat tails, willow, sumac, poison ivy, and other vegetation.

The site is generally flat. Localized highs and lows are present with the
highest ground at the norther portion of the total site. The Tittabawassee - H
River intersects the total site with the majority of the site being north of
the river."

COMMENT (36)

Section 7.7.4 Qualitatively show the similarities in the water quality between the till
aquifer and the regional aquifer (i.e. provide the Stiff diagrams and the~ geochemical
data).

COMMENT (37)

Section 7.7 Sufficiently detailed geochemical, geotechnical, and hydrogeological data was
not provided to assess migration pathways. The data from the closest wells to the
proposed cell is not provided. A hazardous waste site has many monitor wells and is -
continually doing assessments in these weils, yet, the data provided are several years
old.

RESPONSE TO (36) AND (37)

The results of the constituent analyses of the Salzburg. Landfill monitoring wells for the
second quarter 1990, fourth quarter 1990, and second quarter 1991 sampling events i

.'

are provided in Appendix J. In addition, the response to Comment No. 38 discusses thei
-

locations of the wells with respect to the regional or till aquifers. Stiff diagrams based
on the April 16 and 17,1991, sampling of the Salzburg Landfill monitoring wells are.

also provided in Appendix J.

COMMENT (38) ,

Section 7.7.2 A groundwater contour (piezometric) map using the most recent
monitoring data displayed on a landfill area map rather than a regional map should be
furnished.

RESPONSE ..

The monitoring welis at the Salzburg Landtill can be grouped by depth fr;to four elevation j
zones (see drawings in Appendix K). The very shallow wells, Wel! 3 and 4 (Figure j

K1.0), are only 30' deep. Because they are located only 1,080 feet apart, contouring j
;i

.these two wells would not provide area-wide usable data. Secondly, three data points are.
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required to provide a contour of directional flow. Thirdly, the latest data for which
analyses have been completed does not contain a static water level datum for Well 3,
because it was dry.

;

The next deeper zone contains those monitoring wells screened 43 to 44 feet below grade
(Figure K2.0). This zone of wells is the only group of wells in consistent sediments
(i.e., clay Glacial Till) that can be contoured and provide reasonably realistic gradients."

'

The general flow is toward the west, with a southerly flow at the southeast corner of the .
landfill.

The last Glac;al Till zone includes those monitoring wells screened from 63 to 70 feet
below grade (Figure K-3.0). Wells 8 and 9 must be excluded from contouring this zone,. -

because they are screened in a Till Sand that does not reflect the general head within the .

Glacial Till. Wells 17 through 19 all lie on about the-same east-west line, with only .
.

Well 14 to give a two-dimensional component. A contour can be approximated for the >

northern quarter of the landfill, but is not extendable to the rest of the site.

The deepest four wells at the Salzburg Landfill are screened at elevations between 114
and 143 feet below grade (Figure K-4.0). Two of the wells may be in the same - '

formation: Wells 2708 and 3011. These two wells are believed to be screened in parts
of the Regional Aquifer, a dendritic, wide-spread local aquifer. However, Well 3168 is
screened in a local Till Sand that may be connected to the Regional Aquifer via-
interconnecting sand seams. A direct connection is unlikely, due to the discrepancy in
hydraulic heads. Well 20, although 123' deep, is screened in clay Glacial Till, and has

-

very low flow with poor quality water. Since only two of the wells are in consistent
formation, Wells.2708 and 3011, these could possibly be contoured. However, the ,

"

static water level in the viells is only 0.45" apart, indicating an extremely slow flow to-
the east. Also, without a third component to the data set, a two-dimensional contour
could not be accurately portrayed.

COMMENT (39)

Section 7.11 Dow should include a discussion of the possible short-term and long-term
interactions of the hazardous chemicals, in the other disposal cells, with the thorium
wastes. A list of hazardous chemicals disposed in the other cells should be provided.

.

RESPONSE

There are no hazardous materials, as defined by the State of Michigan (and EPA)
regulations, in Cells 38 & 39 that are adjacent to the proposed Cells.36 & 37. The
nearest hazardous materials are in Cells 15 & 16 and 17 to 19 which are approximately
190 and 65 feet respectively at their closest point to the berm at the north end of Cells -

36 & 37. Cells 20 to 22 and 30 to 35 are not yet constructed. Table 5.0 present a
listing of the materials, volumes and hazardous waste codes, emplaced in Cells 15 & 16
and 17 to 19.

There are a number of factors which individually will prevent interaction between the ~
thorium material in Cells 36 & 37 and the hazardous materials in the other disposal
cells both in the short and long-term. These include-

,

The highly insoluble nature of the thorium in the slag as emplaced in Cells 36.

& 37;

,
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The abser.ce of any other wasta material as fillin the cell;*

Emplacement and compaction of the slag materialin the cell in a manner that*

prevents void formation, cap subsidence, and infiltration..with followup OC'
and inspection to assure continued cap and liner integrity;

Monitoring of groundwater to determine whether constituents'are' migrating,-

from any of the cells so that measures can be instituted to stop the migration; ,e

The multi-barrier design of the cell cap and liners to prevent infiltration and
*

-

subsequent leachate migration;
'

The use of a high capacity leachate collection and treatment system coupled-

with the operational data to show that there is essentially no leachate -

production within 18 months of cell closure; J;

Monitoring of leachate as an early indicator of Cells 36 & 37 thorium
'

-

mobilization; ;

The extensive travel time through low permeability clay between cells;*

.

IThe surface water management program at the facility is designed to*

minimize any inflow in the celis; and -

The extensive experience and sophistication of the facility managers and-

operators in handling, disposing of, and managing hazardous materials.-

COMMENT (40)

Section 7.122 The text states that the source term assumed for the thorium-bearing
material is 2.4 x 108 pCi/m3 The application should contain an explanation of the .

. derivation of .this source term number. The explanation should justify-that this number
is a conservative assumption for determining the impacts to an intruder considering the
variation in concentrations of the' material that will be disposed of in Cells 36 & 37.

RESPONSE <

The value of 2.4 x 108 pCi/m3 corresponds to an average concentration of'15.1 pCi/g
'

3with a material assumed to have an average density of 1.6 g/cm . This was the weighted
average of the Midland (29 pCi/g, 9200 m3) and Bay City (188 pCi/g, 30,600 m3)'

!materials.

COMMENT. (41)
i

Section 7.12.2 and Tabte 7.12 3 Dose ca!culations should assume that the site is
released for unrestricted use and that the thorium slag is uncovered and exposed at the
surface. If a dose assessment code is used, then all of the assumptions for the data input' -

into the code should be justified. ;

RESPONSE '

The comment indicates that a dose assessment should be interpreted in the context of a t

site intended for unrestricted release, and the models should be developed accordingly. :

,

>
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- The Salzburg Landfill is not intended for unrestricted release. Since the rest of the site-
is permitted .as a RCRA- disposal f acility, the entire f acility will be subjected to
restrictive covenants, approved c|csure and post-closure plans, financial assurance, and
long-term institutional control. Furthermore, additional. restrictive covenants have -
been proposed relative to Cells 36 & 37 to prevent in perpetuity any actions that would -
impair the integrity of the Ce!!s. (See response to Comment No. 72, etc.) i

In' response to Comment No. 41,' cases have been evaluated using the RESRAD code-
developed for the Department of Energy. Figure 3.0 shows the time varying dose as a q

"

function of cover thickness. Default values are used for all parameters except the
radioactive inventory. The peak dose at 2300 years is a result of the lower distribution
coefficient- for radium relative to thorium. This effect is 'an artifice of the code 1methodology, and does not represent a realistic estimate of potential impacts, .as -
described in the response to Comment No. 44. The rapid increase in dose rate starting at ?,

about 300 years for the 0.5 m cover case, and proportionally later for the thicker
~

~

'

covers, results from _the erosion of the cover and subsequently the weste material,
assumed to occur at a default rate of 0.001 m/y. The combination of exposed waste and-
groundwater contamination results in a peak dose rate of 3350 mrem /y.

The components of the radiation exposure are shown in Figures 4.0 and 5.0 for a model
assuming no cover at all and a reduced erosion rate to allow examination of the
contributions from the various pathways. Direct exposure to an on site resident
(intruder) is the major factor, representing about 2000' mrem /yr out of 2500
mrem /yr from water independent pathways.

Figure 6.0 shows the dose rate profile if a 1' meter cover is emplaced and assumed to '

erode slower (10-6 m/y) than the default value. In this case only groundwater produces
a radiation exposure. However, as discussed above, the groundwater dose is an artifice of
the methodology. If a more realistic groundwater model is employed, the dose drops to
below 1 mrem /yr, as shown in Figure 7.0. This is the most realistic scenario since the ,

engineered cap is thicker than the assumed 1 meter and much-more substantial,
'

including geotextile and polyethylene liners.

RESRAD results are included in Appendix L .:

COMMENT (42)

Section 7.12.2 Because of the long half-life of thorium, the dose assessment should be
carried out to a least 1000 years, taking into account doses from ingrowth of thorium
daughters.

RESPONSE

The RESRAD model includes the impacts from all Th-232 daughters attributed to the -
parent present at time of emplacement. This is consist 0nt with the decay of any short-
lived isotopes and the presence of such short-lived dr4ugt.ters in the future cnly because
the parent was originally present (See also the response to Comment No. 6).

COMMENT (43)

Section 7.12.3 NUREG-1101, Volume 1, On-site Discosal of Radioactive Waste . .;

Guidance for Discosal bv Subsurface Burial. identifies the critical pathway as the |
drinking water pathway with the source of exposure as a contaminated well located on the s j

I
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disposal site. An analysis of this pathway was not provided nor was sufficient
geochemical and geotechnical data provided to indicate that this pathway could be ignored.

COMMENT (44)

Section 7.12.3 Show that the assumed lack of groundwater transport is a valid
assumption, i.e., perform groundwater transport modeling out to.1000 years or until
the peak concentration at the receptor point is reached. Assume that both the bottom and
top engineered barriers completely degrade at a reasonable point in the future. A

groundwater analysis is needed since the thorium will remain long after the disposal cell
has ceased to be effective. This analysis should consider the potential chelating and
solubilizing affects of the natural carbonates that are_ in the groundwater and the
hazardous chemicals disposed in the other cells at the landfill.

RESPONSE TO (43) AND (44)

The response to Comment No. (29) discusses the characteristics of the natural soll
material that serves to inhibit potential teachate dispersion.

Several comments, including No. (44) address the possibility of release of contaminants
to the groundwater and subsequent uptake through water wells. This scenario involves
failure of the cap, percolation of liquid into the cell, leaching of contaminant,- and failure
of the cell liner. The leachate then penetrates the natural clays and travels to a well'
from where it is ingested.

Impacts from groundwater contamination depend on the distance to the well where uptake
occurs and the rate at which the contamination travels to that well. Transport is
element-specific due to the chemical behavior during leaching and retardation by the
soil. Thorium is relatively insoluble, with a low leaching fraction and high retardation
coefficient. The radium 228 daughter travels much quicker through the groundwater,
but also has a much shorter half-life and therefore decays between release and uptake at
a receptor. The key factor in the groundwater pathway is therefore the transport of the
only long-lived isotope, Th 232.

The available computer codes analyze the situation in a simpler manner then discussed
above. RESRAD, developed for the Department of Energy, calculates radioactive ingrowth
and. decay in the cell, but does not decay the contaminant during' transport. . This
radioactive underestimates the time to breakthrough of the contaminant and the duration
of the plume, producing much higher doses over the supposed impact time period. This
situation is shown in the attached plots. Figure 8.0 shows that the peak dose and its time
of occurrence are dependent on the distribution coefficient (Kd). For this case,' the Kd

3for radium is taken at the default value of 70 cm /g and'that for~ thorium as 60,000 ~
cm3/g. Varying the thorium Kd does not effect the results, but .a sensitivity analysis on
Kd for radium in the saturated zono shows the direct proportionality of the time to peak'
dose rate and the elemental Kd. If account is taken of radioactive decay of the traveling
contaminants, then it is appropriate to assume that the short-lived daughters are
traveling with the long-lived parent. This is modeled in RESRAD by setting the Kd of the

,

daughter (radium) equal to that of the parent (thorium). When the Kd is set to the
thorium default of 60,000 cm3/g, the breakthrough time exceeds the code time limit of
100,000 years.

_

As noted above, the RESRAD default Kd of 60,000 cm3/g for thorium was used in the
calculations. This Kd value was chosen to compensate for any reduction that might occur

20
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due to chelating . effects of the' Landfill clays. A tabulation of thorium'Kd values in
" Radiological ' Assessment: ,a ' textbook on Environmental Dose Analysis", ORNL,
NUREG!CR-3332,- September,1983 shows Kd values from 160,000 - to 400,000
cm /g for clay based soils with'pH levels at 6.5. The thorium Kd values for the alkaline3

~

clays at the Salzburg Landfill would be at the higher end of this range. -Thus' the 60,000
cm /g used in the analysis represents a conservative approach. A further discussion of3

the effect of pH on thorium chelation is provided in the literature study in Appendix V.-

An implication of the data is that the clay in the Landfill will have a stronger ionic
adsorption effect then a mobility-reducing chelation effect.

- Figure 9.0 then shows the results when the Kd's for radium and thorium are set to 250
cm /g, an arbitrary and extremely low value well below that which would occur for -3

chelated thorium for the Landfill clays. (This value was chosen to demonstrate the -
impact on the model of varying the kd, and has no basis in physical reality). Even at this
extreme, the peak dose is pushed out past 10,000 years, and includes contributions
from the thorium well as radium. The more realistic values for reduced Kd's for
chelated material described above yield lower dose rates at a more distant time.

The plots refer to " Water Independent" and " Water Dependent" pathways. " Water
Dependent" pathways are those related to groundwater contamination, such as wells,
" Independent" pathways include direct radiation exposure, dusting and agriculture,

it should be noted that the RESRAD code includes consequences of erosion of the cover and
contaminated zone. Taking the default erosion rate of 0.001' meters / year for both the
cover and waste zone produces the dose impacts shown in Figure 10.0i First the cover
erodes, then the waste is dispersed, leaving no contamination to be leached into the >

groundwater. The significant dose is to intruders from direct radiation and airborne
dust. The doses shown in Figures 8.0 and 9.0 assume very slow erosion rates in order to
examine potential groundwater impacts. 4

The above results indicate that groundwater contamination is not a significant concern
relative to the Salzburg Landfill site. When realistic retardation conditions are
considered using Kd's as low as 60,000 cm3/g, the breakthrough time to an onisite well .

'

is longer than the 100,000. years analyzed by the code. Even in the extreme case, with
an arbitrary kd for the thorium (250 vs. the default value of 60,000 cm3/g) the peak
dose rate is delayed past 10,000 years. The supporting RESRAD analyses are provided
in Appendix M.

COMMENT (45)

Section 7.12.3.1 Evaluate a scenario where the cap is removed but the, bottom
engineered barriers remain intact and the leachate collection system is disrupted. As
part of this scenario, estimate the time for bathtubbing to occur and the amount of, and
thorium concentration in, the teachate when the cell bathtubs, and the expected impacts
from the release.

RESPONSE
.

1

Potential bathtubbing at the Salzburg Landfill has been identified as a possible exposure
mechanism. This scenario would involve failure of the' cap, allowing precipitation into
the cell, while the liner remains intact. Water would fill the cells, leaching radioactive
material from the waste. j

,
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h ~ Bathtubbing occurs after failure, if the cap allows precipitation into the cell. The intact
~ liner holds the liquid until it overflows the cell sides.-_ The time to fill the cell is

~

determined by the height of the cell divided by the annual contribution. This simplistic
and conservative analysis suggest that it would take 34 years to fill the 7 meter deep cell'
at the rate of 8.07 inches (20.5 cm) per year. The fill rate is determined from theg

'

water balance. contained on pages 5152 of the original License Application.

Overflow volume will be the amount displaced by the annual contribution once the _ cell-
has failed, or 20.5 cm of depth over 5700 m2, or 1170 m3/ year of leachate overflow '

,

it is assumed that the leachate is saturated with contaminants a; a result of a sufficiently >

long contact time,
b

During the period of institutional control, any leachate in the cell will be collected and
treated prior to release. . After institutional control ceases _ it is assumed for this

'

bathtubbing scenario that' any teachate that forms will eventually overflow the cell,
'

producing a surface water pathway for exposure of off site public.

This scenario was analyzed for the Salzburg Landfill using the IMPACTS-BRC, Version
2.0 code developed for the Nuclear Regulatory Commission. Default er.;ironmental
parameters were used for a humid, highly populated northeastern site.

Radic ictive deca) ',es not affect the source inventory in the cell since Th-232, the
parent, is ' extreme. 9ng-lived with a half-life of 1.4 x 1010 y. The much shorter
lived daughters reaci. equilibrium in about 30 years _However, contaminant transport
is element specific, depending on the chemical behavior. Short-lived isotopes would
decay between the time of leaching and reaching the point of uptake. Therefore, impacts
from bathtubbing are only considered for the longer lived isotopes: Th-232, Ra-228,
and Th-228. ,

impacts to an individual from overflow of the cell at Salzburg Landfill after cessation'of-
institutional control are:

Isotope Dose (mremM
.

Th 232 1.21 -

Ra-228 0.58
Th-228 0.12

,

TOTAL 1.91
,

(Printout from IMPACTS-BRC code is included in Appendix N) r

it should be noted that the overflow would be diluted by the watershed area flowing to the-
surface water (in this case, the Tittabawassee River) as well as the flow of the river j

'

itself. Thus the dose would be reduced to essentially background levels

COMMENT (46) ,

Ecetion 7.12.3.1 Note that thoron is a gas and would be released directly to the. ;

environment if the thorium waste was on the surface.- The statement that thorium
daughters would migrate for a limited distance is therefore not entirely correct. ;

I
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COMMENT (47)

Section 7.12 3J. The sum of thorium daughter half lives has no real meaning. This
statement should be deleted or modified.

RESPONSE TO (46) AND (47)

It was not intended that the reference to the sum of Th-232 daughter half-lives should
be used in assessing migration potential, but to only make the point that the individual
daughter half-lives are sufficiently short so that, taken with the retardation

,

characteristics of the media, they would decay to negligible levels within a limited
distance from the source. We agree that the wording is awkward and have modified the

[ language (see below and errata sheet).
p

With regards to Comment No. (46) the discussion in this paragraph (and the rest of'

Section 7.12.3.1) relates to potential groundwater impacts. It is true that some thoron
j' gas would be released to the air from the slag if it were on the surface, however the,

[
statement referred to does not treat this scenario but presumes the presence of some

' overlying cover material. The release of thoron from the bare and covered slag has been
assessed in the response to Comment No. (58).

Paragraph 2 on Page 86 of the license application is therefore modified as ic!!ows:

"The migration of the daughter products of Th 232 would also be
inhibited because of the slow transport of water through the liner and
chemical retardation of the elements in clay. These factors, combined
with the relatively short half-lives of the Th-232 daughters, would

j

I result in limited movement of these constituents from the cell into the
liner or cap before they decayed."

COMMENT (48)

Section 7.12.3 2 The discussion states that thorium can have high retardation
coefficients. Note that carbonates can substantially reduce retardation coefficients as
can the chemicals that may be present in the other disposal cells. The effects of natural -
carbonate and the other chemicals in the disposal cells need to be considered (e.g.,
determine site specific retardation coefficients and leachability of the
magnesium / thorium waste).

]RESPONSE
;a

As discussed in the response to Comment No. (4), and No. (39) no other material aside -
from the stag and soil at the Bay City and Midland sites will be put into Cells 36 & 37;
nor is the interaction between the material in Cells 36 & 37 and nearby-cells at the 1

Salzburg Landfill a feasible scenario because of the design of the cells, the material used
as barriers and between cells, and the rigorous monitoring to detect and then remove any

i-

| leachate fornied in the cells.

While it is not anticipated that the _ carbonates in the clay would substantially affect the
dispersion characteristics of the thorium in groundwater, the highly conservative 1

assumption of reduced Kd values were investigated to assess the potential for increased jo

mobility resulting from chelating. The results of these analyses are -provided in
'

:

response to Comment No. (44). |

h
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In addition leaching of metals results from contact with acidic waters. Subsequent '

interaction with alkaline ' material (i.e., clay carbonates) would neutralize the
groundwater and precipitate. dissolved metals such as thorium, inhibiting migration of
these constituents (See also the response to Comment No. 29).

COM MENT (49)

Section 7.12.3.2 We must assume that the sand lens under the landfill could be used as a
drinking water source because for a 10 CFR 20.302 burial and site decommissioning we
must assume that the site is released for unrestricted use with no administrative
control.

RESPONSE

The only usable drinking water source near the proposed thorium Cell, assuming
uncontrolled site usage in the distant future, would be the two small aquifers along the
east edge of the landfill and under Monitoring Well 3168, and the Regional Aquifer sand
channels monitored by Wells 2706 and 3011, on the far west and far northeast edges of
the landfill and probably under Monitoring Well 3168. The small sand body identified in
soil boring 2388 does not appear to be extensive enough to support a well, even for
domestic usage, and would quickly be dewatered. A pump test applied to a well set into.
this sand lens would be required to obtain more comprehensive data to evaluate the
possibility of this sand body connecting to a mc'e substantial aquifer.

Furthermore, it is at least 700 feet laterally from the edge of the nearest defined intra-
till sands (lens) to the periphery of Cells 36 & 37. The material separating Cells 36 &
37 from this sand lens is highly impermeable lakebed clay and glacial till. As a result of
the long pathway, low-solubility of the thorium in the slag, isolation capability. of the
engineered cell, and retardation capabilities of the clay and glacial"till,- migration of
thorium in the teachate to the lens is not a viable scenario.

COMMENTS (50)

Section 7.12 3.2 Comparison of concentrations with 10 CFR 20, Appendix B'is )
inappropriate since Appendix B applies to licensed operations and not for conditions of
unrestricted release.

RESPONSE

The comment is correct if the site was intended to be released for unrestricted access. 4

However, in the unlikely event that the site is released for unrestricted use at some .|
time in the foreseeable future after closure the factors discussed in Section 7.12.3.2 and j

noted in the response to Comment No. (49) and others would prevent groundwater from H
being contaminated to levels that would prevent its use.

COMMENT (51)
.-

Section 7.12.4 !! is stated in this section that the solubility of the waste material is low.
The application should include data and/or other information on the solubility of the ,

thorium-magnesium slag that supports the contention that the solubility-is low enough : 'l
to prevent potentially adverse consequences should bathtubbing occur. The solubility j

;
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' determination should taka into account the fact that the carbonato contained in the clay, ,

which will be used to line the du pesal ceit, has the potential to chelate the thorium. ,

RESPONSE

Solubility data on the thorium in the slag in water of varying pH levels was provided on
page 88 of the License Application This data shows the sclubility at all pH values to be
very low. A conservative analysis for the hypothetical bathtubbing scenario was
provided in response to Comment No. (45) which showed exposures to any potential
receptor to be negligible.

COMMENT (52)
:

Section 7.12.4 The most probable failure mode of the disposal cell would seem to be
"bathtubbing" which would cause the release of Th-232 via a surface water pathway or '

shallow groundwater pathway (within the overlaying sand layer), or a combination of
both. To help evaluate this scenario, please supply the standard U.S. Geological Survey
map (7.5 min. quadrangle) of the site area so that an evaluation of the overland flow
characteristics can be made.

RESPONSE+

Enclosed in Appendix 0 are Dow drawings B2 040-884040 and B2-041-884040
which show the existing topographic features and surface contours for the Salzburg
Landfill and the surrounding region. The topography and contours are shown to a '

distance of approximately 1000 feet beyond the fence line.

The potential "bathtubbing" scenario has been evaluated in response to Comment No.
'

(45).
,

COMMENT (53)

Section 8.0 The application states that trucks "will be covered with tarpaulins to
minimize fugitive dust during transport (page 90). The application should include an
analysis of material loss during transport and projected health effects.

,

RESPONSE

The radiological impacts analyses in Appendix ! of th'e License Application includes an
assessment of exposures to the pub |ic from direct radiation from the thorlated material
along the transport routes from Midland and Bay City. The exposure levels are
negligibly small (6.8 x 10 5 mrem for transport of the Bay City material to the ;'

Salzburg Landfill). The analysis in Appendix P further consider potential releases of ~

fugitive dust during transport and the doses resulting from these releases.
_

Release of fugitive dust material from _the trucks will be controlled by truck covers, i

which should effectively eliminate any dusting. However, as a conservative estimate of - |

possible impacts, material remaining airbome due to releases from the -truck during j

transport were considered to be the equivalent of a truck bottom dump, dispersed into a ;

volume 10m on each side of the truck to a height of 3m. This was assumed to be constant j
along the length of the route.

25
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Since the concentration is assumed to be constant during the period of exposure, and the
calculation is for the maximaMy exposed individual, the result is applicable for each
possible disposal. alternative. The dose from dusting calculated for that maximally
exposed individual is 0.12 mrem for the transportation of the Bay City material to the
Salzburg Landfill.

COMMENT (54) ,

Section 8.1 No details were provided on compatibility or long term performance of the
liners, the cover systems, the leachate piping and holding tanks, or the pumps with
which the radioactive material may be in contact. Assurance of long-term performance
requires supporting data and test results on the proposed materials,' based on in-service
performance records and testing that meets accepted codes and standards.

RESPONSE

The man-made materials to be used in Cells 36 & 37, consisting of the geotextiles and -
geonets, PE liners, PE piping, and PE lift stations, have been developed for application to'-
hazardous and radioactive waste disposal units. They are used in the other cells at the
Salzburg Landfill and nationally iri landfitis and impoundments containing similar type
wastes without indication of premature deterioration or failure. resulting- from-
compatibility problem. Manufacturers data is available on these materials from both
laboratory testing and field applications which demonstrate long. term performance.

IThe clay liner material and emplacement meet an exacting set of Dow standards wFch
are summarized as follows:

1

Primary = 5' thick & Secondary - 3' thick .-

'

Clay Specification-

Minimum of 25% of particMs .5 Microns.
CL or CH (Unified Seif Gassification System)
Liner permeability ou c;;ater than 1 x 10-7 cm/sec

.

Spread in 9" loose lifts g+

Broken up with disc to reduce clod size r
.

All stones and debris > 2" removed-

.I- Compaction
Vibratory padfoot roller compactor . -

Minimum of 90% max dry density
Within 0% to +5% optimum moisture content a

Scarify top of each lift 1" to 2" .;-

" Stepped" back of secondary clay liner
'

*

Eliminates slip plane
.

Enhances long term dike stability

|

.i

i
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Final lif t-

Shaped to 2% slope to collection lines
Primary liner - no abrupt deviations > 1/2"

COA-

Soils testing during clay placement
Survey for elevations and slopes

4

The construction quality ' assurance (COA) testing program for the clay,2NS sand, and
peastone are summarized in Table 6.0.

COMMENT (55)

Section 8.1 The application states "The localized water bearing sand units are depleted
during construction" (page 92). The application should state if the localized units are

- recharged following construction and supply any recharge data.from the monitoring .
wells completed in th6se units. The presence of perched water tables should be

|- determined as well as the possibility that the localized water bearing sand units may be
used as groundwater / drinking water sources.

RESPONSE

See the responses to Comments No. 33,37,38, and 49.

COMMENT (56)

Section 8.1 The specifications and capabilities of each piece of construction equipment to
be used in the construction and operation of the disposal facility should be.provided.
Procedures should be established to monitor and decontaminate equipment before release
of the equipment for other uses.

RESPONSE

The types and required capabilities of the construction equipment will be provided in the
|

cell construction, emplacement, and closure procedures to be included in the Work Plan
(see response to Comment No.- 13). As discussed in Section 9.2.4 of the license '.

application, a contamination monitoring and decontamination program will be
established at Midland, Bay City, and the Salzburg Landfill covering, among other areas,
construction equipment decontamination. This program will also be defined in the Work . . ;

Plan.

COMMENT (57)_
,

Section 8.3 This.section of the application provides a-brief description of how the
material will be emplaced in the disposal cell. The application should include more
detail on the emplacement procedures, including how lifting and compaction will be-
accomplished, and how compaction will be accomplished around and including the,

construction debris that.is part of the waste _ material. Descriptions of.the equipment '
that will be used should be included in this additional information.

.
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| RESPONSE

Detailed material and fill emplacement procedures and equipment descriptions will be
provided in the Work Plan. The emplacement steps are summarized as follows:

The thorium material will be moved from both the Midland and Bay City sites to' the
Salzburg Landfill Cells 36 & 37 in single trailer dump trucks. Each truck has san *
approximate capacity of 25 cubic yards. This size truck will allow sufficient
maneuverability within the limited space of the cell.

All equipment will enter and leave the cell via one or more earthen ramps constructed at
the northerly end of the cell. The ramp (s) will be composed of clean fill material
excavated during construction of the cell. The emplacement process will start at the -
bottom of the ramp (s), extend over the full width of the cell. bottom and. proceed
generally from north to south.

The first layer of thorlated material will be placed' on top of the leachate collection
system sand. This lift will be a minimum of three feet thick to protect the underlying
geomembrane from damage during the emplacement process. All equipment will work on
the layers of thoriated material only; no equipment will work directly on the leachate
collection system sand. Successive layers will be 18 inches to 24 inches thick.

~

The thoriated material will be spread using bulldozers, front-end loaders or similar
equipment. compaction equipment, such as padfoot rollers, Cat 815 extended foot rollers
or similar may also be used if it is seen that the spreading equipment is not performing
an adequate job of compaction.

At the end of each working day the thoriated material will be covered with '4 inches to 6-
inches of clean soil or a substitute daily cover such as ConCover* (see Table 7). Tha-
daily cover material will be maintained at 'all times to prevent wind dispersal of
particulate matter.

As noted in the response to Comment No. (17), the construction debris amounts to less
than 1% of the total volume of' material. Large pieces of the debris will be removed
prior to transport.to the Salzburg Landfill, decontaminated, and disposed of as non-
hazardous waste. Small pieces will be left with the slag and soll and disposal of at the
Salzburg Landfill. This will not effect the material compaction procedure in Cells 36 &
37.

Trademark of Newastecon, Inc.*

COMMENT (58)

Section 8.6 The application states "After Cells 36 & 37 is closed, a survey to measure
thoron levels.will be performed at a height of 1 meter above the release ducts from the
cell and at the clo.est disposal perimeter fence downward of the cell. A release standard.
of 0.5 pCi/L of tNron (above background) in air will be adhered to" (page 96). -The
. sampling 1 meer above the release ducts may not provide any degree of sampling
reproducibility considering wind, and variations in wind speed. The application should '
specify the method, frequency, and duration of sampling. The application should also'
include a calculation of the expected thoron emanation from this material with time.ano''
indicate what engineering controls are to be used to limit emanations of thoron to 0.5
pCi/L of air.
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RESPONSE

The vent pipes (release ducts) in Cells 36 & 37 will be equipped with gas release
control systerns to slow-down the gas emission from the cells. it is not anticipated that ,

measureable thoron concentrations (above background) will be experienced at on site
receptor. locations from release from these vents. However, th'e survey referred to in '
Section 8.6 will be conducted after closure of the Cells at several heights above the
release points to assess thoron levels. The detalls of this sampling program will be
described in the Work Plan (See the response to Comment No.13).

,

The only other pathway for release of the thoron from the slag would be diffusion
through the multi-layered cap. The diffusion of thoron collected in the pore spaces of the
soil will be inhibited by the dense clay cover, the long travel distance to the surface, and
the natural moisture content of the cap. Taken with the short half-life of thoron (55
seconds), these factors cause the reduction in thoron concentration from release at the.
slag to the surface to be substantial. It would therefore be expected that. thoron
emanation from the surface of the cap would be negligible.

in order to assess the anticipated thoron emanation from the slag, as covered at the end of
each workday, and when the final cover is emplaced, an analysis has been performed
using the appropriate diffusion model (see /sppendix O). The flux at the surface of the
cover material was calculated for varying cover thicknesses of clay and natural soil
cover (Table 0-1). As can be seen a 2 foot cover of clay reduces the surface flux to the
insignificant value of 3.0 x 10 30 pCi/m2 sec. Thus the cap of 3-feet of clean

~

compacted c'ay, 2 feet of top soll, and synthetic materials should reduce the flux to
immeasurable levels. An average 5 inch layer of soil emplaced over the slag at the end of
each work day would reduce the flux to approximately 1 pC1/m2.sec. Even if the highly
conservative assumption of a 1:1 ratio between surface flux and surface concentration is
made, concentrations above the surface of the final cap would be negligible.

As stated in the Application, baseline thoron concentrations and levels during
emplacement and after cell closure will be measured. The aforementioned survey
performed after closure to validate the predicted negligible thoron concentrations will .
also be made at varying heights up to 1 meter above the cap surface and at the closest
downwind site perimeter location. A release standard from the site of 0.5 pCIA. will be.
adhered to. Based on the flux calculations and experience at other sites' containing
thorium it is not anticipated that-any additional engineering controls will be required to
meet the standard.

In referencing the use of the Kusnetz method in the Application, the intent was to use a
measurement technique similar to the modified Kusnetz method described in * Radiation
Monitoring" by R.C. Rock and R.P Beckman, U.S. Department of Labor. In the period-
since preparation of the Application improvements in measurement techniques have been
made that may. permit use of other techniques more appropriate for this field
application. We are investigating the use of a continuous monitor that gives readings in.
the field, or the use of approaches involving collection-on charcoal with subsequent
laboratory analysis or field adaptation of a continuous flow chamber, The approach to be
applied at the Salzburg Landfill will be defined in the EHSP provided with the Work Plan
(See response to Comment No.13).

~
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COMMENT (59)

Section 8.6 How will iniiial thoron and thorium air sampling be performed? How will
air samples be taken downwind of work areas? Where will air samplers be located and
what type will be used?

RESPONSE

See tha response to Comment No. (58) for discussion of thoron measurement techniques
and to Comment No. (69) for discussion of use of air samplers.

.

COMMENT (60)
,

Section 8.6 The application states " Thoron concentrations will be analyzed using the
Kusnetz method, and the filter samples from the air pumps will be analyzed for thorium

~

concentrations on the dust (particulates) using neutron activation techniques" (page,
96). A review of the Kusnetz method reveals that this is a method specifically designed
for measurement of Rn-222 and not Rn 220 (thoron). Subsequent methods by Rock
(1975), and Khan and Phillips (1986) incorporate the simultaneous measurements of
Rn-222 and Rn-220, but are not specific for Rn-220. A " modified Kusnetz"

. procedure, or a " modified" procedure of some other writer, or writers, may be proposed ,

for the analysis of thoron concentrations. However, the Kusnetz method as described in
>

the literature, is inappropriately cited.

RESPONSE

See response to Comment No. (58)

COMMENT (61)

Section 8.6 How long are the long term trends mentioned in the second paragraph, page
96?

RESPONSE
.

Samples from the monitoring wells at the Salzburg Landfill are collected and analyzed.on
a quarterly basis. This program, incorporating radiological and. non-radiological
constituents analysis, will be continued for as long as Dow maintains ownership of the
site.

COMMENT (62)

Section 9.0 The Environmental Health and Safety Plan (EHSP) was not provid' ed for 1

review. We have on file only a draft EHSP for this facility.

RESPONSE ,

The EHSP will be provided in conjunction with the Work Plan for the performance of the j

remedial program (See response to Comment No.13). |
.

.

')

COMMENT (63) .i
!

Section 9.1.1 CFR Title 10 Part 19 topics should be covered in the training plan.- {
J

l
|
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- RESPONSE

Title 10 Part 19 topics will be covered in the formal worker training program. The
training program will be described in detail in the EHSP. Topics covered will include
health protection problems associated with exposure to thoriated material, precautions
and procedures to minimize exposure, purposes and functions of any protective devices -
used on-site, applicable NRC regulations and standards' relating to protection from
radiation exposure, employees responsibilities relative to reporting unsafe conditions,
and appropriate response to warnings as to malfunction or occurrences that may cause
exposure to the thorlated material.

COMMENT (64)

Section 9.1.2 Smoking, eating and drinking should be prohibited in the contamination
reduction zone as well as in the contamination zone.

RESPONSE

Smoking, eating and drinking will also be prohibited in the contamination reduction zone.
(See errata sheet for revision to text).

COMMENT (65)

Section 9.1.2 Tbn application should contain procedures .to minimize - further
contamination of tha environment during operations. The collection, monitoring and
appropriate disposal of the runoff water from the truck wash stations at the Bay City,
Midland, and Salzburg sites should be specifically addressed as well as the collection,
monitoring, and appropriate disposal of water potentially draining from the trucks.

RESPONSE

All vehicles that enter Calls 36 & 37 will have their tires / tracks and undercarriage
washed visually clean immediately after exiting the cells. This will be accomplished at a
vehicle wash building which will be constructed adjacent to the cells. The vehicle will'
enter the wash building, all doors will be closed and vehicle wash personnel will wash
the vehicle tires / tracks and undercarriage using pressurized water. A' visual inspection
and a check using radiation monitoring instruments will be performed by the vehicle
wash personnel. If both of the inspections are successfully completed, the vehicle will
then be allowed to leave the facility. If either of the inspections' fait, the vehicle will be
rewashed and reinspected. This rrocess will continue until both inspections are
successfully completed.

- Vehicle and equipment decontamination stations will also be established at the Bay City
and Midland sites that will be designed and operated in a manner that prevents' any

. release of contaminated water. Similar inspection and monitoring procedures will be
followed.

All wash water at each location will be collected, filtered and retained until it has been j

tested for thorium content to determine that it is acceptable for transfer to the NPDES j
licensed Michigan Division waste water treatment plant. If the water is not acceptable, i

it will either be refiltered or pumped into' tank trucks and transported to another
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appropriately licensed treatment facility. Filtered and dewatered solids will be collected -|

at'the vehicle wash building. The solids and filter media will be placed in the cells.

The vehicle wash building and wash stations will also be inspected and decontaminated.
All material frorn the decontamination operation will be placed in the cells before the ,

first layer of clay cap is completely installed.

-No trucks will be permitted to leave any location with contaminated water draining from
the interior. At Bay City and Midland, tarpaulins will be fixed over the top of the loaded
trucks to prevent infiltration of precipitation.

The above-described approach and those discussed in Section 9.1.2 of the application,
will be elaborated on in decontamination procedures to be included in the Work Plan (See
response to Comment No. (13)).

COMMENT (66)

Section 9.2 No detail was provided on emergency procedures to be followed when severe
weather (e.g., tornados, high winds, rainstorms, etc.) effect the excavation or disposal
sites. Emergency procedures should also be established regarding transportation
incidents, including accidents, tire changes, tarpaulin loss, etc.

I
1

RESPONSE

No operations will be conducted at the excavations at Bay City and Midland or at Cells 36
'

& 37 at the Salzburg Landfill when severe weather threatens or occurs. All equipment
will be secured and personnel removed from the sites when severe weather is predicted. -

Emergency procedures will be provided to each truck driver, consistent with DOT J

requirements for transporting radioactive material, covering actions to be taken should ?

any unplanned incident arise, including a list of emergency phone numbers.
t

COMMENT (67)

Section 9.2.1 Dosimetry should '.e required for entry into the contamination reduction ;
zone.

RESPONSE-

Dosimetry will be required tot entry into the contamination zone and the contamination
reduction zone.

COMMENT (68)

Section 9.2.1 The dosimetry to be used during operations should be specified in the
application. The dosimetry could include direct-reading dosimeters, film or TLD badges,
and personal air samplers. Consideration should also be given to having the dosimetry-
analyzed by a third party. j

RESPONSE j
On-site worker will be issued individual TLD's to monitor their external exposure as
appropriate. The TLD's will be read by a third party vendor -to verify analysis

-
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performed by Dow. In addition to the continuous operation of the PIC referred to in
Section 9.2.1, periodic gamma exposure rate surveys, using hand held detectors, will
be conducted in the immediate area where personnel will be working. The detailed
dosimetry program will be provided in the EHSP.

COMMENT (69)

Section 9.2.2 Explain why high volume air samplers are being used instead of
continuous low volume. Will high volume samplers be run during tne entire excavation
work or will grab samples be collected? If thoron is to be measured using the Kusnetz
method then only grab samples are proposed, if thoron is estimated to be a significant
contribution to dose, licensee could estimate thoron production based on thorium:
concentration and initial thoron source term. Off-site dose could be calculated based on
maximum concentration of thorium at sites, is thoron included in dose calculations?

RESPONSE

High volume air samplers have been successfully used at the Salzburg Landfill since its ,

opening to monitor airborne particulate concentration. No operational problems have
been encountered nor has dust loading proven to be sufficient to impair the sampler-

operation or accuracy of the analyses. To provide more flexibility during excavation and -
removal operations at Midland and Bay City to handle a range of dusting conditions, air

3sampling pumps capable of pulling air through an open face 47 in dosimeter glass fiber
-

filter at a rate of 60 liters per minute (intermediate volume) will be used. The air
samplers at the excavation sites will be located in the immediate vicinity of the work
being performed in the downwind direction. At the Salzburg Landfill they will be
operated in the vicinity of and downwind of Cells 36 & 37 and at.the' current fixed
locations. The vicinity air samplers will be operated continuously whenever work
activities result in uncontrolled dust generation.

See the response to Comment No. (58) for discussion of thoron measurements,
calculations of thoron emanation from Cells 36 & 37, and discussion of resultant doses.

A conservative estimate of thoron doses to the lung was provided in Section 1.3 of
Appendix I of the Application. The calculated lung dose to a postulated full-time resident'

at the site boundary at Bay City was 0.70 mrem and 0.20 mrem at Midland for the
material excavation and removal period. The calculated lung dose to an individual
working in a building on site was 0.24 mrem at Bay City and 0.06 mrem at Midland for :
the same period. Remediation worker exposures to all releases will be carefully
monitored and controlled to maintain exposures at ALARA levels.{
COMMENT (70)

Section 9.2.2 Specify the airborne dust concentration that will trigger the initiation of
' dust suppression techniques.

