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SITHMARY
Plutonium and Cesiom Zadionuelides in the Hudson River Earuary

CONTRACT AT(Ll~1)=2529

The majer purpoae of this prolact i3 to dascribe the bahavisr and
aistributian of fallout plutenfum in the aediments of the Hudson
Rivar Eatuary. To accomplish thiz goal a substantial numbar of
cores and grab samples will be collacted thruuﬁﬁnut thas aalinity
range of the Fudson River Estuary, and in as many danosizional
environments as passible. The diatribution of fallout Ca-137 has
been showm in this project to be usaful in definine the penaral
sutlinan of the plutonivm distribution pattern, and this similariey
will continue ta be axpleited. The poaalbllity of transuranis
releasas From the reactor site at Indian Point will be exnlored,
and the diatribution of reactor-released gamma-eritting nuelides
will ke emploved to obtain a better undersetandiop of the estuarin=
sediment tranaport and accumulation pattarns which contral the
distyibution of falleut Pu-239,240 within the system. The feasibility
of using ?ﬁ-Zﬂ&f?u*239924ﬂ ratlioa as an indicator of transuranie

reactor releasss will be explored in some detail.




ABRSTRACT

We have obtained a larpe set of gravity cores from the Hudson
Estuary through much of the ambient =alinity range. & nurber of core
gections have been malyzed for Cs-137, Cs-iﬂ&, Lo-50 and E~40 by direct
gatma counting, and for FPu~239,240 by alpha-apectrometry. The
distrihutiun of both Ca~13% anﬁ Pu~239,240 Indicates ranid accumulation
in mhrpinal cove areas and in the harbor reglon adjacent'tu Mew York
City. The distribucion of both 85;13? and Pu~239 240 An the sedimente
ig quite similar in surface sediments. and the trends with dewnth in
coreg are also similar. The ratio of sediment Pu-239,240 to Cm-137
throughout the sampled salinicy ranpe (0-20 ofoo) spproximates that in
fal)out, except mear the nuclear reactor at Indian Point where
releages of Co-137 result In a ratis lover (0.004=0.008) than typical
of fnllﬁut fG.015). Hhasureable'amnunts of roactor-derived Cs-134,
Co-i) and M54 are Found 1in nearly all of the sarnles containing
apprapisable Ca=137. These samples ware batvesn 15 bm upstream of
Indian Point and the downstreem extent of our sampling, 70 ko south

of the rveactor.




This report was prepared as an account of Governrent-sponsored work.
Nedther the Dnited States. nor the Enerpy Research and Development
Administration nor any person acting on behalf of the Commisaion:

A. Makes sny warranty or representation, exvressed or implied, wicth
tesnpect to the sccuracy, completenesa, or usefulness of the
information contained in this report, or that the use of any
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PLUTONIUM AND CESIUM RADIORUCLIDES

TN THE HUDSOW RIVER ESTUARY
- R.J. Simpsen and §.C. Williams

INTRODICTION

| This report summarizes our activities during the initial comtract
year of AT({11-1)-2529. The data presented here were collected through
approximately the first two-thirds of the contract pariod.

One of the primary goals of our research 13 to develop a better
understanding of the behavicr of plutenium in the natural aqueous
environment. We propose to meagure the diastribution of global
faliout-derived plutonium in the sediment§ of the Hudzon River Estuary.
The mesoured plutoniun dletributicn fn the sediments will be examined
in tevna of 2 number of variables, such as galinity af the overlying
water, type of depomitional envirenment, compositlon af the sediment,
and the distribution of other anthropogenis radionuelides.

Qur ﬁriﬁarg accomplishmenta up to now will be described in more
dathil bélow, but they ean be summarized as follows:

{1} Collection of a ‘subgtantial number of gravity cores
throughout maet of the salinity pradient within tha
Hudson.iiﬂar.Estuaryﬂ

{2) TPurchase and Installation of gamma spactrometry
equipment for direct counting of sediment samples, and
an initial survey of a aubstantial aumber of Hudaon

River Estuary sediment samples.




2.

{3) Imnitiation of our analyticsl program for plutonium,
and determination of the plutemium concentrations by
alvha=spectrometry of A mmber of sanples on which e

had obtained direct gamma counting data.

BESILTS & DYSCUSETON

dample Collection

We have uyped at least three kypes of equipment during our
Initial spurvey of the sedimenta ofrthe Hudsén,‘but our mn;t extenalve
gampling has been done with 6.3 om diameter gravity rcores up to
about 1 meter in length. Figure 1 shows the locations of most of
the gravity coras we have collected, spread over a range of shout
100 kem of the Hudzon River Estuayy, encompassing a mean salinity range
from about 20 ofoo down to essentially fresh water. The cores are
degignated in terms of a reference system which is nearly universeily
emploved 1a dascriblog locatlions within tha Hudson River, that of the
aumbers of statuee wmiles upstresm of the southern tip of Manhattan.
Table 1 ligts tha core sites and the salinity and tempereture of the
water at the time of collection. At moat of the approximately 30 locationa,
at least three cores wera taken and two were frozen for later sampling.
Cne of the coxes from each site was split inte 5-cm depth, segments, dried,
end eecaled in 100 ml aluminum ¢ans for direct gamma counting. These
gemua-spectrometyy data are given in the fellowing section.

