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HYBLA FAIR EVENT: ENVIRONMENTAL REPORT 

*z< 3- 1 Abstract 

We made a series of environmental 
measurements/during the Hybla I'air 
nuclear event! Experimenters were 
unsure of conditions that would be created 
since there was no closure syatem and 

the experiments were close to the source. 
We tested a variety of temperature, 
pressure, and load devices. The resultn 
will aid in the design and engineering of fu
ture close-in diagnostic packages and pipes. 

Introduction 

During the Hybla Fair nuclear event, 
L-Division at LLL was interested in 
finding out what the pipe environment was 
and if the diag.iostic packages would sur
vive the environment. They asked the 
Field Operations Group, Engineering 
Measurements Section of the Material 
Engineering Division, to design and field 
environmental measurements. Due to the 
closeness to the source and lack of 
closure system, a possible failure or 
survival problem in the scientific experi
ments was anticipated. Experienced 
personnel felt that a propos-'d total fluence 
calorimeter (SLC) experiment would be 
destroyed and thus did not use it. it was 
felt that the thermopile fluorescer (TPF) 
experiment that was used might fail. We 

wanted to know what kind uf environment 
the TPF would survive or fail in. Thus, 
environmental tests were performed to 
gather data to aid in the design and engi
neering of future close-in diagnostic 
packages and pipes. 

Available electronics limited us to 
31 channels. The areas of interest were 
the temperature and pressure inside the 
pipe, acceleration of the pipe, the incident 
energy deposited into the collimators, the 
induced shnck in the pipe in the diagnostics 
area and on hoth sides of the slip joint, 
and the pipe movement or displacement 
into the grout plug. Eight temperature, 
ten load, three accelerometer, and eight 
pressure measurements were made. A 
detailed description ot each type follows. 

Temperature 

DESCRIPTION AND PURPOSE 

Eight thermocouples were chosen to 
provide a complete temperature versus 

time profile. They were designator! Tl, 
T2, etc. 

Three different configurations of 
tungsten versus tungsten-rhenium 



Fig. 1. Exposed tip thermocouple bead 
at 200X. 

thi'rmoccHiptes were used. Tungsten versus 
turgsten-rhrniu'.i i-•• calibrated to a maxi
mum temperature OJ 2 316"C. Since its 
malting point is approximately 3 000 nc, 
it is useful to a higher temperature than 
the calibrated value. 

Tl , T2, and T3 were Raldwin, Lima, 
and Hamilton Corporation fl3I.FI) micro
miniature thermocouples with 2ri-fim-diam 
wire in an exposed tip configuration 
moun ed in a 0.35-mm-diam tantalum 
sheath {see Fig. 1), The wires are insu
lated with a fused ceramic tube. This 
type of junction will give the fastest rise 
time because of the small mass of the 
junctior bead. The thermocouples are 
extremely fragile. 

T4, T6, and T7 were similar Ml.II 
micro-miniature thermocouples. How
ever, the 0.35-mm-diam tantalum sheath 
is formed into a flat tip configuration 
with the junction enclosed in the flat por
tion and grounded, Because of the larger 

Reference to a company or product 
name does not imply approval or recom
mendation of the product by the I'niversity 
of California or the I ' .S. Knergy Kesearch 
A Development Administration to the ex
clusion of others that may be suitable, 

mass of the sheath in contact wiih the 
junction, this thermocouple responds 
slower than the exposed tip type. 

TiS and TH were regular sheath-ivpo 
thermocouples from Omega Knidnerring, 
Inc. The thermocouple wire was i).2-mm-
diam tungsten .V rhenium versus tungsten 
2ti"'> rhenium enclosed in a 1-mm-diani 
tantalum sheath. The junction was en
closed but ungrounded. Insulation was 
MgO, Because of ihe large mass of the 
wire and mnction area, the response time 
is slow. 

