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Summary

Over 360 distribution coefficients (K for cesium, iodine, sclenium, strontiom, technetium, and
ursninm were measured in fiscal year 1998 using 20 sediments collected from borehole 299-E17-21 en
the Hanford Site as part of the [mmobilized Low-Activity Waste-Performance Assessment (ILAW-FPA).
Additionally, the pH and cation-exchange capacity (a measure of the total quantity of cations that a
sediment can adsorb) of these sediment samples were measured. The sediment samples originated from
the Hanford formation (informal name). Statistical analyses, using Sindent’s t-test and comrelation, were
conducted with the measured values. There were no significant differences between layers 1 and 2 for the
seleniom, strontivm, technetiom, and uranium K; values (statistics could not be applied to evaluate layer 3
Ky values). Significant differences between the cesium and iodine K, values for layers 1 and 2 were
observed. However, these differences were modest and would likely not warrant the added complexity of
using three distinct K, regions to represent the Hanford formation in the ILAW-PA model. Generally, the
K4 values of layer 3 were more similar to those of layer 2 than those of layer 1.

Conservative and best estimates of radiomnclide K vaines were calculated based on the results from
these measurements. The best estimate was chosen to be the calculated median value; whercas the con-
based on the second-to-lowest value because of the presence of an unusually low value that was not
consistent with other values from this borehole or previous reported values.

Overzll, the estimates are consistent with values used for the ILAW-PA, with some notable excep-
tions. The conservative K, estimates for techmetium and uranium are approximately the same as those
used for the [LAW-PA. The conservative values for cesinm, selenium, and strontium were apprecizbly
mors conservative than necessary. The conservative iodine value is appreciably less than that used in the
ILAW-PA and was based on a literature review of K, values measured using Hanford Site sediments.
The cause for the lower iodine K values measured in borehole 299-E17-2] sediments is not known,
though the sediments used in this study cleariy had appreciably lower concentrations of fine materials
than the Hanford Site sediments previously used in iodine sorption measurements. These differences in
K values underscore the importance of basing K. estimates for the ILAW-PA on measurements using
sit=-specific sediments.
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1.0 Imntroduction

Distribution coefficient (Kq) values for cesium (as Cs"), iodine (as I'), selenium (as SeO,”), strontium
(as Sr*), technetium (as TeOy), and uranjum (as UO;*") were measured in 20 sediments collected from
borehole 295-E17-21 on the Hanford Site by Pacific Northwest National Laboratory.! Additionally, the
pﬂﬂmﬁmbmg:ﬂpmiy(ﬂﬁc}ﬁmmm}mmm Statisticzl snalyses,
usiﬂ;ﬁhﬁmfstm_mdmmhﬁmwmmdwﬁﬂ:mﬂndﬂm

1.1 Background

MmmMWhﬁ;MwMﬂmmm&mm
maclides at the Immobilized Low-Activity Waste-Disposzl Complex (TLAW-DC) on the Hanford Site.
The first approach is to use fiearby sediments to determine the conceptual model of radionuclide behavior
at the ILAW-DC, The second approach is to use the limited amouat of site-specific sediment samples
collected from boreholes to provide a quantitative measure of radionuclide geochemical behavior at the
ILAW-DC. Ideally, all experiments could be conducted using site-specific sedimenis because the science
of geochemistry is not yet advanced enough to permit estimating the geochemical behavior of 2 radionu-
clide in one sediment based on its behavior in another sediment However, site-specific sediments are
generally expensive to collect, and the volume of material available is limited.

. Using non-site-specific sediments permits one to conduct experiments that require large amounts of
Hanford Sit=. These experiments have investigated the effect of the degree of moisture saturation
(Ksplan et al. 1996, Gamerdinger et al. 1998), pH (Kaplan et al. 1996, 1998a, 1998b). mobile colloids
(McGraw and Kaplan 1997, Lee et al. 1998), ionic strength (Kaplan et al. 1995, 1998b), radionuclide
concentration (Kaplan et al. 1996), and sediment properties on the geochemical behavior of key radionu-
clides (Parker 1997). All these parameters are known to affect sorption of solutes, but the degree to
which they do so in Hanford Site sediments, or more specifically in ILAW-DC sediments, is not known.

The most technically defensible way to quantify radionuclide sorption is through experiments con-
ducted with site-specific sediments and pore water or waste leachate. This report describes geochemiczl
characterization and radionuclide K; measurements made using the first borehole sediments collected
from the [LAW-DC (borehole 299-E17-21). The characterization plan for this borehole was presented in
Reidel et al. (1998). These sediments were characterized for physical and hydrologic properties by
researchers at Pacific Northwest National Laboratory.® Also, the results from this report and those in the
Fayer et al. letter report will be modeled during fiscal year 1999.

