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Executive Summary

PROBLEMS AND OBJECTIVES

The designation of Jet A-I fuel as the primary fuel for use in aviation assets and
diese!-burning ground combat/tactical vehicles and equipment during Operation
Desert Shield/Storm wkODS) was viewed with concern by some combat commanders,
users, and maintenance personnel. Armored commanders, in particular, wanted DF-
2 to be used in their Vehicle Engine Exhaust Smoke Systems since aviation jet fuels
do not produce a persistent smoke for smoke screens. User/maintenance personnel
confronted with wartime demands and schedules, as well as an unfamiliar fuel,
complained about the fuel's perceived impact on their vehicles and equipment. A
lack of lubricity was reported as a probable cause for failure in Cummins fuel
transfer pumps, especially in high ambient temperature operations. An investigation
of this lack of lubricity resulted in a Department of the Army (DA) three-man team
of experts recommendation that combat commanders be allowed to use the fuel of
their choice. Other complaints diminished as the troops became better informed
about and more familiar with the fuel. A Belvoir Research, Development and
Engineering Center (BRDEC) survey team conducted visits to returned military
organizations, including the U.S. Marines, to gather data for review and analysis.
These analyses would then lead to recommendations that would shape and direct
future research and development efforts and would evaluate the level of funding
required to support these efforts.

IMPORTANCE OF PROJECT

Complaints generated by military personnel in the field must be addressed in a
timely and efficient manner, especially when their very li,,es depend on
straightforward, accurate answers as they did during ODS. Further, the continued
support and approval for designating aviation kerosene base jet fuel as the future
"One Fuel on the Battlefield" absolutely depended on a favorable outcome. The
results obtained by the use of JP-5 fuel in "Operation Just Cause" and the JP-8 fuel
demonstration program at Fort Bliss, TX, were validated on the battlefields of
Southwest Asia. The problems with fuels, lubricants, and related Petroleum, Oil and
Lubricant (POL) products identified during ODS must be resolved in order to make
appropriate changes in fuel storage and handling technical manuals, and to provide
the correct information down to user level.

TECHNICAL APPROACH

During ODS, personnel chosen by their respective organizations, agencies, or
activities because their position, knowledge, and experience qualified theni as
experts in the procurement, storage, and handling of fuels, were interviewed by the
DA three-man team. In addition, selected operator/maintenance personnel who used
or dealt %. ith the results of using POL products were interviewed. After the units

iv



returned to the U.S. from ODS, experts were selected by their respective
organizations who were knowledgeable abo.. POT. products and who could
comment on fuel used in the U.S. as compared to fuel used during ODS.. These
personnel were interviewed by a survey team formed by BRDEC with the goal of
using the results to further define the successes and failures of fuels, lubricants, and
associated Class III products during ODS and to determine changes needed in POL
equipment, utilization practices, and necessary product research and development.

ACCOMPLISHMENTS

The DA team interviewed personnel of some 16 u-tits/activities including U.S. Army
and U.S. Marine Corps personnel as well as some commercial contractors in-country.
One of the DA team members was requested by Central Command's (CENTCOM's)
JPO to attend a meeting with representatives from Petromin Lubricating Oil
Company regarding an agreement wherein Petromin was identified as the company
that would be supplying all packaged Class III products to the U.S. at no cost under a
host nation support agreement. The DA team member provided guidance as to the
acceptability of these commercial packaged products for use in U.S. vehicles and
equipment.

The BRDEC survey team interviewed personnel of some 43 different organizations,
units, and activities at different posts, plus individuals with special knowledge and
insight into POL products and their use in Southwest Asia. Clearly, all evidence

pointed to the fact that aviation kerosene base jet Fiels could be the one fuel for use
by military forces both at home and abroad. Forts Bliss and Hood, TX, have both
converted to JP-8. The U.S. Marines have stated that if they are going to fight with
aviation jet fuel, they must train with aviation jet fuel as have the 24th Infantry
Division (Mech) at Fort Stewart, GA, and the 82nd Airborne Division at Fort

Campbell, KY.,

MILITARY IMPACT

One fuel for both aviation assets and ground vehicles and equipment can lead to:
standardized fuel storage and handling equipment; a drastic reduction in fuel
deterioration in storage; reduced hardware and maintenance costs in replacement of
fuel-wetted components; a cleaner handling, better smelling product; and easier
logistics planning. These improvements will result in increased combat readiness

and have a positive direct impact on RAM-D requirements.
Accession For
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Section I

"Background

T he deployment of U.S. forces to Saudi Arabia required that Belvoir Research,

Development and Engineering Center (BRDEC) resolve some user concerns about

the suitability of specific fuels, lubricants, and associated products for ground vehicles

and equipment (V/E) when operated in the harsh desert environment. Further, as ground
V/E arrived in Saudi Arabia from locations throughout the world, questions surfaced
about how to ensure that the proper fuels and lubricants were hi those items, given the

high prevailing temperatures. To facilitate the resolution of these immediate concerns, a

listing of frequently asked questions and answers was distributed, as well as a list of

operational procedures and practices for fuel and lubricant utilization (Appendix A).

Jet A-I1 fuel had been initially identified as the primary fuel for both aviation and diesel-

fueled ground vehicles involved in Operation Desert Shield (ODS).2 During the two

months following first deployment, a series of apparent fuel-related V/E problems

surfaced, creating concern among some of the using units as to the acceptability of Jet A-

1 in diesel engines., With the scheduled deployment of VII Corps from Germany and the

need to project future ground fuel requirements, a team of Army Materiel Command

(AMC) personnel requested by Department of the Army (DA) visited Saudi Arabia in

December 1990 to thoroughly evaluate all issues related to using Jet A-I as a ground

vehicle fuel in ODS (Appendix B). The summary conclusions that evolved from this DA

visit were, insufficient evidence existed to support the conclusion that Jet A-I was a

major factor m fuel system failures; nonfuel-related variables (such as heat, dirt, usage,

known defective parts, and o,jestionable maintenance practices) were major contributing

lactors to system failures; operation of on-board vehicle smoke generation systems

would require diesel fuel; and the theater distribution plan could support continued use of

both Je, A-I and diesel fuel. 3

As a result of these findings, research and development (R&D) efforts were accelerated

to establish the lubricity requirements for diesel engine components when using low-

viscosity fuels. Because of shortfalls in available packaged products for U.S. Forces,

selected commercially available products were evaluated and recommended for use as a

temporary fix. Further, agreement was negotiated with a Saudi Arabian manufacturer,

Petromin Lubricating Oil, to furnish selected commercial products in lieu of the military

specitication products to the U.S. ground forces.

1



Additional support provided a field blending procedure for introducing QPL 25017

corrosion inhibitors into the Jet A-I fuel; recommended modified engine oil drain

intervals for all ground material to counter the adverse effects of the high-sulfur diesel
fuel being furnished for some of the ground forces; conducted a flammability hazard
assessment of Jet A- I fuel in ground V/E; and recommended non sand-adhering
lubricants for gun systems to reduce potential for malfunctions.

After ODS, when combat personnel had returned to their respective military bases,

BRDEC formed a survey team to interview knowledgeable personnel from selected

combat organizations, units, and support groups. The purpose of these interviews was to

complement the information already received and to provide as comprehensive a view as
possible of the actual experiences with fuels, lubricants, and other POL products

available to them and the impact on their combat readiness.

2



Section II

Introduction

Successful operation of diesel-burning ground combat/tactical V/E at Fort Bliss using

JP-8 fuel for over 20 months prior to ODS, plus the successful conduct of

"Operation Just Cause" in Panama using JP-54 led to the designation of another aviation

kerosene base jet fuel, Jet A- 1, as the primary fuel for aviation assets and V/E used in
ODS.. Since the only significant difference between JP-8 and Jet A- I fuel was the

additive package mandatory in JP-8, it was believed that Jet A-1 could be used
successfully during ODS. However, concerns were expressed ,by some combat
commanders, users, and maintenance personnel about the impact of Jet A-I on the
operations of their VWE. Upon being allowed to use either Jet A-1 or DF-M (diesel fuel

provided by Saudi Arabia somewhat equivalent to DF-2), some commanders chose DF-
M because of its capability of producing a persistent smoke and because of their
unfamiliarity with Jet A- I fuel. A lack of lubricity was suspected to be the cause of

failures in Air Defense 150 kW generators and Cummins NTC-400 engine fuel transfer
pumps and, in conjunction with unprecedented usage and high ambient temperatures,
was given a degree of credence. Accelerated R&D efforts were established to determine

the lubricity requirements for diesel engine components when using low-viscosity fuels.

The other concerns raised in ODS only echoed those that had been noted earlier at Fort
Bliss during the JP-8 fuel demonstration program and during "Operation Just Cause."
These concerns were well documented in letters, bulletins, and an Interim Report BFLRF

No. 264 (AD A23344 1), entitled "Field Demonstration of Aviation Turbine Fuel MIL-T-

83133C, Grade JP-8 (NATO Code P-34) at Fort Bliss, TX," dated December 1990. All
these conce,-ns had been resolved by back-to-back tests using JP-8 and DF-2 fuels,
respectively, or through technical consultations.s

This report presents all aspects of fuels, lubricants, and associated products used by U.S.
, in South,,.st Asia as reported by military organization representatives who were

responsible for the procurement, storage, and handling of these products.

The objectives established by BRDEC were to determine-

1. The successes and failures of POL products used during ODS.

2. Changes needed in POL equipment. technical manuals, handbooks, and

utilization practices in order to disseminate the information from wholesale level
down to user/operator level.

3. The scope and direction of future POL product R&D.

4. The impact on R&D funding priorities and amounts.

3



Section III

Approach

B RDEC desired to acquire as much information and data as possible about the

successes and failures of fuels, lubricants, and associated Class Ill products used by

the U.S. in diesel-fueled ground assets during ODS. This information would

complement nte information that had already been generated during a DA team visit to

Southwest Asia in December 1990 and input from other military and civilian channels.

To meet this objective, BRDEC formed an after-action survey team that prepared a data

collection plan with an attached questionnaire covering all aspects of fuels, lubricants,

and associated Class III products used during ODS. Copies of these plans and

questionnaires were forwarded to the AMC's Logistics Assistance Officers (LAO) at

Forts Bliss, Hood, Stewart, and Campbell., Copies of the plan and questionnaire were

also sent to the Commanding General, Camp Pendleton, CA, and Commanding General,

Camp LeJeune, NC (Appendix C). There was insufficient time to visit Fort Campbell,

and they were so informed. The questionnaires forwarded to the selected bases were not

to be completed ahead of time by units receiving them but were to serve as guides as to

the kind and scope of information sought by the survey team.

An itinerary and escort were provided the BRDEC survey team at each post visited.

Commanders and their staff were very supportive of the teams' efforts.

Upon completion of the interviews at each post, a letter containing preliminary findings

was sent to each respective commander for his information and review. After all

relevant responses were documented in a matrix form, copies of these matrices were also

provided to the respective commander (Appendix D).

In addition to the interviews, motor pool areas were toured, and some items of interest

that had been brought up in the interview sessions were photographed. Fuel samples

were taken from tanker trucks and other vehicles that contained fuel that had been drawn

in Southwest Asia and returned to CONUS in the individual tanker and veh•cle fuel

cells. Also, some new and used engine oil samples were acquired, as well as antifreeze

and transmission fluid samples. All samples were returned to SwRI for cataloging and

then subjected to tests analyses by either BRDEC or SwRI.

4



Section IV

Discussion

SURVEY RESULTS

Interviews were conducted with POL, maintenance, and user/operator personnel at al!
levels to ensure as broad a coverage as possible in developing information and
encompassing the availability and quality of products needed as well as POL handling
and maintenance practices. Also included were the impact of environmental factors such
as wind, sand/dirt contamination, and the impact of local (hard) water usage on the
operational capabilities of military forces V/E. General information on other subjects of
concern to personnel interviewed, including field expedient practices and
recommendations, is also addressed in this report (Appendix E).

Responses from all personnel interviewed were first categorized by questions in each
area that information was sought. Liformation that did not pertain specifically to
BRDEC areas of responsibility was referred to other AMC or Training and Doctrine
Command (TRADOC) agencies. The number of responses for each question was
assigned to a "yes," "no" or "no answer" category, which allowed mathematical and
statistical calculations and comparisons. Survey participants then met to consider the
data in each category, analyze the information, and develop conclusions and
recommendations. These recommendations would aid in guidance for future planning in
fuels, lubricants, and associated product development with the allocation of required
R&D funding.

FUELS

Availability

At the beginning of ODS, it was extremely important that an adequate supply of fuels
and lubricants of a satisfactory quality be provided as quickly and conveniently as

possible. Saudi Arabia, in its spirit of cooperation with United Nations participants in
the operation and recognition of its responsibi ity for i-endering aid to the United Nations
Forces. agreed to supply both bulk and packaged petroleum and related products to the
Allied Forces under host nation support agreements. Thus, Jet A- I fuel was the primary

fuel used by U.S. Forces in Southwest Asia with DF-M available when requested. Jet
A- I was also reportedly used by French Forces and in German V/E operated in Saudi
Arabia. The U.S. Departmnem of Defense (DOD) Directive 4140.436 directed the use of



kerosene-base jet fuel fn the form of JP-8 (essentially Jet A-I "with additives") as the

fuel of the futux (i.e., the Single Fuel on the Battlefield). The JP-8 fuel demonstration

program at Fort Bliss had been in process for 20 months by the onset of ODS and had

produced data supporting the viability of using avition grade fuel in U.S. VWE. Since

Saudi Arabian refineries reportedly had no downstream capability for injecting the three

mandatory additives to the Jet A-1 fuel, it was decided that Jet A-I fuel would be

satisfactory for ground materiel. The U.S. Air Force agreed to furnish add~ive injection

equipment to enable converting the Jet A- I to JP-8., This conversion was subsequently

performed at airfield fueling locations for Air Force aviation assets. There were ample

quantities of all fuels made available to U.S. Forces. After the visit of the DA team in

December 1990, a decision was made that major commanders (i.e., at the division level)

were free to use the fuel of their choice by direction of ARCENT/Deputy Host Nation

Support in coordination with U.S. Forces Central Command (CENTCOM). Table 1

illustrates the fuel used by the units interviewed during the survey.

Table 1. Fuel Used by Organizations Interviewed

Southwest Asia

Unit CONUS Port Inland Usge Period

3rd ACR JP-8 JP-8 Jet A-I Entire Period

I Ith ADA Bde JP-8 JP-8 Jet A-I Approx. 2 months

DF-2" Remainder of war

Ist Cav Dlv JP-5"" JP-5 Jet A-1 Remainder of war

3rd ACR JP-4 JP-5 Jet A-I Remainder of war

(Avlation)

6th AIR Cay Bde JP-4 JP-5 Jet A-I Remainder of war

1st MEF DF-2 DF-2 Jet A- I Entire period

2nd MEF DF-2 DF-2 Jet A-I Entire period

24h Int Div DF-2 DF-2 Jet A-I Approx, 2 weeks
to I month

DF-2" Remainder of war

"* By request. Also. desel fuel used was octualy a DFM-tepe (MIL-F- 16884) fuel.

* Drew 5,0 OOgakn at Fort Hood and took w1lh them.

Quality

Fuels provided by Saudi Arabia plus those fuels accompanying U.S. Forces such as

those in V/E fuel cells and U.S. Marine Maritime Prepositioning Ships (MPS) were

assessed for fuel quality primarily at the bulk fuel storage areas. Bulk fuel storage and

6



handling personnel relied on the normal practices of accepting refinery and Defense Fuel

Supply Center (DFSC) quality assurance personnel tests and analyses to ensure that they

received specifica !on qualified products. In the 1st Corps Support Command

(COSCOM) area (XVIII Airborne Corps), the HHC, 260th POL Battalion Petroleum

Mobile Laboratory was positioned in the 24th ID (M) defense sector and performed the

majority of petroleum laboratory testing for the entire XVIII Airborne Corps. When the

260th POL Battalion Mobile Petroleum Laboratory was nonmission-capable, the XVIII

Airborne Corps received back-up laboratory testing with the 22nd Petroleum Laboratory

at Dhahran International Airport and the Caleb Brett Laboratory at Ras Tanura. No fuel

samples were reported taken from ground vehicles and equipment and analyzed by any

fuel testing laboratories. In the VII Corps area, only aviation fuel samples were

reportedly tested.

The specifications for Jet A-I met the MIL-T-83133C specification for JP-8 with the

exceptions of the mandatory additives, i.e., Corrosion Inhibitor (CI), Fuel System Icing

Inhibitor (FSII), and Static Dissipator Additive (SDA). At the beginning of ODS and

during the operation, some host nation fuels were delivered in foreign national

commercial and military tankers. It was reported that these tankers had no filtering

systems and often times contained unknown solid materials as well as other residues.
Since these vehicles were not fuel dedicated, they could have contained remains of

earlier delivered fuels and oils or other liquid substances. Some vehicles reportedly were

observed operating with the fuel tank hatches left open. The DA team observed this

during their visit in December 1990. Pink, red, brownish-green, and other colors were

attributed to some of the fuel delivered that contained some of these unknown

substances. The fuels delivered to units supplied by a higher support group such as a

Division or Corps Support Command (DISCOM/COSCOM) and Regimental and

Division Maintenance Management Centers (RMMC/DMMC) for the Army or Force

Support Service Centers/Groups (FSSC/FSSG) for the Marines were usually superior to

fuels delivered to separate units by their own transportation or foreign national tankers.

The Army Air Defense Artillery units suffered most from the latter type of delivery

vehicles. However, statements made by bulk fuel storage and handling personnel

verified that the Jet A-I fuel delivered to their bladder storage farms was the "cleanest

they had ever seen" and contained essentially no water. The majority of all

knowledgeable military personnel stated that the quality of the fuel delivered to them
was excellent.

The only confirmed firsthand knowledge of DF-M waxing and microbiological growth

problems was reported by the 24th Infantry Division from Fort Stewart, GA. Personnel

interviewed also stated that these two problems had long been experienced at Fort

Stewart prior to any deployment to Southwest Asia. However, after using Jet A- I for 2

weeks to I month in Saudi Arabia, the 24th Infantry Division reverted to DF-M because

Imm I II I I I iiii~iili I~mmus ~llImmI~lims ll n I I I Igngllil l [ n• u -IEH 7



of filter clogging in all vehicles. Another more important reason was because they

wanted the smoke generation quality of DF-M for the on-board Vehicle Engine Exhaust

Smoke Systems (VEESS) of armored vehicles. Although the DF-M luel provided by the

host nation reportedly had a high sulfur content, no reported engine failures were

attributed to the use of the diesel fuel.

Analysis

In support of the Operation Desert Storm (ODS) lesson learned program, BFLRF

obtained and analyzed several fuel samples from V/E returned to CONUS sites from

ODS. Table 2 lists the samples obtained. The samples from Fort Bliss were reported to

be Jet A-I; the samples from Fort Stewart were reported to be DF-M; and the samples

from Fort Hood were reported to be Jet A-I or JP-5.,

Table 2. Fuel Samples Taken from Operation Desert Storm Vehicles/Equipment

ITEM LAD ID
NO. DATE NUMBER DESCRIPTION SOURCE P/C/S

A 04/24/91 AL-19697-F Middle Sample Fuel Tank Truck Fort Bliss. TX
B 05/28/91 AL-1971 1-F Fuel Cell M3-600HP-K-13 Fort Bliss, TX
C 05/28/91 AL-19712-F Front Fuel Cell MIA1-K-21 Fort Bliss, TX
D 05/28/91 AL-19713-F Front Fuel Cell MIA1-K-12 Fort Bliss, TX
E 05/28/91 AL-19714-F Fuel Cell M113A1-L-52 Fort Bliss TX
F 05/28/91 AL-19715-F Passenger Side M35-A2-W/W-L-18 Fort BlIss TX

Fuel Cell
G 05/28/91 AL-19716-F Fuel Cell M3-K-1 I Fort Bliss. TX
H 05/29/91 AL-19717-F Disp. Hose Fuel Tank Truck Fort Stewart, GA
1 05/29/91 AL- 19721 -F Disp. Hose Fuel Tank Truck Fort Stewart, GA
J 06/19/91 AL-19726-F Fuel Cell Tracked Vehicle Fort Hood, TX

K 06/19/91 AL-19727-F Fuel Cell 5 kW Generator Fcrt Hood, TX

Table 3 lists the results of analysis of sample AL-19697-F., This fu.-l was taken from a

tanker truck brought back with the 3rd ACR from Southwest Asia. The fuel in the

tanker was reported to be Jet A- I and is representative of the fuel used by the 3rd ACR

throughout Operations Desert Shield and Desert Storm. This fuel meets all MIL-T-

83133C. JP-8, requirements with the exception of icing inhibitor, conductivity (static

dissipator additive), and corrosion inhibitor., This failure to meet the specifications is to

be expected since this fuel is Jet A-I and does not require these additives, as does JP-8.
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Table 3. Results of Analysis of Fuel Sample from Fort Bliss, TX,
3rd ACR Fuel Tanker (Returning from ODS)

MIL-T-83133C
ASTM JP-8

Property Method RequIrements AL-1,9697-F
TAN, mg KOH/g D 3242 0.015, max 0.001
Aromatics, voI% D 1319 25.0, max 19
Olefins, vol% D 1319 5.0, max 1.2
Sulfur, mass% D 4294 0.30, max < 0.01
Hydrogen, mass% D 3178 13.4, min 14.1
Carbon, mass% D 3178 Report 85.86
Dlsfillatlon,°C D 86
Initial Boiling Point Report 150
10% Evaporation 205, max 171
20% Evaporation Report 180
50% Evaporation Report 194
90% Evaporation Report 231
End Point 300 max 253
Residue, vol% 1.5, max 1

Gravity,?API D 1298 37 to 51 47.8
Density, kg/L D 1298 0.840 to 0.775 0.7888
Cloud Point, °C D 2500 NR' .55
Flash Point. °C D 93 38, min 43
K. Vis, cSt, at
400C D 445 NR 1.15
700C D 445 NR 1.04

Net Heat of D 240
Combustion
MJlkg 42,8, min 43.033
Btu/I b 18,400, mln 18.501
Btu/gal. NR 121,672

Cetane Number D 613 NR 49,1
Cetane Index D 976 Report 46.5
Existent Gum, mg/1OOmL D 381 7.0. max 0.5
Particulate
Contamination Jng/L D 2276 1.0, max 0.6

Accelerated Stability,
mg/l00mL D 2274 NP 0.14

FSII. vol% 0.10 to 0.15 0.01
Fuel Conductivity, pS/m 150 to 600 31
Corrosion Inlibitor, mg/LL" QPL-25017 ND**
Visual D 4176 Clean/Bright Clear/Bright
Colonlal Pipellne Co.

Haze Rating Proposed NP 1
Color D 156 Report +4
Copper Corrosion D 130 NR 1A
Skiver Corrosion IP21 NR 0

N NR - No Nq*e Aent.
"ND - Not Detem wned.

-Based on HITEC E580.
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Six fuel samples were taken from the fuel cells of selected vehicles of the 3rd ACR in an
attempt to obtain samples of Jet A- I fuel reportedly returned from Southwest Asia to
Fort Bliss, TX, in the individual vehicles. These samples were reported to be Jet A-I
fuel, and the results (Table 4) indicate that these samples are Jet A-1. However, all the
samples have varying degrees of contamination with what appears to be DF-M, as

evidenced by the high gum content of sample AL- 19711-F as well as the conductivity,
visual appearance, and color results. Since many of these samples are bottom of the fuel
cell samples, these results may also indicate the presence of water, dirt, and sludge
contamination in the fuel cells.

Table 5 contains the results of analysis of two fuel samples received from Fort Stewart,
GA. These samples are from the fuel used by the 24th Infantry Division (Mechanized)
during ODS.. These two samples were obtained from two separate tankers at Fort
Stewart shortly after the 24th returned from Southwest Asia. The analyses indicate that

sample AL-19717-F is actually Jet A-I, while sample AL-19721-F is DF-M. Note that
AL- 19721-F exceeds the VV-F-800C specification maximum allowable levels for sulfur
and accelerated stability.

Table 6 lists the results of analysis of the two samples from Fort Hood, TX. The results
indicate that both samples are Jet A-I fuel. The samples meet all applicable JP-8

specification requirements with the exception of visual appearance (both samples) and
particulate contamination (AL-19727-F). Since these samples were taken from V/E fuel
cells, the slightly increased sediment in the fuel is not of major concern.

Table 7 contains the analysis results of eight Jet A-1 fuel samples taken from vehicle
fuel tanks in Southwest Asia during ODS. The fuel meets the specification requirement
for JP-8 for the tests performed except for FSII, and two samples (A and C) exceeded the

particulate contamination requirement. Sample C was grossly contaminated with
sand/dirt.
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Table 5. Results of Analyses of Fud Sanmples from Fort Stewart, GA, 24th Infantry
Division (Mech) Fuel Tankers (Returning from ODS)

VV-F-SOOD
ASTM DF-2 (OCONUS)

Property Method Requirements AL- 19717 AL- 19721
Neutralization No, mg KOH/g D 974 0. 10, max* 0.02 <0.01
Sulfur, mass% D 4294 0.30, max 0.07 0.75
Hydrogen, mass% D 3178 NW* 14.15 13.4
Carbon, mass% D 3178 NR- 84.99 86
Distillation,°C D 86
50% Evaporation Report 196 285
90% Evaporation 357, max 228 348
End Point 370, rmax 247 371
Residue, vol% 3.0, mc-ix 2 3

Gravrty,,API D 1298 NR 47.6 36.7
Densry, kg/L D 1298 0.815 to 0.860 0.7897 0.8408
Cloud Point,, C D 2500 Local -54 -I
Pour Point, °C D97 Report -53 -12
Flash Point, °C D 93 52, min 43 73
K Vis, cSt, at
40°C D 445 NR 1.12 2.99
200C D 445 1 8 to 9.5 1.48 4.82

Net Heat of Combustion D 240
MJ/kg NR 43,010 42.477
Btu/,b NR 18,491 18,262
Btu/gal. NR 121,742 128,026

Cetane Number D 613 45, min 49 514
Cetane Index D 976 43, min 42.5 54
Particulate
Contaminationmg/L D 2276 10.0, max 0.3 1.5

Accelerated Stability,,
mg/lOOmL D 2274 1.5, max 0.1 2

Visual D 4176 Clean/Bright Sed/Bright Sed/Bright
Color D 1500 NR 0.5 1
Carbon Residue, 10% Btms,

mass % D 524 0.20, may 0.06 0.12
Ash, mass % D 482 0.02, max <0O01 <0.01
Copper Corrosion.

3 hcurs at 50C6 D 130 1, max ]a 1c
Cetane limprover Appendix B Report Negative Negative
BOCLE. WSD. mm NR 0.65 0.66

. Specification requirement for OCONUS DF-2.
" NR = No Requirement.
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Table 6. Results of Analyses of Fuel Samples from
Fort Hood, TX, Vehicle Fuel Cells

MIL-T-83133C
ASTM JP-8

Property Method Requirements AL- 19726-F AL-19727-F
TAN, mg KOH/g D 3242 0015, max 0.0005 0011
Aromatics, vol% D 1319 25 0, max 188 191
Olefins. vol% D 1319 5 0, max 2 2
Suffur, mass% D 4294 0 30. max 0.06 006
Hydrogen, mass% D 3178 13 4, max 13.91 1387
Carbon, mass% D 3178 Report 85.53 85 18Distillahion.°C

Initial Boiling Point Report 156 156
10% Evaporation 205, max 172 172
20% Evaporation Report 178 178
50% Evaporation Report 194 196
90% Evaporation Report 234 231
End Point 300, max 276 272
Residue, vol% 1.5, max 1 2

Gravity, OAPI D 1298 37 to 51 46.7 47
Density, kg/L D 1298 0 840 to 0 775 0.7937 07924
Cloua Point,, 'C D 2500 NR* <-45 <-45
Flash Point,, °C D 93 38, min 47 47
K Vis, cSt,, at
400C D 445 NR 1.21 1.16
70CC D 445 NR 0 Q3 0.77

Net Heat of Combustion D 240
MJ/kg 42.8, min 42 840 42 887
Btu/ i b 18,400, min 18,418 18,438
Btu/gal NR 121,874 121.80,

Cetane Number D 613 NR 46.4 48
Cetane Irndex D 976 Report 45 45.5
Exmstent Gum, mgg/100 mL D 318 7 0, max 0.2 0.7
Particulate
Contam.rnation.mg/L D 2276 1.0, max 08 1.3

Accelerated Stability,
mg/100 mL D 2274 NR 0,13 0.3

FSl, vol% 0.10 to O. 15 0.01 0.14
Fuel Conducti"ty, pS/m 150 to 600 240 90
Corrosion Inhibitor, mg/L*** QPL-25017 ND- 5
Visual D 4176 Clean/Bright Sed/Brght Sed/Bright
Colonial Pipeline Co..
Haze Rating Proposed NR 1 1

Color D 156 Report -13 -13
BOCLE, WSD, mm Report 0.54 0.58

* NR - No Requirement.

"ND - Not Dtenrdined,

"tm Based on HITEC E50.



Table 7. JET A-I Fuel Sampled In-Country

SAMPLE' A B C D E F G H

Test Rsuits

Gravity., °API 47.0 47.0 47.5 47.5 47 0 47.0 47.0 47.3

Distillaton: °C

IBP 162 158 151 151 156 156 156 159

10% Evaporatlon 178 179 172 171 172 172 180 175

50% Evaporation 203 202 194 193 216 216 203 199

90% Evaporation 230 230 229 227 250 250 231 228

End Point 256 252 249 254 289 282 254 250

"% REC 99 98 5 98.5 99.0 99.5 99.0 98.5 99.0

"% Loss 0.5 00 0.5 0.0 0.0 0.0 0.5 00

"% Residue 0.5 1.5 1.0 1.0 0.5 1.0 1.0 1.0

Flash Point, 0C 48.4 49.4 49.4 47.0 48.4 46.8 49.4 48.3

Water Reaction:

VOL Change -2.0 -2.0 0.0 0.0 -1.0 -1.0 -20

FSiH 0.0 0.0 0.0 0.0 00 0.0 0.0 -

Viscosity @ 40 0C 1.2 1.3 12 1.5 12 1.3 1 5 1.2

Particulates: mg/L 1 8 0.5 71.3 1.0 0.3 05 0.3 0.7

Sample Sources from Vehicle Fuel Tanks-

A - CWC 533rd Trans

B - CWC 533rd Trans

C - 533rd Trans, WO 341

D - 7th GRP 24th, WO AW 305

E - 426th Trans 101st

F -A Co 101st

G - CWC 503rd MT Co

H - S&T 3rd ACR

Table 8 lists the average values of properties of the Jet A-I samples analyied. Similar
data are also presented for the one DF-2 sample analyzed..
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Table 8. Average Fuel Analysis Results for Selected Properties

MIL-T-83133C VV-F-80OD

Property Jet A-I Limits DF-2 Limits

Number of Samples 10 - I -

Sulfur, mass% 005 0.30, max 0.75 0.30, max
Distillation, 0C

50% Evaporation 196 Report 285 Report

90% Evaporation 231 Report 348 357, max
End Point 260 300. max 371 370, max

Density, kg/L 0 7912 0.775 to 0.840 0.8408 0 815 to 0.860
Cloud Point,.°C -51 NR" -1 Local
Flash Polnt,0C 46 38, min 73 52, min

KInemaic Viscosity,
cSt, at 401C 1.16 NR 2.99 NR

Net Heat of Combustion,
MJ/kg 42.915 42.8, min 42.477 NR

Cetane Number 47.6 NR 51.4 45, min

NR = Not Req~ured

In summary, the Jet A-I fuel used by the U.S. ground forces in ODS, as represented by

the samples analyzed herein, generally met all MiL-T-83133C (JP-8) specifications with

the exception of the three additives required in JP-8. Some of the Jet A-I samples

showed varying levels of contamination by DF-M. It is not known if the DF-M was

residue in the fuel cells from CONUS operations or from DF-M obtained and used

during ODS.. The one sample ot diesel fuel analyzed was of VV-F-800D specification

q quality with the exception of sulfur and acceleratcd stability results. One sample of Jet

A- I fuel taken from a vehicle was found to be grossly contaminated with sand/dirt.

