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FINAL PRELIMINARY ASSESSMENT REPORT
FORMER WALKER AIR FORCE BAS E

ATLAS "F" MISSILE SILO 9
LINCOLN COUNTY, NEW MEXICO

PROPERTY NO. K06NM0487

1 .0 INTRODUCTION

On July 16, 2004, HydroGeoLogic, Inc . (HGL) received Purchase Order No . 42236 QP from
Shaw Environmental, Inc. (Shaw) to conduct a preliminary assessment (PA) for the former
Walker Air Force Base (WAFB) Atlas "F" Missile Silo 9 (site) under the authority of the
Comprehensive Environmental Response, Compensation and Liability Act, as amended by the
Superfund Amendments and Reauthorization Act of 1986 . This work is being conducted on
behalf of the U.S. Army Corps of Engineers (USACE), Albuquerque District . The site is located
in the eastern portion of Lincoln County, New Mexico, and has been assigned Formerly Used
Defense Site (FUDS) Property Identification Number K06NM0487 (Figure 1) . The site is
located in New Mexico's 2' Congressional District .

This PA was conducted in accordance with U .S . Environmental Protection Agency (EPA)
Guidance Document EPA/540/G-91/013 to determine if an immediate or potential threat to
human health and the environment exists as a result of Department of Defense (DOD) activities
at the site and to determine if further action is warranted . The scope of work included
performing a review of the DOD activities within the 500-foot by 500-foot alert area of the silo
property (area of interest or AOI), identifying potential restoration projects to be accomplished
under the Defense Environmental Restoration Program (DERP)-FUDS program, and identifying
post-DOD activities at the site . Tasks performed in conducting this PA included : on-site and off-
site reconnaissance, archival and regulatory research; interviews ; title research; aerial
photographic analysis ; and comprehensive pathway and target research.

In 1990, the USACE made an evaluation of potential projects at the site . As part of this scope of
work, HGL was tasked to identify any other potential projects not previously identified by the
USACE based on the analysis of material obtained through the PA. The types of projects to be
evaluated include : Hazardous, Toxic, and Radioactive Waste (HTRW), Containerized/HTRW
(CON/HTRW), Military Munitions Response Program (MMRP), Building Demolition and
Debris Removal (BD/DR), and Potentially Responsible Party (PRP) .

Section 2 .0 below describes the site location and physical characteristics , explains the DOD's
activities at the site, and identifies the post-DOD owner . Section 3 provides details on the
pathways of concern and potential targets . Projects are addressed in Sections 4, 5, 6, 7, and 8 for
HTRW and CON/HTRW, MMRP, Petroleum Storage Tank (CON/HTRW), BD/DR, and PRP,
respectively . Section 9 contains a summary of findings from the PA . Appendices A through D
are HGL's field logbook, photograph log, historical aerial photograph analysis report, and
references, respectively . Appendix D appears as a separate volume .
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Final Preliminary Assessment Report-Former WAFB Atlas "F" Missile Silo 9, Property No . K06NM048 7

2.0 SITE DESCRIPTION AND OPERATIONAL HISTOR Y

2.1 SITE LOCATION

The site consists of 333.28 acres in eastern Lincoln County, New Mexico and is located in
Township 11 South, Range 19 East, Sections 14 and 15 (Ref 1, pp . 9, 14). The geographical
coordinates for the AOI are approximately E 326,939 and N 857,318 (Ref 2, p . 31) . The site is
located 30 miles west of Roswell, New Mexico along U .S . Highway 380 and sits at an elevation
of approximately 5,135 feet above mean sea level (amsl) (Ref 3, p . 2 ; Ref. 4) . The land adjacent
to the site is used for cattle ranching .

The regional climate for the site is mild . From March 1980 to September 2004, the average total
annual precipitation in the region was 15 .8 inches, with most of the precipitation occurring in
May through October . The average total annual snowfall for the same period is 15 .4 inches, with
most of the snowfall occurring November through February . June, July, and August are the
hottest months with average daily high temperatures of 88 degrees Fahrenheit (° F) . December,
January, and February are the coldest months with temperatures ranging from an average daily
low of 24° F to 27° F (Ref. 5) .

2.2 SITE DESCRIPTION

The DOD acquired the site property in 1960 through the following means : 5.48 acres were
acquired in fee simple by condemnation, 234 acres were withdrawn from the public domain by
Public Land Order 2749, and 93 .80 acres were acquired through easements . The site was 1 of 12
locations purchased by the DOD in the vicinity of WAFB to construct an Atlas "F" missile
launching facility (Ref 1, p . 14) .

A joint venture consisting of Macco Corporation, Raymond International, Inc ., The Kaiser Co.,
and Puget Sound Bridge and Dry Dock Co . was awarded the contract to build the missile
launching facilities (Ref 6, p . 20) . Construction on the site began in June 1960 and was
completed on October 30, 1961 (Ref 6, pp . 20, 42) . Features constructed at the site included an
underground missile silo (silo) and launch control center (LCC), water wells, water treatment
building, two Quonset huts, septic system, and underground storage tanks for fuel and water
(Ref. 1, p. 14) . All of these features are within the AOI except the Quonset huts .

On May 16, 1964, the DOD announced that the Atlas "F" missile program was to be phased-out,
and on February 4, 1965 the last Atlas "F" missile was removed from alert readiness (Ref 7, p .
10) . On July 2, 1965, the site was declared excess to the General Services Administration (GSA)
(Ref. 8, p. 2) . On March 18, 1968, GSA conveyed by quitclaim deed the 5 .48 acres fee simple
and 41 .09 acres of the public domain land to Bonham Farms, Inc . (Ref 1, pp. 9-14). On January
3, 1967, the remaining 192 .91 acres of public domain were relinquished to the Bureau of Land
Management by Public Land Order 4137 . On July 1, 1966, the remaining easements expired
following non-use for a period exceeding one year as stipulated in the acquisition documents
(Ref 1, pp. 9, 14) . Bonham Farms, Inc. is the current owner of the AOI .

2



Final Preliminary Assessment Report-Former WAFB Atlas "F" Missile Silo 9, Proper ty No. K06NM048 7

2.3 SITE PHYSICAL CHARACTERISTIC S

The silo complex consisted of above and belowground structures within the AOI . Figure 2
depicts the typical surface and underground features of a silo complex, and Figure 3 illustrates
the layout of the underground silo complex . Typical aboveground features included : two silo
doors, silo air intake, silo air exhaust, fill and vent shaft, silo sump discharge, the LCC entrance,
LCC sewer vent, LCC air exhaust, LCC escape hatch, LCC air intake, tile field for LCC sump,
three communication boxes, two blast detection optical sensors, collimator site tube opening,
RP-1 fuel manual shut off valve, dirty lube oil drain line, clean oil fill line, and horizontal crib
locks. Fill stubs and vents were located above the ground for gaseous nitrogen (GN2), liquid
nitrogen (LN2), liquid oxygen (L02), helium, and RP-1 (Ref . 9, pp. 3-7) .

The AOI also contained a water treatment building, a cooling water tower for the diesel
generators, a raw water storage tank, and a processed water storage tank . The water treatment
building contained two water wells and pumps, and demineralization, filtration, and softening
equipment (Ref. 9, pp. 3-7; Ref. 7, p . 2) . Figure 4 depicts the layout of the site .

Wastewater from the LCC sump was pumped to a septic tank and leachfield located southwest of
the silo (Ref. 6, p. 60; Ref. 9, p. 17 ; Ref. 2, p. 16). Wastewater from the sump at the bottom of
the silo was pumped to the surface and disposed of through a 6-inch pipe into a drainage ditch .
The outfall for the silo sump was located directly south of the silo (Ref. 6, p. 60; Ref. 9, pp. 3, 7 ;

Ref. 2, p . 16) .

Belowground features within the AOI included: the LCC ; the missile silo ; a 15,300-gallon diesel
underground storage tank (UST) and a 15,000-gallon catchment tank, both typically residing east
of the silo; and four utility water tanks with a 91,000-gallon combined capacity (Ref. 9, pp. 3-7) .
An Atlas "F" missile and the launch platform (LP) for the missile resided within the silo .
Descriptions of the LCC, silo, LP, and missile are detailed below along with associated
equipment and/or components .

The LCC was approximately 27 feet in height and 40 feet in diameter (Ref. 10, p. 17) . Entrance
into the LCC was through a stairway that began at ground level . The stairway shaft contained an
entrapment area, two blast doors, connecting tunnel, a stairwell to the LCC levels and a utility
tunnel that connected the LCC to the missile silo (Ref. 9, p . 10) .

The LCC was a suspended , two-story steel structure (Ref 9, p . 10) . The suspension system was
designed to absorb the ground shock of a near nuclear blast through four air cylinder spring
supports (Ref 10, p . 17 ; Ref 11, p . 2). The air cylinder spring supports were attached from the
ceiling of the structure to the first floor level and four level-detecting devices mounted between
the second floor level and the concrete base (Ref. 11, p. 2). The upper floor of the LCC (Level
1) contained the ready room and storage area , j anitor room, latrine and shower room, kitchen and
dining area, heat-vent and air conditioning room , and medical supply room . The lower floor of
the LCC (Level 2) was the work area that contained the missile launch console and associated
equipment . Rooms contained on Level 2 included the launch control room , office, battery room,
and communications and equipment room (Ref 9, p . 10) . Figure 5 provides an illustration of the
monitoring, electrical, and launch equipment installed on Level 2 of the LCC (Ref 11, p. 3) .
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Outside the stairwell entrance to the lower level of the LCC was a utility tunnel that connected to
the missile silo. The tunnel was approximately 54 feet in length and 8 feet in diameter and
provided personnel access to the silo and also served as a conduit for electrical and
communications cabling (Ref. 10, p . 10) .

The silo, which housed the missile and most of the equipment needed for its maintenance and
launching, was a concrete cylindrical hole 52 feet in diameter and approximately 174 feet in
depth (Ref. 10, p. 10; Ref. 12, p. 3) . The concrete walls of the silo were 2 feet, 6 inches thick up
to 55 feet below ground surface (bgs), at which point the thickness flared out to a total thickness
of 9 feet (Ref. 13, p. 2) . In the silo roof, which is flush with ground level, was a square opening
sealed by two blast-resistant silo doors (Ref. 10, p . 13). The missile was installed, raised, and
lowered into the silo through these doors via the LP.

Inside the silo was an octagonal structural steel crib . The crib was suspended from the silo walls
on spring-loaded shock struts designed to cushion the crib and its contents against the shock of a
near nuclear blast (Figure 6) . Within the crib were two square shafts of different dimensions .
The larger shaft was for the LP . The smaller shaft contained a utility elevator (Ref. 10, p . 13) .

The crib contained eight levels which housed the equipment necessary to launch the missile and
maintain the missile support systems, which included heating, ventilation, and air conditioning
equipment (Ref. 12, p . 3) . Figures 7 to 14 layout the configuration of each silo level and also list
the equipment on each level . Additional information on specific equipment listed in the figures
is provided below by silo level .

Silo Level 1 : contained a 345-gallon demineralized water tank (Ref. 9, p . 21) .

Silo Level 2 : contained a hydraulic pump and 275-gallon hydraulic oil reservoir unit, a 30 KVA
transformer, and eight accumulators and five GN2 bottles mounted in a support rack (Ref. 9, p .
25-26; Ref. 14, pp . 2-3) .

Silo Level 3 : had a 30 KVA transformer, a transformer rectifier, an MD-2 motor generator, and
an emergency missile power battery backup unit that consisted of 21 nickel-cadmium alkaline
cells (Ref. 9, pp. 33-34) .

Silo Level 5 : contained a 348-gallon dirty lube oil tank, a 348-gallon clean lube oil tank, and a
665-gallon diesel fuel storage tank. The diesel fuel storage tank was kept full through a
continuous topping process from the 15,300-gallon diesel UST. A model 40, heavy duty,
vertical, multi-cylinder, solid injection full diesel generator was supplied fuel and oil from this
equipment. The dirty lube oil from the diesel generator was pumped into the dirty lube oil tank
(Ref. 9, p . 3 8) .

Silo Level 6: contained a model 40, heavy duty, vertical, multi-cylinder, solid injection full
diesel generator and a dirty lube oil pump . The dirty lube oil pump transferred dirty lube oil
from the diesel generators on Levels 5 and 6 to the dirty lube oil tank on Level 5, and from there
it was transferred to the top of the silo through a drain line when the tank was pumped-out. The
pump had a capacity of 20 gallons per minute (Ref . 9, pp. 4, 42) .



Final Preliminary Assessment Report-Former WAFB Atlas "F" Missile Silo 9, Property No. K06NM048 7

Silo Level 7 : contained components for the propellant loading system and vapor detection
equipment (Ref. 9, pp. 47-49) .

Silo Level 8 : contained a fuel loading prefab unit with a storage capacity of 630-gallon for RP-1,
two 1,870-gallon tanks used to store high pressure helium, a 4,000-gallon LN2 storage tank, a
3,600-gallon LO2 topping tank, a 23,000-gallon LO2 storage tank, three 13,000-gallon combined
GN2 storage tanks . The level also contained an evaporator tank for any overflow of GN2 and
LN2 from the LN2/helium shrouds during countdown (Ref. 9, pp. 52-55 ; Ref. 12, p . 8) .

Beneath Level 8 at the bo ttom of the silo was the sump level, which contained a sump with two
explosion-proof submersion 7 .5-horsepower pumps with a capacity of 100 gallons per minute .
Liquids that were discharged from the sump were routed up the silo wall through a discharge
line. The discharge line was routed up to Level 2 where the liquids were released through a 6-
inch line into a catch basin outside the silo at grade level (Ref. 9 , p. 7, 57) .

The LP was an open cage-type, four-level elevator on which the missile was lowered into and
raised out of the silo . The platform was 16 feet square and 49 feet high (Ref. 10, p . 15) .

The first level of the LP, which was aboveground when the platform was raised, contained the
missile launcher and flame deflector . The second level held the launcher platform locking
system, which anchored the platform to the silo walls when it was raised and to the crib structure
when it was lowered . The third and fourth levels contained equipment for servicing the missile
while the LP was rising during a countdown (Ref . 10, p. 15-16) . Figure 15 details the equipment
on the LP .

The Atlas "F" missile was 75 feet long, and had a 10-foot diameter that flared to 16 feet at the
nacelles (Ref. 15, p . 2) . The missile could be fitted with one of two different nuclear warheads
(Ref. 7, p. 2) . The main shaft of the missile was made of thousandths of an inch stainless steel,
which was molded into a cylindrical tank structure that had no supporting framework . Rigidity
of the missile was maintained through constant application of pneumatic pressure to the interior
of the two missile propellant tanks . Missile pressure was maintained during transportation and
standby using gaseous nitrogen . When the missile was in flight, helium was used to maintain
pressure (Ref. 15, p. 2) . Electrical, instrumentation, flight control, and guidance equipment were
mounted on the outside of the missile (Ref. 15, p . 4) . Figure 16 illustrates the components of the
missile .

The missile contained a LO2 tank with a capacity of 18,725 gallons, but 18,500 gallons of LO2
was loaded into the tank during launch or propellant loading exercises . The RP-1 tank on the
missile had a capacity of 11,653 gallons, but only 11,200 gallons of RP-1 fuel was stored inside
the tank (Ref. 15, pp. 4-5) .

During a 1990 site visit , the USACE noted that one of three water wells at the site appeared to be
in use, evaporative ponds were well-vegetated , and manholes and two silo vents were open and
collecting water . The entry to the LCC was also open . The USACE noted a depression east of
the silo , which was believed to be the former location of the diesel tank . (Ref. 16, p . 1) .
According to the property owner , the LCC entry had been welded shut , but trespassers and
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vandals have used cutting torches to re-open it . The main silo doors were still closed (Ref. 17, p .
2) .

2.4 SITE OPERATIONAL HISTORY

2.4.1 DOD Operations

The majority of information regarding DOD operations at the missile silos was obtained from
interviews with six former Atlas "F" missile crewmen and maintenance personnel of the 579th
Strategic Missile Squadron (SMS) stationed at WAFB . Formal interviews were conducted with
these individuals regarding their knowledge of operations and maintenance activities in the AOI .
With the exception of one individual, the interviewees were stationed with the 579th SMS during
the entire activation period of the Atlas "F" missile program. It should be noted that the
interviewees referred to the liquid oxygen at the silos as "LOX ." Since the historical site
documents use the acronym L02 for liquid oxygen, L02 will be used instead of LOX for
standardization purposes .

All the interviewees reported to duty in late 1961 or 1962 while the silos were being constructed
(Ref. 18, pp. 4, 9, 12, 16, 18) . The Site Activation Task Force, under the Air Force Systems
Command, was charged with overseeing the construction contractors . The USACE was also
involved in the construction of the silos (Ref. 18, p. 12) . During the construction phase, the
interviewees worked out of the 579th SMS headquarters at WAFB . Several of the interviewees
were sent to missile school where they received instruction on missile operations and the
maintenance of the silos and support equipment (Ref . 18, pp. 9, 12, 18) .

Once the U.S . Air Force (USAF) took custody of the silos, an inventory of the silo equipment
was conducted. The missiles were then transferred to the silos, and the silos went to alert status
(Ref. 18, p . 4) .

The missile crew at each silo consisted of five crewmen . The crew included the Combat Crew
Commander, Deputy Combat Crew Commander (DCCC), Ballistic Missile Analyst Technician
(BMAT), Missile Facility Technician (MFT), and the Electric Power Production Technician
(EPPT) (Ref. 18, pp . 6, 9) . Both Crew Commanders had to have a rank of Captain or higher, and
each wore the launch code for the missile in a sealed, plastic case around their necks . The launch
code changed frequently, even during the course of a shift . Both Crew Commanders also carried
a firearm to protect the launch code (Ref. 18, pp . 6, 12) . In addition, two guards were stationed
on top of the silo at all times (Ref. 18, p . 9) . The missile crew worked a 24-hour shift and had 2-
or 3-day break between shifts . During the course of a shift, crew members conducted about two
or three inspections within the silo . The crewmen would record instrument readings and verify
that the instrument lights in the silo were green, indicating that everything was operational (Ref.
18, p . 16) .

Strategic Air Command required the crewmen to become certified prior to being assigned to a
missile crew. This certification involved performing drills associated with missile operations .
Approximately once a year, the crewmen had to be recertified, which typically involved
conducting propellant loading exercises (Ref. 18, p. 6) . It should be noted that during propellant
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loading exercises, the nuclear warhead was removed from the missile and replaced with a
dummy warhead of the same weight (Ref. 18, p . 10) .

Each silo had a library containing about 10 to 12 feet of books, including technical orders and
prints, referred to as "Tucker Prints," depicting the electrical and plumbing lines throughout the
silo. The maintenance shops in the Missile Assembly and Maintenance Service (MAMS)
building at WAFB also had a library containing similar material (Ref . 18, pp. 10, 18) .

Silo operations relied on diesel generator power during normal operations, but commercial
power was also available. The diesel generators were relied on totally during missile exercises
(Ref. 18, pp. 16, 18) . The silo contained two diesel generators . Diesel fuel was pumped from
the UST into a "day tank" inside the silo . The "day tank" contained a day's worth of diesel to
operate the generators. The generators also had cooling towers at the silos (Ref. 18, pp. 10, 13) .

In addition to diesel fuel, other material stored on-site included LO2, RP-1 fuel, LN2, helium, and
hydraulic fluid . LO2, one of the fuel sources for the missile, was stored in large amounts in an
oxidizing tank inside the silo . The LO2 was loaded into the missile during launch or propellant
loading exercises . After the exercise, the LO2 was vented off the missile into the atmosphere .
RP-1, a high-grade form of kerosene, was stored in a fuel tank on the missile (Ref . 18, pp. 5, 7,
10, 13) . While the LO2 was vented off the missile after an exercise, the RP-1 stayed on the
missile and did not need to be replenished (Ref. 18, pp. 5, 10, 13) .

Other material located in the silo included helium and hydraulic fluid . The hydraulic fluid was
used to operate the silo doors, crib locks, and elevators . Because the hydraulic fluid was under
great pressure, it had to be occasionally refilled due to leaks . A small tank was present inside the
silo to store extra hydraulic fluid (Ref 18, pp . 5, 13) . Two gallons of hydraulic fluid were stored
at the silo for back-up purposes (Ref . 18, p . 5) .

Each interviewee was asked about general solvent use at the silos . The Maintenance Control
Officer, who was responsible for overall maintenance operations at the silos, stated that small
amounts of methyl ethyl ketone (MEK) may have been used at the silos to clean parts and
remove grease . However, he did not believe trichloroethene (TCE) was used in the silos for
maintenance or cleaning operations (Ref 18, p . 5) . Another interviewee, a DCCC, suggested
that TCE may have been used (Ref. 18, p. 13). It is noted, however, that the DCCC did not
oversee or conduct maintenance activities in the silos ; rather, during maintenance operations, the
DCCC remained in the LCC to monitor the support systems (Ref. 18, p. 10) . Other interviewees
did not know of any solvent use on the silo property . One interviewee stated that hydrocarbon
solvents were incompatible with LO2, and the USAF was reluctant to use hydrocarbon solvents
in the silos (Ref 18, pp . 7, 11, 13, 16, 18) .

The maintenance squadron for the 579th SMS, located in the MAMS building at WAFB,
performed the majority of the maintenance at the silo (Ref. 18, pp. 7, 13, 16, 18). Interviewees
stated that the maintenance crew was out at the silo on a daily basis performing scheduled
maintenance or responding to maintenance requests . Scheduled maintenance, which included
tasks such as replacing filters, was performed at the silo every 30, 60, 90, and 120 days, as well
as annually (Ref. 18, pp. 4, 10) .

7



Final Preliminary Assessment Report-Former WAFB Atlas "F" Missile Silo 9, Property No. K06NM048 7

According to historical documents, the maintenance squadron was responsible for the following
maintenance tasks on the missiles and support equipment : pre-launch, daily, and storage
inspections ; routine launch site servicing and preventive maintenance ; removal and replacement
of specific components ; bench maintenance ; assembly of missiles; periodic inspections ; recycle
maintenance; technical order compliance ; and reclamation and repair of components and parts
(Ref. 19, p. 3) . Bench maintenance was performed at the squadron maintenance area, located at
the MAMS building (Ref. 19, p. 6). Maintenance on the weapon system that was beyond the
capability of the maintenance squadron was performed at contractor facilities, "AMAs", or at the
squadron with Air Material Command mobile maintenance teams (Ref 19, p . 7) .1 Depending on
the level of service required, maintenance on the missile and support equipment would be
conducted within the launch complex, WAFB, AMAs, or contractor facilities (Ref . 19, pp. 5-7) .
An interviewee recalled that any maintenance on the Atlas "F" warhead was conducted at WAFB
(Ref 18, p . 16) .

Maintenance activities within the silo generally involved components of the support equipment,
such as vacuum pumps, valves, and motors (Ref 18, pp . 6-7). The Maintenance Control Officer
described typical maintenance issues within the silo as malfunctioning equipment, door problems
and facility problems . He added that much of the maintenance involved "R & R," also known as
"Remove & Replace" (Ref. 18, p . 4). According to two members of the maintenance squadron,
maintenance on the diesel generators occurred on a regular basis because the generators
occasionally dripped fluid and were located above the LO2 tanks . To resolve the potential hazard
of the fluid coming into contact with the LO2, a 4-inch-deep drip pan was placed beneath the
generators (Ref. 18, pp. 4, 18) .

A MFT and another crewman were always in the silo to observe the maintenance crew's
activities (Ref . 18, pp. 7, 10) . According to one Maintenance Squadron personnel, the
maintenance crew strictly adhered to the technical orders when conducting any silo maintenance
or cleaning (Ref 18 , p. 18). Occasionally , maintenance inside the LCC occurred and typically
involved electronic issues (Ref 18, p . 4) .

The missile crew performed minor adjustments to silo equipment during its "walk around ." This
maintenance entailed adjusting equipment to keep the temperature within a certain range, adding
oil to the vacuum pumps, and wiping down equipment (Ref . 18, p . 7). According to historical
documents, the missile crew was responsible for performing preventive maintenance on the
launcher, ground support equipment, facilities, and communications and ground guidance
equipment within the launch enclosure (Ref 19, p . 4) .

The interviewees did not recall if the LO2 lines were flushed while out at the silo ; however, one
of these interviewees recalled that the LO2 had to be replaced once and , as part of that process, a
non-hydrocarbon cleaner was use to clean out the line . The LO2 lines were extremely sanitary
and remained sealed at all times (Ref 18 , pp. 7, 13 ) . A technical manual stated that the clean ing
of components and systems of the Atlas F weapon system was to be conducted in the MAMS
building, and indicated that the propell ant loading system was cleaned with nitrogen gas (Ref
20, pp. 2-5) .

1 Although the referenced document does not define "AMA," the acronym is believed to stand for Air Material
Area .
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Very little material was stored at the silo itself . The maintenance crew brought any necessary
material needed to conduct repairs or perform maintenance checks with them from WAFB (Ref.
18, p. 5). The maintenance squadron was also responsible for supplying diesel fuel and
hydraulic fluid to the silos . A tanker delivered diesel to the silos once a month (Ref. 18, p. 5) .
The crewmen interviewed recalled that spills or leaks in the silos mostly involved hydraulic
fluid, diesel, and occasionally lubricating oil (Ref. 18, pp. 7, 11, 13). Typically, the leaks
involved mostly seepage and did not constitute large spills. If a larger leak of diesel occurred, it
usually resulted from personnel forgetting to turn off the switch when filling the "day tank" on
the generator (Ref. 18, p . 13) .

Water frequently leaked into the silos and collected in the sumps at the bottom of the silos (Ref
18, p . 7) . Hydraulic oil that had leaked would occasionally flow into the sump as well (Ref 18,
p .11) .

The deactivation of the missile silos was conducted in three phases . Phase one included
removing the missile, re-entry vehicle, and classified components, removing mobile equipment
and equipment for reutilization, and disposing of missile propellants and gases . The second
phase included protection and preservation of equipment, removal of organizational material and
equipment, communications-electronics-meteorological equipment, and real property installed
equipment. Phase three consisted of reporting the site as excess to the GSA and providing care
and custody of the sites (Ref 21, p . 2) .

After removal from the sites, the missiles were transported to Norton Air Force Base and stored
near Mira Loma (Ref 21, pp . 3-4). Between the time when the sites were deactivated and when
the equipment was dismantled and removed, the DOD took measures to preserve and maintain
equipment in optimum condition for later reutilization (Ref 21, pp . 5-6) .

The USAF determined what equipment it could reutilize from the silos, and then other services
and federal agencies were allowed to request remaining equipment . The USAF marked 42% of
the equipment in the silos for reutilization (Ref 21, pp . 7-9) . General dismantling began after
July 31, 1965 (Ref 21, p. 13). The diesel generators and air conditioning units were removed
from the silos and distributed within the USAF (Ref. 21, pp. 10-12) . As part of the equipment
removal procedure, the diesel fuel was drained from the generators prior to removal, the silo
hydraulic system was drained, and GN2 and helium were vented off The diesel generators were
removed from the silo along with equipment on Levels 1 through 8, including all the storage
containers . The launch platform was used as an elevator for the removal . The launch platform
and its drive mechanisms were then removed (Ref 14, p . 4) .

The remaining dismantling work was managed through service and salvage contracts where the
contractor removed all required equipment and was granted the salvage rights to the residual
equipment and material (Ref 21, pp. 13-14) . Open bidding on the service and salvage contracts
began in August 1965 (Ref. 21, p. 16) . On July 2, 1965, the site was declared excess to the GSA
(Ref 8, p . 2). On March 18, 1968, GSA conveyed by quitclaim deed the 5 .48 acres fee simple
and 41 .09 acres of the public domain land to Bonham Farms, Inc . (Ref 1, pp. 9-14) .
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Although not within the AOI, information on the Quonset huts was researched to determine their
purpose . None of the interviewees had direct knowledge of the purpose of or the activities
conducted in the Quonset huts, and their accounts varied on whether the huts were taken down
when the construction phase was completed . One interviewee believed that the huts contained
various shops, possibly plumbing and electrical shops . Other interviewees suggested that
equipment and spare parts were stored in the huts (Ref. 18, pp. 5, 7, 10, 14, 17, 19) .

Historical DOD documents indicated that one Quonset but was for administration and the other
was a warehouse (Ref. 7, p . 2; Ref. 8, p. 3) . No site related documents specifically listed what
was stored in the Quonset huts or described the activities conducted inside the huts . A missile
phaseout document listed Atlas "F" maintenance ground equipment and distinguished what
equipment was kept in the MAMS building at WAFB . Given the distinction of what equipment
was kept in the MAMS, it is likely that the other equipment was stored at the site in the Quonset
huts. Equipment that may have been stored in the huts included : "MAPCHE" checkout
equipment, re-entry vehicle checkout equipment, guidance maintenance equipment,
communications equipment, gas and propellant servicing equipment, miscellaneous tools and test
equipment, pneumatic checkout equipment, calibration equipment, work platforms (Ref . 22) . 2

2.4.2 Post -DOD Operations

On March 18, 1968, the GSA conveyed by quitclaim deed the 5 .48 acres fee simple and 41 .09
acres of the public domain land to Bonham Farms, Inc . (Ref. 1, pp . 9-14). Bonham Farms, Inc.
is the current owner of the AOI. There is one active water well on the property that is used for
livestock (Ref. 1, p . 23 ; Ref 2, pp. 16-17) . The site is not used for any other purpose .

3.0 PHYSIOGRAPHIC AND ENVIRONMENTAL SETTING

3.1 GROUNDWATER PATHWAY S

3.1.1 Hydrogeologic Setting

The site is located in the northwestern part of the Roswell Artesian Basin . Several aquifers exist
within the Roswell Artesian Basin . Two distinct, but closely related, water systems within the
upper carbonate-evaporite member of the San Andres Formation lie within the Roswell Artesian
Basin. The first is a shallow aquifer, composed in part from alluvial fill, and the second is an
artesian aquifer . Quaternary unconsolidated gravel, sand, silt, and clay form alluvium that lies
unconformably above the Permian rocks in the Roswell Artesian Basin . The artesian aquifer
occurs beneath an aquitard formed by the Queen Formation in faulted eastward-dipping rocks at
the northwestern edge of a large depositional basin of Permian age . It is believed that the on-site
wells were drilled to the San Andres Formation. In general, groundwater flows in a
southeasterly direction across the basin (Ref 2, pp . 19-20) .

The logs for two wells drilled during construction of the site were located at the New Mexico
Office of the State Engineer (NMOSE). One well was drilled to 650 feet and the other to 85 0

2 Although the referenced document does not define "MAPCHE," the acronym is believed to stand for mobile
automatic programmed checkout equipment.
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feet . The drilling logs for both wells had no information regarding the location of groundwater
zones , but did indicate between 80 to 95 feet of very-low-permeability strata between the ground
surface and the depth of the wells (Ref. 23). During recent environmental work at the site, a
borehole was advanced to 250 bgs and groundwater was not encountered (Ref . 2, p. 44). The
site has one active well located at the pump house northwest of the LCC that is used for livestock
(Ref. 2, p . 16-17) .

3.1.2 Hydrogeologic Targets

Based on information from the NMOSE W .A.T.E .R.S. database, there are no municipal wells
within a four-mile radius of the Silo 9 site, but there are 16 registered domestic wells .
Information from the database was sorted to identify the domestic wells within the following
target distance limits from the AOI : 0 to '/4 mile, '/4 to '/2 mile, %2 to one mile, one mile to two
miles, two miles to three miles, and three miles to four miles . The search identified 16 registered
domestic wells within four miles of the AOI (Ref. 24) . The number of people using domestic
wells within each target distance limit (TDL) was determined by multiplying the number of
domestic wells within each TDL by 2 .34, the average number of people per household in Lincoln
County, according to the 2000 Census (Ref. 25, p. 2). Figure 17 identifies the domestic wells
within each TDL. Table 1 shows the number of domestic and municipal drinking water wells
and receptors within each TDL .

3.2 SURFACE WATER PATHWAYS

3.2.1 Hydrology Setting

The site lies in the Pecos River Basin . Approximately 1 .6 miles south of the site, on the south
side of U.S . Highway 70/380, is the Rio Hondo (Ref 4; Ref 26). The Rio Hondo is the only
surface water within two miles of the site . According to the NMOSE, the Rio Hondo becomes
intermittent at Riverside, New Mexico, which is approximately 2 miles southwest of the site and
1 .4 miles upstream of the potential point of entry (PPE) for surface water runoff from the site
(Ref 27) . Figure 18 depicts the location of the Rio Hondo within the two-mile TDL of the site
and 15 miles downstream of the site .

3.2.2 Surface Water Targets

There are no wetlands within 15 miles downstream from the site, and the site is not in a flood
zone (Ref 28) . There are no surface water intakes for domestic use within 15 miles downstream
from the site (Ref. 29) .

3.3 SOIL EXPOSURE AND AIR PATHWAY S

3.3.1 Physical Conditions

The site is located in the Pecos River Valley, a north-south trending topographic feature situated
along the southwestern boundary of the Great Plains physiographic province . The geologic
setting for the site is the Roswell Artesian Basin north of the western edge of the Guadalupia n
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reef complex of the Permian Basin . The Roswell Artesian Basin is bounded by the Capitan,
Sacramento, and Guadalupe Mountains to the west, the Seven Rivers Hills to the south, and the
scarp of the east bank of the Pecos River to the east . The northern boundary of the basin is
indefinite, but probably coincides with the main stem of Arroyo del Macho . Regional
stratigraphy consists of quaternary valley-fill alluvium overlying Permian marine clastic,
carbonate, and evaporite rocks (Ref. 2, p . 19) .

In a borehole recently drilled in the former UST area of the site, fill material was present to 10
feet bgs. Beneath the fill material, well-graded sand with gravel and rock fragments was
deposited in contact with the top of the competent limestone present at approximately 12 feet
bgs . The limestone exhibited alternating zones of less competent weathered sequences with
thinly-bedded finer material . The limestone was very competent between 200 and 250 feet bgs,
the total depth of the borehole (Ref. 2, pp . 31, 39-40) .

Primary vegetation at the site is salt cedar and native grasses .

3.3.2 Soil and Air Targets

On the average, approximately 13 people live within the one-mile TDL of the site and 211
people live within the four-mile TDL . To calculate receptor information, the population within
the one-mile and four-mile TDLs was calculated by multiplying the population per square mile
of Lincoln County by the number of square miles within each TDL . The number of square miles
of Lincoln County within each TDL was determined using ESRI ArcMapTM. Data from the 2000
U. S. Census was used for the total population of Lincoln County (Ref. 25, p.1) . However,
physical observations made during a site visit do not support this population density data . The
closest resident to the AOI is located approximately two miles north-northeast of the site . The
resident was located using a United States Geological Survey (USGS) digital orthophoto
quadrangle image taken between 1996 and 1998 . Distance from the AOI was determined using
ESRI ArcMapTM .

Lincoln County encompasses 4,831 square miles and has a total population of 20,322
(20,322/4,831 = 4 .2 people/square mile) (Ref. 25, p. 2) . There are 3 .14 square miles of Lincoln
County within the one-mile TDL (4 .2 people x 3 .14 square miles = 13 people). There are 50.20
square miles of Lincoln County within the four-mile TDL (4 .2 people x 50.20 square miles =
211 people) . Table 2 shows the population tabulations for each TDL .

No schools or daycare centers are located within 200 feet of the site . Terrestrial habitat for
endangered or threatened species does not exist on or near the site .

4.0 HTRW AND CON/HTRW PROJECT S

4.1 PRIOR AREAS INVESTIGATED FOR POTENTIAL PROJECT S

During initial investigation of the site in 1990 and 1995, the USACE identified four sources of
potential hazardous or toxic waste contamination at the site : the area where the diesel fuel UST
was located; the evaporative ponds associated with the water treatment system ; the main missil e
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silo; and the septic system and leach field (Ref. 1, p. 3). Program policies prohibited any
projects at the site since the site owner did not wish to participate (Ref . 1, p . 4) .

In 2003 , the USACE proposed a site investigation to include soil and groundwater sampling to
address potential HTRW contamination (Ref. 1, pp. 24-25) . The USACE is currently performing
an investigation at the site . The areas being investigated and preliminary sampling results are
detailed below.

Soil samples taken during the site investigation were analyzed for volatile organic compounds
(VOC) (EPA 8260B), semi-volatile organic compounds (SVOC) (EPA 8270C), polynuclear
aromatic hydrocarbons (PAH) (EPA 8270C-modified for low level PAH), and target analyte list
metals (TAL) (EPA 6010B/6020/7470A17471A) . The laboratory also performed searches of
mass spectra library files and reported the top 10 tentatively identified compounds (TICS) for
each VOC and SVOC analysis (Ref . 2, p. 32). The soil sample results were compared against
the more conservative levels of either the New Mexico Environment Department (LAMED) Soil
Screening Levels or the EPA, Region 6, Human Health Medium-Specific Screening Levels for
residential exposure (Ref. 2, p. 33). Groundwater was not encountered during drilling activities
within the study boundary (250 feet bgs) (Ref. 2, p . 44) .

4 .1.1 Septic Leachfield

Four soil borings were advanced to 4 to 7 feet bgs just beyond and downslope of the presumed
boundary of the septic leachfield at the site . Soil samples were collected from the bottom of each
soil boring (Ref. 2, p. 30) . The analytical results from the soil samples did not exceed the
evaluation criteria (Ref. 2, p. 35) . The following TICs were identified in two of the soil samples
and one field duplicate : heptadecane; 4-ethyl-octane ; 5-ethyl-2,2,3-trimethyl-heptane; and lh-
indole-3-ethanamine. In accordance with the site investigation quality assurance plan, no further
action was necessary regarding the TICs (Ref. 2, pp. 35-38) .

4.1 .2 Sump Outfall

A total of eight soil samples were collected in the vicinity of the sump outfall pipe and associated
French drain . After the removal of cobbles in the French drain area, a total of four samples were
collected from immediately below the drip edge of the outfall pipe and then downslope of the
pipe at distances of 5, 10, and 20 feet. After these samples were collected, a trench was dug
from the outfall pipe extending downslope approximately 20 feet . Four more samples were
collected at an average depth of 3 .5 feet bgs along the side wall of the trench at the same
distances from the outfall pipe as the first four samples (Ref . 2, p . 30) .

Organic vapors were not detected in any of the sump outfall samples , and none of the analytical
results exceeded the evaluation criteria (Ref. 2, pp. 30, 35) .

4.1.3 Former UST Area

One sample of limestone rock flour material was collected approximately 240 to 250 feet bgs in
the former UST area at the site . Organic vapors were not detected with field-screening method s
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and no visible evidence of contamination was observed from this deep borehole (Ref. 2, pp. 30,
32) .

The analytical results from the sample did not exceed the evaluation criteria (Ref . 2, p. 35). The
TIC eicosane was identified in the sample, and 10-methyl-nonadecane was identified in its field
duplicate. In accordance with the site investigation quality assurance plan, no further action was
necessary regarding the TIC (Ref. 2, pp . 35-38) .

4.2 PROPOSED PROJECTS

No additional HTRW and CON/HTRW projects are proposed .

5.0 MMRP PROJECT S

5.1 PRIOR AREAS INVESTIGATED FOR POTENTIAL PROJECTS

No prior MMRP projects have been identified .

5.2 PROPOSED PROJECTS

No MMRP projects are proposed .

6.0 PETROLEUM STORAGE TANKS (CON/HTRW)

6.1 PRIOR AREAS INVESTIGATED FOR POTENTIAL PROJECT S

No prior CON/HTRW projects associated with petroleum storage tanks have been identified .

6.2 PROPOSED PROJECTS

No CON/HTRW projects associated with petroleum storage tanks are proposed .

7.0 BD/DR PROJECTS

7.1 PRIOR AREAS INVESTIGATED FOR POTENTIAL PROJECT S

During initial investigation of the site in 1990 and 1995, the USACE determined that former
DOD structures remained on the site that could be hazardous . These structures included the
main silo, silo vents, LCC, several manholes, and smaller underground structures . The USACE
did not propose a BD/DR project for the site since policy did not permit BD/DR projects at sites
that have been owned since DOD usage by one or more private interests, unless the title transfer
documents specifically required the U .S . Government to restore the site (Ref . 1, p. 2, 16, 20) . A
review of the USACE's Environmental Formerly Used Defense Site (FUDS) Program Policy,
ER 200-3-1, May 2004 showed this policy is still in effect
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It is further noted that the conveyance to the current property contained a hold harmless clause to
protect the DOD from liability. The clause released the United States from liability for claims of
personal injury or property damage resulting from the government's use of the land (Ref . 1, pp .
10, 12, 14) .

7.2 PROPOSED PROJECTS

No BD/DR projects are proposed.

8.0 PRP PROJECTS

8.1 PRIOR AREAS INVESTIGATED FOR POTENTIAL PROJECTS

No prior PRP projects have been identified .

8.2 PROPOSED PROJECTS

No PRP projects are proposed .

9.0 SUMMARY AND CONCLUSIONS

9.1 SUMMARY OF OPERATIONS

In 1960, the DOD acquired 333 .28 acres in eastern Lincoln County, New Mexico to construct an
Atlas "F" Missile Silo 9 . Silo construction was completed by the fall of 1961, and the silo was
placed on alert status in 1962 . The underground silo complex consisted of the LCC and the silo,
where the Atlas "F" missile and its support equipment was located . The silo complex included
water wells, water treatment building, two Quonset huts, septic system, and underground storage
tanks for fuel and water .

In May 1964, the DOD announced plans to phase -out the Atlas "F" missile program. In 1965,
Silo 9 was declared excess to the GSA. The GSA conveyed the AOI to Bonham Farms , Inc. in
March 1968. Bonham Farms , Inc. acquired the property to obtain the associated water rights,
and is the current owner of the property.

9.2 SUMMARY OF AREAS PREVIOUSLY INVESTIGATE D

Areas in which the USACE conducted prior investigations include the following HTRW
projects :

• Septic Leachfield
• Sump Outfal l
• Former UST Area
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9.3 PROPOSED PROJECTS

Based on a review of historical DOD operations at the site, a site reconnaissance trip, analysis of
migration pathways and receptors, and a review of environmental work performed at the site, no
projects are recommended for the site .
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LEVEL 8

1 LADDER TO LEVEL 7 9 GASEOUS NITROGEN TANK S
2 INFLIGHT HELIUM SUPPLY TANK NO . 1 10 PNEUMATIC SYSTEM MANIFOLD REGULATO R
3 INFLIGHT HELIUM SUPPLY TANK NO . 2
4 GROUND PRESSURIZATION SUPPLY TANK
5 VACUUM PUMP

11 COLD DISCONNECT PANE L
12 LNZ EVAPORATOR
13 FUEL PREFA B

8 LN2 STORAGE TANK AND HEAT EXCHANGER 14 HOT DISCONNECT PANE L
7 L02 TOPPING TANK 15 PRESSURE SYSTEM CONTRO L
8 L02 STORAGE TANK 16 THRUST SECTION HEATE R

X: Phoenixl Graphics lAt1as (SHAO02)I
Figures lSilo9)2 .3-Figures-9 . cdr
Created: CLimoges 04/01/05
Revised: CLimoges 10/21/0 5
Source : Ref. 9, p . 51

Figure 14
Silo Level 8 Equipment

Location Diagram

rkRO
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Source: Ref: 11, p. 4
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Figure 15
Launch Platform

Diagram
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Figure 16
Atlas "F" Missile

Diagram
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Table 1 - Number of Municipal and Domestic Drinking Water Wells and Receptors Within
Each Target Distance Limit (TDL)

Target Municipal
Population

Number of Population Serve dServed by Total Populatio n
Distance Well

Municipal Domestic by Domestic Well s
*

Served per TD L
Limits (TDL ) Numbers Wells Per HouseholdWell s

0-1/4 Mile 0 0 5 .0 2 .34 11 . 7

1/4-1/2 Mile 0 0 0 .0 2 .34 0

112-1 Mile 0 0 0 .0 2 .34 0

1-2 Miles 0 0 5 .0 2 .34 11 . 7

2-3 Miles 0 0 4 2 .34 9 .3 6

3-4 Miles 0 0 2 2 .34 4 .6 8

Total 3 7

* Each domestic well is assumed to serve one household . In Lincoln County, there are 2 .34 people per
household . To determine the population served by domestic wells within each TDL, the number of wells in the TDL
was multiplied by 2.34 .
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0

Figure 17
Location of Know n

Private Domestic
Wells Within a 4-Mile

Target Distance Limit

Legend
O Former WAFB

Atlas "F" Missile Silo 9

• Domestic Well s

1/4-1/2-1- to 4-Mile Target
Distance Limits

1 2

Miles

Filename : X:/Phoenix/Graphics/Atlas (SHA002)!

Maps/Silo 9 Final DrafllFig 17-9-Wells .mxd
Project: SHA 00 2

Created: C. Limoges 11/2004

Revised: C. Limoges 10/24/05

Map Source : NM-OSE, RGIS, USGS 7.5 Minute
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Figure 18
Former WAFB

Atlas "F" Missile Silo 9

2-Mile Possible Point of Entry

and 15-Mile Downstream Analysis

U .S . Army Corps of Engineers
Albuquerque District O

Legend
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Table 2 - Population Tabulation

Target Distance
Limits TDL

Location Area (Miles Sq .)
Average

Po ulation/Mile S q .
Tota l

1-Mile TDL
Lincoln County 3 .14 4 .2 1 3

Total 1 3

4-Mile TDL
Lincoln County 50.20 4 .2 21 1

Total 224

*Actual Population based on 2000 U.S . Census data
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APPENDIX B
PHOTOGRAPH LO G

FINAL PRELIMINARY ASSESSMENT REPORT
FORMER WALKER AIR FORCE BAS E

ATLAS "F" MISSILE SILO 9
LINCOLN COUNTY, NEW MEXICO

PROPERTY NO. K06NMO487

INTRODUCTIO N

HydroGeoLogic, Inc . (HGL) prepared this photograph log as part of a preliminary assessment of
the former Walker Air Force Base Atlas "F" Missile Silo 9 (site) . HGL is performing the PA for
the U.S. Army Corps of Engineers, Albuquerque District, through a subcontract with Shaw
Environmental, Inc . This log contains photographs taken by HGL during site reconnaissance on
August 2, 2004 . The site is located in Lincoln County, New Mexico and has been assigned
Formerly Used Defense Site (FUDS) Property Identification Number K06NM0487 .

Photograph Number:
. 1

Date :
• August 2, 2004

Time :

• 4:23 p .m .
Direction :

• Unknown

Weather:

• Cloud y
Photographer:

• H droGeoLo ic, Inc .

Location :

• Vegetation Surrounding Sil o
Property

Description :
The property adjacent to the silo contains dense vegetation .
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Photog raph Number:
• 2

Date :
• August 2, 2004

Time :
• 4:27 p .m .

Direction :
• Southwes t

Weather :
• ly Cloudy

Photographer :
• H droGeoLo ic, Inc .

Location :
• Pad for Water Treatment

Building

Description :
Foundations for the former Water Treatment Building and water
storage tank are visible .

Photograph Number :

Date :

• August 2, 2004

Time :
• 4:27 p .m .

Direction :
• Northeast

Weather :
• Cloudy

Photographer:
• H droGeoLo ic, Inc .

Location :
• Leachfield

Description :
Leachfield associated with the septic tank for the LCC sump .
Dense vegetation and several vents are visible . The entry to the
launch control center is visible in the background .
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Photograph Number :
• 4

Date :
• August 2, 2004

Time :
• 4:29 p .m .

Direction :
• South

Weather :
• Cloudy

Photographer :
• H droGeoLogic, Inc .

Location :
• Silo Pad

Description :
The silo pad remains intact with small cracks evident. This
photograph depicts the silo doors that cover the underground silo
complex . The area surrounding the silo pad is heavily vegetated .
Rain from a recent storm is pooling on portions of the silo pad .
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APPENDIX C
HISTORICAL AERIAL PHOTOGRAPH ANALYSIS REPOR T

FINAL PRELIMINARY ASSESSMENT REPORT
FORMER WALKER AIR FORCE BASE

ATLAS "F" MISSILE SILO 9
LINCOLN COUNTY, NEW MEXICO

PROPERTY NO. K06NM0487

1 .0 INTRODUCTIO N

HydroGeoLogic, Inc . (HGL) performed this aerial photograph review and analysis as part of its
preliminary assessment of the former Walker Air Force Base Atlas "F" Missile Silo 9 (site),
located in Lincoln County, New Mexico . Shaw Environmental, Inc ., under contract to the U .S .
Army Corps of Engineers (USACE), Albuquerque District, requested this analysis to assist in the
determination of the nature and extent of responsibility that the USACE may have in the
investigation and cleanup of potential contamination at the site . This site has been assigned
Formerly Used Defense Site (FUDS) Property Identification Number K06NM0487 .

Aerial photography of the site was obtained for 1959 and 1981 . These photographs were
examined to characterize long-term physical changes and environmentally significant features at
the site. Black-and-white photography from 1959 and color photography from 1981 were used
for this analysis . Significant findings from these years are annotated on the photographs and are
discussed in the text of this report in chronological order . HGL attempted to locate aerial
photograph coverage during the period that Site 9 was operational or immediately thereafter
through its public and private sources. One source, the U .S . Department of Agriculture (USDA),
Agricultural Stabilization and Conservation Service, appeared to have coverage during site
operations; however, upon the USDA's review of HGL's photograph request, the department
determined that the site was not in the area of coverage for that year . Subsequent photography at
scales acceptable for aerial photograph analysis was not available until 1981 .

The purpose of the analysis is to document historical activity at the site and its chronological
development, and to identify any major visible features that may indicate the location of
potential disposal areas and other relevant features . The findings from the analysis of aerial
photography include buildings, areas of disturbed ground, mounded material, and unidentifiable
objects that may be of environmental significance .
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2 .0 METHODOLOGY

HGL conducted a search of government and commercial sources to obtain the best available
aerial photography of the site spanning the representative period . A list of the aerial photography
used during the analysis of this site is provided in Table 1 .

Table 1
List of Aerial Photographs Analyzed

Date of Photograph Source Scale Type

9/21/1959 USGS 1 :20,000 Black and White

4/19/1981 BLM 1 :24,000 Color

USGS: United States Geological Survey
BLM: Bureau of Land Management

Two sets of aerial stereo-photographic pairs were analyzed . The analysis was performed
viewing black-and-white and color aerial stereo-photographic pairs under magnification through
a mirror stereoscope. Stereoscopic viewing creates a perceived three-dimensional effect, which
enables the analyst to identify characteristics associated with features and environmental
conditions . Visual characteristics include depth, height, tone, shadow, texture, size, shape,
pattern, and association, which allow a specific object or condition to be recognized on aerial
photography.

Scale and resolution precluded the ability to make a positive identification of some features ;
consequently , these features could not be characterized . Each one of these features was
classified as an unidentifiable object (UO) . This unique identification permits the reader to
observe areas of interest (AOIs) without being led to any inaccurate conclusions .

The terms "possible" and "probable " are used to indicate the degree of certainty of feature
identification. "Possible" is used when only a few characteristics are recognizable or the
characteristics are not unique to a feature or environmental condition . "Probable" is used when
more characteristics are recognizable . No qualifying terms are used when characteristics of a

.feature or environmental condition allow for a definite identification .

The aerial' stereo-photographs were analyzed to identify features with potential environmental
significance . The focus of this analysis was on the 500 feet by 500 feet alert area of the silo
property as well as the Quonset huts constructed in conjunction with silo operations . Features of
interest are labeled on the site photographs, illustrated in Figures 1 and 2, and are described in
detail in Section 4 .0 of this report . The description system begins in the northwestern-most AOI
progressing from left to right and southward, by row, like reading a book . Features are annotated
from their first appearance until they are no longer visible . Features have been numbered for the
convenience of the reader . Site boundaries or areas used in this analysis were determined from
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observations made from the aerial photography in conjunction with selected collateral
information and do not denote legal property lines or ownership .

A 1964 operation manual and a construction status report site plan provide information about the
property including the buildings, as well as the roads and miscellaneous structures .

3 .0 ANNOTATION ABBREVIATION S

The figures, which accompany the narrative in Section 4 .0, were initially scanned from the aerial
photographs, with features added to successive figures as changes were observed over time. In
this analysis of the site, a "bullet" system combined with a textual description has been used for
identifying significant features . A simple system of abbreviations is utilized to illustrate items
described in the text and identified in the figures as areas of interest .

B Building
DG Disturbed Ground
MM Mounded Material
UO Unknown Object

Once identified, the same label is used to identify the object in subsequent years of analysis if the
feature remains visible. If the feature is no longer visible or deemed irrelevant to further
discussion, it is not included on subsequent figures .

C-3



Final Preliminary Assessment Report-Former WAFB Atlas "F" Missile Silo 9, Property No. K06NM048 7

4.0 AERIAL PHOTOGRAPH SITE ANALYSI S

For each year of coverage, a general description of the site as depicted in the photograph is
provided. Site features are presented for the photograph, using the "bullet" system and the
textual description discussed above .

4.1 SEPTEMBER 21, 1959 PHOTOGRAP H

General Description :

This photograph year is before construction of the site . The region is mostly desert, and
vegetation is sporadic . See Figure 1 for the 1959 photograph .

Site Features :

No features of interest were identified on the 1959 photograph .
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APPROXIMATE SCALE IN FEE T

X: PhoenL\Graphics Atlas (SHAO02) I
AirPhotos I Si te09Aerial_Photos. cd r
Created: CLimoges 03/07/05
Revised : CLimoges 10/21/05
Source : ASCS

6C
e6 QgIC-

Legend

Site Boundary

Figure 1

Former WAFB

Atlas "F" Miss ile S ilo 9
September 21, 1959 Photograp h
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4.2 APRIL 19, 1981 PHOTOGRAPH

General Description:

Analysis of the 1981 photograph indicates that the silo is out of commission . Most of the
buildings, structures and objects historically installed at an Atlas "F" missile silo has been
removed, and only foundations remain. AOIs adjacent to the site were documented if they
appeared to be related to possible activities or if they encroached upon the site . Please refer to
the outline below for AOI descriptions . See Figure 2 for the 1981 photograph .

Site Features :

Features identified include the following :

UO-1 A circular unidentifiable object exists . It could be a foundation for a former
structure .

LCC An object is observed that could be the entrance to the Launch Control Center
(LCC) .

B-1 A light-toned object appears to be the foundation of a former building .

Silo Pad The silo pad is located immediately west of the silo . It is a rectangular-type
structure .

Silo The circular area appears to be the silo and its outer doors . It is located near the
center of the site.

B-2 The foundation remains at this location where a building once existed.

UO-2 A dark-toned , unidentifiable object is observed outside of the site boundary . It is
located near the southern entrance to the site.

DG-1 A large area of disturbed ground exists outside of the site boundary . It is noted
because of the AOIs proximity to the former Quonset hut locations .

MM-1 A semi-rectangular-shaped area of mounded material exists. It is located west of
the removed Quonset huts. The AOI has dark, medium, and light-toned
characteristics . This feature is outside of the site boundary .

B-3 A foundation remains where one of the two Quonset huts existed . It is located
approximately 1,000 feet south of the site boundary .

B-4 A foundation remains where one of the two Quonset huts existed . It is located
approximately 1,100 feet south of the site boundary .



Final Preliminary Assessment Report-Former WAFB Atlas "F" Missile Silo 9, Property No. K06NM048 7

X:IPhoeniu\Graphics\Atlas (SHA002)I
AirPhotos I Site09_AerialPhotos . cdr
Created : CLimoges 03/07/05
Revised: CLimoges 10/21/05
Source: USGS

r 14

Legend

Site Boundary

Area of Interest

APPROXIMATE SCALE IN FEET

Figure 2

Former WAFB

Atlas "F" Missile Silo 9

April 19 , 1981 Photograph
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5.0 SUMMARY OF OBSERVATIONS

Table 2 presents a list of significant features noted at the subject site for the years of 1959 and
1981 .

Table 2
Summary of Aerial Photograph Observations

Feature
Designation

1957 1981

B-1 x

B-2 x

B-3 x

B-4 x

DG-1 x

LCC x

NM-1 x

Silo Pad x

Silo x

UO-1 x

UO-2 x





APPENDIX D
REFERENCES

DRAFT FINAL PRELIMINARY ASSESSMENT REPORT
FORMER WALKER AIR FORCE BAS E

ATLAS "F" MISSILE SILO 9
LINCOLN COUNTY , NEW MEXICO

PROPERTY NO. K06NM0487



REFERENCE 1



DEPARTMENT OF THE ARMY

SOUTHWESTERN DIVISION . CORPS OF ENGINEER S

1114 COMMERCE STREET
DALLAS, TEXAS 75242-0 21 6

IMPLY TO

ATTENTION O f

CESWD-PMM (200-ic )

MEMORANDUM FOR CDR, USACE, ATTN : CEMP-R, WASH DC 20314-100 0

K06NM04a700
ERP-FUDS Inventory Project Report (INPR) for Site No .
WAFB Facility Site #9 (Atlas Missile Site), NM

1 . I am forwarding, for appropriate action, the INPR for the
subject FUDS site which has been determined to be eligible under
the DERP-FUDS program . This INPR has been reviewed by the office
of Counsel .

2 . Although the CON/HTRW Project No . K06NMO48701 is eligible
under this program, I recommend that no further action be taken
at this time . The current land owner does not wish to pursue
further activities at this site . A BD/DR Project No . K06NMO48702
is also included ; however, due to policy consideration this sit e
is not recommended .

Enc l

CF :
tCESWA-ED-H
CEHND-PM-EP

0001
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PROJECT SUMMARY SHEET
FOR

DERP-FUDS BD/DR PROJECT NO . K06NM048702
BONHAM FARMS , INC ., WATER WELL SITE

SITE NO . K06NM04870 0
May 22, 199 0

PROJECT DESCRIPTION . Several former Department of Defense (DOD)
structures remaining on this site are considered hazardous . These
include the main silo, silo vents , launch control center , several
manholes and various other smaller underground structures . Due to
the nature of the site , trespassers are a constant problem and
safety concern for the current owner . Removal of all existing
structural hazards was considered as a project for this site .

PROJECT ELIGIBILITY . These structures were built and utilized by
DOD and currently present a clear danger of serious injury .

POLICY CONSIDERATIONS . Current policy does not permit the proposal
of BD/DR projects at sites which have been owned since DOD usage by
one or more private interests unless the title transfer document
which conveyed the site from DOD or General Services Administration
(GSA) specifically requires the Government to restore the site .
This site is currently owned by a private interest and the title
transfer document has no mention of Government restoration
responsibilities . Therefore , this project cannot be proposed .

PROPOSED PROJECT . Permanent closure of all means of accessing the
major underground facilities and removal of the smaller hazardous
structures would render this site safe . The project would include
demolition of selected above -ground structures and placement of
fill in all minor below grade structures , accessways and manholes .
The main silo and launch control center would remain intact,
however , all means of access would be permanently closed . As
described above , this project cannot be proposed due to policy
considerations .

DD FORM 1391 : Attached .

DISTRICT POC : David Gregory, DERP-FUDS coordinator , Albuquerque
District , 505-766-1773 , ( FTS 474 - 1773) .
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PROJECT SUMMARY SHEET
FOR

DERP-FUDS HTW PROJECT NO . K06NM048701
BONHAM FARMS, INC ., WATER WELL SITE

SITE NO. K06NM04870 0
May 22, 199 0

PROJECT DESCRIPTION . Several sources of potential HTW
contamination exist at this site. A brief description of each
follows :

a . An underground diesel fuel storage tank was installed at
this site . During the site visit, a depression was noticed in the
area where these tanks were typically installed . Also, these tanks
are known to have been removed at similar sites in this area . For
these reasons, it is believed that the tank at this site has also
been removed. No obvious signs of contamination were noticed in
the depression or the surrounding area, however, the former
presence of the tank does pose as a potential source . This tank
was in place for approximately 5 years .

b . The water supply system installed at this site included
water wells, a water treatment system and several evaporation
ponds . Treatment methods required and used by the Department of
Defense (DOD) at the site are not known, however, it is believed
that wastewater generated by backflushing the system was discharged
into the evaporation ponds . None of the DOD installed treatment
equipment remains and the evaporation ponds are currently dry .
Plant growth in the evaporation ponds does not appear to be
different from that in the surrounding area, however, the potential
for contamination exists .

c . The main silo at this site is suspected to contain water .
Equipment originally installed, and possibly remaining, in the silo
is considered a potential source for contamination of any water in
the silo . Direct access to the silo is now closed so it was not
possible to confirm whether or not there actually is water in the
silo . However, two of the three silo vents were open and water was
found in both . The south silo vent had water at approximately 20
feet below ground level and the north vent contained water at 30
feet below ground level . The depth of water was not determined in
either case .

d . A septic system and leach field installed by DOD at this
site is another potential source of contamination . The septic
tanks were located and one was found to contain water . The septic
tank water is approximately 4 feet below ground level and of
unknown depth . No odors were noticed and no samples were taken .
Plant growth in the septic tank and leach field area did not appear
to be different from that in the surrounding area .

PROJECT ELIGIBILITY . The facilities mentioned above were installed
and utilized by DOD .

ATCOEA 0003



POLICY CONSIDERATIONS . The current owner does not want to pursue
further program activities at this site . Program policy indicates
that a project may not be proposed when the current site owner does
not wish to participate .

PROPOSED ACTIVITY . A site investigation to determine the existence
and extent of possible HTW contamination in the above mentioned
areas was considered . However, as described above, this activity
cannot be proposed .

EPA FORM 2070-12 : Attached .

DISTRICT POC : David Gregory, DERP-FUDS coordinator, Albuquerque
District, 505-766-1773, (FTS 474-1773) .
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POTENTIAL HAZARDOUS WASTE SITE
PRELIMINARY ASSESSMEN T

(EPA Form 2070-12 )

I . IDENTIFICATION : DERP-FUDS HTW Project No . K06NM048701 (DERP-
FUDS Site No . K06NM048700, Bonham Farms, Inc ., Water Well Site . )

II . HAZARDOUS CONDITIONS AND INCIDENTS :

01 . A. GROUNDWATER CONTAMINATION
02 . Potential
03 . Population Potentially Affected : less than 1 0
04 . Description : Potential for groundwater contamination from silo
water, former UST, septic tanks and evaporation ponds exists .

01 . B. SURFACE WATER CONTAMINATION
02 . Potentia l
03 . Population Potentially Affected : less than 1 0
04 . Description : Potential for contamination of surface runoff
from the evaporation ponds exists .

01 . C . CONTAMINATION OF AIR-Not Note d

01 . D . FIRE/EXPLOSIVE CONDITIONS-Not Noted

01 . E . DIRECT CONTACT-Not Noted

01 . F . CONTAMINATION OF SOIL
02 . Potentia l
03 . Area Potentially Affected : less than 5 acres
04 . Description : Potential soil contamination from the former UST,
evaporation ponds and leach field exists .

01 . G. DRINKING WATER CONTAMINATION-Not Noted

01 . H. WORKER EXPOSURE/INJURY-Not Noted

01 . I . POPULATION EXPOSURE/INJURY-Not Noted

01 . J. DAMAGE TO FLORA-Not Noted

01 . K. DAMAGE TO FAUNA-Not Noted

01 . L. CONTAMINATION OF FOOD CHAIN-Not Noted

01 . M. UNSTABLE CONTAINMENT OF WASTES-Not Noted

01 . N. DAMAGE TO OFFSITE PROPERTY-Not Note d

01 . 0 . CONTAMINATION OF SEWERS, STORM DRAINS, WWTPs-Not Noted

01 . P . ILLEGAL/UNAUTHORIZED DUMPING-Not Noted
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(EPA Form 2070-12 cont . )

05 . Description of Any Other Known, Potential, or Alleged Hazards :
Debris and structural hazards exist at this site .
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DEAP-FUDS SITE NO. K06NM048700~

ATLAS MISSILE SITE NO. 9

STATE OF NEW MEXICO
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SITE MAP
DERP -FUDS SITE NO. K06NMO48700

ATLAS MISSILE SITE NO. 9

ROSWELL
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DERA, WALKER AFB, ATLAS MISSILE SITE V 9, Project No . K06NM0530O

DOD AGENCY :

PROPERTY FORMERLY USED BY DOD

Department of Air Forc e

DOD POINT OF CONTACT (POC) :

SITE NAME WHEN USED BY DOD :
Walker AFB, AF Facility S-9, NM

FOP,4ER USE BY DOD : Construction and operation of an ATLAS missile sit e

LOCATION (CITY/COUNTY/STATE) :

LATITUDE/LONGITUDE :

Chaves County, NM

T . 11 S ., R . 19 E ., Sec 14 & 15 .

PROPERTY FORMERLY USED BY DOD CURRENTLY CONTROLLED BY :

CURRENT SITE NAME :

ALIAS SITE NAME :

CATEGORY OF P. ARD : None known

(Debris, Unexploded Ordnance, Toxic/Hazardous ;.'este , Other)

DESCRIPTION OF PROBLEM : None Known

CURRENT OW NER POC (NAME /ADDRESS / PHO :NE) :

OTHER RELEVANT INFORMATION : Project was under the control of DOD from 1960 through 1967 .
(Photographs , Maps , Drawings , Pruperty Use by Current Owners , Evidence o f

Discharge, etc . )
This project consisted of 333 . 28 acres :
5 .48 acres fee -- 1 .51 acres acquired by Civil Action P4458, D / T filed 24 May 1960. ,

am acres acquired by Civil Action 4773, D /T filed 18 May 1961 . Both
parcels were acquired from the State of New Mexico . The 5 .48 acres fee were
conveyed to Bonham Farms, Inc ., Roswell, N,11, by QCD dated 18 Mar 1968 .

234 .00 acres public' domain withdrawn by PLO 2749 dated 8 Aug 1962 . 192 .91 acres of
public domain were returned to BLM by PLO 4137 dated 3 Jan 1967- . 41 .09 acres
of public domain were conveyed to Bonham Farms , Inc . . Roswell . NT1 y nrn dated 18Mar

93 .80 acres easement purchased from State of New Mexico 6 Jun 1962 , and expired
1 Jul 1966 by terms 'of the _<~cou3si ion .dic.nnentsclr no.n-use . for . a . period- of more than
one year .

ATCOEA
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DERA, -WALKER AFB, ATLAS MISSILE SITE 4-` 9, Project No . K06NM053 0

The QCD to Bonham Farms, Inc ., contains a "hold harmless" clause to protect

the Government from liability .

Cost to the Government : $2,619,135 .00

Property sold for $2,510 .00
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DERA, WALKER AFB, ATLAS MISSILE SITE # 9, Project No . K06NMO530
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DEFENSE ENVIRONMENTAL RESTORATION PROGRAM

FORMERLY USED DEFENSE SITE S

FINDINGS AND DETERMINATION OF ELIGIBILIT Y

BONHAM FARMS, INC . WATER WELL SITE

SITE NO . K06NM04870 0

FINDINGS OF FACT

1 . This site consists of 333 .28 acres of land in eastern Lincoln
County, NM, acquired by the Department of Defense (DOD) in the
early 1960's . Of the total, 5 .48 acres were acquired in fee by
condemnation, 234 .00 acres were withdrawn from the public domain
by Public Land Order 2749, dated 8 August 1962, and 93 .80 acres
were acquired through easements .

2 . The site was developed and operated by the U .S . Air Force as
an Atlas "F" Missile launching facility and designated Atlas
Missile Site #9, Walker AFB, NM . Structures built on the site by
DOD included an underground missile silo, launch control center,
two Quonset huts, water wells, a water treatment building, and
other support facilities, such as water/fuel storage tanks and a
septic system . The area was never under other than DOD's control
during the period of DOD use .

3 . The site and improvements were reported as excess to the
General Services Administration in 1965 . The 5 .48 acres fee,
41 .09 acres of public domain and all improvements were sold to a
private owner by Quit Claim Deed, dated 18 March 1968 . The
remaining 192 .91 acres of public domain were relinquished to the
Bureau of Land Management by PLO 4137, dated 3 January 1967 . The
remaining easements expired 1 July 1966, due to nonuse for a
period exceeding one year, as stipulated in the acquisition
documents .

4 . The deed conveying ownership of the fee land to the private
owner contains a hold harmless clause, which releases the United
States from liability for claims of personal injury or property
damage resulting from the Government occupancy and use of the
land . The deed further indicates that the underground facilities
were stripped of all usable equipment and material and that the
closure gates were closed and sealed . There is no specific
mention of restoration responsibilities in the deed . The current
owner of the fee property is Bonham Farms, Inc . of Roswell, New
Mexico .
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DEFENSE ENVIRONMENTAL RESTORATION PROGRAM
FORMERLY USED DEFENSE SITES

FINDINGS AND DETERMINATION OF ELIGIBILITY

Bonham Farms , Inc . Water Well Site
Site No . K06NM04870 0

DETERMINATION

Based on the foregoing Findings of Fact, the site has been
determined to be formerly used by DOD . It is, therefore,
eligible for the Defense Environmental Restoration Program -
Formerly Used Defense Sites established under 10 USC 2701 et seq .

5e r
Date

2
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SITE SURVEY SUMMARY SHEET
FOR

DERP -FUDS SITE NO . K06NM048700
BONHAM FARMS , INC . WATER WELL SITE

(Revised 7 February 1995 )

SITE NAME : Bonham Farms, Inc . Water Well Site, formerly Atlas
"F" Missile Site #9, Walker Air Force Base , New Mexico .

LOCATION : The site is located approximately 28 miles west of
Roswell, NM, along US Highway 70-380 . Location and site maps are
included .

SITE HISTORY : In 1960, the Department of Defense acquired
numerous parcels of land near Roswell, NM, for establishing a
complex of Atlas "F" Missile launching facilities . The complex
consisted of 12 individual sites, which were manned by personnel
from former Walker Air Force Base, NM . These sites were
completed in the early 1960's . This was referred to as Site #9
and consisted of an underground missile silo, launch control
center and support facilities, such as a water supply system,
including two wells and treatment equipment, fuel storage tanks,
a septic system and two aboveground administrative office
buildings . This site was excessed to the General Services
Administration in 1965 . The current owner of the site is Bonham
Farms, Inc . of Roswell, NM . One of the DOD wells is currently
being used for livestock watering .

SITE VISIT : The site was visited on 18 April 1990, by Richard
Barnitz, CESWA-ED .

CATEGORY OF HAZARD : BD/DR and CON/HTRW .

PROJECT DESCRIPTION: Several areas, initially identified as
potential projects, were subsequently investigated during the
site visit . A brief description of each, by category of hazard,
follows :

a . BD/DR . Several former DOD structures remaining on this
site are considered hazardous . These include the main silo, silo
vents, launch control center, several manholes and various other
smaller underground structures . Removal of the dangerous
conditions and hazards existing at this site was considered as a
potential BD/DR project; however, policy considerations do not
allow proposal of this type of project at this site ; therefore,
no further action is required .

0016



SITE SURVEY SUMMARY SHEET
FOR

DERP-FUDS SITE NO . R06NM048700
BONHAM FARMS , INC . WATER WELL SITE

(Revised 7 February 1995 )

b . CON/HTRW. Facilities installed by DOD, at this site,
included fuel storage tanks, water treatment equipment and a
septic system . No obvious evidence of HTRW contamination (i .e .,
leachate, unvegetated areas, etc .) was noticed . A site
investigation was considered as a potential project ; however, the
current owner does not wish to pursue further activities at this
site . Policy consideration will not allow proposal of a project
at this site . Further action is not considered necessary .

AVAILABLE STUDIES AND REPORTS : A reduced copy of various views
of a typical site is included .

PA POC : David Gregory, DERP-FUDS coordinator, Albuquerque
District, phone number : 505 766-1773 .

2
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PROJECT SUMMARY SHEET

FOR

DERP-FUDS HTRW PROJECT NO . R06NM048701
BONHAM FARMS , INC . WATER WELL SITE

SITE NO . R06NM04870 0
(Revised 7 February 1995 )

PROJECT DESCRIPTION: Several sources of potential HTRW
contamination exist at this site . A brief description of each
follows :

a . An underground diesel fuel storage tank was installed at
this site . During the site visit, a depression was noticed in
the area where these tanks were typically installed . Also, these
tanks are known to have been removed at similar sites in this
area . For these reasons, it is believed that the tank at this
site has also been removed . No obvious signs of contamination
were noticed in the depression or the surrounding area ; however,
the former presence of the tank poses as a potential source .
This tank was in place for approximately 5 years .

b . The water supply system installed at this site included
water wells, a water treatment system and several evaporation
ponds . Treatment methods required and used by DOD at the site
are not known ; however, it is believed that wastewater generated
by backflushing the system was discharged into the evaporation
ponds . None of the DOD installed treatment equipment remains and
the evaporation ponds are currently dry . Plant growth in the
evaporation ponds does not appear to be different from that in
the surrounding area ; however, the potential for contamination
exists .

c . The main silo at this site is suspected to contain water .
Equipment originally installed, and possibly remaining, in the
silo is considered a potential source for contamination of any
water in the silo . Direct access to the silo is now closed, so
it was not possible to confirm if there actually is water in the
silo . Two of the three silo vents were open and water was found
in both . The south silo vent had water at approximately 20 feet
below ground level and the north vent contained water at 30 feet
below ground level . The depth of water was not determined in
either case .

d . A septic system and leach field installed by DOD at this
site is another potential source of contamination . The septic
tanks were located and one was found to contain water . The
septic tank water is approximately 4 feet below ground level and
of unknown depth . No odors were noticed and no samples were
taken .
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PROJECT SUMMARY SHEET
FOR

DERP-FUDS HTRW PROJECT NO. R06NM048701

BONHAM FARMS , INC . WATER WELL SITE

SITE NO . R06NM04870 0

(Revised 7 February 1995 )

Plant growth in the septic tank and leach field area did not
appear to be different from that in the surrounding area .

PROJECT ELIGIBILITY : The facilities mentioned above were
installed and utilized by DOD .

POLICY CONSIDERATIONS : The current owner does not want to pursue
further program activities at this site . Program policy
indicates that a project may not be proposed when the current
site owner does not wish to participate .

PROPOSED ACTIVITY : A site investigation to determine the
existence and extent of possible HTRW contamination in this area
was considered . However, as described above, this activity
cannot be proposed .

EPA FORM 2070 -12 : Included .

DISTRICT POC: David Gregory, DERP-FUDS coordinator, Albuquerque
District, phone number : 505 766-1773 .

2
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PROJECT SUMMARY SHEET
FOR

DERP-FUDS BD/DR PROJECT NO. R06NM048702
BONHAM FARMS , INC . WATER WELL SITE

SITE NO. R06NM04870 0
(Revised 7 February 1995 )

PROJECT DESCRIPTION: Several former Department of Defense (DOD)
structures remaining on this site are considered hazardous .
These include the main silo, silo vents, launch control center,
several manholes and various other smaller underground
structures . Due to the nature of the site, trespassers are a
constant problem and safety concern for the current 'owner .
Removal of all existing structural hazards was considered as a
project for this site .

PROJECT ELIGIBILITY: These structures were built and utilized by
DOD and currently present a clear danger of serious injury .

POLICY CONSIDERATIONS : Current policy does not permit the
proposal of BD/DR projects at sites which have been owned since
DOD usage by one or more private interests unless the title
transfer document that conveyed the site from DOD or General
Services Administration (GSA) specifically requires the
Government to restore the site . This site is currently owned by
a private interest and the title transfer document has no mention
of Government restoration responsibilities ; therefore, this
project cannot be proposed .

PROPOSED PROJECT : Permanent closure of all means of accessing
the major underground facilities and removal of the smaller
hazardous structures would render this site safe . The project
would include demolition of selected aboveground structures and
placement of fill in all minor below grade structures, accessways
and manholes . The main silo and launch control center would
remain intact ; however, all means of access would be permanently
closed . As described above, this project cannot be proposed due
to policy considerations .

DD FORM 1391 : Included .

DISTRICT POC : David Gregory, DERP-FUDS coordinator, Albuquerque
District, phone number : 505 766-1773 .
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POTENTIAL HAZARDOUS WASTE SITE
PRELIMINARY ASSESSMEN T

(EPA Form 2070-12 )

I . IDENTIFICATION : DERP-FUDS HTRW Project No . K06NM048701
(DERP-FUDS Site No . K06NM048700, Bonham Farms , Inc . Water Well
Site )

II . HAZARDOUS CONDITIONS AND INCIDENTS :

01 . A . GROUNDWATER CONTAMINATION
02 . Potential
03 . Population Potentially Affected: less than 1 0
04 . Description : Potential for groundwater contamination from
silo water, former UST, septic tanks and evaporation ponds
exists .

01 . B . SURFACE WATER CONTAMINATION
02 . Potential
03 . Population Potentially Affected : less than 1 0
04 . Description : Potential for contamination of surface runoff
from the evaporation ponds exists .

01 . C. CONTAMINATION OF AIR-Not Noted

01 . D. FIRE/EXPLOSIVE CONDITIONS-Not Noted

01 . E . DIRECT CONTACT-Not Noted

01 . F. CONTAMINATION OF SOIL
02 . Potential
03 . Area Potentially Affected : less than 5 acre s
04 . Description : Potential soil contamination from the former
UST, evaporation ponds and leach field exists .

01 . G. DRINKING WATER CONTAMINATION -Not Noted

01 . H . WORKER EXPOSURE/INJURY - Not Noted

01 . I . POPULATION EXPOSURE/INJURY-Not Noted

01 . J . DAMAGE TO FLORA-Not Noted

01 . K . DAMAGE TO FAUNA-Not Noted

01 . L. CONTAMINATION OF FOOD CHAIN-Not Noted

01 . M . UNSTABLE CONTAINMENT OF WASTES-Not Noted

01 . N. DAMAGE TO OFFSITE PROPERTY-Not Noted
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Cl . 0 . CONTAMINATION OF SEWERS, STORM DRAINS, WWTPs-Not Noted

(EPA Form 2070 -12 cont . )

01 . P . ILLEGAL/UNAUTHORIZED DUMPING-Not Noted

05 . Description of Any Other Known, Potential , or Alleged
Hazards: Debris and structural hazards exist at this site .

2
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SUPPLEMENTAL INPR
SITE SURVERY SUMMARY SHEET

FOR
WALKER AIR FORCE BASE

(ATLAS MISSILE SILO NO.9)
PROPERTY NO. K06NMO48700

SITE NAME: Formerly, Atlas Missile Site No . 9, Walker Air Force Base, New Mexico

LOCATION : Lincoln County, New Mexico, approximately 28 miles west of Roswell,
New Mexico . The property can be accessed from U .S . Highway 70-380 .

Property History : In 1960, the Department of Defense (DOD) acquired numerous
parcels of land near Roswell, New Mexico, to establish a network of twelve Atlas "F"
Missile launching facilities . All twelve sites, including this site, were manned and
operated by personnel from Walker Air Force Base (WAFB), New Mexico . Construction
of these sites was completed in the early 1960s . This site was referred to Atlas Missile
Silo No . 9 or Site No. 9, and its facilities structurally resemble the other eleven Atlas "F"
Missile launching sites . Two central features of the site are the hardened missile silo,
used to house the Atlas "F" Series, and the launch control center (LCC), with a tunnel
connecting the LCC to the silo. Support facilities at the site include a water supply
system, with well and treatment equipment, fuel storage tanks, a septic system, an
administration building, a guardhouse and perimeter fencing . This site was excessed to
the General Services Administration in 1965 . The current owner is Bonham Farms, Inc .,
Roswell, New Mexico . One of the DOD wells is currently being used for livestock
watering .

