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Preliminay Evaluation of A vailab~e Data from P·4 From Geomorphic Perspecth·e: 
What Do We Know ~nd Where Do We Go From Here? 

S. Reneau, 2/24/97 

The following partial, preliminary summlu-Y is intended to gather my thoughts and to help generate 
discussion, particularly as concerns remajning significant uncertainties that should be targeted in 
next (fmal?) roWld of sampling in P-4. 411 thoughts welcome. Similar summary for LA-2 to 
follow. 

Sample sites and geomorphic units in P-4 presenred on FIMAD plot 105352 (contact Marcia Jones, 
5-2807. for copy). I have Excel spreadsl!eets with particle size data for samples. Pu-239.240 
values, preliminary calculations of Pu-239.240 inventories, and notes on each sample. Contact me 
for copies of the spreadsheets. : 

Pieces of Workin&: Copceptual M<fdel 

Significant spatial variations in contamin~t concentrc1tions occur in sediments in all reaches. 
Important variables affecting concentrati~ns of different contaminants in a reach include: 

1) Grain size distribution of sediment dqposit (in deposits from a single flood, the fmest size 
fractions will typically have the highest ~ncentrations of contaminants). 

2) Age of deposit (the timing of peak col)taminant concentrations in a reach are related to the time 
of maximum release at source areas and ~sport times: due to shorter lransport times for fmer~ 
grained sediments carried in suspensi<?n floods. the peak concentrations of contaminants in 
suspended sediments may precede peak.s

1 
in channel sediments). 

3) Source of sediment carried in specifi9 floods (concentrations of contaminants can vary 
dependent on the percentage of sedimen~ contributed ftom different source~; i.e.~ variable 
contributions from contaminated and unoontaminated 1Jibutaries may occur in different floods. and 
variable amounts of bank. erosion in con~minated vs. uncontaminated deposits). 

Complications in evaluating the relative i~portance of the above factors in explaining present 
variations in contaminant concentrations mclude the fact that geomorphic mapping units typically 
include deposits from many separate floqds, spanning many years, with variable percentages of 
different sediment size fractions deposit~ in a single Qood and between flood~ in a single unit. 
Variable amounts of fine-grained sediment with variable concentrations of contaminants can be 
added to deposits in one or more subseq,ent flood events. 

Below. available data on the concentratiqns of select contaminants in P-4 are discussed as pertains 
to this working conceptual model, and Wltat are perceived to be key uncenainties are highlighted. 

Geueral Nota oo eartitb: Si~e V~riatirms (Iextun~> p( Sampled Deposits 

Texturally. the sampled sedinies;ifs"/:P~· range from sand (<10% silt-tday) to loam (mixtures of 
sand, silt. and clay. with up to·St% silt d clay in the P-4 samples). Intennediate textures (loamy 
sand and sandy loam) are also present. ean channel deposits in P-4 are classified as sand, 
representing the bedload of Pueblo Canye in tloods, and are dominated by medium to very coarse 
sand size particles (0.25-2 mm). Overba deposits can be dominated either by f'me sand or by 
silt, reflecting variations in the energy of! e associated floodwaters at each point; textures of these 
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deposits are typically sandy loams, altho~gh they also include loams and loamy sands. Pure 
overbank deposits can occur within either floodplain or channel units. Intennediate particle size 
distributions can be produced by the a~tion of variable amounts of overbank sediments to 
channel deposits. ' 

Prelimjgary Jnterpretatjog of Pu-~39±240 in Reach P-4 

1) Channel units can be grouped into 3 ~acka.ges with different average Pu concentration: 

A) c6, pre--late-1950s. post-1935 chi. nel. Sand that constitutes bulk of deposit volume has 
relatively low Pu concentration (analyse of 0.23 and 2.5 pCVg. average= 1.4). Fine~,grained 
uppermost part of deposit has relatively igh Pu (11.3 and 38 pCi/g), and can be distinguished as a 
separate stratigraphic unit for purposes of calculating an inventory. 

B) c5 and c4b, -mid-1950s to mid-1960s channel deposits. Includes highest measured 
concentrations of Pu in sand deposits (4.VS-16 pCi/g), possibly recording timing of maximum 
concentrations of Pu in channel deposits.! V ariati.ons in Pu in sands may be related to % fines 
(e.g .• highest Pu in four c5 and c4b sand !samples is in sample with most clay and most silt + 
clay). Uppennost parts of each unit, cooptining overbank sediments cont.emporaneous with or 
younger than the main sand deposits, haYte no significant difference in Pu concentration from the 
sands, so there is no basis for distinguis~ing a separate stratigro:1phic unit for purposes of 
calculating an inventory. (Note: deposi~ dating to period between 1945 and mid-1950s are not 
well defined, and peak Pu could have ptqceded deposition of uppennost c5 unit, and could 
possibly be buried at depth.) · 

C) c4a, c3, c2, cl, mid-1960s to 19 s channel deposits. Contains relatively low 
concentrations of Pu (0.54-2.4 pCi/g, 8 pies; average= 1.5). No significant difference 
recognized between youngest and oldest its, and sul'Veillance data from routine sample site 
inunediately east of reach also show nos gnificant variations since the mid 1970s. Where samples 
obtained from depth (c3, P-4 east. 2 sam les), Pu similar to surface samples. There is thus no 
recognized basis for subdividing these u its for purposes of calculating an inventory. (Note: 
locally higher concentrations of Pu are p'-ssible where fines deposited in this unit, which have not 
yet been sampled, including the organi.c-r~ch sediments associated with the modern sewage 
effluent; higher concentrations are also ~ssible below maximum sampling depths in c4a and c3.) 

