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WILMINGToN 98, DELAWANE

PURCHASING DEPARTMENT

Mr. J. C. Delaney, Acting Chief (4)
Source and Special Nuclear Materials Branch
Division of Licensing and Regulation
United States Atomic Energy Commission
Washington 25, D. C.

LICENSE NO. STB-489

Dear Sir:

This license authorizes the use of Thorium as outlined in my
letters of October 16, 1961, and November 20, 1961. The current

possession limit is 300 pounds.
i In line with the expansion of our Dispersion Modified Metals[N It isProgram, we desire increased authorization for quantity on hand.l 's requested that the limitation be changed from 300 pounds to 2,000 pounds.

approxi-Of the 2,000 pounds which could possibly be on hand at one time,
mately 1,000 pounds would be in the form of raw material (i.e. Thorium
Salts as procured from salt producers), 500 pounds in process and 500
pounds in finished material.

|

In line with this request certain changes will be made in the
information presented in the above mentioned letters. to,D

#
The reference to maximum Thorium used per year i ,hto be deleted.

23~~~

#b Facilities used will consist of d$h b
f'/ 1. The original installation described in the

-

mro "- 13 This area will be increased5I O mentioned letters.I
,

''

- . .' ..:t:. section of approximately 20' x 25'. All safety a NUn _ en
' '' ' I '

,

332 > handling precautions in effect will be used in thi4

"" *****i
. 0::k(cecer ' h
/, D 2. A second building for somewhat larger scale/

/

p '' / IS \ operation will be used. This building has two levels
and is approximately 25' x 42'. All precautions used

(v) in the current building will be used in the new building.
M, O The ventilation will be increased to 10,000 cubic feet

S

h(perminute.
t

9403170153 9401200V ' ,s 9 N-18 PDR ADOCK 04006515
9' C PDR p

"
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Page 2 (continued) July 20, 1962

Mr. J. C. Delaney, Acting Chief (4)

3. Supporting research is done in laboratories. .The
work is limited to small samples. Precautions of working
in hoods and maintaining clean conditions are observed..s

~ ventilation in the laboratories is equal to or in excess ;
,

- -of that in the original building. |

/ Waste- There will be no changes in the method of waste
disposal outlined in the October 16th letter. Processing
of additional quantities will result in a higher quantity>

,

J L' of waste. It is expected that up to 2,000 pounds may be
._ disposed of in a year by burying.

There are no other changes.

Experience to date has confirmed our ability to keep radiation
hazards extreenely low. The same proceduren will continue to be followed
and all AEC regulations will be adhered to. I

Your prompt attention to this request will be appreciated.
,

- Very truly yours,
, ,y , .

%-

'

. Gorman, Jr, .

'
Asst. Purchasin Agent

-

, Chemicals & Containers Div.

HJG/dat
'

.
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Du Pont - Newport Rl/FS Work Plan 88C20h6-2

a field operable gas chromatograph (GC) located on-site and equipped specifically for TCE and

PCE analysis. Details on the method of soll gas sample collection and analysis used at the
Newport Site are described in Appendix G and presented in Section 6 of QAPP.

The samples were analyzed within one-half hour of sample collection by
,

injecting the sample directly into the gas chromatograph (GC). The GC used, a Varian 3400

series equipped with dual electron capture detectors (ECD), affords the most sensitive analysis

for the chlorinated organic compounds of interest (TCE and PCE). Detection limits achieved

during this survey were approximately 10 parts per billion (ppb) for the two compounds of
Interest (see Appendix G). The soll gas survey results are shown in Table 1-6 and discussed in

Section 1.2.2.4.

1.1.6.5 GROUND RADIOMETRIC SURVEY

From 1961 to 1968, the Newport plant manufactured a thorlated nickel alloy
I that was used in the manufacture of supersonic jet engines. The alloy consisted mostly of

nickel, some chromium and molybdenum, and small quantitles of thorium (2 to 5 percent).

Solid and semi-solid waste material from this process (reportedly about 20
tons) was buried in the North Disposal site In accordance with federal regulations in effect at
that time. The estimated welght of thorium dioxide disposed is between 0.4 and 1 ton. I

According the Du Pont records, the thorium waste was placed in jars that were subsequently
placed in 55 gallon barrels together with disposable protective clothing and debris from the
waste handling operations. The barrels were placed in " holes" or small excavations which were

nominally at depths up to 10 feet below the clay-capped pretint land surface of the landfill.

I

The exact number and locations of disposal " holes" at the North Disposal site
are unknown. Based on existing plant records, the thorium waste was apparently buried within
the area shown on Figure 1-12.

28 July 1988 Revision 2 Page 35
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Data Sufficiency Memorandum
Remedial Investigation - Phase 2

DuPont- Newport Site
Newport, Delaware

| April 27,1989
|
2

|

i . for'
;

| U.S. Environmental Protection Agency
; Region 3

841 Chestnut Street
Philadelphia, Pa.19107

. Prepared for
i

) E. l. du Pont de Nemours & Co.,Inc.
; Brandywine Building

Wilmington, Delaware 19898

KA
Woodward Clyde Consultants w

Consulting Engineers. Geologists and Eny'ronmental Scientists
5120 Butler Pike. Ptymoutn Meeting. PennsyNania 19462

e

_.



