
































































































































RCRA Facility Investigation of the Lance Missile Impact Site on the White Sands National Monument

7.0 CONCLUSIONS

This RFI was conducted to determine if contamination from the Lance missile impact
(SWMU 168) has contaminated soil and/or ground water within the WSNM. The following
actions were performed to determine if contamination resulted from the Lance missile impact:

e Geophysical survey to locate Lance missile debris bgs.

e Eight 3 m (10 ft) deep soil borings were augered around the perimeter of the impact
crater. Soil samples were collected from the borings at the surface, and approximately at
1.5 m (5 ft) and 3 m (10 ft) depths depending on site conditions.

e Hand augering and collection of soil samples near geophysical anomalies away from the
impact crater;

e Installation and sampling of eight ground-water monitoring wells around the periphery of
the impact crater.

e Collection of one water sample from the crater.

The most significant result from the geophysical survey is the correspondence between both the
EM-61 and magnetometer methods in the center of the survey grid (located over the impact
crater to just north of the crater). This area represents the bulk of the buried portion of the Lance
missile. The remaining anomalies represent smaller portions of Lance missile debris. The
deepest object detected during the survey was at approximately 3 m (9.7 ft) bgs beneath the
center of the impact crater. The deepest debris at the Lance impact site (9.7 ft) is within a dry
compacted gypsum layer described in Section 4.2.1 as a confining layer. Once the buried missile
debris was discovered with the geophysical survey, it was determined that the original
configuration for the soil borings and monitoring wells was adequate to ensure that if
contamination had occurred at the site, it would be discovered. Three hand auger samples were
added to the site work at specific locations corresponding to magnetic anomalies away from the
crater.

All collected soil and water samples were analyzed for UDMH, NDMA, DNM, benzene,
toluene, ethylbenze, xylene and total RCRA metals. All analyte detections were well below their
respective NMED residential SSLs. None of the soil or water samples contained detectable

concentrations of the Lance missile fuel component, UDMH, or its breakdown components,
NDMA or DMN.

Soil borings and monitoring wells for this investigation were positioned such that samples were
collected from locations where contamination would likely be present (within soils surrounding
the impact crater, within water exposed within the crater, and within ground water down gradient
from the crater). However, no COPCs were detected in the course of this investigation. The
results of this investigation indicate that contamination from the Lance missile impact has not
occurred. Subsequently, this RFI has determined that no routes (air, soil, surface water, or
ground water) for exposure to human health exist at the site.
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RCRA Facility Investigation of the Lance Missile Impact Site on the White Sands National Monument

8.0 RECOMMENDATION FOR SITE CLOSURE

Information collected to date indicates that potential adverse effects posed by the Lance missile
impact are lessened by the remote location of the site, the inaccessibility of this area of the
WSNM to the public and the quality of ground water. Demography, land use, ground-water use
and surface-water use do not pose health risks to humans. The site is remote, unoccupied, and
inaccessible to WSMR workers and the public. The closest drinking water supply wells are
located approximately 7 miles southwest of the impact site on the alluvial fan deposits of the
San Andres Mountains.

With the approval of the NMED and the WSNM, the following actions are recommended for site
closure:

e Empty contents of the soil cuttings (IDW) drums into the impact crater;

o Empty well development water, purge water, and decontamination water at the impact
site;

e Close impact crater by shoveling crater ejecta and surrounding soil to the specification of
the WSNM;

e Remove all IDW drums from the site; and

e Remove all remaining Lance missile surface debris, survey stakes, and all other debris
material associated with the RFI.
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LANCE MISSILE IMPACT ASSESSMENT REPORT
1.0 PURPOSE

This report provides information regarding the 14 December 1999 Lance missile that
impacted into the White Sands National Monument (WSNM). Although the
investigation is still ongoing, this document reports findings to date, analysis
performed to date, and conclusions based on evidence collected from surveys
conducted of the impact crater and surrounding area.

2.0 SYSTEM DESCRIPTION

The Lance missile is a single-stage, two phase, liquid bi-propellant vehicle consisting
of a warhead section and a main missile motor assembly section totaling 20 feet in
length. The missile has different payload configurations (see Enclosure 1). When the
Lance missile is used as a target, it does not carry an explosive warhead and the
missile payload section is modified to contain ballast and instrumentation. The Lance
missile flies a ballistic trajectory of up to 130km. The missile requires a solid

propellant gas generator to produce a boost and sustain phase during the launch
process. The liquid propellant which drives the missile during flight consist of a fuel
and oxidizer; unsymmetrical dimethylhydrazine (UDMH) and inhibited red fuming nitric /
acid (IRFNA), respectively. The properties of the chemicals include:

e Unsymmetrical Dimethylhydrazine (UDMH)

- UDMH is a liquid propellant rocket engine fuel, clear in color with an
ammonia-like, fishy odor. It is a flammable, hygroscopic, mobile liquid,
which is miscible with water. UDMH is strongly basic, a powerful
reducing agent and has a significant vapor pressure.

- UDMH is highly toxic to humans via contact, ingestion and breathing.

¢ Inhibited Red Fuming Nitric Acid (IRFNA)

- IRFNA is composed of Nitric Acid (81.6-84.8%) Nitrogen Dioxide (13-
15%), Water (1.5-2.5%) and Hydrogen Fluoride Inhibitor (0.7%)

- IRFNA is a liquid propellant rocket engine oxidizer, orange-red in color,
strongly fuming, and evolves nitric acid vapor and nitrogen oxides.

- IRFNA is a highly corrosive oxidizing agent, which will vigorously attack
most metals.

- IRFNA is highly corrosive to humans via direct contact, causing bums to
all tissues and is highly toxic via ingestion and breathing.

When IRFNA and UDMH come in contact, they ignite spontaneously with a very
energetic reaction. In addition to the large amount of heat formed, the reaction
products are water and hydrazine-nitrate salt. The reaction products are very finely
divided and disperse rapidly in the air due to the heat of reaction and the rocket's
motion through the atmosphere.
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3.0 BACKGROUND

The Lance missile began testing at White Sands Missile Range (WSMR) in 1965.
Lance missiles were fielded in the 1970's and used by the United States and other
NATO countries. Since the Lance missile has been replaced by a new generation of
missiles, the remaining Lance missiles are used as targets for air defense systems
undergoing development and production testing. Throughout the years WSMR has
launched over 5§30 Lance missiles.

On 14 December 1999, a Lance missile, launched as a target, encountered
unresolved internal technical problems causing the missile to conclude proper
propulsion early. The missile, launchad from LER-4 and intended to impact at a
Lance WIT area, fell short and impacted into the WSNM near Lake Lucero (see
Enclosures 2 and 3). The missile pierced the ground exposing the water table 3 to 4
feet below the surface, ’

4.0 ISSUE

WSMR and the State of New Mexico are in the process of negotiating and defining the
requirements for mitigation of the potential contamination of sub-surface water inthe
WSNM caused by the missile impact. {

5.0 OBJECTIVE

The Material Test Directorate (MT) has responsibility to provide an engineering
assessment of the impact site to ascertain the condition of the Lance missile upon
impact in an effort to determine the degree of potential contamination based on the
debris distribution and crater analysis.

6.0 UPDATE AND ANALYSIS STATUS

- 6.1 Initial Assessment

6.1.1 An initial assessment of the impact site was conducted on 16 December 1999.
This two-day delay was necessary to prepare a safety plan and coordinate with the
WSNM staff, since this was, at that time, a potentially hazardous operation.

6.1.2 The purpose of the initial assessment was to provide a quick-look visual and
chemical assessment of the impact site for the establishment of baseline conditions.

6.1.3 Conducting the initial site inspection of 16 December 1999 was a two-person
WSMR Army EOD team, flown in by helicopter, wearing chemical protection suits and
breathing apparatuses. Protective suits were needed because of the potential high
concentration of liquid propellants in the air (see Enclosure 4). Due to the extreme
hazard that potentially existed, the initial recovery team effort was kept to the absolute
minimum. The team was at the site for approximately 20 minutes.
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6.1.4 The EOD team collected soil and water samples, returned to the helicopter and
evacuated the site. The team generated an initial general report of the area upon
return to main post. '

6.2 Initial Assessment Analysis

An analysis of the surrounding soil and water in the crater revealed a small amount of
contamination. ‘

6.3 Initial Assessment Conclusions

Since there was no debris visible on the surface, an initial conclusion drawn from the
initial site visit was that the missile must be below the surface of the water table,
possibly with the fuel tanks somewhat intact. Often with Lance impacts, on surfaces
much more dense than the Lake Lucero monument area, large obvious pieces of
debris are easily seen from the air. The initial fly-over revealed no such large debris,
adding support to the conclusion that all the missile debris was underground (this
conclusion would latter be updated as a resuit of the follow-on assessment). As a
result, the WSMR environmental office issued a tentative remediation proposal (see
Enclosure 5). This proposal recommended continued re-sampling and an
environment-monitoring program to track any fuel contamination.

6.4 Follow-On Assessment

6.4.1 On 16 March 2000, with permission from the WSNM, a follow-on assessment
recovery team inspected the site. Thie was a technical team comprised of various
experts in missile testing, analysis, and recovery.

6.4.2 The purpose of a follow-on assessment was to provide an in-depth analysis of
the ground impact site to include a detailed search and collection of debris, debris
location, debris assessment, photography, crater definition, and soil and water
conditions. Realizing that the initial ground inspection team had been limited in time
and could not conduct a detailed assessment, a recovery team was assembled as
soon as the WSMR environmental office deemed it safe to visit the site without
protective suits or breathing apparatuses. Plans at the initial assessment had always
included a more in-depth follow-on assessment to be conducted at the site, once the
hazards to personnel were reduced to an acceptable level.

6.4.3 Comprised of experienced personnel, the recovery team, based on engineering
judgement, determined the disposition of the missile and its impact. The recovery
team discovered:

e Lance missile debris on the surface less than 20 feet from the crater
¢ Lance missile debris on the lip-of the crater exposed to the air
¢ Lance missile debris in the crater protruding out of the water
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6.44 Photo 1 (Enclosure 6) shows the crater. In this picture debris can be seen at
the lip of the crater and in the water. Photo 2 shows debris in the water and photo 3
shows debris on the lip of the crater. Photos 4 through 8 show pieces of debris
collected on the surface around the crater. Photo 9 shows pieces from the warhead
section while photo 10 shows pieces from the liquid propellant tanks.

6.5 Follow-On Assessment Analysis

Analysis of the information collected during the follow-on assessment is still ongoing,
but several new findings have been made and new facts have been revealed to
include:

¢ Pieces of the simulated warhead section among the debris
Pieces of the liquid propellant tanks found among the debris
Chemical analysis results of soil and water samples taken on 16 December
1999, 26 January 2000, and 28 February 2000 revealed an almost non-
existence Lance-related contamination in December, and no measurable
contamination in January and February (see Enclosure 7)

6.6 Follow-On Assessmem Conclusions

6.6.1 Based on the location, number, and types of Lance pieces found, the opinion of
the recovery team (including the missile flight safety analysis) is that the Lance missile
did suffer considerable catastrophic structural damage at the surface plane, enough to
rupture the liquid propeliant tanks at the surface level. This indicates that most, if not
all of the missile debris, is not very deep and that the contamination took place on or
near the surface level. The most solid parts of the Lance missile are the engine and
the simulated warhead. With the missile angle of entry at 70.71 degrees to the plane
of the earth, the simulated warhead would have gone the deepest, but even this

. section is not solid undeformable bullet-shaped concrete item as previously believed.
The simulated warhead for this Lance missile was a mass of welded steel pipe
covered by a thin metal, forming a tip (see Enclosure 8).

6.6.2 Based on empirical data found at the site during the follow-on assessment,
findings indicate an impact with the ground catastrophic to the integrity of the Lance
misslle. Pieces of liquid propellant tanks found indicate that the tanks ruptured
between the surface and a few feet into the ground. Calculations on the physics of the
missile flight by Army experts (see Enclosure 9) indicate that even if it were possible
for the missile to be intact, it could be no deeper than 23 feet. However, it is far more
likely that the benign simulated warhead section was stripped of most connecting
parts and is alone at a depth no greater than 23 feet. It is likely that the simulated
warhead consumed a portion of this downward energy with an explosive ground
impact. It is our experience that no chemical contamination could occur because the
tanks were stripped and ripped apart at or near the surface. It is our opinion that
contamination measurements should be limited to only a few feet below the surface.
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6.6.3 Empirical evidence indicates to our missile and recovery experts that any -
contamination due to the rupture of those tanks has already taken place and took
place at the surface ievel to a few feet below. Surface level contamination has been

- measured under the latest sampling, and the analysis, which includes the latest soil

and water samples from the crater, shows little or no contamination.

6.6.4 Wind, rain, and erosion have now made it possible to see debris previously
covered by dust and soil from the impact cloud, allowing the second assessment team
to see debris not visible to the first.

6.6.5 Where there was once some indication for some to think that an intact missile
was underground in the water table, there is none now because of the debris found.
In fact, debris can be seen in the crater actually protruding out of the water table,
which indicates that even more debris is under the surface, and not an intact missile.
It is our conclusion that all the environmental damage that the Lance missile can do
has been done. Except for the physical existence of an unnatural crater in the area,
the chemical contamination took place on or near the surface, was measured, and
found to be negligible (see Enclosure 7).

7.0 RECOMMENDATION

Based on the findings, and the fact that the water was unsuitable for both agriculture
or drinking before the incident, we recommend that WSMR take the position that no
further environmental measurement is necessary. In addition, WSMR should send a
team to the impact site, flown in and out by helicopter, to collect and remove all
metallic debris in and around the crater.
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CSTE-DTC-WS-MT-AW (70) 14 Jan 2000
MEMORANDUM FOR MT-MT
SUBJECT: Lance Mission Support

1. On 10, 14, and 15 Dec 99, the Warheads Test branch supported Patriot and Lance

missions. The Lance missile fired on 10 Dec 99 was for the Patriot tracking mission.
Two Lance missiles fired on 14 Dec 99 were the target for the Patriot missile. The two

~ missiles did not reach their intended impact area and Patriot did not engage either target.

A third Lance was fired on 15 Dec 99 and Patriot engaged the Lance target missile. The
following is a summary of the post ﬂJght search and recovery operations.

2. The Lance missile fired on 10 Dec 99 monolithically impacted east of Church site. A
helicopter Global Position System (GPS) impact location of the crater was taken (see
enclosure). The impact crater will be filled in with dirt after a six month waiting period
as required by the Lance Missile Target Environmental Assessment.

3. The first Lance missile fired on 14 Dec 99 fell short of the intended impact. The missile
monolithically impacted northeast of Rhodes Canyon. A helicopter Global Position System
(GPS) impact location of the crater was taken (see enclosure). The impact crater will be filled
in with dirt after a six month waiting period as required by the Lance Missile Target
Environmental Assessment.

4. The second Lance missile fired on 14 Dec 99 fell short of the intended impact. The

missile monolithically impacted northeast of Lake Lucero in the White Sands National
Monument. A helicopter Global Position System (GPS) impact location of the crater was taken
(see enclosure). The Environmental Compliance office is coordinating the missile mishap
incident with the Monument and State Environmental personnel.

5. The Lance missile fired on 15 Dec 99 was 1nterccpted by the Patriot missile. No intercept
debris was located.

6. The coordinates are in datum's, WGS 84 and NAD 27 using the coordinate systems UTM
(tneters) and Geodetic (Lat and Lon). All personnel using coordinates should note and list on
all correspondence what datum the data is in.