! Pacific Northwest National Laboratory is operated by Battelle for the U.S. Department of Energy.
11998 letter report, Physical and Hydraulic Measurements of FY 1998 Borehole Cores, M. J. Fayer,
A L. Ward, J. S. Ritter, and R_ E. Clayton.
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1.2 Objectives and Hypothesis

The hypothesis of this study was that the K4 vales of the three geologic layers identified in bore-
hole 209-E17-21 within the Hanford formation were the same. To test this hypothesis, the K, valuss of
Mmmmwmmwmmmﬁmmmnﬁ 1998).
MMeﬁﬁsm,mmﬁmmmhmﬁemﬂwmmmmﬂmm
isﬁy.pﬂdeECofﬂnmdhnmmpmﬁdeaddiﬁmﬂhfmmﬂim&rhnupmﬁngmemmKd
values. The final objective of this study was to provide a measure of the variability of the K4 values

1.3 Document Qutline

This report is composed of severzl chapters in addition to this introduction. The materials and
methods are given in Chapter 2.0. Chapter 3.0 describes the results and gives the discussion for thoss
results. The conclusions gained from these sediment studies are given in Chapter 4.0, followed by the
references cited in the text (Chapter 5.0). The appendix contains statistical information.

2.0 Materials and Methods

2.1 Materials

The sediment samples used in these experiments originated from borehole 299-E17-21. A log of the
borehole was presented in Reidel et al. (1998), Selected cores from this borehole were transferred to
-M. J. Fayer, Pacific Northwest National Laboratory, who is making, concurrent with this study, a number
of hydrologic 2nd physical measurements of the same sediments. Sediment samples wers measured inio
test vials directly from the sample bag used by Fayer for his tests. Because the geochemistry and bydrol-
ogy laboratories are adjacent to each other, there was no need for a chain-of-custody form; the samples
were never removed from the hydrology laboratory.

2.2 Methods

Groundwater used in these experiments came from well §99-53-25, an uncontaminated well located
on the Hanford Site (Table 1). It was shown in Serne et al. (1993) that Hanford Site vadose-zone sedi-
ment pore waters are quite similar to the underlying groundwater. It is much easier to callect ground-
water than vadose-zone pore water. Thus, the adsorption tests were performed with an uncontaminated
Hanford Site groundwater. The groundwater was znalyzed using standard techniques, Inductively
coupled plasma-atomic emission spectroscopy, with an analytical precision of <24% at 5 mg/L, was used
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Table 1. Chemical Composition of Uncontaminated Hanford Site
Groundwater (<0.45-um filter) Used asBackgrnund

Solution for Kd Measurements
r _'_casﬁm- Concegtration (mg/L)
k= e 5.4 (coitless)
- 24 .
- NO; L7 |
S0 5 109
: Total organic carbon 0.73
[Total alkalinity (as CO;) 160
Al 014
B 0.05
0.069
Ca 58
Fe 0.14
K 14
Mg 16
Ma : 0.046
Na 30
St 162

to determine dissolved cation concentrations. Ion chromatography, with an analytical precision of £24%
at 5 mg/L, was used to determine dissolved anion concentrations, Analysis for *Tc was by liquid scintil-
lation counting (LSC), using a quench-calibrated Wallac® 1415 LSC and Packard® Opti-fluer™ LSC
cocktail (Wellac Instruments, Inc. and Packard Instruments, Meriden. Connecticut). Analysis for *'Cs,
™Se, and ] was by gamma energy analysis using a Wallac® 1480 Wizard™ 3-in. Nal avtomatic gamma
detector. All radiological measurements were performed to 3% combined error with systematic error
accounting for <1% of the total. U(VI) was measured by laser phosphorimetry (Chemchek Instruments,
Inc., Richland, Washington; Brina and Miller 1992). The laser phosphorimetry method had a detection
limit of 0.005 mg/L UO;™ and an analyrical precision of 2% at 0.01 mg/L UO,™.

- The K measurements were made following the procadure described in Relyea et al. (1980). These
measurements were made with sediments that had been oven dried at 105°C. The sediments were then
preequilibrated in the Hanford Site groundwater (Table 2). This was accomplished by adding ground-
water to the sediments, shaking the suspensions overnight, centrifoging, pouring off the supernatant, and
then measuring the pH of the supernatant. This was repeated three times. The purpose of this preequili-
bration step was to isolate the radionuclide adsorption reaction from the large mrmber of other reactions
that may occur while sediments and aqueous solutions come to chemical equilibrium. This has been

Ly
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Table 2. Experimental Conditions for Ky Measurements™

Radiomelide | Sediment (/be) | Liquid (aliiabe) s;nms.;m";_m%
10

[=se, =1 : 20 ~ 15 mCmL
U 10 20 200 ppb

[B70s, B5c e il : 30 25 mCi/mL
I 10 20 : 10 mCi/mL

(2) Seduments were used as received (Le., the sediments were not sieved): all measurements included
3 replicates; sediments were preequilibrated with three 1-day washes with Hanford Site groundwater;
14-day contact times with radioisotopes and sediments; positive control = no sediment added + spiked
gromndwater; negative control = unspiled groundwater and no sediment added.

rshmnmhetmﬁcﬂsﬁpfwmcﬁﬁebmmhgﬁmpﬁmvahmmdmimiﬁntwiphﬁmmd!m
coprecipitation of several radiotracers (Relyea =t al. 1980).

