
ftVbui Httr 

CONTRACTOR REPORT ARLCD-CR-84001 

ON-SITE SURVEY AND ANALYSIS OF PYROTECHNIC MIXER BAYS 

DAVE KOSSOVER 
NORVAL DOBBS 

AMMANN ft WHITNEY. CONSULTING ENGINEEERS 

TWO WORLD TRADE CENTER 

NEW YORK, NY 10048 

FEBRUARY 1984 

U.S. ARMY ARMAMENT RESEARCH AND DEVELOPMENT CENTER 
URGE CAUBER WEAPON SYSTEMS LABORATORY 

DOVER, NEW JERSEY 

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED. 



The views, opinions, and/or findings contained in 
this report are those of the author(s) and should 
not be construed as an official Department of the 
Army position, policy, or decision, unless so desig- 
nated by other documentation. 

Destroy this report when no longer needed. Do 
not return to the originator. 



UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE (T»7ion Data Entered) 

REPORT DOCUMENTATION PAGE 
READ INSTRUCTIONS 

BEFORE COMPLETING FORM 
1.    REPORT NUMBER 

Contractor Report ARLCD-CR-84001 

2. GOVT  ACCESSION NO. 3.    RECIPIENT'S CATALOG NUMBER 

4.    TITLE (and SubHde) 

ON-SITE   SURVEY AND ANALYSIS   OF  PYROTECHNIC  MIXER 
BAYS 

5.    TYPE OF  REPORT A  PERIOD COVERED 

Interim Tech Report 

6.    PERFORMING ORG.  REPORT NUMBER 

7.    AUTHORfs; 

Dave Kossover  and Norval Dobbs 

8.    CONTRACT OR GRANT  NUMBERfs) 

DAAK10-82-C-0138 

9.    PERFORMING ORGANIZATION NAME AND ADDRESS 

Ammann  & Whitney,   Consulting Engineers 
Two World  Trade Center 
New York,   NY     10048 

10.    PROGRAM  ELEMENT, PROJECT,  TASK 
AREA &  WORK UNIT NUMBERS 

MMT-5824548 

It.    CONTROLLING OFFICE NAME AND ADDRESS 

ARDC,   TSD 
STINFO  Div   [DRSMC-TSS(D)] 
Dover,   NJ     07801 

12.    REPORT DATE 

February  1984 
13.    NUMBER OF PAGES 

37 
14.    MONITORING AGENCY NAME a  ADDRESSff/tH«8ren( from Controlllne Office) 

ARDC,   LCWSL 
Energetic  Systems Process Div   [DRSMC-LCM-SP(D)] 
Dover,   NJ     07801 

15.    SECURITY CLASS, (of this report) 

Unclassified 

15a.    DECLASSIFI CATION/DOWN GRADING 
SCHEDULE 

16.    DISTRIBUTION STATEMENT (of this Report) 

Approved  for  public  release;   distribution unlimited. 

17.    DISTRIBUTION STATEMENT (of the abstract entered In Block 20, It different from Report) 

18.    SUPPLEMENTARY NOTES 

This  project was  accomplished  as  part  of  the U.S.   Army's Manufacturing Methods 
and Technology Program.     The primary objective of  this  program  is  to  develop, 
on a timely basis,   manufacturing processes,   techniques,   and  equipment   for use 
in production of Army materiel. 

19.    KEY WORDS (Continue on reverse side If necessary and identify by block number) 

Pyrotechnic manufacturing                    MMT-Protective  technology 
Personnel protection                              MMT-Safety engineering 
Mixing  and  blending  safety                  Safe  separation 
Mixer bays 
Propagation prevention 

2Q.    ABSTRACT (Coattoue am r«vers« aMa ft n»c««aaJT Bad. Identify by block number) 

Pyrotechnic  accidents,   some  fatal,   have occurred  at   several  pyrotechnic manufac- 
turing  facilities  indicating  that  operator  exposure to  these operations must  be 
improved.     To  cover  the various  aspects,   the project was divided  into  the  fol- 
lowing  four  areas:     mixer  safety,   transport  and  conveying  safety,   fire  suppres- 
sion  system,   and  bay design  safety.     This  report  covers  the  bay design  safety 
which is  concerned with the on-site  survey of  the  five pyrotechnic  facilities: 
Longhorn Army Ammunition Plant   (AAP),   Lone Star AAP,   Pine Bluff Arsenal,   Crane 
Army Ammunition Activity,   and Lake City AAP. 

