
G 
COMMIT·• ... E FOR THE TECHNICAL AS SSMENT OF 

ENVIRONMENTAL PROGRAMS AT THE LOS ALAMOS NATIONAL 
LABORATORY 

PUBLIC AGENDA 
National Academy of Sciences 

500 5th Street NW, Washington, DC 

All times are approximate- Adjustments to schedule will be made as needs are identified 
Tuesday, May 16,2006 

Hotel Santa Fe 
1501 Paseo de Peralta 

Santa Fe, New Mexico 87501 

Open Session 

11 :00 AM- 11:05 AM Welcome visitors- Larry Lake, Chairman 

11:05 AM- 12:00 PM Improving LANL's groundwater monitoring and analysis program
Robert Gilkeson, Registered Geologist 

1:00PM-1 :30PM 

1 :30 PM- 2:00 PM 

2:00PM- 2:45 PM 

2:45PM-3:30PM 

3:30PM-4:15PM 

4:15PM-4:30PM 

4:30 PM - 4:45 PM 

4:45 PM- 5:00 PM 

5:00PM 

Adjourn for lunch 

Overview of the LANL Consent Order - James Bearzi, Chief, 
Hazardous Waste Bureau, NMED 

Summary of LANL groundwater issues of regulatory importance -
James Bearzi, Chief, Hazardous Waste Bureau, NMED 

A Brief History of Drilling for the Hydrogeologic Workplan at LANL 
- Dave Broxton, LANL 

Vadose-Zone Hydrology of the Pajarito Plateau- Brent Newman and 
Kay Birdsell, LANL 

Sources of Deep Gro].llldwater Contamination- Danny Katzman, 
LANL 

Review of documents to be provided to the NAS panel - DOE/LANL 
Staff 

Comments from the Northern New Mexico Citizens Advisory Board
J.D. Campbell, Chairman of NNMCAB 

Comments from other attendees 

Adjourn open session 

*Please turn page over for the Agenda for Wednesday, May 17th.* 
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8:30AM 

9:00AM 

11:00 AM 

11:30 AM 

12:30 PM 

12:45PM- 1:30PM 

1:30PM-2:15PM 

2:30PM- 2:45 PM 

3:00PM 

4:00PM-8:00PM 

Depart Hotel Santa Fe for Pueblo de San Ildefonso 

Tour Pueblo de San Ildefonso (Public are welcome to attend, but must 
register with Courtney Gibbs [ cgibbs@nas.edu or 202-334-2743] 
before May 12, 2006.) 

Depart Pueblo de San Ildefonso 

Arrive at Los Alamos fun 

Depart Los Alamos fun for LANL site tour (Public are welcome to 
attend, but must register with Courtney Gibbs [ cgibbs@nas.edu or 
202-334-2743] before May 12, 2006.) 

Hilltop Overlook 
• Groundwater transport - David Rogers 
• Point to source areas 
• Canyons transport 
• Potential receptor areas 
• Plateau and canyon geology- Dave Broxton & Dave 

Vaniman 

Ground and Surface Water Monitoring Sandia Canyon: R-12 (or R-16, 
R-20) 

• Groundwater characterization -Danny Katzman 
• Groundwater monitoring plan -Armand Groffman 
• Groundwater sampling 
• Well quality 
• Well rehabilitation 

Radioactive Liquid Waste Treatment Facility TA-50- Pete Worland 
&Dave Moss 

• Discharge improvements 
• Discharge quality 
• Sources 

Return to Los Alamos fun via Diamond Drive 

Groundwater Forum poster session begins (Dwayne Smith 
Auditorium) 
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THE NATIONAL ACADEMIES 
Advisers to the Notion on Science, Engineering, and Medicine 

Nuclear and Radiation Studies Board 

Statement of Task 

500 Fifth Street, NW 
Washington, DC 2000 l 
Phone: 202 334 3066 
Fax: 202 334 3077 
www.national-academies.org 

Los Alamos National Laboratory Groundwater Assessments 

This study will focus on specific scientific and technical issues related to groundwater monitoring 
and contamination migration at LANL as follows: 

1. General review of groundwater protection at LANL: 

What is the state of the laboratory's understanding of the major sources of groundwater 
contamination originating from laboratory operations and have technically sound measures to 
control them been implemented? 

Have potential sources of non-laboratory groundwater contamination been identified? Have the 
potential impacts of this contamination on corrective-action decision-making been assessed? 

Does the laboratory's interim ground water monitoring plan follow good scientific practices? Is it 
adequate to provide for the early identification and response to potential environmental impacts 
from the laboratory? 

Is the scope of groundwater monitoring at the laboratory sufficient to provide data needed for 
remediation decision-making? If not, what data gaps remain, and how can they be filled? 

2. Specific data-quality issues: 

Is the laboratory following established scientific practices in assessing the quality of its 
groundwater monitoring data? 

Are the data (including qualifiers that describe data precision, accuracy, detection limits, and 
other items that aid correct interpretation and use of the data) being used appropriately in the 
laboratory's remediation decision making? 

3. Recommendations to improve the future effectiveness of the laboratory's groundwater 
protection program with respect to: 

Potential remedial actions for the groundwater contamination, especially for radionuclide 
contamination for which DOE is self-regulating; and 

Monitoring for long-term stewardship. 

NATIONAL ACADEMY OF SCIENCES • NATIONAL ACADEMY OF ENGINEERING • INSTITUTE OF MEDICINE • NATIONAL RESEARCH COUNCIL 



A Review of Key Groundwater 
Contaminant Sources at Los 

Alamos 
Danny Katzman, Presenter 

LANL ENV-Environmental Remediation and Surveillance 
Program 

May 16,2006 

A 
· losAiamos LA-UR-06-3516 

N AfiON All AIO~ATOIIY 

The World 's Greatest Science Protectmg America 

Presentation topics 

• Contaminant sources known to 
have impacted deep groundwater 

• Material Disposal Areas as 
potential contaminant sources 

• Other potential contaminant 
sources 

A 
· losAiamos 

LA-UR-06-35 16 

The World's Greatest Science Protecting America 
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Contaminant Sources Impacting Deep Groundwater 

The potential for a contaminant source to impact deep 
groundwater is governed predominantly by the following: 

• large inventory, typically with liquid discharge 

• mobile form 

• aqueous driver 
- natural or anthropogen ic (e .g. , facility effluent) 
- concurrent or subsequent to release 

• subsurface stratigraphy 
- Important factor for spatial and temporal variability in infiltration 

All factors must be present 

A 
· Los Alamos 

LA-UR-06-35 16 

The World's Greatest Sc1ence Protecting America 

Contaminants Observed in Deep Groundwater 

• tritium 

• perchlorate 
• chromium 

• nitrate 
• high explosives 
• volatile organic 

compounds (?) 
• others(?) 