We have alse collected a number of grab samples of surface

sediment, primarily in two genmeral areas, one near the site of the
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FIGURE 1. Location wap of gravity cortes callacted 1in

the Hudson RKiver Estuary. Locations are specified by the
tumber of statute miles upstream from the mouth of the
Hudson River opposite the gouthern tip af Manhattan
(anproximately the locaticn of core 0.1 WM}, Salinities
average about 20-25 ofoop at mile point (0, and averape
between 1 and 5 ofoo at mile poine 50.
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TABLE 1

HDSON RIVER ESTUARY CORE LOCATIONS,
WATER DEFTHS, BOTTOM SALINITIES AND TEMPERATDRES

BOTTOM  WATER

f

CORE* WATER DEPTH SALINITY TEMPERATURES
{mile point) (m) {ofoo) t%e)
0.1 W 14 27 .4 145
353w 15 26.2 15.1
11.5 W 7 13.8 25.6
13.2 M 17 17.6 24.6
14.2 M 14 16.2 25.4
15.8 ¥ 9 15.0 25.1
18.6-1 X2 8.0 -
18.6-3 15 8.0 e
1B.6=5 10 B.O -
21.17 ¥ 1ec 11.7 23,6
219 W 9 5.8 26.0
4.0 M 18 8.7 25,6
2.2 W 6.0 25.5
25.4 W 6.1 21.0
26,0M 15 B.1 26.2
26.4 W 3.4 21.2
33.8 EC 4.0 27.0
43.0 -1 2.8 11.0

= table continucd =

*Rafer to figure 1 for core location map. C = cove, E = cast bank,
M = midchannel, W = uyeat bank, BC o gast bank cove, WM = weat of
#idchannal



TABLE 1 continued p. 2

BOTTOM WATER
CORE WATEE DEFTH SALIMITY  TEMPERATURES

(mile potnt) (m) {o/oo) o)




nuclear power facility at Indisp Point (m.p. 43, salinity 0-5 gfoo).
and the cother downatream about halfway between Indian Point and New
York Harbor {Alpine, Wew Jersey, m.p. 18, salieity 5-12 o/oc}.

These samples provide larger samples of sediment down to about

10 cm {up to 100 g/em of depth) than are obtained from our gravicy
cores (15-25 g/ocm of depth). The locatlone of these samples are not
showm explicicly in figure 1.

We have collected a few large samples (greater than 1 kg} which
are conposites of a number of surface pgrab samples. We collected these
sanples to provide a large supply of material for comtrol of our
laboratory procedures, apd perhaps to serve as interlaboratory
comparison samples. Thepe compoaite samples are designated as SLOSH I,
II, IIT in our date tebles. One of these samples, (SEOSH III), collected
near the resactor at Indisn Poilnt containa Ca=137 activities comparable
to the HBS envirommpental radioacecivity esmple now availsble. We have
not completed homogenizing this sample sufficlently for inter-
laboratory comparisong, but we do have gquite a large sample (more than
10 ke} and the activity of Cs-134 is readily meapuresble, am well as

that of sevaral other remctor=dorived nuclides.

Cs~137 Mesgurements and Othey Camma-Spectrometry Data

0ne of the obeervations we made during a preliminary sutvey prior
to submisslon of our origimal proposal was that the distribution of
anthropogenic nuclides in Hudsom River Estuary ‘sediments is nonuniform

and difficult to predict., This obgervation ¢an aleo Be made uaing the




oore extenaive data now aveilable to us. Because of the complexity

of sediment accumulation patterns in the Budaon, we chose direct

germa counting of sediment samples as a screening procedure before
gelecting eamples for chemical separation and alpha-spectrometry for
plutonimm. This provides information which can be useful in the
lnterpretation of measared piuntoniim concentraticons. We were especially
interested in cobtaining measurements of Cg~137 snd Cs-134 on samples
which were analyzed for plutonium, since they would provide an
indication of the amount of fallour plutenium which might Be expected

in a sample, as well ag how sigrificant reaetor releases nipht be,

We have invested 2 substantial zmount of money amd time in
getting up gamma-spectronetry equipment et E=D.G.0. during the past
six mun;hs, and the data we heve been able to obtain durimg the past
twoe months indicate that the effort will more than be justified in
terms of the goals of this resesrch. The major pleces of equipment we
purchaged incleded = Prinecetonr Gamma Teeh Ge({L1) detector and a Tracor
Northern multichannel analyzer, <ach of which costs sbout $13,000.
EFDA funds under this eomtract were uvead to purchase the muleichannel
analyzer {8000 chammels) and EPA funds (EPA-E803113-01) were uvsed to
purchase the detector (sbout 15% efficiency)., The system we have
assembled ds substantially more gensitive for our purposes than we
originally planned to aequire, but no additional eest to ERDA ovar
that originally proposed was incurred becsuse approximately half of
the total costs were supplied by EPA, We have encountered substantial

difficulties with slow delivery times and malfunctioning of both of
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the major equipment items, but we feel that after most of the bugs are
workad ocut the system will be almost fdeal for tha purposes of this
contract.

Table 2 summarizes data for direct gemma councing obtained in
gur laboratery for Ce-137, Cs-134, Co-680 and ¥-40 in pCifkp. The
range of C3-137 activity we cbserved 1o surface sediments was approximately
two orders of magnitude, vhich confirmed cur dmpression of nonuniform
accumulation trate. In some cores the Cs-137 acciviey dropped nff by
matre than a Eactor of ten within 10 ﬁm of the gurface, while in one
eore ¢cpllected in New York Harbor, the activity at 25 cm ig comparable
to that at the aurfa:ef In general, we did not observe a decrsase in
Cs-137 activity with increasing salinity. Thé highegt activities
ware dbﬁarved in marginal coves and bays, and in Hew York Harbor.

The samples we eclected for plutondum peasurement were core zsamples
with relativaly high Cs-137 activity at the surface plus the large
gomples repreaenting a composite of a numb;r of grab samples at the

game location.

