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3.0 GROUNDWATER MONITORING PROGRAM 

3.1 SUMMARY OF MONITORING PROGRAM HISTORY 

Quarterly sampling was initiated in 1987 and has continued since that 
time with only one break. The site was not sampled between April 1990 and 
August 1991 because of the interruption in analytical work resulting from the 
cancellation of the U.S. Testing contract by PNL. 

3.2 OBJECTIVES 

The objectives of the groundwater monitoring program for the SWL are the 
following: 

• To complete the downgradient compliance point monitoring network 
for the SWL 

• To determine background groundwater quality 

• To determine if hazardous waste or hazardous waste constituents 
that originate from the SWL are present in the groundwater above 
background levels. 

3.3 APPROACH 

The approach to establishing a groundwater monitoring system should be 
based on a knowledge of existing data, a knowledge of the uncertainties in the 
data and where information is lacking, and regulations governing the safe 
operation of the facility. In addition, DOE Order 5400.1, "General 
Environmental Protection Program," 1986, established groundwater protection 
management program requirements for DOE sites; in 1989 the Hanford Site 
established the Hanford Site Groundwater Protection Management Program 
(DOE/RL 1989}, which established goals and objectives for the Hanford Site. 

Two new compliance point wells l)JyfJ:ii)n installed to assess and improve 
the groundwater monitoring system aroffnd"···lhit···swL. These wells will provide 
information to help characterize the shallow hydrogeology at the landfill and 
determine the quality of groundwater near the top of the unconfined aquifer. 

Six existing groundwater monitoring wells also will be utilized to 
evaluate groundwater quality at the SWL. Construction diagrams of the 
existing six wells are included in Appendix A. The submersible pumps with ABN 
sampling tubes, indicated in the construction diagrams, have been replaced 
with Hydrostar (a trademark of Instrumentation Northwest, Inc.} pumps with 
stainless steel sampling tubes. One well (699-24-35} was installed upgradient 
as a background well and five wells (699-25-34C, 699-24-34C, 699-24-34B, 
699-24-34A, and 699-23-34} were installed as downgradient monitoring wells at 
the compliance point. In addition, Well 699-24-33, completed in 1948 and 
located approximately 150 m (500 ft} east (downgradient} of the SWL, will be 
monitored for indication and for historical . contindity. 

3-1 



WHC-SO-EN-AP-043, Rev. 0-A 

SijbSijrface sesimeRt samples will be ebtaiRes SijriRg srilliRg at each 
lecatieR. These samples will be sescribes aRs classifies iR the fiels, aRs 
specific samples may be Sijbmittes tea laberatery fer aRalyses te setermiRe 
varieijs physical aRs chemical parameters. Vasese gas samples will be 
cellectes at 6.1 m·(2Q ft) iRtervals sewR tea septh ef 36.6 m (12Q ft) ijSiRg 
the precesijre eijtliRes iR WHC (1992b). GreijRSwater samples will be cellectes 
eR reachiRg the water table iR accersaRce with reqijiremeRts ef the RCRA 

· qijality assijraRce preject plaR (QAPP) (WHC 1993a). These samples will be 
aRalyzes fer ceRtamiRatieR iRsicater parameters (Rates later iR this sectieR) 
befere aqijifer testiRg er sispesal ef pijrge water. · If ceRtamiRatieR is Rat 
setectes abeve establishes gijiseliRes, aqijifer tests may be ceRsijctes te 
previse estimates ef traRsmissivity aRe hysraijlic ceRSijctivity ef materials 
belew the site. 

UpeR well cempletieR, greijRewater samples will be cellectee aRe 
aAalyzed q~arterly frem all Aew meAiteriRg wells at the SWL. Qijarterly 
sampliRg ef the iRitial six meRiteriRg wells started iR 1987. Statistical 
evalijatieR ef data fer the reqijiree parameters aRe ceRstitijeRts will be 
iRitiatee after eRe year ef sampliRg ef the Rew eewRgraeieRt wells. 

