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EXECUTIVE SUMMARY 

1. The light Infantry divlalon (LID) Is the army's newest division. A 
total of five LIDs (four active and one reserve) have been activated and are 
in various stages of formation. The LID's organic engineer battalion was 
formed quite small in order to meet overall divisional manpower and deploy- 
ability constraints. Little is known of the LID's new engineer battalion's 
concept of operation. Questions arise as to what role, or^snization, and 
structure is appropriate for divisional and echelons-above-division (EAD) 
engineers? ' This study is a comprehensive assessment of these questions. The 
study was sponsored by the Army Development and Employraenc .^ency, and per- 
formed by the US Army Engineer Studies Center  (ESC). 

2. The table of organization and equipment (TOE) mission of the LID 
states that It "rapidly depioys to defeat enemy forces in low-intensity con- 
flict and, when properly augmented, reinforces US forces committed to a mid- 
to high-intensity conflict."* GEN John A. Wickham Jr., Chief of Staff of the 
US Army has commented on these missions and reinforced them by stating "Light 
divisions are designed to function in the low- to mid-intensity anvironment, 
to get to crisis areas rapidly, either to deter hostilities or to influence 
them to our advantage.. .with adequate support capability [they] can be used in 
mid- to high-intensity conflicts should the need arise."** Based on this dual 
mission, two US Army Training and Doctrine Command scenarios (gamed by the 
JIFFY model) were used to generate engineer requirements. The two contrasting 
— but very representative — sets of theater requirements were in Latin 
America and Europe. 

3. The study concluded that the LID engineer battalion, ' king alone, 
can successfully support the division during the key combat 8it>itions which 
occur during the Initial phase of a short-duration, low-intensity conflict. 
However, the LID needs immediate EAD augmentation to support the division's 
key situations which occur during mid- to high-intensity conflicts (Figure 1). 
Given the LID's most likely deployment area and the fielding of future mining 
and explosive systems, the EAD unit best configured to support Che division is 
the corps airborne  battalion (load-and-unload version). 

4. The study also concluded that the LID has the right kind and number 
of trucks to meet the engineer requirements imposed by various wartime sce- 
narios, if loglstlclans push supplies at least to brigade support areas and 
provide occasional helicopter support. Figure 11 provides a comparison of the 
equipment mixes generated by each scenario with the current TOEs and the 
resultant ESC recommended mix. However, a shown in Figure 11 a l-to-1 mix of 
ACE-to-SEE equipment (including a full complement of SEE attachments) is 
better suited than the LID's current TOE mix. This changed equipment mix 
would greatly help the divisional engineer battalion meet the requirements 
imposed by various scenario conditions. 

Table of Organization and Equipment 77-OOJ800 (Department ofvthe Array, 
1 Apr^ 1984). 

"A Proud Place to Be — a Good Place to Go land Serve," Army; The 
Magazine of Landpower,  Volume 36-9  (September  1986). 

ix 
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SCENARIO BASED ENGINEER BATTALION REQUIREMENTS 

Latin American 
Europe 

Todav* Future** 

Combat-essential 
force (needed at 

H-hour): 

LID Battalion LID Battalion LID Battalion 
Corps Battalion      Airborne Battalion 

Sustainabllity 
force (needed at 

Dm): 
Airborne Battalion  Corps Battalion  Light Equipment Co 

Total force 
(battalions) 2+ 

*Scenario with current mining and explosive systems. 
**Scenarlo with Volcano and improved conventional mines, plus liquid explo- 

sives. 

Figure 1 

DIVISION EQUIPMENT REQUIREMENTS AND COMPARISON 
(In Support of Engineer Workload) 

LID Engl neer Battalion 
Armored 

Combat 
Earthmover 

(ACE) Truck 

Small 
Emplacement 

Excavator 
(SEE) 

Combat Aviation 
Brigade 

Helicopters 

Key situation requirements* ■ 

Latin America 
Europe 
Composite scenario** 

10 
14 
11 

3 
2 
3 

6 
14 

9 

1 
0 

NA 

1988 TOE quantity 6 3 18 30 

ESC Recommended quantity 11*** 3 10*** NA 

♦Important priority groups and preparation and combat time periods. 
**2/3 Latin America;   1/3 Europe. 

***With no increase in C-141B sorties,  but higher quantities possible  if 
about a 1:1 ratio (ACE:SEE) is maintained^ 

Figure 11 



5. The. study's coacluslons and the resulting mobility and countemobll- 
icy recommendations reinforce the design concepts of the LID. To those more 
familiar with mechanized and armored operations, the study's final conclusions 
may seem very rudimentary. Light infantry operations with their complementary 
engineer support roles outwardly are very basic. However, the simple struc- 
ture tinted with just the right amount and kind of modern technology is very 
dynamic and consequently very powerful. 

a. When the study project team started this analysis, it had reser- 
vations about many of the LID's unusual engineer organizational and opera- 
tional concepts. How adept is an engineer battalion with only 290 men 
containing squads without vehicles and only two major kinds of engineer 
equipment totaling 24 pieces? 

b. ESC's data base was the 13th Engineer Battalion, 7th Infantry 
Division (Light) (7th ID [L]), stationed at Fort Ord, California. The 7th 
ID(L) was selected as ESC's data base because it has been organized longer 
than any other LID. During the course of this 12-month study, ESC confirmed 
the LID concepts by its analysis and observed the leadership of the 13th 
Engineer Battalion through its actual training and practice. For example, 
during the August 1986 division certification test, a shortage of ACEs and a 
surplus of SEEs was experienced. This result is similar to that projected by 
ESC's study findings. 

c. The LID concept works. The fact that it works is known to the 
7th ID(L) which, at this writing, has become a highly motivated well trained 
elite dlvioion. The LID engineer concept makes sense because it is rooted in 
historical principles. 

(1) The LID has small areas of operation. Engineer workload is 
directly equatable to the terrain that engineers oust change. Small AOs with 
less area for movement to maneuver leads to reduced engineer requirements. 

(2) The LID operates in closed terrain. Engineer workload is 
reduced in closed terrain because closed terrain offers more natural cover and 
obstacles. More point obstacles are required than linear obstacles, but 
overall less effort is involved (point obstacles are less time consuming to 
construct than linear obstacles). Difficult terrain also slows enemy 
advances, giving engineers more time to complete their mission-related tasks. 

(3) The LID must deploy fast. LID systems must be light so that 
the division can move qulcklv. These light systems are easy to learn, easy to 
operate, and easy to resupply. These characteristics make them very effective 
and powerful. For engineers, heavy explosives give way to equloment with' 
relatively low fuel resupply needs. 

(4) The LID has limitations In high-Intensity conflict.  In 
Europe, the LID must be augmented so that threat advantages are offset. This 
augmentation requires a heavy brigade for maneuver operations, more artillery 
firepower for suppression, and correspondingly, as determined by this study, 
one or two corps engineer battalions for altering the terrain. 

xi 



6. ESC's findings constitute a data base that can be adjusted If light 
infantry concepts or equipment characteristics change in the future• 
Presently the division accepts certain risks, such as resupply limitations and 
lodgement security, that are shared equally by engineers. ESC's recommenda- 
tions are based on doctrine, TOEs, and representative scenarios. The 
scenarios used by ESC apply the operational concept of the LID to Include the 
two applications of Combat Aviation Brigade employment, which is currently 
under debate. The requirements generated by the scenarios and the resulting 
conclusions and recommendations of the study outline rather general recom- 
mendations that enhance the engineer support to the division. No attempt is 
made to recommend detailed line item changes to the divisional engineer 
battalion's TOE. 

xli 
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I.     INTRODUCTION 

1. Purpose. This study analyzes the engineer requirements of the light 

infantry division LID under two 1988 wartime scenarios, and determines the 

engineer force capabilities needed to support the division. 

2. Background. 

a. During the development of the LID, the size of its divisional 

engineer battalion was reduced to meet manpower and deployability constraints. 

Little Is known about the engineer mission capabilities of this smaller bat- 

talion, or the specific needs for engineer support from echelon-above-division 

(EAD)  units. 

b. On 30 July 1985, MG Donald S. Pihl, the Commander of the US Army 

Development and Employment Agency (AOEA), wrote LTG E. R. Heiberg III, Chief 

of the US Army Corps of Engineers (USAGE), asking for his help in conducting a 

study to definitively measure the impact of the LID's new engineer organiza- 

tional design on the division's operation. MG Norman G. Delbridge, Jr., USACE 

Deputy Commander, responded to that request by tasking the US Army Engineer 

Studies Center (ESC) with a comprehensive assessment of the LID'" engiraering 

capabilities and requirements under two likely combat scenarios with very 

different deployment and battlefield  conditions. 

c. In September 1985, ESC published a study plan for the project, 

outlining its intentions of evaluating the divisions's ability to complete 

mobility, countermobility, survivability, and general engineering tasks under 

the scenarios approved by the project's Study Advisory Group (SAG). That plan 

was accepted at the SAG's first in-process review (IPR) on 10 October 1985 and 

is  summarized  in Annex A. 
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d. The 7th LID was ESC's primary source of Infonnation and inter- 

pretation of the division's published concept of operations, since the 7th LID 

had been organized the longest as a LID. In October 1985, the study team 

visited the 7th LID at Fort Ord, California, to collect data on the division's 

engineer requirements. At the same time, the 13th Engineer Battalion of the 

7th LID developed and staffed the divisional priorities for engineer support 

for each combat phase of the scenarios to be considered by the study. 

e. A Latin American scenario and priority task lists were approved 

by the SAG at the second IPR, 10 December 1985; a European scenario and prior- 

ity task lists were approved at IPR 3, 3 April 1985. A final draft of the 

study was completed and presented for comment at IPR 4 on 4  September 1986. 

3. Scope. As a requirements-based study, the focus of this effort was 

to: 

a. Find the time-phased mix of engineer units needed to satisfy the 

engineer requirements within the LID's area of operations  (AO). 

b. Suggest changes to the division's engineer battalion and engineer 

EAD units that would  enhance their ability to support  the division. 

4. Organization. Volume I of this report is unclassified and describes 

the study's methodology and summarizes significant findings, conclusions, and 

recommendations. A series of annexes provide the details of each step in the 

assessment and describes the new structures ESC recommends be considered for 

the division's organic battalion and EAD units. . Volume II, which is classi- 

fied SECRET, gives the details of the Latin American and European scenarios 

that were the basis of this analysis. 
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5.     Assumptions  and Their  Significance. 

a. ASSUMPTION: The organization of the LID is fixed as of November 

1985 and identifies all equipment that will be available to the division 

between 1988 and 1992. SIGNIFICANCE: This assumption establishes the divi- 

sion's future design capability, ignoring any existing surrogate items of 

equipment which could be changed later because of a revised divisional con- 

cept,   a technology breakthrough, or delays  in developing new equipment. 

b. ASSUMPTION: Engineer requirements are accurately represented by 

the two JIFFY scenarios developed by the US Army Combined Arras Operations 

Research Activity (CAORA) and by the division's operational concept, as pub- 

lished by US Army Combined Arms Combat Development Activity (CACDA). SIGNIF- 

ICANCE: The scenarios provided a wide range of terrain and combat conditions 

upon which to base engineer requirements. Where concepts are either changing 

or can be interpreted' differently, they were tested by using additional study 

excursions developed especially by the study team for this analysis. 

c. ASSUMPTION:     The EAD units  supporting the LID and  working within 

the divisional  AO are defined  by the Summary of  the Infantry Division (Light) 

2 
Wargame  prepared  by  CAORA and  modified   by  ESC.       SIGNIFICANCE:   Corps   engineer 

capability and EAD requirements were computed  and compared only for operations 

after the lodgement phase.    The unit arrival dates provided  in the scenario do 

not match  any operations  plan (OPLAN)   deployment  schedule. 

d. ASSUMPTION: Engineer Class IV and V materiel and munitions will 

be    delivered    to    the   brigade   support    area    (BSA)    by   other    than    engineer 

US Army Operational Concept; The Light Infantry Division (US Army Com- 
bined Arms  Combat Development Activity  [CACDA],  15 March 1984). 

Summary of the Infantry Division (Light)- Wargame (US Army Combined Arras 
Operations Research Activity [CAORA],  28  June 1984). 
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transportation assets. SIGNIFICANCE: Failure of the division transportation 

and logistical systems to deliver engineer material to the BSA will greatly 

reduce the number of squad-hours that can be directly expended on engineer 

support tasks,  and will place more demands on engineer transportation assets. 

e. ASSUMPTION: Only large gap crossings (over 18 meters) will be 

considered In the EAD bridging requirements and capability analysis. SIGNIFI- 

CANCE: This study can neither confirm nor reject the small gap (less than 18 

meter) crossing requirements and the engineer small gap capability for the 

LID. 

6. Essential Elements of Analysis (EEA). 

a. What engineer missions are best done by divisional engineers and 

(within constraints) what organizational Improvements are needed to accomplish 

these missions? 

b.' What engineer augmentation Is required from EAD and what organi- 

zational Improvements for these units are needed? 

c. What is the Class IV and V logistical requirement for the divi- 

sional engineers and how can this materiel be transported? What is the divi- 

sional engineers internal transportation capability and what part of the divi- 

sion's  total  logistical requirement must be met by division and EAD sources? 

d. How does terrain in a contingency area affect the frequency and 

type of  engineer missions? 

7. Study Methodology. 

a.     Figure   1   shows    the   general   study   methodology   used   to   compare 

engineer requirements with engineer capability for the Latin American and 

European scenarios. The requirements were unconstrained, but- realistic; they 

were calculated at the work site, assuming the optimum size workforce. Capa- 

bility was  degraded  by such commonly accepted  factors  as casualty and  movement 



rates. (Annex B fully describes all degradation factors.) The methodology 

generated, as a time-phased estimate, what engineer requirements can be 

executed in which order during the battle phases of each scenario (Figure 2). 

The results for each scenario are presented and then combined to provide a 

common basis for the study's recommendations. The SAG approved ascenario 

weighting scheme in which the results of the Latin American scenario are val- 

ued twice that of the results of the European scenario; the weighting scheme 

helped ESC evaluate how well the organization of the LID engineer battalion 

met the engineer requirements it was designed to satisfy. The primary ratio- 

nale for the weighting scheme was based on the divisional mission and opera- 

tional concept, which emphasizes a rapid response In a crisis — similar to 

the situation presented by the study's Latin American scenario. 

STUDY METHODOLOGY FOR EACH SCENARIO 
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TIME PERIODS 

Period  From  Through  Days Battle Phase 

1 D+l EH-2 2 
2 D+3 D+4 2 
3 D4-5 IH8 4 

W-9 DflO 

1 D-10 D+7 18 
2 D+8 DflO 3 
3 H-hour IH-23 1 
4 W-24 W-47 1 
5 H+48 H+95 2 

Latin American Scenario 

Deployment,  lodgement,  and secure AO. 
Move to and defend divisional AO. 
Attack on main avenue of approach, move to 

brigade tactical forward operating base 
(TFOB). 

Move to  and attack within new brigade TFOB. 

European Scenario 

Deployment, lodgement,  and movement  to AO. 
Prepare defensive positions. 
Defend. 
Counterattack. 
Delay. 

Figure 2 

b. ESC's study team asked the 7th LID's staff to rank each of the 

division's expected engineer tasks, by battle phase for each scenario, using a 

special task ranking system developed by ESC (see Annex A). Figure 3 briefly, 

defines each priority group in ESC's ranking system; Figures 4 and 5 are a 

consolidated version of the rankings selected by the 7th LID for the LID under 

the scenarios considered by this analysis. A detailed description of each 

functional area increment is given in Annex C (Mobility), Annex D 

(Countermobility),  Annex E (Survivability),   and Annex F (General  Engineering). 

PRIORITY GROUPS 

Short Title Implications of Nonsupport 

Vital Jeopardizes  the  existence of  the division;   high  loss  of   life; 
and  early defeat of  the division. 

Critical Failure of division operations;  Increased probability 
of defeat;  paramount to success in pivotal situations. 

Essential Short-term degradations  in sustainability;  significant 
equipment and material  losses (may be deferred  1  to 2 
weeks). 

Necessary Long-term degradation in sustainability;  moderate equipment 
and material losses  (may be deferred up to 4 weeks). 

Figure 3 



CONSOLIDATED  INCREMENT PRIORITY LIST — LATIN AMERICAN SCENARIO* 

Priority 
Group 

Battle Phase 
Rank Lodgement Offense Defense 

1 Vital G-l M-1 S-1 

2 Vital 

Vital/Critical 

S-1 

(V) M-1 

C-l C-2 

3 (C) S-1 (V) G-l 

4 Vital/Critical (V) G-2 (C) M-2 (V) C-i 

6 

7 

8 

12 

Vital/Critical 

Critical 

Critical 

Critical/Essential 

(V) S-2 

9      Essential 

10 Essential 

11 Essential 

Essential/Necessary 

13 Necessary 

14 Necessary 

15 Necessary 

16 Necessary 

(C) G-l (C)  S-2 

♦Ranked   by   increment   level   (letters   indicate   engineer   mission   areas): 
M - Mobility;  C ■ Countermobility; S - Survivability;  G ■ General Engineering. 

Figure 4 
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M-4 C-3 M-3            | 

C-4 C-4 M-4            | 



CONSOLIDATED INCREMENT PRIORITY LIST — EUROPEAN SCENARIO* 

Priority 
Grou£_ 

Battle Phase 
Rank Lodgement Offense Defense 

1 Vital S-l M-l S-I 

2 Vital S-2 M-2 C-2 

3 Vital 

Vital/Critical 

Vital/Critical 

S-3 

(V) G-l 

G-l S-2 

4 (C) G-2 

(C) M-3 

(V) S-3 

5 (C) C-2 (V) C-3 

6 Vital/Critical 

Critical/Essential 

(C) S-4 (0 C-l 

(C) S-l 

(V) C-4 

7 (E) G-2 (C) G-l 

8 Critical/Essential (E) M-2 (C) 5-2 (C) C-l 

9 Critical/Essential (E) G-3 (E) M-4 (C) G-2 

10 Essential C-3 S-3 S-4 

11 Essential 

Essential/Necessary 

Necessary 

G-4 G-3 G-3 

12 (N) M-3 

C-l 

(N) C-2 

G-4 

(E) M-3 

13 M-2 

14 Necessary M-l S-4 G-4 

15 Necessary C-4 C-3 M-l 

16 Necessary M-4 C-4 M-4 

*Ranked   by   increment   level   (letters   indicate   engineer   mission   areas): 
M - Mobility;  C - Countermobility;  S - Survivability; G - General Engineering. 

Figure 5 
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c. Figures 6 lists the 12 study excursions the study team used to 

address the Issues raised by the SAG and by the EEA that could not be answered 

by the study's general methodology. These excursions are extensions of cue 

study's base case. In brief, the study base case is confined to these con- 

ditions: 

(1) The  1988  tiraeframe using the design (or objective) LID Table 

of Organization and Equipment  (TOE)  77-O0J8O0. 

(2) Only   conventional   explosives   are   available   and   the Volcano 

mine system is not  available. 

(3) The LID's   I05-mm artillery howitzers  are upgraded  to  155-mm 

in the European scenario. 

d. During the conduct of the study, ESC determined that the combined 

impact of the scatterable mines and liquid explosive logistics excursions 

(numbers A and 6 in Figure 6) on the engineer capability of the LID battalion 

was very significant in Europe. This was a direct result of the heavy per- 

centage of mining tasks required under that scenario, and the corresponding 

decrease In squad- and truck-hour capability available In the vital priority 

task group. As a result, these excursions were combined into a separate case 

— the European new explosive excursion. The results of this excursion are 

displayed alongside the results of the base case scenarios throughout this 

report. 

e. The study methodology allows ESC to consider changes to the 

operational concept of LID forces. The SAG is sensitive to this possibility, 

and has asked ESC to analyze two additional European scenarios for the LID 

being prepared by two elements of the US Army Training and Doctrine Command 

(TRADOC). These new scenarios will apply the LID operational concept as 

written   in   1984   —   the   basis   of   the   analysis   presented   here.      They   will, 

mmmm 



STUDY EXCURSIONS 

Engineer Force Location 
Capability Requirements in 

Title Division EAD Division EAD Volume I 

1. Attached corps 
battalion (light) X X X X Annex J 

2. Organic engineers — 
forward** X X Annex I 

3. EAD engineer — rear** X X X Annex I 

4. Scatterable mines X X X Annex D 

5. Vital & critical  tasks X X X X Main report 

6. Liquid explosive 
logistics X X Annex G 

7. SEE attachments X X   , X Annex I 

8. Engineer Class IV/V X X X Annex G 

9. Corps bridging* X X X Annex J 

10. Airfield construction* X X X Annex F 

11. Added TOE vehicles* X X X Annex H 

12. Fourth line company X X X Annex H 

*Analysi3 conducted for Latin American scenario only. 
**Analysis conducted for European scenario only. 

Figure 6 
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however, apply that concept differently. In addition, the strength of ESC's 

study methodology is the weakness of the TRADOC studies and, correspondingly, 

the weakness of ESC's methodology is the corresponding strength of the TRADOC 

efforts. The TRADOC and ESC efforts should complement each other and broaden 

the base of information available about LID engineer initiatives. 

f. The development and gaming of the TRADOC scenarios began in late 

198.5, and is scheduled for completion in 1986. These new scenarios will dif- 

fer from the scenarios used for this analysis, which were based on 1984 CAORA 

wargames.  The major differences are outlined below: 

(1) Countermobility In Support of AirLand Battle (CMALB) scenar- 

ios. This effort is a two-scenario study sponsored by the US Army Engineer 

School (USAES). The study agency for the European scenario is the TRADOC Sys- 

tems Analysis Activity (TRASANA). TRASANA will use the Combined Arms and Sup- 

port Task Force Evaluation Model (CASTFOREM), which models, a blue battalion 

versus a red regiment. The scenario area is located in the V US Corps sector 

and will utilize available digitized terrain. For the Southwest Asian (SWA) 

scenario, CAORA's JIFFY model is being used. The SWA area has some similari- 

ties to Europe and therefore a few JIFFY findings may apply to both theaters. 

The ESC study will estimate all division requirements; CASTFOREM will simulate 

the division requirements based on a battalion sample, and JIFFY will play 

some engineer tasks at the division level. The ESC methodology will provide 

specific estimates on the size of the engineer EAD force; CASTFOREM will 

provide estimates on the values of the engineer combat multiplier, and JIFFY 

will validate maneuver concepts. 

11 
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(2) EUROPE VI operational scenario. This Is a TRADOC study, 

with each school or center providing Input and CAORA providing the gaming. 

CAORA will use the Corps-Division Evaluation Model (CORDIVEM), which Includes 

one LID in the wargame. This scenario will share part of the same closed area 

for the LID's operations in Europe used for the ESC study scenarios. The 

USAES will provide the Initial task inputs for the preparation phase, which 

lasts 2 days longer in the CORDIVEM wargame than In this study's scenario. 

However, the preparation phase Is entered before the wargame begins, and no 

check Is made on whether the engineers have the capability to emplace the 

total workload. In contrast, the ESC study will execute the capability phase 

and provide a check against the preparation phase in its parallel effort. 

Both studies use the LID operational concept as written in 1984, but with 

slightly different applications. The most noticeable difference is the 

employment of the combat aviation brigade (CAB). In this study, the- CAB 

occupies the forward edge of battle area (FEBA) and supports the other maneu- 

ver brigades with helicopter support; in the CAORA game, the CAB is the LID's 

counterattack force. As of September 1986, the gaming had not been completed. 

Therefore, ESC will not compare battle results or determine if the CAE Is used 

as  planned. 

12 
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II.     FINDINGS 

8.    Format of Analysis Results. 

a. Figure 7 is an example of the sliding bar charts developed to 

graphically compare how engineer capability was allocated during each battle 

phase of each scenario. As much information as possible was compressed onto 

each chart to completely record the results of the analyses of each different 

base case and excursion for the Latin American and European scenarios. Squad- 

or equipment-hours are listed on the vertical axis of the charts and are 

expressed as per-day averages to make It easier to compare time periods of 

varying lengths (horizontal axis). The top of the bars within the chart shows 

the available squad (or equipment) capability within the time period. For 

example, in Figure 7, there are 3,000 (or 3,500) hours per day per time period 

available to do work. . 

4000 

2000   - 

CAPABILITY vs REQUIREMENTS 
SLIDING BAR CHART EXAMPLE 

(SQUAD-  OR   EQUIPMENT-HOURS) 

AVERAGE 
HOURS     0 
PER DAY 

-2000 - 

-4000 - 

-6000 

TIME PERIOD 

Figure 7 
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b. The bar charts also show how requirements were subtracted, In 

priority order, from the available hours-per-day capability using the four 

priority groups In ESC's task ranking methodology — vital, critical, essen- 

tial, and necessary. The point at which the bar crosses the zero axis indi- 

cates where capability is exhausted. The segment below the axis represents 

shortfall (i.e., requirements which cannot be met). If the bottom of the bar 

is above the zero axis in any time period, then all requirements can be met in 

that period. Blank space between the bar and the zero axis means there Is 

surplus capability within a time period. 

c. In the example in Figure 7, the available capability indicated on 

the first bar is only sufficient to meet vital and critical requirements and 

to complete the most Important one-third of the essential tasks. The rest of 

the essential and all the necessary tasks cannot be performed. The bottom of 

the bar shows the total shortfall is .5,000 hours per day. However, the capa- 

bility indicated on the second bar is enough to complete tasks in all four 

priority groups and still leave a surplus capability of 500 hours. 

9. General Capability Results. Each base case scenario includes the 

capability of the engineer battalion organic to a LID. This unit is organized 

as TOE 5-155J8 with 290 individuals; If it were to deploy separately, it would 

require the equivalent of about 16 C-14IB sorties. The base case for the 

Latin American scenario has no EAD engineer units. In the European base case 

scenario, there are two engineer EAD units —one forward-deployed corps 

battalion with 673 individuals, and the separate engineer company organic to a 

deploying active Army armored brigade with 211 individuals. For the new 

explosive European excursion (substitution of new mines and explosives), the 

corps battalion is changed to the lighter airborne version of only 559 

14 



individuals. This conceptual airborne battalion and the separate armored 

brigade company are airlifted to the divisional AO. Figure 8 shows the capa- 

bility for the LID's engineer battalion, in average squad- and equipment-hours 

by battle phase, under the Latin American scenario. Figure 9 shows the same 

information for the European scenario, including the capability represented by 

the augmentation of the engineer EAO units. 

a. Capability observations — Latin America and Europe. 

(1) The average engineer capability during both scenarios' 

deployments is moderate. This is caused by the staggered deployment, and is 

especially noticeable during the European scenario, when most units arrive 

near the end of the 18-day deployment and  lodgement period. 

(2) Engineer capability for the combat periods during both sce- 

narios declines as a direct result of casualties; the scenario models do not 

replace casualties. 

b. Capability observations — Europe only. During the European new 

explosive excursion, the EAD corps battalion is replaced by the airborne bat- 

talion. This lighter -airborne battalion has less manpower, but more equip- 

ment. In Europe, capability is greatest during the battle preparation period 

when all  engineer units are working and  there are no engineer casualties. 

10.     Latin American Scenario — Capability Versus Requirements. 

a. Capability. Figures 10 and 11 display the results of the capa- 

bility versus requirements comparisons made for each battle phase of the Latin 

American scenario.     Several  trends are evident  in the figures. 

(I) During Period I, the deployment and lodgement phase, all 

tasks are completed, leaving a surplus of capability. The study methodology 

parcels many of  the lodgement  tasks  (such as  airfield maintenance and repair) 

15 
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divisional engineers are needed to prepare initial defensive positions and to 

support combat operations, they must be deployed during this period. 

(2) During Period 2, the defensive phase, the LID moves to 

engage the enemy and stop his advance. The LID engineers can accomplish all 

vital and critical tasks during this defensive period, but run out of squad- 

hours when they reach tasks in the essential priority group. They also have 

the equipment needed to accomplish all vital, critical, essential, and neces- 

sary tasks. The shortfall in squad capability is a trend established here 

that continues to the end of the scenario. 

(3) Period 3 is the start of 6 days of offensive actions that 

employ two division brigades on and near a major highway. The LID engineers' 

level of accomplishment is similar to that during period 2 — all equipment 

tasks are completed and part of the essential squad-hour tasks are finished. 

In this period, the level of completion stabilizes, but the change from 

defense to offense Increases the workload in the essential priority task 

category. This trend continues into the next period. 

(4) Period 4 completes the offensive phase. LID engineers are 

still able to complete all vital and critical tasks. However, the backload of 

essential and necessary work grows and for the first time there is a shortfall 

in equipment-hours. At the conclusion of this period, the need for EAD engi- 

neers is quite apparent —; the LID engineer battalion's capability is strained 

and pressure to do more tasks will increase if the scenario were extended. It 

is also during operating bases (TFOBs), two of which are Isolated from road 

resupply. 



b. Requirements. Figure 12 shows the Latin American scenario 

requlraa^nts during the scenario's k/«y situation, grouped into different 

categories. 

(1) More than 95 percent of all requirements are generated by 

divisional units. For this reason, the study methodology did not separately 

analyze EAD workload. 

DISTRIBUTION OF DIVISIONAL AO REQUIREMENTS — 
LATIN AMERICAN SCENARIO BASE CASE 

(Percentage) 

Requirement 
Group 

Hours 
Squad Equipment 

Force 
Divisional  units 
EAD units 

Priority groups 
Vital 
Critical 
Essential 
Necessary 

Time 
Lodgement 
8-day battle 

Battle zone 
Brigade areas 
DRA 

Force allocation 
Combat-essential force* 
Sustainabillty  force 

100 

9 
8 

64 
19 

3 
97 

99 
1 

80 
17 

95 
5 

6 
33 
53 

8 

11 
89 

78 
22 

81 
3 

*Key situation base case:    8-day battle;  vital, crit- 
ical, & essential priorities. 

Figure 12 

(2)    For   this   scenario,   the  requirements   are concentrated   among 

those   casks    In   the   essential   priority   group   which   occur   during   the   8-day 



battle period (defense and offense) that follows the 2-day lodgement. The 

brigade areas generate Just about all squad-hour requirements; the division 

rear area (DRA) generates only about one-fifth the equipment-hour require- 

ments« 

(3) The force allocation category is divided between the combat- 

essential force and the sustainability force. The design of the combat- 

essential force is based on the requirements generated by the engineer tasks 

in the vital, critical, and essential priority groups during the battle phases 

which fall within the last 8 days of the scenario, and on all battle zone 

requirements. The combat-essential force must be deployed early to support 

those LID maneuver elements which are engaged in combat operations. The 

remaining sustainability force requirements are based on the requirements gen- 

erated by tasks in the necessary priority group during the same battle phases 

and in the same battle ztones used to define the combat-essential force. The 

sustainability force supports follow-on engineer units which must complete 

tasks which occur beyond the length of the 10-day scenario; these tasks can be 

deferred but must eventually be done. The DRA workload was not separated from 

force allocation categories because it is small, and because it is as impor- 

tant as the workload generated in the forward brigade TFOB. About 80 percent 

of the scenario's workload is in this combat-essential force — the key situ- 

ation which formed the basis of ESC's analysis of the organizational structure 

of the LID's engineer battalion (Annex I). The remaining 20 percent of the 

workload is left for the sustainability force. The level of sustainability 

support could increase if the scenario was extended beyond 10 days, but it is 

envisioned that the increase would be more in the corps rear area (CRA); con- 

sideration of  CRA requirements was beyond  the scope of this  study. 
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11.    European Scenario — Capability Versus Requirements. 

a. Capability. Figures 13 through 16 compare engineer capability to 

the base case and new explosive excursion of the European scenario. There are 

both similar trends and differences in these two sets of results. 

(1) During period 1 (lodgement) of the base case scenarios and 

the new explosive excursions (the use of scatterable mines and liquid explo- 

sive), the division apparently has sufficient engineer capability (both squad- 

and equipment-hours) to satisfy its requirements. The lack of scenario infor- 

mation concerning the arrival dates of deploying units prevented a detailed 

evaluation of the events of this period. It was assumed that most EAO units 

arrived the last day and that the LID engineer battalion deployed during the 

last few days of this 18-day period. It was also assumed that fewer require- 

ments were generated in the lodgement area, as It was shared by the forward- 

deployed corps and host nation« resources. Additionally, the CAORA scenario 

was constrained by the assumption that the LID did not arrive in the divi- 

sional AO until period 2. As a result, period 1 was not evaluated for use as 

a basis for the force allocation categories developed by this study. Despite 

all these assumptions, constraints, and theater conditions, engineer units are 

required to arrive during this phase so they can start the battlefield prepa- 

rations as soon as the LID is ordered into  its AO. 

(2) During period 2, engineers have 3 days (D+8 to D+10) to pre- 

pare the battlefield. Positions which must be constructed within the brigade 

areas Include two phase lines with direct-fire weapon positions and obstacle 

zones that provide 360-degree protection. All of t*hese tasks fall into the 

vital priority group. There are enough equipment-hours to accomplish this 

vital   workload   during   both   versions  of   the   scenarios.      Under   the  base   case 
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scenario, there are only enough squad-hours to complete 80 percent of the 

vital tasks. Under new explosive excursion, there is enough squad-hour capa- 

bility to complete all vital tasks. The different squad-hour completion rates 

are caused by the reduction in manhours required to use the newer scatterable 

mine systems provide in the new explosive excursion. The 20 percent of the 

squad-hour tasks which remain unexecuted during the base cases constitute a 

largely deferrable workload, as it represents tasks on battle positions to the 

rear of the forward line of own troops (FLOT). These tasks can be accom- 

plished during period 3  in lieu of lower  priority necessary tasks. 

(3) Period 3 (D+ll) is the scenario's first defensive battle 

phase, and is 24 hours in duration. Engineers can accomplish tasks in the top 

three priority groups in both scenario versions and for both squad- and 

equipment-hours during this first combat phase. This high rate of accomplish- 

ment is directly attributed to the battlefield preparation work executed 

during the previous period. The division suffers slight setbacks during this 

positional defense. 

(4) Period 4 (D+12) characterized by a 24-hour offense as the 

LID regains its original FEBA traces. Most vital squad-hours and most vital 

and critical equipment-hours are accomplished in both scenario versions. How- 

ever, the vital workload is now mostly mobility breaching tasks located within 

the attached armored brigade area. In fact, most of the scenario's offense is 

conduc ;ed by the attached armored brigade and two other brigades that conduct 

counterattack operations by passing through the LID's positions. The critical 

workload, however, contains a large share of survivability and countermobillty 

tasks — neither the base case scenarios nor excursions have sufficient squad- 

hours   to   accomplish   these    tasks   in   these   priority   groups.       If   the   corps 



battalion only supported the LID's on-line brigades during this period, all 

critical squad-hours could be completed. (This suggestion must be tempered by 

the observation that the collapse of the armored brigade's AO would leave an 

open door into the LID's DRA.) 

(5) In period 5, the LID returns to a 2-day defense, but by the 

last day is forced into delaying operations. This delay is characterized by 

the construction of more phase lines with direct-fire weapon positions and 

many mined road craters. The engineers can accomplish 45 percent of the vital 

squad-hours in the base case, but 100 percent of the vital and critical squad- 

hours in the excursion. The reduced manhour requirements associated with 

scatterable mine systems explains the improved performance displayed by the 

LID engineers during the scenarios' new explosive excursion. For equipment- 

hours, critical tasks can be accomplished in the base case scenarios, but not 

in the excursion. This unusual reversal (Figure 16) is caused by the increase 

in SEE auger-hours needed to dig holes for the numerous road cratering charges 

required during the excursion. 

b.    Requirements.     Figure  17  shows  the base case divisional  require- 

ments  for  all five periods,  grouped  into different  categories. 

(1) Over 95 percent of all requiranents during the European sce- 

nario base case are generated by divisional units. This situation is similar 

to that found in the Latin American scenario and resulted in the same decision 

— EAD requirements were too  few to analyze separately. 

(2) The other categories — priority groups, battle zones, and 

battle phases — were used to determine appropriate key situations for divi- 

sion and  force structure analysis. 

(a)    For   the   combat   essential    force,   the   4-day   length   of 

battle    restricted    the    analysis    to    only   tasks    in    the   vital    and    critical 



DISTRIBUTION OF DIVISIONAL AC REQUIREMENTS — 
EUROPEAN BASE CASE SCENARIO 

(Percentage) 

Requirement 
Group Squad 

Hours 
Equipment 

Force 
Divisional units 
EAD units 

100 96 
4 

Priority groups 
Vital 
Critical 
Essential 
Necessary 

60 
3 
5 

32 

25 
7 

12 
56 

Time 
Lodgement 
Battle preparations & 
4-day battle 

Battle zone 
Brigade areas: 
LID 
Armored 
DRA 

96 

61 
26 
13 

94 

48 
30 
22 

Force allocation 
Combat-essential  force 

EAD structure* 
(Division structure)** 

63 
(46) 

31 
(18) 

Sustainabllity force 33 63 

*Key situation base case:  battle preparation and 
combat phases; vital & crictcal priorities. 

**Key situation base case: battle preparation and 
combat phases; vital & critical priorities, less armored 
brigade workload. 



priority groups.     If  these  tasks  are  completed,   it will  help  protect   the LID 

from early defeat and high loss of life. 

(b) The DRA workload was included in ESC's evaluation — 

although the requirements generated in the DRA are few, they are important. 

The DRA workload is generated by the scenario's high-intensity threat, which 

inflicts rear area damage with both indirect-fire weapons  and  enemy airplanes. 

(c) The lodgement phase, which constitutes about 5 percent 

of the workload, was omitted from the analysis of the European scenario's base 

case. 

(3) For the purpose of structure analysis, the European scenario 

has two key situations — one for the division structure analysis, and one for 

the EAD structure analysis. The key situation for both includes tasks in 

vital and critical priority groups generated in the DRA and brigade battle 

zones during  the battle preparation and  combat phases of  the scenario. 

(a) For the EAD structure analysis, the key situation cap- 

tures 63 percent of the total squad-hour requirement, and 31 percent of the 

equipment-hour requirement. As shown in Figure 17, the remaining 33 percent 

of the squad-hour and 63 percent of the equipment-hour base case requirement 

(less the lodgement requirement) is generated by tasks in the essential and 

necessary priority groups. These are not combat-related tasks, and are there- 

fore reserved for the division's follow-on sustalnability force. These sus- 

tainability tasks consist mostly of maintaining degraded line-of-communication 

(LOG)  networks, and can be completed later in the scenario. 

(b) The divisional structure analysis is based on the 

requirements generated during the EAD key situation, minus the workload gener- 

ated   by  the  attached  armored   brigade  (Annex  I  explains  the  rational   for  this 
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omission). This attached brigade generates more than 25 percent of the total 

workload. This subset of requirements reflects only LID requirements; the 

result is that 46 percent of the total squad-hours and 18 percent of the total 

equipment-hours served as the basis for analyzing the organizational structure 

of the LID engineer battalion. 
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III.     FORCE STRUCTURE PROPOSALS 

12.    Methodology. 

a. ESC s force structure analyses determined the engineer force 

structure best suited to meeting the key situation of each scenario. Each 

scenario's key situation omitted the lodgement phase and Included engineer 

tasks In the top two or three priority groups to measure the full range of 

engineer requirements and capabilities. The methodology uses these key situa- 

tions for the combat-essential force In the EAD and divisional engineer force 

structure proposals. 

b. In both scenarios, the EAD methodology defines the sustalnablllty 

force based on the requirements generated by tasks In the lower one or two 

priority groups. This force is required 2 to 4 weeks after the division is 

committed  to combat operations. 

c. In ESC's divisional structure proposal, the requirements for the 

attached armored brigade are omitted (Annex I). 

d. The Impact of Class V future systems Is so dramatic that those 

future systems were considered when -EAD and divisional structure proposals 

were developed for the European scenario. In the figures that follow, this 

logistical comparison is called the new explosive excursion versus the base 

case. 

e. The European base case analysis that follows uses the dump truck 

Capability of 50 percent of the squad trucks belonging to those corps engineer 

battalions which support units within the maneuver brigade AOs. Both ESC's 

analyses and Interviews with LID engineers indicate that these trucks would 

actually be available during battle, since they are not required for road 

maintenance when the EAD corps battalion is assigned to forward combat 

engineer   support. 
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13.     Divisional Engineer Battalion. 

a. The redesign of Che divisional engineer battalion was based on 

the requirements generated during the key situation of each scenario base 

case, the requirements generated during the European new explosive excursion, 

and the following criteria: 

(1) The squad-to-equlpment ratio of requirements to TOE capabil- 

ity.     (Annex H amplifies  the results  presented here.) 

(2) The distribution of equipment requirements to TOE capabil- 

ity. The study methodology captured the requirement distributions, but an 

excursion (Annex I) was needed to fully evaluate the required attachment mix 

distribution for the SEE. 

(3) The engineer battalion must be prepared to fight in either 

low-intensity or mid- to high-Intensity conflicts. (Since the LID's primary 

mission is low-intensity conflict, the results of the Latin American scenario 

were weighted twice those of the European scenario.) 

b. Figure 18 shows the squad-to-equipment ratios calculated using 

the study methodology. The TOE squad-to-equipment ratio is 40:60, versus a 

weighted scenario requirement ratio of 62:38 for the base case key situations. 

For the new explosive excursion, the European requirements more closely match 

the TOE with a ratio of 34:66. However, when the European new explosive 

excursion is weighted with the Latin American new explosive excursion, the 

future requirement ratio is 51:49. (The future requirement is the requirement 

expected after Class V systems are fielded, as portrayed In ESC s new explo- 

sive excursion.) Thus, the engineer battalion needs more squad power both now 

and in the future. Adding a third platoon to each existing company, or adding 

a fourth company, adds six to  nine squads.     But ESC could  identify no  tradeoff 



for this Increase In personnel or deployment sorties. One solution to this 

problem Is to add a light corps battalion to the EAD force structure that Is 

specifically designed to support LIDs (see the following paragraph). The LID 

engineer battalion attempts to make up for this squad shortfall by striving to 

maximize its level of support by ranking tasks, selecting innovative methods 

of accomplishing missions, and by training intensely. LID training reinforces 

engineer expertise, as observed by ESC's study team during its data collection 

trip  to the 7th ID(L)  in October 1985. 

SQUAD-TO-EQUIPMENT RATIO 

__ __       _,       ^—„«„^ .™._^.. ___-______-«>_____-___ Percentage 

Squad Equipment 

1988 TOE capability: 

Latin American scenario 
key situation requirements* 

European scenario 
key situation requirements** 

Weighted scenario requirements*** 
Base case key  situations 
New Explosive  excursion key situations 

40 

61 

65 

62 
51 

60 

39 

35 

38 

*Base case:    8-day battle;  vital,  critical,  and essential priorities. 
**Base  case:     battlefield   preparation  and  4-day battle;   vital   and   cri- 

tical  priorities, minus armored brigade AC. 
***Two-thirds Latin America plus one-third  Europe. 

Figure   18 

c. Figure 19 summarizes the equipment mix requirements based on the 

requiranents indicated by this study's analyses of the key situations in each 

scenario. 
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EQUIPMENT DISTRIBUTION 

Dominant Equipment  (%) 
ACE   ~~"' 5-Ton      SEE/ 
D-7    Loader Grader    Trucks    JD410 Total 

1988 TOE capability: 

Latin American scenario 
key situation requirements* 

European scenario 
key situation requirements** 

Weighted scenario requirements*** 
Base case key situation 
New Explosive excursion key 

situation 

22 — 

38 

25 

36 

36 

■"■ 11 67 100 

2 35 17 100 

- 39 27 100 

4 37 15 100 

3 28 24 100 

*Base case:  8-day battle;  vital,  critical, and  essential  priorities. 
**Base case:     battlefield  preparation and 4-day battle;   vital   and  cri- 

tical priorities, minus armored brigade AC. 
***Two-thlrds Latin America plus one-third Europe. 

Figure 19 

(1)    ESC  calculated   effort   for   five dominant   classes   of   equip- 

ment, but only three of these five are found in the LID engineer battalion: 

(a) 07 bulldozer or armored combat earthmover  (ACE). 

(b) The 2-1/2  cubic yard loader (engineer EAD units only). 

(c) A grader (engineer EAD units only). 

(d) The SEE or JD410 tractor (both with front-end loader 

and backhoe attachments). 

(e) Nondedicated 5-ton truck. In the LID engineer bat- 

talion, six of eight cargo trucks are nondedicated — three in the S-4 section 

of the headquarters and headquarters company (HHC) and one in each of three 

line companies. The line company vehicles become dedicated in the European 

new  explosive  excursion to  carry  the ground Volcano  system.     EAD nondedicated 
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trucks  Include many  5-ton dump trucks,   Including  a percentage of  squad  trucks 

If the unit is working forward of the brigade rear boundary. 

(2) Figure 19 shows that the ACE requirements are approximately 

1.5 to 2.4 does the small emplacement excavator (SEE) requirements (per the 

scenarios' weighted requirements). The European base case key situation has 

about an equal requirement for ACEs and SEEs, but this Is tempered by the 

weighted scenario results.    The LID TOE has  three SEEs for every one ACE. 

(3) Figure 19 also shows there Is more demand for 5-ton truck 

capability than the current TOE can offer. This shortfall can be compensated 

for and overcome In several ways. One way Is to transfer the surplus calcu- 

lated for the logistical use of trucks to project work (ESC's methodology 

roughly split a 12-hour truck day into 8 hours of project work and 4 hours of 

logistical haul). Additionally, when the EAD corps battalion is added to the 

combat-essential force» its larger truck capability will offset the LID's 

smaller capability (see also Figure 1-5). One corps battalion should accom- 

pany the LID when It deploys. This re-examination also confirmed that the 

lack of a squad truck is no hindrance to the mission of the LID engineer 

battalion. 

(4) During the last 6 days of battle in the Latin American sce- 

nario, truck requirements for engineers were generated in only two of the four 

AOs in the division area. The other two AOs were inaccessible by road and 

were serviced by aviation assets. For the base case, five UH-öO Blackhawk 

helicopters are required for engineer Class V haul; during the new explosive 

excursion, this requirement drops to one helicopter. The concept of opera- 

tions for the LID envisions that as many as 15 of 30 Blackhawks may support 

logistical   operations.       Considering   the   high   priority   of   support   provided 
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engineers,  combined with Che fact that  the LID main attack can be supported  by 

road, this appears to be an acceptable task for the CAB. 

(5) Figure 20 combines all of ESC's findings pertaining to the 

equipment mix of the LID engineer battalion. The nix percentages have been 

converted to items of equipment. In light of the two specific scenarios and 

new explosive excursions examined in this study, ESC recommends adding five 

ACEs and deleting eight SEEs from the TOE. The recommended 21 ACEs and SEEs 

occupy the same space in C-141B transport planes as the 1988 TOE mix of 24. 

(If the transport limitation were lifted, ESC would recommend 12 of each to 

better match the organizational structure.) ESC did not recommend changing 

truck quantities. ESC's final recommendations for equipment mix satisfy all 

Latin American requirements and will more closely match the needs of the 

European scenario than the mix represented by the current TOE. 

EQUIPMENT MIXES 

Base Case New Explosive Excui 
ACE          Truck 

■slOn 
ACE Truck SEE SEE 

Key situation requirements: 
Latin America 
Europe 
Weighted  scenarios* 

10 
14 
U 

4 
6 
5 

5 
5 
5 

10 
14 
U 

3 
2 
3 

6 
14 

9 

1988 TOE Quantity 6 6 18 6 3** 18 

ESC-recommended quantity 11 6 10 11 3** 10 

*Two-thirds Latin America;, one-third  Europe. 
**Three   of   six   5-ton  cargo   trucks   diverted   to   hold   the ground  Volcano 

system. 

Figure 20 

d.     Figure  21   summarizes  ESC's analysis of the proper SEE attachment 

mix.     ESC  calculated  equipment  mixes   for  both  scenario  base cases  and  the  new 
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explosive excursion, but chose to base its final recommendations on the excur- 

sion results, since they represent peak usage of the SEE requirement. The new 

explosive excursion requirements call for six SEEs in Latin America and 14 in 

Europe for a weighted scenario total of nine* These nine SEEs were increased 

to 10, based on the results of the equipment mix analysis. 

SEE ATTACHMENTS 

1988 
New Explos ive Excurison 

Latin Weighted ESC- 
Recommended TOE America Europe Scenarios 

3/4-CY loader0 18 3 5 4 10 
Boom with: (6) (14) (9) (10) 

7-CF backhoe — 3 5 •4 10 
12-ln.    augerd 

85-in. blade® 
— 3 14 7 10 
— 2 — 1 — 

7-in.  trencher 18 — — — — 
4,000-lb lift — — 3 1 — 
Auger handtool No Yes No^ No Yes 

TOTAL , 
•                                    ■ 

ATTACHMENTS 36 11 27 17 30 

TOTAL SEEs 18 6 14 9 10 

aKey situation 
Assumes    sequential    construction    of    fighting    positions,    followed    by 

countermobility targets. 
^Multipurpose or 4-in-l  bucket preferred  (will  replace both attachments). 

For crater construction using liquid  explosives. 
eNew Explosive excursion. 

Figure 21 

(I) ESC concluded that the modest or zero requirement for the 

trencher, forklift, and blade did not warrant inclusion in the TOE. However, 

if the multipurpose bucket (bulldozer-grader-loader-clam) were purchased, this 

attachment's versatility could perform both the loader and blade functions 

shown in Figure 21. 
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(2) ESC would retain ehe basic loader/backhoe mix on all 10 

SEEs. These two attachments are the backbone of the engineer survlvablllty 

mission. However, the backhoe and auger attach to the same boom, so only one 

can be used at a time. 

(3) ESC recommends the auger attachment be added to the basic 

SEE attachment mix. This attachment can easily drill holes for cratering 

charges, which would eliminate some of the logistics burden associated with 

shaped charges. (The bore charges can be conventional or liquid explosives.) 

ESC believes there is no decrement for having 30 attachments, even when only 

20 can be fastened to the SEEs at one time. The auger may be transported on 

the same pallet as the other attachments when the division is moved on 

C-141Bs, and can be carried in the loader bucket when the division is on the 

ground. 

(4) Ten SEEs are fewer than the 14 required by the new explosive 

excursion for Europe (Figure 21). That excursion also requires 14 ACEs — 

therefore a 1:1 ratio of ACEs to SEEs is the first priority. Second, the full 

14 SEEs will not be needed until the auger and liquid explosives are avail- 

able, which is sometime in the future. This means they could be added latter 

as a separate line item in TOEs or modified TOEs (MTOEs). Third, the mission 

can still be accomplished with 10 SEEs, although there will be some slippage 

of requirements from the preparation phase to the first battle period. How- 

ever, all phase lines (direct-fire positions and obstacles) will be completed 

before eneny contact. Fourth, EAD engineer units are needed to emplace the 

entire obstacle system, because that total task is beyond the capability of * 

the LID. Therefore, the LID engineer battalion need not contribute all the 

support equipment.  In this situation, the airborne engineer battalion only 
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needs five SEEs — it currently has 18. Finally, it was determined that 10 

SEEs could simultaneously dig in all nine maneuver battalions, plus the ground 

troops of the CAB. After this, the obstacles could be constructed in turn; 

however as mentioned above, there is slippage from the battle preparation 

period to the first battle period before all SEE work Is accomplished. 

(5) The last observation documents the need for the auger hand- 

tool. The hand auger has the capability to assist in the explosive emplace- 

ment of individual and crew-served weapon positions. This latter capability 

is especially useful In the dominant Latin American scenario for fast emplace- 

ment of flrebase perimeter fighting positions in the TFOBs. 

14.  EAD Force. 

a. Figure 22 shows the proposed engineer EAD force structure for the 

Latin American scenario; Figures 23 and 24 show the proposed engineer EAD 

force structure for the base case and new explosive- excursion of Che European 

scenario. The separate engineer company shown in the European proposals Is 

the organic engineer unit assigned to the attached armored brigade. All pro- 

posals show the combat-essential force, the sustainability force, and the sum 

of these two force structures. The force needs for these scenarios have both 

similarities and differences. 

b. In Latin America (Figure 22), only one EAD unit was required — 

the airborne corps battalion (TOE 5-I95L2, land and unload version). This 

unit is primarily needed for the sustainability force, since the LID, is fairly 

self-sufficient at the beginning of conflict. 

c. For the European base case (Figure 23), the corps engineer bat- 

talion (TOE 5-35H5) is the EAD solution. Two of these units are needed to do 

all critical tasks that are a part of the combat-essential requirements, and a 
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LATIN AMERICAN SCENARIO REQUIREMENTS 
(Percentage of Tasks Completed by Priority Group) 

Force Package 
 Priority Group 
Vital      Critical      Essential Necessary 

Combat-essential force 
LID engineer battalion 
Airborne corps battalion* 

Sustainability force 
LID engineer battalion 
Airborne corps battalion*** 

Total force 

Both engineer battalions 

100 

NA 
NA 

100 

100 

NA 
NA 

100 

70 
30 

NA 
NA 

100 

NA 
NA 

20** 
80 

100 

*Partial deployment at midpoint of scenario. 
**An average of 40-percent equipment and no squad capabilities. 

***Full deployment at end of scenario. 

Figure 22 

ERU0PEAN SCENARIO — BASE CASE REQUIREMENTS 
(Percentage of TaSks Completed by Priority Group) 

Force Package 

Priority Group 

Vital Critical Essential Necessary 

34 NA NA 
36 — NA NA 
19 50 NA NA 
11 50 NA NA 

NA NA 50 14 
NA NA 50 43 
NA NA —— 43 

70 m M  «•«■ 

30 100 100 100 

Combat-essential force* 
LID engineer battalion 
Separate engineer company 
Corps engineer battalion A 
Corps engineer battalion B 

Sustainability force 
Corps engineer battalion A 
Corps engineer battalion B 
Corps engineer battalion C** 

Total  force 
Organic LID/AR brigade units 
Three EAD corps battalions 

*Deploy during  lodgement period. 
**Add at  end of scenario. 

Figure 23 
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third Joins these two to accomplish sustalnablllty requirements. If the 

requirements generated by the attached armored brigades were removed from con- 

sideration by this analysis, only two corps engineer battalions would be 

required to support the LID's total combat-essential and sustalnablllty force. 

EUROPEAN SCENARIO — NEW  EXPLOSIVE EXCURSION REQUIREMENTS 
(Percentage of Tasks  Completed by Priority Group) 

Force Package 
Priority Group 

Vital      Critical      Essential      Necessary 

Combat-essential  force* 

LID engineer battalion 

Separate engineer company 

Airborne corps battalion 

Sustalnablllty force** 

Airborne corps battalion 

Corps engineer battalion 

Light equipment company 

airborne (ABN) 

Total force 

Organic LID/AR brigade units 

'Two HAD battalions & 

a light equipment 

company (ABN) 

49 — NA NA 

26 — NA NA 

25 100 NA NA 

NA NA 100 17 

NA NA _ 62 

NA 

75 

25 

NA 19 

100 100 98 

*Deploy during lodgement period. 
**Add   at   end   of   scenario;   the   airborne   battalion  used   in   the  sustaln- 

ablllty force are the same one used In the combat-essential  force. 

Figure 24 

d. In the European new explosive excursion (Figure 24), the combat- 

essential force requires the airborne corps battalion, as it did in the Latin 

American scenario.  However, in Europe, this battalion is needed to accomplish 
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critical casks. For the sustalnability requirements, a second battalion is 

needed. This second battalion, the corps engineer battalion, Is the same unit 

used to augment the LID during the base case scenario, except now its capa- 

bility is needed to fulfill tasks in the necessary priority group. A light 

equipment company rounds out the sustalnability force, giving the division the 

equipment-hour capability It needs to finish the few remaining necessary 

equipment tasks. The new explosive excursion EAD force is equivalent to about 

two battalions, which is one fewer battalion than Is needed during the base 

case. When the armored brigade tasks are again removed from consideration by 

the analysis, the EAD force supporting only the LID is almost the same as the 

EAD force used in Latin America — just one battalion plus a separate company. 

e. Figure 25 compares requirements to the a^ ailable equipment mix 

for the two types of EAD battalions in the ESC proposal. The requirements 

only consider those scenarios where the unit is ideally suited to theater, 

force allocation, and timeframe criteria. 

(1) The airborne corps battalion's equipment mix closely matches 

the requirements generated by the scenarios where it will be most needed — 

Latin America or Europe in the future. The unit's bulldozer blade capability 

is perhaps too small and that of the loaders and graders slightly too large. 

The LID scenarios do not document a mission for this unit's nine scrapers. 

Squads could operate with a smaller vehicle such as the high mobility multi- 

purpose  wheeled  vehicle  (HMMWV),   since  the  squad   trucks   are  not  required   for 

hauling  missions.     In the  previous  divisional  structure  analysis,   the obser- 
t 

vatlons   included   the  conclusion  that   these   squads   should   be  organized   into 

companies that were separate  from the equipment companies. 



EAD EQUIPMENT-HOUR MIX 
(Percentage) 

ACE   Loader    Grader    Truck    SEE/JD410 Unit Compariaons 

Airborne Corps Battalion 
Capability* 
Requirements 

Latin American total force 
European new explosive excursion 

Combat-essential force 

Corps  Engineer  Battalion 
Capability** 
European base case requirements: 

Combat-essential force 
Sustainability force 

27 18 14 23 18 

39 8 2 34 17 

45 7 4 17 27 

19 13 6 46 16 

51 7 5 30 7 
27 18 7 48 — 

*No squad trucks counted (0 of 18)« 
**50% of squad trucks counted (18 of 36). 

Figure 25 

(2) The corps engineer battalion needs different equipment and 

mixes, depending on whether it is used early or late in the European base case 

scenario. The unit has an ACE-hour deficit that is especially noticed in its 

early combat-essential role« Many of its squad dump trucks are needed when 

the unit Is deployed later in the scenario, as part of the sustainability 

force. While capability is adequate for dump trucks in the sustainability 

role, trucks in the combat-essential role are primarily used for cargo haul — 

a very inefficient use, given the smaller surface area of the dump truck bed. 

If this unit is expected to provide engineer mission support both early and 

late and both forward and rear, it needs to Increase its versatility with a 

large-surface dump truck, such as the Federal Republic of Germany's Army 

vehicle. For sustainability tasks, the SEE is surplus unless this unit is 

sent  forward to prepare the battlefield for a LID, before the LID occupies its 
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assigned AO. ESC did not recommend changing this unit's equipment mix to 

match the combat-essential requirements In Europe, since the airborne corps 

should assume those responsibilities. As the corps battalion is now orga- 

nized, its equipment mix is well suited to the engineer sustainabllity 

requirements generated by the European base case scenario, especially If it 

adds ACEs. 

(3) The light equipment company (TOE 5-54L2, land and unload 

version) was used In the European excursion only to provide low-priority 

equipment. The unit's scraper capability was not used. If this unit Is to 

support all types of light divisions, perhaps its mission and mix of equipment 

should be re-evaluated. It would be perhaps better oriented forward for sur- 

vivabillty (more ACE and SEE capability), or oriented to the rear for expe- 

dient army airfield construction, or some other combination. The land and 

unload version of this unit is not fielded and only one airborne version of 

the unit is organized. Both TOE organizations have their capabilities dupli- 

cated within the airborne corps battalion. The decision to activate an addi- 

tional airborne corps battalion to the Army engineer force structure has been 

made,  but other activations are not  firm. 



IV.     OTHER S'JPPORT REQUIREMENTS 

15. Tactical Bridging Requirements« Site-specific bridge requirements 

are calculated separately In Annex J and were not Included In the equipment- 

hour scenario summaries given In paragraphs 10 and 11. 

a. The Latin American scenario had one unfordable river, which was 

encountered early in Che offensive phase at D+6. The river's width of about 

40 meters would require a bridge, since the space Is too narrow for rafting. 

The scenario writers discounted this obstacle, but the river must be bridged 

so resupply can continue behind the division's main attack. Unless this road 

Is kept open, the air resupply of ammunition (especially artillery rounds) Is 

believed to be impractical, If not Impossible. This bridge mission Is an EAD 

tasking and adequate for a M4T6'float bridge set with an air compressor. This 

set allows for either a float bridge across the waterway or fixed spans that 

bridge the damaged spans. LID engineers could erect the bridge If no bridge 

unit was deployed; however, divisional engineer support missions would suffer. 

The Ribbon Bridge Is a possible wet gap solution, but requires EAD bridge unit 

personnel to erect, more C-I41B sorties to deploy, and has bridge trucks that 

are not needed for hauling after the bridge Is erected. Unfortunately, M4T6 

units have all bu disappeared In the force structure. The equipment Is still 

stocked in depots, however. As so happens throughout this analysis, this 

evaluation points out ehe desirability of simple and light solutions to prob- 

lems of LID engineer support. Unforturately, EAD engineer bridge units are 

just about all organized with very fast but heavy-technology bridging. Per- 

haps future bridge developments will provide better answers. 

b. In the European scenario, all the river gaps can be forded and no 

EAD   bridge   support   is   needed.       This   situation   Is   compatible   with   the   LID 
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mission, where the division must fight against a high-intensity threat force 

only in closed terrain. This mission also does not Include a capability for 

supporting a deliberate river crossing, and most closed terrain areas lack 

sizable rivers in Europe. Additionally, Europe has an extensive road net giv- 

ing the engineers many options for keeping roads open for logistical resupply 

without having to resort to tactical bridging. 

16. Class IV and V Supply Requirements. Figure 26 lists the engineer 

Class IV and V requirements calculated for each scenario base case and the new 

explosive excursion. In this figure, the average dally requirement is expres- 

sed in short tons (STON) and then converted to the number of helicopters and 

trucks needed per day to move the materiel from the BSA to engineer project 

sites. Helicopters are only used when Che project work site Is inaccessible 

by road. 

ENGINEER CLASS  IV AND V AND MOVEMENT REQUIREMENTS 
(Average per Day) 

Latin America 
Europe 

Base Case Excursion 
STON UH-60    Trucks STON UH-60    Trucks** 

53 
307 

5             1** 
29* 

10 
85 

1             I 
3 

*5-ton dump trucks. 
**5-ton cargo trucks. 

Figure 26 

a. Most differences between scenarios and scenario versions are 

caused by the differences In the mining mission. Mining was more extensive in 

Europe than in Latin America. The new explosive excursion incorporated scat- 

terable mines, which are lighter  than the conventional mines used  in the base 
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cases. Consequently, Che European base case has Che largesC Class IV/V 

requirement — 307 STON per day. The Latin American excursion has the small- 

est requirement — 10 STON per day. Figure 26 also shows the tonnage con- 

verted to 5-ton trucks, and for Latin America, to UH-60 Blackhawk helicopters. 

These quantities are part of the project work plus logistical haul requirement 

shown before in Figure 20. Truck capability is based primarily on cubic 

volume,  and  therefore has only a slight  correlation to weight. 

(1) Trucks are used more efficiently during the European new 

explosive excursion than during any other scenario or scenario «xcursion. 

This is explained mostly by the characteristics of scatterable mine weights 

and packing configurations, the use of cargo trucks that have a greater capac- 

ity for mines, and shorter haul distances than in Latin America. 

(2) The quantities listed in Figure 26 represent mostly Class V 

materiel. The only Class IV item considered by this analysis was the HEMMS, 

and it constituted just 1 to 2 percent of the total Class IV and V require- 

ment. 

(3) Mines account for about 80 to 90 percent of the total ton- 

nages calculated. For the ground Volcano portion of Che scatterable mine 

toCal, ESC decermined chac the three dispensers planned for that system are 

adequate. The LID engineer battalion has eight trucks, and it is ESC's 

evaluation that three ground Volcanos could be mounted on three of these 

trucks without affecting the battalion's ability to perform logistical mis- 

sions. 

(4) The rates calculated for the European base case and excur- 

sion include the total generated for the attached armored brigade. This bri- 

gade's  share of   the  total  is  30  percent,  which means 70  percent of  the  Class 
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IV and V requirement is generated exclusively by the LID. In terms of trucks, 

this 70-percent requirement represents 20 trucks for the base case and two 

trucks in the new explosive excursion, instead of the 29 and three trucks 

listed in Figure 26. 

(S) The Class V calculations are reflected in the EAD unit 

selections made in Annex J. The European base case force requires several 

engineer corps battalions. The squad dump trucks of these battalions will be 

needed to haul mines. However, in the European new explosive excursion, the 

lighter scatterable mines and improved conventional mines (ICOMs) allow the 

substitution of the corps battalion with the lighter airborne battalion. The 

airborne battalion does not have to contribute squad trucks to the hauling 

mission. In both scenarios, the EAD battalions are required to both transport 

the mines from the BSA and to help emplace the obstacle system. Both these 

tasks are beyond the capability of the LID engineer battalion and its 

trucks. The sum of these circumstances reinforces the suggestion that cargo 

trucks are more valuable than dump trucks to LID engineers and to those EAD 

engineer units that support the LID. 

b. This Class IV and V analysis did not consider requirements for 

MICLIC and TEXS, both heavy explosive systems. The MICLIC clears lanes for 

vehicles, but the LID needs lanes for infantry. The closed areas where the 

LID is employed do not offer much opportunity to emplace antitank ditching; if 

it must dig antitank ditches, the ACE is capable of executing that task at a 

lower logistic cost. 

c. ESC evaluated the impact of two requirements the engineers place 

upon the LID aviation assets. The first requirement was in Latin America, 

where engineer Class V was transported by ÜH-60 Blackhawk helicopters to two 
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ITOBs isolated from engineer trucks. This equated to five Blackhawks In the 

base case and one in Che excursion — a reasonable CAB mission. The second 

requirement was for the Blackhawks to transport the air Volcano system. The 

air Volcano is used in both scenarios, but the demand is higher in Latin 

America than Europe (just the opposite is true of the demand for the ground 

Volcano system). ESC recommends using three air Volcanos, the same number as 

recommended In the Basis-of-Issue Plan (BOIP). By coincidence, this Is the 

same number of ground Volcanos recommended by ESC and authorized by the BOIP. 