RESPONSE

Airborne dust suppression techniques will be employed at any time invasive activities
(i.e.,' digging, boring) are undertaken it Bay City and Midland, during vehicle loading,'

and during emplacement and compaction in Cells 36 & 37 at the Salzburg Landfill. The
primary dust suppression techniques will involve the use of aqueous sprays to wet the
surface of the material and form a surface crust.

'
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COMMENT (71)

Section 9.2.4 ' Will protective clothing be removed upon exit from the contaminated zone
or upon exit from the site? What will be the worker decontamination criteria for - '

- personnel leaving the site? What unrestricted release criteria wi!! be applied to
contaminated equipment?

RESPONSE

Any protective clothing worn by on. site workers will be. removed upon exit from the
contaminated zone and placed in a designated contaminated clothing container Personnel ;

leaving the _ contaminated zone showing readings above background on the skin will be
required to wash the contaminated areas and have the area re surveyed and the results of-
the re survey approved by the RSO (or his designee). Unrestricted release criteria for
removable and total surface levels for equipment will be based upon the requirements in
U.S. NRC Regulatory Guide 1.86, " Termination of Operating Licenses- for Nuclear
Reactors" of 1974. Equipment will be decontaminated to levels that are' ALARA, but ' _,'

below the applicable release criteria in all cases (as determined from Reg. Guide 1.86
standards) for Th-232 (and. daughters). The decontamination procedures, including
surface contamination measurements for total and removable alpha contamination, will-
be detailed in the EHSP in brief the procedures will require:

1. Recording equipment item identity on a survey form;-

2. Complete scan of potentially contaminated surface areas with an alpha probe
and ratemeter. Maximum and average total alpha levels will be measured and
recorded;

3. Wipe tests will be conducted. A biased sample (s) will be taken from areas
judged or measured (from scan) to have the highest _ potential for
contamination and highest potential for removal of material;

4. If results of wipe test or surface scan for total alpha activity indicate activity
'

-

approaching the limits, additional measurements may be required to' assure
that the release criteria are met; and

5. Decontamination of the surface will be performed if required and alpha scan .
and wipe tests repeated to validate that levels are below the release critoria.

COMMENT (73)

Section 10.3 The Text states that " Records of the disposal activities will be maintained
in conjunction with those of the hazardous waste facility" but there is no further
explanation of how these records will be maintained.

- COMMENT (74) a

Section 10.3 This section describes what information about the disposal cell wl!! be
included in the '' records of the Salzburg Landfill," but it is not clear whether these
records are the same as the records referred to in Section 10.2 and/or how they will be
maintained.

34
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RESPONSE TO (73) AND (74)
,-

All facility disposal records will be maintained in locked fire resistant file cabinets
located in the on site facility building (3600 Bldg) at the Salzburg Landfill. This
building is locked at all times the facility is not in operation. In addition, all disposal
records will be microfiched and stored in two other separate locations within the.
Michigan Division. Records retention for the facility disposal records will be
permanent.

COMMENT (75)

Section 10.3 The text says that the cell used for the disposal of the thorium wastes will
be identified with the radiation symbol. The application should contain additional
information on where these symbols will be displayed, and a description of the materials
the signs will be manufactured with and how they will be installed at the disposal
facility.

RESPONSE

Concrete markers will be emplaced at the side of Cells 36 & 37 on which. stainless steel
(or other suitable material) signs containing the appropriate radiation symbols will be ,

mounted. Additionally, information relating data on the waste content of the cell to the
detailed file records maintained at the Salzburg Landfill will be provided on the markers.

COMMENT (72)

Sections 10 and 11 and Accendiv B NRC staff does not object to covenants in deed,
records, fences and placards restricting use of the procerty. However, since the
objective in our review is for unrestricted release, we can give no credit for these
restrictions. Nevertheless, we are interested in how the restrictions will be applied.

COMMENT (76)
_

Section 11.2 11 is mentioned that further covenants will be included on the landfill deed
to the effect that radioactive material has been disposed on the site. The application
should include additional information on the specific details that will be included in this
restrictive covenant. ,

COMMENT (77)

Anoendix B On page 2 of the '' Declaration of Restrictive Covenant," it is explained that -
the restrictive covenants will be lifted after 15 years following completion .of "all.
landfill activity." The application should clarify whether this means 15 -years after
disposal of the last wastes and final covering, or 15 years after the ~ cessation of all
monitoring and surveillance that could be censidered " landfill activities".

COMMENT (78)

Accendix B The application should include information on, and the content of the
additional restrictive covenants that will be placed on the property after the-current'
ones shown are lifted. In addressing this question, the application should describe the -
requirements for future restrictive covenants that will be imposed on the- Salzburg-
Landfill as a result of the permitted burial of hazardous material at the facility.

2
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RESPONSE TO (72), (7 6), (77) AND (78)
|

7 have been
Additional proposed restrictive covenants, relevant to Cells 36 & 3 ,i addition to
prepared and are provided in Appendix W. These covenants, which are ns e long term

those currently on record affecting the Landfill, are intended to en urld impair

institutional control at the facility, and to prevent any future action that woui d shall be
the integrity of Cells 36 & 37. They "shall run with the land in perpetu ty anf the existing

binding upon Dow,its successors and assigns." For completeness, a copy oli ti

Declaration of Restrictive Covenants provided with the 1989 License App ca onW.

(including the previously omitted s gnature page) is also included in Appendix

COMMENT (79)
Please supply a copy of the RCRA Part B Application and permit for the

Salzburg site. A copy of the RCRA Part B Application and permit for the Salzburg site,Mundix B ill be helpful in
which contains section background site characterization information, w
preparing the dose assessment.

RESPONSE dix B.

A copy of the Table of Contents of the RCRA Part B Application is provided in AppenCopics of specific material in this voluminous application will be furnished upon
request.

COMMENT (80)
Please provide a cell construction diagram showing the relation of the.

_Accendiv G
geologic / lithologic units around the cell to the cell construction.

RESPONSE

Figure S1.0 in Appendix S shows a typical cell excavation plan at the Salzburg Landfill
as it relates to the geologic profile under the landfill.

COMMENT (81)

Mpendix G, The reduced copies of the construction drawings in the application were
hard to read. Please supply the full scale versions of these drawings.

RESPONSE
through B2-021-884040

A set of full scale construction drawings B2-001884040 ide
is included as attached Appendix T to this response. These drawings, which provi

accurate details of the proposed Cells 36 & 37 design, replace the reduced copies n)
Appendix G of the license application. (Please note that there is no drawing B2-019.

COMMENT (82)

Accendix l A reference list should be provided for this Appendix.

36

- - - - __ _ ---h- ~ - ~ _ _ -



- -. . . .. . ~,

Y

I>

-

RESPONSE

The reference list was inadvertently omitted from Appendix 1. It is provided in the
Errata,

in addition to the radiological impacts analysis provided in Appendix 1 for the removal,
transport and disposal of the thoriated material, a NESHAPS Compliance Assessment for .-

the current site status (no action case) and for the removal and disposal at the Salzburg-
Landfill was performed in December,1990 using the COMPLY Code at Level 4.(most s!te

- specific). The Report presenting the results of this analysis is provided in Appendix 0,.
.

in summary, the results of the analysis are;
'

Current Status:
' Maximum Dose (EDE)* to nearest resident at Bay City - 0.1 mrem /yr
Maximum Dose (EDE) to nearest resident at Midland - 0.008 mrem /yr

Excavation and Removal f'

Maximum EDE to nearest resident at Bay City - 0.32 mrem /yr
Maximum EDE to nearest resident at Midland _0.031 mrem /yr .

'

Emplacement at the Salzburg Landfill
0.44 mrem /yrMaximum EDE to nearest resident -

* Effective Dose Equivalent

~

COMMENT -(83)

Accendix 1. Section 1.2.Q What is the basis for assuming dust burdens End specific
activities ' equal to uranium mill tailings? What are the units for specific activity. of
dust?

3

RESPONSE

Dust burden and specific activities equal to uranium mill tailings were _ assumed to '

provide highly conservative results. Actual dust burdens at the site will be less than the =
value used. The units for specific activity used in the analysis are pCl/g; the value 2.4
is a dimensionless ratio.

COMMENT (84)

- Accendix I Table 2.0_ This table is missing,
~

RESPONSE

Table 1.2.0.was inadvertently omitted from the text. It is,now provided in the Errata to
the. License Application.

9
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TABLE 1

COMPARISOt1 OF EXPOSURE DURitlG TRAtlSPORT
FOR POTENTIAL REMEDIAL ALTERtJATIVES

Exposures for Potential Disposal Facifity.
(Person-mrem / activity)

Michigan

Poculation Affected - Salzburo Landfill. MI Beattv. NV Comoact Site Clive. UT

Truck Drivers (Total Exposure) 7,920(1) 863,300 39,600 704.900

Population Along Route (2)- 600 64,500 -3,000 52.700

(1) Based on calculations in Section 1.1.1 of Appendix ! to License Application. Highly conservative assumptions were used
to estimate doses (i.e., no reduction in dose is assumed for effect of distance or shielding from the truck and driver
assumed to remain at 1 meter from truck exterior at all times). All assumptions are comparable for each disposal
location so that exposures vary with distance traveled.

(2) Based on average population density of 60 people /mi2, and a truck velocity of 40 mph, calculated from IMPACTS-BRC
Version 2 code.

'

_- . . _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ J. _ . . , _ m. .
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TABLE 2

OUTLINE OF WORK PLAN FOR
IMPLEMENTATION OF DISPOSAL OF SLAG MATERIAL AT SALZBURG LANDFILL

1.0 INTRODUCTION .

s

1.1 Summary of Database Characterizing the Bay City and Midland Slag and
Surrounding Media

1.2 Salzburg Landfill Disposal Site (location, operational history, management
approach, land use and demographics, topography, hydrogeology, etc.) .

1.3 Cells 36 & 37 Design and Construction
1.4 Remedial Program Objectives

2.0 REMEDIAL PROGRAM ,

2.1 Program Management (organization, lines of authority and communication)-
2.2 Phase / Task Description of Work
2.3 Schedules and Milestones
2.4 Labor and Estimated Cost Per Task
2,5 Equipment and Material to be Used

3.O PLANS AND PROCEDURES

3.1' Slag / Soil Excavation and Removat Procedures . _

3.2 Slag / Soil Survey and Sampling Protocols, Analytic Procedures, and Release
Standards for Remediated Sites

3.3 Slag / Soil Emplacement Procedures in Cells 36 & 37
3.4 Cells 36 & 37 Closure Plan and Procedures
3.5 Post-Closure Plans and Procedures (monitoring, maintenance, etc.)
3.6 Equipment and Vehicle Decontamination Standards and Precedures
3.7 Clag/ Soil Truck Loading, and Hauling Procedures
3.8 Recordkeeping and Reporting Plan
3.9 Quality Assurance Plan -

4.0 ENVIRONMENTAL HEALTH & SAFETY PLAN

4.1 ALARA Program
4,2 Health & Safety Organization
4.3 Site (s) Access Control Procedures -
4.4 Worker Training and Indoctrination ,

4.5 Personnel Monitoring and Dosimetry Program
4.6 . Environmental-Monitoring Program
4.7 Personnel Contamination Control Procedures (controlled _ areas, monitoring,

decontamination, prohibitions for restricted areas)
4.8 Sample _ Control, Handling', Packaging, and Shipping Procedures
4.9 Emergency and Contingency Procedures (during handling and transport)

5.0 AGENCY AND COMMUNITY INFORMATION PLAN

_; ., . - - -_ _ >
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TABLE 3
.

DOW CHEMICAL MIDLAND PLANT, SALZDURG LANDFILL
SOIL BORING 3421 SEDIMENT ANALYSES

APRIL, 1985-

.

Samole Identifier B C D E F G H I'

Elev. of Sample
' (USGS Datum) 602.9 597.9 592.9 587.9 582.9 577.9 572.9 567.9

% Moisture 13.0 8.0 9.0 7.0 9.0 6.0 9.0 8.0

Unit Weight (PCF) 141 140 148'

Liquid Umit 19.1 18.4 17.7 16.1 15.7 12.6 15.7' 13.2

Plastic ~ Limit 12.4 12.3 13.3 10.7 10.3 11.6 10.0 10.5

Plasticity index 6.7 6.1 6.4 5.4 5.4 1.0 5.7 2.7
'

Unified' Soil
Classification C L.ML SM.SC C L-M L SM-SC SM-SC SM SM-SC SM

Permeability ' 1.2 X 10-8 2.2 X 10-8 6.2 X 10-7 ' 5.4 X 10-7-

% Passing # '
200 Sieve ' .65 48 50 46' -41 32 39 32

% > or .00 38 18 29 1 -7 15- 7 13 7
1

4
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TABLE 4

WATER LEVELS FOR SAL 2 BURG MOf41TORif4G WELLS

Water level data taken before purging and sampling of the nineteen Salzburg
monitoring wells in the Operating License is as follows:

Well# 2nd Otr 1990 4th Ott 1990 2nd Otr 1991 i

a

4829 617.07 615.68 616.66

:4830 620.02' 619.96 619.61 1
O,

4831 609.21 610.28 NOT SAMPLED j
j

4832 620.33 620.16 619.17 ~ l
b

.. 620.384833 620.54 620.72

4834 617.62 618.14- -617.60

4836 608.72 608.69'- 610.52. J

4837 609.38 608.64 610.77'

.

4838 623.99 624.00 624.88
i

14839 622,96 623.30 623.53

4840 621.22 621.37 '622.19
(: |

L 4841 620.59 619.85 621.34 j
'l

4844 620.28 605.91 620.68 |

p |
- 4666 612.10 615.11 619.31 ' -| )

4667 619.60 618.92 619.37

h 4846 567.48 591.62 602.88- 4

2708* 625.00 623.00 625.72

b 3011 6 E 4.43 622.96 625 27

3168 623.13 621.83 623.91

* NOTE: Water level readings on Well 2708 are taken from the 3600 Building -
computer.

.i-

_________________Li*
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TABLE 5

HAZARDOUS . MATERIAL IN CELLS 15 & .16 AND 17 to' 19

RCRAtMI Act 64

Material Volume (vdh ' Waste Code

incinerator ash 34,032 =001T

secondary WWTP solids 23,500 005T

primary WWTP solids 18,157 003T

soil containing benzene . 1,695 UO19

soil characteristic for benzene 880 D018

waste containing > 0.7 mg/l 1,1-dichloroethene 370 D029

waste containing chromium ' 350 D007

waste containing copper 232 001 D

soil containing leachate 220 .F039

soil characteristic for chlorobenzene 100 UO37'

soil containing toluene- 75 U220

waste containing 2,4 D 47 .D016

soli containing xylene 20 F003

waste containing lead 12 D008
..

soil containing tertiary pond waste water 10 F001

soil containing methylene chloride 10 F002

waste containing barium 7 .D005

waste containing zinc 1 003D !

I

waste containing rnercury 1 0009
i

waste containing silvex 1' D017 'l
:,

L soll with 2,4-D waste water 1 F039
i

chromic fluoride <1 D002 |

q

.
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TABLE 6

SCHEDULE FOR
CONSTRUCTION QUALITY ASSURANCE TESTING OF SOILS USED IN CELL CONSTRUCTION

CELL COMPONENT TEST METHOD PROPERTY EVALUATED min! MUM FREQUENCY

Clay for_ primary and ASTM * D2487 Classification of soils Every 5,000 cubic yards (CY)-
'

secondary liners
ASTM D42.2 Particle size c.salysis Every 5,000 CY

ASTM D4318 Liquid limit, plastic limit Every 5,000 CY
and plasticity index determination

ASTM D1557 Mositure-density relationship -- Every 5,000 CY
,

ASTM D2922 Density of soils by nuclear methods Every 1,000 CY

EM 1110-2-1906** Permeability test Every 10,000 CY

Field Survey Minimum ' thickness determination' Every 100 feet in longitudinal
& elevation checks - direction of cell and at the .

centerline and all grade breaks
in tranverse direction of ce!!

2NS sand for liner ASTM C136 Gradation determination Every 5,000 CY-

failure detection &
leachate collection systems ASTM D2434 Permeability test - Every 5,000 CY

Field Survey Minimum thickness determination Every 100 feet in !cngitudinal
& elevation checks direction of cell and at the

centerline and all grade breaks
in transverse direction of cell

Pea stone.for liner failure ASTM C136 _ Gradation determination - Every 500 CY (2 minimum)
failure detection & leachate
collection systems-

* -ASTM - American Society.for Testing and Materials
**EM1110-2-1906 is a Corps of. Engineers Test-Method

, -
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Table' 7

Specifications of-~ Con Cover
TECIINICAL

- COnCOVer_ sestsr1s*

\
. ENVIRONMENTAL CONTROL FOR LANDFILLS

,

.

,
.

.

Product Descriotion

A spray applied temporary cover for use to minimize infiltration of precipitation, to control
~

blowing litter-and particulate matter, to control air emissions of volatile materials and odors.
The system consists of two components that are nontoxic Part A that is a binding agent and part B :
a treated recycled cellulose fiber to provide structural integrity. When cured these two
components form a 1/8" - 1/4" crust for normal application.

Soecifications Blended ConCover ,

Property Specification

Appearance,25' C -Sturry of a consistent nature
-dark green color with solids fully

-

suspended in solution.
pH, slurry -9.5 max.

-8.0 nin.
Flash Point T.C.C. -None
Water Solubility -100% soluble (binder components only)
D.O.T. Shipping Class -N/A
D.O.T. Hazard Class -N/A
Typical US E.P.A. Toxicity Ext'

Procedure (SW846) Units Results Detection Umit
EP Arsenic mg/L <0.04 0.04
EP Barium mg/L <4 4

EP Cadmium mg/L <0.1 0.1
EP Chromium mg/L . <0.2 0.2
EP Copper mg/L <0.2 0.2
EP lead mg/L <0.2 0.2
EP Mercury mg/L < 0.0 04 0.004
EP Selenium mg/L <0.04 0.04
EP Silver mg/L <0.2 0.2
EP Zinc mg/L .27 0.2

Copyright 1989
Newastecon Inc. SS-4/90
Newastecon believes all information in this document to be true and reliable to the best of its-
knowledge. No guarantee, warranty, or representation is made as to the suitability of this sales
specification. The user should conduct his own investigation as to the suitability of this product for his -
own Use.

A Product of Newsstecon. Inc.
520 Madison Ave. Suite 328

" Toledo, Ohio 43604
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Total Dose to intruders from Residual Radioactivity

as a Function of Soll Cover Thickness
1

TOTAL DOSE: All Isotopes and Pathways Summed
'

- Sensitivity Analysis: COVER 0- 100%
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Time Varying Dose to an Intruder at Salzburg
as a Function of Cover Thickness

TOTAL DOSE: AllIsotopes and Pathways Summed
Sensitivity Analvsis: COVERO e 100%
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Time Varying Dose to an Intruder-at Salzburg with No Cover

DOSE: Water Independent Pathways, Th-232
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Time Varying Dose to an Intruder at Salzburg with No Cover-

DOSE: Water Dependent Pathways, Th-232-
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. Time Varying Dose to an Intruder at Salzburg
with No Cover -10 -6 m/y Erosin Rates
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- Time Varying Dose to' an Intruder at Salzburg
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Using Realistic Groundwater ~ Modeli.
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Parametric Study of Effect on Dose of Varying Radium Kd

DOSE: All Pathways Summed, Th-232
Sensitivity Analysis: Ra-228 DCACTS * 100%
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' Residual Radioactivity Program, Version 4.005 12/23/91 17:39 Page 2
File: B:\MIONOERO.0AT

Sumary : MIDLAND / BAY CITY RESIDUAL - NO EROSION

Site-Specific Parameter Sucary
Used by RESRAD Parameter '

User
Parameter Input Default (If different from user input) Name

. Menu
-- AREA

1.000E+04 1.000E*04 THICK 0
~'RO11 Area of contaminated zone '(m"2) 1.000E+00 1.000E+00

-- LCZFAQ
--

RO11 Thickness of contaminated zone (m) 1.000E+02 1.000E+02
2011 Length parattet to aquifer flow (m) 5.000E+00 1.000E+02

--- BRLD

' R011 . Basic radiation dose timit (mrem /yr) il
0.000E+00 0.000E+00

--

= R011' -Time since placement of materlat (yr) 1.000E*00 1.000E+00
-- TC-2)

1.000E+01 3.000E+00
-- T( 3)R011' Times for calculations (yr)

T( 4)R011 Times for calculations (yr) 1.000E+02 1.000E+01
---

5.000E+02' 3.000E+01
--- T( 5)R011 Times for calculations (yr)

R011 Times for.calcutations (yr)
1.000E+03 1.000E+02

~- TC 6)
T( 7)R011 Times for calculations (yr)

5.000E+03 3.000E+02
--

T( 8)RO11 Times for calculations (yr)
1.000E+04 1.000E+03

--

R011 Times for calculations (yr) not used 3.000E*03
-- T( 9)

i Roll Times for calculations (yr) not used! 1.000E*04
--- T(10)

-R011 Times for. calculations (yr)

-R012 initial principal'radionuclide (pCI/g): Ra-228| 5.000E+00 0.000E*00 -- 'S( 1) .
S( 2)

R012 Initial principal radionuclide (pCi/g): Th-228 5.000E+00 0.000E+00
---

0.000E+00
-- S( 3)

- R012 Initial principal radionuclide (pCl/g): Th 232 5.000E+00
.0.000E+00

-- W(.1)
R012 Concentration in groundwater (pCI/L): Ra-228 not used_ --- WC 2)

R012 Concentration in groundwater .(pCf/L): Th-228 not used 0.000E+00
~- 'W( 3)

R012 Concentration in groundwater (pci/L): Th-232 not used- 0.000E+00

0.000E+00 0.000E+00
--- COVERO

R013' Cover depth (m) .
. not used 1.600E+00

-~ DENSCV

R013 Density of cover materlat (g/cm**3)- not used 1.000E-03
--- VCV

.

DENSCZ-
R013 Cover depth erosion rate (m/yr) .

1.600E*00 1.600E+00
--

---

R013 Density of contaminated zone (g/cm**3) ' VC2
1.000E-07 '1.000E-03

~R013 Contaminated zone' erosion rate (m/yr)' 4.000E-01 4.000E-01
-- TPCZ

R013 ' Contaminated zone total porosity . 2.000E-01 2.000E-01
-- HCCZ

EPCZ---

R013 Contaminated zone effective porosity .

1.000E+01 '1.000E+01
-- BCZ-R013 Contaminated zone hydraulic corxfuctivity (m/yr) . 5.300E+00 5.300E+00 ,.

'

6.000E-01 6.000E-01
'-- EVAPTR

R013 ' Contaminated zone b parameter
R013. Evapotranspiration coef ficient . 1.000E+00 't.000E+00

-~ PRECIP
RI '

R013 Precipitation (m/yr) 2.000E-01 2.000E 01
--

IDITCH.
R013 Irrigation (m/yr)- overhead - overhead

---

RUNOFF
R013 Irrigation mode- 2.000E-01 .2.000E 01

--- WAREA
---

R013 Runoff coefficient: . . ..

21.000E+06 1.000E+06
iR013 Watershed area for nearby stream or pond (m"2)

DENSAQ
i.600E+00- '1.600E+00

---

'R014 Density of saturated zone (g/cm+*3) .. '4.000E-01 4.000E-01
TPSZ---'

~R014 Saturated zone total porosity.- ,2.000E-01 2.000E-01 . -~ EPSZ.

-

Saturated zone effective porosity- . . -- HCSZ
:R014
LR014 Saturated zone hydraulic conductivity (m/yr)! 1.000E*02 ,1.000E+02-

'

HGWT-

.R014 Saturated zone hydrautic gradient"' '
~ -2.000E 02; 2.000E 02

~-,

5.300E+00' 5.300E+00_ .

4- BSZ _

----- ' vwT--R014 Saturated zone b parameter 1.000E-03 1.000E-03
.

2014' Water table drop rate (m/yr) _ . . -- 1 OWISWT

:R014 Well cusp intake depth (m below water table) .1.000E+01 1.000E+01 MODEL:- --J

R014- Model: Nondispersion (ND) or Mass-Batance (MB) _ ND' ND .

-~~ tM ~
not used_ :1.500E*02

|
R014 . . Individual's use of groundwater (m"3/yr)|

NS
1 1- --- -

R015 Ntaber of unsaturated zone strata . _
_

w ki-

T.-d'm- me _ . _ _J o.a. .L_ /_.a. _ _ !_____.____a _.___2.sm a _ e ,4a " "_-e/M*_ 2 -..;rrn.wg _',ggr .gyn, y, g vy- y * em vWud 4 tb-m *9T't'-9OT* W m M . Ns-
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Residual Radioactivity Program,' Version 4.006 12/23/91 17:39 Page 5

-Sur.ary : MIDLANO/ BAT Clff RESIDUAL - NO EROSICM File: 8:\MIDMOERO.DAT

Strmary of Pathway Selections

Pathway' ' liser Selection

' 1 -- external gama active
2 -- Inhalation active
3 - plant ingestion active
4 -- meat ingestion active
5 -- milk ingestion active
6 - aquatic foods . active
7 -- drinking water active
8 -- redon- active
9 -- soit ingestion active

|
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Residual Radioactivity Program, Version 4.005 12/23/91 17:39 Page 6

Strnary : MIDLAN0/ BAT Clif RE$100AL - NO EROSION file: B:\MIONCERO.DAT

Contaminated Zone Dimensions
Initial soit Concentrations, pci/g

Ra-228 5.000E+00Area: 10000.00 square meters
Th-228 5.000E+00

Thickness: 1.00 meters lh-232 5.000E+00
Cover Depth: 0.00 meters

Totot Oose TDOSE(t), mrem /yr
Basic Radiation Dose Limit = 5 mrem /yr

Total Mixture Stsn M(t) = fraction of. Basic Dose Limit Received at Time (t)
'

t (years): 0.000E+00 1.000E+00 1.000E+01 1.000E+02 5.000E+02 1.000E403 5.000E+03 1.000E+04
TDOSE(t): 8.414E+01 8.402E+0! 8.284E+01- 8.203E+01 8.189E+01 8.692E+01 8.037E401 7.872E+01

M(t): 1.683E+01 1.6SCE+01 -1.657E+01 1.641E+01 1.638E+01 1.73SE+01 1.607E401 '1.574E+01
Maximtsu TDOSE(t): 8.920E+01 nrem/yr att= 2055.5 2 0.6 years

Total Dose Contributions 100SE(1,p t) for Individual Radionuclides (i) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 2055.5 years

Vater Independent Pathways

Ground Dust Radon Plant Meat Milk Soit

Nuclide mrem /yr fract, mrem /yr fract. - mrem /yr fract. mrem /yr fract. mrem /yr.fract. mrem /yr fract. mrem /yr fract.Radio-

Ra-228'O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 .0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000Th-232 6.363E+01 0.7133 6.933E+00 0.0777~ 2.239E+00 0.0251 7.109E+00 0.0797 8.075E-01 0.0091 4.642E-03 0.0001 6.370E-01 0.0071-

Total 6.363E601 0.7133 6.933E+00 0.0777 2.239E+00 0.0251. 7.109E+00 0.0797 8.095E-01 0.0091 4.642E-03 0.0001 6.370E-01 0.0071
Total Dose contributions TDOSE(i.p t) for Individual Radionuclides (1) and Pathways (p)

As mrem /yr and Fraction of Total Dose At t = 2055.5 years

Vater Dependent Pathways

Water Fish Radon .Ptant . Meat Milk Att Pathways *

Nuclide mrem /yr fract, mrem /yr 'fract. mrem /yr, fract, mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.
Radio-

0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 0.000E+00 0.0000 - 0.000E*00 0.0000 : 0.000E+00 0.00000.000E+00 0.0000' O 000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000Ra-228

Th 228 : 0.000E+00 0.0000 . 0.000E+00 0.0000 .- 0.000E+00 0.0000Th-232 6.90SE+00 0.0774' 4.170E-02 0.0005- 0.000E+00 0.0000 : 7.577E-01 0.0085 9.181E-02 0.0010 4.044E-02 0.0005 8.920E+01 1.0000
7.577E-01 0.0085" 9.181E-02 0.0010 4.044E-02 0.0005 8.920E+01 1.00.00-

Total 6.908E+00 0.0774 4.170E-02 0.0005 0.000E+00 0.0000
-

' * Sum of all water independent and dependent pathways.

_ _ . _ _ _ _ _ . . . . , . ~.
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Residual Radioactivity Prografo, Version 4.005 12/23/91 17:39 Prge 10

Surnary : MIDLAND / BAY CITY RESIDUAL - NO EROSION File: B:\MIDNOERO.DAT

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As rcrem/yr and Traction of Total Dose At t = 1.000E+02 years

Vater Independent Pathways

Ground Cust Redon Plant Meat Milk Soll

Nuclide mrem /yr fract. mrem /yr 'fract, mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.Radio-

Ra-228 '3.634E-04 0.0000 7.261E-06 0.0000 1.470E-05 0.0000 1.173E-05 0.0000 1.149E-06 0.0000 1.867E-OS 0.0000 1.332E-06 0.0000
Th-228 7.532E-15 0.0000 2.092E-16 0.0000 4.276E-16 0.0000 2.524E-16 0.0000 3.123E-17 0.0000 1.844E-20 0.0000 1.88SE-17 0.0000
Th-232 6.415E+01 0.7821 6.990E+00 0.0852 2.257E+00 0.0275 7.167E+00 0.0874 8.161E-01 0.0099 4.680E-03 0.0001 6.422E 01 0.0078
Total 6.415E+01 0.7821 6.990E+00 0.C852 2.257E*00 0.0275 7.167E+00 0.0374 8.161E-01 0.0099 4.680E-01 0.0001 6.422E-01 0.0078

Total Dose Contributions TDOSE(1,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 1.000E+02 years

Vater" Dependent Pathways

Vater Fish Redon Plant Meat Milk All Pathways *

Nuclide mrem /yr fract. mrem /yr fract. mrem /yr fract. screm/yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.Radio-

Ra-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.996E-04 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 'O.000E+00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000 8.471E-15 0.0000
Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.203E+01 1.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.203E+01 1.0000
*Sua of all water Independent and dependent pathways.
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Residual Radioactivity Program, Version 4.005 12/23/91 17:37 Page 11.

Strraary : MIDLAND / BAY CITY RESIDUAL. - NO EROSION File: B:\MIDNOERO.DAT

. Total Dose Contritmtions TDOSE(I,p,t) for Individual Radieroclides (i) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 5.000E+02 years

Vater Independent Pathways

Ground Dust Redon Plant Meat Milk Soll

Radio-
Nuclide mrem /yr fract. mreW yr fract. mrem /yr frsct. mrem /yr fract. mree/yr fract. mrem /yr fract. mreW yr .fract.

-Ra-228.1.089E-25 0.0000 [175E-27 0.0000 4.403E-27 0.0000 3.514E-27 0.0000 3.442E-28 0.0000 5.592E-30 0.0000 3.991E-28 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000- 0.000E+00 0.0000
Th-232 6.405E+01 0.7821 6.97CE+00 0.0852 2.254E+00 0.0275 7.156E+00 0.0374 8.148E-01 0.0099 4.672E-03 0.0001 6.412E-01 0.0078

Total 6.405E+01 0.7821 6.97EE+00 0.0852 2.254E+00 0.0275 7.156E+00 0.0874 8.148E-01 0.0099 4.672E-03 0.0001 6.412E-01 0.0078

Total Dose contributions T00SE(1,p,t) for Individual Radionuclides (i) and Pathways (p)*

5.000E+02 yearsAs mrem /yr and Fraction of Total Dose At t 2

Water Dependent Pathways

Water Fish Redon Plant Meat Milk All Pathways *

Radio-
Nuclide mrem /yr fract. mrem /yr fract, mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract, mrem /yr fract.

Ra-225 0.000E+00 0.0000 0.000E+00 0.0000- 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.197E-25 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.189E+01 1.0000

Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 8.189E+01 1.0000

*Stsn of all water independent and dependent pathways.
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Residual Radicactivity Program, version 4.005 12/23/91 17:39 Page 12
file: B:\MIONCERO.DATSumary t MIDLAN0/ BAY CITY RE510UAL - NO EROSION

Total Dose Contributions TDOSE(i.p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 1.000C403 years

Water Independent Pathways

Ground Dust Radon Plant Meat Milk Soll

Radio-
Nuclide mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.

- Ra-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000
Th 232 6.391E+01 0.7353 6.964E+00 0.0301 2.249E+00 0.0259. 7.141E+00 0.0821 8.131E-01 0.0094 4.663E-03 0.0001 '6.398E-01 0.0074
Total 6.391E+01 0.7353 6.964E+00 0.0801 2.249E+00 0.0259 7.141E+00 0.0321 8.131E-01 0.0094 4.663E-03 0.0001 6.398E-01 0.0074

. Total Dose Contributions TOOSE(i.p,t) for Individual Radionuclides (1) and Pathways (p)
As mrem /yr and Fraction of Total Cose At t = 1.000E+03 years

Water Dependent Pathways

Water Fish Redon Plant Meat Milk All Pathways *

Nuclide mrem /yr' fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract, prem/yr fract, mrem /yr fract.Radio-

Ra-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+r0 0.0000 0.000E+00 0.0000
Th-228 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Th-232 4.503E+00 0.0527 2.767E-02 0.0003 0.000E+00 0.0000. 5.027E-01 0.0058 6.091E-02 0.0007 2.633E-02 0.0003 8.692E+01 1.0000
Total' 4.583E+00 0.0527 2.767E-02 0.0003 0.000E+00 0.0000 5.027E-01 0.0053 6.091E-02 0.0007 2.683E-02 0.0003 8.692E*01 1.0000
*Stra of all water independent and dependent pathways.
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Residual Radioactivity Program, version 4.005 12/23/91 17:37 Fage 15

Swnary : MIDLAND / BAY CITY RESIDUAL - NO EROSION File 8:\MIDNCERO.D AT

Dose / Source Ratios Swmed Over All Pathways, (mrem /yr)/(pCi/g)

.Nuclide.
(i) t= 0.000E+00 1.000E+00 1.000E+01 1.000E+02 5.000E+02' 1.000E+03 5.000E+03 1.000E+04

Ra-223 5.212E+00 7.22EE+00 5.191E+00 7.992E-05 2.394E-26 0.000E+00 0.000E+00 0.000E+00

in-228 9.212E+00 6.412E+00 2.459E-01 1.694E-15 0.000E+00 0.000E+00 0.000E+00 0.000E+00

Th-232 2.403E+00 3.165E+00 1.113E+01 1.641E+01 1.63BE+01 1.738E+01 1.607E+01 1.574E+01

Single Radionuclide Soit Guidelines G(1,'t) in pCi/g
Basic Radiation Dose Limit = 5 mrem /yr

Nuclide
(i) t= 0.000E+00 1.000E+00 1.000E+01 1.000E*02 5.000E+02 1.000E+v3 5.000E+03 1.000E+04

Ra-22S 9.593E-01 6.918E-01 9.632E-01 6.256E+04 *2.721E+14 *2.721E+14 *2.721E+14 *2.721E+14
Th-228 5.42BE-01 7.790E-01 2.033E+01' *8.192E+14 *B.192E+14 *8.192E+14 *8.192E+14 *8.192E+14
Th-232 2.080E+00 1.580E*00 4.492E-01. 3.048E-01 3.053E-01 2.876E-01 3.110E-01 3.176E-01

*At specific activity limit

Swined Dose / Source Ratios DSR(i t) in (nrem/yr)/(pci/g)
and Single Radionuctide soli cuidelines G(1,t) in pCl/g

at tmin = time of mininsa single radionuetide soit guideline
and at tmax = time of maxista total dose = 2055.5 2 0.6 years

Nuclide Initial. tmin .DSR(1,tmin) G(i,tmin) DSR(1,tmax) G(i,tmax)
(i) pCl/g (years) (pCf/g) (pCI/g)

Ra-228 5.000E+00 3.1733 2 0.0010 8.532E+00 5.860E-01 0.000E+00 *2.721E+14
Th-228 5.000E+00 ''O.000E+00 9.212E+00 5.42SE-01 0.000E+00 *8.192E+14
Th-232 5.000E+00 '2055.1 2 0.6 1.784E+01 2.503E-01 1.784E+01 2.803E-C'

*At specific activity limit

.
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Cese' title- MIDLAND RESIDUAL AGRICU' TURE ,

Executed on: 12/ 2/1991 at 9 55t19 Page =1'
-------

3 -------------- ---- ------------------------------------~~~~--~~--------
PATHWAYS / OPTIONS CONSIDERED:

_

,

External exposure to surf ace contamination modeled as. a clane source
Inhalation of ' resuspended material. *

'

Farm procuct' ingest' ion ,
.

Committed ef f ective dose equivalent (CEDE ) calculation

TITLES OF LIERARY FILES ACCESSED:*
4

10: RMDLIB - Radionuclide Master. Library - (21-Nov-86 H3 & C14 ' {W) ' RAP ):
ORGAN DATA LIERARY UPDATED BY RA PELOQUIN 8-Jul-661111
FOOD TR ANSFER COEFFICIENT LIBRARY ( RAP /WTF 04- APR-06 ' Cl Update ) - '12: Committed Dese Ecuivalents~(Sv/Bq) ICRP Publication 30 ( 22-Nov-66 RAP )13:

22: OVERBURDEN: 0.OM, SOURCE: 0.15. M ( DEN : . CONCRETE /1.0 ): MR/HR.8-Jul-66 RAP. ;

23: DACRIN ( DIFDOS) DOSE INCREMENT ~ FILE ONSITE/ MAXI 20- Apr-67 : RAP L ;;

.

NUMBER OF YEARS AFTER WASTE IS DISPOSED-THAT: .IScenario begins '

50Scenario encs:

INVENTORY: *

Release Term Incut unitsi ( 1-pC1' -2-uC1 <3-mC1 4-Ci)- 1.'PCi
soil source units: ( 0- m* *2 1- m==s 2- kg) 1~

'

3~Number of radionuclides in inventory:

Releste .

. Irrigation Drinking Atmospheric +

,

Terms soil Source /Aouatic Water Release ' t

(per mr*3) (per L) (per L)- ( per syr )
'

-------- ----------- ----------- ----------- -- -------

TH232 8.OEvo6 .OE+00 .OE+00- .OE+00-

RA229 8.OE+06 .OE+00- .OE+00 .,OE-OO
*

ACO29 .OE+00 .OE+00' .OE+00 .OE+00 ,

TH229 6.OE+06 .OE+00 .OE+00- .OE+00'

.RA224 .OE+00 .OE+00 .OEaOO .OE+00c

PS212 .OE+00 .OE+00' .OE+00 .OE+00

81212 .OE*00 .OE+00 .OE+00 .OE+00

:

INVENTORY MOO 1FICATION FACTORS: ( multipliers )
1.Surface-inventory ollution factor:

Irrigation /souatic inventory modification factor.: :1.
1.OE+00L ' |Size of site-( f ractional ha ):

Fractien of total. diet grown on sitet f.

.::

..

-?

-q

1

$
. i

'

>

-'.

$
n , _~ '' " ' ' ' ~ '
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'

'

'

IC20-2 ar.c .!C AP-26) 2O Maximum Annual Doei . = 5 . u l a ". i o n
*

( MA. !. ' Ver t io n IE'M 1.12 19-M ey- f*7 )Y
<

-Case title: MIDLAND RESIDUAL - AGRICULTURE

Executed on: 12/ 2/1991 at 9: 55:19 Page =2
-

____ . . . . __.____
... ___ __ .___.. .____ ___ _. ____._____, _ __.

,

EXTERNAL / INHALATION EXPOSURE: 2.OE+03Hours of external exposure to contamination-( h/yr ):
Hours of inhalation of airborne contamination ( h/yr ): 2.OC+03 .i

i'

2.7E+02-Breathing rate ( cm**3/sec ):

RESUSPENSION PARAMETERS: . Mass-Loadingr

" Model'used: . 1.6E+06Soil density ( 9/m**3 ): . 1.OE-04Mass loading f actor ( 9/m**3 ):

AGRICULTURAL PARAMETERS: 1.00Fraction'of-roots in upper soll:
Fraction of roots in deeply buried waste: .000

Ratio of ext. contamination in surface / subsurface soll: 1.00
6.

Months per year irrigated: 1.5E+02Irrigation rate (L/m**2/mo):
..

Years of irrigation w/ contaminated water prior to the
O.beginning of the dose calculation period: 10Number of food types:

F00D. GROWING C ONiU.*.P - ~TRANS-

TYPE PERIOD YIELD HOLDUP TION' LOCATION

INDEX FOOD TYPE (days) ( kg/m* * 3 ) ( days ) ( kg/yr ) . . FACTOR-
~~

1 LEAFY VEG. 90. 1.50 ' 1. 9.5 1.00.

2 0.A.G.VEG. 60. .70 1. 9.5 .10:

4 OT.RT.VEG. 90. 4.00 10. 76.0 .10 ,

7 ORCH. FRUIT 90. 2.00 10. 42.O' .10, ,

9 OT. GRAIN 90. 1.00 1. 51.0 .10- #

10 EGGS 90. .64 1. 19.0 - .10

11 MILA 30, 1.30 1. 110.0 '1.00 ,

12 EEE~ 90. .84 15. .39,0- 410

13 PORK 90. .94 '15. 29.0 .10

14 POULTM 90. .84 1. E . 5. ' .10 -

,

9

,
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C a r e ti *.'is : MIC't.AND RESIDUAL '- AGE:ICU' TUC.E
. ,

Yage =3 t
- ~ Executed on: 12/ 2/1991 at 9:55:19
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1

-
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4 ,-

Date:" Incut prepared by: ,

s i

Input cnecked by: Dat.e: . ,.,

5

l
,

.

