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Figure 3. Plot of 236U/238U of sediment sample leachates vs. sampling depth. 
Plotted are results for NPP1, NPP2, SPP1, SPP2 (Fig. 1) and for samples from 
borings from wells 2-26, 2-30, 2-31 and 2-5 in the IFRC plot (Fig. 5).  There’s little 
U isotopic difference between the bicarbonate and model groundwater leachates 
(not shown). Significant U isotopic local spatial heterogeneity (vertical & horizon-
tal) is represented by the sampled IFRC sediments, nearly spanning that of the 
other sub-pond sediment profiles. U was not only deposited in sub-pond sedi-
ments during operation of the ponds, but also potentially spread laterally (& verti-
cally) due to historic floods prior to dam control of the Columbia. 

Figure 4. Plot of 236U/238U vs. 235U/238U comparing sediment leachates (Fig. 
3) to 300 Area groundwater samples ( from Fig. 2, now shown). In general both 
arrays reflect variable mixing between a processed enriched U and depleted U 
(with perhaps natural U fuel). This mixing for the most part likely occurred as a 
part of the disposal history of the process ponds and trenches, rather than mainly 
controlled by mixing  the within the plume. 

Large U isotopic differences are evident between sediments from different process ponds and at the scale of the IFRC plot, along with U isotopic variations with depth.  (Figs. 3 & 4) 
Groundwater U and sediment leachate U isotopic compositions fall along similar, roughly parallel, arrays indicating mixtures involving both processed enriched U fuels and depleted U (and possibly 
processed natural U), likely developed during the history of disposal to the process ponds and trenches  (Fig. 4). 
Sediment U isotopic variation has some spatial correlation with the observed U isotopic variation in the 300 Area groundwater U plume (Figs. 4 & 11), and at the scale of the IFRC plot as shown by the 
Spr. 2009 passive U mobilization experiment and IFRC well samples from 9/2/08 (Figs. 5, 6 & 8).   
The isotopic composition of the added U that produced the observed U concentration excursions in 3-30 can be mapped to the U isotopic stratigraphy of borings from nearby 3-31 implicating the local 
“smear” zone as the source (Fig. 8 & 9).
There is a time lag of about a day between rises in the water table and the release of U from the 3-31 “smear” zone sediment to 3-30 groundwater (Figs. 7 & 10). Once the water table is at a new high, 
the influence of 3-31 sediment on 3-30 groundwater wanes also after about a day (Figs. 7 & 10).

Figure 5 (to the far left). Map of the IFRC experimental plot (see inset and Fig. 1 for 
location) showing locations of groundwater sampling wells and locations of sediment 
samplings (red circles).  Red numbers are 236U/238U measured on groundwater 
samples collected over an 8 hour period on 9/2/08. Approximate groundwater flow 
was toward  the river at <4 (?) m/day. Black contours are for groundwater 236U/238U. 
Dashed lines represent the boundaries of the former SPP complex.  Small insets 
show depth profiles of 236U/238U for the three borings for wells 2-26, 2-30, 3-31 that 
are compared and shown in greater detail in Figs. 2 and 4. Well 3-31 is within a 
former subpond, well 2-26 is in between two sub-ponds, while 2-30 and 2-5 are within 
the main pond footprint. The local effect of sediment hosted U at 2-30 on groundwa-
ter can be seen in the contours of 236U/238U.  The effect of local sediment U is also 
revealed in the passive U mobilization experiment described below (Figs. 7-10).

Figure 6. Plot of 236U/238U vs. 235U/238U comparing groundwater samples from the 
IFRC plot (collected 9/2/08) to groundwater samples to other nearby wells (see also 
Figs. 2 & 8).  Inset shows expanded detail for the IFRC well samples and their well 
numbers.

Figure 11. (A) Version of Fig. 2 highlight-
ing groups of groundwater samples by 
isotopic composition that are then 
mapped onto (B), modified from Fig. 1.