Performance

Power Loss

Maintenance and user personnel were evenly split as to whether there was a power loss,

resulting in less vehicle performance when using Jet A-1 in lieu of DF-M. Criteria used

to determine power loss was decreased speed in some vehicles and longer project

completion times for military construction equipment such as Caterpillar tractors,

backibocs, and road graders. Power was reportedly restored in some vehicles when filters

and fuel systems weire cleaned and in other vehicles when engines and transmissions

were changed. Some ieported power losses continued throughout the campaign. No

objective data were submitted to support the claimed power losses.
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Fuel Consumption

Comments about fuel consumption in ground diesel-burning equipment were reported as

follows:

e No differences in fuel consumption were noted by most using units since fuel
was plentiful and vehicles were "topped off" as needed.

, small percentage increase in jet A- I fuel consumption was reported for some

vehicles.

• In at least one instance, a 50-percent fuel consumption increase was determined

by comparing fuel consumption in gallons, computed by a G-3 planning section,
and the actual nunr 'er of gallons reportedly required to make the move.
However, the 50-percent increase was an isolated one and uncorroborated by any

other source. (Note-, Increases of this magnitude appear to be suspect, based
upon all data compiled to date on use of JP-8, JP-5, and Jet A-I fuels.)

e Some fuel consumption increases were attributed to heavy combat ammunition
and equipment loads, off-road terrain conditions (i.e., heavy sand, over-traveled

roads and steep hills). Use of Nuclear, Biological, and Chemical (NBC)
eauipmenr in M1AI tanks also contributed to high fuel consumption.

Fuel-Wetted Components

By far the major problem encountered when using Jet A-I fuel in Southwest Asia

centered around the rotary fuel injection pump used on the GMC 6.2L engines of the

Commercial Utility Cargo Vehicle (CUCV) and High Mobil't.y Multipurpose Wheeled
Vehicle (HMMWV). A lack of lubricity in the Jet A-1 fuel was blamed for this

phenomena. This belief resulted in at least three practices by most using personnel:

"* Mixing engine oil or transmission fluid with the Jet A-1 fuel in varying
quantities.

"* Breaking the glass bead in the fuel return line of the Stanadyne injection pump,

"* Replacing the military fuel filter in CUCVs with a commercial "screw-in" type

filter, which bypassed the fuiil/water sensor system.

However, some fleets of HMMWVs were operated thousands of miles without

experiencing any fuel pump problems. No actions were required other than draining
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water from the fuel filter system two to three times daily. It was documented and known

that the Stanadyne fuel injection'pumps manufactured through 1985 were subject to a
nonfuel-related malfunction (i.e., flex-ring failure) while those produced after 1985 were
less likely to experience problems. More likely reasons for the ffiel injection pump
failures were the flex-ring retainers (i.e., those pumps containing the pre-1985 part),
close production toler -es that exacerbated the dirt/sand contamination that occurred in
Southwest Asia, inter aal breakage of the glass bead in the return line, and addition of
the nonauthorized oils/fluids thought to improve Jet A-1 lubricity.

Other fuel-wetted components reportedly affected when using Jet A-I were fuel transfer
pumps on the M915 engines (Cummins), which failed due to the fuel and high ambient
temperatures. (Note: These failures were a function of inadequate lubricity.) This
problem can be solved by redesigning the transfer pump.

All personnel were unanimous that the use of Jet A- I in personnel heaters was very
satisfactory.

Fuel injector nozzle fouling responscs varied from "none" to a very large number. One
unit stated that cleaning fuel injector nozzles was "a daily chore" when using Saudi
Arabian DF-M. Only about 4 percent of personnel interviewed stated that they had an
increase in fuel injector nozzle fouling using DF-M, while about 29 percent reported an

increase when using Jet A-I. One fuel injector nozzle was given to the survey team at
Fort Bliss, TX, with a clogged tip. The material scraped off the end of the nozzle
appeared to be soot, which could be expected when the Jet A.- 1 fuel ias been mixed with
engine oil or transmission fluid.,

Fuel-Wetted Component Analysis

As previously stated, increased failure rates associated with diesel fuel injection systems
were reported during Operation Desert Shield/Storm. As a result, a number of BFLRF

reports have been issued detailing the results of post-failure examinations of both
Stanadyne and Bosch Model MSO pumps. 7, , 9 The pumps evaluated at BFLRF were
removed from a range of equipment, including HM.MWVs, CUCVs, and generator sets.

Many of the. pumps were seized and could not be operated, while others were out of
specification when tested on a pump calibration stand. The primary causes of failures
were moisture and particulate contaminaion. Clearancs on the order of 100 millionths
of an inch ate present in several areas of the pump. These close tolerances are required
to prevent internal pump leakage in high-pressure sections an-1 also to maintain

hyd•,A"ynamic bearing films. Clearly, oxide rust particles or hard debris wili promote

severe wear in these critical areas.
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A number of other common causes of pump failure have also been identified. Quality
problems during production/rebuild promoted some of failures,'for example,

disintegrated elastomeric flex rings on Stanadyne pumps and out-of-specification/
incorrect components. Rapid changes in ambient temperature will promote
instantaneous pump seizure, i.e., during cleaning or artificial cooling to assist in hot
engine restarts. Seizure will occur no matter what type of fuel is used..

None of the field failures examined at BFLRF was directly attributed to the use of low-
viscosity/lubricity fuels such as Jet A-1. However, each of the pumps examined had a
unique operating history and may have operated on a number of fuel types. As a result,
no quantitative wear measurements could be performed to define the affects of Jet A- I
on tfe fuel injection system. However, qualitative comparison of the failed pumps with
similar nonmilitary units that opearaed on diesel fuel and have a known history indicates
that more severe wear may generally be present with Jet A-I . Similarly, pumps that
contain an improve metallurgy designed for use with low-viscosity fuels in arctic
conditions normally displayed less wear than their standard counterparts.

Sqfety

Reportedly, a few military personnel were apprehensive at first that the lower flash point
of Jet A- I fuel would present a hazard. The apprehension was quickly dispelled in spite
of several reported vehicle fires. The fires were later determined to have been caused by
other means and were not attributable to fuel. A limited series of tests were conducted at
BFLRF and the results reported in Letter Report No. BFLRF-90-003 (Revised), entitled

"Comparative Flammability Testing of Jet A-l, JP-5 and DF-2," dated April 1991. To
more fully determine the effects of live ammunition impacts when Jet A-I fuel was

heated to 1700 to 180°F (720 to 820C), BFLRF recommended that live fire/full-scale
tests be conducted to verify vehicle fire suppression system effectiveness.

Fuel Lubricity Requirements

Many fuels provide a limited range of contact conditions in which successful lubrication

is possible. Fuel systems are designed to reflect these needs; however, seemingly minor
changes in fuel composition or equipment design may significantly alter component
durability. During the mid 1960s, improvements in the refining and treatment processes

removed many of the compounds required for effective lubrication in aviation kerosene.

Since that time, considerable effort has been expended in the study of wear mechanisms
present with low lubricity fuels in aviation, using the Ball-on-Cylinder Lubricity

Evaluator (BOCLE). 18 A standard procedure to measure fuel-related wear using the

BOCLE has been produced;"I nonetheless, there currently exists no mirnmum lubricity

requirement for aviation fuels.
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At present, the lubricity requirements of the diesel injection system on compression-

ignition equipment are largely undefined. JP-8 has successfully undergone extensive

testing in both the laboratory and in field trials. 12"18 Direct comparison is not possible

between pump failures during ODS with Jet A-I and the previous studies performed

using JP-8. Jet A- I contains no lubricity additives and consists solely of kerosene

fractions, while use of a corrosion inhibitor as a lubricity enhancer is now mandatory in

JP-8. This inhibitor is commonly a dimeric organic acid, usually dilinoleaic acid (DLA),
which curtails the high material removal rates associated with oxidative wear. A

systematic evaluation of pump performance and fuel lubricity was required under

carefully controlled laboratory conditions.

With this in mind, endurance tests were performed using a motorized pump stand to

define the effect of fuel lubricity on pump durability. The test series included both

standard and arctic pumps that contain an improved metallurgy to allow effective

comparison. Initial tests and calculations indicated that pump seizure was not primarily

due to the decreased viscosity of the aviation fuels. As a result, the test series was

designed to highlight the effects of pump degradation due to corrosive/oxidative wear
and failure of the boundary film in low-lubricity fuels. To eliminate the effects of

hydrodynamic/elastohydrodynamic lift, the tests were performed with fuels of varying
lubricity but similar viscosity. Clay-treated Jet A- I was used as the base fuel. and

selected additives were included to provide the level of lubricity required. Baseline tests

were also performed with diesel fuel for comparison. Overall, degradation in

performance was defined by operating each pump on an engine test and a pump

calibration stand both before and after each test. In addition, each pump was completely

disassembled, and qualitative and quantitative wear measurements were performed.

Finally, the results obtained from these measurements were correlated with both standard
and nonstandard bench wear tests.

Use of poor lubricity fuel under these controlled conditions was found to greatly reduce

both pump durability and engine performance. 19,20 However, both improved metallurgy

and r, el lubricity additives significantly reduced wear. Good correlation was obtained

between the standard BOCLE bench wear test and lightly loaded pump components.

However, high contact loads on isolated components produced a more severe wear

mechanism that is not well reflected by the BOCLE. The use of a more sophisticated
wear-mapping technique indicates that this variation may be due to the onset of adhesive

wear and scuffing. In general, however, the BOCLE wear test was at least qualitatively

correcL The results of the BOCLE are not absolute, but provide a directional indication

of fuel lubricity, which is likely to be the optimum available from a single bench wear

test. The results of this study indicate that a BOCLE scar diameter of approximately 0.6

to 0.65 mm appears to provide acceptable wear protection. This value may never be

absolutely precise, but is similar to that currently used in aviation.
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General

Military units from Fort Bliss experienced fewer difficulties with Jet A-I fuel than did
all other units that used Jet A-I for the first time in Southwest Asia. Those units in the
1st Cavalry Division from Fort Hood that had time to switch to JP-5 before deploying to
Southwest Asia had fewer problems also. All units that were on DF-2 when arriving in
Southwest Asia and then switched to Jet A-I experienced filter clogging due to solid
contaminants and residue that had formed either during CONUS operations or in transit
to Southwest Asia. The stability of the diesel fuel being flushed from fuel cells was
questionable,

Troop awareness of the type and grade of fuels they used in Southwest Asia was in direct
proportion to their expertise and access to information about the fuels. Personnel at the
bulk storage and handling level were completely aware of the type, grade, and quality of
the fuel they received. Personnel at intermediate levels were not as cognizant of the
identity and quality of fuels used, and user/operato': personnel almost never knew the
type and grade of fuel used unless someone told them. The discrepancies as to the
identity of some fuels, such as JP-8, JP-5, JP-4, or DF-M were due to mislabeling of fuel
tankers, tank and pump units (TPUs), and tank trailers that were deployed from CONUS
or Europe., There were undoubtedly many times when Jet A-I fuel and DF-M were
mixed intentionally, i.e., some users reported "topping off' with DF-M when there was
insufficient Jet A-I at the refuel point to completely fill their tanker truck or trailer.

Information about such items as Jet A-I being a suitable substitute for DF-M and
procedures for the changeover to Jet A- I, including admixing of fuels, proper fuel cell
labeling, and safety, typically did not reach all the way down to V/E operators.

In all cases, there were reported increases in fuel filter replacements. There was filter
plugging when the change to Jet A-I took effect; about 70 percent of the personnel
interviewed said the instances of filter plugging were excessive. However, those units
with new vehicles saw little change in usage of fuel filters.

Except for the 24th Infantry Division (Mech), which reverted to DF-M fuel by choice
after its initial 2 to 4 weeks use of Jet A- 1, no other unit reported adding
biocides/biostats to their fuel to alleviate or prevent microbiological growth.

No known blending of any fuel with additives Cl, FSII, or SDA occurred in Southwest
Asia for ground V/E. The host nation did not have the downstream injection systems nor
did the Army or Marine Corps organizations and units have the injection systems or
additives to use. No information concerning formulas for individual user/operators in
individual fuel cells was ever reported by any of the personnel interviewed. Further, at
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least two POL experts, one U.S., Marine and one U.S, Army, strongly recommend that no
CI, FSII, or SDA be injected into the fuel below refinery level. These recommendations
were made because of the belief that the organizational maintenance/user personnel
performing the injections in wartime fluid situations could result in the fuel being under
or over treated.

Dirt and sand were always a problem, but the situation was normal to the military
personnel in Southwest Asia who had been members of organizations that participated in

exercises at the National Training Center (NTC) at Fort Irwin, CA, and at the U.S,

Marines Air-Ground Combat Center (AGCC) at Twenty-Nine Palms, CA. Neither
dirt/sand contamination nor high ambient temperatures were a problem for them in

relation to the use of fuel. These personnel refueled during lulls of blowing sand/dirt,
wiped away sand/dirt from fuel cell filter necks, reduced the number of times fuel cell

caps were removed, and covered the filler necks to the fuel cells.

No problems were experienced by user/operator or maintenance personnel when the
different fuels were admixed in VWE fuel cells.

Replies to the question of whether V/E maintenance increased with DF-M or Jet A- 1 fuel
varied, About 3 percent of the personnel interviewed stated that V/E maintenance

increased when DF-M was used, and about 29 percent stated that V/E maintenance
'increased when Jet A-I was used.

There were instances dunng ODS when aircraft and ground V/E were refueled from the

same fuel tankers (Heavy Expanded Mobility Tactical Trucks (HEMTTs)) in forward
areas. When this refueling was done, permission to refuel the aircraft was received by

the pilot. usually, only sufficient fuel to return the aircraft safely to its home base was

loaded. There was one reported instance when a ground vehicle was refueled from a

dedicated aircraft fuel tanker.

Personnel in one unit reported that they visually inspected the fuel delivered to them. If

the fuel was clear (like water), it was considered to have no lubricity and oil or

transmission fluid was added to the fuel.
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LUBRICANTS

Availability

Despite some shortages of a specific type and grade of engine oil, sufficient quantities of

engine oil were available to military units to allow them to perform their missions.

Those units authorized to do so took their unit basic load (UBL) of engine/transmission

oils and related products with them from their previous base.. Bulk package product

supply points were able to obtain commercial oils through a host nation agreement.

Because individual units were discouraged from obtaining locally purchased items due

to quality concerns, most oils obtained by the individual units were issued through the

proper supply channels. OE/HDO-15/40 grade oil (MIL-L-2104) appeared to have been

in short supply longer than any of the engine oils used in Southwest Asia. Generally,

there was a shortage of all lubricants, greases, and related products at the beginning of

ODS. Units arriving in Southwest Asia relied on their UBL during the first few weeks.

In many cases, these initial supplies did not last long. As a result, immediate shortages

occurred since bulk package Class III supply points were not yet fully stocked. In

addition, many reserve and National Guard units were deployed with no basic loads at

all since they were not authonzed to stock them. In some cases, these units were told

they could receive their basic loads in-country. When back ordered requisitions were

finally filled, adequate supplies were on hand even if the distribution system itself

occasionally caused temporary shortages.

Quality

No problems were reported with any oils, military or commercial, that would indicate

the oils were inadequate for their intended purpose. A few of the ground units

interviewed stated that they did draw used oil samples and turned them in to their next

higher echelon for forwarding to an Army Oil Analysis Program (AOAP) lab. However,

none of the units interviewed, that had forwarded samples, received any results. Most of

the units interviewed would have welcomed an AOAP capability in Southwest Asia.

According to information in an AOAP briefing, two mobile AOAP laboratories were

deployed to Southwest Asia. one in October 1990 and the second in February 1991.

These AOAP laboratories were severely hindered by lack of qualified military personnel

and had to utilize DA civilians and contractor personnel to maintain operations.

highlighting the tact that requirements for staffing the AOAP laboratories with military

personnel need to be reviewed.
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Performance

Practically speaking, ODS was too brief to establish !ubricant performance criteria. No

engine, transmission, or final-drive oil problems were reported by using units. Even

though it was reported that some MIL-L-46152 qualified oils (administrative engine oil)

were used in combat/tactical engines and transmissions, no harmful results were noted.

Analysis

Samples of new oils and used oil samples from randomly selected vehicles brought back

from Southwest Asia were obtained during visits to Forts Bliss and Hood. The oils were

analyzed by Belvoir Fuels and Lubricants Research Facility (BFLRF).

Two new oil samples were obtained. One engine oil sample was obtained from the Third

Armored Cavalry Regiment (ACR) at Fort Bliss, TX (AL- 19732-L). The other sample

was a commercial 1-liter metal can of Dexron-II® (Shell), which was obtained

commercially in Saudi Arabia by the 13th Signal Battalion at Fort Hood, TX (AL-

19729-L). The physical/chemical properties of these two oils are presented in Table 9,

and their respective Fourier Transform Infrared (FTIR) traces are shown in Figures 1 and

2. The engine oil met the requirements for SAE 40 viscosity grade and, judging by the

VI of this oil, it might meet the requirements of SAE 15W-40. The low-temperature

viscosity tests needed to define the oil were not run because of equipment problems. Oil

AL- 19732-L had a Total Base Number (TBN) (D 664) of only 5.5 and a sulfated ash of

0.74 percent and contained a calcium/magnesium-based detergent-dispersant package.

Based on its properties, this oil should be satisfactory for short-term use in

combat/tactical equipment. The Dexron-1I® sample contained calcium, phosphorus, and

boron additive elements, with a sulfated ash of 0.22 percent.
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Table 9. New Oil Properties

Oil Descdptlon Engine Oil Dexron-ll@
Oil ID (AL-19732-L) (AL-19729-L)
Analyms

K. V\s. cSt, at
40 0C 104.15 35.62
100°C 13.9 7.04

VI 134 164
TAN 3.5 1.3
TBN, D664 5.5 2.6
Sulfated Ash, wt % 0.74 0.22
S, XRF, wt% 0.52 0.84
N, CLM. wt% 0.035 0.053

Elements, ICP. ppm
Ca 1,315 831
Mg 87 3

P 1.037 157
Zn 1,105 3
Ag 3 <I
Al 1 <I
B 5 168

Ba <1 <I

Cr I <I
Cu <1 3
Fe 5 2

Na 7 8
NI 1 1

Pb <1 1

sJ 3 3
Sn <1 <I
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The used oils were obtained from randomly selected equipment of the Third Armored

Cavalry Regiment at Fort Bliss, TX. Samples were taken from both the engine sump

and transmission after the vehicles had been fully warmed up. Table 10 lists the used oil

samples and their sources. One used oil sample was from a 5kW generator set at Fort

Hood, TX, which was sampled without engine warmup. Analyses of the used sump oils
are presented in Table II, and the FTIR traces for these oils are in Appendix E. No

water or coolant contamination was observed by FTIR. The used sump oil analyses

were compared with AOAP wear metal/contamination limits published in Army TM 38-

301-4 JOAP Manual, Vol. IV, Laboratory Analytical Methodology and Equipment

Criteria (Nonaeronautical), June 15, 1989. All elements were in the normal range except

for those listed below.':

AL-No. Equipment Element Comment

19753 M3A2 Cu, 34 ppm High
19754 M3A2 Sn, 4 ppm Marginal

19759 M109A2 Cu, 61 ppm Marginal

19759 M109A2 Pb, 42 ppm High

19764 M54A2 Fe, 256 ppm Marginal

Table 10. Used Oil Samples from 3rd ACR, Fort Bliss, TX

No.

Equipment Component Designation Sampled

MiA2 Engine AGT- 1500 4

M3A2 Engine VTA-903T 2

M977 Engine 8V-92TA 4

M109A2 (Fowltzer) Engine 8V-71T

M998 Engine 6.21.

M54A2 Engine LDS-465 I

MIA2 Transmission X 1 I00-3B 4

M3A2 Transmission HMPT-500 2

M977 Transmimlon H'/400 1

M 109A2 (Howitzer) Transmission G-411-2A I

5-kW Generator* Engine Not Specl%.ed I

Sample from Fort Hood. IX.
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The M998 and 5 kW generator set did not have AOAP limits for comparison; however,
both used oils appeared to have "normal" wear/contamination elements, except for the Si
content (56 ppm) of the generator set, which is a little high. The used turbine engine oils
from the M1 A2 vehicles were in excellent con lition and had no increase in Total Acid
Number (TAN). Sample AL-19763 from an M. 77 (8V-92TA engine) was unusual in
that it was only an SAE 20 viscosity grade. ThL •zmple had a relatively high VI of 129,
which indicates this could be a sheared down cominercial multigrade lubricant such as a
20W-50. The remainder of the used sump oils were in good condition with some limited
reserve alkalinity remaining and low soot contents. Used oil AL-19764 from the LDS-
465 engine appeared to be nearing a change point because of its TAN., Based on the
used oil elements, no indication of excessive sand contamination was found.
Analyses of the used transmission oils are presented in Table 12, and the FTIR traces for
these oils are in Appendix F. No water contamination was observed by FTIR. The used
transmission oil analyses were compared with the above-cited AOAP criteria. All
elements were in the normal range except for those listed below:

AL-No. Equipment Element Comment

19747 MIA2 Ag, 11 ppm High
19745 M3A2 Pb, 61 ppm Marginal
19751 M109A2 Cu, 226 ppm Marginal

Except for the above-listed oils, the remainder of the used transmission oils were in
acceptable condition.

Containers

With one unverified exception, all commercial lubricant containers were marked in
English and Arabic lettering. This English marking allowed military users to determine
the type and grade of the products in the containers and to determine the proper use for
the products. Some lubricants were received in 55-gallon drums, which were impractical
for small unit use. The awkwardness of drawing a small quantity from the large
container and the difficulty in handling the drums during loading and unloading
procedures were distinct disadvantages for the using units. After a container was
opened, it became susceptible to dirt/sand and other contamination, resulting in a large
amount of waste. Some units were reported to abandon their Class III supplies in place
when they moved, expecting to be resupplied at their new location.
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Table 12. Used Oils-Transmissions

Equipmnf Type M1A2 M3A2 W" M109A2
Transmnuiwon TypeI X1100-31 HMPT-500 HTMdOO G-411-2A

0i ID Anhdyb. AL-19747 AL-197d AL-19749 AL-1975 AL- 19745 AL-197d6 AL-19752 AL-19751

K Vis. cSt. at

40oC 10103 8482 8596 10103 575 7027 3562 42 6d

!001C 1138 1137 1162 11 54 963 993 621 668
VI 99 123 125 101 152 123 123 P0
TAN 31 34 32 26 3.2 3.5 31 32

TBN D664 48 47 44 48 22 49 21 38

Eoerents. jCP ppm

Co 'I .442 1.595 1,549 1,485 434 1,328 1.380 1 507

Mg 444 538 449 484 1,161 569 492 567
P 1,142 1,288 1.133 1.248 1.137 1.176 1.198 1.094

Zr,._597 1,816 1,592 1.710 1.226 1.276 1.336 1 34i

Ag 11 5 3 3 2 1 1 13

Al 10 11 9 9 10 7 8 5

B 6 4 4 7 46 <1 57 37

Ba 4 4 3 3 23 7 1 8
Cr I <1 I I I <1 <1 I

C 225 257 184 210 267 84 22 226
"e 74 60 62 65 56 36 21 129

Na 19 22 16 20 15 9 22 13

Ni 1 2 <I 2 1 1 1 1
Pb 224 142 79 106 61 14 6 74

SI 7 6 7 7 11 14 5 39

Sn 4 5 6 5 1 < I 1 4

Oil Changes

Almost all units reported decreasing the lubrication order intervals for oil changes by

about one-half (approximately doubling the number of oil changes). Since AOAP
capabilities were nonexistent as far as ground vehicle and equipment operators were
concerned, commanders had to establish arbitrary intervals based on maintenance/user
personnel oil condition assessments, environmental impact (sand/dirt contamination),

time available, and availability of oil and filters. A few units reported that they used

regular intervals and, in one instance, extended the interval between oil changes because
of a filter shortage. Oil filters were changed when oil was changed. Saving drained oil
when repairing an engine was virtually impossible because of contamination. Sand/dirt

contamination and high ambient temperatures were not reported to be as much of a
problem to operational vehicles.

Unauthorized products were seen and photographed by the earlier Department of the
Army three-man investigative team in addition to those reportedly used by Fort Hood
units. The Fort Hood units reported that the unauthorized products separated in the can.

29



HYDRAULIC AND BRAKE FLUIDS

Two units stated that hydraulic fluids were in short supply. One of these units stated that

a shortage of "specification" hydraulic fluids was their biggest maintenance problem.
Three units from Fort Hood, TX, reported using Dexron II® (a transmission fluid) in the
hydraulic systems of their M113 personnel carrier ramps (tail gates). SAE-10 grade oil
(MIL-L-2104) was also repc-tedly used as a hydraulic fluid. These field expedients
appeared to have enabled the. units to perform their mission. However, most units
reported taking enough hydi aulic fluid with them to Southwest Asia, while others were

able to obtain commercial hydraulic fluids that worked quite well. It should be noted
that these commercia fluids did not have the fire resistant properties of MIL-H-46170
Fire Resistant Hydraulic Fluid (FRH). About 60 percent of the units interviewed
changed hydraulic fluids in accordance with the normal lubte order service schedules. At
least one unit said it never had to change hydraulic fluids. When seals remained in good
condition, dirt and sand contamination did not present a problem. Sand/dirt
contamination was reported as a problem in gun control systems, brake systems, power
steering pumps, hydraulic quick connect/disconnect lines, and M 113 hydraulic pumps.
None of these problems made any systems inoperable, but they did exist. Worn
"protective" boots appeared to be the cause of most sand/dirt contamination.

Brake fluids and brake systems did not appear to be significant problems on military
V/E. One report stated that sand contamination reduced the effectiveness of HEMTT
brake systems. One unit stated that fewer Hydrovac replacements were made in
Southwest Asia than in the United States. High ambient temperatures were not a
problem with hydraulic or brake systems.,

GREASES AND SOLVENTS

More than 65 percent of units interviewed stated that greases were not in short supply
except, in some cases, at the beginning of ODS. When asked if they used MIL-G-
10924F or MIL-G-0010924E versions of GAA, maintenance/user personnel stated they
did not know, they only knew that they had GAA grease. MIL-G-10924F and MIL-G-
0010924E are polyalphaolefin (PAO) base lithium complex grease with a minimum
dropping point of 2200C. The obsolete MIL-G-10924D is a petroleum base calcium
grease with a minimum dropping point of 138 0C. The "F' and "E" version greases also
provide better corrosion protection than the obsolete "D" version grease. Greases were
usually in 5-gallons cans, which several maintenance personnel said were too large.
They said that they recommended that the grease be issued in plastic containers, which
could be used to refill grease guns. Some commercial greases were purchased locally or
otherwise provided through the host nation agreement for Class III products. While the
users and maintenance personnel said that almost all greases used were good, little could
be learned about the identities or composition of the commercial greases.
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Intervals between lubrication services ranged from none to regularly scheduled lube

order intervals to "whenever we could." Sand/dirt was always a problem, although it
was routinely dealt with by maintenance/user personnel. As usually stated, most

sand/dirt contamination occurred when protective "boots" became torn or frayed enough
to allow sand/dirt entry. High ambient temperatures did have an effect on some vehicle
components such as wheel and road bearings, ball joints, and tie-rod endings by causing

the grease to separate and run. Some stored greases in unopened cans separated due to

high ambient temperatures. One unit said the separation of greasc was especially

prevalent in products that were unauthorized for use. WTR (MIL-G-83122, grease
aircraft, general purpose wide temperature range) grease, in most cases, was used
interchangeably with GAA grease. The U.S. Marines, in particular, preferred WTR
grease and stated they planned to convert to full time use of WTR. However, WTR

grease was reported to be in short supply or unavailable.

Solvents were used to clean components and adjacent areas of grease, sand/dirt, and

other contaminants. Some of the solvents used included Jet A- 1, DF-2, dry cleaning
solvent, MOGAS, and "whatever they had available."

COOLANTS/ANTIFREEZES

Introduction

Several commercial coolan/anti freeze products were used as substitutes because of

shortages of the military antifreeze (MIL-A-46153). No antifreeze mxtender additive
(i.e., MIL-A-53009) was used. Potable water, bottled water, and local water were used

as make-up for the coolant/antifreeze mix. Some distilled water was used, but not very

mnu•.h. No significant coolant/antifreeze problems were reported by maintenance/user

personnel. Except for one unit that reported successfully saving drained antifreeze, reuse
was prohibited because of sand/din contamination.

There was a significant problem reported with a "preservative" mixture reportedly added

to protect the coolant systems while vehicies and equipment were on PMS ships. A

contaminant described as "black and slimy" subsequently formed. The coolant had to

be drained, and the coolant system flushed to restore coolant system efficiency. (Note:
No antifreeze preservative as such is available within the military supply system.) The

presence of a black slime accompanied with a foul smell as reported would indicate that

U.S. Marine Corps units may have inadvertently used some improperly packaged MIL-

A-46153 antifreeze that had been introduced to the field several years ago but

subsequently recalled. The MIL-A-46153 antifreeze, manufactured by Octagon Process

Co., was improperly packaged in metal 5-gallon cans and 55 gallon drums without

plastic inserts. When the concentrated antifreeze comes in contact with metal, one of the
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corrosion inhibitors breaks down, and a foul smell and black slime-like deposit are

generated. Subsequent use of this antifreeze generates considerable maintenance

problems.

High ambient temperature did not appear to affect vehicle operations or to cause the

engines to run hotter. Some units reported using the Standard Test Strips (A-A-51461) to

determine if coolant/antifreeze mixtures were satisfactory to use. Most units reported

using a hydrometer to determine coolant/antifreeze conditions. All changes were stated

to have been brought about because of engine changes or engine repairs. No change was

attributed to dirt/sand or other contamination.

Analysis

Five coolant samples taken from vehicles returning from ODS and one unused sample of

a Saudi Arabian engine coolant labeled Petromin 500 were analyzed by BRDEC.

Analysis of five coolant samples take,, from vehicles used in ODS

Five coolant samples were taken from four randomly selected vehicles which had no

previous record of field problems associated with the engine cooling system or other

systems. The vehicles were chosen from the fleet of the I st and 2d Squadrons, 3d

Armored Cavalry Regiment, located at Fort Bliss, TX. These vehicles were returning

from ODS ai.1 still contained the coolant used during ODS.

The coolant samples were subjected to standard ASTM tests along with atomic

absorption (AA) and atomic emission (AE) metal analysis and vistoal inspection. The

ASTM tests included: Use of the Refractometer for Determi~ing the Freezing Point of

Aqueous Engine Coolants (D-332 I); pH of Engine Antifreeze, Antirusts, and Coolants

(D-1287); Reserve Alkalinity (RA) of Engine Antifreeze, Antirusts, and Coolants

(D-l 12 1); and Water and Sediment in Distillate Fuels by Centrifuge (D-2709). The

results are listed in the following tables.
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Table 13. Appearance of Coolant Samples Taken from Vehicles

(Returning from ODS)

AL-19740-X Sample taken from an M3A2 Bradley Fighting Vehicle. Vehicle
accumulated 2,000 kilometers during use In Saudi Arabia. Blue-green
color; sample contained a small amount of dirt/sand compared to
the other samples. Sample appeared clear before and after shaking.
No phase separations were observed.

AL-19741-X Sample taken from an M109A2 Self-Propelled Howitzer.. No mileage
data available. Yellowish color; sample contained a large amount of
dirt/sand compared to the other samples. Sample appeared clear
when allowed to stand for several hours. Upon shaking, sample color
changed from yellowish to a yellowish-brown. Color change
believed to be due to the excessive amount of dirt/sand present. No
phase separations were observed.