, s.gp g = - --
~' ~ ri.t

eit. c c .. a r c C. . c e C . t. * M a r, t s.

! '"

\ . _ .

-2-n;

.X *

vnd. the particle surface have a possibility of releasing t.'e Ra-228 daughter atom to the pore
.

I,-w
i

. splee.

. v s . . ..

Ra-228 Avallr.ble to Groundwater. Of the total lla-228 activity, only that
s

f portion fr;m Th-232 near the surface of the solid matrix will be potentially available to the
This percent can be calculated by subtracting the volunie of the 100 angstrom

groundw ter.

thick surface skin from the total volume of soil matrix and calculating a ratio of the volume of

this surface skin to the total volume. The matrix is assumed to consist of spherical particles
of average diameter of 0.25 mm.

Total particle volume =
_4_ tr r

3

3
*

V (total) = 1_i' [\ 2
.25 m m) 3 = 8.18123 x 10-3 31 mm3

/

Subtract 100 angstrom shell

( V = 1 .25 mm - 100 angstroms 3 = 8.17927 x 10-3 mm3'

3 2 2 x 10-6 mm3
Available Volume 2 x 10-6 mm3: 2.4 x 10-4=

Total Volume 8.2 x 10-3 mm3

Maximum Available Ra-228:

90 mCl 109 oCl 2.4 x 10-4 2.2 x 107 pCI=
mCl

Using alpha recoll will theory, about one-half of the decays will result in an
emission further into the solid matrix and one-half into the pore spaces.The theoretical
volume is reduced by one-half because there is an equal probability for a newly-formed Ra-228
action or the simultaneously emitted alpha particle to move into the pore space or to stay in

fthe solid matrix. Thus the Ra-228 theoretical activity is 1.1 x 107 pCl. 1

A l

l

_
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contaminants reported for the fill material samples suggest that the previously reported
quantitles and characteristics of wastes disposal at the North Disposal site were both accurate
and complete. In conjunction with the groundwater aaalytical data, there are no new

| parameters of concern.

|I
Based on tha horizontal and vertical distribution of the sampling locations,

! these analytical data are considered sufficient to adequately characterize the TCL chemistry
of the North Disposal site fill materials.

2.2 R ADIOLOGIC AL INVESTIG ATION

In res; m to E P A's modification to this section of the Work Plan, a
subsurface radiological investigation was conducted at the North Disposal site to characterize

the potential activity levels. The soil and fill boring operations for waste characterization
(Section 2.1) on the North Disposal site included the collection of three fill material samples

A
\ from boring SBND-5 in what was previously considered the presumed thorium disposal area.

More recent information suggests that the disposal area was about 500 feet further northeast,

closer to well SM-1 (personal communication with former Du Pont employee involved with
thoriated waste disposal operations). These three fill material samples were analyzed by
Teledyne isotopes for thorium-232 (Th -2 32) and its daughter products. In addition, a

groundwater sample was collected from monitoring well SM-4 and analyzed for radium-228
( Ra-2 2 8). The results of these radioactivity analyses, along with detailed activity calculations,
are presented in Attachment 3.

Based on the Th-232 activity levels reported by Teledyne isotopes for the fill
material samples along with the radioactivity analyses from groundwater collected from
monitoring well SM-4, an evaluation of the impact of Th-232 and Ra-220, its primary daughter '

,
'

product, in the groundwater medium was conducted. Relevant detailed calculations are
presented in Attachment 3. Part of this discussion includes summarization of communications
with Dr. J.K. Osmond, noted isotope geochemist at Florida State University.

O
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. Based on available plant records, the total activity of the buried Th-232 is 90
pmCl (see Attachment 3). The primary daughter product of Joncern from decay of Th-232 is
p Ra-228. Because the half-life of Th-232 (1.4 x 10 10 year)is very long compared with the half-
\ life of Ra-228 (5.7 year), in a closed system the activity ,sf Th-232 is equal to the activity of

f Ra-228. The total activity of Ra-228 would, therefore, be 90 mCl in the source, in reality,
b, Th-232 is insoluble in water and is found on and in the solid phase matrix. Further, as reported
S in the Work Plan (WCC,1988), the thorium wastes were mainly in the form of a thoriated

nickel, which contained a range of 2 percent to 5 percent Th0 . This Th0 , which is dispersed,

2 2 ;

in the sciid phase nickel alloy, is also insoluble in water.

I
in contrast, Ra-228 is generally soluble in groundwater. Consequently, the

| amount of Ra-228 in solution at the source is a function of the physical potential for the
Ra-228 to move from the solid matrix to the solution-filled pores of the shallow zone. This

,

will be a function of the alpha-recoil potential of the (tecay of Th-232 as documented by
Kigosni (Science,1971). He calculated a recoi! distanes of about 200 angstroms for alpha
particles of this energy. Assuming that the average particle size of the fill material and soils,

adjacent to the buried thorium waste is a fine to medium sand and that only the outer rind of

about 100 angstroms in thickness is a potential source of Ra-228 to the pore space of the
shallow zone, the potential total activity of the groundwater near the source is calculated to
be 4.5 x 106 pCI Ra-228 (see Attachment 3).

|

Available records suggest that the waste was contained in an area about 130
feet by 35 feet by 5 feet in thickness, located between wells SM-3 and SM 1. The maximum
Ra-228 activity in groundwater at the source based on the above assumptions is calculated to

be 17 pCi/1. Because the buried source is entirely above the water table, any part of the 17

pCl/l Ra-228 that may be recolled out of the solid matrix will be in unsaturated or capillary
fringe pere space. These atoms will potentially reach the water table only as a result of

,

periodic rainfall and subsequent infiltration down to the water table. Due to these hydrologic
constraints, it is estimated that no more than one-half of the available Ra-228 will actually
reach the water tabir via infiltration through interconnected pores. The remainder will likely

-

be detained in the cap. airy fringe long enough for the Ra-228 to further decay.

