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Executive Summary

PROBLEMS AND OBJECTIVES

The designation of Jet A-1 fuel as the primary fuel for use in aviation assets and
diese!l-buming ground combat/tactical vehicles and equipment during Operation
Desent Shield/Storm (ODS) was viewed with concem by some combat commanders,
users, and maintenance personnel. Armored commanders, in particular, wanted DF-
2 1o 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~25 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 battefields 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 then 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 v.ith the results of using POL products were interviewed. After the units
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returned to the U.S. from ODS, experts were selected by their respective
organizations who were knowledgeable abor.. POL. products and who could
comment on fuel used in the U.S. as compared to fuel used during GDS. 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 fo determine changes needed in POL
equipment, utilization practices, and necessary product research and development.

ACCOMPLISHMENTS

The DA team interviewed personnel of some 16 uaits/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
nsight 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
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Section |
Background

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

Development and Engineering Center (BRDEC) resolve some user concems 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 Saud; Arabia from locations throughout the world, questions surfaced
about how to ensure that the proper fuels and lubricants were in those items, given the
high prevailing temperatures. To facilitate the resolution of these immediate concems, a
listing of frequently asked questions and answers was distributed, as well as a list of
operauonal procedures and practices for fuel and lubricant utilization (Appendix A).

Jet A-11 fucl had been initially identified as the primary fuel for both aviation and diesel-
fueled ground vehicles involved in Operaticn Deseit Shield (ODS).2 During the two
menths following first deployment, a series of apparent fuel-refated V/E problems
surfaced, creating concem among some of the using units as to the acceptability of Jet A-
1 in diese} 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-1 as a ground
vehicle fuel in ODS (Appendix B). The summary conclusions that evolved from this DA
visit were. nsufficient evidence existed to support the conclusion that Jet A-1 was a
major factor 1n fuel syster failures; nonfuel-related variables (such as heat, dirt, usage,
known defective parts, and c1estionable maintenance practices) were major contributing
1actors to system failures; operaticn of on-board vehicle smoke generation systems
would require diesel fuel; and the theater distribution plan could support continued use of
both Jet A-1 and diesel fuel.3

As a resulr of these findings, research and deveiopment (R&D) efforts were accelerated
to establish the lubricity requirements for dicsel engine components when using low-
viscosity fuels. Because of shortfalls in available packaged products for U.S. Forces,
selecied commercially available products were evaluated and recommended for use as a
tempoerary 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.




Additional support provided a field blending procedure for introducing QPL 25017
corrosion inhibitors into the Jet A-1 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-1 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 retumned 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.
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Introduction

S uccessful operation of diesel-buming ground combat/tactical V/E at Fort Bliss using
JP-8 fuel for over 20 months prior to ODS, plus the successful consuct 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-1 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-1 on the
operations of their V/E. 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-1 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
puraps 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 componenis when using low-viscosity fuels.

The other concemns 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 concems were well documented in letters, bulletins, and an Interim Report BFLRF
No. 264 (AD A233441), entitled “Field Demonstration of Aviation Turbine Fuel MIL-T-
83133C, Grade JP-8 (NATO Code F-34) at Font Bliss, TX,” dated December 1990. Aii
these conce:ns had been resolved by back-to-back tests using JP-8 and DF-2 fuels,
respectively, or through technical consultations.

This report presents all aspects of fuels, lubricants, and associated products used by U.S.
Tcroes in Southw.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, technicai -nanuals, 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.
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Approach

RDEC desired to acquire as much information and data as bossible about the

successes and failures of fuels, lubricants, and associated Class III products used by
the U.S. in diesel-fueled ground assets during ODS. This information would
complement the 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 retumed to CONUS in the individual tanker and vehicle fuel
cells. Also, some new and used engine oil samples were acquired, as well as antifreeze
and transmission fluid samples. All samp'es were retumed to SwRI for cataloging and
then subjected 1o tests analyses by cither BRDEC or SwKI.




Section IV
Discussion

SURVEY RESULTS

Interviews were conducted with POL, maintenance, and user/operator personnel at ak
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. [nformation 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 rendering aid to the United Nations
Forces, agreed to supply both bulk and packaged petroleum and reiated products to the
Allied Forces under host nation support agreements. Thus, Jet A-1 fuel was the primary
fuel used by U.S. Forces in Southwest Asia with DF-M available when requested. Jet
A-1 was also reportedly used by French Forces and in German V/E operated in Saudi
Arabia. The U.S. Depantment of Defense (DOD) Directive 4140.438 directed the use of

ol
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kerosene-base jet fuel in the form of JP-8 (essentially Jet A-1 “with additives”) as the
fuel of the futu:e (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 aviation grade fuel in U.S. V/E. 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-1 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-1to 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 Usage Period
3rd ACR JP-8 JP-8 Joet A-1 Entire Perlod
11th ADA Bde JP-8 JP-8 Jot A-1 Approx. 2 months
DF-2* Remainder of war
1st Cav Div JP-5°° JP-§ Jet A-1 Remalnder of war
Ird ACR JP-4 JP-§ Jot A-1 Remainder of war
(Aviation)
6th AIR Cav Bde JP-4 JP-§ Jot A-1 Remainder of war
1st MEF DF-2 OF-2 Jet A-1 Entire period
2nd MEF DF-2 DF-2 Joet A-1 Entire pericd
24 Inf Div DOF-2 DF-2 Jot A-) ApPPIox. 2 weeks
to 1 month
DF-2* Remainder of war

* By request. Also, diesel fuel used was actually a DFM-fype (MIL-F16884) tuel.
** Drew 500.000 galons at Fort Hood and ook with 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




handling personnei 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 ion 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 Airbome Corps. When the
260th POL Battalion Mobile Petroleum Laboratory was nonmission-capable, the XVIII
Airbome Corps received back-up laboratory testing with the 22nd Petroleum Laboratory
at Dhahran Intemnational 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-1 met the MIL-T-83133C specification for JP-8 with the
exceptions of the mandatory additives, i.e., Corrosion Inhibitor (CI), Fuel Systetn 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 Amy 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 Amny 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-1 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-1 for 2
weeks to 1 month in Saudi Arabia, the 24th Infantry Division reverted to DF-M because




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 fuel 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-1; the samples from Fort Stewart were reported to be DF-M; and the samples
from Fort Hood were reported to be Jet A-1 or JP-5.

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

ITEM LAB ID
NO. DATE NUMBER DESCRIPTION SOURCE P/C/S
A 04/24/9 AL-19697-F Middle Sample  Fuel Tank Truck Fort Bliss. TX
B 05/28/91  AL-19711-F  Fuel Cell M3-600HP-K-13 Fort Bliss, TX
C 05/28/91  AL-19712-F  Front Fuel Cell M1A1-K-21 Fort Bliss, TX
D 05/28/91  AL-19713-F  Front Fuel Cell MI1A1-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-19715F  Passenger Side  M35-A2-W/W-L-18  Fort Biiss, TX
Fusei Cell
G 05/28/91  AL-19716-F  Fuel Cell M3-K-11 Fort Biiss, TX
H 05/29/9Y  AL-19717-F  Disp. Hose Fuel Tank Truck Fort Stewart, GA
| 05/29/91  AL-19721-F  Dbp. Hose Fuel Tank Truck Fort Stewart, GA
J 06/19/91  AL-19726-F Fuel Cell Tracked Vehicle Fort Hood, TX
K 056/19/91  AL-19727-F  Fueli Cell 5 kW Generator Fert Hood, TX

Table 3 lists the results of analysis of sample AL-19697-F. This fucl 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-1 and is representative of the fuel used by the 3rd ACR
throughout Operations Desert Shield and Desent 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-1 and does not require these additives. as does JP-8.




Table 3. Results of Analysis of Fuel Sample from Fort Bliss, TX,

3rd ACR Fuel Tanker (Returning from ODS)

Property
TAN, mg KOH/g
Aromatics, vol%
Olefins, voi%
Sulfur, mass%
Hydrogen, mass%
Carbon, mass%
Distillation,°C
Inittal Boiling Point
10% Evaporation
20% Evaporation
50% Evaporation
90% Evaporation
End Point
Residue, voi%
Gravity °AP|
Density, kg/L
Cloud Point, °C
Flash Point, °C
K. Vis, cSt, at
40°C
70°C
Net Heat of
Combustion
MJ/kg
Bru/1b
Btu/gal.
Cetane Number
Cetane index
Existent Gum. mg/100mi
Particulate
Contamination.mg/L
Accelerated Stability.
mg/100 mL
FSit, voi%
Fue!l Conductivity, pS/m
Corrosion Inhibitor, mg/L"**
Visual
Colonlal Pipeline Co.
Haze Rating
Coior
Copper Corrosion
Siver Corrosion

* NR = No Requirernent.
** ND = Not Detemwned.
*** 8ased on HITEC E580.

ASTM

Method
D 3242
D1319
D 1319
D 4294
D 3178
D 3178
D86

D 1298
D 1298
0 2500
D9

D 445
D 445
D240

D613
D976
D381

D 2276

D 2274

D 4176

Proposed
D156

O 130
P21

MIL-T-83133C
JP-8
Requirements
0.015, max
25.0, max
5.0, max
0.30. max
13.4. min
Report

Report
205, max
Report
Report
Report
300 max
1.5, max
37 to 51
0.840t0 0.775
NR®

38. min

NR
NR

428, min
18,400, min
NR

NR

Report

7.0. max

1.0. max

NR

0.10t0 0.5
150 to 600
QPL-25017
Cleon/Brght

NR
Report
NR
NR

AL-19697-F
0.001

19

1.2

<0.01

141

85.86

180
7
180
194
231
253

47.8
0.7888

43

1.15
1.04

43033
18.501
121.672
49.1
46.5
05

0.6

0.14
001

3

ND**
Cleor/Bright

]
+4
1A
0
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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-1 fuel reportedly returned from Southwest Asia to
Fort Bliss, TX, in the individual vehicles. These samples were reported tc be Jet A-1
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-1, 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-1 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 concem.

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
4 particulate contamination requirement. Sample C was grossly contaminated with
sand/dirt.

10
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Table 5. Results of Analyses of Fuci Samples from Fort Stewart, GA, 24th Infantry

Division (Mech) Fuel Tankers (Returning from ODS)

Property
Neutralzation No , mg KOH/g

Suifur, mass%
Hydrogen, mass%
Carbon, mass®%
Distillation,°C
50% Evaporation
90% Evaporation
End Point
Residue, voi%
Gravrty 2API
Density, kg/L
Cloud Point, °C
Pour Point, °C
Fiash Point, °C
K Vis, cSt, at
40°C
20°C
Net Heat of Combustion
MJ/kg
Btu/ib
Btu/gal.
Cetane Number
Cetane Index
Particulate
Contaminationmg/L
Accelerated Stability,
mg/100 mL
Visual
Color
Carbon Residue, 10% Btms,
mass %
Ash, mass %
Copper Corrosion,
3 heurs at 50°C
Cetane improver
BOCLE, WSD, mm

AST™™M
Method
D974

D 4294
D3l
D 3178
D86

D 1298
D 1298
D 2500
D97
003

D 445
D 445
D 240

D613
D976

D 2276
D 2274
D176
D 1500

D524
D 482

D130
Apperdix B

VV-F-200D
DF-2 (OCONUS)
Requirernents
0.10, max*
0.30, max
NR**
NR**

Report

357, max
370, rmax

3.0, max

NR
0.2i51t00.860
Locai

Report

52, min

NR
181095

NR
NR
NR
45, min
43, min

10.0, max

1.5, max
Clean/Bright
NR

0.20, may
0.02, max

1. max

Report
NR

* Specification requirement for OCONUS DF-2.

** NR = No Requirernent.

FL-19717
0.02

0.07
14.15
84.99

196
228
247

2
47.6
0.7897
-84

53
43

1.12
1.48

43.010
18.491
121,742
49

425

03

0.1
Sed/Bright
05

0.06
<0 01

la

Negutive
0.65

AL-19721}
<0.01
0.76

13.4

371

299
482

42.477
18,262
128,026
514

4

1.5

2
Sed/Brght
1

ca2
<0.01

Negative
0.66
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Table 6. Results of Analyses of Fuel Samples from
Fort Hood, TX, Vehicle Fuel Cells

Property
TAN, mg KOH/g
Aromatics, vol%
Olefins. voi%
Sulfur, mass%
Hydrogen, mass%
Carbon. mass%
Distilation.°C
Inhal Boiling Point
10% Evaporation
20% Evaporation
80% Evaporation
90% Evaporation
End Point
Residue. vol%
Gravity °API
Density, kg/L
Cloud Point, °C
Flash Point, °C
K Vis, cSt, at
40°C
70:C
Net Heat of Combustion
MJ/kg
Btu/ib
Btusgal
Cetune Number
Cetane Index
Existent Gum, mg/100 mL
Particuiate
Contamination.mgy/L
Accelerated Stability.
mg/106 mL
F3il, voi%
Fuel Conductivity, pS/m
Corrosion Inhibitor, mg/Le**
Visuat
Colorual Pipeline Co.,
Haze Rating
Color
BOCLE, WSD, mm

" NR = No Requirement,
°* ND = Not Determined.
*** Based on HITEC £580.

Method
D 3242
D 1319
D 1319
D 4204
D 3178
D 3178

D 1298
D 1298
0 2500
D93

0 445

D 445
D240

D613
D976
D318
D227%

D 2274

04176

Proposed
D 1%

MIL-T-83133C
JP-8

Requirements

0015, max

250, mox

50, max

0 30. max

13 4, max

Report

Report
205, max
Report
Report
Report
X0, max
1.5. max
37 to 51
0840t0 0775
NR®

38, min

NR
NR

428, min
18,400, min
NR

NR

Report

7 0, max

1.0, max

NR
0.10150.15
150 o 600
QPL-25017
Clean/snght

NR
Report
Report

AL-19726-F
0.0005

188

2

0.06

13.91

88.53

156
172
178
194
234
276

467
0.7937
<-45
47

1.21
003

42 840
18,418
121,874
464

45

0.2

08

013

0.01

240

ND**
Sed/Bnght

]
-13
0.54

AL-19727-F
ooit

191

2

006

1387
8518

156
172
178
196
231
272
2

47
07924
<-45
47

116
0.77

42 887
18.438
121.80.
48

45.5
0.7

L3

0.3
0.14

%0

5
Sed/Bright

]
=13
0.58
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Table 7. JET A-1 Fuel Sampled In-Country

SAMPLE® A ] Cc D E F G H
Test Rosuits
Gravity, °APt 470 47.0 47.5 47.5 470 470 470 473
Qistillation: °C
iBP 162 158 15 151 156 i 156 159
10% Evaporation 178 179 172 171 172 172 189 178
50% Evaporaton 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 9Q 985 98.5 99.0 99.5 990 985 990
% LOss 0.5 00 0.5 00 00 0.0 0.5 (070]
% Residue 0.5 1.5 10 1.0 0.5 10 10 10
Flash Point, °C 48.4 49.4 494 470 48.4 4686 494 483
Water Reaction;

VOL Change -20 -20 0.0 00 -10 -10 20 -
£si 0.0 0.0 0.0 00 00 0.0 C.0 - .
Viscosity @ 40°C 1.2 1.3 12 1.5 12 1.3 18 1.2

Parhculates: mg/L 18 0.5 71.3 10 03 05 0.3 07
* Sample Sources from Vehicle Fuel Tanks—

A - CWC 533rd Trans

B - CWC 633rd Trans

C - 533rd Trans, WO 341

D - 7th GRP 24th, WO AW 305
E - 426th Trans 101st
F-ACol1Qist

G - CWC 503rd MT Co

H - S&T Ird ACR

Table 8 lists the average values of properties of the Jet A-1 samples analyzed. Similar
data are also presented for the one DF-2 sample analyzed.




Tabie 8. Average Fuel Analysis Results for Selected Properties

MIL-T-83133C VV-F-8000

Property Jot A-1 Limits DF-2 Umits
Number of Samples 10 —_ 1 —
Sulifur, mass% 0.05 0.30. max 0.75 0.30. max
Distitkation, °C

50% Evaporation 196 Report 285 Report

90% Evaporahonr 231 Report 348 357. max

End Point 260 300. max 3N 370, max
Density, kg/L 07912 0.775 t¢ 0.840 0.8408 0815 10 0.840
Cloud Point,’C -51 NR* -1 Local
Flash Point.°C 46 38, min 73 52. min
Kinematic Viscosity.

cSt, at 40°C i.16 NR 299 NR
Net Heat of Combustion,

MJ/kg 42915 42.8, min 42.477 NR
Cetane Number 47.6 NR 51.4 45. min

* NR = Not Required

In summary, the Jet A-1 fuel used by the U.S. ground forces tn ODS, as represented by
the samples analyzed herein, generally met ail MIL-T-83133C (JP-8) specifications with
the exception of the three additives required in JP-8. Some of the Jet A-1 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 cperations or from DF-M obtained and used
during ODS. The one sample ot diesel fuel anaiyzed was of VV-F-800D specification
quality with the exception of sulfur and acceleratcd stability results. One sample of Jet
A-1 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 1n iess vehicle performance when using Jet A-1 in lieu of DF-M. Criteria used
10 determine power ioss was decreased speed in some vehicles and longer project
completion times for military construction equipmeni such as Caterpillar tractors,
backhoes, and road graders. Power was reportedly restored in some vehicles when filters
and fuel systems wem cleaned and in other vehicles when engines and transmissions
were changed. Some ieported power losses continued throughout the campaign. No
nhjective data were submitted to support the claimed power losses.

15
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Fuel Consumption

Comments about fuel consumption in ground diesel-buming equipment were reported as
follows:

e No differences in fuel consumption were noted by most using units since fuel
vzas plentiful and vehicles were “iopped off” as needed.

e - small percentage increase in Yet A-1 fuel consumption was reported for some
vehicles.

@ In at least one instance, a S0-percent fuel consumption increase was determined
by comparing fuel consumption in gallons, computed by a G-3 planning section,
and the acwual num ber of gallons reportedly required to make the move.
Howeuver, 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-S, aid Jet A-1 fuels.)

@ Some fuel consumption increases were attributed to heavy combat ammunition
and equipment loads, off-road terrain conditions (i.., heavy sand, over-traveled
roads and steep hills). Use of Nuclear, Biological, and Chemical (NBC)
equipment in M1A1 tanks also contributed to high fuel consumption.

Fuel-Wetted Components

By far the major problem encourtered when using Jet A-1 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 Mobility Multipurpose Wheeled
Vehicle HMMWYV). 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:

e Mixing engine oil or transmission fluid with the Jet A-1 fuel in varying
quantites.

® Breaking the glass bead in the fuel retumn line of the Stanadyne injection pump.

® Replacing the military fuel filter in CUCVs with a commercial “screw-in” type
filter, which bypassed the fusl/water sensor system.

However, some fleets of HMMW Vs 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 injectior 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 pioblems. More likely reasons for the futel 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  nal breakage of the glass bead in the retum 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-1 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-1 in personnel heaters was very
satisfactory.

Fuel injector nozzle fouling responscs varied from “none” 1o 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-1. 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 has 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.”> %9 The pumps evaluated at BFLRF were
removed from a range of equipment, including HMMWYVs, 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 contamination. Clearances on the order of 100 millionths
of an inch are present in several areas of the pump. These close tolerances are required
to prevent intemal pump leakage in high-pressure sections an4 also to maintain
hydi~“ynamic bearing films. Clearly, oxide rust particles or hard debris will promote
severe wear in these critical areas.
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A number of vther 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 coulG be performed to define the affects of Jet A-1
on the 1uel injection system. However, qualitative comparison of the failed pumps with
similar nonmilitary units that operated on diesel fuel and have a known history indicates
that more severe wear may generally be present with Jet A-1. Similarly, pumps that
contain 2 improve metallurgy designed for use with low-viscosity fuels in arctic
conditions normally displayed less wear than their standard counterparts.

Safety

Reportedly, a few military personnel were apprehensive at first that the lower flash point
of Jet A-1 fuel wnuld 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
BFLREF and the results reported in Letter Report No. BFLRF-90-003 (Revised), entitled
“Comparative Flammability Testing of Jet A-1, JP-5 and DF-2,” dated April 1991. To
more fully determine the effects of live ammunition impacts when Jet A-1 fuel was
heated to 170° to 180°F (72° to 82°C), BFLRF recommended that live fire/full-scale
tests be conducted to verify vehicle fire suppression system effectiveness.

Fuel Lubricity Requirements

Many ‘uels 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).!0 A standard procedure to measure fuel-related wear using the
BOCLE has been produced;!! nonetheless, there currently exists no mirimum 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-1 and the previous studies performed
using JP-8. Jet A-1 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-1 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 performied.
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 tc greatly reduce
both pump durability and engine performance.1% 20 However, both improved metallurgy
and 1uel 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 isclated 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
correct. 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
10 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-1 fuel than did
all other units that used Jet A-1 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-1 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-1 fuel and DF-M were
mixed intentionally, i.e., some users reported “topping off” with DF-M when there was
insufficient Jet A-1 at the refuel point to completely fill their tanker truck or trailer.

Information about such items as Jet A-1 being a suitable substitute for DF-M and
procedures for the changeover to Jet A-1, 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-1 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 CI, 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 conceming 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. Amy, 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 duning 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 V/E 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-1 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 retum 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.

21



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 concems, 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, ard 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 o1l samples and tumed them in to their next
higher echelon for forwarding to an Army Oil Analysis Prograin (AOAP) lab. However,
none of the units interviewed, that had forwarded samples, received any results. Most of
the unuts interviewed would have welcomed an AOAP capability in Southwest Asia.
According to information in an AOAF 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-lI® 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 Description Engine Ol Dexron-Ii®
oilip (AL-19732-L) (AL-19729-L)
Analyses
K. Vis. c$§t. at

40°C 104.15 35.62

100°C 13.9 7.04
Vi 134 164
TAN 3.5 13
TBN. D644 5.5 26
Sulfated Ash, wt % 0.74 0.22
S, XRF, wi% 0.52 084
N, CLM, wi% 0.035 0.053
Elements, ICP, ppm

Ca 1.315 831

Mg 87 3

P 1.037 157

n 1.105 3

Ag 3 <l

Al 1 <}

8 5 168

Ba <1 <1

Cr 1 <}

Cu <1 3

Fe 5 2

Na 8

‘ Ni 1 1

Pb < 1

S 3 3

Sn <] <]
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bos v dre s brret rerpoert v et v et e = - -
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800

wa.enumber (cm 1)

Figure 2. FTIR Trace for Dexron [I® (AL-19729-L)
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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 11, 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-
3014 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 MI10SA2 Cu, 61 ppm Marginal
19759 MI109A2 Pb, 42 ppm High
19764 M54A2 Fe, 256 ppm Marginal

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

e - - o ————— -

No.

‘. Equipment Component Designation Sampled

. MI1A2 Engine AGT-1500 4

| M3A2 Engine VTA-903T 2

{ M977 Engine 8V-92TA 4
M109A2 (FHowitzer) Engine 8V-717 !
M98 Engine 62 1
M5&4A2 Engine LDS-465 1
MI1A2 Transmission X1100-38 4
M3A2 Transmission HMPT-500 2
M977 Transmission HT7400 1
MI109A2 (Howitzer) Transmission G-411-2A 1
5-kW Generator® Engine Not Specified 1

* Sample from Fort Hood. TX.
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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 M1A2 vehicles were in excellent co:: 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. Thi. <:mple 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 MI1A2 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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Equipment Type
Transmission Typel

ON ID Anclyses

£ Vs, cSt. ot
40°C
100°C
vi
TAN
TBN D %64
Elements, :.CP ppm
Ca
Mg

Oil Changes

Almost all units reported decreasing the lubrication order intervals for 0il 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

AL-19747

101 03

1138

31
48

1442

1,142

597
n

Table 12. Used Oils—Transmissions

M1A2

X1100-38
Al-19748 AL-19749
8482 8596
1137 1162
123 125
34 32
47 44
1.595 1549
538 449
1.288 1133
1816 1592
5 3
1 9
4 4
4 3
<l 1
257 184
60 62
2 16
2 <1
142 79
-] 7
5 [

AL-19758

10103
1154
101
26
48

1485

1248
1710

— W N0

210

M3A2

HMPT-500
AL-19745 AL-19746
575 702
963 993
152 123
32 35
22 49
434 1.328
1161 569
1.137 1176
1226 1276
2 1
10 7
a5 <1
23 7
1 <]
267 84
56 3%
15 9
1 1
61 14

AlL-19752

B 62
621
123
31
21

1.380
492

1,198
1.336

57

<1

e -pRgy

concemed, commanaers 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.

MI109A2
G-411-2A
AL-19751

42064
668

32
38

1 507
567

1.004
134i

129 .
13

74
39
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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 hydiaulic 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 lub: 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 M113 hydraulic pumps.
None of these problems made any systems inoperable, but they did exist. Womn .
*“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 220°C. The obsolete MIL-G-10924D is a petroleum base calcium
grease with a minimum dropping point of 138°C. 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 piastic 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 tom 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. WIR (MIL-G-83122, grease
aircraft, general purpose wide temperature range) grease, in most cases, was used
interchangeably with GAA zrease. 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 coolani/antifreeze products were used as substitutes because of
shortages of the military antifreeze (MIL-A-46153). No antifreeze cxtender 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
much. No significant coolant/antifrecze problems were reported by maintenance/user
personnel. Except for one unit that reported successfully saving drained antifrecze, reuse
was prohibited because of sand/din contamination.

