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Los Alamos National Laboratory 
Hydrogeologic Characterization Program 

Annual Meeting 

March 20-23, 2001 

Tuesday, March 20 
Annual Meeting 

New Arts Building, Ghost Ranch 
8:30 Welcome, introductions, agenda review (Charlie Nylander) 
8:45 Groundwater Integration Team (GIT) Subcommittee Status 

Reports 

10:30 

10:45 

11 :30 

1:00 

3:00 

4:30 

7:00 

• Information Management (Kendra Henning) 
• Well Construction (Steve Pearson) 
• Geochemistry (Pat Longmire) 
• Hydrology (David Rogers) 
• Modeling and Risk (Bruce Robinson) 
Break 

Management Report (Charlie Nylander) 
• FYOO Accomplishments and FY01 activities 
• FY02 Planned Activities 
• Quality Improvements (Larry Maassen) 
Lunch 

External Advisory Group session with stakeholders 
Response to stakeholder concerns (Charlie Nylander) 
Geology Hike 

Campfire session 



Los Alamos National Laboratory 

Hydrogeologic Characterization Program 

Annual Meeting 

March 20-23, 2001 

Wednesday, March 21 
Annual Meeting 

New Arts Building, Ghost Ranch 

8:30 Evolution of Well Drilling, Construction, Development (Ted 

Ball and Steve Pearson) 

8:45 

9:00 

9:1 5 

9:30 

Observations on Geology from Regional Wells (David 

Vaniman and Greg Cole) 

Well Logs, Geology, and Hydrology (David Broxton, Rick 

Lewis) 

Hydraulic Conductivity and Geology (Bill Stone, S. Mclin, D. 

Vaniman) 

Quantifying Heterogeneity within the Puye Formation 

(Elizabeth Keating) 

9:45 Poster Viewing 

10:45 

11 :00 

1 1 : 1 5 

11 :30 

11 :45 

1:00 

2:00 

Databases -Water Quality and Environmental Restoration 

(Kendra Henning, Cathy Smith, and Ann Lee) 

DOE role in Oversight (Karen Agogino, Russel Edge) 

Water Supply Well Sampling (David Rogers) 

Results of Quarterly Sampling (Pat Longmire) 

Lunch 

Poster viewing 

Overview of Modeling Activities and Deliverables (Diana 

Hollis) 

2:1 5 Los Alamos, Canyon Flow and Transport Model (Bruce 

2:30 

2:45 

3:00 

3:1 5 

4:1 5 

Robinson) 

NMED/DOE-OB Conceptual Model for Los Alamos Canyon 

(Michael Dale) 

Validation of Conceptual Models for Vadose Zone Flow and 

Transport Beneath the Pajarito Plateau (Kay Birdsell) 

Model Uncertainty, Sensitivity Analysis, and Data Needs 

(Elizabeth Keating) 

Poster Viewing 

Adjourn 
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Los Alamos National Laboratory 
Hydrogeologic Characterization Program 

Annual Meeting 

March 20-23, 2001 

Thursday, March 22 
EAG Meetings with CIT Subcommittees 

LANL, various rooms 
9:00 EAG representatives meet with NW IF&C 

10:00 EAG meets with Hydrology and Modeling subcommittees 
12:00 

1:00 

3:00 

Lunch 

EAG meets with Geochemistry and Well Construction 
subcommittees 
EAG meets with GIT members involved in risk assessment 

Friday, March 23 
Close-out Meetings 

LANL study center, San lldefonso Room 
9:00 EAG close-out meeting with Managers 

10:00 Break 
10:30 EAG close-out meeting with GIT 
11 :30 

1:00 

Lunch 

EAG working session 
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Information Management Subcommittee 
Status Report 
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Hydrogeologic Characterization Program Annual Meeting 
March 19-23, 2001 

Year in Review 

• Software Development 

• Data Import/Migration 

• Report Development 

• Website Development 



Software Development 

• Sampling/Chain of Custody 

• Data Validation 

• Data Import Routines 

• Data Steward QA/QC Tools 

• Discharge Monitoring Report 

FY 2000 Data Import/Migration 

Year 2000 Analytical Chemistry 
Results 

Year 2000 Sample Tracking/Chain 
of Custody 

1994 - 1999 Daily Flow Data 

1994- 1999 Five Minute Flow & 
Gage Height Data 

40,000+ 

12,000+ 

35,000+ 

8,000,000+ 

-

-
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Report Development 

• Stations * 

• Chemistry* 

• Gage/Flow Data * 

• Sample Tracking 

• Discharge Monitoring Report 

* = available on WQDB website 

Website Development 

• Jinitiator (Java) Interface 

• HTML Interface & Improved Query 
Performance (Netscape Only) 

• Improved HTML Interface (N etscape & 
IE) 



Accessing the WQDB Website 

http:/ /wqdb.lanl.gov 

(LANL internal) 

http:/ /wqdbworld.lanl. gov 

(public) 

WQDB Website- Screen Shot 

WO! _,.,. •w:tkiiUJ dot!A lh~Jt has rtol hl'll!n tbunwvhly 'lalldated n<liltdlh!. Th~fl d<'JIIJ l'ltl'l l•f8litllill<'lrf .. nu m.ty b"' mmfitl11tJ 111" lclli!r tlllle. 

~ Cll.mftlty 

Location Typ.1: Monitoring Welt 
APC0-1 
COBO-S 
CDB0-6 
CDB0-7 
CDB0-8 
CDB0-9 
Core Hole 2 
FC0-1 
LA0-0 7 
LA0-1 
LA0-1 2 

StatlonA..ocatlon Report 

Los Alamos Nabonal Laboratory 
ESH-18 Water Quality and f"+{drology 

Water Quality Database 

X Coord Y Co<', 
1649209 6 1773( 
1633583 4 1165E 
1636209 3 1764i 
1637400 1763:: 
1639294 1762, 
16421191 1759/' 
0 0 
1642409 17511 
1627212 3 1774; 
1629395 1773f. 
16326463 1173:: 
1635446 3 
1637607 8 



Goals for FY 20001 

Software Sample Planning/Tracking In Progress 
Development 

Data Migration Legacy Chemistry In Progress 
(300,000+ records) 

Water Levels Pending - Hydrologic Properties Pending - Report/Website All WQDB Data In Progress 
Development 

ERDB/WQDB R-well data and related lookup Pending 
Data Exchange table data exchange 

-

-
-
-- Question & Answer 

-- " - - -- - -

--
-
--
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2000 Monitoring Well Installation 
Activities 

GW Investigation Focus Area 

-~~E.----~~~~•o•~.':'c~~~o~~~o•vf:-------~ 
ER-2001-0214 Slide 1 ~ 

Well R-7 

• Drilled to TD of 1097 feet on 1/12/01 

• Construction completed 1/30/01 

• Westbay installed 2/26/01 

• Surface completion in progress 

• First sampling planned for Summer 01 

~~ -.:::> ----~Losa,;;;;;;A~Ia,;,;,;mos~-----~ ~ NATI-QNALLA.IORATORY 
.,nvoronmenbll <<!'!ltr.onltion proj"'t ER-

2001
_
0214 

Slide 2 
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... , 
Well R-9 

•• 
• Second sampling event conducted 9/29/00 

• Third sampling event conducted 2/13/01 .... 
• Fourth sampling event scheduled June 01 

• Geochemistry Report scheduled for Oct 01 -
-
1111111 

-
liM I 

Well R-9i 

.... 

• First sampling event conducted 9/15/00 

• Second sampling event conducted 2/21/01 

• Third sampling event scheduled June 01 -· 
• Fourth sampling event scheduled Sept 01 •• 
• Geochemistry Report scheduled for Jan 02 -

""'' 

-~ .. B.----..;;~~~;;;.; .. ~~l~a;w,.o~;,;,;.ro~.y------C! 
ER-2001-0214 Slide 4 ~~ -

•• ... 

-· 



------- Well R-12 

--- • First sampling event conducted 9/20/00 

- • Second sampling event conducted 3/12/01 

- • Third sampling event scheduled June 01 - • Fourth sampling event scheduled Sept 01 - • Geochemistry Report scheduled for Jan 02 --
- ~ ~----~~~~ION~A~~~~Omos~RAT~ORY~-----i~ 

•••''""-"'"' ••••••"''"" P•••~• ER-2001-0214 Slode 5 ~ ---- Well R-15 .. 
-

• First sampling event conducted 2/24/00 - • Second sampling event conducted 9/12/00 

- • Third sampling event conducted 2/15/01 

• Fourth sampling event scheduled July 01 

IIIII • Geochemistry Report scheduled for Oct 01 

-
- ~~ --=------=Los;;;;:.,;;;;;A;;:;;,Ia;.;,:;mos;;;;;;;;.., _____ t@. 

·~ ~ NATtONALLA&ORATQft'r l'")ol 
•nvironm..,trll 'l'"'lonolion prOJI!!GI ER-200

1
_
0214 

Slide 6 
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Well R-19 ., 
• First sampling event conducted 9/30/00 

• Second sampling event conducted 3/19/00 

• Third sampling event conducted June 01 

• Fourth sampling event scheduled Sept 01 

• Geochemistry Report scheduled for Jan 02 -
ll!lllll 

-' 
Well R-22 

..... 

• Drilled to TD of 1489 feet on 10/11/00 -
• Construction completed 11/3/00 

• Westbay installed 12/18/00 -
• Surface completion in progress 

• First sampling event conducted 3/6/01 

• Second sampling event planned Summer 01 

.... 

-
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Well R-25 

• First sampling event conducted 12/12/00 

• Second sampling event scheduled for 
April 01 

~--..--:-'l ~ Los Alamos (·v"·i_"··~_" ~ --------~ .. ~TIO~NAl~LA~BO"~ATO~"y------------,~; 
enllir<>nrnf!'n!Ml ,...,.,or.uan pro:>j~M:t ER-

2001
_
0214 

Slide 9 ~~ 

Well R-31 

• First sampling event conducted 12/19/00 

• Second sampling event planned for Fall 01 

~--..--:-'l --.:::> --------=L~os~A~Ia~mos~,__ __________ t@_ 
~ ~ HATt-ONALLA.IOAATOFI't _ 

"nvironm .. nbol '"'"'t.,..alton proj~M:t ER-
2001

-0
214 

Slide 10 
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Los Alamos National Laboratory 

Environmental Restoration 
Groundwater Investigation Focus Area 

Drilling "Time Out" 

· r -~ ,~ . Los Alamos 
•·. "'. "'=t·_r ~.----------~=.=:~ : ill ..,. ......,...., NUIONo\1. LASOAo\TOftY 

uwirnmuttt rulofal/u ,rtjltt Slide l 

Drillin~ "Time Out" 

• Rational 

• Objectives 

• Accomplishments 

• Planned "Restart" 



Rational for "Time Out" 

• Budget Constraints 
-Time for R-5, MCOBT-4.4, MCOBT-8.5, R-13, 

start CdV-37-2 

-Dollars for R-5, MCOBT-4.4, MCOBT-8.5, start 
R-13 

• Contracting 
- Cost proposal not yet approved 

• Anticipated Rig Standby Costs 
-Rig finished at R-22 before pad at R-5 ready 

F'!>,-t · r .i Los Alamos 
- . r-!J _!_, -----E-R200-t..OZZ9------=NAT~IOH:,.:_Al=LA8;::..:0AA~TOAY 

' tnuun,.~t•l rutu.illn '"t1ct Slide 3 

Objectives of "Time Out" 

• Revise project management approach with 
Subcontractor 

• Transfer quality assurance activities to 
Subcontractor 

• Get planning and contracting in place for 
future wells 

~~ f ~-----------=Los~A=~=mos= 
:.;_,; ·~ ...._, EA200I-OZZ9 NATIO.NAL LAIOAATORY 
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Accomplishments during "Time Out" 

• Subcontractor to take responsibility for 
project management 

• Contract for Task Order 18 modified to 
transfer QA to Subcontractor 

• Contracts in place for R-5, MCOBT -4.4 and 
8.5, SOW for R-13 at Subcontractor 

• NMED and LANL prioritized next six wells 

at.t. r-·-..J r ..~ -----------=Los==..:...A=Ia:.:..:.mos= ,., f"J -.-!:, .._,;i NATIO-NAL L.\8-QAo\TOFIY 
'' 'tuuufllnt•l rut.,allu '"ltet Slide 5 

Planned "Restart" 

• Readiness review preparations for R-5 
proposed to start March 26 

• Drill R-5 mid May to mid June 

• Drill MCOBT -8.5 mid June to early July 

• Drill MCOBT -4.4 early July to late July 

• Drill R-13 or R-18 late July to late Sept 

r ., Los Alamos _r ..._,; -----------= .. =fi0=-:,.NAL..::.,:CA8:.:.,:.0AA=TORY 

rutuatlu pulut ER200l-0229 Slide 6 



Priorities for Future Wells 

• Propose a 2 to 3 well list for DP and ER 

• As a well is completed, stakeholders meet 
and add another well to the list 

• Wells already in the list can't be changed 

• Current proposed list is 
- ER R-13 R-18 R-21 

' ' 
- DP R-8 R-14 R-20 

' ' 

!!t '.1'.' r ., Los Alamos 
... I' J _! .._.., -----ER200-t~2-,. ---S},.d-e 
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Priorities for Future Wells 

• Must keep contracting and preparation out 
ahead of drilling 

•. ~ P'~ -~ .-~ -----------;;;;L=os;..:..A,;:;.;:;Ia':":"mos~ 
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ANNUAL STATUS REPORT FOR THE GEOCHEMISTRY 
SUBCOMMITTEE, GROUNDWATER INTEGRATION TEAM 

BY 

PATRICK LONGMIRE\ JENNIFER KOFOED2
, 

BRENT NEWMAN3
, AND DALE COUNCE1 

MARCH 20, 2001 

1. EES-6, 2. AURORA TECHNICAL SERVICES, AND 3. EES-16 

ENVIRONMENTAL RESTORATION PROJECT 



OBJECTIVE OF PRESENTATION 

Present a status report for the geochemistry subcommittee and 
geochemical investigations conducted at the Laboratory and 
surrounding areas from October 1, 1999 through September 30, 2000. 

