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SECTION I
INTRODUCTION

At about 1645 hours on Friday, 6 July 1973, a heated, pressurized tank
of nitrous oxide (NoO) exploded and burned on B-8 test stand, where prepara-
tions were underway for testing an NoO-CO laser combustor. Although there

were no personal injuries, significant property damage occurred.

A preliminary repert has already been prepared and distributed. This
final report corrects several small errors in the preliminary report, adds some
subsequently obtained data and appends reports prepared by Mr. John Chamberlain
on NyO reaction characteristics, by the P&WA™ Materials Laboi'atory regarding
its analysis of several involved items, and by the Test Department, preseating

a detailed description of the damage and test history.
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a detailed deseription of the damage and test history.
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SECTION I
NITROUS OXIDE PROPERTIES

Nitrous oxide is a colorless, nontoxic gas with a slightly sweetish taste
and odor. It is normally shipped as a liquified compressed gas under its own
vapor pressure otj» 745 psig at 70°F, Specific gravity of the liquid is 1.27 and
the critical temperature is 897.7°F. It is reported to be stable and comparatively
unreactive at ordinary temperatures bufc begins to decompose at an appreciable
rate above about 1050°F. Although one source classes N3O as nonflammable,
another source states that it can form explosive mixtures with air. A number of
experimenters report experimental data on the relatively slow reaction between
carbon monoxide and nitrous oxide in stoichiometric proportions at temperatures
between 560 and 1020°F, At higher temperatures, autoignition and explosion
resulted. Another source reports autoignition of the decomposition reaction in
NoO alone at 617°F and 21.4 atm although the delay time is not noted. Impact
tesis, providing a pressure ratio of 3,66 on NyO at temperatures up to 400°F,
showed some pressure rise from decomposition but no autoignition or detonation,
Isentropic compression over a pressure ratio of 3, 68 {rom au initial £06°F would

produce a momentary compression temperature of 769°F.

.From this mixture of data it appears that NyO can decompose exothermally
and that it has an autoignition temperature near or sbove 600°F. The large differ-
ences in reported results {autoignition at 617°F and decomposition starting at
1050°F) implies that unknown factors such as surféce catalysis, purity, pressure,

vessel size and heat loss rate may strongly affect the results,

Thermodynamic calculations based on the average of several slightly dif-
ferent heats of formation available in the literature give a temperature rise re-
sulting from complete constant volume decomposition of 3545°F, This rise will
provide a decomposition temperature of 3940°F for the initial temperature of
395°F, which existed when the explosion occurred. In a constant volume con-
tainer, allowing for both increased number of moles of gas as well as the in-
creased temperature, 100% decomposition would produce a pressure ratio of 7.7,
With an initial pressure of 1300 psig, this ratio would result in a final pressure

near 10, 000 psig.

It must be concluded from the available data that NoyO alone {1) can be ig-
nited under certain conditions and {2) has sufficient energy to create substantial

damage.
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SECTION III
TEST APPARATUS
A schematic drawing of the equipment associated with the explosion is
pr esented in figure 1. The pressure vessel holding the NoO gas was made of 304

stainless steel, had walls 1-1/2 in, thick and had four access openings. Two
3~in. flanged connections w ere weided, one each, to the top and bottom of the
tank. In addition, the tank had been drilled and tapped at two points for a 1/8-in,
pipe thread., An immersion type chrorﬁebaiumel thermocouple was mounted in
the upper threaded hole and a pressure sensing line was connected to the lower
one. Gaseous NoyO was admitted to the tank through a 3/4-in. stainless steel
line conneéted to the top flanged fitting and NgO was withdrawn from the tank
through the bottom flanged fitting. Both the supply line to the fop and the run
line from the bottom were conanected to pressure relief valves set to open at
1375 psig. The tank is reported to have been hydrostatically tested to its work-
ing pressme (1800 psig at 70°F) in October 1972,

Surrbunding the pressure vessel is a large (about 2,000 gal) bath composed
of a 50-50 mixture of ethylene glycol and propylene glycol, This mixture has a
flash point of 500°F and a fire point of 600°F. Three electric heaters were
mounted, projecting radially inward at 120-deg circumferential positions, well
below the tank and run line to heat the bath. The top of the bath was covered
with alwninwm and a nitrogen blanket filled the space between the glycol mixture
and the aluminum cover. In addition to heating theﬁ N5O storage vessel, the
glycol mixture was pumped through a trough surrounding the run line to heat it
prior to testing. Thermocouples measured run line temperature, bath tempera- -
ture and N3O tank temperature. N5O tank tempe-ratures and glycol bath tempera-
tures always agreed within 5°F but the run line temperature was usually about

80°F lower because of heat losses.

Moving downstream {rom the tank, the NgO passed successively through
a hand valve, a turbine type flowmeter, a remotely operated pneumatic valve,
a screen fype (100 mesh) filter and the final control valve, All components of
the system were stainless stecl except for the thermocoupie in the run line
which was barewire chromel alumel, The system was completely lox~clean

and thoroughly dried and purged before being charged with N, 0.

L2
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SECTION IV
OPERATING HISTORY

Two significant changes made this test different from prior tests. Tﬁe
first was the elevation of the NoO temperature. Prior tcéts had used NyQ at
220°F and pressures up to 1500 psig. Conditions for this test were set at 400°F
and 1300 psig. The other difference was the removal of remote operated valve
{ROV) 311 and-the substitution of 3 new valve with a stronger actuator. On
prior tests with the old ROV 311, the valve actuator would not exert enough
force to overcome ihe force produced by the tank pressure holding the valve
closed. As a result, it was necessary to-install a small bypass line and hand
valve around the old ROV 311 to equalize pressure on both sides of the valve
before it was opened. For this test, a new ROV 311 with a stronger actuator

was installed and the bypass line was removed.

- Filling the tank with NyO and heating the bath started simultaneously
on 2 July 1973. N3O was pumped into the tank from small gas cylinders using
~a Haskel dvy pump. Charging the tank was completed at a2 pressure of 1080 psig
and 260°F. Heating operstions were interrupted for the Independence Day
boliday and resumed on Thursday, 5 July. The time-temperature history of the
NyO tank is presented in figure 2 for the 16+ hours prior to ihe explosicn., The
data points indicate a gradual leveling off of the temperature rise rate as would
be expected from the increasing heat losses at the higher temperatures. There
is no evidence of an increased heating rate that should be evident if sny decom-
position were occurring. In addition, the measured final pressure of 1300 psig
agrees within experimental error with the caleculated final pressure of 1290 psig
based on the pressure and temperature when filling was completed. However,
the tank was vented once to reduce the pressure by 10 psig and there is some
evidence that a pressure relief valve inig‘nt have had 2 very small leak. In addi-
tion to monitoring the pressure and temperature, samples of NoO were with~-
drawn from the tank and analyzed for decompesition products, Ng and Oy,
Samples were taken on 3 July at 1330 hours, 220°F; 3 July at 2100 hours, 260°¥F:
5 duly at 0800 hours, 225°F; and 6 Jduly at 1045 hours, 375°F. None of the
samples showed any evidence of NpO decomposition within the accuracy limits of

the analysis,
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SECTION V
POST EXPLOSION OBSERVATIONS

Although the area showed evidence of both ekpiosion and fire, explosive _
damage dominated the scene. Except for the cutting torch type of action caused
by hot, decomposing NoO flowing through holes in the tank, fire damage was
minor. Figure 3 shows the genersl area looking from the B-8 stand gate.
Helium (left) and nitrogen tube trailers partially block the view of the N5O tank.
In the foreground (right) is an angle iron that formerly saupported the aluminum
cover and catwalk over the glycol bath. A piece of the aluminum cover is aiso
visible between the fiic truck and the blockhouse., Figure 4 sh(—)ws the catwalk,
which weighs about 300 Ib and which landed on the other side of the blockhouse.
Figure.5 shows the top of the N,O tank., The hole on top was formerly a 3~-in.
flanged connection and the hole visible partly down the side of the tank was
formerly a 1/8-in. pipc~threaded connection. The thermocouple and pipe fitting,

which were blown out of the hole by the force of the explosion were recovered

intact. A similar size hole is near the underside of the tank {out of view in the

photograph) where the pressure sensing line was formerly attached, The line
itself, with the 1/8-in, pipe fitting still attached is visible as the smallest of the -
stainless steel lines near the top of the bath, The line which was formerly used

to supply gaseous nitrous oxide (GN9O) to the tank is also visible in the photograph.
The end of the line formerly connected to the tank clearly shows evidence of rup-

ture from excessive internal pressure. Closeup photographs of the end of the

vent line and the pressure and thermocouple pipe fittings are shown in figure 6.