There was a significant problem reported with a “preservative” mixture reportedly added
10 protect the coolant systems while vehicies and equipment were on PMS ships. A
contaminant described as “black and slimy" subsequentdy 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 anvifreeze 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 $-gallon cans and 5 gallon drums without
plastic insents. When the concentrated antifreeze comes in contact with metal, one of the




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 1st and 2d Squadrons, 3d
Armore¢ Cavalry Regiment, located at Fort Bliss, TX, These vehicles were retumning
from ODS a1 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 visual inspection. The
ASTM tests included: Use of the Refractometer for Determining the Freezing Point of
Aqueous Engine Coolants (D-3321); pH of Engine Antifrecze, Antirusts, and Coolants
(D-1287); Reserve Alkalinity (RA) of Engine Antifreeze, Antirusts, and Coolants
(D-1121); and Water and Sediment in Distillate Fuels by Centrifuge (D-2709). The
results are listed in the following tables.




Table 13. Appearance of Coolant Samples Taken from Vehicles

AL-19740-X

AL-19741-X

AL-19742-X

AL-19743-X

AL-19744-X

(Returning from ODS)

Sampie taken from an M3A2 Bradiey Fighting Vehicle. Vehicle
accumulated 2,000 kilometers during use in Saud! Arabla. Blue-green
color; sample contained a small amount of dirt/sand compared to
the other samples. Sample appedred clear before and after shaking.
No phase separations were cbserved.

Sample taken from an M109A2 Self-Propelled Howifzer, No mileage
data available. Yellowish color; sample contained a iarge amount of
dirt/sand compared to the other samples. Sample appeared clear
when dlliowed 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.

Sample taken from an HEMTT 10-Ton Truck. No mileage data
avallable. Olive-green color: sampie contained G moderate amount
of dirt/sand compared to the other sampies. Sample was murky in
appearance before and after shaking. No phase separations were
observed.

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

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
betore 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 lron Lead Tin Silicon
Sample
AL-19740-X 5 <] 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 ] 2 153 148 12
AL-19744-X <1 <1 <1 1 ) 10
Physical Properties
Freeze Point  Percent Water Sediment®
Sample pH RA (FP) based on FP
AL-19740-X 7.7 10.5mL -22°F 55% by vol <0.1%
AL-19741-X 84 08miL +22°F 87% by vol 0.188%
AL-19742-X 7. 183 mi -50°F 44% by vol 0.125%
AL-19743-X 7.3 183 mL -50°F 44% by vol 0.125%
AL-19744-X 7.7 1.7 mL =27°F §2% b, vol 0.05%
New MIL-A-46153 7.7 14.5mlL -34°F 0% by vol <0.05
* Volume percent by D2709

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 1s too dilute and corrosion problems are expected with
its continued use. However, the 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 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 retuming 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, BRDL'C 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




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,
Antirusts, 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 Petromin 500 50/50-Soln’ MIL-A-46153
fFreeze Protection (FP), D-3321 -40°F -34°F
Water by vol based on FP 48% 50%

pH. D-1287 8.6 7.7
Reserve Alkalinity, D-1121 8.2mi 14.5mL

Ash Content, D-1119 0.6% 1.0% max
Foam, break time. D-1831 187mL, 7 sec 42mL, 1 sec
Boiling Point, D-1120 112.0°C 12.0°C
Chioide Content, D-3634 57ppm 4.5ppm
Aluminum Corrosion, D-4340 5.6mg/cm?/wk na

Color yellow-green blue-green




Table 16. Glassware Corrosion Test, D-1384

¢ ‘me~ted weight losses, mg

Brass Cooper  Solder Aluminum lron Steel
Sample
Petromin 500 6] -2 -38 +6 0 +1
MIL-A-46153 -3 -1 -7 +1 -1 2
ASTM D-4656 -10 -10 -30 -30 -10 -10
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 comosive water to obtain test solutions with O°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 altemnate 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., 150mL 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 antifrecze 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
the. chloride test and a value of 57 ppm was obtained as shown in Table 16. The recently
ajopted 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

X Petromin 500 may have a propensity toward corrosion.

As an automotive coolant, the Petromin sample failed to meet the ASTM recommended
aluminum corrosion rate, I.Omg.cmzlweek, 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.on 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
{ 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 10 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 cleancr and a lubricant. Common sense solutions
overcame dir/sand contamination problems with constant cleaning being the method
most widely used. There was no reported mixing of solid lubricants with grease or
fluids.

e e v - - A—

38




Section V
Conclusions

T he following conclusions are drawn from the experiences in OLS:

e Jet A-1 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.

e There was insufficient information and data about Jet A-1 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-§ at Panama nor its relationship
to Jet A-1, JP-8 had been disseminated.

e The Jet A-1 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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— In 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 M1A1
heavy-duty battle tanks.

— Both Jet A-1 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
sare refueler.

There were a few problems with some units in converting to Jet A-1 fuel.

— Units that had been using Jet A-1 or JP-5 fuel pricr to deployment had little
or no problems.

— Units that were using DF-2 and switched to Jet-1 when arriving in
Southwest Asia experienced filter clogging. Fuel filter changes significantly
increased.

A few military personncl were apprehensive at first that the lower flash point of
Jet-Al fuel would be a fire hazard. This apprehenrion 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-1 fuel caused fuel system failures.
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— CUCYV fuel injection pump with 1985 or earlier flex ring.

— Use of unauthorized oils/fluids added to Jet A-1 in an attempt to increase
lubricity.

— Thermal-induced pump failures.

— High prevailing temperatures.

— Moisture/corrosion problems.

— Dir/sand 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-1 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 1s an urgent need for a means/capability to rapidly dispense measured
amounts of additives into fuels such as Jet A-1, which is available
worldwide.

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

— There is 1 need for faster, easier way to add biocides/biostats to diesel fuels.

o 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 through maincenance 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 judgments 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. Inview of future contingencies there is a need to develop fast and
simple tests to measure the quality and compatibility of host nation
commercial 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.

— QE/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-L46152) 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.

e Unauthorized products were used by some units that claimed the oils
did rot 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.

e 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




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.

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, 100 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. .

Two mobile (trailer mounted) FORSCOM AQAP 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.

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 Batralion, 101st Airborme Division
Assault, was deployed but never put inio service.

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

43




w

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-buming ground vehicles and
cquipment should be defined and accepted by all agencies and activities
involved with ground mobility fuels.

o 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 10 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 5o 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.

e The requirements for staffing both fixed and mobile AOAP laboratories should
be immediately addressed.

— Military personnel with appropriate training and Military Occupational
Specialty shoul 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 requirements document for the development of a Petroleum Quality Analysis
Syvem (PQAS) needs to be staffed immediately.

— The objective 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 tem, there is a real need to upgrade the petroleum testing
equiptnent 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.

e U.S. military posts, camps, and statinns 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 1t under an imminent attack
situation.

® Rescarch and development efforts should continue in order to:

— Define the “lubricity requirements™ for fuel-lubricated compression-ignition
cngine components.

— Evaluate those additives (including selected packaged petroleum products)
that can be added to reduce those “lubncity” deficiencies that have been
defined.

— Determine an easier way 1o inject additives into fuels such as Jet A-1.

— Explore the use of improved 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 Research 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
contarnination 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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Corps Support Command

Commercial Utility Cargo Vehicle

Diesel Fuel Provided By Host Nation
Diesel Fuel Marine

Defense Fuel Supply Center

Division Support Command

Division Maintenance Management Center
Department of Defense

U.S. Forces Command

Fuel System Icing Inhibitor

Force Support Service Centers

Force Support Service Groups

General Motors Corporation

Heavy Expanded Mobility Tactical Truck

High Mobility Multipurpose Wheeled Vehicle

Joint Petroleum Office

Logistics Assistance Officers

U.S. Marine Central Command
Marine Expeditionary Force
Muilitary Occupational Specialty
Marine Maritime Prepositioning Ships
North Atantic Treaty Organization
Nuclear, Biological and Chemical
National Training Center (Army)
Operation Desen Shield/Storm
Engine Oil, Heavy-Duty
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POL
QPL
RAM-D
RMMC
SAE
SDA
SwRI
TA
TOE
TPUs
TRADOC
UBL
V/E

Petroleumn, Oil and Lubricants

Qualified Product List

Reliability, Availability, Maintainability, and Durability
Regimental Maintenance Management Center
Society of Automotive Engineers

Static Dissipator Additive

Southwest Research Institute

Tables of Allowances

Tables of Equipment

Tank and Pump Units

Training and Doctrine Command

Unit Basic Load

Vehicles and Equipment

Wide Temperature Range




Appendix A

QUESTIONS AND ANSWERS,
RECOMMENDATIONS ON FUELS
AND LUBRICANTS AND RELATED
MATERIALS (SOUTHWEST ASIA)
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10 October 1950

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

There have been many questions concerning the use, type, etc. of
fuel, lubdbricant or related material in Saudi Arabia. We are
putting thig brochure together to pass on this information to all
unitg, 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-1]

1. Can JP-5 or JET A-1 be used ANSWER: YES. JP-8 was
in vehicles/equipment designed approved as an
tor diesel fuel? alternate for

diesel fuel in
1978 and has been gince then, satisfactorily in ground vehicles
and equipment. JET A-l1 also was approved ag an Alternate for
diesel fuel in 1986. Use of either JP-5 or JET A-l will provide
acceptable performance in diegel fueled vehicleszs or equipment.

2 What ts JET A-17 ANSWER: JET A-]l is the industry
gtandard fuel for all
commercial airline carriers worldwile. JP-8 i1s JET A-1 with
addition of the three (3) mandatory additives; Fuel Svstem 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-1l 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 smcke 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-8
or JET A-1l.

4 Are there any additives ANSWER: NO. There are no
you can add to JET A-1 or JP-9 additives available
to enhance smoke production that will {ncrease
when the fuel {n introduced amoke .

itnto the VEESS?
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5. Can JP-5 or JET-1 be used ANSWER:
in gasoline-fueled ground
vehicles and equipment?

6. Will uging either JET A-1l ANSWER:
or JP-8 cause a significant
increase in fuel consumption?

7. Will using either JET-1 ANSWER:
or JP-5 plug fuel filters?

8. What causes filter ANSWER:
plugging?

NO, NO. KXerosene
fuela cannot be
uged in any spark-
ignition engine.

NO. On asome vehicles
there may be a
marginal i{ncrease of
1 to 8 %.

NO. Both JP-5 and
JET A-] are cleaner
than diesel fuel.

Plugging is caused
by high particulate
contamination (e.g.,
dirt, insoluble

particles, ete.); fuel deterioration products (e.g., oxidized
reaction products, insoluble gums, etc.); presence of
microbioclogical 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
be directly added to vehiclas

and equipment containing diesel
fuel in their tanks?

ANSWER:

10. Will using JET A-1 ANSWER:
Cause wear in fuel pumps
and injectors of diesel
Engines?

11. Will microbiological ANSWER:
organisms grow in both JET A-l

and diesel fuels?

YES. No problem
adding either to
a fuel tank with
diesel fuel,

NO.

YES. Faster in
diesel fuel than
JET A-1. 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:
microbiological orgariams

({.e¢ , bugs) in fuel?

The presence of
separated water.

The “buge" start

to form at the fuel-

water interface and subsequently develop strands, fibers and/onr
‘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.




13. What additives shouid be ANSWER: There are 3

uged for controlling micro- additives in the
biological growth in fuel? aupply ayatem uged
. : 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 deascribed in
MIL-I-27686 and MIL-1-85470. The chemical ingredients are
Ethylene Glycol Monomethyl Ether (EGME) and Diethylene Glycol
Monomethyl Ether (DIEGME), regpectively. The recommended
treatment level for either 13 0.15% vol. JP-5 already contains
Fuel Syatem Icing Inhibitor (FSII).

The third additive, apecified for diesel fuel, ig called
Diegsel Fuel Stabilizer Additive and i3 described in MIL-S-53021.
Twoe variations have been qualified - a two-package and one-
package gystem. The two-package type has the biocide in one
package, and the stabil:izer/corrogicn inhibitor in the zecond
package. Both of them mugt be ordered and used together for
maximum effectivenega. 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 i3 used at the
rate of one gallon of additive per 3500 gallons of fuel.

National Stock Numbersg for the three additives are:

Specification Type Container NSN

MIL-I1-27686 FSII (EGME) 5-Gal 6850-00-753-5061
MIL-1-27686 FSII (EGME) 55-Gal 6850-00-060-5312
MIL-1-85470 FSII (DIEGME) 5-Gal 6850-01-057-6427
MIL-I-85470 FSII (DIEGME) 55-Gal 6850-01-089-5514
MIL-5-53021 Single Pkg 5-Gal 6850-01-246-6544
MIL-S-53021 Single Pkg 55-Qal 6850-01-246-6845
MIL-S-53021 Biocide/Two Pkg S-Gal 6640-01-173-68940
MIL-S-53021 Biocide/Two Pkg 585-Gal 6840-01~-041-0068
MIL-S-53021 Stabil/Two Pkg 5-Qal 6830-01-167-4789
MIL-S5-853021 Stabil/Two Pkg 58-Gal 6850-01-167-4788

B. FUELS and FUE.L ADDITIVES: [(DIESEL FUEL]

1. What commercial diesel ANSWER: There are nominally
fuels are available in Saudi two types - “A-888,
Arabia? Diesel Gas 0Oil"®

(similar to our

Diesel Fuel, Marine
{MIL-F-16884); and "A-892, Bunker Diese]l Fuel 0il°’ (a heavier
fuel somewhat like our commercial 4-D Diesel or No 4 Fuel 0il).
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2. Are either of these ANSWER. The A-8838 Diegel Gas
comrircial diesel fueis OK to 0.1 ia an acceptable
ugs? alternate for our

diegel fuel (VV-F-
803Y). The A-892 Bunker Diesel Fuel 0il 13 only an emergency fuel
and should not be used.

[ EEXZEEEEEERE R
Diege) fuel originating in the Middle East has generally
had fuel sulphur valuesg ranging in the 0.7 to 1.0% wt. range.
Some sample data has shown fuel sulphur valuesz at times will
exceed 1.0% wt.

Diegel fuela 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 nsrabia may cause an increase in fuel-related
maintenance; particularly, in two-cycle diesel engines and
turbine engines. The increased maintenance will be geen in
injector or nozzle fouling or sticking, increased filter
plugging, and/or formation of deposits (slime/bugs/emulsionsg) in

tuel tanks.
I EREEERREREEEEE X ]

RECOMMENDATIONS REGARDING FUEL FOR OPERATION DESERT SHIELD .

o Do not use heavier fuelg guch asz ‘Bunker Diegel
Fuel 0il" fuels as these are emergency fuels

o Heavier distillate fuels such az 4-D {or the DF-4
reportedly used in Saudi Arabia) are not acceptable subatitutes
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 Specitfication/Standard
JET A-1 ASTM D1655
JP-8 MIL-T-5624
F-76/Marine Diegel/DFM MIL-F-16884
DF-2 (OCONUS) VV-F-800 (it 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-1/JP-8 fuels to improve their
*lubrication qualities’. Adding these oilas provides
questionable benefit, and can cause increased nozzle/injector
deposit and ring sticking problems.

A-5
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C._EMNGINE OILS:

1. Can the OE/HDO-15W/40 ANSWER: YES. Tests have
tactical engine oil shown gatiatfactory
(MIL-L-2104; be used in the performance to

high temperature environment 120°F (+49°C)

of Desert Shield?

2. Does the high ambient ANSWER: NO. OQE/HDO-15W/40
temperature require that a ia satisfactory and
Grade 50 engine oil be used? available.

OE/HDO-40 can be
uged in place of OE/HDO-15W/40 if a5 desired.

3. 1Is a OE/HDC-50 product ANSWER: NO. Dropped from

available in the zupply MIL-L-2104 when the

syatem? OCE/HDO~15W/40 was
introduced.

4. Are OE/HDO (MIL-L-2104) ANSWER: YES. They have the

and PE (MIL-L-21280) engine same performance

oila compatible with each othen? level. (MIL-L-212680

has an additional
praervative component

5. Can MIL-L-46152 ANSWER: NO, NO. ADM Engine

(Administrative Engine Oila) Oils will not provide

be uzed in lieu of MIL-L-2104 needed performance.

oila? Serious engine wear
and deposgits will
arise.

I ZEEZERE2EEEZ R ]

Vehicles/equipment arriving from Depot/CONUS/0CONUS
locations should be checked to assure that the proper oil/lube
and degignated grades are being used. If unable to identity,
drain and replace with recommended product (see ‘Fuel and
Lubricant Recommendations® Chart).

Use of a diesel fuel having fuel sulphur valuea in this
range (i{.e., in excess of 0.7% wt.) will cauase an increase in the
wear of oil-wetted engine components; particularly in two-cycle
stroke engines which power combat vehicles such aa the MB8S5/Al,
M106A1/A2, Mi125A1/A2, M%48/A1, MO92, MB77Al/A2, M730, M113Al/A2,
Me81, M110Al/A2, M108A1/A2, M578, M983, etc.

Vehicles/equipment operating in higher ambient temperatures
and using diesel fuels with the higher sulfur content require
more frequent o1l 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 regiona will
encounter increased levels of dirt or particulate contamination.

A




S ————————————————————————————————

A:r that appears clean 1s actually laden with f{ine dust, even on
a clear day. To avoid excessive wear f{rom ingegsted dust,
recommend that periodsa of operation (i.e., miles or hours)

¢or normal oll change be reduced by by a factor of two. To
further reduce contamination, recommend increased air/oil filter
gervicing, and use of smaller sized containera of lubricant, 1t
possible, which will be consumed more quickly.

Do not use any engine oils manufactured by either Battenfeld
O0ii and QGrease 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 will
not provide zatisfactory 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.
Adminigtrative 8ervice engine oils will not, repeat, will not
perform adequately in combat/tactical equipment designed for MIL-

L,-2104 engine oils.
I EXEEES R EEERE R}

D. GREASES & GEAR 0OILS:

1. What grease should be ANSWER: MIL-G-0010924E(ME) or
uged in ground vehicles or MIL-3-10924F Qreasge
equipment? Automotive and

Artillery (GAA)
should be used as they possess a significantly higher cperating
temperature capability than the previous MIL-G-10924D Amd 2
versior.. If at all possible, the MIL-G-10824D Amd 2 GAA should
not be used unless there 13 no other option available 3ince its
somewhat lower Dropping Point may cause oil leakage problems in
high operating temperatures. If the recommended MIL-G-0010024E
(ME) or MIL-G-~10924F grease is not available, use of MIL-G3-83122
Grease Aircraft, General Purpose, Wide Temperature Range (WTR) is
strongly recommended.

[EEXEEZEZEXERE R

Vehiclea/equipment arriving from Depot/CONUS/CGCONUS
locationa may show some degree of “Oreaze Bleeding/Softening’ at
lubrication points such asz wheel huba, road wheels, etc., due to
the prevailing high ambient teuperatureas initially encountered.
Where this "grease bleeding/softening’ is evident, remove and
relubricate with GAA (either MIL-3-0010924E or MIL-(-10824F) or
WTR (MIL-G-83122). Care should be taken to wipe clean any exceas
greage aa this will attract sand particles and cause

contamination of grease.
[ EEEEXZXEEEEEREX ]




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 identity,
drain and replace with recommended product (2ee °"Fuel and
Lutricant Recommendations”™ Chanrt).

Do not use any gear oils manufactured by either Battenfeld
01l and Greage Corporation or Battenfeld-America Inc. The MIL-L-
2105 products which either of these companiea manufactured were
improperly formulated and will not provide satisfactory
lubrication.

E. ANTIFREEZE/COOLANTS:

1. Will increasing the ratio ANSWER: NO. Increasing the
of antifreeze (MIL-A-48153) ratio will lower the
to water improve the heat heat tranafer
transfer qualities of the properties. For best
antifreeze-water mixture? results, use the

850:80 mixture of MIL-
A-461%3 and water.

2. Can local water be used in ANSWER: NO, NO. Use either
cooling systems of engines? distilled water, 1f

. available, or
treated, potable water. Local water in Saudi Arabia ia very
saline and will calcify in cooling systems and reduce the cooling
cepacity.

3. Can commercial antifreeze ANSWER: NO.  Mixing

be used in lieu of MIL-A-48153? commercial anti-
freeze with MIL-A-

46153 will prcduce {ncompatibility problems leading to increased

cooling system maintenance problems or possibly failures.

[EA N EERREE X
Do not use any MIL-A-46133 antifreeze taken from unlined 8-
gal or 55-gal drums. MIL-A-461%3 must be packaged/stored in
plastic or metal containers fitted with plastic (nserts.

"se of the antifreeze extender additive (MIL-A-33000) 1is
recommended as a means to insure against potential high
temperature aluminum corrozion of engine cooling systems that may
occur. Treatment levels are one half quart of MIL-A-83000 to
seventeen quarts ot antifreeze solution (a treatment level of
3%) However, more than one treatment with MIL-A-33009 is not
recommended.

[ AXXXEARE R NN R ]
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F. BRAKE FLUIDS

Vehicles from arriving Depot/CONUS/OCONUS locations sh»ould
be ~hecked to agssure that the brake syztems are filled with MIL-
B-46176/BFS. I?f during maintenance checks, the wheel cylinders
are bled and other than a purpliash or clear fluid exit the
bleeder hose (e g., brown-colored, two phase mixture, etc), this
tndicates the pregence of conventional-type polyglycol trake
tlutd (DOT 3). It this occursa, the vehicle brake system needs to
be drained, flushed at least two timea with MIL-B-46176, and

refilled with MIL-B-46176.

Do not use any conventional-type polyglycol base brake
fluids (1.e., DOT-3, cancelled VV-B-680, commercial brake fluids,
etc.) ag mixing these fluids with the silicone brake fluid (MIL-
B-46176/BFS) will cause possible brake fade problema and other
system malfunctions when subjected to these operating
environments.

G. HYDRAULIC FLUIDS
Self propelled artillery and other tactical materiel
currently using OHT hydraulic fluid (MIL-H-6083) should, wherever
pcasible, change to FRH hydraulic fluid (MIL-H-46170). FRH is
more capable of sustained performance in a high ambient
temperature environment because it uses a synthetic base fluid .
and {t also offers some fire resistance protection. Both FRH and
OHT are compatible with each other.

A. FUEL CONVERSIONS AND VEHICLE PROCEDURES:

! Do you have to change fuel filters on vehiclea or equipment
that had previously used diesel fuel when using JET A-1 or JP-8?

A4SWER: No. No requirement exists for changing fuel
filters on those vebicles 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 considered as an insurance 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-1 or JP-8?

ANSWER: No. If the tank ‘ruck refuelers will be servicing
only ground vehicles or equipment, no special requirements 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 at least once with JP-5 or JET A-1, and the dispensing
filter/separator element replaced.




3. Will there be additional maintenance problems if JET A-1 or
JP-8 are uge in vehicles or equipment that previously used
diesel fuel?

ANSWER: No. There will be no problema if the vehicles or
equipment have been routinely operated and properly maintained.
Thaere could be a glight increase in replacement of fuel filters
it 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 sumpa, etc.

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

ANSWER: Vehicle fuel fi{ilters will eventually remove this
contamination but may require a large number of filter changes.
The beat solut:on i3 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 preterably over rough
terrain to provide agitation.

I Remove the flush fuel and discard or label for
special use (i.e., intended for non fuel-senaitive
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-1 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 velicle, such as a HEMIT 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. PRun 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.

- 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 stabiiizer to
provide insurance against further microbiological
growth.

e. Refuel the vehicle with the filtered fuel.

refueling, it must be thoroughly cleaned as per
ingtructions in FM 10-71.

f. Digscard the filter element on the refueler
i vehicle.
1
j g- It refueler is to be used later for aircraft
)

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

1. Treat the new fuel with FSII or the diesel fuel
gtabilizer to prevent further microbioclogical
growth.

— e e




1/
FUEL AND LUBRICANT RECOMENIATIONG— FCR GROUND
MATERIEL IN CPERATION [ESERT SHIELD

PRODUCT SPECTFICATION/MILITARY SYMBOL RECOMMENTED (S

Fuels MIL-T-3624/JB-5 / Use caly JP-3, JET a~1, ot
ASTM DI635/.ET A-t— OF-2 (COQWUS). MIL-F-16884/DFM is

W~F-800/Grade [F~2 (CONUS) an acceptahle alternate fuel.

Ecgine Oils

- Internmal Cambustion

MIT-1-21260/PE Use only E-15/40 or FE-40.
— Turhine MIL-1.~23699 Use oaly MIL--23699.

Gear Qlls MIL-1.~2105/0 Use aaly GO-85/140 or G0-80/90.

Bydraulic Fludds MC-H-46170/FRH Use caly FRH as it possess
superior lugh tamperature operahilicy
over (HT (MIL-8-6081) and offers
greater fire resistance.

