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1.0 INTRODUCTION

This report describes batch and iHliQQexchange col umnl aboratory- sea1e
studies investigating ex situ methods to remove chromate (chromium [VI]),
nitrate (N03'), and uranium (present as uranyl (uranium [VI]) carbonato
anionic species) from contaminated Hanford Site groundwaters. The tech­
nologies investigated include chemical precipitation or coprecipitation to
remove chromate and uranium, and anion exchange to remove chromate, uranium,
and nitrate. The technologies investigated were specified in the lOO-HR-3
Groundwater-treatability Test Plan (DOE-RL 1993). The goal of these tests was
to determine the best method to remove selected contaminants to below the

_concentration of the project performance goals (Table I). The raw data and
observations made during these tests can be found in the Westinghouse Hanford
Company (WHC) laboratory notebooks (Beck 1992, Herting 1993).

The method recommended for future study is anion exchange with Dowex 21K
resin.

(-......J
t-~JN-" I . 1 BACKGROUND
"".,..,.."
~ The 100-HR-3 Operable Unit is a groundwater unit near tbe LOO~iLReactor.

Due to past reactor operations, the groundwater has become contaminated with
u:canJuJ11,_cl1romate,andnitrate.Th-e uranium-is most likely in the form of a
uranyl carbonato anion complex [UOZ(C03)3rz (IT Corp. 1989, Appendix F).
Chromium is present in the groundwater as chromate. Nitrate is also present
in this groundwater. Analyses of an uncontaminated well (1l9-H3-2) from the

----~OO-H Ar@a ~rg presented in Appendix A. The concentrations of selected con­
taminants for the wells select~d for testing can be found in the data on
breakthrough tests.

Table I. Performance Goals (DOE-RL 1993).

Contaminant Performance goal

Total alpha, pCi/L lSa

-T"'-t. ... l- beta, pCi/L 40b
IUl,.QI

Chromium (total) , ,'Jg/L 100'

Nitrate (as N03 ) , Jl.g/L 45,000'

Uranium, jJg/L 22"

'Maximum Contaminant Level (40 CFR 141).
bValue is 0.04 x Derived Conc@ntration

Guide for radionuclides in water (WHC 1988).
"Derived from the total alpha

--------p-e-r-fo-rm-anc-e- goal, assuming iiatural uranium
isotopic composition.

1
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The wells tested were selected in the Test Plan (DOE-RL 1993) to provide
a wide range of contaminant levels and to be representative of the 9roundwater

---f-o-und in the lOO-HR-3 Operable Unit. Well 199-H3-2C was used as an uncontam-
inated starting material for spiking. The spiking levels for nitrate and
chromate were chosen to represent the upper bound on groundwater contamination
in the 100-H Area. The uranium spiking level was chosen to be considerably
above the upper bound of likely groundwater contamination, so that the
efficacy of treatment could be ascertained. The uranium spike level was
planned to be about 800 ppb; however, due to difficulties in spiking, the
actual 1evel was 1ess and is reported along with each test.

The selection of analytes, contaminants for removal, and considerable
background are topics dis_cussed at Jength in the TestPl an (DOE-RL 1993) and
the Test Procedures (Beck and Delegard 1993). To avoid duplication, those
discussions will not be repeated here. The major thrust of this series of
tests is to determine which of several treatment options will remove the
contaminants of interest from ambient (not pH adjusted) groundwater from the
100-HR-3 Operable Unit.

The analytical methods used are presented in Table 2.

2.0 PRECIPITATION METHODS

2.1 INTRODUCTION

. Two precipitation methods, sulfide precipitation and brushite
coprecipication,- Viff-B--t-e-ste<:i for removal of contaminants. The ferrous
sulfate/sodium su-iTide method was specified in the Test Plan (DOE-RL 1993) as
a -1 i kaly- In@th.ad for --ch roma t-e reduct1-on --and remov a-l-. - --The- -bru shi te
coprecipitation method was specified by Beck and Delegard (1993) as a likely
method of uranium removal. The goal of the precipitation tests was to
determine if the uranium and/or chromium could be removed to less than the
performance goals specified in the Test Plan (DOE-RL 1993) and Table 1 of this
document.

The chemical rationale forthe SUlfide method was to use sodium sulfide
(Na 2S) and ferrous sulfite (FeS04) to first reduce Cr(VI) to Cr(III) and then
to coprecipitate the reduced chromium with the resulting ferric hydroxide
(~e(OH)3) and/or ferric sulf'de (Fe.S v )' The possible reduction and/or
preclpitatTOn and retention of uran"ium (VI) by this technique was also tested.
Refer to the Test Procedures (Beck and Delegard 1993) for a more complete
discussion and references to the literature.

2
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Tabie 2. Chemical Analyses.

amount

19 ppb

+he
LIII:

Title

I ~pectropnotometrlc
Idt . t' frl\/T)e ermlna lnn 0 ----f\ ....

I
Method # IAnalyte(s)

. _ .NjA_~ rue-actual detectlon-ll-l!!lt 1-S determlned by
of sample available and the count.

J lUll L

Cations LA-505-241 ICP Emission Spectrometer 50 ppb

I
(Iep) Method for Trace Element

Analysis of water and
I waste

Total LA-505-l5l ICP Emission Spectrometer 29 ppb
~ . LA-505-24l Method for Trace ElementI c"romlum

Analysis of water and
waste

~! .. ,
~'" .. - ' . ~,.. .. - ~ .. ~ . - . , .

, , -- --r , ....,.....
.~ ,..

I Ani on (I C) ILA-533-105 Anion analysis on Dionex 10,000
LA-533-201 Model 4000i ppbI

I Nitrate LA-533-l05 Anion analysis Dionex 10,000on
LA-533-201 Model 4000i ppb

Uranium LA-925-007 Uranium by laser induced 1 ppb U
kinetic phosphorescence

Total LA-344-105 Determination of carbon N/A
organic in solutions by
carbon combustion and coulometry

Total LA-622-102 Determination of N/A
inorganic carbonate/carbon or TIC
carbon in solutions by

coulometry

Tota1 alpha LA-548-203 Alpha and.beta in 1i qui d .

I and tota 1 I sample
beta

i pH- I LA-212-102 I Determination of pH I N/A. I . lidi rect measurement I1
-

l"~

t'.!
1'-<"7
~;.-.....,.-.•
5-,

_Simp leaddi t ion of disod i um hydregenphosphate (N<l,HP.QJ toprec i pit ate
. --brushite (CaHP04) from the contained calcium ion naturalty present in the

Hanford Site groundwater was tested for its efficacy in removing U(VI).
Scouting experiments showed that additional calcium ion, introduced as calcium
chloride (CaC1 2) solution to the groundwater, was required to provide
sufficient precipitate to carry uranium. The incidental removal of chromate
from solution by coprecipitation with brushite was also investigated.

Neither of these methods was expected to provide nitrate removal.

3
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--2.2 EXPERIMENTAL

The precipitation tests were conducted by adding the precipitating
agents to 30 mL of spiked groundwater solution, then stirring via a magnetic
stir b-ar--fo-r -30--minut-es-,--fu1-l-m'J@d by 3 minutes of centrifugation. A setting
of "5" on an International Equipment Company clinical centrifuge was used,
yielding a "~gO force of 320±130 g (at 90% confidence) at the top of the 30 mL
of water and 600±250 g at the bottom of the centrifuge cone. The samples were
then filtered, using a 0.45-~m cellulose acetate filter. The sodium
sulfide/ferrous sulfate treatment was accomplished by adding a dilute sto.ck
solution of sodium sulfide to produce 12 mg S-z/L in the final test solution,

... and-then addfn-g ferrous sulfate stock solution to produce 9.9 mg Fe+z/L in the
final test solution. The phosphate treatment was accomplished by adding
sodium hydrogen phosphate stdck solution to produce 5,550 mg HPO.-z/L in the
final solution and calcium chloride stock solution sufficient to produce (in
conjunction with natural calcium) 92 mg Ca+z/L. The levels of HPO;z and Ca+z
were determined in scouting experiments as those levels that gave the best
precipitation, as determined by visual observation.

The test was a full factorial exp~riment, which means that all
combinati~ns of the variables of interest (uranium, nitrate, chromium) were
explored. Each variable had two levels, which yields eight different
solutions (to vary the concentrations of contaminants). Each test was
performed in duplicate. Blanks and standards were shipped with each batch of
samples. Due to the small amounts of sample, no replicate analyses were done.

2.2.1 Quality Control

All precipitation tests were done in duplicate. Method blanks and
standards were sent with each batch of samples. Analytical quality control
(performed at PUREX Laboratory) included standards with every batch run for

--all the3nalyses. All standards fell within acceptable (±20% relative
standard deviation) limits. No contamination was detected in the method
blanks. /l,test of the effect of the filtering process on the concentrations
of contaminants was performed. No effect from filtering could be seen
(Appendix B). Values of chromium were higher after treatment for some samples
(EBPSI501, EBPo1501, EBPSI601, EBPo1601) than the starting concentrations. No
apparent explanation for this discrepancy exists.

2.3 RESULTS

Table 3 summarizes the results of the batch tests for the precipitation
tests. __llle .data that Table 3 summarizeSc_c_ancbe fpumLinAppendix:C The
decontamination factor (OF) is the original concentration of the contaminant,
as determined by the laboratory, divided by the amount found after treatment.

OF Co/Cfinal

4
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Average Decontamination Factor~' for Precipitation
Methods .

i
.

I I I Tot<\1 Chromium

I
Method Uranium Nitrate chromium (V I)by ICP

fsodium sulfide/ I
1. 3a

I
0.9 9.6 64

ferrous sulfate

Sodium hydrogen 0.9 1.0 1.2 1.2
phosphate without

I :lI"'trfori f"::::llr;llm -
I ................. .... ... I '- '''''"'

chloride

.. Sodi um hydrogen 32 1.1 0.9 1.6
phosphate with added
calcium chloride

Filter alone 0.9 1.0 1.3 0.9

Standard, no 1.5 1.0 1.3 1.9
treatment

aThe data do not support more significant figures than
shown in this table.

Higher numbers denote more complete removal of the contaminant from the
groundwater. The approximate initial concentrations for the high-level spike
are 1,000 ppb for total chromium [chromium by inductively coupled plasma­
atomicemissionspectroscop.y (also referred to as Cr-ICP)] and Cr(VI), 600 ppb
forllranium,and 200,.000 ppb.fornitratec' In this report concentrations are
given in terms of parts per billion, which is equivalent to micrograms per
liter. Because of experimental errors and the fact that the OF is a ratio,
the DFs can be skewed. OF values less than about 2 are not significant,
because the standard has OF values not equal. to.L {no appar~nt change in
cancentration}_ The.cha~ge·in concentration could be caused by adsorption of
tR@-contaminants (which -are at very laW levels) onto the wal1 of the sample
container.

The sulfide/ferrous sulfate treatment resulted in a very dark colloidal
~usgension that was not remo.vedupon centrifugation. This colloidal
suspension was, however, removed upon filtration. The volume of material on
the filter following was smaller than 1 mL but, due to the small amount of
solution treated per test and the corresponding small amount of residue, no
measurement of the exact mass or volume was performed. The phosphate-calcium
chloride treatment resulted in a fluffy white precipitate that was removed by
centrifugation but settled very slowly in gravity settling tests. The
phosphate-calcium chloride process precipitate was about one-tenth of the
original solution volume before centrifuging and one one-hundredth of the
original solution volume after centrifuging. All steps in the process, save
the addition of the reagents, were shown to have no significant effect on the
concentration of the contaminants.

The high OFs shown in Table 3 may, in fact, be lower than the actual
DFs. This is because the limit of detection of the chemical analysis methods

5
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as often reached. The limit of detection was used as a final concentration
value for those tests in which the final concentration is report~d as less

- than the detection timiC The OFs produced by experimental method
(centrifugation and filtrationJusedarel ikeJy to be higher than the DFs

-produced by- a giavity settling and decanting technique, as the method used
removed all of the suspension by filtering.

Two conclusions can be drawn: (1) the sodium sulfide, ferrous sulfate
treatment removes chromium, especially hexavalent chromium. and (2) the
phosphate-calcium chloride treatment produces significant OFs with uranium.
Both conclusions are those expected from the 1iterature. revtew. The sUlfide

. treatment fails to remove uranium and the phosphate treatment does not produce
significant OFs with chromium. Both treatment methods have little effect on
the nitrate concentration .

"'"-..""..,-- -
~ ..,l,,~

Ln
'......0

. The authors are unable to distinguish any effect the other contaminants
had on uranium removal by the phosphate- method·. The apparent effect of
nitrate on uranium removal by the phosphate-calcium chloride method may be an
Ittifact of high limits of detections due to insufficient sample. Higher OFs
are found in. solutions with a high original amount of uranium. probably due to
the above-mentioned effect of the limit of detection on the OF. No effect of

_pH. on any_batc-tL test (p-r-ecipltaticn or a-nion exchange) could be determined
because the experimental procedure did not supply the lab.oratorywith enough
sample to perform pH measurements. -

The sulfide/ferrous sulfate method removes the chromium (both total
chromiulifalJdhexavalent chromium). It can be shown that a higher nitrate
concentration increased the OF of total chromium (Cr-ICP), The uranium
c.oncentratiQQ t-1as no effect on the chromium OF. The effect of the 1imit of
detection on the OF is the same as for uranium removal, No effect of other
contaminants could·be determined, since the detection 1imit became the lower
bounc{fo-raTi final concentrations. thereby yielding the same OF for the same
original concentration.

Neither method. as performed in these batch tests. produced easily
gravity-settled flocculant. The sulfide tests were especially prone to
producing a flocculant that could not be centrifuged. The OFs found may be an
effect of the filtering process. instead of centrifugation. Filtering may
have removed colloidal particles (which were not removed by centrifuging).

Because neither precipitation method removed both chromium and uranium
from solution and each method generated significant quantities of sludge or
flocculant, further tests were considered to be superfluous. No
concentration-versus-time kinetic study was done as proposed in the Test
Procedures (Beck and Oelegard 1993).

2.4 FERRiC CHLORIDE/COAGULANT AID TESTS

The removal of colloids and colloidal floes (due to incomplete
agglomefifi6~an~reTatively small nucleation) has'been a part of water and
wastewater treatment for decades.

The solid-liquid separation involves two stages: coagulation (charge
neut ra Fzat ion and microfl oc forma tion ) and f1 o-ccu 1at ion (Raman 1981).

6
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------ -e-(]a_gtjl-~~--i--on--C~'*hJ_~r~:-may-be actGrrtp-ti-$-hed--wi-th---~ron sa-lts· FeS04-,-fe2(SOl)3' and
-F~eC13) i.s-mer~J_y=- th-e -negat-i-o-n -of -in-f-lue-nce -of-the diffuse layer of CQunter-
tons around the negatively charged colloid (Sawyer and McCarty 1978).

_ Th~Ladj!JnoLa_jlo]ymerinflocculation is to accelerate the gravi-
tational forces overcoming-inertial forces by adsorp_tion _an_d interparticle

-- br-i-dg-i ng (-Weber 1972).

The polymer selected for this study was CAT-FLOC L (a trademark of the
--- ---Ga-lgo-n- {or-por-at~-o-n) ,---a -m-e-di-tiffl-m51-ectj-l-ar weight low monomer eationlc poly­

electrolyte. The polymer is used as a coagulant aid in water clarification in
conjunction with ferric salts. CAT-FLOC is a chlorine-resistant polymer and
effective over a broad pH range.

2.4. i Experimental

iron in deionized,
5 mg/L (sp gr

Water from the 100-HR-3 Area wells, 199-H4-4 and 199-05-15, was used as
the test matrix. Changes were made to the well numbers. The choice of the
wells was explained in lOO-HR-3 Groundwater Treatability Test Plan
(OOE-RL 1993). The contaminants of concern were chromate as chrome (VI),
nitrate,anduranium [as uranium (VI) due to the contribution to tcta1 alpha
and total beta]. Table 4 lists the values as reported in the Hanford
Envtron_menta1 Information System Ana1ys i s for IOO-HR-3 Groundwater, samp1 ed
during the 1992 sampling campaign; this table is also contained in OOE-RL
(1993) as Table 1-1.

Table 1 listed the performance goals for each of the contaminants. This
table is also contained in lOO-HR-3 Groundwater Treatability Test Plan (DOE-RL
1993, Table 1-1).