As noted, various types of thermo
couples were used to establish a complete 
temperature versus time profile, \\v 
expected that the 25-^im exposed tip 
junctions would respond fast and measure 
time of arrival plus a temperature rise 
profile but would probably fail after a 
short duration, l ie connected these three 
thermocouples to electronics channels 
with increased sampling rates for better 
frequency response. The flat tip was 
designed to give us the medium response 
and would probably remain undamaged. 
It would fill in the middle portion of the 
temperature profile. The rugged O.J-mm 
type would respond slowly but would last 
through the complete event. Figure 2 
shows thermocouple locations along the 
pipe. 

The upper band edge was set *r> 40 mV, 
equivalent to approximately 2 300"C. This 
setting allowed full use of the calibrated 
scale and kept the measurements within 
the predicted range. 

HESC1.TS AND CONCU'SIONS 

Seven thermocouples out of eight 
functioned as expected, except all 
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l-'k:. I ' , I n s l r u m c n t a l i o n l o c a t i o n s on l i n e - o l ' - s i y h t ( I (>S> p i p e . 

i-haun< Is wen t to l>un<l ed f l c , m e a n i n g t h e 

t e n i p e r a m r e -.vfrli o v e r 2 ' t o n e . T l , 'PL', 

a n d T '• r e s p o n d e d v e i v fas t w i t h a r r i v a l 

t i m e ot' ! 1 l a i e r t h a n T 2 and T ' t , b e c a u s e 

f e r e n c e in a r r i v a l t i m e w a s 2.?> m s . A c c e p t 

ing t r ^ e o t i n l i n e , the i m p l i e d V e l o c i t y in the 

p i pe i s about :* k m s . T i l t ' f a s t - r e s p o n d i n g 

t h e r m o c o u p l e s f u n c t i o n e d to m e a s u r e t e r n -

i t w a s r a r l l i e r l i own t i l e p i p e . T h e d i s t a n c e p e r a t u r e as w e l l as t i m e o f a r r i v a l . Data i s 

b e t w e e n T l a n d TL' is 7 .92 m and the d i f - s h o w n in K i f i . H i b l a c k and g r e e n c u r v e s ) . 



TIME ms 

Kig. :t. Data summary — b la ' k , i-xpos*-i-tip th tnnut ' iup l r . - i ; ^rc i -n, em los«<J-np therm 
oupli-s; vc l ! ou f fo i l slrain-(jaj.>ed load i v l l s ; red, seni i i midm hn- luud .W is ; 

and violet, pressure t ransducers. 



Load Cells and Load Rings 

DKSrHIPTION AM) PCHHOSI-: 

Three different types of load measure-
merit:-! were made: first, the incident 
eru-rgv deposited in the Time Resolved 
( rvstal .Spectrometer (TR('-S) collimator; 
si-conil, the shock wave in the pipe before 
mid after bein^ decoupled by the bellows 
and slip joint: and third, the pipe loading 
relative in the concrete bulkhead. These 
measurements were made lining three dif
ferent arrangements of strain-caged load 
eelis. Time of arrival, as well as location, 
clearly separate each one. To obtain 
some ueyree of dvnamic range, we chose 
two different types of strain gages at each 

location. The odd-numbered L»s are 
metal-foil type, Micro-Measurements 
KA-i;i-12!iAC'-3aO strain gages, and the 
even-numbered U s are semiconductor 
nLH-.SPB2-20-35 strain gages. The 
semiconductor gages have a greater 
sensitivity than the foil gages, with 
gage factors of 120 and 2, respec
tively. 

1.1 and 1.2 were the load cells used to 
measure the incident energy deposited on 
the TRCS collimator: LI is a foil type and 
1.2 is a semiconductor type. Refer to 
Kill. 2 for location and Figs, A and 5 for 
assembly information The distance from 
the working point is 51 m. 

-Load cell mounting plate 

- Load cell 

-Coll imator 

-Load cell clamp plate 

Fig, 4, TRCS collimator assembly. 
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l:^&£."V.i>*.*J' 

Fig. 5. Load cells on collimator. 