7. Point of contact for this action is Ms. Robin M. Wilson, 678-4310.

Encl RICHARD D. OVERLEY
as Chief, Warheads Test Branch
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LANCE
GPS IMPACT LOCATIONS
10, 14, 15 Dec 99
LANCE MONOLITHIC IMPACT 10 DEC 99

WGS84 ) NAD27

Lat 33° 35603° E 359951(m)  Lat 33° 35.598° E 360000

Lon 106° 30.559° N 3718093 (m) Lon 106° 30.525° N 3717890

LANCE MONOLITHIC IMPACT 14 DEC 99 FIRST MISSILE
WGS84 NAD27

Lat 33° 11.771 E 363826 (m) Lat 33° 11.765° E 363876
Lon 106° 27.654 N 3673987 (m) Lon 106° 27.620° N 3673783

L MONOLITHIC IMPACT 14 DEC 99 SECOND MISSILE
WGS84 NAD27

Lat  32° 44767 E 368925 (m) Lat  33° 44.760° E 368975
Lon 106° 23.945° N 3624008 (m) Lon 106° 23.911° N 3623804
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Lance Missile Predicted Ground Track
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CSTE-DTC-WS-MT-AA (70-10r) 14 Jan 00

MEMORANDUM FOR MT-MT, ATTN: Mr. Martinez

SUBJECT: Lance Propellants

1. In response to the verbal request of Ms. Wilson, MT-AW, the following
information has been prepared by the MT-AA Chemistry Lab describe the Lance
propellants, their hazards, their breakdown products and safety precautions.

2.  The subject propellants are as follows:
a.  Inhibited Red Fuming Nitric Acid (IRFNA)

(1) IRFNA is composed of Nitric Acid (81.6-84.8%) Nitrogen Dioxide (13-
15%), Water (1.5-2.5%) and Hydrogen Fluoride Inhibitor (0.7%)

(2) IRFNA is a liquid propellant rocket engine oxidizer, orange-red in color,
strongly fuming, and evolves nitric acid vapor and nitrogen oxides. IRFNA is a highly
corrosive oxidizing agent which will vigorously attack most metals.

(3) IRFNA is highly corrosive to humans via direct contact, causing burns to
all tissues and is highly toxic via ingestion and breathing.

b.  Unsymmetrical-Dimethylhydrazine (UDMH)

(1) UDMH is a liquid propellant rocket engine fuel, clear in color with an
ammonia-like, fishy odor. It is a flammable, hygroscopic, mobile liquid, which is
miscible with water. UDMH is strongly basic, a powerful reducing agent and has a
significant vapor pressure.

(2) UDMH is highly toxic to humans via contact, ingestion and breathing.

3. When IRFNA and UDMH come in contact, they ignite spontaneously with a
very energetic reaction. In addition to the large amount of heat formed, the reaction
products are water and hydrazine-nitrate salt. The reaction products are very finely
divided and disperse rapidly in the air due to the heat of reaction and the rocket’s motion
through the atmosphere.

4, If a Lance happens to impact the ground while it still contains a significant
amount of unreacted propellants, several scenarios are possible.
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CSTE-DTC-WS-MT-AA
SUBJECT: Lance Propellants

a. The propellant tanks rupture upon impact, the IRFNA and UDMH react
vigorously and the reaction products disperse in the environment. Only trace levels of the
original propellants remain at the impact site. The hydrazine nitrate salt reaction product would
slowly hydrolyze in the presence of water to form dilute ammonium and nitrate compounds.

b. One propellant tank ruptures, releasing either IRFNA or UDMH into the
environment. If IRFNA is the one released, it would react with any oxidizable material present
forming compounds. Any remaining IRFNA would dissipate through various mechanisms,
e.g., dilution in water to form a weak acidic nitrate solution, evaporation to form nitric acid
vapors which would quickly dissipate. If UDMH were the one released, it would most likely
ignite due the heat of impact. In the absence of ignition, the UDMH would have a tendency to
quickly evaporate and dissipate in the air. The UDMH would react with any reducible

- compounds present in the environment to form a hydrazine-type salt. Since UDMH is water
soluble, it could also be expected to dilute if it comes in contact with water.

c. Neither tank ruptures on impact and the propellants are "safely” contained.

5.  If personnel are required to cleanup/mitigate an impact area involving either or both j
unreacted propellants, approved full. body protection and supplied air are absolutely required
due to corrosively, toxicity and reactivity considerations.

6.  Point of contact is the undersigned at 678-2992.

| Yok € Beons
‘ JOSEPH E. GOMEZ
Chemist

CF:

MT-AW  (Ms. Wilson)
MT-MT (Mr. Casares)
ES-EC (Mr. Mendoza)
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CSTE-DTC-WS-ES-EC (200-1) 20 January, 2000
MEMORANDUM FOR COMMANDER, WHITE SANDS TEST CENTER
SUBJECT: Remediation Actions for the Lance Missile Impact at White Sands National Monument

1. Purpose: Obtain approval of and direction to execute the decisions reached between the
White Sands National Monument, the New Mexico Environment Department and White Sands

Missile Range concerning, the remediation actions for the Lance missile that impacted the
WSNM.

2. Discussion:

a. At the request of the New Mexico Environment Department (NMED) and the White
Sands National Monument (WSNM), a meeting was held on 18 January to discuss the actions

needed to remediate the Lance missile impact site in the WSNM. Attendees are identified at
Enclosure 1.

b. The following decisions were reached by the attendees:

)] The contaminant of concern for this incident is the UDMH (Hydrazine) fuel
component of the missile. Based on information presented by WSMR (MT) all parties !
believe that the IRFNA (Nitric Acid) fuel component most probably vented to the
atmosphere during missile flight due to a tank, piping, or motor failure. Any IFRNA
remaining at the time of impact should have been neutralized through interaction
(primary dilution) with the groundwater and gypsum soil base.

2) No missile location or recovery effort will be required at this time. All parties
agreed that there were most likely no issues or circumstances which would require the
location and removal of the missile, given the isolated location of the impact site and the
difficulties involved with locating and removing the missile or its remains.

3) The impact crater will be left "as is" at this time. Any decision on its eradication
will be deferred until further review by the WSNM staff and the Park Service has taken

place. NMED and WSMR staff present at the meeting had no requirement to eliminate
the crater. ‘

4) WSMR will re-sample the crater, the immediate area surrounding the crater, and
the water in the crater-and provide the results to NMED and the WSNM as soon as they
are available See Enclosure 2.

) WSMR will develop a monitoring program for the site and submit same as soon
as possible to the WSMR and NMED for review and approval. Upon approval by
both parties the program will then be executed. See Enclosure 3. Action at the
site other than monitoring (i.e., active groundwater remediation to treat or remove
the UDMH or its breakdown components) will be required only if the if the
monitoring results indicated an adverse impact to the environment.
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SURJECT: Remediation Actions for the Lance Missile Impact at White Sands National

6) WSNM agrees to allow a one-time ground access to the immediate area of the
impact crater for instillation of the monitoring wells and equipment. To the maximum
extent possible, existing tracks and trails will be utilized to gain access to the site. See
Enclosure 4.

c¢. If approved, the decisions reached at this meeting will commit White Sands Missile
Range to perform a series of tasks designed to demonstrate that any UDMH released by the
missile be reduced to non-hazardous levels or breakdown components without adverse impact
to the environment. The course of action developed during the meeting is supported by all
three activities as being the most reasonable and economic means of accomplishing this goal.

d. This memorandum has been reviewed by and staffed with -NR, -MT, -SJA, -RM, and the
WSNM. It was verbally coordinated with the NMED Hazardous and Radioactive Materials and
Groundwater Burcaus.

3. Recommendation:
The Commander, White Sands Test Center, approve and direct the execution of the following:-

a. MT to provide funding for execution of all remediation actions identified by this

memorandum. Discussion on recovery of costs should take place between the customer, MT,
and RM.

b. MT to provide technical support as needed to support successful execution of the
remediation actions identified by this memorandum.

¢. ES to reimbursably execute the tasks identified by Enclosures 2, 3, and 4.
d. NR (Flight Safety) to reimbursably develop the information described by Enclosure 5.

e. Armmy Air to reimbursably provide helicopter support (as available within military
mission constraints) for the execution of the tasks described by the enclosures.

4. The point of contacts for further information on this action are Mr. Gene Forsythe, Chief,
Environmental Compliance Division, Environment and Safety Directorate and Mr. Javier
Mendoza, Environmental Engineer, Environmental Compliance Division. They may be reached
at 678-2224.

Encls . THOMAS A.LADD
as Director, Environment and Safety
Copy for: MT :

NR

RM

SJA

IS
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LANCE MISSILE IMPACT MEETING
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WHITE SANDS NATIONAL MONUMENT
White Sands National Monument
Dennis Vasquez Director“
Bill Conrod Resources Manager
Rick Huff (USGS, representing WSNM)
New Mexico Environment Department
Robert Dinwiddie HRMB
Barbara Toth Toxicologist
Phillip Solano HRMB
Loreen Lithgow GWB
Julie Jacobs : GWB
White Sands Missile Range
Javier Mendoza -ES
Andre Bullitt -MT
Joseph Gomez -MT
Roberto Casares -MT
Robin Wilson -MT
Don Williams -MT
Gene Forsythe -ES
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RE-SAMPLING WORK TASK
for the
LANCE MISSILE IMPACT SITE
in the
WHITE SANDS NATIONAL MONUMENT

1. Perform re-sampling of the impact site as expeditiously as possible to confirm presence or
absence of IRFNA (Nitric Acid Fuel), UDMH (Dimethyl Hydrazine fuel), and the two UDMH
breakdown (components of concern; NDMA (Dimethyl Nitroamine), and DNM (Dimethyl
Nitroamine).

2. Sample the water in the crater by taking a surface sample and a deep sample (preferably at the
bottom of the crater). :

3. Sample the crater by taking soil samples at two widely separated locations on the interior
crater wall.

4. Sample the surrounding area (to establish baseline levels)by taking two surface soil samples
which are on opposite sides of the crater and which are located between 100 and 150 fcct from
the crater.

5. All samples taken will be split samples. One set will be provided to the MT Chemistry Lab /
(Dr. Gomez) analysis. The second set will be provided to a commercial lab for analysis.

6. Per discussion with NMED HRMB (Mr. Solano) the analysis performed must be
accomplished using analytical techniques 8070 or 607.

7. Select an area representative of the crater soil type, but outside of the SCBA limit. Using a
hand auger and manual shovel-dug hole, excavate to a depth of 10 feet (auger) or 5 feet (manual),
and take at least two un-compacted soil samples of a predetermined volume which can be used to
determine soil density for an impact penetration calculation. The MT Chemistry Lab. should
independently analyze the samples for density.

8. Entrance to and exit from the site will be via helicopter. -

9. Operations within 100 feet of the crater require the use of full-face SCBA breathing apparatus.
10. Date an approximate time of the operation will be provided to Mr. Dennis Vasquez or Bill
Conrod of the WSNM as soon as it is known. WSNM may participate as observers on this event
by notifying Mr. Javier Mendoza or Mr. Gene Forsythe (678-2224).

11. Individual analysis reports will be provided to HRMB (Mr. Solano and Ms. Jacobs) and Mr.
Vasquez within 1 week of receipt from each performing laboratory. These will be "Faxed" and
then transmitted in hard copy and on floppy disk (Word format) via USPS certified mail.

Enclosure 2
Page 1 of 2
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12. All work will be documented via digital photography and field notes. A trip report will be
filed with the Division Chief, -ES-EC within five working days of fieldwork completion. This
will include copies of the photography as well as a detailed GIS-type map showing sites of work
performed.

13. The North and South boundaries of the crater will be "GPS'd," with the actual location that
the GPS data was collected for being documented via digital photography (put a stake with
identifying markings in the ground at that point). All GPS data must be corrected.

14. POCs for further information on this Enclosure are Mr. Gene Forsythe or Mr. Javier
Mendoza. They may be reached at 505-678-2224.

Enclosure 2
Page 2 of 2
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MONITORING PLAN WORK TASK
for the
LANCE MISSILE IMPACT SITE
in the
WHITE SANDS NATIONAL MONUMENT

1. WSMR, NMED, and WSNM agree that monitoring beyond that described by Enclosure 2 of this
document that any UDMH released by the missile impact, will be reduced to non-hazardous levels or
breakdown components without adverse impact to the environment. To that end WSMR will install
groundwater monitoring wells in the vicinity of the impact site and perform recurring groundwater
monitoring and data collection/ analysis until it can be demonstrated that non-hazardous levels of the
LTDMH and its two breakdown components of concern have been achieved.

2. WSMR will design a data collection and groundwater monitoring system that will accomplish the
following goals:

a. Identify and define vertical and horizontal water flow characteristics in the immediate area of the
impact.

b. Allow for the recurring collection of groundwater samples for analysis for the contaminants of
concern. i

c. Perform recurring data collection of water flow characteristics and groundwater, with analysis of
the later for the specified contaminants of concern.

d. Provide regular status reports, with reporting of water flow and contaminant data.

3. Once the design has been reviewed by NMED and WSNM, WSMR will exccute the design and
establish a groundwater monitoring program for the site. The reports will include tables providing the -
analytical result of groundwater for the reported quarter as well as cumulative and trend data analyses.

4. Specific requirements for this effort include, but are not limited to the following:

a. Due to the unknown situation with respect to current water table movement rates and directions,
the amount of UDMN released into the water table (or its dispersion to date), at least two concentric rings
of monitoring sites must be established in order to allow for the highest probability that any contaminant
plume will be captured and tracked.

b. Assuming that the work effort described by Enclosure 2 of this document demonstrates no
discernable health hazard from IRNA or UDHM (or its breakdown components) exists at the crater, an
initial set of monitoring wells will be installed immediately outside the crater, and the first set or ring of
monitoring will be established within 100 feet of the crater perimeter. If this is not the case, -ES will
determine the closest safe distance to the crater that well installation will be allowed.

Enclosure 3
Page | of 3



i

Enclosure 5
Page 7 of 11

¢. Additional sets or rings of monitoring sites will be established at scientifically pre-determined
distances from the crater, based on the following assumptions:

(1)  Analysis techniques 8070 or 806 will be used to identify the prcsence of contaminants.

(2) Between 100 and 500 pounds of UDMH are estimated to have been released by the
missile, and this release was evenly distributed between the surface at impact and the resting depth
of the missile warhead.

(3) The water table at the impact site begins at 4 feet below the surface and is continuous down
to the resting continuous down to the resting depth of the missile warhead, Warhead resting depth
calculations will be provided by -NI (Flight Safety) as soon as they are developed.

“) Soil/water densities within the water table adjacent to the impact site are essentially and
practically unchanged throughout the entire depth of the water table. Soil/water densities; will be
provided by -MT (Chemical Laboratory) as soon as they arc developed.

) Water flow within the aquifer across the impact site is assumed to be basically static or
not more than *300 feet per year, thus defining the anticipated spread of the contaminants of
concern.

() Detection of the contaminants of concern is not an issue after dilution and breakdown !
below the documented hazardous levels has been achieved. The outermost set or ring of
groundwater monitoring sites will not be placed further from the impact site than the highest
probability calculated for this distance during the design phase.

d. Monitoring wells at the groundwater monitoring sites will be installed using a small diameter
Geo-probe type device mounted on a single vehicle or by manually operated hand auger, as appropriate to
the conditions and well depth.

e. Due to the uncertainty about the release rate and depth of rclcase at the impact site, and the actual
resting depth of the missile warhead and its remains, groundwater monitoring for the presence of
contaminants of concern at groundwater monitoring site must take place at three depths; 10 feet, 25 feet,
and as close as possible to the calculated maximum resting depth of the missile warhead. These depths

" may be adjusted during the design phase based on validated changes to the initial working assumptions

provided here.

f. Vertical water flow rates will be determined using a well developed at the mid-depth (25 feet) or as
otherwise determined during the design phase.