AL-19742-X Sample taken from an HEMTT 10-Ton Truck, No mileage data
available. Olive-green color: sample contained a moderate amount
of dirt/sand compared to the other samples. Sample was murky In
appearance before and after shaking. No phase separations were
observed.

AL-1 9743-X Sample taken from same truck as sample AL- 19742-X. Green color.,
sample contained a large to moderate amount of dirt/sand
compared to other samples. Sample appeared slightly cloudy when
allowed to stand and cloudier immediately after shaking. No phase
separations were observed.

AL-19744-X Sample taken from an M54A2 Cargo Truck. No mileage data
available. Blue-green color; sample contained a small amount of
dirt/sand compared to the other samples. Sample appeared clear
before and after shaking. No phase separations were observed.
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Table 14. Analysis of Coolant Samples Taken from Vehicles Returning

from Operation Desert Storm

AA AND ICP METAL ANALYSIS, PPM

Aluminum Copper Iron Lead Tin Silicon
Sample

AL- 19740-X 5 < 1 4 7 95 5

AL-19741-X 8 2 26 10 44 4

AL-19742-X 1 28 29 206 165 28

AL- 19743-X <1 1 2 153 148 12

AL-19744-X < 1 < I <1 1 96 10

Physical Properties

Freeze Point Percent Water Sedlment*
Sample pH RA (FP) based on FP

AL-19740-X 7.7 10.5 mL -220F 55% by vol <0.1%

AL-19741-X 8.6 0.8 mL +220F 87% by vol 0.188%

AL-19742-X 7.1 15.3 mL -500F 44% by vol 0.125%
AL-19743-X 7.3 153 mL -504F 44% by vol 0.125%

AL-19744-X 7.7 11,7 mL -270F 52% b/vol 0.05%

New MIL-A-46153 7.7 14.5 mL -34°F 50% by vol <0.05

* Volume percent by 02709

Samples AL-19740-X and AL-19744-X may be aqueous solutions of military

specification antifreeze, MIL-A-46153. This assumption is based primarily on the color

of each sample compared to the blue-green color of new MIL-A-46153. However,
identification is uncertain since other types of antifreeze may also use blue-green dye.

The remaining samples appear of blue-green color. A more exact identification of the

samples would require prior knowledge of the original full.

The pH, RA, and water concentraticas for all samples are at suitable levels for service

except Al.- 19741 -X. This sample is too dilute and corrosion problems are expected with

its continued use. However, me metal analysis of AL-19741-X indicated no serious

corrosion problems. The lead and tin concentrations of AL-19742-X and AL- 19743-X

suggest the coolant may not have provided sufficient protection against solder corrosion.

For AL- 19744-X and AL-19740-X, the tin is comparatively high, but the lead
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concentration is relatively low. These results are opposite of what is expected for normal
solder corrosion. Other corrosion mechanisms may account for the additional tin

corrosion.

Conclusions

As in each appearance observation, all samples contained varying amounts of dirt/sand
contamination. Although some samples contained more than others, all had

unacceptable amounts to the point where cooling system problems are expected to occur
if the selected vehicles are allowed to remain in service. The large amounts of dirt/sand

observed in these samples suggest that contamination occurred during maintenance
operations of the vehicles and not through system leaks. For example, during
maintenance operations such as checking the coolant level, contaminants could have
been introduced into the system by wind-blown sand or a radiator cap inadvertently

placed on the ground. This type of contamination suggests that greater care must be

taken to prevent contamination of coolant during dusty or sandy conditions.

Recommendations

Recommend that the cooling system of these vehicles be drained and replaced with a

fresh 50:50 mixture of clean, potable water and MIL-A-46153 antifreeze without delay.

Unfortunately, the coolant samples we received were not identified by vehicle bumper

number, but we do know that they were from the I st and 2nd Squadrons of the 3rd
Armored Cavalry Regiment. Perhaps these units have a record of which vehicles were

sampled.

If these samples were typical of vehicles returning from Southwest Asia, all vehicle

cooling systems should be inspected for contamination as soon as possible to preclude
damage that could occur if contaminated coolant remains in the vehicles. Any vehicles

that were serviced with commercial antifreeze or products of unknown origin in

Southwest Asia should have the coolant immediately replaced with MIL-A-46153
antifreeze.

Analysis of one unused sample of Saudi Arabian engine coolant labeled Petromin 500

Background

During the war with Iraq logistical problems caused delays of all packaged petroleum
products from CONUS. As a temporary solution. BRDrC was requested to examine

substitute commercial products locally available in Saudi Arabia. Various product

samples were taken from Saudi Arabia based Petromin Lubricating Oil Company which
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has some products already qualified. The initial suspense date for this request was short

and BRDEC was allowed only a cursory review of a small number of samples.

As a follow-up study, BRDEC obtained additional samples and a more extensive
investigation was performed. This letter report covers one engine coolant that was
submitted as an alternative.

Experimental

The sample was labeled Petromin 500, a premixed coolant diluted approximately 50

percent by volume ethylene glycol (EG). The coolant sample was subjected to standard

ASTM cooiant tests including: Use of the Refractometer for Determining the Freezing

Point of Aqueous Engine Coolants (D-3321); pH of Engine Antifreezes, Antirusts, and

Coolants (D-1287); Corrosion of Cast Aluminum Alloys in Engine Coolant Under Heat-

Rejection Conditions (D-4340); Reserve Alkalinity (RA) of Engine Antifreeze,
Anti rusts, and Coolants (D-1121); Trace Chloride Ion in Engine Coolants (D-3634);

Corrosion Test for Engine Coolants in Glassware (D- 1384); Boiling Point of Engine

Coolants (D- 1120); Ash Content of Engine Coolants and Antirust (D- 1119); and

Foaming Tendencies of Engine Coolants in Glassware (D-1881). The test results were

as follows:.

Table 15. Physical Properties

Sample Petromln 500 50/50-Soin' MIL-A-46153

Freeze Protection (FP), D-3321 -400F -34*F

Water by vol based on FP 48% 50%

pH, D-1287 8.6 7.7

ReseNe Alkalinity, D-1121 8.2mL 14.5mL

Ash Content, D-I 119 0.6% 1.0% max

Foam. break time. D-1881 187mL. 7 sec 42mL, I sec

Bollng Point, D-1 120 112.06C 12.01C

Chloicle Content, D-3634 57ppm 4.5ppm

Ak.rrinum Corroslon. D-4340 5.6mg/cm 2 /wk na

Color yelowg-een bk•-en
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Table 16. Glassware Corrosion Test, D-1384

c rr•--'fed weight losses, mg

Brass Cooper Solder Aluminum Iron Steel

Sample

Petromin 500 0 -2 -38 +6 0 +1
MIL-A-46153 -3 -1 -7 +1 -1 -2

ASTM D-4656 -10 -10 -30 -30 -10 -I0
maximum

Results

For comparison purposes, test results of new MIL-A-46153 military antifreeze and 50-50

solutions of MIL-A-46153 are included. For the test methods that required dilution of
the antifreeze concentrate prior to conducting the test, the Petromin sample was diluted

to the prescribed volume with either ASTM corrosive water or distilled water depending

on the test method. For example, for test method D- 1384, the Petromin coolant was

diluted with ASTM corrosive water to obtain test solutions with 0°F freeze points.

The Petromin test results for freeze protection, pH, ash content, and boiling point are all

satisfactory compared to MIL-A-46153. The smaller RA could possibly cause Petromin

500 to have a shorter service life compared to MIL-A-46153, if acid contamination

became excessive. The results of remaining test indicate more clearly that Petromin 500

may be inappropriate as an alternate coolant for MIL-A-46153.

The Petromin 500 foam test results did not meet the specification requirements of MIL-
A-46153 of the ASTM recommended maximum for new coolants (i.e., l5OmL max,
w/sec break time), for both diesel and automotive applications, and could possibly cause

problems in the field, The same is true of the chloride test results.

For new MIL-A-46153. the current specification calls for a negative test for chloride or

zero chloride. A sample tested contained 9 ppm but, for comparison purposes, the value

was divided by 2 to simulate the Petromin 500, 50 percent by volume dilution. And for

the purposes of this investigation, it is assumed that reagent grade water, similar to

ASTM D- 1193, Type IV, having a chloride content of 0.05 ppm, can be readily used in
the production of the prediluted coolant.

Though the military antifreeze sample fails to meet the specification requirements, it is
well within the ASTM recommended maximum of 25 ppm for heavy-duty antifreeze
concentrate (D-4985). The Petromin sample was tested neat (without dilution) during
tlw chloride test and a value of 57 ppm was obtained as shown in Table 16. The recently
a lopted ASTM standard D-4656 for prediluted automotive type coolants also
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recommends a maximum of 25 ppm for a neat sample. The Petromin result is more than
twice the recommended maximum and suggest that corrosion problems may occur.
Results of the two corrosion performance tests, D-4340 and D-1384, also indicate that
Petromin 500 may have a propensity toward corrosion.

As an automotive coolant, the Petromin sample failed to meet the ASTM recommended
aluminum corrosion rate, 1.Omg.cm 2/week, for new prediluted coolants. The sample
also failed the glassware corrosion test, as evidenced by the solder specimen weight loss
in Table 16.

Conclusions and Recommendations

Based on the unfavorable results of the foam, chloride aluminum, and glassware
test it is recommended Petromin 500 not be used as an substitute for MIL-A-46153
antifreeze. Laboratory test results indicate Petromin 500 may be deleterious to both
diesel and automotive engine cooling systems and therefore should not be used.

It is further recommended that any vehicles serviced with Petromin antifreeze have their
cooling systems drained and flushed immediately, then serviced with MIL-A-46153
antifreeze to preclude possible corrosion or excessive foaming.

WEAPONS LUBRICANTS/SOLID LUBRICANTS

No satisfactory solid lubricants/weapons lubricants were available to maintenance and
user personnel. CLP (MIL-L-63460), LSA (MIL-L-46000), and Break Free (one
qualified supplier of CLP) were the most prevalent lubricants used. However, rust and
sand/dirt contaminat.,n were problems as is normal. A new commercial proprietary
product "Bore Cote" was used by one Marine unit in Southwest Asia. However, the unit
did not use this product in combat. Although it reportedly protected the individual

4 weapons better than CLP or LSA, without sand/dirt accumulation, it had not been used
in combat. The product was, therefore, suspect until further testing had been conducted.
CLP and LSA were the expressed preferences for large caliber weapons; whereas CLP
and the commercial proprietary "DRYSLIDE" were the preferred lubricants for small
caliber weapons. Another preference for large caliber weapons, 30 caliber and higher,
was GMD (MIL-G-21164D). "DRYSLIDE" was used by some units, although one unit
in the 24th Infantry Division prohibited its use because of a reported tendency to thicken
when subjected to high ambient temperatures or heat generated by firing the weapon.
No other units reported this phenomenon. One weapons lubricant was identified to the
survey team as "duck grease." However, no one could identify the product as to its
brand name, if commercial, or specification number, if military authorized. WD-40 was
widely used on small arms both as a cleaner and a lubricant. Common sense solutions
overcame dirt/sand contamination problems with constant cleaning being the method
most widely used. There was no reported mixing of solid lubricants with grease or
fluids.
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Section V

Conclusions

The following conclusions are drawn from the experiences in ODS:'

"* Jet A-I proved to be a satisfactory fuel for military ground V/E for those units

that used the fuel throughout ODS and had confidence to continue to use this

fuel in spite of the perceived problems.

"* There was insufficient information and data about Jet A-I fuel and its suitability

for use in diesel-burning ground combat/tactical vehicles and equipment at all

levels of command in Southwest Asia.

- JP-8 fuel demonstration at Fort Bliss, TX, was still ongoing at the onset of

ODS, Information and data generated at that time were still mostly in the

hands of the research and development community.

- No technical manual changes were available for reference by fuel storage

and handling personnel.

- No information or data had been distributed down to user/organizational

level.

- This lack of information resulted in misunderstandings and frustration on the

part of user personnel all the way up to combat commanders (especially at

Division level).

- No information or data about the use of JP-5 at Panama nor its relationship

to Jet A-1, JP-8 had been disseminated.

"* The Jet A-I fuel and DF-M fuel provided by Saudi Arabia to bulk storage and

handling tank farms were good quality fuels except that the diesel fuel exceeded

the maximum sulfur limits.

Fuel delivery systems below bulk storage and handling facilities, especially

fuel delivered using host nation/foreign nation vehicles and drivers, appeared

to have contributed some fluid and solid contaminants to fuel, especially in

the beginning of ODS.
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SIn some areas, a mixture of Jet A-1 fuel and DF-M was delivered to using

units at one time or another.

- DF-M fuel was known to have a high sulfur content, which could have been

harmful to engines if used for a long period of time. To preclude excessive

corrosion deposits and wear-related problems, modified oil change intervals

(half normal change intervals) were established. Some units complied,

others did not.

- DF-M had a marginal cloud point and could impact the startability of MIAl

heavy-duty battle tanks.

-Both Jet A-I fuel and DF-M fuel were available in adequate quantities.

Commercial host nation tank trucks used initially to refuel vehicles did not

use filtration. Later, these tank trucks transferred fuel to military refuelers.

A problem with incompatible hose connections was readily overcome by a

field expedient fix.

All units were pleased with the performance of the HEMTT refueler.

-Generally. separate refuelers were used for ground V/E and for aircraft.

There were some reports of sporadic use of common refueling from the

sarre refueler.

"* There were a few problems with some units in convening to Jet A-I fuel.

- Units that had been using Jet A- 1 or JP-5 fuel prier to deployment had little

or no problems.

- Units that were using DF-2 and switched to Jet-I when arriving in

Southwest Asia experienced filter clogging. Fuel filter changes significantly

increased.

"* A few military personnel were apprehensive at first that the lower flash point of

Jet-A l fuel would be a fire hazard. This apprehern'ion was quickly dispelled

with continued use of the fuel.

"* Conflicting statements by user/maintenance personnel and prior knowledge

about fuel system component deficiencies as well as other failure mechanisms

prevented conclusions that the Jet A-I fuel caused fuel system failures.
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-CUCV fuel injection pump with 1985 or earlier flex ring.

- Use of unauthorized oils/fluids added to Jet A- I in an attempt to increase
lubricity.

- Thermal-induced pump failures.

-High prevailing temperatures.

- Moisture/corrosion problems.

- Dirdsand contamination, which became almost like talcum powder.

- Usage rates (hours and miles of operation) far in excess of normal
mission/training activities in CONUS..

(Eighty-eight failed pumps were subjected to tear down inspections. Results are shown

in Appendix H.)

- No known blending of Jet A-I fuel with additives CI,FSII, or SDA

occurred during ODS for ground V/E.

- The host nation did not have downstream injection systems nor did the Army

or Marine Corps organizations and units have any injection systems or

additives to use.

- There is an urgent need for a means/capability to rapidly dispense measured

amounts of additives into fuels such as Jet A-l, which is available
worldwide.

9 One unit reported adding biocides/biostats to DFM to alleviate or prevent
microbiological growth.

- There is i need for faster, easier way to add biocides/biostats to diesel fuels.

• In the case of ODS, the host nation was able to provide adequate lubricants and
related POL products to support U.S. Forces until bulk packaged product depots
could be established to receive, store, and issue regular supplies.

- The logistics of the supply of host nation POL products was confusing to the

point that it was difficult to fully determine what products were used.
Further, reporting back tirough maintenance was equally confusing

providing the possibility that there may have been greater problems than
reported.
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- Use of host nation POL products was a field expedient fix. There was not a
good handle on what was really acceptable because there was no way to

rapidly assess the quality levels and compatibility of these products.
Engineering judgrnents on their acceptability were made by reviewing

limited data which was inadequate but used because of the expediency of the
need. A quick-response and reliable evaluation of these products was

needed. In view of future contingencies thcre is a need to develop fast and
simple tests to measure the quality and compatibility of host nation
commerial POL products with U.S. military POL products.

- In some areas, OE/HDO-15/40 grade oil (MIL-L-2104), OE/HDO-10 grade
oil (MIL-L-2104), and wide temperature range (WTR) aviation grease
(MIL-G-81322) were in short supply throughout ODS.

- OE/HDO-10 grade oil (MIL-L-2104) and Dexron II® were also used in

some hydraulic systems when regular FRH or OHT fluids were not
available.

- OE/HDO-30 (meeting the requirements of MIL-L-2104) and SAE-30 grade
oils (both commercial or meeting the requirements of MIL-L-46152) were
used in lieu of OE/HDO-15/40 grade oil until it became available.
Continued use of the SAE-30 grade oils (commercial or MIL-L-46152) over

a longer period of time could have caused damage to the heavy equipment.

- ODS did not last long enough to fully establish engine and gear train
lubricant performance criteria.

* Unauthorized products were used by some units that claimed the oils

did not adequately lubricate vehicle and generator engines and greases separated
in the can during storage and in vehicle component use.,

e Some units could only acquire lubricants in 55-gallon drums. This caused
handling problems and waste due to contamination once the drums were opened.

* Coolants/antifreezes functioned satisfactorily during ODS with some exceptions.
A bad experience with antifreeze occurred when some antifreeze was used that

had been stored in bare metal drums instead of plastic-lined containers.

A locally procured coolant, "Petromin 500", was issued to some units as an

alternative to MIL-A-46153 military antifreeze during ODS. Subsequent
laboratory tests of this product showed that it was an inadequate substitute
for MIL-A-46153 because of excessive foaming and inadequate corrosion

protection. Used coolant analyses from five vehicles returned from ODS

showed that all had unacceptable levels of sand/dirt contamination. One
sample was too diluted and had little corrosion or freeze protectior. If ODS
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had lasted longer, major long-term cooling system maintenance problems
could have been expected.

-Although some units had antifreeze extender additive (MIL-A-53009) on
hand, none reported using the additive in their V/E.

9 No real satisfactory weapons lubricants/dry lubricants were available for use

during ODS. Only constan, cleaning and care of small and large caliber
weapons kept them operationally ready.

* Mobile and fixed petroleum testing laboratories were in Southwest Asia to

provide AOAP support and quality surveillance of fuel and lubricants. These
mobile petroleum laboratories (trailer mounted) were too big, too slow, too labor
intensive, and were too far away to meet the demands of the faster paced more
fluid battlefield environment. There is an urgent need for a quick-response
fuel/lubricant analysis system that is smaller, lighter, more mobile and that
contains some instruments that are man-portable to aid in fast and simple "go"
and "no go" decisions.

9 Two mobile (trailer mounted) FORSCOM AOAP laboratories were deployed but
were severely hampered by lack of qualified military personnel.. Ultimately,

these laboratories were staffed by a combination of military DA civilian, and
contractor personnel. The first laboratory was dispatched to the theater of
operations by surface ship. The ship incurred an underway breakdown, thus
significantly delaying AOAP support in theater. A few ground units interviewed
indicated that they had taken AOAP samples but not received any feedback.

Most units interviewed wanted AOAP support.

e Five mobile (trailer mounted) Petroleum Testing Laboratories from the 475th
Petroleum Group were deployed to provide quality surveillance of fuel and
lubricants. The 240th QM Battalion (22nd Petroleum Lab) operated from
September 1990 through May 1991, the 260th QM Battalion's laboratory
operated from November 1990 through February 1991.: The three remaining
laboratories (540th, 383th and 387th Battalions') did not arrive in theater until
February 1991 and were never put into operation.

* An air mobile laboratory from the 426th S&T Battalion, 101st Airborne Division
Assault, was deployed but never put inmo service.

9 U.S.. Air Force and commercial petroleum testing laboratories also provided
support.
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Section VI

Recommendations

B ased on the data and information presented in this report, the following
recommendations are made.

" Lubricity requirements for fuels used in diesel-burning ground vehicles and

equipment should be defined and accepted by all agencies and activities

involved with ground mobility fuels.

"* Changes should be made in technical manuals, handbooks, and other

publications dealing with fuel storage and handling procedures to include JP-8,

JP-5, and Jet A-1 aviation fuels.

- The present one fuel forward scenario envisions one fuel instead of three

(JP-4, diesel, and MOGAS fuels), which will simplify and reduce logistical

burdens and result in lower energy costs and greater combat readiness.

- Because it will be used for aviation as well as ground assets, the fuel should

be handled so as to meet aircraft use specification at all times.

- Where aircraft may be fueled or have been refueled with JP-4 grade fuel,

fuel handlers must be made aware of the aircraft's having been fueled with

JP-4 so no safety precautions will be ignored because the fuel handler

believes he is dealing strictly with JP-8 or JP-5 fuel.

"* As soon as possible, an information booklet containing all useful facts about

JP-8 and JP-5 fuels be published and distributed down to driver/operator level.

" The requirements for staffing both fixed and mobile AOAP laboratories should

be immediately addressed.

- Military personnel with appropriate training and Military Occupational

Specialty should be designated in appropriate Tables of Equipment and

Tables of Allowances authorization documents.

- The echelon level that will be responsible for providing and staffing a

mobile fuel/lubricant analysis laboratory should be determined.
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Wartime procedures should be established for appropriate personnel at all

levels to assure the most accurate and fastest results obtainable when

processing fuel and oil samples.

A r--quirements document for the development of a Petroleum Quality Analysis

Sywem (PQAS) needs to be staffed immediately.

- The oblective of the PQAS program is to move petroleum quality

surveillance testing as far forward as possible. Capitalizing on emerging

technology to provide multi-functional testing capabilities, this system will

be smaller and more mobile with some instruments being man-portable. It

will provide the automatic quick-response fuel/lubricant analysis required to

quantify and project the limitations in using lower quality fuels and

lubricants that may be provided by host nations.

- In the near term, there is a real need to upgrade the petroleum testing

equipment in the existing mobile petroleum laboratories with current state-

of-the-art in petroleum testing equipment and methodologies. The existing

laboratories utilize old cumbersome testing equipment (1950s era) which is

slow and labor intensive.

U.S. military posts, camps, and statir•ns worldwide should be authorized for the

use of JP-8 fuel as soon as feasible. Training with an untried fuel during peace

time is much better than being required to accept it under an imminent attack

situation.

* Research and development efforts should continue in order to:

- Define the "lubricity requirements" for fuel-lubricated compression-ignition

engine components.

- Evaluate those additives (including selected packaged petroleum products)

that can be added to reduce those "lubncity" deficiencies that have been

defined.

- Detennmine an easier way to inject additives into fuels such as Jet A-1,

- Explore the use of impro-ed biocid,'stabilizer additives and find a faster,

easier way of injecting those additives into diesel fuel.

Develop a satisfactory weapons lubncant for a sand environment such as

experienced during ODS.
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e Researcth and development efforts are needed to provide a means to rapidly
determine the presence of unique fuel acid contamination intentionally
introduced into fuels in field environments. Presence of these unique
contaminates in fuels reportedly defeats mobility operations by causing engine
malfunctioning.

- A concept feasibility model of a relatively simple test kit for acid fuel
contamination has been developed.

- Proof of principal was demonstrated but additional efforts are needed to
validate the device and to confirm limits of detection versus impact on both

compression-ignition and turbine engines.
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Appendix A

QUESTIONS AND ANSWERS,
RECOMMENDATIONS ON FUELS
AND LUBRICANTS AND RELATED
MATERIALS (SOUTHWEST ASIA)
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10 October 1990

QUESTIONS & ANSWERS, COMMENTS AND RECOMMENDATIONS ON FUELS
AND LUBRICANTS AND RELATED MATERIAL FOR USE IN OPERATION DESERT
SHIELD

There have been many questions concerning the use, type, etc, of
fuel, lubricant or related material in Saudi Arabia, We are
putting this brochure together to pass on this information to all
units, and hope that you find it usefull, Please do not hesitate
to contact the BELVOIR RD&E CENTER if you have any more questions
or need clarification,

A. FUELS and FUEL ADDITIVES: [JP-5 and JET A-i1

1, Can JP-5 or JET A-1 be used ANSWER: YES, JP-5 was
in vehicles/equipment designed approved as an
for diesel fuel? alternate for

diesel fuel in
1978 and has been since then, satisfactorily in ground vehicles
and equipment, JET A-1 also was approved as an Alternate for
diesel fuel in 1986. Use of either JP-5 or JET A-I will provide
acceptable performance in diesel fueled vehicles or equipment.

2 What is JET A-l? ANSWER: JET A-I is the industry
standard fuel for all

commercial airline carriers worldwite. JP-8 is JET A-1 with
addition of the three (3) mandatory additives; Fuel System Icing
Inhibitor, Corrosion Inhibitor, and Static Dissipator Additive,

3. Have there been any major ANSWER" NO. The Army and
problems with using JP-5 or Navy have both
JET A-1 in ground vehicle and tested these fuels,
equipment?

There are two exceptions however-
o Vehicles using either fuel will not make smoke

from on-board vehicle engine exhaust smoke systems (VEESS) that
has any persistence or ability to obscure vehicles, especially in
high temperature environments (90 degrees F or higher),

o Certain vehicles such as the M88 Recovery
Vehicle, which are already somewhat power limited with diesel
fuel, will have additional loss of pulling power when using JP-5
or JET A-I,

4 Are there any additives ANSWER- NO. There are no
you can add to JET A-1 or JP-5 additives available
to enhance smoke production that will increase
when the fuel in introduced smoke.
into the VEESS?
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5. Can JP-5 or JET-i be used ANSWER: NO, NO, Kerosene
in gasoline-fueled ground fuels cannot be
vehicles and equipment? used in an.,, spark-

ignition engineý

6, Will using either JET A-i ANSWER: NO, On some vehicles
or JP-5 cause a significant there may be a
increase in fuel consumption? marginal increase of

I to 5 %.

7. Will using either JET-i ANSWER, NO, Both JP-5 and
or JP-5 plug fuel filters? JET A-i are cleaner

than diesel fuel.

8, What causes filter ANSWER, Plugging is caused
plugglng? by high particulate

contamination (e.g.,
dirt, insoluble

particles, etc.); fuel deterioration products (e.g,, oxidized
reaction products, insoluble gums, etc.); presence of
microbiological organisms: emulsions produced by residual water
bottoms in fuel tanks; or a combination of any of the above.

9. Can either JET A-1 or JP-5 ANSWER: YES. No problem
be dirgectly ýtdee to vehicles adding eitihep to
and equipment containing diesel a fuel tank with
fuel in their tanks? diesel fuel.

10. Will using JET A-i ANSWER: NO.
Cause wear in fuel pumps
and injectors of diesel
Engines?

11. Will microbiological ANSWER: YES. Faster in
organisms grow in both JET A-1 diesel fuel than
and diesel fuels? JET A-I. Diesel

Fuel tends to entrain
more water, has poorer water separation qualities, and contains
higher amounts of normal paraffin-type hydrocarbons than JET A-1,
which are good nutrients for the various micro-organisms.

12. What causes growth of ANSWER: The presence of
microbiological organisms separated water.
(i.e , bugs) in fuel? The 'bugs* start

to form at the fuel-
water interface and subsequently develop strands, fibers and/or
'mats* into the fuel and may produce a slime on the interior
surfaces of the tank. Warmer temperatures accelerate the growth
and proliferation of these micro-organisms.

A-3



13, What additives should be ANSWER: There are 3
uzed for controlling micro- additives in the
biological growth in fuel? supply system used

to prevent growth
in water bottoms of fuel tanks or cells. Two are currently
specified in JP-4, JP-5, and JP-8 aviation turbine fuels, They
are called 'Fuel System Icing Inhibitor* and are described in
MIL-I-27688 and MIL-1-85470. The chemical ingredients are
Ethylene Glycol Monomethyl Ether (EGME) and Diethylene Glycol
Monomethyl Ether (DIEGME), respectively. The recommended
treatment level for either is 0.15% vol, JP-5 already contains
Fuel System Icing Inhibitor (FSII).

The third additive, specified for diesel fuel, is called
Diesel Fuel Stabilizer Additive and is described in MIL-S-53021.
Two variations have been qualified - a two-package and one-
package system. The two-package type has the biocide in one
package, and the stabilizer/corrosion inhibitor in the second
package. Both of them must be ordered and used together for
maximum effectiveness, They are each used at the rate of one
gallon per 5000 gallons of fuel. The one-package system has both
ingredients blended together in one container, and is used at the
rate of one gallon of additive per 3500 gallons of fuel,

National Stock Numbers for the three additives are:
Specification Type Container NSN

MIL-I-27686 FSII (EGMEV 5-Gal 6850-00-753-5081
MIL-1-27686 FSII (EGME) 55-Gal 6850-00-060-5312
MIL-I-85470 FSII (DIEGME) 5-Gal 6850-01-057-6427
MIL-I-85470 FSII (DIEOME) 55-Gal 6850-01-089-5514
MIL-S-53021 Single Pkg 5-Gal 6850-01-248-6544
MIL-S-53021 Single Pkg 55-Gal 6850-01-248-6545
MIL-S-53021 Biocide/Two Pkg 5-Gal 6840-01-173-8940
MIL-S-53021 Biocide/Two Pkg 55-Gal 8840-01-041-0098
MIL-S-53021 Stabil/Two Pkg 5-Gal 6850-01-187-4789
MIL-S-53021 Stabil/Two Pkg 55-Gal 6850-01-167-4788

B. FUELS and FUEJ ADDITIVES: [DIESEL FUEL]

1., What commercial diesel ANSWER. There are nominally
fuels are available in Saudi two types - *A-888,
Arabia? Diesel Gas Oil*

(similar to our
Diesel Fuel, Marine

ZMIL-F-1884) ; and *A-892, Bunker Diesel Fuel Oil' (a heavier
fuel somewhat like our commercial 4-D Diesel or No 4 Fuel Oil).
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2. Are either of these ANSWER. The A-888 Diesel Gas
comlr.rcial diesel fuels OK to 0,1 is an acceptable
ust? alternate for our

diesel fuel (VV-F-
80)). The A-892 Bunker Diesel Fuel Oil is only an emergency fuel
and should not be used.

Diese) fuel originating in the Middle East has generally
had fuel sulphur values ranging in the 0.7 to 1.0% wt. range.
Some sample data has shown fuel sulphur values at times will
exceed 1.0% wt,

Diesel fuels in the Middle East area generally do not have
adequate thermal stability or storage stability when compared to
JET A-1 or JP-5 turbine fuels. Their use in vehicles operating
in Saudi frabia may cause an increase in fuel-related
maintenance; particularly, in two-cycle diesel engines and
turbine engines. The increased maintenance will be seen in
injector or nozzle fouling or sticking, increased filter
plugging, and/or formation of deposits (slime/bugs/emulsions) in
fuel tanks.

RECOMMENDATIONS REGARDING FUEL FOR OPERATION DESERT SHIELD

o Do not use heavier fuels such as 'Bunker Diesel
Fuel Oil* fuels as these are emergency fuels

o Heavier distillate fuels such as 4-D Zor the DF-4
reportedly used in Saudi Arabia) are not acceptable substitutes
for the primary diesel fuel DF-2 - they are to be used only as
emergency fuels. There are acceptable alternatives to DF-2
diesel fuel available in the Saudi Arabia area:

Fuel Specification/Standard

JET A-1 ASTM D1655
JP-5 MIL-T-5624
F-78/Marine Diesel/DFM MIL-F-16884
DF-2 (OCONUS) VV-F-800 (if available)

o Water contamination due to condensation in fuel
tanks/cells must be checked daily to prevent microbiological
growth problems.

o Do not add engine oils (OE/HDO) or DEXRON automatic
transmission fluid to JET A-I/JP-5 fuels to improve their
"lubrication qualities'., Adding these oils provides
questionable benefit, and can cause increased nozzle/injector
deposit and ring sticking problems,
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C. ENGINE OILS:

1., Can the OE/HDO-15W/40 ANSWER- YES. Tests have
tactical engine oil shown satisfactory
(MIL-L-2104; be used in the performance to
high temperature environment 120OF (+4goC)
of Desert Shield?

