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EXECUTIVE SUMMARY

This technical report was produced by MCR Services Group, Inc. (MCR SGI). MCR
SGI is providing support to the United States Marine Corps (USMC) Sirgle Channel Ground
and Airborne Radic System (SINCGARS) project office. MCR SGI has produced three reports
to date: TR-9150-1, SINCGARS Life Cycle Cost Estimate, dated 18 July 1991; TR-9150-1
SINCGARS Life Cycle Cost Estimate Addendum 1, which reflects updated USMC SINCGARS
requirements; and SINCGARS Summary Version Life Cycle Cost Model (SVLCCM)
Comparative Analyses, dated 25 November 1991.

In the Operations and Support (O&S) estimate presented in the Addendum,
approximately 56% ($185 million) of the total O&S cost ($329 million) is associated with the
procurement of the disposable batteries required for manpack and "vehicular dismountable”
radios. Due tc the magnitude of this expense, the USMC Project Officer tasked MCR SGI t¢
identify and analyze the potential cost savings that could accrue to the USMC by utilizing
rechargeable battery technology. The principal finding of this study is that the USMC could
significantly reduce the O&S and disposal costs for USMC SINCGARS by utilizing rechargeable
batteries.

Exhibit ES-1 shows approximate battery life of four alternative battery chemistries in the
AN/PRC-119 manpack SINCGARS radic over a range of temperatures. Exhibit ES-2 shows the
estimated annual primary battery-related costs in both the O&S and dispcsal phases for each
of the three battery chemistries analyzed in detail assuming that the USMC relied exclusively
en just one battery chemistry rather than a rechargeable/non-rechargeable mix. Exhibit ES-3

identifies the total annual primary battery cost for a mix of r.on-rechargeable Lithium-Sulfur

Dioxide (LiSQ2) batteries and rechargeable Nickel-Cadmium (Ni-Cad) batteries. Exxhibit ES-4
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identifics the total annual primary battery cost for a mix of non-rechargeable LiSO2 batteries
and rechargeable lead-acid batteries.

Of the alternative chemistries analyzed, this study concludes that lead-acid batteries
are the most suitable rechargeable battery chemistry available today for USMC SINCGARS.
Lead-acid batteries exhibit the fcllowing advantages over the leading competitive

rechargeable chemistry, Ni-Cad:

° lead-acid batteries are less expensive: then Ni-Cad batteries on a life cycle cost
basis.

® lead-acid batteries are simpler and more rugged than Ni-Cad batteries.

¢ lead-acid batteries exhibit slightly better discharge characteristics than Ni-Cad
batteries.

° The constant-voitage rechargers used for Jead-acid batteries are less expensive

and ofer broader design choices thar the constant-current rechargers required
by Ni-Cad batteries.

L lead-acid batteries are easicr to recycle.

° A range of lead-acid batiery recyclers is available whereas there is only
one EPA-licensed 1.S. Ni-Cad battery recycler.

1
i

[0 5]
ad

Althcugh the purchase cost of a single lithium battery ($45) is lower than the

§" purchase cost of a set of two lead-acid batteries plus a charger (approximately $500), one
%i pair of lead acid batteries can replace approximately 52 lithium batteries. Those 52 lithium
E;‘s : batteries would cost approximately $2,340, or almost six times as much.

% o A major difference between lead-acid and lithium batteries is with 1egard tc disposal

! costs. Although all three battery types (LiSO2, Ni-Cad, and lead-acid) are classificd by the

Environmental Protection Agency (EPA) as hazardous waste, the disposal of lithium

PR

: batteries is an especially complex and expensive process. Lead-acid batteries are readily

recycled, and in most cases generators of lead acid batteries are paid a small fee by

' k ES-6




£ 4

o

n ) recyclers. Depleted lithium batteries, on the other hand, cost about §5 each for disposal. This
: difference is magnified by the fact that one set of lead acid batteries can replace
rE approximately 52 lithium batteries, for a total disposal cost savings of approximately $500
' for each lead-acid battery set.

‘? An additional consideration is that although one Jead-acid battery weighs more than
*' one LiSO2 battery, if an AN/PRC-119 radio will be operated in excess of approximately 110
gé ! hours without resupply, the total weight of the lithium batteries is in excess of the total
; weight of lead-acid batieries (including recharger). Therefore, there is a net weight savings
% ' if the radio will be used for more than approximately 110 hours without resupply.
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I. INTRODUCTION
This introduction provides an overview of the United States Marine Corps (USMC)
Single Channel Ground and Airborne Radio Syst«-n (SINCGARS) battery trade-off analysis.
The purpose of this section is to provide the:

® background of SINCGARS,

) purpose and scope of this trede-off study,

° organization of the report.

A. BACKGROUND

In 1975, the Army initiated development of a new combat net radio which could
operate in an Electronics Warfare (EW) environment through the use of Slow Frequency
Hopping (SFH). The new radio was required because the AN/PRC-77 manpack and
AN/VRC-12 vehicular Very High Frequency (VHF) radios in use a* the time were deficient
in several areas including weight, size, reliability, quantity of channels, and communications
security. These deficiencies became increasingly significant as Army tactical communications
requirements dictated the need for more reliable and sophisticated equipment. The USMC,
which was also using the AN/PRC-77 and AN/VRC-12 radios, decided tc utilize the new
Army radios for similar reasors.

Early in 1991, the USMC tasked MCR SGI to develop a Life Cycle Cost (LCC)
estimate for the USMC SINCGARS requirements. MCR SGT'’s resuliing SINCGARS Life
Cycle Cost Estimate, TR-5150-1, was delivered on 18 July 1991. Refined USMC SINCGARS
requirements were developed shortly thereafter. Therefore, MCR SGI developed an updated
LCC estimate reflecting those new requirements (TR-9150-1, SINCGARS Life Cycle Cost
Estimate, Addendum 1). Both documents provided complete LCC estimates for each of the

two potential vendors' TT and General Dynamics.

I-1
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Exhibit I-1 provides a summary of the USMC SINCGARS general fielding
procurement guantities used in the Addendum. Exhibit 1-2 provides a summary of the ITT

Operations & Support (O&S) estimate in BY91$ from the Addendum.

In the O&S estimate presented in the Addendum, approxim: ‘e y 56% ($185 million)
of the total O&S cost ($329 million) is associated with the procurement of the disposable
batteries required for manpack ard vehicular dismountable radios. Due to the magnitude
of this expense, the USMC Project Officer tacsked MCR SGI to identify and analyze the
potential cost savings that could accrue to the USMC by utilizing rechargeable battery

tcchnology.

The scope of this study alsc encompasses the disposal phase in anticipation of the
ion of Deparnimeiii of Defense Directive (DODD) 500.4. Section B.2.C.(5) of
the May 31, 1991 draft released by the Office of the Secretary of Defense (OSD) Cost
Analysis improvement Group (CAIG) states that "the costs of demilitirization, detoxification,
or long term waste storage should be included in the estimate when the program will require
these functions”.
v. ORGANIZATION QF THE REPORT.

This report consists of six sections and four appendices. This section has provided an

intzcduction to this effort. Section Il iderntifies and briefly discusses the technical

characteristics of the three battery chemistries analyzed. Sectio:: JII documents the ground
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rules and assumptions used to perform this study. Section IV presents the detailed cost
studies associated with each type of battery. Section V quantifies the potential cost savings
associated with a mix of non-rechargeable and rechargeable batteries. Appendix A is an
extract from the Sclid Waste Disposal Act that sets forth the responsibilities of generators
of hazardous waste. Appendix B provides a copy of a letter from the Environmental
Protection Agency (EPA) to the Defense Logistics Agency (DLA) with regard to the

disposal of LiSO2 batteries. Appendix C documents LiSO2 disposal packaging requirements.

Appendix D documents Ni-Cad disposal packaging requirements.
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Ii. TECHNICAL CHARACTERISTICS OF
(ALTERNATIVE BATTERY) CHEMISTRIES

This section provides a general description of each typc of battery chemistry
considered, as well as the specifics associated with SINCGARS-suitable batteries. The
chemistries considered are:

[ Lithium-Salfur Dioxide (LiSO2),

® Nickel-Cadmium (Ni-Cad),

[ Secaled lead-acid (lead-acid), and

e Other Chemistries.

Exhibit 1I-1 summarizes the operational charcieristics of each battery type in an

AN/PRC-119 SINCGARS manpack radio.

20N T AT DTN
A LITHIUM ST FUR DICXIDE {1iS02) BATICRIES

The baseline battery for SINCGARS is the BA-5590/U non-rechaigeable LiSO2
battery. Exhibit II-2 provides the specification sheet for one vendor’s BA-5590/U battery.
The primasy advantages of the LiSO2 battery are:

o very high energy and power density,

e high rate discharge capabilities,

o excellent shelf life, and

° SINCGARS was designed to use the BA-5590 tattery.

There are, however, significant disadvantages associated with the use of LiSO2

batteries. These include;

o The battery utilizes a non-reseitable internal high temperature switch that
renders the batteiy useless if the swiich is tripped,

e The battery utilizes a non-resettable internal fuse that renders the baitery
useless if the fuse is blown,

11-1
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LITHIUM SULFUR DIOXIDE

PRIMARY BATTERY

SYSTEM

PHYSICAL SPECIFICATIONS NSN: 6135-01-036-3495
Weigh (max): 225 b 1021 Gearns

Bcnfy Packaged I § pastc Case Reist 10 Fipre 1
9y 15 ma

Toharances are + 0.000, oosa(lﬁom)mmm
specifed.

et ECTRICAL SPECIFICATIONS

Cot Compiamen:: 1ommnzmm5w&h
8N Providing 2 norminal 12-volt sechons
8 connnacior 50 $aChons can be con-
acted m senes (for 24 voits). m parslel [for
12 voiis). Or USeI s WO $Pperale 12-voit
whas.
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1y 1§

Max. (QCV) .
Avomoo @200ma ) 14 07 28 voiis

Rated (# 240 mna ducharge
70°F (21°C): I b

-20°F (-29°C)
24 voits moce 4.75 Ah
Fute. A slow biow 2.25 Amp non-replaceable fuse 1s NCOrPo-
rated in the negatve lag o’ each un.s *ouD of cellg
High Tempaerature Switch. A normat sed hgh tampece- . .
ture Swiic orthormz lu3e s mn- y . -
€O'DO’a18C M0 RACH Senes leg of —-ﬁ - 0750 = 0.033
e’y T i U
{ ) AN 1§ DO rasen ag .

non-replaceable AN Vl,/ 7

Droce A diorie ie incamaratan s ths P5ad ve iwy i sacn ov v/

=17 !
#8085 CoCL3 0! €255 15 Digveni chargmg or flow ot 0.750 J M % 245
cumenT Nt the bahery. 7/,
oA

Corpiete Dschange Device” A Gevics consisting of amanually = 0.031 2
Ctvated sarich 80 resisioTs

designed to dacharge the bat- 440
w1y iu 0 Vorg }——— X __.l
Mm 'ng Connector ITT Ca~on CA 1108216

M:itary Specitcation: MIL-B-43430A (ER) - 3 50.734 (REF)
TYPICAL APPLICATION

ANPRC-104 Rago
KY-57 KY-65 Telephone Set
ANPRC.119 Raaio (Sincgars)
REMBASS Remcrely Monitoied Batmigtieli

Surve lance System 5.
PLRS Pesnon Locator ang Reportng System
AT-991 Buoy Rago

AaT-1175 Buoy Rago

"“ 7

07

—

Figure 1: Outling Dimensgions (inches)

’ % Diode
Thermal

2v =- Compiete
SW’-C" / <V Discharge

"”” l ( Device

Figurs 3: Connector Detall Figuss 2: Mnng Schemstic For Each Leg

Exhibit 1I-2. TECHNICAL CIHARACTERISTICS OF BA-55%0 LiSO2 BATTERY
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FEDERAL and MILITAPY SPECIFICATIONS

Meetls requremants o! Miltary icatiwns for Battery
BA-5590U. MIL-B49420,ER), BrNlenes. Non-recharge
abde. Lrihvum Sutfur Droxice”, Speciication Sheet MiL-B-
A943I4(ER). 0.0 )
a. Capacity Tests at -20°F. PO*F, 130°F,
Dischar@e Rete. 2A
b. Stormge Tesis at 70°F, 130°F, 160°F
¢. Ssfety Feature Tests
1) 350°F Temperature ana Shot Carcurt Tesi
2} Forced Drscharge Tost
3) Leakage Tes!
Jd Environmenia’ Reguiraments
Vixraton Hamon.c moton. 10-55 cps
0.03° amplitude
Shock 75 G accele 8100
Altituge 50.000 feet
Swrage Tests: Up 10 4 wevks at 160°F

HANDLING

Do not punctyre. open or mutilata.
Cal's ara pressuraed
Do not short crrcun ¢« charge
Do not expose 1o fire or temperaturas above 160°F (71°C).
Cells may ven' or sxpioge rf 2xposed 19 these cond:lions

SHIPPING

Mee's raquire™enis of Departmaent ¢!
Transpona'.on Exemption COT-E-7052

DISPOSAL

Digposal of Ithium baftees 15 reyuiated Dy the U S
Environmantal Piotecton Agercy

Battey Cesgn s SPRCAICEUONS are SubiCt 10 Change without pnot
nouce

BA-5590/')
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Figure 4. Typical Discharge Curvas 8l T0°F (21°C): 24- voit mode
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Fxhibit II-2. TECHNICAL CHARACTERISTICS OF BA-5590 LiSO2 BATTERY




. e Due to its seaied construction and internal composition, the transportation of
the baticry may be subject to restricticns based on the number of batteries
transporied or the specific carrier, and

® There is only one company iz the U.S. currently licensed by the
Environmental Protection Agency (EPA) to dispose of LiSO2 batteries.

| B.  NICKEL CAUMIUM BATTERIES

- The rechargeable Ni-Cad battery that is suitable for SINCGARS applications is
designated the BB-590/U. Exhibit Ii-3 provides an extract from the military specification for
] the battery. Its primary advantages are:

& 9 Good shelf life, and

TR

® Less expensive initial cost per battery than lead-acid.

e e

The primary disadvantages are:

fow energy density,

"I T [T W 1

e poor low temperature operation, and

¥

e difficulty of disposal.

