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EXECUTIVE SUMMARY 

Introduction 

Lawrence Livermore Laboratory is assisting government agencies in develop­
ing regulations to ensure the safe emplacement, storage, and possible 
retrieval of transuranium radioisotope contaminated wastes (TRU) in deep 
geologic salt repositories. The U.S. Department of Energy and the Nuclear 
Regulatory Commission have jurisdiction over the nuclear waste management 
program. Design studies were previously made of proposed repository site 
configurations for the receiving, processing, ind storage of nuclear wastes 
(Ref. 2 and 3). However, these studies did not provide operational designs 
that were suitable for highly reliable TRU retrieval in the deep geologic 
salt environment for the required 60-year period. 

Purpose 

The purposs of this report is to evelop a conceptual design of a baseline 
retrieval system for emplaced transuranic waste containers in a salt bed 
depository. The conceptual design is to serve as a working model for the 
analysis of the performance available from the current state-of-the-art 
equipment and systems. Suggested regulations would be based upon the 
results of the performance analyses. 

Task I - Criteria 

Before beginning the task of conceptual design, data were compiled to 
identify the performance criteria for which the retrieval system was to 
be designed. The retrieval systems must ultimately prove to be highly 
reliable. Therefore, the performance criteria were written to identify 
anticipated obstacles to safe operations. The criteria developed require 
that the TRU waste depository shall satisfy the following conditions: 

vn 



• Protection shall be provided.against spillage or leakage to the M o -
sphere from the TRU waste containers. 

t Protection shall be provided for employees against exposure to nuclear 
wastes. 

• TRU waste containers shall have s 60-year design life with resistance 
to: corrosion, fire, earthquake, and rupturing from impact in transport 
at 5 miles per hour. 

i. Containers shall be of weather- resistant design suitable for temporary 
outside storage at the surface level. 

• TRU waste packages to ba received, stored, and retrieved shall include: 
55- gallon drums, 83-gallon drums, 4'x 4'x 7 'boxes, and 5'x 5'x 8' boxes 
(see Table S-l). 

t Intermediate-level wastes shall be handled in shielded boxes or within 
canisters. 

• Retrieval operations shall be able to handle more than 88,000 drums 
(55-gallon capacity each) per year. 

• TRU packages shall not be backfilled with salt. 

• After allowing for possible salt creep, the minimum net height c' the 
depository room shall be 22'-6". Transport, storage, and retrieval 
of containers shall be completed within this height limit. 

I Ventilation air flows with suitable filters shall be provided to reduce 
air contaminants and excessive room twnperatures durinq operations. 

• Motive transporters and equipment shall have exhaust 4ir pollution 
control systems. 

viii 
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» The repository shall have stations for receiving, inspecting, classifying, 
packaging, transporting, and depositing TRU packages, in storage; later 
TKU packages shall be retrieved in reverse order of the above (see Figure 
S-Z). 

• Retrieval capability of the TRU packages is required, if solely to ensure 
the reliable management of emplacement and storage operations. Thus, 
the systems will allow retrieval of wastes at any time during the 60-year 
operational period if package performance or site suitability should 
later appear unsatisfactory. 

To meet the above criteria for successful TRU retrieval, the WIPP and GEIS 
repository dssigns must be revised (Ref. 2 and 3). 

Task II - Conceptual Design 

The concept-jal design of secondary or Omni containers and system allows the 
controlled management of TRU waste classification, labeling, transport, 
emplacement, storage, monitoring, and subsequent retrieval. The Omni 
container system is based upon existing technology of proven equipment, 
materials, and methods adapted for this project. 

Table S-l on page ix compares Omni container sizes. It was prepared to 
aid in selecting the best Omni container size which is (line 4) 5,4' wide 
x 8.4' long and 6.81 high with a capacity of 8.8 tons. The Omni containers 
are designed to incorporate the following: 

• Double metal wall construction of galvanized steel sheets with 
joints and openings sealed for corrosion resistance and fire 
resistance (see Figure S-l, isometric view on page ix). 

• Earthquake resistance of container consisting of a. system of 
interlocking bolts and tapered skirts. The system automatically 
engages when containers are stacked in storage (containers to be 
stacked three units high). V 
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i Smooth1interior surfaces on the container for ease of cleanup from 
primary container spillage; container doors to be lockable to 
preclude pilferage; openings in container skirt for forklift 
handling from all sides; hooks for overhead crane handling; and 
exterior label to list the contents data and the exact storage 
location for the container within the depository. 

• A retrieval system for defective TRU containers consisting of: 
overpack containers (similar to the Omni container except for 
enlarged outside dimensions of 6.4' wide x 9.4' long x 7.8' high) 
to permit clearances between the two containers when overpacking; 
a hinged door on each overpack container with remote controlled 
operators to effect closure; adjacent to the point of retrieval, 
two forklift transporters to be maneuvered to approach one 
another so that the TRU container can be sandwiched into the 
overpack container to minimize spillage; remote controls for all 
transporter movements to be inside shielded operator cabs as 
protection from exposure to spilled wastes; and overpack containers 
to be transportable via the passageways and elevators to the surface 
(see Figure S-3 on page xi). 

The following proposed method of emplacement will provide high standards 
of operational retrievability and reliability. At the surface facilities, 
drums or boxes are placed into each Omni container which is then closed, 
sealed, and transported to the elevator shaft, lowered by elevator, un­
loaded from the elevator by forklift, transported to the depository room, 
and finally each Omni container is then stacked into an assigned position. 
This operation sequence involves only one movement of direct contact 
between the forklift and the primary waste container. Reducing the number 
of the movements helps to minimize damage from handling such as dropping, 
puncturing, or rupturing the.primary containers. 
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Automated management systems for TRU wastes in the depository shall include: 

• A container leak detection system consisting of tubes drawing air 
under vacuum from all container interior annular spaces and delivering 
the samples to a central air analysis station. 

• Each container label having a magnetic or visual identification code 
which can be read or scanned at the doorway to each depository rtjor.i. 

• Floor emplaced sensors to detect attempts to lift or move any emplaced 
container in stor^qa. 

• A central TRU waste control and inventory monitoring station to 
receive the redundant signals from all detectors listed above. A 
programmed control network shall monitor all TRU wastes whose 
irregularities or "discrepancy alerts" sound alarms; thus, it will 
facilitate enforcement of strict management procedures (see Figure 
S-4). 

Task III - Baseline Specifications 

This task specifies the end results or performance obtainable from the 
container systems, with auxiliaries developed in Task II. These baseline 
specifications were written as a basis for future regulations. They require 
all the system performances listed in Task II. 

In summary, Task I N - Baseline Specifications, requires that the TRU waste 
system shall be able tc manage and control all material handling functions > 
of receiving, transport, storage, and retrieval within the depository, 
and shall preclude the release of radionuclides to ground water and atmosphere. 
A synopsis of these system (outline) specifications follows: 

t Containers using the multiple barrier concept shall be used with 
intervening air layers to be monitored to detect leakage;;; ,; 

x 1 1 1 • > • • • - u . r - • • ; ; . : . > ^ 
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• The system shall have a 60-year design life; .. 

• Construction shall be fire resistant, corrosion resistant,;repahable, 
and resistant to seismic forces when emplaced in storage; 

t The system shall be constructed of ductile materials; 

• The system shall be designed to accept a 5-MPH impact in transport : 

without rupture, use containers to be stackable to three units high, be 
free of internal pockets that could trap particles, be instrumented 
te detect leakage and internal contamination, neve sealed openings, 
be weatherproof, have lockable doors, have provision for handling 
by forklift and crane, and have identification labels; 

' i The system shall have remote alarms to sound if an emplaced container 
is moved without authorization. 

• Overpack containers shall be provided to enclose damaged Omni 
containers. 

• Intermediate-level transuranic wastes shall be transported and stored 
in shielded containers. 

.._..,.• Mobile equipment for handling containers shall have shielded cabs, 
remote controls, filtered air systems, and exhaust gas pollution 
controls. 

i All components, of.the TRU waste systems shall comply with all 
national engineering, mat^ials, fire, safety, and healcii cedes. 

Task III includes the preparation of 14 figures Showing the material handling 
system flows for emplacement and retrieval, the retrieval function, the Omni 
container and details, the transporters:, monitoring system, mobile cleanup 
unit* and Inventory control systems. 
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Task III preparation work helped to Uncover two potential followron 
projects which are significant enough to justify further development: 

• A reliable waste management monitoring and inventory control 
system will be needed to guard against theft, misplacement, or 
unaccounted losses of nuclear wastes, and to protect against 
the potential public and media charges of mismanagement of the 
repository. ' 

• The construction schedule may be expedited by the possible 
elimination of the need for the TRU levels of the repository 
when Omni containers are stored in the rooms provided for the 
high-level radiation wastes. The Omni containers can be adapted 
for this dual use of storage space in the high-level radiation 
waste areas of the repository. Consequently, considerable 
mining and construction efforts (and time) could be eliminated. 
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CONCEPTUAL DESIGN OF RETRIEVAL SYSTEMS 
FOR EHPLACED TRANSURANIC WASTE CONTAINERS 

1.0 TASK I - PROJECT GUIDELINES AND DESIGN CRITERIA 

1.1 Project Objective 

The objective of this study is to develop conceptual engineering 
designs, baseline criteria specifications, and conceptual diagrams 
for reliable retrieval systems for transuranic waste (TRU), inter­
mediate-level waste (ILW), and low-level (LLW) solid waste containers 
to be emplaced in a salt bed depository. 

This study is developed for DOE low-level waste (LLW), contact-
handled transuranic waste (TRU), and DOE intermediate-level waste 
(ILW). Hereafter, DOE low-level transuranic waste is referred to 
as LLW, and DOE intermediate-level waste (ILW) which implies DOE 
intermediate-level transuranic waste [Ml is referred to as ILW 
or remotely handled (RH) waste (Ref. 1, 2.1). This study considers 
retrieval for both the Waste Isolation Pilot Plant (WIPP) site and 
an operational repository for permanent disposal of wastes referred 
to in Ref. 2.* 

1.2 Project Data and Criteria 

The purpose of this section is to develop a commonly acceptable 
description of the TRU package and emplacement to be suitable for 
the conceptual design of a reliable waste container retrieval system. 
Development of a reliable retrieval system requires integration and 
coordination with the emplacement system design. 

* See page 42 of this report for listing of references, and Appendix A for 
glossary. 
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The TRU retrieval system conceptual design will be compatible with 
the following design criteria: 

1. Waste package data for the WIPP site will be as listed in 
Reference 3, Part II: Tables II.Z-M-1 and II.2-2-1-2, 
included in this study as Table I. 

2. Waste package data for the repository site will be as listed in 
Reference 2, Table 5.5, included in this study as Exhibit 1-3. 

3. At the WIPP site, intermediate-level waste (ILW) has been planned 
to be handled by the remotely handled (RH) waste storage facili­
ties (Ref. 3, Part II: 1,1.2) and ernplaced in canisters (Ref. 3, 
Part II: Fig. II.2-4-2-29) during the retrieval period. 

4. TRU waste packages of LLW and of ILW in shielded boxes will be 
stored in open depository rooms. None of the packages to be 
retrieved will be backfilled in contact with salt with the 
exception of canistered waste of HLW and ILW. 

5. Expected operational capability for the TRU retrieval system 
must be maintained for the first 60 years after emplacement. 

6. The surface temperature of TRU packages is reported to be near 
ambient. The temperature of the ILW form package is not defined. 
Therefore, the waste packages will be handled at near ambient 
temperature; elevated temperatures are not anticipated. 

7. At the repository site intermediate-level transuranic waste (ILW) 
will be handled within shielded boxes or within canisters. 

8. The TRU waste packages to be handled, stored, and retrieved will 
be in accordance with figures 1A and IB -- Waste Package Receiving, 
Emplacement, and Retrieval, 

- 2 -



TABLE I LIMITATIONS AT THE 
HIPP AND REPOSITORY FACILITIES 

FOR LOU-LEVEL HASTE (LLW) 
HANDLING 

ITEM 

FACILITY 

ITEM HIPP OWI REPOSITORY 

HOISTS 

Capacity (Tons) 12.5 

DWG. D27 OF 
REPORT 

Y/OWI/TM-36/9 

TABLE 5-2 OF 
REPORT 

Y/OWI/TM-36/8 

HOISTS 

Capacity (Tons) 12.5 5 -

Platform Size (Feet) 9 x 13 5 x 7 -

Pallet S k e (Feet) 8.5 x 12.5 4 x 6 -

Door Size: 
Height x Width ( F t . ) lO'-O" x 1 2 ' - 1 1 " Undefined -

CORRIDOR 

Hidth (Feet) 31.5 36 -

Height (Feet) 10 25 -

EMPLACEMENT ROOM 

Width (Feet) 45 18 36 

Height (Feet) 16.5 25 20 

Length (Feet) 480 1374 2000 

NOTE: The table above l i s t s conceptual design values which were proposed 
by others prior to completion of the design of a rel iable 
retrieval system. Refer to Table I I I on pane 11 for updated design 
values required for the retrieval system heist. 
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9. Table I is a comparison of the maximum weight and dimensional 
limits for material handling systems for the WIPP and repository 
facilities as proposed in prior reports. (These limits must be 
revised.) 

1.3 Emplacement Data 

I 1. For the GEIS repository, the following drawings from Reference 2 
describe the facilities and are included in Appendix B as: 

Exhibit 2-1: D 25 
I Exhibit 2-2: D 26 

Exhibit 2-3: D 27 
\ Exhibit 2-4: D 36 

2. For the WIPP site the following drawings from Reference 3 
describe the facilities and are included in Appendix B as: 

i 
Exhibit 3-3: 94541-Al TRU Waste Facil i ty - First Floor Plan 

I Exhibit 3-4: 94569-Al TRU Shaft - General Arrangement 

3. WIPP/TRU storage room dimensions are 45'-0" width and height from 

ceil ing to f loor of 16'-6" (Ref. 3, Part I I : Fig. I I .2-2-2-2). 

4. WIPP/TRU receiving rate w i l l be 500,000 cubic feet per year 

in drums and boxes. The container mix is unknown. 

5. Depository TRU emplacement room dimensions are width of 18'-0", 

j height from ceiling to floor of 25'-0", and length of 1374'-0" 

(Exhibit 2-1, Dwg. D 25). 

I 
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6. Storage of TRU waste containers wi l l be in rooms suff iciently 
derated in size to prevent containers from being locked in by 
stress-induced creep closure or shrinkage of the salt during 
the 60-year design retrieval period. 

7. The repository waste package receiving rates are used to determine 
the rate for the retrieval system design capacity. The annual 
number of units to be emplaced is shown in Table I I as l isted in 
the Office of Waste Isolation reports (Ref, 2). 

TABLE I I WASTE FORM EMPLACEMENT - RETRIEVAL RATES 

WASTE 
FORM CASE 

NUMBER OF UNITS 
AT MAXIMUM 
ANNUAL RATE 

TABLE 
NO. 

PAGE 
NO. 

REPORT 
NO. 

HLU 
Canis ters 

To ta l 
Recycle 

3,980 9-12 9-73 Y/OWI/TM-44 

ILW 
Canis ters 

Tota l 
Recycle 

9,860 9-14 9-75 Y/OWI/TM-44 

ILW 
55 Drums 
u 1 to 
lOR/hr. 

To ta l 
Recycle 

9,830 9-15 9-76 Y/OWI/TM-44 

LLW 
55 Drums 

Tota l 
Recycle 

88,942 5.5 - Y/OUI/TM-36/8 

LLW 
4x6x6 
Boxes 

Tota l 
Recycle 

300 9-16 9-77 Y/OWI/TM-44 



1.4 Retrieval System Operating Criteria 

1. Waste retrieval operations will normally be carried out using 
the same or similar equipment as used for emplacement. 

2. Retrieval of units will be at the maximum rate of emplacement 
which, as noted above, is 88,942 drums per year. 

3. Special machinery and operating methods will be required for 
retrieval of breached packages. 

4. The level of radiation output for intermediate-level waste (ILW) 
is of a magnitude that requires significant shielding to protect 
personnel during all handling operations (Ref. 3, Part I I : 2.4.2.12). 

5. The retrieval of TRU packages considered herein will be based 
on storage in a salt bad depository. However, bickfillinn with 
salt around the TRU containers will not be done, since the salt 
would interfere with retrieval operations while failing to provide 
any specific advantage in storage. 

6. Maximum emplacement room height from which retrieval is required 
will be 22'-6" net to allow for room shrinkage from the original 
25'-0" ceiling height planned for the GEI? repository. 

7. Prior to start of retrieval operations, ventilation air flow will 
be re-established in the emplacement room to reduce temperatures 
and air contaminants to levels safe for human occupancy. 