;

._ .,. _ _ _ - , _ _ . _ , _ _ . . _ _ _ _ _ _ _ . - - _ . _ _ _ _ _ .__ _ _____ __ _ __._ _ _
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Consequently, the maximum potential activity of Ra-228 in groundwater at=

the source is calculated to be about 9 pCl/1. If the average particle size of the soils associated

with the buried waste is larger than estimated, or the residence time of Ra-228 in the
capillary zone is tonger than estimated, or the original source is 3 percent ThO2 rather than
the 5 percent used !n these calculations, then, maximum potential activity could be even
lower. If the source is closer to 2 percent Th0 , the theoretient act!vity of Ra-228 in2

j groundwater near the source would be 7 pCl/1, rather than 17 pCl/1, ano the maximum
potential activity of Ra-228 in the shallow groundwater at the source would be about 4 pCl/l

,

af ter taking the hydrologie constraints discussed above into account.

!I
I . fact, groundwater in well SM-4 had a measured Ra-228 activity of 5.0 and

5.6 pCi/l (November 8,1988). This well, although believed to be about 700 feet from the
source, had measurable activity of Th-232 in the groundwater. Th-232 would generally be,

expected to have zero activity in groundwater. Thus, either an additional source of Th-232 is
' nearby or particles from the source were in the sample of SM-4 groundwater analyzed. The

,r former possibility is considered unlikely. Although the source is about 700 feet from well
I
u S M -4, it is possible that surface condults during the period of active fill operation

(progressively away from the river) could have been pathways for migration of Th-232
particulate waste. Well SM-4 is at the mouth of a drainageway leading directly from the
operations area as well as downgradient during landfilling operations in the 1960's. As an
alternative, if groundwater gradients were parallel to the river during the landfilling period a
hypothetical gradient of about one-half the present gradient can be assumed, and the Ra-228

' in well SM-4 assumed residual from the source. Then a source activity of 160 pCl/l is
calculated. This activity is much larger than the maximum calculated source activity.
Consequently, this option is considered unrealistic and other alternative pathways (surface

I migration) need be considered more likely.

o

; A!! hough the available data do not provide a clear choice between either flow j

in the shallow zone or surface drainage from the buried area for the possible source of Ra-228

at well SM-4, several observations are worth noting: ;

I

O
U

;

|

|
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gross alpha and gross beta measurements in 1980 and 1987 indicate moreo

activity at well SM-4 than well SM-3. If groundwater were the source of

RA-228 in water from well SM-4, well SM-3 should indicate larger activity

levels.

Groundwater flow could still be a source for activity in SM-4 if some :borlatedo
themetal alloy were colloidal and some particles have migrated through

porous medium. A colloid is a finely dispersed phase having at least one|

3 nanometers. Because of their extremelydimension in the range of 1 to 10

large specific surface areas, colloids are efficient scavengers of metals.
Movement of colloidal particles is controlled by the physical properties of the
colloid rather than by the hydrologic properties of the system or the chemistry

|

| of the unsorbed material.

In this case, rates of groundwater movement would , ' be related to activity
levels. The Th-232 activity measured in well SM-< m.w .nen be a result of

t/
Th-232 residing on colloidal particles in the vicinity of well SM-4. That no
significant gross alpha or beta activity is measured at SM-3 supports the
random distribution of colloids in the shallow zone and suggests that dissolved

Ra-228 is not the primary source of Ra-228 activity at well SM-4.

In summary, the measured activity of Ra-228 in well SM-4 of 5.6 pCl/l is

comparable with maximum potential activity near the source. Consequently, soll samples

from additional t>orings or groundwater samples from additions i monitoring wells would be
Because theunlikely to af ter the characterization of the potential Ra-228 activity levels.

existing data are considered sufficient for the objectives of the Rl/FS, additional drilling and

sampling are, therefore, unnecessary.

2.3 RESIDENTIAL WELL SAMPLING |

During Phase !!, groundwater samples from 10 residential / private wells located

southwest of the Site along Old Airport Road were collected to provide additional data on the

-

|

_ _ _ - _ _ _ . .
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. >
Source strength calculation. Radioactive Th02 was deposited in the North

Disposal site. Of 20 tons of total waste (primarily off-grade thorlated nickel), 2 to 5 percent
by weight is ThO . The part of the speelfic activity of this material derived from Th-2322

decay to Ra-228 is calculated to be:

A=hN
2= In 2 disin. 6 x 10 _3- 454z 2000 lb vr A'

1.4 x 1010 yr 264 g Ib ton 3.1 x 107 see

1012 p Cl m Ci
~

3 7 x 101U dps 10W pCl

|

90 mCl/ ton=

Because there are 20 tons of waste buried on-site, with a Th02 content between 2 and S

h) percent, the total activity of Th-232 is between
\w/ I

j

A = (90 mci / ton) (20 tons) (0.05) 90 MCI and=

A = (90 mCl/ ton) (20 tons) (0.02) = 36 mCl

Theoretical Activity of Ra-228. Because the half-life of Th-232 (1.4 x 1010 ]
|yr) is much longer than the half-life of Ra-228 (5.7 yr), in a closed system the activity of Th- 1

232 equals the activity of Ra.-228. Therefore,

A (Ra-228) = 36 to 90 mCl at the source.