===r1*=PLEASE NOTE ANY SPECIAL CONSIDERATIONS IN THIS. SPACE *******' ,
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s

CALCULATED VALUES: . ,

Ingestion' area correction factor: 1.0 .

d
External /irihalation' area correction factor:- .1.0-

-Inhalation exposure' modification factor: .23 - ;,

External exposure modification factor: .23' 6
c

..
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1 ?ICRC-2t/?O ne ximum ' Annu s; "Dore C sicula*.icn '
.ICRP-2'an:* ( map.! version lim 1 12: 19-Msv-9M;

-Case title: MIDLAND RESIDUAL 4AGRICULTUAE >

. .

.;

~

Page ' 4'
~

.

,

Executed'ont 12/ 2/1991!a +:55:19
______________'________________________________________________________________ .

;
,

Ji'1.
AND WATER CONCENTRATION' SUMMARY.FOR YEAR 1 't'iOIL, AIR.

.e
.,
.

Radio- Surface Soil Deep Soll Air, ' Irr it::ation Drink Water;
'

'

: 4

PCi/L
r,uc lide aci/m2 :pC1/m3 pC1/m3- . _'cCi/L_ . __ . ______

TH 232 1.2E+06 .OE+00 5.OE-04- .OE+00- .OE+00' 'j____-__ ____ __ __-_____ __. __ ___

-RA 229 1.2E+0e .OE+00 5.OE-04- .OE+00 .OE+00'

'AC 229 1.2E+06 .OE+00 5.OE-04 .OE+00 '. OE + 00

'TH,229 1.2E+0e .OE+00 5-OE-04 .OE+00 ..OE+00-
.

i

RA 224 1.2E+06 .OE-OO 5.OE-04 .OE+00- .OE+00

PB 212 1.2E+06 .OE+00 5.OE-04 .OE+00 .OE+00

EI 212 1.2E+0d .OE+00 5.OE-04 OE-OO' .OE+00 ,

P

h

.i

50
AND WATER CONCENTRATION SUMMARY FOR YEAR:SOIL. AIR.

Radio- surface Soil Deep Soil. - Air Irriga:len Drink Water .

-|
nuclice pCi/m2 PCi/m3 pCi/m3 pCi/L . __'pCi/L.

-

________ ,_ _ _ _ _ _ _ _ . .__ __ __ __ ____ ____ _____.__._
TH 232 1.2E+06' .OE+00 5.OE-04 ;OE+00 .OE+00J__ __ __

FA 228 1.2E-06- .OE+00 5.OE-04' .OE+00. OE+00. s

AC 226 1.2E+06 .OE+00 5.OE-04 .OE+00: .OE+00

TH'229 1.1E-06 .DE+00 5.OE-04 0E-00 .OE+00. 4

RA 224L 1. O E + 06' .OE+00- 5.OE-04- .OE+00 .OE+00-+

99 212 '1.2E+0d .OE+00 5.OE-04 .OE+00 : .OE+00

E! 212 1.2E+06 .OE+00 5.OE-04 .OE+00 . OE + 00 ' . I
!
*

. ' '
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_..____ ___,._-______ _._______ __..__________-_- ____ _________________

__ -_ -__

I : c .: -2 an : C R;- 2e / F: M a x i mmt Annus; ?ere Cal;uistic-
t M A .C ve aicn IEM 1.12 24-May-6?)

Case title: f1IDLAND RESIDUAL - A G:. ! C UL T UC.E

Executed on: 12/ 2/1991 at 9:55:19 Page 5
.- . ...--. ----------- ----------------------_------_-------_-----_------ --.

Annual Effective Dose Equivalent ( AEDE ): 4.2E-02

Maximum Annual Dose ( ICRP-2 ):

To Organ: TOTAL ECDY at Year 50 2.OE-01 rem
To Organ: SONE et Year 50 2.OE-01 rem
To Organ: LUNG 5 at Year 29 2.eE-02 rem
To Organ: THYROIO st Year 21 2.4E-02 rem
To Organ: LLI at Year 21 2.9E-02 rem

_ _ _ _ _ - _ . _ - _ - _ _ _ . - _ - - . - - - . . - - - . - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - ^ - ^ ^ - - - ^ ~ ^ ^
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IC:f-2 a n- ICRO-2t /2. ''a u mum knnu sl Dest .0 cic>.i ni: n '.
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tMAxI Verzien IEM'i.12 19-May-f7.)-

t' a s e t i +. l e : ' *i!DL AfC AES !DdAL ' - AGM C ULTURE
~ '

' Executed.on: 12/ 2/1991.at 9:55:19 .P a 1;e t.

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

>i

DOSES FROM l' YE AR OF EXPOSURE ( REM )' ,

Committed Weighted .q-

. Dose- Weighting Dose
'

'

Organ Equivalent- Factors-' . Equivalent '

>

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

Gonaos 6.EE-04 '2.5E-01 2.1E-04
Breart 6.5E-04 1.5E-01 l.3E-04- # ,.

R Marrow 3.4E-02 1.2E-01 4.OE-03 '
Lungs 6.7E-03 1.2E-01' O.1E-04
Thyroid .OE+00 3.OE-02 .OE+00
Bone Suri 4.1E-01 3.OE-02 1.2E-02

I
LLI Wall 2.6E-03 6 OE-02 .1.5E-04

Liver 4.3E-04 6.OE-02 2.6E-05
ULI Wall 2.4E-04 6.OE-02 2.OE-05
Kidneys 2.2E-04 6.OE-02- l'.3E-05

SI Wall- 2.5E-07 6.OE-02 1.5E-08
_. _.. . _ ..... . . ........ .___. ._.

Effective Dose Eauivalent 1.8E-02
External Deze '2.4E-02

.. ..____ . ._ ...._. __....... ....______

Annual Effective Dose Equivalent 4.2E-02
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ICF h;..cr: ICRL-2t/?O Mexiru.i Anhual O:re Cticu!P.'icn
(Me! version IBM 1.1 '1 F-May-e7 )

s

Cree title MIDLAND RE5IDUAL - AGRICULTURE

Executed on: 12/ 2/1991 a t. 9*H: 19 Page 7

________.. ____ ._ __.--.... .......--- ........--- ..__ ..___--____ ......._
.

---- ----- MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 50 FOR TOTAL EODY---------
'

4

------------------------- EXPOSURE PATHWAY -------------------------

RADIO- INGESTION INHALATION EXTERNAL: AOUATIC.. FOOD DRINK WATER
REM ?; - REM ?;

___'_ ____.NUCLIDE REM ?; REM 7; REM ?;
_.. __. . ..- ,

..______. ._ . ...._ . _______ . .. ... _____ ..
TH232 3.4E-04 0 3.1E-05 22 1.2E-05- :O . OE + 00 - O . OE + 00 -- 'Of

RA228 '1.7E-01 .99 1.OE-04 74 1.OE-10 0 .OE+00 -O: .OE+00 0-

AC229 2.eE-10 0 2.1E-10 0 4.6E-03 19 .OE+00 0 .OE+00 0-

TH228 7.6E-05 0 3.06-06 2 4.OE-06 0 .OE+00 0 .OE+00 0,

RA224 1.9E-04 0 1.9E-07 0 4.OE-05 0 'OE+00- O .OE+M O -'>.

PS212 1.6E-05 0 1.2E-08 0 4.6E-04 1 .OE+00 0 .06*00E -O
'

EI212 1.4E-13 0 2.OE-10 0 1.9E-02 79 .OE+00 .O .02+00 .O l
*

___...__..._ _______..... ..___. ....____.._... .______ ... ........____

2 OE-01 1.GE-01 67 1.4E-04 0 2.4E-02 12 .OE+00 0 'DRaN;; WATER -TOTAL INGESTION INHALATION EXTERNAL AOUATIC FOOD '

'OE+00. O

---~~---- MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 50 FOR . BONE- ---------

.

---- ---------- --- ----- EXPOSURE PATHWAY ----------------- - -----

RADIO- INGESTION JINHALATION EXTERNAL- AQUATIC FOOD? DRINK WATER
' '

NUCLIDE. REM ?; - REM ?; REM- ?; REM- ?; REM- ?;

...

TH232 9.dE-03 5 8'.9E-04 03 1.2E-05- -O .OE+00 'O .OE+00 'OL .

i- RA226 1.6E-01- 92 9.4i-05 8 1.OE-10 O .OE+00 'O '.OE+ 00 > ;O|

AC229 4.Si-09 O' 2.7E-09 0 4.6E-03 19 .OE+00 'O ..OE+00i 0.- ,

TH228 2.2E-03 1 9.7E-OS .8 4.CE-06 0- .OE+00 .O .OE-OO O
-

RA224 9.4E-04 0 9.3E-07 0 4.OE-05 0 iOE+00 O .OE-OO. 'O
*

PS212 2.OE-04 0 1.7E-07 0 4.6E-04 1 .OE+00 0 .OE +00 - OJ

i 21212 2.1E-11 0 3.OE-iO O -1.9E-02 79 ;OE+00- O .OE+00 0
.----....... ___.......-- ...--.. -...

I -. -----_ ---__ ..... -__.. ....._

| TOTAL INGESTION. INHALATION ' EXTERNAL AOUATIC FOOD'' DRINK-WATER

-2 OE-01 1.7E-01 97 1.1E-03 0 ;2.4E-02 12 .OE+00y -O .OE+00, .O
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. ( .~ e. ! Version !3M 1.12 IF-May-97)

Care ti:Je': MIXAO REi' DUAL - AGRICULTURE
Pz e 5,

E .v.e c u t e c: cn: 12/ 2/1991 at 9:55:19
_____________________ ____..__________ _______________________ ___________ ___.

--- ------ MAXIMUM ANNUAL DOSE SUMMARY FOR THE-YEAR 29 FOR LUNGS :---------

-- ----- ---------------- EXPOSURE. PATHWAY -------------------------
RADIO- INGESTION INHALATION EXTERNAL AOU ATIC ' F OOD DRINK WATER.

NUCLIDE REM t REM 4 REM % REM 4 REM 0- :.

].___ ____________________ ____________ . _________ .[
TH232 OE+00 0 5.OE-04 28 1.2E-05- O ..OE+00- 0: .OE+00 O. J i.

___ _________________

RA228 .OE+00 0 1.9E-05 1 1.OE-10 'O .OE+00 .0- .OE+00 ~ :O ri
1

AC228 .OE+00 0 9.7E-07 0 4.6E-03 19' .OE+00 O .OE+00, Of j

TH229 .OE+00 0 1.2E-03 69 4.OE-06 0 .OE+00' O- .OE+00. .O'

RA224 .OE+00 0 2.OE-05 1 4.OE-05 0 .OE+00 0 . O E + 00 -- 'O

PE212 .OE+00 0 5.5E-07 0 4.6E-04 1 .OE+00 0 .OE+00 'O 2

i
.OE+00. .OE+00 0 .'

. _________OBI212 .OE+00 0 1.OE-07 0 1.9E-02 78-
_ _______,. ___

____._______-

TOTAL INGESTION INHALATION EXTERNAL AOUATIC FOOD DRItiK WATER /.
___________.______ .._______ .

2.eE-02 .OE-00 0 1.9E-03 6' 2.4E-02 93 .OE+00- O .OE-00 10 ''

.

|- ---------- MAXIMUM ANNUAL DOSE SUMMARY FOR THE YE AR 21 FOR THYROID- ---- -- -b

____.._________ .____--- EXPOSURE PATHWAY ------------------------ -
RADIO- INGESTION INHALATION EXTERNAL AQUATIC FOOD. DRINK WATER'.

REM t
___________'_'. ;]NUCLIDE REM t REM i REM % REM %

_______ ____ ______________________ .
i- _________ ____________

TH232 .OE+00 0 .OE+00 0 1.2E-05 0 .OE+00 0 .0E+00 O! . - '

RA229 .OE+00 0 .OE+00 0 1.OE-10 0 .OE+00 0 .OE+00 ~O- )
'

AC209 .OE+00 0 .OE+00 0 4.6E-03 -19 .OE+00 0 .OE-OO 01'

h.
f TH22s .OE-OO O .OE+00 0 4.OE-06 0 .OE+00 0 .OE+00 0-

L RA224 ..OE+00 0 .OE+00 0 4.OE-05 0- .OE+00 0 .OE+00 .O,

PB212 .OE+00 0 .OE+00 0 4.6E-04 1 .OE+00~ 0. .OE+00_ _O_ |

E!212 .OE+00 0 .OE+00 0 1.9E-02 79' .OE+00 O' .OE+001 O |

_______________________...___.___
._____.__ _____._____ .___ ___.

TOTAL INGESTION INHALATION EXTE:.NAL AQUATIC FOOD ORINK-WATERi j

2.4E-02 .OE+00 0 .OE-OO .O .2.4E-02 100 .OE+00 0- . OE + 00. O~ {
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' ;M - 2 sn: IG9-3 20 t1Aximum e nuti Dots 0 ci:.:

,

( max! Verri n I5M 1.12 19-Mey-97: .

Care t i ". l e : MID' Arc F E5 DUAL . AG::ICULT U:.E

F57e- 9 1)
Executed on: 12/ 2/19?1 at 9:55:19- ---------- ----- ----------------------------------------------- ----------- f

C

---------- MAXIMUM ANNUAL DOSE SUMMARY FOR THE YEAR 21 FOR 'LLI
.

.
---------

-~ ~ ~ ~ - - -- - - -- - - --- - - - - - - - E X PO S UR E P A T HW A Y - -- -- - - - - - -- --- - -- ~ ~ - --- -
T* TION EXTERNAL -AOUATIC FOOD DRINK. WATER

RADIO- .!NGESTION.
,

NUCLIDE REM % % REM % ' REM '|; ' REM 1 *L.
------------ ------ -----

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

TH232 2.6E-04 7 3.OE-08 6 1.2E-05- O .OE+00 0 '. O E + 00 O' [
,

RA229 9.OE-05 2 3.OE-09 5 1.OE-10 0 .OE+00 O. .OE+00 'O

AC229 1.3E-06 0 3.4E-09 0 4.6E-03 19 .OE+00 O' .OE+00 :O

TH226 2.9E-03 61 3.1E-07 61 4 OE-06 0 .OE-OO O .OE+00 ;O.

RA224 2.2E-04 6 1.3E-07 25 4.OE-05 0 .OE+00 0 .OE+00 .O

PS212 6.6E-05 1 1.7E-09 0 6E-04 1 .OE+00 .O- .OE+00 0 .-

BI212 1.2E-13 0 1.1E-12 0 '-02 70 .OE+00 0 .OE+00~ 0-
------------ --------- ...---------__---- -----_ ---- -_-- -------

TOTAL ' INGESTION INHALATION : ,, . ERN AL . AQUATIC FOOD DRINK WATER 3

2.eE-02 3.5E-03 12 5.OE-07 0 2.4E-02 87 .OE+00 0 .OE+00 .O. ,!
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APPENDIX B
F

Cost E.stimates
For Remedial and Disposal Alternatives

'

1.- On-site disposal at the Salzburg Landfill
2. Disposal at an existing LLW site-
3. Disposal at a future LLW Compact Site
4. Disposal at the Envirocare Facility In Clive Utah
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TABLE B-1

ESTIMATED COST FOR ON-SITE DISPOSAL'-'

AT. THE SALZBURG LANDFILL

AMOUNT (S)COST ITEM
_

1. Preparation of Work Plan and EHSP 50,000'
,

'

2. HP and Environmental Monitoring Program During Remediation -300,000'

3. Post-Closure Monitoring (One Year) 90,000

4. Cells 36 & 37 Excavation, Construction and Closure 1,513,000-

'

5. Third Party OA/QC for Cells 36 & 37 184,000'-

6. Security (Cells 36 & 37 and Cap) .53,000

7. Excavate and Haul from Bay City Site (60,000 Cy)(1)' 755,000

8. Excavate and Haul from Midland Site (12,000 Cy) .100,000' ;

9. Decommission Both Sites to Residual Levels
'

(includes radiation surveys, soil analysis and certification) 630,000

10. Truck Wash and Decontamination Facilities 525,000

11. Wrap Up Insurance (4% of items 4-10) 150,000'.

12. Engineering (10% of items 4-10) 376,000.

13. Contingencies (6% of items 1-10) 252.000

Estimated Total Project Cost $4 978,000 :,

Note: This estimate assumes cell construction in 1992 and 1993 with the thorium .
excavation, haul and site decommissioning along with the capping to be performed - ,

in 1993.

(1) 60,000 cy volume estimate used here and in other alternative' cost estimates to
accommodate additional material to be excavated beyond required residual:
concentration to fill Cells 36 & 37.

:
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TABLE B-2-

ESTIMATED COST FOR DISPOSAL-
AT THE ENVIROCARE FACILITY IN CLIVE, UTAH-

COST ITEM AMOUNT is)

1. Preparation of Work Plan and EHSP '45,000

2. ~ HP and Environmental Monitoring Program During Remediation - -250,000- :

3. Post-Closure Monitoring (One Year) 70,000'

4. Excavation at Bay City (60,000 Cy @ $6.50/Cy) 390,000
_

,

5. Excavation at Midland (12,000 Cy @ $6.50/Cy) 78,000

6. Decommission Both Sites to Residual Levels
(includes radiation surveys, soil analysis and certification) 636,000 -

7. Truck Wash and Decontamination Facilities 350,000

8. Transport Bay City and Midland Material to Clive, Utah

($2/ Truck - mile)(1) 10,252,000

9. ' Disposal at Envirocare Facility (@ 5220/Cy)(1) 15,840,000' -

10. Wrap-Up Insurance (4% of items 4-7) .58,000

~

'

11. Engineering (10% of items 4-7) 145,000

12. Contingencies (6% of items 1-7) 109.000

Estimated Total Project Cost $28 224,000 ~3

Note: This estimate assumes excavation, shipment and disposal of the materialin
.1992. 4

(1) _ Unit truck transport and disposal costs are based on recent informal quotes.

!
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e' TABLE B 3

' ESTIMATED COST FOR DISPOSAL AT Tile
BEATTY NEVADA LLW BURIAL SITE

4

, i

COST ITEM AMOUNT ($1 .'

,

1. Preparation of Work Plan and EHSP 45,000

2. HP and Environmental Monitoring Program During Remediation 250,000
,

3. Post-Closure Monitoring (One Year) 70,000' I

4. Excavation at Bay City '(60,000 'Cy @ $6.50/Cy) 390,000 .

,

P

5. Excavation at Midland (12,000 Cy @ $6.50/Cy) 78,000
e

*

6. Decommission Both Sites to Residual Levels . .

636,000
.

(includes radiation surveys, soil' analysis and certification)

7. Truck Wash and Decontamination Facilities 350,000 . j

1
8. ' Transport Bay City and Midland Material to Beatty, Nevada

(@ $2/ Truck - mile)(1) 12,557,000

9. Disposal at Beatty (@ $160/Cf)(1) 311,040,000

10. Wrap-Up. Insurance (4% of items 4 7) 58,000 ]
u

11. Engineering (10% of items 4-7) -145,000-
'

,

.
.

;

12. Contingencies (6% of items 1-7) 109.000
-;

Estimated Total Project Cost $ 32 5,72 8,000

Note: This estimate assumes excavation, shipment and disposal of the material in - }
1992.

~

-(1) Unit transport cost is based on recent informal quote; unit disposal cost at Beatty 'j
is based on a $40/cf base charge with a $120/cf surcharge for 1992. _

'*
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. TABLE B 4

ESTIMATED COST FOR DISPOSAL AT A'
FUTURE LLW COMPACT SITE IN MICHIGAN

COST ITEM AMOUNT ($)
,

1. Preparation of Work Plan and EHSP 56,000

2. HP and Environmental Monitoring Program During Remediation 313,000
.

3. Post-Closure Monitoring (One Year) 88,000- -

4. Excavation at Bay City (60,000 Cy @ $8.15/Cy) 489,000

5. Excavation at Midland (12,000 Cy @ $8.15/Cy) 98,000
L

6. Decommission Both Sites to Residual Levels .
(includes radiation surveys, soil analysis and certification) 795,000

,

7. Truck Wash and Decontamination Facilities 438,000

8. Transport Bay City and Midland Material to Future LLW
Compact Site (@ $2.50/ Truck - mile for 100 miles) 720,000

9. Disposal at Future LLW Compact Site (@ $200/Cf)(1) '388,800,000 ,

10. Wrap-Up Insurance (4% of items 4-7) 73,000

11. Engineering (10% of items 4-7) 181,000
<

12. Contingencies (6% of items 1-7) 136.000

'

Estimated Total Project Cost S392,187,000

Note: This estimate presumes availability of the future LLW compact site in 1997._with-
the material to be excavated, shipped and disposed of that year. Unit costs for all
items except for item 9 reflect a 25% projected increase over 1992 costs.

(1) Unit disposal cost is based on preliminary internal Dames & Moore projections
for other compact sites since there are no projections available for a potential'
Michigan Compact Site.
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APPENDIX C

Midland / Bay City Site Characterization Program,
and Groundwater Analysis From Bay City Site
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See Figure Binder for

Figure C-1 Thorium Limits Site Plan, Midland Plant
'

Figure C-2 Thorium Site Cross Sections, Midland Plant

Figure C-3 Bay City Plant Thorium Delineation Site ,

l- | Figure C-4 Bay City Plant Soil Analysis Boring. Locations

| Figure C-5 Bay City Plant Thorium Delineation Site Al

Figure C-6 Bay City Plant Thorium Delineation Site A2

; Figure C-7 Bay City Plant Thorium Delineation Site A3 '

| Figure C-8 Bay City Plant Thorium Delineation Site A4

j Figure C-9 Bay City Plant Thorium Delineation Site B1

!' Figure C-10 Bay City Plant Thorium Delineation Site B2

Figure C-Il Bay City Plant Thorium Delineation Site B3

| Figure C-12 Bay City Plant Thorium Delineation Site B4
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TAltl,E C-1.
.

RADIONUCLIDE CONCENTRATIONS IN GROUNDWATER AT llAY CITY SITE
(l' age 2 of 2)

URANIU51 DECAY CilAIN
TilORIUM-230

Concentration in Wells (pCi/l)

Collection Date 1 2 3 4 5 6 7 8 9 10

5/2200 <0.6 <0.6 <0.6 <0.6 (0.6 1.110.6 1.210.7 <0.6 <0.6 . <0.6

~ 0.6 <0.6 (0.6 <0.6 - <0.6 (0.6 1.410.7 <0.6 (0.6 - <0.6
11/16S0 <

4/23#1 <0.1 <0.1 <0.1 <0.1 <0.1 <.0.1 <0.1 <0.1 - <0.1 <0.1

010.06 -0.0310.05- -0.0210.04 0.0710.09 -0.0410.05 -0.0210.01 .-0.0510.05 -0.0610.02 -0.02103410/17,11/12Bl . -

RADIU51-226

Concentration in Wells (pCi/l)
Collection Date l' 2 3' 4 5 6 7 8 9 10

4/23SI <l. <1 <1 .<1 <1 <1 <1 <1 <1 <1

10/17, 11/12 0 1 - Oil Oil Oil 1.110.8 01 011 011. 01 011

TOTAL RADIUM-(RA226 + 228) .

Concentration in Wells (pCi/l)-
Collection Date - 1 2 3 4 5 6 7 8 9 10

5/22SO 21 62. 21 21 211 3il' 311 411 51 211

11/16B0 Si2 52 -4i2 <1 512' 5 2' 52 512 1514 211-

Note: . 5/22SO and 11/16/90 samples were analyzed by Centrols for Environmental Pollution, Inc. (CEP).
4/23B1 samples were analyzed by TMA/Norcal.

CEP reported large amounts of solids in 5/2280 and 11/16SO samp!cs; TMA/Norcal reported large amounts of dissolved salts and rmaller than nomal
aliquots for majority of sampics taken on 4/23NI arni II/12N1.
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APPENDIX D ,

i FEMA Map
Showing Relationship of the Midland Site to

100 and 500 Year Flood Plain Boundaries
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See Figure Binder for!

Figure D-1 FEM A Map of Midia.nd Site
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APPENDIX E

| Background Characterization of Transport Routes
From Bay Cityand Midland Sites '

To Salzburg Landfill
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See Figure Binder for

Figure 6 Bay City Thorium Site, Locations of Gamma Measurements and Soil Samples

Figure 9 Soil Sample Locations .1
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'B ACKGROUND RADIOLOGICAL SURVEY OF-
TRANSPORT ROUTES FROM BAY CITY / MIDLAND SITES1-

TO SAL 2 BURG LANDFILL, MIDLAND, MICHIGAN

1.0 INTRODUCTION

1.1 HISTORYOFSTUDYAREA
L

The areas involved in the study include the counties of Bay and Midland located in the

east-central part of the lower peninsula of Michigan (Figure 1). Bay County is:
,

. bordered on the south by Saginaw County, on the west by Midland and Gladwin Counties, _

on the north by Arenac County, and on the east by Saginaw Bay and Tuscola County. It has

an area of approximately 288,640 acres. The major town in Bay County located near

the study area is Bay City, one of Michigan's major ports located along the shore of .

Saginaw Flay.

Historbally, the area once served as a fur trading center for the French. ; Agriculture
k

and lumbering were the earliest enterprises in the county with lumbering peaking.in the

mid 1880's. As it declined, agriculture and other industries began to thrive. Today., a

fair number of industries manufacture various items including automobile parts and
_

accessories, aerospace equipment, metal castings, magnesium products, and cement.

Midland County has a total area of approximately 332,800 acres and is bounded on the

north by Gladwin County, on the east by Bay and Saginaw Counties, on the south by

Saginaw and Gratiot Counties, and on the west by Isabella County. The major town

included in the study is Midland, the county seat and main commercial center.

The major employer in the county of Midland is the chemical industry. Farming is -

another major industry with the major crops being corn, beans, wheat, and sugar beets.

Small industries are located throughout the county.

Three railroads run through the counties as well as one interstate highway, 2 U.S.

highways and five state highways (Figure 2).
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~ 1.2 SITE CHARACTERISTICS ,

1.2.1 Meteoro!caira!

The Bay City and Midland areas on October 11-13, 1989 were characterized by
moderate winds predominantly from the southwest, an average daytime temperature of -

61 degrees Fahrenheit, an average relative humidity of 53 percent, and an average ,

barometric pressure of 30 inches of mercury.

1.2.2 Soil Tvoes

1.2.2.1 Bay City

The soil types found in Bay County in the areas surveyed include the following soll

groups:

Tappan-

Tappan Belleville-

Condo-Tappan-

Tappan Condo-

Wixom-Pipestone-Tappan-

These are nearly level, slightly to poorly drained soils, formed in loamy and/or sandy

material (See Figure-3),

1.2.2.2 Midland

The soil types found in Midland County in the areas surveyed include the following soll
,groups:

Belleville-Wixom-

Parkhill-Condo-
,

These are nearly level and gently sloping soils, formed in glacial till or lake deposits.
(See Figure-4).

.
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1.3 RADICNUCLIDES OFCONCERN

1.3.1 Isotocic Content of Traneoort Material
l

The material which will be transported along the routes surveyed originally consisted of

magnesium with up to two percent thorium. Portions of this process slag have been
mixed with soil or limited amounts of construction debris. As a results of this mixing,

the thorium concentrations, as determined by Dow soil sampling, vary from 2 7000

pCl/g at the Bay City Site, and from 2-2000 pCl/g at the Midland site. A total activity
of 9.7 Cl of Th-232 is distributed throughout approximately 52,000 cubic yards. of

slag, soil, and construction debris. Table-1 summarizes the Th-232 activity and
concentrations. Since the thorium bearing material has been in place for over 20 years,

it is assumed that the Th-232 daughters have achieved equilibrium.

Table 1
Thorium 232 Activity and Concentrations

Bav City Midland

Total Activity (Ci) 9.2 0.46
Volume (Cubic yards) 40,000 12,000

Average Concentration
(pCl/g) 188 29

Maximum Concentration
(pClig) 7000 2000

1.3.2 Sources of Radionuclides in the Study Area

1.3.2.1 Naturally - Occurring

Th 232 is a naturally - occurring radionuclide and is the first member of the' thorium

decay series. The concentration of Th-232 in soil throughout the United States. varies by

geographic location. Background radiation levels across the United States have been

measured in 1975-1979 by the "Off Site Pollutant Measurements Group of the Health

& Safety Research Division" at Oak Ridge National Laboratory (ORNL) as part of a

radiological su;veillance program involving inactive uranium mines and sites formally.
'

utilized during the Manhattan Projects. Tho'"off-site" data was collected to provide a
'

comparison with the "on site" radiological data. Tables 2 and 3, respectively, give the
.

background external gamma rate measurements using a glass-walled Geiger-Mueller

(G-M) tube and soil concentrations for Th 232 for various states. (Note: gamma

3
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measurements were not taken in the states of Alaska, Michigan, or New York).
Radionuclide concentrations of Th 232, Ra-226, U 238 in surface soil samples'.for the

state of Michigan are given in Table 4. It must be noted that the average background

levels in each state are highly dependent on sample size, as well as the randomness of the

sample, since neither were controlled adequately in the measurement program ' in
addition, local variability in soll types and geologic conditions as well as climatic,

hydrological and agricultural history can result in a wide range of " background"_ values

for any particular area. Therefore, the use of mean state values for.cornparative
i '

purposes must be exercised with caution, as the reported values in Table 4 may not -

adequately characterize the state as a whole. Ml-4 & Ml 5 (Figure 1) are sample
locations near Bay City, and Midland, Michigan indicating surface soil concentrations of
Th-232 on the order of 0.39 A 0.02 (pCi/g) and 0.5110.02 pCl/g . respectively.

Levin, using a calibrated portable Scintillation Counter has reported an average external
5gamma reading of 7.811.3 rem / hour for the State of Michigan . Sources of natural!y

-occurring gamma . radiation include cosmic radiation and naturally occurring-
radionuclides found in the earth's crust. Aside from the daughter products of Th-232

(Table 5), which is the most abundant of all naturally occurring radioisotopes, other

naturally-occurring radionuclides likely to contribute to the gamma exposure rate
include the daughter products of the Uranium Series (Table 6) and such radionuclides as

K-40 and others as indicated in Table 7. The surface soll concentrations of U-238 of

Bay City and Midland,as determined by the ORNL study, were 0.49 pCi/g and o.50 pCl/g -

respectively. Of the many radionuclides produced through nuclear reactions between

cosmic rays and soil, as indicated in Table 8, only a few are present at any given location

in detectable concentrations.

1.3.2.2 Other Sources

Sources of technologically enhanced, naturally occurring radionuclides in soil includes.

the use of fertilizers, which in agricultural areas such as central Michigan, can_

significantly affect radionuclide concentrations. For example, K-40 concentrations can

be' increased due to the use of potassium fertilizers. Other fertilizers have relatively

high concentrations of other naturally occurring radionuclides, particularly.the isotopes
~

of radium Man-made sources of radionuclides in the soils of the area surveyed include

atmospheric weapons testing resulting in variable concentrations of such radionuclides

as CS-137, which is the major source of long lived gamma radiation from fellout,

i
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2,0 OBJECTIVE

Dow Chemical U.S.A., an operating unit of the Dow Chemical Company, is seeking the ;

permission of the United States Nuclear Regulatory Commission (NRC) to dispose of

limited quantitles of radioactive material at a Dow facility in Midland, Michigan. Dow is
.

.

''

applying under the provision of 10 CFR Part 20.302 to dispose of the material at a Dow

owned and operated disposal area, the Salzburg Landfill. Materials to be. disposed of are'
-

currently located at two nearby facilities, referred to as the Bay City and Midland sites.
The transfer of the material from these sites to the Salzburg landfill will involve the

transportation of radioactive material along established roads.

The purpose of this survey is to establish background external gamma exposure levels

and thorium isotopic concentrations in soil along the transport routes (Figure-9) used

to transport material from Bay City and Midland, Michigan, to the Salzburg Landfill.
This will serve to establish the preoperational baseline of background levels in the event .

of any contamination of the area due to accidental releases of radioactivity.during

transport.

3.0 SAMPLING PLAN
'

3.1 GENERALINFORMATION

On October 11 13, 1989, a background radiological survey was conducted by Dames &

Moore for Dow Chemical, U.S.A. The survey involved overland gamma radiation

measurements and the collection of soil samples at the following Dow facilities and

routes which will be involved in the transportation of the thorium material:

Bay City Site (Figure -6):
Entrance to thorium storage area along Roadway No.1 - approximately 0.25 !

*

miles.
Main entrance gate of thorium storage. area along Street C to 9th Street--

approximately 0.5 miles.

Along 9th Street to F Street approximately 0.5 miles..

F Street to Wilder Road - approximately 0.1 miles.-

Alternative Route

Corner of 9th Street to Wilder Road - 0.10 miles.*

Wilder Road to F Street - approximately 0.5 miles.-

5
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Midland Site (Figure 7):
11th and J streets to Saginaw Road (23 Gate) approximately 0.5 miles.-.

Salzburg Landfill (Figure 8)-
Gate 93 to Cells 36/37-approximate,fy 0.03 miles-

Transportation Routes (Figure 9):
Wilder Road to M 13-approximately 5 miles..

M.13 to 175 (South) approximately 1 mile ,
.

I-75 (South) to US-10 (West) approximately 1 mile--

US 10 (West) to M-47 -approximately 10 miles.

M-47 to Salzburg Road approximately 1 mile.-

Salzburg Road to Waldo Road-approximately 2.5 miles..

Waldo Road to Salzburg Landfill (93 Gate)-approximately 0.3 miles.-

3.2 GAMMA RADIATION SURVEY

An overland gamma radiation survey in accordance with Dames & Moore Environmental

Procedure EM/01, " Low-Level Radiation Survey" (attached as Appendix A), .was

conducted from the shoulder of the transport routes at a distance from the centerline of

the route that an observer may typically stand (approximately 10 to 15 feet). Direct

measurements were made using a calibrated survey meter. .The parameters of the

radiological survey were essential!y based on the Dames & Moore' proposal of August 21,

1989, (Appendix C). The readings were made and recorded at approximately every

0.25 miles along the side of the _ route that the loaded truck will travel. Additional
measurements were made and recorded on the opposite side at approximately every 1.25 -

miles. The gamma radiation levels were measured at each point at a height of one meter:

(approximately waist height) and at one centimeter above the surface of the
ground."Off site" background readings were made at the neighboring towns of Saginaw.

and Kawkawlin, Michigan.

' The distances of each measurement point were approximated using an_ odometer.

Continuous readings were made from a vehicle along the edge of. the roadway

(approximately 3 feet from the surface) when speed and traffic conditions permitted.

.
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3.2.1 Survev Ecuinment

The external radiation exposure data was collected using a Bicron Corporation microRem

survey meter. This device uses a tissue equivalent plastic scintillator as the detector .

device medium to provide accurate dose rate information to biological tissue, it had been

calibrated using a Cs-137 source (See attachment D for calibration certificate and

instrument specifications) in accordance with 10 CFR 34. An instrument operability

check, which included a battery and source check, was performed prior to use to assure .

i

proper instrument operation while performing the survey,
.

3.3 SOIL SAMPLING- ,

Near surface samples of the top horizon at a depth of 0-15 cm (Figure 5) were taken -

along the transportation routes at approximately one mile intervals. Additional samples

were taken at the Bay City and Midland Storage Sites and the Salzburg Landfill and a "off-

site" composite background sample was taken along I-75 (South) as a quality control

sample and analyzed for equivalent constituents as the "on site" samples. The following .

information was recorded in a field log book for each sample:

Location of Sampling- ,

Description of Sample-

Method of Collection- ,

Volume of Sample-

Date and Time of Collection-

Sample Identification Number-

Fictd Measurements-

Name of Collector -- ,

The sampling was conducted in accordance with EPA Procedure SW-846 using Dames &

Moore Environmental Monitoring Procedure 02, "Near Sarface Soll Sampling"
.

(attached as Appendix B).Three -(3) separate. unbiased (randorn) soil samples of
!

approximately 600 to 800 cubic centimeters were collected at each sampling point as
close to the shoulder of the roadway as possible (approximately 5 feet) and placed in i

plastic bags. Gamma exposure rate levels were also measured at each sample location at a

a height of 1 meter and 1 centimeter from the ground surface prior to sampling. Each

sample was- homogenized and a composite sample was created by -combining

approximately 1/2 (by volume) of each _ individual sample collected. The composite

aliquotes were'placed in wide-mouth paper containers, scaled to prevent and detect ,

i
i
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unauthorized tampering, and shipped to international Technology Corporation, Oak Ridge,
'

Tennessee, along with the appropriate documentation (Sample labels, Request for

Analysis, Chain of Custody Forms which can be found in Appendix E) for analysis. The |

remaining samples were archived and labeled for future analysis if needed. ,

All collected samples were analyzed using gamma spectroscopy for thorium isotopic

content (Th-228, Th-230. Th-232) and the following radionuclides: K 40, Ra-22.
Ra-226, Ra-228, Cs-137. Bl-212, Pb-212.

3.3.1 Soil Samolina Ecoioment
|

Soil sampling equipment included a 3 in diameter soil sample, heavy duty one gallon

plastic bags and cleaning and wiping supplies. A uniform decontamination procedure was

used on all equipment before sampling and between samples.

4.O DATA ANALYSIS .

The results of the external gamrr$a ray measurements and surface soil sample analyses i

are given in Tables 12, 13, 14 and Table 19 respectively. The data includes the
external gamma rates at 1 contimeter and 1 meter above -the surface and the

228Th,230Th,232Th, and other radionuclides (40 ,224Ra,K '

concentration in pCi/g of

226Ra,228Ra,137 s, 212Pb) in surface soil samples (0 to 15 centimeters) at eachC

sample location. Table 17 provides a brief description of the soil sampling locations. A
'

total of 24 soil samples were analyzed from the storage sites, landfill, and along the ,

established transportation routes along with an "off-site" composite background soil

sample.

The results in Table 19 which are based on the Laboratory report from International

Technology Corporation, give the concentration (pCilg) of each radionuclide analyzed. ';

The standard deviations given in Table 19 for the soil analysis represent only the errors

associated with the individual sample counting statistics and are given at the 2a (95%)

confidence interval. The propagation of errors ' from sampling methods, sample ,

preparation, and system calibration are not included. The soil concentrations (pCi/gr).

and the external exposure measurements ( rem /hr) were averaged for the storage

sites, landfill and individual roadways along the established transportation route. A.

summary of the statistics for the external gamma measurements are given in Table 9 and 7

soi! concentrations for the Thorium Series, Uranium Series, and Natural and Man-Made ,

Sources are given in Tables 10,11, and 12 respectively. The standard deviations for
:
1
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single rneasurements reflect only the counting error while more than one measurement

retlects the sampling error. ,

4.1 RESULTS

4.1.1 Extemat Gamma Resu!ts

The external gamma measurements at 1 meter ranged from 1 rem /hr to 8 rem / hour
+

with an average reading over the survey area (excluding the area outside of the Bay City

Site Thorium storage area) of 3.0 1.0 (at 20). A reading of 8 rem /hr at the top of - .

the dike at the Bay City Site was elevated due to the higher exposure rate typically -
'

associated with igneous rock. "Off-Site" background readings at 1 meter ranged from

3.3 1.6 (2o) rem / hour in Bay City to 5.2 1.8 (2a) at Saginaw, Michigan. -These

values are within the range typical of external gamma background levels for the mid

western portion of the United States using 'an instrument with the sensitivity of the .

Bicron, a tissue equivalent plastic scintillator, 'which measures x-ray and gamma

energies in the 40 key to 1.2 Mev range.
,

4.1.2 Soil Samolina Results

The characterization of average background levels throughout the state is highly

dependent upon sample size, as well as the randomness of the sample. In addition, local.

variability in soil types, geologic condition, as well as hydrological'and agricultural

history, can result in a wide range of " background" values for any particular area. The
soil concentrations over the area surveyed in pCi/g for 232Th, the predominant - ;

radionuclide in the soil to be transported, range from 0.11.. pCi/g to 0.56 pCi/g 'with a.
232Th-mean of .0.33 0.22 (at 2a). This is-within the range expected.for natural

within the central portion of Michigan. Figure .10 shows the' equilibrium concentration -

of natural Th-232 and its daughters based on the arithmetic means. The highest

concentration of 0.99 pCl/g was found outside of the Bay City Thorium storage area at

the front gate (Figure 6.0). The average concentration and variability.. of ~ the :

radionuclide to be transported as well as its daughter products arid those of the naturally |

?>occurring uranium decay series (U-238) and other radionuclides such as K 40 and

Cs-137 are given in Tables 10,11 and 12. These resuits establish'the preoperational, ,

base line of background concentrations in the Bay City and Midland areas prior to the -

transport of the thorium material from the Dow facilities to the Salzburg landfill.

,
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. Note:

The margin of error for the survey is a function of the measurement interval and
number of soil samples. The smaller the external gamma measurement interval and the

greater the number of soil samples, the smaller the margin of error and the more ,

representative the results would be of the survey area.

4.2 DISTRIBUTION ANALYSIS,

Tables 9,10,11 and 12 include the number of measurements of soil samples taken as

well as the arithmetic mean, standard deviations and range of values at the storage sites,

landfill and transportation routes. A distribution analysis of the transportation route-

data was also performed to obtain the geometric means and geometric standard deviations

(Table 13) since environmental samples are often represented by a log normal ,

distribution. Most media background concentrations have a geometric standard deviation

near two. Values greater than two typically denote the presence of'a source-related

concentration distribution. Figures 11,12, and 13 give the cumulative frequency plot of

the radionuclides included in the analysis. The linearity of the data '(correlation

coefficient greater than 0.9) Indicate the adherence of the data to a log normal

distribution typical of environmental surveillance data.

.