8. Retrieval equipment and subsystems shall be of f ire resistant 
design. 
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9. Motive power for subsurface retrieval equipment, such as fork-
l i f t s , transporters, and retrieval machines, shall be based upon 
existing mobile equipment power systems as presently used in 
mines that comply with the Code of Federal Regulations 30, 
Mineral Resources and the Federal Mine Safety and Health Act 
of 1977, Public Law 91/173 as amended by Public Law 95/164. 
In genera), this means that motive power by diesel engines may 
be acceptable when adequate, reliable exhaust gas pollution 
control devices and mine ventilation systems are provided; or, 
motive power by electric Jattery-driven vehicles may be acceptable 
where adequate vehicle horsepower ratings are available to match 
the wasn: container rated loads to be transposed. 

10. Subsurface ventilation systems will be in operation during 
retrieval operations to minimize the unsafe concentration of 
combustible and hazardous gases, dusts, and particulates. 

1.5 Repository Baseline Design 

Design of a reliable TRU retrieval system requires close integration 
with the repository facil i ty design and all material handling require­
ments. This is especially true where retrieval operations affect 
emplacement operations. Therefore, the existing repository designs 
have been critiqued from the standpoint of design requirements for 
the TRU retrieval system. Consequently, the following revisions in 
repository design and material handling methods are recommended: 

f The prior repository design anticipated the following sequence of 
operations: TRU waste drums are to be packaged onto pallets and 
transported by elevator to the lower level. At the lower level 
the elevator would be unloaded by forkl i f t , and the drums placed 
onto a truck transporter to be transported to the depository room. 
At the depository room the truck would be unloaded by another 
forkl i f t . The drums would be depalletized, and stacked 
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by fork1ift in loose, piled stacks in the depository room. This 
operations sequence would involve 5 separate movements in which 
direct contact is made between the forklift trucks and the TRU 
primary waste containers. Punctures or ruptures are possible at 
such contact points. 

9 The following proposed method of emplacement will provide high 
standards of operational retrievability and reliability. At the 
surface facilities, drums or boxes are placed into each Omni 
container which is then closed, sealed, and transported to the 
elevator shaft, lowered by elevator, unloaded from the elevator 
by forklift, transported to the depository room, and finally 
each Omni container is then stacked into an assigned position. 
This operation sequence involves only one movement of direct 
contact between the forklift and the primary waste container. 
Reducing the number of the movements helps to minimize damage 
from handling such as dropping, puncturing, or rupturing the 
primary containers. 

« The planned size of the TRU elevator shaft platform (4 ft x 7 ft) 
is inadequate in space and weight capacity for transport of 
either the required 5-ft x 8-ft boxes or the Omni container. 
Minimum elevator requirements are 7 ft x 10 ft x 8 ft, as shown 
in Table III on page 11, line 6. 

• The third critique item involves the potential cost savings and 
resulting operating mode changes possible if the TRU levels of 
the depository are eliminated. The total volume of the depository 
rooms for canister wastes is more than 8 times the volume required 
for storing the maximum number of Omni containers (see Appendix B). 
Thus, consideration should be given to doubled-up depository rooms 
whereby in each room the canister wastes would be stored below the 
floor level, while Omni containers are stored above the floor, 
stacked in line along one wall of each room to allow for normal 
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ingress and egress. The doubled-up depository would involve the 
inconvenience of temporarily shifting or moving Omni containers 
in the event of an unscheduled need for oversize equipment access 
to retrieve a damaged container. Since the Omni containers would 
be designed for ease of movement by assigned forkl i f t transporters, 
these temporary shift movements would be more expeditiously 
accomplished than the original work needed to excavate and construct 
the entire TRU underground faci l i t ies. Considering the savings in 
construction time, a doubled-up depository would be available for 
use sooner than the planned dual waste facil i t ies. 
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2.0 TASK I I - STANDARDIZED OMNI CONTAINER AND AUXILIARIES 

The TRU waste container retrieval requirements are l isted in 

Table I I I for alternatives to handle TRU drums and boxes. 

Comparisons were made of three alternative sizes of containers 

and thei r respective overpack containers. These comparisons 

considered the relative requirements of elevator l i f t i n g capa­

c i t ies , elevator platform sizes,and the efficiency of space use 

in the depository. The l imi t ing cr i ter ia for the material handling 

system capacities are the number of 55-gallon drums to be received 

and retrieved - a maximum of 88,942 drums per year. The cycle times 

l isted were calculated on the operating basis of: 

• 3 shi f t operations, 20 hours per day during maximum 

retrieval rate of the Omni containers, 

I 6-day weeks and 12 holidays resultinn i -n 

days per year for retrieval operations. 

• Elevator shaft height of approximately 2.000 vertical feet, 

average horizontal distance from elevator shaft to emplace­

ment room of 2,500 lineal feet (according to Reference 2, 

Repository Preconceptual Design Studies: Salt.) 

The space use efficiency for each Omni container i ; l is ted in 

Appendix B to evaluate effectiveness of the containers when emplaced 

in the repository. 
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U K MODE ITEMS 
TRANSPORTED 

CONTAINER DIMENSIONS HEIGHT a 
IN TONS 

SPACE • 
USE 

EFFICIENCT 

T l rC # 
AVAILABLE 

PER 
RETRIEVAL 

cra.f 

U K MODE ITEMS 
TRANSPORTED INSIDE OUTSIDE 

HEIGHT a 
IN TONS 

SPACE • 
USE 

EFFICIENCT 

T l rC # 
AVAILABLE 

PER 
RETRIEVAL 

cra.f 

U K MODE ITEMS 
TRANSPORTED 

M1DTH X LENGTh X 
HEIGHT 

WIDTH X LCXGTH X 
HEIGHT 

HEIGHT a 
IN TONS 

SPACE • 
USE 

EFFICIENCT 

T l rC # 
AVAILABLE 

PER 
RETRIEVAL 

cra.f 
1 H in lnun H i * . H g n i -

welght ( to i l c e n t i l i t e r 
( 1 2 ) t a . 5 5 - a l l . d r u m 

o r 
( 6 ) e a . B 3 - g a l . druxs 

or 
( I l e a . 4 ' x 4* x 7 ' box 

or 
( l ) e a . 5 ' x 5 ' x 6' box 

5 ' i 8 ' » 6 . 3 ' 5 . 4 ' x « . » ' « 6 . 8 ' 6 .6 
Gross 

2 8 . 6 1 4 8 . 6 
n l n u t e s 

2 Overpack 
conta iner 
for l i n e 1 

Orml 
S . 4 ' x 8 .4" x 6 . 8 1 

5 . 9 ' x 8 . 9 ' x 7.3" 6 . 4 ' x 9 . 4 ' x 7 . 8 ' 8 . 0 
Gross 

- -

3 E levator 
requirements 
f o r l i n e 2 

Overpack 
* . * • x 9 . 4 ' x 7 . 8 ' 

- E l e v a t o r 
p l a t f o r m 
7' I 10 ' » » ' 

8 . 0 
capacity 

- -

4 H1n. s i z e , heavy­
weight 0nn1 conta iner 

< 1 6 ) e a . 5 5 - g a l . drums 
o r 

( 6 ) e a . 8 3 - g a 1 . druns 
o r 

( U e a . 4 " x 4 ' x 7* box 
o r 

U ) « . 5 ' x 5 ' x 8 ' box 

5" x 8 ' x 6 . 3 ' 5 . 4 ' x 8.4" x 6 . 8 ' 8 .8 
Gross 

3 8 . 1 1 6 4 . a 
• I n u t e s 

5 Overpack 
conta iner f o r 
l i n e 4 

Grmi 
5 . 4 ' x 8 . 4 ' x 6 . 8 ' 5 . 9 ' x 8 . 9 ' X 7 . 3 ' 6 . 4 ' « 9 . 4 ' x 7 . 8 ' 9 .? 

Gross 
- -

6 E leva tor 
requirements 
f o r 1 i n e 5 

Overpack 
6 . 4 ' x 9 . 4 ' x 7 . 8 ' 

- E l e v a t o r 
pi at form 
7 ' x 10' x 8 ' 

10 .0 
capac i ty 

- -

7 Large s i z e , heavy­
weight 0mn1 conta iner 

(3Z) ea . 5 5 - n a l . drums 
o r 

(23) ea . B 3 - g a l . drums 
or 

( 2 } e a . 4 ' x « ' x 7' box 
or 

( l ) e a . s ' x 5 ' x 8 ' box 

8" x 8 ' x 6 . 5 ' 9 ' x 9 ' x 7 . 5 ' 17.6 
Gross 

38 .71 129.6 
minutes 

8 Overpack 
conta iner 
f o r l i n e 7 

O m l 
9 ' x 9" x 7 .5 ' 

9 . 5 ' x 9 . 5 ' x B.O' 10' x 10' x 8 . 5 ' 19.4 
Gross 

- -

9 Elevator 
requirements 
for t i n e 8 

Overpack 
10' x 10' x 8 . 5 ' 

- E l e v a t o r 
p l a c f o m 
1 0 . 6 ' x 1 0 . 5 ' « 9 . 0 ' 

2 0 . 0 
capac i ty 

- " 

i Cycle time a v a i l a b l e i s based upon fco.942 drums handled per y e a r 

a Weight l i s t e d ts based upon a waste farm densi ty of 125 poinds per cub-ic f o o t . 

• Space use e f f i c i e n c y 1s a r a t i o : ne t contents > ft of SS-oal . druFg conta Iq-gd, 
gross « ! - • « • f t o f conta iner 

TABLE H I TRU WASTE RETRIEVAL CONTAINERS 



2.1 Omni Container Selections 

Table I I I lists alternatives for three container sizes considering 
space use efficiency and the required elevator sizes and capacities. 
The minimum size, heavy weight Omni container as shown on line 4 
would be efficient spacewise and would require the smaller size 
elevator platform. The elevator l i f t ing capacity must be 10 tons 
minimum for transport of the overpack container to the surface. 

2.2 Omni Container - Meeting Detail Criteria Requirements 

The imposed requirements of storage, monitoring, and retrieval for 
60 years of safe and manageable operations are the most diff icult 
to accomplish with known hardware and construction methods. However, 
as shown by Figures 1 through 5, all operating conditions are achiev­
able. The following brief descriptions are presented in the same 
sequence as the regulatory requirements proposed as the minimum 
acceptable operating performance levels: 

(1) Schematic Diagram Figure 1A, IB, and 1C illustrate the sequence 
of the receiving, inspection, classification, storage, transport, 
and retrieval functions. Fulfillment of these functions will 
require a TRU universal or Omni container design. Based upon 
the current state-of-the-art for commercially available container 
materials and proven experience, a multiple-barrier containment 
system will be required to meet the container performance 
requirements. Future development of nonbrittle, corrosion-
resisting, low cost, impact-resisting, nonleaking, fire-resisting, 
and long-lived containers may permit omission of need for the 
container multiple barriers. However, current container engineer­
ing practice would require that the Omni container shown serve 
as a secondary container, following the multiple-barrier concept 
as a proposed regulatory guideline. The outer barrier is to 
guard the primary waste form container from undetected damage 
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during material handling operations. Later during 60 years of 
emplaced storage of the waste form, these undetected damage 
points in a single-barrier container would undoubtedly fai l or 
leak from one of the hazards of atmospheric corrosion, ground­
water flooding, salt corrosion, earthquake, ground movement, 
or f i re. Such container failure could release contaminants to 
the working environment or ground water unless the containment 
system is the redundant, multiple-barrier type, having inner 
primary waste form containers (drums or boxes) together with 
a secondary outer container (Omni). Leakage is minimized by 
providing an annulus space between the barriers from which air 
may be withdrawn to maintain an internal negative air pressure. 
Failure or leakage of either the outer or inner container 
enclosures could be detected by continuous monitoring of air 
samples drawn from the annulus space to the central instrumentation 
station (see Figure 4). Leak indicator gases such as helium or 
fluorocarbons could be ini t ial ly injected into the primary containers 
as special indicators to alert the instrumentation system of a 
primary leak. Small leaks in the Omni container would not have a 
noticeable effect on the workers' environment so long as the air 
Sampling system remains in operation to maintain a negative air 
pressure in the annulus spaces. 

(2) Sixty-year l i fe of the Omni containers in the diff icult environ­
ment wil l prohibit the use of plywood and plastics because of 
unproven long-terra l i fe and lack of fire resistance. Organic 
materials are to be avoided because of possible off-gassing. 
A container outer shell of steel will be required for toughness 
and resistance to puncture in transport. Omni containers will 
be required to be retrievable to make needed repairs, correct 
for accidental leakage which may develop, and, sometime in the 
future reprocessing of the wastes may be required. The Omni 
transporter (forkl i f t truck), the overpack transporter (forklift 
truck) and the mobile vacuum cleanup unit (custom designed truck) wil l 
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all be replaceable for service, repair, or renewal during the 
60-year l i fe of the project without disruption of operations. 

(3) Provision for container fire resistance will consist of: insu­
lation, i f required, between the inner and outer iKtal shells 
to resist the spread of heat from accidental fires starting on 
either side of the shells; an outer shell of corrugated steel 
to provide structural integrity for the container; and the 
combination of inner and outer shells to act as containments 

for the insulation and as barriers against the spread of flaitmable 
gases. The need for insulation will be evaluated by thermal heat 
transfer studies of the container during simulated fire conditions. 
Insulation, i f used, is to be of the inorganic type to preclude 
off-gassing. Manually-operated, portable fire extinguishers 
will be used as fire protection during retrieval and emplacement 
operations. 

(4) Container inner and outer shells will be of galvanized steel. 
They are the most cost effective materials available to provide 
strength and corrosion resistance. Since the galvanizing 
protective action proceeds as a slow sacrifice of the zinc coating, 
the protection can be economically restored during the 60-year 
l i fe by recoating with zinc-rich paint which is effective in 
repairing wom or depleted galvanized surfaces. The depository 
central leakage monitoring system described in paragraph (1) 
above would indicate i f an Omni container has corroded through 
from any exterior corrosion before the primary containers are 
attacked. Thus, this design combination provides for a tough 
outer shell, with cost effective corrosion protection, repair-
ability, and a leak monitoring system for reliability during 
long-term storage. 
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(5) Impact resistance of the Omni container in 5-HPH crashes is 
provided by the lower skirt with guiding ring, and the double 
metal shells (with interior insulation i f required) to cushion 
the shock loading and reduce the possibility of rupture or 
puncture. 

(6) The Omni container inner shell will be sealed and made smooth 
on all interior surfaces to permit cleanup of interior waste 
spills. 

(7) Vertically oriented retractable latch bolts (see Figure 2E) 
which interlock between containers will resist overturning of 
emplaced Omni containers when stacked in the depository. 
(Latch bolts used on the lower tiers will be interlocked to 
the Omni above. Latch bolts on the top tiers will be driven 
into the emplacement room ceiling.) Horizontal forces acting 
on the top container are thereby resisted by these latch bolts 
in the salt ceiling. Thus, a structural column of containers 
having lateral stability can be created during emplacement. 
The containers have structural base skirts with sloping sides 
to match mating surfaces of equal slope that are built into 
the top edges of the containers which serve as a self-guiding 
feature during emplacement. The overlap of these sloping 
surfaces provides an inherent self-locking resistance to 
horizontal forces and allows rapid emplacement and retrieval 

of a container when needed without complex rigging, special 
bolts, or tools. All Omni containers will be identical except 
for labeling and identification of contents on the exterior. 
See paragraph (11) for the overpack container description. 

(8) In order that storage use efficiency be near a practical 
optimum, the Omni floor is an integration of: a sloping 
skirt on the outer periphery, an inner floor reinforcement 
with an angle iron structure, and slots for forkl i f t tines 
to be inserted from any of four directions. The outer container 
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walls are required to be corrugated for maximum r ig id i ty and 

lateral s tabi l i ty without excessive weight. 

(9) Omni emplacement and retrieval shall be compatible with the 

TRU depository room requirements as l isted in (tef. (2): Twenty-

eight rooms each 2,000 feet long x 36 feet wide x 20 feet high 

for a total of 40,320,000 cubic feet. The maximum of 896,155 

LLW 55-gallon drums (as shown in Exhibit 1-3)could be stored 

in 56,010 Omni containers which would occupy 17,276,173 cubic 

feet of the depository's TRU level of 40,320,000 cubic feet. 

This is adequate to allow for transporter t ra f f i c aisles, 

inspection passageways, u t i l i t y spaces, and room shrinkage, 

Mining construction costs may be reduced by selecting reduced 

room widths and adjusting other r.om dimensions proportionately. 

The Omni container outside dimensions of 5.4 feet x 8.4 feet x 

6.8 feet in even multiples are to be coordinated to be compatible 

with any new room dimensions selected for the depository. 

(10) Should TRU wastes be stored temporarily in the canistered waste 

rooms, the maximum quantity of LLW 55-gallon drums plus other 

packaged TRU wastes in Omni containers would occupy 11.9 percent 

of the total volume of the HLW canistered waste rooms, as measured 

above the floor levels, as designed in Ref. (2). 

(11) The overpack container, as shown on Fig. 2D, is designed for 

retrieval and overpacking of damaged Omni containers. The 

Omni and overpack transporters are to be brought together and 

aligned as shown on Fig. 1C using the retractable mirrors shown 

on Fig. 2D. The Omni is then injected into the overpack container, 

the Omni transporter withdrawn, and the overpack door closed. 