A 
• Los Alamos 

NATI0NAllA80ftATOitY 

The World's Greatest Science Protecting America 

D Alh.MIATI Basalt 0 Santa Fe Group 
0 Bandeliw Tuff [;3 Puye Formation V Saturated Zone 

LA-UR-06-35 16 
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Mortandad Canyon Hydrogeologic and Contaminant Conceptual Model 

w 
Contamination sources 
TA- 50 & TA- 35 

1 132 a e-ft (1 95 1 -2002) 
Location and rate of 

Puye Formation 

Location and rate of 
infiltration uncertain 

Regional Zone of Saturation 

Legend 

Nitrate 
Perchlorate 

Tritium 

E 

Not to Scale 

Perched zone - - Adsorbing front for moderat ely-adsorbing contaminant s {Sr-90) 

~ Infiltration - - Infil t ration front fo r non-adsorbing contami nants {Tritium, 
Perchlorate, Nitrate, Chromium VI) Adsorbing front for strongly

adsorbing contaminants 
(Cs, Pu, Am, CrIll) 

I_-_! Possible contaminant transport pathways for non-adsorbing 
contaminants (Tritium, Perchlorate, Nitrate, Chromium VI) 

• loSAiamos 
HATIOftAl lAIOIIATONY LA-UR-06-3516 

The World's Greatest Sctence Protecting America 

Current View of Key Sources of Deep Groundwater 
Contamination and Operational History 

Koy Mobile 
LocaUon Period of Constituents Detected 

Sou reo Canyon (Wotor11hod) Operation Operation In OoepGW 

T A-45 Outfall (SWMUs 45-001 and Rad Waste 
01-oo:!) Acid Canyon (Pueblo) Treatment 1944-1964 tritium, perchlorate 

Omega West Reactor (SWMU 02· upper los Alamos Research and Moly 
004[a]) Canyon production ca. 1970 - 1993 tritium 

Industrial tritium, perchlorate, 
SWMU 21-011(k) DP Canyon (Los Alamos) wastewater outfall 1952- 1986 nitrate 

TA-3 Power Plant (SWMU 03-
045(h]-OO)) Sandia Canyon Corrosion Inhibitor ca . 1950-1972 chromium 

high explosives (RDX), 
260 Outfall (SWMU 16-021[c]-99) Canon de Valle {Water) HE machining 1951 - 1996 VOCs(?) 

Radioactive 
Effluent Canyon Wastewater tritium, nitrate, 

TA-50 Outfall (NPDES Outfall 051) (Mortandad) Treatment 1963- present perchlorate 

Sanitary 
Los Alamos County Bayo wastewater 
Wastewater Treatment Plant Pueblo Canyon treatment 1963 - present nitrate, other(?) 

tritium, perchlorate, 
nitrate, chromium, high 

Canyons sed snd slluvlal GW Secondary sources NA variable explosives, VOCs 

• .-QAiamos 
NATIONAL lAIIOUTO~Y LA-UR-06-35 16 

--------------------------------------------~~~~ 

INa."&~ The World's Greatest Science Protecting America 
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Primary Sources 

A 
· LosAiamos 

HATIONAllAIOIIIATOitY 

.... ___ __ 
SANTI\ FE 

', NAT~ONAL 
' t Oilt::ST '-... -

The World's Greatest Science Protecting America 

The World's Greaten Science Protecting America 

LA-UR-06-35 I 6 
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SWMU Report- Example 

Consolidated Unit 45-001-00 - Wastewatsr treatment plant - TA-45 

Technical Area TA-45 HasER Sampled the Site? Yes 

Dates of Operation 1943-1964 

Former Operable Unit OU 1079 

Structure Number Various 

Unit Description: 

ER Remedial Action Conducted? No 

Other Remedial Action Conducted? Yes 

Aggregate Area (Reporting) Pueblo Canyon 

~?-oo~lidf~~~~:./~&~~~ xg~i~~~ifs~7~~i~~~~edar;Jt ~~~?~~J~~a s:.~~~:t~~~~at-:;~?~.~~~~~(J:,su~. ~~.~~~~ C-
decontamination facility, waste lines, a sanitary sewer outfall, and the location of a past radioactive waste spill. These SWMUs 
and AOC were all associated with past wastewater treatment and disposal activities at TA-45. 

Consolidated unit 01-002(b)-OO consists of a former industrtal waste line outlall and its drainage into Acid Canyon. The outlall 
was located with in the boundaries of former TA-45 at the head of a smarr branch of Acid Canyon known as the south fork of 

