
Evidence for CrossEvidence for Cross--contamination contamination 
of Aquifers due to Monitoring of Aquifers due to Monitoring 

Well Construction in Well Construction in 
South Lake Tahoe, CaliforniaSouth Lake Tahoe, California

Presentation at the Presentation at the 
2004 NGWA Conference on MTBE and 2004 NGWA Conference on MTBE and PerchloratePerchlorate: : 

Assessment, Remediation, and Public Policy Assessment, Remediation, and Public Policy 
Costa Mesa, CaliforniaCosta Mesa, California

June 4, 2004June 4, 2004

Craig Morgan, P.E.Craig Morgan, P.E.
Graham Kent, Ph.D.Graham Kent, Ph.D.

Gordon Seitz, Ph.D., C.E.G.Gordon Seitz, Ph.D., C.E.G.
Michaela Novak, P.E.Michaela Novak, P.E.



Presentation OutlinePresentation Outline

Well Bore Flow DynamicsWell Bore Flow Dynamics
Project Area DescriptionProject Area Description
Geologic SettingGeologic Setting
Hydrogeologic ObservationsHydrogeologic Observations
ConclusionsConclusions
RecommendationsRecommendations



Well Bore Flow DynamicsWell Bore Flow Dynamics

Concepts

•Natural vertical hydraulic gradients exist in groundwater bodies.

•Well and boring installations provide a “short-circuit” across these 
natural gradients and act as preferential conduits for groundwater flow.

•Natural groundwater flow through a well bore is often referred to as 
“ambient flow”.

•Flow rates are proportional to the hydraulic gradient and the diameter 
of the bore hole.

• Significant ambient flow can occur even under small gradients.

• Monitoring wells and improperly sealed bore holes often serve as 
conduits through which contaminants may migrate between aquifers.
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Numerical Modeling of Flow Across an AquitardNumerical Modeling of Flow Across an Aquitard
Lacombe et al., 1995  Influence of leaky boreholes on cross-formational 
groundwater flow and contaminant transport 

Groundwater and Contaminant Flow Model

Bore hole flow across an aquitard

Low hydraulic head (0.5 m difference)

High hydraulic head (5 m difference)

Sand filled borehole

Open borehole

Location of borehole

Predicted borehole flow rates and 
contaminant transport
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15 m

Contaminant plume after 15 years with high hydraulic gradient across aquitard for (a) no 
borehole, (b) sand-filled borehole, and (c) open borehole.  Concentration isosurface is for c/co
= 10-4, vertical exaggeration is ~5 times.    (Reference: Lacombe, et al., 1995)
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15 m

Contaminant plume after 15 years with high hydraulic gradient across aquitard for (a) no 
borehole, (b) sand-filled borehole, and (c) open borehole.  Concentration isosurface is for c/co
= 10-4, vertical exaggeration is ~5 times.    (Reference: Lacombe, et al., 1995)
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15 m

Contaminant plume after 15 years with low hydraulic gradient across aquitard for (a) no 
borehole, (b) sand-filled borehole, and (c) open borehole.  Concentration isosurface is for c/co
= 10-4, vertical exaggeration is ~5 times.    (Reference: Lacombe, et al., 1995)

0 500 m

0

10

5

0

5

0

5

15 m

15 m

10

10

(a)

(b)

(c)

No Borehole

Sand-filled borehole, radius = 10 cm

Open borehole, radius = 10 cm

20 L/m

0.2 L/m



Well Bore Flow DynamicsWell Bore Flow Dynamics

Summary of Documented Ambient Well Bore FlowSummary of Documented Ambient Well Bore Flow11

ReferenceReference Location and Type of Aquifer, Type of Location and Type of Aquifer, Type of 
MediumMedium

Direction of Direction of 
Ambient FlowAmbient Flow

Screen Screen 
LengthLength

(meters)(meters)

Maximum Maximum 
Ambient Ambient 

Flow (L/min)Flow (L/min)

BomanBoman et al. (1997)et al. (1997) 22Louisiana BAP; clay, silt and sand mixturesLouisiana BAP; clay, silt and sand mixtures
Louisiana BAP2 Louisiana BAP2 
Aiken, SC; confined KAiken, SC; confined Kavgavg=5.7 m/day=5.7 m/day