V.     CONCLUSIONS AND RECOMMENDATIONS 

17. General. This study reached seven specific conclusions about the 

LID engineer battalion's ability to carry out Its mobility, countemoblllty, 

survivablllty, and general engineering missions on the battlefield under two 

very different combat scenarios. Each conclusion Is matched by recommenda- 

tions which follow these practical guidelines: 

a. Any changes recommended to the divisional engineer force struc- 

ture must follow the zero-sum Increase rule. The study recommendations do not 

suggest an Increase In the battalion's end-strength or the number of C-141B 

sorties required to deploy It. 

b. Changes must be attainable at low cost. This left some leeway 

for recommending changes based on long-term development proposals for new 

types of equipment. 

c. ADEA, the study sponsor, must be able to Initiate or influence 

any action recommended by this study. 

18. The LID Engineer Battalion Can Successfully Support the LID In Low- 

Intensity  Conflicts.     The mission of  the LID  states  that  It  "rapidly deploys 

to defeat enemy forces in low-intensity conflict and, when properly augmented, 

3 
reinforces  US   forces   committed   to  a mid-   to  high-Intensity conflict. The 

LID   engineers   are   centrally  organized   for   this   mission:      all   equipment   is 

located   in   the  HHC,   and   all  squads   are  in   the   three  line companies.      During 

both scenarios,  the LID engineer battalion's combat-essential workload is made 

up   of   vital   and   critical   tasks.      In  Latin   America,   this   combat-essential 

workload  also  Includes   essential  tasks  and begins  as  soon as the division is 

Table of Organization and Euqipment 77-000J800  (Department of  the Array, 
1 April 1984). 
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commlcted. In Europe, the corabac-essentlal workload begins at the start of the 

battle preparation phase, when the battalion Is called upon to reinforce the 

battlefield terrain. 

a.     CONCLUSIONS: 

(1) The current centralized organization of the LID engineer TOE 

coincides with the nature of the requirements generated by the Latin American 

base case scenario (the dominant scenario in this analysis), and the way in 

which those tasks are divided between forward and rear areas of the 

battlefield. 

(2) During both base case scenarios and the new explosive excur- 

sions to those base cases, more than 80 percent of the battalion's combat- 

essential requirement is generated in the forward brigade areas. The remain- 

ing 20 percent of the combat-essential requirement is generated in the DRA. 

(a) In Latin America, the LID engineers can accomplish all 

requirements generated by tasks in the vital and critical priority groups, 

plus a portion of the tasks in the essential priority group, during both the 

base case scenario and the new explosive excurison. 

(b) In Europe, LID engineers can only accomplish one-third 

of the vital tasks generated during the base case scenario, and just one-half 

of the vital tasks generated during the new explosive excursion. 

(3) During both base case scenarios, the engineers' initial 

capability shortfall is always in squad-hours. In Latin America, squad- and 

equipment-hour shortfalls increase sharply on the third day of combat. In 

Europe, the total workload is beyond nhe LID engineer battalion's capability 

from the first day of the battle preparation period. 

(a) In Latin America, the LID engineers have sufficient 

squad-hour capability to  complete 42  percent of  the requirements generated  In 



Che brigade areas by casks In Che essential prlorlcy group, but can complete 

none of the DRA worldoad. However, the battalion has enough equipment-hour 

capability to accomplish all necessary brigade tasks, plus 87 percent of the 

essential DRA tasks. 

(b)    In Europe, the LID engineers are able to complete 24 to 

71  percent more squad-hour vital  tasks  than equipment-hour vital  tasks  In the 

brigade  areas,   but   have   no   squad-  or   equipment-hour   capability  left   for  any 

critical tasks or for any tasks generated within the DRA. 

b.    RECOMMENDATIONS: 

(1) The LID engineers should be structured to work alone and 

unsupported In low-Intensity, short-duration conflicts, when they will have 

enough organic squad- and equipment-hour capability to complete the first few 

days of the combat-essential workload. However, by the start of the fifth 

day, the workload represented by tasks in the essential priority group is so 

great that the battalion's organic engineer capability must be augmented by 

EAO engineers. 

(2) The LID engineers should deploy during the lodgement phase 

of the battle,  so  their capability is  available when combat operations begin. 

(3) The LID should be first supported by EAD companies able to 

make up the divisional engineer battalion's shortfall In squad-hour capability 

(i.e.,  companies without dedicated construction  equipment). 

19. The LID Engineer Battalion's Equipment Mix Could Be Better Con- 

figured. Since the conceptlonal design of the LID was published in 1984, the 

13th Engineer Battalion of the 7th ID(L) has been equipped with all of its 

ACEs, and with one-third of its SEEs. Field exercises by the 13th Engineer 

Battalion have confirmed  the usefulness of  the LID TOE's centralized concept. 
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which places all equipment in the HHC and employs this equipment separately 

from squads. This analysis determined that the mix and quantities of ACEs and 

SEEs needed to meet the requirements generated by the base case scenarios are 

different from the mix and quantities alloted in the LID TOE. This is not 

unexpected, since the TOE and operational concept were designed concurrently 

and this study is the first in-depth evaluation of that TOE and concept. 

a.     CONCLUSIONS: 

(1) The LID engineer battalion needs 1.5 to 3 times as many ACE- 

hours as SEE-hours to meet requirements generated during the Latin American 

base case scenario and new explosive excursion, and by the European base case 

scenario; ACE and SEE requirements are about equal in the European new 

explosive excursion. The LID's current TOE has three SEEs for every one ACE 

(a total of 18 SEEs versus six ACEs). When ESC's calculations of equipment- 

hour capability are expressed as pieces of equipment, ESC determined that 10 

ACEs are required in Latin America, 14 in Europe for both the base cases and 

new explosive excursions ~ a weighted requirement of II. For the SEE, the 

results ranged from five SEEs required for the base cases to a peak of 14 SEEs 

for the European new explosive excursion — a weighted requirement of 9. The 

specific numerical requirement for each item of equipment is derived from a 

detailed analysis of only two relatively short scenarios. Although the exact 

requirements presented in this conclusion and recommendation may be open to 

interpretation, the trend of more ACEs and fewer SEEs  Is clear. 

(2) ESC's evaluation of the attachments for the SEE indicated 

there is an equal requirement for loaders, backhoes, and augers. Depending on 

scenario, the auger attachment comprised 25 to 50 percent of SEE-hour usage. 

The auger attachment is not  now authorized and was used  in the study scenarios 



instead of shaped charges Co dig bore holes for cratering.  The authorized 

backhoe and loader are the backbone of the engineer survivability mission. 

(3) ESC determined that the auger handtool is a valuable asset 

for the tasks generated at Latin American TFOB flrebases. This hydraulic 

handtool is used to assist in the explosive emplacement of individual and 

crew-served weapon positions* 

b. RECOMMENDATIONS: The LID engineer battalion should be configured 

with equipment and attachments that match scenario key situations. This means 

that: 

(1) The equipment mix within the battalion should be adjusted to 

better meet requirements. ACEs should be increased from six to II and SEEs 

should be decreased from 18 to 10 in the TOE. Note: the reduction from 24 to 

21 total pieces of ACE and SEE equipment is necessary in order to keep C-14IB 

deployment loads constant for the engineer battalion. 

(2) All 10 battalion SEEs should be configured with loader, 

backhoe, and auger attachments. The added auger can be transported in the 

loader bucket both for C-1-4IB transport and for highway movement. 

(3) The handtool allotment for all SEEs in the LID should be 

authorized the auger handtool. This hydraulic tool can be used to drill small 

holes for expedient explosive excavation of fighting bunkers. 

20. The Impact of Scatterable Mines on Engineer Capability Will Be Sub- 

stantial. To support the division, the LID engineers must undertake both 

countermobility and mobility tasks that vary in scope and magnitude by sce- 

nario. Today, many conventional mining systems are being augmented or 

replaced by new-generation systems. Especially striking is the introduction 

of the new scatterable mines, which will dramatically change engineer require- 

ments In Europe. 
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a. CONCLUSIONS: 

(1) The LID engineers require obstacle systems that are light- 

weight. These lightweight systems, especially mines, are easier to transport 

by C-141B aircraft to places such as Latin America or require fewer trucks to 

transport in a European AC« 

(2) Because of the high-Intensity threat In the European the- 

ater, the LID Is assigiml a defensive mission In a relatively small AO that Is 

characterized by closed terrain. This closed terrain Inhibits linear mining 

and favors point obstacles. Point obstacles require less effort to emplace 

than linear obstacles. Although the European AO has some open areas, that 

open terrain Is very rough, making mining operations difficult. Minefields In 

Europe also may need to be concealed and emplaced at night for security 

reasons. As a result of all these factors, the LID's obstacle workload In the 

defense Is 65 percent less than that of a heavy division In Europe. 

(3) Scatterable mines and improved conventional mines (ICOMs) 

are from 50 to 75 percent faster to emplace than conventional mines for all 

forces — both heavy and light. 

(4) Artillery mining is important in Europe because of the 

closed and difficult terrain; aerial mining is more important in Latin America 

because of the LID uses some AOs which are inaccessible by road. 

b. RECOMMENDATIONS: 

(1) The LID should improve its operational performance, provide 

logistical savings, and reduce manhour requirements by procuring the NATO ICOM 

(which is available now) or developing a US version of th^ NATO ICOM 

Immediately. 
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(2) LID engineers should consider replacing Chose trucks 

intended to carry Che ground Volcano with a high-mobility carrier (such as the 

HMMWV). 

(3) Since the LID has no attack vehicles and few antitank ditch 

requirements, EAD engineer units are the appropriate units to support the LID 

with the MICLIC or TEXS. 

(4) The air Volcano adds Che required versatility to LID opera- 

tional tactics. This analysis validated the LID's operational concept for 

three of these systems. 

21. LID Engineers Have Sufficient Truck Capability. The LID engineer 

battalion has no squad trucks, eight 5-ton carg^ trucks, and no dump trucks. 

The EAD battalions considered In this analysis have 5-ton dump trucks for 

squads, platoons, and companies, plus a few S-ton cargo trucks In the 1-4 Sec- 

tion of cbe HHC. ESC found cruck requlremencs varied depending on unlc bat- 

tlefield location and scenario conditions, 

a.    CONCLUSIONS: 

(1) The LID has the right kind and number of trucks to meet the 

requlremencs generaced by Che base case scenarios. The LID engineer baccalion 

has no squad crucks and Chey were noc required in any of Che scenarios or 

excursions considered by this study. The 5-ton cargo trucks In the companies 

of Che baccalion maCch base case scenario and European new explosive excursion 

requlremencs, buC Chere is a Chree-Cruck excess in ehe LaC-'n American new 

explosive excurlson. 

(2) The conclusion above assumes Che availability of EAD support 

conslscing of one engineer baccalion afCer 1 Co 2 weeks in LaCin America and 

scarring during Che battle preparation phase in Europe. 
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(a) EAD engineer trucks supporting forward brigades are 

needed mostly for logistical haul, especially In the European base case sce- 

nario. The dump trucks now alloted to the EAD units likely to augment the LID 

engineer battalion are not well suited  to this purpose. 

(b) When the new mine systems are fielded, they will reduce 

the currently large requirement to transport Class V materiel from the BSA. 

If corps engineer battalions were dedicated and employed forward in the bri- 

gade areas, their squad dump trucks could be converted to a more appropriate 

vehicle or downsized. 

(c) The corps engineer battalion assigned to help the LID 

engineer battalion accomplish sustalnablllty tasks has a requirement for dump 

trucks. 

b.     RECOMMENDATIONS: 

(1) The eight 5-ton cargo trucks in the LID engineer battalion 

should not be increased or decreased at this time. In the future, the battal- 

ion can divert three of these trucks to haul the ground Volcano system with no 

loss of capability. 

(2) The EAD corps battalion which supports forward LID opera- 

tions should have more cargo trucks than dump trucks. However, if one of the 

corps engineer battalion missions continues to be to support heavy and light 

forces both forward and rear, this unit cannot convert Its dump trucks. One 

way to support this dual mission is to convert all 5-ton dump trucks to a com- 

bination dump-cargo truck. Such a truck can dump to both sides and the rear, 

has a large flat-bed surface, and drop sides. (Note: the Federal Republic of 

Germany Army has a truck with these characteristics.) - Another solution would 

be to convert some of the corps battalion's dump trucks to cargo trucks. 



22. The Corps Airborne Battalion Can Meer Many LID EAD Support Require- 

ments. The study methodology was especially designed to calculate the size 

and type of the engineer EAD force required to support the LID under the con- 

ditions of two very different combat scenarios. The LID will depend on this 

EAD force to complete all the work that the LID engineer battalion cannot do. 

This total EAD force is divided into two parts: a combat-essential force and a 

sustainabillty force. The combat-essential force is needed at or close to 

deployment of the LID, while the sustainabillty force is required some 2 to 4 

weeks later. 

a. CONCLUSIONS: Figure 27 expresses ESC's recommended combat-essen- 

tial and sustainabillty forces, and the EAD total force. In terms of battalion 

equivalents for the base case of the Latin American scenario and for the 

European scenario ba -H case and new explosive excursion. The Latin American 

and European base cas^s use conventional mines and explosives. The European 

new explosive excursion introduces scatterable mines and ICOMs, plus liquid 

explosives and is examined as a the future situation. Additionally, for both 

European situations, the divisional AC is shown divided between the organic 

LID AO (three Co four maneuver brigades on line and in DRA) and the attached 

armored brigade AO. The separate armored brigade is broken out to show 

requirements for a single LID without attachments, since Army force structur- 

ing  is done by individual divisions  and  separate brigades. 

b. RECOMMENDATIONS: 

(1)    The   separate   armored   brigade   should   be   supported  by about 

one corps engineer battalion. Even when the requirements generated by the 

armored brigade are removed from consideration, the EAD support required by 

the    LID    in    Europe    today    is    still    extra-demanding    —   a    total    of    three 

mmm 



battalions. The LID needs only two battalions to meet requirements in Latin 

America and two battalions plus a light equipment company to meet the require- 

ments of the future situation In Europe. 

SCENARIO ENGINEER BATTALION EQUIVALENTS 

Latin America 
LID 

Europ 
LID 

e Today 
AR Brigade 

Europe Future 
LID AR Brigade 

Combat-essential 
• 

force: LID bn LID bn Engr co LID bn Engr co 
Corps bn Corps bn ABN bn Corps bn 

Sustalnabillty 
force: ABN bn Corps bn 

~ 
it  equip 

CO 

Total  force (bn) 2 3 1+ 2+ 1+ 

Figure 27    • 

(2) The EAD battalion assigned to support the LID In Latin 

America and the future European situation should be the corps airborne battal- 

ion (TOE 5-195L2, land and unload version). Several of these airborne battal- 

ions should be organized to support LIDs with deployment missions. (Today no 

unics have been organized.) ESC's analysis has determined that this unit 

should be organized under these guidelines: 

(a) Squad-only and  equipment-only companies. 

(b) HMMWV squad  trucks. 

(c) 5-ton cargo trucks. 

(d) More ACEs;  no scrapers. 

23. The LID Has Few Large-Gap Bridging Requirements. Rivers and streams 

generally are no obstacle to the LID's maneuver elements. The light infantry 

soldier is flown over or wades through rivers, floats across them on TOE or 

expedient   lo?  rafts,  and  occasionally  traverses  them on engineer-built  rope or 
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monkey bridges. Logistical elements, however, prefer to use roads for resup- 

ply, although helicopter. Low Altitude Parachute Extraction System (LAPES), 

and C-130 airfield options are also available and used. The Importance of 

roads Increases as the threat Increases from low- to mid- to high-intensity. 

Mid- to high-intensity conflicts place high demands on artillery resupply and 

subsequently on engineers to keep open the main supply routes (MSRs) for 

trucks transporting artillery rounds. The European scenario is at the upper 

end of this spectrum of conflict intensity, while the Latin American is at the 

midpoint. 

a. CONCLUSIONS: The LID has few requirements for large-gap bridges 

(e.g., only one one bridge is needed during the Latin American scenario). 

However, even a minor bridging task will fall within the vital or critical 

priority group. A unit the size of a bridge platoon can provide all the 

engineer  effort required to bridge gaps in the.AOs typical of LID operations. 

b. RECOMMENDATION: LID large-gap bridging support should be pro- 

vided by for EAD engineers. Because bridging tasks are so crucial, they must 

be anticipated from terrain intelligence and planned for early in the battle. 

The type of support the LID needs Invites the use of lightweight, simple- 

technology bridging that can be transported by vehicles or division helicop- 

ters. A bridge with a dual wet- and dry-gap capability is preferred that can 

be emplaced bv LID engineers in emergencies. Depot-stocked M4T6 bridging is 

the closest solution now available, but a less complex bridge should be 

developed some day for LID use. The development and fielding of a lightweight 

bridge suitable for rapid deployment and support of the LID should be made a 

high-priority program for the Army's materiel development  community. 
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24. Class IV and V Engineer Requirements Differ by Theater and Time- 

frame» Countermoblllty tasks dictate most of the requirements generated by 

the engineer Class IV/V workload. This workload changes with scenario and 

tlmeframe. 

a. CONCLUSIONS: 

(1) Class V materiel generates most of the requirement In the 

Class IV/V category. The only Class IV item used by the LID engineers is the 

HEMMS, which generates only 1 to 2 percent of the overall requirement. Most 

of the Class V requirement (80 to 90 percent) Is mining, which is used 

frequently in the European theater. Since conventional mines are three to six 

times heavier than the new generation of mines, the European base case sce- 

nario generates  the largest Class V requirement. 

(2) Scatterable mines and ICOMs can reduce the LID engineers' 

truck transport requirements by more than 90 percent, and make 'It possible for 

LID engineers to better support the division in more mobile operations. This 

will prevent the division's logistical tall from hindering Its performance and 

give the engineers the ability to emplace obstacle systems In a very mobile 

environment,  which will  enhance the LID's  role  in rear area protection. 

(3) Substituting liquid explosives for conventional explosives 

may reduce the division's Class IV and V requirements, but by how much Is 

Impossible to document, given the state of the art as described in the pub- 

lished information about liquid explosive research or testing. (The biblio- 

graphy to this report, Annex K, lists most of the documents published about 

liquid  explosive testing during the last decade.) 

b. RECOMMENDATIONS: 

(1) Under the conditions of the European base case scenario, the 

LID    should    be    suooorted    bv   one    engineer    EAD    battalion   which . is    denloved 
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early.    This will provide Che truck capability needed to haul engineer  Class V 

supplies  from BSAs to project sites. 

(2) More research should be done to determine the craterlng 

geometry (number and size of bore holes and amount of explosives per hole) for 

new candidate liquid explosives. 

25. Recommendation Postscript. This study's conclusions and recommen- 

dations reinforce the design concepts of the LID. To those more familiar with 

mechanized and armored operations, the study's final seven sets of conclusions 

may seem very rudimentary. Light Infantry operations with their complementary 

engineer support roles outwardly are very basic. However, the simple struc- 

ture tinted with Just the right amount and kind of modern technology is very 

dynamic and consequently very powerful. When the study project team started 

this analysis, it had reservations about many of the LID's unusual engineer 

organizational and operational concepts* How adept is an engineer battalion 

with only 290 men containing squads without vehicles and only two major kinds 

of engineer equipment totaling 24 pieces? Perhaps the reader shares these 

concerns. In any case, while the team pondered these doubts, others contem- 

plated them as well — including those working within the concept. ESC's data 

base was the 13th Engineer Battalion of the 7th ID(L), stationed at Fort Ord, 

California. The 7th LID was selected as ESC's data base because it has been 

organized longer than any other LID. During the course of this 12-month 

study, ESC confirmed concepts by analysis that were simultaneously formed with 

the leadership of the I3th Engineer Battalion through its actual training and 

practice. The concept works. The fact that it works is known to the 7th LID 

which, at this    writing, has become    a highly motivated,    well-trained,     elite 



division.      The   engineer   concept   makes   sense   by  analysis  upon reflection   to 

four aspects rooted in historical principles: 

a. The LID ha« saall AOs. Engineer workload is directly equatable 

to the terrain chat the engineers must change. Small AOs with less movement 

to maneuver leads to reduced engineer requirements. 

b. The LID operates in closed terrain. Engineer workload is reduced 

in closed terrain because it offers more natural cover and obstacles. More 

point obstacles are required than linear obstacles, but overall there is less 

effort involved (point obstacles are less time consuming to construct than 

linear obstacles). Difficult terrain also slows enemy advances, giving 

engineers more time to complete their workload. 

c. The LID mist deploy fast. LID systems must be light so the 

division can move quickly. These light systems are easy to learn, easy to 

operate, easy to resupply. These characteristics make them very effective and 

powerful. For engineers, heavy explosives give way to equipment with rela- 

tively low fuel resupply needs and speed of emplacement can be sacrificed for 

more simple technologies. 

d. The LID has limitations in high-intensity conflict. In Europe, 

the LID mission requires augmentation — a heavy brigade for maneuver opera- 

tions, more artillery firepower for suppression, and correspondingly, as 

determined by this  study, one to three corps battalions  for engineer support. 
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1. Purpose» This annex describes the significant steps of the study 

methodology. 

2. Scope. Figure A-l shows the general structure and level of resolu- 

tion of the study methodology. The methodology compares engineer requirements 

with engineer capability. The requirements are unconstrained, but realistic; 

they are calculated on-site with no degradation. Capability is degraded, with 

commonly accepted factors such as casualty and movement rates. The comparison 
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of requirements and capabilities produced time-phased estimates on what 

requirements can be satisfied in priority order. 

3« Resolution.  The study methodology has four main levels of resolu- 

tion. 

a. The most significant level of resolution calculates into one of 

two scenarios. (The Latin American and European scenarios are detailed in 

Volume II, which Is classified SECRET.) 

b. The second level divides each scenario into battle phases. The 

battle phases are subdivided into consecutive time periods (Figure A-2). 

TIME PERIODS 

Period From Through Days Battle Phase 

Latin American Scenario 

1 
2 
3 

4 

D+l 
D+3 
D*5 

Df9 

D+2 
D+4 
D+8 

D+10 

2 
2 
4 

2 

Deployment, lodgement, and secure AO 
Move to and defend new division AO 
Attack on main avenue of approach, and move 

to brigade TFOB 
Move to and attack within new brigade TFOB 

European Scenario 

1 
2 
3 
4 
5 

D-10 
D+8 
H-hour 
H+24 
H+48 

D+7 
D+10 
H+23 
H+47 
H+95 

18 
3 
1 
1 
2 

Deployment, lodgement,  and movement to AO 
Prepare defensive positions 
Defend 
Counterattack 
Delay 

Figure A-2 

c. The third level addresses the divisional AO. For each time 

period, requirements and capability are tracked for each of the committed 

maneuver brigades, plus the DRA. The sum of these areas will be displayed for 

the total division. (NOTE: When the CAB does not occupy a separate area, its 

requirements are counted where subelements are located within the divisional 

AO.) 
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d. The last level of resolution divides the study into two parts for 

each scenario. Each part splits capability and requirements between the LID- 

only and EAD units working in the division AO. Figure A-3 lists the EAD units 

which augment each scenario. Fewer EAD units augment the European scenario 

because the LID is supported by the in-place corps plus the German Territorial 

Southern Command  (GTSC). 

4. Base Case and Excursions. The base case, as defined below, is calcu- 

lated for each level of resolution of the study methodology, while the SAG- 

approved excursions use only the. applicable portions of the general study 

methodology. 

a. The tlmeframe for the base case is 1988. As a result, ESC used 

the design or objective TOE 77-O00J8O0, LID. Figure A-4 shows some of the 

significant equipment projected for this TOE during the study tlmeframe. The 

threat forecasted in each scenario also meets' this designated tlmeframe. 

Since the modified table of organization and equipment (MTOEs) of the five 

projected LID are slightly different in organization and mission, the study 

employs the use of a notional division with the fictional designation of the 

17th ID(L).     Some significant  aspects of  the  17th  ID(L)   are: 

(1) The division's basic artillery piece is the 105-inm towed 

howitzer.    The 155-mm artillery battery of the 7th ID(L)  is not present. 

(2) The Volcano  series mine systems  are  not  yet  available. 

(3) The divisional resupply concept makes full use of helicop- 

ters, LAPES  zones,  roads,  and C-130 airfields. 

(4) When employed in Europe, USAREÜR will replace all divisional 

105-mm artillery howitzers one-for-one with 155-mm artillery howitzers using 

war reserve stocks. 
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EAD AUGMENTATION FOR 17th ID(L) 

TOE Unit Description 
Scenario 

LorIn Aaerlca    Europe 

3-17J NBC defense company 
5-35H Engineer battalion (corps) 
6-307J2 Counterbattery radar section, larger 

acquisition company 
6-365H Field artillerj- (FA) battalion,   155-mm, 

self-propelled 
6-445H FA battalion,  203-mm, self-propelled 
7-115H110 Antlarmor battalion (TOW) 
08-123H Combat support hospital 
9-64H Ordnance company.  Ammunition, Conver, 

tional direct support (DS) 
9-520H EOD,  team FA 
9-550U Rocket and Missile Support LID team LI 
10-227H Petroleum Platoon,   Petroleum Supply Company 
19-077H Military Police (MP) company 
29-114H4 Graves Registration section, and organi- 

zation maintenance section, field service 
company, general support  (GS) 

29-H9H510 Class IX storage section,  repair parts sup- 
ply company,  GS, corps 

29-146H Headquarters and headquarters company  (HHC), 
Supply & Services  (S&S) battalion 

29-147H500 S&S Company 
29-209H9 CE/GSE Maintenance  Platoon and Artillery 

Battalion Maintenance Support Team,  Main- 
tenance Company,  nondivlsion,  DS 

34-105J Electronic warfare (EW)  Section,  Operations 
Company,  Communication EW Intelligence 
(CEWI) Battalion 

55-167J Medium-lift platoon (CH-47D), medium heli- 
copter company 

55-6 7H71.U Medium truck  squad  and   light truck squad, 
light-medium transport  compar' 

- 1 
*• 1 
1 — 
1 — 

1 -— 

I — 

1 — 
1 — 
1 ■■■" 

1 — 

I __ 

Figure A-3 



SIGNIFICANT EQUIPMENT LIST* 

Items Unique to 
Engineer Units 

Items Found In Both Engineer 
and Non-Engineer Units 

Divisional battalion 

ACE 

SEE 

Explosive demolition sets** 

Mine detecting sets 

Carpenters tool kit (platoon) 

Carpenters tool kit (squad) 

Chain saw 

High mobility multipurpose wheeled 

vehicle (HMMWV) 

Tactical 5/4-ton cargo truck 

5-ton cargo trucks 

107-mm mortar 

DRAGON 

TOW 

105-mm light  towed howitzer 

VULCAN,  towed 

Observation helicopter 0H-58C 

Corps units (above plus): 

D-7 bulldozer 

Tractor w/backhoe & loader 

5-ton dump trucks 

2- V2 CY scoop loaders 

Grader 

Attack helicopter, TOW 

Utility helicopter UH-60A 

Fuel system supply point (FSSP) 

(60,000 gal) 

Forward area  refueling equipment 

2-wheel motorcycle 

5-ton tractor truck w/22.5-ton 

semi-trailer 

»Design TOE 77-OOOJ  (Department of the Army,   1985) 
**No liquid explosives. 

Figure A-4 
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b. The lodgement phases of each base case scenario have certain 

study limitations. 

(1) For the Latin American scenario, the lodgement airfield is a 

US Air Force responsibility. Follow-on fixed bridging on the main supply 

route (MSR) is a corps responsibility beginning at D+ll (one day after the 

scenario is terminated for study purposes). Resupply by ship also starts at 

D+ll. 

(2) For the European scenario, air deployment of the 17th ID(L) 

is mixed with other deploying units. As a result, the study artificially 

limits the start of defensive positions until the entire division has assem- 

bled in the divisional AO. 

c. The SAG has approved 12 excursions to the base case which provide 

additional analysis in special areas of interest. These excursions are 

briefly described below, and summarized in Figure A^5. 

(1) Excursion 1: the effect on performance of allocating two 

engineer battalions (one divisional & one corps) to divisional requirements. 

(2) Excursion 2: the effect on performance of allocating the 

divisional engineer battalion solely to requirements in the brigade sectors. 

(3) Excursion 3: the effect on performance of allocating the 

corps engineer units solely to requirements in the DRA. 

(4) Excursion 4: the effect on performance of adding divisional 

Volcano systems on scenario requirements and on level of performance. This 

excursion is conducted in conjunction with the countermobility analysis 

(Annex D). 

. (5) Excursion 5:  the effect on performance of allocating the 

.total capability to only the vital and critical priority group requirements. 
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STUDY EXCURSIONS 

Excursion 
Number 

1 

Short Title 
Engineer Capability 
Division BAD 

Force Requirements 
Division EAD 

Attached corps 
engineer battalion 
(light) 

Organic engineers 
forward** 

EAD engineers 
rear** 

Scatterable mine 
capablllty 

Priority work 

**European scenario only. 

X 

X 

1           6 Liquid explosives 
(logistics analysis) 

X                   — 

SEE attachment mix X                   — 

i             8 Engineer class IV/V X                     X 
(includes DISCOM 

assets) 

i              9 Corps bridging* X 

|                              10 C-130 airfield 
construction* 

X                     X 

1                    11 
Additional vehicles* X                   ~ 

-j                      12 Fourth line company X 

1 B                                    *Lat in American scenario  onlv. 

(brigade sectors) 

(DRA) 

(vital and critical 
priority groups) 

X 

X 
(Includes artillery 

&  aviation) 

X 

X 

X 

X 

Figure A-5 
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This    analysis    is    a   by-product    of    the   overall    study   methodology,    and    is 

described  in the final section of the main report. 

(6) Excursion 6: the substitution of liquid explosives for 

plastic and other solid explosives. The analysis is limited to the logistical 

aspects and is evaluated as part of the Class IV and V excursion analysis 

(Annex G). 

(7) Excursion 7: the effect on performance of using the optimum 

mix of 36 SEE attachments for the divisional engineer battalion's 18 SEEs. 

This excursion and excursions 2 and 3 are addressed as part of the divisional 

structure analysis  (Annex I). 

(8) Excursion 8: ESC will estimate the Class IV and V require- 

ments in support of engineer survivability, mobility, and countermobility 

missions. For the latter mission, artillery and aviation mine expenditures 

will also be included.    These excursions 'will be covered in Annex G. 

(9) Excursion 9: the calculation of the corps bridging require- 

ment. This is treated as an excursion, since the EFFORT capability model does 

not input bridge units. This excursion, and excursion 1 are examined as part 

of  the EAD structure analysis (Annex J). 

(10) Excursion 10: the effect of upgrading a C-130 airfield 

within the second divisional rear area in the Latin American scenario. This 

excursion   is   covered   In the general   engineering  analysis  (Annex F). 

(11) Excursion 11: the effect on performance of adding vehicles 

to the divisional engineer battalion. These excursions are presented sepa- 

rately as a sensitivity analysis (Annex H). 

(12) Excursion 12: the effect on performance of adding a fourth 

line company to the divisional engineer battalion. This excursion is part of 

cae senäicivity  analysis described  in Annex  h. 

A-9 
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5. Requirements. The requirements process must determine what engineer 

tasks are to be accomplished, how casks will be grouped, how task calculations 

will be kept consistent, and how requirements will be ranked. 

a. Calculated engineer requirements in the divisional AO are reduced 

by any host nation engineer support that Is received. This results in study 

requirements where only US capability will be applied (if available). This 

process is documented under the four Engineer missions of mobility, counter- 

mobility, survivability, and general engineering (see Annexes C, D, E, and F, 

respectively). 

b. There are 67 Identified tasks (many with additional subtasks) 

divided among the four major engineer missions. For computational ease, these 

tasks  are organized as  follows: 

(1) The 67 tasks are first compressed Into 16 Increments, four 

increments for each of the major engineer missions -*■ mobility, countermobil- 

ity, survivability, and general  engineering. 

(2) The 16 Increments then are grouped into four priorities: 

vital, critical, essential, and necessary. These priority groups served as a 

framework for judging the relative capability of engineer support. Figure A-6 

lists the criteria for each priority group. Vital increments constitute sup- 

port which is indispensable to the existence and continuance of the division. 

Critical increments are defined as pivotal support which may be decisive in 

the success or failure of the division's planned operations. Essential incre- 

ments are those intrinsic fundamental tasks which must be accomplished, but 

which are not immediately indispensable. Necessiry Increments are routine 

support tasks for which there is a definite need, but which can be deferred 

for more urgent requirements. 



Short Title 

Vital 

Critical 

Essential 

Necessary 

PRIORITY GROUPS 

l!plieatioft8 of Nonsupport 

Jeopardizes the existence of the division 
Rich loss of life 
larly defeat of the division 

failure of division o~erations 
Increased pro~bility of defeat 

Short-tera d-.radation in sustainability 
Si8nifieant equipment and material losses 

Lo~-tera degradation in sustainability 
Moderate equipaent and material losses 

( 3) The eoaposition of the four priority groups chaft8e durlftR 

the principal battle phases of lod« .. ent, offense, and defense. Por eaeh of 

the three battle phases in eaeh seenario, !SC asked the SAG to ~laee eaeh of 

the 16 increments i~to one of the four priority 8roups. Figures A-7 throu«h 

A-9 show these three priority lists for the Latin Aaerican seenario; Pisur .. 

A-10 through A-12 shov the European seenario. The .. ~basis when uainc th .. e 

lists is on planning, not nec81sarily .xeeution. In . reality, all taaks would 

carefully be integrllted based on need and most efficient use of equtpa~ent. 

T~is need and allocation will c:hange eonstantly and will only oc:c:asionally 

exactly match the approved priority list. However, it is important to have a 

basic averag e priority systea that equates to the broader comparison ~ade pos-

s i ~ e :JY th e fou r priority sr;roups. tit this way, ESC can compare reQuirements 

t o capabil ity by sumaing the squ~- and equipaent-hours required by tasks in 

the four priority grou~•· The SAG a~proved all priority lists at IPR 3 on 3 

April 1986. 

c. Por estiaating squad-: aDd equipaent-hours, ESC uses on-site 

engineer planning fac:tore with no d_,radations. Th•e uneonstrained valuH 

are an important part oi the analyst•· . 
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LODGEMENT PHASE PRIORITY LIST — 
LATIN AMERICAN SCENARIO 

Level of             Priority 
Priority Support* Incrawnt** CondanBed Description  

1 V 6-1 Construct or repair primary Lines 
of Coomunication (LOCs). 

2 V S-l Protect     primary    positions     for 
TOW, forward area altering radar 
(PAAR), and divisional tactical 
operation center (DTOC); clear FA 
fire bases. 

3 V M-l Breach      minefields,       fortified 
positions, and enemy strong- 
points; destroy enemy bunkers. 

4 V G-2 Construct    or     repair    secondary 
LOCs; protect secondary facili- 
ties. 

5 V S-2 Protect  primary  positions   for FA 
fire direction centers (FDCs) 
Vulcan, and alternate TOW, tank, 
and armored personnel carrier 
(APC) weapon positions. 

6 C M-2 Maintain MSRs   and combat  trails; 
breach other obstacles to maneu- 
ver plan. 

7 C S-3 Protect   primary   position   for   FA 
81-mm and 107-mm howitzers, 
battalion command posts (CPs), 
brigade support areas (BSAs), 
mortars and forward area refuel- 
ing points (FARP); protect sec- 
ondary TOW, tank, and APC weapon 
positions. 

8 C G-3 Construct    and    repair    tertiary 
LOCs; protect secondary facili- 
ties. 

9 E S-4 Protect  primary  positions   for FA 
ammunition and ESA generator 
noise suppression slot/berms. 

Figure A-7 (Continued on Next Page) 
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LODGEMENT PHASE PRIORITY LIST — 
LATIN AMERICAN SCENARIO (Continued) 

Priority 
Level of 
Support* 

Priority 
Increment** Condensed Description 

10 

11 

12 

13 

14 

15 

16 

N 

N 

C-2 

G-4 

C-3 

' M-3 

C-l 

M-4 

C-4 

Install point targets, mine- 
fields, and wire obstacles on the 
main avenues of approach. 

Construct and repair other needed 
LOCs and  facilities. 

Install point targets, mine- 
fields, tank ditches, and wire 
obstacles on secondary avenues of 
approach. • 

Construct combat trails; support 
river crossing operations; con- 
struct LAPES zones. 

Execute raids to deny road junc- 
tions and key installations. 

Clear tank ditches and mine- 
fields; repair new damage to 
roads and bridges; retrieve and 
replace tactical bridging with 
fixed bridging. 

Complete the obstacle plan in 
depth. 

*Levels of  support:     V ■ Vital,  C •  Critical, E - Essential, N ■ Neces- 
sary. 

**Corresponds to tK« increment levels tn each functional area (e.g.,  C-l 
means countermobility tasks,  first increment). 

S — Survivabllity 
C — Countermobility 
M -- Mobility 
G — General Engineering 

Figure A-7 
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DEFENSIVE PHASE PRIORITY LIST 

LATIN AMERICAN SCENARIO 

Priority 
Level of 

Support* 
Priority 

Increment** Condensed Description 

S-l Protect primary positions for 
TOW, tank, APC, crew-served 
weapons, PAAR, and DTOC; clear FA 
fire bases. 

C-2 

3 

4 

V 

V 

G-l 

C-l 

S-2 

S-3 

G-2 

C-3 

G-3 

Install point targets, mine- 
fields, tank ditches, and wire 
obstacles on the main avenue of 
approach. 

'Construct or repair primary LOCs. 

Execute raids to deny road junc- 
tions and key Installations. 

Protect primary positions for FA 
FDCs, Vulcan and alternate TOW, 
tank, and APC positions. 

Protect primary positions for FA 
howitzers, battalion CPs, BSA, 
81-mm and 107-mm mortars, and 
FARP. Protect secondary TOW 
Tank, and APC weapon positions. 

Construct or repair secondary 
LOCs; protect primary facilities. 

Install point targets, mine- 
fields, tank ditches, and wire 
obstacles on secondary avenues of 
approach. 

Construct and repair tertiary 
LOCs; protect secondary facili- 
ties. 

Figure A-8 (Continued on Next Page) 
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DEFENSIVE PHASE PRIORITY LIST — 
LATIN AMERICAN SCENARIO (Continued) 

Priority 
Level of 
Support* 

Priority 
Increment** Condensed Description 

10 

11 

12 

13 

14 

15 

16 

E 

E 

E 

N 

N 

N 

M-2 

C-4 

S-4 

G-4 

M-l 

M-3 

M-4 

Maintain MSRs and combat trails; 
breach other obstacles to maneu- 
ver plan. 

Complete obstacle plan in depth. 

Protect primary positions for FA 
ammunition and BSA generator 
noise suppression slot/berms. 

Construct and repair other needed 
LOCs and facilities. 

Breach minefields, fortified 
positions, and enemy strong- 
points;  destroy enemy bunkers. 

Construct combat trails; support 
river crossing operations; con- 
struct LAPES zones. 

Clear tank ditches and mine- 
fields; repair new damage to 
roads and bridges; retrieve and 
replace tactical bridging with 
fixed bridging. 

*Levels of support: V - Vital, C ■ Critical, E - Essential, N - Neces- 
sary. 

**Corresponds to the increment levels in each functional area (e.g., C-l 
means countermobility tasks,  first  increment). 

S — Survivability 
C — Countermobility 
M — Mobility 
G — General Engineering 

Figure A-8 
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OFFENSIVE PHASE PRIORITY LIST 
LATIN AMERICAN SCENARIO 

Priority 
Level of 
Support* 

Priority 
Incranent** Condensed Description 

1 

2 

3 

C 

C 

M-l 

C-l 

S-l 

M-2 

G-l 

G-2 

S-2 

M-3 

M-4 

Breach minefields, fortified 
positions, and enemy strong- 
points;   destroy enemy bunkers. 

Execute raids to deny road junc- 
tions and key Installations. 

Protect primary positions for 
TOW, tank, APC, crew-served 
weapons, PAAR, and DTOC; clear.FA 
fire bases. 

Maintain MSRs and combat trails; 
breach other obstacles to maneu- 
ver plan. 

Construct or repair primary LOCs. 

Construct or repair secondary 
LOCs;  protect primary facilities. 

Protect primary positions for FA 
FDCs, Vulcan and alternate TOW, 
tank,  and APC weapon positions. 

Construct combat trails; support 
river crossing operations; con- 
struct LAPES zones. 

Clear tank ditches and mine- 
fields; repair new damage to 
roads and bridges; retrieve and 
replace tactical bridging with 
fixed bridging. 

Figure A-9 (Continued on Next Page) 
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OFFENSIVE PHASE PRIORITY LIST — 
LATIN AMERICAN SCENARIO (Continued) 

Priority 
Level of 
Support* 

Priority 
Increment** Condensed Description 

10 

11 

12 

13 

■14 

15 

E 

N 

N 

N 

S-3 

G-3 

C-2 

G-4 

S-4 

C-3 

16 C-4 

Protect primary positions for FA 
howitzers, battalion CPs, BSA, 
Si-am and 107-inm mortars, FARP 
and DTOC; protect secondary 
positions   for TOW,  tank, and APC. 

Construct and repair tertiary 
LOCs; protect secondary facili- 
ties. 

Install point targets, mine- 
fields, tank ditches, and wire 
obstacles on the main avenues of 
approach. 

Construct and repair other LOCs 
and facilities. 

Protect primary positions for FA 
ammunition and BSA generator 
noise suppression slot/berms. 

Install point targets, mine- 
fields, tank ditches, and wire 
obstacles on secondary avenues of 
approach. 

Complete obstacle  plan in depth. 

*Levels of support:     V ■ Vital,  C " Critical, E - Essential, N - Neces- 
sary. 

**Corresponds  Co  the  increraenc  levels  In each functional area (e.g.,  C-l 
ueans  countermobility  tasks,  first  increment). 

S — Survivability 
C — Countermobility 
M — Mobility 
G — General Engineering 

Figure A-9 
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LODGEMENT PHASE PRIORITY LIST — 
EUROPEAN SCENAIRIO 

Priority 
Level of 
Support* 

Priority 
Increment** Condensed Description 

S-l Protect primary positions for 
TOW, tank, APC, crew-served weap- 
ons, PAAR, and DTOC; clear FA 
fire bases. 

V 

C 

S-2 

S-3 

G-l 

C-2 

S-4 

G-2 

M-2 

G-3 

Protect primary positions for FA 
FDCs, Vulcan and alternate TOW, 
tank, and APC weapon positions. 

Protect primary positions for FA 
howitzers, battalion, CPs, BSA, 
81-mm and 107-mm mortars, and 
FARP; protect secondary positions 
for TOW,  tank,  and APC. 

Construct or repair primary LOCs. 

Install point targets, mine- 
fields, tank ditches, and wire 
obstacles on- the main avenue of 
approach. 

Protect primary positions for FA 
ammunition and BSA generator 
noise suppression slot/berms. 

Construct or repair secondary 
LOCs;   protect primary facilities. 

Maintain MSRs and combat trails; 
breach other obstacles to maneu- 
ver  plan. 

Construct and repair tertiary 
LOCs; protect secondary facili- 
ties. 

Figure A-10 (Continued on Next Page) 
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LODGEMENT PHASE PRIORITY LIST — 

EUROPEAN SCENARIO (Continued) 

Priority 
Level of 
Support* 

Priority 
Increment** Condensed Description 

10 

11 

12 

13 

14 

15 

16 

N 

N 

G-3 

G-4 

M-3 

C-l 

M-l 

C-A 

M-4 

Construct and repair tertiary 
LOCs; protect secondary facili- 
ties. 

Construct and repair other needed 
LOCs and facilities. 

Construct combat trails; support 
river crossing operations; con- 
struct LAPES zones. 

Execute raids to deny road junc- 
tions and key installations. 

Breach minefields, fortified 
positions, and enemy strong- 
points; destroy enemy bunkers. 

Complete the obstacle plan in 
depth. 

Clear tank ditches and mine- 
fields; repair new damage to 
roads and bridges retrieve and 
replace tactical bridging with 
fixed bridging. 

*Levels of support:  V ■ Vital, C - Critical, E - Essential, N - Neces- 
sary. 

♦♦Corresponds to the increment levels in each functional area (e.g., C-l 
means countermobility Casks, first increment). 

S — Survivability 
C — Countermobility 
M ~ Mobility 
G — General Engineering 

Figure A-10 
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DEFENSIVE PHASE PRIORITY LIST — 
EUROPEAN SCENARIO 

Level of              Priority 
Priority Support* Increment** Condensed Description  

1 V S-l Protect     primary    positions     for 
TOW, tank, APC, crew-served weap- 
ons, PAAR, and DTOC; clear FA 
fire bases. 

2 V C-2 Install      point      targets,     mine- 
fields, tank ditches, and wire 
obstacles on the main avenue of 
approach. 

3 V S-2 Protect   primary   positions  for FA 
FDCs, Vulcan, and protect alter- 
nate TOW, tank, and APC weapon 
positions. 

4 V S-3 Protect   primary  positions   for FA 
howitzers, battalion CPs, BSA, 
81-mm and 107-mm mortars, and 
FARP; protect secondary TOW, 
tank, and APC weapon positions. 

5 V C-3 Install     point     targets,     mine- 
fields, tank ditches, and wire 
obstacles on secondary avenues of 
approach. 

Complete obstacle plan in depth. 

Construct or repair primary LOCs. 

Execute raids to deny road junc- 
tions and key installations. 

G-2 Construct    and    repair    secondary 
LOCs;  protect primary facilities. 

Figure A-ll   (Continued on Next Page) 

6 V C-4 

7 c G-l 

8 c C-l 
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DEFENSIVE PHASE PRIORITY LIST — 
EUROPEAN SCENARIO (Continued) 

Priority 
Level of 
Support* 

Priority 
Increment** Condensed Description 

10 

11 

12 

E S-4 

G-3 

M-3 

Protect primary positions for FA 
ammunition and BSA generator 
noise suppression slot/berms. 

Construct and repair tertiary 
LOCs; protect secondary facili- 
ties. 

Construct combat trails; support 
river crossing operations; con- 
struct LAPES zones. 

13 

14 

15 

16 N 

M-2 

G-4 

M-l 

M-4 

Maintain MSRs and combat trails; 
breach other obstacles to maneu- 
ver plan. 

Construct and repair other LOCs 
and facilities. 

Breach minefields, fortified 
positions, and enemy strong- 
points;  destroy enemy bunkers. 

Clear tank ditches and mine- 
fields; repair new damage to 
roads and bridges; retrieve and 
replace tactical bridging with 
fixed bridging. 

♦Levels of support:     V - Vital,  C ■ Critical, E - Essential, N - Neces- 
sary. 

♦♦Corresponds to the increment  levels  in each functional  area (e.g.,  C-l 
means  countermobiiity tasks,  first   increment). 

S — Survivability 
C — Countermobiiity 
M — Mobility 
G — General Engineering 
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OFFENSIVE PHASE PRIORITY LIST ~ 
EUROPEAN SCENARIO 

Priority 
Level of 
Support* 

Priority 
Increment** Condensed Description 

1 M-l 

M-2 

G-l 

Breach minefields, fortified 
positions, and enemy strong- 

points; destroy enemy bunkers. 

Maintain MSRs and combat trails; 
Breach other obstacles to maneu- 
ver plan« 

Construct and repair primary 
LOCs. 

G-2 

M-3 

c-i 

S-l 

S-2 

M-4 

Construct and repair secondary 
LOCs; protect primary facilities. 

Construct combat trails; support 
river crossing operations; con- 
struct LAPES zones. 

Execute raids to deny road junc- 
tions and key installations. 

Protect primary positions for 
TOW, tank, APC, crew-served weap- 
ons, PAAR, and DTOC; clear FA 
fire bases. 

Protect primary positions for FA 
FDCs, Vulcan, and alternate TOW, 
tank, and APC weapon positions. 

Clear tank ditches and mine- 
fields; repair new damage to 
roads and bridges; retrieve and 
replace tactical bridging with 

fixed bridging. 

Figure A-12 (Continued on Next Page) 
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OFFENSIVE PHASE PRIORITY LIST — 
EUROPEAN SCENARIO  (Continued) 

Priority 

10 

11 

Level of 
Support* 

Priority 
Increment** 

S-3 

G-3 

Condensed Description 

Protect primary positions for FA 
howitzers, battalion CPs, BSA, 
81-tnm and 107-nun mortars, and 
FARP; protect secondary TOW, 
tank, and APC weapon, positions. 

Construct and repair tertiary 
LOCs; protect secondary facili- 
ties. 

f 

12 

13 

C-2 

G-4 

Install point targets, mine- 
fields, tank ditches, and wire 
obstacles on the main avenue of 
approach. 

Construct and repair other needed 

LOCs and facilities. 

14 

15 

lb 

N 

N 

S-4 

C-3 

C-4 

Protect primary positions for FA 
ammunition ' and BSA generator 
noise suppression slot/berm. 

Install point targets, mine- 
fields, tank ditches, and wire 
obstacles on secondary avenues of 
approach. 

Complete obstacle  plan  in depth. 

Levels  of  support:    V - Vital,  C  - Critical, E ■ Essential,  N - Neces- 

Corresponds to the increment levels  in each functional area (e.g.,  C-l 
means countennobility tasks,   first increment). 

S — Survivability 
C — Countennobility 
M — Mobility 
G — General Engineering 

Figure A-12 
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(1) ESC uses realistic values in reference to the scope of the 

engineer workload. Any engineer cask usually has three levels or standards: 

optimistic, pessimistic, and realistic or average. Invariably, analysts 

choose the average standard; ESC's experience indicates it is nonproductive to 

calculate the other two extremes. 

(2) Tasks are unconstrained in reference to conditions at the 

work site (i.e., daytime, trained soldiers, optimal work unit, materials 

available, and so forth). Most engineer tables and studies are expressed In 

this way or can be easily converted to this standard. This step of the analy- 

sis avoids the common tendency to overestimate a task. Accuracy is regained 

by degrading capability (see paragraph 6). 

d. In summary, detailed engineer Casks are sequentially combined 

until arranged for the tactical commander in four priority groups. These 

groups are arranged further by battle phase — lodgement, offense,  and defense 
* • 

— for the two scenarios (Figure A-13). To arrive at unconstrained but 

realistic values, the ESC project team analyzed the US Army Combined Arms 

Combat Development Activities (CACDA's) operational concept and then inter- 

viewed the 7th ID(L) unit and staff at Fort Ord, California. This data 

collection trip also served to validate the scope of engineer tasks and was a 

principal step in the study methodology. 

6. Capability. Engineer capability is calculated using the EFFORT 

computer Tiodel (Annex B). Capability is degraded so when it is compared with 

on-site unconstrained requirements, an accurate time-phased assessment is 

produced.  Four key aspects of EFFORT were used in this study. 
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Mission Area 

ENGINEER BATTLE TASKS AND RANKING 

Tasks      Increments Ranking 

Mobility 14 2-5 

Countermoblllty 14 3-5 

Survivabiilty 13 4-5 

General Engineering jte 4-5 

TOTAL 67 16 

Four priority groups; 

Vital 
Critical 
Essential 
Necessary 

Ranked for three battle phases: 

Lodgement 
Offense 
Defense 

Three priority lists  (with  four 
priority groupings per scenario) 

Figure A-13 

a. Measurement elements. The study's calculations were based on the 

eight-man squad size found in the LID divisional engineer battalion. Five 

classes of dominant equipment were also tracked: 

(1) ACE and bulldozer (D-7 size) 

(2) SEE and tractor with backhoe and loader attachments (JD 

410). 

(3) Front-end loader (2.5 cubic yards) 

(4) Grader 

(5) 5-ton truck (cargo or dump) not dedicated to a squad or a 

mobility/countermobility piece of equipment (i.e., MICLIC or scatteräble mine 

system). 

b. Strength levels. In-theater unit capability is adjusted to 

represent strengths the Army can realistically field. For this study, the 

engineer   battalion   of   the   notional   17th   ID(L)   was   deployed   at   100-percent 

strength  in  order   to   test  its   forecasted   1983   configuration.     Other  engineer 
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EAD units were deployed at levels consistent with available manpower. During 

deployment, all units are subject to enemy air or sea attacks consistent with 

the scenario assumptions listed in Volume II of this study. 

c. Productive time. After arrival in-theater, unit strength is 

adjusted for casualties and replacements. The workday of individuals also is 

assessed. Individuals and their equipment are nonproductive while moving, 

during sleep, providing security, or while messing, awaiting equipment repair, 

etc. These standard and nonstandard degradations were averaged for units; the 

EFFORT model calculates the remaining daily productivity. 

d. Exceptions. EFFORT does not calculate capability for bridge 

manhours, bridge equipment-hours, and explosive and mine Class V items. 

Bridging capability (manhours and equipment) was computed manually for the EAD 

structure analysis (Annex J), the scatterable mine Class V items analysis 

(Annex D) ,  and the Class IV and V supply. 

7, Comparison Phase. In the final step of the methodology, total 

divisional engineer requirements are compared with capability by scenario for 

each time period and AC (Figure A-l). Those results are summed for the whole 

division and  then expressed as averages  per  day. 

a. The expected result of the base case comparison is an engineer 

shortfall. Annex J of this document explains the ESC methodology for convert- 

ing an engineer capability shortfall into an engineer EAD force. When con- 

structing the EAD force, engineer requirements were divided in two catagories: 

combat-essential and sustainability requirements. If the less likely result 

of an engineer capability excess had occurred, the engineer EAD force would 

have been looked at for reductions or relocations. 

b. Whether a shortfall existed or not, the divisional engineer bat- 

talion   is   examined   for   balance   by   chocking   the   proportion   of   its   capability 
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against corresponding requirement proportions. ESC compared the squad power- 

to-equipment proportion, as well as the Individual equipment mix. For balanc- 

ing, the battalion's present personnel strength and deployment C-141B sorties 

were not increased. Changes to the battalion's TOE were recommended where ESC 

found the unit out of balance In the same category In both the Latin American 

and European scenarios. 

8. Determination of Findings. ESC's conclusions and recommendations 

pertain to individual scenarios or to both scenarios combined. When scenarios 

are combined, Latin America is weighted two-thirds, Europe one-third. This 

weighting scheme was based on the primary and secondary mission and/or 

expected deployment location of the LID. The weighting scheme above was 

approved by the SAG at IPR 2 on 9 December, 1986. In moving from conclusions 

to recommendations,  ESC followed these practical guidelines: 

a. Any changes recommended to the divisional e.iglneer force struc- 

ture followed the zero-sum Increase rule. The study recommendations do not 

suggest an increase in the battalion's end-strength, or to the 16 C-141B 

sorties required  to deploy the battalion. 

b. Changes must be attainable at low cost. This left some leeway 

for recommending changes based on long-term development proposals for new- 

types of equipment. 

c. ADEA must be able to initiate or influence any action recommended 

by this study. 

d. ESC considered ongoing Initiatives of the sponsor and the engi- 

neer family, and developed ranked decision tables when significant differences 

warranted. This allowed all views to be considered, while maintaining ESC's 

analytical neutrality. 

LAST PAGE OF  ANNEX A 
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ENGINEER CAPABILITY 

Paragraph 

1 Purpose 

2 Scope 

3 Methodology 

4 Engineer Capability 

5 Optional Engineer Units Considered 
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1. Purpose. This annex describes the process used to determine the 

engineer support capability of a LID force under a Latin American and European 

scenario, and identifies the engineer capabilities of the augmentation forces 

supporting the LID. 

2. Scope. The capability estimates made in this annex reflect the engi- 

neer  strength of   the LID as  organized  under TOE 05-155J800.1    Estimates were 

TOE 05-i55J8QÜ  (Department of the Army, March  1985). 
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also made for chose EAD engineer organizations most prevalent In the force 

structure to determine whether the augmentation units can support division 

requirements. 

a. Engineer capability is expressed as net productive manhours (or 

8-man squad-hours) and as dominant equipment-hours. 

b. The EFFORT model was used to calculate the unit strength, move- 

ment, battle casualty, and work delay factors used in this analysis. 

3. Methodology. Figure B-l portrays the process developed and used to 

determine engineer capability on the battlefield. Five steps were followed to 

compute engineer capability. The following paragraphs explain each step and 

highlight the analytic variables that affected the capability computations for 

each scenario. Figure B-2 is a mathematical sample of the process portrayed 

In Figure B-l. 

a. Step I:  Initial force strength. 

(1) In the Latin American scenario, the LID is deployed with 

only a small augmentation support force (no additional engineer units). 

(a) The starting capability of the Initial force (the 

organic engineer battalion of the LID) was based on the assumption that It 

deploys at 100 percent of Its required strength (ALO 1). 

(b) The engineers and equipment were simulated on an as- 

needed basis in regard to positioning. Figure B-3 displays where the company 

units were located within each time period« AOs Blue and Pink are accessible 

only by helicopter. Since ACEs cannot be transported with the helicopter 

assets available in the LID, no ACE capability was calculated for A0 Blue or 

Pink. However, SEE capability is calculated for those AOs, since the SEE can 

be airlifted. 
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ENGINEER CAPABILITY MODEL 
(MANHOURS AND EQUIPMENT-HOURS) 

INITIAL FORCE 

MOVEMENT 
/ & OTHER 
^DEGRADATION 

N^ACTORS/ 

AUGMENTATION 

FORCE 

PRODUCTIVE 
m> WORK 

CAPABILITY 

BATTLE   ,    . 
CASUALTY )^ 

FACTOR 

PRODUCTIVE 
WORK 

CAPABILITY 

• EQUIPMENT WORKDAY SHORTENED FOR MALFUNCTIONS 

Figure B-l 
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ENGINEER ALIGNMENT WITHIN LATIN AMERICAN  SCENARIO 
(by Company) 

Timeframe 
From   To 

AO* 
Period Green Red Blue Pink 

1 D+l    IH2 A (+) — — — 

IH2   D+3 itC,  HHC A — — 

2 D+3   D+5 C, HHC A, B — ~ 

3 D+5    D+9 C (-), HHC A B (+) — 

4 D+9    D+ll -- A, HHC B (-) C (+) 

*A0 green - initial lodgement; AO Red - main avenue of advance; 
AO Blue - 3d Brigade tactical forward operating base (TFOB); AO 
Pink - Ist Brigade TFOB. 

Figure B-3 

(2) In the European scenario, an armored brigade is attached to 

the LID in addition to an augmentation force. Engineer capability in this 

scenario includes the LID engineer battalion, the engineer company of the 

armored brigade, and an in-country engineer combat battalion, corps. 

(a) The armored brigade engineer company is gamed at 100 

percent of required strength (ALO 1) and the corps engineer battalion is gamed 

at the authorized level (ALO 2). The corps battalion is assumed in position 

and effective on D+7, the same day the last units of the LID arrive. 

(b) The LID engineer companies are each assigned to a bri- 

gade sector and remain in that brigade AO for the entire scenario. The LID 

engineer companies in the 1st and 2d Brigade are each augmented with a company 

from the corps engineer battalion. The LID engineer company in the 3d Brigade 

does not have' any augmentation force. In the armored brigade sector, the 

attached   engineer   company   is   augmented   with   two   companies   from   the   corps 
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bactalion.     The HHC of   the LID engineer battalion  and  the corps engineer bat- 

talion ar<> located in the DRA. 

b. Step 2:    air-sea attrition factors. 

(1) In the Latin American scenario, there is no air attrition to 

the LID because of the scenario's low-intensity conflict and the air superior- 

ity of US forces. The engineer battalion of the LID is partially deployed on 

D+l;  all units are in-country by D+2. 

(2) In the European scenario, air attrition is computed starting 

at D-day. 

(a) The engineer battalion of the LID is deployed over a 

period of time from D-IO to D+7. Thus, some air losses are assessed against 

those units arriving  after D-day.    The percentage of  those  losses is dictated 

by the scenario location and date of deployment as presented in the Army Force 

2 
Planning Data and Assumptions (AFPDA) document. 

(b) Since the corps battalion is an in-country unit, no 

air/sea attrition is applicable. The engineer company of the armored brigade 

arrives after D-day and is  assessed for air/sea attrition. 

c. Step 3:    workday length. 

(1) Productive personnel are those people whose skills contrib- 

ute directly to operations at the work site. Therefore, personnel who do 

primarily overhead tasks (e.g., supply clerks, maintenance mechanics, super- 

visors, cooks) or those who contribute indirectly to the work site's opera- 

tions (draitsmen, surveyors, etc.) were not counted by the EFFORT model when 

calculating squad-hour values. Equipment operators are counted as part of the 

equipment,  not as productive personnel. 

Army  Force  Planning  Data  and  Assumptions,   FY   1986   -   1995  (US Army  Con-- 

cepts  Analysis Agency  [CAA] ,   August  1985).       "      "   —————— 
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(a) In this analysis, Che engineer squads are composed of 

eight productive members. Thus, a squad-hour equates to 8 manhours. Engineer 

squads in the attached and augmentation force have the same number of produc- 

tive personnel. 

(b) The workday length for productive personnel was calcu- 

lated based on an 18-hour workday for the duration of both the Latin American 

and European scenarios. 

(2) The dominant items of equipment for the engineers in the LID 

were six ACEs, 18 SEEs, and three S-ton cargo trucks. Additional items of 

equipment that were tracked in the European scenario were dozers, graders, 

front-end loaders, and 5-ton dump trucks found in the augmentation force of 

the corps engineer battalion and the engineer company of the armored brigade. 

Trucks used as squad vehicles were not counted as available and productive 

pieces of equipment. However, the use of squad vehicles for productive 

project work is explored as an option in the European scenario. The squad 

vehicles of the forward-deployed engineer corps battalion are calculated at 

various  levels of availability. 

(a) The number of items of dominant equipment is the basis 

for determining the capability in the equipment-hour category, not the number 

of personnel who operate the equipment (i.e., equipment operators are counted 

as  part  of  the equipment). 

(b) Equipment-hours were calculated based on a 16-hour 

workday for both scenarios. The workday was reduced to 16 hours to account 

for unscheduled maintenance required by equipment breakdown or malfunction. 

(c) Before D-day, some personnel and equipment assigned to 

a combat mission were considered free for other assignments, and were counted 

as   resources  available  to  enhance  the  engineer's  capability.     At   the start of 
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combat, however, they resumed their original wartime mission. For example, 5- 

ton trucks dedicated to hauling GEMSS or Volcanos could be used for engineer- 

ing tasks when the towed equipment is parked, but once combat begins, the 

trucks must revert to their combat assignment. 

(d) Engineer equipment that has a combat mission, such as 

the CEV, is counted as a percentage of the equivalent dominant equipment item; 

thus, three CEVs are the equivalent of one D-7 dozer. The latter portion of 

this annex lists the units which could be used to augment the LID. Oversize 

equipment in the TOE of those units, such as 20-ton dump trucks, were trans- 

lated into smaller items of similar capability (e.g., one 20-ton dump truck 

was  equivalent to three 5-ton dump trucks). 

(3) Figure B-2 demonstrates the mathematics of Steps 1 through 3 

using a productive in-country strength of 50 productive persons for Company C 

of the LID engineer battalion. The European scenario is used to demonstrate 

the air attrition factor, which was not computed in the Latin American sce- 

nario. The number of productive personnel is multiplied by the number of 

workhours in the day and by the number of days in the period. The result is 

an estimate of the unit's gross capability, in manhours and dominant 

equipment-hours  for the period. 

d.    Step 4:    degradation and movement factors. 

(I) This analysis assumed that engineer units are effective only 

for those hours after time for travel to the work site, rest, mess, etc. has 

been subtracted from the gr^ss available capability. Degradation percentage 

factors  were  obtained   from AR   570-2,   as modified by  a  1982   ESC study.3'       In 

Organization and Equipment Authorization Tables — Personnel, Army Regu- 
lation [ARTlTTO-ICDepartmentoftheArm^ between 
1985  and 1986). 

Engineer Unit  Capabilities  (European Environment)   (ESC,  March  1982). 
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both the Latin American and European scenarios, the engineer workday of IS 

hours was degraded by 25 percent for nonproductive factors such as security, 

mess, nondelivery of material, change of mission, night operations, and combat 

disruptions» 

(2) Movement percentages for the LID and EAD engineers were 

developed after examining the scenario, gaming the combat actions, and study- 

ing the terrain for movement routes and, in the case of the LID, determining 

what means of transport were available — whether vehicle or foot. 

(a) Movement In the Latin American scenario was computed as 

25 percent of the engineer workday. It was determined that the LID engineers 

would be walking to and between most of the work sl^.es with very little reli- 

ance on vehicle transport. 

(b) In the European scenario, the movement factor for the 

LID engineers was reduced to 20 percent of the workday. Because of the rug- 

ged, hilly terrain, the small AOs, and intensity of conflict, the division and 

its engineers would be restricted in movement and were thus gamed as having 

limited mobility. Movement for the engineer company of the armored brigade 

and the corps engineer battalion was computed as 15 percent of the workday. 

These units, while operating in the same terrain and AOs, were able to use 

squad vehicles to reduce the amount of time spent moving to work sites. 

(3) Productive work time is computed by subtracting the degrada- 

tion and movement times from the available workday. This process is sum- 

marized in Figure B-4, which shows productive workhours and equipment-hours 

for both scenarios and the units within each scenario. The engineers of the 

LID are productive for 50 percent of the 18-hour workday in the Latin American 

scenario, and 55 percent of the workday in the European scenario. The augmen- 

tation force Is productive 60 percent of the workday in the European scenario. 