2) Floodplain units have been subject to pnly limited sampling so far, and the thickness and 
average Pu concentrations are relatively n<>orly constrained. The highest value yet obtained (6 
pCi/g) may be from deposit from early-tQ-mid 1970s, post-dating the presumed maximum 
concentrations in P~4. A higher value of 115 pCi/g was ,reported for a "bank'' sample in P-4 in the 
1976-1977 FUSRAP study. Low values1of ...0.15.0.25 pCi/g obtained from 0-3" at two f1 sites 
may indicate that the historic overbank d~posits at these sampling sites are <3'' (<8 em) thick. 

Sedimentologically, the overbankd~osits overlying the historic channel units (cl to c6) are 
equivalent to historic floodplain deposi~~'(loams, sandy loams, and loamy :sands), and can thus be 
considered part of me same data set Wi in this data set, no systematic variation in Pu 
concentration with particle size is appare t. This suggests that the time-dependent variability in Pu 
concentration in floodwaters has been m . significant than particle size variability in producing the 
observed disnibution of Pu. ' 

The highest concentration of Pu in o~ined P~4 (38 pCVg) is in the uppermost c6 unit adj~cent 
to the late 1950s (c5) channel, suggestif!~ that relatively old, historic overbank sediments have 
higher Pu concentrations than younger (WSt mid-1960s) deposits. Because the highest value 
obtained was from a relatively coarse ~o · plain deposit (29% silt+clay, vs. up to 51% silt+clay 
for other deposits in similar settings), imum concentrations in finer-grained P-4 deposits of 
similar age could locally be significantly . • gber. 
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Ba.~ on the geomorphic history of~· ach P-4 and the available data on Pu concentrations, it is 
possible that average Pu concentrations i fl units in P-4 east are significantly lower than in P-4 
west There may thus be rationale for as igning higher average Pu values to the fl units in P--4 
west. 

Geomorphic; Issues jn P:4 

1) Trends Over Time 
Available data are consistenl with th~ maximwn concentrations of Pu in channel deposits in P-4 

. (and thus in sediments discharging into l~wer Los Alamos Canyon) occurring no later than the 
mid-1950s to mid-1960s. Deposits have /not yet been identified to reliably test if the peak occurred 
prior to the mid-1950s. but channel sedirhents with higher Pu concentrations could potentially be 
buried at depth in units c5 or c4b. : 

No significant decre-c1ses in Pu conce~trcltion in channel deposits is m;ognizable in the past .... 30 
years. indicating that similar concentratidns could be maintained for an indefinite period of time 
into the future. The apparent similarity i~ concentrations during this period may be due to 
remobiliz.ation of previously stored co$· inants through gradual bank erosion, implying that these 
concentrations may be maintained until t e Pu reservoir upstream has been significantly depleted. 

The timing and concentrations of imum Pu in suspended sediments are not determined, but 
are likely to have been contemporaneous! '!ith or prior to the peak in channel deposits, and are 
likely to have exceeded 38 pCi/g. The ti$1ing of the peak concentrations can probably not be 
determined with better resolution in P-4.1 The highest concentrations could perhaps be better 
constrained with more extensive samplin/g of floodplain deposits near c.S and c4b deposits. 

I 

2) Inventory 
The total Pu inventory in P-4 is not precisely known due to uncertainties in average Pu 

concentrations and in the thickness of units, but a revised inventory calculated using average values 
from the combined full-suite and limited~' suite analyses are within 10% of inventories previously 
calculated using only full-suite data (usi g the same "best guesses,. for unit thicknesses). 
Uncertainties in the average thickness of e geomorphjc units may thus have g~ter effect on the 
inventory than uncertainties in the avera&e Pu concentration. 

P-4 West. The largest portion of the estjmated inventory in P-4 west and the largest uncertainty 
is in cS, c4b, and fl. The uncertainty c~obe reduced by depth samples from c5 and c4b, and 
surface samples from fl. (Expected wo t cases: Pu in c5 and c4b at depth could be higher than 
where sampled at the surface; average thi kness could be underestimated; the thickness and average 
Pu concentration in fl could be underesti ted). 

i 

P-4 East. The largest portion of the esti~ated inventory in P-4 east and the largest uncertainty is 
in c3 and fl. The uncertainty could bet: uced by depth samples from c3 and additional ft 
samples. (Expected worst cases: Pu in c at depth could be higher than where sampled at the 
surface~ average thickness could be und~stimated; the thickness and average Pu concentration in 
fl could be underestimated). ; 

Capdjdatm For Next jFjpaU Roun~ of Limited· Suite Sam plio& iD E..J 

Consider the following a firSt cut at identJrying issues in need of resolution before we leave reach 
P-4, presented in no particular onJer. Onfe we reach consen.~u.~i on significant data needs and 
number of samples needed. we can selectJ specific sample sites and be ready to collect samples 
when the weather pennits. ' 
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1) Depth samples in c5, c4b. and c3 s~ deposits, to be analyzed for Pu-239.240. Perhaps 2-4 
depth samples from 1 section in each of these 3 units. Goals would be to test assumed thickness 
of historic sediments. and to determine ifl Pu concentrations significantly higher at depth than at 
surface. ' 

