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ABSTRACT 

The Pre-shot and Postshot Structural Survey for Project Dribble, Salmon 
Event was authorized by Atomic Energy Commission Work Authorization 
63-529 dated 8 March 1963, with subsequent revisions; and was funded by 
the Advance Research Project Agency.  The survey was conducted in ac- 
cordance with the requirements of the "Operational Safety Plan, Project 
Dribble, Salmon Event, July 1964", 

The structural survey consisted of two parts;  part I, the Pre-shot Survey, 
and part II, the Postshof: Survey.  The Pre-shot Survey was further sub- 
divided into three phases. The Phase 1 report issued in preliminary, form 
in May 1963 contained data on the nature and condition of structures 
located on 67 parcels of land off the Dribble Site and out to 4.2 km 
(2.6 miles) from surface zero, (SZ).  At this range the ground motion was 
predicted to be approximately 9 c.n/sec peak particle velocity. The Phase 
2 report issued Augjst 1963 contained similar data on the condition of struc- 
tures located on 215 parcelt. of land beyond 4.2 km (2.6 miles), but within 
7.2 km (4.5 miles) of SZ.  The predicted peak ground motion at this range 
was 4.5 cm/sec peak particle velocity. This Phase 2 report also Included 
a survey on the condition of 11 Important bridges within 4.2 km (2.6 miles) 
of SZ.  Pnase 3 survey was conducted just prior to the event to investigate 
changes to previously surveyed structures and to include new structures, 
structures on the Dribble Site, and selected structures between 7.2 km 
(A.5 miles) and 16.1 km (10 miles) of SZ. The Phase 3 report was Issued 
in April 1965 to update the previous reports and to  document the structural 
bracing which had been Installed to minimize the potential damage. After 
the event all structures were re-examined, and the postshot conditions were 
described in the report on part II, Postshot Structural Survey, which was 
issued in May 1965, 

This present report summarizes, all the previous pre-shot and postshot struc- 
tural survey reports, and presents final conclusions and recommendations. 
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I.  INIRODUCTION 

+ 
On October 22, 1964, a coupled 5.3 - 0.5 kiloton nuclear devire was 
detonated at a depth of approximately 828 meters (2716 feet) in the Tatum 
Salt Dome, approximately 37 kilometers (23 miles) from Hattiesburg, 
Mississippi. This detonation, called the Salti, >n Event, was a part of 
Project Dribble in the Vela Uniform Program. 

A. PURPOSE OF THE SURVEY 

The structural survey consisted of two parts, a pre-shot survey and 
a postshot survey. The purposes of the surveys were:  to estimate 
the ability of structures and equipment to withstand the ground 
motions predicted for the Salmon Event, to provide information for 
the design of pre-shot bracing to be installed to prevent or reduce 
damage, and to record the postshot condition of structures after the 
event for the just settlement of any claim of damage. 

B. SCOPE OF THIS REPORT 
■ 

The structural survey consisted of examination of structures clos« to 
Surface Zero by Holmes & Narver, Inc., (H&N) engineers. Subsequently, 
reports were prepared with descriptions and photographic docuuentation 
of the structural conditions. The survey included the pre-sho: and 
postshot examination of all public and private structures withi  a 
radius of 7.2 km  (4.5 miles) of SZ and any structures assumed to be 
vulnerable to damage beyond the 7.2 km (4.5 miles) radii :o SZ. The 
7.2 km distance was selected as the range of 4.5 cm/sec peak particle 
velocity ground notion, from predictions by Roland F. Beers, Inc. The 
4.5 cm/sec peak particle velocity is equivalent to an intensity of VI 
on the Modified Mercalli Scale and wag- üäsumed to be the lowest in- 
tensity of ground motion causing damage to structures and to articles 
contained therein. 

This report lists all the structures surveyed and includes a typical 
documentation of selectad structures. The selected reports were chosen 
to represent the ground motion effects on various types of structures. 
Additional documentation is on file in tha H&N Las Vegas Office of all 
structures surveyed. 

i 
Also, presented herein are a few conclusions and some recommendations 
for conducting future structural surveys. 



SUMMARY 

The dana^e noted In the postshot phase of the surveyy though wide 
spread, was generally of a minor nature and confined to new and/or 
aggravated cracks In brittle components such as brick chimneys, 
masonry and plastered walls and concrete floor slabs. Except for 
six chimneys which required rebuilding, no other damage off the 
Dribble Site and within the scope  f this report was of a major type. 

Bracing wae recomnended by H&H engineers where deemed necessary to 
prevent or reduce damage. When the bracing was removed after the 
event, it was found to have served its intended purpose, in pre- 
venting any uncontrolled collapsing. Uowever, it did not prevent 
damage to all masonry chimneys. Out of the approximately fifty 
chimneys which weii braced, six had to be completely rebuilt after 
the bracing was removed. A major purpose of the bracing was to prevent 
wood irame structures from collapsing, or from suffering large per- 
manent deformations. This bracing probably prevented many structural 
failures. Tag-on tests of Project Shoal permitted development of very 
economical systems of bracing. 

The following sutnnarizes the bracing installation and damage with respect 
to distances from SZ.  T-<e structures discussed are only those in the 
H&N pre-shot and postshot structural survey. 

1. On the Dribble Site 32 of the structures and/or pieces of 
equipment which were to remain during the shot were selected 
for surveying. The predicted ground motion at the surveyed 
structures varied from 230 cm/sec out to 14 cm/sec. Of the 
32 structures, 14 required preventive bracing or precautionary 
action.  The postshot survey revealed that one of the 1A that 
were braced and nine others not braced were damaged. The 
damage was of a  nature, however, that could not have been 
prevented, such as cracked concrete slabs. 

2. Outside the Dribble Site and out to a distance of 4.2 km 
from SZ, approximately 300 structures were surveyed. The 
piedicted ground motion varied from 49 to 9 cm/sec. Pre- 
shot bracing was installed on 54 of these structures, and 
only eight of these received any damage from the event. The 
postshot surveys disclosed minor damage on 45 of the 300 
structures examined. Approximately 70 of the structures were 
residences and most of the 45 damage incidences occurred on 
these residences. 

3. Beyond 4.2 km but within 7.2 km of SZ, approximately 913 
structures were surveyed. The predicted ground motion varied 
from 9 cm/sec out to about 4.5 cm/sec. Preventive bracing 
was installed on 11 of these structures, and only one of these 
was seriously damaged by the event. The postshot surveys 
indicated 78 of the 913 structures examined sustained some 
form of minor damage. About 215 of the structures were 
residences and most of the noted damage was also on these 
residences. 



4.  From the 7.2 km to the 16,1 km distance from SZ, four 
structures were selected to be surveyed. The ground motion 
was predicted to be from A.5 to 1 cm/sec in this region and no 
preventive bracing was recommended or installed prior to the 
■-»-'ent.  After the event, very minor damage was noted on two of 
the structures. 

Numerous other instances of minor damage beyond 7.2 km from SZ 
have been reported. Since these were not covered by pre- and 
pestshot survey procedures, they are not evaluated here. 



II.  SURVEY PROCEDURE 

Experience on the response of residential and public ctructures to ground 
mCkions generated by an underground nuclear detonacion has been extremely 
limited. Considerable experience wa* available, however, on the effects of 
earthquake generated ground motion. The probable damage magnitude was 
approximated by equating the Modified Mercalli Intensity Scale with surface 
peak particle velocities. The following correlation is present in refer- 
ence #21  "Tne approximate equivalence of the Modified Mercalli -Seal** 
number, and ground velocity in centimetei per seiend is as follows: VIII - 
18 cm/sec; VII - 9 cm/sec; VI - 4.5 cm/s^c; V - 2.25 cm/sec; IV - 1.12 
cm/sec; III - 0.56 era/sec; II - 0...J  cm/sec; and I - 0.14 cm/sec." 
Intensity VI of the Modi fie a Mercaili Scal° is the lowest intensity of 
ground shock which is indicated to damage structures and articles therein. 
Based on experience from Gnome Event, Roland F. Beers, Inc. predicted the 
ground motions and distances for Salmon Event as:   (1)  18 cm/sec at 
2.57 km;  (2) 9 cm/sec at 4.2 km; and (3)  4.5 cm/sec at 7.24 km from 
surface zero. Therefore, the threshold of minor damage based on limited 
previous experience and the above Modified Mercalli Scale correlation 
indicated an a»proximate range of 7.2 km. 

The structural survey consisted of two parts; Part I, the Pre-Shot Survey, 
and Pirt II, the Postshot Survey. The Pre-Shot Survey was further sub- 
divided into three phases. The Phase 1 and Phase 2 portions of Part I of 
tha survey were initiated in May 1963, and wer^ conducted in accordance 
with the "Operational Safety Plan," Project Dribble, dated April 1963 
(revised July 1964). Phase 1 consisted of an on-site survey and recommen- 
dation of precautionary measures to minimize possibl» damage to all 
structure» within 4.2 km of S7-. Phase 2 was conducted to document the pre- 
ahot condition of all structures beyond the 4.2 km distance of SZ but with- 
in 7.2 km of SZ. 

The U. S. Public Health Service initiated the survey by obtaining permission 
from the property owners and tenants to enter the premises. H&N engineering 
parties, consisting of a structural engineer and an estimator, examined 
each structure. The photographic documentation was supplemented by notation 
by the survey team, which Included approximate coordinate locations, compass 
bearing of majot structures, the use of the structures, age, type of con- 
struction, and an estimate was made of each structure's ability to withstara 
the ground motion that was predicted by Roland F. Beers, Inc. Bracing 
recommendations were made where it appeared that stability or structural 
irtegrity might be Impaired. It was also recommended that persons owning 
property within 4.2 km of SZ perform preventive tasks, such as shutting off 
fuel lines, extinguishing fires, removing breakable objects from shelves, 
taping large windows, etc. The preventive bracing recommended by H&N was 
i-istalled by Reynolds Electrical & Engineering Company (REECo) under the 
supervision of H&N engineers. 