2. Does the high ambient ANSWER: NO, OE/HDO-15W/40
temperature require that a is satisfactory and
Grae%ý 50 engine oil be used 9  available.

OE/HDO-40 can be
used in place of OE/HDO-15W/40 if s.. desired.

3. Is a OE/HDO-50 product ANSWER- NO. Dropped from
available in the supply MIL-L-2104 when the
system9  OE/HDO-15W/40 was

introduced.

4. Are OE/HDO (MIL-L-2104) ANSWER: YES. They have the
and PE (MIL-L-21260) engine same performance
oils compatible with each other? level, (MIL-L-21260

has an additional
prservative component

5. Can MIL-L-46152 ANSWER: NO, NO. ADM Engine
(Administrative Engine Oils) Oils will not provide

be used in lieu of MIL-L-2104 needed performance.
oils9 Serious engine wear

and deposits will
arise.

Vehicles/equipment arriving from Depot/CONUS/OCONUS
locations should be checked to assure that the proper oil/lube
and designated grades are being used. If unable to identify,
drain and replace with recommended product (see *Fuel and
Lubricant Recommendations* Chart).

Use of a diesel fuel having fuel sulphur values in this
range (i.e., in excess of 0,7% wt,) will cause an increase in the
wear of oil-wetted engine components; particularly in two-cycle
stroke engines which power combat vehicles such as the M55/Al,
M108AI/A2, M125AI/A2, M548/Al, M992, M577A1/A2, M730, MI13AI/A2,
M981, MllOAl/A2, M10QAl/A2, M578, M983, etc.

Vehicles/equipment operating in higher ambient temperatures
and using diesel fuels with the higher sulfur content require
more frequent oil drain intervals. Recommend that the normal
criteria of mileage/operating hours for normal oil change be
reduced by factor of two,

Vehicles/equipment operating in desert regions will
encounter increased levels of dirt or particulate contamination.
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Air that appears clean is actually laden with fine dust, even on
a clear day, To avoid excessive wear from ingested dust,
recommend that periods of operation (i.e., miles or hours)
for normal oil change be reduced by by a factor of two. To
further reduce contamination, recommend increased air/oil filter
servicing, and use of smaller sized containers of lubricant, if
possible, which will be consumed more quickly.

Do not use any engine oils manufactured by either Battenfeld
Oil and Grease Corporation or Battenfeld-America Inc. The
products (MIL-L-2104, MIL-L-21260, and MIL-L-46152) manufactured
by either of these companies were improperly formulated and wlll
not provide satisfactory lubrication in new operating
environments,

Do not use any MIL-L-46152 type administrative engine oils
in place of MIL-L-2104 (OE/HDO) tactical engine oils,
Administrative service engine oils will not, repeat, will not
perform adequately in combat/tactical equipment designed for MIL-
L- 2 104 engine oils.

D. GREASES & GEAR OILS:

1, What grease should be ANSWER, MIL-G-0010924E(ME) or
used in ground vehicles or MIL-G-10924F Grease
equipment? Automotive and

Artillery (GAA)

should be used as they possess a significantly higher operating
temperature capability than the previous MIL-G-l0924D Amd 2
version. If at all possible, the MIL-G-10924D Amd 2 GAA should
not be used unless there is no other option available since its
somewhat lower Dropping Point may cause oil leakage problems in
high operating temperatures, If the recommended MIL-G-OO10924E
(ME) or MIL-0-lO924F grease is not available, use of MIL-G-83122
Grease Aircraft, General Purpose. Wide Temperature Range (WTR) is
strongly recommended.

Vehicles/equipment arriving from Depot/CONUS/OCONUS
locations may show some degree of *Grease Bleeding/Softening" at
lubrication points much as wheel hubs, road wheels, etc., due to
the prevailing high ambient teikperatures initially encountered,
Where this "grease bleeding/softening' is evident, remove and
relubricate with GAA (either MIL-G-0010924E or MIL-G-10924F) or
WTR (MIL-G-83122). Care should be taken to wipe clean any excess
grease as this will attract sand particles and cause
contamination of grease,
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GEAR OILS - Vehicles/equipment arriving from Depot/CONUS/OCONUS
locations should be checked to assure that the proper oil/lube
and designated grades are being used, If unable to identify,
drain and replace with recommended product (see *Fuel and
Lutricant Recommendations' Chart).

Do not use any gear oils manufactured by either Battenfeld
Oil and Grease Corporation or Battenfeld-America Inc, The MIL-L-
2105 products which either of these companies manufactured were
improperly formulated and will not provide satisfactory
lubrication.

E. ANTIFREEZE/COOLANTS:

1. Will increasing the ratio ANSW'FR' NO. Increasing the
of antifreeze (MIL-A-48153) ratio will lower the
to water improve the heat heat transfer
transfer qualities of the properties. For best
antifreeze-water mixturel results, use the

50':50 mixture of MIL-
A-46153 and water,

2. Can local water be used in ANSWER: NO, NO. Use either
cooling systems of engines? distilled water, if

available, or
treated, potable water. Local water in Saudi Arabia is very
saline and will calcify in cooling systems and reduce the cooling
c&pacity.

3. Can commercial antifreeze ANSWER: NO. Mixing
be used in lieu of MIL-A-481537 commercial anti-

freeze with MIL-A-
46153 will produce incompatibility problems leading to increased
cooling system maintenance problems or possibly failures.,

Do not use any MIL-A-48153 antifreeze taken from unlined 5-
gal or 55-gal drums.. MIL-A-48153 must be packaged/stored in
plastic or metal containers fitted with plastic inserts.

Use of the antifreeze extender additive (MIL-A-53009) is
recommended as a means to insure against potential high
temperature aluminum corotion of engine cooling system- that may
occur. Treatment levels are one half quart of MIL-A-53009 to
seventeen quarts of antifreeze solution (a treatment level of
3%) However. more than one treatment with MIL-A-53009 is not
recommended.
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F. BRAKE FLUIDS
Vehicles from arriving Depot/CONUS/OCONUS locations should

be checked to assure that the brake systems are filled with MIL-
B-46176/BFS, If during maintenance checks, the wheel cylinders
are bled and other than a purplish or clear fluid exit the
bleeder hose (e g,, brown-colored, two phase mixture, etc) , this
indicates the presence of conventional-type polyglycol brake
fluid (DOT 3). If this occurs, the vehicle brake system needs to
be drained, flushed at least two times with MIL-B-46178, and
refilled with MIL-B-46176.

Do not use any conventional-type polyglycol base brake
fluids (i.e., DOT-3, cancelled VV-B-680, commercial brake fluids.,
etc.) as mixing these fluids with the silicone brake fluid (MIL-
B-46176/BFS) will cause possible brake fade problems and other
system malfunctions when subjected to these operating
environments.

(. HYDRAULIC FLUIDS
Self pr'opelled artillery and other tactical materiel

currently using OHT hydraulic fluid (MIL-H-6083) should, wherever
possible, change to FRH hydraulic fluid (MIL-H-48170), FRH is
more capable of sustained performance in a high ambient
temperature environment because it uses a synthetic base fluid
and it also offers some fire resistance protection. Both FRH and
OHT are compatible with each other,

H. FUEL CONVERSIONS AMD VEHICLE PROCEDURES:

1 Do you have to change fuel filters on vehicles or equipment
that had previously used diesel fuel when using JET A-1 or JP-57

"ANSWER: No, No requirement exists for changing fuel
filters on those vehicles or equipment that have been routinely
exercised and properly maintained, If they have had extended
periods of inactivity or there is some suspicion that maintenance
may not have been as complete as desired, changing of fuel filter
elements should be considerod as an insui-ance measure.

2 Are there any special requirements for servicing tank truck
refuelers that have previously hauled diesel fuel prior to their
use with JET A-i or JP-57

ANSW1: Mo. If the tank truck refuelers will be servicing
only ground vehicles or equipment, no special requirepents or
changes are needed, For example, the dispensing filter/separator
element does not need changing.

YES. If these tank truck refuelers are to service
any aircraft or helicopters, the tank interior and lines should
be flushed Lt least once with JP-5 or JET A-I, and the dispensing
filter/separator element replaced.
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3. Will there be additional maintenance problems if JET A-i or
JP-5 are use in vehicles or equipment that previously used
diesel fuel?

ANSWER: No. There will be no problems if the vehicles or
equipment have been routinely operated and properly maintained,
'h,,,, 'otijld be a slight increase in replacement of fuel filters
if the vehicles or equipment have been Jnactive or not had proper
maintenance such as routine removal of water and debris from fuel
cell or tank sumps, etc.

4. What procedures should be followed to remove residual fuels
from combat/tactical vehicles that are experiencing excessive
fuel filter plugging problems?

ANSWR: Vehicle fuel filters will eventually remove this
contamination but may require a large number of filter changes.
The best solution is to clean the fuel tank by flushing with new
fuel as follows:

a. Pump out and drain all old fuel from each fuel
tank.

b, Fill with the new fuel and run the vehicle for at
least fifteen minutes prefe-ably over rough
terrain to provide agitation.

c, Remove the flush fuel and discard or label for
special use (i.e., intended for non fuel-sensitive
ground vehicles or equipment).

d. New filters should then be installed on the
vehicle and new fuel put into the vehicle.

e. The new fuel, either JET A-i or Diesel should be
treated with the FSII or the diesel fuel
stabilizer to prevent further microbiological
growth.

Flushing may not be practical, particularly when there is no
use for the flush fuel or it cannot be discarded easily, In
these cases, a refueling vehicle, such as a HEMTT tanker, Tank
and Puap Unit, etc,, may be used. It should never be designated
for aircraft refueling. For this case, the alternative procedure
is:

a. Fill vehicle with the new fuel. Run the vehicle
for at least fifteen minutes to agitate the fuel.

b., Connect defueling hoses from the refueler vehicle
to the inlet connection(s) on the vehicle fuel
tank.

c. Defuel the vehicle's fuel tank(s) through the
refueling vehicle's filter separator.
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d, Add either FSII or the diesel fuel stabilizer to

provide insurance against further microbiological
growth.

e. Refuel the vehicle with the filtered fuel.,

f. Discard the filter element on the refueler
vehicle.

g, If refueler is to be used later for aircraft
refueling, it must be thoroughly cleaned as per
instructions in FM 10-71.,

h. New fuel filters should be installed on the
vehicle and new fuel added,

il Treat the new fuel with FSII or the diesel fuel
stabilizer to prevent further microbiological
growth.
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F=~ AND umic~;r xct w a / m w
• MX IN ORATIa=N M=r ML

Fuels -IL-T-3624/JP-5 2/ Use oly J-3, ME£ A-1, or
AM D1655/= A-t" DF-2 (CES). MflI-F-16884/LEM is
W-F-" /Grade -2 (0C0I2 ) an aepa••le alternate fuel.

- internal C~hsdct M-L-21O•/CE--O Use only CZPA-L5/4O or Z/lO-44.

MM-L-2l260/iE Use only E-15/40 or FE-40.

- Turxbin M-L-LJ699 Use o.ly ,Z-L-23699,

Gear Oils CI.--L-2105/CX Use only G0-85/140 or GO-W/90.

Hydraulic Fluids T I-H-461.70/FRH Use only FRH as it possess
suPerior hi•h trrarqze operability
over W (M.-a-6••3) and offers
greater fire resistance.

3/
ission Flhdgs- .OI-L-2104/1E- Use only (IF-.•-11/40 or CEI/0-1O.

fl.-L-212601P/ Use only FE-15/40 or E-1O.
MOM Fluid If M Fluid is -ot available,

use of CEIMO-iO is acceptable.

Brake Fluids M•-B-46176/BFS Use nly BFS as other c=.,mtical
brake fluids (e.g., Trr 3) are
un~acceptable.

Greases M-G-0010924E/GAA Use currer GAA (i.e., E & F versiw3
MM-G-10924F/CMA MI) CA~A can be substituted in

ground ve le/eqt~p t applicat-i~
currentlJy s~±fir WI (MC.-G--83 122).

MIL-C,-m3!2j •Use for all WM applicarions. Wm
my be used as s•bsitute for Gm
if GVA is nc aailAble.

/Rec a odatm gi eanz not inendemd to rmdaw nLclg UN Order docu- .
"1 J-r A-i is J?-8 withola its t- modacry adittimg.

P./ r•-fr., ,•I py to A1 VWA 440,,•a•,MOWl . series Ab, tmk. Fc
.41/1=, use only (Z/D-3O or E-30 in trzmi.d=.
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Coolwt/Ana/ frz %-A--46L53 Use 50:50 •mwe of MM-A--46L53
ad water. Do not use ccucrad.

,-i.feef fomjaatios. Use only
potable water.

- Test Strip Kit A-A-51461 Use to mmitor co±iti.cc/qualiy of
antifr• in service. Test smp shoul
give blue color ra.ing. If grew, add
E7 eer Additive (KIL-A-5309)., I-f yeLc.¢c.,
replace a2zifreeze.

- ender Aditive Mk-A-530 Add to atifreze if Test Strip Kit gives
green color :ating.

Weapons Uib ý NL-L-46000/LS Use lubricmt as is specified m UTE orders
Ml--L-46 LS&/IA-T

DOD-L-85336
MM-LO-6340/a2

Fuel Additives M-I-27686/FSII Use either FSII or Diesel Fuel

MIL-I-85470/FS3l Stabilizer (M@ -S-53021) to coutoi
ML-S-53021 mcxobioloial groth problem

(i.e., as in fuel).
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Appendix B

TRIP REPORT, 02-13 DECEMBER 1990
"INVESTIGATION OF THE USE OF
JET A-I FUEL DURING OPERATION
DESERT SHIELD," DATED
17 DECEMBER 1990
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•AZQARTERS
u;:ITZ d STATES ARM CE"IPTRAL C=Z.'vAN0 X!A:NI

RIYADH, SAUDI ARABIA
APO NEW YCRK 09852

AFRO-GD 5 :eceizLer 1990

=mCPANT)U24 FCR Cob1C.ne! Rcier- M. Weimer, PM, Petr=leum & Water,
TROSC^M

Mr. Maurice E. Lepera, Chief Fuel & Lubricants
Division, Ft Belvoir Research & Development

Mr. Richard E. McClelland, Chief, Propulsion
Systems Division

SUBJECT: Fuel Options for OPERAT:ON DESERT SHIELD

1. Request the followng issues be addressed at the conclusion of

your investigation:

a. Does Jet A-I cause mechanical problems? Diesel oil?

b. If =echanical parts are effected due to the use of Jet A-l
what is the expected risk of failure? Also for Diesel oil?

c. Does the Saudi Arabian Jet A-I meet acceptable standards
and if not what are the differences?

d. Are there any additives that can be added to Jet A-! that
will aLlevLate the lubricity problem should there be one?

e. What is the rlsk of using Saudi Arabian Diesel oil in ArmY
ground equ.pment (sulfur content and cloud point)?

f. Are there any additives or blending procedures to bring
Saudi Arabian Diesel oil into spec, if it is ouc?

g. Wil: Commanders support the use of Jet A-i fuel as their
primary fuel if the issue of possible mechanical failures is
resolved?

h. Caa the Commanders use Jet A-1 with additives to make
smoke?

i. Are thera any other Diesel oil characteristics that will
effect the perfcoraance of Arzy equipment? ky other Jet A-l
characteristics?

j. WhAt do you recommend as the primary fuel for Operation
Desert Shield be? Provide rationale.
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AFYD-GD
SUBJECT: Fuel Cptions for OPERAT:CN DESERT SHIZI=

k. What is the best method available in order to build the
confidence of the commander for your recommended fuel?

1. Analyze the reasons for different failure rates in units
using Jet Al and Diesel oil.

m. Why is Jet A-1 being used instead of diesel? Why should
diesel be used instead of Jet A-i?

n. Are there any safety impacts of Jet A-i relative to flash
point? Is Jet A-i safe?

o. Are engines on ground equipment designed to operate on more
than one type of fuel? Is Jet A-i included?

2. Due to the sensitive nature of this subject and the critical
time schedule to build fuel stocks in country, it is requested that
the investigation be conducted in the shortest and most efficient
manner possible. -

3. POC this action is MAJ Bochert, ARCENT G4, COMM 403-9756.

JAMES W. MONROE
Brigadier General, U.S. Army
ARCENT G4/Deputy Host Nation "

Support
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s~~s:Eo:: -L TZN THF. SWA T=HEATE-R CF P?.:s

0:--qL kN ;-T l UES r~ THAT -TH AI OFAT THEE US=0E7 WS

TO ANSWER: ShOuLD WE :NS:--, ON A S:.NGLZ F UEL vON TH.E 2 A.T 7 ':L.
T.HE- ANSWER. :S NC.

2. SE-7C :F C A.L LY , THESE STt;D:-zS H-AVE ADCRESSED3:
a. FUEL EATDMANTEN=-ANCEv ýRCBLZMS
b. Que--:Ty CF FUELS az:NIG ?RC=URED
c. RELATIVES SAFETY OF TH'-E TWO FUELS
d. VE-H:!LE ENGN EXHAU~ST SMOKET SYST-EM (VEESS)
e. AVL3L~ AND D1*:STRISU7:Ol'

3. TiHE CO-NCL-USTIONS ARE Al'S FCLLO^WS:

a. WF:LE MOST CF THE EO:s :TN THEATER HLAS PRC
* SAT:SFACTORILY IN SWA, TWO SYSTEMS HAE XPER:ENCTED UNACCEPTAB LE

FAL:URE RATES. THE M915 STERETS vzEH:Cl~s ARE SHOWING A H73ýi
FA:: RATE CF THE FUEL TRA.NSFER PUP A sISAKcW
FALPEMODE CV L%^W V:SCOS:TY SUSE OF DIETSEL FUEL :S

E.NCURAGED.- ALL SYSTEMS USING THE STA;NADY'NE ROT.ARY FUEL: ?UWV
"(CCV, FWvv, AND 15, 30, 60 KW GENESATOR) ARZ ALSO SH%-OW:,NG HGi

FA:tdRERATES. THE p.R:ARy FA:L.Up. MOEAP RS To SE D0R.
FAL::uRzS OF THE.- GOVEiNCR RE-Ti:NER :S NOT FUEL RELATED AND W::,L BE

* DRSSTEDw BY MWO ASAP. THE COWflGN PRCT~ CF REMOVING THE
?RZSSURZ ;!GU"7:G "I.1ASS BALL" AS A F-I?-1" E-XPE:DIONT FIX CAE
AzYD REP LACE.MNT BALL'S ORE ERZ:.

l. T"UE USERS CF vET, A: NEDTO BE IREASSURED THAT w":T A-' IS AN
ACCEPTAL t BST:TUTZ FOR 0: SrE' AND IS BE:.NG SUCSFLYUsED

BYALARGE PECETAGE CF fvSE.RS W.~~I T HATER . AZD:T:CON CF
OIL'S, :LUZS C.. INTENCED TC I.'eRoV'E LBRICTE= MUST CEASE AS
THE r ZTRLE USEE AND QUEST:CwýNABLE LONG T"6.4- EFFECTS CF THE
AZ-ED HAT:R'A.LS ARE A CCNCER:ZN. THEE ACDDTIVE COW.ONLY USED BY THEiAIR FO.'rE TO ENHANCE LtUBRICITY 913,ML---25017) WILL7- AD:DED
TO GROUND FUoEL7. STOCCKS AT THET WHCLESIALE LWEVE'L.

c. THE CC1.%mRCIAL DIESEL BE:N4G PROVIDED IN COUNTRY IS NOT
TYPZCALT OF CONUS AND GERMANY. ALTHOUGH IT POSSESSES HIG2:ER FUEL

SULFUR CONTENT, ITS USE SHOULD CREATE NO PROBLEMS IF O:L CFHANGE

ADHERED TC.



d. JTA: FUZEL !S FOR USE "N ALL GROUND /r,-iCLES ALlr
EQU:P.NT. " REL.LATED" F'.KES 11-.••H.ICTLS HA'VE NOT BEEN -•K0VEN

TO BE CAUSED BY CHOICE CF FUEL. FUEL FIRES "N THE ENGINE
C^MoARTMNT CAN OCCUR WITH EITHER DF2 CR JET Al WITH EQUAL

:L:.'ILHcOD.•

e. THE VE.-.iCLE ENGINE EXPAUST SMCKE SYSTEM (VEESS) CN ?3.4C.ED
VI-H:CLES IS INEFFECTIVE WHEN FUELED W:TH JET Al. IF SMOK' -rS
CR-TZCAL TO CCOMYMNDERS OPERAT:ONAL PLANS, DIESEL FUEL SHOULD BE
USED.

f. AVAILABILITY OF ADEQUATE SUPPLIES OF BOTH DIESEL AND JET Al
APPEARS TO BE ASSURED.

4. THE POLICY OF ARCENT, COORDINATED WITH CENTCOM JPO, IS TEAT
WE HAVE A FUEL OF CHOICE IN THE THEATER. ITS AVAILABILITY WILL
DEPEND UPON ACCURATE FORECASTS.

2
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Or

SAtUt: APABIA. 2-:2 :EE4•E "*
....O -un--S.nde Eu7riLa:sr FRCaiua:i :

". Check on availability of Ba - -Cn-C 'inde-
(Bcc:E) test apparatus for shipmen: to 240th .M BN as a means t
ennance their capability for monizoring adequaze levels of M::-:-
25017 corrosion inhibitor in JET A-7. This needs :o be exPec::ec
as quickly as possible.

2. Develop a field procedure for addition of M:L-1-25907 to tank
truck quanrities (Note: procedure should be similar to that which
was developed for blinding kerosene/JP-8 into diesel fuel. Th.s
needs to be developed as soon as possible.)

3. Advise Defense General Supply Center tha: units are nc: able
to requisition adequate amounts of packaged products and some are
unable to obtain CE/iDC-5/40.

4. Develop information on cool-down rates of diesel fuel in MIA
fuel tanks and clarif', wnether szar:-uP at an ambient equal to a
fuel's cloud Point will create starting/opera:ional problems.

5. Develop a relatively simple procedure for 240zh Q.M'BN to enable
their being able to rapidly determine the presence of micro-
organisms in fuel samples. Also, consider developing an easier
means to add bioc:des to either diesel fuel or 7.T A-I.

6. Develop a list of recommended oil change intervals for
vehicles/equipment operating in Saudi Arabia on either JET A-: or
commercial diesel fuel and coordinate with TACCM. This is needed
as no AOA-P is being performed on ground materiel.

7. Follow-up on the ?etromin Lubricating Oil Company's new
agreement with DOD and process any waivers required for the M 7-L-
46152 and the obsolete CE/.DO-50 products which are being requested
by the USMO. Advise the Defense Criminal mnveszi;ative Serv:ce
(OC:S) as to the planned use of MC-3076 formulation.
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The izw~na s a ser:es :f obser-;ai:ns anc facts that* were
gleanec from :he visits/inzer-iews whicn occurrec in Saudi Arabia
during zne pericd of 7-10 Cece.nber *9;0.

o Potential for zalc-like sand contamination in
vehic-e/equipment systems is Overwnelming and appears
primarily responsible fc-r arge numbers of fuel--
re.azed maintenance problems.

o More rigorous maintenance of vehicles/equioment needed
due :t harshness of env:ronmenz (i.e., oil drain
freuencies being halved, increased replacement of fuelfi~ers, etc) appears to be fa.ling considerably short
of its mark.

o Operat: ng freauencies/usage rate of vehicles/equipmentwould appear for some iterns to be far in excess of
:ril:na I design criteria and for others considerably in
exc;cess of either past CONUS or NATO practices.

o Cuality of lubricants products is highly questionable

and unacceptable in some instances as (1) Battenfeld
prcaucts are being routlnely uzilized, (2)
ac~n. strative service (i.e., commercial vehicles)
enc-ne o:ls (M.'Z-L-461.52) are being ued in
z:mza:/tacticaI heavy duty engines, and (3) commerciallocally-procured cils are being used ard no one has any
idea as to the performance levels of these products.
When •aestioned as to the rationale for these
unaczetzable oractices, field personnel indicated that
ei:her nozhing else was available or that product was
being Prcvided in response to their requisizions.

oM:an; "failures" cn the Stanadyne Fuel Znjec~or Pump
hvzve been retorted but no quan:itative de:e:n-naticn
'as ceen cerformer to assess whether the pumps hada ':ui' failed and what had caused the failure. :n
man,':"ases, only one or two punps out of a total of
forty tus pumps had been aisas.emled and inspected.

o Many f these "failed" Stanadyne Fuel Injector Pumps in
as1 probability had their glass bead check valve broken
as this "field fix" became unoffiially a cure to the

"pr.ýblem.
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o :e Src..S CcC*.-rrc'nC on -n= u-..in u
-:n :. -K appears ormar:i re-' -• n c -

A-. iwever, -_.ne usage c:f :e " in Sauzi A.-* :.a z
ar e.....s any c-er-'-sn cra'-=4:s ever e.-.."n-.r

"" -. ;" aue" .. _a :PAT R:T's
:cwerpa.. system -:--a:= r r:eevel cc.urred w:. Jr-
A--, remain a mystery.. The -PAaT.R.CT --atteries in/_r near
Riyanr are using 7E7 A-I successffully with no pronlems.
Those .DAT-T baeteries near Chahran and elsewhere have
converted back to diesel fuels because of repeated pump
"burr. .-outs." chat reportedly occurred when using
JET

o Operator's perceputin seems to be one of t•he prirmary
factors 4n the acceptance or refection of JET A-! fuel.
":n some locat.ons visited, one croup wculd be "uro JET
A-"" whereas another group wizin tnhat same location
would be "anti JET A-I". Any facts solici.:ed were
generally qualt--ative at best.

o Idea of 7:. A-! solvency and detergency (i.e., i:
cleans out fuel tanks that haQ previous service with
diesel fuel) is widespread and is being used as the
basis f:r many reported problems. Unfortunately, the
facts do not appear to su-eor- t-is as no FS3! was t-
focund :n :hose samules of -. aken. Moreover, no
orne appears to be acding FS-" to t*he JE1T A-1 fuel.

N
o :dea of JE.T A-i having "insuffcient lubricity'" has

become an instizutionalized "facz of life" with field
personne:. Because of t&he strong belief wnich exists,
many uni-s are routinely adding qu-arts off oil,
transm;ss_-on fluid, hydraulic fluid, etc. to the JET
A-: in varv.inc a.mounts and man.:ain this makes their
eaui men: run better. Based upon limited testing to
aa-e, adaizion of these cls/fuiuds does no: offfer any
real enhancement off lubricity but instead can increase
fuel system and engine mainzenance problems. The
problem has been made worse by (!-) correspcndence from
Cummins rnaine Co in the United Kingdom which in fact
sug ests adding up t.o 22% engine oil, (2) informal
recommen.a:ions given by some of nhe ,n-ccun-ry LA.•s,
and (3) recommendations given by the General Dynamics
Land Systems support group ..- country.

o Evidence available indicate no FS:I being added.to JET
A-i or diesel fuel nor any MIL-S-53021 diesel fuel
stabilizer being added to diesel fuel as a means to
control growth of micro-organisms in fuel tank
environments. In the environment which exists in Saudi
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A:rabia, ccntnued -;e of -7.7 cr diesel fuel
___-___-__ can cnly increase _.a__ab4'-ty for
m:crobob:;qica! growth przblems. Moreover, many of
these "Pr-- . ems" which have occurred could have been
t-e resu:.z of micro-organisms being present.

o The fuel safety issue (i.e., jET A-! will cause
explosions) was improperly repor-ed. The M109 had a
leaking fuel pump, its wires were exposed, the engine
was running at the time while it concurrently was being
fueled, yet JET A-I was identified as contributing to
the fire. If diesel fuel had been used, a similar fire
would also have occurred under those conditions.

o Many units that had experienced problems with use of
JET A-1 early on now say the problems have diminished.
Their belief is based upon the "flushing theory". This
reduced intensity in problems may be the result however
of operator familiarity, a better understanding of JET
A-l's acceptable performance, initiating increased
maintenance, etc.

o Many commercial fuel tanker operators hauling fuel from
Dhahran to field locations routinely operate with the
tank compartment covers o which only serves to
increase fuel contamination problems.

4

K',



•F•S:•AZ•NOF 1,7:NG I. A- :N :"D?.AT:CN 8SK HE
ChrqslZvOf Meezina/!)is~z S'-ar:es. v7-l •e" I•

Initial Meeting with COL Hill of ARCENT MAIN G4 and CENTCOM JPO
(6 December 1990):

Preliminary guidance was given as to what was expected to be
accomplished. j-O personnel explained that two corps are
establishea with. one additional corps being provisional. A total
of 4M gallons/of fuel/day is the current projected requiremenr
for tlhe Army with essentially 2M gallons/day per corps. The
ratio of Jet A-! (JAl) to diesel fuel is 30:70. A brief c-c=en:
was made relative to the reported M109 fuel fire which had been
the basis for subsequent statements that JAI was an unsafe fuel.
The wires to zhe fuel pump ignited the leaking fuel and the
heater was being operated. However, there was =. connection of
the heater being operated and the JAI leaking from the fuel pump.

SUPPORT COMMAND (6 December 1990):

LTC Carr of SUPCOM provided a brie: overview of the POL
supp!y/distrihuzion picture. Fuel is being moved primarily by
line haulers (M915s and commercial tank trucks) out of Dhahran.
There will be three corps established. When established, the
fuel requirements may peak at 15M gallons/day. The USMC have no
intent to chance nack to diesel. We were asked to nail down the
maintenance issue. More discussion evolved relative to the one
M109 fuel fire. As was explained, the fuel pump on the engine
was loose, the wires to it were loose, the engine was running,
fuel spnlage occurred, the vehicle was being fueled, and the

--.. are was being operated. As is obvious, the fuel fire was
totally no: related to the heater operation or to JAI. JA.
merely became a convenient scapegoat.

475th QM GROUP (7 December 1990):

7 was reported that the 3rd AC-A does not want to convert back to
diesel fuel as their preference is Jl'. A draft petroleum
distribution plan was discussed.
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240th CM BATTA:ON (7 December 1990):

_:r-en urg_.. .x._t hav :I's two nioicie cerroleumi
=tb:r-tories .erform :ne Ba -cn-.;vi.nce-. l'*_.-n- n Eiaaor

t'B3cE) :_s: on JA- af-er "USAZ has n.nec-ec tne
.-* test is n:- avai.a.le in counzry and

samles -.. s: re f::wn :to- Er=e fzr dererm:n:na if :he tzr-=er
. s t.-. Because of :ne urgency, 3-e:voir

aagr___:z see whether we could dizec=_y purchase one or pcss:cly
:wc BCCLZ un:s and have them air sncpoed to the 2401a QM BN.
Mention was made of a FOX vehicle fuel contamination problem
wnere ra.her large amcunts of water con-amination had occurred.
The 240t'. IM BN has run some 700 fuel sample analyses to date.
There has been a policy established on checking fuel from
co:merc:al =ankers and on tanker inspections themselves. All
:ankers are being top-loaded.

46th COMBAT SUPPORT GROUP (7 December 1990):

MAJ Grif'fin reorted 23 cut of 47 M91Ss were down because of JAI.
":t burns hcnter, gives less power, and degrades O-rings." The
M9!Is came frorn Ft Benning and are about 10 years old. Several
c-erat-ors were reportedly mixing CEXRCN, OHT/FRH, or Two-Cycle
Engine Oil (TC) a; the dosage of 1 QT/50 GAL to correct the
problem. They also have 7-8 EM_.•MWVs down because of. JAl and have
changed over to diesel fuel for generator sets. Cold cranking
a so is a Problem with using JAI. M2J Grifffin said you can use
JA' if you pro'perly flush the vehicle's fuel system, but he felt
the M915s are really being strained. !He also asked the question
of why are we excending ourselves in trying to use JAI.

