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White Sands Missile Range, NM 

Dear Ms. Andress: 

Thank you for meeting with us on February 19, 2009 to discuss the White Sands 

Missile Range (WSMR) Performance-Based Contract (PBC) and more specifically, 

the Conceptual Site Model developed for the High Energy Laser Systems Test 
Facility (HELSTF) area. During the meeting, you requested copies of monitoring well 

logs and recent well survey data related to the HELSTF area RCRA Facility 

Investigation. Enclosed is a compact disk containing the logs we have compiled for 

the HESL TF area, along with a copy of the presentation materials that we used 
during the February 19th meeting. We are still compiling information related to the 

well survey and we will forward that as soon as it is available. 

Sincerely, 

AR CAD IS 

t~ w 'iJArr;-
Laurie Rodriguez, P.G. 
Project Manager 

Copies: 

Benito Avalos, WSMR 
Jose Gallegos, WSMR 
Bill Davis, USAEC 

Imagine the result 
lltx1 fpldata\enclientlwhite sandslnmed correspondenceldata provided 3 _ 18 _ 09\submittal of well logs and presentation materials.doc 

Date: 

March 18, 2009 

Contact: 

Laurie Rodriguez 

Phone: 

830.755.6458 

Email: 

Laurie.Rodriguez@arcadis

us.com 

Our ref: 

GPWSMR.OOPM. LB009 
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Monitoring Well 
Borings and Logs 

 
High Energy Laser System Test Facility 





























































































































LHabel
The names for HCF#2 and HCF#3 were inadvertently changed some time after the wells were installed.  Please assume that HCF#2 in these documents actually refer to HCF#3...and vise-versa.  These are bookmarked correctely.
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WSMR-HELSTF Conceptual Site Model

February 19, 2009

Imagine the result



Site Setting

Tularosa BasinTularosa Basin

• Arid soil
• Sparse vegetation
• Located in subtle 

topographic low

HELSTF

p g p
• No major drainages 

through the siteDunes
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Regional Geology – Tectonic Setting
• Rio Grande rifting began ~35 m.a. (Oligocene)

• N-NW trending, asymmetrical, fault-bounded basins

• San Andres Fault Zone (western basin margin) San Andreas/Organ Mtn/
A till R f lt

Map of Bedrock and Basin Fill

• >15,000 ft structural throw Artillery Range fault zones

Alamogordo 
Fault Zone

• Alamogordo Fault Zone (eastern basin margin)

Fault Zone

• San Andres/Organ/Franklin Mountains (western 
basin margin)

• >5,000 ft of Precambrian-Pennsylvanian age bedrock 
with Cretaceous-Tertiary intrusive rocks

• Sacramento/Sierra Blanca Mountains (eastern 
basin margin)

• >3 300 ft of Cambrian-Pennsylvanian and Permian• >3,300 ft of Cambrian-Pennsylvanian and Permian 
age bedrock

• Peaks over 12,000 ft

McLean (1970), Machette et al. (1998)
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Regional Geology – Tectonic Setting
Northern Tularosa Basin

West East

Central Tularosa Basin

West East

Fryberger (2008)Fryberger (2008)
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Regional Geology - Tularosa-Hueco Basin Deposits

Bedrock Surface ElevationsBasin Fill Thickness

• Intermontane basin

• Fill geometry coincident with 
bedrock topography

• Likely >2,000 ft basin fill 
beneath HELSTF

Jarilla Mtns

• Structural trough (“half-graben”) g ( g )
deepens southward toward New 
Mexico/Texas border (3,000-
9,000 ft)

Hibbs et. al (1997)
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Depositional Environment
Depositional environments (Tertiary and Quaternary… post ancestral Rio Grande)

• Basin margins = fluvial/alluvial fan deposits
• Transitional = sand and gravel deposits (riverine systems)

• Sheetflood and channelized flowSheetflood and channelized flow
• Basin interior = clay-dominated, lacustrine and evaporite deposits (distal facies)

• Ephemeral lakes, saline playas, and dune systems (present-day)
• Least porous/permeable silty or evaporitic facies in lowest, central portions of basin

Tectonic uplift/subsidence, sediment load and paleoclimate controlled influence on facies distributions

Valley floor 
~4,000 ft-amsl

HELSTF

Hibbs et al (1997)Hibbs et. al (1997)
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Depositional Environment

Active depositional systems

• Alluvial fan deposits
Basin

Margin

Alluvial Fan Stratigraphy

• Transitional sand and gravel
• Runoff from large precipitation events create 

occasional torrential streams and sheet 
wash

• Ephemeral lacustrine/evaporite deposition
• Saturated conditions control level of wind 

scour

• Dune systems
• Ancient Late Otero evaporites were eroded 

and redistributed to become active dunes
• Dissolution and weathering of 

Paleozoic bedrock was original source 
of gypsum and other evaporites in 

Basin
Interior

1 movgyp p
Tertiary lacustrine deposits

1.mov
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Depositional Environment - Site Geology
Geologic map of younger deposits  (Freyberger, 2008)

HELSTF TSA

Jarilla Mtns
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HELSTF and TSA Location

?

?