All operations w i l l be performed by remote operator control 

consoles behind shielded cabs on the transporters. The over-

pack container with the retrieved Omni can then be transported 

to the lr<U elevator shaft for hoisting to the surface fac i l i t ies 

for reprocessing. The overpack container w i l l also serve as 

the shielded box shown on Figures 1A and IB. 
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The mobile vacuum cleanup unit shown on Fig. 5 is to be employed 

to clean up spillage leaking from damaged Omni containers 

by a manual operator seated within a shielded cab. The 

mobile unit w i l l have remote controls for one vacuum pickup 

for f loor cleaning and one for cei l ing and wall cleaning 

of the depository room, the adjoining containers, and adjacent 

equipment. Dirty a i r is to be drawn into bag-type pref i l ters 

and then HEPA final f i l t e r s , which are a l l located within a 

detachable debris box. When f i l l ed with contaminated debris, 

the detachable box can be aligned to the overpack container. 

The box is then to be ejected from the mobile cleanup uni t , 

encased within the overpack container, and transported to 

the TRU elevator for hoisting and reprocessing the waste 

at the surface fac i l i t i es . 

Acceptance of an operational repository by the public, the 

Congress, local governments, and the assigned responsible 

government agencies is not expected unless the project can 

be managed to include r ig id inventory control of all waste 

containers during emplacement, storage,and retr ieval . 

The fac i l i t ies manager must have a monitoring system so 

that he can be answerable for the location, condition,and 

storage of a l l waste containers at a l l times. 

The material handling industry has developed sophisticated 

inventory control systems using computers operating with 

transporters ( f o rk l i f t trucks) and storage racks to control 

the movement, storage,and retrieval systems which are similar 

to those proposed for inventory control of the TRU waste 

management system. Sample descriptions of these commercial 

inventory control systems are included in Appendix B as 

Exhibits 4, 5, and 6. 
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The private industry sector was motivated to develop these 
automated inventory control systems primarily for "rigid 
cost control." However, their success in performance and 
the increasing number of installations indicate that the 
systems should perform equally as well for a different 
reason: "rigid control for security". 
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3.0 TASK I I I - BASELINE CRITERIA SPECIFICATIONS FOR THE TRANSURAHIC 
WASTE RETRIEVAL SYSTEMS 

(1) Transuranic wastes shall be capable of being received, inspected, 
classified, labeled, packaged, transported, stored, and then 
retrieved under physically controlled, monitored, and manageable 
conditions to preclude mismanagement of wastes and release of 
radionuclides to ground water, the atmosphere, or the working 
environment for personnel within the depository. To meet these 
requirements using current best container practices requires 

use of the multiple-barrier concept as applicable to the combined 
system of primary plus secondary waste containers. Consequently, 
the following requirements are written as keyed to the multiple-
barrier concept. However, i f a future suitable single-wall 
container is developed, these proposed regulations wil l be 
complied with when the specified performances are obtained. 

(2) The transuranic waste container emplacement system shall be 
operable over a design l i fe of 60 years. The material handling 
system components and waste containers shall be selected to 
comply with this targeted l i fe expectancy. Where this design l i fe 
cannot be guaranteed by experience, components shall be replaceable 
or repairable and accessible for maintenance. During the 60-
year design l i fe the mobile handling equipment (not including 

the emplaced containers) may be replaced by new equipment as 
needed to maintain high reliabil i ty. Consequently, individual 
pieces of mobile equipment such as the transporters need not 
comply with the 60-year design l i fe requirement so long as they 
can be replaced safely without disrupting operations. 
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(3) Emplaced transuranic wasta system components shall be f ire-
resistant and shall comply with the Code of Federal Regulations, 
Title 30, Subpart L - Fire Protection. 

(4) Exterior surfaces of the system components shall be corrosion-
resistant or coated with multiple redundant-type protective 
coatings. Access shall be obtainable for recoating or repairing 
the exterior surfaces during the 60-year period, 

(5) Outer secondary containers, where employed, shall be adaptable 
to accept either groups of 55-gallon or 83-ga'llon drums, or 
4 x 4 x 7-foot boxes or 5 x 5 x 8-foot boxes. 

(6) Transuranic waste secondary containers shall be designed so 
that when stacked and emplaced in the emplacement rooms they 
shall be able to resist seismic forces or ground movement to 
prevent overturning with a possible release of radionuclides 
to the atmosphere. 

(7) To guard against potential corrosion, where outer secondary 
containers are used they shall be sealed on the exterior for 
exclusion of water entrapment i'i case of flooding, and 
for the exclusion of brine particles. All openings or cracks 
connecting to the enclosure interior shall be sealed off to 
minimize interior corrosion. 

(8) Where secondary or outer enclosing containers ire used they 
shall comply with the following: 

(8.1) Have a minimum of internal pockets or crevices that 
could trap debris or radionuclide particles; 

(8.2) Have provision for internal cleanup operations in the 
event of a primary container sp i l l ; 
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(8.3) Have provision for instrumentation connections to 
detect internal spillage or contaminations; 

(8.4) Have seals on all openings to retain all potential spil ls; 

(8.5) Be weatherproof for occasional or emergency storage at 
surface when exposed to all elements of weather; 

(8.6) Have lockable doors to minimize pilferage; 

(8.7) Have external permanent labels to identify the contents 
or level of activity of the internal waste form; 

(8.8) Have signal detectors with remote alarm to sound when a 
container is removed from the emplacement room; 

(8.9) Be designed to accept occasional vehicle impact of five 
MPH without major structural failure, during which 
deflection or deforming of the enclosure would be accept­
able as with a ductile material but rupture as with a 
br i t t le material would not be acceptable; 

(8-10) Have openings for pickup and handling by forkl i f t transporter 
from 4 sides; 

(8.11) Be adaptable for pickup by overhead or truck crane wh»n 
appropriate l i f t ing sling spreaders are employed; 

(8.12) Be stackable to three units high at maximum rated loading. 

(9) Intermediate-level transuranic wastes to be transported, stored, 
or retrieved shall have their outer enclosing containers shielded 
to reduce the radiation transmission to the outside ambient to 
10 rents maximum, and stall be specially labeled on the container 
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exterior. Operating hazards in handling ILW and LLW shall be 

reduced by providing mobile equipment of a common design for both 

waste classifications so that there w i l l be no risk in switching 

or cross u t i l i z ing the mobile equipment, 

(10) The transuranic waste outer enclosing containers shall be designed 

to allow for their controlled emplacement or temporary storage above 

the floor level within the SURF or HLW canister emplacement rooms. 

The combination of a container with f o r k l i f t transporter shall 

have overall dimensions with sufficient wall and ceiling clearances 

to allow rapid retrieval of the TRU waste containers. Access to 

the SURF or HLW canisters, when required, is cr i t ica l and requires 

that the clearances and mobile equipment maneuverability shall 

allow for container retr ieval . 

(11) Emplacement of TRU waste containers shall be able to proceed in 

a manageable and orderly manner over a 60-year period, as outlined 

in paragraphs (1) and (2) above. Provision shall be made to 

correct or overcome normal system and equipment failures during 

this period so that: 

(11.1) The TRU material handling system shall be capable of 

retrieving emplaced waste containers at a rate which is 

approximately the same as used during emplacement. 

Retrieval operations shall be designed to use the same 

mobile equipment as used during emplacement. Equipment 

performance specifications shall accommodate both functions. 

(11.2) The transporting vehicles shall have cabs with shielding 

to protect the operators against maximum exposures of 

10 rems (Ref. 5) during any accidental rupture or leakage 

of both primary and secondary containers in t ransi t . 

Cab shielding shall also include an operator's a i r system 

with HEPA f i l t e r s . 

- 2 2 -



(11.3) Overpack containers carried by mobile equipment shall be 

provided for enclosing damaged or leaking Omni containers 

in locations adjacent to the point of spil lage. Mobile 

equipment shall have cab shielding and an operator's 

a i r system as required above. The overpacking of damaged 

Otmi containers shall be operable by remote equipment 

controls located within shielded cabs of mobile transporters. 

The transporters shall be able to maneuver the overpack 

container from a l l emplacement rooms and to deposit i t 

on the elevator platform for transport to the surface for 

repackaging. 

(11.4) In the event of a col l is ion of any TRU transporter vehicle, 

i t shall be possible to rescue the operator from any damaged 

vehicle by shearing break-away or shear bolts provided for 

the cab enclosure. Rescue equipment including a portable 

breathing apparatus shall be provided. 

(11.5) Provision shall be made for cleanup after a TRU waste sp i l l 

by a mobile cleanup unit having the following: shielded 

operator cab, vacuum pickup hoses, large and small vacuum 

pickups, pickup scoops having remotely controlled arms for 

the vacuum pickups to reach and clean the walls, cei l ings, 

and f loors, HEPA f i l t e r s on the exhaust a i r discharge 

stream, shielded debris box with remotely controlled 

capability to dispose of waste into an overpack box, and 

an operator's a i r circulation system with HEPA f i l t e r s . 

(12) Safe operation of the TRU emplacement and retrieval systems 

requires that the repository ventilation system shall be able 

to provide a i r flow patterns directed from the supply a i r shafts 

towards the emplaced waste containers where a i r exhaust openings 

should be provided to minimize the spread of any airborne 

contaminants that could spread from a waste s p i l l . 
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Ventilation systems shall be operated to reduce contaminants 

and repository room temperatures before operators are allowed 

to enter the rooms to work. 

(13) All mobile equipment propulsion engines within the repository 

shall have suitable exhaust gas pollution control systems to 

reduce the carbon monoxide, hydrocarbons, oxides of nitrogen, 

and particulates to levels safe for the operator's occupancy. 

(14) The TRU retrieval and emplacement systems shall comply with 

the highest level of applicable industrial safety standards 

as required by the Code of Federal Regulations, U.S. Bureau 

of Mines, the National Fire Protection Association Fire Codes, 

the Department of Transportation, the National Electrical Code, 

the American Society of Mechanical Engineers, the Uniform 

Mechanical Code, the American Society of Heating, Refrigerating 

and Air Conditioning Engineers, and the Occupational Safety and 

Health Administration. Where confl ict exists between the l isted 

codes, the most stringent code shall apply. 

(15) TRU Waste Inventory Control and Monitoring System 

The proposed regulations an to require that a l l waste forms 

received at the repository shall be inventoried, labeled, monitored, 

and so controlled at a l l times to assure fu l l inventory responsibility 

by the repository management. A repository central monitoring 

system and data center shall be provided to record a l l waste form 

information from each container as shown on Figure 6A. Figure 6B 

is a simplified conceptual block diagram of one approach that may be 

used to f u l f i l l the monitoring and inventory control system. This 

diagram is intended for use with a central computer; but, this 

does not rule out other types of systems. However, a computer 

system has the advantage of exact repeatability and can achieve 

through redundancy of systems any order of re l iab i l i t y required. 
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The proposed system shown on Figure 6B would function in the 
following sequence: 

(15.1) The facility would receive a notice of impending shipment 
of waste materials. This notice would identify the type 
of material, quantities, type of containers, mode of 
transportation, and other identification traits associated 
with the shipment. This information would be entered into 
the Inventory Control System as the first step. 

(15.2) The system would ascertain that storage space and facilities 
would be available on the anticipated date of shipment arrival. 

(15.3) When the shipment arrives and is unloaded, all the pertinent 
information about the shipment is carefully recorded and 
entered into the system. The system would compare this 
information with that contained by the shipping notice. 

In the event that there are discrepancies the system sounds 
an alert which is to be recorded. This alert would institute 
an investigation to determine the cause or defect. I f there 
are no discrepancies the shipment would proceed to the 
classification build.ngs for processing. Again after 
classification, as the materials leave the buildings 
to proceed to the packing buildings, the system compares 
the quantities to ascertain that no material is mislaid. 
Any discrepancies would cause the system to institute an 
"alert" requiring investigations to be made and the dis­
crepancies rectified. After packing the system then assigns 
storage locations, and identification labels would be attached 
to each container package. The system then would assign 
transportation facilities to the various storage facilit ies 
and check that the various containers would reach their 
assigned storage locations. 
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(15.4) I t should be noted that the computer would produce material 
location summaries denoting the location in the processing 
cycle of all materials inside the repository. 

(15.5) After storage the system would upgrade the inventory records 
and begin continuous monitoring as to the condition of the 
stored waste materials. This would necessitate the instal­
lation of various "location" transmitters and security 
systems. Figure 4 shows a monitoring system that is to be 
provided. 

(15.5 ) Upon the monitoring system noting a discrepancy in the loca­
tion of sto^d waste material an "alert" would institute 
an investigation as to its cause. This alert could be 
caused by rupture of a containment package or the removal 
of material by an unauthorized person or pe,-sons. 

(15.7) In addition the system would be able to produce summaries 

upon demand as to inventory, location of materials, and even 

previous alerts. 

All waste repository facilities would be equipped for the 
eventual retrieval of the stored materials. I t is envisioned 
that such a capability would be incorporated into the inventory 
control system. 

(15.8) The f i rst step would be the receipt of a "material release 
request." The information on the request would be inputed 
into the computer. 

(15.9) The system would immediately verify the request and its 
authorization. I f any discrepancies are found an alert 
would be instituted and investigated. 
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(15.10) I f no discrepancies exist the computer would locate the 

required material and arrange retrieval and transportation 
back to the processing facilities buildings. 

(15.li) As during the storage processing, the system would monitor 

the location of all material being processed. 

After inspection and repacking for shipment the system 
would verify the identification of the assigned personnel 
from the authorized recipients. I f no discrepancies in 
identification occur, the material would be released. 

Alerts: The discrepancy alerts shown on Figure 6B, Block Diagram, must 
be positive controls as free from human error as is possible, 
When an "alert" is recorded at central control, positive 
action must be taken by operators or i t may prove necessary 
to have key doors and gates closed automatically until 
such "alerts" are corrected. 

Containers deposited within a depository room may require 
position detection systems such as the air pressure 
monitoring system, as shown on Fiqure 4, plus under-the-floor 
load cell indicators plus magnetic signal transponders 
at the door of each repository room. Any one of these 
redundant position detectors could be instrumented to 
record an "alert" during an unauthorized movement. 
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FIG. 6A 

OMNI CONTAINER LABELING DATA FOR 

REPOSITORY INVENTORY MANAGEMENT CONTROL 

The fol lowing data i s considered to be minimum required to be displayed on the 

exter ior o f each Oimi Container for proper waste form inventory con t ro l . 

LLW-CH-16710-1983-NS-1nCi/g-4321-2T4R3B 

- 3rd Bank 

•— 4th Row 

2nd Tier 

Emplacement Room No. 

Radiation Ac t i v i t y Level 
~ in Nanocuries per Gram at 

Time of Emplacement 

Non-Shielded (or Shielded) 
Omni Container 

Year o f Emplacement in Repository 

Gross Weight of Omni, in Pounds 

C. H. , Contact Handled (or R.H., Remotely Handled) 

Low-Level Waste (or ILW) 

Al l data noted above i s to be entered in to permanent memory banks at the 
repository control center,updated and revised whenever a package i s re t r ieved, 
reprocessed, or relocated wi th in the reposi tory. 
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GLOSSARY 

1. Canister is a special use container (i.e., spent fuel canister, HLW 
canister). 

2. Cladding waste includes solid fragments of zircalloy, stainless steel 
cladding, and structural elements that remain after dissolution of 
the spent fuel cores. This waste is radioactive due to neutron 
activation of the cladding and residual fission product and TRU 
contamination. 

3. Contact handled (CH) waste has sufficiently low-level radiation to 
permit contact by personnel with the package exterior. 

4. Container is a metallic or non-metallic barrier in contact with, and 
enclosing the radioactive waste, 

5. Degraded package is any package which is so deteriorated that it 
cannot be retrieved by using the standard retrieval equipment 
similar to that used for emplacement. 

6. Depository means a facility for storage or disposal of packages 
constructed in an extensive underground rock formation having inherent 
properties that provide effective isolation of the radionuclides from 
the biosphere, 

7. Emplacement room is a room in a depository wherein the TRU packages 
are emplaced,. 
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8. Failure probability refers to the probability of failure during a 
single cycle of operation of a component or subsystem. 

9. High-level waste (HLW) means the solidified waste shipped to a 
federal repository for storage or disposal which meets the require­
ments of the Code of Federal Regulations Title 10 Part 50, Appendix 
F. For the TRU project, the material handling, storage, and retrieval 
systems are not designed for HLW. 

10. Intermediate-level TRU waste (ILW) is defined as those materials 
(other than high-level) that contain long-lived alpha emitters in 
known or suspected concentrations greater than 10 nanocuries per 
gram, and also have sufficiently high radiation levels after packag­
ing to require shielding before handling is allowable. For the- TRU 
project, all ILW will be remotely handled and will be transported 
and contained within either (1) shielded boxes or (2) canisters as 
specified by the report: Retrieval System for Emplaced Spent 
Unreprocessed Fuel (SURF) in Salt Bed Depository: Baseline Concept 
Criteria Specification and Mechanical Failure Probabilities, by 
International Engineering Company, Inc., (Ref. 4). 