2) Surface and depth samples in fl. to'* analyzed for Pu-239,240. Sample sites could be 
dispersed in both P-4 west and P-4 east t' provide better geographic distribution and to further test 
assumptions about distribution and extent of historic Pu-bearing overbank deposits. Perhaps 5-10 
samples total. with the higher portion in .,_4 west because of the potential for higher Pu 
concentr.ttions there. · 

3) Samples of relatively organic-rich s~ments in cl adjacent to the active effluent channel. ~~v#"l 
Perhaps 2 samples, including analysis fo TOC. Goal is to evaluate if significant modem Pu 0 _ \ 0 
enhancement is occurring along the nutri , nt-rich channel in this geochemically unique setting. vJ 

4) Resampling of subset of prior sample \sites where runge of Pu obtained, to further test 
collocation of contaminantc;. Analyze fo~; everything that was recognized above background (Pu-
239,240, Pu-238, Am-241, Ag, Cd, Hg, i ••• )? How many samples needed? 

5) Analyze particle size separates of sele~t samples for Pu-239/240, to evaluate concentrations in 
respirable fractions (clay-size particles. <(2 microns). How many samples needed? Perhaps also 
anaJyze concentrations in silt+clay fracti<f' and one or more sand size fractions in one or more 
samples. , 

6) Other outstanding issues'!?'! 
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HotN on Soldlmenr_~les '~ Rucll IP-4 

Fieki Site It I Sarnflle 10 No I~ =ll Type of 
I u~ {lni Mltysle 

l.abor.llo!y 
Soldnwnt 
Tutul8 

NOles 

P4E-10 04PU-96-0025l c3 l :26--$ 1 lui...,. lol.mr $an:l Jrela!Miy fir»-tutured ~-~ -~rala~high_fleld ~ 

P4E-17 

P4E-18 

P4E-19 

P4E~ 

P4W-49 

P4W.SO 

P4W-42 

f'.4W-7D 

P4E-21 

P4E-21 

P4E-23 

P4E-23 

f>4E.1 

I CW'U-96-0026 

! 04PU-96-0027 

04PU.Q6.0028 

MPU-06-0029 

~30 

04PU-96-0031 ' 
I 

04PU-96-0032 i 

04PU-9&00:13 

I o4PU~wl 
-+-----+ 
1 04PU-9rHl2:2-4 ! 
: i 
io4PU~225i 

l04~! 
l04PU-~; 
i .. 

c3 

c1b 

c3 

II 

c5 

t1 

c5 

c6 

f1 

f1 

tl 

11 

c1b 

P.te-4 ; G4PU·96-0228 i c3 

1~14 I lull tuite sand lblac:t; sand (maQnetke) rich layer: 18lativtlly ~ Wd ~ 

0-2.5 I fullsuftt sand lsancl bat from 1991 11ood 

~ I tullsule sand ~ 986 d\annel sand d!KXSit 

~ I full ~ I~ loam I telativ.ly ffllft1lrained ovelbank ~. wth historie cMftw:lod 

0-1.5 : fulaUia I sandylo:am h~ow..,.,.layer,~IM81~~dwwleldflposit;~fieldaima 

0-4.5 I fUI sul\e lloamysar'ld ltlcodJllalnau1ace nearlale19!SC& slnum d\annel: sagebru&tl o;mllld 

0-3 ful suite sand I coatM sand lot» from lale 1950s 

0-3 full tuite loam lflne-grainelt ~ depgsit, acow. pget-1935 c.bannel dep:lsil; hign lield ~ 

D-U5 ~,240 i sandy 1o8m ;flaodplaln ue-_, J)l9-1996 chemtl 

13--17 ~9,2Cl--k;.~-~;~ ;;1945 ~nnel ~~ be~;;,:;;,~n-~~11ace 
o-3 Pu-239,2.CO I ~loam llloodplain 5UI'tace nearpr.-1986 dlannel 

11-16 1 1'\t-239,240 SMd !buried pre-1945 cha.-1 dtposit ~ floodpbin :suriaCIJ 

0-1.5 1 Plt-239_,240 sand I sand bar from 1991 flood 

o---2 1 Pa-2:19.240 aand Jpr&-_1986 daannel_sai'CI deposit 
J T I P4E-24 <W'li-9&-0W f2 0-3 Pu-2:19,240 i !UJCfy lclam .' lnhtmtd p!!l!islorlc sur1-. above post-1946 Uoods 

P4E-25 l 04E'U--9$.0230 f:2 o--2 PIJ.Zl9,2AO lroarny sand li~IICT'tld p!!l!lstoric $url-.lll:xlve pos(·t9451bods 

W d P4W-42~ 04PU--9S-0231l 
; I 

W a P4W-42:- 04PU-9&-C232! 