A sol uUonM1'er-rtc chloride \'iasmadeu{Ltc 30mg/L
• -18-megaohm water. A-solution of CAT-FLOC L was made up to

'"- 1.032 g/mL) in deionized, 18 megaohm water.:>...1
~­
p.",.""~

...."'c

~~

To obtain a high turbulence during the initial mixing (rapid mix) phase
and ensure complete mixing, a Phipps-Bird paddle stirrer was used. According
to Hudson (1981), the jar test (using a Phipps-Bird or equivalent paddle
mixer) j s themos twide] y used method to eva1ua te coagu1at i on- f1 occu1at ion
processes.

Turbidity measurements· were made with a HACH Model 2100A Turbidimeter
and standardized against HACH turbidity standards supplied with the
instrument. __

Before any pH measurements were made, the instrument was standardized
I.Iith tho '::lnn .................. .; ""T'" h,,~~t'\ .... ,...
'" \,011 '-'11<;; Ql-'tJ' UI-" I QLoe UUJ I t:1 ,:).

Total solids were measured by evaporating a known volume of sample in a
tared evaporating dish at 110°C.

7
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Table 4. Contaminant Levels (OOE-RL 1993).

1,740

10,000

110

100,000

Contaminant Well 199-H4-4 Well 199-05-15

Gross alpha, pC i /L 28.2 1.3
Gross beta, pCi/l I 49 I 11 I..

'Chromium (total), ugjL

Nitrate (as NOJ, ug/l

The PUREX laboratory analyzed the chromium, gross alpha, gross beta,
nitrates, and uranium from the samples with the lowest turbidity after
treatment.

. 1l~,"",."

Aliquots (400 ml) of water samples from wells 199-H4-4 and 199-05-15
were placed in l-L beakers. Due to the paucjt~ ~, sample volume, 400 ml was
used as a test. The solution additions were adjusted accordingly.

'.........,,,,
(3.. ,",

The I-l beaker containing 400 ml of water was placed in the paddle
stirrer and the paddle lowered into the water. The speed was adjusted to the
maximum rpm available to induce as liigli a Reynolds number (NR) as possible.

The ferric chloride was introduced at _a cOllcentration of 30 mg Fe(III)/L
via a pipette just under"' -the_w~~er_?_Y~f~~~._ (Th~_ .$tock solution was prepared
to contain 30 mg of Fe(III)/ml. Therefore, 1 ml of stock solution would be
added to 1 L of well water. If less well water was used, the appropriate
adjustment to the amount of the stock solution was made.) This aspect of the
test represents the rapid mix tank in a physicochemical water treatment
system. The ferric chloride was allowed to mix for 2 minutes.

___ AJLeY" 2 minutes, the paddles ;Jere slowed to 20 rpm and the CAT-FLOC L
was introduced just under the water surface. To ascertain the treatment
regime that allowed the lowest turbidity to be obtained, the CAT-FLOC was
varj~d_ frJlm ..l%_ .t.o_.A%-. aga ins~ .-?O. _~9 __ -F~_-( ~ IJ}P~_~_ Th-e- C-A-T---FLOe- 'was all mA,ed to
contact the ferric chloride- induced pin-floc for 2 minutes. This aspect of
the test represents the flocculation basin in a physicochemical water
treatment system.

After 2 minutes of contact, the paddles were stopped and removed from
the water. The floc was allowed to settle, and turbidity, pH, and solids

--- me-asuremen-t-s---were made.

The test water was also filtered through a 0.2-micron filter to retain
all flocculated material. The samples sent to the PUREX laboratory consisted
of the well water without treatment, the flocculated material, and the
fi ltrate.

The test and sample preparation data are recorded in laboratory notebook
WHC-N-321 1 (Herting 1993).

8
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2.4.2 Quality Control

These tests were not done in duplicate, nor were replicate analyses
perfot'med. Analytical standards were run, and all standards were within
acceptable limits.

2.4.3 Results

Table 5 contains the results of the physical measurements from the water
samples.

The floc generated, settled within 10 to 15 minutes, and exhibited
compression settling. By visual observation, the floc appeared to dewater
easily ~hen filtered.

The settleability of the floc was determined in a l-L graduated cylinder
under the ferric chloride and CAT-FLOC conditions that gave the best response
to the turbidity measurement.

("".}

~~ A liter of well water sample was introduced into a liter-graduated
:::~ cyl indar (approximately 14- by 2.25-in. !O) with a magnetic stir bar and
...~. , - , +- • +- • T"'" h' '..J .J rAT ,.. n.r '., I0"".,- -- -- -p l-a-Ce-C --OR--a- magflec 1£ -S l.1 rrer. -tie I errle- -c I orlue --anu -c..- I ~-Ft:uc-wa-$ -lntroaucea

---intfr-the-sample-with the appropriate mixing times as described above. After
the CAT-FLOC had contacted the pin-floc for 2 minutes, the stirrer was turned
off and the floc was allowed to settle. Measurements were taken of the heavy
floc line at 1-minute intervals (Table 6). The measurements were stopped at
10 minutes as the resident time in a clarification basin is usually 15 minutes
or more. By 10 minutes, the floc wouicf have cleared the outflow weir inlets
in the clarification tank.

As stated above, the chemical analysis was conducted at PUREX
-labo-r-at-ory; Table---7 g-iv-es the resu1ts.

3.0 ANION EXCHANGE METHODS

Strong-base anion exchange has been used in a number of applications to
r-ernove chromate from carros-ioil inhibition solutions used in water-cooled heat
exchange equipment and to remove nitrate from nitrate-polluted waters.
SttQ_ng~base__ an.ion .exchange-- a-l-sQ --h-a-s -he-en- u-sed -succe-ssfu-l-1y--; n uran i urn mi 11 i ng
operations, as well as to remove U(VI) from contaminated Hanford Site
groundwater. Therefore, three strong-base anion exchange resins were tested
.n~ t"ci~ c•• iricnr" 'n~ r,n,rity ,'n removl'ng the three ~ontam,'nants--l~T-~H"", .... " ' .... ,<;;II .... J QllU '-Qt-'Q"-l\.. "-

(chromate, uranium, and nitrate) from Hanford Site groundwater. The three
resins were selected for these applications on the recommendations of the
resin manuracturers,-Ronm and-Haas Company and Dow Chemicai Company.

9
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Tabl e 5. Phys i ca1 Response Parameters.

Well Turbidity Turbidity Solids
sample before after pH before pH after generatedtreatment treatment treatment treatment

(NTU) (NTU) (gjL)

H4-4 3.2 1.1 7.4 6.5 0.821
05-15 1.0 1.0 7. I 5.8 0.660

Table 6. Distance of Floc Line from Top of Water.

I. 25 1.0
2.0 2.25
, n 3.25~.V

3.75 4.25
4.25 5.5
5-.75

I

6.75
7.0 L5

8.0 8.25
9.25 9.75

4

2

3
I
j

I

5

6

7

L' :
10____..1..- _

'""'-"-.
:::;f '.
r:.~;..,

- - - - - - Time (minutes) Well D5-15 (i n. ) Well H4-4 (i n. )
,", ,
" -'-"' I 0.5 0.5'-..0
'I. t""Il

Table 7. Chemical Analysis.

Gross Gras s Total Uranium NitrateWell· alpha beta chromium (ppb) (ppb)(pCijL) (pCijL) (ppb)

H4-4 C <48 <1,900 67 35 61,000
H4-4 F 57 270 30 <0.97 61,000
H4-4 PI <936 <2,800 510 207 b

-
OS-IS C 56 75 2,250 . , 4 ,5,030

ID~~15 F I <61 . 1<401 1,340 <0.97 5,060

i D5- 15 P i<1,500 i23, 100 55,500 <0.97 b

·C = control (untreated sample); F = filtrate;
P = fl oc.

bThe precipitate was dissolved in nitric acid and
rendered unusable for nitrate analysis.

10
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3.1 BATCH TESTS

3.1.1 Experimental

The anton exchange test~ were conducted in much the same manner as the
precipitation tests previously mentioned, to facilitate comparisons between
the precipitation and anion exchange methods. The levels of resin used in all
batch tests were approximately 6 g/30 mL and 1.2 g/30 mL of solution. The
centrifugation step was deleted, the resin beads did not pack, and a
filtration step was sufficient to remove all the beads. The resins were
approximately 16-30 mesh in size.

The test was a full factorial experiment, which means that all
combinations of the variables of interest (uranium, nitrate, chromium, and
resin concentration) were explored. Each variable had two levels, which yield
eight different solution compositions and two different levels of resin, for a
total of 16 tests per resin. Blanks and standards were shipped with each
batch of samples. Because of the small amount of sample per test, no
replicate analyses were done.

"'",,:.-;;a:, 3.1. 2 Qual i ty Control

All anion exchange batch tests were done in duplicate. Method blanks
an-g_?:t-ai}~;L~rds __ ~~~r~ _S€Hit __ w.i.th each batch of sa~ples. Analytical quality
~control (performed at PUREX Laboratory) included standards with every batch
run, for all the analyses. All standards fell within acceptable (±20%
relative standard deviation) limits. No contamination was detected in the
method blanks,

3.1. 3 Results

All of the OFs presented in Table 8 (which summarizes Appendix 0) should
be considered to be low estimates, as the limit of detection is the limiting
factor in the OFs. The effects of the limit of detection on the OF are
discussed in the previous- section. ~~ This effect is pronounced for the uranium
OF of Oowex 21K, as the data for a high initial uranium concentration test are
not available and TWO other high initial uranium concentration data points
have inflated 'less-than' values due to insufficient sample. Reruns for the
several different analyses often exhausted the small amount of sample
available. The data for low initial amounts of contaminants fail to show any
differences among the resins and demonstrate that a limit of detection
comparable with the initial concentration yields a low OF.

Oowex 21K has a much higher OF for nitrate than the other two resins and
comparable chromium OFs. Given the uncertainties in the data (shown as
confidence limits), the uranium OF for Oowex 21K is comparable with the other
two- -res-i-ns-. -A-l-l- -the-- re-s-ins-- s-hOVl--ex-c-e-l-l-ent DFs for utani urn and chromate.

The data do not support more significant figures than shown in Table 8.
The data are reported as the mean ± one standard deviation.

II
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. - _..

Total ChromiumUranium Nitrate chromium
by ICP (VI)

!
Dowex 21K - - -I 90±70 40±20 IOQ±46 90±12

. (7) a (7) (6) (4)

Amber1ite 410 120±46 12±2 60±23 86±3
(15 ) (7) (6) (4 )

I
Amberlite 402 iiO±70- 6±1 40±23 60±46

(14) (4) (6) (4)

__ lab] e 8.L .Ayerage- Oecontami nat i on Factors--An i on Exchange
Resin Methods High Initial Concentration

Decontamination Factors .

aThe numbers in parentheses are the decontamination
factors for low initial amount of contaminants .

.............

~'~",J

~:~ -

,~'''.. ,>O

i5'.-

Freundlich analysis (a plot of the logarithm of mass of solute adsorbed
versus log effluent concentration) planned in the test procedures (Beck and
De1egard 1993) was performed. Regressions showed the data to be inconclusive;
therefore, the analysis yielded no useful information. The goal of a
Freundlich analysis is to predict the resin loading at 100% breakthrough (the
effluent and- in·inai Concentrations are equal) and determine the capacity of
the resin in termS or throughput column volumes.

--{he effect of interactions among the contaminants on the final
concentration of the contaminants has been explored using the statistical
package Statgraphics (a trademark of Statistical Graphics Corporation). To

_..de.terminetheinteractiorl-s amorfg.the contami-n-an-t-s, Equation 1 was used 1n a
stepwise regression procedure.

The final concentration of contaminant, Cfinal' was modeled using an
equation in the form of Equation I.

Cfinal = constant + B,(U] + B;[Cr]+ B3(N03] + BdResin]

+ B,z(U]*(Cr] + BdU]*(N03] + B14 (U]*(Resin]

+ BZ3 (Cr]*(N03] + Bz4 (Cr]*[Resin] + B34 [N03]*[Resin] (I)

The stepwise regression procedure was used to estimate and test the
significance of the regression coefficients Bl' B" .... B3,' Appendix E gives
the regression coefficients for each of the variables in equation 1.

The concentrations (e.g., [UJ) used in Equation I are the initial
concentration of each of the contaminants. The interaction terms (e.g.,
[U]*[Cr]) are the product of the initial concentrations of the contaminants.
In the example used, this is the concentration of uranium multiplied by the
concentration of chromium. This equation does not take into account the
Cr(VI) initial concentration as it is essentially identical to the Cr (Cr-ICP)
value. The use of two identical values like the originaJ .concentrations of Cr
and Cr(VI) in the equation would have created computi(iona1 difficulties.

12
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A positive coeffie ent denotes a term that increases Clina (decreasing
DF-)--w-ith increasi-ng init al concentration of the interferant. A negative
coefficient,d7n?tes a ter~ t~~t desr;~ses Clin~l (increasing OF) with

-lncreaslng Initial concenLtaLion or tne lnterterant.

One notable result of the regression analysis is that the final uranium
concentration mode]is free from any interactions with any of the resins,
inzhcatingthatit iSj}roi>aifi-ythB specie most tightly bound to the resin and
therefore least likely to break through and most likely to be eluted last.
Nitrate has significant interactions with chromium (with Amber1ite 402) and
with the product of the nitrate and chromium concentrations, with
Amberlite 402 ~nd41Q.Thisindicates that nitrate and chromate may be
competing for the same binding sites on Amber1ite 402 and 410. Nitrate and
chromium do not interact on Oowex 21K. A very small coefficient in the
nitrate equation for the product of the eoncentrations of uranium and chromium
also exists for Dowex 21K. Nitrate is interfered with by uranium on

.::8 .l\mberl i te 402 and 410.
0,..0

•
t"-..... !
~ 3.2 EQUILIBRiUM TESTS
N""-~

3.2.1 Introduction

- -- -- ---:rAe -Fre-undlich -analyse-s- -fa-i-1-ed--to- yield usable- information. Inerefore,
an alterndtive method was needed to estimate the amount of solution needed to
enable the contaminants to reach breakthrough. The removal efficiency,
(given as milliliters of solution treated per milliliters of resin) is the
amount of solution that the resin has treated, such ,that the effluent
concentration is 50% of the original (feed) concentration, per milliliters of
resin (Bray 1989).

, (Co-Cf/Cf) * sample volume/resin mass

* resin bed density

where Co is the original concentration and Cf is the concentration of the
---cantanrirrant after equilibrtum treatment. Sample volume is in units of

_,,,,,a"~ H. ~ -, --S·'· ,., ,. r • .. • b' d d 't .
--rt!-r~_j 1 i i L._i::e__i-S~ __ t.Ht:'_~_I__-e::) I.n JUd.:S I n un I LS OT grams, and tne res 1n e en SlY 1n

-- -~nits of grams per milliliter.

This equation holds true for all reasonable column flow rates (where
__ ~guiiibrium is approximated) (Daniels et a1. 1962).

3.2.2 Experimental

The equilibrium tests were conducted similarly to the aforementioned
_anion exchange batch t.ests,but jnc1uded-on~y-th1! solution that had high U

(-500 ppb), N03 ' (-200,000 ppb), and Cr (-2,000 ppb) concentration. The
amount of resin used was 0.1 g/30 mL of solution and 0.05 g/30 mL solution,

13
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which is far less than that used in the batch contact tests. The solution was
stirred overnight and then treated identically to the batch tests.

3.2.3 Quality Control

All tests were done in duplicate. Method blanks and standards were sent
with each batch of samples. Analytical quality control (performed at PUREX
laboratory) included standards with every batch run, for all the analyses.
All standards fell within acceptable (±20% relative standard deviation)
1i 111 it s, __ No contaminati llnwas detected l!l.tb.eJl1ethoG b1an ks .

3.2.4 Results

The equilibrium tests showed that an enormous quantity of spiked
groundwat_erw_o_utd berequi red to reach -breakthrough (il- -po int where the
concentration equals 50% of original concentration, i.e., C/Co=0.5) for
uranium and chromium. The least amount of groundwater needed to achieve
breakthrough for chromium is approximately 15 L of spiked groundwater per
milliliter of resin. Because the minimum amount of resin is 4.6 mL, due to
_c-orls.traints-Qn~s:ol-J1£r~r'J __sjz~i_-.thi_s_ would j~eqliixe about 70 L of spiked
groundwater. This amount of groundwater was not available and, even if it
were, it would-exceed the physical limits of the fume hood where_the tests

_"-~"w"ere cQnduc:ted.T-he"value given for the volume required for the effluent
concentration to reach 50% of the influent concentration is in fact a minimum,
as this equil ibrium test, ., ike the batch tests, was 1imited by the 1imit of
detection of the chemical analysis for both chromium and uranium.

The raw data and some calculated values are presented in Appendix F.

4.0 BREAKTHROUGH TESTS

The four main objectives of performing breakthrough tests are as
follows.