HELSTF

TSA
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Ancient Lake Highstand

HELSTF



Depositional Environment and Site Geology

2.mov

Overbank or lacustrine

• Stream avulsion
• Sediment loading
• Tectonic subsidence 3• Tectonic subsidence
• Lake Otero margin
• Paleoclimate

3.mov
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Site Stratigraphy

• 0-20 ft bgs – Gypsiferous silt and sand
- Inactive Quaternary dunes and varved

Pleistocene Lake Otero evaporites

Inactive Quaternary Gypsum Dunes

Pleistocene Lake Otero Evaporites

 0

- Caliche, selenite crystals and discs as 
discrete layers redeposited from solution

- Records aridification following end of last Ice 
Age (~10 000 y b p)

20

Age (~10,000 y.b.p)

• 20-90 ft bgs – “Interbedded zone” with clay-
dominated, lacustrine deposits and 

Pleistocene Lake Otero Clay
w/ fluvial channelized sand

lenticular/channel fill sand
- Pleistocene Lake Otero lacustrine clay with 

interbedded fluvial sediments
Likely underlain by pre Otero basin floor

?

Older Pleistocene lacustrine

90

- Likely underlain by pre-Otero basin floor 
deposits

(pre-Otero basin floor)

Camp Rice Fm (Santa Fe Group)

1000
Regionally extensive clay
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Geological Cross-Sections - Summary
Cross section A-A’ (Northwest – Southeast)
• Lateral thickness of shallow gypsiferous zone varies from north to south
• Individual channel fill sands (interbedded zone)

• Range 100-500 ft wide a few to15 ft thick• Range 100-500 ft wide, a few to15 ft thick
• Stacked channels up to 25 ft of continuous vertical sand beneath Diesel Spill Site

• A-A’ profile is perpendicular to long-axis of channelized sand deposits

B B’ (Southwest Northeast)B-B  (Southwest – Northeast)
• Relatively consistent thickness of shallow gypsiferous zone
• Individual channel fill sands (interbedded zone)

• Laterally continuous below 60 ft-bgs
• Thick vertically continuous sand ( 40 ft) below gypsiferous unit south of sewage lagoons• Thick vertically continuous sand (~40 ft) below gypsiferous unit south of sewage lagoons
• Significantly reduced proportion of channel fill sands north of sewage lagoons

• Cross section profile (view) roughly parallel to channel sands

C C’ (S th t N th t)C-C’ (Southwest – Northeast)
• Relatively consistent thickness of shallow gypsiferous zone
• Individual channel fill sands (interbedded zone)

• >2,000 ft of laterally-continuous channelized sands indicate Late Pleistocene riverine
t h d i i it ( t l fl th l t t t i f t)systems had minor sinuosity (easterly flow was orthogonal to western mountain front)

• Similarly stacked channels up to 25 ft of continuous vertical sand
• C-C’ profile is parallel to long-axis of channelized sand deposits

13



Geological Cross-Section, A-A’

NORTHWEST SOUTHEASTS L

G f /
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Sewage Lagoons

Gypsiferous eolian silt/sand
and evaporites
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VERTICAL EXAGGERATION = 10X 100 FTVERTICAL EXAGGERATION  10X 100 FT
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Geological Cross-Section, B-B’
HELSTF

Sewage LagoonsNORTHWEST SOUTHEAST

G if li ilt/ d

A-A’

Gypsiferous eolian silt/sand
and evaporites

/c
la

y
be

dd
ed

 s
ilt

/s
an

d/

Channel sand

In
te

rb

200 FT

Channel sand

VERTICAL EXAGGERATION = 10X200 FT
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Geological Cross-Section, C-C’

SOUTHWEST NORTHEAST

Gypsiferous eolian silt/sand

A-A’

Gypsiferous eolian silt/sand
and evaporites
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Channel sand
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VERTICAL EXAGGERATION = 20X 200 FT
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Perched Zone Conceptualization
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Regional Hydrogeology

• Tularosa-Hueco Aquifer System
• Closed basin (no surface drainage)

Travel Times

• Closed basin (no surface drainage)
• ephemeral lakes and alkali flats

• Mountain-front recharge
• Flow toward the basin center from margins
• Axial pattern of southward flow along the 

western, deepest side of the basin
• Flow to SE at HELSTF

• High seasonal ET on playas (>100+ in/yr)
• Flood runoff to basin floor lost to ET• Flood runoff to basin floor lost to ET
• Lakes (Lumley, Big Salt, Foster and Lucero)
• ET extinction depth is approx.15 ft-bgs
• No surface infiltration within basin

HELSTF

Tularosa-Hueco Aquifer System
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Regional Hydrogeology
• Salinity increases with proximity to basin center and aquifer depth

• <1,000 mg/L (basin margins and southward)
• >10,000 mg/L TDS (Lake Lucero and Alkali Flats)

• Due to high ET + low precip + moderate infiltration

Total Dissolved Solids (1000’s mg/L)

g p p

• Water supply
• Alluvial fan wells (high elevations) <1,400 gpm
• Alluvial fan wells (low edges) = 300-700 gpm( g ) gp
• Basin center wells <100 gpm
• Groundwater pumping mostly from alluvial fans of the Camp 

Rice Fm

HELSTF (TDS >10K mg/L)

19
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Site Hydrogeology
“Perched” Zones:
• Soil water from HELSTF operations present

in coarse-grained materials
C l hit t• Complex architecture

• Limited areal extent
• Poor yields due to limited connectivity

Question:  Are potentiometric surface maps, which imply continuity, appropriate to 
draw based on what we know about the geology of the site (sand channels, etc.)?

Regional Aquifer:
• 70-75 ft-bgs
• Hydraulic conductivity ~5 ft/day (reported from pump test)Hydraulic conductivity 5 ft/day (reported from pump test)
• Low gradient (0.001-0.002) to SE
• High TDS (>10,000 mg/L)
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What are the Sources of the Perched Water?
1. Water and Sewer System

- Two supply wells ~7 miles to SW; 2007 average is was 25 
gpm; ~33 gpm a decade agogpm; 33 gpm a decade ago

- Several references indicating alkaline soils enhance corrosion 
of pipes (cause of leaks in diesel and treatment lagoon lines)

21



What are the Sources of the Perched Water?