PROPERTY VISIT : Richard Barnitz conducted a site visit on 18 April 1990 .

CATEGORY OF HAZARD (S) : HTRW

PROJECT DESCRIPTION : Facilities installed by SOS, at this site, included fuel
storage tanks, water treatment equipment and a septic system . No obvious evidence of
HTRW contamination (i .e ., leachate, unvegetated areas, etc .) was noticed . A site
investigation was considered as a potential project ; however, the current owner does not
wish to pursue further activities at this site . Policy considerations will not allow proposal
of a project at this site . Further action is not considered necessary .

AVAILABLE STUDIES AND REPORTS : A reduced copy of various views of a
typical site is included .

POINT OF CONTACT : David Henry, Army Corps of Engineers Albuquerque district
office, (505) 342-3193 .

Walker Air Force Base K06NMO48700
Supplemental INP R
April 20033 Page 1 of 1
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HTRW PROJECT SUMMARY SHEET
FOR

WALKER AIR FORCE BASE
(ATLAS MISSILE SILO NO.9)
PROJECT NO. K06NM048700

PROJECT DESCRIPTION : Several sources of potential HTRW contamination exist
at this site. A brief description of each follows :

a. An underground diesel fuel storage tank was installed at this site . During the site
visit, a depression was noticed in the area where these tanks were typically
installed. Also, these tanks are know to have been removed at similar sites in
this area . For these reasons, it is believed that the tank at this site has also been
removed. No obvious signs of contamination were noticed in the depression or
the surrounding area ; however, the former presence of the tank poses as a
potential source . This tank was in place for approximately 5 years .

b. The water supply system installed at this site included water wells, a water
treatment system and several evaporation ponds . Treatment methods required
and used by DOD at the site are not known; however, it is believed that
wastewater generated by back flushing the system was discharged into the
evaporation ponds. None of the DOD installed treatment equipment remains and
the evaporation ponds are currently dry . Plant growth in the evaporation ponds
does not appear to be different from that in the surrounding area ; however, the
potential for contamination exists .

c. The main silo at this site is suspected to contain water. Equipment originally
installed, and possibly remaining, in the silo is considered a potential source for
contamination of any water in the silo . Direct access to the silo is now closed, so
it was not possible to confirm if there actually is water in the silo . Two of the
three silo vents were open and water was found in both. The south silo vent had
water at approximately 20 feet below ground level and the north vent contained
water at 30 feet below ground level . The depth of water was not determined in
either case.

d. A septic system and leach field installed by DOD at this site is another potential
source of contamination . The septic tanks were located and one was found to
contain water . The septic tank water is approximately 4 feet below ground level
and of unknown depth. No odors were noticed and no samples were taken . Plant
growth in the septic tank and leach field area did not appear to be different from
that in the surrounding area .

PROJECT ELIGIBILITY : The property was constructed and operated by the U .S. Air
Force on DOD owned property . No known subsequent use of the property included
activities that would have generated conditions hazardous to human health and the
environment .
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April 2003 Page 1 of 2
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POLICY CONSIDERATIONS : There are no known policy considerations that would
preclude this project from being eligible for DERP-FUDS .

PROPOSED PROJECT : An SI is proposed to include drilling soil borings, installing
monitoring wells, sampling and analyzing soil and groundwater and compiling an
investigative report . Additional investigations may be necessary if environmental
contamination is detected .

POINT OF CONTACT : David Henry, Army Corps of Engineers Albuquerque district
office, (505) 342-3193 .
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1.0 Introduction

1.1 Purpose
This report describes the activities and presents the detailed results of the Environmental Site

Investigation (ESI) performed at the Former Atlas Missile Silo Sites 8 and 9, located near

Roswell, New Mexico (Figure 1-1) . The ESI was conducted for the U .S. Army Corps of

Engineers (USACE), Albuquerque District, under Contract Number DACW05-96-D-0011,

Contract Task Order 15, Work Authorization Directive (WAD) 2 to the Sacramento Total

Environmental Restoration Contract II . The ESI followed specifications in the Final Work Plan,

Environmental Site Investigation, Former Atlas Missile Silo Sites 8 and 9, Roswell, New Mexico,

Formerly Used Defense Site (FUDS) Project Identification (ID) Nos K06NM048602 (Site 8) and

K06NM048701 (Site 9) (Shaw, 2004) and approved field work variances . The investigation

activities, performed between May 24 and October 13, 2004, included surveys of site features,

collection of surface and subsurface soil samples, installation of BARCADTM monitoring wells,

collection of groundwater and standing silo water samples, and site restoration .

The investigations performed at Silo Sites 8 and 9 were accomplished in accordance with the

Superfund Amendments and Reauthorization Act (SARA) of 1986, which amended the

Comprehensive Environmental Response, Compensation, and Liability Act of 1980 . Upon the

passage of SARA, the Defense Environmental Restoration Program (DERP) was established

(EPA, 2002) . DERP assigns the Secretary of Defense the responsibility to carry out response

actions at FUDS . The Department of Defense's executing agent for implementation of the

FUDS program is the USACE. In general, regulatory oversight of FUDS activities is delegated

by respective U .S . Environmental Protection Agency (EPA) regions to states within those

regions . For this investigation, the New Mexico Environment Department (LAMED) is

responsible for regulatory oversight of activities conducted at the Atlas F Missile Silo Sites in

New Mexico .

Background site descriptions and historical information for Silo Sites 8 and 9 are provided in

Chapter 2.0 of this report . Chapter 3 .0 presents regional characteristics . The investigation

activities of soil assessment, groundwater and silo water assessment, survey, and site restoration
are discussed in Chapters 4 .0, 5 .0, 6.0, and 7 .0, respectively. Management of investigation-

derived waste (IDW) is discussed in Chapter 8 .0 and quality assurance and quality control (QC)
procedures are presented in Chapter 9 .0 . Chapters 10 .0 and 11 .0 provide the summary and
recommendations and references, respectively . Included at the end of this report are the
following appendices :
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• Appendix A, Field Documentation

• Appendix B, Analytical Result Tables

• Appendix C, Soil Boring Logs

• Appendix D, BARCADTM Monitoring Well Completion Diagrams

• Appendix E, Survey Data

• Appendix F, Laboratory Data Reports

• Appendix G, Automated Data Revie w

• Appendix H, Environmental Data Management Syste m

• Appendix I, Field Work Variances and Corrective Action Requests

• Appendix 3, Geochemical Evaluation of Soil and Groundwater Sample s

1.2 Sampling Objective s
The following sampling objectives for the ESI at the Former Atlas Missile Silo Sites 8 and 9 are

based upon the following Data Quality Objectives (DQO) developed during the technical project

planning meeting held on September 30, 2003 :

• Determine whether or not previous U .S . Department of Defense (DOD) activities at
the Former Atlas Missile Silo Sites resulted in the presence of chemicals at

concentrations that may impact human health and the environment .

• Identify potentially hazardous constituents that may have migrated from the Former
Atlas Missile Silo Sites to the surrounding soil and/or groundwater, and determine
whether any detectable constituents present at concentrations above evaluation criteria
can be attributed to past DOD activities .

• Determine the presence of potentially hazardous constituents at three potential source
areas at each silo site. Potential contaminant source areas include soil and
groundwater surrounding the silo to a depth of approximately 250 feet below ground
surface (bgs) (including standing water within the silo), the septic tank leachfields, and
the silo sump outfall areas for silo sump discharge .

These objectives are consistent with the work plan developed for the ESI at Former Atlas Missile

Silo Sites 8 and 9 (Shaw, 2004) .
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1.3 Activities
The ESI at Silo Sites 8 and 9 included the following activities :

• Conducted a survey of surface features at Silo Sites 8 and 9 using a global positioning
system (GPS) to generate a site-specific layout.

• Advanced three deep boreholes at Silo Site 8 and one deep borehole at Silo Site 9 .

• Collected subsurface soil samples within the deep boreholes for analysis of specific
hazardous constituents .

• Completed the deep boreholes at Silo Site 8 as BARCADTM monitoring wells .

• Collected groundwater samples for analysis of specific hazardous constituents from
the installed BARCADTM monitoring wells at Silo Site 8 .

• Collected samples of standing water from the top and bottom of the water column
inside the silo at Silo Site 8 for analysis of specific hazardous constituents .

• Advanced four shallow soil borings and collected subsurface soil samples from the
leachfield area at both Silo Sites 8 and 9 for analysis of specific hazardous
constituents .

• Collected surface and shallow subsurface soil samples from the sump outfall area at
both Silo Sites 8 and 9 for analysis of specific hazardous constituents .

• Conducted a civil survey at Silo Sites 8 and 9 to accurately locate monitoring wells,
soil borings, and surface soil sample points .

• Performed site restoration at Silo Sites 8 and 9 .
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2.0 Backgroun d

In the early 1960s, the DOD constructed a complex of 12 Atlas "F" Missile launching facilities

within an approximate 50-mile radius of Roswell, New Mexico . Each site consisted of an

underground missile silo and launch control center (LCC) . The sites also included typical

features such as a septic system and associated leachfield, a silo sump pump system, one or two

Quonset-style buildings, underground fuel and water storage tanks, water treatment system, and

a nearby evaporation pond . Aboveground water-treatment facilities included a diesel generator

cooling tower, filtration shed, well pump house shed, and small water storage tanks .

The Atlas "F" Missile, an advanced version of the Atlas intercontinental ballistic missile, was

stored vertically in the underground concrete and steel silo . The missiles were fueled, with RP-1

(kerosene) liquid fuel when placed on alert, and fueled with liquid oxygen if a decision was

made to launch. The Atlas "F" Missiles were phased out, and all the silo sites were permanently

closed in 1965 . By 1966, the silos and LCCs had been sealed, and all usable equipment and

material had been salvaged; therefore, most of the site features mentioned above no longer exist

at the silo sites .

Background information specific to Silo Sites 8 and 9 are summarized in the following sections .

The site descriptions provided are based upon current site features observed and surveyed in May
2004. Survey activities and methods are discussed in Chapter 6 .0 .

2,1 Site Description

2.1.1 Silo Site 8

Former Atlas Missile Silo Site 8, approximately 30 miles southeast of Roswell, New Mexico, is

located approximately 5 miles east of U.S. Highway 285, and approximately %2-mile east of New

Mexico State Highway 2, near the town of Lake Arthur, New Mexico . Elevation at the site is

approximately 3,375 feet above mean sea level (amsl) .

Features surveyed at Silo Site 8 are presented in Figure 2-1 . The original construction and layout

of the silo sites are similar at each site. Modifications by subsequent property owners,

vandalism, and weathering may have uniquely altered the features at any individual site . The

original 70-foot-diameter concrete silo pad at Silo Site 8 remains intact while the surrounding

170-foot-square asphalt area has been heavily weathered and overgrown with native vegetation .

Concrete foundations from the former water treatment facility, including a pump house an d
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two water tanks, are located northeast of the silo pad . Active wells supplying drinking water to

the town of Lake Arthur are present on the former water treatment facility pad . A small shed

located just southwest of the pad houses the chlorine treatment system for the municipal water

supply. The active water line runs underground relatively parallel to the northern site fence line .

The silo doors remain welded shut, and vent openings adjacent to the paved area are currently

cemented shut ; however, the silo currently contains water . The stairwell entrance to the LCC

and underground structures, located northwest of the silo pad, has been rendered inaccessible and

is currently covered by an earthen berm. At the beginning of the ESI at Silo Site 8, a depression

was present to the east of the silo pad where the underground storage tank (UST) was formerly

located. Remnant debris related to the tank tie-downs were partially exposed within the

depression area . Broken and unearthed remnants of the septic system are visible on the site west

of the silo pad. A partial perimeter of earthen berm and salt cedar vegetation delineates the

former location of the evaporation pond to the northeast of the silo .

ESI activities resulted in minor changes to site features . The former UST depression has been

backfilled and leveled in order to accommodate drilling equipment . Buried remnants of a clay

pipe, used for silo sump discharge, were unearthed during the ESI and have since been backfilled

and leveled . All disturbed areas resulting from clearing and leveling have been reseeded with

native vegetation (see Chapter 7 .0 for site restoration details) .

2.1.2 Silo Site 9
Former Atlas Missile Silo Site 9 is located approximately 30 miles west of Roswell, New

Mexico, along U.S . Highway 70/380 . Elevation of the site is approximately 5,130 feet amsl .

Current site features of Silo Site 9 are provided in Figure 2-2 . The silo doors remain welded
shut; however, the LCC door and some of the ventilation shaft grates are damaged . A ground

depression, east of the silo pad, indicates the former location of a UST . Remnants of the former
septic system appeared undisturbed and in their original locations . An exposed clay drainage

pipe and French drain area for the silo sump discharge were discovered in an apparent original
configuration during the site survey. Three-tiered evaporation ponds are delineated by earthen
berms . The original concrete pad foundations for the water tanks and water treatment facility
remain relatively intact . The former water treatment facility pad has a hole from an abandoned

production well that is partially obstructed with debris . Two heavily weathered concrete pads
indicate the former location of Quonset huts . An active well and water pump are located on the

site in the small metal pump house, west of the LCC entrance . Two active water lines run

through the site and are delineated by linear earthen mounds from 1 to 2 feet high .

During the ESI activities, the former UST depression was backfilled and leveled . The original

condition of the sump outfall French drain was altered by trenching and backfilling . The

disturbed areas have been reseeded with native vegetation.
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2.2 Site History

2.2.1 Silo Site 8

Of the approximately 250 acres acquired by the DOD for the development of Silo Site 8, the

actual missile facility occupied approximately six acres including a road easement . The current

owner, the Lake Arthur Water Conservation Cooperative, obtained the property from the

U .S . Government General Services Administration on September 26, 1966 . According to well

records obtained from the New Mexico State Engineers Office, the DOD originally installed four

deep wells at Silo Site 8 . All four wells were drilled to a depth of 1,110 feet bgs and were under

artesian conditions . The City of Lake Arthur Water Conservation Cooperative currently uses

two of these wells to supply water to the Lake Arthur community. The well records obtained

from the State Engineers Office are included in Appendix AT

2.2.2 Silo Site 9
The U.S. Government acquired multiple tracts of land for the development of Silo Site 9 from

the State of New Mexico between May 24, 1960, and August 8, 1962 . Silo Site 9 and its

adjacent evaporation pond-area, each occupied approximately six acres . An aviation landing

strip of unknown size was also associated with Silo Site 9 during operational years . Bonham

Farms, Inc . purchased the property from the General Services Administration on March 18,

1968 . Three wells have been observed at Silo Site 9 . One active well located at the pump house

(Figure 2-2) is currently being used as a stock well . Two inactive production wells are located

within the concrete pad of the former water treatment facility. According to well records
obtained from the New Mexico State Engineers Office, the three wells had total depths of 850,

750, and 650 feet bgs . The records indicate that the 850-foot well was cleaned out in 1986 and is

likely the stock well located in the pump house . The depth to water in these wells ranged from
545 to 712 feet bgs at the time of completion . The well records obtained from the State

Engineers Office are included in Appendix A T

2.3 Previous Investigation s
A soil-vapor survey conducted at some of the Former Atlas Missile Silo Sites in 1992
included Silo Site 8 . The vapor from the vadose zone was analyzed for those aromatic volatile

hydrocarbons and other petroleum vapors commonly associated with refined fuel products as

well as halogenated volatile hydrocarbon vapor, specifically trichloroethene . No significant

concentrations of soil vapors of concern were found at any of the sites, and the data produced

were inconclusive as to the potential impacts of DOD activities on the environment
(USACE, 1993) .

Both Silo Sites 8 and 9 were included in site investigations conducted by the USACE

between 1994 and 1997 . The data collected during the site investigations were compiled into

an ESI report (IT, 2001) . However, the analytical laboratory contracted for the investigatio n
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became involved in potentially fraudulent practices, which compromised the data . The

USACE considers the previous analytical results unusable ; therefore, the data cannot be used to

determine the potential impact of DOD activities on the environment .
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3.0 Regional Characteristics

3.1 Regional Geology and Structure
Silo Sites 8 and 9 are located in the Pecos River Valley, a north-south-trending topographic

feature situated along the southwestern boundary of the Great Plains physiographic province

(Havenor, 1968) . The geologic setting for Silo Sites 8 and 9 is the Roswell Artesian Basin, north

of the western edge of the Guadalupian reef complex of the Permian Basin (Havenor, 1968) .

Physiographically, the Roswell Artesian Basin is bounded by the Capitan, Sacramento, and

Guadalupe Mountains to the west, the Seven Rivers Hills to the south, and the scarp of the east

bank of the Pecos River to the east (Kinney et al ., 1968). The northern boundary of the basin is

indefinite, but probably coincides with the main stem of Arroyo del Macho (Kinney et al ., 1968) .

The northern part of the Roswell Artesian Basin exhibits an east-southeast regional dip of about

50 feet per mile (Havenor, 1968) . At least three major structural zones traverse the northern part

of the basin, including the Border Hill, Six Mile, and Y-0 Faults (Havenor, 1968) . The Six Mile

Fault occurs between the Border Hill Fault, which is the westernmost, and the Y-O Fault, which

is the easternmost (Havenor, 1968) . The City of Roswell lies above the Roswell block, which is

formed by the Six Mile and Y-O Faults (Havenor, 1968) . Silo Site 8 is located in the southern

part of the Roswell Artesian Basin, 1 mile west of the Pecos River, south of the Y-O Fault, and

north of the Sever Rivers Hills . Silo Site 9 is located north of the Borders Hills Fault in the

northwestern part of the . Roswell Artesian Basin . The Queen Formation, which forms the

aquitard on the Orchard Park block, is the area southeast of the Y-O Fault and is absent

throughout both the Roswell block west of the Pecos River and most of the Six Mile Fault . The

Queen Formation is composed of very fine-grained red sandstone and siltstone containing

abundant quartz grains with red siltstone and gray anhydrite commonly interbedded with dark

red sandy or silty shale . Regional stratigraphy consists of quaternary valley-fill alluvium,

overlying Permian marine elastic, carbonate, and evaporite rocks that dip gently to the east-

southeast. The uppermost Permian rock unit is the San Andres Formation, which varies in

thickness from 1,200 to 1,400 feet (Havenor, 1968) . On the Roswell block, the San Andres

Formation is deeply eroded (Havenor, 1968) and ranges in thickness from 550 to 600 feet . The

lithology of the San Andres Formation varies within the basin, but is generally limestone with

varying amounts of calcite, dolomite, anhydrite, halite, shale, and varying degrees of porosity

and permeability (Kinney et al ., 1968). The San Andres Formation is underlain by the Glorieta

Sandstone, which varies in thickness from 0 to 750 feet (Havenor, 1968) . The Glorieta

Sandstone is a fine-grained to very fine-grained, moderately well-cemented, well-sorted, clean

quartz sandstone that is generally gray to white or buff to yellow in color (Havenor, 1968) . It

yields less water than the San Andres Formation, but is the principal aquifer in the extreme

western part of the Roswell Artesian Basin (Kinney et al ., 1968) . Presumably, the water supply
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wells drilled at the Former Atlas Missile Silo Sites are completed in the San Andres formation

(USACE, 1993) .

3.2 Regional Hydrogeology
Several aquifers exist within the Roswell Artesian Basin ; they generally coincide with the

structural regions previously described. Two distinct but closely related water systems within

the upper carbonate-evaporite member of the San Andres Formation lie within the Roswell

Artesian Basin . The first is a shallow aquifer, composed in part from alluvial fill, and the second

is an artesian aquifer . Quaternary unconsolidated gravel, sand, silt, and clay form alluvium that

lies unconformably above the Permian Rocks in the Roswell Artesian Basin . The quaternary

alluvium sequence is thinner on the north side of the Y-O Fault . An artesian aquifer occurs

beneath an aquitard, formed by the Queen Formation, in faulted eastward-dipping rocks at the

northwestern edge of a large depositional basin of Permian age . In general, groundwater flows
in a southeasterly direction across the basin . The Glorieta Sandstone is considered one of the

primary transport (recharge) units for the artesian aquifer (Havenor, 1968) .

3.3 Meteorology
The region has a generally temperate climate . During the summer, from June through

September, rather frequent showers and thunderstorms deliver more than half of the annual

precipitation . The relative humidity ranges from 70 percent in early morning to 30 percent in the

mid-afternoon . Temperatures can be quite warm with readings of 100 degrees Fahrenheit (°F) or

higher on an average of 10 days per year . In July, temperatures range from 63 to 96°F .

Conditions in the fall consist of decreased rainfall, slight winds, and mostly clear skies . Cool

nights turn into warm days and the relative humidity is low. In October, temperatures range

from 41 to 75°F. Winter is marked by cold nights and temperate days. Zero or lower

temperatures occur only one day during an average winter . Winter is the season of least

precipitation. In January, temperatures range from 21 to 57°F . The spring is the driest season of

the year with respect to relative humidity. Winds increase in the spring,, particularly from the

plateau areas of the west. On average, wind speed averages 25 miles per hour or more 60 days

per year; the majority of these days occur from February to May . In April, temperatures range

from 40 to 79°F (NWS, 1998).

3.4 Demographics and Land Us e
Roswell is the largest city in the vicinity of Silo Sites 8 and 9 . According to the 2000

U.S. Census (Census, 2000), 45,293 people reside in the City of Roswell, comprising

approximately 2.5 percent of New Mexico's population . Chaves County has 61,382 residents

according to the 2000 U .S. Census . The City of Roswell, which is the county seat of Chaves

County, accounts for 74 percent of the county's population. Some of the top employers in the

area include the Roswell Independent School District, Eastern New Mexico Medical Center, an d
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the City of Roswell . Land use adjacent to the City of Roswell consists of dairy farming, cattle

ranching, and agricultural production (Census, 2000) .

Silo Site 9 is situated just west of the Chaves County line, within Lincoln County .

Approximately 19,411 people reside in Lincoln County according to the 2000 U .S. Census .

Land use within this county consists primarily of cattle ranching and agricultural production

(Census, 2000) .
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4.0 Soil Assessment

The soil assessment activities at Silo Sites 8 and 9 were designed to investigate potential releases

of hazardous constituents from the following potential source areas :

• Septic System and Associated Leachfield ; herein after referred to as Septic Leachfield
• Sump Outfal l

• Former UST Area

Soil assessment activities also included :

• Deep Soil Borin g

• Background Soil Sampling

The soil assessment activities implemented to characterize each potential source area at

Silo Sites 8 and 9 are presented in Sections 4 .1 and 4.2, respectively; analytical parameters are

presented in Section 4 .3 ; soil sample procedures are summarized in Section 4 .4; soil sample

results are documented in Section 4 .5; and subsurface geology is described in Section 4 .6. A
summary of soil samples collected during the ESI at Silo Sites 8 and 9 is presented in Table 4-1 .

4.1 Source Area Characterization Activities Silo Site 8

4.1.1 Septic Leach field
Four shallow leachfield soil borings (AHL8-l, AHL8-2, AHL8-3, and AHL8-4) were advanced

to approximately 9 to 14 feet bgs using hollow-stem auger drilling methods . Soil samples were

collected from the bottom of each soil boring (Photo 1). Soil boring locations were chosen along
a line parallel to the four clay vent pipes, as shown in Figure 4-1, and placed such that the soil

boring locations lie within the leachfield . This configuration was chosen to provide a
representative sampling scheme across the slope of the leachfield . Soil samples were collected
with a 2-inch, stainless-steel split-spoon sampler driven ahead of the 3 .25-inch-diameter augers
(Photos 2 and 3) (Table 4-1) . In order to characterize potentially hazardous constituents that may
have migrated into the subsurface, each sample was collected from the native material directly

beneath the leachfield. The soil samples were then collected from the brown native silt beneath

the chalky-white silt that comprises the leachfield . No organic vapors were detected with field-
screening methods, and no discolored soil was observed in the drill cuttings .

4.1.2 Sump Dutfall
The termination of the clay outfall pipe for the Silo Site 8 sump system was located

approximately 80 feet south of the silo . A backhoe was used to unearth the sump outfall pipe ,
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Table 4- 1

Soil Sample Summary
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexic o

Sample Sample Sample Depth
Location ID Number Date Sample Type (ft bgs ) Analytical Methods a

Silo Site 8

Deep Borehole Samples

6H8-1 BH8-1-1 6/1812004 Environmental Soil 45 VOC (EPA 8260B )

DBD8 1 1 6/18/2004 Duplicate Soil of BH8 1 1 45
SVOC (EPA 8270C)
PAH (EPA 8270C-Modified for Low L el PAH

BH8-2 BH8-2-1 6/21/2004 Environmental Soil 45
ev )

TAL Metals (EPA 6010B/6020/7470A/7471A )

DBT8-2-2 6/21/2004 USACE Split of BH8-2-1 Soilb 45

EBD8-1 6/21/2004 Equipment Rinsate after BH8-2-1 N/A

BH8-3 BH8-3-2 6/22/2004 Environmental Soil 45

BH8-3-2 6/2212004 MSIMSD Soil 4 5

Septic Leachfield Samples

AHL8 AHL8-1 6/28/2004 Environmental Soil 9 .5-12 VOC (EPA 82608 )

AHL8-2 6/28/2004 Environmental Soil 10 .5-13
SVOC (EPA 8270C )
PAH (EPA 8270C-Modified for Low Level PA H

AHL8-2 6/28/2004 MS/MSD Soil 10 .5-13
)

TAL Metals (EPA 6010B/6020/7470A/7471A )

AHL8-3 6/28/2004 Environmental Soil 11-14

AHD8-1-1 6/28/2004 Duplicate Soil of AHL8-3 11-1 4

AHT8-1-2 6/28/2004 USACE Split of AHL8-3 Soilb 11-1 4

EBL8-2 6/28/2004 Equipment Rinsate after AHL8-3 N/A

AHL8-4 6/28/2004 Environmental Soil 9-1 2
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Table 4-1 (Continued)
Soil Sample Summary
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexico

Sample Sample Sample Depth
Location ID Number Date Sample Type (ft bgs) Analytical Methods a

Sump Outfall Samples

OFT8 OFT8- 1 5125/2004 Environmental Soil 1 .0 VOC (EPA 8260B )

OFT8- 2 5/25/2004 Environmental Soil 1 .0
SVOC (EPA 8270C )
PAH (EPA 8270C- Modified for Low Level PAH)c

OFD8-1-1 5125/2004 Duplicate Soil of OFT8-2 1 .0 TAL Metals (EPA 6010B/6020/7470A/7471A)

OFT8-1-2 5/25/2004 USACE Split of OFT8- 2 Soilb 1 . 0

OFT8-3 5/25/ 2004 Environmental Soil 1 . 0

OFT8- 5 5125/ 2004 Environmental Soil 4 . 0

OFT8- 6 5/25/2004 Environmental Soil 4 . 0

OFT8- 6 5/25 /2004 MS/MSD Soil 4 . 0

OFT8-7 5/25/2004 Environmental Soil 4 . 0

OFT8- 8 5/25/2004 Environmental Soil 4 . 0

Background Samples

5 8-BK1 S8-SS-BK- 1 7/26/2004 Environmental Soil 0-0 . 25 TAL Metals (EPA 6010B/6020/7471A )

S8-BK2 S8 -SS-BK- 2 7/26 /2004 Environmental Soil 0-0 .25

S8-SS - BK-2 7/26/2004 MS/ MSD Soil 0-0 .25

BKDB - 2 7/26 / 2004 Duplicate Soil of S8-SS - BK2 0-0 .2 5

BKT8- 2 7/26/ 2004 USACE Split of S8- SS-BK2 Soilb 0-0 .2 5

S8-BK3 S8- SS-BK -3 7126/2004 Environmental Soil 0-0 .2 5
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Table 4-1 (Continued)
Soil Sample Summary
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexic o

Sample Sample Sample Dept h
Location ID Number Date Sample Type ( ft bgs ) Analytical Methods a

Silo Site 9

BH9-1 BH9-1-1 7/2/2004 Environmental Soil 245-250 VOC (EPA 8260B )
DBD9-1-1 7/2/2004 Duplicate Soil of BH9-1-1 245-250

SVOC (EPA 8270C)
PAH (EPA 8270C-M dif d f L L l P

DBT9-1-2 7/2/2004 USACE Split of BH9-1-1 Soilb 245-250
o ie or ow eve AH )

TAL Metals (EPA 6010B/6020/7470A/7471A )

AHL9 AHL9-1 6/28/2004 Environmental Soil 4-6 VOC (EPA 82606)

AHD9-1-1 6/28/2004 Duplicate Soil of AHL9 1 SVOC (EPA 8270C )
PAH (EPA 8270C-Modif d f L L l PAH c

AHT9-1-2 6/28/2004 USACE Split of AHL9-1 Soilb 4-6
ie or ow eve )

TAL Metals (EPA 6010B/6020/7470A/7471A )

AHL9-2 612812004 Environmental Soil 4-7

AHL9-2 6/28/2004 MS/MSD Soil 4-7

AHL9-3 6/28/2004 Environmental Soil 4-6

EBL9-2 6/28/2004 Equipment Rinsate after AHL9-3

AHL9-4 6/28/2004 Environmental Soil 4-6

AU3-05M/PAISACE:R5596 RevC.dac
4-4 842088 .02.10 .60.103/31/05 1139 AM

Deep Borehole Sample s

Septic Leachfield Samples

0025



Table 4-1 (Continued)
Soil Sample Summary
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexic o

Sample Sample Sample Dept h
Location ID Number Date Sample Type (ft bgs) Analytical Methodsa

Sump Outfall Samples

OFT9 OFT9- 1 5/26/2004 Environmental Soil 0-0 .5 VOC ( EPA 8260B)

OFT9-2 5126/ 2004 Environmental Soil 0-0 .5
SVOC (EPA 8270C)
PAH (EPA 8270C- Modified for Low Level PAH)c

OFD9- 1-1 5/26/2004 Duplicate Soil of OFT9-2 0-0 .5 TAL Metals ( EPA 6010B /6020/7470A/7471A )

OFT9- 1-2 5/26/2004 USACE Split of OFT9-2 Soilb 0-0 . 5

OFT9 -3 5/26/ 2004 Environmental Soil 0-0 . 5

0F1 9-4 5/26/2004 Environmental Soil 0-0 .5

OFT9-5 5/2612004 Environmental Soil 3 . 5

OFT9-6 5126 /2004 Environmental Soil 3

OFT9-6 5/26/2004 MS/MSD Soil 3

OFT9-7 5/26/2004 Environmental Soil 2 . 5

OFT9- 8 5/26/2004 Environmental Soil 2

Background Samples

S9-BK1 S9 -SS-BK - 1 7/26/2004 Environmental Soil 0-0 . 25 TAL Metals ( EPA 6010B/6020/7471A )

S9-BK2 S9-SS - BK-2 7 /26/2004 Environmental Soil 0-0 .25

S9-BK3 S9 - SS-BK-3 7/26 / 2004 Environmental Soil 0-0 .25
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Table 4-1 (Continued)
Soil Sample Summary
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexic o

Sample Sample Sample Depth
Location ID Number Date Sample Type (ft bgs) Analytical Methods a

Investigation - Derived Waste (Silo Sites 8 and 9)

Composite IOW-1 6/23/2004 Investigation-Derived Waste 10-108 TCLP VOC (EPA 131118260B)
BH8-1 TCLP SVOC (EPA 1311/8270C )
6H8-2 TCLP Metals (EPA 1311/6010B/7470A)
BH8- 3

BH9-1 IDW-2 7/2/2004 Investigation-Derived Waste 10-250

BH8-4 IDW-3 7/11/2004 Investigation -Derived Waste 10-247 TCLP VOC (EPA 1311 /8260B )
TCLP SVOC (EPA 1311/8270C)
TCLP Metals (EPA 1311/6010B17470A)
Diesel Range Organics (EPA 8015 TPH/DRO )
Gasoline Range Organics (EPA 8015 TPH/GRO )

aU.S. Environmental Protection Agency (EPA), 1986, "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods," SW-846, 3rd ed., U.S. Environmental Protection Agency,
Washington, D. C.
6USACE Split Samples shipped to the U.S. Army Corps of Engineers Omaha Laborato ry, Omaha, Nebraska .
cKemron Environmental Services, 2003, "Standard Operating Procedure for the Analysis of Organic Analytes, Method 8270C for Low Level PAHs, SOP MSS03," Kemron Environmental
Services, Marietta, Ohio .
bgs = Below ground surface . PAH = Polynuclear aromatic hydrocarbons.
DRO = Diesel Range Organics. SVOC = Semivolatile organic compound .

EPA = U.S. Environmental Protection Agency . TAL = Target Analyte List.
ft = Foot (feet) . TCLP = Toxicity Characteristic Leaching Procedure.
GRO = Gasoline Range Organics . TPH = Total petroleum hydrocarbons.
ID = Identification. USA CE = U .S. Army Corps of Engineers.
MS/MSD = Matrix spike/matrix spike duplicate . VOC = Volatile organic compound .
N/A = Not applicable.
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which was covered with approximately 1 foot of soil and cobbles . Once the sump outfall pipe

was exposed, a 16-square-foot area downgradient of the sump outfall was excavated so that the

surrounding soil horizon was approximately the same elevation as the bottom of the pipe . Three

soil samples (OFT8-1, OFT8-2, and OFT8-3) were collected from this soil horizon : one sample

from directly below the pipe, a second sample at approximately 1 foot downgradient of the pipe,

and a third sample from organic-rich soil material inside the clay pipe (Photo 4) (Table 4-1) .

The area downgradient of the pipe was then excavated to 4 feet bgs and four soil samples

(OFT8-5, OFT8-6, OFT8-7, and OFT8-8) were collected from a deeper soil horizon (Photo 5) to

determine whether potentially hazardous constituents have migrated into subsurface soil

downslope of the sump outfall . No organic vapors were detected at outfall soil sample locations .

4.1.3 Former UST Area
In order to characterize potential impacts to subsurface soil from the former UST, a deep

borehole (BH8-1) was advanced through the former UST area, and a soil sample was collected at

45 feet bgs (Table 4-1) . Soil samples were collected from 2-inch, stainless-steel split spoons

driven into native soil (Photo 6) . . No organic vapors were detected with field-screening of the

soil samples .

4.1 .4 Additional Deep Borehole Soil Samplin g
Two additional deep boreholes (BH8-2, BH8-3) were advanced at Silo Site 8 . One soil sample

was collected from each borehole from the vadose zone above the first encountered groundwater

at 45 feet bgs, in order to determine whether potentially hazardous constituents are present . The

soil samples were collected from a 2-inch, stainless-steel split spoon driven into native soil

(Photo 6) . No organic vapors were detected with field-screening of the soil samples . A fourth

deep borehole (BH8-4) was advanced north of BH8-1 ; however, due to the drilling method

required (mud rotary), a representative soil sample was not collected from BH8-4 . The locations

of the boreholes advanced at Silo Site 8 are shown in Figure 4-1 .

4.1.5 Background Soil Sampling

Background soil samples were collected for trace metal analysis to support geochemical

evaluations of metals in soil . Specifically, background soil samples were used for geochemical

modeling to aid in determining whether a detected trace metal is a contaminant or a naturally

occurring constituent . Background soil samples were collected within the boundary of the silo

site away from any of the potential contaminant source areas . The three sample locations

(BKG8-1, BKG8-2, and BKG8-3) are shown in Figure 4-1 . At each sample location, a
composite sample was collected that consisted of five grab samples within an approximate

4-foot-square area. Each grab sample (S8-SS-BK-1, S8-SS-BK-2, and S8-SS-BK-3) was

collected from 0 to 3 inches bgs (Table 4-1) . The grab samples from each location were passe d
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through a No. 4 sieve to remove coarse material, homogenized in a stainless-steel bowl, and
transferred into a 4-ounce jar .

4.2 Source Area Characterization Activities for Silo Site 9

4.2.1 Septic Leach field
Shallow leachfield soil boring locations (AHL9-1, AHL9-2, AHL9-3, and AHL9-4) were

selected to provide representative samples of the Silo Site 9 leachfield, while maintaining the

integrity of the leachfield components, which remain in their original locations . The four soil

borings, advanced 4 to 7 feet bgs, were placed just beyond and downslope of the presumed

boundary of the leachfield . Two of the soil borings were completed immediately south of the

leachfield boundary while the other two were completed parallel to the long axis, down-slope,

and west of the leachfield (Photo 7) . Soil samples were collected from a 2-inch, stainless-steel

split-spoon sampler driven ahead of the 3 .25-inch-diameter auger. Figure 4-2 presents the

sample locations relative to the leachfield.

4.2.2 Sump Outfall
The termination of the clay outfall pipe for the Silo Site 9 sump system was located

approximately 50 feet south of the silo (Figure 4-2) . The sump outfall pipe and associated

cobbled French drain were discovered in their original configuration (not buried as these were at

Silo Site 8), gently sloping from the outfall pipe towards the south (Figure 4-2) (Photo 8) .
Approximately 6 inches of cobbles on the surface of the French drain area were removed,

exposing the soil below for sample collection . Outfall soil samples (OFT9-l, OFT9-2, OFT9-3,
and OFT9-4) were collected from immediately below the drip edge of the clay outfall pipe

(Photo 9), and downslope, beyond the edge of the pipe at distances of 5, 10, and 20 feet,

respectively. Upon collection of the first four samples, a backhoe was used to excavate a trench

from the clay outfall pipe extending southward approximately 20 feet (Photo 10) . During
trenching activities, limestone bedrock was encountered at approximately 2 to 4 feet bgs . Outfall
soil samples (OFT9-5, OFT9-6, OFT9-7, and OFT9-8) were collected at the same distances from

the outfall pipe as the first four samples (0, 5, 10, and 20 feet), but at an average depth of
approximately 3 .5 feet bgs along the side wall of the trench . Organic vapors were not detected in

outfall soil samples collected at Silo Site 9 .

4.2.3 Former UST Area
The lithology, shallow bedrock, at Deep Borehole BH9-1 did not permit the collection of soil
samples at multiple intervals as planned . One sample of limestone rock flour material (BH9-1-1)

was collected from approximately 240 to 250 feet bgs at BH9-1, directly from the cyclone into a
stainless-steel bowl . The sample material was homogenized, and a representativ e
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sample was collected in an 8-ounce jar . EnCore sample collection was not favorable at this

location due to the lithology. No organic vapors were detected with field-screening methods,

and no visible evidence of contamination was observed from this deep borehole .

4.2.4 Background Soil Sampling
Background soil samples were collected within the boundary of the silo site, away from any of

the potential source areas identified in the ESI . The three sample locations (BKG9-1, BKG9-2,

and BKG9-3) are shown in Figure 4-2 . At each location, a composite sample was collected that

consisted of five grab samples within an approximate 4-foot-square area . Each grab sample

(S9-SS-BK-I, S9-SS-BK-2, and S9-SS-BK-3) was collected from 0 to 3 inches bgs (Table 4-1) .

The grab samples from each location were passed through a No . 4 sieve, homogenized in a

stainless-steel bowl, and a representative sample was collected in a 4-ounce jar . Figure 4-2

provides the locations of Silo Site 9 background samples .

4.3 Analytical Parameters
Analytical procedures from EPA SW-846 (EPA, 1986) were used for the chemical analyses of

soil samples . Soil samples and field QC samples were submitted to Kemron Environmental

Services, Inc . (Kemron) in Marietta, Ohio, for laboratory analysis . The following analyses were

performed on all soil samples collected at both Silo Sites 8 and 9, with the exception of

background soil samples, which were analyzed for Target Analyte List (TAL) metals only .

• Volatile organic compounds (VOC) by EPA Method 8260 B

• Semivolatile organic compounds (SVOC) by EPA Method 8270 C

• Polynuclear aromatic hydrocarbons (PAH) by EPA Method 8270C-Modified for Low
Level PAH

• TAL metals by EPA Methods 6010B/6020/7470A/7471 A

• The laboratory also performed searches of mass spectra library files and reported the
top 10 tentatively identified compounds (TIC) for each VOC and SVOC analysis .

4.4 Sample Procedures and Documentatio n
EnCore® samplers were used to collect soil samples for VOC analysis where applicable . Both

4- and 8-ounce glass, wide-mouth jars were used for the collection of soil samples for analysis of

the other parameters (SVOCs, PAH, and TAL Metals) . All sample containers were provided by

Kemron .

Sampling tools such as stainless-steel bowls, split-spoon samplers, and sieves were
decontaminated between sample locations and depths using a solution of tap water an d
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Alconox~, followed by a final deionized water rinse . Sterile, disposable scoops were used

during soil homogenizing to reduce the risk of cross-contamination .

Upon filling each sample container, the sample was immediately placed into a laboratory-

provided cooler with ice . Shaw Environmental Inc . (Shaw) maintained custody of the samples at

all times until relinquished to Federal Express for priority overnight shipment to the laboratory .

Chain-of-custody documentation was electronically generated in the field using the EPA

software program, FORMS [Field Operations and Records Management System] II Lite,

Version 5.1 (DynCorp, 2002) and placed in each cooler to accompany samples to Kemron .

Table 4-1 provides a summary of all soil samples collected during the ESI at Silo Sites 8 and 9 .

Field documentation, including Field Activity Daily Logs, Soil Sample Collection Logs,

Calibrations Logs, and Chains-of-Custody Records are included in Appendix A of this report .

4.5 Soil Sample Results and Evaluation
To aid in the identification of potential hazardous constituents, soil sample results were

compared to previously determined evaluation criteria . The evaluation criteria were chosen as

the most conservative of either the NMED Soil Screening Levels (LAMED, 2004), or the

EPA Region 6 Human Health Medium-Specific Screening Levels for residential exposure

(EPA, 2003) . The evaluation criteria for soil samples are presented in Appendix BI . Table 4-2

summarizes the potentially hazardous constituents detected above evaluation criteria in the soil

samples collected at Silo Sites 8 and 9, which are discussed in the following sections . A table of

detected analytes in soil samples is included in Appendix B2, which presents the constituent

concentrations detected in soil samples collected during the ESI, as well as laboratory reporting

detection limits, method detection limits (MDL), laboratory and final data validation qualifiers .

Complete soil sample analytical results are available within the laboratory data reports in

Appendix F. Background soil sample results for Silo Sites 8 and 9 have been incorporated into a

Geochemical Evaluation, which is included in Appendix J .

4.5.1 Silo Site 8 Soil Sample Results
4.5.1.1 Former USTArea and Additional Deep Boreholes

Arsenic was detected at a concentration of 13 .4 milligram(s) per kilogram (mg/kg) in the soil

sample collected from the 45-foot depth at Deep Borehole BH8-3 (BH8-3-2) (Table 4-2). No

other TAL metals, VOCs, or SVOCs were detected above evaluation criteria in soil samples

collected from any of the other deep boreholes .
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Table 4-2
Soil Analytical Results Exceeding Evaluation Criteri a
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexic o

Sample
Sample Depth Analytical Final Evaluation Reporting Laboratory
Number (ft bgs ) Methoda Analyte Result Units Qualifier Criteriab Limit MDL

Silo Site 8

Deep Borehole Samples

SH8-3-2

AHL8-4

45

9-12

6020

L 6020

Arseni c

Arsenic

13 .4 mg/kg

Septic Leachfield Samples

4 .71 mg/kg

Sump Outfall Samples

OFD8-1-1~ 1 8270C MODd Benzo(a)pyrene 63 .0 µ9/kg J

3 . 9

3 . 9

62

0 .75 6

0 .59 7

67 .4

0 .37 8

0 .298

33 . 7

8U.S . Environmental Protection Agency (EPA), 1986, "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods," SW-846, 3rd ed., U. S. Environmental Protection Agency,
Washington, D. C.

bEvaluation criteria are found in Appendix B1 . Evaluation criteria were selected from either 1) New Mexico Environment Department (NMED), 2004, "Technical Background Document for
Development of Soil Screening Levels," Revision 2 .0, Hazardous Waste Bureau, New Mexico Environment Department, Santa Fe, New Mexico, 2) U.S. Environmental Protection Agency (EPA),
2003, "EPA Region 6 Human Health Medium-Specific Screening Levels," electronic database maintained by Region 6, U . S. Environmental Protection Agency, Dallas, Texas, or 3) OHM
Remediation Services Corporation (OHM), 1997, "Final Background Soil Sampling Report, Former Walker Air Force Base (WAFB), "prepared for U.S . Army Corps of Engineers, Tulsa District,
TERC No. DACA-56-94-D-0020, Tulsa, Oklahoma .

Field QC duplicate sample. Concentration in the primary sample did not exceed evaluation criteria.

dModified for Low Level PAN.

bgs = Below ground surface . pg/kg = Microgram(s) per kilogram.
ft = Foot (feet) . MDL = Method detection limit .
J = The result is either an estimated quantity less than the reporting limit but mg/kg = Milligram(s) per kilogram.

greater than the method detection limit or considered an estimate because PAN = Polynuclear aromatic hydrocarbons .
of some problem with associated quality control measures . The result is
still usable. QC = Quality control .
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4.5.1.2 Septic Leach field
The sample collected from the 9 - to 12-foot bgs depth interval (AHL8-4) had an arsenic

concentration of 4.71 mg/kg, exceeding the evaluation criteria of 3 .9 mg/kg (Table 4-2) . No

other TAL metals, VOCs, or SVOCs were detected above evaluation criteria in soil samples

collected at the Silo Site 8 septic leach field .

4.5.1.3 Sump Outfall

Benzo(a)pyrene (BaP) was detected at an estimated concentration of 63 micrograms

(µg)/kilogram (kg) in one soil sample, collected from the outfall pipe (OFD8-1-1), exceeding the

evaluation criteria of 62 µg/kg (Table 4-2) . This result was from a field QC duplicate . The

primary sample did not contain a BaP concentration above the evaluation criteria . VOCs and

metals were not detected above evaluation criteria in soil samples collected at the Silo Site 8

sump outfall .

4.5.2 Silo Site 9 Soil Sample Results
No analytical results exceeded evaluation criteria for soil samples collected from the Silo Site 9

septic leachfield, sump outfall, or deep borehole . Appendix B2 lists all analytes detected above

laboratory MDLs .

4.5.3 Tentatively Identified Compounds in Soil Sample s
Kemron performed mass-spectra library searches during all VOC and SVOC analyses in an

attempt to identify nontarget compounds that may be present in the samples. Nontarget

compounds were identified in order to assess the presence of unanticipated, unknown, or exotic

compounds in soil at Silo Sites 8 and 9 in accordance with Section 3 .2 and Table 3-1 of the

Quality Assurance Project Plan (Shaw, 2004, Appendix A, Part II) . The identified, nontarget

compounds, referred to as TIC, for soil samples are listed along with estimated concentrations in

Table 4-3 .

TIC were identified in one deep borehole soil sample (BH8-1-1) and two sump outfall soil

samples (OFT8-1 and OFT8-6) at Silo Site 8 . TIC were identified in one deep borehole soil

sample and its field duplicate, two septic leachfield soil samples, and one leachfield field

duplicate at Silo Site 9 . Standard chemical reference volumes were consulted to determine the

possible sources for the TIC . Possible TIC sources, with references footnoted, are also shown in

Table 4-3 . Generally, the TIC shown are likely weathered, degraded fuel, other refined

hydrocarbons, or pesticide components . No evaluation criteria for the TIC were listed, and

comparison against the TIC estimated concentrations could not be made . The greatest estimated

concentrations for the TIC were in the low part(s)-per-million (ppm) range with most TIC
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Table 4-3
Tentatively Identified Compounds In Soil Sample s
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexico

Estimated Chromatograp h
Sample Analytical CAS Tentatively Identified Concentration Retention Time
Number Methoda Number Compound (ppm) (minutes ) Possible Source for TI C

Silo Site 8

Deep Borehole Sample s

BH8-1-1 8260B 141-78-6 ETHYL ACETATE 0 .0432 7 .454 Industrial solvent but als o
naturally occurs from th e
fermentation of plant sugars b

Sump Outfall Samples

OFT8-1 8270C 3179-47-3 2-PROPENOIC ACID, 8 . 30 13 .8 Degradation product o f
2-METHYL-, DECYL propenoic acid-based

pesticidesc d
142-90-5 2-PROPENOIC ACID, 3 . 76 14 .8 1

2-METHYL-, DODE C

142-90 -5 2-PROPENOIC ACID, 6 .60 15 .7
2-METHYL-, DODE C

OFT8-6 8270C 205-82-3 BENZO [J]FLUORANTHENE 0 .292 19 . 84 Prima ry alkane component o f
kerosene , diesel , fuel oil, and
other refined oil productse
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Table 4-3 (Continued )

Tentatively Identified Compounds In Soil Sample s

Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9

Roswell, New Mexico

Estimated Ch romatograph
Sample Analytical CAS Tentatively Identified Concentration Retention Time
Number Methoda Number Compound (ppm) (minutes ) Possible Source for TIC

Silo Site 9

Deep Borehole Sample s

BH9-1-1 8270C 112-95-8 EICOSANE 0 .213 19 .58 Primary alkane component of

DBD9-1-1 8270C 56862-62-5 10-METHYLNONADECANE 0 .221 19. 58
kerosene , diesel , fuel oil, an d
other refined oil products e

(duplicate o f
BH9-1-1)

Septic Leachfield Samples

AHL9-1 8260B 629-78-7 HEPTADECANE 0.012 15 .05 Primary alkane component of
kerosene diesel, fuel oil, an de

62199-06-8 HEPTANE, 5-ETHYL-2,2,3- 0 .015 15 .38 other reefined oil products e
TRIMETHY L

AHD9-1-1 8260B 15869-86-0 OCTANE, 4-ETHYL- 0 .009 15 .05
(duplicate of
AHL9-1)

62199 -06-8 HEPTANE, 5-ETHYL-2,2,3- 0 .012 15 .3 7
TRIMETHYL -

AHL9-4 8270C 61-54-1 1 H-INDOLE-3-ETHANAMINE 2 .990 15 .13 Degradation product of
ethanamine- based pesticidesd .9

aU .S. Environmental Protection Agency (EPA), 1986, "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods," SW-846, 3rd ed., U.S. Environmental Protection Agency,
Washington, D.C.
bBisesi, M.S. Esters, 1994, In: Patty's Industrial Hygiene and Toxicology. 4th ed. Vol. ll. Toxicology. Part D. John Wiley & Sons, Inc., 1994 . p . 2967-2971, 2977-2984.

cMontgomery, J. H., 1991, Groundwater Chemicals Desk Reference Volume 2, Lewis Publishers, Chelsea, Michigan .
dWood, A, 2004, Compendium of Pesticide Common Names (http://www.alanwood.net/pesticides/index.html) .
eMurphy, B. L . and R. D. Morrison, 2002, Introduction to Environmental Forensics, Academic Press, New York .
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Table 4-3 (Continued)
Tentatively Identified Compounds In Soil Sample s
Environmental Site Investigation: Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexico

fOrme, S. and S. Kegley, 2004, PAN Pesticide Database, Pesticide Action Network, San Francisco, CA . <http : www.pesticideinfo .org> .
Oxford Dictionary of Chemistry 3rd Edition; Oxford University Press, 1996.

CAS = Chemical Abstracts Service.

ppm = Part(s) per million .

TIC = Tentatively identified compound.
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concentrations estimated at less than I ppm. In accordance with decision rules established in

Table 4-3 of the Quality Assurance Project Plan (Shaw, 2004), no further action regarding the

TIC is necessary.

4.6 Site -Specific Geology

4.6.1 Silo Site 8
Shallow subsurface geology consists of unconsolidated silty sand and fill from ground surface to

a depth of approximately 8 to 15 feet bgs . A reddish-brown to brown silty sand containing

occasional angular quartites and anhydrite nodules was observed in all deep boreholes

underlying the silty sand .

Underlying the silty sand in BH8-1, a red silty clay with moderate plasticity was present to

45 feet bgs. Evaporite deposits with weathered quartz conglomerate were encountered from

45 to 70 feet bgs . A dark-red silty clay was encountered from 70 to 96 feet bgs with a

3-foot-thick limestone bed from 90 to 93 feet bgs .

A grey to red clay with varying amounts of quartz conglomerate was encountered from 32 to

105 feet bgs in Deep Boreholes BH8-2 and BH8-3 . A limestone unit of unknown thickness was

encountered in Deep Boreholes BH8-2 and BH8-3 at depths of 105 and 102, feet bgs,

respectively .

Deep Borehole BH8-4 included silty sands and clays with occasional cobbles from 15 to

100 feet bgs. Anhydrite with thinly bedded clay and limestone were encountered to

247 feet bgs, the total depth of the borehole . Two limestone beds were encountered within the

upper portion of the anhydrite (100 to 120 feet bgs and 130 to 140 feet bgs, respectively) . Deep

borehole logs for Silo Site 8 are included in Appendix C .

4.6.2 Silo Site 9

The geology beneath Silo Site 9 is based upon interpretation of Deep Borehole BH9-1 . In the

vicinity of BH9-1 (former UST area), fill material exists in the top 10 feet . A 2-foot-thick

well-graded sand with gravel and rock fragments is deposited in contact with the top of the

competent limestone that was encountered at approximately 12 feet bgs .

The limestone exhibited alternating zones of less competent weathered sequences with thinly-

bedded finer material . At 200 feet bgs, the limestone becomes very competent, as evidenced by
slow drill rates, to 250 feet bgs, the total depth of the borehole. The soil boring log for BH9-1 is
included in Appendix C .
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Road cuts along US Highway 70/380, within a few miles of Silo Site 9, reveal numerous faults,
extensive folding, and deformation of the limestone in this region . Thin, (1 to 3 feet thick)
interbedded zones of silts and various soils can be seen within the limestone unit at a majority of
the road cuts .
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5.0 Groundwater and Silo Water Assessment

The ESI at former Atlas Missile Silo Sites 8 and 9 was performed to determine whether previous

DOD activities at the silo sites resulted in the release of potentially hazardous constituents in

groundwater. To accomplish this, BARCADTM monitoring wells were installed in the deep

boreholes, and groundwater samples were collected and analyzed for hazardous constituents .

Groundwater was not encountered during drilling activities to the study boundary (250 feet bgs)

at Silo Site 9 (BH9-1) ; therefore, site investigation activities described in this section apply only

to Silo Site 8. Two nested BARCADTM wells were installed in a deep borehole at the location of

the former UST area. Two more BARCADTM monitoring wells were installed in deep boreholes

located northwest and southwest of the UST area in a triangular orientation, in order to determine

groundwater flow direction . A fourth deep borehole was advanced to 250 feet bgs in order to

satisfy the established study boundary. The following sections present the borehole

advancement techniques employed, BARCADTM installation activities, BARCADTM sampling

and field collection methods, and results of the BARCADTM monitoring well sampling .

Table 5-1 provides a summary of groundwater samples collected during the ESI at Silo Site 8 .

5.1 Borehole Advancement Techniques

5.1.1 Silo Site 8
Prior to commencement of drilling activities, limited surface preparation activities were

performed at Silo Site 8 to accommodate the drill rig and support vehicles . Preparation activities

included brush clearing, followed by fill and leveling activities with clean fill material

transported from an off-site source . Photo 11 shows the cleared area leading to and surrounding

deep borehole location BH8-3 .

Three deep boreholes , identi fied as Borehole 8-1 (BH8-1 ), Borehole 8 -2 (BH8-2), and

Borehole 8-3 (BH8 -3), were advanced to total depths ranging from 95 to 108 feet bgs

(Figure 4-1) . Deep Borehole 8-4 (BH8 -4) was advanced to a total depth of 247 feet bgs. The

selected drilling methods used to advance the deep boreholes were modified, based upon

subsurface geologic conditions encountered during advancement . Revised methods were

approved by USACE oversight, prior to implementation, and documented in a Field Work

Variance (FWV) (Appendix I) .

BH8-1, located east of the silo in the former UST area, was advanced using a Stratex® drill bit

with 9%-inch temporary steel casing to approximately 95 feet bgs (Figure 4-1). A perched

groundwater unit was encountered at 40 to 45 feet bgs, and a deeper groundwater unit was

encountered at the bedrock interface at 92 feet bgs .
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Table 5-1

Groundwater Sample Summar y
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell , New Mexico

Analytical Methods a

ell ID
ampl e

Number
ampl e
Date ample Type

Sampl e
Depth

(ft bgs)

VOC (EPA 82606)
SVOC (EPA 8270C )

PAH (EPA 8270C-MOD)b
Unfiltered TAL Metal s

(EPA 6010B1602017470A )

Filtered TAL
Metals
(EPA

60106160201
7470A)

Tota l
Dissolved

Solids
(EPA 160.1 )

S8-MW1-A S8-MW1-A-1 8/30/2004 Environmental Groundwater 56 .25-57 .25 X

S8-MW1-A-2 8/30/2004 Environmental Groundwater X

S8-MW1-B S8-MW1-B-1 8/30/2004 Environmental Groundwater 89.75-92 .25 X

S8-MW1-B-2 8/3012004 Environmental Groundwater X

S8-MW2 S8-MW2-1 8/31/2004 Environmental Groundwater 100 .33-102 .83 X

S8-MW2-1 8/31/2004 MS/MSD Groundwater X

S8-MW2-2 8/31/2004 Environmental Groundwater X

S8-MW2-2 8/31/2004 MS/MSD Groundwater X

S8-MWD1-A-1 8/31/2004 Duplicate Groundwater of
S8-MW2-1

X

S8-MWT1-A-2 8/31/2004 USACE Split of S8-MW2- 1
Groundwater

X

S8-MW3 S8-MW3-1 813012004 Environmental Groundwater 102 .50-105 .00 X

S8-MW3-2 8/30/2004 Environmental Groundwater X

S8-MW4-A S8-MW4-A-1 8/30/2004 Environmental Groundwater 142 .00-144 .50 X X

S8-MW4-A-2 8/30/2004 Environmental Groundwater X
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Table 5-1 (Continued)
Groundwater Sample Summary
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexico

Analytical Methodsa

VOC (EPA 8260B) Filtered TAL
SVOC (EPA 8270C ) Metals Tota l

Sample PAH (EPA 8270C-MOD)b (EPA Dissolve d
Sample Sample Depth Unfiltered TAL Metals 6010B16020 1 Solids

Well ID Number Date Sample Type (ft bgs ) (EPA 6010B1602017470A ) 7470A) (EPA 160.1 )

S8-MW4-B S8-MW4-B-1 9/9/2004 Environmental Groundwater 239 .80-242 .30 X X

S8-MW4-B-2 9/9/2004 Environmental Groundwater X

Silo 8 S8-SW1-1 813112004 Standing Silo Water 150 X X
Top 15 ft
column S8-SW1-2 8/3112004 Standing Silo Water X

Silo 8 Bottom S8-SW2-1 8/31/2004 Standing Silo Water 165-170 X X
15 ft column

S8-SW2-2 8131/2004 Standing Silo Water X

Silo Site 8 TownWellNorth-1 Water Supply 200d X
Town Well 91912004
North TownWellNorth 2 X

TownWellNorth-3 10113/2004 X

aU .S. Environmental Protection Agency (EPA), 1986, "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods," SW-846, 3rd ed., U.S. Environmental Protection Agency,
Washington, D.C.

bModified for Low Level PAH.

cUSACE split samples shipped to the U.S. Army Corps of Engineers Omaha Laboratory, Omaha, Nebraska.

dDepth based upon approximate pump intake depth provided by the Lake Arthur Water Co-Op via phone conversation on October 11, 2004 . Screened interval is unknown ,

bgs = Below ground surface. MS/MSD = Matrix spike/matrix spike duplicate. USACE = U.S . Army Corps of Engineers.
EPA = U.S. Environmental Protection Agency . PAH = Polynuclear aromatic hydrocarbons. VOC = Volatile organic compound.
ft = Foot (feet). SVOC = Semivolatile organic compound .

ID = Identification TAL = Target Analyte List.
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BH8-2 and BH8-3 were placed northwest and southwest of the silo (Figure 4-1), respectively, in

order to determine groundwater flow direction. The deep boreholes were advanced using air-

rotary methods, with a roller bit and 95/8-inch temporary steel casing driven to 85 feet bgs .

Beyond 85 feet bgs, the deep boreholes were drilled as open holes, utilizing the 8 .5-inch roller

bit to 108 and 107 feet bgs, respectively . Photos 12 and 13 show the typical drill rig and setup

for the drilling activities . Groundwater was encountered at the bedrock interface in both BH8-2

and BH8-3 .

A fourth deep borehole (BH8-4), located north of BH8-1, was advanced adjacent to the former

UST area to the study boundary of 250 feet bgs . Mud-rotary drilling methods were used to

install 9%-inch permanent steel casing to 105 feet bgs . The steel casing was advanced 5 feet into

shallow bedrock and cemented in place, which sealed off both the perched and bedrock interface

groundwater units. The remainder of the deep borehole was advanced, uncased to

247 feet bgs, through competent rock, with an 8 .5-inch roller bit . A third groundwater unit was

encountered in the shallow bedrock between 120 and 185 feet bgs . Water production was

reduced significantly through a clay layer observed from 185 to 190 feet bgs, then increased

again below 190 feet bgs, which suggests a possible fourth groundwater unit within the deep

bedrock .

5.1.2 Silo Site 9
Limited surface preparation activities were performed in the vicinity of the planned deep

borehole location, at the former UST area, in order to accommodate the drill rig and support
vehicles (Photo 14). Surface preparation activities included brush clearing, followed by fill and

grading, with clean fill material delivered to the site .

One deep borehole (BH9-1) was advanced to the study boundary of 250 feet bgs at the former

UST area, east of the silo (Figure 4-2) . The Stratex drilling method was used in an initial

attempt to drill BH9-1 . The Stratex® proved unsuccessful in the shallow limestone bedrock

conditions; therefore, a second attempt was made a few feet north . This deep borehole was

advanced as an uncased open hole through competent limestone using an 8 .5-inch roller bit,

following the installation of temporary casing to 15 feet bgs . Groundwater was not encountered

within the study boundary (250 feet bgs), and the deep borehole was abandoned by backfilling

with a cement grout .

5.2 BARCADTM Monitoring Well Installatio n

A total of six BARCADTM monitoring wells (S8-MW1-A, S8-MW1-B, S8-MW2, S8-MW3,

S8-MW4-A, and S8-MW4-B) were installed among four deep boreholes (BH8-1, BH8-2,

BH8-3, and BH8-4) at Silo Site 8 (Figure 5-1) .
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The six BARCADTM monito ring wells were completed at depths within the four potential water

bearing zones encountered during borehole advancement , as follows :

• Deep Borehole BH8-1 (nested BARCADTM monitoring wells) :

- S8-MW1-A completed at 57 feet bgs within the perched groundwater unit

- S8-MW 1-B completed at 92 feet bgs within the bedrock interface groundwater uni t

• Deep Borehole BH8-2 :

- S8-MW2 completed at 103 feet bgs within the interface groundwater uni t

• Deep Borehole BH8-3 :

- S8-MW3 completed at 105 feet bgs within the bedrock interface groundwater uni t

• Deep Borehole BH8-4 (nested BARCADTM monitoring wells) :

- S8-MW4-A completed at 145 feet bgs within the shallow bedrock unit

- S8-MW4-B completed at 242 feet bgs within the deep bedrock uni t

Photo 15 shows a nested pair of BARCADTM monito ring wells prior to wellhead completion .

Figure 5-1 shows the location of BARCADTM monitoring wells installed at Silo Site 8, and

Table 5-2 summarizes BARCADTM monitoring well specifications, including groundwater

elevations . Appendix D contains BARCADTM monitoring well completion diagrams .

The BARCADTM monitoring wells were installed under the supervision of AVM Environmental

Services, Inc . (AVM) of Grants, New Mexico . AVM was subcontracted by Shaw to supply the

BARCADTM monitoring well materials and supervise WDC Exploration and Wells, Inc . during

installation. With the exception of one BARCADTM monitoring well (S8-MW-1A) completed

with a 1-foot porous section, the remaining BARCADTM monitoring wells were completed with

2.5-foot-long porous sections. Photo 16 shows a 2 .5-foot-long porous section prior to

installation. Above the porous section, 1-inch Schedule 80 polyvinyl chloride (PVC) riser pipe

extended to the ground surface. The quantities and types of materials used for BARCADTM

monitoring well completion are not consistent for each BARCADTM monitoring well and were

selected based upon subsurface conditions. Typical completion materials consisted of No . 60

silica sand filter pack, 3/4-inch bentonite chips placed above the filterpack for seal material, and a

bentonite grout mix placed above the seal to ground surface . For BARCADTM Monitoring Wells

S8-MWl-A and -B, nested within BH8-1, Nos . 8 to 12 silica sand was placed above the No. 60

sand for stability. In the nested BARCADTM monitoring wells within BH8-1 and BH8-4,

sufficient seal material was placed to ensure no hydraulic communication between groundwate r
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Table 5-2

BARCADTM Monitoring Well Location and Completion Information
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell , New Mexico

Depth to
Top of Groundwater Tota l

Silo Site 8 Riser ft btor Groundwater BARCADIM Borehol e
Borehole Date of Completion Elevation ( Gauged Elevation Inte rval Dept h

ID Well ID Installation Zone Northing-, Eastinga (ft amsl ) 8130/04) ( ft amsl) (ft bgs ) ( ft bgs )

S8-MW1-A 6120/04- Perched 729138 .60 539555 .30 3381 .28 40 .56 3340 .72 56 .25-57 .25
BH8-1 6/21/04 94 .75

S8-MW1-B Interface 729138 .40 539555 .24 3380 .80 48 .07 3332.73 89 .75-92 .25

BI-18-2 S8-MW2 6121/04
Interface 729235 .40 539261 .92 3379 .27 45 .92 3333 .35 100 .33- 10 7102 .8 3

BH8-3 S8-MW3 6/23/04 Interface 729070 .43 539257.94 3377 .71 44 .57 3333 .14 102.50- 107105 .0 0

S8-MW4-A
Shallow 729196.70 539578 .02 3385 .27 51 .23 3334 .04 142 .00-

7/12104- Bedrock 144 .50
BH8-4 24 7

7114/04 Deep Bedrock 729196 .62 539578 .21 3385 .17 61 .09 3324 .08 239 .80-
S8MW4B 242 .3 0

aState Plane Coordinate System, New Mexico East, NAD 83 .
ams! = Above mean sea level.
bgs = Below ground surface .

btor = Below top of riser.

It = Foot (feet).
ID = Identification.
NAD = North American Datum.

A113-05MIPIUSACE:R5596 RevC .doc 5-7 842086,02,10 .60.10 3131/05 11 19 AM

0047



units . The BARCADTM monitoring well riser pipes were completed aboveground within

locking, protective steel casings (Photo 17) . Appendix D presents BARCADTM monitoring well

completion diagrams for the two single (S8-MW2 and S8-MW3) and two nested BARCADTM

(S8-MW1-A and -B and S8-MW4-A and -B) monitoring wells .

Following installation, the BARCADTM monitoring wells were tested to ensure that they were
operating correctly . Each of the six BARCADTM monitoring wells functioned properly after
installation .

5.3 Site -Specific Hydrogeology at Silo Site 8
Four possible groundwater units were encountered during drilling activities at Silo Site 8 . The
depths and hydrogeologic setting of each unit are described as follows :

• A perched groundwater unit producing significant amounts of water during drilling
was encountered within the basin-fill deposits, ranging from 40 to 55 feet bgs in all
deep boreholes .

• A second groundwater unit ranging from 89 to 105 feet bgs was encountered at the
interface of the basin fill deposits and bedrock .

• Two additional groundwater units were observed within the bedrock . A shallow
bedrock groundwater unit was encountered at 120 feet bgs and possibly the second
deeper bedrock groundwater unit was encountered at approximately 190 feet bgs .
The two bedrock groundwater units were separated by a red clay unit from 185 to
190 feet bgs . It is uncertain whether the shallow and deep borehole groundwater units
are separate units .

Based upon well records, the town of Lake Arthur's two water supply wells at Silo Site 8 were

drilled to depths ranging from 1,020 to 1,069 feet bgs, with pumps set at 200 feet bgs .
Information regarding perforated intervals for the Lake Arthur Town Wells was not available .

A groundwater elevation map was constructed for the interface unit in three deep boreholes

(Figure 5-2) . Groundwater flow direction in the interface unit is to the southeast, and

groundwater gradient across the site is approximately 0 .0025 feet/foot. Table 5-2 summarizes

groundwater elevations, completion zones, and depth to water measurements collected during the

groundwater sampling activities .

5.4 Groundwater and Silo Water Sampling Activities and Methods

5.4.1 Well Gauging

Approximately one month after the BARCADTM well sampling systems were installed, and

immediately prior to sample collection activities, Shaw gauged the depth to groundwater at each

BARCADTM monitoring well to the nearest 0 .01 feet using a well-sounder tape. The
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measurements were used to estimate the volume of water in the BARCADTM riser pipe .

Table 5-2 presents the groundwater elevation data collected at Silo Site 8 during these activities .

5.4.2 BARCADr" Monitoring Well Sampling Methodology
Groundwater analytical samples were collected from the six newly installed BARCADTM

monitoring wells at Silo Site 8. Figure 5-1 shows each sampling location . The BARCADTM

monitoring wells were sampled using a dedicated '/4-inch tube inserted into the

1-inch PVC riser pipe, down to a depth within a few inches above the porous section .

Compressed nitrogen gas was applied through a'/z-inch air line to the 1-inch well riser pipe with

the control of a regulator. Application of the compressed gas closed the check valve, located

above the porous section, which pushed the water column in the riser pipe to the surface through

the '/4-inch discharge tubing . Once one volume of water was purged, the nitrogen gas was turned

off, opening the check valve so that groundwater could recharge the riser pipe . Samples were

collected directly from the ¼ -inch discharge tubing into the sample containers . Filtered water

samples were also collected by placing a 0 .45-micron filter in line with the '/4-inch tubing . Photo

18 shows the sampling setup at one of the wells .

5.4.3 Silo Water Sampling Activitie s
Under subcontract to Shaw, Albuquerque Concrete Coring, Inc . cored through the silo door at

Silo Site 8 for access to the silo interior for gauging and sampling activities . Several attempts to

core through the door were unsuccessful due to imbedded hardened steel plates and 1'/4-inch-

diameter steel reinforcing bars . The 32-inch-thick reinforced concrete door was cored with a

diamond-impregnated, hollow-core barrel . Once the door was successfully cored, gauging and

sampling activities within the silo interior commenced.

AVM installed a temporary BARCADTM monitoring well assembly within the silo water column

(Photo 19). The temporary assembly included a 'h-inch air line in place of the typical 1-inch

PVC riser pipe . The BARCADTM assembly was lowered into the silo with a safety rope to

within the top 15 feet of the silo water column . Once the BARCADTM assembly was secured,

the'/-inch tubing waterline was purged using compressed nitrogen , and silo water samples were

collected . After sampling the upper 15 feet of the silo water column, the BARCADTM assembly

was lowered into the bottom 15 feet of the silo water column . After securing the BARCADTM

assembly at this location , the water line was purged , and samples were collected (Photo 20). The

entire BARCADTM assembly was then removed from the silo and the holes in the silo door were

patched flush to the surface with nonshrink grout , prior to leaving Silo Site 8 .

5.4.4 Lake Arthur Water Supply Well Samplin g
At the direction of the USACE, samples were collected from one of the two water supply wells

in the town of Lake Arthur, located at Silo Site 8 . Water is pumped from these two wells to an
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adjacent chlorine treatment system; however, the samples were collected directly from the

wellhead prior to chlorination . While the pump was in operation, water was collected from a

brass sample port attached to a PVC union on the wellhead of the well, identified as Town Well

North . The Town Well North pump had been operating for at least 20 minutes prior to sample

collection . The sample flow was controlled to allow low flow through a short piece of dedicated

tubing directly into the sample container . The town well was sampled twice, at an approximate

one-month interval . Groundwater quality parameters were measured during the second sampling

event .

5.4.5 Field Procedures and Method s
Groundwater quality measurements (pH, specific conductivity, turbidity, dissolved oxygen,

temperature, and oxidation-reduction potential) were collected during BARCADTM monitoring .

Water quality readings were obtained from sensors in a closed, flow-through cell using a

HoribaTM U-22 water quality meter. The instrument sensors were checked, calibrated, and

documented to be operational prior to purging activities (Appendix A4) . Table 5-3 provides the

groundwater quality measurements from BARCADTM monitoring wells at Silo Site 8 .

All groundwater samples were collected by filling the laboratory-provided sample bottles . The

filtered fraction sample for TAL metals was passed through a 0 .45-micron, disposable filter

cartridge directly into sample containers . Upon filling each container, the sample was

immediately placed into a laboratory-provided cooler with ice . Shaw maintained custody of the

samples at all times, until relinquished to Federal Express for overnight shipment to the
laboratory.

Chain-of-custody documentation was electronically generated in the field, using the EPA

software program "FORMS II Lite, Version 5 .1" (DynCorp, 2002), and placed in each cooler to

accompany samples to the laboratory. Sample collection logs were completed for each collected

sample (Appendix A4) .

5.5 Analytical Parameters
Analytical procedures from EPA SW-846 (EPA, 1986) were used for the chemical analyses of

parameters in the groundwater samples collected . Water samples were submitted to Kemron for

the following analyses .

• VOCs by EPA Method 8260B

• SVOCs by EPA Method 8270C

• PAH by EPA Method 8270C-Modified for Low Level PAH
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Table 5-3
Water Quality Field Measurement s
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell , New Mexico

Silo Site 8
Location ID

Measurement
Date

Purge
Volume
(liters)

Dissolve d
Oxygen
(mg/L )

ORP
(mV) pH

Specific
Conductance

(mS/cm )
Temperatur e

(°C)
Turbidity

(NTU) Comment

S8-MW1-A 08/30/2004 1 .2 4 .04 112 7 .81 3 .60 20.82 7 .5 N/A

S8-MW1-B 08/30/2004 5 .5 1 .62 104 7 .58 3 .10 20.01 0 N/A

S8-MW2 08/31/2004 6 .0 1 .06 194 6 .88 3 .29 18 .98 0 N/A

S8-MW3 08/30/2004 7 .1 1 .49 102 7 .60 3 .37 19 .70 28 .7 N/A

S8-MW4-A 08/30/2004 8 .8 0 .26 73 7 .46 22 .2 20 .74 9 .4 N/A

S8-MW4-B 08/30/2004 21 .31 1 .84 119 7 .88 31 .4 20 .10 3 .1 N/A

Upper 15-foot sil o
water column

08/31/2004 2 .750 0 .75 -203 9 .19 28 .2 21 .99 0 Stron g
hydrocarbon odor,
slight shee n

Bottom 15-foot sil o
water column

08/31/2004 2.9 1 .78 -287 9 .43 32 .4 21 .17 5 .6 Stron g
hydrocarbon odor,
slight sheen

TownWellNorth-3 10/13/2004 N/A 0 .32 -74 7 .25 1 .06 23 .9 3 .3 Clea r

°C

ID

mg/L

mS/cm

mV

N/A

Nil.)

ORP

= Degrees Celsius .
= Identification.
= Milligram(s) per liter.
= Millisiemens per centimeter .
= Millivolts.
= Not applicable.

= Nephelometric turbidity unit.

= Oxidation Reduction Potential .
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• TAL metals by EPA Methods 6010B/6020/7470A (filtered and unfiltered )

• The laboratory performed searches for mass spectra library files and reported the top
10 TICs for each VOC and SVOC analysis .

• Additional analyses were performed for total dissolved solids (Method 160 .1) for four
samples .

5.6 Groundwater and Silo Water Sample Results and Evaluation

To aid in the identification of potential hazardous constituents, selected evaluation criteria were

established representing the more conservative standard of either the New Mexico Water Quality

Control Commission (NMWQCC) groundwater standards (NMWQCC, 2002), or the EPA's

National Primary and Secondary Drinking Water Regulations Maximum Contaminant Levels

(EPA, 2001) . Appendix B1 lists the evaluation criteria used for groundwater results . The

following sections discuss the groundwater and silo water sample results that exceeded

evaluation criteria .

5.6.1 Groundwater Sample Result s
BARCADTM Monitoring Well S8-MW1-A, completed in the perched unit at 56 feet bgs, had

concentrations of lead (0 .0503 milligram(s) per liter [mg/Li) and antimony (0 .0585 mg/L) in the

unfiltered sample exceeding evaluation criteria of 0 .015 and 0 .006 mg/L, respectively . Lead and

antimony did not exceed evaluation criteria in the filtered groundwater sample . VOCs, SVOCs,

and PAH were not detected above evaluation criteria in any groundwater sample collected from

Silo Site 8 .

Manganese and aluminum were detected above evaluation criteria in all groundwater samples
collected at Silo Site 8 . The maximum manganese and aluminum concentrations were detected

in BARCADTM Monitoring Well S8-MW1-A at 0.531 and 32.8 mg/L, respectively. Evaluation

criteria of 0 .05 mg/L for manganese and aluminum are secondary EPA drinking water standards

and are not enforceable .

Various other metal concentrations detected in groundwater samples from BARCADTM

Monitoring Wells S8-MW4-A and S8-MW4-B exceeded evaluation criteria . BARCADTM

Monitoring Wells S8-MW4-A and S8-MW4-B are completed at 142 and 239 feet bgs,

respectively . Results for total dissolved solids (TDS) samples collected from BARCADTM

Monitoring Wells S8-MW4-A and S8-MW4-B were 98,200 and 34,100 mg/L, respectively .