Immediately prior to the event, another survey Identified as Phase 3 of Part 
I was performed by H&N to document any new structures in the area and any 
cherjes to structur  previously surveyed.  After the detonation Part II 
was ;.nitiated and hutN structural engineers again inspected all the surveyed 
«•.ructures and documented obvious physical changes which a ;ht be attributed 
to the ground motions generated by the event. 



III.  GENERAL OBSERVATL ,3 

Most of the private residences in the surveyed ari       ~>^^,   and had been 
built by rural consTuction methods.  The soil und<.      ieys. piers and 
foundation walls was in some instances partially wasi        ind evidence 
of settlement was common in the structures surveyed,  f       the event the 
masonry in chimneys and fireplaces was often in poor com.       Many mortar 
joints had cracks, apparently caused by settlement and/or      ^ion and con- 
traction due to heat from fires in the fireplaces. 

A majority of the structures were frame buildings supported on piers.  The 
effect of grcuna motions had been previously evaluated in "Dribble-type 
structures" ttsted during Project Shoal, see reference #9.  Due to the 
inadequate stability of many of these structures additional timber bracing was 
recommended and was installed as part of preventive bracing.  Bracing was also 
installed to prevent the uncontrolled collapsing of chimneys and damage from 
falling bricks.  On the Dribble Test Site guy wires and bracing were installed 
on vulnerable pieces of equipment just prior to the event. 

Immediately after the event mud boils or water spouts appear d in the area 
around ground zero and continued flowing for an hour or two a.'ter the event. 
These were not due to any venting from the cavity but w« "e caused by extrusion 
of the ground water due tc consolidation of the upper ^uund layers.  A topo- 
graphic stirvey after the event disclosed the suiface of the ground had been 
altered by the detonation.  The area near ground zero h.id depressed approximately 
5 cm.  The differential settlement decreased with increase in distance from 
SZ out to the 300 meter radius.  Beyond the 300 meter radius the surface had 
been raised to a maximum of 3 cm at the 400 meter to 500 meter distance.  This 
surface bulge decreased in height out to the 1000 meter radiis.  Beyond 1000 
meters nc permanent vertical displacement could be detected. 

Telephones in tempo ,ry trailers on tNe Project Dribble Site were shaken off 
their cradles.  There were only a few windtiws reported to have been cracked; 
and there was no interruption in water, gas, or electrical power due to broken 
lines. 

No dams in the area failed, but several earth dams developed tension cracks 
across the top and on  down-stream face.  Braced tunnels were not damaged, nor 
were the wood and concrete bridges in the area. Several large structures, 
such as the Sandia Emplacement Shelter were within a thousand meters of surface 
zero and suffered no damage from the ground motion.  The emplacen.ent shelter was 
a steel frame building approximately 4 m wide, 8 m long and 8 m high, mounted on 
skids and not tied-down or braced. The shelter was subjected to a ground 
motion of about 92 cm/sec peak particle velocity (800 m  from SZ) and sustained 
no damage. Another structure known as the Bleed-down Plant Shield Wall was 
subject to a ground motion of approximately 230 cm/sec peak particle velocity 
at only 76 meters from surface zero.  The Shield Wall was a large wood frame 
structure Ik  m thick, 5^ m high and 19 m long and filled with sand and gravel. 
The Shield Wall was embedded 1 m into the ground and not braced or guyed. The 
only effect noted after the event was a settling of the sand and gravel fill of 
a few centimeters. 



The damage noted in the post shet survey was widespread but, for the most 
part, of a minor nature and confined to the cr<. ;ing of unreinforced 
concrete slabs, brick chimneys, and unreinforced masonry walls, interior 
plaster, gypboard or sheetrock vails, and miscellaneous damage to wood framed 
structures.  There were, however, six chimneys out of the apprcsimately fifty 
which were braced, that had to be completely rebuilt after bracing was removed. 

Several masonry structures with brick veneer and concrete block walls relatively 
close to the SZ were reported as undamaged. A prime example was a brick 
residence located 3.5 km from SZ and subject to 11.5 cm/sec. 



IV.  CONCLUSIONS 

The analysis of the pre-shot and postshot survey information for 
Salmon Event indicated the following effects of nuclear detonation 
generated ground motions on structures. 

1. The recommended bracing WTS adequate for preventing major 
damage.  Cribbing and braces were recommended and installed 
out to the predicted 4 cm/sec peak particle \elocity (7.1 km"» 
range.  The bracing did not completely prevent damage in 
cases where the protected portion of the structure was in 
poor condition prior to ti ° event.  Evidence of this is pre- 
sented in Section 2 of Appendix B.  It is doubtful that any 
additional bracing could have further reduced the magnitude 
of damage sustained from the event. 

2. Evidence indicated that structures on masonry footing and/or 
concrete slabs are more susceptible to damage from ground 
motion than structures with more flexible foundations.  The 
selected survey reports in Section 1 and 3 Appendix B illust- 
rate that even new, sound brick walls in some cases sustained 
hairline mortar joint cracks at least out to tha range where the 
ground motion was predicted to be 5 cm/sec peak particle velocity 
(6 km from SZ). 

3. The only apparent damage to wood frame structures on piers, see 
Section 2 of the selected reports, was to brick chimneys and 
gypsum-board walls.  Existing hairline cracks in new brick 
chimneys attached to frame structures on piers were aggravated 
out to the 20 cm/sec predicted particle velocity (2-1/2 km) range. 
Older chimneys with poor quality mortar joints were damaged in 
some cases to at least the 7 cm/sec (5 km) range. The chimney 
damage appeared to be related to the height of piers under the 
houses, as veil as the pre-shot condition of the masonry. 

4. Nearly empty elevated water tanks suffered no structural damage 
from ground motions although they were located as close as 
543 meters from SZ (the 147 cm/sec predicted peak particle velocity 
range). 

5. Electrical power equipment located as close as 107 meters from SZ 
(the 227 cm/sec predicted peak range) was not damaged from the 
ground motion. 

6c  Concrete floor slabs of equipment shelters on the Dribble Site 
were cracked and displaced by '\e  ground motion out to the 130 cm/sec 
pro'lfted peak particle velocity (565 meters from SZ) range.  See 
Section 5 of Appendix B for examples. 

., ■ ._._. 



7. The bridges within the survey limits vere substantially 
constructed, of wood or concrete, and suffered no apparent 
damage, although, the ground motion for the closest one 
was 25 cm/sec peak particle velocity.  Section 8 of Appen- 
dix B presents examples of bridges surveyed to indicate the 
typical type in the area. 

8. Earth dams were damaged out to approximately the predicted 
12k  cm/sec peak particle velocity (3 km from SZ) range, how- 
ever, no dams failed. 

9. The two cribbed earth tunnels were subjected to peak particle 
velocity of approximately 100 cm/sec (915m from SZ) and no 
damage was indicated. 

10.  In general, the extent and nature of damage out to the predicted 
10 cm/sec peak particle velocity ground motion range was con- 
sistent with the predicted ground motion.  Beyond this range 
the percent cf structures that indicate minor dsm-ige and the 
resultant claims were more wide spread than anticipated. 



V.  RECOMMENDATIONS 

The planners of future structure surveys when organizing the pre- 
shot and postshot surveys should consider the following points: 

1. Structures with masonry components appear to be more 
vulnerable to damage than are structures of all wood or 
all steel construction.  Therefore, those structures with 
masonry components should be given more detailed pre-shot 
examination. 

2. Damage seems to be approximately proportional to quality of 
design and constructioii.  Therefore, the more deteriorated 
and poorly constructed sti ictures should be pcrutinized for 
existing and expected damage. 

3   Brittle components such as exterior stucco walls, interior 
plaster walls, and unreinforced concrete blocks appear to 
sustain damage further out from a ground shock source than 
any other structure components.  Representative structures 
should be examined at intervals to relatively far out 
distances to provide threshold radius data,  For example all 
structures to the 10 cm/sec peak particle velocity range 
should be surveyed and than two or three of each representa- 
tive structural type at intervals out to the 0.2 cm/sec 
predicted peak particle velocity range, 

4. To avoid confusion with the effects of other causes of damage 
the pre-shot and postshot surveys should be conducted as 
closely as possible prior to and after the event. 

5. It is further recommenr'ed that postshot photographs and nota- 
tions should be coordinated with pre-shot photographs and 
notations in order to provide exact comparative documentati i. 
The utlization of the same personnel in performing both su.veys 
will contribute to the accuracy of the observations. 

6. Local and regional geological features which may affect the 
distribution of potential damage should be considered in plan- 
ning pre-shot surveys. 
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APPENDIX A 

List of Structures Surveyed 

The structures within the survey areas are each indentified by a serial number 
assigned and grouped as: 

1, Structures and Equipment Surveyed on the Dribble Site 

2, Structures Surveyed beyond the Dribble Site out to 7.2 km from 
Surface Zero 

3, Structures Surveyed beyond the Dribble Site from 7.2 km to 16.1 km 
from Surface Zero 

The property owner, the distance from SZ, and any special notation is Indicated 
for each structure. 

