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Summary 

The 200 Area State-Approved Land Disposal Site (SALOS) is a drainfield which receives treated 
wastewater, occasionally containing tritium from treatment of Hanford Site liquid wastes at the 200 Area 
Effluent Treatment Facility (ETF). Since operation of the SALOS began in December 1995, discharges 
of tritium have totaled -304 Ci, only half of what was originally predicted for tritium quantity through 
1999. Total discharge volumes (-2.7E+8 L) have been commensurate with predicted volumes to date. 

This document reports the results of all tritium analyses in groundwater as determined from the 
SALOS tritium-tracking network since the first SALOS wells were installed in 1992 through July 1999, 
and provides interpretation of these results as they relate to SALOS operation and its effect on ground­
water. Hydrologic and geochemical information are synthesized to derive a conceptual model, which is 
in turn used to arrive at an appropriate approach to continued groundwater monitoring at the facility. 

Hydrostratigraphic relationships beneath the SALOS cause a slight translocation of infiltrating 
effluent southward toward a former upgradient well 699-48-77 A before entering groundwater. Dis­
charges to the SALOS have produced a limited, but persistent groundwater mound near the facility , such 
that groundwater flows radially away from the facility for a short distance before resuming a northeasterly 
direction of flow. 

Groundwater numerical modeling conducted in 1997 predicted hydraulic heads and tritium distribu­
tion in the uppermost aquifer in the vicinity of the SALOS through 2095. As of March 1999, the head 
values appear to agree with model predictions, but the extent of the tritium plume created by the SALOS 
is somewhat overestimated by the model. This may be because the actual quantity of tritium sent to the 
SALOS thus far is only half of the predicted amount. 

Only the SALOS proximal wells (699-48-77 A, 699-48-77C, and 699-48-77D) have been affected by 
tritium from the facility thus far; the highest activity was observed in well 699-48-77D in February 1998 
(2.1E+6 pCi/L). Analytical results of groundwater geochemistry since groundwater monitoring began at 
the SALOS indicate that all constituents with permit enforcement limits have been below those limits, 
with the exception of one measurement of total dissolved solids (TDS) in 1996. The average concentra­
tions of most constituents with enforcement limits are also below estimates of Hanford Site groundwater 
background concentrations for these constituents. Some parameters, such as conductivity, sulfate, and 
TDS have been elevated in groundwater due to leaching of natural salts in the vadose zone beneath the 
SALOS. 

The revised groundwater monitoring, sampling, and analysis plan will retain most of the constituents 
and parameters from the first State Waste Discharge Permit, ST-4500, but eliminates ammonia as a 
constituent. Replicate field measurements will replace laboratory measurements of pH for compliance 
purposes. A deep companion well to well 699-51-75 will be monitored for tritium deeper in the upper­
most aquifer. Well 299-W8-l is reduced to tritium monitoring only, because this well is no longer a 
legitimate upgradient location for the SALOS. 
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The hydraulic potential between the unconfined (uppermost) aquifer and the confined, upper-basalt 
aquifers is also directed downward near the SALDS. However, the lack of measurable vertical gradient 
within the unconfined (uppermost) in the general vicinity of the SALDS (e.g. , wells 299-W6-6 and 299-
W6-7) suggests that significant discharge from the uppermost aquifer to the upper-basalt aquifers does not 
occur in this area, despite the potential for downward flow. 

Annual-to-monthly water level measurements are made in all 21 wells in the SALDS tritium-tracking 
network. The composite hydrographs in Appendix C, grouped by their well locations relative to the 
SALDS, illustrate the results of these measurements over the last several years. The most obvious feature 
common to all wells in the network is the steady decline in water levels since the late 1980s. This decline 
is a result. of the termination of effluent disposal activities within the 200 West Area over the past two 
decades. As a result of this, and the beginning of the SALDS operation, water levels in the SALDS 
proximal wells, most notably well 699-48-77 A, are becoming consistently higher than water levels in the 
rest of the network wells. 