Four sets of Ky values were measured using the experimental conditions presented in Table 2. Inan
effort to increase productivity, 1 (as T and ™Se (as "*Se0,>) were combined in one solution and ©*7Cs
(as *'Cs") and ®'Sr (as *“Sr*") in another sohution. Previous studies have shown that ' and ™Se (Kaplan
et al. 1998b) and *’Cs and *'Sr (Parker 1997) can be placed in the same K test tube without interfering -
wi'th analytical detection or competing for sorption sites on the sediment. Uranium (as UO,*") and ®Te
(as TcO,) K, tests were conducted in systems containing only one radionuclide. The sediment/
groundwater shurries were placed on 2 platform shaker for 14 days, a period selected to ensure that steady-
state conditions were achieved. These solutions were then passed though a 450-nm filter. The filirates

A 20- or 30-mL aliquot of the filtered radionuclide solutions was then added to 1 or 10 g of preequili-
brated sediment (see Table 2), The radionuclide/groundwater/sediment suspensions were placedon a
slow-moving platform shaker for 14 days. This duration was selected to ensure that the system resched
steady stats. Preliminary experiments showed that uranium and jodide sorption to these sediments
remained constant between 2 and 14 days (Kaplan et al. 1996). The suspensions were centrifuged, and
the resulting supernatants were then passed through 0.45-pm filters, Radionuclide activity of the filtrates
Was measured.

"Ihu_K‘s (mL/g) were calculated using the following equation:

E = (Aﬁ xv-h)"‘"ﬂ (v.qin +V“) 6))
2 A g *M gy

where As. is the initial radionuclide activity in the spike solution (uCV/L; positive control), Ve is the
volume of radionuclide solution (mL), Ag..: is the radionuclide activity in the effluent solution after
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gquﬂﬂruﬁm(uCFLle(mL}ktbevDMQfmmhﬁmhﬂnﬂutheﬁhﬂpmmﬂihﬁm
mah{uﬁghcfmmluﬁmdiﬁ&adbywhﬁmdms&ﬂnﬂﬂ,hinhnm&ﬁnmm.

The sediment-to-solution ratios were selected to optimize K; measurements. In the case of the
weaker sorbing solutes (Se, L. U, and Tc), a low sediment-to-solution ratio of 1:2 was used. This low
ratio was used to improve K, measurement accuracy. As can be seen from Equation (1), the activity of
adisorbed radionuclide is determined by subtracting the radionuclide activity in solution before, Az, and
after, A, contact with the sediment. If liitle adsorption tekes place, then the difference between Agace
and As.y will be small. Thus, one of the difficulties in determining low-K values is that two large
purmbers must be subtracted from each other to determine 2 small value, a poorly poised mathematical
- situztion. To obtain a greater difference berween A_g. and Agy, the ratio of sediment to solution was

increased in these tesis. In the case of the stronger sorbing solutes (Cs and Sr), a higher sediment-to-
solution ratio of 1:30 was used. This higher rafic permits measuring high-K, valves.

Three replicates of each treatment were used. Two types of conirol treatments were included: a
negative and a positive control (see Table 2). The positive confrol, containing the radionuclide-spiked
groundwater and no sediment, served to account for any radionuclide sorption to labware and filters. The
negative control contained sediment and groundwater without the added radionuclides and served to
account for background radionuclide activity in the uncontaminated sediment and groundwater and 10
provide information about radionuclide-detection interferences during analytical analyses. pH and CEC
(Rhodes 1986) measurements of each core sample were also measured. -

The data were organized according to depth and layers within the Hanford formation. Reidel et al.
(1998) observed that the Hanford formation sampled in this borehole had three geologic strata defined by
three layers (paleosols). The upper boundary of paleosol horizon 3 occurred at 1.5 m (5 i), the upper
boundary of paleosol horizoa 2 at 17.7 m (53 f), and the upper boundary of paleosol horizon 1 a1 49.7 m
(163 fi). The complete depths and total thickness of these three contiguous layers are shown in Figore 2
and Tsble 3 in Reidel et al. (1998). Layer 3 resides between 1.5 and 17.7 m (5 and 58 fi) below ground
surface, layer 2 between 17.7 and 49.7 m (58 and 163 f) below ground surface, and layer 1 between 49.7
and 753 m (163 and 247 ) below ground surface. Reidel et al. reported that the three horizons represent
time intervals when soil development took place after three separate Missoula floods. Layer 3, had oaly 1
sample collected from within; layers 2 and 1 had 10 and 9 samples collected from within, respectively.
Thus, a statistical description of layer 3 was not possible because of the lack of replication. Layers 2 and
1 were described using statistics, and a Student’s t-test was conducted to evaluate whether the K, values
in each layer differed at the 5% level. :

: 3.0 Resnlts and Discussion

The pH, CEC, and K, values of the 20 samples are presented in Table 3. pH and CEC measurements
were not replicated. The K, values presented indicate the mean and standard deviation of three replicates.
The standard deviations of the K values were exiremely low, especially for 1, Se, Sr, Tc, and U. The low