A-l 

■  ■-■ . - . .   .. ■ —- - 



1,  STRUCTURES and EQUIPMENT SURVEYED 

on the DRIBBLE SITE 

Serial No. Type of Structure Azimuth from South Distance from 

T-l Tunnel 75° 915 meters 
T-2 Emplacement Shelter 69° 733 
T-3 Storage House 65° 580 
T-4 Compressor House 90° 550 
T-5 Hoist House No, 1 88° 565 
T~5a Electric Substation 88° 565 
T-6 Motor and Generator 87° 565 
T-7 Hoist House No. 2 86° 565 
T-8 Disposal Pite 88° 672 
T-9 PUL:? Crib 196° 183 
T-10 Shield Wall 104° 76 
T-Il Electrical Shack 104° 76 
T-12 Electrical Transformers 132° 381 
T-13 Electrical Transfcnners 140° 107 
T-14 Oil Fuse Cut-out Panels 82° 427 
T-15 Steel Frame Building 130O 350 
T-16 Water Tank 88° 543 
T-17 Electric Transformers 50° 594 
T-18 Electric Substation 69° 580 
T-19 Water Tank 55° 610 
T-20 Truck Trailer 275° 1,647 
T-21 Truck Trailer 275° 1,647 
T-22 Water Tank 275° 1,647 
T-23 Electrical Substation 252o 1,730 
T-24 Steel Frame Structures 220° 2,650 
T-25 6 Disposal "Its 230° 610 
T-26 Water Tank 220° 2,650 

A-2 



2.     STRUCTURES SURVEYED beyond   the DRIBBLE SITE 

out  to   7,2 km  frc...i SURFACE ZERO 

Number      Property >. •mer Distance From SZ      Special Notation 

1 J.   L.   Sauls 3,020 meters a.- b 
2 Otis Sauls 3,048 b 
3 G.   C.   Sauls 3,261 a. b 
4 Arlis  Raybom-owner; 

J.   T.   Saulse-tenant 3,200 b 
5 Arlis  Raybom 3,170 
6 L.   C.  Howard 3,292 b 
7 T,   Speights 1,890 t,   c 
8 T-   Speights 1,980 b 
9 T.   S.   Saucier 3,170 b,   c 

10 J.   P.  Higginbotham 3,500 a. b 
11 W.   G.   Kelly 3,353 a. b 
12 A.   C.  Mills 3,353 
13 Bay Creek Baptist Church 3.475 c 
14 J.   P.  Higginbotham 3,170 
15 L.   J.  Bryant 2,408 b 
16 J. W.  Cliburn 2,438 
17 Old buildings  removed; 

New buildings erected; 
Re-numbered 296 1,860 

18 H.   Anderson 1,920 
19 W.   Anderson 1,980 b 
20 W.   H.   Nobles 2,530 a. b 
21 G.  W.   Anderson 2,500 a. b 
22 V.  Hatten 2,500 b 
23 B.   R.  Beech 2,957 a. b 
24 W.  W.   Beech 3,048 b 
25 H.  Beach 3,170 b,   c 
26 R.   B.   Bond 3,720 a 
27 C.  Beach 3,048 a, b 
28 Joseph Smith 3,230 b 
29 E.  Johnson 3,300 b 
30 Wiley Smith 3,444 b 
31 John J.   Smith 3,658 b 
22 J.  V.  Griffith 3,932 b 
33 Jesse Smith 3,901 a. b 
34 Jimmie Smith 3,780 b 

a    -    Indicates structures  resurveyed during the phase III survey 

b    -    Indicates structures which had pre-shot bracing 

c    -    Indicates structures which were selected for Appendix B 

A-3 



2.     STRUCTURES  SURVEYED beyond  the DRIBBLE SITE 

out  to  7,2 km from SURFACE ZERO  (cont) 

Number      Property Owner Distance From SZ      Special Notation 

35 Ben Smith-owner 
E.   Saucier-tenant 

36 Can^ty Baptist Church 
37 J.  U.  Keith 
38 R.   F.  Thompson 
39 Edgar Smith 
39-A Maggie Lowe 
40 E.   Lawson 
41 E.   Johnson 
42 R.   0.   Hlbley 
43 Neville Anderson 
44 H.  McCraney 
45 P.  T.   Lee 
46 D.  T.   Be'ch 
47 Saucier 
48 E.  Bishop 
49 R.   L.  Anderson,  Jr. 
50 J.  Radcliff 
51 Otto Tarbutton-owner; 

J.  D. Mims-tenant 
52 W.  H.  Bürge 
53 W.  11.  Bürge,  Jr. 
54 N. Young 
55 H,   D.  Glpson 
56 Fred Dobson 
57 T.   Sgt,  Harry Thompson 
58 C.  M.  Thompson-owner; 

John Durham-resident 
59 H.  Powell 
60 0.   Johnson 
61 C.  McCraw 
62 A.  J.  Builock-owner; 

Buford Chambliss-tenant 
63 Archie Sis trunk 
64 Leo Sistrunk 
65 J.  Wins low 
66 R.   E.   Thompson 
67 Martin L.   Anderson 
68 Lavera Smith 
69 J.  Harrington 
70 Bridge No.   1 
71 Bridge No.  2 
72 H.   Gibson 
73 Sarah Entrekin 

3,720 meters 
4,115 
3,566 
4,054 
4,130 

3,993 
3,903 
3,96:* 
1,733 
1,951 
2,530 
2,438 
3,505 
3,475 
2,347 
1,981 

2,804 
3,020 
2,370 
3,570 
4,050 
1,650 
4,110 

4,050 
4,020 
3,990 
4,080 

3,230 
4,150 
4,050 
3,990 
3,840 
4,050 
4,270 
3,960 
4,330 
4,020 
4,450 
5,000 

a 

a 

b 
b 
b 

b 

b 

b 
b 

b 
a, b 

b 
a,  b, 

b 
b 
b, c 
b, c 
b 

a,  b 
b 
b 

a,  b 
a,  b 
r.  b 

b,  c 
b,  c 

c 
c 
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2.     STRUCTURES SURVEYED beyond  the DRIBBLE SITE 

out  to 7.2 km from SURFACE ZERO   (cent) 

Number Property Owner Distance From SZ      Special Notation 

74 T.   E.   MacArthur 5,610 meters a 
75 T.  W.   Roseberry 5,120 a 
76 J.   C.   Cameron 6,550 a 
77 W.   Cameron 7,220 a 
78 Bridge No.   3 3,050 c 
79 Bridge No,   4 1,950 c 
80 Bridge No.   5 3,440 c 
81 Bridge No.   6 3,320 c 
82 L.   L.   Anderson 4,110 b 

(formerly  listed  in Phase II report) 
83 E.  Gipsen 5,060 a, c 
84 Dawson Johnson 5,360 a 
85 A.   Courtney 6,100 
86 W.   0.   Smith 6,160 
87 C.   E.   Bond 6,340 
88 Baxterville Methodist Church 6.190 
89 W.  D.  Kittrell 6,520 
90 Church of Christ 6,550 
91 C.   L.  Housley 6,500 a 
92 Baxtervillle Baptist Church 6,i40 
93 Bill Gipson 6,610 a 
94 S.  J.  Gipson 6,610 
95 Aiice Lewis 6,640 a 
96 R.   Parker 6,680 
97 B.  J.  Miller 6,710 
98 Leo B^nd 6,550 
99 H.  G.  Thompson 6,710 

100 Arlis  Rayborn 6,550 
101 J.   F.  Molsbee 6,580 
102 L.  A.  Anderson 6,770 
103 Virgil Whiddon 6,830 
104 R.   T.   Thompson 6,740 
105 George Cain,  Jr. 6,800 r 
106 J.  W.  Whiddon 6,740 
107 Bridge No.   7 2,620 c 
108 Bridge No.   8 2,440 c 
109 Bridge No.   9 2,440 c 
110 Bridge No.   10 3,200 c 
111 Bridge No,   11 3,510 c 
112 John Schrader 6,640 
113 Wesley Bond 6,800 
114 Charles Gipson 6,640 a 
115 Marshall Lee 6,800 
116 Baxterville School 6,950 a < 
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2.     STRUCTURES SURVEYED beyond  the DRIBBLE SHE 

out to 7.2 km from SURFACE ZERO  (cont) 

Number Property Owner 

117 W.  D.  Kittrell 
118 James Bilbo 
119 I. Wllllamflon 
120 Q.  J.  K^ndrick 
121 Cora Lucas 
122 0.  Smith 
123 T.  Smith 
124 S.  E.  Bond 
125 George Boyies 
126 G.  W.   Raybom 
127 C.  D.  Raybom 
128 I. V.   Rayborn 
129 C  S.   Johnson 
130 C  G.  Johnson 
131 G.   D.  Johnson 
132 Kartha Entrekin 
133 Lionel Raybom 
134 E.  «■.  Raybom 
135 Donald Madison 
136 0.   C.  Patercon 
137 James D^rrnan 
138 J.  C    Nobles 
139 Arthur Lowe 
140 Mason Thompson 
141 W. D. Kittrell 
142 Douglar Lowe 
142-A Robert Johnson 
143 W. T. Entrekin 
144 R. T. Thompson 
145 R. T. Thompson 
146 Fred Parker 
147 Charles Martin 
148 i'. C. Breshears 
1A9 V. Debrow 
150 L. L. Hcusley 
151 R. Saucier 
152 R.  J.  Entrekin 
153 Edward Entrekin 
154 N.   A.  Bolin 
155 J. E Entrekin 
156 J. D. Entrekin 
157 Joe Kousley 
158 F. Saucier 
159 vJ. Creel 
160 F. Saucier 

stance From SZ Speci. il 

6,640 meters 
6,740 
6,460 a 
6,400 a 
6,490 
6', 310 
6,220 
6,830 a 
6,860 
6,740 
6,980 
6,740 
6,950 
7.010 
7,040 
6,430 
6,250 a 
6,250 a 
6,740 
5,640 
6,28^ 
6,250 
6,460 
6,800 a 
6,830 
7,160 b 
7,160 a. b 
4.570 a, b 
4,500 a 
5,210 
5,390 
5,520 
4,750 b 
4,330 
5,460 a 
6.430 a 
6,550 
6.580 a 
6,610 
6,710 
7.130 
5,460 
7.100 
5,360 
3,610 a 
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2,     STRUCTURES SURVEYED beyond  ehe DRIBBLE SITE 

cut  tc 7,2 k>n from SURFACE ZERO  (cont) 