Ty

Used Ni-Cad batteries cannot be easily disposed of due to healih concerns over their

cadmium content.

C. SEALED LEAD-ACID BATTER

2 The rechargeable sealed lead-acid battery that is suitable for SINCGARS applications
- is designated the BB-490/U. Exhibit I!-4 provides one manufacturet’s technical description

of the battery. Its primary advantages are:

o Rechargeable via a broad array of charging means.




. . HILITANY SPECIFICATION SHEET

SATYELY, RECHARGEABLE, SEALED NICKEL CADMIW BR-390/U

. e mciﬁéation sheet 48 approved for use by the Rlectronic Res-aTch and
) Lossiopment Comauni, Departaent of the Arwy, and s availeble for vea by a1
. : Bepartnents gné Agencise of tha Derarteent of Pefense. . - ’

Thra gouplate zequiressats” for iéigi:na; the sealed Bickal codniun zerhargeadle
__bettery type dessyibed birein ahall consfet of this ducusent snd the Jetest Lagua
ZToX NTL-B-AgAN(IR}.T J

12 T 7

o wx /

,
RATTIRY RECWRCZASLE X3-390/0 / > INCKFS L)
SICKILLUDT D FLALED

24 WOLTS 1.5 AMP-BORS AT 3.8 ADS 063 69
:s- mo-o:-oc;;m 4.40¢ 31}.76
GAT CODI) (SERIAL 30.) $.000 127.00
Auvmrarmara

LY )

SARSING DASTURCTION]
CRIXZE AT A COWSTANT CHADNT OF MO M4 /
¥t § IS, JATIRT TOOLATVAZ FWONB
B BITVEIN 4097 (5°7) M)D 10097 (I8%C)
AFID: CBAB(E DATER

PULING CRAMC,
DATE OF LA3O OF 0 07 JTMRY WIYR
rLin

Exhibit II-3. EXTRACT OF MILITARY SPECIFICATION FOR BB-59C
Ni-CAD BATTERY

@PY AVAILABLE 10 DTIC DOES NOT PERMIT FULLY LEGIELE REPRODUCTION
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DMEING MUTES

3o 871 éternsions dn nches.

2. Tclerances vo decimslet 2 .03 inchd,

9. Disrnsioning shell be per DSAS-314.5 Y14.5 1966.

&. $rencil (or equivalent) ochmti:. 48untification snd chargiog
gnet ructfons a8 shovn. Coler wmerking wvhite.

S. Tere of counsctor sholl ba flush to .93 Below top of bsttery.

* $. Yerufscturer sust £311 Sz spplicable 4aformetfon in pa:eutfesie.

e ——— e

7. ee Eop viev on Fpure 1.

8. Piersurs Talief walve shall be located under connector. It shall
geleacg gas before cose danage d9 Incurred,

X 9. TFos connectorfbattery interfucs ses Figure 3.

. 10. Connector satn keyvay and p¢n 1 orfuoted ovar dols C.

1. Plug unused lettered boles with taflon bushings Or equivalent per tahle T
1. Jattered boles !umhbu__; tbrou.h prssage of $C-C-179495 wizes of tahfa I

N l -‘A 0' 'l“lltt.ﬂ UALB ncc‘prnc “DW!’ ‘TO‘;“___‘ 91 W l 3 U\-\YDDO‘.I

; .- TR vt 'WTL-R-3088 Ro | ?un!lt nze:-u_;ﬁ szal groud oouncctot ‘wires,

' "13. Piessure relfef valvs mounted n Bole B has typicel Beight of .42
fron tare on connector well,

14, .15 2 002 Dia X .34 & (02 Deep, for & 4~40 UAC-2A insert.
Ioseit to be flush or belov aurfece 2 pleces at A,

l " Exhibit II-3. EXTRACT OF MILITARY SPECIFICATION FOR BB-590
Ni-CAD BATTERY (CONTD)

| CORY AVAILABLE 7O DTIC DOES NOY FERMIT FULLY LEGIBLE REPRODUCTION
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SPECIFICATIONS

The battery sysiam is constructed of unitary, non-quid ssaied leac acid rechargeabis calis. The batiery is free
from any comosive gas Qenaration. is leak proof, mamtenance free and not subiect to any special handling
requinaments of DOT-E-7052 anc codes of federal reguichuns volumy 49. pan 173.208; rated as 8 dry battery.

The battery sysiam Jirectly repluces U.5. Military issus BB-890 (Nicad) ard BA-S500/U (lithium).

BATTERY SYSTEM BB-490/U (MPS S50)

NOMENCLATURE
U.S. Miitary stock number NSN §140-01-331-4013
PHYS!CAL SPECIFICATIONS
Dimensiong (inches +/- .02)
reight 8.00°
ongtn 4407
widhth 245

weht LY. %

ELECTRICAL SPECIFICATIONS

Call Complement: 12 celis connectad in 2 groups of 6 ceils in $eries. providing 2 nominal 12-volt sactions
al connector. Thase sactions Can be CoNNected in sanes (1or 24 voits), in parslial (for
12 voits), Or usad a8 two Separats 12 vol untis.

Voitsge: Nominal: 12.0 volts or 24 volts
Max. (OCV)  14.80 o1 £9.60 valis

TTF (25°C)
12 Volt Connection 24 Volt Connection

Capacity:

20 tv. rate (190m8) 3.8AH 20 hr. rato (95ma) 1.8AH
10 hr. rate (360ma)} 3.6AH 10 hr. rate (180ma) 1.8AH
5 he. rate (700ma) 3.5AH 5 hr. rate (350m3) 1.78AH

1 br. rate (2600ma) 2.6AH
Normai Operatiota:

1 hr, rate (1300ma) 1.30AM

$Storage: TT'F (25°C)

0% after 3 months Dischargs: §N22°F -1§°/50°C
0% afier 6 n inthg Charge: XR°/304°F 0°/40°C
60% after 12 months Storage:  §104°F -15°740°C
Charging: The 1224 volt BB-400/U Sealsd Lead Acid Rechargeable Battary is charged as two indepan-

dent 12 volt units.

The batter s are charged by the MPS-AHE charger (which is dedicated to charging the BE-490/
U balienes) in conjuncion wi 8 compatibie pawer supply. (MPS-CH2)

Batterios will normally receve 80% of capleted capscity within 1 hour and will be fully rechargens
n 4 houre.

-~

Connactor: TT-Cannon CA110821-1/4 Type
Coniressg O\ mvere.

MAGNUM POWER SYSTEMS, LTD » PO. Bor 1038 - Manon. NC 28752 » (704) 852-1249 + Fax (7041 852-1280
(L

Exhibit II-4. TECHNICAL CHARACTERISTICS OF BB-490 LEAD-ACID BATTERY
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Fort Monmauth, NJ 07703-8000
ol No: (308) 544-4248; DSN 968-4248)
UMEMT: # AJ184308 « Jaruay 1991

NSN 3TOCK NUMRERS
BE-490/U Satiory 8140-01-3314013
' 88490V Kit Settery KR $140-01-331-4014
i : MPS-AHS Charger 8130-01-331-4018
: MPS-CH2 Tranglormer 0130-01-331-4016
' DATA INFORMATION
. BB-490/U Cost Compansons in Operation ve BA $580 Limium
| : B8B8-490/U SLA Battery BA-8580 Lithium Rattery
Una Cost: $279.00 Unit Cost: £ 80.00
Rechargs Capabiity: 500 Cyoies Recharge Capability: None
. 3 Cost Per Usags: $ 088 Cost Per Uoage: $ 80.00
: Cost Per 300 Lises $279.00 Cost PerS00 Uses  $30,000.00

Savings: $29.71.00°

*Does NOt inciude disposal costs ast. a1 $28.00 per KA-SS90 Lithiumn bateary:
or SO0 Lithium @ £20.00 a $14,000.00

FEATURES

CYCLES/ 200 1 1.000. depencing on depth of diachirge
Storage lte up 10 I yesrs &1 rocm temperature
Elecincally isolated piaste battyry case - nd shorting
Ahsoiutely NO MEMORY

Charging by eihes Constant volagarConsiant Current
Resaaling safely valve — undes abusive overcharge
Excelium vibrauonai and mechanicsl strergth

Sale opEralion usage in any Posmion

Exceliant recovery from overdischarge

Float life €10 10 years to 80% of reted capacry

SAMPLE GPERATION DATA
KY 57 Unit (Typlcal duty cycle)
4.3 Waits on Receive
6.0 Warng on Transrit
8.5 Waltg « Wirg Ling

Average: 5.5 Watis « 220 ma (/13 = 0.07 Hrs of Opsration

bl ad odtad

oO®m NG

ERPEER L T
-l

L W [T IR D W (TR
P Lo et Lo

o gy tnr
Y Sl

; b MAGNUM POWER SYSTEMS. LTD » P.0. Box 1036 + Marion. NC 20752 + (704) 852-1242 + Fax (704) 852.1280
W

Exhibit II-4. TECHNICAL CHARACTERISTICS OF BB-490
LEAD-ACID BATTERY (CONT’D)




e Fault-tolerant,
L Good high temperature operation, and

@ Good shelf life.

The primary disadvantages are:
® low energy density, and
® poor Jow temperature operation

Although used lead-acid batteries cannot generally be disposed of in landfilis due to
health concerns over their lead and acid content, used lead-acid batteries can be fairly easily
recycied. Currently, approximately 80% of automotive lead acid batteries are recycled, and
a well established recycling business is in place. Therefore, the batteries can be disposed of
by selling them to an authorized recycler.

D. OTHER BATTERY CHEMISTRIES

Two other potential chemistries were identified and analyzed: conventional alkaline
non-rechargeable batteries end Nickel Metal-Hydride (NiMH) rechargeable batteries.
Alkaline batteries exhibit performance between rechargeable batteries and LiSO2 batteries.
Disposal of alkaline batteries is not highly regulated. The primary disadvantage of alkaline
batteries is that they exhibit a dramatic falloff in energy capacity as temperatures drop. Due
to ihis Jow temperature falloff and inability 10 identify a commercially available SINCGARS-
compatible alkaline battery, this chemistry was excluded from further analysis.

NiMH batterics are rechargeable. NiMH batteries do not contain especially toxic
chemicals or elements, and exhibit electrical properties generally similar to Ni-Cad batteries.
The principal difference is that NiMH batteries arc more energy dense (i.c., last jonger) than
either Ni-Cad or lead-acid batteries. NIMH batteries are just entering the commercial

marketplace and technological improvements are being worked on along several dimensions

11-10




{(e.g, energy density and recharge characteristics). Although NiMH batteries may be a viable
or even preferable source of rechargeable battery power in the near to mid future, this

chemistry was excluded from detailed analysis because no commercially available
SINCGARS-compatible NiMH battery could be identified.

1I-11




IlI. GROUND RULES AND ASSUMPTIONS

This section documents the ground rules and assumptions used in this study.