PH4-42 \ 04P\.J..96-(Q33 l 
PW4-02 li>4PU-96-0234l 
PW-i-62 j 04F'I.l-96-02a5 i 
PWW 

P4W-68 

PW+S9 

PW4-59 

P4W-70 

; 
•· 04PU-~2S6 f 

i 04P\J-~Ul! 
~ i 
:: 04PU-9!Hl23a! 
: i 
! 041'U-9Ek)239] 

\ 04PV-96-0240 i 

c:e 
c6 

c5 

oCb 

oCb 

o4a 

o4a 

o4b 

c4b 

c6 

H i PU-2:19,240 I sandy loaJn l.-eiatl'i&ly fine-grained stnace laye~~ pn~-lal&-19e0s, poee-1935 cnannM o.~.ands 

11)....18 1 P\1-239,.2-tn I sand l~late-1950s, post--1935 cflarl_ne15311Cf deposit 

()-3 1 Pu--239,240 I sand looatM sandlot» from lale 1~C)s 

~.s 1 Pa-239,240 I sanely loam lreladve'tfi~ swiace ~aboVe eal1y-to-mkl1960s channel sands 

5-14 ! Pa-Zl9.240! sand ; early-U>-mld 196Gs c:hat!NIC sand~ 

~ i Pu-239,2-40 sand lm~• 1960s d\annel sand depoe~ 

o--3 1~~9~40 sard I mkJ.to.laJe 196Qs channel sand deposit 

G-7 ; Pu-23~4() loa'!!l_ sand I refadwttlir»-gralned sur1aoe ~r above early-to-mid 1960s c:flannel sands 

7-15 1 Pll-2:39.240 sand j~__!c)-mld1~ ohannej511_nd ~_it 

1&-3G ! Pa-Z$,.t40 ! sand i~XHa~e-195Qis,~-1935 ~_ntt~ sand~ 
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Reath P-4 Pu o.ta, With S\lmmary of hrtlcle Sbe )ata 

[~es ~ed Bv Samtlle Site andOeomorpbic U lUI 

4:14PM 

~~!L ..... .Q4.1Y:~.!'l?. .... J!1!. ·-.S!!?.__ .• ~::~L .... ~. 11··· ···- ... '.~ ... ?t-.4~ ...... ~~ ••.. P.:!~ ...... ~!:~ ..... ~~~~ .~:~~ 

P4E-4 1 04PU-96-0228; 2829 i CJ ! 0-l i • 12.1 81.5 12.5 3.6 2.4 BDL 2.3 
- I I I ; l ·----r----

3.1 0.003 U9 P4B-10 04PU-~ 1938 C3 28-JS I• : f 6.5l 38.7S 39.46 18.59 

P4E-17 04PU-96-0026 1938 C3 10--14 ~ ! j 3.St 88.81 1 l.l2 0.07 0 o.oos 1.06 
! 

P4B-19 04PU-96-0028 1938 C3 0--l .. 11.41 84..96 12.7 1.94 

BDl. 1..4 

P4W-58 i 041'\1-96-0237 ' 2829 c... 0--3 ' I 8. 71 76.8 13 7.8 0.027 Ui 

1 
C\b 0--4.5 aL I 4.9' 30.2 23.7 6.1 0.048 5.9 

PW4·Sl i 041'\1-96-0235 ! 2829 C4b S--14 l : 3.4; 90.8 5.1 2.4 0.083 8.5 

• 
PW4-~9 1 04PU-96-0238 [ 2829 04b 0--7 7.4 
PW4-:S9 ~ 041'\1-96-0239 i 2829 04b 7-15 • : 17.6! 88.4 8.2 1.5 25 0.(179 5.5 

P4W-49 04PU·96-0030 1938 C5 0-·1.5 sl 1 O.li 34.52 17.64 40.84 7 0.038 4.13 

P4W-42 04PU-96-0032 1938 cs 0--3 

PW4-44 ! 04PU-96-0233 i 2829 cs 0--3 

P4&l2 04PU·96-0029 1938 FJ 3.2t 11.62 33.44 49.84 5.1 0.038 6.21 

f~.:.S.<!. 04PU-96-0031 1938 Fl 3.8i 47.41 32.77 17.62 2.2 0.01 

P4B-21 i 04PU·96-<J223 t 2829 
l'4P,.21 104PU-~4i 2829 

Fl 14.7~ 31.3 33.7 30.1 -49 ..... a.Q!; ·~::-~ 
a:-:~~--:--::~=~::;:.+---"=~--'F~·l~...,....:..::=~....:.::...+.t-....:.9~.2t-; _____::5~9.~91------=l=ili--~H._S 1-~~.3~ .. O,C!l~ --~ 

___. .... - .... ·4• •• '~ ... ___ 

P4E-23 ! 04PU-96-022S l 2829 

1-------L-..-~·--,········· :~--.. ·-:-l'---==-----11--:-:--'----:-it---=---1--+---+----,r----i>-----t---l 
P4B-24 ! 041'\1-96-0229 i 2:819 i 

i i 
t--P-4B--· -2S----ili-04PU---96-0--~--'tii9- ··j --- --

....... : 1" --=-t----=-=---+-...::..::....-T---'~-=t-=.,.._,=t---=t_:;:..:.r---"'==t---=1 
--... ' --···---t---t----+----t------'if---t----+-~f---+----+-
·~···-· ··-·-- .I 
!:'~ Qltl"anii;itl Size o.ta: petcentag~ ol llllll<l. silt, ...d cl.y Cr..w.ms .,Jed on <.2 ~ f~ ~c-
N<lte& on Lnb Tellture: I = loam: Ia = loamy llllld· • = Wid: sl = ~dy loaa r ... . .. . •.. . ....•. --+---+--+---1----i 

.....• ·----t-------if-----i 

BDL .. Below Dr:rcdion Limit 
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R .. ch P-4 P.rlle~ Slz. Delli I • J _l 

I I I 
Aequesl Geomorplic;l ~ l V. ~ MeOOm Fin& lv. Fine~ Coarse & Fine & \ ~ ~ Fine Lab 