2. Sanitary Treatment System (Sewage 
Lagoons)/MAR Waste Stabilization Pond 
(SWMUs 27 to 30)(SWMUs 27 to 30)

- SWMU 28, 29
• Originally built in 1962, unlined with earthen 

berm
R l d ith li d d i 1981• Replaced with lined ponds in 1981

• Capacity of 1.3 million gal
- SWMUs 29 and 30 

• Installed with lining in 1984• Installed with lining in 1984
• Capacity of 2 million gal

- Liners leaked
• Visual evidence
• Water in UPZ
• F, NO3, Cl in UPZ

- Decommissioned in Q42007
- Note: lagoons have not been decommissioned in the 

true sense, WS has just stopped adding water to them.  
They are still collecting rain water from storms that 
come through the area.  They are unlined and have 
sitting water in themsitting water in them.
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Perched Water Sources cont.

3. Wastewater Discharge Point
- Rock-filled pit
- Used since 1960’s to- Used since 1960 s to 

accept discharge from the 
Laser System Test 
Center/MAR bldg

- Sump in bldg pumped p g p p
water/condensate to 
french drain system 
several

- Pit is where the french
drain wasdrain was 

- Subsidence of the soil 
caused fracturing of the 
french drain

- Now rerouted to sewage- Now rerouted to sewage 
lagoons

4. Other: Infiltration/loss data 
from the reverse osmosisfrom the reverse osmosis 
system estimated to 
735,000 gallons/year (1 
gpm)
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Conceptual Water Budget

Sources DischargeUse
Evaporation

MAR-1
MAR-2

Cooling water
Industrial use?

Cooling Tower
Dry pond

MAR-3 General use
y p

Discharge 30-50 gpm (not continuous flow) 
Unlined pond received overflow from sewer ponds
Evaporation

Sewer Lagoons 1-4g
Evaporation from open water
Liner quality unknown

LSTC – Oryx pit
40-50 gpm (not continuous flow)

Qinfiltration = Qwells – Qevap
40 50 gpm (not continuous flow)

Leakage from piping
Distribution system corrosion 

Infiltration



Summary of Water Budget



Regional Zone Water Levels – Aug 2008

Regional WBZ
1. General flow direction is to 

the southeast, consistent with 
regional expectations

2. Gradient is 0.0021 across 
HELSTF area, gradient to 
TSA area is 0.001. Indications 
of local recharge from LPZ

3. Not enough available data to 
contour other dates.

GROUNDWATER FLOW 
DIRECTION
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Lower Perched Zone Water Levels – Aug 2001

GROUNDWATER FLOW 
DIRECTION
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Lower Perched Zone Water Levels – Aug 2005

GROUNDWATER FLOW 
DIRECTION
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Lower Perched Zone Water Levels – Aug 2008

1. Apparent gradient ranges between 0.021 
and 0.026 across the HELSTF area.

2. General gradient direction has apparently 
reversedreversed

3. Indicates LPZ is very sensitive to changes 
in operations and water usage, and there 
are significant sources other than the 
lagoonslagoons
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Lower Perched Zone Water Levels – Jan 2009

3611500
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Are 2-D potentiometric surfaces appropriate depictions?
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Upper Perched Zone Water Levels – Dec 2006
No data for the UPZ to the north 

of the lagoons
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Upper Perched Zone Water Levels – Aug 2008

No data for the UPZ to the north 
of the lagoons

1. Conventional 2D potentiometric
surface maps imply lateral flow

2. Data are limited to determine 
the dissipation rate or the full 

t t f th UPZ O ll iextent of the UPZ.  Overall, in 
04/08 WLs were 3 ft lower 
compared to 12/06.

3. Wells immediately around the 
lagoons may show slightlagoons may show slight 
decreasing trends prior to 
decommissioning of lagoons.
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Groundwater Elevations in the Upper Perched Zone
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Summary
• Water in perched zones due to operations at HELSTF 

- Lagoons only a partial contributor of water to perched zones.
- Likely still several gpm still infiltrating to perched zones 

(perched zones will persist as long as this continues)

• Depositional environment caused complex soil structure

P h d t l t ll ti d th i• Perched zones are not laterally continuous and there is 
limited horizontal connectivity.

- Flow is net-downward with a complex cascade-type patternFlow is net downward with a complex cascade type pattern
- Not capable of sustaining meaningful yields

• There is drainage from perched zones to regional aquifer 
(but contaminant mass flux is likely low).
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Enhanced Recharge Zone Simulation

Recharge zone

Recharge rate necessary to match observed 
“mounding” of 1-2 ft in the regional aquifer is 
approximately 5-15 gpm

- If K = 1 ft/yr, R ~5 gpm
- If K = 6 ft/yr, R = 15

• Very consistent with site water budget



Regional Geology – Tectonic Setting
• Rio Grande rifting began ~35 m.a. (Oligocene)

• N-NW trending, asymmetrical, fault-bounded basins

• San Andres Fault Zone (western basin margin) San Andreas/Organ Mtn/
A till R f lt

Map of Bedrock and Basin Fill

• Northern section = Late Quaternary slip (<130,000 yr)
• Southern section = Holocene slip (<10,000 yr)
• >15,000 ft structural throw

• Alamogordo Fault Zone (eastern basin margin)

Artillery Range fault zones

Alamogordo 
Fault Zone• Alamogordo Fault Zone (eastern basin margin)