3.4 DETECTION LEVEL GROUNDWATER MONITORING SYSTEM 

This section defines the aquifer that will be monitored, the location 
and justification of the monitoring wells, how the new wells will be 
installed, what hydrogeologic data will be collected, the frequency of 
sampling, and the groundwater constituents to be analyzed. 

3.4.1 Uppermost Aquifer 

The unconfined aquifer beneath the SWL is contained primarily within 
sediments of the Hanford formation and the Ringold Formation. The uppermost 
aquifer extends from the water table to the top of basalt. Hydrogeologic 
characterization activities are designed to obtain additional information on 
groundwater flow characteristics of the uppermost aquifer. The uppermost 
aquifer is discussed in more detail in Section 2.0 . 

3.4.2 Background Wells 

One well (699-24-35) was installed upgradient as a background well to 
determine the background groundwater chemistry (Fruland et al. 1989). In 
addition, Well 699-26-35A, constructed as an upgradient well for the adjacent 
NRDWL, will be used as an upgradient well for the SWL. 

3.4.3 Detection (Downgradient) Wells 

Five wells (699-25-34C~ 699-24-34C, 699-24-34B, 699-24-34A, and 
699-23-34) were installed as downgradient detection wells (see Figure 2-9) in 
1987. All five wells were designed for detection groundwater sampling in the 
top of the unconfined aquifer, with an approximately 3 m (10 ft) screened 

3-2 



WHC-S0-EN-AP-043, Rev. o-A 

interval beneath the water table. Table 3-1 sunvnarizes the construction 
details for the detection monitoring wells. 

The two hiw wells iii downgrad~ent, top of the unconfined aquifer wells 
located approxlm'ately 1S"'·'iii'···· cso ft) from the edge (boundary fence) of the 
landfill. This distance was chosen to allow adequate working space around the 
drill site and to be consistent with the compliance point defined by the 
existing wells. The new wells w-ffi have 10.7 m (35 ft) screened intervals to 
a 11 ow for expected decllne of the water tab 1 e. 

3.4.4 Justification for Using Existing Monitoring Wells 

To justify use of the existing wells as part of the groundwater moni
toring system for the SWL, three aspects must be considered: (1) whether the 
wells are adequately located, (2) whether the wells will provide samples that 
are representative of the groundwater, and (3) whether the structural 
integrity of each well is adequate. 

The wells were constructed specifically to be monitoring wells for the 
SWL, and their locations are adequate. The wells are constructed of stainless 
steel casing with stainless steel screens, which are relatively inert under 
existing groundwater conditions and should yield representative samples. The 
wells were constructed in 1987 with adequate annular, surface seals, and 
surface protection. They are structurally sound and meet the requirements of 
WAC 173-160. 

3.4.5 Prepesed RCRA Monitoring Wells 

The new ground~~ater monitoring wells to be constructed at the SWL will 
be Reselirce CeRservatieR aRd Recever, Act (RCRA) standarcf wells constructed to 
the generic specification for groundwater monitoring wells (WHC 1992a). WAC 
173 169, "Minimum Standards for Construction and Maintenance of Wells," was 
used to set the basic design requirements. 

Coordinates and construction details fer these wells are contained in 
Table 3 2. Procedures for controlling the well site activities are given in 
the Envirenmenta7 InvestigatieRs aRd Site CharacterizatieR Hanlia7, WHC CM 7 7 
(WHC 1988) and listed in Table 3 3. 

The new wells will probably be drilled with an air rotary rig. This 
technique allows rapid, cost effective drilling with collection of 
representative geelegical samples and the introduction of minimum 
contamination inte the vadose zene and aquifer. If an air rotary rig is 
unavailable, the wells will be drilled using the cable toel method. 

