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EVALUATION OF CHROMIUM SPECIATION AND TRANSPORT CHARACTERISTICS 
I N  THE HANFORD S I T E  lOOD AND lOOH AREAS 

E . C .  Thorn ton ,  Westinghouse Hanford Company 
J.E. Amonette, J.A. Olivier, and D.L. Huang, Pacific Northwest Laboratory 

Field and laboratory investigations have been conducted t o  define the f a t e  and 
transport character is t ics  of chromium contamination present i n  the 100D/H 
Areas o f  the Hanford S i te .  This information i s  relevant t o  assessing the 
impact o f  the re1 ease of  hexaval ent chromium t o  the Col umbi a River associated 
with the discharge of groundwater from the Hanford unconfined aquifer. 
Included in t h i s  study was the determination o f  the concentration and aqueous 
speciation of chromium in the unconfined aquifer, and an assessment of 
potential changes i n  speciation as  groundwater passes through the 
river/aquifer t ransi t ion zone and mixes with the Columbia River. 

The f a t e  o f  chromium was evaluated through the determination o f  chromium 
speciation of water samples collected from the Hanford unconfined aquifer, 
from seeps a long  the r iver ,  and from the r iver  i t s e l f .  The potential for  
uptake o f  chromium in the riverbed and riverbanks result ing from interaction 
with organic matter and oxide components associated with sediments was 
assessed by characterization of riverbank'sediment samples. Mixing t e s t s  
involving chromi um-contaminated groundwater and r i ve r  water were a1 so 
conducted t o  determi ne i f  a1 t e r a t i  on of chromi um speci a t i  on coul d occur 
subsequent t o  entering the Columbia River. In a d d i t i o n ,  groundwater plume 
maps were prepared from existing monitoring data o f  the 100-D and 100-H Areas 
t o  provide information regarding groundwater flow pa ths  and potential chromium 
sources. 

The r e su l t s  of t h i s  study indicate t h a t  chromium present w i t h i n  the Hanford 
unconfined aquifer of the 100-D and 100-H Areas i s  predominantly in the 
hexavalent oxidation s t a t e .  
oxidized form owing t o  the lack o f  organic matter w i t h i n  the aquifer. 
portion o f  the chromium i s  removed as  groundwater passes t h r o u g h  the 
river/aquifer t ransi t ion zone due t o  reduction and precipitation associated 
w i t h  sediment/water interaction processes. 
water samples, however, suggests t h a t  most of the hexavalent chromium 
ultimately discharges into the Columbia River. 
chromium subsequently occurs during the mixing of  groundwater and r iver  water, 
with re la t ive ly  l i t t l e  change t a k i n g  place in speciation. 

Chromium i s  apparently re la t ive ly  s table  in t h e  
A 

Chemical data collected from seep 

Dilution of  hexavalent 

1 



. OVERVIEW 

' Objectives of Study 
a. - Define chromium speciation of I00 D/H groundwater 

Assess  potential changes in chromium concentration 
and speciation as groundwater flows through aquifer/ 
river interface and mixes with 'Columbia River 

Iu 

Approach 

= Define current chromium distribution patterns 
= Determine chromium speciation of water samples - Characterize riverbank sediments 

4 = Perform groundwaterlriver laboratory mixing tests i 



ENVIRONMENTAL CHEMISTRY OF CHROMIUM 

0. Chromate or Hexavalent Chromium 
Cr04'- is predominant hexavalent chromium species 

Utilized as  corrosion inhibitor 'and decontaminant 
- Toxic and mobile 

.. 
I 

Reduction from Hexavalent to Trivalent Oxidation State . 

w Cr04" + 8H+ + 3e-+ Cr3+ .- ._ + 4H,O 
n 
-0 

R 

Important Reductants in Environment 
Organic matter 
Ferrous iron 

' Trivalent Chromium 
Nontoxic, natural form of chromium * 

Cr3+ immobilized by precipitation and adsorption 

C.r3+ + 3 0 H -  + Cr(OH), 

. . . . . .  .... 
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100-HR-3 Opernble Unit 
Monitoring Wells and Liquid 
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dthomiurn Distribution in the Hanford Site Unconfined Aquifer of the 100-D and 100-H Areas. 
Data shown is total chromium concentration values in ppb for filtered groundwater samples 
collected in October of 1992. 
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Chromium Distribution in the 100-D Area. Data shown is total 
- chromium concentration values in ppb for filtered groundwater 

samples collected in October of 1992. + 
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Chromium Distribution in the 100-H Area. Data shown is total chromium concentration values 
in ppb for filtered groundwater samples collected in September through November of 1992, and ’.. 
unfiltered samples (indicated by u suffix) collected in October of 1992. 
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Well # Date Cr(VI), 7196 Cr(VI), 
T i  me u n f  i 1 t e r e d  Hach 