• Northern section = Holocene slip
• Southern section = Late Quaternary slip

• San Andres/Organ/Franklin Mountains (western

Fault Zone

San Andres/Organ/Franklin Mountains (western 
basin margin)

• >5,000 ft of Precambrian-Pennsylvanian age bedrock 
with Cretaceous-Tertiary intrusive rocks

• Peaks up to 8,900 ft-amsl

• Sacramento/Sierra Blanca Mountains (eastern 
basin margin)

• >3,300 ft of Cambrian-Pennsylvanian and Permian 
b d kage bedrock

• Peaks over 12,000 ft-amsl (Sierra Blanca Peak)

McLean (1970), Machette et al. (1998)
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TDS in the Regional Aquifer

All TDS measurements exceedAll TDS measurements exceed 
10,000 mg/L in the Regional 
Aquifer (range is from 11,600-
19,700 mg/L, similar at TSA)
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Sources

Regional Hydrogeology
Sources
• Annual mean (valley floor) = 8.97 inches
• Annual mean (mountains) = 26.46 inches

• San Andres Mtns = 14-16 in/yr
Sacramento Mtns 30+ in/ r• Sacramento Mtns = 30+ in/yr

• Western margin = ephemeral streams
• Eastern margin = perennial streams 

(>>contribution to recharge)
M t i f t h t ll i l f• Mountain-front recharge at alluvial fans

• Contrary to precipitation record, most 
significant recharge from long duration 
frontal systems in Jan-Mar (McLean, 1970)
S ll hi h i (hi h• Seasonally high evaporation rates (high 
summer heat + strong springtime winds)

• Perennial streams (Salt Creek, Lost River, Three 
Rivers, Tularosa Creek and Indian Creek)

• ~1-9% recharge from annual precipitation (Huff, 
2005)

• Mean annual basin streamflow = 95 ft3/s or 
~3,000,000,000 cubic feet (Waltemeyer, 2001)

• ~7% annual recharge from streamflow
(<213,000,00 cubic feet)
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Regional Hydrogeology
3 points rehcarge s ppl (TDS K) SE floTularosa-Hueco Aquifer System3 points – rehcarge, supply (TDS, K), SE flow
Regional Groundwater

R i l if i l d th M ill

Tularosa-Hueco Aquifer System

Travel Times

• Regional aquifers include the Mesilla, 
Jornada, Rio Grande, Diablo Plateau, 
Tularosa and Hueco Bolson aquifers

• Tularosa Basin
Cl d b i ( d i )• Closed basin (no drainage)

• Ephemeral lakes and alkali flats
• Topographic divide separates 

Tularosa and Hueco Bolson aquifers
• Tularosa-Hueco Aquifer System

• GW flow toward the basin center from 
margins with an axial pattern of 
southward flow along the western, 
deepest side of the basin

• Flow to SE at HELSTF
• Travel times at regional water table 

• Highest in northern basin (>25 

HELSTF

ft/day)
• Lowest in basin center (<1 

ft/day)
• Add ppt and ET with calloutpp
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Conceptual Water Budget

Sources: Discharge:Use:
Evaporation

MAR-1
MAR-2

Cooling water
Industrial use?

LSTC – Oryx pit
40-50 gpm (not continuous flow)

D dMAR-3 General use Dry pond
Discharge 30-50 gpm (not continuous flow) 
Unlined pond received overflow from sewer ponds
Evaporation

S L 1 4Sewer Lagoons 1-4
No discharge point
Evaporation from open water
Liner quality unknown

Supply – Evaporation from ponds and cooling Leakage from piping
Distribution system corroded 

Supply Evaporation from ponds and cooling 
tower = Discharge + Infiltration loss

Infiltration



Water supply

• Water supply volumes for the three supply wells MAR-1, MAR-2, and pp y pp y , ,
MAR-3

• Data from 2004, 2005, 2006, and 2007
• Average yearly production 12,100,000 gallons (23 gpm)Average yearly production 12,100,000 gallons (23 gpm)
• Ranges from 9,600,000 to 16,400,000 gallons/yr
• Production data from 1995-1996 indicates 16,777,000 gallons per year 

(32 gpm)(32 gpm).



Evaporation from sewer lagoons

• Sewer lagoons 1-4 assumed to contain water at all times.g
• Dry pond assumed not to be in use – it did receive water when the 

sewer lagoons spilled over
• Size of lagoons:Size of lagoons:

- Two small lagoons: 110*110 ft2 =24,200 ft2

- Two larger lagoons: 110*195 ft2 =42,900 ft2
• Pan evaporation at Elephant Butte Dam is 113 inches/year.
• Corrected evaporation (pan evaporation*0.8) is 90 inches/year

• Calculated maximum yearly evaporation from four lagoons:
- 67,100 ft2*90 inches/yr = 505,000 ft3/yr = 3,777,000 glns (7.2 

gpm)gpm)



Evaporation from cooling tower

• Scanned spreadsheet with data from 1995-1996 indicates that 
5,773,000 gallons/year was lost at the cooling tower (11gpm ), , g y g ( gp )

• Potentially some of lost water could have infiltrated but for this analysis 
it was assumed that all water evaporated.

• Data from June 19, 1995 through April 3, 1996 was normalized to oneData from June 19, 1995 through April 3, 1996 was normalized to one 
full year.