10
5

-

-

N yr-- .w ___ , _ .



m __ ,

TABLE 2

SUMMARY OF STATE BACKGROUND EXTERNAL -a
GAMMA FXPOSURE RATE MEASUREMENTS

Arithmetic mean Geometric mean-
and standardandstandarp

ceviation deviationState me rents ue

taken (pgyn) (pR/h) (pR/h) ,

Alabama 8 3.0 - 7.8 4.8 2 3.5 4.5 1.4

A1aska d 4 -d d,

''

Aritona 6 5.3 - 12 9.3 2 5.4 8.9 : 1.4

Arkansas 1 11 11 11'8
,

California 3 9.0 - 11 10 1 2.3 10 : 1.1

' Colorado 32 6.3 - 34 14 2 10 14 : 1.4

Delaware 2 5.0 - 6.9 6.0 1 2.6 5.9 : 1.3

Florida 11 <1.0 - 7.4 4.0 t 3.2 3.6 : 1.7

Georgia 9 1.9 - 9.0 5.1 1 4.2 .4.7 : 1.6

Idaho 13 11 - 16 12 2 3.2 12 : 1.1

Illinois 8 7.2 - 11 8.1 2 2.5 8.0 : 1.2

Indiana 2 6.0 - 7.1 6.6 1 1.5 6.5 : 1.1

Kansas 6 6.6 - 14 10 2 5.2 9.8 : 1.3

Kentucky 12 3.9 - 11 7.4 1 4.6 7.0 : .1.4

Louisiana 3 3.5 - 6.0 5.1 1 2.7 4.9 : 1.4

Mary land 5 4.5 - 8.S 6.6 2 3.2 6.4 : 1.3

Michigan d d d d

Mississippi 3 4.3 - 11 - 8.0 1 6.7 7.4~ : 1.6

Missouri 10 4.6 - 10 6.8 2 3.2 6.6 : 1.3-

Nevada 6 11 - 19 14 $ 5.7 14 . 1.2

New Jersey 23 2.3 - 13 6.1 1 4.8 5.7 : 1.5

New Mexico 13 6.8 - 16 10 2 5.4- 9.7 : 1. 3
'

New York d d d d

North Carolina 8 3.2 - 13 ~8.2 * 6.5 7.6 :.L6

Ohio 11 2.8 - 11 6.9 2 5.0 6.4 : 1.5

Oregon 9 8.2 - 19 11 1 6.6 11 : 13

Pennsylvania 32 2.5 14 6.7 2 5.0 6.2 . 1. 5

Tennessee 12 2,9 - 11 6.4 1 4.8 5.9 : 1.5

Texas 10 1.4 - 5.6 3.3 1 3.0 3.0 : 1.6

Utah 32 5.0 - 14 8.7 1 4.5 8.4 : 1.3

Virginia 13 3.9 - 13 7.4 2 5.8 6.9 : 1.5

Vest Virginia 11 4.6 - 11 7.7 t 3.9. 7.4 : 1.3

Wyoming 13 10 - 20 14 2 5.2 13 s ' 1. 2

U. S. Average 327 <1.0 ~34 8.5 1 4.1 7.5' : L7

5umary of data contained in Tables 1-33 for individual- states.#

'bStandard deviation of arithmetic mean is the 20 value.
The geometric standard deviat' ion is a multiplicative parameter to the geo-#

metric mean containing 6n (1o) of the frequency values.
dNo data on external gamma exposure rates available for the state.
" Values' for standard deviation cannot be computed.

SOURCC i

STATE B ACKCROUND RAD! ATION tEVELS
RESULTS OF MEASUREMENTS TAKEN j
DU RING 197s.1979 ?

^ T.E. MY RIC K. B. A. BERVEN, F.F. H AYWOOO
ORNL ITM 7343
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TABLE 3='

SUMMARY OF STATE BACKGROUND
232

CONCENTRATIONS OF Th

IN SURFACE SOILa

-Arithmetic mean Geometric mean
and standard and standard$e b deviationueState deviation

analyzed (pCi/g) (pCi/g) (pCi/g)
~

Alatama 8 0.36 - 1.5 0.77 1 0.71 0.70 . 1.6

Alaska 7 0.19 - 2.3 0.87 2 1.4 0.67 : 2.2

Arizona 6 0.20 - 1.3 0.63 t 0.83 0.52 : 2.0
d d

Arkansas 1 1.6 1.6 1.6

California 3 0.30 - 0.76 0.54 1 0.45 -0.50 : 1.6

Colorado 20 0.10 - 3.1 1.3 1 1.4 1.1 : 2.1 ,

d
Delaware 2 1.2 1.2 1 0.04 1.2

Florida 10 0.12 - 0.37 0.24 1 0.13 0.23 : 1.3 i

Georgia 9 0.28 - 3.4 1.1 1 1.9 0.85 : 2.1 'l

Idaho 13 0.42 - 1.9 1.2 1 0.73 1.1 ~ 1. 5 ':

1111nois 8 0.49 - 1.2 0.96 1 0.43 0.93 . 1.3 l

Indiana 2 1.1 - 1.2 __1.2 1 0.14 1.2 1.1 J

Kansas 4 0.32 - 1.6 1.3 2 1.2 1.1 : 2.2

Kentucky 12 0.88 - 1.5 1.2 2 0.39 1.2 . 1.2 )

Louisiana 2 0,60 - 0.72 0.66 2 0.17 0.66 : 1.' 1 !

Maryland 6 0.48 - 0.86 0.70 1 0.28 0.69 : 1. 2 -

Michigan 10 0.24 - 0.82 0.5610.35 0.53 . 1.5- (
Mississippi 3 0,81 - 1.7 1.1 2 0.50 1.1 1.5

Hissouri 10 0.32 - 1.3 1.0 1 0.56 0.95 .-l.5

Nevada 6 0.62 - 3.0- 1.5 i 1.6 1.4 : 1.7

New Jersey 23 0.31 - 1.5 0.90 t 0.66 0.82 1.6 _|

New Mexico 13 0.48 - 1.8 0.95 2 0.73 0.89 : 1.5
'

New York 6 0.40 - 1.1 0.71 1 0.52 0.67 :'1.5

North Carolina 8 0.42 - 1.5- 0.92 t 0.83 0.83 1.6

Chio 12 0.71 - 1.5 1.0 1 0.50 1.0 . 1.3

l Dregon 9 0.43 - 1.5 0.7210.66 0.66 : 1.5

Pennsylvania 33 0.38 - 1.7 1.1 ! 0.53 1.1 : 1.3

Tennessce 11 0.66 - 1.5 0.95 1 0.50 0.92 : 1.3 ~

Texas 10 0.40 - 1.1 0.7320.40 0.70 : 1.4
p

Utah 28 - 0.20 - 2.3 1.1 2 0.92 0.97 : 1.7

Virginia 13 0.42 - 1.4 0.86 1 0.47 0.83 : 1.4

l' West Virginia 11 1.1 - 1. 6 1.4 t 0.35 1.3 : 1.2

Vyoming 12 0.59 - 1.8 1.1 1 0.68 1.0 .: 1.4

U. 5. Average 331 0.10 - 3.4 0.98 ! 0.46 0.87 : 1.7

''Senmary of data contained in Tables 1-33 for individual states.
.

Standard deviation of arithmetic mean is the 2a value.
The geometric standard deviation is a multiplicative parameter to the geo-#

metrk. mean containing 68% (lo) of the frequency values.
dValues for standard deviation cannot be computed.

SOURCE

STATE BACKGROUND RADIATION LEVELS
RESULT 5 OF MEASUREMENTS TAKFN
DURING 1975 1979

.. T.E. MYRICK. B.A. D ERVEN, F.F. HAYWOOD
,ORNL IT M.7343

[
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TABLE 4

BACKGROUND RADIATION LEVELS AND NUCLIDE
CONCENTRATIONS IN SURFACE SOIL SAMPLES

IN THE STATE OF MICHIGAN

Nuclideconcentration{nAverage external surface soll (pCl/g)
gamma esposure

designation Cescription of sample location rate (pR/h)a resRa 238th 2380Sample ,

0.99 t 0.10 0.54 1 0.04 0.70.

E side of Itwy 23 at the Michigan-chio e
Mi-1

border, just N of Toledo, Ohio -
0.79 1 0.08 0.76 1 0.02 0.65 ,

Mi-2 N of 1t9 71, just E of Corunna, Michigsn e

0.46 1 0.04 0.24 1 0.04 0.34
M1-3 V side of Cratiot County road, s3.2 6e c

5W of Edgewood, Michigan, next to Bad
Creek

0.51 1 0.02 0.39 1 0.02 0.49
M1-4 Approx. 2 km E of Mt. Pleasant, Michigan, c

en 5 side of Ilwy 20 in Isabella Indian
Reservation -

0.69 1 0.06 0.51 1 0.02 0.50
MI-5 Approx. 2 km S of Midland, Michigan. on c

' Hidland County road between Midland and
roseyville, Michigan

0.8610.10 0.6610.12 0.57
M1-6 Appros. 11 km of St. Johns,'M(chigan, c

on W side of road at intersection -with
county road

2.010.12 0.41 i D.28 1. 0 .

M1-7 Approx. 6.4 nm E cf Adrian, Michigan, at c.

the intersection of Deerfield Rd and
Vellsville Mey

1.510.12 .0.8210.08 1.1
M1-8 Approx. 6 km N of Adrian, Michigan, at c

the intersection of Shepa-d Rd. and
Bent Oak ifwy

1.5 1 2.0 0.69 i 0.04 1.2
M1-9 S side of by 223. s11 km W of Adrian, c ~

Michigan
1.2 t 0.14 0.5410.12 0 70

M1-10 Approc. 1.6 nm E of liwy 52, on E. Gorman a

fid , about B nm 5 of Adrian, Michigan

[Exposureratedeterminedfrom'3to4measurementsiateachlocationusinga"Phit"tubeas-describedin
Appendix I.

b5tandard deviation of 22sRa and 23tih measurements are given as the to value. Error in the 22a0 sieasure-
ments are <5% (2a).

#No data obtained.

, , . . . .., _ . .. . _ _.. . .. . _ m ..
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TABLE 5

THORIUM DECAY SCHEME ;

,

Atomic-
Element - Weicht Half. fife Radiation

Thorium 232 1.4 x 1010 yr a

Radium 228 6.7 yr p.
Actinium 228. 6.13 hr p, y ,

Thorium 228 1.9 yr . a, y

Radium 224 3.64 days a, y

Radon 220 54.5 sec. a, y
Polonium 216 0.14 sec. a
Lead 212 10.6 hrs. p.y

Bismuth 212 60.5 ' min. . a,
.

|

s Polonium 212 10 sec. .a

Thallium 208 3.1 min, p,y| ,

Lead 208 Stable -
!

'?

TABLE 6 !

,

URANIUM DECAY SERIES

I
Atomic

.

,

Element Weicht H alf-lif e - Radiation ;

i

9 '!'Uranium 238 4.51 x 10 y - a
-

Thorium 234 24.1 d ,y-

Protactinium 234m 1.17 m ,y
'

Protactinium 234 6.75h ,y

3Uranium 234 2.47, x 10 y - ' a, 7

Thorium 230 8.0 x 104 'a , y

Radium '226 1602y ay,
,

Racbn 222 3.823d a,y
Polonium 218 3.05m a,
Lead 214 26.8 p, y *

Astatine 218 ~2s a, -

Bismuth 214 19.7m . a, ,y

Polonium' 214 164 s a, y
Thallium 210 1.3 m p, y
Lead 210 21y n, , y ,

Bismuth 210 5.01 d . a,
Polonium 210 ~ 138.4d a, y J

'

Thallium 206 4.19m
Lead 206 Stable - 1

I
~lSource. Radiation Health, U.S. Department of Health Education and Welfare, January,-

.1970'

1

?( 'j-
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' TABLE 7
PR:MDRDIAL RADIONUCLIOES .

.

^

Energy - Specific
-

primary activity
H alf-lif e - % isotop.c. Emissions - emission ~ (Ci/g)

bundence decav (MeV) - elemem)Nue ,ec. (ye m) ar

|

40K 1.3 x 10* 9 0.0118 p, y, c '- '1.32 8.3 x 1010
*

50y 6 x 1014 0.24 p, y, c ._ -2.8 x .10 14~

87Rb 4.7. x 10- 10 .27.85 p 0.27 2.5 x 10 8.
~

115 n 6 x 10-14 95.72 S 0.6 ' 5.0 x 10 12
-

1

13B a 1.1 x 1011 0.089 p, y, c . 0.205 2.1 x 10-12
l

142 e 5 x 10-15 11.07 a 1.5 5.7 x 10-14 - .

0
184Nd ~5 x 10-15 23.85 a 1.8 -1.2 x 10- 13 .

>

147 m 1.6 x 1011 14.97 a 2.24 3.38 x 10- 9 - ?
S '!

14B m 1.2 x 1013 11.24 a 2.16 2.24 x 10-11S

149Sm ~4 x 10'14 13.83 u 1.84 -8.2 x 10* 13
152Gd 1;1 x 1014 0.200 a 2.15' 4.15 x 10-12
174Hf 4.3 x 1015 0.18 a 2.5 8.4 x 10-14
176 u 3.6 x .1010 '2.59 p, y 0.42 1.47 x 1010 ;j

L
187Re 7 x 1010 62,93 p < 0.00 8 1,73 x 10 8 ,

190Pt 7 x 1011 0.0127 a 3,11 3.33 x 1013 ,

''
192Pt ~1015 0.78 a 2.6 -1.4 x 10- 14 -

204.P b 1.4 x 1017 1.48 a 2.6 1.83 x 10 16 '

2300 (series) |,
235U (series)
232Th (series)

Source. . From Klement A.W., Jr., iri Radioactive Fallout, Soils, Plants, Foods, Man, Fowler, E.B., Ed., ;

Elsevier, Amersterdam, 1965, 113.

,

TABLE B '

MAJOR COSM;C-RAY ACTIVATED RADONUCLIDES

-

Emission, Energy of primary Production rate-

Nuclide _ H a tf-lif e . decav emission (MeV)- f atom /cmf seci

'lH 12.26 years 0 0.0181' O.12 1.3
0.021 - 0.0357Be 53 days c, y _ _..

years 'p 0.56 0.04 ' - 0,1 ' a10Be 2.7 x 106
14C 5760 ' years p 0.156- 2 2.6

22 a 2.M years p+c.y 0.54N
32P) 2 x 10 4 '32Si ~700 years 'p 0.1 (to

32P 14.3 day's D
1,71 ' 1 x 10- 4 -

33P 25 days ' p 0.25 1 x 10- 4 '

353- 86.7 days S 'O 168 2 x 10- 4 >

36Cl 3 x 105 years - p, c 0.71 ._
'

39C1 55 min - p, y 1.91,'2.18, 3.43 ,,,

Source: From Klement,' A.W., Jr., in Radioactive Fallout, Soils, Plants, Foods, Man, Fowler, E. B., Ed.,
Elsevier,' Amsterdam, 1965, 113.

.;

i
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TABLE 9*

1

STATISTICAL SUMMARY - EXTERNAL GAMMA READINGS OF SURVEY AREAS ( rem /hr)

Number of External Gamma (at 1 Meter)'

Location Measurements Mean Variance Confidence Interval (at 95%)

'

Bay City

b Near Thorium Storage Area 9 16 37.2 3.8 -28.2
i

Outside Thorium Storage Area 10 4.1 6.7 -1.1 '-9.3
,

Alternative Route 11- 2.4 0.64 1.6 -3.2

E. Wilder 23 2.9 0.81 1.1. -4.7
-

Route 13 South 4 2.5 ~ 0.25 1.5 -3.5

Interstate 75 South 4- 2.8 0.36 1.6 -4.0

Route 10 West 43 3.2 - 0.36 2.0 -4.4

Route 47. South 5 - 3.3 0.49 1.9 -4.7

Salzburg Road 16 3.3 1 1.3 -5.3~

Waldo Road ' 6 3.4 1 1.4 -5.4

Saginaw Road 5' 3.2 - 0.81 1.4 -5.0 ~

Midland Site. 27 3.3 :. 0.81- 1.5 -5.1
.

Salzburg Landfi!!; 15 .2.5- 0.22 ~ 1.6 -3.3
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TABLE 12

ST ATISTICAL SUMMARY - SC;L CONCENTRATiGNS OF SURVEY AREAS (pCVg)

N ATURALOCCURR|tJG (K-40) MAN-MADE (GS-137

Number of Sol C,ncentrat: ens of 40K f4 ember of Soil Concentrations of 137Cs

location Sc4 Samples Mnan Variance Confidence Interval (at 95W Seit Samp!es Urm Variance Confidence Interval rat 9%i

Bay City

l Near Thorium Storage Area 1 9.61 0.69 7.95 - 11.27 1 0.12 0.0002 0.09 - 0.151

Outside Thorium Storage Area 1 4.67 0.14 3.91 - 5.43 0 - - --

E. Wilder 2 7.72 0.29 6.05 8.79 1 0.07 0.0006 0.02 - 0.12

Route 13 South 0 - - -- 2 0.34 0.04 -0.065 - 0.76

Interstate 75 South 2 5.38 0.24 4.4 - G.3G 8 0.35 0.02 -0.0522 - 0.66

I Route 10 West 8 9.77 3.72 5.91 13.63 1 0.18 0.0004 0.14 - 0.22

i

Route 47 South 1 11.0 0.81 9.8 - 12.8 1 0.05 0.0002 0.02 - 0.08

Salzburg Road 2 5.68 17.05 -2.50 - 13.94 2 0.05 0 0.05

Wa'do Road 2 11.5 0.32 10.3 - 12.64 1 0.07 0.0002 0.04 - O.10

Saginaw Road 1 9.02 0.57 7.51 - 10.53 0 - - --

Midland Site 2 4.8 29.33 -6.08 - 15.G4 0 - - --

Salzburg Landfill 1 12.00 1 10.00 - 14.00 |

Transportation Routes 17 9.11 G.34 4.07 - 14.14 18 0.26 0.04 0.06 - 0.46

I

|
|
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TABLE 13

DISTRIBUTION ANALYSIS -
t

GEOMETRIC MEANS AND GEOMETRIC STANDARD
DEVIATIONS OF TRANPORTKilON ROUTES

,

Geometric Mean Geometric Standard' Deviation .

'

Thorium Series

T h-2 32' O.39 1.5

Ra-228 0.43 1.'4

Th-228 0.34 1.3

Ra 224 0.30 1.5 . .

Pb-212 0.33 -1.4

Bi-212 0.44 1.5

Uranium Series

Th-230 0.69 1.6

Th-234 0.63 1.7
'

Ra-226 0.44 1.3

Others

Os-137 0.42 1.9
.1.6:K-4 0 10

.

2

.

3

. . .
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T ABLE 14

RADCLOGLCAL SURVEY a EXTERNAL C&MMA
B AY CITY SITE

Page 1 of 2 :

: Bev City Storage Site ;
A. PrCPMed RDules

i

"" - Enterna; Gamma Enterral Gamma
- Readegs at 1 Me:er Readengs at 1 Centimeter

Nebe f ue e m!h r) f u rem /hd Roadway

THORUM STORAGE AREA:

, 1 20.0 20.0 Roadway No.1

- Location; 3 feet from center of gate to thorium storage . area
'

2 20.0 ' 20.0 Roadway No.1'

Location: At edge of gate to thorium storage area .
. ,

The foliowing eneasurements were made at appronirnately 150 foot intervals along shoulder in direction of travet:

3 20.0 20.0 - Roadway No.1

4 15.0 15.0 Roadway No.1 -
'

5 25.0 20.0' Roadway No.1

6 20,0 20.0 ' Roadway Noc t -a

7' 15.0 15.0- Roadway No.1

8 10.0 10.0 Roadway No.1

9 10.0 10.0 >

Location: At entrance to rnain gate in direction of trevel

Anthmetic Mean and Standard Deviation: 16 12.2 15.5 i 10.4

OUTSIDE OF THORIUM STORAGE AREA
'

10 . 50 5.0

Locat;on' Deect|y acects hem No. 9. on shoulder of Street C

11 50 5.0

Location. Base of DAe .

12 5.0 50 ,

locaten: Top of D.he

13 10 5.0 C Sweet

14 8.0 8.0

' Top of Dre, in 6pe w@ No.13
The foHowing measurements were made at 0.25 rmie intervals:

15A 2.5 2. 5 ' Corner of 9th and C Street

11 2.5 3.0 . Corner of 9th and C Street

16A 15 2. 5 ' 9th Street (near pond)

' Continuous reading = 2.5 (average)

17A 2.5 20- Corner o! 9th and F Street

B 2.0 3.0 .

iBA 2. 0 2.0 ' LF Street .
B 1.5 2.0

Location directly across frorn #17
'5 feet from shoulder
' Con 6nuous reading - 15 (average)

19 5.0 5.0

'At Guard gate
,

* Cont.nuous reading - 2.0 (average)

A6thmetic Mean and Standard Deviation: 4.115.2 3.8 i 3.6

2D
. . .

4.0 3.5
t ocatM coener of Bay City S'te end Wilder Rood

.

2 ''PI

< - _
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: TERN AL G At.if.' A ~
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RADt0LOGtC AL SURVEY , , ,

>' " B AY CITY SITE .-
Page 2of 2

si6-

f Bay City Storage Site .
_

; 3. Attornative Route -

- Ex:ernai Gamma -E Enternat Gamma
. Readings at 1 Cent > meter !Readmgs at i Meter

-

N. cyr (prem/ht)' t u r emt hfl ~
.

t

. B.1 STORAGE StrE SIDE OF ALTERNATIVE ROUTE GATE: -

21' -30 2.5

. Location: Base of utility pole -

22 .
2.0 3.0 .

l.oca tion: Approsimately 10. feet from utility pote

23 - .

^1,0 2.0
i, Location: Approximately 10 feet past guard house

8.2 WILDER ROAO SOE OF ALTERNATIVE ROLTTE GATE: ..

The lollowing measurements were inade siong the gate:
/ t

t

2. 0 2.0 '24. ..

Loca tion: Edge of sete on side being traveled .
..

25 1.0 2.0

.. Loca tion: Center of Gate

26 2.0 1.5
,Location: Edge of ga:e, opposite side

The following mensarements were taken at approsimately 30 toot intervals from the gate along truck side unless otherwise Indicatedh }{,

|

27 30 2.5 g

28 3. 0 30.

29 ~ 3.0 3.0 o

30 3. 6 2.0

31 2.0 2.0
3.0 3.0 '32

~

.Location: Oppo6ite side' cf road from meatwement No. 30

.

1 7

*Contmuous readmg . 3 0 >

p

Arithmetic Mean and Standard Deviation: 2441.6 2.411.0
:,4

Note; = *A' measurements were made at s*mutoer of road.
* T measurements were made approsimately 6 feet from the shoulder.

i. '

A4 measurements were made along should of the road

-!
,

;}

F

'9

3 ^.

i

j
i

:: |
.

p

1
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- TABLE 15 .

RAD 10LCG10AL SURVEY EXTERNAL GAMMA
MIDLAND SITE

External Gamma . External Gamma

Reacings at 1 Meter Readings at 1 Centimeter
furemthr)f u remthri

n.i m5,*
'

~ 5.0 --4.5
1A

Location: Base of ut,fity pole

The following measurements were taken at approximately 10 feet intervals from Utility Pole in front of Thorium Storage Area:
2.53.0

2A 3.03.0
3A 4.0 ,

3.0
4A 3.5 ;4.0
48 2.0 -3.0
5A 2.03.0
6A 2.0 -

4.0
7A 3.04.0
8A 1.02. 0 i9A 1.0l.5
10A 2.53.0
11A 3.53. 5
12A 6.0 4

13
Lot.abon: Fence edge

2.53.0
14A 3.53.0
15A 4.03.5
16A 6.03. 0

S 2.03.0
17A 1.01.5
18A 2.02.5'

19A 5.05.0
0

2.03.5 +20A 3.02.5 .
B 3.04.0
21A 3.03.5
0 3.04.0
22A 3.03.5
B 3.0 6

EO
23A 6.04.0
8

- The following measurements were mace at entrance to Buddeng 1304:
5.03.0 /

24A
Locanon: Front of Build;ng. Center

1.5 -2.0
25A

Location: Front of Building, Northern edge
4.04.0

26A
Location: Front of Building. Southern edge
* Continuous reading - 3.0

5.0 -4.0
27A

Location: 35 feet from center of buildmg
*Continous reading . 3.5

30t26 -

33t 9.8
Arithme5e Mean and Standeed Devinnen!

*A* measurements were made approsiamtely 5 feet from the sNaulder of road.
Note: *

*B* measurements were made approximately 5 feet from *A* measurements toward thorium Storage Area. -)*

.IStandard deviations are given as the 20 value.* 1

.|
'|

,

J
'
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J TABLE 16,

R ADICLOGIC AL SURVEY EXTERNAL GAMfAA
SAL 2 BURG LANDFILL

External Gamma External Gamma .

Number Readings at 1 meter ' Reading at 1 centirneter
f uremthr) f u rem /h r)

The following measurements. were made along a gravel road in Iront of cells 17 through 20 at approximately 30 foot intervals -
*

1A 4.0 3.0

2A' 3.5 4.0 -

3A 5.0 4.0 .

4A 4.0 3.0 - <

5A 2.0 .2.0

6A 3.5 5.0

7A 4.0 - 2.0 .

8A 4.0 - 3.0 *

Location: Middle of road
Along road in front of cells future cell #36, at approximately 30 foot intervals,

9A 4.5 4.0 -

10A 4.5 3.5

11A 2.0 2.0

12A 1.0 1.0

13A 0.5 1.0 '

14A 1.0 2.0

15A 3.5 4.5

'

Arithmetic Mean & Standard Deviation: 2.5 t 0.94 2.621.1

' Continuous walk at one meter to end of cell #39 wa.s approximately 1.0 prem/ hour 4

.*A* measuroments were made approximately 5 leet from road*

Standard deviations are given at the 2 vabe .

a

.
I
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TABLE 17,.

-RADIOLOGICAL SURVEY' EXTERNAL GAMMA --

TRANSPORTATION ROUTES
Page 1 of 6

Enternal Garrma Extemal Gamma -
Read:ngs at 1 Meter Readings at 1 Centimeter'- , n

Hamber (pre mthr) - f orem/br> .,

1.0 Wilder Road

The follomng measurements were made at approximately 0.25 mile intervals: ,

1A - 2.0 1.0
'

H (pond) (pond).
Location: Tront of DOW Plastic Lined Pipe Plant

2A 3.0 2.5

0 2.0 3.0 -

3A 3.0 2.0 ;

O 4.0 -30

Location: Opposite side of road from measurement No. 2 -

4A 2.0 3 ,0

B 2.0 2.0
'

5A 2.5
Loca!>or: Intersect:on m h Patterson Ave. ({

6A 2.0 2.0
'

B 2.5 3.0 ~
< * Continuous read,ngs . t.5 (average) -

.

7A - 2.0 2,0 -

70 5.0 5.0
BG 3.0 ~ 4.0

Locatsn: Opporate sion of road from measuremer.t No. 7
9A 30 1.0

'

90 30 2.0
Location . Entrance to Consumer Power's Co/ Great Lakes Junior College i

10B 30 d.0

'10B 2.5 30'

118 20 3 0 -' .

I'

'12B 1.0 L 2.0

13B 3.0 4.0
Locat.on: Opposile site of road from measurement No.128 '

,

14A
..

- Location: Euclid and Weer (intersection)
+

15A 3.0 3.0 .

B 2.5 2.0
'

16A 2.5 4.0
B 30 4.0

17B 5.0 4.0
100 3.0 3.0

Location: Opposite side of road from measurernent No.17
* Continuous read ng . 2.5 mrerr/nr (average)

19A 3.0 - 3.0
B- 3.0 4.0 -!

Opposite side of road from, opposite measurement No. 20

20A 4.0 3.0 - -j

D 4.5 4.5 ..j
21A 4.0 3.0

'

B 4.0 4.0 :!
!

Arithmetic Meaq and Standard Deviation:' 2.921.8 3.0 t 2.0 _;

,'

i

-)

-
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TABLE 17

p..

RADIOLOGICAL EXTERNAL GAMM A ,

TR ANSPORTATION ROUTES - .f
9

O Page 2 of 6 ,

'.j
I External Gamma - Extemat Gamma j

j Readmgs at 1 Meter Readings at 1 Centime 1er :j
Number (gremthr) (prem/hr) -}'

-|.

; -2.0 . M 13 .-

' .I
i

The following measurements were made et approximately 0.25 mile intervals:

- 24A 2.5 2.5 j

|- B 3.0 2.0 j

25A 3.0 3.0 -
~

i B 2.5 3.0 j,

5Location: Opposite side of road from measurement No. 24
26A 2.0 ' 2.0 |

',

B 2.0 2.0 '

; -- 27A 3.0 2.5 .

| B 2.0 3.0~ >

5. Arithmetic Mean & Standard Deviation 2.511.0 2.5 * 0.8 ' j

i ,

3.0 Interstate 75 (South)j i

!. 280 2.0 3.0
4
.

29B 3.0 4.0
!
i-

| 300 2.5 3.0 ;
e

'
t
j. 31 B 3.5 5.0

|, Afemehe Mean & Standard Dev abon: 28212 3.8 i 2.0
|

!- - 4.0 Route 10 (West)
i

| 32A 3.0 3.0 .!
"'

B 4.0 3.0'

33A 3.5 3.0'

| -- D 4.0 3.5 ;

I-- 34A 3.0 2,5
'i

I B 3.0 3.0 >

'I

|- 35A 2.0 2.0
1, B 1.5 3.0

36A 2.0 2.0
7.;

B 2.0 2.5|' 'Ooposite side of road from measurement No. 36
;
.

l'
a- 37A 45 4.5 -
' B 3.0 - 3.5

! 36A 2.0 2.5 3

8 3.0 3.0
39A 2.5 3.0

B 3.0 . 3.0

40A 3.5 3.0
0 4.0 3.5 ,,

'Oppos!te side of read from measurement No. 40
t

41A 2.5 2.5
B 3.0 4.0
C 4.0 4.0
D 3.5 3.0

..

.

t

.__ --..--.e-e --w.-.-w--------e-.--.-.-.+-ce.+._,----.----.e..U.--.e --e.------,..m---- - . . . - - - , .. - - , - E,-.---...---,-.4~.r.-- .-.----4 ,

'



. . . ,- .. .. . . . . . .- , . , , , , .

b

P

J.

.

~ ' TABLE 17'

RADIOLOGIC AL , EXTERN AL GAf/MA

. TRANSPORTATION ROUTESL
Page 3 of &

'

External Gamma . External Gamma t

Readings at 1 Meter - Read.ngs at 1 Centimeter - :.'

(p r e m/hr) (prem/ht) ,Numbe,
a
i

4.0 Route 10 (West) (Continued) ,

42A 2.0 3.0 -

D 4.0 3.5

43A 3.0 3.5

8 4.0 4.5 ,

44A 4.0 3.5

.0 2.0 2.0 .

45A 3.0 3.0

B 4.0 3.5

.* Opposite side of road from r-easurement No. 45

46A 3.0 3.5

B 1.0 2.0

C 4.0 ' 3.5 .

D 2.0 2.0

47A 4.0 3.5

B 4 ,5 3.5

48A 3.5 3.0

B 5.0 3.0

49A 2.0 3.5 :

B 4.0 4.0 -

50A 3.0 3.5 - ;

8 3.0 2.5

' Opposite side of road from measurement No. 49
.

~

51A 4 .0 2.0 -

B 4.5 2.5

C 3.5 2.5

D. 4.0 ' 3.0
?

. 52 A 3.0 3.0

8 3.5 3.0 - |
.

53A 3.0 4.0
|

'

.

3.5 ' 3.0B
54A 3.0 ' 3.0

0 3.0 2,0 ,

55A 3.0 3.0 ,

B 5.0 4.0 ,

" Opposite side of road from ineasurement No. 54 .t

;

56A 1.0 . 2.5 i

B 4.0 3.0 . ]
C 4.0 ' 2.5 '

O 4.0 - 3.0 '

57A 3.0 3.5 ' i

B 3.5 4.0 ;

SBA 3.0 3.5 .

B 2.5 3.0 . j
|

59A 4.0 2.0

0 3.0 5.0 ' ,|

60A 4.0 3.5 '. !

O 4.0 ' 4.0 ]
Opposite side of road from measurement No. 59

61A 1,0 . 3.5

B 4.0 ' 4,0 '

C 3.0 - 3.5

D- 4.0 3.5

'62A 2.0 3.0 '

D 3.0 4.0

63A 3.0 2.0

B 3.0 ~ 4.0 - !,:

'

!

1

|

i,

!
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TABLE 17
<

~ R ADIOLOGICAL. EXTERNAL GAMM A .
, TRANSPORTATION ROUTES

' Page 4 of 6

Ex:ernal Gamma External Gamma
Readings at 1 Meter ' Readings at 1 Centimeter -

Numbge (prem/hrt - (p re m/br)

4.0 . Route 10 (West) (Continued)

64A 3.5 4.0 -

B 3.5 5.0'

65A~ 3.0 3.5 -

D .

4.0 . 5.0

' Opposite side of road from measurement No. 65

66A 2.0 ' . 3.5 /'

B 4.0 4.0
C 3.0 3.5

D 4.0 3.5 |

67A. 3.0 ' 3.0

B 30. 3.0
6eA 3.0 4.0

B 35 4 .0
'

69A 3.5 ' 2.0

B 3.0 3.5 . -

70A 3.0 3 .0

0 2.5 3.01
-i* Opposite s4ce of road from measurement No. 70

71A 2.0 - 3.0 -

B 3.0 ' 3.0
C 2.0 ' 1.5

D 4.0 3.0 '}
d. - 72A 3.5 2.0

B 30 3.5
73A 3.0 3.5

' '
B~ 3.5 ^ 3.5 '

74A 4.0 4.0 ,
'

D 4.5 4.5
75A 3.5 4.0

B 3.0 - - 3.5
,

' Opposite side of road
- Aritnmet.c Mean and Standard Deviation: 3.2 i 1.2 3.4 i 1.6 r

,

5.0 Route 47 South
,

76A 3.0 2.0
- Location: ' Intersection of Route 10 West and Route 47 (South)

Tno followin0 measurements were made at approximately 0.25 mile intervats:

77A 3.0 3.0 -

B 3 .0 3.0 -
*

78A 3.0
.79A. 3.5 3.0 ~

B 4.0 3.5
'

C 2.0 3.0.
D 4.0 3.5

80A 4.0 3.0 -
~: B 3.0 3.5 ..

~'
Arithrnetic Mean and Standard Deviation: 3.3 1.4 - 3.220.6

. 6.0 Salzburg (From 47-S to Salzburg Landfill)
L

81A 4.0 4.0 :.-
B 3.0 3.5 - *

Location: . intersection of 47 s i and Salzburg.
.

.
. .

The following measurements w made at approximately 0.25 mile intervals: ., ;

'82A 2.0 3.5
< - B 4.0 - 4.0 '

'

,

83A 3.0 3.5 .

-R 3.5'-
*

4

Jo
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TABLE 17

RAD!OLOGICAL * EXTERNAL GAMMA
TRANSPORTATION ROUTES

Page 5 of 6
, ,?

.

Externat Gamma Erternal Gamma '

Read;ngs at i Metet Readings at 1 cent, meter
f ur e m th r) (prem/ht)

Number

6.0' Salzburg (From 47(S) to salzburg Landfill) continued:

84A 3.5 2.0

B 2.5 3.0

85A 4.0 3.5

B 6.0 4.0 -

86A 2.0 3.0

8 3.0 3.0

87A 3.0 2.0

B 3.5 2.5 -i

88A 2.0 1.5

.B 4.0 ~ 3.0

89A 2,5 1.0

B 3.5 3.0

90A 4.0 3.5 -

B 2.0 3.0

Location: intersect:on of Satzburg and Watco
91A 2.5 2.0

. Location: Opposite side of road Intersection of Salzburg and Wateo
'

j'~

B 2.5 4.0
!

92A 4.0 3.5 - - E

!
B 3.0 3.5

' aldoWLocation:

93A 4.0 4.5 - . >
9

B 4.0 3.5

Location: ' Opposite side of road across from Guard House (3602)

94A 20 2.0
Location: - East of gate 93

95A 2.0 - 2.0
,

location: West of gate 93 .

96A 3.5 4 .5 -

^,

B. 4.5 4.0
Locat.on: Approximatefy 0.2 from disposal cetis No 36
Arithmetric Mean and Standard Dev:ation 3.3 : 2.0 3.011.8'

7.0 From Midland site, along Saginaw to intersection of Salzburg and Waldo

97A 2.0 2.0 '
B 4.0 4.0

Location: Intersection of Saginaw and Satzburg
Tne following measurement * . .re made at approximately 0.25 mile intervals:

GBA ' 3.5 4.5

B .
3.5 3.0 li

Location: Cenv.r, front of Gate 90
99A 3.5 3.0

B 1.0 2.0 -
Locat.on: . Cpposite front of Gate 90

.-100A 3.5 3.0
8 4.0 3.0 '

-101A 4.0 . ' 3.0

B 3.0 ' 2.5
' Arithmetric Mean and Standard Deviation 32t18 ' 3.0 t 18

Note: The following measurements were made at 0.25 mile intervals.
* *A* measurements were made'as close to the shoulder of the road as possible,
= *B" measurements were made 10 to 15 feet (unless otherwise stated) from the "A* measurement .

>

pendin0 on the nature of the side of the road.
.

.

Measurements *C" througn *D' were made' at to foot intervals startmg with *B" in a westward direction -*

along route 10.
Not taken due to hazards*

.

Standard deviations are given as the 20 value*

.

s
+ .'y 4 , s- 4 ws a .a - r. e-' -- e
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' TABLE 17

RADIOLOGICAL - EXTERN AL G AMM A -
| TRANSPORTATION ROUTES

' Page 6 of 6

Exterrai Gamma External Gamma
Readtngs at 1 Meter Reaoings' at t Centimeter

Number f urem/hr) - (prem/hr)

. 8.0 Waldo Road

120A 3.0 3.0 :

B 4.0 4.0

103A 4.0 4.0 '
B 4.0 - 5.0 -

*

104A 4.0 3.0
B 4.0 4.0

105A ' 3.0 3.0
B 2.5 2.5

106A 25 2.0
R 25 4.0

Mean and standard deviation: 3.5 i 1.3 3.4 i 1.8

Location: Measurements were made outside of Dow Gate 93 at 30 foot intervals from fire hydrant in a northward direction
along Wa'4o F 'ad,

l

|

|

l
i

4

a
I
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TABLE 18

.

OFF-$ RTE D ACKCROUND
,

EXTERNAL GAMMA

External Gamma External Gamma
Readings at 1 Meter . Readings at 1 Centimeter Location _,

Numt+r (premthr) ( p rem th r) -

- Holland Road'
1 5.0 5.0

~

5.0 5.0~ Near Ouality _
i

4.5 - 4.5 Farm and Fleet

4.0 6.5 Saginaw, Michigan .

6.5 7.0

6.0 8.0

Arithmetic Mean 5.2 1.8 612.8
And Standard Deviation:.

2 4.5 5.0 Off Pino Street

4.5 5.5 Kawkawlin, Michigan

4.5 3.5

4.5 - 4.5

4.5 3.0

4.0 4.0

Arithmetic Mean 4.4 t 0.4 4.25 i 1.8 ,

and St.rufard Deviation:

3 2.0 2.5 Off E. WJder Road -

4.0 3.0 ' Bay City,' Michigan
'

3.0 4.0

3.0 3.5 '.

4,0 ' 4.5

4.0 5.0

Arithmetic Mean 3.3 i 1.6 3.711.8
' and Standard Deviation:

u

Standard deviations are given at the 2o valuea

.

.
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TABLE 19-

Radiological Survey
Soil Sampling Location / Soil Type

Page 1 of 3

Number . Location . Soll Type -
,

.

'

1' In front center of Gate. Brown humus (1)
to Thorium Storage area,

~

Bay City Site.,

2 Base of dike across street Brown humus
from main gate to thorium
storage area, near utility
pole.

3 Corner of Wilder Road Brown humus
and entrance to Bay City
Site, on truck side.

.

4 15 feet from East Wilder Brown humus -
Road on vacant lot owned i

by Gary Steadman.

5 5 feet from Intersection of Brown humus ,

Route 13' South and E. Wilder
Road, on truck side. ,

6 Along Interstate 75 South, 5 feet Brown humus
from shoulder of road, 200 feet
from edge of billboard.

7 Along interstate '75, 5 feet from : Brown humus
shoulder of road, 75 feet from ,

' 160 mile marker.

8 Route 10 West, approximately Brown humus
1 mile from Intersate '75 S, on -

.

truck. side.

9 Route 10 West, near first rnerge Brown humus
line, approximately 0.5 miles ,

past Delta College sign.

10 Route 10 West,1 mile west of Brown humus
Mackinaw Road, 5 feet from .
shoulde r.

(1) All soils are top 6" cores
.

t

b
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TABLE 19 ' =i

Radiological Survey
Soil Sampling Location /Soi! Type

Page 2 tst 3

Number . Location Soil Type
"

.

11 Route 10 West, directly across Brown humus
ifrom Makinaw Road exit sign4

in open field, 5 feet from
shoulder.

~

12 Route 10 West, approximately Brown humus
1000 feet from Auburn Exit

!Sign, 5 feet from shoulder.

13 Route 10 West approximately Brown humus
1000 feet west of Garfield
Road Exit, approximately 1000
feet from Motel 8, 5 feet from

,

shoulder.

14 On Route 10 West, approximately Brown humus
1000 feet (west) from overpast,
near Blue Water Tower, 5 feet ;

from shoulder.

15 On Route 10 West, front of Dow Sandy Soil
Corning, approximately '1500
feet from Route 47 Exit (s).

16 On Route '47 West, approximately Sandy Soil
0.25 from Salzburg Road Exit sign.

17 Opposite Intersection of Salzburg Sandy Soil '

and Currie Road. -)
i
"18 Salzburg Road, near Red and White Sandy Soil

Tower, approximately 200 feet'

from Yellow Gate,- Right corner of
dirt road, 5 feet from shoulder. .