Plutoniuz Measurcments

(ur analytical program For plutonium 15 now proceeding on a2 routinpe
basls aftér geveral rmoaths of experimentation to determine a
dependable procedure far aur laboratery. We were fortunate to have
the advice of Norton Chu at HASL during this perlod, as well as the

experience of Robert Trier, a Regearch Scdentisc in the g&ucﬁemistry

laboracory of Lamont who has been working on che chemistry of radium




TARLE 2

HUD3SON RIVER ESTUARY SFDIMENTS
" GAMMA-SPLCTROMETRY DATA

CORE DEFTH SAMPLE ACTTVITIES®
INTERVAL DRY WEIGHT . (pCi/kg) _ " 3
(em) (g) Cs-137 Cs-134 Co-60 K~40, %10
0.1 WM 0= 5 6.5 1210” #35° 3% 130 #20° (LW 145 420 (127) 18,2 +0.7 (4%)
. 5-10 67.7 1720 460 (3%) 2257430 (147) 255 +30 {127) 18,3 +0.8 (4%)
'10-15 73.9 1920 450 (3%) 275 435 (12%) 220 +20 (10%) - 17.5 +0.7 {4%)
- 15-20 66.1 920 #40 (5%) 76 $19 (26%) 50 423 {40%) . 17.0 H0.8 (§%)
20-25 84 .4 885 440 (4%) 96 +18 (18%) 105 +20 ., {20%) 16,3 40,7 {(4%)
25-30 " 02.5 545 430 (5%) < background® 53 +17 (327) 15.3 +0.6 (%)
40-35 62,5 830 50 (5%) 12 +18 (149%) 74 429 (39%) 16.9 +0.8 (5%}
15-40 62,6 1140 " +40 (3%) AL +13 (32%) 120 420 {17%) 19.4 #0.7 (4%)
11.5 W 0- 5 39.5 47 #12 (26%) 11 +9 (88%) 27 #12 (4615 1%4.8 +0.7 (3%}
5=10 ra. 7 < background < backeround 32 £31 (%98%) 16.5 +1.0 {6%)
13.2 M 0- 5 107.4 21 H10 (47%) < background 12 410 {83%) 18.2 +0.6 (32)
5-10 102.5 < background < background < background 18.4 £1.0 (6X%)-
10-15 90,7 6 +11 (181%) < backaround 19.5 +0.7 {3%)

= table ' continued ~

13 412 (88%)




TABLE 2 continued p. 2
CORE DEDTH SAMPLE ACTIVITIFS
THTERVAL DRY WEIGHT {(pCL/ked -1

{em) {g) Ce-137 La-134 Co-&0 ¥4 %10
14,2 M® 0- 5 99,2 148 432 (21%) 51 423 (45%) 36 +25 {70%) 15.7 +1.0 (&%)
18,6-3% b~ 5 &d. 4 210 20 (9%) 36 +12 (33%) 64 +17 {26%) 14.8 #0.6 (43)
5-10 36.5 170 30 (18%) < background 20 +29 (148%) 16.6 +1.0 (52}
10-15 52.1 11 +28 (258%) < background 28 +31 (112%) 15.8 +#1.0 {5%)
SLOSH '.T.h - 118.5 285 +15 (6%) 30 _-I;B £28%) 58 113 (22%) 16.7 _+__06 {42}
stosk 11t -- 113.8 660 +25 (4%) 59 +11 €18%) 89 +13 (15%) 17.4 +0.6 (&%)
18.6-5 0= 1 101.9 580 1-_25 (4%} 19 +10 {5N%) B +14 (1R} 15.0 +0.5 (4%}
1~ 108,12 525 +45 (9%} 22 +21 (95%) B6 +30 (35%) 16.6 41.0 {(6%)
-5 113.0 410 +20 (5%) 5 +8 (155%}) 62 +12 (20%) 15.8 H0.6 {(43)

i

21.7 Mf 0~ 7 112.2 250 +15 (6%} 25 4B (30%) 65 411 (17%) 13,2 0.5 {4%)
1.9 W 0-5 79.B 450 i5ﬂ {115} 15 325 {189%) 121 iﬁﬂ {337 18.9 +1.2 {6%)
5-11) " 86.0 102 413 (13%} S +1n (111%) 24 +12 (501} 19.9 0.7 (3%
10-15 7.3 < backpround £« background <« background 19.9 +1.1 {&X)

- table continued -




TABLE 2 continued p. 3
CORE DEFTH SAMPLE ' ACTIVITIES
INTERVAL DRY WEIGHT (pGL/ke) -3

{cm) {g) €5-137 Cg-134 Co-60 K=40 x10
13.8cc8 0-5 132.3 725 30 (4%) 87 +15 (17%) 180 +20 (11%) 14,9 +0.6 (43)

5-10 153.6 9 +8 {B1%) < background 5 49 (159%) 12.5 +0.4 (4%}
C43E~-1 D= 5 $5.3 270 420 {7%) 31 410 {32%) 73 +14 (197) 21.9 +0.8 (3%)
cas® n- 7 128.9 560 +65 (12%) 73 #31 (43%) 37 +45 (1227} 16.7 +1.3 (8%)
SLOSH ITTd - 88.9 2715 465 {2%) 395 +45 (11%) 330 425 (7%) 18.1 +0.7 {4%)
52.5 EC 0- 5 78.9 2730 460 {2%) 207 +25 (121 191 +12 (9%) 18.5 +0.7 {56%)
53.8 EC G- 5 54.3 3370 490 (3%} a0 +17 (59%) 54 422 (41%) 23,8 40,9 (4%)

5-10 84,3 1850 470 {4%) 10 +18 (189%) 32 +23 {71%) 22.7 +1.0 (&%)

I0-15 88.4 215 +15 (8%) < background 13 +13 (100%) 1.1 +0.7 (4%)

1

15-20 01.8 27 418 (67%) < background 54 +19 (36%) 12.9 40.8 (4%)
FC-1 0- 5 0.0 3040 +135 (4X) 11 +35 (208%) 108 +48 (443%) 23.4 +1.5 (8%)
FC-10 0- 5 82.2 2450  +60 (2%) 15 +11 {74%} 26 +15 (58%) 21.6 +0.7 {4%)

~ table continued -




TAELE 2 continued p, 4
CORE DEPTIL SAMPLE ACTIVITIOS
INTERVAL DRY WEICHT (pCi/kg) -3
{em} (B2 Cg=137 Cs«134 Co-60 K-40 »10