A. BATTERY COSTS

The ground rules and assumptions relevant to primary battery costs are listed below.

® Analysis limited to the following three battery types:

-— ——

- BB-5590 Lithium-Sulfur Dioxide (LiSO2),
- BB-590 Nickcl-Cadmium (Ni-Cad), and
- BB-490 Scaled lead-acid (lead-acid).

©® Two rechargeable batteries per portable or vehicular dismountable radio.
® LiSO2 battery cost and life identical to previous MCR USMC
; SINCGARS LCC estimate:
- $45 per LiSO2 battery

- 22 hour battery life

semm A mmac—aa

Aneméibian Am FOURUEEECK S SR RPN .
Quantitics and USage assumptions ecniical 10 previous

SINCGARS LCC estimate:

H

- - . e

ACR USMC

- Hours per radio type

- Portable: 500 hrs/yr active forces, 125 hrs/yr reserve
- Vehicular: 1,000 hrs/yr active forces, 250 hrs/yr reserve

- Vehicular dismountable radios wili use battery power 109 of the time.
o Distribution of radios: 75% to active duty forces, 25% to reserves.

® Quantities as per Addendum 1 to MCR USMC SINCGARS LCC
estimate dated 04 October 1991

® Hold-Up Battery (HUB) costs are not affecied by primary battery type
or radio vendor (GD or ITT) and are, therefore, excluded from this
analysis.

i B. BATTERY CHARGER

The ground rules and assumptions relevant to the cost of the battery changes are

listed beiow.




One charger for cach portable radio.

® No chargers for vehicular dismountable radios (batteries recharged
from vehicle’s electrical sysiem).
® Battery chargers replaced when rechargeable batteries replaced.
C. DISPOSAL

The ground rules and assumptions relevant to disposal costs are lisied below.

All waste generated at Camp Lejeune, North Carolina.
Transportation in accordance with federal/EPA regulations:

- licensed hazardous waste hauler, and
- manifested load.

Replacement rechargeable battery quanitity identical to disposal
quantity.

Disposal transportation cost per truckload identical for LiSO2 and Ni-
Cad batteries.

Waste treatment in accordance with federal/EPA regulations.



IV. DETAILED COST STUDY

There are four basic cost elements potentially associated with the life cycle cost of

each battery chemistry:
® the cost of the batteries themselves,
® charger costs (rechargeable chemistrie: only),
® disposal transportation costs, and
9 wasic treatment costs.

Total battery-related annual costs were cstimated for each of the three chemistries,
assuming that all USMC SINCGARS demand would be mei with a single battery type. An
average hourly operational cost was also estimated for each alternative. Section V of this
cost study uses the results of this section to quantify the pctential cost savings that could
accrue to the USMC by using 2 mix of non-rechargeable and i echargeabie batieries. The
following subsections describe kow each cost element for each chemistry was estimated.
Exhibit V-1 provides a summary of the costs of each of the three battery chemisiries by cost
element. The basis for those costs is docemented in the body of this section.

The fundamental factor that drives the cost of all three battery chemistries is the
annual battery-powered operational requirement. Since this is common to all three
alternatives, the derivation of the annual operational requirement is described first.

A, ANNUAL BATTERY-POWERED OPERATIONAL REQUIREMENT
The total battery-related operations cost is contained in Work Breakdown Structure

(WBS) element 3.1.3, Maierial Consumptior, m MCR’s SINCGARS LOC Estimate

Addendum 1, dated 04 October 1992. The estimated iotal material consumption cost is
approximately $191 million in Base Year 1991 dollars (BY918$), or approximately 58% of the
total O&S cost for USMCSINCGARS. The Material Consumption WBS element represents

IV-i
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the sum of primary battery costs and Hold-Up battery (HUB) costs and is identical for both
ITT and GD.

The annual battery-powered operational requirement was separately calculated for
active and reserve forces and the resulting two values were summed to arrive at the total
estimates USMC SINCGARS annual battery-powered operational requirement. The first
cclumn of Exhibit IV-2 identifies the nomenclature of the various SINCGARS radios that
will be fielded by the USMC in the steady-state Q&S period which begins in FY98. The
second column identifies the number of each type of radio assigned to each respective force.
These quantities were derived by allocating 75% of the USMC SINCGARS general fielding
procurement to active forces and the remaining 25% of the procurement to reserve forces.

The third column of Exhibit IV-2 identifies the estimated annual usage for each

radio/force coinbinaiion based on the USMC operational scenario. The fourth column
identifies the extent to which each type of radio will use battery power. Manpack (i.c.,
AN/PRC-119A) radios will operate solely from batteries. The two dismountable vehicular
radio types (AN/VRC-88A and AN/VRC-91A) were previously estimated to use battery
power for 10% of the time. The last column represents the estimated total number of
battery-powered operational hours per year per radio/force combination. The values in the
last column were calculated by multiplying the radio quantity by the hours per year by the
battery usage factor. These values were then summed to arrive at the active forces subtotal
and the rescrve forces subtotal and finally the total estimated USMC SINCGARS annual

battery-powered operational requirement, which is approximately 4.7 million hours per year.

This value was used to estimate the LCC costs associated with each of the three

rechargeable battery scenarios.
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The O&S and disposal costs of the LiSO2 alternative are represented in the follov .ng
discussion. O&S-related costs (batteries only for this alternaiive - no chargers) are described
separately from disposal costs (disposal transportation.and waste treatment). Total annual
LiSO2 battery-related costs (operations costs plus disprsal costs) are estimaved at
approximately $12.4 million. Another way of expressing this cost is that each LiSO2 battery
powered operational hour costs $2.66.

1 LiSO2 O&S Costs

Since the LiSO2 battery is non-rechargeable, the only O&S-related costs are

associated with the cost of the batteries themselves. As previously discussed, the USMC will
operate portable and vehicuiar dismountable radios from battery power approximately 4.7
million hours per ycar. The batiery unii cosi used in ihis study was 3435 and each battery was
est: 5. 1to last 22 hours. Both of thest values were obtained from the Army SINCGARS
Baseli. ’ost stimate {BCE). The Army BCE derived these values based on historical data
orn analogons systems and the technicai characteristics of SINCGARS. The annual LiSO2

battery O&S cost in the steady state period is represented by the following equation:

Annual LiSO2 O&S. Cost = 4.7 million hours per year / 22 hours per battery
* $45 per battery = $9.5 million

2. LiSO2 Disposal Costs
The Environmental Protection Agency (EPA) classifies LiSO2 batteries as

hazardous waste based on the following characteristics:

(] LiSO2 batteries may form potentially explosive hydrogen gas when mixed with
water, and

® LiSO2 batteries are capable of violent iipture or reaction.
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Appendix A is an extract from the Solid Waste Disposal Act that describes the
responsibilities of generators of hazardous waste. Appendix B provides a copy of a letter
from the EPA to the Defense Logistics Agency (DLA) that elaborates on the potential
hazards associated with the disposal of LiSO2 batteries.

There is only one company in the United States that is currently licensed by
the EPA to dispose of LiSO2 batteries, Battery Disposal Technology, Inc. (BDT), located
in Clarence, New York. Therefore, there are both disposal transportation costs and waste
treatiment (destruction/deactivization) costs associated with LiSO2 batteries. Each of these
cost elements is described and quantified below.

a. LiSO2 Transportation Costs

For purposes of this study, it was assumed that all depleted LiSO2

batteries would be tranenorted via truck from Marine Con

MNn T nin
= LR it Ve wewar AL NIALL ATANALAAS Q.

rps Base, Camp Lejcunc to BDT
in New York. Prior to acceptance by the trucking firm, USMC personnel must ens::re that
the batteries are fully discharged and packed into sealed 55-galion drums in such a manner
that they will not come into electrical contact with each other. Appendix C identifies BDT’s
packaging requirements in more detail. The trucking firm will then certify the contents of
the truck, transport the material to BDT, ard obtain a certificate from BDT stating that the
full load was delivered. This process is called manifesting end is required for the
transportation of hazardous waste. (See Appendix A, Extract from Solid Waste Disposal
Act.)

A verbal quote of §2,260 per truckload per trip was obtained from
Chemical Waste Management, Inc. for transporting the batteries from Camp Lejeune to

BDT. Each truckload would be comprised of approximately 65 loaded 55-gailon drums

weighing approximately 600 pounds each.

IV-6



In order to estimate transportation costs, the total aniiual weight of
depleted LiSOZ batteries was first estimated from the annual operational requirement of 4.7
million hours previously derived. The number of batteries was then calculated based on
average battery life and multiplied by the weight of each battery to arrive at the weight of
the batteries that would be transported for disposal. The following equation was used:
Transportation Wt. = 4.7 million hours per year / 22 hours per battery * 2.25 pounds
per battery = 480,000 pounds per ycar
Since the maximum locad per truck is rated at 40,000 pounds, this is
equivalent to approximately 12 trips per year, or one each month. Therefore, the total
annual transportation cost would be 12 times $2,260, or $27,120 per year.

b. LiSO2 Waste Treatment Costs

Th ¢ b + ol
and CGSG WO UCat ui

SG2 baiiery wasic was esiirnated irom a verbal

£

quote from BDT. RDT currently charges $6.00 per pound to treat depleted LiSO2 batteries.
BDT ireats LiSO2 batteries by crushing them in an explosion-proof room, activating the
lithium in a controlied manner, and then forming inert metallic bars by mixing the remaining
material with a filler.

As derived in the previous subsection, approximately 480,000 pounds
of LiSO2 battery waste would require treatment per year. At $6 per pound, the total annual
waste treatment costs are expressed in the following formula:

Waste Treatment Cost = 480,000 pounds of waste * $6.00 per pound for
treatment = $2.9 million per year
C. BB-590 NICKEL-CADMIUM (NI-CAD) BATTERY COSTS
The O&S and disposal costs of the Ni-Cad alternative are represented in the following

discussion. O&S-related costs (batteries and chargers) are described separately from disposal

Iv-7
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costs (transportation and treatment). Total annual Ni-Cad battery-related costs are estimated
at approximately $1.6 million. Another way of expressing this cost is that each Ni-Cad
battery powered operational hour costs $0.34.
1. Ni-Cad O&S Costs

Since Ni-Cad batteries are rechargeable, both of the following operations-
related cost elements apply: the cost of the batteries themselves and the cost of the charge:s.
The manner in which each of these cost elements was estimated is provided in the following
two subsections.

a. Ni-Cad Primarv Baitery Costs

As previously discussed, the USMC will operate portable and vehicular

dismountable radios from battery power epproximately 4.7 million hours per year. The

number of Ni-Cad hattariac that th

A o
WAt iwd A GAALR i W

USMC would have to puichase annuaily if Ni-Cad
batteries were used exclusively was estimated based on the following parameters:

® battery life per charge,

[ the number of batteries per radio,
o the number of cycles per batiery, and
® the cost per battery.

(1) Battery Life Per Charge
The first step in estimating the costs of the Ni-C:d scenario was
to estimate the number of hours that a fully charged BB-590 Ni-Cad battery will power a
SINCGARS radio. The battery life per charge for the BA-590 Ni-Cad battery was obtained
by adjusting the manufacturer’s claimed life which was judged to represent ideal conditions.
The AN/PRC-119 was selected because it represents the overwhelming majority of the

battery-powered operational requirement. Vendor information on the BA-559¢ LiSO2

IvV-8
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hattery indicates that the maximum claimed baitery life is approximately 33 hours at roocm
temperature. The Army’s analysis of LiSO2 battery life in SINCGARS radios indicated that,
on average, the battery will actually power the radio for approximately 22 hours. Therefore,
the Army estimates that actual life will be 2/3 of the vendor’s claim. This 2/3 factor was
applicd to the effective vendor s claim of 6 hours per fully charged BB-590 Ni-Cad battery
to arrive at the 4 hour lifespan usid in this study. This life-per-cycie value was judged to
more closely approximate probable USMC experience.
2) vumber of Batteries di

It was then assumed that each portable or vehicular
dismountable radio would be provided with two batieries. One battery would be in the radio,
and the second would be in the charger. Since the battery can be recharged in less than four
hours (depending on its state of discharge), this scenario would always pravide for an
available fully charged battery (assuming that the recharger was nearby and had a source of
power).

(3) Number of Cycles per Battery

One of two additional factors may drive the actual number of
batteries required to provide the required energy requirements for USMC SINCGARS: cycle
life or float life. Cycle life refers to the maximum number of times a battery can be charged,
discharged, and recharged while still providing at least 8% of the o1 nal perfcrmance. In
the case of Ni-Cad batteries, claimed cycle life ranges from about 250 to 500. The value at
the low end of the claimed range (250 cycles) was selected based on the expectation of

relatively severe USMC usage. The difference in cycle life is primarily driven by ditfering

assumptions with regard to discharge depth, discharge rate, and ambient temperature.