Estimate of maximum infiltration rate from 
sewage lagoonssewage lagoons

• Maximum infiltration rate estimated based on saturated conditions for unlined pond
• Q = -A*Kv*dh/dz

• A = 67,100 ft2
• Kh = 0.1 ft/day based on transmissivity of 2.4-3.5 ft2/day and thickness of 25-30 ft
• (slug tests, ITC 1993)( g )
• Vertical anisotropy tylically 0.1
• Kh = 0.01 ft/day

• dh/dz = 1 ft/ft for saturated conditions• dh/dz = 1 ft/ft for saturated conditions

• Q = 1,832,200 gallons/yr = 3.5 gpm

• This represents the max infiltration rate as saturated conditions are assumed, ponds 
assumed unlined, and any sludge on the bottom of lagoons that would decrease vertical 
hydraulic conductivity is neglected. 



Other infiltration sources

• Infiltration from the reverse osmosis system estimated to 735,000 
gallons/year (1 gpm) (1995-1996 scanned spreadsheet)g y ( gp ) ( p )

• Infiltration from LSTC discharge (“oryx pit”) is unknown. Flow was 
measured to 40-50 gpm on July 24,1990. Likely not continuous flow. 

• Septic systems may have contributed to infiltrationSeptic systems may have contributed to infiltration
• Leaking water distribution system and sewage pipes

• These sources were not considered individually but were grouped into• These sources were not considered individually but were grouped into 
the total infiltration (5-14 gpm)

Estimated infiltration from other sources estimated to :• Estimated infiltration from other sources estimated to :
- 5.0 - 3.5 = 1.5 gpm (2004-2007 data)
- 13.8 - 3.5 = 10.3 gpm (1995-1996 data)gp ( )



Summary of water budget



WSMR-HELSTF COC Distribution

February 19, 2009

Imagine the result



Summary of Site Contamination

Aquifer Analyte Units Standard
Average Count Exceed std [%] Average Count Exceed std [%]

Upper Perched Zone

Most recent event All data
Max Max

Upper Perched Zone
Benzene ug/L 10 1.0 HMW-04 1.0 10 0% 3.0 BDL 1.1 53 0%
TCE ug/L 100 1.0 BDL 1.0 10 0% 8.1 HMW-01 1.3 69 0%
TCA ug/L 60 1.0 BDL 1.0 10 0% 2.5 HMW-36 1.1 74 0%
Cr(tot) ug/L 50 15.0 HMW-17 6.0 10 0% 1000 HMW-01 44.9 70 13%
Cr(VI) ug/L NA 196 HMW-36 56.5 4 NA 196 HMW-36 42.5 51 NA
Fluoride mg/L 1.6 11.2 HMW-04 6.5 10 100% 58.0 HMW-40 6.4 105 90%
Nitrate mg/L 10 162 HMW-01 45 5 8 50% 580 HMW-01 86 5 98 56%Nitrate mg/L 10 162 HMW-01 45.5 8 50% 580 HMW-01 86.5 98 56%

Lower Perched Zone
Benzene ug/L 10 45.8 HCF-07 14.8 9 33% 220 DRW-02 14.0 438 24%
TCE ug/L 100 5.0 DRW-02 2.0 9 0% 671 HMW-41 27.6 434 6%
TCA ug/L 60 1.3 DRW-08 1.5 9 0% 700 HCF-01 5.9 418 1%
Cr(tot) ug/L 50 591 HMW-33 101 9 33% 29000 DRW-12 1591 91 100%
Cr(VI) ug/L NA 1260 HMW-41 240 21 NA 3610 HMW-41 300 276 NACr(VI) ug/L NA 1260 HMW 41 240 21 NA 3610 HMW 41 300 276 NA
Fluoride mg/L 1.6 49.4 HMW-53 9.8 9 78% 50.0 HMW-33 4.6 395 82%
Nitrate mg/L 10 220 DRW-06 60.3 12 67% 617 DRW-05 59.6 298 77%

Regional Aquifer
Benzene ug/L 10 1.0 E3 1.0 15 0% 11.0 BDL 1.1 182 1%
TCE ug/L 100 171 DRW-14 46.0 14 29% 171 DRW-14 22.3 184 10%
TCA ug/L 60 1.0 BDL 1.0 15 0% 6.0 E4 1.0 182 0%TCA ug/L 60 1.0 BDL 1.0 15 0% 6.0 E4 1.0 182 0%
Cr(tot) ug/L 50 6320 DRW-16 831 15 33% 12200 DRW-16 1336 98 68%
Cr(VI) ug/L NA 536 DRW-16 96.1 14 NA 960 DRW-16 94.6 89 NA
Fluoride mg/L 1.6 33.3 DRW-14 11.2 15 93% 33.3 DRW-14 3.7 189 68%
Nitrate mg/L 10 133 HMW-61 50.3 8 75% 133 HMW-61 31.6 138 85%

Notes:Notes:
1. Most recent sampling event is 2008.
2. In September 2007, TCE was detected as high as 141 ug/L at HMW-41 in the LPZ, however, this well was not sampled in 2008.
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Diesel Spill Area

• UST system:
• 30K gal UST installed in 1979/1980 in the staging 

area on the east side of Test Cell #2area on the east side of Test Cell #2
• Tank held No. 2 oil
• Installed in 1981, removed in April 1988

• 2-inch fuel line:
• Connected the UST on the east side of Test Cell 

#2 to Test Cell #3~120 ft N, and the Cleaning 
Facility ~360 ft E/NE

• During removal, it was noted that the alkaline soils 
had eroded away the pipe in many placesy y

• Loss estimates range between 100 -175K gal
• Discovered during cleaning facility investigation
• During drilling activities:

• 1990 – a soil boring showed diesel fuel starting at 
11 ft bgs

• HCF-01 showed oil in boring log throughout the 
entire boring but there were no saturated 
conditions until the LPZ
N ll d i h UPZ d d• No wells screened in the UPZ, due to reported 
unsaturated conditions, but logs seem to indicate 
otherwise
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Product Composition at HCF-07 in May 1993

Product Composition at HCF‐07 in May 1993

11% 1%10%

Benzene

TolueneToluene

Xylenes (total)

1,1,1‐Trichloroethane

77%77% Well HCF-07 5/19/1993 % of Total
Benzene 72,000 ug/L 11%
Toluene 7,500 ug/L 1%

Xylenes (total) 500,000 ug/L 77%
1 1 1 T i hl th 67 000 /L 10%1,1,1-Trichloroethane 67,000 ug/L 10%

Total 646,500 ug/L 100%
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LNAPL Recovery System

• Product skimming system and a VEDRS were in full operation from May1995 
to 2004?