Only part of the activity of Ra-228 will be available to the groundwater
t>ecause most of the Th 232 is within the solid matrix. According to alpha-recoil theory
(Eigoshi, Science,1971), Ra-228 will be recolled into solution only from Th-232 atoms located

within recoli distance of the particle surface. Recoil distance for an alpha decay of this
energy is about 200 angstroms, suggesting that Th-232 atoms within about 100 angstroms of

v
i

.__
_ _ . . _ _ ._ _ , _ _
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i :se The volume estimated for the solid waste is;

6.5 x 105g130 f t x 35 f t x 5 ft x 7.5 gal x 3.81 =

ft3 gal

This would correspond to a maximum potential activity for Ra-228 in groundwater near the
2 n the waste, ofsource, based on 5 percent Th0 i

1.1 x 107 pCi 17 pC1=

6.5 x 105g 1

:
Minimum avalla31e Ra-228.

Similarly, calculating Ra-228 activity based on a theoretical source of 3G
mCl/1, a minimum potential activity of 7 pCl/l Ra-228 in groundwater near the source, based
on 2 percent ThO i2 n the waste, is calculated.

! N

j Hyd.rologic Constraints. These calculations assume the Ra-228 is recolled into

a saturated percus medium, in reality, the burled wastes are in an unsaturated zone situated a,

! few feet above the local water table. Depending on infiltration rates and percolation
i

characteristics of the capillary zone, the full range of Ra-228 (7 to 17 pCl/l) may not migrate
to the saturated zone. Rather, some may be detained in the capillary fringe long enough for

~

!the Ra-228 to further decay. A qualitative estimate of about one-half of the Ra-228 may
reach the water table, suggesting a range of Ra-228 activity of between 4 and 9 pCl/l in

|
3 groundwater near the source.

|

Geochemical Constraints. Radium solubility is a function of redox conditions
and water salinity. Oxygenated waters, such as are likely in the infiltration zone, are
expected to result in reduced radium solubility relative to more reducing environments.,

Waters of low salt content, again comparable to waters in the shallow zone, also tend to limit4

i radium solubility (J.K. Osmond, Florida State University, oral communication). Geochemical
conditions thus f avor further qualitative limitations on radium solubility. |

k.

.
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Groundwater Yelocity Calculation. The groundwater ve!ocity in the saturated

part of the shallow zone is a function of: )M

hydraulic conductivity K = 40 gpd/f t2 (more likely estimate -- see Sectiono

2.6.1) ,

'

hydraulle gradient between SM-4 and the burial site near SM-1.o
Although

present gradient is zero (parallel to contour lines) the historical evidence of
landfilling operations seen on aerial photography supports a possible gradient
toward SM-4. A gradient of about one-half present day gradient to the river is
estimated.

o porosity of the shallow zone, estimated at = 0.25

Velocity v = Kl/n

[ 34 0 _gpd, x 0.01 x Q x 1
=

C/ ft2 7.5 gal 0.25

= 0.2 f t/d.

I Well SM-4 is believed to be about 700 feet from the source. The calculated
travel time for a dissolved constituent such as Ra-228 would be:

T = distance / velocity

700 f t/0.2 f t/d=

3,500 d = 9.6 yr=

|

This travel time does not fully account for the relevant site history of
landfilling. For this calculation, it is assumed that:

1
! I

dissolved components in groundwater are the only source of activity;
o

1

O |V .

1

1

l
. _ . . - - _ .

'
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the 5.6 pCl/l Ra-228 activity measured in 1988 has been out of contact with
}

_ o

source material since landfilling stopped in about 1970 (18 years); and
i ;

; . . .

''
o that during the length of active landfilling the source was continuously

| '

available to the groundwater.

*

Back calculating using the decay equation for the past 18 years, the
theoretical activity of Ra-228 in groundwater from well SM-4 in 1970 would have been;

,

i
j A = Ameasured exp ( At)
-

i i5.6 pp exp in 2 x 18 yr=

i]' 1 5.7 yr
!
|= 50 DCi '

1
! |

|

Then considering the travel time from the source during the active
!

landfilling period, the theoretical activity of groundwater near the source would have been;,

! s

I;

; A = 50 pCl exp in 2 9.6 yrsource = 160 pCI
j 1 5.7 yr 1

This value is well above the maximum activity of 17 pei/l calculated based on known,

|
characteristics of the waste and hydrologic constraints, it is concluded that measured Ra-228

activity in water from well SM-4 is probably not a result of dissolved Ra-228 in the
j groundwater flow path of the shallow zone.