According to the NMWQCC Regulations (Section 20 .6 .2 New Mexico Administration Code

[NMAC]), standards for groundwater do not apply to groundwater with TDS concentrations
greater than 10,000 ppm; therefore, metal results from these BARCADTM monitoring wells are

not discussed. Table 5-4 lists analyte concentrations in excess of evaluation criteria .
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Table 5- 4
Groundwater and Silo Water Results Exceeding Evaluation Criteria
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell , New Mexico

Sample Total o r
Sample Depth Analytical Dissolved Evaluation Reporting Laborato ry
Number (ft bgs ) Parameterse Samplee Analyte Result Units Criteria Limit MD L

Silo Site 8

BARCADTM Monitoring Well Samples

S8-MW1-A-1 56 .25- 6010B Total Aluminum 32 .8 mg/L 0 .05 0 .100 0 .05
57 .25

Iron 21 .2 mg/L 0 .3 0 .0400 0 .02

Lead 0.0503 mg/L 0.015 0.00500 0.0025

Manganese 0 .531 mg/L 0 .05 0 .0100 0 .00 1

6020 Antimony 0 .0585 mg/L 0 .006 0 .00100 0 .000 5

S8-MW1-A-2 60108 Dissolved Aluminum 0.173 mg/L 0 .05 0,100 0 .05

Manganese 0 .0996 mg/L 0 .05 0 .0100 0 .00 1

S8-MW1-B-1 89 .75- 60108 Total Aluminum 0 .223 mg/L 0 .05 0 .100 0 .0 5
92 .25

Manganese 0 .107 mg/L 0 .05 0 .0100 0.00 1

S8 MW1 B 2 60108 Dissolved Aluminum 0.153 mg/L 0 .05 0.100 0 .0 5

Manganese 0 .106 mg/L 0 .05 0.0100 0 .00 1
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Table 5-4 (Continued)

Groundwater and Silo Water Results Exceeding Evaluation Criteria
Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexic o

Sample Total o r
Sample Depth Analytical Dissolved Evaluation Reporting Laboratory
Number (ft bgs) Parametersa Samplee Analyte Result Units Criteria Limit MD L

BARCADTM Monitoring Well Samples ( Continued )

S8-MW2-1 100.33- 60108 Total Aluminum 0 .142 mg/L 0 .05 0 .100 0 .0 5
102.83

Manganese 0 .102 mg/L 0 .05 0 .0100 0 .00 1

S8-MWD1-A-1 60106 Total Aluminum 0 .149 mgiL 0 .05 0 .100 0 .05
(Duplicate o f
S8-MW2- 1) Manganese 0 .105 mg/L 0 .05 0 .0100 0 .00 1

S8-MW2-2 60106 Dissolved Aluminum 0 .156 mg/L 0 .05 0 .100 0 .0 5

Manganese 0 .0953 mg/L 0 .05 0 .0100 0.00 1

S8-MW3-1 102 .50- 6010B Total Aluminum 0.760 mgIL 0 .05 0 .100 0 .05
105 .00

Manganese 0 .197 mg/L 0 .05 0.0100 0 .00 1

S8-MW3-2 60108 Dissolved Aluminum 0 .201 mg/L 0 .05 0 .100 0 .0 5

Manganese 0 .179 mg/L 0 .05 0 .0100 0.00 1
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Table 5-4 (Continued)
Groundwater and Silo Water Results Exceeding Evaluation Criteria

Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexico

Sample Total o r
Sample Depth Analytical Dissolved Evaluation Reporting Laborato ry
Number (ft bgs) Parametersa Sampleb Analyte Result Units Criteriac Limit MD L

BARCADTM Monitoring Well Samples ( Continued )

S8-MW4-A-1 142 .00- 60108 Total Aluminum 286 mg/L 0 .05 0 .100 0 .05
144 .50

Arsenic 0 .175 mg/L 0 .05 0 .00400 0 .00 2

Iron 42 .3 mg/L 0 .3 0 .0400 0 .0 2

Lead 0.0399 mg/L 0.015 0.00500 0.0025

Manganese 1 .07 mg/L 0 .05 0.0100 0 .00 1

6020 Antimony 0.105 mg/L 0.006 0.00100 0.000 5

Selenium 0 .0550 mg/L 0 .05 0 .0100 0 .00 5

160 .1 TDS 98,200 mg/L 10,000 1000 500

S8-MW4-A-2 60108 Dissolved Aluminum 1 .85 mg/L 0 .05 0 .100 0 .0 5

Arsenic 0 .149 mg/L 0 .05 0.00400 0 .00 2

Manganese 0 .476 mg/L 0 .05 0 .0100 0 .00 1

6020 Selenium 0 .0645 mg/L 0 .05 0 .0100 0 .00 5

S8-MW4-B-1 239 .80- 6010B Total Aluminum 1 .28 mg/L 0 .05 0 .500 0 .2 5
242.30

Manganese 0 .462 mg/L 0 .05 0 .0100 0.00 1

160 .1 TDS 34,100 mg/L 10,000 1000 50 0

S8-MW4-B-2 6010B Dissolved Aluminum 0.596 mg/L 0 .05 0 .100 0 .0 5

Manganese 0.417 mg/L 0 .05 0 .0100 0 .00 1
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Table 5-4 (Continued )
Groundwater and Silo Water Results Exceeding Evaluation Criteria

Environmental Site Investigation : Former Atlas Missile Silo Sites 8 and 9
Roswell, New Mexic o

Sample Total o r
Sample Depth Analytical Dissolved Evaluation Reporting Laborato ry
Number (ft bgs ) Parameters, Sampleb Analyte Result Units Criteriac Limit MDL

Silo Water Samples

S8-SW1-1 150 6010B Total Aluminum 0 .288 mg/L 0 .05 0 .100 0 .05

Manganese 0 .153 mglL 0 .05 0 .0100 0 .00 1

160 .1 TDS 16,900 mg/L 10,000 200 100

S8-SW1-2 60108 Dissolved Aluminum 0 .241 mg/L 0 .05 0 .100 0 .0 5

Manganese 0 .100 mg/L 0 .05 0.0100 0 .00 1

S8-SW2-1 165-170 6010B Total Aluminum 0 .383 mg/L 0 .05 0 .100 0 .05

Manganese 0 .244 mg/L 0 .05 0 .0100 0 .00 1

160 .1 TDS 20,100 mg/L 10,000 1000 500

S8-SW2-2 6010B Dissolved Aluminum 0.272 mg/L 0 .05 0.100 0 .05

Manganese 0.236 mg/L 0 .05 0 .0100 0 .00 1

6U .S. Environmental Protection Agency (EPA), 1986, "Test Methods for Evaluating Solid Waste, Physical/Chemical Methods," SW-846, 3rd ed., U.S. Environmental Protection Agency,
Washington, D.C.
bTotal = Unfiltered samples.
Evaluation Criteria are found in Appendix B1 . Evaluation criteria were selected from either 1) U.S. Environmental Protection Agency (EPA), 2001, "National Primary Drinking Water

Regulations," Office of Water, U.S. Environmental Protection Agency, Washington, D . C. or 2) New Mexico Water Quality Control Commission (NMWQCC), 2002, New Mexico Water Quality
Control Commission Regulation," Section 20.6.2 of the New Mexico Administrative Code, New Mexico Water Quality Control Commission, Santa Fe, New Mexico .

bgs = Below ground surface .

Dissolved = Samples collected through a 0 .45 micron filter.
ft = Foot (feet) .
MDL = Method detection limit.

mg/L = Milligram(s) per liter .

TDS = Total dissolved solids.
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Appendix B2 presents all detected compounds in groundwater samples, and Appendix F2

contains complete analytical laboratory reports .

5.6.2 Silo Water Sample Results

The established evaluation criteria are not applicable to the standing water in the silo ; however,

the silo water sample results are compared to the evaluation criteria here for discussion purposes

only. VOCs, SVOCs, and PAH were not detected above evaluation criteria in silo water

samples . Manganese and aluminum concentrations were detected above evaluation criteria in silo

water samples at maximum concentrations of 0 .244 and 0 .383 mg/L, respectively . TDS results

for both unfiltered silo water samples (S8-SW1-1 and S8-SW2-l) were 16,900 and 20,100 mg/L,

respectively. Silo water is not considered a domestic water supply and will not be considered for

domestic supply in the future ; therefore, no further action is necessary .
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6.0 Survey Activities

6.1 GPS Survey
Two levels of surveying were conducted at Silo Sites 8 and 9 . An overall site survey was

conducted prior to commencement of drilling and sampling activities in order to locate and

identify site features, as they currently exist . Locations of site features, such as small concrete

structures or debris, were mapped as point coordinates . Linear data were mapped for features

such as the outline of the evaporation ponds, circular water tank pads, and the rough outline of

the former UST excavation depression. Point coordinates and linear definitions of site features

were surveyed with a Trimble Pro XRS GPS unit that recorded horizontal coordinates in latitude

and longitude, referenced to the North American Datum (NAD) of 1927 (Photo 21) . Horizontal

and vertical data were corrected in three-dimensional real time, at the time of mapping from base

station correction signals . GPS data were converted to the State Plane Coordinate System

(SPCS) New Mexico East Zone, (NAD 83), with Trimble Pathfinder Office Software . Results of

the GPS Survey are presented in Figures 4-1 and 4-2 .

6.2 Civil Survey

Upon completion of BARCADTM monitoring well installation and sample collection activities, a

civil survey was conducted by Landmark Surveying, a licensed New Mexico surveyor, to

accurately locate BARCADTM monitoring wells, soil borings, and soil sample locations . The

civil survey was performed with a Rascal® 8-Channel Real Time Kinematic Surveying System

and a Zeiss® Automatic Level. Horizontal coordinates were recorded in the SPCS New Mexico,

East Zone, referenced to the NAD 83 . Vertical elevations were referenced to the U .S . Coast and

Geodetic Survey's 1988 National Geodetic Vertical Datum . Elevations, in feet amsl, for

BARCADTM monitoring wells were measured to the top of the PVC riser pipe and at ground
surface . Surveyed points were tied to a known benchmark at each silo site . Civil survey data for

the BARCADTM monitoring wells, deep boreholes/soil borings, and soil sample locations are
incorporated in Figures 4-1 and 4-2 . Table 5-2 presents the BARCADTM monitoring well survey
data .
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10.0 Summary and Recommendation s

The objectives of the ESI are as follows :

• Determine whether or not previous DOD activities at the Former Atlas Missile Silo
Sites resulted in the presence of chemicals at concentrations that may impact human
health and the environment

• Identify potentially hazardous constituents that may have migrated from the Former

Atlas Missile Silo Sites to the surrounding soil and/or groundwater, and determine
whether any detectable constituents present at concentrations above evaluation criteria

can be attributed to past DOD activities .

• Determine the presence of potentially hazardous constituents at three potential source
areas, at each silo site . Potential contaminant source areas include soil and
groundwater surrounding the silo to a depth of approximately 250 feet bgs (including
standing water within the silo), the septic tank leachfields, and the silo sump outfall
areas for silo sump discharge .

To accomplish these objectives, soil and groundwater samples were collected and analyzed for

potentially hazardous constituents . This section presents a summary of the soil and groundwater

assessments and provides recommendations based upon these findings .

10.1 Summary

10.1.1 Silo Site 8
Soil Assessment Summary

The soil assessment investigated potential releases of hazardous constituents to surface and

subsurface soil from the following potential contaminant source areas :

• Septic Leachfield
• Sump Outfal l

• Former UST Area

Arsenic concentrations exceeded evaluation criteria (3 .9 mg/kg) in samples collected from Deep

Borehole BH8-3 (45 feet bgs ) and the septic leachfield soil boring AHL8-4 (9 to 12 feet bgs) at

concentrations of 13 .4 and 4 . 71 mg/kg, respectively . BaP was detected at an estimated

concentration of 63 tg/kg, slightly exceeding the evaluation criteria of 62 µg /kg, in the duplicate

soil sample collected from material in the sump outfall pipe; however , the p rimary sample result

for BaP was below evaluation crite ria. No analytes were detected above the evaluation criteria in

the soil sample collected from the deep borehole (BH8-1) advanced through the former US T
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area. No other VOCs, SVOCs, or PAH, were detected at concentrations exceeding evaluation

criteria in soil samples collected during the ESI at Silo Site 8 .

Given the geologic setting of Silo Site 8, where basin fill deposits overlay evaporates (anhydrite

and limestone), it is not uncommon to find naturally occurring arsenic levels at slightly elevated
concentrations . To demonstrate that arsenic levels detected during the ESI are naturally

occurring, a geochemical evaluation was performed on soil samples collected at Silo Site 8 . The

geochemical evaluation of arsenic in soil involved correlating detectable concentrations of

arsenic to iron . Soil samples with higher arsenic concentrations also contained higher iron

concentrations, indicating naturally occurring conditions . Appendix J discusses arsenic in soil

and the geochemical methods used in the evaluation .

Based upon soil sample results, there have been no impacts to soil from the potential source

areas at Silo Site 8 .

Groundwater Assessmen t
Four potential groundwater units were encountered during deep borehole advancement at Silo

Site 8 as follows :

• A perched groundwater unit encountered within the basin fill deposits ranging from
40 to 55 feet bgs

• A second groundwater unit at the interface of the basin fill deposits and bedrock
ranging from 89 to 105 feet bg s

• A shallow bedrock groundwater unit encountered at 120 feet bgs

• A potential deep bedrock groundwater unit encountered at 190 feet bg s

Based upon recharge rates during sampling and observations made during drilling, the deep

bedrock groundwater unit produces less water than the other three identified groundwater units .

Groundwater flow direction in the interface groundwater unit is to the southeast .

In order to determine whether groundwater has been impacted , BARCADTM monitoring wells

were completed in each of the groundwater units . Both filtered and unfiltered samples were

collected . Lead (0.0503 mg/L) and antimony (0.0585 mg/L) were detected at concentrations

exceeding evaluation criteria (0.015 and 0 . 006 mg/L, respectively) in the unfiltered groundwater

sample collected from BARCADTM Monitoring Well S8-MW-IA, completed in the perched unit .

The NMWQCC Regulations , Section 20 .6 .2 .3103, state that standards shall apply to the

dissolved portion of the contaminant . Therefore, based upon the filtered sample results

(dissolved), lead and antimony concentrations were below evaluation criteria . Manganese and

aluminum were detected above evaluation criteria (0.05 and 0 .05 mg/L) in all groundwater units

AU3-05MIP/USACE :R5598 Rev C .doc 10-2 842086.02.10.60.10 3/31105 11 :39 A M
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at Silo Site 8 . The maximum manganese and aluminum concentrations were detected in

BARCADTM Monitoring Well S8-MW1-A at 0 .531 and 32 .8 mg/L, respectively. Evaluation

criteria for these metals are unenforceable secondary standards and no further action is

recommended, in accordance with the established DQOs (Shaw, 2004) . Various other metals

were detected above evaluation criteria in groundwater samples collected from the shallow

bedrock groundwater unit (S8-MW-4A) and deep bedrock groundwater unit (S8-MW-4B) . TDS

results for these BARCADTM monitoring wells were well above the NMWQCC standard of

10,000 mg/L; therefore, groundwater standards are not applicable, and no further action is

recommended in accordance with the established DQOs (Shaw, 2004) .

TDS results for both unfiltered silo water samples (S8-SW1-1 and S8-SW2-1) were 16,900 and

20,100 mg/L, respectively . Silo water is not considered a domestic water supply and will not be

considered for domestic supply in the future ; therefore, no further action is necessary .

10.1.2 Silo Site 9

There were no analytes detected in the soil samples collected at Silo Site 9 exceeding

evaluation criteria . Groundwater was not encountered at Silo Site 9 within the study boundary
(250 feet bgs) . No further action is recommended in accordance with the established DQOs

(Shaw, 2004) .

10.2 Recommendation s

Based upon the results of field activities and a review of the ESI analytical data, the following
recommendations are proposed for each silo site .

10.2.1 Silo Site 8
Metals detected in soil samples at concentrations exceeding evaluation criteria were determined

to be naturally occurring and not indicative of contamination . Metals in groundwater samples

from the perched groundwater unit exceeding evaluation criteria, are not indicative of

contamination, and most likely represent natural conditions . TDS in the bedrock groundwater

units and silo water indicate that they are not a potable water source, and will not be used as a

potable water source in the future ; therefore, no further action is recommended for Silo Site 8 in

accordance with the established DQOs (Shaw, 2004) .

10.2.2 Silo Site 9

No analytes were detected in soil samples at Silo Site 9 exceeding evaluation criteria .

Groundwater was not encountered at Silo Site 9 to the study boundary of 250 feet bgs .

Subsurface conditions consisted of limestone bedrock to 250 feet, making migration of any

potential contaminants to the groundwater table unlikely ; therefore, no further action is

recommended for Silo Site 9 in accordance with the established DQOs (Shaw, 2004) .
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1 8.0 Silo No. 9

I
I
El
I
I
I

8.1 Site Background

8.1.1 Site Descriptio n

The Silo No . 9 site is located 30 miles west of Roswell, New Mexico, along Highway 380 .

Vegetation is sparse across the site . The LCC door and some vents appear damaged . No

monitoring well was located at the site (IT, 1999) . The current layout and features of Silo No . 9

are shown on Figure 7 .

8.1.2 Site History

No site history is available for Silo No . 9 .

8.1 .3 Summary of Field Investigation s

The following field activities took place at Silo No. 9 .

• September 26, 1996-Drilling of four test borings was initiated and soil samples
were collected .

• October 14, 1996-Drilling of the deep soil bo ring was initiated .

• October 23, 1996-Deep soil boring was abandoned .

8.2 Study Area Investigation s

8.2.1 Contaminant Source Investigations (Local)

Contaminant source investigations at Silo No . 9 included sample collection at locations where

contamination could potentially exist, based on known activities at the site . Potential

contaminant source areas at Silo No . 9 include the former location of the diesel UST, a septic

system (septic tank and leachfield), and the silo or a source inside the silo . Section 8 .4 discusses

the results of the contaminant investigations .

8.2.2 Soil and Vadose Zone Investigations

Shallow test borings were advanced in the vicinity of Silo No . 9 in order to investigate soil and

vadose zone contamination . The test borings were drilled with hollow-stem auger methods by a

CME 75 mounted on a 2-wheel drive truck . All drilling equipment, including the drill rig,

augers, and drill rod, were decontaminated prior to borehole advancement (Corps, 1999a) .
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Soil samples were obtained either with a 5-foot continuous sampler or with a 2-inch diameter

split-spoon sampler . The continuous sampler was attached to rods inside the auger flights and

was, advanced ahead of the lead auger to collect an undisturbed soil sample 3 inches in diameter

and 5 feet in length . The split-spoon sampler was used only when friction caused high

temperatures inside the continuous sampler . The split-spoon sampler was driven 18 inches into

the soil ahead of the lead auger to obtain undisturbed soil samples (Corps, 1999a) .

8.2.2.1 Test Borings

In September 1996 four shallow test borings were advanced at Silo No . 9 using the methods

described above . Two soil samples were collected from Test Borings I and 2 at 1 .5 feet bgs and

at 14 feet and 6 .5 feet, respectively. The soil samples from Test Borings 3 and 4 were collected

at 0.8 and 7 feet bgs, respectively (Corps, 1999b) . A surface soil sample was collected i n

November 1996 from the 0- to 5-foot bgs depth interval . The location of the four test borings

and the surface soil sample are not known .

8.2.2.2 Soil Sampling and Analysis

Soil samples collected from the shallow test borings were analyzed for SVOCs using EPA

Method 8270 ; for pesticides and PCBs using EPA Method 8080 ; for metals using EPA

Method 6010/7000; and for TPH using EPA Method 8100m . The surface soil sample was

analyzed for pesticides and PCBs using EPA Method 8080 . The dates, depths, analytical

parameters, and laboratories for soil samples collected at Silo No . 9 are summarized in Table 1 .

8.2.2.3 Test Boring Abandonment

The test borings were abandoned immediately after sampling by backfilling with drill cuttings .

Headspace measurements with a PID were used to screen excess soil samples and cuttings . Any

soil material exceeding 5 parts per million on the PID was returned to the test boring ; the

remainder of uncontaminated cuttings were spread evenly around the borehole .

8.2.3 Groundwater/Silo Water Investigation s

A deep soil boring was advanced to 250 feet, intended for completion as a monitoring well . No

groundwater was encountered, and the soil boring was abandoned by backfilling with grout .
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8.3 Physical Characteristics of the Site

8.3.1 Surface Features

The construction and layout of the silo pad are similar at each silo and are shown in Figure 2 .

The silo pad consists of a paved area approximately 170 feet square with a 70-foot outside

diameter silo in the center. A covered stairwell entrance to the LCC and the underground

structure is at the northwest corner and a UST for diesel fuel was typically located off the eastern

edge of the pad . The LCCs are 33 feet deep and 44 feet in diameter . The missile silos are

174 feet deep with an inside diameter of 52 feet . Other features of the silo include septic

systems, evaporation ponds, and concrete building pads (Corps, 1993) (Figure 2) . Current

features at Silo No . 9 are shown on Figure 7 .

8.3.2 Geology

The lithologic logs for the four test borings and the deep soil boring were not available for

inclusion in this report, therefore, no interpretation of subsurface geologic conditions could be

made .

8.3.3 Hydrogeology

8.3.3.1 Depth to Water

No groundwater was encountered to 250 feet bas at Silo No . 9 . It is unknown whether standing

water exists in the silo .

8.3.3.2 Monitoring Well Constructio n

A deep monitoring well borehole was drilled and intended for completion as a monitoring well .

Because no groundwater was encountered during drilling of the soil boring, the soil boring was

abandoned .

8.3.3.3 Well Abandonmen t
Abandonment of the deep soil boring was performed in October 1996 by backfilling with grout

and EnviroplugTM (Corps, 1999a) .

8.3.4 Land Use

The area adjacent to the site is primarily used for cattle ranching .
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8.4 Nature and Extent of Contamination

The Corps provided laboratory reports containing analytical results from soil samples that were

collected at Silo No . 9. No groundwater or silo water samples were collected at Silo No . 9. The

data from each report were reviewed for completeness against validation checklists (see

Appendix C), including the name of the analytical laboratory, the laboratory batch number, and

the quality control methods used by the laboratory . The results were then compiled into

summary tables (Appendix B) .

I

This section discusses the results of site characterization in terms of contaminants and

contaminant distribution for soil samples from Silo No . 9 .

8.4.1 Contaminant Distribution Map

Based on the types of contaminants found in soil samples at Silo No . 9, a contaminant

distribution map was not applicable to this silo (see Section 8 .5) .

Test Boring 2 at the 1 .5-foot depth . The location of this test boring is not known . Table 8

summarizes analytes detected in soil samples collected at Silo No . 9 and Appendix Tables B 1 .7 .1

through B 1 .7.4 contain complete soil sample results for Silo No . 9 .

8.4.2 Soil Contaminant Summary

Arsenic was detected above the EPA Region 6 residential screening level of 0 .39 mg/kg at a

concentration of 7 .4 mg/kg in the soil sample from Test Boring 2 at 6 .5 feet bgs . No other

analytes exceeded EPA Region 6 residential screening levels for soil samples collected a t

Silo No. 9. Extractable petroleum hydrocarbons (EPH) were detected below the NMEDUSTB

standard (100,000 pg/kg) at a concentration of 43,000 µg/kg in the soil sample collected fro m

8.4.3 Groundwater/Silo Water Contaminant Summary

No groundwater or silo water samples were collected at Silo No . 9 .

8.5 Conclusions and Data Gaps

With the exception of arsenic in one soil sample collected from Test Boring 2, no other EPA

Region 6 residential screening levels were exceeded in soil samples from Silo No . 9. The arsenic

result is likely due to naturally high background levels of arsenic in soils at Silo No . 9. TPH was

detected below the NMEDUSTB standard in Test Boring 2 at the 1 .5-foot depth . The location of

this test boring is not known .
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Groundwater was not encountered to 250 feet and silo water (if present) was not sampled at

Silo No. 9. As a result, the extent of any groundwater contamination from DoD activities could

not be determined . Additionally, any potential impacts from silo water contamination could not

be assessed because of the lack of information . Before Silo No. 9 can be ruled out as a source of

contamination, silo water must be collected and analyzed or the lack of silo water must be

documented. This information will fill the data gap represented by the lack of silo water or

groundwater analytical results .
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PICACHO 2 WSW, NEW MEXICO Period of Record Monthly Climate Summary Page 1 of 1

PICACHO 2 WSW, NEW MEXICO (296804)
Period of Record Monthly Climate Summar y

Period of Record : 3/ 1/1980 to 9/30/200 4

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annua l

Average Max
. 56.6 60.1 65 .9 73 .8 81 .6 89.1 89 .3 86.1 82 .2 74. 2Temperature (F) 63 .6 55 .8 73.2

Average Min. 24.9 27.3 31 .9 38.9 47.9 55.5 59 .5 58.8 51 .6 41 . 1
Temperature (F)

31 .1 24.1 41 . 1

Average Total 0
.46 0.34 0.46 0.65 1 .02 2.07 2 .20 3 .79 2 .38 1 .1 3

Precipitation (in.) 0.60 0.69 15.8 1

Average Total SnowFall 3
.9 1.8 1.0 0.6 0.0 0.0 0.0 0.0 0.0 0. 6(in .) 1 .9 5 .7 15 . 4

Average Snow Depth 0 0 0 0 0 0 0 0 0 0
(in . )

Percent of possible observations for period of record .
Max. Temp . : 98 .3% Min. Temp . : 97.8% Precipitation: 98.9% Snowfall : 99.4% Snow Depth: 99%
Check Station Metadata or Metadata graphics for more detail about data completeness .

0 0 0

Western Regional Climate Center, wrcc(a dri. edu

000 1

http://www.wrcc.dri .edu/cgi-bin/cliRECtM .pl?nmpica 3 /28/2005
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I N T R O D U C T I O N

Presented herewith is a complete and factual summary report

of construction and contract activities associated with the con-

struction of the Walker Air Force Base Atlas F Ballistic Missile

Launching Facilities .

The scope of the report includes activities in connection

with construction of twelve launching complexes and support fa-

cilities . It does not include installation of missiles and con-

trols which is being accomplished by separate contract directly

under the administration of the Site Activation Task Force of the

Air Force .

The report is prepared and submitted in accordance with in-

structions contained in Corps of Engineers Ballistic Missile Con-

struction Office Circular Number 61-7~ ., issued 27 October 1961,

subject : "Historical Summary Report of Major ICBM Construction" .
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PART I

-4D?NirNISTRATI GN

ESTABLISHMENT AND FUNCTION : CORPS OF ENGINEERS BALLISTIC MISSILE

CONSTRUCTION OFFICE ( CEBMCO)

The U . S . Army Engineers established the Ballistic Missile Con-

struction Office in Los Angeles on 1 August 1.960 . The office was es-

tablished to further streamline , strwngthen, and expedite ICBM site

construction . ICBM construction consists of Atlas , Titan, and Min-

uteman squadron sites at various bases , as well as certain testing

facilities at Vandenburg AFB, California and Cape Canavaral, Florida .

The Corps of Engineers Ballistic Missile Construction Office

(CEBMCO ) is commanded by Colonel E . E . Wilhoyt, Jr .

CEBMCO, through various Construction Directorates , controls the

overall missile site construction program and supplies to the Area

Offices any guidance required of them , ie : Construction, Electrical,

Mechanical, Engineering , Propellant Loading System (PL-S'), Administra-

tion, etc .

Inasmuch as the Atlas F Are; .s were quite a distance from CEBMCO,

numerous visits were made by CEBMCO Rep z~esentatlves to the different

Area Offices, thereby assuring c ETTWCO <)f the cur.~,e :,,,cy of events occur-

ring in the field .

The Organization Chart (Pig . 1) shows the five ICBM Directorates

under CEBMCO , with a further brea kd(nyn of the Atlas "F" Directorate,

together with its six area offices .

1
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)RGANIZATION CHART

CORPS OF ENGINEERS BALLISTIC MISSILE CONST . OFFICE
U S ARMY

LOS ANGELES, CAL.

CORPS OF ENGINEER
BALLISTIC MISSILE CONST. OFFICE

COmmandihg
Colonel E . E . Wilhoyt, Jr. Officer

H

f kim. MAN CONST . DIRECT.

TITAN I CONST. DIRECT .

IT kN CONST. DIRECT .

ATLAS D&E CONST. DIRECT .

ATLAS F CONSTRUCTION DIRECTORATE i

Col . W . W . Wilson Directorl

AI MI ISTRATION'BRANCH

CONTRACT ADMINISTRATION BRANCH

CONSTRUCTION BRANCH

ENGINEERING BRANCH

LIAISON GROUP

-,-. A i
ri 4U5 Alit FORCE BA-Sli;

DYESS AIRFORCE AB SE
LINCOLN AIR FORCE BASE

PIATTSBURG AIR FORCE BASE V

SCHILLING AIR FORCE BASE
WALKER AIR FORCE BASE
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ESTABLISHMENT AND FUNCTION : WALKER AREA OFFICE

The decision to construct Atlas Missile Launching Facilities in

this area was reached in early January 1960, at which time the Albu-

querque District Office was requested to perform certain soils in-

vestigations, et cetera, to determine whether or not the geological

conditions in this area would support the proposed installation .

This investigation was accomplished by the Spencer J . Buchanan Co .,

and by Gordon Herkenhoff and Associates with favorable results .

Design was initiated in early March 1960 after completion of

the investigation .

The Walker (Roswell) Area Office was established 15 May 1960 by

District Order #231 under the Albuquerque District, to handle super-

vision, inspection and contract administration for construction of

12 Atlas Missile Sites in the vicinity of Roswell, New Mexico .

The facility was advertised for bids on 16 May 1960 and a total

of six bids were received . Bids were opened on 15 June 1960 .

Successful bidder was the Macco Corporation, Raymond Internatio-

nal, Inc ., The Kaiser Co ., Puget Sound Bridge and Dry Dock Co . ,

Joint Venture. The contract was awarded 16 June 1960 and the Notice

to Proceed issued 20 June . Work started on 23 June 1960 .

Although, as indicated previously, a Ballistic Missile Construc-

tion Office was established with Headquarters in Los Angeles on 1 Au-

gust 1960, it was not until 22 November 1960, by means of General Or-

der 37, that the transfer of construction responsibility from the Al-

buquerque District Office to CEBMCO was accomplished . By this means

the Walker Area Office came under the jurisdiction of CEBMCO and wa s

1-2
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removed from the control of the Albuquerque District . Effective that date,

a Civilian Personnel Admin:is tration. agreement was entered into by CEBMCO

and the Support District . Extensive rLcru.iting efforts were continued.

The mission of the Walker Area Office was t, perform those portions

of Contract Administration ,h . were delegated from the Atlas F Directo-

rate of CEBMC© to the Area Office . The contracts to which this mission

applied were those under which twelve Atlas F ICBM Launch Base Complexes

and their related support facilities were constricted . Administrative and

logistical support was provided the Area by CEBMCO and the Albuquerque Dis-

trict to the extent indicated in the doc,=¢, ut entitled "Division of Respon-

sibilities, Administrative and Logistical Support, Walker. Area Office" .

The Walker Area Engineer's Office. -was organized with four primary

branches and two offices (Safety and Counsel), each reporting directly to

the Area Engineer . Organization Ch%zt Fig . 2 shows the organization at

approximately peak strength in July 1961 . Organization Chart Fig . 3 shows

the organization on 1 January 1969 at which time construction progress

permitted the assignment of one project engineer to two or sometimes three

missile sites, depending on the atus of completion of each site . As the

construction phase neared c mF,:! ?;i.on personnel phase-cuts were increas-

ingly evident . Displacement of pe -,so nel w, s accomplished almost entirely

'by attrition, and spirited effort. •~ .re made by the Area Engineer's staff

to assist thes .̀ individuals, in, s +3 i > ~ :i. ions in other agencies, par-

ticul& ly within CEBMCO. A gre a;t tf-al of cooperative spirit prevailed al-

so in the rotation of indiv<<iual t ; uwcp last needed t* sks, which often

home T~°k:~:ssazTMey' furri to the s .le'~ lon. and loss of individuals for new as-

signments within the Carps ard to other agencies .
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The relatively high percentage. of profess Lonal engineers comprising

the Area Office was a major factor In the accomplishment of construction

efforts . It is considered n tewrmr.,".y t xat at one time (when the organi-

zation was approximately at peak strength) 92% of all Area Office per-

sonnel were qualified professional en,ginieers .

Project Engineers, responsible to the Construction Branch, were se-

lected for each of the 12 sites to inspect and supervise contract con-

struction. The Propellant Loading System (Pi,S ) functions were also ac-

complished under the immediate responsibility of the Construction Branch .

The functions of the branches and offices of the Walker Area Office

were as follows :

AREA ENGINEER: The Area Engineer supervised assigned construc-

tion contracts, represented the Contracting Officer and enforced contract

provisions as well as providing, di.re,ctIon and coordination of the area's

organization activities .

DEPUTY AREA ENGINEER : The Deputy assisted the Area. Engineer

and acted as Area Engineer during his absence . He provided direction to

the technical,, advisory, and administrative in all matters of a technical

nature .

EXECUTIVE OFFICER : He assisted the Area Engineer and the Dep-

uty in a staff capacity In Elei t W.i matters not requ'ring the Immediate

or personal attention of those ii.cwIal . His duties included the co-

ordination, review or app:rove3L of v , delegated by the Area Engineer

or his Deputy , serving as .in. all matters relating to the Ad-

ministrative and Advise,=y staff . e supervised Milit ary Personnel Admin-
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istration as directed, and performed n,:er ous additional duties as speci-

fically assigned .

ADMINISTRATION BRANCH: i ah :d administrative services to

all elements of the Area Of'fic:c::, Including each of the twelve missile

construction sites . Furnished insty:ruction to clerical personnel and

provided stenographic and typiat assistance . Provided office services

including: supply, ccommutni .catton, custodial services, reproduction,

transportation, mail distribution,, re,_,ords, purchasing and procurement .

Directed civilian personnel actions and maintained re ords to include :

time and attendance, leave, cost and paq. Received and approved for

funds all obligating documents other t Construction Contracts and

Modifications .

ENGINEERING AND TECHNICM BRANCH : Provided engineering and

technical assistance to area pe:rsonaxrel . Reviewed plans and specifica-

tions and furnished comments to CEBMCO. Resolved conflicts and design

inadequacies in plans and spe,, ifications and instituted change order

action . Furnished corn rnct, plane aad specifications for use by other

branches . Maintained set of dal 1. ;ontr ;,-t plans and specificat ions and

files of all approved material and shop dre, .ngs . Provided Administra-

tion Branch with documents (s'hop d .: ew:ings, catalogues, etc .) required

by using service . FM°ep; ,Ed ;s~bixi.i.°t 'ras~:ings . Perform d rec'na3cs.A

and engineering approvals of soli ts, 7x~c and :other materials and

equipment . Ferfo rmc d e: Inn a i sp{ , :t I >ne of constriction to insure

adequate constriction std s ,and. c~ ,mpliexice `+w th deign criteria .

Maintained liaison wkt .tL) /BMD
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CEBMCO, KCDO, and other Co27D.ii Districts on engineering and

technical matters .

CONTRACT ADMINISTRATION BR CH : Advised area personnel on

contractual matters . Received p: agrees sr_~hedules from contractors, re-

viewed same, and initiate :, action f.nr rev1si n or approval. . Famished

Engineering Branch with comments -f4 r rider ium chsnge .s on plans and spe-

cifications . Prepared Gover =nt Coo A_;traation Coat Estimates for Change

Orders . Branch, Chief repr 4e Gaited Area Engin(-n-:r on SATAF Change Order

Board . Monitored proposed change orders within Area Office and initi-

ated change order action wit) contractors . Conducted modification ne-

gotiations and prepared and distributed mar.,difica Lion documents . Inves-

tigated and determined validity of cl tm3 . Initiated action and follow-

up on government furnished equipment •c :at :il a:+ ival at job site or rail-

head . Expedited construction Maintained and reported sta-

tus of modifications and clai.me . Reported work stoppages to CEBMCO.

Processed documents on transfer of vcampl .et -d work to Air Force .

CONSTRUCTION BRANCH : Supe-rvI ., :d and conducted continuous in-

spections of construction act ..ivi i :a . Diret°:cted the jobm.ievel . Engineer

Trainee Program. Repowted to the. EZi.: :ring Branch conflicts and de-

sign inadequacies occ:uring in h plank and sped . flc& ions . Reviewed

proposed changes for r~d1 f~.i~' s "$, art. ce:~ xk,:u1it and time impact . Provid-

ed Contract Administration. 1t inf a,ic i for progress :reports . In-

sured maintenance of a set of <<e r1 ;rat prints s`~,. eIng ass-built condi-

tions . Provided Contract B °,- ch 'wits, data for ENG Form

290 and other transfer d~>,_-uments . Est, bushed and furnished constz-ac-
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tion completion and acceptance dates to Contract Administration Branch .

Reported work stoppages to Contract Administration Branch and prepared

formal work stoppage reports . Directly s%upervis i the Project Engineers .

SAFETY OFFICE : Assisted the Area Engineer in administering

the Corps of Engineers' Safety Program within the Area .

Provided for frequent safety inspections at all ~roa k sites .

Advised the Area Engineer of potential safety hazax°ds on e.U sites

which he was unable to have corrected .

Prescribed and coordinated a balanced program of Safety activities .

Assured prompt reporting of arccidents .

Prepared formal reports of findings with recommended corrective

action on all accidents and serious hazards which hampered efficient

uninterrupted construction progress .

OFFICE OF COUNSEL : Assisted and advised the Area Engineer

and his supporting elements on legal matters except Real Estate .

Rendered staff advise in the negotiation and preparation of con-

tractual documents and reviewed all contract actions for legal suffi-

ciency.

Reviewed actions concerning all contractual and non-contractual

claims initiated by Contract Administration Branch .

Processed settleme-wI of documents as delegated by the

Office of Counsel, CEBMCO .

Reviewed actions initiated by v .?~tTM Administration Branch on

appeals made by contractors to decisions ma; .: by the Contracting Offi-

cer or Contracting Officer's Rep:,- ent9ytivc= .
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Prepared litigation reports as required .

Performed labor relations functions, assuring enforcement of con-

tract labor standards and promoted good working relationships between

the Corps of Engineers, organized labor and contractors .

Received, reviewed, and initiated necessary action on all con-

tractor's payrolls .

ADMINISTRATIVE PROBLEMS :

The question of re-employment rights for CEBMCO employees created

a great deal of confusion in the minds of most of the people assigned to

the Area Office . Higher headquarters must have anticipated the problems

which would result upon completion of the work at the different ICBM

bases when individuals became available for a new assignment and/or

wished to exercise re-employment rights . A letter published by the Of-

fice of the Chief of Engineers dated 13 December 1960, Symbol ENGEP-CE,

established Civilian Personnel policies to provide re-employment rights

for certain categories of CEBMCO employees . One basis for confusion or

misunderstanding was the fact that so-called "absolute" re-employment

rights were apparently granted to individuals assigned to Headquarters,

CEBMCO, whereas so-called "administrative" re-employment rig?~ts, only,

were granted to persons assigned to the different field offices . In

addition, these administrative re-4mployment rights granted to field em-

ployees applied only to -indi. vriduzr lzs w'ato had reported for assignment to a

field (Area) office directly from another Corps of Engineers Office . As

a result, many individuals ., assigned to h,-, Area Office as recent gradu-

ate engineers or from government offices other than the Corps of Engineers ,
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were not entitled to re-employment rights . In a number of cases, too,

individuals were assigned to the Area Office from a Corps of Engineer

District at a mueh later date than other individuals not formerly con-

nected with the Corps . This inequality was particularly applicable to

young engineer trainees who were recruited from college and who, during

phase-out, did not have re-employment rights with the Corps even though

they were, in many cases , among our most desirable employees from the

standpoint of insuring their retention in CEBMCO . Over twenty (20) en-

gineer trainees were thus affected . Although a number of these indi-

viduals subsequently received assignment to other newly activated Area

Offices , many of them accepted assignment in other federal agencies or

with private industry and their services were thus lost to CEBMCO .

Further complicating this problem was the fact that re-employment

rights were based on the grade held by the individual at the time he

departed a District Office . Upon exercising these re-employment rights,

the affected individual competed with other District Office employees at

their current grade while his rights were based on the grade held at the

time of his departure from the District .

It is recommended that further study be made of the civilian per-

sonnel re-employment policy to afford more uniform treatment of individ-

uals in like circumstances .

l9
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PART II

CONSTRUCTION

ORIGIN AND MISSION :

Prime responsibility for Atlas "F" Weapon System Development

rests with the United States Air Force . Six geographical locationn.s

in the United States were selected to house the construction of Atlas

"F" Operational Base Missile Launch Complexes, each consisting of

twelve unitary Silo Launch Complexes and Support Facilities . This is

the history of the construction at Walker Air Force Base , Roswell ,

New Mexico . The United States Air Force , through its Ballistic Missile

Divisiolb established a Site Activation Task Force to accomplish this

mission at Roswell , New Mexico . The United States Army Corps of

Engineers was selected as the construction agency to perform con-

struction for the Site Activation Task Force . This is solely a report

of the work encountered by the United States Army Corps of Engineers

element of the SATAP organization .

The decision to build the Atlaa "F" Launch Facilities in the

Roswell, New Mexico, area was reached in early January 1960 , at which

time the Albuquerque District of the United States Army Corps of

Engineers was requested to perform soil investigation to determine if

the geological conditions in his area would support the proposed

i^stzullation .

This investigation was accomplished by Spencer J . Buchanan and

Associates and Gordon Herkenhoff and Associates with favorable results .

Design was assigned in early March 1960 to the Bechtel Corporation .

x-1
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The proposed construction was advertised for bids on 16 May 1960,

bids were opened on 15 June 196( L and the basic construction contract

in the amount of $22,115,828 was awarded to a joint venture consist

ing of the Macco Corporation , Raymond International , Inc ., The Laiser

Company, and Puget Sound Bridge and Drydock Company on 16 June 1960 .

Notice to proceed was issued on 20 June 1960 and the work was ini-

tiated on 23 June 1960 . The Roswell Area Office of the United States

Army Corps of Engineers was activated on 15 May 1960 with a nucleus of

people that was expanded to eight officers and 168 civilians at the

peak of activity . ( See organizational chart, Part I )

Lt . Colonel Joseph G . Kimble was selected as the Area Engineer

and was the Officer-in-Charge throughout the construction .

DESCRTPTTON OF THE PROJECT :

Basically the project consists of a silo , having a twenty-six

feet minimum inside radius by an inside height of 165 feet, and a

launch control center, forty feet inside diameter by twenty-seven feet

clear height . The launch silo consists of two feet six inch thick

concrete walls up to a point approximately fifty feet below the top of

the silo at G'hich point the wall flares to a total thickness of nine

feet . It has a concrete cap nine feet thick . Concrete floors normally

are six inches thick , but are five feet thick where ground water

causes excessive hydrostatic pressure . The launch control center has

two feet six inch thick walls with a three feet six inch floor and a

three foot roof . rn the interior of the silo is a steel crib which

is sucpanded by four shock absorbing hangers , contains eight levels,

and supports all the facilities inside the silo . The launch contro l
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center has two suspended floors on which all the equipment is mounted .

Descriptive sketches of silo and 1,CC appear on Figures 4, 5 and 6 .

The LCC and silo are connected by an underground tunnel . The silo

and LCC represent the basic construction unit . Ztrelve such units are

die*_ributed within a forty mile radius in concentric arrangement a-

round Walker Air Force Base . Distances vary from 21 .4 and 42 .4 road

miles from Walker Air Force Base (See Vicinity Plan, Figure 7) . In

addition , maintenance and support facilities , consisting of a Re-Entry

Vehicle Facility , a Missile Assembly Building , a Liquid Oxygen Gener-

ator Plant , and Water Supply Systems for the Nissile Launch Complexes,

were constructed .

TOPOGRAPHY :

The. sites are located in the majority of cases on gently rolling

terrain adjacent to the Pecos River Valley . Site 5 lies actually in

the valley fill area . Sites 6 and 7 , near the foot of the Sacramento

Mountains. lie on somewhat rougher ground . Elevations average about

3500 feet above sea level . Vegetation is scant, consisting of semi-

desert type grasses and shrubs .

GEOLOGY AND GROUND WATER CONDITIONS :

All sites are located in what is known as the Roswell Artesian

Basin . This title is misleading . Artesian water production does oc-

cur in the vicinity of the City of Roswell . Some years ago there were

large flowing wells in that area but the flo.ia have ceased as a result

of over-pumping of the artesian aquifer .

Geological formations are of Permian, Triassic and Quaternary

ages . They consist of the Chupadera, Chalk Bluff and Dockum formations
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overlain by a mantle of Quaternary overburden . The Chupadera for-

oration is made up of the Yeso member at its base and the San Andres

limestone member at its top . The San Andres has very recently been

further subdivided, with the lower portion being known as the Glorieta

formation and the upper part as the San Andres limestone . The Chalk

Bluff formation overlies the San Andres and the Dockum formation over-

lies the Chalk Bluff. The formations generally dip eastward approx-

imately one degree. The San Andres formation is exposed in the west-

ward portion of the sites area near the foot of the Sacramento Mountains,

the Chalk Bluff through the central portion, and the Dockum at the

eastern limits .

The Artesian condition is brought about by the presence of the

permeable San Andres limestone on the surface in the Sacramento l4oun

Fal.ns, an area of fairly good annual rainfall, and by the slope of

the San Andres to the east at fifty to sixty feet per mile, a slope

greater than the surface . The relatively impermeable red beds of the

Chalk Bluff formation tend to hold water in the permeable San Andres

under pressure, although this is highly variable with local conditions

since the formation^ are intarcor_nected and leakage from fractures

and improperly constructed wells locally modifies conditions .

Subsurface exploratory investigations were made prior to issuing

plaas find specifications for bid . Core hole and seismic investigations

We° casd~ by Spencer Buchanan end Associates of Bryan, Texas . Ground

water explorations were performed by Gordon Herkenhoff and Associates

of Albuquerque, New T4e~:ico . Findings of the investigations and the

reports received thereof are the besis of most of this geologica l
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report. Results of the investigation were presented in log form on

contract drawings. Descriptive lcg5 and notes on water encountered

are extracted from the drawings and exhibited as Figures 8 through

12.

Consistently , the material encountered in excavation was as

shown on the logs , although there were some variations in thickness

of strata across the width of silo excavations . Some unexpected

difficulties in the way of more water then expected was encountered .

Sites 3, 6, 7, 8, q, l1 and 12 were dry holes . Site 10 had water in

the shaft in negligible amounts . Considerable water was encountered

at Sites 1, 2, 4, and 5, leading to claims by the contractor .

Generally, the valley area west of the Pecos River contains

ground water in almost unlimited quantities and of fair quality.

The thickness of the San Andres diminishes to the west and production

tends to be less than in the valley fill area. Massive salt beds

to the east, and particularly east of the Pecos river where wells

were drilled in the Chalk Bluff formation, contained water with so

many salts as to be unusable without special treatment. All water

from the San Andres is hard and requires treatment if Public Health

Standards are to be met .

Water or use at the sites was developed by wells at Sites 2,

5, 6, 7, 8, and g . Water for Sites l and 10 is transmitted by pipe

line from Site 2. Water for sites 3 and 2: : .s obtained from the

nearby village of Bagerman via pump stat-! cn and pipe line anti for

sites 11 and 12 from the City of Roswell . AU waters were too highly

mineralized for intended usage . Special demineralization and soften-

ing processes were provided .
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L. Wi red sTa~i areauIths

64 Gk'PSUAd pdy
Los/ wdter ci2ub/,q ? d/ 413

CLAY d GYPSUM
CL
6y

A/tern/inq Byers c/qndq qyp
sum drS red cAsr/ Gypsum
fidgmenls in cosy.

Grdg gypsum, dl bot/an.

80R/A 5 COMPL L TED 7-7-60
Al A DEPTH OF 73.0 FEET
CONTINUOUS' 6-/M// CORE

MATE l A S/dtic rev/er /err/ wes
measured elfeet below the ground
surface upon canpJefic i otdriI/imp .
The deep borinq avid not be bei(s /
dry Lrj brlinq of dp .r/nd/e4i /S
g p.m. for four hours. /e the
tiler t vpply test roe/l, eS0 feel from

the deep dorinq 'U5 totellq dry

0030

Silo

~X//M FORA/AT/ON ~ . L4SSh

.SAM .STOM, red frig .b rvr
fine grained

•

CLAYrrd lardy, blaset ,ri/h b%
grerw,br gylawm

Soft bed 4/-4e '

SILTSTOA(, red firm

SANDSTONE, red, fine- prdn&
frbbk, minor ch

so ,d1hone ,s dirk red, fire
grdi/ra~e ) wi/h dKreosi/4'

n
s rk1sto~ !neaIS 0 dSt dnd grers2
/ine•O4*'ned q~yevsikrraut %=1r

HrgAkj crushed

kids/ci* iJ dirk red, finr-
grdined

CLAY queen, silty, with stbrns
of dvk rat u/tu chi der

SHALE , dirk gvny sYh ỳ

J'ANDSTONE
gear/, fine -grdined

abrk bro+wfire-grovnlld
.sea//ered Mrge u d
sdt, green, silly tie/

dirk red, fine- q.c~ed

Qrdq -green, fax gwvned, elah
rec( sal/, 3i14 cmi.

i M

CL AV, red sift//, soft, irrYh g~i
J47, and sfr>bks d l4drd
Qr/pscm

rEa, sa.`r ,s,//y, uhf ppasu»
s/PNks dnd Ibri m Q $A
f,l/ed c,- cA-:

8DR/N6 C ✓,Nl~L£TED '-3 60
AT i4 DEPTH Of ee.l F£ f T
CONT/NUOW 6-/ACII COkE



Site No . 4

LCC ,

_
SM4Lf , very

c sv n - dy,
gva:,n,► .

{C C&P

T$5cf,

Jo .(rhesrn,Nr - .

@wfA% COAAq£TED e6- 60
AT A DEPTH Of 750 ,Et T

VTt / a
es, fished 6/ feet Ge Lw rr• ,~
str6m 1 Mr deep b:rl,.,q -fcnv m-

ha rs after bdi/r ,
by eater syga f i *J/ wr✓/ ,y. to i w/-
er alf the 2+ cry scrrx x p, - j
with a4' 17"*vte d4a ., xK  n.
T/v tes/ ar// ?(ter, rr 7

*015h or /OS/eo/ , ,-> -,.d
f/Dw 15,1,-e / M . ~I -,'ee/

in ej/rr vrai.e/ Ste' 95'
A-0 dri//irp mtd

6YPJL'41 d C Ar in d/terndtinq
d~ d~yeGL iQd ddy b e - /04 '

GYP5UA41, Qd
with ,erne dntxd-ik 4%'/j/ •
w,M thin /dyers pf b6rk A4

'O,d red car/ IJ14 -136. 4
hit dri//lip rm,d /Il '-/jl '

QVOJ IS interbedded wit1~
brown are red c*

9gO5um /, grd4l, mdJti►r

in/erdk. ed wi,-h -vle 7jl,, *

q 1 u - I "V, /77Sri -

n/e,, Am E w/.wll, vie f A '

dnhydr,%

d/ternd/inq /dyer, otgvavnl,
c kv. dnd dnhydri/

50R/Mg CO,+fPLETED e-a-'60
ATADEPT, Of -?5.0FEET

CONT/NUOU,S 6 /M°H CORE

C11 ff auff fQAN4T

aAY, /pnt brrawn lo d-a►n. j/4s
stiff to rrrv st/ff, per. goo
Jtrn.linr shme Ped~b ,FsQ1=,~'

cby II ddrk rek j,r/ w'tJ)
fridbk sdrd end grerra//o cad
b/esje, sale gl547.

{
S4ND5T0NE, red very fr jbj

thio/q Added -/s,//v
C,6 j.

AV,ARA/NDG CO
MEPTHPLE TOf75ED 0

e-,O-&0
1(17T

CONT/NUOUJ 6-/ACA' (ORE

/2T[ /' A sfdhic wjfer /ere/ wrs
meidSUrrri a feel belo w Me gvtx rd .
wrfilce in the o(-ep bcrinq after tip

f/bnq d rdte aF cc~pmximd
/q. p. M . o red t& After /ereJ fn

Pj feel to a dap/h of 60 feel

Contract No . DA-29-005-ENG-2598
Walker i'B-Roswell ; New Mexico

BORING LOGS-SOUTH GROUP
SITES 3, 4, AND- 5

(Extracted from Contract Drawings )
FIGURE 9
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Silo
Site No . 3

rea; ilty, wi/h c:d%che

1 i/L J S1LTjrOA/t
P c e- grdinrt wry ~t/y

nested, fryb.4 satyr cerkar-

I C c/ fG~f~MATILW~P~ Q1~

ltQ

T!)'V -ed my//kd with
'r .lT ,/ gronubr nd ak1m ,
4 rote iy f"rr

red, i114. firm;, met//ed
r, ,en .ttx 0/ 94pjem a-xr~f c

,_,dtedarx/ wrd/~ rrrerr n

JAY 'r-,uvkv, brafier dnd

LCC

fORA1ATlGW RL4, .SS
. NOSTCaV£ d S/LT.STONN

Red, hne to w, v fate - clined
cdkdreous. frihk few herb
of c%rk red /)ord w-4 c4,w

500l4MG COWL £ T£ D i 6 - 60
4TA DEPTH Of 75.0 fE£ T
ONT/NWU,' 6-INCH COPE

NOTE / hb pwier $ds rnconterr o
'n the deep tx inq d/Y/ the ntrk

viler supp r fe✓/ sell

CONT/MXJJ 6- 1NCN CO4'f
0 40Z L, DEEPENED C, ; ; - i

rCAOEFTHCFt,'6 AF T
MA SSiV[ ROrt .54! T

_` I L' WITH M/NCW ktCCC4,
IMPUPI T V

Silo
Site No, 4

C'V crntdins drpuHr pebbles
of */0", mx ds tAle dnd nvwxiv!
lebbk--f otq+wrtjite, with srJ
hme wvr grren c4 y frdpox.»/s.

C ok ,~. with red dnd yree-n
C* in /urrs 6I5 '° 17?1,

,^14reer; f/rxturrdsiltsh~.x
IT2Z'-/7/.d'

,mdJsiv- OVAsum

sofl,_ ;- ify Ck*l i9 /

nC/C/NG COMPL Tf) .' n 5
AIA 0EOTH Qfe? LET

CON.j/1/UJt h I.V n C

LCC ,

{r1~X&Uef f~PAfATi~?Y NN
S%4L f dtrk r'd to red.,.c//, ~rr4

C~byty WI/fl .w// phj c cdw,

4iS//C 5 ,Q e' IVA411n7` Cd/iChe
.dt,kr errdgrabC / 'ti Sift

8OMW COAR E rt D '- 6 &C7
AT A GEPTH Of 710 '`f LT
CONT14"')f/S

2 L / 4 n_ .•c-/ .Od,`
.

es.Q Ab/ishad 6f fe i Tek r; f,--xp
lurtix n the deep bor ,;q roru.7-
&* ZV harr ozffer Q*/i4
G/ nbdtr scpgt trs/ mr// q: s EJa~ n,vt
er•d Me ,* ofJA7.L' .'`
with an/y nw*E, v/e dio, ; wN n.
74 rest orb' zt• r,
de 015A ar /Of le, / r1
fcr ' /3J fee/ /n " .,e e

0032



30

40

50

6o

70

6o

90

100

11 0

12 0

130

14 0

15 0

16 0

170

160

19 0

200

210

Silo
Site. . No,' . 3

Oyf_ PBUR~f N T RNARV
54'%tj red, silty, with cd✓Khe SM
4 mw fQ9U4rfr N RIASSAC

ANLISTO,4L d S/LTSTONE,
~d fine - 9mrnm( wry ,«s,~w
cemented, fr*.th* so ' cwk w-
eoecc.

flak rdve/5Q akrrinq dnlbnp

SN

is

LCC

QyERBURGL`N TERM4RY
S4Np, red si tv, with c khe

f MATX V RGI C
S4AVJr6Wf d S/LTSTONI

Red, frae to wry /,M - Wirkd
rekoreow , frebk few be,Gdr
of durk red hard, -W xi/ chy,

~ NDSTONE, red tine- g i, ed
5ed ofddrk red C'6-";0-II?

no-if ?
50R/AA C04-f'LE TED d- 6 - 60
4TA DEPTH OF 730 FEET
CONTINUO.; 6-/MCH COPE

HA K /[f fQRMATiAN M C L

TJTQNE, red mo//kd with
light 9rdy. 9ronubr ggpsi.im;
r, )rxkrdte/y firm

Si

CL AV rep; silty, firm, mot/led
with lenses of QVµsum ed CL
grdu cldq
Breccidted a"d wrdka j rerewrn

;;VPWk rmitsrre Qroker vd
jointed wi/h cby o-k1V tbrr lrj

Co/kwe brecc,d

GYPSUM, breccia in ma/rix of
fvnl red silty cby

220 HALITE , 7kWsirr . with /ittk
red cby

BORING COMPLETED L *-4- 60
BATA DEPTH a-ee5OFEET

NOTE / Alb Muster is enco[vterrd
rn the deep hCrinq d/d the ,,comb/
water wppyf test sell

Silo

CLAY red, blare,
dv

Iy M,yb
nrivn pwces of c4MicAr

AkWrOK(, r mF/ish, cnisW
J11C kkruidd Abner d✓/d iVd
Jhrngfh of stiffubg ,,vci va
gypsum w/43

SAND, red, n96t rr'groinetf, c
e q cdkdrecw cndrwy fit
4rdrr/Ay d blame .

CLAY red, si/ty, ja!t, wrfA /;.-y

~V r3 r>ld Ji/ tb AiYX*, f~
fa oft, Jr►~u1//(I J own c44'
Gd//4 corbrrk,ceoul.

Cbq c frrnns dn4obr pebbd
of pe✓Mw Midsto ,e end rrz»
pebbki ofgrdrtjik, with .td
lime endown cky frdpvr r

GYP.5UM, motsJn•r - _
_

rEYnT Lttu

Token, with reddnd fireen
Gby An '. adores 1613 -1712

green trdt/w d,si//stogy
/72..1'-/73.6

massive gypsum A93'- /'93 '

sot/ silty c6r/ /97'- /99 '

V'ofsoft cb/ e/ Poi

CONTINUOUS 6-/ACH CORE
# HOLE DEEPENED e-11-6O

TOADEPTHOfd76.5FT-

AN!.V><R~TE a GVPSJM,
r i ive f/, Jr, / c

cdvihes.
AL i UA,5 $/VE ROCK JAZ T
Bf 0 WITH MINOR RIO CLAY •~ 50R1N6 COMP : TEJ 6 5
IMPURITY AT A DEPTH Of 225 [E 7

0033 CONT/9/000S 6 /N ;N ;G-t:



Site No . 7
Silo LCC

AN [l TERf

,vhire, firm

n,L fORA+r;4TlQV RMIA

It. light Troy, finely crys•
trd, brakes, wihh vv/c(

fractures.

e iJ 6vvAen, ,Lwow dnd
recemented with Cd/c

t1 fee/

ly cr4.rtd /Brae, SCd1/end
lk=d ,aqs

f durrh grey, drp44kv r knx,

-x*" 6 in yldy 1, eJJ1a'ie

is grey. Porous; »-i//,"
Trey Cheri 7B'rOJ"

fry Aerd 90-9z '

/0 /1gh 1 ten , rerv oor-
•red vcps in i 'a'd

is 4iot greenish-prau
cr,s .'d1/one, with Jones

m, y ;,WV /,me.1/one

porcvs Imes lone
very deny, very finely
limestone vi/b J/gbhll 31

t'teiy crys/d///ne
es d!w pronowxed
r~+res f,-,'/td with
garpe

I yrdy, lkdrd to n:~ctr-
'rV por~xcs

PLf T£C i 7- a0
OF 1 P50 FLf T

6 /NCH' -ORE

Cd

Ls

Cd

Ls

CL

LJ

WEATHLP AND AL TERED
~C'E N T

CAL /CHE, white, firm

ENAMOR ~ f5",7JAV~PfRMli'J
1"t-STONE, white" 4* tared, w/
yr1low cb~-/n frdc/ure -

CLA 51114, with
im~forae fi&gmenfi herd

L !MLSTONE, qrd , frdc/ii o
wi/h some J1errs clay
ing rn the fi6cturej

112

10

40

1~

BOR/A6 COMPLf TED ?4_-60
AT A DEPTH Of , Q fEET so
CONTINUOUS 6-11KH CORE

t

j 100

11 0
NOTE 1 . No dpprecdb,' inflow of 10-
wdter will xcor df /tus ,slit cIS Ndbr W

levels in the `,wAdk j /i/Aes b- pf W
t h 120 Ui s o r t y h e & ' 1 6 W d d ,o t h d f/.,
as ohtermovd tr/ hie ruyrdy kr/ nr/A

.

130

I.-
14o i C L

W
0

1 50

1 60

I TO

Ieo

I90

200

( - .

Contract No . DA-29-005-ENG-2598
Walker AFB-Roswell, New Mexico

BORING LOGS-WEST GROU P
SITES 6 AND 7

(Extracted from Contract Drawings)

FIGURE 1 0
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LCC

AM' LJ M4r V ERN/,4N,
L /AIESTONL . gray, hard with

ha/a/ frrxfure imms
cao/dirxr q ,V/taxi c* CV-
iche dbow V.

061V Clay dt 43 '

BOR/AG CO/APL E TED e- 9- 60
ATA DEPTH Of 75.0 FEET
CONTINUOUS 6-IACH CORE

rE /.' The c .5-faot G12r/nq aw,u
a&7r,q dry/ling . The Er ie w/s in
iimrs/me of the Ored are Aehe►eo
,e Lebw 5W feel

Silo
Site No . 7

a4 MD 4L7L&DZC
(RLCZIV

WL ATN

CALICHE, white, firm

SAN ANOR£.S fokAMTIOV kk%4 4A~

L /M£STONE, light gvuy, hmwA crys
tdlline, hard, b,Men, with mid
pockets dad fractures .

L imestmr 47 hmAm, Paxow drad
pdrt/ally recemented with talc -
Ite lb 93 feel

Gray, fiiatfy croWltnr. srdV/end
C,dkih fil d atiys

Breccaa of d,*-* prey, drgtArr hme-
Jharae %J9ine 6 in gray 47vjA ga r

1/10 7e,

L imeslcr a is gray, porws, wi/h
dark grey darn 7d' dJ i

Nerd to very lard 90 .5c'

L qht gray to /aght /eo, very ,o0r•
taus„ kcal /erect nqs /' /did

L,mestone is cbrkgreenishgrtxc
very hard crysldi/one, wiM

po r bot tdn, v y limes/Me

Hard gray, rov5 limestone
yrodmq to very dense, very finely
crt/std1kne limes/one wih5 sa; hA

Gray, dense. finely crys/d//int.
Wit. stylolites dLwpronarnced
vertical fractures f, l/ed with
Cd/Cite a's qc e

L,•^aes/one /s gray, hard to nasy-
/i#n taro; very poraa

Co

L s

BORING COMPL £T£O /-'7.60
ATA DEPTH OF PPSO c(£T
CONT/NLVLJJ 6 • INCH CORE

LCC

Cd

L s

CL

Is

WEATH R 4NG ALTERED z2v
CEA/T

C4L ICHE, white, firm

~4NANORfa` FQQt14 T/AV PLRM/4~
MESTL,WE, .we, fr~e/urecw/

N4a11aw Ch y In frdrkv-
CLAI~yrw J,/Jy, with

/in7 jfone f t+q ntlhard

I /MESTONC, gray frd /urrd
-M ,some s/// o'rtl cI :/ fill.
inq in the froctwe 5

8O,9/A6 COMPLETED e-d-60
A T A DEPTH Of 710 FEET
CONTINUOUS 6-/M // CORE

MOTE / : Ah dpprecatab inflow ci
ster will xcur co t/us ,s* as mukr
kre/s ,n the . " ,.4t#es /dneslax of
this d►,a ,4e tr~kw a d,oth c "" f/.
as &-/ermined by h5e r,.u& ✓ lest

49

5 Q

s0

N

so

100

110

120

13 0

14 0

150

160 .4

ITO

ie4

J 2

200

z
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t.

S

h-
W
W
to.

z
1-
L

0

Silo
Site No . 6

BrownIJh-grdq, herd fix
pwvned, C rwj /ared w/th
o9Icih, hw'tjo# A / ffdctyrrJ
wr'hb red Cdkarrbus Cby.

~'A Ply, t7ldtsive, h~' /
frdctbrb fMdwrs fi1/ed
W)% c ikfay thy, j7/chw
.rwob t at A05 w//hin /'Cby,
wAkh #n be garpw. Wdter
sev /xt 3-IXd rn dvr+ccie .

Tin-sill., Mdw frorhavs~tro
croAolhnx, fa dt. iw/N /Lt .'
kbtrkd ajdkn.,Ayv,io4
c6o q Wy

w
pbfy /Aiesfaae.

.Sax rdw+e/inv .

Gidy, herdaFojt wi1t1 rnhtrbe~
dinp~s #7,;f r, lb1n, brnff,
CA" /imesi ,e. ktzs'i/11Eydrrs .
Loco//y *-Ad ckr/eq lei e-
,Stpx /73 ' A7?.'

dirk grdr/ Mrd, dose, Aw-
frddt.zs /wx dw/~trtcbgdcok/k.

BAP/A6 CO" E -rtD t-3/- 60
ATA EA PTH Of P''5./ FLIT
CONTIM,v (S 6-/ACH CORE

LCC

A fR

L /MLSTONE, Qrdy, herd with
horsjjpate/ fiarhre xdms
cc»teartrp si/t aid CZ. Cd✓-
ithe d6oe 0 '

Qwrgo c/ay dt 43 '

m,91AG COA4PL E T(D e- 9- 60
ATA DEPTH Of 75.0 FEET
CONT/N 1O U. ,5 6-/MR CORE .

NOTE /.' The t?3-foot daring $W
AN Avioq dril//nq . The ndkr ,ew/s in
Me limes/che of the area are helie edl
to lie Deity 5w feel

0036

Silo

W ATN AN T D ZONE

CAL IC//I white, firm ,

,SAN ANDR£ .S fORAMT/cW RM6q

L /MEJTOME, hqh! 0,W,, fine4 crµs .
td//ine, hard Morten, wi/h Mid
µxkeh ehd frdct v-es .

L imes/c ,e /,s woken, your and
pdrti,/ly recementrd with ce/c -
/te Io 14.5 fee/

Gray, fiiat/, crysb//ice. rrvllend
Cdi-l* fiJkd vtgs

5recca of dark grog.enpubr kn -
J/uvat fiogmeab in g wy binejtb',e

7/ fo71 '

L imeslaae ri prey, ,onus, with
cArk gray cherl 7d'd 3

Nerd to very hard 904 '

L iqh/ prey to bqM' foul, wYry par•
ass, Jcd/fered

I imc'slane is dirk greenishPra~
very herd cryrtdi/one, with pws
or lot tdo, v UW y /ime3/One

Hdrd grdV POrtvs limestone
vrddav to very dense, very finely
crystd///ne limestoneWAj4ibkk,

Gray, dense . fine/y crystd/line
with sty/o/fes dlwprc7crraced
vert/cdl frdCtures filled wihh
Cdlc'te 2' J gOipe

Li .^,estorv 1.3 grdy, hard to meY-
iwn hard, very poroas

,CORING COMPLETED 1-17- 60
AT A DEPTH Of Pl50 AfIT
CONT/NLVI/3 6- INCH „ORE

Site No .

Co

ds '



Silo
No . 9

'RDtN (0(,I4TLRMARV1 s'a

Jfr FCi4MATlGW PAM

ENE , -Pddoh end ten,
Ard/ned, mo*rnt% Jo/t,

/rabk wi/h C/dwq beds

/xl ferouj per//NJ

grdy, /ndjJ~.r

Vrd+i, n~iv~ .

T)dSS7i'e

grdy, f )OJJ/I•C

O4#Lf'£ : .- /-_3/- 60

`OLJ; 6•i,'~', . ;wc

w

An

Fy

SM

LC C

OVL RBURDEN LATI MRY

C K
W,hi teethe e6ore /I AW

SAAoSravE, re*un, fix -
Q'VnOd r~oop% / scr`t,
frabi~ Gyksul- /&' /w/j
1/d/ end ver /lco/ f,a h. es

Saffractres Q/pn n
fl e

B0)P/N6 COMPL E TL 0 1-S b0
AT A DEPTH Of 750 FEET
CAYT/ NUOUS 6-/AC// CORL

r

,1br£ l ' The dril//nq weer level /n
the peep tcvirq A os medsNrd dt
19.3 feel De/aw the Around Jurfece
prior tO o Cdi/in test Gu/ d!'/en
todw 9, the reco►ery rtis exlrernr/y
strv . rt grorr,d• Awter /ens/rn Me
r~rby test `+rll s s G~hw t7~lt/

i/-

Concr .~' cL No . DA-29- 0()5 -ENG-259€
Wal'ce_- . TB - oswel' i New Mexico

BORIN :, CCS -NORTI? GROUT'
SITES S r`iD 9

(Exr ; -7c -Icd iroi i Contr-ac I)r n ;)

FIGURE i t
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OYl
ME PwZh ig is

~/advd, 9rdy f

y l

GIPS ri redduh qvyk t*qw

Grey gvpjm

Earthy , Porous hines/o,e.6 "
dt 645 '

*--V &tc*'V t7 tan 6/
11s'-T5

` fORMArION
l greenish , d *,ey, /ime.il ,e
' brittle, Ch* o 'ous chgs/me
r~Omen , soft cetbreavs cla w
LIAIESTONf, grdth portsca t *A

timed, IV&Qrew CdkdfMO fill-

15

6reen+3h - gray, c*ereavs eby,
lees'- rl9 '

r r,tstA w /3 Q'W hard

CLAYJrOAf- brrwn cake -p a, C lherd, fractured.

SHAL&gqrW heat c &,rarat
f

JA
rdcfured

L/MEJTcWE, A pdrtkl~
lei Oti'K~A oield frath r*1 ord

L sraaar/y recemrnted.

SHALE 6 LIMESTOW, shale is Sh
lghf to d rk Ol!!y, clog/ to -
silly, fierrtu~d. Ls

CLA Y, ,Silty, mast a

SAW f, o rkgray, with ,tit c6v Sh

SHALE, tuning /M //pGt qw Pw
as /arsrsb,e /at e~ Late

BORIIW' COWUTED 1-9-60
ATA DEPTH Of ee5' FEET

GYPSUM, guy

few gray c4sy5hrk Aso r

,4VT, / .' The ► wter k e/ mw ntatwr~
ed ef/er bii/nq did depth d /6 6 rbe'
be w be yra rd surfdre in the deho
L~rirp• Thr ;s ft*,, kael reprmn 6 e
-J/pht erksktrt hwd, ds k7 Md br aes
exankrrd .e Me &gp tnrinq ail-e 1
the obpth cf dcaut 1tb feet

Silo
Site N

SANDJrONE, reddish and ten,
fine-rdined n'oc vtMj sdi
mast/Q frif6k, wrfb CI rV At*
and ggpwferaus Partings

6001. ; 1 O4AF[f '£i) 1-3/- 60
AT A LE PT#/ e250

wrty
,SAAa

rfll
ar► td/

Ss

SO
O1filled
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6 January 1962, fifty-seven days later than originally scheduled . The

contract contained a completion schedule li,ting 25 August 1961 as

completion date for the first site with others following at one week

intervals . A sequence of construction starting dates by sites, was

scheduled in early stages . However, due to differences in conditions

met, progress did not develop at the same rate for each site and se-

quences changed several times . In addition, time extensions were

granted in varying amounts by sites but averaging sixty days . Fol-

lowing is a tabulation of original contract completion dates by site

eequence and a second tabulation of actual completion dates by Site

N-unbers :

Contract Schedule Actual Completion

Site Sequence Completion Date Site Number Completion Date

1 25Aug61 10 24. Oct 61
2 1 Sep 61 9 30 Oct 61
3 8 Sep 61 1 6 Nov 61
4 15 Sep 61 8 13 Nov 61
5 22 Sep 61 3 19 Nov 61
6 29 Sep 61 12 27 Nov 61
7 6 Oct 61 11 5 Dec 61
8 13 Oat 61 6 18 Dec 61
9 20 Oct 61 2 22 Dec 61

10 27 Oct 61 7 25 Dec 61
11 3 Nov 61 5 5 Jan 62
12 10 Nov 61 4 6 Jan 62

The above actual completion dates coincide with scheduled completion

dates revised to Include time extensions . Final inspections on or

before those dates revealed each site substantially complete . No

liquidated damages were assessed . Support facilities contracts were

awarded and completed within the period of custody by the basic prime

contractor.
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CONSTRUCTION FEATURES AND OPERATIONS :

MASS EXCAVATION : Mass excavation from ground to reference ele-

vation 960 feet first commenced at site number 1 on 2 July 1960, upon

completion of the clearing and grubbing operations . This particular

phase of work was subcontracted by the prime contractor to Anderson

Brothers, an earth moving corporation located in Albuquerque, New

Mexico. This portion of the work progressed rapidly after two ten

hour shifts were established on 12 July 1960 . Some sites were ex-

cavated to reference elevation 960 feet in the short time of five

days using three twenty yard Tournapulls , two D-8 bulldozers with rip-

pers, one D-6 angle ditcher, a motor grader for dressing slopes and a

service truck for serving field equipment . The amount of m'ss ex-

ovation at the various sites was approximately forty-eight to fifty

thousand cubic yards , excavated , hauled and stock piled on individual

site easement areas . On complex numbers 1, 2, 6, 7 and 8, drilling

and blasting was necessary during the mass excavation operations and

progress was considerably less on these sites . Caliche rock from one

foot to three feet th thickness was encountered at sites 11 and 12 .

The site contractor was able to break up the rock utilizing heavy rip-

pers on the D-8 caterpillar tractors and complete the mass excavation

at these sites without resorting to drilling and blasting . Mass ex-

cavation was completed at the final site, Site No . 6, 12 October 1960 .

SRAI?TNG : Shafting for silos for site numbers 1 and 2 commenced

on 25 July 1960 and on 30 July 1960 for site number 10 . This operation

was completed on 22 November 1960 at site complex number 4 which was

the wettest site complex of the twelve . Water was encountered during
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excavation at four of the twelve silos . The average tine for shafting

of the dry holes from reference elevation 960 feet to 820 feet was

fifty-five days . This averaged 2 .5 feet per day . The wet hole, com-

plex number 4, was shafted in fifty-five calendar days , being shafted

as rapidly as possible under very adverse conditions . Most of the

material encountered was saturated sand, silt, and clay, all of which

produced various amounts of water . Silo number 4 encountered anhydrite

strata requiring drilling and blasting for the last ten feet of exca-

vation . Extra silo ring beams and vertical supports were required .

The vertical supports consisted of angle irons welded between ring

beams to obtain a cage effect for mutual support against slopping pres-

sure behind the lagging.

The wet hole at silo complex number 5 was shafted in eighty-

on^ days, the longest time utilized in any shafting operation . An at-

tempt to intercept the 150 to 200 gallons per minute was unsuccessful

and shafting below reference elevation 930 feet was conducted in a

vertical rain of water . Slowness of shafting was directly attributal

to the unstable nature of the material and to the necessity of re-

ducing blasting to a minimum amount for any one blasting operation .

Discomfort of the miners working constantly in the falling water also

contributed to the slow rate of progress . As in the instance of site

number 4, extra silo wall support ring beams and angle iron vertical

stiffeners were provided . Although the contractor started operations

behind schedule he was able to increase progress and actually completed

silo shafting some ten days ahead of schedule .

WATER CONTROL At site complex number 1, a seep of water was en-
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countered at a depth of nineteen feet with increasing amounts as the

mass excavation progressed . Pumping was necessary from the mass ex-

cavation area and started on 25 July 1960 . Shafting of the silo com-

menced on 29 September 1960 and increasing increments of water were

encountered with additional depth for about fifty to sixty feet . Weep

pipes were installed at numerous places through ringbeam lagging, and

a system of sheet metal troughs was devised to intercept infiltrating

water and decrease the amount falling on operations below . Pumping

was continued from bottom of excavation as it progressed and from the

air shaft excavation adjacent to the silo throughout silo shaft exca-

vation and shaft wall concrete placement and was not discontinued

until backfill operations started on 27 February 1961 . Grouting was

necessary, particularly in the area around the fill and vent shaft .

Portland cement and pozzolan were used .

At site complex number 2, water was encountered at silo

shaft excavation depth of 126 feet reference elevation 834 on

27 August 1960 . Pumping started and the inflow increased with ad-

ditional depth reaching a maximum of 270 gpm. It was necessary to

change the type of foundation to an alternate type because of the

water inflow and unstable conditions encountered at the bottom of

shaft excavation . The contractor elected to provide a second sump

for dewatering purposes in addition to the sump required by the con-

tract drawings . Consequently, the shaft was excavated below the

originally required level to provide space for filter material and

the 5'6" thick base . A 6" electric driven turbine pump was installed

in the temporary sump and effectively removed the water during silo
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floor and wall concrete placement . After the silo walls were com-

pleted , grouting was performed in the lower area of the silo through

grout pipes installed prior to concrete placement .

Core logs indicated that water would be found in excavation

for site complex number 4 at about sixty feet below original ground

surface . The contractor test-pumped a test well located about 2001

from the silo and found that as much as 150 gpm could be pumped from

the 105' deep 6" test well with a twelve foot drawdown . Stang Cor-

poration (Engineering Dewatering Specialists ) was called in 29 July

1960 to make a study of the underground water, soil conditions and

to recommend dewatering treatment . A 16" dia , test well was drilled

about 150 feet from the 6" test well to a depth of 195 feet, cased and

perforated and a core hole was drilled 100 feet from the original 6"

test well in line with 16" well and center of the silo . Stang Cor-

poration representative and the contractor installed pumps, pumped

for several days making numerous measurements on drawdown and volume

of water pumped .

Stang Corporation ' s report stated that as much as 400 to

500 gpm inflow could be expected in the silo excavation and that a

peripheral treatment was recommended .

Halliburton Company (an oil well grouting specialist firm)

was called in on 22 August 1960 , and drilled holes and installed 2"

grout pipes at five foot centers just inside the concrete ring beam

collar support to a depth of six ty- one feet . These 2" diameter grout

pipes were grouted in place with standard Portland cement with two per

cent calcium chloz$de . Over 900 sacks of cement were used for a n
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average of about fifteen sacks for each of the sixty-one grout pipe s

installed .

Chemical grouting started on 1 September 1960 , using formalin

and urea to form a synthetic resin belonging to the group of amino-

aldehyde resins . The chemical was pumped at a rate of 1 to 2 gpm

under pressures of 80 to 100 psi through perforations in the 2" grout

pipe . Approximately eighty gallons of solution were pumped through

each two feet increment of perforated pipe . The perforations in the

pipe were made utilizing a shaped charge made by Jet Research Center

and lowered into the pipe by a small cable and then detonated . A few

areas took the grout so fast that pressures could not be built up and

consequently some Bowcogel (grained bentonite) was mixed with the

chemical grout . Alt water for chemical grouting operations was hauled

in from Artesia due to the fact that water available on the site was

so salty that it affected the chemical reactions .

After placing some 17,000 gallons of this type of chemical

grout , a rotary drill rig was brought in and cores were taken, in the

grouted area. Very little of the grout was found and as a result,

operations with the resin chemical were discontinued on 17 September

1960 . On 24 September , a shipment of PWG was received and some

7,100 gallons of this plastic type chemical grout were pumped in the

ground by 28 September 1960 . The grout used was polymerized water

gel with additives that allowed control of time of set to as quickly

as five minutes . Additional core boring was performed and very little

of the PWC was found in the cores . Halliburton Company moved out

30 September 1960 .
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The contractor then drilled ten wells , eighty foot deep a-

round the perimeter of the silo in the mass excavation area . These

were 20" diameter gravel packed wells with 3" pump inside perforated

casing . The first well was completed and pump installed on 6 October

1960 . Drilling of the dewatering wells and shaft excavation was per-

formed concurrently until shaft excavation reached about fifty foot

depth at which time the inflow into the shaft increased considerably,

and pumping had to be accomplished from the silo shaft excavation

bottom. The water inflow was sixty gpm at a fifty-five foot depth and

increased proportionately with additional depth to a 350 gpm inflow

on 16 November 1960 at a depth of 130 feet at which time the ten de-

watering wells stopped producing water . Shaft excavation was com-

pleted on 26 November 1960 and a 5'6" slab was placed 17 December 1960 .

Pumping was continued until after the fourth wall lift of concrete

was placed .

Any evaluation of the effectiveness of the chemical grout-

ing is pure speculation as it is not known what the conditions would

have been without the grouting . However, it is the general consensus

of opinion among the engiiieers working with the water problem at site

number 4 that the chemical grouting was ineffective due to the fact

that the movement or flow of the underground water was fast enough to

dilute and wash the grout away before it could set .

At complex number 5 , mass excavation was started on

13 August 1960 and water was encountered before reaching the bottom

on 18 August . A collection trench was dug around the perimeter of

the mass excavation area from eight to fourteen feet deep , draining
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to a sump on the northwest side and was backfilled with gravel . An

electric turbine pump was then installed i~ the sump . Silo shafting

started on 26 August 1960 with dewatering being accomplished by means

of electric and air sump pumps operating from the bottom of the shaft

excavation . Water inflow increased with depth from about 20 gpm at

twenty foot depth to a maximum of 200 gpm at 60 to 100 foot depth .