Enclosure 3
Page 2 of 3



Enclosure 5
Page 8 of 11

g. If, during the installation phase of this effort, multiple water tables are detected, groundwater
monitoring well depths will be adjusted to assure that each identified water table is sampled by each
groundwater monitoring site. In this eventuality, it will be necessary to install additional wells to allow
for the calculations of lateral water flow rates within each water table. Should this occur, vertical water
flow rate detection will be eliminated to limit the number of wells installed at each groundwater
monitoring site.

h. Upon completion and development of all wells, an initial set of samples will be taken. All wells
will be re-sampled about 30 days after the initial sampling. After the second set of samples has been
taken, five further sets samples will be taken at 60-day intervals. All sampling during this period will
include groundwater flow data as well as contaminant analysis data. Results from this phase of' the
groundwater monitoring program will be used to determine if additional sampling or other remediation
action is required. WSMR will provide NMED and WSNM a formal report within 90 days after the
conclusion of this phase of the program which will summarize findings to date and make formal
recommendations for further action or close-out of the monitoring program.

i.  Should contaminant plumes be identified, the activity executing the groundwater monitoring
program will prepare plume models or plume maps (as the data support) upon receipt of the results from
each groundwater sampling event. A set of cumulative transport history (plume movements over time)
maps will be prepared after each sampling event which shows both the plume front location (at each
sampled depth) and the measured or calculated concentration of the contaminant at the leading edge of
the plume. This data will be included in the quarterly reports.

J-  All groundwater samples taken will be split samples. One set will be provided to the MT
Chemistry Lab (Dr. Gomez) for analysis. The second set will be provided to a commercial lab for
analysis. '

k. Enclosures 2 and 4 of this document establish further performance and reporting requirements
that apply to the execution of this Enclosure.

1. During the initial monitoring well installation effort all work performed will be documented
viadigital photography and engineering field notes. The performing activity will file a formal trip report
with the Division Chief,-ES-EC, within five working days of field work completion.. This will include
copies of the photography as well as a detailed GIS-type map showing sites of work performed. All
monitoring wells will have their geographical location determined via GPS which has been validated and
corrected using the -ES base station located in bldg 163. Note that installation of “clusters” of
monitoring wells located with 30 feet of each other need only to have their centroid located by GPS.

Photography and mapping of individual well locations against the centroid location will be adequate to
support well location during the monitoring program.

m. During the actual monitoring program, all work performed will be documented via digital
photography if unusual or unexpected conditions are encountered.  The performing activity will file a
formal trip report with the Division Chief, -ES-EC, within five working days of field work completion.

5, POC:s for further information on this Enclosure are Mr. Gene Forsythe or Mr. Javier Mendoza.
They may be reached at 505-678-2224.

Enclosure 3
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GROUND ACCESS RESTRICTIONS
for the
LANCE MISSILE IMPACT SITE
in the
WHITE SANDS NATIONAL MONUMENT

1. At this time the operative assumption is that one vehicle mounting a Geo-probe type device will be
physically able to traverse the region from Range Road 7' across to the impact site by following old
tracks and trails. If this is not true, altemative access methods will have to be developed.

2. WSNM has agreed to allow a single entry/exit maneuver to install the monitoring wells and devices.
Prior to vehicle entry, personnel from the activity performing the work, WSNM, -ES, and -IS will
perform a. helicopter reconnaissance to select the route to be followed. IS will mark the SWNM fence on
Range Road 72 with WSNM concurrent and arrange to install temporary gate or other securable access
through the fence, meeting WSNM requirements.

3. Although the actual number and depth of monitoring wells are unknown at this point, a working
assumption is that the fieldwork will take from 3-7 days.

4. At the end of the first work day, exit from the site will be by Army Air helicopter-. The vehicle will
be left in place at the site. Entry and exit for all additional workdays will also be by Army Air helicopter,
and any additional supplies needed for the fieldwork will be transported to the site by Army Air f
helicopter. The activity performing the work will be required to pre-arrange entry and exit times
(contingent upon range schedules and helicopter availability) and coordinate those with Army Air, -NR
(range Scheduling), and —ES.

5. Delays in access to the site may be encountered due to range scheduling requirements.

6. This work is being performed at a remote site, with no reasonable road evacuation routes available.
Because of this, the following requirements are imposed on the activity performing the work:

a. A portable toilet must be provided the activity performing the work and used during, on-site
operations. :

b. Both a WSMR radio and a backup cellular telephone must be on-site and operable during all
operations. ES will coordinate the provision of the WSMR radio (radio net access to be determined), a
battery charger, and a space hattery set. The radio must be on and monitored during all on-site
operations. Provision of the backup cellular telephone is the activity’s responsibility.

¢. All personnel present at the site must receive the WSMR UXO safety briefing; prior to entrance to
the work site. This will be provided by —ES.

Enclosure 4
Page 1 of 2

!Altematively, access via the old North-East 30 site road may be used, depending on WSNM approval.
25ee footnote 1.
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d. A personnel listing of all personnel who will be present at the site must be provided to —
ES prior to initial entrance to the work site, and as soon as any changes in personnel are
identified. '

7. POCs for further information on this Enclosure are Mr. Gene Forsythe or Mr. Javier Mendoza
They miay be reached at 505-678-2224.

Enclosure 4
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DEVELOPMENT OF MISSILE DEPTH ESTIMATES
for the
LANCE MISSILE IMPACT SITE
in the
WHITE SANDS NATIONAL MONUMENT

1. Anticipated terminal velocity (velocity at time of impact) and angle of impact for the missile,
assuming zero thrust from the motor at and after apogee.

2, Ballistic, co-efficient of the 100 inch warhead section of the missile (weight and dimensions
available from MT). :

3. Calculated depth, assuming straight-line penetration at calculated angle of impact and intact
warhead section, to which the warhead section could have penetrated after impact. ES will
provide ground density data for this calculation if required. This may be presented as a range of
depths and probabilities, if necessary.

4. Analysis of total missile weight and construction parameters to determine if the depth
calculated in item 3., above, would be significantly affected (and to what degree) by the
remainder of the missile body after impact.

5. POC:s for further information on this Enclosure are Mr. Gene Forsythe or Mr. Javier
Mendoza. They may be reached at 505-678-2224.

Enclosure 5
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21 DEC 199§

CSTE-DTC-WS-MT-AA (70-10r)

MEMORANDUM FOR ES-EC, ATTN: Mr. Mendoza

SUBJECT: Analysis Support

1. In response to your verbal request, the Applied Environments Test Branch Chemistry Laboratory (MT-AA-E)
analyzed six soil samples and one water sample for the presence of Inhibited Red Fuming Nitric Acid (IRFNA) and
1,1-Dimethylhydrazine (UDMH). Also, the Total. Dissolved Solids were measured for the water..

2. Results. The results are presented in Table 1, Encl 1.

3. The samples were obtained by ES-EC personnel on 16 Dec 99 and were delivered to the laboratory on the same
day. The analyses were completed on 20 Dec 99.

4. Low levels of the target compounds were detected in some of the soil samples and possibly in the water sample.
Since no background water sample is provided, it is difficult to assess the significance of the data obtained for the
crater water.

5. Please not that low part per million concentrations of Benzene, Toluene, Ethylbenzene and Xylenses were also’
detected in the soil and water samples. Further assessment of these chemicals would require fresh samples of the soil
and water along with the required background samples.

6. Point of contact is Dr. Joseph E. Gomez, MT-AA-E, 678-2992.

/‘ DRUS Y
Chief, Applied Envr Test Branch

Encl
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CSTE-DTC-WS-MT-AA (70-10r)

07 FEB 70

MEMORANDUM FOR ES-EC, ATTN: Mr. Mendoza

SUBJECT: Analysis Support

1. Inresponse to your verbal request, the Applied Environments Test Branch Chemistry Laboratory (MT-AA-E)
analyzed six soil samples and three water samples for the presence of Inhibited Red Fuming Nitric Acid (IRFNA)
and 1,1-Dimethylhydrazine (UDMH). The water samples were also measured for Total Dissolved Solids and for
pH and the soils were also measured for their density. '

"2. Results. The results are presented in Table 1, Encl 1.

3. The samples were obtained by ES-EC personnel on 26 Jan 00 and were delivered to the laboratory on the same
day. They were completed on 3 Feb 00.

4. No evidence for the presence of UDMH in either the soil or water samples was detected. Only slightly elevated

levels of Nitrate Ion were detected above background levels for all of samples.. |

5. Again, low part per million conceatrations of Benzene, Toluene, Ethylbenzene and Xylenes were also detected in
the soil and water samples.

6. Point of contact is Dr. Joseph E. Gomez, MT-AA-E, 678-2992.

Chief, Applied Envr Test Branch‘

Encl
as

CF:

MT-MT (Mr. Martinez)
MT-MT (Mr. Casares)
MT-AW (Mr. Overley)
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TABLE 1
A.  Sample Identification

ChemLog 69 - Soil, Background #1, Crater Area, Lance
Chemlog 70 - Soil, Background #2, Crater Area, Lance
ChemLog 71 - Soil, North Edge of Crater, Lance
ChemLog 73 - Soil, West Edge of Crater, Lance
ChemLog 75 - Soil, South Edge of Crater, Lance
ChemLog 77 - Soil, East Edge of Crater, Lance

_ ChemLog 79 - Water, Background, Crater Area, Lance
Chemlog 80 - Water, Top Sample, Crater, Lance
ChemLog 81 - Water, Bottom Sample, Crater, Lance

B. UDIMII and IRFNA in Soil
Sample Concentration, parts per million

Identification UDMH(1) . IRFNA(2)
Chem Log 69 ND#* 72
Chem Log70 ND* 7.1
Chem Log 71 ND* 15

" Chem Log 73 ND* 10.2
Chem Log 75 ND* 95
Chem Log 77 ND* . 83

(1) These data were obtained by Purge and Trap Gas Chromatography/Mass Spectrometry.
Freshly prepared standards of UDMH were used for calibration and quantitation.

(2) These data were obtained by Ion Chromatography. A freshly prepared reference standard was
used for calibration and quantitation. The IRFNA was quantitated on the basis of Ion concentration levels.

* ND = None Detected - detection limit for UDMH in soil = 0.3ppm.

C. Soil Density

Sample Soil Density
Identification (grams/cubic centimeter)
Chem Log 69 120
Chem Log 70 1.14
Chem Log 71 1.09
Chem Log 73 1.05
Chem Log 75 1.31
Chem Log 77 1.19



D. UDMH and IRFNA in Water

Sample
Identification

Chem Log 79
Chem Log 80
Chem Log 81

Concentration, parts per million

UDMH(L) IRENA(2)
ND* 3.8
ND* 32
ND* 8.7

Enclosure 7
Page 4 of 7

(1) These data were obtained by Purge and Trap Gas Chromatography/Mass Spectrometry. Freshly prepared

standards of UDMH were used for calibration and quantitation.

(2) These data were obtained by Ion Chromatography. A freshly prepared reference standard was used for
calibration and quantitation. The IRFNA was quantitated on the basis of Ion concentration levels.

* ND = None Detected - detection limit for UDMH in water = 0.1ppm

E. Total Dissolved Solids (TDS)

Sample
Identification

Chem Log 79

Chem Log 8 0

Chem Log 81

F. pH

Sample
Identification

Chem Log 79
Chem Log 80
Chem Log 81

TDS

(milli Jliten)

3,160
4,820
12,000

pH

7.0
7.2
7.8
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DEPARTMENT OF THE ARMY

US ARMY WHITE SANDS MISSILIE RANGE
WHITE, SANDS MISSU RANGE, NEW MEXTCO 38002-

REPLY TO March 15, 2000
ATTENTION OF

Environmental and Safety Directorate

Mr. James P. Bearzi

Chief, Hazardous and Radioactive Materials Bureau
P. 0. Box 26110

2044 Galisteo

Santa Fe, New Mexico 87502

Dear Mr. Bearzi:

This letter is to formally update your office with the enclosed laboratory results as stated in
our letter dated March 2, 2000 to your office. We will provide the remaining laboratory results
as soon as they are provided to our office.

Any questions concerning this report should be addressed to Mr. Javier Mendoza,
Environmental Compliance at (505) 678-2224.

Sincerely,

Thomas A. Ladd

Director, Environment and Safety Directorate
Enclosure
NASA-WSTF
Analysis Report

Copy Furnished:
NMED Groundwater Bureau (Ms. Loreen Lithgow)
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Preliminary Report of Analytical Results
from
soil and water samples collected
at the
Lance Missile Impact Site, White Sands National Monument, N.M.

MEVATEC has received results from two of the four laboratories engaged to analyze soil and water samples
collected from the site of the Lance Missile impact at White Sands National Monument. The missile impacted
within the boundaries of the National Monument on xx January; samples were collected by MEVATEC on 28
February 2000 and were received by the analytical laboratories on 29 February 2000.

Soil and water samples were collected from the site as follows:
»  Soil samples were collected at the surface around the impact crater at the four compass points.

*  Additional soil samples were collected at the surface approximately 150 feet (46 m) east and west of the impact
crater.

e Water samples were collected from water standing in the impact crater. One sample of water was collected

from the surface of the pool and one sample was collected from a depth of approximately four feet below the
surface of the pool.

*  Anadditional water sample was collected from a hand-augured boring of approximately 4 feet below ground
surface 150 feet east of the impact crater. The sample collected from the hand-augered boring was collected toj
serve as a comparison for background water conditions.

*  Five simple splits were collected; three of the splits were shipped to analytical laboratories, one split is being
held for analysis by the WSMR Chemistry Laboratory (MT) pending repair of thelr instrument, one split was
held in reserve in case of breakage of sample containers during shipping-

A sample split was delivered to NASA-WSTF for the analysis of UDMH; results were r&eived today
(3/15/2000) and were reported negative (less than the detection limit) for UDMH in all soil and water samples.

A sample split was shipped to Southwest Research Institute (SWRI) of San Antonio, TX and sample split was
shipped to GPL Labs Gaithersburg, MD. These laboratories were contracted to provide analysis of N-
Nitrodimethylamine and N-Nitrosodimethylamine, dissolved constituents, and water quality parameters. Results of
analyses were received today (3/15/2000) from SWRI; GPL Labs has not yet returned their analyses.

SWRI reported concentrations of N-Nitrodimethylamine at 0.09 pg/L in the two water samples collected froin the

impact crater; all other samples were reported negative (less than the detection limit). No concentrations of N-
Nitrosodimethylamine were reported.

Analysis of water quality parameters revealed no concentrations out of the ordinary, given the location of the shallow
ground water in the center of a closed geomorphic basin with no through drainage.

Results received thus far are considered by MFVATEC to be those most likely representative of the true conditions
at the impact site. These laboratories (NASA-WSTF and SWRI) are the laboratories that develop the methods for
the analyses they were asked to perform.
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LANCE IMPACT
1. According to radar track, the Lance impacted at the following coordinates:

32.74583435 degrees (North) [WSTMX: 479,810.54]
10.3989945 degrees (West) [WSTMY: 310,711.40]

Radar data showed the flight path angle to be -70.71 degrees and the speed at impact to be
345.02 meters/second or 1131.94 feet/second. This impact is approximately 30 kilometers
downrange on a nominal 130 km flight.

2. Weights for the given configuration are:
Empty (M252 warhead w NO Fuel) 1390.73 Ibs
Maximum fuel (Unsymmetrical Dimethylhydrazine: UDMH) 375.51bs
Maximum oxidizer (Inhibited Red Fuming Nitric Acid: IRFNA) 1106.5 Ibs
Nominal fuel and oxidizer at 30 km ' 470.80 Ibs

3. An analysis of the recorded velocities from the radar track provides the following
observations:

a. The missile failed to achieve a nominal velocity profile. This results not only
in reduced altitude and range; but also, since the booster motor is designed to
cut out at a specified velocity, a longer burn time.

b. The missile lost thrust after approximately 7 seconds compared to a nominal.
cut off time of 5 seconds. This is consistent with a motor using fuel at the boost
rate without cut off.