L3-L4 and L5-L6 load rings are in 
serif.j- with the pipe. L3 and L4 are 
downstream from the bellows and slip 
joint with L5 and L6 upstream. These 
load rings measured the effectivenrss of 
the slip joint and bellows in decoupling 
the shock wave down the pipe into the 
TPF experiment. The load ring assembly 
is shown in Figs. 6 and 7 and their lo

cations on the pipe are .shown in Fig, 1. 
L3 and L.S are foil-type strain gages and 
L4 and Hi are semiconductors (refer to 
Fig. 8 for gage locations), 

L7-L8 and L9-L10 an- not in series 
with the pipe but mounted externally on 
pipe flanges and bearing against a con
crete bulkhead approximately 3,*)..' in 
thick. These load cells measured pipe 
movement into the concrete. 

The original bulkhead was designed for 
a sand fill, as were the load cells, but a 
late field change called for poured concrete 
Since the load ceils were already installe- , 
this change could cause the following pi< J-
lems: one, the loads would probably be 
higher than design loads due to the firmer 
bearing sur 'ace of the concrete; ami two, 
there was a possibility of grounding 
problems when the load cells were buried 
in the wet concrete, Kefer to Fig. - for 
location on the pipe and Figs, 9 and I<j 
for assembly and installation. 

Load ring 
clamp plate N o . 1' 

„ ^ L o a d ring 
clamp plate 
N o . 2 

Load ring 

O-ring 

In-series load ring. 



l-'iu. V. PfuiU) of i n - s e r i e s load r ing . 

*• -r' 

Kit;. '». I.oa.' c c 1 1 a^ - : e n:b tv . 

Semi
conductor 

Terminj ls TT-lOf) Semiconductor gages 

Kifi. tt. ln - se r i t^s l o a d - r i n g s t r a i n - g a g e 
loca t ions . 

KKSI'I .TS AND C'ONt'M'SlONS 

All 10 load channe ls functioned p r o p 
e r ly and we r e c o r d e d da ta . P a i r 1.1 and 
1.2 r e sponded f i r s t and v e r y sha rp ly with 

1.2 coiriii to bant! edge b e c a u s e of itn high 
sens i t iv i ty and I I r eco rd ing within i ts 
c a l i b r a u ' d ran tic. The iwu pulses c o r r e 
spond in t ime an shown bv thp vellow and 
led c u r v e s uti Kip. J. The s h a r p r i s e 
t ime of the pu l se s ind ica tes tS:e niyii ra te 
of e n e r g y deposi t ion m the TlU'.S r o l h -
n i a t o r . T!ie force pe r unit u r e a is 2.6 MP; 
ove r the exposed a r e a of the c.>l)im:Hni-. 
The two channels responded a s p red ic ted . 

P a i r s 1.3-1.4 and l.fi-t.(i .show that the 
s l ip joint did indeed m a k e a discont inui ty 



in the shock wave coining down the pipe. 
The load on the TH>' experiment on the 
downstream side was approximately ri.EiX 
less than the load upstream from Ihe slip 
joint and bellows. This information should 
be of interest to people designing diag
nostic packages. The semiconductor 
channels 1.4 arid 1.6 gave the best rcsolu-
Hon because of theii* high xensiHvily, 
although 1.3 and 1.5 did correspond in 
time and amplitude. 1.3 and 1.5 signals 
were approximately 1 mV with about 
0.5 mV noise, therefore, not so clean. 
This information is 0 f particular interest 
because neither the semiconductor nor 
the foil gages went to band edge so a valid 
comparison can be made between the two 
traces. They correspond extremely well. 

DESCRIPTION AM) PURPOSE 

Only three accelerometers were used. 
Al was on the rear of the TRCS collimator, 
A2 was downstream from the slip joint 
and bellows in the s&me area as 1.3 and 
L4, and A3 was ahead or the slip rings 
and bellows in the afea of 1.5 and 1.6 
(refer to Kig. 2). The accelerometers 
were the conventional, Stat ham, unbonded, 
strain-gage type. Al and A2 were ±100 g 
rangv ajtd A3 wan a ±}O0D g rangv. A2 
was used to measure the TKCS collimator 
acceleration, which was compared with 
the time of arrival and amplitude measured 
by LI and L2. 

A2 and A3 were used to measure 
the difference in acceleration through 
the slip joint area and to compare the 
•l-'coupling factor with that of the load 

Accepting 1.5-1.(1 trace liming, pipe shock 
velocity is about 2 km/s . 