The pipe threads show evidence of being strained as they were forced from
the tank by excessive internal pressure, presumably shearing the threads out of
the softer tank material in the process, but they do not show any evidence of heat.
Even the Teflon tape that was wrapped around the threads as a sealant was not
damaged, proving that the fitting temperature never exceeded about 706°F.  The
main run line is still attached to the bottom of the tank and shows no visible indie
cation of damage other than a small bulge. The flowmeter vanes, however, do
show discoloration from excessive heating and the screen located between ROV 311
and CV 1758 has been burned. Neither the flowmeter nor the screen show any evi-
dence of pressure deformation. Roth pressure relief valves, which were set to
open at 1375 psig, have been damaged. The Teflon seat is comp}efieiy burnéd cut
of one and the metal seat is burned on the other. The N5O tank itself was shifted
within the bath by the propulsive force of the N5O issuing through the hoiecs.

6
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In addition, the manufacturer's tag, which was welded to the tank at the cor-
ners, has had the weld broken. Comparison of the present edge of the tag with the
location of the broken weld on the tank indicates that the tank yielded 0.31 me in
6-in. (5% yield). After the tank is removed from the bath, it will be measured to
determine the total amount of deformation. A photograph of the tag is presented

in figure 7. The calculated pressure to produce this permanent deformation is
about 6000 psig.
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SECTION VI
DISCUSSION

The very rapid onset of the explosion without any prior indication of NoO

-decomposition plus the occurrence of the explosion immediately after valve actu-
ation very strongly implies that the violent decomposition reaction was ignited
by the valve actuation event rather than being the result of a slower decomposi-
tion that grew {o ignition conditions. The data available in the literature indi-
cate that a rapid decomposition reaction can be ignited at temperatures some-~
where above 1000°F,. It is postulated that opening ROV 311 allowed hot N5O to
suddenly pressurize the hot (315°F) ambient pressure nitrogen gas trapped in
the run line between ROV 311 and CV 1758, Raising the pressure of this nitro-
gen isentropically to the tank pressure of 1300 psig would increase its tempera-
ture to 2050”}‘s well above the N5O ignition temperature. The ignited NoO could
then burn back through the run line to the main tank and ignite the bulk of the mix~
ture. The temperature rise resulting from the NgO decomposition is equivalent
to that produced by burning JP-4 and alr at a fuel-air ratio of 0. 054. If the gas

had been a JP-4 air mixture, a similar result would have been expected,

The delay time between valve aetuation and explosion can be composed of
two parts, (1) the ignition delay time between heating and the appearance of fire,
_and (2} the time required for the flame front to move {rom the ignition point back

to the tank. The burning rate, S, can be expressed by equation (1)

S

= . obs
5T {a/A)(8T2/2T; - 1) Eq (1)

where Sy is the distance from ignition to tank (47 fi) divided by the time between

ignition and explosion, {t/sec

a/A is the ratio of the flame front area to the pipe ¢ross section

area - this characteristically lies between 1.1 and 1.4

Tg9  is the temperature after decomposition ~°R

s

Ty  is the temperature beflore decomposition ~ °R

Using a value for a/A of 1,25 and bracketing the uncertain delay time with values
of 1 and § sec give lower iimit value of S equal to 1.2 fps and an upper limit value

of S equal to 6.0 fps. Both these values are reasonable when compared 1o flame

8
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propagation rates for hydrocarbon-air combustion fiamesmpi;é»dii&_ng a sihzvn}.l;; "
heat release,

It should also be noted that a several seconds delay between valve actuation
and explosion is ¢haracteristic of compression-induced explosions in pressure
gage tuﬁing experienced by the writer over 20 years ago when working with
N-propyl nitrate {N-P-N)}. I that instance, the flow of liguid N~-P=N compressed
air in the pressure gage line, heated it as a result of the isentropic compression,
and then was ignited by the hot air, Delays of several seconds were common

between the time the flow valve was opened and the explosion occurred.

The burned condition of the screen located between ROV 311 and CV 1758
shows that very high temperature gas existed at that location although there is
no proof of whether the burning occurred before or during the tank explosion,

The burned screen is, however, consistent with the theory that ignition originated
near CV 1758,

The burned condition of the pressure relief valve connected io the tank
top indicates that the ‘expl,osibn was not instantaneous. It appears to have been
similar to a conflagration rather than a detonétion, Because the vent line was
ruptured at the tank by overpressure, yet the valve seat was burne&, the tank
pi‘essure must have exceeded 1375 psig (the valve opening pressure) long eﬁmxgh
to flow hot NgO through the line to the valve {~0.07 sec) and burn the seat before
the pressure reacheé the value that burst the line. A sample of the line has been
hydrostatically tested to 9500 psig without failure, indicating that significant
heating of this line must have oceurred to have it burst with the pressures
theoretically possible,

~As an inferesting comparison, the energy released during decomposition
of 450 p'ounds of NoO is slightly greater than that released by the explosion of
1000 pounds of TNT,
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SECTION VIiI
CONCLUSIONS

It is concluded that:

1.

The explosion was most likely caused by ignition of the NoO .
decomposition reaction near CV 1758 by the rapid compression
of nitrogen gas trapped between CV 1758 and ROV 311.

The explosion probably resulted from a change in operating
procedure, i.e., the failure to slowly equalize pressures
across ROV 311 through a small bypass line, and is not the
direct result of operating at the higher temperature.

Although the higher temperature probably did not directly
cause the explosion, lower ignition energies are required at
higher temperatures. Therefore, increasing the temperature
directly increases the hazard,

i0
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INTER-OFFICE CORRESPONDENCE Prant & Whimey Dircraft O wug comrria rom

FLORIDA RESEARLH AND DEVELOPMENT CENTER

To. G. . Lewis Dage_ _July 318 1973
From J. Chamberlain ) Exg ce: W, aAlley
E. Bailey
R, Carroll
Subject . Preliminary Review of NoG Reaction H. Kobush
Characteristics A. Masters
J. Matheson
W. Missimer
R. Schmidtke
M, Schilling
C. Staley
G. Zewski

This memo discusses the decomposition characteristiecs of NZO as it relates
to explosion hazards. Tt is concluded that:

I. Becomposition of N_0 can produce explosive forces comparable to those that

. can be produced by burning common fuel-air mixtures. Theoretical pressure ratios

from decomposing N,0 gas can exceed 10 to 1 in closed volumes.

2. N,0 is orders of magnitude less reactive than common fuel-air mixtures.
This makes it hard to achieve any significant reaction at ambient pressure,

-but at high pressures, such as 1,000 psia, it can be {ignited eazsily and

decomposition “flames”™ will burn through it, much as common fuel-air mixtures
can be ignited and will display propagating flames at atmospheric pressure.

3. Ve nesd more information on the effects of pressure, temperature; and
perhaps materials on the ignition energy requived to ignite N20 and the quenching
distances which will allow or stop the reaction.

Theoretical Decomposition

As noted below, the theoretical heat release due to the decomposition of
N2G { 2 Nyp0 -»2 N, + 0_) is 800 BTU/1b, which is about 2/3 as large as the
theoretical heat of cofibustion of a stoichiometric mixture of any common hydro-~
carbon fuel, such as JP or gasoline with air. Consequently, the theoretical At
is very large, though less than that of gasoline-air. The heat release per unit
volume (or per mol) is about the same, however, because N20 is denser than air.
As a liquid, or near the critical point, the heat release per unit wvolume is
higher. The similar (or higher) heat release per mol leads to similar {or
higher® expansion raties of the gases due to burning, as shown below. Thus,
the potential pressure rise or explesion force from N0 decomposition is as great
{or greater) than that from burning hydrocarbons and air.