19 Across from intersection of Sandy, Gravelly -l

Waldo and Salzburg, truck side, S oll '
5 feet from shoulder.

20 Outside of Dow Gate' #93', near fire Brown Humus
hydrant, 5 feet from shoulder. :i

-

,

,

!

1

I
. _ . , , . . . . . i



,
- -

.-

.

.,

TABLE 19 '
,

Radiological . Survey
Soil Sampling Location /Soit Type

Page 3 of 3

,

Number Location '. Soil Type
:

21 Across from Midland site, thorium Rocky Crushed
storage area, 5 feet from 11th Limestone
street, near. Safety Shower (at
Dow's Request).

22 Salzburg landfill, in front of cell Sandy Soil '

#37.

23 Midland Site, 6 feet in front of Sand, crushed
Building 1304. limestone

24 Saginaw road, 3 feet from shoulder Brown Humus
of road, front of gate 25-5 near ,

building 2510.

25 Composite, "off site * background Brown / Sandy
of 4 samples taken at 1 ' mile Soil

'

intervals on interstate 75 south
of Route 10 West. :
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APPENDIX F

Drawings B2-042-884040'and B2-043-884040
Showing Land Use

Surrounding the Salzburg Landfill
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See Figure Binder for

Figure F-1 Cells 36 & 37 Surrounding Land Uses map (Sheet 1 of 2)
'

Figure F-2 Cells 36 & 37 Surrounding Land Uses map (Sheet 2 of 2)
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APPENDIX G

Cells 36 & 37 Elevation Relative to 100 and 500 Year
Flood Elevations of the Tittabawassee River
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. Table J-1
Dow Chemical U.S.A. Itichigan Divisien

1990Salzburg Landfill tionitoring Results---Second Quarter

Section 3
,

Table 3, Part 1---Groundwate r Wells

All results are in mg/L, except that pli is unitiess, conductivity is in micrombos/cm, and U.S.G.S. elevation is in f'e e t .

Sarnple Date 5/11/90 5/11/90 5/11/90 5/11/90 5/11/90 5/11/90 5/11/90 5/11/90 5/11/90 5/11/90. 5/11/90-

Parameter Well I Well 2 Well 3. Well 4 Well 5 Well 6 Well 8 Well 9 Well 10 Well 11 'Wy11 1(

U.S.G.S. Elevation 617.07 620.02 609.21 620.33 620.54 617.62 608.72 609.38 623.99 622.96 621.22

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

Sample Date 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/po

' Analvte/Pa rarneter Well I well 2 Well 3 Well 4 Well 5 .Well 6 Heil 8 Well 9 Well 10 nell 11 wo11 12-

Conductivity 1279 1086 US 1407 1491 1055 2350 2160 614 443 418

7.4 75 NS 7.8 7.4 7.6 8.2 -B.2 8.7. 8.3- G.5

Total Org. Carbon' 11D ND. NS- ND 1 ilD !!D 2 ND ND tidpH

Calcium 93 120 ' 11 S 97 170 80 72 73 19 23 22
-

Carbonate / Bicarb. 440 360' tis 200 470 000 140 200 140 230 100

Chloride 190 100 'NS 190 110 130 ~ 4 00 510 63 17 37

' Magnesium 65 ~60 US 42 10 140 29 34' 12 11_ 9.5 ,

Sodium 49 .34 11 S 110 54 150 '300 320 67 - 61 49

: Sulfate 30 130 NS 9 300 320 93 58 4' t3D 3B .,
'

Cadmium ND ND NS ND ND HD ND- -ND - IID ND IIU

Chromium ND ITD NS ND ND ND ND ND - ND iTD !!D.

Copper 0.0062 0.0068 NS 0.0055' O 010 0.0056 0.0053 0.0058 ND ND ND

Iron 1.1 - 0.46 NS -0.43 0.53 0.012 0.39. 0.43 0.089_ ;0.030 0.0079

Lead IID ND NS ND IID HD ND: ND TID s tid : ND

0.079 .0.20 tis 0.48 0.32 0.085 0.0081 0.010 0.019. 0.003 0.021-

Silver t3D ND .NS ND ND 11D ND tid -ND- . IID ' NDHanganese

Benzene IID ND NS ND . - ND . ' ND ND ND ND f1D 1:D t

Chlorobenzene- 12D - tTD f1S ND ND - ND ND ND ND- 13D i:D :

Chloroform 13D ~ IID FIS ' ND ND ' !ID - !!D - ND ND flD t:D '

1,1-Dichloroethane 'ND ' IID . NS ND ND ND IID ND 'ND 13D MD

Dichloromethane :ND IID NS ND ND ND ND. ' !TD ND- !!D tin

ND ND HS- ' ND - IID . UD ND .ND FID , ND| 'ND

Styrene.

-NA- = Not Applicable-
' Abbreviations: MDI. - Method Detection ' Limit . NRQ = Not leQuired in this sampling period-

== Not Detected at the. method detection ilmit .NO
NS . = 13ot Sarnpled due to insufficient liquid ~

~

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



Table J-2:
Dow Chemical U.S.A. Michigan Division

~

1990Salzburg Landfill Honitoring Results---Second Quarter 9

L

Section 3 (cont.)

Table 3, Part 2---Groundwater Wells (cont.)

All results are in mg/L, except that pH is unitiess, concNetivity is in micrombos/cm, and U.S.G.S. clevation is in fecti

Sample Date 5/11/90 5/10/90 5/10/90 5/10/90 5/10/90 5/10/90 5/10i90 5/11/90 5/11/90 5/11/90

Pa ramete r well 14 Well 15 well 16 Well 17 Well 18 Well 19 Well 20 Well 3168 Well 2708 Well 3011 po t, +

U.S.G.S. Elevation 620.59 618.61 618.93 620.28 61'2.10 619.60 567.48 623.13 625.00 624.43 tirs,

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

_ sample Date 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90 5/14/90

Analyte / Parameter Well 14 Well 15 Well 16- Well 1 *) Well 18 Well 19 Well 20 Well 316e well 2708- Well 3011 un t.

Conductivity 1652 291 462 431 833 555 7710 1716 '1849 1332 tirs
'

pil 7.6 10.0 10.3' 9.6 8.2 7.9 9.2 7.7 7.8 7.9 tist -

Total Org. Carbon - ND 3 ND ND- 2 No rio ND ND ND :1

Calcium 81 5.2 11 8.1 35 25 260 70 58 -45 0.03
'

Carbonate / Bicarb. 180 60 5 50 370 330 ND 140 220 220 .5

-Chloride 4?O 20 79 78 63 19 1200 420 410 290 1

Hagnesium 40 1.8 0.60 4.9 19 14 49 30 24 18 'O.006

Sodium 190 50 73 70 110 73 '1500 220 300 ~210 0.02 .

Sulfate 36 2 ND 1 1 1 2300 4 2 -- 6 5 .. 35 l'

;. Cadmium IJD - TID ND ND ND !!D ND ND ND IID 0.003

Chromium ND- ND ND ND UD' ND !!D - ND ND 1:D . 0.005

0.0046 0.082 ND ND 0.015 0.0053 0.016 0.0058 0.0044 0.0032 0.003

Iron. 0.049 0.093 0.014 0.014 0.0055- 0.013 0.029 1.4 1.0 0.65 0.006' Copper.

Lead IJD ND ND ND ND ND ND ND TfD - ND 0.02'

0.11- 0.0050 MD ND- 0.12 0.017 MD 0.065 0.066 0.019 0.004' '!

Silver ND ND" ND ND ND ND ND !ID ND. ND 0.01Hanganese .

: Benzene UD ND ND - ND ND ND lid ND ND tJD 0.001

' ' Chlorobenzene ND- IID ND ND ND IfD ND ND HD ND 0.001

Chloroform- t:D - 11 0 fro ND ND. ND UD ND ND ND 0.0009

1,1-Dichloroethane 12D f:0 ND- ND ND UD ND ND ND UD 0.002

Dichloromethane ND ND. ND- ND ND ND ND' ND ND UD 0.002

ND - ND ND' ND ;- ND ND ND . ND ; ND- 0.010
Styrene ND . . >

Abbreviatiens: . HDL = Method Detection Limit ' .

NA - Not. App 11 cable NitQ = Not IteQuired in this sampling period

ND ' = Not ' Detected at' the method ' detection limit- NS =.Not Sampled due to. insufficient 11guld,

Note 1: .Well 2708 resu'lts are an average- f rom quadruplicate samples.'

-- - . . _ _- - __:_._. . _ . - . _. - . - - , , :~ . . - . - . ~ . . . .-
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Table J-3
'

Dow Chemical U.S.A. ttichigan Division
Salzburg 1.andf ill tionitoring tie:sults---rourth Qua rte r 1990

Section 3

Table 3, Part 1---Groundwater Wells

All results are in mg/1., except that p!! is unitle:ss, conductivity is in micrombos/cm, and U.S.G.S. elevation is in teet.

Sample Date 10/15/90 10/15/90 10/15/90 10/15/90 10/15/90 10/15/90 10/15/90 10/15/90 10/15/90 10/IS/9u 10/15/90

P a ra me t e r Well 1 Well 2 uell 3 nell 4 well 5 uell 6 Well 8 Well 9 Hell 10 Eg1 LJ 1 pgj g

U.S.G.S. Elevation 615.60 619.96 610.20 620.16 620.72 610.14 600.69 600.64 624.00 623.30 621.11-

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

Sample Date 10/16/90 10/16/90 ras 10/16/90 10/16/90 10/16/90 10/16/90 10/16/90 10/16/90 10/16/90 10/16/90

Analyte / Parameter Well 1 Well 2 Well 3 Well 4 Well 5 well 6 Well 0 Well 9 'Well 10 uu11 1[ ' yyllj g'

Conductivity 1155 1000 13 S 1373 1414- 1864 2060 2050 542 413 380
,

; ~

pH 6.8 7.2 NS 7.4 7.0 7.0 7.4 7.8 8.1 7.6 0.0-

Total Org. Carbon 22 10 tis 3 16 16 8 26 TID 12 6

Calcium 93 93 IIS 93 160 92 74 56 22 26 21

Carbonate /Dicarb. 320 360 !!S 180 460 000 60 220 120 70 35

Chloride - 180 93 tis 200 110 130 380 420 47 15 35-
Magnesium 60 57 tis 53 72 150 29 36 11 12 11 . 7

sodium 51 37 tis 130 67 150 '290 300 60 48 45'
Sulfate 2B- 120 13 S 8.6 290 330 85 53~ 3.9 t:0 36

Cadmium ND 11D IIS ND . IID 1:0 1:D ND IJD !!D ' 1:D

Chromium !3D UD . IIS ND ND 0.0060 11D 1D ND 11 0 - 11 0

Copper tid ND 13 S ND 0.0057 ND tid IID flD tiu t!D

Iron 0.95 0.016' NS 0.22 -0.53 0.5 0.60 0.041 0.013' O.017 0.0076

1.e ad . ND- ND ' !!S ND ND ?!D t:0 ND ND !!D tid

Hanganese 0.066 0.090 tis 0.50 0.20 0.006- 0.010 0.042 0.025 .0.095 0.046-

. Silver l4D . N D, tis ND- ND ND IID ND- ND !!D ND

Benzene ND !!D NS ' itD IID 23D IID 13D !!D !!D 1:D

Chlorobenzene ND ND NS 13D 13D ' flD ND ND 23D 11D !JD

Chloroform IID 'ND !!S ND IID tid - IID ND ND - !!D - ND

1,1-Dichloroethane ND ND . NS IID !!D ND ND . ND lid 1tD tid -

'Dichloromethane HD - 13D !!S ND ND .. ND ND ND ND IID !!D

Styrene 'ND ND .US ND HD 13D IID IID !{D - 11D IID '

Abbreviations: NS = Not Sampled due to insufficient:11guld
.ND = Not' Detected at the Nethod Detection- Limit';

"Ito - Not'Onantifiabin at t hn .Pract ical Quantif tention T.i m i t
j s. _ . . . _ . - _ _ . . . . . . , . . . . . . _ . _ . ...

, . . .. ..
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' Table J-4
Dow Chemical U.S.A. Michigan Division

Salzburg Landf ill tionitoring Besults---l'ou t th Qua rte r 1990
Section 3 (cont;l

Table 3, Part 2---Groundwater Well s (cont.)

All results are in rng/ L, except that pit is uniticss, conductivity 13 in micrombos/cm, and U.S.G.S. elevation is in i.mt.

Sample Date 10/15/90 10/16/90 10/15/90 10/15/90 10/15/90 10/16/90 10/15/90 10/15/90 10/15/90 10/15/90

,
Pa ramet e r Well 14 Well 15 Well 16 Well 17 Well 18 Well 19 Well 20 Well 3168 Hell 2700 Well 3011

U.S.G.S. Elevation 619.05 619.96 621.23 605.91 -615.11 618.92 591.62 621.83 623.0 * G22.96
.

______________ _ _____________________________________________ __________________________ .--_-_____________ _____ ______.____.

Sample Date 10/16/90 10/16/90 10/16/90 10/16/90 10/16/90 10/16/90 10/16/90 10/16/90 10/16/90 10/16/90

An a l yt e /Pa ra met e r Well 14 Well 15 nell 16 Well 17 Well la nell 19 nell 20 Well 3168 Well 2708 Well 3011 ::01, peg

Conductivity 1578 265 430 549 720 540 7300 1694 1792 1261 ::A . --
~

pil 7.5 9.9 9.8 8.6 7.8 7.4 9.6 7.5 7.4 7.4 t3 A . -~

Total org. Carbon 11 5 3 2 27 11 2 3 4 10 1 --

Calcium 78 2.2 9.3 18 24 24 24 70 60 41 0.03 --

Carbonate /Dicarb. 80 35 20 80 240 240 IID 95 170 120 5 --

Chloride 390 19 75 89 51 21 1100 400 390 290 ---- .1

Hagnesium 47 0.56 0.92 12 16 14 42 38 23 17 0.006 -.

Sodium 180 47 75 19 120 69 1500 230 280 200 0.02' --

Sulfate 31 1.1 1.1 14 0 20 1.1 2400- 44 64 27 ---- 1

Cadmium TID tlD 11D flD tid TID 11D t3D IID !!D 0.003 --
,

Chromium IID !!D !!D 0.0058 11 0 11D !!D HD 11D tin 0.005 --
'

,
.

13D ND 1:D t:0 0.011 11 0 0.0073 1D TID IID 0.003- --
Copper
Iron 0.21 0.0086 0.0092 0.015 0.017 0.097 0.016 0.68 0.50- 1.3 0.006 --

Lead t:0 rio !!D 14 0 ' 11 0 TID TID 23 0 tJD t:0 0.02 --

Hanganese 0.063 FID 11D 0.014 0.099 0.050 0.012 0.038 0.064 0.038 0.004' --

Silver ND !!D ND t:0 t:0 11 0 - 11D 13 0 13 0 t:0 0.01 ' --

Denzene. ND ' !!D !!D !!D !!D t:0 1:D ftD IID 12D 0.001 ' --

Chlorobenzene 13 0 13D flD IfD ND 13D llD ' ilD IID IJD 0.001' --

Chloroform flD IID _ 11D ND HD IID 110 ND 11 0 ffD 0.0009 --

1,1-Dichloroethane 13D 21D IID ttD IID !!D 11D IID t:D !!D. 0.002 --

Dichloromethane IID' ND . ND t;D IID !!D ND ND IID 23D 0.002 --

Styrene ND- ND, .ND ND !!D ' ilD ND IID IID IID 0.010 --

Abbreviations: - MDL = Hethod Detection Limit ! PQL = Practical Quantification Limit ' NAl = !!ot Applicable

ND = Not: Detected at the Method Detection Limit NQ = Not Quantifiable at the Practical Quantification Limit<

. Note 1: Well2708 results are an average . f rom quadruplicate' samples. ' * = Cornputer reading

- _ - _ . . _ _ - __ . - _ _ _ _ _ _ _ . _ . - _ _ __ - - - _ _ . . . _ _ - -
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. Table J-5
Dow Chemical U.S.A. Michigan Division

Salzburg Landfill !!onitoring flesults--Second Quarter 1991

Section 3

Table 3,.Part 1---Groundwater Wells

All results are in mg/L, except that pil is unitiess, conductivity is in micromhos/cm, and U.S.G.S. elevation is in teet.

Sample Date 4/16/91 4/16/91 US 4/16/91 4/16/91 4/16/91 4/16/91 '4/16/91 4/16/91 4/16/91 .4/16/91

Parameter Well I well 2 Well 3 Well 4 We'11' 5 Well 6 Well 8 Well 9 Well 10 Well 11 pett 12'

U.S.G.S. Elevation 616.66 619.61 US 619.17 620.38 617.60 610.52 610.77 624.00 623153 622.1.9;

_ _ _ _ _ _ _ - _--.____________ __ ______________ --
_____________________________ __________.___,_ _______ _________ _ __

Sample Date 4/18/91 4/18/91 11 S 4/1G/91 4/10/91 4/10/91 4/18/91 4/18/91 4/10/91- 4/10/91 4/10/91

Analyte / Parameter Well 1 Well 2 Well 3 Well 4 Well 5 Well 6 Well 0 Well 9 Well 10 'Well 1 1_ - glLR

Conductivity 1160 1050 US 1300 1100 1545 1960 '1680 350 360 360

pli .6.7 7.0 11 S 7.5 7.1 7.4 7.1 7. 6 - 8.4 8.0 7.9'

Total'Org. Carbon 40 22 NS 19 43 69 9 13 12 9- 6

Calcium 110 120 NS 110 150 06 77 50 18 22 21
'

Carbonate / Bicarb. 200 150 US 94 240 530 100 160. 100 150 70

Chloride 200 110 NS 200 110 140 .430 440 53 16 32 0

Magnesium 70 66 NS- 54- 77 140 29 30 10 11 9.3

Sodium 50 33. ris 130 62 160 290 330 62 43 43-

Sulfate 30 150 NS 11 '290 330 93- 55.- 2.7 t10 . 38
-

Cadmium ~ 'ND 13 0 ftS ND~ ND ND ND 0.064 ND !!D > 't1D

Chromium. 11D ND ~ US ND ND ND ND ND ND TID I;D '

Copper 0.0048 0.0043 11 S 0.0045 :0.0060 0.0030 TID .0.0073 ftD 1:D IID '

Iron 1.6 0.42 US 0.17 0.095 6.0 0.34 0.11 1D. 0.026 11 0

Lead. ND ND NS ND. ND ND ND ND tid - IID NO

Manganese- _0.083 0.22 IIS 0.59 0.28 0.086 0.017 -0.043 0.021- -0.076 0.044

Silver ~ ND FID -NS !!D - ND ND ND ND 'ND NO ND

Benzene. ND ND- NS ND ND 13D ND ND ND' ND. ND

Chlorobenzene ND: ND .. NS 'ND 'ND ND ttD ND ND tid -ND

Chloroform- ND HD NS- ND ND ND -ND' ND HD tJD ttD .-*

:1,1-Dichloroethane MD ND - NS -ND ND ND TID - ND ND ND ND

Dichloromethane -ND- ND: NS -ND 'ND -ND ND ND - . ND , ND' ND

Styrene ND_ ND ~ NS ND 'ND ND ND . ND UD !!D ' !!D -

> Abbreviations- NS = Not Sarnpled 'due to 'insuf ficient. liquid
'ND = Not Detected at the" Method Detection Limit-

n.. - _ . s e t , ,3 . . .. ; , s. r . w Wi nuant I fi r at I nn.1.imitz.m . ..

_ _ _ _ _ , ... , ., .
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Table J-6
Dow Chemical U.S.A. Michigan Division

Salzburg Landfill Monitoring nesults---Second Quarter 1991

Section 3 (cont.)

Table 3, Pa rt 2---Groundwater Wells (cont.)

All results are in mg/L, except that pil is uniticss, conductivity is in micromhos/cm, and U.S.G.S. elevallon is In' feet.

Sample Date 4/16/91 4/17/91 4/17/91 4/17/91 4/17/91 4/17/91 1/16/91 4/16/91 4/16/91 4/16/91
,

P a rame te r Well 14 Well 15 Well 16 Well 17 Well 18 .Well 19 Weil 20 Well 3168 Well 2708 Well 3011 tint, PQI.

,

- U.S.G.S. Elevation 621.34 620.60 621.49 620.68 619.31 619.37 602.00 623.91 625.72 625.27 UA .- nA .~ .

___ __ - ____________________________ _______________________________________________________ ___________._______________

Sample Date- 4/18/91 4/18/91 4/10/91 4/18/91 4/10/91 4/10/91 4/18/91 4/18/91 4/18/91 4/10/91'

Ana lvt e /Pa ramet e r Well 14 Well 15 We11'16 'Well 17 Well 18 Well 19 uell 20 Well 3168 'Well 2700
Nsil 3011 smf. ng

Conductivity 1310 320 420 670 620 '460 5220 1190 1492 1230 'uA Im

pH 7.4 9.0 10.1 8.4 8.0 7.7 9.7 7.6 7.6 7.2 ttA t1A

Total Org. Carbon 9 9 5 4 '22 15 2 5 1 10 --- 1

Calcium 71 9.0 11 24 24 23 290 72- 54 49 0.03 ---

Carbonate / Bicarb. 110 25 10 40 220 220 NO- 94 '168 140 --- 5

Chloride 400 21 79 87 52 24 1200 430 420' 290 --- 1

Magnesium- 35- 2.3- 1.5 18- 15 13 33 30 22 17 .0.006 ---

Sodium. 170 64' 69 83 110 72 1300 200 270' 190 0.02' -- *

- Sulfate 36- 1.4 1.2 2.9 14- 1.3 2300 40 62 32 --- 1

Cadmium .ND ND ND ND- ND ND ND ND ND ND 0.003 --

Chromium ND ND' ND ND- ND ND ND ND ND - 1;D 0.005 --

Copper' ND. .ND ND ND ND ND 0.014 HD. ND ND 0.003 --

: Iron 0.14 0.042 0.0068 0.025 .0.030 0.012 0.021 0.70 0.45 1.7 0.006 C

Lead ' ND 'ND ND- ND ND ND- 11D ND ND ND 0. 0 2 . -

Hanganese 0.087 0.0079 ND 0.069 0.21 0.077 0.0068 0.050 0.056 0.078 0.004 --

- Silver- ND -- ND ^ !!D ND ND ND' ND ND ND -ND 0.01 - - -

- Benzene. ND ND' ND- .UD ND- ND ND ND- . UD ND- 0.001 '--

Chlorobenzene ND' .ND ND ND HD ND HD ' ND. ND UD 0.001- --

-Chloroform- ND ND ND' 'ND ND 'ND UD HD- ND .HD 0.0009. -

-' 1,1-Dichloroethane ND ND ND ND. ND ND HD ND. ND ND- 0.002
'

- - - -

Dichloromethane ND - ND '- ND t3D ND- ND . ND - -ND ND . -flD.~0.002 , -:

- Styrene ND- ND. ND '. MD 'ND. ND ND ND| 'ND' ND 0.010; ---

Abbreviations! - HDL = Hethod Detection ' Limit- POL = Practical Quantification Lignit NA:. = Not Applicable
'

iND ' = Not. Detected at the Method Detection'Lirpit .

.

LNQ = Not'-Quantifiable'at the' Practical.Quantification Limit'
: Note 1: Hell 2708/results are'an average from quadruplicate samples. ,

~

1
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HELL *2708 .

ELEY%: '

USGS DAILM

632 -

620 - w.,. - ~.# r

610 -
b
E

600 -

590 -

580 -

570 --

560 -

550 -

540 -

,

Ant nsCatsons meq/11ter
12 la 8 G 4 2 2 2 4 6 8 la ' 12.
m iiiiiiii+iiii+i.iiiiii

N Cl-

Co - - - - ---HCO /C03 3

sg_------ - - - - - - - so.

510 -

520 -

490 -

SCREEN

; 137-142' DEPTH480 -

470 -

SALZBURG LANDFILL
MONITORING WELL-STIFF _ DIAGRAMj-

(BASED ON SAMPLES FROM 4/16/91 1 4/17/91 Figure J-1
2/27/92-



WELL '3011
ELEV'S.:

USGS CATUM

632 -

.,.u-. ,a

620 -

610 -

600 --

.

593 -
b
d

582 -

570 -

562 -

552 -

540 --

532 -

,

520 -

512 -
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i 117"-122' DEPTH

500 -

Am "*Catmns neq/h w
.

10 ' 8 6 '4 2 0 2 4 6 8 12
i,,,,, .., .... . ..i

N - Cl

g _ _._ _ _ _ % _ _ _ _ _ HCO /C0
C 3 3-

g _ so,

SALZBURG LANDFILL
MONITORING WELL-STIFF DIAGRAM

'(BASED ON SAMPLES FROM 4/16/91 & 4/17/91 Figure J-2
2/27/92
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UELL 83168
|

.

ELEY$=
USGS DATUM

630 -
, , , , , . - u w- _

620 -

610 -

600 -
lL
&
590 -

580 -
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_
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510 -
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le a s 4 2 0 2 4 6 8 10 12
iiiiiiii ieiiiieiieiii

C1-

'

- - - HCO /C03 3e__-

Hg - - - - - -~~----SO"
4

.

SALZBURG LANDFILL
MONITORING WELL-STIFF. DIAGRAM

(BASED ON SAMPLES FROM 4/16/91 & 4/17/91 Figure J-3
2/27/92-
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WELL '4829
aty s.=

USGS DARN
'

630

.

-

620 - ~"

610 -

6
u_

623 -

592 -

g scPIEN37'~ 4 '' "
583 -
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2 0 2 4 6 8 1012 , 8 , 6 4. , i ,,, ...,, .,,,

Ne----- ... .. .... - - - Cl -'

Co- - - - - - HCO /C0, 3 3

Hg--- - - - - - - so.,

2

SALZBURG LANDFILL
MONITORING WELL-STIFF DIAGRAM

(BASED ON SAMPLES FROM 4/16/91 & 4/17/91 Figure J-4
2/27/92



WELL '4830
ELEV'S.:

USGS DATUM
,

630

620 - ~~ ~"

G10 -

!ii
u_

622 -

592 -

SCREENg
36'-39' DEPTH

_

An2onsCetions meq/hter
N 8 6 4 2 0 2 4 G 8 12
i ,,,,, ... . i . .i

Ne------ - C1

Co - - - . - - - - - HC4 /C03
Hg- - - -; ------SO -

4

SALZBURG LANDFILL
MONITORING WELL-STIFF DIAGRAM

(BASED ON SAMPLES FROM 4/16/91 & 4/17/91 Figure J-5
2/27/92
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WELL '4831

(Es'Sius
630 -

. , , , . . . , ,-

620 -

Ci
PJ

610 -

~

b SCREEN25.5'-28.5' DEPTH

590 -

'

NO SAMPLE
OBTAINED

SALZBURG LANDFILL
MONITORING WELL-STIFF DIAGRAM

(BASED ON SAMPLES FROM 4/16/91 & 4/17/91 Figure J-6
2/27/92
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WELL '4832
REYS.=

USGS DATUM

633 -

. , , , . ,,,,

620 -

E3

i
610 -

603 --

SCREEN
I$ 25.4'-28.4'0EPTH .

592 -

An2 "5Cetions meq/ liter
_

i

la 8 6 4 2 E 2 4 6 8 10
iiiiiiiiiiiiiiiiiiiii

N3- - - ---- -- ---C1'

- - - - - HCOs /C03Co - - - - v
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Residual Radloactivity Program, Version 4.004 01/13/92 21:44 Page 5

SALZBURG RESIDUAL ANALYSIS - REDUCED Th Kd, SAME Ra EdSw mary :

File. : SALZ6.DAT

Strmary of Pathway Selections

8 User SelectionPathway

1 *- external gama active
2 -- Inhalation active

. ' 3 -- plant ingestion active
-

4 -- mest ingestion active
5 -- milk ingestion active
6 -- aquatic foods active
'7 -- drinking water active
8 -- radon active
9 -- soll' Ingestion active

-

.

k

k

>

\

l

t

r- -- s. r- ,. - 4 , n a n



, _ _
- _. - - ;)q

Residual Radioactivity Program, Version 4.006 01/13/92 21:44 Page 6

SALZBURG RESIDUAL ANALYSIS - REDUCED Th Kd, SAME Ra Ad
_

Strmary :

file : SALZ6.DAT

Contaminated Zone L sions Initial soil Concentrations, pCi/g

Area: 5700.00 square meters Th-232 1.510E+02

Thickness: 7.00 meters
cover Depth: 1.00 meters

Total Oose TDOSE(t), mrem /yr
Basic Radiation Dose Limit = 5 mrem /yr

Total Mixture Stn M(t) = Fraction of Basic Dose Limit Received at Time (t)
,

t (years): 0.000E+00 1.000E+00 1.000E+03 5.000E+03 1.000E+04 2.000E+04 4.000E+04 6.000E*04 8.000E+04 1.000E+05
TDOSE(t): 2.200E-14 6.802E-03 2.831E-01 1.317E+02 6.679E+02 6.413E+02 1.539E+02 3.693E+01 8.865E+00 2.129E+00

M(t): 4.399E-15 1.360E-03 5.661E-02 2.633E+01 1.336E+02 1.283E+02 3.078E + 01 7.385 E+ C0 1.773E+ 00 4.259E-01
Maximun TDOSE(t): 9.813E+02 mrem /yr at t = 14021 2 4 years

Total Dose Contributions TDOSE(1,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 14021 years

Water Independent Pathways

Ground Dust Radon Plant Meat Milk Soll

Nuclide mrem /yr fract. mrem /yr fract, mrem /yr fract. mrem /yr fract, mrem /yr fract. mrem /yr'fract. mrem /yr fract.Radio-

Th-232 1.335E-01 0.0001 C.000E+00 0.0000 0.000E+00 0.0000 1.316E+00 0.0013 8.484E-02 0.0001 4.908E-04 0.0000 0.000E*00 0.0000
Total 1.335E-01 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.316E+00 0.0013 8.484E-02 0.0001 4.908E-04 0.0000 0.000E+00 0.0000

Total Dose contributions TDOSE(1,p t) for Individual Radionuclides (i) and Pathways (p)
14021 yearsAs mree/yr and Traction of Total Dose At t =

Vater Dependent Pathways

Vater Fish Radon Plant Meat Milk- All Pathways *

NucLtde prem/yr 'fract. mrem /yr fract, mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.' -mrem /yr fract.Radio-

Th-232 8.39BE+02 0.8558 3.400E+00 0.0035 8.870E-03 0.0000 1.098E+02 0.1119 2.600E+01 0.0265 7.344E-01 0.0007 _9.813E+02 1.0000 -
Total 8.398E+02 0.8558 3.400E+00 0.0035 8.870E-03 0.0000 -1.09BE+02 0.1119 2.600E+01 0.0265 7.344E-01 0.0007 9.813E+02 1.0000
* Sun of all water independent and dependent path' ays.w

.
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Residual Radioactivity Program, Version 4.C05 01/13/92 21:44 Page 11

SALZ8URG RESIDUAL ANALYSIS - REDUCED Th Kd, SAME Ra KdStr nary :

.F!le : SAL 26.DAT

' Total Dose Contributions TDOSE(i.p,t) f or Individual Radionuclides (1) a*d Pathways (p)
As mrem /yr and f raction of Total Ocse At t = 1.000E*04 years

Water Indeperdent Pathways

Grount' Dust Radon Plant Heat Milk Soit

Nuclide prem/yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. rnrem/yr fract. mrem /yr fract.
Radio-

Th-232 1.683E-01 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 0.000E400 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total 1.683E-01 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

f or Individual Radionuclides (i) aruf Pathways (p)Total Dose Contributions TDOSE(i.p.t)
As mrem /yr and Fraction of Total Dose At t = 1.000E+04 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways *

Nuclide mrem /yr fract, mrem /yr fract. mrem /yr fract. mrem /yr fract, mrem /yr fract. mrem /yr fract, mrem /yr fract.
Radio-

Th-232 5.724E+02 0.8570 2.317E*00 0.0035 1.073E-02 0.0000 7.481E+01 0.1120 1.772E+01 0.0265 5.005E-01 0.0007 6.679E+02 1.0000
Total 5.724E+02 0.8570 2.317E+00 0.0035 1.073E-02 0.0000 7.48tE+01 0.1120 1.772E+01 0.0265 5.005E-01 0.0007 6.679E+02 1.0000
*Stan of all' water independent and dependent pathways.

-
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Residual Radioactivity Program, Version 4.005 01/13/92 21:44 Page 12
SALZBURG RESIDUAL ANALYSIS - REQUOED Th Kd, SWE Ra KdSum.ary :

File : SALZ6.0AT

Total Dose Contributions TDosEti.p,t) f or Irdividual Radionuclides (!) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 2.000E404 years

Water Independent Pathways

Ground Dust Radon ~ -Ptont Meat Milk Soit

Nuclide mrem /yr .fract. mrem /yr fract, mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mreci/yr fract.Radio-

Th-232 9.477E-02 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.394E+00 0.0022 8.987E-02 0.0001 5.199E-04 0.0000 0.000E+00 0.0000
Total 9.477E-02 0.0001 0.000E+00 0.0000 0.000E+00 0.0000 1.394E+00 0.0022 8.987E-02 0.0001 5.199E-04 0.0000 0.000E+00 0.0000

*

Total Dose Contributions TDOSE(I,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 2.000E+04. years

Vater Dependent Pathways

Vater Fish Radon Plant Meat Milk All Pathways *

Nuclide mrem /yr fract. mrem /yr .fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. rrrem/yr fract. mree/yr fract.Radio-

Th 232 5.483E+02 0.8551 2.220E+00 0.0035 2.467E-03 0.0000 7.168E+01 0.1113 1.698E+01 0.0265 4.795E-01 0.0007 6.413E+02 1.0000!

Total 5.483E+02 0.8551 2.220E+00 0.0035 2.467E-03 0.0000 7.168E+01 0.1113 1.698E+01 0.0265 4.795E-01 0.0007 6.413E+02 1.0000
*Stn of all water Independent and deperdent pathways.
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Residual Radioactivity Program, Version 4.005 01/13/92 .21:44 Page 13
SALZ9URG RESIDUAL ANALYSIS - REDUOED Th Kd, SAME Ra KdSumary :

File : SAll6.DAT
Total Dose Contributions TCCSE(I,p,t) for Individual Radieruclides (i) and Pathways (p)

As mrem /yr and Fraction of Total Dese At t = 4.000E+0; years

Vater Independent Pathways

- Oround Dust Radon Plant Meat Milk Soil
-

Nuclide prem/yr' fract. mrem /yr fract, mrem /yr fract. mrem /yr fract, mreq/yr fract. mrem /yr fract. mrem /yr fract.Radio-
-

Th-232 3.049E-02 0.0002 0.000E+00 0.0000 0.000E+00 0 0000 2.407E-01 0.0016 1.552E-02 0.0001 8.977E-05 0.0000 0.000E+00 0.00C'J
Total 3.049E-02 0.0002 0.000E+00 0.0000 0.000E*00 0.0000 2.407E-01 0.0016 1.552E-02 0.0001 8.977E-05 0.0000 0.000E+00 0.0000

|.

Total Dose Contritutions TDOSE(i.p,t) f or Individual Radienuclides (f) and Pathways (p) i

As mrem /yr and Fraction of Total Dese At t = 4.000E+04 years

Water. Dependent Pathways
*

Vater Fish' Radon Plant Meat Nilk All Pathways *

Nuclide 'arem/yr. fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. -mrem /yr fract. ;
Radie-

th-232: 1.317E+02 0.8556 5.332E-01 0.0035 3.410E-05 0.0000 1.721E+01 0.1113 4.077E+00 0.0265 1.151E-01 0.0007 1.539E+02 1.0000
Total 1.317E+02 0.8556 5.332E-01 0.0035 .3.410E-05 0.0000 1.721E+01 0.1113 4.077E+00 0.0265 1.151E-01 0.0007 1.539E+02 1.0000

,

* Sun of all water independent and dependent pathways.

.
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Residual Radioactivity Program,. Ye.* sten 4.006 01/13/92 21:44. Page 14

SALZBURS RESIDUAL ANALTSIS * REDUOED Th Kd, SME Ra KdSir m ry :

~Flte~ : SALZ6.DAT-

Total Dese Contributions TDOSE(1,p,t) for Individual Radienuclides (i) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 6.000E+04 years

Vater Independent Pathways

Ground Dust Radon PIant Meat Milk Soil

Nuclide mrecVyr fract. mree/yr fract. mree/yr fract. mrem /yr fract. mrem /yr fract, mrem /yr fract. mrem /yr fract.Radio-

Th-232 1.009E-02 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 2.309E-02 0.0006 1.489E-03 0.0000 8.613E-06 0.0000 0.000E+00 0.0000
Total 1.009E-02 0.0003 0.000E+00 0.0000 0.000E+00 0.0000 2.309E-02 0.0006 1.489E-03 0.0000 8.613E-06 0.0000 0.000E+00 0.0000

,

Total Dose Contributiens IDosE(i,p,t) f er Individual Radionuclides (i) and Pathways (p)
As mrem /yr end Fraction of Total Dose At t = 6.000E+04 years

Vater Dependent Pathways

Vater- Fish Radon Plant Meat Milk All Pathways *

Nuclide, mrem /yr fract. mrem /yr frect. mrem /yr fract. miem/yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.Radio-

Th-232--3.162E+0i0.8564 1.280E-01 0.0035 4.714E-07 0.0000 4.134E+00 0.1119 9.791E-01 0.0265 2.765E-02 0.0007 3.693E+01 1.0000
Total 3.162E+01 0.8564 1.280E-01 0.0035 4.714E-07 0.0000 4.134E+00 0.1119 9.791E-01 0.0265 2.765E-02 0.0007 3.693E+01 1.0000
*sua of att water independent and dependent pathways.

V __ _ _ . a
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Residual Radioactivity Program, Version 4.005 01/13/92 21:44 Page 15
SALZBURG RE51 DUAL' ANALYSIS - REDUCED Th Kd, SAME Ra Kd' sumary :

- File : SALZ6.0AT

' Total Dose Contributions TDCSE(1,p,t) f or Individual Radienuclides (i) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 8.000E+04 years

Vater Irdependent Pathways

Ground Dust Radon Plant Heat Milk Soil

Nuclide areWyr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr frect. erem/yr -fract. mre n/yr ' f ract.Radio-

Th-232 3.473E-03 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 1.861E-03 0.0002 1.200E-04 0.0000 6.941E-07 0.0000 0.000E+00 0.0000
Total 3.473E-03 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 1.861E-03 0.0002 1.200E-04 0.0000 6.941E-07 0.0000 0.000E+00 0.0000

.

Total Dose Contributions TDOSE(i,p,t) f or Individual Radionuclides (1) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 8.000E+04 years

Vater Dependent Pathways

Vater fish Radon Plant Meat Milk All Pathways *

Nuclide. mrenvyr fract. arem/yr fract. mrem /yr fract. ereW yr fract. mrem /yr fract. mrem /yr fract, mrem /yr fract.Radio-

Th-232. 7.595E+00 0.8567 3.075E-02 0.0035 6.516E-07 0.0000 7.927E-01 0.1120 2.351E-01 0.0265 6.641E-03 0.0007 8.865E+00 1.0000
Total 7.595E+00 0.8567 3.075E-02 0.0035 6.516E-07 0.0000 9.927E-01 0.1120 2.351E-01 0.0265 6.641E-03 0.0007 8.865E+00 1.0000
* Sun of all water independent and dependent pathways.
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Resid. sal Radioactiviti Program, Version 4.006 01/03/92 18:27 Page 5
File: SALZNOCY.DAT

Strriary : SALZBURG RESIDUAL ANALYSIS * NO COVER

Contaminated Zone Dimensions
initial soit Concentrations, pC1/g

Th-232 1.510E+02
Area: 5700.00 square meters

Thickness: 7.00 meters
cover Depth: 0.00 meters

Totat Dose TDOSEtt), mrerr/yr
Basic Radiation Dose limit = 5 mrentryr

Total Mixture Stn M(t) = Traction of Basic Dose Limit Received at Time (t)

t (years): 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000D02 3.000E+02- 1.000E+03 3.000E+03 1.000E+04
TD0sEtt): 3.530E+02 4.678E402 7.618E+02 1.676E+03 2.430E+03 2.505E403 2.505E+03 2.73SE*05 3.123E403 2.520E+03

'

MCt): 7.060E+01 9.355E+01 1.524E+02 3.353E+02 4.86CE+02 5.011E+02 5.010E+02 5.477E * 02 6.247E+02 5.040E+02
Maxiesn TOOSE(t): 3.352E+03 mrem /yr et t = 2287.2 s 0.7 years

Total Dose Contributions TDOSE(i.p,t) f or Individual Radionuclides (i) ard Pathways (p)
As mrcm/yr and f raction of Total Dose At t = 2287.2 years

tlater Irrieperufent Pathways

Oround Dust Radon Plant Mest Milk soit

Nuclide crem/yr fract, mrem /yr fract, mrem /yr fract. anrem/yr fract, mrem /yr fract. mrem /yr fract. mrem /yr fract.Radio-

Th-232 1.985E+03 0.5921 2.098E+02 0.0626 5.60TE+01 0.0167 2.178E+02 0.0650 1.411E+01 0.0042 8.234E-02 0.0000 1.937E+01 0.0058
1.411E+01 0.0042 8.234E-02 0.0000 1.957E+01 0.0058

Total 1.985E+03 0.5921 2.098E+02 0.0626. 5.607E+01 0.0167 2.17EE+02 0.0650

Total Dose contributions TDOSE(f.p,t) for Individual Radionuclides (1) and Pathways (p)
As mrem /yr ard Fraction of Total Dose At t = 2287.2 years

Vater Dependent Pathways

Water Fish . Radon Plant Neat Milk .Att Pathways *

Nuclide mrem /yr fract, mrem /yr fract. mrem /yr fract, mrem /yr fract. mrem /yr fract. mrem /yr fract, mrerrJyr fract.Radio-

Th-232 7.561E+02 0.2256 2.602E+00 0.0008 0.000E+00 0.0000 8.274E+01 0.0247 5.728E+00 0.0017 2.523E+00 0.0008 3.352E+03 1.0000
Total 7.561E+02 0.2256 2.602E+00 0.0008. 0.000E+00 0.0000 8.294E+01 0.0247 5.72SE+00 0.0017 2.523E+00 0.0008 3.352E+03 1.0000
*Sm of all water independent and dependent pathways.