Falling groundwater levels in the SALDS area is also limiting the service life of some of the tritium­
tracking network wells. Table C. l (Appendix C) indicates projected service life for SALDS tritium­
tracking wells, based on a linear calculation of decline, and using the most recent 1 year of records 
(ending in May 1999). By this estimate, some wells in the network may have only a few years of service 
left, such as well 299-W7-9, which is projected to have <3 years left. Most of the wells at risk of going 
dry are located near the 200 West Area boundary, south of the SALDS. Loss of some of these wells may 
not significantly reduce network efficiency because of the density of well coverage in this area. 

2.2.1 Vadose Zone and Aquifer Hydraulic Characteristics 

During the site-evaluation of the SALDS in 1994, two shallow (-6.5 m) boreholes were drilled into 
the calcareous portion of the Plio-Pleistocene unit near the southwest and southeast comers of the SALDS 
drainfield for the purpose of conducting infiltration tests. The tests were conducted out of concern for the 
potential of the Plio-Pleistocene unit to cause excessive lateral diversion of effluent discharged to the 
SALDS. Three falling-head tests produced infiltration rates ranging from 0.9 LA daf 1 A m·2 at the 
southeastern comer to 66.8 LA daf1 A m·2 in the southwest borehole. The only reliable constant-head 
test, from the southwestern borehole, yielded a hydraulic conductivity of 2.7E-3 cm A sec·1

• No other in 
situ tests were conducted in the vadose zone, but laboratory analyses for saturated hydraulic conductivity 
(Ks) produced values ranging from l.4E-2 cm A sec· 1 in the upper, unsaturated portion of the Ringold 
Formation, to 5.3E-6 cm A sec·1 in the Plio-Pleistocene unit at a depth of -11 m. The average (n=l2 
samples) laboratory-determined Ks for the Plio-Pleistocene unit was 3.0E-3 cm A sec·1

, while the average 
(n=2) for the upper portion of the Ringold was l.6E-2 cm A sec·1 (WHC 1994). 

Three constant-rate aquifer tests were conducted at three intervals in well 699-48-77C during the 
driJling of this well in 1994 (Swanson 1994). Well 699-48-77D was used as an observation well. These 
tests produced estimates of Ks ranging from -0.004 cm A sec·1 to -0.042 cm A sec·', with the lower 
estimate occurring in the upper -one-third of the aquifer. Storativity was calculated at 0.0016 from one 
aquifer test within a semi-confining layer in the Ringold Formation, but a storativity value of 0.0005 was 
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found to work best when applied to type curves for analyzing the remaining two aquifer test results. Both 
of these values are typical of confined aquifer storativity. Three slug tests were also performed in the 
same test intervals as the pumping tests and yielded comparable results . 

2.2.2 Groundwater Flow 

A derivative of the Darcy equation was used to obtain the magnitude of groundwater flow near the 
SALDS facility. The relationship is expressed by 

where v is the horizontal component of average linear flow velocity, Ks is the saturated hydraulic 
conductivity, I is the horizontal component of hydraulic gradient, and ne is the effective porosity of the 
aquifer material. Using the March 1999 regional hydraulic gradient of 0.0018, an assumed ne of -0.25 

(Graham et al. 1981; Graham et al. 1984; Cole 1997), and the range of Ks from the constant-rate aquifer 

tests (-0.004 cm A sec-1 to -0.042 cm A sec-1
) , yields a ~ range of 3.0E-5 cm A sec-1 (0.03 m/day) to 

3.0E-4 cm A sec-1 (-0.3 m/day). Using the gradient for March 1999 between wells 699-48-77 A and 699-

48-77D (0.004), results in a range for ~ of 6.0E-5 cm A sec-1 (0.05 m/day) to 6.7E-4 cm A sec-1 (0.6 
m/day). Within a very restricted area immediately adjacent to the region of effluent infiltration at the 
SALDS, flow velocities presumably would be higher still because of the higher hydraulic head. Within 
and very near the area of infiltration, the greatest component of groundwater flow would be downward 
(see Section 4.0). 