18
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Stoich. Gasoline-

N,0 _ Alr Mixture
Heat of Reaction - 800 BTU/# ‘ 1,260 BTU/#
(52 BIU/STD Cu.Ft.) (96 BTY/STD Cu, Ft)
AT 2,800 °F 3,500 ©F
(Initial T = 140°F)
Mols of Products Per
Mol of Initial Gas ’ 1.5 1.07

Volume of Products
Per Unit Volume of
Initial Gas o 8.5 7.3

Ty x MOLS 2)
T,  HOLSy
The theoretical pressure ratic due to the NZO decomposition {or fuel-
air burning) in a comstant volume container is somewhat greater than the above
volume ratios, typically by 30 or 40%. The exact value is 2 function of the
Initial pressure and Lemperature, but can easily exceed 10. Aetual values are
less than the theoretical values by an amount which depends on the combustion

efficiency and the heat losses to the walls during the reaction. Note that.

even 1f there ave large heat losses and the reaction is incomplete; pressures in

3 ) " a tank of NoG which decompnses could easily rise by a factor of 5 times or

. perhaps more, thus creating dangerous explosive forces. If the tank then leaks
or ruptures, very hot, highly oxidizing gases are sprayed about, providing both
the oxygen and the heat for ignition to cause rapid combustion of any- nearby
combustible materials, or even of the tank materials, Thus, both severe
explosion and fire hazards are presented if rapid decompositiom OCCUrs, SO
rapid decomposition must be avoided. '

Actual Chemical Reaction

N30 decomposition, like hydrocarbon-air reaction, proceeds at a rate which
increases exponentially as temperature increases, bur the N,0 reaction rates
are very much lower at any given temperature:

RELcT 040 HYDROCARBOH | )
Rare FUEL- 418 /
. Mixropr —
{toc
SCHLE

AN Ny ¢ DE ConriposSITIonN

/

TEMPERATURE =

i
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As with hydrocarbon-air mixtures the rate of reaction is so low at low -
temperatures that the heat generated is lost to the surroundings, and the tempera-
ture of the Nzﬁ‘fails to rise much. However, if the temperature is raised high
enough, the reaction rate becomes sufficiently rapid so that the heat generated
exceeds losses to the surroundings, and the reaction “takes off"; oncé some part
of the mixture gets this hot, that part decomposes (or burns) rapidly until it
approaches completion, and the very hot productg heat and ignite the adjacent
gas. A flame front is thus formed which propagates through the mixture. K.0
decomposition flames are visible, Ordinarily, these would progress siowly tgrough
the N0 (feet/sec) but if the rate of reaction is high encugh and the length
of pipe is high enough, detonations can take place, as observed in Ref. 1.

Either way, high temperature and pressure increases can be caused in enclosed vol-
umes ., .

Another measure af combustibility which is directly related te the above
Teaction rates is "ignition lag time”, the time which exists after a mixture
is heated to a given temperature before it appears to burist into fire. Theore-~
tically this could be computed from known reaction rates., Fig 1 presents some
data. Though data on N,0 is very sketchy and hydrocarbon-air ignition lag times
vary with the fuel used“and the measuring technique, the N30 ignition lags are
clearly orders of magnitude larger than those of hydrocarbon-air mixutres, ’
Perhaps 1000 to 1 is the approximate ratio. Put ancther way, N30 required 6000
to 880°F higher temperature for a given ignition lag time.

Very little ignition lag data exists on the lag times beyond 10 seconds
or so, and practically none beyond 100 seconds. If the reaction rates are so
slow that the lag times should be longer, most the heat generzted in the gas is
lost to the vessel, and the gas temperature never rises high enough to cause
ignition.

Chemical reaction rates and ignitiom lags are a function of pressure,
R, Carroll states that it has been determined that the K70 reaction, like gaseline-
air combustion, is a 'second-order' reaction. This means that the rate of
reaction increases with the squave of the pressure level. Since the wmass in a
given volume increases with the first power of pressure level, the % of a volume
which reacts per second should increase in proportion to the pressure level.
Thus, the rate of temperature rise should be proportiemal to the pressure level
and the ignition lag should be proportiomal to l/pressure level.

At pressures of the order of 1,500 psia, the ignition lag of N.0 obtained
by extrapolation of the above data would be about 10,000 seconds at 4009°F, Since
lag times below 10 to 100 seconds would be required for spontanecus ignition,
there would seem to be mo risk of spontaneous ignition at these conditions.
It would appear that .at 1,500 psia, spontaneous ignition would become likely
at about 800 psia. These values are for stagnant gases in tanks. In flowing
systems, the heat transfer to walls 1is grearly increased and spontaneous
ignition would be suppressed to far higher temperatures.

Flame Propagation

Assuming that the bulk of the N0 is not heated to high temperatures,
rapid decomposition can only occur through 1) ignition and 2) propagation of the

20
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reaction through the N,0. Consequently, an understanding of these phenomena

is of great importance, For propagation to occur, the already-reacted gas must
conduct encugh heat into the next element of unreacted gas to ignite it before

too much heat is lost to the walls. Thus, the speed of the reaction, the tempera-
ture reached by the reaction, and the diameter of the duct determine whether

the fire will be propagated or quenched, '

With N30, the reaction rates at low temperatures are of the order to
1/1000 of that of hydrocarbon-air mixtures, and the maximum temperatures reached
are more limited, so the average and peak reaction rates must be lower than these
normally associated with atmospheric pressure hydrocarbon-azir mixtures'by
a factor of the order of 1000 times. A Steichiometric methane-air mixture will
just barely propagate a flame through a 0.1" dia tube at 1 atmosphere preéssure
and 60Y%F, The marginal duct diameter for propagation presumably varies inversely
as the pressure varies. If it is assumed that the above 1000-to-1 ratio of reaction
rates exists and that reactionm rate times duct diameter is a constant, then one
would conclude that 1,500 psia N20 would regquire about a 1" duct diameter for
propagation of decomposition. This Yguess” value may be substantially in ervor,
but it is obvicus that K20 decomposition is vastly more easily quenched than
hydrccarbon—airvflames, and that one could stop propagaticn of an N0 decomposition
by installing a tube bundle of sufficiently small diameter tubes in an Ny0 line.
The tubes may not have to be extremely small, t atmospheric pressure, the tube
diameter may have to be extremely large, such as 100", for a reaction to be
initiated and propagated. )

Ignition gets rapidly easier as pressure. is increased, so even though

it may be nearly imposcible to ignite ¥, 0 at atmospheric pressure, it should be
easy to ignite in sufficiently large pipes. at high pressure. Probably the most
likely source of ignitiom in such a system would be rapid compression of some
gas in & line when a valve is opened, admitting high pressure gas to s closed
line previously at low pressure. This is a very powerful ignition source, and
is presumed to be the cause of ignition in B-8 stand. At high pressures, where
relatively little ignitiom energy is required, ignition might also be caused

by electrical spark (spark plug}, static electricity discharges resulting from
high velocity flow, méchanical sparks due to valve parts rubbing or pump parts
rubbing, heat from compression, heat from hot surfaces (such as rubbing pump
parts), or conceivably from catalytic activity. Again, ignition becomes more
ard more likely as pressure is increased, and more and more care is required.

If the pipe or volume where an ignition source might exist is small enough,
ignition will mnot occur and there is no hazard, Similarly, one can prevent the

- the spread of decomposition and the related pressure rise by inserting a tube

bundle of sufficiently small tubes in the line, as discussed before. Both ignition
energy required and critical pipe diameter are increased if temperature is
decreased, but we do not know how powerful this effect is. With hydrocarbon fuel-
air mixtures, a change of 200° in gas temperature only changes these 10 or 20%.

Tests

To refine our evaluation of possible hazards in N0 systems of various
designs, it is strongly recommended that tests be made to determine the approximate

o
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energy required to ignite NZO at various pressures and temperatures and the tube
diameter sbove which propagation is possible at these temperatures and pressures.
These fests could be done quite simply using lengths of pipe fitted with a spark
plug and a pressure gage. Initial tests could be made with the pipes at ambient
temperature and later tests with the pipe heated to 4009F or so. Some varistions
in pipe material or wall coating should beé made to check for catalytic effects.