GENERAL DYNAMICS LAND SYSTEMS (7 December 1990):

;. overview was given by CPT D'Alio who is the C=R for the in-
counzry GCLS contract. ýie provided the opinions given by Cummins
ana Detroz: DCesel and also distributed the Cummins Daventry
letter whicn shows that 20% of oil must be added to a kerosene
fuel to have it give an equivalent diesel fuel viscosity. CPT
Z'A4io briefly commented on the M915 fuel transfer pump problem.
4 Nu.. ̂ers were given such as 1105 M9lSs had been processed in the
past 85 days. Of those, 23 had ei:her turbocharger, fuel pump,
engine r'ems, etc. maintenance. Some 4-5 of these had fuel
-ransfer pumps w4ith brcken shaf:s. t;e again rei:erated that
Cuxnnins Daventry (UK) does no: recom-mend using JA as the pump
was designed solely for diesel fuel. CPT D'Alio also recorted
tna: they had a number of H.Y4.Vs tha: had a low end knock problem
wnich resulted in some 15 engines being replaced. Regarding the
S:anadyne fuel rotary injector pump, they worked on some 210 pump
fail ures which occurred in only the first month. However, they
disassembled onlx as the remainder were returned to SASCO
for rebuild. CPT D'Alio commented that the 18th ABN Corps is

2
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S - . .... .........-... . " .

made c' o.her general "vnamics :ersznne! =-a: venacles are reznc
'refueled n .' envir en:S and tha? *he fuel.secara:=rs =n

A--TT are :ein: disaz.ec aiwnr c.r,- fue. e . - -.
i ... t"anks. . he. a/el c:mmented :ha: engine 0e...

!:e:.n. _lne from C7CVS A;D ý_,%E s ft ocl s :k e a very -cw
- . `" (i.e., wa-er-2ike) and fee, :--• .s c-sLnr other

nrcolems. Mention was also made of a ýý4K TFork.if: wlzzh 'as a
Stanadyne fuea rotary injector pump and that tnhs had a frozen
ball cneck valve due to dirt/gunk In the fuel. Lastly, CPT
D'Alio noed z:nat the 11th ADA Patriot generator sets at the Port:
were having Problems with their electric fuel pumps. Three had
burned out (i.e., failed) in a r:w. The unit had subsequent y
changed the r;e! and resolved the problem. They are ncw usina
diesel fuel.

533rd TRANSPORTATION MOTOR COMPANY (7 December 1990):

This unit has 50 M9P5s and 10 have had fuel transfer pumps
replaced. These M9lSs are seeing rather severe line haul service
as the M913s have an average of 7600 miles/truck to date. They
average 45 line hauls/day and their problems started acout two
weeks after being in country. Regarding use of JAI, they
cormented "it burns hot, has a high flash point, and causes oil
leaks due to head gasket failures". Their service now is
a-proximately z times that whicn they were doing in the states.
They have seen no CUCV fuel pump failures and are still using
JAI. Regarding the M915s, they cannot check fuel filters but
noted on scme transfer fuel pump failures, the fuel filters were
examined and found to be clean. They are using OE/HDO 15/40 and
change every 6000 miles.

503rd MAINTENANCE BATTALION (7 December 1990)'

CPT Starling and SGT Stark commented on the problems with tneir
CUCVs tnat originates from the residual diesel in tanks and the
"flushing action" of the JAI. After about 4 fuel filter changes,
the problems become non-existent. They have replaced 550 fuel
injector pumrs from CUCVs and 15 fuel injector oumcs from !-LWVs
in tne firs: 20 days of deployment. However, cnly a few .umps
were disasser•led and examined. SGT Stark noted the DS in the
82nd ABN D:7 reported plugged fuel return check valves cn CUCVs
and somehow the field units aecided to break the glass bead i1
this fuel return check valve as a quick field fix. Once broken,
fuel flow occurs but this then creates secondary problems such as
hard starting to occurs which cause the pumps to be returned to
the maintenance activity. Another reported fix was to add 1-2
quarts of DEX?.ON transmission fluid per every two tank-fulls of
JAI. They would prefer going back to diesel fuel however.

3
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a c:r~en were .a.de :haz h.ea gaskets are .reacing cown
nYc "-* n;s'_-zr pr:zbems were repcr-e.

en=ne c*-!, CPT Star. .nszazed =hey are shor:-o.-_- d n en in -' - -%._ _ .- o
_/ iHC-:I. Hzwvever, !her e s;:cs revealed s-zeable

the = 3a-:==nfel" 3d -30 (MC-329a/_2arc J En,-
G ?OX 4, _3G- /F-444-2-) and GO 3C/ 90 (X-- 0/4 -6A-9

=rzcuc3s w-ich were being used. Addi:ionaliy, vuantizies of MIL-
_ .,_4e 1:5W40 were being used f.r combat vehicles as well
as red --,a-zn- :r pails marked only 1 i wit h "7ngine Oil SAE 30". When
questioned as zt why these prcducts are in use, personnel
c= .ented ":-.a is all we were given".

101st ABN D-IVSICN (7 December 1990):

"!C Nowlin cot~ented cha- tbheir 80:st Maintenance Battalion had
=-es:icned using JA-. The generazcr sets are their major

er.. . vThey are having a high numbber of broken pump shafts and
queszi4ned .ha= fuel debris/dir: may not be the root cause of

il're, but :nstead JA! itself.

801st MAINTENANCE-BATTALION (7 December 1990):

"1C. Perry cc.ented that they support some 28 battalions. They
have seen a large percentage of fuel injector pump failures on
CUCVS/1F~,VWJs; th'e .rcblems being either a breakdown of the drive
shaft rn the key on the drive tang. They suspect fuel lubricity
as the Problem. Because of the reported flushing action of JA1,
:hey szartec a process abcut three weeks ago involving the
complete purging of fuel tanks and systems. About 40 plus
CUCVs/H._-0.,Vs have been processed to date. Once flushed, there
appears zo be no more pr:blems. Of all their pump failures, they
.n.. emnIne S -2el `njector pumps. Only one had the older
=:ex r.n- retainer ccm-cnen:...iarz starting has been repor:ec on
nany cf -ahir C CVs. Aroparently, the "field fix" of breaking the
=Lass zeac in :he `ue1 check valve was evident as 7.% of returned
"*;enizes hat this class bead broken. MAJ Curtis stated they seem

no nave stoored this prac:ice as well as the adding of oil. He
or-.ented further that :hey found some fuel injector pumps on

vehicles that had ra check valves. When questioned, MAJ Curzis
statec that they have seen no nozzle/injector problems.

7th ENGINEER BATTALION, USMC (7 December 1990): ,

:hey co.mene:e that some of their CUCVs have experienced fuel
injector pump failures. However, they strongly support using JAl
or JP-3 in lieu of diesel fuel. :n contrasting their experience
with that of the US Army, the USMC maintained that a large
;ercenzage of their vehicles/equipment was new or from Roll-
.n/.o..-Off ships whereas a vast majority of Army came from the

field and was not in an equivalent "as new" condition.

4
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Ast FSSG, Is= M:k:V'JCE_ BATTALICN, US24C (8 becember 199):

z of a CU'- de.si-v of e03-7CC v-hicles, ;hey ha.r-e seen sT=..e
"-80 uel i-.ec-:r - :f- e_. was n-" a un.-an.-:V cJear as

w. .eied u.-S had teen taken apart to e~enmi_-ne=:.e
cause cf -h-_u .r . Thev however n uaai.-i.ed -_hat i-r was a
majcr conr::;rhu-.ng fac-or. was nce -, -"._.- Z ~ l _i stocks
ccntai.ned in adci-ion zO CE//'=O-.5/40 prcducts, ccmmer 2a

and C:'GO SAE_I.0W.produczs. No =erfor-ance .level-cr
s.ec_--caE..C- was idenrified on-the containers.

3rd ACR (8 December 1990)

An operator for a 30KW Generator Set was interviewed. H
commented that JA! is being used and there have been no prcblems.
When questioned as to why he was using an OE/QDO-30 przduc-, he
commented that the preferred OE/DO-.5/4 asQ-ta0aiab-e.

24th ID, DISCOM (8 December 1990):

The 24th ID when init4ially deployed in country used JAI for
approximately one month then swi-ched back to diesel fue... They
reportedly ran back-tc-back tests in vehic1es (i.e., JAl vs
diesel fuel) which confirmed their cower loss issue. During that
first mont, t..ey replaced about 15 fuel injector pumps on CUCVs
out of a popula-:on of 5C-75 vehicles. They have since replaced
about 4-5 pumps after changeover to diesel fuel. Some leaking
with these fuel injectcr pumps was noted during use of JAl. In
interviewing some personnel within C Ccmpany, they reported that

* using JAI in their CUCVs had produced no problems. •t was
eaually inzerest-ina that some soldiers were convinced that they
were using both diesel and Ja-A as the tank trucks dep oyed frcm
Ft Stewart st'ill had the "4"!--markings on their sides. "n
observing their lube oil stocks, Battenfeld OE/HDO-'0 /40 products
were again mocs visible.

Meeting with TACOM LARs, Dhahran (9 December 1990):

A meeting of all the TACZM LARs was convened t.- solici-
addi::cnal inf:rma:tion. They recorced the following facts -

o Users cannot obtain adequate stocks of OE/HDO-40 oil.

o They (i.e., the LA.Rs) have inszructed soldiers not to
use any Battenfeld prcduc:s.

o A fuel pump being replaced does not mean that the pump
is defective.

5
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."•e A-y's Zmait.-enance pr-ag-oam is essen:ia-1i1 non-

ex-ste-=.

o The CC7'; --- serar=z:zr sensor was found :3 be bad in
364 and4 GM actzally was offerin., new ki:3. This

=rczle-- s'culd nco :e even renczely associ:ted wi:h

o wi-.hi -. e 1ist A3- 0:77, scmecne had s.read the word i
that you need to break the glass bead in the fuel
return check valve (the Stanadyne fuel injector pump)
to take care of all problems.

"o They did not see a lot of failures with the Cummins
fuel transfer pump in the M9g5s.

"o This "perceived fuel problem" is really a preventative
maintenance problem.

" Operators of fuel tank trucks are having their lids
left open which obviously allows for greater dirt/sand
contamination.

"o Units in some instances have not replaced secondary
filters and also are installing filters improperly.

"o Uni:s are not changing oil as frequently as they
should.

o The 533rd S&S Battalion was sen: a drum of Battenfeld
engine oil fr-om the New Cumberland Army Depot. Even
they were surprised that this shipment had occurred.

US ARMY SUPPORT CENTER/DESCOM (10 December 1990):

This ac:-vi-:y was visited in an attempt to collect data on failed
Stanadyne fuel injector pumps. Serial numbers was taken on a
number of fuel pumps that had been turned in. The numbers were
collected in an attempt to ascertain whether the pumps were 1985
vintage or later. Although none of these had been disassembled,
this activi-'.y was starting to become a depot activity to
essentially rebuild the Stanadyne fuel injector pumpsand other
comporent, i: e.s.

6
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.... .. . . .... . ....... ........... . . .. ..

I 429th REPAIR PARTS COMPANY (10 December 1990):
Th±S uni. was queried on whether tnhey had rece--,ed/norzcesse.d anThi fue injcto pumps.ep.c~o_
failed Stanadyne fuel injec:7r pumps. None were avai.lable as a
number had recently, been .-. phed. to Mainzz e-pot in Germany ::r
rebuild.

Prepared By -

Maurice E. LePera
US Army Belvoir .D&E Center
ATTN: STRBE-VF
Ft Belvoir, VA 22060-5606

X

7
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Appendix C

BELVOIR RD&E CENTER
DATA COLLECTION PLAN/
QUESTIONNAIRE
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05'29/91 i7.29 !703 355 7733 BRDEC STRBE-VF --- SLESTZ -Z002

DEPARTMENT OF THE ARMY LEPERA/irfAV345:3416
-S ;,-XMY BELVOM~ R--•EARCM OM'ILCPF~tN, AND E•NGLN|•,INING CW.•1A

FORT I.LVOIR VIRGiNIA O-D•M,.

I "•rI ON Cr

FU3 S AD LUBRXCaNTS DATA COLLNCTION PIAN

Objective: To define Petroleum, Oils, and Lubricants (POL)
problems encountered during Operation Desert
Shield/Storm (ODS) and determine changes needed! in
POL equipment, utilization practices, and necessary
product research and development.

o Products- fuels, engine and drivetrain oils, greases,
brake and hydraulic fluids, coolant/antifreeze, and
weapons lubricants.

c Equipment- Combat and tactical vehicles and combat service
support equipment.

o Questionnaire- A list of generic questions has been
developed and is attached. Team members will collect
qualitative and where possible quantitative data on POL
issuss. Units contacted are not asked to complete any
questionnaire or forms, but any supporting documentation
developed prior to the v4sit would be appreciated.

o interviews- Candidate units and representative target
hardware are shown on attached list. Respondents desired
include: Starf level POL officers (S-4), unit level
maintenance and motor pool officers/NCO'S, and vehicle
commanders.

o POL Sampling- Samples of unused fuels, oils and other
associated products brought back from South West Asia as
part of the unit's basic load will be surveyed. Team
members will obtain samples of "used" products from
randomly selected vehicles.
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1-5 29 91 07 30 ff703 353 7733 BRDEC STRBE-VF --- SLESTZ t003

SAMPLES OBTAINED FROM

.REPRESENTATIVE ARDWE FUEL ENGINE HYDRAULIC OTEER

to bRe sampled C=S SUM RESERVO_

MIAI X X X TRANSMISSION
M2/M3 X X x TRANSMISSION
M88AI X X X TRANSMI$SSON
M915 (HET) x I - -

MI09AI/A3 X X X -

M578 x K X -

M985 ( T) X X - -

M1037 (MOMWV) X K - -

." 3o KW GEN SET X X - -

150KW/400HTZ GEN SET K K - -

Resultz;

o A report on the findings evolving from this survey will be completed
by mid July and copies will be provided to those units interviewed.
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BELVOIR RESEARCH, DEVELOPMENT ANb t-ONINEERING CENTER
ODS QUESTIONNAIRE

PACKAGED PRODUCTS
Ye.s No

1. Were packaged POL products taken by the units as part of their unit
basic load (UBL)?

2. Were packaged POL products acquired from local companies through
local purchasing procedures?

3. Were POL products packaged in unit quannues that were convenient
for use and reauced waste?

4. Were packaged POL products labeled as to manufacturer, grade. or
other information to allow judgment in use?

5. Dd commercial packaged POL products include:-

a. oils

b. dry lubricants

c. greases

d. atifreeze

e, hydraulic fluids

I brake fluids

6. Were shortages noted in Class III packaged products?

7. Were any Battenfeld Company manufactured products (i.e., primary
engine and gear oils) used?

8., If Battenfeld products were used, was it because:.

a. Units had not been notified they should not?
b. Shortages forced the use of the products?
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

FUELS

Yes

1. Was the fuel delivered to the POL tank farms (bladders, etc.) filtered?

2. Were any inspections, visual or otherwise, made at the tank farm?

3. Were any inspections, visual or otherwise, made at unit level?

4. Were fuel analysis laboratories, either mobile or fixed, available to
either or both wholesale and retail levels?

5, Were any abnormalities noted in the fuels delivered (color, smell,
appearance)?

6. Were the users (operators) satisfied that they received good quality fuel
in adequate quantities?

7. Were logistics, maintenance and user personnel aware of what type and
grade of fuel they used?

8. Were bulk fuels delivered in host nation or other foreign nation
vehicles?

9. Was adequate information supplied down to user level on proper fuels

and lubricants utilization practices?

10., Were the following fuels available for use by military aircraft?

- JP-4
- JP.8
- JP-5
- Jet A-1

1., When used in aircraft were problems experienced with one or more of
the aviation fuels?

12. Were the following fuels available for use by diesel-burning ground
vehicles and equipment?

- JP-5
- Jet A-l
- DF-2
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BELVOIR RESEARCH, DEVELOP'IENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

FUELS (Continued)
Yes

13. Which of the fuels were used in the diesel-burning ground vehicles and
equipment?

- JP-5
- Jet A-I
- DF-2

14. Was there any noticeable decrease in power output when aviation fur.
was used in diesel-burnig ground vehicles and equipment?

15. Was any blending of engine oils or hydraulic fluids into aviation fuel
practiced?

16. Were any procedures established for changing from one fuel to another,
such as DF-2 to aviation fuel or one aviation fuel to another aviation
fuel?

17. Did user personnel know that Jet A-1 fuel was a satisfactory
replacement fuel for DF-2?

18. Were increased replacements of fuel filters needed following
changeover?

19. Did fuel filter plugging occur?

20. If fuel filter plugging occurred, was it considered excessive?

21, Was a "black residue" observed on any fuel filters that were changed?

22. Were biocides/biostats used to control microbiological growth in fuel
cells?

23. Were any additives blended with the Jet A-I fuel, such as CI. FSII or
static dissipater?
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BELVOIR RESEARCH, DEVELOPMENT AND ENG'INEERING CENTER
ODS QUESTSIONNAIRE

FUTFLS (Continued;
Yes _

24 Were fuel nandlers and operator p:rsonnel fearfuls tha. It:[ A- I would
be hazardous ibecause of the lower fIashDoin.r9

25. Were there ary 'waxing problems" w-,h the use of the host nation
supplied diesel fuel?

26. Were vehicles routinely refueled by,

- TPU's
- Miiiitarv Tankers
- Commercial Tankers

27. Was dirrsand a probl-m durir.6 fuel transfer-,?

28. Was th,-. a perceptible increase in mainrcnancz when:

- DF-2 was used,?
- J,:t A-1 was used?

2.9. To alleviate- dirt/sand problemns diuring fu-.1 tri-asfeg-s. were:

- Calm atmospiscric conditions waited for?

- Fic.i openiing recesses blown or brusntfl free of dirtsand?

- Openin~g of fL'e! fill ports reduced to a minimum during PM
servces'

30. W'as there a percepabie increase in fuel, inp-rtor nozz~i. rouling when,
us ingF:

- L)F-2 fuel?'
- Jet A- I fuel?

3 1 Did use of DF-2 in armored vehmices VEESS prodocc adequate smoi~e
t e hig~h armtent temperature environments'

3.If veh~cles/equipment were using Jec A-1, aid they "run nouer?"



BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

FUELS (Connnued)
Yes

33, Were there any perceptible problems associated with admixing fuels
dunng fuel changeovers?

34. In units that uuhtzed Jet A- 1, were ground vehicles and aircraft refueled
from the same fuel tankers?

35. Were there any problems in using vehicle personnel heaters with either
Jet A-1 or DF-2?

NOTES
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BELVOIR RESEARCH. DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

LUBRICAN"TSYe Yews .•

:. Were the foliowing engine oils available for use?

- OEMHDO-O0
- OEIHDO-30
- OEHDO-40
- OE/HDO- 15/40

2. Was any MIL-L-46152 (administranve service) engine oil used?

3. Were oil analysis laboratories avaiable?

4. Were normal .be order oil change nmterva!s used for enzine oil?

5. If changes were made in normal lube oraer intervals, were the
intervals:

- Increased?

- Decreased?

6. Were normal lube order service intervals used for:

- Transmissions?
- Power Transfer Units?
- Differentals?
- Hydraulic Systems?
- Brake Systems?

7 Was there any evidence of "oil breakdown" (i.e., oil too thin, excessive
oil consumption, etc.)?

8. Were there prmblems in performing lubncant-related maintenance?

9 If oil analysis laboratories were available, were oil samples taken and
sent to them9

10., If oil samples were sent to a laboratory for analysis, were any results
ever received.
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

LUBRICANTS (Continued)
Yes

1i. Did cir!isana conmaminant cause any problems with-

- Wheel Bearings?
- Gear Drivet?
- Gun Posinoning Systems?

Did hot aj.bient temperatures cause any oil-related problems?

.3. If the OE, -IDO-15/40 tactcal engine oil (MIL-L-2104) was not used.
was iz because:

- The oil got too thin?
- The engine ran hotter?
- The oil was not available?

14, Were any or all of the following gear oxis (MIL-L-2105) used?

- 85W-140
- 90
- 8OW-90

',5. Were+ oil filters cnanged each time the engine oil was ch-ianged?
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BELVOIR RESEARCH. DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

HYDRAULIC AND BRAKE FLUIDS
Yes s

!, Were any or all of the following hydraulic and gun control system
fluids used?

- OHT ("cherry juce")
- FRH (Fire Resistant Hydraulic Fluid)
- Dexron-II

2. Did the hot ambient temperatures affect those self-propelled gun
systems using "cherry juice" (MIL-H-6083)?

3. Was sand contamination a problem with operation of any hydraulic or
brake fluid system?

4. If vehicle brake systems using silicone brake fluid (MIL-B-46176) were
topped off with convenional/commercial-type automotive brake fluids,
were any differences in braking performance noticeable?

5. Did the hot ambient temperatures cause brake fade problems?

6. Were filters in those hydraulic systems employing filters routinely
cnanged?

7 Did the hot ambient temperatures cause more frequent topping off of
both hydraulic and brake systems?

8. Were tlhere any occurrences in which "cherry juice" (MIL-H-
6083/OHT) was added to hydraulic systems using the MIL-H-
46170/FRH hydraulic fluid or vice-versa?

9 Were any AOAP samples taken from hydraulic systems?

10. Did the higher ambient temperatures create an overall increase in the
maintenance of hydraulic and gun control systems?

11. Did the higher ambient temperatures create an overall increase in the
maintenance of vehicle brake systems?
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERINP "..

ODS QUESTIONNAIRE

HYDRAULIC 4,ND BRAKE FLUIDS (Continued)
Yes Nb.

12. Were fluid changes accomplished at intervals scheduled in authorized
lube orders?

NOTES
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERI"-
ODS QUESTIONNAIRE

GREASES
Yes __

1. Was MIL-G-10924F or MIL-G-0010924E versions of GAA grease
available for use?

2. Was WTR (MIL-G-83122) grease automatically substituted where
GAA was required?

3. Did the hot ambient temperatures cause excessive grease breakdown
.,id leakage?

4 Did the hot ambient temperatures affect tne shelf-life of the unused
GAA and other greases?

5., Where WTR grease was used interchangeably with GAA at lubrication
points previously lubricated with GAA, were any performance
differences noted?

6. Were relubrication intervals changed from those specified in authorized
lube orders?

7. Were solvents used to clean parts before relubnicating components such
as wheel beanngs, CV joints, etc?

S. Were sand particles evident in beanng components during disassembly?

9, Did the higher ambient temperatures create an overall increase in the
maintenance of any grease-lubricated components on vehicle/equipment
systems?

NOTES
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

COOLANTS/A NTTFREEZES
Yes s

1. Was any commercial-type antifreeze used in lieu of MIL-A-46153
annfreeze?

2. Was the antifreeze extender additive (MIL-A-53009) used?

3. Was it possible to save drained antifreeze for reuse when cooling
systems were drained and filled?

4. Were any of the following make-up waters used?

- potable water
- distilled water
- bottled water
- local water

5., Did the hot ambient temperatures cause engines to run hotter?

6. Were there any leaking or corrosion problems attributed to the
antfreeze or hard water (i.e.. local water) that may have been used?

7, Were the standard Test Strip Kits used tc measure if the antifreeze was
okay?

S.. When antifreeze was changed for a reason other than one required by
the standard test strip, was it because:.

- Of an engine change?
- Repair of an engine?
- Din/sand contamination?
- Other contaminanon?

9. Was any MIL-A-46153 antifreeze provided to you in metal containers?

10. Were the metal containers plastic lined?

11. Did the higher ambient temperatures create an overall increase in the
maintenance of engine cooling system components?

12. Was Pushing of cooling systems a problem due to the limitations on
available water?
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Appendix D

BELVOIR RD&E CENTER
ODS FACT-FINDING TEAM
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BLISS, TX

PACKAGED PRODUCTS

HHT 3,d HO.
HHT 1st IHHT 2nid 2/1st ADA /3d I56n

Question SODN SOON. SOON, BN. ADAi 11 N AD ADA BN.

I Were oaciwged POL productstakenby te units as part C NotR 3dCR AABE DE 1t~AD
oftheeir unit basic load (UBL)' Asked Not Asked INot Asked INot Asked INot Asked INot Asked

Noca Yes2  Yes 3  VeS' Ys No

3Were POL Products packaged Iin unit Quanftites thatNo I o
.vefe convenient for use and real~ waste7 N/A Answe Answe No Answer iNo Answer i N/A

4 Were packaged POL cac3ucts labeled as to manutac-
,-rer grace or other information to allow judgment N/A Yes Yes Yes No Answer i N/A
n use7

5 Od commercaal packaged a oils 'No Answeri Yes Yes Yes Yes No
POL oroducts include b Oy Lubrcan~ts No Answeri Yes No No No No

c Greases No Answeiri Yes No Yes No i No
dl Anbtireeze No Answeiri No No No No N

e Hyrauic luid NoAnseri o Ys N No No
eByrauli fluids No Answer i No Nos No No No

6 Were snortages noted in Class H1l packaged products Ye 6  Ye 7  Ye 8  Ye None Ys
Listed

7 Were Rattenteld Company manufactured productsNoo Noo Nooe primary engine and gear oils) us807o No N o oN
M atneld oroducts were a Units hadn I been

Sewas it because nobfied they shouldl N/A N/A N/A N/A N/A N/A
not?

b Shortages forced N/ N/ NA NA NA NA8te use oftmeprodlucts N/ii / / / /
Not asked until subsequent interviews conducted with revised Questionnaires

a-30-wi GA (blue and white cans)I purchased locally
3obieengine oil (can nad a picture ot a Concorde aircraft)

VImeei beaning grease and I SW-40 oil from Sears
5MIL Spec 3D-wt oil used in 15- and 30-kW generators, commercial 40-wi oil Exxon turbine oil for 150-kW generator
!S-hortage or FRH
Shortage at FRH and 15W-40 oil

Lbeo~is and FqH
31 5W-40 oil was nard to get after about 2 months

Ar'tfreeze ano *Clerv juice (GHTi
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BELVOIR RESEARCH~, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BLISS, TX

FUELS

HHT SPT I HHT, ist HHT 2nd 2/1 st 3.43rd 5 62nd
Ouestion iSOON. SOON SOON ADANDADAB

I~~~ ~ 3rdAC I~C iifl h 1 ADA IAD
3dAR 3dA 3rd ACR BIN 11tWasme ue deiveedto he OLADA BDE! BDE ADA 8DE

IWstefedeieetotePLtank farms Not Not
(bladders. etc ifleaINot Asked' Not Asked i Not Asked Ake Not Asked AI e

2.Wee nyinpetInS vsul r thrwse mdeat Ye 2  /A N/ NAsk No Answer

2. Were any inspections, visual or otherwise, made at 24NN/ Yess Y/s YesN/ No N

unit level?~ N IA Ye Answer Answer

4 Were fuel analysis laboratonies, either noblie or fixed, Yes No Yes Yes No No
available to either or botht wholesaie and retail levels? e Answer

5 Were ayabnormalities noted in the fuels delivered N o YS e o N
(clr mlappearance)? No NAe 6

nswe

6 Were the users (operators) satisfied that they7
received gcod quality fuel in adequate quantrities? No Answer Yes p Yes yes Yes~ Yes

7 Were logistics, maintenance, and user personnel Not I N
aware of the type and grade of fuel they used? No Answer Always Yes Not Sure i Yes Anowe

Answe

8. Were bulk fuels delivered in host nation or other forI
eign nation vehicles? No Answer No No No Yes8  No

9. Was adequate information provided down to user
level on proper fuels and lubnrcants utilization NO Answr No No No No No
pracrices? Answer

10 Were the following fuels available for use a. JP-4 No Answer INo AnsweF No N,A N/A N/A
by nilitary aircraft? bP NoAwe NoAsrI N/NA NA NA

c. JP-5 No Answer I No Answer I N/A N/A N/A N/A

d. Jet A-1 Yes No Answeri N/A N/A N/A PaA

11 When used in aircraft, were problesn expenienced N I / / / /with one or mre~r of the aviation fuels? No NANANI / /

12 Were the following fuels available for use a. .JP-5 FNo Answer i No No No No No
by diesel-burning ground vehicls A b. Jet A.1 FNo Answer I yes I Yes Yes Yes Yes
equipment?

IcOF*2 No Answer, No No iYes Yes No

,13 Whichiof the fuels were used in the A. JP-5 No Answei No No No No No
diesel-burning ground vehiciles and b.JtA1N nw I Ys Ye ys ys Ys
equipment?

c DF*2 No Answer i No No Yes9 yes No0

14 Was there any noticeable decease in power output
when avation fuel was used in clisei-burning No Answer lNone No.jdI None Noted FYes' 0  None Yes
ground vehicles and equpmerit' Note

Not asked until subsequent intervews conduced with revised questionnaire.
2110ontrily samples on H-EMT~s sent to 240thi or 2601h OM dethiments.

3Eer 30 days on HEMTTs Also ran miliplore test
O0ncre per rmonth on H-E MTs.