Field Site I ~ 10 No No Unit 1 Cepd1 {In); Graval Couse Sand Sane! Sand 1 Sand ~ ~um II. Fine Clay i Grav.l: Med Sand Si1 Clay T&li1Ure 
• ; Sand : : s.~ Silt : , Sand 

I I I · 
P-4 Full SUite s~s 1 l I I 1 

NE-10 : ~ 19G8 C3 j 2~ ! 6,5 8.28 11.39 21.08 21.74 17.72 12.99 5.6 3.2 i 6.5 i 38.75 391! 1a.Gi .1.2 Is 
P4E-17 ' 04PIJ~ 1938 C3 I 10-14 i 3.5 2.68 50.85 35.28 10.83 0.29 0.07 1 3.5 ! 88.81 11.1 0.07i 0 s 
Po4E-18 04PV-9&-0027 1008 : C1 ' G-2.5 ! 4 14.74 53.23 24.45 5.49 1.11 0.68 0.1 1 0.2 4 i 92.42 6..6 0.78 0.2 s 
f'.4S.19 04PU-96-0028 1938 j C3 0-,2 : 8.4 0.17 54.86 29.9Cl 1 0.51 2.19 1.54 0.4 . 0.4 ! 8.4 1 84.96 12.7 1.94 0.4 s 
NE-32 04PU~29 1938 ! Ft 0-2 3.2 0 4.o2 7~ 10.8 22.64 38.04 11.8 i 5.1 ! 3.2 i 11.62 33.4 49.8 5.1 Ill 
P4W~ 04PU~30 I 1D j C5 0-1.5 : 0.2 0 8.32 26.2 11.72 5.92 20.54 20.3 : 7 j 0.2 ! 34.52 17.1! 40..6 7 !I 
f'.tW-50 04PU-96-0031 I 19a8 I F1 0-2.5 i 3.8 0 19.68 27.73 18.59 14.18 13.62 3.8 2.2 j 3.9 i 47.41 32.8 17.6 2.2 Is 

f'.tW~ 04PU~32 • 1938 C5 0-3 4.5 0.17 54.92 32.08 8.8 1.61 1.51 0.5 0.4 j 4.5 ! 87.17 HJ.4 2.01 0.4 s 
P4W-70 04PU~33 1D C6 0-3 ; 3.5 0.03 9.24 11.61 13.18 14.19 28.54 15.9 7.3 ! 3.5 i 20.88 27.4 44.4 7.3 I 

i ' I 
P-4 Umited Suit. s.mples 1 : I ' 
P4&-~- -- ~ G4PU ~0223- ' 2829 ; .-$l - --l- ~-2d- 1 --u.-7-L~ -~-~ -: ~~-1-3A ~-~ --2<Y- -- S.-3- 4.9 - ~44J- i ~ -3G;1 :~ 4.9-.- ---al-- -
P4E-21 l 04PU·96-0224 f 2829 i f1 ! 13··17 i 9.2 14.8 i 23.5 i 21.8 ; 13.1 j 8.9 10.8 3,7 ; 3.6 ~ 9.2 i 59.9 22 14.5 3.6 • lll 

P4E·23 ! OCPU-911-0225 i 21129 ! F1 0--3 i 3.4 8.4 j 16.9 j t.S.4 14.6 j H.S 19.6 15.2 [ 4.3 j 3.4 ; 40.7 29.1 25.!1 4.3 ~ 
P4E-t ! 04PU-96-0228 ( 282S. i f1 i 11··18 i 8.7 27.~ i 40 [ 17.~ 6.4 j 2.8 1.5 1,4 [ 2.5 [ 8.7 ~ 86.4 9.2 2.9 2.5 s 
P4E·23 i 04PU-98·0227 l 2829 i C1 b j o--1.5 i 2.2 10.2 i 38.6 j 34.7 9.9 ) 2.3 0.1 1.6 i 2.8 i 2.2 [ 83.5 12.2 1.7 2.8 s 
P4E-4 i <UPU-96-0228 2829 i C3 ! 0··2 ! 12.1 20.3 l 36.9 i 24.3 9.8 i 2.7 1.4 2.2 [ 2.4 ( 12.1 ' 81.5 12..5 :l.6 2.4 s 
~,24 f 04PU,9!-0229 ' 2829 i ~ t 0··3 j 3.3 9.8· j 13.S r 11.9 1S.8 ~ 19.1 1g.7 5.6 r 4.8 r 3.3 f 35 '!J4.9 25-:l 4.8 s1 
P4E-25 j 04PU-91l·0230 2829 j F2 I 0··2 i 4.6 Hl.5 j 28.8 j 17.4 9.9 l 8.8 : 12.1 : 3.4 ! 3.4 ! 4.6 : 62.7 . 18.5 15.5 i 3.4 ll 
W of P4W·42 j 04PU-98·023t 2829 j CS i 0··!1 j S.a , 7.8 ! 15.3 ! 18.8 15.3 ~ 13,8 l 19.2 4.2 ! 5.5 i 5.8 i 41.9 2.9.1 23.4. S.S s1 