DownwardDownward
DownwardDownward

UpwardUpward

6.716.71
6.76.7
12.212.2

0.0150.015
0.0310.031
0.260.26

3.13.1--3.63.6

1.751.75

0.300.30

0.480.48
0.040.04

0.340.34

0.2760.276
6.226.22
2.32.3
1.031.03
0.570.57

MolzMolz et al. (1994)et al. (1994) Mobile, AL; confined; fluvial sediments, medium Mobile, AL; confined; fluvial sediments, medium 
sand with silt and clay finessand with silt and clay fines
Mobile, AL (deeper well); confinedMobile, AL (deeper well); confined

UpwardUpward

MixedMixed

21.521.5

2020

Hutchins and Hutchins and AcreeAcree
(2000)(2000)

22Eglin AFB, FL; unconfined, sand and gravel, Eglin AFB, FL; unconfined, sand and gravel, 
K=9.1K=9.1--42.7 m/day42.7 m/day

DownwardDownward 3.13.1

Church and Church and GranatoGranato
(1996)(1996)

Massachusetts; unconfined, sandy, K = 1Massachusetts; unconfined, sandy, K = 1--15 m/day15 m/day
Massachusetts; unconfined, sandy, K = 1Massachusetts; unconfined, sandy, K = 1--50 m/day50 m/day

UpwardUpward
MixedMixed

1818
2121

CrismanCrisman et al. (2000)et al. (2000) Aiken, SC; unconfined, sand and clay, Aiken, SC; unconfined, sand and clay, 
K = 0.35 m/dayK = 0.35 m/day

UpwardUpward 4.24.2

Waldrop (unpublished)Waldrop (unpublished) Coastal Virginia, confinedCoastal Virginia, confined
Central Ohio, unconfinedCentral Ohio, unconfined
Western TexasWestern Texas
Idaho, unconfinedIdaho, unconfined
Central LouisianaCentral Louisiana

DownwardDownward
UpwardUpward

DownwardDownward
UpwardUpward
MixedMixed

5.85.8
12.612.6
9.19.1
56.656.6
21.321.3

11 For most of the wells, whether the well screen penetrated the aFor most of the wells, whether the well screen penetrated the aquifer fully was not documented.  The five wells measured by Walquifer fully was not documented.  The five wells measured by Waldrop are a drop are a 
selected group out of 142 wells at 16 sites.selected group out of 142 wells at 16 sites.
2 2 Known fully penetrating monitoring wells.Known fully penetrating monitoring wells.

Reference: Reference: ElciElci, et al. (2001), et al. (2001)
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1080 Emerald Bay Road UST Site1080 Emerald Bay Road UST Site

1140 Emerald Bay Road UST Site1140 Emerald Bay Road UST Site

In 1996, MTBE was detected In 1996, MTBE was detected 
in one of in one of STPUD’sSTPUD’s wells in wells in 
the “South Y Area”.the “South Y Area”.
Concentrations of MTBE Concentrations of MTBE 
were later recorded in four were later recorded in four 
other wells.other wells.
Fall 1998 Fall 1998 –– Six of the wells in Six of the wells in 
the “South Y Area” were shut the “South Y Area” were shut 
down. Ultimately, 13 of 34 down. Ultimately, 13 of 34 
wells across the entire south wells across the entire south 
shore area were shut down shore area were shut down 
due to contamination or due to contamination or 
threat of contamination. threat of contamination. 
9 of the 34 municipal wells in 9 of the 34 municipal wells in 
1997 were located in the 1997 were located in the 
“South Y Area”.“South Y Area”.
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Former USA Station Former USA Station 
1140 Emerald Bay Road UST Site1140 Emerald Bay Road UST Site

Former Shell Station  Former Shell Station  
1020 Emerald Bay Road UST Site1020 Emerald Bay Road UST Site

Petroleum release first reported in 1985.Petroleum release first reported in 1985.

1985 1985 -- Seven monitoring wells were installed.Seven monitoring wells were installed.

1991 1991 –– Three additional monitoring wells installed.Three additional monitoring wells installed.

1995 to Present 1995 to Present –– Further site investigations.Further site investigations.

1998 1998 –– Groundwater Remediation Begins.Groundwater Remediation Begins.

Petroleum release reported in 1998.Petroleum release reported in 1998.

19981998--1999 1999 –– Fifteen monitoring wells installedFifteen monitoring wells installed

1999 1999 -- Groundwater Remediation Begins.Groundwater Remediation Begins.