B-9 
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PRODUCTIVE WORKHOURS PER DAY 

m Scenario 

W Latin American 
LID 

European 
, -^' LID Attached Units 

"■"% 
Equip- Equip- Equip- 

/■ >." 
Personnel ment Personnel ment Personnel ment 

1 Hours in day 24.0 24.0 24.0 24.0 24.0 24.0 i Nonwork time -6.0 -8.0 -6.0 -8.0 -6.0 -8.0 

Workday 18.0 16.0 18.0 16.0 18.0 16.0 
Nonproductive time -4.5 -4.0 -4.5 -4.0 -4.5 -4.0 

:S Movement* -4.5 -4.0 -3.6 -3.2 -2.7 -2.4 

1 Productive Work Time 9.0 8.0 9.9 8.8 10.8 9.6 
"w".- 

♦Movement accounts for 25 percent of the workday In the Latin American 
scenario. In the European scenario, movement is 20 percent for the LID engi- 
neers and 15 percent for the engineers In the augmentation force. 

.V 

Figure B-4 

e. Step 5: casualty losses. The final step In computing engineer 

capability Is to apply a casualty factor once combat begins. In the Latin 

American scenario, no replacements were assumed. In the European scenario, 

casualties were considered only to the extent that they exceeded replacements. 

Replacements equal casualties behind the brigade rear boundaries, but casual- 

ties exceed replacements forward of those boundaries. 

(1) Before any casualty factors can. be applied, total engineer 

casualties for both the Latin American and European scenarios had to be deter- 

mined. This methodology is shown as a mathematical formula in Figure B-5 and 

consists of three parts that compute the number of casualties for the combat 

force, the scenario, and the engineers. The figure compares the two 

scenarios, showing that the size of the combat force and Its attrition rate 

has a direct cause-and-effect relationship throughout this methodology. 
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METHODOLOGY FOR DETERMINING CASUALTIES 

UTIN AMERICAN CASUALTIES 

Coabac Forct Cjgujltl*• 

Coabac j 
Fore« j 

7,386 x 

ScanTlo C«iu»ltl«« 

'  Combat      \ 
Cas'ualcles I 

738.6 

Engineer Caiuild«« 

Scenario 
Casualcle» 

868.9 

'Attrition Rate 
at End of 
Modal Play 

(t) 

10 

Scenario 
Correlation* 

85 
100 

'      Engineer      ^ 
Attrition Rat« 

Number of engineers In scenario:     290 

Engineer casualty percentage:     34.0/290 

Combat 
Fore« 

Casualties 

738.6 

Total Scenario 
Casualties 

868.9 

Total Engineer 
i  Casualties , 

3&.8 

12.1 

F.UR0FEAN CASUALTIES 

Combat  Force Casualties. 

Combat 
Force 

11,795 x 

Scenario Casualties 

'Attrition Rat« 
at End of 

Model Play 
U) 

32 

f    Combat    > 
Force 

Casualties. 

3,774.4 

Combat  \ 
Casualties I 

3.774.4 
x      ; 

^r.^inesr Casudlcies 

Scenario 
Casualties 

4,440.5 

Scenario 
Correlation* 

85 
100 

Engineer 
Attrition r.at« 

Total Scenario 
Casualties 

4,440.5 

Total tngineür 
i  Casualties J 

177.6 

Number of engineers In scenario:  1,174 

Engineer casualty percentage:  177.6/1174 > 15.1 

•Based on historical data, the combat force sustains 83 percent 
of all battle casualties. 

Figure B-5 
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(a) Part one of Figure B-5 calculates the casualties for 

the combat force. The units that comprise the combat force are listed in Fig- 

ure B-6 and include the infantry, armor, artillery, and cavalry units of both 

the division and the EAD support force. The attrition rate for the combat 

force was derived from the model simulations conducted by the US Army Combined 

Arms Operational Research Activity of the scenarios presented in Volume II of 

this study. As shown in Figure B-5, the combat force in the Latin American 

scenario is attrited 10 percent by the end of the scenario — 738.6 casual- 

ties. 

(b) Once the casualties for the combat force have been 

determined, the casualties for the scenario are calculated. Based on histori- 

cal data from previous wars, the combat force sustains 85 percent of all casu- 

alties. Thus, using a mathematical correlation that 738.6 combat casualties 

account for 85 percent of all war casualties, the scenario total is 868.9 

casualties. 

(c) Engineer casualties are included in the 868.9 total 

scenario casualties. Based on data taken from Array Field Manual (FM) 

101-10-1, the engineer casualty rates range from 3.2 percent to 4 percent of 

the total scenario casualties. ESC selected the 4.0 percent rate based on the 

type of unit, intensity of combat, and the LID engineers' role in conflict. 

Multiplying the total casualties by the 4 percent rate resulrs in the total 

engineer casualties for the scenario. 

Infantry Division (Light) Summary (Combined Arms Operations Research 
Activity [CAORA], 28 June 1984). 
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COMBAT FORCE 

Latin American European 
Scenario Scenario 

LID 309 309 
H&H brigade 
9 Infantry brigades 4,869 4,869 
I Field artillery (FA) battalion 1,323 1,323 
1 CAB 885 885 

Armored brigade 
1 Infantry battalion, mechanized ' 825 
2 Armor battalions 1,104 

1 FA battalion 580 
1 Cavalry troop 129 

Augmentation force 
1 Air assault battalion (TOW) 609 
1 FA battalion (8-ln. howitzer) 465 
1 FA battalion (155-mm self- 

propelled howitzer) 585 
1 Counterbattery radar section 

(target acquisition battery) 112 

TOTAL 7,386 11,795 

*The combat force is defined as  Infantry, armor, artil- 
lery, and cavalry units of the deployed force. 

Figure B-6 

l_. As shown in Figure B-5, 34.8 or 35 engineer casual- 

ties are sustained in the Latin American scenario. Comparing this number to 

the total number of engineers available in the scenario (i.e., 290) results in 

an engineer attrition rate of  12.1  percent. 

2j. There are 177.6 or 178 engineer casualties in the 

European scenario. These casualties are distributed over a greater number of 

engineers in the scenario. As a result, the actual percentage of engineers 

attrited is only slightly greater than the Latin American scenario (15.1 ver- 

sus 12.1 percent), even though the European scenario has over five times more 

casualties. 
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(2) Engineer casualty rates for each scenario period were devel- 

oped by analyzing the flow of the battle during each period, the number of 

casualties sustained by the combat force during the corresponding time period, 

the amount of engineer work on the various phase lines, and the area covered 

as the forces advanced or retreated. Using these factors, attrition rates 

were developed for each period and casualties assessed and accumulated until 

the count equaled the total engineer casualty number listed In Figure B-5 for 

each scenario. Figure B-7 lists the combat periods of both the Latin American 

and the European scenarios, and indicates the casualty rate assigned to each 

period. Because of the battle flow, a single percentage was not applicable 

across all AOs within a time period; therefore, different casualty rates were 

developed for the various AOs. 

(a) Engineer casualties in the Latin American scenario are 

highest when, the LID engineers are entering a new AO. Once established, the 

attrition percentage level drops and remains at a fairly constant level. 

Casualties in AO Red are sustained as the engineers advance up Axis Sally as 

the opposing force retreats. 

(b) As can he seen froa Figure B-7, engineer casualty rates 

in the European scenario are highest in the armored brigade sector which bears 

the brunt of the enemy attack throughout most of the scenario. The 3d Brigade 

is protected by rugged terrain from any direct assaults and sustains a rainimal 

number of casualties. Of the 178 engineer casualties in this scenario, the 

LID engineers sustain 30 casualties or 10.2 percent of its engineers; the 

engineer company of the armored brigade is assessed 49 casualties (23.2 per- 

cent of its strength) and the engineer corps battalion receives 99 casualties 

(14.7 percent of its engineers). The armored brigade sector accounts for over 



55 percent of the scenario casualties.  However, the LID engineers are not In 

this area and thus have a low attrition rate. 

ENGINEER ATTRITION RATES BY TIME PERIOD 

Period 
Tlmefrane 

Sector 
Attrition 

Scenario Prom Through Percentage 

Latin America 2 D+3 D+4 AO Green 
AO Red 

0.0 
8.7 

3 D+5 D+8 AO Green 
AO Red 
AO Blue 

0.0 
7.5 
9.5 

4 D+9 1H10 AO Green 
AO Red 
AO Blue 
AO Pink 

0.0 
3.9 
5.5 
4.0 

Europe 3 H-Hour H+23 CAB 
1st brigade 
2d brigade 
3d brigade 
194th brigade 
ORA 

0.0 
6.2 

7.8 
3.6 
8.9 
0.0 

4 H+24 H+47 Ist brigade 
2d brigade 
3d brigade 
194th brigade 
DRA 

4.0 
4.6 
5.1 
7.8 
0.0 

5 H+48 H+95 1st brigade 
2d brigade 
3d brigade 
194th brigade 

DRA 

6.4 
7.1 
4.9 
8.6 

0.0 

Figure B-7 

(3) Figure B-8 presents a sample calculation of how casualty 

rates were computed using the same company shown In Figure B-2. The top por- 

tion of the figure shows the casualty rate with regard to numbers of men or 

end-strength for each period. The lower section shows available capability by 
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nanhours for each period after casualties are computed.  It should be noted 

that the EFFORT model assesses all casualties at the start of each period, 

rather than at random or at the end of the period. 

4. Engineer Capability. 

a. Figures B-9 and B-10 display the results of EFFORT'S calculations 

of the engineer capability of the LID and attached engineer units under both 

the Latin American and European scenarios. The results are shown by time 

period and brigade sector In manhours and equipment-hours. 

b. The forward-deployed engineer corps battalion has four companies, 

each containing nine squads with an assigned S-ton dump truck for a total of 

36 squad dump trucks. These trucks have not been counted as productive pieces 

of equipment since the drivers were counted as productive personnel and part 

of the squad capability. The rationale is that the truck would transport the 

squad to a work site and'all squad members would then work at the site. In 

the European scenario, an alternative option is presented where the squad 

truck would be performing project work and should be counted as equipment 

capability rather than squad capability. 

B-17 



< z 
M 
U 
CO 

u 
1-4 

«! 

z 
H 

I 

03 < 
a. 

3 

e .* 
0 u 
f- 3 1 h in H 

il 

£ 

ao   «a* 
CM   •*   t«» 
—4    -NI  e>4 

*    PI   ml o O    oo    n —<    fM       oo 
eol CM      ci 

CM —i 

vO     001   ^ 1   <M —      04      Sf 

O    o|  O       O    o|  O 

o   o| o 

00     O     00 

o   o   o 

O    >n    in 
00     —     ^ 

n    in oo 

O    o   o| O 

o   o   o   o 

•«•    -»    o    ep 
\0   —*       \ r^ 

O    W   o   o   » 

o    o    o    o   o 

o   o   o   ol o 

(0 
m o m o 00 00 o vC vC es 

3 ^« m e^ o •» -» o es o e«") 
0 m -» O a» vO m ON m «n r» 
r * A • «h 

e *■* <S —1 «s PM es «» 

00 

ts r"> >* 
c\ \r\ 9* 
r^    en    O 

00 

en 

r^       oo 

<»4 — 

I 
to 
<u 
w 
3 
60 

c C c 
(U J 0) >J « 
(U •a <! (U T3 < 0) •a 
b 0) H u (U H M <u 
o « g o « g o OS 

o o o o g Q 
< < "< < -< < 

01      J 
3      ■< 

03      O 
H o 

c 
<u 01 ^ J 
0) TJ 3 c < U 
u 01 i»t •H H ■<: 

a a: 03 0- O 
H S c O O o ^ 

< «8 >< < o 
oe! 5 Z u 

r> u 
•—4 «: 



u 
3 
0 
X 
I 

e 
« 
e 
04 
•H 
3 

£1 

z 
e 
w 

z 
•< w a. 
o 
D 
U 

I 
I 

«0 
< 
Ou 

<5 

z 
o z 

^2 

e M 
0 u 
I- 3 1 £ 

r». W 

a < 

I 

3 
0 

^ ^ ^ 00 ^ o 
CM O vO O M (M 

vo ^ m 

00 e^t sO C4 Ch tT'l 
<« so ro \o O CM! 

O O O O O 00 

«M r- o> o* CM r« ON n O 00 00  CM CM vfi vO 
vO 00 —' -< «^ 00  *> CM vo v« ■«■ m «N m 
-* «M «N — 00 cs 

oo 
CO 

m »M •* so ~* f^l ~* 
cs in m CM •* ^ ^ 
~4   ~*   ^ ^      ON 

O O O O O »ri 

O m m 
<n en 

— O» 00 
CM 
CM 

O O O O O 00 

9N ON ON O vO ON  CM 
*—t ^^ *M   ON ^1 ^» 

00 oo 00 o -sr 00 
in m m  -< m 

NO 

en 

o 00 00 o — ON 
m -- 

00 

o 

ON 00 m <n ^ o> 
CM in o CM ■» —< 

CM CM -- -H 

m o m NO m CM 
00 — CM CM 00 sO 
00 en 00 c^ ON ^^ 

«t   «   «   A 

rv m <n en 

00 P^ o o 
00 'T •* in in m 

NO 

O "tf en r^ 00 ON I ^- 
-* -» -< p» •- O 

CM 

en 
oo 

m o o NO 00 NO 
CM ^ •- CM m 00 
VO """*■* ON >* 

—  CM ^ ■* — •* 
CM 

m 
mm* 

* 
r«. 

O m en 00 CM CM 
00 \0 m o NO 
CM CM ^ en -< 

mm m 
~t  ~*      -CM 

O 

m 

v 
bO n 
a. 

0) 
z 
c o 

0) 
3 
C 

V <u V 
■0 •0 T5 

(1)          I« 1)                <Q (U                 (0 
u •a   4>  « 60 •a   «J   «   ÖC TJ   tt)   <u   be 
0 « -o -a •" ■J « "O ^  -H « r: "a -' 
u 00 <a <« ^ •< SO «   «   »- be «  m t- 
u •^    60 M CO H ^   60 SO « .J •H   60  bOBO J 
V b   -H   -H O W   -<   -4 < U   »4   i-i < 
w 

00  03   U 
H eo 1- u js 

a eo 4J s CO   M    U f 
oo oa u § 

eo u           <» 
Jd   «8  T3 -O ON 
O -< CM en — 

t so U                 -4 
« -a Ti o> ^ 

H CO 
CO -O  "O ON  OS 

H 

0 — CM en — a — CM en -H O 

I 
CO 

1) 

bC 
1-1 

I 
Q 

00 

tn 
CM 

Id 
3 
0 
JC 

I s 



m 

•ü 
o 
c 

aä 
< z w o 

Ed 
Ou 
O 

U 

CO < 
2- 
< u 

W 
Z 
M 
o z 
M 

-^ O 
H — 
en o 

n 

C At 
0 o 
H   9 

1    ^ A H 
oo 
*<• 
3 
0 
a H 

01 
tu •a 

= a « ^ 
E o\ 
o- M 3 
w ^ u 0) 

•c 
CO 

3 

r^ td ii 

i               CO 
>-• 3 0 

JS 
c 

5 

u 
0 
4J 

u 
I           v en 

sd 
3| 
o 

V >- 
i     s X « 

h 
Mrf 
V 
e ■w 
H s 0 

i-1 

&- 

■o 0 
•»Jl 
1-1 
4>i 

1 a-l 

o vc «» o 
vC vO •« 

00 v£ 

CM 

O e*) O* <*) 
<S -N N ml \o 

O -* fO 00 CM ON   <o 
-« CM 

o <r <-< «^ r>> ool  •-< 
vo \0 vO r» rol  o 

o o o o 

O P«« P* o 

O «^ O vO 
-» -» — 

O 00 oo 
en 

o o o o o 

ON O^     CM 

oo 

<M "- — 00 00 
co co co IA cil 

O ON \0 r>. oo oo 
r^ r» r>* oo fl 

O 
o» 

00 

\0 o 
to 

ON 

c^ 

o «* sf in fO <N 00 O ON ON in r«» «» -* o (*\ O en «M vS in O C1 CJ en CJ en NO 
CM CM >«■ ~* *-- i—« fn CN CM m m vC «» « * A * • » * * * « 
-' ^^ <N ui CM CM c»» CM oi ON 

m 

I 
BQ 

9) . 
U 
3 
00 

0C  CO (0 
•H   00 60 

fP   u u 
CO PQ 

00   4J 
•<   gg "O "O 
O -- CM CO 

i^ 
-» 
£ 

V 
TJ 

CO 
00 

u 
00 

ON   « 
— Q 

< 
H 
O 
H 

01 
•a 

0) CO 
"O «J OJ 60 

CO "O 13 -H 
00 CO CO u 
tH   00 00 03 

03   U b> £ 
60 00 <J 

SO   4J "*   ^ 
4^   05 "TS 13 ON  PC 
Ü -- CM m —< O 

U-l 
ON + 
X 

o 
H 
U > 
M 

=> 
s 
3 

eg 
00 

+ 

B-20 

mm^m&m 



(1) Figure B-ll shows the capability In manhours and truck-hours 

when the squad trucks are counted as 50 percent available and 100 percent 

available for project work. As can be expected, the manhour capabilillty 

decreases as truck capability increases. 

SQUAD VEHICLE ANALYSIS — EUROPEAN SCENARIO 

50Z 100Z 
Trucks Available Trucks Available 

Truck- Truck- 
Period Manhours Hours Manhours Hours 

2 17,128 1,490 16,544 2,009 

3 5,296 388 5,112 547 

4 4,992 365 4,824 515 

5 9.320 680 9.008 960 

TOTAL 36,736 2,923 35,488 4,031 

Figure B-ll 

(2) The capability listed in Figure B-ll when compared with that 

listed in Figure B-10 (excluding Period 1), results in a manhour decrease of 

approximately 3 and 7 percent when trucks are counted at 50 and 100 percent, 

respectively. The increase in truck capability, however. Is more dramatic. 

At 50-percent squad truck availability, there is a 62-percent increase in 

capability; when all squad trucks are counted, capability increases by almost 

225 percent. 

(3) In this scenario, the number of engineer trucks are very 

limited. This accounts for the large increases. The combined number of 

trucks available, Including the LID, the corps battalion, and 194th Engineer 

Battalion, totals 26 productive trucks. Thus, the addition of 36 squad trucks 

of  the  corps  battalion  to  the equipment  capability is  quite  significant. 
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5. Optional Engineer Units Considered. Although this analysis was pri- 

marily directed toward computing the capability of the LID engineers with an 

augmentation force of an engineer corps battalion, other engineer configura- 

tions were considered and their capability computed. These were: a corps 

battalion, a light equipment company, a combat support equipment (CSE) com- 

pany,  and  an airborne battalion. 

a. Equipment in engineer units that was larger in size or capability 

than that contained in standard engineer TOEs was translated to an equivalent 

size or rate in order to facilitate comparison. Figure B-12 shows each engi- 

neer unit used in the analysis that had oversize equipment. The unit is shown 

with its assigned TOE equipment  and  equivalent  items. 

EAD EQUIPMENT CONVERSION TABLE 

TOE Unit TOE Equipment* Equivalent Items 

5-5AL2    Light equipment com- 
pany (airborne)        D-6 dozers (12) D-7 dozers (9) 

5-58H4    CSE company 20-ton dump trucks (21) 5-ton dump trucks (63) 
15-ton dump trucks (2) 5-ton dump trucks (5) 
5-CY  scoop loaders (5) 2.5-CY  scoop loader  (10) 
4.5-CY scoop loader (1) 2.5-CY  scoop  loader  (2) 

5-195L2  Combat battalion, 
(airborne) 

5-127J4 Engineer company 
w/ribbon bridge 

D-6  dozers (5) 

CEV  (3) 

D-7  dozers (4) 

D-7 dozer (1) 

*Number in inventory. 

Figure B-12 

b.    Figures   B-13   and   B-14   present   the  capability   of   these  units   by 

manhouro   and   equipment-hours   for   each   time  period   of   the  Latin American and 
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European scenarios. Capability was computed using the EFFORT model and was 

based on each unit's authorized strengths and equivalent equipment. The units 

were gamed as arriving and being effective on the first day of combat. All 

scenario factors for the base case were used for these units, with the excep- 

tion of casualties, which where not assessed. Thus, units were assumed to 

maintain a constant capability after they arrived in-theater. For these 

units, the capability difference between the two scenarios is primarily a 

result of the decrease in the movement percentages — Latin American movement 

is 20 percent and European movement is 15 percent. 

OPTIONAL ENGINEER UNITS AND CAPABILITY — LATIN AMERICAN SCENARIO 

(Without Casualties) 

Engineer Man- 
Equipment-Hours 

Timeframe ACE/ 5-Ton SEE/ 
From Through Unit* TOE hours Dozer Loader Grader Truck JD4100 

D+3   D+4 Corps bn 5-35 6,772 247 175 . 70 247 212 

Lt equip co 5-54 0 158 106 158 317 0 

CSE co 5-58 0 141 176 158 1,214 53 

ABN bn 5-195 3,206 318 210 159 246 318 

D+5   D+8 Corps bn 5-35 13,545 494 350 140 494 424 

Lt equip co 5-54 0 317 211 317 634 0 

CSE co 5-58 0 282 352 317 2,429 106 

ABN bn 5-195 6,416 633 423 318 492 633 

D+9   D+10 Corps bn 5-35 6,772 247 175 70 247 212 

Lt equip co 5-54 0 158 106 158 317 0 

CSE co 5-58 0 141 176 158 1,214 53 

ABN bn 5-195 3,206 

company; ABN - 

318   210 

airborne. 

159 246 318 

*bn ■ battalion; co ■ 

Figure B -13 
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OPTIONAL ENGINEER UNITS AND CAPABILITY — EUROPEAN SCENARIO 
(Without Casualties) 

Engineer Man- 
Equipment Hours 

ACET" 5-Ton SEE/ 
Tlmeframe Unit TOE hours Dozer Loader Grader Truck JD410 

D+ll Corps bn 5-35 3,471 126 90 36 126 108 

Lt equip CO 5-54 0 86 58 86 173 0 

CSE co 5-58 0 72 90 81 623 36 

ABN bn 5-195 1,731 173 115 86 135 173 

1H12 Corps bn 5-35 3,471 126 90 36 126 108 

Lt equip CO 5-54 0 86 58 86 173 0 

CSE co 5-58 0 72 90 81 623 36 

ABN bn 5-195 1,731 173 115 86 135 173 

0+13 & 14 Corps bn 5-35 6,945 253 180 72 253 217 

Lt equip CO 5-54 0 173 115 173 346 0 

CSE co 5-58 0 144 180 162 1,245 72 

ABN bn 5-195 3,463, 346 230 173 269 346 

Figure B- •14 

6. Observations. Because the two scenarios are so different with regard 

to type of conflict, time periods, forces used, duration, and casualty attri- 

tion, no direct comparison of engineer capability Is possible. Some general 

observations can be made however. 

a. The methodology used for estimating engineer capability under a 

combat scenario is relatively straightforward. Although ESC used the auto- 

mated EFFORT model for its calculations, the same methodology can be done 

manually. 

b. Engineer units operating under the European scenario have higher 

capabilities than those working under the Latin American scenario.  The 
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difference can be traced directly to the percentages assigned to movement 

degradation (20 percent for Latin America versus 15 percent for Europe). 

(1) LID engineers have a productive personnel workday of 9.0 

hours In the Latin American scenario while in Europe the productive personnel 

workday is almost 10 hours — a 10-percent increase. 

(2) Productive equipment workhoura are also Increased by 10 per- 

cent in the European scenario as a result of the lower movement percentage. 

c. Because the movement and workday factors affect the available 

engineer capability, they should be carefully developed and take into account 

the geographic conditions of the area (scenario) under consideration. 
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1. Purpose. This annex identifies and quantifies all the engineer 

mobility requirements for supporting the LID forward of the brigade rear 

boundary. The mobility mission area involves the work needed to ensure the 

movement of forces across the battlefield in accordance with the tactical 

plan.  Figure C-l'groups the major mobility tasks into increments. 



MOBILITY PRIORITY INCREMENTS 

Increment Description 

M-l 

M-2 

M-3 

M-4 

Breach minefields, fortified positions, and enemy strong- 
points; destroy enemy bunkers« 

Maintain MSRs and combat trails; breach other obstacles 
to the manuever plan« 

Construct combat trails; support river crossing opera- 
tions;  construct LAPES zones. 

Clear antitank ditches and minefields; repair damage to 
roads and bridges; retrieve and replace tactical bridging 
with fixed bridging« 

Figure C-l 

2. Scope. 

a. Requirements calculated In this annex will be limited to mobility 

tasks. In the main battle area (MBA) during the offensive and defensive phases 

of the study scenarios« Similar requirements which fall behind the brigade 

rear boundary are classified as general engineering work (Annex F). 

b. This annex does not address any haul requirements for Class V 

items or their implications on mobility tasks. 

3. Engineer Mobility Tasks. 

a. The threat posture varies significantly between the two scenarios 

used in this study. It Is, therefore, necessary to separately discuss the 

effect of the enemy posture on the mobility workload for each scenario. 

(1) In the Latin American scenario, the threat posture is 

initially offensive In periods 1 and 2 (D+l through D+4)« In period 3 (D+5 

through IH8), the threat changes to a delay and then conducts a retrograde 

operation« Finally, at the end of period 4 (D+9 through D+10), the enemy 

transitions   to   a   deliberate   type   of   defense   as   the   scenario   ends.      Thus, 



countermoblllcy work generated by Che threat Is primarily limited to mine- 

fields and obstacles in support of hasty-type strongpolnts manned by the 

threat rear guard. 

(2) In the European scenario, the Soviet threat remains In an 

offensive posture throughout the battle. Thus, even though US forces conduct 

attacks, they are not engaged against an enemy In a doctrinal hasty or delib- 

erate defense. Soviet countermoblllty work is generally limited to minefields 

Installed on the flanks of advancing elements by mobile obstacle detachments. 

b. For this study, mobility tasks were arranged into four incre- 

ments, M-l through M-4. Increment M-l contains those engineer mobility tasks 

which were rated most important by the SAG; Increment M-4 contains those tasks 

of least Importance. Figure C-2 shows the mobility tasks and their associated 

Increment group. The order of tasks within each increment group Is of no sig- 

nificance. 

4. Methodology. Figure C-3 shows how ESC determined engineer mobility 

requirements. For each scenario, ESC created a set of brigade sectors to sup- 

port the tactical plan. The scenario chronology and the brigade sectors 

determined postures of the LID and the threat. Each brigade sector was then 

analyzed to determine which mobility tasks must be compleced. The friendly 

posture, threat posture, and terrain analysis determined the number of rein- 

forcing obstacles to be overcome. The existing obstacles were derived by 

examining the terrain. Once the total number of obstacles was established, 

the engineer requirements to support the tasks in each brigade were quanti- 

fied. The aggregation of the requirements for all brigades yielded the total 

manhours and equipment-hours needed to complete each task in a given scenario 

and time period. 
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MOBILITY TASKS AND INCREMENT GROUPS 

Tasks M-l 
Increment Groups 
M-2 "" M-3 M-4 

1. Close combat support 
a. Breach fortified positions 
b. Destroy enemy bunkers 
c. Breach strongpolnts 

2. Breach obstacles 
a. Breach minefields 
b. Breach other obstacles to the 

maneuver plan 
(1) Breach antitank ditches 
(2) Breach road blocks 
(3) Breach small gaps 

3. Support river crossing operations 
a. Assist the assault force 
b. Assist the support force (EAO) 

4. Existing roads and bridges 
a. Repair damage 
b. Retrieve/replace tactical bridging 
c. Maintain MSRs and combat trails 

5. Construct combat trails 

6. Clear obstacles (nuisance and safety 
Impact) 

a. Clear minefields 
b. Clear tank ditches 

7. Construct LAPES zones 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 

X 
X 

Figure C-2 

5. Analysis of Engineer Mobility Tasks. This paragraph describes in 

detail the analysis of each mobility task by scenario, time period, and 

brigade sector. 

a. Provide close combat support (Increment M-l). Within the context 

of light Infantry operations, close combat was provided by breaching fortified 

positions, destroying enemy bunkers, and breaching threat strongpolnts. 
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MOBILITY REQUIREMENTS METHODOLOGY 

BRIGADE SECTOR 

SCENARIO CHRONOLOGY 

J" 
FRIENDLY POSTURE 

T 
UNIT MOVEMENT RATE 

TYPE OF MOBILITY TASK 

I 

T 

ENEMY POSTURE 

TERRAIN ANALYSIS 

1 

EXISTING OBSTACLES 

I 
REINFORCING OBSTACLES 

I 
QUANTIFICATION OF WORKLOAD 

BY MOBILITY TASK 

TOTAL MANHOURS & 
EQUIPMENT-HOURS FOR MOBILITY TASK 

Figure C-3 
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(1) In Che Latin American scenario, close combat support was 

required only by the 2d Brigade. The threat rear guard facing the 2d Brigade 

was equivalent to a reinforced motorized rifle battalion. ESC postulated that 

the rear guard would carry out Its mission by occupying a number of company- 

sized strongpolnts along a series of phase lines as the threat main force 

withdrew. To overcome each such strongpolnt, ESC estimated that the support- 

ing LID engineers would be required to breach two dug-ln crew-served weapon 

positions and three protective minefields. Destroying one such company 

strongpolnt required 40 manhours of engineer support. Figure C-4 shows the 

number of strongpolnt breaches. 

TOTAL NUMBER OF STRONGPOLNT BREACHES 

From Through              2d Brigade* 

Latin American Scenario 

D+3 
EH-5 
D+9 

D+2 
D+4 
D+8                           12 
D+10                           6 

European Scenario 

None 

*Dlvi! jlon's main avenue of advance 

Figure C-4 

(2) In the European scenario, the combination of friendly and 

enemy postures was such that there was no requirement for close combat sup- 

port. 

b. Breach minefields (Increment M-l). 

(1) In the' Latin American scenario, again only the 2d Brigade 

found it necessary to conduct minefield breaching operations.  Both friendly 
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and eneray-emplaced minefields were subject to breaching. ESC estimated that 

50 percent of the friendly minefields emplaced during the defensive phase 

would be neutralized by combat action, and that 50 percent of the remaining 

friendly minefields would require breaching. During its attack, the 2d 

Brigade also encountered minefields emplaced by enemy forces. (These mine- 

fields are in addition to the protective threat minefields breached by engi- 

neers providing close combat support). ESC estimated that one-half of these 

additional enemy-emplaced minefields would require breaching, and that each 

footpath-wide breach would require 12 manhours of engineer effort. Figure C-5 

shows the number of minefield breaches required by both scenarios. 

TOTAL NUMBER OF MINEFIELD BREACHES 

From   Through 
Brigade 

Avn AR* 

D+l 
D+3 
D+5 
D+9 

D+2 
D+4 
Di-8 
DHO 

Latin American Scenario 

30 
16 

European Scenario 

D-10 D+7 
D+8 D+10 
H-hour H+23 
H+24 H+47 
H+48 H+95 

24 

^Attached  to the division during the European scenario. 

Figure C-5 
t 

(2) The primarily defensive posture of the LID in the European 

scenario generated only a small requirement for minefield breaching. The 1st 
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i 
and 2d Brigades had a small requirement to breach some of their minefields, In 

order to allow for the passage of counterattacking friendly forces; this 

requirement was minimized by Intentionally providing lanes when the minefields 

were Initially emplaced. ESC estimated that only 2 percent of each brigade's 

minefields were breached In this manner. During the armored brigade's coun- 

terattack, engineers were required to breach numerous minefields. ESC esti- 

mated that each attacking company would encounter two minefields per phase 

line. Each company requires one vehicle lane per minefield. The counter- 

attack was conducted by two battalions, each with three companies abreast, and 

crossed two phase lines. Each vehicle lane requires 94 manhours of engineer 

effort. 

c. Breach antitank ditches (Increment M-2). 

(1) In the Latin American scenario, there was no requirement for 

the LID to breach antitank ditches, either friendly or enemy. Due to a com- 

bination of the threat, time available, and the remoteness of the battle area 

from the lodgement area, no antitank ditches were emplaced by the LID. During 

the attack phases, the threat did not employ antitank ditches because of their 

marginal effectiveness against the dismounted combat elements of the LID. 

(2) The European scenario had no requirement for antitank ditch 

breaching by the LID for three reasons: First, the terrain occupied by the 

LID was poorly suited to tanks, thus few antitank ditches were constructed. 

Second, the LID remained in an essentially defensive posture, so there was no 

requirement to move forward across the few previously emplaced ditches. 

Third, the threat forces neve^ assumed a defensive posture In which it would 

be doctrlnally correct for them to emplace antitank ditches. The armored 

brigade attached to the LID did have a requirement for antitank ditch 
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breaching during Its counterattack. In all cases, these were friendly ditches 

emplaced during previous periods. For the armored brigade, ESC estimated that 

the leading battalions would encounter one antitank ditch per phase line, and 

that the leading companies In each battalion would each require one breached 

lane. Figure C-6 shows the number of antitank ditch breaches. Each breach 

requires 90 manhours and 0.5 ACE-hour of engineer effort. 

TOTAL NUMBER OF ANTITANK DITCH BREACHES 

From Through    Armored Brigade* 

Latin American Scenario 

None 

European Scenario 

D-10 W-7 
D+8 D+IO           — 
H-hour H+23 
H+24 H+47            12 
H+48 H+95 

•Attached to the division during the European 
scenario. 

Figure C-6 

d.    Breach roadblocks   (Increment M-2). 

(1) Road craters were the only type of roadblock encountered by 

the LID- In the Latin American scenario. They were emplaced by both friendly 

and enemy forces. Road craters themselves are not a significant obstacle to 

the combat elements of the LID. They do present some difficulties to wheeled 

direct- and indirect-fire weapons, and are a major obstacle to the LID's 

wheeled support vehicles. For this reason, all road craters along the MSRs 

and feeder roads must be breached. Each breach requires 45.6 manhours and 

0.25 ACE-hourof effort. 
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(2) In the European scenario, the 2d Brigade and the attached 

armored brigade were confronted with roadblocks which required breaching. The 

2d Brigade was required to reopen a number of rubble blast emplacements (RBEs) 

to allow friendly forces to naas through their strongpolnt. ESC estimated 

that one-half the number of RBEs initially anplaced had to be reopened. Each 

RBE breach consumed 45.6 manhours, 5.3 ACE-hours, and 5.3 loader-hours of 

engineer effort. During its counterattack, the armored brigade encountered 

many road craters which had to be breached. The threat was not expected to 

emplace any new road craters due to its offensive posture, but was expected to 

reinforce any existing obstacles. ESC estimated that by period 4, one-half 

the road craters in the armored brigade's sector would have been neutralized 

by combat action. During the counterattack, ESC estimated that the armored 

brigade would have to breach 50 percent of the remaining road craters. Each 

road crater breach requires 45.6 manhours and 0.25 ACE-hour of engineer 

effort.    Figure C-7 shows the total number of roadblocks to be breached. 

TOTAL NUMBER OF ROADBLOCK BREACHES 

From Through T/P6 
Brigade 

Avn AR* 

Latin American Scenario 

D+l D+2 __ «_ 

D+3 D+4 — — 

D+5 D+8 Road crater — 9 
D+9 D+10 Road crater 

European Scenario 

1 

D-10 D+7  . ~ —— 
D+8 D+10 — — — 

H-hour H+23 Road crater — — 
RBE — 9 

H+48 H+95 —— 

—    22 

'''Attached to the division during the European scenario. 

Figure C-7 
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e. Breach small gaps (Increment M-2). A thorough analysis of the 

terrain and scenario chronology failed to develop a predictable and quanti- 

fiable workload for this mobility task. 

f. Maintain MSRs and combat trails (Increment M-2). 

(1) In the Latin American scenario, the requirement for MSR 

maintenance was minimal. MSR maintenance was performed only in the 2d Brigade 

sector and included th^ initial effort to sweep the MSR for mines. This was 

necessary since the MSR was in an area previously controlled by enemy conven- 

tional forces, or was subject to intervention by guerrilla forces. The MSR 

was swept only once after it was secured from enemy control. Maintenance was 

performed only on that portion of the MSR contained within the brigade sector. 

The length of the 2d Brigade's MSR shows a large decrease beginning on D+9, 

when responsibility for much of the MSR is assumed by the division rear. Each 

kilometer of MSR requires 9.6 manhours and 0.8 truck-hour to sweep; and 0.8 

manhour, 0.25 SEE-hour, and 0.5 truck-hour to maintain. Figure C-8 shows the 

MSR maintenance requirements for both scenarios. 

(2) In the European scenario, ESC developed a representative MSR 

net for each brigade sector. The net is based on actual road distances from 

the BSA to each battalion train's area, and a number of lateral connector 

roads. The maintenance factor for Europe is different from Latin American, 

based on the higher percentage of surfaced roads. Each kilometer of MSR in 

Europe requires 1.0 manhour, 0.25 grader-hour, and 0.38 truck-hour of engineer 

effort  per day to maintain. 

g. Support river crossing operations (Increment M-3). 

(1) During-the attack phases of the Latin American scenario, the 

2d   Brigade   encountered   numerous   rivers   and   streams  which   had   to   be  crossed. m 
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Through a terrain analysis, ESC Identified 12 sites where river crossing sup- 

port was necessary. In 11 of these cases, support was limited to improving 

fording sites. Each site was estimated to require 6.5 manhours, 3.5 ACE- 

hours, and 3.0 SEE-hours. In the one Instance where bridging support was 

required, all work was assumed to be performed by EAD engineer  elements. 

AVERAGE DAILY MSR MAINTENANCE REQUIREMENTS 
(Kilometers) 

I 
Through Task 

Brigade 
W                         From 1                2 3 Avn AR* 

i Latin American Scenario 

8                            D+l D+2 Clearance —             15 — — — 
m                         D+3 D+4 Maintenance 30 — — — 
P                           D+5 D+8 Clearance —               8 — — — 

$ 
Maintenance _             49 — — — 

W                           D+9 D+10 Clearance 10 — — — 

l Maintenance 20 — — ~ 

I European Scenairio 

A                            D-10 D+7 Maintenance —             — -- — — 

i                   I)+8 
D+10 Maintenance 64              50 53 42 93 

«j                          H-hour H+23 Maintenance 64             50 53 42 105 

S                          H+24 H+47 Maintenance 64             58 53 42 93 
4                           H+48 H+95 Maintenance 85             95 

ring the European 

97 

Scenario. 

21 132 

I \ttached to division du 

1 Figure C-8 

(2) The European scenario generated a minimal amount of river 

crossing support requirements. Terrain analysis revealed no need for bridging 

support and only a few instances where ford improvements were necessary. Fig- 

ure C-9  shows the number of ford improvements made during both scenarios. 

h. Construct combat trails (Increment M-3). Combat trails are con- 

structed to supplement the existing road net. They facilitate the forward, 

rearvard,   and   lateral   movement   of   the   force.      Combat   trails   are   frequentlv 
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associated with activities such as occupying a battle position. They are 

Intended for use by tracked and very high mobility wheeled vehicles. The life 

span of a combat trail Is short, usually measured In hours to at most several 

days. The fact that combat elements of the LID have few vehicles reduces the 

division's need for combat trails. 

TOTAL NUMBER OF FORD IMPROVEMENTS 

From Through 
Brigade 

Avn AR* 

D+l D+2 
D+3 D+4 
D+5 Df8 
D+9 D+10 

D-10 Df7 
D+8 D+10 
H-hour H+23     ' 
H+24 H+47 
H+48 H+95 

Latin American Scenario 

— 4 
7 

European Scenario 

♦Attached to the division during the European scenario. 

Figure C-9 

(1) In the Latin American scenario, ESC estimated that each 

brigade, infantry battalion, and artillery battalion headquarters would 

require 100 meters of combat trail to be constructed with every move. Each 

100 meters of combat trail required 11.4 manhours and 1.25 ACE-hours of 

effort. In the TFOBs of the 1st and 3rd Brigades, 2.0 SEE-hours were sub- 

stituted for the ACE-hours, since the ACE could not be airlifted to these 

TFOBs. 

(2) Europe has a much denser and more highly developed road net, 

which   reduced   still   further   the   need   for   combat   trails.       In   the   European 
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scenario, combat trails were constructed only In support of brigade and Infan- 

try or tank battalion headquarters. It was estimated that neither the LID nor 

the EAD artillery units would need combat trails, given Europe's highly devel- 

oped road net. Figure C-10 shows, by scenario, the length of combat trails 

constructed. 

TOTAL CONSTRUCTED LENGTH OF  COMBAT TRAILS 
(100-m segments) 

From Through 
Brigade 

Avn 

D+l D+2 
D+3 D+4 
D+5 D+8 
D+9 D+10 

D-10 D+7 
D+8 D+IO 
H-hour H+23 
H+24 H+47 
H+48 H+95 

Latin American Scenario 

6 
4 4 

European Scenario 

4 
4 
4 

4 
8 
4 

4 
4 
4 

2 
2 
2 

♦Attached to the division during the European scenario. 

Figure C-10 

"AR1" 

4 
8 
4 

• 1. Construct LAPES zones (Incranent M-3). ESC closely examined the 

need to construct LAPES zones against the available, readily usable sites and 

determined that both scenarios had only a small requirement to construct LAPES 

zones. In the Latin American scenario, the 2d Brigade's entire requirement 

for LAPES zones can be met by using existing airstrips, open areas, and road 

segments. The 1st and 3d Brigades each have a one-time need for a LAPES zone 

to  be   constructed   in  the  BSA  of  the   their  respective  TFOBs.      In   Europe,   the 
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entire requirement for LAPES zones can be satisfied by using existing air- 

strips, road segment, and open areas. ESC estimated that each C-130-capable 

LAPES zone in Latin America would consume about 3.8 SEE-hours of effort. Fig- 

ure C-ll  summarizes LAPES zone construction requirements. 

TOTAL NUMBER OF  CONSTRUCTED LAPES ZONES 

From Through 
Brigade 

3 Avn 

Latin American Scenario 

D+l D+2 «•_     _— 

IH3 D+4 — 

D+5 D+8 — 

D+9 D+10 1      ~ 

Europ ean Scenario 

None 

♦Attached to the division during the European scenario. 

Figure C-ll 

AR* 

j.     Clear minefields (Increment M-4). 

(1) In the Latin American scenario, each minefield encountered 

had to be cleared regardless of whether its origin was friendly or enemy. 

This was to facilitate the movement of friendly forces and to ensure the 

safety of friendly forces and the civilian population. Minefield Clearance 

took place in those periods and sectors where friendly forces were In an 

attack posture and after the minefields were definitely, under US control. 

Thus, those minefields cleared in the Latin American scenario fell entirely 

within the 2d Brigade's sector. The number of minefield clearances was equal 

to the number of minefield breaches, and each clearance required 252 manhours 

of engineer work. 



(2) In the European scenario, the requirement to clear mine- 

fields per se did not exist. There was, however, a need for engineer effort 

beyond breaching, but short of clearance. During the counterattacks In period 

4, engineers were required to locate and mark the boundaries of all friendly 

and enemy minefields that were breached. This minefield marking was estimated 

to use 16 manhours per 100 meters of minefield frontage. Figure C-12 shows, 

by scenario, the number of minefield clearances. 

TOTAL NUMBER OF MINEFIELD CLEARANCES 
(100-m segments) 

From Through 
Brigade 
T CAB AR* 

D+l D+2 
D+3 D+4 
D+5 D+8 
D+9 • Ü+10 

D-10 D+7 
D+8 D+10 
H-hour H+23 
H+2A H+47 
H+48 H+95 

Latin American Scenario 

30 
--     16 

European Scenario 

24 

* Attached to the division during Che European scenario. 

Figure C-12 

k. Clear antitank ditches (Increment M-4). Since antitank ditches 

were not employed by either force in the Latin American scenario, there was no 

reqv. Lrement to clear them. ESC determined that there was also no requirement 

to clear antitank ditches In the European scenario. Even though a limited 

number of antitank ditches were breached during the period 4 counterattacks, 
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Chey were on ground regained and were required for Che defense»  Therefore, 

they did not have to be cleared. 

1. Repair damage to roads and bridges (Increment M-4). During com- 

bat operations, MSR roads and bridges receive damage from several sources, 

including combat actions, friendly and enemy countermobllty operations, and 

guerrilla forces. This damage must be repaired because the MSRs must be kept 

In operation. 

(1) Damage to roads In the Latin American scenario came from 

three primary sources: air and artillery fires, friendly and enemy countermo- 

billty operations, and guerrilla forces. All such damage occurred In the 2d 

Brigade's sector. ESC estimated the damage due to air and artillery fires was 

equal to an additional maintenance requirement of 0.5 percent of the brigades 

MSR. A major portion of damage repair was devoted to clearing any previously 

breached road' craters and any road craters emplaced by guerrilla forces. ESC 

estimated that guerrilla forces could emplace a maximum of two road craters 

per day In the brigade sector. Finally, since bridges are likely to sustain 

some damage, bridge damage was estimated at one span of 20 meters destroyed 

each day In each brigade sector. 

(2) The combat environment In the European scenario Is much more 

Intense than In Latin America; therefore, greater levels of bridge and road 

damage are expected. ESC estimated that air and artillery fires would damage 

2.0 percent the MSR road net dally. ESC feels that there is no substantial 

guerrilla threat In the European scenario. Since any ground gained during the 

counterattacks was held for a limited period of time, no road craters were 

cleared or repaired. Bridge damage from all sources was estimated at 12 

meters of bridge pec brigade sector each day. All bridge repairs were made 

using Bailey Bridge. 
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(3) In Latin America, each kilometer of MSR damage required 1.0 

nanhour, 0.25 SEE-hour, and 0.5 truck-hour to repair. All road craters needed 

45.6 manhours, 3.6 ACE-hours, 2.4 SEE-hours, and 2.4 truck-hours to clear and 

repair. in Europe, each kilometer of MSR repair required 3.0 ACE-hours. 

Because of the chronology, friendly posture, and road conditions of the Euro- 

pean scenario, It was determined Chat an acceptable level of MSR repair could 

be achelved by using the ACE only. In both scenarios, bridges were repaired 

at the rate of 5 manhours per meter of bridge damage. Figure C-13 shows MSR 

road and bridge damage by scenario. 

MSR  ROAD AND BRIDGE REPAIR REQUIREMENTS 

I 
From Through 

Type 
Repair 

Brigade 
H  E 1 2 3       ~ Avn AR* 

Latin American Scenario 

H D+l D+2 — — . ~ 
D+-3 D+4 Road — 2 — — 

Crater — 4 — — ~ 
[ Bridge — 2 — — — 
I D+5 D+8 Road — 2 -- — — 

Un Crater — 17 ~ — — 

H Bridge — 4 — — 

58 IH9 D+10 Road — 2 — — — 
M Crater — 5 — — — 

fe 
Bridge ~ 2 —— ~ — 

European Scenario 

D-10 D+7 — — -— — — 

WB D+8 D+IO Road 1.3 1.2 1.1 0.8 1.9 
Bridge 1.5 1.5 1.5 1.5 1.5 

H-hour H+23 Road 1.3 1.0 1.1 0.8 2.1 
Bridge 0.5 0.5 0.5 0.5 0.5 

m H+24 H+47 Road 1.3 1.2 1.1 0.8 1.9 
ML 
mm Bridge 0.5 0.5 0.5 0.5 0.5 
11 H+47 H+95 Road 1.7 1.9 1.9 0.4 2.6 

Bridge 0.5 

during 

0.5          0.5           0.5 

the European scenario. 

0.5 

♦Attached to the division 

i Figure C :-i3 
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m. Retrieve and replace tactical bridging (Increment M-4). ESC 

could quantify no work for the LID engineers within this mobility task. Since 

the LID contains no organic tactical bridging, it is unlikely that LID engi- 

neers would be utilized for this task. Tactical bridging beyond bridge repair 

tasks was of only minor importance in both scenarios. ESC believer this task 

is more appropriate for EAD engineers. 

6. Results. Figures C-U through C-17 present the total time-phased 

mobility support requirements of the LID for the two scenarios studied. The 

results are shown by mobility Increments M-l through M-4 and are stratified by 

brigade in terms of manhour and equipment-hours. 

7. Observations. 

a. The total mobility workload in both scenarios of this study was 

smaller than might have ordinarily been expected. It is, however, still 

representative of the mobility requirements for the LID in the general envi- 

ronment of the study scenarios. Some of the causes of this reduced mobility 

workload are scenario-related, some are due to the operational concept and 

tactics of the LID. 

(1) In the Latin American scenario, only activity in the 2d 

Brigade's sector generated any significant level of mobility work. This is 

reasonable, since the 2d Brigade is conducting conventional operations against 

the enemy rear guard.. The Ist and 3d Brigades are operating somewhat uncon- 

ventionally from semlclandestlne TFOBs, not In" prepared defensive positions 

against an enemy which Is In disarray. ' The 1st and 3d Brigades are concen- 

trating their operations on ambushes and targets of opportunity. These types 

of operations have little requirement for mobility support. Thus, only the 

activity of one brigade (the 2d Brigade) effectively contributes to the 

mobility workload. 



ENGINEER MOBILITY REQUIREMENTS — INCREMENT M-l 

From Through 
Effort 

(Hours) T T 
Brigade 
"T^        ÄvtT AR* 

IH1 

IH3 

D+-5 

D+9 

D+2 

EH-4 

D+8 

IHIO 

D-10 

DfS 

H-hour 

H+24 

D+7 

D+10 

H+23 

H+A7 

H+48 H+95 

Latin American Scenario 

Man — — 

ACE ~ — 
5-ton truck — — 
SEE — — 

Man — — 
ACE ~ — 
5-ton truck — — 
SEE — — 

Man — 507 
ACE — — 
•5-ton truck — — 
SEE ~ — 

Man — 264 
ACE — — 
5-ton truck — ~ 
SEE — — 

European Scenario 

Mm — ~ 
ACE ~ ~ 
5-ton truck — — 
Grader — 

Man — — 
ACE — — 
5-ton truck — — 
Grader — — 

Man — — 
ACE — ~ 
5-ton truck — — 
Grader ~ — 

Man 30 15 
ACE — 48 
5-ton truck — — 
Grader — — 
Loader — 98 

Man — ~ 
ACE ~ — 
5-ton truck — — 
Grader — — 

2,256 

*Attached to the division during the European scenario. 

Figure C-14 
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ENGINEER MOBILITY REQUIREMENTS — INCREMENT M-2 

Effort 
From Through 

Brlgadg 

IHI 

IX-3 

I>+5 

D+9 

W-l 

IH4 

D+8 

D+10 

D-10 

IH8 

H-hour 

H+24 

H+48 

I>f7 

D+10 

H+23 

H+47 

H+95 

(Houn) 1 2 T Avn AR* 

Latin American Scenario 

Man — 300 ~ — — 

ACE —- — — ~ — 

5-ton truck 
SEE 

~ 24 — — — 

Man — 60 __ — — 

ACE — — — — — 

5-ton truck — 30 — — — 

SEE — 15 — — — 

Man — 926 — — — 

ACE — 2 ~ — — 

5-ton truck — 124 — — ~ 

SEE — 49 — — — 

Man — 286 — — — 

ACE ~ 1 ~ — — 

5-ton truck — 36 ~ — — 

SEE — 10 — — — 

European Scenarl .0^ 

Man 
ACE 
5-ton truck 

. — — . — — — 

_ __ __ _. __ 

Grader — ~ ~ — 

Man 
ACE 
5-ton truck 

192 174 159 126 279 

72 65 60 47 105 
Grader 48 4A 40 32 70 

Man 64 50 53 42 105 
ACE — — — — — 

5-ton truck 24 19 20 16 39 
Grader 16 13 13 11 26 

Man 64 58 53 42 2,176 
ACE — — — — 25 
5-ton truck 24 22 20 16 35 
Grader 16 15 13 11 23 

Man 170 190 194 42 264 
ACE ~ — -- -- — 

5-ton truck 64 71 73 16 99 
Grader 43 48 49 11 66 

♦Attached to the division during the European scenario. 

Figure C-15 



ENGINEER MOBILITY REQUIREMENTS ~ INCREMENT M-3 

Effort Brigade 
From Through         (Hours)               1 2             3           Avn AR* 

Latin American Scenario 

IH1 

D+3 

IH-5 

D+9 

D+2 

D+4 

IH8 

IHIO 

Man 
ACE 
5-ton truck 
SEE 

Man 
ACE 
5-ton truck 
SEE 

Man 
ACE 
5-ton truck 
SEE 

Man 
ACE 
5-ton truck 
SEE 

22 
2 

46 

71 
19 
36 
12 

98 
33 
72 
24 

European Scenario 

IMO 

IH8 

H-hour 

H+24 

D+7 

D+10 

H+23 

H+47 

H+48 H+95 

Man 
ACE 
5-ton truck 
Grader 

Man 
ACE 
5-ton truck 
Grader 

Man 
ACE 
5-ton truck 
Grader 

Man 
ACE 
5-ton truck 
Grader 
Loader 

Man 
ACE 
5-ton truck 
Grader 

46 
5 

46 
5 

46 
5 

91 
10 

46 
5 

65 
16 
27 

57 

10 

46 
5 

46 
5 

23 
3 

23 
3 

46 
5 

91 
10 

46 
5 

23 
3 

65 
16 
27 

*Attached to the division during the European scenario 



ENGINEER MOBILITY REQUIREMENTS — INCREMENT M-4 

From Through 
Effort 
(Hours) 1 

Brigade 
T^  Avn AR* 

DM 

D+3 

D+5 

EH-9 

D-10 

IH8 

H-hour 

H+24 

H+A8 

Latin American Scenario 

I>f2 

D+4 

D+8 

I>flO 

IH7 

D+10 

H+23 

H+47 

H+95 

Man _ — 

ACE ~ — 

5-ton truck — — 
SEE — — 

Man — 104 
ACE — 14 
5-ton truck — 11 
SEE ~ 10 

Man — 8339 
ACE — 137 
5-ton truck ~ 43 
SEE ~ 42 

Man — 4262 
ACE ~ 72 
5-ton truck — 13 
SEE ~ 12 

European Scenarlo 

Man       ■  — — 

ACE — 
5-ton truck —    — 
Grader — 

Man — 
ACE 115    104 
5-ton truck 
Grader 

Man 30    30 
ACE 38    30 
5-ton truck — 
Grader 

Man 62    46" 
ACE 38    35 
5-ton truck 
Grader 

Man 102    114 
ACE 
5-ton truck —    ~ 
Grader — 

95 

30 
32 

30 
32 

116 

76 

25 

25 

25 

167 

30 
63 

414 
52 

158 

* Attached to the division during the European scenario. 

Figure C-17 
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(2) In Europe, three factors combine to keep the LID's mobility 

requirements lower than expected: the defensive posture of the LID, the small 

size of the divisional AO, and the slow rate at which the LID moves. From a 

mobility standpoint, an attack posture is the most demanding situation due to 

the extensive requirement for obstacle breaching and the large length of new 

MSR which Is uncovered and must be opened to traffic. Thus, with the excep- 

tion of the attached armored brigade, the defensive posture of the LID serves 

to reduce mobility requirements. The LID's AO in the European scenario Is 

quite small, leading to reduced maintenance and repair requirements for MSRs 

and combat trails. This also reduces the overall mobility requirements. Dur- 

ing the European scenario, the LID tended to remain in one AO or to move In 

small Increments. It should be noted that the attached armored brigade, which 

operates in a larger AO, moves over greater distances in equal periods of 

time, and conducts an extensive counterattack In period 4, has greater mobil- 

ity support requirements than the remainder of the division. The armored bri- 

gade accounts for 65 percent of the division's mobility support requirements. 

b. Both of the scenarios indicate a change In the nature of the type 

of mobility task performed under the category of river crossing support. Oliv- 

ers and streams of fordable depth are not major obstacles to the combat ele- 

ments of the LID. The major support task in this category was the improvement 

of fords for the crossing of wheeled direct- and lndlrect-fIre weapons and 

logistical vehicles. Fords were also constructed as a means of bypassing some 

damaged bridges. Since the LID has no organic tactical bridging, all nonford- 

able rivers will require EAD engineer support. ESC believes that it is most 

appropriate to delay all but the most urgent bridge repairs and the retrieval 

and replacement of tactical bridging by fixed bridging to EAD engineers. Due 

to equipment and training, the EAD force Is better suited to these tasks. 
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c. Minefield breaching and clearing are the source of a major por- 

tion of Che mobility manhour support requirements. This Includes the mine- 

fields associated with road craters, bridge demolitions, and other targets. 

(1) In the area of minefield breaching, the LID enjoys an advan- 

tage over heavier mechanized forces. The majority of the LID's breaching 

requirements are for footpaths only; thus, there is a reduced requirement for 

time-consuming vehicle lane breaching. The primary means- of breaching foot- 

paths is still the bangalore torpedo. Because of its size, weight, and bulk, 

the cumbersome bangalore torpedo will be unsuitable for LID engineers in many 

situations. 

(2) The armored brigade is the unit which generates a signifi- 

cant breaching requirement in the European scenario. The brigade could save 

manhours by using the HICLIC. By substituting MICLIC for the 24 minefield 

breaches in Figure C-5, the brigade could save 2,232 manhours (279 squad- 

hours). There is, however, an additional resource requirement for vehicles to 

transport this heavy munition. The advantages and disadvantages of MICLIC 

when used by mechanized forces are well documented. ' ESC believes MICLIC is 

not well suited to the needs and tactical requirements of the LID. 

(3) Minefield clearing, when required, consumes huge quantities 

of manhours and can easily become an overwhelming task. In the Latin American 

scenario, it is by far the dominant mobility task, though it Is placed In one 

of the lower priority increments. Except for extreme emergencies, ESC feels 

that this task is best deferred or accomplished by EAD engineers. 

Engineer Analysis of the 9th Infantry Division (Motorized), Volumes I 
and II (US Army Engineer Studies Center [ESC], December 1985). 

Ill Corps Engineer Assessment (ESC, March 1981). 
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1. Purpose. This annex describes the methodology ESC used to estimate 

LID countermobllity requirements under two scenario variations. It also 

identifies countermobUlty tasks and Increments and summarizes the resulting 

count ermobllity requirements. 

2. Scope. The scenarios considered In this analysis varied widely In 

the countermobility denands placed on the divisional engineer battalion.     The 

.Latin American scenario is a low- to mid-lntenslty conflict with a one-third/ 

two-thirds split between defensive and offensive operations, respectively. In 

the European scenario, the LID was involved in a high-intensity, predominantly 

defensive operation. Therefore, throughout this annex it will be necessary to 

separately address the application of ESC's countermobllity methodology to 

each scenario. The primary focus of ESC* s methodology Is to determine the 

effect of the obstacles listed in Figure D-I on the LID's countermoblllty 

mission. This annex will not discuss the divisional engineer battalion's 

capability to haul countermoblllty materials (mines, demolitions, and barrier 

materials);   that issue is addressed by Annex G. 

3. Assumptions and Their Significance. A number of assumptions were 

required before developing personnel and equipment work factors for the LID's 

countermoblllty mission. These assumptions were arrived at by reviewing cur- 

rent   doctrine,   and   by   consulting   representatives   of   the  7th   ID(L)   and   the 
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staff and instructors at the US Training and Doctrine Command's (TRADOC)  Field 

Artillery School, US Army Engineer School,  and Fort Rucker Aviation Center. 

COUNTERMOBILITY   INCREMENTS 

Increaent Deecrlptlon 

C-I 

C-2 

C-3 

C-4 

Execute raids to deny road junctions and key 
installations. 

Install point targets, minefields, tank ditches, 
and wire obstacles on the main avenue of 
approach. 

Install point targets, minefields, tank ditches, 
and wire obstacles on secondary avenues of 
approach. 

Complete the obstacle plan in depth. 

Figure D-l 

a. ASSUMPTION: Engineers will transport obstacle material from the 

brigade support area (BSA) to the work site. SIGNIFICANCE: Squad and trans- 

portation resources as well as travel time to and from the BSA were incorpo- 

rated into the overall study methodology. Failure of the division transporta- 

tion and logistical systems to deliver engineer material to the BSA will 

greatly reduce the number of squad-hours that can be directly expended on 

engineer support tasks, and will place more demands on engineer transportation 

assets. 

b. ASSUMPTION: Countermobility requirements calculated in this 

annex are limited to countermobility tasks located forward of the brigade rear 

boundary or within a brigade's assigned AO. SIGNIFICANCE: Similiar tasks 

occurring outside these area?; are considered general engineering tasks, and 

are discussed in Annex F. 
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c. ASSUMPTION: Conventional mines and mining techniques are used as 

the base case for all countermoblllty tasks involving mine warfare. SIGNIFI- 

CANCE: Dynamic mining Is unavailable to the LID In the Latin American sce- 

nario, and is of limited availability in the European scenario. Scatterable 

mine systems will be evaluated in both scenarios as an excursion. Their use 

could substantially reduce requirements for engineer resources and place a 

smaller burden on the logistics system. 

d. ASSUMPTION: All linear and point obstacles are supplemented with 

minefields wherever appropriate. SIGNIFICANCE: The total engineer require- 

ment would be less than predicted by this analysis If this supplemental mining 

were not employed. 

4. Definitions. 

a. Obstacle density. A factor expressed as the number of obstacle 

targets per square kilometer in the defensive sector. It Is based on terrain 

features that affect the cross country mobility (CCM) of enemy formations. 

Terrain with high CCM values usually requires greater obstacle densities than 

terrain with low values of CQ1. 

b. Obstacle mix. Obstacle mix is the mix of point targets (road 

craters, abatis, bridge demolitions, etc.) and linear targets (minefields, 

tank ditches, etc.) (see Figure D-2). Like obstacle density, it is based on 

terrain features that affect the CCM of enemy formations. High CCMs generally 

favor a more even ratio of linear-to-point targets than do low values of CQ1. 

c. Obstacle target priority. The priority of obstacle targets is 

estimated by considering the risk expected on the avenues of approach into the 

defensive sector and the distance of the target from the FEBA. 
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OBSTACLE MIX FOR THE EUROPEAN  SCENARIO 
(Percentage) 

Posture 
Linear 
Targets 

?olnt 
Targets 

Counterattack 
Delay 
Defend 

CCM >30 
CCM <30* 

100 
25 

50 
35 

75 

50 
65 

♦Applicable to LID AOs only. 

Figure D-2 

d. Minefield nodules. These modules are planning factors used for 

conventional and scatterable minefields. Conventional minefields are quanti- 

fied in terms of mines per meter of front. Scatterable minefields, on the 

other hand, are measured by the number of mines per square meter of area. For 

planning purposes, it is assumed that each scatterable mine system will 

emplace a standard-size module. This module is characterized by a specific 

density and a particular set of dimensions. The module can be adjusted by 

varying its size and delivery system. For example, the density of a minefield 

may be Increased by decelerating the prime mover to slower than normal speed, 

thus Increasing the number of mines in a specific area. Each minefield can be 

assigned an appropriate measure of effort, reflecting the manhours and 

equlpraent-hours required to emplace and mark the minefield module. (Marking 

is not possible in enemy-held territory, especially for artillery- or air- 

delivered mine systems). Figure D-3 lists the minefield modules used in this 

analysis and their associated characteristics. 

e. Point targets. Point targets are classified based on their ease 

of   bypass.      Those   that   are   Impossible  or  difficult   to  bypass  are  excellent 



candidates for effective point targets.  Engineer effort was not generally 

expended on targets where bypass was easy. 

MINEFIELD MODULES 

J2££. 
Size 

(Meters) 
Number of 
of Mines* Density** 

Conventional 100 x 100 122 AT 
25 AP 

1 AT 
0.2 AP 

I COM 100 x 100 50 AT 
25 AP 

0.5 AT 
0.2 AP 

RAAM 400 x 400 405 AT 
(45 rounds) 

0.0025 

ADAM 400 x 400 160 AP 
(5 rounds) 

0.001 

Air Volcano 800 x 150 670 AT 
134 AP 

0.006 

Ground Volcano 1,000 x 120 800 AT 
160 AP 

0.007 

Conventional 
Point 

30 x 70 30 AT 
3 AP . 

NA 

MOPMS semicircle 
(radius - 35) 

17 AT 
4 AP 

0.035 

ICOM point 30 x 70 17 AT 
4 AP 

NA 

*AT « antitank; AP - anltpersonnel. 
** Convent tonal minefields measured in mines per meter of mine- 

field frontage. Scatterable minefields measured as mines per square 
meter. 

Figure D-3 

5. Increment Groups« Since this annex quantifies those LID countermo- 

billty requirements which must ultimately be measured against limited engineer 

resources, ESC developed a system of Increments for engineer tasks within all 

of the engineer functional areas. These Increments were used by the SAG to 

rank all engineer tasks throughout the battlefield. For this study, counter- 

mobility tasks were arranged Into four increments, C-l through C-4.  Increment 
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C-l contains chose engineer countemoblllty tasks which were rated most impor- 

tant by the SAG; Increment C-4 contains those tasks of least Importance. Fig- 

ure D-4 shows the countermobiIIty tasks and the associated increment group. 

The order of tasks within each Increment group Is of no signficance. In the 

Latin American scenario, the allocation of a target to an increment group was 

based on site-specific conditions. In the European scenario, ESC apportioned 

the targets among the increment groups as shown in Figure D-4, cask 5. 

COUNTERMOBILITY TASKS AND PRIORITY INCREMENTS 

Increment Group 
Task                                           C-I           0-2           C-3 C-4 

1. Count ermob ill ty raid 
a. Deny road or road junction 
b. Deny key installation 

2- Install obstacles on main avenue 
of approach 

a. Point targets* 
b. Minefields 
c. Tank dltchea 
d. Wire 

3. Install obstacles on secondary 
avenues of approach 

a. Point targets* 
b. Minefields 
c. Tank ditches 
d. Wire 

4. Complete the obstacle plan in 
depth 

a. Point targets* 
b. Minefields 
c. Tank ditches 
d. Wire 

5. European scenario  increment 
allocation 

X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

(OZ**)       40Z 30% 

X 
X 
X 
X 

30% 

*Includes obstacles made with local or expedient materials. 
**Site-speclfic. 