Topics of interest include: 

~ Quarterly sampling at R-9, R-91, R-12, R-15, R-19, R-25, and R-31 

~ TA-16 

~Borehole water sampling at R-22 and CDV-15 

);> Collection of water quality samples from test wells and supply wells 

);> Performance of geochemical modeling using MINTEQA2 and PHREEQC 
to quantify aqueous speciation, mineral equilibrium, and adsorption 
reactions 

ENVIRONMENTAL RESTORATION PROJECT 
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Figure 4.0-1. Completed, in progress, and proposed MWIP regional aquifer wells as of the end 
ofFYOO. 
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INITIAL ANAL YTES FOR SAMPLING OF R WELLS 

Field Parameters 

Temperature, pH, specific conductance, and turbidity 

Radionuclides (Filtered and Non Filtered Samples) 

Tritium (non filtered only), strontium-90, uranium and plutonium isotopes, 
americium-241, and gamma spectroscopy 

Inorganic Constituents (Filtered and Non Filtered Samples) 

AI, Sb, As, Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, 
Hg, Mo, Ni, K, Se, Ag, Sr, Na, Tl, U, V, and Zn 

Alkalinity, HC03·, P04
3
·, HN/, TKN, Cl·, F·, Br·, N03·, N02·, C20 4

2
·, CI04·, and 504

2
• 

Organic Compounds (Non Filtered Samples) 

Volatile, Semivolatile (e.g. PCBs, PAHs, Pesticides), High Explosive Compounds 
and Degradation Products, TOC, and DOC fractionation 

Stable Isotopes (Non Filtered Samples) 

8Deuterium, 815Nitrogen, and 8180xygen 

ENVIRONMENTAL RESTORATION PROJECT 
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QUARTERLY SAMPLING OF R-WELLS AND FIELD-MEASURED PARAMETERS 

Well Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp. Turbidity 
(y/m/d) (hydrogeology) (J.LSi/cm) (C) (NTU) 

R-9 00/09/29 689 - 704 (SFG basalt) Reg. Aq. 8.03 200 23.4 4.2 

R-91 00/09/14 189- 199 (CDR basalt) Perched 8.04 160 19.64 3 

R-91 00/09/15 270 - 280 (CDR basalt) Perched 7.5 140 13.5 1.9 

R-12 00/09/18 459 - 467 (CDR basalt) Perched 8.01 280 21.8 3.3 

R-12 00/09/19 504 - 508 (CDR basalt) Perched 8.62 200 23.6 2.8 

R-12 00/09/20 801 - 839 (SFG basalt) Reg. Aq. 7.24 300 22.5 6.8 

R-15 00/10/10 960- 1020 (SFG basalt)Reg. Aq 7.9 130 16.9 3 

R-19 00/09/22 893 - 910 (PF) Perched 7.75 120 18.45 1.7 

R-19 00/09/27 1171- 1215 (PF) Reg. Aq. 7.65 100 20.14 1.8 

R-19 00/09/27 1583 - 1590 (PF) Reg. Aq. 7.37 130 20.20 19.3 

R-19 00/10/03 1832 - 1839 (PF) Reg. Aq. 7.44 230 26.49 35.9 

R-19 00/10/05 1727 - 1734 (PF) Reg. Aq. 7.32 170 24.68 1.7 
I -- ----------

ENVIRONMENTAL RESTORATION PROJECT 
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QUARTERLY SAMPLING OF R-WELLS AND FIELD-MEASURED PARAMETERS 

Well Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp. Turbidity 
(y/m/d) (hydrogeology) (f.!Si/cm) (C) (NTU) 

R-25 00/11/14 738 - 759 (BT) Perched 7.65 225 9.0 1.6 

R-25 00/11/15 883 - 894 (PF) Perched 8.83 322 9.0 41.7 

R-25 00/12/01 1 055 - 1 065 (PF) Perched 11.63 490 9.9 1.9 

R-25 00/12/04 1185 - 1195 (PF) Perched 7.64 716 8.8 5.3 

R-25 00/12/07 1296- 1306 (PF) Reg. Aq. 7.73 210 10.8 6.2 

R-25 00/12/08 1406- 1416 (PF) Reg. Aq. 7.91 232 10.9 1.8 

R-25 00/12/11 1606- 1616 (PF) Reg. Aq. 7.9 186 11.2 3.5 

R-25 00/12/12 1796- 1806 (PF) Reg. Aq. 8.07 204 10.9 14.3 

R-31 00/12/14 827 - 837 (PF) Perched 7 .195 21.35 1.6 

R-31 00/12/15 1007 - 1017 (PF) Reg. Aq. 7 151 22.6 60 

R-31 00/12/16 666 - 676 (PF) Perched 6.8 790 15.5 46.7 

R-31 00/12/16 515- 546 (PF) Perched 7 395 18.8 23.5 
---- ----------

Note: CDR basalt means Cerros del Rio basalt; SFG means Santa Fe Group; PF means Puye Formation; BT means Bandelier Tuff; and 
Reg. Aq. means regional aquifer. An upper saturated zone is present at R-25. Jennifer Fofoed supervised quarterly sampling at R-9, R-9i, 
R-12, and R-25. Jon Marin supervised quarterly sampling at R-15, R-19, and R-31. 
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RESULTS OF BOREHOLE R-22 SAMPLING 

The regional aquifer was encountered at 883ft on September 30, 2000. 
Borehole groundwater samples were collected and analyzed for americium-
241, gamma spectroscopy, strontium-90, tritium, uranium isotopes, metals, 
volatile organic compounds, semivolatile organic compounds, and stable 
isotopes of hydrogen, nitrogen, and oxygen. 

Activities of Sr-90 were less than detection (0.3 ± 2.4 pCi/L) 
(MDA = 4 pCi/L). 

Activities of Pu-238, Pu-239,240, and Am-241 were less than detection. 

Activity of tritium is 109.2 ± 4.5 (1 cr) pCi/L at 883ft. 

Concentration of perchlorate was less than detection (1 f.lg/L). 

ENVIRONMENTAL RESTORATION PROJECT 

ft !I II II'' fl ~~II II II •• II ft II If r• II II fl 



II II IJ II II II II II 11111111 II 11111111 II II 

FY-2001 GEOCHEMISTRY DATA COLLECTION ACTIVITIES 

• Collection of core and cuttings for geochemical-contaminant analyses 
during drilling of boreholes R-5, R-7, and R-22 and potential intermediate 
borehole{s) in Mortandad Canyon. 

• Collection of groundwater samples both during drilling and from newly 
completed wells to evaluate natural solute{inorganic-radionuclide) and 
contaminant distributions in perched zones and the regional aquifer. 

• Collection of groundwater samples from alluvial wells in Pueblo Canyon, 
Los Alamos Canyon, Mortandad Canyon, and Canon de Valle to evaluate 
water and contaminant balance, and estimate residence times and mixing 
of groundwater and surface water. 

• Collection of water quality samples from test wells and supply wells on 
and adjacent to the Pajarito Plateau as part of the annual environmental 
surveillance and compliance monitoring activities. 

ENVIRONMENTAL RESTORATION PROJECT 



FY-2001 GEOCHEMISTRY DATA INTERPRETATION ACTIVITIES 

• Complete the LANL natural solute (background) investigation for the ER 
project and finalizing the report. 

• Continue to incorporate the effects of monitored natural attenuation into 
the decision-making process within the GIT and ER Project. 

• Evaluate distribution of solutes measured at different characterization 
wells using statistical analyses, and geochemical modeling. Validated 
analytical results will be included as part of the data analysis and 
assessment. 

• The Geochemical Conceptual Model will be refined based on knowledge 
gained in FY2001 data collection and analytical results. 

• Available data shall be compiled and interpreted on major ions chemistry 
and stable isotopes throughout the Espanola Basin to evaluate and 
quantify recharge and groundwater chemistry along flow paths. 

ENVIRONMENTAL RESTORATION PROJECT 
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SUMMARY 

Geochemistry subcommittee members have started to collect quarterly 
groundwater samples from R-9, R-91, R-12, R-15, R-19, and R-25. 

Borehole water samples have been collected from R-22 within the regional 
aquifer {basalt). 

Quik Foam contains isopropyl alcohol, which oxidizes to acetone. Acetone 
is volatile and has a short residence time in aqueous solution. 

Evidence for barium colloids in the TA-16 springs 
• either as barite or adsorbed on other mineral phases 
• analyses suggest that most of the Ba is dissolved and estimated colloidal 

percentages are usually less than 1 0°/o. 
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SUPPLEMENTAL MATERIAL FOR GEOCHEMISTRY 
SUBCOMMITTEE ANNUAL REPORT (FY2000) 

ENVIRONMENTAL RESTORATION PROJECT 
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R-WELL COMPLETION (SCREENS) 

> R-9, Single Screen (689 -704ft) 

> R-91, Double Screens (189 - 199 ft and 270 - 280 ft) 

> R-12, Triple Screens (459- 468ft, 505- 508ft, and 
(801 -884 ft) 

> R-15, Single Screen (959 - 1020 ft) 

> R-19, Multiscreens (893 - 910 ft, 1171 - 1215 ft, 
1583 - 1590 ft, 1727 - 1734 ft, 1832 - 1839 ft) 

ENVIRONMENTAL RESTORATION PROJECT 



ANALYTICAL METHODS EPA SW846 

~ Metals- Inductively Coupled Plasma Optical Emission Spectroscopy and 
Inductively Coupled Plasma Mass Spectrometry · 

~Anions- lon Chromatography 

Organic Compounds- Gas Chromatography and _Gas Chromatography-Mass 
Spectrometry 

~ High Explosive Compounds- High Pressure Liquid Chromatography 

~ Radionuclides- Alpha Spectrometry, Gas Proportional Counting, Gamma 
Spectroscopy, Direct Counting, Electrolytic Enrichment 

~ Stable Isotopes- Isotope Ratio Mass Spectrometry 

ENVIRONMENTAL RESTORATION PROJECT 
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SAMPLING PROTOCALS AT R-WELLS 

~ Purge single completed wells, removing at least 3 well bore volumes; 
measure field parameters; collect; filter; and preserve (if required). 

~ Collect groundwater samples at multicompleted wells; measure field 
parameters; filter; and preserve (if required). Groundwater samples are 
collected using Westbay Instruments at a rate of four liters per hour (one 
hour per trip). 

ENVIRONMENTAL RESTORATION PROJECT 



FIELD-MEASURED PARAMETERS AT R-9 

Well Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp. Turbidity 
(y/m/d) (hydrogeology) (~Si!cm) (C) (NTU) 

R-9 00/02/28 689 - 704 (SFG basalt) Reg. Aq. 7.45 239 22.7 2.02 

R-9 00/09/29 689 - 704 (SFG basalt) Reg. Aq. 8.03 200 23.4 4.2 

R-9 01/02/16 689 - 704 (SFG basalt) Reg. Aq. 8.13 259 23.0 2.4 
--L ... - -- ---

Note: SFG means Santa Fe Group and Reg. Aq. means regional aquifer. Jennifer Kofoed supervised quarterly sampling at R-9. 

FIELD-MEASURED PARAMETERS AT R-91 

Well Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp. Turbidity 
(y/m/d) (hydrogeology) (1-1Silcm) (C) (NTU) 

R-9i 00/09/14 189 - 199 (CDR basalt) Perched 8.04 160 19.6 3.0 

R-9i 01/02/20 189 - 199 (CDR basalt) Perched 7.35 272 12.8 1.2 

R-9i 00/09/15 270 - 280 (CDR basalt) Perched 7.5 140 13.5 1.9 

R-9i 01/02/21 270 - 280 (CDR basalt) Perched 7.25 215 12.3 1.4 
Note: CDR basalt means Cerros del Rio basalt. Jennifer Kofoed supervised quarterly sampling at R-91. 

ENVIRONMENTAL RESTORA TJON PROJECT 
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FIELD-MEASURED PARAMETERS AT R-15 

Well Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp. Turbidity 
(y/m/d) (hydrogeology) (J.tSi/cm) (C) (NTU) 

R-15 00/02/24 960 - 1020 (SFG basalt)Reg. Aq 8.0 126 20.6 4.8 

R-15 00/10/10 960 - 1020 (SFG basalt)Reg. Aq 7.9 130 16.9 3.0 

R-15 01/02/15 960 - 1020 (SFG p_asaltl_B_~g. Aq 8.15 146 19.0 2.6 
Note: SFG means Santa Fe Group and Reg. Aq. means regional aquifer. Jon Marin and Jennifer Kofoed supervised 
quarterly sampling at R-15. 