It may be desirable to run a few tests with a bundle of tubes inserted into
a larger tube to prove that this “flame arrestor” will really stop a flame
propagation which approaches 1it.

/’M

Johnn Chamberlain

ful
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FLORIDA RESEARCH AND DEVELOPMENT CENTER

MATERIALS DEVELOPMENT LABORATORY

WORK REGUEST AND REPORT

Pratt & Whitney Rircraft

—
¥

Lab. No 18102

Part No.

Account No. 1128-47-852-62

Engine Type__Laser

Requested by W, Trowsdal Depaﬁmént Test Operations

Send Reports to__R, Rankin, T, Pruirt, G. B, Lewis, J, Chamberlain, E. Pinsley, ¥, Bennett, .

S. Devine, D. Swmith, ¥, Regali, F(. Hahn, G. Brown

Part Name . Oxidizer Tank Mfg Source _Potitstown Metal Products Works
éii?:%f\lio. Mfg. S/N 5676 / S/N 3057 Matl Source -

Material & 204 Seainless Heat Code,

Process Specs : ] Lot, or Heat No.

Engine No. B-8 Stand Part Time

Operation Data Tank was pressurized with Nitrous Oxide to 1300 psipg and 400F when

tank failed,

Work Requested Ipvestigate the caugse of tank failure,

REPORT:

See attached sheets and tables,

Reported by P.Klier, R, Morgan, R. Meehat Approved y] //EJ‘—»-‘).‘ ‘
’ >
Figures:

FWa 10600 IV 543
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- CONCLUSION:

The exact cause or causes of the gystem faillure was not determined from the study
made. Since more work with nitrous oxide (850} is predicted, Ffurther testing with
this propellant system should be performed by MDL,

This program includes a scaled down system simulation of the stand’s test condirion

using an ultra clean systew and the evaluation of the effect of possiblie contaminants
ia this system.

Also, a thorough study of hardware efficiency should be made to determine the’
strength of the system fabrication and combustion characteristies of N50.

INTRODUCTION:

The nitvous oxide system at B-8 stand was almost at required test conditions when
a catastrophic failure occurred. The tank was 4G0F and 1300 psig pressure with
the two-inch run line at approximately 370F. The rum line was pressurized down-
stream as far as valve ROV-311. The line from ROV-31l fo CV-1750A had been main-
tained at awbient pressure following the initial pressure check of the system.

Four sawples of M40 from the run tank had been teken from the pressure readout lime

. and analyzed by gas chromatography. See data in Table I.- The results of these

analyses produced no evidence of decomposition or disasscciation. The slight scatter
in oxygen and nitrogen countent is well within the limits of experimental error and
sampling technique. ) :

In an effort to equilibrate temperatures im the run line prior to test, hot gas
from the tank was admitted to the non-pressurized segment of line. Approximately
5 seconds after the ROV-311 valve signal light indicated an Cpen position, system
failure occurred. The 3" line at the top of ‘the tank and both 1/8" threaded
fittings to pressure and temperature readouts failed resulting in large holes in
the tank wall, :

Some damsge cccurred in the 2 run line: the Teflon seat of wvalve ROV-311 dis-
integrated and the stainless screen filter exhibited a few localized areas of
ignition. The ball bearing assembly of the flow weter was rendered inoperable due
to the complete burnout or disintegration of the bearing cage, See Table II for
composition of the bearing cage material.

REPORT:

The cause or causes of failure are not known although there are several suspect
areas in the Ny0 system. Examination of the hardware of B-8 stand and subsequent
analyses of some objects found in the system are described in Table II.

There were three separate failures of the oxidizer tank, but the sequence of
failures or possibility of simultaneous failures was mot determined,

The areas encowmpassing a 3" long neck flanged fitting and two'E/S“ pipe threaded
fictings ruptured causing a catastrophic failure of the tank. Rapid release of

.the heated pressurized gas produced high temperatures which was followed by the

ignition of the UCON 50-HB-280% oil used as the system heating medium,
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Analyses of the N0 gas prior to tank failure produced no evidence of decomposition
so it may be assumed that the system was stable as regards the contained exidizer.

Pressurization of the run line way have caused an abnormally high temperature

resulting from rapid compression, to propagate a thermal or shock wave of sufficient _
force to cause structural failure of the system.

The presence of UCON oil on the inmer threads of a pipe plug adjacent to a screen
filter should be considered as a possible start of reaction. UCON oil at ambient
temperatures and pressures is considered compatible with N0, - but Information is
limited on the compatibility under high temperature and pressure conditions,

It is known, from the appearance of the filter screen, that ignition did occur at

this location in the system. The presence of small fragments of screemn wire a con-
siderable distance upstream of the filter indicate a tremendous back surge of
pressure toward the tank. This pressure surge is further substantiated by the

presence of particles, {dentified as a type of fluorccarbon, in the valve body of
Hv-310.

There was no pressure or temperature data available to substantiate the extent of
pressure and temperature rise immediately prior to failure. A considerable pressure
surge must have occurred to cause the structural failure as the system had been
pressure tested prior to this failure.

Metallurgical examination of a segment of the tank shell showed no evidence of inter-
granular attack wbich, if present, could possibly account for failure at the top of

the tank,

Figure 1 depicts an enlarged view of the screen wire fragments similar te the inmer
screen of the vun line filter,

27
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300 Sevies Stainless Stecl Screen Wire
Residue From Valves RLV 311 and CV 1758A
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FR-5904
TEST MALFUNCTION REPORT
Number 8216 Interim Date 7-20-73
Test Stand B-8 Rig/Engine Number 33817-12
File Number 8.8 Test Number 93,01

Type of Program:

R & D, Advanced Combustor

Component or System which Malfunctioned:

Hot nitrous oxide system.,

Description of Malfunction:

Two to five seconds afiter the NzO run Jine block valve (ROV 311) was opened to Fressur-
ize the line up to the flow control valve {CV 1750), there was a loud explosion followed
by fire that covered the test stand and contrel room. The stand operator closed ROV 311,
turned on the fire water and called the Fire Department. One-half hour later all of the
fire on the stand and all of the brush .fires around the stand were extinguished. A fire
hose was required to put out the fire inside the glycol tank as the fire water manifold
directly over the tank was damaged by the explosion. -

Inspection of the test stand revealed the explosion eriginated from inside the W0 ran
tank and/or its surrounding heated glycol tank. The glycol tank top was blown off and
scattersd over the test stand. Most of the contents of the glycel tank {2000 gallons of
UCON 50-HB-280X) were blown out thru the top of the tank. The burning glycol then rained
down over the stand, '

The NpO run tank had 3 round flame-cut holes in it. These were at the two 1/8" NPT taps
on the side and where the 3" -~ 1500 1b. long meck flange was welded on the top {the flang-
ed assembly has not been found}. The 1/8Y pipe tap 45° from the top was burmed out to a
6" diameter hole, the 1/8" pipe tap 30° from the botiom was burned out to a 2 1/2" diam-"
eter hole and the 3" {langed nozzle was burned ocut to a 4" diameter hele. The tank -
shifted inside the glycol tank with enough force to bend the support legs on the N20

tank and elongate the glycol tank. This movement was away from the holes in ‘the side

of the tank. The NpO tank, a spherically shaped tank 62" I.D x 1 1/2" wall thickness,

was expanded 5% in circumference which indicated a severe overpressurization.

The N20 run line and surrounding glycol trough was intact with glycol still in the
trough.

Conditions of the test stand at the time of the explosion were as follows:
1} The NP0 run tank was pressurized to 1300 psig with gaseous NG at 395°F. The
tank was being heated to Y0O°F in preparation for the first test of this rig
mount. This was the first time the tank had been heated above 240°F,

2} The pre-run stand countdown was complete up thru pre~run purge, BDR cals and
valve and abort checks.
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3) ¥20 run line glycol itrough temperature was 310°F,

&) Np0 run line témperature at the unjacketed flowmeter section was 250°F,

. A summary of equipment damage is as follows:

1)

2)
3)
&)
53
&)
73
8)
9)
10)
11}
12}
13}
1k}

15)

15}

17)
183

The paint is discolored and burned on B-5, 7 and 8 stanas, the control room
and on tube trailers 471 and 472,

55% of black iron fire water pipe over the glycol tank - broken and bent.
2 stand 1light fixtures -~ broken,

50° of-B/&" electrical conduit - bent,

200% of electrical wire - burned.

v of 6" flex duct on igput building pressurizaticn blower - burned,

3 transducers - overheated and shorted out.