• Determine whether the resin will adsorb the contaminants
sufficiently in a column with a realistic flow rate.

• Determine the effect, if any, flow rate has on the column
retention of contaminants. This is done by running the column at
both the low and high end of the manufacturer's suggested flow
rates.

• Determine the number of column volumes of groundwater the column
can retain, without breakthrough, of each of the contaminants.

• Determine, using actual groundwater from the 100-H and
100-0 Areas, the behavior of the contaminants on the column.

14
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4.1 EXPERIMENTAL

The column volume for all breakthrough tests was approximately 4.85 ml,
which corresponds to 4.18 g of damp, conditioned resin. The term "column
volume" as used in this report denotes the volume of the resin bed, including
interstitial water, but does not include the headspace in the column above the
resin bed. The column volume of 4.85 ml was chosen to give the column a
height-to-diameter ratio of 5 cm to 1 cm, while maintaining a diameter wide
enough to avoid wall effects(i.e.,cbannelingat the wall). The tests on
spiked groundwater were run at two different flow rates: -16 column volumes
per hour (-80 ml/h) and 27 column volumes per hour (-160 ml/h). The
approximate value of the flow rate is due to_thajnaccuracies of the pumps
used, as these flow rates were very close to the minimum flow rates of which
the pumps were capable. The flow rates were chosen to bracket the
manufacturer's recommended flow rate for Oowex 21K resin. The column was
loaded downflow for all breakthrough tests.

'"',.;,.,

~"'''''''

5-"

The breakthrough tests on the spiked groundwater (from well 199-H3-2C
and spiked toapprox1mately 800 ppbU,2,000 ppb Cr, and 200,888 ppb N03 ) were
run to approximately 2,000 column volumes, instead of the test procedure plan

-~_oLwnn in<}.t.obr-€akthrough. The change from the-test procedures - (Beckat,d
Oelegard 1993) was due to the fact that the Freundlich analyses were not
usable. An alternative method ("equil ibrium test~"~llggested by Lane Bray)
used to determi ne the breakthrough capacity of the column s!Jggested that the
number of required column volumes to achieve uranium or chromium breakthrough
would exceed the amount of groundwater available for spiking. Two thousand
column volumes is sufficient to demonstrate whether the estimates for

________ breakthrougharer~iilisti-G-and,in any (;15e-,- the-re- i-s--ii1s-ufficient sample to
--- r-lln a larger number of column volumes through the column. The "confirmatory"

tests on the unspiked samples were run by running all available samples
-(wells 199~H4~4; 199~D5-15, andbiodenitrifled r99-'H4-'4, 199-05-15 mix)

-- --Co - -through the column-and meas'uriny the effluent for contaminants. The unspiked
,~ groundwaters were not expected to show breakthrough for uranium, due to the

,- limited-amoltn-t-of-sampl-e (several 1iters for each) , the low concentration of
t~ uranium, and the very high OFs of the resin for uranium.
t'-..!
('-.i.-;'

The "confirmatory" tests on the unspiked samples were run by feeding all
available sampies through the column at the 'low" (16 column volumes per hour)
flow rate and measuringtheeffluentforcontaminants.--lhe uns~tked

groundwaters were not expected to show breakthrough for uranium, due to the
limited amount of sample (several liters for each) and the very high OFs of
the resin for uranium. Also included in the "confirmatory" category is
gro-uildNater frO-fIr w-e-ll, 199~H4-_4_.a.nd_199~D5~j5 that bad been biodenitrified by
using native Hanford microbial populations at Pacific Northwest Laboratory.

To determine actual breakthrough volumes, a very highly spiked solution
(199-HJ-2C spiked to-6;S80 ppb chromium, 5,920 ppb chromate, 2,840 ppb
uranium, and 194,200 ppb NO~') test was run. This test was run with

_aJlproximatel)l llLMso1utl on amJ a flew rat-eof abo-ut -]6'----0-lumn va 1umes per
hour.

The flow ratefor-tl1e-later-t-e-sts is quite variable because the metering
. pump used_or_ig.inally.quitpermanently and- th-e repiac€me-nt -peristaltic pUmp Was
set at itslowe-g-i;--set-t-ing. No attempt was mad-e to control the effluent pH or

15
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the temperature, although the temperature was moderated by building heating
and ventilation controls.

To ensure that each actual groundwater (either 199-05-15 or 199-H4-4)
sample was homogeneous throughout the test, the groundwater which was
contained in several bottles was mixed in the original (as-recieved)
containers.

4.2 QUALITY CONTROL

Method blanks and standards were sent with each batch of samples for
the breakthrough tests. Analytical quality control (performed at PUREX
laboratory) included standards with every batch run, for all the analyses.
All standards fell within acceptable (±20% relative standard deviation)
limits. No contamination was detected in the method blanks.

(::.()
<00
"-,.0

, 4.3 RESULTS AND DISCUSSION

Ihe value C/Co 1S a measure of the efficiency of the column in removing
the contaminant (Table 8), The plot of C/Co versus column volume is most
useful for the high spiked solution, showing that Oowex 21K removes the hi9h
concentration of contaminants down to the level of detection for several
hundred column v-olJJme~. For the unspikedsolut+oflS-,·the-plot of concentration
versus column volumes is the most informative; it shows directly the effect of
the actual gruundwater on the column;s ability to remove the contaminants to

-below the _performaoce~goals. The plot -of C/Co-versus column vol umes for
_____uDsptked __ groundwaterc-an b·e- -con-fus-i-ng,- due- to the -rac-t--t-h-a-t- -if the o(iginal

concentration (Co) is small, the value of C/Co becomes highly scattered
because of analytical uncertainties near the limit of detection. The plot

·c-;eo ve-rsus column volumes is included for comparison purposes only. A log
scale on the y axis (C/Co or concentration) is used to ensure that all data
points are seen clearly, as the concentrations of nitrate and the other
cor.-t-ami-na-nts---oft-e-n---d-i-ff--e-r by several ofdets of magn i tude.

~.,~

r:---,J
N:-";-
"""";..

4.3.1 Low Flow Rate, Spiked Groundwater

The low flow rate, spiked groundwater [199-H3-2C, spiked to Co = 700 ppb
uranium, 1,770 ppb chromium(Vr), 2,020 ppb total chromium (chromium by rCp),
and 192,300 ppb NQ3'] results are presented in Appendix G.

'T-h-ed-ata show that even 1,800 column volumes are insufficient to show
.breakthrough---fQ-r-bl-raJ-lium. - -The data appear scattered becaUSe of the near­
detection level..concentrationsand the log scale on the C/Co (y) axis.
Chromium concentrations at 1,800 column volumes are near the performance level
and are onTYa5(jut3% to 4% of the original concentration. The sl ight
increase (from the detection level) in chromium concentration at high column
volumes is consistent with a gradual slope to the breakthrough curve.

Nitrate shows 50% breakthrough at approximately 350 column volumes
(about 1,700 ml), which corresponds to a resin loading of 1.1 meq/ml of wet
conditioned resin. This loading is very close to the theoretical capacity of

.1,2 meq/ml for the resin Oowex 21K. The number of column volumes treated at
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_bte.akthrough. 1-5 _C-OflStS-terrt with that value calculated from the equilibrium
test data.

The carbonate concentration in this test solution was approximately
115 ppm, assuming that this test solution was identical to a different sample
of low spiked groundwater (with the same contaminant spike level).

4.3.2 High Flow Rate Spiked Groundwater

_The fast flow tesLwas performed OJ'lrwatar from \'Iell 199-H3-2C that was
spiked to initial concentrations of 820 ppb uranium, 2,100 ppb chromium,
1,990 ppb chromate, and 212,700 ppb N03 ••

Chromium showed no breakthrough tendencies during this abbreviated test.

0-1
("'-..J
~

--cr--::; -- Th_e__flow rat.e _aver-aged-roug_hly_two times that of the slow flow test,
•....l:j .. Ivh i 1e rough 1y- the same cencent rat ion 0 fcontaminants -was' sp tked - into the well
'..0 water as for the slow flow tests. The pump essentially destroyed itself

c!llriilgthe,ourse--o-f--t-he-test, ending it prematurely. The flow rate
inconsfstencies can be seen in Appendix H.

Uranium data show a slightly higher concentration of uranium in the
effluent than the slow flow test demonstrated. This may indicate that the
kinetics of uranium adsorption are slow. However, the uranium concentration
was always below the project performance goal for uranium.

The carbonate concentration in this test solution was approximately
115 ppm [assuming that thistesLsolution was identicdl to i\ different sample
of low spiked groundwater (with the same contaminant spike level)].

,:-i
4.3.3 Well 199-H4-4 Unspiked Groundwater

This (199-H4-4) well water
c0i1centraJ.l0Jl_Ot: _4~ p_p_b_ ur:an5um,
and 84,600 ppb N03·•

had an original (before treatment)
65. 5-ppb--chromate,- -7-9·.4 ppb tota 1 chromi urn,

Neither uranium, chromium, nor chromate showed any signs of
breakth rough.

Nitrate broke through (defined as C = 0.5* Co) at 390 or 445 column
volumes, depending on how the breakthrough curve is interpreted. The spike at
390 column volumes could be an analytical outlier or could reflect the actual

__ co.ncentration of nitrate.

The carbonate concentration in this test solution was approximately
169 ppm.

Jbegr<iphs and data .can be found in ~.ppendix H.
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4.3.4 Well 199-05-15 Unspiked Groundwater

The results of the breakthrough tests with unspiked groundwater 05-15
[with an odginaLconcentration of 12ppb-uranium, -l,930 ppb chnmium(VI) ,

_2,Jt2_5 ppb total chromium, and 49,700 ppb N03'j are presented below. The data
__and_g-ra-ph-ical representations of the data fOr~ this t~st can be found in

Appendix J.

--The nitrate is initially adsorbed onto the column and reaches
breakthrough at about 4SQ column vo1umes.

Both uranium and chromium show good retention. Chromium rises above the
performance goal (100 ppb) much sooner (about 1,100 column volumes) than
expected from the 199-H3-2Cspi ked groundwater results, i nd icat i ng some
interference from components in the groundwater. However, 4% is a minimal
(within experimental error) difference in the chromium concentration. The
decontaminatiol}le~els are essentially identical, as most of the variation in
th~ 05-15 test comes from concentrations barely above the method detection
limit (29 ppb total chromium, 19 ppb chromium +6). Uranium values are highly
scattered, probably because they (and the initial uranium concentration) are

~>~--l
. t'~J-- - veryc-lose to the detection -l~vel-.- {he carbonate concentration of this test
~' solution is approximately 100 ppm.
::~~-, ..
t':"-'~

4.3.5 Biodenitrified Groundwater

Biodenitrified water, a treated mix (approximately SO%(50%_from wells
H4-4and DS-15), had a concentration prior to treatment,of 1,000 ppb total
chromium, 735 ppb chromate, 10ppburanium, andlO,gOO ppb N03'. As shown in
Appendix K, Figures K-I and K-2, this sample is unusual in that nitrate
breakthrough occurs at 740 column volumes. Note that the breakthrough volume
1-5 only about twice the breakthrough volume of the other tests, which
typically had an initial c;oncenJraJion of nitrate over 15 times that of the
biodenitrified groundwater. Uranium and chromium show no signs of
breakthrough, the effluent concentrations being at the detection level
throughout the test. The behavior of the contaminants was consistent with the
other tests, given the initial contaminant levels. The flow rate for this
test was quite variable.

The carbonate concentrattonof this test solution is approximately
166 ppm. The biodenitrified water also had a slightlY above-background
reading of total organic carbon, which is consistent with the
biodenitrification process.

4.3.6 Very High Spiked Groundwater, Low Flow Rate

The highl~ spike~groundwaterconsisted of water from well 199-H3-2C,
spiked to 6,580 ppb chromium, 5,920 ppb chromate, 2,840 ppb uranium, and

--_-1:~-4-t-209_Jlpb-NJJ~---.----lh--e- chromium values· -a.re s-ignificantly higher than the
values reported for chromate. The high concentration of chromium on the anion
exchange resin may be leading to a partial reduction in valance state of
chromate. The chromate never reaches breakthrough (C(Co = 0.5) but does
exceed the performance goals in a relatively small number of column volumes.
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--:-_ IfLe-:i{l~t:ia]-,otl-c€ntta-t--ion of chromium 15 three times higher than the highest
expected in lOa Area wells.

.-'G< __

•
0..J
""'".j
!'<""~

Uranium does exceed the performance goals for several samples scattered
throughout the latter half of the test. No discernable breakthrough trend can
be observed. The higher flow rate seems to coincide with the higher uranium
concentrations in the treated effluent. It should be noted that the flow rate
is a 5-h average; therefore, the actual maximum or minimum flow rates could be
much higher or lower.

This test demonstrates that Dowex 21Khasa very high affinity for
uranium. The initial uranlum concentration of the test solution was about 10
times higher than that expected for actual groundwater. The concentration of
carbonate in the test solutionis approximately 115 ppm 'assuming that the

-carbonate concentration is similar to that of the low spiked groundwater).
Graphs and tables of the data for this_test can be found in A.ppendix L.

4.3.7 Total Alpha and Total Beta Analyses

Total alpha and total beta analyses were performed on a select few
samples, due to the large effort involved in performing these analyses. Total
alpha~nd total beta are the regulatory analyses of concern (DOE-RL 1993).
Samples were__geoeratedbycompositi-ng.· The twosamp-l-e-s--of starting sOlution
were composited together, while the treated effluent samples were generated by
compos i t i ng the fi rst half of the same breakthrough run together and
compositinglhe second half of the same breakthrough run together.

---The t-otal alpha and total beta results can be compared to uranium values
in the appendices for the corresgondjng breakthrough run. Assumptions can be

_maae_ that all the-alpha activity is due to uranium, while the total beta is
- due to the immediate daughter products of 238U (234Th and 234 pa ). The uranium

(as determined by fluorescence spectrophotometry) agrees reasonably well with
the valu_e o.furaniumderivedfr-om the totalal-pha content.

The most noteworthy item is that all the treated samples were below the
method limits of detection. Because of the very low values of these samples
and counting statistics, the limits of detection ranged from 36 pCi/L -27 ppb
uranium to 25.lipCi(L-18S ppb uranium for to-to-albe-ta andl4- pCiiL- 20 ppb
uranium to 227 pCi/L- 330 ppb uranium. The values for the starting solutions
are given in Table 9.

__ The fact that the total beta levels for several starting solution
samples do no-t-match the uranium levels may be due to the daughters (24Th and
234 pa ) plating out on the sides of the container, or perhaps the assumption of
secular equilibrium is invalid.
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Table9._'IaluesforStartinqSolutions.
. - -

I Sarrple I Total Uranium" Total Uraniumb
Sample description al pha (ppb) beta (ppb)

1t I
- - - -

(pCijL) - (pCijL)

ERK29Bl H4-4 breakthrough test <73 <]]0 424 308

-ERK19BI 05-15 breakthrough test <90 <65 <145 <105

ERK31Fl High flow rate spiked 320 470 380 280
H3-2C breakthrough test

- -ERK3-1tl -LO\oJ--fl-ow- rate spi-ked 3~0 530 430
-

320
H3-2C breakthrough test

ERK30Bl Biodenitrified (H4-4, <165 <240 <230 <110
I 05-15) breakthrough test

ERK41Bl -- High spiked H3-2C I 163D I 2370 I 1905 1390
I -- - -- breakthrough tests

CK31Zl Cycling test 360 530 <308 <224
"Assuming all alpha 1S natural uran1um.
bAssuming that the total beta is due solely to 234Th and 234 Pa in

secular equilibrium with uranium.

The total beta for sample ERK29Bl (199-H4-4) is greater than expected,
given the less-than level of total alpha (and therefore of uranium). This
implies that the total beta value is the result of some beta emitter not
associated with the uranium decay chain. This beta emitter could be
technetium, which is known to be in 100-HR-3 groundwater (DDE-RL 1993).
Regardless of the identity of the beta emitter(s}, the ion exchange treatment
removes it, as the treated water samples for the H4-4 breakthrough test are
below the limit -of -detection {<gO pCijl is the highest limit of detection for
these samples}.