Background and Field Data. Part of the measured Ra-228 is a result of
naturally occurring background Ra-228 activity in the shallow zone. Background radium
activity in groundwater is h!ghly localized and variable, but a typical range is between 0.1 and,

4.0 pCl/l for total radium activity (Dragun, .1988, Soll Chemistry of Hazardous Materials).
Because the measured activity of 5.6 pCl/l (Table 1) is within the calculated range of source

1

!
!

"

.
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concentrations, it is reasonable to conclude that the local background activity of Ra-228 in the

shallow zone is relatively small, that water from well SM-4 is very near the buried source, and
that the measured activity of Ra-228 in groundwater is comparable to the likely maximum at
the source.

Background Th-232 activity in groundwater would be expected to be zero.
Because of the measured activity of Th-232 of 0.25 pCl/l in well SM-4, one of two conclusions
is appropriate.

Either the well is at the source, or suspended colloidal sediment from the
source has been transported a short distance through the shallow zone and been pumped with

,

the well water. In either case, it is reasonable to conclude that the source is nearby.

Background data on Th-232 in soils is sparse, but available data (Hansen

and Stout,1968, Soil Science) report a range between 0.2 and 2.0 pCl/g for Th-232 in sandy and
silty loam (topsoll). Measured soil concentrations in boring SBND-5 (Table 1) are within this

Because this boring attempted to core the buried waste, and is believed near the waste
range.

source, the background thorium levels support the idea that the buried thoriated nickel waste
( ) is immobile in the shallow zone.'-

The soil boring activities of Th-228 and Ra-228 are identical within
analytical error for each depth. This is because of expected equilibrium in the soll between

the parent and daughter isotopes, and supports the idea of a closed system behavior resulting
from hydrologic constraints. That is, the unsaturated nature of the buried waste area and the
insoluble nature of the thorlated metal waste limit the potential mobility of Ra-228 from the

*source.

Ra-224 is also a daughter product of Th-232. Because of its very short
half-life of 3.6 days, there is sparse background information available on Ra-224 activity. It is
reasonable to assume that Ra-224 activity can be estimated to be equal to Ra-228 activity
af ter the approximate 5 half lives of Ra-228 the waste has been buried. Therefore, the
maximum source activity of Ra-224 would also be expected to fall in the range of 4 to 9 pCl/l
in the shallow zone at the source.
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j Four speclfismIta'l' F ~e' fe :Workee with.-at the.,researchievelgsfr-ddMime
~ ^

sw
hatnhmr;:.ntobinar(Columbib'm)'g'andtantahierttThese metals were workl,d with during ''he't-

.) period from approximately 195il'to 1965. The only one of these metals th'at was produced in
i

. .any significarit amount wah nlo61uW(t'otil''ofieveralthundred pouqd4p.e3 gy)g yse, metalsT

were very yaluabli6anewer(hinindf4WIF9iffanisedahrtb.'pfg1(ehfagpg,gq cagetessness? 4.a
,

TheWnip Wastv m stestatSirNt'tNaisduf saturingtottthessematals: wore in'eompletilp i e a ctiid 4
-=.- ~

..d chlorides? -. .
.

. . . . - . . ~

" ' 4'94 ''39's chotwcaoh ,nst trnws . r,e -Q, ,,

3.2.d ['/Ndidh'Df'8pffR88D MODIRIEDiNICHMhnia-0tIti%a _
I

mq, ,

'ctn!!v af Su!!d!as 33 e,q ',,'-
. ,' ' '"e ^H es a re n.u!. vee 3 p ,, ,-

-

-- ThortuN. .-32 NairVefst3thkSitenduringhtheiperiod,from.1'961 to 1966'ilsY,, art
'

- ~~" 6 +88 Kwh Wu - j .-N

4 of Du Pont's DispersioYi l@. sc
pg*

21Re%0Medid pcigdarps 17 dm.p9gt improvehhlgh temperaturef
>

p properties to metals such as nickel. Thoria Dispersed Nickel (TD Nickel) wts the only material

f571u ed af Me Ne9/'tir~ts'Plahtaln:pilqttunit,qqagthsevgal hundred
Iof this type to be p

,

' pounds per day). The'.p~rb5Ts/oyerM1oh3,*'lleenshigpend-waste. dispopal. foe the T. D Nicket'
e. *m w a t m y n g. .

< -

program are descri d bNo@tO. .. .'' " "H^s along the rivar. The (Niet g g., g , < , .
O t 8 do noJorger in 9,Fration. Tnere 89v. >,m ,, Ghins n'dc7 tI

,, .

,

. . o',- .

Process d$eYa'tYorIsg tTfibT&NickWprocessroongigte,d pfg~ '' 19n of nickel sititpgrglon of a '.} j
colloidal suspensloif [a Sif oY t'tfe' th'orl0iOdxidf(tho'cla), traixipt $th at" g' .o#.., m ns pror.q ,..-

(generally nicket nitrate)',' c'o%iridiplut'lon'&hd fittrahndomfo)hpg,tf ,fgally drying and
~"

- then calcining of the precipitate. The nickel oxide in calcined material vias, in turrr, reduced
to elemental. nickel with h"ydrog;en.0'TlWthr1rrerhainedsunchanged.,The.le'ypls of thoria were

=- ; . . n. , ,r..

v" s a W)e w.c .. ennteand to , ,

! II"t i. Oth"
.

