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PRESSURE VESSEL ENGINEERING NOTE
PER MANDATORY STANDARD SD37

Prepared by: Dan Burke
Preparation date:_so £§ /987
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1 Description and ldentification REVISEP ¢
Fill in the label information bglow:
This vessel conforms to engineering standard SD37
Vessel Title = Liquid Argon Calorimeter (LAC) :
. Obtain from
Vessel Numier NB 4778 RD 2048 ¢ Division/Section

Vessel Drawing Number CBI (Drawing is attached ) Safety Officer
. CONTRACT pSisCl Peawinel (-33
Maximum Allowable ‘.119.‘ V'“‘ 'Y ms
Working Pressure (MAWP} YoP wEse i - * ¢ ity (N
o

¥orking Temperature Range e g":i"& F . i. OSEQS

Contents Liquid Argon
Designer/Manufacturer /Chicago Bridge and

Iron (CBI) Oak Brooit. 11
Acceptance

Test Pressure (if tested at Fermi) Date:

PSI, Hydraulic Pnewmatic

F

Accepted as
Actual signature

required in this
<eam space

NOTE: Any subsequent changes in contents, pressures,
temperatures, valving, etc., which affect the safety of
this vessel shall require another review and test,

“ As an option, provide a photo of the entire vessel in the Appendix,

TGRS CONDTTIONALLY

FLANGE HEATING SySTEM Musr

Reviewed by:’z‘?gwsmu.m AS STATED N MYMEND, o
Director's signature (or designee) if the vessel is for manned areas but doesn't
conform to the requirements of the standard.

Pate:

Lab Property Number(s): VOT &v,ggmggg

Lab Location Code: MES MW __ A~ o {obtain from Ssfety Officer)

Purpose of Vessel(s): ¥ssel s to be used by E—-706 to contain detectors

under the proper conditions for experimental physics

Diameter : 17 ft. pength: 28' vert.

Vessel Capacity/Size: 18000 Gal LAr
Normal Operating Pressure (OP) 2 PSIG

MAWP-OP = 14 PS1 .

Is the above enough to provide relief cracking pressure tolerance plus system
uncertainty tolerance per M-9. yes

C031TA-5
6/66
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List the numbers of all pertinent drawings and the iocation of the originals.
{Append copies).

Drawing # location of Original
CBL__pRawNG |=33, Cowrpacr CBl, Oak Brook, IL
851552 |
22201 -ME-123293 _ witior #aL I
Design Verification | \
Does the vessel(s) have a U stamp? Yes X No . If "Yes", fill out data

below and skip page 3; if "No", fill out page 3 and skip this page.
Staple photo of U stamp plate below.

LY

Copy "U™ label details to the side if photo
is not clear of if copies are unreadsable. Copy dats here:

Hortam Pressure Vessel
Duplicate n ame plate

CBiI 5

-

UW RT2

_NB 4778 MER X C4273
Year Built 1985

17" % 28" LATr Vessel——
MAWP 16 PSIG @ 100°F

Min Allow -315 F

Max Design Temp Range

| 100/-305

Certified by (Bl
Oak Brook, IL
5109A

S031TA-6
6786
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. On the sketch below, circle all applicable sections of the ASME code per
Section VIII, Division I. List the results of all calculations. {Insert
copies of calculations in the appendix).

) f ' Lu-—-'—-m«m
. Fille! weith . ,
- ) Reinforced e §
Por UW-18 ond _ ,,.m.gi'g':.'?" Shiffeninging | :
:N‘m". ongt A= Fia J -23 . .
orconk e hetd . Boited heods
. . Nozyie thic ) a0 _ Fig UA-6
pnescioiwns S amsgonegy B | BChe RIS [ |
o e S e \ =
ic ol heod 0 UW-0 & . fting
. e UG-32 . Sechns Por. UG-B ond UG-24
Por.uw:31 Torhpharicol
heod
Weld it Leerown rodivs ]
ey N —,
Marass hEOC P heod Toble UW~12 slﬁw saorm of leon! S Xt For. UG-32F \
Pre]ssre on * f wniess rodographed 9T migrsec. -
gonvel 10t :ngam&.m ) ;:"w %% .
por. UG-33 Por, UW-33 _ ' S s
PorUG-27 _
Bocking strip .. Post weid heot D
Trended Por. UW-135- . . Openngmor - i tregiment
P Ty a3 Comosion Linings . Poyedserfo
Por UG- 43 UW-2 Sl | parceetieTe poc UG-26 | Peri-4D Por, UG -47
N, Yool UG-43 : Por, UG- 25 7 Port-UCL _ Por.UW-19 -
P, - Fig. UW-19
, ) 9-1“1"! Tl hon S ot Fog otk \::'w o e
. (3 il UG- . W L' LW =
Elipsoaiol heod ® A oign  Por UG-32 ""'.;;'E.g"‘ :
Por. UG-324 : _
-
= Sumary of ASME Code
e _ CALCULATICN RESULT
(Required thickness or stress
Reference ASME ‘ jevel vs. actual thickness or
- Item Code Section . . calculated stress level)
vS.
vS.
vS.
vs.
vS.
If this vessel is exceptional or had exceptional parts, list their details
) under 5.6. Yes No X_