VEDRS i l d d 11 ll• VEDRS included 11 recovery wells
• Product skimming included 3 wells (HCF-01, 02 and 03)

• ~5K gal product has been recovered
• Almost 4K gal were recovered in the first 3 yrs• Almost 4K gal were recovered in the first 3 yrs

• Total recovery estimated at ~10K gal
• Prior to the system being turned off, the volume of product being recovered 

was fairly insignificant (5 gal/month)was fairly insignificant (5 gal/month)
• Based on LNAPL measurements and volume estimates by past consultants, 

there is still a significant volume of product present in the subsurface

5



Layout of the VEDRS

6



Product Recovery Volumes
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Historical LNAPL Thickness in 1993
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LNAPL Distribution - Sept 2006

LNAPL Thickness 2006
1. Max thicknesses are 3.86 ft 

C fat CFW-03 and 3.81 ft at 
DRW-02.

2. Limited data set compared 
to 2008.

3 O l 2006 d 20083. Only 2006 and 2008 
measurement events 
available.
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LNAPL Distribution - Dec 2008

LNAPL Thi k 2008LNAPL Thickness 2008
1. Max thickness of 7.3 ft at 

HCF-07.
2. Max thickness observed 

has increased since 2006has increased since 2006, 
but only at wells that were 
included in the recovery 
system.

3 Two areas where LNAPL is3. Two areas where LNAPL is 
present.

4. Same extent as in 2006.
5. Q - Is the LNAPL at the 

cooling tower connected tocooling tower connected to 
the main diesel spill LNAPL 
plume or is it separate?
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Measured LNAPL in Wells

April Product Change 2006 to 

Increases in LNAPL 
are observed at

Well
1990
(feet)

April to June 1993 
(feet)

September 2006
(feet)

December 2008
(feet)

2008 
(feet)

Product Change
1990/1993 to 2008 (feet)

System Recovery Wells

DRW-1 NA NA 0.69 1.6 0.91 NA

DRW-2 NA NA 3.81 5.42 1.61 NA

DRW-3 NA NA 1.06 4.22 3.16 NA are observed at 
various recovery 
system wells since 
shutdown of VEDRS

DRW-4 NA NA 0 0 0 NA

DRW-5 NA NA 0 0 0 NA

DRW-6 NA NA 0 0 0 NA

HCF-1 12 NA 0.01 0 -0.01 -12

HCF-2 NA 0.1 0 0.03 0.03 -0.07

HCF-3 NA 0.45 2.16 1.47 -0.69 1.02C 3 0 5 6 0 69 0

HCF-5 NA 10.6 NA 1.88 NA -8.72

HCF-7 NA 13.2 NA 7.3 NA -5.9

HCF-8 NA 0 NA NA NA NA

HCF-9 NA 0 NA NA NA NA

Monitoring Wells

No change or a 
decrease is observed 
at site monitoring 

Monitoring Wells

CFW-1 NA NA 0.34 0.39 0.05 NA

CFW-2 NA NA 0 0 0 NA

CFW-3 NA NA 3.86 2.12 -1.74 NA

CFW-4 NA NA 0 0 0 NA

HMW-10 NA 0 NA NA NA NA

wells since shutdown 
of VEDRS.  No 
rebound observed.

HMW-13 NA 0 NA NA NA NA

PZ-1 NA NA NA 0 NA NA

PZ-2 NA NA NA 0.3 NA NA

PZ-3 NA NA NA 2.77 NA NA

PZ-4 NA NA NA 2 NA NA
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Current Benzene Distribution in LPZ

Current Benzene Delineation
1. Benzene in groundwater is 

only present in the LPZ basedonly present in the LPZ based 
on available data.

2. No wells installed in the UPZ 
in the diesel spill area.

3 Max historical concentration3. Max historical concentration 
was 250 ug/L, max current 
concentration is 45.8 ug/L at 
DRW-02.

4 Two areas where benzene4. Two areas where benzene 
plume is present – co-located 
where LNAPL is present.

5. Very limited data set.  Much of 
the data for delineation is athe data for delineation is a 
few years old (2004 and 
2007).

6. Footprint of observed free 
product is larger than the p g
footprint of benzene

12



LNAPL and Benzene 

• LNAPL areal extent is 
stable/shrinkingg

• Benzene areal extent is 
stable/shrinking, smaller than 
LNAPL footprint

• LNAPL thickness in wells is
stable/shrinking

• Benzene concentrations in LPZ 
are decreasing (1/2 life is ~1000 
days)

• No hx benzene impacts to RA

• Monitoring remedy?
• Use LNAPL tracers to 

bilitmeasure non-mobility
• Use isotopes and/or forensics 

to verify weathering
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History of Solvents and Chromate

1. Waste Accumulation Area SWMU 25)
- 50’ x 100’ paved area north of cleaning 

facility but aerial photos show itfacility but aerial photos show it 
extending to the south edge of the 
cleaning facility (red outline)

- 55 gal drums stored spent degreasing 
solvents

- 1984 to ~1990 or 2000 – not sure of end 
date

- Possible drum of chromate additive (hex 
Cr and Zn mainly) leaked adjacent to the 
yard on the west side between 1984 andyard on the west side between 1984 and 
1986 (blue outline)

2. Chromate Spill Area (WSMR 54)
- East corner of the equipment storage

Waste 
Accumulation 

Area

- East corner of the equipment storage 
area (Boneyard) (blue outline)

- Established in 1982
- Stored drums of chemicals, scrubber 

liquors, and waste oils for periods of timeliquors, and waste oils for periods of time 
(some were from the cleaning facility)

- 55 gal of Entec 300 (hex chromium and 
zinc) were spilled in 1982 or 1983

- Soil was removed to 8 ft bgs

Chromate Spill Area

g
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History of Solvents cont.