Figure 14. Plots of 235U/238U (in A) and 236U/238U (in B) vs. 1/[U] illustrating possible mixing relationships in 
the 300 Area groundwater U plume. No one mixing line covers all samples, but a fan of mixing lines appear to 
have a common endmember with a 235U/238U of ~0.0079 and 236U/238U of ~150. The other endmembers vary 
between different sectors of the 300 Area depending on local U contributions from contaminated sediment.

0

10

20

30

40

50

60

0.0062 0.0067 0.0072 0.0077 0.0082 0.0087 0.0092

depth, ft.

235U/238U
0

10

20

30

40

50

60

0 50 100 150 200 250 300 350

depth, ft.

2-26 Bicarb

NPP1
NPP2
SPP1
SPP2

2-5 USGS

2-30 Bicarb
3-31 Bicarb

D
ep

th
, 

ft
.

236U/238U x106

Vadose zone

“Smear” zone2-30

3-31

2-26

Saturated zone

Enriched UDepleted U

35

40

45

50

55

60

65

70

75

0.0062 0.0064 0.0066 0.0068 0.007 0.0072 0.0074 0.0076

236U/238U x1E6

23
6 U

/2
38

U
 x

10
6

235U/238U

B
urned-up

N
atural U

 Fuels3-
31

2-2624ft

22ft

2-
5

3-12

1-10A

3-11

3-12

1-21A

4-7

1-16B

1-16B

3-20

5/29
(276)

4/27
(271)

4/30
(155)

6/5
(315)

6/10
(235)

6/8
(104)

4/23
(41)

5/18
(80)

4/26
(65)

5/13
(51)

5/28
(50)

6/13
(60)

6/11
(81)

4/29
(95)

4/25
(40)

6/3
(68)

5/30
(272)

6/6
(310)

6/2
(182)

2005
IFRC Wells 9/2/08
2008

SPP1
2-26 Bicarb
3-31 Bicarb
2-5 Bicarb USGS

2009

Well 3-30 Spr. ‘09 Passive Exp.
M/D = sample date
(xx) = [U], µg/L

G
ro

u
n
d
w

ater

S
PP

1

26

27

28

29

30

31

32

W
ater Table D

epth, ft.

0

50

100

150

200

250

300

350

4/17/09 4/27/09 5/7/09 5/17/09 5/27/09 6/6/09 6/16/09 6/26/09

Bailed Samples
Pumped SamplesWell 3-30

U
 C

on
ce

nt
ra

tio
n 

(b
y 

KP
A

), 
µg

/L
 (p

pb
)

Sampling Date

Water Table

Spring 2009 Passive U Mobilization Experiment

Figure 2. Plot of 236U/238U vs. 235U/238U for 300 Area groundwater 
samples for 2004-2009.  Numbers by data points give well number, U 
concentration (ppb), and sample date.  Samples for well 1-17A show sig-
nificant change between July 2005 and September 2005.  An earlier 
sample (blue) of 1-17A from August 2003 is nearly identical to the July 
2005 sample. Samples from wells 2-1, 2-2, 4-7 and 1-21A also show sig-
nificant isotopic changes over 3-4 yrs, though higher frequency changes 
have yet to be investigated by sampling.
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Figure 7. Time series comparing U concentra-
tions of groundwater taken (bailed = blue dia-
mond, pumped = red squares)  from 3-30 
during the passive mobilization experiment. 
The water table depth is show (blue squares) 
for comparison. Sharp rises in U concentration 
are associated with rises of the water table into 
the lower vadose (”smear”) zone. Subsequent 
U excursions require greater rises in water 
table elevation. (See poster by J. McKinley et 

Figure 10. Time series of water table depth compared to the 
calculated percentage of the 3-31 sediment U end-member 
represented in the groundwater U at 3-30.  Water depths are 
plotted only for those dates for which the U isotopic composi-
tion data is available.