Figure D-4 
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6.    Methodology. 

a. General. ESC quantified the LID's engineer requirements In terms 

of manhours and critical equipment-hours by scenario, Increment, time period 

and brigade. Figure D-5 diagrams ESC's methodology for engineer counter- 

mobility requirements  In both the Latin American and European scenarios. 

COUNTERMOBILITY REQUIREMENTS METHODOLOGY 

WIRE POlNI TARGET 

BRIGAOE SECTOR 

 *  
TYPE Of 

COUNrERMOBIUTY TASK 

± 
MINEFIELD 

"~r" ]C 
SCfNARIU IIHRQUOIOGV 

TANK DIIIIH RAID 

ATTACK 

AVIATION DELIVERED 
VOLCANQi 

QUANTIFICATION Of Alfl .OLLANC 
 RECUiREME'iTS 

fHlENDlY POSTURE 

; 
;FRRAIN ANALYSIS 

i 
OELAY 3L 

•JIIMHER AND TYPE 
■» DBSIACLiS 

FNI>IN(Efl kVUHKIIIAU 

'IME PHASED OUANTlflCAIIDN OF 
.i^UNTERMdBILITV .VORKLDAD HY TASK 

TOTAL MAN HOURS b FQUIPMENT 
»niJPS F£R COUNTERMOHILITY TASK 

«Ft Nil 
j 

.'.lilllllHt 11MI«1HFI1 
.•.n.'.M HAAMi 

N ,',:iil'(   II ■•.DAM HAAM 
■-.i  ■fp.llMS 

Figure D-5 

(I) The scenario chronology generated the friendly postures, 

shown in Figure D-6, against which the nature of the battlefield terrain and 

Its effect on the CQ1 of each of the division's brigades and the threat were 

analyzed. The CCM percentages (I.e., the percentage of the battlefield on 

which the enemy force can move relatively freely) are listed in Figure D-7 for 

the European scenario.   Since obstacle planning for the Latin American 
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scenario was done on a site-specific basis, CCM percentages were not used to 

generate of obstacle requirements and are therefore not listed here. 

FRIENDLY UNIT POSTURES 

Through 
Brigade 

From 1 2        3 Avn AR* 

Latin American Scenario 

D+l D+2 _ —       —_ .. NA 
D+3 D+4 — Defend    — Delay NA 
D+5 D+8 — Attack    Attack — NA 
D+9 DflO Attack Attack    Attack 

European Scenario 

NA 

D-10 D+7 — _       — — -. 

D+8 D+10** Defend Defend    Defend Defend Defend 
H-hour H+23 Defend Defend    Defend Defend Defend 
H+24 H+47 Defend Attack    Defend Defend Attack 
H+48 H+95 Delay Delay     Delay Delay Delay 

♦Attached to division during European scenario. 
"Obstacle preparations before contact. 

Figure D-6 

(2) Target density factors were developed for a particular range 

of CCM percentages based on historical obstacle data and recent trends in 

European general defense plans (GDPs). The obstacle density factor for the 

LID In the European scenario was doubled based on the recent experience of the 

13th Engineer Battalion in a light environment, and the belief that counterrao- 

billty operations will be how the LID will mitigate any mobility advantages of 

the threat. Figure D-8 lists the target density factors for the European 

scenario. 
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CCM IN THE EUROPEAN SCENARIO 

Unit 
Area 
(km2) 

CCM 
(Per- 

centage) 

Combat Aviation 
Brigade (CAB) 49 43 

lit Brigade 106 24 

2d Brigade 69 10 

3d Brigade 78 — 

Subtotal 302 17* 

AR Brigade 148 53 

Maneuver Subtotal 450 29* 

DRA 410 36 

TOTAL 860 33* 

*The8e averages not used in methodol- 
ogy. 

Figure D-7 

OBSTACLE DENSITY FACTORS 

CCM Factor 
Obstacles per km*" 

LID AR Brigade* 

0.00 - 0.29 1.33 
0.30 - 0.44 2.00 
0.45 - 0.54 2.67 
0.55 - 0.69 3.33 
0.70 - 0.77 4.00 
0.78 - 0.82 4.67 
0.83 - 0.88 5.33 
0.89 - 0.93 6.00 
0.94 - 1.00 6.67 

0.67 
1.00 
1.33 
1.67 
2.00 
2.33 
2.67 
3.00 
3.33 

♦Derived from analysis of  the World War 
II European Campaign and current NATO GOPs. 

Figure D-8 

(3)    The actual  number and mix of  targets   for  the Latin American 

scenario   was   generated       by    creating   an   actual   site-specific,   time-phased 

obstacle plan' for   each brigade AO.     This  Is   shown  In Figure D-9. 
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LATIN AMERICAN SCENARIO OBSTACLE WORKLOAD 

Prom Through Obstacle Type* 
Brigade 

Avn AR 

D+l    0+2 

D+3    D+4 

D+5    D+8 

D+9    D+10 

Minefields 
Road craters 

<25 ft 
>25 ft 

Bridges 

Minefields 
Road craters 

<25 ft 
>25 ft 

Bridges 

Minefields 
Road craters 

<25 ft 
>25 ft 

Bridges 

Minefields 
Road craters 

<25 ft 
>25 ft 

Bridges 

52 

5 
1 
5 

NA 

— — ~ NA 
— — 3 NA 
— — 3 NA 

54   9 NA 

2 __ __ NA 
4 ~ 3 NA 
6 — 6 NA 

— 20 — NA 

_ 4 __ NA 
— 6 — NA 
— 2 3 NA 

— 8 — NA 

M. 6 __ NA 
~ 2 — NA 
~ 1 — NA 

^Minefields  are  conventional  100-m modules.     Road  craters are shown  for 
travelled-way width of greater than and less than 25 ft. 

Figure D-9 

(4) Manhours and equipment-hours were calculated for all 

engineer-emplaced obstacles. Wherever an air- or artillery-delivered mine- 

field was emplaced, the requirement was documented but no engineer effort was 

calculated. Figure D-10 shows the engineer effort required to emplace the 

various types of linear and point targets considered by this analysis. Figure 

D-ll shows the number of antitank (AT) and antipersonnel (AP) mines required 

for each target. 

(5) Figure 0-12 lists the target mix, as a percentage, by pos- 

ture and type for the European scenario. Due to the extremely poor CCM of the 

infantry brigade AGs,  it  was necessary to alter  the historical  püint-to-linear 
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target nix. ESC believes that the low values of CCM In these areas will cause 

the target mix ratio to distinctly favor point targets. This is reflected in 

Figure D-12, which shows a greater proportion of point targets for the Infan- 

try brigades than for the CAB and armored brigade which operate in more open 

terrain. 

OOUNTERMOBILITY PLANNING FACTORS 

Obstacle/System* Manhours 
5-Ton 
Truck 

Equipment-Hours 

ACE SEE 

Conventional minefield 
Density 1.0 - 1.0 
Density 1.0 - 0.2 

48.1 
35.9 

2.3 
2.3 

Ground volcano minefield 4.5 1.4 

Tank Ditch (100 m) 7.0 0.34 

Rubble Blast 
Emplacement (100 ft) 63.0 5.7 

Road Crater 
<25 ft wide 
>25 ft wide 

12.9 
25.8 

0.25 
0.25 

2.8 

Bridges (non-prechambered) 

Abatis (75 m) 

Guiding battalion through 

lines 

57.8 

23.6 

8.0 

0.5 

1.0 0.4 

^Planning factors are estimates based on information contained in 
Engineer Field Data. FM 5-34 (DA HQ, 24 September 1976); Countermobillty. 
FM 5-102 (DA HQ. March 1985); Combat Developments Engineer Family of 
Systems Study (E-FOSS) (US Army Engineer School [USAES]. February 1979); 
and TSM — Mine Warfare Systems' Handbook of Employment Concepts for 
Mine    Warfare    Systems (US    Army    Engineer    Center    and School, November 
imr.—   —  

Figure D-10 
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MINEFIELD DENSITIES 

Type Obstacle 

Minefield 

Density (mines) 
AT      AP Measurement Base 

Conventional minefield 
Closed terrain 
Open terrain 

1.0 
1.0 

1.0 
0.2 

Per 
Per 

meter of front 
meter of front 

Antitank ditch 23.8 5.6 Per 100 m of ditch 

Rubble blast 
Emplacement (100 ft) 30 3 Per emplacement 

Road Craters 
<25 ft wide 
>25 ft wide 

30 
60 

3 
6 

Per 
Per 

crater 
crater 

Bridge demolition 60 6 Per bridge 

Abatis (75 m) 30 3 Per abatis 

Figure D-ll 

EUROPEAN SCENARIO TARGET COMPOSITION 
(Percentages) 

Friendly Posture 

Counter- 
attack Delay 

Defense 

Obstacle System* 
Infantry 
Brigade CAB 

AR 
Brigade 

Conventional minefield — — 33 48 30 

ADAM/RAAM 100 25 — — 

Antitank dirch ~ * 2 2 20 

Road crater — 70 50 40 45 

Bridge Demolition — 5 5 5' 5 

Abatis — — 10 5 — 

TOTALS 100 100 100 100 100 

*Sldehlll cuts on railroads are executed in the attached AR brigade zone 
where the terrain permits  (1.5  to \1X of base total). 

Figure D-12 
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(6) In the Latin American scenario, the engineer countermobillty 

effort was arrived at by mutlplying the time-phased distribution of targets 

(Figure D~9) by the appropriate planning factor (Figure D-10) and summing the 

results for each type of target within each AO and time period. The algorithm 

in Figure D-13 was used to calculate the engineer countermobillty effort in 

the European scenario. 

COÜNTERMOBIHTY REQUIREMENTS ALGORITHM 

Engineer Requirements (hours by type obstacle) 

Area of Target Density . Target Mix 
Brigade      x (obstacle per km ) x    (Z of type 
AO (kmz)              (Figure D-8) Obstacle) 
(Figure D-7) (Figure D-12) 

Resource Requirements 
(manhours and 

equipment-hours by 
obstacle type) 
(Figure D-10) 

Figure D-13 

b.    Attack. 

(1) Additional countermobillty work is performed during the 

attack phases of the Latin American scenario. The engineers supporting bri- 

gades in the isolated TFOBs protect their operating bases and support the 

offensive operations, especially raids and ambushes. This support Is pri- 

marily in the form of bridge demolitions, road craters,  and small minefields. 

(2) Some engineer countermobillty effort was expended to support 

various categories of counterattack In the European scenario, but that support 

was limited based on the dynamic situation Inherent in counterattacks and 

ESC's interpretation of the doctrine given in FM 5-102,  Countermobillty. 

(a)    ADAM/RAAM   requirements   were  tracked   for   each  maneuver 

battalion  attack.      Three  RAAM   artillery  modules   and   one volley  of  ADAM were 

D-I4 
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used  per  battalion counterattack   to disrupt movement  and   prevent   the  commit- 

ment of threat second-echelon forces. 

(b) During the division counterattack in period 4, rubble 

blast emplacements (RBEs) were emplaced as part of Increment C-l; (this was 

the only time RBEs were used during this scenario). The number of RBEs 

required were calculated based on closing all routes leading In from the perl- 

meter of the city located in front of the 2d Brigade. 

(c) To accommodate the forward (attack) passage of lines In 

period 4, 10 percent of the obstacles In the 1st and 2d Brigade areas were 

opened and used as gaps and lanes; the engineer effort required to open those 

obstacles was calculated under mobility tasks (Annex C). When these same 

obstacles were closed during the latter part of period 4, the engineer effort 

to close them was calculated as a requirement under countermobility Increments 

C-2 through C-4. 

c.    Defend. 

(1) Within the defensive phase of the Latin American scenario, 

the countermobility workload was generated on a site-specific basis. This was 

done by combining knowledge of the threat's doctrine regarding the width of 

various unit-sized avenues of approach with information on the terrain in the 

AO. An unconstrained obstacle plan was developed for all avenues of approach 

into the LID's defensive sector. Obstacles were selected based on terrain, 

weapons characteristics,  and LID tactics. 

(2) For the European scenario, the algorithm in Figure D-I3 was 

used to generate the countermobility workload. Since the brigade rear bound- 

aries were shallow (8 to 20 kilometers deep), each brigade AO constituted the 

initial defensive belt.    Within these defensive belts, obstacles were executed 
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along likely enemy avenues of approach. To accommodate the rearward 

(withdrawal) passage of lines In period 3, 10 percent of the obstacles in 

period 2 were left open as gaps and lanes. These were then closed during the 

latter part of period 3 under countermobility task Increments C-2 through 04. 

d. Delay. In the Latin American scenario, targets for the single 

brigade delay phase were the same as those for the attack phase. For the 

European scenario, the algorithm shown in Figure D-13 was again used to 

generate the countermobillty workload. The major difference between ESC's 

defend and delay methodologies for the European scenario was in the target mix 

(see Figure D-12). This mix emphasizes stopping the enemy in the armored 

brigade zone, which contains the high-speed avenue of approach into the 

divisional AO. The delay zone was estimated to be equivalent to the initial 

DRA (see Figure D-7). Additional sidehill cuts were executed as antitank 

obstacles on existing railroads in the attached armored brigade zone. These 

sidehill cuts were calculated based on planning factors for an antitank ditch 

and were 1.5 to 12 percent of the base total. 

7. Base Case Results. The total timed-phased requirements for engineer 

tnanhours and equipment-hours needed to perform the LID's countermobillty 

mission are shown in Figures D-1A through D-17. This information is displayed 

by scenario, increment group, time period, and brigade. The number of 

minefield modules, road craters, bridge demolitions, abatis, and meters of 

tank ditches required by scenario, time period, and brigade area are listed in 

Figures D-18 through D-20. 



COÜNTERMOBILITY REQUIREMENTS ~ INCREMENT C-l 

Fro«   Through   Effort (Hours) l_ 
Brlgad« 

Avn AR* 

IHl 

D+3 

IH5 

D+9 

D+2 

IH4 

D+8 

D+10 

D-10 

D+8 

H-hour 

H+24 

H+48 

1H7 

D+10 

H+23 

H+47. 

ft+95 

Latin Anerlcan Scenario 

Man _ — 

ACE — ~ 

5-ton truck — — 

SEE — — 

Man _.. — 

ACE — — 

5-ton truck — — 

SEE — — 

Man ~ — 

ACE • — — 

5-ton* truck — — 

SEE — — 

Man — — 

ACE — ~ 
5-ton truck — — 

SEE — — 

European Scenario 

Man __ «_ 

ACE — — 

5-ton truck — — 

SEE — — 

Man — — 

ACE — — 

5-ton cruck — — 

SEE — — 

Man — — 

ACE ~ —- 
5-ton truck — — 
SEE — — 

Man — 1,134 
ACE — — 

5-ton track — 103 
SEE — — 

Man — — 

ACE — — 
5-ton truck — — 

SEE — — 

250 

574 

174 

NA 
NA 
NA 
NA 

NA 

NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

216 

♦Attached to the division during the European scenario 

Figure D-14 



COUNTERMOBILITY REQUIREMENTS — INCREMENT C-2 

Proa   Through   Effort (Hours) 1_ 
Brigade 

Avn AR* 

D+l 

D+3 

D+5 

D+9 

D+2 

D+4 

D+8 

D+10 

D-10 

D+8 

H-hour 

H+24 

H+48 

D+7 

IH10 

H+23 

H+47 

H+95 

Latin American Scenario 

Man 
ACE 
5-ton truck 
SEE 

Man 
ACE 
5-ton truck 
SEE 

Man 
ACE 
5-ton truck 
SEE 

Man 
ACE 
5-ton truck 
SEE 

720 

35 

878 

European Scenario 

Man 
ACE 
5-ton truck 

Man 
ACE 
5-ton truck 
SEE 

Man 
ACE 
5-ton truck 
SEE 

Man 
ACE 
5-ton truck 
SEE 

Man 
ACE 
5-ton truck 
SEE 

1,955 
3 

52 
2 

217 

1 
6 
1 

46 

I 
1 
I 

1,272 
2 

34 

I 

141 

1 
4 
1 

603 
I 

16 
1 

2,206  2,228 

16 16 

567 

1,438 
2 

38 

1 

160 

1 
4 
1 

2,215 
3 

17 

♦Attached to the division during the European scenario. 

Figure D-15 

D-18 

1,449 
2 

4 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

2,167 
40 
63 

241 
4 
7 

683 
13 
20 

1,149 
14 
10 
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COÜNTERMOBILITY REQUIREMENTS ~  INCREMENT  C-3 

Brigade 
From Through Effort (Hours) 1 2 3 Avn AR* 

Latin American Scenario 

Man —. — ~ — NA 
ACE — — — — NA 
5-ton truck — — -- — NA 
S«E — — — — NA 

Man — 846 — -- NA 
ACE — — — — NA 
5-ton truck — 43 — — NA 
SEE — — — — NA 

Man — 322 —— NA 
ACE — — — — NA 
5-ton truck — — — — NA 
SEE — — — — NA 

Man 1,311 — 231 — NA 
ACE — — — — NA 
5-ton truck — — — — NA 
SEE — — — — NA 

Europ ean Scenario 

Man 
ACE 
5-ton 

— — — • — — 

truck — — — — 

SEE —— — — — — 

Man 1,466 954 1,078 1,087 1,625 
ACE 2 1 2 1 30 
5-ton truck 39 25 28 34 48 
SEE 2 I 1 1 — 

Man 163 106 120 121 181 
ACE 1 1 1 I 3 
5-ton truck 4 3 3 4 5 
SEE 1 1 1 1 — 

Man 34 453 — — 512 
ACE I I — — 9 
5-ton truck I 12 — — 15 
SEE 1 1 — • — — 

Man 1,655 1,671 1,661 — 861 
ACE — — 3 — 10 
5-ton truck 12 12 13 — 7 
SEE ~ — — — —— 

D+l 

D+3 

D+5 

D+9 

D-10 

D+8 

H-hour 

H+24 

H+48 

D-t-2 

D+4 

1H8 

D+10 

D+7 

D+10 

H+23 

H+47 

H+95 

*Attached to the division during the European scenario. 

Figure D-16 
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From   Through 

COUNTERMOBILITY REQUIREMENTS — INCREMENT C-A 

M™.—.—=_.-«—^.^,^ ^.„-^»i- ^..^.„^^»^ Brigade 

D+l      IH2 

D+3      D+A 

D+5      D+8 

D+9      D+10 

D-10     D+7 

Ü+8      D+10 

H-hour    H+23 

H+24     H+47 

H+48      H+95 

Effort (Hours) 1 2 3 Avn AR* 

Latin American Scenario 

Man -- — — — NA 
ACE — -- — ~ NA 
5-ton truck — — -- _„ NA 
SEE — — — — NA 

Man — 850 ~ — NA 
ACE — — ~ — NA 
5-ton truck — 50 ~ — NA 
SEE — — — — NA 

Man — — 151 — NA 
ACE — — — — NA 
5-ton truck — — — NA 
SEE — — — — NA 

Man 58 — 203 — NA 
ACE — — — NA 
5-ton truck — ~ — — NA 
SEE — ~ — — NA 

Man 

Europ ean Scenario 

ACE 
5-ton truck 

—— —— 
__ »_ __ 

SEE — — — ~ 

Man 1,446 954 1,079 1,087 1,625 
ACE 2 1 2 1 30 
5-ton truck 39 25 28 34 48 
SEE 2 1 1 1 — 

Man 163 106 120 121 181 
ACE 1 1 1 1 3 
5-ton truck 4 3 3 4 5 
SEE 1 1 1 1 — 

"Man 34 452 — — 513 
ACE 1 I — — 9 
5-ton truck I 12 — — IS' 
SEE 1 1 ;  — — — 

Man 1,655 1,671 1,661 ' — 861 
ACE — — 3 — 10 
5-ton truck 12 12 13 — 7 
SEE — ~ — — — 

♦Attached to the division during the European scenario. 

Figure D-17 
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NUMBER OF MINEFIELD MODULES  — ALL T.WCF.EMKNTS 

Through 
Rri«f.iie 

3 Avn From Type        1      I AR* 

Latin American Scenario 

D+l • D+2 Conventional — ~ NA 

D+3 D+4 Conventional    — — 9 NA 

D+5 D*8 Conventional 20 ~ NA 

D+9 D+IO Conventional    52     — 8 — NA 

Df7 

European Scenario • , 
- 

D-10 None          ~     — —— 

D+8 D<-10 Conventional    42     27 31 42 53 

H-hour H+23 Conventional     5      3 3 5 6 

H+24 H+47 Conventional     1      13 — — 17 

H+48 H+95 Conventional 

the division during the European scenario. 

— 

♦Attached to 

. Figure 0-18 
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NUMBER OF POINT TARGETS — ALL  INCREMENTS 

From Through Typ« 
Brigade 

Avn AR* 

Latin American Scenario 

D+l 

D+3 

D+5 

D+9 

D+2 Road crater 

Bridge — 

D+4 Road crater 

Bridge — 

IH8 Road crater 

Bridge 

— 

D+10 Road crater 6 
5 

6 
6 

10 
2 

8 
1 

3 NA 
3 NA 

3 NA 
3 NA 

- NA 
3 NA 

_ NA 
- NA 

European Scenario 

D-IO 0+7 None »•> -- — 

D+8 D+IO Road crater 
Bridge 
Abatis 

63 
6 
13 

41 
4 
8 

47 
5 
9 

H-hour H+23 Road crater 
Bridge 
Abatis 

7 
1 
1 

5 
1 
1 

5 
I 
1 

H+24 H+47 Road crater 
Bridge 
Abatis 
RBE 

1 20 
2 
4 

18 
~ 

H+48 H+95 Road crater 

Bridge 
Abatis 

• 143 
10 

144 

10 

143 

10 

♦Attached to the division during the European scenario. 

Figure D-19 

35 80 
4 9 
4 — 

4 9 
1 I 
1 — 

— 25 
— 3 

72 
5 
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NUMBER OF TANK DITCH TARGETS — ALL INCREMENTS 
(IOO m per target) 

ThrouRh Type 
Brigade 

From I 2 3 Avn AR* 

Latin American Scenario 

NONE 

Europe an Set »nario 

D-10 D+7 None ~ — — — — 

D+8 D+10 Antitank ditch 3 2 2 2 35 

H-hour H+23 Antitank ditch I 1 1 1 4 

H+24 H+A7 Antitank ditch «- 1 — — 11 

H+48 H+95 Antitank ditch — — 3 — 13 

^Attached to the division during the European scenario. 

Figure D-20 

8. Scatterable Mine Excursion. As part of the countermobility analysis, 

ESC conducted an excursion to determine what effect the employment of scat- 

terable and improved conventional mlnep (ICOM) would have on the total engi- 

neer workload for counterraobility. Under this excursion ESC established a 

base case for mining in each scenario, then developed a new explosive 

excursion by substituting a scatterable mine system or an improved conven- 

tional mine into the base case wherever possible. The engineer effort 

required to support both cases was then compared. The excursion deals only 

with the engineer effort associated with scatterable and Improved conventional 

mines; the logistical aspects of these mines are discussed in Annex G. 

a.  Base case. 

(1)  Planning factors.  ESC used the minefield planning factors 

"Tn Figure D-21 to estimate the enTineer effort reauired under the mine 



excursion's base case. The factors shown are the requirements to emplace one 

of the appropriate modules, described In Figure D-3. These times do not 

include any marking requirements, as they are a constant. 

MINEFIELD MODULE PLANNING FACTORS — BASE CASE 

Type Minefield 

Effort 

Man 

(Hours) 
5-Ton 
Truck 

Elasped Time 
(Hours) 

Conventional 
linear 

Conventional 
point 

39.7 

8.8 

0.2 

0.2 

1.4 

1.4 

• 
Figure D- 21 

(2) Minefield modules. The base case for each scenario was 

established by determining the number of minefield modules required. Figure 

D-22 shows this information for both scenarios. The point minefields are 

generally those emplaced to reinforce obstacles such as road craters, bridge 

demolitions, and abatis. The base case for the Latin American scenario 

consisted entirely of hand-emplaced conventional mines. The European sce- 

nario's base case also included the use of the artillery-delivered RAAM and 

ADAM mines. Since artillery-delivered mines require no engineer effort, the 

RAAM and ADAM requirements have not been listed here. A partial estimate of 

their logistics requirements is included in Annnex G. 

(3) Effort. The numbers of minefield modules in Figure D-22 

were multiplied by the appropriate planning factors from Figure D-21 to deter- 

mine the engineer effort required by the base case. The result is shown in 

Figure D-23\ 

D-24 



MINEFIELD MODULE REQUIREMENTS — BASE CASE 

Type Module 
Brigade 

Avn AR* 

Latin American Scenario 

Conventional 
linear 52 

Conventional 
point 

54 28 

22     22    32    24 

European Scenario 

Conventional 
linear 48     43     34    47 

Conventional 
point 482    366    341    77 

NA 

NA 

76 

378 

*Attached to the division during the European sce- 
nario. 

Figure D-22 

ENGINEER EFFORT REQUIRED FOR MINING — BASE CASE 

Type 
Minefield Effort (Hours) 

Brigade 
1 2 3 Avn AR* 

Latin American Scenario 

Conventional 
linear Man 

5-ton truck 
1,747 1,814 

108 
941 302 NA 

NA 

Conventional 
point Man 

5-ton truck 
194 194 

4 
282 211 NA 

NA 

Total Man 
5-ton truck 

1.941 2,008 
112 

1,223 513 NA 
NA 

European Scenario 

Convent 1jnal 
linear Man 

5-ton truck 
1,906 

96 
1,707 

86 
1,350 

68 
1,866 

94 
3,017 

152 

Conventional 
point Man 

5-ton truck 
4,242 

96 
3,221 

73 
3,001 

68 
678 
15 

3,226 
76 

Total Man 
5-ton truck 

livision 

6,148 
192 

during the 

4,928 
159 

European 

4,351 
136 

scenario. 

2,544 
109 

6,243 
228 

♦Attached to the c 

Figure D-23 

D-25 
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b. New explosive txcursJon. The new explosive excursion for the 

Latin American and European scenarios examines the use of artillery-delivered 

RAAM and ADAM mines, the Air and Ground Volcano systems, and a generic 

improved conventional mine« 

(1) Planning factors. The planning factors for the new explo- 

sive excursion are shown Figure D-24. They are based on the modules shown in 

Figure 0-3 and contain no allowance for marking. 

Type Minefield 

Effort 

Man 

(Hours) 
5-Ton 
Truck 

Elasped Time 
(Hours) 

Linear 
ICOM 
Ground Volcano 

8.0 
1.6 

0.1 
0.4 

0.4 
0.4 

Air Volcano 
RAAM-ADAM 

«Ma 

— 
varies 

0.2 

Point 
MOPMS 
ICOM 

0.8 
2.8 

0.1 
0.2 

0.5 
1.1 

Figure D-24 

(2) Minefield modules. Wherever possible, scatterable mines 

(RAAM-ADAM or the Volcano systems) were substituted for the conventional mines 

of the base case. In many Instances it was still necessary to install hand 

emplaced minefields. This was due to requirements for underwater mining at 

ford sites, security at clandestine TFOBs, and for use with point minefields. 

In such situations, ICOMs were substituted for the conventional mines. 

There is very little difference in the effort required to install the 
improved conventional mines examined in this study. More information on 
improved conventional mines is contained in Annex G. 
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(a) In Che Latin American scenario, the mine systems were 

selected based on the specific conditions surrounding each obstacle. Ground 

Volcano and RAAM-ADAM were used extensively by the 2d Brigade during the 

defensive period. Air Volcano was used to support offensive operations by the 

Ist and 3d Brigades. Hand-emplaced minefields were used Co protect the TFOBs 

of the 1st and 3d Brigades. Overall, minefield emplacement was about 60 per- 

cent Air Volcano, 20 percent Ground Volcano, and 20 percent hand-emplaced 

mines. 

(b) In the European scenario, ESC conducted a terrain sur- 

vey which indicated that the Gtound Volcano system could meet 60 percent of 

the Linear minefield requirements. Because of the substantial air threat, 

internal competition for helicopter assets, and terrain characteristics, it 

was estimated that the Air Volcano could provide 15 percent of the mining 

requirement. The remaining 25 percent was satisfied by hand-emplaced mine- 

fields. Figure D-25 shows minefield module requirements for the new explosive 

excursion. 

(3) Effort. Figure D-26 shows the engineer effort required by 

the new explosive excursion. No values have been shown for RAAM-ADAM or Air 

Volcano since these systems place no demands on engineer resources. The new 

explosive excursion examined two means of installing point minefields — using 

the M.0PMS or using ICOMs. The results are shown In Figure D-26 as variations 

of   the  new  explosive excursion. 

c. Results. Figure D-27 shows the results of the scatterable mine 

excursion for the Latin American and EuropeaA scenarios. Figure D-28 shows 

the same information as a percentage of the total count ermobility effort. 

There are significant manhour savings in both scenarios.     The extensive use of 
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Air Volcano results in ehe very high percentage savings shown in Figure 0-28 

for the Latin American scenario. This is because the Air Volcano system makes 

no demands on engineer resources. The MOPMS variation results in slightly 

higher manhour and truck-hour savings than does the ICOM variation. 

MINEFIELD MODULE REQUIREMENTS — NEW EXPLOSIVE EXCURSION 

Brigade 
Type Module 1 2      3 Avn AR* 

Latin American Scenario 

Linear 
ICOM 18 —     11 — NA 
Air Volcano 4.2 1.5    2.0 1.1 NA 
Ground Volcano — 3.0     — — NA 

Point 
MOPMS or ICOM 22 .22     32 24 NA 

European Scenario 

Linear 
ICOM 12 11      9 12 19.0 
Air Volcano 0.9 0.8    0.6 0.9 1.4 
Ground Volcano 2.9 2.6    2.0 2.8 4.6 

Point 

MOPMS or ICOM 482 366    341 77 378 

♦Attached  to  the division during  the European scenario. 

Figure D-25 
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ENGINEER EFFORT REQUIRED FOR MINING — NEW EXPLOSIVE EXCURSION 

Type 

Effort (Hours) 

Brigade 

Minefield 1 2 3 Avn AR* 

Latin American Scenario 

Linear 
ICON Man 14A — 88 — NA 

5-ton truck — — — — NA 

Ground Volcano Man — 5 — — NA 
5-ton truck 1 — — NA 

Point 
MOPMS Man 18 18 26 19 NA 
variation 5-ton truck — 2 — — NA 

ICOM Man 62 62 90 67 NA 
variation 5-ton truck — 4 — — NA 

Total 
MOPMS Man 162 23 114 19 NA 
variation 5-ton truck — 3 — — NA 

ICOM Man 206 67 178 67 NA. 
variation 5-ton truck — 5 ~ ~ NA 

.European Scenario . 

Linear 
ICOM Man 96 88 72 96 152. 

5-ton truck 1 I I I 2           1 
Ground Volcano Man 6 4 3 4 7           1 

5-ton truck 1 1 1 1 1           j 

Point 
MOPMS Man 386 293 273 62 302 
variation 5-ton truck 48 37 34 8 38          ' 

ICOM Man 1,350 1,025 955 216 1,058          l 
variation 5-ton truck 96 73 68 15 77 

Total 
MOPMS Man 488 385 348 162 461            l 
variation 5-ton truck 50 39 36 10 42           | 

ICOM Man 1,452 1,117 1,030 316 1,217          | 
variation 5-ton truck 98 

during the 

75      70 

European scenario. 

17 81          ^ 
1 

1 ♦Attached to the division 

Figure D- -26 
1 
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SAVINGS IN ENGINEER EFFORT DUE TO THE EMPLOYMENT OF SCATTERABLE MINES 

Type 

Effort (Hours) 

Brigade 

Minefield 1 2 3 Avn AR* 

Scenario 

MOPMS Man 1,779 1,985 1,109 494 NA 
variation 5-ton truck — 109 —— — NA 

ICOM Man 1,735 1,941 1,045 446 NA 
variation 5-ton truck — 107 — — NA 

European Scenario 

MOPMS Man 5,660 4,543 4,003 2,382 5,782 

variation 5-ton truck 142 120 100 99 186 

ICOM Man 4,696 3,811 3,321 2,228 5,026 
variation 5-ton truck 94 

during the 

84 

European 

66 

scenario. 

92 147 

♦Attached to the division 

Figure D -27 
• 

SCENARIO SAVINGS IN COÜNTERMOBILITY EFFORT 
DUE TO THE EMPLOYMENT OF SCATTERABLE MINES 

(Percentage) 

Scenario 
Latin 

Type Minefield Effort (Hours) America Eurooe 

MOPMS Man 75 47 
variation 5-ton truck 84 65 

ICOM Man 72 40 
variation 5-ton truck 83 49 

Figure D-28 

Observations. 

a. When the LID is employed in suitable terrain, the nature of coun- 

teraobllity work changes considerably from that generally associated with 

heavier forces. LID operations favor terrain with very low CCM, extensive 

cover, and the forested concealment typical of the difficult terrain of both 
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the Latin American and European scenarios. This difficult terrain, combined 

with the low mobility of the LID and the substantial threat capabilities in 

Europe, have led to the LID's assignment to an AO in the European scenario 

that la less than half the size of the AO assigned to a mechanized force. 

Obstacle density is also reduced for LID operations in Europe, as low CCM 

areas of less than 30 percent require that only 1.33 obstacles be emplaced per 

square kilometer. Mechanized forces in Europe normally operate in AOs with 60 

percent CCM that need 1.67 obstacles per square kilometer — 25 percent more 

than a LID force's AO.2 

(1) The LID's smaller AO and lower obstacle density reduce the 

total LID obstacle level which in turn lowers the obstacle-related engineer 

effort. The level of engineer effort required under a given scenario can also 

be affected by changing the obstacle mix in a scenario. 

(2) The effect of linear targets can be changed in two ways: 

linear targets can be made less numerous and smaller in size, or the ratio of 

point-to-linear targets — the target mix — can b«? increased. The potential 

impact of mix changes on engineer requirements lends new significance to the 

value of point targets and tends to reduce the importance of linear targets. 

Linear -targets consume about 2.5 times more engineer resources than point tar- 

gets; therefore, the obstacle mix in the study's two scenarios can also reduce 

engineer effort. The total combined effect of all terrain factors in these 

scenarios reduces the engineer countermobility effort by 65 percent or more 

from the effort required by a similar, division-sized heavy force operating in 

less rigorous terrain. 

This  25-percent   difference would  have  been  even more  pronounced   if   the 
obstacle density for the LID had not been doubled for the European portion of 
this   analysis,   as   explained   in  paragraph  f>*(2). 
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b. Minefield emplacement. Mining accounts for about 80 and SO per- 

cent of the total countermoblllty manhours In the Latin American and European 

scenarios, respectively. This Includes the effort devoted to Installing 

linear minefields and the effort dedicated to reinforcing other obstacles with 

mines. Thus, improvements In mining can significantly affect the total 

countermoblllty manhour requirement. When taken In the aggregate, the Inte- 

grated use of scatterable and Improved conventional mines reduce the counter- 

mobility manhour requirement by 70 percent for the Latin American scenario, 

and by 40 percent for the European scenarios, as shown in Figure D-28. 

(1) RAAM-ADAM. Artillery-delivered mines did not have much 

effect on the countermobllity requirements in the Latin American scenario. 

This was due to a combination of terrain, the threat, and the tactics used by 

the LID. RAAM-ADAM support was unavailable to those brigades operating well 

forward in- clandestine TFOBs. The LID lacks the transportation needed to 

move the 155-mm howitzer to such bases, and it may not be operationally sound 

to tie them to such an immobile weapon in this situation. In the European 

scenario, the RAAM-ADAM mines make a major contribution to countermobllity. 

Even though RAAM-ADAM contributions were not tracked separately, ESC believes 

that in LID operations, especially defensive ones, artillery-delivered mines 

will supplement and compliment the primary engineer countermobllity effort. 

But because they are not likely to substitute for engineer emplaced obstacles, 

their integration into the study scenarios did not significantly reduce engi- 

neer requirements. Artillery-delivered mines are well suited for such mis- 

sions as attacklhg targets of opportunity, reinforcing obstacles, and covering 

gaps and lanes in the obstacle system. They may be effectively employed in 

the covering force area (CFA) to channelize and disrupt the enemy, thus saving 



scarce and vulnerable engineer forces for work in Che main battle area (MBA). 

As such, artillery-delivered mines represent an economy of force only If they 

are emplaced after the enemy is committed to an anvenue of approach. 

(2) Air Volcano. The Air Volcano is a very important system in 

the Latin American scenario. It was substituted for about 60 percent of all 

hand-emplaced minefields. It was especially useful to the brigades operating 

in the clandestine TFOBs because of the low air defense artillery (ADA) 

threat. In Europe, Air Volcano was used to satisfy only 15 percent of all 

minefield requirements, since its use was restricted by the high ADA threat. 

In both scenarios, three Air Volcano systems were sufficient to meet the LID's 

needs. The Air Volcano is especially attractive because it is responsive and 

makes no demands on engineer resources. It can quickly emplace minefields 

against new threats or reinforce friendly forces as needed. Once the enemy is 

committed to an avenue of approach. Air Volcano can rapidly emplace minefields 

a terrain feature or two in front of the enemy* s lead elements. It can also 

move above the difficult terrain favored by the LID to provide mining support 

with a timeliness not possible with ground-based systems. Thus, in spite of 

any ADA threat.  Air Volcano should remain an important LID system. 

(3) Ground Volcano. The Ground Volcano was used for 20 percent 

of the Latin American scenario's minefield requirements. Its use was 

restricted by two factors. First, as presently configured on a 5-ton trick, 

the system is not air transportable to the TFOBs, and it may be operationally 

unsound to use them there. Second, Ground Volcano can cause off-road mobility 

problems for a 5-ton truck during the rainy season. Ground Volcano was used 

extensively in the European scenario, where it accounted for 60 percent of all 

emplaced   linear   minefields.      In  the  LID   brigade  AOs,   the  anticipated   small 
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size of minefields and their difficult sites (steep, forested or rocky slopes) 

may tend to restrict the use of the Ground Volcano. A smaller version of the 

Ground Volcano may be required to meet the transportability and operational 

requirements of the LID. The armored brigade's AO provided excellent oppor- 

tunities to use the Ground Volcano system. 

(4) Hand-emplaced minefields were widely used in both scenarios 

for a number of reasons. Some sites were not supportable by scatterable mine 

systems because of their remoteness. In other cases, the tactical situation 

and the desire to maintain security and retain surprise favored hand emplace- 

ment. In the Latin American scenario excursions, the inability to transport 

the Ground Volcano, and the extended distances between AOs and the limited 

availability of 155-nim howitzers greatly restricted the use of Ground Volcano 

and ADAM-RAAM mine systems. Finally, minefields associated with point targets 

were hand emplaced. Hand-emplaced minefields accounted for 20 percent and 25 

percent of all minefields in Latin American and the European scenarios, 

respectively. The use of improved conventional mines offered Important pay- 

offs in faster emplacement rates and a requirement for fewer mines because of 

the full-width attack capability of  these mines. 

(5) MOPMS can also lead to significant savings in the countermo- 

blllty manhour requirement. It is especially suitable for the minefields 

associated with point targets, or for closing gaps and lanes in linear obsta- 

cles. For a conventional road crater, mining accounts for 45 percent of the 

required manhours. MOPMS can reduce this to less then 10 percent and shorten 

the total time required to emplace the road crater. The use of MOPMS saves a 

minimum of 10 percent of the countermobility manhour requirements in both 

scenarios. 
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(6)    Figure   D-29    summarizes   the    application,    by   scenario,    of 

scatcerable and improved conventional mining. 

SCENARIO APPLICATION OF SCATTERABLE AND ICOM MINES 

Scenario 
Latin 

System America Europe 

RAAM-ADAM Low Moderate3 

Air Volcano High Low 

Ground Volcano Moderate High 

M0PMSc Moderate Moderate 

ICOM Moderate Moderate0 

Not  specifically    tracked     in the European 
scenario. 

Smaller prime mover may enhance use by the 
LID. 

cBest suited for use with point targets and 
lane closing. 

Changes    to high If    used as a replacement 
for MOPMS. 

Figure D-29 

c. Antitank ditches. Due to the combination of time, terrain, 

threat, and site, antitank ditches were not employed in the Latin American 

scenario. In Europe, antitank ditches were primarily used in the armored 

brigade's AC, where the terrain was more favorable to mechanized operations. 

Antitank ditches were not used to any significant degree in the LID brigade 

AOS. In this analysis, antitank ditches were emplaced by excavation. 

Although not captured by this analysis, ESC believes that antitank ditches 

will remain important to the LID at the tactical level. These ditches are 

likely   to   be  short   in  nature   (<200  meter)   and   explosively   emplaced   so   that 
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tactical security and surprise are retained. They may well be employed In 

tank ambush operations where the goal is to deny the enemy high-speed movement 

through close terrain. This forces the enemy to dismount and fight a slow- 

paced infantry battle, thus disrupting his plans and slowing the tempo of his 

attack. 

d.  Point targets. 

(1) Road craters make up to 65 percent of the total obstacle 

load in the European scenario. Thus, improvements in road crater emplacement 

times could lead to substantial savings in countermobility manhour require- 

ments. Figure D-30 shows some alternative methods for emplacing road craters. 

Only the first two are currently recognized procedures. The M-180 offers 

important manhour savings of 15 percent in the countermobility requirements in 

Europe, but has very high logistics requirements (see Annex G). Methods 4 and 

5 are suggestions by the US Army Waterways Experiment Station (WES) and ESC. 

(2) ESC believes that much work needs to be done to develop 

efficient road crater geometry based on the capabilities of the SEE and the 

unique properties of liquid explosives. For example, a boom-mounted compactor 

plate on the SEE might be used to drive a small diameter steel pipe and man- 

drel. The mandrel could be withdrawn and liquid explosives poured into the 

pipe. Such a road crater could be emplaced by a crew with fewer members than 

a squad. Research could determine the best number, spacing, and depth for the 

boreholes and the quantity of liquid explosive to be used. Until such infor- 

mation for various alternatives is known, it will be impossible to confidently 

estimate the manhour savings offered by the SEE and liquid explosives. 
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COMPARISION OF ROAD CRATERING ALTERNATIVES 

Method* Surface 
Effort (Hours) 

Elapsed 
Time 

Man Truck SEE (Hours) 

1. Conventional Paved or 
Unpaved 1.4 0.2 — 1.4 

2. M-180 Paved or 
Unpaved 0.4 0.2 ~ 0.8 

3. SEE w/auger & 
Standard A explosive 

Paved 
Unpaved 

0.8 
0.5 

0.2 
0.2 

1.5 
1.0 

1.8 
1.3 

4. SEE w/auger & 
liquid explosive 

Paved 
Unpaved 

0.8 
0.5 

0.2 
0.2 

2.0 
1.5 

2.5 
2.0 

5. 15-lb shaped charge 
and liquid explosive 

Paved or 
Unpaved 

road crater. 

0.9    0.2 

per Countermoblllty, 

1.5 

*Method 1 Is a hasty Army Field 
Manual (FM) 5-102 (Department of the Army, Headqarters, March 1985). 
Method 3 Is also a hasty road crater; the SEE removes pavement as 
necessary, then augers five boreholes. Method 4 used three boreholes; 
each are 10-ft deep and are loaded with 85 lb of XM 268. Method 5 
uses 50 pounds of nltromethane per each of five boreholes. 

Figure D-30 
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1. Purpose. This annex discusses the assumptions and limitations of 

the methodology used to evaluate survlvablllty tasks for the LID under Latin 

American and European scenarios, and lists the division's survlvablllty 

requirements  for each scenario. 

2. Scope» Survlvablllty tasks provide protective positions for critical 

weapons    md    support   svstems   within   the   division   arei,   Including   protective 
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positions for all fiald artillery (FA) and air defense artillery (ADA) 

units. Protective construction requirements for the main division command 

post (CP) and division support command (DISCOM) activities located to the rear 

of the brigade rear boundaries are considered general engineering tasks; their 

requirements are calculated separately in Annex F. 

a. Figure E-l groups the major survlvablllty tasks into four Incre- 

ments. The highest priority tasks are listed under Increment S-l and the 

lowest under Increment S-4. 

SURVIVABILITY TASKS BY INCREMENT 

Increment Description 

S-l 

S-2 

S-3 

S-4 

Protect primary positions for TOW, tank, APC, crew-served 
weapons, FAAR, and DTOC; clear FA fire bases. 

Protect primary positions for FA FDCs, Vulcan, and alternate 
TOW, tank, and APC weapon positions. 

Protect primary positions for FA howitzers, battalion CPs, 
ESA, 81-iam and 107-mm mortars, and FARP; protect secondary 
TOW, tank, and APC weapon positions. 

Protect primary positions for FA ammunition and BSA 
generator noise suppression slot/berms. 

Figure E-l 

b. Figure E-2 ranks each survlvablllty task by Increment group. The 

left column indicates which systems are to be protected, and the right four 

columns indicate the priority of those tasks during the battle. The impor- 

tance of each task and its placement into a specific increment group was 

decided by the SAG. * 

3. Methodology.  The method for generating survlvablllty requirements 

for the Latin American and European scenarios is outlined in Figure E-3.  Of 



SURVIVABILITY TASKS AND INCREMENT GROUPS 

1 

I 

(Weapon/Equipment to Be Dug In) 
Increment Groups* z 

Tasks S-l S-2 S-3 
s                  1 

1.    Dlr«ct-flre weapons n 
a. TOW p** A** s** i 
b. TOW — EAD P A S i 

■ 
c. Crew-served weapon P i 
d. Tank*** P A S 5 JL 

e. APC*** P A S 
f. •2-man perimeter foxhole P fl 

2.    Air defense weapons 1 
a. Vulcan P 

H 

b. PAAR P 1 
i 

3.    Indirect-fire weapons 1 
a. PA — division 

(1) Clear fire base 
(2) PDC 
(3) 105/155-mm towed howitzer 
(4) Howitzer personnel shelter 
(5) Ammunition carrier 

P 
P 

P 
P 

1 
b. Field artillery — EAD 

(1) Clear fire base 
(2) PDC 
(3) 155/203-mm self-propelled 

howitzer 
(4) Howitzer personnel shelter 
(5) Ammunition csrrier 

P 
P 

P 
P 

c. I07-mo mortar P M 

d. 81-mm mortar*** P 
i 

4.    Command and support centers 1 
a. DTOC P m 
b. Battalion CPs P 1 
c. Battalion helipads P 1 
d. BSA 

(1) Helicopter revetments 
(2) ATP hardstend 

P 
P i 

(3)    Medical bunker " P 1 
(4)    BSA generators p                     m 

5.    Forward logistics protection 
a. FARP 
b. Brigade petroleum, oil, and 

lubricant (POL) berms 

P 

P 

*Positlon may not be dug in if occupancy is less than 12 hours. 
**P ■ primary position; A ■ alternate position; S ■ supplementary position. 
***Used only for the attached armored brigade in the European scenario. 

Figure E-2 

E-3 



l:WiiUii IMIMUMB wmmmmmmwvwvwmmvmm «J w*i m'vm^m^n wit wu mmwm i iir-rwmmm wi ww^i a— rw» 

the five factors Included In this methodology, only the second factor (number 

of protectable items per unit TOE) was a constant across both scenarios. The 

third factor (cover availability) was a constant for all AOs in Latin America. 

A different cover availability constant was comp» "ed for the European scenario 

because of the different types of forests and built-up areas found in Europe, 

■ and the deep narrow valleys and irregularities in high hills and mountains, 

etc., that are typical of European terrain. The percentage of unit strength 

and position construction frequency are variable from one period to another 

within each scenario. However, equipment- ?nd squad-hour factors were fairly 

stable in the scenarios. 

SURVIVABIUTY REQUIREMENTS METHODOLOGY 

SCENARIO UNIT TOE TERRAIN 
ANALYSIS 

% UNIT 
STRENGTH 

NUMBER OF 
PROTECTABLE 

ITEMS 

WORKHOUR 
ESTIMATES 

> 

COVER 
AVAILABILITY 

FACTOR 

POSITION 
CONSTRUCTION 

FREQUENCY 

EQUIPMENT-HOURS 
AND MANHOUR 

FACTORS 

SURVIVABIUTY 
REQUIREMENTS 

Figure E-3 

a. The initial number of items to be protected are as listed in the 

unit TOEs. As each scenario proceeded, the number of items to be protected 

was reduced bv an attrition rate derived from the scenario results.  A terrain 
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analysis conducted by ESC determined the percentage of natural cover available 

In each brigade area and the DRA for both scenarios» 

b. The number of survlvablllty positions to be dug and the frequency 

of moves to supplementary or alternate positions were determined from Inter- 

views with 7th ID(L) personnel, unit concepts of operation, Army field manu- 

als, and other standard sources. Standard engineer workhour estimates were 

then applied to the equation to obtain the overall survlvablllty requirements. 

The estimates for each scenario were finally summed Into the four Increments, 

as displayed In Figures E-l and E-2, for each area of the division (brigade 

and DRA) and for each scenario time period. 

c. The remainder of this annex Is a detailed discussion of each step 

In ESC's survlvablllty methodology. 

4. Generating Survlvablllty Requirements. Figure E-4, derived from the 

methodology diagram shown In Figure E-3, was used to generate engineer survlv- 

ablllty requirements under both study scenarios. 

SURVIVABILITY REQUIREMENTS ALGORITHM 

Engineer Requirements    (Equipment-Hours/Manhours) ■ 

Items to Be X Unit                    Z Without                     Number Hours Per 
Protected X         Strength      X     Natural Cover      X      of Moves      X Item 

Figure E-4 

a. Items to be protected. ESC and the SAG jointly determined which 

Items to protect. Their decision, reflected In Figure E-2, Is based on the 

TOE for the LID and EAD for both the Latin American and European scenarios, as 

well as on the concept of operations for the LID. These data are constant 

throughout  the  battle and do not vary from one  scenario to another.     EAD units 
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were used sparingly In Latin America, but In Europe the armored brigade was 

added to the LID along with a TOW and two artillery battalions. 

b. Percentage of unit strength. The scenarios drive the percentage 

of unit strength In each period of the battle. These data are derived from 

scenario wargamlng results and are factored Into the equation to give the 

total number of weapon and equipment systems requiring protection for a given 

period of the battle. As the battle progresses and units-are attrlted, fewer 

Items are required to be dug In. The attrition rates for the different weapon 

systems were also derived from the scenario results. 

c. Percentage without natural cover. Not all weapon systems and 

equipment require the same degree of protection on the battlefield. The 

opportunity that various units will have to use available natural cover Is a 

function of the terrain available In a specific scenario. A t. *aln analysis 

was conducted by ESC for both, the Latin American and European battle areas. 

Figure E-5 shows the set of algorithms and factors used by ESC In estimating 

the relative nonavailability of natural cover for specific weapon %nd equip- 

ment systems. These factors were developed by ESC and are based on the 

natural cover availability overlays for flat-trajectory fire weapon systems. 

In Latin America, the available cover ranged from 15 to 70 percent; In Europe, 

It ranged from 22 to 78 percent. The percentage of positions without cover 

under the Latin American scenario (Variable Cl) was not adjusted, since the 

minimal air threat allowed all systems to use cover equally. For Europe, the 

percentage of positions without natural cover (Variables C2 through Cll> was 

applied differently within the survlvablllty requirements algorithm (Figure 

E-4). 

(1) Systems which were dug in 100 percent of the time were the 

FAAR (Variable C2), all TOWs (Variable C4), crew-served weapons in the LID 

E-6 



POSITIONS WITHOUT NATURAL COVER 

(Percentage) 

Equipment/weapon aystem 
Algorithm Used for 

Specific Terrain Area* 

I. Latin America 
All systems 

II. Europe 

FAAR 
Vulcan 

Direct-fire weapons: 

All TOWs 
Crew-served • 
LID defense 
LID delay 
Armored brigade 

FA: 

100 - (A x 1.0** - Bl) - Cl 

100 - (A x 0.0** - B2) - C2 
100 - (A x 0.5** - B3) - C3 

100 - (A x 0.0** - B4) « C4 

LID 155-mm towed howitzers 
lSS-mm/203-mm self-propelled howitzers 

Mortars 

Command and support centers 

100 
100 
100 

100 
100 

100 

100 

(A x 0.0** 
(A x 1.0** 
(A x 1.0** 

B5) 
B6) 
B7) 

C5 
C6 
C7 

(A x 0.0** - B8) - C8 
(A x 1.5** - B9) - C9 

(A x 2.0** - BIO) - CIO 

(A x 2.0** - BID - CU 

*The variables used In these algorithms are defined as follows: 

Variable A: percentage of natural cover available for flat-trajectory fire 
weapon vehicles. 

**: this factor is used to account for the different percentages of 
cover usually available for weapon or equipment systems that are 
not flat-trajectory systems. 

Variable B:    adjusted percentage of natural cover availability. 

Variable C: percentage of positions without natural cover (i.e., the per- 
centage of positions to be dug in). Variables C2, C4, CS, and C8 
will always be 100 percent for FAAR, TOW, and crew-served weapons 
in the LID defense, and for LID 155-inm towed howitzers. 

Figure E-5 
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defensive role (Variable C5), and LID I55-om towed howitzers ("ariable C8). 

Because the FAAR services rotary-wing aircraft, it cannot use natural cover 

and must be dug in. All TOWs and towed FA were dug in to provide maximum 

protection in the European threat environment; therefore, the cover factor 

used was 0.0, which resulted in a 100-percent emplacement  requirement. 

(2) The Vulcan air defense system (Variable C3) was assumed to 

be able to find and use half of the available protective cover in the sce- 

narios AO;  its cover factor is 0.5. 

(3) A cover factor of 1.0 was used for crew-served, direct-fire 

weapons in the delay role (Variable C6) and for direct-fire weapons in the 

armored brigade (Variable C7). This means that the cover is directly related 

to the percentage of weapon systems dug in. If the natural protective cover 

was 100 percent, none were dug in. At the other extreme, if the natural pro- 

tective cover was 0 percent,  then all systems were dug in. 

(4) The 155- and 203-inm self-propelled howitzers (Variable C9) 

were assumed to have a cover factor of 1.5, based on their opportunity to find 

natural cover protection. This is because of their greater mobility, distance 

from the FEBA, and their greater ability to locate firing batterte" behind 

masking terrain. Self-propelled howitzers were only used in the European sce- 

nario. In the Latin American scenario, the cover factor of the towed 105-mm 

howitzer was  1.0  because of   the minimal  air  threat. 

(5) Mortars (Variable C10) and command and support centers 

(Variable Cll) were assumed to have a cover factor of 2.0 based on their 

opportunity for finding natural cover protection. This factor was based on 

the smaller area required to conceal and relocate mortars and the additional 

time available to site command and support centers. There is also more 

freedom of  choice  In   locating a command  and  support  center. 

E-8 
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d. Number of moves. The frequency of moves required for each bri- 

gade during different periods of battle was derived from the combination of 

terrain and threat conditions depicted In the scenarios. This frequency was 

used to determine the approximate locations of a weapon throughout the scenar- 

ios, to Identify which equipment systems needed protection, and determine the 

relocation criteria of weapon or equipment systems. 

(1) The movement criteria for the BSAs (Including POL sites, 

ammunition transfer points [ATPs], etc.), FAARs, and Vulcans were the same for 

bcth scenarios. BSAs were established for each brigade AO and were reestab- 

lished when the brigade moved significantly, either forward (when the offense 

was successful) or to the rear (when the enemy was stronger). The FAAR and 

the Vulcans, on the other hand, were moved every 12 hours. 

(2) In Latin America, movement stopped once a TFOB was estab- 

lished. Figure E-6 depicts a typical battalion CP used for a TFOB In the 

Latin American scenario. The systems shown In this schematic — a battalion 

tactical operations center (TOC), an artillery FDC, a helipad, an ammunition 

bunker, howitzers, and two-man perimeter foxholes — were not relocated until 

the TFOB was abandoned for a new TFOB. 

(3) In Europe, most systems moved when the maneuver force 

relocated to a new position of a phase line advance or retreat. These phase 

lines occur, on the average, every 3 kilometers for the LID brigades and every 

6 kilometers for the armored brigade. The systems that move when a phase line 

relocates are the crew-served weapon positions, TOWs, mortars, battalion CPs, 

tanks, and APCs. FAARs and all FA howitzers move every 24 hours, depending on 

the enemy's radar tracking capability. 

e. Hours per item.  Figures E-7 and E-8 show the data ESC used to 

determine, in manhours and equipment-hours, how Ions,  it would take to protecC 
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ENGINEER PLANNING FACTORS FOR SURVIVABILITY — LATIN AMERICA 

Tasks 

Equipment Hours 
Tech- Man ACE/ " JD410/ 
nlque*  hours Dozer SEE 

Refer- 
Loader  ence 

Construct berm for PAAR 
(13.1 x 10.8 x 2.7 m) 
(453.2 loose cubic 
yards [LCY])** 

Construct berm for Vul- 
can (radius -7m; 
height - 0.75 m) 
(56.7 LCY) 

Construct berm for 105- 

0.08 

0.08 

mm towed howitzer (radi- A 0.08 
us - 7 m; height - 0.75 B 0.08 
m) (56.7 LCT) 

Construct berm for 155- 
mm towed howitzer (radi- A 0.08 
us - 9 m; height - 0.75 B 0.08 
m) (92.0 LCT) 

1.28 

0.29 

0.29 

0.42 

1.04 

—    1.68 

1.36 

0.20 

0.20 

0.32 

Construct hole/berm for 
81-mm/107-mm mortars 
(radius 2.4 m; diameter 
- 0.9 m) (5.6 bank cubic 
yards [BCY]) 

Construct berm for POL 
storage, (240.0 LCY) 
(11.5 x 11.5 x 1.8 m) 

Construct BSA helicopter 
revetment (11.3 x 7.6 x 
1.9 m) (185.0 LCY) 

A 
B 

A 
B 

0.08 

0.80 
1.00 

0.08 
0.08 

—    0.30 

4.00 
—    5.40 

2.50 
4.60 

Figure E-7 (Continued on Next Page) 
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ENGINEER PLANNING FACTORS FOR SURVIVABILITY — LATIN AMERICA (Continued) 

Tasks 
Tech- 
nlque* 

Man 
hours 

Equipment Hours 
ACE/ JD410/ 
Dozer SEE 

Refer- 
Loader      ence 

Construct slot trench 
(10.5 x 3 x 1.5 m)  (72.1 
BCT);  medical and battal- 
ion  CP bunkers, FDC,  and 
howitzer personnel shelters 

Construct trench for BSA 
generators (2.1 x 0.6 x 
1m)  (1.6 BCT) 

A 
B 

0.08 
0.10 

0.28 
1.50 

0.10 

0.42 

—     b 

Construct trench for DTOC 
(13 x 6.1 x 1.2 m) (124.5 
BCY) 

A    0.08    0.35     —     0.55    b 
B    0.08      —    2.57        —    — 

Construct trench for crew- 
served position/2-man peri- 

meter foxhole (2.2 x 0.6 x 
1.5 m) (2.6 BCY) 

Clear area for battalion 
helipad (46 x 46 m); level 
pad (15 x 15 ra) 

Clear, level, and drain 
area for ATP hardstand 
(15 x 15 m) 

0.13 

A 1.26 0.26 — 
B 2.33 — 1.92 

A 0.33 0.67 _ 

B 0.33 — 2.00 

aWorkload Estimate for Combat Engineers in the Desert (US Army Engineer 
Studies Center [ESC], July 1986), Estimate was modified by 10%; SEE estimates 
based on data provided to ESC by the Mercedes-Benz UNIMOG representative. 

bCombat Developments Engineer Family of Systems Study (E-FOSS) (US Army 
Engineer School [USAES] February 1979), SEE estimate based on data provided to 
ESC by the Mercedes-Benz UNIMOG representative. 

*A - ACE available; B - ACE not available or SEE more efficient than ACE. 
**LCT - 1.3 bank cubic yards (BCY). 

Figure E-7 
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ENGINEER PLANNING FACTORS  FOR SURVIVABILITY EUROPE 

Tasks 
Man- ACE 
hours Dozer 

JD410/ Refer- 
SEE Loader ence 

Construct barm for FAAR 
(13.1 x 10.8 x 2.7 a) 
(453.2 LCY) 

Construct beim for towed 
Vulcan (radius 7 m; 
height - 0.75 m)  (56.7 
LCY) 

Dig in self-propelled 
Vulcan 

Construct bero for 
105-mm towed howit- 
zer (roads - 7 m; 
height - 0.75 m) 
(56.7 LCY) 

Construct berm for 
I55-mm towed howit- 
zer (radius 9 m; 
height - 1 m) 
(92.0 LCY) 

Construct berm for 
155-om/203-ino self- 
propelled howitzer 

Construct hole/bera 
for 8l-mm/107-nm mor- 
tars  (radius 2.4 m; 
diameter * 0.9 m) 
(5.6 BOY) 

0.08 

0.08 

0.08 

0.08 

0.08 

0.90 

0.28 

0.45 

0.29 

0.42 

0.82 

0.90 

0.20 

0.20 

0.32 

0.82 

0.55 

Construct FAAR berm 
for POL storage (11.5 
x 11.5 x 1.8 m) (240 
LCY) 

Construct helicopter 
revetment (11.5 x 7.6 
x 1.9 m) (185 LCY) 

Construct slot trench 
(10.5 x 3 x 1.5 m) 
(72.1 BCY); medical 
and battalion CP bunkers, 
FDC, and howitzer person- 
nel shelters 

0.80 

0.08 

0.08 

4.00 

.2.50 

0.28 0.42 

Figure E-8  (Continued on Next Page) 
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ENGINEER PLANNING FACTORS FOR SURVIVABILITY — EUROPE (Continued) 

Tasks 
Man- 
hours 

ACE 
Dozer 

JD410/ 
SEE Loader 

Refer- 
ence 

Construct  trench for BSA 
generators (2.1 x 0.6 x 
1  m)   (1.6  BCY) 

Construct trench for DTOC 
(13 x 6.1 x 1.2 m) (124.5 
BOO 

Construct trench for crew- 
served weapon (2.2 x 0.6 x 
1.5 m)   (2.6  BCY) 

Clear,  level, and drain 
area for ATP hardstand 
(15 x 15 m) 

Construct  berm for dis- 
mounted TOW (1.5 x 1.7 x 
0.6 a)  (2.04 BCY) 

Dig in carriers:  tank, 
APC,  TOW,   CP, mortar 

Dig In artillery 
ammunition carrier 

0.10 

0.08 0.35 0.55 

0.17 

0.33 0.67 

0.15 

0.45 

0.16 0.16 

Analysis  of V  Corps  Combat  Engineer Wartime Requirements  (ESC,  December 

Workload Estimates for Combat Engineers in the Desert (ESC, July 1986). 
SEE estimate based on data provided to ESC by Che Mercedes-Benz UNIMOG repre- 
sentative. 

"^Workload  Estimates   for   Combat   Engineers   in  the  Desert.   Annex  E,   "Euro- 
pean Workload Factors"  (ESC, July 1986).    """"""^ 

Combat Developments Engineer Family of Systems Study (E-FOSS) (USAES, 
February 1979). SEE estimates based on data provided to ESC by the Mercedes- 
Benz UNIMOG representative. 

Figure E-8 
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each weapon or equipment system used during the study scenarios. These data 

are based on the results of ESC's field questionnaire and Interviews, previous 

research, published and draft ESC reports, projected estimates, and standard 

engineer references. 

(1) These data will vary depending on the tactical situation and 

an analysis of the local terrain. However, terrain and soil types were con- 

sidered In the  selection of the data listed In Figures E-7 and E-8. 

(2) The figures also list two equipment systems for digging in a 

position — the SEE and the ACE. In Latin America, the SEE may be driven over 

a road system or could be deployed by helicopter Into an AO lacking an ade- 

quate road network, but the ACE Is too heavy to airlift to remote areas by 

helicopter. Therefore, the Latin American scenario sometimes required that 

the SEE be used Instead of the ACE, as Indicated by entry B In the second 

column of Figure E-7, 

(3) Figure E-9 shows survlvabllity tasks In a typical TFOB under 

the Latin American scenario; a TFOB could also Include the BSA or a separate 

artillery fire base. Note that only once was a fire base constructed without 

the aid of a SEE; on two occasions, a fire base needed a small helicopter 

landing pad cleared by hand-held gas chalnsaws In order to airland a SEE. In 

most cases, both the SEE chalnsaws and hand auger attachments were heavily 

utilized. The hand auger was used to dig small holes for the explosive- 

assisted excavation of the two-man perimeter foxhole positions. 

f. Figure E-10 Is an example of a calculation using the survlvabll- 

ity algorithm shown in Figure E-4. The example Illustrates the requirements 

in the 1st Brigade area during time period 3 of the European scenario: 18 

howitzers   In   the     unit  TOE,   minus   4-percent   attrition   (i.e.,   96   percent   of 

m 

M M 
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8URVIVABILITY TASKS IN THE TPOB 

Survlvablllty In the 
TFOB 

Inaccessible by 
Medium/Heavy Lift 

Helicopter 

Accessible by 
Medium/Heavy Lift 

Helicopter 
and/or Road 

Insufficient 
Road Net 

Sufficient 
Road Net 

Fire Base 
Is Cleared 

Explosives 

Fire Base 
to Be Cleared 

Fire Base 
Is Cleared 

Gas Chalnsaw 
Explosives 

SEE 
Explosives 

Total Number of TFOBs 
by Period 

TOTALS   I 

2 

11 

Fire Base 
to Be Cleared 

Gas Chalnsaw 
SEE 

Explosives 

0 
1 
0 
1 

Period 
I 
2 
3 
4 

Number of TFOBs Per Period & Brigade AO 

Brigade AO 
1 2 3 

Period: 
1 
2 
3 

.   4 

2 

3 

Figure E-9 
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unit   strength).    In   an   open   area,    during   one   move,   using   a   0.08   manhour 

factor.    Thus,   the total requirement Is  1.38 manhours. 