3/
Transmission Flulds MIL-L-2104/CE-D0 Use caly CE/=D0-i5/40 or CE/HDO-10.
MIL--21260/PE Use only PE-15/40 or FE-10.
CERON Flurdd If DEXRON Fluid is not available,
use of (E/HIC-10 {s acceptable.

Brake Fludds MIL-3~46176/BFS Use anly BFS as other coaventicual
brake flulds (e.g., IOT 3) are
unacceptable.

Greases MIL-G-0010924E/GAA Use current G\ (i.e., E & P versions

‘ MIL-G-10924F/GM caly). G can be substituted in
N grand vehicle/equipoent applications
currently specifying WIR (MIL-G-83122).
MIL-G-83122/WIR Use for all WIR applications. WIR

MIL-L~2104/CE-H0

Use only B/HDO~15/40 or (E/HDO-4O0.

my be used as substitute for G\
1f GM {s oot available.

1/ Recommendations giwen are not intended to eupervede existing LUEE Order documts.

2/ JET A1 Ls JP-8 vithout its three mendatory additives.
Products being recrmmsnded apply to all wehicles except M1/MIAL series Abras tank. For
MINMIAL, use only (E/ED0-Y0 or PE-X0 in transwissicos.

(E.«wsu:’ i>
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Coolant/Antifreeze

— Test Strip Kit

— Extender Additive

Weapous Lubricants

Fuel Additives

RECQMENIED USE

A4-51461

MIZ-4-53009

MIL-L~46000/15A
MIL-L-46150/15A-T
DOD-L-85336
MIL-L-63460/QP

MI1-1-27686/FSIL
MI1.-I-85470/FSI
MIT-5-53021

Use 50:50 mixture of MIL-4-46153
and water. Do oot use commercial
antifreeze formilations. Use oaly
potable water.

Use to momitor coodition/qualicy of
antifreeze in service. Test strip should
give hlue color rating. If green, add
Exrender Additive (MIL-A-33009). Lf yellicw,
replace antifreeze.

Add to aptifreeze if Test Stxip Kit gives
green colot -ating.

Use lubricant as 1s specified o LEE Orders

Use either FSII or Diesel Fuel
Stabilizer (MIL-5-53021) to coatxol

mecrobiological growth problems
(i.e., bugs in fuel).
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Appendix B

TRIP REPORT, 02-13 DECEMBER 1990
“INVESTIGATION OF THE USE OF
JET A-1 FUEL DURING OPERATION
DESERT SHIELD,” DATED

17 DECEMBER 1990
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HEACQUARTES
CHITZID STATES ARMY CZENTRAL COMMAND MAZYN
RIYACH, SAUDI ARABIA
APQ NEW YCRX 09852

ATRD-GD 5 Cecenxer 13%0

MITMCRANDUUM FCR Colzsnel Repert M. Weiner, PM, Petrzleum & Water,
TROSCCM
Mr. Maurice E. Lepera, Caief Fuel & Lubricants
Division, Ft Belvoir Research & Develorment
Mr. Richard E. McClelland, Chie¥, Prcpulsicn
Systems Division

SUBJECT: Fuel Cptions for OPERATICN DESERT SHIELD

1. Regquest the follcwing issues ke addressed at the conclusion of
your investigaticn:

a. Does Jet A-l cause nechanical problems? Diesel oil?

b. If mechanical parts are effected due to the use of Jet A-l
what 1is the expected risk of failure? Also for Diesel oil?

c. Does the Saudi Arabian Jet A~-1 neet acceprtable standards
and if not what are the differences?

d. Are there any additives that can be added to Jet A-l that
will alleviate the lubricity problem should there be cne?

at

e. What is the risk of using Saudi Arabian Diesel oil in Arzy
ground equipment (sulfur centent and cloud point)?

£. Are there any additives or blending procedures to bring
Saudi Arabian Diesel o:il into spec, if it is cuz?

g. Wiil Conzanders support the use of Jet A-l fuel as‘theiz
prizary fuel if the issue cof possible mechanical failures is
resolved?

h. Caa the Ccozanders use Jet A-l with addizives to 2axke
sxcke?

i. Are thera any other Diesel oil characteristics that will
effect the perluriance of Aray equipment? Ay other Jet A-l
characteristics?

j. What do you recommend as the primary fuel for Operation
Desert Shield be? Provide rationale.

N
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AFRD-GD _
SUBJEZCT: Fuel Cptions for OPERATICN DESERT SHIZLD

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

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

m. Why is Jet A-l1 being used instead of diesel? Why should
diesel be used instead of Jet A-1?

n. Are there any safety impacts of Jet A-1 relative to flash
peint? 1Is Jet A-1l safe?

o. Are engines on ground equipment designed to operate on more
than one type of fuel? Is Jet A-l 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 403-3756.

JAMES W. MONRCE

Brigadier General, U.S. Aray

ARCENT G4/Deputy Host Nation -
sSupport
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SUSIEOT: TUSS IN THE SWA THEIATIR CF CPIRATILNS
1
! .. SEZVERA- STUDIZS HAVE 2EIN CONCLUCED TC IVALUATS THT USI CF :
; N-ISEL AND OZT Al FUELS IN THEATER. THE AIM OF THESEZ STUDIIS WAS :
\ 0 ANSWER: SHOULD WE :INSIZ3T ON A $INGLI FUSL ON TEE 3ATTLIFIZLE. i

THE ANSWER IS NC. ;

2. SPECIFICALLY, THESE STUDIES HAVE ADCRESSED:
FUEL REZATID MAINTIVANCE 2RC2ELZMS

QUALITY CF FUELS BZING PRCCURED

RELATIVE SAFETY OF THE TWO 'FUZLS

VEEICLE ENGINE EXHAUST SMOXI SYSTEM (VIESS)
AVAILASILITY AND DISTRIZUTICN

P00 bLM

3. THZ CONCLUSICNS ARE AS TCLLIWS:

a., WEILZ MOST CF THE ZQUIZMENT 1N THEATER HAS PERFCRMED

. SATISFACTORILY IN SWA, TWO SYSTIMS HAVEZ EXPERIZINCEID UNACCZIZTABLE ,

TAILURE RATES. THE M913 SZRIZS VZHICLES ARZ SHOWING A HIGH i
! TAILURE RATE CF 7THE FUEL TRANSFIR PUMP., AS THIS IS A XNCWN {
i FTAILURES MCDE CN LCW VISCCSITY FUELS, USE OF DIESEL FUEL 2 :
' ENCCURAGED. ALL SYSTEMS USING THZ STANADYNE ROTARY FLIL 2UMP 1
! (CUCV, EMMWY, AND 1§, 30, 60 XW GEZNEZRATOR) ARIZ ALSO SHOWING HIGA-
| FAILURE RATES. THI PRIMARY FAILURE MODE APPIARS TO BE DIRT.
\ TAILURES CF THZ GOVERNCR RITAINER I8 NOT FUEL RIZATED AND WIll 32
- ADUDRESSID 3Y MWO ASA?. THE COMMGN PRACTICET OF RIMCVING T=EZ

PRISIURT REGULATING "GLASS 3ALL" AS A TIZLD TX2EDIENT FI« C2Aaso

AND REPLACIMENT BALLS CRCERZD.

1 4

ZRS CF JET Al NIZD TO 3% RSTASSURZTD THAT JIT AL I8 AN f

‘ E. THI U
CI2TAB U3STITUTE FOR DIZSEL AND I8 BEING SUCTzZSsFULiY UssD

3

ZRCINTAGEZ CF TUSZIRS WITHIMN THZ THZATER . ADDITICN CF S
ZTC. INTENCEZC TC IMPROVE LUBRICITY MUST CSASI AS

LED USEZ AND QUESTICNABLE LONG TIRM ZFTECTS CF THE

TIRIALS ARE A CCNCIRN. 7THI ADDITIVEZ COMMONLY USZ2 3Y THZ

RCZ 7O EINEANCE LUBRICITY 9I.2., MIL-I-25017) WILL BE ADDED

D FUEL STCCXS AT THZ WHCLZSALE LEVEL.

[ LR
'Z
) '3

é()l
% C

C. THE COMMERCIAL CIESEZL BEZING PROVIDED IN COUNTRY IS NQT
TYPIZAL OF CONUS AND GERMANY. ALTHOUGH IT POSSESSES HIGHER FUEL
SULZUR CONTENT, ITS USE SHCULD CREATE NO PRCBLEMS IF CIL CHANGE
TREQUENCIES ARST HALVED AND USZE OF A?PROVED MIL-SP?EC OILS IS
ADHEERID TC.
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&. COIT AL FUZL IS AFE TOR UST IN ALL GROUND VEHICLES AND
SQUIPMENT. "FUSL RELATEID" FIRES IN VEHICLIS HAVE NOT BEZEN 2ROVEN
™) 3E CAUSZD 3Y CHOICEZ CF FUEL. FUZL FIRES N THE ENGINE i
COMPARTMENT CAN CCCUR WITH ZITHER DF2 CR JET Al WITH ZQUAL - ~

LIX=LIHCCD.

oy €
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VEHICLES IS

HICLE ENGINE EXHAUST SMCXZ SYSTIM (VEZESS) CN ARMCRID

INEFFECTIVE WHEN FUELZD WITH JEZT Al. IF SMOXZ I3

CRITIZAL T2 CCMMANLCERS OPERATIONAL PLANS, DIEZSZL FUEL SHOCULD BE

CSED.

£. AVAILABILITY OF ADEQUATE SUPPLIZS OF BOTH DIZSEL AND JZT Al
APPEARS TO BE ASSURED. .

4, THE POLICY OF ARCENT, COORDINATED WITH CENTCOM JPO, IS THAT

WE HAVE A FUEL OF CHOICE IN THE THEATER,

ITS AVAILABILITY WILL

DEPEND UPON ACCURATE FORECASTS.
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. C eck on availability of Ball~Cn~Cylinder Luzricatsr Ivaluaticn
(RCCLE) test apparzatus Icr shizment o 240th CM 2N as a means s
e*La“ce thelr capability Zor monitoring adeguate lsvels ¢ MIL-I-
25017 corrosicn iahibitor in JEIT A-l. Thls ‘needs 3 Ce exgecitec .
. as quickly as possibie.
2. Develop a field procedure for addition of MIL-I-25017 to tanx
rruck quantities (Note: procedure siculd ke similar to that which
Ml o~
P

‘ ~was developed for blanding kerosene/J?-8 into dissel Iuel.
needs to ce develcped as soon as possiblel)

3. Advise Cefense General Supply Center that units are nct adle
to requisition adequate amounts oI packiged products and scme are
unable to cbtain OE/EDC-13/40.

4. Develcp infsrmation on cocl-down rates of diesel Iuel in MIAL
fuel tanks and clarify wnether start-up at an ambient equal T2 a
fuel’s cloud peint will create szarting/operational problems. ’

S5, Develop a relatively simple prccedure fcor 240ch CM 2N to enable
their being abple co anldly determine the o:esence Qa micro- .
organisms in Zfuel samples. A‘sc, censider devel oo*rg an easler
means to acdd biocides tc either diesel fuel or JET A-l.

' 6. Develop & list of recommended oil change intervals ZIor
vehicles/equipment operating in Saucdi Arabia on either JET a-l cr
commercial cdiesel fuel and ccordinate with TACCM. This is needed
as no AQA? is being perfcrmed on greund matariel

7. Tollow=up on the Petromin Lubricating Oil Company’s new
agreement wizh DOD anc process any walivers required for the M-u

456152 and the obsolete CEZ/HDO-50 progucts which ars ceing re es:ec
zy the USMC. Advise the Cefense Criminal Iavestigative Service

(DCzS) as to the planned use of MC-307¢6 formulation.

(enrtosrs i)
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zsarvetizsns anc Jacts that wera
r';,ws which cccurrea in Saudi Aradia
cember 1380.
e sand ccatamination ia
ams is cwverwnelming and appears
Zcr larze numbers ¢f fuel--
obl
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ous maintenancs of vehicles/equirment needed

s.hess of environment (i.,e,, 0il drain

s peing halved, incrsased replacement 0of Zuel
TC) appears tc e Zalling ccnsiderably shorce
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iubricants products is nighly cuesticnable
table in some Instances as (1) 3attenfeld
e being routinely utilized, (2)
ive service (i.e., commercial venicles)
(MIL-1-48182) are being usad in
cal heavy duty eng.nes, and (3) cecmmercial -
ured ¢ils are being used ard no one has any
he perisrmance lavals of these products.
d as to the raticnale for these

c:;c-s, field .e*sonnel indicated that
"-ng else was availadle or that product was
v.ded in response to their requisitions.
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es" cn the Stanadvne Fuel Injector Pump
portad but ao guantitative determinaticn
ceriormes O assess whather the rumps had
ww Z -ed and what hac czused the failure. Ia
zses, only cne or two zumps ocut of a tatal of
S.us pumps had feen clsasvemcled and inspected.

these "failaed" Stanadyne Fuel Injector Pumps in
cabilicy had their g‘ass Lead check valve broken
*field fix" became unodficially a cure to the
cplem,
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The £rsSlsms ccocurTe
Sump in M51Z aprezr:z
A-1., Hcwaver, Tone U
far =2:1xCese43 &ny Creratin
grevisusly
The sz notng Zlsctric Tuel 2ump ol
cowerslas Tem et raperiscly socurzed
A-I ramal myszary. The PATRICT natteri
Riyanc érs using JET A-L successiully wita n
Those PATRICT baztarias near Chanran and elsawh
converzaed rack to diasel fuels cecause of *noea
"hurn-cuts" that reportedly oc¢gurred when

:

ercepticsn seems t9o 2e one of the primary
he acceptance or ratection of JZT A-1 Zuel

1ons visited, one group weuld -te "p:c J27T
A-1" whe:eas another g*ouo wizhin that same lccation
weuld ke "anti JET aA-1". \ny facts scolicizad wers
genera’ly gualitativs at Lest.

argency (i.e., it
ravious service with
S being used as tae
Unfcrtunately, the

Idea of C=T A-l solvancy and det
cleans out fuel tanks that naa P
diesel fuel) is widespread and 1
s
<

pasis fcr many reportad preblems.
facts d¢ ot appear to sSugrorT this as no FSII was &
feund in zhose samples of JIT A-l =aken. Moracver, no
one &appesars t2 ke aading F3II T the JET A-L fuel,

N
Zdea ¢f JIT A-L haz:‘g "'ﬂs fiiclent lubricizy" has
recome an iastituticnalized "Jact ¢f life" with fiszld
personne.. Because ¢I the strong pelief wnich exists,
many units are routinely adding gquarzs of ¢il,
rransmission fluld, *yd*aulzﬂ fluid, etrc., to the JZIT
A=l 1n wvarying ameunts &nd meintain this makes their
egquipment run better =aseﬂ upcen limiced testing to
cate, adaition of u-se c1ls/Iiluids coes neot offsr any
real enhzncement oI lubricity zus -1s.ead can incresase

fuel system and engine maintenance problems. The
roblem as been mace werse by (ll) corresrendence from
Cummins Zagine Co in the Uni ed Xingdom which in fact
succes*s add;ng up T3 20% engin oil, (2) iafszmal
accmmengacions g've Ly scme o‘ the in-ccuntry LARs,
an, {3) 'aﬂanme cat ons given Ty the Generzl Dynamics

wand 3ystams suppertT group in-gsuntroy.

Evidence available indicate no FSII feing added.to JET
A-1l or cdiesel fuel nor any MIL-S-33021 diesal fuel
stabilizer being adced to diesel fuel as a means to
control growth of micro-organisms in fusl tanx
environments. In the environment which exists in Saudi
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Arabia, csontinued use of JZT A-L cor diesel Zfuel
yooraassd €an cnly increase prozadility Zor
microbiclsgical growth priclsms.  Moreover, many o
these "prcozlems" wniich have cccurred could have been
the rzsult 0f micro-crganisms relng prasenc.,

¢ The fuel salfecy issuve (i.e., J=T A-1 will cause
explesicns) was imprcperly reporzad., The M109 had a
leaking Zuel pump, its wires wer2 exposed, the engine
was running at the time while it concurrently was being
fueled, yet JET A-1 was identified as contributing to
the fire. If diesel fuel had keen 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-1’s acceptable perZcrmance, initiating increased
maintenance, etc.

o Many commercial fuel tanker cperators hauling fuel from
Dhahran to Zield locations routinely operate with the
tank compartment covers gpen which only serves to
increase Zuel contanmination problems.
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Initial Meeting with COL Hill of ARCENT MAIN G4 and CENTCOM JPO
(6 December 1990):

reliminary guidance was given as to what was expected to e
acccmplished. J20 personnel explained that two corps are
stablishec with one additional corgs ceing provisicnal. A cotal
of 4M gallons/of fuel/day is the current projected requirement
Zor the Army with essentially 2M callens/day per corps. The
ratio of Jet A-1l (JAl) to d'esel fuel is 30:70. A brief comment

was made relzative to the reportad M102 fuel firs which had zeen
the basis for subsequent statements that JAl was an unsafz Itel
The wires to the fuel pump ignited the leaxing fuel and tﬁe

hea?e' was 'e-ng cperated. However, there was p¢ connection of

the heater relng operated and the JALl leaxing from the Zfuel pump.

-

SUPPORT COMMBND (6 December 1990):

TC Cazrr of SUPCOM provided a brief overview of the POL
upply/disc:ihution picture. fue. is being moved p--marllj ey
ine haulers (M315s and commercial tank trucks) out of Dhahran.
There will be three corps established. When established, the
fuel *eau;*e \8NTs may peak at 13M gallons/day. The USMC have nc
intent to change pack to diesel. We were asked to nail dewn the

maintenance issue, More discussicn evolved relative to the cne .-
M109 fuel Iire. As was explained, the fuel pump on the engire
was locse, the wires to it were loose, the engine was running,
spillage occurred, the vehicle was being fueled, and thne
w#as being coperated. As is obvious, the Zfuel fire was

-

not czlated to the heater cperation or to JAl. JaLl

ecame a convenient scapegoat.
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475th QM GROU? (7 December 1990):

that the 3rd ACR does not want to conver:t back ©o

-

It wWas reger

<24
cdiesal fuel &s their preference is JAal. A drai: petrolsum
distributicon pla

n was discussed.




24Cth CM BATTALION (7 December 1390):

y

AN urgent n2sc S$xIsTs Ity hazving tihs twWe mokile zerraleun
lzzcrazoriss zeriorm tne Eall-cn~Tyl.nder Lusricaziocn Svaluazor
f22CLZ) z2stT oo CAL efzer USAS nas .ntectac tne MIL-I-230.7
Ssrrosicn LnihlZiTor., This zest s nct zvailagle Ln csuntry and
samples must z2 Ilcwn to Zurcge Ior detarmining LI the ctroser
zmeunt of lnnlzZitzor is prassnz.  3eczuse ¢f tne urgency, 3elvoir
agrsec T s5@2 Wwietler we cculd dirsctly purchase one oI £eEssiol
T—wC 3CCLZ uniTs and have them zir saigped =5 the 240;3 CM 3M.
Menticn was nade of a TOX venicle fuel ccntamlnat on propblem
wnere "‘:19: large amcunts oI water contaminatian had occurrad.

The 240zL QM 2N has run some 700 ftuel sample ana'yses to date.
There has feen a policy established on checkirg fuel from
smmercial tanXers and on tanker inspections themselves. All

Tankers are zeing top-lcaded.

46th CCMBAT SUPPORT GROUP (7 December 1990):

MACD GrifZin reported Z3 cut of 47 MS1i3s were down because oZ JAl.
"It zurns Lctter, gives less rower, and degrades O-rings." The

M313s came Izcnm ‘* Benning and are azecut 10 years old. Several
creratlrs we:e ragortacdly mi x;:g u-xacv, QHT/FRH, or Two-Cycle

;:g;“e ezl (T ac the desage of 1 QT/50 GAL to correct the
crcolem. .“ev also have 7-8 hMMWVs down bhecause of. JAl and have
c;auged over T2 diesel Zuel for cenerator sets. Cold crankin
alsc is a c'oo’em with us-“c JAl. MAJ Griffiin said you can use
cal if you properly flush the vehizcle’s ‘"el system, but he felt

Ve

The MOlSs are really being strained, He also asked the question

&

wky gre we extending ourselves in trying to use JAl.

O
lh H
19

GENERAL DYNAMICS LAND SYSTEMS (7 December 1990):

cverview was ¢given by C2T D’AXio who is the CCR for the in-
try GOLS contract. He previded the opinions given by C' ins
trout Cl2sel and also distrizuted the Cummins Daventry
whiza shows that 29% of cil must be added to a kerosene
nave it give an eﬂulva’ent d esel fuel viscosity. C2T
orieily commented on the M913 fuel transfer pump problem.
were given such as 110: h.las had been processed in the
days. 0f those, 23 hac eiycher turbochavge fuel pump,
rcclems, etc., maiatenance. Some 4-5 of these had fuel
gumps with broken shafts, He aga;n reizerated thac
mins Daventry (UK) does not recommend -“g JAl as the pump
des;g:ec sclely for diesel fuel. C?T 'Alio also repor zad
taey “ad a number of HMMWVs that had a low end knock problem
h rasulted in some 15 engines be-nq replac:d, Regarding the
dyne Zuel rotary njec or pump, they worked on some 210 pump
-u.es which occurred in only the first month. However, they
assempled cnly 2 pumps as the remainder were returned to SASCO
rebuild. CPT D’Alio commented that the 18th A3N Corps is

5

13 )

(1] l"l(

D @iy O ct oty m

[t

3 0O
bt

¢

t

" C

<4

g+ O Y
Q

3 fu o »
1 22 nc
b
[ I

[ BN KN ]
.

n

~ ‘:
]
3
W »
H ‘o

"2
l o) 0 2

th L IR X (VX ()t b 'O 2
-3 0 ¢

Ul“n(l')::m(

uml‘luo'mm

2




pawon

P+t 43517ty s e ———— < ot - PISN P ]
t

PERTCTTE Sy § G PR a4

L3¢
‘@ megeziating & conTract With SASCC (Zauel ArzZien Ingineeriny
‘i Cempzny) =S nzve tihem (L.2., SASTI) rapuilz pumps. Comments wers
: macde £7 ctihar Zzneral CDynamics zerscnnel cthat venicles arxs zZelng :
rzfuelad in dizsy envizoonments znd That tiha Iuel separatiris o co
ZTMTTs ars T2.ng disesled allowiLng airty fuel I ze introIuces }
ima=s wranicls fusl tanks. They z2lsc coxmmented tihzr angine olls §
\ se-ag zrained Irom CUCVS AND EMMMNT3 LoCXs lixe a very Low
e sigzssicy Zlzid (i.e., water-llxe) and f2el znisz is causing ctler
preclems. Menticon was also made cf 2 MK4X ForzxliZt which nas a
Stanadyne Zuel rotary injectOdr pump and that this had a2 Irszen
ball cneck valve due to dirc/gunxk in che fuel, Lastly, C27T
D7Alic nctad taat the 1lth ADA Patriot generatsr sers at the gorT
wera having rrcblems with their electric fuel pumps. Three had
- surned cut (i.e., failed) in a rcw. The unitc nad subsequenzly
changed the Zua2l and resolved tihe problem. " They are ncw using

iiasel fuel.

533rd TRANSPORTATION MOTOR COMPANY (7 December 1990):

This unit nas 30 M915s and 10 have nad fuel transisr pumps
replaced. Txese M915s are seeing rather severe line haul sarvice
as the M913s nhave an average of 7500 miles/truck to date. They
average 45 line hauls/day and thelr problems started apout two
weeks after reing in country. Regarding use of JiAl, they
commented "it burns hot, has a high flash point, and causes cil
lezks due to nsad gasket Zailurss”. Their service ncw is
approximately 3 times that whicn they were deing in the states,
They have seen no CUCY fvel pump Jazilures and are still using
JAl. Regarcing the M915s, they czannot check fuel Zilters zuct
noted on scme transfer fuel pump fzilures, the Iue
examined and Isund to ke clean., They are using CZ/H
chenge every €000 miles.

ot
illters were
0 15/40 and

503rd MAINTENANCE BATTALION (7 December 1990)

C?7 Starling and SGT Stark ccmmentecd cn the problems with tnelr
CUCVs that criginates frem the residual diesel in tanks and tle
"Slyshing aczicn" of the JAl. After about 4 fuel filter clanges,
the prcblems zecome non-existent. They have replaced 550 Zfuel
injector pumzs from CUCVs and 13 Zuel injeccor pumps from EMMWVS

FJ
in the first 37 days of deployment. However, conly a few punmps
wers disassemzlad and examined, 3GT Stark ncoted the [0S in oi

82n¢ ABN DIV raported plugged fusl return check valves cn CUCVs
arnd scmehcw tihe field units cecided to break the glass bead in
this fuel return check valve as a quick field fix. Once broken,
fuel flow cccurs but this then creates secondary problems such as
hard starting to occurs which cause the pumps to be returned to
the maintenance activity. Ancther reported fix was to add 1-2
quarts of DEXICN transmission fluid per every two tank-fulls of ;
JAl. They weuld prefer going back to diesel fuel however.