FIELD-MEASURED PARAMETERS AT R-22 

Well Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp. Turbidity 
(y/m/d) (hydrogeology) (J-!Silcm) (C) (NTU) 

R-22 01/03/13 872- 914 (CDR basalt)Reg. Aq. 7.21 458 19.6 9.3 

R-22 01/03/12 947- 989 (CDR basalt)Reg. Aq. 8.35 153 17.0 0 

R-22 01/03/09 1272- 1279 (Totavi) Reg. Aq. 8.21 487 19.5 3.8 

R-22 01/03/08 1378 - 1384 (SG bslt) Reg. Aq. 7.21 533 16.7 12.8 

R-22 01/03/06 144 7 - 1452 (older volcanic 7.01 290 19.0 3.1 
gravelsl Reg. Aq. 

Note: CDR basalt means Cerros del Rio basalt; SFG means Santa· Fe Group; PF means Puye Formation; and Reg. Aq. 
means regional aquifer. Jennifer Kofoed supervised quarterly sampling at R-22. 

ENVIRONMENTAL RESTORATION PROJECT 
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SELECTED VALIDATED ANALYTICAL RESULTS OF QUARTERLY SAMPLING OF R-WELLS (FILTERED) 

Well Date received No3-+ No2- TKN Tritium clo4- 2-A-DNT 4-A-DNT TOG Other (f.lg/L or %o) 
by analytical (mg/L) (mg/L) (CPI/L) (f.lg/L) (f.lg/L) (f.lg/L) (mg/L) 
lab. (y/m/d) 

R-9 00/10/02 0.650 0.350 4.84 NA NO NO 2.70 toluene, 12 

R-91 00/09/18 0.100 u 0.400 81.4 1.04 u NO NO 3.00 U*,0.641; 
screen 1 3-NT, 0.15; 8180, 

-10.9 %o 
R-91 00/09/18 0.100 u 0.10 u 69.4 1.04 u 0.15 NO 4.20 2,4-DNT, 0.5; 
screen 2 RDX, 0.49; U*, 

0.068; 8180, 
-10.9 %o 

R-12 00/09/20 0.100 u 0.910 60.3 1.04 u NO NO 7.70 NH4+, 1,100; U*, 
scrn 1 0.927; 8180, 

-11.4%o; 
Bisphthalate, 3.2 

R-12 00/09/21 0.100 u 0.570 30.1 1.04 u NO NO 16.00 8180, 
scrn 2 -11.5 %o; 815N, 

-3.7 %o; 
CS2, 1.7 

R-12 00/09/25 0.100 u 0.250 25.9 1.04 u NO NO 45.00 U*, 0.896; 8180, 
scrn 3 -11.3 %o 

----- --·--

Scrn means screen; 3-NT means 3-nitrotoluene; U means not present; NO means not detected; U* in other chemicals means uranium; Sb means 
antimony; NB means nitrobenzene; 2,4-DNT means 2,4-dinitrotoluene; 1 ,3DNB means 1 ,3-dinitrobenzene; TKN means total Kjeldahl nitrogen 
(organic nitrogen). 

ENVIRONMENTAL RESTORATION PROJECT 
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SELECTED VALIDATED ANALYTICAL RESULTS OF QUARTERLY SAMPLING OF R-WELLS (FILTERED) 

Well Date received No3-+ No2- TKN Tritium CI04- 2-A-DNT 4-A-DNT DOC Other (f.lg/L 
by analytical (mg/L) (mg/L) (pCi/L) (f.lg/L) (f.lg/L) (f.lg/L) (mg/L) or %o) 
lab. (y/m/d) 

R-15 00/10/11 2.30 0.550 0.77 2.8 u NO NO 6.10 NH4+, 160; U*, 0.33; 
8180, -10.9 %o; 
815N, +0.9 %o; 
Bisphthalate, 5.9; 
toluene, 0.69 

R-19 00/09/25 0.690 0.280 -0.04 u 1.04 u NO NO 3.30 RDX, 0.098; 8180, 
scrn 2 -10.5 %o; b15N, 

+6.6 %o 
R-19 00/09/18 0.340 0.650 -0.1 u 1.68 NO NO 4.20 Sb, 5.67; 2,4-DNT, 
scrn 3 0.5; RDX, 0.49; U*, 

0.068; 8180, 
-10.7 %o; 815N, 
+1.9 %o 

R-19 01/10/1 0.100 u 0.910 0.1 u 1.04 u NO NO 7.70 8180, -10.9 %o; 1,3-
scrn 5 DNB, 0.22; 

2,4-DNT, 0.3 
R-19 00/10/05 0.50 u 6.30 0.08 u 1.04 NO NO 6.80 NH/, 500; 2-
scrn 6 Butanone, 1.6; 8180, 

-11.0 %o; NB, 0.41 
R-19 00/10/05 0.50 u 4.60 0.21 u 1.04 u NO 0.22 3.30 NH/, 210; As, 3.5; 
scrn 7 1 ,3-DNB, 0.24; 

8180, 
-11.0%o 

Scrn means screen; 3-NT means 3-nitrotoluene; U means not present; ND means not detected; U* in other chemicals means uranium; Sb means 
antimony; NB means nitrobenzene; 2,4-DNT means 2,4-dinitrotoluene; 1 ,3-DNB means 1 ,3-dinitrobenzene; TKN means total Kjeldahl nitrogen 
(organic nitrogen). 
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TA-16 INVESTIGATIONS, BARIUM COLLOIDS 

Filtered and nonfiltered Ba data indicate a systematic bias where nonfiltered 
Ba concentrations are usually higher than filtered. 

PHREEQC results suggest barite oversaturation in the springs. 
• 51 for barite in Burning Ground Spring is about 0.3 

Aluminum and iron concentrations also have a bias where nonfiltered 
concentrations are greater than filtered. 
• Suggests Ba may also be adsorbed 

PHREEQC results suggest various iron and aluminosilicate minerals are 
oversaturated in the springs. 
• e.g. Fe-oxyhydroxides, feldspars, and some clays have positive 51 values 

Estimates of Ba colloid percentages are typically < 1 Oo/o, although a few 
analyses are higher. 

ENVIRONMENTAL RESTORATION PROJECT 
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RESULTS OF BOREHOLE R-22 SAMPLING 

Acetone was apparently detected in groundwater (883 ft) at 820 f.lg/L. 

Acetone and isopropyl alcohol have similar molecular weights and both elute 
close to the same retention time on a typical GC/MS system. 

The most likely source of acetone is from the oxidation of isopropyl alcohol 
initially present in the Quik Foam. 

The oxidation of isopropyl alcohol to acetone is: 
CH 3CCHOHCH3 + 0.502 + microbe ~ CH3COCH3 + H20. 

Acetone and isopropyl alcohol have short residence times in aqueous solution 
due to volatilization and microbial degradation. 

Acetone was identified in frac-tanks 370 (61 0 f.lg/L) and 371 (24 f.lg/L). 
Acetone is analyzed during well development and quarterly sampling. 

Keith Green and Roy Bohn lead the sampling effort to determine the source of 
acetone observed at R-22. 
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GIT Hydrology Subcommittee Report 
for FY 00 

LANL Hydrogeologic Characterization 

Program Annual Meeting 

March 20, 2001 

David B. Rogers 

Water Quality & Hydrology Group, ESH-18 

Hydrogeologic Atlas 

• Bill Stone has completed the FY 00 LANL Hydrogeologic 
Atlas 

• A copy is available for examination 

• The Atlas incorporates the FY 99 geologic model 



Hydrologic Testing 

• Hydraulic properties were determined by straddle packer/ 

injection testing 

• Wells R-9i, 19, 22, 31, and CdV-R-15-3 

• Pump test in R-15 

• Results will be summarized in a poster 

Water Level Data 

Water levels are collected with transducers at 3 hr intervals: 

• 8 Regional aquifer test wells and 1 former supply well 

• 6 intermediate perched zone wells 

• 6 alluvial groundwater wells in Los Alamos Canyon 

• 14 alluvial groundwater wells in Mortandad Canyon 

• R wells are being added to water level program 

Water level data are on the web at: 

http://www .esh.lanl.gov/-esh18/teams/hydrology/W elldata.htm 
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Low-Head Weir Investigation 

• Three boreholes will investigate infiltration beneath the 
low-head weir in Los Alamos Canyon 

• The holes will be drilled in late March 2001 

• Hydrologic properties of basalt underlying the weir will be 
evaluated 

EAG Recommendations 

p. 11 If data quality problems are occurring with 
americium analyses as they did for 90Sr analyses, these 
should either be quickly addressed or turned over to an 
external laboratory. 

• This comment refers to analyses done for the 
Environmental Surveillance Program rather than for the 
ER Project. 

• The Environmental Surveillance Program moved its 
analyses to outside analytical laboratories during calendar 
year 2000. 



EA G Recommendations 

p. 14 The hydraulic testing approach and expectations for 

0-1/R-5 need to be articulated and reviewed by the EAG to 

verifY that this significant expenditure of funds will yield 

valuable information. 

• R-5 is no longer being drilled near enough to 0-1 to be 
used as a hydrologic testing well. 

EAG Recommendations 

p. 14 Spinner tests should be conducted on as many 
municipal wells as possible. 

p. 14 The use of properly designed recovery tests, as 
opposed to constant rate pumping tests, should be explored 

as a more pragmatic way of obtaining municipal well 
hydraulic data. 

p. 14 Limiting factors should be reviewed to see if actions 

can be taken to obtain hydraulic data from municipal wells 

sooner, rather than later, to support model development. 
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EA G Recommendations 

p. 24 Develop (or articulate) criteria for selecting screen 
zones in R wells. 

p. 26 A logical and consistent approach is needed for 
determining where to screen the wells and the methods for 
calculating the depths of the screens, seals, and sand 
packs. The EAG recommends that the GIT develop this 
approach and have a single individual, highly trained in 
geology and/or hydrology, make these onsite decisions for 
all the remaining R wells. 

EA G Recommendations 

A committee (including experts in geology, hydrology, and 
geochemistry) decides the location of screen zones in R 
wells. The criteria can be generalized as follows-

• Larger perched zones are screened. 

• The top of the regional aquifer is screened. 

• Deeper portions of the regional aquifer are screened. 

• Depths for screening are based on geologic strata 
encountered, presence of water during drilling, and 
logs. 



EAG Recommendations 

p. 26 The EAG recommends that the GIT follow ASTM 

guidelines for well development, and encourages the last 

step of the process to be pumping of each of the screened 
intervals with a pump using packers to isolate the 
individual intervals. 

• We are familiar with ASTM development guidelines and 

what we do conforms to them. 

• A dual packer development system is being developed. 
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Modeling Subcommittee Report 

2001 Annual Meeting 

March 20, 2001 

Bruce Robinson 

~~ ---=> ____ .. Los~A=Ia.&.l.lrnos~-----·@· ~ ~ NATIONAllA.BOFIA.TORY , 
environmental re,torot>on Pf'Oieet ER-2001-rob1 Shde 1 

Outline 

• Modeling Accomplishments 
• Regional Aquifer 

• MDAs and Canyons 

• Other Subcommittee Activities 
• Rewriting of modeling plan 

• Establishing priorities for hydrogeologic data 
collection 

• Current Work 

~~---=> LosAiarnos ·® ~~~--------~ ... ~ION~ .. ~LAB~OR~ATO~RY-----------~ 
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Modeling Accomplishments - Regional Aquifer 

• 

• 

• 
• 

Transport simulations for groundwater tracers (lH, 14C, 
180, Cl), and comparison to measured values 

Formal incorporation of transient water level data into 
model calibration process, reducing parameter 
uncertainty 

Uncertainty analysis for groundwater flow directions 

Further development of geostatistical representation of 
heterogeneity within the Puye Formation, using R-well 
and outcrop data to derive statistical parameters. 
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Modeling Accomplishments- MDAs and Canyons 

• Updated LA Canyon 3D model of flow and tritium 
transport 

• Preliminary TA-16 vadose zone flow and transport model 

• Examination and synthesis ofvadose zone conceptual 
model validation 
• T A-50 water injection test 

• T A-49 moisture studies 

• T A-21 flow and transport model 

• Simulation of LA Weir site flow and transport 

• Fire-related issues 
• Modeling of ponded conditions in the canyon bottom 

• Influence of temporary high infiltration events due to flooding 

-tt~ .. B.----ER--,-OO,--m-bl-!l'h~~~o•~•~011c~lli!~o~rpos~.,~o•li!"Y 
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Update of Modeling Plan 

• This writeup replaces the original chapter 
describing the modeling in the Workplan 

• The new plan is more detailed and 
comprehensive 

• Approximate schedules are provided for 
most tasks 

·E4~ ~----~Los~A~Ia~rnos~-----@' NATIOJIIAt. LAIORATOA'I' 
amrlronmentltl r~s!or!Jtion projnct ER-2001-rob1 Slide 5 

Modeling Plan - Generic Plan for Process 
Model Development 

If a numerical model is necessary: 

• Develop conceptual model 

• Compile data, identify gaps 

• Construct numerical model (grid, parameter 
distributions, boundary conditions, etc.) 