80 instrumentation cables - burned,

Weather vaﬁ propeller and cable - burned,

Glycel tank-top - the portions of it that have been found are bent.
N20 run tank and run line - 5% permanent elongation of the melal.
N0 flowmeter bearings.

Plastic valve seals in ROV 311, BSV 307 and PSV 312 - missing, cracked and
eroded {respectively).

N0 run line sc¢reenm - burned.

20° of 3/4% $S tubing, 20' of 1/2" SS tubing, snd 20° of 1/4" S§ tubing and -
fittings on N0 tank vent and pressure gage lines ruptured and bent.

Three 12 X¥ Chromalox immersion heaters {for glycol bath)} - bent,
2000 gallons of UCON 50-1B~-280X - burned.

500 1bs, of NpO - burned ' .

The mdvanced combustor rig which was mounied in the stand test position was not
damaged .
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Immediate Action Taken:

The NpU and glycol systems were inspected externally and nothing was found that couwld
have caused the explosion, The entire N0 system was inspected intemmally and evidence
was found of fire imside the run line as far down the line as the screen between ROV 311
and CV 1750. The source of the overpressurization or fire could not be vositively
determined. A detatled report of the external and internsl system inspections and &
chronological sequence of events leading up to the malfunction is attached (attachments
1, 2 & 3 respectively). .

The Materizls lab vas requested to run an analysis of particlées found in the system,

the flowmeter bearing cage material, the screen material, and a ome foot sguare specimen
of the Np0 tank material to determine if there was a catalyst for N0 decompesition pre-
sent in the sysiem. MDL asle inspected the tank, runline, and the fittings that blew
out of the 1/8% pipe taps in the tank., A MDL report is to be issued on what was found,

Project Engineering has conducted an independent investigation $o determine the cause
of the explosion. The preliminary report, written by Mr. G. D. Lewis, dated 7-10-73,
concludes that the NpO decomposed rapidly and ignited due to isentropic compression of
the gasious nitrogen in the pipe downstream of ROV 311 when it was opened, 4 final re-
port will be writien by Mr. Lewis after all other reporis are complete,

After completing the inspections and reviewing the segquence of events leading up to the
malfunction, it was determined that there were additional possible causes that should be
considered. They are as follows:

1. Even though there was no evidence of dissociation from samples taken from the
NoO tank during heatup {last sample at 1045 hrs. 7/6/73), the fact remains that
from 0730 hours on 7/6/73 until the malfunction cccurred at 1637 hours tempera-
ture continued to increase; at a decreasing rate, but pressure remained constant
at 1300 psi. This was probably due to the relief valve leaking., The tank was
vented at 0730 hours from 1310 psi to 1300 psi. The relief valve is located
close to the vent valve and could have been affected by flow in the line while
venting the tank. The valve was found to be leaking at 1400 hours on 7/6/73.
This clouds the issue, somewhat, as to whether or not there was any dissociation of
the NoO in the tank prior to the malfunction.

- 2o The secreen downsiream of ROV 311 may have been contaminsated. There is no way
to prove or disprove this other than that the system and zll components were
cleaned and meintained Lox c¢lean. This screen had not been removed for cleen-
ing since Qctober of 1972 when the hot N0 system was installed, It is a parts
cateher type screen to protect the rig and is not inspected unless upsireanm
valve sealt or flowmeter problems occur, Any contaminants stopped by the screen
could have been ignited by the temperature rise due to compression of the ambient
pressure gas (@ and possibly some NpO) resulting from the opening of ROV 311,
There also was no sign of heat dovnstream of the screen.
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The high velocity, high température flow over the screen wire may have heated
it to the ignition temperature of N20. C

The bare witre ¢/c thermocouple upstream of the flowmeter may have acted as é
catalyst. This thermocouple is in a section of unjacketed pipe and was at
520°F rrior tc opening ROV 311. Opening ROV 311 would flow LOOF N-0 past

The flowmeter bearing cage msterial may have burned or acted as a catalyst,
It is not known at this time what the cage material was. The cages are
missing from both bearings. This material could have been burnmed out.after
ignition seccurred, -

The rubbing of ROV 311 plug against the body may have raised the temperatiure
locally above the ignition temperature of the N0, however, there was no
sign of heat in this area. Airco has reported compressor explosions when
pumping bone dry NoC to 1200 psig and have eliminated the problem by adding
& soapy water solution to the N2D.

UCON may have lesked into the line downsiream of ROV 311. This section of

line is immersed in the glycel trough and is left vented when not testing,

The fittings om the line were pressure checked at ambient temperature, bub

may have leaked when heated to 310°F. The temperature rise {rom compression

of GNp when ROV 311 opened could have heated the UCON to its spontaneous igni-
tion femperature. This temperature is sbove 700°F in air according to the 1ii-
erature, The tempersture at which spontaneous ignition would cccur in high
pressure NpO is not kuowns

long Range Action to be Takén:

cCy

1.

Project Engineering is in the process of defining programs required to deter-
mine completely the behavior of nitrous oxide, what effect various materials .
have on nitrous oxide, and what effect nitrous oxide has on various materials
over a range of pressures and temperatures. A betier understanding of nitrous
oxife is required prior to rebuild of B-8 stand or any other nitrous oxide
systems, .

2., The B-8 N0 system will be redesigned with a much greater regard for system
and personnel safely.
T. M. Pruitt mg;j/
v /
S. L. Devine //@f@i)
. T
Chief, Experimental Test Laboratories . ) .

Chief, Facilities Engineering & Design
Area Supervisor

Senior Operations Engineer

Operations Engineer

W. C. Missimer

S, Bonifmzi

G, Do Lewis

E. P, Granberry
Foreman
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ATTACHMENT #1

N>0 AND GLYCOL SYSTEM EXTERNAL INSPECTICN

External inspectidn showed the following:

1.

30

Sa

The entire N>0 rum line and glycel trough were intact from HV 310 to the
rig. There was no evidence of NJO leakage from the line and the trough
still had glycol in it, : ’

The N0 run tank had 3 round holes in it having = {lams out appearance.
These were at the two 1/8% NPT pipe taps on the side and on the top

where the 3% - 1500 1b. flange was welded on. The 1/8% NPT tap %5° from

the top, used for the tank C/A immersion type thermocouple, was burned

to a hole 6 inches in diameter. The 1/8Y tap 30% from the bottom which

had been the pressure gage tap was burned out to a hole 2 1/2" in diameter.
The hole in the top was nct cut past the 0.D. of the pipe welded in it. The
tank surface around this hole is badly ercded indicating flame had deflected
off the bottom surface of the 3% = 1500 1b. flange prior to its blowving off.
A small area of the remaining pipe is relled back and shows a clean break
indicating the flange separated from the tank at this locations The pressur-
ization gas distribution tee welded inside the tank under this flange and
both halfs of the 3" flange assembly have not been found, ,

There are short hairline cracks over the entire top half of the sphere. The .
circumference of the tank has expanded fyom 206 inches, measursd on an identi-
cal tank on B-5 stand, to 212 inches {just above the weld). - The tack welds

on the left side of the vendors name tag are broken and have a 1/4" gap in
them, Shiny unoxidized tank surface previcusly under the tag now extends

'5/16 inches past the itag on the left side. The fwo tack weids on the right

side of the tag did not break. This was 5/16 inches elongation over the & 1,/2
inch tag widih.

The N0 run tank shifted to the south imside the glyecol tank with encugh
force to bend the N0 tank legs and elongate the glycol tank, This movement
was away from the 2 holes burned on the side of the tank. It is not known if

. the tank movement was due to a glycel explosion or the reactive force of the

burning N20O flowing through the holes in the tenk.