5031TA-7
6/86




1

- 3 System Venting. Provide the system schematic in the Appendix, if the vessel
safety is system sensitive, '

Is it possible to isolate the relief valves by a valve from the vessel?
Yes No X _

If "Yes", the system sust conform to M-5. Provide an explanation on the
appended schematic. (An isolatable vessel, not conforming to M-5 violates
the Standard.)

Is the relief cracking pressure set at or below the M.A.W.P.?

Yes X No ‘ Actual setting 7 PSIG

(A no response violates the Standard.)

Is the pressure drop of the relief system at maximum anticipated flow such
that vessel pressure never rises sbove the following? (UG 125) :

Yes X No 110% of MAWP (one relief) _
— — 116% of MAWP (multiple reliefs)
+ 121% of MAWP (unexpected heat source)

‘Provide test or calculational proof in the Appendix.
(Non-conforming pressure rises violate the Standard.)

-List of reliefs and settings:

Manufacturer Relief Setting Flow Rate Size
AGCO93T0608A SV3003 7 PSIG 9069 scfm air 6x8
BS & B DSV RD 3002 12.5 PSIG gu¢q scfm air 6

b3

Is the relief device an ASME stamped device? Yes X No

4 Operating Procedure _
Is an operating procedure necessary for the safe operation of this vessel?

Yes X No .. If "Yes", please append.

5 NWelding Information
Has the vessel been fabricated in a Fermilab shop? Yes No X

If "Yes", append a copy of the welding shop statement of welder qualification
and a copy of the Welding Procedure Specification (WPS) used to weld this vessel. .

6 Exceptional, Existing, Used, and Non-Manned Area Vessels
Is this vessel or any part thereof in the sbove categories? Yes

If "Yes", follow the Engineering Note requirements for documentation in free
form below.

No X

5031TA-8
6/86
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Fermilab

July 28, 1987

TO: Roman Dachniwsky]j

FROM: Andrew Szymulanski -7&?1 —

SUBJECT: Review of Pressure Vessel Engineering Note for
Liquid Argon Calorimeter, NB-4778 {RD-2042)

Thank you for partial updating the Pressure Vessel
Engineering Note for "LAC".

The problem, however, still exists with working
temperature range for "top plate assembly”.

The Engineering Note's description and identification
label must include and distinguish temperature range for:

1. "Argon Dewar" _ . o _ane0
(Material: 304 SS) Temp Range: 100°F to -305°F
2. "Top Plate Assembly" - 'Working temperature range
(Material: SA516, GR70) should be stated by the vessel
fabricator.

The temperature of the carbon steel section of the vessel
must be maintained at a level which will guarantee material
strength which should match that used in vessel's engineering
computations.

The "SA 516 Grade 70" has carbon content of 0.31%, which
is high.from brittle fracture standpoint. Once established,
minimum allowable temperature, the range should be controlled

by adequate heating system.