4.3.8 Common Themes in the Breakthrough Results

The nitrate breakthrough was remarkably constant, given the amount of
variance in the initial concentrations of the various anions. A correlation
matrlx -wasdeve loped fhit showed no strong corre1at ions (gi ven uncerta int i es
in the data) between..toe _oitrate break.tnrou.gh v~l ume-anc-a-n-y- i ndependen t
variable. The independent variables included the initial concentrations of
ch1-o-r·i-de~-·3tilfate, nitrate, and carbonate (as total inorganic carbon). Other
independent variables included the flow rate; the range of the flow rate; the
average temperature; the range of the temperature; the average pH; the range
of the pH; and the products of the concentrations of carbonate and sulfate,
carbonate and chloride, carbonate and nitrate, and the sum of the concentra­
tjonsof carbonate, c-h-l-D-ride, nitrate, and sulfate. The chloride and sulfate
concentration values were taken from the raw data for ion chromatography (the
rnE!th.o.d for nitrate). The chloride and sulfate data do not have standards
~$~Q<;jg.ted__ wtth t.h.ern_.because these analyses weie not originally requested.
The strongest correlation that does exist is the negative (R= -D.73, R2=D.53)
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corr~l9-tjon. __b_e.tween_ the inJt-i.al-fl~trate concentration and nitrate
breakthrough.

An interesting feature of the nitrate breakthrough curve is that~~tbe

~ -nitrate concentration in the effluent -from the column ~ after breakthrough is
higher than the original concentration. The spike in the nitrate breakthrough
curve, where the nitrate concentration exceeds that of the initial
concentration, implies that some mechanism other than simple breakthrough is
taking place. An explanation of this phenomenon could be that another anion
could be "pushing" the nitrate off the resin, so that the nitrate eluted by
the other anion is added to the nitrate passing right through the column, thus
pro_ducin9_tbehump-in the breakthrough curve. Uranyl tricarbonate anion is
not a likely candidate for the "nitrate pushing" anion, since the extremely
lowamount-~f uran; urn in the- groundwater precludes it from bi nd i ng all act i ve
sites on the r~sin and thereby affecting the other anions. Chromate's
concentration compared to nitrate is so low that chromate probably is not the
responsible anion for the nitrate elution. It is interesting that, despite
tbefact tha:tthe nitrate concentration in the test solutions varies by a
factor of 20, the nitrate elution varies by only a factor of 2. Carbonate (as
bicarbonate at the pH of these groundwaters) is probably the specie
responsible for the nitrate elution and the odd shape of the elution curve.
Nonetheless, the carbonate hypothesis is not supported by the previously
discussed statistical analysis of the data. A possible reason for this is
that t!1e-carbonate concentration iii all the test solutions (spiked and
unspiked well water) is very similar, destroying any correlation.

~.O CYCLING TEST

The primary purpose of the cycling tests is to determine the frequency
and amounts of eluant andwashsolutions needed. The~e parameters are d"ter­

'riJfnedbTexamining the elution curve JconcentrationoLeluate versus column
volume). The efficiency of washing will also be ascertained. A secondary
goal was to determine if the resin can undergo many cycles of use. To
accomplish this, the column underwent 10 cycles of loading, elution, and
washing.

