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HANFORD RESERVATION:
ANALYSIS OF CHEMICAL DATA RELEASED BY DUE ON

FEBRUARY 15. 1983

Linca Lehman M.arch 27. 1963

Data from 17 wells lccated on the Hanford Reservation were
released by DOE on February 15. 1983. These data were anialyzed to
examine the hypothesis of vertical mixing of water Masses
resulting from welling of deep groungrwater within the Pasco
Basin The results of trilinear and water type plots indicate
vertical mixing is occurring. The analyses do not permit
deterrmination of the rate of mixing. Mixing i an important issue
in tnE siting of a high level nuclear waste repository at the

Hanford Site: and must be addressed by DOE curirng site
cnaracterization.

In the Draft Enivironmental Assessment of tie Hanford site. DOE
makes a case that the hycrogeology of the Hanford site is
favorable for storage of hign level nuclear waste. The case is
made on the basis of hycrclopic moceling and peochemical analysis
of the groundwater. They conclude the groundwater flow systerm at
HanFord is one of cominanty lateral flow: with cistinct
stratifiec water types and 1ittle or no vertical mixing taking

place. Although DOE acknowledges mixing may be possible. it is nct
considered a significant factcr in the hydrologic regime.
Groundwater discharge to the Columbia River is thought to occur

only through horizontal flow within the upper basalt units.
Discharge from the redository horizon is claimed to be to the
southeast near or beyonid: Walula Gap. not to the Columnbia. These
conclusions are questioned based on, the following analysis of data
recently released by DOE

DATA MANIPULPTION

The data were entered into a cata base and the major ions selected
for use in computing the charge balance error. he major ions used
were Calcium (Ca). Magnesium (Mg), Socium (Na), Potassium (K),
Bicaroonate (F-CO3). Sulfate (S04). Fluorice (F). Carbonate (CO3)
and Chloride (Cl). The data were plotted on Piner trilinear
diagrams to determine water types. These water types were
susecuently plotted in plan view ard cross section to determine
the area distribution Of water types. Fluoride anc chcorice
concentrations were listed as a function of depth for selected
wei s within the basin. i.e. at DC-6. DC-14. .DC-15. and DC-12.



DISCUSSION

Cnarge Balance Errors

The compouter calculated charge balance errors range from less than
0.0l to 15.8 percent. The ranze of error increases with depth of
sampling. For example. the average error in the Saddle Mountains
Unit is aporcoximately 2 percent. the Wanaoum aporoximately 5
percent and tne Grarnrde Ronoe approoximately 7 percent. However,
only major ions were used to calculate charge balances. in all
cases total millieoivalents of cations exceeded milliecuivalents
of anioms. This leads to the conclusion than an anion which
beccmes increasingly significant with depth was not incluced in
the calculation of charge balance. The minor anions provided by
DOE in the data were the hycroxyl ion (OH) and the silicate ion
(-3iO4). The corncentrations of the OH ion listed in the data 'are
small usually less than oom. The concentrations of H3SiO4,
however. are significant - particularly at depth. Spot checks of
the data reveal this ion accounts 'For most of the error cboserved
in th e charge balances.

T ril inear Diaprams

The data provided by DOE were Plotted cn Piper trilinear diagrams
with samples from the Saddle Mountains Unit in blue, the Wanapum
in green, and the Grande Ronce in red (figure 1.) The plots
indicate there is considerable difference in water type within a
stratigraphic interval. The major water types are showrn in Figure
2. They are type A - Sodium Chiorice: Type B - Cation (Ca. Mg>)
Bicarbonate: type C - Sodium Bicarbonate (mixed water type). The
blue Saddle Mountains wells plot as Type B and type C. The green
Wanapum wells plot mainly as Type C and A. The Grande Ronde plots.
distinctly as Type A. The linear trends seen from the T ype A to
Tpye C water indicates mixing between the two water types is
occuring. A trend also exists from the type B water to the type C
water. This can be interpreted as mixng and as gradual increases
in sodium cue to ion exchange along the flow path. The area..
distribution of these water types in the lower Saddle
mountains/upper Wanapum is shown as Figure 3 . As can be seen, the
Type C watEr (Socium Bicarbonate) is distributed mainly in tne
central. portions of the Pasco Basin. surrournded on al sides by
tie Tyye B (Caion Bicarbonate) water. The type B water is
interorereed as recharge water entering the flanks of the basin,
from the surrounding mountains or higher elevations. 7his water
gracually increases in sodium content as it proceecs down

gracient. and further mixes with upwelling sodiun chlorice water
in the center of the basin.



The vertical distribution of water types is shown in Figure 4. The
greatest concentration of Type C water lies in a lens shaped
formation in the center of the Pasco Basin. Data was not available
for wells outside the Hanford Reservation: therefore the shape of
the to of the lens to the right side of the drawing was inferred
from Hydrochemical facies maps published in RHO-BWI-ST-5, Gephart,
1979. Neither was data available from which to draw the lower
limit of the lens on the right side of the drawing (east side of
the basin). It is arbitrarily drawn symmetric to what is seen on
the left. put it is riot possilbe to confirm this bourndary with the
data mace available from DOE. Nevertheless, the data wnich are
available supoort the contention the type C water lens thins
towards the Rattglesnake Hills and thickens toward the center of
the basin.