Serious sloughing of material behind the ring beams and lagging occur-

red, making it necessary to suspend shaft excavation on several oc-

casions . Lean concrete and grout was placed in the voids behind the

lagging and additional ring beams and vertical stiffeners were inp

stalled . Rock (anhydrite) was encountered at the six ty foot level in

the shaft and drilling and blasting were necessary for the balance of

the shaft excavation . Layers of clay sandwiched between layers of

rock made dewatering and excavation difficult . At the time the shaft

was at the sixty-five foot depth, two dewatering wells were drilled

from the bottom of the mass excavation area, one on the north sid e

and one on the south . Pumps were installed but insufficient water

entered the wells to make any appreciable change in the volume of water

entering the silo excavation . The water ; did not travel in any par-

ticular strata , but seeped through the clay and made sloughing a real

problem. Shafting was completed on 17 November 1960 and metal plates

were welded to the ring beams from elevation 887 to 903 and grout

pipes were installed at frequent intervals . Grouting started on

7 February 1961 after the silo concrete walls were placed and con-

tined intermittently until 14 April 1960 , effectively sealing off all

but a few minor seeps .
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CONCRETE OPERATIONS : Concrete placement started on 25 September

1960, about five days behind schedule and proceeded slowly at a rate

considerably less than the scheduled rate . This was due in part to

the rate of delivery and in part to the inability of the contractor

to get forms ready for succeeding pours .

Conventional type forming was selected because of the Type V

(Sulphate resistant) cement specified for use . Time of set for this

type cement was known to be much longer than Type I standard ?ortland

cement . Tests were made on the time of set of the Type V cement at

the Corps of Engineers Southwest Division Laboratory , and initial set

was found to be approximately seven hours at 500! .

The contractor started silo wall concrete placement with

three sets of forma thirty foot in heighth for the portion below

reference elevation 962, and two sets of forms for use from reference

elevation 962 to 991 . Early in November 1960, the Area Engineer

directed the contractor to construct a fourth set of lower wall forms .

The contractor complied and also constructed a third set of upper

wall forms .

Reinforcing steel forming and placement was subcontracted

to Cobusco- Salyer, a joint venture consisting of Colorado Builders

Supply Company and Ira Salyer of California . All bending and forming

was performed on several sites and hauled to others . About 12,000

tons of reinforcing steel was pltced in the twelve silos and launch

control centers in sizes from number two through number eighteen bars .

The reinforcing steel ironworkers worked two ten hour shifts per day

throughout most of the construction period and were able , in mos t
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instances , to keep ahead of forming and placement by use of several

ingenious jigs and slings that allowed placement of a score or more

bars with a single crane operation.. The number eighteen bars in the

silo cap and doors were required to be butt-welded by either the

exothermic or shielded arc methods . The contractor elected to make

the welds manually , using a low hydrogen rod by the shielded arc weld-

ing process with certified welders . After the joints were butt-welded,

radiographic films were made of ten per cent of the welds by Western

Industrial X-Ray Corporation of Lubbock and Houston , Texas , using an

iridium isotape . A few questionable welds were found, cut out, re-

welded and additional radiographs taken .

All concrete was furnished by the F. M. Reeves Company of

Roswell . The aggregates were produced from Reeves pit southwest of

Roswell , except that about twenty-five per cent of sand from the Acme

pit, twenty miles northeast of Roswell was blended with sand from the

Reeves pit to improve gradation. Originally, the concrete was dry-

batched into two batch truck- trailers , hauling two six yard batches

to five transfer hoppers located near the midpoints of two and three

site complex groupings . At the hoppers the dry-batched concrete and

water hauled from Roswell was transferred to truck mixers for mixing

and transporting to the various sizes . During cool weather it was

possible to supplement the twelve batch trucks with truck mixers haul-

ing direct from the batch plant to the sites . In cold weather the

mixing water was heated by steam at the batch plant supplemented by

additional heating from liquid petroleum gas buraers in the water

tanks of the dry batch trucks . D< ring the hat summer weather of 1961 ,
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all concrete was hauled by the dry batch trucks to the transfer hop-

pers, at which point ice was added in lieu of mixing water in amounts

up to 300 pounds per six yard batch . In addition , the major portion

of concrete placement was scheduled for night placement in order to

take advantage of the lower nighttime temperatures .

Winter concrete protection met minimum requirements through

the use of tarpaulins and various types of heating devices . No frozen

concrete was experienced , and all placing temperatures were 50°F or

higher .

Concrete quality control was very good . Adequate tests were

made on aggregates and compression tests on the finished product . One

set of compression test cylinders was made from each approximat e

eighty cubic yards of concrete placed . Engineer control personnel

were continuously present on a twenty-four hour basis at the (1)

batch plant, (2) the transfer hopper points, (3) the work site for

receiving, running slumps and making cylinders and (4) for proper

placement and vibration . Further, in consideration of the hour ex-

perience factor of Corps of Engineers field personnel, during two of

the three daily shifts, the Construction Branch assigned two coordinators

to the concrete operation, one to swing shift and one to the graveyard

shift . In this manner, the Roswell area deviated from normal practice

of assigning coordinators to groupings of complex sites and assigned

coordinators to specific construction operations over the entire twelve

sites to provide a high degree of continuity of control .

Compression cylinders made on the sites were hauled to the

contractor's fog curing room located at his Roswell shop and yards
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area , and then transferred to the Corps of Engineers field testing

laboratory , located on Walker Air Force Base as the break dates fell

due . Average cylinder breaks on Class AA concrete were approximately

500 psi above the 3750 psi required and on Class AAA concrete were

well above the 5000 psi requirement .

Most milestones for silo wall concrete placement were met

except that the last four silos slipped four to seven days because of

unusually severe storms in December . All milestones for silo cap and

door concrete placement were reached ahead of schedule . Concrete

placement rates for LCC and silo concrete (except caps) were less than

forty cubic yards per hour on a twenty -four hour basis , although the

forty yard per hour rate was exceeded for short periods of time . The

slow rate was caused by the inability of the supplier to transport

concrete from the central batch plant to the various sites . Truck

breakdowns , tire trouble, slick highways , delayed deliveries of

cement (also truck transported ) all added up to a slow rate of place-

ment . On the silo cap pours , it was determined that a minimum rate

of fifty cubic yards per hour would be necessary because of a modified

Type V cement with faster time of set proposed for use and because of

higher summertime temperatures . The supplier was able to place his

equipment in such condition that the fifty yard per hour rate was ex-

ceeded at all sites and no cold joints were experienced .

The finished concrete product at all sites is considered

excellent and well above average in appearance , soundness and struc-

tural stability .

CRIB STEEL : An interesting phase of construction was the erec-
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tion of the steel structure inside the concrete silo ka oW as crib

steel . After the completion of the concrete walls of the silo, the

necessary progressive task was the erection of the crib steel . This

operation consisted of erecting the equivalent of an eighteen story

fifty foot by fifty foot building , built of high strength structural

steel, inside of the silo . Approximately 500 tons of steel went into

each silo , enough to build a first class railroad for a length of two

and one half miles . The eighteen sto ry steel frame structure is an

eight sided structure with a 22 .5-foot vertical opening near the east

side of the silo which was to later become the Missile Inclosure .

The steel structure thus built around the Missile Inclosure contains

eight floor levels . Level eight, the lowest, is at elevation 840,

fourteen feet above the silo floor . Level one , the highest, is at

elevation 979'-6 ", approximately eleven feet below the silo cap . At

each floor , steel grating and checkered plate was placed and utilized

as a base to set the numerous Propellant Loading System, heating, air

conditioning , ventilation and electrical equipment . The erection of

crib steel commenced from the bottom of the silo on tempora ry column

extensions resting on concrete pads . There are eight exterior columns

and two interior . The crib structure is hung from four compressio n

spring type shock hangers with suspensions points at Level 5 .

peripheral truss between Levels 5 and 4 transfers loads to the suspen•

sion points . The two interior columns are supported by trusses between

Levels 4 and 3 . Columns are in tension below trusses and compression

above . At the lower portion of the Missile Inclosure are two frames

composed of box girders and box hangers which are located one each at
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the north and south sides of the inclosure . The box hangers serve

to hold the Missile in true pooition while in the silo and are cor-

related with lock brackets placed at the silo cap to hold the top of

the Missile in alignment with the bottom of the Missile . The box

hangers have Korfund springs at the top and bottom pre-compressed to

70,000 pounds . The purpose of these springs is to give the Missile a

vertical flexible movement . All structural members were designed with

high strength bolted connections and conformed to the AISC specifi-

cations for structural steel joints utilizing ASTM A -325 bolts .

Fabrication of the steel was performed by Mosher Steel Company of

Dallas, Texas . After the crib steel had been erected from the silo

floor through level three, suspension assembly ayater consisting of

high strength steel rods and pre-tension springs were installed.

These assemblies were known as the shock hangers . Shock hangers con-

sisted of hanger rods and a series of compression springs which were

shipped in an un-compressed state . The springs were compressed at the

site, utilizing a hydraulic jack , to approximately seventeen inches

less length than in the shipping state . Stanchions were then placed

at the assembly base to hold the springs in a compressed state until

such time as they were supporting the entire silo crib load . The as-

semblies were then attached by their upper ends to steel plates pre-

viously embedded in the silo concrete wall and to the crib structure

at their lower ends . At this point in time the crib steel had been

erected through the third level .

At this time it was necessary to vertically jack the crib

steel approximately two inches to allow eight inch threaded nuts to b e
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fastened to the base of the shock hanger assembly rods . This was ac-

complished through the use of eight hydraulic jacks placed under the

eight exterior columns . During this operation the contractor had to

be exceptionally careful in order to meet critical design criteri a

of the final position of the crib structure . The crib steel structure

at the fifth level, elevation 915 feet 10 .5 inches , had to be placed

within a quarter inch vertical of reference elevation and 1 / 16 inch

of a true north , south, east and west position . The shock hanger

assemblies were positioned to within a quarter inch plumbness, top to

bottom . When this task was accomplished the hydraulic jacks and jack

pads were removed from the base of the eight exterior columns and

the crib structure was left suspended on the shock hanger assemblies

fastened to the concrete silo walls . With the crib structure sus-

pended from four sides to the silo walls , a gentle but measurable

swaying motion was in effect at all time . This lateral and vertical

sway which is comparable to the gentle rocking of the baby crib, led

to the naming of the crib structure . This motion , combined with the

position hanger Rorfund spring motion , will enable the Missile to re-

main in a slightly flexible position through its tenure inside the

silo . At the suspension of the crib structure the erection of the

crib through level one was completed .

LAUNCH CONTROL CENTER : The Launch Control Center , better known

as the LCC , is a two story cylindrical structure of reinforced concrete

set six feet below ground level , wherein operating personnel for the

Atlas Launch Complex will be housed . The first or top level has

kitchen, first aid, toilet and living accommodations as modern and
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complete as the average new home. The second level houses the remote

control and communications equipment , and is the nerve center of the

Launch Complex. The bulk of the control and communications equipment

will be installed by others (not under CE contract) during the second

phase of construction .

A reinforced concrete stairway and entry tunnel leads from

grade level down two flights of stairs, through a pair of electri-

cally locked entrapment doors, past a surveillance TV camera and into

a vestibule adjoining the LCC . Stairwell affords the sole means for

personnel entrance to the LCC and Launching Silo . The LCC in turn

is connected to the Launching Silo by an eight .afoot diameter steel

tunnel, thirty-five foot below grade, leading from the LCC stairwell

to the silo vestibule . Two pairs of heavy steel blast doors located

in the entry tunnel and silo vestibule seal off the LCC from ground

level and the Launching Silo .

The LCC as stated before is a cylindrical structure, ~-4'-6"

in diameter and 33' -6" high outside, having walls 2'-3" thick, a

3'-6" base slab and a roof slab, all of reinforced concrete a-

mounting to 875 c .y. A center column 4'-0" in diameter with a 12'-0"

diameter cone base and capita extending from the base slab to roof

slab is the lone interior support member for the roof slab .

Concrete was placed in three lifts, base, walls, and roof

slab, with the stairwell placed monolithically with the LCC . The en-

trance stairway and vestibule were treated as separate structures and

concrete placed accordingly . Ninety six tons of steel were placed in

the concrete as reinforcing, varying in size from # Ii. to # 10 bars and
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in certain locations constituted such a dense maze that it was all

but impossible to place concrete .

Within this concrete shell, a structural steel frame or

"crib " was erected as the framing structure for the two levels and

the various rooms . The entire crib is suspended from the concrete

roof slab by four air cylinder spring supports and is free to move

independently of the concrete shell , providing protection for per-

sonnel and. equipment from external shock waves . Four floor leveling

devices sense the level of the crib in respect to the concrete base

slab and supply or bleed off compressed air to their respective air

cylinders as necessary to maintain the crib level and at the proper

height regardless of the load distribution within the L .C .C . Crib

members range in size from light angles and channels up to 21" wide

flanged beams 30'-6" long .

It would appear that since the crib is suspended from the

concrete roof slab that steel erection would precede roof concrete

placement. Yet, because of the monolithic placement requirements

resulting in restricted access for hoisting heavy and bulky materials

into the L . C .C . (down the Launching Silo and through the connecting

tunnel, for pieces longer than 10'-0" could not negotiate the corners

or narrow doorways in the entry stairway and vestibule passage) it

became necessary to erect the crib before placing the roof slab. How-

ever, the crib being designed for suspension at the upper level, it

could not be used as the sole support of the roof forms . The lighter

members designed for tension only would, in compression, be subject

to over-stressing . The contractor did erect steel on one site after
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placing the roof slab, but found the experiment costly and time con-

suming. Thereafter crib erection preceded concrete placement . The

crib was solidly blocked up from the base slab, shored between levels

with l" x II." studs approximately 3'-1" on centers set on the main

floor members, and the top level decked over with 3" - 12" planking .

Steel forming scaffolds were then set on the planking to support the

roof forms. The planking was field cut so as to distribute the load

to the shored framing members . Prior to shoring, crib erection in-

cluding steel decking was completed .

Construction through completion of concreting was accomplished

in the open excavation area simultaneously with silo concreting and

crib steel erection . Subsequent to concreting, work by the various

crafts within the L .C .C . was compld during backfill operations of

the open excavation .

The contractor did not prosecute work on the L .C.C. as a

separate entity . Instead, he elected to work the L .C .C . simultaneously

with each phase of construction in the Launching Silo. Thus, wile

completion of the L.C .C .'s was delayed in a sense, waiting for the

larger silo structure to catch up before entering another phase of

construction, it proved advantageous in that the L .C .C. provided the

means to correct organizational inefficiencies and to shake out crews .

Certainly then the L .C .C.'s absorbed much of the "learning curve" in-

herent to large construction, particularly where so much of the wor k

is consolidated within a single narrow structure end yet so widely

dispersed over a large geographical area .
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MECHANICAL WORK :

1 . Utility and Domestic Water : The utility water system

is installed with a hydropneumatic pressure booster system which is

located in the silo . The system consists of one turbine type utility

water pump and one certrifugal fog spray pump, a hydro-pneumati c

tank, with all necessary valves, fittings, and controls attached there-

to . The domestic water is used for human consumption and is so piped

to all facilities used by the occupants . Utility water is classified

as water used for fire protection equipment and make up water for the

other systems .

2 . Hydro-Pneumatic Tank : This tank is the center of all

water systems with the exclusion of hot and chilled water used for

air conditioning systems . This tank supplies the pressure and the

make up for the water systems .

3 . Sump Water Disposal System : This system is so con-

structed as to dispose of all water used for human consumption . The

water is disposed of by the use of two pumps and is so piped into a

drainage field outside of the silo . Other waste water is disposed

of by another set of pumps which pipe the water to grade and so to

drainage ditches .

4 . Condenser Water Supply and Return System : The purpose

of this system is to remove heat from the diesel generator and the

water chillers . This water is in turn piped to a cooling tower at

grade for cooling and then returned to diesel generators and chillers

for the removal of heat .
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5 . Chilled end Hot Water Systems : These are two separate

systems which work in couj Lion in the beating end air condition-

ing systems . Two refrigeration plants keep the chilled water at its

proper temperature . The hot c'ter system gets its source of heat

frown the exhaust of the diesel generator and is so controled to keep

the water temperature at desired cond '.tions.

6. Heating , Ventilating and Air Conditioning Systems : Both

of these systems are complex in nature and gigantic in size . The pur-

pose of both systems is to keep a constant temperature as required

by the various locations within the complex itself . Outside air is

taken in end purified by a dust collector before it is available for

use in the silo . A combination of f r~s, supply and exhaust the air

at the complex so as to maintain err.~ugh fresh air for consumption .

7. Compressed Air System : This system supplies air pressure

to the air cylinder supports , blast closures end the hydro -pneumatic

tank. The Air cylinder spring supports suspend the floor at the Launch

Control Center in four columns of air within the cylinders so as to

have a floating floor . The blast closures when closed will isolat e

the complex from the outside atmosphere .

8. General : All the systems are fully auto¢natic. The many

automatic controls that operate these systems are so wired as to re-

flect any malfunction in the systems on an indicating lights cabinet.

The supply of water for the systems is obtained from four under-

ground storage tanks . AU piping is rigidly supported to the float-

ing crib steel and is identified as to the type of liquid being car-

ried by it.
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ELECTRIC WORK:

1. Site Work: The electrical features at grade include

gate controls, eommmications, remote power receptacles for support

equipment, personnel midio and visual warning alarms, lighting of

work areas and a cooling tower which automatically cools condenser

water from xWor units located in the silo .

Rough-in work has been accomplished to provide means for future

ooamercial power, heat and shock sensing devices and communication

manholes for intersite eommunicatArns system .

2 . Seenri!X Control : The entry tunnel is equipped with

an entrapment - rea for security cont ^ol . Entry to the entrapment area

is remotely controlled from the L .C .r . A pustbutton, when operated,

warns the operator in the L.C .C . thy'; entry into the entrapment area

is desired. The first entrapment area door latch is released by the

L.C.C . operator for entry. When inside the entrapment area, a tele-

vision camera, which is connected to a monitor set in the L .C .C . pro-

vides the means for proper recognition of the party desiring entry.

Comrmuiication with thepa-tj and the L .C .C . operator is maintained

through a speaker-mike'set installed in the proximity of the entrap-

ment area. The second entrapment area. door latch is also remotely

controlled from the L.C .C . by the operator . Once past the entrapment

area, access to the L.C .C . and silo is gained through a series of

blast doors . All doors encountered are equipped with limit switches

to alarm the L.C .C . personnel of activity taking place and location .

Each door limit switch is identified at the monitor station, Facility

Remote Control. Panel.

2-27

0062



3. Stairwell: The stairwell is equipped with an electrically

controlled pneumatically operated blast closure . The blast closure

operates under blast conditions and seals off the flow of air to and

frcm the stairwell . Emergency light units provide limi ted lighting

during a power failure . Comamuiication means, public address and tele• .

phone, are provided at various locations .

4. Launch Control Center - First Level : The first, upper,

level of the L.C.C. includes two blast closures which are electrically

controlled and pneumatically operated . The mechanical roan and kitchen

are equipped with surge panels to protect the direct burial cable s

from surges due to lightning end/or overload conditions. The panels

are equipped with lightning arrestors . This level is also equipped

with telephone outlets, public address system outlets, fire alarm detector,

audible and visual alarms . The four air-spring cylinder supports fo r

the L.C .C . crib are equipped with solenoid valves which cause the

cylinders to raise and lower the crib . The solenoid valves are ever .

gized by the operation of the floor leveling devices installed in

four respective locations at the second level of the L .C .C . The floor

leveling devices are mechanically controlled which in turn operat e

limit switches . Electrical power is provided for the range, refrigerator,

water cooler, garbage grinder, hot water heater and lighting .

5. Launch Control Center . Second Level: The L.C.C. second,

lower, level includes the main power panel, lighting distribution trans-

former and various lighting and communications distribution panels.

There is a diesel general remote control panel to start, stop, parallel
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and transfer load at the diesel generators in the silo fifth and sixth

levels respectively . The Facility Remote Control Panel located in the

Launch Control room contains audible and visual alarms for critical

circuits . The indicator panel visually indicates equipment normal

operating conditions . In the event a failure occurs, the visual and

audible alarms operate simultaneously . This is to provide immediate

action to clear systems of faults or break down . The fire alarm system

power supply and annunciators located by the Facility Remote Control

Panel provides immediate audible and visual fire alarms from desig-

nated zones throughout the Launch Control Center and Silo .

6 . Utility Tunnel : The utility tunnel, which provides access

from the L .C .C . to the silo includes various cable trays which carry

the control, power and signal cables . Provisions have been made for

communications, public address system and emergency lighting at the

utility tunnel .

7 . Launching Silo : The Launching Silo is equipped with two

500 kilowatt diesel generators, one of which is normally in operation .

Power is supplied to hundrecisof relays, solenoid valves, limit switches

and motors through miles of wiring and cables . Dry-type transformers

were installed for all lighting and convenience receptacles . Inter-

connecting wiring and cabling was accomplished through numerous con-

duits, cable trays and wire-ways .

Various panels, cabinets and boxes have been provided

to house relays, breakers, motor starters, terminal blocks, fuses,

future telephone and public address system and motor disconnect switches .
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In the missile enclosed area the receptacles , lighting, public address

and telephone outlets and conduits are explosion -proof types . This

is an explosion-proof area and rigid requirements are set forth to

confine an electrical explosion within the explosion-proof fixtures .

An electrically operated personnel elevator was installed

to provide Inm ediate access to desired floor levels .

8 . Grounding: Hundreds of bare stranded copper leads were

installed throughout the Site , Launch Control Center and the Launching

Silo . This was to reduce the noise, stray end static electrical cur-

rent flow which otherwise would interfere with the missile critical

operational electronic equipment .

9. Tests All electrically operated equipment was sub-

jected to tests to insure that desirable results were met .

PROPELLANT LOADING SYSTEM : The propellant loading system, or

PLS, consists of facilities to store and transfer liquid propellant

fuels with auxiliary fluids and geaes from supply sources to the missile .

Propellants used are liquid oxygen end BP l fuel. Auxiliary systems

contain liquid nitrogen , gaseous nitrogen, gaseous oxygen, end gaseous

helium.

Idquid oxygen 3s maintained at -297°P' and liquid nitrogen

at -32O°F. Piping systems for those liquids are heavily insulated

and storage vessels area in ettect, giant thermos bottles, having

inner and outer shells separated by a vacuumed annular space .

Gaseous oxygen, nitrogen and helium are confined in their

systems under high pressure .
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Storage vessels were fabricated and installed as a part of

the prime contract . AU piping and equipment were fabricated end

installed by Paul Hardeman, Inc. under a separate contract administered

by the Ft. Worth District . The installation portion of Hardemen's

contract was assigned to the prime contractor with the status of a

.subooutx'aetor . Piping was fabricated as spools end equi prnent assembled

on six prefabricated skids as follows :

Skid

Liquid Oxygen Control Prefab

Liquid Oxygen Fill. Prefab

Liquid Nitrogen Prefab

Pressurization Prefab

Instrument Air Prefab

Fuel Loading Prefab

During the first few months of silo

Silo Location

Level 7

Level 7

Level 7

Level 7

Level 7

Level S

construction, plans were

being made to meet the new challenge of installing and testing a corn

plex Propellant Loading System, in which the Welker Area Office had

almost no one trained and very few with past experience . The magnitude

of importance could be measured by the strict and almost unbelievable

cleanliness criteria. Specifications stated that the Contractor must

install and maintain a system with no particulate matter in exces s

of 150 microns in size. There were other criteria, of course, but

the greatest problem remained with developing techniques to minimize

airborne and man-made particulate contamination during system instal ..

lation . This phase was considered by many as the determining factor,

whether or not the using agency could e$tisfactorily launch or have

i
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to abort a missile . It was imperative that a program be instituted

to familiarize all of Engineering personnel concerning the intricacies

of PLS .

In the Fall of 1960, a Propellant Loading Service Systems

Orientation Course was conducted in Denver, Colorado by United Test-

ing Laboratories ' personnel , under the auspices of CEBMCO . It was

realized that this course would be instrumental in establishing a basic

and common understanding of Propellant Loading Service Systems an d

to standardize installation and acceptance testing procedures . During

the latter part of the year, more than fifty of the Walker Area Engineers,

including the Chief of Military Construction Branch and his staff,

attended this course .

The 15th day of March 1961, PLS installations commenced in

the Walker Area . At the inception of the PLS installation stage, an

indoctrination course was set up at the Area level for all Engineering

personnel who had not attended the course in Denver . A serious attempt

was made to duplicate the Denver material in order to give one an d

all a common background . In addition, intensified training was given

in the techniques involved in connecting spools to maintain the high-

est degree of cleanliness possible . Cleanliness of the Area, personnel,

tools , and using of the proper inspection aids, such as blacklight,

white light, and Wipe Test, were stressed .

To attain the highest degree of confidence possible with the

using agencies, Air Force and General Dynamics /Astronautics , a compact

Propellant Loading Systems Indoctrination Course was offered to them .

It was the belief that in this way the agencies involved would benefit
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from the same information and also would be useful as a sounding board

for differences of opinion . During the months of May and June, approxi-

mately eighty GD/A and Air Farce personnel attended lectures designe d

to acquaint the customer with the Area Office ' s dedicated interest

of giving them a system that would be functionally sound .

During the installation of PLS at the up-stream sites, the

PLS section, consisting of a staff of approximately six engineers,

devoted themselves to constantly roving the sites in a attempt to

standardize our procedures and techniques . Wherever possible , spools

were connected together top-side within the confines of a more than

adequate spool make-up enclosure . The wall interiors were covered

with polyethylene , a vacuum intake was located in the enclosure , strict

uniform re quirements were maintained , all lines being connected were

under constant , adequate , gaseous nitrogen purge , a window was placed

in each enclosure for observation of spool hook-ups by staff members,

to again insure our strict techniques were being followed .

From their arrival, all prefabs and vessels were daily moni-

tored to insure adequate , positive pressure was maintained at all times .

Periodic spot checks were taken to establish correct dewpoint main-

tenance .

To further assist its staff, Corps of Engineers transferred

personnel from up- stream bases , giving the Area invaluable knowledge

and experience to further develop its PLS capability . During this

time , preparations were being made to establish a program of standardiza-

tion for acceptance testing . Specifications were reviewed meticulously

for these requirements , sample testing forms were developed , and again,
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a course in acceptance testing was begun . Night after night each

system was reviewed to a select : group of teat engineers , so that one

and all would understand not only the systems individually, but as

they relate to one another . The slogan "Be one step ahead of the

Contractor" was instituted and was the ultimate goal of all .

Approximately the first of August , PLS testing commenced

with the lead site, Site 10 . It was realized that al.l decisions made

at this time would pattern effectiveness of down-stream sites . Con•

tinuous surveillance by the PLS section was maintained . It was at

this site that Modification #94, which concerned the blowing down of

the gaseous nitrogen and gaseous oxygen A. 0. Smith vessels , coitarenced .

Techniques developed at this lead site saved many man-hours in accom-

plishing this modification down-stream. The gaseous nitrogen bottle

in particular was most troublesome . Approximately one hundred blow-

downs were required before obtaining en acceptable blowdown pad . During

PLS acceptance testing at this site, refinements of the test pro-

cedures were made, accounting for sizeable savings in time and money.

During this period , a PLS bulletin was developed and distributed to

all sites . Each problem as it arose was studied, and final resolution

was dissiminated to all . A policy was established to insure that the

down-stream sites would be in a position to take full advantage o f

the experience gained at the lead site .

Approximately one million gallons of liquid nitrogen was

used in checkout and testing of the PLS system . The majority of

this liquid was converted to high pressure gas for pressurization

and blowdown of the systems . Liquid nitrogen was also used for cold
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flair tests £ ti the liquid sy~atacn i i.n place of the more hazardous

liquid oxygen . In addition, 9C0 .OO0 standard cubic feet of helium

and 10,000 gallons of RP-1 were used .

LAYOUTS AND SURVEYS : The Atlas "F" Launching Silos end their

contents were constructed under unusually close tolerance require-

ments . In fact, it is believed that many of the requirements were

something new in the heavy construc rtion industry . To accomplish the

degree of accuracy required by the contract documents it was necessary

to establish special survey controls and procedures .

The launching silo design and construction was measured end

located from three axis lines . Two horizontal axes, 9O apart, were

centered on a vertical axis which constituted the rotational center

line of the truly cylindrical shape of the silo concrete structure .

The X-X axis was oriented parallel to a true East-West direction, the

Y-Y axis parallel to true North-South, and the Z-Z axis was plumb .

Vertically, the structure was controlled by measurements above specified

data surfaces. Each silo structure was referenced to an exact eleva-

tion above mean sea level datum. For uniformity of plans all silo s

were detailed, vertically, to a reference datu~t 1000 .00 feet below

the finished top surface of the concrete cap .

Because of the high degree of accuracy required to be esta-

blished in locating the silos horizontally and vertically, the United

States Coast and Geodetic Survey was celled on to establish base line

control markers . Prior to issuance of plans and specifications the

Coast and Geodetic Survey established a base line at each site with

brass cap monuments . It provided the exact length and true bearing
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of each base line which it terminated at each end with a brass cap

monument showing grid loeatio~' end elevation above mean sea level .

At a later date , and before etwt of construction it provided similar

brass cap monuments on the Y-•X t rd Y-Y axes of each silo .

During excavation and concreting operations the Corps of

Engineers survey crews , equipped with highly accurate instruments,

set brass cap markers on the X -X and Y-Y axes adjacent to or on the

structures as work progressed . They first set markers at ground sur-

face near the lip of the open cut excavation , then on the concrete

collar at beginning of shaft excavation, later in the silo concrete

floor, and finally in the silo conc rete walls .

For control of crib steel erection the survey crews in-

stalled four vertical wire cables on the X-X and Y-Y axes, one at each

silo wall. The ironworkers were tht:s able to locate the axes by

attaching horizontal string lines to the cables across the silo at

any floor elevation . For vertical control during crib steel erection

the survey crews provided a rigidly attached high-grade calibrated

steel tape from top to bottom of the silo , located on the silo wall .

Many construction features required highly accurate setting

to unusually close tolerances . The contractor's surveyors located

the items first and were followed by the Corps of Engineers in a

careful check . Principal of the items thus installed, together with

tolerance setting requirements , were as follows :

1 . Silo wall form panels • plus or minus 1 inch

tolerance horizontal from the Z-Z axis .
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2. Special steel wail form panel with collimator

plate insert-maximum 3/8 inch from Y-Y axis and plus or minus 1 inch

from the Z-Z axis.

3. Imbedded items in silo wall concrete-variable

tolerances .

4. Site tube - 3/8 inch tolerance horizontally and

inch vertically.

5 . Shock hanger wall bracket concrete inserts, approxi-

mately 10 feet wide by 12 feet high and 9000 pounds each - 1 inch

tolerance, all directions end elevations .

6 . Crib steel - 1/8 inch tolerance at each floor level,

horizontally end vertically .

7. Launch platform counterweights end drive base assem-

blies - 1/8 inch tolerance .

8 . Silo cap door - 116 inch tolerances .

9. Propellant loading system flanged interface connections

116 inch tolerances .

A part of the final setting accuracy checks was participation

by General Dynamics/Astronautics surveillance teams . Their interest

was in verifying accuracies required for their later installation of

the missile and control systems .

PHOTOS : Photos of construction features and operations are con-

tained in Appendix A .

DESIGN CHANGES : There were no major design changes after con-

struction started' but there were a multitude of small ones . An out-

standing example is in silo crib steel drawings . In the interest of

2-37

0072



interchengibility of parts and operating and maintenance personnel

the Using Service established the policy that plans and specifica-

tions for all six Atlas "F" missile base projects must be identical .

Contract documents contained normal engineering drawings of the silo

crib steel structure , but the con cept of uniformity was carried fur-

ther to structural details . A provision in the specifications stated

that supplemental structural steel detail drawings would be issued

after award of contract . Normally, such detail drawings are pre-

pared for the contractor by its structural steel fabricator, and

their accuracy are thus a contractor responsibility. The supplemental

detail drawings , as later provided, were subsequently found to con-

tain many errors and deviations from the contract drawings . These

led to loss of time and extra work on the part of the contractor ;

and, since he was not responsible for the accuracy of detail drawings,

he was able to recover costs incurred .

The contract drawings were revised a number of times during

construction . The revisions were not major in scope but so numerous

in number that they caused unusual confusion, delays and loss of ef-

fort in tearing out and replacing work .

A list of modifications and allied claims resulting from

design changes is contained in the MAJOR MODIFICATIONS AND CLAIMS

section , Part III, of this report.

ENGINEERING AND TECHNICAL BRANCH :

With the establielment of the Roswell Area Office, the Engineer-

ing and Technical Branch came into being . It was staffed with three

engineers end six engineer trainees ,
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The design architect-engineers contracted to the Air Force

and were to perform design on all changes to the standard package.

After the issuance of the first eleven modifications, subsequent

modifications totaling one hundred and twenty-five were designed and

contract documents revised by E and T Branch engineers and drafts-

ment. The Walker Area Office was the only one under the Atlas "F"

Directorate that revised the contract drawings to reflect all changes .

The modifications varied from simple to very complex end in numerous

cases required revisions to hundreds of reproducible drawings. Over

one thousand three hundred contract drawings were revised by E and T

Branch pereonnel.

The file room in the E and T Branch contained over nine-

thousand seven hundred shop and contract drawings. Approximately five

thousand shop drawings were reviewed and approved by personnel of

the E and T Branch. A drawing log was maintained constantly to show

all information about each drewing and its whereabouts . Drawings

were processed at the rate of eighteen per day and were reviewed

and approved at the rate of nine per day.

A large percentage of time of the higher level engineers

in the E and T Branch was spent in liaison between the Area Office

and Air Force (SATAF), higher authority (CEBMCO ), General Dynarnics/

Astronautics (GD/A), Inspecting Districts, and Districts responsible

for the seventeen Assigned Services Contracts . Much of their time

was spent advising the Air Force of construction progress feasibility

of proposed changes, estimating costs of changes end in determining

that changes were mandatory.
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LABOR RELATIONS : Relations between contractors and labor at

the Welker Area were excellent . There were acme disputea which

resulted in six walkouts or strikes by certain trades for periods

of two to six days as follows :

Strikes sndLor Work Stoppage s

Start End Union Cause
Man Days
Lost

23 Aug 60 26 Aug 6o Carpenters Work Assignment 66

31 Aug 60 5 Sept 60 Laborers Safety Factors 2231

4 Apr 6l 5 Apr 61 Electricians Discharge of Workers 32

8 June 61 9 June 61 Electricians High Time Pay 68

9 June 61 12 June 61 Plumbers Ice Water 75

20 June 61 21 June 61 Ironworkers Work Assignment 40

Total 2512
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PART II I

CONTRACT ADMINISTRATION

GENERAL : The construction of the Walker Air Force Base Atlas "F"

Ballistic Missile launching facilities was accomplished under five

prime contracts - a basic contract for the twelve missile launch com-

plexes consisting of silo, LCC and immediate site work and four sup-

port facilities contracts .

Because of an atmosphere of urgency, plans and specifications

were prepared hurriedly and issued for bids with full knowledge that

revisions would be required to fit requirements of the missile which

was still in the development stage . This understanding became known

as a "concept of concurrency ." Because of this condition many changes

were made to plans and specifications during construction . In many

instances, changes were made upon changes, quite often resulting in

the necessity to tear out construction work already accomplished . A

total of 177 modifications in the aggregate amount of $16,240,500 .00

were negotiated and processed for the basic construction contract .

Approximately half of the dollar volume of this amount resulted from

directed changes and the remaining half from claims found valid .

In the early stages of construction the impetus of urgency con-

tinued . The Contractor was in constant reminder that there would be

no alternative but to complete the job on schedule ; to include changes

and additions by modifications . A close watch was kept on progres s

as reported versus a progress schedule established at the beginning

of the job . When it began to appear that progress was lagging behind
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that schedule the contractor was prodded by GC-5 letters to get bac k

on schedule . In February 1961, the "big push " was relaxed by directive .

All GC-5 letters were rescinded with the exception of those on cryogenic

vessel fabrication which were known to be the most critical feature s

of the job . Nevertheless , situations had been created which re-

sulted in large claims .

Another aspect of the job which led to large claims was the num-

ber of people on the sites other than contractor and normal inspection

forces . The Air Force , being vitally concerned that the finishe d

product be compatible with the needs and requirements of its missile,

placed a surveillance crew by its missile contract at each site .

In addition, personnel from the various branches and departments of

the Air Force ' s Site Activation Task Force and related Ballistic

Missiles Division made frequent and periodic visits . This, coupled

with the limited work space in silos , led to claims of unusual and

astronomic proportions .

A total of 241 claims were received from the basic contractor,

Of these, 197 were denied or withdrawn , thirty- eight were approved

and successfully negotiated , and six remain outstanding . The con-

tractor has signed a release from all claims as negotiated . A part

of the release is a stipulation placing dollar value limitations on

the six outstanding claims, thus limiting the dollar value of the

contract .

CONSTRUCTION PRIME CONTRACTS :

LAUNCH COMPLEXES : The basic construction prime contract was

Contract No . DA -29-005-ENG - 2598, WS-107A-1 Operational Base Missil e

3-2
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Launch Complexes, awarded to a joint venture composed of the Macco

Corporation, Raymond International, The Kaiser Company, and Puget

Sound Bridge and Dry Dock Company . The Macco Corporation, as sponsors ,

administered the project from its home office at Paramount, California .

The original contract, in the amount of $22,115,828 .00 was awarde d

20 June 1960 . Work was accepted as substantially completed 6 January

1962 with all minor deficiencies corrected as of 8 February 1962 . Be-

cause of the great number of changes, "concept of concurrency," limited

working spaces and other unusual conditions there were a great many

modifications and an abnormal number of claims . As a result of 177

modifications and 241 claims, thirty-eight of which were recognized,

the contract was finally settled at $38,356,329 .42, with time exten-

sions granted averaging sixty days per site . There were no liquidated

damages . The final settlement is subject: to six claims exceptions

which are stipulated in a release signed by the contractor not to ex-

ceed $274,000 .00 .

The contractor's performance has been rated above average in

quality of work performed and satisfactory in all other respects .

LIQUID OXYGEN PLANT : Contract No, DA -29-005-ENG-2654, 2.5 Ton

Liquid Oxygen Plant, was awarded to S .I .P ., Inc ., of Houston, Texas ,

31 October 1960, in the amount of $383,893 .00 . It consisted of central

storage and handling facilities for liquid oxygen and liquid nitrogen,

located at Walker Air Force Base . The contract was completed o n

18 August 1961, ahead of contract schedule and with no time extensions .

There were ten modifications, all minor in nature . The contract was

closed at a total cost of $385,088 .00 .
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The contractor's performance is rated average on evidence of in-

genuity and economy, excellent in effectiveness of safety program, and

above average in all other factors .

RE-ENTRY VEHICLE FACILITIES : Contract No . DA-29-005-ENG-2656, Re-

Entry Vehicle Facilities, was awarded to Earl F . Puckett, of Roswell,

New Mexico, y November 1960, in the amount of $118,254 .00 . It con-

sisted of a vehicle maintenance building addition, office and toilet

additions to an existing storage building, and a mounded concret e

igloo storage magazine . All are located at Walker Air Force Base . The

basic contract was completed 3 months ahead of schedule on 9 June 1961,

with no time extensions and with five modifications . All additional

work was completed by 12 September 1961 . The contract was closed a t

a total cost of $123,830 .32 .

The contractor's performance rating has been established as ex-

cellent in quality of work, effectiveness of safety program, and co-

operative attitude and above average in all other respects .

SHOPS, MISSILE ASSEMBLY AND MAINTENANCE AND TECH NICAL SUPPLY

BUILDING : Contract No . DA-29-005-ENG-2697, Shops, Missile Assembly and

Maintenance, and Technical Supply Building, wasawarded to Arvol D .

Hays, Lubbock, Texas, 25 November 1960, in the amount of $536,883 .00 .

It was a building job, as titled, at Walker Air Force Base . The con-

tract was completed 30 September 19619 on schedule and with no time

extensions . Eighteen minor modifications were issued, bringing the

total cost of the job to $536,658 .02 at closing .

The contractor's performance rating : Effectiveness of Safety Pro-

gram - Excellent ; Quality of work and Cooperative Attitude - Above
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Average Meeting Schedules, Ingenuity and Economy, Organizational Ability and

Efficiency, and Adherence to Security Regulation - Average ; Effective Use

of Materials, Equipment, Manpower and Facilities - Satisfactory ; Effective-

ness of Supervision - Unsatisfactory . The last rating resulted from the

condition that supervision with authority to act for the contractor : was

available on an indeterminate, part-time basis only .

WATER SUPPLY FOR 12 SITES : Contract No . DA-29-005-ENC-2801, Water

Supply for 12 Sites, was issued to Brown-Olds Plumbing and Heating Cor-

poration, El Paso, Texas, 18 January 1961, in the amount of $814,253 .70•

It provided domestic and service water for the sites and consisted of

wells, raw water storage, demineralization and softening treatment,

treated water storage, pump stations and transmission pipelines . Sixteen

modifications have been negotiated and processed in amounts ranging from

a $35,911 .05 decrease to a $19,218 .25 increase, bringing the total cost

of the contract to $854,893 .44 . Nine claims have been received, of which

four have been recognized and processed as modifications, three have been

withdrawn, and two are outstanding as of this date . The contract was

physically completed 9 March 1962 on schedule as revised by time exten-

sion granted by reason of added work and excusable delays .

The contractor's performance rating : above average for adherence to

security regulations and effectiveness of safety program ; average in

quality of work, ingenuity and economy, and cooperative attitude ; and

satisfactory in all other factors .

PRINCIPAL SUBCONTRACTS : The basic construction contractorawarded nine

major subcontracts as follows :
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MASS EXCAVATION : Anderson Brothers of Albuquerque, New Mexico . Open

cut excavation to a level at the bottom of the LCC structure, about 35

feet of depth .

REINFORCING STEEL : Cobusco-Salyer Company of Denver, Colorado .

Furnish and install concrete reinforcing steel in LCC's and silos .

CRIB STEEL ERECTION : Owl Trucking and Construction Company o f

Compton, California . Erection of crib steel at the last seven sites .

The prime contractor performed crib steel erection with its own crew

at the first five sites .

MECHANICAL : The Stanley-Carter Company of Detroit, Michigan .

Furnish and install plumbing, heating, ventilating and air condition-

ing systems in LCC's and silos .

ELECTRICAL : Clarkson-Douglass Electric Company of El Paso, Texas .

Furnish and install electrical work in LCC's and Silos .

PERSONNEL ELEVATORS : Otis Elevator Company of New York City, New

York . Installation of personnel elevators in silos . Otis had a sep-

arate contract with the Government for fabrication and installation of

the elevators . In accordance with terms of their contracts, the in-

stallation portion was assigned to the prime contractor, thus Otis

effectively became a subcontractor .

PROPELLANT LOADING SYSTEM : Paul Hardeman, Inc ., of Stanton,

California . Installation of missile fuel propellant systems, including

piping and equipment . Hardeman also had a separate contract with the

Government for fabrication and installation . The installation portion

was assigned to the prime contractor .
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PAINTING : Eric Lundeen of Los Angeles, California . All painting work .

ROADS AND PARKING AREAS : Floyd Haake of Roswell, New Mexico . Paving

and graveling of access roads and parking areas .

Data on cost to the prime contractor of the above subcontracts are not

available . Efficiencies of the subcontractors have not been analyzed and

thus cannot be included . There were no major subcontracts under the Sup-

port Facilities prime contracts .

MAJOR MODIFICATIONS AND CLAIMS : In connection with the basic prime

Contract No . DA-29-005-ENG-2598, Launch Complexes, there were twenty-

two major contract modifications negotiated for amounts in excess of

$100,000 .00 . Of these, four formally assigned seventeen Assigned Ser-

vice Contracts to the prime contractor in the aggregate amount of

$4,142,193 .90 . Assignment was in accordance with contract provisions

of both prime and Assigned Service contractors . The prime contract

contained an estimate of the value of the ASC contracts as $4,774,000 .00 .

However, this amount was not included in the prime contractor's original

contract amount . The assigned amount, therefore, actually constitute s

a reduction of about $630,000,00 in the anticipated dollar volume of

the prime contract . Eight more of the twenty-two major modifications

were for changes or additions and fen resulted from recognized claims .

Six claims remain unsettled but are limited in maximum amounts by stipu-

lations contained in a release signed by the Contractor . The above are

listed as follows :
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Modification Description Amount
Numbe r

A - Assigned Service Contract Assignment Modification s

40

4 1

42

46

PLS Subcontrac t

Overhead Door Hinge Assembly Subcontrac t

Electric Switchgear, etc ., Subcontrac t

Remaining ASC Subcontracts

$1,702,000 .48

239,199 .7 5

166,669 .6 1

2,034,173 .45

B - Major Modifications Due to Change s

11 Major Mechanical and Structural Changes $1,215,000 .0 0

13 Provide for a Continuous Electromagneti c
Screen 112,592 .55

57 Struc ., Mech . and Elec . Changes & Revisions 111,500 .00

77 Mechanical & Electrical Changes & Additions 135,800 .00

87 Add Hangars & Pipe Supports 137,000 .00

100 Supplemental Design Drawings - Changes 308,000 .00

106 Operate Diesel Generator for Power 388,000 .00

108 Mech ., Elec ., & Painting Changes & Additions 157,800 .00

C - Major Modifications Due to Recognized Claims

155 Struc . Steel - Field Correction Memoranda $ 129,000 .00

157 Silo Slip Forms vs ., Conventional Forms 932,100 .00

158 Additional Modif . Overhead for Time Extensions 525,000 .00

159 Crib Steel Erection Tolerances 277,000 .00

161 Joint Occupancy & Multiple Inspection 1,250,000 .00

162 Validation Procedures 244,000 .00

163 Acceleration 3,499,950 .00

171 Jt . Occup . & Mult . Insp ., Elec . Sub . 296,122 .0 0
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Modification
Number Description Amoun t

172

176

Valid . Procedures - Elec . Sub .

Acceleration - Elec . Subcontractor

114,838 .0 0

643,539 .00

Copies of memoranda describing claims resulting in the above mod -

ifications are contained in Appendix B .

D - Unsettled Claims with Stipulated Maximum Amount s

Clai m
Number Description Amoun t

C-2

C-2

C-2

C-4

C-32 &

0 Crane Accident at Site 2

4 Delayed Delivery, PLS Vessels, Yuba

Industrie s

6 Concrete Supplier - Davis-Bacon Wage s

0 Delayed Delivery, PLS Vessels, Taylor-Forge

131 Delayed Delivery, PLS Vessels, GAT Co .

$ 25,000 .00

53,000.0 0

17,000 .0 0

30,000 .0 0

1 49,000 .0 0

Total Stipulation $ 274,000 .0 0

There were no major modifications or claims in connection with th e

Support Facilities contracts .
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PART I V

MISCELLANEOUS

ACCIDENTS :

The Walker Area suffered three major accidents involving eight

fatalities as follows :

1 . Laborer electrocuted while guiding a corrugated culvert sec-

tion suspended from a crane boom when the crane boom contacted a power

line . The accident occured 29 August 1960 . It resulted in one fata-

lity and two temporary total disabilities . Corrective action : Con-

tractor was issued strict instruction that no equipment with the

capability of contacting high voltage lines would be operated, maneu-

vered, or in any manner positioned in close proximity to high voltage

lines until compliance with the provisions of Section 18-10 of

General Safety Requirements had been satisfied .

2 . Oiler-driver of truck crane started truck engine as iron-

workers removed outriggers and wheel chocks . Truck was in reverse

gear and backed into silo . This accident occured 16 February 1961 .

It resulted in six fatalities, one permanent disability, eighteen

temporary disabling injuries and $149,000 . 00 damage . Action taken :

Backfill to be kept eighteen inches below top of silo parapet walls .

Braking systems to be checked periodically . Shaped wheel chock blocks

to be provided . Recommendation that truck cranes used near silos be

equipped with "fail safe" braking systems .

3 . Ironworker, while attempting to tighten bolts between Levels

4 and 5, leaned over and grasped a tie rod which was loose at one end .
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The spring action of the tie rod threw him against the silo wall and

he fell to the bottom . The accident occurred 1 May 1961 and resulted

in one fatality . Action taken : Contractor directed to properly se-

cure all structural members immediately at time of installation in

silo . Nets to be installed to afford protection in rattle spaces as

well as in shafts .

The Walker Area accident experience data was as follows :

Man-hours Worked 3 ,971,189

Disabling Injuries 74

Fatalities 8

Days Lost 51,086

Frequency Rate 18 .63

Severity Rate 12 .89

VISITS:

Because of the nature of the project there were many visitors to

the Area Office and the job sites . A list of visits , as extracted from

the Area Daily Log and Register , is contained in Appendix C .

CEREMONIES:

There were two formal ceremonies during the construction work .

The Liquid Oxygen Plant was turned over to Walker Air Force Base

28 April 1962 .

Site 10 was turned over to the Air Force 31 October 1961 in a

ceremony wherein the keynote speech was made by New Mexicos ' Gover-

nor Mechem .

Photos and newspaper articles appear in Appendix C .
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RELATIONS WITH SATAF :

Key personnel . heading the Sits Activation Task Force are shown

on Figure 13 .

Relations with SATAF were generally excellent . However, the

quality of personnel initially employed by General Dynamics Astro«

nautics , which is a part of the SATAF organization , was extremely

marginal . This Area was staffed with 92x graduate or professional

engineers . GD/A surveillance personnel were composed of airplane

factory quality control types of personnel , similar in quality with

inspection type personnel in the GS-.5 to CS• 7 grade range . They

lacked basic comprehension of their tasks and were not familiar with

construction practices . As the job progressed and GD/ A personnel

became available from "up-stream" bases, the situation improved in

direct relationship to influx of qualified engineers employed by

GD/A on the sites .

CONCLUSIONS:

a. The program as constituted was generally properly organized

and controlled by CEBMCO in Los Angeles, California.

b . The plans and specifications for the work , while requiring

many changes due to the "concept of concurrency", were generally sat-

isfactory .

RECOII4ENDATION s

It is recommended that :

a. Information from "up-stream" bases should have been

more promptly relayed to down - stream bases .

b . The lump- sum fixed price control not be utilized for
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construction involving concurrency . A fixed price incentive type

contract would appear to be more appropriate .

c . The installation and checkout phase of the work

should have been under the direction of the construction contract-

ing officer in order to facilitate better control of the quality

and cost of the work .
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The following is a verbatim transcript of a report written by The founding trustee of the National

Aerospace trust. Any personal comments of mine will be italicized. Les Hayles

The report:

ATLAS J (SM-65F/HGM-16F)

Intercontinental Ballistic Missile (ICBM)

United States Air Force (USAF)

Strategic Air Command (SAC)

Walker Air Force Base, Roswell, New Mexic o

HQ 6th (Heavy) Bomb Wing/6th Strategic Aerospace Wing

579th Strategic Missile Squadron (579th SMS)

Atlas Series F was designed and developed to counter the threat of strategic and/or tactical threat
signature(s) to the economic (business/trade) interests of the United States of America . To be

maintained as emergency capable, and if required , be used as emergency force against weak or
undefended industrial and urban targets . Further, as primary force-capable projection in

counter-economic/counter-value warfare towards destruction of hostile industry or urban centers .
Finally, for the execution of hostage centers

Squadron force configuration was 12 remote launch sites (minimum 7 mile separation between
complexes ) located in a circular pattern around a host airbase (remote site support facilities) .

Each remote launch site layout consisted of a missile silo and launch control center (LCC). All
essential ground/system support equipment was stored in silo on an 8 level shockmounted crib
structure . Offset within the crib structure was a launcher platform elevator shaftway (also known
as the missile enclosure area [MEAD) .

Unlike later systems , Atlas F WAS NOT in-silo launched . The missile was raised to the surface for
launching.

The missile silo and launch control center were connected by a blast lock (2 blast lock doors), a
very short utility tunnel , and a post construction-installed blast debris door .

Entrance to the underground facility was via a surface door , down a two-tier personnel stairway,
elbow corridor into a two-door entrapment area (with TV camera view point), short corridor to a
blast lock (2 blast doors ) and down into a vestibule stairwell to bi-level LCC doorway entrances
and personnel utility tunnel entrance (at bottom of vestibule stairwell) .
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Above ground site surface features were a quonset style administration and storage buildings,
water cooling tower (diesel generator cooling), water filtration shed (s), well pumphouse shed(s),
small water storage tanks(s), gatehouse sentry shed , sewage stabilization pond (s), discage
communications antenna, and an access road to/from county or state highway/road . During
Operation Red Heat updating (1963 -64), the discage communications antenna was repositioned
nearby, within easement , to make room for a periscopic high frequency communication antenna
(silo) and a ultra- high frequency cone-shaped communications antenna concrete hardstand .

The complex was hardened to 150 -200 psi (although system deficiencies would rate the sites at 30-
50 psi during operational lifespan) .

Missile silo was 179 ft deep ( including 4 ft deep sump well) and 52 ft in (inside) diameter. Launch
control center was 40 ft in (inside ) diameer, with a floor-to-ceiling height of 27 ft, and a concrete
support column (4 ft in diameter) in center of LCC structure . The launch control center had two
levels . Both floors were hung from the ceiling on an air suspension system (4 cylinders) as
shockmounting .

System Designer/Manufacturer : General Dynamics ; Convair Division, San Diego, California .

Missile Length : 82 ft, 6in (MK-IV RV & OW-38 Ml warhead or MK-III & OW-49M4

warhead combinations)

Missile Diameter : 10 ft (tank stage ), and/or 16 ft (booster ) (engines)

Missile Weight : 268,448 pds (minimum w/ MK-III RV/OW-49M4)

270,100" (maximum w/ MK-IV RV/OW-38 Ml )

Missile Thrust : 390,000 pds

Missile Range: Strategic Operational Requirements (SOR) :

3,450 miles (minimum)

6,325 Miles (SOR Nominal) with MK-IV RV/OW-38M1 warhead or

alternate payload MK -HI RV/OW-49M4 warhea d

Missile Range; Maximums :

+8,760 miles maximum with MK-IV Mod-3A RV/OW-38M1

warhead with no penetration aids

+8,085 miles maximum with MK-IV Mod-5B -3 RV/OW-38M1/Mod-1A

Penetration Aid Mod
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+9,042 miles maximum with alternate payload ; MK-III Mod -213 RV &

OW- 49M4 warhead (348 pound RV/1,732 pd warhead/369 pound s

of subsystems)

Re-entry vehicle (RV) (primary) Weight/Dimensions ; MK-IV :

225 pds, 11 ft 3 in length and 2 ft 71/2 in diameter (4 ft 0 in at adapter)

(alternate ) Weight/Dimensions; MK-III:

348 pds, 11 ft 10 in length and 2 ft 0 in diameter (4 ft 0 in at adapter )

Warhead/War Reserve (WR) Weight : 3,309 pds (OW-38M1)

[3,000 pds XW-38 prototype weight]

: 1,732 pds (OW-49M4) (alternate)

[1,500 pds XW-49 prototype weight]

Yield Values (primary test ) : 3.50 - 3 .75 Megatons

(alternate test) : 1 .40 - 2 .50 Megatons

SOR/WR Yield Value : 2.35 Megatons (minimum value)

4.50 Megatons (nominal value)

6.70 Megatons (maximum value )

Emergency Yield Values: OW-38M1 ; 4.70 - 6.70 Megatons ( select high)

OW-49M4 ; 2.35 - 3 .35 Megatons (select low)

WR/RV Subsystems Weight : 368 pds (alternate RV; MK-III)

The word Provisionals is penned in here. 291 pds (primary RV ; MK-IV Mod 3A)

426 pds (primary RV; MK-IV Mod 3A with

Mod lA Penetration Aid Pods )

Penetration Aids/Decoys : 3 loads (Mod-1A, Mod-213, and Mod-4), plus Atlas F aeroframe
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The word Provisionals is penned in here , tank fragmentation.

Note : Penetration aids and decoys were incorporated into the MK-IV RVs to increase mid-course
(free-space) and terminal (atmospheric) penetration by the re-entry vehicle into a hostile airspace
to degrade and counter defensive detection systems (radars ) down to 150,000 ft.

The MK-IV re-entry vehicle mounted a primary penetration aid pod, plus a secondary decoy
payload ejection mechanism (DECPEM) pod .

The Mod-lA primary deception pod contained 5 vacuume (spell?) (free-space ) inflatable
aluminized mylar balloons shaped like the MK-IV RV. When disperced (1.1 - 2 .0 seconds after RV
separation from aeroframe) deployment was designated for a 65-mile diameter dispersion . The
secondary DECPEM contained 5 high intensity flares .

To offset any potential aim point by hostile detection , fire control and acquisition radars, an open-
loop tank fragmentation destruct sequence was built into the Atlas F aeroframe.

Further, a spin stabilization system was mounted in the MK-IV RV to increase speed (by
generating non-RV oriented rotation of over 100 rpm) over the target area.

Finally , the MK-IV RV was coated with a "glove" of ablative material to reduce radar cross
section and reduce wake ionization .

All decoys utilized either enhancement or reduction features to counter infrared detection and
ultraviolet detection .

Total Payload Weight : 2,448 pds (alternate ; MK-III Mod 2B /OW-49M4)

Penned In : 3,825 pds (primary ; MK-IV Mod-3A )

4,100 pd citation 3,960 pds (primary ; MK-IV Mod-5B with Mod - lA Penetration Aid Pod )

Target Selection : 2

Targets Allotted Per Force : 4 - 5 (2 - 3 missiles each target)

Detonation Points: 8,400 - 16,800 ft (airburst )

2,640 - 5 , 280 ft (near-surface burst0

0 ft (ground impact burst "failsafe" )

Fuzing Options: 2 (airburst or near-surface burst)
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Circle Error Probability (CEP) [area 50% of targetted warheads will detonate in] :

2.2 miles from target (1963)

1 .6 miles from target (1964 , after upgrading)

Launch site Reaction Time : 10 - 12 minutes (SOR: - 8 minutes )

NOTE : During Operation Long Reach (24 July, 1963 ), Walker AFB remote launch sites achieved
a simulated launch average of 14 min 35 sec (only 7 of 15 simulated launch attempts declared
successful ) . Of those successful (7), five had an average simulated launch time of 10 min 54 sec .

The following are Operation Long Reach results respecting Walker AFB remote site simulated
Operational Readiness Testing (ORT) EWO full -cycling drills . Ratios cited are launch attempts
versus launch success. As follows :

579-1 Destroyed by fire , explosions , and burnout

579-2 Maintenance/Training

579-3 3/1

579-4 Maintenance/Training

579-5 1/1

579-6 2/ 1

579-7 Maintenance/Training

579-8 Maintenance /Training

579-9 1/1

579-10 4/1

579-11 1/1

579-12 3/ 1

Fuel Fill Time : Stored aboard missile (exceut RP -1 levelling/topping insertion prior to
launcher/elevator lift to surface )

Propellant (oxidizer) Fill Time: 4 minutes 50 seconds, or less
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Emergency War Order (EWO) Static (raised) Hold Time : 2 minutes

Emergency War Order (EWO) Static ( in-silo) Hold Time : 60 minutes

EWO Silo Lift Time (raise missile ) : 1 min 20 sec

Time To Lower Missile: 8 - 20 min (at select descent speeds )

Blast Door Reaction Time (to open doors): 25 sec

Blast Door Weight: 75 tons

Launch Crew: 5 (combat crew rotation every 24 hours)

On-site Security Crew: 2 (rotation every 4 hours )

Launch Site Sufficiency (hold-out period ) : 10 days

Reserve Missiles : 1

Reserve Warheads : 1 - 2

Reserve RVs: 6

Training RVs: 6

Recycle of Propellant Tank Supply : Every 10 - 12 days

Recycle of Fuel Tank Supply : Every 180 days

Missile Squadron Force Load : Missiles Ready : 67% minimum

80% maximum

Missile System Relabilty : 1962 ; 53%

1963; 59%

1964 ; 37%

1965; 36%
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Atlas F Silo Propellant Tank Volumes :

Liquid Oxygen (Lox) Storage Tank: 23,000 gal . capacity

21,850 gal . nominal load

Topping Tank: 3,629 gal . capacity

3,420 gal. nominal loa d

Atlas F Fuel Tank Volumes :

RP-1 (kerosene-type) Fuel Catchment Tank : 15,000 gal . capacity

RP-1 (kerosene type) Fuel Catchment Tank : 12,000 - 13,850 gal . nominal loads

" Levelling/Topping Tank ( in silo ) : 630 gal . capacity

580 gal . nominal load

Note: Topping Tanks (LOX and RP-1) were used for "topping off " ; filling up the Atlas F
aeroframe tank immediately prior to launch .

CONSTRUCTION HISTORY

Directive given , 6 January, 1960, from the U. S. Army Corps of Engineers (USACOE),
Albuquerque District for establishing of a 12 - Atlas Series F intercontinental ballistic missile
(ICBM) squadron around Walker AFB (Roswell ), New Mexico.

On 15 May, 1960, USACOE establishes Walker (Roswell) Area Office .

Authority to advertise for construction bids given , 16 May, 1960. Six (6) bids received by end date .
Lowest bid accepted .

Successful bidder is a joint venture of Macco Corporation , Raymond International , Inc., The
Kaiser Company, and Puget Sound Bridge and Dry Dock Company with a bid of $22 , 115,828.00.

Contract is awarded 16 June, 1969 , and Notice to Proceed issued 20 June, 1960 .
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Work begins 23 June, 1960 . Initial efforts are site excavation down to base level of 35 ft below
grade .

Missile silo shafting began 25 July, 1960 . Shortest time to shaft 60 ft in diameter down to a depth
of 180-185 ft achieved at Site 579-3 (Elkins) in 55 days (2 .5 ft per day) . Longest time to shaft
required 81 days at Site 579-8 (Lake Arthur) . due to water infiltration difficultied (150-300 gal per
minute) .

Concreting construction began at Site 579-3, 25 September, 1960 (5 days behind schedule) . Site
completion dates are as follows :

Site 579-3 24 Oct, 1961

" 579-12 30 Oct, 1961

579-1 06 Nov, 1961

"579-11 13 Nov, 1961

"579-4 19 Nov, 1961

" 579-7 27 Nov, 196 1

579-6 05 Dec, 1961

" 579-9 18 Dec, 1961

" 579-2 22 Dec, 1961

"579-10 25 Dec, 1961

"579-8 05 Jan, 1962

"579-6 06 Jan, 1962

On October 31, 1961, Site 579-3 (Elkins) became the first Walker AFB auxillery (remote) site to be
turned over to the USAF Site Activation Task Force (SATAF) for essential ground support
equipment installation .

On February 8, 1962, Site 579-5 became the final Walker AFB auxiliary (remote) site to be turned
over to USAF SATAF .

Total cost of primary construction contract : $38,356,329 .42, and with additional contracts and
post -construction claims awarded , the final affixed sum was $59 ,441,277.84.
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CONSTRUCTION AC CIDENTS

29 August , 1960 Laborer fatally electrocuted while guiding a corrugated culvert section

suspended from a crane boom , when crane boom made contact with a

power line .

16 February, 1961 Oil-driver of truck crane started truck engine as iron workers removed
outriggers and chocks . Truck gears in reverse . Truck crane backs over

silo edge into silo, falling 174 ft to silo bottom , resulting in 6 fatalities, 1

permanent disability , and 18 temporary disabilities .

1 May, 1961 Ironworker, while attempting to tighten bolts (between Silo Levels 4 and 5) leans over
and grasps a tie rod which is loose at one end . The spring action of the tie rod throws worker
against silo wall and worker falls 129 ft to silo bottom , fatally injuring.

During construction activity (3,971,189 manhours ) there were 74 disabling injuries, and 8
fatalities .

The quality of construction by workers at Walker AFB (support sites) and auxiliary (remote)
ICBM sites was rated as excellent by the U. S. Army Corps of Engineers and the United States Air
Force.

Site costs to maintain per year: $330,000 per year.

579th Strategic Missile Squadron Milestones

01 September, 1961 : Organized/Acitvated

30 November, 1962 : Turnover of final completed site to Strategic Air Command . Atlas F ICBMs

0009

http ://www.geocities .com/Area51/Corridor/4831 /LANCE 1 .HTM 8/1/2003



Page 10 of 2 3

and Ready Crews declared fully operational . Squadron at Defense Condition 2 (DEFCON 2), due
to the Cuban Missile Crisis . Retraction

to DEFCON 5 was set by May 1963 .

01 June, 1963 Site 579-1 silo destroyed by fire and explosion .

13 February, 1964 : Site 579-5 silo destroyed by fire and explosions .

09 March, 1964 : Site 579-2 silo destroyed by fire and explosions.

16 May, 1964 : Secretary of Defense Robert S. McNamara declares Atlas F to b e

phased-out by end of June 1968.

19 November , 1964 : Accelerated phase-out of Atlas F system , sites and squadrons announced

by Secretary of Defense Robert S . McNamara to be completed by end of

June 1964.

05 January , 1965: First Atlas F removed from alert readiness .

04 February , 1965 : Last Atlas F removed from alert readiness .

09 February , 1965: Last Atlas F departs Walker AFB for storage.

25 March , 1965: 579th Strategic Missle Squadron is Inactivated .
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The total cost for a 13 Atlas F missile force assigned to Walker AFB, from the beginning of site
surveys (1959), site construction, site equipment installation, maintained operational status, until
the conclusion of phase-out (1965) was $439,923,070 .00.

The total cost for the Atlas program was $6,518,310,000 .00 .

The Atlas F was phased-out due primarily to economic considerations . It proved too costly to
maintain, with exremely complex, highly flammable non-storable propellent/fuel loading aspects .
The Atlas F also suffered from degrading reliability factors .

The advent of the more reliable, accurate , cost-effective, and quick reaction Minuteman I and
Titan II ICBMs promised far reaching improvements over the Atlas F .

Minuteman I and Titan II had reaction times of 10 seconds and 48 seconds, respectively, versus
Atlas F at 600 - 720 seconds .

Minuteman I was a smaller ICBM with solid propellent fuels, mounted a smaller 880 pd OR-
56M2 warhead (1 .3 megaton yield value), and had a CEP of 1,822 ft . Titan II had liquid storable
propellent/fuel, "hard target" (the high probability of incapacitating a hardened target)
capability, and a larger thermonuclear yield warhead (rate 9 .4 - 13 .4 megatons), versus Atlas F
with a non-storable propellent (LOX), an E XTREMELY DELICATE propellent loading system
(PLS), and half the thermonuclear yield (4 .7 - 6 .7 megatons):

Titan II had a CEP of 4,858 ft., versus Atlas F which obtained an improved CEP (in November
1964) of 8,500 ft.

Both the Minuteman I and the Titan II were in-silo launched . Further, it required 10 men to
sevice the Minuteman, while it required over 80 to service the Atlas F .

These factors, plus more (political/strategic trade-off), accellerated the decision for phase-out . Due
to forecast reliability problems with Atlas F (which surfaced very early in flight testing), phase-out
was proposed by USAF Chief of Staff, General Curtis LeMay, only months after the final
squadron of Atlas F sites (assigned to Plattsburgh AFB, New York) became operational !

Of the four (4) 1st-Generation ICBM systems (Atlas D, E, F, and TitanI), the Atlas F was the most
troublesome . One major design flaw was mounting diesel generators directly above the propellent
loading system (PLS) .

During Operation "Long Reach" Force Operational Readiness Inspection evaluations at Walker
AFB (1963), it was discovered that from a total 15 simulated EWO countdown - launch commit
drills, only 7 were rated successful, and 8 were failures .

This implied that if, under a war footing, a launch order was directed (1963), only four Atlas F
ICBMs would have launched. Of those launched, only one Atlas F was expected to neutralize the
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target . This figure did not include the force riding out thermonuclear subjegation and post-
detonation environment . Include it and not one Atlas F was expected to be mission capable .

Atlas F sites , although rated to withstand thermonuclear overpressure of 150 - 200 pounds per
square inch (PSI) proved (due to a very delicate propellent loading system ) capable of
withstanding only 30 - 50 psi . Not much greater than the horizontally-stored Atlas E system and
"coffin" configured sites, which were rated at 25 psi .

By 1964 the Atlas F system and site was predicted to be completely vulnerable to Soviet "first
Strike" attack. Even if inaccurate , Soviet warhead detonations (2 - 25 megatons) could
incapacitate Atlas F, due to PLS design flaws, and launch site air intake/exhaust vent weakness
(where post-detonation deposition was concerned) .

The Atlas F's primary threats were the new Soviet ICBMs, designated SS-7 Saddler, SS-8 Sasin
(mounting 5 - 10 megaton warheads ), and the huge SS-9 Scarp (mounting a 20 - 25 megaton
warhwad) .

After phase-out of the Atlas F the mainframes/aeroframes were shipped to storage , and were later
used to transport orbital /suborbital payloads into space . The mainframes/aeroframes were
exhausted by September 8, 1981 .

The warheads were dismantled and fissile elements reconstituted into national stockpile .

Currently, all sites are privately owned , and in most cases, are abandoned . All sites should be
considered EXTREMELY DANGEROUS, due to uncovered fill vent shaft (depth of 85 feet), air
intake and exhaust vent shafts (depths of 35 feet and 45 feet, respectively ), and the missle silo. The
primary danger in the silo is the entrance via the personnel utility tunnel (blast lock blast doors) .

There is very little threshold beyond the final blast door. Further, if the silo has been salvaged,
then there is a direct fall into deep water or an empty silo . Where water was observed , a fall of
about 45 - 75 feet can be expected . Where a dry silo was observed, a fall of 145 feet can be
expected . Survival is remote at best .

Finally, there is high methane levels, and a distinct "dead air" factor ( lack of proper oxygen
content , due to confined deep spaces and poor air circulation) .

WALKER AFB ACCIDENT S

01 June, 1963; Site 579-1, First propellent loading exercise (PLX) since ORI acceptance (9 months
in operation ) . Propellent filter failure , fire, explosion , and further burnout (19 1/2 hours) . Silo
destroyed . No warhead mounted . As follows :
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First accident occurred during a propellent loading exercise (PLX) at Site 579-1 .

Ready operational crew RO-22 conducted exercise. Crew was declared qualified as a result of
successful completion of a standardization board check on 17 April, 1963, and had conducted,
prior to the accident, three (3) PLX's . A standboard check had been performed (check of crew's
proficiency; performed by a team of highly qualified personnel .

579-1 was approaching completion of Operation "Long Reach" Operational Readiness Inspection
(ORI) verification; with site slightly ahead of schedule . Successful conclusion of scheduled PLX on
1 June, 1963, which required loading of liquid oxygen (LOX) and countdown through "Launch
Commit" sequence (to "hold point" at 10 seconds to main engine ignition ) would certify site as
ready capable for emergency use.

On 1 June, 1963, 579-1 completed preparations for the acceptance PLX. In launch control center
(LCC) were five-man ready operational crew, sector commander, safety technician, additional
electrical power production technician, three-man mobile calibration and maintenance crew and
four "Long Reach" engineers .

The PLX was scheduled for 10 :00 AM, but thunderstorms in local area precluded any attempt,
until unstable weather activity moved out of area . Note_SYSTEM VULNERABILITY TO
INCLEMENT WEATHER PATTERNS !

PLX rescheduled for 5 :30 PM. Ten minutes prior to PLX, sector commander proceeded to silo cap
area to visually check the area sky for thunderstorm activity . After favorable observation, the
command post at Walker AFB was notified that conditions were suitable for conducting the PLX .
A "Long Reach" Phase III message was inititated by the commandpost .

However, a brief delay occurred when it was noticed that the diesel generators were putting out
excessive current. A power factor adjustment was made in the electrical power production
equipment, which improved situation, yet notably, current output was still slightly high .

PLX started at 5 :44 PM and the RO crew initiated countdown. PLX was declared successful and
abort sequence (term used to identify a button on missile combat crew commander 's launch
control console) started . Abort means "recovery" of missile from raised position , down into silo .
Abort occurred at 5 :57 PM. At 6:05 PM missile is in full down position.

At 6:06 (50) PM the LOX drain indication is noted . During the LOX drain , at 6:17PM, the drain
valve indication changed from fully closed to intermediate (not fully open or closed) .

Note : During the LOX loading sequence and drain sequence , the following sequences occur.

LOX is loaded aboard the Atlas F through two valves and a filter .

During drain, flow is accomplished from the missile LOX tank through a drain valve back into the
LOX storage tank. The LOX drain sequence is automatically begun when the missile
launch/elevatorplatform is down and locked . Drain is initiated by the opening of the airborne
drain valve and the opening of the LOX line drain valve . LOX drain is accomplished by gravity
flow. To insure that all LOX is offloaded, and to allow time for missile and oxygen line warmup, a
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timer was installed in the propellent loading system (PLS) which kept the missile drain and line
drain valves open for 45 minutes .

As it was, then , at 579-1, the safety technicians were instructed to enter the silo and determine the
nature of malfunction. However, before the technicians entered the silo, at 6 :22 PM, the valve
indication changed to fully open . The malfunction determination team was recalled back to the
LCC, and LOX drain offloading continued . Such was proper procedure , since all weapon system
indicators were visually normal .

At 6:24 PM the valve indicator again changed to intermediate (not fully open or closed) . Again,
the safety technicians proceeded to the silo to detemine the malfunction . After exit from LCC
Level 2, down a few stairsteps to blast/debris door, (installed during post-construction SATAF
contract) and through the very short utility tunnel, the team reached the silo area blast doors )2
blast forming the silo area blast lock) .

At 6 :26 PM the team was in the blast lock ready to open final blast door to enter the silo . Upon
authorization to enter the silo, at 6 :27 PM, the team encountered abnormal resistence to open the
blast door . It was determined that the door was being held closed by overpressure within the silo .

One of six television monitors in the launch control center (LCC) began showing visual evidence of
sparks and flashes on silo level 8 (lowest misile crib level) .

Fire alert alarms were initiated at silo Level 7 and 8, and evacuation alarms sounded. Missile silo
water fog spray system was actuated . Safety technicians were ordered to return immediately to
safety of LCC, and after securing the blast and debris doors in the utility tunnel, arrived safely at
6:28 PM.

Concurrent with safety team's arrival , television monitors for silo Level 6A camera manifested
flames rising from a lower level . (All silo level designated 'A' were inside the Missile Enclosure Area
(MEA .)

At 6:28(32) PM all electrical power (provided by diesel generators on silo levels 5 and 6) failed. An
explosion then occurred within the silo, with fires of varying intensity which would burn for about
19 1/2 hours . Flames were observed at heights estimated to be over 500 ft above the silo cap area .
As the fires burned minor explosions and detonations were heard within the silo conflagration

In the LCC, smoke and dust filled the two levels . Visibility was severely limited even with
emegency lighting . Contact was made by field phone with observers in the fallback area (2,000 ft .
from silo) . Observers related extent of fire and that flames were obscuring the emergency exit and
the security fence on the north site boundary . However, observers determined the personne l
entrance was clear of flames.

LCC personnel donned emergency breathing apparatus, evacuated via the personnel entranceway
and scaled the security fence on the north side of the launch complex . Exsept for a few minor cuts
and bruises, there were no injuries .
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Note: Liquid oxygen (LOX) is compresed air, distilled into a pale blue liquid state, which
constantly boils at -297 degrees F (EXTREMELY COLD) . LOX does not burn by itself, but it
supports and rapidly accelerates the combustion of all flammable materials .

The mixture of LOX with any hydrocarbon substance causes a potentiol fire and explosion
hazard , A hydrocarbon is an organic compound . Grease and lubricants are high in hydrocarbon
content , and an explosive gel, resulting from LOX in contact with a hydrocarbon source, can be
ignited by static electricity , mechanical and fluid friction and shock waves introduced by impact .

LOX fill and drain transfer system mandated hydrocarbons at no greated than 200 parts per
million . A figure which exceeds the cleanliness of a hospital operating room !

During the post -accident inquiry of 579-1 fire and explosion it was determined that the LOX filter

showed evidence of two holes burned through the bottom of the filter housing an either side of the
mounting pedestal . Evidence of burning similar to that normally experienced from a cutting torch
was found in the filter base plate.

When LOX is loaded, flow is accomplished through two valves and a filter to the missile .During
offload LOX flow is accomplished through the drain valve with LOX going to, but not through the
filter.

The LOX filter was removed and analyzed . Analysis showed that fracture had occurred to one of
the J bolts which holds the filter element inside the filter housing .

The investigation board concluded that an oxygen /steel fire had been initiated within the filter
housing while LOX was flowing from the missile through thedrain valve end of the housing .

It was concluded that the fracture of the J bolt was caused by the opening and closing of the LOX
line drain valve . With the valve cycling, as it was, it was possible that the pressure surges of the
LOX flowing , then not flowing again , could have fractured the J bolt . When the J bolt fractured,
the filter element was then permitted to shake and rattle within the housing case . It was possible
that the filter shaking action was enough to ignite the LOX by friction , thus starting an
oxygen/metal fire .

Once the fire started with a large quantity of LOX present, the fire intensity was enough to burn
holes through the sides of the filter case. LOX was permitted to escape through the holes and flow
in around the filter on Level 7, as well as dropping to Level 8 .

The large quantity of gaseous oxygen (GOX) released by the cascading LOX (GOX is derived
from evaporating LOX) from the burned -through filter case was ignited by the burning filter .
Flames progressed rapidly upward through the crib structure and burned through into the missile
enclosure area (MEA), where the Atlas F rests on its launcher/elevator platform . (The TV monitor

on Level 6A [inside the MEA] showed flames rising from below, indicating fire was there already.)

The missile enclosure area walls are covered with an aluminum coated spun glass and wool
insulation material . The burning enclosure walls subjected the Atlas F aero/mainframe skin (less
than the thickness of a dime ) to excessive temperatures . (The Atlas skin was/is .040 inches thick - 40
thousandths of an inch .)
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Failure occurred in the missile tank , venting the LOX to zero (Atlas D, E, and F aero/mainframes
must be constantly inflated by internal pressure !). Loss of internal pressure resulted instructural
collapse, dropping the MK-IV inert training re-entry vehicle (no special physics munitions
mounted during any PLX) down through aero/mainframe , rupturing the tanking bulkhead
between the LOX tank and the RP-1 fuel tank , mixing the LOX remaining in the tank . Explosion
was inevitable .

Another consideration for a prime suspect to the accident was the LOX filter gasket which could
have been contaminated by hydrocarbon from a source external to the filter . It was poosible
through leaks or spills, hydrocarbon could have gotten into the gasket and then, through a
wicking action, be transferred from the outside of the gasket to the inside of the gasket. The
presence of hydrocarbon within the filter could have been responsible for the high intensity of the
fire.

-Presence too of hydrocarbon on Levels 7 and 8 could have contributed in a compounding manner
to fire intensity once LOX spilled through and out of the filter case . Be (that) as it may, the
primary source of the fire was inside the filter case .

Besides destroying the inside of the silo, the force of the initial explosion blew one 70-ton silo cap

door 99 ft . to the west, and the other 70-ton silo cap door 109 ft. to the east . Such was the force of

the explosion. Entry to investigate silo interior damage was not attempted for four days . Even
then, the interior had not cooled sufficiently, until two days more days .

13 February, 1964 ; Site 575-5. First propellant loading exercise since ORI acceptance (14 months
in operation) . Launcher/elevator fuel line disconnect failure, combined with vapor ignition in
diesel exhaust ducts (electric wire fire) and silo fire . Missile in raised position explodes. Silo

destroyed. No warhead mounted . As follows :

Second accident occurred (like 579-1 accident ) after a successful propellent loading exercise
(PLX), ar Site 579-5 .