Figure 9. (A)Uranium mixing diagram plotting the inverse of U 
groundwater concentration vs. 235U/238U.  The data indicate 
mixing between relatively low and high 235U/238U end-members, 
with the low 235U/238U end-member associated with high U con-
centration. (B)The calculated percentage of 3-31 sediment U 
(represented by bicarbonate leachates) in the 3-30 groundwater 
U samples plotted against 1/[U] (ppb-1).  The data indicate that 
the “background” groundwater U concentration increased from 40 
ppb to 63 ppb with time (between 4/23/09 and 6/13/09).

Figure 8. Plot of 236U/238U vs. 235U/238U for samples from 3-30 collected 
between 4/23/09 and 6/13/09 during the passive U mobilization experiment. 
All samples, with the notable exception of the sample taken 5/18/09, fall 
along mixing lines between a deep (“smear” zone) vadose zone source 
characterized by bicarbonate leachates from 3-31 and “background” 
groundwater U. The sample from 5/18 was affected by a different vadose 
zone source, and represents U imported from the east of 3-30.  All 2s errors 
are smaller than the data symbols.

A B

Building time-series of isotopic analyses from selected 300 Area and IFRC wells (packed off and shallow wells) during 
passive groundwater rise (spring 2010). This will allow further isotopic fingerprinting of “smear” zone sources, character-
ization of timescales for mobilization, and tracking of the resulting U through the well array. 

Development of more detailed U isotopic stratigraphy for IFRC sediments across the array, particularly through the 
vadose “smear” zone. 

Additional U (& Sr) isotopic analyses of serial (varying contact time and with increasing reagent aggressiveness) leach-
ing experiments on IFRC sediment samples, size fractions and mineral separates.

U and Sr isotopic analysis of IFRC groundwater samples collected during/post injection of groundwater with
similar 236U/238U but lower [U] (Desorption Injection Experiment) and higher [U] (Adsorption Injection).

U and Sr isotopic analysis of IFRC groundwater samples collected during/post injection of groundwater with
much higher 236U/238U but diluted to similar [U] (U exchange experiment).

Conclusions

References

300 Area & IFRC Sub-pond Sediments
Uranium Isotope Stratigraphy
To investigate vadose zone sources of U in the 300 Area, sedi-

ment samples from four pits from beneath the former process ponds 
(locations in Fig. 1), and samples from borings produced from 
IFRC well construction (Fig. 5) and the drilling of 2-5 (C5708)  
were analyzed for U isotopic composition.  Bicarbonate extractions 
were performed on the “Pit” samples and 2-5 samples, while extrac-
tions with both bicarbonate and model groundwater solutions were 
conducted on the boring samples from IFRC wells.  The extracted U 
was quantified and measured for isotopic composition (Figs. 3 & 4).

Future Research

INTEGRATED FIELD RESEARCH CHALLENGE SITE 
Hanford 300 Area

IFRC Plot Groundwater Uranium Isotopic Variation: A Snapshot on 9/2/08

Comparing the U Isotopic Compositions
of Sediment and Groundwater at the 300 Area Scale

Bicarbonate and model groundwater leachates of IFRC sediment samples have similar isotopic compositions, but reveal 
significant U isotopic variability both horizontally and vertically, including within the “smear” zone. 
At the spatial scale of the IFRC well plot, resolvable, systematic differences in groundwater U isotopic compositions 
were found for samples collected on a single day(9/2/08). These differences may be attributable to local U isotopic het-
erogeneity hosted in the IFRC sediments. The 2009 passive experiment revealed that water table rises into the “smear“ 
mobilized U with distinct isotopic compositions that can be mapped back to the local sediment within the “smear” zone.   
Different vadose/”smear” zone reservoirs of U contamination in the 300 Area (and at the scale of the IFRC plot) have dif-
ferent U isotopic signatures, providing both the means to match sediment source to groundwater U contamination, but 
also provides a probe of contamination history and of the hosts of labile U.  
Significant spatial (and temporal) variation is observed in the U isotopic composition of 300 Area groundwater allowing 
the tracking of water masses independent of U concentration, and the constraining of the location along the shore of the 
locus of Columbia River contamination. 
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Uranium Isotope Systematics in the 300 Area U Plume and the IFRC Plot:
Progress Towards a Site U Isotopic Model