~f~~~:~l~aJ~~s ~~~a~~~~~~;~ ~ A~~f?:~~~i~~~~e?~~do~}~ g;~e~::r i~~:~~~a:~f~~~~~~ ~~s~~T~J~;~~~T~~s~~~~e~ A-
system or acid waste sewer system. Most of this system was removed during decommission~ of TA-01 and associated 

~~~~~~~~:~?~arr;~ ii~~~t~r~~~~;: ~artn~~fh~~~~e~~g~~~~~-f~s~~~~e~~7~~:~:~~d u~~~lf-ro~~~~~~n~reid~~~os1 ~go~~~~ll 
~e oc~i~~d1f~~ ~~ 9f~J~. ~951rg~~~~f;'i,8o~:oll'oe 9~1'~~ ~;t%~~~~~~t~~~W~~.~ud~~~~~~~~~~a~~~';n ~~~~ 
01~(b~. D&D of TA-4~~gan in October 1966 and included removal of the outlet pipe, an associated weir box, and tuff 
around the outfall and on the canyon wall below the outfall. Wastes generated during these activities were disposed of at TA-
54. 1n September 1967, the TA-45 property was transferred to Los Alamos County. Several environmental investigations have 
been conducted at consolidated unit 01 -002(b) -OO. The earliest investigations were conducted from 1945 to 1947 and 
identified radioactivity near the outlall and downstream of the outlall. Tne TA-45 site, including consolidated unit 01-002(b)-00, 
was investigated by DOE durtng the pertod 1977-1981 as part of FUSRAP. This investigation included anaiY.sis of soil and 
sediment samples collected at and below outfalls. Based on the results of this sampling effort, additional soli and tuff were 
removed from consolidated unit 01 -002(b)-OO along the drainage channel below the outfall. 

.Q Aiamos 
N ATIONAllAIOIII ATOIIIY LA-UR-06-35 16 

The World's Greatest Science Protecting America 

Improved Water-Quality in Active Outfalls 

RLWTF Annual Report for 2004 (LA-UR-05-4395) 

A.6.2 Process Modifications 

Discharge standards become more stringent each year. In 2001, for example, the NPDESJ'ermit for Outfall #051 was 
revised. Improvements to the process are also continually sought. There are economic an environmental benefits 
from changing process equipment and/or flows. A list of recent process modification projects is summarized in Table 
A-5 below, and a brief description of each appears in the text that follows. 

Table A-5 
Recent RL WTF Process Modifications 

Completed K$ Projecl 

1996 800 I . Rt..-placc old PDP 1144 compuH.'f control system 

1997 1.200 2. lnslall rour above-ground suJragc 1anks (Didg 50-248) 

1999 200 3. Elcctroch~mical denitrification 

1999 4.050 4. Membrane processes (fUF. CUF. RO) 

1999 350 5. EIL'ctrodialysis reversal 

2000 1.400 6. Interim evaporator 

200 1 300 7. T UF upgrades and val ve replacl.!mcnt 

2001 8. Use of gravity fi lter effluent for clarifi (..'f chemicals 

200 1 20 9. Permanganate pre--oxidation 

2002 300 10. lon exchange for perchJoratc removal 

.Q Aiamos 
N ATIO NAL L A!I OIIIATO • v LA-UR-06-3516 

2003 !50 II . Replace old G2 computer control system 

------------------------------------------------~-

IN;.lSJ!4 The World's Greatest Science Protecting America 
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MDAs as Potential Sources of Deep Groundwater 
Contamination 

25 Material Disposal Areas across the Laboratory 

• Large, buried contaminant inventory 

• Includes mobile constituents 

• Located on dry mesa tops with little or no continuous 
aqueous driver 

• Vapor phase migration from MDAs is known and currently 
being investigated (e.g., MDA L) 

• MD As are being investigated through 201 0 w/corrective 
actions scheduled through 2015 under Consent Order 

A 
· losAiamos 

NATIONAll AIO~ATOIIY LA-UR-06-3516 

The World's Greatest Sc1ence Protecting America 

Significant Potential Sources of Contamination (cont.) 

-
Watershed MDAs 

Los Alamos/Pueblo B, V, T, A, U 

Mortandad C, W, X 

Water/Canon de Valle R, R, Z, S, N, AA 

Pajarito G, H, L, M, F, Q 

Ancho AB, Y 

Chaquehui D, E, K 

A 
• losAiamos 

NATIONA l LA IOitATOIIY LA-UR-06-3516 

The World's Greatest Science Protecting America 
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Other Potential Deep Groundwater Contaminant 
Sources 

Large number of mesa top and mesa slope SWMUs and AOCs 

• Septic tanks and drain lines 

• Surface spills 

• Firing sites and mortar impact areas 

• Many other types 

These SWMU and AOC sources: 
- include mobile constituents 
- have relatively small inventories 
- generally limited aqueous driver 
- if liquid release was significant, then the affected canyons media became 

potentially important as a secondary source term and not the SWMU 
A footprint 

· losAiamos 
..... T10NAllAIOIIATOitY LA-UR-06-35 16 

The World's Greatest Science Protecting America 

Summary 

• The most important contaminant sources are high 
mass/high volume historical outfalls that are no longer in 
operation or are now releasing significantly reduced 
concentrations 

• Improvements have been made in discharge quality and 
ongoing monitoring is being conducted 

• Key documents for reviewing historical sources include 
the SWMU report, the General Facility Information report, 
and facility-specific treatment and monitoring reports 
(e.g., RLWTF Annual Report for 2004) 

• Further discussion is anticipated at the August workshop 

.Q Aiamos 
NATIONALLAIOitATOitY LA-UR-06-3516 

------------------------------------------~-

/N;.~Sl#}. The World's Greatest Science Protecting America 
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Vadose-Zone Hydrology of the 
Pajarito Plateau 

Presenters: Brent D. Newman & Kay H. Birdsell 

Earth & Environmental Sciences Division 
Los Alamos National Laboratory 

Los Alamos, NM 

---- LA-UR-06-3516 

Part 2: Vadose-zone conceptual models 
and can¥on h¥drology 

LANL Diverse Site: 
Described by 4 
Conceptual Models 

LA-UR-06-3516 

Dry Canyons 

A 
olosAiamos 

NA T IO N ALb~!!~ 
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50 

"' 1l. 
8 

100 

Dry and Disturbed Mesas 

--45»-290? 
•••• • calc top•at=O. fi 
- - calc top•at=O . 1 

~::S:=--i :. -- ~=~~ ~~~yr 
• • · • .. calc 389 mn r 

10 20 30 40 50 

Volumetric Moi•ture 

Site with Asphalt Pavement 

60 

Dry Mesa - Brent's examples 
• Fingers mesa shed precipitation and runoff 
• Thick nonwelded tuffs (matrix flow) 
• Low water contents (generally <5%) 
• Net infiltration rates on the order of 1 mm/yr 
• Deep evaporation 

Disturbed Mesa 
• Liquid discharges, loss of vegetation, surface 

disturbance and open pits 
• Temporarily higher infiltration rates 