The 3/4% 0,049" wall 30% SS pressurization/vent tube connected to the top of
the tank was ruptured and badly eroded on the ruptured end.

The 1/B% 0,035" wall SS tubing comnected to the 1/8" NPT pipe tap 30° from
the bottom of the tank was blown completely out of the glycol tank and coiled
up. The 1/4" AN to 1/8" pipe thread adepter that screwed into the tank was
s3ill on the end of the tubing and showed mo sign of damage. The teflon tape
on this fitting was notl discolored.

The Haskel pump dischargs tube (1/2% - 0.035% wall 304 S5} to the 2¥ - 900 1ib.
flange 30° from the bottom of the tank was.still connected to the tank and was
not damaged.

The 2% run line was still connected to the 3% - 1500 1b. flange at the botiom
of ihe tank. There was no sign of hot gas leakage at this flange.
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Attachment #1 -2 -

8,

2.

10,

The N0 tank thermocouple was found on the stand with the 1/8% pipe fitting
s%111 attached to it. The threads on this fitting are rolled back indica-

ting it dlew out of the tank. The fitting is not burned. The thermocouple
is bent but not dburned, ’

The aluminum glycol tank cover has & slight amount of black discoloration

and is bent and gouged in an area which was directly over the tank top flange.
This indicates there was flame hitting the aluminum at this location for a
short period of time prior tc the flange hitiing it when the explosion
occured. ‘

The south side of the inside of the glycol tank has black flame impingement
marks at the same elevation as the NpO tank top. This indicates flame came
out of the tank top and deflected off the 3" - 1500 1b. flange prior to the
flange blowing ocut. : )
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ATTACHMENT #2 .

NpO SYSTEM INTERNAL INSFECTION

Sinece nothing could be concluded from an external 1nspectlon of the system, other
than it had seen severe overpressurization, an internal system inspection was
conducted. The items inspected are numbered on the attached system schematic,
{Attachment #L),

Results of this inspection are as follows:

16\

Ny0 tank - A one foot square section of the tank top was cut out and sent to

MDL for an intergranular corrosion test, This test showed no intergramilar
corrosion. The inside surfaces of the tank are not corroded or eroded. There

is some discoloration from-the UCON solution that leaked through the hole burned
in the bottom after the fire, Ref. Photos.

The run line from the tank to HV 310 was cut at each slbow, the old HV 310 was
cut out of the pipe and the cap was cut off old HV 310 bonnet. Several chunks

of white teflon {largest about % X 1/8%)} and several pieces of magnetic material -
that looked like screen wire were found in the old HV 310 bedy and bonnet. {Sent
to MDL for analysis}. The globe type valve body {old HV 310) is badly discolored
on the rig-side of the valve and slightly discolored on the tank side. The

valve seat is not eroded. The discoloration is bluish/black indicating high
temperature gas went through it towards the tank. The pipe is not discolored
except in the horizontal section under ithe N»0 tank vhere the glycol/flrewater
solution ran in it after the fire. (Ref. Fhoto FC L0BSGC.)

Removed bonnet from HY 310, No particles or discoloration were found except

. the bottom of the pate was brown indicating high -heat, Reference Phote FC L0951,

C/4 . thermocouple downstream of HY 310 was.discolored bluish/black and bent slightly
back towards the tank. The T/C is a 1/8" immersion type with an immersion depth

of 1 3/4%. The thermocouple sheath is either stainless or inconel. ({Ref.

Photo L0252},

Bare wire C/C thermocouple upsiream of the flowmeter is discolored bluish/bvlack.
The T/C is 1/8" diameter with an immersion depth of 1/27. All of the T/C material

is intact. {Ref. Photo FC LO933).

Potter {lowmeter - {24! PWP-3) was disassembled in the Instrument Lab. A small
plece of white teflon was found in the meter prior %o shipment to the lab. The
flowmeter blades and flow straiphteners were not damaged. The bearing cage mate
erial was missing from both ball bearings, but all of the 'balls were still in
the races. The tank side of the flow stiraighteners and blades were discolored
bluish/black indieating hot gas flow thru the meter towards tie rig. The rotor
hub was discolored yellowish/preen. The meter was sent to MDL for analysis of
distoloration and bearing cage material. . Ref. Photes FC L095S, L0900, L0561,
and L0962,

The run line from the flowmeter to ROV 311 was discolored bluish/black at the
3" to 2" reducer. No particles or other discoloration was seéen.

- Removed and disassembled ROV 311. Found numerous maynetic metal particles im

the body. Some loocked like screen wire and some looked like slag. The teflon
stem seat ring wes missing and the lock wire {30 S§) on the 4 bolts on the end
of the plug was slightly brown. There is a galled mark on onc side of the plug
and a matching line on the valve bedy({parallel to stem movement)} indicating

rubbzn% when operating. The particles were sent to MDL for analysis. Ref. FPhoto
FC Lod ’ .
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Removed run line screen element. Found the wire mesh and perforated back-up
metal burned through in two places on the downstream side and the wire mesh burned
in one place on the upstream side. The screen wire is 50 x 50 mesh, plain sgquare
weave 302 or 304 stainless steel. The back-up metal is 1/32" thick, 304 or 304
series stainless with four 3/16% diameter holes per inch. The wire screen and
the back-up metal are both discolorsd (black). There is no indication of screen
damage due to excessive flow. The screen housing contained many magneiic pleces
of screen wire and slag from the burned screen, which were sent to MDL for
analysis. (¥DL reported that siainless steel can become magnetic when it is
burned). There was no damage to the screen housing or signs of heat in the hous-
ing. The plug threads were contaminated with UCON, but this could be expected
since the entire housing was submerged in UCON. The copper/teflon seal between
the plug and screen housing showed no signs of overheat, burning or damage.

There was alsc no damage or sign of heat on the screen near the top where the
screen is in contact with the plug. )

The screen had not been removed for cleaning since October of 1972 when the hot
N50 system was installed. It is a parts catcher type screen to protect the rig

- and is not inspected unless upstream valve seat or flowmeter problems occur.

Ref. Photos FC 4095k, 40955, 40956, %0957.

Removed the glyeol trough from the section of pipe between the screen and CV 1750
and cut the pipe upsiream of CV 1750 and at the screen. There was no discoloration
or particles in the pipe. ‘

Removed the bonnet from CV 1750 and found several small pieces of teflon in-the
body. There was po discoloration in the body or on the copper plug. The pieces
were sent to MDL for analysis.

Removed ROV 312, check valve V 313, and the 1/2% tubing from the run line to these
valves. Found no disceloration in the valves or tubing. ROV 312 was not damaged.

Removed run line and tank relief valves and sent them to R/S8 to check the relieving
pressure. Both valves had been set at 1375 psig the week_of June 25, 1973, The
1/4% run line relief lifted at 875 psig. [DPisassembled it and found the Kel-F

seat eroded, but no discoloration, The tank relief lifted at 1550 psig. Dis-
assembled it snd found a strip of the teflon seat chipped off and black discolor-
ation of the brass body and plug. The tank relief was leaking thru prier to the
explosion as indicated by condensation dripping off the valve and the 3/4% tubing
to the valve being warm to the touch. This was observed 2 1/2 hours prior to

the explosion.

Cut the tank pressure/vent tubing in several places. It is ercded internally
back from the tank 7" and is discolored black inside (approximately 48" from
the tank)}. This indicates burning N30 flow through the tube towards the relief
valve prior to the tube blowing off the tank. (Ref. Photos FC 40877, FC 40875).

Disassembled Haskel pump discharge check valve and found no damage or discoloration.
Disassembled Haskel pump. (It was valved off from the tank at the time of the
explosion and was not in operation). Found no evidence of damage or anything

that might have come from, or through, the pump to cause the N3O to ignite or
decompose .

Checked pressure switch PS 325 in lab and found nothing wrong with it.
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. 18. Tracked NpO tank pressure gage and found it read 25 PSIG high at 1200 and 1L0O

PSIG. The gage is mounted in the control room window with over 100' of tubing
between it and the tank.