Float life is the second factor that may limit battery life. Float
life refers to the maximum time that a battery can be held at a fully charged state via trickle
charging. For Ni-Cad batteries, claims for float life range from 5 tc 10 years. The failure
mechanism is simply that the chemicals inside the battery inevitably build up and eventually
insulate the battery from itself, rendering it incapable of holding a charge. There was a
definite comsensus that USMC personnel would .10t comply with ideal practice with regard
to discharging, recharging, or operation in moderate epvironmental conditions and that a
year float life would probably be more representative of USMC experience. Detailed analysis
was then performed to determine if cycle life or float life was the limiting factor.

in order to determine if the limiting factor on USMC
SINCGARS battery life was cycle life or float life, the battery usage process was modeled
in more detail. The annual usage rate per radio type for the active and reserve forces was
obtained from the USMC SINCGARS LCC estimate. The percentage of time that each
radio would use battery power was also taken from that study. By multiplving the annual
operations hours by the battery usage ratio, the number of battery cycles per year per radio
was estimated. For example, for the FRC-119 radios used by the actiQe forces, the annual
operations hours were previously estimated at 500. Since the PRC-119 always uses batiery
power, the battery usage factor is 100%. (The battery usage factor for the two dismountable
radios, AN/VRC-88A and AN/VRC-91A, is 10%.) Therefore, each active duty AN/PRC-119
radio would require 125 Ni-Cad battery recharge cycles per year, or 63 per battery if two
batteries are assigned to the radio.

Exhibit IV-3 is a printout of the spreadsheet that was developed
to resolve the cycle life/float life issue. The first column provides the nomenclature of all of

the SINCGARS radios which will be used by the USMC. The list of radio types is repeated
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vertically because active force radios were treated separately from reserve force radios. The
second column of the exhibit proviies the total expected operational hours per year Jor each
radio type for both active and reserve forces, and the third coluran identifies the degree to
which each radic would use battery power. The hours per year values in the second column
were multiplied by the battery use percent values in the third column to estimate the
battery-powered operational requirement for each radiofforce combination. This result was
then divided by the battery life per charge (4 hours) to arrive at the estimated number of
battery cycies per year for each radio/force combination. This number, in turn, was divided
by two batteries per radio to estimate the number of cycles per individual battery. Then the
number of charge cycles per battery per year was multiplied by the anticipated float life (4
years) to identify the number of times each battery would be charged if the battery’s life was
hmited by cycle life and not float life.

As can be seen from the column titled "Cycles/Battery/Float"
column in the exhibit (Celumn #7), float life is more of a constraint to the USMC than is
cycle hfe. For example, it is estimated that each of the two batteries assigned to a specific
AN/PRC-119 radio used by the reserve forces would only be recharged 63 times in 4 years.

Once it was determined that flcat life and not cycle life was the
limiting factor with regard to USMC SINCGARS, a weighted average cycles per battery per
float i'fe vaiue was derived to simplify subsequent analysis. The last four columns in the
exhibit identify the number of radios of each type in the steady state period used by the
active and reserve forces, the battery-powered operational hours per radio/force
combination, the percent of the total represented by each combination, and the weighted
average. As can be seen at the bottom right of the exhibit, the weighted average is

approximately 213 charge cycles per battery per float life.

Iv-12



(49) Cost Per Batt
The remaining piece of data is cost per battery. A verbal quote
of $164.18 per BB-590 Ni-Cad battery was obtained from Bren-Tronics.

The remainder of the analysis is relatively simple. The number of batteries
bought per year was calculeted by starting with the annual battery-powered operational
requirement and dividing by the hours per cycie to arrive at the number of battery cycles per
year. This value was then divided by the average number of cycles per battery to arrive at
the number of batteries, which was then multiplied by the battery unit cost to estimate the
operations-related primary battery costs for USMC SINCGARS. The formula follows:

Annuzl Ni-Cad Battery Cost = 4.7 million hours per year / 4 hours per battery /
213 cycles per battery * $164.18 per battery =
$0.9 million per year

b. Ni-Cad Charger Costs

The cost of chargers for the Ni-Cad scenario was based on a mix of
engineering assessmen's and verdor quotes. The cost of Ni-Cad chargers was calculated from
three basic inputs:

o Cost per charger,
9 Charger life, and
° Number of chargers required.

Chargers were quoted at $245 each from Bren-Tronics. it was assumed
that each portable radio would require a charger. Chargers were not estimated for
dismountable radios based on an assumption that the batteries would be recharged off the
vehicle’s existing electrical system. The total number of USMC SINCGARS portabie radios

in the steady state period is 10,050. It was also assumed that rechargers would be replaced

1V-13
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at the end of the battery’s float life, or every four years. Therefore, the total 1 wmber of
portable radios was divided by 4 to arrive at the estimated number of chargers 1 ~* would
be bought per year. The following equation was used:
Annual Ni-Cad charger cost = 10,050 poriable radios / 4 year life per charger *
$245 per charger = $0.6 million per year.
6. Mi-Cad Disposa] Costs
The EPA classifies Ni-Cad batteries as hazardous waste. The EPA’s concern
is primarily over cadmium because it is a carcinogen. Due to these regulatory and health
concerns, spent Ni-Cad batteries cannot generally be disposed of in landfills and must be
recycled or otherwise neutralized. As with LiSO2 batteries, there is only one Ni-Cad batiery
recycling company in the United States that is currently licensed by the EPA to recycie Ni-
Cad batteries, the International Metals Reclamation Company, Inc. (INMETCO).
INMETCO is located in Ellwood City, Pennsylvania and utilizes the reclaimed metals from
the batteries to manufacture stainless steel or as stabilized waste which is used as ballasi for
raiiroad beds. Appendix D sets forth INMETCO’s battery processing conditions.
There are both transportation costs and treatment (destruction/ deactivization)
costs associated with Ni-Cad batteries. Each of these cost elements is described telow,
a. Ni-Cad Trausportation Costs
For purposes of this siudy, it was assumed that all depleted Ni-Cad
batteries would be transported via truck irom Marine Corps Base, Camp Lejeune to
INMETCO in Pennsylvania. Prior to acceptance by the trucking firm, USMC personnel must
ensure that the batteries are fully discharged and packed into sealed £5-gallon drums in such
a manner that they will not come into electrical contact with each other. The trucking firm

will then certify the contents of the truck, transport the material to INN:ETCO, and obtain
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a certificate froms INMETCO stating that the full load was delivered. This manifesting
process is required for the transportation of hazardous waste.

Because the regulations pertaining to the transportation of depleted Ni-
Cad batteries and LiSO2 batteries are similar, and because both BDT and INMETCO are
located in the same general region, it was assumed that the transpertation cost per load
would be identical for both types of batteries. Therefore, the verbal quote of $2,260 per
truckload per trip which was obtained from Chemical Waste Management, Inc. for
transporting LiSO2 batteries from Camp Lejeune to BDT was uted as a starting point in
estimating the transportation costs associated wii.i the disposal of depleted Ni-Cz.d batteries.
Each truckload would be comprised of approximately 65 loaded S5-gallon drums weighing
approximatcly 600 pounds each.

In order to estimate transportation costs, the total annual weight of
depleted Ni-Cad batteries was estimated from the annual battery procurement re~uirement
previously calculated. It was assumed that the inflow of new batteries would be equivalent
to the outflow of expended batteries. The annual disposal weight was calculated by
multiplying the number of barteries disposed of per year by the weight of each battery. The
following equation was used:

Annua! Ni-Cad Waste = 4.7 million hours per year / 4 hours per battery / 213
cycles per battery * 4 pounds per batiery = 22,000
pounds per year

Since the maximum load per truck is rated at 40,000 pounds, this is

equivalent to approximately 1 trip per year. The cost per trip was quoted at $2,260;

therefore, the disposal transportation cost is estimated at $2,260 per year.




b.  NiCad Wasie Treatment Costs

The cost to treat the Ni-Cad battery waste was estimated from a verbal
quote from INMETCO. INMETCO charges $2.45 per pound for treatment costs.
INMETCO treats Ni-Cad batteries by crushing them and then transfersing the waste into
a high temperature furnace. After the material is melted and partally purified it is cooled
to form a non-toxic solid.

As derived in the previous subsection, approximately 22,000 pounds of
Ni-Cad battery waste would require treatment per year. At $2.45 per pound, the total annual
waste treatment costs are expressed in the following formula:

Waste Treatment Cost = 22,000 pounds of waste * §2.45 per pound for treatment
= $54,000 per year

)
)
to

%‘j The O&S and disposal costs of the lcad-acid alternative are represented in the

following discussion. Q&S-rejated costs (batteries and chargers) are described separately
from disposal costs (transportation and treatment). Total annual lead-acid battery-related

costs (operations plus disposal) are estimated at approximately $1.4 million. Another way

AN

of expressing this cost is that each lead-acid battery powered operational hour costs $0.30.

1. Lead-Acid O&S Costs

ALy

Since lead-acid batteries are rechargeable, there are two O&S cost elements:

u

the cost of the batteries themselves and the cost of the chargers. The manner in which each

IR S TR T
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of these cost elements was estimated is provided in the following two subsections.
a. Primary 1ead-Acid Battery Costs
As discussed, the USMC will operate portable and wvehicular
2 dismountable radios from battery power approximately 4.7 million hours per year. The
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namber of lead-acid batterics that the USMC would have to purchase if lead-acid batteries
were used exclusively was then estimated based on the following:

] battery life per charge,

© nuruber of batteries per radic,

@ number of cycles per battery, and

e cost per battery.

The battery life per charge tor the BB-490 lead-acid battery was
obtained by adjusting the manufactures’s claimed Jife which was judged to represent idea)
conditions. The effective manufacturer’s claim of 6 hours per charge in a typical SINCGARS
application was adjusted based on the ratio between the claimed LiSO2 battery life and the
Army’s analysis. This ratio is approximately 2/3; therefore, the claimed life per lead-acid
battery was multiplied by 2/3 to obtain 4 hours per charge. This life-per-cycle value was
judged to moie closely approximate probabie USMC experience.

It was then assumed that each portable or vehicular dismountable radio
would be provided with two batteries. One battery would be ir the radio, and the second
would be in the charger. Since the battery can be recharged in iess than four hours, this
scenarioc would always provide for an available fully charged battery (assuming that the
recharger was nearby and had a source of power).

The next step was to estimate the number of cycles per battery. The
number of cycles per battery may be limited by one of the following two basic factors:
degeneration of the battery’s internal components caused by the charge-discharge-recharge
process, termed cycle life; and the degeneration simply caused by time and fluctuating
environmental conditions such as temperature, humidity, and mechanical shock, termed float

life. The claimed maximum life for lead-acid batteries is in the range of 8 to 10 yeers or
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approximately 400 cycles, whichever comes first. Discussions with a number of technical
representatives from lead-acid battery vendors indicated that float life is fairly sensitive to
discharge characteristics, environmentsl conditions, and recharging practice. There was a
definite consensus that USMC personnel would not comply with ideal practice in any of
these three areas and that a 4 year float life would probably be more representative of
USMC experience. Detailed analysis was then performed to determine if float lite or cycle
life was the limiting factor.

The previous discussion with respect to this issue and Ni-Cad batteries
concluded that float life was the limiting factor and that the weighted average number of
cycles per battery would be approximately 213. The relatively minor differences between Ni-
Cad and lead-acid batteries with respect o float life and cycle life indicated that the 213
cycle value would also fairly represent USMC experience with lead-acid batteries. Therefore
the 213 cycle value was used in the subsequent lead-acid-specific analysis.

The remaining piece of data is cost per battery. A written quote of $225
per BB-490 lead-acid baitery was obtained from Magnum Power Systems, Inc.

The remainder of the analysis is relatively simple. The number of
batteries bought per year was calculated by starting with the annual battery-powered
operational requirement and dividing that by the hours per cycle to arrive at the number of
battery cycles per year. This value was then divided by the average number of cycles per
battery to arrive at the number of batteries, which was then multiplied by the battery unit

cost to estimate the O&S-:related primary battery costs for USMC SINCGARS. The formula

follows:
Annual lead-acid Battery Cost = 4.7 million hours per year / 4 hours per battery /
213 cycles per battery * §225 = $1.2 million per
year

IV-18



b. d-Acid Charger Co

The cost of chargers for the lead-acid scenario was based on a mix of
engineering assessments and vendor quotes. The cost of lead-acid chargers was calculated
from the following three basic inputs:

) Cost per charger,
e Charger life, and
o Number of chargers required.