4. For purposes of determining depth penetration, it will be necessary to estimate the
weight of the missile and remaining fuel at impact. A normally functioning LANCE
missile at 30 km will weigh 1861.53 Ibs. As previously noted, this wasn't a normally
functioning missile; the low apogee, low velocity and short range would indicate that
more than the usual amounts of fuel and/or oxidizer remained at impact. Lance Smith
of MT-MT has hypothesized a constriction in the oxidizer (IRFNA) flow lines. If the
flow of oxidizer were restricted, the thrust would be reduced without reducing the
_quantity of fuel used. This would be like running an automobile with the choke on. As
such, there, would be a minimal amount of fuel and an unknown weight of oxidizer
remaining at impact. A rough guess at the weight of unused oxidizer would proceed as
follows:

a. The ballistic range of a missile, that is, the range it will travel after thrust
ceases is proportional to the initial velocity.
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b. The velocity achieved is proportional to the weight of fuel burned

¢. The fuel actually burned, not merely vented, is proportional to the amount of
oxidizer present: halve the amount of oxidizer and only half the fuel willbe
burned; the other half will be vented.

d. Therefore, since the total range of the missile was reduced by 75% (130 km to
30km) a first approximation would indicate that the use of oxidizer would be
reduced by 75% also. Normally, in the first 30 seconds of flight the missile uses
770 Ibs of exidizer. Twenty five percent of this weight is 192.5 Ibs used with 914
1bs remaining at impact. The total missile impact weight would be 2204 1bs.

e. An observer in the launch crew reported a red plume after launch, since this
was probably oxidizer, the actual weight of oxidizer remaining at impact was less
.than the amount stated.

6. A telephone call to Michele Crull (256-895-1653) of the U.S. Corps of Engineers in
Huntsville, AL yielded the following penetration distances:

sand soil with vegetation  clay
a. Intact Missile 22.7 feet 29.9 feet 45.6 feet
b. Fuel Tank (Empty) 10.3 feet 13.6 feet 227 felt
c. Oxidizer Tank (Empty) 10.7 feet . 14.1 feet 21.5 feet
d. Motor 10.5 feet 13.8 feet 21.0 feet

7. A telephone call to the Environmental Office at WSMR yielded the following
information on the soils of the ALKALAI FLATS, the area in the vicinity of Lake
Lucero where the impact occurred. The surface is gypsum to a depth of 5 feet over
Alluvial Sediments (gypsum and sand) with caliche (clay).

8. On 16 March, Lance Smith (MT-MT), Andre Bullit (Lance Project Engineer), Robin
Wilson (MT-AW). William Glaster (Lockheed-Martin Flight Services), Mike Smith

(New Tec Photographer), and Lance Wheeler (NR-CF) inspected the impact site. They
found:

a. The surface materials were powdery and easily compressed (foot pressure).

b. The water table was measured to lie approximately two (2) feet below the
surface. ‘

<. The missile impact caused a circular crater measuring 18 feet in diameter and
a visible depth of approximately 5 feet in depth.

2
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d. Many small pieces of missile debris were observed on the surface exterior to
the crater and several pieces partially buried within the crater. An on-site
inspection by William Glaster indicated that the debris came from different
sections of the missile: warhead skin, fuel tanks, fins and motor mount assembly.

e. The presence of the debris over the surface of the impact site indicates that the
missile blew apart on impact, possibly due to mixture of oxidizer with residual
amounts of fuel.

9. If the vehicle fragmented on impact (as it appears to have done) as the result of an
explosion or kinetic stresses, the penetration depths specified in the above paragraphs are
not valid except as maxima. If either of the tanks survived the explosion, it is not buried
beyond a depth of 23 feet.

10. The on-site inspection of the debris indicated that either the fuel tank, the oxidizer
tank or both tanks ruptured on impact. The Flight Safety officc reccommends that an
analysis of the debris be conducted to confirm that both the fuel and oxidizer tanks
ruptured at impact. Referring to the enclosed memorandum from Mr. Gomez, Chemist,
the reagents (IRFNA and UDMH) combine with each other or with ground water.

11. Water samples taken 6 weeks after the impact indicate no appreciable or reoccurring
contamination such as would be the case if a buried tank were leaking fuel or oxidizer.



APPENDIX B

SPECIAL USE PERMIT ISSUED BY THE WSNM



Form 10-114
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UNITED STATES DEPARTMENT OF THE INTERIOR
National Park Service
Special Use Permit
Access; install & operate
Name of Use _groundwater testing facilities Date Permit Reviewed 20__
Reviewed 20 _ _
Reviewed 20 __
Expires 2002
Long Term ____ ’ Permit # )
Region Park Type No. #
Short Term _X_
"‘Nﬁe.ef-Area
Gene Forsythe g
White Sands Missile Range 05-678-208X
Name or Permittee ‘Phone

is hereby authorized during the period from day __ Month® __ 200; ), through (Time 2359hrs

day __ Month __ 20832), to use the fo or facumgs nfne above named area:

g the mcmnssﬂe”imbaﬁ sifé of De@hber 1999.
3624.01N.

National Park Service lands immedi
Approximate coordinntes of site are;

For the purpose(s) of:

dffifing analy5|s and*lsﬁngegmpmﬂﬁt, for the purpose
4 taminahon.

Access to install, conne&;, and operate.st
of capturing and testing gmungamr

Authorizing legisiation or otherfaﬁ_ﬂ'\og

NEPA Compliance: CATEGORICALLY EXCLUDE® . OTHER APRROVED PLANS _

PERFORMANCE BOND: Required — . Not Reqnired

LIABILITY INSURANCE: Required ~‘N,ot Req@redr

«Ar.‘n_arunt 4

Amamt .

ISSUANCE of this permit is subject to the ccmditlons onsthe réverse hereof an

nded pages and when appropriate to
he payment to the U.S. Dept. of the Interior;. Natuonéi k Servicegf the sug

The undersigned hereby accepts this permit subjettto the._

yendfits, obligations, and reservations, expressed or
implied herein. ks

PERMITTEE

Signature Date

Authorizing Official , James A. Mack

Signature Superintendent Date

Additional Authorizing Official '
(if Required) Signature Title Date
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CONDITIONS OF THIS PERMIT

The permittee shall exercise this privilege subject to the supervision of the Superintendent, and
shall comply with all applicable laws and regulations of the area.

The issnance of this permit will grant White Sands Missile Range (WSMR) access to National

Park Service (NPS) property to conduct those activities necessary to perform the work set forth in
the attached statement of work entitled "Work Plan".

All personnel and equipment will be transpaorted to the site by helicopter. Any vehicles brought to
the site will be limited to traveling within the established work zone. The zone will be clearly
delineated by an NPS representative prior to the commencement of work.

WSMR will provide portable toilets for personnel assigned to the site.

The NPS reserves the right to stop work being performed on NPS property should the NPS
determine that such work has or will negatively impact any NPS resources.

WSMR personnel and contractors must be apprised of, and be familiar with, the contents of this
permit. A copy of this permit will be available on-site during all phases of the associated work.

Any monitoring wells will be installed in accordance with industry standards and as approved by
the NPS. The wells will be located with NPS approval: (2) so as not to negatively impact any NPS
resources, inclading but not limited to natural, cultural, and infrastructure resources; (b) to most
effectively delineate the contamination identified, in order to minimize the number of wells
required to be installed on NPS property; and (c) in accordance with National Historical
Preservation Act (NHPA), section 106 clearance.

Unless the NPS requires otherwise in writing, monitoring wells will be completed with metal
locking covers. Covers and aprons will be painted desert tan. Duplicate keys will be provided to
the NPS at time of installation. Each well will have a permanent label (beneath the cover) with
well number and any other identifying information.

All wells will be located by UTM format to the nearest meter. The data will be provided in the
final report. ’

All laboratory analytical data from sampling events conducted by WSMR on NPS lands will be
provided to the NPS within 30 days after sample collection.

This bemlit does not authorize any use, activity, or purpose other than those expressly herein
described. :

Assignment - This permit may not be transferred or assigned without the consent of the
Superintendent, in writing.

This permit does not grant any property rights, easements, rights-of-ways, etc.
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* All work and investigations on NPS pro b
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PREVENTION OF DAMAGE AND RESTORATION OF SITE: WSMR shall take adequate
measures as directed and approved by NPS to prevent or minimize damage to all Park resources
during all activities including, but not limited to well installation and sampling. This may include
but not be limited to restoration, soil conservation and erosion protection measures, landscaping,
and repairing roads, trails, signs, etc. Any trees damaged or removed will be replanted as directed
by NPS. All work on Park lands shall be completed to the satisfaction of NPS.

QUALITY CONTROL: An NPS repx’aesentaﬁve wﬂl di)serve allactivities on NPS property, or
those activities that are or may beiimpacting NPS property a'nd*msources

REIMBURSEMENT FOR NPS PERSONNEL: WSMR will com;

worked by NP§ pgrsmmelnnﬂereﬁm Special Use Permit. NPS wij
Collection ﬁnraﬂl assGéiated ¢ ‘

ate the NPS for all hours
povide WSMR a Bill for

REGULATGRY REQUIREME!
accordance with all Federal, stat,
Comprehensive Environmen
sections 9601 et seq., and the
40 C.F.R Part 300 et seq., av
et. seq.). ;

ﬁie werk will-be condneted and amplenﬁmed in
regulitions and sequirements,.includifsg the
ompensation and Liability Act, CERGILA, 42 US.C
d Hazardpus Substanges Pollution Coatingency Plan,
with the NPS mission (see e.g., 16-USC Sections 1

WSMR shallintake availablé
Work and all other related en
information will be delivere
of the work.

B information inits possession that lﬁﬁlevant to Site
k, ip.a tim¢ly fashion. Five cop@ of identified
{BS pojit of cmawmthm 3(}@ys of completion

SAFETY: All applisable Fed
including those cited in 29
performing any wd’if(von 2

and safety regula@ﬁi’ls and standards,
. R),\'l%éo.lzo, wilk be adhered to while

 local health

ral Regulatj

Upon NPS request, WS]Vﬁ{wﬂl close all'we

Zgcordance with State, EPA,
and NPS requirements.

Future access to NPS propeﬂjymr any modifications-fo this pern;ﬁwwﬂl require a written
amendment issued by the NPS, . .

e

of contact.

White Sands National Monument. His alternats 3 ¥ill be Bill Conrod, Chlef of Resources
Management, White Sands National Monument. Either can be contacted at (505) 679-2599, or by
mail at P.O. Box 1086, Holloman AFB, NM 88330-1086.

Damages - The permittee shall pay the United States for any damage resulting from this use which

would not reasonably be inherent in the use which the permittee is authorized to make of the land
described in this permit.
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Benefit - Neither Members of, nor Delegates to Congress, or Resident Commissioners shall be
admitted to any share or part of this permit or derive, either directly or indirect]y, any pecuniary
benefits to arise therefrom: Provided, however, that nothing herein contained shall be construed
to extend to any incorporated company, if the permit be for the benefit of such corporation.

Revocation - This permit may be terminated upon breach of any of the conditions herein or at the
discretion of the Superintendent.

The permittee is prohibited from giving false information; to do so will be considered a breach of
conditions and be grounds for revocation [Re: 36 CFR 2.32(a)(4))].

Permittee will comply with applicable public health and sanitation standards and codes.

This agreement is made upon the express condition that the United States, its agents and
employees shall be free from all liabilities and claims for damages and/or suits for or by reason of
any injury, or death to any person or property of the Permittee, its agents or employees, or third
parties, from any cause or causes whatsoever while in or upon said premises or any part thereof
during the term of this agreement or occasioned by any occupancy or use of said premises or any
activity carried on by the Permittee in connection herewith, and the Permittee hereby covenants
and agrees to indemnify, defend, save and hold harmless the United States, its agents and
employees from all liabilities, charges, expenses and costs on account of or by reason of any such

injuries, deaths, liabilities, claims, snits or losses however occurring or damages growing out of the
same.

Permittee shall present to the National Park Service for review and approval any reports, studies,

analyses or other deliverable derived in whole or in part from information or data gathered under
this permit.
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d. Many small pieces of missile debris were observed on the surface exterior to
the crater and several pieces partially buried within the crater. An on-site
inspection by William Glaster indicated that the debris came from different
sections of the missile: warhead gkin, fu.el tanks, fins and motor mount assembly.

e. The presence of the debris over the surface of the impact site indicates that the
missile blew apart on impact, possibly due to mixture of oxidizer with residual
amounts of fuel.

9. If the vehicle fragmented on impact (as it appears to have done) as the result of an :
explosion ar kinetic stresses, the penetration depths specified in the above paragraphs are
not valid except as maxima. If either of the tanks survived the explosion, it is not buried
beyond a depth of 23 feet.

10. The on-site inspection of the debris indicated that either the fuel tank, the oxidizer
tank or both tanks ruptured on impact. The Flight Safety office recommends that an
analysis of the debris be conducted to confirm that both the fuel and oxidizer tanks
ruptured at impact. Referring to the enclosed memorandum from Mr. Gomez, Chemist,
the reagents (IRFNA and UDMH) combine with each other or with ground water.

11. Water samples taken 6 weeks after the impact indicate no appreciable or reoccurring
contamination such as would be the case if a buried tank were leaking fuel or oxidizer.
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1.0

INTRODUCTION

This report contains the procedures and results of geophysical surveys conducted at the
White Sands National Monument (WSNM) located within the White Sands Missile Range
(WSMR), New Mexico. Blackhawk GeoSciences, Inc. (Blackhawk) performed the work
for MEVATEC Corporation (MEVATEC) on February 4, 2002.

The objective of the geophysical surveys was to map the location of a buried Lance
Missile and expected debris, which impacted the area. The Lance Missile is about 20
feet in length, 22 inches in diameter and carried a simulated warhead consisting of
welded steel pipe. The surveys were undertaken to detect the metallic debris from the
missile impact, which will aid in determining future borehole sampling locations on the
site. To accomplish the survey objective, the following geophysical instruments wer
utilized: :

e Geonics EM61-MK2 High Resolution Metal Detector
¢ Geometrics G858 Cesium Vapor Magnetometer

A brief description of the fundamentals and applications of these methods are given in
Appendix A.

The Lance Missile Impact Site is located within the alkali flats area on the WSNM in

Dona Ana County, New Mexico (Figure 1-1). The missile penetrated the ground surface
and created an impact crater about 18 ft in diameter and 5 ft deep. The depth of burial of
the missile is expected to be no more than 23 ft bgs. The site surrounding the impact
crater is generally flat and the surface geology consists mainly of gypsum crystal
fragments with some thin clay layers in the upper 10 to 25 ft. The surface vegetation
consists of sparse clumps of grass with some small bushes. The impact site is located
approximately 2.5 miles east of Range Road 7, as shown in Figure 1-2.




2.0 DATA ACQUISITION AND PROCESSING

2.1 General

The Lance Missile Impact site was accessed by helicopter supplied by MEVATEC. A
helicopter was required since vehicle transport to the site was not allowed by WSNM.
The main limitation caused by use of the helicopter was that the geophysical survey was
restricted to one field day. Because of this limitation, Blackhawk could not survey the
grid location with our Differential Global Positioning System (DGPS). Instead, the grid
was surveyed by MEVATEC as described later in this section.