3
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AzaLn, TIomEnt: Wers mads that L2232 Ziaskers ara Zraaxking down
zgczuse ¢I JRL. NC nczzla/insectir sritlams wers raporzad.
Fagarding snzine oil, 37 Starliic stazed they ara shors-on
TZ/E2C-137. However, Tihsic lune sTIcks reveazled sizeatles
zuantiziss oI <2 Battenfzld’s CI/EIC-30 (MC-32%53/2atch J-520-
%), 30 30/327 1MG-Lle3/5-544-38) zand S0 30/S0 (MG-1170/4-3.5-39)
Srocoucts wnich were being used. Addizionally, cuancities ¢ MIL-
_-45222 Crzde LIW/40 wer2 zeing used Izr comdat venicles as well
25 red S-gal.:tn pails marked conly with "Engine 0:i2 SaE 30". When

cuesticned 23 TC why tihasa prsducts ars2 in use, perscnnel
ool

cemmentad "tat is all we wers given".
101lst ABN DIVISICN (7 December 1990):

Newliz commentad thazt their 80lst Maintenance Battalion zad

“7C N
cuesticned using JAL. The generatlr sets are their major
concern, They are having a high numcer of broken pump shafts and
cuesticned thnat Iuel debris/dirt may nct be the rsot cause of
fzilure, Tut Lnstead JAL itsel’.,

_7C Perry ccmmented that they suprort some 28 batzalions. They
nave seen a large percentage of fuel injector pump failures on

CUCVS/HEMMANYs; The prcolems being either a breakdown of the drive
shalz 2r the Xey on the drive tancg. They suspect fuel lubricity

&s the prcclem. Because of the reported flushing action of Jal,
they started a process &ccut three weeks ago involving the
complete purging cf fuel tanks and systems. About 40 plus
ClCWs/ZMMWVs have been zrocessed to date. Once flushed, there

S

gcrears to e no more priblems. 0f zll their pump failures, they
enly examined six fuel injector rumps. Only one had the older
flex ring retziner compenent. Harc starting has been reportea on
meny ¢ thelir CUCVs. Apparently, the "field f£ix" of breaxing the
class feza in the fuel check valve was evident as 75% of rervurned
vanicles nhad thls glass bead broken. MAJ Curtis stated they seem
z: have stigred thls practice as well as the adding of cil, He
ccrmented Iurtiher that they found some fuel injector pumps on
venicles that nad pg check valves., When questioned, MAJ Curtis
sTazed that they have sean no nozzle/inje¢tor preblems.

7th ENGINEER BATTALION, USMC (7 December 1990): Iy
gd that scme ¢f their CUCVs have exrerienced fuel
injectcr pump faillures., FHowever, tley strongly support using JAL

gr JP-3 in lieu of diesel fuel. In contrasting their experience
with that ¢ the US Aramy, the USMC maintained that a large
rercentage ¢ their vehicles/equipment was new or from Roll-
On/Rell-0fI ships whereas a vast majority of Army came from the
field and was not in an eguivalent "as new" condition.

K3
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ist FSSG, st MAINTENANC= BATTALICN, USMC (8 Decemcer 199):

Zut ¢ a CUCV Zexnsisy of Z00-700 vericles, thay navre sasn zzoe
180 fuel indector pump Izilurss. It was nctT efundantly Cl2:r =23
=2 whather ztizs fziled SUTDS nad Teen taken apgr:t To deteraina Iis
cause ¢5 Theor Zailurs. They however maintained what Zizc was &
majer vcn::;:u:;: faczor. It Wag nCT2G Thaz their o-l STOCKS
cantained in adéizion 2 CZ/ZC0 ‘=/40 producss, coamercial CALTEIX

nd CI750 Sa=_i0W procducts. Neo serformance lsvel.cs
— ", - e -l =2 .
cec-Zicaticn was idenctiiied on-the containers.

3rd ACR (8 December 1990)

An cperator Zcoxr a 30XW Cenerator Set was intarviewed. =He
smmencted that JAl is Zeing used and thers have teen no prctlams.

When cuestioned as to whiy he was using an CE/EDRQ-30 nxaducs, he

commentad thac the praifarred QE/EDQ-15/40 was_rcqr_availapls.

24th ID, DISCOM (B8 December 1990):

The 24th ID wnen in;t;ally deployed In country Lsed cal for
arproximately cne montl then switched back to diesel fuel., They
reporzedly ran cack-tc-pack tascs in venicles (L.e., Jal vs

ciasel fuel) wnich confirmed their power loss issue, - During that

firsc month, they replaced about 13 fuel injec:o" oumps cn CUCVs
cut cf a po“"a:; n of 38-7S venicles. They have since repiaced
acout 4-3 pumps after changecver to diesel fue;. Some leaking
with these fuel injectcr pumps was ncted cduring use of JAl. In
interviewing scme personnel within C Company, they reportad that
using JAl iz their UCVs nad prcduced no proclems. It was -
=~La-’y ntarescing that scme soldiers were conviaced that they
were using oIl c*ese‘ and J2-4 as the tank trucks dep-oyed Ircm
Ft Stawart stiil had the "JP-4"_markings on their sides. I
chserving thelir lube cil stocks, 3attenfeld QE/EDC-13/40 products

were again mest visible,

t
(1]
<

Meeting with TACOM LARs, Dhahran (9 December 1990):

the TACTM LARs was convened 35 s50li
atign, They rapcrted the follswin

o Users cannct obtain adeguate stocks ¢f CE/HDO-

o They (i.e., the LARS) nave iast tad so;d- @rs not to
use any 3acttenfeld preducss.

© A fuel pump being replaced does not mean that the pump
is defective,

REmemwms, -
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The Army’: RalnTernance prigrza Is essentizlly non-

ex.scenz.

(9]

o The CUC7 W3itTsr sSererztir sanscr was found <2 ze pad in
1384 ang GM aczTually wWas ¢ifaring new s;:s. This
sres.am shculd nct e even ramctaly asscciatad with
CAL.

c W;::;: Tha 1Jist a3¥ DI7, scmecre had sgr2ad the word
that ycu need to break the glass Tead in the fuel
:etu:: check va-ve (the Stanadyre fuel inZector pump)
to tax=a care of all problems.

0 They Ci< not see a lot of ures with the Cummins

fail
fuel transiar pump in the M9i3s.

¢ This "rerceived fuel prcblem" is rezally a preventative
maintenzace problem. .

o COperatcrs cf fuel tank trucks are having their lids
left oren which obvicusly allsows fer greacer dirt/sand
contamination.

o Units in some instances have nct replaced secondary
filgers and also are iastalliag filters improperly.

0 Unizs er2 not changing oil &s fregquently as they
shouldé.
rum of Battenfeld

ad
nd Army Depot. Even
sment had occurred.

o The 533rc S&S,aattalion was senc
engine 0il Irom the New Cumberle

an
they were surprvsec that this skhi

.-
&

-

US ARMY SUPPORT CENTER/DESCOM (10 December 1990):

¢ was visited in an attempt to collect data on failed

This activizy
Stanadyne Zuel iajector pumps. Serial numbers was taken on a
numcer oI Zual pumps that had keen turned in. The numbers were
collected in an attempt to ascerzain whether the pumps were 1985
vintage or latar, Although none of these had been disassembled,
this activity was starting to become a depot activity to
essentia’ly rsfuild the Stanadyne fuel injector pumpsand other
component itams,
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! 1 429th REPAIR PARTS COMPANY (10 December 1990):
: ]
; é This unit was queried cn whether they had recerved/prscessad zanv
? § failed Stanadyne fuel injector pumps. None were avarlapls =235 &
' : numcer had recently been shipped to Maintz Sepot in Germany Z:or
: i resui’d.
‘ i
; Prepared By -
: i Maurice E. LePera .
US Army Belvoir RD&E Center
: i ATTN: "STRBE-VF
] . Ft Belvoir, VA 22060-3606
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Appendix C

BELVOIR RD&E CENTER
DATA COLLECTION PLAN/
QUESTIONNAIRE
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n7.2% BT703 355 7733 BRDEC STRBE-VF  «+» SLESTZ

DEPARTMENT OF THE ARMY L£pgrA/1r/AV345-3416

«S ARMY BELVOIA ASSEARCH DEVELCPMENT AND ENGINEERING SINTER
FCRT BELVOIR VIRGINIA Z2060-5806

ey
~TTRNTION CF

FUELS AND LUBRICANTS DATA COLLECTION PLAN

Objective: To define Petroleum, Oils, and Lubricants (POL)

problems encountered during Operation Desert
Shield/Storm (ODE) and determine changes needed in
POL equipment, utilization practicas, and necessary
product research and development.

Products~ Fuels, engine and drivetrain oils, greases,
brake and hydraulic £luids, coolant/antifreeze, and
weapons lubricants.

Equipment- Combat and tactical vehicles and combat service
support egquipment.

Approashi

Questionnaire~ A list of generic questions has been
developed and is attached. Team members wWill collact
qualitative and where possible gquantitative data on POL
isgsuas. Units contacted are not asked to complete any
quastionnaire or forms, but any supporting documentation
develcped prior to the visit would be appreciated.

Interviews-~ Candidate units and representative targat
hardware are shown on attached list. Respondents desired
include: Staff level POL officers (S~4), unit level
maintenance and motor pool cfficers/NCO's, and vehicle
companders.

POL Sampling- Samples of unused fuels, cils and other
associated products brought back from Scuth West Asia as
part of the unit's basic load will be surveyed. Teanm
maembers will obtain samples of "used"” products from
randonly selacted vehicles.
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SAMPLES OBTAINED FROM

REPRESENTATIVE HARDWARE FUEL ENGINE HYDRAULIC OTHER
to be sampled CELLS SUME RESERVOIR
MI1A1 X X X TRANSMISSION
M2 /M3 X X X TRANSMISSION
M88AL X b4 X TRANSMISSION
M915 (HET) X p-4 - -
M106%A1/A3 X X p-4 -
M578 X X X -
M985 (HEMTT) X X - -
M1037 (HMMWV) X X - -
MZP 30 KW GEN SET X X - -
150KW/400HZ GEN SET X X - -

Results:

o A report on the findings evolving from this survey will be completed
by mid July and copies will be providad to those units interviewed.

C3
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BELVOIR RESEARCH, DEVELOPMENT ANL eNGINEERING CENTER
ODS QUESTIONNAIRE

PACKAGED PRODUCTS

1. Were packaged POL products taken by the units as part of thewr unit
basic ioad (UBL)?

to

Were packaged POL pmducts acquired from local companies through
local purchasing procedures?

(VS ]

Were POL products packaged in unit quananes that were convenient
for use and reauced waste?

4. Were packaged POL products labeled as 10 manufacrurer, grade, or
other informarion to allow judgment in use?

n

D.d commercial packaged POL products include:

a. oils

b. dry lubncants
c. greases

d. anufreeze

e. hydraulic fluids
£ brake fluids

6. Were shonages noted in Class III packaged products?

7. Were any Bauenfeld Company manufactured products (i.c., pnmary
engine and gear oils) used?

8. If Battenfeld products were used, was it because:

a. Units had not been notfied they should not?
b. Shortages forced the use of the products?
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BELYOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

FUELS

Was the fuel delivered to the POL tank farms (bladders, etc.) filtered?

—

12

Were any inspectons, visual or otherwise, made at the tank farm?

Were any inspections, visual or otherwise, made at unit level?

(WS ]

4. Were fuel analysis laboratories. either mobile or fixed, available to
either or both wholesale and retail levels?

Lh

. Were any abnormalities noted 1n the fuels delivered (color, smell,
appearance)?

6. Were the users (operators) satisfied that they received good quaiity fuel
1n adequate quanuries?

-1

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 nanion
vehicles?

9. Was adequate informanon supplied down to user level on proper fuels
and lubncants utilizaton practices?

10. Were the following fuels available for use by military aircraft?

— JP-4
- JP-8
— JP-5
— Jet A-1

11. When used in aircraft were problems expenenced with one or more of
the aviauon fuels?

12. Were the following fuels available for use by diesel-burming ground
vehicles and equipment?

— JP-5
— Jet A-1
— DF-2
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BELVOIR RESEARCH, DEVELOP"1ENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

FUELS (Connnued)

13. Which of the fuels were used in the diesel-buming ground vehicies and
equipment?
— JP-5
— Jet A-]
— DF-2

14. Was there any noticeable decrease in power output when avianon fue.
was used 1n diesel-burming ground vehicles and equipment?

15. Was any blending of engine oils or hydraulic fluids into aviauon fuel
pracuced?

16. Were any procedures established for changing from one fuel to another,
such as DF-2 to avianon fuel or one aviation fuel 1o another avianon

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 filiers needed following
changeover?

19. Did fuel filter plugging occur?
20. If fuel filter plugging occurred, was 1t 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-1 fuel, such as CI, FSII or
stauc dissipater?




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

FUFLS (Continued;

24 Were fvel nandlers and operator personnel fearful tha: Jet A-1 would
be hazardous hecause of the lower fiashpoint?

25. Were there ary ‘waxing problems” with the use of the hest naton
suppiied diesel fuel?

26. Were vehicles rounnely refueled by:

— TPU’s
— Miirrary Tankers
— Commercial Tankers

27. Was dirvsand a probl~m dunr.g fuel transiers’?

-~

28. Was (here a percepuble increass 1o mainienance when:

— DF-2 was useq?
— J=t A-1 as used?

79, To alleviate dirvsand probiems dunng fus! mansfers. were:

— (Calm amoaspueric condinons waited for?
— Fuaet opening recesses blown or brusned free of dirt/sand?
— Opening of fuel fill ports reduced 10 a minimum dunng PM

services’

30 Was there & percepubie increase in fuel injector nozze toviing when
: using:

— OF-2 fuel?
— Jet A-] fuei?

31 Did use of DF-2 1n armnered vehicles VEESS produce adequate smoke
1n tne high ambient iemperature environments’

1)
[

If vehicies/equipment were using Jet A-1, aid they “run noter?”

O
g




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER

ODS QUESTIONNAIRE

FUELS (Conunued)

33. Were there any percepuibie problems associated with admixing fuels
dunng fuel changeovers?

34. In unus that uniized Jet A-1, were ground vehicles and arrcraft refueled
from the same fuel 1ankers?

35. Were there any problems 1n using vehicie personnel heaters with either
Jet A-1 or DF-27

NOTES

C-8




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

LUBRICANTS

1. Were the following engine ouls available for use?

— OE/HDO-10
— QOE/HDO-30
— OE/HDO-40
— OE/HDO-15/40

t2

Was any MIL-L-46152 (administranive service) engine oil used?

Were o1l analysis laboratones avaiiable?

G

4, Were normai .be order ol change intervais used for engine oii?

9,3

If changes werc made in normal lube oraer intervals, were the
ntervals:

— Increased?
-—— Decreased?

6. Were nommnal Jube order service intervals used for:

— Transmissions?

— Power Transfer Units?
— Differennals?

— Hydraulic Systems?
— Brake Systems?

7 Was there any evidence of "oil breakdown” (i.e., cil too thin, excessive
oil consumpuon, etc.}?

8. Wers there problems i1n performing lubncant-rejated maintenance?

9 If oil analysis iaboratonies were available, were o1l sampies taken and
sent to them”?

10. If o1l sampies were sent 1o 2 laboratory for analysis, were any resuits
cver received.
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

LUBRICANTS (Contuinued)

<
o
f

|
|

11. Dud cirt/sang contaminant cause any problems with:

— Whee! Beanngs? _
— Gear Dnves?
— Gun Posmnonung Systems?

=

Did hot ambient iemperatures cause any oil-related protlems?

¢ the OE/HDO-15/40 tacacal engine oil (MiL-L-2104) was not used.
was 1z because:

tad

— The o1l got teo thin? _
-~ The eagine ran hotter? —-—
— The a1l was not available? .

14. Were any or ali of the following gear oiis (MIL-L-2105) used?

) — 85W-140 —_
— 90 —
— 80W-90 -

1S. Were o1 filters changed each nme the engine o1l was cianged”




BELVOIR RESEARCH. DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

HYDRAULIC AND BRAKE FLUIDS

1. Were any or ail of the following hyvdrauiic and gun conmol system
fluids used?

— OHT (“cherry juice™
— FRH (Fire Resistant Hydraulic Fluid)
— Dexron-II

!J

Did the hot ambient temperatures affect thos= seif-propeiled gun
systems using “cherry juice” (MIL-H-6083)?

Was sand contamination a problem with operanion of any hydraulic or
brake fluid system?

(VS

4. If vehicle brake systems using silicone brake fluid (MIL-B-46176) were
topped off with conventional/commercial-type automotive brake fluids,
were any differences in braking performance nonceable?

5. Did the hot ambient temperatures cause brake fade problems?

6. Were filters in those hvdrauiic systems employing filters routinely
cnanged? -

7 Did the hot ambient temperatures cause more frequent topping off of
both hydraulic and brake systems?

8. Were there 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 sampies taken from hydraulic systems?

10. Did the higher ambient temperatures create an overall increase in the
maintenance of hydraulic and gun conrol systems?

11. Did the higher ambient temperatures create an overall increase in the
maintenance of vehicle brake systems?

C-1




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERINC <r=-—-
0DS QUESTIONNAIRE

HYDRAULIC AND BRAKE FLUIDS (Continued)

12. Were fluid changes accomplished at intervals scheduled in authonzed
lube orders?




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERIM ™ ~
ODS QUESTIONNAIRE

GREASES

1. Was MIL-G-10924F or MIL-G-0010924E versions of GAA grease
available for use?

tJ

Was WTR (MIL-G-83122) grease automancally substituted where
GAA was required?

3. Did the hot ambient emperatures cause excessive grease breakdown
aud leakage?

4 Did the hot ambient temperatures affect the sheif-life of the unused
GAA and other greases’

5. Where WTR grease was used interchangeably with GAA at lubrication
points previously lubncated with GAA, were any performance
differences noted?

6. ‘Were relubrication intervals changed from those specified in authorized
lube orders?

7. Were solvents used to ciean parts before relubncating components such
as wheei beanngs, CV joints, etc?

8. Were sand parucies evident 1n beanng components dunng disassembly?
9. Did the higher ambient temperatures create an overall increase in the

maintenance of any grease-lubncated components on vehicle/equipment
systems?

NOTES

C-13




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE

COQOLANTS/ANTIFREEZES

to

Was any commercial-type anufreeze used in lieu of MIL-A-46153
annfreeze?

Was the antifreeze extender addidve (MIL-A-53009) used?

. Was 1t possible to save drained anufreeze for reuse when cooling

systems were drained and filled?
Were any of the following make-up waters used?

— potable water
— distilled water
— bottled water

— local water

. Did the hot ambient temperatures cause engines to run hotter?

Were there any leaking or corrosion problems atmibuted to the
annfreeze or hard water (1.e.. local water) that may have been used?

. Were the standard Test Smp Kits used tc measure if the antifreeze was

okay?

When anufreeze was changed for a reason other than one required by
the standard test smp, was 1t because:

— Of an engine change?
— Repair of an engine?
— Dirt/sand contamination?
— Other contaminaton?
Was any MIL-A-46153 annfreeze provided to you in metal containers?

Were the metal containers plasuc lined?

Did the higher ambient temperatures create an overall increase in the
matntenance of engine cooling system components?

Was ffushing of cooiing systems a problem due to the hmitaunons on
available water?

C-14
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BELVOIR RD&E CENTER
ODS FACT-FINDING TEAM
SURVEY RESULTS
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER

ODS QUESTICNNAIRE CONSOLIDATION
FT. BLISS, TX

PACKAGED PRODUCTS

the use of the products

¢
'

1 | HQ
T | i 1 .,
T MMT tst| HHT 2na | 27151 ADA| oanN | S0
Queston ' SQDN | SQDN. | SQDN, | BN. 11th | 11th ADA } ADA BN,
| 3rd ACR | 3rd ACR | ADA BOE | 11th ADA
! 3rd ACR | BOE
| ! | BDE
1 Were packaged POL progucts taken Oy the units as pan Not N ! ,
t A Aski
of therr unit basic loag (UBLY? Asked ot Asked | Not Asked | Not Asked | Not Asked | Not Asked
2 Were pacxaged POL products acquirea trom locai 2 3 Vot ! 5
companies through local purchase procedures ? No  Yes Yes® | Yes i Yes No
3 Were POL products packaged in unit quanttes that No No .
/ : ‘
.+ w~ere convenent for use and recuced waste? VA Answer | Answer | No Answer No Answer | N/A
4 Were packaged POL croaucts labeled as 1o manutac- |
*urer grade or other intormation (o allow judgment N/A Yes Yas ‘ Yes No Answaer | N/A
A use? ' ' '
5 0id ccmmercial packaged a Qis 'No Answer!  Yes Yes Yes Yas No
POL products inciude b Ory Lubneants No Answeri  Ves No . No No No
' ¢ Greases NoAnswer| Yes ' No | Yes | No | No
' d Antireeze No Answert  No Y No , No  No No
" @ Hydraunc fluids No Answeri No . Yes ! No No ' No
' Brake fluds iNo Answer| No . No ‘ No ‘ No No
? | .
6 Waere shortages noted in Class il packaged products Yos® Yes’ ‘ Yas® ] Yos? ‘ None  VYes o
! i | Listed
7 Were Rattenteid Company manutacturaed products i :
'@ pnmary engine and gear oiis) usea? No No { No . No No ' No
8 't Battenteld prooucts were a Units haan t been ) ; :
580 Was it because notfied they should N/A NA L NA N/A N/A N/A
not? .
b Shortages forced
99 N/A N/A N/A N/A N/A N/A

%30-wt GAA (blue and white cans) purchased locally
“Wheel beanng grease and 15W-40 o from Sears

°Shortage ot FRH

“Shontage of FRH and 15W-40 oil

3_.be ous and FRH

315W-40 oil was nard to gat ahter about 2 months
“Arttreeze ana "Chemy Juice® (OHT)

>Turbine engine oil (can had a picture o a Concorde aircraft)

"Not asked untl subsequent interviews conducted with revised qQuestionnares

fWL Spec J0-wt o used n 15- and 30-kW generators, commercial 40-wt oil Exxon turbine od for 150-kW generator




BELVOIR RESEARCK, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
FT. BLISS, TX

FUELS
, ~Q
| HHT SPTI HHT, 1st  HHT 2nd "Aozfgn ( Agfé"N 5 62nd
Quaston | SQON. ' SQON SQDN | ADA
| 39 ACR | aa ACR : araACR 1, A TP ADA TGNy
' ‘ : ‘ ADA 8DE

—a

Was the fuet delivered 1o the POL tank farras ENot Asked’:f Not Asked | Not Asked ‘ Not Not Askad | Not

tbladgers. etc ) filtered? Asked | Asked
2. Were any inspections, visual or otherwise, made at | Yesz ) N/A N/A ! N/A No No
the tank farm? | ‘ ‘ Answer
3 Waere any inspections, visual of otherwise, made at CONA | ves® 1 vest | Yos§ | No No
untt {evei? ! ' ' Answer ' Answer
4 Were fuel analysis laboratones, either mobiie or tixed, | . No
available to either or both wholesaie and retail leveis? ' ‘o8 No Yes . Yes No Answer
5 Were any abnormainies noted in the fuels delivered 6 No
(color, smell, appearance)? . Ne . No Yes ves No Answer
6 Woere the users (operators) satshied that they | ' ! ] 7
raceived geod quallty fuel in adequate quantmies? | No Answer | Yes 1 Yes | Yes Yes Yes
7 Were iogistics, maintenance, and user personnel Not ! ! | i No
aware of the type and grade of fuel they used? No Answer | Always | Yes Not Sure t  Yes An
' | ! swef
. Sure ! I
8. Were bulk fueis deiivered in host nation or other for | | s |
o1gn naton vemcies? No Answer No No No | Yes® | No
9. Was adequate information provided down 10 user T | e
ievel on proper fueis and lubncants uthzaton No Answer No No No ' No Answer
practuces? | 1
10 Were the foliowing fueis avaiiable for use | a. JP-4 No Answer | No Answer | No NA N/A N/A
oy miiitary arcraf? b.JPB  NoAnswer|No Answer| NA | NA . NA N/A
{C.JP-5  'No Antwer|No Answer | NA  NA N/A N/A
"d.JetA-1 | Yes No Answert  N/A N/A N/A A
11 When used in arcraft, were problsms expenenced | | ‘ .
with one of more of the aviation fueis? | Ne | NA p o NA NA o NA NiA
12 Were the foliowing fusis availabie for use | a. JP-5 No Answer No ; No No No -« No
by cesel-burning ground vetucies & X 1 X
equipment? b.Jat A-1 | No Answer Yes | Yes | Yes . Yas ' VYas
¢ DF-2 | No Answer | No i No i Yes . Yes ' No
13 Which of the fusis were used in the a.P5 NoAnsweri No ' No  No No . No
diesei-burning ground vehicies and A v ! ‘
equipment? b.JetA-1 [No Answer| Ves __Yes | Yes Yas Yos
¢ DF-2 ' No Answer | No No Yos® Yos No
14 Was there any noticeable decrease in power output | i | : o ' None
when aviation fuel was used n diessi-burning No Answer {None No.od|None Noted | Yes'® ;Jotod Yes
ground venicies and equipment? ‘ : ! ‘

Nm asked until subsequent interviews conducted with revised questionnaire.