Number Property Owner Distance From SZ        Special Notation 

161 C   Creel 5,550 meters 
162 Marvin M.   Breazeale 5,520 
163 R,   C.   Ready 5,300 
164 C.  0.  Williamson 5,700 
165 C.   V,   Cain 5,880 
166 Mack Smith 5,940 
167 Ray Smitn 5,760 
168 John Cain 5,670 
169 Church of Christ 6,190 
170 W.   G.  Massey 6,310 
171 Herbert Bolin 6,250 
172 T.   A.  Henry 6,710 
173 0.   A.   Rouquille 6,960 
174 H.   F.   Busha 6,510 
175 C   L.   Slade 7,060 
176 W.  Jenkins 7,190 
177 Dewey Busha 6,920 
178 James Parker 6,460 
179 11.  0.  Massey 6,250 
180 J.  H.  Evans 6,250 
181 C   K.   Anderson 5,850 
182 Troy HouSi.ey 7,130 
183 Mrs.   B.   M.   Gagnon 5,520 
184 Mississippi State Forestry Service :,580 
185 Nathan Grain 5,640 
185 Glenn Beech 5,330 
187 H.   T.   Beach 5,270 
188 J.  H.   Busha 6,370 
189 Tatum Lumber Company 5,270 
190 G.   H.   Anderson 5,210 
191 L.  D.  Johnson 4,910 
192 M.   L.   Anderson 4,600 
193 Joe Dobson 4,510 
1^4 A.   C.   Dobson 4,360 
195 M.  L.  Anderson 4,470 
196 L    '1,   Breazeale 4,920 
197 R.  H.   Johnson 7,010 
198 E.   Burt 4,420 
199 Virgil Smith 6,640 
200 Tatum Estate 7,070 
201 Mrs.   Casteneda 5,090 
202 A.   S.  Whiddon 4,850 
203 Luther Saucier 7,040 
204 Luther Saucier 6,700 
205 J.   E.  McArthur 6,250 

c 
c 

b.   c 

a,  b 

a 
a,   b 
a 
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Number 

2,  STRUCTURES SURVEYED beyond the DRIBBLE SITE 

out to 7.2 km from SURFACE Z^KO (cont) 

Property Owner Distance From SZ   Special notation 

206 Greenville Baptist Church 5,390 meters 
207 G.   H.   Bass 5,330 
'08 Leo Saucier 5,260 
/■>9 C.  11.  Hickman 5,150 a 
210 Alvin Sones 5,180 
211 C.  H.  Housley 5,300 
212 Gladys Johnson 5,330 
213 Howard Smith 5,300 a 
214 Lewis  Raybom 5,^90 
215 Ben Sones 5,150 c 
216 Albert H.   Lee 4,390 a 
217 Odell Henley 4,570 
218 Duval Sones 4,750 a 
219 Perry Lee 5,000 
220 Buster Carroll 5,240 
?21 Henry Bolln 5,060 
222 Luther Saucier 6,190 
223 Luther Saucier 6,660 
224 Luther Saucier 6,250 
225 Jimmy McCrow 6,430 a 
226 W.  J.   Bass 6,550 
227 H.   P.  Bolin 4,790 
228 J.  D.  Bolin 4,940 c 
229 Sophie Carroll 5,300 b 
230 Carl F.   Nichols 5,670 
231 Fred T.  Boler 5,760 
232 James  R.  Boler 5,700 
233 L.  W.   Pittman 7,010 a 
234 Tom W.   Smith 6,630 c 
235 J.  B.   Carver 7,010 
236 Tom    E.   Malley 5,820 c 
237 Otis Temples 5,490 
238 L.  M.   Gipson 5,390 a 
239 Fred Lowe 5,430 
240 Hulan Lowe 5,270 
241 Levl Lowe 5,210 
242 T.  J.  Bürge 4,820 
243 Frank C.  Gipson 4,600 
244 Floyd Smith 4,790 
245 S.   E.  Fairchild 5,000 c 
246 Mark Lowe 4,540 
247 Frank Cooper 4,280 a 
248 OBCKV C.  Bürge 4,570 
249 L.   R,  Harvey 4,560 a 
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2.  STRUCTURES SURVEYED beyond the DRIBBLE SITE 

out to 7.2 km from SURFACE ZERO (cont) 

Number   Property Owner Distance From SZ   Special Notation 

250 Clifton May 
251 Cecil Johnson 
252 W.   A.   Anderson 
253 Julius Entrekin 
254 S.  E.   Parker 
255 Ho11is Peavy 
256 T.  G.  Howell 
257 Henry Smith 
258 Leroy Sit.trunk 
259 A.  D.   Bryant 
260 G.  W.   Saucier 
261 H.   R.  Diamond 
262 James A.   Lowe 
263 Maxshall Scale 
264 C.  H.  Johnson 
265 Mrs./Monroe Smith 
266 C.  E.   Bond 
267 Alec Johnson 
268 L.  W.   Cameron 
269 D.  S.   Rouse 
270 H.  L.   Cameron 
271 Lionel Lowe 
272 T.  E.  Jones 
273 L.  H.   Rushing 
274 J.  H.  Brown 
275 L.   H.   Rushing 
276 L.   H.   Rushing 
277 David Lowe 
278 Paul Smith 
279 Alonzo Raybom 
280 Houston E.   Bonne's 
281 Roland Bürge 
282 Hubert Bounds 
283 Willis  R.   Bonds 
284 G.   Anderson 
285 J.  A.   Gipson 
286 Bessie Anderson 
287 B.  M.   Gipson 
288 W.  M.   Gipson 
289 J.   C.  Gipson 
290 Lave11 Slade 
291 Elmore Simmons 
292 E.  F.   Cameron 
293 A.  V.  Johnson 

4,510 meters 
4,720 a,  b 
4,750 
5,970 
4,680 
4,600 a,         c 
4,540 c 
4,480 a,        c 
4,480 
5,030 a 
5,430 
5,670 
5,850 
6,220 
4,940 
5,870 
5,850 
6,430 
7,040 
7,190 
7,380 
5,940 
6,310 
6,130 
6,45J a 
7,130 a 
6,310 
6,640 
6,030 a 
7,350 a 
7,160 a 
6,840 a 
6,600 
6,830 
5,300 
5,060 b 
4,740 a,        c 
4,570 a 
4,390 a 
4,830 b 
4,300 a 
6,400 a 
6,000 
7,250 a 
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?.     STRUCTURES SURVEYED beyond the DRIBBLE SITE 

out  to 7.2 km from SURFACE ZERO   (cont) 

Number        Property 0wn6r Distance From SZ        Special Notation 

294 G.  D.  Kelly 
295 Elton P.  Mills 
296 Ross Powell 
297 Calvin Bolin 
297-A Roland E.  Anderson 
298 Mark Lowe 
299 Marrcn Bennett 
300 W.  A.  Nobles 

3,600 meters a 
3,020 a 
1,860 a, b 
3,900 a. b 
4,970 a 
4,540 a 
6,520 a 
5,000 a 

A-10 



3.  STRUCTURES SURVEYED beyond the DRIBBLE SITE 

from 7.2 km to 16.1 km from oJRFACE ZERO 

Number   Type of Structure Distance from SZ Special Notation 

S-l    Movie Star of Purvis Water Tower 16.1 km a, c 

S-2     Purvis City Wate" Tower 15.2 km a, c 

S-3    Lamar County Court House and Jail 15.2 km a, c 

S-4    Fire Tower 9.3 km a, c 
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APPENDIX B 

Selected Survey Reports 

The ground motions in the vicinity of a  nuclear detonation affect 
structures in a variety of ways and in varying magnitudes.  The 
effects are considered as damage -n the event that any materials 
are cracked, split, separated or twisted to a'.ter the position or 
function of any portion of the structure or equipment.  The damage 
will depend upon many factors, such as the nature, magnitude, and 
duration of the ground motion, the type of structure and its elements, 
and the supporting method of the structure.  Observed damage in a 
number of Instances was not what one would ordinarily expect from 
dynamic motion.  Shingles and siding pulled loose, as well as water 
damage were considered by engineering judgment in most cases to have 
been caused by recent storms in the area. 

Selected survey reports are presented herein in several categories 
to document the apparent effects of the ground motions generated by 
the Salmon Event,. 
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1.  MASONRY STRUCTURES 

The masonry structures surv .-ed were built of brick, concrete block, and 
combinations of stone and concrete block.  Examples of each type were 
selected to indicate the apparent damage ranges and will be discussed in 
relationship to their relative positions from SZ and ground motions. 

A new one-story brick veneer house on a concrete slab (H&N 47) was located 
3,505 meters from SZ (photo no. 1).  The peak ground motion w s predicted 
to be 11.5 cm/sec. No bracing was recommended and no damage was evident in 
the postshot survey of the structure. 

A concrete block house at 4,480 meters (H&N 257), and another at 5,000 meters 
(H&N 73) were surveyed.  All were similar in construction and size with 
numerous cracks in the walls and fLoor slabs prior to the event (photos no. 
2 and 3).  The houses were supported on concrete slabs and had wood frame 
and asphalt shingle roofs. The peak ground motion was predicted to be 8 cm/ 
sec and no precautionary bracing was recommended. After the event many of the 
cracks appeared to be aggravated (photos no. 4 and 5), and several new cracks 
in the mortar joints developed (photo no. 6).  Some interior sheetrock 
partitions appear to have developed hairline cracks also, 

A new block house (H&N 83) under construction 5,060 meters from SZ revealed 
the type of construction practices followed in the area. No Lintels were used 
over the openings as illu crated in photo no. 7. Very little reinforcing 
steel was used in the structure (photo no. 8). The peak ground motion was 
predicted to be 8 cm/sec. Nt   served new cracks were present in the con- 
crete blocks of this structur<; (H&N 83) after the event, but some old cracks 
were aggravated and new cracks were evident in the brick chimney. 