(% site tmn rN:'mg tbs-o--c.. %- g .i., 4,. &,

ac isi7 w YNfefciMo'pdr's11dns4ere peWoemed4n onl% two. Qdings at the Site.
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erT:ch : 977 s q 3,In'lil$.ih8rksin fof thlfprocessi.waa pure.hased as eithey. thorium nitrate or
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oxalate. Thorium nitrate is Eater soluble. Thorium oxalate is insolubles When the thorium I
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nitrate.was used'as 'thd'stsMirig rh'aterial,'It'sas co' nVErte'd t'O'the*lhs'orub'le''6'x'ilate by mixing
,

;
with oxallo'a'cidi' ThW tW4C h&lbrWoYalsth'efiyirtillME*h'eYt'e'd fd fo'ern thorium'ex!de'.. Fromt-

that ' point'66'ld"tWe jiodissi'tNe 'thdfluM 'was"66ff'pFese'nY di the? Insoluble oxide and was
i. -

-

7

! generally in a homogeni6M* mixt'u'rW sitti"the'nluel in'tht? perceit 'ro'$ percent range as a
.

disfeise#d r6et'il G' ge grourfw.ee u ms, usueue.>s vncet
d h4 Hva - w e ' N-|% . 2u e.... o r f u i r a .- a

.
'

c- m ; .s " - . u ., n . . , . .r in., : ,n. g , , , .4 -jq
.wdri'(shaEfunKMEiii&Wi#fe 66talned from'the Atorbih Energy Commission (AEC)

.

.

$
a - t'o' ha'ndIdWifeifail'd555thlBlif f t.6rlUrh."ITRE ffraf'liceRsi' wit's'lisQ'ed 'by'the' A8C' In Dece mber,)q 1961 and permitted a maximum of only 300 pounds of thorluar at 'any one time.

,

This was'Q ~ '

renewed in 196$',' hkWRafrYg ib' 196V$'TEf YehdWaPTree'rfiWperinitted'an11ncrease In thei

t

maximdrEuiski"to 50&fiFu'6ds.CH8W6v'eP,9691$ tlW#rfdd 6fTrNte%rlidtivlif,itha' lleense
F

I
'

So't'O'nl/3tilI"rEsfrfhYe'dCfhe f6 tsp &'rd61Irif'b't"thbridnf arifriF6 deb 'm'eNo 300"poQhds; but also3,

tI
!

. plac'ed Fe"strldf!&if 8n EheiidbVnt%3 dand#fh'dacti stage)hf the'$'rNdWin *'H"'N A 'Mi

_ -> cess us a (3nt'v-controDed ece .pCon 'W ws corducu:c only on u v.. u s, g'

:
%ce as no tridi 'k@M(erM[l@l$'@lM, materlaN in tFe *cil y nound wree,R '

b.
[ _

::3
'

p.u.faeld"POddss C SiFlBgra valuabio, and norh
w n s , ., e t ., g,. t o .. , , ,

.

a
. r ,

4 "W Mm1! ydMMnlS6sB"pNod' thf- 50 lbs. -

Product - 150 lbs. -

"s-
*eecific operatloaa! arent wd tha = m., i e .s s ,, n., w. . o q ane .. .

)

m.m...i.rr;c t negggggggprdif AEC'lidhf4 a'p'pli litT6 "descNbed#the'two' rnca'ns ofc n

_. disp 6s'afadd 3 h's rii'e'tM6ds . t28e 'UMd To' Wa nal'e "splifs["lF
Ja $

''

'- v^WKeontaininNi & .-- mthc:L., ,
w oe accumursteerstt wann pethmany uun_e_c _ur=tnetprant'feldtflP(North

-7 -_y

-< % ' tgjorally ar;d v+rtleally across 'the entire ana ra t une a a. e . "+ n ;

~
,

3
I

.

e - - - +<; . c. c . . S t a ,.r e conaldered recreerda t iva .,f *H 'w ' ~s, ,+c e se , w:

PM11"wsild%ol6tkiru?'dPYuWeYtsl6ndWritMidrn'g iti6tioneWerrio' be' treated to
,

. pred1p'!fah tNMortuNP. tf'[.,.e.mm ,, a _'JJ i:
1
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Ad exce@fMn"oberating instruct!ons in the AEC license application is
i'

_ included,.here..which provides- guldance on burial procedures and also discusses how liquids
contaminated wIErri4dfd'letlVed6sterlsliWdre tdbe tMt'edi"'" ' " " ' " ' '
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Solids: NAll Whste'pfsciss'nia't'eelate t6wels, e'th.i whicli shdW a' buta blu's'gdinnfa'dount-
on the.GeigetdM llgetq9untgrpf over tMcembackgrognd 1-)n,ch fronttye gfageylli be.-

regarded as radioactlve and placed in a container labeled "Th"orium Wdstes."' When
full, this container 'Will-be' b6rledi iThe AEC specifles burial of not over 450kg of

.

. thorium metal per burial. Each burialla to be at least 4 feet deep and 6 feet from the
nearest previous burial. Not over 12 burials are to be made per year. L. Hovls will be
respensible for th'e'sV b'uilais','fbr'n6tirpini(H.Fi4aHolo ld%ritihjfdf:ths7 quantity of'

source material hurled, and foy . making, entry,of the bur,1.al in the. log," , , . . ,. .