• Elevated water contents 

Example 
Site paved from 1961 through 1999 

-Limited evapotranspiration 
-Dammed surface water 
-Infiltration through cracks 

• Matrix properties 
• Rate increased from -0. 1 mm/yr to?. 60 mm/yr 
• Slow drying since 1999 (Levitt et al. , 2005) 

A 
LA-UR-06-3516 Ql.oSAiamos 

NATIONAL~L;!!~ 

Mountain Front Mesas 

LA-UR-06-3516 

• Greater precipitation 

• Naturally wetter and greater 
recharge than dry mesas 

• Broader mesas shed less 
precipitation and runoff, less 
deep evaporation 

• Thick welded tuffs (fracture flow 
observed) 

• Greater variation in infiltration 
rates with some rapid flow 

• Springs are common 

2 



Dry Canyons 

LA-UR-06-3516 

• Head on plateau 

• Small catchment areas 
• Limited surface and near

surface alluvial water 

• Not highly eroded -
nonwelded tuff bedrock 

• Infiltration rates not much 
higher than dry mesas, a 
few mm/yr 

A 
.. LoSAiamos 

N._TIO!-IAl&IL ,!!~Y 

Wet Canyons 

TA-50 outfall 

Wet Canyons -Anthropogenic 
Sources 

• Effluent generates wet canyon 
conditions 
~!!!..!~ LA-UR-06-3516 

Naturally Wet Canyons 
• Head in mountains 

• Large catchment areas 

• Collect and channel 
precipitation and runoff 

• Surface and near-surface 
alluvial water 

• Deep erosion- thinner tuff 
units, basalts exposed 

•Intermediate perched zones 
common 

• Infiltration rates up to 1 m/yr 

3 



Wet Canyon 
Flow and Transport 

~====~------~ ----~-----------

Schematic Geologic Cro.s Section Showing Potflnlilll Chromium Trani~ Psthwsp lll'ld ...._lh'ltlft Chromium V.lues for 
Monitoring Wefls • nd w.ter Suppty Wells In the Vk:inlty ot Sandlll C•nyon 

_Woh ... _C....., __ .., .... .._ ... _ .. _JII'Oit<ftd_ ........ d_IWal_t-wc.r..,......-...... -.tN ... 
__ .....,..__~ ...... ,_,.,v_..~ .... G-\,_ .. ...,...~....,"~-Iht.,....,_....lt('flll•-
CM¥~nloa~e<~""..,._..."'"_"" __ ..,._~ .. --.- . -· ~ 

Alluvial Groundwater 

... ~jt1 ~ • Alluvial groundwater is a significant lateral fast 
pathway ~ li ,. 

• Conservative contaminants are rapidly flushed ------- -=· :7,1 ~ -- ,;;" from the alluvial groundwater into the deeper -=~"'~"~·.:::- ' ,/ - f!l"~ 
vadose zone 

~4~--• Sorbing contaminants tend to remain close to 
L____ , •• 

the source in the alluvial system -:=-::: --
-- .,.::::!.. 

Tritium and Chloride Tracer Test in Mortandad Canyon 
Purtymun, 1974, LA-5716-MS 

Tritium Chloride 
Distance, m Transit Transport Transit Time, Transport 

Time, days Velocity, m/y days Velocity, m/y 
MC0-5 to MC0-6 393 20 7300 25 5800 
MC0-6 to MC0-7 320 77 1500 63 1900 
MC0-7 to MC0-7 .5 290 66 1600 52 2000 
MC0-7.5 to MC0-8 183 109 620 -"" 79 840 

f:! .. l§lff4 LA-UR-06-3516 -~Alamos 8 

!i,.l T I~N-~l,01l 1~ 0RAT0RV 
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Effluent Volumes vs. Deep Infiltration 

I 1.5 

~ 1 
c 
0 

·~ 
;; 0.5 

"' .E 

o +-~--~--~~--~--~~~ 

1963 1968 1973 1978 1983 1988 1993 1998 

For Mortandad Canyon 

•Infiltration rate linked to effluent volumes 
•Simulated nitrate profile (with depth) agrees with data 

Prpptrtys*"" 
ActiM 1": Q.04(.3grd) 
Ptlnll.: W1k-

. ,.... 
_,.. 

· 1U 

· 1.1 

·<• U 

:=T;.;c.on{;::'~_:'=er.9(hl 

LA-UR-06-3516 

- Simulation 

,.,. 

1900 !j.._.--'=====:::!.1 
200 400 600 

NitrateasNitrate(mgll) 

Estimated vadose-zone perchlorate 
distribution using data from 
25 boreholes in Mortandad Canyon 
(preliminary result) 

LA-UR-06-3516 
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Wet Canyon Flow and Transport 
Vadose Zone- Transpor~ through basalts 

N s 

• For basalts, the measured transport times from the surface to significant depths 
are on the order of days to months 

• Flow and transport occurs exclusively through fast paths 
/f!!.l..§l!4 LA-UR-06-3516 

Vadose Zone Travel Times 

Vadose zone travel times to the 
regional aquifer water table are 
a function of: 

• Infiltration rate 
-Long travel times from mesas 

-Short travel times from naturally wet 
canyons or canyons with large water 
inputs due to LANL or municipal 
water discharges 

• Hydrogeology 
-Bandelier Tuff leads to slow 

percolation 

Canyons 

CJ Lai>O<ato<y bou ...... 

11 

-Basalts lead to fast pathways through 
the vadose zone 

Base UM (10 transport to wat ... t..tMel 
Travel lime {years) 
• 0·5 • 40-50 
• 5 · 10 • 50-75 

10 · 20 • 75·100 
20 -30 • >100 

• 30 - 40 

LA-UR-06-3516 

-r ) 
LoS Alamos 12 

N '-TIONA Lr.~!! 0 RAT 0 R Y 
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Summary 
Implications for Transport Rates 

Beneath wet canyons with liquid drivers l 
Laterally in alluvium (and perhaps perched zones) 
Through fractured basalts 

Beneath canyons with a significant thickness of Bandelier tuff t 
Beneath disturbed mesa top sites 
Beneath dry canyons 

From stabilized or undisturbed dry mesa top sites 

Agrees with contaminant distributions observed in alluvial, 
intermediate perched and regional aquifer waters 

LA-UR-06-3516 
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Vadose-Zone Hydrology of the 
Pajarito Plateau 

=========== ============ 

Presenters: Brent D. Newman & Kay H. 
Birdsell 

Earth & Environmental Sciences Division 
Los Alamos National Laboratory 

Los Alamos, NM 

LA·UR-06·3516 

Overview of Talk 

Part 1: Regional Observations of Mesa and 
Canyon Vadose-Zone Hydrology under 
"Natural" Conditions 

Part 2: LANL-Specific Vadose-Zone 
Conceptual Models and Canyon Hydrology 

LA·UR-06·3516 
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Part 1. Mesa & Canyon Vadose Hydrology 
Under "Natural" Conditions 

The vadose zone is the region between the land surface 
and the regional water table 

StnNim 

~-Inverted 
P.- Zone WlllerToblo 

c:: C1ay ~ [ 
Root Zone 

Vadooe 
~ Zone Zone 

Capillary Fringe 

Phnlallc 
Zone 

From: D.B. Stephens, 1996 

• Has a major impact on groundwater recharge and water quality 

---- LA·UR·063516 

Focus on the vadose zone within the 
Espanola basin 

Exclude the mountain 
block & front, & the 
riparian zone around the 
Rio Grande & Chama 

MOUNTAIN FRONT 

BASIN 

c 

From Wilson and Guan, 2004 
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Chloride Mass Balance 

• Downward flux is inversely proportional to chloride 
content in the rock or sediment. 

• Vadose residence time is proportional to chloride 