3. Cleaning Facility (WSMR-48)
- Fall 1983 – Facility was operational

• Involved washing and cleaning valves, pipes and 
i t f l d t l t dequipment for laser and support related 

operations
• Waste types generated included surfactants, 

acids, bases and solvents
• Spent solvents and cleaning solutions were 

dumped from the vats to an open trench whichdumped from the vats to an open trench which 
drained into a holding sump, which then pumped 
the material into a 2,100 gal hazardous waste 
tank on the outside of the building

- April 1985 - New larger tanks were built in to 
accommodate more volume (3,400 gal per wk)( , g p )
• >1,000 ft line connected old waste tank to the 

manifold at the new waste tanks
- 1989 – EPA notified that there was a leak in the sump 

and emptying vats into the trench was stopped 
immediately
• Part of the sump and 54 ft3 of soil were removed

- 1989 – leak in liner of chemical waste tanks reported 
- Initial investigation of the drain line spill/leak revealed 

the diesel spill
- Hole in drain line was 1-inch in diameter
- Primary leak in line from sump to valve box
- Smaller leaks at the connections in the primary line 

between the valve box and the Chemical Building 
Annex

- COCs determined for the site included 1,1,2-TCA, , , ,
Freon, 1,1,1-TCA, DCA, 1,1-DCE, As, Pb, Ba, Cr and 
diesel fuel
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Cr Treatment

• PNNL/DOE Installed 1 injection well 
and 6 extraction wells from 3 to 18 ft 
in depth on a 15-ft radius in 
chromate spill area

• Gas tracer test performed prior to p p
treatment test using SF6

• Injected dilute H2S gas (100 to 200 
ppmv) to convert hex Cr to trivalent pp )
Cr in the soil

• 76 days of gas treatment (mid-April 
through June 1998)through June 1998)

• Tracer test and treatment test 
indicated better gas flow through 
the more permeable zones thanthe more permeable zones than 
through the less permeable zones



Cr Treatment

• 70% reduction in Hex Cr claimed 
with majority of reduction taking j y g
place in the upper 5 to 10 ft bgs

• Samples were averaged to 
estimate mass, and locations were ,
not co-located and there were 
fewer pre-test holes than post-test 
(4 vs 6)( )

• Concentrations are ~8x higher in 
the 8 ft interval than in any other 
interval – was this consistent ininterval was this consistent in 
each of the pre-test borings or just 
at one location?

• How consistent was the geologyHow consistent was the geology 
across the treatment area?

• No data tables provided in report



Total Chromium Distribution in LPZ
20081996-2000 2008

1. Very limited historical data set.  Much of the data for delineation is a several years old.y y
2. Max historical UPZ concentration = 1000 ug/L, current max UPZ concentration = 15 ug/L
3. Max historical LPZ concentration = 29000 ug/L, current max UPZ concentration = 591 ug/L
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Total Chromium Trends in LPZ
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MCL   50 ug/L

Chromium in the LPZ: 

Well ID  Decay Constant (per day)  Half Life (days) 
Most recent Detection

(ug/L)  Date 

DRW‐08  0.004  173  89  08/11/08 

HMW‐11  0.0005  1386  121  12/19/06 

HMW 33 0 0005 1386 591 8/21/2008HMW‐33  0.0005  1386 591 8/21/2008

HMW‐38  0.0003  2310  53  9/11/2007 

HMW‐39  0.0004  1733  158  9/12/2007 

HMW‐41  0.0005  1386  635  9/11/2007 
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TCE in LPZ

1997-1998 2004-2008

1. Very limited data set.  Much of the data for delineation is several years old.y y
2. Max historical UPZ concentration = 8.1 ug/L, current max UPZ concentration = BDL
3. Max historical LPZ concentration = 671 ug/L, current max UPZ concentration = 141 ug/L
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TCE Trends in Lower Perched Zone
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Extra Slides



COC Concentrations vs. Depth
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COC Concentrations vs. Depth
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Hex Chromium Distribution

• Hex Cr is present above 50 µg/L in all three WBZs
• Samples have not been collected since 2005
• Highest concentrations are in the LPZ then RZ then UPZ• Highest concentrations are in the LPZ, then RZ, then UPZ

• What is the gw std that we are using for Hex Cr?  EPA MCL will 
likely be less than 20 µg/L when it is setlikely be less than 20 µg/L when it is set  

• UPZ
- Two locations with exceedences – HMW-36 and HMW-40
- Max concentration was 196 µg/L at HMW-36 in 08/05

• LPZ
12 l ti ith d DRW 02 03 12 13 HCF 05 07 11- 12 locations with exceedences - DRW-02, 03, 12, 13, HCF-05, 07, 11, 
31, 33, 38, 39, 41