1%. The NoO sample system was valved off when the explosion occured and has not been
disassembled,
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ATTACHMENT 3
Chronolggical Sequence of Events Leading Up To NZO System Buraout on B-8
Stand 7-5-73

Request received from Project Engineering to determine what operating temp-
perature and pressure the existing N,0 system would opevate at with flow
rate comparable to previous testing. Teuwperature was the prime requirement,
(330° - 400°F). Flow and pressure were negotiable.

Issued IOM to Facilities Engineering to provide study of B-8§ N20 system

te determine maximum opsrating temperature and corresponding pressure of
existing system,

Limiting factor, as far as temperature was concerned, was determined to he
the heat transfer fluid {Dow Chemical Sentinel Antifreeze) ~ Literature
indicated a 330°F boiling point,

Determined that if -another means of ‘heating the tank could be used, we
could meet requirement of 400°F fn the tank. Tank pressure would be limited
te 1300 psi because of fncreased tank temperature.

Received notification from Project that momey is mnot available for continued
combustor testing. ‘

Received notification for Project, late lst shift, that momey is now available
for additional combustor testing and that test estimate is requived for high
temperature No0 system.

Results from heating a sample of the existing heat trausfer wedium were found
to be 340°F beiling point,

Three means of raising the tank temperature to 400°F were {nvestigated,

They were as follows:

i} Changing the heat transfer medium to another medium that was capable
of operating at 400°F, compatible with nitrous oxide, and could be
delivered in time to meet schedule.

a} Several phone calls were made trying to locate z medium without
any success, On 6/18/73, Union Carbide recommended their UCON-
50-HB-280X. (A polyaikylene glycol fluid composed of a 50-50
mixture of ethylene glycol and propyleme glycol with an oxidation
inhibitor added.)}

b} Several phone calls were made between 6/13/73 and 6/25/73 to de=
termine Iif the UCON fluid was compatible with NsO. From these
phone calls we determined that N,0 and the UCON can form a flam-
mable mixture and would burn if we had a source of ignitiom; ather-
wise, we had no problems. A GNp blanket over the LCON was suggested.

]
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2} Hesting the tank with GNj. flowing thru electric powered Chromalox
s heaters and blowing on and thru the tank. '
e &) Facilities investigated to see if it could be done using heaters
' that were avallable on E-10 and B-8. It was determined it could
&5 be done.
3 3) Heating the tank with electrical strip heaters.
’ki a) Phonme calls revealed that specizl heaters would be required and
power would be a problem,
I . .
‘si All three methods had advantages and disadvantages.
Advantages Disadvantages
“§ 1}  New heat transfer 1) Stable heat source 1) Compatibility with N,0
b medium BCON 50- takes a long time to might be a problem.
HB-280X get appreciable Delta T.
‘g 2) Cost - 35¢/#
] 2} Minimum time required
e to go from existing
system to new system.
:E 3) Quick delfvery of product
{one week ARQ)
R . &Y No changes would be
“sgi required in operational
i technique,
7) Heating tank with No compatibility prob- 1) Needed desi{gn which would
GN : lem, be time consuming.
2} Needed mechanical and elec~
& trical installation which
{ would be tiwe consuming.
3) Different operaticmal
i technigque. (Would require
gﬁ new procedures}.
4) Might require 3 shifts
i coverage in fuel farm to
< maintain and monitor GN2
flow.
? 5) Could deplete GN; system
o and delay or shut down
other test stands,
had .
: 6) In the long run may be
. more costly than buying
a new heat transfer fluid,
4
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Advantages Disadvantages
3) Heating the tank 1} No compatibility 1) Needed mechanical and
with electric strip problem, electrical design.’

heaters
2} There would be an instai-
latfon problem which
would require special
heaters,

3) May not be able to com-
plete in time to meet
test schedule.

4) There was a possibility
nf getting hot spots in
the N,0 tank and piping
causing localized dis-

} socisztion,
Also during this period, several phone calls were made to detexmine {f there
was a problem operating N0 at 1300 psig and £00°F, A1l available literature
indicated there was no problem with dissocciation until the temperature reached
approximately 1006°F, From this survey it was concluded that we were well -
under the range at which dissociation starts. Available literature did
say that cartain catalysts tend to lower the temperature at which dissociation
starts, (&62°F being the lowest value mentioned but not indicating if press-
ure had an effect), i

Completed Rocket Test Estimate No. 337, Program was estimated with two Optioms
as follows: ’

a) Option I - Ny0 tank temperature of 400°F
Replace existing wedium with new heat transfer medium - UCOB 50-HB-280X.
b} Option II

Run the tests with the existing system which we could do at 325°F,

" Received go-ahead from Project Engineering for 400°F system. Project indi-

cated it was of utmost importance to get &00°F., Had to have 4 tests run by
Jsly 6. TInitiated paperwork to buy UCON and additional nitrous oxide reguired
for the test program.,

Purchase Order placed for UCQON.

Purchase Order placed for additicnal N30,

Issued EWR 114481 to foreman to drain glycol system.

Located a 2" Pacific gate valve to install in place of leaking HV 310,

Issued EWR 114484 to foreman to have the new HV 310 sent to R/S to disassemble

it to verify all parts are Lox compatible, clean it for Ng0 service and hydro
it at 3345 psig.
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Sent mew HV 310 to R/S. Foreman wrote EWR to Shop (W.O, 6-299),
Started draining glycol.

Completed draining glycol system. Discovered that the section of run line
that HV 310 {s in could not be removed from the glycol tank for ¢leaning due
to interference with glycol tank =- would have to remove Np0 tank in order to
get the pipe out. Decided to pull the top works off the old valve, weld a
cap on it and install the new valve in the horizontal section of run line
down stream of the old valve

Made fire water check. Discovered part of the N70 run lime is not covered
with spray.

Received requivement to add sample system to N30 tank so that gas- samples
could be taken during tank heatup and after test,

Issued EWR 115001 to install GN; purge system for ullsge space of glycol tank.

-Stand crew cut out section of rum line upstream of the orifice for mew HV 310

installation, Prepared end of pipe for welding Grayloe hub on., Stand crew
cut off threaded section of old BV 318, Prepared end of bonnet for weld,

Welded Grayloc hub on pipe at new HV 310 location and 2" Sch, 40 pipe cap on
old HY 310 bonmet. Requested radiograph inspection of welds as we could not
hydro the system. :

Issued EWR to stand crew to i{nstall z heat exchanger coill in a8 drum of water
upstream of the 1! VZO Baskel pump to prevent exceeding 275°F pump dxscharge
temp. limit, .

Issued EWR 1015481 to rotate firewater mozzles to cover entire glytol/NZO
system, .

Issued EWR 101482 to reset No0 tank and run line relief valves at 1430 psig
{design pressure at 400OF) gperating pressure was limited te 1300 psi. -

Discovered old HV 310 was rated to only 1245 psig at &400°F,

Removed trough cover at ROV 311 and discovered the valve and run line flanges
were 600 1b. ASA 304L which avre only rated at 725 psig at 4C0°F. Checked ROV
311 pressure rating and found that it was a CPC valve that was probably not

rated for 40CCF,

Issued EWR 120751 to replace ROV 311 304L flanges with 316 or 347. Located

new f langes and sent to shop for cleaning.

Discussed ROV 311 seat working press with Facilities. They did not have any
C.P.C. valve info and had the same Jamesbury info we had that said seat was
rated at O psid at 406°F,

Decision was made to lower relief valve setting to 10% over 1243 psig max
working pressure of old HV 310, Issued EWR 115019 to reset relief valves
PSV 307 and PSV 312 to 1375 psi.

Received YCON heat transfer fluid,
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Stand crew started glycol blanket purge system and continued Haskel pump heat

exchanger {nstallation.

Removed and disassembled ROV 311 - seat looked 1like nylon which i{s good for
180°F at 1300 psig.

Issued EWR 120750 for Ho0 tank sample system instaliaticn.

Rig arrived,

New HV 310 pipe weld was good, old HV 310 cap weld was bad,

O/E locked for replacement ROV 311 in used stores, LPRF, B Area., Could mot
find one that would fit in the glycol trough that was alse rated for 400°F
service. Did find a Pacific valve on B-32 stand with a Kel-F seat that was
good for 350°F. :

Cut the cap off HV 310 bonmet and rewelded it.