• Calibrate model to existing data 

• Incorporate new data, iterate by revisiting any or all of 
the previous steps, as necessary 

Models may be used to perform predictions during this 
process, but results may change as the model improves 

~~ ~----,..L~os ... A.,Ialilolomos~------·®: ~ ~ATIONAL Lo\BORATOR'f • 
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Prioritization of Hydrogeologic Data Collection 

• Prioritization criteria 
• Focus on "least-well-characterized" hydrogeologic 

units 

• Ensure data collection covers regions of highest fluxes 
and/or transport velocities 

• Fill in gaps where spatial coverage is insufficient 

• Parameters of Greatest Importance 
• Head 

• Permeability 

• Storativity 

• Porosity 

~ ~-----•bl!l'~~~o .. AwlL~~?o~WOS~,.~.,-------·~ ~•"••m~<w ••"Mo<ion <"•i•« ER~2001~ob1 "'ide 7 ~ 

Prioritization of Hydrogeologic Data Collection 
Example: Permeability Data 

Method: Examination of model sensitivity to 
permeability using the calibrated regional aquifer 
establishes whether additional data are required 
to reduce uncertainty 

Results: Prioritization of further characterization of 
permeability of different units is in the following 
order (most to least important): 

• Puye Formation and Cerros del Rio Basalts 

• Tschicoma Formation 

Santa Fe Group 

~~ ~ LosAiarnos {(i} ~ ------.~ .. ~.ON~Al~L.~IO~RAT~OR~V------- • 
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Current Work: FY01 Integrated Modeling Tasks 

First-order groundwater pathway assessment 

Regional aquifer model development - ongoing 

Plateau-wide infiltration mapping 

3D geologic model uncertainty assessment 

Geophysical surveys to supplement spatial hydrogeologic 
data 

Interpretation of R-well hydrologic and contaminant data 

Statistical analysis of spatial placement of R-wells 

All tasks in scope of ER Integrated Modeling Task, which ensures that 
mathematical models used by the ER Project are documented, 
transparent, site-specific, technically defensible, and applicable to 
and necessary for risk-based decisions 
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Hydrogeologic 
Characterization: FYOO 
Accomplishments and 

FYOl Activities 

Charles Nylander 
nylander@lanl.gov 

LANL Water Quality and Hydrology 
(ESH-18) 

FYOO Accomplishments: Field 
Activities 

• Drilled and constructed four wells (R-19, R-9i, CDV-
15, and R-31); completed four wells (R-15, R-25, R-9, 
R-12); started drilling R-22 

• Conducted two rounds of quarterly sampling (R-9, R-
9i, R-12, R-15) 

• Well Completion Reports for R-9, -9i, -12, -15, -19 

• Awarded a task order for ER Project Groundwater 
Investigation Focus Area field support and drilling 

• Implemented well head protection after Cerro Grande 
fire 



FYOO Accomplishments: 
Documents and Assessments 

• Data reports on the mechanical testing of hydrologic 
properties on samples from R-9, -12, -25 

• Expanded Hydrogeologic Atlas 

• Database runoff flow and chemistry modules available 
to public at http:/ /wqdbworld.lanl.gov 

• Management Assessment for compliance with ER 
Project QA Plan 

• Audit for compliance with LIRs by the Project 
Management Division 

FYOO Accomplishments: 
Regional Aquifer Modeling 

Activities 
• Developed a stochastic approach to modeling variations 

in hydraulic conductivity within the Puye Formation 

• Evaluated pump test simulations for possible 0-1/R-5 
cross-hole testing in support of R-5 siting decision 

• Analyzed site-wide hydraulic conductivity trends using 
hydraulic conductivity data, water levels and inverse 
modeling 
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FYOO Accomplishments: 
Vadose Zone Modeling 

Activities 

• Updated Los Alamos Canyon model, including 
predicting potential impacts of the Cerro Grande 
fire 

• Completed Area L organic vapor plume study, 
documented in a written report and web-based 
presentation 

FYOO Accomplishments: GIT 
Activities 

• Held GIT bi-weekly meetings, 3 quarterly meetings and 
the Annual Meeting 

• EAG conducted 2 reviews, resulting in two reports and two 
corresponding action plans 

• Produced the FY99 Status Report, published as a LANL 
Status Report (LA-13710-SR) 

• Participated in ESH Division Review and the presentation 
was rated as "outstanding" and received Los Alamos 
Achievement Award 



FYOO Accomplishments: 
Project Management Activities 

• Incorporated DP Monitoring Well Project into ER 
Project "Project Planning and Control System" 
(PP&CS) 

• Produced monthly joint DP/ER status reports 

FYOl Activities: Field Work 

• Drilled and completed R-22, R-7, and R-5, and 2 
intermediate wells in Mortandad Canyon 

• Quarterly sampling of R-5, R-9, R-9i, R-12, R-15, 
R-19, R-22, R-25, R-31 

• Well completion reports for R-25 and R-31 

• Airborne electromagnetic and magnet survey 
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FYOl Activities: Information 
Management 

• Software Development 

• Migration of data: Legacy Chemistry, Water 
Levels, Hydrologic Properties 

• Report/Website Development 

• ERDB/WQDB Data Exchange 

FYOl Activities: Modeling 
• Model parameters: facies model and permeability 

of Puye and Santa Fe; general probability 
distribution of key model inputs; recharge across 
plateau; update geologic model 

• Uncertainty Analysis: data collection to reduce 
model uncertainty, uncertainty analysis of 
geologic model, stochastic analysis of regional 
aquifer flow 

• Pathway Analysis: first-order pathway 
assessment 



FYOl Activities: GIT 

• Develop Annual Report, support interpretative 
tasks 

• Three quarterly meetings, one Annual Meeting, 
and bi-weekly meetings 

• External Advisory Group reviews, reports, and 
corresponding action plans. 
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FY02 Planned Hydrogeologic 
Characterization Activities 

Charlie Nylander 

nylander@lanl.gov 

LANL Water Quality and 
Hydrology Group (ESH-18) 

FY02 Planned Field Activities 

• Wells to be drilled and completed: R-8, R-14, R-
20 (DP); R-13, R-18, R-21 (ER) 

• Quarterly sampling in R-5, R-8, R-13, R-18, R-14, 
R-25, R-31 



FY02 Planned Information 
Management Activities 

• System maintenance and administration 

• Data Import 

• Legacy data migration 

• Report development 

FY02 Planned Modeling 
Activities 

• Link Los Alamos and Mortandad canyon models 
to regional model 

• Examine effect of local recharge on aquifer 

• Update geologic model 

• Effects of Pajarito Plateau faults on 
hydrogeologic system 

• Tracer test experiment 

•• 

.... , 

... 

... 

.... 

.... 

... 

..... 

., 

.... 

.... 



----
--
---
---
----

-------------

FY02 Planned GIT Activities 

• Develop Annual Report, support interpretative 
tasks 

• Three quarterly meetings, one Annual Meeting, 
and bi-weekly meetings 

• External Advisory Group reviews, reports, and 
corresponding action plans. 
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Qt1ality Program Report 

Presentation for Annual GIT Meeting 

Larry Maassen 

Quality Program Project Leader 

March 20, 2001 
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Baseline 

Standard Operating Procedures 

f. General instructions 

2. Surface Water Assessments, 
Monitoring & Maintenance 

3. RKOnnalsunceiFiefd 
SUrveys 

4, Drilling, Exc:av.ting, Sampling and 
Logging 

5. W.U Installation, o.v.topment, and 
Wat.r Sampling Techniques 

I. S.tmpUng Techniques 

7, Subsurface Hydrogeological Sit• 
Charactflizatlon 

•. Geology 

10. Fllltd ScrHnlng Techniques 

11. G.otechnk:al Analysis 

12. Curatort• Manag•m.nt Activities 

15. Data Analysis and Ass•ssmnt 

Quality Procedures 

2.1 Documenting Personnel Quallftc:attons 

2.2 P.,sonnel Orlntatlon and Training 

3.2 Lessons Learned 

3.4 Reporting and Correcting 
Nonconformances 

3.5 Peer Review Process 

4.1 Quality Procedure O.vetopment 

4.2 SOP O.VftopmMit 

4.4 Records Transmittal to RPF 

..... ~==il:==] 4.5 Document Control 
- 4.9 Document Development and Review 

-_,=:::::::---11---1 5.3 Readiness Pfllnnlng and Review 

5.7 Notebook Documentation for ER Ac:tMtles 

::;~::;:;;;=;~;;,;::;;::::;jl:==-·1 7.1 Procurement 

i;!"a 
~i,· 

Quality Program 

7.2 Supptler Evaluation 

7.3 Subcontractor Performance Evaluation 

9,1 WorK PerfOrmance Assessment 

10.1 lnd•pendent Assessments 

10.2 Auditor Qualtncattons 

WorK Pfans 
Sampling and Anatysls Plans 

Statements ot Work 
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GWIF A Assessment Follow-Up 
Number of 

Commitments Cate~:~orv Status 

2 Training Complete 

1 QAPP Prep OBE 

1 Hire QA Assistance Complete 

1 Lessons Learned In process 

Procedure Review or 
8 Preparation In process 

Qualifications of 
2 Personnel Complete 

4 Design Control In process 

Document 
2 Control/Records Complete 

Organizational 
1 Roles/Responsibilities Complete 

1 Procurement Complete 

!!t.; PJ _F ~- ----------------=L::os:::..:..A.::.Ia=mos=::::: 
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Process Improvements 
• GWIF A has hired full-time QA specialist 

- In addition to QA expertise, Pat Ortiz has 

drilling -experience 

• All Quality Program training has been 

completed 

• Hold and witness points have been added 

throughout the construction and 

development of future wells 
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Process Improvements 

• New Contracting Initiative with WGII 

• ER Project QPPL has been given go/no go 
authority for drilling restart 

• Current Focus Area Leadership has an 
appreciation of the importance QA 

~ r'--1 r· 4 Los Alamos 
>~ •• ~,.~~r~d~~ -----------= . .,=,o•"'""•• ,= •• o=•.=TOR'I' 

New Contracting Initiative 

• Current Drilling Contract Has LANL/ER 
Responsible for Maintaining Quality 
Program 

• Modified Contract Specifies WGII as 
Totally Responsible for All Aspects of 
Quality Program 
- Sub will develop own admin procedures, but 

adoptER SOPs 

- QII Staff Will Monitor WGII's Implementation 
Through Audit and Assessment Process 

a F':-..• r ,J Los Alamos ...... F:'~ -! __),j -----------= ... =tON~AL L=ABO= •• =TORY 
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Evolution of Well Drilling, 
Construction, & Development 

Ted Ball 
Steve Pearson 
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Observations on Geology from Regional Wells: New Data 
and Inclusion of Mineralogic Analyses 
D. Vaniman, J W Carey, and G. Cole 

Geologic information from the newER drill holes R-19, CdV-R-15-3, R-22, 
and R-7 will require modifications to the site 3D Geologic Model. These 
modifications include thickening of the Cerros del Rio lavas in paleochannels 
west of the present Rio Grande and recognition of a pumiceous volcaniclastic 
unit beneath the Puye fanglomerates. This early pumiceous unit is tentatively 
assigned to the Puye Formation. Mineralogic information from the pumiceous 
volcaniclastic unit provides evidence of complete alteration to clay in the east, 
between the LANL technical areas and the present Rio Grande, but not 
beneath the central LANL area. This clay barrier may extend to considerable 
depth, if data from drill hole 0-1 are factored into the interpretation. Future 
work on the 3D Geologic Model will include the clay barrier. 

The following figure shows the locations of drill holes cited and a line of 
cross-section that is used in following figures for comparing new concepts 
with the existing 3D Geologic Model. 



Mineralogic data define the distribution of clay 
alteration zones within the Puye Formation (data 

from quantitative X-ray diffraction analysis of core 
and cuttings). 

Volcanic glass is the precursor for clay formation; in the 
following figure, note that the abundant volcanic glass of the 
lower, pumiceous Puye is unaltered in R~19 and R-15, but is 
completely altered to clay in R-12 and R-9. The clay alteration 
has no apparent relation to the position of the water table. 
Note also that the stratigraphic contact between the upper Puye 
and the lower, pumiceous Puye is-350ft lower in R-19 than 
in the other drill holes, suggesting either displacement along a 
buried fault or extensive erosion to the west before deposition 
of the upper Puye began. 

GLASS AND CLAY DISTRIBUTIONS IN THE PUYE FORMATION 

R-15 R-12 R-9 

glass clay 
CdR basalt 

' uppar Puye 

) lowe<, 
pumlctKlUS 

Pu,. 

ffil'allu~.~., 

0-100% 0-100% 0-100% 0-100% 0-100% 0-100% 

-- =transition between upper Puye fanglomerates and lower, pumiceous Puye 

!______ _ -=-~n.~.?!.r:!Ji<J_r~_~l-~t~ra_!i~~----- ______ , ______ ] 

--
-
.... 

.. 
• -
--

-
-
-

-
..... 

•• 



-
-
-----
-
--
-

-

--
.. 

-
--

7000 

6000 

~000 
Q 

~ 
a; 

3000 

2000 

Stratigraphic and mineralogic information from the drill 
holes: An interpretive cross-section 

Three specific features of hydrogeologic significance are numbered on 
the following figure 

( 1) From west to east, perched zones beneath canyon bottoms occur at horizons near the 
Bandelier/Puye contact and then within the Cerros del Rio lavas. The perched horizons 
generally occur above relatively impermeable clay zones. 

(2) Thick fill of Cerros del Rio lavas in paleocanyons may affect flow paths both in 
perched horizons within the lavas and in the upper part of the regional aquifer. 