- .

Ltd0fdW "All'liciuld'which may be contaminated with raciloactive materials will be*

dumped in a drum located in "A" line. An attempt should be made to precipitate the8

radioactive material when possible. When the drum is full, it will be carefully

~ decanted (by- siph'ohFfo:thFifw' eta Esin'g Takdotstd dGt(frtisdlld frfaffelal which hasi/

t settled to the bottam.yQqcas19na,lly,the.soll4s,qollack4in the bottom of the drum will
,

be removed, filtered, and added to the storage drum for solid waste. Mr. West will be
- responsible for liquid waste disposal." .

[
~

. . wd . atec frmn Mi-4 .ind u,;cacwnt :nomumn; m a s .,1 W - 1 .. ,-?),

'

Front d'Is'cusslorli%1ttf D'u Pont pensioners who had worked on the process, the j'

( solid wastes were normally paper towels, gloves, filter cloths, etc., which had been used in the j

By far, ho#dier, W4 lirigisi srh'ouht%Fs81Td MasfPwaVhihtdriabfou'ndtto:b6 out of jfprocess.-

hspecificatien af ter tft'e'c'sMiftUig'st' p s'6d bhfdrFredactioHlc DueTo'th@striet AEC regulations, |( ) e

It is very unlikely that the cleanup and disposal of any spilled materials was not handled j

properly. Consequefitfy|31Fh ihdnbluded^ 'thatadde 'td i Ne string'entTm' ate'elalFhandling-c t N
3

procedtWes,' thd"o^peritfdel58 Edh ls 'hbis likefyTobRie bf1'adidfogicaptontstnination. This has' {I a

beeri'dodflFrn'ed by' tfteEdekgiddild*levsleof sl'phsv tid bethr btivitytih' welfs; 8M45 and DM-8,a a

adjacent''to'the foi'msr T&Nfcht opst'atidnsmith tidildlhi(Bbildin'g 72pm,'M arm v_-
::, 7 - a.. .u. :n .s 1:e p;esenteo in s c . art armrea by Du 9 mt un Aw, ; <. 3

J .- _
^

+ ui :m m Dis'etEs'sidhTwitti'phn$oniis 'aldo donfirniecFttha t' nheestimdted:20 toni of' wasteb

contalning 'a m'aximumP6f"2%hr'ein't! tb't p' ' cent' tho'clum(6xtde'wereJburied in the North
~

er-

Dis' 6sa!' sit'e.'J'BaVdd'Brt'Ufe3'e 'disclistorts''ndd's?re'vieV 6fx ktant^nieps 'and drawings, it op ee -

co'ncluded 'wltdJ 'hf5h degreb of' certainty'that'the 66rlal:Iocatfori'Was restricted td ths area-a-

shown on ' ikurs N.$ AcdBEdf% Y6Athe'p' nsloderstthe%dite "thatetlalEwdre' transported from -
~

F e

!' B0lldlhys"t3 aWd'72 td't!@6dH& Pare'a'ahd the bhrlal'locatioh 6f the deutns. whsrecorded on a"3 /

burial lor. ExEept-for a small amount of material buried slightly east of the Sodlum Burning

f Pad that existed in 1957, all of the wastes were buried immediately to the southwest of this

pad in an area about 350 feet %Ide 'snd 130"fiet lo6g',7paraller to the" river, as'! sche'rnatically#

slidkrFM 'fhel bhrialdog# ort'"Pfgute S.3 V(Ffftird' 5' isPsi'reproductiort ;obtho : Du Ponty p) '~*( . . -v
9
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No additional'investigattomor documentationvt the thoriated. waste bucialdocation * handling, ,
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!

A brief review of RadiologicalInvestigation Data for the North Disposal site of the Dupont
Newport facilities was made relative to the adequacy of this limited field study to providej

Thorium 232 contamination.gical health and environmental impacts associated with buriedan assessment of the radioloi

The following comments and observations are provided.
,
i

;f GENERAL

o The overall conclusions o -
neonsistent and a[ water analysis in a location wherear contradictory with the analysispresented. Analysis of soil sar are correlated wi

' the thoriated nickelis now pre, .ned not to exist SBND 5 and SM-4, respectively). The
arguments presented to link the source presumed (to be near the shallow well SM 3, with'

tlus single soil / water sampling point via the ground-water pathway is tenuous since;

presently there is no hydraulic gradient in that direction and no pleziometric data to
support the notion of a grn.dient during the tinte of active landfill operations. Historical,

! data, including aerial photographs were not presented nor an analysis ster uning from such
. material to confirm or deny the gradient estimates used. Direct conduit Dow between the
j SM 3 and SM-4 appears to be unsupported conjecture.

o The analysis concludes that the thorium source cannot be near SM-3 since the water
quality in this well in incompatible with the worst-case modeling used to characterize the
thoriated nickel source, as well as back-calculated Ra 228 concentrations from well SM-4.
The limited data is then interpreted to imply that the source must be near SM 4 without
considering whether the worst-case modeling may not apply and other thorium sources may
be responsible for the elevated Ra 228 and Th 232 concentrations detected in SM 4. It
should be noted that the thorium series soil concentrations extracted from SMND-5 do not