Bilackhawk field personnel established a 100 ft by 100 ft survey grid centered on the
Missile Impact Crater. Survey points were marked at each grid corner and at each end
of a 5-ft line spacing grid with a wooden stake on the ground. The origin (0,0) of the
geophysical survey grid was located in the southwest comer of the site. The geophysical
data were collected along parallel south-north lines over the grid. Survey grid north was
initially established by compass. To obtain complete data coverage over the impact
crater, shoveling of the ground surface was necessary to taper the steep sides of the
crater walls. Wooden planks were laid across the open crater pit such that an operator
could use the plank to walk and also pull the instrument across the crater. Missile debris
(i.e. fiberglass, metal parts) located on the ground surface and in portions of the impact
crater was removed from the grid site prior to the geophysical survey so as to not
interfere with the survey data.

The Geonics EM61-MK2 high-resolution metal detector was utilized to map both ferrous
and non-ferrous (i.e. iron and aluminum) buried objects at the site. The instrument was
used in trigger mode, where a wheel odometer triggered a measurement every 0.65 ft.
The EM61 data was stored in a data logger. The data were taken on 5 ft line spacing
oriented south-to-north acroes the survey grid. The EM61 instrument can detect very
small metallic objects (i.e. pop can) and the occurrence of a large amount of surface
metal debris will mask the response from deeper targets (i.e. missile parts). The typical
response of the EM61 system is a “bull's-eye” located directly over a buried metallic
object. The maximum exploration depth of the EM61 is about 10 feet for detecting a
single 55-gallon metal drum.

Magnetometer measurements were taken at the site with the Geometrics G858 Cesium
Vapor magnetometer to identify areas with ferrous (iron) metal. The magnetic data were
stored in the Geometrics G858 data logger along survey lines that were 5 ft apart with a
station spacing of approximately 0.5 ft. The exploration depth of the magnetometer is
generally proportional to the amount of ferrous material in the buried object, and for a
single metal drum the exploration depth is typically greater than 20 ft. The
magnetometer is not as sensitive as the EM61 to very small near surface metallic items.
The response of the magnetometer to buried metal objects can be complex and the
lateral resolution is generally less than the EM61 system. The magnetometer data were
corrected for diurna!l drift using a moving linear filter.

The field data from each instrument were transferred from the data loggers to a PC and
checked for completeness and accuracy. The coordinates of the four survey grid
comers were acquired by MEVATEC with a Trimble Omni Star DGPS. The accuracy of
the Omni Star DGPS receiver is expected to be sub-meter with post processing of the
data. The GPS grid data were used to apply a positional warp to the geophysical sensor




data to translate the data into New Mexico State Plane (Central Zone) coordinates. The
data files for each instrument were used to produce a combined grid file (instrument
response and sensor position) that was imported into the Oasis mapping program, where
gridding algorithms were used to create color contour maps for each method.




3.0 INTERPRETATIONS AND RESULTS

3.1 Discussion of Geophysical Data
3.1.1 EM61 Data

The results of the EM61-MK2 survey at the WSNM Lance Missile site are shown on
Figure 3-1. This figure shows the color grid of Channel 1 (Bottom Coil), along with the
surveyed outline of the impact crater and geophysical data lines overlain on the map.

In the presence of metallic objects, the EM61 signal response increases and the unit of
measurement is the millivolt (mV). The size and shape of the metallic objects and their
depth of burial determine the magnitude of the EMG1 signal. Generally, background
EM®61 responses have a value close to zero, and all anomalies on this color map with
amplitudes greater than about 15 mV are expected to be caused by buried metallic
objects, unless otherwise noted. In Figure 3-1, there is a significant increase in the
recorded instrument response near the center of the survey grid, occurring both in and
around the impact crater. This suggests that a large portion of the Lance missile is
located within and slightly north of the impact crater. Several other areas of the grid also
display higher EM61 values, which suggests that more metal parts of the missile (i.e.
metal scrap) are present in these areas. The EM61 survey identified five areas of
significant anomalous response not associated with surface metal debris. The five areas
are identified by a letter (A through E), and are outlined on the map and discussed in
Section 3.1.3.

3.1.2 Magnetometer Data

The magnetometer measures the presence of ferrous metal objects. The depth at which
metal objects can be detected depends on their size. For example, a single metal drum
may be detectable at a depth of about 20 feet, whereas larger metallic objects would be
detected at deeper depths. The measurement unit for magnetic field intensity is the
gamma (G). The earth’s magnetic field induces a magnetic moment per unit volume in
ferromagnetic material. The measured total magnetic field is the vector sum of the
earth's magnetic field and any perturbations caused by local ferromagnetic objects along
with the magnetic field of geologic materials. A total field magnetic anomaly usuaity
contains both a magnetic high and an associated magnetic low response (dipotar).
These dipolar responses can range from tens to hundreds of gammas, and can result in
a significant anomaly associated with large ferromagnetic objects. Numerous metal
objects in a limited area may distort the pairing of high and low anomalies, but the area
containing the buried metal will be significantly different from background both in
magnitude and variation.

For the Lance Missile site, the Magnetic data were processed first using the total
magnetic field. A background level of 49,320 gammas was subtracted from the data
points and a drift correction was applied, the resultant color plot is shown in Figure 3-2.
This map shows the complicated total magnetic field results over the missile site. Next,
the data were processed from the total magnetic field data to analytic signal in order to
help simplify the anomaly shape. The analytic signal is derived from the square root of
the sum of the squares of the three gradients of the magnetic field (gammas/m). Analytic
signal anomalies therefore, have a peak response that is centered over the top of the
source of the magnetic anomaly, which creates a simpler map than the total field map.




The results of the analytic signal are shown on Figure 3-3. Magnetic responses greater
than about 5 gammas/m are expected to be caused by significant buried ferrous objects.

A total of five magnetic anomalies (A through E) are outlined on the analytic signal color
contour map and they are also described below.

3.1.3 Combined Interpretation

Anomalous areas in the EM61 and Magnetometer (analytic signal) data have been
outlined on Figures 3-1 and 3-3, respectively. The locations of other surface metal
debris are also shown on the figures. The EM61 data are most useful for defining the
limits of the anomalous areas, because of the better lateral resolution with this method.
A total of five anomalous areas (A through E) are detected in both the EM61 and
Magnetometer data sets. Lists of the coordinate center (New Mexico Central Zone) of
the anomalous areas for the EM61 and Magnetometer data are given in Table 3-1 and
Table 3-2, respectively.

Table 3-1
EM Anomalies
Anomaly State Plane (X) | State Plane (Y) Comments

A 1594606.54 635029.49 Very large and significant

anomaly. Likely comprised
of several targets.
Corresponds to Magnetic
Anomaly A.

B 1694592.79 635019.04 Small confined target, May
. correspond with Magnetic

Anomaly B.

C 1594588.71 635072.03 Isolated, small target. No

corresponding Magnetic
anomaly.

D 1594574.59 635002.05 Small confined target. No

corresponding Magnetic
anomaly.

E 1594640.50 635027.18 Isolated, small target. No

corresponding Magnetic
anomaly




Table 3-2
Magnetic Anomalies
Anomaly [State Plane (X) State Plane (Y) Comments

A 1594610.92 635034.07 Very large magnetic
anomaly. Likely comprised
of several objects.
Corresponds to EM
Anomaly A.

B 1594590.21 635024.81 Weak anomaly. Likely
corresponds to EM
Anomaly B.
Cc 1594600.03 635050.64 Strong Magnetic Anomaly.
No corresponding EM
. anomaly.
D 1594610.89 635004.38 Significant isolated
i anomaly. No
corresponding EM
anomaly.
E 1594625.05 635038.16 Weak anomaly. No
corresponding EM
anomaly.

Figure 3-4 shows an interpretation summary map of the anomalous areas from the two
geophysical methods. The most significant feature on the summary map is the large
anomaly (about 30 ft by 30 ft) associated with Area A in both the EM61 and Magnetic
data. These anomalies are nearly coincident and are centered over the impact crater
and extend about 10 feet north of the crater. This anomaly is expected to outline the
bulk of the buried Lance missile. Most of the remaining anomalies are expected to be
caused by relatively small metal pieces of the missile. Where the EM61 has detected an
anomaly without a corresponding Magnetic anomaly (EM anomalies C,D and E), the
object may be non-ferrous (i.e. aluminum). Where the Magnetometer has detected an
anomaly without a corresponding EM anomaly {(Magnetic anomalies C, D and E), the
object is ferrous and likely deeper (or smaller) than the EM detection limits.

The Magnetic Analytic Signal data were modeled to estimate the approximate depth and
location of the targets. The results of this modeling are also shown on the summary

map. This figure shows the target identifications and locations. Table 3-3 lists the target
parameters.




Table 3-3
Magnetic Data Model Results
Anomaly ID | State Plane (X) | State Plane (Y) | Estimated Estimated
Depth (ft) | Caliber Size
(mm)
1 1594616.00 -635037.70 1.9 155
2 1594610.00 635035.70 5.1 328
3 1594608.00 635025.90 9.7 420
4 1594606.00 635039.50 49 186
5 1584600.00 635050.90 1.6 110
6 1594625.00 635039.30 7.7 165
7 1594611.00 635004.00 8.0 215
8 1594590.00 635025.50 4.8 116

The magnetic modeling program uses an aspect ratio of 4.5 to 1 (target length to

diameter (caliber)) in the calculation to obtain the approximate depth and caliber size of
discrete targets. The modeling shows that several separate targets (Anomaly ID's 1,2,3
and 4) can be modeled within Magnetic Anomaly A. These targets range from a depth of
about 2 to 10 feet, with the deepest target in the center of the crater. This result appears
to indicate that the missile Is fractured Into several pieces at varying depths. However,
due to the complexity of the Magnetic anomaly, it is equally likely that the missile is for

the most part, intact but the shape is distorted.

The coordinates of the center of the Lance Missile tmpact Crater were surveyed with the

Omni Star DGPS and they are 1594606.70, 635026.88.




4.0 SUMMARY AND CONCLUSIONS

EM61 and Magnetometer geophysical surveys were conducted at the White Sands
National Monument (WSNM) site located in the White Sands Missile Range (WSMR),
New Mexico to help define the location of a Lance Missile, which impacted the area. The
survey site is located in the northwestern portion of the WSNM in the alkali flats region,
which is located east of Lake Lucero, as shown in Figures 1-1 and 1-2.

The survey grid contained surface metal missile debris that was removed prior to the
surveys so as not to interfere with the geophysical data results at the site. Five EM61
and Magnetic anomalies were identified at the survey site, which are interpreted to be
caused by buried metallic pieces of the Lance missile. The most significant EM61 and
Magnetic anomaly is large in areal extent (about 30 ft by 30 ft) and is located within the
impact crater and somewhat north of the crater (Anomaly A in EM61 and Magnetic data,
Figure 3-4). This anomaly is expected to outline the main mass of the missile. The
modeled depth of discrete targets within this anomaly shows that most of the missile (or
pieces of the missile) is buried at depths less than 10 feet.

The coordinates of the center (New Mexico State Plane) of the Lance Missile Impact
Crater is located at 1594606.70, 635026.88.
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4. CASING DIAMETER Inches.

5. SCREEN INTERVAL (feut beluw top of casing).
Feet to . Feet

Feat

Sitia Sand Y bys
oCter we At CeSvay
Yo Skay N Wels.

GENERAL NOTES:
1. DRAWING NOT TQ SCALE.
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MSOP NO. 1.2
REVISION NO. 0

October 2001
MONITORING WELL CONSTRUGTION DETAILS
weLL numger;,_LMw-08 u
WELL NAME. __
! ===
: =i
KEYED NOTES: Hj—
1 CONCRETE PAD W/ EMBEDOED SRASS MARKER 1
ELEVATION FEET (NAVD 1988). ; Sand ho
LAT. : .
LONG. 2-3 ‘-'»35
2 TOP OF WELL CASING ELEVATION _ Fest. i Q' bantenrie Nets
3. TOTAL DEPTH {feet balow tap of casing) Feet b . o Wear Furth e
4, CASING DIAMETER Inches. b a
S, SCREEN INTERVAL (feet betow top of casing): b h
Feetto Faet. H

1. ORAWING NOT TO SCALE.

GENERAL NOTES; 5::(;" f%/ Z/

SRS IR
500bb046




MSOP NO. 1.2
REVISION NO. 0
October 2001

MONITORING WELL CONSTRQCleN DETAILS -

WELL NUMBER: 2
weLL Name_ LMW -0l X feet

KEYED NOTES:

1 CONCRETE PAD W/ EMBEDDED BRASS MARKER R
ELEVATION FEET (NAVD 1988). )
LAT.
LONG. a

fea

2 TOP OF WELL CASING ELEVATION Faeat.

3. TOTAL DEPTH (feet below top of casing) Feet
4 CASING DIAMETER inches. “

5
)
N

5. SCREEN INTERVAL {feet below top of casing):. .
Feetto Feet.

4 Luﬂs Slw Sawd
| beeret Londoniie

5_ feet —

o feat

7 .
/// v
GENERAL NOTES: 7% / o

1. DRAWING NOT TO SCALE

RPN
500bb046 B
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MSOP NO. 1.2

REVISION NO.

0

October 2001

MONITORING WELL CONSTRUCTION DETAILS

weLL numpgr: L ML -DF
WELL NAME:

KEYED NOTES:

1. CONCRETE PAD W/ EMBEDOED BRASS MARKER
ELEVATION FEET (NAVD 1988).
LAT.

LONG.

? TOP OF WFELI. CASING FLEVATION Fanat

3. TOTAL DEPTH (feet below lop of casing) Feet

4. CASING DIAMETER _____ Inches.

5. SCREEN INTERVAL (fert Leluw Wy uf casing).
Feetto Feet.

L | bugut ben‘h-.;#c

GENERAL NOTES:
1. DRAWING NOT TO SCALE.
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MSOP NO. 1.2
REVISION NO. 0

October 2001
MONITORING WELL CONSTRUCTION DETAILS _ ALs 7
wewL numBer:_ L Mw - 0% ool 2 Ly Aes
WELL NAME___ 2 feel 7
P U
! I_E__.:_'iﬁl'_{f"a i ‘—.'_.‘__"—’L_I_FI——_
===y =
== e —| =t
KEYED NOTES: TS . ! [
1. CONCRETE PAD W/ EMBEDDED BRASS MARKER i, . 4
ELEVATION FEET (NAVD 1988). ; A &
LAT. : Sa s+ 2.5
LONG. o o h 2.5 Li
2. TOP OF WELL CASING ELEVATION Feot. l' ] o ' bq_n{...\ “4’;‘ Pelie €<
3. TOTAL DEPTH (feet below top of casing) Feet, i . .
4. CASING DIAMETER inches, . 4 a
5. SCREEN INTERVAL (feet below lop of casing): : S
Feet to FeelL
3
Yy b‘l-‘&ﬁ Silica Sand .
| ouwclet @L\\e'\" § o
3 feet .
& feet —
1o feet
18" ™

GENERAL NOTES:
1. DRAWING NOT TO SCALE

500bb046




MSOP NO. 1.2
REVISION NO. 0
October 2001

2-23- 0

MONITORING WELL CONSTRUCTION DETAILS

WELL NuMBER:. L Mw - 09
WELL NAME.