5



@o11

IT3 A A222

21 FAY 503 725 188640

07/12/2005 11

P ———

'SPO0() VRO 21198 o) J0 S0 91 5 0F PIIRIIBNY 31 Pil 59910 Y00} NIOIASP

(108 oM STRAID)IY SuI ____:E,_a SUOZPOY 02Uy eRLL (Y E91) W LG | uozpoy [osoafud pu (i g6) w L1 1 Z vozpoy josoajed ‘(Y ¢) w gy
W § uozpol josoaped yans josoamd aoxq £ pappap) aom £y (g661) 19 19 japiay Aq pagyiuapy anusnbos Lpuws ag uigiym sjim ofojoed am sk (q)

‘suauzaingeou Hd pue A)oudes sduwijoxa-uojie so) opeaijdad | tsanjea 'y sof sauoipdal ¢ ‘uopujAsp prapumis ¥ suedy  (v)

E1OTRO0 | 100F Z0'0- | ROTF6LON | LIDFSL'C | Z00F 100 | £EC1 T O'SEY') $9'9 688 | 9eL-0iL | s vz-s6eT | sk
QOF 190 | 1000FZ00 | CS'LFZ6D1 | SUOFETY | BO'DF90°0 | £°BLIF O'L6K') 179 768 | 9TL-0TL | 18T 19ge | vee
(OFOL0 | 10°0F 100 | ZLTF 6891 | LYOFOMY | 100 F [0°0- | TSIEFOTOLN 608 w68 {soL-969 | ice-o6zz} vie
ZVOFO0C0 | $0OF €00 | (VOF069L | IEOFSWOI | LODFPOO | LSSTFTRN'Y 86°01 95'8 | 2Lo-¥'9 |9 -oMT| VIE
ELOFOED | CO0F 100 | ¥EOFTZYI | PTOFLYS | DOOFEZO | VETKF LRTIE L't VR | PO | VIIT-601Z | V6T
S00F66°0 | 100F000 | 29U FLI'9N | vPOFSLY | SOOFS00 | 065TF0'E98"S 9E'S 888 | pI9-265 | €10Z-E961 | VLT
L00F95°0 | 100F 100 | SWOFSCTI | 600DF TS | SO0F60°C | pVRY F69IL') 99 688 | s85-91S | 6161 -L'681 | VsT
S00F 660 | o000 | Z60F 2691 | vTOF 9 | LO0OFTO0 | LVSEF CEITT £0'6 I88 | Los-uss | Leni-L081 | wg
S00F 850 | €0°0F1000° | $60F 40°EL | SSOFOKOL | 900F €10 | 6'6LT ¥ TS6L'T I8 8 | L6y 69p | 6791 -v09) | VL

: (gl 40hw] _
HOOF66°0 | ZOOFO0D0 | 6TOFRIZE| PYOFELY | WOOFTIO | SVEET 6RLE iy Yo'R | 1Lh 9 | pYSI-6st b viE
GOUOFLSD | ZOFO00 | KY0FV6PE | LYOF LS9 | 100F 100 | 6'90K F $TLO'T 96y 068 | 6'Eh- 1y | 0K -SIrL | vIz
S00% 90 | 100F000 | LEOFZOSH | 1T0FSSL | 200 F 10°0- | 16T F8152T Loy 158 | Eov-s60 | ZeCi-L6t | vor
800F16'0 | Z00FT00- | SWOFSTYE | SOOFEOR | 100 F 1070~ | L'SHEF L198T oy 0s'® | oLe- 698 | sezt-0zs | val
SUo¥ 890 | tooFroor | CEOFOKS) | BCOFKOR | L0°0F 000 | 1'HRCTTLOL'T 86y wn | eve-see | zan-gem | v
WOTLSO | Z00F 100+ | CEOF I18TI | BSOFSHD | LIDFI00 | F6OTF 605" [y LLS | ¥IE-90€ | 0601 -5°001 | w9l
SO0F VL0 | TOOFO00 | SHOFHYEL | STOFHLY | COOFE0°C- | 1'0BF 1'Z0S'I "y SLY | €8T-YLT| 0E6-506 | VsI
SO0F LoD | E0DF 100~ | OS'0F PE'E | TEOF6L'D | 20D F €00 | S6ETFR'G96 o'y CL8 | TST-§¥T | WER-€08 | Wbl
forosswo | ovos100 [scoFisn | seo¥zze | sooFooo | zsoc ¥ wz0T 09y we |yiz-Tiz| ow-ve | v
BOOTF L0 | COFZO0- | GPOFSTHI [ ¥SOF O8O | TOOF 10°0- | TSOE T 'D60T ELY 038 | T8I-9LI| 8es-gis | vou