content in the rock or sediment. 

1. Flux (m/yr) = (CipP)/Cisw 

2. Residence Time= Clcunl (CIPP) 

P is ave. annual precip. (m/yr); Clp is ave. chloride 
concentration in precip. (g/m3); Clsw is ave. pore water 
chloride concentration (g/m3); and Clcum is ave. pore 
water chloride concentration over a depth interval (g/m3) 

A 
• l.oSAiamos LAUR-06-3516 

NATIONAL!<~!!~ 

Santa Fe area chloride profiles from 
meSa SiteS (Anderholm, 1994, USGS WRIR 94-4078) 

• Vadose zone residence times are 6,700 to 8,800 
years 

LA-UR-06-3516 
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I 
.r::: 
i5. 
Q) 

0 

40 

• Borehole 1018 
80 ~ Borehole 1117 

• Borehole 1121 
• Borehole 1123 

100 
0 1000 2000 3000 4000 5000 

Pore Water Chloride (mg/L) 

~.,;monee t'romes uom Mesna ae1 ouey 
Boreholes at Los Alamos 

LA~UR·06·35 16 

Los Alamos 
Chloride Mass 
Balance Results 

• Downward 
fluxes < 1 m m/yr 

• Residence 
times 1 ,300 to 
18,000 years 

~Alamos 
---- ~AT!~I~AL~.~!!~ 

Why are mesa fluxes so low? 
,_ 

Oiaide (rrgt) 
1000 2000 rm 4000 0 

o ~, 

20 
- · ~.~·~. 

I ~ 
40 . ....... 

E' ~ •. • 
;; l . 
g. ro • • 
0 ~ \ 

~ ---· 00 . ----
"• '-..... 

100 / 

I-·-R:rewaers18o 
- Fl:reW<ier01oode 

-12 -10 -8 -6 4 -2 0 2 4 6 8 

LA·UR-06-35 16 

• Heavy stable isotope 
values suggest deep 
evaporation may restrict 
downward flow in mesas 

Borehole 1018, Los Alamos, 
Pore Water Chloride and o180 
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Conceptual Model of the Deep 
Evaporation Process 

====~---

mesa during 

Fractures may also allow air 
movement in and out of mesa 

periods of /owL----------------' 
atmospheric 

NV 

pressure 

Even though water contents are low, air in pore 
spaces will be at or near saturation 
(- 95-100% relative humidity) 

LA-UR-06-3516 
-A 
• losAiamos 
~L~.~~~ 

The Southwest Regional Context 

UT co 
Phillips, 1992 examined 
multiple chloride, tritium, 
and 36CI profiles across the 
Southwest 

From Phillips, F.M., 1992. SSSAJ, 
58:15-24 

LA-UR-06-3516 
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N 

e 'E o.• 
~ l 

o .. 
Z" 1.5 

.... 

5.000 2.500 0 1.000 0 1,000 0 2.000 .41 .000 J .OCIO 

Chloride concentrotlon (mg L·1) 

,,~.··~~0 
·j 

WF BT PV SL 

1000 1000 0 1000 2000 0 1000 0 1000 2000 0 1000 2000 

IC •-(gm - Zl 

From Phillips, F.M., 1992. SSSAJ, 58:15-24 

• Chloride based fluxes and residence times are similar 
• Indicates no recharge in interdrainage areas across the 
Southwest since the Pleistocene (>10,000 years) 

• Subsequent studies have continued to support these results 

-A .. LosAiamos lA-UR-06-3516 
'fAT I ON Alf•~!,! O A AT 0 A Y 

Chloride & Potential Profiles from NM, NV, 
& TX (Walvoord et al. , 2002, WRR, 38:1308) 
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• Potential data indicate upward not downward fluxes 
• This behavior certainly occurs in the Espanola Basin 
• It is another reason why mesa fluxes are so low A 
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Pajarito Plateau 
(Los Alamos) Canyon/Mesa Comparison 

Max Ave Max Ave 

cr cr P043• P043• 

Canyons 172 30 54 10 
Mesas 1761 398 99 19 
Delta 1589 368 45 9 
From Birdsell et al., 2005, VZJ, 4:620-636 

• Examined 9 Canyon 
Boreholes & 13 Mesa 
Boreholes 

Max Ave Max Ave Max Ave 
5042

" 5042
" 0180 0180 9v 9v 

641 78 -7 -10 52 20 
8913 766 -1 -8 18 7 
8272 688 6 2 -33 -13 

• Mann-Whitney U Tests 
indicate significant 
differences for all 
parameters except for 
phosphate 

A 
LA~uR~oo~35 16 .. Los Alamos 13 
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Comparison of Canyon and Mesa Water 
Contents and Chloride 
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• Borehole profiles from the Santa Fe area 
(Anderholm, 1994, WRIR 94-4078) also show higher 
fluxes (and recent recharge) at arroyo locations 

-

• Minimum downward fluxes are about 2 mm/yr 

• Also observe higher water contents than in 
mesas 

A 
.. Los Alamos " LA~UR-06-3516 

NAT I ONA l&<l :.! 0 A AT 0 A 'f 

Summary (Part 1) 

• Little to no recent recharge over much of the mesa 
(interdrainage) area in the Espanola Basin because of 
the thick, dry vadose zone. 

-Chloride profiles from the areas around Los Alamos 
and Santa Fe suggest vadose zone residence times of 
1000+ years (sometimes >10,000 years). 

-These results are consistent with other studies in the 
Southwest 

• However, drainages within the basin do indicate recent 
recharge 
-Lower amounts of chloride and higher fluxes 

A 
.. LosAiamos LA-UR-06~3516 
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A Brief History of Drilling for 
the Hydrogeologic Workplan 

at LANL 

The World's Greatest Science Protecting America 

David Broxton 

May 16, 2006 

NAS Meeting 

LA-UR-06-3516 

Need for Hydrogeologic Characterization 

• 1989 EPA/NMED RCRA Operating Permit: Monitoring for 
RCRA-regulated units 

• 1990 HSWA Permit issued: Task Ill , Section A.1 requires 
evaluations of hydrogeologic conditions 

• 1991 LANL Self Assessment: Groundwater monitoring at 22 
unevenly distributed wells not adequate 

• 1991 Tiger Team Findings: Monitoring network not extensive 
enough 

• 1995 Groundwater Protection Management Plan: recognize 
groundwater issues due to inadequate characterization 

• 1995 NMED letters: inadequate characterization and denial of 
groundwater monitoring wa1ver 

• 1998 Hydrogeologic Workplan Approval: NMED approval of 
Laboratory plan to characterize LANL's hydrogeologic setting 

The World's Greatest Science Protecting America LA-UR-06-3516 
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NMED 1995 Letters 

• Individual zones of saturation have not been 
adequately delineated and the hydraulic 
interconnection between these is not understood. 

• Recharge areas for regional and intermediate aquifers 
and any associated effects of fracture/fault zones with 
regards to contaminant transport and hydrology are 
not identified 

• Groundwater flow directions in perched and regional 
aquifer, as influenced by pumping production wells , 
are not known 

• Aquifer characteristics cannot be determined without 
additional monitoring wells installed in specific 
intervals of the various aquifers beneath the facility 

.Q Aiamos 

The World's Greatest Science Protecting America LA-UR-06-3516 