“Montnly sampies on HEMTTs sent to 240th or 260th OM detchments.

1Evor\; 30 days on HEMTTs Alsc 7an milipore test

“Once per month on HEMTTs,

SAfter tuel problems started, sampies were taken from every TPU in the battahion and sent 1o the fuel lab; a visual Inspection was
made. “if fuesl was dear t had no lbncant added $o Unit added oil.”

Somo fuel looked pink: black residue on fuel filters.

"Unit had probiems with DDA and Stanadyne fuel Iector pumps, went back to using desel,

*Unit ibally suppked By hOST NaBON tankers: no fitenng watsoever.

’SmcnoolooF 2 after 2 10 3 months operation on Jet A-1.
%A lot of inyector bump prodlems with CUCY and generators.
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
FT. BLISS, TX

FUELS
C ~Q
CTer AT st T anstapar 2489 siezng
Quesuon | SQON SQDN SQON - BN 11th | 11t ADA i ADA BN
! . ! .
| 3rd ACR | 3rd ACR ' 3rd ACR i ADA BDE ! RDE 11th ADA
: ‘ ! BDE
15 Was any blending of 8ngine aiis or hyaraulic fluids : " 9o ;
nto aviawon fuel practiced” {Na Answer|  Yes None . Yes' | No | No
16 Were any procecgures established for changing from | ! . i | |
one fuel to another, sucn as OF-2 1o aviationfuetor  No AnsweriNo Answerl N/A  None None .No Answetr
one aviation fuel 1o another aviation fuel? i : ! ' ! i
17 Did user personnel know that Jet A-1 fuel was a ! ; , 2 1 Not ' Not
satisfactory replacement fuel for DF-27 No Answeri  Yes , Ves ' Convinced | Convinced {No Answer
18 Were increased replacements of fuai filtars neeced v v i | v
‘ollowing changeover? :No Answer| es es Yes j as No
19 Did tuel filter plugging occur? No Answer|  Yes Yes None ' No AnsweriNo Answer
| . .
20 If fuel f«Itor7piugg|ng occurred, was it considered No An | ves? Yos't | No | No No
9XCBssive i ; |
21 Was a "black resicdue’ observed on any fuel filters that 5 i
were changed? No Answer| Yes Yes i No No Yes
22 Were biocides/blostats used to controi microbiological | ! i ' None
growth in fuel cells? None ! N/A ! N/A | No Answer | Mentonea | V@ Answer
23 Were any adoitives biended with the Jet A-1 fuel, | ' (
such as CI, FSII, or statc dissipater? No Answer!  No None | No No No
24 Were fust handlers and operator personnel feartul ] None
that Jet A-1 wouid be hazardous Decause of the iower |No Answer No No | No No Answer
flashpoint? | } Mentoned
25 Were there any ‘waxing” problems with the use of the 1 i t I
host nation suppiied ciasel fusi? ’No Answer|  No i Ne No | No [NoAnswer
26 Were vencies routinely a TPUs? No | No No Yes No No
-gtyeied by b Milnary tankers? Yes'® ¢ ves Yes ' VYes Yes Yeos
_c.Commerciaitankers? | Yes’/ ' No © No | No | Yes'! , No
27 Was arvsand a problem during tusl wanslers? No Answer| Yes'® No | Ne No  |No Answer
28 Was there a percepubie " a. DF-2 was useqd? No Arawer|  N/A NA | No Answer Yos | NA
ncrease in maintanance T n - ;
when, | b Jet A-1 was used? No Answet|  No No l Yos'9 l Yos2? ‘ Yes?'

"'Cne pint to 1 quart of 10-wt orf par tankful {about 16-18 gallons)
‘2Sirongly supports use of Jet A-1

"YOccurred when using OF -2

"“Possibly "bad fuel® was used Occurred only In hot weather
"SOccurred only In hot weather

"SAtter 1Nl delvenes made by commercial lankers

"AMhen unit had ust amved in Saud Arabia

"SWhen sang was blowing 100 harc they shut down refusiing operstions

5@nsor systems associated with the CUCV fusi hiter
set A-1 used

compietely diack

iall M113 chassis) Repiaced three engines and 10-15 ransmissions

"SCUCV titers and Stanadyne fusl Nector pumps were mayor culprits Unit used a commaercial “screw-in* hiter which wouid “dypass® the
Proosamaster el inector pumps and DDA mechanical fuel pumps faled on 15-kW 30-kW and 150-kW generators within hours ater
'Haa proviems with Stanagyne fuel inector pumps in CUCVs Broke glass beads 1o increass fuel flow Fuel hiters in M113s reporned

General Noe The 5:62nd ADA Bn 11th BOE reported ihey operaied 93 HMMWVs S 000 to 15 000 mies (some 20,000 mies) with only
WO fuel Injector pumps being replaced Ran up to 3600 mues sach on M113 Vulcans Repiaced nine Vulcans. four APCs and one M577
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
‘ ODS QUESTIONNAIRE CONSOLIDATION
FT. BLISS, TX

FUELS
3/43rd -
HHT SPT! WHT 1st ' HHT 2nd ! 2/1st ADA} ADA BN 582na
Queston SQDN. SQON SQDN BN, 11th « <1t ADA 1 ADA BN |
‘ 3rd ACR | 3rd ACR ! 3rd ACR { ADA BDE ' 3DE ‘“1th ADA '
1 ; 80E
' 29 To alieviate air/sand ' a. Calm atmosphenc | | 1
problems auring fuel . condtions waited !No Answof' Yes ! Yes | Yes NoZ2 No Answer
‘ransfers, were- for? | i X i
‘{ b. Fuel opening | \ | | ‘ ‘
. recesses biownor | ! . Not Not
1 brushed free of iNo Answor:No Answer!No . \sworgNo Answer | Menuoned | Mentoned
drvsana? : ' ‘ f '

¢ Opening of fual filt . ;
ports reauced o a
minmum auring

'No Answer i No Answar i No Answer No Answer ! Meni?:‘n od | No Answer

PM services? w ' . !
30 Was there a perceptibie a DF-2tuel? INo Answeri  N/A N/A No Answer| VYes® N/A
increase in fuel injector ! I ‘ ;
nozzie fouling when using | b JetA-1 tuei? \No Answer | Yos?* | ves?* 'No Answer i No Answer | No Answer
31. Did use of DF-2 in armored vehicies VEESS produce | | i i !
adequate smoke in the high ambient tymperature iNo Anmrs N/A \‘ N/A No Answer| No Answer | No Answer| e
environments? ! i '
32 it vehiclesvequipment were using Jet A-1, cid they i ‘ {  None
“rum hottef 2 iNo Answer|  No " Reported iNo Answer | No Answer | No Answer
33. Were there any parceptible problems assocated wrh | ' 25 | % |
admixing tuels during fuel changecvers? No Answer|  No | No Yes™™ | Yes No
34 In units that ytilized Jet A-1, were ground venicles ﬁ !
: and arcraft refueied from the same fue tankers? | N, NA . NA - NA No No Input
roplems In usin N ‘
3 nw:a';:z ?Nr:hagxhperogezrxil mu SF?QY,ONC'Q personnel {No Answer | No None No Answer i No Answer | No

Znehed on HEMTT filter system and generator and vehicie fiiters
B lsaning and changing fuel nozzies a daily chore
Hiniector problems were reported as fuel lubncity problems. however, dirt was suspected
Zvas JotA-1 used fo 2 or 3 months, then was repiaced by DF-2 No stated prblems after swiich to DF-2
ere was an admixture when DF-2 was added to Jet A-1, which caused an increase in cleaning and changing in injector ncz2les
Preventve manienance intervals were
Jot A-1—athter 750 hours of operaton
. DF.2—after 100 hours of operaton

D-5




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
FT. BLISS, TX

LUBRICANTS
HQ
HHT HHT ‘st HHT 21st . 3.43rd 5,62nd
SPT 2nd ADA BN | ADA
Queston SQON. y : ADA BN
SQDN " ard ACR | SQDN + ith BN ”m!ﬂmADA
3rd ACR | 3rd ACRIADA BDE IADA BDE| ' 5nc
1 Were the following enging oils 2 OE/HDO-10 No Input | No input | No input |  Yes No  No Input
avaliabie for use? b OE/HDO-30/SAE 30 ' No Input | No/Yes | No/Yes' |  No Yes/No | No Input
¢ OE/HDO-40 No Input | No Input | No Input!  No No No Input
o OE/HDO-15/40 No lnput i No® No® No No®  No Input
2 Was MIL-L-46152 (agministrative service) engine or used? No No No No Input | No input | No input
3 Were oil analysis laboratones avalabie? No input | No* Yos® ves® No No Input
4 :v'gre normal lube oroer oif change intervais used for engine No Input . No’ No No No No
!
5 if changes were maoe in a Increasea? No input | Yes ves® ' No No No
normal intervais, were the 5 Decreased? | ) | |
ntervais < sed ,Noinput | No ' Yes | Yes { Yes | Yes
6 Were normal lube oroer service | 3 Transmissions? P No input | Yes No* ' VYes ; Yes ., VYes
intervals used for .b Power ranster units? ' No Input | Yes No® | Yes | Yes | Yos
i ¢ Differencais? {Nolnput | Yes | No* | Yes | Yes | Yes
i d Hydrauhc systems?  Noinput | Yes | Yes . Yes | VYes | Yes
'@ Brake systems? i Nolnput | VYes T Yes | Yes ; Yes | Yes
7 Was there any evidence of ‘o1 breakdown’ (1 @ , ol too thin, | | None | !
axcessive ol consumpgon. etc )? | No Input ! No | Noted , No No input ! No Input
8 Were there problems in performing (ubncant-related | | ; ! 0 !
X |
mantenance? , No Input | No input | No Inouti Yes No Input ‘ No Input
' ;
9 it oit analysis iaboratonas were avalable were o/l sampies ! ! i ]
1aken anad sent to Mem? : No input f No \ Yes i Yes No | No input
10 it oif sampies were sent to a laboratory for analysis were | .
) Y
any resuits ever recenved? ¢ NAL NAC Noo ) Noo | Neo o NA
11 Did arysand contamination a Whee! bsanngs | No Input No } No . No ; No Input | No Input
cause any prablems with b Gear dnves? | No Input Ne | No 4 No | No Input | No Input
' ¢ Gun posinoning ! i ! noi ’
systams? i No Input | No [ Yos J No | No Input | No (nput
12 Did hot ambient temperatures cause any oi-relaied i i one i ‘
problems? ! No Input 1‘ No t Nowed L No | No Input | No Input

‘Blue and white quart cans labeled SAE30

215W-40 ol was not available

Icammeraal turbine oiis were used for M1AtTs
“Wouid have used AOAP procedures f labs avalable

SSaveral sampies were sent to Camp Maniey. no analysis reports recanved

SSampies taken from some vaives and dpsbck lubes. sent to Mannheim. Ger No results
"Did not change oit due 10 low milsages

ntervais for engine ol changes exiended due o OE/HDO ol shorages

INot changed because oils wers 100 hard 1o get

""No piace to aump used oils

""Yas Found in seaied gun sights
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BELVOIR RESEARCH, DEVELCPMENT AND ENGINEERING CENTER

ODS QUESTIONNAIRE CONSOLIDATION
FT. BLISS, TX

LUBRICANTS
o] ¢
HHT HHT 2 1st 3 43rd
H ‘st , )
ser T st o0 ADABN sDA B 56200
Queston SCON . . ADA BN
SQDN 2rd ACR SQDN 1th ety Con
| k] i ¥ €
L 3rd ACR rd ACR i ADA BDE!ADA BCE ADA BDE
13 itthe OE/HDO-15/40tacocal a The ol gottoo thin? No input 1 No No No No input  No input
engine oil (MIL-L-2104) was b The engineran ho'et? ' No input | No No No Ne input | No Input
not used was it because ,
¢ The ail was nat Nolnput| Yes = Y v No Input  No |
avaiiable? o Inpu H ‘ as es o Inpu o Input
14 Were any or all of the foilow- . a B5W-140 ' No Input | No lnput | No Input | No input ' No input ' No 1nput
ng ge;ar oils (MIL-L-2105) b 90 * No lnput | No input i No Input | Ves No input « No input
~sea
¢ 80W-90 No input | No input | No input | Yes No input * No input
1S Were ol filters changea each bme the engine o1l was ,»/gpvf‘«f; kMoo oy y/’ ‘ /ES e DVFT
cnanged? cS /
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
FT. BLISS, TX

HYDRAULIC AND BRAKE FLUIDS

3.43ra “a
HHT HHT /
ST MU aoaaw aw 36
Queston SQON Y e ADA BN
SQDN ¢ Ird ACR ! SQON . *1th tith ‘it
3rd ACR | "3rd ACRjADA BDEi ADA ., .
X . ADA 8DE
' 8D€E
1 Were any or ail ot the tollowng a OHT (*Cherry DML VT MiL !
hydraulic and gun controt systems Jurce”) . No Input ! Stanaard 1 Standard | Spec 10 {Unknown | Ves'
Yuids usea? Wt
b FRH (fire .
resistant " No input ! s ML SIS Nr:z.ardl No Input ;Unknownz No input
hydrautic flurd) tandard | Sta i
¢ Dexron-il No input 1 No input | No input | No Inout ' Unknown 1 No ‘nput
2 Did the not ambient temperatures attect those seit- .
oropelied gun systams using “Chermry Juice” No input | No No No No ' No input
‘MIL-H-6083)? ,
3 Was sanc contaminacn a orodlem with operanon of any U ovacd N
nydraulic or brake fluid system? No input | Ves No Input{  No No No input
4 It vehicle brake systems using sicone crake fiud ;
‘MIL-B-46176) were topped oft with conventonav . . .
commercai-type automotve brake fluids were any No input | No No } No No No input
diferences in braxing perfoffnance notceadble”? ' | I
S Did the hot amprent temperatures causa brake face ' : 3 '
oroblems”? No lnput I No ' No ' No ] No No nput
6 Ware filters in those nyaraulic systems employing hiters ‘ | ' ) .
routinely changed” No input . No input { No tnput 1 No No No input
T 0id the hot amibient temperatures cause more frequent No | l N N N N ' No inout
topping cff of both hyarautic anc brake systems? 0 Input | ° o ° ° Na iney
8 Were there any OCcuIrences (1 which ‘charry juice” ‘
MIL-H-608FOHT) was aoded 1o hydraukic systems using . No input | No No No No No input
the MIL-H-46 170/FRH hvarauic fluid or vice versa? ‘ ; :
3 Were any AQAP sampies taken from hydraulic systems? No input | No No * No . No No
10 Did the nighar ambient temperatures creats an overait i | x '
ncrease in the maintenance of hydrauiic and gun control * No input | No input | No lnout | No No No
systems? ' | '
11 Oid he higher ambient lemperatures creat® an overall ' '
nCreass in the mainienance of vamicie brake sysiems? Noinput | No No No No  No input
- . )
12 Ware ftuid changes accompiished at intervais schaduled VA N/A NA  NA NA O NA

in authonzed lube oroers’

Lseq when avaiable
?Roduced brake offectveness on HEMTTs

o probiems with brakes Fewer Hydrovac replacements .0 SWA operatons than in CONUS
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BLISS, TX
GREASES
3 43ra -y
HHT HHT 218t ACA
HHT st S62na
5 a
Queston SPT  sgopy 2% ADABN SN ADA
SAON - 5 g - SQON - b
3rd ACR | 3rd ACR:ADA BOE  ADA A
. ‘ ACA BDE
3DE
1 Was MIL-G-10924F or MIL-G-CO10924E versions of GAA . GAA
grease avanabie for use? : No Input 1+ Was Yas . No input : No Input 1 No input
- Available
2 was WTR (MIL-G-83122) grease automaucally substitutad f No I | No | Dy, v | ,
~here GAA was raquired? ! No Input | No Input | [:] J es No Input | No
3 Oid the hot amient lemperatures Cause excessive grease 2 , ) o
treaxdown and lgakage? No input | Yes No No No rout s o
4 0.d the not ambient temperatures atfect the snelf iife ot the | vadd 3
: LV i » ,
_nused GAA and omer greases? No input | No es es Mo input  No input
5 Where WTR grease was used interchangeably with GAA at | '
'uoncation poInts breviousiy lubncated with GAA, were any | No input | No input | Yes ACH Mo input ' No input
performance aifferences noted? ! ' ;
5 Were relubncation intervals changed from those speafied | , s
~ authonzed lude orders? l No Input | No Input ! No input i Vs’ No input | Yes®

Were soivents usad 10 clean parts before relubncaung

! | ; -
somponents such as wheel baanngs, CV joints. etc? No input | No input | No Input | VYes No inrput i Yes'

8 Were sand particies evident in beanng coaponents dunng |

aisassembly? No input | No Input { No input +  Yes No inout i No input

9 Did the higher ambient temperatures create an overall I | i ‘
ncrease in the mainnance of any grease-iubncated i No Input | No tnput I No Input | Yos® Mo put ' No !nput
companents on vehide/equipment systems ? ! { ‘ ‘

‘No WTH grease was avaiabie to use

2Grease separated and bled in M8 road whee! suspension systoms Uso of WTR grease exmingied prodlems

XGrease pimed brown in can

‘GAA grease

Every 1 1o 2 weens

6Weeltly

‘Ciganing sovent MOGAS, diesel

8ves if dust boots wers worn

*os CUCY and M90O senes vehicles appeared 10 have problems with nght front wheel beanngs Beanngs repeatedly siezea no
matter whether GAA or WTR greass used




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. BLISS, TX
COOLANTS/ANTIFREEZE
3.43r0
HHT HHT 21st J‘ADA =
. HHY sty \ £62nd
sPT 2nd ADA BN © BN
Queston SQDN ADA 8N
SQDN " 3rd ACR ' SQON. 1 tth 11th ADA
3rg ACR . 3rd ACR.ADA BDE! ADA
80E
BDE
1 ‘Was any commercal type antfreeze usea in heu of : Ny
MIL-A-46153 anotreeze? Mo tnput | No No No No input | as
2 Was the antifreeze extender aoditve IMIL-A-53009) usea? No input ;|  No No No No input ;: No input
3 Was it possibie 10 save drained antfreeze for reuse when , ‘
200ing syslems wera crained ana filed? No input ' No Input : No input | No No input | No input
4 Were any of the tollowing maxe- a Potable water No input + No No Yes No input: Ves
-5 waters used? b D:stiled water No Input | No Yas Yas No input:  VYas
¢ Botted water No input +  Yes No No No input | No
d Local water No input ! No No . Yes No input | No
o I temperatures cause engines 1o run ' i
S :‘;g:g hot amoren pe gines © No input . No No .,  Yes  No input | No input
I i i
6 Were therg any ,eaking of corrosion problems atnbuted to . : !
the anufreeze or hans ‘water (1 @ locai water) that may Nolrput : No . No ! Yes , No input | No Input
nave been usec’ ' ! i :
¥ ‘Were the standard Test Stnp Kits used to measure i the ‘ , ! | :
anoireeze was okay? No input , VYes ; No i No i No Input I No input
& When antfreeze was cnanged  a Of an engine j i | t
for & raason other than one change? . No Input i N/A N/A ; No } No Input ! No Input
ecuired by the stanaard tost b Repawr of an engine? Mo Irput | N/A NA ' No ! Noinputi No input
smp was it because Drveans
¢ Dwvsan : | '
contammaton? Noinput 1 N/A  NA & No | Noinput | No Input
d Other contaminabon? * N¢ Input | N/A N/A Yes No input | No Input
9 Was any MIL-A-46153 antfreeze provided 1o you n meial ! ! . ;
contamers? ‘ No inpet | No input Yos No i No Input | No Input
10 Were ine metal containers plasac ined? CONIA N/A Yos NA L NA N/A
11 Did the nigher ampment :amperatures crea an overal ‘ i
NCrease In the Manenance of engiNe cookng system "Nonput | No No No No Input | No input
components? i |
12 Was flushing of 200Ing SySImS 3 probiem due 1 the | ,
ratations on avaiabk water? ' No Input i No | N/A No No Input | No Input
13 Wers tere any nsiances hat undiutec antitreeze was ! ‘
agded directly in rehilling cochng systems? Ne input | No I No No Input | No Input | No Input
14 When tooping oif radhator '3 Wamwr only useg? No Input | Yes Yes | No Input | No Input | No input
systems was T M t +
" b Antireezs only ' ' 4 |
" used? . Noinput i No | No Mo input | No Input } No lnput
¢ Water-antfreezs ' ' i
XS USea? i Noinput | No b No No input | No Input} No input

Radiator lears




S

BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
FT. BUSS, TX

WEAPONS LUBRICANTS/SOLID LUBRICANTS

3/43rd

~Q
H ,
S’g_ HHT st "Z:I 215t ADA ‘;%A 5 62n0
Questons SQON 8N 11th ADA BN
SADN 5 4 acri SOON © apagoe - 1™ <im aDA
3rd ACR ! 3rd ACR | ADA
30€
JDE
ct
1 Ware mmtary speciicaton progucts No Input ! o Yes ves No nout i “es
45007
2 !n aadibon (o those a TW-25 NO Input : No No No No Input ¢ No
“equired speciicaton b Dryshde No Input i No No No No input i No
orooucts were other
cropnetary commercial c WD-40 No lnput i No No ves No Input ' No
oroducts aiso used? For 4 Other .
examplo No input | Ves No No N> lnput ! Ves?

3 :f these propnetary products were also used was therea ' ; !
notceade change in the performance or a reason that No input ;| No input | No input | No No Input | No input
ngcessitaled their use? , ' ' ; . .

4 Wers the hot ambent temperatures creating lubncation

No Input i No input | No Input | No input t No input | No input .
' § ( | i

probigms for weaponw/qun Systems? |
5 Was dit/sand adhemion a sigrrficant problem? No Irput | No Input | No Input|  Yas® . No input | No Input
6 :L:x:n:a:::;::;,"a significant problem, was it I No Input ‘ No Input ENo Input ; No : No Input l No input
7 Were any soid film lubncants used? T No Input | No input | No input | No "No Input | No input
8 g?:,::::,nu: ;“r;::.;sao(c:u“::;’: Wty problems (1 . !‘ No Input “ No Input *No Input é No ' No Input ? No input
9 Were sold iubncants Ea User personnei? | No Input { No Input | No Input | N/A No input | No Input
applied by b Ordnance personnel?  No Input | No input | No Input | N/A No Input | No input
1 ¢ Other? No input | No Input | No Input | N/A No Input | No input
10 Did the higher aminent temperatures create an overall | . !
increase in the mainenance of ow/fuil/grease lubn- No Input | No Input | No Input | Neo input | No Input | No Input
cated weapons systems components? ’ i |

11 Was there a “preferred* a Large caliber weapons? | No Input | No input | No input | No Input ' No input | No input
weapons (ubncant for' b Smail caiber weapons? | No input | No input | No Input |OE/HDQ 101 No Input | No input

“*Duck® grease used to lubnca machine gun parts
2Dry lubncant recetved from AMC LARs Worked great, easy to use. sand did not stick to dry lubncant
Nery big problem with buildup of sand
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP PENDLETON, CA

PACKAGED PRODUCTS

1
1stTk | HaS Co. | oSt | 1stial | ard AAV | MTM Co | ok P!
Q Bn, 1st | 1st Tk Bn, Ménnes Bn, 1st Bn, 1st | 1st Mntc Ena Supt
' uestion Marne | 1st Marine ' Manne Manne Bn, 1st 9 Sup
D O 1st Marine On D FSSG Bn, st
‘ Dwv FSSG
1 Were packaged POL products taken by the units
as part of therr unit basic load (UBL)? ves No Yes Yes No ves
2 Were packaged POL products acquired from !
local compantes through local purchase Yeos' Yes Yes Yes Yes Yes
procedures?
3 Were POL products packaged in unit quantites
that were convenient for use and reduced No? No No Unknown No? Yes
waste?
4 Were packaged POL products iabeled as 1o
manufac-turer, grade, or other informaton to Yes Yes No Unknown No Yes
atlow judamentn use?
' 5 Did commercial packaged ‘[ a Qis Yes Yas Yes Yes Yes Yos .
POL products include { b Dry lubncants No No No No Unknown |  Yes |
! I'c Greases Yes No No Yes Unknown Yos |
{ s
. i d Antfreeze No No No Yes No | Yes
. { @ Hydraulic fluids No No | No No No Yes
; 't Brake fluids No No | No No Unknown Yes
& Were shortages noted in Class lil packaged 3
, products ? Yes Yes Yeos Yes Yos Yes
T Were Battenfeld Company manufactured {
products (t e, pnmary engine and gear oiis) No No No No No No ' No
used?
) 8 it Battenteld products were : a Umits hadnt
usecd was 1t because been notified N/A N'A N/A NA N/A NA | N/A
they should not? !
b Shortages |
| forced the use of N/A NA N/A NA N/A N/A N/A
i | the products
* 'Some OE HDO-10W and SAE-50 ods obtaned from Saudh sources by contract through dnvision supply
Hyaraunc Huids in 5-gai cans, could not get quart size Antifreeze in 55-gal drums Tos:wd the end, FRH came in gal cans Ov oblaned in
55 gal drums troops wanted S-gal cans
JGAA OE HDO-10 LSA fusl filters, OE/HDO-15/40 not avadable unti end of war




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

o

FUELS
1stTk | H8S Co. | oSUA™ | yst LAl | 3ra AAV | MTM Co. Bé‘é" g
Question Bn, 1st | 1st Tk Bn, Ma'nnes Bn, 1st | Bn, st 1st Mntc En ’Su '
Manne | 1st Manne ! Manne Manne Bn, tst 9 Sup
Dv ov | 'St Mamne | Tp Dw FssG | o0 st
D FSSG
1 Was the fuel delivered to the POL tank
farms (bladders, otc ) fitered? N/A N/A N/A N/A N/A Yes Yes
2 Were any inspections, visual or other
wise made at the tank farm? N/A N/A No No N/A No Yes
3 Waere any irspectons, visual or other
wise made at unit level? No No No Unknown Yes No N/A
4 Were fuel analysis laboratones, either
mobile or fixed, available to etther or No No No No No Yes Yes
both wholesale ana retail levels?
5 Were any abnormalities noted in the
fuels delivered (color smell, No No Yes' No Yes Yes No
appearance)?
6 Were the usars (operators) satsfied that
they received good quality fuel in Yes Yeos Yeos Yes No Yes Yes '
adequate quantibes?
7 Waere logistics, maintenance, and user
personnel aware of the type and grade of No No Yes No No Yes Yes
tuel they used? ! i
8 Were buik fuels delivered in host naten i
|
or other foreign naton vehicles? | N No No No No Yes | Yes
9 Was adequate informanon provided down | ! |
to user level on proper tueis and i No i No Yes No No Yes | No
lubncants utlizaton practices? | . : N
10 Were the following fuels 1 a JP-4 [ ONA L NA N/A Yos NiA NA_ No
avalable for use by b JP-8 TUONA L NA N/A Yes N/A NA ' No
miltary arcraft? } t
€ JP-§ I NA 1 NA N/A Yes N/A N/A No
‘dJotAl | NA | NA NA Yes | NA NA | VYes
11 When used in aircraft were problems | X
expenenced with one or i NiA NA N/A No N/A NA ! No
more of the avianon tueis? | |
*2 Were the foliowing fueis | a JP-§ Dxin't Dwdn't
available for use by l know know Yo Yo ves Yos Ne
d‘;::’“':‘“ 9'°“"d, b JotA-l Yeos Yeos Yeos Yeos Yes Yes Yes
s on s —
v equemant I ¢ OF-2 Yoo Yeos No No Yes Yos : No
13 Which ot the tusis were | a JP-S§ Dwdint Dion t ir !