Based on the groundwater contour map for March 1999 (see Figure 2.2), groundwater flow in the 
general region around the SALDS is dominantly northeast. However, perturbations caused by effluent 
discharge to the facility produce a "radially" divergent flow close to the SALDS. The flow directions 
indicated in Figure 2.2 are interpretive in nature. For instance, it is not known how far groundwater flows 
southwestward from the SALDS before taking an easterly or northeasterly course. It should also be 
recognized that this figure represents only a potential flow field to illustrate probable direction of flow at 
any point in the field, and that actual translocation of water molecules (or tritium) has not occurred along 
a path equal to the entire lengths of the flow lines (i.e., lengths of the flow lines are arbitrary). 

2.2.3 Comparison of Current Conditions with Numerical Model Predictions 

Several numerical simulations of groundwater flow and transport have been conducted for the 
SALDS since the planning stage of the facility began in 1991. A summary discussion of these models 
and two relevant vadose-zone flow models is presented by Barnett et al. (1997). Early two-dimensional 
models (e.g., Golder 1991) used overly robust values for SALDS operation and assumed steady-state 
conditions. Some of these extra-conservative models predicted that tritium would reach the Columbia 
River in 100+ years at concentrations near the drinking water standard (DWS) at 20,000 pCi/L. Later, 
more sophisticated three-dimensional models, such as Chiaramonte et al. (1996), incorporated realistic 
operating scenarios for the SALDS, terms for tritium decay, and transient flow conditions. These models 
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indicated that the tritium plume generated by SALDS would remain within -2 km of the SALDS until the 
plume decayed. 

The most recent groundwater numerical model for the SALDS used the three-dimensional Coupled 
Fluid, Energy, and Solute Transport (CFEST) code (Gupta et al. 1987) to predict hydraulic head and 
tritium plume extent through the year 2100 (C. R. Cole and S. K. Wurstner in Barnett et al. 1997). In this 
model, transient flow simulations using CFEST were performed for the period of 1980 through 2100. 
The SALDS was assumed to receive tritium from 1996 through 2025, and effluent with no tritium 
through 2034. One-year time steps were used, incorporating estimates of SALDS future discharge 
volumes and tritium quantities, and actual volumes and quantities through 1996. Model results were 
illustrated as hydraulic head distributions, lateral tritium plume extent, and vertical distribution of tritium 
in the vicinity of the SALDS. 

Comparison of the model predictions for the year 2000 with actual late 1999 values indicate that the 
simulations are very close to reality . Figures 2.5 and 2.6 illustrate the predictions for head distribution 
and tritium concentrations, respectively, for the year 2000 near the SALDS. Hydraulic head at the 
SALDS in well 699-48-77D appears to be -1 m lower than predicted by the model (138.0 versus 139.0-­
compare with Figure 2.2). However, the highest head for the March 1999 potential map (see Figure 2.2) 
near the SALDS is 138.65 mat well 699-48-77 A, which is in virtual agreement with the 139 m value 
predicted by the model. Also, the actual high point of the SALDS groundwater mound for March 1999 is 
probably even closer to 139 m-somewhere between well 699-48-77 A and the SALDS. Centering of the 
mound at well 699-48-77 A is an artifact of contouring, because this well has the highest water level in the 
immediate vicinity. 
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Figure 2.5. Hydraulic Heads Predicted in the Vicinity of SALDS in 2000 
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Figure 2.6. Tritium Concentrations Predicted in the Vicinity of SALOS in 2000 

The extent of the tritium plume is greater in the simulation than actually observed ( e.g., no increases 
in tritium have been observed in wells 299-W7-5, -W7-6, and -W7-7 [as of April 2000]), although the 
model predicts concentrations between 500 and 2,000 pCi/L in these wells by year 2000. Also, the model 
indicates tritium activities of ~20,000 pCi/L reaching nearly to the bottom of the aquifer in the vicinity of 
SALOS and nearly 200,000 pCi/L at the level at which well 699-48-77C is screened, 37 m above the 
bottom of the aquifer and ~20 m below the water table (see Barnett et al. 1997). Sampling in July 1999 
indicated only 77,000 pCi/L in well 699-48-77C, but results from April 2000 produced results of 
~430,000 pCi/L. However, this well produced tritium results of only 8,100 pCi/L as recently as January 
1999, and only sporadic, low results in earlier samples. Thus, it is probable that tritium from the SALOS 
has not penetrated as deeply into the aquifer as quickly as the model predicts. The model does accurately 
predict the high levels of tritium observed in wells 699-48-77A and 699-48-770 (see Section 3.0). 