11. Low-level TRU waste (LLW) is defined as those materials which coi ,ain 
Plutonium or other long-lived alpha emitters in known or suspected 
concentrations greater than 10 nanocuries per gram, and yet have 
sufficiently low radiation levels after packaging to permit contact 
handling. 

12. Overpack is a permanently attached secondary or tertiary barrier 
enclosing a radioactive waste package. 
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13. Package means the canister and radioactive waste form contents. 
(Hay be used with a prefix, e.g., spent fuel package.) 

14. Packaging is the operation of placing radioactive waste in a container. 

15. Remotely handled (RH) waste is noncontact waste of significant 
radiation levels to prohibit direct contact by personnel with the 
package exterior. 

16. Repository means the entire surface and subsurface complex for 
receiving, isolation storage, and retrieval of nuclear waste packages 
such as described by the Office of Waste Isolation Report No. Y/OWI/TM-36 
for the GEIS repository (Ref. 2 ). 

17. Retrievability is the term used to describe the ability to recover 
the radioactive waste package from surface or geologic storage with 
minimum loss of both radioactive material and container integrity. 

18. Retrieval system refers to a total system which is employed to locate 
the waste package, retrieve same and move it to a hoist facility, 
and then bring it to a surface receiving area. 

19. Storage is the retrievable emplacement of radioactive waste packages 
in either a surface or geologic repository. 

20. Subsystem is any single major component of the total system; for 
example, subsystems are the hoist or the subsurface transport. 

21. Transuranic waste (TRU) is any waste material measured or assumed 
to contain more than a specified concentration of TRU radionuclide 
elements (e.g., 10 nanocuries of activity per gram). 
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22. TRU elements are those chemical elements having atomic numbers 
higher than that of uranium (i.e., greater than 92). Some 
wastes to be stored include isotopes of uranium with the TRU 
elements. 
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Table 1-1 

CANISTER RECEIPT CRITERIA RECOMMENDATIONS 

Maximum R a d i a t i o n Level(Rem/Hr) Canister Overp ack 
Age 
(Years) 

At Sur face 10* from 
gamma 
dose rate 

Ctr. Line 

Contents 
Outside 
Diameter 
(Inches) 

Gverall 
Length 
(feet) 

Outside 
Diameter 
(Inches) 

Overall 
Length 
(feet) 

Age 
(Years) 

gamma 
dose rate 

neutron 
dose rate 

10* from 
gamma 
dose rate 

neutron 
s dose rate 

HLW In 
Glass 12-3/4 10 14 11 iO 2.0xl05 l.OxlO2 l.OxlO* l.OxlO1 

HLW In 
Calcine a-5/e 10 10-3/4 11 10 5.0x-05 l.OxlO2 5.0x10* l.OxlO1 

1L-TRU 12-3/4 10 14 11 5 l.OxlO2 1.0x10-1 l.OxlO1 5.0x10-3 
Cladding 12-3/4 10 14 11 5 l.OxlO3 1.0x10-1 l.OxlO1 5.0xl0-3 

PUR 14 16 16 16--1/2 10 7.0x10* l.OxlO1 3.5x10* S.BxlO-1 

3WR 10-3/4 16 12-3/4 16-•1/2 10 S.OxlO4 l.OxlQl 2.5xl03 s.axio - 1 

ADDITIONAL RECEIPT CRITERIA 
(For A l l C a n i s t e r s ) 

Max. Weight ( l n c l . overpaclc) - 300O l b s . 
Max. o u t e r s u r f a c e contaminat ion 
w i t h t r a n s f e r a b l e r a d i o i s o t o p e s : 

beta-gamma r a d l a c i o n e m i t t i n g n u c l i d e s : 1 0 , 0 0 0 dls/raln/dm ( d i s i n t e g r a t i o n / m i n u t e / l O O cm 2 ) 
a lpha e m i t t i n g n u c l i d e s : 300 dia/rain/dtn 2 

Source: TM-36/2, Commercial Haste Forms, Packaging and Pro jec t ions f o r Preconceptuai Repository Design Studies. 

(Source o f E x h i b i t 1 : Reference 1 , TM-36/8, Repos i tory Preconceptuai Design S t u d i e s : S a l t ) 

Evh ib i t 1-1 



Cycle 
(Date Waste 
F i l l e d ) Type 

I - T o t a l H1W 
R e c y c l e ( G l a e e ) 
< 2 0 O 6 > II.-TR0 

at 
LL-TRO 

I l - S p e n c Pint 
Unrepro— 
c e s s e d 
F u e l 
(2008) 

BHR 

I I I -
11 o n l y 
C y c l e 
( 2 0 0 7 ) 

LL-TRD 

HLW 
( G l a s s ) 

IL-TRU 
CW 

LL-TRU 

C a p a c i t y 
( N o . Con­
t a i n e r s ) 

4 1 . 3 4 0 

274,485 
57,055 

571.200 
134,648 

200,016 

60.192 
44,460 

246,780 
60.260 

81,600 

Room 
ROOB Opening 
Length W x H 
(feet) (ft.) 
560 
1575 
3150 
1850 
2000 
3500 
1300 
3500 
2910 
1374 
560 
1575 
3150 
1850 
1OO0 

Table 5-2 
SALT REPOSITORY SUMMARY 

ApproxJ ' Haste Total Rooas 
Aires No. Units/ Ho. per 
(Acres) ROOMS ROOM Panels Panel 

18 x 20 

36 x 20 

36 
18 

20 
22 

1018 

649 
135 

108 
700 

18 z 22 1035 

18 x 22 
18 x 20 

36 20 

36 x 20 

97 
1018 

649 
135 

14 

780 
4 

108 
32 

53 
1265 
2580 
1495 

28 20,400 
104 
36 
144 
36 
12 

780 
4 

108 
32 

1150 
418 
1150 
956 
5016 
57 

1190 
2390 
1380 

8 10,200 

1 
19 

36 

36 

20 
40 

7 4 -
26 

9 4 2 

36 
9 4 2 

3 4 -
1 

19 
20 
40 1 

1) Approximate area is gross acreage associated with each storage section including 
main corridors, exhaust corridors and buttress pillars; it is not the net area 
used to calculate areal heat loads. 

r p i Longitud. No; ' Spacing Storage Rows ea. Row Configuration 

1 10 ft. Canisters In holes 

5 6 ft. Canisters In holes 

- Palletized drums 
6 ft. Canisters In holes 

6 ft. Canisters In holes 

- Palletized drums 
9 ft. Canisters In holes 

6.5 fc. Canisters In holes 

- Pallatised drums 

2) Refers to rows of canisters in each room. 
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Table 5-5 Exhibit 1-3 

ILW AND LLW RECEIVING RATES - U*Pu RECYCLE3 (CYCLE I) 

ILW C anisters 
Year Annual Accumulated 
1985d 1404 1404 
1986 5618 7022 
1987 6180 13202 
1988 5618 18820 
1989 6742 25562 
1990 5056 30618 
1991 12191 42809 
1992 11629 54438 
1993 12191 66629 
1994 13315 79944 
1995 13876 93820 
1996 8989 102809 
1997 10674 113483 
1998 11236 124719 
1999 12360 137079 
2000 13483 ' 150562 
2001 14607 165169 
2002 16292 181461 
2003 16854 198315 
2004 18539 216854 
2005 19663 236517 
2006 20787 257304 
2007 21348 278652 
2008 22472 301124 
2009 23034 324158 
2010 23596 347754 

LLW Drumsc 

Annual Accumulated 
481 481 
1923 2404 
2404 4808 
3846 8654 
9135 17789 
6731 24520 
9808 34323 
11250 45570 
16058 61636 
16538 78174 
18462 96636 
21154 117790 
25000 142790 
28846 171636 
31731 203367 
37500 240867 
40865 281732 
46635 328367 
50000 378367 
57212 435579 
62500 498079 
68750 566829 
73558 640387 
•80288 720675 
86538 807213 

| 889421 896155 

aBaTed on projections prepared by OWI (June-1977). Assumes 460 GWe installed 
nuclear capacity in year 2000 (5 year delay prior to burial). 
ILW Reference canister is 10 f t . long, 1 f t . diameter with an active volume 
of 6.28 ft3 (0.178m3). 

CLLW reference drum is a type 170,55 gallon (7.35 f t 3 or 0.208 m3). 
dPrior to 1985 backlog of 30,056 ILW and 10,577 LLW canisters is accumulated. 
This backlog is worked off between 1991 and 1995. 
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Table 5-7 Exhibit 1-4 

SPENT FUEL - U N RECEIVING RATES3 (CYCLE II) 

Number of ltw Drums 
Year Annual Accumulated 
1985c 208 208 
1986 962 1170 
1987 1093 2263 
1988 1225 3488 
1989 1363 4851 
1990 1508 6359 
1991 2438 8797 
1992 2589 11386 
1993 2741 14127 
1994 2899 17026 
1995 3056 20082 
1996 2423 22505 
1997 2575 25080 
1998 2719 27799 
1999 2866 30665 
2000 3011 33676 
2001 3147 36823 
2002 3147 39970 
2003 3147 43117 
2004 3147 46264 
2005 3147 49411 
2006 3147 52558 
2007 3147 55705 
2008 3147 58852 
2009 3147 61999 
2010 3147 65146 
2011 3114 
2012 3094 
2013 3081 
2014 3048 
2015 2995 
2016 2935 
2017 2057 
2018 2823 
2019 2782 
2020 2753 
2021 2700 
2022 2631 
2023 2553 
2024 2452 
2025 2315 

aBased on projections prepared by OWI (June-1977). Assumes 480 GWe installed 
nuclear capacity by year 2000 and 13.7 m3 waste generated per GWe-yr. 
(With a compaction factor of 10). 
Reference drum is DOT type 17C 55 gal. drum containing 7,35 ft 3 (0.208m3) of 
waste. 
Backlog acquired before 1985 worked off between 1991-1995. Waste is shipped 
1 year after generation - after the backlog is worked off. 
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Table 5-8 Exhibit 1-5 

ILW AMD LLH RECEIVING RATES3 - U RECYCLE { C K U J i n 

ILW Canistersb LLH DrumsC 

Year Annual Accumulated Annual Accumulated 
1985 1404 1404 481 481 
1986 5618 7022 1923 2404 
1987 6180 13202 2404 4808 
1988 5618 18820 1923 6731 
1989 6742 25562 2404 9135 
1990 5056 30618 1923 11058 
1991 12191 42809 4038 15091 
1992 11067 53876 4038 19129 
1993 12191 66067 4038 23167 
1994 12753 78821 4519 27686 
1995 13314 92135 4519 32205 
1996 7865 100000 2885 35089 
1997 8989 1089B9 2885 37974 
1998 9551 118540 3365 41339 
1999 10112 128652 3365 44704 
2000 11236 139888 3846 48551 
2001 11798 151686 3846 52397 
2002 123tJ 164046 4327 56723 
2003 13483 177529 4327 61050 
20C4 14045 191574 4808 65858 
2005 14607 206181 4808 70666 
2006 15169 221350 5288 7595" 
2007 15169 236519 5288 81242 
2008 15169 251688 5288 86530 
2009 15169 266857 5288 91818 
2010 15169 282026 5288 97106 
dBased on projections prepared by OWI (June-1977). Assumes 480 GWe installed 
nuclear capacity in year 2000 (5 year delay prior to burial). 
Reference ILW canister is 10 ft. long, with 1 ft. diameter (6.28 ft 3 or .178m3). 

Reference LLW container is a type 17C, 55 gallon drum (7.35 ft 3 or .208m 3). 
Backlog of 30056 canisters ILW and 10575 drums LLW in 1985 to be worked off 
during 1991-1995. 
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T a b l e 5 - 1 1 

C y c l e 
( D a t e W a s t e 
F i l l e d ) Type 

C y c l e I I PWR 
( H e a t 
R e m o v a l ) 

C 2 0 0 4 ) B H R 

LL-TKU 

C y c l e I I P W R 

( N o n - h e a t 
R e m o v a l ) 
( 2 0 0 1 ) »WR 

IX-TRU 

Capacity 
(No.Con­
tainers) 

87,472 

137,117 

60,192 

60.400 

95,992 

40,128 

REPOSITORY SUMMARY - SALT 
25-YEAR RETRIEVABLE CASES 

Room 
Room Opening Approx.' 1 1 Haste Total No. Rooma par Longitud 
Length W x H Area No. Units/ No. Panel/Panel NoJ^ipacing 
(ft.) (feet) (acres) Rooms Room Panels Number 
2910 
3500 
1300 
3500 
1374 

2910 
3500 
1300 
3500 

1374 

18 x 25 964 

18 x 25 810 

IB x 25 31 

IB x 2S 1106 

18 x 25 568 

18 x 25 19 

36 
128 
36 

120 

12 

36 
152 
36 
80 

460 
554 
382 

1028 

5016 

276 
332 
382 

1028 

5016 

41 

39 

3 

47 

29 

2 

4/F #1 to 41 

4/P (1 to 39 

4/P #1 to 3 

4/P tfl to 47 

4/P #1 to 29 

4/P #1 to 2 

Roaa-ea. Row 
1 6' 3" 

2 6" 9" 

10'- 6" 

6« 9" 

Storage 
Configuration 

Can. In Trench 

Can. In Trench 

Palletized Drum 

Can. In Holea 

Can. In Holea 

Pallatized drua 

1) Approximate area is gross acreage associated with each storage section including 
main corridors, exhaust corridors and buttress pillars; it is not the net area 
used to calculate areal heat loads. 

2) Refers to rows of canisters in each room. 

Exhibit 1-6 



MIME MASTER PLAN 
STOMJlCE CJU>«ClTT |Tg*» 2P0> 

• » * * M i l 

14.- • %*• U T * . «**T1 
4 #o» w i e*etl Mrrw**. 

• n • « wi on 
* «*X COMiOOM • * * V « t K * 

M I L • » • • > • 

OFFICE OF WASTE ISOLATION 
JNflN CARBIDE CONP01&TION 

n'.ncKtntorr.oJfot. » Dou«.*»."tc 

WASTE I S O L A T I O N FACILITY 
• M E tusTt f t P i « i 

3= ^ ^ 
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Item 

TABLE II. 2 -2-1-1 

TRU Waste Facility Package Specifications 

Supcrtiger Container 

Cargo Container 

Rocky Flats Fiberglassed Box 

Overpack Fiberglassed Box 

M3 Container 

SS-gal Drum, DOT-11C 

83-gal Overpack Drum 

UP = Unprocessed Waste 
P = Processed Waste 
C = M3 bin--with contaminated waste 

Symbol 

ST 

CC 

RF 

OB 

M3 

5SD 

Dimensions (ft) 
Length Width Height 

20 8 « 

20 8 8 

7 4 4 

8 5 5 

5 4 6 

2, 3 Dia. 

T - Truck 
FC = Rail Flatcar 

ATMX » Special Railcar 

Maximum Weight <lb) 
G r o s s T a r e 

1 7 , 0 0 0 
1 7 . 0 0 0 

Shippinn Method 

U P 
P 

4 4 , 300 
46 , 700 

T a r e 

1 7 , 0 0 0 
1 7 . 0 0 0 T / F C 

U P 
p 

4 4 . 0 0 0 
4 3 , 700 

5 , 0 0 0 
5 . 0 0 0 A T M X 

10, 000 A T M X 

1 1 . 0 0 0 1 , 0 0 0 ATMX 

U P 
p 
C 

6, 000 
8. 0 0 0 

1 0 , 0 0 0 

7 5 0 
750 
7 5 0 ATMX 

U P 
P 

650 
900 C C / S T 

U P 
P 

73u 
1 , 0 0 0 • _- C C / S T 

[Sou rce o f E x h i b i t 3 : Re fe rence 3 , SAND 7 7 - 0 2 7 4 - P 1 - P 2 , WiPP Concep tua l Des ign R e p o r t ) 
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TABLE II. 2 -2 -1 -2 

Pal le t Loading Configurat ions-TRU Waflte Packages 

Waste Container Type 

55-gal Drum- -unproces sed waste 

55-gal Drum—processed waste 

83-gal Overpack D n i m - - u n p r o c e s s e d waste 

83-gal Ovtrpack D r u m - - p r o c e s s e d waste 

R F Box 

Over-packed R F Box 

M3 Bin--contaminated watft« 

N u m b e r of C o n t a i n e r s 
P e r P a l l e t 

W e i g h t of B a c h 
C o n t a i n e r ( lb) 

650 

Weight of L o a d e d 
P a l l e t <lb> 

2 4 

W e i g h t of B a c h 
C o n t a i n e r ( lb) 

650 1 7 , 6 0 0 

2 4 9 0 0 2 3 , 6 0 0 

1 5 7 5 0 13 , 250 

1 5 1 , 0 0 0 1 7 , 0 0 0 

2 1 0 . 0 0 0 22 , 0 0 0 

2 1 1 , 0 0 0 24 . 000 

2 10 , 0 0 0 2 2 , 0 0 0 
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Slum Control ' > M M T . 