D5-15 7/13/93 -- 1.26f 
08:47 

H4-4 7/13/93 -- 0.05f 
09:40 

H4-3 7/13/93 -- 0.13f 
10: 15 

D5-15 5/13/94 1.65 BOBML3 l . l f  
09:20 112f 

D5-15 5/13/94 1.66 BOBML6 1.6f  
(dup) 09:25 1.3f  

D5-16 5/13/94 -- 0.78f 
11:15 0.81f 

D8-53 5/13/94 0.41 BOBML9 0.32f 
12:oo 0.35f 

1 :45f 

0.34uf 
0.38uf 

H4- 14 5/13/94 <0.05 BOBMM2 0.04f 
13 : 30 0.04f 

H4-11 5/13/94 <0.05 BOBMM5 0.06f 

H4- 12C 5/13/94 -- 0.26f 

Equipment 5/13/94 <O. 05 BOBMM8 0.  OOf 
87 ank 16:OO O . O O f  

14: 22 0.06f 

15:OO 0.27f 

Hexavalent and Total Chromium Analytical Data (mg/L) for 
Groundwater Samples Collected in the 100-D and 7 00-H Areas. 

CrT, ICP Cr, 3 

Hach 

-- 1.85uf 
1.80f 

0.075uf B08QZO 0.05uf 
0 .05f  

0.180uf B08QY9 0.18uf 
0.16f 

1.59uf BOBMLl 1.45f 
1.40f BOBML2 

1.65uf BOBML4 1.3f  
1.50f BOBML5 
-- 0.80f 

0.329uf BOBML7 0.36f  
0.368f BOBML8 0.35uf 

0.053uf BOBMMO 0.03f 
0.051f BOBMMl 

0.064uf BOBMM3 0.05f 
0.066f BOBMM4 

0.24f -- 

- <O. 004uf BOBMM6 
- to. 004f BOBMM7 

0.  O O f  

9 
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Locat i on 

Seep 153-1 

Seep 110-1 

Seep 110-1 

Seep 110-1 

Well P t  #5 

Hexavalent and Total Chromium Analytical Data (mg/L) for 
Seep Samples Collected in the IOO-D and IOO-H Areas. 

Date Cr(VI), 7196 Cr(VI), Cr,, ICP 
T i  me u n f  i 1 t e r e d  Hach 

3/17/93 -- 0.03uf 0.045uf B08BD1 
08:30 0.05uf 0.050f B08BD2 

3/26/93 -- 0.14uf 0.276uf B08BD7 
1o:oo 0.247f B08BD8 

3/31/94 t0 .05  BOBMJ8 0.03uf 0.026uf BOBMJ6 
09:15 0.025f BOBMJ7 

4/1/94 <0.05 BOBMKl O . O l u f  0.025uf BOBMJ9 
08:OO , 0.016f BOBMKO 
4/1/94' t0 .05  BOBMK4 0.01f 12.7 u f  BOBMK2 
09:oo ' - 0.022f BOBMK3 

4/1/94 

4/1/94 
11:30 

9:45 
Seep 110-1 
(dUP) 
Equ i pmen t 
B1 ank  

t0 .05  BOBMl(7 0.02f 0.020uf BOBMK5 

t0 .05 BOBMLO O.OOf - to. 003uf BOBMK8 
to. 004f BOBMK9 

0.. 0.02uf . 0.021f BOBMK6 

Date 
Time 

~~ ~ 

Hexavalent and Total Chromium Analytical Data (mglL) and 
Conductivity (ps/cm) of Drive Point Water Samples 

Collected at 1 OO-D. 

Cr(VI) 3 Cy, Y Cond, ps/c 
WHC 7196 Hach 

Locat ion 

Well P t  #1 

Well P t  82 

Well P t  $3 

We17 P t  84 

Well P t  #5 

Well P t  #6 

3/31/94 0.12uf 
10: 15 0.13uf 

3 /3  1/94 0.14uf 
10:30 0.14uf . 

0.12uf 
0.14uf . 

0. l O u f  
0.09uf 

0. l O u f  
0. l O u f  

0.18uf 
0.18uf 

3/31/94 
10:35 

3/31/94 
10:40 

3/31/94 
11:oo 
3/31/94 
11:lO 

183 
188 

187 
188 

177 
176 

145 
144 

155 
157 

193 
193 

0.08uf 

0.06uf - 0.06uf 

~ 0.09uf 

0.04uf 
0.04uf 

0. OOuf  
0. OOuf 
0.02uf 
0.03uf 

0. l O u f  
0. l O u f  
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RESULTS OF CHROMIUM SPECIATION STUDIES 

Chromium Speciation of Groundwater Samples 
= Elevated chromium in filtered samples represents 

n Unfiltered samples often contain reduced .. chromium 

)--1 

Chromium Speciation of Seep and Drive Point Samples - Dissolved chromium is predominantly in the hexavalent E 
oxidation state V 

R Data suggests Cr(V1) is conserved during groundwater/ 
river mixing 

dissolved hexavalent chromium 

associated with particulate matter 
E 
I 
0 

I 
v) 

7 
N 

Ln 
I 
7 

Chromium Speciation of Columbia River Samples-" 
n Total dissolved chromium -0.25 ppb at I O O D  
D Total dissolved chromium 0.55 ppb near I O O H ,  

-80% Cr(V1) ( 4  

.. . 