LD

The system should be automatic and power supply must be

from at least two independent sources.
Figure 4 in enclosed data (Metal's Handbook) shows
correlation between carbon content and impact energy. For approxi-

magely 15 ft./lb, the corresponding temperature is approximately

23°F.
ASz:ed

Enclosure

Copy to: _
J. F. Lindberg
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) These grodes may contzin nishium, vanadiom or nitregen.
Table 29 mwn‘Mlﬂmnﬂmﬂw«sﬂp&h
(ASTM specifications)
Typeor uns u-pullb- ranges and lmits, %
Speciicstion grade dasignation C max Mn P mazx S max o
AZBS (.- cavennns Grade A X01700 017 e 0.035 0.045 ter
Grade B K02200 022 0.90 max 0.035 0.045 .
Grade C Ko2001 0.28 0.50 max 0.035 : 0.045 b
AZB8 ... ..cne-en ve- K02803 030 0.50-1.50 0.035 0.040 0.15-0.30
F V7 SR Grade §% Ko02202 024 0.60-1.10 - 0.04 0.05 0.15-0.30
Grade 60 K02402 0.27 0.60-1.10 " 0.04 : 0.05 0.15-0.30
A€SS evvcinconen Type | K03300 033 0.85-1.20 0.040 0.060 0.10 max
Type U K02802 0.28 0.85-1.20 0.040 0.050 0.15-0.30
F V.3 T R Grade 55 K02001 0.28 0.90 max 0.035 0.040 0.150.30
Grade 60 Ko2401 031 0.90 max 0.085 0.040 0.15-0.30
X3 1. S Grade 65 K02800 033 0.90 max 0.035 0.040 0.15-0.30
Grade 70 X03101 . 035 0.90 max 0.035 0.040 0.15-0.30
AS516 ....... 4" Grade 55 KO01800 0.26 0.60-1.20 0035 0.04 0.150.30
. Grade 60 K02100 : 027 0.60-1.20 0.035 0.04 0.15-0.30
Grade 65 K02403 0.29 0.85-1.20 0.035 004 0.15-0.30
Grade 70 X02700 031 0.85-1.20 0.035 0.04 0.150.30
ASIT i ivinncnans R K02400 024 0.70-1.60 0.035 0.040 0.15-0.30
ABL2a) .. --v0ivnn e K02900 0.27 1.00-1.50 0.035 T 0040 0.1%030
ABBZ ..vvvonnanns Grade A Koot - - 011 -~ 050135 .- 0035 0.040 0.13-0.30
Grade B _ K02203 : 019 - 055150 0.035 0.040 0.15-0.3%0
AT24{a) ceereennaOrade A .- 018 1.00-1.60 0.035 0.040 0.55 max

wmuﬂl“oyluchmmiddnmmmwmﬁmm.o.ﬂmCr;o.Mmln:o.ﬂwV.




Toughness

TOUGHNESS is the ability of a
metal to absorb energy and deform plas-
tically before fracturing; the amount of
energy absorbed during deformation
and fracture is a measure of the tough- -
ness of the metal. By contrast, the
amount of deformation that occurs prior
to fracture is a measure of the metal’s
ductility, and the force necessary to
cause fracture is a measure of its
strength. For an application in which a
metal object must withstand some spec-
ified load, the strength of the metal is
the controlling property. Ductility may -
be the governing property if the metal
must be formed to a specified shape. But
if the metal must be able to absorb a
certain quantity of mechanical energy
“without fracturing, its toughness is the
limiting property.

By G. J. Roe
and the ASM Committee on
Ploin Carbon and Alloy Steels

ance, even though the failed plates
possessed adequate ductility in room
temperature tension tests. The investi-
gation also revealed that the notch

chine. Two commonly used method

impact testing are the Charpy and I
tests, which are discussed in detai
ASTM Standard E23. Notched sp

toughness (measured by Charpy V- mens,such asthose illustrated in Fig

notch testing) was substantially lower
at failure temperatures and below that
at room temperatures. Selection of
steels with sufficient notch toughness
atanticipated service temperatures and
‘designing the ships to minimize the se-
verity of any stress raisers virtually
eliminated these ship disasters,

Notch toughness usually is evaluated
by testing specimens of prescribed size
and shape at a known temperature ina
single-blow pendulum-type impact ma-

usually are used to evaluate the tou
ness of most metals. Although so
what redundant, the term notch tou
ness is very descriptive of the result
these tests and it reduces the likelih
of data being misinterpreted. 1
notched test specimens usually are u
to evaluate the toughness of leas duc
metals, sich as gray cast irons. Seve
other types of toughness tests, less cc
monly used than the Charpy and I
tests, are described in Metals Ha