-
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File- SAL 2WCCV.DAT

SALZBURG RESIOUAL ANALYSIS - NO COVERsomnary
Dose / Source Ratios strried Over All Pathways, (mrem /yr)/(pCi/g)

(I) t= 0.000E+00 1.000E+00 3.000E+00 1.000E*01 3.000E+01- 1.000E+02 3.000E+02 1.00CE+03 3.000E+03 1.000E+04Nuclide

Th-232 2.338E+00 -3.098E+00 5.045E+00 1.1101+0. 1.607E+01 1.659E*01 1.659E+01 1.814E+01 2.068E+01 1.667E+0!

Single Radionuttide Soit Guidelines C(i,t) in pCI/g
Basic Radiation Dese Limit = 5 crern/yr

(i) t= 0.000E+00 1.000E+00 3.OOCE+00 1.000E+01 3.000E+01 1.000E+02 3.000E*02 1.000E403 3.000E+03 1.000E+04
.

Nuclide

Th-232 2.139E*00 1.614E+00 9.910E-01 4.504E-01 3.107E-01 3.014E-01 3.014E-01 2.757E-01 2.417E-01 2.976E-01

Strined Dose / Source Ratlos 05R(i,t) in (mrem /yr)/(pCi/g)
- and Single Radionuclide Soit Guidelines G(I,t) in pCi/g

et tmin = tiene of minirssa single radionuclide soit guideline
2287.2 2 0.7 years

and et tmax = time of maxinsss total dose =

Nuclide Initial- tmin DSR(I,tmin) G(1,tmin) 05R(1,tmax) G(1,tmax)

(i) .pC1/g (years) (pci/g) -(pci/g>

Th-232 1.510E+02''2287.2 2 0.7 2.220E+0112.252E-01 2.220E*01 -'2.252E-01
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01/03/72 -13:14 Page 16
Residual Radioactivity Program. Version 4.006 File: SALZ2.DAT
Swanary : SAL 29URG RESIDUAL ANALYSIS u

Dose / Source Ratics swired over Att Pathways, (mrem /yr)/(pcl/g)

NuctIde'
t= 0.000E+00 1.000E+00' 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E*02 1.000E+03 3.000E+03 ~ 1.000E+04

(l)

Th-232 1.457E-16 4.504E-05 2.617E-04 1.130E-03 1.901E 03 1.980E 03 1.983E-03 1.554E*00 4.123E+00 1.951E-01-

$1ngle Radlonuclide soll Guidelines G(1,t) in pCI/g
Basic Radiation Ocse limit = 5 mrem /yr

-

(i) tr 0.000E+0D 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 3.000E+03 1.000E+04Nuclide

Th-232 *1.092E+05 *1.092E+05 1.911E+04 4.426E+03 2.631E+03 2.526E*03 2.522E+03 3.217E*00 1.213E+00 2.563E+01

*At specific activity limit

surred Cose/ Source Ratics OSR(I,t) in (mrem /yr)/(pCf/g)
and single Radionuclide Soil- Guidelines G(i,t) in pC(/g

et tmin = time of minimum single radionuctide soit guideline
and at tmax = time of maximum total dose = - 2287.2 2 0.7 years

Nuctide. Initial .tmin DSR(1,tmin) G(1,tmin) DSR(i.tmax) G(1,tmax)

(I) pCl/g (years) (pti/g) (pCi/g)

-Th-232 1.510E+02 2287.2 2 0.7 5.630E+00'8.880E-01 5.630E+00 8.SSOE-01

,
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Residual Radioactivity Program, version 4.006 01/03/92 17:16 Pege 3
File: SALZBURG.0AT

Sumary : SALZBURG RESIDUAL ANALYSIS

Site-Specific Parameter Stimary (centinued)
used by RESRA0 Parameter

User Name
1rput Def ault (If different from user input)

ParameterMenu
---

DENSUZ(1)
HC1)

4.000E+00 4.000E+00
RO15 Unsat. zone 1, thickness (m) 1.600E+00 1.600E*00

~-

TPUZ(1)
R015 Unsat. zone 1, soit der sity (g/cm"3) 4.000E-01 4.000E-01

-~

R015 Unsat. zone 1, total porosity 2.000E-01 2.000E-01
~- EFUZ(1)

BUZ(1)
2015 Unsat. zone 1, effective porosity -

5.300E+00 5.300E+00
RCi3 Unsat. zone 1, soit-specific 5 parameter 1.0M * 02 . 1.000E+02

-- HCUZ(1)

RO.5 Unsat. zone 1, hydrauilc corductivity (Wyr)
.

DCACIC( 2)
R016 Distribution coefficients for Th-223 6.000E*04- 6.000E+04 DCACTU( 2,1)

~~

R016 Contaminated zone (cm"3/g> 6.000E+04 6.000E+04
---

~ R0l6 Unsaturated zone 1 (cm**3/g) 6.000E*04 6.000E+04
--- DCACTSC 2)

R016 Saturated zona (cm**3/g) 0.000E+00 0.000E+00 5.952E-07 RLEACH( 2)

R016 Leach rate (/yr)

6.000E+04 6.000F+04
--- DCACTC( 3)

R016' Distributton coefficients for Th-232
R016 Contaminated Zone (cm"3/g) 6.000E*04 6.000E+04

-~ DCACTU( 3.1)

6.000E+04 6.00CE+04
~ DCACTS( 3)

R016 Unsaturated zone 1 (cm"3/g)
R016 Saturated zone (cm**3/g) 0.0COE+00 0.0.0E+00 5.952C-n7 RtEACH( 3)

R016 Leach rate (/yr)

7.00CE+01 7.00CE+01
--- DCACTC( 1)

R016 Distribution coefficients fer daughter Ra-228 DCACTU( 1,1)
R016 Contaminated zone (cm"3/g) . 7.000E+01 * 7.000E+01 -- DCACTS( 1)

--

R016 Unssturated zone 1 (cm+*3/g) 7.000E+01 7.000E+01 RLEACH( 1)
R016 Saturated zone (cm"3/g) 0.00CE+00 0.000E+00 5.0SSE-04

R016 Leach rate (/yr}
--- INHALR

8.400E+03 8.400E+03
R017 Inhalation rate (m**3/yr) 2.000E-04 2.000E-04

--- MLINE

A017 Dilution length for airborne dust, inhalation (m) 3.000E+00 3.000E*00
-~ LM

R017 Mass loading for Inhalation (g/m"3)
4.IO0E 01 4.50CE-01

-~ FOI

Occupancy factor, inhalation 6.000E-01 6.000E-01
--- F01

R017 FS1
R017 Occupancy and shielding f actor, external gama,

1.C00E+00 1.000E+00
---

R017 Shape f actor, external gama FRACA( 1)
*

RO1T Fractions of annular areas within AREA: not used 1.000E+00 FRACAt 2)
=

R017 Outer amutar radius (m) = V(1/r) not used 1.000E+00
--- FRACA( 3)

R017 Outer annular radius tm) = V(10/r) not used 1.000E*00
--- FRACA( 4)

R017 Outer anrutar radius (m) = V(20/r) not used 1.C30E*00
--- FRACA( 5)

R017 Outer annulse radius (m) = V(50/r) not used 1.000E+00
--- FRACA( 6)

R017 Outer amular radius (m) = V(100/r) not used 1.000E+00
--- FRACA( 7)

RQ17 Outer annular radius (m) = V(200/r) not used 1.000E+00 FRACA( 8)
R017 Outer amuter radius (m) = V(500/r) not used 1.000E+00

-- FRACA( 9)
--

RO17 Outer amuter radius (m) = V(1000/r) not used 1.000E*00 FRACA(10)
R017 Outer annular radius (m) = V(5000/r) not used 1.000E+00 FRACA(11)

---

R017 Outer annuter radius (m) = V(1.E+04/s)- --

not used 0.000E+00
Outer annular radius (m) = V(1.E+05/r) not used- 0.000E+00

-- FRACA(12)
R017
RO17 Outer annuter radius (m) = V(1.E+06/t) DIET (1)-

1.600E+02 1.600E+02 DIET (2)
R018 Fruits, vegetables and grain constrption (kg/yr) 1.400E+01 1.400E+01 DIET (3)

---

R018 Leafy vegetable constrytion (kg//r) 9.200E+01- 9.200E+01' DIET (4)
--

RO15 Milk consu9tton (L/yr) .
.

6.300E+01 6.300E+01 DIEl(5)
--

R018 Meat and poultry constrvtion (kg/yr) 5.400E+00 5.400E+00 DIEf(6)
--

R018 Fish constaption (kg/yr) .

9.000E-01 9.000E-01
---

R018 Other seafood constsption (kg/yr)
.
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SALZBURG RESIDUAL ANALYSISSumiary :

i Strinary of Pathway Selections

User selection
.

' Pathway

active1 -- enternal ganma active2 -- Inhalation active3 - plant ingestion active4 -- meat ingestion -active5.- . milk ingestion active6 -- equatic foods
~ active7 -- drinking water active8 -- radon active9 -- soft ingestion
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: Residual Radioactivity Program, version 4.005 ~01/03/92 17:16 Page 6
File: sal.ZBURG.DAT

Sunrnary : SA RBURG RESIDUAL ANALYSIS

Contaminated Zone Dimensions
initiat soit Concentrations,' pC1/g

Th-228 1.510E+02
Area: 5700.00 square eneters

Th-232 -1.510E+02
Thickness: 7.00 meters

Cover Depth: 1.00 meters

Total Dose TDOSE(t), mrem /yr
Basic Radiation Dose Limit = 5 mrem /yr

Total Mixture Sun M(t) = Fraction of Basic Dose Limit Received at Time (t)
~ 0.000E+00 1.000E+00 3.000E+00 .1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 3.000E+03 1.000E+04t (years): ' 2.871E-01 2.084E-01 1.37BE-01 1.941E-01 3.701E 01 6.985E-01 5.537E * 01 i_738E+03 3.123E+03- 2.520E+03

.

- M(t)t 5.742E-02 4.167E-02 2.777E-02 3.881E-02 7.402E-02 1.377E-01 1.107E+01 -5.477E+02 6.247E+02 5.040E+02TDOSE(t):

M?xterun TDOSE(t): 3.352E+03 mrem /yr at t = 2257.2 2 0.7 years

Total Dose Contributions.TDOSE(i.p.t) for Individual Radionuclides (i) and Pathways (p)
As mrem /yr and Fraction of Total. Dose At t = 2287.% years

Water Independent Pathways

Ground Dust Radon Plant Heat Milk soit

Nuclide prem/yr fract.- mrem /yr fract. mrem /yr fract. mrem /yr .fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.
Radio-

Th-223 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000Th-232 1.985E+03 0.5721 2.098E+02 0.0626. 5.607E+01 0.0167 2.178E+02 0.')650 1.411E+01 0.0042 B.234E-02 0.0000 1.957E+01 0.0058
1.985E+03 0.5921 " 2.098E+02 0.0626 : 5.607E+01 0.0167 2.17EE+02 0.0650 1.411E+01 0.0042 8.234E-02 0.0000 1.957E+01 0.0058

,

Total.

~ Total Dose contributions TDOSE(1,p,t) for individual Radionuclides (i) nnd Pathways (p)
i

As mrem /yr and Fraction of Total Dose At t = 2287.2 years

Water' Dependent Pathways

Vater Fish : Radon Plant' Heat Milk Att Pathways *

Nuclide. mrem /yr. fract. mrem /yr fract. . mrem /yr fract. mrem /yr. fract. mrem /yr fract. mrem /yr fract. mrem /yr _fract.
Radio-

0.000E*00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000. 0.000E+00 0.0000. 0.000E+00 0.0000

Th-232 7.561E+02 0.2256 2.602E+00 0.000810.000E+00 0.0000 8.294E+01 0.0247 5.72BE+00 0.0017 2.523E+00 0.0008 3.352E+03 1.0000Th-228 0.000E+00 0.0000. 0.000E+00 0.0000

Total' 7.561E+02 0.2256 2.602E*00 0.0008 0.000E+00 0.0000 8.294E+0i 0.0247. 5.728E+00 0.0017 2.523E+00 0.0008 3.352E+03 1.0000
* Sun of att water' independent and dependent pathways.
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Residual Radioactivity Program, version 4.005 01/03/92 17:16 Page 13
File: SALZSURF. D AT

Surrnary : SALZBURG RESIDUAL ANALYSIS
and Pathways (p)

Total Dose Contributions TDCSE(I,p,t) for Individual Radionuclides (i)
As crem/yr and Fraction of Total Dose At t = 3.000C+02 years

Water Independent Pathways

Ground Dust Rodon Plant Feat Milk Soit

Nuclide mrem /yr fract. mrem /yr fract. terem/yr fract. ' rnrem/yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.
Radio-

'

Th-228- 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E400 0.0000Th-232 - 3.865E+00 0.0698 0.000F+00 0.0000 0.000E+00 0.0000 4.836E+01 0.5735 3.119E+00 0.0563 1.797E-02 0.0003 0.000E+00 0.0000
Total 3.865E+00 0.0698 0.000E+00 0.0000 0.000E+00 0.0000 ' 4.836E+01 0.6735 bl9E+00 0.0563 1.799E-02 0.0003 0.000E+00 0.0000

-

Total Dose Contributions TDOSE(i.p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 3.000E+02 years

[
,

Vater Dependent Pathways
*

Vater Fish Radon Plant Meat Milk All Pathways *

Nuclide arem/yr fract. mrem /yr frect. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.
Radio *

Th-228 0.000E+00 0.0000 .0.000E+00 0.0000 0.000E+00 0.0000 'O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000Th-232 0.000E+00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.53TE+01 1.0000
Total 0.000E+00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 5.537E+01 1.0000
*Stn of all water independent and dependent pathways.
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Dose / Source Ratios saved Over All Pathways, (mrem /yr)/(pCi/g)
3

(i) t= 0.000E+00 1.000E+00 3.000E+00 1.000E+01. 3.000E+01 1.000E+02 3.000E+02 1.000E+03 3.OOCE+03 1.000E+04 . ;
Nuciide

Th 228 1.901E-03 1.334E-03 6.575E-04 5 519E-05 4.650E-08 8.077E-19 - 0.000E+00 0,000E+00 0.000E+00 0.000E+00

Th-232 1.457E-16 4.545E-05 2.686E-04 .1.230E-03 2.451E-03 4.626E-03 3.667E-01 1.814E+01 2.068E+01 1.667E401 ;

Single Radionuclide Soit Guidelines G(i,t) in pCi/g
'

[ Basic Radiation Dcte Limit = 5 mrem /yr

Nuclide
' 1.000E*00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E*03 3.000E+03 1.000E+04

(1) ts 0.000E+00'

Th-225 2.630E+03~ 3.747E*03- 7.605E+03 . 9.060E+04 1.075E+08 *S.192E+14 *B.192E+14 *8.192E+14
*B 192E+14 *8 192E*14. .

Th-232 - *1.092E+05 *1.092E+05 1.862E*04 4.065E+03 2.040E+03 1.031E*03 1.364E+01 2.757E-01- 2.417E-01 2.996E-01
,

*At soecific activity limit -

,

t

Sumed Dose / Source Ratios DSR(i,t) in (mrern/yr)/(pCi/g)
and Single Radionuclide Soit Guidelines G(i,t) in pCi/g '

at tmin = time of minimum single radionuclide soit guideline
'and at tmax = time of maxinum total dose = 2287.2 2 0.7 years

.tmin DSR(i,tmin) G(1,tmin) DSR(I,tmax) G(i,tmax)
.

Nuclide Initial- . (years) (pci/g) (pci/g)

(i) pcl/g

Th-228 1.510E+02 0.000E+00 1.901E-03 2.63DE+03 0.000E+00 *S.192E+14
-_.

Th-232 1.510E+02 2237.2 s 0.7 2.220E+01 2.252E-01 2.220E+01: 2.252E-01-

*At specific activity limit .

.
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Sumary t SALZSURG RESIDUAL AliALYSIS - VARY DISTRIGUTION CCEFF
.

FIte - : SALZ3.DAT

Sumary of Pathway Selections

Pathway User Selection

1.- external gama active >

2 -- inhalation active
3 -- plant ingestion -active
4 -- seat ingestion active' '

5 -- milk ingestion active

6 -- aquatic foods active
7 -- drinking water active
-8 -- redon .

active
91-- soil ingestion active- 4
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!!esidual Radioactivity Program Versicn 4.005 01/03/92 18:21 Page 6

Stmmary : SALZBURG RESIDUAL' ANALYSIS - VARY DISTRIBUI!CW COEff
File : SALZ3.DAT

Contaminated Zone Dimensions initial Soil Cencentrations, pCi/g

Area 5700.00 square meters Th-232 1.510E+02

thickness: 7.00 meters
Cover Depth: 1.00 meters

Total Dese TDOSE(t), mrem /yc
Basic Radiation Dose Limit = 5 a' rem /yr.

Total Mixture Stn M(t) a Fraction of Basic Dose Limit Received at Time (t)

t (years): 0.000E+00 1.000E+00 3.000E+00 1.00CE+01 3.0 doe +01 1.000E+02 3.000E+02 1.000E+03' 3.000E+03 1.000E+04

TDOSE(t): 2.200E-14 6.801E-03 3.952E-02 1.706E-01 2.87CE-01 2.989E-01 2.994E-01 2.347E+02 6.226E+02 2.946E+01
M(t): 4.399E-15 1.360E-03 7.903E-03 3.412E-02 5.740E-02 5.970E-02 5.983E-02 4.693E+01 1.245E+02 5.891E+00

Maximtn T00SE(t): 8.502E+02 mrem /yr at t = 2257.2 2 0.7 years

Total Dose contributions TDOSE(I,p.t) for Individual Radionuclides (i) and Pathways (p)
As mrem /yr and f raction of Total Dose At t = 2287.2 years

Water Independent Pathways

Ground Dust Radon Plant Heat Milk Soit

Nuclide mrem /yr fract. erem/yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.Radio-

Th-232 3.041E-01 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000' O.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
Total -3.041E-01 0.0004 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total Dose Contributions TDOSE(i.p.t) for Individual Radionuclides (i) and Pathways (p)
As erem/yr end f raction of Totel Dose At t = 2287.2 years

Water Dependent Pathways

Vater Fish Redon ' Plant Meat Milk All Pathways *

Nuclide mrem /yr. fract. . mrem /yr 'fract. mrem /yr Iract. mrem /yr fract. mrem /yr .fract. mrem /yr fract. mrem /yr fract.Radio-

.Th-232 7.561E+02 0.8893 2.602E+00 0.0031 0.000E+00 0.0000 8.294E+01 0.0975 5.72SE+00 0.0067 2.523E+00 0.0030 8.502E+02 1.0000
Total. 7.561E+02 0.8893 2.602E+00 0.0031 0.000E+00 0.0000 8.274E+01 0.0975 5.72BE+00 0.0067 2.523E+00 0.0030 8.502E+02 1.0000
* Sin of 'all water independent and dependent pathways.
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Residual Radioactivity Program. Version 4.003 01/03/92 18:21 Page 7
Strnary i SALZBURO RES!OUAL ANALYSIS - VARY DISTRIBUTION COEFF
F1(e ! SALZ3.DAT

Total Dose contributions TDOSE(i.p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem /yr and Traction of Total Dose At t = 0.000E+00 years

Vater Independent Pathways ,

Ground Dust Radon Piant Meat Mi!k Sol!

Radio-
Nuclide mrem /yr fract. mr etrs/yr fract. mrem /yr fract. mrem /yr fract. rrem/yr fract. mrem /yr fract. rrem/yr fract.

Th-232 2.200E-14 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000'

Total 2.200E 14 1.0000 0.000E*00 0.0000 0.000E+DO 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total Dose Contributions 700SE(i.p,t) f or Individual Radionuclides (i) and Pathways (p)
As mrem /yr and Fraction of Totat Dose At t = 0.000E+00 years

Vater Dependent Pathways

' Water" Fish Radon Plant Meat Milk Att Pathways *

Radio-
Wuclide prem/yr ~fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract.

Th-232 .0.000E+00 0.0000 0.000E+00 0.0000. 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2.200E-14 1.0000

Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000 2.200E-14 1.0000

*Stn of att water independent and dependent pathways.
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Residual Radioactivity Program. Version 4.005 01/03/92 18:21 Page 9

Strrnary t SALZBURG RESIDUAL ANALYs!S - VARY DISTRIBUTION COEf f
File : SALZ3.DAT

Total Dose Contributions TDOSE(i p,t) for Individual Radionuclides (i) and Pathways (p)
As inrem/yr and Fraction of Total Dese At t * 3.000E+00 years

Water independent Pathways

Ground Dust Radon Plant Heat Milk Soil

Nuclide mrem /yr fract. n rem /yr fract, mrem /yr fract, mrem /yr fract. mrem /yr fract. . mrem /yr fract, mrem /yr fract.|1 Radio-

f

Th-232 3.952E-02 1.0000 0.000E+00 0.0000 0.000E 00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

f ~. Total 3.952E-02 1.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000
t.-

>
Total Dose Contributions TDOSE6I,p,t) for individual Radionuclides (1) and Pathways (p)!

As mrem /yr and Fraction of Total Dose At t = 3.000E+00 years

Vater Dependent Pathways

Water Fish Redon Plant Heat Milk All Pathways *u-

Nuclide mrem /yr .fract. mrem /yr frart. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr- fract.Radio-

Th-232 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.952E-02 1.0000
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.952E-02 1.0000i

|
* sun of at t water Independent and dependent pathways. |
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Residual R'adioactivity Pregram. Versien 4.005 01/03/92 18:21 Page 14
Sumery : SALZtdRG REsiOUAL ANALYSIS - VARY DISTRIBUTION COEFF
File. : SALZ3.DAT

Total Dese Centritutions TDosE(i.p,t) for Individual Radienuelidas (i) and Pathways (p)
As mrem /yr and Fraction of Total Dose At t = 1.00CE+03 years

Vater Independent Pathways

Gromd Dust Radon Plant Meat Milk Soll
Radio-
Nuclide arem/yr' fract. meem/yr fract. mreci/yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract, mrem /yr fract.

Th-232 3.011E-01 0.#)013 0.000E*D0 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000
4

- Tota! 3.011E-01 0.0013 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total Dose Contributions TDCSE(1,c,t) for Individual Radienuclides (i) and Pathways (p)
As mrem /yr.and Fraction of Total Dose At t = 1.000E+03 years

Vater Dependent Pathways

Vater Fish ' Radon' Plant Neat Milk All Pathways *-

Radio-
Nuclide mrem /yr' fract. mrem /yr 'fract. mree/yr 'fract. nrem/yr fract. mrem /yr fract. mrem /yr 'fract. : mrem /yr fract.

~

Th-232 2.085E+02 0.8835 7.174E-01 0.0031 ' O.000E+00 0.0000 2.287E+01 0.0975 1.579E+00 0.0067 6.957E-01 0.0030 2.347E+02 1.0000
'"

Total .2.085E+02 0.8885 7.174E-01 0.0031 0.000E+00 0.0000 2.287E* 01 0.0975 1.579E+00 0.0067 6.957E-01 0.0030 2.347E+02 1.0000

*stra of all water independent and dependent pathways.
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Residual Radioactivity Program, Version 4.005 01/03/92 18:21 Page 15
Swenary t. SAL 280RG RESIDUAL AWALYSIS - VARY DISTRIBUTICM COEFF
file : SALZ3.0AT L

Total Dose Contribu'. ions 700SE(1,p,t) fer Individual Radionuclides (1) and Fathways (p)
As mrem /yr and fraction of Total Dose At t = 3.000E+03 years

Water Independent Pathways

Ground Dust Radon Plant Heat ' Milk Soit

Radio-
Nuclide- mrem /yr fract. mrem /yr fract. mree/yr fract. mrem /yr fract. erem/yr fract. mree/yr fract. mrem /yr fract.

Th-232 3.058E-01 0.0005 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total 3.058E-01 0.0005 0.000E+00 0.0000 0.000F+00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total Oose Contributions TDOSE(1,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem /yr_and Fraction cf Total _Dese At t = 3.000E+03 years

Water Dependent Pathways

Vater Fish Radon Plant Feat Milk All Pathways *

Radio-
-

Nuclide mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr fract, mrem /yr fract.

Th-232' 5.536E+02 0.8892 1.905E+00 0.0031 0.000E+00 0.0000 . 6.073E+01 0.0975 4.194E+00 0.0067 1.847E+00 0.0030 6.226E+02 1.0000

Total 5.536E+02 0.8392 1.905E+00 0.0031 0.000E+00 0.0000 b73E+010.0975 4.194E+00 0.0067 1.847E+00 0.0030 6.226E+02 1.0000
*Stn of all water Independent and dependent pathways.
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Pesi&31 Radioactivity Program, Version 4.00J 01/03/92 13:21 Page 16

' strmary : SALZBURG REstDUAL ANAlf515 - VARY DisTRI5UTICN CCEFF
,

File a sAtz3.DAT

fotal Dose Centributions TDOSE(i p,t) fer 1rdividual Radionuclides (i) and Pathways (p)
As mrem /yr and Traction of Total Dese At t = 1.000E+04 years

m

Vater independent Pathways

Groisd Dust Redon Plant Meat Milk Soil

Nuclide prem/yr fract. mrem /yr fract. mree/yr fract. mren/yr fract, rnree/yr fract. mrem /yr fract. airem/yr fract.Radio-

Th-232 3.232E+01 0.0110 0.000E+00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000 0.000E+00 0.0000 0.000E*00 0.0000 0.000E*00 0.0000-
_

*

fotal - 3.232E-01 0.0110 0.000E+C0 0.0000 0.0CCE+00 0.0000 0.00CE+00 0.0000 0.000C+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000

Total Dose contritutions T005E(1,p,t) for Individual Radienuclides (i) and Pathways (p)
As mrtm/yr a+d Fraction of Total.Dese At t = 1.000E+04 years

Vater Dependent Pathways

Vater Fish Radon Plant Neat Hilk All Pathways *

Nuclide . mrem /yr fract. mrem /yr fract. mrem /yr fract. mrem /yr.fract, mrem /yr fract. mrem /yr'fract. mrem /yr fract.Radio-

Th-232' 2.592E+01 0.8799 8.918E-02 0.0030 0.000E*00 0.0000 2.843E*00 0.0965- 1.963E-01 0.0067 8.648E-02 0.0029 2.946E+01 1.0000
Totet 2.592E+01 0.8799 8.918E-02 0.0030 0.000E+00 0.0000 2.843E*00 0.0965 1.963E-01 0.0067 8.645E-02 0.0029 2.946E+01 1.0000
*Sm of att water independent and deperwfent pathways.
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Strmary 2 SALZBURG REstDUAL ANALYSIS - VARY DISTRIBUTICW CCEf r
FIte : SALZ3.DAT

Dose / Source Ratics Strred Over All Pathways, (mrem /yr)/(pCl/s)

-(1) t= 0.000E+00 1.000E+00 3.00CE+00 1.000E+01 3.0GOE+01 1.000E+02 3.000E+02 1.000E+03 3.000E+03 1.000E+04Nuclide

Th 232 1.457E-16 4.504E-05 2.61?E-04 1.130E-03 1.901E-03 1.980E-03 1.983E-03 1.554E+00 4.123E*00 1.951E-01

.-

Single Radionuclide Soil Guidelines G(i.t) in pCi/g
! i' Basic Radiation Oose Limit = 5 mrem /yr

(i) t= 0.000E+00 1.000E+C0 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1.000E+03 3.000E+03 1.000E+04Nuclide

Th-232 *1.092E+05 *1.092E+05 1.911E+04 4.426E+03 2.631E+03 '2.526t+03 2.522E+03 3.217E*00 1.213E+00 2.563E+01

*At specific ectivity limit
'

sterned Dese/ source Ratios DsR(1,t) in (mrem /yr)/(pci/g)
'

_ and Single Radionuclide Soll Guidelines G(I,t} in pCf/g
at tmin a time of minim.ss single radionuclide soit guideline

and at tmax = time of maximtsn total dose = 2257.2 1 0.7 years

Nuclide Initial tmin DSR(1,tmin) G(1,tmin) DSR(i,tmax) G(i,tmax)
(1) pCl/g (years) (pci/g) (pci/s)

Th-232 1.510E+02 2287.2 1 0.7 5.630E+00- 8.880E-01 5.630E+00 .8.860E-01
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APPENDIX N
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Impacts - BRC Model Analysis

j j of "Bathtubbing" at the Salzburg Landfill (
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- TRANSPCRTAi!QN IC.RP IMoACTE EY NUCLIOE ( MREM /YR ) . 3
.

~

". NUC ' MAX INDIVIDUAL
.,

' RA-220 7.497E+01 ,

.

,

TH-226 1.217E+02
'

9

TH-232 2.970E-03
r

TOTAL TRANSPORTATION IMPACTS = 1.967E+02
>

'

-|7 ' INTRUDER ICRP IMPACTS BY NUCLIDE (MREM /YR ) .t

IMPACTS ARE NOT NORMALIZED BY NUMBER OF DISDOSAL FACILITIES.. ****
'

****

NUC CONSTRUCTION AGRICULTURE
_

RA-229 1.223E+02 5.796E+02
TH-229 1.011E+02 4.767E+02
TH-232 -1.329E+01 5.341E+01'

,

FADON 0 OOOE+00

TOTAL NON-NORMALIIED INTRUDER IMPACTS
2.367E+02 1 110E+03

1

EXPOSED WASTE ICRP IMPACTS BY NUCLIDE ( MREM /YR )

IMPACTS AFE NOT NORMALIZED BY NUMBER OF DISPOSAL FACILITIES
n**

**u
1

NUC INTRUDER-AIR EROSION-AIR INTRUDER-WATER EROSION-WATER'

RA-22+ 3.4 3E-Oi 4.737E-02 3.7465-02 5.611E-06.

TH-229 7.145E+01 1.672E-13 7.297E-03 5.694E-16
~

'

TH_-232 3.511E-02 4.330E+03 7.606E-02 3.e17E-01

TOTAL NON" NORMALIZED EXPOSED WASTE IMPACTi
4.564E-02 4.320E+03 1.200E-01 5.917E-01. -.;

OVECFLOW ICFC IMPAC TS EY NUCLIDE ( MREM /YR )

IMP AC 7 5- ARE NOT NORMALI~ED BY NUMEER OF DISP 0iAL FACILITIE$
**u

****
4

1' ~ NUC TREATMEN' OVERFLOW EVAPORATOR

RA-229 c.264E-01 5,759E-01 6.le2E-01

TM-229 1.75EE-01 1.220E-01 1.241E+01-
Th-232 1.207E+00 1.207E+00 e.063E+01.

TOTAL NON-NORMALI2ED. OVERFLOW IMPACT 5
2.021E+00 1.905E+00 7.396E*01

:

GROUNDWATER ICRP IMPACTS Et NUCLIDE ( MPEM/f f 1 AT EACH TIME
IMPa?Ti Af E NO T rico. MALI 2ED SY NUMEEF;'0F DIIEDIAL FACILIIIII

..3
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"0Ys 4C G - .0VR 901 . 100YR 120 Y C. le0YF RCM 400yp t00y;;

R' 600YR 1N'iR 2< YR EK YR' 10K YA 20N YR

I
RA-229

0.OE+00 0.0E-00 O'.OE+00 0.0E+00 0.0E+00 0.OE+00 0.0E+00 0.0E+00 0.0E+00 0.0E-0--,

0-0.0E400 0.0E+00 0.OE+00 0.0E+00 0.0E+00 0.0E+00
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.OE+00 0.0E+00 0.0E+00.0.0E+00 0.0E+00LO.0E+0L

0 0.OE+00 0.0E+00 0.0E+00 0.OE+00 0.0E+00 0.0E+00
0.0E+00 0.OE+00'O.0E+00 0.0E+00-0.OE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00,0.0E+0: ,

0 0.0E+00 0.OE+00 0.0E+00-0.0E+00.0.OE+00 0.0E+00 ;
.

TH-228
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+0

0 0.0E+00 0.0E+00.0.0E+00 0.0E+00 0.OE+00 0.OE+00~
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0 OE+00 0.0E+00 0.0E+00 0.OE+00 0.OE+00 0.0E+0:

0 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.OE+00 !

0.OE+00 0.0E+00 0.0E+00 0.0E+00'O.0E+00 0.0E+00 0 OE+00 0.0E-00 0.0E+00 0.0E+0/
0 0.0E+00 0.0E+00 0.OE+00:0.0E+00 0.0E+00 0.0E+00

TH-232
0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.OE+00 0.0E+00'O.CE+00 0.0E+0.

<

0 0.0E+00 0.0E+00 5.5E+01 4.0E*01 1.2E+02 1.5E+02 L0.OE+00 0.0E+00 0.OE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+0
0 0.OE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.OE+00 .

rc.f ~

0.0E+00 0.0E+00 0.OE+00 0,0E+00 0.0E+00 0.0E+00 0.0E+00 0.OE+00 0.0E+00 0.OE+0J
0 0,0E+00 0.0E-OO 0.0E-00 0.0E+00 0.0E+00 0.0E+00'

TOTAL NON-NORMALI2ED GROUNDWATER IMPACTS
.0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00'O.0E+00 0.0E+00 0.0E+00 0.OE+00 0 0E+0/

O 0.0E-00 0.0E*00 5.5E*01 4.8E+01 1.2E+02 1.5E+02 .
. . . , . ,

0.0E+00 0.0E+00 0.OE+00 0.OE+00 0.0E+00 0.0E+00 0.0E-00 0.OE-00 0.0E+00 0.OE+0 .

0 0.OE-00 0.0E-00 0.0E+00-0.0E+00 0.0E+00 0.0E-00 . .
. ,

-

0.0E+00 0.0E+00 0.0E+00-0.OE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+0
0 0.0E-00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
...-...-- - .......----- .------------------------
Total Run Time = 0.023 'E-01 Minute ( s )
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Dow Drawings B2-040-884040 and B2-041-884040
Showing Topographic Features

and Surface Contours at Salzburg Landfill
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See Figure Binder for

| Figure 0-1 Cells 36 & 37 Site Topographic Map (Sheet 1 of 2)

i Figure 0-2 Cells 36 & 37 Site Topographie Map (Sheer 2 of 2)
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APPENDIX P
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Calculation of Impacts
from Dust Released by Transport Trucks
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S

CALCULATIOf4 'OF IMPACTS FROM DUST RELEASED BY TRANSPORT TRUCKS '
,

f

PROBLEM

Trucks transporting' waste from~ Bay City or Midland are postulated to allow some dust l'o
escape, resulting in a radiological impact to persons aiong the transport route,

ti

METHOD

Dose (D) from inhalaticn is given by the expression: .

D = I Ci x BR x x x DCFi

where

Concentration of nuclide i (pCl/m3)Ci -

BR Breathing Rate (m3/y)-

Fraction of year exposedt -

Dose Conversion Factor for nuclide I (mrem /pCi)DCFi -

,

AtJALYSIS

All isotopes are assumed to be in equilibrium in the waste. TheC.pncentration .

concentration for each isotope is therefore the amount of material
released divided into the available volume, ,

The release of dust is estimated to be equivalent to a truck f)ottom dump, a rate given in
Regulatory Guide 3.59 as 0.002 lb/ ton, or 10 6 g/g,

<

With each truck containing 20 tonnes of the higher activity waste from' Bay City (188
pCilg), the release per truckload is:

6 g/ Tonne) (188 pCl/g) - 3760 pCiR - (10-6 g/g) (20 Tonne / Truck) (10s

The volume is assumed to be a box along the toute 10 meters on each side and 3 meters
high. The route from Bay City to the Salzburg Landfill is 32 km, giving a volume of
1.94 x 106 m3,

3The concentration of each isotope is therefore 2 x 10 4 pCl/m . This is assumed to be'
constant over the period of transport.

Breathina Rate - A standard person breathes 8000/m3fy,

Tirne - it is assumed that the trucks will transport' material continuously
-

during working hours for 2 months, or 320 hours.

,

w ,



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

,

' Inhalation Dose Convsrion Factors were obtained from NUREG/CRi ,
'

[!G - -
-

'!
,

5517, the USER's MANUAL for IMPACTS BRC, Version 2, published
-

in April,1990.
'

HE (mrom/oCir
-i

'

Th 232 * 6 4 __.

Ra-228 .342
Th 228 00477

..

4

TOTAL 1.99 mrem /pCi

CALCUL'ATION

Since all isotopos are in ,q. 1 concentrations, we can sum the DCFs and ' base the.- 1

calculation on the amount of Th 232.

D C x BR x t x DCF ,
' -

(2 x 10 4 pCi/m ) (8000 m /y) (320h) (1y/8760h) (1.99 mrem /pCl)3 3
-

0,12 mremD -

. .

.g
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APPENDIX Q

Diffusion Model for Thoron Emanation from the Slag
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~

From: Berlin, R.E. and Stanton, C.C.. Radionctive V/aste Manacement. John Wiley & Sons,incy .. .

New York, 1989,376 378.

The cteady state diffusion equation goveming radon diffusion from radium-contaminated soil of waste is:
.;

d2c pig ,0 (1)'p -AC
.dx2 P-

where C = radon concentration in poro spaco (pClicm')
D = diffusion coctficient for radon (cm'/sec)-

4 4
A = decay constant of radon (2.1 x 10 sec )

a -
R = specific activity of radium in soil (pCl/g)
p = dry bulk density of soil (g/cm')
E = radon emanation coefficient
P = total porosity

d (Radon Flux from Cover)e

h h I Y k h f f
Cover materiat ,

,

J.(Radon Flux frcm Soil)

}} 4 t} } f f f f } } f -t .} f |
''

7 j' . p// /
,

/ X, Racium Contaminated Waste or Soit

,|' |- f f / f/

'

The radon emission (flux) from the surf ace of a bulk materialis related to the radon concentration in the -
.

F

pore space of the material through Fick's law.

J = 10 DP (2)-4

whe:a J = surf ace radon flux (pCl/m'sec) '

X = thickness of bulk mater!al(cm)

. .

k

'E

>

P

s

A

* *'
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Equations (1) and;(2) can be solved,for the cases where (1) there.is no cover over the radium-.

- contaminated waste or. soil and (2) there is a cover applied to the waste or soil to reduce the radon flux
at the surf ace.

1. Bulk Waste or Soil: Boundary conditions:

dC/dx (at X-X,) = 0, : C(X-0) = 0

The solution to (1) and (2) is:

b tanh)
A (3)

J, = 10' R p Eh A D, X,

where J, - radon flux from waste or soil surface (pC1/m*-sec)
s - waste or soil region

2. Covered Waste or Soil: Boundary conditions: Flux is continuous from soil to cover, or .

-CC,
_

e

1 - ( 1 .k ) m, ~ 1-(1-k)m, ,

and

P,D, d C" = P,D d C' 'e

It is also assumed that the radium source term in the cover is negligible. The solution'to (1) and (2) is

~b'**2 J, e
J =

~(4)-#

* - O -23 ,x,

[1 + % a, tanh (b,X,) ] + [1. $ a, tanh (b,X,) ] e-- <

where

A

I"% K.

j [1 - (1 -k) mj] 22a =Pg

m= 102 pH , g,gggggggy go3ggu7g ggguygg3gg
.

PM = moisture content (dry weight percent) '

K = 0.26 pCi/cm -w ter_
pCi/cm'-air

c = cover material .|
;

q
|

1

i
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= Tablo 0-1
Surfaco flux as a function of cover thickness

,

Thickness Flux-Clay Cover - Flux-Soil Cover -

(inches) ' (pCl/m -sec) - '(pCl/m*-sec)8
,

,

1.0 347 --

1.5 70 -

2.0 14 - --

3.0 0.56- 45

4.0 0.022 6.6
'

5.0 9.1E-04 :0.98
.

__

. 0.146.0 3.7E-07

12.0 1.6E-13 1.5E-06

24.0 2.9E-30 --

,

'
,



u~

The fcliowing pararneters were used to scIve for equations (1) and (2):

_

p- D- P- .M~ rn '

idatorial (g/ctn') (crn /sec) (fraction) -(%) ' (traction) .2

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

Tallings Pile - '1.5 0.013 0.44 11.7 ~ 0.4-

Clay 1.9 0.0078 0.30 6.3 0.4 -

- Natural Overburden 1,7 0.022 .0.37 . 5.4 - O.25 :
'

. _ ,

The flux rates through varying cover thickness for both clay' and coil are presented in Table 0-1.

,
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Table of Contents of Salzburg Landfill'
j RCRA Part B Application
!

I

|

(,

, r



n
i ,

&
SALEHdHG LANDFILL-

- PAltT 11 APPLICATION4

TAHLE OF CONTENTS

,

Voluine Section
Number Number Description

II A A - Part A Application

II-A B Facility Description

11 A C Waste Characteristics

D-A D Process Description

II-A E Groundwater Monitoring Systems -

II-A F Procedures To Prevent Hazards

II-A G Contingency Plan

11-A 11 Personnel Training.

II-A I Closure Plan, Post-Closure Plan,
and Financial Requirements

ll-A J Other Federal Laws

11 A K Certification

~

II.B 11-1 Topographic Map and Site Layout -

Il B 11 2 100-Year Flood Plain Report

II-D 113 Wind Rose

II B 11-4 Waste Characterization Forms :

II-B 11-5 . Waste Codes For The Midland Location

11-B 11 6 Engineering Drawings

ll B 11-7 Groundwater Monitoring Waiver .