'After fuel problems started, samplies were taken from every TPU in the battalion and sent to t"e fuel lab: a visual inspection was
made. *1 ul was dew Rhad no llibnc itadided so unit added oil.*

ISome fuel kxookd pink: black residue on fuel fitters.
' Unit had problems with DDA aW4 Stanadyne fuel ng~eclo pumps, went back to using diesel.
%Jnit intitIly supplied by host natin tankers: no fittern" watisolever.
tSwrtcined to OF-2 after 2 to 3 months operation on Jet A-1.
'OA lot of inlec wiump p roblems with CUCV arnd generator.
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BLISS, TX

FUELS

HHi-IT 3'43rd
HHT I-IT st I 2/11st ADA I 5/2d

OecnSPT SO 2nd O 1h AAO ADA BN /nOu~5tionSOON. SOON BI 11~i hU ADA AA8
3r C 3rd ACfl 3rOON ADA BDE ODE 1 it ADA

3rdAC 3rdAR 1 DE

15 Was any blending of engine oils or riydrauiic fluids N nwr Ys Nn e' oN
noaviation fuel practiced? oe e

16 Were any procedures established for changing from
one fuel to another, such as DF-2 to aviation fuel or !No AnswerirNo Answeri N/A None None No Answ&
one aviation fuel to another aviation fuel'

17 Did user personnel knrow that Jet A-1 fuel was a NoAsei es Ys NoNo
satisfactory replacement fuel for DF-21 N nwr Ys Ys Notin Notic No Answer

18 Were increased replacements of fuel filters needed
lollowing changeover') No Answer I Yes Yes Yes Yes No

19 Did fuel filter plugging occur? !No Answer i Yes Yes None ýNo Answer iNo Answer

20 If fuel filter plugging ourred, was it considered No An-r e 3  Yes 1' oN
excessive,7  No Ase e e' N oN

21 Was a blaCkresidue'observedon any fuel filters that N nwr ei e
were chianged'? NoAI wr e e No No Yes

22 Were biocidesibiostats used to control microbiologicail None NA NANn
growth~ in fuel cells? I onwr MentionedNoAse

23 Were any adaitives blendled witi the Jet A-i fuel, N~sel N oe N oN
such as Cl. FSII, or staiec dissipater? No___ Anwr No ___ ______ No _No_ No

24 Were fuel handlers and operator personnel fearfulI
that Jet A-1 would be hazardous becAuse of thie lower NoAse N I o N None NoAse
flashpoent? Mentioned

25 Were ther* any *waxing' problems with the use of the NoAser N F
Piost nation supplied diesel fuel? oAswr N No No No !No Answer

26 Were venicles routinely a TPU~s' No No No Yes No No
~euid~b Military tankers? Yesle Yes - Yes Yes Yes Ye

c. Commercial tankers? I Yes'7  No No i No Yes,' No

27 Was cort/sarid a problem during fuel transfers? No Ans~we Yea'5  N N o oAn~
28 Was there a perceptible a. DF-2 was used? 'NO Answerl N/A N/A INo Answerl Yes I N/A

ncrease in maintenance bJtAiwsue? .
Nhn Fo Answer No No YS e e

Cne pint to 1 quan of 1 0-wi oil Per tankful (about 16. 18 gallons)
'2Strongiy supports use of Jet A- I
'30ccurred when using OF-2
10ossibly *bad fuel* was used Ocajurred only in hot wealther
* Occrred only in hot weather
'6After initial delivenies made by COMMerClial tan"er

When unit miad just arrived in Saudi Arabia
sWhen sand was wlowing too haM the shut down refueling operations
'OCUCV filters and Stana" ti~e l infsctfor pumps were m~ajr cuprits Unit used a commercial *screw-4n* tfiter which would *bypass the

sensor systems associasted wilh the CIJCV fuel filter
xPoosamaster fuel injlector pump~s and ODA mecl-anicilll flueil pumps failed on 1 5-liW 30-kW and 1 50-kW generators within hours after
Jet A- I used

Hi-ad problem's with Staniadyne fuel injector pumrps in CUCVs Broke glass beads to increase fuel nlow Fuel filters in M1 13s repofled
CompielelY tbiad

General Note The5/62ndADA Sn 11th ODE mporedoeyoporaodgNWH WVsSoooto t5000mileslsoMe2O,OO miles)witfonly
two fuel injector pumps beiing replacedl Ran upto3600 miles each on M1113 Vulcana epla11ced nine Vulcans, four APCs and one k677
i ail M1 13 cmassisi Reelaced three engnes and 10- 15 lianamissuons
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BLISS, TX

FUELS

-Q
HH PIHHT 1st HHT 2nd t2/1st ADA; 3.43r

Question SOON. SOON SOON 8N, 11 th ADA AD 8N

3rd ACR I 3rd ACR I3rd ACR IADA BIDE' BIDE 1tADA
SIDE

29 To alleviate airt/sand a. Calm atmospheric II
problems curing fuel conditions waited !No Answer yes Yes Yes No2. No Answer
!rarisfers. were* for? i

b. Fuel opening
recesses blown or NoINot Not

us, No o Answer iNo Answer INo iswer No Answer i e
dirt/sand?

c Opening of fuel fill
ports rewicoc to a NoNot

rmnimu durin Answerri No Answer i No Answer i No Answer;IMnoe No Answeri
PM services"

30 Was there a perceptible a OF-2 fuel? !No Answer i N/A N/A No Answer i Yes23 N/A
increase in fuel injector b Je A-i fuel? 2
nozzle fouling when using No Answer iYes2 Yes2 ' No iýnswer iNo Answer INo Answer

31, Did use of OF-2 in armored vehicles VEESS produce
ade~ate smoke in the high ambient vimperature No Answer I N/A N/A No Answer iNo Answer INo Answer

32 If vehicles/epuipment were using Jet A-1, did they NoAsii No None NoAse NonwrINonwr.'iu hotter Reore NoAseIoN nwr oAse oAse

33. Were there any perceptible problems associated with
admixing fuels during fuel chlangeovers? oAse o No Ys 5  Ys 6  N

34 in units that utilized Jet A-i, were ground vehicles
and aircraft refueled from the same fuel tankers7  No NA NA NAN onu

35 Were there any problems in using vehicle personnel N nwrj N oe N nwriN nwri N

meaters witrh either Jet A-1 or OF-2' oAse o Nn oAseioAsel N

-2RelIed on HEMTT filter system and generator and veftide filters
23C.eaning and changing Nuel nozzles a daily chore24tniector problems were reorted as fuel kibnelty problems. however. dint was suspected
25Yes Jet A- I used to 2 or 3 months. thern was replaced by OF-? No stated pirrblems after switch to OF-2
26There was an admixture when OF-? was added to Jet A-11. which caused an increase in cleaning and changing in injector nozzles

Preventiv maintenance intervals were
Jet A- I--after 750 hours of operation
DF-2-after 100 hours of operation
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BLISS, TX

LUBRICANTS

F -HHr HHT 2/1st 3.43rd H

ST HHT Ist 2nd ,ADA BN ADA 5j62nd
Ouestion SOON SOON. -SOON , 1It BN I t ADA BN

3rd ACR 1 1 'I tADA
3rd ACR I 3rd ACRJ]ADA BOE!ADA BOE BDE

I Were mhe following engine oils a OEit400-10 No input ;No Input INo Input I Yes No No Input

available for use7 b OE/HDO-30/SAE 30 No Input INo/Yes' No/Yes' 1  No YesiNo I No Input

c OE/HOO-.40 No input i No input I No Input I No No No Input

d OE/HDO- 15/40 No Input i No2  No3  No No3  No In~put

2 Was MIL-L-46152 (administratveservice) engine ollu5Od? No No No No Input INo Input INo input

3 Were oil analysis laboratonies available7  No Input t No' Yes5  ves 6  No No Input

4 Were normal tube order Oil change intervals used for engine No7pt N' o N o N

5 It changes were made inl a Increased? No Inout Yes Yesa No No No
normal intervals, were Ithe b Decreased')onu o Ye e e e
intervalsNoIpt N Ye Ye Ys Ys

6 Were normal lube order service ia Transmissiorns7 No input I Yes No' Yes Yes Yes
intervals used for 9,

-b Power transfer units? No Input Yes Nog Yes Yes Yes

1c Differentials? No Input Yes Noil Yes I Yes Yes

d Hydraulic systems 7 No Input I Yes IYes Yes Yes Yes

e Brake systems? No Input I Yes Yes I Yes Yes I Yes

7 Was there any evidence of *oil breakdcown* (i1e, oil too thin. NoInt N None
excessive oil conisumptioni, etc )I N npt N Noted No No input No Input

8 Were there problems in performing lubncant-reiatedI
maneac'No input INo input No input Yes 0c No Input No Input

9 it oil analysis laboratonies were available were oil samples NoIpt o Ye Ys No oIpu
takenl and sent to thiem) o Ys YsN nu

10 ifoil sam~ples were sent to a laboratory for analysis were
any results ever recerved7 NIA NIA i No i No No N/A

I1I Did dirviand contamination a Wh~eel bearings INo Input No No No No Innut I No Input

cas n rolm i~ b Gear divcs 7  No Input I No No No No input INo input

c Gun positioningNo N NoIpt oInu
systems? No input N e' N oiptN nu

12 Did hot ambient temperatures cause anty oil-rolated NoN one
problems') No inu No Noe No No Input No Input

Blue and white quart cans labeled SAE30
21 SW-40 oil was not available
3Commoroxal turbine oils were used for M IA Is
"Would have used ACAP procedres id labs available
'Several samples wore senit to Camp Manle", no analysis reports received
'Samples mein from Some valvels and dilislCk tubes, sort to Mannfleem. Go( No results
Did not change oil due to low mileages

%itervals for engine oil chwiges extended due to QIEII40 og shonagesa
'Not ch1anged because oils were too hlard to get
'0No place to dump used oils
"Yes Found in sealed gun sights
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BLISS, TX

LUBRICANTS

HHHTMHT 2. 1 st 34,3rd 6Q
SPT SHT 2nd ADA 8N ADA ON 5 6NcQuestson SOON OON SON 'iN ADA Bh

SON 3rd ACR SODN . Ith - ' -'3rdAC rdA I 3rd ACR ADA BDE!ADA ODE ADA ODE

13 tftheOE/HDO- IS,4Otacflcal a The oil got too thin No Input i No No No No input No ilnutengine oil IMIL-L-2104)was b The engine ran ýozzte , No Input I No No No No Input No Inlput

not used was it because
c The oil was not

availaobe? No Input I Yes Yes Yes No Input No Input

14 Were any or all of the follow- a 85W- 140 No Input i, No Input I No Input I No in•ut No input No input
ng gear oils (MIL-L-2105) b 90 No Inout i No input I No Input I yes No input No npout

c BOW-90 No fnout I No input i No Input I Yes No Inout No input
j5 Wereoiifilterschangeoeach timete engineoil was A/ -r ,V •dz Qx-rl v-.

crianged? A/ rC -5 iS/~
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BLISS, TX

HYDRAULIC AND BRAKE FLUIDS

3.43rd HO
HHTHHT ItIHHT 2.1st ADA 5/62nd

Ouesticin SPT SOON I2nd ADA BN ! BN. ADA BN
SOON 3dAR1SOON I ith " ~ i t ,t

3rd ACR I rdAR 3rd ACR !ADA SIDEI ADA AD 80
BDIE

1 Were any or ail ofthme tollowing a OHT ("Cherry MILMU MI
ýydrauiic and gun control systems Juice*) No Input Stnr SMI ndMrd Spec 10 Unknown iYes'
luids used) Wit

o FAH (fire MIL MI
resistant No input No Input 1Unknown tNo Inlpu~t
hydraulic fluid) Standard IStandard I

c Dexron-1i No Input 1 No Input No Inout INo flout 'Unknown P No Inout

2 Did mhe not amoient tomperatures attect those sell-
orobellea gun systems using *Cherry juice' No Input I No No No No No Input
*MI L- H-6083) 7

3 Was sand contaminaic a oroblemn with operation at any NoIut yS Nonu NNo oInu
'iydraulic or oraikO fluid system'? oIpt vs oIptI N o N nu

4 it vericl braken systems using SiliconG crake fluid
MIL-8-461 761 were topped ott with cornventionali oipt N o N o N nu

comme'o~al-type automotie brakea fluids were anyNoiptI N No N No aInt
diferecesin rakngpertormance noticeable?

5 Did the hiot ambient temperatures cause brake ticeN nu o N 3  N o N nu
problems?'oipti o N3 1 N o N nu

6 Were fiftors in tMioss nyorauhic systems empioying filtes Noipt oIntINofutI N o oInt
rouanely changed! oiptN nu oIpti N o N nu

7Did Me rit ambient lemperatures cause more frequient NoIpt N No o No Nint
rooping off at both hydraulic: and brake systerris'_________

8 Were there any occurrences i.i wriicn 'cherry juice*
MIL-H-6083/OHT)f was added to hydraulic systems using No input I No No No No0 No Input
lie MIL-rl.46 I 70/1RH hydraulic fluid or vic versa'

9 Were any ACAP sampies taken from hydraulic systerri No input I No No No No No

10 Did tme higher ambient tempearatures cr'eate an overall
,norease in the maintenance at hydraulic and gun control No input iNo Input INo Input No0 No No
systems)

11 Did me hrigher ambient temperatures create an overall
ncrease in mhe maintenance of venlcal brake systems7 oIpti N N o N onu

12Were nuic: changes acoompiished at intervals scheduled N/A N/A N/A N/A NA N/A
in audthOnZec lube Orders 7

t. sea whien avaolables
2Peouce brake offibctiveness on HEMTTs

Noprooiemns *Ui brakes Fewer Hydrovac relplacements n SWA operations mhan in CONUS
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BLISS, TX

GREASES

3 4.3rd
HHT tiHT Z'Ist ADA
spr SPT HT 2.-,o ADA BN BN

QuesSon SOON ADA
3dARI3rd ACR' BN i7•,

3rd ACR ! 3rd ACR ;ADA BDE ADA
OBDE ADA iDE

1 Was MIL-G-10924ForMIL-G-GO10924E versionsofGAA GAA
grease avaiiable for use No Input Was yes No Input No Input No Input

Available

2 Was WTR iMIL-G-83122) grease automatically suostitutedo.vtr Mwsrqr~No Input INo Input Yes Yes No Input i No.vhere GAA, was reqluiredl?

3 Did th hot ambiern temperatures cause excessrve grease No Input I Yes 2  
No No No 'rout z No

treaK(down and leakage7

4 D,d the riot ambient temperatures affect the selt life of M No Input I No Ves'
3  

Yes" No inout No Inrut
xnused GAA and other greases?

5 Where WTR grease was used inechangeanly with GAA at
'uonlcavlon points oreviousiy lubrcated with GAA, were any No InputI No Input Yes Yes No Inout No Input
oerformance differences noted?

6 Were reiubrncation intervals changed from those spefie No input No Input I No In6ut I es5 No input Yes'
authonzea tube oroers NWere solvents used to clean parts before relubncating No Input No input No Inout Yes - No iput Yes'

moomnents such as wheel beanngs, CV oints, etc
9

8 Were saud partiles evidentm in eanng cO,,poients Ounng No Input I No Input No Input 1'es No input i No Input
disassembly 7

9 Did the higher ambient temperatures create an overail I '
ncrease in the malntenance of any grease-4ubncated No Input No Input No Input I Yes No oput No Input

components on vehoale/uipment systems7 '

No WTR grease was avaiable to use2
Grease separated and bled in M88 mad wheet suspension systems Use of WTR grease esiminated proolems

3Grease Pjmed brown in can
'GAA grease
5
Every I to 2 wees

!weekly
ICieaning sorvent MOGAS, diesel
8
yes it dust boots were worn

ý'Yes CUCV and M900 seies vehilees appeared to have problems with right front wheel beanngs Beanngs repeatedly siezea no

matter whether GAM or WTR grease used
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOUDATION

FT. BLISS, TX

COOLANTS/ANTIFREEZE

3.43rd ,4Q
,4HT HHT 2/1st ADA 0

HHT I st 1 ADA 5/62nd
NH! sti 2.nd~ ADA ON O N

Ouestion SOON ADA BN
'3rd ACR A' I ADA

3rd ACR 3rd ACR .AOABDE , ADA BIDA

BDE

SWas any commercaal type antfreeze used in hieu of
MIL-A-46153 antreeze? No Input No No No No input Yes

2 Was me antifreeze extender additive AML-A-53009) used'7 No input 'Jo No No No input No input
3 Was it possoibe to save dr'ained ansteize for rouse whnl3Wasit systems toesae drained anfilled? trNo Input No Input No input 1 No No Input No Input

•ooiing systems were gtained ano fitted?

4 Were any of Me toaiowing maii- a Potable water No input No No Yes No Input Yes
-v waters useld'7 b D:stilled water No input 'JO Yes Yes No Input Yes

c Botted water No Input Yes No No No ;nput I No

d Local water No Input No No Yes No Input I No

5 Did the not anmient temperatures cause engines to run No Input No No Yes No uNoinut No No Ye N InpuJt No InpuJt
hotter 7 ,

6 Were mere any ieaKing or corrosion problems attrbuted to
me antireeze or nara water (i e ioca, water) that may No Input No No Yes No Input j No Input
have be used? I

"7 Were the standard Test Stnp Kits used to measure of Me,
anlirereze was okay? No input Yes No No No Input INo Input

8 When antfreeze was cnanged a Of an engine N N No Input i No tnput

'or a reason other than one change? No Input N/A N/A N NO in

'ecojreo by the standard test b Repair of an engine' No Input N/A N/A No No Input I No Input
strp was it because

c Dirt/sand
contamNi t NNon? No InputA No Input

d Ottercontaminaton7 No Input N/A N/A Yes' No Input I No Input
9Was any MIL-A-46153 ana~re~eze provideld to you in metal I N oIptiN nu

containers' No Input No Input Yes No Na Inputi No Input

10 Were Me metal containers plastic lined? N/A N/A YesI NA N/A N/A

11 Did mhe higher ambient temperatures create an overnIi 1
ncrease in fe maintenanc of engine coolng system No Input No No No No input No Input"cOmlponents7  

I 1 1

12 Was flush.,g of Owing systems a problem due tome N p No Nt~ltt~ o a•kllewaer'No Input ! No N/A No ! No Input1 No Input

imitations on available water)

13 Were mere any instancs Mat undiluted antifreeze was Na InputcNoyNo No ISNo Input I No i No No Input No Input No Input
doded directly in retillirig coocAng systems' ____ ____

14 When loopinq oif radiator a Water only u•sd• No Input i Yes Yes No Input I No Input I No Input

lysterns was b Antifreeze only Nan t, N•used`7 No Input i No No No Input No InputI No Input

c Water-antfreeze - T
No Inrput iro No No Input No Input No input
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BUSS, TX

WEAPONS LUBRICANTS/SOLID LUBRICANTS

3,'43rd

uHn HHT I dstI R Z/lst ADA Ar 5 62n0
uestiOns S SOON 2d BN 1 A ADA BNSODN 'SOON , I It

3r ACR I 3rdARi3rd ACR I D D ADA t D

L3DE 9DE

1 Were mitary specificion Produts No Input . o Yes Yes No Inout Ves
JSea?

2 !n additon to those a TW-25 Na Input No No No No Input NO
-eouirO soecifcation b Dryslide No Input No NO No No Input No

oroOuCIS were O"er
ýrovnetarv commercial c WD-40 No Input No NO yes No input No
proucts aiso usOd

7 
For d Other

exampie No Input i Yes No No Na Input Yes
2

3 :f these proprietary products were also used was mere a
noticeable change in ite performance or a reason that No Input No Input j No Input I No No Input I No Input
necessitated their use?

4 Were me hot ambient temperatures creaung lubrication : No Input No input No Input iNo input No input 'I No Input

problems for weaponsigun systems? I

5 Was dirt/sand adhesion a significant problem? No Inlut No Input I No Input I Yes
3  

No Input I No Input

6 If dirt/sand adhesion was a significant problem, was it No Input Input ; NI
resolved sausfactonlyN I No Input No No Input No Input

7 Were any solid film lubricants used7  
No Input No Input INo Input I No No Input I No Input

8 Were mere any mixing or compatibility problems (1 e.
ie No Input F No Input No Input No No Input No Input

9 Were solid lubricants a User personnel? No Input 1 No Input I No Input N/A No Input I No Input
applied by b Ordnance Personnel? No Input I No Input I No Input I N/A No Input I No Input

c Other? No Input I No Input I No Input I N/A No Input I No Input

10 Did the higher ambient temperatures cream an overall
increase in ie maintenance of oi/fluid/grease lubn- No Input No Input No Input No Input No Input I No Input
cated weapons systems components 7 i

11 Was there a preferred a Large caliber weapons No Inpuot No Input I No Input I No input No input I No inputwepnlubni~nt forI
Sfor b Smaill caliber weapons' No input No Input I No Input OE•HDO 101 No Input I No Input"Duck* grease used to lubnicte machme gun parts

2Dry lubncant received from AMC LARs Worked great, easy to use. sand did not suhck to dry lubncant

3Very big problem with buildup of sand
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER

ODS QUESTIONNAIRE CONSOLIDATION
CAMP PENDLETON, CA

PACKAGED PRODUCTS

1st Tk H&S Co, I st Arty Ist LAI 3rd AAV MTM Co Bulk Fuel

Bn, 1st 1st Tk 1n, Bn, 11th Bn, 1st Bn, 1st 1st Mntc Co 7th
QusinI marines, Maie Mrn rIt Eng SpQuestion Marine 1st Marin Me Manne Marne n Mst En Supt

Div Div Div Div FSSG FSSG

Were packaged POL products taken by the units
as part of their unit basic load (UBL)' Yes No Yes Yes No Yes

2 Were packaged POL products acquired from
local companies through local purchase Yes' Yes Yes Yes Yes Yes
procedures'

3 Were POL products packaged in unit quantites N
that were convenient for use and reduced No2  No No Unknown No2  Yes

waste'?

4 Were packaged POL products labeled as to
manufac-turer, grade, or other information to Yes Yes No Unknown No Yes
allow judgment in use?

Did commercial packaged a Ols I Yes I Yes Yes Yes Yes

POL products include b Dry lubricants No No No I No lUnknown Yes

cGreases Ye N No Yes Unknown I Yes

d Antifreeze No No No Yes No Yes

e Hydraulic fluids No No I No No No Yes
f Brake fluids No I No No Unknown Yes

6 Were shortages noted in Class III packaged
products' ClsslacaYes 3  Yes Yes Yes Yes

7 Were Battenfeld Company manufactured
products it e, primary engine and gear oils) No No No No No No No
used'? _ _

8 it Battenfeld products were a Units hadn tiused was it because been notified N/A N,'A NIA I N/A N/A NA I N/A

they should not' -

b Shortages
forcd the use of N/A N/A N/A I N'A N/A N/A ' NIA
the products _ _ ,

Some OE HDO-10W and SAE-50 oWi oobitanred from Sau6 sources by contract through divison supply
"•Hyorauic fluids in 5-gal cans, could not got qan size Antilreeze in 55.-gal drums To•'•d the end, FRH came in gal can& Oi obtained in

55 gal drums troops wanted 5-gal cans
kGAA QE HDO- 10 LSA fuel filters. OE/HDO- 15/40 not available unti end of war
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

FUELS

1st Tk H&S Co. Bst Arty 1st LAI 3rd AAV MTM Co Bulk FuIel
Question Bn, 1st 1st Tk Bn. Marnnes, Bn, 1st Bn. 1st 1st Mntc ECo 7thMarine1s ManneeMan.es Eng Supt

M a n e 1 s M ri e s M ri e M a rine M a rin e B n . 1s t B n . Is tDui st Ist ManDi Div Div FSSG 1St
D__ _ _ _ _ _ _ _ _ _ _ _ FSSG

1 Was the fuel delivered to the POL tank N
farmsN/A N/A N/A N/A N/A Yes Yes

2 Were any inspections, visual or other N/A N/A No No N/A No Yes
wise made at the tank farm' N/A N/A No No N

3 Were any irspections, visual or other Nowiemd t m ee9No I No No Unknown Yes No N/A
wise made at unit level)

4 Were fuel analysis laboratones. either
mobile or fixed, available to either or No No No No No Yes Yes
both wholesale arco retail levels' N N

5 Were any abnormalities noted in the
fuels delIvered (color smell, No No Yes

1  
No Yes Yes No

appearance) I

6 Were the users (operators) satisfied that t i
they received good quality fuel in Yes Yes Yes Yes No Yes Yes
adequate quantities

7  
__ __

7 Were logistics, maintenance, and user I
personnel aware of the type and grade of No No Yes No No Yes Yes
fuel they used? I

8 Were bulk fuels delivered in host nationor other foreign nation vehtcles' No No No No No Yes Yes_ _ _ _ _ _ _ _ _ _ _ _ _ _ I __ _

9 Was adequate information provided down
to user level on proper fuels and No No Yes No No Yes No
lubricants ublization prances

7  
I

10 Were the following fuels , a JP-4 NA N/A N/A Yes NA N/A No
available for use by b JP-8 NA N/A N/A Yes N/A N/A I No

mihtary aircraft? c JP-5/ Yes NAN/A N/A No

SN/A N/A N/A Y No

'd jot A- I N/A N/A N/A Yes N/A i NiA Yes

I I When used in aircraft were problems
experienced with one or N/A NiA N/A No NiA NjA No

more of the aviation fuels

'2 Were the toowing fuehls a JP-S Didn't i esen'ts NYoIko es Yes Ye Y.es N o
available for use by know know ___

dcieal-buming ground b Jet A.- Yes Yes Yes I Yes 1 Yes I Yes Yes
vehicles A equipment') ' -- Ye e I oo YsNc OF-2 No Yes Y No

13 Whic'hof the tue *wee 'a JP.5 t I it Ye N
used in the desel- know know _ _No Yes No_ , No__ NA
burning ground vehl~ic 10 Al A- 11 oody Mosty Yes Yes Yes Yes NA

and equspment' c , i Yes at'
At pof Atlpof No No ' No N;A

Noted dfferent colors
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

FUELS

st Arty n, 1st LAI 3rd AAV MTM Co Bulk Fuel

4 W erene I st Tk Bn, Marine Bnd 1st Bn, 1st 1st MntC 7tQuston1neMrs, Eng Supt
D"v 1tMaie 1 s t arne Marine Marine Bn. Ist B sSDiv Dsv Dann Bn s

Div D_ _D_ , FSSG FSSG
14 Was there any noticeable decrease in I

power output when aviation fuel was Yes2  Yes3 Yes YeS4  Yes5  Yes N/A
used in diesel-buming ground
vehicles and equipment'

15 Was any blending of engine oils or
hydraulic fluids into aviation fuel Yes6  Yes 6  Yes6  Yes 6  Yes Yes No
practiced' __Y

16 Were any procedures established for
changing from one fuel to another, No No No No No Yes No
such as DF-2 to aviation fuel or one
aviation fuel to another aviation fuel?

17 Did user personnel know tat Jet A-
fuel was a satisfactory replacement No No No No Yes Yes Yes
fuel for DF-2'_

18 Were increased replacement of fuel Yes Yes7  Yes Yes Yes Yes N/A
filters needed following changeover' Yes Ye__ Ye__ Yes YesesN_

,19 Did fuel filter plugging occur) Yes Yas Yes Yes Yes Yes No

"20 If fuel filter plugging ocurred,was it l
considered excessive' Yes Yes Yes Yes Yes Yes N/A

21 Was a black residue* observed on
any fuel filters that were changed' _ es e

22 Were biocides/biosta used to control
microbiological growth in fuel bells) N/A N/A No No No No No

.3 Were any additrves blended with the I
Jet A 1 fuel such as Cl, FSII. o statc No No No No No No No
dissipater? 

I I

24 Were fuel handlers and opemltorpr.-
sonnel fearful that Jet A-I would be YNo eYes, initilly No No l No Nohazardous beNcause of ft lowerNo Ysintal NooN o

MlashpointI

with the use of the hc-"nabon sup- N/A N/A A N/A N/ No /A
Phod diesel IUS17•

26 Were vehicles a TP I J Yes -No Yet I Yes Yes No

routinely refel b Mlitay T I

by u Yes Yes Yes Yes Yes Yet Y"

1c Com W NO NO No [ No No Yes Yes
1 tnkeirs? •

"2POwer relumed after transition period. whih induded tledr changes and Mler pump changes No problems with M-88s
'ODowei loss ourred and increased as opoeraons continued

47 percent power loss
Power "d not resume at anym

61 pt DEXRON-1I per 10 gal (HMMWV) IO-wt od mixed 50 1and ftn chnanged to 20 1 lot M6OAI taWks or I ql 10 wt per every

10 galons
"Fuel hillesm weM i shot* Supp*

$Some voe€es siomermes lw
'Did have microbl"•og*V growth problems
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

FUELS
H&S Co "1 st Arty I tLI3dAVMMCBulk Fuel

I s T B 1 i k n, BnI th Bn1 st LAI 3rd A Co , 7th
Question I ar t M arine Mann~e Bis r, 1s lstMntc Eng Supt

____________ _________________ Div ____ ____ FSSG
27 Was dirt/sand aI

problem during fuel No No Yes10  Yes No Yes Yes
transfers')

28 Was there apercep- la DF-2 was No No No No No No .N/A
tible increase in I used19
maintenance when bJeAiwaI

Iused? Yes" Yes"2  Yes _Yes Yes Yes N/A

29 To alleviate dirt/sand a CalmI
problems during fuel atmosphenic No N o N o Used Nothing
transfers, were conditions No N o N o common spca

waited for? sense

b Fuelopen-
Ing recesses Used Nohn
blown or Yes Yes Yes Yes Yes common Noin
bushed free isense secia]
of dirt/sand?

cOpening of
fuel fillfports
reduced to No N o N sd Nothing
a minimum N/ o N o NA common spca
during PM sens

30OWasthem a percep- IaD- t*7 N No NA No No No

trfencesenf : ~b Jet A- 1 I
Infector nozzle tow-l fulel' No y9813 Iy95 14 Yes Yes Yes Yes'
ing when using L, -

31 Did use of DF-2 in a'rmored vehicles._____ ____

VEESS produce adequate smoke inNA N/ NAYe NA NA
the high ambient temperature N/I N/A Ye N/ NA

32 It vehideso.quipment were using Jet Ye Ye Ys No o
A I did they'rninhotter'o Yer e e o N Yes No

33 Wdere there any perceptible prolms
associated with admixing fuels during No No Unknown Unnw o No N/A
fuel changeovers' nnw I N

34 in units that utilized Jot A-I * I I
ground vehicles and aircraft refuele N/A NA N/A N/A No No N/A
from fth sam~e fue tankors7

35 Were there any proeilems, in us"n

vehICIe personnel hesallar vwh esthe NO No' No N ro Nog No No
Jet A I r DF 2'1____ _________ ___ ___

ýSomeemnes careless handkn of fuell transfer equipment

Inlfetor pufps
ROOMv of fue infection pumps incremesd for indliviid"uawlus~ because of maintelnance overload at 3s'd echelon level

"Nozzle bps weIrs
burned

"On older vehicles
51lavpened to S00GPM pumps but coulld net be posavey maflbuted to fuell
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

LUBRICANTS
IstAy Bulk Fue

itT'Bn, H&S Co. 1st LAI 3rd AAV MTM Co. Co 7uth
uesonst Marine ostTBn. Mannes. iBn 1st Bn, 1st st Mntc Eng

Is rkB,1st Marine Mans Manne Manne Bn, 1st En
Question Ds aine 1 st Marine isMaie Mrn Mrne 8,1t Sp ,DDi 1Dst iane Div Div FSSG iSupt Bn,

, " , Drv __________ 1st FSSG

I Were the following a OE/HDO-10 Yes Yes Yes Yes No Yes
engine oils available b OE/HDO-30 Yes Yes Yes Yes Yes Yes

c OEFHDO-40/SAE 50 Yes NoNes Yes NoNes No No/Yes

d OE/HDO-15/ At end of At end of No No/Yes Yes No
40/SAE10/40 war war

2 Was MIL-L-46152 (administrative service) engine No No No Unknown No No
oil usedN I No I

3 Were oil analysis laboratones available? No No No No No No

4 Were normal lube order oil change intervals No No No No No Yes
used for engine oil? No _ NO_ _es r

5 If changes were made a Increased'? No No I No Yes Yes N/A
in normal intervals. b Decreased? N
werl the ivenvals b D aYes Yes Yes No No N/A

6 Were normal lube a Transmissions' Yes Yes No' Yes Yes Yes
order service intervals I b Power transfer IYes1eYes

used for n I Yes Yes No' Y YesYe

c Oifferenbtals' Ye Yes No' Yes Yes Yes

d ~yauhcisystems?' Yes Yes No' Yes Yes Yes Yes

,e rae systems) Yes Yes N Yes Yes Yes

7 Was there any evidence of "oi breakdown ii Nooil too thin, excessive oil consumption etc )?• Yes'• t No No UnknownI No No i

8 Were there problems in performing Ys No No Uko Yes3  
No I

lubrcant related maintenance' Yes Yes

If itol analysis laboratonies were available, were oil No I No No I Yes No N/Asamples taken and sent to them' _________ __ __

10 if oil samples were sent to a laboratory for I
analyse were any results ever raiwvel' No No NWA No NIA NiA

11 Did dirt'sand con- a 'Wheel ban.ngs No No es ., I Unknown No ,Uknow
lamNnatNon cause b Gear drives o No I No Yes' Unknown No i Unknown
any problems with c poionnNo-

cun jo40noong No O Yese Unknow No Unknown

1 . Did hot ambent temperatures cause ay 0. No No j NO 1 No
related problems' N Nr N No No

13 ,ttheOEHDO-1540 a Theadgottoothin ' No NO No No NIA i No I
tactical engineoil The ei~ n rw
iMIL-L-2104)was heW

7  No No No No N/A No
not used, wa* it I _1
because c The ol was not Y Y j N/A Yes

availlable'Ye Yes Yes Yest When required
2SAE 50 wt in M6OAI final drves became too tiwn and some water was found
'Sand got in open 5-gal containers
'Same problems at Twenry-nmne Palms, CA
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

LUBRICANTS

H&SCo , 1st Ary st LAI I 3rd AAV MTM Co, Cou 7Fe
1st 1stk Bn,S Bn, 1st Bn, 1st ist MntcQuestion Is Mar neo1st Mar'e Bn, Mat upt

Dr st Marsne M Marne Marne Bn, 1stD, Div ISt marine Div Diy FSSG Bn, 1st
Dry FSSG

14 Were any or all of the a SSW-140 No - Yes No No No
following gear ods b 90 No Yes Yes Yes No No
(McL-L-2105) used' C SOW-90 Yes - Yes No Yes Yes

15 Were oil filters changed each tmee Yes5  I I
engine oil was changed) e Y

If available
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

HYDRAULIC AND BRAKE FLUIDS

I1st Th H-&S Co, 1st Arty Bn, I1st LAI 3rd AAV MTM Co Co.k Futh

QusinBn, 1st 1 st Th Bn, 11th Bri. 1st IBni, 1st I1st Mntc EgSpCusinMa ine 1 st Marine Manines, 1st Marine Marine Bri 1 st Br, ISut

-~ Div Div Marine Div Dryv Div FSSG 2 n 1sSt

I Were anvor all ofthe ia OHTO7HA i
toilowing hydraulic and ('Cherry No Yes Yes No Yes, Yes/Yes
gun control systems Juice")__________________
!Iuids used" b FRH (fire1

resistant Ye Do'us No Ys o Ys
hydraulic Ys Dd' s o Ys N e
fluid) __ I__I_ _

7cDxo-11Yes Yes Yes No Yes Yes _____

2Did the hot ambient temperatures affect-
those self-propelled gun systems using NMA No No N/A Unknown N/A
"Cherry Juice' (MIL-H-6083)7__________ ____ ___ ____ ____

3 Was sand contamination a probtleml with I

operation of any hycraulic: or brake fluid No Yes 2  YeS3  Yes No Yes'
system~ ____ _____I I_____________-

4 It vehicie brakie systems using silicone I I
brake fluid iMIL B-46176) w-)re toppedI
off with conventionalcoommercial-type N /
automotive brake fluids were any NA /A N/A N/A N/A N/A
differences in braking periormance
noticeable')

5 Did the hot ambient temperatures causeNo o
brake fade problerns7 No No I No No No o

6Were fiuers in those hydraulic system~si Ys 5 o Ye NA
emnpioying .Iters routinely clunnjed? No No Ys N e ,

-Dod thehot ambiOe it tmperaturnscause
more frequent topping off of both No I No No No No No
ihydrauiic and brake systems'

8 Were there any occutrences in which-
*cherry juice' jMIL.H-6083/OHT) was iIDdI

addled to hydraulic systems using the WiA N/A WiA I N/A NiA Iko
MI L H 461 70D FRN hydraulic fluid or ko

vice versa

hydraulic systems? I I 1 N o N

o0 Did the higher ambient 1 'naisuri
tonance of hydrauilic and gun cenolNo NoN

1 dthe ghar ambient temperatures i iI
create an overM~ incems in the man- No No INoI No No NOI
leiane oehiciebralke systeism7__

"`2 Were fluid changes accompished at

nitervals sch~eduled in aufthozed lib Ye o No Unknwmn NO Yes
orderS7

CH ed when OlIA ran out
Wbteei w'aster cylinders

3Sand piroblemi with spad. hydraulic cyllnders
4W jidrulic system of HMMtA'Vs had a said buoild up in hydraulic booter

'Winavagaoee
6more freQuently
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, NC

GREASES

T n H&S Co, st Arty l 3rd AAV MTM Co Bulk Fuel
Itst Tk Bn, B n, 11th 1st LAI Co, 7th

Question 1St Marine I Manines, Bn 1st 1st Mntc Eng Supt
Div 1 1St Marine Manne Div Marine BnBn 1 st Bn, 1stDiv Div FSSG I FS

I Was MIL-G-10924F or i Didn't Didn't 1
MIL-G-0010924E versions of GAA know Just know Just Yes Unknown Yes Yes
grease available for use' knew they knew they

I had GAA had GAA __ _

2 Wis WTR (MIL-G-83122) grease auto-
matically substtuted where GAA was No Yes Yes Yet No Yes
required?

9  ,_ _ _

3 Did the hot annbent temperatures cause 1
excessive grease breakdown and No Yes

1  Yes Yes Yes No
leakage?;

4 Did the hot ambient temperatures affect

the shelf life of the unused GAA and No Yes
2  

Yes Yes Yes No

other greases'?