Pairs I.7-I.H and 1.0-1.10 measured 
the force of the pipe moving into the con
crete wall, but three out of th(j four 
measurements went to band edge. 1.7, 
a foil gage of low sensitivity, did give us 
a total load measurement at that station. 
Li) and 1.10 were expected to see the 
greatest load and based on the load values 
at band edge, they were higher* than 1.7 
and I.H. We feel that had sand been used 
instead oT concrete our measured levels 
probably would have been within the levels set. 

To get an overall comparison of the toad 
measurement, refer to l-'ig. 3 0-ed andyol-
"low curvesl. Accepting 1.7 trace timing, 
ground shock velocity was about \ 500 in/s. 

measurements in the same ai-en. Refer 
to I-Mg. 2. 

RESULTS AND CONCLUSIONS 

Al functioned properly for positive 
excursions. Since the negative band edge 
was set at x.ero, none of the negative 
portions oT the signal were recorded. 
Correlation was not apparent. A2 and A3 
did measure a differential acceleration 
*}ecoiip)ing t'artor of 7X across the nHp 
joint and bellows area, Since acceleration 
is frequency sensitive and the input wave 
form must certainly have broadened 
across the slip joint and bellows, we 
believe this data correlates very closely 
with the Ji.aX decoupling factor measured 
by the load rings across the same section 
of the pipe. Refer to 1-Mgs. l U i a . 

Accelerometers 
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A3 210g 

15 20 25 
Time — ms 

13. A3 accelei ometer data. 

35 

Pressure Transducers 

DESCRIPTION AND PURPOSE 

In this part of the test, we wanted to 
measure the pressure inside the pipe at 
the TPF and Sl.C box using different types 
of conventional commercial transducers, 
plus two others of an experimental Engi
neering Measurement Section (EMS) design. 
Bei . jse of the high temperature and 
shock predicted, it was difficult to select 
transducers from our available stock or 
purchase on short notice transducers that 
would withstand the environment, This 
gave us the opportunity to make some 
evaluations of the transducers needed 
for this type of close-in testing. Cooled 
diaphragm transducers were not feasible 
because of the additional cost and plumbing 
required. 

We chose, because of the availability, 
lo use four Precision Sensors, two 
Kulites, and two of the EMS experimental 
type. The Kulites were a semiconductor 
type and the Precision Sensors were a 
bonded, metal-foil, strain-gage type. The 
EMS experimental type used semicon
ductor strain gages bonded directly to the 
diaphragm using the diaphragm as the heat 
shield. Several materials offer suitable 
mechanical oroperties for pressure dia
phragms for use at the expected pressures. 
If we look at Vascomax 300, for example, 
a suitable thickness of material is about 
1.2-1.5 mm. The time required for this 
material to equilibrate after a step tem
perature input is of the order of 100-150 ms. 
The design of XP-1 and XP-2 assumes 
that the first 15-20% of that time gives us 



useful data. The development of this idea 
and earlier experimental data are the 
subject of Kef. 1. 

PI was a O.G-MPa Kulite located in the 
SI.C box and P2 was a 6-MPa Precise 
Sensor instrument. The two different 
pressure ratings were selected to cover 
the possible dynamic range. P3, P4, P5, 
and PC were located at various ports in 
the TPK pipe. P3 was a 0.6-Mpa Kulite, 
P4 was a 6-MPa Precise Sensor, P5 was 
a :i-MPa Precise Sensor, and P6 was a 
100-MPa Precise Sensor. XP1 and XP2 
were located in the rear of the TPF pipe. 
Both were designed for a range of 6 MPa 
and statically calibrated over that range. 

RESULTS AND CONCLUSIONS 

Four of the eight pressure channels 
failed. There was recorded information 
for all eight channels, but only four chan
nels had useful data. 

PI and P3 went negative at zero time 
because the extremely high temperature 
relaxed the preload on the diaphragm. 
The recovery time was too slow to record 
any useful data, although they appear to 
have survived for at least 200 ms. Since 
the recorded pressure was over 3 MPa, 
both transducers were drastically 
overranged. 