11-C 1 11-8 .Back Siphoning Incident -

II.C.2 119 Manhole Changes .

U-D 11-1 0 Inspection Logs

11.p II 11 Emergency Plan

II-D 1112 SPCC Plan -

H-D ]].13 Letter OfInsurance
,

.

II-E 11-1 4
. Groundwater Monitoring Program
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Diagram Showing Typical Cell Excavation'
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and Geologic Profile
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Cells 36 & 37 Design Drawings
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See Figua Binder for

Figure T-1 General Plan Cells #36 & #37

Figure T-2 South End Plan of Cell #37 and Underground Piping,-

Figure T-3 North End Plan of Cells #36 & #37 and Underground Piping

Figure T-4 Typical Sectior.s Cells #36 & #37

F;gure T-5 Aliscellaneous Details Cells #36 & #37

Figure T-6 Plan of Lift Station Area & Above Ground Piping

Figure T-7 Sections at South End Cells #36 & #37

Figure T-8 Leachate Lift Station #24, Cells #36 & #37

Figure T-9 Monitor Lift Station #25, Cells #36 & #37
;

| Figure T-10 Piping Additions at M.H. #17, Cells #36 & #37

! Firire T-11 Lift Stations #26 & #27, Cells #36 & #37

: Figure T-12 Pipe Supports & Details Cells #36 & #37

! Figure T-13 Access Ramp for L.S. #24, Cells #36 & #37
! Figure T 14 Installation Details for Sidewall Drainage & 8 mil PE, Cells #36 & #37
i
'

Figure T-15 Excavation Plan & Sections Cells #36 & #37

Figure T-16 Excavation Sections, Cells #36 & #37

Figure T-17 3' Clay Liner Plan & Sections Cells #36 & #37

Figure T-18 3' Clay Liner Sections, Cells #36 & #37

Figure T-19 Capping Plan for Cells #36 & #37

Figure T-20 Capping Details for Cells #36 & #37F
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1.0 .r4TRODUCTION

This document has been prepared as a record of the assessment performed'by
'

Dames & Moore to demonstrate _ compliance with the emission / dose standard from '
_

airborne particulate releases specified in 40 CFR 61, National Emission Standards for

Hazardous Alr Pollutants (NESHAPS), as defined for radionuclide releases from NRC and
;

agreement-State licensed facilities. The assessment was performed for releases from

piles on the properties owned by Dow Chemical USA (DOW) at Bay City and Midland MI.

The properties contain piles of thorium-bearing foundry slag material. Since, as will
be shown in the following text, compliance has been demonstrated this document is a

record that validates the exemption for reporting to the EPA. This record will be kept at

the Midland site and will be available for inspection as per section 61.105,

Recordkeeping Requirements, of 40 CFR Part 61.

In order to assure completeness of the documentation, and to assist in any
,

subsequent inspection, the content and order of the following sections will follow the

outline provided in section 61.104, Reporting Requirements.

2.0 NAME OF FACILITIES ,

Dow Bay City and Midland Facilities-

3.0 RESPONSIBl.E PERSONNEL

Decommissioning of material- Donald Berry, Dow Chemical USA.

Preparation of Assessment - Dr. Robert Berlin and Dr. William Duggan of Dames

& Moore, Pearl River, NY.

4.0 LOCATION OF FACILITY

The thorium-bearing material piles are located at the Dow facilities in Bay City

and Midland, Mf. ,

1

'
.
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5.0 MAILING ADDRESS
i

Mail should be addressed to Dow- Chemical USA,- attention Donald Berry,

Environmental Services,1261 Building, Midland, MI 48667.

6.0 RADIOACTIVE MATERIALS AT SITE

The slag material at the Bay City and Midland sites contains the radionuclide Th-
'

232. The daughter products of Th-232 in the decay chain will also be present. At Bay-

City, it is estimated that there is a total of up to 40,000 cubic yards of material -

,

(thorium concentration above 5 pCilg) with an average activity of about 188 pCi/g of
Th-232 and a total activity of 9.2 Cl. At the Midland site, there is approximately

12,000 cubic yards of material with an average Th-232 activity of about 29 pCl/g and ,1

a total activity of 0.46 Cl. ,

7.0 STATUS OF THE RADIOACTIVE MATERIALS

*

The thorium-bearing material is currently being stored at the sites. A

remediation program is planned involving the excavation and removal of the thoriated

- material for disposal in a cell at the Dow-owned Salzburg landfill in Midland. This
-,

assessment evaluates the Effective Dose Equivalent (EDE) for the current storage, phase

and the removal operations. ,

8.0 RELEASE OF RADIOACTIVE MATERIALS TO THE ATMOSPHERE

The thorium may potentially be released to the atmosphere adhering to fugitive
'

dust particles that are eroded from the surface of the material and picked up by the wind.

Thoron gas is also potentially released by diffusion through the material and emanation

from the surface of the piles

9.0 EFFLUENT CONTROLS

'

Controls on dust and gaseous releases at Bay City include an asphaltic sealant over

the area of highest thorium concentration. The sealant is cracked and weathered in

places and is no longer completely impervious. In addition the site is vegetated and is

generally wet because of the proximity to marshes and the Saginaw River. The Midland
s

2
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site is' covered with a clay cap averaging 1-2 feet in thickness with a light vegetative -~

cover. ~ Additionally, during material removal operations, only localized work areas will

have the surface cover disturbed and water (or chemical) sprays will be used as

required to minimize dusting.'
.

10.0 DISTANCE FROM POINT OF RELEASE

,

Using an equivalent centralized point source for the release point gives a distance

of 0.5 mile (2640 feet) to the nearest residence, at Bay City, and 0.3 mile (1584 feet)
5

at Midland, which are the bases for the EDE analyses. There are no producing farms in

the region of either site that would be affected by releases from the sites.

11.0 ASSESSMENT OF EFFECTIVE DOSE EQUIVALENT (EDE) FOR CURRENT
SITE STATUS ;

The EDE has been assessed for the current site status (no action can) and for the

planned remeaiation phase involving the excavation and removal of the material for

burial at the Salzburg Landfill.
.

As confirmed in conversations with Mr. James Hardin of the EPA, .(1) the EDE

for NRC licensed facilities is to be applied to areal sources such as the Bay City and

Midland sites. (2) The EDE is restricted to doses from airborne particulate rebases of

radionuclides which are to be treated as " fugitive emissions" from the surface in the

same manner as prescribed for uranium mill tailings (areal site) under " Uranium Fuel '

Cycle Facilities" in 40 CFR Part 61. (3) thoron and its daughter products are excluded -

from the EDE for NRC licensed facilities.

The attachment I diagrammatically depicts the various options available for

applying the NESHAPs methodology to an areal site like the Bay City and Midland sites. It

shows the approach for assessing the EDE from particulate emissions.

The calculation of the source terms is provided in section 11.1 and the procedure

used to demonstrate compliance with the emission standards is described in section 11.2

for the current status of the sita. Thoron emissions are discussed in section 11.3.

3
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11;1 SOURCETERMS

40 CFR' 61 states that the "the source terms for emissions from uranium mill .;
~

= tailings piles is estimated--.using NRC's ' methodology". NRC methodology is defined in

Regulatory Guide 3.59, " Methods for Estimating Radioactive and Toxic Airborne Source

Terms for Uranium Milling Operations," and is used to calculate particulate emission
t

source terms, where the source is defined by:

S - Ew A C f N (1-R)
--(1)

where S = Radionuclide source (Cl/yr) of individual isotope _;,

Ew - Emission factor (g/m2 . yr)
,

2
A = Exposed surface area of'pite (m )

C = Radionuclide concentration in material (pCi/g)

N = Activity enrichment ratio of concentration in dust / bulk
;

material (unitiess)

R = Control factor on releases (unitiess) - Appendix C of Reg.
->

Guide 3.59

f = fracti . of each radionuclide present

[and the emission factor, Ew, is defined by:
:

Ew - 0.1 [(3.156 e + 7)/0.5] Is Rs- Fs ...(2).
-

where
Fs - annual average frequercy of occurrence of wind speed groups

obtained from joint relative frequency wind distribution for

site

Rs = Dusting rate at average wind speed for wind speed groups for

particles s 20 m in diameter (g/m2 . sec) - Table 1 of Reg.

Guide 3.59.
.

3.156 x 107 = number of seconds per year

0.5 = fraction of total dust loss by particles s 20 m in diameter

0.1 = emission reduction factor due to particle size

4
,
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(There are-significantly less particulates on the . surface of the materlal pile at

th'e Bay City and Midland sites subject to wind erosion than those from tailings

piles because of their larger size and greater cohesiveness. Thus, the source

calculation approach used by the NRC staff ( SECTION 1.2.2 of Reg. Guide 3.59)-

relative to ore pads is used to establish an emission factor at the Bay City and'

Midland sites of 10 percent of that calculated for a tailings pile).

The site specific parameters used to calculate the source terms are:

22 (8400 m ) at Bay City.A Surface area of pile = 90,000 ft
22 (1900 m ) at Midland20,000 ft

C - Average radionuclide concentration in material of piles

There are three main isotopes present: Ra-228, Th-232, and Th 228. The

average concentration of Th 232 is 188 pCilg at Bay City and 29 pCi/g at Midland. The '.

other isotopic concentrations are determined based on conservatively assumed -

equilibrium ratios as below:

Th-228 = 100% Th-232

Ra 228 - 100% Th-232

The average radionuclide concentrations thus are:

'

Bay City Midiand

Th 232-188 pC1/g Th-232 - 29 pCi/g

Th-228188 pCi/g Th-228' 29 pCl/g

Ra-228-188 pCilg Ra 228 - 29 pCl/g

f - the fraction of each radionuclide currently present is taken as 1.0

.

N - the enrichment ratio - 2.5

R - the only emirsion control factor used to reduce the release of particulates

5
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is conservatively taken as the wind break at the height of the pile from the

surrounding buildings, trees, and hills, thus providi.ng a'50% reduction in

releases. L No credit is taken for_ the asphalt sealant, vegetative ' cover, or;

high moisture content of.the surface at Bay City, in addition, the clay ..

covered pile at Midland can be considered a complete enclosure with R- |
0.99, but such control has not been assumed in the calculation.

Fs- The summary windrose for the 1983-1987 period measured at the Tri -

City, Michigan Airport is used for both the Bay City and Midland sites.

Rs - As provided in Table 1 of Reg. Guide 3.59

While there are no producing farms in the vicinity of the sites, the COMPLY Code-

requires, as input, a distance to an assumed farm. This was taken as 800 meters at Bay

city and 500 meters at Midland which will not impact the results significantly,

t

Ew. SPEED Frequency Dusting Factor ,

Knots E11 BS1 Bifs ,

0-3 0.0727 0 0

.4-6 0.27169 0 0

7-10 0.36299 3.92- x 10- 7 1.42 ' x .10-7

11-16 0.23663 9.68 x 10- 6 2.29 x 10 6

17 21 0.04395 5.71 x .10- 5 - 2.51 x 10 6 .

21 + 0.00669 2.08 x 10- 4 1.39 x .10- 4

ERsFs - 6.33 x 10-6

.
,

6.

G
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Based on use of the above input par *, meters we obtain Ew = 40 g/m2 - yr for Bay

City and for. Midland
F

Bav City Midland
'

and S = 0.79 e-4 Ci/yr. of Th-232 0.28e-5 Ci/yr of - Th-232

O.79e-4 Ci/yr of Th-228 0.28e-5 Ci/yr of Th-228

0.79 e-4 Ci/yr of Ra-228 0.28e-5 Ci/yr of Ra-228 ,

11.2 COMPUANCE WITH EDE EMISSION STANDARD FOR PARTICULATES .

Using the calculated source term (see section 11.1), and the appropriate

meteorological and population data, the COMPLY Code at Level 4 compliance model (most

accurate) was used to calculate the dose to the nearest. individual outside the site .
boundary at Bay City and Midland (See attachment i for output from the COMPLY model ,

runs). An annual maximum dose of 0.1 mrem /yr was calculated for Bay City and 0.008

mrem /yr for Midland, which is less than the 1 ~ mrem /yr limit requiring .an annual

report. Thus this report will serve to internally document the results of the

assessment.
,

While not required by the NESHAPs procedure, an alternative approach generally '

used to assess environmental doses from onsite sources was also app!ied to validate the

COMPLY assessment.

The Alternative uses the source concentrations of Th-232 as in the source.

calculations of section 11.1, and the same source enrichment ratio. However,

the airbome concentration of dust above the thoriated material, Ed is taken as

22 pg/m3 based on modeling of dust releases from comparable site.
'

conditions, and the airborne dust burden at the property boundary is assumed

to be less than 5 percent of the dust burden onsite (based on data from UMTR 4

Vicinity Properties program in Grand Junction). Thus the airborne

radionuclide concentrations at the site boundary are:

Ca-CNEd

where
Ca = airborne concentrations of Th-232 at site boundary

3(pCi/m )

7
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. C.'N are as defined in section 11.1
3 lEd - Airborne dust emissions ( g/m )

Ca - 5'.17 x' 10-4 pCl/n,3 at Bay City and 0.8 x 10 pCi/m3 at Midland,4
.

~

and the dose to an individual spending 100 percent of their time _for the entire year at:

the site boundary is calculated as: ;

,

r

- Dose = [Ca x DCF] Th-232 x 8760
2000

where

DCF Th-232, = Respective inhalation total 50 year committed dose conversion

factors for non-occupational exposure

(mrem per pCjl based on a 2000 hr/ year exposure = 117 mLem per p.Gi-
3~

m3 yr m .

yr

87G0 = number of hours / year

'
The calculated. dose at Bay City is 0.26 mrem /yr to'the individual at the site -

- boundary which compares _quite well with the dose of 0.1 mrem /yr to the nearest

- resident determined from the COMPLY code. At Midland the calculated dose is
'

0.04 mrem /yr which also is quite comparable to the 0.008 mrem /yr calculatedJ

using the COMPLY code.

11.3 THORON EMISSIONS FROM PILE SURFACE

Thoron (Radon-220) fluxes were not assessed for the Bay City or Midland piles.

The NESHAPs imposes no constraint on _ Thoron fluxes _even for areal sources such as

tailings piles or phosphogypsum stacks. Thoron has a short half life (56 sec compared

to 3.8 days for radon), and its diffusion is significantly retarded by moisture in the .
material. Thus the combination of these factors with the'significant distances to the site ;

boundary and the effect of local climatological conditions will result in inconsequentially
~

.

small Thoron and Thoron daughter concentrations at the site boundary.

.

8
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12.0 ASSESSMENT OF EFFECTIVE DOSE EQUlVALENT (EDE) FOR

EXCAVATION AND REMOVAL OF BAY CITY AND MIDLAND PILES

The thorium-based material in the Bay City and Midland sites will be excavated

and trucked to the Dow owned Salzburg Landfill upon receipt of NRC approval of the

License - Application of October,1989. All the material in each pile will be excavated

until remaining Th-232 concentrations of 10 pCi/g are achieved. To accomplish this |

localized work areas will be marked off, and the excavation performed with water or

chemical stabilizers used to minimize dusting. The slag will be maintained in a moist

condition during the transport to Salzburg, and tarpaulins, will be used to prevent
airborne release of material. The slag material will be emplaced in cell 36/37 at

Salzburg which has been set aside solely for the Bay City and Midland material, with void

space being filled with clean borrow material. Emplacement of the material will be
conducted in a manner that minimizes airborne dust generation, and the material will be

immediately covered with a multi barrier cap of combined artificial and natural
mate ials. Personnel and area monitoring programs will be conducted at all these

loca'. ions during the course of the material moving operations.

The EDE is evaluated for the slag removal at Bay City and Midland and for the

emolacement process at Salzburg in the following sections.

12.1 SOURCETERM

:

The process of excavating the slag material can be treated in the same manner as -

in Reg. Guide 3.59 for " Process Emissions" resulting from such operations as material '

handling (Section 1.1). Thus, the source is defined by:

Sp - MCEN (1-R) --- (5) - ,

where Sp - Radionuclide source (Ci/yr) of individual isotope |f
from removal process |

1

M = process rate (tons /yr) of overlying soil to be )
excavated.

C - Radionuclide concentration (pCl/g) |
E = Emission factor for the process (Edust released ,

l

ton material handled) j
.

N = Enrichment Ratio (un'iless)

9
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,

R = Emissions contr$1 factor on releases (unitiess)-

. The site.specitic parameters used to calculate the, source term are:-

~

M - The process rcie is 60,000 tons /yr for the Bay City material and 18,000..

3
tons /yr for the Midland material based on a bulk density of 1.5 tons /yd ,

,

.

C- The radionuclide concentrations are'the same as used in.the analysis of the

existing status in Section 11.1. ,

E- It is conservatively assumed that a mechanical shovel (or equivalent) is used to

remove the slag material, with each soil removal causing emissions _ comparable
,

to that from a truck end dump, and that an average of 2 soil removals is required ;

per cubic yard of material removed. An uncontrolled emission factor of 0.04

lb/yd3 (from Appendix B of Reg. Guide 3.59) is therefore used. ,

:

N- The enrichment ratio is 2.5

R- The emission control factors used are: (Appendix C of Reg. Guide 3.59)

Wind break at height of the pile = 50%-

Water sprays will be used as needed to keep the material surface most-
:;

= 50%
,

Substituting these parameters into equation (5) gives a source term, Sp for the

slag removal of 1.71e-4 Ci/yr for Th-232, Th-228,' and Ra-228 at. Bay City

and 0.79e-5 Ci/yr for these radionuclides at Midland. }

COMPLIANCE WITH EDE EMISSION STANDARD FOR PARTICULATES FOR:12,2

EXCAVATION REMOVALOPERATION
I

Using the COMPLY Code at Level 4 compliance model permits us to calculate the'- ]
!

total doses to the nearest individual outside the site boundary at Bay City and Midland.

Full time exposure to the dust in the air from the soil and/or, component removal ')

operation is conservatively assumed.

R
|
!

'!.
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For th'e source terms calculated in .Section 12,1 for the slag excavation and .

removal process, and the same meteorological conditions and population distribution as

in the COMPLY code analysis for the. current site status, the COMPLY code level 4'

analysis for the excavation and removal gives' a total annual EDE of 0.32 mrem /yr.at Bay

City and 0.031 mrem /yr at Midland. Since these doses are less than the 1 mrem /yr

limit requiring an annual report submittal, no submittal is required for the excavatiori

and removal process, and this report will serve to internally document the.results of the

assessment.

12.3 COMPLIANCE WITH EDE EMISSION STANDARD FOR PARTICULATES FOR .

EMPLACEMENT OF MATERIAL AT SALZBURG

The assessment of emissions at the Salzburg Landfill for the emplacement of

material is being included for completeness even though it is not an NRC licensed facility
'

and NESHAPS is not applicable.
L

The EDE at Salzburg prior to emplacement is essentially zero since there is no

radioactive material currently being handled or stored at this facility.

The source term for the emplacement of the slag in the cell at Salzburg is

determined in the same manner as for the removal process (section 12.1). The

parameters are the same with the exception of the Emission Factor. .Since the slag will

be dumped from the end of a truck in one operation, only 1 deposition per cubic yard of
3 s used forimaterial will occur. The same uncontrolled emission factor of 0.04'lb/yd

this one deposition. Applying' equation (5) gives a source term of 0.86e-4 Ci/yr for
Th 232, Th-228, and Ra-228 for the material shipped from Bay City and 0.04e-4

Ci/yr for these radionuclides for the material shipped from Midland.

Using the COMPLY Code at Level 4 compliance model with these source terms and
'

the same meteorological data, and at a distance from the c' ell to the nearest resident of

1400 ft, gives a total annual EDE of 0.44 mrem /yr. Since these doses are less than the

1 rnrem/yr limit requiring an annual report submittal, no submittal is required for the.

, slag deposition at Salzburg, and this report will serve to internally document the results

of the assessment.

.
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It is' emphasized ' that regardless of ' the low airborne concentrations. of -

particulates and doses projected'for the slag excavation and emplacement,'DOW will.

perform a continual emissions reduction program ;(i.e..use .of sprays,' restriction of
work area, washing of vehicles) and conduct appropriate health physics monitoring of

onsite-workers to assure that ALARA conditions are being maintained. - Area airborne
|

monitoring will also be conducted to validate that concentrations are being maintained at
'

levels to assure that offsite doses remain within the'NESHAPS standard.!

i: 13.0 SUMMARY OF NESHAPS COMPLIANCE ASSESSMENT

As demonstrated by the NESHAPS compliance analyses and supporting calculations .

described in sections 11.0 and 12.0, the airborne particulate emissions from the site,:

for both the current site status and the excavation and removal of the slag and

emplacement at Salzburg, do not result in EDE's greater that 1 mrem /yr. Thus.DOW is-

exempt from the annual reporting requirement. As required, this documentation will be

kept on file at the site and an annual reassessment will be made of the EDE if the site
'

status remains the same. If different site construction (modification) is contemplated, a

separate compliance assessment will be performed prior to initiation of the activity.

.

.
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40 CFR Part 61. . . , -

Natienal (missien starcards .i
for Matorcoes Air Pottutan;5

a
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^ 4 5

REPCRT CN CCMPLIANCE WITH
'~
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i

THE CLEAN AIR ACT LIMITS FOR RADIONUCLIDE EM!sst0NS ,

FROM THE CCMPLT CCDE, VERSicW 1.2, stPT.1989

,
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,

$
sb :EiT. CITY WE55APS CCMPLIANCE ASSESSMENi-
9g -

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

:-SCREEN tWG LEVEL. 4 .-

i~ .................
r , '4.'a

jJ \.
''

DATA ENTERED:

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

r , >

i. .

,
+Release Rate

Nuclide. Icurles/ YEAR)
.......... .............

. TH 232 V 7.900E 05
,

TM-228 Y 7.900E-05 . ,
*

i
RA-228 W 7.900E-05~ sl ,

.

|

9| . Rele:se height 3 meters.

Building height 3 reters.

i

,1 The source and receptor are not on the same building.

Building width 10 treters.

Euildir.g length 10 treters. ;

&

STACX: DISTANCES, FILE: b:\ dew \taydist.dat
, y

O!R Distance
#

FRCM -(reters)
..

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

.

N B00.000
r

NNE E00.000

ME 200.000 Ji
_

ENE 800.000
4

E 800.000 +

ESE' 200.000

-SE E00.000 .,

SSE E00.000

S 800.000

55V B00.000

SW $00.000

WsV .- 800.000
'W' E00.0M

c

WNu 800.000

hu 800.000

WNW 800.000 -)

.

#

.
4

* - _.r _ __ ___ . . . . .s_, ._1, -
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1
,

. ,

1

Ic' ]<
,

jr: ViHORCSE DAT A, f!LEf b \dow\midwird dat -
,

'"
t

.

..

ource of wind rese. data: Cornerclal beather Services inc.
Dates -of covera'ge: 1983 1987

'

-f Vird rose Lecaticn: -Trl City Airport
;),

;

j' Distance to facility: 10 miles.
l

Percent calm: 0.04
.-

O _j
I . Vind Speed' ?

TRCM Frequency (knots)
'1

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

H 0.026 :7.76

NNE 0.054 - 8.48 ,

. NE 0.068 9.25

ENE 0.060 8.39'

I* E 0.026 7.37 3

' ESE 0.026 7.35-

~

st 0.021 7.61

? .N SSE 0.030 8.71

S 0.067 8.86

Ssu 0.073 9.42

%V 0.078 9.S9
,

VsV 0.148 9.78J

V 0.055 9.34

VwV 0.050 9.12 1

NV 0.041 -8.86

NNV 0.086 8.00

Distance from the SOURCE to the FARM producing
..

- VECETASLES is 800* meters.
.

Distance f rom the SOURCE to the F ARM producing ,

r

MILK is 800 meters. >

Distance f ran the SOURCE to the FARM producing

HEAT is 800 meters. .

NOTES: ,

......

The receptor exposed to the highest concentration is located
^

. . - - . . .- 800. meters to the ENE.
.

He gets his VECETABLES f rom a f arm tocated

800. meters to the ENE.

He gets his MEAT from a f arm located
- 800, meters to the ENE. t

He gets his MILE from a f arm located
800. meters to the ENE.

Input paremeters outside the "normata range:

$.
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Olstance f rc& stack to recepter is uressca([y ( AR.

l RESULTS:-

- I"'- ........

i? >
'

2G
^

_.
>:

' WOLE E00Y dose: 0.1 (mrem / year).

- ,-
*

I CCMPLY at Level 4. a***

I
.i.

This facility is in CCMPLIANCE.

It may or may not be EXEMPT from reporting to the EPA.

You may contact your regional EPA cffice for rore information. 4
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... t

THE CLEAN AIR- ACT LIMITS FOR RADIONUCLIDE EMISSIONS
,

i

FROH THE COMPLY CODE, VERSICN 1.2, SEPT.1989
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.
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Mt0tAND hiSHAPS CCMPt1 ANCE' ASSE55 MENT
;, t'

'

,
. i

i

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

. SCREENING LEVEL 4

t;: -- ~ ................. ?
'

:
,

DATA ENTERED:

............. :__
. a

' t
I

Release Rate'

~

Huclide (curies / YEAR)'

'

.
,

TH-232 W . 2.800E-06' +

TH-228 Y 2.800E-06
' RA-228 V .2.800E-06

'
,

r--

Release height 3 meters.
,

--

/r.. .

Building height 3 meters.
~

,

i i

L The source and receptor are not cn the same building,

'Suilding width 10 meters.

I Building length 10 reters. . . ,

| . STACX DISTANCES, flLE: b:\ dew \middist.dat
i

. ,.

DistanceDlR

FRCH -(meters)
... .........

x .500.000

NWE 500.000

NE 500.000- i
ENE 500.000

E- 500.000
t..

ESE 500.000.

SE $00.000

SSE 500.000

5 500.000

ssu 500.000
' SV 500.000

,h
uSV 500.000

V $00.000 . i,

UNW 500.000

NW 500.000

NNW 500.000 ,

'

!

!

!

,

b

i
.. j

"

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

V!woRCSE CAT A, f!LE: b:\dow\micwind. cat
,

source of wind rese data: Cocmerciet Weather Services, Inc.
Dates of coverage: 1783 1987.

r

Wind rese Location: Tri-City Airport' r

# * Dista'nce to facility: 10 miles- . r'

, ,-

..
- h

Percent calm: 0.04 - |
.-

Wi nd '. Speed

- F ROM ' Frequency (knots)
^- ......... ..............

*,

N 0.026 ' 7.76
?

Nht -0.054 8.48
9

kE 0.068 9.25

eke 'O.060- 8.39
*

E 0.026' 7.39 - -e
,.

Est 0.026 7.35
*

.

SE 0.021 7.61

' * sSE 0.080 8.71''
,

s 0.067 8.86

Esu 0.073 9.42

:su 0.078 9.89

Wsu 0.148 9.78
. i

W 0.055 9.34 'l

vwu 0.050 .9,12
.

i NV . 0.041 8.86

WWW 0.CE6 8.00
,

# Y

Distance f rom the SOURCE to the F ARM producing

- vtcETAstEs is 500 meters. ;_,'~.-'
, .

.

Distance f rom the 500Rct to the FARM producing

Mitt is 500. meters. j

r

Distance f rom the SOURCE to the F ARM producing
* /!

4

MEAT is $C0 meters. .

s

i
NOTES: t
......

The receptor exposed to the hishest concentration is located
. .

!

$00. meters to the ENE.
6

.

He gets his VECETABLES from a farm Located'*
+

500. meters to the EWE. - .

|

He gets his MEAT from a f arm located .

500. meters to the EME. .'$

He gets his M!LK from a farm Located i
e

500. meters to the ENE.- ,

input pararneters outside the " normal" range: - i

j-

,

if . . . :.
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RESULTS:

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

1- . i
23.2E 03 (mrem / year). -

WOLE E00Y dese:
).4

- ' *" COMFLY at level 4. j,

.

- This f acility is in COMPLI ANCE.
._, ,

-

it may or may not be EXEMPT f rom reporting to the EPA.
-

4

You may contact your regional EPA oNice f or trore informatf ort.
'

'
-
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APPENDIX V

Chelation Effects on Thorium Disposal by Carbonate-Rich Sediments
(A Literature Study)
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APPENDIX- V

Comment No,44 raises the question of whether conditions of the Salzburg Landfill (i.e.

pH, clay type, etc.), will cause the therium to chelate in the presence of water and
carbonate-rich sediments? The comment implies that in the Landfill environment, .

thorium chelation may, in fact, take place and the radioactive material could be

transported to the water table.

The support for this argument was drawn from a study in which the conclusions seemed

to suggest this relationship between thorium compounds and carbonates acting as -

chelating agents. In the concluding statements on Thorium Carbonate Complexes, the

article states, "To us, it seems r,1ost likely that the carbonate complexes are formed by

the addition of CO2 to a coordinate oxide, forming a bridge linking several such units

together. For example, we may imagine that Th8 (OH)24(CO2)8+ is formed from Th4 -

(OH)12 + by us ng a minimum of one bridging carbonate group. However, at this stage4

all discussions of the stoichiometry of these complexes will be speculative." The last

words state "It seems quite obvious from the results obtained in this study that carbonate

may also affect the speciation, and hence, the solubility of actinide (IV) compounds, at

pH<7." [2].

In light of the language used in this conclusion, such as 'It seems most likely ... We may
~

e

imagine ... all discussions . will be speculative', the certainty of stating that 'll seems

quite obvious. * that thorium will chelate when exposed to water is arguabfe. Aside from

the verbiage sued in the study, the environment used to do the experiments differs

considerably from that of the Salzburg Landfill. The concentration range of 2.5 s test pH

$5 was used, as opposed to the pH of the landfill of 7.3 s landfill pH s 9.0. The questions-

now pending is: Will chelation take place in the 7.3-9.0 range of pH?

" Humic compounds and other organic chelates can significantly increase the solubilities

of Th (IV) ... and other elements in water.." under various pH and uncentrations [4]

Thus, the chelation of a substance is greatly affected by pH, when expo::,d io weak -
solution & of alkali carbonates, thorium salt solutions would precipitate [7]. High

concentrations of carbonate would dissolve the precipitates into carbonate complexes

[3,8].
*

_ ._ -
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The type of clay may also play a role in the chelating process.- The ion exchange capacity

of clays is low, but increases slightly with pH, due to its kaolinitic nature [6]. This -
characteristic may inhibit the chelation process. Fischer reports in USGb Gircular

#973, that " Attenuation.can occur through a variety of physical and chemical processes,

but the two most prominent processes appear to be sorption and ion exchange. SorptionE

involves the adhesion cf molecules to the surface of aquifer material; The ion exchange

process displaces lons on the surface of minerals by lons in solution. Both processes

can result in the removal of contaminants from groundwater moving from LLW (Low.

Level Waste) disposal areas (Brown,1967). The sorption and lon exchange processes

are caused primarily by the electrical surface charge in mineral particles, generally

clay-rich materials that carry an excess of negative charges. Studies by Olsen and -

others (1983) at disposal sites at the Oak Ridge National Laboratory reaffirmed that

illite clay retards the migration of cesium-137. In his investigation of the hydrogeology
'

at the West Valley, N.Y., commercial LLW site, Prudic (in. Press) found that the

transport of cesium and strontium was retarded because of lon exchange between the

contaminants in solution in groundwater and the clay component of the glacial till, in ,

contrast, investigators at' a cold-scrap recovery plant in Rhode island found that the ,

clay-free sands did not retard significantly the transport of strontium 90 (B.J. Ryan,

U.S. Geological Survey, oral commun.,1984). Thus, the clay fraction and clay type play

important roles in sorptic, and ion exchange processes; the determination of clay

fraction and type should be part of the site-selection process." [1].
.

Table 1 shows results of various leachants with chelating agents and water (4]. The
s

formation and extractability of a cnolate are highly dependent upon the acidity of the

reaction medium with the stability of a thorium oxide chelated with Dibromopyrogallol-

Red in an aqueous solution not achievable above a pH of 5.5 [5].

.

1

I

;

i
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TABLE 1

Leaching Results of Composite Soll and
Orc Samples with Chelating Agents and Water .

(leaching time: 21 days, . temperature: 25' C) ,

Concentration Soil Samole Ore Samole i

Leachate (ma/I) a b a b

8 0.001 '12 0.0009Water --

Humic Acids (HA) 10 79 0.014 30 _0.0021 ;

Humic Acids (HA) 100 162 0.028 168. 0.0120 >

Oxalic Acid (HOx) 100 1203 0.207 7.6 .0.0005

- NTAc 100 1300 0.223 396 0.0280

OTPAc 100 1642 0.282 902. 0.0630

- a Solution concentration of Th 232 after 21 days (pg/l).
.

b Percentage Th 232 released based on ar initial Th-232 concentration in soil (0.5%)
-

and ore (1.42%).

C NTA - nitrilotriacetic acid; DTPA = diethylenetriaminepenta-acetic acid. ,

$
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DECLARATION OF RESTRICTIVE COVENANTS

]

The Dow Chemical Company ("Dow"), a Delaware
corporation with executive offices at 2030 Dow Center,
Midland, Michigan 48674 is the record owner of the following _,

described premises 1ocated in Midland Township, Midland
County,-Michigan, to wit:

SEE ATTACHED EXHIBIT A FCR A LEGAL DESCRIPTION AND ,

EXHIBIT B FOR A DIAGRAM OF THE PROPERTY.

Dow is in the process of constructing'a landfill cell
on the property described in Exhibit A for the permanent
disposal of radioactive thorium-bearing material pursuant to
a license granted by the United States Nuclear Regulatory
Commission ("NRC") under 10 CFR 20.302.

.

Now, therefore, these restrictive covenants are
executed by Dow to insure the long-term integrity.of the
disposal facility for the safety of the people of the state

'

of Michigan, te wit:
:

(1) These covenants shall be in addition to those
restrictive covenants currently on record affecting the
above-described premises, and recorded at Liber. 496, Pages
540 through 542, and Liber 537, Pages 406 through 409, .

Midland County Records. ,

(2) No excavation or construction, except as necessary t

to maintain the integrity of the facility shall be allowed -

after the thorium-bearing material is disposed of and the
cell closed.

'

(3) No uses of the property shall'be made'which may
impair the integrity of the facility. Any change'in use
following closure of the cell shall require the prior
written consent of the NRC, which shall not be unreasonably
withheld.

(4) Dow shall erect, and it and its successors in~
interest, shall thereafter continuously maintain a metal
monument placed on the above-described property, said.
monument to be approved by the NRC to warn of tne presence
of radioactive thorium-bearing' material at the site. y

(5) Dow shall notify the NRC of its intent to convey
*

any interest in the property described herein. Such
conveyance shall.not be made without the prior-written
approval of the NRC, provided.however that such approval by. t

the NRC is not to be unreasonably withheld. No conveyance
of title, easement or other interest in the property shall.

*

.

be consummated by Dow without adequate and complete
provision for continued maintenance of the facility.

'
~1-

,

m ,
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Any governmental agency adversely affected byfany-(6)
violations of-these. restrictive covenants may. enforce them
by legal action in the Circuit Court for-Midland County.

(7) .The property described in Exhibit A'is' subject to
1an existing casement of record granted to Consumers Power

company for electric transmission lines.

These restrictive covenants shall run with the land in
perpetuity and shall be binding upon.Dow, its successors and
assigns.

|

Dated this day of , 1992.

Witness THE DOW CHEMICAL COMPANY

Witness By:

STATE OF MICHIGAN)
) ss.

COUNTY OF MIDLAND)

The foregoing instrument-was acknowledged before-me
this day of 1992, by,

of The Dow Chemical. Company on behalf-of the Corporation.

NOTARY PUBLIC

' UNITED STATES: NUCLEAR
REGULATORY COMMISSION.

By:

.
.

This document was~ drafted by:
-Tom McCormick, Division Counsel
The Dow Chemical Company
Michigan Division, Legal Department
47 Bldg., Midland, MI 48667
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/c TMI3 INCI:tTUFI made t'.e 24th day ef, Novenber ,

,

19 80, hy and between, THE COW CHIMlCAL COM?ANY

whose address ist 2030 Dev Center, Midland, Michigan 43640

part(y) firs) of the first part; and Howard A. Tanner , ,

Director of the Michigan Departr.ent of Natural Resources for and on behalf

cf the State of Michigan, whose address is: Steven T. Mason Building,
,

Lansing, Michigan 48913 ,

party of the second parts

1

WITNESSETH THAT:

WrE7J A$ , application for licensure under provisions of 1976, PA 641,
* ' 1970.C:. 299.401 et see, for the purpose of conducting, managing, maintain-

ing or operating a disposal area upon lands situated in the City

Midland , more particularlyof Midland County of,

.
.

described as: Cor::=encing at the North Quarter (1/4) corner of Section 35. Township 14'
North,. Range 2 East; thence South 89*-47'-50" East 433.38 feet along the North line of said

ction 35; thence South 0*-12'-10" West 252.08 feet to the point of beginning; thence contint-
acuch 0*-12'-10" West 413.65 feet; thence South 42*-55'27" West 476.54 fett; thence North
45*-39'42" Vest 560.70 feet; thence North 42*-41'-11" East 506.25 feet; thence South 89*-47'-F
East 383.80 feet to the point of beginning; containing 8.15 t acres.

has been prcperly mader and

WHIPIAS, the Directer of the Depart:nent of Natural Resources, will'

contemporaneously issue such licenses and

,

WHIKIAS, 1978 PA 641, surra, Section 16 requires that at the time of
licensing of a sanitary landfill, an instrument which imposes a restrictive

upon the land involved shall be executed by all the owners of thecovenant

tract of land upcn the landfill is located and the director.

the part(y) (%EN)NCW TRIFITOR.E, THE DCW CHEMICAL C0!G'ANY _,

of the first part, do for themselves, their heirs, successors, lessees, or ~
assigns declare,, covenant and agree:

.

R-5527
Rev 2/B0

t. .. ,
__ _
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,

.-

-

1. That the lands hereir.tefere described have been er will hereafter
he used as a sanitary lar.dfill, and that neither they, nor their servants ,
a g er.:s , employees, ner any cf the heirs, successor;, lessees er assigns shall
(er shall by their leave er suf f erance per=it others to) engage in filling,
grading, excavating, drilling or mining of the lands and premises above
described until 15 years af ter completion of all landfill activity upon the

.

same, unless written authorization therefor is cbtained from the Director

of the Depart;nent of Natural Resources; and that the State of Michigan or any
municipality may in addition to any other remedy available at law bring an
actica for an injunction or other process against any person, county, or
municipality to restrain or prevent any vio1ation of the restrictive covenan,t

,

hereby imposed upon the subject premises.

2. That at the time of the ensealing and delivery of these presents
the above described premises are free frem all encumbrances whatever, (except)
a right of way granted to Consumers Power Company for above ground electrical
transmission lines.

The director of the department of natural resources does for and on

behalf of the state of Michigan covenant and agree to exec te, acknowledge,
and deliver to the party of the first part, a release of the within restriciive

covenant, in suitable form, upon the expiration of the 15 year period pro-
vided for herein.

\

,

.

2

R-5527
Rev 2/80

.
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&& CCMF?E;):D P.* M AFPLICAJr?. PLEA 15 i,

m m >>cc =cm=vm n 4''DEC1 71990. .>. "' ' "" "

(CCRPC AAT!014) B-Partnership C-ter'ividh.a1 !

" % ano, e
* %'';.s.y.3

j
.,

.

,

.-..

****..'* [signed in psesence ofs sigt.e4 *
.

/ . ' , |
=

,

*

f/h e %[ THE DOW CHEMICAL COMPANY 8/ i k g,
',

GnArron ; .-
''M ;D,.ra Schwar e .) ig

.
' , ,

[ f// J'/'#2C Dy -h 5. .
IV ' ' . *hIts 1. F. IMR!.OW, VICc ,DRESCh ry1 A. Johnson

k Lt: YVB G ? i ? *) , 2 3
' -

'
'

*R.W. ar er .,- .,g,,signed in presence of: ffATE or st1CM1W . -

.

.t . ry' It V~..'' ' il n axa.s. J. , , ou

Nancylxay McDowell . red B. K 11ow La er.esource ecov ry Avision (on behalf of).
.

., s,

C M Director of the Departant of'.v- /

We pu natural Resources for theaa Lt:oiad r L.
state of Michigan

.

stair Cr MIOtIGAN)

|CWarii Cts d'

y day ofJbe foregoing instrument wee settnowledged be se me this y

k YY I)b )fs? %* _,19 &y C

and [ Z/ f/ l_- . the [ hd YMh ~ .nd ,.
,

of /*;'T ' ?-Y WY).Nhh We/!Y.]& *

s7 ----- .n- - w1m o .y,44 y,

&nY~~ ,

6g)!.*),s

M//,
., ,

. .,
.

*
.

. * *

nossgy,r,psc/p ?: .

.y#MMt.ecnty. Miehtgen .
.

.
ny cc-eteston t=piree s. ,

}..,. s., ,

,i...,. . 3. .... , . *

STATT CF MICHIOAN) ,g; y Q,,,, , , ;, . , j, g9n,
,

,

) se *e ....
eca.--*/ or IN0hA>t 1

Tre foregoing 1 % e t tur.o r.t wa s a c linowl edge d b f or e go, pn th t e /U (d
j

:!a y o' L > . 19 n by " E01IT- ' '' h 3 2 * $ Director of sne"

De p a r t>s ar.t o' Natural Resources, on benalf Of the $ tate Of M3Chigan.

!)? 1 'D i - r.v.3 2 ei

,. ,, ,1'' - - -

motery Pubtle
Ingham Coun* y, Michigan

' / * . / * 4'ny Cosateston Empiree

when recordes, return to' Form Drafted By"
State of Michigan,, g ,

DNp-tesource Recovery Div;ston Form Comple re d By-
( ,,, n3:e

Lansing, niet.tcan es909 W. C. Meagher'

The Dow Chemical Company
'

' m z on Pale: rur wors s1GMATURZ Real Enrice Department

a 552? '+7 Bu i ld ing
nov 2/s: Md lanJ, Mt. 486t.0

.