5.1 EXPERIMENTAL

~~~~~ ~~ ~~.~ ~The general methndl!sed- was that of the test ptocedures (Beck and
~Delegird19g3}.-except that the slmpl~ was loaded downflow and eluted and

washed upflow. This change was made to ensure that channeling did not occur
in the small- re.sm bed that was used. The test was run for 10 cycles.
Elution and washing for the cycling tests was performed after 19 h of loadinq

- at apprQ)dmat-e1-y-L~ml/min05 bed vol/h), a treated watersample volume of­
approximately 300 column volumes. Three hundred column volumes was chosen as

-~th@ duration of the loading cycle, -since this is a point prior to nitrate
breakthrough. The sol uti n used is__approximatelytnesame concentration as
used fQr-1be~slQw and fas -sp~ked 199-H3-2C tests [676 ppb U, 2,225 ppb total

_chromium, 1,]80 ppb chrom um (VI), 203,000 ppb N03-, and 3,000 ppb en.
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The first elution was done at a flow rate that the authors thought was
too~h gh, as the eluant stirred the column and had a broad elution front. The
exper mental-appifitu~wa~aliothought to be inadequate, because there was
about 14 ml of deadspace from the top of the resin bed to the eluate catch
bottle. The tubing that exttea the column was changed from 1/8-in.-l0 to
1/16-in.-l0 tubing to eliminate 10 ml of deadspace. The elution flow rate was
decreased by a factor of 4 (to 1~ZS mLlminLt_oel iminaLeJhedi srupt i ve effect
of the higher flow rate and allow time for the contaminants to be removed from
the column into the eluate.

An additional step was added to the wash procedure. The pump was
stoppedab~':!t _hi!lfw~a"Lthr:ol!gtLthe _w;lsh ~ndthe beads-werQ a11 owed to settle.
iill! pump was then restarted and the beads circulated throughout the column.
At the end of washing, some density gradients (indicating concentrated sodium
chloride solutions) were noted for each cycle. Washing does not seem to have
been complete, and some excess chloride appears to have remained on the
column. The final wash fractions were observed to be colorless, or very
lightly colored. ~ The wash flow rate for all cycles through 10 was
approximately 9 ml(min (upflow).

Cycles 2 through 10 were run with the changed apparatus and flow rate.

The eluate was gathered as one sample (-22 ml) for cycles 2 through 9.
The wash was also gathered as one sample (-20 ml) for cycles 2 through 9.
This is in contrast to the first and tenth cycles, in which the eluate was
split into 10 (-2 ml) samples and the wash was split into 4 (-5 ml) samples.
Thiswasdo!l€ t~ minimizethe-ftui1IDer of samples submitted, maximizing
analytical turnaround time.

5.2 RESULTS

The results of the cycling tests (see Appendix Mfor tables and graphs)
are broken up by typeofsamp~,i-.~., treated effluent or eluate or wash.
The reason for th isis the wi del y diffe_rentconcentratillns for the different
typBS of samples. It should be remembered, however, that the chronological
order of the samples is "effluent," "eluate," and "wash," followed by the next
"effluent" sample for the next cycle. The eluate and wash graphs are
presented as a line graph, so each point is one analysis (of duplicates). The
eluate and wash data points are in the order generated. The XY method of
plotting versus column volumes would have bunched up the first and tenth cycle

~ re~suits,siia- nn-e -graph was used. Because the effluent concentr-atiorLgraph
Is~presentedls~an-XYgraph, some closely spaced duplicates may appear to be
one point. The effluent_data areplotted~versus thetotat-number of column
volumes of spiked 199-:-H3-:-~2C run through the column.

5.2.1 Treated Effluent

The contaminant concentrations in the test solution after ion exchange
treatment (hereafter referred to as "treated effl uent") are below the perfor­
mance goals, except for _uraniumfor the_lasLeightcy{;les. The spike seen in
the totai chromium data at about 600 column volumes is considered to be an
anaiytical outlier, as the chromate data do not show this drastic increase in
the concentration. The value of the outlier is one order of magnitude higher
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than the surrounding values, leading to the conclusion that these points are
outliers. Nitrate concentrations are all below the performance goal. A small
upward trend in nitrate concentrations may be evident in the last two treated
effluent samples, but the data are not clear. Both total chromium and
chromate are well below the performance goal, with a possible downward trend
near the end of the test.

Uranium was not completely removed from the test solution for cycles 3
through 10. Some samples of treated effluent water contained as much as
lOa ppb uranium. This could be caused by either the wash being incomplete or
uranium flowing directly into the effluent sample bottle upon the start of
sample loading. This hypothesis is supported by the presence of significant
quantities of uranium in the last wash samples.

The upflow wash method, which stirred the beads in the column, could
have deposited beads incompletely stripped of uranium close to the bottom of
the column. Beads at the bottom of the column could have released uranium
into the treated effl uent, wi thout th_Etbe_n_efJtofbeads bel aw them to readsorb
the uranium.

Alternatively, the column simply was not adsorbing a portion of the
incoming uranium from the test solution bottle. A small fraction of the anion
exchange sites could be those specific for uranium binding, and this small

. - fracticncculdbecverloaded;leavtng-sites moreweaklybindlLng for uranium.
This hypothesisiLnot supportMDy1h-ebfeaktnrougn tesfs,-bec-iuse the total

···amount (JFuran i urn adsorbed duri ng the breakthrough tests was much greater than
the amount run through during a few cycles of the cycling--test.- However, this
hypothesis is supported by trending and consistency of the concentration, as
the washing process would not likely be that consistent.

Another explanation would be the formation of U02C1 2, a highly soluble
neutral compound, during washing, by chloride displacement of carbonate from
the uranyl triscarbonato anion.

Despite the above performance level concentrations of uranium, it should
beunQted that the method always removed six-sevenths of the uranium in 676 ppb

---ij-tan-i-um--spi-k-ed-grcundwater: Given tne typical uranium concentrations in
_ _actua1. Han.fj)rd~.itegrQ\1nQ\l!il..t.er -{<10-0 cI'Jlbh_asem()'~~J cf-s ix- Si¥Jenth5 0r the
___ ura_ni um WQuldmeeLthe. perfo!"man~e goal foruran-i-um-used in th is report.

5.2.2 Eluate

The elution of chromium (total and chromate), uranium, and nitrate is
accomplished by the introduction of a 4 Msodium chloride solution onto the
column bed.

CO-!=!tami n-ant- -con-ce-n-t-r-a-t-i-ons in the eluate are typi ea 11 y several hundred
thousand ilPb chromium;-ten-miHion ppb nitrate, and thirty thousand ppb
uranium. The initial breakthrough of the contaminants is followed by the
appggrance of chloride in the eluate. This behavior of the chloride concen­
tration is expected, as the chloride must displace the contaminants from the
resin before the chloride itself dilutes.
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The average percent recovered (based on ,the amount loaded during each
cycle and ignoring any residual) for the 10 elutions is 74±49% of the uranium,
99±66% total chromium, 94±37% chromium (VI), and 71±42% nitrate. The
uncertainties are given as the 95% confidence limits. The high uncertainties
in the percent recoveries are largely due to the low recovery during the first
cycle.

5.2.3 Wash

The contaminant concentration in the wash was significantly lower than
in the eluate. The contaminant concentration did not reach a level comparable
to the original test solution, even during the final wash sample. This indi­
cates that the elution was not complete. The chloride (the eluant) concentra­
tion was not reduced to near zero, indicating that the wash was not entirely
successful. However, despite the incompleteness of the elution and wash, the
contaminant level in the treated effluent is quite low, as previously
discussed.

The average percent recovered (based on the amount loaded during each
cycle and ignoring any residual) for the 10 washes is 18±32% of the uranium,
16±33% total chromium, 13±29% chromium (VI), and 20±31% nitrate. The uncer­
tainties are given as the 95% confidence limits. The large uncertainties are
probably due to the high recovery values for the first cycle, as the contami­
nants not--remuv-ed -\''i-i-t-h -the eluate llb~eedll-ovet into the wash portion of the
cycle.

5.2.4 Common Themes

Statistical analysis (a correlation matrix) of the whole cycling test
data set revealed stron.g, co,rr,elationsbetweenthe Loncentrations of the
contaminants. No strong correlation between the contaminant concentrations
and chloride (the eluant) concentration is seen. The lack of correlation
between the eluant and contaminant concentrations could be caused by a number
of factors. The treated effluent concentrations of all the species of
interest were steady throughout the tests. The chloride concentrations would
be expected to lag behind the contaminant concentrations, as chloride would be
adsorbed on the resin as it displaced the contaminant.

The average total (eluate and wash) percent recovered (based on the
amountloadedcfuring each cycle and ignoring any residual) for the 10 cycles
is 92% of the uranjurIl, lL5%totalchromium, - 107% chromi-um (VI), and 85%
nitrate. The uncertainty in these numbers is roughly equivalent to the
uncertainty in the corresponding eluate and wash values.

6.0 DISCUSSION AND CONCLUSIONS

This section gives conclusions from the tests and presents suggestions
for the groundwater treatment method. The reasons uranium was chosen as the
radionuclide to be treated are discussed. Technetium removal (which was not

,-included in the tests) is discussed, with references to the literature.
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6.1 URANIUM

Ur_anium wa_Lchosenas the rad ionucJi defs )t()be tested fer remeva I ft"om
Hanford Site groundwaters. Although by~ itself it is not a contaminant of
concern (OOE~RL 1993, S&~-loo+.3), urani urn is a contri Dutor to both the gros s
alpha and the gross beta. The uranium contribution to the gross alpha
activity is primarily by way of DBU and D4U (about 98% of the activity of
natural uranium). Uranium contribution to the gross beta activity is by way
of the 23BU dau9hter products, 234 Pa and 234Th . The combi ned act i vi ty of these
two_daughters is :twice thaLot ttw_23BU parent, which means that their beta
activity is comparable (in the number of decay events) to the uranium alpha
activity. Removing the uranium parent also removes the daughter product
activity, after the daughter products already formed have decayed away (a
process that takes about a half of a year) (Negin 1990). Therefore,
decreasing the uranium concentration in the groundwater will have a signi-

JicanL impacton gross alpha and beta levels and will, in most probabil ity,
- bring them within performance limits.

6.2 TECHNETIUM

___ T~_cbJie.tJUm Wt;l,S not CnClSf:_n -as -.a r-adio-nuc-i-ide to be tested for removal.
Although it is present in the groundwater, technetium contributes

~ apprOXimately 6% its beta to the gross beta measurement. This is due to the
1 h. .1..... .... .1_ -.-, •• I 'f hl-Q-\'l-energY-ueLa LndL 11.. proauces. lfie proposed Ilmlt rom t e
U.S. Environmental Protection Agency, July 18, 1991, Federal Register
(Vol. 56, No. I38,p. 33120) fOr 99Tcjs 3,790 pCi/'- (4 mrem/year exposure)
for groundwater. However, the suggested anion exchange remediation technique
may- a-l-so--work- -for th-ls rad-iofl-u-cl-id-e,--si-n-ce- technetium is in the form of
pertechnetate (TeO;) in many groundwaters. This idea is supported by the
1iterature (Del CuI et al. 1993, Anders 1960). Both sources describe the
adsorption of tecbnetium (as pertechnetate) to strong base anion exchanga
resins of the quaternary ammonium type as-being very tight. Elution of
pertecnnetate anion from these resins is only accomplished by hiqh concentra­
tions of powerful eluants (such as perchTori~ acid) (Anders 1960~ and/or
reductants (Korkish 19B9, p. 19). Given these properties of technetium, it
may prove possible to elute nitrate, chromium, and uranium from the resin

_ whJleretatging tedmetturn. ~ The removal of technetium could be an added value
to using the anion exchange method. Del Cul et al. (1993) also describe the
use of iron fillings to reduce and precipitate technetium, but state that the
speed oftechneHum rBllo~al is slow in very dilute- (groundwater) type
solutions.

6.3 BATCH TESTS

6.3.1 Precipitation Methods

Neither precipitation method (sodium sulfide/ferrous sulfate,
phosphate/calcium chloride) is suitable for the purposes of this project,
since neither removes both metals (uranium and chromiumL.__ liowever, the test
procedure (BeCK and Delegard 1993) states that one of the precipitation
methods will undergo confirmatory testing. Other researchers worked on
optimizing (Duncan 1993) the use of cation flocculating agents with these
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precipitating agents and additional precipitating agents as well. Because the
workspecif-ied hy-Duncan (1993) is a complementary effort to the work planned
in Beck and Delegard (1993), no further work was done in this area by the
principal investigator. This change in work scope was agreed to by the
customer. The difficulty of removal of the precipitants and prelimary
calculations of the cost of sludge disposal resulted in the decision to
terminate further tests of the precipitation methods.

From the precipltation bench-scale tests, the following was determined.

~
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Physical Conditions-- The samples were tested at ambient
tempe.rature -and- -pH. -T-he--fe-r-rous --sul-fate/-s-od-i-um- sul fide and the
phasphate/calcium chloride tests haallttle effect on the final ph
of the solution. The ferric chloride did change the pH 0.9 units
for well H4-4 and 1.3 units for well 05-15. This would be
expected since the iron is in the plus three valance state and
would attract three hydroxyl units and thus decrease the pH (see
Section 2.4 and Appendix C-1) .

What is the Optimum RemovalChemistry--
For the sodium sulfide and ferrous sulfate tests, the sodium
sulfide was introduced to the test solution to obtain a final
concentration of 12 mg S,z/L. The ferrous sulfate was introduced
to the test solution to obtain a final concentration of 9.9 mg
Fe+z/L.

For the phosphate/calcium chloride tests. the sodium hydrogen
phosphate __ Wis introduced to the test solution to obtain a final
concentration of 5,550 mg HPO"z/L. The calcium chloride was
added to obtain a final concentration of 92 mg Ca+z/L (to include
the amount of calcium present in the solution).

For the ferric chloride precipitation tests in conjunction
with the polymeric flocculent aid, CAT-FLOC L, the ferric chloride
was added to the test solution so that the final concentration of
iron was 30 mg Fe+3/L and the CAT-FLOC L introduced (see
Sections 2.2, 2.3, and 2.4).

• Reaction Rates--The rates are reported in Table 6. As may be
determined from the data, a curvelinear response is glven.
However, the flocculent fell over 9 in. within 10 minutes. The
resulting sludge,was, stable and easily dewaterable.

-- -- -. - Effects of --Fe-ed V-ai"'i ab; 1i ty alid Presence of Other Contami nants
(such as nitrates)--The feed of the chemica]s followed standard
water treatment practices (Hudson). Nitrates did not show any

_Jnt_erf-e,ren.ce, :w.l-th -the- -.C:Da.gu l-atj--er1-j-p-r€c i pi tat ion tes ts (s ee
Section 2.3).

• Biodentrification Process Interference--Oue to the process of
reduction/precipitation adding chemicals to a treatment train,
biodenitrification would Qccur-as t!1e last step.
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- • -P~rformance'Levels for ChrOmium and Radionuclides--Removal did not