A house constructed of solid brick walls (H&N 190-1) was surveyed at 5,210 
meters distance from TZ (photo no. 9).  The brickwork was in good condition 
with few cracks in the mortar joints and through the bricks (photos no. 10 
and 11).  The house was supported on a continuous concrete footing with frame 
gables and galvanized iron roofing.  The concrete front porch floor was sup- 
ported on a continuous concrete block footing. This block footing had several 
mortar joints cracks (piiotot no. 12 and 13). The interior walls were either 
exposed brick, wood paneled, or taped sheetrock on wood studs.  The central 
chimney appeared substantial in the Pre-shot survey. The predicted ground 
velocity was 7.6 cm/sec at this location and no bracing was recommended or 
installed.  The poatshot survey of this structure indicated that the old 
cracks noted in the pre-shot survey were aggravated (photo no. 14). 

A new brick residence (H&N 166-2) was surveyed 5,940 meters from SZ.  This 
structure was constructed on a concrete slab floor and foundation and of good 
workmanship (photo no. 15).  The exterior walls were face brick over concrete 
block or solid brick, and the interior partitions were exposed or paneled 
concrete block.  A few hairline mortar joint cracks and a crack in the rear 
porch floor slab were noted in the pre-shot survey (phot' ; no. 16 and 17).  The 
ground motion was predicted to be 6 cm/sec.  Bracing of . .e fror.', and rear porch 
roofs was recommended and installed prior to the event.  The poscsho'c survey 
revealed a new crack in the front entrance floor (photo no. 18) and minor 
aggravated cracks in the interior walls and ceiling. 
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A group of concrete block structures, the Baxterville School (H&N 116), 
were surveyed 6,950 meters from SZ.  The ground motion was predicted to be 4 
cm/sec.  A large numbei of cracks were documented in the pre-shot survey 
(photos no. 19 to 22).  The postshot survey indicated only possible minor 
aggravation.  The engineer's report states, "It is remotely possible that some 
of the hairline cracks in the masonry have been aggravated".  Photo no. 23 is 
a postshot, picture of the crack illustrated in photo no. 22 taken immediately 
after the event.  To determine the increase in the cracks with time, photo no, 
24 was also taken of the same crack ten months after the event.  It is ap- 
parent that there was only s small increase in the size of the crack. 

/n old (1906) two-story brick building, the Lamar County Courthouse and Jail 
i.H&N S-3) was surveyed 15,300 meters from SZ, where ground motion was about 
1 cm/sec.  The structure was in relatively good condition prior to the event 
with no noticeable cracks in the exterior brick walls or interior plaster walls 
and ceilings (photo no. 25),  The postshot survey of the courthouse and jail 
identified one crack on both sides of the southwest corner of the basement 
wall (photo no. 26).  The postshot survey also revealed hairline cracks in the 
interior plaster walls and ceilings of 12 rooms. 
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Photo No. 1 - Pre-Shot of H&N No. 47 

Photo No. 2 - Pre-Shot Front Porch Slab - H&N No. 73 
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Photo No. 3 - Pre-Shot Cracks, H&N No. 73 

Photo No. 4 - Postshot, Front Porch Slab, H&N No. 73 
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Photo No. 5 - Postshot Cracks, H&N No. 73 

Photo No. 6 - Postshot Cracks, H&N No. ^S? 
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Ph oto No, 7 - Pre-Shot Window Construction, H&N No. 83 

*- 

i 

Photo No. 8 - Pre-Shc  Shrinkage Cracks, K&N No. 81 
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Photo No. 9 - Pre-Shot - Solid Brick House. H&N No. 190 

Photo No, 10 - Pre-Shot Cracks, H&N Nc. 190 
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Photo No. 11 - Pre-Shot Cracks, H&N No. 190 

Pnoto No. 12 - Pre-Shot Cracks, H&N No. 190 
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Photo No. 13 - Pre-Shot Cracks, H&N No. 190 

Photo Nu. 14 - Postshot - Aggravated Cracks, H&N No. 190 
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Photo No. 15 - Pre-Shot New Brick House, H&N No. 166 

Photo No. 16 - Pre-Shot Brickwork Over Re^r Door, H&N No. 166 
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Photo No. 17 - Pre-Shot Floor Slab at Rear Door, H&N No. 166 

Photo No. 18 - Postshot - H&N No, 166 
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Photo No. 19 - Pre-Shot of H&N No. 116 

Photo No. 20 - Pre-Shot of H&N No. 116 
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Photo No.   21  -  Pre-Shot of  H&N No.   116 

Photo No.   22 -  Prvj-Shot  of H&N No.   116 
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Photo No. 23 - Postshot of H&N No. 116 - Immediately After Event 

Photo No. 24 - Postshot of H&N No. 116, Ten Months After Event 
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Photo No. 25 - Pre-Shot oi Lamar County Courth ouse 

Photo No. 26 - Postshot Crack H&N No. S-3 
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2  FRAME STRUCTURES ON PIERS 

Public and private wood frame structures off the Dribble Site were 
generally supported cr. concrete and wood piers.  Bracing was installed 
on spveral of the close-in buildings and the damage was primarily 
limited to the chimneys. 

A wood frame house (H&N 56) at 1,650 meters was supported on wood posts 
(photo no. 27).  A chimney and fireplace (photo no. 28) were braced prior 
to the event, in Tcordance with the established slnndards, see sketch 
no. 8, of Appendix C.  The predicted peak ground motion at this location 
was 35 cm/sec.  After the event when the bracing was removed, the chimney 
was found to be demolished (photo no. 29).  Floor beams and timber piers 
had been installed as  a precautionary measure prior to the event.  No 
oth^r damage was evident in the postshot survey. 

A frame house at 1,890 meters from SZ (H&N 7) was surveyed, and bracing 
was installed on the chimney, TV antenna, garage, bam, and corn crib. 
A partial basement under the house and all the piers under the remaining 
portion also required bracing prior to the event.  The predicted peak 
ground motion at this location was 30 cm/sec.  When the chimney bracing 
was removed after the event, the chimney had to be demolished.  Hairline 
cracks al^o developed in the mortar joints of the basement and in the 
interior sheetrock walls and ceiling. 

A frame house on 60 cm high piers at 3,170 meters (H&N 9) was surveyed. 
This house had three chimneys.  The ground motion was predicted to be 
approximately 15 cm/sec.  Bracing was installed on the chimneys and piers 
and on many of the outbuildings.  When the bracing was removed after the 
event, two of ehe  chivuieys had to be taken down.  Photo no. 30 illustrates 
the typical bracing on the chimneys, and photo no. 31 shows the chimney 
in photo no. 30 after the bracing was removed.  The only other damage 
noted in the postshot survey consisted of minor cracks in the mortar joints. 

Another frame house on 40 to 60 cm piers (H&N 25) at 3,170 meters from SZ 
had a chimney which required bracing.  This chimney also had to be demolished 
when the bracing was removed.  The ground motion at this location was 14 
cm/sec. 

Two frame houses on concrete block piers (H&N 66) at 3,840 meters from SZ 
were surveyed.  Ihe ground motion at this location was predicted to be 
10 cm/sec and no bracing was recommended for tae chimneys, only for the 
support piers (sketches 1 and 2).  The postshot survey revealed only minor 
cracks in the chimney mortar joints (photo no. 32) and in the interior 
sheetrock partitions. 
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A frame hocse 4,050 meters   from SZ   (H&N 55) v.as  supported  on nine  timber 
piers and one concrete bio, <c pier approximately  30  to 60 cm above ground. 
The chimney was   in   fair condirion with a   few heat  cracks   in  the   lower 
portion.     The predicted  ground motion was  9 cm/sec  and   timber piers and 
brtcing was  recomcnendea as  illustrated on sketch  3.     The  postshot  survey 
revealed aggravation of  the heat cracks   in  the chimney   (photo no.   33).   No 
other damage was notca  to    he stru.ture. 

The T.  G.  Hoviell  residence   (H&N  ,15b was a  ^ x  12 meter asbestos-shingled 
fra\Me house with a  fror.w  porch.     The  porch was a  raised concrete  slab 80 cm 
above grade,   supportel by a  continuous concrete block  footing   (photos no.   3A 
and  35).     The porc.n  slab had  3  full  width  transverse cracks  plus  other 
smaller cracks.     Ihe chimney was  b .ick masonry   in  fair condition.     The house 
was  (supported on low conical  concrete pedestals.     The  residence was 4,5''0 
meters  from SZ and  the peak ground motion was  predicted  to be 8  cm/sec.     The 
postshot  survey revealed no damage  except  some old  cracks   in  the   lower portion 
of  ehe chimney may have opened up a  small amount   (photo no.   36),  possible 
aggravation of  the crack  in  the  front  porch  slab,   and  possible movement  in 
ehe concrete block was    supporting  this  slab  (photo no.  37). 

The Kessle Anderson rt;-idence   (H&N  286) was an asphalt-shingled  frame house 
supported on  low timber and  concrete block pedestpls,   some  tilted and  some 
undermined.    Fhoto no.   38  illustrates  the  ore-shot conditions.     The residence 
was 4,7A0 meters  from SZ and  the  peak ground motion was  piredicted   to be 7  era 
per second   vslocity.     The.  postshot  survey revealed   the chimney weakened  to 
such an extent  that  it was deemed advisable  to demolish  it   (photo no.   39). 

An asv   -ttos-shingled  frame house 4,940 meters  from SZ  (H&N 2^8; was  supported 
on  low concrete  ^locU piers   (photo no.  40).     The por-hes   in  the  front and 
side had continuous concrete block  footings with numerous cracks   (photo no.  41) 
The new chimney had  s^epoed cracks  In the rear  face   (photo no.  42).     The pre- 
dicted ground r-/,tion was 6  cm/sec and no bracing was  recommended.     The post- 
shot  survey re- ealcd  the cracks   in  the  porch concrete block  footing and 
chimney were aggravated   (photos no.   43 and 44).     Numerous haiiline cracks  had 
developed  in the  interior sheetrock walls and ceilings. 