(3) From the data in the previous figure, it is known that the lower, pumiceous Puye is 
thoroughly clay altered near the mouths of Los Alamos and Sandia canyons; a 
reinvestigation of samples from drill hole 0-l indiCates that the same degree of 
alteration may occur at a comparable location in Pueblo Canyon and that the alteration 
extends to considerable depth. The "sawtooth" patttem of clay alteration at depth 
reflects the more ready clay formation expected in the pumiceous Puye but not in glass­
free sandstones derived from plutonic rocks. The origin and extent of the clay barrier is 
under study for incorporation into the 3D Geologic Model. 

w 

INTEGRATION OF SITE GEOLOGY WITH CLAY ALTERATION 
COMPOSITE DATA FROM DRILLING WITH ELEVATIONS 

ADJUSTED TO THE APPROXIMATE LATITUDE OF LOS ALAMOS CANYON E 

R-22 

present Rio Grande 

I Rio volcanic rocks 
(4.4-2.3 Ma) 

extensive clay alteration r 3) 1s !>l:mn 
i!Je water tatJfe in R-9 and R-12: 

how far aoes it extend ~rticafly and raterally? 
Pathways from perched horizons to 
the regional aquifer may be indirect 

Drilling at R-22 (and at R-31 to lhe south) 
1ndicate th1c1< basalt fill1n paleocanyons . 

The lower pumiceous Puye is completely clay 
'------'::....----' r.. altered at R-9 and R-12, but not to the west. 

~ The depth and form of lhis relatively impermeable 
clay zone is not yet known -15x vertical exaggeranon 



A west-to-east cross section from the current 3D 
Geologic Model (following page) at a latitude 

comparable to the previous interpretive cross­
section 

The cross-section on the following page is generated from the 
existing 3D Geologic Model. It shows Bandelier Tuff in yellow, 
Cerros del Rio lavas in maroon, other lavas in blue, upper Puye 
in red, the LANL aquifer (lower Puye?) in orange, and Miocene 
basalts in purple. Differences between the the previous cross­
section and the one on the next page reflect impacts of new 
borehole data that are not yet incorporated in the 3D Geologic 
Model, as well as the fact that projections of drill hole features 
onto a single plane include differences in interpretations of 
available geologic data. These differences, evaluated against the 
objectives of the Hydrogeologic Workplan and an assessment 
through modeling of which differences are important, will help 
in guiding future work 

R·25 CdV-15-3 R-7 R-1$ R-31 R-12 
R-22 R-9 
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Future directions 

Geologic and mineralogic analyses from R-22, R-31, and R-7 are yet 
to be completed. These new data will help to map the Puye 
stratigraphy, the paleocanyon lava fills, and the extent of clay 
alteration above and beneath the regional water table. Drilling yet to 
be done at R-5 will help considerably in mapping the limits of the 
Puye clay barrier, and intermediate wells in Mortandad Canyon will 
add constraints on stratigraphy and mineralogy of perched horizons. 
The collection of field geophysical data (electrical and gravity data) 
is planned in order to gain the most from borehole "truth" by 
allowing extrapolation across the LANL site. 
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Well Logs, Geology, and 
Hydrology 

David Broxton (LAN L) 

Rick Lewis (Schlumberger) 
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Borehole Geophysics 

Use of geophysical logs 
has steadily increased as 
drilling methods and 
requirements for site 
characterization have 
evolved during the 
implementation of the 
Hydrogeologic Workplan 

---- LOSAJamos _______ ---1 
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Why Borehole Geophysics? 

• More access to long stretches of open 
borehole 

• Fluid-assisted drilling limits direct 
identification of perched zones and collection 
moisture sensitive samples 

• Needed to identify of perched groundwater 
zones, moisture distribution, porosity 
distribution, and lithology 

A'ltr.. !..1--• r .., Los Alamos 
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Borehole Geophysics 

Screen placements for wells 
rely of integration of : 

• geophysical logs 

·video logs 

• driller's observations 

·lithologic information from 
dri II cu-ttings 
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Borehole Logging Workshop 

• Held at the LANL Study Center on December 
7 and 8, 2000 

• The workshop focused on the applicability of 
geophysical techniques to the Hydrogeologic 
Workplan and addressed Data Quality 
Objectives (DQOs) outlined in the workplan. 

• Approximately 30 people participated from 
LANL, AlP, and NMED. 
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Spectral Gamma Ray 
• Deconvolves gamma-ray spectrum into three 

naturally occurring members- K, U, Th 
• K is common in crust 

- K-feldspar, mica, illite 

• Th is rare 
- Relatively insoluble 
- Concentrated in clays with high CEC 
- Retained from decomposition of igneous rocks 

• U is rare 
- Soluble and mobile in oxidized state 
- Precipitates in reduced zones 

• Assumes secular equilibrium for U and Th 

'"'i"J t. ~ ----- LOSAiamos ________ ---1 
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Fullbore Formation Microlmager 

• Oriented electrical image of 
borehole wall 

• Map sedimentary and 
stru ctu ra I features 

• Measure borehole deviation 

• Excellent vertical and 
horizontal resolution (0.2") 

t':-J r Los Alamos r-• , r ..,. ---- ----------t J ..__.. . ....,, NAHONALLAIOIIIATORY 

Density Logging Tool 

• Measure formation 
electron density and Pe 

• Electron density 
converted to bulk 
density and porosity 
- Requires estimate of 

matrix density 

• Pe is measure of 
formation atomic 
number 

• High vertical resolution, 
limited depth of 
resolution 

---- LOSAiamos ________ -t 
NATIONAL LA80111ATOFIY 

--
-
,IIIII!! 

•• -

.... , 

-
--

-
'""'" 

"''" 

.... 

-
.... 
!IIIII' 

.... 

.... 



------
-----------
-
---
--
-------

Combinable Magnetic Resonance 

:.r11 ,---
til::.:=::..·~~---

• Nuclear magnetic 
resonance 

!:\1 :::.:; '.~\/-· 

',:1[1.~~ (, "*~L 
• Measures pore s1ze 

distribution 

: ~ \ ~ , ,, --, __ ~ ~b<-~w-·'·:..1''-" 
-Total and effective 

porosity ; ... : \ J'vo ...... _,_, --
l "-;···""::"...., ... d S,.....•l";t""'""ft 

.. otT·~ , ~''· i·; 

-Estimate hydraulic 
conductivity 

'·,. ·. 

- Moisture content 1n 
vadose zone 

• Accuracy enhances 
require core 

f ~ ---- LOSAiamos ________ -1 
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Accelerator Porosity Tool 

• Neutron-neutron measurement 
- Sensitive to formation hydrogen 

content 

• Porosity in saturated zone 
• Moisture content in unsaturated 

zone 

• Can not distinguish between water 
and hydroxl 

•.. 
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Electrical Induction Tool 
16.bmoy-Sorthd•COifecti01'1-S""""'rtFOC11$nQ--Comp~ohO'roducl3 

... ,. ,......-""T"'"..,..,., e:s:c:="'Ff:n 

et.4udr.,III:M:yorholtlRU el-.2-an44~V'IIItleal 

•Barehole-cortec\efanay rnohll1on .... 
• 191, ~ •• , r, •nclr~ 
•Mudlltmlewlume 

• Formation 
electrical 
resistivity 

- Five depths of 
investigation 

-Three vertical 
resolutions 

• Uses 

- Correlation 

-Lithology 
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HYDRAULIC CONDUCTIVITY VS GEOLOGY 

IN NEW LOS ALAMOS WELLS 

William Stone, Stephen McLin and David Vaniman 

Earth and Environmental Sciences Division 
& 

Environmental Restoration Project 

Los Alamos National Laboratory 



HYDRAULIC CONDUCTIVITY VS GEOLOGY IN NEW LOS ALAMOS WELLS 

STONE, William, MCLIN, Stephen, and VANIMAN, David 
Los Alamos National Laboratory, Los Alamos, NM 

wstone@lanl.gov 

Eleven screened intervals representing two geologic units have been tested in 

four new wells at Los Alamos National Laboratory. All of the wells are completed 

with multiple screens. This paper addresses preliminary results of slug-testing 

these wells by a straddle-packer/injection method. 

Resulting hydraulic-conductivity (K) data range from <1 ft/d to 1 O's of ft/d. Results 

vary not only between but also within each of the two major geologic units 

covered by testing: Cerros del Rio lavas and Puye Formation sediments. In order 

to better explain the variation inK, data were divided into classes (<1, 1-10, 10-

20 and >20ft/d) and the lithologic character of material behind the screen tested, 

based on geologic and geophysical logging, was tabulated. Two of the six 

materials yielding K values in the 0-1 ft/d class are associated with clay-rich 

basalt flow bases or interflows. Curiously, the remaining four low K values are 

associated with gravel intervals, all of which made water during drilling. Both 

values in the 1-10 ft/d class are associated with fractured basalt. Both values in 

the 10-20 ft/d class are associated with unaltered pumiceous gravel. The single 

value in the >20 ft/d class was obtained from fractured basalt. 

These observations fall within published ranges of K for such materials with one 

notable exception: values obtained for some of the Puye Formation sediments 

are much lower than expected. Why would gravels that produced much water 

during drilling yield the lowest K values when tested? Two possible explanations 

are that the screen is plugged or head was insufficient to permit injection of water 

into these materials. The first can be ruled out, as all screened intervals seem to 

have been adequately developed prior to testing. The second explanation is 

tempting, as the screened intervals involved are the deepest in their respective 

wells, lying at depths of 827-1645 ft. Although limited head data suggest vertical 

gradient is upward in one of the wells, it is not clearly up or down in the other. A 

third possibility is suggested by neutron logging data that show extensive vertical 

continuity of free pore water in higher-K sediments, but a lack of such continuity 

in low-K sediments. This difference may indicate that both vertical and lateral 

continuity are required for a higher-K response to testing in the Puye Formation, 

even if the borehole penetrated multiple isolated higher-K zones that produced 

significant water when connected during drilling. Analysis of the controls of 

hydraulic conductivity in these materials, as determined by testing, continues. 
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HYDROLOGIC TESTING AT REGIONAL WELLS 

Well Saturated Zone 1 Slug Test2 Pumping Test 

R-9i U. Perched/Tb X x3 
L. Perched/Tb 

R-15 Perching Horizon/Tb X 
Regional/Tp X 

R-19 Regionaf/Tp ( 2t X 

R-22 Regionai/Tb ( 3) X 

R-31 Perched/Tb X 
Regionai/Tp ( 4) X 

cdV-R-15-3 Regionai/Tp (2) X 

1 Tb ::: Cerros del Rio or Santa Fe Group basalt, Tp = Puye 
Formation (fanglomerate or Totavi lentil)) 

2 Straddle-packer/injection test; -- = inconclusive (tight) 

3 with well open to both screened intervals 

- 4 nurnbers in parens = numbers of intervals tested -
--
---



inflatable packer 
(expands to fill 5 .. 

production casing) 

transducer 

NQ rod (2.9 1100/1.9 .. 10) 
with 3/8 .. perforations 

inflatable 
packer 

end cap 

l 
101 

I 

-
• -
-

-
-
-

(plus variable lengths -
of blank rod ,_ 

above and below) -

-
-
•• 

•• 

-· -
{not to scale) 

Straddle-packer/injection-test assembly 
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---- HYDRAULIC CONDUCTIVITY (K) VS GEOLOGIC UNIT --
..... Geologic Unit K (ftld) Well Screen -- Cerros del Rio lavas 37.07 R-9 i 1 

- 0.78 2 
1.07 R-31 1 - 0.42 2 ..... 
3.62 3 

- Puye Formation 17.50 R-19 6 - 19.60 7 - 0.009 R-31 4 - 0.007 5 - 0.25 CdV-R-15-3 4 
0.10 5 --

----
-----------



HYDRAULIC CONDUCTIVITY (K) VS LITHOLOGY 

-
K (ft/d) Lithology Well Screen 

0-1 clayey flow base R-9 i 2 
clayey interflow R-31 2 
axial river gravel R-31 4,5 
gravel CdV-R-15-3 4,5 -

•· 
1-10 fractured flow base R-31 1 

highly fractured thick flow R-31 3 

-10-20 unaltered pumiceous gravel R-19 6,7 -->20 fractured basalt (clay-coated R-9 i 1 
but open) -

•• 
-
-
11!11111• 

---
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Higher-K zones 
dominate when 
pumping 

screen 

water 
flow 

Lower-K zones 
dominate when 
injecting 
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CONCLUSIONS 

1. K values obtained by slug testing new wells at LANL 
vary over several orders of magnitude. 

2. This variation occurs not only between but also within 
major geologic units. 

3. Geologic unit, despite major rock- and permeability­
type differences (basalt vs fanglomerate) provides no 
<>bvious control of K value. 

4. •< is more dependent on the specific lithology of 
rnaterial behind the screen tested. 

5. Both vertical and horizontal continuity of free pore 
water are necessary for higher-K test results. 

6. Further analysis of the preliminary testing data will no 
doubt prove beneficial. 
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Quantifying heterogeneity within 
the Puye Formation 

Elizabeth Keating 

Zhiming Lu 
Hydrology, Geochemistry, and Geology Group 

Earth and Environmental Sciences Division 

Los Alamos National Laboratory 

Conductivity of the Puye 
Formation 

35 

• 
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-
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Fanglomerate Totavi Lentil 



Depositional facies within the Puye 
Formation 
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"Most-likely" model; 
Deterministic model 
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-· Stochastic model 

Three equally-likely representations of heterogeneity 
within the Puye -
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Requirements for a geostatistical model 

Exactly reproduce observed data at boreholes and measured sections 

Statistical parameters can be easily derived from data collected in R­
wells 

Incorporate geologic knowledge about general characteristics of this 
type of sedimentary deposit · 

Types of data available: 

• Measured sections in outcrop 
• Lithologic logs from boreholes 

• water supply wells and older test wells 
• R-wells 

• Borehole geophysics 
• Hydraulic tests 



Requirements for a geostatistical model 

Incorporate geologic knowledge about general characteristics of this type of 
sedimentary deposit 

Hydraulic conductivity 

• Varies continuously in space 

Jl 
30 

~~ 
.: ll 

10 

• Mean, standard deviation specified according to hydraulic test results 

• Minimal geologic information content 
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Geometric characteristics of the Totavi Lentil 

Three equally-likely representations ofheterogeneity 
within the Puye 

2000m 

1750m 



0.8 
RG 

Estimated travel times 0.0 

for particles entering I o .• 
! 

water table near R-25 .. 
0.2 

Oo 

0.1 
PM-2 

0.00 

1'00 

! 0.~ 
0.02 

oo 

PM-4 
0.0 

I 0.0 

! o .• .. 
0.2 

oo 

100 

100 

1ooo Tllme (YtSI 2000 

mean 
mean ... atd dlv 
mean+ltddev 

mean 
mean ·ltd dev 
mean+ ltd dev 

3000 

-

"' -
•• 
.... 