Geologic SettingGeologic Setting

The geology at the south shore of Lake Tahoe consists of alternaThe geology at the south shore of Lake Tahoe consists of alternating ting 
successions of depositional units associated with lacustrine, flsuccessions of depositional units associated with lacustrine, fluvial, and uvial, and 
glacial processes.glacial processes.
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Pleistocene Pleistocene GlaciationGlaciation

Series of lake high stands above Series of lake high stands above 
present elevations (1898 m MSL) present elevations (1898 m MSL) 
resulting from glacial damming of resulting from glacial damming of 
the lake outlet during Pleistocene the lake outlet during Pleistocene 
glaciations: Hobart, glaciations: Hobart, DonnerDonner, , 
Tahoe, and Tioga glaciations. (Up Tahoe, and Tioga glaciations. (Up 
to 186 m higher than present)to 186 m higher than present)

Both proximal and distal glacial Both proximal and distal glacial 
deposition on south shore during deposition on south shore during 
glaciations.glaciations.

Periods of lake high stands allow Periods of lake high stands allow 
the deposition of laterally the deposition of laterally 
extensive less permeable silt and extensive less permeable silt and 
clay layers.clay layers.
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Lake High StandsLake High Stands

Wave cut notch elev. 1937 mWave cut notch elev. 1937 m
Cave Rock, east shore

Wave cut notch elev. 1967 mWave cut notch elev. 1967 m
Eagle Rock, west shoreCave Rock, east shore Eagle Rock, west shore
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Lake High StandsLake High Stands
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Lake High StandsLake High Stands
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Lacustrine Silt and Clay DepositsLacustrine Silt and Clay Deposits

Borrow west of airport pit elev. 1950 mBorrow west of airport pit elev. 1950 m Upper Truckee River at Hwy 50 elev. 1902 mUpper Truckee River at Hwy 50 elev. 1902 m

Borrow west of airport pit elev. 1950 mBorrow west of airport pit elev. 1950 m Upper Truckee River east of Airport Upper Truckee River east of Airport 
elev. 1905 melev. 1905 m



Geologic SettingGeologic Setting

Lacustrine Silt and Clay DepositsLacustrine Silt and Clay Deposits

How continuous are silt and clay units on the south shore?How continuous are silt and clay units on the south shore?

Based upon the depositional environment, the presumption should Based upon the depositional environment, the presumption should 
be that silt and clay deposits are laterally continuous.be that silt and clay deposits are laterally continuous.

Most consultants and researchers, however, have presumed that Most consultants and researchers, however, have presumed that 
they are not continuous and use a single aquifer model.they are not continuous and use a single aquifer model.



Geologic SettingGeologic Setting

Lacustrine Silt and Clay DepositsLacustrine Silt and Clay Deposits

7:1 Vertical/Horizontal Exaggeration

25:1 Vertical/Horizontal Exaggeration

1 km

Gas

Scripps/LLNL high resolution seismic CHIRP line along south shorScripps/LLNL high resolution seismic CHIRP line along south shore of e of 
Lake Tahoe near Camp Richardson.Lake Tahoe near Camp Richardson.
CHIRP line shows successions of continuous depositional units.CHIRP line shows successions of continuous depositional units.

..
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Boring Log InformationBoring Log Information

Boring log information has been used by some as “proof” that silBoring log information has been used by some as “proof” that silt t 
and clay deposits are not continuous.and clay deposits are not continuous.

Estimated 300+ borings made within South Y Area.  Most borings Estimated 300+ borings made within South Y Area.  Most borings 
shallow less than 10 m deep and installed for UST investigationsshallow less than 10 m deep and installed for UST investigations..

Estimated 100+ borings made to depths greater than 10 m.Estimated 100+ borings made to depths greater than 10 m.

Evaluations were made of 80 boring logs for our study.Evaluations were made of 80 boring logs for our study.

59 logs for borings greater than 10 m.59 logs for borings greater than 10 m.

11 logs for borings less than 10 m.11 logs for borings less than 10 m.
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Boring Log InformationBoring Log Information

Boring log detail and quality of information varied considerablyBoring log detail and quality of information varied considerably
depending upon purpose and field personnel.depending upon purpose and field personnel.

Evaluations were made using a number of criteria to determine thEvaluations were made using a number of criteria to determine the e 
reliability of the boring logs.reliability of the boring logs.

Each boring log was assessed for evidence of a potential aquitarEach boring log was assessed for evidence of a potential aquitard d 
between 6.5 m and 15 m depths.between 6.5 m and 15 m depths.