WofP4W..42i 04PU-96·0232 2829 i C6 ! 10--18 i 3.6 i 13.1 i 42.3[ 29.4 7 i 2.6! 1 1.4 [ 3.2 j 3.6 i 8-4.8 9.6 2.4 32 s 
PW4-ol2 i 04PU-96-0233 ; 2829 i C!i i 0-3 : 5.2 i 20 37.3 l 22.5 8.4 ~ 3.8 J 2.5 2.4 i 3.2 ! 5.2 i 79.11 12.2 4.9 3.2 s 
PW4-52 \ 04PU-96-0234 ; 2829 i C~ ! 0..-4.5 4.9 i 3.2 8.4 j 18.6 24.4!15.6 j 15.9 7.8 j 6.1 j 4.9 [ 30.2 40 23.7 6.1 Ill 
PW4·52 ; 04PU-91l-0235 2829 i C4b l 5--14 3.4 ~ 31.8 43.2 ! 15.8 3.8 ~ 1.3 i 0.1 1.4 ! 2.4 j 3.4 i 90.8 5.1 1.5 2.4 a 
PW4·53 04PU·91l-02a6 : 282i \ C4a ! 0·-4 5.6 [ l!!i.& 36.2 ! 27 10.4 ~ 3.6 \ 2.7 1.8 [ 2.5 ! 5.6 \ 78.8 14.2 4.5 2.5 t 

P4W·S8 i 04PU-96·0237 2829 \ C4a 0--3 8.7 i 20.2 34.3 i 22.3 9 : 4 ! 6.1 i 1. 7 i 2.5 i 8,7 j 76.8 13 • 7.8 25 s 
PW4-59 \ 04PU·96·0238 1 2829 j C4b i 0··7 8.8 \ 13.6 19.5! 18 17.1 i 9.1 i 14.7 \ 5.5 i 4.5 l U i 49.1 28.2;20.2 4,5 Is 
PW4-59 f 04PU-91l-0239 : 2829 i C4b i 7··1 S . 17.8 l 27.4 39.3 \ 21.7 6.4 [ 1.8 j 0.1 i 1.4 i 2.5 i 17.6 i 88.4 8.2 ~ 1.5 2.5 i s 
P4W-70 i 04PU-96·0240 ; 2829 i C6 l 1 S--30 i 12.6 i 37 . .C0.3 ! 13.8 3.4 ~ 1.4 j 0.6 , I l 2.4 i 1.2.6 l 91.1 4.8 1.S 2.4 ' s 

i ' i i ' i 
Note oo Particle Size Cata: t=~ereentages of sand, slit and clay fracticlns based on 2 mm actloni 1 I 
Not&s on Lab Te_:xttre: I =loam; Is = loamy sand· s "'sand· sl = sandv loam.: ! ' I _ _ __ 
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---------------------------------------------------------------------------------------~ 

PrdlmiDary ru.l39.l'O llMtltory, R.aeb!P-4 _1 
(no4e: 1197 ~mau. usl111 f\alklllle dati ea l'lt-139 AI} 1 

I . 
&limited Escimalcd 
AY'fltfiii1J 'J'bicbJe86 Escimli!Ed Est. Est. 

Ullit l..oc:lllion Soctioll Asao Thielmcsl ~ Vobac i l'..enltUl Unil Vot. Oravd Porticm. 
(1112) {Ill) Un) (m3) , (m) (m3Jm} (") NCD-~tnVcl 

c! P-4wcst 0-Gw 1510$ 0.5 • 0.1-1.0 9~3 470 2.()3 15 OJIS 
clb~P-4 we• 0-ow 1~2 OJ : 0..1-1.0 826 470 1.76 5 0.95 
c:2.a t P-4 west 0-mu S74 o.s i Cl..l-1.0 287 470 0.61 I~ OJIS 
c2b P-4-• o..ux 2643 o.s ' 0..1-1.0 1322 470 Ul 15 o.ss 
c2c P-4....at C).nw 329S o.s 0..1-1.0 1647 470 ' 3.Sl I IS o.ss 
cJ P-4we.t 0-mu, rTS o..s O.l-1.0 ! 137 470 ; 0.29 ! 15 0.8S 
c4e P-4w.oeat C).nw; S(96 l.S 1.0.2.0 ~ 13044 470 I 27.7S s 0.95 
c4b P-4w.oeat ().mu llO'l 1.5 1.0.2.0 [ 4804 -470 10.22 s 0.95 
d P-4'\\1$ ().max m6 1.5 1,0..20 I sm 470 J2.7S j 0.95 
c6 P-4- D-mu 4060 u 1.0.2.0 6091 470 12.96 s 0.9S 
n P-4 wesr ().max 16SSS 0.2 0.0.4 3317 470 1.o6 3 I 0.97 
na P-4weg ().milK 1388 0.2 0-0.4 1:18 470 O..S!il 3 0.97 

Tobl 3I6M 

c1 P-4east n.ma 9129 (},S O.J.l.!l ~ 530 9.18 lS o.ss 
clb P-4cast ·0-mu 3579 n.s O.J-UI 1790 . S30 3.38 s 0.95 
e2.& P-4east;o..a- 510 (},5 0.1-1.0 ~s : .530 0.48 ., O..!I.S 
c2b P-4-t 0-mu. :ns 0., o.I-1.0 1S8 . 530 0.30 JS O..!I.S 
.::2c P-4csot o..a- 343 1},5 O.l-1.0 111 .530 0.32 15 O..!I.S 
c3 P-4east o-- ll.S16 125 o.s-z.o 1.564j .$30 29.Sl s 0.95 
n P-4east 0-m.ax 28$21 0.2 0-M S104 530 10.16 • 3 Q.'}1 

Total llJ.587 i 

I ' 
leqwm...s: I ' lbwallorY (IICi) c~ fp(.:i/1) • ) ~ 'DOiticm AllD~ hl•vo!WJ ie(m3) ; 

lllva.tcrv per llllillc:rt.dh nCI!ml = IIIVC!Itln (uCi} I Ldlurth of IIIli (Ill) I 

' I 
' 

MtUIII'ed 
Estimaaedj .]Ungeio 

Ea. A~: Pu-239 ,.240 
Raagc .lkJui1y lnttcs oo (llCi/l) 

Non-~ (lJan3) ~ (n,..) 