-
-
-
-
•• -
-

-
-· 
-
•• 
..... 

'"' 
-· 



-
-
---
-
--
-
-
---
--
-
-
-.. 
--

Requirements for a geostatistical model 

Facies-based geostatistical model 

Hydraulic conductivity 

• Varies discontinously in space, according to geometric relationships 
between facies 

•Geometric relationships between facies Guxtaposition tendencies, 
length scales) derived from borehole and outcrop data 

• Hydraulic conductivity assigned to each facies according to pump 
test results 



Textural facies in R-wells 

Well Total Gravel Coarse Sand Fine Sand Clay 
Thickness % Thickness % Thickness % Thickness % Thickness 

R-9 357 30 15 29 12 40 18 I I 
R-12 239 40 24 30 35 24 29 0 0 
R-15 380 61 117 8 32 25 95 0 0 
CdV-R-15-3 895 10 43 68 47 19 19 0 0 
R-19 524 25 13 49 14 3 9 0 0 
R-25 1090 IS 160 47 86 2 7 0 2 
R-31 393 14 55 0 0 0 0 0 0 
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Current work 

Developing a hi-model, facies-based hydraulic conductivity 
distribution 

• Fanglomerate (moderately conductive) 
• axial Rio Grande gravel deposits (highly conductive) 

That is consistent with 
• geologic data 
• pump test data 
• water level data 
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ER Information Management Databases 

LOS ALAMOS NATIONAL LABORATORY 

HYDROGEOLOGIC CHARACTERIZATION PROGRAM 

ANNUAL MEETING 

Steve Bolivar 

Alison Dorries 

Cathy Smith 
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ER Information Management Databases: 
Agenda 

• Introduction 

• Background 

• Accomplishments 

• Where we are headed 
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Mapping & Reporting Tool 



ER Information Management Databases: 
History 

User 
Needs ER 

User 
Needs 

Mapping & Reporting Tool 

IM Plan 
Developed Design and 

Review of 
ERDB 
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ER Project IM Needs 

Implementation 
& Execution 

• Formal PROCESSES to track information flow 

. • Effective INFRASTRUCTURE for information storage and 
retrieval 

• Robust information AUDIT TRAIL processes 

• Qualified TEAM for information management 

• Effective DATA SHARING with Stakeholders 

• Defined STRATEGY to implement an information 
management system 
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Critical Success Factors 

• Robust data repository 
• Timely & complete data entry 
• Documented data integrity 
• Controlled data reporting 
• Tracked regulatory reporting 
• Complete document control 

Los Alamos 
NATIONAL LABORATORY 
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Accomplishments 

• Reengineer business processes 

• Implement hardware/software 
i nfrastru ctu re 

• Design and build database 

• Clean up and migrate legacy data 

• Design and build software 
applications 

Los Alamos 
NllfiOWAl I.ABORATORY 
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Process Reengineering 

Prepare Drilling Plan Perform Data Analysis Report Production 

~~ 
Sample Packaging Sample Shipping Sample Tracking 

Data Capture/ 
Management Result Tracking and Validation Reporting 

Data Analysis Risk Modeling Report Preparation 
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Accomplishments 

• Reengineer business processes 

• Implement hardware/software 
infrastructure 

• Design and build database 

• Clean up and migrate legacy data 

• Design and build software 
applications 
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Hardware Infrastructure 

Intranet " 

Internet- ' 
Firewall 

Workstations 

Outside world 
Network Equipment 
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Software Infrastructure 

~ 
l2l2l 

o ... ""' 

l(l~~:ml . ~;7~~" ::;.: ~·.::~:::: u;,~:·:: 

~~ 11 
••~"'"' •~•u• ,.,,.M 0,. 

~ [!J [!J ~ 
.:, :., ·::;::· ~·~;.-· 

I~"'""' I ~'"''"'''' 
c:::=::>o'"''" 

Los Alamos 
NUIONAL !..A.BORATORY 

VG..00.000{10) 

Architecture 
Diagram 
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Accomplishments 

• Reengineer business processes 

• Implement hardware/software 
infrastructure 

• Design and build database 

• Clean up and migrate legacy data 

• Design and build software 
applications 
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Design and Build Database 

• ER Project Database Design 
- Supports ER process from cradle to grave 

- Integrates ER technical and management data 

- Triggers and constraints to preserve data 
integrity 

- Supports data exchange between ER and ESH 
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- Complex relationships between 253 tables and 

Mapping & Reporting Tool 

over 3 million records 

- Potential for DOE environmental data 
management standard 

-
-·~ 

-~ 
..... . , 
'"'" ., 
""'' 
IIIII I 

.,..., 

IIIII 

-· 
•• 
_., 

.,, 

-· 
IIIII 

.... 

11!111!1 

-
IIIMIII 

-· 
•• 

-
-· 
-· 
•• 

-· 

... 



----
---
-------
--
-----
----------

Mapping & Reporting Tool -

Design and Build Database 

• ER Database Implementation 
Built in SQL Server 
Implemented on NT server at Pueblo 

Assigned a DBA 

Currently supporting: 
• Data Cleanup and Migration 

• Applications Development 

+ V2.1 
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Database Modules 

Samples Module 

Los Alamos 
NATIONAL LABORATORY 
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Borehole Submodules -
Hydrology Test Submodule 

I Lithology Submodule Chemistry Screening Submodule 

\ 

Geophysics Submo<iule ':!Jr~ 

..... 
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Accomplishments 

-
• Reengineer business processes 

• Implement hardware/software 
infrastructure 

• Design and build database .... 
• Cleanup and migrate legacy data 

• Design and build software applications 
..... 

•• 
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Mapping & Reporting Tool 
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Data Cleanup and Migration 

Move analytical data from Stage table to Production table 

Migration of Analytical data from Stage Table to 
Production Table FY2000 

1000000 j--- ·-------
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records migrated; 
70% complete 

01/01/01 

Phase 2 
Completed 

0!/30/00 

02101/01 

Mapping & Reporting Tool 

Sep-99 Nov-99 Jan-00 Mar-00 May-00 Jul-00 Sep-00 

Month 

\-- FY2000 ---Legacy \ 

Data Cleanup and Migration 

Phue1 
Completed 

08/01/00_ 

(2,200,000 records) 

4 Primary Tables 
12 Lookup Tables (LUTs) 

Start 

Los Alamos 
NATIONAL LABORATORY 
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Migrate existing data from old 
to new database by "modules" 



Accomplishments 

• Reengineer business processes 

• Implement hardware/software 
i nfrastru ctu re 

• Design and build database 

• Clean up and migrate legacy data 

• and build software applications 
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The Data Process 

B EJ 
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Legacy ERDU 
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R Well Chemislry 

PRS Information 
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Othc1· ndl otata 
Otht~r data 
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Where We Are Now 
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Virtual 

New 
ERDB 

\VQDB 

Dev/Prod 
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Where We Are Headed 

Build & Test 
New Data 
Process@ 

Pueblo 

0 

- -
~ 

Los Alamos 
IUTIONAL LABORA-TORY 

MakeER& ESH 
environmental 
data available to 
all LANL 
employees and the 
public through a 
single interface. 
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FY 2000 Hydrogeologic Characterization Program Annual Meeting 

Abstract- 2000 Special Sampling of Los Alamos Water Supply Wells 

David B. Rogers and Robert S. Beers March 21, 2001 

During 2000, the Los Alamos Water Supply Wells were sampled regularly for high 

explosives, perchlorate, strontium-90, and tritium. The analytes and sampling frequency 

for each well depend on possible sources of contamination. No high explosives or 

strontium-90 were found in any of the wells. Only Otowi 1 in Pueblo Canyon had tritium 

above background levels (at about 1/500 of the drinking water standard). Otowi 1 was 

also the only well to show perchlorate, at a maximum value of 5 ppb. This compares to a 

provisional EPA cleanup level of 4 to 18 ppb for perchlorate. The special water supply 

monitoring will continue in 2001. 
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R-WELL COMPLETION (SCREENS) 

R-9: Single Screen 
689-704 ft 

R-91: Double Screens 
189- 199ft 
270-280 ft 

R-12: Triple Screens 
459- 468ft, 505- 508ft, and 
801 -884ft 

R-15: Single Screen 
959- 1020 ft 

R-19: Multiple Screens 
893 -910ft, 1171 - 1215 ft, 
1583 - 1590 ft, 1727 - 1734 ft, 1832 - 1839 ft 



ANALYTICAL METHODS-- EPA SW846 

Metals- Inductively Coupled Plasma Optical Emission Spectroscopy and 
Inductively Coupled Plasma Mass Spectrometry 

Anions- Jon Chromatography 

Organic Compounds- Gas Chromatography and Gas Chromatography-Mass 
Spectrometry 

High Explosive Compounds- High Pressure Liquid Chromatography 

Radionuclides- Alpha Spectrometry, Gas Proportional Counting, Gamma 
Spectroscopy, Direct Counting, Electrolytic Enrichment 

Stable Isotopes- Isotope Ratio Mass Spectrometry 
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SAMPLING PROTOCOLS AT R-WELLS 

Single Completion Wells: Purge wells, removing at least 3 well bore 
volumes; measure field parameters; collect; filter; and preserve (if required). 

Multiple Completion Wells: Collect groundwater samples; measure field 
parameters; filter; and preserve (if required). Groundwater samples are 
collected using the Westbay Instruments at a rate of four liters per hour (one 
hour per trip). 
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INITIAL ANAL YTES FOR SAMPLING OF R-WELLS 

Field Parameters: Temperature, pH, specific conductance, and turbidity 

Radionuclides (Filtered and Non Filtered Samples): Tritium (non filtered 
only), strontium-90, uranium and plutonium isotopes, americium-241, and 
gamma spectroscopy 

Inorganic Constituents (Filtered and Non Filtered Samples): AI, Sb, 
As, Ba, Be, B, Cd, Ca, Cr, Co, Cu, Fe, Pb, Mg, Mn, Hg, Mo, Ni, K, Se, Ag, Sr, 
Na, Tl, U, V, and Zn 

Organic Compounds (Non Filtered Samples): Volatile, Semivolatile 
(e.g. PCBs, PAHs, Pesticides), High Explosive Compounds and Degradation 
Products, TOG, and DOC fractionation 

Stable Isotopes (Non Filtered Samples): 5Deuterium, 5 15 Nitrogen, and 
5 18 Oxygen 

Other Water Quality Parameters: Alkalinity, HC03-, P04
3

-, HN4+, TKN, Ct, 
F-, Br, N03-, N02-, C20 4

2
-, CI04-, and S04

2-



Well 

R-9 

R-91 

R-91 

R-12 

R-12 

R-12 

R-15 

R-19 

R-19 

R-19 

R-19 

R-19 

QUARTERLY SAMPLING OF R-WELLS AND FIELD-MEASURED 
PARAMETERS 

Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp. Turbidity 
(y/m/d) (hydrogeology) (pSi/em) (C) (NTU) 

00/09/29 689 - 704 (SFG basalt} Reg. Aq. 8.03 200 23.4 4.2 

00/09/14 189 - 199 (CDR basalt) Perched 8.04 160 19.64 3 

00/09/15 270 - 280 (CDR basalt) Perched 7.5 140 13.5 1.9 

00/09/18 459 - 467 (CDR basalt) Perched 8.01 280 21.8 3.3 

00/09/19 504- 508 (CDR basalt) Perched 8.62 200 23.6 2.8 

00/09/20 801 - 839 (SFG basalt) Reg. Aq. 7.24 300 22.5 6.8 

00/10/10 960 - 1020 (SFG basalt)Reg. Aq 7.9 130 16.9 3 

00/09/22 893 - 910 (PF) Perched 7.75 120 18.45 1.7 

00/09/27 1171- 1215 (PF) Reg. Aq. 7.65 100 20.14 1.8 

00/09/27 1583 - 1590 (PF) Reg. Aq. 7.37 130 20.20 19.3 

00/10/03 1832- 1839 (PF) Reg. Aq. 7.44 230 26.49 35.9 

00/10/05 1727- 1734 (PF) Reg. Aq. 7.32 170 24.68 1.7 
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-------------------

R-25 00/11/14 738 - 759 (BT) Perched 7.65 225 9.0 1.6 

R-25 00/11/15 883 - 894 (PF) Perched 8.83 322 9.0 41.7 

R-25 00/12/01 1 055 - 1 065 (PF) Perched 11.63 490 9.9 1.9 

R-25 00/12/04 1185 - 1195 (PF) Perched 7.64 716 8.8 5.3 

R-25 00/12/07 1296 - 1306 (PF) Reg. Aq. 7.73 210 10.8 6.2 

R-25 00/12/08 1406- 1416 (PF) Reg. Aq. 7.91 232 10.9 1.8 

R-25 00/12/11 1606- 1616 (PF) Reg. Aq. 7.9 186 11.2 3.5 

R-25 00/12/12 1796- 1806 (PF) Reg. Aq. 8.07 204 10.9 14.3 

R-31 00/12/14 827 - 837 (PF) Perched 7 195 21.35 1.6 

R-31 00/12/15 1007- 1017 (PF) Reg. Aq. 7 151 22.6 60 

R-31 00/12/16 666 - 676 (PF) Perched 6.8 790 15.5 46.7 

R-31 00/12/16 515- 546 (PF) Perched 7 395 18.8 23.5 
Note: CDR basalt means Cerros del Rio basalt; SFG means Santa Fe Group; PF means Puye Formation; BT means Bandelier Tuff; and 
Reg. Aq. means regional aquifer. An upper saturated zone is present at R-25. Jennifer Fofoed supervised quarterly sampling at R-9, R-9i, 
R-12, and R-25. Jon Marin supervised quarterly sampling at R-15, R-19, and R-31. 