" e " \ Know No Yes No ! No | N.A
buming ground vehicies [ Jgr a1 Mosty | Mosty Yes Yes | Yes | VYes NA
and equipment? OF 2 T Ves at | ’

e Atgont | At pont No No | TS Mo Na

"Noted differant colors

pu—

0-30



BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP PENDLETON, CA

FUELS
HaS Co, | STAM BT L ia (B aay | MTM co | Buk Fue
1st Tk Bn, 11th Co. 7th
1st Tk Bn, Bn, 1st | Bn, (st 1st Mnte
Question 1st Marine Mannes. Eng Supt
1st Marine Manne Manne Bn, st
Dwv Dw 15t Marine O Dwv FSSG Bn 1st
Dwv FSSG
14 Was there any noticeable decrease in
power outpu{ when aviation fuel was 2 A 5
used in diesel-burning ground Yes Yes3 Yes Yes Yes Yes N/A
vehicles and equipment?
15 Was any blending of engine oiis or
hydraulic fiuids into aviaton fuel Yes® Yes® Yes® Yes® Yes Yes No
practiced?
16 Were any procedures established for ;
changing from one fuel to another,
such as DF-2 to aviation fuel or one No ! No No No No Yes No
aviation fuel to another aviation fuel?
17 Did user personnel know that Jet A-1
fuel was a sansfactory replacement | No No No No Yos Yes Yes
fuel for DF-2? L
18 Were increased replacements of fuel | ; . |
hiters needed following changeover? } Yeos Yes Yes 1 Yes Yeos Yes N/A
19 Did fuel iter plugging occur? ' Yes . Yas Yes | Yes Yes Yeos | No
20 It fuel filter plugging occurred. was it i 1
considered excessive? Yes J Yes Yes Yes Yes Yes : N/A
21 Was a black residue” observed on } | I
any fuel fitars that were changed? Yes i Yes Yeos Yes Yeos Yes _L No
22 Were biocides/biostats used to control 9 I
microbiological growth in fuel celis? NA NA No No No No | No
<3 Were any adaitves blended with the
Jat A 1 fuel such as Cl, FSII or statc No No No No No No No
assipater?
24 Were fuel handiers and operapr per-
sonnel fearful that Jet A-1 would be Yeos, hive
hazardous bacause of the lowsr No Yes, intiatly No No bt No No
Hashpoint?
25 Were there any ‘waxing® problems
with the use of the hce " nadon sup- NA N/A N/A N/A N/A No N/A
pld diesal fuel? X
26 Were vehiclos a TPUs? L Yes | - No Yes Yes Yes No
rovtnely refueled M 1
by b m:?‘., I Yes Yeos Yes Yeos Yes Yeos Yes
¢ Commercial
| tanken? No No No No No Yes Yes

P ywer retumed after ransiion penod, whvch included hier changes and filler pump changes No problems with M-88s

'Dower ioss occumred and ncreased as operatons conbnued

47 percent power loss

Pawer thd not resume at any sme

51 ot DEXRON-it per 18 gal (HMMWV) 10-wt od mixed S0 1 and thon changed 10 20 1 for MGOA1 tanks of 1 gt 10 wt per every
, 10 gailons

‘Fuel hiters were in shont supply

YSome veticies somesmes twice

013 have microtroiogical growth problems

D-31



BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP PENDLETON, CA

FUELS
vt Tk an, | HAS Co. | 2SUAM | gLl | 3ig ARV | MTM Co. | Bulk Puei
Question 1st Marine 1st Tk Bn, Mannes, Bn, 1st 8n, 1st 1st Mntc Eng Supt
1st Manne Marnne Manne Bn, 1st
Dwv D 1st Marine D Div FSSG Bn, st
Div FSSG
27 Was dirvsand a
problem dunng fuel No No Yes' Yes No Yes Yes
transfers?
28 Was there a percep- a DF-2 was
tble increase in I used? No No No No No No N/A
maintenance when | N
i b ::;:,1 was Yes'' Yes'? Yes Yes Yes Yes N/A
]
29 Toalleviate dit'sand | a Caim | Used
problems dunng fuel atmosphenc Nothing
transfers, were conditons No No No No No common special
watted lor? sense
b Fuel open-
NG recesses Used
blown or Yes Yes Yes Yes Yes common Nothing
bushed free sense special
of dwt/sand?
¢ Opening of |
fuel fill ports
Used
educed to
s No No No No NA | common ':::‘;’;?
dunng PM sense
services?
30 Was there a percep- a DF-2 tuel? No No No N/A No No No
tble increase in fuel ! b Jet A-1
"‘":':: nozzie foul- | pgp No Yos'* Yes' Yes Yes Yes | Ves'®
ng n using i !
3t Diduse of DF-2 in arrmored vehicies i ‘
VEESS produce adequate smoke in '
the high ambient temperature N/A N/A N/A N/A Yes N/A ’ N/A
anvironments ? !
32 It vehicles, t t ‘ ! : ‘
AVY d'td “':“:::g!:";. using Je Yeos i Yes | Yes | No % No Yes ! No
33 Waere thers any perceptbie problems ; , | : {
associated with admixing fuels dunng No Ne | Unknown |Unknown! No | No PNA
fusi changeovers? i | i |
34 Inunits that ubiized Jet A-1 were ; | f
ground vehices and aircrah refusied NA 1 ONA L NA | NA D N No | NA
from the same fuel ankers? ! ! ! I i f
35 Waere there any problems in using | i } | i
vehicie personnel heaters with edther No No | No N ; No i No  No
JetA 1 or OF 2 i | | !

"“Sometmes careiess handkng of fue transter equpment
Burming holes in engines (peions cylinder walls and blocks) Locking up

'MHECIOr pUMPE

‘Repars of uel NPCHON puMps inCreased for indvidual units because of mantenance overioad at 3rd echelon level

“Nozzie bps were
bumed
“On older vehucies

"*Wappened 10 600-GPM pumps but could not be positively anbuied 1o fuel

D-32




e ————————————————

BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP PENDLETON, CA
LUBRICANTS
| T {
, HeS Co, | VAW | g LAl | 3rg AAV | MTM Co, | Bulk Fuel
1st Tk Bn, % Bn, 11th Co, Tth
Question 1st Marine 1st Tk B, Mannes Bn, 1st | Bn. 1st | 1st Mntc Eng
1st Marine ' Marne Manne Bn, st
Dwv D 1st Marine Ow 0 FSSG Supt Bn,
Div v 1st FSSG
1 Were the following a OE/HDO-10 Yes Yes Yes Yes No Yes
?0':_9";:3"5 avalable "y 0E/HDO-30 Yes Yos Yos Yos Yes Yos
u
¢ OE/HDO-40/SAE 50 Yes No/Yes Yes No/Yes No No/Yes
d OE/HDO-15/ At end of | At end of
40/SAE10/40 war war No No/Yes Yes No
2 Was MIL-L-46152 (administrative service) engine No No No Unknown No No .
ol used? i
3 Were oil analysis laboratones available? No No No No No No {
4 Were normal lube order oil change intervais |
used for engine oit? No 1 No No No No Yos ’
5 If changes were made | a Increased? I No T Ne No Yes | VYes NA
In normal intervais, ? 1 I
wer3 the invervals \ b Decreased I Yes Yes Yes No No N/A i‘
6 Were normal lube fa Transmissions? T Yes Yes No' Yos Yes Yes r
order service intervals | t "
used for ® S::;e,r ranster { Yas Yeos No' Yos Yes Yos |
! {
¢ Differentals” Yes Yos No' Yes II Yes | Yes
d Hydraulic systems? |  Yes Yes No' Yes | Yes Yes
'@ Brake systems? Yes Yes No' Yes : VYes Yes |
7 Was there any evidence of “oll breakdown* (1 @ 2 I i
oil too thin, excessive oil consumption etc )? Yos No ! No ! Unknown No No s
8 Ware there problems in performing ) ] | 3
lubncant refated maintenance? ! No No ! Yes Yes { Yes No i
S It il analysis laboratones were avaiabie, were ol | '
sampies taken and sent to them? i Ne No No Yeos i No N/A
10 if ol sampies were sent to a laboratory for 1 ! |
analysis were any results ever recenved? ! No No NiA No NA NA
11 Oid dirv'sand con- "a Wheel beanngs T Ne No Yos! Unknown No Unknown
4 1aminaton cause ''b Gear dnves? " No No Yeos! Unknown | No | Unknown |
any problems with |+ o o !
c posiioning s
,! syst N | No No Yes Unknown No Unknown
12 Did hot ambient temperatures cause any o4 |
related problems? j No i No No No Mo + No
13 it the OE HDO-15/40 | a Theodgottootin> .  No | No No No NA | No
lactica engine o b ™e an N ;
MLL210) was | posent | No No No No NA No |
not used, was it ?—-m ' " ;
because | € Ol was NO Y !
i avasable? Yeos Yes Yes Yes N/A (13 x
‘When required
SAE 50 wiin M6OAY final drives became 100 thin and soma waler was found
3Sand got i open S-gal contaners
‘Same probiems at Twenty-rene Paims. CA
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP PENDLETON, CA

L UBRICANTS
-

HaS Co, | JSPAY | g LAl | 3rd AAV | MTM Co | Bulk Fuel
1st Tk Bn, Bn, t1th Co. 7th
15t Mary 1st Tk Bn, Mannes Bn, 1st | Bn, 1st [ st Mntc Ena Sunt

Guesbon St VaNNe | 4t Marine | Manne | Manne | Bn, tst 9 Sup
Dwv Dwv 1st Marine D D FSSG Bn, 1st
Div FSSG
14 Were any or all of the a B5W-140 No - Yes No No No
f°"°wl'_"91%€;a' 0'519 b 90 No Yos Yos Yes No No
(MIL-L-2105) us c 80W-90 Yes - Yes No Yes Yes
15 Were ol filters changed each time the Yes® 5 Y N Yes® 7 l
engine oll was changed? es 1 Yes es ° | es 1 os l
5 it available
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP PENDLETON, CA

HYDRAULIC AND BRAKE FLUIDS

T T -
tst Tk | H&S Co. | tst Arty Bn. | 1st LAl | 3rd AAV | MTM Co . ,[ Bé‘g‘ '“T‘:‘
Question Bn, 1st | 1st Tk Bn, 11th Bn, 1st | Bn, ist | ist Mntc En ' Supt
Mawne | 1st Marne | Mannes, 1st| Manne Manne Bn 1st B?\ 15t
Dwv Dwv Manne Dv Dwv Dw FSSG FéSG
1 Were any or all of the a OHT/OHA |
toliowing hydraulic and | (*Cherry No Yas Yes No Yes' Yes/Yes
gun control systems i Juice”)
Nuids used? (o FRW (fre
| resistant Yos Didn't use No Yes No Yes
hydraulic © ntu
| Rud)
ch Dexron-ll | Yes Yes Yos No Yeos Yos
2 Didt the hot ambient temperatures affect 1
those seif-propelled gun systems using | N,A No No N/A Unknown N/A |
“Cherry Juice” (MIL-H-6083)? L z
3 Was sand contamination a problem with X
operauon of any hycraulic or brake fluid ‘, No Yos? Yes® Yes No Yos* !
system? . ‘
4 'tvehicie brake systems using silcone | ] l .
brake fluid (MiL B-4A176) wire topped | !
off with conventional:commerciai-type ‘ : ) i
automotve brake ftuids were any NA - NA | NA N/A NA NA-
diferences in braking periormance ’ i | i |
noticeable? : ) i ! |
T
5 Did the hot ambient temperatures cause ! |
brake fade problems”? ! No ! No No No No No
S Were huers in those hydrauic systems | ' 5
empioying ‘dters rottnely changed? ' No No Yes No Yos NA
7 Did the hot ambis. it temparatures cause i
more frequent topping off of both No No No No No No
rydraulic and brake systems? ! i
3 Waere there any occurences in which | | |
‘cherry juice™ (MIL-H-8083/0HT) was ! f Ot i
added 10 hydraulic systams using the PN N/A NA NA N/A y '
MIL M 4870 FRH hycraukic tud o 1 now
vice versa? 1
9 Ware any AOAP sampies taken from | '
hydrauic sysiems? i No No No No No | No 1
10 Did the higher ambant Iemperatures i |
Creaw an Overall INCTease n the mam-
tenance of hydrauic and gun control No No No No No No
sysiems? !
11 Did the mghar ambdient Ismperarres i | i I
craa an overad increass in the maun- No No No i No No No |
1enance of vehicle brake systems ? ' !
*2 Were fud changes accomplshed at i !
rlervas schoculed n authonzed kube | Yes No* No Unknown | No Yos |
orgers? | |

On™ | so0 when OMA ran out
“Wheel master Cybnaers

3Sand probiem with space hydrauke Cyknders
*Hyarauic system of HMMWV3 had a sand build up n hydrauiic boosier

n avalabie
*More troquentty
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP PENDLETON, NC

GREASES
i I M
st Arty I . Bulk Fuei
1st Tk Bn, HeS Co. Bn, 11th 1st LA 3rd AAV | MTM Co. Co. 7th
1st Tk Bn, Bn tst | 1st Mntc |
Question 1st Marine 1 Mannes, Bn, 1st ! Eng Supt
st Mannn Marine Bn 1st
Dwv Dw 1st Marine |Manne Div Div £SSG Bn, 1st
Dw ! | | FssG
1 Was MIL-G-10924F or Didn't Didn't |
MIL-G-0010924E versions of GAA know Just | know Jusi '
grease avaslable for use? knew they | knew they Yes Unknown ves ves
had GAA | had GAA
2 Was WTR (MIL-G-83122) grease auto-
matically substtuted where GAA was No Yes Yes Yeg No Yes
required?
3 Dud the hot ambient temperatures causs
excassve grease breakdown and No Yes' Yes Yes Yes No
leakage?
4 Did the hot ambient temperatures affect
the shelf life of the unused GAA and | No Yos? Yes Yes Yes No
other greases?
5 Where WTR grease was used inter-
changeably with GAA at lubncation i
points previously iubncated with GAA, N/A No No | No No No
were any performance cilferences
noted? i :
6 Were relubncaton intervals changad '
from those specihed in authonzed lube No Yes® Yes No Yes No
orders’ [
7 Were soivents used to clean parts |
before relubncatng comporents such Yos! Yos! Yes* ' Yes! Yes* Yos*
as wheel baanngs CV joints, etc? L i
8 Were sand partcies evident in bearng | s ‘l f
components dunng disassembly? No | Some Yes No No Yes 1
3 Dud the higher ambient temperatures ! ‘! I
create an overail increase in the mamn- I ! ‘|
tenance of any greass-lubncated com- i No f No Yes Yes No No |
ponents on vehickersquipment ; | !
Systems? M i | |

4y can GAA

LletA-1

'Had a breakdown with GAA and used WTR with no problems
JAnything with zert htings were relubricated more cten

°0d not have 10 disassamble very many imes
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP PENDLETON, CA

COOLANTS/ANTIFREEZE
- M i 1
‘ | I | | Bulk Fuel
Dist Tkgn, | 188 Co. | 15 Any 80, 1st LAl | ardAay | MTMCo e
, tst Tk Bn, 11th I 1st Mntc
Question | 1st Marnne 8n, 1st Bn, 1st | Eng Supt
i D ist Marine | Mannes, 1st , Bn, st |
i W D Manne Div {Marine Div | i Bn, 1st
v Marine Div FSSG |
| 1 FSSG
| 1 Was any commercial type antfreeze used |
in heu of MIL-A-46153 antfreeze? | NA Yes No Yés No Yes Yes
2 Was the antfreeze extender additive ;
IMIL-A-53009) used? N/A No No No No No E
3 Was it possible to save drained antfreeze | {
for reuse when cooling systems were N/A I No No No i No No ;
drained and filled? i
4 Wereanyofthe | a Potable water NA | Yes Yes Yes Yes Yos |
foliowing make-up 1", ysyiited water PONA O No No Noe | No No |
waters used? '
¢ Bottled water ! N/A Yes Yes ) No No No
. d Local water CONA Yes Yes T No No Yes |
5 Did the hot ambient temperatures cause ' | ' i
engines to run hotter? NA Yes No , Yes No ! ves .
6 Were there any leaking or corrosion ! {
prablems attnbuted to the antfreeze or !
hard water (1 @ , local water) that may ; NA ’ No No Yes No No |
have been used”? ! ;
7 Were the standard Test Stnp Kits used to o !
measure If the antfreaze was okay”? NiA | No No No Noo | Mo
8 When antfreeze | a Ofan engine ] I
was changedfora ; change? ; Yes | Yes Yes Yes 1 Yes | VYes
reason other than i | T o i
one required by | b ::Daw ;:f an | Yes | Yes Yes i Yes | Yes ,r Yes |
. gine i i | \ '
the standard test - Drvsand +- 1
stnp, was it i ¢ Uin/san ! N i
becF:‘suse | contaminaton? { N.A N.A N/A N/A N/A No |
] d Other contamina- i 1 |
L von? : NiA Yes |  Yes Yos Yes No t
9 Was any MiL A-46153 antfreeze [ , !
provided to you in metal containers? | NA Yes Yes No Yoo Yes lt
10 Were the metal containers plastc lined? [ N/A Yes Yes NA 0 Yes . Yes I
11 Did the higher ambient temperatures { I
create an overall increase in the main- | 2
tenance of engine cooling system com- | NA Yes No No No | No
ponents? }
12 Was flushing of cooling systems a i ][ ]
problem due to the limitatons on avail- { N/A No No Yes Yes | No
able water? ! ! ! |
13 Were there any instances that uncriuted lr l
antfreeze was added directly in refiling I N/A i No No No No No
cooling systems? } | 1 |
'Running hofter but not cverheating
zlnmany Belleved to be caused by a preservanve fluid (Dlack, degraded hoses, stuck thermostats) put in while stored on PMS ships
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP PENDLETON, CA

COOLANTS/ANTIFREEZE
totTkBn | HESCo. [1stAmyBa. ' IstLAI 3G AAV MTM Co S Tue!
Question yot Marme | 1St Tk BA {11 I Bn. 1st © Bn 1st ‘st Mntc Ere Supt
uesto o | 1st Manine | Mannes. 1st Manne  Manne  Bn st o
‘ i Dw i Manne Ov + Dw Dwv FSSG ceam
~ N ‘ ! A ! FSSG
14 When topping off | @ Water only ' NA ‘ ves . Yes i Yes Yes | Yes
radiator systems | used? ! : E : '
was \ . . 1 : ,
|b Antfreezeonly a1 No Ne . No | No | No
| used? ! : ' i | :
T ' i i i
| ¢ Water-antfreeze ! 3 ! i :
| misture used? | N/A Yes ! No | No : No i No

*When temperature went down 10 -20°F, they added antifreeze.
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMF PENDLETON, CA

WEAPONS LUBRI!CANTS/SOLID LUBRICANTS

! f i ]
\ L Has Co. | ISTAY 1o ia | 3 AR | MTM Co, | Buk Fuel
11st Tk Bn | Bn 11h | v Co Th
' 1st Tk Bn, Man | Bn, ist | Bn, 1st st Mntc | Eng Supt
Questons | Tst Maring ! 15t Marne nes. | linne | Manne Bn 1t | ENg Sup
1 Dw | D 1st Manine | Dw ' Dw FSSG | Bn, 1st
' Dw | e . FSSG
a s 1 i | T
Were mutary soecihcabon products Yes ; Yes Yes ' Yes : Yes |
Jsed? ' i i | i
2 'n addition to those a TW-25 No . No i No . No ¢ No ':
"equirec specification t Dryside : Yes No ' No I Yes | NA | ;
products were other : : ‘ .
propnietary commerciat ¢ WD-40 1 No No No : No | No '
products aiso used? d Bore-Cote ! R 7
For example . Yes ; No No No No
i |
4
3 if these proprietary products were also l I ! i
used, was there a noficeable change in
the performance or a reason that : NA N/A NA Unknown NA
necessitated their use? |
4 Were the hot ambent temperatures
creating lubncation problems for No No No Yes No
weapons'gun systems? ! ! |
5 Was dirvsand adhesion a significant 3 ¥
problem? { No No Yes Yes Yes |
6 If dirt'sand adhesion was a significant i
problem was it resoived satstactonly? | VA NA Yes Yes Yes
7 Were any solid film iubncants used? { Yes® No No Unknown No '
8 Were there any mixing or compabbility T
problems (1 e solid lubes with greases No No N/A Unknown N/A
or fluids)?
9 Were solid lubncants a User
applied by | personnel? No N/A N/A Unknown N/A
b Ordnance
personnel? Yes N/A N/A Unknown N/A
¢ Other? No N/A N/A Unknown N/A
10 Did the higher ambient temperatures )
create an overall increase in the main- N N N Ye No
tenance of ol/fluid/grease lubncated ° ° ° s
weapons systems components? [

'Procured but never used

sed on nfles but were not going to fire weapons until cleaned and lubed with MiL-SPEC lubncants
3Was not trusted for combat Weapons recleaned before finng

)
(o)




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP PENDLETON, CA

WEAPONS LUBRICANTS/SOLID LUBRICANTS

1st Aty ! " Bulk Fuel
tstTegn | MSCO- | g tim | 1stlal | ardaav MM o ’ Co 7th
Questions 1st Marine 1st Manné Marnnes, Bn, Ist Bn 1st Bn 1st | Eng Supt
, Dw D 1st Marine | Marine Div | Manne Div FS;SG i Bn, 1st
] Dv | | FSSG
11 Was there a “pre- Ea Large ' j |
ferred” waapons | caliber Yos* Vesd Yes Yos® Yes® !
lubncant for ! weapons? 1
{ b Small
caliber Yeos® Yos® Yos® Yes’ Yes®
| _weapons? H
“ LSA for 30 caliber and up
‘cLp
SCLP, rust was a problem
"Drysiide
General 1 Used metal auto brake tubing from wracked vehicies to rapair fuel hoses
2 Not enough lubricity in Jet A-1 for HMMWVs