5 Where WTR grease was used inter-
changeably with GAA at lubncation
points previously lubncated with GAA N/A No No No No No
were any performance differences
noted'

6 Were relubncation intervals changed No
from those speafed in authonzed lube No Yes' Yes No Yes No

orders7

7 W•ere solvents used to clean palgs I
before relubricatng components such Yes i Yes Ye' Yes' Yes' Yes'
as wheel bJanngs CV joints, etc?

8 Were sand particles evident in bearng No Somo F Yes N
components during disassembly'? ___ No Yes

9 Did the higher ambient temperatures
create an overall increase in the main-
tenance of any grease-lubricated oom.- No No Yes Yes No No

poriens on vehicleoequipment 1 _ _r _ _ _

Had a breakdown with GAA and used WTR with no problems
21 can GAA

3Anything with zen fitings were relubriciaed more Otoer
'Jet A-I

5C4 not have to disassemble very many amis
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

COOLANTS/ANTIFREEZE

SArty MTM Co Bulk Fuel

SstTkBn, Co.1n Arty ni st LAI 3rd AAV 1stMntc Co. 7thIs kBn st"' ai 11th BnMs ia,1 t M Eg up

Question 1st Marine st Marine Mannes it n, 1st n, 1st Bn 1st Eng SuptDN 1st Main Marne 1s1st s
DvMarine Div Man i n, ist
Div Manne Div Manne O FSSG FSSGI

I Was any commercial type anufreeze used N Yes
in lieu of MIL-A-46153 antifreeze? N __Yes No Yes __No __Yes __Yes

Was the antfreeze extender additive N/A No No No No No

(MIL-A-53009) used? _ _ r

3 Was it possible to save drained antifreeze N N No No NN
for reuse when cooling systems were N
drained and filled? _ _ _ _ _ _ _

4 Were any of the a Potable water N/A Yes Yes Yes Yes Yes

following make-up b Distilled water 1 N/A F No No No No Nowaters u sed?' N
c Bottled water N/A F Yes F Yes No No

,- I NoiNO I Ye

d Local water N/A Yes Yes No No Yes

5 Did the hot ambient temperatures cause 1 Y Yes 1  No
engines to run hotter? i N Y

6 Were there any leaking or corrosion I ' ,,
problems attnbuted to the antifreeze or I

NA No No Yes i No Nohard water (i e, local water) that may , N
have been used?

7 Were the standard Test Stnp Kiis used to -NA1 No
measure it the antifreaze was okay7  NA No No No No

8 When antifreeze I a Of an engine e Yes Yes
was changed for a change' Yes Yes Yes
reason other than b Repair of an I 1
one required by b enginer I Yes I Yes Yes j Yes I Yes Yes
the standard test e,_ _ _ _ ___

strip, was t c Drt/sand NA N/A N/A N/A No
because i contaminaton?

d Other contamna NA Yes Yes Yes Yes No
tion?

9 Was any MIL A-46153 antifreeze 1 No Ye
provided to you in metal containers? Ie

10 Were the metal containers plastic lined? N/A Yes Yes N/A 1 Yes Yes

11 Did the higher ambient temperatures 1 I
create an overall increase in the main- I N/A Yes2 No No No No
tenance of engine cooling system com-
ponents?_____

12 Was flushing ot coolnig systems a "
problem due to the lmitaeons on avad- N/A No No Yes Yes No
able water? -

13 Were there any instances that undiluted
antifreeze was added directly in refillng I N/A No No No No No
cooling systems? ____I_____I____ ___

Running hotter but not overheatng
2lniially Beleved to be caused by a preservative fluid (black, degraded hoses, stuck thermostat) put in while stored on PMS ships
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
OOS QUESTIONNAIRE CONSOUDATION

CAMP PENDLETON, CA

COOLANTS/ANTIFREEZE

" ~Bulk Fuel
1 H&S Co. 1st Arty Bn. 1st LAI 3rd AAV MTM Co uo 7e

1st Th Bn I Co 7th~
Q st i st Tk Bn. lth Bn. ist Bn 1st 'st Mntc Erg Supt

Question 1s aine i Dst Marinev Marines. 1st Manne Marine Bn ,stSON Bn 'st
iv Manne Div Div Div FSSGi ,;:SSG

14 When topping off a Water only N/A Yes 3  
Yes Yes Yes Yes

radiator systems used
9

was I b Antifreeze only N N
Sused'• _N/A No No __No __No No

Sc Water-antitreeze

atnAreez N Yes
3  No No i No No

mixture used?
3
When temperature went down to -20"F, they added antifreeze.
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

WEAPONS LUBRICANTS/SOLID LUBRICANTS

H&S o I1st Arty Bulk Fuel
st Tk B. H&S Co. 1st LAI 3rdAAV MTM Co Co 71h1st Tk Srn. B n 1 3t n, 1st ln. 1st Itst M ntc C t

Ouestions ist Marinel Maines. Eng SuptS st Marine M Marine Marine Bn 1st
Div st Marine Di i FSSG i. 1st

Div Div Div______ ____ FSSGDi FSSG

Were mitary soecification products Y I Y Yse), Yes i Yes 1 Yes Yes Yes

2 'n adition to those a TW-25 No No i No No i No
",equired specification b Dryslide Yes' No No Yes, N/A i

oroducts were other -4-

Proprietary commercial c WD-40 No No No No I No

products also used? d Bore-Cote ,
For example Yes2 No No No No

3 If these proprietary products were also

used. was there a noticeable change in N I

the performance or a reason that N/A N/A Unknown N/A
necessitated their use?

4 Were the hot ambient temperatures I
creating lubrication problems for No No No Yes No i

weaponsgun systems'

Was dirtsand adhesion a significant Nprb~mNo No Yes , Yes Yes ,
problem?6 if dirt'sand adhnesion was a significant i Ys

problem was it resolved satisfactonly' 1

7 Were any solid film lubricants used' Yes
3  

No No Unknown - No

8 Were there any mixing or compatibility I I[J
problems (i e solid lubes with greases No No N/A Unknown N/A

or fluids)') ___

9 Were solid lubricants a User N Iaple ypeI ne' No N/A N/A Unknown N/A I
applied by I personnel) / ___

b Ordnance 1 N

personnel? Yes N/A N/A Unknown N/A

c Other' No N/A N/A Unknown N/A

"10 Did the higher ambient temperatures

create an overall increase in the main- No No No Yes No
tenance of oil/fluKi/grease lubricated
weapons systems components?' _ _ _

Procured but never used2
Used on rifles but were not going to fire weapons until cleaned and lubed with MIL-SPEC lubricants

3Was not trusted for combat Weapons recleaned before firing

D-39



BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

WEAPONS LUBRICANTS/SOLID LUBRICANTS
H&S Co Ist Arty C Bulk Fuel

I lst Tk Bn, 1 Bn, 11 h st LAI 3rd AAV 1TM C Co 7th1i st Tk On, Div Mntc 1s
Questions 1st Marine 1st Marine Mannes, Bn, 1st Bn 1st On, 1st Eng Supt

DDv Ist Marine Marine Dv Manne Div FSSG nI
Div F FSSG

11 Was there a 'pre- a Large - Y
ferred" weapons caliber Yes4 ves4 Yes Yes

5  Yes 5

lubncant for weapons'l I

b Small I- Y Y

caliber Yes
6  

Yes s Ye Ye
weapons, , '__

4 LSA for 30 caliber and ,jp
5
CLP6
CLP, rust was a problem

?Dryslide
General 1 Used metal auto brake tubing from wreckKed vehices to repair fuel hoses

2 Not enough lubricity in Jet A.1 for HMMWVs

D-40



BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS IQUESTIONNAIRE CONSOLIDATION

CAMP LEýJEUNE, NC

PACKAGED PRODUCTS

Quiestion Survey Group 1 Survey Group 2 Survey Group 3

at their unit basic load (UBL)l oN/ e

2 Were packaged POL products acquired from localYeYsYs
companies through local purchase procedures?Ye j YeYe

3 Were POL products packaged in unit quantities that Yes Yes Yes,
were convenient for use and reduced waste? e

4 Were packaged FOL products labeled as to manutac-
turer, grade, or otheor information to allow ludgment Yes Yes Yes
in use? ______________________ e

5 Did commiercial packaged a Oils YesYe
POL prdcs nld b Dry lubricants No N No

c Gressee N/A Yes No
d Antifreeze N/A No Yes
* Hydraulic fluids No No Yes

fraalids No No No
6 Were shortaoies noted in Class Ill packaged ca? Yee ?Yes T ,

7 Were Baftinteld Company manufactuired prodluoI
(19e.primaryengine and gearofts)used? No No No

a If Battenfeld products were a Units hadn't bown
usedwas it because I notified they should No N/A N/A

Lnot?
lb Chodtagm forcdfti N/A N/A N/A
* S Of oth~eproducts ____________

'Answer suitable for bulk handlers
2Sotse alternaudtiediNV~ averages due 10 procurement tiuctuab"r

3urlbo-siraft oil. OHT, FRH. GA, GMS, WTR, damping Fluid.
General Note 2nd Tank Sri, 2nd Mannes Division were issued hiAle on a *smporary low' basse in SWA Had trouble convinc-
ing their supply chain that thay nede dilferent transmiaaan (turbo-thaft oift) and FRH hydraubc fluidi.,
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP LEJEUNE, NC

FUELS

Cuestion Survey GopI Survey Group 2 rSurvey Group 3

1 Was the fuel delivered to the POL tank farms (badders, No1  e /
etc ) filtered? Yes____N/A _

2 Were any inspections, visual or othierwise, made at the~Ys /
tank farmV I Yes_____ Yes_____ N/A___

3 Were any inspections, visual or otherwise, made at unit YsNo Yes
level7

4 Were fuel analysts laboratories, either mobile or fixed, 2os
available to ether orbothwholesale andretail levels? Yes yes3  Yes2

5 Were any abnormialtes noted in tie fuels delivered (color, Io oN
smell, appearance)?NoNoN

6 Were the users (operators) satisfid that they' received i YeYsYs
good quality fuel in adequate quantities? Yes___ Yes___ Yes___

7 Were logistics, manunaics, and user personniel aware of ysYes I Yes
the type and grad. of fuel they used? I____

8 Were bulk tfuel delivered in host nation or other foreignyeYsYs
nation vehilcles?

9 Was adeqfuawi informnation provided down to user level on i Yes No yes
prope fuels and lubnca'iis utihzatonw preed? _____ _____ _

10 Were the folowing fuels available foruse TaJP-4 No No I N/A
by m~iitry arcraift? fb JP4 No Nc W NA

SJP-5 ý No I No T N/A

jdJet A-1 Yes yes N/A
I I When used in arcrtft were problems experienced with NoNI/

one or more of the aviation fuels?
12 Were lie Wlowing hiels available or use ~a JP-5 yes No No

by disel,-burninggWound vehiclus& b Jet A-I Y*- t YesYe
equipment?ye

_______________ [cF.? Yes No T No

13 Which of thefuels werused inthe a j -P5 YesefUit)e No No
disissl-buwV Wound vehiiclssa &M b jet A-I Yes 0-'95%) Yes yes
equipment?

cOF-? I Yes (ultlef No No
14 Was twor any nowicse deasse in power outpu eYs

when aviation fuel was used in No el-buming
ground vehiles and equipment?

15 Wa any blendebng of en"n oils or hy'eiiic fluids into Yoes Yes yes
&%Iation fuel preceou?

'wer unueiiii of prior Wue Moeling
'Laws avalaw but not used
'Foir swoon reseurces
4A red color was associsad w* fue standing in del very line fo one or more dayn

Pemins to angineer construceon equPment (07s gradersi) darned vehicle used more fuel

D-42



or.VO.# A nDE)EVELOPMR&PENT AND ENGNEEiNG CENTER

ODS QUESTIONNAIRE CONSOLIDATION
CAMP LEJEUNE, NC

FUELS

Question Survey Group iI Survey Group 2 1 Survey Group 3

16 Were any procedures established for changing from one
fuel to another, such as DF-2 to aviaton fuel or one Yes No Yes
aviation fuel to another aviation fuel?

17 Did user personnel know that Jet A-1 fuel was a yes 7 Yes7 Yes

satisfactory replacement fuel for DF-2es

18 Were increased replacements of fuel fiters needed Yes
8  

No Yes
followng changeover? I

19 Did fuel filter plugging occur? yes8 No Yes

20 If fuel filer plugging ocurred, was it considered excessive? YaN/A No

21 Was a 'black residue observed on any fuel filters that N/A No Yes
were changed? N/A NoYes

22 Were biocidesdboostats used to control microoiological No No No
growth in fuel cells? _ ......

23 Were any additives blended wdih the Jet A-I fuel, such as No
9  

No No
Cl. FSII, or statc dissipar?

24 Were fuel handlers and operator personnel fearful tha No No No
A-I would be hazadus because of the lower flashpoint?

25. Were tem nyt 'waxing' problem with the use of the host N/A N/A N/A
nation supplied diesel fA N/AN/A

26. Were vehicles rousnely a TPUs? No Yes No
refueled y b Mdiry niel? i Yes Yes Yes

c CommerciMaimi '•es No No Yes

27 Was ditsad a problem dunng fuel tnmbrs? No No ' Yes

28 Was them a perceptble I a DF-2 was used? N/A N/A NIA
incraum in main nano. when b Jet A-I was used? yes, , ye$lo Yesil

29 To aileviate dirt/sand problems a Cairn aftmosphene
dunng fuel tanslnes, were conditons walted No No No

b Fuel opening
recesses blown or

Ys fre of yes No Yes

dirttsad? I

Ic Operong of uel fillT

pole~djcdtaNo I No NoI ~servime?
Users were told but alf personnel did rnot Sopt assurance

*Only tor urnit which did not fuash uel syslims &Vl chsrne Aller
1n their opinion Cl, FSII &a mac eIioew almid not be infecied belho woles1 level
'°Espocil CUCV aid HMMWV W I eai pumps

'II

Increase due we faied PT pumps on AAvels
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP LEJEUNE, NC

FUELS

Queston Suiviy Group 1 Survey Group 2 Survey Group 3

30 Was there a perceptible a DF-2 fuel? N/A r N/A N/A
increase in fuel inlOtor nozzle Ib Jet A-I fuel? N 2
fouling when using No No No

31 Did use of DF-2 in annored vehicles VEESS projce I
ad*Wao smoke in the high ambient temperature N/A N/A N/A
envwonments?

32 If vehicles/equipment were using Jet A-i, did No Yes Yes
hotter'?

33 Were there any perceptable problems associated with
acdmixing fuels during fuel changeovers? I NO No No

34 In unitsthat utilized Jet A-1, were ground vehicles and ye813 N/
aircrat refuled from t same, fuel tankers? NoYeN/A

35 were tere any problem in using vehicle personnel
heaters wi ether Jet A-I or DF-2' No Yes No

'20ne unit reported fuel inneciar nozzles burning and fouling out in the NHC 250 and NTC 400 Cummins engines
13Ground vehicles were rfueledo from aviaton fuel qualifed military tankers.
Generl Now. One unit repofledthe they did not mix oil or hydraulic fluid with eir fuel They reported uing 200
HMMWVs for over 500,000 miles with no problems except one Stanadyne pump Followed preventive maintenance ser-
von with fuel filters draned of water two to three times a day
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER

ODS QUESTIONNAIRE CONSOUDATION
CAMP LEJEUNE, NC

LUBRICANTS

Question Survey Group 1 Survey Group 2 Survey Group 3
1 Were the following engine oti o a OE/HDO-10 yey Yes

available for use? b OF/HDO-30 No Yes
c OE/HDO-40/10W-30 No No/Yes

d OEI.DO-15/401SAE 50 Yes Yes

2 Was MIL-L-46152 (administrative service) engine od used7 No No

3 Were oil analysis laboratones available? No No
4 Were normal lube order oil change intervals used for engine od? Yes No'

5 If changes were made in normal a. Increased? N/A No
intervals, were the inverva;s b Ocreased? N/A Yes'

6 Were normal lube order service a Transmissmon? Yes yes
intervals used for b Power transfer units? Yes Yes,

c Differentals? Yes Yes'
d Hydraubc systems? Yes Yes'
@ Broke sysems? Ye Yes'

7 Was there ay ev4sno of *og break"down (i e. oil oo tImn,
emessuve il consumpton, se.)? No No

8 Were teo problemns in perlo•rming lubncit-relaa mlainte nen? No Yes

9 If oil analysis laboralones were avalslble, were od sauples mw N/ N/A

and sent lo tIerii/

10 If oil samples were snt to a laboratory for analysis, were any
results ever received? NA N/A

11 Did art/san ontamination 1 Wheel bearings No Yes
cause any proble with b Gear drims? No Yes

c Gun posmoriiing syslms _ No Yes
12 Did hot ambient famperatures cause any d-reliaud problems? No No

13 if the OEAHDO-lS40 lctlcal a. Theaod gottoo ihVn? N/A N/A
engine od (MIL-L-2104) was not enge ran honlr? N/A N/A
used, was it because
_ se_.________________ c The od was not avaelbed ? N/A N/A

14 Wereany or allofthe foillowmilg a W140 No Yes
gear ods (MIL-L-2105) used? b 90 No Yes

J soW-go Yes Yes

15 Were oil Alters clhanged ci .me fit engine od was diaiged? Yes Yes

Lube interval was reduced by on*4udf
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BELVO!R RESEARCH, DEVELOPMENT AND ENGINEERING COENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP LEJEUNE, NC

HYDRAULIC AND BRAKE FLUIDS

QuestionSurvey Gorup If Survey Gorup 2 Survey Goiup3
1 Wereany or al of tie following hydraulic a ONT (*Cherry Juice') I_ _____ No Yes

and gun conritol systems fluids usedl I b FRH (fire reitant No Yes
hydraulic fluid) I_______________

2 Did tie hot ambient temperatures affect those self-propelled gun N/ No
systems using 'Cherry Juice(MIL-H-608)7 ______ /

3Was sand contamination a problem with operation of any hydraulic 1e'Ys
or brake fluid system? _____i_____ ___

4 itfvehicle brake system using siliconlebrake fluid (MIL-B-46176) II
were topped off with convenitional/oommercaa-type automotive N/ /
brake fluids, weeany crtfreewrim in bra"un perform&nzntce / /
able? _____ __________

5 Did tie hot ambient temperatures cause brake faide problems7  
____ No No

6 Were filters in those hydraijc systemns employing filters routinely { ~F~

7 Did tie hot ambient temperature cause more frequet topping off ofNoo
both hydritultc and brakte sysimms~ NoN

8 Were tiems any occurrences in which 'cherry juce
(RM L-H4093I1l4T) wa added 10 hydraubc systemt using die N/A I No2

W L-H-46I170/F-RH hydraulic fluid or vice versa?_____________ _____

9 Wetre any ACYIP samnjesa taen from hydKAulc systsmsE _____ No I N/A
10 Did tie higher ambient temperatures create an overall increase in NoN

tie mainvenance of hydraulic and gun oonWa systems? No i o
I1I Did tie higher ambwaienitmpecasiaes awlsa an overal increase in

tie mairinanwim of vehicle broke systeims?Noo
12 Were fluid dmwies accomplished at inteivals scheduled in

authorized lube orders? jN
Had Problems witi hydraubc sea on 60004lb bliolifts.
2Aquestion was raised about Type I and Type it FRH ?alide. Type I cannot be mixed with Type 11 and tie unit was issued Type I

when toiy needed Type 11 The saiation was resolved when tie FRH was removed from tie unirs AVIBs and used in thie .MAls



BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP LEJEUNE, NC

GREASES

Question Survey Gorup I Survey Gorup 2 Survey Gorup 3

1 Was MIL-G-10924F or MIL-G-0010924E versions of GAA grease Yes Yes,
avaimble for use?

2 Was WTR (MIL-G-83122) grease automatically sulstituted where Yes
2  Yes

GAA was required?

3 Did Me hot ambient temperatures cause exove greaseb-.h. No No
down and leakage?

4 Did Ihe hot ambient temperatures affect the shelf life of the 1
unused GAA and other greases? NoYe

5 Where WTA grease was used interchangeably with GAA at N
lubrcation ponts previously lubricated with GAA, were any No No
performance differees noted?

6 Were relubricabon interv anged from those speified in

authorzed lube ordenrs No

7 Were solvents used to clean par" befor reubncatng Yes Yes
components such as wheel bearings, CV joints, etc'_

8 Were sand panrice evident in bearing omponents durng No Yes
disassembly? __NoY_

9 Did the higher ambient lomperabte create an overall increase in
the maimntnance of any gremslubricabd components on No No
vehice/equipmeint systemsj

'Unit wanted GA but received GAA instead
2SubstiJtud WTR in track tension cylinders on M60 tanks, stated that the Manne Corps i transimonng to WTR from GM

grease31niefvais were decreased by 1/2
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP LEJEUNE, NC

COOLANTS/ANTIFREEZE

Queftion Survey Group I SuJrvey Grop _2SuveyGrop_

1Was any oommercial "p antifreeze used in lieu ot MIL-A-46 153 NoYes
antifireeze?

2, Was the antireze extender additvil (MI L-A.53009 used? No No
3 Was it possible to save drained antifreeze for muse whien coolingNoo

systems were drained and filled? NO______ No______

4 Were any of die following makea- aPotable water Yes e
up waters used? b Distilled water F ______I Noye

c Botted water NoYe

d Local water No Yes

5 Didtehotambienlttemperaturescausefengines to rnihotter?7  No No
6 Were thtere any leaking or corrosion probilems attributed to the

antiftweorhar dwalor (ia,local waw) that may have been No No

7 Were tstandrdrTet Strip Kitsused tomeasureit theNoo
anotireeze was okay? No______ No______

8. When antifreeze was caedmq aOfn ongme ______ y Yes
for a reason other tha one b earoanegnYs e
required by the standard test No Iitr cotmnain

d Other contamination? No yes

9 Was any MIL.A-46153 antifreeze provided to you in metal No yes,

10 Were the m@W containersplasinc lned? NIA No'
11 Did ft higher ambient temperallures create an overall increaseNoo

in the maintenance of engine am"ei system oomponients?Noo
12 Was fushing ofcooluingsystems aproblem due to the

limitations on availle water?Noo
13 Were theme any iuutilnoti that undeited antifreeze was added

directly in relliutiig coolin systems? No No

14 When topping oa" radiator a weatr only used' No yes
systems, was lb Antifreez Only Used? TNo yes

usedjr Yes

'Two 55-0a drums other containers were pluse
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BELVOIR REiSEARCH, DEVELOPMENT AND ENGINEERING CENTER
vO'P QUESTIONNAIRRE CoOINSOLIDAT -ION

CAMP LEJEUNE, NC

WEAPONS LUBRICANTS/SOLID LUBRICANTS

Questons Survey Group 1 ISurvey Group 2 Survey Group 3

1 Were military spe*ficabon products Yes Yes
used?

2 in aocloon to mose aTW-25 No No

required specification b Dryslide ' No Yes
products, were other
proprietary commercial C WD-40
product also used? For No Yes
example,

3 It these proprietary products were also used, was fter a
notceable change in the performance or a reason that N/A No
necessitaed their use?

4 Was the hot ambient temperatures creatng lubrcalion No No
problems for weapons/gun ysewms? N

SWas di/rtsand adhesion a significant problem? _Yes Yes
6 If dirt'sand adhesion was a significant problem, was it

resolved sausfactonly? _ _Y_ _Y_ _

7 Were any solid film lubnicnts used? No ye.
8 Were there any mixing or compatbity problems (i e,.

solid lubes with greases or fluids)? N/A No

9 Were solid lubncants a User personnel? NWA Yes
apoled by b Ordnance pesonnel? N/A No

7c Other? I N/A No
10 Did the higher ambient temperature cream an overall -

increase in the mantenanoe of od/fluid/greae lubn- No No
cam weapons systems oomponentel?

11 Was there a prelerred a. Large caliber weapons? __Yes (CLP) Yes (CLP)
weapons lubncant for b Smail calbw weapon?, Yes (CLP) Yes (CLP)
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

T. taAa STf^111 Ar

PACKAGED PRODUCTS

72thSt g. In nd HHC. C
224th Spi Ad S-) 3/oh n 3/151h In

Question Bn,, (Main) 2n,24th 2p d S4) 35th Inf (Mech) IMch
124th mnt Div In 24vt Di 24th It (M ivh 24th Inf

1, Were packaged POL products taken by the units as partIIDi

of their unit basic load fUEL)? Ye-es Ys Yeie

2. Were packaged POL products accuired from loa Yes Yes Yes Yes Yes
comn~anies through local purchase procedcuires" _________ ____

3 Were POL products packaged in unit quantities that YeTe o' Ys e
were convenient for use and reduced waste?Ye Ys Noes Ys

4 Were packaged POL products labeled as to manufac-
turer, grade, or othier information to allow judgment Yes I Yes Yes No3  Yes
in use?

5 Did commercial packaged a. Oils yes Yes I Yes Yes - Yes
POL products include: b.Dry lubricants No___ NoYeNoN

c. Greases No Yes No yes No

d. Antifreeze yes 11 No No No No
e. Hydraulic fluids Yes yes No No No

______________ f.Brkfluids I Yes No No No No

6 Were shortages noted in Class Ill packaged products? Yes' No - yes$ No$ No

7 Ware Eattenfeld Company manufactured products No No No t No No
(1 e, primary engine and gear oils) used7

8 If Eattenifeld products were a Units hadn't beenw
used, was it because. notified they should I N/A N/A N/A N/A N/A

b Shortages forced the NA NA N/ NA NA

a Preferred DEXRON 11 in quarts versus 5-gallon cans
b Preferred Turbo-Shaft oil in 55-gallon drums

2Eicent for 30-wt oil which was available only in 55-galon drums
3Claimea only Arabic language used on containers
'Initially durng first Week no problems alteir that
1 0-wt thiroughout 30 wt was sporadic. GMD

Generai 1 A box was built on top of HEM'TT Tanks for Wansport and storage of packaged products
2 Prefer piastic containers with *so'ew-on caps for lubrncants oontainer

ENot after the first month
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ELVOIR~~* REA" EVELOPMENS Aui0 ENGINEERING CNE

ODS QUESTIONNAIRE CONSOLIDATION
FT. STEWART, GA

FUELS

ACo Hg 2nd IIC ~
724th Spt 22t P Bde ( S-4) 3/5t Int 3115th Int

f B, 2th 4 (hMech (Mech)

1Was te fuel delivered to the POL tank farms (bladders,Di nDv Dv 24ln NA

2. Were any inspections, visual or otherwise, made at the Ys N/A N/A No N/A
takfar.ni ý

3 Weeany inspections, visual or otherwise, made at unit N/A Yes Yes No No

4 Were fuel analysis laboratonies, either mobile or fixed, No 1 Yes, Yes No2  No
available to either or both wholesale and retail levels? _____ ____

5. Were any abnormalities nioted in the fuels delivered (color, Ye3  No Ye o Ys5
smell, appearance)'le es N e

6 Ware the users (operators) satisfied that they receivedYe Ys Ys Ys
good quality fuel in adequate qunttels?Ye Ys Ys YeYs

7 Were logistics, maintenance, and user personnel aware of Yes Ys I Yes Yes N
the type and grade of fuel they used? ____ ________ ________

8. Were bulk fuels delivered in host nation or other foreign
nation vehicles? Yes 6  Yes Yes No No

9 Was adequate information provided down to user level on No N40 No No No
proper fuels and lubnicants utilization practices? _________

10. Were the following fuels available for use a. JP-4 N/A No N/A N/A N/A
by military aircraft? T bJP-8 N/A No N/A N/A N/

c. JP-5 N/A No N/A N/A N/A
d. Jet A-i N/A Yes N/A N/A N/A

11 When used in aircraft, were problems experienced with N/A No N/A N/A N/A
one or more of the avation fuels?

12. Were the following fuels available for use a. JP-5 No No No No No
by dliesei-burnoing ground vehicles & b. Jet A-1 Yes Yea Yes Yes Yes
equipmenrt" ____

c. DF-2 Yes Yes Yes Yes Yes
13. Which of the fuels were used inthe a. JP-5 F No No No No No

diesel-burning ground vehiclee and -b Jet A-i Yes Yes Yes Yes Yes
equipment?

c.DOF-2 Yes Yes Yes Yes Ye

14 Was there any notieable decrease in power output
when avialtion fuel was used in deeel-buming Yes 7  Yes Yes5  No No
ground vehicles and equipment? I___ I_ _ _ _ _ _

15. Was any blendiing of engine oils or hydraulic fluids into No No No7 No No"aim~o fuel practiced?_ _ __ _ __ _ _
'Row samples to Air Force Lab at KFMC Heard that results were good.
2Captev fue teat Uis available but not used
3Bad odor, fungus
'Rled in color (loolie "-.: ,.c*oAxd)-DF-2
5Different color tan used in US (Waokedhlk pea green soup)
No the Tank Farm
'a. New fuel injector pumpe apparently restored power as deter.ine by STE-ICE equipment (wheele vehicles)
b MOB power restored affaer eingine and transmission char"e

sa Did niot know whihemer to contrbute loes of poww in MI tanks touar or~duon problems or fuel problems
b HMMwWVs
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING3 CENTER
ODS QUESTIONNAIRE CONSOUDATION

FT. STEWART, GA

FUELS

I ACo. iHg 2nd HHC. j ACo
u o( ) 224th Spt !Bde (S-4) 3/15th Inf I 3 nf) I n. 24th t241h Int (Mec) Mmh

24th Inf Int nDv Div 24h Inf 61v 241h Int

16 Were any procedures established for changing from one I I
tu.. to another, such as DF-2 to aviation fuel or orne No No No No No

aviation fuel to another aviation fuel9

17 Did user personnel know that Jet A-1 fuelwasa a t 1
satisfactory replacement fuel for DF-2Yee N

18 Were increased replacements of fuel filters needed Yes9  No Yes No Yes 0

following changeover
9
?__es_ _YNo_

19 Did fuel filter plugging occur, Yes No Yes"' No Yes, 2

20 If fuel filter plugging occurred, was it considered excessive? No N/A Yes N/A Yes

21 Was a *black residue" observed on any fuel filters that Yes13 Yes Yes14 No No
were changed' o

22. Were bocdesbibostats used to control microbiological No No No No NO
growth in fuel cells? 1_No N

23. Were any additives blended with the Jet A-1 fuel, such as No No No No No
C1, FSII, or static dissipater? No No _No NoNo

24 Were fuel handlers and operator personnel fearful that Jet
A-1 would be hazarddus becajse of the lower flashpoint9 No No No No No

25. Were there any -waxing" problems with the use of the host
nation supplied diesel fuel? YesI No No No _ _No

26. Were vehicles routinely a. TPUs? No Yes Yes No No
refueled by, b. Mil" tankers? Yes Yes Yes yes Yes

c. Commirala tankers? No No No No No

27, Was crhsand a problem dunng fuel transfers? Yes No Yesi6 Yes No

28 Was there a perceptible '[a. DF-2 was used? No No No No No
increase in maintenance when: b. Jet A-1 was used? Yes17  No Yes's No No

29 To alleviate dirt/sand problems a. Calm atmospheric
during fuel tfansfers, were" conditions waited No Yes No No No

for?

b. Fuel opening
recesses blown or Common Yes yes Yes Yes
brushed free of Sense
dr~tsand?

c. Oponing of fuel fill
prlrts reduced to a Common No No Yes No
mninmum dunng PM Sense
services?