SURVIVABILITY REQUIREMENTS ALGORITHM EXAMPLE 

Engineer Requirements    (Equlpment-Hours/Manhours) - 

Man- 
7, Unit Z Without   . Number hours per 
Strength     x     Natural Cover      x      of Moves      x Item 

Howitzers 
to Be 

Protected 

18 96 100 x    0.08 1.38 

Figure E-10 

5. Results. There are no survlvablllty requirements for certain scenar- 

ios, as shown In Figure E-ll. In the Latin America scenario EAD, FA and TOW 

forces were not on the force list because of the character of the threat 

environment and the LID's organization and operation (0&0) concept» In addi- 

tion, ESC's Interviews with the staff of the 7th ID(L) Indicated that the fol- 

lowing systems would not be dug In under a Latin American scenario: 107-mm 

mortars, the TOW, and crew-served weapons. Under the European scenario, the 

81-mm mortars were organic only to the armored brigade, which was only used In 

Europe. The requirement for the battalion two-man perimeter foxholes in 

Europe was eliminated based on the LID's O&O concept and the threat; however, 

this loss is offset by the use of company crew-served weapons. No engineer 

requirement was calculated for the support of helicopter revetments and 

battalion helipads under a European scenario, because ESC's analysis of the 

European terrain Indicated there were many adequate landing areas, and because 

^S Army Operational Concept;    The Light Infantry Division,  (US Army Com- 
bined Arms  Combat  Developments Activity  [CACDA],   15 March 1984). 

E-17 
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UNREQUIRED SURVIVABILITY TASKS 

H         Systems 
Reason 

o&o Inter- 
R       Not Protected Increment Concept view*   Terrain Threat 

K       Latin American Scenario • 

1        FA — BAD S3 X ._      — X 
I       107-mm mortars S3 ~ X X 
f|       81-mm mortars — BAD S3 X — X 

K       T0W Sl-3 — X — 

KM                 Crew-served weapons S3 X X       X X 
M                 203-mm self-propelled S3 X — X 
Ü        howitzers — BAD 

M                 European Scenario , 

M                 2-man perimeter foxholes S3 X —      — X 
m                  203-mm self-propelled S3 X X — 

■         howitzers — BAD 
W                  BSA helicopter revetments S3 — X — 

^'       Battalion helipads S3 — X — 

IK       Brigade POL berms S3 
~ 

X 
"■ 

♦Interviews conducted by BSC with members of the 7th ID(L) at Fort Ord, 
California, 7-11 October 1985, 

Figure E-U 
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the LID* • O&O concept Is to relocate rather than dig In. The engineer 

requirement for supporting brigade POL was also eliminated in Europe because 

of the abundance of natural available cover and the time which should be 

available to the brigade to find and use that cover. 

a. Figures E-12 through E-15 summarize the engineer effort in each 

survlvablllty Increment of each scenario, and in unit areas and periods of 

battle. These data were derived from Figure 4, the survlvablllty requirements 

algorithm. Note that the survlvablllty effort for the division main CPs, 

DISCOM, and other units and equipment located in the DRA Is not listed in this 

annex, but is included under the discussion of the requirements and effort 

necessary to fulfill general engineering tasks (Annex F). 

b. The survlvablllty workload (tasks accomplished) is shown in 

Figures E-16 and E-17 for Latin America and Europe* The EAD effort is shown 

in Figure E-18 for surviyablllty Increments SI through S4 by time period for 

Latin America and Europe. There were no EAD survlvablllty requirements in the 

Latin American scenario, because the LID's O&O concept and the character of 

the threat required few EAD forces. 

6. Observations. The calculation of survlvablllty requirements (and 

the engineer effort necessary to fulfill those requirements) was profoundly 

affected by two factors: the LID's operational concept and the amount of 

natural cover available under each scenario. There was also an indication 

that the type of SEE attachment chosen for a task could affect the overall 

generation of equipment-hour requirements. 

a. Operational concept. The LID operational concept generated 

significantly different requirements for survlvablllty protection per scenario 

for the division's direct-fire weapons.  These differences resulted in a 

E-19 
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SÜRVIVABILITY REQUIREMENTS -— INCREMENT S-l 

•ough 
Effort 
(Hours) 

Brigade 
From  Thi I i 3   " Avn AR* DRA 

Latin American Scenario 

D+l D+2 Man — — — — NA 1 
ACE — — — — NA 5 
SEE — — — — NA — 

Loader — — — — NA 6 

D+3 D+4 Man ~ 6 — — NA — 

ACE — 4 — — NA — 

SEE — 4 — — NA — 

Loader — 4 — — NA — 

D+5 D+8 Man — ~ — — NA — 

ACE — — — — NA — 

SEE — — — — NA — 

Loader — — — — NA — 

D+9 D+10 Man 4 -- — — NA — 

ACE — — — — NA 1 
SEE 3 — — -- NA — 

Loader — — — — NA — 

European Scenario 

D-10 D+7 — — — — — — — 

D+8 IH10 Man — — ~ •— 1 2 
ACE 11 11 11 — 124 3 
SEE 20 20 20 3 13 — 

Loader — — — — 1 3 

H-hour H+23 Man mtM — — — 1 4 
ACE — 16 5 — 62 5 
SEE — 29 2 — 6 — 

Loader — — — — 2 5 

H+24 H+47 Man — — — — 1 4 
ACE — 10 5 — 60 5 
SEE — 3 2 — — — 

Loader — — — 2 5 

H+48 H+95 Man — — — — 2 7 
ACE 24 15 15 — 130 10 
SEE 18 12 11 — 12 — 

Loader 

the division during the European scenario. 

3 10 

♦Attached to 

Figure E-12 
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SURVIVABIHTY REQUIREMENTS — INCREMENT S-2 

•ough 
Effort 

(Hours) 
Brigade 

Prom     Thi 1 2 3 Avn AR* DRA 

Lacin American Scenaric >_ 

IH1 W-2 Man mm — — — NA 2 
ACE I — — ~ NA 9 
SEE   — — — NA — 
Loader   ~ — — NA 6 

D+3 D+4 Man   2 — — NA 2 
ACE 1 5 — — NA 4 
SEE   — — — NA — 
Loader 2 4 — NA 3 

D+5 IH8 Man I 2 3 — NA — 
ACE 3 2 — — NA — 
SEE — — ~ NA — 
Loader 4 4 — NA — 

IX-9 1H10 Man — — — NA — 
ACE — 1 — — NA — 
SEE 1 — — — NA — 
Loader — 2 — ~ NA — 

European Scenario 

D-10 D+7 — — — — — — 

D+8 D+10 Man 2 2 2 — 6 5 
ACE 12 12 12 — 125 2 
SEE 4 4 4 2 -- — 
Loader 1 1 1 — 3 2 

H-hour H+23 Man 2 2 2 — 9 10 
ACE I 17 6 — 64 4 
SEE — 5 2 — — — 
Loader 1 1 1 — 4 3 

H+24 H+47 Man 2 2 2 — 9 10 
ACE 1 11 6 — 62 4 
SEE — 3 2 — — — 
Loader 1 1 1 — 4 3 

H+48 H+95 Man 4 4 4 — 14 19 
ACE 26 16 16 — 133 8 
SEE ■      8 5 5 '   — — — 
Loader                     2 

Che division during Che 

2 

European 

2 

scenario. 

5 6 

*Attached Co 

Figure E- ■13 
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•: 1 
IgS                                                           SURVIVABILITY  REQUIRO-IENTS  —  INCREMENT S-3 

^                      From     Through 
Effort 

(Hours) 
Brigade 

1 2 3 Avn AR* DRA 

m Latin American Scenario 

mi                 D+i      i^2 Man 7 — — — NA 2 
MQ ACE 27 — — — NA 38 
1 See 10 — — — NA — 

1 Loader 14 — — — NA 6 

m                               D+3           D+4 Man 
ACE 

6 
17 

6 
21 

— — NA 
NA 

~ 
1m — 

Kan SEE — 21 — — NA — 
■ Loader 13 12 — — NA — 

m                             D+5          D+8 Man 10 9 46 — NA — 
M ACE 26 52 — — NA — 

Mw SEE — — 27 — NA — 
m Loader 25 20 — — NA — 

U                                D+9           D+10 Man 2 4 — — NA 1 ■ ACE — 10 — — NA 30 
^S SEE 20 — — — NA . — 1 Loader 

European Sc 

10 

enario 

NA 

II                                D-10 ■     D+7 — — — — — — 

j|                                D+8           D+10 Man 12 12 12 6 22 — 
H ACE 18 18 18 4 152 — 
KQ SEE 4 4 4 2 13 — 

Ü Loader 6 6 6 1 22 — 

ÄV                              H-hour    H+23 Man 11 11 11 11 14 — 
H ACE 7 23 13 7 90 — 
Rff SEE — 5 2 — 6 — 
K Loader 6 6 6 — 22 — 

^     .                          H+24        H+47 Man U 11 11 22 11 ~ 

H ACE 7 18 12 14 86 — 
B SEE — 3 2 — 6 — 

ü Loader 6 6 6 — 19 — 

ßS                                  H+48         H+95 Man 21 21 21 — 7 — 

1 ACE 38 29 29 — 154 — 
SEE    . 8 5 5 — 4 — 

XV m Loader 

he division 

11 

during the 

11 

European 

11 

scenar lo. 

19 —— 

XK                             *Attachecl to  t 

1 Figure E- -14 

E-22 

mmmmmmsä 



SURVIVABIUTY REQUIREMENTS — INCREMENT S-4 

„   -———•—"^    Effort        "    *" Brigade 
From     Through    (Hours) 1 2 3" Avn AR*         DRA 

Latin American Scenario 

D+l          D+2        Man 1 — — — NA 
ACE 3 — — — NA     ~ 
See 1 — — ~ NA 
Loader 4 — — — NA 

D+3    D+4   Man — — — — NA 
ACE — 2 ~ -— NA 
SEE — 1 ~ ~ NA 
Loader — 4 — — NA 

D+5    D+8   Man 2 2 6 — NA 
ACE 6 5 — — NA     — 
SEE — — 1 ~ NA 

- Loader 9 7 — — NA    — 

D+9    D+10  Man — — -- — NA 
ACE — 2 ~ — NA 
SEE 3 — — — NA 
Loader — 3 — — NA 

European Scenario 

D-10   D+7   — — — — ~ . 

IH-S          D+10      Man 12 12 12 — 15 
ACE 8 8 8 — 11            — 
SEE — — — 
Loader 10 10 10 — 14 

H-hour H+23  Man II 11 11 — 15 
ACE 8 8 8 — 10 
SEE — — — — 1 
Loader 10 10 10 — 14 

H+24   H+47  Man 11 11 11 — 15 
ACE 8 8 8 — 10 
SEE — — — ~ 1 
Loader 10 10 10 — 13 

H+48   H+95  Man 36 36 36 — 14 
ACE 15 15 15 — 10 
SEE — — — — 1 
Loader 19 19 19 — 13 

^Attached to the division during the European scenario. 

Figure E-15 
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SURVIVABILITY WORKLOAD — LATIN AMERICA 

From  Through   Effort By Task 1st 
Brigade Area 
2nd 3rd ORA 

Increment S-l: 

D+l D+2 Bern for FAAR 
Trench for DTOC 

D+3     D+4    Berm for PAAR 
Clear fire base 

D+5 

EH-9 

D+8 

DHO Clear fire base 
Trench for DTOC 

Increment S-2: 

D+l D+2 Berm for Vulcan 
Artillery FDC (division) 5 

— 

D+3 D+4 Berm for Vulcan 
Artillery FDC (division) 5 

13 
4 

D+5 D+8 Artillery FDC (division) ■ 10 8. 

IH9 D+10 Artillery FDC (division) 1 4 

Increment S-3: 

D+I     D+2    Berm for 155-min toved howitzers 31 
Howitzer personnel shelters 31 
Battalion CPs 2 
BSA helicopter revetments 
ATP hardstand in BSA 1 
Medical bunker in BSA 1 
Brigade POL berms 3 
2-man perimeter foxholes 77 

D+3     D+4    Berm for. 155-mm towed howitzers 31 
Howitzer personnel shelters 31 
Battalion CPs 
ATP hardstand in BSA 
Medical bunker in BSA 
Brigade POL berms 1 
2-man perimeter foxholes         . — 

26 
26 

4 
1 
1 
2 

160 

31 

15 

15 

Figure E-16 (Continued on Next Page) 

E-24. 



SURVIVABILITY WORKLOAD — LATIN AMERICA (Continued) 

From  Through Effort By Task 
Brigade Area 

Ist 2nd 3rd DRA 

61 50 6 
61 50 6 

2 

—— 

— 
12 

1 
1 

— 

— 
1 
2 

68 
— 

5 24 MM M< 

5 24 — — 

1 — — 
12 

I __ —_ 

1 
I 
2 

— — — 

— — — 

36 •"* *" ■■" 

10 
5 — — — 

10 9 
11 

— — 

20 17 2 
6 

— 

2 8 _— __ 

2 — —   

D+5 

D+9 

D+8    Berm for 155-ram towed howitzers 
Howitzer personnel shelters 
Battalion CPs 
BSA helicopter revetments 
Battalion helipads 
ATP hardstand In BSA 
Medical bunker In BSA 
Brigade POL berms 
2-man perimeter foxholes 

D+10   Berm for 155-tnm towed howitzers 
Howitzer personnel shelters 
Battalion CPs 
BSA helicopter revetments 
Battalion helipads 
ATP hardstand In BSA 
Medical bunker in BSA 
Brigade POL berms 
2-man perimeter foxholes 

Increment 8-4; 

D+l 

D+3 

0+5 

D+9 

D+2    Ammunition carrier 
BSA generators 

D+4    Ammunition carrier 
BSA generators 

D+8    Ammunition carrier 
BSA generators 

D+10   Ammunition carrier 

BSA generators 

Figure E-16 
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SURVIVABILITY WORKLOAD ~ EUROPE 

Rv       From  Through Effort By Task 
Brigade Area 

Ist 2nd 3rd Avn AR* DRA 

K|       Increment S-l: 

^       D-10    D+7 — — ~ ~ — — ~ 

^"       W-8      W-10 TOW 24 24 24 16 —— — 

HP TOW (EAD) 24 24 24 — 48 — 

ur Crew-served weapon 96 96 96 — 75 — 

H Tank — — — — 169 — 

Ri APC — — — — 56 — 

m 
FAAR — — —— — 1 3 

M                  H-hour   H+23 TOW __ 35 12 MM. »M w_ 

TOW (EAD) — 35 12 — 24 — 

■■ Crew-served weapon — 141 — — 37 — 

1 Tank — — — — 83 — 

ry* APC _„ — — — 28 — 

m 
PAAR — — — —— 2 6 

W[j       H+24     H+47 TOW __ 23 12 ... _« MM 

Hi TOW (EAD) — 23 12 — 23   

■ Crew-served weapon — — — — — 

JW Tank — — — — 80   

H APC — — — — 27   

R PAAR ~ — ~ —— 2 6 

j&       H+48     H+95 TOW 54 33 33 __ __ __ 

1 TOW (EAD) 54 33 •33 — 65 — s Crew-served weapon 61 44 36 — 72 — 

R Tank — — — — 163 — 

H APC — — — — 54 — 

1 FAAR — ~ — — 4 11 

H       Increment S-2: 

\N        D-10     D+7 . — ~ — — — — — 

H        EH-8      D+-10 TOW 24 24 24 16 -v— mm.,m 

■ TOW (EAD) 24 24 24 -- 48 — 

Mi Tank — — — 169 — 

P APC — — — — 56 — 

i Vulcan —— —— — — 5 8 

i 1 Figure E-17 (Continued on Next Page) 
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SURVIVABILITY WORKLOAD — EUROPE (Continued) 

______^ Brigade Area      _ 
Effort By Task Ist 2nd 3rd Avn AR*      DRA 

Artillery FDC 
(division) 3 3         3 — —     — 

Artillery FDC (BAD) — — — — 4      — 

TOW — 35 12 
TOW (EAD) — 35 12 — 24 
Tank — — — — 83      — 
APC — — — — 28      — 
Vulcan — — — — 11      16 
Artillery FDC 

(division) 3 3          3 — —     — 
Artillery FDC (EAD) — — — — 4 

TOW — 23 12 — ~     — 
TOW (EAD) — 23 12 — 23 
Tank ~ ~ ~ ~ 80      ~ 
APC —.__-__ 27 
Vulcan — — — — 10      16 
Artillery FDC 

(division) 3 3          3 — —     — 
Artillery FDC (EAD) — — — — 4      -- 

TOW 54 33 33 — —      — 
TOW (EAD) 54 33 33 — 65      — 
Tank — — — — 163      — 
APC — ~ — — 54      — 
Vulcan — — — — 18      30 
Artillery FDC 

(division) 6 6          6 — —      — 
Artillery FDC (EAD) — — — — 4 

TOW 24 24 24 16 —      — 
TOW (EAD) 24 24 24 — 48 
Tank ~ — — ~ 169 
APC — — ~ — 56      — 
155-inm towed howitzers 18 18 18 
155-mni self-propelled 

howitzers — — — — 24 
107-nm mortars (EAD) — — — — 13 

Figure E-17  (Continued on Next Page) 

From      Through 

H-hour        H+23 

H+24 H+47 

H+48 H+95 

Increment  S-3: 

D-10 

D+8 

D+7 

EH-10 

E-27 
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SURVIVABILITY WORKLOAD — 

From     Through      Effort By Task 

BVV 

81-nim mortars (EAD) 
Battalion CPs 
ATP hardstand 
Medical bunker 
FARP 
Brigade POL berms 

H-hour        H+23        TOW 
TOW  (EAD) 
Tank 
APC 
155-tnm towed howitzers 
155-nnn self-propelled 

howitzers 
107-inm mortars  (EAD) 
8I-nnn mortars (EAD) 
Battalion CPs 
ATP hardstand 
Medical bunker 
FARP 
Brigade POL berms 

H+24 H+47 TOW 
TOW  (EAD) 
Tank 
APC 
155-towed howitzers 
155-mm self-propelled 

howitzers 
107-mm mortars  (EAD) 
81-mm mortar's (EAD) 
Battalion CPs 
ATP hardstand 
Medical bunker 
FARP 
Brigade POL berms 

EUROPE (Continued) 

Brigade Area 
Ist      2nd      3rd      Avn      AR* DRA 

__ IQ — 

1 
1 

_        35        12        — — — 
--        35        12        — 24 — 

18        18        18        — — — 

23 11 — — — 
23 11        — 23 — 

80 — 
—     .  ~ 27 — 

17 17 17        — — — 

__        __        __        _» 23 — 
7 __ 

_        ~        —        ~ 5 — 

1 
~      . — 1 

2      — 

Figure E-17  (Continued on Next Page) 
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SURVIVABILITY WORKLOAD — EUROPE (Continued) 

Brigade Area  
Ist      2nd      3rd      Avn      AR*      DRA 

54        33        33        — —      — 
54        33        33        ~ 65 

163 
54 

33 33        33        — —      — 

— —        —        — 22 
4 

3 
1 

1 

18 18 18        —     ■    — 

18        18        18        — —      — 

— —        —        — 24 

24 

18 18 18 

18 18 18        — --       — 

24 

24 

From     Through      Effort By Task 

H-t-48 H+95 

Increment  S-4: 

D-10 

D+8 

D+7 

D+-10 

H-hour H+23 

TOM 
TOW (EAD) 
Tank 
APC 
155-tmii towed howitzers 
155-fflm self-propelled 

howitzers 
107-tiim mortars (EAD) 
81-mm mortars (EAD) 
Battalion CPs 
ATP hardstand 
Medical bunker 
Brigade POL berms 

Ammunition carrier 
(division) 

Howitzer personnel 
shelter (division) 

Ammunition carrier 
(EAD) 

Howitzer personnel 
shelter  (EAD) 

BSA generators 

Ammunition carrier 
(division) 

Howitzer personnel 
shelter (division) 

Ammunition carrier 
(EAD) 

Howitzer personnel 
shelter (EAD) 

BSA generators 

Figure E-17  (Continued on Next Page) 
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SURV1VABILITY WORKLOAD ~ EUROPE  (Continued) 

From     Through      Effort By Task 1st 2nd   3rd 
Brigade Area 

Avn AR* DRA 

H+24    H+47   Ammunition carrier 
(division)        17    17   17 

Howitzer personnel 
shelter (division)  17    17    17 

Ammunition carrier 
(EAD) —    —   —   —    23 

Howitzer personnel 
shelter (EAD)      ~   —   -_   _-   23 

BSA generators       —   —   —   —    5 

H+48    H+95   Ammunition carrier 
(division) 33    33   33   — 

Howitzer personnel 
shelter (division)  33    33   33 

Ammunition carrier 
(EAD) —    —    —   —    22 

Howitzer personnel 
shelter (EAD)      —    —    —   —    22 

BSA generators       —    —   —   —    1 

Figure E-17 
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BAD SURVIVABILITY REQUIREMENTS — ALL INCREMENTS 

Effort 
From  Through (Hours) 

Brigade 
Avn   AR* ORA 

Latin American Scenario 

D+l D+2 — 

D+3 D+4 — 

D+5 D+8 — 

D+9 IH10 
~ 

D-10 D+7 Man 
ACE 
SEE 
Loader 

D+8 D+10 Man 
ACE 
SEE 
Loader 

H-hour H+23 Man 
ACE 
SEE 
Loader 

H+24 H+47 Man 
ACE 
SEE 
Loader 

H+48 H+95 Man 
ACE 
SEE 
Loader 

European Scenario 

11 

24 

11 

—     16 

10 

15 

11 

15 

NA 
NA 
NA 
NA 

3 
53 
7 

35 

3 
42 
4 

35 

3 
41 
4 

34 

2 
58 
2 

33 

^Attached to the division during the European scenario. 

Figure E-18 
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considerably   higher   requirement   for   SEE   equipment-hours   under   the   European 

scenario than under the Latin American scenario. 

(1) Under the Latin American scenario, each brigade operated In 

a TFOB where each maneuver battalion typically established a hilltop fire base 

for Its headquarters. This hilltop base Included one artillery battery. 

Engineers helped each battalion establish a hilltop perimeter defense by 

assisting In the construction of two-man perimeter foxholes. The battalion's 

companies operated from the fire base In a detached mode, and did not require 

engineer support for their dlrect-flre weapons. 

(2) In Europe, the scenario required a positional defense. 

Therefore, all three of each manuever battalion's companies dug in. Two phase 

line defenses were Initially constructed and the engineers always kept a fall- 

back position constructed as the enemy forced the battalions to pull back. 

The battalion headquarters was not protected with dlrect-flre weapon posi- 

tions, since the battalion's dug-ln companies provided the equivalent of this 

protection. 

b. Availability of natural cover. The availability of natural cover 

had a significant effect on the survivability-related workload generated for 

engineers for each scenario. 

(1) Under the Latin American scenario, available cover ranged 

from 15 to 70 percent of the battlefield, depending on the brigade AO being 

considered. Since there was little air threat in this scenario, most weapon 

and equipment systems could be protected using available natural cover. For 

example, one ammunition transfer point (ATP) hardstand per LID brigade 

required engineer help to dig in. However, ehe overall requirement which was 

generated    for    this    task   using   ESC's    survivabllity   requirements   algorithm 

E-J2 
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(Figure 4) was reduced by 15 to 70 percent, depending on the AO where the 

brigade under consideration was located. 

(2) Under the European scenario, no ATP hardstands were con- 

structed for the LID brigades, but one was dug In for the attached armored 

brigade. Since the LID's AOs In Europe offered more than 50 percent natural 

cover, this task generated no measurable engineer survlvabllity requirement. 

This Is because ESC adjusted Its methodology to account for the high percent- 

age of available natural cover. Specifically, each command and support facil- 

ity was assumed to require twice the normal amount of available cover to allow 

the LID to safely locate and use natural terrain to protect those facilities. 

For example, the natural available cover In the armored brigade AO was 22 

percent. Therefore, 100 - (2 x 22)- 56 percent. For all the other AOs with 

greater than 50 percent cover the equation becomes for example, 100- (2 x 67) 

- -34 percent. The 56 percent factor would require construction of a ATP 

hardstand and the negative -34 percent factor would not require construction. 

ESC was acutely aware of the effect of cover and adjusted the standard 

methodology as described In paragraph 3c to ensure LID systems were properly 

protected In Europe. 

c. Effect of SEE attachments on equipment-hour totals. Most dlrect- 

flre weapon positions were dug using the SEE backhoe attachment, which Is the 

SEE's main trenching tool. However, some of the SEE equipment-hours listed 

for these trenches Included the time needed to remove soil with the SEE front- 

end loader. For tasks that required the construction of berms, the front-end 

loader attachment was used more often than the backhoe, although the backhoe 

was required to break the soil initially at the berm site. Since ESC could 

only calculate the use of one attachment at a time, the total hours required 

E-33 



for a cask are assigned to Che equipment conflguraclon usually preferred for 

ChaC cask. The analysis did not attempt to determine the exact ratio of use 

between the backhoe and front-end loader for any particular task. It was 

assumed that both atcachmencs were generally needed for each cask for which 

SEE equlpmenc-hours were required. 

LAST PAGE OF ANNEX E 
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ANNEX F 

GENERAL ENGINEERING REQUIREMENTS 

Paragraph 

1 

2 

3 

4 

5 

6 

Figure 

F-l 
F-2 
F-3 
F-4 
F-5 
F-6 
F-7 
P-8 
F-9 
F-10 
F-ll 
F-12 
F-13 
F-l 4 
F-15 

Purpose 

Scope . 

Methodology 

Results 

Airfield Excursion 

Observations 

Latin America 

General Engineering Tasks and Increment Groups 
General Engineering Increment Summary 
General Engineering Functional Areas and Task Numbers 
General Engineering Requirements Methodology 
General Engineering Planning Factors — Latin America 
General Engineering Planning Factors — Europe 
Unrequired General Engineering Tasks 
General Engineering Requirements — Increment G-l 
General Engineering Requirements -- Increment G-2 
General Engineering Requirements — Increment G-3 
General Engineering Requirements — Increment G-4 
General Engineering Workload — Latin America 
General Engineering Workload — Europe 
EAD General Engineering Requirements — All Increments 
Airfield Rehabilitation/Upgrade (C-130 Aircraft) 

Page 

F-l 

F-l 

F-5 

F-8 

F-2 7 

F-28 

F-2 
F-4 
F-4 
F-6 
F-9 

F-10 
F-U 
F-13 
F-15 
F-l 7 
F-19 
F-21 
F-23 
F-2 6 
F-29 

1. Purpose. This annex discusses the assumptions and limitations of the 

methodology used Co evaluate general engineering tasks under the Latin Ameri- 

can and European scenarios, and lists the division's general engineering 

requirements for each scenario. • 

2. Scope. General engineering covers those engineering tasks In the BSA 

and behind the brigade rear boundaries (or within the rear portion of each 

TFOB)  which  are  required   for   the  tactical  and  logistical   support of maneuver 

F-l 
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units.  This Includes support to the LOC system and critical combat service 

support, communication, and CP facilities. 

a. Figure F-l groups the 26 general engineering tasks Into four 

Increments, G-l through G-4. Increment G-l contains those general engineering 

tasks which were rated most Important by the SAG; Increment G-4 contains 

those tasks of least Importance. Tasks in the same Increment have the same 

relative priority. Figure F-2 lists the generic definitions for those tasks 

Included in the general engineering priority increments. 

GENERAL ENGINEERING TASKS AND INCREMENT GROUPS 

Task 
Number 

3 

4 

5 

6 

7 

8 

9 

10 

Increment 
Description G-l      G-2      G-3      G-4 

Repair MSRs 

Repair forward area airfields— division 
support area (DSA)* 

0.5 craters 
6.8 spalls 
unexploded ordnance (UXO) 
Clear debris 

Construct pioneer roads — division 

Maintain MSRs 

Repair MSR bridges — construct bypass 

Maintain forward area airfield — DSA* 
Repair 2.3 craters 
Repair 33.8 spalls 
Repair 0.8 UXO 
Clear debris 

Construct pioneer roads —    EAD 

Repair ammunition sites — EAD 
t 

Repair POL sites 

Construct water points 

Figure  1   (Continued on Next  Page) 
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GENERAL ENGINEERING TASKS AND INCREMENT GROUPS  (Continued) 

Task 
Number Description 

Increment 
G-l G-2 G-3   G-4 

11 Maintain MSR bridges 

12 Construct forward area airfield — DSA 

13 Repair battle area airfields — BSA* 
0.5 craters 
6.8 spalls 
UXO 
Clear debris 

14 Maintain pioneer roads — division 

15 Maintain pioneer roads — EAD 

16 Repair CP & support centers 
Shelters (4.9 x 3.4 x 2.1 m) 
Slots (3.5 x 50 x 2 m) 
Bern» (1.8 x 4.3 x 48.8 m) 

17 Construct ammunition sites — EAD 

18 Repair maintenance unit sites '— EAD 

19 Repair general supply sites — EAD 

20 Construct general supply sites — EAD 

21 Construct POL sites 

22 Construct battle area airfield ~ BSA 

23 Maintain battle area airfield — BSA* 
Repair 2.3 craters 
Repair 33.8 spalls 
Repair 0.8 UXO 
Clear debris 

24 Construct CP & support centers 
Shelters (4.9 x 3.4 x 2.1 ra) 
Slots (3.5 x 50 x 2 m) 
Berms (1.8 x 4.3 x 48.8 m) 

25 Construct maintenance unit sites — EAD 

26 Construct corps support hospital (CSH) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

*Per air attack. 



GENERAL ENGINEERING INCREMENT SUMMARY 

Increment Description 

G-l Construct or repair primary LOCs. 

G-2 Construct or repair secondary LOCs;  protect primary facilities. 

G-3 Construct and repair tertiary LOCs;  protect secondary facilities. 

G-4 Construct and repair other needed LOCs and facilities. 

Figure F-2 

b. Figure F-3 distributes the 26 general engineering tasks among 13 

functional areas and three engineer work categories. The engineer work cate- 

gory Damage Repair (column 1) covers both enemy bomb damage and sabotage. 

Expedient Construction (column 2) involves such work as protective construc- 

tion, site clearance, and access road construction. Maintenance Repair 

(column 3) work is Important to sustaining the combat force; it consists of 

building MSRs and pioneer access roads, and maintaining airfields. 

GENERAL ENGINEERING FUNCTIONAL AREAS AND TASK NUMBERS 

Engineer Work Category 
Damage Expedient Maintenance 

Functional Area Repair Construction  Repair 

MSRs 1 __ 4 
MSR bridges 5 11 
Forward area airfields — DSA 2 12 6 
Battle area airfields — BSA 13 22 23 
Pioneer roads — division — 3 14 
Pioneer roads — EAD — 7 15 
CP and support centers — 

division 16 24 — 
Ammunition sites — EAD 8 17 — 

Maintenance units sites — EAD 18 25 — 

General supply sites — EAD 19 20 — 
POL sites 9 21 — 

Water points — 10 — 
CSH " " 26 —"* 

Figure F-3 
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3. Methodology. The method ESC used to generate general engineering 

requirements In the Latin American and European scenarios is outlined in Fig- 

ure F-4. The variable which most significantly Influenced the general engi- 

neering requirement was the initial battlefield situation and subsequent unit 

movements, as defined by the scenarios. The second most influential variable 

was the battlefield terrain. Among the most important terrain features were 

soil condition (especially during the rainy season), slope, and availability 

of natural cover. 

a. ESC quantitatively estimated the engineer effort required to com- 

plete the tasks within each engineer work category, based on both a terrain 

analysis of the scenario battlefield and the battlefield situation encountered 

during each scenario period. Each of these three engineer work categories is 

defined below. 

(1) Damage repair. Before the engineer effort needed to com- 

plete damage repair tasks could be assessed, the amount of damage expected to 

result from bombing, strafing, and sabotage against the LID's command and 

support  facilities was estimated. 

(a) To generate estimates of bomb damage for the European 

scenario, ESC used a method developed for Its 1985 assessment of the combat 

engineer requirements of a high technology motorized division. 

(b) ESC postulated a sabotage threat to the LID for both 

scenarios and generated estimates for sabotage damage repair. These estimates 

were based on the number of enemy agent teams expected to be operating in the 

scenario AOs, and the frequency and type of targets presumably being attacked 

by those teams during each scenario. 

Engineering   Analysis    of    the   9th   Infantry   Division   (Motorized)    (9ID 
^MTZ]),  Volume T  (Engineer  Studies   Center  [ESC],   December   1985). 

F-5 
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GENERAL ENGINEERING REQUIREMENTS METHODOLOGY 

FUNCTIONAL AREA 
(EACH OF 13) 

DAMAGE REPAIR TASKS (9) 

• 

EXPEDIENT CONSTRUCTION   1 
TASKS (11)               | 

MAINTENANCE REPAIR 
TASKS (6)               | 4 

SCENARIO 

TERRAIN ANALYSIS 

WORKLOAD PLANNING 
FACTORS 

MEASUREMENT BASE 

ADJUSTED 
MEASUREMENT BASE 

GENERAL ENGINEERING 
REQUIREMENTS 

Figure F-4 
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(2) Expedient construction. ESC determined the scope of each 

expedient construction task based primarily on the dimensions of the tactical 

zones, frequency of unit relocations, LID strength, and the amount of host 

nation and US forward deployed support available. 

(a) The dimensions of tfte tactical zones vary by period for 

each scenario. Since the work requirements of many tasks were based on these 

dimensions, ESC calculated the rear area dimensions for each period of each 

scenario. 

(b) Expedient construction was required each time divi- 

sional headquarters, CPs, and support commands were relocated. The frequency 

of unit relocation was determined by the battlefield situation during each 

period of each scenario. These frequencies were used to calculate work 

requirements  for each general  engineering task. 

(c) The attrited LID unit strength was scenario-driven and 

was determined for each period of each scenario. These data determined 

required stockage levels of POL, ammunition, and other supplies. These stock- 

age levels were used to calculate protective construction requirements. 

(d) ESC determined what percentage of each expedient con- 

struction task could be met with existing host nation and US forward deployed 

facilities. The remaining percentage was the amount of the task which had to 

be completed  by  engineers  supporting   the LID  in each base case  scenario. 

(3) Maintenance repair. Road networks and airfield surfaces 

deteriorate over time. This deterioration process is accelerated by constant 

daily use, damage repair limited to keeping the surface at the minimum usable 

standard, and by adverse weather conditions. During both scenarios, mainte- 

nance repair  was  required  after  a  time   to keep the LOCs  and  facilities open. 

F-7 
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For airfields, the minimum air operating surface (MAOS) was opened to full air 

operating surface (AOS). Workload estimates were based on the original expe- 

dient construction planning factor or the percentage of road net in use. This 

percentage was usually low (I to 3 percent)  and never exceeded 10 percent. 

b. The measurement base (see Figure F-4) was modified to fit the 

variables of the scenarios and terrain analyses outlined above. Workload 

planning factors (equipment-hours and manhours) were derived from interviews 

with the staff of the 7th ID(L) at Ford Ord, California, and from standard 

engineer references, such as the US Array Engineer School's 1979 Combat Devel- 

opments Engineer Family of Systems Study (E-FOSS). These planning factors 

were then applied to the adjusted measurement base for the final calculation 

of general engineering requirements. The general engineering planning factors 

in Figures F-5 and F-6 were used to generate all the general engineering 

requirements listed in this annex. 

4.     Results. 

a. Figure F-7 lists those general engineering tasks that this 

analysis determined were not required under the study scenarios; these tasks 

are therefore omitted from the overall requirements listed in Figures F-8 

through F-13. 

(I) Under the Latin American scenario, none of the systems 

listed under the Damage Repair engineer work category were dug-in because 

there was no air or sabotage threat. No forward area or battle area airfields 

were built because there were enough host nation airfields available to meet 

the division's needs. Although some engineer effort was devoted to construc- 

ting maintenance unit sites and ammunition sites under this scenario, that 

effort was not large enough to calculate separately.  Since the threat from air 

F-8 
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GENERAL ENGINEERING PLANNING FACTORS — LATIN AMERICA 

Manhours 
ACE/ 

Pggir 

Equlpwent-Hours 
jwio/     * 

Truck SER Grader Loader 

Repair 10 a of MSR  (dlrc/xravel repair)* 

Construct  bridge  bypass within  I km of 
bridge6 

Construct  I  km of  pioneer road" 

Construct CP/support shelter" 
Slot trench (12  x 3.5 x 1.5 m) 
Berm around trench  (1A x 6 x 1 m) 

Construct ammunition storage berm" 
(14.5 x 14.5 x   1.5 m) 

Construct general  supply site bernr 
(14.5 x 14.5 x   1.5 m) 

Construct maintenance unit site berm" 
(14 x 14 x  1 m) 

Construct POL berm 
(11.5 x 11.5 x  1.8 m) 

Construct CSH facility (54,500 a2)b 

Site drainage (800 m - 291 BCY) 
Sanitation pita 

Construct water polntd 

Turnout  (200 m) 
Baffle dam (3 x 3 x 1 m) 

Maintain MSR  (per   1   km)c 

Maintain MSR bridge  (per 100 km)c 

(per  100 ra) 

Maintain pioneer  roadsc 

(per  1  km per day) 

Lay airfield M-19 matting8 

(per 250 sq ft) 

11.40 

0.08 

0.70 

0.70 

0.70 

1.00 

1.00 

0.28 1.28 

1.80 2.10 

11.40 

0.45 

5.40 

5.40 

5.20 

0.80 

16.10 
0.80 

15.30 

4.28 
2.28 
2.00 

1.00 

0.50 

4.00 

19.50 
13.80 
5.70 

2.28 
2.28 

0.30 

15.30 

15.30 

0.20 

0.10 

15.30 

15.30 

1.00 

1.00 

0.30 

0.32 

0.20 

4.10 

4.10 

0.20 

0.10 

0.10 

a10   x   8   si   x    1.5   1)   -   120  BCY  x   1.3   -   157   LCY:      ESC   estimate   based   on  Caterpillar   Performance 
Handbgok  (Caterpillar Tractor Company,  October  1984). 

Engineer Analysis of  the 9th  Infantry Division  (Motorized)   (9th  ID(MTZl)  (ESC,  December  1985). 
Combat   Developments   Engineer   Family   of   Systems   Study   (E-F0SS),   Volume  VII,   Appendix  N   (USAES, 

February  1979). 
Field  Water   Supply,  Army Technical  Manual   (TM)  5-700  (Department of  the Army,  Headquarters   (DA 

HO],  July 1967);   an ESC-modified estimate. 
'Planning and  Design of Roads,  Alrbases,  and Helipads  in Theater of Operations, TM 5-330  (DA HO, 

September 1968);   an ESC-modified estimate. 

Figure F-5 
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GENERAL ENGINEERING PLANNING FACTORS — EUROPE 

Manhours 
ACE/ 

Dot«r 

Equtpm«nt-Houra 
JDÄTÖT 

Truck SEE Grader Loader 

Repair 30.48 a of HSR (Clear 2-lane — RBE)* 

Repair airfield (MAOS/alr attack)b 

0.5  crater 
6.8  spalls 
UXO 
Clear debris 

Repair CP 4 support centers — dlvlslonb 

21 shelters (4.9 x 3.4 x 2.1 m) 
42 slots  (3.S x SO x 2 o) 
21 berns  (1.8 x 4.3 x 48.8 m) 

Repair C? & support centers — BSAb 

S shelters  (4.9 x 3.4 x 2.1 a) 
8 slots  (3.5 x 50 x 2 m) 
5 beros (1.8 x 4.3 x 48.8 o) 

Repair POL sltesb 

Construct bridge bypass within 1 ka of 
bridge» 

Construct  1-km pioneer road 

Construct CP/support shelter — dlvlslonb 

21 shelters (4.9 x 3.4 x 2.1 ■) 
42 slots  (3.5 x 50 x 2 ■) 
21 berms (1.8 x 4.3 x 48.8 a) 

Construct CP/support  shelter — BSAb 

5  shelters  (4.9 x  3.4  x 2.1  m) 
8 slots  (3.5 x 50 x 2 m) 
5  berms  (1.8  x 4,3  x 48.8 m) 

Construct POL berm (11.5 x U.5 x  1.8 m)a 

Maintain MSR per 1  km3 

Maintain MSR bridge  (per meter per day)b 

Maintain pioneer roads  (per 1 km per day)8 

Maintain airfield  'AOS/air att;ack)b 

Repair 2.3  craters/air  attack 
Repair 33.8 spalls/air attack 
Repair 0.8 UXO/alr attack 
Clear debris 

5.40 
5.40 
0.10 
0.10 

558.60 

5.30 

1.70 

4.20 
8.40 

133.00 
0.80 

2.00 

0.40 5.00 

6.50 3.25 

11.40 

5,586.00 

1,330.00 

11.40 

33.60 
84.00 

6.40 
20.00 

0.80 4.00 

1.00 

1.00 

1.00 

27.60 8.70 
26.80 
0.80 
0.50 

1.10 
0.20 

2.10 

88.20 

21.00 

9.75 

882.00 

210.00 

0.20 

0.20 

0.30 

5.60 
1.00 

0.30 

1.60 

0.20 

0.20 

0.30 

1.50 

2.10 

5.30 

1.10 

29.40 
8.40 

7.00 

3.25 

294.00 
71.40 

70.00 
13.60 

0.10 

5.60 

'Combat   Developments   Engineer   Family   of   Systems   Study   (E-F0SS),   Volume   VII,   Appendix   N   (USAES,   Febrjary 

"Engineer Analysis of the 9th Infantry Division (Motorized)  (9th IDfMTZl) (ESC.  December  1985). 

Figure  F-6 



UNREQUIRED GENERAL ENGINEERING TASKS 

Reason 

Task Increment 
O&O 

Concept 

Host 
Nation 
& US 

Forces 

Host 
Nation 
& US 
Facility Threat 

Latin American Scenario 

Damage Repair: 

Forward Area Airfields  (DSA) Gl 
Battle Area Airfields  (BSA) G3 
CP & Support Centers (Dlv) G3 
Ammunition  Sites  (EAD) G2 
Maintenance Unit Sites  (EAD) G3 
General Supply  Sites  (EAD) G3 
POL Sites 02 

X 
X 
X 
X 
X 
X 
X 

Expedient Construction: 

Forward Area Airfields (DSA) G3 
Battle Area Airfields (BSA) G4 
Maintenance Unit Sites (EAD) G4 
Ammunition Sites (EAD) G3 

Maintenance Repair: 

Forward Area Airfields (DSA) G2 
Battle Area Airfields (BSA) G4 

X 
X 

X 
X 

European Scenario 

Damage Repair: 

Ammunition Sites (EAD) 
Maintenance Unit Sites (EAD) 
General Supply Sites (EAD) 

Expedient Construction: 

Forward Area Airfields (DSA) 
Battle Area Airfields (BSA) 
Pioneer Roads (EAD) 
Ammunition Sites (EAD) 
General Supply Sites (EAD) 
Water Points 
Maintenance Unit Sites (EAD) 
CSH Facility (EAD) 

Maintenance Repair: 

Pioneer Roads (EAD) 

G2 
G3 
G3 

G3 
G4 
G2 
G3 
G3 
G2 
G4 
G4 

G3 

X 
X 
X 

X 
X 
X 

X 
X 

Figure F-7 

F-ll 



attacks   and   sabotage  was   negligible,   no   requirement   for   the major   repair   of 

these facilities was calculated. 

(2) Under the European scenario, EAD units were not required for 

ammunition sites, maintenance unit sites, and general supply sites since 

either existing host-nation facilities or US forward deployed facilities were 

available. A forward area airfield and battle area airfield already existed 

in the AO and access to them was granted by the host nation. The host nation 

road network was sufficient to support all of the EAD units' required 

movements. Since water was readily available throughout the European AO, no 

forward water points were required. According to doctrine, no CSH facility 

was assigned to the divisional AO under the European scenario; in Europe, the 

CSH was  located  In the corps rear area. 

b. Figures F-8 to F-ll summarize the overall general engineering 

requirements for each scenario by unit area and period of battle. The 

survlvablllty requirements, not included In Annex E for the division main CF, 

DISCOM, and other units located to the rear of the brigade rear boundary, are 

listed   in Figures   F-12  and  F-13. 

c. The general engineering workloads (tasks accomplished') for Latin 

America and Europe are shown in Figures F-12  and F-13. 

d. The EAD requirements listed by time period in Figure F-14 are for 

all G-l through G-4 increments under both the Latin American and European sce- 

narios. These requirements were extracted from the total effort listed in 

Figures F-8 through F-ll. There were no general engineering EAD requirements 

under the European scenario because of the LID's operational concept, which 

used available host nation and US forward deployed force facilities whenever 

possible. 



GENERAL ENGINEERING REQUIREMENTS — INCREMENT G-l 

Effort 
From Through      (Hours) 

Brigade Area 
1 3 AR* DRA 

Latin American Scenario 

IH1 IX-2 

D+3 IH4 

DfS D+8 

IW-9 D+10 

D-10 D+7 

Man 
ACE 
Loader 
Grader 
Truck 
SEE 

Man 
ACE 
Loader 
Grader 
Truck 
SEE 

Man 
ACE 
Loader 
Grader 
Truck 
SEE 

Man 
ACE 
Loader 
Grader 
Truck 
SEE 

European Scenario 

Man 
ACE 
Loader 
Grader 
Truck 

NA 17 
NA 17 
NA 1 
NA — 

NA — 

NA — 

NA 4 
NA 4 
NA — 

NA — 

NA — 

NA — 

NA — 

NA 1 
NA 1 
NA — 

NA 1 
NA —— 

NA 42 
NA 43 
NA 1 
NA — 

NA 1 
NA 

" 

57 
— 51 
— 4 

Figure F-8 (Continued on Next Page) 

F-13 



GENERAL ENGINEERING REQUIREMENTS — INCREMENT G-l  (Continued) 

Efforc 
From Through      (Hours) 

Brigade Area 
AR* DRA 

EH-8 DHO 

European Scenario (Continued) 

Man 
ACE 
Loader 
Grader 
Truck 

57 
61 
4 

H-hour   H+23 Man 
ACE 
Loader 
Grader 
Truck 

11 
5 
4 

1 
3 

H+24 H+47 Man 
ACE 
Loader 
Grader 
Truck 

4 
4 

H+48 H+95 Man 
ACE 
Loader 
Grader 
Truck 

68 
62 
5 
1 
3 

♦Attached to the division during the European scenario. 

Figure F-8 
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GENERAL ENGINEERING REQUIREMENTS — INCREMENT G-2 

Effort 
From   Thrcugh  (Hours) 

Brigade Area 
AR* DRA 

Latin American Scenario 

IH1 IH2 

1>3 IH4 

D+5 IH8 

IH9 D+-10 

D-10 D+7 

M^r. 
ACE 
Loader 
Grader 
Truck 
SEE 

Man 
ACE 
Loader 
Grader 
Truck 
SEE 

Man 
ACE 
Loader 
Grader 
Truck 

Man 
ACE 
Loader 
Grader 
Truck 
SEE 

European Scenario 

Man 
ACE 
Loader 
Grader 
Truck 

NA 10 
NA 5 
NA — 

NA 
NA 
NA 

NA 25 
NA 
NA — 

NA 
NA — 

NA 13 

NA 33 
NA — 

NA 
NA 
NA — 

NA 14 

NA 98 
NA 19 
NA — 

NA 16 
NA 16 
NA 

" 

58 
— 3 
— 3 
— 10 
— 20 

Figure F-9 (Continued on Next Page) 
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GENERAL ENGINEERING REQUIREMENTS — INCREMENT G-2 (Continued) 

«»™„^^_.^J«_«-^_^,.   E£jort    "" Brigade Area "~^ 

From         Through      (Hours) 1 2 3 AR* DR A 

European Scenario (Continued) 

D+8     D+10     Man       — —     — — 58 
ACE       — ~     ~ ~ 3 
Loader    — —    — — 3 
Grader    — —    — — 10 
Truck     — —    ~ — 20 

H-hour   H+23     Man       — —    — — 150 
ACE       — ~     — — 17 
Loader     — —     — — 9 
Grader    — —    — —. .  21 
Truck     — —    — — 24 

H+24    H+47     Man    . . — —    ■— — 210 
ACE       — —     -- ~ 8 
Loader    — —     — — 3 
Grader    — —    — — 41 
Truck     — —    — — so 

H+48    H+95     Man       — —    — — 274 
ACE       — —.    — — 17 
Loader    — —     — — 9 
Grader     — —     — — 46 
Truck     — —    — — 59 

^Attached to the division during the European scenario. 

Figure F-9 
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GENERAL ENGINEERING REQUIREMENTS — INCREMENT G-3 

Effort 
From Throufth      (Hours) 

Brigade Area 
AR* DRA 

Latin American Scenario 

DH I>f2 Man 
ACE 
Loader 
Grader 
Truck 
SEE 

NA 
NA 
NA 
NA 
NA 
NA 

7 
3 

2 
2 

1*3 DfA Man 
ACE 
Loader 
Grader 
Truck 
SEE 

NA 
NA 
NA 
NA 
NA 
NA 

13 
11 

3 
3 

IH5 IH8 Man 
ACE 
Loader 
Grader 
Truck 
SEE 

NA 
NA 
NA- 
NA 
NA 
NA 

13 
3 

3 
3 

I>f9 D+10 Man 
ACE 
Loader 
Grader 
Truck 
SEE 

NA 
NA 
NA 
NA 
NA 
NA 

18 
6 
4 

D-10 IH7 

European Scenario 

Man 
ACE 
Loader 
Grader 
Truck 

6 
12 

1 
1 

Figure F-10 (Continued on Next Page) 
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GENERAL ENGINEERING REQUIREMENTS — INCREMENT G-3 (Continued) 

Effort 
(Hours) 

Brigade Area 
From    Through 1     2 3 AR* DRA 

European Scenario (Continued) 

IH-S     DflO Man —    — .- — 70 
ACE — — — 13 
Loader — — — 5 
Grader — — — 10 
Truck ■—    •— — — ■ 15 

H-hour   H+23 Man   ■mm. —i 50 
ACE —   — 1 
Loader —   — 3 
Grader —   — 4 
Truck ——    — -- -— 10 

H+24     H+47 . Man   — 11 57 
ACE -•-   2 1 

■ Loader —   1 3 
Grader — ~ 1 5 
Truck —-    —   3 11 

H+48     H+95 Man —    —_ __ 11 66 
ACE —   2 13 
Loader —   1 4 
Grader —   1 8 
Truck 

the divlsl on during the European scenario. 

13 

*Ac Cached to 

Figure F-10 
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GENERAL ENGINEERING REQUIREMENTS — INCREMENT G-4 

Effort 
From    Through  (Hours) 

Brigade Area 
1      3 AR* DRA 

LacIn American Scenario 

DH IH2 

IH3 D+4 

IH5 W-6 

IH9 IH10 

Man 
ACE 
Loader 
Grader 
Truck 
SEE 

Man 
ACE 
Loader 
Grader 
Truck 
SEE 

Man 
ACE 
Loader' 
Grader 
Truck 
SEE 

Man 
ACE 
Loader 
Grader 
Truck 
SEE 

NA 2 
NA 10 
NA — 
NA — 

NA — 

NA — 

NA 2 
NA 18 
NA — 

NA — 
NA — 

NA —— 

NA 1 
NA 7 
NA — 

NA -- 

NA 
NA 

NA , 16 
NA 20 
NA — 

NA 4 
NA 15 
NA 15 

D-10 IW 

European Scenario 

Man 
ACE 
Loader 
Grader 
Truck 

Figure F-U (Continued on Next Page) 
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GENERAL ENGINEERING REQUIREMENTS — INCREMENT G-4 (Continued) 

Effort 
(Hours) 

Brigade Area 
From    Through 1 T^ ^ AR* DRA 

European _Sc enario (Cont Inued) 

l>t-8     DHO Man 1 ,320 1,320 1,320 1,320 2,793 
ACE 26 26 26 26 59 
Loader 84 84 84 84 183 
Grader — — — — — 

Truck 210 210 210 210 441 

H-hour   H+23 Man __ 1,320 __ 1,320 —— 

ACE — 26 — 26 — 

Loader — 84 — 84 — 
Grader — — — — — 

Truck — 210 —— 210 -- 

H+24    H+47 ' Man — — — 7 — 

. ACE — — — 9 — 

Loader — — — 6 — 

Grader — — — 4 — 

Truck —— — — 7 — 

H+48    H+95 Man 1 ,320 1,320 1,320 1,386 2.793 
ACE 26 26 26 35 59 
Loader 84 84 84 89 189 
Grader — — — 4 — 

Truck 

the dlvlsi on 

210 

during 

210    210 

the European 

217 

scenario. 

441 

♦Attached to 

Figure F-ll 
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GENERAL ENGINEERING WORKLOAD — LATIN AMERICA 

I'rom  Through    Effort By Task 
Brigade Area 

3 DRA 

Increment G-I: 

D+l D+2 

D+3 D+4 

D+S D+8 

D+9 D+10 

D+l 

D+3 

D+5 

D+9 

D+l 

D+2 

D+4 

D+8 

D+10 

D+2 

Construct l-km pioneer roads (DRA) — — — 2 

Construct l-km pioneer roads (DRA) — — — 1 

Repair 10-m MSR (dirt/gravel repair) — — — 1 

Repair lO-m MSR (dirt/gravel repair) — — — 1 
Construct l-km pioneer roads (DRA) — — — 4 

Increment G-2; 

Construct water points — — — 2 
Maintain l-km MSRa — — — 1 

Repair MSR bridges — — — 1 
(bypass within 1 km of bridge) 
Construct l-km pioneer road (EAD) — — — I 
Construct water points — — — I 
Maintain l-km MSRs — — — 16 

Maintain l-km MSRs — — — 33 

Repair MSR bridges — — — 1 
(bypass within 1 km of bridge) 
Construct l-km pioneer road (EAD) — — — 1 
Construct water points — — — 1 
Maintain l-km MSRs — — — 78 

Increment; G-3; 

Construct POL berms — — — 1 
(11.5 x 11.5 x 1.8 m) 
Maintain 100-m MSR bridges — — — 1 
Maintain l-km pioneer roads (DRA) — — — 6 

Figure F-12 (Continued on Next Page) 
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GENERAL ENGINEERING WORKLOAD — LATIN AMERICA (Continued) 

From  Through   Effort By Task 
Brigade Area 
12    3 DRA 

D+3 

D+5 

D+9 

EH-4 

EH-8 

D+10 

m D+l D+2 

1 D+3 D+4 

| 
D+5 0+8 

1 D+9 D+10 

Increment G-3; (Continued) 

Construct POL berms 
(11.5 x 11.5 x 1.8 m) 
Construct general support sites 
Maintain 100-m MSR bridges 
Maintain 1-km pioneer roads (DRA) 
Maintain 1-km pioneer roads (EAD) 

Construct POL berms 
(11.5 x 11.5 x 1.8 m) 
Maintain 100-m MSR bridges 
Maintain 1-km pioneer roads (DRA) 
Maintain l-km pioneer roads (EAD) 

Construct POL berms 
(11.5 x 11.5 x 1.8 m) 
Construct general support sites 
Maintain 100-m MSR bridges 
Maintain I-km pioneer roads (DBA) 
Maintain 1-km pioneer roads (EAD) 

Increment G-4; 

Construct CP/support center 

Construct CP/support center 

Construct CP/support center 

Construct CP/support center 
Construct CSH fjicllity 

(54,500 m2) ' 

Figure F-12 

2 

1 
4 
8 
1 

1 

8 
8 
I 

1 

1 
13 
8 
3 

5 

3 

1 

2 
1 
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GENERAL ENGINEERING WORKLOAD — EUROPE 

Brigade Area 
From   Through Effort By Task 1   2   3  AR*  DRA 

Increment G-l; 

D-10     EH-7    Repair 30.48-in MSR —  —  —  —    67 
(Clear two lane RBE) 

Construct 1-km pioneer roads      —  —  —  —     5 
(DRA) 

D+8     D+10   Repair 30.48-m MSR —  —  —  —    67 
(Clear two lane RBE) 

Construct 1-ka pioneer roads      —  —  —  —     5 
(DRA) 

H-hour   H+23   Repair 30.48-O MSR —  ~  —  ~    58 
(Clear two lane RBE) 

Repair forward area airfield      —  —  —  —     1 
(DSA) 

H+24     H+47   Repair 30.48-m MSR —  —  —  "- 67 
(Clear two lane RBE) 

H+48     H+95   Repair 30.48-« MSR —  —  —  —    72 
(Clear two lane RBE) 

Repair forward area airfield      —  —  —  —     1 
(DSA) 

Construct 1-km pioneer roads      —  —  —  —     5 
(DRA) 

Increment G-2: 

D-10     EH-7    Repair MSR bridges —  —  —  —     1 
(bypass within 1 km of bridge) 

Maintain 1-km MSRs --  —  —  —    51 

D+8      D+IQ   Repair MSR bridges —  —  —  —     1 
(bypass within 1 km of bridge) 

Maintain 1-km MSRs —  —  —  —    51 

Figure F-13 (Continued on Next Page) 
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GENERAL ENGINEERING WORKLOAD — EUROPE (Continued) 

From   Throu ^h Effort By Task 
Brigade Area 

AR*  DRA 

Increment G-2;  (Continued) 

H-hour        H+23         Repair MSR bridges — — — — 1 
(bypass within 1 km of bridge) 

Repair POL berms — — — — 1 
Maintain 1-ka MSRs — — — — 88 
Maintain forward area — — — — 1 

airfield 

H+24    H+47   Repair MSR bridges — — — — 1 
(bypass within 1 km of bridge) 

Repair POL berms — — — — 1 
Maintain 1-km MSRs — — — — 203 

H+48    H^95   Repair MSR bridges — — ~ — 1 
(bypass within 1 km of bridge) 

Repair POL berms — — — — 1 
Maintain 1-km MSRs. — — — —. 313 
Maintain forward area — — ~ — I 

airfield 

Increment G-3; 

D-10    D+7    Construct POL berms — — — — 3 
Maintain MSR bridges — — — — 3 

D+8     DHO   Repair CP/support center — — — — 1 
Construct POL berms — — — — 3 
Maintain MSR bridges — — — — 3 
Maintain 1-km pioneer roads — — — — 30 

(DRA) 

H-hour   H+23   Repair CP/support center(DRA) — — — — 1 
Maintain MSR bridges — — — — 5 
Maintain 1-km pioneer roads — — — — 10 

(DRA) 

Figure F-13 (Continued on Next Page) 
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GENERAL ENGINEERING WORKLOAD — EUROPE (Continued) 

From  Through Effort By Task 
Brigade Area 
2 —"3  ÄP DRA 

H+24 H+47 

H+48 H+95 

Increment G-3: (Continued) 

Repair battle area airfields (BSA) — — — 1 
Repair CP/support center (DRA) — — — —   1 
Repair CP/support center (BSA) — 1 — I 
Maintain MSR bridges — — — —  12 
Maintain 1-kn pioneer roads (DRA) — — — —  10 

Repair battle area airfields (BSA) — — — 1 
Repair CP/support center (DRA) — — — —   1 
Repair CP/support center (BSA) — 1 — 1 
Construct POL berms — — — --   3 
Maintain MSR bridges __ — — —   9 
Maintain l-km pioneer roads (DRA) — — — —  20 

Increment G-4; 

Construct CP/support center (DRA) — — — —   1 

Construct CP/support center (DRA) — — — —   1 
Construct CP/support center (BSA) 11 11 

Construct CP/support center (DRA) — — — —   1 
Construct CP/support center (BSA) — 1 — 1 

Maintain battle area airfield — — — 1 

Maintain battle area airfield — — — 1 
Construct CP/support center (BSA) 11 11 

D-10 D+7 

D+8 D+10 

H-hour H+23 

H+24 H+47 

H+48 H+9.5 

Figure F-13 
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From 

BAD GENERAL ENGINEERING REQUIREMENTS — ALL INCREMENTS 

Through 
Effort 
(Hours) 

Brigade Area 
1      T~*  CAB AR* DRA 

Latin American Scenario 

D+l D+2 

DO 

D+5 

D+9 

I>f4 

D+8 

DflO 

Man 
ACE 
Grader 
Truck 
SEE 

Man 
ACE 
Grader 
Truck 
SEE 

Man 
ACE 
Grader 
Truck 
SEE 

Man 
ACE 
Grader 
Truck 
SEE 

NA — 
NA — 
NA — 
NA — 
NA — 

NA 4 
NA 7 
NA 1 
NA 1 
NA — 

NA 1 
NA — 
NA 1 
NA 1 
NA -- 

NA 33 
NA 37 
NA 5 
NA 16 
NA 15 

European Scenario 

D-10 D+7 

IH8 DflO 

H-hour H+23 

H+24 H+47 

H+48 H+95 

*Attached to the division during the European scenario. 

Figure F-14 
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5. Airfield Excuralon — Latin America. The general engineering 

requirements to upgrade an existing host nation sod strip with a 2,500- x 60- 

foot taxlway and a 600- x 150-foot parking apron were evaluated separately as 

an Independent excursion from the study scenarios* The runway, parking apron, 

run-up area, and the taxlway were all covered with M-19 matting. Once 

upgraded,   the runway would sustain continuous C-130 aircraft ooeratlons. 

a. The  following assumptions were made  for this excursion: 

(1) It was estimated that the excursion would require a 20-BCY 

cut and fill for every 200 feet of 60-foot-wlde airfield, based on assumed 

«roslon damage to the sod airfield. 

(2) The M-19 matting will cover all load-bearing portions of the 

airfield. The size of the airfield would require the Installation of 416,000 

square feet of panels. 

(3) It takes one manhour to lay 250 square feet of M-19 matting; 

therefore, it takes 1,664 manhours (208 squad-hours) to lay 416,000 square 

feet of matting. 

(4) Fquipment-hour factors used were acquired from standard 

sources, such as E-F0SS. SEE equipment-hours for the 85-lnch dozer blade 

attachment were obtained by ESC directly from the Mercedes-Benz UNIMOG repre- 

sentative. 

b. Four alternatives were considered for this excursion: Alterna- 

tives A and B used the equipment organic to the LID engineer battalion. 

Alternative A assumes the AO can be reached by road; therefore, the more effi- 

cient ACE is employed for all equipment tasks.     Alternative B assumes the road 

2 
Planning and Design of Roads, Alrbases,  and Helipads in Theater of Oper- 

ations.  TM 5-330  (DA HQ7  September 1968). 
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network is inadequate, requiring all equipment to be airlifted by helicopter 

into the AO. Since the ACE cannot be airlifted by helicopter, the SEE was the 

only item of equipment available under Alternative B. Alternatives C and D 

used engineer EAD battalion units. Alternative C is the corps battalion (TOE 

5-35H) and Alternative D is the airborne corps battalion (TOE 5-195L). These 

units have similar organic equipment, except the airborne unit has the smaller 

D-6 dozer, which can be broken down into two loads and airlifted by a CH-47 

helicopter. Figure P-15 lists the equipment-hours required by each excursion. 

c. An ESC terrain analysis was also conducted on a fictional area In 

the shallow tropics using a synthetic map developed for a 1970 US Army Water- 

ways Experiment Station study.-' From that terrain analysis, It was determined 

the average distance from any AO to a C-130-capable airfield was 52 kilo- 

meters. In the worst possible case, the maximum distance was 138 kilometers 

from AO to airfield. 

6. Observations. 

a. Several AOs in the Latin American scenario were only accessible 

by helicopter. In those AOs, only the SEE (which can be airlifted by helicop- 

ter) was used for general engineering tasks instead of the ACE (which cannot 

be airlifted by helicopter). Under the European scenario, the extensive 

European „road net allowed the engineers to choose either the SEE or the ACE, 

so the more efficient ACE was always selected. Therefore, there are no SEE 

equipment-hours required for general engineering tasks under the European 

scenario. 

Grabau, W.E. and Shamburger, J.H., Intratheater Transportation Require- 
ment Study, A Procedure for Constructing Synthalogous Environments, Volume I, 
"Rationale (US Army Waterways Experiment Station [WES], September 1970). 
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AIRFIELD REHABILITATION/UPGRADE 

(C-130 AIRCRAFT) 

|             REQUIREMENT (HOURS)            j 

RESOURCES 

i        DIVISION EAD             | 

W/ACE 

(A) 

WO/ACE 

(B) 

CORPS 
(C) 

ABN       | 
CORPS 

(D) 

SQUAD** 

DOZER 

D7/ACE 

GRADER 

SEE: 

BLADE 

OTHER 

208 

17 

208 

20      i 

46 

208 

9 

6 

208 

6 

8-MAN SQUAD 

Figure F-15 
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b. No general engineering casks were required for maneuver brigades 

under Che Ladn American scenario. Therefore, Che entire workload was estl- 

maced as pare of Che DRA. This Is partially due Co Che use of Che TFOB con- 

cept, where there Is neither a precise brigade rear boundary nor any division 

rear boundary. Many engineer tasks for a brigade, such as an airfield, simply 

shared the division asset in the same TFOB. The remaining workload Chat could 

be associated with a brigade area was not completed, mainly because there was 

so llccle air threat. 

c. The results of the airfield excursion Indicate that In an area 

with a large number of accessible airfields, such as in the case of Latin 

America, the need to build or maintain forward or battle area airfields is 

greatly reduced. The data in Figure F-15 Indicate that excursion Alter- 

native D (i.e., a corps follow-on airborne engineer battalion) Is more 

efficient for areas Inaccessible by road. Therefore, it should have priority 

for the task of constructing and maintaining C-130-capable airfields. This 

seems to be an acceptable risk for the LID, which could still complete this 

cask In extreme situations with the SEE (or with the ACE, when roads are 

available). The establishment of a D5/D6 dozer for the ACE in the LID for Che 

purposes of acquiring a hellcopcer-cransporcable dozer cannoc be justified by 

Che resales of chls analysis, especially considering the number of tasks for 

Che more productive ACE. 