D-40




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP LEJEUNE, NC

PACKAGED PRODUCTS

Question Survey Group 1 i Survey Group 2 Survey Group 3
1 Were packaged POL products taken by the units as part
of their unit basic load (UBL)? No NA Yes
2 Waere packaged POL products acquired from focal Yo v Y
companies through local purchase procedures? s 8s s
3 Were POL products packaged in umit quangtes that 1 1
were convenent for use and reduced waste? Yes Yes Yes
4 Were packaged FOL products labeled as to manufac- .
turer, grade, or other informaton to allow judgment Yes Yos Yes
inuse?
5 Did commeraal packaged a Ous Yes Yas Yes
POL progucts include b Dry iubncants ! No i— N No
¢ Greases N/A Yos No
d Antfreeze N/A No Yos
@ Hydraulic fluide No No Yes
t Brake fuids No No No
6 Were shortaces noted in Claas il packaged products? Yos? i Yes Yoo’
7 Were Batienteld Company manufactured products N I N N
(1@ . pnmary engine and gear ois) used? ! 0 | o o
8 If Banenfeid products were 1 a Unis hadn't been | |
used, was it because i nodfied they should No N/A NA
{ not? {
| b Shortages forced the |
' Use of the products L NA WA NA

‘Answer suitabie ior buik handlers

IShorages alternamd behween overagus due 10 procurement fuctuabons

3Turbo-shatt od. OHT, FRH, GA, GMB, WTR. damping fuid,

General Nowe 2nd Tank 8n, 2nd Manne Dvision were issued MiIAls on a “wmporary ioan® basis In SWA Had trouble convinc-
ng thaw supply chain that they needed different ransmission (turbo-shaht oie) and FRH hydrauic fluds.
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP LEJEUNE, NC

FUELS
[ Quaston Survey Group 1 | Survey Group 2 rSurvey Group 3
. 1 Was the fuel delivrad i the POL tank farms (bladders. No! v i N/A
etc ) hitered? as
2 V'::;e ':nrz ;nspowom. visual or otherwise, made at the Yes Yos N/A
3 I::/e:? any inspections, visual or ctherwise, made at urit Yos No Yos
4 Were fuel analys:s laboratones, either mobile or fixed, Yos2 Yosd Yas?
available to erther or both wholesale and retail levels? es o8 6s
S Were any abnormai:tes noted in the fueis deirvered (color, No* No No
smell, appearance)?
6 Were the users (operators) sausfied that they recoved | Yes Yes Yes
good quairty fusl in adequate quanttes?
7 Were logistics, manienance, and user personnel aware ot
the type and grade of fuel they used? Yos Yes Ves
8 Were bulk fueis delivered in host naton or other foreign
nagon vehicies ? Yes Yos Yes
9 Was adequam Informaton provided down 1o user ievel on Yos No Yeos .
proper fusis and lubncants uthzaton practices ?
10 Were the following fueis avaiable for use | a JP4 No No N/A
by miary arcrah? bJPs | No Ne | nA
c JP-S ! No t No IL N/A
d JetAl ! Yes i Yes ' NA
11 When used in arcraft, were problems expenenced with N No ! NA
one of more of the aviason fusis ? | o i
12 Were the fokowing fueis avaiabie for use | a JP-5 A Yos No ‘ No
2;““"""“’;‘"““9 goundvencies & . Ty A | Yo Yeos | Yes
¢ DF-2 Yeos No No
13 Which of the fusis were used n the a Jp§ Yoo (Litde) | No No
::““"‘;‘9 ground vehicies and b JotA-l | Yes (>95%) | Yes T ves
¢ DF-2 | Yeu {Litte) No | No
14 Was 1hene any NOBSSADIS GECTase N POWer output ; i
when aviaton fusi was used in deesi-buming No ! Yos$ Yos®
ground vehicles and equipment? f
1S Was any biencng of engire ois or hydraulic fuids into i :
aviason fusl praceced? Yos : You Yos
'Were unaware ol pnor lusi hitenng
3 abe avadable but not used
¥ or aviaton resources
“A red color was 2880Ciated with Muel STNAING i del Very kne 1Of ONe OF MOre days
W80 mnka
‘Permins 10 engneer constructon squipment (078 Gradens) clasned venhicies used more hel
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP LEJEUNE, NC
FUELS
; Queston Survey Group 1 | Survey Group 2 fSurvey Group 3
! 16 Were any procedures established for changing from one
} fuet to another, such as DF-2 to aviaton fuel or one Yes No Yes
; aviation fuel to another aviaton fuei?
17 Did user personnel know that Jet A-1 fuel was a 7
: sansfactory repiacement fuel for DF-27 Yes Yes? Yes
18 Woere increasad replacements of fuel filters needed 8
fotiowing changeover? 1 Yos No Yes
19 Oid fuel hiter plugging occur? i Yes® No Yes
20 it fuet filter plugging occumed, was it considered 9xcessive? Yea N/A No
21 Was a "black residue” observed on any fuel filtars that
were changad? N/A No Yes
22 Waere biocides/tostats used to control microbiologicai i No No No
growth in fuel cells?
23 Were any additves blended with the Jet A-1 fuel, such as No® No No
CI. FSH, or statc dissipamr? 0
* 24 Were fuel handiers and operator personnel fearful that Jet No No No
A-1 would be hazardous because of the lower flashpoint?
! 25. Were there any "waxing" problems with the use of the host
{ nanon supphed diesel tuei? NA NA NA
' 26, Were vehicies rounnely a TPUs? No Yes No
! refusied by b Mditary ankars? 1 Yes Yes Yeos
| c Commercial tankers? | No No Yes
) 27 Was arvsand a problem dunng fuel ransiers? T No No Yos
28 Was there a perceptble a DF-2 was used? | N/A T NA ! N/A
INCrOase It MaNWNANCS when b JelA-1 was used? f Yos'® f Yeos'° | Yes''
29 To allevale dirvsand problems a Caim atmosphenc ? r T
' dunng fuel ransters, were | concitions waited No f No i No
P ar? ‘k ! {
| b Fuel opening i f |
| recesses blown or ‘ } f
| brushed tres of Y | N Ve
| | arvaana? ! g !
{ I'c Operng of fuel Sl ‘ lr }f
: pors reduced to a i ‘
| minmum dunng PM | No ! No ; No
l servioss? f ! !
“Users wers toid but all personnel did NOt ACCEPt ASSUTANCe
YOnly tor uruts wuch avd not tiush fusl sysems and change Mers
%in thew opiuan Ci. FSII and smec duaipator shoukd not be necied beiow wholssaie level
"*Espacialy CUCV and HMMWV fusl nsciion pumps
"increase due to taied PT pumps on AA vehucies
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP LEJEUNE, NC

FUELS
Quaston Survey Group 1 | Survey Group 2 | Survey Group 3

30 Was there a perceptible a DF-2 fuei? NA ! N/A N/A

ncrease in fuel inector nozzie b Jot A-1 fual? | 12

fouling when using No t No No
31 Did use ot DF-2 in armored vehicles VEESS produce |

adequate smoke in the high ambient tamperature N/A N/A N/A

anvionments?
32 I vehicles/equipment were using Jet A-1, did they “run

hotter*? No Yes Yes

33 Woere there any perceptble probiems associated with

i
admixing fuels dunng fuel changeovers? ! No No Na
34 Inunits that utihized Jet A-1, were ground vehicies and ! N Vos'? NA
arcraft refusied from the same fuei tankers? 0 os
35 were there any problems in using vehicie personnel N v
heawrs with either Jet A-1 or DF-27 0 (] No

'2One unit reported fuel Intecior nozzies buming and fouking out in the NHC 250 and NTC 400 Cumming engines
'3Ground veticies were refusied from aviation fusl qualified miiary tankers.

General Now. One unt reporied that they did not mix oil or hydrauiic flurd with thew fuel They reported using 200
HMMWVs for aver 500,000 miles with no problems except one Stanadyne pump Foliowed preventive maintenance ser-
vices with fuel filters drained of wamwr two to three times a day

D-44




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP LEJEUNE, NC

LUBRICANTS
Queston Survey Group 1 | Survey Group 2 | Survey Group 3
1 Waere the following angine oils a OZ/HDO-10 Yeos Yes
available for use? b OEMHDO-30 No Yos
¢ OE/HDO-40/10W-30 No No/Yes
d OE/MHDO-15/40/SAE 50 Yes Yes
2 Was MIL-L-46152 (administrative service) engine ol used? No No
3 Ware oif analys:s iaboratones available? No No
4 Were normal lube order oil change intervals used for engine ou? Yes No'
5 |t changes wers made in normal a. increased? N/A No
intervals, were the invervais b Decreased? N/A Yos'
6 Ware normai lube order service a Transmissions? Yos Yes'
intervals used for b Power ranster umts? Yos Yes'
¢ Differentais? Yeos Yos'
d Hydraukc systems? Yes Yes'
o Brake sysms? Yes Yos'
7 Was there any svidence of *od breakdown” (i @ , o 100 thin, No No
excessve ol consumpbon, eic.)?
8 Were there problems in performing iubncant-reiaisd manienance? No Yes
9 If od analysis laboratones were avalable, were od sampies taken NA N/A
and sent o them?
10 If ol sampies were sent to a iaboralory for analysis, were any NA NA
resuits ever receved?
11 Did drvsand contamnaton a. Wheei bsanngs No Yes
cause any probiems with b Gear dwes? No Yos
¢ Gun postioring sysmms? No Yeos
12 D:d hot ambient emperatures cause any od-relaisd probiems? No No
13 it the OE/HDO- 1540 tacecal a. The od got too thin? N/A NA
:"'z'w:“ ‘:‘wr" wASNOt  'p The engine ran hoter? NA N/A
¢ The od was not avasiable? N/A NA
14 Were any or all of the foliowng a 85W-140 No Yeos
gear ods (MIL-L-21085) used? b 90 Ne Yeos
¢ S0W-90 ! Yos Yos
15 Were ail filters changed sach sme the engine od was changed? L Yes Yeos

"Lube inmrvai was reduced by one-haif

D-45



BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP LEJEUNE, NC

HYDRAULIC AND BRAKE FLUIDS

Queston Survey Gorup ! | Survey Gorup 2 i Survey Goiup 3
1 Wara any or alf of the following hycraulic | a OHT ("Cherty Juice’) No | Yos
and gun control systems fluids used? b FRH (fire resisiant | J
hydrautc fiuid) | No [ Yes
¢ Dexron-ll | Yes ' Yes
2 Did the hot ambrent temperatures atfect those seii-propeiled gun NA No
systems using “Cherry Juice” (MIL-H-6083)”
3 Was sand contamination a problem with operation of any hydraulic Yes' Yes'
or brake flud system?
4 It vehicle brake systems using silicone brake fluid (MIL-B-46176)
were topped off with conventional/commercial-lype automotve N/A ‘ N/A
brake fluids, were any differences in braking performance notce-
abie?
5 Did the hot ambient temperatures causa brake fade probiems? ) ! No ' No
6 Were hiters in those hydraulic systems empioying hiters routinely Yos Yes
changed?
7 Did the hot ambient lemperatures cause more frequent topping oft of No No
both hydraukc and brake systems ?
8 Were thers any occurmencas in which “cherry juice*
(MIL-H-S08OHT) was added 1 hydraukc systems using the N/A No?
MiL-H-46170/7RH hydrauic flud or vics versa?
9 Wers any AOAP samy.iss taken from hycraukc systems? |l ‘ No N/A
| 10 Did the higher ambient temperatures creaie an overall increase in No No
the manwenance of hydraukc and gun control systsms?
11 Did the higher ambient temperatures creais an overall InCrease In No No
the mantenance of vehicie brake syswems? !
12 Were Huid changes accomphshed at inmervais schacuied in Ves ' No
authonzed lube orders? |

"Had problems with hydrauic seals on 6000-Ib forkifts.
2a question was raised about Type | and Type il FRH fluids. Type | cannot be mixad with Type I and the unit was issusd Type |
when they needed Type || The smuanon was resoived when the FRH was removed from the units AVLBS and used in the MiAls




e e A - —

BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP LEJEUNE, NC

GREASES
Queston Survey Gorup | | Survey Gorup 2 | Survey Gorup 3

1 Was MIL-G-10924F or MIL-G-0010924E versions of GAA grease Y Yes'

avaiable for use? os es
2 Was WTR (MIL-G-83122) grease automaocally substtuted where Vae? v

GAA was required? (1) (-7
3 Did the hot ambient teniperatures cause exchssive groaea hreak N N

down and leakage? o o
4 Did the hot ambient temperatures affect the sheif ife of the N v

unused GAA and other greases? 0 S
5 Where WTR grease was used interchangeably with GAA at

lubncaton points previously lubncated with GAA, were any No No

performance differences noted?
6 Ware rejubncation intervais changed from those speahed in No Yos?

authonzed lube orders? s
7 Waere soivents used 10 clean parts before relubncating Yos v

components such as wheel beanngs, CV joints, etc? es
8 Were sand parhcies evident in beanng components dunng N v

disassembly? 0 o8
9 Did the higher ambient Wemperatures create an overall increase in

the maintenance of any grease-lubncated components on No No

vehicie/equipment systems?

'Unit wanted GA but recerved GAA instead

25ubsttuted WTR in track tension cyhnders on ME0 tanks, stated that the Marine Corps is transmioning o WTR from GAA

grease
Inervais were decreased by 1/2
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CAMP LEJEUNE, NC

COOLANTS/ANTIFREEZE
Quetton Survey Group 1 | Survey Group 2 | Survey Group 3
1 Was any commarcial type antifreeze used in lieu of MIL-A-46153 N v
antireeze? ° o3
2. Was ths antifreeze extender acditive (MIL-A-53009) used? No No
3 Was it possible to save drained antifreeze for reuse when cooling N N
sysiams were drained and filed? o o
4 Ware any of the following make~ | a Potable water Yes Yos
up waters used? b Distilled water No Yos
¢ Bottied water T No Yas
d Local wawr 0 i No Yes
5 Did the hot ambient mperalures Cause engines 1o run hottsr? | No No
6 Ware there any leakung or corrosion problems attnbuted to the
antireeze or hard water (1 @ , local waier) that may have been No No
used?
7 Waere the standard Test Stnp Kits used to measure if the N N
antireeze was okay? o o
8. When antfreeze was changed a Of an engine change? Yos | Yos
for a reason other than one b Repar of an engne? v v
requred by the standard test il ! = o
Stp, was it because. ¢ Divsand contaminaon? | No Yor
d Other contaminason? i | No Yeos
$ Was any MIL-A-46153 antireeze provided to you in metal N Yes'
containers? d "
10 Were the metal containers plastc kned? N/A No'
11 Did the higher ambient temperatures create an overall iIncreass N N
in the Manenance of enNgINe coong sysiem components ? | ! o o
12 Was flushing of cooling systsms a problem due 1 the | ! N i No
limitabons on avasiable water? : ; ° |
13 Were there any nstances that undiuied andfresze was added N ; N
directly in refilling cookng sysiems? . o | o
14 When topping oft raciator a Waier only used? ’ No Yos
syswms, was b Antireeze only used? ' No i Yes
c. Wawr-anvireeze muture v | Yos
used? ) os |

'Two 55-gal drums Other CONLAINGTS were Plastc
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BELVO!R RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
CAMP LEJEUNE, NC
WEAPONS LUBRICANTS/SOLID LUBRICANTS
Questons Survey Group 1 Survey Group 2 Survey Group 3

1 Were miltary specificabon products Yos Yes
used?

2 In acouon 1o those a Tw-25 No No
required specification b Dryside No Yos
products, were other
propnetary commercial ¢ WD40
products aiso usad? For No Yos
example,

3 It these propnatary products were aito used, was thers a
noticeable change in the performance of a reason that N/A No
necessitated ther use?

4 Was the hot ambent temperatures creating lubncaton No No
problems for weapons/gun systems?

£ Was dirvsand adhasion a significant problem? Yes Yas

6 If dirvsand adhesion was a significant problem, was it Yes Yes
rasolved sansfactonly?

7 Were any solid film lubncants used? No i Yes

8 Were there any mixing or compatiuity problems (1 e, NA No
solt lubes with greases or fluids)?

9 Were solid lubncan's a User personnel? NA Yes
apphed by b Ordnance personnel? NA No

c Other? N/A No

10 Did the higher ambwent temperatures creats an overall

Increase in the maintenance of odflui/graase kubn- No No
catad weapons systems components? |

11 Was there a “preferred” | a. Large calioer weapons ? Yes (CLP) |  Yes (CLP)

weapons luoncantior "y Smail caiber weapons? Yes (CLP) |  Yes (CLP)




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

CTYEWMIADT A
PVl IRV AIL Vil

PACKAGED PRODUCTS

| ACo
A Co, hg 2nd HHC,
724t St | o 4th Spt | Bde (S4) | 315t Int | 2 1o% Int
Queston Bn,, (Main) (Mech)
24th int Dwy| Bo 24 | 24t inf ) (Mech) 1o iny
inf Div Div 24th Inf Dwv Ow
1. Wera packaged POL products taken by the units as par
Yes Yes Yes Yes Yes
of their unrt basic load (UBL)?
2. Were packaged POL products acquired from local
comoanies through local purchase procecures? Yes Yes ves Yes Ves
3 Waere POL products packaged in unit quantimes that | 2
were conveniant for use and reduced waste? Yes Yes No Yes Yes
4 Were packaged POL products labeled as 10 manutac-
turer, grade, or other informaton to allow judgment Yes Yeos Yes No® Yes
in use?
5 Did commercral packaged | a. Olls | Yes Yes Yes Yeos Yes
POL products include: Tb Ory lubncants No No Yeos No No
| ¢ Greases No | Yes No Yos No
| d. Antifreeze Yes | Neo No No No
0. Hydraulic fiuids Yeos Yeos No No No
{. Brake fluds Yes No No No No
6 Waere shortages noted in Class Ill packaged products? Yos' No Yeos® No® No
7 Were Battenteid Company manufactured proaucts
(1 &, pnmary engine and gear oils) used? No No No No No
8 it Battenfeld products were ‘ a Units hadn't been IT !
used, was it because. i noutedtheyshould | NA NA N/A NA L NA
{ not? l
é b Shortages forced the
|” s of the products f NA N/A N/A N/A N/A

‘a Preferred DEXRON 11 in quarts versus S-galion cans
b Preferred Turbo-Shaft ol in 55-gallon drums

ZExcept for 30-wt ol which was

available only in 55-galion drums

Xclaimea only Aratic language useda on contaners
“Inimally dunng hrst week no problems after that
$10-wt throughout 30 wt was sporackc, GMD

Generat 1 A box was built on top of HEMTT Tanks for transport and storage of packaged products

2 Preter piastc contaners with *screw-on® caps for lubncants contaner

\ot ater the first month
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FUELS
| | HHC, | ACo
724th Spt 2&;2 . a:;g ,zs"j) 315t Inf | 15t Int
Question B, (Mam) | ‘o 5 0 | e it | (Meo) T (Mech)
24th Inf Ow| 24th int | 24th Int
nf Div Div i
Div i Dwv
1 Was the fuel delivered to the POL tank farms (bladders, ‘
atc,) filtered? Yes N/A N/A Yes | NA
2. Were any inspections, visual or otherwise, made at the Yes N/A N/A No N/A
tank farmi/
3 Waere any inspectons, visuai or otherwise, made at unit NA Yos Yes No No
ievel?
4 Were fuel analys:s laboratones, aither mobiie or fixed, 1 2
availabie to either or both wholesale and retad levels? No Yes Yos No No
5. Were any abnormaiiies noted in the fueis delivered (color, 3 4 5
smefl, appearance)? Yes No Yes No Yas
6 Waere the usars (operators) satsfied that they recsived
good quairty fuel in adequate quantties? Yes Yes Yes Yes Yes
7 Ware logistics, maintenance, and user personnel aware of
the type and grade of fuel they used? Yes Yes Yes Yes No
8. Were bulk fusls delvered in host nation or other foreign 6
nation vehicies? Yes Yes Yes No No
9 Was adequate information provided down to user level on
proper fuels and lubncants uthzation pracuces? No Yo No No No
10. Were the following fuels avaiiabie for use | a. JP-4 N/A No N/A N/A N/A
?
by muiitary aircraft? b JP8 T NA No N/A N/A N/A
¢.JP-5 N/A No N/A N/A N/A
d. Jet A-1 N/A Yes N/A N/A N/A
11 When used in aircraft, were probiems expernenced with
one or more of the aviation fusls? NA No N/A N/A N/A
12. Were the following fuels available for use | a. JP-§ No No No No No
by diesei-burning ground veiucles &
squipment? b. Jet A1 Yos Yes Yes Yes Yes
¢.DF-2 Yes Yes Yes Yes Yes
13. Which of the fusis were used In the a.JP-5 No No No No No
diesel-burning ground vehicies and R 1
squipment? b Jot A-t Yes Yes Yes Yes Yes
¢.OF-2 Yes Yes Yes Yes Yes
14 Was there any noticeable decrease in power output
when aviation fuel was used in disssl-burning Yos' Yos Yos® No No
ground vehicles and squipmant?
15. Was any blending of engine ods or hydraulic fluds into
aviation fusl practiced? No No No No No

'Flew samples to Air Force Lab at KFMC Heard that resuits were good.

2<.‘,a,p|vcl\nltolllut:mmlablobutmxuud

’Bad odor. fungus

“Red in color (looke< -~ colAd-DF-2

SDitferent coior than used n U S (looked kke pea green soup)

*To the Tank Farm

Ta. New fuei injector pumps apparently restored power as determined by STE-ICE equipment (wheeled vetucles)
b ME8 power restored after engune and transmission change

%2 D not know whether to contribute loss of power in M1 tanks 10 air rduction problems or fue! problems
b HMMWVs
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BELVOIR RESEARCH, DEVELOPMENT AND
ODS QUESTIONNAIRE CONSOLIDATION
FT. STEWART, GA

ENGINEERINGG CENTER

FUELS
| | i A Co
| ACo, | Hg 2nd HHC,
Guesto 97:“'»:2:) ! 224th Sot | Bde (54) | W15t tnt | ¥15 It
ston outh o O | Bo. 26 | 24th Inf | (Mech) S:bdm i
inf Div Div 24th Inf Div n
| Div
16 Ware any procedures established for changing fromone
fuel 10 another, such as DF-2 1o aviation tue! or oie No No Nc No No
awviaton fuel to another aviation fuel?
17 Did user personnel know that Jet A-1 fuei was a |
sausfactory repiacement fuel for DF-27 Yos Yes No No VA
18 Ware increased replacements of fuel filters needed 9 10
following changeover? j Yes No Yes No Yes
19 Did fuel filter plugging occur?  Yes No Yes'® No Yes'2
20 Iftuel fiter plugging occurred, was it considered axcessive? No N/A Yes N/A Yeos
21 Was a "black residus” observed on any fuel filters that vas'? Yos Yos'* No No
were changed?
22, Were biocides/biostats used to control microbological No No No No No
growth in fuel cells?
23. Were any additives blended with the Jet A-1 fuel, such as
Cl, FSII, or statc dissipater? No No No No No
24 Wora fuel handiers and operator personnsi fearful that Jet
A-1 wouid be hazardous becauss of the lower flashpoint? No No No No No
25. Were there any *waxing” problems with the use of the host 15
naton supplied diessi fuel? Yes No No No No
26. Were vehicies routinely a. TPUs? No Yes Yes No No
refusied by b. Miltary tankers? Yeos Yes Yos Yos Yeos
c. Commercial tankers? No No No No No
27. Was drvsand a problem duning fuel tansfers? Yes No Yos'® Yes No
28 Was there a perceptible a. DF-2 was used? No No No No No
increase in maintenance when: g 1y as used? Yos'’ No Yes'® No No
29 To aileviate dirtsand problems | a. Calm atmosphenc
duning fuel ransfers, were: condtions warted No Yes No No No
for?
b. Fuel opening
recesses biown or Common
brushed free of Sense Yes Yes Yes Yos
dirvsand?
¢. Opening of fuel fill
purts reduced to a Common
memmum during PM Sense No No Yes No
services?