CHARACTERIZATION OF RIVERBANK SEDIMENTS 

Approach and Objectives 

D 

c-l w 

Four sediment samples collected .. near seep l l O = l  
of IOOD Area 
Determine concentration and speciation of 
chromium in sediments 
Assess  interaction processes between riverbank 
sediments and groundwater 

Characterization and Testing M,ethods 

- Mineralogical/textural analyses by XRD 
D Semi-quantitative PlXE chemical analysis 
m Extraction and dissolution tests 
m Batch sedimentlsolution interaction tests 

.. . 

. .  . 



RESULTS OF SEDIMENT STUDIES 

Sediment Characterization Results 

= Texturally sands with minor claylsilt fraction 
= Composed primarily of quartz and feldspar plus 

kaoli n/serpenti ne, mi ca/illit e, and smecti t e 
U Moderately enriched in chromium (85 to  145 ppm) if c 

w 

* Implications .- .- 

( I  

Minor uptake of  chromium by sediment occurs as 
groundw.ater passes through riverbank 

= Chromium precipitates as .a  result of reduction by 
labile iron and organic matter in sediments 

m Most chromium probably passes through riverbank 
mixing zone relatively unaltered, however 

in 
7 
ru 
W 
ru 
VI 
I 

W 
n 

. .  
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GROUNDWATER/RIVER MIXING STUDY 

0 bjective - Evaluate potential changes in speciation or 
con cen t r a t i on of dissolved c h r o m i urn a s  
groundwater discharges into t h e  Columbia River 

Approach .- .- - River water composite prepared from samples  
collected at IO locations ( - 40 liters)' 

= Composite mixed with chromate-contaminated 
groundwater from well D5- I5  at various ratios 

n Controls and mixtures analyzed for Cr(VI) and other 
constituents at t h e  beginning of each test and at 
4 hours, I day, 3 days, 7 days, and 21 days  

.. , 



Sampling Locations for Columbia River Composite. 

.. 

I 

+ 

+ 



DESCRIPTION OF TESTS PERFORMED 

Test I - River water  control (no chromium) 
Test 2 = Riverlgroundwater ratio = I 
Test 3 = Riverlgroundwater ratio = IO 

Test 5 - Riverlgroundwater ratio = 500 
Test 6 = Riverlgroundwater ratio = IO, mixture exposed 

Test 4 = Riverlgroundwater & ratio = I00 - .  

c--’ 

“Test 7 = 2000 ppb Cr(VI) standard solution added to  
to  UV light t o  evaluate photooxidative effects 

river water  at a riverlsolution ratio = IO 
t o  evaluate groundwater matrix ef fects 

Test 8 = D5-I5 groundwater control, I600 ppb Cr(VI) 
Test 9 = Filtered groundwater and river water  combined 

a t  a rivedgroundwater ratio = 10 t o  evaluate 
effect of suspended particulate matter on 
Cr(VI) concentration 

.. . 
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Cr(VI) Concentration versus Time for 
Mixing Tests. . 
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RESULTS OF MIXING TESTS 

Principal Observations 

- .  Little change observed in chromium concentration or 
speciation during laboratory mixing -.  tests conducted 
at lower river/groundwater ratios 

during tests conducted at higher ratios 
- Possible decrease observed in chromium concentration 0 

I 
v) 

N 

N 
tn 
I 

? w 
W W 

n Implications W 

- Chromium will remain largely in the  hexavalent state 
after entering the  Columbia River - Chromium concentration decreases  in river primarily 
in proportion to dilution, although some reduction 
and precipitation probably occurs at high dilutions ( 4  



CONCLUSIONS 

N 
0 

Dissolved chromium present in groundwater and s e e p s  is 
primarily in t h e  hexavalent oxidation state. - .  

A minor portion of chromium is reduced and precipitated 
on riverbank sediments as groundwater p a s s e s  through 
the  groundwaterlriver interface, but this is unlikely 
to be an important sink for chromium. 

Chromium remains in t h e  hexavalent oxidation state aft.er 
groundwater mixes with t h e  Columbia River and varies in 
concentration primarily in proportion to t h e  degree of 
dilution. 
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