Drill cuttings will be routinely monitored for radiation and hazardous 
material in accordance with a site specific health and safety plan. 
Contaminated cuttings will be handled, transported, and disposed according to 
Ell 4.2, "Interim Control of Ynknown, Suspected Hazardous and Mi*ed Waste." 
If the level of contamination is significant enough to require changes in well 
design er well location, the Washington State Dep~~tment of Ecology (Ecology) 
will be notified by WHC prior to making the changes. 
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Drill rigs aAd peripheral cqHipfflcnt (drill tools, cables, and tcfflporary 
casing) will be stcaffl cleaned before arriviAg on site, fflOViAg to a new site, 
aAd begiAAiAg constrHction of the next well, in accordaAce with Ell 5.4, 
"Field DecoAtaffliAatioA of DrilliAg, Well Dcvclopfflent, and SafflpliAg EqHipfflcnt." 
The additioA of water to the borehole will be kept to a ffliAifflHffl or avoided. 
This will fflinifflizc well development pHfflpiAg after wells arc cofflplctcd aAd 
ffliAifflizc the chances of driviAg aAy vadosc zoAc coAtaffliAaAts into the 
groHndwater. 

Tcfflporary carbon steel casiAg with a fflinifflHffl diameter of 8 iA. will be 
drivcA to total depth as each borehole is advanced. A temporary, 
8 iA. diafflcter telescoping scrceA may be iAstallcd for aqHifer testiAg, if 
Acccssary. After the borehole has bceA drilled to its total depth, the fiAal 
well casiAg and scrccA will be installed, and the temporary carboA steel 
casing will be removed as the filter pack and anAHlar seal materials are 
pl aces i A the annHl ar space. If a temporary screen is Hsed, it wi 11 be 1 eft 
iA place. 

3.4.6 New Characterization/Monitoring Wells 

Two new wells hlviflbi'in. added to the existing monitoring system at the 
SWL. The new wells ltti···ao·wri"gradient, compliance point wells that w4-1+ 
complete the shallow .... c.ompl iance point coverage around the south end of the 
site. The two additional monitoriAg wells will be completed in the top 10.7 
to 15.2 ffl (35 to 50 ft) of the HAconfiAed aqHifcr. Estimated coordiAatcs and 
constrHction details for these wells arc prcscAtcd iA Table 3 2 and sho~~A iA 
FigHrc 3 1. 

3.4.6.1 Jijstifieatien fer Planned Well Leeatiens. The need fer the t~~e new 
wells is indicated by beth the cenfigHratien ef the cempliancc paint fer the 
site aAd the chcfflistry of greHndwatcr in the dewngradient wells. This section 
provides the justification for the additional wells. 

3.4.6.2 Compliance Point. The compliance point is defined (WAC 173-303-
645[6]) as a vertical surface located at the hydraulically downgradient limit 
of the waste management area that extends downward into the uppermost aquifer 
underlying the regulated units. In effect, the compliance point is defined by 
the array of downgradient wells located adjacent to the facility boundary. 
The compliance point along the east side of the SWL is defined by the line of 

.downgradient wells located approximately 15 m (50 ft) east of the site 
boundary. The general flow direction for the site (130°-140° east of north) 
indicates that the point of compliance must include the southern boundary of 
the site (see Figure 3-1). wi:16l!i:h.i\In~tw11:1:1 the compliance point well 
network dees net adequately Eo"v·e·rj ····t:he······s·oufli'"".ifod of the site, including the 
southern boundary of the site. ···· 

3.4.6.3 Monitoring Efficiency Model. The Monitoring Efficiency Model (MEMO) 
was used to estimate the monitoring efficiency of the current compliance point 
monitoring network and the effect of adding two new downgradient wells. The 
MEMO model simulates contaminant plumes originating at a number of grid points 
within the site using the Domenico-Robbins method (Domenico and Robbins 1985), 
and determines whether the plume will be detected Hy a monitoring well before 
it. travels some predetermined distance past the site boundary (buffer zone). 
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The percent of the area of the site over which a plume will be detected before 
it travels the predetermined distance past the site boundary is reported as 
the monitoring efficiency. 

The MEMO model results for the existing downgradient monitoring network 
are presented in Figure 3-2. The site-specific parameters assumed for the 
calculation are a groundwater flow direction of 135° east of north, a 
transverse dispersivity of 3 m (10 ft), a limit of detection for the 
contaminant at 0.001 of the initial concentration when it entered the 
groundwater, and a buffer zone width of 150 m (500 ft). The dark areas on the 
map represent areas where a plume would not be detected prior to reaching the 
boundary of the buffer zone. The indicated monitoring efficiency for the 
network is 72.3%, indicating that plumes originating in over one-quarter of 
the site would be over 150 m (500 ft) past the site boundary before they were 
detected. 