$6.4 W 0~ 5 a7.5 940 435 (41) 5 412 (218%) 48 +16 (34%) 19.6 10,8 {47}
57.4 M5 g 5 154,9 < background %< background 17 +8 {49%) 12.9 40,5 (AL}
Brookhaven  -- lel.4 1140 435 (3%} 12 +8 (662D < background 5.4 40,3 (63
{g0il}
NS #4350
River - 6.4 2700 +65 {2%) 31 #16 {51%) 4000 +95 (2%) 6.6 0,6 (47)

ged iment

a Sample specifiec aetivities are expresased in terms of dry weight,

Samples range over approximately a

factor of 2 or 3 in dry weight per 5-cm depth interval and in general the denser sandy samples have a
lower specific activity than the lighter organic silt samples,

b Specific activities > 1000 were rounded to the nearest 10 pli.

rounded to the nearest 5 pCi.
¢ Statistical errvors reported at 1 aigma.
Lrrore for specific activities <100 were rounded to mearest pCi.
Errors < 10X were rounded ¢o the neares: 0.1%,

5 pCi.

" A

Errots > 10% were rounded to the nearest pey cent,
Error in the efficiency for Cs-134 was estimated at 10% and was determined from a plot of the

Specific activities <100 were rounded to the nearest pCi.

detection efficiency va. energy for K-40, Co-60 and Cs-137.

Sandy sample,

M T M

mile polnt 18.6.

L

Grab sample at mile point 18.5,
Liquefiled olive browm {oxidized) layer approximately 1-2 cm thick at the sediment water interface at

No detectable counts above background.

Liquefied olive browm (oxldized) layver near Indian Peoint.

Specific zetilvities < 1000 but > 100 were

Errors for apecific activities > 100 were roundad to cthe nearest




and thorium separations for several years. The procedure which we
have finally sadopted 1z essentially that of Wong (1971). The

mathod consists of g nitric acid and hydrogen peroxide leach,
followed by separation of plutonium from the leachate on AGI-X4 regin
{8i0-Rad). The anion-exchange separations are dome first with nitric
acid and then with hydrochloric acid. FPlutoniuvm eluted from the
final reain column is electroplated on stainlese ateal discs and the
aetivity of spike Pu-236, and fallout Pu-239,240 snd Pu-238

are measured by alpha-spectromatry.

Initially we had problems with Po-210 being carried through the
separation., Then, as gﬁiéfpraﬁlem“waﬁ‘iedqlved: Th-228 interferendd™becane
a prablem. The key step to reducing the thorium eontaminatien in our
laboratory appears to have been the introduction of a hydrechloerde
acid colurm for the second anion-exchange column, & procedure vhich we
had not followed when we used a separation procedure developed for
solls {Chy, 1971). It is still ot e¢lear why our initial separations
wore not satisfactory since we were following =2 procedure which had
previously been successfully employed on Hudson River Egtuary sediments
for ue by Horton Chu at HASL. |

Table 3 supmarizes informatiom on the samples and the chemical '
yleld of plutonium obtained for Budson River Eatuary sediments. ‘The
chemical separations for elght of the liated samples {indicated by
footnotes) were donme at HASL, and the remalnder were dome in our
laboratory. 7The alpha-spectrometry dats were collected at Laoont.

The data are presented with the most recently completed measurements




TABLE 3

HDSON RIVER EETUARY SEDIMENT BLUTONIIM MEASUREMENTS:
SAMPLE IDENTIFICATION AND CHEMICAL YIELDS®

SAMPLE® DESCRIPTION DRY WEIGHT COUNTTNG Pu-236 Pu-216 CREMICAL
TIME ARDED RECOVERED YIFLD

(m.p., core depth) (g} {min) {dpm) fcounts) %)
Pu=53  53.8 EG/10~15 cm 88" 1370 2.64 690 76
Pu-58 53.8 EC/5-10 cm a2t 1290 2,58 312 8
Pu-57 53.8 EC/0-5 cm 53¢ 1103 2,61 23¢ 33
Pu-56 0.1 WMf15-20 cm 63" 1565 2. 44 656 69
Pu-55 0.1 W4/10-15 em 71° 1565 2.27 621 70
Pu-54 0.1 WI/5-10 cm 75¢ 967 1.54 218 35
Pu-53 0.1 W4/0=5 om 75° 1565 2.22 548 63
Pu-52 G 18.6-5/3-4 cm 113 967 3.52 215 35
Pu-51 G 18.6-5/i-3 em 108 401 2,67 151 60
Pu-50 G 18.6-5/0-1 cm 102 507 2.74 137 40
Pu-45  SLOSH TII 100 2915 3,03 58 5
Pu-44  SLOSH TIT 90 1585 2,48 1170 65
Pu-431  SLOSH II 100 1586 3,09 902 74
Pu-42  SLOSH II 100 2759 2,66 1413 77
Pu-41  SLOSH II 100 5590 2.47 1701 49

- kable continued -



TAELE 3 eontinued p, 2

SAMPLE DESCRIPTTON DRY WEIGHT COUNTING Pu-230 Pu-236 CHEMICAL
TIME ADDED RECOVERTD YIELD
{m.p., cors depth) (g} (min) {dpm) {councs) £%)
Pua-40 SLOSH I1I 100 anan 211 6358 38
Pu~3%  SLOSH II 100 1185 2.42 491 68
P2-38  SLOSH II 100 2074 2.36 308 25
Pu-35-1 F43E-1 100 . 2880 2.32 24 <5
Pu-35-2 Pu-236 spike _— 2964 2.32 105
Pu-34 Pu-236 spike -— 3360 2.53 2174 =100
Pu-33 Pau-236 spike —-—— 28A1 2.54 2848 »1{0
Pu-32-1 SLOSH I 100 LT, 2.18 - -
Pu-32-2 Pu-236 splke —_— 2782 2.18 35 *5
1
|
Pu-31 SLOSH I 100 - - — -
Pu-SUd SLOSH I 100 2658 2.92 1390 72
pu-299  sLosH T 100- 2682 3.03 548 27
Pu~28 Pu~236 spike - 4412 1.17 4965 »100
Pu-27% SsLoSH I 100 3041 2.77 576 27
Pu-26° SLOSH I 100 1536 2.92 712 63

- tablas continued =




TABLE 3 continuved p. 3

SAMPLE DLECRIPTION DRY WEIGAT COUNTING Pu_136 Pu-236 CHEMICAL
TIME ADDED RECOVERED YIELD
{m.p.,, core depth) {e} {min) {dpm) {counts) (%)
#a-19 42 E 209 1081 2.20 221 37
-39 44 o 241 2843 2.08 948 64
ng-39 18 M 269 2902 2,14 1159 75
#r-119 43 E 208 2965 2.53 1741 93

Chenmiczl vield caleulation assumes a2 counting efficieney of 25%. Yields of greater
than 100% represent an overextimate of the counting efficliency for that sample.