Chargers were quoted at $54 from Magnum Power Systems, Inc. It was
assumed that each portable radio would require a charger. Chargers were not estimated for
dismountahle radios based on an assumption that the batteries would be recharged off the
vehicle’s existing electrical system. The total number of USMC. SINCGARS portable radios
in the steady statc period is 10,050. It was also assumed that rechargers would be replaced
at the end of the battery’s float life, or every four years. Therefore, the total number of
portiable radios was divided by 4 to arrive at the estimated number of chargers that would
be bought per year. The following equation was used:

Annual lead-acid charger cost = 10,050 portable radios / 4 year life per charger *

$54 = $0.1 million per year.

2. Lead-Acid Disposal Costs
As with the LiSO2 and Ni-Cad batteries, the EPA classifies lead-acid batteries
as hazardous waste. The EPA’s concern is primarily over their lead content because lead
presents a potential health hazard. Due to these regulaiory and health concerns, spent Lead-
Acid batteries can not generally be disposed of in landfills and must be recycled. Despite this
regulatory classification, it is much easier to dispose of Lead-Acid batteries than to dispose

of LiSOZ or Ni-Cad batteries. This is due to the fact that an active automotive battery
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recycling indusiry is in place which recycles approximately 80% of all disposed automotive
lead-acid batteries. Therefore, the USMC would have a choice of disposers, probably in or
near the local community.
There are botk transportation costs and treatment (destruction/ deactivization)
costs associated with lead-acid batteries. Each of these cost elements is described below.
a. -Acid Tr. 0)

For purposes of this study, it was assumed that all depleted lead-acid
batteries would be transported via truck from Marine Corps Base, Camp Lejeune to a Jocal
recycler. The trucking firm will certify the contents of the truck, transport the material to the
recycling facility, and obtain a certificate stating that the full load was delivered. This
manifesting process is required for the transportation of hazardous waste.
tciics may be disposed of iu a variety of jocations,
the previously used cost per truck trip (3$2,260) was divided by five on the assumptior that
the Iocal recycling center would be one-fifth of the distance frcm Camp Lejeune to the
northeast. Each truckioad would be comprised of approximately 65 loaded 55-gallon drums
weighing approximately 600 pounds each. The next step was to estimaie the number of trips
per year.

In order to estimate transportation costs, the total annual weight of
depleted lead-acid batieries was estimated from the annual battery procurement requirement
previously calculated. It was assumed that the inflow of new batteries would be equivalent
to the outflow of expended batteries. The annual disposal weight was caiculated by
multiplying the number of batteries disposed of per year by the weight of each battery. The

following equation was used:




Annual lead-acid Waste = 4.7 million hours per year / 4 hours per battery / 213
cycles per battery * 3.5 pounds per battery = 19,000
pounds per year
Since the maximum load per truck is rated at 40,000 pounds, this is
equivalent to approximately 1 trip per year. The cost per trip to the northeast was quoted
at $2,260, and this value was divided by five because the distance to a lead-acid recycler
should be relatively short. Therefore, the disposal transportation cost is estimated at $452
per year.
b. Lead-Acid Waste Treatment Costs
The cost to treat the lead-acid battery waste was estimated from data
obtained from the Defensc Reutilization and Marketing Office (DRMO) of the Defense
Logistics Agency (DLA). Based on a review of several lead-acid disposal contracts, DRMO
ciied a iypical disposal cost of 30.60 per pound. The lead from the batteries is uscd in the
maznufacture of new batteries and the remaining lead-acid components can be safely
disposed of after proper treatment.
As derived in the previous subsection, approximately 19,000 pounds of

lead-acid battery waste would require treatment per year. At $0.60 per pourd, the total

annual waste ireatment costs are expressed in the following formula:

Waste Treatment Cost = 19,000 pounds of waste * $0.60 per pound for
treatment = $11,500 per year




V. TRADE-OFF ANALYSIS

The previous section documented the basis for annual USMC SINCGARS primnary
battery and battery-related costs assuming that the USMC would rely exclusively on only one
of the three alternative battery chemistries (1iSO2, N:-Cad, or lcad-acid). This section
documenis ilie potential cost savings and benefits associated with the following two more
realistic scenarios:

(] a mix of LiSO2 and Ni-Cad batteries, and

° & mix of LiSO2 and lead-acid batteries.

A, LISO2/NI-CAD MIX

Exhibit V-1 quantifies the total annual USMC SINCGARS primary battery and
primary battery-related costs arising from a mix of LiSO2 and Ni-Cad batteries. The mix
ranges from 100% reliance on LiSO2 batteries te 0% reliance on LiSO2 batteries (i.e., 100%
reliance on Ni-Cad batteries). For example, if the USMC relied on LiSO2 batteries to meet
50% of the annual operational hour requirement, then the remaining 50% of the demand
would be met with rechargeable Ni-Cad batteries. In this case, the annual LiSO2 cost would
be approximately $6.2 million and the annua! Ni-Cad cost would be an additional $0.8
million for a total cost of approximately $7 million, or a savings of approximately $5.4 million
per year relative to 100% use of LiSO2 batteries.

The bernefits that could accrue to the USMC by using a mix of LiSO2 and Ni-Cad
batteries extends beyond potential cost savings. The primary additional benefit is the disposal
issue. With a mix of batteries, the USMC wouid be in a better position to adjust the mix not
only with regard to operational considerations, but with regard to changes in EPA
regulations or with regard to changing pricing or acceptance paoiicies at BDT. Other potential

berefits include a reduced overall battery demand on the USMC supply system and the

V-1




(XN @VvDIN-ZOSTD) LSOO A¥dLLve
LMV TYANNY SEVOINIS OWSN "T-A Hqiuxd

SPOLBq ZOST) Bursn sy 4O JURDISH

- N ) » o <D ~
o o o S o =3 o
R * ! * R R R

%08
"~ %06
%00

= {] 0000002 3
= 3
; m i 000°000'vs =
o 3
=3 % 5
1303 ZOSN B - g 000'000'8%
ROOPIING | 5 000'000'8¢ <
g
[
000°000°01¢ %
3
; 000°000°Z1¢ 12
1 000'000'¥1$

(X1 P8J-IM - ZOSIH) 350D Aseileg Alswig jenuuy SHYOINIS JWSN




[ ]

(Q.LNCDO) (XIN AV2IIN-ZOS'T) 1SOD AY¥ALLVE
AYVATYd TYNNNV SUVOONIS OSSN 'T-A Hauxd

SH6'69ST$
259'289TS
8SE'CEL'ES
S90'8IR'YS
WL'O06'SS
8LP'€86'98
S81‘990'8%
6384168
RRSTET01S
sUL FIETTS
T10°L6ETIS
fEI0L

S76'69S'1$
CS6ZIP'TS
966'SST'1 ¢
196'860'T$
LI6TH6S
TL6'VBLS
8L6'L79$
£86'0LYS
686'CIES
p66'9ST$
0s

50 pe)-iN

0%

I0L'6ETTS
20v'6LP'TS
€0l‘6IL'eS
S08‘856'v$
905861‘9$
LOT'SEV'LS
806°LL9BS
609°L16'63
01 LSTTIS
110°L6ETIS

150D 20871




P T AT T R TSI SRR, SIS AN B B SR ATy T

potential for transportation weight savings if rechargeable batteries proved to be acceptable
in certain operational situations.
B.  LiSO2LEAD-ACID MIX

Exhibit V-2 quantifies the total annual USMC SINCGARS primary battery and
primary battery-related costs arising from a mix of LiSO2 and lead-acid batteries. The mix
ranges from 100% reliance on LiSO2 batteries to 0% reliance on LiSO2 hatteries (i.c., 100%
reliance on lead-acid batteries). For example, if the USMC relied on LiSO2 batteries to
meet 50% of the annual operational hour requirement, then the remaining 50% of the
demand would be met with rechargeable lead-acid batteries. In this case, the annua] LiSO2
cost would be approximately $6.2 million and the annual lead-acid cost wusld be an
additional $0.7 million for a total cost of approximately $6.9 million, or & savings of
approximately $5.5 million per year relative to 106% use of LiSO2 batteries.

The benefits that could accrue to the USMC by using a mix of LiSO2 and lead-acid
batteries extends beyond potential cost savings. The primary additional benefit is the disposal
issue. With a mix of batierjes, the USMC would be in ar excellent position to respond to
changing EPA regulations or changing price or acceptance policies at BDT. Since lead-acid
batteries are easily recyclable, a range of potential disposal contractors would be available,
which is not the case with either LiSO2 or Ni-Cad batteries.

Other potential benefits include a reduced overall battery demand on the USMC
supply system and the potential for transportation weight savings if rechargeable batteries
proved to be acceptable in certain operatic.al situations. A significant relevant fact is that
there are a broad range of constant-voltage power sources that could recharge lead-acid

batteries (e.g., solar powered chargers, zinc-air powered chargers), providing additional

flexibility.
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VI. SUMMARY

The basic findings of this report are as follows:

® Two types of commercially available rechargeable batteries exist that
are suitable for use with SINCGARS radios:

> SR T SN 4TI N T UL e Lt

v

- Ni-Cad, and
- sealed lead-acid.

® Either rechargeable battery chemistry is significantly less costly on an average
hourly cost basis than LiSO2.

fpevs's

~

° One LiSO2 battery provides approximately 5 times as much energy as one
rechargeable battery cycle.

® All three battery chemistries are classified as hazardous waste and their
disposal is regulated by the EPA (and potentially state authorities as well).

Of the two rechargeable battery chemistries analyzed in detail, lead-acid batteries are
slightly preferable to Ni-Cad batteries with regard to USMC SINCG.\RS. The primary

reasons for this conclusion are as follows:

o lead-acid batteries are less expensive than Ni-Cad batterics cn a life
cycle cosi basis.

@ lead-acid batteries are simp)~r and more rugged than Ni-Cad batteries.

e lead-acid batteries exhibit slightly better discharge characteristics than
Ni-Cad batteries.

® ‘The constant-voltage rechargers used for lead-acid batteries are less

expensive and offer broader design choices than the constant-current
rechargers required by Ni-Cad batteries.
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lead-acid batteries are easier to recycle.

1‘ ® A range of lead-acid batiery recyclers is availatle, where as there is only one
o EPA-licensed U.S. Ni-Cad battery recycler.

5y A final point is that rechargeble tattery technology is advancing rapidly. Ni-Cad and

lead-acid batteries are constantly improving with regard to cycle life, float life, and, to a
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lesser extent, energy density. Alternative rechargeable chemistries such as NiMH may
become commercialy available and cost-effective in ti:e near future. NIMH batteries may
exhibit significantly better performance than either Ni-Cad or lead-acid batteries with regard

to energy density without the disposal problems associated with either Ni-Cad or LiSO2

batteries.
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leaching potentic! of wustes which pose a threat to human health
and the environment when misma

(R) ADDITIONAL CHARACTERISTICS.—Not later than two years after
the date of enactment of the Harardous and Solid Waste Amend-
ments of 1984, the Administrator shall promulgate lations
under this section identifying additional characterutics of hazard-
ous waste, including measures or indicators of texicity.

(i) CLARIFICATION OF HOUSEHOLD WASTE EXCLUSICN.—A resource
recovery facility recovering:nem from the mass burning of munici-

pal solid waste shall not be deemed to te treating, storing, dispcsing
cf, or otherwise managing hazardous waste for’;ﬁz purposes of regu-
lation under this subtitle, if—

(1) such facility—

(A) receives and burns onl
(i) household wasie ()‘:;n single, and multiple dwell-
ings, hotels, motels, and other residential sources) and
(ii) solid waste from commercial or industrial sources
that does not contain hkazardous waste identified or
listed under this section, and
(B) does not accept hazardous wastes identified or listed
under this section, and
(2) the owner or operator of such facility has established con-
tractual requirements or other appropriate notificution or in-
ape: “‘ton procedures to assure that hazardous wastes are not re-
ceived at or burned in such facility.

ETANDARDS AFPLICABLE T0 GENERATORS OF HAZARDOUS WASTX

Sec. 3002. (a) IN GENERAL.-~Not later thar. eighteen months after
the date of the enactment of this section, #nd after notice and op-
poriuniiy for public heariags and after consultation with appropri-
ate Federal and State agencies, the Administrator shall promulgate
regulations establishing such standards applicable to generators of
hazardous waste identified or listed under this subtitle, as may be
necessary to protect human health and the environment. Such
standards shall establish requirements respecting—

(1) recordkeeping practices that accurately identify the quan-
tities of such hazardous weste generated, the constituents
thereof which are significant in quantity or in potential harm
to human health or the environment, and the dispoeition of
such waste; .