One of the reasons for the departures between the year 2000 CFEST model predictions and actual 
observations for tritium distribution in groundwater is the discrepancies between projected and actual 
values for discharged tritium quantities. While actual versus modeled discharge effluent volumes are 
virtually identical (238M and 237M liters, respectively, 1997 through 1999), the total quantity of tritium 
sent to the SALOS through September 1999 ( ~ 304 Ci) is less than half of the quantity assumed for the 
model through 1999 ( ~649 Ci). 
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In summary, the CFEST model of Cole and Wurstner (in Barnett et al. 1997) accurately predicts the 
head distribution in the vicinity of the SALDS. The model appears to overestimate the lateral and, to a 
lesser degree, the vertical extent of tritium in the groundwater surrounding the SALDS, probably because 
the quantity of tritium released to the facility has been only one-half of the amount assumed by the model. 
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3.0 Tritium-Tracking Results and Groundwater Geochemistry 

Groundwater sampling and analysis for the SALDS consists of two parts: tritium sampling in 
21 wells surrounding the facility , and sampling for a larger list of constituents in the 3 SALDS proximal 
wells and 1 background well. This section describes the prominent historical analytical results from both 
of these efforts since the beginning of SALDS monitoring in 1992 through August 1999. 

Some of the 21 wells in the tritium-tracking network have been sampled since the 1960s, but only the 
tritium results since January of 1995 (11 months prior to SALDS operation) are included in this discus­
sion. The SALDS proximal well 699-48-77A was installed in 1992, and wells 699-48-77C and 699-48-
77D were emplaced in 1994; analytical results for these wells begin during the years of installation. Well 
299-W8-1 was designated as a replacement upgradient/background well for the SALDS in 1997, but 
groundwater monitoring in this well for the LLBG dates back to its installation in 1988. Because of its 
importance to historical groundwater conditions upgradient of the SALDS, analytical results since 1988 
are examined for this well. The constituent lists and historical aspects of groundwater monitoring are 
discussed in Section 1.3.2. Evaluation of analytical results from the SALDS proximal and background 
wells focuses on the list of 16 parameters with groundwater enforcement limits or monitoring require­
ments found in Section S l .A. of ST-4500 (Washington State Department of Ecology 1995). 

3.1 Results of Tritium Monitoring in Groundwater 

Appendix D lists all historical results from the 21 wells in the tritium-tracking network from January 
1995 through August 1999. Figure 3.1 shows the locations of the tritium-tracking wells, the maximum 
results for the latest monitoring period (FY 1999), and the trends in tritium activities since the previous 
year (FY 1998). 

Only the three proximal SALDS wells (699-48-77A, 699-48-77C, and 699-48-77D), which are 
immediately adjacent to the facility , have indicated the effects of tritium disposal at SALDS. Figure 3.2 
shows the trends for tritium activities in these three wells for the entire history of monitoring through July 
1999. 

Wells in the southeast portion of the network (i .e. , 299-W6-7, 299-W6-8, 299-W6-ll , 299-W6-12, 
299-W7-6, and 299-W7-8) reflect the dissipating tritium plume that originated from the northeast portion 
of the 200 West Area. All wells in this area have shown a generally-downward trend in tritium activities 
(Figure 3.3), with the exception of well 299-W6-6, which is a deep companion of well 299-W6-7 and has 
not been affected by the 200 West Area tritium. Some wells , such as 299-W6-8 and 299-W6-11 , appear 
at first to have recent increases in tritium activities, but these fluctuations are within the historical range of 
counting errors. The August 1999 increase in well 699-W6-l 1 represents a larger fluctuation from the 
1998 result than the historical range, but the 1998 result is suspected of error. Also, the 1999 result is still 
in line with a continuing downward trend, and at a rate consistent with the historical rate of decline of 
tritium activities in this well. 
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Figure 3.2. Trends of Tritium Activities in SALDS Proximal Wells Through July 1999 

Well 299-W8-1 , is nearly 1 km away from the facility , and is unaffected by discharges to the SALDS. 
This well produced one marginally-detectable tritium result of 220 pCi/L (minimum detectable activity 
[MDA] = 184 pCi/L) in July 1999, but has historically produced no detections since tritium monitoring 
began in this well in 1988. Three additional tritium results (including a September 1999 result) from this 
well during FY 1999 were also below detection. 