Samples Pu-38, and Pu-40 through 59 were analyzed by the method of Wonp (1971). All
other gamples were analyzed by the method of Chu (1971).

Dry weight after 2 hours at 110°C, All ather dry weights air-equilibrated.
Analysis performed by Dr. Nortom Chu, HASL.

Acid leaching steps performed at L-DGO, fon-exchanpe and electroplating done at HASL.




ligted first. GSamples Pu-l t¢ Pu-25 were elther apike experiments to
test varlous steps in the chemical procedurse or were rvelatlvely
unseccessiul attempes to abtain spectra fres of uranivm and thorium
serles contamination using SLOSH 1 samples.

Table 4 lists the activities of Pu-232,240 and Pu-238 for the
same samples for which yield daca are reported im table 3. 1In
general the statistical uncertainty is lowest in the samples which
have the highest specific activicies, singe roughly comparable
sample sizea and counting times were used for all of cthe samples.
The measured activities of Pu-239,240 ranged over somewhat more
than an order of magnitude, from about 4 to about 56 pCi/kg. The
data repcrted for Pu-238 should be considered very preliminary, since
the total activitiles are small and the problems of detector background
and cailing of the Pu-2356 splke peak have nokt yet been resolved in
our laboratory. The reported Pu-233/Pu-239,240 ratios should likewige
be treated as preliminary.

In general there is sufficlent Pu-~239,240 activicy in Hudson
River Estuary sedimentg to use samples of approximately 100 grams,

as we have done in our Initial survey.

Conparisons of Pu~239,240 and Cs=-137 Distribuation

Tabla 5 summarizes data for both Pu=-239,240 and Cg-137 in cere
gamples and surface grab samples from the Hudson River Estuary. The
gamples are listed in order of decreasing salinity, with the cote

collected at mile point 0.1 having a near-bottom salinity of 20-25 o/oo,




TABLE 4

HUDEON RIVER ESTUARY SEDIMENT PLUTONTUM MEASUREMENTS:
Pu-238 AND Pu-239,240 ACTIVITIES

SAMPLE TOTAL COUNTS ACTIVITIES (pCifkg) Pu-238
Pu-238 Pu-239,240 Pu-238 Pu-239,240 Pu-339,240
Pu-59 32 195 0.4 40,12 3.9 +0.4 0.11 +0.03
Pu-58 47 320 1.6 40,3 42.0 #3.8 0.04 +0.01
Pu-57 37 591 2.5 0.6 55.9 +5,3 0.04 10,01
Pu-56 176 1387 1.7 #0.3 37.0 +1.8 0.05 40.01
Pu-55 87 1503 1.8 40.4 35.0 +1.7 0.05 +0.01
Pu-54 36 362 0.2 #0.1 25,5 #2.2 0.01 +0.00
Pu-53 142 1060 0.9 +0.3 26.5 1.4 0,03 40,01
Pu~52 17 160 D.4 #0.2 7.6 #D.8 0.06 +0.03
Pu-51 15 134 0.7 #0.3 9,3 #1.1 0.07 +0.03
Py-50 26 132 i 1.6 #0.3 11.8 #1.5 0.14 40.03
Pu-45 — g0 | —_ 24.3 —
Pu-4h 159 1949 1.0 0.2 22.8 0.7 0.19 +0.03
Pu~b3 62 560 0.8 #0.1 8.7 40.5 0.09 +0.02

- table continuwed -




TABLE &

contineed p, 2

SAMPLE TOTAL GOUNTS ACTIVITIES {pCi/kg) Pu-238
Pu-238 Pu-239,240 Pu-238  Pu-239,240 Pu-239,240

Pu-42 107 599 0.7 #0.1 7.7 +0.7 0.04 +0.01

Pu-41 169 1117 0.6 0.1 7.4 0% 0.08 +0.01

Pu~40 56 520 0.5 +0.1 8.2 +0.5 0.06 +0.02

Pu-39 Po-210 not separated

Pu-38 - 242 - -~ -

Fu=35-1 Po-210 not separated

Fu=-15-2 Pu~236 spike experiment

Pu-34 Pu-236 spike experiment

Pu-33 Pu-236 spike experiment

Pu-32-1 Po~210 not separated

Pu-32-2 Pu=236 spike experiment

Pu-31 Po-210 not separated ,

Pu-30 — 309 f - 3.0 -

Pu-29 -- 104 ' -- 2.6 -~

Pu-28 Pu-236 spike experiment'd

=~ table continued -




TAELE & continued p. 3

SAMPLE TOTAL COUNTS ACTIVITIES (pCifkg) Pu-218
Pu-238 Pu-239,240 Pu-238  Py-239,240 Py-219,240

Pu-27 -- 141 - 3.1 -

Pu-26 -- 166 - 3.1 e

HR-1 35 1208 1,2 24,8 .05

HR~3 291 4650 1.2 2.4 0.05

HR-8 139 1560 0.4 5.4 Q.07

HR-11 389 7028 1.2 23.0 0.45

a The uncertaincies steted represent one sigma with rvespect ta the statisclcs of
counting only. No sstimates of other econtributions to the uncertainty af the reportad
values are glven, such as systematic errors in coring or weighing samplegz; or in the
absolute wvalues of primayy standards.