; correspond to a high activity, local thorium source,

Since the SM 4 well was noted to be in the drainage from the plant operations areao
an analysis of plant operations that may have produced leachable thonum wastes should be
considered as well as potential contamination of the drainage channel. Another possible
source that has not been characterized is the several thousand tons of acid leached zine- (q barite ore that may contain natural thorium and uranium chain radionuclides: no

V) information has been viewed to exclude this material from consideration.
5
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o The analysis tends one to the conclusion that the location of the thoriated nickel I

source and other potential thorium sources are still unknown and that a characterization
plent based on a single borehole and two wells sampling is inadequate to test a model of j

the, present source and fully assess its current impact on human health and the !
environment.

o It should be noted that drinking water standards for radium are 5 pCi/l for
combined Ra 226 and Ra 228. The values measured during a single sampling episode
indicate that Ra-228 alone may be above these standards: the SM-4 water samples should |
have been analyzed for other radionuclides in the U-238 decay chain, as well, particularly

'

Ra 226. Furtlermore, there does not appear to be any site specific background
radionuclide mt;asurements for soil and groundwater on which to scale these SM-4 and 1

SBND-5 results. Also upgradient and downgradient river water quality or river sediments l
have not been analyzed for radionuclides to delineate existing impacts on these media.

The general groundwater re3 me consists of upward movement of groundwater fromio
lower hydrological units into the saallow zone underlying and partiilly wetting the North
Disposal site, and finally discharging into the Christina River. The off-site, prblic use of ;
the shallow groundwater zone that may be impacted by disposal site derived contaminants :
does not seem likely, and the potential contamination of the low:r water units has been l

excluded by on site hydrological caeasurements. Off site well mimitoring data should be
compiled or collected from background and domestic wells tr, gauge the radionuclide
contammation of the water in SM-4 relative to background and demonstrate that off site
wells are not being contaminated.

o Contaminants entering the Christina River will be diluted through mixing and
dispersion and continual flushing of any contaminated sediments should reduce their
potential as sources of dissolved hazardous constituents. The contaminant loading of the
Christina River due to the disposal sites and the associated current impact on humans and

environmental could be estimated by sediment and river water samphng,isposal cell / river
as well as water

quality data from wells SM 1,2 and 3 or other wells installed along the d
boundary,

o in lieu of a more detailed source characterization through additional borehole
exploration, an estimate of the future impact on domestic well and the Christina River
could be constructed using the worst case model developed in the report and a realistic
water pathway analysis employing site-specific transport and geochemical parameters.

SPECIFIC COMMENTS

source at time of usage by Dupont. If the original thorium feed maten,e of thorium liquid
o Secular equilibrium of Ra 228 with Th 232 depends on the ag

al was processed to
extract only thorium, say b, y ion exchange and nitric acid stripping, only Th 232 and Th 228
may have been present m the solutions used by Dupont. Smce a condition of partial
secular equilibrium between Th 232 and Ra 228 may have existed since the waste material
was placed in the landfill from 1950 to 1960, the available Ra 228 activity calculated
represents a conservative upper limit for a worst case situation in which complete loss of ;
protective packaging has occurred. l

;

1
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The Ra-228 concentration estimates in poundwater near the source appears to beo
i incorrectly modeled for the worst case scenano. The volume of thorium contaminated

landfill material is es;imated at 6.5 x 10'5 liters based on the assumed landfill area and
depth of the deposit, but incorrectly assumes that this also corresponds to the volume of,

water receiving the Ra 228 from the decay of thorium in the solid waste material.
Assuming a porosity of 0.25, a recalculated estimate of the Ra 228 concentration in the

i
vicinity of a 2% and 5% thorium source would be 27 and 68 pCi/1, respectively. If all the

; pathway assumptions can be supported and no geochemical attenuation between source
and well SM-4 occurs, then usmg the calculation methods presented in the re
source would be on the order of 300 feet away from SM-4 in the direction of SM 3. port, the

The solubility of thorium in groundwater depends on the complexing legendso
available and the pH of the water. Dorium mobility would be expected to be higher at pH

-

values below about 4.5 for inorganic complexing in natural waters. However, its solubihej
is dominated by organic complexes at higher pH values. If all the available thorium were
locked up in an alloyed nickel metal placed in a saturated neut al groundwater
environment, one would expect that the thorium would be enentintly insoluble.
Groundwater data presented in the RI the shallowgroundwater at the North Disposal site is s/FS Work Plan indicates thatlightly acidic, pH in the range of 4 to 6. The

i potential leachability of thorium from the nickel alloy metal by existing groundwater has
; not been fully analyzed and excluded from further consideration. The draft Ground
, Radiometric Ae art for the North Disposal site refers to the existence of "se mi solid waste

material from the process" as well, and may include radionuclide contam:nated process
'

residuals and solution associated with the thoriate nickel metal production The relative
volume, disposal methods employed and characteristics of this materia: relative toi

(G leachability, by prevailing groundwater and geochemical transport are unknown, and may
i y) be a contnbuting source to relatively elevated Ra-226 and B-232 concentra ions in well
'

S M-4. Surfsce transport of colloidal thorium during landfill oaerations seems
questionable, since the off pade thoriated nickel wastes were presumet to be placed in
jars and packed in drums pnor to burial.
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