LAST PAGE OF ANNEX F 
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APPENDIX:    Engineer Class IV and V Requirements — Brigade Level 
Results G-l-1 

1. Purpose. This annex identifies and quantifies the engineer Class IV 

and V requirements for supporting the LID in the Latin American and European 

scenarios considered by this  study. 

2. Scope. This analysis calculated the Class IV and V requirements for 

divisional and nondlvlslonal engineer units under the LID's control during the 

study scenarios. The analysis includes requirements for all engineer func- 

tional areas: mobility, counterraoblllty, survivability, and general engineer- 

ing, and to a lesser degree the requirements for artillery- and aviation- 

delivered scatterable mines. In addition to quantifying the engineer Class IV 

and V requirements, this analysis calculates the transportation requirements 

associated with the movement of engineer Class IV and V materiel within the 

LID's  area of operations. 



3. Aasumptlona and Their Significance. 

a. ASSUMPTION: The engineer Class IV and V requirements of the LID 

are logistically supportable In both study scenarios. SIGNIFICANCE: The over- 

all study methodology determines the requirements for engineer squad- and 

equipment-hours. If these requirements were not logistically supportable, the 

study case comparisons overstate.shortfalls or understate surplus capability. 

b. ASSUMPTION: Engineer Class IV and V materiel and munitions will 

be delivered to the BSA by other than engineer transportation assets. SIGNIF- 

ICANCE: If engineers must travel further than the BSA to obtain Class IV and 

V supplies, then transportation requirements will be greater than estimated. 

If engineer Class IV and V materiels are pushed farther forward than the BSA, 

then engineer transportation requirements will decrease. 

c. ASSUMPTION: The logistical and physical properties of nitro- 

methane and XM-268, when averaged together, are equivalent to a generic liquid 

explosive. SIGNIFICANCE: The logistical advantages of nitromethane and XM- 

268 can then be compared (using the ESC-calculated properties of the generic 

liquid)  with conventional explosives without prejudice to either system. 

4. Methodology. Figure G-l shows the overall methodology ESC used to 

calculate the engineer Class IV and V requirements for the two study sce- 

narios. 

a. Case descriptions. ESC examined a base case for and a new 

explosive excursion to both the Latin American and the European scenarios. 

(1) In the Latin American scenario, the base case consisted of 

conventional munitions only. Transportation requirements were based on the 

use of the UH-60 helicopter and the 5-ton cargo truck. In the new explosive 

excursion,   scatterable or  improved  conventional mines  (ICOMs)   and   the generic 
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liquid explosive were substituted for conventional munitions wherever possi- 

ble. The means of transporting engineer Class IV and V requirements remained 

the same as in the base case. 

CLASS   IV-V   REQUIREMENTS   METHODOLOGY 

QCNCXAI. 
eNOINHRINO 
MOUIMIMINTS 

SUNVIVAIILITV 
MOUIKIMINTS 

MOWLITV 
niQUIMMfNTS 

COUNTM- 
MOilLlTY 

ntaUIMMINTS 

TlUt - »MA»tO INOINHN 
CLASS IV-V 

nsouinCMiNTS 
ar irtM 

LOOISTICAL 
DATA 

i 
4- 

SHOKT TON 
AlOUIMIMfNTS 

T«UCK 
DATA 1. AIKCHAFT 

DATA . c  ' r     • 

• 
TIIM.PHASiO 
TRUCK LOAD« 

»CtMAAlO 
DATA 

TlHi ■ PHASED 
SOMTIi 

AIOUIKIMINTS 

i • 
f ■ 

AVSRAOt DAILY 
THUCK 

MtOUIMilMNTS 

AVIHAat DAILY 
AiHCRArr 

MOUIMtMfNTS 

Figure G-l 

(2) The base case for the European scenario consisted of conven- 

tional munitions and of artillery-delivered scatterable mines. Transportation 

requirements were based on the 5-ton dump truck, which is the predominant 

truck in the engineer support structure. The new explosive excursion uses all 

scatterable mines, ICOMs, and liquid explosives. Transportation requirements 

were evaluated using 5-ton cargo trutks, which are recommended by ESC for the 

engineer  support structure. 

b.     Class   IV  and  V   requirements.      The major   data  for   this   analysis 

are   simply   the   Class   IV   and   V   requirements   generated   in   the   study's   four 
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engineer functional areas: mobility, countermobility, survivahility, and gen- 

eral engineering. These requirements were developed independently during the 

analysis of each engineer functional area, and then combined. The total engi- 

neer Class IV and V requirement for the LID is in terms of the tctal quantity 

of individual Class IV and V items which engineers must move from the BSAs to 

engineer work sites. 

c. Logistical data. Logistical information Included packaging and 

shipping data about engineer barrier materiel and munitions, and information 

about the capabilities and configurations of aircraft and trucks used to 

transport engineer Class IV and V supplies. 

d. Transportation requirements. ESC calculated the transportation 

requirements associated with LID's Class IV and V requirements in two steps: 

First, using the appropriate volume or weight, logistical data relating to the 

quantities of Class IV and V items were converted into truckloads or aircraft- 

loads of materiel. Next, this result was combined with scenario-generated 

data, such as distances and speeds, to yield the LID's average daily transpor- 

tation requirements for engineer Class IV and V materiel. These results are 

expressed in terms of the average daily number of trucks or aircraft needed to 

transport  the engineer Class IV and V materiel. 

5.    Analysis of Engineer Class IV and V Requirements. 

a. Engineer functional area requirements. Figure G-2 shows Che con- 

tribution of each of the engineer functional areas to the total engineer Class 

IV and V requirement. 

(1) General engineering did not generate any significant engi- 

neer Class IV and V requirement. General engineering tasks mostly require 

construction-related materiel    (cement,  culverts,  lumber, aggregate,   etc.)   and 
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mostly occur in the DRA. Since this analysis focused on the more combat- 

oriented tasks generated in the brigade areas, Class IV or V requirements 

generated by general engineering tasks were not considered by this analysis. 

ENGINEER FUNCTIONAL AREA CLASS  IV AND V REQUIREMENTS 
(Percentage by Weight) 

Functional areas 

Base case 
New Explosive 

excursion 

Base case 
New Explosive 

excursion. 

Counter- General 
Mobility    mobility     Survlvabllty    Engineering 

Latin America Scenario 

2.2            96.8                <1 0 

9.4            90.0                 <1 0 

European Scenario 

<1              99.0                  0 0 

<1              97.6                  0 0 

Figure G-2 

(2) Survivability work generated an almost insignificant demand 

for Class V materiel in the .Latin American scenario. Explosives were used to 

help emplace protective positions and weapons positions on TFOBs inaccessible 

to the SEE. There were no such survivability requirements generated by the 

European scenario. 

(3) Mobility work created a small requirement for Class IV and V 

materiel (bangalore torpedos and HEMMSs) in both scenarios. This requirement 

is proportionally higher in Latin America than in Europe, because that sce- 

naricT is more offensively oriented. The increase in the mobility portion of 

the total Class IV and V requirement from the base case to the new explosive 

excursion   was   caused   by   a  marked   decrease   in  countermobillty   requirements. 
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The mobility Class  IV and V requirement wan the same in both the base case and 

new explosive excursion of each scenario. 

(4) Depending on the scenario and case, countermobility Class IV 

and V requirements account for between 90 and 96 percent of the total engineer 

Class IV and V requirement. Countermobillty Class IV and V requirements are 

generated by the need for explosives to emplace obstacles, mines for mine- 

fields, and HEMMS for marking minefields. Due to the overwhelming preponder- 

ance of countermobillty Class IV and V requirements, this analysis examined 

the total engineer Class IV and V requirement primarily in terms of the coun- 

termobillty requirement. 

b. Countermobillty Class IV and V requirements. In the Latin Ameri- 

can scenario, the countermobillty Class IV and V requirement was based on a 

site-specific obstacle plan. The European scenario requirements were based on 

a form of regression analysis, and the Countermobillty Requirements Algorithm 

described in Figure D-13 of Annex D. 

(1) In the Latin American scenario, specific obstacles the LID 

will emplace were chosen based on scenario data and a terrain analysis of the 

divisional AO. The Class IV and V requirements were derived by multiplying 

the number of obstacles selected by the logistical requirements of each 

obstacle type. This was done for each brigade and scenario time period for 

each obstacle type. The total requirement equaled the sura of the brigade 

requirements. 

(2) In the European scenario, the engineer countermobillty Class 

IV and V requirement was calculated by simply expanding the basic countermo- 

billty methodology described in Annex D to include Class IV and V items. This 

was done by modifying  the Countermobillty Requirements Algorithm,  as  shown  in 
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Figure G-3.     Notice chat Che final component of the algorithm has been changed 

Co show Class IV and V lean requirements. 

COUNTERMOBILITY  CLASS  IV AND V  REQUIREMENTS ALGORITHM 

Engineer CounCermoblllCy Class IV and V Requlremencs 
(Icems by type obsCacle) ■ 

Area of Targec densicy Targec mix Class IV and .V 
brigade AO    X    (Obstacles per km)    X (Percentage of      X    planning  factor 

(km ) type obscacle) (Icems per 
obstacle) 

Figure G-3 

(3) Figure G-A shows an example of the Countermobllity Class IV 

and V Requlremencs Algorithm using daca for Che 2d Brigade, during period 2 of 

Che European scenario. The equaclon in Figure G-4 also shows an addlclonal 

faccor of 0.9. This faccor adjuscs for the fact that 10 percent of the mine- 

fields planned In period 2 were left open as gaps and lanes. This calculation 

was then repeated by brigade and time period for each type obstacle. The 

total Class IV and V requirement is equal to the sum, by time period, of each 

brigade's  requirements. 

SAMPLE  COUNTERMOBILITY CLASS  IV AND V REQUIREMENTS CALCULATIONS 
(2d Brigade, European Scenario, Period 2) 

69  km x     1.33  obstacles    x    0.33 minefields    x    0.9    x    122  AT mines 
(Figure D-7) per km per obstacle 122 AP mines I per 

(Figure D-8) (Figure D-I2) 0.4 HEMSS       ' ralne- 
(Flgure G-5)J field 

- 3,325 AT mines and 3,325 AP mines and 11  HEMMS 

Figure G-4" 
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c. Mobility and survlvablllty requirements. ESC used an essentially 

similar procedure to estimate the much smaller mobility and survlvablllty 

Class IV and V requirements. In each of these functional areas, ESC multi- 

plied the engineer tasks by the appropriate Class IV and V requirements per 

task and summed the results by brigade and period. 

d. Class IV and V planning factors. Planning factors for Class IV 

and V requirements are nothing more than the quantity of Class IV and V items 

consumed per engineer task. In the case of countermobility tasks, this is the 

number and type of Class IV and V items per obstacle. Figures G-5 and G-6 

list the countermobility-related planning factors used in this study for 

linear and point targets. The appropriate planning factor selected from these 

two figures was substituted into the Countermobility Class IV and V Require- 

ments Algorithm in Figure G-4. Similar planning factors were used for esti- 

mating mobility and survivability Class IV and V requirements. 

e. Class IV and V logistical data. In order to complete all the 

necessary Class IV and V calculations and estimates, ESC assembled a great 

deal of logistical data about Class IV and V items. This Information, col- 

lected from a variety of sources, is shown in Figure G-7. 

f. Truck calculations. Trucks were used as the primary means of 

moving Class IV and V supplies for the 2d Brigade in the Latin American sce- 

nario and for all brigades in the European scenario. The number of trucks 

needed to move the required amount of Class IV and V materiel was estimated 

using a four-step procedure. 

(1) Truck capacity. To determined the number of truckloads of 

Class IV and V materiel required, ESC first computed the capacity of the 

trucks   in   terms   of   individual   Class   IV   and  V   items.      ESC  assumed   that   each 



COÜNTERMOBILITY CLASS IV AND V PLANNING FACTORS — LINEAR OBSTACLES 
(Items Per Obstacle) 

lean 

Obstacle type* 
Artillery- Anti- 

Conventional        ICOM Air Ground      delivered    tank 
minefield      minefield    Volcano      Volcano    minefield    ditch 

M-15 AT mine 
(each) 

122 23.8 

M-16 AP mine 
(each) 

122 5.6 

NATO ICOM 
(each) 

50 17 

Volcano mine 
(each) 

804 960 

RAAM AT mine 
(each) 

405 

ADAM AP mine 
(each) 

160 

HEMMS 
(set) 

0.4 0.4 0.4 

*See Figures D-3 and D-10 for a fuller description of each obstacle. 

Figure G-5 
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COUNTERMOBILITY CLASS IV AND V PLANNING FACTORS — POINT OBSTACLES* 
(Items Per Obstacle) 

Road craters Bridge 
demolition 
B       E 

Abatis 
B   E 

Rubble blast 

Item 
<25 ft 

B** 
>25 ft <25 ft >25 ft 

E***   B    E 
emplacement 
B        E 

40-lb shaped       3 
charge.(each) 

40-lb crater-      3 
ing charge (each) 

1-lb TNT 
(block) 

30 10 5a   10   160    20 850    50 

Liquid explo- 
sive (lb) 

140 240    —   260 800 

Detonating 
cord (ft) 

150 150    150  300   300   300  — —   150   150 

M-15 AT 
mine (each) 

18 36 36 18 -.- 18 

M-21 AT 
mine (each) 

12 24   --   24 12 —   12 

M-16 AP 
mine (each) 

6   3  3 

NATO ICOM 
(each) 

17 34 

*See Figure D-ll for a fuller description. 
**Base case. 

***New explosive excursion. 

34  — 17 17 

Figure G-6 
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truckload would consist of only one type of Class IV or V item. Volume was 

based on loading trucks to the top of the side racks (for cargo trucks) or the 

top of the bed (for dump trucks). Weight capability was based on the 5-ton 

cross-country rating for these trucks. Capability traa checked against both 

volume and weight criteria. In all cases, c^'i'o voJ.uae was the limiting cri- 

terion. ESC combined the dimensional data on rruch. btis vtth shipping dimen- 

sions of Class IV and V items (Figure G-7) to determine c' e number of Class IV 

or V Items each truck could transport. This capacity is ^hown in the last two 

columns of Figure G-7. 

(2) Truckloads. Step 2 calcui-.'.; O-e total number of truck- 

loads by dividing the total scenario time-phased Class IV and V item require- 

ments by the appropriate truck capacity list in Figure G-7. The truckloads 

for separate items were then added to arrive at the time-phased Class IV and V 

scenario requirements expressed as truckloads. ' Because this calculation 

assumes optimal loading of each truck, this step tends to produce an optimis- 

tic estimate of the total number of truckloads. However, engineers will use 

trailers when transporting Class IV and V supplies; this methodology does not 

capcure that trailer capability, which should offset the methodology's over- 

estimate of truckload capability. 

(3) Turnaround time. Step 3 estimates the turnaround time 

renaired for a truck to pick up a load of materiel at the BSA, deliver it to 

an engineer worksite, and return to the BSA. Figure G-8 defines turnaround 

time and shows how it was evaluated in both scenarios. Travel distances were 

based on the MSR net and BSA locations developed for both scenarios. Speeds 

are based    on scenario    conditions    and  recommendations     in Army    Field Manual 
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(FM)  55-15.        The  delay   times   are  primarily   load   and   unload   times   and   are 

modifications of times  in FM 55-15. 

TRUCK TURNAROUND TIME 
(Hours) 

Turnaround ■ 2 x One-way distance (km) •♦• delay (hr) 
time (hr) Average speed (kph) 

Latin American Scenario 
^     ( 2d Brigade) 

Factor 

Period 
Turnaround       Distance 
time (hr)         (tan) 

Speed 
(kph) 

Delay 
(hr) 

2 
3 
4 

1.9             15 
3.6             45 
5.6             81 

European Scenario 

35 
35 
35 

1 
1 
1 

All periods 
Infantry brigadi 
Armored brigade 

•2.7         .   ' 10 
3.0             15 

30 
30 

2 
2 

c 

Figure G-8 

(4) Daily truck requirements. Steps 1 through 3 provide the 

data for Step 4 — the dally number of trucks needed to transport Class IV and 

V materiel. Figure G-9 shows the equation for calculating the average daily 

truck requirement. In the Latin American scenario, ESC estimated that the 

LID'3 trucks would be available one-third of the time to haul Class IV and V 

supplies. Therefore, the operational day was 4 hours. In the European sce- 

nario, the primary mission of the LID's and supporting- engineer's trucks was 

to   transport   the  Class   IV  and  V  materiel.     The operational  day was   estimated 

\ 1 
Transportation    Reference    Data.    FM    55-15    (Department    of     the    Army, 

February 1968). 
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at 12 hours. This algorithm was repetitively applied by Item, time period, 

and brigade. The brigade results were summed to determine the total scenario 

truck requirement. 

TRUCK REQUIREMENTS ALGORITHM 

Dally number 
of trucks 

Class IV and V 
requirements 

(Items per d .v) 
Truck capacity 

(Items per truck) 
(Figure G-7) 

Turnaround 
time (hr) 

X (Figure G-Q 
Operational day 
(Hr per day) 

Figure G-9 

g. Helicopter calculations. Helicopters are Involved the transport- 

ation of Class IV and V materiel in the Latin American scenario because the 

1st and 3d Brigades are operating in semlclandestine TFOBs which are Inacces- 

sible to ground transportation. The UH-60 helicopter is used to transport 

Class IV and V supplies from the DRA to the Ist and 3d Brigades. The cal- 

culation of helicopter requirements is similar to that used to calculate truck 

requirements. 

(1) UH-60 capacity. ESC first estimated the lift capability of 

the UH-60 under the conditions of the Latin American scenario, using the data 

listed In Figure G-10. ESC determined that the UH-60 could lift 100 percent 

of its rated load (6,870 lb) under worst-case conditions in the Latin American 

scenario. 

(2) UH-60 turnaround time. Figure G-ll shows how turnaround 

time was computed for the UH-60 in the Latin American scenario. The process 

is similar to that used for trucks, except that any delay time will be Incor- 

porated  later as a degradation to  the operational day. 
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LATIN AMERICAN UH-60 HELICOPTER CAPABILITY 

Weather 

FACTORS 

Topographic Mission 

Temperature (97 F)        Station elevation (25 ft) One-way distance (125 km) 
Dewpoint (84 F) Maximum in-flight Ground speed (161 kph) 
Barometric elevation (1000 ft) Fuel burn rate (890 Ib/hr) 

pressure (29.73 in.) 

RESULT:    UH-60 capability under    worst-case conditions  Is  100 percent of the 
rated capability, or 6,870 lb.* 

♦Actual calculation of UH-60 capability was performed by using the Bat- 
tlefield Environmental Effects Simulation model at the US Army Engineer Topo- 
graphic Laboratories. 

Figure G-10 

LATIN AMERICAN UH-60 HELICOPTER TURNAROUND TIME 

Turnaround    ■    2    x    One-way mission distance (km) 
time (hr) Average ground speed (kph) 

Brigade 

I 
3 

Turnaround 
time  (hr) 

1.6 
1.2 

One-way 
distance 

(km) 

125 
100 

ground speed 
(kph) 

161 
161 

Figure G-ll 

(3) Dally UH-60 requirements. The computation of daily hell- 

copter requirements was somewhat simpler than for trucks. Helicopter capa- 

bility Is based on weight, so it was possible to estimate helicopter require- 

ments directly from the total Class IV and V weight and not have to deal with 

various   types   of   items.      Figure  G-12  shows   how  the   daily  UH-60   requirements 
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were estimated.     The 8-hour operational  day for helicopters  Is degraded by 30 

2 
percent  to  account  for all types of delay. 

ÜH-60 HELICOPTER REQUIREMENTS ALGORITHM 

Dally number 
of UH-60 
helicopters 

Class IV and V 
requirements 
(lb per day) 

UH-60 capability 

Turnaround 
time (hr) 

Operational day 

Figure G-12 

h. C-141B calculations. In the Latin American scenario, Class IV 

and V requirements take on added significance because they must transport to 

the divisional AO by Inter-theater airlift. C-141B aircraft were used to air- 

lift all of the LID's Class IV and V Items to the divisional AO. Figure G-13 

shows how ESC calculated this requirement. The total number of C-141B sorties 

were estimated by applying the equation In Figure G-13 against the LID's time- 

phased Class IV and V requirements. 

C-141B REQUIREMENTS ALGORITHM 

C-141B sorties 
Class IV and V Requirements 
 (STON)  

24  STON per C-141B* 

*Table TIT, Appendix A, JCS PUB 15, SEP 83. 

Figure G-13 

1.    Format of results.    This  annex presents the results of  the Class 

IV  and  V   analysis   in  several  different   formats.     They are presented   as  Class 

This   information was  provided   to   ESC by  the  Concepts   and  Studies Divi- 
sion,  Directorate of  Combat Developments,  Fort  Rucker,  Alabama. 
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IV and V Item requirements, in terms of average daily STON of Class IV and V 

supply, and finally as the number of trucks or aircraft needed to move the 

Class IV and V requirements about the divisional AO. 

6. Countermobillty Alternatives Suitable to LID Operations. During the 

Class IV and V analysis, ESC found it necessary to evaluate several different 

munitions capable of fulfilling the same or similar functions. The munitions 

considered are liquid explosive, ICOM, the Modular Pack Mine System (MOPMS), 

and the M-180 cratering demolition kit. 

a. Liquid explosives. Over the past several years, liquid nitro- 

methane and XM-268 (a binary slurry blasting agent) have been extensively 

evaluated for their potential as military demolition materiels. Both of these 

materiels have been found suitable for military use in such applications as 

antitank ditching, cratering, and assault entry charges 3,4 ESC believes that 

neither of the two munitions is clearly superior to. the other. They have 

strengths and weaknesses depending on the intended use and the priority 

assigned to any evaluation criteria. Therefore,  this analysis is limited to 

determining if liquid explosives have any logistical advantages over standard 

railitary demolitions. Figure G-14 compares selected characteristics of nitro- 

methane and XM-268 to TNT. In this annex, ESC used the average of the proper- 

ties of nitromethane and XM-268 to represent a typical liquid explosive. This 

average is shown in Figure G-14 as liquid explosive. Since the available 

information does not suggest otherwise ESC substituted liquid explosive on a 

pound-for-pound basis  for conventional military explosives. 

Urban Street Cratering Tests Fort Rucker. Alabama, Joachin, C.E., (US 
Army Waterways Experiment  Station [WES],  December  1981). 

Liquid Explosives in Antlarmor Ditching, Cratering and Assault Entry 
Charges  (WES. November 1983).    """"""^ "~ 

Tactical Explosives Systems (TEXS) , Integration Alternatives and Issues. 
(McLean Research Center,  February  1986). 
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COMPARISON OF EXPLOSIVES 

Characteristic TNT 
Explosive 

Nltroaethane       XM-268 Liquid 

Physical: 

Specific gravity 
Natural state 
Relative effectiveness 

1.63 1.13 1.55 1.34 
solid liquid slurry 

1 1.15 1.5-2.0 1 

Logistical: 

Classification 
Packaging 

Explosive        Flammable    Non-explosive   Either 
Wooden 55-gal 55-gal 55-gal 

box drum drum drum 

Shipping weight 
(lb per package) 81 593 711 690 

Shipping volume 

(ft    per package) 1.52 8.8 8.8 8.8 

Shipping density 

(lb per ft  ) 53 67 81 78 

5-ton cargo truck 

capacity (lb) 8,064* 9,324* 9,654**        9,660** 

*Based on volume. 
**Based on 5-ton cross-country load rating. 

Figure G-14 
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b.     ICOMs. 

(1) ESC believes that light Infantry operations have continuing 

and substantial need for conventional, hand-emplaced mines and minefields. 

Light forces are likely to be employed In a manner where support from artil- 

lery- and ground-emplaced scatterable mines Is unavailable. In other cases, 

light forces may chose Co maintain security and tactical surprise by hand- 

emplaclng minefields. Finally, the target Itself may require handemplaced 

mines for such uses as mining underwater at fords or In soft marshy ground. 

In the new explosive excursion, hand-emplaced minefields accounted for 20 and 

25 percent of all linear minefields In the Latin American and European sce- 

narios, respectively. These percentages would have been even higher If the 

mining of point obstacles were included. This annex will Identify the logis- 

tical savings attainable if ICOMs are substituted for conventional antitank 

mines wherever mines are hand-emplaced. 

(2) ICOMs have two logistical advantages. First, ICOMs weigh at 

least 50 percent less than conventional mines. Second, they are full-width 

sensing, so fewer mines are required. ESC evaluated two different ICOMs and 

selected one as the base from which to make the logistical estimates. These 

ICOMs are the US ICOM (under development) and the NATO ICOM (In produc- 

tion). »' Figure G-15 compares the US and NATO ICOMs to the M-15 AT mine. 

In this analysis ESC, decided to calculate the minimum and immediately 

achievable logistical savings.     Therefore,   all  estimates have been based on 

The developmental information on the US ICOM in this annex is from the 
draft ICOM Systems Requirements, and the dr^ft Organizational and Operational 
Plan for Improved Conventional Mine Systems (ICOMS), provided by Directorate 
of Combat Developments, US Army Engineer School (USAES), Fort Belvoir, 
Virginia. 

The NATO ICOM is the FFV 028 antitank mine produced by FFV Ordnance, 
Eskiltuna,  Sweden.     It has been adopted as  a standard antitank mine by several 



characteristics   of   the  NATO  TCOM,  which   Is   currently   in  production,   rather 

than the US ICOM, which is still in the early stages of development. 

ANTITANK MINE CHARACTERISTICS 

Characteristic M-15 US  ICOM NATO ICOM 

Mine weight  (lb) 30 8 17.6 

Shipping weight  (lb) 49 9.2* 18.4 

Sensing width Track** Vehicle Vehicle 

Fuse Pressure Electronic Electronic 

Antihandling 
devices 

Field 
installed 

Integral Integral 

Capacity 
5-ton cargo truck 
C-141B 

198 
979 

640 
5,224 

600 
2,617 

Available yes no yes 

♦Estimate by ESC and USAES. 
**10 percent are being upgraded with a tilt-rod fuse. 

Figure C-15 

c.     MOPMS. 

(1) MOPMS is a munition which will eventually be available Co 

help fullfill the Class V needs of the LID. It is intended for use in appli- 

cations such as gap and lane closing, and for point minefields. The command 

emplacement and detonation capability of MOPMS gives It some unique tactical 

possibilities. MOPMS offers very great raanhour savings for emplacement 

requirements and also greatly reduces the duration of emplacement when used 

for gap and lane closing and point targets. (These savings are Identified In 

Annex D.) 

(2) ESC does not believe It Is appropriate to replace hand- 

amplac.ed  -nines  with MOPMS  in all  situations.     This   is   especlallv true in li^ht 
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infantry operations. Some point minefields may be smaller than the MOPMS 

footprint. There may be a requirement to place mines under water or snow, or 

in very soft ground, situations for which the MOPMS Is ill-suited. Some tar- 

gets may call for the emplacement of mines in specific locations, and the 

MOPMS is incapable of meeting this requirement, even though it Is a very prob- 

able requirement for light forces employed in suitable terrain. Finally, the 

MOPMS pack itself,  can be hand-carried only over short distances. 

(3) To evaluate the logistical savings of MOPMS, ESC compared 

the logistical requirements of a point minefield emplaced by several different 

means (Figure G-16). Both the MOPMS- and ICOM-based point minefields have 

great advantages over a point minefield of conventional mines. The case 

between MOPMS and ICOMs is less clear. MOPMS weighs slightly less than the US 

ICOM and decidedly less than the NATO 1C0M. This is important when discussing 

inter-theater airlift to the'LID's AO. Volume becomes more Important within 

the divisional AO. Both types of ICOM point minefields are superior to MOPMS 

when measured by volume. Thus, neither munition is clearly best. Seeking to 

evaluate   immediately   attainable   savings,    ESC   did    not   evaluate   MOPMS   as    an 

Q 
alternative Class V item. The NATO ICOM was used for closing all gaps and 

lanes,  and point minefields. 

'According  to USAES,  the earliest MOPMS  fielding date is  late  1988. 



LOGISTICAL COMPARISON OF POINT MINEFIELD ALTERNATIVES 

Logistics Burden 

Method 
Weight 
(lb) 

Volume 
JJL1 

Conventional mines 

MOPMS 

US  ICOM 

NATO ICOM 

1,184 

178 

185 

341 

27.5 

8.2 

7.2 

6.5 

MOPMS mines a semicircular area with radius ■ 35 
meters, and a mix of AT and AP mines. The conventional 
and ICOM point minefields have been constructed to be 
equivalent to a MOPMS minefield. They are 30 x 70 meters 
and contain eighteen M-15 ATs, fifteen M-21 ATs, and 
three M-16 AP mines, or seventeen ICOMs and three M-16 AP 
mines, respectively. 

Figure G-16 

d. M-180. The M-180 cratering kit is available to meet the LID's 

Class V needs. The M-180 is Intended for the emplacement of road craters and 

results In )?reat manhour savings and reduced emplacement times. As with 

MOPMS, ESC does not feel that the M-180 is suitable for all the LID's require- 

ments. For example, in an antiarmor ambush it may be tactically desirable to 

delay detonation of the road crater until the enemy is very near or even on 

top of the target to achieve the maximum surorise and shock effect. A second 

example could be a road crater employed at the rear of an enemy column in 

restricted terrain to trap the column. These uses are not appropriate to the 

M-180. Finally, the M-180 achieves its rapid emplacement and reduced manhour 

reouirement at a great logistical expense. A single M-180 kit cannot be car- 

ried   more   than   a   short   distance   on   foot.       It   is    even   more   loRistically 
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burdensone than standard military demolitions. Figure G-17 is a logistical 

comparison of several means of eapl :ing road craters. Because of its great 

logistical burden and partial tactical unsultabillty for light infantry 

operations, the M-180 was not evaluated as a Class V alternative. 

LOGISTICAL  COMPARISON OF ROAD CRATERING ALTERNATIVES* 

Method 

Conventional munitions 

M-180 

SEE with auger and 
conventional munitions 

SEE with auger and 
liquid  explosives 

Logistics Burden 
Weight Volume 

(lb) (ft) 

668 

825 

343 

286 

16.5 

35.8 

7.2 

3.6 

All methods are for- equivalent-sized craters. The 
first two are from Appendix D, Countermoblllty, FM 5-102 
(Department of the Army, March 1985). The third is a 
hasty crater with boreholes angered by the SEE. The last 
uses three bore holes, each 10 feet deep and 10 feet on 
center. In this last example, each borehole is loaded 
with 85  pounds  of  liquid  explosive. 

Figure G-17 

. 7. Class IV and V Item Requirements. Figures G-18 through G-21 show the 

individual Item raquiremencs for Class IV and.V supplies by scenario base case 

and integrated excursion. The results are shown as divisional total require- 

ments by time period and item. Appendix G-l contains similar data, detailed 

down to the brigade level. 

a.     In   the   base   case   of   the   Latin   American   scenario.   Figure   G-18 

shows  a  total  requirement   for  18,915 M-15  antitank mines.    This is the first 
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Indication as Co Che imporcance of antitank mines in determining the total 

engineer Class IV and V requirenent. Figure G-19 shows that in Che new explo- 

sive excursion, Che NATO ICOM (2,844) and Che Volcano mine (9,955) will have 

Che greatesc  Impact on the total engineer Class IV and V requiremenc. 

b. When Figures G-18 and G-20, and Figures G-19 and 21 are compared, 

ic is clear thaC Che European scenario has a much greaCer Class IV and V 

requiremenc Chan Che LaCin American scenario. ICem by icem, Che European 

requiremencs are chree to four times greater. Figure G-20 shows Chac Che 

58,629 M-15 anCiCank mines will concrol Che European base case Class IV and V 

requiranencs. Figure G-21 IndicaCes that Che NATO ICOM (22,343) and Che Vol- 

cano mine (18,002) will concrol CoCal requirements in Che new explosive 

«»xcursion. 

8. Class IV and V Short Ton (STON) Requirements. Figure G-22 shows Che 

CoCal LID Qlasa IV and V requiremencs expressed as average daily STON of sup- 

ply. The results are shown by scenario and time period. In the European sce- 

nario, Che results for the LID and the attached armored brigade are shown 

separately from the scenario Cotal. Detailed data down to the LID brigade 

level is contained in the Appendix. 

a.     The Latin American scenario  base  case daily  average Class   IV  and 

V requirement is 53 STON per day. There are two distinct peaks in the supply 

requiremencs, which are about twice the scenario daily average. These peak 

requiranents are for 109 and 106 STON per day and occur in periods 2 and 4, 

respectively.     In the new explosive excursion,  the  average daily Class IV and 

V requirement decreases by about a factor of 5 to 10 STON per day. The new 

explosive excursion shows the same peaks and relative magnitudes as the base 

case. 
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ENGINEER CLASS   IV AND V DAILY  SUPPLY TONNAGE 
(Average dally STON) 

New Explosive 
Unit From Through Base Case Excursion 

LATIN AMERICAN SCENARIO 

D+I D+2 3.15 1.13 

LID D+3 D+4 109.51 18.67 

D+5 D+8 28.36 7.27 

D+9 D+10 105.96 19.12 

SCENARIO AVERAGE: 53.02 9.96 

EUROPEAN SCENARIO 

LID 

D+8 D+10 255.70 

-hour H+23 91.27 

H+24 W-47 121.89 

H+47 H+95 ' 307.05 

SCENARIO AVERAGE: 227.77 

42.02 

7.9.94 

54.97 

114.70 

62.91 

D+8 D+10 95.48 

AR H-hour H+23 32.38 

brigade H+24 H+47 124.27 

H+47 H+95 55.86 

SCENARIO AVERAGE: 79.26 

17.20 

6.65 

54.11 

20.99 

22.05 

D+8 D+10 351.18 

SCENARIO H-hour H+23 123.65 

TOTALS   H+24 H+47 246.16 

H+47 H+95 362.91 

SCENARIO AVERAGE: 307.03 

59.22 

36.59 

109.08 

135.69 

84.96 

Figure G-22 

G-29 



iipiUMUMJiiJ * w*m r^^^^m^wwwwm niximiwm 

s 

i 

b. In Che European scenario base case, the Class IV and V average 

daily requirement is 307 STON per day. Class IV and V requirements are more 

constant than In the Latin American scenario. There are two minor peak 

requirements of 351 and 362 STON per day which occur in periods 2 and 5, 

respectively. These two peaks are only about 15 percent greater than the sce- 

nario daily average. The new explosive excursion average daily supply rate of 

85 STON per day Is about 3.5 times less than the base case requirement of 307 

STON per day. The new explosive excursion shows supply peaks of 109 and 135 

STON per day occurring in periods 4 and 5. These are about 30 and 60 percent 

above the scenario daily average. In both the base case and new explosive 

excursion, the LID accounts for about 75 percent of the total Class IV and V 

requirement and the attached armored brigade accounts for the remainder. 

9.     Class IV and V Daily Transportation Requirements« 

a. Figure G-23 shows the engineer Class IV and V transportation 

requirements within the LID's divisional AO. The results are shown as the 

average daily number of helicopters and trucks needed to transport these sup- 

plies. This figure does not include requirements for the Air Volcano or 

artillery-delivered mines, as they are not an engineer responsibility. Heli- 

copters were used only in the Latin American scenario. European scenario 

results are separately shown for the LID and the attached armored brigade. 

The detailed  brigade  level  data  are contained   in the Appendix  to his  annax. 

(1) The movement of engineer Class IV and V supplies requires a 

scenario daily average of five UH-60 helicopters and three 5-ton cargo trucks 

in the Latin American base case. This requirement is reduced one helicopter 

and  one 5-ton cargo  truck in  the new explosive excursion. 
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ENGINEER CLASS   IV AND V TRANSPORTATION REQUIREMENTS 
(Average Dally Number of Helicopters and Trucks) 

Unit        From       Through Base Case 
New Explosive 

Excursion 

LID 

LATIN AMERICAN SCENARIO 

UH-60 
5 

Car« 
-Ton 
o Truck UH-60 

5 
Carg 

-Ton 
o Truck 

D+l D+2 0.5 0 0.5 0 

D+3 D+4 1 6 0.5 2 

D+5 D+8 3 1 0.5 1 

D+9 D+10 7 2 1 1 

I 

SCENARIO AVERAGE: 

EUROPEAN SCENARIO 

LID 

5-Ton 
Dump Truck 

5 
CarR 

-Ton 
o Truck 

D+8        D+10 ' 25 2 

H-hour H+23 9 1 

H+24      H+47 9 1 

H+47      H+95 24 2 

SCENARIO  AVERAGE: 20 

D+8         D+10 

AR H-hour H+23 

brigade ft+24       H+47 

H+47       H+95 

SCENARIO AV 

D+8        D+10 

SCENARIO H-hour H+23 

TOTALS H+24      H+47 

H+47      H+95 

10 

3 

11 

5 

8 

35 

12 

20 

29 

3 

2 

3 

3 

m 

SCENARIO AVERAGE: 28 

Figure G-23 

G-31 



r Wf^mmr^n^^m^mi*aM\ u   ■ II^IW»WI»I-I»H»HJIL».M.W ,„,.,.,R, n.-..^. n.^w^wrr,,,, .^, ,., 

I 

(2) The European scenario base case has an average dally 

requirement for 28 five-ton dump trucks to transport engineer Class IV and V 

supplies. The LID generates about 22 percent of this requirement and the 

attached armored brigade generates the remainder. In the new explosive excur- 

sion, there is an average daily requirement for three S-ton cargo trucks to 

transport the engineer Class IV and V supplies. Two-thirds of this Is for the 

LID  and one-third  for the attached  armored brigade. 

b. Figure G-24 shows the number of C-141B sorties needed to deploy 

engineer Class IV and V requirements for the Latin American scenario. The 

base case requires an average of three C-141B sorties per day. This decreases 

to well under one sortie per day in the new explosive excursion. 

C-14IB SORTIES FOR ENGINEER CLASS IV AND V REQUIREMENTS — 
LATIN AMERICAN SCENARIO 

(Dally Averages) 

From       Through Base Case 
New Explosive 
Excursion Savings 

D+I D+2 
D+3 D+4 
D+5 D+8 
D+9 D+10 

SCENARIO AVERAGE: 

4 
1 

Figure G-24 

10.     Observations. 

a. Antitank mines. The most striking feature of the Class IV and V 

analysis is the overwhelming importance of antitank mines in determining the 

total Class IV and V requirements Figure G-25 shows all categories of antitank 

mines as a percentage of total requirements* Because they dominate the Class 

IV and V requirement,  antitank mines are an area of high logistical payoff  for 

G-32 

Mb 



the LID. The quantities of Air Volcano and RAAM listed in Figure G-25 and 

cited In the following paragraphs refer only to the quantities of these muni- 

tions needed to offset englneer-emplaced obstacles. This analysis does not 

forecast the total LID Air Volcano and RAAM requirements. 

COMPARISON OP ANTITANK MINES TO TOTAL REQUIREMENT 
(Percentage by Weight) 

Scenario 
Latl 

Base 
Case 

n American 
New Explosive 

Excursion 

European 

Type AT Mine 
Base 
Case 

New Explosive 
Excursion 

Conventional 
NATO  I COM 
Volcano 
RAAM 

Total 

90.1 

90.1 

26.2 
41.6 
8.4 

76.2 

76.1 

7.3 

83.4 

34.4 
12.6 
26.5 

73.5 

Figure G-25 

(1) Ground Volcano. This system plays an Important role In 

reducing the overall logistical requirements In both scenarios. Figure G-26 

shows the savings attributable to Ground Volcano when It Is employed In the 

new explosive excursion of both scenarios. The logistical savings of ground 

Volcano would have been greater In the Latin American scenario had Its use not 

been restricted to one brigade. 

(2) Air Volcano. This system was used as a substitute for hand- 

emplaced minefields in the new explosive excursion of both scenarios. Its use 

provides some major logistical savings, especially In the Latin American sce- 

nario, as shown In Figure G-27. The Latin American savings are large because 

of the very low air threat which permitted widespread use of helicopters In 

forward   areas.     The European savings   are lower  for  two reasons:   the high air 
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threat restricted the use of helicopters and there was a reduced use of mine- 

fields compared to point obstacles. 

GROUND VOLCANO LOGISTICAL SAVINGS 

Scenar lo 
Mine System Latin America Europe 

Conventional: 
Number of modules 
Weight (STON) 

29 
90 

149 
512 

Replaced by: 

Ground Volcano: 

Number of modules 
Weight (STON) 

Weight Savings: 

STON 
Percent 

3.0 
12 

66 
12 

14.9 
60 

452 
21 

Figure G-26 

AIR VOLCANO LOGISTICAL SAVINGS 

Scenario 
Mine System Latin American European 

Conventional: 
Number of modules 
Weight (STON) 

70 
217 

37 
124 

Replaced by: 

Ground Volcano: 
Number of modules 
Weight  (STON) 

Weight  Savings: 
STON 
Percent 

8.8 
29 

188 
35 

4.6 
15 

109 
5 

Figure G-27 

x (3)    RAAM.     The  use  of   the artillery-delivered RAAM  contributes 

to the overall savings in    both scenarios, but    especially in    Europe where it 
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was used extensively In the delay phase. The savings due to RAAM are 

difficult to quantify. In most cases RAAM Is used In situations where 

engineers have no capabllty to respond. In effect, RAAM adds a new capability 

where the engineers were previously unable to respond. This Is especially 

true In fluid combat situations, such as a delay. 

(4) NATO ICOM. The use of the NATO ICOM provides very signifi- 

cant savings In both scenarios as shown in Figure G-28. These savings result 

from the substitution of the NATO ICOM for conventional antitank mines in the 

hand-emplaced  point and linear minefields of the new explosive excursion. 

NATO ICOM LOGISTICAL SAVINGS 

Weight Savings 
Scenario STON Percent 

Latin American 

European 

96 

714  • 

45 

55 

Figur e G-28 

(5) A comparison of Figures G-26 through G-28 provides some 

overall logistical conclusions about mining. In a logistical sense, the deci- 

sion about which mining system provides the greatest benefits is scenario 

dependent. The payoff depends on the terrain, combat intensity, and friendly 

posture. The Volcano system provides the greatest logistical savings In the 

Latin American scenario, which is a low- to mid-intensity conflict, has a low 

air threat, and is offensively oriented. The NATO ICOM gives greater benefits 

in the high-intensity European conflict, where the terrain is extremely dif- 

ficult and the friendly posture is defensive. The greatest savings naturally 

occur  when  both  systems  are used   as  shown  in Figure G-29.     These  two  systems 
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should be viewed as complementary. The area where they overlap Is small. 

Ground Volcano la more efficient than the NATO 1C0M where conditions are 

suitable. The LID still has a large requirement for hand-emplaced minas in 

both linear and point minefields. The fielding of an ICOM is very important 

to the logistical supportability of the LID. 

SUMMARY OF ANTITANK MINE SAVINGS 

Scenario 
Latin 
STON 

America 
Percent 

Europe 
AT Mine System STON Percent 

NATO ICOM 88 17 812 37 

Ground Volcano 66 12 4-52 21 
Air Volcano 188 35 109 5 

Total 342 64 1375 63 

Figure G-29 

b.     Liquid  explosives. 

(1) The substitution of liquid explosive for conventional explo- 

sives did not provide any significant Class V savings. There are two reasons 

for this. First, conventional explosives are only a small part of the total 

Class IV and V requirement as shown in Figure G-30. Thus, the potential for 

making meaningful reductions is small. Second, when liquid explosive is sub- 

stituted on a pound-for-pound basis for conventional explosives, the only 

weight reductions available are in packaging. This does not leave room for 

dramatic improvement. Figure G-31 shows the total savings achieved by using 

liquid explosive. The higher percentage savings achieved in the new explosive 

excursion is due to the decrease in the total requirements, and not to an 

increase in the use of liquid explosive. 
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CONVENTIONAL AND LIQUID  EXPLOSIVE REQUIREMENTS 
(Percentage by Weight) 

Explosive 
Conventional Liquid 

Latin American Scenario 

Base case 

New Explosive 
excursion 

3.3 

0.4 

European Scenario 

Base case 8.7 

6.3 

New Explosive 
excursion 0.4 13.7 

Figure G-30 

LIQUID EXPLOSIVE LOGISTICAL SAVINGS 

STON 
Weight Savings 

Percent 

Latin American Scenario 

Base case 

New Explosive 
excursion 

5.7 

5.7 

European Scenario 

Base case 

New Explosive 
excursion 

41.2 

41.2 

1.1 

5.8 

5.8 

6.9 

Figure G-31 
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(2) Liquid explosive should ronaln an attraccive Class V item 

for light infantry operations because of its versatility. It can be used for 

shaped charges, cratering charges and is well suited for denial operations 

because it can be pumped or poured. Liquid explosive has been shown to be an 

effective cratering means when employed in sewer lines and manholes. Tt has 

been suggested as a road cratering means if poured down existing drainage 

culverts. This makes it attractive to light forces, which are likely to find 

themselves employed in urban terrain. Before liquid explosive can provide 

significant   Class   V   savings,    additional    testing   is   needed.      When   used    in 

cratering  applications,   liquid   explosive has   up  to  twice  the relative  effec- 

o 
tiveness of TNT. Testing should be conducted to determine the optimum com- 

bination of boreholes, borehole depth, spacing, and explosive loading. It may 

be possible to reduce the explosive content by up to 50 percent. This would 

result in greater Class V savings. 

c. Class IV. Outside of the HEMMS, this analysis did not identify 

any Class IV requirements. There were no engineer requirements for items such 

as barbed wire, concertina, or sand bags. This does not mean maneuver units 

will not need these type of Items, but that these kind of requirements were 

not within the  scope of  this analysis. 

d. Class IV  and V transportation. 

(1) The movement of Class IV and V supplies is a major task for 

the 5-ton series vehicles in the engineer support force, especially in the 

European scenario. This requirement reaches very high peaks during the battle 

preparation   and   the  delay  phases,   as   shown   in  Figure G-23.      The  demand   for 

Kirshenbaum,   M.S.,   et   al;   Demolitions—Current   Formulation   and   Future 
Options   (US Array Armament Research and Development   Center,  July  1985). 
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trucks during these periods Is high enough to cause concern to LID and sup- 

porting engineers. In the new explosive excursion, the availability of trucks 

Is no longer a problem, for two reasons: First, the combined use of the Family 

of Scatterable Mines (FASCAMs) and ICOMs redded the quantity of materiel to 

be moved by about 70 percent. Second, the Increased capacity of the 5-ton 

cargo truck over the 5-ton dump truck reduced the need for trucks by about 

one-half. 

(2) The number of trucks needed to transport Class IV and V sup- 

plies Is directly related to the distance which these trucks must travel. 

Thus, ESC's assumption that engineer supplies would be delivered to the BSA Is 

critical. If engineers must travel to the DRA or further to pick up Class IV 

and V materiel, the dally number of trucks required will increase quickly. In 

the European scenario, each additional 15 kilometers of one-way travel will 

Increase dally truck requirements by at least one-third. 

(3) ESC feels that the 5-ton dump truck Is poorly suited for the 

missions facing the LID's engineer support force. One of the most Important 

missions for these trucks Is hauling Class IV and V supplies. In this role 

volume capacity Is the limiting criteria. Figure G-7 clearly shows that the 

5-ton cargo truck is greatly superior in this respect. ESC feels that the 

decision to equip the divisional engineer battalion with the cargo truck was 

the correct one. 

(4) To improve the overall ability to transport Class IV and V 

materiel, ESC recommends replacing all or part of the dump trucks in the sup- 

porting corps engineer battalion with cargo trucks. An alternative to this 

would be to select a dump truck which Is a more efficient cargo hauler. The 

bed   on   such   a   dump   truck   should   be   longer   and   wider   than  the  current   dump 
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truck and it should have substantial side racks. The dump bed should have 

drop sides to facilitate munitions handling by materiel handling equipment. 

There are trucks available today wh_ch Incorporate the features of this 

concept without sacrificing the dump capability. It may be possible to 

incorporate these concepts into an engineer version of the palletized load 

system. 

The Bundeswehr of the Federal Republic of Germany currently has 7.5- 
metric ton, 6-x-6 dump truck which has these characteristics. It has the 
added capability to dump materiel from both sides as well as to the rear. 

LAST PAGE OF ANNEX G 
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APPENDIX 

ENGINEER CLASS  IV AND V REQUIREMENTS — BRIGADE LEVEL RESULTS 

Figure 

G-l-1 

G-l-2 

G-l-3 

G-l-4 

G-l-5 

G-l-6 

G-l-7 

G-l-8 

G-l-9 

G-l-10 

G-l-11 

Engineer Class IV and V Item Requirements — 
Latin American Scenario Base Case 
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ENGINEER CLASS  IV AND V  ITEM REQUIREMENTS — 
LATIN AMERICAN SCENARIO BASE CASE 

(Period Totals) 

Time 40-lb       15-lb      40-lb        l-lb Dec        Mln«        Mine        Mine        Bang 
Unit    Period Shape      Shape    Crater TNT        Cord        M-15        M-21 M-16        Torp      HEMMS 

10 0 0000 0 000 
•2 oooooooooo 

13 oooooooooo 
& 45 0 45 860 2        653A 264 1340 0 0 

Total 45 0 45 860 2        6534 264 1340 0 0 

2 44 0 44 1020 3 6923 264 1389 0 22 
3 0 0 0 720 0 0 0 0 47 0 
4 0 0 0 360 0 0 0 0 22 0 

Total 44 0 44        2100 3        6923 264 1389 75   , 22 

2 0 0 0 0 0 0 0 0 0 0 
3 48 35 48 1150 3 2732 240 550 0 0 
4 28 0 28 80 2 1302 120 226 0 0 

Total 76 35 76 1230 5 4034 360 776 

CAB 

1 24 0 24 510 1 108 144 , 36 1 0 
2 24 0 24 510 I 1208 14.' 257 0 0 
3 9 0 9 480 1 108 72 18 0 0 
4 0 0 0 0 0 0 0 0 0 0 

Total 57 0 57        1500 4 1424 360 311 

7 1 24 0 24 510 1 103 144 36 0 0 
•; 2 »}■", 0 68 1530 a 8131 408 lb4n 0 Z'l 
t i ^ / 35 i7 MU ■4 25-.Ü •312 560 ■t / 

a 
1 

- 73 0 73 940 5 7836 384 1566 23 ü 

Total 222 35 222 5690 14 18915 124Ö 3816 75 22 

Figure G-l-1 

G-l-2 

— .^.. ^,.,i^!W; -.^^^ L-,^.^^^^U>t^^tf>^tv^^v.^^t!^^t^M.OT^,..mv.M,vJ»n.,^ ~UMf ********.***»* 
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ENGINEER aASS  IV AND V ITEM REQUIREMENTS — 
LATIN AMERICAN  SCENARIO NEW  EXPLOSIVE EXCURSION 

(Period Totals) 

Unit 
Time Liquid 1-lb Oct Mine Bang 
Period Explos TNT Cord I COM Volcano M-16 RAAM ADAM Torp HEMMS 

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 2250.00 110.00 2.40 1189.00 3376.80 456.00 0.00 0.00 0.00 0.00 

Total 2250 110.00 2.40 1189.00 3376.80 456.00 0.00 0.00 0.00 0.00 

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 2200.00 112.00 2.70 272.00 4086.00 48.00 153.00 17.00 0.00 12.00 
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 47.00 19.00 
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 28.00 12.00 

Total 2200 112.00 2.70 272.00 4086.00 48.00 153.00 17.00 75.00 43.00 

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.o'o 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 3755.00 104.00 2.10 706.00 1206.00 234.00 0.00 0.00 0.00 0.00 
4 1400.00 56.00 1.20 320.00 402.00 97.50 0.00 0.00 O.OO 0.00 

Total 5155    160.00 3.30  1025.00  1608.00    331.50 0.00 0.00 0.00 0.00 

CA3 

1200.00 60.00 1.35 153.00 0.00 27.00 0.00 0.00 0.00 0.00 
120.00 60.00 1.35 153.00 884.40 27,00 o.co 0.Ü0 0.00 o.co 
ijü.OO 30.00 0.90 51.00 0.00 9.00 C.JO 0.00 Ü.ÜÜ 0.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 2850     150.00 3.60    357.00    884.40      63.00 0.00 0.00 0.00 0.00 

1 1200.00 60.00 1.35 153.00        0.00 27.00 0.00 0.00 0.00 0.00 
2 3400.00 172.00 4.05 425.00 4970.40 75.00 153.00 17.00 0.00 12.00 
3 -•Z'J-.VJ 134.00 3.00 7 57.uO   12015.00 24 3.00 0.00 0.00 47.^0 19,00 
-t 1HI i.vl 1^.00 3.W 1509.00  3773.30 553.50 0.00 0.00 23.00 12.  0 

Tatal       12435.00    532.00       12.00' 2844.00 9955.20    898.50     153.00       17.00      75,00 i3,00 

Figure G-l-2 

G-l-3 
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ENGINEER CLASS   IV  AND V  ITEM REQUIREMENTS  - 
EUROPEAN  SCENARIO BASE CASE 

(Period Totals) 

i 

As 

TU« 40-lb 15-lb *0-lb 1-lb 0«c Mia« Mln« HI a« Bang 

Unit ftrlod Sh«p« Shape Craur TJfT Cord H-15 M-21 H-16 RAAM ADAM Torp «EMMS 

1 0 0.00 0 0 0 0 0 0 0 0 0 u 
2 207 0.00 207 1590 5 7346 1434 5499 0 0 0 1? 

1     3 24 0.00 24 230 1 877 i»i 656 0 0 1) . 
■» 0 0.00 0 0 0 122 0 122 0 0 2 1 
5 (.59 0.00 459 3030 10 4221 2814 704 585 65 0 u 

Tot.l 690 0,0 690 4850 16 12566 4410 6981 585 65 2 :o 

0 0.00 0 0 0 0 0 0 0 0 0 0 
135 0.00 135 1050 3 4737 930 3538 0 a 0 ii 

2     3 18 0.00 18 210 1 579 126 403 0 0 0 i 
66 0.00 66 15820 2 2618 672 1760 405 45 0 5 

462 0.00 462 3040 10 4248 2832 708 S8S 65 0 0 

ToC»l 681 0.0 681       20120 16      12181 4560 6408 990 110 17 

0 0.00 0 0 0 0 0 0 0 0 0 u 
156 0.00 156 1270 3 5441 1074 4062 0 0 0 i; 
18 0.00 18 210 1 579 126 403 0 0 0 i 
0 0.00 0 0 0 0 0 0 0 0 0 0 

459 0.00 459 3030 10 4292 2814 720 585 65 0 0 

Tocal 633 0.0 633 4510 14      10312 4014 5185 585 65 

1 :AS 

Q 0.00 0 U 0 0 0 0 . 0 0 0 0 

117 0.00 117 990 3 6333 774 5329 0 0 0 w 
15 0.00 15 200 1 796 108 643 0 0 0 2 
0 0.00 0 0 0 0 0 0 0 0 0 0 
0 0.00 0 0 0 0 0 0 0 0 0 0 

Tocjl 132 0.0 132 1190 7128 882 5971 19 

1 

3 

4 

5 

Tot*l 

0 ü.Oü 0 0 0 0 0 0 0 0 0 Q 
26? 0.00 267 2240 6 9783 1656 1776 0 c 0 ; ; 
30 o.co 30 25G 1 UCb Iro 201 0 ü 0 
84 0.00 84 730 2 3119 522 566 405 45 58 38 

231 0.00 231 1520 5 2433 1416 427 315 35 0 0 

612 0.0 612 4740 14       16441 378U        2970 720 80 58 61 

1 
2 
3 

5 

Total 

0 
»82 
;05 
150 

161L 

2748 

0 
882 
10 5 
150 

1611 

274a 

0 
7 140 
liOO 

16:50 
10620 

35410 

0 
20 

0 
33639 

393i 

5859 

15195 

0 
5868 

U94 
9876 

0 
20203 

2306 
24-6 
2559 

64       5S629       17646       27515 

0 
0 
0 

810 
2070 

2880 

9Ü 
220 

320 

oO 

0 

oü 

0 
78 

Figure G-l-3 

G-l-4 

MtäMtiM 



ENGINEER CLASS  IV AND V ITEM REQUIREMENTS  — 
EUROPEAN SCENARIO NEW EXPLOSIVE EXCURSION 

(Period Totals) 

Unit 
Tlu Liquid 1-lb Dec Hin« tan« 
Period Explot TCT Cord ICOM VOLCANO M-16 RAAH ADAM Torp HEMMS 

0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 
11^50.U0 2W.ÜU 2.30 20''7.00 1920.00 1505.30 0.00 0.00 o.uo 10.00 

mo.uo 31.00 0.27 237.00 1587.60 158.10 o.oo 0.00 0.00 3.10 
0.00 0.00 0.00 50.00 0.00 122.50 0.00 0.00 2.00 1.-0 

2ii5O.0O 529.00 5.10 2771.n 0.00 489.00 585.00 65.00 0.00 0.00 

Totll 37050 809 5105 3508 2275 585 65 U 

0.00 0.00 0.00         0.00        0.00 0.00 0.00 0.00 0.00 0.00 
7350.00 163.00 1.50   1303.00  1440.00 917.20 0.00 0.00 0.00 6.90 
1050.00 25.00 0.20     203.00        0.00 152.10 0.00 o.oa 0.00 0.40 

18000.00 260.00 1.33    999.00  1699.20 633.60 405.00 45.00 0.00 4.90 
24600.Ü0 532.00 5.13  27S8.00        0.00 492.00 585.00 65.00 0.00 0.00 

Toed 51000 980 5293 3139        2195 990 110 12 

1 0.00 0.00 0.00         0.00 0.00 0.00 0.00 0.00 0.00 0.00 

2 8550.00 191.00 1.73   1556.00 1440.00 1189.20 0.00 0.00 0.00 7.70 

3 1050.00 25.00 0.20    203.00 962.40 152.10 0.00 0.00 0.00 1.90 
4 0.00 0.00 0.00         0.00 0.00 0.00 0.00 0.00 0.00 0.00 

5 24450.00 529.00 5.10  2822.00 0.00 505.80 585.00 65.00 0.00 0.00 

Utti. 34050 745 4581 2402 1847 585 65 10 

CAB 

0.00 0.00 0.00 0.00        0.00 0.00 0.00 0.00 0.00 0.00 
64 50.00 145.00 1.30 1383.00  1920.00 421.70 0.00 0.00 0.00 10.40 
900.00 22.00 0.17 186.00  1491.60 51.10 0,00 0,00 0.00 2.80 

0.00 0.00 0.00 '    0.00        0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00        0.00 0.00 0.00 0.00 0.00 0.00 

TOCJI 7350 167 1569 3412 473 

0 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0 oo o.oo 
i-r1)1 

- 0 330..0 Z.i- 2911.CO iSiO.OO aos.io 0.00 0.00 0 1 4. -0 

1D50 00 37.00 0.33 305.00 576.00 79.90 0.00 0.00 0 ',0 2.20 
4650 00 105.00 0.93 964.00 2085.60 277.10 405.00 45.00 5* 00 23.00 

12300 ',0 266.00 2.57 1615.00 0.00 318.80 315.00 35.00 0 00 0.00 

Total 33300 7 38 5795 5542 1484 720 80 58 

Total 

0 0 0 0 0 0 0 0 0 0 
48 300 1078 10 9200 9600 4842 0 0 0 49 

*>■'   0 . ^i" 1 134 *n H 53} 0 0 I'' 
.1 -'; > j ?« 2 :ou 37o5 ;J33 310 90 60 ':- 
15-,'.0 1-156 18 9996 Q :806 20?0 230 0 

62750 3439 31 22343 18002 8274 2880 320 60 93 

Figure G-l-4 

G-l-5 
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ENGINEER CLASS IV AND V SUPPLY TONNAGE — 
LATIN AMERICAN SCENARIO BASE CASE 

(Period Total STON) 

Tla« 40-lb 15-lb 40-lb 1-lb Dec Hint Hint Hln< Bang 
Unit Ptrlod Ship* Shap« Cractr TNT Cord M-15 11-21 M-16 Torp HEMMS Total 

1 0.00 0.00 0.00 O.OU 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 1.A6 0.00 1.15 0.62 0.13 160.09 3.00 6.53 0.00 0.00 172.99 

Total 1.46 0.00 1.15 0.62 0.13    160.09 3.00- 6.53 0.00 0.00     172.99 

1 0.00 0.00 O.OU O.CIO 0.00 0.00 U.00 0.00 0.00 0.00 u.ou 
2 1.43 0.00 1.12 0.74 0.16 169.61 3.00 6.77 0.00 1.88 184.71 

3 0.00 0.00 0.00 0.52 0.00 0.00 0.00 0.00 4.65 0.00 5.17 
L 0.00 0.00 0.00 0.26 0.00 0.00 0.00 0.00 2.18 0.00 2.44 

Total 1.43 0.00 1.12 1.52 0.16    169.61 3.00 6.77 7.42 1.88    192.92 

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 1.56 0.38 1.22 0.«3 0.14 66.93 2.73 2.68 0.00 0.00 76.48 
4 0.91 0.00 0.71 0.06 0.11 31.89 1.36 1.10 0.00 0.00 36; 15 

Total 2.47 0.38 1.94 0.89 0.25     98.82 4.09 3.7» 0.00 0.00    112.63 

:Aa 

1 0.78 0.00 0.61 0.37 0.07 2.65 1.64 0.18 0.00 0.00 6.29 
2 0.78 0.00 0.61 0.37 0.07 29.59 1.64 1.25 0.00 0.00 34.31 
3 0.29 0.00 0.23 0.35 0.05 2.65 0.82 0.09 0.00 0.00 4.47 
it 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 1.35 0.00 1.45 1.08 0.19      34.»8 4.09 1.51 0.00 0.00      45.07 

I U.7« O.OU 0.61 0.37 0.07 2.65 1.64 0.18 0.00 0.00 6.29 
2 2.21 0.00 1.73 1.11 0.23 199.20 4.64 8.02 0.00 1.88 219.02 
3 1.85 0.38 1.45 0.65 0.19 69.5» 3.55 2.77 4.65 0.00 85.08 
- 2.37 0.00 1.86 0.68 0.24 191.98 4.37 7.63 2.77 o.uo 211.91 

Total 7.21 0.38 5.66 4.12 0.72 463.41 14.20 18.60 7.42 8.44 530.16 

Pitctru 1.36 0.07 1.07 0.78 0.14 87.41 2.68 3.51 1.40 1.59 100.00 

Figure  G-l-5 

G-l-6 
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ENGINEER CLASS  IV AND V  SUPPLY TONNAGE — 
LATIN AMERICAN SCENARIO NEW  EXPLOSIVE EXCURSION 

Unit 
Time Liquid 1-lb Dae Mine Bang 
Period Expiui TNT Cord ICOM Volcano M-16 RAAf ADAM Torp HEMMS Totals 

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 U.00 
3 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 
u 1.12 0.08 0.13 10.90 U.07 2.22 0.00 0.00 0.00 0.00 28.52 

Total 1.12 0.08 0.13       10.90      14,07 2.22 0.00 0.00 0.00 0.00       28.52 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1.10 0.08 o.u 2.49 17.03 0.23 8.37 0.93 0.00 1.04 31.41 
0.00 0.00 0,00 0.00 0.00 0,00 0.00 0.00 4.65 1.65 6.31 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.77 1.04 3.82 

Total 1.10 0.08 0.14 2.49       17.03 0.23 8.37 0.93 7.42 3.74       41.54 

I 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 
3 1.88 0.38 O.U 6.47 5.02 1,14 0.00 0.00 0.00 0.00 14.70 
4 0.70 0.04 0.06 2.93 1.67 0,48 0.00 0.00 0.00 0.00 5.89 

Total 2.58 0.12 0.17 9.40 6.70 1.62 0.00 0.00 0.00 0.00       2U.59 

CAB 

I 0.60 0.04 0.07 1.40 0.00 0.13 0.00 0.00 0.00 0.00 2.25 
2 0.60 0.04 0.07 1.40 3.68 0.13 0.00 0.00 0.00 0.00 5.93 
3 0.22 0.02 0.05 0.47 0.00 0.04 o.uo 0.00 0.00 O.UO o.ai 
4 O.uO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 

1.42 0.11 0.19 3.27 3.68 0.31 0.00 0.00 0.00 o.ou 6.99 

T 1 i).60 0.D4 0.07 1.40 0.00 0.13 0.00 0.00 0.00 0.00 2.-5 
0 2 1.70 0.12 0.21 3.90 20.71 0,37 8.37 0.93 0.00 1.04 37.35 
c 3 2.10 0.10 0.16 6.94 5.02 1.18 0.00 0.00 4.65 1.65 21.31 
a 
1 

* i.hi 0.12 0.19 13.83 15.74 2.70 0.00 0.00 2.77 1.04 38.23 

Total 6.23 0.38 0.63 26,07 41.48 4.38 8.37 0.93 7.42 3.74 99.63 

Percent 6.3 0.4 0.6 26.2 41.6 4.4 8.4 0.9 7.5 3.8 1U0.U 

Figure G-l-6 

G-l-7 



i^mw* »■ *■■■■■■ IPIII lUIIIBBI 

ENGINEER CLASS  IV  AND  V  SUPPLY TONNAGE 
EUROPEAN SCENARIO  BASE CASE 

(Period Total  STON) 

TlM 40-1 b 15-lb 40-lb l-lb Oat Hint Hint Mint tang 
Unit Hrlod Ship« Ship« Cnctr TOT Cord M-15 H-21 M-16 RAM ADAH Torp HEMMS Totil 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

6.7] 0.00 5.28 1.15 0.26 179.99 16.31 26.81 0.00 0.00 O.OU 1.46 237.99 

I 0.78 0.00 0.61 0.17 0.05 21.48 1.84 3.20 0.00 0.00 0.00 0.17 28.31 
0.00 0.00 0.00 0.00 0.00 2.99 0.00 0.59 0.00 0.00 0.20 0.09 3.87 

14.92 0.00 11.70 2.19 0.52 103.41 32.01 3.43 31.99 3.55 u.oo 0.00 203.73 

Tocal 22 0.00 13 308 50 34 32 2    473.90 

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 4.39 0.00 3.44 0.76 0.16 116.05 10.58 17.25 0.00 0.00 0.00 0.94 153.56 
3 0.58 0.00 0.46 0.15 O.OS 14.18 1.43 1.97 0.00 0.00 0.00 0.10 18.93 
4 2.14 0.00 1.68 11.44 0.10 64.14 7.64 8.58 22.15 2.46 0.00 0.45 120.79 
5 15.01 0.00 11.78 2.20 0.52 104.08 32.21 3.45 31.99 3.55 0.00 0.00 204.80 

Totil 22 0.00 17 15 298 52 31 54 1    498.09 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5.07 0.00 3.98 0.92 0.16 133.29 12.22 19.80 0.00 0.00 0.00 1.03 176.5: 
0.53 0.00 0.46 0.15 0.05 14.18 1.43 1.97 0.00 0.00 0.00 0.10 18.93 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

14.92 0.00 11.70 2.19 0.52 105.16 32.01 3.51 31.99 3.55 o.so 0.00 205.57 

Tot«l 21 0.00 16 253 46 25 32 1     401.01 

CA4 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.QO 0.00 
3.80 0.00 2.98 0.72 0.16 155.15 8.80 25.98 0.00 0.00 0.00 1.46 199.05 
0.49 0.00 0.38 0.14 0.05 19.50 1.23 3.13 0.00 0.00 0.00 0.17 25.10 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 0.00 175 10 29 2     224.15 

1 0.00 0.00 0.00 0.00 0.00 0.00 Ü.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 3.68 0.00 o.ai 1,62 " 0.3! 239.68 18.34 34.50 0.00 0.00 0.00 1.34 312.25 

J.             3 0.97 0.00 0.76 0.18 0.05 27.10 2.12 3.90 0.00 0.00 0.00 0.21 35.30 
4 2.73 0.00 T      1 A 0.53 O.iU 76.41 5.94 11.05 22.15 2.40 5.74 3.3; i-:.;: 
5 7.51 0.0J 5.39 1.10 0.26 59.62 16.11 2.08 17.23 1.91 O.CO J...' .a.ro 

Total 20 0.00 16 3 1 403 43 52 39 4 6 5 591.84 

T             1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
i 
0.00 0.00 0.00 0.00 0.00 

o            2 28.66 0.00 22.49 5.16 1.05 824.16 66.75 124.33 0.00 0.00 0.00 6.79 1079.39 
t            3 3.41 0.00 2.68 0.80 0.26 96.44 8.05 14.17 0.00 0.00 0.00 0.77 126.57 
a             4 4.87 0.00 3.82 11.97 0.21 143.54 13.58 20.22 44.30 4.92 5.94 1.08 254.i5 
i             3 SJ.-ä O.^G 41,^0 7.33 1.34 372.27 112.34 12.-7 113.20 12.5o 0.00 O.JU 725.01 

Total 69 0.00 ' j 26 3 1436 201 171 I So 17 6 9 :;5o.23 

Petce-.t 4.39 3.21 1.1» 0.15 65.70 9.1H 7.03 7.20 0.80 0.27 0.39 100.00 

Figure G-l-7 

G-l-8 
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ENGINEER CLASS IV AND V SUPPLY TONNAGE ~ 
EUROPEAN SCENARIO NEW  EXPLOSIVE EXCURSION 

(Period Total  STON) 

Unit 
Tlu Liquid l-lb B«t Hin« Bing 
Ptrlod Exploa TXT Cord (COM VOLCANO M-16 UM ADAH Torp HEHMS Totalf 

I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 5.62 0.18 0.12 18.76 8.00 7.34 0.00 0.00 0.00 0.87 40.90 
3 0.67 0.02 0.01 2.17 6.61 0.77 0.ÜÜ 0.00 0.00 0.27 10.54 
■• 0.00 0.00 0.00 0.i6 0.00 0.60 o.ou 0.00 0.20 0.12 1.38 
5 12.22 0.38 0.27 25.iO 0.00 2.38 31.99 3.55 o.oo 0.00 76.20 

Total 18.52 0.59 0.40 46.80 14.62 11.09 31.99 3.55 0.20 1.26 129.02 

, 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 3.68 0.12 0.08 11.94 6.00 4.47 0.00 0.00 o.uo 0.6Q 26.89 
3 0.53 0.02 0.01 1.86 0.00 0.74 0.00 o.ou 0.00 0.03 3.19 
I) ».00 0.19 0.07 9.16 7.08 3.09 22.15 2.46 0.00 0.43 53.6; 
5 12.30 0.38 0.27 25.56 0.00 2.40 31.99 3.55 0.00 0.00 76.4, 

Total 25.50        0.71        0.43      48.52       13.08       10.70      54.14 6.01 0.00 1.06     160.15 

CAB 

I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 4.27 0.14 0.09 14.26 6.00 5.80 0.00 0.00 0.00 0.67 31.23 
3 0.53 0.02 0.01 I.«6 4.01 0.74 0.00 0.00 O.UO 0.17 7.33 
i 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.UO 0.00 
5 12.22 0.38 0.27 25.87 0.00 2.47 31.99 3.55 U.00 o.ou 76.75 

Total 17.02 0.54 0.37 41.99 10.01 9.00 31.99 3.55 0.00 0.84 115.32 

1 0.00 0.00 0.00 o.oo- 0.00 0.00 0.00 0.00 0.00 0.00 o.oc 
2 3.22 0.10 0.07 12.68 8.00 2.06 0.00 O.UO U.00 0.90 27.04 
3 0.45 0.02 0.00 1.70 6.21 0.25 0.00 0.00 0.00 0.24 8.89 
4 O.UO 0.00 0.00 0.00 0.00 0.00 0.00 O.UO 0.00 0.00 0.00 
5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Total 3.68 0.12 0.08       14.38       14.21 2.30 0.00 0.00 0.00 1.15       35.92 

, O.OO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 o.co O.UO 0.00 
2 7.35 0.24 0.16 26.68 12.00 3.94 0.00 O.UO 0.00 1.24 51.61 
3 0. iZ o.n o.c; 2. SO ;.-o 0.39 0.00 O.UO o.,';rj 0. i < •j.nS 
■* Z.il O.ub 0.05 8.84 8.59 1.35 22.15 2.-0 5.7- 2 .-- 54.1; 
5 6.15 0.19 0.13 14.80 0.00 1.55 17.23 1.91 0.00 O.uO 41.97 

Total 16.65 0.53 0.36 53.12 23.09 7.24 39.37 4.37 5.74 3.86 15-.34 

I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 O.UO 0.00 
2 24.15 0.78 0.51 84.33 40.00 23.61 0.00 0.00 0.00 4.28 177.06 
3 3.00 0.10 0.06 10.39 19.24 2.39 0.00 0.00 0.00 0.90 36.59 
- . i.i: :..•> \ . : I«... 5 15.: 7 5.; • 4«,2 1 4.9 2 : .") '.'ij.  -; 

-:. ■ i.;. 0.?-. 91.->3 a.oo S.:i i ; 3. ^ j 1J.5-, ::;..- 

T ,{al hi. 3." i.-'l 1.63 204.81 75.01 40.34 157-50 17.4<j i.M .1.14 V'*. '. 

fcrcoüt 13.7 0.4 0.3 34.4 12.6 6.8 26.5 2.9 1.0 1 .4 100.0 

Figure G-I-8 
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LATIN AMERICAN SCENARIO HELICOPTER REQUIREMENTS 
(Average Daily Number of Helicopters) 

Tine 
Period 

Unit Divis ion 
1 2 3 CAB Total 

I 0.00 NA 0.00 0.21 0.21 
Base 2 0.00 NA 0.00 1.16 1.16 
Case 3 0.00 NA 3.18 0.08 3.25 

4 5.84 NA 1.50 0.00 7.34 

Dally Helicopter Requirement 2.99 

Time Unit Division 
Period 1 2 3 CAB      'Total 

1 
Int.       2 
Exc.       3 

4 

Daily Helicopter 

0.00 
0.00 
0.00 
0.96 

Requirement 

NA 
NA 
NA 
NA 

0.00 
0.00 
0.61 
0.24 

0.08       0.08 
0.20       0.20 
0.01       0.62 
0.00       1.21 

0.53 

Figure G-l-9 
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LATIN AMERICAN SECNARIO TRUCK REQUIREMENTS 
(Average Daily Number of Trucks) 

Brigade 
Period Scenario 

Average 

1 

2 

3 

CAB 

Base Case 

New Explosive Excursion 

Figure G-l-10 
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I.   INTRODUCTION 

m*, 

1. Purpose. This annex examines the sensitivity of the study's findings 

to selective additions of key personnel and equipment to the divisional engi- 

neer battalion. 