r
I
I

‘




TABLE 5

HUDSAIN RIVER ESTUARY SEDIMENTS
SUMMARY OF Pu-239, 240 AND Cs-137 DATA

SAMPLE DEPTH Pu-2392,240 Cs-137 Pu-230_ 240 Cs-13% Co-6D
INTERVAL T Ce-137 Cs-137 Ce-137
(em) (pCL/ieg) (pCL/ke) x10°

0.1 W 0- 5 26.5 +1.4 1210 +35 2.2 0.11 40.02  0.12 40.02
$-10 25.5 42,2 1720 +60 1.5 0,13 40.02  0.15 40,02
10-15 35.0 41,7 1920 +56 1.8 0.14 +0.02  0.11 +0.01
15-20 37.0 +1.8 920 +40 4,0 0.09 40.02  0.06 +0.02
20-25 - 985 +40 — 0.10 40.02  0.11 40,02

25-30 - 545 +30 —- -- -
G 18.6-5 0- 1 11.8 #1.5 580 +25 2,0 0.03 40,02 0.14 40.02
1- 1 9.3 #1.1 525 +45 1.8 0.04 40,04  0.16 +0.06
3- 4 7.6 £0.8 4 410 420 1.9 0.01 #0.02  0.15 40.03
SLOSH 1 surface® 3.0 285 +15 1.0 0.11 #0.03  0.20 40.04
SLOSH II surface® 7.7 +0.3 660 +25 1.2 0.09 +0.02 ~ 0,14 40,02
SLOSH ITI  surfsce® 2715 +65 0.8 0.15 $0.02  0.12 +0.01

22.8 +0.7

~ table continued -




TABLE & continued p, 2

SAMPLE DEFTH Pu-239,240 Cs-137 Pu-239,240 C5-134 Co-60
INTERVAL Ce-117 C5-137 Cs-137
(em) (pCL/kg) (pCL/ke) %102
53,8 EC 0- 5 55.9 +5.3 a370 490 1.7 0.02 +0.01  ©0.02 +0.01
5-10 42,0 +2.8 1850 +70 2.3 0.01 +0.02 §.02 +0.01
10-15 3.9 0.4 215 415 1.8 - 0.08 +0.08
HR-8 [18M) gurface 5.4 950 0.6 - -
HR=-1 {§2E) surface 24.8 5120 4.5 —_— -
HRE~3 (&4M) gsurface 23.4 5810 .4 - -
HR-11 {43L) surface 23.0 5220 Q.4 — -
HES-QRHb - 37.8 270 +A65 1.4 - -
Braokhaven® surface  18.9 11405435 1.7 - --
compixsite
Easthan’ 0-30 5.9 1 370 1.6 - -~
soil |
A Sa2 Table 2 notes.
b HNational Bureau of Standarde ~ Standard Reference Material 4350. Environmental

radicactivity gtandard: river sediment,
ERDA-HASE standaxd.

Rardy 1974.

Hardy et al. 1972.

H. Volchok. personal communicsation.

LU - P
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while that at nile point 53.8 is in a location that has an average
salinity of less than 2 ofoo and ia free of any saline water for a
sipnificant portion of the year. Thase two cores represent the extreme
range of salinity conditions for sediment samples discussed in this
report and will be referred to below as the Battery core (m.p. 0.1)
and the Foundry Cove core (m.p. 533.8).

Boch cores have sutface activities of Pu-23%,240 and Ca-137
greater than a typicel surface activity for soils in this area
(see table 5 for data on a Brookhaven soil sample wiich ls a BASL
intercalibration standard consisting of a composite of a large nunber
af surface [0-5 cm] goil zamples).

The Foundry Cove core has surface activities approximately
twice that of the Batrery core, but nearly all of the activity i
confined co the upper 10 cm, while the Battery core has significant
astivity extending below 30 cm.

The average tatlo of Pu-239,240 to Ca-137 in both cores is 2
little less than 2%, which iz typleal for fallour, and for soil
data, twe examples of which are given at tha bottom of table 53, The
WES Environmental Radicactivity Standard: River Sediment alse has a
similar Pu-239,240/Cs-137 ratio. In generazl samples with ratios
which substancially differ Erom £allout are the large composzite
surface samples collested near Indian Point in June of 1975 (SLOSE IIL)
and the four surfate samples ¢ollected in April of 1973 {HR-L, 3, 8,
11}, three of which were collected within a few kilometers of
Indian Point. These samples have Pu-239,240/Ce-137 ratics

gubstantially lower (0.4 fo 0.8) than fallaut {about 1.8}, The moat




teasonable explanaticn of these low ratios is the presence of reactor
Cg-137 in additioa to that from fallout. Reactor-~derived Ca-134

and Co=60 are hoth present in the Battery core and in SLOSH I1I, wich
gimilar ratios to Ce-137; while these two nuclidas are much less
aignificant, relative to Ca~137, in.the Foundry Cove core collected
15 km upstream of the reactor sita.

It seems reagonable to asgume that some Cs-137 should be removed
from Hudeon sediments in water with salinities of about 70X of ges
water, Lenteeh (1974) hae suppested that Cs=137, Cs~134, Mn-54
and Co-60 are all released to some extent from Hudson sediments near
Indiasn Point when saline water intrudes inte that region. There is
alse ample evidence that significant quantities of Cs-137 arve added
to the system from Indiae Point. The general similarity of the
Pu-239,240 to C5-137 ratio of the Battery core with that of fallout,
eoils, and the Foundry Cove core ig difficult to explain at this
.time‘ It iz conceivable that some fallout Cs-137 removal has occurrad,
and that this has been approximately balanced by addirienal reactor
Ca-137. Whatever the detailed processes arve, it seems reasonable to
eonclude chat the first order behavior of Pu-239 240 and Cz-117 from
fallout are similar in terms of their sediment binding and particulate
phase transport propertles in the Hudson River Estuary, up to salinities
of about 70% of sea water. Thus on the aveyage one could predict the
Pu~239,240 content of 2 semple of Budson River Estuary sediment to
‘within & factor of 2 1f the Cs-137 content of the sample were meagured

and the fallout ratio was assumed to be typlcal of the sediment content.
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The nafor deviation from this simple picture appears to be for
SLOSH 1III collected near the reactor site in June 1975, and surface
samples collected aecar the reactor site and downstream about 35 km
in Apeill 1973. These samples ahow low Pu-239,240/Ca-137 ratios,

apparently dee to the presepce of substantial ampunts of reactor

Ca~137 compared with thedir fallour burden.