Tritium first appeared in July 1996 in well 699-48-77A, which is the proximal well that is furthest from 
the SALDS drainfield (-100 m). Tritium activity in this well rose to a maximum of 2.0 E+6 pCi/L in 
September 1997, and has generally declined since then. The highest tritium activities detected in ground­
water at the SALDS thus far is 2.1E+6 pCi/L from well from well 699-48-77D, which is only a few 
meters north of the facility and screened at the water table. However, tritium did not appear in this well 
until September 1997, more than a year later than in the more distant well 699-48-77A. The possible 
reasons for this apparent paradox are discussed in Sections 3.3 and 4.0. Proximal well 699-48-77C is 
completed deeper within the aquifer beneath the SALDS, and produced detectable tritium results 
(3 ,000 pCi/L) as far back as August 1996. Thereafter, detections of tritium were minimal and sporadic 
until October 1998, when tritium activities began climbing to 7.7E+4 pCi/L in July 1999 and most 
recently 430,000 pCi/L in April 2000. 
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Tracking Well Network 
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3.2 Groundwater Geochemical Results 

In addition to tritium, the three SALOS proximal wells and background well 299-W8-l are sampled 
for a larger list of constituents. Enforcement limits for 16 (including tritium) of these constituents are 
assigned by ST-4500 for the three proximal wells (699-48-77 A, 699-48-77C, and 699-48-77D). These 
16 constituents, the corresponding enforcement limits, and the maximum, mean, and standard deviation 
through July 1999 for each are listed in Tables E.l through E.4 in Appendix E. Also listed for comparison 
are Hanford sitewide groundwater background values for each constituent (from Johnson 1993 and 
DOE/RL 1997). 

All analytical results of constituents with permit enforcement limits have historically been below 
those limits in all three proximal SALDS wells, with the exception of pH and one measurement of total 
dissolved solids (TDS). Wells 699-48-77A and 699-48-77D slightly exceeded maximum pH limits (8.5) 
once each in single laboratory measurements during 1994 and 1995, respectively. A laboratory measure­
ment of pH from a sample taken from background well 299-W8-1 also produced a result of 9.08 in Octo­
ber 1998. Replicate measurements taken in the field for all of these samples were in line with historical 
results, and indicate that the laboratory measurements were not representative, and should not be used for 
compliance purposes. Loss of CO2 and other processes during transport or handling may significantly 
alter the pH of a sample. 

In 1996, well 699-48-77 A produced a maximum TDS result of 654,000 µg/L , which is well above the 

permit enforcement limit of 500,000 µg/L. This result occurred in conjunction with elevated concen­
trations of anions and cations, and is attributed to the dissolution of natural soil components by clean 
SALOS effluent (see discussion below). The enforcement limit for this parameter has not been exceeded 
since the 1996 occurrence. 

Figures 3.4 through 3.6 illustrate trends for concentrations of specific parameters in the SALOS prox­
imal wells from the beginning of monitoring through July 1999. The increases in each of these constitu­
ents is most likely a result of the leaching of natural salts (e.g. , gypsum, calcite) by dilute SALOS effluent 
during infiltration through the vadose zone (see Thornton 1997 and Barnett et al. 1997). During the entire 
period of SALOS operation (December 1995 to present) these same constituents have been below detec­

tions limits in most effluent verification samples (e.g., <200 µg/L sulfate; <1000 µg/L TDS). Well 699-
48-77 A shows the earliest and most pronounced response. The early appearance of sodium in this well in 
higher concentrations, prior to SALOS construction, may be the result of dissolved sodium bentonite clay 
used as a sealant during well construction. Concentration of this element fell off as remnant bentonite 
was washed out of the well environment over time. A few years later, the influx of SALOS effluent 
carrying dissolved soil components from the vadose zone (and possibly the remnants of the first source of 
sodium, i.e., the bentonite scale) resulted in another episode of elevated sodium. 