Conclusions made as to whether evidence was found in support of Conclusions made as to whether evidence was found in support of 
an aquitard at  the boring location.an aquitard at  the boring location.
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Boring Log InformationBoring Log Information

Criteria for EvaluationCriteria for Evaluation

Drilling technique Drilling technique –– HSA, Rotary, Cable Tool.HSA, Rotary, Cable Tool.

Sample collection frequency, e.g. continuous or 1.5 m (5 feet) Sample collection frequency, e.g. continuous or 1.5 m (5 feet) 
intervals.intervals.

Observations of field personnel.Observations of field personnel.

Boring log detail.Boring log detail.

The absence of a geologic unit in a log may reflect limitations The absence of a geologic unit in a log may reflect limitations in in 
the data collection technique. the data collection technique. 
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Boring Log InformationBoring Log Information

Sample Interval Sample Interval 
45 cm per 1.5 m45 cm per 1.5 m
(1.5 ft. per 5 ft.)(1.5 ft. per 5 ft.)
30% Coverage30% Coverage

Source: LRWQCB  UST Files - 1140 Emerald Bay Road
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Boring Log InformationBoring Log Information

Soil DescriptionsSoil Descriptions
Silts and ClaysSilts and Clays

Source: LRWQCB  UST Files - 1140 Emerald Bay Road
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Boring Log InformationBoring Log Information

Other ObservationsOther Observations

Source: LRWQCB  UST Files - 1140 Emerald Bay Road
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Boring Log InformationBoring Log Information

Source: LRWQCB  UST Files - 1140 Emerald Bay Road
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Boring Log InformationBoring Log Information

Source: LRWQCB  UST Files - 1140 Emerald Bay Road
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Boring Log InformationBoring Log Information

Summary of ObservationsSummary of Observations

55 of the 80 Logs (69%) supported the existence of an 55 of the 80 Logs (69%) supported the existence of an 
aquitard at the boring location.aquitard at the boring location.

25 logs (31%) were judged inconclusive as to the existence of 25 logs (31%) were judged inconclusive as to the existence of 
an aquitard.  Of these logs, 8 were for borings less than 10 m an aquitard.  Of these logs, 8 were for borings less than 10 m 
deep.deep.

None of the boring logs supported the nonNone of the boring logs supported the non--existence of an existence of an 
aquitard.aquitard.

No channel deposits were observed within any of the boring No channel deposits were observed within any of the boring 
logs between the 6 m and 20 m depth interval.logs between the 6 m and 20 m depth interval.
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Groundwater ElevationsGroundwater Elevations
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Groundwater ElevationsGroundwater Elevations

Groundwater Elevations and MTBE Plume Location Groundwater Elevations and MTBE Plume Location --Year 2000 Year 2000 
Shallow Ground waters < 9.1 mShallow Ground waters < 9.1 m

1908

1906

1910

1912
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Groundwater ElevationsGroundwater Elevations

Groundwater Elevations and MTBE Plume Location Groundwater Elevations and MTBE Plume Location –– Year 2000Year 2000
Deeper Ground waters 9.1 m to 19.8 mDeeper Ground waters 9.1 m to 19.8 m

1903

19
05
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Pump Test DataPump Test Data

Storage Coefficient of 0.0052 reported for the STPUD Tata Lane Storage Coefficient of 0.0052 reported for the STPUD Tata Lane 
Well near the South Y Area is within the range commonly found foWell near the South Y Area is within the range commonly found for r 
confined or semiconfined or semi--confined aquifers.confined aquifers.

Ref. Scott Ref. Scott et.alet.al. (1978) and Blum (1979). (1978) and Blum (1979)



Hydrogeologic ObservationsHydrogeologic Observations

Summary of Key ObservationsSummary of Key Observations

Evidence of lacustrine depositional environment.Evidence of lacustrine depositional environment.

Boring logs support the presence of an aquitard beneath the SoutBoring logs support the presence of an aquitard beneath the South Y h Y 
Area and do not provide evidence of erosion.Area and do not provide evidence of erosion.

Geophysical data demonstrates continuity of sedimentary units.Geophysical data demonstrates continuity of sedimentary units.

Significant head differences between shallow and deeper ground wSignificant head differences between shallow and deeper ground waters aters 
consistent across the South Y Area.consistent across the South Y Area.

Contamination plumes migrated in separate directions from UST siContamination plumes migrated in separate directions from UST sites tes 
depending upon groundwater depth.depending upon groundwater depth.

Pump test data supports confined and semiPump test data supports confined and semi--confined aquifer conditions.confined aquifer conditions.