KEYED NOTES:

1. CONCRETE PAD W/ EMBEDDED BRASS MARKER
ELEVATION FEET (NAVO 1984).
LAT.
LONG.

2 TOP OF WELL CASING ELEVATION Faat
3. TOTAL DEPTH (feet betow top of casing) Feel.
4. CASING DIAMETER Inches.

5. SCREEN INTERVAL (feet below top of casing):
Feet to Feet

S~ (‘\:Ser
S -F+ Scrae
& -€£¢ Suu_r

Stlica Send 4598w

54 buns
‘\p%\(c_‘l‘ (L“e"'s

GENERAL NOTES: .
1. DRAWING NOT TO SCALE
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MSOP NO. 8.1
REVISION NO. 0

QOctober 2001
MONITORING WELL DEVYELOPMENT RECORD
[NSTALLATION WELL D DATE TIME
LMW - O 2-25-0x
PERFORMED BY WATER LEVEL TOTAL DEPTH
INITIAL T FINAL_ | TNITIAL FINAL 7
I'4
3.35° 1-te [o-70
DEVELOPMENT METHOD SURGE TECHNIQUE
Done Ler
FIELD MEASUREMENTS
. Cum. Volume Water Quality
Time (gal) Temp | pH | Cond | Turbidity Comments

6800 lodt g\ £§5 %5\ > V- Hogh | Grey wate
oM 1Stgay |55 (%30St v High | Grey water

ogal do i 559|532 | 799 1. High Grey wrateC
o¥35 25kal 52.5 |8-14 _|7199%¢ | V.- High Gy ycher
bEUS 3ogat 574 [g19 |> @0 Bl | Gorey water
o¥s57 353 £5¢B|& 3\ |>M8m Hz{‘r‘" Gurey waker

TOTAL VOLUME COMMENTS

REMOVED

33 a\
DEVELOPMENT TIME
57 mirudes

F-103



MSOP NO. 8.1
REVISION NO. 0

October 2001
MONITORING WELL DEVELOPMENT RECORD
INSTALLATION WELL ID DATE TIME
LMmuw - 3 3-15-02 o500
PERFORMED BY WATERLEVEL TOTAL DEPTH
INITIAL FINAL | INITIAL FINAL
]
- H.o4 1.8 |
DEVELOPMENT METHOD SURGE TECHNIQUE
bend Ra( Bailee.
IELD MEASUREMENTS
. Cum. Volume Water Quality
Time (gaD) Temp | pH | Cond | Turbidity Comments
| &Fos” 5 56.5 §50[>UmM V. Wiw | Zony
096 | /o 58. |85 Primy| oo |\ Bl -Em
0821 /5 s8.g 18 % HAms| co- K"~ &
_dg]?" 28 57—¢ g-sr W% 2o C/.u..r -, 210;.
| 93¢ 2 32 BT b1l fowr | Olgo -9 Sony
BYZ 30 Y. 4§ g - eon . SL Qe
085> M s8. 7 ¢%2 PR | - Clear: - S( Gre
TOTAL VOLUME COMMENTS
REMOVED 3% aa\
53 mia.
DEVELOPMENT TIME

F-103




MSOP NO. 8.1

REVISION NO. 0
October 2001
MONITORING WELL DEVELOPVMIENT RECORD
INSTALLATION WELL (D DATE TIME
LMw - oY 3er/on
PERFORMED BY WATER LEVEL TOTAL DEPTH
INITIAL FINAL | INITIAL FINAL
, TocC
3.778 3-77 {[-o} /.83 Goc )
DEVELOPMENT METHOD SURGE TECHNIQUE =
FIELD MEASUREMENTS
3‘/ % Rﬂ[ [-((m.:]
- Cum. Volume Water Quality
Time (gl Temp | pH | Cond | Turbidity Comments
0900 jdf
0312 5 551 |23 21wl ) olsl | pecky Groy
09 /4 /2 5.3 |27 brom| « ’ ar
g$ad /5= 38.3 |B.YE rrifR| ~ -
2 57.2 | 2% byy.op| Md. {- &
@732 2 53y 127 bl o e
(7735 | =29 &S BV 35%| tuow Clovly (lirmy )
22 ad- 2 36 4 ¥ z 67:57
tns%e <) L8 |33 |k.8y a
TOTAL VOLUME COMMENTS
REMOVED 0 g-l
Hemin,
DEVELOPMENT TIME

F-103




MSOP NO. 8.1
REVISION NO. 0

Qctober 2001
MONITORING WELL DEVELOPMENT RECORD
INSTALLATION WELL ID DATE TIME
LMW -0& 3.25-0% |0do3
PERFORMED BY WATER LEVEL TOTAL DEPTH
INITIAL  Toc FIN INTTIAL FINAL  Jac
'
3%8F  |7.90 - 7
DEVELOPMENT METHOD SURGE TECHNIQUE .
Bailer Bailer

FIELD MEASUREMENTS 63 o

34% Hamidivy

O~ mph wad Lrom the Morth

Cum. Volume

Water Quality

Time (ga) Temp | pH | Cond | Turbidity Comments
090k Fqal  |pog | 534719989 ylah | DK Grey
0930 | [33al 59.9 |5:30 |>HM mliah | & Grey
043 o [S’E‘q,\ Y] > 195 Moﬁrlﬂ'k G.rey
o739 22 god _|€1.8 18,37 (7/2,97! Nod-fiyk Grrey
ot | A¢ Fgf,;_ 2:3 1 |>108| Mel-Mg ~ Gorers
o752 3 (03-941 5371990 Mod-Bith| Crey

loco 35 623827 |>109M p) | erey
TOTAL VOLUME COMMENTS
REMOVED 3§32/
5S4 min.
DEVELOPMENT TIME

F-105




TD = .94 Toc Lo 6. I A+r HrO
Column Veluwe .34 ad MSOP NO 8.1
REVISION NO. 0
October 2001
MONITORING WELL DEVELOPMENT RECORD
[INSTALLATION WELL [D DATE TIME
LMmuw -006
PERFORMED BY WATER LEVEL TOTAL DEPTH
INITTAL "roc, FTNAIJ:L INITIAL & FINAL 7"5 <
> 3.4% w-g4’ [(.%3
DEVELOPMENT METHOD SURGE TECHNIQUE
FIELD MEASUREMENTS
. Cum. Volume Water Quality
Time (gal) Temp | pH | Cond | Turbidity Comments
oIS S 65.S |9 8.5[>A i DK Crey
LD /8 /ogg{ 5.1 2.9812M, #@A 2’(61‘6)/
(0 21 (O ga) 169.0\8.07 /%999 High Grey
(032 22 9ef 628 8.3 |2/9av| MWogh | LICrey
o 43 25 9o 68.9 1852 F19awt] Mad bit Gy,
04 30g0¢ €29 2/9.997| m od LT &voy
055 . 8 8.2 272.99% mg_‘{ L-P"Grv%
|
)
4
TOTAL VOLUME COMMENTS
REMOVED 35~ 4-~l
Ho wmpn
DEVELOPMENT TIME

F-103




TH 1L.¥ ~ Tt
MSOP NO. 8.1
REVISION NO. 0
October 2001
MONITORING WELL DEVELOPMENT RECORD
INSTALLATION WELL ID DATE TIME
Lnw-7 744
PERFORMED BY WATER LEVEL TOTAL DEPTH
INITIAL Tee FINAL | INITIAL :ruc_ FINAL
| 299 4.1 L. gt In-s2"
DEVELOPMENT METHOD SURGE TECHNIQUE
FIELD MEASUREMENTS
. Cum. Volume Water Quality
Time (gal) Temp | pH | Cond | Turbidity Comuments
Ll:/8 qg‘:/ Jjé R27\7vv22| mad Aoy
1126 Eanl  [o¥ [5-3L[>AM spdtigl  Di'Cray
U 30 L0_gef |7/.9 838|100 | DK Giray
[l 52 125 2ol (675 |87 |22 M%_A_ e
1206 L5 _gad b 22 A rei 2
£2:4% (15 gaf 12153 .92 e | ; Li-Crree
{1224 20 g¢¢f 25 1207 resrs Fre are/u-
_I..L_lf__ y7874 .55 ailurd £
{2 ¥« 30 _gof 1723 |B.32 bpan tlovre
WV XS 2.5 \8.90 | >0 | oo

TOTAL VOLUME
REMOVED 3s5gal

| Hr \{D 7NN
DEVELOPMENT TIME

AL+er o 25 gallons
wnch Prgg per.

COMMENTS cu:mbbn{ e m (S A S thwsll

~Sturied Ve ckwta e

F-103



| .90 TD TocC
MSOP NO. 8.1
REVISION NO. 0
October 2001
MONITORING WELL DEVELOPMENT RECORD
INSTALLATION WELL (D DATE TIME
L - 3/13’ oz Vo 2
PERFORMED BY WATER LEVEL ;S TOTAL DEPTH
INTTIAL Foc | FINAL | INITIAL ) FINAL
.07 407 | W0 Toc | 1187
DEVELOPMENT METHOD SURGE TECHNIQUE
FIELD MEASUREMENTS
. Cum. Volume Water Quality :
Time {gal) Temp ] pH | Cond | Turbidity Comments
088 \Ztead 1o (g B0 Aol | Hocky -Gia
1053 5 03 el budy = e
//a i /e —@L f‘,‘ g‘qq’ .r ' ’
Jre 9 ¢ lopg |22 Lrped s W
1S~ ) 37 |8 Veax [ * 0 e
ez 25 SLY | P 472 AL | oud, “Grey
Vi 30 21 1826 qor (G «»é\' A
{3 ( 3™ L2, | €% |[4.2} - Grey
TOTAL VOLUME COMMENTS
REMOVED 35731 ,
Lf ‘gn\'mwles o
DEVELOPMENT TIME

F-103
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MSOP NO. 8.1
REVISION NO. 0
October 2001
MONITORING WELL DEVELOPMENT RECORD
INSTALLATION WELL [D DATE [ TIME
LM Ld - q /o5 &
PERFORMED BY WATER LEVEL TOTAL DEPTH
INTTIAL FINAL | INITIAL  Toc |FINAL
4oa  |402 | nav LYo
DEVELOPMENT METHOD SURGE TECHNIQUE
ga‘{t r— &t.(*_'l.
FIELD MEASUREMENTS '
. Cum. Volume Water Quality
Time (gal) Temp ] pH_ ] Cond | Turbidity Commens
/000
oo S4a / ]{rq 7 5;‘ BIB | Med _CM '@fwf
1022 pgar 598 U2 Drao| - | Cwad, 63
Joq 15 523 8% wpee| - ’ my
.- N3 ze 24 2% |/9.¢0 Gy
(027 &) SA(p &;3' yi Lol Cleen, Li&%
/028 S0 599 {728 |« ¥ Lleen Srag
(032 35~ 59.72 | 223 Ly Clear -Graq.
TOTAL VOLUME COMMENTS
REMOVED 35l
IA A
DEVELOPMENT TIME




APPENDIX E

MONITORING WELL SURVEY



PLAT OF SURVEY SHOWING MONITORING WELL LOCATIONS AT THE
LANCE MISSILE IMPACT SITE WITHIN THE WHITE SANDS
NATIONAL MONUMENT NEAR LAKE LUCERO,

DONA ANA COUNTY, NEW MEXICO

MAY 15, 2002
NOTES WELL ELEVATION
1. ELEVATIONS BASED ON A DMA WSMR NO. RIM CAP
MGNUMENT LABELED T 311
2. RIM ELEVATIONS LISTED REPRESENT @ LMW-03 8§ gggggg gggg'};‘i
THE RIM OF THE WELL CASING. : :
3. CAP ELEVATIONS LISTED REPRESENT 04 | 3894.72 3892.68
BRASS CAPS FOUND BY EACH WELL. 05 | 3894.80 3893.00
4. @ INDICATES MONITORING WELL 8‘73 ggg:g; ?5%9922-582
5, ES.E_;IL?J{ONS REPORTED IN THE NAVDSS 08 | 389503 3897 89
@ LMW—02 09 3894.98 3892.97
@ LMW—-04 LATITUDES /LONGITUDES FOR THE BRASS CAPS
WELL
LMW=05 @ NO. LATITUDE LONGITUDE
Z T \ 02 32'44'44,90084"N 106°23'55.91761"W
/ 03 32°44'45.22757"N 106°23'56.32676"W
{ IMPACT \ 04 32°44'44.75731"N 106°23'56.33752"W
Mw-06 @ CRATER 05 | 32'44'44.65130"N | 10623'56.59233"W
\ 06 32°44'44.41342"N 106'23'56.63513"W
N — 7 07 32°44'44,20582"N 106°23'56.51504"W
08 32°44'44.12466"N 106°23'56.24967"W
09 32°44'44.21190"N | 106°23'56.00265"W
tuw-07 @ @ Lmw-o0s
LATITUDE/LONGITUDE EQUATION FOR T 3l1
SCALE LATITUDE LONGITUDE
1" = 30' RECORD | 32°45'10.24042"N | 106°27'47.96810"W
529 FIELD 32'45'10.29231"N 106°27'47.82328"W

I certity, as a licensed surveyor in
the State of New Mexico, that this
plat meets or exceeds the standards

for h& suyveys in Mew Mexico.
é%m (%%
ERALD ¢ NOHUE P.LS. 81%

Donohue land Surveys

3010 Bowman Avenue
P.0. Box 40

Mesilla Park, N.M. 88047
1-505~-523-1114




APPENDIX F

FIELD LITHOLOGIC LOGS



MSOP NO. 1.2
REVISION NO. 0

October 2001
DIVISION INSTALLATION HOLE No. SHEET No.
DRILLING LOG Mw-1 1 o}
1 PROJECT "7 17 DATUM FOR ELEVATION SHOWN [TBM or MSL)
Lanece  Symu 168
2 LOCATION {Coordinates or Station) 12 MANUFACTURER'S DESIGNATION OF ORILL
WSNM
3. DRILLING AGENCY 13. TOTAL No. OF D YEN SAMPLES TAKEN DISTURBED UNDISTURBED
« HOLE No. (As shawn on Orawing btle and Rle numder) 1. TOTAL NUMBER CORE BOXES
LMw=~-1 (Mcm-‘br\nq Ul\\\
5. NAME OF DRLLER 15. ELEVATION GROUND WATER
Layne GeocanstruCtion
. DRECTION OF HOLE B 16. DATE HOLE STARTED COMPLETED
7 THCKNESS OF OVERBURDEN 17, ELEVATION TOF OF HOLE
3. DEPTH DRALED INTO ROCK

18. TOTAL CORE RECOVERY FOR BORING

9. TOTAL DEPTH OF HOLE

12.5"

10. SIZE AND TYPE OF BIT

1"

9. S’GNA%F MSPQC::Z;

ELEVATION OEPTH LEGEND

ST

CLASSIFICATION OF MATERIALS % CORE REMARKS
a » c tgescription) RECOVERY SAMPLE {Orilfing time, water Wss. depih of
O [ e NUN'GER mn:iqmm
] G-YPoawm Y Yubt ¥ on Surfive - 2-3" 4lal =
- mottled gy ,lofecx, Lith, fe -
— wd n
- white ﬁm Sand :Ql“" C,.Ilededsw -
5 ] Sabuated fiom 3.5'— iﬂ o 270 1538 —
] ~moktiad foleal— Orfan Pwtertal} | . L
- ~ Cola Saelled putrid  — [framSof- 20" - L;‘;.,z Is ﬁ“ Satun
—] o ttied arer, blﬂk, 7 W
:/ e e b Wl T - c.,,?f‘..x -
10— 1S~ ILE ~ 374" -Satrnied Zpnce Samplas —
E 12.0412.8° Sokd AYSNiae SWB tede - Cine fi-coo -
- S G700 [Ralt e (7) [Comardnd | — 4K bIIR 'bf‘i“'}b_‘fffﬁr "}.ff:;l.w
7 - atusuted
e - A\r&‘tf 61-“‘\(—_. _\\
7] ABAV\D“V\ L\.Dlﬁ_ T
20 — —
] , [~
_ : -