P2, located in the SLC box, indicated 
4 MPa and a time of arrival of 17 ms, 

1. W, L. Russell, Jr., Pulse Pressure 
Transducer — Design and Calibration. 
Lawrence Livermore Laboratory, 
Kept. UCKL-51844 (1975). 

somewhat slower than the other three 
channels because it was located about 
7.92 m farther downstream in the pipe. 

P4, located in the TPF package, went 
negative at zero time due to the relaxation 
of the diaphragm because of the extremely 
high temperature. It also appeared to 
lose electrical integrity and, we believe, 
should be considered a complete failure. 

P5 went to band edge at 4 MPa, but 
recovered at about 24 ms and continued 
to function out to 200 ms. The shape of 
trace at approximately 6 ms indicates it 
might have suffered some damage from 
shock. 

P6 was intended to cover a disastrous 
overpressure in the pipe. It failed at 
zero time and never recovered. It could 
have been destroyed by the electromagnetic 
pulse or possibly a negative zero shift in 
the electronics could have occurred. 

XP1 functioned properly over its useful 
time range of approximately 20 ms. Since 
an uncooled flush diaphragm is exposed 
to an elevated temperature pulse as well 
as a pressure pulse and in this case 
thermal strain cannot be balanced out, we 
ignore the trace after a finite time period. 
We believe this trace indicates survival 
to at least 200 ms and clearly shows 
thermal effect on the strain gages as well 
as good correlation with P2 and P5. 

XP2 lasted to approximately 15 ms and 
failed electrically. Its design and char
acteristics were the same as XP1 above. 
It is possible that either shock or tem
perature, or both, unbonded the diaphragm 
thus breaking electrical continuity. 

1 1 -



Summary 

There are enough firsts among these 
measurements that one may well ask: 
what do they mean? We feel it is pre
sumptuous to try to answer this with our 
limited data. However, several obser
vations do seem possible. 

Line-of-sight (LOS) pipes appear to 
t chave very much like shock tubes. 
For example, if one allows for vaporized 
material, likely to be present in LOS 
pipes but quite unlikely in a shock tube, 
pressure measurements are analogous 
between the two systems. It seems 
reasonable, then, that such measurements 
infer something about total energy release 
in both systems. Furthermore, time of 
arrival at successive measuring stations 
can, with appropriate time resolution in 
the recording system, yield velocity-of-
propagation information along with rate-
of-attenuation information. Again, it 
seems to us that these data infer some
thing about total energy release. 

It is not so clear that temperature 
measurements reflect true gas tempera
ture. Rather, they are currently thought 
to represent an interaction temperature 
between the sensor and the stream in 
which it is immersed. With the same 
time resolution constraints as for pres
sure, one can, however, get velocity-of-

We thank Thomas Roster and Leland 
Richards of I.-Division Physics for al
lowing us to do the experiment and thank 
those that helped make it a success: 

peak-temperature propagation, attenuation 
data, and some idea of the very high tem
perature (well above the capability of 
known thermocouples! that exists for a 
very short time. It seems that, theoret
ically at least, this should be related to 
known shock data. 

Force measurements made in the pipe 
string itself clearly indicate that some 
portion of the total energy release is ab
sorbed into the pipe walls. Series meas
urements at succeeding stations, i.e., 
across the bellows-slip joint section, 
indicate the shock mitigating effect of 
such an assembly. Those force measure
ments between the pipe and its support 
points are certainly of interest in any 
anchoring considerations. If, in addition, 
it is possible to correlate appropriate 
acceleration measurements with these 
force measurements, we are certain 
that no one denies the merit of good old 
F = ma. 

We are very much encouraged by the 
results of this experiment. We believe 
these data comprise the best environmental 
measurements made to date. As such, 
they should be useful to the designers of 
experiments and those concerned with 
containment as well as those concerned 
with measurements. 

I.ee Loquist, Sam Powers, and the FG&G 
technicians for the electronic support; 
Ken Poor for l.elping us with the field 
operations; Gary Carter, Ethyl Clark, 
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