2. Scope. The LID's organic engineer battalion was examined to deter- 

mine whether increases In equipment or strength would affect its ability to 

meet its wartime mission requirements. 

a. Two sensitivity analyses were done for the Latin American sce- 

nario: an analysis of the effects of adding more trucks or squad vehicles to 

the engineer battalion's current TOE, and an analysis of the effect of adding 

a fourth line company to the LID. 

b. One sensitivity analysis was done for the European scenario: an 

analysis of the effect of adding a fourth line company to the LID. 

3. Methodology Overview. All the sensitivity analyses described in this 

annex were conducted by comparing the performance of the LID's current equip- 

ment and personnel under the conditions imposed by the study scenarios to the 

LID's expected performance with a different allotment of equipment and person- 

nel, as extrapolated  from the scenario results. 

a. The overall methodology for these sensitivity analyses is based 

on practical assumptions which limit the kinds of trade-offs which can be 

recommended Co improve the equipment and personnel mix of the LID's organic 

engineer battalion. The most important of these practical aspumptlons is that 

no personnel increases will be recommended without also recommending a corre- 

sponding decrease in the same or other engineer units. For equipment, it was 

assumed that modest increases in the number of equipment items could be recom- 

mended.     However,   the  methodology required   that   item   Increases  be matched   in 

H-2 
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volume and weight by equipment decreases, when all recommended equipment 

Increases and decreases were expressed In terms of C-141B cargo space and 

weight limitations. For the LID, the need to limit personnel to 10,000 

individuals and deployment to 500 C-141B sorties has resulted In a small 290- 

man engineer battalion with a small pool of key equipment. Therefore, as now 

organized, the LID's engineer battalion has very little room to absorb any 

recommended  Increases  In equipment or personnel. 

b. The LID is a new concept, and its organic engineer battalion is 

organized with some startling differences from the past. Since the concept is 

new and since other areas of the division are continually being evaluated, the 

sensitivity analyses presented here looked at the advantages of certain addi- 

tions without evaluating the trade-offs. That evaluation is left for others 

to make, when appropriate. Consequently, equipment or personnel additions 

that have promise are part of the study's conclusions r but not the study's 

recommendations. 

c. The divisional engineer battalion is the first engineer battalion 

organized without an engineer squad vehicle and without dedicating an engineer 

platoon or company to each maneuver battalion or brigade. The ommislon of an 

engineer squad vehicle was hotly debated during the development of the LID 

TOE; the shortage of dedicated support was a visible concern to the staff of 

the 7th ID(L) during ESC's rUta collection trip in October 1985. For these 

reasons, ESC proposed two excursions to this study at IPR 2; the SAG approved 

the effort on 9 December 1985. Additional background notes for each excursion 

are given in the individual  analysis descriptions that  follow. 

H-3 
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H.     ENGINEER BATTALION VEHICLE ANALYSIS 

4. Objective. This analysis examines the requirements and capability of 

the LID's existing vehicles to determine whether enough vehicles are now 

allocated to allow the engineers to perform their wartime mission. 

5. Background. 

a. Traditionally, engineers have had enough vehicles to be essen- 

tially self-sufficient in performing their combat mission on the battlefield. 

During a battle, engineers must keep up with forward units to provide unhin- 

dered movement for the attacking friendly forces, provide protective positions 

for all forces, and delay the advance of the opposing forces. Engineers also 

must transport their mission supplies from division and corps supply points to 

the project work sites on the battlefield. These combat and logistical 

requirements mean engineers must move easily and rapidly on the battlefield. 

b. Based on the role engineers play in battle, limiting their trans- 

portation assets could affect their level of performance and the overall 

effectiveness of the combat force. Because the LID is a unique division and 

designed to be self-sufficient, ESC examined how its organic engineers' 

performance in the Latin American scenario was  affected by vehicle capability. 

6. Scope.    Three main questions were asked by the vehicle analysis: 

a. Can the battalion's assigned vehicles accomplish the project work 

required at  battlefield job  sites? 

b. Do engineers have the logistic capability to transport the 

required Class IV/V materiel generated by the countermobiltty and surviva- 

bility tasks? What is the transport capability from the BSA to the project 

sites within the forward  line companies? 

H-4 
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c. Would a squad vehicle enhance the engineer's capability and 

reduce the time devoted to moving between project sites? 

7. Constraints. 

a. Based on guidance received from the SAG at IPR 3, only the Latin 

American scenario was analyzed to determine if additional vehicles were 

required. 

b. The analysis was conducted in AO Red — the joint operational 

area of the 2d Brigade and the DRA. The analysis concentrated on the defen- 

sive phase (period 2) and offensive phases (periods 3 and 4) of the scenario. 

The offensive periods for the 2d Brigade instituted the LID main advance up 

Axis Sally, part of AO Red extended. Since engineers and equipment are air- 

lifted into the other AOs of the scenario, a capability and requirements 

analysis for these areas was  inappropriate. 

c. Additional vehicle candidates considered in the analysis included 

the 5-ton truck and the High Mobility Multipurpose Wheeled Vehicle (HMMWV). 

(1) The 5-ton cargo truck and the 5-ton dump truck are consid- 

ered at platoon, company, and battalion levels. These two vehicles were 

selected based on their capability to support engineer functions — the cargo 

truck has a primary capability of hauling logistic supplies and the dump truck 

primarily hauls earth and fill material for combat operations. 

(2) The HMMWV is the only candidate for a squad vehicle, since 

other vehicles do not have the mobility range required of light engineer 

squads. 

8. Methodology. This analysis first examined the TOE of the LID engi- 

neer battalion to determine what kind and how many vehicles were assigned to 

it and where they were distributed. 

H-5 
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a. Of the eight 5-ton cargo trucks in the current engineer TOE, five 

are distributed to the headquarters company (one in company headquarters, one 

in maintenance, and three in S-4) and one each to the three line companies. 

One HMMWV is provided for each platoon in the line companies. No squad 

vehicles are designated. 

b. Once the number and type of vehicles in the engineer TOE were 

determined, ESC used the EFFORT computer model to calculate the number of 

hours of work time (in truck-hours) represented by each vehicle which supports 

engineer combat operations; Figure H-l describes how EFFORT computes in daily 

truck-hours per battalion truck (see Annex B for an explanation of the EFFORT 

capability methodology). 

PRODUCTIVE WORKHOURS PER DAY 

Latin American Scenario 
LID 

Personnel Equipment 

Hours in day 24.0 24.0 

Nonwork time - 6.0 - 8.0 

Workday 18.0 16.0 

Nonproductive time - 4.5 - 4.0 

Movement* - 4.5 - 4.0 

PRODUCTIVE WORK TIME 9.0 8.0 

*Movement accounts for 25% of Che work-day in 
the Latin American scenario and represents time 
available for the transport of logistical supplies 
from the BSA to project work sites. 

Figure H-l 
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(1) The 8 hours of dally productive work time listed In Figure 

H-l for equipment represents one truck's dally capability to accomplish proj- 

ect work tasks at and btcween job sites. Three trucks — one in each line 

company — are available for this type of work. Many project work tasks can 

generate truck requirements. Among the more common are carrying material at 

the project site (e.g., mines at minefield points), dumping or providing fill 

material for obstacle breaching, and maintaining and upgrading MSRs and LAPES. 

(2) The movement time of 4 hours listed in Figure H-l is for the 

logistical work of resupplylng or transporting engineer material and supplies 

(e.g., Class IV/V material) from the BSA to the project sites within the for- 

ward line companies. The three trucks in the line companies and the three 

trucks in the Headquarters' S-4 section are used for this purpose. It is 

assumed that while the trucks In the S-4 section are dedicated to providing 

supplies from the division rear to the BSA, they could also be used the same 

percentage of the time (4 hours) as the trucks in the line companies to 

transport supplies forward of the BSA. 

c. The truck requirements generated by both project work and logis- 

tical transport work were Independently analyzed by scenario time period and 

priority ranking. These requirements were then compared with the truck capa- 

bility available for each category of work. Finally, total truck requirements 

were compared with total truck capability. 

d. After the basic comparison of requirements with capability was 

completed, ESC examined the possibility of adding squad vehicles to the engi- 

neer TOE. Truck requirements at the project work sites were analyzed to 

determine if squad vehicles would reduce the time trucks spend moving person- 

nel, equipment, and material between job sites, therefore increasing the time 
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trucks have available for project work.  The resulting increase in truck time 

on project site work was evaluated and compared with the results of the basic 

requirements/capability comparison to determine whether adding a squad vehicle 

would enhance the total capability of the LID engineers. 

9. Project Work Truck Analysis. 

a. Capability. Engineer truck-hours of capability for work at the 

project sites were computed using the EFFORT model. The model used a base of 

three trucks (one in each line company) working 16-hour days. As shown in 

Figure H-l, the 16-hour work day for trucks was then degraded for nonwork time 

(mess for drivers, change of mission, etc.) and for time the trucks were 

transporting supplies. Battle casualties were also assessed once combat com- 

menced. Figure H-2 shows the total available truck capability for project 

work, in hours and by time period. 

TRUCK CAPABILITY BY TIME PERIOD FOR 
PROJECT WORK 

Capability 
Period From Through (Hours) 

1 D+I -  D+2 24 
2 D+3 D+4 45 
3 D+5 D+8 89 
4 D+9 -  D+IO 39 

TOTAL 197 

Figure H-2 

b. Requirements. Figure H-3 displays the number of truck-hours 

required by the four mission areas, and the time periods in which those 

requirements occur. The same truck-hour requirements are arrayed by priority 

task group and time period in Figure H-4. 
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TRUCK REQUIREMENTS BY MISSION AREA AND TIME PERIOD 
(Number of Hours) 

Time Period Total 

Mission Area 1 2 3 4 Requirement 

Mobility 24 41 203* 121 389 

Countemobillty 0 128 0 0 128 

Survivabllity 0 0 0 0 0 

General Engineer ing J3. 6 11 36 56 

TOTAL 27 175 214 157 573 

*The majority of this work is in constructing and maintaining MSRs, 
breaching obstacles, and constructing river fords. 

Figure H-3 

TRUCK REQUIREMENTS BY PRIORITY AND TIME PERIOD 

(Number of Hours) 

Time Period Total 
Priority 1 2 3 4 Requirement 

Vital 1 35 0 0 36 

Critical 26 3 132 51 212 

Essential 0 126 82 91 299 

Necessary _0 11 _0 15 26 

TOTAL 27 175 214 157 573 

Figure H-4 

c. Comparison. Figure H-5 compares truck capability with truck 

requirements. The requirement numbers are limited to only the top three 

priorities - vital, critical, xand essential tasks. Truck requirements 

associated with the fourth priority - necessary- tasks - are excluded, since 

H-9 
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the overall study methodology outlined in the main report assumes this work Is 

not to be started until after the scenario ends (i.e., after D+10). 

COMPARISON OF TRUCK CAPABILITY AND REQUIREMENTS 

Time 
Period 

Available 
Capability 
(Hours) 

AO-Red 
Requirement* 
(Hours) 

Shortage 

(Hours) 

1 24 27 3 

2 45 164 119 

3 89 214 125 

4 39 142 103 

TOTAL 197 547 

critical, and essent 

350 

♦Requirements include vital, Lai tasks. 

Fig ure H-5 

(1) During Period 1, units are deployed into the theater and 

relocated to their area of operations to establish their operating positions. 

Truck requirements and capability during this period are minimal and rela- 

tively balanced. These requirements were eliminated from further analysis In 

order to be consistent with the methodology assumption in the BAD structure 

analysis (Annex J), which concentrates solely on the "key situations" of the 

scenario. The last three periods, identified as the key situations in the EAD 

methodology, are the defensive and offensive phases of the scenario. As shown 

in Figure H-5, the requirements generated by these periods greatly exceed the 

available truck capability. Figure H-6 further examines this peak shortfall 

and converts the truck-hour shortage into the number of trucVs required to 

complete all work at the project sites. 

H-10 

iMmm ̂ {mzmüZtäM 



•ot^mmv^mmrmrt^rr twiiwmmnmmmmmm »■wuiiwiuim 11 »m IIUMPIUHI ■iii.ini.miiiniimiiijiw ■■IIBHUJ 

SUMMARY OF TRUCK CAPABILITY  FOR WORK AT PROJECT SITES 
(Periods  2,3,  and 4) 

Latin American Scenario 

Base Case 
(Truck-Hours) 

New Explosive 
Excursion 

(Truck-Hours) 

Requirement  for proj ect work* 

Capability at  project  site** 
(Three 5-ton cargo  trucks) 

SHORTFALL 

Additional  capability: 
Add  six 5-ton trucks 
Add' three 5-ton trucks 

SHORTFALL 

TOTAL 5-ton trucks  required 

520 

173 

347 

346 

1 

9 

353 

-  173 

180 

173 

7 

6 

*Does  not.   Include    period  1   .requirement    (27 hours)     or  the    26 hours 
of requirements  for  necessary tasks  in periods 2,  3,  and 4. 

**0ne truck equals 8 hours productive time after 25% degradation for 
movement and 25% standard degradation for maintenance, mess, etc. The 8 
truck-hours are then degraded for casualties. 

Figure H-6 

(2) Figure H-6 shows that six additional 5-ton trucks are 

required to accomplish all tasks in the vital, critical, and essential prior- 

ity groups that occur in periods 2, 3, and 4 of the scenario. No distinction 

was made as to the difference in capability between Che 5-ton cargo truck and 

the 5-ton dump truck In the development of the scenario requirements. But, 

based on the type of work causing the truck shortage, the addition of six 

5-ton dump trucks would be more beneficial to the engineers than the addition 

of cargo  trucks. 
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(3) In Annex D, the use of scatterable mines in lieu of standard 

hand-emplaced mines was examined to illustrate the savings in emplacement time 

and tonnage that could be derived by using scatterable mines. Figure H-6 

shows this new explosive excursion as it relates to savings in project site 

workload for trucks. In this case, there is a reduction of 167 truck-hours in 

project work.    Thus, only three additional 5-ton trucks  are required. 

10. Logistic Truck Analysis. The engineer mission requirements for 

transporting Class IV and V materiel from the BSA to the project sites was 

analyzed separately from the requirements for project work performed at the 

job sites. The quantity of Class IV and V material required by the engineers 

was calculated for the mission areas of mobility, countermobility, and surviv- 

ability, converted to the required number of truckloads and number of trucks, 

and  then compared  with the available transport capability. 

a. Capability. Figure H-l shows that movement or transport capa- 

bility was computed based on 25 percent of the 16-hour workday (i.e., 4 hours 

per day per truck). The three 5-ton trucks in the line companies that were 

used for work at the project sites, along with the three 5-ton cargo trucks in 

Che S-4 section of the headquarters company, were counted as available for 

hauling and transport. Thus, for a single day, there were six trucks, each 

available for 4 hours — a total daily capability of 24 truck-hours. 

b. Requirements. The transport requirements were developed pri- 

marily for Class V demolition material, since no traditional Class IV material 

(e.g., barbed wire) was used by engineers in the Latin American scenario. The 

various types and quantities of mines and demolition material used in the sce- 

nario were broken down by time period and AO requirement. As stated in para- 

graph 8,  only AO  Red requirements  and capability were analyzed. 
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(1) Once the quantity of each type of mine or demolition was 

determined for AO Red, the number of truckloads required to move those quanti- 

ties was calculated. The size and weight of the shipping packages, along with 

the dimensions and capacity of the 5-ton, M-813 cargo truck, were used to con- 

vert the quantities to the number of truckloads required. Figure H-7 Is an 

example of the calculations used to determine the required number of truck- 

loads. The figure shows that for period 2, 23 truckloads are required to 

transport Class IV/V material. While the figure only portrays period 2, the 

requirements for other periods in the scenario were calculated in the same 

manner. 

(2) The number of truckloads was used to determine the number of 

trucks required. Since trucks can make many round trips during a given time 

period, the number of trucks required depends on the distance and time 

involved in completing a round trip. Figure Hr8 continues the example in 

Figure H-7, and shows the methodology and calculations used to determine that 

5.3 trucks are required in period 2 to transport Class IV/V material in AO 

Red. The average distance from the BSA to the project sites was computed 

using maps and the gamed rate of advance. As the forward companies advance up 

Axis Sally and away from the BSA, the average one-way distance increases for 

each time period. Correspondingly, the time required to complete one round 

trip also increases. 

c. Comparison. Figure H-9 summarizes and individually compares 

transport requirements and truck capability in hours and number of trucks for 

each time period. Also shown is an average daily truck requirement. This 

number is derived using the same calculations shown in Figure H-8, but with an 

average scenario distance.  As can be seen by the comparison, the greatest 

H-13 
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demand for logistics is In period 2; however, it does not cause a shortage in 

truck capability. The figure also shows that there is a significant excess of 

truck capability in periods 3 and 4 for this work category. 

TRUCK TRANSPORT COMPUTATIONS ~ HOURS AND TRUCKS REQUIRED 
Period 2 — AO Red, Class IV/V 

Average distance traveled — one way 
(BSA to forward company) 

Rate of travel 

Delay (1/2-hour load & 1/2-hour unload) 

Time required for one truckload roundtrip 
([15.0 km x 2]/35 kph + 1 hour) 

Truckloads required in period 2 
(See Figure H-7) 

Total transport time required 
(1.9 hours x 23 truckloads) 

Average daily transport requirement 
(42.7 hours/2 days) 

AVERAGE DAILY TRUCK REQUIREMENT 
(21.4 hours/4 hours capability 
per truck per day) 

15.0 km 

35.0 kph 

1.0 hour 

1.9 hours 

23.0 

42.7 hours 

21.4 hours 

5.3 trucks 

Figure H-8 

11. Squad Vehicle Analysis. The squad vehicle analysis postulated 

whether adding squad vehicles to the engineer TOE would reduce the amount of 

truck-hour requirements by assisting in some of the project work at the job 

sites. The analysis also examined whether project work time would be 

increased as a result of having squad vehicles relocate material and squads 

between work sites, instead of walking or relying on the one HMMWV at platoon 

level or the one company truck for transportation between the various job 

^ites. 
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SUMMARY OF aASS IV/V TRUCK TRANSPORT 
(AO Red) 

Time Period 
AO Red 

__    Average 
4   (Hours/Daily) 

Available truck capability* 

Transport requirement 

Available — Daily 

Required — Daily** 

Surplus 

Total Hours 

48.0 96.0 48.0 24.0 

-42.7 - 7.1 - 5.6 - 9.6 

+ 5.3 +88.9 +42.4 +14.4 

Number of Trucks 

6 6 6 6- 

_6 _1_ 2 _3 

0 5 4 3 

♦Capability equals 25Z of the 16-hour workday (4 hours), times the 
number of trucks (six), times the number of days in the period. Number of 
trucks includes the three trucks in the"line companies and the three trucks in 
the S-4 section. 

**A11 numbers are rounded up.  A truck is required whether partially 
loaded or fully loaded. 

Figure H-9 

a. Most tasks that generated truck-hour requirements at the project 

sites involved hauling fill material for the construction, repair, and mainte- 

nance of roads and river fords, etc. These tasks are not conducive or produc- 

tive for the use of the HMMWV, which has limited capability for hauling this 

type of material. While adding squad vehicles could reduce the truck-hour 

requirement for some of the other types of project work (e.g., moving mines to 

various minefield points) , the amount of effort saved by using the HMMWV to 

haul fill material would  not be significant. 
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b. The engineers are assisting and following the Infantry advance up 

Axis Sally and most of the engineers' task work is in this corridor. In 

examining the scenario, it was determined that the engineers could walk to 

most of their missions or be transported by helicopter into those AOs that 

were not accessible by road. Walking distance between job sites was, on 

average, within 1 or 2 kilometers. Relocation of equipment and supplies, when 

required,  can be accomplished  with vehicles  at  the platoon or  company level. 

c. Based on the LID's "light" concept and the limited increase in 

project capability, the addition of a vehicle for each squad is not warranted. 

Further, the addition of squad vehicles for mobility or to assist in moving 

supplies and equipment is not justified In this scenario. 

12.     Findings. 

a. While the engineers have a shortage of truck capability for 

accomplishing the truck's project tasks at the work sites, there is excess 

truck capability for transporting Class IV/V material. With careful manage- 

ment of the truck resources used for logistic and project assignments, the 

project work shortage could be significantly reduced or offset by the excess 

logistic transport capability. Based on this scenario, no additional trucks 

are warranted. 

b. The analysis did not indicate any significant savings in time, 

caoabilicv, or mobllicy to warrant adding squad vehicles to the TOE. These 

findings were briefed and concurred with by the members of the SAG at the 

third IPR. 
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III.     FOURTH LINE COMPANY 

13. Ob. 1 active. This section analyzes results of the study's two 

scenarios in order to determine what advantages would accrue if a fourth line 

company was added to the divisional engineer battalion. 

14. Background. 

a. The divisional engineer battalion of the former infantry division 

was organized with four line companies. Each line company, in turn, had three 

platoons with three 10-man squads — a total of 36 squads, divided among nine 

platoons. With this configuration, the engineers could support each maneuver 

battalion with a platoon, or each maneuver brigade (plus the DRA) with a 

company, or some allocation in between. 

b. The LID has an engineer battalion with only three line companies. 

Each line company has two platoons with three 8-man squads. This equals 18 

squads divided into six platoons, but with only 40 percent of the former bat- 

talion's manpower. At the same time, the LID maintained nine maneuver battal- 

ions and increased its maneuver brigades to four with the activation of the 

combat aviation brigade (CAB). Engineer equipment is now centralized in the 

HHC, leaving the line companies with only a few wheeled vehicles. The 

engineer battalion is now allocated to where the work is most important, since 

continuous, habitual association is not possible at either brigade or battal- 

ion levels. 

c. During ESC's data collection trip in October 1985 at Fort Ord, 

California, the maneuver brigade commanders voiced concern about not having a 

habitually associated engineer company. One commander was even willing to 

trade-in another    branch to get his own organic  engineer platoon.    As a result 
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of   these concerns,   ESC  agreed  to  conduct  an analysis  of  a fourth  line company 

and the SAG approved this  effort at  IPR 2. 

15. Methodology. This analysis was accomplished sequentially by sce- 

nario. Each base case scenario was first completed and the results examined 

to determine the Impact and advantages of using a fourth line company. The 

methodology attempted to find requirements for the simultaneous use of four 

line companies. However, other, more pressing needs for a fourth line company 

were Identified. The trade-off to obtain this fourth line company (as men- 

tioned in the introduction) is not part of this methodology and is omitted. 

However,  a summary of advantages common to both scenarios is  Included. 

16. Latin American Scenario. 

a. SITUATION: This scenario has a significant squad-hour shortfall, 

but only a small equipment-hour shortfall. As a result, the primary need for 

engineer EAD units are those with squad power. The squad shortfall was offset 

in the base case by deploying two line companies (TOE 5-197L2) of the engineer 

combat battalion (corps light). However, if a divisional battalion with four 

line companies was available, it would reduce the EAD requirement shortfall by 

25 percent. The added company can accomplish all defensive tasks which elimi- 

nates the squad-hour shortfall for the first 4 of the scenario's 10 days. 

Consequently, only 1-1/2 companies of the EAD battalion would be needed to 

eliminate the shortfall during the last 6 days of the offensive portion of the 

scenario. IMPACT: The addition of a fourth line company results in a divi- 

sional engineer battalion that Is considerably more self-sufficient. When 

this larger battalion is deployed to a Latin American contingency, it would 

enhance  the division's ability to  fight without EAD support. 

b. SITUATION: In this scenario, the squad-to-equipment ratio of 

requirements   favors   squads   bv   about   a   20   percent   differential.      Fienre  H-IO 
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shows that this is the reverse of the capability found in the divisional engi- 

neer battalion, where equipment Is favored by 20 percent. IMPACT: A fourth 

line company results in an even ratio of squads-to-equipment, which reduces by 

one-half the differential that exists In the base case scenario between capa- 

bility and requirements. 

SQUAD-TO-EQUIPMENT RATIO — 
■LATIN AMERICAN SCENARIO 

Percentage 
Squad Equipment 

1988 TOE capability 40 

TOE with fourth company 50 

Scenario requirements      61 

60 

50 

39 

Figure H-10 

c. SITUATION: In this scenario, the engineers lose the equivalent 

of 4.5 squads to casualties. The remaining 13.5 squads are 64 percent as 

effective as three full companies. IMPACT: The battalion with a fourth lirte 

company will still suffer a 4.5-squad casualty rate. However, now the remain- 

ing 19.5 squads are 108 percent effective — the equivalent of three full 

companies. 

d. SITUATION: The workload in this scenario is fragmented among 

four AGs. This forces commanders to carefully allocate engineer assets. Two 

of these AOs are accessible only by air, which places a further premium on 

good planning. Fortunately, the workload is generally spread out, allowing 

use of divisional engineers on a centralized basis. Figure H-ll shows the 

scenario's major work zones for engineers. A major work zone is defined when 

there is close combat (or heavy LOC work) requiring a brigade engineer or 

H-20 
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equivalent to manage the effort, and to provide only one point of contact with 

the zone commander. The last 2 days of the scenario require work In four 

zones, one of which Is supported only by helicopter. During these 2 days, the 

scenario requirements exceed the ability of the divisional engineers to decen- 

tralize their centralized organization. IMPACT: A fourth line company In the 

division could provide four brigades with a dedicated company of engineers 

during period 4, when there is a requirement to have a company in four 

separate areas. 

' MAJOR WORK ZONES 

Period 
Zones With Close Contact or High LOG Needs 

1st Bde  2d Bde  3d Bde  CAB  DRA    Totals 

I 

2 

3 

4 X* 

X 

XX 

XX 

X* 

X* 

1 

2 

3 

4 

♦Accessible by air only. 

Figure H-U 

17.     European Scenario. 

a. SITUATION: The European base case scenario has a large squad- 

hour shortfall and no equipment-hour shortfall. The addition of a fourth- line 

company to the divisional engineer battalion would decrease the base case 

shortfall by almost 25 percent. This 25-percent shortfall reduction also 

results in a combat-essential force that has more full units. This reduces 

the need for employing corps battalion companies (TOE 5-37H) without equipment 

—  an  undesirable allocation.     IMPACT:     The  addition of  a fourth line company 
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helps the divisional engineer battalion meet a higher percentage of scenario 

vital tasks, especially tasks needed to complete the initial obstacle plan. 

b. In the European scenario, the squad-to-equlpment ratio of 

requirements favors squads by about a 25 percent differential over capability. 

Figure H-12 shows this differential Is almost the same as that found In the 

Latin American scenario, as shown In Figure H-10. IMPACT: A fourth line com- 

pany results in a smaller squad-to-equlpment differential. This significantly 

reduces the differences between capability and requirement ratios. 

SQUAD-TO-EQUIPMENT RATIO — 
EUROPEAN SCENARIO 

Percentage 

Squad Equipment 

1988 TOE capability 40 

TOE with fourth company 50 

Scenario requirements     65 

60 

50 

35 

Figure H-12 

18.  Findings. 

a. From this analysis, it can be concluded that it would be desir- 

able to have more squad personnel in the LID engineer battalion. The addi- 

tional squads would alleviate both a squad-hour requirement shortfall and 

adjust the squad-co-equipment ratio within the TOE to better match capabilicy 

with requirements. These conclusions apply to both scenarios. The concept of 

centralized support, using three companies, is also viable from the analysis 

of each scenario. The analysis showed that major work zones rarely exceeded 

three, resulting in a need for six to nine more squads. These squads could be 

added to either a new platoon within the existing three companies, or to a new 

H-22 



fourth company, as shown In Figure H-13. The addition of a third platoon per 

company results In a solution that gives the battalion three more squads and 

less overhead and vehicles than the fourth line company solution. However, a 

fourth line company would be desirable If CAB doctrine changes and requires 

more support than was reflected by the study's two scenarios. The final 

answer also must consider affordablllty, as the fourth line company solution 

requires 17 fewer personnel. 

ADDITIONAL SQUAD PERSONNEL 

Organizational Element 
Existing 
TOE 

Additional 
Fourth 
Company 

Additional 
Third 
Platoon 

Company headquarters 
Number 
Strength total {10/company) 

3 
30 

4 
40 

3 
30 

Platoon headquarters 
Number 
Strength total (3/platoon) 

6 
18 

8 
24 

9 
27 

Squads 
Number 
Strength total (S/squad) 

18 
144 

24 
192 

27 
216 

Recapitulations per battalion* 
Strength increases: 
Overhead 
Squad personnel 

Total 
— 

16 
48 
64 

9 
72 
81 

Vehicle Increases: 
HMMWV 
5-ton cargo truck 

Total 
— 

3 
1 
4 

3 
0 
3- 

Company totals: 
Strength 
Vehicles 

192 
12 

256 
16 

273 
15 

* HHC not Included. 

Figure H-13 
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b. This analysis also shows the desirability of having engineer EAD 

units organized with equipment in separate battalion companies. This would 

allow allocation of full companies to locations where only squad-hours are 

needed, without tailoring these companies by leaving selected equipment 

behind. 

LAST  PAGE  OF  ANNEX H 
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DIVISIONAL ENGINEER BATTALION ORGANIZATIONAL STRUCTURE 
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1. Purpose. This annex evaluates the design of the LID organic engineer 

battalion to determine if it can meet the division's engineer support require- 

ments during the key situations of the Latin American and European scenarios. 

2. Scope. 

a.     This   analysis   evaluated   the   engineer   support   capability   of   the 

current organizational structure of the LID engineer battalion by: 



(1) Comparing its support capability to the scenarios' support 

requirements during key preparatory and battle situations of the Latin Ameri- 

can and European scenarios. 

(2) Determining whether the battalion's engineer squad- and 

equipment-support capabilities were sufficient to satisfy the scenarios' 

requirements. 

(3) Evaluating the quantity and type mix of SEE attachments are 

best  suited to  the tasks  expected of the SEEs alloted to the battalion. 

(4) Recommending changes in organizational structure and equip- 

ment mix to improve the battalion's performance. 

b.    All  of  the improvements or adjustments made to the LID's  engineer 

battalion   structure   were  made   based   on   the   assumptions   that   the   personnel 

strength Indicated  in its current TOE will  remain  the same and  that  its  C-141B 

deployment sorties will not be Increased. 

3.    Methodology. 

a. Capability comparisons. The design of the LID engineer battalion 

was evaluated by comparing two key aspects of the unit's structure: its squad- 

to-equipment ratio and its individual equipment mix capability. This evalua- 

tion was based on the key situations occurring during each base case scenario. 

These situations are the most important and difficult for the divisional engi- 

neer battalion to support. They were analyzed to find where the engineer 

workload was concentrated on the battlefield and to determine what work areas 

had the highest priority for engineers. This same approach was used to deter-- 

mine  how   different   SEE  attachment  mixes   affected   engineer  capability  during 

key scenario situations. 

b. Scenario   key  situation.     The  main  report  establishes   key   situa- 

tions   for   each   scenario.     The  lodgement   period  was  not  included  in  these key 



situations, because the study assumptions limited the workload generated 

during this phase of the scenarios. In addition, the lowest one or two task 

priority groups which enhance the sustalnablllty of the division (i.e., tasks 

In the necessary and, in some cases essential priority groups) were not con- 

sidered when calculating the scope of the engineer support requirement during 

the scenarios' battle preparation and combat periods, because of the short 

duration of the battle phases. 

(1) Figure 1-1 shows how the scenario-based engineer require- 

ments were distributed In the divisional AC. The engineer requirements gener- 

ated by EAD units located in the divisional AO are less than 5 percent. Since 

this workload was not significant enough to justify analysis in a separate 

excursion, EAD requirements were Included among the overall engineer require- 

ments generated by the division during the scenarios'  key situations. 

DISTRIBUTION OF REQUIREMENTS* 
(Percentage) 

Division 
Squad 

Workload 
Equipment 

EAD Workload 
Squad Equipment 

Latin American scenario 
Brigade areas 99 78 ~ — 

DRA 
TOTAL 

1 
100 

17 
95 

~ 5 
5 

European scenario 
Brigade areas — 

LID 61 47 — I 
AR 26 27 — 3 

DRA 
TOTAL 

based 

13 
100 

on key situation of 

22 
96 

each scenario. 

:T 

♦Percentages 

Figure 1-1 
■ 
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(2) In the European scenario, about 28 percent of the workload 

In the divisional AO is generated by the attachment of a separate armored 

brigade. The workload generated by the separate armored brigade is important 

to the analysis of the EAD force structure required to support the LID in a 

high-intensity conflict (Annex J), but not to this annex's division structure 

analysis. It is not important because companies of the LID engineer battalion 

are not assigned to support the attached brigade, nor should they be. The 

limited engineer capability of the divisional LID battalion is far less than 

that needed to satisfy LID requirements; the LID's engineer battalion has 

neither the equipment nor mobility to provide effective support to armored or 

mechanized elements. For these reasons, the engineer workload requirements 

associated with the separate armored brigade were not added to the European 

scenario's key situation requirements. 

c. Study excursion comparlsions. This study considered two major 

scenarios and 12 minor study excursions to those scenarios. The analysis 

described in this annex incorporates the results of three of these excursions: 

excursion 2, which places divisional engineers forward; excursion 3, which 

places EAD engineer units in ehe DRA; and excursion 7, which looks at the 

effect the mix of SEE attachments has on engineer capability. Excursions 2 

and 3 were limited to the European scenario. (Although excursion I, which 

evaluates the impact of attaching a corps engineer battalion to the division, 

is not directly considered here, it does influence divisional engineer capa- 

bility by showing what tasks divisional design is based upon. The results of 

ESC's analysis of excursion 1 are presented in more detail in Annex J to this 

report.) 

d. New explosive excursion. Both the capability and excursion 

comparisons  initially use the base case scenarios.     The analyses  described  in 
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Annexes D and G outline how scatterable mines and liquid explosives could 

significantly shift the requirements for SEE equipment-hours upwards and for 

squad-hours downwards. Since the Army is committed to eventually fielding 

scatterable mine systems, all comparisons in this annex also consider the 

probable Influence of fielding those systems. To avoid confusion with 

numbered excursions 2, 3, and 7, this comparison of the future effects of 

scatterable mine systems is called the new explosive excursion; it was applied 

to each scenario's key situation. 

4.     Squad-to-Equipment Ratio Analysis» 

a. Figure 1-2 shows the squad to equipment capability ratios for the 

LID engineer battalion using the 1988 TOE, and gives the ratios required to 

satisfy the engineer requirements generated by the base case, key situation, 

and the new explosive excursions to the base case and key situation of each 

scenario. The stenario-requirement ratios are segregated in several ways to 

illustrate the sensitivity of engineer capability to requirements generated in 

different priority task groups, during different battle phases, and in various 

battlefield sectors within the divisional AO. Of the battle-related factors 

Listed in Figure 1-2, two have the most significant Impact on Che divisional 

battalion mission and organization:     task priority group and battle phase. 

(1) Priority group. Because of the short duration of the sce- 

narios, casks included in the vical and cricic^l priority groups are Che more 

appropriate work tasks for divisional engineers. Tasks in the essential pri- 

ority group are also important in the Latin American scenario, since the dur- 

ation of the battle phases requires the sustaining capability represented by 

the essential engineer work. Tasks in the necessary priority group, either 

will not be done or will be allocated to EAD engineers. 
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SQUAD-TO-EQUIPMENT RATIO 

Squad 
Percentage 

Equipment 

1988 TOE Capability 40 

Latin American Requirements 

Priority groups 
Vital,  crltlcaJ ,  &   essential 
Necessary 

Time 
Lodgement 
8-day battle 

Battle zone 
Brigade areas 
DRA 

58 
78 

28 
63 

67 
9 

60 

42 
22 

72 
37 

33 
91 

Key situation* 61 39 

European Requirements 

Priority groups 
Vital & critical 
Essential & necessary 

Time 
Lodgement 
Battlefield preparation & 4-day battle 

Battle zone 
Brigade areas 
DRA 

Key situation** 

Weighted  Scenarios*** 

Base case key situations 
New explosvie excursion key situations 

59 
29 

31 
43 

46 
30 

65 

62 
51 

41 
71 

69 
57 

54 
70 

35 

38 
49 

*Base case 8-day battle; vital, critical,  and  essential priorities. 
**Base case battlefield preparation and 4-day battle; vital and cri- 

tical priorities;  minus  requirements generated  in armored brigade A0. 
***Two-thirds Latin America, plus, one-third Europe. 

Figure 1-2 
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(2) Battle phase. Divisional engineers should be structured to 

support the division where It Is engaged In combat operations, and not to sup- 

port work generated during the Initial lodgement phase. The scenario assump- 

tions prevent a significant workload during each lodgement phase. As a 

result, the key situation eliminates the lodgement phase and focuses on the 

engineer requirements generated by the division during the combat phases of 

the scenario. In the European scenario, the study assumptions may understate 

the engineer capability provided by EAD units, since most are deployed at the 

end of an 18-day deployment  period. 

b. Figure 1-2 shows that the squad-to-equlpment ratio of the divi- 

sional engineer battalion does not come close to matching the ratio of the 

engineer requirements in the brigade areas during the key situations of either 

the Latin American or European scenario. The TOE squad-to-equlpment ratio is 

40:60, versus an average key situation requirement ratio of 62:38. The TOE 

ratio Is based on counting only three company 5-ton cargo trucks as available 

for meeting requirements generated at the work site. If more trucks were 

counted (I.e., supply and maintenance vehicles at battalion level), the dif- 

ference between ratios would be even more than the 20 percent indicated. The 

solution Is to either reduce squad effort or Increase squad  power, or both. 

(I) Reduce squad effort. In Europe, the requirement ratio will 

change as scatterable mines are fully fielded. Scatterable mines are the 

major ingredient of the new explosive excursion shown in Figure 1-2. Scatter- 

able mines greatly reduce the requirement for engineer support manhours, while 

slightly Increasing the need for equipment-hours. The new explosive excursion 

(Annex 6) shows an anticipated squad-to-equipment ratio of 34:66 for the 

European scenario's key situation. The change for Latin America is negligi- 

ble,   since   the   requirements   generated   by   that   scenario's   mining  mission   are 
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considerably   lower.       Thus,   the   new   explosive   excursion   results   in  a   future 

weighted scenario ratio of 51:49. 

(2) Increase squad power. This analysis shows the LID needs 

more squad power. The study limitation which caps the divisional engineer 

battalion strength at design TOE levels does not permit adding squads, 

although the sensitivity analyses (Annex H) indicate that more squad power is 

required. The only solution would be to modify the EAD force structure creat- 

ing a corps battalion which Is organized with squad-only companies, separate 

from equipment-only companies. The squad-only companies could then be 

deployed sooner to support the LID. At present, no corps battalion is orga- 

nized in this fashion to augment the LID. 

5.    Equipment Mix Analysis. 

a. Distribution. Figure 1-3 shows the distribution of the battal- 

ion's dominant equipment Items and. the distribution reflected by the require- 

ments of the base case, key situation, and new explosive excursions to the 

base case and key situation of each scenario. Figure 1-3 shows five dominant 

classes of equipment: 

(1) 07  bulldozer  or ACE. 

(2) 2-1/2  cubic yard loader. 

(3) Grader. 

(4) SEE or JDA10 tractor (both with front-end loader and backhoe 

attachments). 

(5) Nondedlcated 5-ton truck. (In the divisional engineer 

battalion, five of the eight 5-ton trucks are considered dedicated. The 

dedicated trucks are all in the HHC and have POL, maintenance, and supply 

missions. The remaining three trucks are not dedicated; they represent the 

11-percent  capability shown  in Figure 1-3.) 
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EQUIPMENT DISTRIBUTION 

Dominant Equipment (Percentage) 
ACE/ 
07        Loader 

5-Ton .SEE/ 
Grader Trucks     JD 410 Total 

1988 TOE Capability 22 

Latin American Scenario Requirements 

11 67 100 

Priority groups 
Vital, critical, &   essential 
Necessary 

Time 
Pre D-day 
8-day battle 

Battle zone 
Brigade areas 
DRA 

Key  situation* 

41 9 2 33 15 100 
49 12 3 17 19 100 

61 18 1 14 6 100 
39 8 2 34 17 100 

34 10 _— 37 19 100 
65 7 10 14 4 100 

38 8 2 35 17 100 

European Scenario Requirements 

Priority groups 
Vital & critical 
Essential & necessary 

Time 
Lodgement 
Battlefield preparation & 

4-day battle 

Battle zone 
Brigade areas 
DRA 

Key  situacion** 

New  explosive excursion to key 
situation** 

33 
26 

17 

35 

39 
18 

25 

27 

9 
19 

24 

14 

13 
23 

Base case key situation 

Weighted Scenarios*** 

36 8 

New  explosive excursion  to  key 
situations 36 

7 40 11 100 
6 49 0 100 

1 58 — 100 

6 42 3 100 

6 3° 3 100 
5 54 — 100 

- 39 27 100 

6 23 36 100 

4 37 15 100 

3 28 24 100 

*Base case 8-day battle;   vital, critical,  and  essential  priorities. 
**Ba8e case battlefield preparation and 4-day battle;  vital and critical 

priorities; minus requirements generated in armored brigade AO. 
***Two-thlrds Latin America,  plus one-third Europe. 

Figure 1-3 
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b. Requirements. Equipment mixes affect capability different In 

each scenario. In Figure 1-3, the Latin American and Europe requirements 

show: 

(1) The SEE and ACE workloads are not in proportion to the TOE 

capability; this imbalance varies by scenario and with the future availability 

of  systems. 

(a) The ACE requirements are approximately 2 or 3 times the 

SEE requirements for the Latin American and weighted scenario. In the base 

case situation, the weighted scenarios indicate that 2. A ACE-hours are 

required for every 1.0 SEE-hour. However, In the new explosive excursion, the 

ratio drops to 1.5 ACE-hour for every 1.0 SEE-hour. This is because In Europe 

more SEE-hours are required for countermoblllty tasks which require the SEE's 

auger attachment. In Latin America, the ACE still predominates with the ratio 

of ACE-hours to SEE-hours changing only slightly in the new explosive excur- 

sion. The equipment mix suggested by the requirement for ACEs and SEEs indi- 

cated by this analysis is almost opposite the actual TOE mix, which provides 

three SEEs  for every one ACE. 

(b) Figure 1-4 shows the number of SEEs which can be 

exchanged for ACEs without changing the total number of C-141B sorties for the 

LID engineer battalion. Based on equipment mix only, 12 ACEs and eight SEEs 

provide the 1.5:1.0 ratio required by the excursion. This mix requires 20 

operators;   the TOE now provides  24  operators. 

(2) Only 11 percent of all equipment-hour capability at a proj- 

ect site represented 5-ton truck capability, which seemed Inadequate when 

compared to requirement mixes of  23 to 37 percent. 
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EQUIPMENT  CONVERSION TABLE 
(1.67  SEES -  I.00 ACE)* 

SEES X +  ACEs X 

18** 75 6** 25 

16 70 7 30 

15 65 8 35 

13 59 9 41 

II 52 10 48 

10 48 11 52 

8 40 12 60 

6 32 13 68 

♦Equivalent C-141B transport. 
**1988 TOE quantities. 

Figure 1-4 

6.    Truck Capability and Requirements Analysis. 

a. The study methodology used to calculate the LID's truck-hour 

capability and requirements divided the truck-hour day between project and 

logistical missions. The analysis described so far in this annex has only 

been concerned with project site requirements. A different methodology was 

used to determine the ability of the LID's organic engineer trucks to fulfill 

the Class IV/V haul requirements of the LID's logistical mission. That meth- 

odology and Che Class IV/V analysis results,, are discussed in detail In 

Annex G. However, to provide a complete and comprehensive picture of the 

LID's truck-hour capability on the battlefield, this annex compares the 

results of the Annex G logistical analysis to the results of the project site 

analysis. 

b. ESC's logistical haul analysis indicated the LID has an excess of 

tr-ick-hour capability.     To determine the true truck situation,   this  excess was 
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subtracted from the shortfall predicted by the equipment mix capability of 

project work (Figure 1-3). Figure 1-5 shows the total truck mission require- 

ment — project plus logistical — versus capability. Note that In this fig- 

ure, distribution mixes have been converted to actual capabilities and 

requirements. This conversion was made so the analysis results of the two 

different methodologies could be expressed in terms of similar units of 

measure,   i.e.,  average trucks per day for scenario key situations. 

TRUCK REQUIREMENTS VERSUS CAPABILITY 
(Average Per Day for Key Situations) 

Base Case  _«___«. New Explosive Excursion 
Project + Logistics ■ Total    Project + Logistics - Total 

Latin American Scenario 

Engineer 
Requirement 
Capability 

3 
3 

4 
6 

Surplus None 2 2 -2 2 

Aviation UH-60 Helicopters (diverted truck haul) 

3 
3a 

Non« 

Requlrenent 
Capability1* 
Available 

15 
15 

5                  5 
15               30 
10                25 

European Scenario 

15 
15 

1                     1 
15                 30 
14                  29 

(with corps  battalion)0 (with airborne battalion 

Requirement 
Capability 

16 
 e 

29                   45 11 
 e 

3                     14 

Surplus  e ~e                  6  e —«                   16 

Three trucks   equipped  with  ground Volcano were  not  counted. 
The   7th   ID(L)    standard   operating   procedure   Is   to   provide   50%   of   its 

helicopters to combat support,  and 50% to logistical  support. 
cAssumes   50Z   (18)   squad   dump   trucks   are   available   from   the  corps   bat- 

talion. 
The airborne corps battalion replaces the corps battalion;   no squad dump 

trucks are available. 
trucks are not pre-dlvlded  between missions in unit TOEs. 

Figure 1-5 
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c.  Results. 

(1) In Latin America, truck capability is adequate. The analy- 

sis for this scenario also shows that when the three Ground Volcano systems 

are added to the engineer battalion, three existing trucks can be diverted as 

the prime movers with no adverse affect on capability. 

(2) Also in Latin America, engineer truck requirements were con- 

verted to aviation requirements in two of four AOs; these AOs were inacces- 

sible by road during the last 6 days of battle. As Figure 1-5 shows, five 

helicopters in the base case (but only one helicopter in the new explosive 

excursion) are required to support Class V engineer haul requirements. 

Because of the high priority given to engineer support by the LID, this 

appears to be an acceptable tasking for the LID's CAB. 

(3) In Europe, there are more requirements for trucks than there 

are in Latin America, but there is also more truck capability available from 

EAD units. In the base case, all project site and logistical support truck 

requirements can be completed if 12 of 36 squad trucks from the EAD corps bat- 

talion are used (Figure 1-5 shows 50 percent or 18 squad trucks available). 

Both ESC's analyses and its interviews with LID engineers indicate that these 

trucks would actually be available during battle, since they are not required 

for road maintenance when the EAD corps battalion is assigned to forward com- 

bat engineer support. 

(4) In the European new explosive excursion, there were fewer 

truck requirements than in the base case. This permitted consideration of a 

smaller EAD force. As a result, the EAD corps battalion was changed from the 

heavy (TOE 5-35H5) to the lighter (TOE 5-195L2) corps battalion (see Annex 

J).   In this excursion, none of the squad trucks are assumed available; 
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however, there are 18 squad trucks authorized to the lighter airborne battal- 

ion. Despite the omission of squad trucks, there is still a I6-truck surplus. 

This indicates that this unit, TOE 5-I95L2, could use a smaller squad vehicle, 

such as the HMMWV, since the larger vehicle is not needed for hauling. 

7. Excursion Analyses. Excursion 2 (which places divisional engineers 

forward) and excursion 3 (which places EAD units in the DRA) address the dis- 

tribution of engineer capability within the divisional AO. Excursion 7 

specifically looks at how the attachment mix for the SEE can affect engineer 

capability. 

a. Distribution of engineer capability. Study excursions 2 and 3 

divided the engineer capability between the brigade areas and the DRA. In 

excursion 2, the organic divisional battalion was assigned the brigade 

requirements; in excursion 3, the corps engineer battalion of the EAD force 

was assigned to the DRA. These excursions assumed that more than two engineer . 

battalions would be needed to accomplish the engineer support requirements 

generated during the key situation; they were designed to evaluate whether the 

LID  engineer battalion should be configured  to accomplish rear area missions. 

(1) Latin American scenario. Excursions 2 and 3 were difficult 

to apply to the Latin American scenario, since the total engineer requirement 

under that scenario is met by fewer than two engineer battalions. Figure 1-6 

shows that the LID engineer battalion capability for squads runs out in the 

brigade areas during the essential task priority group, but that there is 

enough equipment capability to accomplish all brigade requirements — there is 

even enough capability left over to complete tasks in the essential priority 

group  in the DRA.    The DRA requirements,  according  to the excursion procedure. 
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were Co be reserved for the EAD battalion. Therefore, the BAD battalion can 

do all squad work in the DRA and finish the squad-type work for the brigade 

areas, but Is only required to furnish equipment capability for DRA tasks in 

the last two priority groups. This may not be practical, because it could 

mean that two units would work on the same proj ect — one unit doing the squad 

work the other the equipment work. 

LATIN AMERICAN SCENARIO REQUIREMENTS 
(Percentage of Tasks Completed by Priority Group) 

Priority Group* 
Vital Critical Essential Nee essary 
SH EH SH EH SH EH SH EH 

LID engineer battalion:** 
Brigade areas 100 100 100 100 42 100 — 100 
DRA —— 100 — 100 —— 87 —— —— 

EAD corps airborne battalion .*** 

DRA 100 NA 100 NA 100 13 100 100 
Brigade areas NA NA -  NA •NA 58 NA 99 NA 

Both engineer battalions: 
Brigade areas 100 100 100 100 100 100 99 100 
DRA 100 100 100 100 100 100 100 100 

*SH =» squad hours; EH - equipment hours. 
**Priority to brigade areas, then DRA. 
***Priority to DRA, then brigade areas; TOE 5-195 (airborne battalion 

Less equipment of two line companies). 

Figure 1-6 

(a) This evaluation does show that under the Latin American 

scenario, the LID engineer battalion should concentrate its efforts on the top 

priority groups in the entire divisional AO; the EAD battalion should concen- 

trate on tasks in the lower priority groups and should also be able to split 

its    resources    between    tasks    in    the   forward    and    rear.       The   LID   engineer 
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battalion structure must have the capability to support the highest priority 

tasks In the brigade areas, with some cspabllity to do DRA work In the event 

EAD engineer units are not deployed. 

(b) The EAD battalion is first needed to augment squad-hour 

shortfalls generated by tasks In the essential priority group. However, the 

EAD battalion's primary purpose is to provide the engineer squad-hours 

necessary to complete tasks forward and rear, and to provide all DRA 

equipment-hours capability. The mission for this battalion will Increase for 

the timeframe beyond D+10 (the Latin American scenarios wargame was halted at 

D+10), when engineer tasks to enhance the sustalnability of the division 

become priority requirements. 

(2) European scenario. When ESC applied excursions 2 and 3 to 

the European scenario, it examined both the base case scenario situation and 

the base case situation as affected by the new explosive excursion, which 

assumed the use of the future countermobillty systems. 

(a) Option 1 — base case. Figure 1-7 shows the require- 

ment distribution in the European base case scenario for excursions 2 and 3. 

In the base cast, the EAD unit is the corps engineer battalion (TOE 5-35H5). 

In Figure 1-7, option 1 represents excursions 2 and 3 where the engineer force 

is divided between the brigade and division rear areas. The LID engineer bat- 

talion has only enough capability to initiate work on vital tasks in the 

brigade areas. The battalion experiences a significant shortfall in squad- 

hours to accomplish even this highest priority group of tasks. The EAD corps 

battalion has enough capability to accomplish all DRA tasks for all four 

priority groups, and then help in almost completing the vital tasks in the 

brigade areas. Thus, total effect of option I is to accomplish all vital 

casks   —    forward    and   rear   —   and   to   fulfill   all   requirements    for   engineer 
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equipment-hour through the essential priority group. The only quirk In the 

allocation represented by option 1 Is that all of the equipment-hour tasks In 

the necessary priority are accomplished in the DRA at the expense of some of 

the work in the brigade areas, where only 19 percent of necessary equipment- 

hour tasks are completed. 

EUROPEAN SCENARIO -- BASE CASE REQUIREMENTS 
(Percentage of Tasks  Completed by Priority Group) 

_>___——_ Priority Group 

Vital Critical 
SH EH SH EH 

Essential 
SH       EH 

Necessary 
SH        EH 

LID engineer battalion:* 
Brigade areas 
DRA 

EAD corps battalion:** 
DRA 
Brigade areas 

Both engineer battalions: 
Brigade areas 
DRA 

Both engineer battalions: 
Brigade area 
DRA 

28 

Option 1 

99    -- 

100  100   100  100   100  100  100   100 
68    I    -r  100    —  100   —    19 

96 100    -- 100 — 100 — 19 
100 100   100 

Option 2*** 

100 100 100 100 100 

98 100 100 ^_ 100 Ä— 51 
— 100 100 — 100 — — 

♦Priority to brigade areas, then DRA. 
**Priority to DRA then brigade areas;  TOE  5-35  (corps  engineer 

battalion). 
***Priority of both units to priority groups. 

Figure 1-7 

(b) Option 2 — base case. Under option 2, both battalions 

are applied to the highest priority group of work, regardless of division 

area.       Note   that    the   significant   result   of    the   aLIocation   represented    bv 
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option 2 is to accomplish more equipment work in the brigade areas (51 percent 

versus 19 percent) for the necessary priority group. Also note that one EAD 

engineer battalion cannot offset the significant squad-hour shortfalls 

experienced throughout the divisional AO, front to rear. 

(c) Options 1 and 2 — New explosive excursion. Figure 1-8 

shows how the requirement distribution changed after ESC applied excursions 2 

and 3 to a base case situation modified by the new explosive excursions, which 

incorporated all countermobillty future improvements. This new explosive 

excursion uses the same airborne engineer battalion as used in the Latin 

American Scenario by the EAD force. Fewer engineer requirements are generated 

by this excursion, and most can be met by the total capability of the two 

battalions available. When one light equipment company (TOE 5-54), is added, 

requirements are satisfied. 

_1_. Under option 1, the LID engineer battalion com- 

pleted more vital work than it could in the base case. The EAD battalion can 

still do the DRA work, but is more useful in executing leftover squad hours in 

the brigade areas — so useful, in fact,.that the two battalions can complete 

all work in the top three priority groups. 

2. Under option 2, the situation is the same as In the 

base case. As in the base case, option 2 provides more capability to the bri- 

gade areas in the necessary priority group than option 1, where the DRA is 

given priority over the brigades. Due to the fewer squad-hour requirements 

generated by this excursion, the battalion can accomplishe 71 percent of the 

necessary squad-hour task under option 2, which is about 50 percent more than 

accomplished under option 1; 51 percent more necessary equipment-hour tasks 

were also completed under option 2, versus 17 percent of the necessary 

equipment-hour. 
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EUROPEAN SCENARIO NEW  EXPLOSIVE EXCURSION REQUIREMENTS 
(Percentage of Tasks Completed by Priority Group) 

Priority Group 
HI 
SH 

tal 
EH 

Crlt 
SH 

Ic-aT" 
EH 

Essential 

SH   EH 

Necessary 

SH   EH 

Option ± 
LID engineer battalion:* 

Brigade areas 
DRA 

98 74 — — — -_ — — 

EAD corps battalion:** 
DRA 
Brigade areas 

100 
2 

100 
26 

100 
100 

100 
100 

100 
100 

100 
100 

100 
20 

100 
17 

Both engineer battalions: 
Brigade areas 
DRA 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

20 
100 

17 
100 

. Option 2 *** 

Both engineer battalions: 
Brigade areas 
DRA 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

100 
100 

71 50 

'Priority to brigade areas,  then DRA. 
**Priorlt^ to   DRA,    then   brigade   areas;   TOE   5-195   (airborne   engineer 

battalion). 
***Priorlty of both units to priority groups. 

Figure 1-8 

(3)  Conclusions.  Based on the analysis of excursions 2 and 3 in 

the Latin American and European scenarios, ESC concluded that: 

(a) The divisional engineer battalion should be configured 

to support high-priority brigade requirements. This conclusion is based on 

the capability analysis which indicates the battalion can only accomplish bri- 

gade engineer tasks In the vital and critical priority groups under the Latin 

American scenario, and only a portion of the vital brigade tasks under the 
i 

European scenario. 

(b) With the future fielding of the family of scatterable 

mine (FASCAM) systems, the airborne engineer battalion (TOE 5-195L200, land 
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and unload version) can meet most engineer requirements not met by the LID 

engineers. No modified TOEs (MTOEs) have been activated for this TOE yet, so 

design considerations based on this study are very timely. The excursion 2 

and 3 analyses show the desirability of separating squad-hour and equipment- 

hour capability by company. For Europe, additional equipment-hour capability 

would help eliminate the need for a light equipment company. This additional 

capability can be provided by changing the type and mix of engineer equipment 

now alloted to the battalion. 

b. Distribution of equipment-hour capability. ESC's SEE attachment 

excursion determined the optimal number of SEEs and the proper mix of SEE 

attachments required by the battalion to fulfill the requirements generated by 

the engineer tasks expected under the study scenarios. 