Wlufc ISVltilHKi M A W , / M l *•/ icytnk mvrtiiuiy j i vclvo/ iWu*. 

nudum1'! in ICITN', of '}iianli!y, MORI '>( ( J M H U I 117,11 ih it in 

physical TL-IIII\ u>ith i.luijf.IcNil'ci \ud, ,t\ wcij'Jit. volume jH'.rfLibiJily, 

flJldji.iysjul lnClllDIl INVINIOKY MANAUMlM JfirJ 'JUKI 1 . 

( O'.'lKfJl l<j^cthcf tlc.ilc a tnmjiltlc inwrilnt; wiiilro] 1 jj..tf.ih:y 

In m.ihy u i v . invniiuiy tutitinl ••;, .1 ::.-. L1.1 nd l i . , . ! • . , i-.if r 

i>otc(lli;i| Ijfi.inv if if 'it.'.'.iul Sli'l .i-\--' I'. l.M«' M'.l h"N .1 !' ; . J1 I, 

uill'.lilcrcil DM* 1-•.-'.'117 system ru.j'.I u ..-.ill', I"" n'.nli.iijli'.j to 1 ln-v: 

liit- djifi.ilini; '.I,i;i'I.iMh (n'u-is;iiy I * J *• -*• • ••*•• uivnilory ,>-•• <muu- , 

I'IIVM.JI < <>iilini ovi:i Miiiril ni.ilrn.il-. 1 , •:-••jnt'.iii- in v.ili.l 

IMV'.'lil.ily iiuN.ynnrM ,v,lcnis 

iiti|i'r.livi». flic 1114'of dtijr. lives of |fn- SlOKl Sf UMPOI \y.« m .if*- lu 

iii.iihl.iiri - lost- .Hi-1 .1.. ijr.ilt pl.y.ii .1] mhlrol nvn (he 1 „ : ;.nt\' 

invnilnii'". in 11-iliit <• I|IC jniDiiril nl ni.ti< ri.il1- IJ.IIIIIIINJ' within ihc 

stoics, .inJ In inline 'he < osl ol slor.ii't 

llic lu-til lor inoiilk'-'.-junj; l>y \l melee j*'is is pc.it 1'. rolu.11] l i ' 

\y\ lni i \ r<y \un\. >>l *hc;c items :m- slmnl .irnl mliiim.iiioii 

rL7.infiii|'il'.-iin]ii.iiiliiii'v .nui loi.-tti'iir r inine'luh-K r. n!.(li|* ,t in,-

stoics VI;I li'riiiio.'il irnjuiry. 

ftiVVIiIOt', t ' l l . i l lnd I'. rir.ijKMJ, wlm fi l " , l l i , i " . li • • i ' \ (1'ic to l iv i ' l 

t l c l c i t o i i i t u i n .in i i : i |h , ( i , , i , t t , , i i isii l;-i , i i i i .-n in '.MIIH- U <I»I . t i i c s 

f i l l ing lists .lie t'.ctitl.itcil hy lilt syskni .is Lilt' .is [""'. iMe in nnl--f In 

miniiiij/i' (In- effrd of (.h-ir^cs. Hity (..HI he piniJm e<I m !>;:, i i ini i t f i 

sc'ijiiunu.' by slimier.-'*! HI ndcr lu iiniiiiiu/i' trie iiuiiilu-i <>l tup. u,.nii' 

l(ii-:iLlihiiiI (Kalioii(l HJIMC 40). 

Figure 40. Picking lists aig generated by (he system from a numtwr ol orders 
and material requisitions 

64 

(Source of Exhibit 4: IBM Brochure, Communications Oriented Production 
Information and Control System-_ Management Overview) 
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Jfcltr. JcfimUun of the 'Mage rcqui.'awnh >il cjt i i \ jn\ i tu ik:- jnJ 

of the individual stole-, facilities leids to impiou-J p l u r a l lu.'.diiii^ 

aid stori^c of items and aljuv.-. Ihc syiierri H> selril [tie h c l I IH. I I urn 

lor cadi ICCCipl lloni lb !tive;ilnfy ill .lVj|'.inlc lih.lil.)!l\ 

Ast igure-tl indkak-s, MORI s i uMK i i l mmlu's llic n,.u.i: sy 

phy-Jctl and reuirdk't'piiie j ^ M \ nl receiving. ^lontij*. and ISMIMII; fu 

5'toJ.t'd l.'cim 

• / UiiNiihing luw Jnaph'n\ deal-, will. .1 II.IML disiiplu.c. 

nceo'-iiy fur etfcitm- UJII I IUI DU-I pliy,k.d IIIVCIIIIIMO lin;'i"vcd 

liaiivktnni and ihu uniriit.il 11 MI LUIIIIOI..I>III hli'Milh.ilpm <il 

li-sp'in-.iliilily I' 1: lla.'r.u l:-k. [h-vide ll'.c io«'i nl , u ui.k-. 

ni'ii'svi.'y In sup;>ir! I In: 11 --..i.i.drl nl tin' \\-.ti-|:i 

• I'UJlh'tl i1'l\tT''l IllaUlk--. 11 fi l l Ju l .kUin lk- , Willi ijij hi] :1.1k 

Moi.if": lacjjllk'^ Willi Hie .inn'il un;-; -.inr \p.k e ul i l i / i lmn and 

Lliur j'iudui.livi;> 

• (hiU'r ur rnjUiMtuin liilun; nupi r.." tlu-eUMe:k>, >il pi.t.ini' 

ailivilirs and ledikc's llic ii.uiilx-i "I unpljiiiH'd arid ijii.iiiilu>ii.'ed 

niovt'itii'iii'. 

• /I;//.'/'(•;,vi/ uurtkttitwtnnlh'l i-. tin- .i;i;ilkaii"h "t iln- \si--:'i k> 

diiliimak-il •A.iil'li'njv". Willi p.iilkiil.i: u'tcicii c In I ii'li k n 

(st.kkcr cljlie) M.ii.iye k'thlilqili's A ^iii ipnlcl based swlr-ii enable. 

!),!• M l jiuk-iilij) ln.-ii-.-lil nl ibis sn.i.iiy /m-il,.«) in l i - .K--..-J..;--,!. 

i ikludii '^ ihe ulir-iiri.it!-IJI <>l 111ai111.il i-irurv unproved Him ln> .iimii. 

and ukic.ivk! slnuik- lauhty mili/.iii<m 

Coit Planning and Control 

lew inisiM.-'.s dv.'isii-ns i.iti be nude unless the lai luis iir."|-.nl .i.-c 

cxptcsscd 111 cnnipaialivc linanual lentis. Manac;CincM\ inpiiic-iik-iils 

from a tost planning and control system tan thciclou- he uunin.ni/cd 

by l)ie<|Ufslioi)s: 

• Whal shuuld il cosl lo make and .ell each ul the company's pioriucls'' 

• What dues it co, to make and jell each of the company's pioducts'1 

• Where do the variances occur, aiid liow a n they he reduced'' 

Providing ttic answers to these questions requites accurate information 

and creative financial analysis. This is mainly ttic responsibility of ihc 

company financial executive. 

Among Ihc financial executive's responsibilities is the performance of 

two major functions: 

• Under the chief executive officer he carries financial responsibility 

for the company's assets and profits. This is, in effect, 3 policing 

role, the aim of which is to answer such questions a;; Whal did it 

cost to make the product? Did we make a profit? Was tiiis quantity 

produced and shipped? 

Manogcmrnl Owfncw 65 
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• Cloy.!) llorei 
9 Tun'.ielruri cunliol 

Figure 4 1 . Baiic function-.(/(STORE5 CONTROL 

• As the tup-management team member who must evaluate 
management actions in terms of effect on profits, lie answers an 
entirely different set of questions: What will il cost? Flow will this 
affect profits? Arc we using this resource the best way? 

In the first of these roles, the financial executive is concerned with the 
past; in the second, with a prediction of the future. 

A major problem often encountered by the financial executive is the 
poor quality of the data provided by the rest of the organi/jtnm. The 
information supplied by Manufacturing is often inaccurate and too late 
to delect problems in order lo take corrective action. This does not 
mean that Manufacturing is at fault. Often, the immediate interests of 
Finance differ from Ihose of the manufacturing departments. l :or ex­
ample, the financial executive is concerned with inventory value, the 
cost of financing inventory, und Ihc likelihood of obsolescence in other 
words, with those items where there may be loo much slock. 
Manufacturing people, however, arc more concerned wilh shortages -
in other words, wilh Ihose ileros where (here is loo little slock. 
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Accounting personnel often attempt to solve the data accuracy problem 
by maintaining their own basic records. As a result, two separate 
inventory record systems are maintained. Neither, however, can be 
better than the transaction data received, and it is unlikely that the two 
systems will ever be in line. 

One of the most significant advantages of COPICS is that it is an 
integrated system utilizing a common set of records, called a data bast. 
The logic ties all the recordkeeping functions together. From 
recognition of Hie need to make a product, through planning, 
manufacture, and eventual shipment to the cuslomer, each part of the 
system passes the information it develops directly to the next. This 
means logical checks on accuracy can be made. The objectives of the 
manufacturing departments begin to change when they use an 
integrated system. Instead of trying to solve each problem as it arises, 
they begin to operate within the constraints of a plan in which llie 
important rules and policies have been chosen by top management. 

The objective of COST PLANNING ,I. • J CONTROL is to provide the objectives 
financial executive with the capabilities he needs in his management 
role and with techniques which, although developed for organizing and 
managing production data, can also be used for managing cost and 
accounting data. 

The facilities that become available to Finance when the system is system 
installed are presented under lite following topics: functions 

• Direct Labor and Material, which includes planning direct labor and 
material costs, and controlling variances 

• Other Direct Costs, v hich addresses the incorporation of some 
variable overhead costs in direct costs 

• Overhead Costs, which involves apportioning overhead costs to 
departments and products, and planning and controlling 
departmental expense budgets 

» Allocating Company Resources, which considers possibilities in the 
areas of long-range planning, capital expenditure, and work-in-
process investment 

All activities in a company provide information for specific functions of 
COST PLANNING AND CONTROL(Figure 42). 
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SAMPLE OF AN EXISTING INVENTORY CONTROL SYSTEM BY IBM 

IBM 
COPICS 

MANUALS 
(G320-50OO) 

caries 
SUBSYSTEMS 

RECEIVING AND 
PURCHASE 

QUALITY CONTROL 

-A COPICS EXECUTION SYSTEM-
IMPLEMENTATION GUIDE 

(GH20-1S11) 

| STORES CONTROL ] 

| OROER RELEASE 1 

PLANT 
MONITORING 

AND CONTROL 

APPLICATION 
CONCEPTS 

INTEGRATED MANUFACTURING SYSTEM 
SUBSYSTEM RELATIONSHIPS 
COMMUNICATIONS ORIENTEO 
OATA SASEO 
ACTION FILES 
NET CHANGE PROCESSING 
DIRECT MONITORING AND CONTROL 
PRODUCTION PLANNING 
PRODUCTION OPERATIONS 

STANDALONE 
IMPLEMENTABLE 

FUNCTIONS 

I RECEIVING ARRIVALS 
1 I AND IDENTIFICATION 

I RECEIVING MOVEMENT I 

RECEIVING 
INSPECTION 

STORES RECEIPTS 
AND ISSUES 

] -

USER'S GUIDE 
(GH20-1464) 

USER 
PROCEDURAL 

ACTIVITIES 

IMPLEMENTATION 
RE COMMENDATIONS 

• <NN>LEMENTAT<QNCONSIOERATfGN5 
• PROJECT ORGANIZATION 
• REQUIREMENTS DEFINITION 
• GENERAL ANO DETAILED OES'GN 
« DEVELOPMENT ANO CONVERSION 
• EDUCATION ANO TRAINING 
• IMPLEMENTATION SEQUENCE 
• INSTALLATION TASKS 

1 
IDENTIFYING | 

RECEIPTS I 

7. 

IDENTIFYING 
UNDOCUMENTED 

RECEIPTS 

, VALIDATION 1 
OF RECEIPTS 1 

EXPEDITING 
CRITICAL 

ITEMS 

ROUTING 1 
THE RECEIPTS 1 

• 
LOGGING 1 
RECEIPTS 1 

r " % 
IS 

PROCEDURE 
EXPLANATION 

• PROILEM STATEMENT 
• APPLICATION DESCRIPTION 
• PROCESSING PERFORMEO 
• SAM#LE DISPLAYS 

REPORTS 
DOCUMENTS 

• APPLICATION BENEFITS 
• FINANCIAL JUSTIFICATION 
• FUTURE EXTENSIONS 

A P P L I C A T I O N D E S i G \ G U I D E 

( G H 2 0 - 1 5 1 0 ) 

V C 2 U L E S 
= £ a u t R E D 

IDENTIFYING 
RECEIPTS 

BY SUPPLIER 

IDENTIFYING 
RECEIPTS 
BY ITEM 

VALIDATING 
RECEIPTS-
NITIAL ENTRY 

" R O G 1 A V 
3E = l - . - - iOXS 

• PROGRAM MODULE DESCRIPTIONS 
• PURPOSE OF EACH MODULE 
« INPUT REQUIRED 
• PROCESSING LOGIC 
. OUTPUT GENERATED 
• TRANSACTION LOGS 
• EQUIPMENT* SOFTWARE 

CONSIDERATIONS 

OATA 
ELEMENTS 

useo 

SUPPLIER NO 

I SUPPLIER NAME 

3.| QUANTITY OROERED 

j | QUANTITY RECEIVED -

c I 'TEN! DESCRIPTION" 

. [ UNIT OF MEASURE | 

, | PURCHASE OROER Nt~ 

, | 5CHEOULEa DUE OATr" 

g 11UYER IDENTIFICATION" 

3 A U 
D S F ' M T l O \ S 

> fILE IDENTIFICATION 
> >'{LD DEFINITIONS 

SAMPLE OATA COOES 
> DATA USE 

- READONLY 
- ADO 
- OELETC 
- UPDATE 

CM»3P214 
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(Source of Exhibi t 5: Material Handling Engineering, March 1979) 

How to forecast 
storage space requirements 
quickly and reliably 
JAMES A. KOENIG 
International Business Machines Corp., San Jose, CA. 

This simple and reliable method of forecasting the space requirements for 
bulk production inventories was developed for a computer assembly plant 
but translates directly to much broader application across industry. It fits 
business planning cycles for forecasting business-as-usual bulk inventory 
space and for projecting requirements for space in automated storage and 
retrieval systems (ASIRS). 

All assembly lines require storage space for parts 
and components. The bulk or palletized load space 
requirements vary greatly, thus introducing the 
need for some system of forecasting and allocation 
of storage space. 
To meet the challenge of changing space require­
ments effectively, we proceeded to design and 
develop a forecasting method. Experimental results 
have led to using the method in planning a 
multimillion-dollar material distribution center. 
The new method not only forecasts bulk inventory 
space but is also useful in forecasting unit load 
requirements which are essential to planning auto­
matic storage and retrieval systems (AS/RS). 

Flnt, collect and utume 
Acknowledging that our production inventory (PI) 
forecasts would be subject to continually changing 
planning assumptions (especially production 
schedules), and that our manpower would be 
limited for using and maintaining a forecasting 
model and its associated data base, our space 
forecasting method was designed to: 

•Provide a first-cut approximation of the PI 
requirement forecast which will endure the test of 
reasonableness. 

•Be simple and quick to evaluate and track 
planning changes. 

•Incorporate, as possible, the dynamic complex­
ities of our inventory to reflect product mix, special 

feature and field replacement requirements, vary­
ing inventory turn rates, multiple E/C levels of 
various parts, inventory policies of production 
control and purchasing. 

•Utilize current, actual, physical PI requirements 
as the baseline for all forecasting. 
The key asumptions are that: 

•Existing inventory policies (good and bad) will 
continue. 

•No financial data is required. 