(2) labeling practices for any containers used for the storage,
transport, or «is of such hazardous waste such as will
identify accurately such wasts;

(8) use of appropriate containers for such hazardous waste;

(4) furnishing of information on the general chemical compo-
sition of such hazardous waste to persons transporting, treat-
ing, storing, or dispoeing of such wastes;

?5) use of a manifest system and any other reasonable means
necesary to essure that all such hazardous waste generated iz
designated for treatment, storage, or disposal in and arrives at,
treatment, storage, or dmtfoaxf facilities {cther than facilities

on the premisesa where the waste is ﬁnerg?g) for which a
subtitle, or pursuant

permit has been issued as provided in
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to titie I of the Marine Protection, Research, and Sanctuaries
Act (86 Stat. 1052), and
£(6) submission of reports to the Administrator (or the State
agency in any case in which such agency carries out an author-
ized permit program pursuant to this subtitle) at such times as
the Administrator (or the State agency if appropriate) deems
necessary, setting out—
[(A) the quantities of hazardous waste identified or
listed under this subtitle that he has generated during a
particular time period; and
S(B) the disposition of all hazardous waste reported
under subparagraph (A).}

(6) submission ofp::rpom to the Administrator (or the State agency
in any case in which such agency carries out a permit program pur-
suant to this subtitle) at least once every (wo years, setiing out—

(A) the quantities and nature of hazardous waste identified
or fisted under this subtitle that he hax genercted during the

year;
(B) the ’:i;}sssition of all hazardous waste reported under sub-
regra :
(C) the efforts undertaken during the year to reduce the
volume and toxicity of waste generated; and
(D) the changes in volume and toxicity of waste actually
achiesved during the vear in question in comparison with previ-
ous years, to the extent such information is avcilable for years
prior to enaciment of the Hazardous and Solid Waste Amend-
ments of 1954.
(b) Waste Miniarzation.—Effective September 1, 1985, the mani-
fest requircfi by nubsection (aX3) ehall contain a certification by the
(1) the generator of the hozardous waste has a program in
place to reduce the volume or gquantity and toxicity of such
waste to the degree determined by the generator to be economi-
cally practicable; and
(2) the proposed method of treatment, storage, or disposal is
that procticable method currently available to the generaior
whic)f minimizes the present and future threat to human
health ard the environment.

STANDARDS APPLICABLE TO TRANSPORTERS OF HAZARDOUS WASTE

Ser. 3003. (a) STANDARDS.—Not later than eighteen months after
the date of enactment of this section, and r opportunity for
public hearings, the Administrator, after consultation with the Sec-
retary of Transportation and the States, shall promulgzate n}guh-
tions establishing such standards, appliceble to transporters of haz-
ardous waste identified or listed under this subtitle, 43 may be nec-
essary to protect human health and the environment. Such stand-
ards shall include but need not be limited to requirements respect-

(1) recordkeeping eoncerni.ni suck hazardous waste trans-
portad, and their source and delivery points;

(2) transportation of such waste only if properly labeled;




24

(&) comgliance with the manifest system referred to in e«c-
tion 3002(5); and
(4) transportation of all such hazardous waste only to the
hazardous waste treatment, storage, or dis facilities which
the shipper designates on the manifest form to be a facility
holding a permit issued under this subtitle, or pursuant to title
ls of tklxg_z)arine Protection, Research, and Sanctuaries Act (86
tat. 1052). i

(b) CoORDINATION WrTH REGULATIONS OF SECRETARY OF TRANS-
PORTATION.—In case of any hazardous waste identified or listed
under this subtitle which is su&'ect to the Hazardous Materials
Transportation Act (88 Stat. 2i56; 49 U.S.C. 1801 and following),
the regulations promulgated by the Administrator under this sec-
tion shall be consistent with the requirements of such Act and the
regulations thereunder. The Administrator is authorized to meake
recommendations to the Secretary of Transportation respecting the
regulations of such hazardous waste under the Hazardous Materi-
8 Tr%niportation Act and for addition of materials to be covered

y such Act.

(¢c) FuEL FromM Hazarpous Wasre.—Not later than two &ears
after the date of enactment of the Hazardous and Solid Waste
Amendments of 1984, and after opportunity for public hearing, the
Administrator shall promulgate regulations establishing standards,
applicable to transporters of fuel produced (1) from any hazardous
waste identified or listed under section 3001, or (8) from any hazard-
ous waste identified or lissed under section $001 and any other ma-
dermicl, as may be noccesary to protect human health and the envi-
ronment. Such standards may include any of the requiremants set
forth in paragraphs (1) through (4) of subsection (a) as may be ap-
propriate.

STANDARDS APPLICAELE TO OWNERS AND OPERATORS OF HAZARDOUS
WASTE TREATMENT, STORAGE, AND DISPOSAL FACILITIES

Sec. 3004. (@) IN GENERAL.—Not later than eighteen months
after the date of enactment of this section, and after opportunity
for public hearings and after consultation with appropriate Federal
and State agencies, the Administrator shall promulgate regulations
establishing such performance standards, applicable to owners and
cperators of facilities for the treatment, storuge - disposal of haz-
ardous waste identified or listed under this su......, as may be nec-

to protect human Lealth and the environment. In estsblish-
ing such standards the Administrator shall, where appropriate, dis-
tinguish in such standards between requirements appropriate for
new facilities and for facilities in existence on the date of promul-
gation of such regulations. Such standards shall include, but need
not be limited to, requirements respecting—

(1) meintaining records of all hazardous wastes identified or
listed under this title which ia treated, stored or disposed of, as
the case may be, and the manner in which such wastes were
treated, stored, or disposed of; .

(2) satisfactory reporting, monitoring, and inspection and
§8gx llsl)z_a.me with the manifest system referred to in section
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(8) treatment, storage. or dispceal of all such waste received
by the facility pursuant to such operating methods, techniques,
and practices &5 may be satisfactory to the Administrator;

(4) the location, design, and construction of such hazardous
waste treatment, disposal, or etorage facilities;

_(5) contingency plans for effective action tc minimize unan-
ticipated damage from any trestment, storage, or disposal of
any such hazardous waste;

(6) the maintenance of operation of such facilities and requir-
ing such additional qualifications as to ownership, continuit
of operation, training for personnel, and financial responsibil-
ity (including financial reponsidility for corrective action) ss
mta' be necessary or desirable; and

) compliance with the requirements of section 8005 respect-

ing permits for treatment, storage, or disposal.

No private entity shall be precluded by reasor of criteria estab-
lished under dparagaph (§) from the ownership or operation of fa-
cilities providing hazardous waste treatment, storage, or disposal
services where such entity can provide assurances of financisl re-
sponsibility and continuity of operation consistent with the degree
and duration of risks associated with the treatment, storage, or dis-
posal of specified hazardous waste.

(®) SaLt Domr FORMATIONS, SALT BED FORMATIONS, UNDER-
GROUND MINES AND Cavis.-—{1) Effective on the date of the enact-
ment of the Hazardous and Solid Waste Amendments of 1984, the
placement of any noncontainerized or bulk liquid hazardous waste
in any salt dome formation, salt bed formation, underground mine,
or cave is prohibited until such time gg=—~ .

(A) ine Adminisiraior has determined, after notice and oppor-
tunity & hearings on the record in the affected areas, that
such placement is protective of human health and the environ-
ment;

(B) the Administrator has promulgated performance an'clltfcr-
mitting standards for such facilities under this subtitle, and;

(C) a permit hus been issued under section 2005(c; for the fa-
cility concerned.

(2) Effective on the date of enactment of the Hazarcous and Solid
Wasie Amendments of 1984, the placement of any hazardous waste
other than o hazardous waste referred io in par;:gmph (1) in a salt
dome formation, salt bed formation, undez:ou mire, or cave is
prohibited until such time as a permit has been issued under section
3005(c) for the facility conce ]

(8) No determinaction made by the Administrator under subsection
@), (e), or (& of this section regarding any hazardous waste to which
such subsection (d), (e), or (& applies chall affect the prohibition
contained in parsgraph (1) or (£) of this subsection.

(4) Nothing in this subsection shall apply to the Depariment of

a
Energy Waste Isolation Pilot Project in hgw Mexico.

(c) Liquips In Lanpriirs.-«1) Effective § months after the date
of the enactment of the Hazardous and Solid Waste Amendments of
1984, the placement of bulk or noncontasinerized liquid hazardous
waste or flr’ee liquids contained in hazardous waste (whether or not
absorbents Rave been added) in any landfill is prohibited. Prior to
such date the requirements (s in effect on Aprii 30, 1983%) promul.
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ted under this section by the Administrator regarding and liquid
rdous waste shall remain in force and effect to the extent such
requirements are applicable to the placement of bulk or noncontain-
erized liquid hazardous waste, or free iiguids contiained in_hazard-
ous waste, in landfills.

(2) Not later than uf‘if«n months after the date of the enactment
of the Hazardous and Solid Waste Amendments of 1984, the Ad-
ministrator shall promulgate final regulations which—

(A) minimize the disposal of containerized liquid hazardous
waste in landfills, and

(B) minimize the presence of free liquids in containerized haz-
ardous waste to be disposed of in la dﬁlls.

Such regulations shall also prohibit the disposal in landfills of lig-
uids that have deen absorbed in materials that biodegrade or that
release liguids when compressed as might occur during routine
landfill operations. Prior to the date on which such final regula-
tions take effect, the requirements (as in effect on April 30, 1985)
promulgatec under this section by the Administrator shall remain
ir force and effect to the extent such requirements are applicable to
the disposal of containerized liguid hezardous waste, or liquids
contained in hazardous waste in landfills.

(8) Effective twelve months afier the date of the enactment of the
Hazardous and Solid Waste Amendmests of 1984, the flacement of
any liquid which is not a hazardous waste in a landfill for which a
permit is reguired under section $005(c) or which is cperating pursu-
ant to interim status granted under section 3005(¢) is prohibited
unless the cwner or operator of such landfill demonstrates o the
Administretor, or the Administrator determines, that—

(A) the o:‘liy reasonably available aiternative to the placement
in such londfill is placement in a landfill or unlined surface
impoundment, whether or not permitted under section 3005(c) or
operating pursuant to interim status under section 3005(e),
which containe, or may reasonably be anticipated to contain,
hazardous waste; and

(B) placement in such owner or operator’s landfill will not
present ¢ risk of contamination of any underground source of
arinking water.

As used in subparagraph (B), the term ‘hndelzr&ouud source of

drinking water’ has the same meam%aifmv' in regulations

g:def ‘A gafe Drinking Water Act (title XIV of the Public Health
rvice Ac

(4) No determination made by the Adminisirator under subsection
(d), (). or () of this gection regarding any hazardous woste to which
such subsection (d), (e or (g) applies shall affect the prohibition
contained in puragraph (1) of this subsection.

(d) PronuiBITIONS ON LAND Disposar oF Specteisp Wasres.—(1)
Effective 32 months after the enactment of the Hazerdous and Solid

oste Amendments of 1934 (except as provided in subsection (;

* with respect to undem injection into deep injection wells), i

land disposal of the us wastes refe toin h () is
prohibited unless the Administrator determines theP;mgibﬁion on
one or more methods of iand disposal of such waste 18 not required
in order to protect human health and the environment jor as long
as the waste remains hazardoue, taking into account—

A-6




I A

PGS ~ Qi cus 2 b b iadde Ll -4 2 04 F i LA - ARt LR 1 1
-

TN AT RS YT P AT AN R ET A T PRI L

P AR i Lot

27

(A) the lonﬁ-tcrm uncertainties associated with land disposal,

(B) the goa 7[ managing hazardous waste in an appropriate
manner in the first instance, and

(C) the persistence, toxicity, mobility, and propensity to bioac-
c:c'mulaéc of suck hazardous wastes and their hazardous cor:-
stituents.