T A0Kvr
210%#60 | Zoo7100- | ewo¥eowl | 800F et | 1ooFooo | v e L's w58 | ovi-om | ew-6sv [ v
Rl | _
(%7 yu) (@) () (tyur) () () (9 po1/baw) Hd w U (-~00sRH)
n AL 5 o 1 £ Aypoudnyy a1 ajiluag
™ SFumIXH-VO/10) yidagy
— — — —— T — ——

SOIIRg 12-L15-667 O10WOI06] 30 SonjuA Kypouduy ofueoxiz-uonu) pue ‘yd y ¢ opqu,



07/12/2005 11:21 FAX 803 725 16E0 _ _ZI73 A A222 do1z2

gmdard deviations are indicative of low variability within the samples and of good exper?mental tech-
nique. Low variability within the sediment sample was accomplished by extensive mixing of the samples

prior to taking materia] from the sample bag (~3 min shaking by hand). The relatively higher variahility
for Cs K, valuss has been observed previously in measurements made in Hanford Sits sediments (Parker
1997, Kaplan et al. 1998b), This is likely attributed to the fact that Cs has an extremely high-sorption
affinity to 2:1 minerals, such as smectites and illites, end these minerals were not evenly distributed
throughout the samples. Ames and Rai (1978) reported Cs K4 values of 4,900 mL/g for smectite and
2,200 mL/g for illite. It is not uncommon for the clay-size fraction to make up only 3% (wt) of the total
sediment mass, and for the 2:1 minerals, to make up enly 40% of the clay-size fraction. Yet these 2:1
minerals may hold >99% of the Cs sorbed to the sediment. Thus, only a very small difference in the
distribution of these strongly sorbing minerals may result in rather larger variability in Cs Ky values.

A statistical description of the data in Table 3 is presented in Table 4. The statistical analyses of the
K4 values were conducted using the 20 means presented in Table 3 and not each individual replicate of
the 20-means (i.e., there were 20, not 60, observations used in these analyses). The K; value means for all
the samples from the borehole were consistent with previousty reported values (as reviewed by Kaplan
and Seme 1995). .The variance of these K; values was surprisingly low, suggesting rather imiform distri-
bution throughout the borehole. Some notable exceptions are discussed below. The median did not vary
greatly from the mezn of each radionuclide Ky valus (ses Table 4).

The Ky values of Cs, Se, Sr, Tc, and U are consistent with those previously reported and support the
conservative Ky values used as input to the ILAW-performance assessment (PA) (Mann et al. 1992): 100,
0, 5, 0, and 0.6 mL/g, respectively. In the case of Cs, Se, and Sr, the data in Table 4 suggest that the
ILAW-PA values are very conservative. For Tc and U, the conservative values used in the ILAW-PA are
consistent with those reported in Table 4.

Table 4. Statistical Description of the Entire Ky (mL/g) Data Set®

[ | Cation-Exchange Ky :
i

pH (meg/100 £) Se I U Ce Sr Te
Bfean 8.75 6.18 6.73 0.04 0.62 2,0551 | 1474 -0.01
Standard emror 0.03 . 050 043 0.01 0.03 1334 036 | 0.00
Median 3.79 5.07 6.65 0.00 0.60 2,0343 | 1425 | -0.01
Standard deviaron | 0.15 2.18 1.90 0.07 0.12 5965 | 1.60 0.01
Sample variancs 0.024 - 476 3.63 0.00 001 |355,757 2.57 0.00
infmim 8.50 232 3.75 -0.03 0.30 13739 | 1218 | 0.04
Ik i b £.06 10.98 10.85 023 0.94 4,0682 | 16.94 0.01

Ea.} The statistics analyses were conducted using 20 means for each parameter (n = 20) presented in Table 3.




07/12/2005 11:21 FAX 803 725 1660 773 A A222

- W . o

OF notable concern are the unusually low I Ka values found for the sediments from bore-
heole 299-E17-21 (se= Tables 3 and 4). These findings indicate that the I K, values may be lower
ttnn previously predicted based on a literature review (Kaplan and Serne 1995). The conservative ] Ky
yzlue used as input for the ILAW-PA was 3.0 ml/g (Mann et al. 1998). This value is appreciably larger
fiazn those reported in Table 4. The cause for these unusually low K4 values is not known. Visual inspec-
ﬁmnfﬁemmphmvﬁmmmmzyhadnmmmdMMwmmhﬁuhmm
sextured materials in them. [t is concluded that I sorption is strongly dependent on the amount and type of
fine-grained minerals in Hanford Site sediments. More recently, Kaplan et al. (1996) measured 12 I K,
vaalnes using [ AW-DC sediments. These valuss ranged from 0.07 t0 9.8 mL/g. The meag was 3.85%
1.03 mL/g, and the mediap was 3.65 mL/g. Only two of the measured K, values in Kaplan et al. (1996)
wrere less than 1 mI/g. Appropriate conservative and best K, values based on the results from this
borehole will be discussed in greater detail in Section 4.0.