The MEMO model results for the existing monitoring network plus the two 
new downgradient wells are shown in Figure 3-3. The parameters for this 
computation were the same as for the case presented in Figure 3-2. In this 
case, the monitoring efficiency for the site is approximately 95% and the 
monitoring efficiency for the southern part of the site is comparable to the 
monitoring efficiency for the rest of the site. 

3.4.6.4 Gre~Adwate, Chemistry. A AUffiber ef cheffiical ceffipeAeAts, iAcludiAg 
several chleriAated hydrocarbeAs, are higher thaA backgrouAd iA the southerA 
feur ffiOAitoriAg wells of the SWL dewAgradieAt Aetwerk (SectieA 2.3.3.4) aAd 
appareAtly are a result ef greuAdwate~ ceAtaffiiAatieA by the SWL. The pH 
decreases southward aleAg the liAe ef dewAgradieAt wells. For ffiaAy of these 
ceffipoAeAts, the highest values occur iA the seutherAffiest dowAgradieAt ~~ell 
(699 23 34). pH is lewest iA Well 699 23 34. It is iffipossible te evaluate 
the ebserved treAd aAd thus the ffiagAitude ef the iffipact of the SWL eA 
grouAdwater without Aew wells te the seuth ef the existiAg wells. 

3.4.6.5 Justification for Deep Well. Two separate justifications exist for 
the deep well. Either justification would be sufficient for drilling the 
well; however, the second dictates the location of the proposed well. 

The first justification is the lack of characterization data for the 450 
feet of suprabasalt aquifer beneath the deepest well at the SWL. Without 
evidence to the contrary it must be assumed that this entire saturated 
thickness represents a single unconfined aquifer beneath the site. 
Regulations require characterization of the uppermost and all connected 
aquifers beneath the site. 

The second justification is provided by the chlorinated hydrocarbons 
present in groundwater beneath the site. The source of the chlorinated 
hydrocarbons is uncertain and it cannot be ruled out that one or more DNAPL 
plumes exist in the aquifer beneath the site (DOE 199?). DNAPL's tend to 
migrate downward toward the base of an aquifer and to move lateraly downdip 
along any impermeable strata encounterd. A deep, downdip well is needed to 
determine whether or not DNAPL's are a problem at the SWL. 

The SWL lies above the north flank of a synclthe (Figure 2-6) and any 
dip in the underlying sediments will be to the south. Any DNAPL beneath the 
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site would tend to migrate downdip toward the south; therefore, placing a deep 
well at the south (downdip) end of the site is analogous to placing 
downgradient shallow wells along the site compliance point. 

3.4.7 Drilling and Well Construction 

The existing groundwater monitoring wells for the SWL were installed in 
1987 using the cable tool method. Construction diagrams for the existing well 
are presented in Appendix A. The two new wells it.ti drilled, if pessible, 
using air rotary techniques. Air rotary is a ra·p-ra··; clean-drilling technology 
that allows almost instantaneous collection of samples of the material being 
penetrated. 

Drill eHttiAgs are reHtiAely ffieAitered fer radiatieA aAd hazardeHs 
ffiaterial. If eeAtamiAatieA is eAeeHAtered, eHttiAgs will be haAdled, . 
traAsperted, aAd dispesed accerdiRg te WMC precedHres. 

All greHAdwater reeevered as a resHlt ef sampliAg, aq~ifer testiAg, aAd 
well develepmeAt will be haAdled aeeerdiA~ te the apprepriate WMG preeedHres 
fer pHrge ~~ater. 

Te help preveAt iAtredHetieA ef eeAtamiAaAts iAte the berehele, the 
drill rigs aAd peripheral eqHipmeAt (e.g., drill teals, eables, aAd temperary 
easiAg) will be steam eleaAed befere they arrive eAsite aAd betweeA wells. 
DHriAg drilliAg iA the zeAe te be sampled, the additieA ef ~~ater te the 
berehele will be aveided er kept te ·a miRimHm te miAimize sHbseqHeRt 
develepmeRt pHmpiRg reqHired te meet hydreehemieal develepmeAt eriteria. 