For the purposes of this paragraph, a method of land disposal may
not be dftennined to be protective of human hea'** --+ +%c onpire
ment for a hazerdous waste referred to in pai afmph (2) (other than
a hazardous waste which has complied with the pretreatment regu-
lations promulgated under subsection (m)), unless, upon application
by an interested person, it has been demonstrated to the Adminisira-
tor, to a reasonable degree of certainty, that there will be no migra-
tion of hazardous constituents from the disposal unit or injection
zo?;) Por as lo ?js)the :;:astes rthr;u;_ir;lhazardgau:. o listed

aragrap. applies to the followi ardolis wastes list
or identifiea under sc}cj'lt,ion S001: i

(A Liquid hazardous wastes, including free liquids associat-
ed with any solid or sludge. containing free cvanides at concen-
trations greater than or equal to 1,000 mg/l

(B) Liquid hazardous wastes, includingcfree liquids associat-
ed with any solid or sludge, containing the following metals (or
elements) or comnpounds of these metals (or elements; ai concen-
trations greater than or equal to those specified below:

(i) arsenic and/or compounds (as As) 500 mg/i;
(is) cadmium and/or compounds (as (Cd) 100 mg/l;
P o(aiii) /cLhromium (VI and/or compounds (as Cr VIV
«’a‘igfew’ and/or compounds (us £o;} 500 mg/i;
(v) mercury and/or compounds (as Hg’' 20 mg/I;
(vi) nickel and/or compounds (as Ni) 184 mg/l;
(vii) selenium and/or compounds fas Se) 100 mg/l; aad
(wiiv) thallium and/or compounds (as Th) 180 mg/L.

) Lifuid hazardous waste having ¢ pH less than or equai to
two (2.0).

(D) Liguid hazandous wastes containing polychlorinated bi-
Phenyls at concentrations greater than or egnal to 50 ppm.

(E) Hazardous wastes containing halogznated organic com-
pou;g:s in total concentration grecter than or equal to 1,000
mg/kg.

When necessary o zpro'.'ect human health and the environinent, the
Administrator shall substituie more stringent concentration levels
than the levels specified in subparcgraphs (4) through (E).

($) During the pericd ending forty-ez%t months after the date of
the enactment of the Hazardous and Solid Waste Amendments of
1284, this subsection shall not apply o any dispusal of contarainat.
ed s0il or debris resulting from a resposze act:on taken under sec-
tion 104 or 106 %‘ the Comprehensive Environmental Response. Com-
pensation, and Liability Act of 1980 or a corrective action required
under this subtile. ) ‘

(c) SoLvENTS AND Dioxins.~(1} Effective twenty-four months after
the date of enactment of the Hezandous and Solid Waste Amend-
ments of 1984 (except as provided in subsection (1) with respect to
underground injectwon into deep injection wells) the land dispesal
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UNITLL STATES ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF SOUID WASTE AND EMERGENCY RESPONSE
WASHINGTON, D.C. 20480

Mr. Diok Bnsnar

Exgcutive Director

Technical and Logistics Services (DLA-S)
Deafensa Logistics Agency

Cameron Station

Aleoandrie, Virginia 22314

Dear M. Bruner:

This letter is in regponsge 1o a number of requesis made by the Department of Dafenss (DOD) for guidance from

the Envirenmenta! Protection Agency (EPA) on the reguistory sistus of spunt anc/or discarded Rhlum-sulfur dioxide
(‘LVSOZ) batteries.

EPArecognizes thatthe Department of Defense hais done extengive workin sssesting the hazards posed by Bihium
batteries]/ and in oeveloping procedires fur managing spant or dizcarded LSO, osils. in fact, DOD cuivently
considers these batieries to be hazardous wasies for nianagement purpeses. Consequently, thepurpose of this letter
it simply to render an Agency opiwnion as to whether Ethium batteries are hazardous wastas under the rules
promuigaied pursuani to the Resource Conservation and Recovery Act of 1876 (RCRA), andto clarify the application of
those rules to the management (i.e., disposel) of lthium batteries.

Based on e careful review of the gvailable data and information, EPA has concivded that lithium-sulfur dioxice
tatteries Clearly exhibit the characteistic of reactivity s: defined in 40 CFR 261.23. Handiers of these wasies
must, therefore, comply with all applicable standards under 40 CFR Paris 262 to 256, and 124, 270, and 271. Under
these standerds, the lang disposal of reactive wasie i¢ prohibited uniess the waste is traated or otherwise rendered
nonseective. (See 254.312 and 265.312).

Undear 40 CFR 201.23, a tolic waste is considered to be reactive if a represantative sample of the waste has
gny of tha following proparies:

(1) R s normally unstable and readily undergoes violent change without detonating
(2) 1 raactc violently with water,
(3) 1t forms poientiaty explosive mixtures with water.

{8) When mixed with water, it genarates toxic gases, vapors, or fumes in & quantity sufficiont to piesent
danger 10 human heaith or the enviroament.

3/ The term Whium battedes’ as used in this letter appliss only to those betteries or celis commonly referred 10
as Hhium-sulfur dioxide batteries. At thia time, EPA does not have sufficiant information to make @ blanket
determination as to whethar Rthium batieries ueing other cathods meterials (l.a.. thiony! chioride (SOCL),
polycarbon monofiuoride ((CF),). manganese dioxide (MnO,), lodw:e {I). silver oxide (Ag,C), siver chromate
(Agz(:ro‘). vanadium pentoxide (vzosy. iron sulfide FeS), copper oxide (CuD), and lead bismuthate (Biszzos))
exhibit the characteristic of reactivity. Consequently, hardiers of thesa Hithium batleries miust evaluate them
against the reactivity charactedstic identified in  261.23 os wall as the other hazaidous was!s characteristics to
determine if the batteries should be handiec as hazerdous wastes.

B-1
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{5) itis & cyanide or suiide bearing waste which, when exposed to pH conditions between 2 and 12.5, can

generute icxic gases, vapors, or fumes in ¢ Guantity sufficient to present @ denger to human health or the
snvironmant.

(8) It is capeble of detonation or explosive reaction N It is subjected to a stong initiating source or H
heated undsr confinement.

(N 1 is readiy capable ¢f detonation or expiosive docomposition or reaction at standard iempergiure and
pressure.

(8) b ks a forbidden expiosive as defined in 49 CFR 173.55 or a Class B explosivs as deined in 49 CFR
1738.88.

“he kthium in ufsoz oslis wi form potentially expioiive hydrogen ges when mixed with water ( 261.23(a)(3)),
snd LSO, cels are cupable of violent rupture or reaction ¥ subjected to & strong inhisting source or #f hested
under confinement ( 261.23(a)(8)). However, of primary concem & the potsntial, under existing menagemeant
practices, for components of the bafteries 1o genergte toxic gases, vapors, or fumes in a quantity sufficient to

presenta dangerto human hsatth o the environment when those components are mixed with water or axposed to cerisin
pH condhions ( 281.23(a)(4) ard (a)(5)).

A review of the existing fterature cisarly indiceted that LIISO2 batteries are capable of veolent reaction |f
mishandied by being exposed to a strang inftiating source or heated under confinemant. [ncidents of violent cell
ruptures, particularly laboratory abuse tests and under actue! fisld conditicns. Alihough newer designs of LU902
batterias incorporate & number of safety features that reduce their explosive polential in most circumstences,

forced discharge below zero volts, penetration, or heating in a confined grea may stil cause ventsd batteries to
violently nupture.

Uthium-suitur dioxide batteries typically contain strips o Rthium metal as the anode &s well a3 & non-
aqueous elecirolyte consisting primarily of sulfur dioxide (502) end smaller concentrations of acetoniuiie (CHSCN)
an g Rhivm salt, typically kthium bremide {(LiBr). Lithium Is known to react with water to produce potentially
ex..0sive hydrogen gas. Although Rthium battery cells are cons*ructed such that their reactive components do noi
ovdinarily come into contact with water under normal oparating tonditions, i placed in a landfill, or ctherwise
knproperly managed, these betieries will eventustly corrode and aliow their reactive constituents o come into
coniact with water. The reactive nature of Rhium is of pertici'nr concern sihce subsiantial quantities of
partially discharged cells or celis of the unbalanced, or excess kthium type, are ofien disposed of logether. The
Agency believes that under existing n:anagement practices, (i.e.. siorage v drums or disposal of batteries in
drums), potentially explosive concenirations ©of hydrogen gas might reasonably by expectsd to octur
(261.23(a)(2)).

The Agency also believes that the practice of accumulating largs quantities of W502 batteries could result in
concenirations of toxic gases, vapors, or fuines in sufficient concent-ations present a danger to human haelth orthe
environment. As mentioned previously. newer fthium brttery cel:s are designed to automatically vent SO2 and other
componenis 10 the alr 10 minimize the possibithy of expiosion due to pressure when the celis are exposed 1o
wdemnal! heat or shoit circulting. During operations such as collection, processing, and disposal, the batleres
muy be exposed to mechanical shock, short circulting, immersion In weter or penetration. These sperations are
Wkely tc cause celis to upture and/or vent their reactive malerials in poientially dangerous concentration K
venting or rupiure occurs in a confined area or i significa ¥t numbers of celis are involved. Sulfur dioxids Is &
strong lrttani and Is capable of causing incapacitation 8t cuncentrations ebove 50 ppm and has proven o bs Me-
threatening &t concantrations of 400-500 pom. In additivn, acetonitile (CH4CN) wil decompose to form toxic
cyanide fumes when heated. Uthium also reacts with acetonlirile 1o produce Thium cyanide (LICNj, which in turn
can ;eact with weak acids to produce toxic hydrocyanic gas. Polentially dangerous concantrations of these, as well
as other toxic fumes and vapors, may, therefore, be expected to result if the reaciive components of these batieries
are exposed {0 waler or asidic condhions during collection, piocessing or disposal operations.



The inherently reactive nature of ithium-sulfur dioxide batiesies wes, In lacl, demonstrated by & fire at ths
Groton Point Landfik in Groton, Connecticut on Aprll 20, 1881. In that indident, & nuniber of drume of thium
sulfur dioxide batteriez, which were improperly handied, caught firs due alther ‘o short dirculling or contact with
moisture. The fire resulied in & number of viclent ruptures as woll as the generstion of toxic gases and &.v.*s
which posed & hazard to personnel combating the fire.

The Agancy recognizes that the degree of haxard posed by Bhium bettery cefls depends upon ¢ large aumcer of
varietles incuding:

* the quantity of cells accumulated in ons location and the condition of the csiis (0.9.. whether they hava vented,
are partially depleted, Rily discharged, of the halanced or unbalanued type, #ic.)

* the preosdures used in storing. transporting, disposing, or otherwise handiing spent or discerded batteries.
¢ the proximity of workers or the genarsi public {o the bilteries.

Due 1o the varisble nature of the hazards posed by fithium batteriez under cifisrent conditions, the Agency had
considered whether It was feasla to establish accumulation fevels below which quantities of Bthium batteries
would not Le considered reactive and, therefore, not subject to the hazardous wasie ragulstions. Howeve:, the
Agency does not believe thut there ie gufficient information available st this time o reasonably esiabiish such
exempion leveis specifically for fthium batteries.

The Agancy's conciusion that ithium-gultur dioxide batieries axhiblt the characteristic of reactivity does not
afiect the applicabllity of other provisions of the hazardous wasie regulaiions. Of specific interest 20 DOD may be
261.5, which conditionally exempts from hazardous wksie regulstion all hazardous wastes from gensrators thgt donot
generate more than 1000 kg. per month of hazardous waste or accumulate more than 1000 kg. of such waste stany
time 2/ However, vou should ba swara thet whan ealeulating the Guaniily of wasie ganeraiediorpumn - o8 nfassessing
smali quantity generator status. all hazerdous wastes from all sources that are generated at a particular she3/ in
a one-month period or which are accuinulsted over any period of time must be counted. You shouldalsc beawarethat
Congress is curently considering amenaments to RCRA that would lower the smell quantity generator exemption leval
10 100 kg.

As mentioned previovsly, the practical effect of the Agency's conclusion that fthium batteries are reactive
wasies is (hat regulated quantitias of these batteries may not be disposed of at most hazardcus waste land disposal
faciities. Sectisng 264.312 and 265.312 prohiblt landfiling of reactiva wastes uniess they are ireated, rendered,
or mixed such that they no longer exhibit the characteristic of reactivity and uniess the geners! requirements for
reactive wastes conlaineg iy 264.17(d) have been mat.

I you have any ques‘ions about the information contained in thiz letler, plsa ¢ G0 not hesitete to contact
alther Francine Jacofl or Robert Axelrac, of my ataf! at (202) 382-47€1.

Sincersl; yours,

Lee M. Thomus
Assistant Administraior

2 Acute hazardous’ wasies are subject to & 1 kg. exemption level for quantities generatad in a one-mor:th pariod or
accumulated over any pariod of time. As a characteristic hazardous waste, hium batteries sre subjact to the
1000 kg. examptior favel

AfSee 260.10 delinitions for ‘Individual generation site’ and “on-site’.