John N. Christensen1, James P. McKinley2, Mark E. Conrad1, Deborah Stoliker3, Donald J. DePaolo1 and John M. Zachara2
1Earth Sciences Division, Center for Isotope Geochemistry, Lawrence Berkeley National Laboratory; 2Pacific Northwest National Laboratory; 3U.S. Geological Survey, Menlo Park, CA

Uranium from nuclear industrial activities has a wide range of 235U/238U and 236U/238U due to variable combinations 
of isotopic separation producing enriched fuels with high 235U/238U and residual depleted U with low 235U/238U, and 
nuclear transformations altering 235U/238U as well as producing 236U during the operation of uranium-fueled nuclear re-
actors.   In contrast, natural background uranium has essentially constant 235U/238U (to within ±0.7‰ (Stirling et al., 
2007; Weyer et al., 2008), virtually zero 236U/238U, but variable 234U/238U due to alpha recoil effects (Osmond and 
Cowart, 1992). These contrasts in isotopic composition between natural and processed uranium, as well as the wide isoto-
pic compositional range of processed uranium, provide the means to trace contaminant uranium in the environment and 
delineate the sources and history of contamination (Christensen et al. 2004, 2007). In the 300 Area U fuel rods for 
Hanford’s nuclear reactors were manufactured, along with research and development of chemical processes and testing 
of materials in several small research nuclear reactors.  Uranium bearing waste from these various processes was dis-
posed to a number of different seepage ponds and trenches in the 300 Area, ultimately resulting in a persistent groundwa-
ter U plume. U isotopic analyses of Columbia River samples trace 300 Area U 350 km down river and provide contraints 
on U discharge rates from the 300 Area to the Coumbia River (Christensen et al. 2010, in prep). Here we discuss our U 
isotopic studies (supported by previous ERSP funding, and currently by 300 Area IFRC ERSP funding) of the groundwa-
ter of the 300 Area, with a particular focus on the IFRC experimental well array, and of vadose zone and aquifer sediment 
samples both from beneath the process ponds and within the IFRC array.  These data not only provide insights into the 
sources and temporal dynamics of the U plume, but also aid in the planning of experiments within the IFRC array (e.g. 
identification of wells with similar and contrasting U isotopic compositions to the IFRC array).  Planned experiments will 
involve adsorption/desorption of U within the IFRC experimental array that will be monitored in part through U isotopic 
analysis of groundwater samples from the array.

300 Area Groundwater U Plume (Dec. 2003-Summer ‘04)

Figure 1. Map of the 300 Area showing locations of sampled groundwater wells, 
seeps and of vadose zone pits beneath the North and South Process Ponds, and 
the site of IFRC well plot. Also shown are contours of U groundwater concentra-
tion for Dec. 2003-Summer 2004. (after Hartman et al. 2005)
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300 Area Groundwater Uranium Isotopic Variation
To map the spatial and temporal U isotopic variation of the 300 Area groundwater plume, we have analyzed a series of groundwater 

samples (Fig. 1).  Presented in Fig. 2 are U isotopic data for samples covering 2003 to 2009.  Significant variation is observed that mir-
rors that for the Process Pond sediment leachates, though in detail the two arrays cross each other at a low angle (Fig. 4) suggesting a 
second processed enriched U source composition. No consistent relationship is seen between ground water U concentration and isoto-
pic composition, consistent with variable release of U from contaminated sediments with a range of U isotopic composition.   
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See also posters by J. McKinley et al. (The deep vadoze zone as a source of uranium to the unconfined aquifer at the Hanford Site IFRC), 
J. Zachara et al. (Multi-Scale Mass Transfer Processes Controlling Natural Attenuation........)
and V.R. Vermeul et al. (River Induced Wellbore Flow Dynamics in Hanford IFRC Monitoring Wells: Evidence, Implications, and Mitigation)
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