The inspector general for Headquarters, Strategic Air Command, Omaha, Nebraska, was at
Walker AFB at the time conducting an operational readiness inspection (ORI) . Site 579-5 was the

last of five Atlas F sites to be exercised .

Ready operational crew RO-60, and standardization crew S-03 were scheduled for the exercise .

Both crews were alert ready qualified . Crew 5-03 had just completed a standardization check on 6
February 1963. The exercise to be conducted on 13 February, 1964, was a normal quarterly
recheck of RO-60. Prior to this date 5-03 had accomplished 10 PLXs and RO-60 had completed 3 .

579-5 was declared ready for a PLX and the exercise order sent from Walker AFB command post .
Countdown was initiated at 10 :10 am.

Approximately 4 minutes into the countdown , a silo 19% oxygen indication alarm was noted,
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indicating a less than normal oxygen content . This was considered noncritical and the countdown

was continued .

The Atlas was fully loaded with LOX and commit sequence initiated and progressed normally
until launcher/elevator lift began .

As the launcher/elevator platform rose off the disconnects , fuel spillage was detected on the silo
Level 8 television camera monitor located in the launch control center (LCC). The spillage

appeared to be emanating from the launcher /elevator platform portion of the disconnect . Visual

evidence estimated the spill to be between 5 and 50 gallons . An abort , or recovery sequence was
not required for the situation .

Fuel spillage occurred at launcher/elevator rise when the fuel line demated . The portion of the
line, which is attached to the launcher/elevator, disconnects from the portion immediately under
the launcher/elevator platform . The fuel line is approximately 40 feet in length . Any fuel

remaining in the line or any leak of the missile fuel-fill valve will gravity collect in the fuel line .
Should the quantity be sufficient to fill the line up to or above the point of the launcher/alevator
platform disconnect, a spillage of the amount collected, above the disconnect will occur at
launcher/elevator rise.

As it was, the exercise was not delayed due to the noncritical condition . Therefore, the Atlas F was
raised. The missile was up and locked at 10 :20(47) am .

At 10:21(42) am, the ORI was concluded and declared successful .

Abort sequence was delayed for a visual inspection for fuel spillage . At 10:24 am, personnel
proceeded to the silo cap to inspect the missile .

Topside inspection showed no indication of leaks and personnel returned to the LCC at 10:29 am.
Then , members of the ORI inspection team left the site .

A 10:31 am, upon the recommendation of the standboard crew, the squadron commander ordered
the nonessential bus be shut down to remove power from the electrical outlets in the silo . This was
done as a safety precaution because of the fuel spillage on silo Level 8 .

NOTE The term " nonessential" is a misnomer, since shutting down nonessential power turns off
power to many of the silo facilities . The more significant were : ( 1) Pumps, which circulate
condensor water to the diesel generators ; (2) the main silo exhaust fan ; and (3) the fire fog system
pump . The bus is called nonessential since it may be turned off for a short period during a combat
is operating . It was done to reduce the electrical load so that one generator can provide sufficient
power to raise the launcher/elevator platform with a fully loaded Atlas F missile .

The most vital equipment affected by the nonessential bus, at least as far as the accident was
concerned, was the diesel cooling capability and the silo exhaust fan . Keeping the two vital systems
inoperative for a prolonged period resulted in diesel overheating and hot exhaust gases being
trapped in the exhaust plenum.
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Overheating was indicated at 10 :50(52) am when the operating diesel indicated high temperature .

With the missile in the raised up position - above ground - there was no way to control the
pressure within the fuel-and LOX tanks unless an item of equipment known as the pneumatics test
set is connected to the missile . At 10 : 38 am, a call to the fallback area was made requesting the
pneumatic test-set operator to proceed to the silo cap area for pneumatic test -set hookup. The
pneumatic test -set operator was in the process of connecting to the missile when he heard a noise
that sounded like a "pop " and noticed gaseous oxygen (GOX) in he pneumatic test stand and on
the ground . He looked outside and saw LOX spraying out of the main LOX fill-line disconnect on
the launcher/elevator platform . He reported the information immediately to the LCC .

Underground in the LCC, monitors for television camers located on silo Levels 2, 6A, and 8 were
obscured by what was determined to be GOX vapors . The television camera on the silo cap area
also displayed vapor at ground level .

At 11 : 00(03) am loss of power occurred in the LCC. Nine seconds later alternating current was
lost, and at 11 : 11 am , explosions in the silo of first , a low-order nature, then high order both in the
silo and the Atlas F in the raised position at silo cap . The high-order explosion was a massive
detonation and conflagration .

The post-accident investigation concluded that the primary cause of the accident was due to an
error in judgement by the squadron commander . It was also concluded that vapor from the
spilled fuel from the missile enclosure area (MEA) at silo Level 8 travelled through the exhaust
duct to the exhaust plenum on Level 2 . The vapor then mixed with the hot diesel exhaust gas and
ultimately exploded.

A fire then ensued which burned the cables controlling the missile LOX drain valve. The cables
were exposed to possible fire or explosion damage at several locations where the cables enter
under the floor plating and pass within 1 o 2 inches from the exploded exhaust duct .

Located on silo Level 3 are units called logic racks, which are merely cabinets that have the
control wiring and panels that go up to control the missile , and the harness, the wiring that goes
up to the missile , is near the exhaust duct where the first low-order explosion occurred .

It was believed that when the fire started at silo Level 3, which was an RP-1 fuel vapor and hot
diesel exhaust fire , the explosion then damaged the wires nearby, and sent a signal up to open the
LOX fill and drain valve on the launcher/elevator platform .

When this occurred , LOX dropped into the silo , and with a fire already burning and mixing with
the spilled RP-1 fuel no the bottom a low-order explosion occurred and a greater fire ensued,
which burned for 10 minutes in the silo , until pressure support systems failed and the pressurized
Atlas F aero/mainframe lost structural integrity .

The missile LOX drain valve was recovered from the missile wreckage and analyzed . The analysis
showed that the valve had been driven open electrically .

It was further concuded that the signal that opened the airborne valve was the result of a shorting
of the tanking panel wires which were damaged at one or more locations.
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After this event occurred, the accident was inevitable : LOX spilled to the missile enclosure area
floor on silo Level 8, which suffered cryogenic fracturing, and dropped to the bottom of the silo .
LOX and RP-1 fuel formed a gel on silo Level 8 and silo foundation floor and detonated, resulting
in a powerful pressure pulse to travel up the MEA shaftway to the underside of the
launcher/elevator platfrom, ejecting the column of gaseous oxygen (GOX) that was observed by
personnel at the fallback position (2,000 feet from the missile silo) .

The explosion produced fires in the silo from hydraulic systems and from the diesel engine fuel
supply lines . The Atlas F missile withstood the effects of the explosion and fire for 10 minutes
before the missile LOX tank lost pressure and sructural failure occurred to the aero/mainframe.

This failure caused a LOX/RP-1 fuel detonation at or near the missile intermediate bulkhead. The
MK-V inert training re-entry vehicle dropped almost straight down through the remaining missile
fuel tank section and came to rest node down on the launcher/elevator platform in the sustainer
engine space. With the fire raging in the silo and then the 12,000 gallons of RP-1 fuel and 19,000
gallons mixing on the surface, the missile's explosion was absolutely horrific !

09 March, 1964 ; Site 579-2. First propellant loading exercise since ORI acceptance (15 months in
operation). Propellant (LOX) gaseous vapor venting freezes and fractures launcher/elevator
cables. Launcher/elevator falls 3 feet and seizes . Support systems failure to maintain tank pressure
in missile, causes tank failure, resulting in the collapse of the aeroframe . The inert "dummy" MK-
IV RVfalls down through missile rupturing missile's LOX/RP-1 (Propellant/Fuel) tanking
bulkhead. Explosion. Silo destroyed. No warhead mounted . As follows:

Third accident occurred during a propellant loading exercise (PLXO, at Site 579-2 .

It was a routine PLX an was conducted by standardization crew S-02 and ready operational vrew
RO-27. Both crews were alert ready qualified, and had previously conducte 13 and 2 PLX's
respectively .

Countdown was started at 1 : 00pm , and was running normal until 1 :12pm, when the commit
sequence was initiated . After rising off the LOX disconnect panels the launcher /elevator stopped
after rising 3 feet up . Seconds later, a 25% silo-oxygen alarm sounded indicating a possible LOX
spill .

The abort; "recovery" sequence was immediately initiated, in an effort to return the
launcher/elevator platform to a full down position . The sequence started but the launcher/elevator
platform would not lower. It is not known, nor will it ever be, why the lift failed to raise or lower .
Damage from the accident made such a determination impossible .

At 1:26pm, the crew started the emergency procedure checklist . Prior to launcher/elevator
platform up-run, the LOX tank is pressurized to flight pressure of 26 pounds per square inch . The
emergency procedure required that the LOX-tank pressure be reduced to a pressure of 7 pounds
per square inch by opening the boiloff valve if the launcher/elevator platform has stopped .

NOTE: LOX, because of its very low temperature, is continually boiling. If left in a closed
container gaseous oxygen (GOX) will raise the pressure within the container. The emergency
procedure checklist stipulated opening of the boiloff valve so that pressure within the container ,
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the Atlas F missile LOX tank, could be temporarily relieved of pressure .

The standboard missile combat -crew commander (MCCC ) omitted depressing the emergency
pushbutton which enables the boiloff valve to open . The step was intentionally omitted due to
concern for the high-oxygen content already indicated and a desire not to further enrich the silo
area with the addition of GOX. Therefore, troubleshooting the launcher/elevator platform was
initiated, and qualified personnel were sent into the silo .

Personnel proceeded from LCC Level 2 to the silo, entering at silo Level 2 . Due to the fire risk,
personnel had to disregard the use of the personnel elevator, and descend by way of spiral
stairway to silo Level 7, where they descended further to silo Level 8 via vertical ladder .

NOTE : With the boiloff valve closed, and the LOX contained within the LOX tank continually
boiling off, GOX at high pressure is forced into suspension with the LOX. Under such conditions,
when the boiloff valve is opened, the GOX escapes, reducing the pressure within the LOX tank .
Since the GOX is suspended throughout the LOX, a large amount of LOX is also forced out of the
boiloff valve .

A simple example of the phenomenon is shaking a can or bottle container of soda, then open it .

In 579-2 silo the missle tank pressure remained normal for an hour and then the LOX tank
pressure began to rise . The system design provided an automatic switch to emergency at 30
pounds per square inch pressure in the LOX tank .

At 2:39pm the LOX tank pressure had built up to emergency release pressure levels. The system
automatically switched to emergency which enabled the boiloff valve to open . Opening the boiloff
valve, after having been closed for an extended period of time , resulted in the rapid expulsion of
LOX.

Seconds later, a high and increasing oxygen content was measured by the safety technician in the
silo. He, along with other technicians (who were trying to fix the lift system in the silo), noticing
the increasing GOX levels, evacuated the silo immediately . After securing the two blast doors in
the blast lock, the blast/debris door in the utility tunnel , the team returned to the LCC .

On one of the LCC monitors GOX was observed coming out of the missile enclosure area (MEA)
into the non-explosive -proof area of the silo Level 2 .

By 2;47PM the LOX tank pressure had dropped to normal pressure so the pressurization system
was returned to automatic mode .

At 2:47(30)pm white smoke was seen coming out of the silo exhaust system by personnel at the
fallback position (2,000 feet from the silo ) and was observed on the television monitor in the LCC.

At 2:48pm the white smoke had turned grey and at 2 :49pm, the smoke became black. The fire fog
water spray system was initiated
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At 2 :51(30)pm electrical power was lost , and at 2 :53pm the firstt of two high-order explosions
occurred . At 2:54pm the Atlas F missile exploded , destroying the missle and heavily damaging the
silo .

Like the two previous accidents , there were no appreciable injuries and LCC crews were able to
evacuate to the fallback position .

The post -accident investigation concluded that the LOX on the LOX tank was ejected through the
boiloff valve and sprayed all over the missle enclosure area (MEA). It was further concluded the
LOX being ejected from the boiloff valve struck the wire rope cables that are on each side of the
MEA that lift the launcher/elevator platform.

When the cables were struck by the -297 degree F LOX, the cables experienced cryogenic
fracturing ; cold fracturing of the cables . When the cables broke the launcher/elevator platform
suddenly dropped down to silo Level 8 (a fall of 3 feet ) onto the downlocks . The impact would
have been sufficient to cause bulkhead reversal and rupture the intermediate bulkhead between
the missle LOX tank and RP-1 fuel tank , (allowing LOX and fuel to) mix together and explode .

Primary cause of the accident was an error in judgement , in that the standboard missi

le combat crew commander (MCCC) directed a deviation from the current technical order
checklist which resulted in the missle boiloff valve remaining closed for an extended period of
time.

NOTE: The MCCC faced two serious problems . One was a launcher /elevator platform which had
seized and stuck with fully loaded tanks, and the other was a high GOX level within the silo . He
did not want to further enrich the high GOX content, so he decided to leave the boiloff valve
closed and attempt to correct the launcher/elevator platform lift and lower the platform down to
drain points so that detanking could be done . His plan was overtakenby time when the boiloff
valve opened in the emergency mode.

Also, the original cause was that the missle lift system failed to successfully drive up or down after
stopping.

It was concluded that the wire rope cables connected between the tension equalizer,
launcher/elevator platform , and launcher lift drive system were failed by impingement of LOX or
GOX from the boiloff valve .

If the boiloff valve had been opened immediately as stipulated in emergency procedures , then the
pressure within the LOX tank would have been relieved down to levels allowing the extended time
required to troubleshoot the lift , and forecast to fix same before an emergency situation involving
venting was required. An error in judgement was made when the boiloff valve w as left closed by
the decision of the missile combat crew commander (MCCC).

Another factor which contributed to the MCCC being unable to clear the GOX content in the silo
was the lack of purge fan(s ) on site during the PLX .
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NOTE: ALL PROPELLANT LOADING EXERCISES WERE FAILURES AT 579-2 !

NOTE : There was a very serious launcher/elevator problem at 579-2 (8 consecutive unsuccessful
missile lifts, before catastophic accident) .

NOTE : The 579th Strategic Missile Squadron had the highest success rating regarding propellant
loading exercises (PLX) amongst all Atlas F squadrons during "Operation Red Heat" updating
(1963-1964) . At the latest date of accident, 36 Atlas F missiles and silo sites had completed "Red

Heat" updating throughout the United States .

SITE # MISSLE # MISSILE DISPOSITION

579-1 61-2563 (77F) Destroyed in silo by explosions, 01 June,1963.

579-2 62-12126 (90F) Destroyed at silo by fire and explosions , 09 March, 1964.

579-3 61-2530 (44F) Launched 03 December, 1969, for Advanced Ballistic

Re-Entry Systems (ABRES) program .

579-4 62-12131 (95F) Launched 03 May, 1968, ABRES .

579-5 61-2574 (88F) Destroyed in silo by fire and explosion, 13 February, 1964.

579-6 61 -2565 (79F) Salvaged for spare parts ABRES .

579-7 62-12128 (92F) Launched 09 June, 1979 ABRES .
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579-8 62-12139 (103F) Launched 29 June, 1971 ABRES .

579-9 61-2562 (76F) Launched 06 August, 1971 , for Orbital Vehicle (OV )

program . Made flight as OV-1 .

579-10 61-2571 (85F) Launched 05 April, 1971, ABRES .

579-11 62-12138 (102F) Vandenberg AFB, California . Was modified fo r

Space Test Program .

579-12 61-2560 (74F) Launched 01 September, 1971, ABRES .

* 62-12135 (99F) Launched 25 September, 1971, ABRES .

* Missile Assembly and Maintenance Site (MAMS) . An Atlas F was stored as a spare

missile mainframe/aeroframe at Walker AFB.

--------------32EA5E2C50F0--
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U . S . ARM ENGINEER DISTRICT, ALBUC -ROUE

CORPS OF ENGINEER S
FEDERAL BUILDING . 517 GOLD AVENUE . S . W .

ALBUQUERQUE . NEW MEXICO 8710 3

IN REPLY REFER T O

S s"1ARE 2 July 1965
At Ias "F" 1issi Ie Site No . 9, Walker AFB, NP1e x

General Services Administration
Region 8
Denver Federal Center
Denver, Colorad o

Gentlemen :

Inclosed is preliminary Report of Excess Real Property covering
the Atlas "F" Missile Site No . 9, Walker Air Force Base, New Mexico,
Holding Agency No . Albuquerque-149 .

Sincerely yours ,

I Ind (trip )
SF-118 w/rpt & map attch d

ATNARD

H . K . SHADEL
Chief, Real Estate Division
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STANDARD FORM 11.8
DECEMBER 1953
PRESCRIBED BY GE 4F.RAL
SERVICS ADMINISTRATION
REGULATION 2-IV-201 .00

118-102

NUMBER OF
BUILDINGS

(I )

3. TO (Furnish address of GSA regional offices )

General Services Administration
Region 8, Denver Federal Center
Denver, Colorad o

5. NAME AND ADDRESS OF REPRESENTATIVE TO BE CONTACTED

H . K. Shadel, Chief, Real Estate Division
P . 0 . Box 1538
Albuquerque, New Mexico 87103

7. PROPERTY IDENTIFICATIO N

Atlas 'IF17 Missile Site No . 9
'Walker Air Force Base , New Mexico

SPACE DATA

USE

A. OFFIC E

B. STORAG E

C . OTHER (See 9 F)

D. TOTAL ( From SF 118a )

E. GOVT INTEREST:

(1) OWNER

(2) TENANT

4

WORT OF EXCESS
REAL PROPERT Y

FLOOR AREA
(Sq . t . )

2)f -
4,000
4,000
13,24 1
21,24 1

21,24 1

COST TO GOVERNMENT

NUMBER OF
FLOORS

(3 )

1
1

12

1 . HOLDuvG 'ICY NO .
A I b.uquer.,,u:-14 9
2. DATE OF REPORT

2 July 1965

DATE RECEIVED ( GSA use only)

GSA CONTROL NO. (GSA use
only)

4 . FROM ( Name and address of holding agency)

U.S . Army Engineer District, Albuquerque
P . 0. Box 153 8
Albuquerque, New Mexico 87103

6. NAME AND ADDRESS OF CUSTODIAN

Commander
Headquarters, 6th Strategic Aerospace Wing
(SAC) USAF
Walker Air Force Base, New Mexic o

6 . PROPERTY ADDRESS ( Give full location )

Site located approximately 30 miles west of
Roswell, New Mexico and north of U. S .
HighwaysNo . 380 and 70 .

FLOOR LOAD
CAPACITY

(4)

10. LAND

(From
SF 118b)

A . FE E

B . LEASE D

C . OTHE R

CLEAR
HEADROO M

(5 )

F. SPECIFY "OTHER" USE ENTERED IN C ABOV E

Missile Launch Facility .

ITEM SCHEDULE COST

A . BUILDINGS . STRUCTURES, UTILITIES.
AND MISCELLANEOUS FACILITIES A (Col d) 2,666,31 8

LAND B (Col. f) 48 1
RELATED PERSONAL PROPERTY C (Col. h )

TOTAL ( Sum of IIA , JIB, and IIC) 2,666,799
E . ANNUAL PROTECTION AND MAINTENANCE COST ( Government - owned or

leased
) $12,000

13. DISPOSITION OF PROCEEDS

Miscellaneous Receipts

15. HOLDING AGENCY US E

Missile Launch Complex (Inactive)

D. TOTAL

ACRE CSC

5 .48

296 .02
301 .50

12 . LEASEHOLD(S) DATA (Use separate sheet if necessary )

A . TOTAL ANNUAL RENTA L

B . ANNUAL RENT PER SQ . FT . OR ACR E

C . DATE LEASE EXPIRES

D. NOTICE REQUIRED FOR RENEWAL

E. TERMINAL DATE OF RENEWAL RIGHTS

F . ANNUAL RENEWAL RENT PER SQ . FT . OR ACR E

G. TERMINATION RIGHTS (in days )

LESSOR GOVERNMENT

14 . TYPE OF CONSTRUCTION

Reinforced concrete, corrugated iron .

16 . RANGE OF POSSIBLE USE S

Fuel and water storage;
Livestock feed storage ;
Salvage .

17. NAMES AND ADDRESSES OF INTERESTED FEDERAL AGENCIES AND OTHER INTERESTED PARTIES Eastern New Mexico Un i vers i ty ,
Portales, Now Mexico; Highlands University, Las Vegas, New Mexico; Cities Service Oil Co .,
Bartlesville, Oklahoma ; Farmers Coop ., Hagerman, New Mexico ; New Mexico State University,
Las Cruces, New Mexico .
18.REMARKS The property was acquired for the construction, operation and maintenance of the
Atlas 'IF" Missile Complex located in the vicinity of Walker Air Force Base, New Mexico .
The surrounding land areas consist mostly of livestock ranches and scattered irrigated
farms . The installation was screened against known military needs, with negative results .

19 . REPORT AUTHORIZED B Y

NAME

H . K . SHADE L

TITLE

Chief, Real Estate Division

SIGNATUR E

U . S. GOVERNMENT PRINTING OFFICE 18-69840--2
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STANDARD FORM 118-A
DECEMBE R
PRESCRIBED

B
B

19
Y GENERAL BUILDINGS, STRUCTURES , UTILITIES, AN D,SERVICES ADMINISTRATION

1. HOLDING AGENCY NO .

Albuquerque-149

2'
PAGE I OF 4 PAGES

OF THIS SCHEDULE
REGULATION 2-IV-201 .00 MISCELLANEOUS FACILITIES

118-202

GSA CONTROL NO. (GSA use
only)

SCHEDULE A-SUPPLEMENT TO REPORT OF EXCESS REAL PROPERTY
3 . ANNUAL RENTAL

HOLDING EST ILIN E
NO.

(a)

AGENC Y
BUILDIN G

NO.

(b)

DESCRIPTION

(c )

Buildin s :

MATE D
COST

(d)

OUTSID E
DIMENSION S

(e)

FLOO R
AREA

(Sq. ft . )

(f)*

NO .
OF

FLOORS

(g)*

CLEA R
HEAD-
ROO M

(h)*

FLOO R
LOA D

RANGE

(i)*

RESTRICTIONS ON US E
OR TRANSFER O F

GOVERNMENT INTEREST

6 )

2

3 11413 Warehouse Quons t H te u
iron sidin d f

14, 609 40'X, 00' 4., 000 1
an rame

5 concrete slab floor and fo d ti 'Iun a on ,r1
6 Completed ; 1962 .
7

11414 Ad im n- uonset Hut 18,543 40'x100' 4 000( j )9 Corru ated i i
,g ron s ding and f arne

10 concrete slab fl oor and foundationI I Corn I eted 1962; .
l z
13 11400 Water S l
14

upp y Treatment Plan t
butler type corrugated iron buildi

14 967 32x48' 1536( 1
1 5
i s'6

concrete slab floor and foundation
1961

p-1
.

1 11406

-

r renforced
conc t

291 901 1 D
20

Dptl 2,512(d )

re e with me
covered with 7'611 earth compacted27 fill C l tomp e ed : 1961 ,

23

24 11407 M i s s i l e Launch F il i
25

ac ty
Constructed f i

22025,338 521 ID 9 126 8
2 6

o re nforced concrete
cylinder and b fl

ep

v
ase oor .

Cornp eted ; 1962
Top oor
base e e

o

2 8

2 9

30

3 1

32

TOTAL

*Prefix figures with s mbols t d

2,365,358 :: . . . 21,174
y o enote type of fll ( )space, as oows: a for office; ( b) for storage ; ( c) for other . 16-69841-2 U . S . GOVERNMENT PRINTING OFFIC E
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STANDARD FORM 118-A
DECEMBER 1953
PRESCRIBED BY GENERAL
SERVICES ADMINISTRATION
REGULATION 2-IV-201 .00

BUILDINGS , STRUCTURES , UTILITIES, AND
MISCELLANEOUS FACILITIES

118-202

SCHEDULE A-SUPPLEMENT TO REPORT OF EXCESS REAL PROPERTY

1 .'HOLDING AGENCY NO .

lbuquerque-149

3. ANNUAL RENTAL

2 .
4PAGE 2 OF PAGES

OF THIS SCHEDULE

GSA CONTROL NO . (GSA use
only)

HOLDING
LIN E
NO.

(a)

AGENCY
BUILDIN G

NO .

(b)

DESCRIPTIO N

(c)

ESTI MATE D
d)

I OUTSIDE
DIMENSIONS(e)

FLOO R
AREA

(Sq . It . )

(f)*

NO .
O F

FLOORS

(g)*

CLEAR
HEAD-
ROOM

(h)*

FLOOR
LOAD
RANGE

(i)*

RESTRICTIONS ON USE
OR TRANSFER OF

GOVERNMENT INTERES T

Ci )
1 11415 I T lunne 80300 8'x10'xl5 ' 67(c) l (c )
2 Connects Silo and LCC construe e,
3 of reinforced concrete with ste e

concrete f l oor .
5 Completed ; 1962 .
6

7 11418 Pad Hard Antenna UHF ', - 600 10 dia .
8 Concrete t t i 9 1cons ruc on - S .Y . 3 c ept n
9 Completed : 1964 .

1 0
11 11419 ( Silo Hard Antenna HF - -, - 33 ,T70 8 ad 1
12 Underground - concrete encase '27 depth
13 with stee l liner .
14 Completed : 1964 .
15

16 11405 Fence Boundar 57 0, y - 2 LF . 11,056
17 Constructed of 5 strands of ba b der
18 wire o 41 hi h dn woo en posts .
19 Completed : 1961 .
20

11410 Fenc Se , ecurity - 1960 1F 21 698
22 C t ti 1

,
ons ruc on : 7 chain link, sur-

23

24

25

26

supported on steel posts, wi an
electrical opera-red gate of u u a
see frame cons rue ion .

mounted with 3 strands of barbed w

27 I Completed : 1962.
28

29

30

31

32

TOTAL

ire

$151,824 67
*Prefix figures with symbols to denote type of space , as follows : (a) for office ; (b ) for storage ; (c) for other . 16-69841-2 U . S. GOVERNMENT PRINTING OFFICE
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STANDARD FORM 1 18-A
DECEMBER 1953
PRESCRIBED BY GENERAL
SERVICES ADMINISTRATION
REGULATION 2-IV-201 .00

6UiLDINGS , STRUCTURES, UTILITIES, AND
MISCELLANEOUS FACILITIES

118-202

SCHEDULE A-SUPPLEMENT TO REPORT OF EXCESS REAL PROPERT Y

LINE
HOLDING
AGENCY S F f MATED FLOOR

NO. BUILDING DESCRIPTION

~
COST OUTSIDE AREA

NO . DIMENSIONS (Sq . ft. )
(a) (b) (c) (d) (e)

(f)* .

1 11412 Telephone Duct Faci lities 1,829
2 buried 1 -1/2" and 4" condui t

207 LF = Completed 1962.

-5 UI il i Ies ;
6

7 1 1 402 Water Storage Tank 15,955
s Steel, 6,000 gal, cap .
9 Com feted ; 1961 .

1 0

11 11408 Water Storage Tank 45,9 1 9
12 Steel, 93,000 gal . cap .
13 Completed : 1962 .
1 4

15 11409 Diesel Storage Tank 6,929
16 Steel, 364 bbl cap .
17 Completed : 1962
1 8

19 I1403 Water Ma ins 3,695
~o 31i and 4" transit e, 80 & 100 PSI .

Completed ; 1961 .
2 2
23 lI404 Sanitary Sewage Mains 18,948
24 4" and 8" Cl & VC pipe, 512 LF .
25 Comm f eted ; .1961 .
26

27 11420 In . Waste Mains
'

23,800
28 a nd 8" VC, 52 LF .
29 Completed : 1961 ,
30

3 1

3?.

TOTAL $117,075

NO.

FLOORS

(g)*

*prefix figures with symbols to denote type of space, as follows : (a) for office; (b) for storage; (c) for other.

I . HOLDING AGENCY NO.

Albuquerque-149

3 . ANNUAL RENTA L

CLEAR
HEAD-
ROOM

(h)*

FLOOR
LOAD
RANGE

(i)*

2.
PAGE 3 OF 4 PAGES

OF THIS SCHEDUL E

GSA CONTROL NO . (GSA use
only )

RESTRICTIONS ON USE
OR TRANSFER OF

GOVERNMENT INTEREST

(1 )

16-69$41-2 N . S . GOVERNMENT PRINTING OFFIC E
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STANDARD FORM 11 8-A
DECEMBER 1953
PRESCRIBED BY GENERA L
SERVICES ADMINISTRATIO N
REGULATION 2-IV-201 .00

BUILDINGS , STRUCTURES , UTILITIES, AND
MISCELLANEOUS FACILITIES

118-202

SCHEDULE A-SUPPLEMENT TO REPORT OF EXCESS REAL PROPERT Y

LIN E
NO.

(a)

HOLDING
AGENCY
BUILDING

NO.
(b)

DESCRIPTION

(c)

ESTIMATED
COST

(d)

OUTSID E
DIMENSIONS

(e)

FLOO R
AREA

(Sq. ft . )

(f)*
11421 Second Distributi on Line 54

2 Overhead, 900 L.F .
3 Comp leted : 196 1

Miscellaneous
6 I 1411 Road (Asphalt) 27,552
7 Constructed of 6" crushed stone
8 double bituminous, 18' width ,
9 2777 LF - 5447 S Y

10 Comp.leted~ 1962.
1 1

12 11401 Park Vehicle Non-Or g . 4,455
13 Hard surfaced gravel, 1253 S .Y .
14 Comp e e ; 96
1 5

1 6

1 7

1 8

1 9

?0

22

23

24

25

26

27

28

29

30

31

32

TOTAL I $ 32,061

NO .

FLOORS

(g)*

*prefia figures with symbols to denote type of space, as follows : (a) for office; ( b) for storage ; (c) for other.

I. HOLDING AGENCY NO.

Albuquerque-149

3 . ANNUAL RENTAL

CLEAR
HEAD-
ROOM

(h)*

FLOOR
LOAD
RANGE

(i)*

2.
PAGE 4 OF 4 PAGES

OF THIS SCHEDUL E

GSA CONTROL NO . (GSA us e
only)

RESTRICTIONS ON USE
OR TRANSFER OF

GOVERNMENT INTEREST

0)

16-69841-2 O . S . GOVERNMENT PRINTING OFFIC E
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STANDARD FORM 118-B
DECEMBER 1953
PRESCRIBED BY GENERA L

SERVICES ADMINISTRATIO N
REGULATION 2-IV-201 .00

SCHEDULE B-SUPPLEMENT TO REPORT OF EXCESS REAL PROPERT Y

TOTAL

H CO 4'L X-S IT~NO . 9

ANNUAL
RENTAL

U.S . GOVERNMENT PRINTING OFFICE : 1963-0-673279

TRACT

ACRES SR-
COST

TRACT NAME OF FORMER OWNER OR LESSOR ACQUIRE DI I
NO. AND ADDRESS (Acres ea_

WAL KER A(=B MISSjLE LAUN

I : HOLDING AGENCY NO .

Albuquerque-149 B
3 . GOVERNMENT INTEREST

R

LEASE LICENSE

X PERMIT EASEMENT

2 .

OF I PAGES
P OF T S SCHEDUL EI

GSA CONTROL NO. (GSA
use only)

RESTRICTIONS ON USE OR TRANSFER OF

GOVERNMENT INTEREST
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STANDARD FORM 1 18-B
DECEMBER 1953

PRESCRIBED BY GENERAL

1 . HOLDING AGENCY NO.

Albuquerque-14
2 .

GESPAG
E OF THIS SCHEDULE

SERVICES ADMINISTRATION LAND
REGULATION 2-IV-201 .00

SCHEDULE B-SUPPLEMENT TO REPORT OF EXCESS REAL PROPERTY

118-302

3 . GOVERNMENT INTEREST

LEASE N LICENS E

PERMIT EASEMEN T
INFORMA L

FEE AGREEMENT

GSA CONTROL NO . (GSA
use only)

TRACT EXCESS REAL PROPERT Y
LIN E
NO .

(a)

TRACT

NO .

(b)

NAME OF FORMER OWNER OR LESSO R

AND ADDRESS

(c)

ACQUIRED

Acre s
)u'S`

(d)

ACRES

(e)

COST

(f)

ANNUA L
RENTAL

(g)

TYPE O F
ACQUISITIO N

(h)

RESTRICTIONS ON USE OR TRANSFER O F
GOVERNMENT INTEREST

(i )
1 Totals on Previous Schedule 301 .50 301 .50 481- ~• ,.

Increase in Acreage and
or Ac :uisiti.on Cost

5

6 A Dept . of Interior (6.74) (6 .74) 0 -*= Transfer P 2749 dtd . d Aug . 1962 Acquisitio n
7 1325' Cost .
8 (325 )
9

1 0 100 State of New Mexico (1 .52) (1 .52) (100 Fee ondmn
11 25 Acquisition Cost added
12 (125) Correct Acquisition Cost
1 3

14 101-1 State of New Mexico (3,96 3.96 (198)* Fee ondmn
15 40 .tio Cost
16 (238) Correct Acquisition Cost
1 7

I8 100-E State of New Mexico (62 .02) .* 62.02 v`t (93)* ,,asement
19 3l 78 3I 78 65 acreage &, Acquisition Cost adde d

(93,80) (93,80 ) (158 - Correct Acquisition Cost

22
23

24

25

26 .; Acreage and/or AsscoquisUion Cos '--Shown Previous jul J 965
27

y .

2 8

29

30

3 1

32

TOTAL D

3 33 e 2 C) 333,28 93 6
U.S . GOVERNMENT PRINTING OFFICE : 1963-0-673279
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STANDARD FORM 1 1 8-B 1 . HOLDING AGENCY NO . 2DECEMBER 1953
PRESCRIBED BY GENERAL

LAN
A l buquerque-149

.

PAGE I OF I PAGES
OF THIS SCHEDUL ESERVICES ADMINISTRATION D

REGULATION 2-!V-201 00
3 . GOVERNMENT INTEREST GSA CONTROL NO . (GSA.

LEASE LICENSE
use only)

SCHEDULE B-SUPPLEMENT TO REPORT OF EXCESS REAL PROPERTY PERMIT . EASEMENT
Ile-3oz FEE INFORMAL

AGREEMEN T

LIN
TRACT E XCESS REAL PROPERTY

E
NO.

TRACT
NO.

NAME OF FORMER OWNER OR LESSO R
AND ADDRESS

ACQUIRED
ACRES Oa ANNUAL

TYPE OF RESTRICTIONS ON USE OR TRANSFER O F
( Acrcr s.

9"fte FEET
COST.

RENTAL
ACQUISITION GOVERNMENT INTEREST

(a) (b) (c) (d) (e) (f) (g) (h) (i)
1 A

B
Dept . of Interior 6 .74 6 .74

--
_Transfer PLO 2749, dated 8 Au 19622 Dept . of. . .Interior .. . . .2,49 . . . . .249., __ .. ._.:. H

.
1 f

C De t . of Interior 8 6 -8 26
11 i - 1 1. II :

U. Special se Permit intn 121 n

5 100 State of N . M . 1 .52 1 .52 108-.• Condemn .
2749 for restricted

6 101-P NM State Hwy Coml -- -- Permi t
7 101-1 State of N . M . 3 .96 3-96 1 Q g
a D De t of. .4 n term or, 209.97. 209-91T,

Cnndmn-

P 0 499 100-E State of .N . M . 62.02 62.02 93
--

Ease e t

- I
1 0 5-9-F -Dept-of,x.,:,Interior 0.22 .

-0 22

m n
, .

11 S-9-E De Pt of Interior 0 69
.

0 69

_

1 2 S-9-10C
_

-E-2 Robt 0. Anderson
.

(0 16)
.

(0 16)
--
90

if 11 11 if 1 1

13 S-9-10C -E-3 Robt 0 A d
, -- . - Acreage include

H. n erson 8 aE -_ II ti u „
14 S 9 10C E 4- - - - Rob Ander son LQ QOQ,9 (0 000g) * 1I 11 I I
15 S-9-G D t f

- - I I
ep , o Interior --5 63 ,5i63 , angfor . :.: . . .Tr PLO-s2749 dated, 8 Aug 196216 - - ,

17 Cost included in Tr .
18 No. S-9-I00-E-2

All land acquired subject t o
19 oil, as and mineral interests re -

served to former owners and/or le s
Land items are to be ret i dz z

23
a n e

until final disposal has been
24 accomplished on all Government -
25 owned Property located thereon .

2 6
2 7

2 8

29

30

3 1

32
~ F3, l {

TOTALOTAL 301 .50,
C

~0 -301-i.50- 4~ 8 1

U.S . GOVERNMENT PRINTING OFFICE: 1963-0-673Z79

ees ,
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DESCRIPTION :
Title Owner

Compliments of The Larimer County Abstract Company, 151 West Mountain, Phone HUnter 2-1208
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1/,T MOOR' , FiILIP , DCC Crew 27

579th Strategic Missile Squadron
6th Strategic Aerospace Wing (SAC)

UNITED STATES AIR FORCE
Walker AFB, New Mexic o

OPERATIONAL READINESS TRAINING

ATLAS "Fl?

TASK 200

SILO FAMILIARIZATION (REVISED )

(This Guide replaces Silo Fa?niarlization 'aide
dated July 1962 and changes 1 Aug 62 and 1 Sep 62
thereto . Previous editions should be destroyed )

FOR INSTRUCTIONAL ~URp( RS ONLY

SEPT 1962
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FLUID LINE CODE

NAME FUNCTION

AHE = Air Supply=Valves & Controllers
APC = Air Supply=LCC Air Cylinders
APD = Air Supply=PDU
APU = Air Supply-PCU Valves and

Controllers
AUS o Air Supply=Blast Closures ,

Diesel Air Tank
FFM m Fuel Fill Line=Missile
FFP m Fuel Fill Line Prefab
HASI= Helium SupplyPDU=Airborne Spheres
HAS2= Helium Supply=PDU=Airborne Spheres
HCS = Helium Supply=HCU
HCX1= Missile LOX Tank c'bchaust
HCX2= Missile Fuel Tank Exhaust
HES o Helium Emerga Supply to PCU
HEX o Helium Exhaust from HCU
HFD m Helium Charge Line=Infliaht Tanks
HFP = Fuel Tank Pressure Checkout
HFS = Fuel Tank Ullage Sensor (L/p )
HHE = Helium=Heat Exchanger for Airborne

Spheres
HOP = LOX Tank Pressure Checkout
HOS = LOX Tank Tillage Sensor (L/P)
WC = Helium Yissi .le Controls
HNS = Helium Normal Supply=PC U
HRS o Refrigerated Helium-Airborne

Spheres
HSM o Helium Supply =fissile from HCU(L/ P)
NDP = Equalize Pressure=Drain FW
NEX = Vent LN2 Tank & ReliefValves an

1142 Prefab
NFD = GN2 Supply-Ground 'Pressure Tank( )
NFF Equalize Pressure=Drain FFP
NFP = G N2 Charge Line for Fuel Prefab

Cylinder
NHA = GN2 Charge Line for Hydraulic

Accumulators
NHS = GN2 Supoiy=Hydo Pumping Unit (L/P)
NLD LN2 Drain from Missile Shrouts(L/P)
NLF =LN2 Coaxial Line=Airborne Spheres
NLSI= LN2 Supply=LN2 Prefab
NLS2= LN2 Supply from LN2 Storage Tank
NLS3= LN2 Supply to Heat Exchanger

N'ff,l= Lower Liouid Level Sensor,
Heat Exchanger

NF"L2= Lower Liquid Level Sensor,
Liquid Nitrogen Storage

NMU1= TTpner Licruid Level Sensor,
Heat Exchanger

NMU2- Upper Liquid Level Sensor,
LN2 Stee ,

NOD o Equalize Pressure=Drain OFk
NOP o GN2 Supply-Pressurization

Prefab to Press LOX Tanks
NOT1= 02 Press-LOX Storage Tank
NOT2= 00N2 Press=LOX Topping Tank
NPC o GN2 Supply=PDIT=Missile Press
NPM o GN2 Purge=Mobile SFC, TTnit(L/P)
NPP = GN2 Re=supply from Pressn

Prefab
NPSI= LN2 Storage Tank Press Line
NPS2= LN2 Storage "dank Vent Line
NPS = Heat T-bcehaneer Vent Line
NPW = GN2 = Retraction Wench, . L/P)
NSD - T2 = PDU
NSUI= G 'M2 Suroly=wised T.amh Plata

Form
NSIT2= GN2 Supply=Launch 'Platform
WP = 2 Supply=Pressth Prefab
NUS = (N2 Press=APCHE Units (L/P)
N7P = Fuel Levreiinr Tank Vent
OAF _ -*T2 Sunni-.T=W2 Tanks
OFC = LOX Supply Storage Tank
OF4 = LOX Fill Line to Missile
OFP o LOX Supply Line=Fill IIrefab
OFS a LOX Sunnly Dine=To ninr Tank
OFT LOX Fill Tine=Control Prefab
O?-L1- Lower Liquid Level Sensor,

LOX Storage
OA?U2= Upper Liouid Level Sensor,

LOX Topping
OST = LO?r Topninr Line Missil e
CVC - Vent line from °.elief Valve

on LOX Control Prefa b
OVF = Vent Line from Deli-f Valves

an LOX Fill Prefa b
OVP = Vent Line from LOX Tank s
PO ri_UiI haunt morn Relief Valves
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SIIL CAP AREA

In silo Air intake : Goes to air wash dust collectors on Ouad 3 level
liy of the crib

2, Silo Air chaust : kits froze the Silo wall at level 2, (Duad 2,

j, F;11 and Vent Shaft .

a, GN2 and GCXVent OVP) : To pressurization prefab to vent LOX
storage tank throughf$ and topping tank through N~4 0

ba Helium Fill : To Missile LOX tank from pneumatic check-out
vehicle PCV During MAPCHE checkout only) (HOF )

co Helium Fill HF?): To RPml tank from PCV (During MAPCHcheck
out only

d, LN2 Fill (NLS) : Through LN2 prefab to LN2 storage tank and LN2

heat exchanger ,

ea Helium Vent : (HCX_1) Missile LOX tank pressure exhaust through
PCU valve 112,

f, GN2 Vent (NEX_) : LN2 vent from LN2 heat exchanger & storage tank
through LN2 pre-fab,

g, LOX Fill : (OFF) Stub up L20 through LOX fill pre-fab valves
L-7 & to LOX storage & topping tanks ,

h, Helium Fill (HFP) : 6,000 PSI helium through PDTJ to both inflight
helium bottles, Manual valve 23 for IF 1, Manual valve 24 for IF2 0

a cw VS9t fllTaa1q i f / P. nM' r. 1 _ s •_ rn~ i s
Jo era+4 a 11 ..L l av a i L , y,gvVV PSI r.rirG 1111 LO nL1e 500 cubic foot

battle ,

k, GN2 Fill (OAF) : 49000 PSI GN2 fill to 2 ea 625 cubic foot b~ttleso

1, GN2 Fill NFD : To 6,000 PSI GN2 bottle (('nd Pressurization ~•
Routine use through valve 25 in the FOIL,

4, A, Manual Valve Fmi6 : From missile to catchment tank,

B , Valve F-15 : Misfile fill stub up, (RPI )

C, Dirt Lube Oil Drain Line : From tank on level 5 and veunn on
level ,

DD Clean Lube Oil Fill Line : To tank on level 5,
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'1ss1'e fuel tank rressure exhaust througo

4 er, t ; Ve t from fuel wading yore-fao ( fuel leveling tank)
}: ., on 1e; ru .`= i NP

"emine a?ized inter Fill- To demineralized water tank on level 9 1
;ray not ba useri) ,

h Cats intr.' 'Tank ;, Access Oe vent (1 5000 gal car) ,

.7 . A . F-17s RP=1 fill stub up ,

B. F-20 : One way check valve to RPml catchment tank .

i o F-18= RP -1 manual shut off valve located between F'l9 and P-20 ,

D, F-19 a Catch^il-ient tank fill stub up ,

8, Diesel Fuel Tank Fill-. To diesel storage tank (15,300 gallon car) .

9, Diesel Fuel Tank Vent -

i0 Cooling Water Tower: Cools condenser water to maintain return water
temp at 90°F . Receives 8 GPM make up water from the utility water system
through a chemical pot feeder on level 1, Cools Diesels, eater Chiller
Units and Instrument Air Prefab ,

11, Collimator Sight Tube Opening : Used to orientate 'the collimator to
true North ,

12. Utility Water Tanks and Vents : -4 ea tanks 61 feet under surface .
Total capacity 919000 gallons . 1-169000 gallon, 3 ea 25,000 Fallon, high
level alarm 89,450 gallons, low level alarm at 10,300 Pallons ,

130 -LCC Entrance .

14, LCC Sewer Vent : Blast closure closes automa tically in event of nuc=
lear blast for 20 seconds, then ovens ,

15 . LCC Air Exhaust -. 1611 blast closure ' eloses automatically in event of
nuclear blast for 30 minutes , then opens ,

16, LCC Escape Hatch : Shaft contains 4 tons of sand which empties into
level 1 of LCC when trap door is opened ,

17 . WC Air Intake -. 16" blast closure closes automatically in event of
nuclear blast for 30 minute § 9 then ovens ,

18 . Blast Detection Optical Sensors ( 2 ea) -. Converts the 117ht radiation
of a nuclear blast to an electrical pulse which is sent to the x'-uel6ar
Blast Detector Unit on level 2 of the LCC . The same mast has an ontical
test light which simulates the light of a Nuclear Blast ,

4
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NOTE: Used in conjunction with the optical sensers are 3 ea burled
loop antennae to detect ground shock, F,ach antenna consists
of a 2 foot diameter loop, 10 feet underground and a matched
test antenna ,

19. Raw Water Storage Tank : Contains Unprocessed water,

20, Water Plant Building Containing :

A. #1 Veil and Pump .

B . #2 Well and Pump (may be in seperate pump house) ,

C, Deminerialization, Filtration and Softening Equipment,

21, Processed (Product) Water Storage Tank :

NOTE : Location and makeup equipment (19,20921) varies from site to
site ,

220 Electrical Stub-ups : 480 VAC power from NEMCC

A. Helium Compressor Elect Connection, 75KW

B. Oxygen recharger electrical connection, 75KW

C. MAPCHE check=out vehicle electrical connection„ !!APCHE contains
electronic equipment for rapid automatic checkout of the various
missile systems ,

D, Ground connection ,

E. DMU electrical connection . Now called PTS (Pneumatic test set),
Set supplies pressure to the missile durir.s installation and re~
movfal and during MAPCHE checkout 5O W

F. GN2jLN2 recharger electrical connection, 13 0KW

G, Engine service trailer stubup, 25KW

H. 11OV AC 30 general purpose outlet,

23, Comm Box (3) Areas 3,4 and ll)

24. Electrical Connection ° For fuel (RP f purifieation unit ,

25, Personal Warning Light and Horns : Locatea above LCC•actuated from
FRCP, Level 2 of LCC,
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26, Silo Doors : 2 ea, 150,000 Ibs, 16~ 8" X 221 7 24 6" thick with a 14"
overlap, Designed to withstand over=pressure of 100 PSI, each door
opens to 950 in 19 seconds, West door opens 6 seconds after start of
east door, Total door opening time 25 seconds ,

27, Breakaway Cylinders : 2 each door assists min door actuators, Has
4" stroke with 37,500 lbs lifting capacity,

28, ?'fain Door Actuators : One for each door ; Has snubbing action from
90 to 95 degrees of upward travel ,

29, Horizontal Crib Locks : (3 each ) 120 degrees apart, (NW=NEmS )

30, Uplock Strikers : -(For Launcher Platform) 4 each, Used to lock the
launcher platform to the silo cap when the launcher platform is in
the raised position ,

31, Comm ''J" Boxes

32, P,A, Alert Button

33, Silo Sump Pump Discharge on to Ground Through 6" Pixie, location may
Vary,

34, Catch Basin : Receives waste water. discharge from water processing
plant when equipment is back .flushed, Location may vary,

35, Tile Field : Receives discharge from LCC sum pumas,
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LAUNCl1 CONTROL CENTE R

]Figure 1-3. Launch Complex Entrance
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2 -+l T- ricer MCC) is a cylindrical structure
1L• ''e?t s',a;.,eLer, 61 feel te_cw 2r'ade, and contains a 2 story steel
=~-'u 1rF. _:ay1 d a ~,:,•? _'_ :~~-, T'h~3 nu;ig floor haves from the ceiling

' ?_ '~tE ? --ic*_.ure rfy a suspension system that is air cushioned to
?_'J''Znd st ^ <'

P ~ c o - ists ►f a stairway down from grade level.,
°` . Zr _pmert a .;--ea, wo 'Mast doors . connectln tunnel and a stairwell for
e WC levels and to the silo connectiny tunnel

he upper floor ilevei 1) of the LCC is divided i nto various rooms
PeQdy room and storage area, ianitor room, latrine and shower-room,
.. 'hen and dl ! ing area . neat, vent and air oonditionir.P room , and medical .
supniles room ,

The io'ver floor i level 2) of the Lrr" is also divided into various roon±s
in which the actual launch equipment is located : Launch f°ontrol Rorm_
off ice? battery- room and communications and eouloment room, The tunnel
;o the silo connects L level 2 and silt level 2,

The utility tunnel which connects the LCC with the silo is annroximately
50 feet long with an inside diameter of 8 feet, Two blast doors are
presently located at the silo end of the tunnel together with two hlas+
plates .. These blast olates are permanently bolted to the concrete walls

(one on the inside wall of the silo and the other in the tunnel) and ?have
numerous 21 inch holes used for routing cables between the LCC and silo,
A third blast door is to be installed at the LCC end of the turnel,

Entranceway to LCC

1, Grade entry door and micro sTdtch

2, Stairway down

3, Telephone

4 . Bull horns 5 ea )

5 . Entrapment area door warning buzzer

6, Entrapment area = two doors and micro switches

7, Ta , monitor camera

8, Blast' doors (2) and micro switche s

91, LCIC Stalrwail air exhaust vent

10, LCC Stairwell blast closure - 161

9
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10

12, 5-w-r Drain

13, Sewer Vent
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LEVEL G' LtC,

PSI Suly!ae° T .Lir~Cyl

"~--e" 16 c Cabiiett
u rLiie1ss -41'0-~sF-

Te $cvr Task i ~ .r
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LC LEVEL 1

1 11.i..J `f Roitt

?, Electric !dater Heater

Ja i ; Ility Sink

4 ,. Air Supoer.t Cylinders (4 The LCC contains a 2 story steel structm
are, This steel structure hangs from the concrete roof by a suspens .
ion system that is air cushioned by 4 supnortine and leveling cylind=
ors with approximately 350 ± 15 PSI instrument air supplied to them,
The 4 cylinders provide air suspension and absorb around shocks The
support cylinders are individually and automatically controlled to
maintain the structure level under normal operating conditions ,

5a Latrine and Shower Room

6, Kitchen and Dining Area The kintehen and dining room has all eeuin~
went necessary for a ten day isolation of the launch crews This
equipment consists of a stove9 sink with disposal, refrrerator free=
zer9 tables and chairso Enough food will be stored in the kitchen
area to feed the launch crew during a passible ten day .isolation perry
ledo

70 Facilities Electrical Cabine t

$a Center Column with Canvas Enclosur e

9a Heating Ventilation and Air Conditioning Rooms Equipment in this
room is capable of supplying approximately 5550 CFM of clean refri-
gerated (or heated) and dehumidified air to the LCCO Air is drawn
thru the above ground air intake duct, a 16" blast closure and filters
(including a CBR filter) by a 7 hp motor and supply fan (S=1)a This
same fan then forces the air thru a chilled water coil and a heated
water coil and thru ducting to both levels of the LCC and the silo
tunnelo Normally, approximately 3$00 CF1' of the 5550 CFM is rec4r=
culated air and 1750 CFM is fresh "outside" airo The LCC exhaust fan
(E=1) draws approximately 1100 CFM of air from the comumnicatlons
emergency battery room, the kitchen and latrine and forces this aim
thru a 16" blast closure and out an above ground exhaust vento In
addition to the "recirculated" air and the-"exhausted" air, approxir±~
ately 650 CFM of air flows from the LCC thru the LCC stairwell 16
blast closure and vents into the LCC entranceway tunnel s

10 0 Air Intake Blast Closure 16

11 0 Medical Supplies Room

12a Escape Hatch an d ".adder , Filled with 4 tons dry sand

lj
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Air ?'a 1~ie'' a 1

lx_ .. '7230 PSI L ines for 4 Blast Closure s

15 . Five 500 PSI Lines -. L to Ryl ea . supply line to
supply lines to LCC support cylinder regulators .

16 . Electrical Cabinet

17 . Air Exhaust Blast Closure m 16"

18. Electrical Cabinet

19 . Sewer Vent Blast Closure

20. LCC Stairwell Blast Closure - 16"

21 . Comm Box (Sta - 35 )

22. Speakers

23 . Emergency Light (6 VDC 1

14

reciver tank and 4ea .
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Lce LEVEL N0

1, Launch Control Console : Monitors standby and countdown status or
weapon system with light and pressure Pale indications, Has controls
to start countdown, commit and abort sequences ,

2, Facilities Remote Control Panel : Monitors RPIE, Can control blast
closures and missile enclosure fog system ,

3, Power Remote Control Panel : Monitors and partially remotaly controls
the diesel generators ,

4, T.V . Monitor & Controls : More than one system may be installed,

5e Gate and Door Control : The gate and door control panel contains 3
buttons and 3 indicator lights, The gate control button and light
are for entrance through the perimeter gape (this may or may not be
installed), The No, 1 entrapment area, after identification by T,V,
The No, 2 button and light will permit entrance through the second
security door, Both security doors are electrically unlocked and
locked,

6, Blast Detection Console : Detect nuclear blast, closes blast closures
and causes guidance to go on memory ,

7, Fire Alarm Panel and Rectifier (12VDC : Provides fire alarm and
monitor system , See "note for Fire Detector Zones and Locations

8, Fire-Alarm Batteries (12VDC)

9, Blast Detection Terminal Cabinet

10, Battery Bank ( COmm)(48VDC)

11, Comm Cable Dryer

12, Battery Charger for Communications Battery Banc and Telephone Pincers

13, Distribution Transformer 440 V (45RVA )

14, Liahtin~ Panel "D" Provide controlling Ckt, pks for light system

15, Launch Control Center Motor Control Center : 480 V 60 cycle rower
through breakers for LCC .

16, Telephone Terminal Cabinet

17, P,A, Terminal Cabinet

18, Central Distribution Frame

17
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. . Power Dist . .v~on Service Cabinet (l2O/2C8 Volts 60 Cycle) : For
inter-site telephone carrier , Has 130V and 4RV breakers ,

20, Lighting Panel °C° : For communications,

21, Launch Enable System

22, P .A . System: Controls, amp.ifier (6 ea) and pre-amplifiers,

23, Emergency Lights (6VDC )

24, Alarm Annunciator s Visual and audible alarm or communications mal-
function.

25, Switch for Air Conditioning UAit (Ref 131)

26, Floor Access Doors

27, Access, Leveling Devices

28, LCC Lighting Panel "A°t ;

29, Alarm Annunciator and Coma Override Lock Switc h

30, Water Plant Panel

31, Communications Room Air Conditioning Unit Chilled Water ()nlv

32, Sewage Pumps (2) : From LCC to septic tank and tile field ,

33, Control Station Manual Operating Level (new location) 'anual Operation
of AMF ,

34 0 Speakers

350 Telephone (Sty 39)

36, Circuit Breaker for LES

37, Circuit Breaker Cabinet for Bell Ringers and Comunications Patter-y
(48V) Chargers ,

38, Fuse Box slow-blow type) : For bell ringers,

39, Switch for Fan Coil Unit-(FC-1 )

18
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i<•r' Site Cern Boxes

Ll .. CPi Arai Rack for Dire--!t Lines (C,PI ACP etc) and Explosion Proof (E,P, )
iorisa coxe s

42 . . Dial Telephone Cable Carrier Wave Eouipment

43 . T,~'ephone Patch Panel to Each Site and MAMS and Cable Carrier Wave Eouio

', .., Power Supcly Panel for Carrier !'W ye Equipment

NOTE : FIRE DETECTOR ZONES AND LOCATIONS

ZONE LOCATION

1 Silo Levels 1 and 2

2 Silo Levels 3 and 4

3 Silo Level 5

4 Silo Level 6

5 Silo Levels 7 and 8

6 MEA Levels 29 3 and 4

7 MEA Levels 69 7 and 8

8 LCC

Manual reporting stations'on Levels 29 49 6 and 8 at entr-
ance to Facility Elevator,

19
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iL`-J L J J:.L 1L

1, Facility Elevator : Combination freight and passenger elevator for
interlevel service from level 1 to level 8, 6000 lb capacity,
electrically operated ,

2, Facility Elevator Drive and Control : Electric motor incorporating
reduction drive and sheaves and pulleys providing motive force to
raise and lower facility elevator ,

3 . Launcher Platform Drive : Elevates and lowers the launcher platform,
between stowed and launch positions, under all load conditions .
Direct mechanical actuation is supplied by either one of two 125 hp
electric motors operating through a power transmission that rotates
the two drive sheaves . Five cables for each of the two drive sheaves
are attached to the crib structure at one end , and pass under the
sheaves at the top of the counterweights, rise and reeve about the
drive traction sheaves, undersling the launcher platform sheaves ,
and are anchored at the top-of the crib structure through tension
equalizers ,

A . Low Speed Motor
B, Aux Speed Decrease r
C, Clutch (Shaft Coupling)
D. Main Speed Decreaser
E. Brake
F. High Speed Motor
G. and H. Drive Sheaves

4o Launcher Platform Guide Rails : Located on three sides of the launcher
platform serve to guide launcher platform as it is lowered and raised
within the silo . These, rails minimize lateral movement, or tiltin_¢ of
the launcher platform and provide a smooth vertical track for th e
launcher platform travel, The rails are of I- beam construction with
flanges to provide a smooth bearing surface ,

5, Spray Pumps (P20 & 21) : Consist of two water pumps, each with a cara=
city of 280 gpm flow, The pumps are connected in parallel, as one pump
is in continuous operation and the other pump is on standby. Water is
pumped to the sprayers in the dust collectors and then recirculated by
the operating pump . Water losses are supplied by the makeup tank ,
item 12 ,

6, Circular Stairs An all steel circular stairway, 5 ft in diameter,
goes from level 1 to level 7, thereon a vertical ladder is used to
level 8,

7, Air Conditioning Ducts : Distributes air throughout the crib and is
routed to the 8th level,
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2i Cylindrical, wet impingement tune air
~ashe:!'i t -1'_-ctor units, Cleans supply air prior to distribution,

u o1y- Fa: a !SF 20 21) . Dra,rs the air from the dust collectors an d
distribfites to the air ducting . Alternately used when outside temp-
ers*ure below 600F ,

a, Direct driven axialvane inlet fa n

b, 20 hp 1750 rpm, 440v1 3 phase, 60 cps

c . Water agitator equipped sump

10, Air Intake Plenum : Provides intake air chamber to the dust collector
units ,

11, Sand Settling Tank : In series with dust collectors, provides trap
to allow impurities washed from conditioned air to precipitate out,
1 amp to sump .

12, Air Wash Water Makeup Tank : In series with silo air conditioning
system.

13 ., Chilled Water Tank : In series with main water chilling system located
on fourth crib level . This tank acts as a header or expansion tank .
App 30 gpm0

11+, Launcher Platform Motor Control Center : Contains controls that provide
power for the two electric motors that in turn afford power to raise
and lower missile . The 125 hp motors operate from 480v, 60 cps, 3
phase current . Also curnishes power to amf logic racks, hydraulic power
pack and launch platform drive control ,

150' Launcher Platform Drive Control : Both motor are controlled from a
ommon saturable-reactor type control networ , Motor speed is con-
trolled by tachometer feedback control,

16, Logic AMF Racks (4) : Controls the automatic and prover seauencine of
mechanisms for raising the di.ssile for launch and then return plat-
form to hard state . Provides checkout and test of this lifting mech-
anism and locates malfunctions ;

17 . Demineralized Water Tanks Capacity 345 gal, Furnishes make un water
to chilled water system, hot water system, and diesel engine closed
loop cooling system,

18, Demineralized{tfater Fpump (P-90) : Transfers water from demineralized
water tank thi-ough one way deck valve to systems 1 sted in pars, 1--,
Pump is automatically controlled by liquid level cont of valves in the
chilled and hot water systems . Manual operation is f oat FTC #2, silo
level 2 ,
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f * ins 8 gpa utility water for use in the

'O In a y e 's'an_sand FlastClosures ° Two 46 in, outside diameter Wipes
alow the intake air to the silo air conditioning system. It will
automatically close upon detection of thermonuclear radiation, Elect
heat.e°s an,l dampers being instated ,

yT Lights {6 Volts)

22, Comm Box

23, Loud Sneakers K2 Each

24 . Control Manual operating Leve l (Manual Operation of AFM System) Gust
IT (old location )

25, Missile Lift Junction Box

26, GN2 Pressure ( a:ee (GN2 to Silo Doors Actuators for Cushion)

:7. Fire Extinguisher

28, Warning Horn

29, NCU Connect : GN2 to NCU when L/° is up and locked,

30, Safety Platform & Elevator Entrance ? :'~ n X11

31, Diesel Fuel Storage Tank Shutoff Valve

32, Overspeed Control Box: This unit provides a weans of checking -the
operation of the overspeed sensor and contains an annunciator to
indicate that an emergency stop has been initiated by the overspeed
sensor,
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Section I T.O. 21-S 1NI65F- 1

LEVEL 2

1 HYDRAULIC PUMP AND RESERVOIR
2 HYDRAULIC ACCUMULATOR AN D

GASEOUS NITROGEN PRESSURE TANKS
3 INTERCONNECTING JUNCTION BOX
4 LIGHTING PANEL LA
5 LIGHTING PANEL LD
6 30 KVA TRANSFORME R
7 LOCAL CONTROL HYDRAULIC PANE L
9 NONESSENTIAL MOTOR CONTROL CENTE R
9 COMPRESSED AIR SYSTEM REGULATOR PANEL

10 ESSENTIAL MOTOR CONTROL CENTE R
11 EXHAUST FAN BLAST CLOSURE AIR COMPRESSOR
12 SILO EXHAUST FAN AND PLENU M
13 GASEOUS OXYGEN VENT
14 WORK PLATFORM 1
15 LAUNCH PLATFORM COUNTERWEIGH T
16 MANIFOLD ASSEMBLY WORK PLATFORMS CRIB

LOCKS SILO OVERHEAD DOOR S
17 FILTERS

40 . 10-116A

1-50

17

VIEW A

Figure 1-24 . Silo Level 2 Equipment Location -
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SILO LEVEL 2

l: raci? i .. Eleva+or

2, Facility Elevator Counterweights : Consist of iron slabs which are
9uided by rails and lower to the 8th level, Has chain attached to
bottor, to compensate for cable weight changes ,

3, La=incher Platform Counterweight : This slab unit comprises 26 cast
iron and three steel slabs bolted together to form a 541,000 lb
counterweight . The counterweight minimizes the Dower requirement
to raise and lower the launcher platform together with a fully load'v
ed missile and all AGE on the platform, The V-shaped groove in each
vertical end of the counterweight accomodates a guide rail . The
counterteight weighs approximately 6000 pound more than the launch
platform ,

4, launch Platform Guide Rail s

5 . AC Out ts : Three full size ac outlets provide receptacles for use
of 1157 and 208V,

6, Spiral Staircas e

7 . Air Conditioning Duct

8. Fhrdraulic Reservoir and Pump :Unit (Ryd Power Pack) : Contains a 275
gal reservoir, a 1 hp 5 gpm electric driven hydraulic pump with 200
psi output, a 40 hp 20 gpm pump with 3000 psi output, one accumulator
and necessary filters and valves . Pumps receive power from M/L MCC
and provide power to horizontal and vertical crib locks , doors, launch
platform brakes, drive complings and the work platforms .

T
aunch1.er L "

Dl
LAtfo 'Fan Uniti ~..~

m 'Fan r'.
Co

i
l
t >•Pr' D. ~Oo o

t- V
.M .7. . .

A 3iire a "-Ircu9 iiVI I1J , L (FCV V J • r
~•Y
1uC pos-lU ld t.

of conditioned air throughout launch platform contained units ,

10, Accumulator Rack : Eight accumulators and 5 GN2 bottles are mounted in
a support rack. The hydraulic fluid is pressurized by 3700 psi nitro-
gen gas. Six accumulators and 2 G112 bottles are used to operate the
silo doors and the remaining two accumulators and 3 bottles operate
the other systems,

NOTE: Silo Air Conditioning Specification s

Areas Temperature s

launch Platform Enclosure 70°F ± 50 65% RH

Collimator 70OFF t 30 65% R H
Control Cabinets 70°F ± 30 65% RH
Remainder of Silo 50°F to 100°F
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-!,-1- Provides ( 1) a means of pinpointing trouble
ar~.s~ , ~l .:aouai co--r 1 of the rain and standby hydraulic pumos and
i3 c"7-itrci of nitrogen cylinder recharging ,

-3, Sand Settling Tank s Allows solid impurities washed from conditioned
aIr to t ecipitate out, 1 GPM to sump ,

~.r3? F l, Li,aht?ng Transformer : Input of 440 volts is reduced to 120/208
'7 ; 3 phase power through panel LD to the lighting panels LA and LB for
illumination of the crib and launch platform, (100 Amp with 70 A Breaker )

l5, Lighting Panel LA : Provides 120VAC 60 cycle,, single phase to silo
lighting at silo levels 1,293 and grade,

16, Distribution Panel LDs Receiver 120/208VAC from the 30DVA lighting
transformer on level 2 and distributes it to lighting panel LA on level
2, lighting panel LB on level 4, RP-l, diesel fuel and (0X detectors on
level 7, and to the 6v emergency lighting chargers and relays on x}11
levels ,

17, Nonessential Motor Control Center (10 Units ; Controls main air supply
fans 12-20 hp each), lower silo supply fan (3 hp)9 hot water heater,,
(1 hp), main exhaust fan-(15 hp)9 exhaust vent bent blast closures,
waste water pump (10 hp), standby spray pump, spray pump., L02 vacuum
pump , L02-vacuum pump subcooler , LN2 vacuum pump, water condensate re-
turn pump, missile fuel drain pump, fog system pump, water chiller pump,
dirty lube oil pump air compressors-(2-15 hp) ,, utility water pump, de-
fueling-pump, condenser water pumps, hot water pump, hot water pump
standby, launch platform purge exhaust fan,, launch platform exhaust fan,
launch platform-fan control unit, 30 KVA transformer silo level 2 and
detector units silo level 7. This bus is de-enterized at commit as these
items are not necessary for launch ,

18. Exhaust Duct for level 6

19. Essential Motor Control Center (Six Units) : 30KVA transformer, silo
level 3, DC power supply unit,-pod air conditioning control cabinet for
air handling, air handling fan,,' control cabinet fan coils, thrust sect-
ion heating blower., thrust section heating element ., hydraulic oumioing
unit, 400-cps motor generator-and distribution system, 48 vdc battery
rectifier, water chiller unit, chilled water pump, emergency water ou*nr .+ .
Contains motor controllers protective circuit devices and pilot cont-
rols for equipment required for standby and countdown ,

20. Air Compressor , Supplies compressed air for electro-pneumatic cane] ,

21, Exhaust Plenums Collects silo air conditionine exhaust and diesel ex-
haust into common plenum which vents gases to the atmosphere ,

22, Main Exhaust Fan (EF-30) : Provides impetus to used silo air, diesel
exhaust And R? vapors , with draws accumulated waster from nlenum and
forces it to vent to atmosphere at ground level, Draws air from silo
levels 2 and 5, _
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23, Telephone Terminal Cabinet - Provides switchi .ne center to facilitate
routing of telephone communication between silo and LCC .

24 . Fire Alarm Bell

25. Fire Alarm Cabinet

26 . Diesel Exhaust : Exhaust gases carried toward exhaust plenum from
diesel engines located on levels 5 and 6 .

27, Exhaust Vents and Closures - Two 46 in . outside diameter pipes provide
exit of contaminated air into the exhaust tunnel and shaft . Blast
closure doors will automatically close upon detection of thermonuclear
radiation .

28 . Emergency Lights, 6 Volts .

29. Fire Manual Alarm

30. FTC #1

31. Comm Box

32. Test Switch for Upper Silo Exhaust Fan

33 . Hydraulic Manifold

A . Hydraulic doors manifold (2 each) ,
B . Crib Locks, and launch platform locks,
C . Work Platforms .
D. Launch Platform drive brake .

34 . Missile Enclosure Air Exhaust - Air into missile enclosure area on level
7.

35, }&dr'au is Manifold J Box

36 . Portable Fire Extinguisher

37, GOX Vent : Mechanically extended and retracted ( see P26, par 38 )

38. Sump Pump Discharge

39 . Condenser Water Supply (From cooling tower)

40. Condenser Mater Return (To cooling tower )

41. Electro-Pneumatic Panel- Contains controls for electro-pneumatic valve
system operation in the water and air conditioning systems .

42. FTC #2 - Contains controls and indicators for WYCC and NEMCC equipment,
The fact that it is physically a Dart of the N RCC is insignificant .

43 . Missile Enclosure Area Makeup Air Input
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C.4Bi? ET `# 2

'a Y `hiller Unit, TM-f-51 v "High Prsssure " light .

W+r;3ter chill-r Unit t tU 51 "Chilled 'Mater Wawa" light,

> . ;a tar Chiller Unit WWCU-51 a "Oil Pressure Low" light .

Blank

i . Launch Platform Exhaust Fan EF-4O - "Run" light ,

c . Launch Platform Purge Exhaust Fan EF - 1 "Run" light .

7 Lower Silo Supply Fan SF-22 - "Run" light .

1 . Blank

9. Launch Platform Purge Supply Fan SF-41 - "Run" light .

10, Water Chiller Unit T1CU-50 0 " High Pressure" light ,

11 . Water Chiller Unit WCU=50 - "Chilled Water Warm" light,

12, Water Chiller Unit WCU=50 - "Oil Pressure Low" light .

13 . Thrust Section Pressure Fan PF-70 - "Run" light , Start and Stop switch .

14 . Thrust Section Heating Coil EC-71 m "On" light .

15 . Launch Platform Fan Coil Unit FC-40 - "Run" light ; Start and Ston swwitch,

16, Main Exhaust Fan E .F-30 - "Run" light andHand =Off-Automaticf switch .

17 . Oxygen Purge Reset - Reset Oxygen Detector Before Resetting Purge ( cle
Reset Button and Green Light .

18 . Hot Water Pump P -G0 & P=6l P. 61 "Run' light9 P-60 "Ruri" light and.
"P-60 o Off - P61" selector switch .

19. Spray Pump P-20 & P=2.19 P-21 "Run" light, PS-20 "Run" light ; "P..20Jff-
P-21" selector switch .

20, Supuly Fan SF-20 & SF-21 - SF-2-1 "Run" light, SF-20 "Run" light and
"SF=.2O=Off®SF-21" selector switch .

21, Condenser Water Pu= P-30 & P-31 - "Run" light and "Hand=Off-Automatic"i
selector switch,

,ATC*' 4
8
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T .O. 21-SM65F-1 Sectic I

1 1

1 2

LEVEL 3

1 RE-ENTRY VEHICLE PRELAUNCH MONITOR 7 LAUNCH CONTROL POWER PANE L

AND CONTROL UNIT 8 CONTROL MONITOR GROUP

2 COUNTDOWN GROUP - 3OF4AND4OF 4

3 LIGHTING PANEL 9 28 VDC BATTERY

4 FACILITIES INTERFACE CABINET 10 400 CYCLE SKID MOUNTED MOTOR -GENERATOR

5 CONTROL MONITOR GROUP TYPE MD- 2

1OF4AND2OF4 11 DISTRIBUTION BOX

6 480-VOLT 30-KVA TRANSFORMER 12 POWER SUPPLY - DISTRIBUTION SET

40.10-126A

Figure 1-43 . Silo Level Three Equipment Location

1-73

003



~ZLO LEVEL

L'ac ill _eva:cr

Faciletv Elevator Counterweight s

3, Launc P,a.tfGrm Cournterweight s

ii. , 1 ur~ch Platform guide Rail s

5, G,E, Pre-launch Monitor : Capable of continuous and periodic monitor=-
ing of the mated re=entry vehicle, MK3 or MK4 can set R/V for around
or air burst ,

6, Circular Staircase

7, Air Conditioning Ducts

8, ARMA 1A1, 1A2 Racks : Two racks provide the continuous hold of the
inertial .guidance alignment system and includes confidence checks on
the system, Controls and monitors the guidance system during C/D,

9 v

10 0 Telephone Cabinet : Terminal board for all telephone eahlina in the Silo,

11, Pod Cooling J Box: All three units receive electric cower, 440, 3
phase, 60 cycles from the essential bus control

12, Hydraulic Pump J Boxy center and from these three function boxes eleet-
°-- ric power is routed to the eableloop assembiT ,

13a Launch.P..atfora J Box : crib to launcher,

14, Facility Interface Cabinet : Junction box for nrovidine electric cower
to the following prefabs : liquid oxygen , fuel and pressurization ,

15 and l6, Control Monitor Group 1 k 2 : Two units contain necessary re .
lays , computers, comparators , and circuitry to sequentially send act=
uation signals to the missile and AGE during countdown ,,. They obtain
feedback information from these actuations, compute and compare tt'ese
signals and present results of this analysis as r0/N0 GO signal at
the launch control console ,

17 and 18, Control Monitor Group 3 k 4 g Two units designed to simulate
signals that are normally produced by the missileborne and ground s,m-.
port equipment when stimulated by the two logic units, The feedback
of signals from the simulated system of the LSR is computed and cora~-
ared by the logic units and results are indicated as GO%N0=30 signals
on the launch control console, Primary ouroose of the LSR is to c'-erk-,
out the operation of the logic units and the launch control console sr .
identify any malfunctions of these units,

1>
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Distributes 120/208 volts , 3 phase,
lc.d c units, ZSunits, GE pre=launch monitor and the

. 3V A Transformer : Reduces 4%0 volts , 3 phase , 60 cycles to 120/208
i,olta and this cower is routed to the launch control power supply panel,
Item i9 .

) c ie and &O Cycle AC Distribution panel : Receives 120/208 volts,.
3 phase, yO0 cycles from the motor generator and directs it to the
logic units, LSR units and ARMA guidance units, Motor generator req-
uires 44.0 volts, 3 phase 60 cycle input from the motor control center,
Voltage requlation is controlled electrically and frequency requlation
is controlled by the 60 cycles power to the synchronous drive motor,
Has SPGG and engine valve heater indicators ,

22, 2$ VDC Power Supply Switch : 60 amp, unfused safety switch for AC
power input into the 28 vdc power sunnly unit ,

23 . Motor Generator Disconnect Switch : 30 amo, unfused safety switch for
the AC power input into the motor generator unit .

24 . Share 1jBox

25. Drinkjjnz Fountain

26, MD-2 Motor Generator (400 Cycle)

27. Control Cabinet Fan Coil Unit s Contains three electric heating coils,
one chilled water coil, and a 2 hp electric fan motor, Furnishes cond-
ioned air to launch control cabinets, checkout equipment (LSR), ARM.
racks , and collisater equipment . Manually controlled from PTC #2 ,
silo level 2 ,

28, Plenums Air chamber for the control cabinet air conditioning system .

29, Eazeraency Missile Power Battery: This equipment supplements the nor-
mel 2g vdc power supply and distribution unit during countdown, prow=
ides an emergency source of 2$ vdc shutdown cower in event normal 0C
power supply as a malfunction or an AC input voltage failure, Battery
unit consists of 21 nickle oadium alkaline cells mounted on wood trans .
Each cell has an anmmhr rating of 240 ampmhr at the 8 hr rate to a cell
voltage of 1 .14 volts, Trickle charge from the main power supply
(rectifier) will maintain the charging of the batteries', A test panel
with a voltmeter, cell selector switch and a press-to-read switch will
enable to check each individual cell .

30, Diesel Exhaust s Exhaust piping from levels 5 and 6 .

32, Comm Box

36

0033



33, Portable Fire Fxtinruisher

34, Fire Detector Head

35, Paa, Speaker

36, Emergency Li ht s

37, Fire Detector Head

38, GOX Vent Blast Closure : GOX from the missile boiloff valve through th e
duct on level 2 exhausts through the fan and 24 " blast closure into the
bottom of the fill and vent shaft ,

39, Transformer Rectifier (28 VDC) : Purer supoly component consists of a
transformer rectifier assembly with required power input of 440 AC
volts, 3 phase, 60 cycle, The output is 28 DC volts, 600 amo, A powe r

`distribution panel is mounted to the power supoly unit, It contains
the relays and terminals to switch and distribute rectified 28 vde and/
or battery DC to the ground support equipment and to the missile,

40, Main Utility Water Shutoff Valve Located on Silo 11

41, Cormerical Power Cable Entrance Trou~ht Silo Wall

42, Telephone Terminal Cabinet

43, GOX Vent Blast Closure "J" Box

44, Cable Loop to Cap : Ref p22, page 1

45• M47 "J" Box : For work Platform .

46 , Filter for Utility Plater to Airwash Duet Collectors
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1 6 Diesel Exhaust Ducts
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T.O. 31-JM67 F-1 Secti i I

1 0

LEVEL 5

40.10-118A

1 480-VOLT SWITCHGEAR 7 CLEAN LUBE OIL TANK
2 INSTRUMENTATION BOXES ( OSTF-2) 8 HEAT RECOVERY SILENCER

3 SURGE PROTECTION PANEL ( EXCEPT OSTF -2) 9 WATER HEATER (OSTF-2 )
4 DIRTY LUBE OIL TANK 10 DIESEL DAY TANK
5 500 KW DIESEL GENERATOR 11 WORK PLATFORM 2
6 AIR RECEIVER (OSTF-2)

Figure 1-25 . Silo Level 5 Equipment Location

1-51
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6". - I I i' ..1 17 3 Y.

2, Facilit.7 Elevator Counterweights

5 T r.z<< :,z~ ° atform Counterweight s

"latform Guide Rails

5. 480V Diesel Switch-Rear : This unit receives the 440 vac, 3 phase, 60
cycle produced by the diesel generators , From the circuit breakers,
which have protective trip breakers for undervoltage or overcurrent
loads, 'he electrical power is distributed to the essential motor con-
trol center, nonessential motor control center, missile lift (L/P)
motor control center and the launch control center . Operation of this
switchgear can be locally controlled or partially remotely controlled
from the launch control center ,

6, Circular Stairs

'r . Air Conditioning Ducts

8, Opening Grating

9, Dirty Lube Oil Tank (Overhead) : Dirty lube oil from the two diesel
generators is pumped into this tank . The tank capacity is 348 gal,
size is 3 ft diameter by 7 ft length ,

10, Diesel Generator (#60) : The diesel engine is a model 409 manufactured
by White Diesel Engine Division, Springfield, Ohio, It is a heavy
duty, vertical, multicylinder, solid injection full diesel type ; The
electrical l i

1, 1
3

J
e

a roll
ll

er boari g °~ hs R
oe1 a

w
erator w~nuo-uVMCr 11111 1r 1F ua V altr harvl

aon
ov u a oa , amain . -

actured by the Ideal Electric and Manufacturing Company. Specificat-
ions are : kw 440, dva 5503 volts 480/2'77,-amp 662, rpm 720, temperat-
ure 50°C, continuous duty, 3 phase, 4. wire, 60 cycles ,

11, Diesel Fuel Storage Tank (Overhead) : Stores adequate diesel f°t6l for
one day operation, Capacity is 665 gal, Fuel oil from external under=
ground tank of 15,300 gal is drawn continuously in a topping proces s
to maintain the silo storage tank in a full capacity ,

12, Clean Lube Oil Tank (Overhead): Provides clean lube oil to the two lie,
sel generators . Capacity is 348 gal, size is 3 ft diameter by ? ft
length ,

13, Heat Recovery Silencer : Designed'`as a !nuff'ler silencer for the diesel
echaust gases and also has a heat recovery unit . The heat recovery
unit has coils in the silencer for heating of demineralized water which
is circulated to the launch control center, thrust section heat coil
and the air conditioning units,

45
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D a
.