A method you can live with 
After investigating several approaches we arrived 
at what I call the "tops-down" storage function 
approach. Briefly, this method requires an equa­
tion for each machine type to determine (he bulk 
PI requirement as a function of a readily avai'able, 
independently forecasted, and relevant variable. In 
our case we used the machine production sched­
ules. For a first-cut solution, we developed an 
equation for each product family in the simplest 
linear form (Y = A x X). Philosophically, this 
function incorporates the inventory "complexities" 
using the baseline data to establish the equation 
coefficients, while avoiding the cited time-consum­
ing individual part number data base development 
and maintenance. 
Our 6-stcp procedure for implementing the fore­
casting method is as follows. 
1. Assess Baseline Inventory 
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TAHLF. II Baseline inventory 
Percentage 

How 
Recorded Huildin 

Storage 

WL 
Unit 

Loads 
Floor 
Space 

Cube 
Space III 83 

87 
34 

074 
074 
008 

Stacked 
Stacked 
Racked-ASRS 

31 
11 

331 

251 
151 

271 
201 
"I 

271 
191 
281 

SUBTOTAL MEASURED: 371 791 721 741 

Estimate 

Estimate 
Estimate 

19-25, 
28-33 
35-38 
84,86 

007 

008 
074 

Racked-FLT 

Racked-FLT 
Racked-FLT 

141 

351 
141 

61 

101 
51 

101 

91 
91 

81 

101 
81 

SURTOTAL ESTIMATED: 

TOTAL 

RASE 

631 211 281 261 

1001 1001 100% 1001 

6134 21843 236G* 4248C^ 

TABLE I I I Product codes 

Consolidated Product 
Product Code 

12 

Group 

Misc. files 

Products Product Code 

12 

Group 

Misc. files Miscellaneous file inventory 
40 3345 3340, 3344, 335C 
33 333X 3330, 3333 
32 2305 2305 
31 Control Units 3830,2835 
39 Printers 3800 
36 Libraries 3851 
7 Misc. tapes Miscellaneous tape inventory 

23 341X 3410/11 
57 3420 3410 
58 3803 3803 



Iii ihe storage areas having a high uilii-loads-
pcr-parl-iiuniber raiio, dala was colluded on unii 
load quantities, si/e. weight, etc.. by part number 
shown in Utile I. Specifically, this was done in I he 
areas where parts were slacked. Il iiiuk about live 
man-days to collect and two man-da)* lo 
enter verify dala. 

In areas where there was u very low unit-loads-
per-part-nuinhcr ratio leg., the racked areas scr-
uccdhv lorklillsi. the lolal will load dala and Door 
space cube usage were measured and then prorated 
lo the producls per ilicn respective percentage tit 
pari numbers in lliat area, the part number dala 
was obi.lined oil our plain's manufacturing data 
base I able II shows a Minimal) ol llie dala lor 
these .iras 
2 ( onsolidale Product ( odes 

I lie product menu of current and lollow-on 
products was consolidated into groups based on 
manufacturing similarities liable III). 
.V Choose Variable'Assess llaseline Value 

Chosen as the independent variable. The product 
build schedule. This schedule determined the 
baseline monthly production. However, since our 
plant not only builds new machines but also 
reconditions (recoils) used units, we decided lo 
adpisl the recoil build lo its equivalent amount of 
new 'inkl Assuming that it requires more bulk I'l 
to produce one new null per mouth than il does 
lo recondition (recon) one. the iccou build dala 
was accordingly diminished and then added lo ihe 
new build quantities per consolidated product 
codes in arrive al an equivalent new, baseline 
inouthl) build rale 
-1. Determine I'l Storage I- unction 

the baseline inventory was divided by Hie 

•lOr _ »!!'!:L'j'»\ls'i j 

10-

; ;'; /H « m si M \ 

Fiyuri' :.' ; 
Rulk PI spaci> itirocasl cuinpai isuii ' 

equivalent new. baseline monthly build rate to 
derive (lie coefficient A of ihe I'l siorage function 
pel coiisolidaled pioduet code, i e . inventor) re­
quired lo build one cquiv aleiil new nun per month 
I he form of the function is V A \ X, where 
X is a inonllil) rate build and V is the resulting 
I'l requirement, 
s l'io|ccl Independent Variable 

I he proiccted build schedules were grouped by 
consolidated product codes, and transformed into 
equivalent new builds. To account for the impact 
of follow-on producls, the follow-on product 
schedule in each consolidated product group was 
weighted In its finished volume of ih.il group's 
representative product. This established ihe cubic-
weighled. equivalent new. /IMJI\ U\I month!) build 
rales 
I' I oiecasl I'l Kcqiiircmcill 

I usl. each cubic weighted, equivalent new, 
protected month!) build rale was tesied to find the 
giealei o| its vear's average annual or year-end 
nionlhl) build rale. I lie appropriate rate was then 
multiplied by its I'l storage function lo project the 
year-end I'l requirements per consolidated product 
code. 

Note that Ihe monthly huild rate, when using 
an average annual rate, will understate the year-
end rate during an increasing schedule and over-
stale il during a decreasing one. A close approxima-
lion lo Ihe actual year-end rate is found h) averag­
ing an) year's average annual rale with Us average 
annual rale loi die tieu u\ir. I ipurc I shows a 
ciimpaiisun ot an "acinar monthly build rale lo 
bo|h I lie aveiage annual rale and the U'ar-cml rale 
approximation. 

In real-hie. as schedules increase. Production 
( oiiiiol clinch plans inventories lo mminii/e Ihe 
risk ol sniplusc, due lo last nuiiule engineering 
changes, uiilullilled huild forecasts, etc Also, 
without hard tooling completed, initial parls clc-
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TARLK IV API- p r o g r a m : GSF 
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liveries t y p i a l y experience delays. However, as 
schedules flatten and ultimately decrease. Produc­
tion Control wil l induce a lag in the corresponding 
inventory reduction to hedge against a parts-short 
situation due to any unexpected schedule reversal. 

To model this situation, the year-end month 
build rate approximation is used for increasing 
schedules and the average annual rate is used for 
stable or decreasing schedules. The algorithm for 
this is to use the greater monthly build rate. Figure 
2 shows the impact of this algorithm on the PI 
forecast. 

APL Program: Example 
An APL program was designed to evaluate data 

for unit loads (UL) , thousands of gross outside 
square feed (GSF), or thousands o f gross outside 
cubic feet (GCF). Table IV illustrates the output 
using the hypothetical example below: 

•The program first prompts the user for the 
desired evaluation mode and for the business plan 
identification, In this case, GSF was selected for 
business.plan 97X31. It th'.n prints the baseline 
invjfftbry data. 

•The data is grouped throughout the program 
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by the consolidated product codes This example 
uses product code 31. 

•Using the product build schedule as the inde­
pendent variable, and interactively inputting our 
assumption of requiring four limes as many bulk 
parts to build new machine as it does a rccon, the 
program calculates the equivalent new baseline 
monthly build rates. For product code 31, the 
equivalent new rate is 113, i.e., 107 new plus (24 
divided by 4) rccon. 

•The storage function is calculated from the 
baseline data, l o r product code 31, the coefficient 
is . 1511 GSJ ID build one equivalent new unit per 
month, i.e., 17.2 CjSl- divided by 113 equivalent 
new per month. This function assumes total vari­
ability of the PI requirement relative to a subse­
quent change in the equivalent new monthly build 
rate (see line A in Figure 3|. Remember that the 
1511 GSF is not just the Pi required to build one 

unit hut also to accommodate the additional slock 
whici- Minp'.r;, ihe cited inventory complexnics. 

Using a project build schedule matrix which the 
user initially establishes, the program weights all 
projections by ratio of the product's finished vol­
ume to the volume of the group's representative 
product. It also converts the rccon schedules to 
equivalent new. The cubic-weighted, equivalent 
new, projected monlhly build rate is then printed 
for all product codes in columns indicating the 
product code, the machine type, a I or 0 to 
designate new or equivalent new monthly build 
schedule, and the years for the projected schedule. 
The program then prints the PI requirement fore­
cast for each year by product type and total. Fur 
product code 31, for year-end 1981, the projection 
is 35 GSF, i.e., 222 + 240 divided by 2 year-end 
rale multiplied by 1.01 calibration factor, (see 
Results versus Criteria section). The program again 
prompts for the evaluation mode. The same data 
was run for unit loads, in Table V and then "STOP" 
was invoked. 

Soma caution* 
Obviously, one must invoke a test of reason­

ableness each time a computer run is made. Our 
experience shows that the results can be greatly 
distorted primarily in two ways. 

f i rst , beware of those monthly build rates which 
are far above or below the baseline rale shown in 
figure 3. The more realistic storage function ap­
proximation has a fixed and variahle portion (line 
l>), rather than being completely variahle (line A) 
as the current storage function depicts, causing an 
over or underestimate, respectively. However, ad­
ditional data points are required before line H's 
equation can he estimated. This reasoning also 
applied to products where baseline build rate is very 
low (about 20 or less). At this point, one appears 

can also UK unit loidi o r ' . -'c Int 

Figure 3 
Storage function (product 31 exanple) 

to he seeing much ol the " f ixed" portion of the 
storage function MI thai assuming lolal variabilis 
will similarly induce over-estimates for any larger 
projected rales 

Second, beware of the recoulni icw assumption 
involving those products whose only piodliclion 
was for recon during baseline data collection. I heir 
inventory likely contains large quantities of surplus 
parts awaiting disposition or in market reserve. 
Tins will inflate Ihe storage function and tend to 
niagnily the forecasts of new build of follow -on 
products in that product code. Product codes 33 
and 57 are examples of this. 

Forecait v i . Design criteria 
For initial calibration, we measured the total, 

actual year-end 1977 gross outside floor square 
footage used for bulk PI to 24d ( iSF. Balancing 
the year-end 1977 projection from ihe October 
baseline to this required about I percent added as 
experimental error. This calibration factor is ap­
plied lo all year-end bulk PI projections. Referring 
to the baseline data, Ihe projections can easily he 
tested and modified as reason dictates. Note that 
the floor (and cube) space projected from this point 
yields business-as-usual requirements. The 
projected unit loads are key factors when altering 
current storage methods, e.g., planning as ASRS. 

Since the computer programming language is 
API. , it can be easily assessed and updated for new 
baseline or projected schedule data. Tracking is 
done by maintaining previous schedule projections 
(or whatever independent variahle is used). A 
minimum amount of manpower (only seven man-
days) was required lo assess the baseline inventory 
and we expect that this only needs lo he repealed 
once or Iwiee a year Tor adequate data base 
maintenance. 

The baseline inventory incorporates, although 
per a snapshot, the entire spectrum of normal 
(good/bad) parts analyzing, purchasing huy-
aheads. long/short turn rale items, field replace-
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ments, and feature stock, etc., lhat characterize the 
inventory composition for each product code. 

This method calibrates PI requirements using the 
inventory which is actually packaged and stored 
in our warehouse rather than estimating what it 
theoretically should be using, inventory rules, us­
age per machine, etc. No assumptions arc made 
for quantum inventory policy changes and there 
is no '' endence on financial data. 

Getting ir« from the program 
Most sp e forecasting methods have potential 

for further enhancements. Here are some sugges­
tions for our method. 

Take several measurements of the inven­

tory/schedule to: (I) Using linear regression, estab­
lish a more realistic baseline PI storage function, 
i.e., one with a fixed and variable component (see 
Figure 3), and (2) provide periodic recalibration. 

Meanwhile permitting, calibrate the projection 
to unit loads rather than total floor square footage, 
so one is independent of space utilization variances. 

Select a group of pari numbers which have the 
highest contribution to PI requirements and apply 
them individually to their respective product sched­
ules based on their actual levels. 

Scrutinize the new/recon ratio assumption for 
each product code; adjust accordingly. 

Provide "what if?" capability in the APL pro­
gram for sensitivity analysis. 
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Exhibit 5-2 

Floating slot storage: 
more space in the same space 
An on-line, computer-based inventory management system helped 
this grocery wholesaler gain 30% in storage capacity without physical 
expansion. Incidentally, it also eliminated double handling, lowered 
labor costs, raised productivity, speeded throughput, cut product loss 
and improved customer service. 

Dealing with constant growth is nothing new for 
the management team of American Seaway Foods. 
Inc. Rather, unrelenting growth of recent years has 
become a simple fact of life for this full-line grocery 
wholesaler. 

Headquarters for the firm is a sizable distribu­
tion center in the Cleveland suburb of Bedford 
Heights. Ohio. The 600,000-sq-fl facility serves 
nearly l.<)00 independent supermarkets and retail 
grocers in Ohio and parts of Pennsylvania. 

Along with these traditional customers, a grow­
ing list of institutional food service accounts puis 
an additional burden on the throughput 
capabilities of the facility. Combined customer 
needs call for a regular inventory of almost 12,000 
different merchandise items, including fr'"?erand 
cooler goods. 

Customer orders pour into the distribution cen­
ter a! a rate of some 1,100 a day, and, on peak 
days, order volumes often reach 1,500 or more. A 
highly tuned operation is obviously at work to be 
able to mainiain such volumes and still provide 
good customer service. 

Some time ago, American Seaway installed a pair 
of computer-based, on-line systems to cope with 
the heavy and growing workloads. One system 
handles on-line order entry from customers, while 
the other system handles the merchandise received 
from suppliers. 

Both systems run on the facility's IBM System 
370/138 computer. The receiving procedure in­
volves on-line interaction between IBM 3270 CRT 
terminals on the delivery dock and in various 

warehouse departments. When a delivery arrives, 
the operator of the dock terminal keys in the vendor 
number and the associated purchase order number. 
This immediately calls out a screen display of that 
order, listing item code and order quantity, pack 
size and description, and pallet specifications. 

The terminal operator runs down the displayed 
order list line by line, and matches the quantity 
of each item received with the quantity ordered. 
Any discrepancy between ordered and received 
quantities is noted and recorded by the computer. 

Orders from individual stores are similarly han­
dled on-line. This system is set up lo report order 
quantities that are unusual, approved item sub­
stitutions in case of stock-outs and other matters 
particular lo a given retail account. 

Despite the success of the two on-line systems 
being used for dry goods, freezer and cooler goods 
remained a major concern of American Seaway's 
management tm. Because of their very nature, 
freezer/cooler uems constituted a kind of triple 
jeopardy: specific item value was high, they were 
perishable, and they were use-dated. 

While the risk of financial loss is ever-present 
when perishable goods are handled, that risk can 
be minimized through efficient inventory man­
agement and proper stock rotation. In Seaway's 
case, a gradual change of circumstances was mak­
ing the operation in the freezer/cooler building less 
and less efficient. 

As an example, the inventory had steadily grown 
with the introduction of many new food items, but 
storage capacity had remained constant. High 
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throughput complicated matters to the point that 
existing capacity was not being fully utilized. 

A brief analysis led Seaway to the primary 
stumbling block, which was the assignment of 
freezer/cooler items to a permanent storage slot 
by product code. This resulted in a certain per­
centage of all storage locations being empty at a 
given time, with an even higher percentage only 
half full most of the time. 

A worker might go to a location to pick an order, 
find it empty, then have to make an extra trip to 
resolve the problem. Similarly, a worker might 
attempt to store a load only to find the assigned 
location partially full, Again, an extra trip and 
wasted motion. 

A lot of double handling was taking place simply 
because of the way the freezer/cooler operation 
was organized. Beyond the high labor costs as­
sociated with rehandling, customer service was at 
stake. It was bad enough to occasionally ship the 

Pwrnimntly •••Igntd Morog* htd rowHtd In * ptr-
ctnttf* of id loettlom tmpty »t iny tlmt, wd too much 
doubt* hMHMng. Undtr dotting dot contort, Hit com-
puttf tiilgm loctUoni biMd on thi product, Kt rotatlvo 
vttoelh/, piHot itat, md riot mlMMty within tht propor 
vtloelty lont. 

wrong product to a customer. An even more 
worrisome problem, though, was the possibility of 
shipping use-dated items too close to the expiration 
date on the package. If this happened, the shelf-
life of the product was gone, and Seaway had to 
absorb the loss. 

A perfect chance to resolve these problems came 
about a year ago, when the firm began a program 
of expansion and modernization in the free­
zer/cooler building. The operation was carefully 
studied, and the study confirmed what the man­
agement team already knew: fixed slot storage had 
to go. As long as this method was being used, 
optimal storage space utilization would never be 
a reality. 

A method of solving the problem came, in a 
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manner of speaking, through the back door. In the 
course of purchasing additional orderpicking 
equipment from Barred Electronics, (he idea of a 
"floating slot" storage system was brought to 
Seaway's attention, 

The idea was not new. Both the concept and the 
software had already been fully developed by IBM. 
Furthermore, the approach was completely com­
patible with existing computer hardware at the 
distribution center. 

Under the guidance of John Prall, director of 
systems, Seaway's data processing staff examined 
the floating slot concept. They knew it would work, 
but they wanted to be able to accurately predict 
the impact of this approach on overall warehouse 
operations. 

"Converting from Rxed to floating slot ware­
house operations demands a certain amount of 
reorganization of space and aisle arrangements," 
Mr, Prall explained. "But after we refined the 
concept for our application and decided to go with 
it, we needed only an additional eight weeks to 

complete the necessary programming." 
Three aisles were set up for floating slot 

merchandise within the freezer/cooler building, 
two for freezer and one for cooler items. Each aisle 
has multiple tiers of storage slots and is served by 
man-aboard slockpicking vehicles. Aisles were also 
divided into three zones along their length, with 
fastest moving items stored nearest the order 
assembly area. 

Under the floating slot system, no item has any 
permanently assigned storage slot or reserve 
storage area. The computer makes these assign­
ments, basing its decisions on the product and its 
relative velocity, the size of incoming pallets and 
slot availability within the proper velocity zone. 