It is oot possible to compute an accurate budget for Pu=-239,240
and Cs3-137 on the basis of the limicted number of aamples reported
herae, but a cruﬂe attempt can bﬁ made to Indicate the order of
.magnituda of the terms.

Figure 2 gives the annual delivery of fallout Cs-137 to the
Wew York City area over the last 21 vears. This fipgure was constructed
from the annual S5r~90 delivery data at the HASL fallout cellection
station fn New York City (U.S. Enerpgy Research and Development
Administration 1975), using & Cs-137f5r=90 ratio uf-l.ﬁ. The bhest
avallable estimate of the time higtory of fallout Pu-239,240 to the
"Hudson would probably be to wse the Sr~9%0 delivery data mulctiplied
by a constant Pu-239,240/5¢-20 ratis. Using fipure 2, the Pu=239,240
delivery rate would be about 0.015 eimes that for Cs-137.

The majer peak of fallout Ce=137 and Pu=-239,240 delfvery to the
Hudgon was 1962-64, and the total deposition rate (not corrected for
decay of Cs~137) was about 150 mﬂifkmz. Agzuming = mean lifz of

10 years, the decay-corrected Ca-137 burden at the surface should be
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FiGURE 2, Annual deposicion of Cs-~137 from fallout at
Wew York City. The basis for this pilot is the Sr-90

ip precipitatrtion datz collected at ERDA-HASL in lower
Mathattan. The Cs-137/S¢-90 ratlo 1s assured to be 1.5,
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. ' 11,
abour 120 mﬂifkmz. The mean decay-corrected Cs-137 burden for the
latitude band of 40°-50° N 1s about 95 mCi/kn® based on a Sr-96 burden
of &3 mﬂifkmz (Volchok 1974). Thus the rare of fallout delivery to
the New York area is 10-15% higher than the aversge for thie latitude.

The surface area of the Hudson in the repion coversd by our
coras is shour 200 kmz {m.p. O=60)., Thusz che estimated fallout
delivery to the water surface is about 20 Ci. There should be a
comparable amn;nt delivered to the surface of the Hudgon between
mile point 60 and the upstream end of tidal imfluence (m.p. 150},
because the totsal sgurface area is similar to the srez between mile
points 0 and &0.

The contributions of the digsolved €=2-137 {(znd Pu-2138,240)} frem
runoff of epall stresme 1o difficult to estimate, 22 iz the supply of
radionuclides adsorbed onto soil from the draivaps bagin.

Assuming & suspended particulate Cs-137 activiry of 1000 pCi/kg
(approximately that found for fhe Brookhaven 201l composite surface
sample Iisted in table 5), a mean suspended Ioad of 60 ppm and 5 flow
rate of 500 mafsec for the Hudson - the suspended load cowld deliver
about 1 Ci/yr of Ce-137. Ower 10 years the supply of Ceg-137 on
particulates would be about 10 Ci, about hslf of the amount suppliad
diractly to the water gurface. Mo estimate of the bed load contributien
from scil particulates 18 included in this caleulation, =0 it should
be considered a lower limit.

The dralbage basin supply of dissclved Cs-137 (and Pu-239,240% is
difficult to estimate. One possibility 1s te use the datz available

for S5r-90 and Cs-137 in Mew York C€ity drinking water, a large fractien
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of vhich iz derived from within the Hudson drainage basin adjacent
ta the tidal rveach of the Hudson. Table & gummavizes the avallable
data (U.S. Energy Rescarch and Development Adminfetration 1975), The
tap wetér concentrxationa average 12-153% of raln water concentrationa,
and the Ca-137 concentration averages about 7% of the fallsut ratie of
‘1.5, Thus if one assumea that tap water Cs-137 concentrations are at
all eypical of stream runoff Gﬂ—lﬂ?-cuncentratiana,_then only about 1%
(0.07 x 0.15) of Ca-137 delivered to the drainage bagin exclusive of
the HAudson water surface wuuld.ren:h the Hudson in solution., This
presunes that drinking water treatment procedures and reserveir
impoundments do mot drastically alter the dissolved Cs-137 and Pu-239,240
content. Such an assumption ceriainly must be move critically
examined, but it is at least a sterting peint. The ratio of drainapge
bazin area to water surface area in the Hudson having tidal influence
is about 20-25, Thus the dissolved C€a-137 supply rate to the tidal
Hudson, exclusive of direct infall, would be about 5 CL {25/1 x 1% x
20 Ci/yr).

Thuse 8 first order fallout budpet for Cs-137 would supges: a
delivery of about 40 #20 C1 to the Hudson River Estuary, about half
of which could be supflied by direct precipitation on the water
surface between mile points™) and 60.

The second malor gource of Cg-137 to the Huwlson River E=ztuary
ie from reactor releases at Indian Point. Figure 3 shows the time
history of releases in terms of grose beta and pasma acrivity. Thieg

figure was prepared using data summarized by Lentsch (1974), Booth
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FIGURE 3. 4Annual gross beta-gamma releeses
from Indien Point {(Booth 1975).
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TABLE &

C5-137 AND Sr-90 RUNOFF IN THE
HUDSON RIVER ESTUARY?