FIELD-MEASURED PARAMETERS AT R-9 

Well Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp Turbidity 
(y/mld) (hydrogeology) (pSi/em) (C) (NTU) 

R-9 00/02/28 689- 704 (SFG basalt) Reg. Aq. 7.45 239 22.7 2.02 

R-9 00/09/29 689 - 704 (SFG basalt) Reg. Aq. 8.03 200 23.4 4.2 

R-9 01/02/16 689- 704 (SFG basalt) Reg. Aq. 8.13 259 23.0 2.4 

Note: SFG means Santa Fe Group and Reg. Aq. means regional aquifer. Jennifer Kofoed supervised quarterly sampling at R-9. 

FIELD-MEASURED PARAMETERS AT R-91 

Well Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp Turbidity 
(y/m/d) (hydrogeology) (pSi/em) (C) (NTU) 

R-9i 00/09/14 189- 199 (CDR basalt) Perched 8.04 160 19.6 3.0 

R-9i 01/02/20 189 - 199 (CDR basalt) Perched 7.35 272 12.8 1.2 

R-9i 00/09/15 270 - 280 (CDR basalt) Perched 7.5 140 13.5 1.9 

R-9i 01/02/21 270 - 280 (CDR basalt) Perched 7.25 215 12.3 1.4 

Note: CDR basalt means Cerros del Rio basalt. Jennifer Kofoed supervised quarterly sampling at R-9i. 

I I ~ I I ) I t f. I f I I I ~ I 4 I i l J l. I • t I I I t t I I l l 4 I I I 



I I I I I I I l J I I t I I I I I I I J I I I I f i I t I I I I f J c· I I I 

FIELD-MEASURED PARAMETERS AT R-15 

Well Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp Turbidity 
(y/mld) (hydrogeology) (pSi/em) (C) (NTU) 

R-15 00/02/24 960 - 1020 (SFG basalt) Rea. Aa 8.0 126 20.6 4.8 

R-15 00/10/10 960 - 1020 (SFG basalt)Reg. Aq 7.9 130 16.9 3.0 

R-15 01/02/15 960 - 1020 (SFG basalt)Reg. Aq 8.15 146 19.0 2.6 
Note: SFG means Santa Fe Group and Reg. Aq. means regional aquifer. Jon Marin and Jennifer Kofoed supervised 
quarterly sampling at R-15. 

FIELD-MEASURED PARAMETERS AT R-22 

Well Date Sampling Zone (ft), Screen (ft) pH Sp. Cond. Temp Turbidity 
(y/m/d) (hydrogeology) (pSi/em) (C) (NTU) 

R-22 01/03/13 872 - 914 (CDR basalt)Reg. Aq. 7.21 458 19.6 9.3 

R-22 01/03/12 947- 989 (CDR basalt)Reg. Aq. 8.35 153 17.0 0 

R-22 01/03/09 1272- 1279 (Totavi) Reg. Aq. 8.21 487 19.5 3.8 

R-22 01/03/08 1378- 1384 (SG bslt) Reg. Aq. 7.21 533 16.7 12.8 

R-22 01/03/06 1447- 1452 (older volcanic 7.01 290 19.0 3.1 
gravels) Reg. Aq. 

Note: CDR basalt means Cerros del Rio basalt; SFG means Santa Fe Group; PF means Puye Formation; and Reg. Aq. 
means regional aquifer. Jennifer Kofoed supervised quarterly sampling at R-22. 



Well 

R-9 

R-91 
Screen 1 

R-91 
Screen 2 

R-12 
Screen 1 

R-12 
Screen 2 

R-12 
Screen 3 

R-15 

SELECTED VALIDATED ANALYTICAL RESULTS OF QUARTERLY 
SAMPLING OF R-WELLS (FILTERED) 

Date received N03-+ NO; TKN Tritium C/04- 2-A-DNT 4-A-DNT TOC Other 
by analytical (mg/L) (mg/L) (CPIIL) (,ug/L) (,ug/L) (,ug/L) (mg/L) (,ug/L or %o) 

Jab. (ylmld) 

00/10/02 0.650 0.350 4.84 NA NO NO 2.70 toluene, 12 

00/09/18 0.100 u 0.400 81.4 1.04 u NO NO 3.00 U*, 0.641; 
3-NT, 0.15; 
8180, -10.9 o/oo 

00/09/18 0.100 u 0.10 u 69.4 1.04 u 0.15 NO 4.20 2,4-0NT, 0.5; 
ROX, 0.49; 
U*, 0.068; 
8180, -10.9 o/oo 

00/09/20 0.100 u 0.910 60.3 1.04 u NO NO 7.70 NH/, 1,100; 
U*, 0.927; 
8180, -11.4 o/oo; 
Bisphthalate, 3.2 

00/09/21 0.100 u 0.570 30.1 1.04 u NO NO 16.00 8180, -11.5 %o; 
815N, -3.7 o/oo; 
CS?, 1.7 

00/09/25 0.100 u 0.250 25.9 1.04 u NO NO 45.00 U*, 0.896; 
8180, -11.3 %o 

00/10/11 2.30 0.550 0.77 2.8 u NO NO 6.10 NH/, 160; 
U*, 0.33; 

-------
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8180, -10.9 o/oo; 
815N, +0.9 o/oo; 
Bisphthalate, 5.9; 
toluene, 0.69 

R-19 00/09/25 0.690 0.280 -0.04 u 1.04 NO NO 3.30 ROX, 0.098; 
Screen 2 u 8180, -10.5 o/oo; 

815N, +6.6 o/oo 
R-19 00/09/18 0.340 0.650 -0.1 u 1.68 NO NO 4.20 Sb, 5.67; 2,4-
Screen 3 ONT, 0.5; ROX, 

0.49; 
U*, 0.068; 

8180, -10.7 o/oo; 
815N, +1.9 %o 

R-19 01/10/1 0.100 u 0.910 0.1 u 1.04 NO NO 7.70 8180, -10.9 o/oo; 
Screen 5 u 1 ,3-0NB, 0.22; 

2,4-0NT, 0.3 
R-19 00/10/05 0.50 u 6.30 0.08 u 1.04 NO NO 6.80 NH4 +, 500; 2-
Screen 6 Butanone, 1.6; 

8180, -11.0 o/oo; 
NB, 0.41 

R-19 00/10/05 0.50 u 4.60 0.21 u 1.04 NO 0.22 3.30 NH/, 210; As, 
Screen 7 u 3.5; 1 ,3-0NB, 

0.24; 
8180, -11.0 o/oo 

Scrn means screen; 3-NT means 3-nitrotoluene; U means not present; NO means not detected; U* in other chemicals means uranium; Sb 
means antimony; NB means nitrobenzene; 2,4-DNT means 2,4-dinitrotoluene; 1 ,3-DNB means 1 ,3-dinitrobenzene; TKN means total 
Kjeldahl nitrogen (organic nitrogen). 



SUMMARY 

• QUARTERLY SAMPLES have been collected by Geochemistry 
Subcommittee members from R-9, R-91, R-12, R-15, and R-19. 

• CONSTITUENTS OF CONCERN in R wells include nitrate (R-15), 
perchlorate (R-9 and R-15), and HE compounds (R-25) (to be reported). 

• MEASURABLE TRITIUM occurs at R-9. R-91, and R-12. These wells 
contain groundwater less than 60 years of age. 

• RESIDUAL DRILLING FLUIDS MUST be removed from R wells 
prior to sampling. 

• EZ Mud has resulted in false positives for HE compounds and degradation 
products (contains nitro and amino functional groups). 

• TKN and TOG are indicators of residual EZ Mud. 

• GROUNDWATER MIXING information is provided by tritium, anions, and 
stable isotopes within multicompleted wells. 
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HIGHLIGHTS OF QUARTERLY SAMPLING AT R-9, R-91, R-12, 
R-15, AND R-19: GEOCHEMISTRY SUBCOMMITTEE, 

GROUNDWATER INTEGRATION TEAM 

BY 

PATRICK LONGMIRE1 AND JENNIFER KOFOED2 

MARCH 21, 2001 

1. EES-6, AND 2. AURORA TECHNICAL SERVICES 



OBJECTIVE OF PRESENTATION 

Present a summary of groundwater sampling conducted at R-9, R-91, 
R-12, R-15, and R-19. 

Analytes of Interest Include: 

Tritium 

Nitrogen Species 

Perchlorate 

High Explosive Compounds and Degradation Products 

Residual Drilling Fluids 
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Integrated ER/ESH Hydrology 
Modeling Tasks 

Diana Hollis 
E-ER 
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Introductory Comments 

• EAG requested additional information in semi-
annual report 
- Intended use of models 
- Discussion of regulatory factors 
- DQOs to be met by modeling 
- Descriptions of modeling tasks/analyses 
- Schedule and integration plan 
- Stakeholder communication plan 
- Plans for uncertainty characterization 

ENVIR©NMENTAL los Alamos t®.,.,,, . 
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Introductory Comments 
• Intended use of models 

- Assimilate and interpret data from groundwater wells 

- Identify the most significant (sensitive) uncertainties (data 
gaps) 

- Site and prioritize subsequent wells to fill significant data 
gaps 

- Support decisions about site-wide and facility-specific 
actions to ensure protection of groundwater as resource 

> When/Where/How/What should we monitor? 

> What/When/Where might maximum groundwater concentration be? 

> Will natural attenuation be protective? 

> Is pump-and-treat practicable? 

Introductory Comments 

• Discussion of regulatory factors 
- Models accepted by EPA as effective decision-support tools 

- Groundwater models cannot replace groundwater data 

- The best model is the simplest model that is consistent with 
available data 

• Calibration 

• Validation 

- Models must incorporate site-specific data (not default 
parameters) to the extent available 

• Initial and boundary conditions 

• Material properties (physical and hydrologic) 

• Processes (fracture flow) 
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Introductory Comments 

• DQOs to be met by modeling 
- Bounding values or stochastic distribution of 

parameters (variables) based on field data 

- Approved confidence intervals for decision-supporting 
model results 

-"Good enough" is good enough 

- May transition to "top-down" approach if decision rules 
can be agreed upon 
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Introductory Comments 

• Descriptions of modeling tasks/analyses 
- Modular process-level models of different hydrologic 

regimes 
> WetJDry Mesa (TA-16/TA-54}, unsaturated-zone flow and 

transport (aqueous- and vapor-phase) 

> WetJDry Canyon (Los Alamos and Canon de Valle), 
unsaturated-zone flow and transport 

> Regional Aquifer, saturated flow and transport 

- Coupled pathway-level (systems) modeling 
> Surface water__,. vadose zone __,. regional aquifer__,. receptor 

> MDA G, TA-16 
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~~/~~~8:~ --ER2IIIIIooiiiii1 _--N~A~TIO~N~ALELA~B~OR~AT!i_:10~RY ____ S_IK!ea6--l ~ 



Introductory Comments 

• Schedule and integration plan 
- General approach 

• Deterministic process-level model for each hydrologic setting to 
understand dominant processes and significant uncertainties and 
variability 

• Stochastic system-level model with coupled processes to identify 
and represent significant system-level uncertainties and 
variability 

- Planned schedule 
• Dry mesa model completed FY01 

• Wet canyon model completed FY01 or FY02 

• Regional aquifer model completed FY02 

- Integration plan based ER Integrated Modeling Tasks 
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Introductory Comments 

• Stakeholder communication plan 
-To date 

> Several NMED workshops conducted by LANL on FEHM 

> Dedicated 2-day GoldSim workshop for NMED sponsored by 
ER Project 

> CAB briefing on Los Alamos Canyon tritium model results 

-Planned 
> CAB briefings on models used to support MDA H corrective 

measures study 

> Modeling focus group? 
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Introductory Comments 

• Plans for uncertainty characterization 
- Complete FY01 integrated modeling tasks 
- Use either bounding (conservative) estimates or 

stochastic distributions in models to represent 
uncertainty, variability and heterogeneity 

- Use models to evaluate alternate conceptual models 
- Incorporate uncertainty management into risk-

management decisions where needed 
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FY01 Integrated Modeling Tasks 

• First-order groundwater pathway assessment 
• Plateau-wide infiltration mapping 
• 30 geologic model uncertainty assessment 
• Geophysical surveys to supplement spatial 

hydrogeologic data 
• Probabilistic Assessment of Sentry Well Placement 

All tasks in scope of ER Integrated Modeling Task, which 
ensures that mathematical models used by the ER Project 
are documented, transparent, site-specific, technically 
defensible, and applicable to and necessary for risk-based 
decisions 
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First-order Groundwater Pathway Assessment 

• Purpose is to rank contaminants of potential risk­
significance to groundwater receptors 

• Use GIS tools 

• Approach is to 
- Map contaminant inventories and/or concentrations 

- Calculate transport times into regional aquifer 

- Calculate lateral transport in regional aquifer 

- Compare estimated cumulative and individual 
concentrations in supply-well capture zone 

- Normalize estimates to MCLs or ACLs (sum of fractions) 

- Rank contaminants and sources 
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Plateau-wide Infiltration Mapping 

• Purpose is to define uncertainties and variabilities 
in infiltration 

• Proposed as HWP "interpretive task" 

• Approach is to 
- Compile existing recharge estimates from various 

methods (water budget, chloride mass-balance, Darcy's 
Law) 

- Document limitations and uncertainties for each method 

- Identify data gaps 

- Develop quantitative map of recharge 
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Plateau-wide Geologic Model Uncertainty Assessment 

• Purpose is to document basis of (hydro)geologic 
conceptual model and uncertainties 

• Proposed by "virtual" GIT geology subcommittee 
• Approach is to 

- Review basis of current conceptual model of vadose zone 
and water-table geology 

- Attempt to quantify uncertainties and variability 
- Establish significance of uncertainties for F & T modeling 
- Evaluate planned R-well placement in context of 

uncertainty reduction 
- Identify cost-effective approaches for filling data gaps 
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Probabilistic Assessment of Sentry Well Placement 

• Purpose is to determine how many surveillance wells are 
sufficient (and where) to achieve acceptable probability of 
contaminant detection in advance of arrival at a production 
well 

• Proposed by Kathy Campbell and Elizabeth Keating 
• Approach is to 

- Extract simplified probabilistic model for mean flow paths based on 
FYOO work (Keating et al.) 