Other parameters showing abrupt increases in concentrations (chloride, conductivity, sulfate, TDS, 
and dissolved calcium) all correspond to the arrival of elevated tritium in well 699-48-77 A (approxi­
mately July 1996). Well 699-48-77D also produced abruptly elevated levels of chloride, conductivity, 
sulfate, and TDS at approximately the same time (July 1996) as occurred in well 699-48-77A, but without 
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the appearance of tritium. Tritium did not appear in significant activities in well 699-48-77D until 
September 1997. The probable reasons for this disparity are discussed in Section 3.3. 

With few exceptions, average concentrations for constituents with enforcement limits also fell below 
established Hanford Site background values for these constituents in the SALDS proximal wells. The 
exceptions include copper, mercury, strontium-90, and tritium, which averaged above at least one of the 
two sitewide background concentrations (Johnson 1993; DOE-RL 1997). Tritium has exceeded back­
ground in all three proximal wells due to the planned disposal of this isotope at the SALDS. Background 
values have not been calculated for the four organic constituents on the enforcement list. 

Average concentrations of copper and mercury were consistently above the most conservative back­
ground values for these metals (1.37 µg/L and 0.004 µg/L , respectively) in all three proximal wells, as 
well as in background well 299-W8-l. The highest averages for both copper (5.23 µg/L) and mercury 

(0.32 µg/L) occurred in well 699-48-77D. 

Strontium-90 results are reported above the DOE-RL (1997) sitewide background of 1.14 pCi/L, 
particularly in well 699-48-77D. However, an evaluation of the counting errors for strontium-90 suggests 
that some of these results are actually below detection limits; most of the remaining results barely exceed 
detection limits. 

3.3 Discussion of Results 

Concentrations for most constituents in the list of Appendix E are essentially uniform over time and 
are well within enforcement limits and sitewide background (where background has been calculated). 
Some exceptions are noted above in Section 3.2. The high standard deviation in constituents such as 
sulfate, TDS, and tritium in the proximal SALDS wells indicates the incursion of effluent from the 
SALDS. High standard deviations of some other constituents, such as metals, reflects the generally low 
concentrations of these. Occasional departures of a few micrograms per liter produce a dramatic rise in 
measures of variability, but actual concentrations remain very low. 

Comparison of the trend plots for tritium in SALDS proximal wells with plots for sulfate, conduc­
tivity, and TDS reveals an apparent paradox. The arrival of tritium in well 699-48-77 A is also marked by 
significant increases in sulfate, conductivity, chloride, TDS, calcium, and sodium. As noted, these con­
stituents have been linked to dissolution of natural soi] salts by the clean effluent discharged to the 
SALDS (Thornton 1997; Barnett et al. 1997). Well 699-48-77D also displays an abrupt increase in 
sulfate, TDS, and conductivity that corresponds in time with the increases in well 699-48-77A. However, 
tritium does not appear in elevated quantities in well 69-48-77D until late 1997-more than a year after 
the surge in concentration of the other parameters in this well. A possible explanation is that the early 
(tritium-free) tests of the SALDS/ETF system (see Section 1.3.1) in late 1994 to early 1995 involved 
small discharges of short duration . These may have been of insufficient volume to reach groundwater at 
well 699-48-77A, and may have remained impounded near the Hanford/Plio-Pleistocene contact due to 
the contrasts in hydraulic conductivity between these units (see Section 2.0). Later, when tritium dis­
charges began in December 1995, the earlier discharges may have been virtually overtaken by the larger, 
tritium-bearing discharges in the vicinity of well 699-48-77 A, and then forced downward due to the added 
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hydraulic head. The same discharges in December 1995 would have applied additional hydraulic head to 
the early tritium-free effluent (with dissolved soil salts) already migrating toward well 699-48-77D within 
the ambient groundwater flow field. 