A ne     fram« house at 5,820 meters   from SZ   (H&N  236)  on  slender pedestals 
'-s high as   100 cm  (photo no    45)  appeared  t    have  suffered more  extensive 
damage.     Ihe predicted  ground motion was 5  cm/sac  and uo bracing was 
installed.     One corner pier  settled  slightly,   inortar joints   in  the block 
piers cracked     the  fireplace appears   to hava  tilted   forward i.bout   1 cm,  and 
nume„'ou„  sheetrock  joints   in  the   interior   indicated  slight  separation. 

A frame house on  low concrete block piers,   6,800 meters   from S7   (H&N  105) 
had a  1 meter high,   face-brick veneer across  the  front and one  side  (photos 
no.  46 and 47).     The preHicted ground motion was 4 cm/sec and no bracing 
was   recommended.       Tb.a brick  facing appears   to have  suffered  some minor 
damage  in  the mortcr jo-ints,  as  showr.  in postshot photo no.   48. 
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Photo No. 27 - Pre-Shot of H&N No. 56 

Photo No. 28 - Pre-Shot ol H&N No. .56 
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Photo No. 29 - Postshot of H&N No. 56 

Photo No. 30 - Postshot o£ H&N No. 9 - Chimr.ey Bracing 
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Photo No. 31 - Postshot of H&N 9 - After Removal of Bracing 
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Ph oio No. 32- Postshot Cracking in H&N No. 66 Chimney 
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Photo No. 33 - Postshot Cracks in H&N No. 55 Chimney 

Photo No. 34 - pre-Shot of H&N No. 25^ 
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Photo No. 35 - Pre-Shot Cracks in H&N No. 256 Porch 

Photo No. 36 - •ostshot Cracks in H&N No. 256 Chimney 
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Photo No. 37 - Postshot Cracks in H&N No. 256 Porch 

Fhcto No. 38 - Pre-Shot of H&N No. 286 
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Photo No. 39 - Postshot of H&N No. 286 - Chimney 

Photo No. 40 - Pre-Shot of H&N No. 228 
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Photo No. 41 - Pre-Shot Cracks l.i H&N No. 228-Porch Footing 

Photo No. A2 - Pre-Shcc Cracks in H&N No. 228 Chimney 
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Photo No, 43 - Postshot Cracks in H&N No. 228 Porch Footing 

Photo No. 44 - Postshot Cracks in H&N No. 228 - Chimney 
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Photo No, 45 - Pre-Shot of H&N No. 236 

Photo No. 46 - Pre-Shot of H&N No. 105-Facing Brick 
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4 Phj.o No. 47 - Pre-Shot of H&N No. 105-Facing Brick 

- 

Photo No.   48 -  Pos-shot Cracks  in H&N  lÜ5-Faclng Brick 
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FRAME STRUCHIRES ÜN CONTINUOUS FOOTING OR SLABS 

The C.  0. Williamson residence,   (H&N 164), 'in asbestos-saingled frome house 
with a concrete slab front porch was surveyed.    The house was supported by 
a cjntinuous concrete block footing.    The residence was 5,700 meters  from 
SZ and the peak ground motion vas predicted to be 5 Cm/sec.     Prior to  th- 
event numerous minor cracks were noted ih the block footing,   interiro ceil- 
ing and front porch slab  (photo no.  49).    The postshot  survey revealed that 
minor cracks in the sheetrock erkling increased in size, a section of ceil- 
ing tuolding pulled loose and the foundation walls had shifted and increased 
the foundation wall cracks  (photo no. 50). 

The Mississippi State Forestry Service Ranger's residence (H&N 184) at 
6,580 meters was also surveyed  (photo no. 51).    This building was a 7 x 13-meter 
asbestos-shingled frame house on a continuous concrete block footing.    The 
interior walls were frame with taped sheetrock.,   A 10-meter high doubly guy- 
ed TV antenna was fastened to one end of the house.    The peak ground motion 
was predicted to be 4 cm/sec.     The postshot survey revealed no damage to the 
building.    A quonset hut  »as also surveyed on the property (photo no. 52). 
No damage was  indicated on the poctshot survey. 

I 
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Photo No, 49 - Pre-Shot of H&N 164 

Photo No. 50 " Postshot Cracks in H&N 164 Footing 
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Photo No. 51 - Pc:--shot of H&N 1Ü4, Ran, -3 House 

Photo No. 51 - Postshot of H&N 184, Quonset hut 
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ELEVATED WATER TANKS AND TOWERS 

The Patrick H.arrisor.  wator  Cower  (T-lb)   consisted ot a steel water  tank, 
4^ meters   long and 2 meters   in diameter,   supported horizontally on a steel 
frame.     ^.ie  tank was  4 meters  above  the  ground and  the   frame was  anchored 
co  concrete   foundation pads   (photos no.   53  and 54).     The water  tank was 
located 543 meters   from SZ  and the peak ground motion was  predicted  to be 
125 cm/sec velocity *     It was   recommended  the  tank be emptied,   and on shot 
day   it contained only a small  anount of water.     The  poscshot  survey  revealed 
no damage  to  the water tank or support;  however,   two of the  three concrete 
foundation pads were cracked,   as   shown in sketch no.   4. 

A water tank and  tower  (T-19) were  located 610 meters   from SZ.     The steel 
tank,   2 meters high  and 2 meters   in diameter,  wa'v mounted vertically 4 
meters  above  the ground  on a wood platform  (photo no.   55).     The  tower was 
constructed of six  15 x  15  cm posts braced with  planks bolted diagonally 
as   illustrated.     The  peak ground motion velocity was  predicted  ("o be  112  cm/sec 
at  the tower,   and  it was   almost empty on shot day.     No damage was  observed 
after the event. 

A fire  tower  (S-4)   occupied by  the Mississippi State Forestry Service was 
surveyed 9.3 km  from SZ.     The steel   frame,  wood panelled  cabin was  supported 
on  10 x 10 cm angle  columns,   approximately  33.5 meters  above  the  ground 
(photo no.   56).     The  columns   ^ere braced  diagonally  and horizontally with  steel 
angles   (photo no.   57).     The  tower is  supported on  individual  concrete  footings 
(photo no.   58)  and  anchored with   two bolts   through  each base plate bracket. 
The predicted  ground motion was  2  cm/sec.     No damage was noted  in  the postshot 
survey of the  tower. 

A  12,580-liter water  tank on a  14~meter tower was  surveyed 9  km from SZ by  the 
U.   S,   Bureau of Mines.     The ground motion at  this   tower  location was  also 
2  cm/s   ■.     Their poftshot survey   revealed no  damage  to  the  tank or  tower. 

Farther v-   t  from SZ,   the  Purvis  City water  tank  (S-2) was  surveyed.     This 
levated 946,000 liter steel  tank was   located  15.2 km from SZ   (photo no.  59), 

where the grourd motion was  predicted   to be  1 cm/sec.     The  tank was  estimated 
to be about 37  meters  above  the  ground and was  supported on  five  61   cm dia- 
meter steel pipe  columns.     The  columns were cross-braced.     The ex^.rior columns 
were anchored  to concrete  foundation pads with   four steel anchor bolts  for 
each  column  (photo no.   60).     Ar. interior  122  cm diameter steel   pipe extended 
down  from the center of the bottom of  the  tank. 

Another water  tower,   the Movie Star of Purvis   Corp.   water  tank  (S-l) wad 
surveyed  also at a distance of  ICl  km from SZ.     This   is  also a steel  tank 
mounted  approximately 30 meters  above  the ground on a steel  tower  (photo no. 
61).     The  four  tower  legs,   consisted of channel  sections,  with steel bars 
for diagonal bracing.     Each  column base plate was mounted  to a concrete pad 
by one anchor bolt,   as  shown in photos  no.   62 and  63.     The ground motion at 
this   location was  also estimated  t«.,  be  1  cm/sec. 
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The two Purvis water tanks were not expected to be damaged, and no pis- 
cautionary measures were taken prior to the shot. Only the Movie Star of 
Purvis Corporation tank sustained any apparent damage from the Salmon Event, 
and this was only a small leak in the fill pipe.  Since the postshot survey 
indicated only a email dripping, it is possible that the leak was aggravated 
by the ground motion from the event. 

- 
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Photo No. 53 - Pre-Shot of T'16 Water Tower 

Photo No. 54 - Pre-Shot of T-16 Footing 
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Photo No. 55 - Pre-Shot of Water Tank and Tower 
at First Aid Station 

Photo No. 56 - Pro-Shot of Mississippi State 
Fortstry Service Fire Tower 
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Photo No. 57 Pre-Shot of Fire Tower Columns 
Braced with Steel Angles 

Photo No. 58 ' Fre-Shot of Fire Tower Footing 
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Photo No. 59 - Pre-Shot of Purvis Water Tower 

Photo No. 6° - Purvis Water Tower Footing 
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Photo No. 61 " Movie Star of Purvis Water Tower 

Photo No. 62 - Movie Star of Purvis Water Tower Footing 
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Photo No. 63 - Movie Star of Purvis Water Tower Footing 
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5. COMPRESSOR AND HOIST STRUCTURES 

Die compressor house on the Dribble Site, designated T-4, was a prefab- 
ricated building, with aluminum siding (photos no. 64, 65, and 66). It 
had a continuous concrete slab around the compressor foundation pad. The 
structure was located 550 meters from SZ and the predicted peak ground 
velocity was 125 cm/sec at this distance. Numerous cracks developed in 
the concrete floor slab after the Salmon Event. The cracks extended 
radially out from the massive compressor foundation pads; however, no 
cracks appeared in the compressor foundation pads. The slab also indi- 
cated about 1 cm of settlement more than the compressor ^ad. Probably 
due to compaction of the fill under the slab. The postshot condition is 
shown In sketc.i no. 5 and in photo no. 67. 