Hydrogeologic Workplan (HWP) 

• Primary purpose: hydrogeologic characterization to 
develop a refined understanding of the hydrogeologic 
setting in order to design an effective monitoring 
network 

• Submitted to NMED in December 1997; approved 
March, 1998 

• Developed using EPA's Data Quality Objective (DQO) 
Process 

• Data collection focused by consideration of 
contaminant sources, release mechanisms, and 
transport 

The World's Greatest Science Protecting America LA-UR-06-3516 
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Circa 1997 ... 

• 7 regional aquifer 
test wells and 2 
deep borings 

• 2 intermediate 
depth wells 

• 14 regional 
aquifer water 
supply wells 

The World's Greatest Science Protecting America 

Now ... 

• 35 new regional 
aquifer wells with 
84 well screens 
(71 functional) 

• Approximately 22 
new intermediate
depth boreholes 
and wells since 
1998 

The World's Greatest Science Protecting America 

PW-a* 

DTJA OTi.tO C.,~ 

OT-9 . 
~' ... ~ 

....... ' ., 

LA-UR-06-3516 

LA-UR-06-3516 
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Develop DQOs for Each Characterization Well 

• Conceptual model for watershed used to identify 
potential release sites, how contaminants would 
move, and where they were likely be detected 

• Gave special consideration given to issues previously 
identified in the 1995 NMED letters 

• ldentifed and prioritized site-specific characterization 
goals (e.g. determine if contaminants are present in 
groundwater at the Laboratory boundary, determine 
whether springs in White Rock Canyon represent 
perched or regional groundwater) 

A 
• Los Alamos 

The World's Greatest Science Protecting America LA-UR-06-3516 

DQOs cont. 

• Specified Data to be Collected: 
• Hydrogeology - e.g. water-bearing zones, water levels, 

gradients, aquifer properties, stratigraphy, lithology, structure 

• Geochemistry- e.g. general water quality, contaminant 
distribution, geochemical controls on groundwater 
compositions 

• Identified methods for data collection (e.g. 
core/cuttings, water samples and analyte suites, 
borehole geophysics, water level measurements, in
situ hydraulic tests, other laboratory measurements) 

• Selected well locations, target depths, and conceptual 
well designs to satisfy DQOs 

~Alamos 
:"',\TL~:~ ~~-"0&" ............ --------..... --...... ----;;;;;;;;;;;~~~ 
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From DQOs to Drilling Methods 

• Drilling methodology tailored to meet the data 
requirements identified by the DQO process 

• When selecting drilling methods, considered: 
• What drilling methods are capable of reaching the desired 

depths? 

• What diameter does the borehole need to be in order to 
accommodate the conceptual well design and/or 
instrumentation? 

• How does the predicted geology influence drilling choices? 

• How many perched zones will be encountered? (do any of 
these need to be isolated from the regional aquifer?) 

• How deep into the regional aquifer is the target depth? 

A • How do the various drilling approaches impact the DQOs? 

• LosAiamos 
=:-.

1
\TL~~~~~-·'"iii.i"......,,._ __ ......, ________ ....,. ...... ..,.. .......... ..,....,.. ..... 
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Well Types 

In the approved work plan: 
• 32 regional aquifer wells 

• Originally planned with single screens straddling the 
regional water table (with boreholes extending several 
hundred feet into the upper part of the regional system 
for characterization) 

• Multiple screen wells added during early stages of 
program implementation 

The World 's Greatest Science Protecting America LA-UR-06-3516 
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Single Screen Well Completion 

"""""""' 

The World's Greatest Science Protecting America LA·UR-06·35 16 

:.4SIN3'MTHLOCI':S 
\TIONlA8S.J..EOON 
JESt::# CAP 

EPA, 1991 

Multiple Screen Well Completion 

Penneable sand 
fiher pack -~"'~:;. 

Low penneability 
bentonite seal 

Rock formation 

Borehole wall 

Outer Well casing 

Well 
screen 

Inner Well casing 

~----- Packers to isolate 
well screens 
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R-9- An Example of a Characterization Well's 
History (initial borehole installed in late 1997) 

Primary Goals: • 
• Collect water quality data down gradient of contaminant 

release sites in Los Alamos Canyon (e.g. TA-21 , TA-41) 

• Monitor water quality at the top of regional saturation near 
the eastern Laboratory boundary 

• Identify zones of intermediate-depth perched groundwater 
and determine their water quality 

• Determine geologic controls on regional and perched zone 
hydrology in a relatively poorly characterized part of the 
Laboratory 

The World's Greatest Science Protecting America LA·UR·06·35 16 

Down-Hole Bit/Hammer Casing Advance 

Air 
Heavy-~ 
casing I 

hammer 

A 
· Los Alamos 

The World's Greatest Science Protecting America LA·UR·06·35 16 

Use of drill casing: 

Stabilize borehole in 
unstable geologic 
formations (e.g. Otowi 
Member, basalt, T otavi) 

Cover loss-circulation 
zones 

Seal off intermediate 
perched groundwater 
when drilling to the 
regional aquifer 
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R-9 Example Cont. 

-R-9 -

The World's Greatest Science Protecting America LA-UR-06-3516 

Well Completion and Problems Extracting Drill 
Casing 

Depths in tee~ below 
gwoodsu1ace(bgs) 

14-i'l.-O.O. sleelcasing 

-•~'" ll"~'-h-o.o. "~'~"'_ 
"'" __ _ 

2-4311- ~:~sl'!<t{:~ 
wlhllush-threadedlc*)ts 

-133'4-in. 
""" __ _ 

28911-
10314-in.-O.D. steelcasng 

-~~--w Drawing not tOIC&I. 

.. 2011 -

:,~ 552 .51ttopotstai~steelca~ 

The World's Greatest Science Protecting America 

5-ln.-0 .0 . :104 SchedlH 40 stainless--steel 

~:.r,"tcave-ln 

Coarsesand(20140siuo) 

304Sialnlesssteelsaeen, O.Ot-in. 
sld:s.wile-wrapped 

LA-UR-06-3516 

Other wells with abandoned 
drill casing: 
R-7 13.375" from 60-290 ft 

R-8 11. 75" from 184-684 ft 

R-9 14" from 0-230 ft 

R-9 12. 75" from 0-289 ft 

R-9 1 0. 75" from 0-420 ft 

R-12 14" from 0-449 ft 

R-16 11.75" from 0-729 ft 

R-19 13.625" from 113-205 ft 

R-31 9.625" from 52-124ft 

R-25 13.375" from 508-578 ft 

Total 2632 ft 