MSOP NO. 1.2
REVISION NO. 0

October 2001
DWISION INSTALLATION HOLE Mo, SHEET No.
DRILLING LOG LMU-)'& | o
T PROJECT 11 DATUM FOR ELEVATION SHOWN (TBM or MSL)
b Lauw.-e Torvpac - ~
2 LGCATION (Coordinates or Siation) v 12, MANUFACTURER'S DESIGNATION OF DRILL
7 DRILLING AGENCY 13, TOTAL Mo. OF OVERDURDEN SAMPLES TAKEN DISTURBED UNDISTURBED
“-HOLE Mo, (As shown on drawing tii and Re numben 14 TOTAL NUMBER CORE BOXES
(M- X ~ Monitorim Wwell
5. NAME OF DRT_LER N 15, ELEVATION GROUND WATER
L‘\\{ ne Geolondnatiion

€ DRECTION OF MOLE 16 DATE HOLE STARTED COMPLETED

mv.nu [T wckoms_____ Oegrees tom vemcat 3’&[-0& 090717 ’ ’MS"
7 THICKNESS OF OVERBURDEN 17, ELEVATION TOP OF HOLE -

8. DEPTH DRILLED INTO ROCK

18. TOTAL CORE RECOVERY FOR BORING

C

{deacrgaion)

¥. TOTAL DEPTH OF HOLE 10. SIZE AND TVPE OF BIT 19. SIGNATUI TOR
L 1] . i
b N : .
ELEVATION ! DEPTH LEGEND CLASSIFICATION OF MATERIALS % CORE OoR M
2 o c

{Oriling time. waley Y088, dapty of
weahering, etc., if significent)
1]

L\

Motila d

ll!)hlll'llllllllL
==

[}
|

&

.||}:1H||IHIL

20 -

ey y e bteern Log%e
arpsam Sand ¢ Sil4
Saturated ..// waler - f4cd $m+

i Compack arpsun G0 R0
X—tals
200 blsw (ounts

v 1 e

Ll sa

T o' 1"

O 926- Chanm,
S-mfﬂt Collec e
vyoC - 0.©
LEL -©O
Has -0

1815 - (lemien
S%fl,e Colla

d
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MSOP NO. 1.2
REVISION NO. 0

October 2001
DIVISION INSTALLATION HOLE Na. "SHEET No.
DRILLING LOG LMW-03 Lo
1 PROJECT

SWMO \bf  Lance ;M!qd

11 DATUM FOR ELEVATION SHOWN (TBM or MSL}

2. LOCATION (Coordinates or Station)

12. MANUFACTURER'S DESIGNATION OF DRILL

o.

tdescription} RECQVERY
d e

SAMPLE
NUMBER
L}

3 ORILLING AGENCY 13. TOTAL No. OF OVERBURDEN SAMPLES TAKEN OISTURBED UNDISTURBED
4. HOLE No. (As shown on drawing title: ang We aumber) 14. TOTAL NUMBER CORE BOXES
LMw-03
5. NAME OF DRILER 15 ELEVATION GROUND WATER
~

Layne Geocconstruction
8. IRECTION OF NOLE - 18 DATE HOLE STARTED COMPLETED

&vm‘a 1 octnen Degroes tom Vertical 3”99"“ ’Doo ,qu
7 THICKNESS OF QVERBURDEN V7. ELEVATION TOP OF HOLE
3. DEPTH DRILLED INTO ROGK 18. TOTAL CORE RECOVERY FOR BORING
. TOTAL OEPTH OF HOLE “ 10, SIZE AND TYPE OF BIT 19. SIGNAT INSPECTOR )

]
9 T, \
ELEVA TION DEPTH LEGEND CLASSIFICATION OF MATERIALS  CORE X OR

REMARKS
(Orifing tene, »ows s, depth of
weahering. etr-., i sigaificent)
]

n

Illillllllllll llllll!ll ilIHlIIHIIIHIII[L

[$]

motled grey - 3anly siity
J1esem - et
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MSOP NO. 1.2
REVISION NO. 0
October 2001

OIVISION

INSTALLATION

HOLE No.

SHEET No.

DRILLING LOG LMW -0 } o I
\ PROJECT T ST T T T Bt DATUM FOR ELEVATION SHOWN {TBM o MSL)

Swav 1L mMV-oy
2. LOCATION (Coordinates ar Station) 12. MANUFACTURER'S DESIGNATION OF GRii L
3. DRRLING AGENCY 13. TOTAL No. OF OVERBURDEN SAMPLES TAKEN DISTURBED UNDISTURBED
T TOLE No. 1As Shown an drawing 58 and T9e mumbes) “~7"1T4. TOTAL NUMBER CORE BOXES

. -
L MW-0Y4 Mowstoring Well

S. NAME OF ORT.LER < 15. ELEVATION GROUND WATER

Lottt Cevcs w S recFRe 1
. IRECTION OF HOLE 16. DATE NOLE STARTED COMPLETED

mvm L] ctinea Oegrees Fom Venical WL RN o1SS 015-6
7 THHCKNESS OF OVERBURDEN V7. ELEVATION TOP OF HOLE

8. DEPTH ORHLLED INTOD ROCK

18. TOYAL CORE RECOVERY FOR BORING

n

i IIIHL!]IIHIIIH

I

NERE

i

Did nor cottect

T 9'Yy
Well Set@ 095

9. TOTAL OEPTH OF HOLE % 10. SIZE AND TYPE OF B1T 19. SIGNATU! INSPECTOR
ELEVATION DEPTH LEGEND CLASSIFICATION OF MATERIALS % CORE TTHOX OR REMARKS
a b [ (0escription) RECOVERY SAMPLE (Driing time. water 1053, degth of
o - MUMBER wackhoring, et . # sigaifcerny
0 ) s
ND LI"”I\ > Dk‘m.'ax.f
Sam yleo Coille 7

jfl.;‘ 5*(9»4,

~7

I.’-’.’l]IH,HI!'III]['I!II’ fﬂl]flllllil,ll“




MSOP NO. 1.2
REVISION NO. 0
October 2001

DIVISION

DRILLING LOG

WSTALLATION

HOLE No.

LML 0§

SHEET No.

lor(

1 PROJECT

Dle% Lance .Lm/ad‘

11 DATUM FOR ELEVATION SHOWN (TBM or MSL)

2. LOCATION {Coardinates or Siation)

12 MANUFACTURER'S NESIGNATION OF DARL

3. DRILLING AGENCY

13. TOTAL No. OF OVERBURDEN SAMPLES TAKEN

ODISTURBED UNODISTURBED

1. HOLE No. (AS shown 0N drawing tile and W number)

LMW -8~

5. NAME OF DRILLER

14, TOTAL NUMBER CORE BOXES

Lapne (vecopepstructfon

15, ELEVATION GRQUND WATER

8. DIRECTION OF ROLE V8. DATE HOLE SI‘A\RTED COMPLETED
(K vetes (] mcsomt___ oworees vomverca 3-a1-02 | OB | 0SSO
7. MICKNESS OF OVERSURDEN

3/ OSP T ORILLED WITO ROCK

17 ELEVATION TOP OF HOLE

18. TOTAL CORE RECOVERY FOR BORING

9. TOTAL DEPTH OF HOLE

Io'
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MSOP NO. 1.2
REVISION NO. 0
October 2001

DRILLING LOG

1 PROJECT
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INSTALLATION

HOLE No.

Lmw-0p

SHEET No.

Lo}
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L ence S R’,{

1. DATUM FOR ELEVATION SHOWN {TBM or MSL)

2. LOCATION [Coordinates or Station)

12. MANUFACTURER'S OESIGNATION OF DR.L

3. DRILLING AGENCY 13. TOTAL No. OF OVERBUROEN SAMPLES TAKEN DISTURBED UNDISTURBED
4. HOLE No. {As shown on drawing litle and file number) 14. TOTAL NUMBER CORE BOXES
(mw-dl

5. NAME OF DRELER 15, ELEVATION GROUND WATER

LA e
& DIRECTION OF HOLE 16, DATE HOLE STARTED COMPLETED

00 vescs (T mctnes Degrees from Venical 3-A4~-o X 0733% O 29‘
7. TWCKNESS OF OVERBURDEN

17. ELEVATION TOP OF HOLE

8. DEPTH ORALED INTO ROCK

9. TOTAL DEPTH OF HOLE

18. TOTAL CORE RECOVERY FOR BORING

10. SIZE AND TYPE OF BI7
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/] a9
lD . (Y
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MSOP NO. 122
REVISION NO. 0
October 2001

DIVISION

DRILLING LOG

INSTALLATION

HOLE No.

LMwW-07

SHEET No.

[ ]

+ PROVECT

Swmo 6% Lance im{ad"

11 DATUM FOR ELEVATION SHOWN (TOM of M5L}

2 LOCATION {Toondinates or Station)

12. MANUFACTURER'S DESIGNATION 0OF DRH.L

3. BRILUING AGENCY V3, TOTAL No. OF OVERBURDEN SAMPLES TAKEN DISTURBED UNDISTURBED
&, HOLE Na. {As shown on drawing tite and file nunten) 14, TOTAL NUMBER CORE BOXES
Lmw-07

5. MAME OF DRILLER 15, ELEVATION GROUND WATER

Layne GeeConstaction
% ORECTION OF HOLE % DATE HOLE STARTED COMMLETED
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8. DEPTH ORILLED NTO ROCK

18. TOTAL CORE RECQVERY FQR BORING
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MSOP NO. 1.2
REVISION NO. 0
October 2001

THVISION

DRILLING LOG

t PROJECT T

SWMU 1b¥ [Lante _‘cu\lped-

INSTALLATION HOLE No

LMW-D | ||

SHEET No.

17 DATUM FOR ELEVATION SHOWN (TBM of ML)

2. LOCATIDN (Caordinates or Station}

12. MANUFACTURER'S DESIGNATION (% DR

3. DRILUING AGENCY

13. TOTAL No. OF OVERBURDEN SAMPLES TAKEN

OISTURBED UNDISTURBED
4. HOLE No. (As shown on trawing tile and Me mumber) 18 TOTAL NUMBER CORE BOXES
Lamw-08
5. NAME OF DRELLER 15. ELEVATION GROUND WATER
Layne Geocnustraction
8. IRECTION OF HOLE 16 DATE HOLE STARTED COMPLETED
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3-33-03 lolo

[oYo

T THICKNESS OF OVERBURDEN

17. ELEVATION TOP OF HOLE

8. DEPTH DRILLED INTQ ROCK

8. TOTAL CORE RECOVERY FOR BORING
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9. TOTAL DEPTH OF HOLE [ 10. SIZE AND TYPE OF 81T 18 SIGNATURE 0 CTOR
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MSOP NO. t
REVISION NO.

2
0

October 2001

DIVISION

DRILLING LOG

¥ PROJECT

INSTALLATION

HOLE No.

SHEET No.

(MW-09 || ]

swmu 168 Lance —T—mfad-

11 OATUM FOR ELEVATION SHOWN (TEM of MSL)

2. LOCATION {Coardinates or Stalion)

12. MANUF ACTURER'S DESIGNATION OF NAwL

3. DRILLING AGENCY 13. TOTAL No_ OF OVERBURDEN SAMPLES TAKEN DISTURBED UNDISTURBED
4 HOLE No. (A3 Shown 0n drawwng ttie and fle mumber) " { 14, TOTAL NUMBER CORE BOXES
Lmu ~-09
S NAME OF DRILLER 15, ELEVATION GROUND WATER
Leyne Ceoconestackisn
8. IRECTION OF HOLE 18. DATE HOLE STARTED COMPLETED
X venca [ cansa Dsgraes bom Verscat 3-23-02 08(0 Q?}r
7. TMCKNESS OF OVERBURDEN 17. ELEVATION TOP OF HOLE

8. DEPTH DRILLED INTD ROCK
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9. TOTAL DEPTH OF HOLE
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MSOP NO. 1.2
REVISION NO. 0

October 2001
DRILLING LOG DIVISION INSTALLATION HOLE No. "SHEET No,
SB -0 | l oF l
¥ PROJECT . 11 DATUM FOR ELEVATION SHOWN (TBM or MSL)
SWMU 18 LAWCE impect
2 LOCATION (Coartinates or Station) T 12. MANUFACTURER'S DESIGNATION OF DRILL
3. GALLING AGENCY 13 TOTAL No. OF OVERBURDEN SAMPLES TAKEN DISTURBED UNDISTURBED
4. HOLE Ho. [As shown on arawing tite and fie numben) 14, TOTAL NUMBER CORE BOXES
s -ol Sodd Borl‘uo\
$. NAME OF ORILLER ~3 15. ELEVATION GROUNO WATER
B Lﬁ‘lne Goo tons truttion
6. OIRECTION OF HOLE 18. DATE HOLE [svarveo COMPLETED
wvm [T imctnes Degrees fram Vorocat g’al’Ol 10> Ja 58
7. TWCKNESS OF OVERBURDEN 17 ELEVATION TOP OF HOLE
8 DEPTH DRILLED INTO ROCK 18, TOTAL CORE RECOVERY FOR BORING
9. TOTAL DEPTH OF HOLE 10, SIZE AND TYPE OF BIT XS €OF
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ELEVATION DEPTH LEGEND CLASSIFICATION OF MATERIALS . % CORE 80X OR REMARKS
2 b < {pescription) RECOVERY SAMPLE (Driting time. water o33, depth of
0 9 e NUM'BER weathering, u;  tgnificere)
5 = DK Gy - whive | blac, 1215 —Chemital |
- "»N'HDJ AYPSpvn Sand and Saw P4 -
] SiH v crydmis Cotte C
]& Setnnpd /|0 Voc. 2.0 /i,a il =
o (om{:jl' 4) 5o Blow Contts —
— Its T i . -
. 5;5.”_“’/ Jre s a?a?/S’o — W FPrefiset |
-3 ’ - Cnn;gn{-ovl /238 . Ch o [
. and Llth pampre |-
N b Coltlecisd. -
15— 9 " ~-TD yec o.0 - —-
- Hok 0 Down -
] z ke [C
- . t_
Bm-\'w.ik Loq ? L‘X 3 'l?:m.ms -

+ ;‘? butket Lo ntealte (q,l\ezl-s




MSOP NO. 1.2
REVISION NO. 0

October 2001
n TIVISION WSTALLATION TOLE No. "SHEET Mo,
DRILLING LOG Sl 0A bor |
| PROJECT 11 DATUM FOR ELEVATION SHOWN (T8M or MSLJ
~
wMy Dlb¥  Lawce Impect
2. LOCATION (Coordinates or Station) b 12. MANUFACTURER'S DESIGNATION OF DanL
T DRLLING AGENGY 13, TOTAL No. OF OVERBURDEN SAMPLES TAKEN DISTURBED UNDISTURBED
4. HOLE No. (A3 3hown o drawing tite and e mumben 74 TOTAL NUMBER CORE BOXES
Sh-03

S. NAME OF DRILLER 15. ELEVATION GROUND WATER
5. ORECTION OF HOLE 16. DATE HOLE STARTED COMPLETED

m""‘" [ — Dogrees fom Venical 3—9"’02 Im
7. THCKNESS OF OVERBURDEN 17. ELEVATION TOP OF MOLE
. DEPTH DRLED INTO ROCK

18. TOTAL CORE RECOVERY FOR BORING
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MSOP NO. 1.2
REVISION NO. 0

October 2001
DVISION WSTALLATION HOLE No. TSHEETNo, ]
DRILLING LOG 53-—6 S \ or (
1 PROJECT H DATUM FOR ELEVATION SHOWN (TBM or MSL)|
StJmy lb'ot Lawte Jonpact
2. LOCATION (Coanntinates or Stalion) 12. MANUFACTURER'S DESIGNATION OF nRwL
3, DRRLING AGENCY 1J. TOTAL No. OF OVERBURDEN SAMPLES TAKEN DISTURBED UNDISTURBED
4. HOLE No. (As shown on drawing titte and file number) 14, TOTAL NUMBER CORE BOXES
Sg-o3

S. NAME OF DRILLER 15. ELEVATION GROUND WATER

L\\[“,-g GrontmnStVu thion
4. DIRECTION OF HOLE 5. DATE HOLE STARTED COMPLETED

mvm 3 tactnes Degrees From Venica 2-at-o0 '3"‘5— ll,lo
7. THICKNESS OF OVERBURDEN

& DEPTH DRILLED INTO ROCK

17. ELEVATION TOP OF MOLE

18. TOTAL CORE RECOVERY FOR BORING

9. TOTAL DEPTH OF NOLE

Scterate d

6,&9‘( G-y/fw 644;1

4#0( &It

A// l‘[b

Suvul Silt
dvy -

©

HILIIJJ_L'I';Igl L b

&
|

ILIIIHHIHII

Metiled qrey [whive

10. SIZE AND TYPE OF @47 msnwruwe
g' 7" T Dar”
ELEVATION LEGEND CLASSIFICATION OF MATERIALS * CORE REMARKS
a ] c [oescrittion) RECOVERY (Onlbng time. water ks, depth of
a 4 NuuseR weathening, ere., i signiicent)
! 9
g Mo télodd 577 s whitd and

1355 - Chemecal
dcC D/'p Collevted

[ ]

Gt
ystals

Bl
Ao

v/ oy

Mip - Aemuee |
Sample Clethe

hit (2 fasal
@ ﬁ 8[ 7”

Simple Collechel

IIII’IHIIIHI[IlllllIlIlIIIIIHTIIIII[IIIH

-15



MSOP NO. 1
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2
0

October 2001

———

DIVISION

DRILLING LOG

t PROUECT

INETALLATION

SHEET No.