Systematic investigations iato the
failures of various types of gteel struc-
tures, such as bridges, storage tanks,
pressure vessels and gas ‘pipe lines,

ve established notch to
ness as an important r T Se-

lecﬁ—gg&e;mtem 1o be used in an
stiucture t might Eaut_yected_ﬁp,

impulsive [Gading af low tem ratures.
Perhaps the most thorough such inves-

tigation was that into the brittle frac-
tures encountered in welded transport
shipasduring and immediately following
World War II. There were several fac-
tors that were common to the brittle
fractures that occurred in these ships:
the fractures originated at a stress
raiser, such as a design feature or fabri-
cation defect; the fractures ocrurred ﬂl
Jow ambient temperatures, typical

“about 4 °C (40 °F)peth E%cturg were

~hiracteristically “brittle in appesar-

tred ond Charpy V-notch tast specimens used for avaluation of netch teughness {ASTM E23)
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Pig. 2 Reproducibility of impuct testing
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book, 8th Edition, Volume 10, pages 37-
40.

Fracture toughness, a material prop-
erty related to notch toughness, de-
scribes the resistance of a metal to the
propagation of an existing crack. The
value usually reported is the stress in-
tensity necessary at the tipofa crack for
that crack to propagate. Although there
is often an empirical correlation be-
tween notch toughness and fracture
toughness, the two types of tests and the
resulting data are different, and must
not be confused.

Notch toughness values derived from
test results cannot be used directly in
engineering design calculations. The
values become significant for design
only when correlated with a particular
type of structure in a particular kind of

service, or when these values are used

to compare different materials.

Notch toughness of a metal is infiu-
enced by chemical composition and
many physical factors. For steels, car-

1200

bon content, alloying elements, gas con-
tent and impurities are chemical factors

that affect this property. The physical -

factors include microstructure, gramn

size, section size, hot and cold working

temperature, method of fabrication and
specimen orientation in relation to
working direction. Surface conditions,
such as carburization and decarburiza-
tion, are important, also.
Reproducibility of Test Results, The
Army Materials and Mechanics Re-
search Center (formerly Watertown Ar-
senal Laboratory) conducted & closely
controlled experiment that established
the Charpy V-notch impact test as both
reliable and reproducible. A total of
specimens from a single heat of
aircraft-quality 4340 steel were divided

.into three groups and heat treated to

thiree different ranges of hardness: 43to
46, 32.5 to 36.5 and 26 to 28 HRC. Two
hundred specimens at each hardness
level were impact tested in each of two

Charpy machines manufactured by two

average impact-energy

companies; the
of results are

values and distribution

Thown i Figs Zror o

The test program just described
clearly . demonstrated the narrow
spread of results that can be obtained
under carefully controtled testing con-
ditions. However, the experience of
other laboratories indicates that even
when preparation and testing of impact

imens are closely controlied, a con-
siderable spread of test results can still
occur. When the effects of these vari-

sbles are added to the inherent scatter

that occurs among different heats of
steel, the distribution of test results is
broadened appreciably. Thus, judging
notch toughness on the basis of one or
two tests for a specific set of conditions
is unwise without voluminous data on

Some specifications designate that a
specific number of specimens be tested
at a particular temperature or over a
particular range of temperatures. In

prior production heats of the material, - .- -

]




Notch Toughness/691

Pig. 3 Transition temperatere Sebavier of low-cnrben steel
Tornpersvurs, °F
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Charpy V-notch ond Charpy keyhole-notch impact snergy for semikilled low carbon stes! (0.38C, 0.54 Ma, 0.075i) tested ever the ductile-te-
beittle transition temperature range. )

other instances, the number of speci-
mens with minimum or average values,
or both, is negotiated. The accuracy and
. usefuiness of results vary directly with
the number of specimens tested.

Ductilo-to-Brittle — —
Fractere Transition —

Plain carbon and low-alloy steels,
like many metals with body-centered-
cubic lattice structures, are suaceptible
to a lowering of absorbed impact energy
with decreasing temperature, either in
service or during testing. This change is
accompanied by a transition from 2 f-
brous to a crystalline-appearing frac-
ture surface. A somewhat arbitrarily
defined temperature in the transition
‘range is called the ductile-to-brittle
fracture transition temperature, or Tp:
Because there are several ways of de-
fining Tp, the criterion used to establish
the value should be stated whenever &

value of T4 is given. Because brittleness—— The wide range of temperature over .
which V-notch energy transition otcurs

is seldom desirable, it usually is neces-
sary io prevent brittle behavior under
impact loading by keeping Ta below the
expected service temperature.