DD ^ FORM 
AN 73 M73 EDITION OF » MOV 65 IS OBSOLETE 

UNCLASSIFIED 
SECURITY CLASSIFICATIOM OF THIS PAGE (When Data Entered) 



SECURITY CLASSIFICATION OF THIS PAGEfWhan Data Entered) 

CC/-IIOITN/ r-i   «<;cipir ATION OF THIS PAGECWTien Data Entered) 



CONTENTS 

Page 

Introduction 1 

Background 1 
Purpose and Objectives 1 
Scope of Report 2 

On-Site Surveys 3 

General 3 
Longhorn AAP 3 
Lonestar AAP 4 
Pine Bluff Arsenal 5 
Crane AAP 6 
Lake City AAP 6 

Test Program 8 

Conclusion 9 

Recommendation 9 

Distribution List 31 

-i- 



FIGURE NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

LIST OF FIGURES 
PAGE 

Plan of bays. Buildings 
7 through 16, Longhorn AAP H 

Plan of Building 212-33 ,Longhorn AAP 12 

Remote camera, Longhorn AAP 13 

Sliding steel door, shown open, 
Longhorn AAP 13 

Exhaust systems of each bay roof, 
Longhorn AAP 14 

Partial Plan of Building B-U 
showing interconnecting ductwork, 
Longhorn AAP 15 

Building 212-33 showing individual 
exhaust systems, Longhorn AAP 16 

Partial Plan of Building G-33, 
Lonestar AAP 17 

Open bay entrance viewed from side 
corridor, Lonestar AAP 18 

Viewport at frontwall of bay, 
Lonestar AAP 19 

Partial Plan of mixing bays. 
Building G-ll, Lonestar AAP 20 

Partial Plan of Building 33-620 
Pine Bluff Arsenal 21 

Common acetone removal system 
shown on bay roofs. Pine Bluff Arsenal 22 

Common heating system joining 
each bay. Pine Bluff Arsenal 22 

Frangible bay backwall. 
Pine Bluff Arsenal 23 

Bay frontwall periscope. 
Pine Bluff Arsenal 23 

Plan of Bays of Building 126, 
Crane AAP 24 

-ii 



FIGURE NO. 
LIST OF FIGURES, CONT'D 

PAGE 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Frangible backwall (mixer 
shown on right), Crane AAP 25 

Individual acetone removal 
systems at each bay. Crane AAP 25 

Floor mounted ventilating 
system. Crane AAP 26 

Sliding steel door on bay 
frontwall. Crane AAP 26 

Aluminum plate bay door with 
view panel. Crane AAP 27 

Window on frontwall of bay. 
Crane AAP 27 

Partial Plan of Building 38A/B/C, 
Lake City AAP 28 

Frangible backwall. Lake City AAP 29 

Steel plate door at bay 
frontwall. Lake City AAP 29 

-i 11 



INTRODUCTION 

Background 

pyro 
expo 
tran 
i ncl 
prop 
pyro 
and 
imp a 
defl 
redu 
comp 
comp 
util 

Pyro 
techn 
sure 
sport 
udes 
a g a t i 
techn 
expl o 
ct, a 
agrat 
ce ma 
1 i c a t 
o s i t i 
i zed 

t e c h n i c 
ic manuf 
to these 
) must b 
i m p r o v i n 
on as we 
i c m i x t u 
si ves i n 
n d s t a t i 
ion p h e n 
nufactur 
ed by th 
ons , as 
in the c 

accidents, some fatal, have occurred at several 
acturing facilities indicating that operator 
operations (particularly during mixing and 

e reduced to acceptable safety levels.  This 
g the design of these facilities with regard to 
11 as operator survival.  The behavior of most 
res is different from conventional propellants 
that they are more sensitive to friction, 
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e large number of differing pyrotechnic 
well as the different operation procedures 
urrent five pyrotechnic facilities. 