.

. - _ - - - - - . _ _ -
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: FE5UI0'IC CCWINANTS
wA 537 m 406

.

I'M Iw CcD1 CAL cerJANY celaware carr. ratio.. wi:h ev. ut t w o dites at
.

a,

nge Com;,any. Far tne rsra p , e tc . Accren
2030 Dow Center in Midland County, Michi M.,

t
15 tne record owner of tre felle.ing cescribed premises in the inwnship of
Mid2and

_

( Midland County, Michigan, to wit:,

SEE ATTACHED EIHIBIT-A

The Dow Chemical Company is in the process of constructing a hazardous wette landfill
hame

on a portion of its property above described, pursuant to 1979 Pl. 64 and the rules

promulgated thereunder, the location of the facility being describec in Exhibit A,

attached hereto, and hereby ~

NOW, THEREFORE, these Restrictive Covenrnts are executed by w%ony
Name*

to insure the integrity et said disposal facility for the safety of tne people of
i

the State of Michigsn to-wit:

|}

(1) No venicles, except vehicles needed and actually used for veintenance
,

anc inscettien, shall be allowec within the areas which are enclosed by a sound

and secure fence, pursuant to Paragraph (4), below, except as indicated in
Paragraph (8) below.

(2) No excavation or censtruction, except as necessary to maintuin the
i

integrity of the facility, shall be allowed after closure of the facility in

the areas which are toclcsed by a sound and secure fence, pursuant to Paragraph,

(4 ), below , except as indicated in Paragra@ (8) below.

j (3) No uses cf the prc;erty shall be nade wnicn may or will impair tre.

integrity of the facility.
AE00R0:3

A 3 4 is m H
R!CllAAut D.NEhT
Rtcilita or tts: 3/81 R 4906Mmano ccuert, men
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g4) p c s rwc-u n c- m v shall erect. and it and its successors in
have

interest, shall iteraaf ter centinuously maintain until f urther orcer cf the

Depa-trent of hatural Resources: (i) a secure and sound fence enclosing the
;

area c;ntaining the disposal facility at least Mm (50) feet
' measured f rom all edges of the disposal .cility; and (ii) a tign stating:

%erning. Hazardous Weste ! sposal Area, KUP OU T." inside the fence, visible
i

from each side.

(5) The new Chemsest Company snall notify the Director of the Michigan
lame

i Department of Natural Resources of its intent to convey any irterest in land

located in Cit v of Midland , Section M in Midland Township.

Midland County, MichigJn. ho conveyance of title, easement, or other

interest in the prcperty shall be consumuted by The Dow Chemical Company
f itne'

without adequate anc ccttplete provision for continued maintenance of the facility

i and raonitoring systemt described in the Closure and Post Closure Maintenance anc

Monitoring Plans cescribed in Exhibit 2, attached hereto and hereby made a part

j hereof. For the puroese of assuring adequate maintenance of the' facility's

monitoring system (s), no property owned by The Dow Chemical Co. , riescribed in
Name

Exhibit A shall te conveyed without prior written approval of the Directer of

the Michigan Departrrent of Natural Resources. Such approval by the Director is

not to be unreasonably withneld. l
| |

(6) Until f urther notice f rom the Director of the Michigan Department of |

hatur&l Reso,rces, set fortt acove ,The i%=< Chemic al Co. a9d iti succed.scrs In,

hame

|
title will maintain and monitor the facility as cescribed in Section 4)(1) of ;

,

i 1979 PA 64 f
I |

,

(7) Any governmental agency adversely affected by any violations of these

restrictions may enforce trem by legal actions in the Circuit Court,
i

I
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(!) The property described in Exhibit A is subject to
an existieg esserent of record granted to Consumers Power

Company for elect:1: transatssion lines.

|
, These Restrictive Covenants shell rure with the land and be binding upon
l

first party, its successors, and assigns.
,

; CATED: This 4 # day of g d , 1981.
i V <
|

THE DvV CHEMIC.AL COMPANY
t^ '

%% by & $ $+
|

1ts L F.HARLOW.VIC2 PISOD4T
,

|

!

|
l Director, Micnigan Departmen: cf hatural Resources
|

WITNESSES:

Sky /?5 h&x-
/ Cheryl /. Johnson

{

!i $4 . s
; Lu Ellen Josjpn 3

STATE OF MICHIGAN)
) ss.

COUNit CF MIDLAND

NThe forescing insturnent was ackno lecgec before me this / cey

of w do ,1981,ty / f~ $ e /aa. , of S* h.: ,

Y e$sI N L,, a: pe c:icn on behalf of the Corporation.+-
/ s'

*

j- g 'fum informtion necessary to cuplete>

uus irstr. rent was su; plied tr/ The
ttw Chcnical CaTany, twwc'r, tre NOTARY P[BLIC

,

instrnent was }repared by tre Michigan
CHI 1TL /L )OHNSON*

Optr,1cnt of 14atral PeSources. Henar? Pi bas. budhad Cm, Mk.h. hen
Mr N - % E= e W L.INJ

,

(. .
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DOW CHEMICAL U.S.A.

uicHIGAN DMSION
October 30, 1989

?11DLAND. MICHIGAN 48667

Germain LaRoche
MS6H3
U.S. Nuclear Regulatory Commission
Washington, DC 20555

SUBJECT: DOW THORIUM STORAGE SITE 20.302 APPLICATION
AND DECOMMISSIONING PIANS

Attached is the 20.302 application for Dow NRC license STB-
527 with plans for the decommissioning of the Bay City
Thorium Storage Facility and a Health and Safety Plan.

Our intentions are to remove the thorium material from the
storaJe site located on our Bay City Plant site and place it
in a special cell at the Salzburg Landfill. There are State
legislative deadlines in place which requires an expeditious ,

regulatory review and approval, so your prompt attention is
appreciated.

Please contact Don Berry (517-636-3595), if you have any
questions or need additional information.

-

A

R. M. f yle, anager
Enviro ental Services
1261 Building
517-636-2646 i

George Bruchman, MI Department of Public Healthcc:
Richard Traub, U.S. EPA, Region V
Mohammad Yusaf, MI Department of Natural Resources

)

h
3R~gV -

to ,

gQualitys
mrrormance

AN OPE RATING UMT OF T HE COW CHE M'C AL C OMPANY
{

'*

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ - _ _ _ _ _ _
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Dow U.S.A.*

The Dow Chemical Company
iActano Michigan 48667

' November 18,1992

,

John Austin, Chief
Decommissioning & Regulatory Issues Branch '

Mail Stop 5-E4 a
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Dear Mr. Austin:

The Dow Chemical Company .(Dow) has previously filed an application -
.

seeking authorization under 10 CFR 20.302 to dispose of certain thoriated
wastes in its Salzburg Landfill. Dow now requests an exemption pursuant to
10 CFR 40.14(a) from any requirements arising from 10 CFR 40.42(f)(3) relating
to the termination of Dow's license for these thoriated materials.

Section 40.42(f)(3) requires that a licensee demonstrate that the premises are
suitable for release as an unrestricted site. The staff has stated that this-
provision requires a showing that an intruder will not incur a dose in excess.

of a few mrem / year even if the covers and' cap of the disposal. cell were
removed. As shown by the enclosed materials, it is inappropriate to require
such a showing in the case of disposal of the thoriated wastes at the Salzburg
Landfill.

The disposal of the wastes in the Salzburg Landfill will assure protection of
the environment and the public health, because the Salzburg Landfill-
includes inherent characteristics, design,'and controls that will serve to assure
the long-term isolation of the wastes. Moreover, the site possesses, and will

4maintain rigorous institutional controls that will assure the security;and
integrity of the site in perpetuity. It is our view that there is no other disposal
site that is better designed and managed than our Salzburg Landfill and that-
will provide the long-term protections that this site offers.

The following materials provide information to be considered in connection
with this request. If you have any questions or concerns, please contact me at
your convemence.

ttc 0 LWO
9> /

.- :

Hayde Schoen /) "

k -The Dow Chemical Company Q/ 4 -

1261 Building . .

Midland, MI 48667
'

i 1

(517) 636-3874
,

:



. . . .. ._

". i. : ,-

4

. f-

UNRESTRICTED RELEASE EXEMPTION CRITERIA :

TO BE CONSIDERED FOR'THE DISPOSAL OF
'

THORIATED MATERIAL AT THE SALZBURG LANDFILL ~
.i

,

.

T

L Application Format
,

This application for an exemption for specific disposal licensing requirements
has been organized to demonstrate the effectiveness of institutional controls
over the site considered for disposal of this thoriated material. The following- .;

table of contents summarizes the issues for this exemption:

I. - Application' Format
II. Facility Background
III. Unrestricted Release
IV. Superiority of Salzburg Landfill-
V. RCRA Controls
VI. Institutional Controls
VII. CERCLA Liability
VIII. Restrictive Covenants
IX. Public Support
X. Agency Support
XI. Request Summary

In order to limit the size of this application, infc'rmation germane _ to the . ,

discussion that is contained in previous submittals will be referenced only,-
-

and will generally be found in:

1) the License Application On-Site Thorium Disposal At_ The Salzburg
lendfill (Application) submitted to the NRC in October,1989, and

:

'2) Response to Comments Dated September 18,1991 on 10 CFR 20.302
Application for Disposal of Magnesium-Thorium Slag-Material at the
Salzburg Landfill Disposal Facility (Response).

~

.

b

2

+yw
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II. Facility Background

)The Salzburg Landfill, located in Midland, Michigan, is owned and operated
by Dow. The facility is used to manage hazardous wastes, regulated under
Michigan Public Act 64, the Resource Conservation and Recovery Act |
(RCRA), and the Hazardous Solid Waste Amendments, along with non- ;

hazardous solid wastes, regulated under Michigan Public Act 641, with all
.

!
_

associated rules and regulations. The facility maintains active permits with
respect to all four statutes, and is in full compliance with governing agencies.

The original design of the Salzburg Landfill spelled out a series of 52 cell units
to be built, as needed, for management of the solid and hazardous wastes.
The landfill is currently expected to have capacity at least through the year
2051, at which time the final cell would be capped and the entire 152 acre
facility would enter its closure period, followed by post-closure care.

The cells proposed for the thorium disposal are referred to as cells 36 & 37,
and a diagram of the landfill detailing the relative size and placement of the
cells in relation to the landfill facility can' be seen in Figure 5.1-1 of the ,

Application. The design and construction of this unit would follow the
stringent standards imposed on hazardous waste landfill cells, and would be
overseen by the Michigan Department of Natural Resources (MDNR).

Thoriated material deposited in cells 36 & 37 of the Salzburg Landfill will be
isolated from the environment, as detailed in the Application and Response.
The superior long-term capability, inherent in disposal of thoriated material
at the Salzburg Landfill,is displayed by:

1. Insolubility and lack of mobility of thoriated materialin a soil / water
environment,

2. Design of cells 36 & 37 to meet RCRA and NRC standards (e.g. multi- ..

~ '
barrier liner and cap construction, full encapsulation of the waste, leachate
monitoring and collection to eliminate potential migration pathway, etc.),

3. Characteristics of the Salzburg Landfilllocation to provide inherent
isolation ( e.g. geology, distance to aquifers, remoteness of surface water,
clay content of soil, etc.),

4. Design of the repository (e.g. buffer zone to the perimeter, very low
population density near the site, distance from hazardous waste cells,
water management program to minimize run-on and percolation through
cover, extensive groundwater monitoring, etc ), and

5. National recognition of the Salzburg Landfill's superior design and
performance.

3



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

-
. ,

'

,

5 'y,

III. Unrestricted Release

'

'The Dow Chemical Company (Dow) recently submitted its Response to the-
.

Nuclear Regulatory . Commission (NRC) for review. _ Comments |from the_

NRC had proposed that dos.e calculations for the landfill facility should
assume that the site is relcased for unrestricted use. The assumption was to ,

be made that an intruder would unsuspectingly remove the covers and| cap
from the' disposed-of thoriated waste, and unknowingly receive this ' dosage.
A calculated dosage of less than a few mrem /yr would be acceptable, according
to the NRC.

,

In Dow's Response, the position was taken that cells 36'& 37 were not to be
.

intended for unrestricted release, and that sufficient institutional controls
would.be established in order to isolate the material from intrusion ~and the
environment. Since the entire Salzburg Landfill is permitted as a RCRAL
disposal facility, the entire facility is subject to restrictive covenants, approved '

-

closure - and post-closure plans, . financial assurance, and. long-term . i

institutional control. .Dow proposes the imposition :of further restrictive
covenants on cells 36 & 37c Dow does not intend for the disposal' site to be t

released for unrestricted use, but rather intends to provide operational and
_

institutional controls designed to propoerly. manage the site in perpetuity.

The dosage, as calculated by using the scenario of the' intrusion of an
unsuspecting intruder would be greater than a few mrem /yr, but with the
proper controls in place to preclude an intruder, as. such, the appropriate
scenario would have the covers left in place. The calculated'~ dosage is very . ,

small if the cap and covers are left in place, as detailed'in the Response.

!

,
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IV. Superiority of Salzburg Landfill

Of the various alternatives available for disposal of Dow's thoriated material,
the Salzburg Landfill is the most appropriate site for the proper management
of the waste. There are no other available sites, better designed and operated,
that will provide more superior barriers against intrusion. The comparative
superiority of the Salzburg Landfill, relative to an offsite commercial facility,
for disposalis demonstrated by:

1. Dow's ownership and operation of the Salzburg Landfill will assure the
continuing responsibility of the generator for the emplaced waste. Offsite
disposal at a commercial facility means transfer of the responsibility _for
the waste to the disposal site operator, with the attendant performance !

characteristics of that site's operation and potential for contamination,

2, There is currently only one offsite facility that can realistically be
considered for the thoriated waste. While Dow has no reason to question
the design, operation, or performance characteristics of the site, the
Salzburg Landfill offers at least comparable characteristics,' in terms of
design and operation, along with the further guarantee of Dow's long-
term responsibility'and liability for material contamination,

3. The short transport distance (less than twenty miles) from Midland and
Bay City to the Salzburg Landfill (vs over one thousand miles- to
commercial facilities) results in lower population and driver exposure,
reduced accident potential, minimal community concerns, etc.,

4. Comparative total disposal costs are considerably less for Salzburg
Landfill disposal with no sacrifice of protection of human health and the
environment,

5. Disposal at Salzburg Landfill, which is essentially onsite. disposal, ,

'

adheres to the national policy encouraging onsite disposal over offsite
dispcsal,

6. The potential for intrusion doses is as likely to be minimized by this
approach as by the approaches in commercial facilities,

6. Consideration of intrusion into the waste as a potential pathway, with
the attendant high doses. applies equally to any location where near-
surface disposal is used, as at available commercial facilities, and

7. More reliable long-term isolation can be achieved by depending on cell
construction and landfill repository design (as at Salzburg Landfill) than j
on a buffer zone created by currently low population density (as at any.

~

available commercial facilities).

5



.-

.

*

V. RCRA Controls

All of the 152 acre Salzburg Landfill site is subject to regulation under RCRA.
The whole facility is considered to be a solid waste management unit, and is
permitted as such. As new, individual cells are proposed for construction, the
design is reviewed by MDNR, which maintains control over compliance with
RCRA for the site, including waste management, groundwater
contamination, leachate collection and analysis, landfill operation and
administration, air monitoring, cell closure and maintenance, and security.

Under RCRA, the facility is subject to extensive monitoring and regulation, es
detailed at 40 CFR Part 264, both during its active life and in post-closure. An ,

extensive surveillance and inspection program is required, ensuring
protection of human health and the environment. There are a multitude of ~ .

operational and administrative controls that prevent unauthorized access to
the facility. These controls can be found, spelled out in great detail, in the
facility Operating License.

The Salzburg Landfill is operated in compliance with its Operating License,
granted by MDNR in accordance with RCRA. This subjects the entire facility
to the jurisdiction of RCRA and its regulations. Furthermore, the facility is
then also subject to the submittal and approval process of Closure Plans and
Post-Closure Plans. When the facility capacity has been consumed, RCRA
requires that the operator notify the agency, and close the facility as per the. '

Closure Plan.

Regulations concerning the Closure and Post-Closure requirements regarding
hazardous waste management facilities are found at 40 CFR 264 Subpart G.
As stated in the regulations, owners or operators of sites, such as Salzburg
Landfill, must close the facility in a manner that minimizes the need for
further maintenance and protects human health and the environment.

Once closure is complete, the facility enters the Post-Closure period, for which
the initial period lasts thirty years. At any time during this phase, the
Regional Administrator may extend the period if necessary to protect human
health and the environment. As stated at 40 CFR 264.117, The Regional!
Administrator may also require, at partial and final closure, continuation of
any of the security requirements when access by the public or domestic ;

livestock may pose a hazard to human health.

This same regulation further states that Post-Closure use of a facility such as
Salzburg Landfill never be allowed to disturb the integrity of the final cover,
liner (s), unless the Regional Administrator approves of the action. There
will be a very strict control over the entire Salzburg Landfill facility, even
after it has been closed. This period can be as long as needed, in order to
protect human health and the environment.

6
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VI. Institutional Controls

The Salzburg Landfill facility has demonstrated.the capacity to assure site
integrity for the short and long-terms. These include:

1. Site access control (security fence, administrative criteria for entry,
controlled gate access),

2. History of trouble-free operation at Salzburg Landfill, along with no
evidence of offsite contaminant migration,

3. Extensive experience of the site operating personnel and Dow in the
'

management of disposal facilities,

4. Imposition of strict restrictive covenants assuring Dow's long-term
responsibility in generating cells 36 & 37 integrity, and

.

5. Support of the State of Michigan for the use of Salzburg Landfill to
deposit the thoriated material, along with use of restrictive covenants
to assure perpetual control of the site.

Another of.the administrative constraints on 'the facility is found in section
3004 of RCRA, as regulated under 40 CFR 264 Subpart H. This details the
requirement to maintain adequate. financial resources that .will establish -
financial assurance for closure and post-closure care of the facility. This is
subject to a continued review process, and ensures that there will be sufficient
funds for the long-term care of the site.

Following an administrative determination pursuant to section 3008 -of
RCRA that the owner of operator has failed to perform post-closure care in
accordance with the approved post-closure plan and other permit
requirements, the Regional Administrator may draw on the letter of credit, or-
other financial instrument, used to provide the financial assurance.

7
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VIL CERCLA Liability

One of the basic tenets of Dows' waste management philosophy is to ensure
that the waste it. produces is managed in a manner that is protective of
human health and the environment. To this end, Dow is devoted to
managing its wastes in its own facilities, in the knowledge that these facilities i

have been located, designed, constructed, operated, and closed in the ,

!environmentally best fashion possible. One result of this is that Dow's
liability under CERCLA is limited.

The Salzburg Landfill site generally should never have to remediated under
CERCLA due to its superior characteristics. If Dow's thoriated material is
transferred to an offsite commercial facility, Dow loses control over the

'

destiny of the material. Dow has the ability to manage its wastes in its own
facilities, but gives up that control when wastes are sent offsite. This loss of ,

control is unsatisfactory to Dow.

Even though the ownership and responsibility to manage Dow's thoriated
material would change hands if it was managed at a commercial facility, Dow
would retain potential responsibility under CERCLA. If, the commercial

'

facility were to fail, and/or have any environmental contamination concerns,
Dow could become a potentially responsible party' for an. entire remedial
action by virtue of having arranged for disposal of regulated material at the

#

site. This liablity is unacceptable to Dow, when there is an equally, if not
superior, alternative available. This superior alternative is the use of
Salzburg La.idfill for disposal of Dow's thoriated material.

.
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VIII. Restrictive Covenants

The Salzburg Landfill facility is required under RCRA to record a notice at the '

office of the County Register of Deeds as to the nature of materials disposed of
on the site along with their location. This Declaration of Restrictive ,

Covenants was attached to the deed to the property when the original RCRA
license was obtained for the landfill in 1981.

More extensive, perpetual language has been developed for inclusion in the -,

Declaration of Restrictive Covenants to reflect the potential disposal of the-
thoriated material at the Salzburg Landfill. Item 1 of the Attachments
contains this updated Declaration of Restrictive Covenants, which meets th'e'
legal requirements of an equitable servitude under Michigan law. Dow and :

the NRC would bind the successors and assigns of the property to the terms of ,

the Declaration by recording the document at the office of the County Register -
of Deeds.

.

Precedent in Michigan courts and the common law upon which the Michigan
courts have relied, as well as doctrines of equity, support the enforceability of

'

the Declaration. This ensures the long-term isolation 'of the thoriated
material, in perpetuity. Item 2 of the Attachments contains an Opinion of
Counsel which supports the enforceability of the provisions by Michigan
Courts. As stated in the Declaration of Restrictive Covenants, the property ,

use restrictions could be easily enforced by any local, state, or federal
governmental agency, or any adjoining landowner to the property.

>
<
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IX. Public Support
.

Meetings have been held with the public to communicate the plans for
disposal of the thoriated material at the Salzburg Landfill. Personal. visits to
local homeowners and Salzburg Landfill neighbors were made to discuss '

Dow's plan. Communication with. local groups of decision and policy
makers, along with the news media, both in Bay City and Midland, has taken
place. Public support has been very positive, as represented by the attached
1 ruer from Mary Sinclair, a local citizen activist.

I ent communication with the Midland Community Advisory Panel shows- ,

support for the disposal of the material at the Salzburg Landfill. The-n
general position taken is that the proposal is a constructive way to address the -
issue.

X. Agency Suppor+

The MDNR is responsible for design, operation, and maintenance -of. .

hazardous waste facilities. Dow's proposal is to dispose of the thoriated waste
in a landfill cell designed according to the stringent requirements for ,

hazardous waste landfills. This agency has reviewed the Application and
Response from a technical point of view, and is supportive.of the disposal
concept for the thoriated material in a cell at . the Salzburg Landfill,3
constructed and operated -according to hazardous waste landfill criteria.
Written support from the MDNR can be found in Item 3 of the Attachments.

The Michigan Low Level Radioactive Waste Authority has reviewed both the
Application and Response from a technical point of view. The Office of the
Governor of the State of Michigan has also reviewed the Application and
Response. Both of these groups are supportive of disposal of Dow's thoriated--
material at the Salzburg Landfill. ,

The Michigan Department of Public Health manages the radiological health
program of the state, and has reviewed both the Application and Response.
from a technical point of view. The Environmental Protection Agency
Region V has confirmed that, with the adequate degree of acceptable
regulatory control by the state agencies, it has no concern with the proposal.

:
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XI. Request Summary

The Salzburg Landfill will be properly managed and secure, today, as well as
'

in the future. There need be no concern about leaking or leaching of material
from the _ Salzburg Landfill, causing harm to human health and the e

environment. There should also be no concern about intrusion onto' this
site. Facility operational and administrative constraints such as site access
control, site history, operating experience, and imposition of restrictive
covenants will assure site integrity for the short and long terms.

The long-term control of the proposed disposal site is assured due to the'

stringent requirements imposed by the RCRA licensing of the facility. At the
same time, institutional control of the site will be ensured by the extensive
restrictions proposed to be added to the property deed. These provisions will
enable this site to be properly managed in perpetuity.

Dow's Salzburg Landfill is the most appropriate site for the proper
management of its low-level thorium waste. There is no other site that is
better designed and managed, that will provide the isolation of this material
from the environment.

For these reasons, proper isolation of Dow's thoriated waste would be assured
if disposed of at the Salzburg Landfill, and this application for an exemption
from the specific use of unrestricted release criteria should be granted,
allowing full credit for the engineered barriers that will isolate this material
from the environment.

:
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DECLARATION OF RESTRICTIVE COVENANTS
r

The Dow Chemical company ("Dow"), a Delaware
corporation with executive offices at 2030 Dow Center,

L Midland, Michigan 48674 is the record owner of the following
described premises located in Midland Township, Midland
County, Michigan, to wit:

SEE ATTACHED EXHIBIT A FOR A LEGAL DESCRIPTION AND
,

EXHIBIT B FOR A DIAGRAM OF THE PROPERTY.

Dow is in the process of constructing a landfill cell
on the property described in Exhibit A for the permanent
disposal of radioactive thorium-bearing material pursuant to
a license granted by the United States Nuclear Regulatory
Commission ("NRC") under 10 CFR 20,302.

Now, therefore, these restrictive covenants are
executed by Dow to insure the long-term integrity of the
disposal facility for the safety of the people of the state
of Michigan, to wit:

(1) These covenants shall be in addition to those
restrictive covenants currently on record affecting the
above-described premises, and recorded at Liber 496, Pages
540 through 542, and Liber 537, Pages 406 through 409,
Midland County Records.

(2) No excavation or construction, except as necessary
to maintain the integrity of the above-described premises-
shall be allowed after the thorium-bearing material is
disposed of and the cell closed.

(3) No uses of the property shall be made which may
impair-its integrity. Any change in'use following clocure
of the cell shall require the prior written consent of the-
NRC, which shall not be unreasonably withheld.

(4) Dow shall erect, and it and its successors in
interest, shall thereafter continuously maintain a metal
monument placed on the above-described property, said
monument to be approved by the NRC to warn of the presence
of radioactive thorium-bearing material at the site. ,

(5) Dow shall notify the NRC of its intent to convey
any interest in the property described herein. Such
conveyance shall not be made without the prior written
approval of the NRC, provided however that such approval by
the NRC is not to be unreasonably. withheld. No conveyance
of title, easement or other interest in the property shall
be consummated by Dow without adequate and complete
provision for continued maintenance of the property.

'|
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(6) Any local, state or federal governmental agency,
or any adjoining landowner to the property described herein
affected by any violations of these restrictive covenants,
may enforce them by legal action in the Circuit Court for
Midland County.

9

(7) Dow agrees that any of the parties mentioned in '

the previous paragraph may obtain an immediate temporary-
restraining order from the circuit Court upon an allegation
that these restrictive covenants have been violated without
any further showing being required. Dow shall then bear the
burden of proof as to why such temporary restraining order
should not be made a permanent injunction by the Court; Dow
agrees not to contest the issuance of a permanent injunction
unless it has the written concurrence of the KRC.

(8) Dow, its successors and assigns shall not at any
time institute legal proceedings. by way of quiet title or-
otherwise, to remove or amend these restrictive covenants
unless the NRC has given Dow advance written approval.

(9) The property described in Exhibit A is subject to
an existing easement of record granted to Consumers Power
Company for electric transmission lines.

These restrictive covenants shall run with the land in
perpetuity and shall be binding upon Dow, its successors and
assigns.

Dated this day of 1992.,

Witness THE DOW CHEMICAL COMPANY

Witness By:

STATE OF MICHIGAN)
) ss.

COUNTY OF MIDLAND)

The foregoing instrument was acknowledged before me
this day of 1992, by,

of The Dow Chemical Company on behalf of the Corporation.
i

NOTARY PUBLIC

UNITED STATES NUCLEAR
REGULATORf COMMISSION

By:

This document was drafted by:
Tom McCormick, Division Counsel
The Dow Chemical Company, Michigan Division,
Legal Department, 47 Bldg., Midland, MI 48667

_2-
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REPLY To:# " ''

Saginaw

Mr. Thomas McCormick
Legal Department
The Dow Chemical Company
47 Building
Midland, Michigan 48667

RE: Enforceability of Restrictive Covenants and Equitable
Servitudes in Michigan

Dear Mr. McCormick:

you have requested our opinion concerning whether the attached
Declaration of Restrictive Covenants (the " Declaration") will be
enforced by a Michigan Circuit Court.

It is our opinion that the Declaration.will be enforced by.a
Michigan Circuit Court.and a permanent injunction against The Dow

("Dow") will be issued if the Court determines-Chemical Company
that Dow has violated, or is about to violate, the Declaration.

The term " Restrictive Covenant" is somewhat of a misnomer as
used in the Declaration. The covenants and restrictions contained
in the Declaration are more accurately referred to as " Equitable
Servitudes." The main distinction between the two terms is that
the former requires privity of estate while the 'latter does not.
The following is a brief review of the evolution of the common law
governing Restrictive Covenants and Equitable Servitudes.

Restrictions imposed on real property are common:today. The-

party imposing the restrictions generally desires them to be
binding and enforceable against successors in- title. The

restrictions may be established in several ways, including by

covenants at law which run with the land and by equitable
# servitudes.

Several requirements must be met before a restrictive covenant
will run with the land. To have a covenant running with the land

a
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Mr. Thomas McCormick
Page 2
November 2, 1992

in Michigan,-a three-part test is applied. The Court of Appeals

set forth this test in Greenspan v Rehberg, 56 Mich App 310; 224
NW2d 67 (1974), stating that to have a covenant running with.the
land, the grantor and grantee must have intended that the"

...

covenant run with the land; the covenant must affect or concern the
land with which it runs; and there must be privity. of estate
between the party claiming the benefit and the party who rests .
under the burden." Greenspan at 320-321, citing 21 CJS,

covenants, 554, p 923.

The privity requirement is the most difficult to prove. In 3

Kotesky v Davis, 355 Mich 536; 94 NW2d 796 (1959), the Court |
'

discussed the issue of privity in a case involving building and use
!restrictions. The Court noted that where the plaintiff did not own'

any other property which the restriction might have benefited and,
at the time the suit was brought, retained no interest in the
parcel in question, the requirement of privity was not met.

The Declaration of Dow Chemical will not meet the requirements -
of a covenant at law. As in Kotesky v Davis, no privity of estate

exists between Dow Chemical and the United States Nuclear

Regulatory Commission ("NRC") or the other parties which may

enforce the Declaration. However, the Declaration will be upheld
as an equitable servitude.

The Michigan courts make a distinction between covenants
running with the land and equitable servitudes. The various
requirements of privity, so important- to the enforcement of a
covenant at law against successors to the original parties, are not-
applicable to an equitable servitude. Thus, the requirements for an
equitable servitude are more liberal than the requirements for the
running of a covenant at law.

An equitable servitude is particularly powerful against
successors and assigns. Whereas a covenant at law will run only if
the original parties had some sort of property relationship, anyone
who takes possession of the burdened property will be bound by an
equitable servitude, as long as there is sufficient notice, even
though there is no privity of estate between the possessing party
and the original promisor. An equitable servitude will also bind
the holder of a lesser' estate, such as a lessee or a licensee.
Additional protection is therefore created by an equitable

servitude for the NRC and other parties who may enforce the
Declaration of Dow Chemical.

Equitable servitudes were first recognized in England. The
inadequacy of legal remedies for breach of a use restriction led to
the famous English case of Tulk v Moxhay, 41 Eng Rep 1143 (1848).
The court in Tulk granted the plaintiff an injunction in the Court

Theof Equity even though the covenant was not enforceable at law.

-~ =:_ - - . _
.__
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Court relied principally on a theory of unjust enrichment.- The
Court assumed that because a use restriction was placed on the
property, the promisor in the second transaction had paid a lower
price. The Court concluded that the promisor should not be allowed
to convey to another without having the other bound to the
restriction. The Court determined it would be inequitablo to allow
the original purchaser to sell the property without the restriction
because the purchaser could then sell the property for a greater
price without the restriction the day after the purchase.

Since Tulk v Moxhay, equity courts in both England and America
have been willing to enforce an agreement as an equitable servitude
against the burdened land when the subsequent purchaser has actual
or constructive notice. The courts have done so whether or not the -i

agreement constituted a valid covenant running with the land at
law.

The enforcement of a restrictive covenant by someone other.
than the original parties has historically rested upon two

different theories:

(1) That the covenant creates an equitable

servitude or easement in favor of the
covenantee's land, the benefit of which passes .

'
with the land upon its subsequent conveyance;
or

(2) That the covenant is specifically enforceable
in equity as a contract affecting real

property, by the persons intended to- be

benefited thereby, as third party
beneficiaries of the contract, regardless of
the absence of privity of estate. 20 Am Jur

;2d p 857-858.

Michigan courts have treated equitable servitudes as a special
class of covenants that are enforceable simply because of the
equities presented by the facts of a particular case. The courts
do not require that use restrictions run with the land. The case of
Sun oil company v Trent Auto Wash, Inc. , 379 Mich 182; 150 NW2d 818
(1967), sets forth the doctrine of equitable servitudes which the :

Michigan courts embrace. In Sun Oil, the Court enforced a use

restriction against a subsequent grantee, even though the

restriction did not, on its face, purport to run with the land. In
this case, a vendor, Clara Williams, . conveyed property to Sun Oil.
The deed contained a clause which provided that the adjacent land
held by Clara Williams would not be used as a gasoline service
station. Later, Clara Williams deeded the adjacent parcel to Trent
Auto Wash. Trent Auto Wash had knowledge of.the covenant entered
into between Clara Williams and Sun Oil. Trent Auto Wash did not

i



-- .. . . .

'

.

+

Mr. Thomas McCormick
Page 4
November 2, 1992

wish to abide by the prior agreement. The Michigan Supreme Court
held that a court in equity could enjoin the vendor and those in
privity with the vendor as long as the party had notice-of the-
agreement. Enforcement did not depend on the doctrine of the
running of a covenant with the land; rather, the Court stressed
that since defendant had' actual knowledge of the promise made in
the deed to promisor, the defendant was bound to it. <

The Court found that an equitable servitude existed, stating
the following:

The principal is stated by Lord Chancellor in the case of
Tulk v Moxhay (1848), 2 Ph 774 (41 Eng Rep 1143),
affirming 11 Beav 571 (50 Eng Rep 937):

"The question does not depend upon whether the covenant
runs with'the land.... [I]f there was a mere agreement
and no covenant, this court would enforce it against the
party purchasing with notice of it; for if an equity is
attached to the , roperty by the owner, no one purchasing
with notice of taat equity can stand in a different
situation from the party from whom he purchased."

The principal of Tulk has been widely recognized and
followed in numerous cases. Sun oil at 186, 150 NW2d at

820.

The Michigan Supreme Court, in its opinion in S u n . O i l_,
followed the decisions of several other courts. The Court cited the
case of Thodos v Shirk, 248 Iowa 172; 79 NW2d 733 (1956), where the
court, in discussing the doctrine of equitable servitudes, stated:

Since the doctrine of equitabic servitude rests upon the
theory of a servitude imposed upon the land, enforceable
against all subsequent purchasers of the land who are
charged with notice actual or constructive, the

requirement of the special words such as 'and assigns' is
unnecessary in the deed. The sole test for the running
of the burden in equity is the intention of the parties
to impose a servitude upon the land as distinguished from
a personal promise of the present owner. (Emphasis
added) Thodos at 179.

According to its decision, use restrictions will run with the
land as long as the original parties to the agreement to restrict
the use of the property intend that the restriction so run. Thus,

since it is the intention of Dow Chemical and the NRC that theDeclaration run with the land, the successors and assigns of the
property of Dow Chemical will be bound.

.

!
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In Sun Oil, the Court also relied on Coomes v Aero Theatre and
Shopping Center, Inc., 207 MD 432; 114 A2d 631 (1955):

"We reaffirm the doctrine (of Tulk] that if.the owner.of
land enters into a covenant concerning its use, ,

subjecting it to an easement or personal servitude, and
the land is af terwards conveyed to one who .has notice of
the covenant, the grantee will take the land bound by the
covenant and will be compelled in equity to specifically
execute it or will be restrained from violating it;.and
it makes no difference, with respect to this liability in
equity, whether or not the covenant is one which runs
with the land. (Citations omitted) Coomes at 437.

The Court in Sun Oil, and the decisions upon which the Court
relied, recognized the necessity of. notice for an equitable
servitude. Thus, an agreement against a subsequent purchaser will
not be enforced in equity unless there was notice of the

restriction. The notice requirement is satisfied 1not only if the
subsequent purchaser has -actual knowledge but also if he has
constructive knowledge. If the restriction appears in the.

purchaser's direct chain of title, it will be sufficient to place
him on constructive. notice of the restriction. However, it is not

necessary that the restriction be put in any deed of conveyance or
that it be shown by any writing as long as notice is provided.*
Furthermore, a conveyance is not required in order for restrictions
to be upheld. Use restrictions of property are mattersoof private
contract and may be upheld if consideration and the other

essentials of a contract are present. The mutual agreement of the.

parties to an instrument to conform to use restrictions is deemed-
to be suf ficient consideration to support a contract. 20 Am Jur 2d
729 - 730.

Even though the Declaration is not part of a deed. or
conveyance, Dow Chemical and the NRC have entered into a-contract
which will be validly recognized by Michigan courts. Since the
Declaration of Dow Chemical will be recorded, constructive notice
will be provided for all successors and assigns. Thus, the

successors and assigns of Dow Chemical will be bound to the use
restrictions set forth in the Declaration.

,

* This situation may be likened to the case of negative
reciprocal casements, where a landowner is put on notice by the
appearance of a common plan or scheme in the development.

.d
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CONCLUSION

Restrictions on the use of property in the State of Michigan
will be upheld if there is a covenant at law which runs with the
land or if there is an enforceable equitable servitude. An

equitable servitude will be enforceable against any party in
control or possession of the property as long as the original
parties intended to bind the successors and assigns of the original
promisce to the restrictions and the subsequent parties have notice
of the restrictions.

The Declaration entered into between Dow Chemical and the NRC
'

meets the requirements of an equitable servi.tude: Dow Chemical and
the NRC intend to bind the successors and assigns of the property
to the terms of the Declaration, as specified in the Declaration
itself; furthermore, suf ficient constructive notice of the terms of
the Declaration will be provided to successors and assigns. ,

In conclusion, precedent in the Michigan courts and the common
law upon which the Michigan courts have relied, as well as the
doctrines of equity, support the enforceability of the; Declaration.

Very Truly Yours,

//-

,km. V
THOMAS R. LUPLOW
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5711 Summerset Drive
Midland.MI 48640

May 1,1989

,

Pat Brink
Michigan Division
Dow Chemical Co.
Midland,MI 48667

Dear Pat:

In my letter to you on environmental problems in the Great Lakes region. I mentioned the fact
that heavy metals pollution from the plating industry is generally agreed to be one of the worst.
I a|m mentioned that Harry DeSoi of the Pioneer Metal Finishing Co. had been able to control --
this ; mblem and that he addressed the Backyard Eco Conference on this issue.

A few days ago, I spoke with Ann Hunt, who is director of the organization named Citizens for
Altematives to Chemical Contamination in order to get his complete address and phone number.
I also told her about meeting with Dow representatives on better environmental control in *

connection with the magnesium-thorium slag problem and the lunch session presentation you
sponsored on waste reduction. lier response was so positive and encouraging that I thought I
should shaic it with you.

I am going to be representing this organization at the annual meeting of Great Lakes United to
be held in Canada this weekend. I have been asked to make a presentation at this meeting on

' the low level radioactive waste issue and I will be glad to relate the manner in which you
initiated a better resolution of the magnesium-thorium slag pmblem as a good example of a
constructive way to handle these kinds of problems.

Yours sincerely,

.
.

Mary Sinclair

U
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November 13, 1992-

Mr. Jack Parrott,-Program Manager
Nuclear Material Safety'& Safeguards
U.S. Nuclear Regulatory Commission,

One White Flint North Building
11555 Rockville Pike
Rockville, Maryland 20852

Dear Mr. Parrott:
The Dow Chemical Company, Midland, Michigan _.SUBJECT: Disposal of Thorium Waste in the Salzburg Landfill
MID 980 617 435

Staff of the Michigan Department of Natural _ Resourceshave' met with(Department), Waste Management Division (WMD), and hasMr. Hayden'Schoen of The Dow Chemical Company _(Dow)
i f thoriumreviewed Dow's preliminary application to d spose o

waste'at the Salzburg Landfill. This waste'is currently,

being stored at the Bay City and Midland Plants. The-
.

-

Department is authorized by the U.S. Environmental Protection '

Agency for the administration and enforcementLof'the' state's
hazardous and solid waste programs. The Salzburg Landfill'is'
regulated under licenses issued by the Department pursuant'to
the Hazardous Waste Management Act, 1979 P.A. 64, as amended ~ 4

1978'P.A. 641,-(Act 64), and the Solid Waste Management Act,,

as amended (Act 641). Michigan's Radioactive Waste Compact,
jAct,.1987 P.A. 203, prohibits the disposal of radioactive

waste in Michigan, unless the Nuclear Regulatory Commission
1993.approves of a disposal plan by January 1,

Based on discussions with Mr. Schoen, our understanding is.
that the thorium waste is to be placed in.a separate cell at-

the Salzburg-Landfill that meets the Act 64 hazardous waste
landfill design standards. Provided'Dow meets the applicable.
Act 64 and Act 641 landfill design requirements for'the-
thorium waste disposal cell and constructs'a separate
leachate collection system for this cell, the Department has
no objections to the concept of disposal of the thorium waste

_

in the Salzburg Landfill. We have advised Mr. Schoen that-it~

will be necessary for Dow to amend its' license application (s)~

as necessary to include this proposal so~that WMD staffican
carry out the appropriate technical reviews needed for_ final-
Department ~ approval.
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Mr. Jack Parrott -2- November 13, 1992

If you need additional information or have questions
regarding the Department's position on this matter, please
contact Mr. Ken Burda, Chief, Hazardous Waste Permits
Section, Waste Management Division, Department of Natural
Resources, P.O. Box 30241, Lansing, Michigan 48909, or at
telephone number 517-373-0530.

Sincerely,

'-ase w
Russell J. Harding
Deputy Director

'
517-373-7917

vib.HaydenSchoen,TheDowChemicalCo.cc:
Mr. Rich Traub, U.S. EPA
Ms. Lorraine Kosik, U.S. EPA
Mr. Chad McIntosh, Governor's Office
Mr. Jim Sygo, DNR
Mr. Ken Burda, DNR/O.L. File
Mr. Steve Buda, DNR
Mr. Ed Haapala, DNR/Saginaw-Bay

.