The mean pH value, 8.75 + 0.1, is slightly higher than expected (see Table 4). Generally, the pH
of surface sediments and near-surface sediments has been reported to be ~8.0 to 8.4 (Seme et al. 1993;
K aplan et al. 1995, 1996). This slightly higher-than-expected pH vzlue is not likely to have a great
innpact on K values for anions or cations, though it would tend to slightly increase the K4 values of
cations (e.g., Cs, Sr) and slightly decrease the K, values of anions (e.g., L, Se, Tc).

A matrix of simple linear correlation coefficients of the measured parameters is presented in Table S.
Statistically significant correlations are also identified in the table. In general, these correlations do not
shned much light on the processes responsible for the sorpticn of the radionuclides. Many of the signifi-
cant correlations cannot be explained based on geochemical considerations such as the significant correla-
tions between I K, and pH, Cs K, and Se Ky, and Cs Ky and pH. The inverse correlation between pH and
Se is well-established and can be attributed to the greater number of anionic adsorption sites in lower-pH
_systems (Balistrieri and Chao 1990, Fujikawa and Fukui 1997). The negative correlation coefficients
between U and both cationic and anionic radionuclides cannot be explained with the data available. The
dominant U species in this system were either anionic (as UO,” complexes with carbonate and to 2 lesser
exctent hydroxy! ligands) or neutral (as UO;* complexes with carbonzate ligands).

Table 5. Simple Correlation Coefficients for Entire K; Data Set

K| se I U G | = T | |
I 20.02 T
U -0.30 -0.42
Cs 0.73W -0.04 -0.57T®
Sr 023 026 -0.13 0.30
Te 036 0.05 0.13 046 | .p.43W
pH -0.66" 0449 | -0.01 060% | -0.04 0.31
CEC 0.09 044 | 049% 039 0.46W -0.13 031
(2) Correlation is significant at the 0.05 level of confidence and 19 degrees of freedom (critical
| comelation coefficient is 0.43 (P <0.05; d£.= 19). =
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Cation-exchange capacity is 2 measure of the total number of cationic exchange sites on the solid
phase. Thus, the radionuclides that sorb to sediments primarily via cation-exchange reactions would be
expected to be correlated to this parameter. For the borehole 299-E17-21 samples, the CEC was signif-
icantly correlated to L, Sr, and U K values (see Table 5). Because I and U are primarily anionic (I" and
O,[COsJ*) under the conditions of these tests, a negative correlation between CEC and I and UK,
yalues was expected. Instead, a positive comrelation was fonnd with the I and a negative correlation was
found with the U. The significant correlation between CEC and Sr reinforces the generally belief that St
acisorption is almost exclusively controlled by cafion-exchange reactions.

Statistical analyses were also conducted to evaluate whether the geologic layers identified by Reidel
et al. (1998) had unique K; values. Unformunately, only one core sample was collected from layer 3,
whereas layers 2 and 1 bad 10 and 9 core samples, respectively. Thus, statistics could not be applied to
laver 3. A significant difference (P value <0.05) was identified between the pH, CEC, I K4 and Sr K,
means of lsyers 2 and 1. The likely explanation for the differences in I and Sr K; values may be atirib-
uted to the fact that the pH and the CEC values in layer 1 are slightly greater than those in layer 2. As
shiown in Table 5, I and Sr K3 values are significantly carrelated to CEC. Thus, it appears quite likely that
the resulting differences between these two layers may be attributed to the corresponding significant
differances in the CEC values of the two layers. With regard to pH, a2 common trend in geochemisiry is
that, zs pH increases, Ky values of anions tend fo decrease and the K values of cations fend to increase.
There was no significant difference between the Cs, Se, Tc, and U K, values for layer 2 versus layer 1.
Some additionz! results from the statistical analyses of these data are presented in the Appendix.

- Qualitatively, not statistically, comparing the single measurements of layer 3 with the means of
layers 2 and 1 reveals some interesting trends. The pH values tended to decrease with depth. The cause
* of this is not known but may be attributed to higher CO; concentrations commonly found in lower
geologic straia (Wood and Petraitis 1984). The other trend that can be seen in Table 6 is that the K
“values in layer 3 are generally more similar to those in layer 2 than to those in layer 1, except Cs.

Table 6. Average K, Values Measured in Sediments Collected from Borehole 299-E17-21¢

Carign- K
Exchange i
> Capacity Cs I Se Sr Tc U
Formation pH (meq/100) (ml/g) @l/e) |- (@lig) (ml/g) (mL/g) (mL/g)
e
Layer 3 854 547 2044.3 0.00 7.77 14.09 -0.01 0.94
Layer2 BEDZ015 (466=1.57 (1994944412 |0.01 £0.05 [7.132£055 |14.05£1.04 |-0.01 £0.00 [0.63 £0.07
1 ayer 1 B3420.11 (8.00£1.57 (21232+793 |008£0.07 6172264 [1557+1.93 |-0.01£0.01 |0.56+0.11
P valuc® 0.02 1E-5 0.66 0.03 029 0.04 0.68 0.15
(8) The data used to generate the statistics in this tble are presented in Teble 3. Layer 3 had 1 observarion: lzyer 2 had
10 observations; layer 1 had 9 observations.
(B} . The P value is the probebility thee the pH, CEC, and K, values in layers 2 and 1 arc different. For the purposes of this
study, a P value greater than 0.05, 5% probebility, indicared thar the means for each layer are not significantly different.
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4.b Conclusions

The K values of Cs, 1, Se, Sr, Tc, and U were measured in 20 sediments collected from bore-
heole 299-E17-21. Additionally, the pH and the CEC of these sediment samples were measured. -
Q-tatistical analyses using Student’s t-test and correlation were conducted with the measured values.