Hoists were housed in two structures on the Dribble Site. The hoist 
houses wee prefabricated structures with aluminum siding and a continuous 
concrete floor slab around a large hoist pad foundation (photos no. 68 
and 69). Both were located approximately 565 meters from SZ where the 
predicted peak ground motion velocity was 120 cm/sec. After the event, 
cracks were evident in the floor slabs of both structures; and approxi- 
mately 1 cm of settlement of the floor slabs was also Indicated after the 
event, however, no cracks appeared In the hoist foundation pads (sketches 
no. o and 7). 
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Photo No. 64 " Pre-Shot ol  Compressor House - Front View 

^3? 

Photo No, 65 - Pre-Shot of Compressor House - Rear View 
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Photo No. 66 - Pre-Shot of Compressor ttouse - Side View 

Photo No. 67 - Postshot Cracks in Compressor House Slab 
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Photo No. 68 - Pre-Shot of Hoist House No. 1 

Photo No. 69 - Pre-Shot of Huist House No. 2 
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6.  ELECTRICAL EQUIPMENT 

Two electrical transformers and equipment boxe? and two oil fuse cut- 
out panels (T-13) were located 107 meters from fjZ (photos no. 70 and 
71). The oil fuse cut-out panels were bolted to a wood frame.  The 
transformers and other equipment had not been bolted down prior to the 
phase 3 survey, and with the predicated peak ground motion velocity 
at this location of approximately 227 cm/sec, it was recommended that 
bracing and guy cables be installed (photo no. 72).  No damage was 
observed to the equipment during the postshot survey. 

Three electrical transformers (T-12) were located at a substation 
381 meters from ST.,    The transformers were supported by blocking as 
indicated on (photo no. 73) and the predicted peak ground motion velocity 
at this location was l^O  cm/sec.  H&N reconmended guy cables which were 
inst lied as indicated on photo no. 74.  The postshot survey revealed no 
damage to the equipment. 

An oil fuse electrical cut-out (T-14) was located A27 r.'?ter8 from SZ 
(photo no. 75)» an electrical substation (T-5A) v»i located at 565 meters 
(photo no. 76), another (T-18) at 580 meters (photo no. 77), and another 
(T-17) at 594 meters (photo no. 78), from SZ.  The predicted peak ground 
motion velocities were 155 cm/sec. 120 cm/sec, 115 cm/sec, and 110 cm/sec 
respectively. 

The oil fuse panel at 427 meters was the only one requiring guy cabling. 
No damage was observed to any of this electricel equipuent during the 
postshot survey. 

An electrical generated unit with a Caterpillar D-8 motor (T-6) was located 
in an open shed 565 meters from SZ (photo no. 79).  The equipment was sup- 
ported on wood beams.  The predicted peak ground motion velocity at this 
distance was 120 cm/sec and no bracing was recommended.  The postshot 
survey revealed no damage. 

An electrical substation 1730 meters from SZ (T-23) was also surveyed and 
no damage was observed.  The ground motion at this location was 32 cm/sec. 
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Photo No. 70 - Pre-Shot of Transformers and Oil 
Fuse Cut-Out Panel at Sta. 1-A 

Photo No. 71 Pre-Shot of Transformers and Oil 
Fuse Cut-Out Panel at Sta. 1-A 

B-54 



Photo No. 72 Pre-S.iot of Transformers and Oil Fuse Cut-Out 
Panel at Sta. 1-A After Bracing 

Photo No. 73 Pre-Shot of Vransformers Near Entrance to 
Sta, 1-A (T-12) Prior to Installing Guy Wires 
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Photo No. 74 - Pre-3hot of T-12 After Installing Guy Wires 

Photo No. 75 - Pre-Shot of Oil Fuse Cut-Out Panel (T-14) 
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Photo No. 76 - Pre-Shot of Electric Substation at Hoist House No. 1 
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Photo No. 77 - Pre-Shot of Electric Substation at Recording Trailer 
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Photo No. 78 - Pre-Shot of Electrical Substation 
Between Storage Park and First Aid Station 

Photo No. 79 - Pre-Shot of Motor and Generator (T-6) 
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7.  WATER PUMP 

A pump (T-9) for the bleed-down plant was located on a timber crib 
structure 183 meters from SZ (photos no. 80 and 81).  The crib was 
approximately 5 meters long, and 4 meters high, and was constructed 
of 30 x 30 cm timbers filled with rock ballast.  Although the pre- 
dicted peak ground motion velocity ab this location was 220 cm/sec, 
only minor damage was predicted, therefore, no precautionary measures 
were taken.  The postshot survey revealed no damage to the equipment 
or structure. 
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Photo No, 80 " Pre-Shot of Pump Crib for Bleed-Down Plant 

Photo No. 81 - Pre-Shot of Pump Crib for Bleed-Down Plant 
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BRIDGES 

The eleven bridges surveyed were within a range oi  1,955 meters  to 4,330 
meters  from SZ.     Eight of the bridges were com     acted.of heavy  timber 
decking on timber pile bents  and timber or concrete abutments   (photos 
no,   82 a:      83)-     The other three bridges were constructed of precast 
concrete decking on timber pile bents   (photos no.   84 and 85).     The pre- 
dicted ground motion velocity was  25 cm/sec at  1,955 meters and 9 cm/sec 
at 4,433 meters.     H&N engineers determined  that no precautionary bracing 
was  required prior to the event,  and the postshot survey did not  indicate 
any damage. 
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Photo No. 82 " Pre-Shot of Bridge No. 1, H&N No. 70 

Photo No. 83 " Pre-Shot of Bridge No. 6, H&N No. 81 
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Photo No. 84 " Pre-Shot of Bridge No. 11, H&N 111 

rhoto No. 85 - Pre-Shot Derails of Deck & Supports, H&N No. 110 
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9.  PONDS AND TUNNELS 

There were six disposal pits (T-25) approximately :i0 meters northeast of 
SZ. The particle velocity of the ground motion in this area was approxi- 
mately 120 cm/sec.  The disposal pits contained "drilling mud" which is a 
mixture of water, oil, grease, bentonite, salt, etc.  The disposal pits 
were constructed of compacted earth dams.  Following is a description of 
each pit and the damage incurred. 

Pit no. 1 - This pit was full to it's maximum depth of approximately 2 meters, 
with a storage volume of about 415,000 liter;: (photo no. 86 for pre-shot 
picture).  Upon recommendation of MN engineers, this pit was partially drained 
prior to the Salmon Event.  No damage was observed after the test. 

Pit no. 2 - This pit was also filled to full capacity of about 1,76C 000 
liters and a liquid depth of 1^ meters. There was evident of seepage through 
thi roadside d?ke prior to the test, as shown in photo no. 87.  After the 
test longitudinal cracks developed on the berm of the dike (photo no. 88). 

Pit no. 3 - This pit was also full to a depth of 2 meters, however, this was 
a natural dike formed by excavation and was not expected to cause trouble. 
After the event only a few minor cracks were evident. 

Pit no. 4 - This pit was about ^ meter from it's maximum height of about 6 
meters and capable of storing about 3,^00,000 liters.  Drainage had caused 
considerable erosion and saturated the toe of tha dike (photos no. 8° and 
90).  After the event longitudinal and transverse cracks were evident 
(photo no. 91). 

Pi*: no. 5 - Tu:S  pit was similar in height to no. 4, however, it was only 
paitially filled and it was recommended that several of the other pits be 
reduced in quantity of liquid by pumping into no     Prior to the event 
"mud" was pumped from no. 2 into no. 5 until the xevel of no. 5 was 2 meters 
(photo no. 92 ) from the top.  After the event, many longitudinal cracks 
developed in the berm, and sloughing was evident on both the upstream and 
downstream faces (photo no. 93). 

Pit no. 6 - The dike for this pit was constructer: of loose material bull- 
dozed in  a berm without compaction, however, the ^it was small, about 
125,800 liters, and only 2 meters of liquid (photo no. 94).  The postshot 
survey revealed only minor cracks (photo no. 95). 

In addition to the disposal pits only one dam was surveyed,  A postshot 
survey only was mad"- for a dam on the property of W. H, Bürge.  The dam 
(H&N 52) was locatec approximately 3 km from SZ, and was about 6 meters high 
and 30 meters longitudinally across the top.  The dam was constructed 
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of compacted fill, and was reported by the owner to be in a sound 
condition prior to the Salmon Event.  The peak ground motion was 
predicted to be 12%  cm/sec at this location.  The postsbot survey 
revealed large cracks in the tops and sides. 

Two tunnels (i-l), one 5 meters long and one 6.4 mete.s long, were 
located 915 meters from SZ.  rhe tunnels were supported with 10 
cm x 10 cm timber frames spaced 122 cm apart with 5 cm thick planking 
on the roof and sides (photo no. 96 ).  The earth covering over the 
tunnels was approximately 1 meter thick, and the predicted ground 
motion velocity at their location was 68 cm/sec.  No damage was 
anticipated, and no speciül bracing was recommended.  The postsbot 
survey revealad no physical damage, although the ground motion from 
recording instruments was approximately 100 cm/sec at these locations. 