The Energetic Systems Process Technology Division of the 
Large Caliber Weapon Systems Laboratory, ARDC, was tasked by the 
Project Manager for Production Base Modernization and Expansion 
to resolve the pyrotechnic problem, under MMT Project 58X4548, 
titled "Pyrotechnic Safety Enhancement."  This project has been 
given a high priority rating by the Project Manager's Office. 
Ammann & Whitney, Consulting Engineers, is assisting ARDC in this 
project. 

been 
To cover the 
divided into 

various aspects of this 
four tasks as follows: 

effort, the project has 

1. Mixer Safety 
2. Transport and Conveying Safety 
3. Fire Suppression System 
4. Bay Design Safety 

The initial effort of Task 4  above, which is covered by this 
report, is concerned with the on-site surveys of the five 
pyrotechnic manufacturing facilities; Longhorn AAP, Lonestar AAP, 
Pine Bluff Arsenal, Crane AAA, and Lake City AAP.  Subsequent to 
this effort, a test plan for analyzing and abating the hazards 
posed by pyrotechnics will be developed, and after tests are 
conducted, design recommendations will be made based on the 
results.  Ultimately, an improved mixer bay design will be 
developed. 

Purpose and Objectives 

The purpose of ths program is to develop protective design 
techniques whereby propagation of an incident from a mixer bay to 
another will be negated and protection for operating personnel 
will be achieved.  The purpose of this report is to present the 
results of the on-site surveys. 
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The objective of this report is to identify possible avenues of 
propagation between adjoining mixer bays whereby a test program 
can be established which will form a basis of an improved mixer 
bay design. 

Scope of Report 

The following pages describe the observations made during 
ite visits.  Discussions of possible avenues of propagation on-s 

are presented. The report is subdivided by facility. 



ON-SITE SURVEYS 

GENERAL 

On-site surveys were conducted at the pyrotechnic facilities 
at Longhorn AAP, Lonestar AAP, Pine Bluff Arsenal, Crane AAA and 
Lake City AAP.  During and subsequent to these surveys, drawings 
(structural, layouts, etc.) and lists of compositions were col- 
lected for evaluation.  Typical photographs of the pyrotechnic 
operations were taken at each facility. 

These facility designs consist of differing bay layouts, 
venting and heating systems and pyrotechnic compositions.  This 
report is concerned with avenues of direct propagation through 
fireball, vapor ignition or pressure for each facility. Since 
blast pressures may arise from the ignition of the pyrotechnic 
source, a scenario has been presented for each facility, covering 
the susceptibility of the doors, viewing windows, etc., to these 
pressures. 

As a result of the on-site surveys, a test program is being 
devised to determine the hazard of propagation and how to abate 
it. 

LONGHORN AAP 

Description of Bays 

Buildings 7 through 
(Figure 2) were visited. 
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Building 212-33 (Figure 2) consists of two bays, with a 
common sidewall extending past the walls with the doors and 
through the roof.  Each bay in this building has an individual 
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exhaust system (Figure 7). 
are 10 ft. 6 in. wide by 11 
height varying from 10 ft., 

The interior dimensions 
ft. 6 in. long with the 
6 in. to 7 ft., 8 in. 

of each 
ceiling 

bay 

Avenues of Direct Propagation 

In the bay configuration for Buildings 7 through 16, an 
avenue of direct propagation through fireball or vapor ignition 
exists in the corridor connecting Bays A and B or C and D.  In 
the case of Building B-ll, propagation may occur through the 
interconnected exhaust system via vapor ignition (Figure 6) 

In the bay configuration shown in the sketch of Building 
212-33 (Figure 7), each bay is partitioned and direct propagation 
is negated.  Each bay has an individual acetone exhaust system. 

Blast Pressures Scenario 

If significant blast pressures occur, certain features of 
the bay design may be susceptible to these pressures and, as a 
consequence, enhance propagation. 

Description of Bays 

Buildings G-33 and G-ll were surveyed. 