demonstrate the efficacy that was required or that demonstrated by
the ion exchange (see Sections 2.3 and 2.4).

6.3.2 Anion Exchange Resins

As the anion exchange resins were evalua.ted.asa standaJone treatment,
Dowex 21K was used for confirmatory testing and cycling tests. The laCK of

_--- interact to-!n~ _QJ- nit rat@ (except the p.roduct or the nitrate and res i n concen­
- tiatf6n~; see App@ndfx-C)--~~s an- added attraction to the use of Dowex 21K.

--'F-rom the anion exchange resin evaluation,_the following was determined.

• Pretreatment Requirements--There were no pretreatment requirements
identified in the treatability tests. In the field, it is
recommended-that a prefilter (such as a spiral wound,
polypropylene, 5-micron nominal) be used before the ion exchange
unit to filter out extraneous material (well casing material,
etc.) .

• Uptlmum Resin for. Site Contaminan.ts--From the results of the
treatability tests, the resin that was found to be most
efficacious was the Oowex 21K, a strong base anion exchange resin.

• Effect of Resin loading on Contaminant Removal--A synopsis of
results reported elsewhere (Sections 3.1.3, 4.3.3, and 4.3.4),
indicate that

No breakthrough was observed in well H4-4 (except for
nitrates at 445 CV); the concentrations introduced were
nitrate at 84,600 -ppb, uranium (VI) at 49 ppb, chromate at
65.5 ppb, and total chromium at 79.4 ppb.

For well 05-15, the concentrations introduced were nitrate
at 49,700 ppb, uranium (VI) at 12 ppb, chromate at
1,930 ppb, and total chromium at 2,025 ppb. Breukthrough
was observed at 450 CV for nitrate and 1,100 CV for
chromium. The chromium was introduced at 2,025 ppb and

- -b-reakthrough-occurred at lOa ppb.Therefore, 1,925 ppb was
taken up by the ion exchange resin. The test ion exchange
column was approximately 1 mL of Dowex 21K resin. The
density of the Oowex 21K resin is 43 lb/ft3 or 689 mg/ml.
The capacity of the resin for 05-15 translates into
1925 ~g/ml divided by the resin density, which yields
2.79 ~g chromium per milligram of resin.

• Effect of Multiple Cycles on Resin life--No degradation of the
resin was noted on the resin life (see Section 6.7).

• Quality of Effluent Produced--Ouring the multiple cycles, the
contaminant concentrations are. be1ow the performance goal s, with
the exception' of uranium (VI) for the last eight cycles (see
,artin", ~ 2 ')
.... '-"" .... I Ull oJ. • J. •
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• Composition of Regenerate (Including Rinse) Produced--The ion
exchange is eluded by the introduction of 4M sodium chloride onto

.. _the column bed. l:l1e contaminate £1lnc-en-t-rations in the eluate are
typically several hundred thousand ppb chromium, ten million ppb
nitrate, and thirty thousand ppb uranium. The rinse (wash)
contained contaminant concentrations that were siqnificantlv lower
than the values found in the eluate (see Sections-5.2.2 ana"
5.2.3) .

• Volume of Regenerant (Including Rinse) Produced--The resin is
eluted with 4 to 5 CVs of 4 Msodium chloride. The rinse (wash)
produces one to two column volumes of liquid. It should be noted
here that both the eluate and the rinse will contain uranium (VI)
and is a mixed waste.

6.4 FERRIC CHLORIDE/COAGULANT AID TESTS

It was beyond the scope of this effort to optimize the parameters of
ferric chloride/CAT-FLOC to the._cQntaminant-s oLcon.cern.Rather, it was to
demonstrate the efficacy of ferric chloride along with a polymeric flocculant
aid in removing uranium (and to thereby reduce gross alpha and gross beta
counts) and chromium.

The gross alpha and gross beta counts have shown an increase in the
flocculant as opposed to the filtrate. The values were at detection limit;
strong conclusions shouldnot·Qe readily arrivedat,-except that there
appeared to be an effect.

The uranium showed mixed results between 05-15 and H4-4. On sample
05-15, the gross beta-appears to have been concentrated (filtrate to
flocculant), while the uranium does not appear to have been affected.
HDwev~r,--OP. ~~mple H4-4, the uranium appears to have been concentrated in the
floceulant.

Overall, the ferric~chloride appeared to have the effect of
concentrat i ng the..uranium(chromi umJ s yet to be determi ned). The CAT-FLOC
enabled the-ferric chloride pin-floc to precipitate and clarify the water.
The sludge produced by the ferri c chi ori de/CAT-FLOCcorobination appears to
dewater effectively.

The combination of ferric chloride and a flocculant aid (such as the
CAT-FLOC) is an efficacious methodology in the treatment and clarification of

-- gro-und-w-ate-r--w-ith similar matrices.

6.5 EQUILIBRIUM TESTS

These tests showed that the adsorption potential of Dowex 21K for
uranium and chromate was far higber.tban.the..amount of-grbundwater available
for spiking. The resin adsorbed uranium and chromium far more strongly than
it-dfd~itf~te~ These tests clearly showed that nitrate would be the limiting
factor in the use of the resin.
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6.6 BREAKTHROUGH TESTS

Dowex 21K shows very high a,ffinity for uranium and -cl1romi urn and a
substantial affinity for nitrate. The nitrate loading on the resin varies

- -----fpom-c18s@ to the theoretical loading capacity of the resin to much less.
Ni trate adsorpti on seems to be _gQI'~me_dbythepresence of other (non-cnromi um
or uranium) anions. Regression analysis of the breakthrough volumes versus
the initial concentration of nitrate, sulfate, chloride, the pH, and the
product of the concentrations of nitrate and sulfate was performed. No signi­
ficant relationship between the breakthrough volume and the other variables

. could be deten"ined, The anion most 1ikely to be the cause of the nitrate
breakthrough volume isbicarbonate,which is known to be the dominant anion in
Hanford Site groundwater. The nitrate loading had no effect on the adsorption
n~ rhV'nm; 11m 1'\ ..... """.,,., ~ " ....
.... T .... iii v"" ...", u, ..... ,01111.1111.

co
~,,-,~:,,-- '-6.7

---::;,0:- ..' -
- C)~-

The cycling tests demonstrated that chloride partially elutes the
contaminantsDfinterest .. No degradation-oftl1e--r~-;n-o>r~ its performance was

_---no.ted_(except in the case of uranium removal). The amount of eluant solution
and wash-~o~ution-goes net seem sufficient to completely strip the resin of
contaminan-t-s-. --Pei-formancegoals were met for nitrate, total Chromium, and
chromium (VI). The performance goal for uranium was met for the first two
cycles. The failure to meet the performance goal for the last eight cycles
may not be that serious, because Hanford Site groundwater typically has less
than one-eighth of the concentration of uranium. in the test solution. The
high number of column volumes «2,000 for chromium and uranium) treated, which
is a measure of cleanup efficiency, should also be noted.

6.8 RECOMMENDATIONS

The'res~tt~ df this series of tests suggest that the most efficacious
method for removal of nitrate, chromium [as chromate, chromium (VI)], and
uranium is anion exchange with a strong base ion exchange resin.

'.

Loading of the contaminants onto the resin and disposing of the resin
-may~e the most cost-effective means of removing chromate ana uranium from the

groundwater. This approach would also be the best method for technetium
removal due to the difficulties in eluting technetium.

If nitrate removal is desired, loading of the contaminants onto the
resin column followed by elution of the contaminants from the resin and reuse
of the resin would be the best process.

- Fr.om -t-he.resinst@sted, Dowex-21J(-haS' been demonstrated to be a strong
candidate for pilot-scale testing. The Dowex 21K was orginally developed for
tneaci d mi-r,e -t ai Hng sas soc i ateo'withura,niamm i ni ng . The co ncent ra, t i on s
encountered were much higher than that encountered in the Ha,nford groundwater.
Therefore, much of the information that was obtained from Dow Chemical Company
was directly related to the uranium mine tailings for uranium recovery.
Experience with Dowex 21K indicates a stable resin with a long service life
for the uranium mining industry.
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A field pilot-scale ion exchange unit using Dowex 21K resin is
recommended. The suggested unit would entail the following:

Specific issues that should be studied during the pilot-scale operation
would include confirmation of the amount of column volumes to attain the
performance levels for chromium. Also, a total water analysis should be
completed on both the influent and effluent (hydraulic residence time taken
into consideration) on either a monthly or biweekly time table.
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APPENDIX A

CONCENTRATION VALUES ANALYTICAL BLANK AND SAMPLE I99-H3-2C
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<56.7

specified)
-Ana 1yte

- Table A-Ii Analytical Blank Values.

Concentration (in
ppb unless otherwise

ICr6

U <4.73

TIC 48000

TOe knnf"lvvvv

F- <lOa

CL- <100

N02- <1000

N03- <1000

P04- <1000

I
S04- I <1000

"Y" _

- "''''-,... ,
::j-'.. Al <51

As - 50

Ca <5

Cr <IS

K <275,

Mg <3

Na 44
p <70

S <39

51 - /~A'-,

Sr <3
V <11
" <36w
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Table A-2. Concentration Values for
199-H3-2C. (sheet 1 of 2)

I Concentrations (in
Analyte ppb unless otherwise

specifi ed)

Cr+6 70.2

Cr+6 70.2

pH 8.3

pH 8.25

TlC 35000

TlC 38000

TOC <5500

TOC <5500

TOT-ACT <50000 pCi/L

U 5.59

U 5.59

F- 319
.-

F- 306

CL- 2960
c, ............
L. L-.

N02-

N02-

iW3-

<1000

<JOOO

3974

- N03- 4040

P04- ,.,,1nf'l"
,~uuu

P04- <1000

504- 20933

I
504- I 21169

B 10.9

Ba 10.4

Ca 24200

Ca 23800
c_ 27.2I '-I

-

K

K

A-4

4590

4650
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Table A-2. Concentration Values for
199-H3-2C. (sheet 2 of 2)

Concentrations (in
Analyte ppb unless otherwise

specified)

Mg 8650

Mg 8490

Na 131

Na 12900
p 91.8999
p 86.7999

S 7150

66.0999w

S 7050

Si 27400

Si 26900

Sr 172

5r 169

V 27.9

V 33.1

W 67.7999

"

t--...,J
~,J

NO"")
IJ<;;,.,;;;','

~'~ ,,~

(S'.....
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APPENDIX B

FILTER METHOD TEST DATA

B-1



('~

cr~"

'-~'

•

~'"...'""
~~;;;...,
._,., '

WHC-SD-ER-DTR-OOl, Rev. 0

B-2



NOTE: All values are given in pads per bill ion and are not rounded.

-j

'"0-
~

it>
os

al :c
pH

I n
~ I

Vl
Ifter' 0

I
t.est ., rr1

;u
I

r+ 0

8,03 it> -j

-s ;u
I

OJ C>
8:.05 ~ C>

'"::J
7<'

;u
-j it>
it> <

'"r+
C>

0

'"r+
'"

N03 pH'
:3 after ;

test
- -
I) 193 7.3,8
- -
l 190 7.2'9
- -

-
Total Cr(VI)chromium Cr(V I) after NOafter testtest

e_

90 204 222 19

242 204 224 19

220

Toto>1
hrom"iurn

,
U

11 U after
test c:

786 737

524 714

Sample

EFOSllOI 222

EFODllOIal
I

Co.'
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APPENDIX C

RAW DATA FROM THE SODIUM SULFIDE-FERROUS SULPHlITLPRECIP ITATI ON
BATCH TEST AND

C-l
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n
I

W

i "

,--
,

Total
, ,

i U after lotal chromium
Cr(\II)

N03 after pH afterSAMPLE ~ U
tes t chromium after

Cr(VI) after N03 test pH tes t
test test

-.,
EBSD2401 52 ND 2000 17;2 1'925 19.4 6257 ' 606R 8.41 8./'4

- -- -
EOSS2401 52 ND 2000 271] 1925 19.4 6257 6115 8.~9 8.n

-
2'!9.7EBS02301 32.8 1895 4'. la65 19.4 192800 188200 8.4 8.69

-
EBSS2301 32.8 , 40 1895 116 11165 19.4 192800 182200 8.4 8.3~2

1EBS02201 504 NO 1920 2111 i 2050 19.4 6519 6305 8.33 8.3,2

E8SS2201 504 711t 1920 246 ' 2050 ND 6519 6317 8.5 8.35

EBSD2101 536 679 1895 176 2050 19.4 195750 193500 8.49 8.38

EBSS2102 536 ND 1895 35 2050 19.36 19575D 189200 8.55 8.32

EBSD1801 37.45 43.3 75.99 22 81.6 19.4 70130 6890 8.35 8.44

EOS51801 37.45 4,4.1 75.99 31 81.6 19.4 70130 6750 8.06 8.4,8

E8S01701 126.2 47.4 79.49 22 82.29 20.7 187600 194100 7.81 8.29

EB5S1701 126.2 4-5.8 79.49 22 82.29 20.7 187600 195200 7.83 8.27

EBSD1601 613.5 .Ii12 80.5 22 79.5 22 6653 13290 8.16 8.63

EBSS1601 613.5 ~,69 80.5 21 79.5 20.7 6653 6550 8.05 B.58

EBSD15Dl 536 526 73.99 16 83.65 20.7 185750 197700 7.81 8.51

ED5S1501 536 235 73.99 11 83.65 19.4 185750 207300 7.82 8.62

NOTES:
1. A~L values are given in pnrts per billion and ilrf' not rounded.
2. ALL "0" values are due to insufficient sample and were not used in'calculating DFs.
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3 ;e'
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0-
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ft>
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'"ft> It>-S <-S
0
C 0
V>

<n
c
~

"0
:r
"'r+
ft>
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ft>
V>
r+
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-,
'"o·
-'ro
r>
I

""
;<;1

'""Cl

'"rt

'"
...."
--S
0
3 :;:

:I:
rt n
::J 1
ro V>

Cl
V> I
0 IT1
0- :>:>

I
c: Cl
3 --<

:>:>
'0 I
::J 0
0 0

'" ~

'0
::J

'" :>:>
rt ro
ro <
'0
--S 0
ro
n

'0

rt

'"rt

0

'"
OJ

'"rt
n
::J

--<
ro

'"rt

._-

pH pH after"
test

I" --
8.39 n.~,-

,

8.41 . 8.~,-

8.4 .~~'-

8.4 7.7~_

8.33 I l.72_

8.5 l,-!!!-

8.49 j~

8.55 jr.54

8.06 7.69

7.81 7.72

7.83 7.71

8.16 7.74

8.05 I, 7.66

7.81 7.54

7.82 7.65

8.06 7.65

40

30

00

00

00

·00

170

ter

000

000

800

7,00

~
OllO

NOTES;
1. All values are 9'iven in parts pef billion and ore not rounded.
2. All "ND" (No Data) values are due to in5ufficient sumple i'lnd were not used in calculating [lFs.

·

I
Total Cr(VI)

U after TotaL chromiun Nol af
, Sample tJ U test chromium , after

Cr(VI) after N03
~;est

i test
test · -EoPD24Dl 52 3.7 2000 1980 1925 1720 6257 ~~·

EBPS2401 52 ND 2000 1980 1925 1740 6257 5(
, '

EBPD2301 , 32.8 21.4 1895 1920 1065 1660 192~800 172

EBPS2301 32.8 4.76 1895 1920 1865 988 192,800 1~7

EBPD2201 504 52.9 192D 2250 2050 881 6,519 53-
EBPS2201 504 <32.3 1920 2120 2050 1680 6519 54-
EBP02101

,

536 4.81 1895 2050 2050 1620 195750 1,B30

EBPS2101 536 4.17 1895 1990 2050 1600 195750 1M

EBP01BOl ,37 .45
,

20 75.99 83 81.6 55.8 70130 47

EBPS1BOl 37.45 ND 75.99 78 81.6 35 7D130 ,~7

EBPD1101 126.2 ND 79.49 ND 82.29 48 187600 lT75

IEBPS1701 '126.2 ND 79.'.9 56 82.29 42.8 1876DO 1l~51

EBPD 1601 613.5 ND 80.5 106 79.5 44.1 6653 5-
EBPS1601 613.5 ND 8D.5 155 79.5 46.7 6653 51-
EBPD1501 536 <21.7 73.99 234 83.65 45.4 185750 llWOO

,

EBPS1S01 536 3.23 73.99 17t, 83.65 44.1 185750 1&670

n
1..,.



Table C-3.
(Phosphate

~HC-SD-ER-DTR-OOl, Rev. 0

Raw Data from the Phosphate Scoutiing Tests
Treatment Without Added Calcium Chloride).

•

Totat Cr(V] ) pH Treatment levelu after chromium No3 afterSample # test after after
test

after (mg Na2HP04/l

test test test solution trea:ed)
.

EST1101 B 716 189 186 186000 7.4 * Standard
No treatment

EBT110ZB 110C 2D2 196 189000 7.3 ,. Standard
No treatment

EBPSll01 1080 206 149 186400 7.8 423

EBP01102c 31 .. 206 175 191000 7.8 423

EBPsii02 r94 202 178 190000 7.6 B4

EBP01102 1210 198 170 188000 7.6 84
. ,

EPBSn03
,

-a57 198
,

10Y
. , . l1WOTIO . 7.6 17

EPBOll03 722 203 171 188000 7.6 17

EBPs1104 1130 205 169 162000 7.6 3.4

EPB01104 639 200 169 185000 7.6 3.4

•bOuplicates of standard solution used; only one solution used for scouting tests.
Mislabeled; should be EBPD1101 (per notebook [Beck ~992)).

C-5
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APPENDIX D

RAW DATA FROM ANION RESIN BATCH TESTS

D-I
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Resin: C.oncentrations (in ppb) of contaminants before and after' treatment wlitli Dowex 21K

Dowex 21K " resin I

o
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o
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o
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X
n
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<.CI
en
ro
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n
::r
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o
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'"o
o
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en
x

---~----+_---.--_t_--

U
ori~linal

.-------+-----+----c--+-----+--~-_+_---I__--_t----+__---._t

,

Samp;l e #

I--~-~-'~----r----"T'·'------r---------,.------.----r---,----~--·-r---~--Ij