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Well Screen Placement 

• Typical targets: 
• Perched water zone(s) 

• Regional water table 

• High permeability zones (potential contaminant pathways) 
• Major hydrostratigraphic units (modeling) 

• Vertical distribution for vertical pressure and geochemical gradients 

• Zones that were considered to have "representative hydraulic 
properties" for some rock units 

• Examples of Data Considered: 
• Water levels 
• Geologic information from cuttings/core 
• Geologic and hydrologic information from borehole geophysics 
• Driller's observations about water production and drilling behavior 
• Long-term decline in water levels from pumping of nearby supply 

A wells 
· losAiamos 
~AI\fl~~~ReA>e0';,;;'------------..... -------------~""""~"""' 
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Concern About Well Costs 

• Well and characterization 
costs for first wells were 
strongly criticized 

• There were concerns that 
the drilling was too 
expensive for the program 
goals to be achieved 

• The inspector general's 
office opened an 
investigation into drilling 
costs 

The World's Greatest Science Protecting America LA-UR-06-3516 
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Oversight and Review of Drilling Program 

• External Advisory Group semi-annual review 
(1998-2002) 

• DOE Value Engineering Review (2001) 
• Inspector General Audits/Investigations (1999, 

2001' 2004) 
• NMED/AIP (1998 to present) 
• Northern New Mexico Citizens Advisory Board 

(1998 to present) 

The World's Greatest Science Protecting America LA-UR-06-35 16 

Evolution of Drilling Methods and Well Design 

• This was an ongoing process throughout the project 
• Fluids progressively introduced over time to address 

borehole stability and casing friction problems 
• Additional drilling methods introduced into the drilling 

toolbox to provide more options for dealing with drilling 
problems 

• Simpler regional wells installed - more single screen wells 
and fewer screens placed in multiple screen wells 

• Perched zones identified while drilling regional wells , but 
installation of perched-zone wells deferred until later 

• In addition to passive-flow sampling systems, low-flow 
sampling systems and to two-screen high-flow sampling 
systems in multiple screen wells introduced 

A 
• Los Alamos 
:;:AllUl~:~~~-"0&"-------------------;;;;;;;;;;-/1\USJ!i. The World's Greatest Science Protecting America LA-UR-06-3516 
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Fluids Introduced to Facilitate Drilling 

• Drilling fluid function: 
• cools the drill bit 
• circulates cuttings out of 

borehole 
• provides structural stability to the 

borehole 
• Lubricates casing 

• LANL-utilized fluids: 
• air 
• water 
• air-foam and water-foam 
• polymers (e.g. EZ-Mud) 
• bentonite clay 

• Drilling conditions dictated the 
initial drilling fluid selection. Fluids 
were adapted as changing drilling 
conditions were encountered . 

• -QAiamos 
~A1LITL~:~It .... A> ... OH ...... 5!il!l§!!!!!!i!!!! ........................................................................................... ;;;;;;;;; ..... ~ 
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Drilling Fluid Characteristics 

• Small quantities of polymer additives, or polymer
based drilling fluids, are used as "binding agents" 
along with the bentonite clay drilling fluid 
• Used to decrease fluid loss to the formation 
• provides greater viscosity to aid circulating cuttings to the 

surface 

• Bentonite clay-based drilling fluid 
• Used to provide stability to the borehole wall 
• Typically develops a "filter cake" on the borehole wall 

approximately 2/32-inch thick 
• Filter cake reduces fluid loss to the rock formations 

The World's Greatest Science Protecting America LA-UA-06-3516 
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Evolution of Drilling Methods 

Drilling Method Example Wells #Screens Comments 
(total depth) 

Casing advance, dry A-9 (771ft) A-9: 1 Good data collected during drilling and 

A-12 (886ft) A12: 3 fewer complications during well 
development. Casing frequently stuck. 
Very expensive and slow 

Casing advance, additives A-25 (1942 ft) R-25: 9 Decreased but did not eliminate instances 

A-15 (1107ft) A-15: 1 of stuck casing; More time needed for well 
development to remove drilling fluid ; 
Drilling continues to be expensive and 
slow 

Fluid-assisted air rotary, R-7 (1097 ft) R-7: 3 More time needed for well development to 
open hole, additives, limited CdV-15-3 (1722 It) CdV-15-3: 6 remove drilling fluid ; but less expensive 
casing advance and faster than using casing throughout 

the hole 

Fluid-assisted air rotary, A-2 (943ft) A-2: 1 Most flexible for different geologic 
open hole in vadose zone; A-16 (1287 It) R-16: 4 conditions encountered; more time 
seal vadose zone with needed for well to clean up; least 
casing; then complete hole expensive and fastest drilling 
in saturated zone with air or 
mud rotary as conditions 

~ dictate 

The World's Greatest Science Protecting America LA-UR-06-3516 

Well Development 

• The process used to repair damage done to the 
borehole wall during well drilling 

• Aims to restore or improve the original porosity and 
permeability of the formation 

• Involves removal of drilling mud and solids and 
formation fines near the borehole face 

• Goals are to produce higher flow rates to the well and 
to stabilize formation fines so that produced water will 
be sediment free 

The World's Greatest Science Protecting America LA-UA-06-3516 
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Early Well Development Efforts 

• Bailing used to remove drilling fluids and other suspended 
materials from the well 

• Airlifting of fluids from the well casing 

• Pumping fluids adjacent to the well screen(s) 

• Surging water in and out of well screen 

• Repeat as necessary 

• Development progress was monitored using field 
parameters. The goal was to produce water with turbidity 
less than 5 NTU and/or achieving stable water quality 
parameters (including , pH, temperature, conductivity) 

The World's Greatest Science Protecting America LA·UR-06·3516 

Assessment of Well Development Techniques 
at LAN L by the EAG (Feb. 8, 2002) 