3.4.7.1 Well Construction. Procedures concerning geologic sampling are given 
in Ell 5.2. Procedures for inspection of well construction are given in -Ell 
6.7. Guidance for designing the wells was obtained from WAC 173-160. Quality 
Assurance requirements of the Hanford Federal Facility Agreement and Consent 
Order (Tri-Party agreement) and WHC (1990) also apply. All shallow wells will 
be completed with 4-in. ID stainless steel casing and continuous-slot well 
screen. Final well screen lengths will be 10.7 m (35 ft) with 9.1 m (30 ft) 
below the water table. A variance for emplacement of the longer screen will 
be obtained from Eco logy. This placement wi 11 permit samp 1 i ng of the upper 
portion of the aquifer and will allow detection of any immiscible constituents 
that might be floating on the water table and any constituents in solution at 
the surface of the water table. It will also allow for fluctuations of the 
unconfined aquifer and should be sufficient for the full decrease in the water 
table that would result from termination of all activities in the 200 Areas. 
A schematic diagram of a typical groundwater monitoring well is presented in 
Figure 3-4. 

The onsite cognizant engineer will determine the screen slot size and 
the filter pack size based on guidelines outlined in WHC (1993b, Vol . . 4, Sec. 
9.1). Sand filter packs will be placed in the annulus between the 20-cm 
(8-in.) telescoping screen or the temporary 20-cm (8-in.) casing and the 
permanent 10-cm (4-in.) casing and screen as the temporary casing is 
withdrawn. The sand filter pack will be placed from total well depth to 1 to 
1.5 m (3 to 5 ft) above the top of the screen. 

. 1 :• 
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Figure 3-1. Location Map Showing Proposed New Monitoring Wells . 

Local Direction 
of Groundwater 
Flow \ 

24-35 • 

• 26-34 

Legend 22-35 

• • Well completed at the top of the unconfined aquifer 

e - Well completed In the upper Ringold Formation 

0 500 

Feet 
1000 

.& • Non-Resource Conservation and Recovery Act compliant well used for Indication only 

- Compliance point 

• P1 oposed water table well 

NRDWL - Nonradioactive Dangerous Waste Landfill 

SWL • Solid Waste Landflll 

Note : All wells prefixed by 699 
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699-24-35. 

699·25·34C 

699·24·34C 

699·24·34B 

699·24·34A 

699·23·34A 
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Table 3-1. Construction Summary--The SWL 
Groundwater Monitoring Network. 

Date 
Coimleted 

2/87 

3/87 

3/87 

3/87 

2/87 

1/87 

Depth 
Drilled" 

146 

143 

141 

145 

142 

139 

Casing/Screen" 

SS/SS C6·in.> 

SS/SS (6·in.) 

SS/SS (6-in.> 

SS/SS <6· in. l 

SS/SS C6·in.) 

SS/SS (6-in.) 

Screened 
Deoth• 

128-143 

132-139 

121-136 

122-137 

123-138 

121-136 

Depth to Date 
Water• Measured 

132.3 2/87 

129 3/87 

126.3 3/87 

127 3/87 

127.5 2/87 

126 1/87 

gApprox,mate depths 1n meters (feet 1n parenthesis) 
bSS--Stainless steel; CS--carbon steel; casing diameter in 
farentheses. 
Upgradi ent well. 

T-L1 - -, " r---£-- . -£.: __ n_£-_:,_ n~------..J ,.., I -- - - ... _,_ ""'"' __ .., V -- ..,_ ~ v..,v.., ........ - ~ 

WeH Estimates Estimates Gashi§lSel"eeA~ Sel"eeA Estimates 
N1:tml:lel" Gemp1etieA ~! ~eA§th! Geel"Eii Rates~ 

Gm 

NW-! GV 1993 -1-W SSlSS (4 i A.) ~ N 22,645 
w 34,355 

~ GV 1993 -1-W SSlSS (4 i A.) ~ N 22,359 
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