90n M1 tanKs only, rate was normal for all other vehicles
'°Excess water in fuel
IHad big problems with engine fulWater separator filters plugging up-milk to gray colors observed on filters
12Plugged with rust
13Both fuels
"14M,13s, MIs and M88s

"Some
'aAugust to mid-October
'7For HMMWV and CUCV fuel inlector pumps.
OHMMWV and MI engines, maybe not a fuel problem but an air induction problem
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. STEWART, GA

FUELS

A Co. Hg 2rnd HHC A Co
Qus74on nh (Main) 224th Spt I Bde (S-4) 3/151h Int 3/15th cnt

24th Inf Devi On 24th n24t Inf (Mech) e
Inf Div Div 24th Int Divi 2IvDiv

30. Was there a perceptible a DF-2fuel? No No No No No
;ncrease in fuel iljector nozzle b Je Ao 

No No

fouling when using: b. Jet A-1 fueNo No No

31 Did use of DF-2 in armored vehicles VEESS produce
adequate smoke in the high ambient temperature i Yes I N/A Yes

9  
Yes Yesenvironments? e

32 If vehicles/equipment were using Jet A-1. dhd they "run No No TYes0 Yes Yes
hotter"' N NY

33. Were there any perceptible problems associated with No N No No No No
admixing fuels dunng fuel clhangeovers? N N

34 In units that utilized Jet A-i, were ground vehicles and N/A No No N/A
aircraft refueled from the same fuel tankers? N No

35 Were there any problems in using vehicle personnel 21
heaters with either Jet A-1 or DF-2' N/A No Unknown No No

1990"F-100"F range
"'M88s ran hotter, possible burnt valves and burned holes in pistons when 'lpnk* fuel was used.2 1

Claimed no personnel heaWrs in thetr vehicles
General
1 724th SpL Bn (Main)-Some crews broke glass beads in HMMWV and CUCV Slanadyne pump return fuel lines
2 A Co 2241h Spt Bn -Claimed a lot more fuel was used when Jet A-1 was used
3 Hq, 2nd Bde (S-4)

a Recommends navigational aid for military vehicles
b Recommends larger screen mesh for fuel cell (ated ROM refueling practices)
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. STEWART, GA

HYDRAULIC AND BRAKE FLUIDS

74hSt A Co, Hg 2nd HHC A Co
74 224th Spt 8de (S-4) 3/15th tnt 3/l5th tnf

Ouesion n ,(thin) Bn, 24th 241hI tnf (Mect,) (e
24th Int Div Int i Div 24th tnt Div 24th tnt

________________Div

1 Were any or aft of the tooflwng a OHT (*Cherry Yes N/A Yes yes Yes
hydrauic' and gun control systems Juice')_____ ____________________

fluids used? b FRH (fire
resistant Yes, N/A yes yes Yes
hydroublc fluid) I____ ____ ____ ____ ____

c Dexron-1I Yes I N/A i Yes Yes Yes

2 Did the hot ambient temperatures effect those sielf-

(MIL-H-M6)7 ____ ____ _____ ____

3Was sand contaminatibon a problefll wmlh rz~paraof of any Ye' NA Y6 o Yes'
hyiftukc or broke fluid system?_____

4 Itf ve.cle brake systems using siflicones brats fluid
(PAtL-B-61 76) were topped off wifli coantoal NWA No No No No
oomsrnwual-type aulamolive brake fluids, were any
diferences in bialunig performwce nobceehie? I______ _______

5 Did the hot amibwet temperatures ccuse brakelade o N N o N
problems? ___o_ No No___ No___ No___

6 Were flfteui in thow hydraulic systems employing filers
rcowlyca~cYes No j No No No

7 Did to hot mribient tempermires caseM mor No /A No YeN
opring off of boti hydmftanb id bralv, systems') NO __ WA N Ys N

t er le any waffan wce in whihcley gtac .1,1Ml
(M~L-H40930VNT) was addd to hydrauhc systems sn No F N/A No Nj N
fte MIL-H-A61701FRH hiydrauiec fluid or wice veow? u" I No__ No__ ___

g Were any AOAP samples mien from nydraulic systems' I No No No No No
10 Did t. highwr ambient temprnaswes wowani WoverallN Ys' N

,nawsa istie ithsaneaic of hyrsf an gu w ft Yes$ N/A N#6 N
systsmI'

I1I Did "h highe. ambien temperaturesa an overul
Incrase in this manmmnc of vsefb brat systems ? No No No Yes No

12~i rflidchngS ~~I~ehd , itE~I5~Yes Yes Yes' No yes
in autianzoed lube orders?

'Apo@e luce* type
21401 wrisidred eax.ssww
'a HMWW bras systm~s ant power sow--i pumpgs
b Samewearanmml? hyuw fovitoeva

4Ml 113 rampse, ltme 9et mwe o Sia e~mal n m rimp pumips
%'Soomesgumm owgurcenm systeim buA e not mie" systems wowe~s"

6C~f~ ANO it orehfdrsjbc 640ad
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. STEWART, GA

LUBRICANTS

724th AIo g2d HC AC
Sp n"224th Spit Eld. (S-4) 3/1Sti Int 3/15th lnfOuestion (Man)'y Bn, 24th 241hlInf24hn Jf)

_______________Div__ _____________ Div__ Div_2th__ Div~ 24th Int Div

1 Were the following engine oils Ia. OEIHDO-10 Yes yes yes Yes Yes
available for use? b OE/HDO-30 Yes yes Yes Yes ye

c OE/HDO-40/11W-30 YesiYes; Yes No No No
d OEtHDO-15/40 Yes Yes Yes Yes Yes

2 Was MIL-L-461 52 (administrtive service) engine oil used? 1 Yes' Yes No No No
3 Were oil analysis laboratonies available*7 No Yes No Yes No
4 Were normal lubo order oil change intervirlt used for engine oil7  No Yes Yes Yes Yes
5 Itchanges were made in normtal laincreased? No N/A No N/A N/A

intervals, were the invervals b a ?+ Ys NA Ys / /
6 Were normal lube order service la Transmission'7 Yes Yes Yoe Yes Yes

intervals used for Ib Power trnse unit? yes Yes! Yes yes yes
ýc Differentifals? t Yes Y-3s yes Yoe Yes
Sd HydrauW. systems? yes Yes IYes yes yes
jo Brakte systems? IYoe yes 1Yes yes yes

7 Was there any evidnooibalw (Ige.oil toothin, Ye No o Noo
excossiv oil consumption, et )7 I e o o N

8 Wer there Problems in performing lubricant-related Ys Ys Ys Ys N
mainlenancil7Ys e es ys N

taken and sent to them')

10 ItoI samples were sent toa labora&"r for analysis were NA~INA N /
any results eve rocnd N/ 1o NA__ No_ 1N___ _A__

11Ddcrsn otaiain a V0WbaigNo o No Yes' No
cueaypolmwih b Geard t*s 7  No No _Yes' Yes No

c Gumnposarng systems? NO No__ No_ yes NO
12 Did hot ambient temperature, cause any (Wod-red problems No No NNoO

13 It the OE/110- 15140 WNWe la.The ail got to emV? No WA__ N/A_ NoNIA
engine ol IMIL-L-L2104) was fb Te onwi ran hk.4tt No__ W#A N/A No NIAnot used, wee it because Ic The oilwas not avadeble e N/A N/A Yes N/A

14 Wereany or allof "efolkwing a ISW-140 IYoe No* yes No No
p rll ifMLL2O6 usd? lb00Yes N Yes No No

c low-go Yoe IYes Yes tY a Yoes
15 Were ail Ifitrs clianget; each am~ " orgeo wee yes? Yes" Yes7  I Yes I yes

changed? ._________

I OW-30 used in mostly wheeled vehti~e engine may nave used 10 wit in dweieresaset
2For grease lubnoimon
"rTookt W samples urned in vi, SM resi~iw unknown
'A kM. er thano us"a

'Tobewi othsrlables on HE MT crane beconos of sand buildu
'On haft. butdid not use

humter *eff availbl
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. STEWART, GA

GREASES

A t Co Hg 2nd HHC 3/5A Co

Question 724t Sp (an 224th Sp d. (S-4) 3/15th lnf (Mocfh)
n(Mi) Sn, 241h 241h Int (Much) I 4hm

24h n Dv Inf Div Div 24th Int Div I

I a I-G194 or MIL G01024E verions of GAA Ys Yes Yes Yes Yesi

2 Was WTA (MIL-G-83122) grease autmaicbally substituted No N o Ys N
whiere GAA was required? o N o Ys N

3 Did the hot ambient memperatiure cause excess" greane Yes2  No Yes3  No No
breakdown and leakage? ___ ___

4 Did the hot ambient tormpeataires afoc to shl lieo h No No No No yes'
unused GMA and other greasses?_________ _____ _____ ____

5 Where WTR grease was used mtsarohangesaWl with (3M at
lubricabon points preovtowsly lubricated with GAA were any N/A N/A N/A No NIA
performance differenies noted?__________ _____ ____

6 Were relubricatcio intervals change from those specified NO Yes Ye6 5  No ye
in authorized lube orders 7

____ ___

.7 Were solvents used to clean pierts befoire oluAricatinI Yes 7 oe Yes7  Y687  Yes7
oomponients such as whee bearings, CV joiints. e* ___ ___ ___

8 Were sand particles evident in beaning copnents durig Ye Ys Ys YeYs
disassemibly7  yes__ Yes__ yesYsye

9 Did the higher ambient temnperatures creebs an overall
inr~ease in the maxuintnao of any greasselubrcawle Yes No Yes No No
components on vehiclaieiJiprent systems?____________

'Used whee bearing grease went with urets in basic load
2GM more than br Itbearing grase)
'Dian I know had What Was considered an excessive number of bell pint and bie-rod ends fading

'One 5.gallon can
5tncreseid number of maintenance intervals severely
toenatured alcohol used for brake cleaning solvent
' Dry cleaning solvent
Gnerwl
1 Would prefer GMA grease in tubes
2 GMA grease used in road wheel hubs ins wade of tube order oils in Bradley vehicles.
3 In some case buried aontwibwaminatd brake shoes in sand which absorbed tie oil
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. STEWART, GA

COOLANTS/ANTIFREEZE

A Co, Hg 2nd H ,IA Co
724th SPt H , 3/15th mnt

Ckestion Srn (Main) 224th Sot Ode (S-4) 3/15t tnt eh
24th tnt Div B 24h 2t n Mc 24th Inttnt Div Div 24th Int Div Div

1 Was any commercalh type anafreeze used in lieu of Yes Uknow No No No
MIL-A-46153 antifreeze? I___

2 Was the antifreeze extender additive (MtL-A-53009) used? No IUnluion No No No
3 Was it possible to save drained antifreeze for reuse when yes N No No No

4Were any of the fotlowing make- a Potable water Yes Yes Yes Yes I Yes

uwaesueb Distiled wallr Ye : yes Yes -No No
cBottled waw Ye Yes" Yes es__No

d LocalwaWe No No Not sure No [ No
5 Did the hot ambient temperatures cause engines to run No No Yes, Yes No

hotter?__ ____

6 Werei theme any lealuing or corrosion problems anWbued ID
the antitreeze or hard wawe (i a., local water that may No NO No No No
have bown used?_____ ____

7 Weres the standaerd Test Strip Kits used to measure if di N No2  No No No2
ansfrneeze was okay?______ _________

8 Whren anstreeze was changed a Of an engine eso Ys e ie
for a reason othe than one chane? yes_ No__ yesysye

requtred by the standard as b Repair ofan enginet Yes No Yes Yes yes
strip, was it because c~ No N No j N

d Other contamination? No No No No No
g Was any MIL*A-d6153 anitozfeeprovided to you in metal Ys I Ya N e e

oontainers7  { e o e e

10 Ware the metal contawiers plastic lined? I Yes t Yes N/A Yes T Yes
1 1 Did the higher ambient mmperaUiss crest an overall

increase in the manatnances of engine cooling system No No No No No
components? 1________________

12 Was flushing of coolingsysamisa problemauewt Noo No YstNooo N
limiwtatis on avaltille wWae?NOo e3No Noo

13 Were there any instancois ftat undiuild aintifreez was No No yes No No
added drecKy in reibng coolling syssems?_______ ____ ___

14 Whien topping off radiamor a Water only used? yes No Yes No '(es
systems, was b Anob eez only~ o N Ys N e

used? N oT ys N e

c WaWe-antitiweze N e e e e
"111dure usd 7  

____0_ Yes___ Ye Yes__Yes

'Ml 113&
2tJsed hydroi"Wt
3Desefl Shield
'Desen Storm
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. STEWART, GA

WEAPONS LUBRICANTS/SOLID LUBRICANTS

ACo., Hg 2nd HHC, A Co
724th Spt 224th Sot Bde (S-4) 3/l5th lnf 31t n

241h Inf Div Int Div Div 24th Int Div 24th Inf

1 Were military specification products yes Yes Yes yes, yes
used?11

2 In addition to those a TW-25 Yes No Unknown No No
required specification1 b Dryslide I Yes No Yes Yes2  No

prodctswereothe
prpieaycomrial -c WD-40 Yes Yes Yes Yes yes

products also used? For d Break-Free
examiple, No Anlwar Yes yes Yes Yes

3 If these proprietary products were also used, was there a
noticeable change in the performance or a reason that yes yes Yes yes No
necessitated their use?

4 Was the hot am~bient temperabx esatiang lubrication yeNoes eso
problems for weeponsigun systems?Ye Noes Yso

5. Was din/sand adhesion a signdlicant problem? yes Yes Yes yes yes
6 If din/sand adhesion was a signftmat problem, was it ye ys s Ys Ysresolved saussfaiconly? {Ys Ys 'e e
7 Were any solid filmlbri kab mt used? No No Yes yes yes
8 Were there any risNxg or compatbilty problems (is, N N O ONsolid tubes with greasses or fluck)? N o N oN
9 Were solid kitbncanu a. User personnel? N/A N/A Yes yes yes

apphed by b Ordnance personnel? N/A NWA No NO No
C__ _ __ _ cOther? NWA N/A No No No

10 Did the higher ambient temperatres creete an overnall
increase in the maintenance oE od&fiidgrease Man- NO No No Yes No
calld weapons systems components?______________________

I1I Was there a 'prelerved* a. Large caliber weapons? N/A Whtve TW-2 Bra-fe GM0
weapons lubricant for "_______ ___ te had

b Sal clierwee 7irs ye fmateve TW25 Bro-fe Brealk-freeSinai aii~er apon I Yes ~ had ________

'LSA
2Could not Aire weapons with Dry Slide becasuse Dry Slide will gum-up when healed, Dry Slide disapiproved Ilor use.
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BELVOIR FUELS AND LUBRICANTS RESEARCH FACILITY (SwRI)
6220 CULEBRA ROAD-P 0 DRAWER 28510 PHM 5124584-5111 SAN ANTONIO. TEXAS 78228"0510

File. 02-1955-153
BFLRF 03 May 1991

Commander
L.S. Army Belvoir R,,search. Develop-

ment and Engineenng Center
Atm. STRBE-VF,. Mr. M E. LePera
Fort Belvoir. Virgirua 22060-5606

Subject. Feedback on 3rd ACR Use of Jet A-I Fuel in Operation Desert Shield/Storm (ODS)

Dear Sir

The enclosed memorandum trom BFLRF s Mr Ruben Alvarez concermng subject use of Jet A-I fuel is
or, arded for ,our informatin This memo is the result of recent discussions at Ft. Bliss. Texas. between
Mr. Alvarez and M-,,;or Schifferle, the 3rd ACR S-4 Officer., shortly after Major Schifferle returned from
ODS

The memorandum was coordinated with Major Schifferle, who stated it may be given further distnbution
in support of the JP-8 Demonstration Program. Please call Mr. Alvarez at (512) 522-3264 or the
undersigned if there are any questions.

In addition to the JP S Demonstration Program at Ft Bliss. BFLRF monitors will explore the possibility
ot holding additional feedback discussions on all POL products used in ODS by the 3rd ACR and the
other line units that have returned to Ft Bliss (i e., the I ILl" ADA Bde and 70th ORD Bn) BFLRF Aill
keep sour otfice informed on the status of any subsequent arrangements/discussions.

Very truily )ours.

Director

SJLiec
RAA Hi)

Enclosure

, S Army Bekoir Research. Development and Engineenng Center., Attn: STRBE-, F.,
Mr T C. Bowen

Commander. 3rd Armored Cavalry Regiment., Atm AFDF-D., Major Schifferlc, Ft Bliss,
rexas 79916-5000

delvoir Fuels and Lubncants Research Facility iSR). Messrs Ruben Alvarez., Walt Butler,
Doug Yost. and Steven R Westbrook
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MEMORANDUM

File 02-1955-153
03 %May 1991

TO. Sid J Lestz, Director, BFLRF (SwRI)

FROM: Ruben A. Alvarez

SUBJECT: Conversation With Major Schifferle, S4. 3rd ACR, Concerning Use of Jet A-I
During Operation Desert Shield/Storm

On 17 April 1991,. the BFLRF JP-8 monitor met with Major Peter Schifferie, S4,, )rd ACR., :•

obtain his personal observations of the Regiment's use of Jet A-I fuel during Operation Desert

Shield/Storm in Saudi Arabia and Iraq. According to Major Schifferle. the Regiment did not

experience any operational problems with Jet A-I fuel. Due to the Regiment's involvement with

the JP-8 program at Ft. Bliss, it did not go through the 'growing pains' that other units

experienced coming from a diesel environment (plugged filters). Jet A-I was used exclusively

in all diesel-burning equipment and aircraft attached to the Regiment with the exception or ,x

M93 FOX NBC Recon vehicles that initiallv used diesel fuel, but %ere then also swiutched to'

exclusive use of Jet A-1 fuel.

The aircraft were refueled with the same fuel as wheeled and tracked vehicles: however, the

HEMTT fuel tankers refueling aircraft were dedicated tankers assigned to the 4th squadron

Major Schifferle said that, to his knowledge,, IEMTT tankers used to retuel ground equipment

did not refuel aircraft.

The 3rd ACR was issued 28 HEMT" fuel tankers oer the Table ot Organization and Equipment

'(TO&E) authorization. The additional tankers were used extensively prior to and during

Operation Desert Storm They were absolutely essential when the 5,000-gallon ,emitriler

tankers became stuck in the mud shortly after the ground phase began. Fuel was shuttled from
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MEMORANDUM 03 May 1991

In closing comments. Major Schifferle reiterated the advantage that the Regiment had denv,•d

by ha,,ng been on the JP-8 demonstrauon program at Ft. Bliss. He personally was very gratetul

,hat the transition to Jet A-1 was accomplished without any problems.

!cc
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MEMORANDUM

File: 02-1955-150
31 July 1991

THROUGH: S.J. Lestz. Director., BFLR*

TO: Messrs. M.E. LePera and Al Rasberry, STRBE-VF. Belvotr RDE Center

FROM: W E. Butler. Jr., BFLRF *

SUBJECT: Miscellaneous Information From Logistics, Maintenance. and User Personnel
of Units. Which Participated in Operations Desert Shield/Desert Storm ODS)

I. The following notes were taken from various indviduals interviewed at random during the

recent U.S, Army Belvotr Research, Development and Engineenng Center (Belvotr RDE

Center) Survey Team's visits to Ft, Bliss and Ft. Hood. The answers do not readily fit the

formal matrx already prepared but should be considered because of the additional insight into

'how things really were" dunng the brief conflict.

"Ft Bliss. Texas -

a. AMC LAR, Ms. Gladys Balogh

Fuel filters from Mls, M3s. and 5-ton trucks used in the North exhibited a "black

residue." Vehicies in the Riyadh area had no "black residue." Ms. Balogh suggested

contacung 1st Armored Cavalry Division ( Ist Armd Cav Div) at Ft. Hood to see if they

experienced "black residue" problems.
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MEMORANDUM 3 31 July 1991

e 2/1st ADA Bn, CWl Frank -

1) Bn went through about 100 to 150 fuel injector pumps. Rotors would turn blue.

presumably from heat generated because of the lack of lubricity

(2) Fuel filter systems on Commercial Utility Cargo Vehicles (CUCVs) were modified

by using a "screw in" commercial filter and bypassing the rmlitary fuel filter svstem.

(3), The backing plate for the CUCV fuel filter was replaced because of poor

performance. The fuel-water sensor was particularly bothersome.,

S';/62nd ADA Bn. CW2 Gallegos -

(1) Obtained a dry lubricant (grease) from some unit in the 1st Armd Cav Div. The

grease (molybdenum disulfide) left no oily film. Were told grease was an

experimental test item and when 5/62nd ran out they were unable to obtain anymore.

(2) Hydraulic systems were reported as presenting their biggest maintenance problems.

g 1 1th ADA Brigade (11th ADA Bde), Mr. Walt Cowling

(1) Units used JP-8., Jet A-1. DF-2. and DF-4

(21, After about 2 months in country, he ordered all 11th Bde ADA battalions to use

DF-2 fuel and use one half normal service intervals as published in lube orders for

maintenance services.

(3) .-\tmnbuted most pump and injector nozzle failures to usage rather than fuels.
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MEMORANDUM 5 31 July 1991

c. D Co (Maintenance). 1/3rd Aviation Regiment. CPT Benedict Fuata. and CW2 Starke%'.

Instructor Pilot -

(1) Will move to Ft. Campbell and become part of the 101st Airborne Div.

(2) Attached to the 6th Cav Bde (Air Combat)

(3) Filled up with JP-5 before they left Ft, Hood. stayed at the port in Saudi 5 days. and

then headed inland. Ended up about 60 miles from Iraq.

(4) When asked about power loss. CW2 Starkey said there was none, That. because Jet

A-I, JP-8. and JP-5 are heavier than JP-4, the total weight of the aircraft, with fuel.

increases and, therefore, the aircraft can only lift a lesser load adjusted to compensate

for that heavier weight. He did say that he got a longer range in flight with Jet A- 1.

etc. than he did with JP-4.

d 553rd S&S Battalion.. CW2 Everhart -

(1) Could not get antifreeze for 6 months.

'(2) Had to use water only, which caused overheaung and increased maintenance.
/- :,, ý /1/'

(3) Obtained 15W-40 and 30 weight oils commercially from a- -

"CA! ... ,-l at: at Thu T-nur-.

(4) Fuel tests consisted of visual inspections.

(5) Could not get grease. Estimated 2 percent obtained through regular channels. 30

percent obtained commerciallv, and 68 percent scrounged.

16) STP grease worked fine.

(7) Obtained very small percentage of grease from "ROCOT', a Bntish company. It is

believed the "dry lubricant" used by the 5/62nd ADA Bn from Ft. Bliss came from

this source.

(8) Saudi Arabia came out with their own grease and would not allow any other

company's grease to be purchased by the military units.

(9) Could not get any brake fluid.
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MEMORAN.UM 7 31 July 1991

t I st Bde. Ist Armd Cay Div -

The Ml13 .ehicles used a high viscosity lubricating oil to prevent leakage from the

cooling fan drive. Ninety weight oil and GAA were substituted for 30 weight oil and no

other problems were encountered.

a 2/8th Cay Motor Pool, LT Broderick. BMO -

M88s had no problems whatsoever with JP-5 fuel in Saudi Arabia. Pulled Mi1 tanks in

the sand.

h 27th Mntc Support Bn -

(I) Received Belvoir fact package.

'(2) No major problems with aircraft.

?3) Oils were MIL-spec. Believed some 30 weight oil bought commercially.

.Al, this completes the recollections from my notes. I am sure you have others (J forgot to

put in about the MRE dust boot for CV joints on the HMMWVs). If you need anything else..

please let me know

lap
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Lt. Col J.R. Hatnilton 10-01-91 Bldg., 286

1989 Ft Stewart-. Problems with %I Is used biocides
Hot and Humid - Blew !ots ot ENIFS units

In SW A ran on Jet A-_I - 2 weeks - Eerv'thinm ciog-,ed up Eer% tank ,,ent through 4 to5 tilter, in about a I0 day period

Other than tanks) - All other equipment included in problems

Replaced Stanad.ne pumps - November-December rimeframe
No filter problems

Turned in \IIAI tanks and drew MIlAI HA tanks in SWA

Mledium truck conovos went to get fuel (about 25, miles

Division consumed Al given consumpton chart

Switched tanks and Bradley's again back at Ft Stewart -
Wheel & track vehicles being chan,,ed out

Lube orders need updating

Division wrote 91 maintenance letters tor lower units

Di•uison found out that the Di',ision would run out of fuel every 100 hours (DF-2)

Turbine shaft oil received through normal chancs

A/C did not use commercial oils - 15W-40 oil in short supply

Temperature about 135' - No humidity -. Cooling systems on .vehicles did not overheat ver,
much

Blowing talcum powder (gypsum like stutfý which worked like lapping compound. High iron
content

BFLRF will X-ray SWA sand samples for iron particles

Greases - Tried to get "roller beanng" grease
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TW-25B "Semi-Fluid Lubncant for Extreme Climates" Sand does not mick to at

Did not work good on 30mm MG on Apache

Did not work for "coax" guns on Bradley

Crew applied with brush or finger

%IIL-Comm (MIL-Comm Products Company, Inc, P 0. Box 43278. Upper Montclair NJ 07043,
(201) 744-5191

260th Q'4 only did AQUA-Glo tests

Fuel filtered from b!g fuel bags into 0(XX) gallon tankers

Only filter• the, had problem getting w,as Ml Air tilters

I MI fire - bu"nt to ground - undetermined &ause - Running on DF-2

No problem brought to LAO's attention wýith anti-treeze -- Plenmy of coolant in 5 gallon drums

Ran low on "'Lherr. juice' at one time - \Mainlv used w/AVLBs ý could be FRH

No AOAP in theater

Water. in battenes.. was distilled 1). bottled 2. ,or potable water 1- - In coolant systems - high
chlonnt content water

2-th Inf Div claims DF-2 produced smoke at 135TF

Kerosene fuel great tor space heaters (pot rellies,

Recommendi biocides be added mt wholesale levels - Should be put in contract

Dto:sion maintenance services went from e'er 1) days to everv 15 days L'Usea 1/2 intervals)
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Mineral Contents of Southwest Asia Soil

Maintenance support personnel of the 24th Infantry Division (Mech) reported what appeared to

be electrical shorts in some engine alternators or starters due to the sand/dirt contamination in

the area of operations. When it was pointed out that silica is not a conductor, the maintenance

personnel stted that they believed metal particles in the talcum-like dust were causing the

problem.

Since BFLRF had actual soil samples from Southwest Asia, a check was made on three samples

for metal contents The results are shown in the following table.

MINERAL CONTENTS OF SOUTHWEST ASIA SOIL SAMPLES

Relative Amounts*

BFLRF No. Mte Al S. K Ca Ti Fe S Cl Cr

AL-19623-X VS S L M VL VS VL

AL- 19624-X VS S L M VL VS VL S VS S

AL- 19625-X V'S VS MI VS VL VS VL VS S

* VS = Very Small

S = Small
\1 = Medium
L La-ge
\'I, = Veryx Large
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Notable Field Expedients

When CV boots for the CV joints on MMMWV's would become cracked or torn some units

used Meals Ready to Eat (MRE) package covers to serve as interim boots until authorized

boots could be obtained to replace them. Figures 1 through 5 show the transition from a

regular CV boot to an "MRE" plastic boot. Ties used to secure the plastic cover to the CV

joints were:

a. ZIPLOC electrical ZIP ties (Class 9)

b. 100-mph tape (Green)

c. Electrical tape

d. Lacing wire

"I A"

Regular CV Boot

MRE Packet. Separated
and Tape
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Completed Terrporary Boot

2. Diesel "glo-plugs" would swell and break in place when operators did not use proper starting

procedures. To remove the glo-plugs, the normal procedure is to remove the engine head.

However, personnel removed the injector nozzles and slipped a 2.5-ton truck windshield

wiper blade into the opening. The)y then tapped the broken glo-plug onto the wiper blade

ind removed it from the head. This practice saved a lot of time and trouble. Apparently

only a windshield wiper blade from a 2.5-ton truck will work.

3. Some operators reported using metal brake lines from destroyed vehicles along the route of

march to repair or replace fuel lines in their own vehicles.

4 Wooden boxes (called "coffins" by operator personnel) were built atop the 5000-gallon

semitrailers to hold fuel handling equipment, which otherwise had no assigned storage space.
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Appendix F

FTIR OF USED SUMP OILS
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Appendix H

RESULTS OF TEARDOWN
INSPECTIONS OF FAILED
INJECTOR PUMPS FROM
CUCVs AND HUMMW"Vs

I



MAINZ ARMY DEPOT JET A-1
INSPECTIONS

88 PUMPS TOTAL

HMMWV CUCV

0 SEIZED 60% 14%

* FLEX-RING 0 54%
• DUST 77% 36%
• WATER 31% 19%
° AGE/WEAR 31% 25%
0 REPAIRABLE 38% 69%
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