~ 0..7-1.0 1..2.5 "'cl" : n.m. 
: G.8S.0.98 1..2.5 P4-IS("cn 0.S:;9_{1) 

0.7-L.O 1.25 wor~ci~+P4-l'H~c3 .....r') lUll • ' 
0.7-l.O !..2.5 .., of ~cl ~ + .1?4-19 ( IIPPCF c3 sanG') a.m. 
0.7-1.0 1.25 avo( •c 1• + f\4.. I 9 (llppel c3 S8114!] a.m. 
0.7-1.0 1.25 .t.v. ofP4-10, 17 l9("c3"), &uames lf.llines 0.759-1.494 (3) 
(}~.98~ 1.2!5 av. of. "c3" and "d" A .Ill.. 
O.ss.<l.?8 • 1.2!5 av. of. ~c3~ and "d" n.m.. 
O.ss.<l.98 I 1.2!5 iN-42 ("cS") 4.233-4.746 (2) 
O.ss.<l.98 1.25 '-dw. 21Xil> cm:ri~illg overbaok lll:ldl (P4-70) 11.265 (2) 

0.95-t.O l.25 av.oCP-4-32,50, 70 i3.41~11.l65 (3) 
0.95-1.0 l.2S IIV. of P4-32, 50, 70 ! 3AI6-11.165 (3)1 

Toea! 0.$3'9-11.~ (9}. 

. - - ----·---·-··--· --------· -- ----- --- ---··---r- ---·--
0.7-1.0 1..2.5 "cl* n.m. 

: 0.8~.93 125 1'4-18 ("el") O.S39(!)_ 
I 0..7-1.0 125 av of~cl· + P4-J9 ("Rlefe3 ted) li.JII. 

0..7-1.0 1..2.5 av of ·c 1- + P4-1 9 (URlef ~3 HDd) :11.112-

0.7•1.0 1.25 a.v o(-cl- + P4-19 (llllllC%C3 ..... d") n.m. 
0.85..()..98 l.lS av. of. ~c3* mel "cS" (UI\Imes "ol" aod *cS" buried 0.759-4.746 (S) 
0,95-1.0 ; 1.2S av . ..t:~Jl.SO 70 !JAJ6-U.26S (3 

iToaJ ; 0.539-11.26.5 (9} 

! 

t 

' I 

PIIQ&1 

&imated 
Aver&lle 

Pu-239,240 
(pCiJg) 

o.s' o.ss 
0.65 
0.65 
0.65 
1.1 
Z.9 
2.9 
4.7 
6 
7 
7 

----

o.ss 
o.ss 
0.65 
6.65 
o.6S 
2.9 
7 

~ 

Pn-2.39,.240 
lnveota)' 

: (uCi) 

SS7 
540 
1?8 
913 
1138 
160 

44919 

• !6543 
33451 
43~96 
28153 
2351 

lnl25' _I 
r--- ~-l 

2843 
111>9 
176 

' 109 
us 

53876 
4&m 
106706 

' r 

2/24197 

~ 

~ 

['.:> 
I 

['.:> 
CJ) 

I 
C!> 
--.] 

*"' ...... 

~ 

'"T1 

...... 
.L 

CJl 
0 
CJ1 
~ 
['.:> 
--.] ...... 
CJl 

*"' *"' 
* 
C!> 



·~ 
---------------------------------------------------------------------------------------------------------~ 

Prdlmfoan Pu·l39.240 laveat«-y, lte8cbiP-4 I I 
(note: l/21197 estllalh. ll5lDI oew dah oo 1'11-139,140 ID4 kte'Piot -'1 dlmeasioc 

I ; 

i .Estimated EstimaUd 
i Av~_ 't1tldmec& Em mated 

uru I...oea!im 1 Sedioo Mea 1'bi.i:knesa Ringe Volume ,U:natb Un11 VcJ. 
{ml} (m) (m) (m3) (m) (m3/m) 

! 
cl I P-4 west 0-max. I 190S o.s 0.1-l.O 9.53 470 2.03 
c1b: P-4 west 0-max.l 16$2 o.s 0.1-1.0 326 470 1.76 
c2a: P-4wut 0-max 5'74 o.s O.J-1.0 287 470 0.61 
c2b : P-4 west 0-max 2643 0.~ 0.1-1.0 1322 -riO 2.81 
c2c 1 P-4 west 0-max. 329.5 o.s 0.1-1.0 1647 470 3.51 
c3 i P-4 west G. max 275 o.s 0.1-1.0 137 470 0..29 
c4a P-4 west 0-max. 8696 l..S 1.4}2.0 13044 470 7:1.75 
c4b P-4west 0-mall 3202 l.S 1.0-20 4804 -riO 1().2.2 
cS P-4wrst 0-tnu. 3996 I..S 1.0-20 5993 470 1275 
o6 P-4 west Q-.(1.2 4060 0.2 0..().4 Sl2 470 1.73 
o6 P-4west 0.2-max 4060 1.3 0.8-1.8 5279 470 lt.23 
n P-4west 0-max IM!5 0.2 (}.0.4 3317 470 7.06 
fla P-4 wesl 0-mwt 1388 0.2 ~-· 278 470 0.59 