Tio tables were generated to summarize these data. Table 7 provides the conservative and best
estimates of K; values, assuming that the Hanford formation will be divided into the three geologic layers
;dentified. Table 8 provides the conservative and best estimates of K, values, assuming that the Hanford
formation will be treated as a single modeling unit. ' Which of these two tables, or more specifically,
wrhich of these two conceptual models, that will ultimately be used in the performance assessment will
depend on these data as well as the characterization data generated by Reidel et al. (1998) and the Fayer
et al. letter report, as well as future calculations to be condncted in fiscal year 1999. Presumably, if
si gnificant differences in other parameter values such as hydraulic conductivity are observed between the
layers, then it may be decided that introducing the added complexity of three layers may be warranted.
Ortherwise, the most conservative estimate of the combined layers will need to be used for the [LAW-PA,.

The best estimate for each constituent’s K; value was the calculated median value, and the uncar-
ta inty was chosen as the standard deviation. The median was selected, as opposed to the mean, so as not
to have outliers or extreme values overly influsnce the best estimate. The conservative estimate was
based on the minimum value, except for the I K, estimate. The conservative U K estimate was based on
the second-to-lowest value (0.5 mL/g) because of the presence of an unusually low value (0.3 mL/g) that
was not consistent with other values measured from this borehole or previously reported values (Kaplan
and Serne 1995). For the radionuclide K4 values for which there were no significant differences between
the means of layers 2 and 1 (i.e., for Cs, Se, Tc, and U), the same K estimates were used in zll three

Table 7. Conservative and Best Estimates of Ky Values of Layers 1, 2, and 3®

Layers 3 and 2 Ks(mL/g) Layer 1 Ky(tmL/g)

Radionuclide Conservative Best Conservative i Best
= 1,370 2,050 + 440 1,370 2,050 = 440
i 0 0=0 0 0.1£0.]
Se 38 6719 3.8 6.7+19
St 12.0 43%16 12.0 165% 19
Tc 0.0 020 0.0 0=0
3, 05 0601 05 0.620.1

() Different K; values were assigned to each layer when statistical analyses determined that they differed at the
5% level of confidence (see Table 6). Otherwise, the same K, values were assigned for all three laysrs.
Conservative estimates were based on the minimwm value (see Table 3. except U) and the best estimates were

based on the median - standard deviarion (see Table 4 and the Appendix).
== — ==

10
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Table 8. Conservative and Best Estimates of K4 Values for the Hanford Formation

Radicnuclide Conservative K, Value™ (mL/g) Best K, Value®™ (mL/g)
Cs 1.370 2,030+ 597
1 - 0 0+0
Se 3.8 67+1.9
Sr 2 12.0 143 +1.6
Tc 0.0 0z0
U 05 0.6%0.1

(a) Conservative K, value estimates are based on the lowest value for each radionu-
clide presented in Table 3 (except U, which used the second-lowest measured K,
valie; see explanation in text).

(t) Best Ky value estimates are the median + stamdard deviadon from the 20 sediments
presented in Table 3.

layers (see Table 6). Because there was only one sample ﬁ'nm-layer 3, K4 estimates for this layer were
assigned the same values as those in layer 2. This is likely a conservative estimate of layer 3 Esvalues
because they tended to be the same or greater than those of layer 2 (see Table 6).

Based on the K; values presented in Table 7, the added “credit” (higher K, values) and accuracy
gained for the [LAW-PA are not offset by the added complexity imtroduced by imcreasing the number of
K4 regions from one to three. For example, if the multilayer conceptual model is used, the I K, in layer 1
is increased only slightly to 0.1 mL/g, compared to when the entire Hanford formation is assigned = single
K4 value of 0 mL/g. Further, the Sr K, is already high and, therefore, little is gained in accuracy or
“credit” by increasing the Sr Ky value of layer 1 from 14.3 to 16.5 mL/g. Consequently, the best set of K,
values to use, based on this data set alone, are those presented in Table 8.

Overall, the estimates appearing in this table are consistent with values used for the [LAW-PA, with’
some notable exceptions. The conservative K estimates used were 100 mI/g for Cs, 3 mL/g for I,
0 mL/g for Se, 5 mL/g for Sr, 0'mL/g for Tc, and 0.6 mL/g for U. The conservative K estimates for Te
and U reported in Tables 7 and 8 are approximately the same as those used for the interim PA. The-
conservative values for Cs, Se, and Sr used in the interim PA were appreciably more conservative than
necessary. The conservative I Ky value in this new work is appreciably less than that used in the interim
PA (3 mL/g). The IK,estimate used in the interim PA was based on a literature review of K values
measured using Hanford Site sediments, which revealed that the range of I K, values was 0.7 1o 15 ml/g
with an average of 3.1 mL/g (Kaplan and Serne 1995). The cause for the lower I K values is not known,
though the sediments used in this study clearly had appreciably lower concentrations of fine materials
than the Hanford Site sediments previously used in I sorption measurements. These differences in Es
values underscore the importance of basing K, estimates for the LAW-PA on measnrements using sits-
specific sediments.