This is a raproduced copy - origingi nn fia
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Regulations:

The transporigtion of kthium celis, batteries, and devices containing those power sources eround
the USA, is govemed by US Department of Transportation (DOT) regulations. These regulations are
found in titie 46 of the Code of Federal Reguletions (CFR). Lithium cells have been determined as
hazardous materials for transportation and reguiations covering thew movement may be found in the
CFR and in various exemptions issued by DOT. Briefly, fresh celis fal into three ciasses. Celis
oontaining less than 0.5 grams of kthium matal ¢ batteries comprised of one or more such cells
with an aggregale quantty of not mors than one gram of Bthium metal are exempt from the
reguiations providing that certain requirements are met. Cefls with: more than 0.5 grams bul beas

than 12 grams of Athium metal of batterles comprised of such cells are coversd by specific
exemptions.

Up unth 5 December 1852, cs with no further use, that met the requirements of DOT-E 7052, could

be transported 1o a dispesal shte under DOT-E 8441. Now this exemption has besn incorporated into
the CFR. The reguiation atates:

(s) Uthium batteries, for disposal, comprised of one or more cells tnay be offared for

tansporiatior 10 a pemitied siorage faclity and disposal site by motor vshicie only, # the
battery:

(1) when new, contained not more than 12 gramns of Kthium maetal por cell;
{2) is equipped with an effeciive means of preventing external short circulls.
(3) is classified and offercd for transporistion as an ORM-C; and

(4) is overpacked in & struny fiberboard box, o mets! or fiber diusn which complies with parsgraph
173.24.

(b) Paragraph (a) does not apply to lithium batteries which, when new, were excepted from regulation
under paragraph 173.206(f).

Peragragh (b) reiates to the 0.5 gram ruie

Packaging:

Cells and batteries have to be packaged to prevent the possibilities of extemal ghort circult. In
8DT's experience, most people have accomplished this by wrapping individua! cells in a plastic bag.
However, cells have been received in which the individual terminals have been taped with adhexive
insulating tape and in some instances the original packaging has been well designed and its re-use
has been possibie without any otiver precaution. Al of these options are &cceptable to BDT.

Outer packaging used o date has beet: elther 8 DOT specification 128 flberboard box with & gross
weight notto exceed 65 pounds or metal drums with removable heads and of DOT specification 17H or
17C with a gas tight gasket. V/hen metal drums are used, the inner containers or batteries must be
separsled from each other and afl inner surfaces by at least one inch thickness of vermicullte or

other equivelent non-combustible material. The regulstions allows DOT specification 21 C fiber drums
to be used.
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Handling:

To obtain the very litest dats on the safe handing of cols and batteries that you are uging and of
depleted sysiems that are being prepared for disposal you should contact your vendor(s).

However, your operators should be instructed in the aress of how to avoid short circults and whatto
do K they encountor cells that are warm to the touch, are swollen, or have lenked electrolyte.
it is wise 10 avoid sudden shocks to the celis and batteries.

Marking and Labeliing:

The propar shipping name: Waste Rhium batteries for disposal
Gonerster information:  See enclosed hazardous waste label
One label should be used: ORM-C

Shipping:

Regulations aliow Kthium batteries to go by motor vahicle only.

Special Requirsments:

DOT reguiations allow waste Hithium batieries for dispcsal to be shipped by road 10 a disposal site
using an ORM-C dusignation. This aesignation is used for those materials which have inherent
characteristics that make them unsultable for transporiation, uniess property identified and
prepared for shipment. Since they ara ragulstas and soing 45 § Ssposal siie, iney are a tazargous
wagie and therefore subject to regulation by the USERA. Thig is not a major requirement beyond the
regulation of DOT. However, if your company Is @ generator of hazardous wast2 i.e. produces more
than 100 kg/month, in total of hazardous waste, it has 10 use a manifest as a shipping paper. A
uniform New York State Hazardous Waste Manifest must e used for materiels being shipped to BDT.
Als0, because the waste is hazargous, special parmitied haulers have 1o be used. Such haulers are

required fo have the ng ne of the disposer on their permits. BDT can provide a list of haulers that
meet this requiresnent.




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 1l

PERMIT

Parmittes: BDOT, Inc. - Operstor EPA L.D. NUMBER NYD0006832372
Grestbstch Enterprigos, Inc. - Owner Effective Date: April 17, 1986
4255 Research Parkway Expiration Dete: April 17, 1996
Clarsnce, New York 14031

L Y

o This permit is issued by the Unlted Statas Environmental Protection Agency (EPA) under authority of the Resource
' Conservation and Recovery Act (RCRA) Subtitie C, 42 U.S.C. 68216631 (1976, as amended by Supp IV 1680 and
the Hazardous and Solid Wasts Amendments of 1084 (HSWA)) and EPA regulations to BIT, inc. (hereafier calied the
Parmittes), to operate & hazardous waste managemsnt faciity kocated at 4255 Research Pariwey, Clarence, New
York 14031,

The Permittee must comply with all tems and conditions of this permit. This permit consists ¢f the conditions

contained herein (including those in any attachmants) and the applicable regulations contained in 40 CFR Parts 260

through 264 and 270 and 124 a5 specified i the permit. Applicadie provisions are those which are in effect 6= the
! date of issuance of this permit (See 40 CFR  270.32(C)).

This permit is based on the assumption that the information submitted in the permilt appiication attachsd to the

. Permittec’s letter dated March 20 1883, as modified by subsequent amendments dsted July 13, 1884, January 15,1085,

! March 15, 1885, April 12, 1885, May 21, 1985, October 24, 1885, November 19, 1585, and January 16, 1886 (hereafte:

' referred to as the application) is accurate and thet the faclity wil be constructed and operated as spachied in
the application.

This permit is also based in pait on the provisions of Sections 206, 212 and 224 of HSWA which modtfy Sections 30412,
3004 and 3005 of RCRA. These require corrective action for all releases of hazardous waste or constiuents fron; ary
sohd waste management uni at a treatment, storege, or disposal facility seeking a permit, regardiess of thy time
at which waste was placed i such unit, and provide the authiosity 1o review and modify the permit at any fime. EPA
has dstermined that there have been no uncorrected releases of hazardous waste or hazardous constitusnts 1o the
environmeny. This deiemningtion is based on review of information submitted by the Permitiee, EPA RCRA andi othoer
_; environmenta! program permitting and enforcement lles and a site inspection. Section 224 requirss (afier September
1, 1865 generators that treal, store, or dlispose of waste on-stte to canify (at least annually) that the volume or
quantity and tuxicity of the waste bas been reduced to the maximum degree economically practicabie, and that the
method used to manage the waste minimizes the presentand future threat to human health end the snvironmenttothe
extent practicable. The parmitiee's taflure in the application or during the permit lssusnce process to disclose
fulty afi rolevant facts, or the Farmittee’'s misreprasentation of any relevant facts at any time may be grounds for
the termination or modification of this permit (see 40 CFR 270.41. 270.42 ang 270.43) and polential enforcement
. action. The Permittes must inform EPA of any devistior. frorn or changes in any information submitted which would
affect the Pentuttee’'s ability to comply with the applicable statuses, regulations or permit conditions.
The pormit is effective ag of April 17, 1885 and shall remain in eflect unii Aprl 17, 1996 unless revoked end
reissued o tenminated in accordance with 40 CFR 270.41 or 270.43, of Section 212 of the HSWA, or continued in
accordance with 40 CFR  270.51(s).

issued by the EPA - Region II.

Chrisiopher J. Daggett Dete
Regional Administrator

U.S. Environmental Protaction Agency

Region I N

This i3 a reproduced copy - original on file
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BDT LISO2 BATTERY PACKAGING REQUIREMENTS
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c.

PREFERRED
PROPER PACKAGING PROCEDURE
"LITHIUM BATTERIES®
APRIL 25, 1991

“HERMETICALLY SEALED LITHIUM CELLS®

These cells would be in sxcellent conditicn with no punctures or

leaks.

OFTION 1. Package each cell in a box so that each cell is
sesparated by cardboard. An egg carton would be of
good use. Be sure @ach cell cannot come in contact
with each other. Fill each box with vermiculite.

OPTION 2. Place each cell in its own plastic bag and then seal
the bag. (Heat Seai)

OPTION 3. Tape the ends of each cell and then place thenr in a
drum with vermiculite separating sach.

* Go to Section D if the above material applies to
vour situation,
PUNSEALED LITHIUM CELLS"

These cells are in poor condition. They would have cracks,
punctures, leaks ard open tops. %All packaging of this typa of
cell should take place in a "Dry_ Room." The following
precautions ghould be taken; wear gloves, a respirator, chemical
resistant suit and eye protection.

OPTION 1. Place each cell in its own individual foil pouch
with plastic lining/plastic bags and heat seal the
pouch closed. If these types of batteries are not
packaged in this manner, there may be extra costs
for treatment of the packing material.

* Go to Secticn D if the above material applies to
your situation.

“BATTERY COMPONENTS WITH OR WITHOUT ELECTROLYTE™

This would include component parte, (ex. tabs, screens,
jellyrolls, exposed lithium, pliastic, ete.) All packaging of this
material should take place in & "Dry Room.® The following
precautions should be taken: wear gluves, a respirator, chemical
resistant suit and eye protection.




————

OPTION 1. Place this material into a foil bag. Flush the bag
out with an inert gas (argon or nitrogen), then Qeat
gesl the foil bag.

* Go to Saction E if the above material epplies to
your situation.

D. "DRUM SELECTION, PACKING MAYERIAL. LABELING"

1. A 5~-35-55 gallon drum can be used, It =»=must meet DOT
requirsments.

2. Vermiculite can be used to f£ill void space within tkhe drum. It

vill alsc act as a “cushion®™ for the material during
transport.

3. "waste Lithium Batteries for Disposal™ is the proper DOT
description. The hazard class is ORM-C and an ORM-C mark is
required on the drum.

Material that falls into any of the categories (A-C) must be
segregated from each other.

If you have any further questions regarding Lithium Batteries, please
contact BDT, Inc. at (716) 759-2868. Ask for Mr_ Tom Pobmeier or

appropriatée Operations Personnel.

If these procedures are not followed, material will be subject to
rejection and/or additional charges.

E. “DRUM SELECTION, PACKING MATERIAL, LABELING"

1. A 5-35-55 ¢allon drum can be used. It must meet DOT
requirements.

2. Vermiculite can be used toc fill void space within the drum.

It will also act as a "cushion" for the material during
transport.

3. "Waste water reactive solid, nos* 1is the proper DOT
description. The hLazard class is f ammal'e solid. The ID
number is UN2813. A flammakle solid and dangerous when vet
label is required.
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INM.ZTCO NI-CAD BATTERY PACKAGING REQUIREMENTS
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Ni-Cd _and Ni-Fe Batterv Processing Conditions

All Ni-Cd and Ni-Fe batteriss which are to be processed by Inmetco shall be
delivered, froight prepaid, to Inmetco's facility at Eliwood City, Pennsylvania.

All connecting straps are to be severed or remcved between Ni-Cd and Ni-Fe
batteries prior to the delivery of such batteries to Inmutco.

Large Ni-Cd or Ni-Fe batteries are to be shippad to inmetco stacked and
banded on pallets. Smaller batteries may be deliverec packed in cubic yard
cardboard boxes or in drums.

inmetco will receive: * Drained and Undrained
Ni-Cd and Ni-Fe Batteries

Inmateo require. that the processing and drum disposal fees, relating to any
shipment, be paid prior to, or upon, the delivery of such shipment to Inmetco
and, in any event, prior to the unloading of the shipment at Inmetco’s facility
unless other arrangements have been pre-approved from our Accounting
Department. Inmetco requires a three dey advance notice of shipment and
this material also requires an inmetco sales order.

Generator/shipper shall be responsible for complying with all federal, state and
local laws and regulations relatmg to the packing, labelmg manifesting and
trancnontation of the Ni-Cd and Ni-Fe batienes, unii such iime as such bafterie

are aocepted by Inmetco and unloaded at its Eliwood City facility.

Title to the Ni-Cd and Ni-Fe batteries, and responsibility for the disposal thereof,

shail pass to Inmetco only at such time that ihe batteries have been unloaded
at its Ellwood City facility and Inmetco has roc

Mﬁwﬂlﬁm relating to the shipment in question.

All batteries deemed hazardous must be shipped on a Pennsylvania hazardous
waste manifest and by a Pennsylivania licensed hazardous waste hauler.

Failure to comply with the above requirements may result in rejection of the
material and returned at shipper's expense.

Normal delivery is Monday through Friday, 8 a.m. - 3 p.m., unless otherwise
approved in writing. ,

- Rev. 11/19/91

*Please contact us for current pricing.
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