L]

SB -0y

Sumu_ ey Lanee) \mmdr

11 DATUM FOR ELEVATION SHOWN [TBM or M5L)

Z.LOCATION (Coordinates or Siasior)

12. MANUFACTURER'S DESIGNATION OF DRILL

Vericah D Incined Oegrees fom Vanical

3-34-0 | [ISQ

3 DRALING AGENCY 2. TOTAL No. OF OVERBURDEN SAMPLES TAKEN DISTURBED UNDISTURBED
4. HOLE No. (As shown on drawing Slle and fle munber) 14. TOTAL NUMBER CORE BOXES
SR -04
5. NAME OF DR LER 15, ELEVATION GROUND WATER
Layne GooConstau ction
8. DIRECTION OF HOLE 5. DATE HOLE STARTED COMPLETED

I

7. THICKNES S OF OVERDURDEN

17. GLEVATION TOR OF HOLE

8.DEPTH DRILED INTO ROCK
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8. TOTAL CORE RECOVERY FOR BORING

785
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MSOP NQ. 1.2
REVISION NO. 0
October 2001

DVISION INSTALLATION HOLE No. SHEET No.
DRILLING LOG

- Y 6 -0S5~ l oF (
1 PROJECT VI DATUM FOR ELEVATION SHOWN (TBM or MSL)
swmp 163 Lance impect

2. LOCATION (Coondinates o Staiion)

12. MANUFACTURER'S OESIGNATION OF DRIt L

3. DRILLING AGENCY 13. TOTAL Na. OF GVERBURDEN SAMPLES TAKEN OISTURBED UNOISTURBED

4. HOLE No. (As shown on drawing bile and file mumbern)

Sh- 65

5. NAME OF DRILLER

Lafne Ceaonstmthion

6. DIRECTION OF HOLE

14. TOTAL NUMBER CORE BOXES

15. ELEVATION GROUND WATER

18. DATE HOLE STARTED COMPLETED

mvﬂ‘m [ mctned ___ oegrees o vemear 3-'32'02' /ﬂr /5-35‘

7 THICKNESS OF OVERBURDEN 17. ELEVATION TOP OF HOLE

B. DEPTH DRILLED INTO ROCK 8. TOTAL CORE RECOVERY FOR BORING

9. TOTAL DEPTH OF HOLE 10. SIZE AND TYPE OF BT 18, SIGNATURE

TOR
y ’ I .
.
ELEVATION DEPTH LEGEND CLASSIFICATION OF MATERIALS % CORE ROXOR REMARKS
a v c {sescription) RECOVERY SAMPLE {Driing ume, waler loss, depth of
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MSOP NO. 1.2
REVISION NO. 0
October 2001

DRILLING LOG

1. PROJECT

DIVISION

INSTALLATION

SHEET No.

"SR 0% | o

wme (o8

"[FTDATUM FOR ELEVATION SHOWN (TBM or ML)

2. LOCATION {Cnantinales or Skatinn)

12 MANUFACTURER'S DESICNATION OF CANL,

3. ORILLMG AGENCY

13. TOTAL No. OF OVERBURDEN SAMPLES TAKEN DISTURBED

UNDISTURBED

4. HOLE No. [As shown on drawing tithe and ke mumben

Sé-bk Sevl Boring
(6 )

14, TOTAL NUMBER CORE BOXES

5. NAME OF DRILLER

Layne GeoCongtoctisnr

15. ELEVATION GROUND WATER

6. DIRECTIOM OF HOLE

7 THICKNESS OF OVERSURDEN

m Vertcat D ncineg Degrees bom Verical

18. DATE HOLE STARTED COMPLETED

3-2-00 | (Do }JHoo

3. DEPTH DRILLED INTO ROCK

17. ELEVATION TOP OF HOLE

18. TOTAL CORE RECOVERY FOR BORING.

8 TOTAL DEPTH OF HOLE

q‘f'

10 CIZE AND TVEE OF T

10. SICNA’ SPECTOR
" . L4

ELEVATION LEGEND CLASSIFICATION OF MATERIALS % CORE agkor REMARKS
a .0 c {description) RECOVERY SAMPLE {Driing tme, water fos3, depth of
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MSOP NO. 1.2
REVISION NO. 0

October 2001
DIVISION INSTALLATION HOLE No. SHEET Na.

DRILLING LOG SG’Of-’ ] o l
1 PROJECT TV DATUM FOR ELEVATION SHOWN (TBM o MSL)

SWMJ 1S Lauce
2. LOCATION {Coordinates o¢ Station) 12. MANUFACTURER'S (YESIGMATION OF ORILL
3. ORILLING AGENCY 13, TOTAL Na. OF OVERBURDEN SAMPLES TAKEN DISTURBED UNDISTURBED
4. HOLE No. (A5, hown on drawing tithe and fle number) 14, TOTAL NUMBER CORE BOXES

SR-o3F
5. NAME OF DRILLER . t5, ELEVATION GROUND WATER
-~ .
Layne Gedlonst euClhian

5. DIRECTION OF HOLE 18. DATE HOLE STARTED COMPLETED

MBuvetan [ incinea Oegrees om Venica 3-22-02 (150 lé&;h()
7 THICKNESS OF OVERBURDEN 17_ELEVATION TOP OF HOLE i

8. DEFTH DRILLED INTO ROCK

9. TQTAL DEPTH OF HOLE

18. TOTAL CORE RECQVERY FOR BORING.

10. SIZE AND TYPE OF BIT

dry
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REVISION NO. 0

October 2001
GIVISIGN INSTALLATION HOLE No. — SHEET Mo,
DRILLING LOG

SB-08

Lo |

1 PROJECT

Swmy (6%

1 DATUM FOR ELEVATION SHOWN (TBM or MSL)

3. ORLLING AGENCY

2.LOCA TION {Conrdinates or Station)

12. MANUFACTURER'S DESIGNATION OF DRILL

13 TOTAL No, OF GVERBURDEN SAMPLES TAKEN

DISTURBED UNDISTURBED

4. HOLE Na. (As shown on drawing tie and e nurnben

2z DB

14, TOTAL NUMBER CORE BOXES

Layre Gwotonstruckion

15. ELEVATION GROUND WATER

5. DIRECTION OF HOLE

16 OATE HOLE STARTED COMPLETED
m venca [ inctoes Oegrees from Verical 3-22-02- Iuoo Iq‘,s"
7 THICKNESS OF OVERBURDEN 17_ELEVATION TOP OF HOLE

8. DEPTH ORNLLED INTO ROCK

9. TOTAL DEPTH OF HOLE

18. TOTAL CORE RECOVERY FOR BORING

10, SIZE AND TYPE OF BIT

<

19, SIGNA INSP
q [ 4 n L
g \f ¢
d . - i
E\EVATION DEPTH LEGEND CLASSIFICATION OF MATERIALS “% CORE el BOX OR REMARKS
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APPENDIX G

EPA REGION IV RECOMMENDED ECOLOGICAL SCREENING VALUES



Ecological Screening Values WSRC-TR-98-00110

Recommended Ecological Screening Values (mg/kg) for Soil .

Target Target Screening

CONSTITUENT Analyte Com;.)ound Value Source
List List

Inorganics
Aluminum v 50 [2)
Antimoeny v 35 [51
Arsenic v 10 21
Barium v 165 (5]
Beryllium v 1.1 (5]
Boron 0.5 21
Cadmium v 1.6 [51
Chromium 4 0.4 2,3}
Cobalt v 20 [1,2,4)
Copper v 40 51
Iron v 200 [2]
Lanathum 50 2]
Lead v 50 [1,2]
Lithium : 2.0 [2)
Manganese v 100 [2]
Mercury (inorganic) v/ 0.1 [21
Mercury (methyl) v/ 0.67 [5]
Molybdenum : 2.0 2]
Nickel 4 30 [2)
Selenium v 0.81 [5]
Silver v/ 20 2]
Technetivm 0.2 [2]
Thallium 1.0 [2]
Tin 53 [51
Titanium 1,000 [2)
‘lungsten 400 12}
Uranium 50 [2]
Vanadinm v 2.0 [2]
Zinc v 50 2]
Mineral Pollutants
Bromine 10 21
Cyanide, free (total) v 0.9 31
Cyanide, comlex (total) 4 5.0 m
Thiocyanates 2.0 [4]
Fluorene 30 [2)

Surface Water, Sediment, and Soil Page |



Ecological Screening Values WSRC-TR-98-00110

Recommended Ecological Screening Values (mg/kg) for Soil (Continued).

Target Target Screening

CONSTITUENT Analyte  Compound Source
List List Value

Todine 4.0 2]
Sulfur 20 n
Monocyelic Aromatic Hydrocarbons
Benzene v 0.05 4]
Biphenyl 60 2]
Ethylbenzene v 0.05 [1.4]
Toluene v 0.05 [1.4]
Trichloroethylene v 0.001 [41
Xylene Ve 0.05 [1.4]
Total MAH’s 0.1 Mm
Phenolic Compuands
Phenol v 0.05 4]
Chlorophenol, 3- 7.0 2]
Chlorophenols (each) v 0.01 (1
Chlorophenels (total) v 0.01 [
Dichlorophenol, 3,4- 20 2]
Dichlerophenols (toral) 0.003 4]
Dinitrophenol, 2,4- v 20 2]
Monochlorophenols (total) 0.0025 4
Nitrophenol, 4- v 7.0 2]
Pentachlorophenol v 0.002 [4]
Tctrachlorophenol, 2,3,4,5- 20 2]
Tetrachlorophenols (total) 0.001 {41
Trichlerophenol, 2,4,5- v 4.0 [2]
Trichlerophenol, 2,4,6- 10 {21
Trichlorophenols (total) 0.001 4]
Polycychlic Aromatic Hydracarhons
Acenapthene v 20 [2]
Anthracene v 0.1 (n
Benzo(a)pyrene v 0.1 i1)
Cliloronaphthalene v 1.0 [4]
Fluoranthene v 0.1 m
Naphthalene v 0.1 m
Phenanthrene v 0.1 i
Pyrene v 0.1 {1}
Total PAH’s 1.0 [1,4]
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Ecological Screening Values WSRC-TR-98-00110

Recommended Ecological Screening Values (mg/kg) for Soil (Continued).

Target Target Screening

CONSTITUENT Analyte Compound Source
List List Value

Chlorinated Hydrocarbons
Aliphatic chlorinated hydrocarbons (each) 0.1 [1]
Altiphatic chlorinated hydrocarbons (total) 0.1 £}
Carbon tetrachloride v 1,000 2]
Chlorinated hydrocarbons (total) 0.1 m
Chloroacetamide 2.0 2]
Chloroaniline, 3- 20 2]
Chlorobenzene (each) v 0.05 1)}
Chiorobenzene (total) s 0.05 (1
Cis-1,4-dichloro-2-butene 1,000 [2]
Dichloreaniline, 2,4 100 [2]
Dichloroaniline, 3,4 20 2]
Dichlorobenzene 0.0t 4]
Dichloroethane, 1,2- e 04 [4]
Dichioromethane v 20 4]
Dichloropropane, 1,2- 700 21
Hexachlorobenzene 4 0.0025 (L]]
Hexachlorocyclopentadiene v 10 [2]
Nitrobenzene v 40 21
Nitrosodiphenylamine, N- v 20 [2}
Pentachioroaniline 100 [2]
Pcntachlorobenzenc 0.0025 (G
PCBs (total) v 0.02 [4]
Polycyclic chlorinated hydrocarbons (total) 0.1 1]
Tetrachleroaniline, 2,3,5,6- 20 [2]
Tetrachlorobenzene 0.0l [4]
Tetrachlornethene 0.01 4]
Tetrachloromethane 0.001 [4]
Trans-1,4-dichloro-2-butene 1,000 2]
Trichloroaniline, 2,4,5- 20 [2]
Trichlorobenzene v 0.01 {41
Trichloromethane (chloroform) 0.001 {4]
Vinyl chloride v 0.01 4]
Pesticides
Aldrin v 0.0025 [4]
Atrazine 0.00005 4]
DDT/DDE/DDD (total) v 0.0025 [4]
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Ecological Screening Values WSRC-TR-98-00110

Recommended Ecological Screening Values (mg/kg) for Soil (Continued).

Target Target

CONSTITUENT Analyte  Compound Sercening Source
List List Value
Dieldrin v 0.0005 [4]
Endrin , v 0.001 [4]
Carbaryl 05 [4]
Carbofuran 0.2 [41
HCH, a- 0.0025 4]
HCH, b- 0.001 )]
HCH, g- (Lindane) v 0.00005 [4)
Maneb 35 [41
Organochlorinated (each) 0.1 [1}
Organochlorinated (total) 0.1 [11
Total Pesticides 0.1 11
Other Pollutants
Acrylonitrile 1,000 [2]
Catechol 20 [4]
Cresols 0.5 [4]
Cyclohexane 0.1 [
Cyclohexanon 0.1 {41
Diethylphthalate v/ 100 {21
Dimethylphthalate v 200 [2]
Di-n-buty] phthalate v 200 [2)
Ethylene glycol 97 [3]
Furan 600 23
Gasoline 20 n
Hydrochinon 1.0 [43
Mineral Oils 50 {4}
Phthalates (total) 0.1 4]
Pyridine 01 [1,4}
Resorcinol 1.0 4
Styrene v 0.1 [1, 4]
Tetrahydrofuran 0.1 1.4
Tetrahydrothiophene 0.1 (1,4]

From: Friday, G. P. November 1998. Ecological Screening Values for Surface Water, Sediment, and Soil.

Westinghouse Savannah River Company, Savannah River Technology Center, (WSRC-TR-98-00110), Aik-
en, SC 29808.

Source:

[1]Beyer (1950).

[2]0ak Ridge National Laboratory (Efroymson et al. 1997a,b).
[3]JCCME (1997).

[4IMinistry of Housing, Spatial Planning and Environment (1994).
[5]Crommentuijn et al. (1997).
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