Mr. Prall explained that the system was set up 
with a limit of six storage slots per product code. 
"Any additional pallets of the sameitem are routed 
to a reserve storage area which the computer also 
selects. The computer records this information," 
he said, "and also keeps tabs on the quantities of 
items in each floating slot as well as the available 
empty slots. In short, our computer monitors all 
items, quantities and locations." 

When information regarding inbound merchan­
dise is keyed into a terminal, the computer will 
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recognize any items under floating slot system 
control by a unique item code. At present, floating 
slot assignments are made by the computer for 
about I .WW free/.er stock items and another 700 
cooler slock items. 

Fasl-moving. high-turnover items are not in­
cluded under the new systcm'scontrol because such 
items are stocked very heavily and would tie up 
too many slots. "This is one of the benefits of the 
new system," Mr. Prall told MHE. "It gives us 
tighter control over those normal velocity items 
that make up some 80% of our freezer/cooler 
inventory." 

After slot assignments arc made under the new 
system, the CRT terminal operator must rc-kcy the 
slot number and quantity for each item as it is 
displayed on the screen. This is a means of veri­
fication for the computer. Once the computer 
accepts this itcm/quantity/slot number veri­
fication, the system immediately updates the avail­
able inventory records. The goods arc then moved 
from the dock to the assigned slots. 

As customer orders are entered and processed 
through the on-line entry system, the computer 
specifically indicates which slots are to be picked 
for that order. A first-in, first-out inventory basis 
is followed, and inventory records are again up­
dated to reflect withdrawals. 

At the end of each day. the computer produces 
a list of all slots that have been emptied as a result 
of the day's picking activity. A visual verification 
is made so that accurate slot assignments can be 
made the next day. The computer is seldom, if ever, 
wrong. 

The system has inquiry capability for floating 
slot inventories at all times. Workers can inquire 
either by item number or slot number through any 
of the CRT's. If necessary, change-data to correct 
discrepancies can be entered on-line loo. 

Productivity figures are not available, hut the 
new system is undeniably responsible for a healthy 
increase in the freezer/cooler building. The floating 
slot assignment eliminates the double handling that 
almost always occurs under a fixed slot storage 
system. Between the effects of a more efficient 
operation overall and the elimination of double 
handling, productivity could well have doubled. 

Mr. Prall reports that receiving time has been 
cut, which in turn has sharply reduced labor costs. 
This alone saves the company thousands of dollars 
a year, and the savings will recur. 

The new system also insures better utilization of 
high-demand freezer space. Rack and aisle re­
arrangement alone could have accounted for only 
a modest improvement; the floating slot system was 
responsible for an increase of 30% or more usable 
storage space, and this figure is conservative. 

Inbound •Mpmintt ire viHdtttd by eomptrlng bM-of-
Isdlng wHh original prdtr on tn I IM t t m M . The 
compute rtcognbis any floating ikri ItMii by i unkuM 
product cod*, makaa itorig* mlgimitnti, tnd rtcoidi 
all Nona, quantum ind location*, 

"In addition," Prall stresses, "customer service 
is much improved by the floating slot system 
because of the swifter availability of newly received 
merchandise at the picking stations. Furthermore, 
orderpicking delays resulting from suddenly empty 
picking slots have been virtually eliminated." 

The floating slot storage system has performed 
so well that it will be expanded to serve a major 
portion of the conventional warehouse by mid­
summer. This project will also entail a layout 
modification, some other physical changes and the 
addition of AC-powered, rail-guided orderpicking 
vehicles. I f a current study yields favorable justifi­
cation figures, some degree of automatic laser 
scanning will be included too. It will undoubtedly 
be interfaced with (he expanded, on-line computer 
system. 

There's no question at American Seaway Foods 
ahout the effectiveness of the floating slot system, 
according to John Prall who ought to know. "The 
floating slot is, in our opinion, the primary ware­
housing tool of the future, and we intend to take 
as full advantage of it as we can, as rapidly as we 
can," he said. "Its many advantages, including 
labor, time and cost savings, improved customer 
service, tighter operations control and better utili­
zation of storage space, are too valuable to ignore." 

—flOGER BETZ, senior editor 
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Exhibit 5-3 

New Navy guide to warehousing 
based on ratio of 
transactions to inventory 
Wei', ly-released publication offers assistance in developing feasibility 
studies in functional warehousing layout and material handling 
systems. Although your systems constraints may not match those 
of the Naval Supply Systems Command, you can benefit from the 
data collected and analyzed in this study. 

Warehouse Modernization and Layout Planning 
Guide. Department of the Navy. Naval Supply 
Systems Command. NAVSUP Publication 529. 
Written by E. Ralph Sims Jr. & Associates, Lan­
caster. Ohio, in concert with NA VSVP personnel. 

Scope: 
• Applicable to functional concept planning for new 
facilities or modernization of existing facilities. 
• Describes bask storage and material handlmg 
state-of-the-art system concepts. 
• Provides modular layouts, system design-selection 
criteria and comparative costs for self-help analysis 
of storage activities. 
• Provides techniques for facility, inventory, product 
and transaction data analysis to he used in developing 
preliminary alternative functional designs. 
• Furnishes guidance for developing budgetary costs 
and final studies for which external assistance may 
he required. 

Copies of the document soon to be available 
through the Naval Document Service. 

"Warehouse Modernization and Layout Plan­
ning Guide" is intended to provide guidance in 
initiating feasibility and concept studies pertaining 
to warehouse modernization and functional 
layout/elevation planning. It comprises method­
ology whereby Navy general supply activities can, 
without significant resident expertise, determine 
what modification to existing facilities or what new 
facilities will be required, given the current state 
of the art. 

All designs of powered mobile equipment were 
included in the study so that the systems design 
configurations would be universal. 

The following copy, edited from the Guide, 

explains how the program works: 
There are three basic handling classes of storage 

to be -insidered in the Navy system. They can be 
descrk 1 as: 

1. High cube and large lots: 
A limited amount of bulk storage activity is 
needed to store bulky or high cube units and 
large volumes of inventory on pallets. 

2. Palletized packaged material: 
Various sizes, shapes and configurations of 
packaged products are stored throughout the 
system. 

3. Shelf or bin merchandise: 
This category includes handpicked items such 
as electronic and mechanical components, 
etc. 

Bitlc partmittn 
Among the several basiccomponents in the Navy 

supply system which have been accepted as a basis 
for the development of decision criteria and pro­
cedures arc: 

1. The use of standard 40" x 48" pallet dimension 
for the majority of operations. 

2. An inventory issue, withdrawal transaction, 
or order handling system based upon a single line 
order entry document. 

These two basic factors are accepted as "given" 
in all elements of the program. Racks, aisles, and 
machinery characteristics are all based upon the 
pallet size, and all transaction rate analyses are 
based upon the single line document pattern. 

Traniactlon/lnvintory Ritlo 
The available systems arc ranked in order of in-
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A graphic representation of the 
T/l ratio. The l lnti T,l, and T,l, 
rcpreianl the cast equation! of 
Syilemi A and B, respectively. 
ThecrossoverpolntXrepresents 
the transection and Inventory 
values T, and I, which produce 
equality In the annual cost equa­
tions. The slope ol the line OX 
pasting through this point and 
the origin Is represented by the 
T/l ratio of T/O. Clockwise rota­
tion ol this line moves Into a 
region of Inventory control, 
where T decreases and I In­
creases. 

creasing cost based upon a Transaction/Inventory 
Ratio (T/l) for each height range. For a given T/l 
ratio, the least cost system for each height can be 
delermined.Thescalternativescanthcnbecompared 
to determine the optimum height for the facility. 

All labor costs are graphed in units of manhours. 
Conversion to dollar cost can be accomplished at 
the prevailing local wage rate. 

Vehicle costs arc accounted for by two methods. 
In the case of wheeled vehicles (free path equip­
ment), the vehicle count is independent of inven­
tory. In these systems, vehicle cost is allocated on 
the basis of labor hours. The cost figure includes 
equipment cost and regular maintenance and oper­
ating costs averaging over 10 years at 2,000 hours 
a year. 

In the case of captive equipment, such as the 
carousel and the S/R machines, the number of 
units is determined by inventory quantity and the 
number of aisles or storage units, in addition to 
the transaction rate. In these systems, the equip­
ment purchase and operating cost is made an 
integral part of the storage equipment cost figure. 
The storage structure and handling equipment 
function is one unit and cannot be separated. The 
vehicle count based upon transaction rale must be 
compared to Ihc count based upon inventory. 
When the count based upon inventory is greater 
than the count based upon transactions, the total 
cost figure should he adjusted to lower costs hy 
the amount of the excess equipment. 

Cost equations arc developed in examples in the 
Guide. After the cost equations are developed, it 
is possible to compute the Transaction/Inventory 
(T/l) Ratios, which arc helpful in making com­
parisons between systems. With differing costs for 

the transaction and inventory portions of the 
equations, it is possible to compare two systems 
and determine a level of inventory and transactions 
at which the annual costs are equal. Higher values 
ol'T/l favor the system with lower transaction cost. 
Lower values of T/l favor the system with the lower 
inventory cost. In making the comparison, a set 
of two equations with two unknowns is developed. 
If a value for either inventory or transactions is 
inserted, the other variable can be determined. 
Without inserting specific values, an infinite 
number of transaction/inventory combinations is 
possible which will produce equality of the two 
annual costs. 

By solving the equations for a ratio of the 
variables, a fixed ratio of T/l or l/T cm he found 
which will maintain the equality. Hither ratio can 
he used Tor the comparison of systems: but since 
the inventory is generally the known quantity and 
is relatively stable and much greater than the 
transactions, it is used as the denominator. When 
transactions are applied, the T/l ratio will increase 
with an increasing number of transactions. If the 
ratio of inventory to transactions had been used 
instead, the ratio would vary inversely with trans­
actions, possibly complicating understanding of 
the concept and relationship of the ratio. In prac­
tice, a T/l ratio greater than one would not 
Hiirnially he encountered, since this Would indicate 
that in one day all of the inventory had been 
rotated. Transactions will normally he a small 
percentage of the available storage location. 

Since "Warehouse Modernization and Layout 
Planning Guide" is not yet in publication form, 
circle Reader Service Number 15(1 for the latest 
ordering information. 
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Exhibit G-l 

(Source of Exhibit 6: Material Handling Engineering, September 1977) 

Productivity is an IBM 370/158 
teamed up with a lift truck fleet 

you don't have to have an automated material handling system to 
enjoy the benefits of computerization. Exxon ties together a variety 
of material handling hardware with computerized order filling. 

Manual picking from conventional storage facil­
ities sounds like a pretty straightforward operation. 
At Exxon's Central Distribution Center in Baton 
Rouge, however, the operation is anything but 
simple, As naany as five different crews pick from 
as many locations for one order. But mass con­
fusion is prevented thanks to some highly sophisti­
cated computer programming. 

In part, the computer system was justified be­
cause it made random storage possible. And ran­
dom storage was chosen because it reduced the size 
of the warehouse by about one third, 

"With a conventional storage warehouse, we 
would have needed about 150,000 sq ft to store 
and ship the same amount of product that we arc 
currently handling in a 113,000-sq-ft warehouse," 
explained Scott Farrin, warehouse superintendent. 

The new Exxon distribution center was built to 
serve two basic functions. First, to handle storage 
and shipping for the adjacent Exxon oil refinery, 
and secondly, to serve as a marketing warehouse. 

The existing facilities in Baton Rouge—a 50,000-
sq-ft refinery warehouse and a 28,000-sq-ft market­
ing warehouse—didn't provide adequate storage 
space or work area for meeting the company's 
standards for customer service. Neither facility 
could be expanded. Processing units surrounded 
the refinery warehouse so additional property 
couldn't be made available. Because of the layout 
and variations in ceiling heights, the existing mar­
keting warehouse could not be effectively expanded 
either. 

Exxon therefore decided to consolidate the two 
operations under one management and build a new 

54 

facility to accommodate both. Industrial Handling 
Engineers, Inc. in Houston were consultants on the 
project. 

Locations outside of Baton Rouge were con­
sidered, but the proximity of the Baton Rouge site 
to Exxon's oil refinery made it an advantageous 
location. Exxon thought that transportation costs 
would be prohibitive if they moved away from the 
supply source. 

More than 2,000 different packaged petroleum 
and TBA (tires, batteries and accessories) products 
are handled at the Central Distribution 0;nter. 
Packaged petroleum products are referred to at 
Exxon as speciality products. They include motor 
oils, greases and industrial oils produced at the 
Baton Rouge refinery. Thedistribution center ships 
these speciality products to the entire domestic 
market. In addition, the distribution center mar­
kets all products in a five-state area including 
Louisiana, Alabama, and parts of Mississippi, 
Florida and Georgia. Speciality and TBA products 
are shipped by common carrier or in Exxon vans. 

Dispatcher ktyi In all mtrchandlis 
Speciality products from thr oil refinery are 

packaged and shipped from a building in the Exxon 
complex about one mile from the distribution 
center. The oils and greases are brought to the 
warehouse by two special shuttle trailers, each 
equipped with an air chain conveyor that runs 
along the bed of the trailer. These conveyors are 
linked with a conveyor system at the refinery, 
allowing the oils and greases to be loaded with the 
push of a button. 
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At the distribution center, the trailers pull in to 
one of two special docks equipped with a roller 

I conveyor system, to which Ihe trailer conveyor is 
' linked. Off-loading is done with the push of another 

button. This receiving conveyor system (Alvey, 
Inc.) has the capacity to hold the maximum 60,000-

1 lb load from a 40-ft van. The trailers exceed normal 
width and are overweight for public highway. 

j However, their use is restricted to refinery proper-
I ly. 

Oils and greases will then travel along the 
conveyor to a forklift truck dispatcher (KI.D) who 

i keys information from incoming goods into the 
computer via a CRT terminal. The computer then 
generates a ticket with an adhesive hack that can 
be affixed to the container, giving instructions for 
handling that produci. The instructions can include 
three separate jobs for the forklift truck operators. 

j "If a restock move has been entered into the 
| computer at that time, it is given first priority. 

Restock means taking petroleum and TBA prod­
ucts from their random storage location to a fixed 

j picking location," explained Farrin. "The restock 
i move will be attached to a receipt move—putting 

the petroleum and TBA products into a storage 
"I location. At the same time, if we have activated 

a loading area for that day's shipment, the com­
puter will order a staging move. This means goods 

, will be taken from a storage location to the loading 
| dock." 

Tires, batteries and accessories, and petroleum 
products from other Exxon refineries arrive by 

, common carrier at 12 docks in the front of the 
I building. These docks serve as both receiving and 

shipping docks to help facilitateshorl lift truck runs 
i in which drivers pick up and put away a load in 
j one trip. The distribution center also has three 

boxcar docks. 
. Goods received at these docks are checked in, 
J itemized and palletized by a receiving crew. Forklift 

operators pick up the incoming goods and take 
them to the FLD with the receiving document 

( showing Ihe item and quantity involved. 
The FLD enters this information into Ihe com­

puter. Instructions printed for TBA products and 
i petroleum products from other Exxon refineries 

will be the same as those printed for incoming 
Baton Rouge refinery products. By entering all 
incoming goods into the computer, Exxon can keep 

| its stock locations constantly updated. 
' After the computer-generated ticket is affixed to 

incoming petroleum and TBA products, the goods 

i are conveyed to the end of the receiving conveyor 
where they are picked up by a forklift operator. 

Packaged petroleum product! Irom the nearby Baton 
Rouge refinery ere ofHoaded with Ihe puih ol • button. 
A conveyor on Ihe bed ol Ihe trailer is linked with Ihe roller 
conveyor at one of two special docks. 

The lorklill truck dispatcher keys information concerning 
the incoming oils and greases into Ihe computer. The 
computer then generates a move ticket with Insiructions 
for storing Ihe product. 

Storagt It both random and llxod 
Method of storage depends on the volume that 

a particular product occupies on Ihe average for 
its maximum inventory. 

Very fast-moving products that use a large 
amount of storage space are kepi in flour storage. 
Usually, these are fast-moving packaged petroleum 
products which ure stored in greater than-cight-
palletload quantities, There are also some fast-
moving automotive accessories—primarily oil and 
air filters—that fall into this category. 

Hfly-five-gallon drums, which hold refinery 
products, are stacked on pallets, five-high. Exxon 
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Rindom floor itorege it used ID dor* futmovlng peck-
aged petroleum products Hocked In greater-than-elght-
pillatloid qutnlitiM. Petroleum products in filty-fivB-
gallon drums are itecked on pallets, five-high. 

Bin carts art used (or mulli-ordtr picking and sorting o) 
small automotive eccettorlet. Whan the orders are filled, 
the employee takN lh» cart to a sequencing area where 
he packi the accessories into cartons. 

has seven 4,000-lb forklift trucks (Eaton Corp.) 
equipped with masts with a reach or 227 in. that 
allow them to stack live-high. 

Floor storage consists of pallet-size modules, two 
to five pallets deep. All modules arc kept full except 
Tor the current in- and out-modules. 