B-65 



Photo No.     86   " Pre-Shot  of Disposal Pit No.   1 
(September  30,   1964) 

Photo No.  87 Pre-Shot of Disposal Pit No. 2 (Background) 
and Disposal Pit No. 3 (Foreground) on 
September 30, 1954) 
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Photo No. 88 " Postshot of Disposal Pit No. 2 

Photo No.  89 - Pre-Shot of Disposal Pit No. 4 
(September 30, 1964) 
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Photo No. 90 - Postshot of Disposal Pit No. 4 (August 12, 1964) 
(Erosion of Dovmstream Face) 

Photo No. 91 " Postshot of Disposal Pit No. 4 
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Photo No. 92 Pre-Shot of Disposal Pit No. 5 
(August 12, 1964) 

Photo No. 93 - Postshot of Disposal Pit No. 5 
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Photo No.  94 - Pre-Shot of  Disposal Pit No. 6 
(August 12, 1964) 

Photo No.  95 - Postshot of Disposal Pit No. 6 
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Photo No.  % - Pre-Shot of Tunnel 
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APPENDIX C 

Pre-Shot Safety Measures and Bracing Standards 

Certain precautionary safety measures were initiated, prior to the Salmon 
Event, for all structures out to 4.2 km distance from GZ.  These steps 
were recommended to reduce the occurrence of fires and damage to breakable 
objects.  The following list was distributed to all householders in the area; 

1. Shut off all fuel supply lines 

2. Extinguish all fires in stoves or fireplaces, indoors or outdoors. 

3. Disconnect all electrical circuits by opening main switch. 

4. Where electrically operated pump and tank supply system is used, turn 
off valve between tank and house. Where such a valve is not present, 
reduce tank pressure to zero, 

5. Remove breakable materials from shelves and window sills, etc.; remove 
pictures, mirrors, and breakable materials hanging on walls. Pack All 
such items in cartons provided and place cartons on floor. 

6. Apply strong adhesive tape extersively to all large windows. 

7. Check all window mounted fans and remove or secure as may be required. 

8. Special recommendations for butane supply systems: 

a. Inspect all butane supply systems completely. Check out all 
components for operability, and repair or replace components as 
required. 

b. An operable manual "shut-off" valve in the supply line is required 
close to the tank.  If such a valve is not present at this 
location, install one.  If flow control valve can be manually 
shut off, this is  acceptable. 

c. There must be an operable safety valve in the system between the 
tank and the "shut-off" valve described in Paragraph b, above. 
If there is none present, install one. 
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d.      Check gas supply lines at tanks and burners for flexibility. 
If sufficient flexibility is not present, install a loop. 
Supply lines should have a 7k  cm minirnum clearance of tanks 
and burners. 

As part of the precautionary measures, bracing was installed where 
feasible in accordance with standards illustrated or. the following pages. 
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APPENDIX D 

List of Pertinent Dribble Reports 

1. Investigation of Salmon Ground Motion:; and Effects, Roland F. Beers, Inc., 
NVO-1163-51, April 1, 1965. 

2. Test of Shoal - Type Structures, Hoimes 4 Narver, "ic, VUF-1016; 
January 1964. 

3. Analysis of Ground Motion and Containment, Roland F. Beers, Inc., 
VUF-1026, November 30, 196:.. 

4. Structural Response of Residential-iype Structures in Close Proximity 
to an underground Nuclear Detonation, John A. Blume and Associates, 
VUF-1030, November 15, 1965. 

5. Earth Vibrations from a Nuclear Explosion in a Salt Dome, Salmon Event, 
W. V. Mickey, L, M. Lowrie and T. , Shugart. U. S. Coast and Geodetic 
Survey, April 1965. 

6. A Study of the Long Period Motions Observed at Hattiesburg and Columbia, 
Mississippi from Event Salmon, Thomas R. Shugart.  U. S. Coast and 
Geodetic Survey, May 1965. 

7. Structural Response of Tall Ii.dustrial and Residential Structures to 
an Underground Nuclear Detonation, John A. Blume and Associates Research 
Division, VUF-1031, November 15, 1965. 
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MAP   OF   PORTION   OF   LAMAR   COUNTY.   MISSISSIPPI — SITE   OF    PROJECT    D^IBE 
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TECHNICAL AND SAFETY HiOOTAM REPCJRTS SCHEEULED FOR ISSUANCE 
BY AGENCIES PARTICIPATING IN PROJECT iRIBBIE  

3AFETY REPORTS 

Agency 

USWB 

USPHS 

USEM 

uses 

uses 

REECo 

RF3,  Inc. 

H-NSC 

FAA 

H&N 

JAB 

JAB 

Subject or Title Report Wo. 

yUF-1020     Weather and Surface Hadiation Prediction 
Activities 

VUF-1021      Final Report of Off-site Surveillance 

VUF-1022      Pre and Post-Shot Safety Inspection of Oil 
and Gas Facilities Near Project Dribble 

VUF-1023     Analysis of Geohydrology of Tatum Salt Dome 

VUr-102U      Analysis of Aquifer Response 

VUF-IO25      On-Site Health and Safety Report 

VUF-1026      Analysis of Dribble Data on Ground Motion 
and Containment - Safety Program 

VUF-IO27      Ground-Water Safety 

VÜF-IO28      Federal Aviation Agency Airspace Advisory 

VUF-IO29      Sumnary of Pre and Post-Shot Structural 
Survey Reports 

Vür-1030      Structural Response of Residential-Type Test 
Structures in Close Proximity to an Underground 
Nuclear Detonation 

VUF-IO3I      StructuraJ Response of Tall Industrial and 
Residential Structures to an Underground 
Nuclear Detonation. 

NOTE:  The Seismic Safety data will be included in the USC«OS 
Technical Report VUF-301U 

TECHNICAL REPORTS 

Agency Reporx No. 

SL VUF-3012 

SRI VUF-3OI3 

USC&GS VUF-301lt 

UED VUF-3OI5 

Subject or Title 

Free-Field Particle Motions from a Nuclear 
Explosion in Salt - Part I 

Free-Field Particle Motions from a Nuclear 
Explosion in Salt - Part II 

Earth Vibration from a Nuclear Explosion in 
a Salt Dome 

Compressional Velocity and Distance Measurements 
in a Salt Dome 



Ii?L VUF-3OI6      Vent-Gas Treatment Plant 

IBL PNE-3OO2 *     Response of Test Structures to Ground Motion 
from an Underground Nuclear Explosion 

SRI VUF-3OI7 Feasibility of Cavity Pressure and Temperatur« 
Measurements for a Decoupled Kuclear Explosion 

IPL VUF-3OI8 Background Engineering Data and Summary of 
Instrumentation for a Nuclear Test in Salt 

WES VUy-3019 Laboratory Design and Analyses and Field Control 
of Grouting Mixtures Qnployed at a Nuclear Test 
in salt 

IBL VUF-3020 Geology and Physical and Chemical Properties 01 
the Site for a Nuclear Explosion in Salt 

EG&C VtlF-3021      Timing and Firing 

♦ This report nuaber was assigned by SAN 

In addition to the reports listed above as scheduled for Issuance by the Project 
lEIBBLE test organization, a number of papers covering interpretation of the SAIMON 
data are to be submitted to the American Geophysical Union for publication. As 
of February 1, 1965, the list of these papers consists of the folloving: 

Title 

Shock Wave Calculations of Salmon 

Wuclear Decoupling, Pull and Partial 

Calculation of P-Wave Amplitudes for 
Salmon 

Travel Times and Amplitudes of Salmon 
Explosion 

Detection, Analysis and Interpretation 
of Teleseismic Signals from the Salmon 
Event 

Epicenter Locations of Salmon Event 

The Post-Explosion Environment Resulting 
from the Salmon Event 

Measurements of the Crustal Structure in 
Mississippi 

Au thor(8) AgencyU) 

L. A. Rogers IJ^L 

D. W. Patterson IRL 

D. L. Springer and 
W. D. Hvrdlow LRL 

J. N. Jordan USC&GS 
W. V. Mickey AFTAC 
w. Helterbran USD 

A. Archambeau and 
E. A. Flinn SDC 

E. Herrin and SMU 
J. Taggart USC&GS 

D. E. Rawson and 
S. M. Hansen LRL 

D. H. Vkrren 
J. H. Healy 
W. H. Jackson USGS 

All but the last paper in the above list will be read at the annual meeting of 
the American Geophysical Union in April 1965. 



LIST OF ABBREVIATIONS FCS TECHNICAL AGENCIES 

BR LTD    Barrlnger Research Limited 
Pexclale, Ontario, Cajiada 

ERDL     Engineering Research 
Development laboratory 
i rt Belvoir, Virginia 

FAA      Federal Aviation Agency 
LOB Angeles, California 

GIMRADA   U. S. Army Geodesy, Intelli- 
gence and Mapping Research 
and Development Agency 
Fort Belvior, Virginia 

H-NSC    Hazleton-Nuclear Science 
Corporation 
Palo Alto, California 

H&N, INC  Ho.lmes ?: Narver, Inc. 
Los Angeles, California 
las Vegas, Nevada 

II Isotopes,   Inc. 
Westwood,  New Jersey 

ITEK Itek Corporation 
Palo Alto,  California 

JAB John A.  Blume 4 Associates 
Research Division 
San Francisco,  California 

IEL Lawrence Radiation Laboratory 
Livermore,  C9lifomla 

NRDL U. S. Naval Radiological 
Defense laboratory 
San Fraj^cisco^  California 

REECo Reynolds Electrical & 
Engineering Co.,   Inc. 
Las Vegas,  Nevada 

RFB, INC. R, F. Beera, Inc. 
Alexandria, Virginia 

SDC      Seismic Data Center 
Alexandria, Virginia 

EG&G     Edgerton, Geraeshausen & 
Grler, Inc. 
Las Vegas, Nevada 

SL       Sandia Laboratory 
Albuquerque, New Mexico 

SMU      Southern Methodist Unlversl 
Dallas, Texas 

SRI      Stanford Research Institute 
Menlo Park, California 

TI       Texas Instruments, Inc. 
Dallasj Texas 

UA       United Aircraft 
El Segundo, California 

UED      United Electro lunacies, Inc. 
Pasadena, California 

USa<l     U. S. Bureau of Mines 
Washington, 25, D. C. 

USCäCS    U. S. Coast and Geodetic 
Survey 
Las Vegas, Nevada 

USGS     U. S. Geologic Survey 
Denver, Co.'orado 

USPHS    U. S. Public Health Service 
Las Vegas, Nevada 

USWB     U. S. Weather Bureau 
Las Vegas. Nevada 