1

90n M1 tanks only, rate was normal for all other vehcies
"OExcess water in fuel

""Had big problems with engine fulwater separator fiters piugging up~milk to gray colors observed on filters
"2plugged with rust
"38oth tuels

“M113s, M1s and M88s

me

'$August to mid-October
""For HMMWYV and CUCV fuel injecior pumps.
"SHMMWYV and M1 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
5 . ' ‘ A Co
i ACo. , Hg 2nd ' HHC
| 2240 St | 224 Spt | Bde (S-4) ' I15th inf 1 /oM Int
Quesuon Bn, (Main) [, . {Mech)
[24th inf D | Bn 24 1 24minf g (Mech) oo R
l , mfDwv 1 Dw 24th Int Divi O
30. Was there a perceptible , a DF-2fuel? [ No f No . No No No
increase in fuel njector nozzle | " > | X X !
fouling when using: - JetA-1 fuel | No | No . No ; No . No
31 Did use of DF-2 n armored vehicles VEESS produce | ; o
adequate smoke in the high amtrent temperature Yes ' N/A . Yes 9 Yes , Yes
environments ? ‘ ‘ !
. . I ! : :
32 'l: :::rusl’es/ownpmm were using Jet A-1, did they ‘run No . No i Yes® i Yes | Ves
33. Were there any perceptible problems associated with i ! T .
admixing fuels duning fusl changeovers? No i No | No o  No | No
34 in units that utilized Jet A-1, wers ground vehicies and |
awrcratt refusied from the same fuel tankers? N/A No . No No N/A
35 Were there any problems in using vehicle personnel 21
heaters with erther Jet A-1 or DF-2? NA No Unknawn No No
"%90°F-100°F range

Ma8s ran hottar. possible bumnt valves and bumed holes in pistons when *pink” fuel was used.
21Claimed no personnet heawrs in ther vehicles
General
1 724th Spt. Bn (Main)-Some crews broke glass beads n HMMWV and CUCV Stanadyne pump return fuel lines
2 ACo 224t Spt Bn —Clamed a ot more fuei was used when Jet A-1 was used
3 Hgq. 2nd Bde (5-4)
a Recommends navigaticnal aid for mitary 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

T

| ACo
72¢h st | A Co | Hg 2nd | HHC, g0
Que 224th Spt | Bde (S4) | 3/15th Inf
ston 8n, (Mam) (Mech)
24th Inf Div Bn. 24th 24t Int (Mech) 24th Int
inf Dwv Dwv 24th Inf Div Dw
1 Were any or all of the followng | a OHT (“Cherry
hydraulic and gun control systems Juice®) Yes NA Yos Yos Yes
fluds used? b FRH (ﬁf‘ )
registant Yos' N/A Yeos Yeos Yos
hydrauke fiuid)
¢ Dexron-il Yes N/A Yes Yeos Yes
2 Did the hot ambient temperatures atfect those seif-
propsiied gun systems using "Chefty Juice® No N/A No N/A N/A
(MIL-H-6083)7
3 Was sand contamnaton a problem with coerabon of any 2 3 .
hyuravkc or brake fiud Sysem? ‘ Yes N/A Yos No Yes
4 it vetuCle brake systems using sikcone brake fud
(MIL-B-46178) were topped off with conventonal
commercal-type automotve brake fluds, were any N/A No No No No
ditferences n braiung performance nobceable?
§ Diud the hot amdient temperatures cause brake tade
. No No No No No
6 Were filmrs in those hydrauic syswems smpioying fiiters
rou " Yeos No No No No
7 Diwd the hot armbient lIsmperaiures cause more frequent
10pping off of both hydraukc and brak” tysiems? No NA No Yos No
< Were there any 0courrences in winch ‘cheey juce®
(MIL-H-808YOHT) was added 1 hydraukc systioms using No NA Mo No | No
the MIL-H-461TOFFRH hyeraulc fuid or vios versa? | | | ;
9 Were any AOAP sampies taken rom nydrausc systems? ' No  : No . Mo No No
10 Did the higher ambient BMperatres creat an overall | i 1
ncrease i he manwnance of hydraukc ardgun contrel | Yes® | N/A No ' Yes* | No
syswems? f i ! ! .
11 Did e hughe? amdent IBmperatres creste sn ol | : } <
INCTease N he MuNBNANCE of vehucie brake systms? 1 No No i Noo | e i N
12 Were fuid changes acci-nplished at mtervals scheduied ! Yes ves | v ' Ne | ves

n authonzed iube oraers?

;'Aodmu’wu

NOt CONSINred §20988iVe

%2 HMMWY brake sycims an DOWSr S1I6nNng pumps

b Sand wear on M1 hydrBukC QUICK CONNBCIMIECONNSCES
‘M113 rampe, Shers got more han (omal dint i ramp pumps

COQranason 10 gun CONTOI SYsEIMS but thG NOt MakS SySIBMS NODEaDIe

$Consumen & ie bt more hydraubc ads




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION

FT. STEWART, GA

LUBRICANTS
s;f‘g‘n ACo. | Hg 2nd | HHC A Co
Queston (Maun) | 224th Spt | Bde (S-4) | 3/15: Int | 3/15th Inf
2ath int | BN 24th | 24th inf | (Mech) {Mach)
Dw Int Div Div 24th Inf Div| 24th Inf Div

1 Waere the following engine oils a, OE/HDO-10 Yas Yes Yes Yeos Yes
avaiable for use? b OE/HDO-30 Yes Yeos Yes Yos Yeos
¢ OE/HDO-40/10W-30 Yes/Yes Yes No No No
d OE/HDO-15/40 Yes Yes Yes Yes Yes
2 Was MIL-L-46152 (adininistrative service) engine ol used? Yes' Yes No No No
3 Wers oil analys:s laboraiones avaiiable? No Yes No Yes No
4 Were normal lubo order & change intervaie usad for engme od? No Yas Yes Yes Yas
5 1f changes were made in normal | a Increased? No N/A No N/A N/A
ntervals. were the invervals b Decreased? Yos N/A Yos? N/A N/A
& Were normal lube order service | 2 Transmission~? Yeos Yes Yet Yes Yos

intervais used for b Power transfer units? Yes Yes Yos Yes Yos |
¢ Differentals? 1 Yes Yas Yeos Yeos Yes
d Hydrauk systems? Yeos Yes Yes Yes Yes
¢ Brake systems? Yes Yos Yes Yeos Yes

-
7 x:m::yw:mn::; .t:: ::;nkdown (1o, ol oo thin, Yes No No No No
8 m::\'aws " performing lubncant-related Yes Yos Yeos Yes No
9 m‘:‘nz.:r:mrmﬂ? were L/ailable, were ol sampies No Yes NA Yos NA
10 :;Im:uw:on umu;alabonmy for analysis, were N/A No® NA No N/A
11 Diddrvsand conamination | a Wheel beanngs No No No Yeos' No
causs any problems with b Gear drives? No No Yos® Yes No
¢ Gun postioning systems? No No No Yeos No
12 Did hot amteent mperatures cauee any oil-related problems ? No No No No No
13 !t the OEHDO-15/40 tacecal a, The od 9ot too wn? No NA N/A No NA
engine od (MIL-L-2104) was b The engine ran huner? No NA NA No NA
not used, was It because

¢ The ol was not avaiable? Yes N/A N/A Yes N/A
14 Were any or sl of the followng | 3 85W-140 Yeos No* Yeos No No
gear ovis (MIL-L-2108) usea? b 90 Yeos No® Yes No No
¢ BOW-90 Yot Yes Yeos Yas Yos
1S Were oil hiters changed sach sme 1he engine od was Yos! Yes Yos! Yes Yes

changed?

'1owmmnnmommdodmuou\gm may have used 10 wt in Gifferensals e

For grease oncason

ook ol sampiss tumed n x: BMO results unknown

*A itthe linore than usual

STroubls with wrntables on HEMTT cranes because of sand buidup
On nanc but dud not use

"t fners were avedabie
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
FT. STEWART, GA

GREASES
i
A Co
A Co, Hg 2nd HHGC,
7243 St | 5ot Sot | Bde (S4) | 315t Inf | o150 Inf
Queston Bn, (Mamn) {Mech)
24th Inf Dy | O™ 28M | 28thinf ) (Mech) |,y
Inf Div Div 24th int Div Div
1 Was MIL-G-10924F or MIL-G-0010924E versions of GAA 1
grease avaiable for use? Yes Yes Yes Yes Yes
2 Was WTR (MIL-G-83122) grease automatcally substituted
where GAA was required? No No No Yos No
3 Did the hot ambient 19MPeratures cause $Xcessive grense 2 3
breakdown and leakage? Yeos No Yes No No
4 Did the hot ambient temperatures affect the shelf life of the ‘
unused GAA and other greases? No No No No Yos
5 Where WTR grease was used interchangeably with GAA at
lubncaton points previously iubncated with GAA, were any N/A N/A N/A No N/A
performance differencss noted?
6 Were reiubncaton ntervals changed from thoss specified 3
n authonzed lubs orders? No Yos Yos No Yes
| 7 Were solvents used to ciean parts before relubncating . 7 7 7 7
components such as wheel beanngs, CV jonts, exc? Yeos Yeos Yos Yos Yes .
8 Were sand particies evadent in beanng components dunng
dsassembly? Yes Yes Yes Yes Yes
9 Did the higher ambient emperatures create an overall
increase in the manenance of any grease-iubncawd Yes No Yes No No
components on vehicle/equipment systems?
'Used wheel beanng grease went with urvts in basic load
2GAA more than br (beanng greass)
3Didn't know had what was considered an excessve number of bail ot and be-rod ends faxing
“One S-gailon can
Sincreassd number of mantenance nwrvais severely
*Denatured aicoho! used for brake cleaning solvent
’Dry claanng solvent
General
1 Would prefer GAA grease 'n ubes
2 GAA groase used in road wheel hubs instead of lube order oiis in Bradiey velucies.
3 In some cases buned o contaminawd brake shoes i sand which absorbed the od




BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
FT. STEWART, GA
COOLANTS/ANTIFREEZE
T I | AcCo
72am spt | ACo. | Ha2ad | HHC. 1o 000
224th Spt | Bde (S4) | 3/15th inf
Question Bn, (Main) (Mech)
20t inf Dy| B 24t | 24t int | (Mech) 1o T
Inf Div Div 24th Inf Div| Dlvn
{ Was any commeraial type antifreeze used i lieu of
MIL-A46153 antfreaze? Yeos Unknown No No No
2 Was the antifroeze extender additve (MIL-A-53009) used? No Unknown No No No
3 Was it possible 10 save drained antfreaze for reuse when
cooling systems were drained and filled? Yes No No No No
4 Were any of the following make- | a Potable wawr Yes Yes Yes Yes | Yes
Up waters used? b Distiled waser Yes Yes Yes No No
¢ Bottiad water Yes Yes Yes Yas No
d Local water No No Not sure No No
5 D the hot amvent temperatures cause engines 10 run No No Yos' Yes No
hotver?
6 Were there any lealung or corrosion probiems attnbuted 10
the antfreaze or hard water (1 0., local wawr) that may No No No No No
have been used?
7 Were the standard Test Sinp Kits used to measure if the 2 2
antireeze was okay? No No' No No No
8 When antfreeze was changed a Of an engine
for a reason other than one change? Yos No Yes Yeos Yeos
required by the standard wst t Y
ST, was it because b m an engne Yes No Yes Yes Yeos
c
contammason? No No No No No
d Other contaminaton? No No No No No
MIL-A-461
9 ::; :‘n:n ,L 53 antireeze provided 10 you n metal Yes Yes No Yos Yos
10 Were the metal contaners piastc kned? Yos Yes N/A Yeos Yes
11 Dud the higher ambent emperatures crea® an overall
Increass n he manenance of engine cooling system No No Ne No No
components?
12 Was flushing of cooling systems a problem due 1 the 3 uad
{ irtatons on avaiiabie water? No No Yes®. No No No
13 Were there any instances that undiuted antrfreeze was No N Y N N
added directly ' rehiing cooling systems? 0 o o °
14 When topping off rackator a Wawr only used? Yeos No Yos No ‘ras
syswms. was b Armfreeze only
used? No No Yes No Yes
c Water-antireeze i
momure used? | No Yes Yeos 1 Yeos Yes
'M113s
% Jsed hydrometer
30esent Shieid
“Desent Siom
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BELVOIR RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
ODS QUESTIONNAIRE CONSOLIDATION
FT. STEWART, GA

WEAPONS LUBRICANTS/SOLID LUBRICANTS

A Co
7 spr | ACo. | Mo 2ad 1 HHC, gl T
Que 224th Spt | Bde (S-4) | 3/15th Int
stons Bn ., (Main) (Mech)
24t inf Dy| 5N 240 | 24th nf ) (Mech) | o T
inf Div Div 24th Int Div Ow

1 Were military spectfication products Yeos Yes Yes Yos' Yes
used?

2 in additon to those a TW-25 Yes No Unknown No No
required specification b Dryshde Yes No Yes Yos? No
products, were other .
propnetary commercial ¢ WD-40 Yos Yes Yos Yes Yeos
products aiso used? For d Break-Free
example, No Answer Yes Yes Yes Yes

3 It these propnetary products were aiso used, was there a
noticeable change in the performance or & reason that Yos Yes Yes Yeos No
necessitaied their use?

4 Was the hot ambient temperatures creadng lubncaton
problems for weapons/gun syswems? Yeos No Yos Yes No

5. Was dirv/sand adhesion a significant problem? Yes Yeos Yes Yes Yeos

6 |f dwv'sand adhesion was a significant problem, was it

ved sabstactonly? Yot Yes Yes Yeos Yeos

7 Were any sokd film lubncants used? No No Yes Yes Yes

8 Were there any mixing or compatiity problems (1 e ,

) sokd lubes with greases or fluds)? No No No No No

9 Were soid ubncants a. User personnei? NA | N/A Yeos Yes Yes
apphed by b Ordnance personnel? NA NA No No No

¢ Other? N/A N/A No No Ne

10 Did the mgher amient mperalures crests an overali

increase n the mamenance of olfluid/greass lubn- No No No Yeos No
caied weapons systems components?

11 Was there a ‘preferred” a. Large caiiber weapons? Whatever . g

weapons lubneant for N/A they had TW-25 Broai-free GMD
b Small cakber weapons? Yeos Whasver TW-25 Break-iree | Break-free
4 they had
'LSA
2Couid not fire weapons with Dry Slide because Dry Skde wii gum-up when heawd, Dry Slkide disapproved for use.
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BELVOIR FUELS AND LUBRICANTS RES
6220 CULEBRA ROAD-P O DRAWER 28510 PH- 512404-5"15 gﬁiﬁ&eociggrézsz:’og?

File. 02-1955-153
BFLRF 03 May 1991

Commander

L.S. Amy Belvoir Research, Develop-
ment and Engineenng Center

Atm. STRBE-VF, Mr. ME. LePera

Fort Belvoir, Virgirua 22060-5606

Subject.  Feedback on 3rd ACR Use of Jet A-1 Fuel in Operation Desert Shield/Storm (ODS)
Dear Sir

The enclosed memorandum trom BFLRF s Mr Ruben Alvarez concerrung subject use ot Jet A-1 tuel s
forwarded for your informatien  This memo 1s the result of recent discussions at Ft. Bliss, Texas, between
Mr. Alvarez and Mpjor Schifferle. the 3rd ACR S Officer. shortly after Major Schufferle rccurned from
0oDS

The memorandum was coordinated with Major Schitferle, who stated it may be given further distribution
in support of the JP-8 Demonstraton Program. Please call Mr. Alvarez at (512) 522-3264 or the
undersigned (f there Jare any questions.

In addinion to the JP 3 Demonstration Program at Ft Bliss, BFLRF monitors will explore the possibility
ot hoiding additional feedback discussions on all POL products used tn ODS by the 3rd ACR and the
other hine units that have retumed to Ft Bliss 1 e, the 11t ADA Bde and 70th ORD Bn) BFLRF wiil
keep vour otfice informed on the status of any subsequent arrangements/discussions.

Very truly yours.

S.J. Lestz
Director
SiLjec
RAAH)
Enclosure

<t US Amy Belvoir Rescarch, Development and Engincenng Center, Attn: STRBE-VF.
Mr T C. Bowen
Commander. 3rd Amored Cavalry Regiment. Atn - AFDF-D. Major Schufferie, Ft Bliss,
Texas 79916-5000
delvoir Fuels and Lubncants Research Facility (SwRD, Messrs Ruben Alvarez. Walt Butler,
Doug Yost. and Steven R Wesibrook




MEMORANDUM

File 02-1955-153
03 May 1991

TO: Sid J Lestz, Director. BFLRF {SwRI)

FROM: Ruben A. Alvarez %A

SUBJECT: Conversation With Major Schifferle, S4, 3rd ACR, Concerning Use of Jet A-1
During Operation Desert Shield/Storm

On 17 Apnl 1991, the BFLRF JP-8 monitor met with Major Peter Schifferie. S4. 3rd ACR. 0
obtain his personal observations of the Regiment’s use of Jet A-1 fuel during Operation Desert
Shield/Storm 1n Saudi Arabia and Iraq. According to Major Schifferle. the Regiment did not
experience any operauonal problems with Jet A-1 fuel. Due to the Regiment’s involvement with
the JP-8 program at Ft. Bliss, 1t did not go through the “growing pains’ that other units
experienced coming from a diesel environment (plugged filters). Jet A-1 was used exclusively
in all diesel-burning equipment and aircraft attached to the Regiment with the exception of iy
M93 FOX NBC Recon vehicles that inually used diesel fuel. but were then also switched

exclusive use of Jet A-1 fuel.

The awurcraft were refueled with the same fuel as wheesled and tracked vehicles: however. the
HEMTT fuel tankers refueling aircraft were dedicated tankers assigned to the Jth squadron
Major Schifferle said that, to his knowledge, HEMTT tankers used to retuel ground equipment

Jdid not retuel awrcratt.

The 3rd ACR was 1ssued 28 HEMTT fuel tankers over the Tuable ot Orgamzaton and Equipment
(TO&E) authonzanon. The addiuonal tankers were used extensively pnor to and dunng
Operation Desert Storm  They were absolutely essential when the 5.000-gallon semurailer

tankers became stuck in the mud shortly after the ground phase began. Fuel was shuttled from
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MEMORANDUM

(W8]

03 May 1991

In closing comments. Major Schifferle reierated the advantage that the Regiment had denved
by having been on the JP-8 demonsmanon program at Ft. Bliss. He personally was very gratetul

that the transiuon to Jet A-1 was accomplished without any problems.

fec
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MEMORANDUM

" File: 02-1955-150
31 July 1991

THROUGH: S.J. Lestz. Director. BFLRI%

TO: Messrs. M.E. LePera and Al Rasberry, STRBE-VF, Belvour 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)

1. The following notes were taken from various ind:viduals interviewed at random dunng the
recent U.S. Army Belvoir Research, Development and Engineenng Center (Belvourr RDE
Center) Survey Team's visits to Ft. Bliss and Ft. Hood. The answers do not readily fit the
formal matnix already prepared but should be considered because of the additional insight into
‘how things really were” dunng the bnef conflict.

~

Ft Bliss. Texas —
1. AMC LAR, Ms. Gladys Balogh —

Fuel filters from Mls, M3s, and S5-ton trucks used in the North exhibited a "black
residue.” Vehicies in the Riyadh area had no "black residue.” Ms. Balogh suggested

contacung Ist Armored Cavalry Division (1st Armd Cav Div) at £t. Hood to see if they

expenienced “"black residue” problems.




MEMORANDUM 3 31 July 1991

2/1st ADA Bn, CW1 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 lubncity

(2) Fuel filter systems on Commercial Utility Cargo Vehicles (CUCVs) were modified
by using a "screw 1n" commercial filter and bypassing the mulitary 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.

5/62nd ADA Bn, CW2 Gallegos —

(1) Obtained a dry lubncant (grease) from some unit in the 1st Armd Cav Div. The
grease (molybdenum disulfide) left no oiy film. Were told grease was an
expenmental test item and when 5/62nd ran out they were unable to obtamn anymore.

(2) Hydraulic systems were reported as presenting their biggest maintenance problems.

11th ADA Brigade (11th ADA Bde), Mr. Walt Cowling —

(1) Umts used JP-8, Jet A-1, DF-2, and DF-4

(2) After about 2 months 1n 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) Atnbuted most pump and injector nozzle failures to usage rather than tuels.
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MEMORANDUM 5 31 July 1991

C.

D Co (Maintenance). 1/3rd Aviauon Regiment, CPT Benedict Fuata. and CW2 Starke~.

Instructor Pilot —

Will move to Ft. Campbell and become part of the 101st Auborne Div.

Attached to the 6th Cav Bde (Air Combat)

Filled up with JP-5 before they left Ft. Hood. stayed at the port 1n Saud:i 5 days. and
then headed inland. Ended up about 60 miles from Iraq.

When asked about power loss, CW2 Starkey said there was none. That. because Jet
A-1, JP-8. and JP-5 are heavier than JP-4, the total weight of the aircratt, 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.

553rd S&S Battalion. CW2 Everhart —

(N
()]
(3)

(4)
(5)

{6)

A

(8)

9

Could not get anufreeze for 6 months.

Had to use water only, which caused overheaung and increased marntenance.
Obtained 15W-40 and 30 weight oills commercially from 7L e
"CALER=BRET “oented-at-Ras-Tanur.

Fuel tests consisted of visual inspections.

Could not get grease. Estimated 2 percent obtained through regular channels. 30
percent obtained commercially, and 68 percent scrounged.

STP grease worked fine.

Obtained very small percentage of grease from "ROCOT", a Bntish company. It 1s
believed the "dry lubricant” used by the 5/62nd ADA Bn from Ft. Bliss came trom
this source.

Saudi Arabia came out with thetr own grease and would not allow any other
company’s grease to be purchased by the mulitary units.

Could not get any brake fluid.




MEMORAN.UM 7 31 July 1991

Ist Bde. Ist Armd Cav Div —

—

The M113 vehicles used a high viscosity lubnicaung o1l to prevent leakage from the
cooling fan dnve. Ninety weight otl and GAA were substituted for 30 weight od and no

other problems were encountered.

¢ 2/8th Cav Motor Pool. LT Brodenck. BMO —

M88s had no problems whatsoever with JP-5 fuel 1n Saudr Arabia. Pulled M1 tanks in

the sand.
h 27th Mntc Support 3n —
{1) Received Belvoir fact package.

{2} No major problems with aircraft.

(3) Oils were MIL-spec. Believed some 30 weight o1l bought commercially.

4 Al this completes the recollections trom my notes. I am sure you have others (I forgot o

put 1n about the MRE dust boot for CV joints on the HMMWVs). If you need anything else.

please let me know
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Lt. Col J.R. Kanilton 10-01-91 Bidg. 286

1989 Fr Stewart - Problems with Mls - used biocides
Hot and Humid — Blew 0ts ot EMFS units

In SWA ran on Jet A-1 - 2 weeks —  Evervihing ciogeed up Every wunk went through < 10
) E: 24 p ) g

3 filters in about a 10 day period
Other than tanks’ — Al other cquipment included 1n problems

Replaced Stanadyne pumps  — November-December nmeframe
No filter problems

Tumed in MIAT wnks and drew MIAT HA wnks in SWA
Medium truck convovs went 1o get tuel tabout 250 miley)
Division consumed Al given consumpuon chart

Switched tanks and Bradley's agamn back at Ft Stewart -
Wheel & track vehicles being changed out

Lube orders need updating

Division wrote 91 maimtenance letters tor lower units

Drvinion found out that the Division would run out of fuel every 100 hours (DF-2)
Turbine shaft o1l received through normal channcis

A/C did not use commercial oils - ISW-40 o1l 1n short supply

Temperature about 135° - No humidity - Cooling systems on vehicles did not overheat very
much

Blowing talcum powder (gypsum like stutf) which worked like lapping compound. High iron
content

BFLRF will X-ray SWA sand samples for iron particles

Greases - Tried to get “roller bearing” grease

Y




TW-25B "Semi-Fluid Lubncant tor Extreme Climates” Sand does not stick to i
Did not work good on 30mm MG on Apache
Did not work for "coax™ guns on Bradley
Crew apphed with brush or finger

MIL-Comm (MIL-Comm Products Company. Inc . P O. Box 43278, Upper Montclair NJ (7043,
(201D 744-5191

260th O*: only did AQUA-Glo tests

Fuel filtered from big fuel bags into SO0 gallon tankers

Only filters they had problem geting was M1 Air tilters

I MI fire - bumt to ground - undetermined cuuse — Running on DF-2

No problem brought to LAO's attention with anti-treeze -— Pleniy of coolant in 3 gallon drums
Ran iow on “cherry juice " at one ume — Marnly used w/AVLBs - could be FRH

No AOAP in theater

Water. in batteries. was distilled « 1. bottled 121, or potable water (3) — [n coolant systems - high
chlonne content water

24th Inf Div claims DF-2 produced smoke at [35°F
Kerosene tuel great tor space heaters (pot belliey)
Recommends biocides be added ot wholesale levels — Should be put in coniract

Division maintenance services went tror every 30 days to every 15 days (Usea 1/2 intervals)




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 stcted 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*

BFLRENo. Mg Al S K C Ti F S C C

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 \'S VS M VS VL VS VL VS S

“\S = Very Small

S = Small
M = Medum
L = Lorge

V0. = Very Large

l E-1




Notable Field Expedients

When CV boots for the CV joints on MMMWYV'’s would become cracked or torn some units
used Meals Ready to Eat (MRE) package covers to serve as interim boots until authonzed
boots could be cbtained 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)

o

. Electrical tape

o

. Lacing wire

Regular CV Booi

MRE Packet, Separated
and Tape

E-12




3

2-R_T AN v
g '

Completed Temporary Boot

to

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 15 to remove the engine head.
However, personnel removed the injector nozzles and slipped a 2.5-ton truch windshield
wiper blade into the opening. They then tapped the broken glo-plug onto the wiper blade
ond removed it from the head. This pracuce 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

senmutratlers 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\'s




Y

MAINZ ARMY DEPOT JET A-1
INSPECTIONS

88 PUMPS TOTAL

HMMWV cucy
+ SEIZED 60% 14%
. FLEX-RING 0 54%
+ DUST 77% 36%
. WATER 31% 19%
. AGE/WEAR 31% 25%
+ REPAIRABLE 38% 69°%
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