There are some Fast-moving products that are 
stored in floor storage—such as cases of motor oil 
and accessories like double wipes and aniifrec/e 
—but are picked from a fixed pick location. These 
pick locations are in gravity conveyor racks (Alvey, 
Inc). Orders for less-than-palletload quantities arc 
picked from gravity conveyor racks. 

Pallet rack (American Steel Products Co.) is used 
to store tires, batteries, accessories and packaged 
petroleum products not kept in inventories great 
enough to justify floor storage, but in quantities 
loo great to justify storage in deck rack or shelving. 
These products are stored randomly and picked 
from fixed locations. 

When the entire inventory of a particular prod­
uct is small enough to be stored entirely in one 
location, it is kept in deck rack (American Steel 
Products Co.) or shelving (I.yon Metal Products, 
Inc.) These products arc all stored in and picked 
from fixed locations. 

Tires, batteries and accessories are not sem 10 
their storage locations directly from receiving. The 
computer will first route them to the mixed TBA 
area, where picking crews will put Ihem into deck 
rack or shelving at a later lime. 

There is a similar area for packaged petroleum 
products that are received in less-lhan-half-
palletload quantities. These products are routed 
first to the mixed packaged petroleum area. 

"We don't want these less-than-half-palletload 
quantities to tie up an entire pallet rack location 
because we'd lose too much storage space. So we 
put them in the mixed packaged petroleum area 
and have picking crews take them to the fixed pick 
locations," said Farrin. 

"The same procedure is used for mixed 
pallclloads. Products are sorted before being 
moved to a picking location. In all cases, the 
computer updates the fixed pick location, assuming 
that the goods have been put there." 

Arta code determine! picking 
Th: warehouse is divided into areas, each of 

which is given a code. For example, location codes 
beginning with the letter "A" designate floor 
storage. This would be followed by a letter desig­
nating the aisle in which the product is stored, 
followed by two numerals designating the horizon­
tal location, and one designating the vertical loca­
tion. The computer determines how a product will 
he picked by its area code. 

There arc five modes of picking. Full pallet 
quantities of case oil, and any quantity of certain 
products stored in drums are moved by forklift 
from storage to the staging area. Instructions for 
picking are printed by the computer on move 
tickets generated at the FLU terminal. 

Certain flammable products arc stored in a 
special combustible room that has a fire wall 
separating it from the rest of the warehouse. If 
flammable products are part of an order, (he 
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Overhead case shipping conveyors descend to the loading 
dock where ashipment is being staged. Thecases ot motor 

oil travel along these conveyora to telescoping conveyors 
which lead into the trailers at the dock. 

computer will print a note on the loading document 
directing the loading crew to pick those items. 

Certain large products, including all tires, arc 
batch picked in blocks for an entire van, Batch pick 
products have been prc-determincd by theease with 
which they can he sorted in the sequencing area. 

The picking crew working in the gravity con­
veyor rack area picks cases of motor oil and 
automotive accessories onto (wo takeaway con­
veyors (ACX'O). These travel overhead to one of 
four loading docks. The longer of these conveyors 
leads to the Kxxon vans, the other to the common 
carriers. At the dock, telescoping conveyors lead 
into the trailers. 

The gravity conveyor crew, which will be work­
ing on the same orders that crews in other parts 
of the warehouse are working on. picks by cus­
tomer order for a particular van. At the end of 
each customer order, the pallet flow rack crew will 
affix a strip of white tape around the top or the 
last case in the order. When they've completed all 
the orders in a particular truck load, they will affix 
a strip of red tape around the last case. This notifies 
the loading crew that a trailer load is complete and 
they should move on to the next trailer. 

In the shelving area, crews use multi-pick docu­
ments to pick into bin carts (Thomas Truck 4 
Caster Co.) that were built specially to Exxon 
specifications. The document gives the location, 
product and quantity to be put in each bin so that 
orders are sorted as they are picked. When the 
employee has filled all the orders on the document, 
he takes the bin cart to a sequencing area. In the 
sequencing area, the crews will take the orders out 
of the bin carts, pack them in cartons and put them 
in sequence for delivery. 

At the same time, crews from the batch pick area 
will have brought larger items such as tires, bat­
teries and full cases of oil treatment additives to 
the sequencing area. They will then use a sequenc­
ing document to manually sort the batch picked 
items by customer order and put them in the proper 
sequence. All goods in the sequencing area are then 
put on pallets. When a van load is ready, the 
dispatcher is notified. He sends a forklift operator 
to move the goods to the staging area. 

When everything has been picked, the status of 
the trailer load will be as follows: 

• Fast-moving packaged petroleum products 
and automotive accessories from floor storage and 
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flammable products ircm the combustible room 
will be staged at the loading dock. 

• Cases of motor oil and accessories from the 
gravity conveyor rack area will be held on the 
overhead conveyors. 

• Multi-pick and balch-pick products—mc .ly 
tires, batteries and accessories—will be staged in 
the sequencing area. 

At this time, the loading crew—whir? has a 
document summarizing everything that i the 
various picking documents—can begin loading .he 
trailer. The crew knows from the document the 
number of orders that go in each quarter of the 
van, and the total number of cases, drums, bales, 
kegs and accessories that arc in each order. With 
this information, they can plan how that particular 
trailer will be loaded. 

Why u i * • computtr? 
"Our purpose in installing the computer system 

was primarily to make random storage possible. 
In addition, we wanted to optimize our forklift 
movement, thereby cutting down on investment in 
forklift trucks." said Farrin. 

"There were two other goals we had in mind 
when we installed the computer system: to auto­
mate our clerical function as much as possible and 
(o use the system as a management information 
tool. We were primarily interested in operating 
information rather than statistical or historical 
information," he said. 

Exxon has five man-years of investment in 

programming which includes 35 real programs and 
44 batch programs. 

The host computer is an IBM 370/158 which is 
located in the Baton Rouge refinery. The distribu­
tion center is tied in with the host computer by 
telephone line. Peripheral equipment includes five 
CRT terminals, three slow printers, one high speed 
printer and one tape punch. 

Problems in debugging the system were relatively 
minor, according to Farrin. And the computer 
system was very reliable. 

"The most difficult aspect of bringing the system 
on line was in changing people's ways of doing 
things. Employees from the old warehouse were 
used to handling one order to completion. Mow 
the order is divided into five different sections and 
only the driver and loading crews see the total 
order," he said. 

When asked what he would change were he to 
do it over, Farrin said, " I think we went a little 
overboard in the efficiency of the computer system. 
It was difficult for our employees to intervene and 
handle the many exceptions necessary because of 
the complexity of customer demunds. A more 
flexible system would be less efficient but would 
allow us lo handle special situations with less 
exposure to error. 

"The triple-cycle capability has caused some 
problems that we've had to circumvent. However, 
I think the basic concept of the system is sound 
and is working within the tolerances we established. 
But training a new person to make decisions based 

.'',''1 MMEHAl HANDIING ENGMEIING 



an what is happening throughout the system is 
difficult because the system is so complex," he said. 

As to the success of the new system, l-'arrin says: 
"We have 25 warehouse employees handling about 
10 times the volume by weight that we handled with 
11 employees in the old warehouse. This puts us 
right on target for our part of the project. We're 
shipping about 600,000 lb per day or about 12,000 
units. 

"In our old operation we had an error frequency 
of between two and two and a half percent, At the 
present time, through the entire operation, we have 
an error frequency of less than one percent," said 
Farrin. 

Apparently, this complex system at Exxon's 
Central Distribution Center isn't too complex for 
the computer to handle. 

- I U M N SUKL, MioeliM editor 

Exhibit 6-2 

Consultants' analysis of Exxon's 
new central distribution center 
Joseph F. Rtllly, Jr., president, Industrial Handling Engineers, Inc. 
Ralph M. Cox, manager of engineering 

In the Spring of 1973, Industrial Handling Engi­
neers, Inc. ( IHE) was retained by Exxon Company, 
U.S.A., Marketing D! ision, Distribution and En­
gineering Dcparlment, Memphis, T N , to develop 
plans for the new Central Distribution Center in 
Baton Rouge, LA. The Central Distribution Center 
receives, stores and distributes approximately 2,000 
items of packaged petroleum and TBA to service 
stations and commercial accounts primarily in the 
southern part of the United States. Some special­
ized packaged petroleum products arc shipped to 
the entire U.S. domestic market. 

Throughout the planning phases, Exxon posed 
many questions in an attempt to obtain the best 
possible design for the facility. Some are as follows: 

• Can the amount or handling for tires be 
reduced? 

• How should TBA mixed item pallets be con­
trolled? 

• How are returned goods to be handled? 
• Should fixed location or random access 

storage be used for all petroleum products? 
• Can double deep pallet rack be utilized to save 

space? 
• Is it economical to completely eliminate man­

ual handling of empty pallets? 
• How will the refinery shuttle trailer be de­

signed? 
• What procedures are to be used when the 

computer is down? 
Alternative answers to these questions, as well 

as many others, were investigated. The ultimate 
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goal in the design of the facility was a system that 
was cost effective from the standpoint of building 
space, fixed and mobile capital equipment and 
labor and other operating costs, while providing 
improved customer service. 

At the start of the analysis, product movement 
(throughput) charts were developed indicating the 
anticipated receipts (by refinery shuttle, common 
carrier, box car, Exxon Van back haul and returned 
goods) and shipments (by Exxon Van, common 
carrier, piggyback, box car and customer pick-up) 
for the years 1981 and 1996. These projections, as 
well as most of the analysis, grouped the items to 
be handled into seven groups—drums, kegs, pails, 
cases, tires, batteries and automotive accessories. 
Together with the product distribution curve (in­
dicating annual movement by product), the ship­
ping curve (indicating monthly movement by item 
group), the anticipated inventory and receipt quan­
tities by product, the physical sizes of the products 
and the typical orders, the basis for design was 
formed. 

In order to issist in the analysis of various 
alternatives, each having different cash flow re­
quirements, lives, types and periods of depreci­
ation, Equivalent Cost Units (ECU'S) were de­
veloped. ECU's are essentially after tax, present 
worth units of measure which reflect the overall, 
long term impact to Exxon for a given type of 
investment or expense. ECU's were developed for 
investments in buildings, fixed equipment (such as 
pallet racks), mobile equipment (such as forklift 
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The graphs a'ove illustrate typical storage mode cost 
curves lor (1) items having a total inventor)- of less than 
one pallet and (2) items having a total inventory greater 
than one pallet. These curves are in the form of cumulate 
storage costs (expressed in Equivalent Cost Units) versus 
the maximum inventory levjl for an individual line item. 
The analysis involves the development of all costs for 
various types of storage and the plotting o' trnse costs 
in order to determine the optimum storage mode for items 
having various inventory levels. 

The graph for items having a maximum inventory of less 
than one pallet includes the "fixed" costs of building 
space and storage equipment as well as the "variable" 
stocking and order picking costs calculated on the basis 
of the average turn level for each item group. The graph 
tor items having a maximum level greater than one pallet 
includes only the "fixed costs" of the building space and 
storage equipment, inasmuch as the full pallet slocking 
and picking costs are essentially the same for all of the 
storage modes being considered. 

trucks) and for operating expenses. Exxon's dis­
count rates, anticipated inflation rate and tax rates 
were of course, included. The use of ECU's enabled 
ready comparison of complex alternatives on an 
"apples and apples" basis. 

Detailed analysis was performed with respect to 
(he selection of the most economical slurage mode 
for each item, based on ils inventory level and 
movement. (See charts ahove.) 

After the development of the most economical 
storage mode for each item, and prior to any area 
relationship analysis, two layouts were studied in 
order to compare the size of the building based 
on ( I ) fixed storage locations and (2) random access 

FOR INDIVIDUAL LINE ITEMS 

storage locations. Primarily due to the packaged 
petroleum products, a building size reduction of 
approximately .17,000 sq ft could be obtained 
through the use of random access storage. When 
the difference in building costs was compared with 
the cost of an on-line terminal l» the Baton Rouge 
refinery computer, it became apparent that random 
access storage locations were indicated. 

Ulili/ing the storage modes developed for ran­
dom access locations, a detailed How diagram was 
prepared in order to accurately determine the total 
movement into and out of each of the various 
storage /ones, as well as the approximate si/e of 
each, l-'ollowipi. i r r area relationship diagrams 
were prepared indicating the frequency of move­
ment between each area in the warehouse (ex­
pressed in pallets per hour) and the minimum mean 
distance between each of the areas (expressed in 
feet). The product of these two factors (pallet - feet 
per hour) was used as the criterion for determining 
optimum locations for each area within (he build­
ing. This was done by utilizing a trial and error 
process to develop a proximity diagram which 
would minimize the criteria in question. Hascd on 
the results of the proximity analysis, a number of 
preliminary, internal layouts were prepared lor Hie 
building and the best layout was tentatively 
selected. 

During the course of (he analysis leading up to 
the determination of the preliminary layout, many 
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alternatives were investigated and recommenda­
tions made. Stacker cranes tor handling unit loads 
of packaged petroleum products were investigated, 
but could not be justified economically. Several 
different types of forklifl trucks were investigated, 
having various power sources, configurations and 
aisle width requirements. The forklift trucks 
selected are counterbalanced, electric sit-down 
models. Based on the analysis done, this type of 
truck was most economical considering the build­
ing space costs, the mobile equipment capital costs 
arid the operating costs for fuel and maintenance. 

The manpower requirements for the building 
were calculated based on detailed identification of 
each task to be performed, the number of times 
which it would have to be performed per day and 
the rate at which it can reasonably be expected to 
be performed. 

The refinery shuttles selected were overwidth, 
overweight combinations of conventional tractors 
and special trailers having full width and full length 
powered conveyors within them. The use of two 
shuttle trailers and one tractor was recommended, 
based on the route selected from the refinery 
Packaging and Shipping Building to the distribu­
tion center. The route selected allows the shuttles 
to renwin completely within the confines of the 
refinery, while minimizing delays which might 
result from red lights, stop signs or train crossings. 

Special emphasis was placed on safety in the 

design of the facility. By observing OSHA stand­
ards related to color codes, aistemaikmgs, powered 
industrial trucks, conveyor systems and similar 
equipment, as well as N.F.P.A, standards for 
indoor, general storage of materials and N.U.C. 
standards, the risksof injury to opcratorsand other 
personnel have been minimized to a great extent. 

After the preliminary layout was selected, de­
tailed plans, specifications, descriptions of opera­
tions and cost estimates were prepared by IHE for 
all of the material handling and storage systems 
within the distribution center. Additionally, an 
architectural engineering firm was retained for the 
development of detailed plans and specifications 
covering the building structure and site work. 

The project was appropriated in 1974, and IHE 
was retained to provide recommendations as to 
vendors and to assist in the procurement of bids, 
bid evaluation, approval drawing checking, ex­
pediting, and on the job assistance with installation 
and start-up of the systems. Operations began in 
the Spring of 1976. Certain concepts employed 
within lixxon's Central Distribution Center, partic­
ularly the use o; computer controlled, dual cycle 
forklifl truck stocking and order ricking, together 
with the use of hath fixed and random access 
storage locations as well as single order, multiple 
single order and batch order picking, are new to 
warehousing and distribution, in general, as well 
as to the petroleum industry in particular. 
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Nevada shuts 
next-to-last 
nuclear dump 

MNO (AP) - The radioactive 
* M c dump at Beatry was ordered 
dOMd by Nevada Gov. Robert List, an 
action that leaves only one commer­
cial, low-level waste site operating in 
the nation. 

Five drums containing radioactive 
mi te were discovered buried 4) (eel 
beyond a dump trench at the waste 
i k e on Sunday by a US. Geologic 
Survey Team. 

I t was irrefutable evidence to our 
satisfaction of gross mismanagement," 
a i d state Human Resources Director 
Ralph DiSibk), who inspected the site 
jeserday. 

Bill Phillips, a spokesman for List, 
M U the shutdown would be effective 
as soon as paperwork is completed, 
probably today, and would remain in 
effect until the state Board of Health 
•elds a hearing Nov. 27-23 on a state 
petition to revoke the operator's u-
cease. 

Earlier this month, Washington 
Gw. Dixy Lee Ray temporarily shut 
down the commercial disposal site at 
the Hanford Nuclear Reservation after 
defective packaging of radioactive 
waste was discovered. 

Both the Hanford and Beany sites 
are operated by Nuclear Enpneemwc 
Co. toe of Louisville, Ky. 

South Carolina's Barnwell site, the 
largest of the three. Is the only site left 
open. But South Carolina Gov. Richard 
BJey has said that he will not allow 
waste to be diverted there from states 
Kith closed dumps. 

l ist has shut down the Beatty site 
twice before this year. He closed it for 
about two weeks in May after impro­
perly packaged waste was found smol­
dering on a truck"rnrknl outside the 
Amp. And he shut it for about three 
weeks in July after kakiw: waste 
onetainers were dBcovered. 

Nuclear Engineering, spokesman 
George Kolbenschlag said the compa­
ny would *ot conuncnt on the action 
until at lira seen, the governor's proclu-
BHOon dosing the site. 
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