1 ~ e ~:G IPrII ?~Y

ergency might (6 Volts)

"orm!ercial rower Cire Breaker

I?, electric Hot water Heater Circuit Breakers

^0~ Pchaust Section Temperatur e

21, Vertical Crib Locks (L Ea) : Locks the crib to the silo wall by re-
moving the spring tension on each odd numbered suspension springy,
See pate 669 item B and diagram on page 63 ,

22, Work Platform Key Switch

23, Fog System Control Valve

24, Fog Nozzles (4 Each )

NOTE : Water Fog System pressure supplied by the foR system pant on
level 4 . Pump rated at 500 GPM, Fog System turned on manua~iy
at the FRCP in the LCC ,

25, Telephone Terminal Cabinet

26. Ladder to Work Platform 2

27. Fire Detector Head

28, P,A, Speaker
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T. O . 21-SM63F- 1

4

LEVEL 6

40.10-122

1 48-VOLT DC DISTRIBUTION PANEL 6 AIR RECEIVE R
2 48-VOLT BATTERY RACK 7 WATER HEATER
3 48-VOLT BATTERY CHARGER 3 ALIGNMENT GROUP SIGHT TUB E
4 INTERCONNECTING JUNCTION BOX (VAFB )
5 500 KW DIESEL GENERATOR

9 WORK PLATFOR M

Figure 1-27 . Silo Level 6 Equipment Location (Typical)

3e c *. ;
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r c- L1:- ~ievator ^ounterweight =

3 . .auncrer Platform Countarweight s

laur.r',er Platform Guide Rails

'Ca Lion Potter y : Provides 4R vdc power to the 48Ov diesel
switohgear to trip the air circuit breakers and to operate the diesel
engine controls . Battery is a 24 cell , wet, NICAD throe , rated as RO
Amp/hr .

6 . Circular Stairs

7 . Air Conditioning Duc t

8. 4 VDC Battery Charger : Transformer rectifier to charge the 4~1 vdc
station battery . Receives electrical power 440 vac from the essent .
ial motor control center .

9 . Manual Fire Alarm

10. Diesel Generator (#61) : Same as Item 10 , level 5 .

U. Dirty Lube Oil Pump (#62) : The pump will transfer the dirty tube oil
from the lube oil sump of the two diesel engines to the dirty tube oil
storage tar-k . The pump will also transfer dirty lube oil from the
storage tank to a discharge at the top of the silo . Pump design is a
rotary gear type with a capacity of 20 ppm .

12. Motor Operation Damper Below Gratin Grating opening is 36 by 36 in.
square with air outlet capacity of i',5w c fm. Damper is controlled
by pneumatic motor operation through the air conditioning system .

13 . Air Start Tank ( Overhead ) Provides air pressure for starting or the
two diesel engines. Air pressure of 300 psi is supnlied by the instru-
ment air prefab . The air start tank is 2 ft in diameter by 7 f't Ienvth

14 . Heat Recovery Silencer s Same as item 13, level 5 .

15. Collimator Housing and Platform s The collimator enclosure is an iTs'-
ated room which houses the collimator , collimator support platform,
and bench mark supports (Fig 19 ) . This room is fastened to the silo
between the sixth and seventh levels and houses the onerational and
maintenance personnel for the collimator system . The enclosure 14

provided with a positive action, self -closing door and is caalked and

insulated to ra intain a constant Internal temperature level, A hand=
rail is oroTided around the collimator rlatform for aersonnel and eiui~-
ment safety,

i
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: . :e_' a:ay r_i-T ? t above the level 7 of
a ;yw 's vice~ tr jive nersonnel safe and

+ : - -rcloaure ,

.~ cr : . . . _-A*or auono- . ,lai form is a 3 ft 6 in, diameter Mate which
3uorQrti t-i _ or Inat it rigidly: The suunortinQ structure of the pla t

la9t-'ns to a steel plate mounted on the wall of the silo, Tw o
oe v ii rar't supnorts are housed in the collimator enclosure, The sup^ort .~
rue 3truc ure8 fasten to facil itycfurrished steel plates mounted on the
wail -+f t':e silo ,

~LL~ator : The collimator sight tube provides an outically unobstruct-
ed path for a beam of light to transmit data from the collimator to the
missile, The tube is constructed of 10,75 in, diameter altnninum tuhin
coated on the inside to reduce light diffraction, Neoprene boots and
sleeve joints are installed at each end of the tube , These boots and
joints preserve alignment adjoining etuctures , The tube is constructed
in two section ; one section is fixed, the other is movable. The fixed r
section is fastened to the crib structure with two adjustable fittings,
These fittings allow minor adjustments in aliment, One end of th e
fixed section is,arovided with an adjustable, flexible connection with
the collimator enclosure, The other end of this section mates with the
hinged end of the movable section of the tube ,

The movable section is fastened to the structure by a hinge9 A seal
fitting on the lower end of the movable section mates with a si"il.ar
fitting on the fixed section when the tube is in operating position,
The upper end of the movable section is coupled to the missile through
a sleeve coupling, neoprene boot, and another sleeve coupling . This
upper sleeve has a in, thick neoprene gasket that mates and provides
s_soft contact with the skin of the B2 pod , The upper sleeve is also
provided with a bar that acts as a window hook fastener to keep tie
tube locked to the B2~pod ,

The collimator sight tube retraction mechanism consists of a 190 lb
counterweight, Upward movement of the missile causes the windowhonk
fastener to release and the movable section of the tube to swine upward
through an arc of approximately 64 degrees to stowed vossition, In
stowed position there is a 2 in, minimum clearance between the sight
tube and the launcher platform . A detent eouinped with a neoprene burner
provides shock absorption and prevents tube reboufd from the stowed
position, This arrangement allows one man manual extension of the coll-
imator tube to operating position ,

Signal devices consisting of 28 vdc microswitches siEnal the position
of the movable section of the collimator tube to the missile launcher
lift control,
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rn order to align the collimator i^ reference to the polaris star, a

s oht tube is necessary , From level 904 ft 3 in . a 10 in , outside

diameter pipe is inserted in the silo wall at a 4c decree angle, This

piping extends in a straight line to the surface , aonroximately 100 ft,

where the top end is pTott[trd by a aanhole tope cover , et. the too and

bottom of this pipe , glass plates are installed and sealed , and a vacuum
is induced in order to prevent refraction effects on the collimator ,

17. Collimator Air Conditioning : One 6 in , air conditioning duct which is
insulated , tees off at the bottom of coliirrator housr~ and enters into

the bottom of the housing at two ports , The temperature in the collim-

ator must be maintained at ?O°F' ± 309 65 relative humidity maximum,

18, A1G Hoist and Pai l

19 . Telephone Terminal Cabinet

20. Hot Water Heater

21. Diesel Fuel Detecto r

22 . Emergency Lights (6 Volt)

23, P .A . Speaker

24 . Exhaust Temperature Indicator (stack)

25, Collimator Sight Tube to Missile

26, Fog Nozzles (8 Each )

27 . Panel DC : 48VDC distribution ;panei contains 4 ea circuit breakers ;

diesel P60, diesel P61, 480 V sw:i.ch~ear and spare ,

28, Horizontal Dampers (4 ea)~~

29 . Cormn Box

30. Fire Detector Head
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T . 0 . 21-SM65 -1

1 3
LEVEL 7

1 LO2 TOPPING CONTROL UNIT 6 INSTRUMENT AIR PREFAB

2 INSTRUMENTATION BOXES (OSTF-2) 9 PRESSURIZATION PREFAB

3 LN2 PREFAB 10 ALIGNMENT GROUP ENCLOSUR E

4 GASEOUS OXYGEN DETECTOR ALIGNMENT GROU P

5 L02 CONTROL PREFAB BENCH MARKS

6 GASEOUS OXYGEN DETECTOR 11 FIREX CONTROL PANEL (VAFB )

7 LOo FILL PREFAB 12 DIESEL FUEL VAPOR DETECTOR
13 RP-1 DETECTOR

40 .10-G7 (576 D/E)A

Figure 1-34 . Silo Level 7 Equipment Location

Section

1-61

0046



'to :

guide `7afls

are ?ir onditioning ?eturn flict : Acts as an alr

-c,the fan coil unit FC~40 on

si Lo e ;ei 2 cr reeirc. 1Ation to the : ussile enclosure area ,

r, Circular Stairs> End othe circular stairs at this level,

7, Air Conditionine Duet

Ladder : 7ertical ladder extending downward to leve l

Q. Liquid Nitrogen Prefab : Unit contains the necessary sequence valves

which are manually controlled to fill the liquid nitrogen storage tank
and heat exchanger, During countdown, liquid nitrogen is directed tr!r~
ough auto valves into the prefab to flow in the coax pipe (PN2/He) in
order to maintain a cold temperature of the helium flow and to fill the

IN2/He shrounds on the missile .

10. Liquid Oxycen Control Prefab : Unit contains the necessary valves and

components- to filter and control the flow of liquid oxygen from the

storage tank to the missile , It contains the valves to provide ranid

and fine loading of the missile during countdown: It also has the
control of flow for draining the missile ,

11. Gaseous Oxygen Detector Cabinet : Detector Contains the necessary

electronic equipment and oxV~en- analyzer to detect the oxPeen atmos-

phere in the crib and launch nlatform areas: When the oxvven content

goes below l99 or above 25 by volume9 the detector unit will initiate

audible and visible alarms in the silo area and to the facilities re=

mote control panel in the launch control center ,

12, Lower Silo Supply Fan (Overhead)F22 : Electric driven fan directs

17,500 cfm of air from diesel generator area on the 6th l evel to lower

part of silo, Open grating between level 5 and 6 allow air to be
drawn from level 5o Operates in con unction with SF20 and SF21, i~s=s
off automatically when diesel vapor reaches 109 L ,

13 . Instrument Air Prafab : The unftcontains two air compressors with car,--

acity of 15 SCFM flow9 1500 psig output, The unit has a 65 SCFsrh_-r-

ical air rer.eiver and contains the necessary valves, filters and air

dryers, purpose of the unit is to compress, store and deliver cle .3n
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_ :o rt_ . a~i a,iv ocerated valves, dont~
.- - : o LC, An slam indication on

_ - - _a w''e' receive^ tank ore ssure drone to

_ :err>tbc~ -cns ~? io inst-u' ent air, LC". suspension , diesel
Lo ; r! ,

1'r ;mod xv~en Fill prefab : A unit that contains necessary valves to
~or_t?oi, during resupnly, the flow of liquid oxv-gen to the storage

.,i toonin tank in the crib assembly ,

FFes'ur .zatior. Prefab, A unit which controls and distributes gaseous
nltr ogee to the following subsystems :

a . Resupply of nitrogen and charging of the three gaseous nitrogen
storage tanks, (4000 PSI )

b, Liquid oxygen storage tank and topnine tank for transfer flow to
the missile ,

c, Nitrogen control unit on the launch platform ,

d . Pneumatic distribution unit, (ppU)

e, GM2 storage bottle in the fuel prefab for fuel transfer to th e
missile, ( 4Doo PSI)

16 . Rpml De 'ector Cabinet s Storing missile fuel (R°=1) in the missile
tank makes the area inside the missile enclosure hazardous when cont .
aminated by fuel fumes , An explosive vapor detection system initiates
audible and visible alarms in the missile enclosure 'area and at the
FRCP panel in the LCC when predetermined lower limit explosive levels
are reached, High rate air purging at the 2O fame concentration level
is automatic and continues until 40 LEL is reached . When 40' LEL is
reached the purge cycle stops and the water fog system is manually act-
ivated . At 20 LEL the silo telephone system is deenergized to reduce
CjC1JlOA1V11 hazards . The cv + and 40n 1JlJJ.1 alarm indIcat1ths are located
on the trouble section of the FRCP and on the RP =1 detector unit. FoP
system n0N" "OFF" push buttons and indicator liohta are located on the
control" section of the FRCP .

17. Diesel Fuel Dectector Cabinet s Contains e1ectron3e eouipment and hvd-
rocarbon=analyzer for detecting concentration of diesel fuel vanors,
When a 10~ concentration of diesel fuel vapor is indicated at•the ~!et~
ector unit, circuitry will stop lewer silo supolr fan SF .22, close
volume damper VD=21 (ceiling of silo level '7), and open volume damper
VD=31 on main sils exhaust fan EF=30 (silo level 2), At 20 cancent .
ration of diesel vapors the above purge cycle continues and an audible
and visual alarm will be initiated at the VRCP in the LCC ,
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18 . Sneaker

19 . Fire Hose

20 . Air Conditioning Exhaust Duct : A 28 in, duct, routing exhaust air
from the launch platform area at level R to the exhaust plenum cham-
ber at level 2,

21 . Emergency Shower and Eye Wash

22. Collimator Housing s Described in item 15 , level 6,

23 . Emergency Light 16 Volts )

24. . GOX Detector Head s

25. Communications Panel for Fueling /Defuelina s Sta 36 (E .P .)

26 . Comm Box

27. P.A . Speaker

28. LAX Tonning Control Unit : Controls the rate of LOX tooting during
countdown . Also performs LOX line drain .

29, Fire Extinguisher

30. FoR Nozzles (4 Each)

31. Alert Button

32. Telephone Terminal Cabinet
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1 6

15

T .O . -SMti F- i

LEVEL 8

1 LADDER TO LEVEL 7 9 GASEOUS NITROGEN TANKS
2 INFLIGHT HELIUM SUPPLY TANK NO . 1 10 PNEUMATIC SYSTEM MANIFOLD REGULATOR
3 INFLIGHT HELIUM SUPPLY TANK NO . 2 11 COLD DISCONNECT PANE L
4 GROUND PRESSURIZATION SUPPLY TANK 12 LN2 EVAPORATOR
5 VACUUM PUMP 13 FUEL PREFA B
6 LN2 STORAGE TANK AND HEAT EXCHANGER 14 HOT DISCONNECT PANE L
7 L02 TOPPING TANK 15 PRESSURE SYSTEM CONTRO L
8 L02 STORAGE TANK 16 THRUST SECTION HEATER

40.10-68(576D/E)B

Figure 1 -32 . Silo Level S Equipment Location

etc . .

1-5 9
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SILO DUEL 8

1, Facility Elevato r

2, Air Conditionine Ducting : Ducting for intake and exhaust air dist-
ribution is routed at the bottom of the crib, and also inter-connected
to the enclosed launch platform area ,

3 . ' Facility Elevator Counterweight

4. Fuel Loading Prefab : Loading, topping and unloading the missile fuel
tank is controlled by the prefab . It is an enclosed unit, having a
fuel storage tank with capacity of 630 gal, gaseous nitrogen surely
pressure tank, filter and necessary valves, Included is a 10 hn fuel
pump used for draining the missile fuel tank .

5. Pressure System Manifold Regulator (Pressurization Distribution TTniti -
Remotely and. iemiautematically controls and flow of helium and gaseous
nitrogen and inst . air from storage vessels to other AGE equipment within
the silo. The unit provides stable requlated pressure under both static
and dynamic pressure conditions, it consists of the followire m tem ;
helium flow control and regulating, helium emereer cy, helium charge,
gaseous nitrogen pressurization and emergency instrument air . During
standby provides GN2 to PCU for missile tank pressure, '.}urine C/D it
provides He for missile tank pressure ,

6, Air Conditioning Duct To Launch Platform: A rectangular ducting, which
has a quick disconnect at the launch platform, is then routed downward
to go underneath level 8 flooring and into the main air exhaust duct,
The complete ducting, until connected to in air exhaust ducting, is
insulated against heat loss . This ducting carries the heated exhaust
air from the pod air conditioning unit,

7. Cold Disconnect Panel : Contains the lower half- ef riseaff connections
which supp the following services to the launch platform; missile
L02 and fuel tank-pressurization,, helium pressurization line to one
unshrouded sphere , helium to HCTT and GN2 to NCU when L/P is down and
locked,

8. Liquid Nitrogen Overflow Evaporator-. The evaporator is a tank which
collects the overflow of liquid nitrogen or gaseous nitrogen from the
T112/helium shrouds during countdown. Thereon, the liquid nitrogen
boils off into a gaseous state and vents into silo level 8, ouad ITT,
Vapors are picked up and exhausted by exhaust fan EF41 in sump. The
evaporator tank is fabricated of aluminum allgy ,

9, Hot Disconnect Panel : Contains the lower half of riseof! connections
which supplies RP-1 fuel and the thrust sec do }e.3 ~. lazy:h
platform,

b?
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10, Pressurization Control uTnit (P(,7T) : The PC•TT automatically and manually
controls the aressures in the orotneilant tarxs of the missile durinr
all phases of operation . T?urire standby, the °`"T w+ 11 maintain press--
urization of missile tanks with easeous nitroser : This unit also has
an emergency system for backup in maintainir.e missile pressurization ,

NOTE: 'Then PCU is in emergency, missile tank oressures can be maint-
ained only from the LCC by means of the raise/lower buttons on
the launch officers cor.so?e ,

11, Thrust Section Heater: This unit provides h,ot air, 1L.50' to 200°F
into the thrust section of the missile during loading procedures of
liquid oxygen and liquid nitrogen. The heater receives hot water from
the two diesel heat recovery silencers and also an electric heat coil
is used to heat the air to be blown through the ducting into the thrust
section. The complete unit is insulated in order to maintain termer.
ature control in the launch platform area ,

12, ladder (down from level 8) ; Vertical ladder from level 8 to the bottom
of the silo,

13, Telephone Cabinet

14, ladder (up to level 7) . Vertical ladder with case from level 8 to
level 7 .

15. Thrust Section Pressure Fan : Electric Operated fan (blou9er) to force
ambient air through the heating coil section .. where the air is heated
and forced into the thrust section of missile , Capacity of the fan is
1000 cfm,

16, Inflight Helium I

1?, Inflight Helium II s Two high pressure helium storage tanks are mani -
folded, so that either tank can be selected to provide pressurization,
These tanks furnish helium for the spheres on the missile, to the
missile propellant tanks during countdown, and for emergency oressuria
nation of missilo tanks during standby or countdown, Capacity per
tank is 250 cu ft water volume, storing 63,000 scf of helium at 6000
psi ,

18, Ground Pressurization Nitrogen ( 6000 PSI j- Consists of ore high press-
ure gaseous nitrogen storage tank . Provides nitrogen to the pressuri-
zation control unit for maintaining pressurization of themissile .prop=
ellant tanks during standby status . It also provides nitrogen to the
pneumatic distribution unit for oressurizirr the hQirauUis accumesja-nr
rack for opening the silo doors, Cuad II I
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chilled in this excna- .̂ q _ .

,j-sed in l iquid nitro,e . .̂ ..
icon is 70 ft lone and tne

_ _ .. c ir,9! Th ends of the loops are rani-
- _ ^i,ai bZ" n~ is coaxial tune wit h

car: --r . .̂ ,enich is surrounded by liquid nitr-
.c, n1'_',^-R, axial pining is routed to the missile

3 :'.C nd stnere3 "'he l i,;- a nitro o-' en unit is a cryQonic cor!str-
Vr- 3e i A-it-14 caD1c' t'T ?' ?3" It is mounted above the lid-

s tank orravi,e3 liquid nitrogen to the
= .ak3 : rip dray -cr:erron into the missile shrouds . The storage tank
is vertu:ally it t,aiied and it has a capacity of 4000 cal ,

20, Laader and rape ? Vertitai ladder mounted to the LN2 storare tank
Aerding to the too of the LN2/He heat exchanger . A work olatfortn
is provided at the too of the LN2 storage tank ,

2i, L02 Tooning Tank - During countdown ., this tank will too off the missile
oxidizer tank due to L02 boiloff losses and for losses during hold
veriods . It is installed in a vertical position. It is a crgvonic
type vessel, '.pith water volume capacity of 3600 pal, The normal tL!2
capacity is 3420 gal which allows for uilaze ,

220 Emergency Shower

23, E~re Wash

24. L02 Storage Tank : It is the main liquid oxygen storage tank for serv=-
icing the missile oxidizer tank and is installed in a vertical posit-
ion, It Is a erygonic type vessel, with a water volume of 23,000 cal,
The normal L02 capacity is 219850 gal which allows for ullage,

25, Gaseous Nitrogen Storage Tanks : Stores adaquate suaaiy of gaseous
nitrogen to pressure transfer 1,02 and, to the Missile, 'onsisc 3

of three vertical mounted rissels . The two 625 scf Y.itaks are used for
the liquid oxygen transfer system,. The remaining 300 3 ;;f tank is -use
to provide liquid nitrogen transfer nor assure to LN2 stoi-ate tan . and
GN2 pressure to the nitrogen control unit on the la'ur,c :h biatcor*. is
tank also provides backup pressure tor The ~.P s ~r'I.mert air * -f r-3-
tem. The tanks have 1750 . ib1c feet water , volume total dit - -~ :
urization at 4,000 PSI .,

26, Air Conditioning ExPaust inch, air °Xfaust d'uct Lnt i
two fan motors remove air f rom the launch -+? at?orm area, route ~"--

ough the exhaust duct to level 2, ar force it into the exhaust st~• ,

27, Fire Hose

28, Cocygen Masks
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r: itP :iorn

~ ., :re Alarm 3a:t

• _r~ e "an : A~ :-fsa ~xihanver Vactaut'c Purrs : Located on floor,

s~, LOX TcouiTank Vacuum Pump ; Located on too of tank 0

r .. IIDX Storage Ta.z~C Vacuum Purtp : Located on too of tanko

37, Switches for Items 3, 35 and 3 6

3d ., Test Switch for SF441 Suonly Fan Furre Oycle

3'+, Suorly Fan Puree Cycle SF=41 : Puree suonlp fan will draw air from the
silo area into the launcher olatform enclosed area when the as detect-
or denotes there are hazardous air conditions in the shaftway, Also
operates during a four rinute puree cycle at start of C/Do Air flow
is 103000 CFM ,

40 Test Switch for Thrust Section Heater Supoly Fan

41, Emergency Light {6 Volts }

42, Comm Box

43, Automatic Fire Dectector

44 GOX Alarm Bell and Lieht
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~u, ::~ '_ fi~ • x± 3~ Y~1 r'oo~ suhr ersion U!! T5 ; P2 and P=R3 are

.l nu*ro is rated at 7,5 hp and has a_r
^f ICC 'iCCt: i. i. power for the Duaro s is 4RC, V4C 3

nri . r r_•en'he n~~trps are auto~eatic in operation and are rotated
in visage by xens o f a *a n^ c ic alternator to provide equal running

each puim, Normall~r one nuri will operate alone ,

',hen `
.~ '_ ouici level of the suirises to 3' from the seating the

=izsc =rN will Mart, $ren the iiauid `revel rises to 1' from
the gratirg the second bui*1o will cut ino If a malfunction occurs and
the liad 4 level rises to within l' 2" of the grating a high level
alarm signal will be sent to the trouble section of the F?CP ?Silo
Sump Hi Level''0 AU iiquids discharged by the sump rums are routed
up the silo wall through the discharge line, The discharge line
exits the silo through the concrete wall at crib level 2 and is routed
to a catch basis outside the silo at grade level,

2a Comm Box: Explosion proof,

3s Ladder

4o Sump Pump Controls

5e EF 4O and EF=41 Test Switche s

& EF=41 Launcher Platform Purge Exhaust Fan ; ' xhaust fan EF~ d is elect=
rically inneriocked with EF=,A, FF41 is normally deeneraized . It
will be energized to operate during the following conditions a

A . RP=l vapor concentration 2G LEL0

B, At start of countdown (signal start of LN2 fili ► , F41
powered by a '5 ho electric motor- operating on 4i) VAC oU
cycle 3 chase currento EF=41 nas Capa~ ity of 5.3,OOO CF?ff
which is exhausted up thrcugh the ; In exhaust fan (EF~30 ;
on level 2 and o°st of the silo erat1ou of F=-41
Volume Damper VD2 which si a1 the FRCP of the our
it ion i "R$=l fire fop system da~rce _r open" red I•1Dnt ,

7, EF 4O Launcher P=atforri Exhaust Fa Exhajst fa,i F=4r' is ei.eccr-Ica
illy innerlocked with FF= 1, r'n1y one fir will operate at a ti C-
EF 4O will operate nor! ' iy exhausting air from the launche r
form area at a rate of 3,0OO CFN, Thy fan motor is rated at hr~ ark
operates on 48O VAC b0 cvcia 3 phase current= Air is exhausted dent
ically as EF1,

NOTES A fire thermostat .FST=41) is located at the ihiet side
two exhaust fans and senses ink et te~ra3erature, '?he i r ? ~t
tempo exceeds 125°F0 Each fan w11! be deener±zed,

o?
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2 O
Msl t
Pis & Latch As a
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L/P `'„. i

am The fuel fill-and-drain line is a 4 in . mining
rc.u:~ad from the hot disconnect panel (level 4) to a around fuel-and-
drain valve located on the launcher pedestal in quad I ,

2. Missile Alignment Pin and Latch Assembly : Four alignment Dins are
installed on a box housing support mounted to the launcher pedestal,
The pins have length of approximately 2 3/8 in . protruding into the
fam 1e connector of the missile . Two of the round pins have squared
off sides mounted in quads I and IT . The standard round pins are
mounted in quads III and IV . The four latches have a hook desir
which slides into the slots of the four main lognerons of the missile
booster section . They are used to clamp down the missile to the laun-
cher when the missile is not fueled . During normal standby with the
missile fueled, these latches are removed .

3 . Launcher Pedestal Frame : The frame assembly consisting of two welded
structures , is mounted with one structure in quads I and II and the
other in quads III and IV . The structures consist of welded, g in
steel piping in a rigid , vertical and trioon framework . Another steel
box framework is mounted on ton of this assembly . This framework
contains the riseoff disconnect nanels, alignment nine, and latc&es .
The pedestal support in quad IV contains the one inch rise -off switch
(MOS Switch) .

4. L02 Fill-and-Drain Assembly - The ground L02 fill-and-drain valve is
mounted in quad III . It mates with the other half of the disconnect
valve on the crib when the launcher platform is in the lowered posit
ion . The L02 inlet piping is 10 in. In diameter until it connects
to the probe that enters the missile . This probe has a diameter of
8 in. The probe unit is mounted in a swivel unit at the lower sect-
ion, which is pneumatically actuated to move outboard 28 degrees uron
riseoff of the Missile .

5. L02 Topping Line Assembly: The L02 topping line assembly provides
liquid oxygen to the propulsion assembly prior to engine start,
piping is 3,5 in diameter .

6. Comm Box

Riseoff Disconnect Panels : Two panels provide automatic cutoff of
servicing of fluids at missile riseoff . The two panels on the nei-
estals are the lower half disconnects , which contain the female co' .n
lings,
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i :. . ii Lorta_n the fol' owir.-_ outlet

~i _ Asa ~izatior. to ambient spheres in missile (1 )

JO

s z; oi4aa

Fuel tank pressurization line (1)

J

4, - rsulie pressure lines to booster and sustainer/vernier
en-lines :2 )

5 . :-hydraulic return lines from the engines (2 )

The other panel, located at quads III and IV , has the following out-
let ports ,

1 . LO2 tank pressurization (1)

2 . L02 topping (1)

3 . LN2 to shrouds (1)

4 . Helium pressurization to the shrouded spheres

8, LN2 Drain Assembly : During countdown, liquid nitrogen is directed
into the missile shrouds for cooling the helium gas, The LN2 overflow
and its boileff gases are routed through the drain piping assembly and
from there into the LN2 evaporator unit. This line assembly an the
launch pedestal is divided into two sections and then coverges into
one main drain line . The drain line at quad II is 4 in. diameter steel
tuning routed'across to quad III. It teeh into the main drain line,
which is 8 in. diameter aluminum alley material .

9. Missile Umbilical Cables g The six missile umbilical cables are routed
from the umbilical V box on level 2, to rertIcai racks, to level i,

and from there to the missile . . B2 pod,

10. Pod AirtConditioning Duct (Quad III) : Cooled air is routed from the
pod air conditioning unit on•level 4 through a rectangular duct (in-
side dimension of 2 in . X 15 in,) to level 1, and from there it is
routed in a tubular duct of 8 in . diameter . This tubular duct is clam-
ped to a vertical suppor, and in the proximity of 13-2_ped, it is divi-
ded into three separate flexible tubes that are then connected to the
B-2 pod ,

11 . LN2/He Coaxial- Disconnect Panelt The upper half of the quick-discorn-
ect unit is mounted at the corner of cuad III . This unit contains the
female half of the " quick disconnect . The mating unit, the .le half ;
is mounted on the crib structure , The unit has spearate quick44iscor."_
ect valve for helium and for liquid nitrogen . The liquid nitrogen terns
into the helium line and at this t ao- connection a coaxial tubing is
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connected for helium to flow internal with liquid nitrogen surround-
ing it , This coaxial tubing is routed to the riseoff disconrect panel
in quads III and IV .

12. Pod Air Duct and Umbilical Surnort Assembly : The pod air duct and
umbilical support assembly is a tubular support of approximately 6,5
in, diameter by 12 .5 ft'length . It provides the support for clamoine
the pod air conditioning duct and the six missile umbilical cables .
All of these cables are connected to the B-2 pod .

13 . Thrust Air Heat Ducting : Heated air is routed from the thrust section
heater on level 8 of the crib, through the hot disconnect panel of the
launcher platform ( level 4 ), upward to level I and into quad II of the
launcher pedestal and missile . The duct is 8 in , in diameter and is
insulated against heat loss .

14, Engine Compartment Access Platforms : ~ ~~~
.fflffla 11mil

73

0062



II

2ad Level - Elevation 997 ft 4 3/4 in .

Launcher Platform Equipment Location (Level 2 )
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L/P -

--is ievei has a hydraulic actuator
c0e lain her platform to the crib strict

n -d of ire actuator has an attached guid e
iyt9. ~ ietmtsly, TN - as-5s 1biv cove sists of two rollers mounted in vertu

pia-e3, fins -aner rella- foiiows an arc of the tapered rail moun-
:o Ana Pails the lower rimer into locking aosition as i t

:•%.ts A.rr_ orner. attn lower sY_Iker plate . The four lock actuators are
¢,a ? ortned pcsiLicrt within 5 sec after the platform is in
o r r i -iowercd rosi ;,ion,,

2 . Interlock of Locking Assemb vt Above each actuator locking assembly ;
there is at 90 degrees an additional mounted hydraulic actuator unit,
The rod end is attached to a wedge,, When the locking assembly piston
rod has moved out to tha rizid locked position, this interlock unit
positions its wedge in down, movement and locks the main niston rod
from retracting,, The interlock unit positions its wedge lack within

sec ,

3 a Hydraulic ?~anifo1 The hydraulic manifold receives its main source
of hydraulic pressure from the crib hydraulic equipment . Pr electric
solenoid valves it distributes hydraulic pressure to the locking aid
interlock assemblies for leckinp or unlocking the launcher plattor-m to
the crib,,

4 . Idraulic Tubi.n Installation - Stainless steel tubing is rusted from
the hydraulic manifold to the proximity of the locking actuators . From
there, flexible hoses are attached from the tubing to the locking ass-
emblies,

5. Access Areas An access area with a vertical ladder is provided to
level 3,

6, Comm Box

7,, Guide Rollers ; Cu this level there is ere large guide- roller assenblt,
As the launcher platform rises to the trill up position-, the rollers
will rise over a semis, ienrth rail tapered to an oversize I beam Ptloaiit
ed to the silo cap. Inc tapered I beam is wed?ed between the r :;i`•.--z
and aligns the launch-platform to the sill a,,

8 . Tubing and pins; Su-oDorts ° Propellant eases , hydraciics, and hea: -A
air routed from level 4 to ie-Vei 1 and into the adssilee Pea1i -, q
left to right the inderiti`i ..ation of lines is g

1. LN2 drain from ' 32 a shrosd~- ; -

2,, Helium pressurization of r eres In

3 . L02 toon g to i ss11c :;i',>

-nisdlYe (31
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71 1. f'210-7'i n_ ) ! LA'incner n eat f' r".

f'. 'T11 5 3 ey' a i n t

;,re~3urefresturn co nooster and sustainer/vernier engine s

x ',.A function 'paints for missile umbilical cables
This umbilical j box nrovides circuitry t o

-_r? standny and coun~,down fremrt the A :sE on the crib and
*_^c lau :__ ; control .enter, t'urinz LSR Checkout ; it disconnects the
missile and reroutes the circuitry to tie in the LSR and the larie
units, •Wn. n performing APCFIE checkout of the missile, this uAit pro-
vides ac and do power to the missile Dower control unit. (APCHJU) (item
119 Fig 15), Cable connectiona at this 1 box are p1mg-in types for
rapid replacement , The unit also ho w e. an Arm (guidance) amnlifier,
The box enclosure is provided with coding air from the pod air cond-
stioning ':nlr„ The dimensio is of this unit are 66 in, wide ; 2i 111,
deep, and 80 in .r. hIgh 0

MA-3 Valve Control Box' The !4Aa3 valve control box receives 28 vac
power frc& the crib power distribution unit and command- signals frcit
the auto=pilot and signal control unit . Through relays circuitry is
directed when necessary to the bcoster, sustainer and fernier engines
for cute-off control 0

ll. Cable Duct, The cable duct is a ladder desien on which electric cables
are secured and supported . These cables are routed to various iunct-
ion boxes and to the ground suprort eouinment ,

120 J Box (APCHE) s :This unlit provides an interface for the !4APCfE traiiero
It connects the trailer circuitry to the missile umbilical d box (item
99 Fig 15) . Also dist Dcwer to IAAPCH11, control monitors, wTS (' ri ► '}
and checkor t equipment 'TOT irlci0 emer . 24vDC O

13. Pod Air Ducts The pod air conditionine duct is insul-
ated ducting that comes from the pod air conditioning unit on r re
fourth level and is routed to the missile ,

14, Missile Power Control Unit APCHE f his power control unit, oro,'ioes
t e necessary re lays and rer;ea c ys for distribution of 400 ct.s and
28 vdc power to the missile and APCHE during APCRE checkout node, its
power source is the power distr°i~uution poxes on level 3 of the crib
assembly. Power is routed tnrouen the cable loop system to this unit
The dimensions are 24. In. Iona ., 20 in, high and ? in, wide ,
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L/P L31RL

1 . Hydraulic Pumping Unit ' The hydraulic pumpisnq unit contains two inneo

endent hydraulic pumping Systems in one common cabinet . The first

stage system services the booster engine hydraulic system, and the sec-

ond stage system services the sustainer/vernier engine hydraulic sys-

tem . Each stage independently supports its system in the fill=and-

bleed function and provides hydraulic pressure to its system. The

first and second stages use a 20 gal common reservoir. Each hydraulic

system contains a hydraulic pump with a capacity output of 3000 psig

and 8 gpm flow, driven by a 30 hp, 400T, 3 phase electric motor . Stand-

ard coaq onents , such-as filters, sight'tubes, - oil cooler, electric and
hand-operated valves, restrictors, indicators, and relief valves, are-

in each system. The dimensions of the unit are-, width, 5 ft ;_heieht ,

5 ft ; length., 6 ft ; and weight, approximately 2,500 Ib ,

2, Hydraulic Tubing - Two hydraulic pressure and two return lines (one
pair for booster and the other pair for the sustainer/vernier systems]

are routed from the hydraulic pumping unit to the riseoff disconnect

panels at level 1 ,

3. Nitrogen Control Unit (NCU) The NCU is an enclosed unit with neces-

sary valves, regulators, and gages to regulate all nitroeen gas dist-

ribution to the missile and equipment on the launcher platform. Pr±r.

arily, the unit is manually operated . Gaseous nitroeen is received

from the crib storage and distribution units at an inlet pressure of
1200 to 4000 psig, It is then pressure regulated and distributed to

the following :

1, 1000 psig to engine service unit (checkout

2, 1000 psig to hydraulic pumping unit, item No, 1

3, 0,1 psig to the J box (APCI ; )

4 . 0,1 psig to the pod air conditioninz uni t

Four additional outlets are provided ; with each outlet having attacr :c

to it a 45 ft length of flexible hose, The hoses are mounted on reAis
in the unit, They are used for grouna servIo1ri in charging and ri-_
gins the missile and launcher components, The dimensions of the "T7,

are : length, 4 ft ; height, 5 ft ; width, 3 ft and weight, 1,50r 1b ,

4. Guide Rollers : Two large guide roller assemblies ride on a 17 in,
,,wide I beam, with the beam positioned between the rollers, The ~u -A
rail and rollers minimize the lateral or tilting movement of the

launcher platform. The rollers are 3,75 in, wide and 10,5 in, in d aT-

eter . The roller shaft is mounted In a
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5, Tubing and Piping Supports (Item 8, level 2

6, Access Area

7 . Cable Loop Assembly ( Item 9 . level 41 (L/P)

8, Helium Charge Unit e When the launcher platform rises during tactical

launch, this helium charge unit provides and continues the required

pressurization of the missile . Two storage spheres are contained in

this uniti One is a high-pressure sphere (6000 psi), and its controls

maintain or relieve the required pressurization of the missile storage

spheres during ].crunching procedures. This sphere also provides emerr-

ency pressurization of the missile RP -1 tank, The second sphere, the

low-pressure sphere (1000 psi), and its controls operate unit controll-

ers in this assembly and sense variables of pressures . The unit is 60

in, square and weighs approximately 500 lb ,

9 . Comm Box

10 . Pod Air Conditioning Duct-. This is continuous duction from the missile
and is routed underneath the level decking and into the nod air cond-

itioning unit ,
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14 < <: r• i~ TM; a and air conditj onine unit provide s
;LIT, ' o the nissile nod1 which contains the elect

en _ and c'i t 7 rpontrinv constant controlled te~r,oerat-
= r,c rrumidity d .±rina; cnecKOt ,, standby and countdown. The required

r,~ ure '9 4b`ir t 30 :, with maxi ww moisture content of 20 &ins
r' 5+1`J F'=2'-3049 pa Pe YGlj The major eosin

,4;~tz rl;r_- ea icy tre unit area dehumidifier, refrieeratiasi, cng.il.ed
blbwrers filters ., az ►4 necessary Ares and

is i s r, so'.;aar°e and id ft hl?h and weighs a nroxi-

Hot Disecn-e c_?ant_ 'rye hot disconnect panel is the top half of the
ouick-disconnect panel0 It ;Hates to the lower half panel located on
level 8 of the crib str°zcture . The following subsystems are routed
through :his disconnect panel, readinx the outlet ports r•izht to left 2

i, RR=1 fuel (l)

2, Thrust air heatinP line ( l )

The 1t is 22 Ln, wide by 33, 5 in . ion v

4, Bide Roller Assembly ° One small guide roller assembly rides on an I
beam ( .O in, wide with the beam positioned in between the roller s
The rollers are 2,5 in, wide and 7,5 in0 in diameter , with their shaft
mounted in a roller bearing ,

50 ide Roller,Assembly ( Same as item 4, level 3-IL/P)

b, Elevator Door Level •n

70 Aooess Area An ac=es= area with a vertical ladder to the bottom of
the crib,. level

o LN2 raparatar Pipine ° This piping routes the overflow cff liquid
nitrogen and its gases from the shrouds in the missile to a c6rzli,

route ilocated direet'ly under the level deckin¢ . From there It is
to the LN2 e aparx ~..= Lax l_o; ted on the crib : level q ,

9. Cable Lana Assemb is° This cable loop assembly provides t.h 'tpCessE?°v-
continuous c;irc° .itry and hydraulic pressure from the crib eq;al*ii-It
to the launch -01atform eouinmant and missile. The cable _•onslsts c?'
63 electrical ables ;. 2 chilled water lines and 3 hydraulic, lines sec-
tired and sunnor:tcd on 2 mount brackets, As they are routed tm and In
the lau~icheL - tri cab`i~s a ;ld lines are directed to their e~tect -ra
units for power and c ont_-01,
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This is the top half of the quick=disconnect
a _cf:er half panel located on level 8 of th e

., . T :;- follor+ing s1b 3Tstems are routed through this

::e1 ; __ i _g r.ne outlet ports left bo right :

, :J •5 71 : fuel pressurization to missile lines (2 )

o, X12 to NCO when launcher platform is down and locked

c, Helium missile controlline (1)

d, Heliu;n to HCU

This panel is 27,5 in, wide and 4 5 in, long .

12. NCU Disconnect (Upper) : This is one-half of a quick-disconnect for
receiving gaseous nitrogen from the crib storage egninment , The as
eous nitrogen pressurization is disconnected from the launcher to the
crib on raising of the launcher at the cold disconnect panel, At the
fu1L raised position, the upper NCU disconnect unit is connected to
the other lower=half disconnect , ~rhich is mounted on the crib a oroxi-
matelf 3 ft below crib level 1 ,
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CRIB LOCKING AND SU,)r'ENSiON S'YSTEMl~



i Cr :Jr--3 icn s*,- I _112nmbI The crib suspension assembly prov
ie2s isoiatici-i of the :-it and eouirment ;, launcher platform and
ml.-s!-c: to rrinirize lanare from ground shock, The suspension shock
se.i-Ats are mounted on the 3ilc wall 9010 apart at level 2 and are a*t-
atched to the crib at level 6, Each strut is 64' 2? lone and has 7
decks-of sp-irgs, 3 sets of sprints per deck, The suspension system
will allow 1,45* of vertical travel,

B . Tock and Damper System Assembles ;

1. A single vertical strut lock is mounted on the bottom of the 7th
spring on each odd numbered suspension strut , Each lock consists of
a hydraulic cylinder and fork lock that neutralizes the spring action
of the strut and levels the crib ,

2. Three horizontal crib locks are located 1200 apart on the top
level of the crib . Each lock has a hydraulic piston that exerts a
force against a striker plate mounted to the silo cap and positions
the crib center line . To the center line of the silo V-ap ,

3 . There are four friction type horizontal strut danmers1 one mount=
ed on the bottom of each shock strut assembly pair . The damers exert
a damping force of 200 lbs and allow 4 of horizontal crib travel ,

C . Platforms : Missile Work Platforms are provided at four silo levels
2,5,5A & 6) . In addition„ a safety platform is located at silo leve l
1 and an engine compartment access platform is located on the launcher
platform (at silo level 7 with the L/P down), These platforms are
located so as to permit access to the missile for limited maintenance
and service to support and house the missile stretch mechanism,

1. Work Platforms : Work platforms (ur/p) IQ2,&3 are hydraulically
1__ _

rac r
1_

o
i1
ie ,

Nor_k 'oj
V^1
i

1
o
_
r
. is attlct l

0___4 1
±

4
.L.y ie. 1911 _in ck-ed •ivo

_ EP ~Tf S
r6L i~ 4 1~

Ayd, pressure is supplied by _ 40 hp motor dr.7an pump, (Ryd,
power pack) on crib level 2, The pure is started from either the
Ryd. control nanel on level 2 or the control station manual one .-
ating level panel on level 1, The W/P can be stopped and retr~acr
ed at any poLrtt during the extend dole taut they cannot be st-n=
ped or re-extended in the retract cycle until fully retracted ,

A system of limit switches is utilized with the work plati'or1 ►:~,
These switches pent current flow to a light on the apo table
level key switch panel to indicate that the platform on that
level is extended, and by means of an interlock system to nre't .t
motion of the I/'P if any W;p is not fully retracted, r~onversel-,
the interlock system prevents the extension of the work o1at .for. . :s
when interference with the launcher platform would occur . Tr,e
work platforms can be operated only when the L/P is in tPe ful`_v
dorm and locked position,
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t' _ -ae 4r -' .ar.= provide access for attach -

~: dr:a se °v1c1Dp the re-entrv vet -

s•. _:u the stretch mfetianisls ,

I b' a?~?? f11 e'. (Thre e ~ :"t above silo level 5), Cn e

se j ior. orovi: 1e3 access to the uorrr section of the P=2 pcd ,

containing the retro=rockects, missile inverter, e~d.cation

transfor *er ~U=4 °kg), orotran er ((T=3 Fkg), filter servo

amlifier (II=2 Fkg) ; programmer (' 11 .3 ~kg), power charger

over SW, roc_ .et en~ine relay boT9 missile batterh and pro-n0

e!:ant cztiiization system ,

~c) W P~ Silo Level 5A, Eight feet above silo level 6), Five
sections provide access to the vernier engines,, B'1 pod and
to the lower section of the B=2 pod, which contains the unbil=
ical connections and the AIG platform9 control and computer ,

(d) W Silo revel 6, Three sections provide access to the
'booster engine nacelles, ueehanically linked t o

2, Safety Platform The safety platform is located at silo level 1,
Equipment can be lowered down through the silo cap and received

at this platforms The safety platform is accessabie from the faei=
lity elevator and Is the largest of the n atforms (13 ' lone X ~
wide), It is pneudraclically operated, 300 psi air pressure
charges a hydraulic accumtilator which s°spnlies pressure to th e
cup" side of apair of actuators, These actuators retract the
platform through pulley and cable linkages, The platform slowly
free-fails to the extended position as hydraulic fluid is forced
back into the depressurized accumulator through orfices, A Hyd,
hand pump is provided for use in the event that air pressure fails ,

3, Engine Compartment. Access Platfor~s o The right and left entine

compartient access platforms are each 15 ft lone and 5 ft vide
and are located dIrectly u?ider the missile engines , The platforms
are fixed to the LJ'P and are actuated by hp motors and sear boxes,

The access ladder and electric motors control station are on level
1 of the LIP 0

D, Stretch Mechas3.ss:

(a) Functional Description: he function of the mechanism is to
supply two upward acting forces at diametrically ovnosite sides
of the missile skin rendering the thin=walled cylinder sectio n

of the skin safe from collapsing under its irelght in case the cy9-

indtr loses its internal pressure ,

When lass of pressure occurs the stretch recha .nism will be nosif-
ioned in its operating position and locked, The eunnort non is
manually moved forward and the pin insert is introduced into the

epenine nrovided for it in the skin of the missile core ,
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__ .__~e skin or-moo ere su 'ors ' in

17, Ir •m, platform load in turn i s

;~11 _cal '!e4 _ ot an ° 7'he stretch mechanise is stored horizsn t-

aiiy within : °pact envELope approximately o in, T 18 in, v 40

ins It is hinged into the No, 1 work nlatform along its lilt-

ing arm extends about 18 ino beyond the 18 in, einvelope width to

reach the missile . The mechanism has two main moving parts ; or

links contained between two outer side plates, Pins or shafts

support, td by tine side plates Hass throueh one end of each lir :c

a'lowing it to rotate about that end, One link is a hydraulic
cylinders the other a missile stretchine arm. In operation, the

cylinder presses upward on the lifting or stretchint trm, The

Top side plate is flush with the work platform deck when stored,
There are two equivalent mechanism,

(c) 00perationt. The stretch mechanism is so designed that it may be

manually positioned, pumped to operating pressure and mane ily

locked in place within 10 mir, by two men, The stretch meehari-

ism is divided into a left hand mechanism assembly which is lacat.=-

ed in platform 1D and a right hand mechanism assembly which is

located in platform IB. each mechanism assembly consists of a

housiniz assembly,; a support in housing and a hTdraulie actuator,

Either the right hand or the left hand mechanism Y►v be erected
first,y The mechanisms are similar and the same erection and

operating sequence is used with each mechanism, The steps ej

the sequence areas fellows-

1. Unlatch and lift the left ha -ILr stretch Mechanism asstit;biv

out of work platform 10 ,

2, Lock in the upright position by Allowing the lock block
at the rear of the housing to dret into the lodki.ns spot ..

3, Lift the support min housing out of the mechanism hrus.

ing and place it so that it is st_anortea by its tivo s

and by the nyoraulic stretch ac t,lator,

4, Remove the tee handle from. the thin on ton of tint rte

heasin~ and Insert in the node nrd-vided in One ^®-

pin ,

Slide the s-upo r~t pin ferw;r•d and insert the nip? in

missile nose cone adapter bearing ,

6 . Repeat 3 %leD3 1 tnrcu4n t -e ribnt=na ;t,

assembly,
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flt hAth stretch iechanism act-
Ii" the hand num'o which Is lscated

'a m

8 ., w' ~n the desired sf.retch has been achieved , lack each

actuator mechanically by rotating the lacking collar

until it is ia~ted against the actuator cap ,

9, The hydraulic pressure may then be relieved until it is
necessary to remove the stretch mechanism from the missile,

10, when it is desired to relieve the stretch, acain pum p
pressure into the actuators until the pressure is reliev~
ed on the locking collar ,

U, Turn the locking collar (on the actuator ) down so that the

actuator can be retracted ,

12, Relieve hydraulic pressure by opening valve on the hand

Pump ,

13, Slide the support in back into the tin housing until the
ball lock in the housing drops into the detent in the
slide and holds the slide in place,

14, Replace the tee handle in the clip on top of the pin hous-
ing ,

15, Fold the pin housing and the actuator and replace in the
mechanism housing ,

16, Unlock the mechanism by pulling the cable handle to lift
the lock block out of the locking slot ,

17, Stow the stretch mechanism in the platform,
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T.O. 21-SM65F-1 Sectic_

LEVEL 4 i f

1 JUNCTION BOX ASSY IRSG SILO CHECKS ( 576 AND OSTF-2) 11 CONDENSER WATER PUMP P-3 1
2 INSTRUMENTATION CABINET (OSTF-2) 12 HYDROPNEUMATIC UTILITY WATER TANK 5 0
3 IN STRUMENTATION CABINET (OSTF-2) 13 CONDENSER WATER PUMP P-3 0
4 LIGHTING PANEL LB 14 AIR TANK (OSTF-2 )
5 LIGHTING PANEL LB 15 WATER PUMP P-80
G CONDENSER , WATER CHILLER , AND REFRIGERATIONN 16 UTILITY WATER PUMP P-8 1

COMPRESSOR 17 HOT WATER PUMP P-6 1
7 CHILLED WATER PUMP P-51 (P-50 FOR OSTF-2) 18 HOT WATER EXPANSION TANK 63
8 CHILLED WATER PUMP P- SO (P-51 FOR OSTF-2) 19 HOT WATER PUMP P-60
9 EMERGENCY WATER PUMP P-32

10 CONDENSER, WATER CHILLER, AND REFRIGERATIO N
COMPRESSOR

.11

40 .10-117

Figure 1-17. Silo Level 4 Equipment Location
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i LZ7 L 4LJ:r1

Facility Elevator Counterweight s

_:n :h -!r Dlatf orm Counterweights

L . La: ;:7ct:?r Platform iuide Rail s

5. Water Chiller Units 50 and 51 a To provide chilled water to the follow-
ing :

A . Launch Control Center Fan Coil Unit,

B . Control Cabinet fan coil unit .

C, Launch Platform enclosure fan coil unit ,

D. Pod air conditioner on the launch platform ,

6, Circular Stair s

7 . Air Conditioning Duct s

8. Chilled Water Pumps P50 and P51: Two 15 hp chilled water Dumps, one
pump for normal and the other is for standby. Water is circulated by
these pumps to water chiller units then directed to air cenditionin%
cooling coils throughout the silo, launch control center and returned
to the pumps in a closed loop system,

9. Energene7 Water Pu= (P .32) : Provides energeney backup for the cord-*
enser w ter pumps , It 4 .9 started by a si?nal received from the blastr ----r - -

detection system . Provides a 50 GP!' flow of hard water from the utility
water system. This water flows from the pmt to the water chiller
units, to diesel senerators water jiaeket heat exchangers , inst,air pre-
fab and to drain in the sump .

10. Condenser 'Water Pumps (P=30 & P=31 ; a The two condenser water pumps
provide normal circulation of cooling water from the cooling tower to
water chiller units, diesel generator's heat exchangers and instrument
air prefab ,

11. Hot Water Pumps (P-60 & p®6l) i Circulates hot water in a Closed loon
system from the heat recovery silencers of the diesel generators to the
thrust section heating coil, fan coil unit FC..40 on crib level 2 and
fan coil unit FC=1 on level 1 of the LCC .

12 . Hot Water DMansion Tank (TK-63) : A 30 eal.lon capacity tank which
serves dual purpose :

(A) An expansion vessel for the system,
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r ~~ .mot :. I r- the system receiving make-up water as required
dei i ' sized -,--ter system.

1V -ter 'an', 780 Primary function is to maintain a head ore-
,sure an the utility water sy3tem . The tank is pressurized with air of
`? 5 psi; from the instrument air prefab . As the water level drops, the
air pressure will be simulataneously reduced, and at 63 psig the util-
ity water pump will start operation to replenish the water supply and
stop operation at 85 psig, When tank pressure drops to 48 psis a low
lead afar indication will be registered on the FRCP in the LCC ,

14. Fog System Pump (P-80) : Pump is centrifugal type with-a capacity of
500 GPM. This pump supplies water for the- fog nozzles , emergency show-
ers, eye wash fixtures, fire hose stations, air washer emergency supply
and condenser water emergency supply. Operates in conjunction wit h
the utility water pumps Starts when the utility water tank pressure
drops to 55 psig and stops when pressure reaches 74 psig.

15 . Utility 'rater Pump (P-81) : The 30 GPM capacity utility water prosy is
sized to supply the normal demand for drinking water, domestic water,
cooling tower make-up (8 GPM) and air wash system make-un (2 GPM) .
Operation of the pump is controlled by pressure switches located in the
utility water tank . Pump starts when utility water tank pressure drops
to 63 psig and stops when pressure reaches 85 psig .

16 . Diesel Exhaust Ducts

17. Telephone Terminal Cabinet

18. Lighting Panel LB : Power to lights and reciptacles on levels 4,5,6,7 ,
8 and sumps .

19. Fire Detector Head

20. Comm Box

21 . Emergency Lights (6 Volts)

22 . Hand Fire Extinguisher

23. P .A . Speaker
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"Run" light and "Hand-Off-Automatic"
g ~,x T,Cf?

'ewer E ectric Heater EH-30 - "On" light ,

;: .;illeJJWater Pump P-50 & P-51 P-51 "Rua" light , P-50 "Run" light and

"" =• 04-Off-P-5l" selector switch .

Control Cabinet Fan Coil Unit FC-10 - "Run" light and Start-Stop switch,

i'ontrel Cabinet Electric Heating Coil EC-101 v "On" light .

7. ^emineralized Water Pump P-90 - "On" light and F.and-Off-Autmnatic

selector switch .

2& Emergency 'Water Pump P-32 = "Run" light, Start Button and Stop Button,

29, Chilled 'Water . P-50 m Start and Stop Buttons , as light .
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IV . BASE DEPLOYMENT AND DESIGN
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BASE DEPLOYMENT

Currently authorized Atlas missile bases are deployed in the general pattern shown
on the opposite page . The distances between bases and Base Activation headquarters

in San Diego are natural deterrents to good communication . Total compliance with
the detailed means and methods of the Project Control Plan provides maximum ef-
fectiveness of communication , coordination and control .
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1 SILO COMPLEX

2 HORIZ . COMPLEX

3 R& D

4 MANUFACTURING

BASE DEPLOYMENT
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BASE DESIGN PHILOSOPHY

Each silo base consists of 12 launch sites deployed as shown on the accomp anying map
of Plattsburgh Air Force Base , New York. The first consideration in locating the sites
is maximum dispersal for protection against enemy action . Other major considerations
are local topographical and geological conditions . Each launch site is operationally
independent . All 12 sites are dependent for logistic support on a common Squadron
Maintenance Area , and are controlled from a central administration area .
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C1L\SIPLALN

MILES FROM PLATTSBURGH

SITE PLATTSBURGH

POPULATION

19, Ono

1 0

1

SCALE OF NIILES

^0 30

1

1 --------------------- 30 MI . 1 .505
2 --------------------- 38 MII . 1,40 0
3 --------------------- 32 MI . 1,40 0
1 --------------------- 30 MI . 1,000
5 --------------------- 26 &II. 1,650

6 --------- --------- - 34 MI. 30 0
7 -------------------- 32 MI . 300
8 --------------------- 37 MII• 500
9 ------ ------------- 33 MI . 50 0

10 --------------------- 28 MI. 10 0
11 --------------------- 36 IW. 100
12 --------------------- 39 ML 100

5 1
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SILO BASE LAYOUT

A typical Series F silo squadron is shown on the opposite page . In the launch-ready
configuration, all structures and equipment at a launch complex will be below ground,
as at complexes ? through 12 in the illustration . Only during maintenance operations
will equipment be dispersed as shown at Complex 1 . The mobile ground support
equipment shown is based at the Squadron Maintenance Area and delivered to a launch
complex as required .
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TYPICAL SILO BASE LAYOUT -
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TYPICAL LAUNCH COMPLEX

A typical launch complex is shown in cutaway on the opposite page . Essentially, the
complex consists of two concrete cylinders closed at both ends . Both cylinders are
completely below ground level. The larger cylinder, the silo, is over 174 ft . deep
and has an inside diameter of about 52 ft . The silo contains an Atlas missile, plus

most of the structures, facilities and equipment needed to launch it . The other cylin-
der, called the launch control center, is approximately 27 ft. deep and is about 40 ft .
in diameter . The launch control center contains living quarters and facilities for the

launch crew, plus the equipment to monitor the operational readiness of the silo and
launch its missile .

The silo and launch control center are connected by a cylindrical tunnel about 54 ft .
long and about 8 ft . in diameter . This tunnel serves as a conduit for the launch control

cabling, and provides access to the silo . Together, the silo and launch control center

form a self-contained combat unit, with food, water and power. In the launch-ready

configuration the ground level opening in the silo roof is sealed by blast-proof concrete
doors . During a missile launch these doors are opened and the missile is lifted to
ground level .
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V . FACILITY AND GROUND SUPPORT EQUIPMENT



SILO

The silo (see opposite page) is an 11-story building situated completely below ground .
Its floor, walls and roof, which are of reinforced concrete, form a cylinder measur-

ing over 174 ft, long and about 52 ft . in diameter . Inside this cylinder is a structural
steel crib . The crib, which is octagonal in cross-section, contains eight floor levels .
On these levels are mounted the storage tanks, machinery, control cabinets and other

items of support equipment needed for the Atlas missile that is stored in and launched
from the silo . Passing vertically through the levels of the crib are two square shafts .
The larger shaft is for the launcher platform, on which the missile is lowered into the

silo for storage and raised above ground level for launching . The smaller shaft con-
tains a utility elevator for maintenance personnel and equipment movement . The crib
is suspended from the silo walls on spring-loaded shock struts designed to cushio n
the crib and its contents against the shock of a nuclear blast . In the silo roof, which
is flush with ground level, is a square opening sealed by blast-resistant doors .

Through this opening, which is aligned with the launcher platform shaft, the missile
is lowered into and raised out of the silo . Access to the silo for personnel is through

a cylindrical concrete tunnel connected to the launch control center . Except during
maintenance., operation of the equipment in the silo is remotely controlled and moni-
tored from the launch control center.
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SILO DOORS

CHILLED WATER EXP . TANK
AIR WASH EXP . TAN K

INLET
FRESH AIR DUST COLLECTORS
PUMPS & WASHERS (2)

FACILITY ELEVATOR

MECHANISM . MCC . ETC .
LAUNCHER PLATFORM DRIV E

FAN COIL UNIT L/ P
HYDRAULIC POWER PACK
HYDRAULIC ACCUMULATOR

HYDRAULIC RESERVOIR
HYDRAULIC PUMPS
GN2 CYLINDERS

STAIRWAY
CONTROL PANEL

NON-ESSENTIAL
MOTOR CONTROL CENTER

30 KVA TRANSFORMERS

GE CONTROL RACKS
ARM LA CONTROL RACKS

L/C LOGIC RACKS (2)

28V D-C SUPPLY
WATER CHILLER

C HI LLED WATER PUMPS (2)
WATER CHILLER

CONTROL TOWER PUMPS
480 V SWITCHGEAR

CRIB SUPPORT
DIESEL DAY TAN K

LOWER SILO SUPPLY FAN
CRIB STRUCTURE

CONCRETE SILO STRUCTURE
48V BATTERY

48V BATTERY CHARGER
G02 DETECTO R

INSTRUMENT AIR PREFAB

L02 CONTROL PREFAB

He/LN2 HEAT
EXCHANGER PREFAB
PURGE SUPPLY FAN

L02 FILL PREFAB

RP-1 DETECTOR I h +
He/LN2 HEAT EXCHANGER

He INFLIGHT i

He INFLIGHT 2
LN2 STORAG E

GROUND PRESSURIZATION
LO2 TANK

L02 TOPPING
THRUST SECTION HEATER

PRESSURIZATION
CONTROL UNI T

LN2 OVERFLOW EVAP .
COLD DISCONNECT PANEL

HOT DISCONNECT PANE L
FUEL PREFAB

SILO

AMF MOTOR CONTROL CENTER
LAUNCHER PLATFORM

DRIVE CONTROL CAB .
A:MF LOGIC RACKS

LAUNCHER PLATFORM DRIVE CONT .
ESSENTIAL MOTOR CONTROL CENTER
FACILITY ELEVATO R

TUNNEL TO LAUNCH

CONTROL CENTER

SILO EXHAUST FAN AND PLENUM

LEVEL 2

CONTROL CABINET FAN COIL UNIT
SIGNAL RESPONDERS (2)
400 SUPPLY
28V BATTERY
LEVEL 3
UTILITY WATER SURGE TANK
FOCI PUMPS
UTILITY WATER PUMPS
HOT WATER EXP. TANK
HOT WATER PUMPS (2)
LEVEL 4
HEAT RECOVERY SILENCER
LUBE OIL TANKS (2)
DIESEL G)~- 'RATOR
LEVEL 5
HEAT RECOVERY SILENCER
AIR START TAN K
DIESEL GENERATOR
LINE-OF-SIGHT TUBE FIXED SECTION
TUBE TO GROUND LEVEL FOR
POLARIS SIGHTING
BENCH MARK
LEVEL 6
COLLIMATOR

BENC H ivuus K

PRESSURIZATION PREFAB
DIESEL FUEL VAPOR DETECTOR
LEVEL 7
GN2 STORAGE TANKS (2)
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LAUNCHER PLATFORM

The launcher platform is an open cage-type, multiple-level elevator on which a missile

is lowered into and raised out of the silo . The platform is 16 ft. square and 49 ft . high,

and weighs approximately 171,500 lb .

It is suspended on 10 cables within the silo crib . The platform structure consists of

four levels . On the first level, which is above ground when the platform is raised, are

the missile launcher and flame deflector . The second level holds the launcher platform

locking system, which anchors the platform to the silo walls when it is raised, and to

the crib structure when it is lowered . The third and fourth levels contain equipment for

servicing the missile while the launcher platform is rising during a countdown .
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A.. //h..,I-

~~i. ii A..r nfwri. / .
AlW A. . /. .. . ; ..e/.

LAUNCHER PLATFORM

• IIVDR U TI'

PUMPING UNIT
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LAUNCH CONTROL CENTER

The launch control center is a cylindrical chamber of reinforced concrete about 27 ft .

high and about 40 ft . in inside diameter. Built completely below ground, the chamber

contains two floor levels supported by an air-cushioned suspension system designed to

cushion against the ground shock of a nuclear blast . The rooms on the lower level con-

tain the facility and launch control equipment used by the operating crew of a single

launching silo . The rooms on the upper level contain living quarters and facilities for

the crew. The launch control center is connected to its silo by a cylindrical concrete

tunnel some 54 ft . long and about 8 ft . in inside diameter . Access from ground level

to both the launch control center and the tunnel is through a blast-resistant concrete

stairwell . Emergency exit can be made through an escape hatch in the launch control

center roof .
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LAUNCH CONTROL CENTER

AREA KEY EQUIPMENT KE Y

FIRST LEVEL 1 ALTERNATE COMMAND CONSOLE 13 COMMUNICATION EQUIP. PANEL "B"
A READY ROOM & STORAGE (ONE PER SQUADRON) 14 MAIN DISTRIBUTION FRAME
B JANITOR'S ROOM 2 POWER PLANT REMOTE CONTROL PANEL 15 MISCELLANEOUS TRUNK BAY
C MEDICAL SUPPLY ROOM 3 LAUNCH CONTROL CONSOLE (DIRECT LINES)
D TOILET 4 TV MONITOR 16 MOTOR CONTROL CENTE R
E KITCHEN & MESS 5 OFFICE EQUIPMENT 17 FINDER CONNECTOR BAY
F POWER DISTRIBUTION ROOM 6 LIGHTING DISTRIBUTION TRANSFORMER 18 POWER BOAR D
G HALL 7 FIRE ALARM PANEL 19 MISCELLANEOUS RELAY RACK
SECOND LEVEL EXIT & EMERGENCY LIGHTING PANEL 20 SELECTOR BAY
H BATTERY ROOM NORMAL LIGHTING PANEL 21 X-TIME CLOCK BA Y
J OFFICE LIGHTING DISTRIBUTION PANEL 22 REGISTER BAY
K COMMUNICATIONS S BATTERIES & RACK 23 TRANSLATOR BAY

EQUIPMENT ROOM 9 TELEPHONE TERMINAL CABINET 24 FACILITY REMOTE CONTROL PANE L
L LAUNCH CONTROL ROOM 10 CHARGER BAY 25 SASS BAY

11 COMMUNICATION POWER 01ST . PANE L
12 PA SYSTEM CABINE T

LAUNCH CONTROL CENTER
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LUBE OIL AND FUEL OIL SYSTE M

This system stores and distributes the fuel and lubricant required by the two diesel
generators that supply facility electrical power for both the silo and the launch control
center. The amount of oil stored in this system is a primary determin ant of the length
of time a launch complex c an remain operationally independent .
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LUBE OIL AND FUEL OIL SYSTEM

LEVEL 5

LEVEL 6
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HEATING, VENTILATING AND AIR-CONDITIONING SYSTE M

This system continuously pumps a supply of fresh, washed air into the silo, heats or
cools the air as required, and distributes it throughout the silo . Part of the system

maintains constant temperature inside the shaft that encloses the launcher platform .

The system also continuously expels stale air, fumes and vapors from the silo .
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CHILLED-WATER

EXPANSION TANK

DITAKE

DUCTS

AIR WASHER
DUST COLLECTOR

[NITS (A . S . C .) (2 )

HEATING, VENTILATING AND AIR-CONDITIONING SYSTEM
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UTILITY WATER SYSTE M

The utility water system provides the water for personnel, fire protection, and the
air-conditioning system in both the silo and the launch control center .
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,LEVEL 1

TUNNEL TO LAUNCH CONTROL CENTER

LEVEL S

DRINKING
FOUNTAIN

LEVEL 3

UTILITY WATER SYSTEM
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DETECTION SYSTEMS

There are five detection systems at each launch complex : the fire alarm system, which

detects and provides alarm signals in the event of fire ; the gaseous oxygen detection

system and the diesel fuel vapor detection system . These systems give both a visual

and an audible warning if they detect critical concentrations of gaseous oxygen or diesel

fuel vapor in the silo . Another detection system senses the presence of missile fuel

vapor in the silo, gives a visual and audible warning, and causes the release of water

fog which suppresses the vapor. Fifth is the blast detection system : this system con-

sists primarily of a light-sensitive detector, mounted above ground level at the launch

complex, which is sensitive only to high-intensity light, such as the flash of a nuclear

explosion . Upon sensing such a flash, the detector sends a signal to a cabinet in the

launch control center. This signal closes blast protection doors in the ventilator

ducts, and at other passages with openings at ground level, before the blast forces of

the explosion .
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LAUNCH \ 1 LC C
WN U(OL I VEL 1
CENTER 1} (2)

a n i

CRIB STRUCTURE

CONCRETE SILO STRUCTUR E

GO2 DETECTION UNIT

RP-1 DETECTION UNIT

SILO

(5) CONTROL CENTER 'LCC
s (1) LEVEL 2

O(1)

GL a - lUNi' J. 11J t .AUNlitt

VEL 6

1 (4)

3 (lj

DIESEL FUEL VAPOR DETECTION UNIT

(7) NUMBER IN PARENTHESIS

OGO2 DETECTORS

@DIESEL FUEL VAPOR DETECTORS

OR-P-1 . DETECTOR S

OBLAST DETECTOR

VEL 8
@ FIRE ALARM

O (1) LEGEND

O (1) O FIRE DETECTORS

O (2) MEANS QUANTITY .

O (4)
O (1 )

DETECTION SYSTEMS
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COMMUNICATION SYSTEM S

Each launch complex has a telephone system and a public address system . The
telephone system interconnects the launch control center with a ll entrances to the
launch complex and with the eight levels in the silo. Calls can be placed, via the
launch control officer's console, from one silo level to another. Public address sys-
tem inputs from the launch control center reach all areas of the launch complex .
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LAUNCH PLATFORM

LEGEND

TELEPHONES

SPEAKERS

STAIRWELL

(4 SPEAKERS)

SILO

DIAL

TELEPHONES (2)

LEVEL 2
(3 SPEAKERS) LAUNCH

(4 TELE .) CONTROL

C2IVTERTUNNEL

(2 SPEAKERS)

LEVEL 3
(3 SPEAKERS)
(1 TELE . )

COMMUNICATION SYSTEMS --
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SILO CRIB SUSPENSION SYSTE M

The major components of this system are four wall brackets and four pairs of spring-

loaded shock struts . The wall brackets are mounted 90° apart on the silo wall, above

the second level of the crib . The upper ends of each pair of shock struts are attached

to a wall bracket, and the lower ends are attached to the crib at a point between the

fifth and sixth levels . Each shock strut is 60 ft . long and consists of from 5 to 7 sets

of concentric springs mounted on a central rod . Spring retainers on the rod transfer

equal crib loads of each spring on the strut . The entire weight of the crib structure

and its contents , including the launcher platform and missile , is suspended on the

struts . Total weight is more than 1,500 tons . The system cushions the missile and

its support equipment against the ground shock of a near-miss nuclear blast . Hydrau-

lically actuated locks in the system anchor the crib structure to the silo walls during
launcher platform operation .
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SILO CRIB SUSPENSION SYSTEM--
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LAUNCHER PLATFORM DRIVE SYSTE M

The launcher platform drive system raises and lowers the launcher platform along a
set of guide rails attached to the inner sides of the launcher platform shaft structure .
The drive system includes a drive mechanism, a launcher platform counterweight, 10
wire ropes , and a tension equalizer . The drive mechanism consists principally of two
125-hp electric motors , two reduction gears and two traction sheaves . The launcher
platform counterweight , which has its own shaft and guide rails, is a stack of iron and
steel slabs surmounted by two sheaves . The counterweight weighs 536 , 000 lb. The
wire ropes are grouped in two sets of five ropes anchored to crib structure directly
below the drive mechanism located on crib level No . 1. The opposite ends are

attached to the tension equalizer , a teeter bar assembly anchored to crib structure
above level No . 1 . This assembly equalizes the tension between the sets of wire ropes .

?6

0031



LAUNCHER PLATFORM DRIVE AND BASE ASSEMBL Y

DRIVE MECH.

L/P

V

LAUNCHER PLATFORM DRIVE SYSTEM
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PROPELLANT LOADING SYSTE M

The propellant loading system consists of the silo-mounted storage tanks, control
units and tubing which supply fuel and liquid oxygen to the missile (see illustration

on opposite page) . Fuel is loaded aboard the missile through fill lines connected to a

tank truck above ground . The fuel then remains aboard the missile until the missile

is launched or replaced. Two Dewar-type tanks in the system store liquid oxygen,
which is transferred to the missile during countdown operations .
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H NORTH

I

1st LEVE L

LAUNCH PLATFORM

TWICE SCALE OF CRIB
(VIEW ROTATED 90° FOR CLARITY)

PROPELLANT LOADING SYSTEM
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PNEUMATIC SYSTEM

The pneumatic system includes the silo-mounted equipment used in the storage,

control and transfer of gases . (See illustration on opposite page .) Gaseous nitrogen

handled is used in missile propellant transfer, silo hydraulic equipment operation,

and missile maintenance . Helium is used for missile tank pressurization .
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LN9 HE L .

CHG . UNIT

PUMP UNIT

6TH. LEVEL

HELIUM

HYDRAULI C

5TH. LEVEL

NITROGEN
CONT . UNI T

DISCONNECT

NORTH

LAUNCH PLATFORM

TWICE SCALE OF CRIB

(VIEW ROTATED 90° FOR CLARITY )

PNEUMATIC SYSTEM
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HYDRAULIC SYSTE M

The hydraulic system consists of the silo-mounted control units, reservoirs, pumps,

accumulators, lines and actuators needed for operating hydraulically powered equip-

ment . (See illustration on opposite page .) This equipment includes the crib locks,

the work platforms, the launcher platform locking mechanism, and the silo overhead

doors . Also included is the hydraulic pumping unit on the launcher platform . This

unit supplies hydraulic power to the missile during countdown and checkout operations .
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DOOR CYLINDER (2)

NORTH

TO UMBILICAL LOO P
LAUNCH PLATFORM
TWICE SCALE OF CRIB

SILO C RI B

HYDRAULIC SYSTEM
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SILO ELECTRICAL EQUIPMEN T

This equipment includes the generators, transformers , rectifiers, batteries , switch-

gear and cabling needed to make the entire launch complex electrically self-sufficient .

Two diesel generators in the silo are the basic source of all electrical power for both

the silo and the launch control center. The generators produce 480v 3-phase 60-

cycle alternating current. Power is distributed through switchgear to the launch

control center and to 480v operating equipment in the silo . This equipment includes

pumps and motors , 120/208v transformers , 48v. and 28v d-c rectifiers, and a 400-

cycle 117v motor generator . Two sets of batteries, charged by rectifiers powered by

the diesel generators, provide emergency 48v and 28v d-c power .
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1 :Ii MOTOR CONTROL CENTE R

+440 V 30 60

TO TOPSID E

MOBILE EQUIPMEN T

EXHAUST VENT BLAST
CLOSURES (2 )

ESSENTIAL BUS CONTROL CENTE R

NON-ESSENTIAL
BUS CONTROL CENTE R

L ::U : .:UB V .3 p U U

44UV 30 •

440 V 30 60 DISCONNECT

SWITCHES (2 )

A'C DISTRIBUTION BOX
(60 & 400 ^ )

LAUNCH SIGNAL

RESPONDER c1

LAUNCH SIGNAL

RESPONDER #2

RELAY LOGIC UNIT #1

30 KVA TRANSFORME R

JUNCTION BOX FOR

HYDRAULIC PUMPING UNI T

JUNCTION BOY FOR POD

COOLING UNIT

WATER CHILLER NO . 1

LIGHTING JUNCTION BOX

TELEPHONE JUNCTION BOX/

CHILLED WATER PUMPS (2 )

CONDENCER WATER PUMPS (2 )

UTILITY WATER PUMPS (3 )

WATER CHILLER NO . 3

DIESEL

GENERATOR NO. 1

DIESEL

GENERATOR NO . 2

4SV D . C .

48V D .C .
BATTERY CHARGE R

EMERGENCY BATTERY
48V D . C .

INSTRUM ENT
AIR SYSTE M

GASEOUS OXYGEN
CABINET

FUEL DETECTOR
CABINET

LOWER SILO SUPPLY FA N

LIQUID OXYGEN VACUUM

PUMPS (2)

LIQUID NITROGEN

VACUUM PUMP

SILO ELECTRICAL EQUIPMENT

CENTER
COUNTDOWN GROUP

TO LAUNCH PLATFORM LOO P

LEVEL FIVE

HOT WATER PUMPS (2)

HARD WATER PUMPS (3)

LIGHTING PANE L

440 V 36 6 0
SWITCHGEAR

4.8V D . C .

LEVEL SIX

DIESEL FUEL VAPOR
DETECTOR

LAUNCH PLATFORM
PURGE SUPPLY FAN

LEVEL SEVEN

THRUST SECTION
HEATER COI L

THRUST SECTION
HEATER PRESSURE FAN

sRECHARGERS ENG IN E
SERVICE TRAILER PNEU .
CHECKOUT TRAILER

ELECTRONIC CHECKOUT
TRAILER He COMPRESSOR
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SUPPLY FANS (2)

MAIN EXHAUST FAN

LIGHTING PANELS (2 )

LEVEL TWO

AIR HANDLING FAN

CONTROL CABINET
SUPPLY FAN

EMERGENCY BATTERY

LEVEL THRE E

400 CPS M-G SET

2S V D .C . POWE R

SUPPLY UNIT & DISTR UNIT

RELAY LOGIC UNIT i2

130/308 V 36 6 0

440 V 30 60
LEVEL FOUR

RE-ENTRY VEHICLE
PRE-LAUNCH MONITOR &
CONTROL UNI T
TO LAUNCH CONTROL
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LAUNCH CONTROL CENTER ELECTRICAL EQUIPMEN T

The 440v 3-phase 60-cycle a-c power supply for the launch control center is routed

through the utility tunnel that connects the launch control center to the silo . Within
the launch control center the power is routed to the 440v equipment, and to a 120/208v
transformer . The 120/208v power is routed throughout the launch control center .
Emergency power is provided by batteries .
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LIGHTING DISTRIBUTION' \ / •-/-- k- \ ~ ' 'COMMUNICATION EQUIPMEN T
TRANSFORMER

TO WALL PUMPS (2) AND PUMP UTILITIE S

LIGHTING PANEL" I , FACILITY REMOTE CONTROL PANEL

MONITOR CONTROL CENTER DISTRIBTUION & LIGHTING PANEL

FIRE ALARM PANEL 120/208V

A SUPPLIE S
B READY ROOM & STORAGE AREA

C HITCHEN & MESS
D TOILET
E JANITO R

F HEATING , VENTILAT ING &
AIR CONDITIONING EQUIPMENT ROOM

G BAT . ROOM
H OFFIC E
J LAUNCH CONTROL ROOM

LAUNCH CONTROL CENTER ELECTRICAL-EQUIPMENT
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GUIDANCE SYSTEM GS E

The guidance system GSE includes a collimator room and two sight tubes . The col-

limator room , an insulated light-tight chamber , is mounted on the north side of the

silo wall at crib level No . 6 . Inside the chamber are a collimator assembly and two

bench marks . A sight tube leads from ground level down to the north side of the col-
limator room providing a light path between the collimator and the star Polaris .
Periodic fixes made on Polaris and the two bench marks keep the collimator in align-

ment . The other sight tube leads upward from the opposite side of the collimator
room to the missile guidance pod . This tube provides a path for an orienting light
beam sent from the collimator to the inertial guidance reference platform aboard the
missile . The portion of the tube which extends into the launcher platform enclosure is

hinged , and swings out of the way when the missile is raised.
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I COLLIMATOR SIGHT TUBE
RETRACTION MECHANISM

LEVEL 6
QUAD 2

GUIDANCE SYSTEM GSE
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RE-ENTRY VEHICLE GS E

The re-entry vehicle GSE consists of the cabinet shown in the accompanying illustra-
tion . The logic units in this cabinet simulate the re-entry vehicle during checkout
operations and monitor it during standby and countdown activities .
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G.E .