- Max concentration was 1,260 µg/L at HMW-41 in 08/05
• RZRZ

- One location with an exceedence – DRW-16
- Max concentration was 528 µg/L at DRW-16 in 08/05 

25



TCE

• TCE in the UPZ
• Never measured above 8 1 µg/L limited UPZ wells in diesel spillNever measured above 8.1 µg/L, limited UPZ wells in diesel spill 

area

TCE i LPZ• TCE in LPZ:
• Calculated decay rate for 4 wells, all are declining
• Only one well is above the std of 100 µg/Ly µg
• All other wells are below the std of 100 µg/L

TCE in the Lower Perched Zone:TCE in the Lower Perched Zone: 

Well ID  Decay Constant (per day)  Half Life (days) 
Most recent Detection

(ug/L)  Date 

DRW‐12  0.0001  6930  7.03  9/26/2007 

HMW 11 0 0002 3465 31 8 12/19/06HMW‐11  0.0002  3465 31.8 12/19/06

HMW‐39  0.0001  6930  43  9/12/2007 

HWM‐41  0.0004  1733  141  9/11/2007 

Average  0.0002  3465  ‐  ‐ 
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WSMR-HELSTF Analysis of Current 
Regional Aquifer Impactsg q p

February 19, 2009

Imagine the result



Regional Zone Water Levels – Aug 2008

Regional WBZ
1. General flow direction is to 

the southeast, consistent 
with regional expectations

2. Gradient is 0.0021 across 
HELSTF area, gradient to 
TSA area is 0.001

3. No change in flow direction 
and gradient from April to 
August 2008

4 N t h il bl d t4. Not enough available data 
to contour other dates.

GROUNDWATER FLOW 
DIRECTION

2



TCE and Total Chromium Trends in Regional Aquifer
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- Recent concurrent increase in CrT and TCE in some RA wells, 
including upgradient well HMW-61

- TCE currently present in RA is significantly higher than LPZ
Current TCE and at least some of the Cr in RA is clearly

3

- Current TCE and at least some of the Cr in RA is clearly 
related to an upgradient source



Total Chromium Distribution in RA

20081997-1998

C t T t l Ch i D li ti

4

Current Total Chromium Delineation
1. Much higher concentrations of total chromium in the RA than in the LPZ.
2. Very limited data set.  Much of the data for delineation is a few years old.



TCE Distribution in RA
1997-1998 2008

Current TCE Delineation
1. Directly along flow path.
2 Upgradient well HMW-61 shows TCE at 116

5

2. Upgradient well HMW 61 shows TCE at 116 
μg/L – likely a separate source from the 
contamination observed in the LPZ.



HELSTF and TSA Location

?

?

HELSTF

TSA

6



Modeling – Assumptions and Parameters

Equilibrium Model Dual-Domain Nonequilibrium  Model

Parameter TCE Cr TCE Cr

Hydraulic Conductivity ft/day 8 8 8 8

Hydraulic Gradient, ft/ft 0.002 0.002 0.002 0.002

Mobile Porosity, [ ] 0.02 0.02 0.019 0.019y, [ ]

Immobile Porosity [ ] -- -- 0.281 0.281

Transport Velocity, ft/yr 292 292 308 308

Londitudinal Dispersivity, ft 100 100 25 25

Mass Transfer Coefficient, [ ] -- -- 120 120

Retardation (sorption), [ ] 1 1 1 1

Contaminant Half-Life, day 10000 100000 10000 100000

Off-Site Source Concentration, μg/L 170 6000 150 6000, μg

Release Date 1997 1997 1997 1997

Off-Site Source Duration, yr 11 8 11 8

Effective HELSTF Loading Concentration, μg/L 50 600 50 600
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DDNE Modeling Results – Cr in RA
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DDNE Modeling Results – TCE in RA
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Lines of Evidence Supporting Separate CrT and TCE Source

Lines of Evidence Supporting Separate CrT and TCE Source
1 Presence of TCE and CrT in upgradient well HMW 611. Presence of TCE and CrT in upgradient well HMW-61
2. Strong TCE-CrT correlation in all HELSTF RA wells
3. The highest concentrations of TCE and CrT are in the RA.g
4. There is clear breakthrough at DRW-14 and DRW-16.
5. 1,1,1-TCA, benzene is not present in the RA, yet 1,1,1-TCA was 

t i th LPZ i hi h 700 /L i th 1990’present in the LPZ in as high as 700 ug/L range in the 1990’s –
not present in the RA.

What potential sources are upgradient of the main HELSTF area?
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Enhanced Recharge Zone Simulation

Recharge zone

Recharge rate necessary to match observed 
“mounding” of 1-2 ft in the regional aquifer is 
approximately 5-15 gpm

- If K = 1 ft/yr, R ~5 gpm
- If K = 6 ft/yr, R = 15



Comments on LPZ-Regional Aquifer Connectivity

• Likely limited connection but mass flux likely small
- “Pervasive clay” claimed between LPZ and regional aquifer but- Pervasive clay  claimed between LPZ and regional aquifer, but 

no wells are completed in this ~15’ interval.  Geology suggests 
“stacked sand channels” may be present in areas .
Li it d l i f t “ di ” i RA t l l- Limited analysis of apparent “mounding” in RA water levels 
suggests this could be caused by constant infiltration from LPZ of 
7-14 gpm

- Site water balance indicates 3-10 gpm are likely lost through 
leaking water/sewer lines and UPZ/LPZ WLs are generally stable 
or decliningor declining

- HELSTF-related COCs historically present in RA
- However, significant decline in all COCs with vertical distance; 

average concentrations drop ~1 OoM between LPZ and RA
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COC Concentrations vs. Depth
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COC Concentrations vs. Depth
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