Sr-490 AFNUAL Sr-90 Cs-137/5¢-90C
YEAR DEPOSITION PRECIPITATION RATN TAPWATER TAPWATER
(mCiIkmz} {cm) {(pCif1)

1954° 2,76 86.2 1,20  0.06 -
1955 3.57 101.4 3,52 Q.10 -—
1956 4,47 97.1 5.81 0.15 —_—
1957 & _44 92.7 L.79 0.14 —_
1958 £.16 104 .0 5.92 &, 14 —_—
1959 8.68 9% .5 g.81 0.49 -—
1960 1.58 117.8 1.34 D.47 —_
1961 2.43 90 g 2.43 D32 -
1962 12,33 94 .4 13.06 0.72 —
1963 23,79 a7.1 27.32 1.45 -
1964 15.85 83.8 18.92 1.79 -
1965 .53 BE .3 2.34 1.45 . 0.13
1966 2.43 101.3 2.40 1.1 0.156
1967 1,64 124.7 1.31 .60 . a.q9
1968 1.32 110.7 .19 .58 0.0
1969 1.43 123.32 1.1% 0.71L 0.08
1570 1.48 89.6 1.65 - 0,87 .11
1971 1.41 144,72 0.98 0.60 n.11
1572 0.75 17,3 0.44% 0.56 .10
1973 .42 145 .4 0,29 0.51 0.08
1974 {+.93 121.1 0.77 0.50 0.10
Average about 104

1955-1974 5.36 0.63 ——

1962-1974 5,98 0.R7? a.11

a Data from 11.5. Enargy Resaarch and Develepment Adminisrration 1975.
b January data net ineluded.
¢ HNo Cs-137 data 1934-1964,
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(1975}, and the semiannual operating veports for Indian Point
prepared by Conesolidated Fdisen of New York, Inc. (1973a, 1973b,
1974a, 1974b). Figure & showa a similar pregentstion for Cg-137
releases, which were also obtained from the gourcees cited., The.
maximum releases were in 197]1, about aight years after the fallout
peak, and the total release of about 40 Ci is comparable to that
estimated earlier for the fallout delivery.

We can reagonably egtimate the fallout delivery of Pu-239,240
ag abput 0.6 :ﬁ.i €1, hased on analogy with the {g-137 budget, using
an input ratio of 1.5%7. There ias no simple way to estimate reactor
releasas of Pu-239,.240 since such data have not been previsusly
collected, Two samples of primary coolant water from indian Point
wvere raadily analyzed at HASL for 4 number of nuclidas, including
GCe~137 and Pu~23%,240. The ratiﬁ of Pu-zag;zau ta Ce-137 from
Indfan Point T wag about 1 x lﬂhz, a factor of ten lower than fallout:
vhile that from Indian Point II was lower by more than fwo ar thrae
orders of magnitude. Thus If the samples analyzed were at all
representative of the material released in previous years, the amount
of Pu-239,.240 gupplied to the Hudszon from Indian Point should have
been only & small Eractiom of that supplied from fallout (leas than
10%) .

The total burden of Pu-239,240 and Cs5-137 in Hudson sediments -
can be only'crudely.astimated from the data listed in tables 2 and 5.
The Battery core has a Ca-137 content of about 180 mﬂifkmz (1.2 pCi/g #

0.5 sf¢m3 x 30 em} and the Foundry Cove core about 150 mﬂifkmz
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FIGURE 4. 1Indian Point Cs=137 releases based on the
following spurces: 1966-569 from Lenksch (1974), 1971~
72 from Booth (1975), and 1973=74 from Consolidated
Edison of Wew York, Imc. (1973a, b5: 1974m, b). The
1970 release waz estimated assuming aboutr 252 of the
groas beta-gamma release wag Ca=137.
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(2,5 pCifg x 0.6 gfcm x 10 cm), both of which are gomewhat higher
than the direcc falleut deposition rate fabnuﬁ 120 mCifkmz}. Most
af the remainder of the samples In tablea 2 and 5 have surface
concentrations on the order of 10-20% of the Foundry Cove core,
with gome gites having legs than 5%, -

If aresag of high aediment depositiun; guch ag that whare the
Battery cora was colleeted, and marginal shallow areas such as
Foundry Cove make up about 10%Z of the total estuary surfare arsa and
have about twice the Pu-239,240 and Ca~E37 dapositcion rate as
supplied by direct fallput, while the remainder of the egtuary (90Z)
haa & Fector of 10 lees deposition per unit area than the tofal
burden of Pu~239,240 and C2-137 now in Hudmon River Estuary sediments
i1s on the order of 407 of that supplied by direct fallout, or
about 20% of that supplied by fallout from all sources.

A summary of tha input budger terms for Pu-239,240 and Cs-~137,
ag well as order of magnitude estimates of the acdiment burden of
these nuclides, are given in tabkle 7. The numerical wvaluea of the
ligtad tertis should obviowsly only be considered as a starting ﬁoint
for further rvefizement. The terme with the beat control are divece
fallout {A), and reactor discharge (D). The inputs dua to asil
erosion {B} and diasolved runoff (C) are largely guegaes, and the
sediment burden terma (M & K¥) will tequire much more extenaive
sanpling to reduce the uncertainties to withia a factor of 2. The
relative magnitudes nf'the less ecerma (W, X, Y and Z) cannot be aven
senslbly estimated &t chis time, and will be left without numerical

valuga until we cen constrain them in some way.
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TABLE 7

HUDSON RIVER ESTUARY Pu-239,240 AND

Ca-137 BUDGET SUMMARY

INPUTS

A. DMrect fallout

B. S5o0il erogion

C. IMszolved runoff
D. Eeactor discharga

SEDIMENT BURDEN

M. High sedimentation araas (10%)
N. Low sedimentation areas (90X)

LOSSES

W. Mrect dissolved cutflow
X. Ra-selutien by aea water
Y. Suspended sediment ouvcflow
2. Dredging

Ce137 Pu~239,240
(ci) (C1)
20 0.30
10 0.15

5 0.07
40 < 0.6
0.06
0,06
7 7
? t
? ?
T 7
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