MTBE detected in STPUD wells in South Y area after crossMTBE detected in STPUD wells in South Y area after cross--screened screened 
monitoring wells installed at LUST site.monitoring wells installed at LUST site.



ConclusionsConclusions
Prevailing single aquifer ground water model does not explain kePrevailing single aquifer ground water model does not explain key y 
observations.observations.

Source: 1020 Emerald Bay Road UST File, LRWQCB
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Conceptual ModelConceptual Model
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ConclusionsConclusions

A multiple aquifer model explains the 1.5 m to 7.6 m head differA multiple aquifer model explains the 1.5 m to 7.6 m head difference ence 
between the shallow and deeper ground waters in the South Y Areabetween the shallow and deeper ground waters in the South Y Area
and is consistent with the depositional environment. and is consistent with the depositional environment. 

CrossCross--screened monitoring wells have resulted in the vertical screened monitoring wells have resulted in the vertical 
migration of contamination from shallow ground waters to deeper migration of contamination from shallow ground waters to deeper 
ground waters.ground waters.

STPUD’sSTPUD’s water supply wells near the South Y area were adversely water supply wells near the South Y area were adversely 
impacted as a result of this crossimpacted as a result of this cross--contamination.  contamination.  

This mechanism of contaminant migration has not been fully This mechanism of contaminant migration has not been fully 
recognized.recognized.



RecommendationsRecommendations

Recognition of multiple aquifer conditions by agencies responsibRecognition of multiple aquifer conditions by agencies responsible le 
for water resources management and protection to prevent furtherfor water resources management and protection to prevent further
crosscross--screening of wells.screening of wells.

Further characterization of hydrogeologic conditions in the TahoFurther characterization of hydrogeologic conditions in the Tahoe e 
Basin using modern imaging techniques is needed to protect Basin using modern imaging techniques is needed to protect 
groundwater resources.groundwater resources.

Continuous core sampling of all soil boring and monitoring well Continuous core sampling of all soil boring and monitoring well 
installations at UST sites.installations at UST sites.

CrossCross--contaminating monitoring wells should be destroyed by contaminating monitoring wells should be destroyed by 
removing the well casing and filter pack and properly sealing thremoving the well casing and filter pack and properly sealing the e 
boring in accordance with California Department of Water boring in accordance with California Department of Water 
Resources Bulletin 74Resources Bulletin 74--81 and Bulletin 7481 and Bulletin 74--90.90.



Selected ReferencesSelected References
BirkelandBirkeland, P.W., 1963, Pleistocene Volcanism and Deformation of the Truck, P.W., 1963, Pleistocene Volcanism and Deformation of the Truckee Area, North of Lake Tahoe, California, GSA Bulletin v. 74, ee Area, North of Lake Tahoe, California, GSA Bulletin v. 74, 
p 1453p 1453--14641464

BirkelandBirkeland, P. W. 1964, , P. W. 1964, Pleistocene Pleistocene GlaciationGlaciation of the Northern Sierra Nevada, North of Lake Tahoeof the Northern Sierra Nevada, North of Lake Tahoe, Journal of Geology, v. 72, p. 810, Journal of Geology, v. 72, p. 810--825.825.

Blum, J. 1979.  Blum, J. 1979.  Geologic and Gravimetric Investigation of the South Lake Tahoe GGeologic and Gravimetric Investigation of the South Lake Tahoe Groundwater Basin, California.  Master’s Thesis, U.C. roundwater Basin, California.  Master’s Thesis, U.C. 
Davis.Davis.

Bonham Jr., H.F. and J.L. Burnett. 1976.  Bonham Jr., H.F. and J.L. Burnett. 1976.  South Lake Tahoe Folio Geologic Map. South Lake Tahoe Folio Geologic Map. Nevada Bureau of Mines and Geology.Nevada Bureau of Mines and Geology.

Burnett, J. L. 1967 Geologic Map of Southern Half of Lake Tahoe,Burnett, J. L. 1967 Geologic Map of Southern Half of Lake Tahoe, California Division of Mines and Geology: Open File Report No. California Division of Mines and Geology: Open File Report No. 68.68.

ElciElci, A., F.J. , A., F.J. MolzMolz, and W.R. Waldrop. 2001. Implications of observed and simulated, and W.R. Waldrop. 2001. Implications of observed and simulated ambient flow in monitoring wells. ambient flow in monitoring wells. Ground WaterGround Water 39, 39, 
no. 6: 853no. 6: 853--862.862.