CONTROL RACKS

RE-ENTRY VEHICLE GSE
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MOBILE GSE

The mobile ground support equipment used at a launch complex consists of the trucks,
trailers and handling equipment shown on the opposite page. This equipment is
stored at the Squadron Maintenance Area when not in use at the launch complex .
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MOBILE GSE
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MISSILE SYSTEMS CHECKOUT AT LAUNCH SITE

Checkouts of the systems aboard a silo -based missile can be performed at the launch
complex without removing the missile from the launcher platform. Checkouts are
performed using equipment housed in two trailers , which are brought to the launch
complex from the Squadron Maintenance Area . One of the trailers , the pneumatic
checkout vehicle, contains tanks and other equipment which simulate both normal and
abnormal missile tank pressures . The electrical checkout vehicle contains auto-
matic programed checkout equipment which controls and monitors both the pneumatic
checkout vehicle and the missileborne systems under test .
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APCHE STIMULUS & RESPONSE SIGNALS

440V 60^-3 OWER TO ELECTRICAL
23V D-C C/O VEHICL E
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MISSILE SYSTEMS CHECKOUT AT LAUNCH SITE
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LAUNCH CONTROL SYSTE M

The launch control system consists of control cabinets and cabling in the silo, and a
launch control console in the launch control center . This system continuously moni-
tors the countdown readiness of the missile and its ground support equipment and
controls and monitors their operation during a countdown .
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EQUIPMENT KE Y

1 PRESSURIZATION CONTROL UNIT
3 PNEUMATIC DISTRIBUTION UNIT

3 RE-ENTRY VEHICLE PRE-LAUNC H
MONITOR & CONTROL GROUP

4 COUNTDOWN GROUP (AIG )

5 JUNCTION BOX FOR POD AIR
CONDITIONING UNIT

6 JUNCTION BOX FOR HYDRAULIC
PUMPING UNI T

7 FACILITY IN TERFACE CAB IN ET
8 RELAY LOGIC UNIT NO . 1
9 LAUNCH SIGNAL RESPONDER NO . 1

10 LAUNCH SIGNAL RESPONDER NO . 2

11 NON-ESSENTIAL BUS CONTROL CENTER
L.I. ESSENTIAL BUS CONTROL CENTE R
13 POWER REMOTE CONTROL PANEL (REF .)
14 LAUNCH CONTROL CONSOL E
15 SURVEILLANCE TV MONITOR (REF .)
16 GATE TV MONITOR (REF . )
17 BATTERY CHARGER (REF . )

18 BATTERIES FOR TELEPHONE SYSTEM (REF .)
19 COMMUNICATION (TELEPHONE )

EQUIPMENT (REF . )

20 FACILITY REMOTE CONTROL PANEL (REF .)
31 AMF MOTOR CONTROL CENTER
22 AMF LOGIC RACKS

16 15 14 13

LAUNCH CONTROL CENTER 2nd LEVE L

23 NITROGEN CONTROL UNIT
24 UMBILICAL JUNCTION BOX

25 MISSILE UMBILICAL CABLES
GUIDANCE SIGNA L
GUIDANCE POWER & CONTROL
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R/V
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32 RELAY LOGIC UNIT NO . 2
33 PLATFORM SENS ING ALIGNMENT GROUP
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MISSILE SILO

LAUNCH CONTROL SYSTEM
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LAUNCH CONTROL CONSOLE

The launch control officer monitors and operates the missile and its ground support
equipment from the launch control console located on the lower level of the Launch
Control Center (see opposite page) . The indicators and controls on the panel show the
countdown-ready status of missileborne and silo-mounted systems ; pushbuttons are
provided for the emergency control of missile tank pressures . In the upper left corner
of the panel are guidance system indicators and controls . At the top center of the
panel is a digital clock . During a countdown, this clock indicates the time remaining
before missile launch . When the ready-for-countdown indicator is green, a count-
down can be started by depressing the start button below it . Indicators to the right of
this button show the progress of the countdown . When the ready-for-commit indicator
turns green, depressing the button to the right of that indicator causes the missile to
be raised out of the silo and launched . If a malfunction occurs during a countdown, the
sequence can be reversed to the ready-for-countdown point by depressing the start
abort button to the right of the precommit indicators . Other controls on the panel in-
elude buttons for the launch complex telephone and public address systems .
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LAUNCH CONTROL CONSOLE__
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MISSILE ERECTION SYSTE M

The missile erection system consists of a trailer -mounted erector and four trailer
alignment rails . The erector essentially is a walking beam actuated by an elec-
trically driven jackscrew . Before missile erection or removal, the trailer a lignment
rails are anchored in pairs to steel plates, which are embedded in the silo cap at

opposite sides of the launcher platform opening . The missile handling trailer is
backed onto one pair of alignment rails, and the erector trailer is backed onto the
other pair . With the launcher platform raised to the proper height above ground,
one side of the missile thrust section is attached to pivots on the launcher ; the other
side is attached to a hinged fitting on the walking beam of the erector . Then the
erector's jackscrew either retracts the beam for missile erection or extends it for
missile removal .
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MISSILE ERECTION SYSTEM .
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VI . GLOSSARY
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GLOSSARY

Terms used in this manual are defined below in the sense in which they apply to base

activation.

AMC--Air Material Command of the U . S . Air Force, the logistic service agency, which
controls the purchase of weapons and other property for the Air Force .

ARDC --The Air Research and Development Command of the U . S . Air Force . The serv-

ice agency directing the development of Air Force weapon systems .

ASSOCIATE CONTRACTOR--A civilian contracting organ ization working with
Astronautics in the activation of a complete missile base .

BMD--The Ballistic Missile Division of the U . S. Air Force . The service agency

directly responsible for and in charge of the Ballistic Missile Program, including the

Atlas Program, for which BMD is the Project Office .

BOD (Beneficial Occupancy Date) --The date on which the facility is accepted by the Air

Force at which time Astronautics and its associate contractors and subcontractors can
commence installing ground support and other equipment .

COMPLEX--A complex is comprised of a silo, launch control center, paving, fences,

underground storage tanks, etc ., necessary to the protection maintenance and launching

of single Atlas Series F missile .

CONFIGURATION--The physical sum of all the component structures , equipment instru-
mentation , and other property which comprises a complete weapon system .

COORDINATION--The synchronization of two or more parallel but independent actions
all of which are needed to accomplish a single thing .

Em--A four-digit numerical representation of the work description of an end item con-
figuration .

END ITEM--A final combination of parts, assemblies and installations comprising a
product which is ready for its intended use, either along or in conjunction with other
end items.
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FACILITY--The structures, machinery, instruments, and equipment built, provided,

and installed by the Corps of Engineers' contractors in accordance with architect and

engineer drawings and specifications .

FUNCTION--A Base Activation term which is used to define a grouping of components

used principally for the same purpose and validated as an individual operational entity .

It may define a complete system or only part of a system .

GSE (Ground Support Equipment) --All mobile or installed equipment, instruments, and

the like, employed in the weapon system which is neither facility nor missile . (See

severable items . )

INSTALLATION & CHECKOUT ( I&C) SCHEDULE --A schedule chart showing flow and

span time of GSE installation , validation and integration tasks necessary to activate an

Atlas missile launch complex.

INSTALLATION--The placement and securing of the item . It does not necessarily mean

that the item will be completely hooked up mechanically and electrically unless the plan-

ning card so describes it .

INTEGRATION --The action necessary to interconnect two or more functions and check

out the resulting configuration .

INTEGRATED FACILITY ITEMS--Facility items which are included in activation

functions .

INTERFACE--Within silo systems, any point where facility and GSE installations meet .

ITEM--An incremental collection of work tasks that will be accomplished in a given

period of time . In most cases in activation, an item corresponds to an OIL .

JOD (Joint Occupancy Date) --A date (prior to BOD) agreed upon by Astronautics BMD

and Corps of Engineers . It allows certain I&C tasks to commence before the facility is

completed and accepted by the Air Force .

OIL (Operations Inspection Log) --A document produced by IBM data processing methods,

compiling the identifying numbers of the planning cards related to a particular group of

work , usually an item .

PLANNING CARD--The paper form used to spell out in detail the operations to be ac-

complished during activation . References to procedures, drawings, etc ., are included .

SEVERABLE ITEMS--Items of property which may be readily moved from one location

to another . Examples: desks, hand tools, motor vehicles, laboratory equipment, cali-

bration instruments .
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SPECIFICATIONS--The detailed book of specifications prepared under the Corps of
Engineers for Facility protions of each base .

SURVEILLANCE PLAN--An instrument wherewith men and material are provided and

deployed in such manner as to ensure complex and continuing observation of all phases

of work involved in activating an Atlas missile silo launch base .

TAB CARD--A special-paper IBM card with perforations corresponding to coded numbers

and letters representing status data, which is extracted from the card by electronic data

processing machines . The accumulated data from all cards in a "run" is printed out by

the machines in any desired, predetermined form of summation or analysis of project

status .

VALIDATION --The action of determining that a system or other prescribed portion of
the base can and will serve the purpose for which it was created .

WEAPON SYSTEM CONTRACTOR--The agency accepting over-all responsibility for

production of the weapon system . Design criteria, surveillance, coordination, quality

control and final selloff are facets of this task . Astronautics is the weapon system

contractor for the Atlas weapon system .
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THIS PUBLICATION SUPPLEMENTS T .O. 21M-HGM16F-1 DATED 1 APRIL 1964
(PRE-HEAT AND RED HEAT) AND REPLACES INTERIM SAFETY SUPPLEMENTS
T.O. 21M-HGM16F-1SS-3 DATED 19 JULY 1964 AND T .O . 21M-HGM16F-ISS-4DATED 29 JULY 1964. Reference to this supplement will be made on the title page
of the basic publication by personnel responsible for maintaining the publication in
current status .
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Section I

Paragraph 1-7 to 1-1 3

1-7. LAUNCH CONTROL CENTER .

TO. 21 M-HGM 16F- 1

1-8 . The launch control center ( figures 1-4 and
1-5) consists of two floor levels ( crib) that are sus-
pended from the ceiling of a concrete structure and
air-cushioned to absorb ground shocks . The sus-
pension system is composed of four air cylinder
spring supports attached from the ceiling of the

structure to the first floor level and four level-de-
tecting devices mounted between the second floor
level and the concrete base . Should the floor level
lower or tilt, the level detecting devices sense the
change . Solenoid -operated valves are then actuated
to allow compressed air to enter or to bleed air from
the respective air cylinders . (See figure 1-6.) The
first level (upper floor ) contains a medical supply
room; rest room; heating, ventilation , and air con-
ditioning equipment room; and a training-briefing
room . The second level (lower floor ) containing
the launch control center is divided into four main
rooms; a battery room , office, communications equip-
ment room , and a launch control room . Entrance
to the launch control center is gained through a blast
door and stairway . An escape hatch is also provided
for emergency exit . The launch control room con-
tains the equipment to monitor and control count-
down and launch of the missile and equipment to
monitor power, hazardous conditions, and facility
status . Controls and monitoring equipment consist-
of panels, consoles , and television . The television
monitors missiles condition within the silo or may
also be connected to external (above ground) cam-
eras .

1-9 . LAUNCH CONTROL CONSOLE .

1-10. The launch control console is located on the
second level of the launch control center in the
launch control room . A panel on the console ( figure
1-7) contains the controls and indicators necessary
for the missile combat crew commander (MCCC)
to initiate a countdown and launch the missile . Ar-
ranged in various functional platches, the indicators
display the summary status of the aerospace ground
equipment (AGE) and missile systems at standby
and during a countdown . The information displayed
enables the MCCC to monitor the progress of a

countdown , maintain a safe missile condition, and
make the required decisions in the event of a subsys-
tem malfunction . A communications subpanel pro-

vides the va rious telephone line connections required
by the MCCC.

1-10

1-1 1 . During countdown , all relay logic subsystems
are remotely controlled from the launch control con;
sole . Signals from the console energize circuits -in'
the countdown panels (figure 1-8) of the . count-,
down control system. The countdown control system ;
in turn, energizes and controls circuits in the othe r
relay logic systems . Signals from the control -monitor
group I and 2 of 4 then actuate and control the
airborne and AGE systems . The responses are
interlocked in the relay logic unit as required ,for
comparison and further sequencing . Certain ,critical
status responses are displayed on the front panels
of the control-monitor group I and 2 of 4 to provide
information for fault isolation and local control
operations . Control-monitor group I and2of 4 send
summary status signals to the launch control console
for display .

1-11A. PNEL)MATIC LOCAL CONTROL

PANEL .

1-1113 . Tic pneumatic local control panel (PLCP),
located on the left side of the launch control con-
sole, coeibkis the controls and indicators to se-
quence the pneumatics end-to-end (PETE) test ,
(See figure 1-100.) The PETE test is conducted
periodically and verifies the functional integrity o f
missile pneumatic and pressurization systems, both
ground and airborne. Indicators on the, panel display : '
the operation )nd sequencing of missile system valves .
pressure swiiehes, and regulators while the PET E
test is bein :' performed.

1-12 . GROI.JND COMMUNICATIONS .

1-13. The ground communications systems avail-
able at the launch complex include the following :
the direct line telephone, the research ,and develop-
ment system (OSTF-2), the administrative dial tele-
phone, the missile flight safety system (Vandenberg
AFB), the public address (PA), and the launch
maintenance conference network . (See figure 1-9.)
The direct line communications system is the pri-
mary mode of communication used during missile

countdown and launch . It provides direct communi-
cation between consoles and from consoles to other
specific stations, with no switchboard intervening .
Depressing a line selected pushbutton on a console
connects the attendant's headset to the direct line
station selected . The command post and the alternate
command post console operators can, by depressin g

Changed 15 April 1 964



Section I

LAUNCH
CONTROL

I TELEPHONE TERMINAL CABINET 18 COMM ANNUNCIATOR

2 SIGNALLING SYSTEM CABINET 19 FRC P

3 MA IN DISTRIBUTION FRAME 20 COMMUNICATIONS DISCONNECT PANE L

4 INTERIM PA BAY & LES CONTROL BOX 21 PRC P

5 L/M BAY 22 LO., TANKING PANELS I & 2

6 D/L BAY 23 LC CONSOL E

7 COMM RACKS 24 CSMO1 ,
8 COMMUNICATIONS PANEL C 25 TV MONITOR

9 LES "J" BOX 26 ENTRAPMENT TV MONITO R

10 ANNUNCIATOR PANEL 27 GATE AND DOOR CONTROL PANE L

11 UHF AND VIIF SYSTEMS 28 DISTRIDIJTION PANEL "A "

12 JUNCTION BOX 29 480-VOLT CONTROL CENTE R

13 BLAST DETECTION CAB IN ET 30 D[STR[BUTION PANE L "D"

14 COMMUNICATIONS CONSOLE 31 440-VO LT TRANSFORME R

15 FIRE ALARM BATTERY BOX 32 BATTI RY BAN K

16 FIRE ALARM PANEL 33 CHARGER BAY

17 NOTIFIER PANEL

'T'UNNEL T O
SILO LV 2

COMMUNICATION
ROOM

1 9

BATTERY
ROOM

40.10-137

32

/ lu 12 ROOM

3 1

OFFICE
AREA

T.O. 21 M-HGM 16F- 1

1 8
20 22

1 4

2 1

Figure 1-4. Launch Control Center (Typical )
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Section I

40 . 10-15(G00) B

1-84

T.O. 2 l M-HGM 16F-1

I LAUNCHE R PEDESTA L
2 INTERCONNECTING BOX (VAFII )
3 REMOTE SVIITCIIING CONTROL (VAFB)
4 FLAME DEFLECTO R
5 MISSILE ORDNANCE TEST FIXTUR E
6 MISSILE BATTERY SIMULATOR POWER

SUPPL Y
7 HELIUM CONTROL CHARGING UNIT
8 INSTRUMENTATION CABINET (OSTF-l)
S INERT FLUID INJECT[ON MODULE :

10 AIR CONDITIONEIt
I L IIYIIRAULIC POOPING UNIT
12 NLTI!OOEN CONT ROL UNIT
1 :1 INTERCONNECTING BO X
1-1 INSTRUMENTATION CABINET (OSTF-2)

15 INTERCONNECTING BOX

Figure 1-22 . Guided Missile Silo Launcher Platform
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Section 1 T.O. 21 M-HGM 16F- 1

LEVEL 1

1 FRESH AIR DUST COLLECTOR, PUMP, AND 7 MISSILE LIFT SYSTEM MOTOR CONTROL CENTE R
'

WASHER 6 LAUNCH PLATFORM MISSILE LIFTING (DRIV E

2 DUST COLLECTOR WATER MAKEUP TANK ASSEMBLY CABINET' S

3 OVERSPEED CONTROL BOX 9 DEMINERALIZED WATER STORAGE TANK AN D

4 CHILLED WATER EXPANSION TANK PUMP P-9 0

5 INTERCONNECTING JUNCTION BOX 10 FACILITY E :LE:VAT()U DRIV E

6 ELECTRICAL MISSILE: LIFTING CONTROL 11 MISSILE LIFTING LAUNCH PI ATFORM I)IRV E

SYSTEM ASSEMBL Y

40 . 10- 60 (600) A

Figure 1-65. Silo Level I Equipment Locatio n
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7

1 RE-ENPItY VEHICLE u BOOSTER SECTIO N

2 TANK SECTION 7 BOOSTER ENGIN E

3 EQIIWMKNT POD S SUSTAINER ENGIN E

4 VERNIER RETARDING ROCKET J U(X)STEB ENGIN E

5 VERNIER ENGINE 10 EQUIYRIENP t't)I)
11 DECOY POI )

40 . 10-4(600)B

Figure 1-75. HGM 16F Strategic Missil e
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PREFACE

This manual has been prepared for information of

base activation personnel, to serve as a reference
guide for a general description of the fundamental
structural and functional items associated with a

typical Atlas missile silo lcunrchin,i complex . The
information contained within is hasie only and is
not to he used as contractual or authoritative data .

ATTITN
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GENERAL

The silo concept of a missile launcher per-
mits the missile to be maintained in a partially
serviced condition, in the hard state while
under nuclear attack, without preventing
prompt execution of the mission of a strategic
squadron .

The silo is a cylindrical hole, 52 ft . in di-
ameter and 174 ft . in depth with a concrete
wall varying in thickness from 2 ft . to 9 ft.
Within the silo an octagonal structural steel
crib divided into eight levels is suspended by
a system of mechanical springs . Mounted
within the crib are the numerous systems
necessary to launch the missile, as well as a
spiral staircase and a personnel freight ele-
vator. The silo also contains electric gen-
erating and associated auxiliary and control

equipment, heating, ventilation, and air-con-
ditioning equipment necessary for proper

functioning of the missile support system .

ATTITN
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Located within the crib is a 21-ft . square
enclosed, insulated vertical shaftway contain-
ing a launcher platform weighing approxi-
mately 270,000 lb . The launcher platform is
suspended by a cable system and serves as the
elevator to lift the missile to launch position .
It is divided into four levels which contain the
equipment to service the missile up to the rise-
off period . Retractable work platforms are lo-
cated within the shaftway for access to the
missile . The total suspended weight of the crib
and launch platform with equipment is over
1,500 tons .

Located approximately 100 ft . away, also
underground, is the launch control center
(LCC) . The LCC is a reinforced, concrete,
cylindrical-shaped room approximately 44 ft .
in diameter and 33 ft . high, containing a
steel crib, divided into two levels, which is
supported by an air-cushioned suspension
system. The LCC contains missile launch
control equipment, facility control equip-
ment, communication facilities and batteries
for their operation . It also contains an oper-
ational office, ready room, storage area, heat,
ventilating and air-conditioning equipment,
kitchen, messing and sanitary facilities for the
operating personnel . The LCC houses a
normal launch crew of three and in emergen-

ATTITN 0004



CRIB & LAUNCH PLATFOR M
cies, there are provisions for support of

twenty men and continuous complex oper-
ation for up to ten days after complete
isolation . A tunnel with a blast resistant
closure, protects the crew in the LCC from
any explosions that may occur within the silo .
Personnel access to the complex is through

an opening at ground level to descending
staircase equipped with blast door . Except for
command communication , each unita ry silo is
operationally independent of the other silos
of the squadron .

Reinforced concrete silo cap doors ap-
proximately 30 in . thick provide adequate
protection for the missile and permit safe per-
sonnel access to the silo after a near miss by
a nuclear weapon . Blast closures operated by
a blast light sensing device located above
ground , cover the air intakes , air exhausts,
and theodolite sight tube , also fu rnishing pro-
tection . The silo complex is protected from
intruders by a fence with a remote controlled
gate , floodlights and su rveillance TV cam-
eras . Personnel safety during servicing and
maintenance of the missile is provided by
emergency showers , eyewash fountains, alarm
systems and so on . The LCC is provided with
a sand- filled emergency escape hatch through
which escape may be made after the releasing
of the sand .

ATTITN

The crib and launch platform are designed
for "stick"-type construction . Individual
beams will be cut to length and predrilled be-
fore being shipped to the site . The beams will
be bolted together in the silo sta rt ing with the
eighth or bottom level, which is constructed
upon temporary shoring . The structural
members are mated and facility equipment
installed before the seventh level is con-
structed . This procedure is followed through
the construction of the fifth level after which
equipment may be installed when the crib
structure is completed .

The launch platform is erected in two sep-

0005



arate sections on pads adjacent to the silo .
The GSE components will be installed and
the plumbing interconnects will be made be-
fore placing the launch platform into the silo .
The lower half will be first lowered into the
silo and set on temporary shoring . The upper VERTICAL

DAMPERisect on will then be lowered and the sections
joined at the splice area .

To further comply with the prefab rication sRO
STRUT

concept, all piping shall be detailed . In the
area of tubing runs where this concept may
not be the most expeditious for a particula r
run, production samples will be developed

. VERTICA
These production samples will be derived CRIB LO C
from the full-scale mockup article . The
mock-up is also used as an engineering check
tool for details . This prefabricated plumbing DAMPE "
as well as electrical interconnecting assembly
approach, calls for the establishment of an
accurate foot print and interface pattern . The
facilities interface are to be designed to permit
quick connection of GSE components . Be-
cause of cleaning problems, minimum work-
ing area and tight construction schedules,

welding of pipe or tubing is to be kept to a
minimum in the silo . Welding of brackets and
other small non-critical items, is permitted .
Spooling pieces are used in runs of large rigid
pipes where it is mandatory to insure a proper
fit . The crib is suspended within the silo shell

%, - _, .-------
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by a system of shock mounts attaching at the

top to inserts embedded in the silo wall . The

suspension system is fastened to the crib at

the lower end . The system consists of four

wall brackets and eight shock struts, paired
into four pairs spaced around the periphery

of the crib . Each strut consists of a centered
spring capsule, made up of regular mechan-

ical springs, with 5-in . dia . centered strut rod

at each end. An 18 in. rattle space is pro-

vided between the crib and the silo shell,

including top and bottom, to allow for the
displacement of crib structure when ground

shock is experienced . Horizontal and vertical

dampers are provided to damp out motion

between crib and silo. Prior to operation of

the launch platform, it is necessary to lock

the suspended crib structure to prevent its

moving out of line . The locking system is re-

mote controlled from the LCC and is a part

of the countdown procedure . The launch plat-

form is roller mounted on three vertical guide
rails and is supported by a series of cables,

tension equalizers, rollers and sheaves . A

series of counter weights weighing approxi-

mately 565,000 lb . are installed to assist in

the launch platform vertical movement . Posi-

tive locking provisions are provided for lock-
ing of the launch platform in both the fully

extended and retracted positions .

L . . . . . . . . . . . . . .. .----- .. . . . . . . .~5~-. t

SILO CRI B

This section is devoted to the listing
of major GSE and facilit y
installed equipment with a brief

functional description of each .

LEVEL No . 8
LO2 TANK (FACILITY )

Storage of missile liquid oxygen supply until

tanking period, during countdown .

LO- TOPPING FACILIT Y

Supplies top off L02 to missile to replenish

boil-off losses during extended hold periods .

LN•.HE STORAGE AN D
HEAT EXCHANGER (FACILITY )

Chills helium gas to missile storage bottles
and supplies the helium bottle shrouds in
missile with LN_ refrigerant to maintain low
helium temperature in bottles during count-

down .
THRUST SECTION HEATER (FACILITY )

Supplies heated air during countdown to
maintain components and small hydraulic
lines at proper operating temperature in the

presence of L02 and LN2> .

HE GROUND PRESSURIZATION TANK (FACILITY)

Pressurize missile tanks for launch (including
hold period) de-tanking, etc., after an abort .
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SILO CRIB

This section is devoted to the listing
of major GSE and facility
installed equipment w ith a brief
functional description of each .

LEVEL No . 8
L02 TANK (FACILITY )

Storage of missile liquid oxygen supply until
tanking pe riod , du ring countdown .
LO-_ TOPPING FACILIT Y
Supplies top off LO2 to missile to replenish
boil-off losses during extended hold periods .
LN2HE STORAGE AN D
HEAT EXCHANGER (FACILITY )

Chills helium gas to missile storage bottles
and supplies the helium bottle shrouds in
missile with LN2 refrigerant to maintain low
helium temperature in bottles du ri ng count-
down .

THRUST SECTION HEATER (FACILITY)
Supplies heated air during countdown to

maintain components and small hydraulic

lines at proper operating temperature in the
presence of LOZ and LN ., .
HE GROUND PRESSURIZATION TANK (FACILITY)
Pressu rize missile tanks for launch (including
hold period ) de-tanking, etc ., after an abo rt .

HE INFLIGHT NO. 1 (FACILITY )

One load inflight requirement , high pressure
checkout to DCU, emergency pressurization
system .
HE INFLIGHT NO. 2 (FACILITY )

One load inflight requirement . Checkout
missile pneumatic system .
PRESSURIZATION CONTROL UNIT (GSE)
Maintains required missile tank pressures
during all phases of operation , before switch
over to internal pressurization at L/P rise .
PNEUMATIC DISTRIBUTION UNIT (GSE )
Controls gas flow to PCU, HCU and chilled
helium fill system .
LN2 EVAPORATOR TANK (GSE )
Evaporator tank for warmed up LN., already
passed through the shrouds on lines and
bottles .

COLD DISCONNECT PANEL (GSE )
Contains fuel and LOZ tanks, pressure lines,
He charge line, GN2 to NCU, GN•, to slug
unit, GO2 vent from slug unit and LO_, to slug
unit disconnects .
HOT DISCONNECT PANEL (GSE )

Contains thrust section heater disconnect,
water inlet and retu rn for pod cooling dis-
connect, and fuel fill disconnect .
FUEL LOAD PREFAB (GSE )
Unit contains necessa ry valves , lines, etc ., formonitoring the transfer of hydrocarbon fuel
to missile .

RP-I
DETECTOR

LEVEL No. 7
HE/LN, HEAT
EXCHANGER
PREFAB

FACILITY
ELEVATOR

COLD
DISCON-
NECT
PANEL

FUEL
PREFAB

FACILITY
ELEVATOR

DIESEL FUEL
DETECTi

PURGE SUPP
FA N

SPIRAL
STAIRWA Y
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LEVEL No. 6 / COLLIMATOR STATIO N

c COLLIMATnu VT-7--1 LINE -OF-SIGH T
I ULIL - PORTABL E

} BENCH MARK- 7 I["71 ` POSITION STOWE D

HEAT ELEVATORRECOVERY
SILENCER

48 v: '48 V . BATT .CHARGE R

LUBE OIL
TAN K

DIESEL
ENERATOR

LUBE OIL
TAN K

LEVEL No . 5

LINE-OF-SIGHT
TUBE - FIXED
SECTIO N

480 Y. 3WITC]FIGEAR

LEVEL NO . 4

LEVEL NO. 3

WATER
CHILLER

LEVEL No . 2

FACILITY

ELEVATOR SILO EXHAUST
FAN PLENU M

HARD WATER 30 kva TRANSF.
PUMPS (2)

HYD. POWER
PACK

SPIRAL CONTROL PANELSTAIRWAY

ACCUMULATORS

GNo CYLINDERS '

GE CONTROL
RACKS

LEVEL No. I

FACILITY
ELEVATOR

HYD . RESERVOIR ( BELOW PUMPS )

LAUNCH PLATE

HYD. PUMPS ( BELOW COIL )

FRESH AIR DUST
COLLECTORS, PUMP S

& WASHERS (2)
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'.CITY
1ATO R

OT WATER
XP . TAN K

OT WATER
IMPS (2 )

ARD WATER
IMPS (2 )

IRAL'
AIRWA Y

:ILITY
VATO R

BA TT .

?PL Y

;AL
IRWAY

LEVEL No . 2

HYD . POWER
PAC K

CONTROL PANEL

HYDRAULIC
ACCUMULATOR S

GN2 CYLINDERS

FACILITY
ELEVATOR

LAUNCH PLATE

HYD. PUMPS (BELOW COIL )

HYD . RESERVOIR (BELOW PUMPS )

FACILITY
ELEVATOR

FRESH AIR DUST
PLEVEL No . CO& w SHERS (2MPS

LEVEL No . 7
L02 CONTROL PREFAB (FACILITY)

Monitors, controls servicing of missile with

L02. Controls venting of LO-2 storage tank .

L02 FILL PREFAB (FACILITY )

Monitors , controls filling of L02 storage ves-
sels; controls venting of topping tank during
standby .

PRESSURIZATION PREFAB (FACILITY )

Controls filling of gaseous nitrogen storage,

distribution of gaseous nitrogen to the LO:
storage , topping and slug tanks, to the fuel

prefab , NDU and various other components

as required .
LN2 PREFAB (FACILITY )

Monitors, controls the fill and transfer oper-
ations in the LN2 , units .
INSTRUMENT AIR PREFAB (FACILITY)

Compressed air system for complex instru-

ment air, diesel engine starting air, and

operating of blast closure mechanism .

RP-1 DETECTOR (FACILITY )

System shall be capable of sampling , analyz-

ing and actuating the specified alarms when
concentrations of RP-1 excess vapors are
present in the areas serviced by the sampling
stations .
DIESEL FUEL VAPOR DETECTOR (FACILITY)

Same function as RP -1 detector, for diesel

vapors .
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OXYGEN DETECTOR (FACILITY )

Same function as RP -1 detector , for excessive

oxygen .

LEVEL No . 6

DIESEL GENERATOR (FACILITY )

Facility a-c power requirement is provided by

diesel driven synchronous generators (one is
located on Level 5) . Only one will be opera-
ating during ready condition . The standby
generator is remotely controlled from the
LCC as required, by failure of the operating
generator or for periodic maintenance . Both
will be operating during countdown .

AIR START TANK (FACILITY )

Compressed air storage tank for engine start-
ing air .

48 V BATTERY (FACILITY )

Used with constantly operated electrical
equipment, switch gear, LCC control, etc .
Also supplies current for emergency light if
generators fail .
48 V CHARGER (FACILITY )

Charger provides for normal current drain,
plus a rapid recharge after use .
HEAT RECOVERY SILENCER (FACILITY)

Engine cooling and waste heat recovery sys-

tem for space heating of launcher, silo and

LCC .

AIG SYSTEM COLLIMATOR

AND BENCH MARK S

Optical alignment equipment utilized in ori-
enting the sensing platform to the selected
target azimuth . The bench mark supports,
collimator support platform and collimator is

housed in a special room, attached to the silo
wall between the sixth and seventh levels . The
self closing light tight door to the room is

located approximately eight feet above crib

level and is reached by a special ladder .

LEVEL No. 5
DIESEL GENERATOR (FACILITY)

Explained with Level,No . 6 .

HEAT RECOVERY SILENCER (FACILITY)

Explained with Level No . 6 .

LUBE OIL TANK (FACILITY )

Lube oil storage tanks, one for clean oil and

one for dirty oil transferred from the sump .

FUEL OIL DAY TANK (FACILITY )

Tank capacity is sufficient for 24 hr. and is
maintained by a continuous topping operation

from underground storage .
480 V SWITCH GEAR (FACILITY )

Contains synchronization and control equip-
ment for diesel generator sets, as well as main
circuit breakers for the 480 v bus power from
switch gear supports 480 v motor control
center of silo and LCC .
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LEVEL No . 4
UTILITY WATER PUMP (FACILITY )

The utility water supply system consists of
a turbine type utility water pump , a centri-
fugal fog spray pump and a hydropneumatic
tank with necessa ry valves , fi ttings, etc . Used
for fire protection etc .
UTILITY WATER TANK (FACILITY)

Hydropneumatic tank for above system .

WATER CHILLER UNIT (FACILITY)

Reciprocating type water chiller, consisting

of hermetic reciprocating compressors and

motors, control system, and other necessary

equipment to furnish chilled air to the air

wash in the air-conditioning system and pod

air cooler .

HOT WATER EXPANSION TANK AND
PUMPS (FACILITY )

Hot water in a closed loop is pumped to the
heat recove ry silencers where it is re-heated
and circulated to thrust section heater , launch
platform heat coil, and the LCC.
CHILLED WATER PUMP (FACILITY)

Electrically driven , single stage , enclosed im-

peller type water pumps, for circulating the

chilled water .

COOLING TOWER PUMP (FACILITY)

Condenser water pumps circulate cooling

water from cooling tower to the diesel gen-

erators, condenser units and instrument air

prefab and returns to cooling tower.

FOG PUMP ( FACILITY )

Supplements the utility water pump when
large demand drops the pressure in the hydro-
pneumatic tank .

LEVEL NO . 3
400 A -C MOTOR GENERATOR SET (GSE )

Supplies 400 cps, 120/208v 3 phase power
to launch control GSE .
28V D-C BATTERY (GSE )

Emergency 28v d-c in the event of 20v d-c
power supply unit failure .
28V D-C SUPPLY (GSE )

Supplies 28v d-c to launch control GSE .
L/C LOGIC RACKS (GSE )

The relay logic units contain the relays, com-
parators , delay devices , and wiring to perform
operations required for a missile launching .
SIGNAL RESPONDER (GSE )
The responders contain the relays, simulators,

delay devices , and wiring to simulate the cir-
cuit ry of the missile and associated GSE.

ARMA CONTROL RACK (GSE )

Guidance system checkout equipment to test
the inertial guidance system .
GE LAUNCH MONITOR (GSE )

Re-ent ry vehicle , pre-launch monitor and
control group.
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30 KVA TRANSFORMER (FACILITY)

(ALSO ON LEVEL NO. 2 )

One transformer supplies 120/208 v , 3 phase
power to energize 120/208v distribution

panel which supports the launch control 60
cps power supply panel .

LEVEL No. 2
HYDRAULIC POWER PACK (GSE )

Hydraulic system consists of reservoir, pump
assembly, accumulators, GN2 bottles, and
control panel and is source of power to op-
erate door closures , platforms , locks, etc .
COUNTER WEIGHT (GSE )
Series of counter weights cont ributing to
launch platform vertical movement .
AIR HANDLING UNIT (FACILITY )

Silo exhaust fan and plenum for controlling
the ventilation within the silo structure .
ESSENTIAL MOTOR CONTROL CENTER (GSE )

Electrical power from the 440v MCC essen-
tial bus is necessary to support the instrument
air system, air compressor, 30 kva trans-
formers , d-c power supply unit, missile pod
refrigeration equipment , thrust section heater,
HPU, 400 cps motor generator and distribu-
tion system, 48v d-c battery rectifier
(charger ) water chiller unit and chilled water
pumps, gas detectors and emergency water
pump .

NON-ESSENTIAL MOTOR CONTROL

CENTER (GSE)

Non-essential power is necessary to support

main air and silo supply fans, hot water
heater, main exhaust fan, exhaust vent blast
closures, sump pump, spray pumps, L02
vacuum pumps , and so on .

LEVEL No . 1
L/P DRIVE MECHANISM (GSE )

Mechanism consists of two identical 125 hp
electric motors . One motor is used for high-
speed hoisting ; the other for low-speed hoist-
ing. With the necessary gearing, clutch
assembly, brace assembly , sheaves , etc ., to
perform their required function .
L/P DRIVE CONTROL CABINET (GSE )

Cabinets containing control circuitry ampli-
fiers, transformer, reactors and resistors for
controlling the drive mechanism .
AMF LOGIC RACK (GSE )

Contains relays, comparators, delay devices
and circuitry to control and sequence ; the
launch platform locks, launch platform rise,
and silo doors, prior to launching .
AIR WASH DUST COLLECTOR UNIT (FACILITY )

Supply air entering the silo is passed through
an air washer and wet impingement type dust
collector.
FACILITY ELEVATOR DRIVE MECHANISM
(FACILITY )

Contains controls, cables, sheaves, etc., for
operating the freight and personnel elevator .
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LAUNCH PLATFORM

COLD
DISCONNECT

PANEL

L/P LEVEL NO . 4
POD AIR -CONDITIONER (GSE )

Provides cooling air to missile equipment pod
while in the silo . To dissipate heat buildup
due to electronic equipment operation .
L02 SLUG TANK (GSE )

Provides final slug of subcooled L02 to pro-
pulsion system to prevent pump cavitation at
engine sta rt and maintain full L02 supply in
missile du ring elevator ri se .
SLUG PRESSURE TANK (GSE)

Suppo rts the slug tank with pressure .

DISCONNECT PANELS (GSE )

Missileborne hydraulic , pneumatic, liquid
oxygen and nitrogen supply disconnects .

HYDRAULIC
PUMPING
UNI T

L/P LEVEL No. 3

HELIUM CHARGE UNIT (GSE )

Controls helium source to missile spheres
during platform rise.
NITROGEN CONTROL UNIT (GSE )

Regulates and controls nitrogen for charging,
testing and purging operation .
HYDRAULIC PUMPING UNIT (GSE )

Provides an oil supply for filling and bleeding
hydraulic system and provides hydraulic
power for missile hydraulic system or auto-

pilot system C/O and for missile requirements
during active countdown, until the time air-
borne equipment over-rides and takes over .
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L/P LEVEL No . 2
UMBILICAL JUNCTION BOX (GSE )

Serves as the junction point for missile um-
bilical cables and launch control checkout

cables .
FLAME DEFLECTO R

A d ry -type flame deflector is located between
first and second floor.

LN_-HE
DISCONNECT

LO,
DISCONNECT

Elevation looking at Elevation looking at
quadrants II & III diagonal quadrants III & IV diagona l

structural members structural members
deleted for clarity deleted for clarit y

-F-- L/P LEVEL No . 1

LAUNCH PEDESTAL (GSE )

Launch pedestal and missile support
assembly .
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SQUADRON MAINTENANCE AREA
The SMA provides the necessary facilities for
support maintenance requirements of the mis-
sile squadron . The SMA is composed of three
separate buildings supporting the various
operations .

A missile assembly building (MAB) with
missile maintenance area and adjacent shop

areas for system and component checkout
and repair. These areas include : engine main-
tenance area, ine rtial guidance system area,
hydraulic - pneumatic area, elect rical - elec-
tronic area, instrument area, component area,

power room and supplementary work shops
and tool cribs .

A munition section strategic missile squad-
ron •(MSSMS ), provides facilities for main-

"tenance, repair and checkout of re-entry ve-
hicles, hypergols , explosives , etc ., required to
support the weapon system .

An administration and storage building
(ASB) will be located adjacent to the MAB .
The squadron command headquarters housed
in the ASB has the capability to activate the
launch capability of any or all of the launch-
ers, (alternate command post is also estab-
lished in one of the complex LCC) . The ASB
also provides storage facilities for adminis-
tration and space for weapon system main-
tenance and se rvice supplies .
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HISTORY

The decision to build the Atlas Launching Facilities in this area
was reached in early January 1960 at which time the Albuquerque District
Office was requested to perform soils investigation to determine whether
or not the geological conditions in this area would support the proposed
installation . This Investigation was accomplished by the Spencer J .
Buchanan Company and by Gordon Herkenhoff & Associates with favorable
results .

Design was initiated in early March after completion of the investi-
gation, and the facility was advertised for bids on 16 May 1960, and bids
were opened on 15 June 1960 . The construction contract, in the amount o f
22,115,828 .00, was awarded to a Joint Venture consisting of Macco Corpo-

ration, Raymond International, Inc ., The Kaiser Company, and Puget sound
Bridge & Drydock Company on'16 June 1960 . Notice to Proceed was issued
on 20 June 1960, and work was initiated on 23 June 1960 .

The Roswell Area Office was activated on 13 May 1960 with a nucleus
of people and has been expanded to a strength of 8 Officers and 165 Civil-
ians .

CONSTRUCTION FEATURES

The Launching Facility consists of a launching silo which has a 26 ft .
1 in . inside radius and is 178 ft . deep, and a Launch Control Center which
has a 40 ft. inside diam+s er and a . c ear height . The launching silo
has 2 ft . - 6 in . thick concrete walls up to a point approximately 55 ft .
bolow the top of the silo at which point the wall flares out to a total
thickness of 9 ft . The LCC also has 2 ft . - 6 in. thick walls with 3 ft . -
6 in . floor and a 3 ft . - roof.

On the interior of the silo is a steel crib which is suspended from
four shock mounts 'and supports all of the facilities inside the silo . The
Launch, Control , Center has two suspended floors on which all equipment, etc .
is mounted . The LCC and silo are connected by an underground tunnel .

There is a total of six Atlas " F" launching facilities being construct-
ed nationwide , and a determination was made that all of these facilities
would be identical insofar as practical . To accomplish this , and to assure
delivery of critical material in sufficient time, the Government entered in-
to contracts for fabrication of what is known as the standardized equipment .
This equipment consists of the Propellant Loading System prefabs and inter-
connecting piping , the shock hangers , the door actuating mechanisms, the
shock suspension systems , heating, ventilating , and air conditioning eye-
tems , and blast door closures .

These contracts have been assigned to the prime contractors, and they
are responsible for the delivery and installation of these items of equip-
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One of the critical features of construction of these facilities is
the cleanliness requirements for the Propellant Loading System . The s9s-
tains are subject to temperature variations from a minus 3080 F . to 120 F .

and pressures exceeding 3500 lbs . per square inch. All portions of the

Propellant Loading System and its component parts must be absolutely
cleansed of all foreign 'particles and hydrocarbon larger than 150 microns
as the presence of foreign substances , particularly hydrocarbons, can re-

sult in violent explosion and void the function of the facility .

The facility is a hardened facility designed to withstand nearby a-
tomic detonations and still retain its effectiveness . It has a capabil-
ity of sustaining operations for a period of up to ten days without out-
side support . finis "button-up" period is principally for periods of in-
clement weather that would preclude normal delivery .

The construction is being accomplished under the philosophy of ""con-
currency", i .e ., concurrent with the development of the weapons system .

SEQUENCE OF CONSTRUCTIO N

The construction of the Atlas Launching Facilities at Walker Air
Force Base was accomplished under the supervision of the Area Engineer
of the U . S . Army Corps of Engineers acting as the construction agent
for the U . S . Air Force .

EXCAVATION Open cut for mass excavation to a depth of approximately
38 feet'was of the open pit type, large enough for silo and launch con-
trol center construction, work space, and a ramp leading down to this
area . Solid material was broken up by dynamite placed in drilled holes
and lighter material was ripped by bulldozer . Haulage to a waste area
was by conventional powered scrapers . After this open mass excavation
was completed, the silo shaft was excavated to a depth of 178' below
original ground, surface .• The method employed was .to drill blast holes
to depths. of 12', loading these holes with dynamite and break up about
10' to 15' of material at one time . This material was then .removed by
means of 45-55 ton cranes using a clam shell bucket on the first 35-40 '
and thereafter the contractor utilized a large muck bucket and dump trucks .
; _uas necessary to. low 6r : ;and . xai aa.-.a; ;-front: end,opd~ ng , star, reig n

about •22 tons into * the shaft for ,each .15' of ~excavat n, ; xConcu r.ent,•"iKt
shafting was the placement of a series of steel ring beams spaced at 5 '
vertically . Containment of the silo wall surface area was by means of
wire mesh and gunite concrete . Wood lagging was used on silos with heavy
water seepage when considered necessary .

CONCRETE PLACEMENT : (Approximately 6,000 Cu Yds per Site) . The major
placement consisted of silo concrete which started on 6 September 1960 at
Site #;2 and was completed on 15 February 1961 at Site #7, with exception of
the silo cap . The secondary concrete placement was for the Launch Control
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Center and miscellaneous smaller pours continued until the completion date
of 15 March 1962 . The above 3 items were dovetailed together as the con-
struction progressed . The last large pour was the silo cap which was actu-
ally completed after the silo crib steel was in place . Above ground surface
pours were formed on both the inside and cutside . Only a 1" plus or minus
tolerance was allowable on the interjor .surface of the silo concrcte . This
tolerance applied'tor'ari 178' overall plumb height and a 52' 2" diameter .
Concrete was placed by cranes using a 2 Cu Yd buckets . Tremies were used
within the forms . Pneumatic vibrators were used to consolidate the typ e
//V concrete . Heated war was required in the concrete batch in the winter
and ice added in the hot summer months to control the temperature of the
concrete at placement . The' top 40' of construction was. heavily re-inforced
including 2.-" ribbed bens closely spaced in both horizntal and vertical
planes .

CRIB STEEL : Erection of structural crib steel was one of the major tasks
under the direction of The Corps of Engineers . Macco Corporation erected
all of the Launch Con ti •ol Center cribs and 5 of the silo cribs . Owl Trans-
portation and Trucking Company erected 7 of the silo cribs . Methods of erec-
tion was to pre-assemble the long columns into bents on the ground surface
and then lower the complete unit into the silo . These units were connected
by individual beams aria. braces as the work progressed . Installation of
cryogenic , high pressure vessels and diesel generators proceeded con-current-
ly with erection of Crib Steel . Delays in delivery of some of the above ves-
sels caused extra work due to difficulty of drifting and placing these units
after a major portion of the crib steel was in position . Grating, handrails
and other miscellaneous iron were added per schedule . When the crib steel
was erected through the 3rd level it was swung from its supports onto the
shock strut hangers located at four points on the silo wall . Tolerances on
the silo crib steel were extremely close . The tolerances required was 1/8"
on alignment and 1/4" on elevations for each level . Backfill of the Mass
Excavation proceeded con-currently with the erection of crib steel .

MECFIANICAT, AND F' .F.CTRI-7NJ., : Installation of piping, pumps and related equip-
ment proceeded . after tlic initial erection of crib steel . Pre-asse :;bled pip-
ing and units were connected together, controls added, the units pressure
tested, and in the final stages these units were validated for operating
efficiency. The Electrical installation for use on the support facilities
was con-currently constructed with the mpchanicsl units which included the
air conditioning system . Very close co-ordination wan, required by all
crafts anr. trades to construct the interior of tha silo . Good cooperation
was the normal attitude and only minor _' ;.terferences were noted . Improve-
ments were made in plans as the work progressed and these chances in turn
needed to be incorporated into the finished product .

The propellant loading system (PLS) was constructed con-currently with
the other systems . As previ•. usly noted this fez-cure required meticulous
care due to close tolerances and requirements of the contract .
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In summation, and to lend some idea of the magnitude of the con-

struction effort that is reflected in the construction of one Atlas

"F" silo are the following : Approximately 48,000 cubic yards of ma-

terial was excavated by open cut method . This was followed by ap-

proximately 24,000 oubic yards of-material excavated by silo shafting .

The sum total of thorn two, 72,000 cubic yards, was used during back-
fill operations . A total of approximately 6,000 cubic yards of port-
land cement concrete has been placed . The crib steel alone weighs
approximately 600 tons, and when suspended and balanced on the eight
suspension springs the {eight of the crib steel, the various fueling
vessels, motor generators, propellant loading skids, etc ., the total
weight accumulates to approximately 1,800,000 pounds . Using average
job figures, the direct payroll paid to skilled and semi-skilled work-
men employed at this site. is in the magnitude of 3/4 million dollars .
This does not include the salaries of the professional personnel, and
workers at various fabricating factories . It reflects only the sala-
ries of the workmen actually employed at Complex--No . 4. The con-
struction phase is complete and the site now passes to the second
phase that of installation and checkout . Many more items of hard-
ware will be placed within the silo and the Launch Control Center .
Many more manhours of'effort will be expended prior to the time
when the missile is actually housed in the silo .

Any individual questions concerning the construction effort
will be answered in detail during the turning tour 4f t/;* : tl .

1 .
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ILLUSTRATION OF AN ATLAS-F MISSILE COMPLEX .
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MIS hydraulic system
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SPECIAL TOC.LS AIM EQUTPlf.E',T REQUIRED :

equivalent)
c . Four 1C gallon can s
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TASK DETAILS, BLOCK NO . 24 (Continued)

B . Initial Drain

1 . Verify that all pressure gages on the Local Control Hydraulic Panel
indicate 0 psig .

2 . Verify hydraulic reservoir level is below "MAX DRAIN LEVEL" .

3 . Open drain valves IV-143, VM-154, and VM-135 located on the HPU and
reservoir .

4 . Femove the following cor.:ponents from the hydraulic accumulator and
02 pressure tcr.k rack:

Filters FR-501, FR-503, and FR-505 ;
Valves VA-951, VA-96q, and VA959 ; and
Check V,lves CK-982, CK-984, and CK-983 .

NOTE : As hydraulic corronents are removed fror..the system, cll pcrts
should be capped »itr : :.table protective closures .

5 . Foo up pne ma,.ic hose (FS:" L 72C 80 3'666 or equivalent) from K
bottle to the open line or. the air side of each accumulator rack and
n 71nly 5C nsig pneumatic pressure . told pressure until the reservoir
oil level stabilizes .

6 . Remove pneumatic charge -:rd disconnect K bottle and hose . Cap air
side of each accurr.:lator assembly.

7 . Open. VM-4CL on hydraulic reservoir and drain reservoir into a su.:itebl
container .

''C E : As much as 20C _allons of hydreulic all can be expected .

8 . Open drain valve on FF-l(. filter assembly and drain filter housing .

9 . Remove calibration p?- :g ab:ve GA-122 on ICF?P and '.rst.all hose from
port into suitable container .

1C . On the LCF•'P, oxen VN-1'72 and VD'.-1?3 to connect gage circuit .

11 . Remove two bleed valves on rod end of door cylinders .

C . L/P and Unbil4.'aal Drain

1 . Remove spreader bar located nearest to the botto m of the . .nbilicgl
loop .

2 . Pcs'_t oc 55 gallon dr: ms under the lowest point in each of the
hydraulic hoses and shroud hoses with plastic sheets to control
oil spray.

? . Cut the bottom side of each hose and drain .
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I NTRODUCT I011

SBAMA EQUIPMENT REMOVAL PLAN - ATLAS "F" SERIES SILO

SCOPE

This plan provides a controlling sequence of operations , and procedures for thes•

operations , to remove all equipment from an Atlas "F" Series silo site, except the

crib steel , facility elevator , sump pumps , and lights .

The entire package includes a flow chart, a procedure for each block on the

flow chart, an equipment and materials list, and a cumulative list of manpower and

material requirements . The plan has been designed , as requested , to suit existing

USAF capabilities as much as practicable .

GENEkAL EXPLANATION OF FLOW CHART

The flow chart shows the earliest time at which given operations may be performed

safely . The principal flow is as follews s

The site is verified to be inactivated ( 1) according to the plan proofed at SAC

Site 5, Altus AFB, If this has not been accomplished , it must be done ( 2) . How-

ever , installation of vinyl covering and'dessicants need not be accomplished as

equipment will be removed from the silo .) Subject to the limitations called out in

the individual block procedures , the following actions may then proceed simultane-

ously : Prepare Diesels for removal ( 3), drain fuel loading prefab ( 4), open and

secure silo doors ( 5), bleed down GN2 and helium ( 3), prepare LCC and tunnsJ equip-

ment for removal ( 7), dismantle cooling tower (I1) .

An important sequence following (4) and (5) is to drive the launch platform int

the uplocka (9), modify the top of the launch platform as a staging platform (13),
install horizontal crib shoring (14), and drive the L/P down to level 7 ( 16) . Them

the L/P is prepared for drive-up using the inching tool (17), (19), (23) . Counter-
weight shoring can be installed (20), and the uplock area can be cleared (21) at

this time . All Level 7 equipment is disconnected and removed (18) to the 14/P

staging platform for crane lift-out of the silo . Meanwhile, the silo hydraulic

system is drained (24), the umbilicals (25), and MLS controls (48) are removed .

The L/P is moved to Level 6 (28) and Level 6 equipment (27), (29), (49), except the

Diesel D-61, is removed . This general operation proceeds through Levels 5,4,3,2,

and 1 (30 thru 37) .

Heavy rigging operations begin with door cylinder removal ( 39), and continue

through dismantling , and removal of the L/P (38 ), L/P drive mechanisms ( 40), (41),
(42) ; missile enclosure area equipment from Level 8 (43) ; Diesels from Levels 5 and

6 (50) ; storage vessels from Level 8 (44) .

Finally, the silo is secured (46), and the silo doors are closed , leaving the

crib steel and minimum electrical circuits for pumps, facility elevator, and some

lights .
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and the British used them against Fort McHenry, Maryland, in the War of
1812 . Our National Anthem mentions the rockets .

The first significant American contribution to rocketry came from Dr .
Robert H. Goddard, who built and flew his own liquid propellant rocket
near Roswell, N . M . , in the 1920's .

Hitler, looking for a super weapon, took the rocket and developed the
V-2 with the help of such noted scientists as Christoph Geisler and Werner
von Braun . This was the first long range rocket in history, and it was
from this vehicle that the lagging Russians and Americans launched their
military rocket development . ,

Missiles have come a long way since World War II . The progress
made can be attributed mostly to the independent research and development
accomplished in such fields as electronics, rocketry, jet propulsion and
aerodynamics . The future outlook for missiles, although presenting many
obstacles to be overcome, is that they will be the main weapon of war .

ATLAS DESCRIPTION

Atlas, the SM-65 Missile (Figure 1-1) is the first operational inter-

continental ballistic missile (ICBM) in the arsenal of the Strategic Air
Command . Comparable in size and weight to a diesel locomotive, Atlas

is the nucleus of the organization of men, missiles, and machines that

constitutes the SM-65F (silo) Missile Weapon System .

Designed as a deterrant to hostile enemy action , the SM - 65F missile

can place a thermonuclear warhead into a ballistic trajectory that will

intersect a target more than 5500 nautical miles away. Effective retalia-

tory capability requires immediate operational readiness of the weapon

system . It is therefore maintained With fuel stored in the missile tank

during standby . In this status , the missile is ready for launching as soon

as liquid oxygen has been loaded and the various countdown sequences have

occurred .

The Atlas is 75 feet long, and its 10 foot diameter flares to 16 feet at

the nacelles . In contrast to such impressive size, the skin thickness of
the Atlas is measured in thousandths of an inch . This tough, lightweight
stainless steel skin is fabricated into a cylindrical tank structure con-

taining no internal supporting framework . Rigidity is maintained through

constant application of pneumatic pressure to the interior of the-two missile
propellant tanks . While being transported, and during standby, the tanks

are pressurized with gaseous nitrogen. During flight, helium is used .

1-2
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Equipment pods, containing electronic and electrical equipment, are
attached to the tank section skin . Electrical, instrumentation , flight con-
trol, and guidance equipment is contained in these equipment pods .

The Atlas system , with its unique one-and - one-half staging , differs
from other modern missiles in that it has several engines but only one
propellant tank structure . This permits igniting all engines , including the
upper stage ( sustainer ) engine, on the ground . There is no risk that the
missile will abort through failure to achieve ignition of a second stage
many miles in the air . Missile reliability is remarkably improved . Mov-
able thrust chambers mounted on gimbals provide directional control from
commands from the flight control system . Ve rnier engines are used to
obtain precise velocity and attitude adjustments just prior to re-entry
vehicle separation.

Atlas is propelled by five rocket engines . The booster engines, which
provide the greatest amount of thrust (330, 000 lbs ), consist of two thrust
chambers, fuel and interconnecting piping . The sustainer engine with a
single thrust chamber and related pumps, pipes and valves, develops a
thrust of 57,000 pounds . Two small vernier engines, individually gimbaled
and supplied with fuel and oxidizer by the sustainer pumping system, each
develop 1,000 pounds of thrust.

After the missile has been lifted into the first part of its trajectory,
a substantial portion of the fuel has been consumed and the missile,
greatly reduced in weight , is in thin air high above the earth . The booster
engines have then performed their function in boosting the missile to high
altitude , and the entire booster section , including pumps , thrust chambers,
and the housing for these parts , is jettisoned . Thrust from the sustainer
and vernier engines is then sufficient to continue accelerating the missile
to the desired final velocity . (See Figure 1-2 . )

SM-65F STRATEGIC MISSILE SQUADRON CONFIGURATIO N

A typical "F" series missile weapon system base consists of twelve
launch complexes surrounding a centrally located Squadron Maintenance
Area (SMA) . (See Figure 1-3 .) The separation between launch complexes
is in the order of 15 to 25 miles and a distance from the SMA to any launch
complex varies from 25 to 60 miles . This configuration is referred to as
the 12 x 1 unitary Strategic. Squadron.

There are four separate buildings in the Squadron Maintenance Area
(Figure 1-4); the Missile Assembly Building (MAB) ; the Surveillance and
Inspection Building (S & I); the Administration and Storage Building (ASB)
and the Paint and Combustable Storage Building .

1-4
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RE-ENTRY VEHICLE ADAPTE R

Starting at the forward end of the tank section is the first component
to be discussed . It is the re - entry vehicle adapter . It is as its name im-
plies, the structure that joins or adapts the re-entry vehicle to the tank
section . It is fabricated of aluminum sheet in the shape of a frustum . It
is connected to the tank section at airframe station 502 . 00. (Figure 3-2 )

TANK SECTION

Following the re-entry vehicle adapter is the tank section proper. It
is primarily designed as a propellant container . The tank section is used

to support the following : the re-entry vehicle, equipment pods, sustainer
engine and booster section . It may be described as a large , cylindrical,

metal balloon . As air pressure is used to shape a balloon , gas pressure
(nitrogen and helium ) is used to maintain the shape of the tank section .

There will be times , as you shall learn, when the tank section is stretched
to either supplement or replace this gas pressurization . This pressur-
ization and /or stretch is required to maintain the structural integrity of

the tank skins . The tank section is of pure monocoque - type construction;
that is, there is no internal framework to support the tank on the ground
or to counteract accelerative and aerodynamic loads in flight .

The material most extensively used in constructing the tank section is
stainless steel . The most common abbreviation used for it is CRES,
which stands for corrosion resistant steel . The main quality that this
material possesses is its high strength to low weight ratio . This allows

tank skins to be very thin yet very strong when under pressure . The

minimum tank skin thickness is 0 . 011 in . and the maximum thickness i s
, ~ .ou . u .~o in .

Liquid Oxygen Tank

The forward part of the tank section makes up the liquid oxygen tank .
The tank has a maximum capacity of 18, 725 gallons . About 18, 500 gallons
of liquid oxygen is loaded into this tank. Within the liquid oxygen tank

there is a 200 ibaluminum structure . It is called the antisloshing structure .
Its primary purpose is to stop any large degree of sloshing of liquid
oxygen. If it were not there , the liquid oxygen might slosh severly enough
to unbalance the missile to the point where it would be impossible for the
gimbaling thrust chambers to control it .

3-3
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Fuel Tank

The after part of the tank section is the RP-1 or fuel tank . It has a
maximum capacity of 11,653 gallons . Into this tank is loaded about 11,200
gallons of RP- 1 . Within the RP - 1 tank are 2 components . One is the
vernier RP-1 tank, which is a propulsion system component . The other is
a thin sheet of perforated aluminum , which is mounted across the tank at
airframe station 1133 . It is called the antivortexing membrane bulkhead .
Its function is to prevent the vortexing action of RP - 1 . Vortexing is that
action of a liquid similar to the swiveling effect created as water is
drained from the sink or bathtub . Without the antivortexing membrane
bulkhead it is possible that the vortexing could be severe enough to pro-
duce propellant pump cavitation and, therefore, premature burnout during
flight.

Other Bulkheads of the Tank Sectio n

In addition to the antivortexing membrane bulkhead there are 4 other
bulkheads that can be mentioned here .

1 . Forward Bulkhead

This is ellipsoidal in shape and forms the roof of the liquid oxygen
tank. It contains an access door, which permits entry into the liquid

oxygen tank. The access door also provides the mounting for the pneu-

matically operated liquid oxygen boiloff valve .

2 . Intermediate Bulkhead

This is located at about airframe station 960 . It is ellipsoidal in
shape and forms the floor of the liquid oxygen tank.

3. Aft Conical Bulkhead

This is located at the aft end of the tank section and is made of
stainless steel. It is the fl oor of the RP-1 tank. Part of its structure is
a forged-aluminum piece called the thrust cone. It is bolted to the bulk-

head and supports the sustainer engine gimbal . Its removal allows acces
to the inside of the RP - 1 tank.

3-5
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INTERVIEW SUMMARIES
PRELIMINARY ASSESSMENT INVESTIGATION

FORMER ATLAS "F" MISSILE SILOS
579th STRATEGIC MISSILE SQUADRO N

WALKER AIR FORCE BASE
ROSWELL, NEW MEXICO

1 .0 INTRODUCTION

HydroGeoLogic, Inc . (HGL) received Purchase Order No . 42236 QP from Shaw Environmental,

Inc. to conduct preliminary assessments of twelve former Atlas "F" missile silos associated with

the 579th Strategic Missile Squadron (SMS), Walker Air Force Base (WAFB), Roswell, New

Mexico. As part of its preliminary assessment investigation, HGL located six former missile

crewmen and maintenance officers of the 579th SMS, and conducted formal interviews with

these individuals regarding their knowledge of operations and maintenance activities in the Atlas

"F" missile silos . In addition, these individuals were asked about their knowledge of the events

surrounding the accidents at three of the Atlas "F" missile silos. A list of individuals interviewed

and their positions with the 579th SMS are presented in Table 1 . Refer to Section 2 .0 for the

interview summaries .

Table 1
List of Interviewee s

Interviewee Position Time Period of
Involvemen t

Orville L. Doughty, Lt.
Col ., USAF Ret .

Maintenance Control Officer, Maintenance
Squadron

1962-1963

Gene Lamb Deputy Combat Crew Command 1961-1965
Jack Lund and Deputy Combat Crew Command 1961-1965
Phil Moore Deputy Combat Crew Command 1961-196 5
Jerry Nelson Deputy Combat Crew Command 1962-1965
George Ziegler Section Maintenance Officer, Maintenance

Control Unit
1962-1965

Shaw Environmental, Inc.

1 0003



2 .0 INTERVIEW SUMMARIE S

Orville Doughty
Lt. Colonel, USAF Ret.

9186 E. Placita Arroyo Seco
Tucson, AZ 85710

(520) 733-3603
Oldmmd@cox.net

On January 7, 2005, Lisa Contreras-Hendler and Stephanie Hester of HGL interviewed Orville
Doughty, Lieutenant Colonel, U .S. Air Force (USAF), Retired, in person at the Titan Missile
Museum in Tucson, Arizona, regarding his knowledge of the Atlas "F" missile silos (Atlas silos)
associated with the 579th Strategic Missile Squadron (SMS), which was attached to Walker Air
Force Base (WAFB), Roswell, New Mexico .

Mr. Doughty was stationed with the 579th SMS at WAFB from approximately January 3, 1962 to
July 1963. Mr. Doughty was the Maintenance Control Officer for the 579th SMS . His office was
located in the Missile Assembly and Maintenance Services (MAMS) building at WAFB . While
at WAFB, he supervised the maintenance staff, including George Ziegler .

When he reported to duty in January 1962, four Atlas silos had already been installed . The
remaining eight missile silos were installed while he was stationed with the 579th SMS . Mr.
Doughty said once the contractor turned over the silos to the USAF, he was responsible for
conducting an inventory of the equipment in the silos, including documenting the equipment's
serial numbers. After the USAF took custody of the silos, it put the warhead onto the missiles
and installed the guidance and target systems . The silos went into the alert status soon thereafter .

Mr. Doughty provided details on the maintenance of the silos . Scheduled maintenance was
performed every 30, 60, 90, and 120 days, plus annually . In addition to the scheduled
maintenance, the maintenance crew was sent out to the silos when items broke . He was
responsible for dispatching the maintenance crew to the silos . Mr. Doughty said the typical
problems at the silos included issues with the malfunctioning of equipment, door problems, and
facility problems. He said the work involved a lot of "R & R," also known as "Remove &
Replace . "

Mr. Doughty recalled the largest problem at the silos dealt with the diesel generators, which
dripped occasionally. These generators were located one level above the liquid oxygen (LOX)
tanks. To resolve the potential hazard of the fluid coming into contact with the LOX, the
maintenance crew placed a 4-inch deep drip pan beneath the diesel generators . Any diesel
problems occurred in the silo itself, while any electronic issues that arose usually occurred in the
Launch Control Center (LCC) .

Shaw Environmental, Inc .
2

0004



The maintenance department was in charge of supplying diesel fuel to the Atlas silos . Mr.
Doughty recalled sending a tanker out to the silos once every month . This department also
supplied the hydraulic oil, which was used for the elevators within the silos . Mr. Doughty was
asked if he could recall other substances used in the Atlas silos . He believed that "MEK" (also
known as methyl ethyl ketone) may have been used on the silo property to clean parts and
remove grease . If MEK was used, Mr. Doughty said that it would have been in relatively small
amounts . He also mentioned the LOX, which was an oxidizer, and the RP 1 fuel, which was a
crude kerosene product . He does not think that "Tric" was used at the silos, but it was used at
WAFB. Mr. Doughty confirmed that his definition of "Tric" was trichloroethene . A hazardous
management manual listed the chemicals that were used in the silos .

Regarding storage of material on silo property, Mr . Doughty said that very little material was
stored at the silo. The maintenance crews brought any material it needed to do a repair or
maintenance check out to the silo with them . The diesel was stored on-site, but he did not recall
the size of the tanks . He recalled that two gallons of hydraulic fluid was stored on-site as back-
up. The Atlas silos typically operated on diesel during normal operations instead of being
electrically powered . Diesel power was relied upon totally during missile exercises . LOX was
replenished after any missile exercises since it was vented during the exercise, but the RP1 fuel
typically did not require refilling .

Mr. Doughty was asked about the Quonset huts on the silo property . He said these huts were
removed once the contractors left. Although he did not go into the Quonset huts, he believed
that the huts contained various shops, possibly plumbing and electrical shops . The huts were
government-owned and he suggested contacting the Civil Engineering Department of the USAF
for further details .

Mr. Doughty stated that he was the first person from the 579th Maintenance Section to arrive at
Silo 1, the site of the first silo explosion . The doors of the silo had been blown off, and USAF
staff was unable to get into the silo until the following day due to the fire . Mr. Doughty recalled
seeing soot everywhere within the silo, but the LCC remained clean . He recalled seeing a 1/2-
cup of coffee in the LCC that was not even disturbed . Mr. Doughty was asked if he was able to
describe any hazardous conditions in the silo following the accident . He said the biggest hazard
was the physical damage to the equipment in the silo . He added that polychlorinated biphenyls
(PCB) were not present in oil at this time so this contamination did not exist .

Regarding overall operations of the silos, Mr . Doughty could not think of any operations that
occurred at the silos that would cause an environmental problem .

After leaving WAFB, Mr . Doughty was assigned to the Strategic Air Command headquarters in
Omaha, Nebraska, and continued to work in the capacity of missile maintenance . He
subsequently became MAMS Commander for the missile squadron assigned to Davis-Monthan
Air Force Base. Mr. Doughty remained in the USAF for 34 years and retired with the rank of
Lieutenant Colonel .
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Gene Lamb
3313 N. Glenhaven

Midwest City, OK 73110
(405) 737-2471

dlamb4@cox. net

On October 1, 2004, Lisa Contreras-Hendler and Stephanie Hester of HGL interviewed Mr .
Gene Lamb via telephone regarding his knowledge of the Atlas "F" missile silos (Atlas silos)
associated with the 579th Strategic Missile Squadron (SMS), which was attached to Walker Air
Force Base (WAFB), Roswell, New Mexico .

Mr. Lamb, a 1st Lieutenant in the Air Force, was the Deputy Crew Commander for Silos 1 and 5 .
His primary assignment was at Silo 1, but he worked at other silos when additional crewmen
were needed. Generally, the composition of the missile crew changed as individuals went into
and out of military service . Each silo had two crew commanders, and each crew commander had
to have the rank of Captain or higher . Congress required that a non-commissioned officer or
NCO was stationed on every crew because the crew had access to sensitive documents that could
launch the missiles . In addition to the Crew Commander and Deputy Crew Commander, other
missile crewmen included the Ballistic Missile Analyst Technician (BMAT), Missile Facility
Technician (MFT), and the Electric Power Production Technician (EPPT) .

By September 1961, none of the silos associated with the 579th SMS were in operation, but the
site activation task force was in place. The silos had been dug and the military was in the
process of installing equipment . During this period, Mr . Lamb was stationed at the squadron
headquarters at WAFB, assembling training folders .

The crew in a silo was called the "Stand Board" crew. The Strategic Air Command (SAC)
required the crewmen to initially become certified prior to being assigned to the missile crew .
This certification process involved performing drills associated with missile operations .
Periodically, about once per year, the crewmen had to be recertified . The part of the
recertification process involved conducting the propellant loading exercises . For an average
shift, Mr. Lamb's crew would report to duty, walk the silo with the prior crew, settle into the
operations, and then conduct tests that the SAC had given the crew . His crew name was
"Skybird . "

Both Crew Commanders at the silo wore the launch code in a sealed, plastic case around their
necks and a firearm to protect the launch code . The code changed frequently, even during the
course of a shift . Each Crew Commander had to separately de-code the messages, and then
switch with each other and come to an agreement on the messages . Mr. Lamb noted it was
difficult to open the plastic container containing the launch code .

Maintenance activities at the silos were on-going . Mr. Lamb explained that the silo was filled
with motors and valves, which not only made the silo a very noisy place to be, but also always
provided something to fix. Generally, maintenance issues dealt with support equipment. Much
of the maintenance involved vacuum pumps that were used for silo operations and the launc h
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vehicles . Silo equipment, referred to as Real Property Installed Equipment or "RPIE," requiring
repairs included valves, motors, and hand equipment . Maintenance efforts also addressed
computer failures .

The missile crew during its "walk around" was able to perform some manual and/or minor
adjustments on the support equipment . A crewman, for example, can adjust the equipment to
keep the temperature within a certain range . The crew also added oil to vacuum pumps when the
crew looked through the "sight glass" and noticed that the oil was getting low. More extensive
maintenance was conducted by personnel out of WAFB . Mr. Lamb thought this maintenance
crew was part of the maintenance squadron of the 579th SMS . This maintenance crew conducted
both scheduled maintenance and addressed problems as they arose . Most of the maintenance
work occurred in the silo instead of the launch control center (LCC). The missile crew always
had two crewmen in the silo to observe the activities of the maintenance crew .

Two diesel generators were located in the silos . Mr. Lamb did not recall many problems with
these generators . Diesel was stored in underground storage tanks with a grating covering it . Mr .
Lamb believed that the diesel was pumped into the silos, but he did not know if a smaller tank
was located in the silo .

Regarding the use of chemicals or spills in the silo, Mr . Lamb recalled oil spills, specifically
hydraulic fluid, from machines and pumps . Occasionally during maintenance activities,
lubricating oil from a motor or the vacuum pump would spill . Mr. Lamb also remembered that
the silo had water leaks, which would collect in the sump at the bottom of the silo . The sump
would then be pumped out .

RP 1 fuel, a kerosene-based material, was always stored on the Atlas missile . The LOX was
stored outside of the missile, and was loaded onto the missile during a launch or a propellant
loading exercise . After an exercise, the LOX was then unloaded off the missile . Occasionally,
the Atlas missile itself had to be replaced as part of routine maintenance . When this event
occurred, Mr. Lamb thought that the RP-1 fuel had to be removed from the missile prior to
moving it . He suspected that the RP-1 fuel may have been traded out when this event occurred .

Mr. Lamb did not recall the flushing of lines in the silos . However, he did remember changing
out the LOX once and using a non-hydrocarbon cleaner to clean out the line . He thought
trichloroethylene may have been used . Mr. Lamb suggested that HGL contact a MFT regarding
the use of solvents in the silos as this crewman would have observed the activities of the
maintenance personnel out of WAFB . He recommended Don Hajek, a MFT who used to live in
Colorado Springs, Colorado, as a potential interview candidate . Mr. Lamb thought that small
cans or bottles of solvents might have been used in the silos, but he did not recall any spills or
the names of any solvents .

Mr. Lamb recalled that the silo complexes had two Quonset huts, which he believed were used
for equipment storage. He did not recall observing any activity associated with these huts .

He provided a description of the events surrounding the explosion at Silo 1 . The missile
exploded while it was still in the silo. The LOX fire that caused the explosion was started in the
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fill line that led from the LOX storage tank into the missile . According to Mr. Lamb, an internal
fire was started and burned through the valve, causing the LOX to spill onto the floor of the silo
and catch on fire as well . Silo 1 was shut down after the explosion .

Regarding the Silo 5 explosion, Mr . Lamb recalled that his missile crew was preparing for the
propellant loading exercise at Silo 5 . They encountered some problems and had to fix it before
the exercise. During the course of drilling for the exercise, his crew's shift ended and they had to
return to WAFB to be debriefed while the replacement crew was put in place to execute the
propellant loading exercise . He recalled driving back to the Silo 5 in his personal car to watch
the exercise. During the exercise, the LOX started to spill out and fall into the silo, causing the
fire. He subsequently read that the LOX valve was partially open, which caused the LOX to start
dripping into the silo . He drove about two or three miles from the silo and stopped traffic . The
missile exploded and he recalled feeling a concussion on his chest . The missile crew in Silo 5
stayed in the LCC during the exercise . He thinks that the guards were also in the LCC during the
exercise and that no one was on the silo cap . Silo 5 also ceased operations after the explosion .

Mr. Lamb did not recall any activities, operations or events at the silos that would be
environmentally significant other than the explosions at the silos .

Mr. Lamb left WAFB when the Atlas silos were being shut down in 1965 . He left the military,
but was re-called back into service after two years and went to Germany. He remained in the
military for 22 years .

Regarding research avenues, Mr. Lamb did not have any documentation available although he
suggested the following individuals as a potential source of information :

• Pete Cummins Crew Commander at WAFB, possibly residing in Las Vegas, Nevada .
• Jack Lundgard - Crew Commander stationed at Silo 3, Command Control .
• Don Hajek - MFT who was living in Colorado Springs, Colorado .
• Professor Terry Isaacs - Professor at South Plains College, Loveland, Texas . According

to Mr. Lamb, Professor Isaacs said that the military wanted to get the Atlas "F" ready
because the Jupiter missile was going out of commission .

• Phil Moore - Former missile crewman, who subsequently went to Cape Canaveral to
launch missiles .

• Linda Irvine - Compiled a list of 579th SMS personnel for reunion purposes . Mr. Lamb
will e-mail Ms . Irvine about HGL's research.
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Jack Lundgard
2200 West 33rd Street

Panama City , Florida 32045
(850) 769-6913

jacklundgard(a~aol.com

On October 7, 2004, Lisa Contreras-Hendler and Stephanie Hester of HGL interviewed Mr . Jack
Lundgard via telephone regarding his knowledge of the Atlas "F" missile silos (Atlas silos)
associated with the 579th Strategic Missile Squadron (SMS), which was attached to Walker Air
Force Base (WAFB), Roswell, New Mexico .

Mr. Lundgard was one of the first officers to report to duty to the 579th SMS . He arrived in
Roswell in October 1961 and was a member of the site acceptance team . This team worked with
the silo construction team, and his responsibilities included observing the construction crew's
activities. By late 1961, most of the silo sites had been completed . The silos associated with
WAFB had 12 missiles . He mentioned that the Atlas silos at the New York location only had 11
silos .

Shortly after arriving at WAFB, Mr. Lundgard was sent to missile or "ORT" school at
Vandenberg Air Force Base (AFB) where he received instruction on how to launch the missiles .
He was also taught about the maintenance of the silos and support equipment . He completed the
school and returned to WAFB in the Spring 1962 .

The missile crew consisted of the following five-man crew : Combat Crew Commander, Deputy
Combat Crew Commander, Ballistic Missile Analyst Technician (BMAT), Missile Facility
Technician (MFT), and the Electric Power Production Technician (EPPT) . In addition, two
guards were stationed on top of the silo at all times . Mr. Lundgard was the Deputy Missile
Combat Crew Commander (DMCCC) and he worked out of Silo 2 and then finished up at
WAFB at Silo 3 . He believed that he may have also been located at Silo 5 for a period of time .
He explained that Silo 3 was the Command Post for all the silos . It had VHF and UHF to allow
for more communication to the outside world from the silo in the event of a wartime scenario .
Although each silo had the ability to launch its own missile, Silo 3 had a relay to the other silos
that could launch their missiles as well . The Atlas "F" missiles were five mega-ton weapons .
Mr. Lundgard said that the military needed missiles with a large impact because the accuracy of
the missiles during that era was poor ; consequently, it needed a missile that took out more
territory .

During the course of the 24-hour shift of the missile crew, the DMCC never went on topside
because the DMCC held the top secret code for launching the missiles . The missiles had a decoy
system, which Ford Motor Company made. He recalled one occasion when this company's
technical representative came to the silo to repair the system .

Mr. Lundgard described certain features of the silo . The silo was equipped with an access tunnel
that served as a doorway from the launch control center (LCC) to the silo . He said that there was
a silo cap and a domed -object that was used for a retractable antenna . The silo had sensors that
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popped up and detected a nuclear explosion . If an explosion was detected, the outlets to the
exterior of the silo would be closed . The silo also had an escape hatch and a perimeter fence .
The silo library contained about 10 to 12 feet of maintenance books . He said that the library
contained "Tucker Prints," which depicted the electrical and plumbing lines throughout the silos .
He did not know where the silo's water supply was located, but he suspected it came from a well
on-site. Mr. Lundgard said that silo operations did not require the use of much water. The
Quonset huts were used during the silo construction phase, but he did not know for what
purpose. He believed the huts were removed once the silos became operational .

He recalled two diesel generators in the silos, and that the diesel was stored in tanks on top of the
silo cap . Although he did not know if the diesel fuel storage was underground or aboveground,
the diesel was piped from the storage tanks into holding tanks inside the silos . Mr. Lundgard
suggested that the Dash-1 manual may provide details about the use and storage of diesel . Silo
operations switched back and forth between commercial power and diesel power . The cooling
towers at the silo were used for the two diesel generators . He said that diesel power was used as
back-up and he did not know if these generators operated on a daily basis . He recalled, however,
that the generators were very noisy .

Regular and continuous maintenance was performed on the silo equipment to ensure that the
missile never went off "alert" status . Checklists were used for the maintenance process . Mr.
Lundgard observed some minor maintenance tasks, such as the changing of a light bulb . The
MFT oversaw major maintenance conducted by the maintenance crew out of WAFB . During
major maintenance, he would be stationed inside of the LCC monitoring the system . The
maintenance crew from WAFB was out at the silo on a daily basis, and they were part of the
579th SMS .

Mr. Lundgard identified the following materials associated with the Atlas "F" missile operations :
liquid nitrogen, liquid oxygen (LOX), gaseous helium, and RP-1 . The RP-1 is a hydrocarbon-
based fuel that, along with the LOX, was used as a rocket propellant . He did not know if the RP-
1 was ever recycled . It was a stable material, and it had microorganisms growing in it . He did
not recall whether the RP-1 fuel required replenishment .