11
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Appendix

Additional Statistics

Table A.1. Descriptive Statistics of the K; Values in Layers 1 and 2
Ky Cation-Exchange
Layer Se I L Sr Tc Capacity
Statisties for Layer 1
thiean 647 | 0.08 | 055 22095 | 1543 |-0.01 8.00
Standard error 0593 | D03 | D.04 2803 0.68 | 0.01 0.55
Pvedian 547 | 0.07 | 0.57 20128 | 1653 |-0.01 8.06
Standard deviafion 264 | 007 | 0.11 7929 193 | 0.01 157
Sample variance 6.96 | 0.01 | 0.01 | 6287312 3.72 | 0.00 245
Mininmom 423 | -001 | 0.30 1,563.0 | 12.35 |-0.03 621
Mzximum 10.85 | 023 | 0.T0 40632 | 1694 | 0.00 1098
| Statistics for Layer 2
Mean 7.13 | 0.01 | 0.63 100438 | 14.06 |-0.01 4.66
[Standard error 030 | 0.01 | 0.02 13835 | 033 | 0.00 .42
hedian ; 6.79 | -0.01 | 0.64 2,048.15 | 14.09 | 0.00 4.62
Standard deviation 095 | 005 | D.07 440.6 104 | 0,01 127
Sample variance 090 | 0.00 | 0.00 | 154,1333 1.08 | 0.00 1.63
M inimom 622 | -003 | 031 1,373.% | 12,18 | -0.04 232
Mzimum 803 | 0.12 | 0.74 | 2,861.7 | 15.46 | 0.01 733

Al
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Table A2, Analysis of Variance Tables Comparing the K, Means in Layer 1 Versus in Layer 2

Sefenium K Layer 1vs. 2

ANOVA: Single Factor

Groups Coumnt Sum Average Varisnes
Layer2 10 7132488 7.132488 0.897275
Layerl g 5549897 6.166552 6.907754
ANOVA
Sowrce of
Variation 55 df MS F P-value Fcrit
Between groups  4.419629 1 4.419629 l.138243 0291288 4451323

Within groups 6333751 17 3.725736

Tatzl 67.75714 18

Todide Kz Layer 1 ve 2

ANOVA: Single Factor

Groups Copnt Som  Average Variznce
Layer 2 10 0.070373 (007037 0.00212
Layer] 2 .  0.546212 0071301 0.005382
ANOVA
Source of .
Variation 55 df MS F P-vzlus F cxit
Between groups  0.019368 1 D.019868 5.435528 0032292 4451523

Within groups ~ 0.062139 17 0.003655

Total 0.082007 18
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_ Table A2. (contd)
Uranium Ky Layer1vs.2

ANOVA: Single Factor

Groups - Coumnt Sum Average Wariance
Laysr2 10 6286995  0.6287 0.004678
Layer 1 9 5077822 0.564202  0.013306
ANOVA
" Somveof
Wariation S8 df MS F P-value F crit
Between groups  0.019705 1 0.019705 22355022 0.151528  4.451323

Within groups  0.148548 17 0.008738

Total 0.168253 18

Cesinm Kj: Layer 1vs. 2

ANOVA: Single Factor

Groups Conft Sum Averags Variance

Layer2 10 19048.76 1994.876 194133.3
Layer 1 9 1910923 2123347 616752.4
ANOVA

Source of

Variation 55 af M= F P-value Fait
Betwesn gmu.ps 78055.18 1 T8059.18 0.198617 0.661463  4.451323
Within groups 6681219 i7 3930129 :
Total 6758279 1%
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Table A2, (contd)

Strontium Ky Layer 1 vs. 2
ANOVA: Single Factor

Groups . Count Sum Aversg= Variance

Layer2 ; 10 1405663 14 05663 1.076624
Layer 1 9 1402091 1557878  3.456325
ANOVA

Source of

Variation ] df M3 F P-value F it
Berween groups  10.97506 1 10.97506  4.996649 0.039103  4.451323
Within groups 3734021 17 2.196483
Totzl 4831527 18
Technetium K,: Layer 1 vs. 2

ANOVA: Single Factor

Groups Count Suom Averase Variznce

Layer2 10 0.08563 -0.00856 0.000182 =
Layer 1 9 -0.10087 -0.01121 0.000193
ANOVA

Source of :

Variation ss df MS F P-valne Forit
Berween groups  3.31E-05 1 3.31E-.05 0.177105 0.679146 4451323

" Within Eroups 0.00318 17 0.000187

Total 0.003213 18
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