(1) Figure 1-9 translates the percentage mix of ACEs and SEEs 

shown in Figure 1-3 to pieces of equipment. (Only the ACE and SEE are con- 

sidered in this excursion — truck requirements and capability are discussed 

in paragraph 6). The new explosive excursions do not affect ACE requirements, 

which do not vary from those of the base case. However, SEE requirements 

increase. This tncraase is because of the new requirement for the SEE auger 

attachment, which drills the bore hole for cratering charges for conventional 

or liquid explosives. In the base case, shaped charges were used to 

construct craters. ESC's recommended mix of 11 ACEs and 10 SEEs meets all 

engineer requirements generated by the Latin American scenario; comes closer 

to meeting European requirements than the mix recommended by the TOE; and 

meets the deployability criteria of Figure 1-4. 

(a) The mix recommend by ESC in Figure 1-9 differs from the 

mix listed in Figure 1-3. That mix was based on equipment only, and incorpo- 

rated the caoabillty represented bv loaders and graders, which belong onlv to 
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HAD units. When Che loader/grader capability is subtracted, number of ACEs 

required drop from 12 to 11. (Note: If C-141B constraints were removed, ESC 

would recommend 12 each of the ACE and SEE.) 

EQUIPMENT MIXES 

Base Case New Explos 
ACE 

ive Excursion 
ACE SEE SEE 

Key Situation Requirements: 

Latin America 10 5 10 6 

Europe 14 5 14 14 

Weighted Scenarios* 11 5 11 9 

1988 TOE quantity 18 18 

ESC Recommended quantity 11 10 11 10 

*TWo-thirds Latin America; one-third Europe. 

Figure 1-9 

(b) A subjective look was also taken to see how 10 SEEs 

could work in Europe now, when the analysis indicated 14 are required in the 

future. The Europe requirement of 14 is needed to establish two phase lines 

of survlvablllty positions and an obstacle zone that extends to a third phase 

line. Some of these tasks were accomplished concurrently because of the 

priority and sequencing of work. If one phase line is first constructed for 

both survlvablllty and countermobility missions in each of the nine maneuver 

battalions (using nine SEEs), followed by construction of the second, third, 

and so forth phase lines — then all phase line positions will be completed 

before  enemy  contact.     This   could  occur   even though  there will  be some delay 
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in executing tasks in period 2, so some tasks will actually be completed 

during period 3. The tenth SEE can assist the CAB or back up the maneuver 

battalions. 

(2) Figure 1-10 summarizes ESC's analysis of the proper SEE 

attachment mix for the LID engineer battalion. The TOE column in this figure 

is the design configuration, but actual buys do not conform to the quantities 

shown. The Inclusion of a SEE trencher in the TOE cannot be justified by this 

analysis (see Annex D), nor can it be readily explained elsewhere — it could 

just be a nomenclature error. The mix suggested under the next column was 

submitted by the Commander, 7th ID(L), to the Commander, US Forces Command, In 

a message dated 16 November 1984, Subject: "710(1.) Small Emplacement Excava- 

tor (SEE) Requirements." The I3th Engineer Battalion, 7th ID(L), asked ESC to 

consider these attachments  in  its analysis. 

(a) Columns 3 through 6 are ESC's estimates' of the SEE 

attachment mix required by the LID engineer battalion. They capture the sce- 

nario analysis using the key situation of each scenario and weight the results 

of the Latin American scenario two-thirds and the results of the European sce- 

nario one-third. Note that two attachments can be affixed to the boom; the 

boom may have a single dedicated attachment or share two attachments, of which 

only one can be used at one time. ESC also calculated that there is a modest 

requirement for an 85-lnch dozer blade and a 4,000-pound forkiift. The Army 

has not elected to buy the multipurpose or 4-in-l bucket (bulldozer-grader- 

loader-clam) , but ESC believes It has more versatility and should be tested as 

a replacement for the loader and blade functions shown in Figure 1-10. The 

requirements call for six SEEs in Latin America, 14 SEEs for the new explosive 

excursion to the European scenario base case — a total weighted average of 

nine  SEEs   for  both   scenarios. 
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SEE ATTACHMENTS8 

1988 
TOE 

7th 
ID(L) 

ESC 

Attachment 
Latin 

America Europe 
Weighted 

Scenarios Recommended 

3/4-CY loader0 18 9 3 5 4 10 

Boom with: 
7-CF backhoe 
12-ln.  auger" 

— 
(18) 

15 
3 

(6) 
3 
3 

(14) 
5 
14e 

(9) 
4 
7 

(10) 
10 
10 

85-in.   blade0 6 2 — I — 

7-ln.   trencher 18 ~ — —" — — 

4,000-lb forklift — 3 — 3 1 — 

Auger handtool No NA Yes 
• 

No Yes Yes 

Total  attachments 36 36 11 27 17 30 

Total  SEEs 18 18 6 14 9 10 

Key situation. 
Assumes sequential construction of fighting positions,' followed by coun- 

termoblllty targets. 
^Multipurpose or 4-in-l bucket preferred (will replace both attachments). 
For crater construction using liquid explosives, 
^ew explosive excursion. 

Figure 1-10 

(b) The number of ESC-recommended attachments assume the 

battalion will have 10 SEEs (see paragraph 5). The auger attachment has a 

^reat potential In future countermobility operations. It may be transported 

by C-141B on the same pallet as the other attachments; on the ground, it can 

be carried Inside the loader scoop.- Since the auger provides the biggest 

payoff in Europe, LIDs that do not have a European contingency mission could 

get by with fewer augers — the auger could also be authorized by MTOE only. 

The other two SEE attachments — backhoe and loader — are the backbone of the 
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LID's capability Co meet the engineer survlvability requirement. These two 

attachments are needed more in Europe than in Latin America. In Europe, 10 

SEEs can dig in the division's initial phase lines when the scenario calls for 

a preparation period of 3 or more days. (The European base case scenario has 

a 3-day preparation period.) The scenario that was utilized for the July 1986 

Combined Arms Mission Area Analysis at Fort Leavenworth, assumed a 5-day day 

preparation period for a LID. 

(c) ESC also recommends that the SEE handtool allotment be 

expanded from the chainsaw and paving breaker to- include the hand auger. The 

hand auger can assist in the explosive emplacement of individual and crew- 

served weapon positions. The latter is especially useful in the dominant 

Latin American scenario, when the SEE may be the only piece of equipment on a 

firebase and can be used to speed the construction of perimeter fighting 

positions. 

8.     Findings. 

a.    The divisional  engineer battalion design of 1988 has: 

(1) An improper squad-to-equipraent ratio that improves in the 

future,   but  still does   not  provide adequate squad  power. 

(2) A need to change the authorization of ACEs and SEEs in the 

LID TOE; a mix of 11 ACEs and 10 SEEs is recommended (12 each is much better, 

but  adds  to the C-I41B sortie rate). 

(3) Sufficient truck, capability to support scenarios now and in 

the future — the ground Volcano may be absorbed with current allocations. 

(4) An organization that is fairly self-sufficient in latin 

America,  but must have sufficient  engineer EAD support in Europe. 
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(5) An Improper SEE attachment and tool mix. ESC recommends all 

SEEs have backhoe, auger, and loader attachments and the auger hand tool. 

(The forklift attachment can be considered If 11 or 12 SEEs are authorized.) 

b. One airborne engineer battalion (TOE 5-195L2) should be assigned 

per LID in the force structure.    This unit needs: 

(1) Squads  separated  from equipment by company. 

(2) A smaller and more mobile squad vehicle such as  the HMMWV. 

(3) To be activated in order to provide adequate, but easily 

deployable, LID support. 

c. Figure 1-11 presents ESC's recommended divisional engineer bat- 

talion design. This design removes eight SEEs and adds five ACEs. The design 

criteria are: 

REDESIGN-OF  ENGINEER BATTALION EQUIPMENT 

Dominant Unit Equipm •nt 
Requirement 5- -Ton Cargo 

and Capability ACE Truck SEE 

Key situation (%)* 
Latin America 56 16 28 
Europe 27 63 10 
Weighted scenarios** 46 32 22 
New explosive excursion 

weighted scenarios** 44 20 36 

Capability 
1988 design TOE  (%) 22 11 67 

(actual  quanticies) (6) (3)*** (18) 
ESC-recommended  (%) 46 12 42 
(actual quantities) (11) (3)*** (10) 

♦Adjusted  for all  factors mentioned  in annex. 
**Latin America ■ double    weight    and    Europe ■ single 

weight. 
***Does  not    count  three    trucks    equipped    with ground 

Volcano systems.N 

Figure  I-U 
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(1) Key situation tasks. The design Is based on the key situa- 

tion of both scenarios. These situations have the highest priority tasks and 

the most demanding and appropriate battle phases. 

(2) Division area requirements. The design must support the 

brigade areas plus the ORA, since these zones have equally important tasks 

despite the workload being heavily located forward. 

LAST PAGE OF ANNEX I 
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APPENDIX —  EUROPEAN SCENARIO REQUIREMENTS BY  BATTLE PHASE J-l-l 

1. Purpose. This annex describes the methodology used Co determine the 

number and type of EAD engineer units required to support the LID in a wartime 

contingency  in Latin America and Europe. 

2. Scope.    This annex: 

a. Identifies which EAD units and unit missions are best suited to 

support the LID. 

b. Determines the number and type of EAD units needed for each 

theater. 

c. Calculates corps bridging requirements and examines the bridging 

assets needed  for  each scenario. 

3. Methodology. Figure J-l shows the general methodology ESC used to 

determine the EAD engineer force structure. The methodology calculates the 

engineer requirements over and above the division's own capability, looks at 

the existing and proposed corps engineer units, and selects those engineer 

units that could best satisfy thv? excess engineer requirements (excluding 

bridging requirements). 

a. The first step in the methodology identified and selected the 

engineer units that could logically be assumed to be candidates to augment the 

LID in each scenario. 
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ENGINEER EAO METHODOLOGY 

TOTAL ENGINEER 
REQUIREMENT 

MINUS DIVISION 
ENGINEER CAPABILITY 

CAPABILITY  OPTIONS 

EXISTING CORPS 
ENGINEER UNITS 

PRIORITY ONE 

ANO/OR 

NEW/REDESIGNED 
ENGINEER UNITS 

PRIORITY TWO 

Figure J-l 

(1) Specialized engineer units (i.e., port construction compa- 

nies and mechanized battalions) were eliminated from consideration in struc- 

turing an EAD force, since they were not appropriate to the scenarios. 

Figure J-2  lists  the units considered in the EAD force analysis. 

■-* 

TOE 

5-035H5 

5-058H4 

5-05AL2 

5-195L2 

CANDIDATE ENGINEER EAD FORCE UNITS 

Unit Existing    Proposed 

Combat  battalion,  corps 

Combat  support  equipment  company 

Light  equipment company (airborne) 

Combat battalion (airborne) 

X 

X 

X 

X 

Figure J-2 
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(2) The TOEs of both existing and future engineer units were 

examined to determine the number and type of equipment In each engineer unit 

and the number of productive personnel available. Two of the units listed in 

Figure J-2 are existing units, while two are proposed future units. The 

combat support equipment (CSE) company and the combat battalion (corps), while 

existing units, use future TOEs that correlate to the scenario tlmeframes. 

The L200 versions of the light equipment company (airborne) and the corps bat- 

talion (airborne) are the proposed land and unload versions rather than air- 

drop versions. 

b. The second step compared the LID engineer capability with divi- 

sion requirements and computed the shortfall. If any. The shortfall was then 

matched with the capability of different combinations of engineer units. A 

match Is possible when 100 percent of the unexecuted requirements are satis- 

fled and  little excess capability remains in any, area. 

c. Step 3 determined the influence of time on divisional engineer 

requirements. Thus, the critlcallty of requirements, and when those require- 

ments occurred, were evaluated to construct the optimum EAD force for the most 

timely utilization. 

(I) Time sensitivity is present when requirements vary greatly 

by time period within a scenario. To determine how time-sensitive require- 

ments affect capability, the analysis determined which periods in nach sce- 

nario were "key" to the engineers. The key situation was selected as being 

typical and representative of the engineer's role in combat. It also con- 

sidered engineer capability and where engineer augmentation was required. 

Thus, in Latin America, the key situation included periods 2, 3, and 4; in 

Europe,   periods  2,   3,  4,  and 5 were considered  the key situation. 
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(2) Requirements were also evaluated In priority order (vital 

only, vital and critical only, etc.) within the key situation. When con- 

structing the EAD force, engineer requirements were divided into two cate- 

gories:    combat-essential requirements and sustainability requirements. 

(a) Combat-essential requirements. In the Latin American 

scenario, the combat-essential category Included all vital, critical, and 

essential requirements; In Europe, only the vital and critical requirements 

are In this category. Characteristically, the combat-essential requirements 

are non-deferrable engineer tasks that support the maneuver elements of the 

LID when it is engaged in combat operations. 

(b) iuatainabllity requirements. The sustainability cate- 

gory for Latin America included only the necessary requirements; in Europe, it 

Included both essential and necessary requirements. Sustainability rtquire- 

ments are engineer tasks that support the combat support, units and combat 

service support units. These tasks can be deferred, but must eventually be 

done — sometimes  2  to 4 weeks later than the initiation of combat. 

(3) The methodology assumed that engineer requirements were sat- 

isfied in order of Importance. Deferring requirements to a future time period 

was not considered practical, since the battle phases of the scenarios are 

relatively short. 

d. Step four of the methodology examined the influence of ESC's new 

explosive excursion which assumed that new, scatterable mines and liquid 

explosives will be added to the engineer inventory (see Annex G). The analy- 

sis examined how the new systems affect the division engineer requirements 

and,  in turn,  the EAD force structure. 

e. The last step in the analysis was to recommend an EAD force 

structure.       ESC   evaluated    alternative   EAD   force   structures   and   recommended 
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them in priority sequence (I.e., to fulfill all combat-essential requiranents 

and then to fulfill sustalnablllty requirements). The combat-essential EAD 

force is needed at or close to deployment of the LID, while the EAD force 

needed to complete the sustainability requirements is not required until 2 to 

4 weeks later. The recommendation considers not only the fulfillment of all 

squad- and equipment-hour requirements, but also takes into account the types 

of  equipment  that  are needed. 

4. Capability of Candidate EAD Engineer Units. Figure J-3 displays the 

squad- and equipment-hour capability of the units under consideration for both 

the Latin American and European scenarios. Capability is displayed for each 

unit from the onset of the key situation through the duration of the scenario. 

a. The scenario totals for squad-hours and equipment-hours are the 

combined total of all key periods. Thus, the capability calculations for the 

Latin American scenario are based on 8 days, while the European scenario is 

based on 7 days. The daily capability of the units changed as a result of 

each scenario's movement rate and casualties. (See Annex B for a detailed 

discussion of how the capability numbers were derived.) 

b. The figure also shows the dominant items of equipment and the 

amount of hours each type of equipment contributes to the scenario equipment- 

hour total. All items of equipment that were larger than that contained in 

standard engineer TOEs were translated into equivalent sizes. The CSE 

company, which is especially high in truck capability, has many 20- and 15-ton 

dump trucks. For this unit, truck capability was computed based on 5-ton 

truck equivalents. 

c. Figure J-3 was used to build each scenario's force structure. 

That    process    emphasized    using    units    capable    of    fulfilling    the    overall 
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equipment shortfall, but also using units that contained specific items of 

equipment necessary to complete the scenario requirements. Thus, an overage 

in capability of one type of equipment may not automatically eliminate an 

equipment shortfall. As an example, a surplus In truck capability should not 

cancel out a shortage in dozer capability, since the two pieces of equipment 

are not compatible and cannot be substituted for production work. However, an 

overage in SEE capability could be used to reduce the ACE shortfall or the 

loader and grader shortfall. 

5. I^atin American Scenario EAD Force Structure — Base Case. The Latin 

American scenario Is a low-intensity conflict. The LID is, therefore, 

deployed as a stand-alone force and is engaged in 8 days of combat before the 

scenario is ended. Figure J-4 compares LID engineer capability with the total 

prioritized requirements of the scenario's defensive phase (period 2) and 

offensive phase (periods 3 and 4). The figure shows that the majority of all 

squad and equipment requirements occur in the essential priority group. The 

capability, in hours, that each of the dominant equipment items contributes 

toward  the total   equlpmertt  column Is also  shown. 

a. Figure J-4 shows that an EAD force is required to complete all of 

the vital, critical, and essential tasks of the combat-essential requirements. 

(I) The LID engineers can complete all vital and critical squad 

and equipment tasks of the combat-essential requirements. After calculating 

the essential tasks, there is a shortage of 1,100 squad-hours and a surplus of 

62 equipment-hours. The equipment overage, however, is a result of the SEE 

surplus, which cancels out the shortages of all the other items of equipment. 

Theoretically, the SEE surplus could be used to offset the ACE, the loader, or 

the grader shortfalls.     If the excess SEE capability was  applied to the loader 

J-g 



wi^m^nmrrmwywT-'-^n "m^ i 

LATIN AMERICAN SCENARIO EAD FORCE STRUCTURE 

^Negative balance Indicates a shortfall in capability. 

Figure J-4 

Total 
Squad- 
Hours 

Total 
Equip- 
Hours 

Individua 1  Equlpm ent-Hour s 
ACE/ 

Dozer Loader Grader 
5-Ton 
Truck 

SEE/ 
JD410 

Capability 

LID  engr bn 1,182 1,531 351 0 0 173 1,007 

Combat  Essential Requi rements 

Vital 259 51 8 4_ _0 -1-. 4 

BALANCE* 923 1,480 343 4 0 138 1,003 

Critical 180 472 128 46 26 188 84 

BALANCE* 743 1,008 215 -50 -26 -50 919 

Essential 1.843 946 421 67 6 297 155 

BALANCE* -1,100 62 -206 -117 -32 -347 764 

ADD EAD Force: 

ABN bn HHC & 2 CO 1.129 0 0 0 0 0 0 
w/o  equipment 

BALANCE* 29 62 -206 -117 -32 -347 764 

Sustainability Requirements 

Necessary 499 150 72 19 4 26 29 

BALANCE* -470 -88 -278 -136 -36 -373 735 

ADD  EAD Force 

ABN  bn --  1   co 
w/equipraenc 

475 1.479 423 281 212 140 423 

BALANCE* 5 1,391 145 145 176 -233 1,158 
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or grader shortfall (at a ratio of three or four SEEs to one loader or 

grader), It Is possible for all of the combat-essential loader and grader 

requirements to be met. 

(2) Figure J-3 provides a "shopping list" of candidate EAD units 

and their capability. The airborne battalion is the best choice to fill the 

squad shortage. By adding personnel from the HHC and two companies of the 

airborne battalion, the squad-power shortage Is eliminated. While there Is a 

shortfall in dozer and truck capability, ESC did not recommend adding equip- 

ment to the EAD force to alleviate the Imbalance in equipment capability, 

since there was an overall surplus in the total  equipment-hour capability. 

b. When the sustalnability requirements (i.e., necessary priority 

tasks) are added to the previous balance, the third company of the airborne 

battalion is needed to fill the new squad-power shortfall. Overall, the 

equipment-hour shortfall is relatively small; however, this is' again' the 

result of the SEE cancelling the shortages in capability of the other equip- 

ment items. Figure J-A shows that the Mditional third company will bring its 

equipment. This results in a large overall equipment surplus, since all 

equipment-hour balances now have a surplus — except for the truck category 

which still has a negative balance.  Indicating a shortfall. 

6. European Scenario EAD Force Structure — Base Case. The European 

scenario Is a high-intensity conflict and the LID engineers are augmented with 

various units, including an armored brigade and a forward-deployed corps engi- 

neer battalion. In this analysis, the base case is defined as total capabil- 

ity for the key situation (i.e., 3 days of preparation and 4 days of combat) 

compared with total requirements for the same time. Figure J-5 shows the 

scenario   base   case.      This   case   includes   the   capability   of   not   only   the  LID 
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EUROPEAN SCENARIO BAD FORCE STRUCTURE BASE CASE 

Total 
Squad- 

Total 
Equip- 

Individual Equipm ent-Hours 

1 ACE/ 5-Ton SEE/ 
Hours Hours Dozer Loader Grader Truck JD410 

Capability 

LID engr bn 1,19A 1,563 344 0 0 173 1,046 

AR bde engr co 612 902 ISO 120 0 602 0 

Corps engr bn 2,941 3.547 871 626 268 1,044 738 

Total 4,747 6,012 1,395 746 268 1,819 1,784 

Combat Essential Requirements 

Vital 5,908 3,259 1,736 244 78 908 293 

Critical 303 910 382 72 120 326 10 

BALANCE -1,464 1,843 -723 430 70 585 1,481 

ADD EAD Force 

Corps bn — HHC 
& 2 co w/o 
equipment 

1.600 0 0 0 _0 0 0 

BALANCE 136 1,843 -723 430 70 585 1,481 

Sustainability Requirements 

Essential 169 863 538 226 29 55 15 

Necessary 3.134 7.414 1.730 1.260 538 3.879 7 

BALANCE -3,167 -6,434 2,991 -1,056 -497 -3,349 1,459 

^LDD EAD Force 

Corps bn equip 

& 2 co 1,438 3,341 885 631 252 885 758 

Corps bn 3.038 3.411 885 631 252 885 758 

BALANCE 1,309 388 1,221 206 7 -1,579 2,975 

Figure J-5 
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engineers, but the armored brigade engineer company and the forward-deployed 

corps battalion. This combined capability Is compared against the key situa- 

tion's total prioritized requirements, regardless of where they are generated. 

Figure J-S also shows that most engineer requirements occur in either the 

vital or necessary priority task group. For a detailed breakout of require- 

ments by LID and armored brigade sectors, see the Appendix. 

a. As portrayed In Figure J-5, there is a shortfall in completing 

all combat-essential requirements. ESC configured an EAO force based on these 

shortages. 

(1) When the combat-essential requirements are compared with the 

total engineer capability, it Is apparent that the vital requirements exhaust 

the squad-hour capability, and a shortage results. Adding the critical 

requirements Increases the squad-hour deficit to 1,464 squad-hours. Using 

Figure J-3 to compare the capability of candidate EAD units with the require- 

ment deficit shows that the best configuration of the add-on EAD force is to 

use personnel from the HHC and two companies of a corps battalion. With the 

add-on force, all combat-essential squad requirements are completed, with only 

a modest   surplus  remaining. 

(2) The total equipment column shows there is a surplus In 

equipment capability; therefore, the equipment of the add-on corps battalion 

is deferred at this time. The status of the individual items of equipment 

that comprise the total equipment column shows that the dozer cannot complete 

over a third of Its vital and critical requirements. This rather large short- 

fall  in dozer-hour capability can only be partially offset by the SEE surplus. 

b. With the addition of the essential and necessary tasks, there is 

a  large deficit  in capability.     The  last  two companies  of  the corps battalion 
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(with all battalion equipment) plus a second corps battalion are added to the 

EAD force. All sustalnablllty requirements can be completed with this config- 

uration with a surplus In both squad- and equipment-hours. All individual 

Items of equipment also have a surplus, except for the dozer and truck cate- 

gories, which still have substantial shortages. Notice that with the addition 

of the EAD force, the SEE surplus has more than doubled from 1,459 hours to 

2,975 hours. 

c. Twenty-six trucks — three from the LID engineer battalion, nine 

from the armored brigade engineer company, and 14 from the corps battalion — 

are currently counted in the scenario as productive items of equipment. 

Because the number of trucks is limited, an alternative is proposed that would 

increase truck capability. The corps battalion has thirty-six 5-ton squad 

dump trucks that are not counted as available and productive items of equip- 

ment. If these squad trucks were counted, the scenario's initial 26 trucks 

would Increase to 62 trucks. 

(1) Figures J-6 and J-7 show the same scenario base case por- 

trayed in Figure J-5, but with 50 percent and 100 percent of the corps battal- 

ion's squad trucks included in the equipment-hour capability. Comparing the 

figures shows that squad capability decreases while truck capability 

increases. If squad trucks are counted as an equipment item, the driver must 

be counted as an integral part of the truck. He is, therefore, no longer 

classified as productive personnel; thus, squad-hour capability is reduced. 

Counting squad trucks, even at 50 percent capability, greatly reduces the 

truck deficit with only a minimal decrease in squad capability. Figure J-7 

shows that the truck deficit for sustalnablllty requirements is eliminated 

only when all of the base case squad trucks are counted as available 

capability. 
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EUROPEAN SCENARIO EAO FORCE STRUCTURE — BASE CASE 
WITH 50-PERCENT SQUAD TRUCK CAPABILITY 

Total 
Squad- 
Hours 

Total 
Equip- 
Hours 

Individual Equipment-Hours 
ACE/ 

Dozer Loader Grader 
5-Ton 
Truck 

SEE/ 
JD410 

Capability 

LID engr bn 
AR bde engr co 
Corps engr bn 

1,194 
612 

2,786 

1,563 
902 

4,651 

344 
180 
871 

0 
120 
626 

0 
0 

268 

173 
602 

2,148 

1,046 
0 

738 

Total 4,592 7,116 1,395 746 268 2,923 1,784 

Combat Essential Requirements 

Vital 5,908 3,259 1,736 244 78 908 293 

Critical 303 910 382 72 120 326 10 

BALANCE 1,619 2,947 723 430 70 1,689 l,48i 

ADD EAD Force 

Corps bn — HHC 

& 2 co ' 

w/o equipment 1,600 0 0 0 _0 0 0 

BALANCE -19 2,947 -/23 430 70 1,689 1,481 

Sustainabillty Requirements 

Essential 169 863 538 226 29 55 15 

Necessary 3,134 7,414 1.730 1,260 538 3,879 7 

BALANCE -3,322 -5,330 -2,991 -1,056 -497 -2,245 1,459 

ADD EAD Force 

Corps bn equip 

& 2 co 1,440 3,411 885 631 252 885 758 

Corps bn 3.038 3,411 885 631 252 885 758 

BALANCE 1,154 1,492 -1,221 206 7 -475 2,975 

Figure J-6 



EUROPEAN SCENARIO EAD FORCE STRUCTURE — BASE CASE 
WITH 100-PERCENT SQUAD TRUCK CAPABILITY 

Total 
Squad- 

Total 
Equip- 

lodlvidoal Equipment-Hours 
|      ACE/ 5-Ton SEE/ 

Hours Hours f    Dozer Loader Grader Truck JD410 

Capability 

LID engr bo 1,194 1,563 344 0 0 173 1,046 

AR bde engr co 612 905 180 120 0 602 0 

Corps  engr bn 2.630 5,759 871 626 268 3,256 738 

Total 4,436 8,224 1,395 746 268 4,031 1,784 

Combat Essential Requirements 

Vital 5,908 3,259 1,736 244 78 908 293 

Critical 303 910 382 72 120 326 10 

BALANCE -1,775 4,055 -723 430 70 2,797 1,481 

ADF EAD Force 

Corps bn — HHC 

& 2 co w/o 1.600 0 0 0 _0 0 0 

equipment 

BALANCE -175 4,055 -723 430 70 2,797 1,481 

Sustainability Requii reraents ' 

Essential 169 863 538 226 29 55 15 

Necessary 3,134 7.414 1.730 1,260 538 3.379 7 

BALANCE -3,478 -4,222 -2,991 -1,056 -497 -1,137 1,459 

ADD EAD  Force 

Corps.bn  equip 

& 2 co 1,438 3,411 885 631 252 885 758 

Corps bn 3,038 3.411 885 631 252 885 758 

BALANCE 998 2,600 -1,221 206 7 633 2,975 

Figure J-7 

J-15 



«W^JWHiWfVff* WWWW^WW^ '  ^   .   I" ' \Jr".jf. .  H:     ■.» J-   .   . -^^^^^yj^-y^^.. 

(2) Checking the add-on EAD force structure In both examples 

reveals that two corps battalions are still required because of the squad-hour 

deficit. The decrease In the Initial base case squad-hour capability has not 

had a significant effect on the final squad balance. The add-on EAD corps 

battalion squad trucks were not counted as truck capability, since they were 

assumed to be used In the more fundamental transport role. However, if the 

squad trucks had been counted as 50-peroent productive, the 885 truck-hours of 

capability per corps battalion would Increase to 2,022 truck-hours, while the 

3,038 hours of squad capability would decrease to 2,831 squad-hours. All 

squad requirements would still be completed, but Instead of a negative final 

balance In truck-hours there would be a very large surplus. 

7.    LID and Armored Brigade EAD Force Structure. 

a. In the European scenario, the LID engineers are augmented with a 

corps battalion. Figure J-8 combines the LID engineer capability with the 

capability of the forward-deployed corps battalion and compares It to the 

requirements that occur In the brigade areas occupied by the LID and In the 

DRA (I.e., armored brigade sector requirements and capability are excluded). 

Figure J-8 constructs an EAD force needed to assist the augmented LID engi- 

neers to complete the combat-essential and sustalnablllty requirements in its 

AO. 

(1) The combined capability of Che LID and corps battalion can 

complete most of the vital squad requirements and all of the vital equipment 

requirements. There Is still, however, a shortage of squad power and none of 

the critical squad tasks can be completed. One company, without equipment, of 

an add-on EAD corps battalion Is required to satisfy the squad-hour shortfall. 

The   total   and   Individual   equipment   balances   show   that   after   completing   the 
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LID  BRIGADE  BAD FORCE STRUCTURE 

Total 
Squad- 

Total 
Equlp- 

Individual Equlpra ent-Hours 
ACE/ 5-Ton SEE/ 

Hours Hours Dozer Loader Grader Truck JD410 

Capability 

LID engr bn 1,194 1,563 344 0 0 173 1,046 

Corps engr bn 2.941 3.547 871 626 268 1,044 738 

Total 4,135 5,110 1,215 626 268 1,217 1,784 

1 

Combat Essential Requirements 

Vital 4,241 1,687 557 163 55 673 239 

Critical 295 730 244 57 120 299 10 

BALANCE -401 2,693 414 406 93 245 1,535 

ADD EAD Force 

Corps bn — 1 co 720 0 0 0 _0 __0 0 

w/o equipment • 

BALANCE 319 2,693 414 406 93 245 1,535 

Sustalnablllty Requ Irements 

Essential 97 600 354 154 27 49 6 

Necessary 2,315 5.505 1.205 984 368 2,942 6 

BALANCE -2,093 -3,412 -1,145 -742 -302 -2,746 1,523 

ADD EAD Force 

Corps bn — HHC 

& 3 co w/all 2.313 3,41 885 631 252 885 758 

equipment 

BALANCE 225 -260 -111 -50 -1,861 2,281 

Figure J-8 
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corabaC-essenclai   requirements,   ail   equipment   items have  a  surplus of capabil- 

ity. 

(2) The balance of the add-on EAD corps battalion is needed to 

complete the squad and equipment sustalnabillty requirements. Only when 

individual items of equipment are examined, does it become apparent that there 

is a significant shortfall in all items of equipment — except the SEE. The 

high surplus in SEE-hours has theoretically cancelled the shortages of the 

other equipment items. The substantial truck-hour shortfall can be alleviated 

if the augmented corps battalion squad trucks are counted as 100-percent 

available for project work. 

b.    Figure   J-9   compares    the   armored   brigade   requirements   with   the 

capability of the brigade's  engineer company. 

(1) The brigade's engineer company has the capability to com- 

plete a third of the combat-essential squad-hour requirements, and half of the 

equipment-hours. The dozer-hour requirement is almost seven times more than 

what the engineer company can provide. The- engineer company must be augmented 

with the HHC and two companies from a corps battalion in order to complete all 

of the squad and equipment corabat-essencial requirements. With Che adrittion 

of the EAD force, there is a large surplus In total equipment capability; how- 

ever, less than half of the dozer requirements have been completed and there 

ranains  a deficit  of   131   dozer-hours. 

(2) To complete the sustalnabillty requirements, the last two 

companies of the corps battalion are needed. The final balance shows there is 

a large surplus in squad-tiours. Overall, the equipment column shows a modest 

surplus, with all items of equipment also having excess capability — except 

the dozer, where the deficit has  increased  to 960 hours. 
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ARMORED BRIGADE EAD FORCE STRUCTURE 

Total 
Squad- 

Total 
Equip- 

1            Individual Equipment-Hours 
|      ACE/ 5-Ton SEE/ 

Hours Hours Dozer Loader Grader Truck JD410 

Capability 

AR bde engr co 612 902 180 120 0 602 0 

Combat  Essential Requi reroents 

Vital 1,667 1,572 1,179 81 23 235 54 

Critical 8 180 138 J2 0 27 0 

BALANCE -1,063 -850 -1,137 24 -23 340 -54 

ADD EAD Force 

Corps bn HHC & 

2  co 1.600 2.020 506 378 252 506 380 

BALANCE 537 1,170 -631 402 229 846 , 326 

Sustainability Requirements 

Essential 72 263 184 62 2 6 9 

Necessary 819 1.909 525 276 170 937 I 

BALANCE -352 -1,002 -1,340 64 57 -97 316 

ADD EAD Force 

Corps bn — 2 co 1.438 1.390 380 252 __0 380 380 

BALANCE 1,084 388 -960 316 57 283 696 

Figure J-9 
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8 • European Scenario EAD Force Structure — New Explosive Kxcursion. 

Annex G evaluated and prissenced the findings on how scatterable mine systems 

would affect the capability of the LID engineers. Also examined was the use 

of the SEE auger to replace shaped charges for emplacing road craters. The 

savings that could be incurred if these two operational methods were adopted 

by the LID engineers would change the requirements for squad power and equip- 

ment — especially the SEE and truck requirements. This change In require- 

ments could, in turn, change the composition of the future LID engineer EAD 

force structure or could postpone when the EAD force would be needed. 

Figure J-10 presents the scenario base case capability with the revised 

requirements which were generated by the new explosive excursion of 

scatterable mines and SEE auger operations. 

a. When Figure J-5, the scenario base case, is compared with 

Figure J-10, three major changes in the combat-essential requirements are 

evident. 

(1) The squad-hour requirement decreases by 3,820 squad-hours — 

a 60-percent savings. Most of this saving occurs in the vital priority group, 

thus reducing both the magnitude and intensity of the crucial engineer work- 

load. 

(2) The truck-hour requirement for vital tasks is cut almost in 

half  —  a decrease of 441  hours. 

(3) The SEE-hour requirement is four times as great as Che base 

case requirement — an increase of 991 hours. 

b. The add-on EAD force for the integrated excursion shown in Figure 

J-10  is different than that  configured  for the base case. 
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EUROPEAN SCENARIO EAD FORCE STRUCTURE — NEW EXPLOSIVE EXCURSION 

Total 
Squad- 

Total 
Equlp- 

Indlvldua 1  Equlpra ent-Hours 
1      ACE/ 5-Ton SEE/ 

Hours Hours Dozer Loader Grader Truck JD410 

Capability 

LID  engr bn 1,194 1,563 344 0 0 173 1,046 

AR bde engr co 612 902 180 120 0 603 0 

Corps  engr bn 2,941 3,547 871 626 268 1.044 738 

TOTAL 4,747 6,012 1,395 746 268 1,819 1,784 

Combat  Essential Requirements 

Vital 2,121 3,840 1,737 244 78 497 1,284 

Critical 270 910 382 72 120 326 10 

BALANCE 2,356 1,262 -724 430 70 996 490 

Sustalnablllty Requirements 

Essential 169 863 538 226 29 55 15 

Necessary 2,838 7,411 1.730 1,260 538 3,822 11 
BALANCE -651 -7,012 -2,992 -1,056 -497 -2,881 414 

ADD EAD Force 

Corps bn — 

HHC &  1   co 800 1,326 316 252 252 316 190 

CSE co 0 6,315 505 631 568 4,359 252 

BALANCE 149 629 -2,171 -173 323 1,794 S56 

Figure J-10 
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(1) Because there is such a significant savings in squad-hours, 

there is no need for an add-on EAD force to assist in completing the combat- 

essential  requirements. 

(2) To complete all scenario requirements, an add-on EAD force 

consisting of one CSE company and the HHC and one company of a corps battalion 

is required in the new explosive excursion; an add-on EAD force of two corps 

battalions- is  required  in the base case. 

(3) In in the new explosive excursion, equipment capability is 

more Important than squad capability in constructing the add-on EAD force. 

c. As shown in Figure J-10, there is a considerable surplus in capa- 

bility (both squad-hours and equipment-hours) after the combat-essential 

requirements are accomplished. Because the savings and surplus are so large, 

ESC examined whether the LID would require a corps battalion as an augmenta- 

tion unit. Figure J-ll changes the augmentation unit in the base case from a 

corps battalion to an airborne battalion. The requirements of this new 

explosive excursion are then compared with the new LID augmentation force. 

(1) When Figure J-10 is compared with Figure J-ll, it is appar- 

ent chat the initial squad-hour capability is reduced by almost one-third with 

the airborne battalion. However, there is still a modest surplus after the 

vital and critical requirements are completed. Overall, equipment-hour 

capability is Increased with the airborne battalion, and Includes more dozer 

capability. 

(2) The add-on EAD force structure needed to address the sus- 

tainability requirements is also different than that proposed in Figure J-10. 

To complete all scenario requirements in Figure J-ll, a corps battalion and a 

light   equipment   company   (airborne)   are   needed.     While   the   total   shortage  in 
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NEW EXPLOSIVE EXCURSION WITH AIRBORNE BATTALION 

Total 
Squad- 
Hours 

Total 
Equip- 
Hours 

Individual Equlpm ent-Hour s 
ACE/ 

Dozer Loader Grader 
5-Ton 
Truck 

SEE/ 
JÜ410 

Capability 

LID  engr bn 1,194 1,563 344 0 0 173 1,046 

AR bde engr CO 612 902 ISO 120 0 602 0 

ABN engr bn 1,406 4.016 1.098 732 549 903 734 

TOTAL 3,212 6,481 1,622 852 549 1,678 1,780 

Combat Essential Requl cements 

Vital 2,121 3,840 1,737 244 78 497 1,284 

Critical 270 910 382 72 120 326 10 

BALANCE 821 1,731 -497 536 351 855 486 

Sustalnabillty Requirements 

Essential 169 863 538 226 29 55 15 

Necessary 2,838 7.411 1.730 1,260 538 3,822 61 

BALANCE -2,186 -6,543 -2,765 -950 -216 -3,022 410 

ADD EAD Force 

Corps bn 3,038 3,411 885 631 252 885 758 

Lt  equip co. ABN 0 2,822 604 404 604 1,210 0 

BALANCE 852 -310 -1,276 85 640 -927 1,168 

Figure J-ll 
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equipment-hours   Is   relatively  small,   the  dozer-  and   truck-hour   shortages   are 

significant. 

9. LID Engineer Battalion Analysis — Excursion 1. This excursion tests 

the effect of committing only the divisional engineers to the division 

requirements and establishes the validity of augmenting the LID engineers with 

a minimum of one corps battalion, when the LID is assigned to a high-Intensity 

conflict. 

a. To present a clear portrayal of the LID engineer capability, the 

divisional engineer capability was extracted and compared with the require- 

ments that occur in the LID AOs (i.e., armored brigade sector requirements are 

excluded). Figure J-12 shows the percentage of work that can be completed by 

the division's engineer battalion. 

(1) If all capability is dedicated to only the vital tasks, the 

LID engineers can complete only 28 percent of the squad-hour tasks and 93 per- 

cent of the equipment-hour tasks of the combat-essential requirements. None 

of the critical or sustainablllty squad or equipment requirements can be done 

during  the  scenario. 

(2) An examination of Che individual items of equipment shows 

the dozer can accomplish 62 percent of its vital requirements, while the SEE 

can complete all requirements during the scenario. Truck capability is low, 

since the LID engineers have only one 5-ton cargo truck per company. Since 

the LID engineers do not have any loaders or graders, it is expected that 

these requirements cannot be accomplished. However, if the excess SEE capa- 

bility were used (at a ratio of three or four SEEs to one loader or grader), 

it Is possible for all of the loader and grader vital requirements to be com- 

pleted. 

J-24 

M<^mm<^mm^^ 



LID  ENGINEER BATTALION  CAPABILITY VERSUS LID REQUIREMENTS 
(Percentage of Tasks Completed by Priority Group) 

Total Total 
Equip- 

Individ ual Equipment-Hours 
Squad- ACE/ 5-Ton SEE/ 
Hours Hours Dozer Loader Grader Truck JÜ410 

Combat Essential Requirements 

Vital                      28% 93Z 62Z OZ OZ 267. 100Z 

Critical                 OZ QZ OZ OZ 07. 0% 100% 

Sustainabllity Requirements 

Essential               0% 07. OZ OZ 0% 0% 1007, 

Necessary              07, OX OZ OZ 0% 0% 100% 

Figure J-12 

b. Figure J-13 shows the percentage of tasks that can be achieved 

when the LID engineer battalion is augmented with the forward-deployed corps 

battalion. The same requirements used in Figure J-12 (i.e., only those 

requirements generated in the LID AOs) were used to calculate completion 

percentages. 

LID WITH  CORPS BATTALION CAPABILITY  VERSUS  LID REQUIREMENTS 
(Percentage of Tasks Completed by Priority Group) 

Total Total 
Equip- 

Individua 1  Equipm ent-Hours 
Squad- ACE/ 5-Ton SEE/ 
Hours Hours Dozer Loader Grader Truck JD410 

Combat  Essential Requirements 

Vital                            98% 100% 100% 100% 100% 100% 100% 

Critical                     0% 100% 100% 1007. 100% 100% 100% 

Sustainabllity Requirements 

Essential                   0Z 100% 1007. 100Z 100Z 1007. 100% 

Necessary                   0Z 40% 5% 25Z 18% 7% 100% 

Figure J-13 
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(1) A comparison of the combat-essential requirements shows that 

the combined capability of the units can meet 98 percent of the vital squad- 

hour requirements, but still cannot meet any of the critical squad-hour 

requirements. The equipment capability fares better, and all vital and criti- 

cal  equipment-hour  requirements can be completed. 

(2) All essential tasks and part of the necessary tasks can be 

completed before equipment capability is exhausted. Overall, 40 percent of 

the necessary equipment tasks can be accomplished. It should be noted that 

the SEE can complete all  its requlrenents and  still have a surplus. 

c. The LID engineer performance was next examined to see if there 

would be any percentage improvement in completing the rpnuirements generated 

under the new explosive excursion. Again, requirements are only those that 

occur in the LID brigade sectors; however, the squad and truck requirements 

are significantly reduced, while the SEE requirements are increased. Figure 

J-14 shows the percentage of requirements completed for each priority group of 

the new explosive excursion. 

(1) As can be jee in Figure J-14, the amount of vital squad work 

completed (97 percent) has dramaLically improved from the 28-percent comple- 

tion shown in Figure J-12. 

(2) The ount of vital equipment-hours completed has dropped 

from 93 percent to 72 percent as a result of a significant decre.ise in the SEE 

surplus. Closer examination of the SEE column shows that all of the critical 

and essential tasks can be completed. The percentage is slightly misleading 

since the SEE surplus after completing all vital requirements is only 16 

hours. The critical and essential requirements, however, are minimal and thus 

can  be  completed.      Looking  at   the  other   items   of   equipment   shows   the  dozer, 
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loader,   and   grader   capability   remain   the   same;    however,   the   percentage   of 

truck-hours completed has doubled. 

LID ENGINEER BATTALION CAPABILITY VERSUS  LID REQUIREMENTS — 
NEW EXPLOSIVE EXCURSION 

(Percentage of Tasks Completed by Priority Group) 

Total Total 
Equip- 

Individual Equipment-Hours 
Squad- ACE/ 5-Ton SEE/ 
Hours Hours Dozer Loader Grader Truck JD410 

Combat Essential Requirements 

Vital                    97% 727. 62Z 07. 07. 46% 100% 

Critical                07. 0% 07. 07. 07. 0% 100% 

Sustainability Requirements 

Essential               0% 07. 07. 0% 07. 0% 100% 
Necessary              0Z 07. oz 07. 07. 07. 0% 

Figure J-14 

d. Figure J-15 shows the percentage of tasks that can be achieved 

when an airborne battalion is combined with the LID engineer battalion. The 

requirements are the same as those used in Figure J-14 for the new explosive 

excursion. 

(1) All vital, critical, and essential squad and equipment tasks 

can be completed. In addition, almost half of the necessary squad tasks can 

be accomplished. approximately one-third of the necessary equipment require- 

ments can be done. 

(2) A comparison of Figure J-13 (i.e., the base case with corps 

augmentation) with Figure J-15 shows that more squad requirements can be 

accomplished in the new explosive excursion,  even though the airborne 
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battalion has less squad capability. The reason for the Increase In the 

completion percentage Is a 60-percent decrease In squad requirements for the 

new explosive excursion. 

LID WITH AIRBORNE BATTALION CAPABILITY VERSUS  LID REQUIREMENTS — 
NEW EXPLOSIVE EXCURSION 

(Percentage of Tasks Completed by Priority Group) 

Total Total 
Equlp- 

Individual Equipment-Hours 
Squad- ACE/ 5-Ton SEE/ 
Hours Hours Dozer Loader Grader Truck JD410 

Combat Essential Requirements 

Vital         100Z 1007. 100% 100% 100% 100% 100% 

Critical       100% 100% 100% 100% 100% 100% 100% 

Sustalnablllty Requirements 

Essential      100Z 100% 100% 100% 100% 100% 100% 

Necessary      47% 38% 24% 35% 94% 12% 100% 

Figure J-15 

10.  Bridging Requirements and Capability Analysis. 

a. The Latin American scenario had one unfordable river which was 

encountered on D+6. The river's width of about 40 meters would require a 

bridge, since the crossing space is too narrow for rafting. The scenario 

writers discounted this obstacle, but in actuality. It needs to be bridged so 

Chat logistic resupply can continue behind the division's main attack. With- 

out this road being kept open, the air resupply of ammunition (especially 

artillery rounds) is assumed to be impractical — if not Impossible. Since 

LID engineers do not have bridging capability, the bridge mission Is an EAD 

task. 

(I) The M4T6 float bridge set with air compressor is ideal for 

the bridge -.nission.  This set allows for either a float brliige across th3 span 

.1-28 

&&&^M&KL*iKM Ä& 



or fixed spans on cop of piers to bridge damaged spans. The EAD M4T6 units 

have all but disappeared in the engineer force structure, but not the equip- 

ment. 

(2) The Ribbon Bridge is a possible wet gap solution, but 

requires more C-141 sorties, deploys bridge trucks that are not needed once 

the bridge is erected, and requires trained EAD bridge unit personnel to 

er ec t. 

b. In the European scenario, all river gaps can be forded and no EAD 

bridge support is needed. The LID does not have the capability to support a 

deliberate river crossing. This is consistent with the LID mission when 

fighting against a high-intensity threat force in closed terrain (i.e., most 

closed terrain areas lack sizable rivers). Additionally, Europe has an exten- 

sive road net that allows many options for engineers tc keep roads open for 

logistical resupply without resorting to tactical bridging. 

11. Findings. The LID with a mission of fighting in a low-intensity 

conflict (i.e., Latin America) can support itself during the Initial days of 

combat, but requires EAD engineer support when the conflict extends over a 

period of time. In a high-intensity conflict (e.g., Europe), the LID must 

have a sizable augmentation force. The following paragraphs summarize and 

evaluate the LID engineers' performance in each scenario with regard to squad 

capability, equipment capability, and the composition of an EAD force to com- 

plete the scenario requirements. 

a.     LID  engineer squad  power. 

(I) In the Latin American scenario, the LID engineers can com- 

plete only 52 percent of the squad requirements in the combat-essential 

requirement category,  leaving a deficit of 48 percent.     All vital and  critical 
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combat-essential   requirements   can   be   achieved,   but    only   40   percent   of   the 

essential tasks can be completed by the LID engineers. 

(2) In the European scenario, the LID engineers can complete 

only 29 percent of the vital tasks and none of the critical tasks of the 

combat-essential requirements — a deficit of 71 percent. The LID must be 

augmented with a corps battalion in order to survive the initial days of 

combat  and an additional  corps battalion  is required  for  sustained operations. 

b. LID engineer  equipment. 

(1) Based on the equipment requirements in the Latin American 

scenario, this analysis determined that thtf LID engineers can complete all 

combat-essential requirements. However, upon closer examination of individual 

Items of equipment, the ACE has a 37-percent deficit and the SEE has a surplus 

of 314 percent. In Annex I, ESC suggests Increasing the number of ACEs in the 

LID engineer battalion from 6 to II and reducing the SEEs from 18 to 10. With 

this suggestion, the ACE deficit is eliminated and the SEE surplus is reduced 

to 130 percent. 

(2) In the European scenario, the LID engineer battalion can 

complete 93 percent of the vital and none of the critical equipment tasks of 

the combat-essential requirements. The LID equipment imbalances range from a 

57-percent ACE deficit to a 324-percent SEE surplus. Under the same recommen- 

dation of 11 ACEs .ind 10 SEEs, the comb^it-essenclal AGE deficit is eliminated 

and  the SEE surplus  is  reduced  to  139  percent. 

c. EAD force. 

(1) In the Latin American scenario, an airborne battalion Is 

configured to assist the LID engineers in completing all scenario require- 

ments. The augmentation requirement Is primarily for additional squad capa- 

biiicy.       Ao    a    resale,    jaly   one   coapany    of    the    airborne   aattaliun   üriuga 
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equipment«      The   equipment   was   added   to   eliminate   the    Individual   equipment 

shortages of all items except  the SEE. 

(2) The European scenario consists of the LID division with an 

attached armored brigade and a corps engineer battalion. Two EAD forces were 

structured for this scenario. First, an add-on EAD force is structured for 

the base case, which looks at the scenario as a whole and Includes all 

requirements and capabilities. The LID and armored brigade portions of the 

scenario are then extracted and an EAD force is designed for each brigade to 

complete all requirements  that  occur within their AOs. 

(a) In the base .case, an add-on EAD force consisting of the 

HHC and two companies of a corps battalion (without equipment) Is needed to 

complete all combat-essential requirements in the scenario. The balance of 

the corps battalion (with all corps equipment) plus another corps battalion Is 

required for the sustainabillty requirements to be accomplished. If the squad 

vehicles in the base case corps battalion are counted at 50-percent available 

capability, the EAD force would not change; however, the truck deficit would 

be reduced-. It Is only when the trucks are counted at 100-percent capability 

that  tho EAD force would be restructured. 

(b) The LID engineer battalion must he augmented with a 

corps battalion in order to complete the combat-essential requirements that 

occur In Its brigade sectors. \n add-on EAD corps battalion is required If 

all of  the division's sustainabillty requirements  are to be completed. 

(c) The armored brigade requires an add-on EAD force 

comprised of two companies from a corps engineer battalion to complete the 

combat-essential requirements. The remaining two companies of the EAD corps 

battalion are required to accomplish the sustainabillty requirements. 
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12.    Observatlona. 

a. If SO percent of the squad vehicles In Che base case corps bat- 

talion are counted as equipment capability, truck capability Increases by 60 

percent but squad capability is only reduced by 3 percent. Using the squad 

trucks as a viable trade-off to Increase the number of truck-hours of 

capability. 

b. The LID engineer battalion in the European scenario must be 

augmented with a corps battalion in order to meet the division's combat- 

essential requirements. An additional EAD corps battalion Is required if 

sustainabllity requirements in the LID sectors are to be accomplished. While 

all equipment-hour requirements in the two categories can be met, there is a 

shortage of dozer capability. 

c. Combat units have a greater requirement for dozer capability than 

any other type of equipment item. There is no existing engineer unit avail- 

able that can provide the needed concentration of dozers without bringing 

along a lot of equipment  that  is not needed. 

d. The LID concept seldom will require EAD bridging. However, when 

It is required, EAD units must provide that support. The support usually will 

require less than a full EAD bridge company, and possibly only equipment. The 

bridge task, no matter how reduced, will usually be a vital or critical task 

and must be anticipated. 

e. Adding   the   new  mine   and   explosive   systems,   along  with   using   the 

auger    attachment    on   the    SEE   to    emplace   shaped   charges    for   road   craters, 
t 

significantly   changes   the   base   case   requirements *for   squad-   and   equipment- 

hours.     Because  requirements   are  significantly  reduced,   the LID  has  a better 

chance of surviving the initial days  In a high-intensity combat  scenario. 
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f. The substitution of an airborne battalion for the foward-deployed 

corps battalion Is worth considering when developing future force structures 

for the LIDs. At this time, Che airborne battalion is a future unit with a 

mission to augment and reinforce the light and motorized divisions. Restruc- 

turing the battalion ".o accommodate squad-only and equipment-only companies 

could enhance the utility and versatility of this battalion when supporting 

the LID. Since the battalion has not been fielded on the ground, the units' 

equipment composition could be redesigned to accommodate more dozer capability 

—  the one constant shortfall  In all  engineer scenario requirements. 
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Paragraph 

1 

2 

3 

Figure 

L-l 
L-2 

Purpose 

Scope 

Disposition of Comments 

Equipment Mixes and Ratios 
Equipment-Hour Percentage Completion by Priority Group 

(LID AO Only With No Lodgement Requirements) 

ISA! 

L-l 

L-l 

L-l 

L-7 

L-8 

1. Purpose. At the completion of this study, ESC published a draft 

report that was distributed for review and comment to the study sponsor, the 

Study Advisory Group, and a select list of agencies interested In the study 

topic.    This annex documents the results of that review process. 

2. Scope. This annex presents only the significant and substantive 

comments ESC received on the draft report. No editorial comments are 

included, since they were automatically incorporated in the final report, 

either in response to the review comments or as part of ESC's routine 

editorial process. All comments were received by the study sponsor, then 

reviewed, consolidated,   and sent  to ESC on 29 September   1986. 

3. Disposition of Comments. This paragraph lists each substantive 

comment ESC received on the draft report, and describes the action ESC took as 

a result of the comment. The originator of each comment Is listed In paren- 

thesis following the comment. 

COMMENT:       "The   study   Is   based   on   the   LID   Wargame   by   CAORA,    Fort 

Leavenworth,   Kansas.      The  JIF^   Model   used   to  game   these   scenarios  does   not 

L-l 
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adequately portray engineer mission requirements and workloads. 

Recommendations concerning changing the force structure and equipment 

allocations cannot be made solely on the analysis of a single specialized 

division using two scenarios. Specific organizational re-designs must be 

generic enough to respond  to worldwide requirements."  (USAES) 

RESPONSE: In regards to the first concern, ESC believes the European 

and Latin American scenarios are representative of the concept envisioned by 

GEN John A. Wickham, Chief of Staff of the US Army. In an interview 

published in Army magazine in September 1986, GEN Wickham responded to a 

question on the LID mission by stating "Light divisions are designed to 

function in the low- to mid-intensity environment, to get to crisis areas 

rapidly, either to deter hostilities or to Influence them to our advantage. 

They are designed to work hand-ln-glove with heavier forces." 

In regard to ESC* s recommendations concerning the EAD force, recom-: 

mendations for only a single proposed unit (whose mission Is to support only 

light and motorized divisions) are presented. ESC has published three addi- 

tional studies that Include in the troop list LIDs plus the 9th ID (Motorized) 

for other theaters, including Southwest Asia and Northeast Asia. ESC plans to 

publish a report that '.rill include an examination oif how this proposed EAD 

unit can be best  employed  in all  four contingency theaters. 

COMMENT.. "The study also addresses the 7th ID(L) as Che primary 

source of information and interpretation of the role for engineers in a LID. 

Although the 6th ID(L), 10th ID(L), 25th ID(L), and 29th ID(L) were listed as 

joining the SAG during IPR 2, little Interaction between ESC and these divi- 

sions occurred. This limits the validity of the engineer task assessment used 

to  determine engineer task requirements,  occurrence rate,  completion time,  and 
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task location. Since the study bases all conclusions and recommendations on 

the above methodology for both the Latin American and European scenarios, 

changes or recommendations from any or all of the LIDs listed could change the 

final outcome of the study."  (USAES) 

RESPONSE: It is true that ESC had little interaction with other than 

the 7th 10(1,). However, the experienced 7th I0(L) represented a melting pot 

of Ideas from all of the other less experienced LIDs which visited Che 7th 

ID(L)   frequently. 

COMMENT: "The study does a good job in portraying the criticallty of 

the ACE to the LID. However, we (USAES) are concerned with the portrayal of 

the SEE. The full potential of the SEE to the LID is not understood. The SEE 

is equipped with a wide range of attachments and hydraulic hand tools, giving 

it a diverse capability profile. It is the only asset the engineer squad has 

and the SEE will have the following capabilities: (Da scoop loader bucket 

for digging positions and berms; (2) a backhoe for digging positions and 

cutting asphalt; (3) a blade for light bulldozing and rough grading; (4) a 

trencher for explosive tank ditching using the TEXS; (5) an earth auger for 

log obstacles, field fortifications, and explosive road craters using TEXS; 

and (6) a hydraulic hand tool set consisting of a saw, impact drill, and a 

pavement breaker for use in a variety of mobility and countermoblllty tasks. 

The study conclusion to reduce the present allocation of SEEs to the LID was 

not based on the full potenial of this vehicle. Reevaluation of this Issue is 

required."  (OSAES) 

RESPONSE: ESC considered the full potential of all SEE attachments 

and hydraulic hand tools and adopted most applications listed above (capa- 

bilities   I   through 6),   while omitting  a  few based  on the operational  concept 
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for a LID. The predominant consideration which prompted the recommendations 

to reduce the SEE was the study constraint that aircraft sorties required to 

deploy the engineer battalion could not be Increased. ESC evaluated the 

prioritized requirements for both SEE and ACE tasks and concluded that the 

number of ACEs should be Increased at the expense of the SEE (PORSCOM and the 

7th ID(L)  Concur). 

COMMENT: "The study also discounts the bridging requirements for 

less than 18 meters, the requirement for wire obstacles, and the requirement 

to clear lanes through threat minefields. It Is unrealistic that in neither 

the Latin American and European scenario that the Divisional Engineer 

Battalion is not required to emplace any small-gap bridges to support vehicle 

traffic within their area of operations. Equally unrealistic is the lack of 

wire used in both scenarios. LTC Bohn, Commander, 13th Engineer Battalion, 

indicated the heavy use of wire during the 7th ID(L) certification test. 

Finally, there is lack of requirements to breach minefields. The study does a 

good Job in addressing mine warfare, but falls to evaluate the Impact of 

threat scatterable minefields on the LID forces. The support base, artillery 

units, and engineer unit within the division will require at some line a 

minefield to be breached so they can continue to perform their mission. 

MICLIC is an ideal system and should not be discouted by the study." (USAES 

and  I   Corps) 

RESPONSE: Small-gap bridging (less than 18 meters) was not evaluated 

in this study and an assumption to this effect has been added to the main 

report. However, if there is a requirement, it must be evaluated in regards 

to both technique (ford, bridge, bypass, etc.) and applicability for EAD 

forces. 

w 
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Regarding wire, IPR 4 also Indicated that the wire emplaced during 

the certification teat was a "make work" project, since mines and explosives 

could not be realistically practiced. In this study, wire obstacles were 

considered as protective in nature and a responsibility of the user. 

Scatterable minefields were not considered a significant threat 

possibility for 1988 in this study. Although, it is acknowledged that threat 

scatterable minefields demand new engineer solutions, ESC did not consider 

explosive line charges an appropriate rear area technique when threat observa- 

tion on these minefields is minimal. ESC did not discount MIOLIC as an 

interim solution, but relegated  it  to  engineer EAD units. 

COMMENT: "The study's requirements methodology for Class IV and V 

materials for engineers only address Class V items. The general engineering 

requirement for both classes are listed at less than I percent. Mobility 

requirements are listed at 2 percent and- countermobility requirements consume 

the rest. Even though the study uses the title of both classes, only Class V 

items are listed. As a result, the transportation requirement for Class IV 

items required in general engineering, survivabillty, mobility and counter- 

mobility missions is not addressed. If addressed, there could be a signi- 

ficant shortfall in transportation assets now listed as satisfactory by the 

study."   (USAES, 7th ID(L),  and  I Corps) 

RESPONSE: Sand and gravel are addressed for project site require- 

ments under mobility and general engineering missions in this study. These 

Class IV materials are required in the division area and are considered 

readfly available from the host nation and will be available at or near the 

project sites. Countermobility Class IV wire items were previously discussed 

above.        Survivabillty    Class    IV    items   were   not    needed   under   the   scenario 
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conditions; these conditions limited extensive construction In Latin America, 

since the LID was expected to return to CONUS Immediately after the operation. 

ESC assumed any requirement would not occur until after the end of the 

scenario at D+10. In Europe, the extensive use of existing host nation 

facilities reduced Class  IV requirements. 

COMMENT: "Finally, the scenario used in Latin America places the LID 

against a conventional force fighting a low- to mid-intensity conflict as 

opposed to a true low-intensity conflict. As a result, the insurgent campaign 

associated with low-intensity conflict is not addressed and it eliminates the 

redundant requirements of mine clearing of MSRs, wire entanglements for 

artillery fire bases,  and  revetments  for helicopters."  (USAES) 

RESPONSE: ESC agrees that the Latin American scenario is not a true 

low-intensity insurgent campaign. However, TRADOC (as reinforced by GEN 

Wlckham's observations) does not believe this is a representative mission for 

the LID at this time. ESC calculations include a one-time sweep — based on 

the threat — of all MSRs, and 39 helicopter revetment positions, but defers 

the other tasks mentioned above as either long-term (after the scenario end of 

D+10)   or as mostly a  user   responsibility. 

COMMENT: "At the final IPR, the SAG chairman directed ESC to examine 

the impact of using the design requirements of the Latin American scenario (In 

lieu of weighted scenarios) in the European scenario. It was agreed to pre- 

sent   this ADEA excursion  in this  annex." 

RESPONSE: The ADEA excursion only concerns the ACE-to-SEE ratio, as 

this was the only use of weighted scenario data applied in the study (details 

appear  in Annex I). 
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Figure L-l shows the ACE-to-SEE capability and requirement ratios as 

determined by the study, with the addition of a capability for the ADEA excur- 

sion based on the Latin American scenario. The added ADEA excursion capa- 

bility has 13 ACEs and six SEEs. These quantities provide the maximum number 

of equipment items in the desired 2:1 ACE-to-SEE ratio without increasing the 

deployment sorties. In the Latin American scenario, both the base case and 

the new explosive excursion requirements  yield a 2:1  ACE-to-SEE ratio. 

EQUIPMENT MIXES AND RATIOS 

Equipment Number 
ACE   '"      SEE 

ACE-to-SEE 
Ratio 

TOE capabilities: 
1988 design TOE 
Main report recommendation 
ADEA excursion quantity* 

Key situation scenario requirements: 
European — new explosive excursion 
Weighted  scenarios — new explosive excursion 

(Main report recommendation) 
Latin American — base case 
Latin American — new explosive excursion 
Weighted  scenarios — base case 
European — base case 

6 18 1:3 
11 10 1:1 
13 6 2:1 

14 14 1:1 

11 9 1:1 
10 5 2:1 
10 6 2:1 
11 5 2:1 
14 5 3:1 

*See Figure 1-4 

Figure L-l 

Figure L-2 shows what percentage of priority group recmirements are 

completed for the ACE and SEE In the European scenarios. These percent.iges 

are shown for the 1988 TOE (six ACEs and 18 SEEs), the recommendations of the 

main report (11 ACEs and 10 SEEs), and the ADEA excursion of this annex (13 

ACEs and six SEEs). A careful examination of the results in Figure L-2 

reveals  that   the ADEA excursion provides   the best  solution  for   the base case, 
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but the situation is Inconclusive for the new explosive excursion. However, 

If the Latin American results are also considered, then the main report 

recommendation Is best for the new explosive excursion. In summary, the ADEA 

excursion is best In the short run, but the study recommendation is best for 

the long run when the new explosives become available. 

EQUIPMENT-HOUR PERCENTAGE COMPLETION BY PRIORITY GROUP 
(LID AO Only With No Lodgement Requirements) 

Equipment and Priority Group 
5 
y      European Scenario 

Vital 
ACE  SEE 

Critical Essential 
ACE SEE 

Nee es 
ACE 

sary 

ACE SEE SEE 
0 
£       1988 TOE equipment: 
&        Base case 62 100 0 100 0 100 0 100 
I        New explosive excursion 62 100 0 100 0 100 0 0 

1 
&      Main report recommendations: 
lr                    Base case 100 100 31 100 0 100 0 100 
|        New explosive excursion 100 56 30 0 0 0 0 0 

1       ADEA excursion quantity: 
• 

i        Base case 100 100 82 100 ■  0 100 0 100 
\                    New explosive excursion 

1 
100 33 81 0 0 0 0 0 

Figure L-2 

The ADEA excursion and the main study recoramendations both require 

ACEs and SEEs from the Initial engineer EAD unit assigned to the LID in 

Europe. The total equipment needed to be provided by the EAD unit also varies 

in the short and long run. The ADEA excursion requires one piece of equipment 

in the base case and nine in the new explosive excursion, while the study- 

recommended solution requires three in the base case and seven in the new 

explosive excursion. However, all these equipment levels can easily be met by 

the assignment of a corps  engineer battalion of any type to the LID. 
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COMMENT: "The squad power shortfall Identified in the study has not 

been experienced by the 13th Engineer Battalion and may be an overstatement. 

Divisional policy has many engii er-related tasks executed using infantry 

manpower with engineer technical advice given as appropriate."    (7th ID(L)) 

RESPONSE: ESC also calculated Infantry manpower, but only for 

individual weapon positions and protective wire emplacements. Despite this 

assistance, an engineer squad-power shortfall persisted. ESC recommended that 

an engineer EAD unit be available to provide this assistance with squad-only 

companies. 

LAST  PAGE OF  ANNEX  L 
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