Discussed use of the 2" Pacific valve at 400°F with Facilities Engineering.
Decided to change Kel-F seat to Teflon and use it in place of ROV 311,

Removed valve from B32 and sent it to R/S for rework.
Reinstalled Np0 tank and run line velief valves after they were reset in R/S. -
Started rig mount.

Made radiograph of HV 310 bonnet cap weld, Radiograph was.good this time.

-Issuved EWR 120764 to press. check N0 system at 1300 psig. ({Ambilent temp GNg)

Stand crew cut the N30 run line up and downstream of the old ROV 318 and pre-~
pared ends of pipe for welding Grayloc hubs on for new ROV 311,

Made up the Crayloc flanges at the new HV 310. Started welding the glycol
trough together at this location.

Pressure checked N20 run tank at 1300 psig and vented down to 10 psig.
Completed N30 sample system up te regulator.

Electricians megger checked glycol heaters -~ they checked OK.

Started filling glycol tank, .

Removed N2O tank sample system and sent it to R/S for cleaning.

Rocket Support welded Graylec flanges on N0 run line up and downstream of
ROV 311,

Stand evew worked new aluminum top for the glycol tank.

Issued EWR 120770 to blow down the N0 yrun line after welding.
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Stand crew and electricians worked ROV 311 inst. air system wmods to convert
from 125 to 730 psi air.
Completed glycol tank ullage purge system.
Completed glycoel tank top installation.
Turned on glycol tank ullage GN, purge,
Continued tankiﬂg glycol.

Made radicgraphs of ROV 311 pipe flange welds.

ROV 311 pipe weld radiographs were good.

Completed tanking glycol.
Turned on glyeol heaters at 1710,
Started glycol circulating pump,

Pump motor circuit breaker tripped on overlocad - secured heaters at 1815
while electrician changed overload heaters,

Started heaters and puwp again about 2000, Glycol heated up to 110°F at
2300 when heaters and pump were secured. Had 10 psig of GN; in Hp0 tank
at this time.

Blew out No0 run line with GNj from flowmeter down thru the open flange up-
stream of ROV 311 using a 1/4" tube hooked to the flow meter upstream pressure

. tap.

Blew out the pipe downstream of ROV 311 backwards using ROV 11 purge exiting
at ROV 311 downstream flange.

Test Support installed ROV 311,
Press. checked ROV 311 for leak thru at 1300 psi - no leak.

Press. checked N0 run line from new HV 310 to CV 1750 at 1300 psi - repaired
all leaks.

Could not hook up ROV 311 bypass line as the 1/4" tap upstream of ROV 311 was
cut out with the old ROV 311 upstream flange. Could have plumbed it to the
flowmeter press, tap, but since it was questionable whether we needed it at
all the decision was made fo leave it disconnected and see if ROV 311 would
open OK without it (without overscaling the flowmeter).

Reinstalled Haskel pump heat exchanger tubing after return feor R/S where it
was LOX ¢ leaned,

Electrician wired up ROV 311 limit 1lights and the mew 750 psi crescent valve
for ROV 311,
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Did not heat glycol over the weekend,
Started heating and circulating glycol at 0730. Tank was at 105°F.

Reinstalled N0 tank sample system after veturn from R/S where it was LOX
cleaned,

Vented N30 tank te O psi, purged tank with Ny0, and tanked to 740 psi at 140°F.
This required ten 64 1b. "K' bottles of NyO.

RS welder worked glycol trough Installation at ROV 311,
N,0 temp. at 140°F - 1400 hrs.

Glycol temp., at 1509F - 1400 hrs,

Project requirement for lst test is 275°F,

N,0 temp at 160°F at 1630,

Project decided to make the first test with 400°F N,0. Requested that we
hold We0 press and temp as is until rig wmount is further along.

Stopped heatup and Np0 tanking at 860 psi and 200°F.
Found glycol heater thermostat Adidn't work.

Completed glycol trough installation at ROV 311 - flowed giycol thru trough
for leak check, '

Installed ROV 311 support bracket.
At 2345 hrs, Ny0 temperature was 200°F.
Turned all heaters off at midnight.

¥,0 tank pressure dropped 110 psig over 3vd shift, found some small leaks

in sample system. Also found HV 310 had leaked thru and pressurized the run
iine. Found thatROV 311 was open when the limit lights indicated closed =
the limit lights were installed backwards. ROV 311 was open all day Monday
and- the HV 310 leak thru had pressurized the system up to €V 1750, Closed
ROV 311 and vented N0 off downstream of ROV 311, Left run li{ne pressurized
between BV 318 and ROV 311.

Took N20 tank sample.

Received EWR 120780 frow Project to heat Ny0 to 270-280°F by 24500 hrs. 7/3/73,
and hold at this temperature over July 4th heliday. Froject wanted to heat

up as high as possible over the 4th using the one thermostatically countrolled
heater with the stand unattended. Test Operations would not make the initial
system heatup without a mechanic at the stand to observe for problems. Project
decided they would not atiempt to get overtime approved so it was decided to
heat as high as possible Tuesday and hold this temp. over the 4th.
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Completed ROV 311 750 psi inst. air system,

Installed new glycel heater thermostat.

Took another NZO tank sanple at 2115 hrs.

Secured all glycol heaters at 2345 hrs., couldn't getr the thermostat to work.
N,0 run tank temperature at this time was 263°F,

At 0700 hrs. Néo temperature was 220°F, glycol was 225°F. (Since the glycol
was. copling down along with the N,0 tank this indicates the N0 temp reads 3°
lower than glycol when they are both at the same temperature).

Torned all 3 glycol heaters. back on to continue heatup.

Took ancther N,0 tank sample at 0800 bhrs.

Pumped N30 to 1080 psig at 260°F - this would bring press. to approximately
1300 psi at 400°F,

Received EWR from Project to put strip heaters on rig imlet pipe frow CV 1750
to rig to heat this section to 400CF,

Started circulating glycol thru the run line& trough.

Overtime approved for 2 stand crew to standby 3rd shift for N,0 system heatup.
N,0 temperature 275°F at 1515 hrs.

Openad HV 310,

Removed thermostat from B-5 and installed in B-8 glycel tark well. This one
worked OK.

N,0 temp, 327°F at 2345 Hrs,

Continued N,0 heatup thru 3rd shift. 3459F and 1260 psig at 0315 hrs.
At 0630 hrs,, glycol temp was 365°F and N,0. tank press was 1300 psig.
At 0700 hrs. No0 temp was 36Q°F. 4

At 0730 hrs. tank press was 1310 psig ~ vented to 1300 psip with ROV 307,

Took N,0 tank sample at 1045 hrs.

2
N,0 tank temp 3779F at 1115 brs,

N0 tank temp 3%0°F at 1510 hrs.
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Installed two 150 watt 110 volt 'strip heaters on the NéO inlet line downstream
of CV 1750 and wired them to the STR rig strip heater variac, clamped a C/A
T/C under one heater and heated the line to 4GO°F . .
Started stand countdown for run at 0730 hrs.

Recelved program change later to install one explosive pulser, take cowmbustion
gas samples during test and extend run tiwe to 3 seconds on first hot rum.

Revised operators countdown to include the changes.
Stand crew worked combustion gas sawmple system hookup and checkout.

At 1400 noticed N0 tank relief valve leaking thru slightly - it was dripping
condensation and the 3/4% tubing fo it was warm to the touch.

Completed controls valve check at 1500 hours and BDR cals at 1450 hours.

Cal ambient datsa printcui later showed that N,0 tank temp was 399°F and Ny0
flowmeter was 248°F at this time. .

Completed O/E valve énd abort checks at 1520 hours.

Completed pre-run purge.

Glycol temp at 400°F at 1630 hours and N,0 tewp at 396°F at this time,
N50 run line glycol temp was 310°F at this time.

Decided to warm up the run line by flowing NoO thru it out ROV 312. Clesved
stand of personnel to allow pressurizing N0 lime up to comtrol valve,

When ROV 311 was opened at 1637 hrs. the explosion and fire ocdcurred.
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