Building G-33 (Figure 8) consists of 18 bays in a symmet- 
rical arrangement.  Walls are 12 inch reinforced concrete.  The 
walls extend through the roof and the exhaust for the mixing bays 
are individual systems.  Each bay is 15 ft. 6 in. long and 7 ft. 
6 in. wide.  The ceiling height is 14 ft. 9 in. sloping to 9 ft. 
6 in.  The backwall and roof are frangible for each bay.  The 
side corridors leading into the main corridor or control area are 
not enclosed at the bay entrance (Figure 9).  A 9 in. by 15 in. 
(approximate dimensions) viewport (Figure 10) at the frontwall 
(control area) is used to view the mixing operation. 

Building G-ll mixing bays 9 and 11 are at one end of the 
building.  The remaining bays are support bays (Figure 11).  The 
walls are 12 inch reinforced concrete and extend through the 
roof.  The backwall and roof are frangible elements.  The rooms 
are open at the backwall leading to the side corridors.  Each 
room is 8 ft. 6 in. long by 10 ft. wide. 
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Avenues of Direct Propagation 

It can be seen, from the bay configuration of Building G-33, 
propagation may occur from one bay to the side corridor and/or to 
the adjacent bay.  In building G-ll, propagation can occur down 
the side corridor into the area of the support bays. 

The exhaust systems at each bay are not interconnected and 
pose no threat to propagation. 

Blast Pressures Scenario 

If the viewports, which are located at the frontwall of each 
bay of Building G-33, are not of sufficient strength to resist 
the blast pressures, then these pressures will flow into the 
control area. 

PINE BLUFF ARSENAL 

Description of Bays 
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The interior dimensions of each bay vary.  The width varies 
from 10 ft. to 19 ft.  The length of each bay Is approximately 13 
ft. 10 in. while the height of each bay slopes from 14 ft. 6 in. 
to 10 ft. 

tone 
Each 

Avenues of Direct Propagation 

Avenues of direct propagation exist through the common ace- 
removal system and/or through the common heating system, 
bay Is enclosed and provides no area of direct propagation 

either through an adjoining corridor or bay. 

Blast Pressures Scenario 

Propagation into the inside corridor due to blast pressures 
may occur through rupture of the heating system pipes or through 
the openings provided for the periscopes. 
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CRANE AAP 

Description of Bays 
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corridor floor (Figure 20).  Each 

re 21) or aluminum plate (Figure 22) 
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The bays with the sliding steel 
the frontwall (Figure 23). 

Avenues of Direct Propagation 

Propagation may occur through the heating and ventilating 
system which is interconnected under the corridor floor.  Direct 
propagation is unlikely to occur from one bay to an adjacent bay 
since each bay is completely enclosed. 

Blast Pressures Scenario 

Direct propagation into the inside corridor can occur if 
blast pressures cause the interior corridor doors to fail.  The 
aluminum plate doors offer minimal blast resistance.  However, 
the sliding steel doors may offer some resistance.  Failure of 
the viewing window either on the door or the frontwall can also 
lead to propagation due to blast pressures.  If the doors or 
viewing areas are sufficiently strong to resist blast pressures, 
leakage may occur through the doors (which are not sealed) or 
through the viewports.  Leakage will not usually cause propa- 
gation but a safety hazard may exist in the corridor at the door 

LAKE CITY AAP 

Description of Bays 

This facility contains three buildings 38A, 38B, and 38C 
which manufacture pyro compositions.  Each building contains six 
bays on the back side (Figure 24).  The bay plan dimensions are 7 
ft. 6 in. wide by 14 ft. 3 in. long with a 10 ft. (approx) ceil- 
ing height.All blending is performed in a dry state except for 
the IM136 igniter mix in 38B.  This latter mix (14 lb) is made in 
its own shield which has been tested.  The sidewalls are 10 inch 
reinforced concrete extending through the roof, and the frontwall 
is 12 inch reinforced concrete.  The roof and backwalls are fran- 
gible (Figure 25). 
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A steel plate door is located in each bay at the frontwall 
in the control area corridor (Figure 26).  Each door has a 6 in, 
by 8 in. (approx) viewing area.  The bays are heated by 
radi ators. 

Avenues of Direct Propagation 

Propagation may occur in the form of a flame through impro- 
perly sealed doors.  An approximate one-half inch gap exists 
below the steel plate door.  Otherwise, each bay is entirely 
closed. 