Mr. Lundgard provided a description of the launch procedures and the events that led to one silo
explosion. The bottom half of the missile had RP-1 fuel in it and the top half of the missile
contained instrument or pressurized air. Mr. Lundgard described the missile like an aluminum
balloon. During launch procedures, the top half of the missile filled with LOX as the doors to
the silo opened . When the hot sun beat down on the missile, its contents heated up causing the
LOX to expand and burst a seam. The LOX caught a flicker and then exploded. All the missiles
that exploded blew up during the propellant loading exercise (PLE) . The military placed a
warhead that weighed the same as the nuclear warhead on the missiles during the PLE . Mr.
Lundgard recalled being in Silo 3 with the Inspector General when Silo 5 exploded . His crew
turned the cameras on top of Silo 3 in the direction of Silo 5 and noticed a column of smoke .
When asked if he knew of any environmental issues associated with any of the silo explosions,
Mr. Lundgard said that he thought the accidents took out "everything" as they were catastrophic .
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He said that the military tried to minimize any spills at the silos, but he thought that the hydraulic
oil presented a bigger problem instead of the diesel . Mr. Lundgard said the hydraulic oil used
inside of the silo would drip down to the sump at the bottom of the silo . The sump was pumped
out, but Mr. Lundgard did not know whether the pumped material was put inside a container or
pumped onto the ground or into a drainage ditch . He said that minimal amount of oil would drip
into the sump. He did not recall any spills of diesel .

Mr. Lundgard did not know whether lines on missile were flushed or whether the missiles were
washed down with any substance . He indicated that he did not think it was necessary for
missiles to be washed down . He also did not know about any solvent use at the silos .

While he was still stationed at WAFB, he recalled seeing the missiles being pulled out the silos,
but he did not know what occurred with the silos themselves . Mr. Lundgard left WAFB in the
Fall 1965 and went into the military intelligence school . He worked in photo intelligence during
the Vietnam War and then later worked on the SR-71 in Japan and in Germany . Mr. Lundgard
retired as a Colonel in the U .S . Air Force and he was 70 years old on the date of this interview.

Regarding other information avenues, Mr . Lundgard said that he conducted an interview with a
professor who later wrote a book about the Atlas "F" missile . He gave this individual his
documents, including the Dash-1 and the checklist he used while in the LCC . He recalled that
Richard Wade was an MFT. Mr. Wade's telephone numbers are (813) 996-1022 (home) and
(813) 732-2784 (cell) . Other potential information sources included the Air University at
Maxwell AFB and Wright Patterson AFB .

Shaw Environmental, Inc .

9 0011



Phil Moore
(321) 636-984 3

moorepe@ix.netcom.com

On October 4, 2004, Lisa Contreras-Hendler and Stephanie Hester of HGL interviewed Mr . Phil
Moore by telephone regarding his knowledge of the Atlas "F" missile silos (Atlas silos)
associated with the 579th Strategic Missile Squadron (SMS), which was attached to Walker Air
Force Base (WAFB), Roswell, New Mexico .

Mr. Moore was stationed with the 579th SMS, and he arrived at WAFB in October 1961 and
departed 1965 . He was the Deputy Crew Commander and his rank while there was 2'' and 1St
Lieutenant . Later, Mr . Moore was promoted Major. Other crewmen in the silo included three
enlisted men, including a Sergeant and two Airmen. The Crew Commanders were either
Captains or Majors .

In 1961 , the Site Activation Task Force (SATF), under the Air Force Systems Command,
oversaw the construction of the silos . He recalled the U.S. Army Corps of Engineers being
involved . He never saw the silos under construction , but he recalled that while construction was
occurring he was waiting for a slot to open at missile school . On February 2, 1962, he went to
missile school .

Each silo had its own library which contained at least one copy of the technical orders . Mr.
Moore did not think that crewmen had individual copies of the technical orders . The Dash-1
was a technical manual that was similar to an operator's manual that typically came with a car .
The manual addressed how to operate the missile and its equipment, but it did not address how
the systems were repaired or maintained. Mr. Moore thinks that most of the contents of the
library were thrown away once the military left the silo properties . He recalled seeing a large
number of manuals left in the silo libraries at the time of deactivation . He said that these
manuals were not classified . Rather, the launch code and the procedures to go through to launch
were the classified material .

He was assigned to Silo 1 until that silo exploded . Mr. Moore was on leave when the explosion
at that silo occurred . He was then located at Silo 7, which he called his home site . Mr. Moore
worked at other silos when they needed additional staffing . Specifically, he was on duty at Silo
2 when it exploded, but that was the only time he was assigned to this silo .

After the explosion in Silo 1, Mr. Moore recalled that the launch control center (LCC) had smoke
damage and the rest of the silo was also damaged . The silo began to fill up with water . He said
that this silo was located near an underground river that was located at a depth of six feet. A
corrugated metal conduit was used to stop water from rising in the silo, and the silo hole was
deepened to accommodate the conduit . The explosion blew open the conduit . He believed that
another silo had an underground conduit associated with it, but he could not recall the specific
silo .
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As a Deputy Crew Commander of a missile crew, Mr . Moore was responsible for operating the
silos. The crewmen did some maintenance, but personnel out of WAFB conducted most of the
maintenance. His crewmen oversaw the WAFB maintenance crew as they performed their
duties . He occasionally oversaw some maintenance activities because he was interested . He said
that the squadron had a large number of maintenance personnel who specialized in certain areas .
Mr. Moore described the silos as a busy place with many people there . He only recalled one or
two occasions when there were no maintenance crews in the silos . Most of the maintenance
issues in the silos dealt with support equipment, and did not involve the missiles themselves .

Mr. Moore did not know if the LOX lines on the missiles, which were made of stainless steel,
had to be cleaned out . He said, however, that these lines were extremely sanitary and remained
sealed at all the times . Some equipment had filters, which were pulled out and changed
occasionally . Anything on the outside of the equipment was cleaned off immediately .

Material stored on-site included diesel fuel used to operate the diesel generator . Diesel was
stored in a "day tank" inside the silo, which contained a day's worth of diesel to operate the
generator. A larger diesel tank with associated piping was located aboveground. Liquid oxygen
(LOX) was also stored in large amounts in an oxidizing tank inside the silo . He estimated that
about 19,000 gallons of LOX was stored in the silo . The LOX was one of the missile's fuel
supplies . RP1, a high-grade form of kerosene, was also stored in a fuel tank inside the silos . Mr.
Moore said that 12,000 gallons of RP-1 fuel was stored, and he did not recall that this fuel had to
be replenished . Other materials included helium gas and hydraulic fluid . The hydraulic fluid
was used to operate the silo doors and crib locks . These locks had to be in place prior to a
launch. The hydraulic fluid was under extremely high pressure, about 3,000 pounds per square
inch. Mr. Moore said that the hydraulic fluid was occasionally refilled because of leaks . A small
tank was located inside the silo to store extra hydraulic fluid . This fluid was a standard oil
hydrocarbon .

Mr. Moore said there were many leaks in the silo . Types of leaks included diesel, hydraulic
fluid, and water. A lot of diesel leaked from the generators, the lines, and joints . Typically, the
leaks involved seepage and did not constitute large spills of diesel or hydraulic fluid . However,
some of the leaks were larger and resulted from personnel forgetting to turn off the switch when
filling the day tank . If an overspill occurred on the diesel fuel's day tank, the military had to be
cautious resolving the problem since the LOX lines were located a few levels below the day
tank .

He did not recall using solvents to clean any spills, but he said it was a possibility . Mr. Moore
had worked in aircraft manufacturing, specifically Douglas Aircraft Company in Tulsa,
Oklahoma, during the late 1950s and he recalled using a lot of TCE in that job . TCE could have
been used in the silos for spill clean up since it was not a petroleum-based material and therefore
was not incompatible with the LOX .

The Dash-1 manual (TO 21 M-HGM-16F- 1, Section 4 , pg 4-15 , 4.101-4.102) contained
emergency procedures for spills . Based on visual inspection , if a spillage of RP-1 , diesel, or
hydraulic fluid is noted , the fan and the water were to be turned on. He said that the missile had
a Fog system that involved a water spraying system , which needed to be cleaned up afterwards .
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A sump pump was located at the bottom of the silo, which pumped the liquid out to the top . Mr .
Moore did not know where this liquid went, but he suspected that the liquid was pumped onto
the ground. He said the sump was greasy, stating it was the only thing in the silo that was not
cleaned. If a gas spill occurred in the silo, the air conditioning unit would suck it up .

When each of the silos exploded, there was a huge amount of RP-1 fuel released . However, the
explosions resulted in a fire that lasted for hours, and he believed that the fuel was probably
burned away .

Mr. Moore believed that the alkaline water in the pipes of Silo 11 caused problems by creating
residue in this silo's pipes . Acid was put into the pipes to eat out the residue . At Silo 11, he
recalled that acid was poured into the cap, which caused a lot of damage to the electrical
equipment. This event occurred at the end of the Atlas "F" program .

The LCC was relatively clean . The military conducted household-type of cleaning in the LCC
and occasionally painted items using enamel paint . The floors were mopped and the kitchen
scrubbed using normal household cleaners . Dust from the LCC control panels was wiped off
with a damp cloth .

Regarding other areas associated with the silo property, Mr . Moore suspected that some spills or
dumping might have occurred on the top surface, including spillage in the diesel tank area . He
said that not many spills occurred in the LCC itself.

According to Mr. Moore, the Quonset huts were used to store spare parts . He said the huts were
used during the construction phase as well as during the missile operations .

Mr. Moore described the events surrounding the explosion at Silo 2 . He said that he had the
accident report for this explosion . Silo 2 was under evaluation by the Standboard crew when it
exploded. This silo always had problems with the missile lift system because it would always
stick. Mr. Moore said the system was warped . The count down during the propellant launching
exercise was completely normal . The missile rose to the top, but it became stuck and could not
be lowered . Pressure was building up in the missile . This pressure was not released immediately
because the Standboard crew conducting the evaluation would not allow the Standard crew on
duty to do it . Mr. Moore said if this pressure was released at the right time, the missile would
not have exploded. The missile tumbled down three levels and every gas in the silo was
released, taking out all of the diesel and hydraulic lines . Mr. Moore said that the cable attached
to the elevator froze from the LOX, became brittle, and the weight of the missile broke the cable
and made it fall .

Mr. Moore later learned that the LOX and RP-1 fuel tanks fell to the bottom of the silo and
started to fill up the ducts, which contained grease. The fire started in the ducts and went
through the vent system . A power surge went through the LCC as a result of the burning, which
blew out a monitor in the LCC . Flames from the ensuing explosion rose 200 feet high in the air,
and the fire burned for hours .
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Mr. Moore estimated about 18 individuals were inside the LCC when Silo 2 exploded, including
one civil service employee and someone from the San Bernardino Air Material Command . They
used the field phone to communicate outside of the LCC . When they were informed that it was
safe to evacuate because no more flying debris was observed, they ran out of the silo as the fire
burned. Mr. Moore had the only key to the perimeter gate, but the gate was already open . When
the explosion occurred, it shook the LCC and knocked Mr. Moore down; however, the shock
absorbers performed well and the LCC stayed intact . Smoke began to fill up the LCC though .

When the Atlas silos were deactivated, the RP-1 fuel was drained out of the tanks .

After leaving the 579th SMS, he was in the Vietnam War and continued to work with missiles .

Mr. Moore estimated that he had about two suitcases full of information regarding the Atlas
program. He also suggested the following individuals as potential interviewees :

• Jerry Lundgard
• Wayne Peatley - Mr. Peatley has Alzheimer 's Disease

• Bob Pittman - Mr. Pittman may not be interested in speaking with HGL .
• Bob Caplan - Mr. Caplan worked in maintenance while stationed at WAFB . Mr. Caplan

is involved in a Missile Talk Forum . His contact information is bobcapll(a@pacbell .net .

• Les Hayls
• Bill Bergelin - Mr. Bergelin worked in maintenance while stationed at WAFB . His

contact information is wber eg lin cr compuserv.com .
• George Ziegler - Mr. Ziegler was assigned to the maintenance squadron .
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Jerry Nelson
4570 Ocean Beach Blvd

Unit #46
Cocoa Beach , Florida 32931

(321) 784-261 6

On September 21, 2004, Lisa Contreras-Hendler and Stephanie Hester of HGL interviewed Mr .
Jerry Nelson via telephone regarding his knowledge of the Atlas "F" missile silos (Atlas silos)
associated with the 579th Strategic Missile Squadron (SMS), which was attached to Walker Air
Force Base (WAFB), Roswell, New Mexico .

Mr. Nelson was stationed with the 579th SMS from 1962 until the Atlas "F" missiles were
decommissioned in 1965 . He was a crew member at Silo 9 and the Deputy Crew Commander
(DCC) for Silo 6. The DCC was the second in command of the five-man missile crew . It

required two members of the missile crew to launch the nuclear weapons . Mr. Nelson explained

that the missile crew worked a 24-hour shift and had a 2- to 3-day break between shifts . Two

crewmen had to be awake at all times during the shift . The crewmen typically got about four
hours of sleep during the 24-hour shift . During the course of a shift, crewmen made about two or
three inspections within the silo . They would be responsible for recording instrument readings .

If the silo's system light was green, everything was operational . If the system light was red, a
malfunction occurred and the crewmen would call maintenance if they were unable to resolve the
problem .

As a crewman, Mr. Nelson maintained the missile launch readiness and performed some minor
maintenance, such as removing light bulbs in the launch control center (LCC) . The maintenance

crew out of WAFB performed any major maintenance at the silo . Mr. Nelson was not able to
recall the type of major maintenance that occurred, but said it was conducted in the silos . Any

maintenance on the Atlas "F" warhead was conducted at WAFB . The WAFB maintenance crew
occasionally conducted modifications and maintenance in the LCC . He thought the maintenance
crew came out to the silos on a relatively infrequent basis . Mr. Nelson added that scheduled
maintenance at the silos also occurred .

Mr. Nelson was asked if trichloroethene (TCE) was used in the silos or the LCC . He did not

recall using TCE in the LCC, but did not know whether it was used in the silos . Mr. Nelson did

not know if any other chemicals were used in either the silo or the LCC . He mentioned that
hydrocarbon solvent was incompatible with the liquid oxygen (LOX) ; consequently, the military
was reluctant to use this type of substance in the silos .

Mr. Nelson stated that the diesel generators were located inside the silos, but he did not know
where the diesel fuel was stored . The silos were equipped to use commercial power, but since
the military wanted the silos to remain independent, diesel was mostly relied upon for silo
operations .

Mr. Nelson did not know what the evaporation ponds were used for at the silos .

Shaw Environmental, Inc.
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He did not know what activities occurred in the Quonset huts . Mr. Nelson said that the Quonset

huts were used during the construction phase of the silos, and remained on-site after construction
was completed. These buildings were not generally occupied while he was at the silos . Mr.

Nelson explained that the personnel at the silo property consisted of the five-membered missile
crew and two security guards located at the front gate .

Mr. Nelson did not know of any fuel spills or accidents at the silos to which he was assigned .

However, explosions occurred at three other silos . For one of these explosions, the missile had

been raised up and then became stuck . The missile exploded because it was unable to be

lowered in order to drain off the LOX. Mr. Nelson did not know what occurred with the other

two silo explosions . As a description of the standard process, he explained that the LOX is put
into the missile during the last few minutes prior to raising the missile up . It took a few minutes

to raise the Atlas "F" missile up to its launch position, and even a longer period of time to lower
the missile .

After leaving WAFB, Mr . Nelson worked on the Saturn 5 fabrication in New Orleans and the

Saturn 5 launch at Cape Canaveral . Later, he worked at Cape Cod inside another LCC .

Mr. Nelson provided suggestions on other research avenues . He recommended interviewing

Chief Warrant Officer Ziegler. Mr. Ziegler worked in maintenance out of WAFB . He also

suggested Gene Lamb, another missile crewman. Mr. Lamb organized the last reunion for the

579`h SMS. Regarding document sources, Mr . Nelson said many documents, such as technical

orders (TOs), were housed inside the LCC . These documents were classified and they described

all the equipment contained in the LCC and silos . He had given Gary Baker a copy of the TO .

HGL confirmed with Mr . Nelson that it was the same TO that Mr . Baker provided to HGL on a

prior visit . Mr. Nelson did not know where HGL could locate "As-Built" drawings, but
mentioned that General Dynamics may be one source to explore for these documents .

Shaw Environmental, Inc.
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George Ziegler
2001 W . Rudasill , Apt 9101

Tucson , AZ 85704
(520) 297-9384

On October 11, 2004, Lisa Contreras -Hendler and Stephanie Hester of HGL interviewed Mr .

George Ziegler via telephone regarding his knowledge of the Atlas "F" missile silos (Atlas silos)

associated with the 579th Strategic Missile Squadron (SMS), which was attached to Walker Air
Force Base (WAFB), Roswell , New Mexico .

George Ziegler reported to duty to the 579th SMS at WAFB in March 1962 . He was assigned to

the Maintenance Control Unit, and he mostly worked out of WAFB . At the time of his arrival,

the silos were still under construction . Mr. Ziegler remained at WAFB for three months,

working in the Reports and Analysis Section . He then went to missile school and did not return

to WAFB until December 1962 . While in school , Mr. Ziegler went through general missile
comprehension courses and learned about all missile operations .

Upon his return to the 579th SMS at WAFB, Mr. Ziegler supported plans and scheduling. He

also worked in the Real Property Installed Equipment Section , which dealt with the water

treatment facilities at the silos . He said every three silos had a water treatment facility .

Mr. Ziegler was asked if his responsibilities required him to go to the Atlas silo locations . He
estimated that he went to the silos about once or twice a week for a period of time . He thought
that he may have only visited about 4 or 5 of the 12 silos while stationed at WAFB . Mr. Ziegler
indicated that the maintenance crew out of WAFB generally performed work on the silo
equipment. Occasionally, maintenance was conducted on the missile itself. The maintenance

crew ran scheduled diagnostic tests on different systems of the missile operations throughout the
year .

Mr. Ziegler did not recall the specific types of maintenance conducted at the silos . He explained

the missile system was so complex and it required several types of work. He recalled that the
maintenance crew worked on the diesel generators on a regular basis . These generators were the
primary source of energy for the silos . Mr. Ziegler thought that diesel fuel storage tanks were
located on the same level as the diesel generators in the silo . Mr. Ziegler was unable to recall if
any chemicals or cleaning agents were used within the silos, including specifically
trichloroethene also referred to as TCE. He also did not know if the liquid oxygen (LOX) lines

were cleaned at the silos or at some other location .

Technical orders (TOs) were used for the maintenance and cleaning that occurred in the silos .

Mr. Ziegler said that the maintenance crew was in strict compliance with the TOs, but he did not
know if the TOs addressed solvent usage . Each silo had its own library and he suspected that a
similar library existed at WAFB . He knew that the maintenance shops at WAFB had copies of
the relevant TOs . These shops were located in the (MAMS). The entire administration section

of the 579th squadron was also located in the MAMS building .

Shaw Environmental, Inc . 0018
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When asked about Quonset huts on the silo properties, he recalled seeing these huts and he
believed that these huts were used during the construction phase of the silos . He suspected that

after construction ended, the huts were used for storage. Mr. Ziegler never went into the huts

and did not know what they housed .

Mr. Ziegler did not have any knowledge of the accidents that occurred at three of the Atlas silos
in New Mexico .

Mr. Ziegler remained with the 579th SMS at WAFB until approximately July 1955 when the
Atlas "F" program became deactivated . When he left the U .S . Air Force, Mr . Ziegler's rank was

Chief Warrant Officer (CWO-4) .

Shaw Environmental, Inc .
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1 . The proposed S_ ►C SM 66.2 does not appear applicable to installationengineering functions, This. staff memorandum is`'devoted to operational
.iintenance of the missile and missile system and does not involve maintenance

of the real property items _ e eb as block house, launch pad, missile maintenancebuildin s.g

2 . Sz!C S-1 605-2 contains information which would be desire ,units and reoowaendation is aids to publish this data as a 3 AC letter ord
re ulati fg on or wider coverage .

SUAJ3CT : Proposed Revision to S.1C SM 66-2

FIRM D MO 31 Dec 38 Comment No. 2
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DRAFT SAC SM 66-2

NUMBER 66-2 )

HEADQUARTERS STRATEGIC AIR COMMAND
Offutt Air Force Base , Nebraska

MAINTENANCE - ENGINEERING

Strategic Missile Weapon Systems

1 . PURPOSE . This memorandum :

a . Establishes Strategic Air Command policy for the maintenance of

strategic missile weapon systems .

b . Provides guidance to all Strategic Air Command staff agencies for use

in preparing planning documents for specific missile systems in accordance with

AFR 5-57, i .e ., operational, logistics, installation, technical, and crew training

plans .

2 . GENERAL . a . The strategic missile weapon systems presently include the

SM-62, SM-65, SM-68, SM-73, SM-75, SM-78 and SM-80 . Additional weapon systems will

come under the purview of this regulation as their development progresses .

b . Strategic missile squadron launch sites may be located in an isolated

area . Transportation will be required between the squadron launch sites and its

supporting base, a distance no less than eighteen miles (see inclosure 1) .

(1) The supporting base will be an active military installation

which will provide the maximum support within its capability.

This support includes housekeeping, supply, and certain

maintenance support to the assigned missile squadrons . Normally,

the squadron RIM/MAB building and squadron/wing headquarters

will be located on this base .

(2) The geographical location of the missile squadrons, the

operational requirements for multiple launching with a

* Supersedes SAC SM 66-2, 19 December 1956
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~• d. Missiles will not be removed from the missile squadron/wing area except

for depot/Contractor level maintenance that cannot be performed at this area .

e . Development of missiles and support systems should support and not

compromise the maintenance plan .

f. SAC missile maintenance procedures are established in SACM 66-9,

Strategic Missile Maintenance Management Manual .

g . The maintenance structure of a strategic missile organization must be

developed to insure maximum capability with the most efficient use of personnel .

The current organizational maintenance structure for a strategic missile squadron

is shown in SAC Manual 66-9, Strategic Missile Maintenance Management Manual .

4 . MAINTENANCE DEFINITIONS . For a mutual understanding to terminology, a

set of definitions specifically tailored to the systems concept of maintenance has

been established . These definitions apply to hydraulic, electrical, mechanical ,

or electronic equipment . These definitions are Shown in inclosure 29 using a n

autopilot system as an example, and again in inclosure 3 using an auxiliary power

system as an example.

5 . MAINTENANCE RESPONSIBILITIES .

a . The missile squadron/wing is responsible for all organizational and

field levels of maintenance on missiles and support equipment . This responsibility

includes normal squadron functions, such as pre-launch, daily, and storage 4 '

spections ; routine launch site servicing and preventive maintenance ; removal and

replacement of specific components ; bench maintenance ; assembly of missiles ;

periodic inspections ; recycle maintenance ; technical order compliance
; reclamation

and repair of components and parts .

b . The Air Materiel Command is responsible for all depot level mainten-

ance , both contract and USAF. This includes the provisions for mobile depot teams

to assist using command at the site, if possible, to accomplish work beyond their

-resources and capability . This may include, but is not limited to, major
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modifications and repairs, mass assembly of missiles, major overhauls, and stor m

or explosive damage .

c . To assist in determination of items which can be repaired at

organizational and field level, AMC, in collaboration with ARDC and SAC, will develop

by missile type, master repair lists for strategic missiles . The authorized

maintenance lists will be published by AMC in appropriate technical orders .

6. ORGANIZATIONAL AND FIELD LEVEL MAINTENANCE . Three functional areas,

launch complex, periodic maintenance and bench repair, are interacting and inter-

dependent at the organizational level .

a . Launch Complex Maintenance

(1) Launch complex maintenance is that maintenance performed on

the missile, launcher facilities, GSE, and ground guidance

station equipment and communications .

(2) Launch complex maintenance consists of :

(a) Performing preventive maintenance and servicing of

missile and each system while installed in the missile .

Preventive maintenance on the launcher, ground support

equipment, facilities, communications and ground guidance

equipment within the launch enclosure will be the re-

sponsibility cf the operation/maintenance personnel o f

the launch emplacement, augmented when necessary by

specialists dispatched from the squadron maintenance

area (SMA) .

(b) Testing missile, ground guidance equipment, facilities,

communications, and ground support equipment to determine

if all minimum performance standards are met .

(c) Performing trouble shooting and isolating the malfunction

to the smallest removable unit, replacing unit, an d

4
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interval basis to insure the operational readiness of the missile

and ground support equipment . Periodic maintenance will be per-

formed at the launch complex when practical . Other time interva l

inspections on the missile , ground support equipment, facilities

and ground guidance station equipment will be accomplished at the

launch complex by the operational; Waintenance crews utili ?ing the

installed checkout equipment . Specialists will be dispatched

from the general maintenance building to assist the operation/

maintenance crews as required .

(2) Periodic maintenance consists of :

(a) Performing maintenance on unit equipment at predetermined

time intervals and upon initial receipt from depot or

contractor .

(b) Scheduled inspection , cleaning , lubrication and preservation

as necessary , thorough performance checks and alignment of

the missile , installed systems and ground support equip-

ment .

( c) Replacement of time - change proposals .

(d) Remating the missile on the launcher after periodic ins-

pection. The periodic crew will be assisted in mating the

missile stages by the operation/maintenance crew of the

launch complex .

(3) Periodic inspection and maintenance procedures will be developed

through adaptation of the present planned inspection procedure

(TO"00-20E-1 and other appropriate Technical Orders ) to missile

weapon systems .

c . Bench Maintenanc e

(1) Bench maintenance is that maintenance performed in the checkout

6
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and repair of components, assemblies, etc ., submitted from the

launch area . Bench maintenance will be accomplished in the

squadron maintenance area . Bench maintenance will include

initial inspection and serviceability checks as required on

components received .

(2) Bench maintenance consists of :

(a) Isolating malfunctions in components submitted from the

launcher enclosure or periodic maintenance area to an

assembly, subassembly, plug-in unit, detail part, etc .,

the repair of the malfunctioning assembly, subassembly,

plug-in unit, detail part, etc ., and the performing of

any necessary alignments, adjustments, or calibrations

required as a result of such repair, replacement or

reconditioning.

(b) Performing calendar inspections and checkout of

components using appropriate checkout test equipment to

insure that the repaired, reconditioned or inspected

components and assemblies meet established standards .

(c) Operating and maintaining all system maintenance test

benches assigned to the squadron.

(d) Performing technical order compliances on components that

are assigned to the squadron .

Repairing and calibration of assigned peculiar (non AF

standard) test equipment consistent with time, ability

and tools available . (AFS test equipment repairing and

calibration will be accomplished by the air base support

unit in accordance with AFR 74-2 and SAC SUP-l thereto . )

(f) Performing functional acceptance checks on equipment receive d
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from depot facilities .

(3) Bench maintenance will require special test benches and consoles

and Air Force standard test equipment (scopes , signal generators,

vacuum-tube voltmeters , spectrum analyzers , etc .) . An adequate

quantity of repair parts (bench stocks ) must be maintained to

repair components .

(4) Bench maintenance repairmen will require a knowledge of theory,

(5)

system function , circuit anlaysis , stage by stage , and a high

degree of repair capability .

Technical data must be presented to the repairman in appropriate

size (82 x 11 ) technical manuals and will include detail com-

ponent schematics , with necessary descriptive narrative to enable

him to accomplish his job .

7 . DEPOT LEVEL MAINTENANCE . Depot level maintenance is that maintenance beyond

the capability of the missile squadron and falls into two categories ; weapon system

and non-weapon system support .

a . Depot level maintenance on weapon system items will be the responsi-

bility of the logistic support manager and may be accomplished in contractor

facilities, AMA's or at the squadron by means of mobile maintenance teams .

b . Depot level maintenance on non -weapon system items will be supported

through the normal Air Force channels .

8 . PROCEDURES . To preserve a high degree of support for missile units, it

is necessary that the following supply and support procedures be implemented :

a . The missile squadron will be supported for maintenance items through

a weapon system account located on the squadron site . This weapon system supply

account will requisition direct from the logistic support manager , receive, process,

inventory, and issue all items required to support the missile .

8
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T.O. 42C-1-11 Section IV
Paragraphs 4-1 to 4-1 2

SECTION I V

ATLAS , THOR , AND TITAN I WEAPON SYSTEMS

4-1 . GENERAL .

4-2. SCOPE . This section includes specific policies

and procedures for cleaning all components and sys-

tems used in the Atlas, Thor, and Titan I weapon

systems. General cleaning procedures are specified

in Section III, General Cleaning Procedures .

4- 3 . RESPONSIBILITY . Prior to the start of and

during the cleaning operation, the supervisor in

charge will ensure that proper procedures and ma-

terials are being used as specified herein . The

supervisor will obtain necessary coordination with

appropriate base organizations to ensure use of safe

practices (reference Sections II and III) .

4-7 . Component Parts -

4-8. Parts or tools shall never be laid on floors or

on uncleaned surfaces . Lay parts on clean table top

or on clean polyethylene sheet .

4-9 . Never touch interior of components with bare

hands. If it is necessary to wipe off flanges or in-

terior of parts, wear alcohol or solvent- resistant

polyvinyl gloves and use a clean line-free cloth

(Federal Specification CCC-C-46 Type I) moistened

with methylene chloride (Dichloromethane, Military

Specification MIL-D-6998, Grade A).

4-4 . CLEANING FACILITIES. Typical Titan I and

Atlas cleaning facility equipment layouts are shown

in Figures 4-1 and 4-2, respectively . The cleaning

area is divided into the pre-clean (or rough clean)

area and the final cleaning area . The cleaning super-

visor will ensure that cleanliness requirements are

met. All tools used in the final cleaning area will

be. cleaned and maintained at the same standards as

specified for the parts, components, or assemblies

to be cleaned . When equipment is not available at

the Base for the accomplishment of required pre-

cleaning or final cleaning tasks, the contaminated

item shall be returned to the depot for processing .

4-5 . GENERAL CLEANING REQUIREMENTS .

4-6. PROCESSING COMPONENT PARTS . Instruc-

tions outlining the general processes for cleaning

components are shown in Figures 3-2 through 3-9 .

Figure 3-1 has been included as a guide for selecting

applicable cleaning procedures .

CANT ON

Use extreme caution when handling ma-

chined parts (seats, poppets . etc) and

filter elements . Arrange items in s U

a manner as to prevent their striking one

another . since any damage may be

sufficient to render the part unserviceable .

4-10. Components shall be cleaned, dried, reas-

sembled, inspected, and packaged in the final clean-

ing area only .

4-11. Corrosion Removal - Metal parts which are

found to be corroded must be treated to remove the

existing corrosion and to retard further corrosion

prior to being taken into the clean room. Parts that

have been plated or anodized, and which have been

damaged to such an extent that the base metal has

corroded, shall not be cleaned (with the exception of

painted parts) . Also, if the strength or function of

a part will be impaired by the corrosion removal

process, the part shall not be cleaned. For such

unclean parts, the supervisor shall request disposi-

tion instructions from the responsible depot .

4-12. Painted Parts -

WARNIN G

Paint remover produces dangerous and

noxious fumes . Avoid breathing the fumes

over a protracted period of time or in con-

fined spaces . Always provide for adequate

ventilation . Wear alcohol or other solvent-

resistant polyvinyl -loves during the clean-

ing process . As an added precaution, wear

an approved face mask . Failure to take

proper precautions can result in serious

injury or death .

4- 1
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LEGEND

1 Detergent/Rinse Tanks 11 Electric Oven
2 Work Benches 12 CTU Hose Rack
3 Cabinets 13 CTU
4 Vapor Degreaser 14 CTU Adapter Se t
5 Deionized H2O Rinse 15 Cryogenic Test Stan d
6 Solvent Reclaimer ("D" Series )

16 Handling Car t7 Sonic Cleaner

17 Smock Racks8 Pass-thru Oven

9 Sink 18 Liquid Nitrogen Cart

10 Plastic Dip
("D" Series )

Figure 4-2 . Typical Atlas Cleaning Facility Layout (HAMS)

Section IV

4-3

0003



Section IV
Paragraphs 4-13 to 4-20

T.O. 42C-1-1 1

Painted parts, which require cleaning, shall have

the paint completely removed by applying paint re-

mover (Military Specification MIL-R-25134) with a

long-handled, non-metallic brush to the painted sur-

face until all paint has softened and lifted . Rinse

thoroughly with filtered (10 micron, nominal) Solu-

4-16. System Standards and Inspection - Propellant

and gas systems shall be judged clean it the con-

tamination limits specified in this section have not

been exceeded. The liquids or gases used during

cleanliness testing shall comply with the latest issue

of applicable military or other cited specifications .

tion I (Paragraph 3-30) and allow part to dry thorough- All propellant liquids and gases used during cleanli-
ly . Continue the cleaning process per Section III . ness testing, except RP-1 fuel, shall be filtered

4-13 . PROPELLANT LOADING SYSTEMS (PLS) .

4-14. PLS CLEANLINESS STANDARDS AND IN-

SPECTION. These cleanliness standards and in-

spection techniques are applicable to the systems

and components of the missile and ground support

system containing, or used in connection with RP-1

fuel, liquid oxygen, liquid nitrogen, and pneumatic

gases .

4-15. Component Standards and Inspections - The

contamination limits for the propellant and pneuma-

tic subsystem components are shown in Figures 4-3

and 4-4 . Cleanliness of components shall be deter-

mined by the procedures of Inspections No. 1, 2, 3,

4, 5, and 6, as applicable and as described in Para-

graphs 9-12 through 9-35 . Inspections No . 1 and 2

shall be utilized for checking test fluids and final-

cleaning solvents. They shall also be used as a

quality control technique for the verification of

component cleaning process and where system main-

tenance manuals require a particle count for clean-

liness certification of specific components . Inspec-

tions No. 3, 4, and 5 shall be utilized as the general

methods for verification of component cleanliness .

Inspection No . 6 shall be conducted as a referee in-

spection by the Depot or other qualified test agency

where the level of hydrocarbon contamination is

questioned after completion of Inspections No . 4 or 5 .

The results from Inspection No . 6 shall be final and

binding when a significant difference exists in the

interpretation of the results of other inspections .

Only components of the liquid oxygen, nitrogen, and

helium subsystems need to be certified as LOX clean

(no hydrocarbons) by Inspections No . 4 and 5 . Ultra-

violet inspection of hydraulic and fuel system com-

ponents is commonly used as a means of hydrocarbon

detection ; however, since these systems employ

hydrocarbon-base fluids, the presence of hydrocar-

bons shall not be cause for rejection .

4-4 Change 3

through 10 micron nominal, or less, filter units .

RP-1 fuel shall be passed through a 40 micron ab-

solute, or less, filter/dewatering unit.

4-17. Liquid Oxygen, Liquid Nitrogen, Gaseous

Nitrogen, and Helium Systems - Cleanliness is de-

termined by gas blowdown test, Inspection No . 10 .

The contamination permitted entrapped on the filter

pad of a blowhorn (or equal), during testing of a dry

system, or in the test fluid effluent of a pressure

bomb sample is shown in Figure 4-5 . The filter pad

will be inspected with black light . Fluorescence re-

sulting from fibers and solid particles which do not

exceed the maximum size criteria will not be cause

for system recleaning. Fluorescence of filter pad

stains or entrapped globules will be cause for re-

cleaning the system.

4-18. HYDRAULIC SYSTEMS.

4-19. HYDRAULIC SYSTEMS CLEANL INESS

STANDARDS AND INSPECTIONS . Cleaning of hy-

draulic systems includes cleaning of components

and piping for missile, ground facilities systems,

and maintenance ground equipment . Hydraulic com-

ponents and piping systems will be cleaned using the

detailed processes and the applicable standards in-

dicated in this manual, and in accordance with the

detailed disassembly and reassembly procedures

contained in the applicable weapons system techni-

cal manuals .

4-20 . Titan I systems and Maintenance Ground

Equipment (MGE) requiring component and piping

cleaning are :

Missile h y d r au I i c systems - Stage I and II .

b . Hydraulic pumping unit - Missile MGE .

0004



Section IX
Paragraphs 9-42 to 9-4 9

9-42. INSPECTION NO . 9-WATER CONTENT

DETERMINATION , MINUTEMAN THRUST

VECTOR CONTROL SYSTEM .

T.O. 42C-1-1 1

9-43 . The maximum water content shall be 20 ppm

(0. 002% by wt .) when tested in accordance with the

ASTM D1364 and ASTM D1533 methods (Reference

Document Item 51, Section XI) as applicable (Karl

Fischer reagent titration method) .

9-44. INSPECTION NO . 10-SERVICE FLUID
SCREENING .

9-45 . SERVICE FLUID SAMPLING FROM SYSTEMS .

Samples of the service fluids used to certify system

(subsystem, piping and skid units) cleanliness shall

be obtained and tested. The service fluid used for

the final rinse or purge shall be flowed through the

system for a minimum of two minutes at maximum

operational flow rates whenever possible . For gas

blowdowns, nitrogen gas conforming to MIL-P-27401

or clean dry air with moisture and hydrocarbon

content equivalent to limits established for nitrogen

in MIL-P-27401 shall be introduced into the system .

A two minute blowdown with a minimum of 100 ft/sec

gas velocity in the largest diameter pipe section be-

ing sampled will be acceptable, except that the maxi-

mum velocity attainable through the permanently

installed system and approved sampling device ma y

be used where 100 ft/sec cannot be obtained . The

sampled effluent shall be passed through a 50 mesh

sieve (ASTM Designation Ell-61, Fine Series #50) ;

except for Titan I and Atlas, the effluent is passed

through the filter pad of a blowhorn (or equal) .

After the test, the screen (filter pad) is carefully

removed from the sampling unit and sealed in a

clean polyethylene bag until it is examined .

9-46. SERVICE FLUID SAMPLING FROM TANKS .

For storage, transport , and holding tanks, a fill

and drain cleanliness inspection method can be used,

although Inspection No . 10 is preferred when size

permits . The sampler is installed in the drain line

9-10

and all of the effluent is passed through a 50 mesh

stainless steel screen . The screen is carefully

removed from the sampling unit and sealed in a

clean polyethylene bag until it is examined .

9-47. SERVICE FLUID SCREENING INSPECTION,

The 50 mesh seive samples shall be inspected with

a 10 power magnifying glass (FSN 6650-526-4239) .

If no particulate matter remains on the screen, the

equipment shall be certified for use . If any partic-

ulate matter remains on the screen other than that

specified in Section VI or VII as applicable, collect

the contamination in an appropriate sampling fluid

(Paragraph 9-15 Reagent Fluid) using the Signifi-

cant Surface Sampling technique specified i n

Paragraph 9-14 and perform a Total Filterable

Solids Determination (Paragraph 9-22) .

9-48. INSPECTION NO. 11-TANK VACUUM

CLEANING .

9-49 . Missile propellant tanks shall be visually in-

spected after final assembly is completed and prior

to system checkout . Other tanks may be inspected

by this method after the final cleaning and drying

operations . Inspection shall consist of vacuum clean-

ing all places where contamination entrapment could

occur . The vacuum cleaning operation shall in no

way affect the structural or functional integrity of the

tanks or any related component or subsystem . The

debris vacuumed away shall be collected on a 100

mesh screen, and examined by the Service Fluid

Screening Inspection (Paragraph 9-47) . If the partic-

ulate matter does not exceed the applicable limits of

Sections IV, V, VI and VIII the tanks shall be certi-

fied for use. If these limits are exceeded, repea t

the cleaning and drying operations and the vacuum

cleaning inspection. If re-entry into the tank is

made subsequent to this inspection, the vacuum in-

spection shall be repeated .
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working arrangements were left up to the two commands, with primary

responsibility lodged in AFLC .

The two commands soon agreed as follows : The deactivation

program would be accomplished in three phases . Phase I, the

responsibility of SAC units, covered the removal and preparatio n

for shipment of the re-entry vehicle ; missile ; classified comp

nents; excess mobile equipment ; and SAC re-utilization save list,

if any; and the disposal of missile propellants and gases . Custody

of each site or complex was to be turned over to the air base group

or squadron when Phase I tasks were completed . Phase II, under the

direction of an AFLC appointed executive manager, included the

turn-off of all unnecessary power, protection and preservation of

equipment, and the maintenance of those systems that were t o

remain operable . It also involved the removal and disposition of

organizational materiel and equipment, communications-electronics

meteorological equipment and real property installed equipment .

In Phase II the AFLC executive manager was to be responsible for

controlling all disposal processes relating to organizational

materiel , including RPIE . SAC was to furnish equipment and man-

power to accomplish Phase II tasks . Phase III consisted of re-

porting sites to the General Services Administration as excess

and providing care and custody of the sites . The host support

base (SAC, ATC or TAC) was to provide the care and custody. Real

property disposal actions in that phase were to be the responsi-

bility of the Army Corps of Engineers and GSA . Phase III would

- 11
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were concerned with the disposition of Atlas and Titan I sites .

One called for disposing of all Atlas E sites--sites that were

too soft for any envisioned Air Force use ; another, for disposing

of Atlas F and Titan I sites adjacent to Larson, Lincoln, and

Schilling AFB's--bases scheduled for early phase-out ; and a third,

for preserving and holding the remaining sites indefinitely--so

Headquarters USAF could determine their potential for Air Force

re-utilization purposes . Mr. Zuckert listed cost figures to

support the recommended actions and asked for funds and manpower

to accomplish them . (32 )

On 15 January 1965 Secretary McNamara approved funds in

the following amounts to carry out the plan : $3 .1 million for

first year storage of the missiles ; $5.3 million for disposal of

26. Atlas E, 21 Atlas F, and 3 Titan I sites ; and $8 .8 million for

the preservation of the remaining sites . Concurrently he approved

manpower spaces to carry out the plan . (90) Spaces approved for

the over-all deactivation program were 3,058 military and 219

civilian. Twenty five hundred of these were for the equipment

disposal task and 558 for storage of 59 complexes .

DTAFts most pressing tasks were to get the missiles t o

Norton and to store them at SBAMA and nearby Mira Loma . The first

order of business, then, was to fund for those tasks . AFLC set up

htr., Chief, 0ps. Div., Dir., Prod. & Prog ., Hq . USAF, to Chief,
Hist. Liaison Office, Hq . USAF, 23 Nov. 1965.
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fund programs as follows : (167 )

Missile Deactivation and Storage $ 303,300

Missile Transportation 13378,920
Travel-and Per Diem 173,124

Total $.1 .,8553 344

Budget estimates for fiscal 1966 were $429,000 for missile de-

activation and storage, $258,740 for travel and per diem, and

none for missile transportation . The latter task would be com-

pleted in FY 1965 . (168 )

On 16 June, after the missile movement was complete, the

Site Deactivation Management Group at Norton reported to Head-

quarters DTAF on the cost of moving the 148 missiles which had

been surface transported . Data for the report were obtained

from the commerical carriers, who reported the actual charges

they were billing the government . In sum, those changes amounted

to $1,122,996 . This, however, cannot be regarded as a final

figure. The charges had to be audited by the carriers and the

Interstate Commerce Commission before they could be processed to

the Army Finance Center for payment . And even after payment,

they were still subject to change six months to a year later,

after final audit by the General Accounting Office . (266 )

r~ Interview with Mr . Atherton,-29 Sept . 1965.
T Deactivation, as used here, refers to deactivating the mis-

siles themselves, not to site deactivation .
Of this amount, $71,125 was for reimbursing MATS' industrial
fund for airlift of nine missiles [Budget Proj . No. P433
ASIF (MATS) 22201 and $1,307,795 for over-the-road transpor-
tation of 149 missiles [Budget Proj . No . P433 Surface 2250

Transportation] . (Doc . 65)
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In this connection, the contributions of the SBAMA Deacti-

vation Task Force at Norton AFB deserves special mention . Through

careful transportation planning it had kept the operation ahead of

schedule and within estimated costs . Through modification of com

inercial flatbeds to accomodate Titan I missiles, it had facilitated

the movement of those missiles. And through competent and timely

overhaul of each Atlas trailer after each trip from bases to Norton,

it had assured expeditious movement of the Atlas E's and F's .

(Doc . 147)

Preservation of Installed Materie l

During the interval between the deactivation of Atlas E

and F sites and Titan I complexes and the dismantlement and removal

of equipment in silos and related structures, protective measures

had to be taken to preserve and maintain that equipment in optimum

condition for later re-utilization . Early in 1965, therefore ,

SBAMA engineers and technicians developed procedures and tech-

niques for the preservation of that equipment . In developing those

procedures and techniques, the technical people had to take into

account the marked variations in temperature, humidity, airborne

dust and dirt, and so forth, at widely dispersed missile sites and

complexes. After prototyping the preservations techniques and pro-

cedures at specific locations, the remaining silos and relate d

facilities were placed in a preservation status for an indefinite

period.
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The principal preservation techniques included circulation

of hot air through the silos to reduce moisture to an acceptable

level, the relief of all high pressures from the various systems,

the use of special preservative oil in the diesel generators, and

the use of vinyl draping material to protect equipment from conden-

sation and dust. The task of preserving the equipment was accom-

plished with personnel of the Strategic Air Command, the Tactical

Air Command, and the Air Training Command . SBAMA DTAF teams made

periodic inspections to determine the adequacy of preservation

procedures and techniques .

The total cost of preserving materiel at all sites and com-

plexes was $642,820 . (Doc . 147 )

Utilization of Facilitie s

On 28 September 1964, even before DOD's decision to phase-

out the Atlas E and F and the Titan I, General Gerrity created an

Air Staff Study Group to study and evaluate potential Air Force

uses for phase-out ICBM facilities . On 16 November the group rec-

ommended that 59 sites--44 Atlas F and 15 Titan I--should be re-

tained in a preserved status while an evaluation was being made of

possible uses for the facilities. (Doc . 143 )

y n

Lieutenant General Thomas P . Gerrity, DCS/S&L, Hq . USAF.
There was one launch facility for each Atlas F site and three
launch facilities per Titan site, making a total of 89 launch
facilities to be retained .
This document is Rpt . No. 3 (FINAL), Atlas E, F and Titan I
Fac . Util. Proposals, by Air Staff Study Gp ., 15 Sept . 1965 .
The supporting papers, TABS A through T. were not reproduced
for this history . The entire report is filed in the AFLC Hist .
Archives .
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recipients; however, obligated (save-list) items were to be

removed prior to transfer of a site to any recipient .

As of 6 May 1966 five Titan I, two Atlas E, and three Atlas

F sites were being retained by the Air Force . The General Services

Administration had earmarked one Titan I, eleven Atlas E, and six

Atlas F sites for non-Air Force use . Of the sites being retained

by the Air Force, six were earmarked for future AF missions. One

was scheduled to be loaned to a contractor to perform a metal re-

search project for AFSC . After completion of the project, in

approximately six months, that site was to revert back to SAC .

Three sites, located within the confines of Vandenberg Air Force

Base, were retained as integral parts of that base .

The chart opposite this page indicates disposition of the

retained sites . It also provides unclassified information on

utilization of the sites .

Utilization of Equipmen t

Much of the equipment at Atlas E and F and Titan I sites

was needed elsewhere within the Air Force and other government

agencies . It was good equipment -like new, in most cases; and

much of it was very expensive . Here was an opportunity to save

Background Summary : Deactivation and Phase-Out of the Atla s
E and F and Titan I ICBM's and the Equipment Re-Utilization and
Disposal Program, prep . by SEAM and Hq . AFLC Offices of Infor-
mation, 3 May 1966 .
Users of this history who have a "need to know" what utiliza-
tion was to be made of the Chico "'C" and 725C Titan sites may
obtain that information from the Aerospace Division, Directo-
rate of Supply, Headquarters AFLC .
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tax dollars on a grand scale and the Air Force was determined to

take full advantage of it . Beginning in December 1964, the AMA's

started screening available assets against Air Force operational

requirements. In March 1965 other services and federal agencies

began screening their requirements for materiel against bro-

chures--catalogs describing available equipment--and sent their

requisitions for needed equipment to SEAMA . For the most part

the work was completed on target--31 July 1965 . (Doc . 143) Some

screening went beyond that date, as indicated at a later point in

this study .

To help the Air Force and other agencies in their equip-

ment screening, an Atlas F site near Lincoln, Nebraska, was

dismantled and the equipment was displayed at Lincoln AFB . This

will be discussed later under a separate topic heading .

For the most part, screening was done within a procedural

framework developed by DTALF in cooperation with Headquarters

USAF, GSA, and SAC . Large diesel generators and air conditioners,

however, were handled in an exceptional manner . Those items, too,

will be discussed at a later point .

Vehicles, also, were requisitioned and redistributed out-

side DTAFTs screening and redistribution procedures . Since they

were not considered part of the weapon system packages, their

disposal was governed by the provisions of AFM 67-1, which require d

Brochures are discussed in greater detail later on in this
study.
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the requester was Air Force, other DOD, or non-defense. Requi-

sitions for components to satisfy firm programs were to be given

precedence, however, over those for complete systems or subsystems

to satisfy potential programs . (193, 227 )

All screening was substantially completed by 31 July 1965 .

As of that date figures showed that the USAF had earmarked L .2 per

cent of surplus items from Atlas sites and 5.8 per cent from Titan

I sites for re-utilization. Those figures, however, do not tell

the whole story. Additionally, approximately 15,000 line items

were being transferred to Base Supply and the AFSC Test Wing

account at Vandenberg AFB in the Atlas booster program . Further,

many Titan I site items were being retained for use in the Titan

II program and were being transferred to the Titan II account . (287)

In August the Office of Assistant Secretary of Defense,

Installations and Logistics, directed all agencies to take another

look at the excesses, and DTAF accordingly extended the screening

period to 15 October 1967. This OSD re-emphasis on screening and

the extension of the screening period provided a more intensive,

detailed second screening by DOD agencies, with greater assurance

that all requirements would be considered . By 3 June 1966, as a

result of this and previous screening, $923 .5 million worth of

equipment, including missiles, was being re-utilized by and/or

earmarked for USAF, Army, Navy, DSA, GSA, . the National Aeronautic s

Removal of one or more components of a system or subsystem would
make it functionally worthless .
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and Space Administration, and so forth . This represented 70 per

cent of the original cost of the equipment controlled by DT?F .

Diesel Generator s

Redistribution of large surplus diesel power generators

was handled on an exceptional basis . They were placed under

special distribution control by Headquarters USAF, with the

Directorate of Civil Engineering given responsibility for redis-

tributing them for use in Air Force and other construction pro-

grams over a period of approximately five years . Some were

immediately required for Southeast Asian, European, and other

destinations .

On 15 January 1967 the Directorate of Civil Engineering,

USAF, announced that power generator units of 100 kilowatt-hour

capacity and over were to be tested; disassembled; inspected;

removed from sites; rehabilitated as required; temporarily stored,

if necessary ; and redistributed to Air Force and DOD activities.

Division of labor for accomplishing the testing, teardown, ship-

ment, storage, and redistribution tasks was as follows : Head-

quarters USAF was to direct, monitor, and control the program ;

specify what generators were to be shipped and where ; and issue

Re-utilization of RPIE and CEM equipment was higher than AGE
because those items were more easily applied to other programs
and because most of them were standard commercial items . AGE,
however, was peculiar to a particular missile and therefore
was more difficult to adapt in follow-on programs . (interview
with R . L . Hunkeler and E . E. Wilson, 3 June 1966 . )
Actually, only generators of 500 kilowatt-hour capacity and
greater were involved in the redistribution program.
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diesels by lifting them through the resulting hole . All four

diesels at Larson AFB were removed in that manner .

A new, easier method for removing diesels from Titan I

installations was subsequently developed, however, after it was

decided that some of the diesels would be completely dismantled

for overhaul . The diesels were dismantled into five major segments

and brought to the surface through the elevator shaft by use of

special cranes. This latter method was adopted for removal of the

remaining diesels at Titan installations .

Removal of generators from sites began at Complex A at

Larson in June 1965. As of 2 August 36 generators had been

removed : 4 from Larson, 12 from Warren, 18 from Dyess, and 2

from Lincoln . (285) By 3 June 1966 a total of 218 diesel gener-

ators ranging from 500 kilowatt-hour capacity to 1,020 kilowatt

capacity had been declared excess and were available for redis-

tr_bution. Of these, 196 had been removed from sites' and complexes

for shipment to various destinations--97 of which were earmarked

for Southeast Asia .

Large-Capacity Air Conditioner s

Large air conditioners, as indicated previously, were also

handled in an exceptional manner through Headquarters USAF . In

all, there were thirty-six large-capacity units--twenty-fou r

150-ton units and twelve 250-ton units--all within Titan I complexes .

Interview with R . L. Hunkeler and E. E . Wilson, 3 June 1966 .
** Interview with R. L . Hunkeler and E. E . Wilson, 3 June 1966 .
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As of 8 June 1966 the Directorate of Civil Engineering, Head-

quarters USAF, had directed DTAF to retain four of the 150-ton

units at Titan I "retention" complexes and to distribute the

remaining twenty to other Air Force activities. That organi-

zation had also directed DTAF to retain six of the twelve 250-ton

units at Lowry AFB sites and to redistribute the remaining six--

five to Kelly Ards, Texas, and one to the AF Aero Propulsion

Laboratory, Research and Technology Division, Wright-Patterson

AFB, Ohio .

Units under 100-ton capacity were distributed by SBAM& ,

through brochured requests . One hundred and forty-two 40-ton

units at Atlas F sites were distributed to various Air Force

bases for use in military construction projects. Smaller units,

from Atlas E sites, went to the Army, Navy, Air Force, Atomic

Energy Commission, and to various donees .

Site Dismantlement

The complexity of the sites, with most of the equipment

deep in the silos, made it infeasible to permit each claimant

to arrange for and remove the property he wanted . Permitting

such removals could have resulted in inadvertent damage or de-

struction to property required by other claimants . Thus the

decision was made that all claimant requirements had to be con-

sidered as a whole so that the removal of the property from eac h

Telephone interview with Mr . John A. Sowell, SBAMA ICBM Task
Force, 8 June 1966 .
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site would be accomplished as one removal action . Also, this

would require less time, manpower, and money . (Doc . 1.6, Atch .

Site dismantlement efforts are discussed below under two

headings : (1) Lincoln AFB Prototype Dismantlement for Equipment

Display and Data Development and (2) Dismantlement Plans and

Contractual Instruments . As the title of the first topic implies,

one purpose of the dismantlement effort at Lincoln was to provide

prospective customers with an opportunity to look equipment over

to determine what they could use . This was touched upon in the

section above on "Screening ." As indicated by the latter part of

the title, however, this was not the sole purpose . A lot of infor-

mation could be obtained as to how many man and machine hours were

involved in dismantling given items of equipment, as to the order

in which items should be removed, as to costs, and so forth . Such

information is the basis of industrial engineering and it would be

highly useful when general dismantling began after 31 July 1965 .

The second topic is concerned with whether the work should

be done organically or contracted out ; and if contracted out,

what instrument or instruments should be used . It is also con-

cerned with testing out the principal type of contractual instrument

selected to see if it was actually the best type to use .

Lincoln AFB Prototype Dismantlement for
Equipment Display and Data Development .

Early in March 1965 SAC and AFLC*jointly decided to dis-

mantle equipment at a missile site near Lincoln, Nebraska, and
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it was concluded that DLSC would assume responsibility for con

tracting for services to dismantle the missile sites for property

required by any authorized recipient . (Doc . 146, Atch. 3 )

In March 1965 the AFLC ICBM Deactivation Task Force developed

plans for dismantlement and removal of equipment at Atlas E and F

and Titan I missile sites by contract . In developing those plans,

DTAF took into consideration the fact that sites were of two cate-

gories--"retainedTT and "disposal ." Retained sites were thos e

earmarked for follow-on use . Disposal sites were those for which

there was no follow-on requirement--those which would be turned

over to the General Services Administration for disposition .

On 30 March Headquarters DTAF presented its plans to the

Air Staff . Those plans envisioned three contractual arrangements

for dismantling and removal of required equipment prior to the

turn-over of those sites to follow-on users within the Govern-

ment, to donee organizations, or to GSA for sale . The first

contractual method proposed was by Service Contract wherein the

contractor would be required to remove needed equipment from any

given launch facility for a negotiated fee . The second proposed

method was by Service and Salvage contract wherein the contractor

would remove all required equipment and be granted salvage rights

to the residual equipment and material . The government would re-

tain title to the real property and take eventual disposal action

through GSA. The contractor would pay the government a negotiated

fee for salvage rights . The third was by Service and Real Estat e

-49-
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contract, which would generally follow the guidelines of the

Service and Salvage proposal, except that title to the real

estate would also pass to the contractor .

DTAF recommended that the Service and Salvage type of

contractual arrangement, with contracts administered by DLSC,

should be the primary method used for dismantling and removal of

the equipment at the "disposal" sites . That method would attract

contractors whose primary concern was the acquisition and sale of

salvage material. Further, it would result in no "out-of-

pocket" costs to the government--a highly important consideration

in AFLC's drive to keep costs to the absolute minimum. (210,

Doc . 147 )

On 15 April 1965 the Air Staff formally approved DTAF's

proposal, in writing, after having given oral approval on 31

March . In the interval DTAF had negotiated an agreement with

DSA and GSA whereby those agencies would assume the necessary

contract administration and sales functions . And as soon as the

written approval was received the agreement was signed . (211,

231)

DSA, for its part, agreed that its Defense Logistics

Services Center would administer the Service and Salvage contracts .

The Service and Real Estate contract method held no special
attraction to salvage contractors as their interests did not
lie in the acquisition of real estate .
[Ha . SACJ Hist . of Atlas & Titan I Phase-out, 1 June 1965, p .
92 . Doc . not reproduced .
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For its part, GSA agreed to sell the remaining property and real

estate . And for its part, the Air Force agreed to provide liaison

for and technical assistance to DSA and GSA . Among other things,

AFIC was to assist DLSC in the preparation of contractual wor k
Tom'

statements and Invitations for Bid .

DTAF felt that suitable sites should be selected to develop

experience in the application of the Service and Salvage concept .

AFLC recommended Sites 3 and 9 at Plattsburgh, New York, for that

prototyping effort . Those sites were recommended for thre e

reasons : First, water leakage at the sites made their further use

questionable . Second, connection of commercial electric power to

those sites, a prerequisite for continued retention, would be too

expensive . And third, no agency had expressed an interest i n

utilizing either site . Experience gained would be applied to the

follow-on program . (2L2 )

On 14 may 1967 the Air Staff approved the prototyping

effort at Plattsburgh . By 31 July the IFB's had been mailed out,

with bid opening scheduled for 31 August . (283) During the

ensuing months the prototype effort was carried out and other con-

tracts were let . The last Service and Salvage contract--for

removal of equipment from nine sites at Walker A.FB, New Mexico-

was expected to be awarded on 17 June 1966 .

T [Hq . SAC] Hist . Of Atlas and Titan I Phase-out, 1 June 1967,
pp . 92-93 .
The Norton Newscone , 3 June 1966 .
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Form WR-23 STATE ENGINEER OFFICE

FIELD ENGR. LOG WELL RECOR D
INSTRUCTIONS : This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer . All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled , repaired or deepened . When this form is used as a plugging
record, oily Section 1A and Section 5 need be completed .

Section 1

Street and Number ---------- - U2 h

City ----------- State ---------

Well was drilled under Permit No-----------Ji-4.OB ------- -------------and is located in the

y4 5 --------1/4 - -------r/4 of Section.}.' -------- -Twp .-_J .L ----------Rge•--- -t --------

(B) Drilling Contractor __------- -------- ----- ------------------------ -------- License No -----------------------

Street and Number--------- -•---------------------------------- --------------------------------------------

City ----•--------------------------------------------- --------- -------------------- State -- -------------------------------

Drilling was commenced ----------------------- --------- --------- anuay- 19p:q------

Drilling was completed ----- ------------- -_----------------- -___-_+tf±n $ry?____-.-- 19g---_--

(A) Owner of well . ._ -___-Gns a_3 ftttfk._ &A +-,- I '

(Plat of 640 acres )

Elevation at top of casing in feet above sea level- __-__------------ ------------ Total depth of __-__--

State whether well is shallow or artesian-__.____ .__------- ------------- ---- Depth to water upon completion_____-________------- --

Section 2 PRINCIPAL WATER-BEARING STRAT A

No
Depth in Feet Thickness in Description of Water-Bearing Formation

.
From To Feet

2

3

4

Section 3 RECORD OF CASING

Dia Pounds Threads Depth
S hT

Perforations

in. ft . in Top Bottom
o eype

From T oT o

Section 4 RECORD OF MUDDING AND CEMENTING

Depth in Feet Diameter Tons No . Sacks of
Methods Used

From To Hole in in . Clay Cement

Section 5 PLUGGING RECORD

Name of Plugging Contractor - - ----------------------------------------- - License No . - - -

Street and Number---------------- - - - - -- City-------------- ------------ State-----------

Tons of Clay used---. .__- ---- - -- -------Tons of Roughage used .- -------- ---- _--_-__ .-_Type of roughage______------------- __--_-----

Plugging method used-----_--_-----------_---_------------_____ .------_.-Date PluggecL-_____------- --------------

Plugging approved by :

---------- ------------ ------- ° -------Basin Supervisor
No.

Cement Plugs were placed as follows :

Depth of Plu g

From To

FOR USE OF STATE ENGINEER ONLY --

Date Received _-____--_--

File No -------- h` -- - ---- --•--- --------Location No .

No. of Sacks Used

0001
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Section 6 LOG OF WELL

Depth in Feet Thickness
Color Type of Material Encountered

From To in Feet

(z Moils li h tan to ~ to q, e, csrystallihe with

occasional dark ray aial* breaks ._

Limestone as a_ ve

t

sn and gray

60 so Limestone as a _vaj taiiL brovm and gray

80 _2 1aest ane as ab _ r y light grayove pr

90 too limestone, as above, tan, brown and gray

100 . . aestone as a velight~ gray

5£3 8i 1Laostone , as a1l ove, tan , bsuwa aid 8

180 1,3meutone dark roarer silty

-8 ghatone 1i larkto dark gr$7, sit

220

230

230

840

, _

lideta, bro

iaost r a$ a

and gray

ve and dark bro!stt[ silty l . sta

__ 300 lulootoae ligh gray to broom, silty

300 330 tisatsteanm I A& _gray to browt► , c staliina i:t stains

3~ .0 50 stone light 3ray to brown, crystall ine

350 360 lissssto , Ug h gray', crystalline

360 420 tom, whit gray , very tine grained, well-sortedlightto

lodael cement slightly limey

420 4417 stnWstone as a ve, yellow to buff

'3 460 limest d+ilaa itlc dwar_ siltyL tan to ;gray. damo., silty,

460 510 tars ,limestone to gray, dense, slightly silty

620

540

540

550

elinen one and

reddishshale

tan to builtlls ,

550 580 linaton. tan densa , silty

580 620 M*, red , bluc~ and gray

620 6342 liaesstoue , de "4, broth

630 650 steal0, ri i, 'bi and gray

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-
rect record of the above described well.

, ci s

----------- ---- --------------
Well Driller
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FIELD L GR. LOG
STATE ENGINEER OFFIC E

WELL RECORD
INSTRUCTIONS : This form should be executed in triplicate, preferably typewritten, and submitted to the
nearest district office of the State Engineer . All sections, except Section 5, shall be answered as completely and
accurately as possible when any well is drilled, repaired or deepened . When this form is used as a plugging
record, only Section 1A and Section 5 need be completed.

Section 1
tarps of Engineer &# .teU 8AA llO of -( ) wner we -----------

Street and Number - ?e _ -- - _ - --- -

City ------ ---bttquer±l4e ----- State 1i',_ .------------------------

Well was drilled under Permit No .__-___--_`- _-___--------- ----- and is located in the

-____---__- 1/4---1 14_______V4--__-By-_-1/4 of Section-___- 194-------- Twp.___ll__ :..____Rge .__l-__ , ----

(B) Drilling Contractor ------- ----- -_--------------------------- ----- ------- License No .--_--------- -----

Street and Number-------------------------------------------------------------------- -------------------

City --------------------------------------------------------- ----------------- State -------------- ------------------

Drilling was commenced-------------------------------------------- 19_---------

Drilling was completed -------------------- ------ ----- -•------------------ ----- ------------ -- 19•----------
(Plat of 640 acres )

Elevation at top of casing in feet above sea level----------- __---------- -------------Total depth o f

State whether well is shallow or artesian______-___ ._-_____-__----------_--Depth to water upon completion__--____-____________ _

Section 2 PRI NCIPAL WATER-BEARING STRATA

No
Depth in Feet Thickness in Description of Water-Bearing Formation

. From To Feet

2

3
4

_5

Section 3 RECORD OF CASIN G

Dia Pounds Threads Dep th
F ShT

Perforations

in. ft. in Top Bottom
eet ype oe

From T o

10 0 740 _ 740

700

._

850 740 850

Section 4 RECORD OF MUDDING AN D CEMENTIN G

Depth in Feet Diameter Tons No . Sacks of
Methods Use d

From To Hole in in . Clay Cement

Section 5 PLUGGING RECORD

Name of Plugging Contractor----------------------------------------------------------------------License No ----- - - -

Street and Number--------------------------------------------------- City-------------------- State--•----------------

Tons of Clay used .---__- ----------------Tons of Roughage used -_- ---------__-___-_____--Type of roughage _____---------______

Plugging method used _------___-______-_ ----------------

Plugging approved by :

------------------------- ------- ------- --------------------------------
Basin Supervisor

FOR USE OF STATE ENGINEER ONLY

Date Receive d

-
No.-I7 T----- _-------

L~

---____ mate Plugged__-___•--___-____---_19___--

Cement Plugs were placed as follows :

No.
Depth of Plug

No . of Sacks Used
From I To

0002



FIELD El LOG

SAMPLE LOG - SITE 6 (B)

0- 80 Limestone, gray) dense, crystalline

80- 90 Limmestone, light tan to gray, dense, massive to crystalline

90-100 Limestone, as above, with black shale parting s

100-120 Limestone, light tan to gray, dense, massive to crystalline

120-130 Limestone, as above , black shale partings, fossiliferous

130-190 Limestone, light tan to gray, dense, massive to crystalline, scattered
gray to black shale nodule s

190-220 Limestone, as above, no shale nodules

220-230 Limestone, as above, scattered gray to black shale nodules

230-240 Limestone, as above , no shale nodule s

240-250 Limestone, light tan, shal y

250-330 Limestone, light gray to dark gray, silty, black shale partings,
290-300 fossiliferou s

330-340 Limestone, tan to dark gray, black shale partings, trace of calcite

340-370 Limestone, as above, trace of very fine grained silty yellow sand

370-400 Limestone, as above, 30-40% quartz sandstone , medium grained, tight
lime matrix

400-460 Sandstone , very fine to medium grained, tan to yellow, lime matrix,
friable

460-470 Limestone , tan to gray, dens e

470-480 Sandstone , light gray, very fine grained, friable lime matrix, silty

480-500 Limestone , tan to gray , dense, trace of calcite and sandstone as above

500-530 Limestone , tan to gray, dens e

530-540 Gravel, limestone , & very fine grained yellow silty sand .

540-580 Limestone , tan to gray, dense & very fine grained yellow silty .and

580-610 Shale , red, limy

610-620 Shale , red, gray , tan, limy,

0003



SAMPLE LOG - SITE 6 (B) (Con 8 t a )

620-660 Shale, red, limy

660680 Shale, red, tan & gray limestone

680-765 Limestone , tan to gray, dense, massive

765-790 Limestone, tan to black , dense, massive

790-850 Limestone , tan to gray, dense, massive

Total Depth - 85 0

10 Inch Casing 0-7403 '

8 Inch Casing 700' to 850

Perforated From 740' to 850'

0004
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Data Origin : http ://www.seo .state .nm .us/water-info/gis-data/ose-wells .zip Silo 9 Domestic Well Analysis
Extracted Data Source: X :\Phoenix\Graphics\Atlas (SHAO02)\Data\Shape\Atlas-Wells-02-05 .sh p

OBJECT[E '- ID \ 1 39(1R I1" N ..( ()()RD DH 111 .1. •,11
46186 11850311 493855 1 3687735 H 00146

III 11165 : R11(1 .\ I PDl) RL( \ H

DOM I 3 .00
911 .I \ I 1181 INti R}( ; IEC QlQ2 II)\ I 1 1 1 1 1 \ ( . \ IR3111_\t S I A R I 1 1 1 1 I I N I S H 111 DI P 1 1 1 6 6 1 1 1 _DI_P 111 14 6I I

185031 I H 00146 1 11S 119E 1 28 111 4 I 1 1 1 1 493905 3687532 1 1 1 0 0

46308 109992 492136 3688052 H 00258 DOM 3 .00 109992 H 00258 118 19E 29 1 2 3 492186 3687849 8/22/1957 8/26/1957 103 65

46462 109531 496717 3690476 H 00408 DOM 6 .00 109531 H 00408 IIS 19E 14 3 1 496767 3690273 4/19/1986 4/26/1986 850 71 2
46464 178320 496717 3690476 H 00408 DOM 6 .00 178320 H 00408 S IIS 19E 14 3 1 496767 3690273 0 0

46465 178321 496717 3690476 H 00408 DOM 6 .00 178321 H 00408 S2 IIS 19E 14 3 l 496767 3690273 0 0

46466 178322 496717 3690476 H 00408 DOM 6 .00 178322 H 00408 S3 IIS 19E 14 3 1 496767 3690273 0 0

46470 178323 495490 3687728 H 00412 DOM 6 .00 178323 H 00412 118 19E 27 1 4 495540 3687525 0 0

46473 178324 495490 3687728 H 00415 DOM 6 .00 178324 H 00415 IIS 19E 27 1 4 495540 3687525 0 0

46505 109105 493054 3688522 H 00452 DOM 6 .00 109105 H 00452 IIS 19E 20 4 4 493104 3688319 12/5/1960 12/17/1960 212 154
46533 181570 494568 3688228 H 00473 DOM 3.00 181570 H 00473 IIS 19E 28 2 2 1 494618 3688025 0 0

46537 181564 494357 3688225 H 00479 DOM 3.00 181564 H 00479 IIS 19E 28 2 1 2 494407 3688022 0 0

46545 109971 492092 3687470 H 00489 DOM 3.00 109971 H 00489 I1S 19E 29 3 2 1 492142 3687267 7/21/1961 7/27/1961 200 65

46596 110452 496313 3687707 H 00545 DOM 3.00 110452 H 00545 1 1 11 19E 27 2 4 496363 3687504 10/1/1963 10/15/1963 160 120
46605 180923 492836 3689534 H 00560 DOM 3.00 180923 H 00560 IIS 19E 20 2 0 492886 3689331 0 0

47620 178903 498298 3693377 H 01618 DOM 3.00 178903 H 01618 118 19E 1 3 3 1 498348 3693174 12/31/1919 400 0

47622 186527 496816 3690375 H 01620 DOM 3.00 186527 H 01620 118 19E 14 3 1 4 496866 3690172 850 0

Page 1
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State &
.
., Years on th e Web County

QuickFacts
USA QuickFacts Select Another State ( EAQ I What's New

NM

---} - New Mexico QuickFact s

New Mexico counties - view map

Select a county

Lincoln County, New Mexico

,Further information

Place Search
More New Mexico data set s

Want more? Browse data sets for Lincoln County

People QuickFacts

Population, 2003 estimate

Population, percent change, April 1, 2000 to July 1, 2003

Population, 2000

t,# Population, percent change, 1990 to 2000

Persons under 5 years old, percent, 2000

' Persons under 18 years old, percent, 2000

.. Persons 65 years old and over, percent, 2000

#_p Female persons, percent, 2000

Lincoln
County New Mexic o

20,322 1,874,614

4.7% 3.1%

19,411 1,819,046

58.9% 20 .1 %

5 .1% 7.2%

22.7% 28.0%

17.9% 11 .7%

51 .0% 50.8%

White persons, percent, 2000 (a) 83.6% 66.8%
Black or African American persons, percent, 2000 (a) 0 .4% 1.9%
American Indian and Alaska Native persons, percent, 2000 (a) 2 .0% 9.5%

1) Asian persons, percent, 2000 (a) 0.3% 1.1%

Native Hawaiian and Other Pacific Islander, percent, 2000 (a) 0.1% 0.1 %
Persons repo rting some other race , percent, 2000 (a) 11.3% 17.0%
Persons reporting two or more races , percent, 2000 2.5% 3.6%

y Persons of Hispanic or Latino origin, percent, 2000 (b) 25 .6% 42 .1%
White persons, not of Hispanic/Latino origin, percent, 2000 70.9% 44 .7%

Living in same house in 1995 and 2000', pct age 5+, 2000 50 .2% 54.4%
Foreign born persons, percent, 2000 6 .1% 8.2%
Language other than English spoken at home, pct age 5+, 2000 20 .7% 36.5%

1w High school graduates, percent of persons age 25+, 2000 84 .5% 78.9%

http : //quickfacts. census. gov/gfdlstates/35/35027. html
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Bachelor's degree or higher, pct of persons age 25+, 2000 22.8% 23 .5%

{ Persons with a disability, age 5+, 2000 3,844 338,430
Mean travel time to work (minutes), workers age 16+, 2000 20.9 21 .9

Housing units, 2002 15,787 805,293

Homeownership rate, 2000 77.2% 70 .0%

Housing units in multi-unit structures, percent, 2000 8.6% 15 .3%

Median value of owner-occupied housing units, 2000 $108,400 $108,100

Households, 2000 8,202 677,97 1

Persons per household, 2000 2.34 2.63

Median household income, 1999 $33,886 $34,13 3

dj Per capita money income, 1999 $19,338 $17,26 1

tt Persons below poverty, percent, 1999 14.9% 18 .4%

Lincoln
Business QuickFacts County New Mexic o

-, Private nonfarm establishments with paid employees, 2001 724 42,686

Private nonfarm employment, 2001 4,704 553,357

Private nonfarm employment, percent change 2000-2001 4.3% 0.7%

Nonemployer establishments, 2000 1,378 81,398

Manufacturers shipments, 1997 ($1000) NA 17,906,09 1
J,4 Retail sales , 1997 ($1000) 149,077 14,984,454

# Retail sales per capita, 1997 $9,307 $8,697

Minority-owned firms, percent of total, 1997 14 .1% 28.5%
'; Women-owned firms, percent of total, 1997 20 .6% 29.4%

.r Housing units authorized by building permits, 2002 184 12,066 '

{;_s Federal funds and grants, 2002 ($1000) 100,68 1

Lincoln

17,477,52 1

Geography QuickFacts County New Mexico
Land area, 2000 (square miles) 4,831 121,356
Persons per square mile, 2000

Metropolitan Area

4.0

None

15 . 0

FIPS Code
1 : Includes data not distributed by county .

027 3 5

Download delimited tables I Download Excel tables

(a) Includes persons reporting only one race .
(b) Hispanics may be of any race, so also are included in applicable race categories .

http://quickfacts .census .govlqfdlstatesl3513502 7. html
2 0002



FN: Footnote on this item for this area in place of data
NA: Not available
D: Suppressed to avoid disclosure of confidential information
X: Not applicable
S : Suppressed ; does not meet publication standards
Z: Value greater than zero but less than half unit of measure shown
F : Fewer than 100 firm s

Data Quality Statement

What do you think of QuickFacts ?

Source U.S. Census Bureau: State and County QuickFacts . Data derived from Population
Estimates, 2000 Census of Population and Housing, 1990 Census of Population and Housing,
Small Area Income and Poverty Estimates, County Business Patterns, 1997 Economic Census,
Minority- and Women-Owned Business, Building Permits, Consolidated Federal Funds Report,
1997 Census of Governments

Last Revised : Friday, 09-Jul-2004 09 :01 :02 EDT

Census Bureau Links : Nome • Census 2000 • Subjects A to Z • Search • Data Tools • Catalog • Quality • Privacy Policy • Policies • FOIA
Contact Us

U' C NS . SBU : .L U
)k'rptrt t u ft77~t~ i~rjc °ru~ !k~cr~: .~ ,

http://quickfacts. census.gov/gfdlstates/35/35027. htm l
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Basins in New Mexico

125 years of science for America * * .1879-2004

BASINS IN NEW MEXIC O

tO7

ARKINSA S

_°,~ tr y

Ct A

C.A ;0.)N

CAVE S

NA f . 1%, A
,AN A

Hydrologic units in r

What is a Basin?

E[CC",

eww klexia .

k large or small depression in the surface of the land,
vhich may or may not drain into the ocean .

Vlore Information About Basins

=`v Et'

~ EA

0001
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_ttp://nm . water.usgs . gov/basins.htm 3/27/2005
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HydroGeoLogic, Inc. - Confirmation Notice
Atlas Missile Silo Preliminary Assessment

Auto ROC ID#
185 ,

❑ Phone ❑ Research/ Doc Collection ❑ Interview

Name of Person Contacted
Stu Hanson

Title Position
Water Master Hondo Basi n

Street Address

Phone Number

505-622-6521
Fax Number

Contact Made b y
Clark Limoge s

Time
9 :30 AM

Summa ry

Ci

Print Record

Company/Agency Name
N M-OSE

State Zip Code

E-Mail
shanson@ose .state.nm .u s

❑ Contact Initiated

Date (s)

V

5/4/2005''.

Contact Received

Mr. Hanson and Mr. Hernandez returned a previous call I made on Tuesday, the 3rd of May 2005 .
I started off the conversation telling them that we are doing a surface water analysis for a PA we
are completing for the USACE . I stated that we had reason to believe the Rio Hondo river was
intermittent around the vicinity of our Silo 9 (site) and continued to be intermittent downstream .
.However, we had no concrete evidence besides data from a gauging station that is 20 mile
downstream .

Both Mr. Hanson and Hernandez agreed that the Rio Hondo is intermittent beginning at Riverside
and continuing downstream to Border Hill . They even thought that the river may go sub-surface
.to recharge the San Andreas Aquifer .

I gave the gentlemen coordinates of our site as they said they would research the area to
determine site's location in relation to the area where the Rio Hondo changed to intermittent, or
if it submerged into the aquifer .

After a review of the site location, Mr . Hanson called back to say that the site was almost directly
north of point where the Rio Hondo river changed to intermittent . He faxed a portion of a
technical report that detailed the activities of the Rio Hondo in that region and a hydrology map
displaying the site location in relation to the stream change from perennial to intermittent .

Mr. Hanson and Hernandez could not determine a specific location where the Rio Hondo rive r
recharged the San Andreas aquifer.

U.S. Army Corps of Engineers -HTRW CX

0001
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LINCOLN COUNTY,
NEW MEXICO
UNINCORPORATED AREA
PAGE 38 OF 46

r. rnnv .-roe P-1-1--o II

POF Create Date 1 012 512 004 (created not at scale and ty pe O )
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HydroGeoLogic, Inc . - Confirmation Notice
Atlas Missile Silo Preliminary Assessment

Auto ROC ID#
133':.

❑d Phone ❑ Research/ Doc Collection

Name of Person Contacted
Lisa Brow n

Street Address

Phone Number

505-762-3728

Contact Made b
Clark Limoge s

Time
10:00 AM

❑ Interview

Title Position

Fax Number

❑d

City
Roswell

Date (s)
1/18/200 5

Contact Initiated ❑ Contact Received

Summary
Contacted Ms. Brown and asked her a few specific questions about drinking water intakes for
surface water . I told her we were doing some research for USACE in Chaves and Lincoln counties
and part of the research entailed locating any drinking water intakes 15 miles downstream from
the potential point of entry . Ms. Brown told me that there are no public entities that are drawing
from surface water in Chaves county or the east side of Lincoln county off the Rio Hondo (location
of silo 9) .

I asked Ms. Brown what criteria were set for a well being considered a public drinking water
intake . Her response was that in order to be considered part of the public water system a wel l
must service 15 connections or 25 people, and they must be connected at least 60 days out of th e
,year .... .. ... ... ... .. .. ..

U .S. Army Corps of Engineers-HTRW CX

Print Recor d

Company/Agency Name
.NM Drinking Water Burea u

State Zip Code
N M

E-Mail
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