- Examine sensitivity of sources of uncertainty not previously considered 
- Calculate dominant flow paths in regional aquifer between known 

source locations to known production wells 
- Determine how many wells, sited where, would be required to ensure 

detection of contamination approaching a given well field with a high 
degree of confidence and minimum lead time 
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Geophysical Surveys 

• Purpose is to evaluate geophysical methods to 
supplement borehole geology and hydrology data 

• Approach is to conduct 
- Ground-based electrical and electromagnetic surveys to 

characterize significant hydrologic features 
> Pajarito Fault zone 

> Canon de Valle 

> Los Alamos/Pueblo Canyon 

- Airborne electromagnetic survey along canyons and over 
mesas to identify hydrologically significant subsurface 
features such as clay beds, perched water, paleochannels 
and basalt 
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Los Alamos Canyon Flow and Transport Model 

Bruce Robinson 

Phillip Stauffer 

The current conceptual model for groundwater flow and contaminant transport in the vadose zone beneath 
Los Alamos National Laboratory recognizes two main hydrogeologic settings: mesas and canyons. Flow 
and transport from mesa tops to the regional aquifer is thought to be slow, while canyons are characterized 
by focused, high infiltration rates and potentially rapid transport through the vadose zone. Three­
dimensional models of the Los Alamos Canyon flow system have been developed based on the 
hydrogeologic model of the canyon, and flow and transport simulations have been made using the FEHM 
computer code. Measured hydrologic property values for the geologic units are included in the model, 
along with model results from a previous water balance study for Los Alamos Canyon. Comparisons of the 
model with measured moisture content data are being used to constrain model parameters such as 
infiltration rate. Sensitivity analysis simulations have been performed for variables such as the infiltration 
rate and uncertainty in the unsaturated hydrologic properties. Taking into account uncertainties in the water 
budget and the hydrologic properties, the available data are consistent with infiltration scenarios ranging of 
a factor of 3 above and below the base case estimate. We anticipate that new information from 
characterization well R-7 and chemical analyses of pore fluids from core samples in LADP-3 and 
LAOI(A)-1.1 will be useful in further improving the model and constraining transport velocities. 

Tritium source term information has also been compiled and simulations have been performed using the 
calibrated model. The model suggests that transport of tritium and other contaminants is most rapid in the 
eastern portion of the model, where the uppermost rock units below the alluvium are Basalts or a thin layer 
of the Puye Formation overlaying the Basalts. In this portion of the domain, fracture flow is likely to occur, 
resulting in more rapid travel times than in middle Los Alamos canyon, which has a significant thickness of 
Bandelier tuff. Travel times through the Bandelier tuff and Puye Formation (to the regional aquifer) are 
predicted to be on the order 50 years or so, versus the likelihood of transport to the water table in 10 years 
or less through the Basalt units and the Puye Formation. As a result, the total mass flux of tritium reaching 
the water table is predicted to be dominated by transport from middle to lower Los Alamos canyon through 
the Basalts and Puye Formation. Wells such as Otowi-1 are susceptible to contamination in this portion of 
the Laboratory because of the hydrogeology and the lack of sorption of tritium. Although with present data 
the models cannot be calibrated to predict precise future concentrations of tritium in the aquifer or in a 
water supply well, the model results suggest that the rate of tritium arrival at the water table (where it may 
then be brought to the surface in a water supply well) may be at or near its peak. Continued monitoring is 
required to establish a trend in tritium concentration, but in the absence of a continued high-concentration 
source at the surface, it is very unlikely that concentrations will climb to values even approaching 
regulatory limits. This is because of the lack of additional releases, dilution in groundwater and at the 
pumping wells, and radioactive decay. Long-term monitoring is needed to confirm this conclusion and to 
establish the time frame over which these concentration changes will occur. Current modeling suggests that 
several decades of regular monitoring will be necessary to defmitively establish long-term trends. 

Finally, the Los Alamos Canyon 3D model is also being used to explore hypothetical situations which may 
arise as a result Cerro Grande fire. Simulations of increased infiltration and associated contaminant 
transport, caused by high run-off from burned areas ponding in Los Alamos Canyon, are presented as an 
example of the predictive capabilities of the 3D model. Results indicate that if persistent ponds of water 
form, there could be a significant enhancement in the rate of migration of conservative contaminants to 
depth. The duration of the ponded condition is the controlling factor for the depth of penetration of the 
water and contaminant plume. 
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Los Alamos Canyon Flow and 
Transport Model 

2001 Annual Meeting 

March 20, 2001 

Bruce Robinson 

Phillip Stauffer 
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Tritium Modeling - Los Alamos Canyon 

The calibrated flow model for 
Los Alamos canyon is being 
used to investigate the potential 
migration of contaminants from the 
alluvial groundwater to the regional 
aquifer under a range of future scenarios 
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Outline 

• Calibration of flow model 

Uncertainties and sensitivities • 
• Tritium transport results 

• Potential impact of Cerro Grande fire 

Flow Model Calibration- Canyon Versus Mesa Well 

The model captures the 
wetter conditions in Los 
Alamos canyon through a 
spatially varying recharge 
rate. This approach yields a 
good fit to the water content 
data in both the canyons 
and mesas. 
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Result of Sensitivity Runs 

Taking into account uncertainties in the water 
budget and the hydrologic properties, the 
available data are consistent with 
infiltration scenarios ranging of a factor of 
3 above and below the base case estimate. 
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Tritium Concentrations in Alluvial Groundwater 
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Simulated Tritium Concentrations: Maximum Surface Concentration -
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Simulated Tritium Concentration Distributions: Present Day 
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Simulated Tritium Vadose Zone Input and Output Mass Flux 
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Impact of the Cerro Grande Fire 
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Ponded Conditions 
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Ongoing Validation Efforts 

• Comparison of model results to R-7 data 

• Pre-test predictions of flow and transport 
response at the LA Weir site 

• Measurements of chemical profiles in pore 
water of samples from LADP-3 and 
LAOI(A)-1.1 

• Consideration of alternate conceptual 
model for shallow infiltration 
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NMED/DOE-08 
Conceptual Model for Los Alamos 

Canyon 

Michael Dale 
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Validation of Conceptual Models for Vadose Zone Flow and Transport 
Beneath the Pajarito Plateau 

Kay Birdsell, Bruce Robinson and Diana Hollis 

The conceptual model for vadose zone flow and transport beneath the Pajarito Plateau discriminates the 
rate of these processes by their location. For example, the conceptual model calls out wet canyons, dry 
canyons and dry mesas. Infiltration beneath wet canyons is the highest with rates on the order of meters 
per year ( 100 - 1000 mm/yr). Transport to the regional aquifer beneath wet canyons may be on the order of 
decades to hundreds of years. Fracture flow, often through basalt units, may play a key role in transporting 
contaminants beneath wet canyons. In contrast, infiltration beneath dry canyons and dry mesas is much 
slower with infiltration rates generally believed to be less than tens of millimeters per year. Transport 
times to the aquifer are expected to be hundreds to several thousands of years. Slow matrix flow through 
the Bandelier tuff is generally believed to be the dominant transport mechanism. However, in some cases 
liquid disposals at mesa-top locations may have driven short-term fracture flow and transport. 

Such conceptual models of vadose zone processes can be validated through the interpretation of field data 
with numerical models. This presentation gives examples of the model validation process at five laboratory 
locations. Three mesa top locations are presented: MDA AB at TA-49, MDA Tat TA-21, and an 
infiltration experiment at TA-50. All three of these sites experienced periods of enhanced water 
application. The transient responses at the sites are used for model validation. Calculations for one canyon 
location, the LA-Weir site, are presented to demonstrate how pre-experimental modeling can assist in the 
design of a field validation exercise, which in tum will be used for model validation. Finally, an example 
from TA-16 represents a site where infiltration from both mesa and canyon locations is required to fully 
understand contaminant transport at the site. 
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Validation of Conceptual Models for 
Vadose Zone Flow and Transport 

Beneath the Pajarito Plateau 

Kay Birdsell, Bruce Robinson 

and Diana Hollis 
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HYDROLOGIC CONCEPTUAL MODEL 

¥ Ory canyons: 
Lit11e recharge under natural conditions 
Slgnltlcant under disturbed conditions 
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.., Smaller redlarge 

Source of recharge to lnlermedtate groundwater 
and ma1n aqu•fer 
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Source at recharge to main aquifer 
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Laterally extensive near Jemez Mountains? 
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Figure 2-1 o. HvdrogeolcQIC conceptual modal lor canyons. 
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Conceptual Model Validation 

• Interpret or Predict Field Conditions 
with Numerical Modeling for 5 LANL 
Sites 

Enhanced Infiltration at 3 Mesa Top Sites 
(TA-50, MDA AB at TA-49, MDA Tat TA-21) 

Mesa/Canyon coupled system (TA-16) 

Canyon Site (LA-Weir) 
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Validation Process 

• Input data 
- Stratigraphy, hydrologic properties, expected 

upper boundary conditions, source 
concentrations, steady flow conditions 

• Compare predicted data to field data 
- subsurface moisture content, contaminant 

concentrations, in-situ chloride data 

• Follow up 
- further comparisons to additional field data 
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MDA Tat TA-21 
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LA-WEIR SITE 
LA-WEIR MONITORING SITE 
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RESULTS 

Mesa Top Sites 
Large volume of water can still result in matrix 
dominated flow, near full saturation required to 
cause fracture flow 

• TA-16 
- 3-D geometry needed to model this complex site 

• LA-Weir 
Fracture flow in the basalt is expected 

Field data will be used to determine fracture 
properties 
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Implications for Transport Rate 

... beneath wet canyons with focused flow 

... through fractured basalts 

... sometimes laterally in perched zones 

+ beneath disturbed mesa top sites 

+ beneath drier canyons 

+ beneath canyons with a significant thickness of 
Bandelier tuff 

• from undisturbed mesa top sites 
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Earth and Environmental Sciences Division 
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How certain are these predictions? 
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------
------ Simulated particle tracks ---------------- Some particles are captured by water supply wells -

How certain are these predictions? ------



>-Estimat~' of total amount of w~ter moving through 
the aquifer (recharge/discharge) 

Limited spatial coverage on Paj arito Plateau, especially in 
vertical dimension 
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•future pumping rates 
•possible new water supply wells 
• Withdrawals in other wellfields 
other 

~ ' ' ': ' ' ~ ' '' : : ' ' ' ,' ' : ': i ' ; 

ht:>fP1rnCYP1nP'd' '>.T",', , ' , 

Geostatisfical~ddel 
, ' 



.. 
• 
• 
1111111 .. -
• -.. ---
IIIII -----
1111!1 

-.. 
-
11!1111 

-
.., 

-· -! 
-· .. 
-· 
•• 

-· ... 
.... ,..., .... 

--
• .. 



-----

----------
------------
------

'Ens~~e\he prediction lS consistent with bbserved 
··'available g~ochernicaldata, geologic under:standi11g 

.Sensi~~ity analysis 

How important are various types of uncertainty to our ability to 
make good predictions? IB~ a__,.. Prioritize data collection 
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How·uncertain are these estimates? 

Uncertainty 
Low High 

Sensitivity 
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Range of effective permeabilities that are 
consistent with water level data 
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~11 um;ertain parameters ~s much a possible, ' 
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• .within calibration criteria, to determine range of' 
p~ssible predictions. 
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Mu.I#~fevel head data in the;
0yicinity 

n!duce the uncertaiht)}!h flow directio!l .. 
E~timates oflarge-scale "effective" porosity~are 

required to reduce uncertainty in travel time 
estimations 
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