Blast Pressures Scenario 

Extensive propagation may occur into the control area if the 
steel plate doors or their supporting hinges are not of adequate 
strength.  In addition, the viewports on each door may fail under 
elevated pressures even if the doors are strong enough to survive 
the blast pressures. 
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TEST PROGRAM 

The avenues of propagation identified in the surveys are 
possible avenues; some are more probable than others and some are 
unlikely.  The test program will be designed to determine the 
hazard of possible propagation and how to abate them.  Modifica- 
tions to the bay design may be made as a result of this testing. 

The test program will consist of scaled barricades, modeled 
on the various pyrotechnic facilities.  These tests will 
determine the thermal effects and pressure loads associated with 
an incident in the bay and its environment.  The most hazardous 
compositions will be used in fireball tests to determine the 
scaling of the test charge.  One-inch thick welded steel plates 
are proposed for the scaled tests. 

Design modifications to the scaled barricades may follow as 
a result of the initial tests or they may be performed simultan- 
eously.  They may consist of an enclosed scaled bay and providing 
a roof vent opening. 
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CONCLUSION 

The survey of pyrotechnic facilities herein has shown that 
in many of these facilities a pyrotechnic incident can possibly 
propagate from one bay to an adjacent bay.  At this time, several 
solutions can be conceptually envisioned for most of the 
facilities involved. 

RECOMMENDATION 

It is recommended that this program continue to the testing 
phase of Task 4, as originally planned. 



^ 

^ 

s 

&0Ot&2/OD 301^ 

0 
Q 

0 

Q_ 
< 

o 
x: 
CT> 
C 
o 
_) 

to 

-C 
C7> 

o 

en 
c 

>< 
D 

C 
D 

Q- 

<u 
3 

11 



f&OAJTW4LL 

nz 'AceroA/s 

/O-G' 

C )    EXHAUSTfr r&) 

& 

*JDOL/&<L£ STL. 
DOO&5 

-rt'T-aYrr??) 

'U44LL   T/SGU 

H* H&&MT   TO 

Figure 2    Plan of Building  212-33, Longhorn   AAP 
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Figure 3     Remote  camera, Longhorn  AAP 

Figure 4    Sliding   steel  door, shown open, Longhorn  AAP 
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Figure 5    Exhaust systems of each bay roof, Longhorn AAP 
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Figure 7    Building  212-33 showing  individual exhaust systems, 

Longhorn AAP 
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Figure 9     Open bay entrance viewed from side corridor, Lonestar  AAP 

L8 



Q- 
< 
< 

CO 

<V 
c 
o 

o 

O 
5 
c 
o 

o 
Q. 
? 
0) 

19 



su&ro&r js/irs 

JO'-Q" 

£QUIF> ROOM 

+ 

"Z 

/^/OT^-AiLL  &.<?. /</y4LL5 FXT^TA/sO   T/~/&a /eOGf 

Figure II      Partial  Plan of mixing  bays, Building G-ll, Lonestar AAP 

20 



vj 

5 3 
K ^ 

2 

1 1 
K s 
5 8 
a: <« 

I 

N 
0 

30/3 

' (i/J.X> 
.o/-.e/ ■■ 

i 
to 

! 

M 

^3 

a) c 

o 
CVJ 
CD 

l 

ro 
ro 
en 
c 

3 
CO 

c 
o 
a. 

D 
CL 

CO 

cn 

21 



Figure 13     Common  acetone   removal  system 
shown on  bay roofs, Pine  Bluff Arsenal 

Figure  14    Common   heating   system   joining  each bay , 
Pine   Bluff Arsenal 
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Figure 15    Frangible  bay backwall, Pine  Bluff Arsenal 

Figure   16     Bay frontwall  periscope,   Pine  Bluff Arsenal 
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Figure  18    Frangible   backwall (mixer shown on right), Crane   AAP 

Figure   19    Incividual acetone   removal  systems   at each bay, Crane AAP 
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Figure   20    Flocr mounted ventilating  system, Crane   AAP 

Figure   21     Sliding   steel door on bay   frontwall, Crane   AAP 
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Figure   25     Frangible   backfall,   Lake City   AAP 

Figure  26    Steel   plate door at  bay   fronlwall, Lake City AAP 
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