U Total Cr(VI), N03 Grams'
after I lotal chromium Cr(VI) after N03 . after resin I

test chromirJm af;ter test' tesll per 30 fllL
, .', test solution

I----:-----I------=--+----+--------t---· . --
EBKDIBOI ]17'.45a 4 75.99 ]1;~.7 81.f> 19.4 701130 2881 1.2067

f-----'---.-'-r-_---_I----+-·--c---"-_1----- ----+_---+~.-------if-----+-----"---
EBKS1801 3)'.45 6 .. 67 75.9\l ]1;~.7 81.6 19.4 701130 2881 6.0379'

--~----- ---~f---_+_-------

EBKD1701 11'6.2 26.3 79,149 lli~.7 82.29 19.4 187600 7246 1.202:1
_.--I---.--+-----~----- --

EBKSl701 12'6.2 NOb 79:49 ];'.7 82.29 19.4 187600 3140 6.0043
--

EBKDI601 613.5 31.3 80.5 1<'.7 79.5 19.4 6653 2881 1.21441
- ..----+----I-.-----_t_-----~----_I_--_+_-------+---I__------

EBKSI601 '613.5 21.7 80.5 IL7 79.5 19.4 6653 2881 6.038).'
I---"--j---------+----+-.--.---t-----+-----/----+-----f-----+-------

EBKDISOI 536 NO 73.99 11'.7 83.65 19.4 185750 7741 1.2104
------+----+------'---+-----!f-----+---~---

EBKSISOI 536 NO 73.99 2083.65 19.41857-50 2881 6.0008
------+-~----+-----I----+-------+----I-----

EBKD2401 52 4 2000 12.7 1925 19.4 6257 2881 1.217.
1------- -------+----+-----+----__+----_1_--_+_-----+----1-----

EBKS2401 52 7.14 2000 32 1925 28.5 6257! 2881 6.021

EBKD2301 32.8 3.85 18~5 12.7 1865 22 192800 7830 1.2076
1------ -- --I-----_t-~--_f_---+---_t_---t__---_t

EBKS2301 32.87.14 1895 30 1865 20.7192800 3500 6.0495
1------ -,-----_+_----+-----'--+------+----_+_---I---_t----+__----_t
EBKD2,~01 504 4 1920 12.7 ;'050 19.4 6519 2880 1.2142

EBKSnOI 504 7.14 1920 31 ;'050 19.4 6519 2880 6.0143
----t__---t----+---_t-------j

EBKD2101 536 2.62 1895 18 2050 19.4 195750 7630 1.2084
--+-------t------t---------t----_t_----+---+----f----+------j

EBKS2101 536 5.56 1895 40 2050 19.4 195750 3440 6.019

o
I

W

NOTE: "0" values were used to determine the linear re9ression coefficients.
aAll value.s are given in purts per billion and are not rounded.
bAll "NO" (No Dat.a) values aj'f~ due to insufficient sample and \;ere not used in

calculating DFs.
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402 res 'j n Concen,trilt iods (in ppb) of contaminants before and after treatment with

, Amerlite 402 resin
-- , ,

IU ' , To ta1 Cr(VI) N03 grams
Toll,d chromium resin5amp1e h' U after chl'omium afteY' Cr(VI) after N03 after per 30 mLtE!st test test test solution

-- -,--+-
'12.7EB20IBOI 37.45 ;~Oa 75.~9 81.6 19.4 70130 2880 L 2012

-- ,--+-- ,

EB251801 37.45 5.26 75.99 12.7 81.6 19.4 70130 NO 6.014
I -',

EB201701 126.2 3.57 79.49 12.7 82.29 19.4 187600 25780 1.204
1-----'--:-

EB251701 126.2 4.75
1
79.49__ 12.7 82.29 19.4 187600 21380 6,0254

f---
EB201601 613.5 3.33 I 80.5 12.7 79.5 9.4 6653 2880 1.2067

£B251601 613 .5 4.35 80.5 12.7 ~9.5 19.4 6653 NO 6.0228

£B201501' 536 3.33 ,

73.9'9 12.7 83.65 19.4 18575-0 30660 1.2071,

£8251501 536 4 73.99 12.7 83.65 19.4 185750 27410 6.0184

£B202401 52 NOb 2000 23 1925 19,4 6257 NO 1.1999

£B252401 52 , NO 2000 155 1925 101 6257 NO 6.0592
-

E8202301 32.8 NO 1:395 39 1865 22 192800 37140 1.2101

Ell252301 32.8 20 1:395 173 1865 130 192800 30040 6.0055

EB202201 504 20 1920 38 2050 19.4 6519 2880 1.2024

E8252201 504 NO 1920 155 2050 109 6519 NO 6.0034
..-J-----

EB202l 01 536 22.7 11395 52 2050 23.3 195750 43780 I .2013
,

E8252101 536 3.91 lB95 59 2050 122 195750 40050 6.018

NOTE: "NO" values were assumed to be 0 in determining the linear regression
coefficients.

"All val ues -are gi ven in parts per bi 11 i{)n and are not rounded.
bAll "NO" (No Data) values i1n~ due to insufficient sample and were not used in

calculating DEs.
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I
~--- --------- """---t-Resin Concentrations (in ppb) of cDntaminants before and afftertreatment with 410 type resin

Amberl i te
, "I I I

410 I ,
,

-- -- -- . ._- --~-'--

U Tota'J I.
TDt aI chromium Cr(IV) N03 Gra.ms resin

5ample # lJ after' clhromi Un! after Cr(VI) after' N03 after per 30 mL
test tE!st test. t~st solution

,

-- -- ._- --
EB101801 37.45" 4 75.99 112.7 81.6 19.4 70130 ;~881 1.:2132

, -- -- ._- --
EB151801 37.45 4 75.99 12.7 81.6 19.4 70130 2881 6.10343

--
187600

--
EB101701 126.2 3.85 79.49· 12.7 82. :29 19A 1i'600 1.1073

-- -- ._- --
EB151701 126.2 4 179.49 , 12.7 82. ;~9 19.4- 187600 1:1040 6.0371

-- " ,--I---
EB101601 613.5 4 80.5 12.7 79.5 19.4- 6653 "881 I. ;~018

-- --- f--- 1--
E8151601 613 .5 4 80.5 12.7 79.5 19.4- 6653 2881 5.9981

-- -- ._- f---
E8101501 536 4 73.99 12.7 83.65 19.4 185750 15910 I . ;~046._- f---
E8151501 536 5.24 73.99 12.7. 83.65 19.4 185750 11350 6.0153

-
E8102401 52 4.76 2000 29 1925 19.4 6257 2881 1.226

-" -
E8152401 52 4.76 2000 41 1925 19.4 ,6257 2881 5.966

E8102301 32.8 4 1895 25 1865 19.4 19,2800 24320 1.202

E8152301 32.8 4 1895 47 1855 19.4 192800 15910 6.092

EB102201 504 4 1920 . 24 2050 19.4 6519 2881 1.198

EBI52201 504 20 1920 35 2050 19.4 6519 2881 5.986

E8102101 536 3.7 1895 23 2050 19.4 195750 17960 1.2118

EBI52101 536 3.57 1895 37 2050 19.4 19'5750 13810 5.988

"All values are gIven ln parts per bllllon and are not rounded.
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REGRESSION COEFFICIENT VALUES FOR ANION EXCHANGE METHODS

E-l



•

"""~'"''

i:~'....,

WHC-SD-ER-DTR-OOl, Rev. 0

£-2



"

-j

'"cr_.
ro
fT.
I
~.

AI
ro
<0..,
ro
In
In

a

'"n ~
a n
ro I.... C/>.... CJ
~. I.... en

:u
ro I

'" CJ
<+ .....

:u
<: I

'" C)
~ C)

c: -ro
In

:u.... ro
a <..,
J> C)

'"a
'"
fTl
X....
::r

'"'"<0
ro
3:
ro
<+
::r
0
0-
In

'N03 :~ C,'NOJ I C"~ I'103°R

3.35c,-04

--- --
·4,,600-03

--
I

'7e-08 2.01~~

3,D2c·OO 1.01c·02

1.80c-05 -5.2Ie-U3

I

.-

1.0oc-02

-

-
I"J/A N/A NfA I~II\ NfA

-
7.03e-06 -5.6e-03

1.5!le-03

5./

-
-2.57e-06

I
.-.

, .

--I-

-

:1.10>e-02

A mberlitc 410

-1.97e-03

Aml>r.rlitc 402

--f-----If----e-----t----·- 1-'

--+---t-----f----t-"---+

--.----c------,---- '-------C-r.----.,....
., .3·10-01

~.---,-+___O-,----j_-.--f__.--+.----+
3G'J+Ol 2.540+00 .Blc-01

-
IN/A I'JIJA NfA NfA NA NlA

I 91 % -1.1!:;0+02 - 1.46c+OO !J -'e-{]'2

.

·.. 5.12e+01

In 91% 1.1ge+01 6,Ge-OJ -5.07e-06

'0% 1.606+01

90% -9.266+03 1.

·.. 7.20e+OO
,

In 82% 1,060+01

33% 1.970 +01

'4% 2.620 +ml

·.. 8.216+00

,

m 9£% 1.13e+01

U

U

NOJ

U

NO:]

N03

Cr(VIJ

CdVlj

Cr(VIl

Dowex 21 K

r~lto1l "hU:'llliu

'-

-D,p"'d.nl~~I·.-~~ N~.-.,_:.;-T..R..-_;n-_l U·C, -.T: I_varial~--L~JL'=' __'~)miUm J. ~~
----'--

1 colal chromiu

Total ChrDmiu

en
I

W

A (-, indicates th.lt the turrn ""as not used in. the linal rnudnllo prcdict t.lin.11- joe, tile"" regrrl""ioll coelficients all" not significiu1L1y diller~nt horn lero

N/A·- Niol avail"blo, as the d~rclldcntvariable was a const.11ll (lJoe an"lylic.ill~~" than .... altle)

••• n2 is IKJI appJicOlulc, ill> no regression eqUilliur~ (model) is used

A delirlition 01 n2 is Ihe pe,cellt of tolal v.lriability of the J.lla C)<pLlilled I,y il,C fe\lFc.-sion "qu.ltiol1
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Table F-I. Equilibrium Experiment Raw Data.

--I-sample i! i " N03 Total Cr(VI) Mass of resin
rr I v chromium (g)

EBKT2111 534 196500 IB70 1520 <--Standards
I ....... H ....... ~ ~ ..... 432 189000 . I

1840
I

1540i to"loru I <--Standards

EBKS2111 4.5 119000 62 19.4 I 0.05
EBKS2110 21.1 69790 30 19.4 0.1071

I -EBKD2111 3.89 - 11-5000 r - 29.8 I 19:4 - 0.0557
" I

I tOI\U'lluT-- ~ I 600 32 I 19.4 0.0986

I EBKB0911 I 12.3 5955 29.8 I 19.4 <--Blanks

EBKBOljlO I -5.19- I ·5030 i - 29.£ I .' 19.4" <--B1 anks I

Measured density of resin 0.86 g/mL
-

! r .... 1/1"'\ ..... ' , .....

k ;::: k

r~oJ

('.J
N~'~

""".:';
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Table F-2. Liters of Solution 31 (Spiked 199-H3-2C)
Treatable per Milliliter of Resin.

I
C"mnl", ~ J I

Total..JaurlJ 1C ft U Nitrate Cr(Vl )
... - ---- chromium

EBKS2111 54.9 0.3 14.9 40.2
EBl(SZ 11 0 5.3 0.4 14.7 18.8
EBKD2111 57.0 0.3 28.4 36.1

EBK02il0 2~.O 0.4 14.9 20.4
Average 35.6 0.4 18.2 28.8

F-4
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APPENDIX G

RESULTS OF THE LOW FLOW RATE SPIKED GROUNDWATER (WELL 199-H3-2C)
BREAKTHROUGH TEST
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CumulativCl C~lumn

Ur,anjum
Total

Chromium IVI~ Nitrate
Flow Rate lremperature

l~!boratory ii'roject Volume&;
,Concbntration

Chromium:
Concentration CIJlI.'\Centrilitnon

~:Column jOe. at end
IpH

sample # 6i,~mple I , 11 Column volume,
lppb)

Concentration
l:ppb) lppb)'

Vic"lumes per of sample
·4.85 ml) (ppb) Houri collection

-- -- -----~ - ._-
P 1554. ERK31BOl 720 ' 1990 1740' 199WO B.47

-- -- - ._-
P 1554. EAK31BOt 705 2020 1820 187600

-- -- - _. .'.--
P 1555. EAK21TOl . 620 193'0 1670 190500 " B.:3

-- ----
P 1555. ERK21TOl 570 192'0 1620' 198600

--1-'----. --
29.'8

-
P 1556. EAK31SQl 76.90722 4.2 19.4 34,'3 1.24 23.8 l·95-- I---' - _. '.-
P 1556. ERK31S0l, 76.90722 2.5 29.:8 19.4 3473 1.24

--f--. .-
P 1557. ERK31S02' 150.11031, 3.3 29.8 19.4' 3473 1.1 B 23.9 l·78

--1-._----_. ,-
p.' 1557. ERiK31502 150.11031 5 29.8 19.4 3473 1.18

- ..-
p.' 1558. EAiK31503,. 224.3299 2.4 29~ 19.4 3~73 1.2 22.9 ·j/.82

-.'-
p.' 1558. EAI<3150:3. 224.3299 3.3 29.:8 19.4 3473 1.2

· ..-
P,1559. EAK31504 296825 3.2 ' 29. B 19.4 19960

-
1.16 21.9 0.47

..-
P,1559. ERK31S04, 296825 4,8 ' 29.:3 19.4 199'30 1.16

- --
P 1560. EAK:31S05, 366.5979, 3.5 29.13 19.4 112900 1.14 22.7 B.38

· --
P 1560. EAK31S05 366.5979 2.3 29.13 19.4 112200 1.14

-P 1561. ERK31S06 443.7113 2.7 29.13 19.4 222200 1 .25 23.2 8.3

- --
P 1561. EAK31S06 443.7113 3.6 29.l3 19.4 220800 1.25

- --
P 1562. ERI(31 507 521309 3.6 29.8 19.4 228400 1.25 23.1 H.19

- --
P 1562. EAK31507 521309 4.4 29.8 19.4 228700 1.25

- --
P 1563. ERK31 508 595.2517 2.5 29.8 19.4 218200 1.2 22.8 8.

~-
P 1563. EAK31S08 595.2517 25 29.8 19.4 212900 1.2

- --
P 1564. EAI(31 509 673.8144 3.3 29.8 19.4 217200 1.27 22.3 }·.88

-
P 1564. ERI(31S09 673.8144 4.8 2:;.8 19.4 215900 1.27

-
p 1565. EAK31S10 749.4845 27 29.8 19.4 219500 1.22 22.8 7.83-

·
P 1565. ER.~3151O 749.4B45 36 29.8 19,4 217500 1.22

P 1566. ER~~31511 823.5052 3.3 29.8 19.4 221200 1.19 23.3 i"86

P 1566, ERK31511 823.5052 4.2 29.8 19.4 218600 1.19

.....
'"CT
~

III

'"I
~

""'":E
Cl

'"c+

'"OJ ....,
-S-s
lllO
",3
7<" :EOc+ c+ :c::r ::r n-s III I0 t./)
C r- Cl<CO I::r:E ".,

..... .." ""IIII ~
ClIn 0

c+:E .....
""""
I

a
'" a

~C+
~

In III
::r
lllt./)

""lll"C IIIc+ ~. <7<"
~ III

0- a0...., '"-s
wo
~C

:::>
0-
:E

'"c+
III
-s

:EO
III
~

:c
w
I

N
n



'"I
ex>

, ,

O!tj' fi:?'') t ~ 777, ,
! i .-

~U"..J"", ~ >, I, t"l.
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--r ---..,.
C,:umulativq Column

Uramium
Total

Chromium (VI) Nitri~t,e
How Rate l TempElrature I

Laboratory , Projl,ct Volumes
Conclimtratio~n

Chromiurn
Concentra~i,on Concentr,ation

(Column' 1DC) cit en'd
pHsample # ' sample' (1 Colulffilll volume

lppbl
Cancentral::ion

(ppbl (ppbl
Vo'lumas pe~r of samph>

~4.:a5 mLi (ppbl HourI
~-

colledio:r/
~ - -----

P 1567. ERK31iSl.2 898.9691 5.2 29).8 181 .4 226'100 1,2, 22,..'8 7.75
~"--- -,- -----

P 1567. ERK31S12 B~18.9691 4.4 29,1.8 1~".4 227900 1,2,

- --
P 1568. ERK31513 ~174.433 3.3 29.8 191.4 226500 1.22 :,2,3 7.82

"~ -- , -- -----
P 1568. ERK31513 974.433 4.3 2S1.s 191.4 228900 1.22 ,

-
231'500

-- -----
P 1569, ERK31S14 lQ48.577 2.9' 291.8 1~1.4 l.:l 22:'1) 7.73

~- r-- -
P 1569. ERK31S14 1048,577 3,2 291.8 191.4 226600 1.:'

,-- f-'
,

P 1570. EAK31515 1123.423 14.1 29.8 lBI.4 228800 1.211 23..'4 7.72
1-. ~- r---"M -

P 1570. EAK31S15 1123.423 10.a: 29.8 1!l'.4 227.500 1.211
,-- -- , -

P 1571. EAK31S16 1198.26B 3,2 48 1!L4 216'000 1.211 23",4 7.68
,-- -- -

P 1571. ERK31S16 1198.26B 3,9 <50 1!J.4 219
1

700 1 .211

- .,
P 1572. EAK31517 12~75.3B1 3,5 291.a 1!L4 227~00 I .2S 24.'6 7.69

~- -- -
P 1572. EAK31517 ln5.J81 3,2 29.8 1!).4 221,700 1 .2!i

, -
P 1573. ERK31S18 13151.876 4,3 29.8 lB.4 215400 1.24 23.:8 7.66, -
P 1573. ERK31518 13.51.876 49 29.8 19.4 217:200 1.24

~- -- "
P 1574. ERK3f519 1429.196 5.3 :31 19.4 215~00 1.25 23.1? 7.68

- -
P 1574. ERK31519 1429.196 6,5 54 19.4 213'900 1.25

- -
P 1575. ERK31520 1504.247 4,8 64 19.4 208900 1.21 24.7 7.69

- -
P 1575. ERK31520 1504.247 4,5 59 19.4 209,tlOO 1.21

-
p 1576, ERK31521 1580.536 35 45 19.4 207,600 1.23 25-1:1 7.63 ,

-
P 1576. ERK31S21 1580.536 3,7 42 19.4 206,400 1.23

-- --
P 1577. ERK31S22 1657.649 4 45 20_7 205000 1.25- 25.<,:!. 7.73

-- --
P 1577. ERK31S22 16'57.649 3,6 40 19.4 201400 1.25

P 1578. ERK31S23 17:34.969 4.4 52 28.5 202!500 1.25 24.5 7.69

P 1578. ERK31S23 1734.969 4,2 38 19'.4 2001300 1.25-
P 1579. ERK31S24 1811.876 4.4 59 330.7 199:200 1.24 24) 7.79-
P 1579. EHK31S24 1811.876 49 60 330.7 199100 1.24
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---- 45-- --
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----
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----~~
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--
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------f---
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--- I---
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--- -----.--f---
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P 1673. ERK29S0a 544- ,9 1 29.8 19.4 80400 23.8 14.6 7.86
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J_f----r-
, P 116i76. ERK29$11 775.6 1 29.8 19.4- 97450 ::25.6 15.5 1'.93

f---o- -,-
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r-- ,-
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f-- --
, P 11679. ERK29S14 1001.8 1 29.8 19.4 102900 :25.4 15 7.813

f--
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73940 24 9.9 ' 7.63

44570 24.3 11.6 ' 7.63

45020 24.3 11.6 ' 7.63

92400 7.65

92100 7.65

l)

n

4

2

4

4

Total
Chromium IV,ium

Chromium
,tration

Conc;entration
Concentratjo.

,b)
Ippbl

lppbl

1 29.8 19.

t 29.8 19.

t 29.8 19.

54 88 66.

53 81 6
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,
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Volumo6 (1
Co,

" Column volume -
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RESULTS OF THE UNSPIKED GROUNDWATER (WELL 05-15) BREAKTHROUGH TEST
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, Cumulative

column Total
,

,IFlow Rate Temperature
'Chromium IVI) Nitrate

Laboratory Project , volumes 11 Uranium Chromium
'Ooncentration Concentration I

' (Co,lumn 1°C) at E':nd
pH

sample' sample' Column (ppbl Concentra- Volumes pel' of sam~:.le

Volume tion (ppbl
(pp'bl (ppb)'

he'furl collection
-4.85 ml)

ERKfsBOl
--

P 1630. 4.3 2050.0 1990.0 50630 7.B

- --
P 1630. ERK1'9BOl 6.0 2100.0 2080.0 50630 7.B

- --
P 1631. ERK2;lT07 925.0 2140.0 1·620.0 184600 8.26

- --
P 163l. ERKin07 660.0 2130.0 1550.0 184:100 8.26 '

f-'- --
P 1632. ERK19S01 B4 4.4 47.0 19.4 3473 1.13 26.2 7.17 '

I-~ --
P 1632. ERK19S01 B4 4.6 46.0 19.4 3473 1.13 2B.2 J.n

- --
P 1633. ERK19S02 16B 1.9 29.8 22.0 3413 1.13 2~j .2 7.39

- --
P 1633. ERK19SD2 16B 1.9 29.8 20.7 3473 1.13 2~j.2 7.39

- --
P 1634. ERK19S03 255 6.9 29.S 19.4 3473 1 .15 2~k8 7.35

- --
P 1634. ERK19S03 255 9.5 29.8 19.4 3473 1.15 2~LS 7.35

- --
P 1635. ERK1:9S04 33B 2.0 56.0 28.5 3473 1.14 2fi.5 7.48

-
P 1635. ERK1::JS04 33B 2.4 46.0 32.4 3473 1.14 2fi.5 7.48

P 1636. ERKI !:JS05 425 3.' 41.0 19.4 12960 1 .IB 26.5 7.72

P 1636. ERKWS05 425 3.6 47.0 19.4 13200 1.IB 26.5 7.72

P 1637. ERK19S06 510 3.B 32.0 31.1 58840 1.IB 25.7 7.92

P 1637. ERK19S06 510 4.3 34.0 27.2 58600 1 .1B 25.7 7.92

P 1638. ERK19S07 601 2.1 62.0 19.4 94000 1.18 25 .2 7.67

P 1638. ERK19S07 601 2.2 60.0 19.4 91310 1.IB 25.2 7.67

P 1639. ERK19S08 694 4.2 39.0 31.1 67850 1 .1B 26.5 7.62

P 1639. ERK19S08 694 4.0 46.0 27.2 67410 1.18 26.5 7.62

P 1640. ERK19S09 777 4.2 39.0 36.3 48000 1 .19 26.1 7.81

-
P 1640. ERK19S09 777 4.4 47.0 23.3 49090 1.19 26.1 7.81

P 1641. ERK19S10 B6B 3.7 70.0 37.6 46410 1.22 24.9 7.75

P1641. ERK19S10 B6B 3.6 64.0 45.4 47290 1.22 24.9 7.75
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Flow Rate Temperature
Labor~tory Project 'volumes (1 Uranium Chromium

Chromium !VII
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, sample' liample # Column (ppbl Co;l"lcentra-