HyneHyne, N. J., , N. J., ChelminskiChelminski, P., Court, J. E., , P., Court, J. E., GorslineGorsline, D. S., and Goldman, C. R. 1972.  , D. S., and Goldman, C. R. 1972.  Quaternary History of Lake Tahoe, CaliforniaQuaternary History of Lake Tahoe, California--
Nevada: Geol. Soc. Am. Bull., V. 83, p. 1435Nevada: Geol. Soc. Am. Bull., V. 83, p. 1435--1448.1448.

Kent, G. M.  2000.  Kent, G. M.  2000.  NearshoreNearshore Seismic CHIRP Profiles from Camp Richardson to Baldwin Beach. SSeismic CHIRP Profiles from Camp Richardson to Baldwin Beach. Scripps Institution of Oceanography.  cripps Institution of Oceanography.  
NSF Grant SGER/EAR 00NSF Grant SGER/EAR 00--03839.  Unpublished Data.03839.  Unpublished Data.

Lacombe, S., E.A. Lacombe, S., E.A. SudickySudicky, S.K. , S.K. FrapeFrape, and A.J.A. Unger. 1995.  Influence of leaky boreholes on cross, and A.J.A. Unger. 1995.  Influence of leaky boreholes on cross--formational groundwater flow and formational groundwater flow and 
contaminant transport.  contaminant transport.  Water Resources ResearchWater Resources Research 31, no. 8: 187131, no. 8: 1871--1882.1882.

McAllister, J.R., 1936, Glacial History of an Area Near Lake TahMcAllister, J.R., 1936, Glacial History of an Area Near Lake Tahoe, Stanford University Masters thesisoe, Stanford University Masters thesis

Scott, V. H.,  J. C. Scalmanini, and R. A. Matthews. 1978Scott, V. H.,  J. C. Scalmanini, and R. A. Matthews. 1978.  Groundwater Resources of the South Tahoe Public Utility Distr.  Groundwater Resources of the South Tahoe Public Utility Districtict. Report . Report 
prepared for the South Tahoe Public Utility District.prepared for the South Tahoe Public Utility District.



Evidence for CrossEvidence for Cross--contamination contamination 
of Aquifers due to Monitoring of Aquifers due to Monitoring 

Well Construction in Well Construction in 
South Lake Tahoe, CaliforniaSouth Lake Tahoe, California

Presentation at the Presentation at the 
2004 NGWA Conference on MTBE and 2004 NGWA Conference on MTBE and PerchloratePerchlorate: : 

Assessment, Remediation, and Public Policy Assessment, Remediation, and Public Policy 
Costa Mesa, CaliforniaCosta Mesa, California

June 4, 2004June 4, 2004

Craig Morgan, P.E.Craig Morgan, P.E.
Graham Kent, Ph.D.Graham Kent, Ph.D.

Gordon Seitz, Ph.D., C.E.G.Gordon Seitz, Ph.D., C.E.G.
Michaela Novak, P.E.Michaela Novak, P.E.


	Evidence for Cross-contamination of Aquifers due to Monitoring Well Construction in South Lake Tahoe, California
	Presentation Outline
	Well Bore Flow Dynamics
	Well Bore Flow DynamicsNumerical Modeling of Flow Across an Aquitard
	Project Area Description
	Project Area Description
	Geologic Setting
	Geologic Setting Pleistocene Glaciation
	Geologic Setting Lake High Stands
	Geologic Setting Lake High Stands
	Geologic Setting Lake High Stands
	Geologic Setting Lacustrine Silt and Clay Deposits
	Geologic Setting Lacustrine Silt and Clay Deposits
	Geologic Setting Lacustrine Silt and Clay Deposits 
	Hydrogeologic ObservationsBoring Log Information
	Hydrogeologic ObservationsBoring Log Information
	Hydrogeologic Observations Boring Log Information
	Hydrogeologic Observations  Boring Log Information
	Hydrogeologic Observations  Boring Log Information
	Hydrogeologic Observations  Boring Log Information
	Hydrogeologic Observations  Boring Log Information
	Hydrogeologic Observations  Boring Log Information
	Hydrogeologic ObservationsBoring Log Information
	Hydrogeologic Observations Groundwater Elevations
	Hydrogeologic ObservationsPump Test Data
	Hydrogeologic ObservationsSummary of Key Observations
	Conclusions
	ConclusionsConceptual Model
	ConclusionsConceptual Model
	Conclusions
	Recommendations
	Selected References
	Evidence for Cross-contamination of Aquifers due to Monitoring Well Construction in South Lake Tahoe, California