Total 38698 

cl P-4eU 0-max 9729 o..s O.J-1.0 4865 530 9.18 
clb P-4eU 0-mn 3579 o..s 0.1-1.0 : 1790 530 3.38 
c2a ?-4tut 0-max 510 0.5 0.1-t.O : ~j ~30 0.48 
e2.b P-4 tU 0-max 315 0.5 i O.H.O; 158 530 0.30 
c2c P-4eaa 0-max 343 o..s I 0.1-l.O , 171 530 0.32 
c3 P-4~ 0-max 12516 1.25 : O.S-2.0 ' 15645 .530 29.52 
fl P-4~ 0-max 285:al 0.2 ' 0..().4 57 1M 530 10.76 

TCIUI 28587 
J 
I 

' ; 
lequadons: ; 
InventorY (uCi) = OCIIIOI!Illn%ion (D(lh) • dtnsity (g!an3} • pnttlon non-grll\'e]. • volwl 
In_!ell1o:tyjle!_ll!lit l.enRth (uCi/m} •lnvenloiV (UC!) I Len£tb of om. (m) 

rtomt 

FA. 
Gn.w:l 

(%) 

1.5 
s 
1.5 
15 
15 
lS 
5 
s 
5 
s 

' 3 
3 

IS 
5 

1.!5 
15 
1.!5 
s 
3 

e(m3) 

efon) 

Estimaled 
E!;t.. ~ Av~mge 

~ RM2e Density notes on 
Nm-g;ravd Nm-pavel (g{croJ) ~ 

0.8.5 0.7-1.0 1.2.'5 av. of cl c3. c4a 
0.95 0.8.S..Q.98 1.2!5 av. of c1, c3, c4a 

0.85 0,7-1.0 1.2!5 av. of cl, c3, c4a 
0.85 0.7·1.0 1.2!5 av. of cl, c3, c4a 
0.85 0,7-1.0 1..25 av. of <:l. c3, c4a 
0.85 0.7-1.0 1.2!5 av. of cl, c3, c4a 
0.95 0.&5..Q.91! 1.2!5 av. ofcl, c3. c4a 
0.9.5 0.85..().98 1.2.5 av. of c4b :and c5 
0.95 0.&5-M8 1.2!5 av. o( c4b and c5 
0.95 0.8.S..Q.98 1.2!5 av. of c4b. c5, c6, fl de. layers 
0.95 0.85..().98 1.2!5 av. of c6 sands 
0.97 0.~1.0 t.2S av. of c4b, cS, c6, n sfc.l.ayers 
0.97 0.95-1.0 1.2!5 av. of c4b, c5, c6, fJ de. layers 

Total 

0.85 0.7-l.O 1.2.5 av. of ct. c3, c4a 
0.95 0.8.S..Q.98 1.25 av. oC cl. c3. ¢4a 

0~ 0.7-1.0 1..2S av. (j{ ct. c3, c4a 
0.85 0.7-1.0 1.2!5 av. of cl, d. c4a 
0.85 0.7-1.0 1.2.5 av. ofct c3,c4a 
0.95 0.8.S..Q.98 1.2!5 av. of cl, c3, c4a 
0.97 0.95-1.0 1.2!5 av. ofc4b. c5, c6, n xfc.!ayers 

Total 

.\,._.---"")\· ·------
C<r-"'1Cf2kCTJc:-J FOIL 
10ccu,s:,'l w oF 6 ~vts=L 

(s(EV<5oD ~u1 t=L-~ AI'-JA-L'-f~'S..) 
'JSc-tT AD.t:\e~ ~~:.. i (J 

FeR I ~Y'EVsoR:~'f 

Page 1 

l 
' Mcasmtd 
~In 

Pl.l-239.240 
(pCi/g) 
(n=•) 

0.539-2.4 (B) 

0.539-2.4 (B) 

0.539-2.4 (B) 
0.539-2.4 (B) 

0.539-2.4 (8) 
0.539-2.4 (8) 
0.539-2.4 (8) 
4.23-16 (I) 
4.23-16 (7) ' 
0.15-38 (9) 
0.23-2.5 (2) j 

0.1 S-38 (9) : 
0.15-38 (9) ' 
0.1~·38 (23}' 

0.539-2.4 (8) 
0.539-2.4 (8) 
O.SJV-24 (8) 
0.539-24 (8) 
0.539-2..4 (8) 

0.539-2..4 (8) 
0.15-38 (9) 

O.IS-311 (23) 

: 
~ Eaimaled 
Avetllite Pu-2:39,240 

Pu-239 ,2.4(} llT'mUOl'Y 
(JlCi!g) (I!Ci) 

1.5 1518 I 

1..S 1471 I 

1.5 458 
' t..S I 2106 

1.5 ' 2626 
I..S 219 
1.5 23234 
1.5 427S2 
1.5 53379 
8.5 11197 
1.4 mtS 
8.5 34186 
8.5 2862 

18181.5' 

' 

15 i n.s3 
J.S i 3188 ' 

15 4{16 
' 

l.S lSI 
1.5 273 
u 27867 
8..S 58789 

98523 

-·- ------
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