Concentration Concentri:ltion

Volumes per of silImpl<e
pH

Volume tic,I'" (ppb)
lppb) (ppb(

hoiurJ collection
-4.85 ml)

.-
P 16·:42. EAK19S11' 958 4.2 83.0 37.6 45970 1.22 ' 24.4 7.13

.- -- ------
P 16·42. ERK19S11 958 4.4 77.0 35.0 46330

...:~
, 24.4 7.13

1-'-
P 1643. ERK19S12 1048 2.2 93.0 36.3 49240 1.21 ' 25 .. 2 7. 71

!--
, .

--
P 16·43. ERK19S12 1048 2.1 104.0 41.5 47010 1.21 25 .. 2 7.n

f-. ------------
P 1644. ERK19S13 1138 3.9 GB.O 38.9 48200 1.2 25.6 J.n

f-. . -- ----
P 16·44. ERK19S13' 1138 3.7 60.0 45.4 49~20 1.2 25.6 " J.n

!-. --
P 1645. ERK19S14' 1228 15.6 145.0 17.9 47490 1.21 24.1 8.08

f-.
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f-- __C_
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-
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----
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----
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--
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--
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Total
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APPENDIX K

RESULTS OF THE BIOOENlfRIFIED GROUNDWATER (WELLS 199-H4-4 AND 199-05-15)
BREAKTHROUGH"TEST

K-I



'""u,;;
:::!'''''
c~ ......,

WHC-SD-ER-DTR-OOl, Rev. 0

K-2



!."'!~/.!' ..:1. --;,.").!'l'" I ,_' ..<., >' '. I"LI 0 " ~,j:l.j... , __ / "JJ

'n
,~.

U~
,:
.~

CD

'><I,-

<XI_.
0
a.
m
:::J

..... :E:"'1 ::r;...., r>_.
I:

m VI

a. c:::>
1

fT,"',
n 1
0 c:::>
:::J -.n "',

Jm c,
:::J (:::J.....

~.

"'1 .
'"..... ""0 m
:::J <

< c.m
"'1
V>
C
V>

n
0
~

C
3
:::J

<
0
~

C
3
CD
V>

.. y ...

,.' ,
,~,' "'.' ......

. ....'... .-.." .. -.---.-..,.. ".-..

, .'

Clhromium (VI)

,

I

Nitrat~ perfomonce gool

y y 't' .,. ,. ".,.'

10

1 • • -+- .. • 10 10 10 10 .. 10 10,-4--6- 10 10 "..
Uranium

0.1 ~ I ---r- I

0 200 400 600 800 1000 1200 1400
Column Volumes (lCV - 4.85 mL)

Ctlromium performance goal

Uranium performance goal Total Clhrornium .--t---''- __ _ ~.;;;.'''''-..-_ __ _ --+.__.+-.--+.'--o._--+~_~- -._....--'1....
,

.'-"';0' ". ······1· ., .. -.-.-.-...-..-.-. ····1 -. -. • '41~ .. • -'. • .. -.•

I

100

1000

10000

100000

.,.lC;1

JCL-t

!l::l~

I

It:::
I~I

••..1.....'
l~i
I..,.....'
It:::
Ill,
1;.1

It::
I~

U

7"
I

W



CICo \1'.. .... \1' ... .." . . .\1'... .•.. ...... . .. ..... . ..'Y.. .....
""I....

Uroniurn Chromium performance goal

0.1 .. .. .. .. .. "----'r-- ... .. .. .. ... .. ... .. .. --........

~
00·· _-_•._.•._., - _~•..._ .•._ -."~··_····o· _.-0 - _ _ .•._- - _ ......•...._ ~..-_..--_....--- 0".... ........................................................................................................................

Chromium (VI)

10

1

Nitrate perf;omance gaol

Uranium performonce goal,- ---

Total Chromium

"..

,..

•... 1 ".

y.

.. Nitratl9 ....
.. , ..

. '1!.. \I'

-n
~.

<Q
C....,
etl

""IN

to

0
C. ~
etl ::c
" n

I
<-+ C/l..., 0

I...., ,.."
~. '"etl I
C. 0

-l

'"In a

--- a
n -0 .
<: '"etl etl..., <
In
C.
In a
n
0
~

c.
3

"<:
0
~

c.
3
etl
In

200 400 600 800 1000
Column Volumes (1CV- 4.85 mL)

1200 1400



nil. '. ,""n. 'I '-'S'"~ '!hl/'I i/"
) !., d/"",I... ,I,I" "-' i

.",

.'....
lI:l
~

"rD
"'"I'!".,

,

",-'''.

'","-CD
::J :E:"'. :x:
(':+ n
"' 1
",. V1.,., <:>
-". I
0) ",
,"- :<l

1
<:>
-l

--I :<l
0) 1
,~ 0

"t, 0n, --, ...'<+ :<l

" Cl>-, <n,..
0-"

-~c,
~,

,~

",
<+
Cl>

",
:>
Q.

"t:I
:x:

2 if;

::==~-=,,- lremperaturE! .,
20 age 23h-"-l....':__

I,<an~~e 3.9°C '

18. --. fI--~'\

12 - Flow Rate 14.5 Col 110 Volumes per V,r ,.__I\--_
- Rang:e 13 I . , . \

I • \

1()- , --r-
8 - '"'-''''''''''''''-''''',.''',',''~~':~.:'':':''':;;::''''' +:.., .•. ,.'. "" •.""':.::': ....'...~"." ... -...".•..•".".,'''''''''•..: ..,..,.....~''''''''''''-"

. pH I
6 -.,,-, , ,,-, _..,.,.. .., ".."."., ················,···"" .. -Avera·g'le··I;] ···· , --1---"-

Range 1.9
.it I I • • , • iii I • i I I , I • , ii' i I

o 200 400 600 800 1000 1200 1400
Column Volumes (l CV - 4.85 mL)

;'<
1
In



(:J:J
LD

WHC-SD-ER-DTR-OOl, Rev. 0

K-6



r--·----c'- - --- .._- -----
I

Cumulative Col:umn Toota! Chromium
Nitritte

Temperature Flow Ratll
Urarllium

,laboratory , Project Volumes (1'
Concentration,

Chromiulm (VII
Concentration

lOCI at end at (Coluror'\
pH

sample " , f5ample I Colurr'm volul1l~ - Concentrl'lltion Conccmtration sample \i('llumes ~,l,er

4.. 85 roLl
(ppb)

(ppbl (p,pb)
(ppbl

collection Houri

1---- I - --'----~- ---,--
P 1695 EiRK21Tl1 . 7BB 2:180 1800 218570 000011

f-- I '- - -----
, , P 1695.; ERK21Tl1 . . BO' 2160 1760 219480 4.33

-- I - - -
, P 1696. ERK30BOl 10.8 1000 720 11060 7.99-- I - - -----
, P 1696. ERK30BOl 10.8 1010 69. 11020 B'

------- - -- -
P 1697. ERK30S01 83.1 1 ;'19.8 19.4 3473 23.8 16,.6 6.12

------- f-- '- - -
, , P 1697. ERK30S01 83.1 1 :19.8 19.4 3473 23.8 16.6 6.12
~._---1-- - - -

, P 169B. EHK30S02 154.6 1 ;'19.8 19.4 3473 .. 23.8 14..4 7.81

~----~- ------- -
, P 1698. ERK30S02 154.6 1 :~9.8 19.4 3473 23.8 14.4 7.81

-- . - -
, P 1-699. ERK30S03 . 227.4 1 7.9.8 19.4 3473 23 14,6 7.49

-- - -
,p 1699. ERK30S03 227.4 1 "!9.8 19.4 3473 23 14.6 7.49

~- - -
P 1700. I ERK30S04 295.5 1 29.-8 19.4 3473 23.2 13~6 7.74

--
P 1700. ERK30S04 295.5 1 2.9.8 19.4 3473 23.2 1316 7.84

--
,p 1701. ERK30S05 381.4 1 "~9.8 19.4 3473 23 17:2 7.52

--
P 170lo ERK30S05 381.4 1 2:9.8 19.4 3473 23 17.2 7.52

P 1702. EiRK30S06 452.2 1 :2:9.8 19.4 3473 24.8 14.2 7.84

--
7.84P 1702. EIRK30S06 452.2 1 :29.8 19.4 3473 24.8 14.2

-- 7.63 'P 1703. EHK30S07 516.9 1 :29.8 19.4 3473 23 12.9

'--
P 1703. EHK30S07 516.9 1 29.8 19.4 3473 23 12.9 7.63 '

--
P 1704. ERK30S08 586.1 1 29.8 19.4 3473 21.9 13.8 7.78

'--
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P 1705. ERK30S09 652.3 1 29.8 19.4 3473 22.3 13.2 7.9

P 1706. EAK30S10 740.3 1 29.8 19.4 5891 24.7 17.6 7.82

P 1706. ~ ERK30S10 740.3 1 29.8 19:4 5899 24.7 17.6 7.82

P 1707. ERK30S11 Bl' 1 29.8 19.4 10812 25 147 7.82
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"",00

Cumulative Column
Urainium

Total Chrumium
,Nitrate

Laboratory Project Volumes 11
Concelntration

Chromium {VII
Concentration

(

sample # sample' Column volume - Concentration Conce ntration
4.85 mll

(ppb)
(ppbl' (p'pbj

lppbl

P 1707. ERK3DS11 814 1 29.8 19.4 10715

P 1708. EAK30S12 907.11 1 2~.8 19.4 18239

P 1708. ERK30S12 907.11 1 29.8 19.4 18000

P 1709. ERK30S13 959.:1 1 2~.8 19.4 27468

P 1709. ERK30S13 959.:1 1 2~,I.B 19,4 27606

P 1710. EAK30S14 1030.~i 1 2~"8 19.4 27934

P 1710. ERK30S14 1030.-:'; 1 2f
l
l.B 19.4 28137

P 171l. ERK30S15 1123.~~ 1 25,1.8 19.4 18379

P 171l. ERK30S15 1123.<1. 1 29.8 19.4 18232

P 1712. ERK30S16 1205.51 1 2~1.8 19.4 12046

P 1712. ERK30S16 1205.9 1 25'1.8 19.4 12101,

P 1713. ERK30S17 1281 .2 1 ,35 19.4 10872

P 1713. ERK30S17 1281 2 1 ~O 19.4 10689

P 1714. ERK30S18 1307.3; 1 29.8 19.4 10560

P 1714. ERK30S18 1307.3- 1 291.8 19.4 10560

P 1722. ERK30B02 10.1 9:98 787 10740

P 1722. ERK30B02 10.5 995 81. 10830

I

,

I

!

Temperature Flow Rate
··Cl 'at end of (Column

pH
s;~mple Volumes' per

collection Hourll

25 14.7 7.82

23 1:8.6 7.8

23 1:8.6 7.8

21.8 110.4 85

21.8 10.4 85

23.4 14.2 82

23.4 14.2 82

25.7 HI.6 7.89

25.7 HI.6 7.89

25.5 115.5 7.83

25.5 115.5 7.83

24.2 15.1 7.88

24.2 15.1 7.88

22.3 5.2 85
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pH

sample # 6ampJ~ #
volume - 4'.85 roll lppbl (p~lbl (ppb)' lppbl

Volumes of sample
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P 1742. ' ERK41S11 1011.4 11.8 82 35 223470 15.5 23 7.85

- -
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C_
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-- -
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Chloride

saRlp~e I sample ~ volume - 4.',85' mll (ppbl Ippbl IPpbl l:ppb)
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.

-,..-- -:.
p 1779. CK20BAOIl 2.1,' 4.5 1~.4 .3443 6.5
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1-'-; ,-.-- ~ -
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I-'--if-' ' -,- --'---...,....' '...L

P 171/4. CK31EAoia . 3'12.4 33000 3760 125(:00 ' ',4lCl3670 61150

-- , ,
, ...,....

, P 1,7f14. CK31EA03 :,U2.4 31900, 3650 117000 ",5,11-2680 G071

P 1,785. CK:llEA04 :";2.8 24030, 163000 94€iOO 10562900 68]'90

P 1,785.
---'-

~,n',2.8
,

CK31EA04 23900, 161000 99600 10658600 68321
-C_ ..

CK:l1EA05P17S11. ::n'3.2 19500, 123000 85200 1007840 9300
-c_ --

, ::n'3.2P 179,11. CK:llEAO-5 19400 125000 84S00 '1012070 9051
--'. -

P 17~6. CK~nEA06 , :,a1:3.5 13400 122000 80600 ~ 901663 100934_. - -,p DE,i6. CK~nEA06 ::11'3.5 18300 118000 77200 921196 99996_. ,.. -
P 1'18,:7. CK31EA07 ~113.9 15800 109000 69300 779567 10305

--'- - -
P 1'7g·7. CK31EA07 :lit 3.9 15900 109000 70300 785582 10259

~- -
P 118:8. CK31EAOB ::114.3 13500 94900 59300 7·445010 124606

- -
P 1188. CK31EAOa ,3114.3 13500 93300 59100 7:825000 130877

I - -
P 178.9. CK31EA09 3,14.7 12700 84200 51 BOO 549290 12969

-
P 178,9. CK31EA09 3.14.7 11700 94700 50300 606060 11696

-- -
P 1790. CK31EA10 3-15.2 9170 B2600 44900 522227 12540_. -
P 1790. CK301EA10 315.2 9240 7B5oo 44400 532463 12992_.
P 1797. CK.31 EB01 653.1 34600 111000 92500 6719430 15635

-'
P 1197. CK31 EB01 6ti3.1 35000 109000 91300 6997520 15930

P 1800. CK3-1 EC01 957.5 43430 153000 119000 10850600 47116

P 1800. CK31ECOl 957.5 43790 142000 119000 10631700 46840
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Laboratory Project i

Cumulative Cqolumn Urani,u~ Talai Chromium Chromium IVII Nit~ate
Chloride

Volumes 11 cQlumn Conlcer.l:ration ' Concentration Concontl:ation Concentration
sample' sample ': ' volume - 4.BI'...i mll 'Ippb) Ippb) Ippbll: IpPbl

Concentration

- --- . -
P 1803. ' CK31EDO" 1260.9 34440 150000 l11WOO 10412700 39132

- --- - ·
P 1803. ' CK31EDO'1 12'60.9 '34280 155000 121000 •10134900 38562

· - - ·
P 1806. ' CK31EEO"1 15·48.9 41700 137000 11:2000 98'27310 36446

- - -
P 1806. ' CK31EE01 1~48.9 41510 143000 tOl!J'OOO 9&'40590 37182

- - -
P 1809. ' CK31EFO'I 1819.8 34060 133000 103;000 9425250 39822

- ,

P 1809. ' CK3,EFo:I 18:19.8 '35940 137000 101;000 9199310 42474
- -

P 1812. 'CK31 EGO' 2062.2 '28040 130000 93~OO 84":76550 188334
- ---

P 1812. ' CK31EGO'1 2062.2 U730 128000 91;000 8718060 180642
- -

P 1815. ' CK31EHO'I 22,90.7 '2;2010 114000 89;600 8243960 35212

· -P 1815. ' CK31EHO"1 2290.1 2:Z210 110000 88;400 8'88840 34231

·
P 1818. ' CK31EJOl. 2608.3 2!)190 134000 128'P00 107:35100 36221

·
P 1818. ' CK31EIOl 2608.3 :2.1l760 129000 127ipoo 10106400 34106

· -
P 182l. ' CK31EJOl 2937.6 627.2 3430 3F 5:!2000 11607

P 182l. ' CK31EJOl 29G7.6 625.8 3230 3'~0 528000 13186

P 1822. ' CK31EJO~~ 2938 607.7 3740 3(640 692040 610

P 1822. ' CK31EJ02~ 2938 607.6 2420 3(640 692040 603

P 1823. 'CK31 EJO::3: 2938.4 734 3030 3~0 692040 206

P 1823. ' CK31EJ03; 29~8.4 729 3230 3\540 692040 206

P 1824. 'CK31EJ04 2938.8 336 3010 3640 692040 112

P 1824. 'CK31EJ04 2938.8 343 3010 3640 692040 120

P 1825. 'CK31EJ05 2939.1 337 447000 3640 692040 101

P 1826. CK31EJ05 2939.1 333 443000 31>40 692040 139

P 1826. CK31EJ06 2939.5 92100 876000 361000 9513730 3069

P 1826. CK31EJ06 2939.5 95899.9 881000 363000 9759220 3090

P 1827. CK31 EJ07 2939.9 130000 930000 57H)QO 39188200 40667

P 1827. CK31EJ07 29:39.9 130000 941000 673000 39238000 39367
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Prc')ject

Cumulative CO,lumn Uranium Total Chromium Chromium (VII Nitralle; "

labora,ltory
Volumes 11 QJ'lumn Con',centratipil CClncentrat!on Concentration COhlcontl'ration' ,

Chlorkh,
samph, , sarr"ple I

volumel - 4.85: ml) (ppbl (ppb) (pphl 'lppb) !
eo',ncentration

r-'----:,...- I-- _.•.
P 1828. CK31 EJ08 2!MO.3 3;9600 432000 282000 3~2792000i 863125

~ _ ..+0..."-'••'

P 1828. CK31 EJ08 2!)40.3 40700, 437000 285000 :li29610oo 906i91

2!)',40.8 -P 1829. CK3'EJ09 '9200 165000 103000 2'1475000, 118008
,I--

_.•.
P 1829. CK31EJ09 2!!40.8 20000 164000 105000 2' 1634.00Ql, 1218'21

1---'_-: , , ._-
P 1830. CK31EJ,O 2!J41.2 16000 8Q4:j.OO 51500 1 2oo13K>00l, 132375

~ ',-:--.-
P 1830. CK31EJ,O 2941.2 15700 8'300 52000 ",9131O()(),' 136132

- _.-
P 178l. CK3tSAOl 310.7 5 29.8 19.4 110f.Q1 1591

~
_.

P 178l. CK31SAO, 3,10.7 5 29.8 19.4 109HO, 1629
-:-r-'

P 1796. CK31SBOl 6,48.4 SA :298 19.4 2B9€>O, 1259

P 1796. CK31SBOl ~8.4 5.7 :298 19.4 25.700 1277
,

,~._'-':-1--.
P 1799. CK31SCOl 9~2.7 36 43 19.4 11450' 585

-'-~.
P 1799. CK31SCOl 952.7 36 33 19.4 11270 591

P 1802. CK31S001 12\56.3 43 42 19.4 12990, 440

P 1802. CK31 SOOl 1266.3 43 34 19.4 13.170, 434
~-

P 1805. CK31 SEOl 1544.3 69 69 19.4 9-610' 4,86

P 1805. CK31 SEOl 1544.3 67 67 19.4 9690' 4,85

1:815
--I--~-

P 1808. CK31 SFOl 98 43 27.2 8460 582

P 1808. CK31 SFOl 1:815 99 45 19.4 8470 571

P 1811. CK315GOl 2057.9 106 42 27.2 7082 693
~

P 1811. CK31SGOl 2057.9 105 37 19.4 7<l94 706
--

P 1814. CK31 SHOl 2286,4 155 '40 32.4 6523' 620
--

P 1814. CK31 SHOl 2l86.4 150 49 32.4 6530' 617

P 1817. CK31SKn 2603.8 79 61 19.4 16870 413

P 1817. CK3'\.SIOl 26·63.8 80 !5i50 19.4 17010 417

P 1820. CK31 SJOl 29:16.8 56 49 19.4 2207{) 360

P 1820. CK31 SJOl 29:16.8 55 37 19.4 22230 364
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, Cumulative CO,lumn Urani'ium Total ChriD'rnium Chromium IVI)

. ,

, L;)boratory Project Nitrate , Chi rid
Volumes 11 Coll,umn Concentration Concentn,tion; conc1ontratior:. Concentra.tii9" .. I] 0.

srample' sarnlple'
volume 4.85 ml) Ippbl (ppbl' lIJpbl lppb) !, (Anc«mtrcltlon

--'
c____ '

P 1780. CK31 TAOl 853 ,:Zl001 164q 2035~1'," 3
-- ~--- --

111780. CK31TAOl 1846 :21501 175q 203iOl,B 3.1

-- - 1
497

~---
If) 1835. CK31TJOl '2340 186tli 202$~~l ,3.1

-- · -,
c____ --

IF" 1835. CK31TJOl '508 12310 187q 202~:~1,8 ,2.8

-- · -,---
II" 1792. CK31'WAOl 3116.2 1730 5,4900 3810ll 47531"1,0 127,700

· '].860
----

3710llIf> 1792. CK31WAOl 316.2 ~4500 48011121,0 131'p20
~. c

~ 1793. CK31WA02 311.2 '9960 ,3940 354~ 4302fi21,t> 138923

P 1793. CK31WA02 317.2 :9810 '4040 3490ejl 4264:!910 144298

P 1794. CK31WA03 318.2 12900 54600 3810CI 3824j'81~ 142,710

12500
-,- -------

P 1794. CK31WA03 318.2 <l35oo 35600 3946~lOb , 145130

'~720 ~1600 2344670
--

P 1795. CK31WA04 320.9 20000 96294
..: --

p 1795. CK31WA04 320.9 7290 011200 21700 2405750 94262

--
P 1798. CK31W801 658.3 24400 1'8300 49100 7686570 105182

'1'9400
--

P 1798. CK31WBOl 658.3 24800 50300 7172500 111790
--

P 180l. CK31WCOl 962.5 5900 9390 3640 132010lJ 99070

P 180l. CK31WCOl 962.5 6000 8380 4860 1318760 97157

P 1804. CK31WDOl 1265.6 6400 15400 7060 16795120 101794

P 1804. CK31 WOOl 12,65.6 6400 14700 8030 1650650 106367

P 1807. CK31 WEal 1553.4 6200 10300 8520 1606520 94143

P 1807. CK31 WEOl 1553.4 6100 '8990 6810 1627Yl0 93045

P 1810. CK31WF01 1824.1 5600 1.:2020 3640 15481'90 104167

P 1810. CK31WF01 1824.1 5400 12830 3880 1520210 103370

P 1813. CK31WGOl 2066.7 5000 11900 6080 18431'50 101952
c

P 1813. CK31WGOl 2066.7 ~moo 11600 5840 1823140 103800
-

P 1816. CK31WH01 2295.2 4367 14800 6080 1679120 106368-
P 1816. CK31WHOl 2295.2 4423 14500 7790 1690510 106071
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030 liD?

-
2fiO 110,·

-
5~~O 1,4:

-
7Ela '·41

-
7!:IO H·!

-
6.10 141

-
<M·O ~:U

04-0 8;

04·0 4!

<MO 4!692

5557

2294

2247

Nitrat
1,::On-cont,'

lppb

3640

------,-1,·
Chromium IVII
Concenltration,

Ippb)

12200

-----,-
, 11200

-------
31500

3010

9090 3640 1377

------
6870' 3640 692

,- --------
7070' 3640 692

--------
3010 3640 692

8600 -
9700

9700 32000 5482.- ------
0100 4130 1389

, .-
mlum
ation

, ~-

Uranium Total Chm
, Concentration Concentl'

Ippb) (ppbl
f'-

3500 11

3600

"
13500 "f-,'
14300 "

3570 1

3850

1220

1230

1300

1270

.---- ,-

laboflltory Project
Cumulative Column'

,Volumes I t Column
sample I .ample .,

'Iillolume - 4.85 ml)

f----'pi819.
,-

CK31WKl'l 2612.7
f--- ,-

P 1819. CK31WIOl 2612.7 '
f--- ,-

P 183l. CK31WJOl 2942.3
f--- ,-

P 183l. CK31WJOl 2942.3 '
f--- ,-

P 1832. 'CK31WJO'2 2943.4

f----'p;832. CK31WJ02 2943.4
f--- -

P 1833. CK31WJO·3 2944.4

-'
P 1833. CK31WJ03 2944.4

-
P 1834. CK31WJ04 2945.4

P 1834. CK31WJ04 2945.4

3:,........
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