• The development procedures used are standard, and they are 
appropriate, consistent with ASTM standards and accepted 
groundwater industry standards 

• Nonetheless, water samples from completed wells show the 
presence of drilling additives that have not been completely 
removed - so further work is needed on well development 

• Key physical parameters affecting development: 
1. The wells are deep 

2. The wells are small in diameter 

3. The static water levels are deep 

4. Some of the aquifer materials are tight and low yielding 

5. Multiple zones have substantially different piezometric heads 

The World's Greatest Science Protecting America LA·UR·06·3516 
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EAG - Recommendations 

• Isolate screens in all multiple completion wells during 
development 

• Pumping, bailing, and air lift to remove drilling fluids and 
to ensure that fine particles dislodged during 
development are not re-introduced into the formation 

• Induce flow reversal periodically during development so 
that water is forced into the formation , breaking sand 
and silt bridges, allowing more fines to be introduced 
during the next pumping cycle (backwashing, surging , 
water jetting, introducing compressed air) 

The World's Greatest Science Protecting America LA-UR-06-3516 

Improvements in Development Procedures in 
Response to EAG Recommendations 

• In addition to methods already in use: 

• Employ packers to isolate screens 

• Use of chemicals to break down drilling additives 

• Jet the well screens with water to dislodge fine 
particulates so they can be pumped from the well 

• During development, remove substantially more water 
than the volume of fluids introduced during drilling 

• Improve the monitoring of development progress by 
using quick turn-around laboratory analyses for 
indicators such as TOC 

The World's Greatest Science Protecting America LA-UR-06-3516 
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Final Thoughts in the EAG Report 

"There is not one single approach that is guaranteed to 
produce ideal results" 

"Even when more extensive development procedures are 
employed, challenges caused by the physical constraints of 
the hydrogeologic setting at LANL may tend to neutralize 
these efforts to some extent" 

" ... it likely will not be feasible to develop individual screen 
zones to 'near perfect' conditions, as it might be possible in 
a large diameter, shallow well in a permeable aquifer with 
a high static water level. 

"However, ... it should be possible to obtain acceptable well 
A development and reasonable results" 
· losAiamos 
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Well Screen Analysis Report- Nov. 2005 

• Analyzed impacts of residual drilling fluids on the ability of 
the groundwater wells in the regional aquifer to provide 
representative measurements of contaminants 

• Concluded that many screens in multiple-screen 
characterization wells are impacted 

25 
Single screen well 
(N = 16) 

0 Screen in a muHiscreen well 
(N = 48 screens in 18 wells) 

"' 33% c: 
Q) 20 
~ 25% u 23% 
"' 15 - 19% 0 

Q; 
..c 10 

E 
:J 5 z 

Good Fair Poor 

91 -100% 81 -90% 60-80% Less than 60% 

A • losAiam Overall rating of screen for most recent sample 
(based on percent of criteria passed) NA TION All A80ft A 

El!iB nrnu 
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Actions Based on the Well Screen Analysis 
Report 

• Since November 2005 LANL has been developing a 
groundwater data adequacy project to ensure that the 
Laboratory is capable of providing reliable monitoring data. 

• The project includes: 
• Pilot well-screen redevelopment 

• In response to a request by NMED, LANL is preparing a well 
rehabilitation and/or replacement plan 

• Work to complete the data qualification process 

• Chemical and hydrology testing and modeling are either 
underway or planned to address issues raised by EPA 
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Future Actions 

Well Rehabilitation 

• Additional development of those screens that yield 
fair to poor water quality data 

• Isolation of individual screens during development 

• Use of a new method for jetting (hydropulse) 

• To measure effectiveness, use real-time field data 
and quick-turnaround lab analysis during well 
rehabilitation 

The World 's Greatest Science Protecting America LA-UR-06·3516 
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Future Actions Cont. 

Sampling system reinstallation options: 
• Reinstall passive multi-port sampling systems 
• Install low- or high-flow multi -port sampling systems 
• Where viable , reduce the number of screens used for 

monitoring in multiple screen wells. Consider 
converting multiple screen wells to a single or dual
screen systems that are fully purgeable. 

• Continue to refine monitoring objectives. Use the 
method developed for the Well Screen Assessment 
Report to measure well performance in meeting 
monitoring objectives 
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Future Actions Cont. 

New regional aquifer wells: 
• Continue to improve drilling toolbox from lessons 

learned (consider all drilling technologies including 
the return to dry drilling where possible) 

• Focus on specific monitoring objectives that allow 
for single-screen or dual screen target depths 
(keep the wells as simple as possible) 

• Apply lessons learned during well rehabilitation 
effort to improve development of new wells. 

The World's Greatest Science Protecting America LA-UR-06-3516 
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Final Thoughts 

• The Hydrogeologic Workplan wells led to a better 
understanding of the hydrogeologic setting of LANL 

• Data from these characterization wells forms the basis 
optimizing a long-term effective groundwater monitoring 
network 

• Further work with NMED is needed to refine the 
monitoring objectives in the Site-Wide Monitoring Plan 

• Need to identify which of the HWP characterization wells 
(or individual well screens) satisfy monitoring objectives 

• The monitoring network can be augmented as necessary 
with new wells whose sole purpose is to provide water 

A quality data 
• Los Alamos 
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