Strontium-90 is reported slightly above detection limits in SALDS proximal wells and upgradient 
well 299-W8-l sporadically. Most results above detection have been low (maximum= 7.1 in well 699-
48-77C in December 1997) and, in some cases, within a few percent of counting error, near MDA, or 
sitewide background (see Appendix D). Because of the timing and locations of detections, it is unlikely 
that this constituent could have originated from the SALDS. Well 299-W8-1 produced detections of 
strontium-90 in late 1991 well before SALDS construction. Also, wells 699-48-77C and 699-48-77D 
produced detections of this isotope well in advance of other, more mobile constituents demonstrably 
resulting from SALDS discharges. Interestingly, well 699-48-77A, which responds most readily to 
SALDS discharge events, has produced only one detectable result for strontium-90, while wells 699-48-
77C and 699-48-77D have produced 4 and 6 results, respectively. Evaluation of the counting errors for 
these analyses suggest that the results may be marginally detectable or even below detection. If the 
results are valid, it may be that discharges from the SALDS, which reach well 699-48-77 A most easily 
and quickly, have a dilutive effect on existing groundwater, thus preventing frequent detections of trace 
constituents in ambient groundwater. Wells 699-48-77C and 699-48-77D have not been as dramatically 
affected by SALDS discharges until recently. Hence, remnants of preexisting groundwater constituents 
would be more easily detected. 
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4.0 Conceptual Model 

Drilling, hydrologic testing, and media analyses during construction of the SALDS and the proximal 
groundwater monitoring wells, and subsequent results of groundwater monitoring over the past ~ 7 years 
have provided abundant information with which to construct a concept of the SALDS physical setting and 
response to operation. Figure 4.1 illustrates schematically the effects of disposal on the subsurface at the 
SALDS and other features that have direct bearing on flow and transport of SALDS effluent in the vadose 
zone and uppermost aquifer. This model is prefaced on the information presented in previous sections of 
the document, the salient points of which are discussed below. These points are then synthesized to 
derive the model parameters. The model represents a scenario which will explain observations and 
measurements from testing and monitoring, and is used as a basis from which to formulate an effective 
groundwater monitoring plan. 

4.1 Hydrogeology 

Well 699-48-77A was installed as an upgradient well to the SALDS facility, but within 7 months 
of the beginning of facility operation this well was the fust to respond to the discharges. All three wells 
in the proximity of SALDS produced a discemable hydraulic response to the first discharges, but well 
699-48-77A responded far more intensely, suggesting a closer proximity and more direct connection to 
the point of effluent infiltration, despite its more remote location from the SALDS. This well has consis­
tently maintained a higher hydraulic head, up to ~0.75 m higher, than the other two SALDS proximal 
wells. As Figure 4.1 indicates, effluent from the SALDS is probably entering groundwater at a point 
somewhere between well 699-48-77 A and the SALDS. Water level measurements taken regularly in 
piezometers in the SALDS drainfield indicate that effluent is infiltrating mostly through the southern 
portion of the facility. The discharges create a local groundwater mound in the vicinity of this infiltration 
point, but groundwater flow resumes a northeasterly trend a short distance from the facility. Likewise, 
downward flow potential is enhanced in the vicinity of the effluent entry point. The effects of the head 
increase are transmitted throughout the thickness of the aquifer beneath the SALDS, but actual transport 
of effluent is more limited, and flow is maintained in a north/northeasterly trend near the bottom of the 
aquifer. This is suggested by the arrival times and distribution of tritium in SALDS proximal wells (see 
Section 4.2) and hydraulic head difference represented between wells 699-48-77C and 699-48-77D. 