The distribution of type C water is taken to indicate the extent
of hydraulic connection between the major basalt units. Thinning
signals the aosence of hydraulic connection in this section of the
basin. it is noted this area of tne basin co-responcs to the
greastes thickness of the Ellensburg formation. The Ellernsburg is

compresed of weakly lithified; clastic and voicaniclastic sediment
interbeos which uncerlie interfincer. and overlie flows of the
Yakima Basalt Subgroud (Yvers arid Price, .1979). The Ellensburg is
krown to be most extensive in the Saddle Mountains formation and
decreases with depth through the Wanaoum to virtual. absence within
the Grande Rcnce. The imolication is the interbeds of the
Ellensburg offer the greatest resistance to vertical mixing, not
the cense basalt interiors as is implied by DOE in the Site
Characterization report. Furthermore, the dense basalt interiors

should be thicker toward the center of the basin where the basalts
themselves are thickest. According to the DOE hydraulic model it
follows that vertical conductivity should be minimal in this area.
The existance of a large mass of mixed water undercuts this
hypotnesis.

As can be seen from Figure 4. the type C water mass curves
downward to the Grande Ronce Unit. The deepening of the Type C
water probably results from the large amount of water draininD
into this area from the upper basalt units. This would be expected
witinin a discharge zone.

Hydraulic head Distribuion

the hydraulic head distribution within the can be seen in
figure 5. The distribution indicates a hydraulic lOW under the
Gable mountain - Gable Butte Anticline. A plunging artcline. The
Gable mountain - Gable Butte structure slopes downward towards the
Columbia river to the east. Because anticlines are structurally
deformed areas. both vertical and horizontal hydraulic
condcuctivity are expected to be greatly increased. The folding and
fracturing wnich occurs in the anticline would provide avenues for



groundwater to move through the structure at increased rates
compared to surrounding areas with less deformation. The hydraulic
low indicates the anticline could be capuring the discharge from
surrournding areas and transmitting this water to the Columbia
River near and south of DC-6. in the Site Characterization report
DOE indicates evidence of upwelling into the anticline from the
Grande Ronde unit in several wells. Since hydraulic potentia1s
measured in the Grande Ronoe unit in DC-1.4 anc DC-6 are above the
ievel of the Columbia River. the hydraulic driving force exists to
move deep grourdwater upward along an available path (tie
anticliine) to river level. The hydraulic potential at DC-1 2 is
also quite high 390 feet above sea level. T his also provides
potential for upwelling. The potentiometric surface between DC-12
anc DC-6 is drawn on Figure 4.

Assuming the arnicline is providing a conduit for groundwater to
flow to the Columbia at or near DC-6, some evidence should be
found in the chemistry of tne DC-6 well samples. in fact, some
evidence is found in this borehole. Table I compares the coloride
and fluoride values cf selected wells within the Hanford
Reservation. ;Note the differences in the Grande Ronde sequence at
DC-14 ant DC-6 compared to DC-15 and DC-12. A gradual increase
through the sequence occurs in chloride values at DC- c and DC-15.
in the DC-6 and DC-14 wells, however one can see sharp
differences in the chloride values with depth. This can be
interpreted as flushing of these units (N2R2, Umtamum Flow Top,
and Lower Grande Ronce) throuch- zones of higher permeability. This
would be likely if water was being transmitted through the Gable
Mountain - Gable Butte Arnticline. It is not possible to tell if
deeper flushing occurs at DC-14 due to lack of data.

Borehole DC-6 and DC-14 have the highest concentrations of
flourdice and chloride in the basin, These boreholes are located
near the horn of the Columbia River ant near the Gable Mountain -
Gable Butte anticline. The high concentrations leac to the
conclusion that upwelling of deeper more saline water is occuring
in this area - as opposed to other areas within the Pasco Basin.
Chloride and flouride concertrations drop off in the Wanaoum unit:
prooably due to flushing taking, place in, the discharge zone. At
DC-12 tne concentrations of chloride and flouride do not drop off
as rapidly. This is possibly due to a lack of flushing by recharge
water resulting from thick accumulations of the Ellensburg
Formation in that region.



Selected Chioride and Flouride data
Hanford Reservation

Well Number

Table 1



CONCLUSIONS

The major conclusion of this plotting exercise is that upwelling
and mixing of Groundwater is occuring within the central portion
of the Pasco Basin: and that the Gable Mountain Gable Butte
anticline may be providing a conduit which "drains" the upper and
lower systems (repository horizon) within the basin. Further it is
concluded on the basis of the distribution of the Type C water
that vertical mixing is controlled by the distribution of the
Ellensburg Formation rather than the entablature zones (dense flow
interiors) of the basalt layers. it is noted the flow oath
Generated by modeling studies of RHO does not consider the
possibility of flow from the repository area being captured by the
fractured anticline and being transmitted to the Columbia River.
In this regard, DOE's conclusion of lateral flow with no
significant mixing cannot be supoorted or, the basis of the data
released in February 1983.
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PIPER TRILNEAR DIAGRAM

Ions expressed as percent of total
milliequivalents per liter

Figure HYDRD-CHEMISTRY DATA PACKAGE
Piper Trilinear Plot of all data received from DOE Richland Office 2115/83
Charge Balance Error less than 10%, 11 samples excluded due missing data)

Linda L. Lehman Date: Karch 17, 1983



PIPER TRILINEAR DIAGRAM

Ions expressed as percent of total
Milliequivalents per liter

WATER TYPES: TYPE A = Sodium Chloride type
TYPE B = Cation (Kg-Ca) Bicarbonate type
TYPE C - Sodium Bicarbonate type

Linda L. Lehman Date: Karch 17, 1983



SELECTED CHEMICAL QUALITY DIAGRAMS FOR GROUNDWATERS
WITHIN THE PASCO BASIN.

Figure 3 Areal distribution of water types within the lower Saddle Mountains-Wanapum
hydrostratigraphic interval.





FIGURE 5-- Potentiometric Map for and Inferred Flow Directions of
Groundwater Within the Mabton Interbed Beneath the Hanford Site.

5.1-54



DATA APPENDIX



Chemical Data From Hanford Nuclear Reservation

CHAGE BALANCE ERROR = 2.2 PER CENT
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