Travel time through the vadose zone to the well screen at well 699-48-77A was from ~5 to 8 months 
under the hydraulic head produced by the first routine discharges; the 3-month uncertainty is due to a 
quarterly sampling schedule. A period of relative inactivity (little to no discharge) at the SALDS occurred 
from July 1996 through June 1997 (see Figure 1.2). This was followed by a substantial increase in dis­
charges in July 1997. The hydrograph of well 699-48-77 A (Figure 2.4) indicates a dramatic decrease 
in hydraulic head around September 1996 (which may have begun even earlier), with a sudden rise in 
September of 1997. If these discharge/head-response events are correlatable, it would suggest a response 
time of only ~ 2 months in well 699-48-77 A to these discharge events. This is strictly a hydraulic response 
to SALDS discharges and does not imply that effluent has migrated to the well. The hydraulic response 
time would be highly dependent on available head (i.e., the magnitude and duration of the discharge 
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Figure 4.1. Schematic Diagram of SALDS Operation and the Effects on the Uppermost Aquifer. Dashed lines are equipotentials; arrows 
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event). As indicated in Figure 4.1 , average linear flow velocity would naturally be greater at locations 
closer to the apex of the groundwater mound, where the point of infiltration adjoins the water table. 

The average linear flow velocity of groundwater in the aquifer in the vicinity of SALDS depends on 
proximity to the small groundwater mound generated by the facility, the magnitude of which is in turn 
dependent on the facility's discharge schedule. As noted in Section 2.2.2, groundwater velocity very near 
the point of infiltration may be several times greater than it is a short distance away. Figure 4.1 depicts 
the higher flow rates (estimated at 0.05 to 0.6 m/day), based on the hydraulic gradient between wells 
699-48-77A and 699-48-77D, which incorporates the zone of effluent infiltration. Immediately beneath 
the zone of infiltration the gradient is higher still , with a significant downward vertical component. A 
relatively short distance away from the facility , however, the hydraulic gradient falls off quickly, 
producing groundwater flow rates of only -0.03 to 0.3 m/day. 

4.2 Geochemistry 

Tritium from SALDS operation was fust observed in groundwater in well 699-48-77 A in the July 
1996 sample from this well. This means that tritium may have reached the well anytime between the 
April and July sampling events in 1996. Because tritium travels virtually in unity with water, it is 
assumed this represents the first observation of effluent from the SALDS. Hence, the length of time for 
the effluent to travel through the vadose zone to the water table is a maximum of 8 months; this would 
assume a point of infiltration at immediately above well 699-48-77 A. More likely, the effluent reached 
the water table somewhere between the SALDS and this well, based on travel times calculated for 
groundwater flow and subsequent observations in the other SALDS wells. 

Elevated levels of sulfate, TDS, and other constituents (see Section 3.0), derived principally from the 
Plio-Pleistocene evaporite unit, arrived at well 699-48-77 A at the same time of the first tritium obser­
vation - approximately July 1996. However, elevated sulfate and other soil-derived constituents were 
detected in well 699-48-77D at the same time (July 1996) as in well 699-48-77 A, but without tritium. 
This apparent paradox can be explained by the scenario presented in Figure 4.1. Early test discharges of 
clean water (without tritium) were discharged to the SALDS during late 1994 and early 1995 as part of 
engineering tests of the ETF/SALDS system (see Sections 1.3.1 and 3.0). The volumes of these tests 
were of lesser magnitude than subsequent discharges when operations began in late 1995. Thus, the 
effluent from these tests may have reached the water table in only scant quantities and under low head 
conditions somewhere between the SALDS and well 699-48-77A. The dissolved soil components 
(sulfate, etc.) moved north/northeast toward well 699-48-77D with the natural groundwater flow. Later, 
when operations began, with large volumes of effluent containing tritium, the additional head drove the 
dissolved soil salts from the test discharges more rapidly toward both wells . Because of the nearness of 
the infiltration point to well 699-48-77 A, and the limited volume of the test discharges, the tritium­
bearing discharges essentially overtook and combined with the soil salts signature from the test 
discharges, thus appearing as one event in well 699-48-77 A. At the same time, the dissolved soil salts 
from the first discharges (without tritium) were driven more rapidly toward well 699-48-77D by the 
increased head of the tritium-bearing discharges and arrived there, coincidentally (within a three-month 
margin of error), at nearly the same time as the tritium and soil salts arrived together in well 699-48-77 A. 
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