Charpy notched-bar impact tests are

AT affartive in detsrminine TA

for plain carbon and low-alloy steels.
Figure 3 shows that, in a plot of energy
: nbaorbedduring&actureverauntesting
temperature, there is -Imrp drop in

ature decreases. This drop is called the

energy transition. The value of Te asso-

_ciated with energy transition is called
the energy transition temperature. As
shown in Fig. 8, in this series of tests on
low-carbon steel plate the drop in en-
ergy for the Charpy keyhole specimens
was steeper and more sharply defined
than for the Charpy V-notch specimens;
thus, the value of T¢ for keyhole speci-
mens was more precise. However, the
value of T4 for keyhole specimens was
Jower than the temperatures at which
brittle fractures occurred in service and
lower than T3¢ for V-notch specimens.
On the other hand, TA for V-notch speci-
mens correlated well with the tempera-
tures at which service failures
in components made of this steel.

(see Fig. 3) emphasizes the importance
of the criterion for defining T¢ One
criterion is the average-energy crite-
rion (the tempersature corresponding to

_the median between the maximum en-

ergy, or upper-shelf energy, and the
minimum energy, or lower-shell en-
ergy). In many instances, the tempers-
ture at which the transition curve
crosses an arbitrary value of

enerxy(mchumordﬂJ,orlSww
ft-1b) is chosen. An alternative criterion

'is the average- temperature ecriterion

(the median temperature of the transi-
tion range).

Transition temperature also can be
defined by cbeerving the change in frac-
ture s from fibrous to crystal-
line as the test temperature is reduced.
The fracture appearance changes be-
cause above 7' fracture occurs predom-
inantly by microvoid coalescence
whereas below Ta fracture occurs pre-
dominantly by cleavage. Some specifi-
cations (particularly those of ASTM)
define the temperature at which speci-
mens fracture 50% in shear and 50% in
cleavage as the transition temperature;
this value of Tc is usually referred to as

-100% shear as the criterion; which de-

fines the 100% fracture appearance
transition temperature (100% FATT).
Still other specifications, such as those
for ship plate, require & minimum im-

‘the 50% FATT. Other specificationsuse

pact energy at a given testing tempera-
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692/Service Charoacteristics

ture—20J at 5 ‘C (15 f-1b at 40 *C), for
example. These methodsof determining
transition temperature, plus several
other methods, are described in detail
on 45 to 47 in Volume 10 of the
gth Edition of Metalas Handbook.
Selection of the method most appro-
priate for a given application is difficult
and requires and understanding of both
to testing and service behavior.
Often, additional tests are needed to
establish a correlation between the
transition temperature determined us-
ing a certain method and service behav-
jor of a speciﬁcstructuremadeofthc
same material. The method in which
the impact energy at a given tempera-
ture must exceed a specific vaiue is one
method requiring such a correlation.
Despite the importance of notch
toughness, other mechanical require-
ments must be considered and often
some compromise must be made in se-
Jection. For example, notch foughness

n.copient,

surfaces required for wear resis--_
tance also have an adverse effect on
notch toughness.

Effects of Composltion

The composition of a steel, as well as
its microstructure and processing his-
tory, significantly affects both Tc and
the energy absorbed during fracture at
any particular temperature. The effects
of the various alloying elements and
thoee of microstructural and processing

yariables are intimately interrelated; ]

i.npnetiee.itisd.ifﬁc\ﬂttochnngem

variable without affecting another.

Contributions to notch toughness that t 0 me e Wm  nm w0 e .
have been attributed to individual al- Terniia streoqth, MPs

loying elements are as follows:

Carbon increases transition tempera-
ture and decreases upper-shelf fracture
energy. These effects, measured by
Charpy V-notch impact tests, are shown
in Fig. 4. Carbon is one of the more
potent alloying elements in its effect on
potch toughness. %—ﬁl A for

imum to n -
%?ﬁm__ré‘?ﬁm
consistent” Wi strength require-
ments.
" Boren. A practical way of attaining
toughness without reducing strength is
to0 use a boron-containing grade of steel
with a lower carbon content. As shown
in Fig. 5, 10B21 steel has greater tough-
ness than 1038 steel at all strength
levels. However, the benefit of boron is
applicable only to quenched-and-tem-
pered steels; boron reduces the tough-

Impact shargy, fi°th

N
N
\
\

-5 ] £ 100
Temperawre, "G

B
-0

Variation in Charpy V-notch impact energy with temperature for normalized plain corbon
stoels of varicus carbon contents. {Ref 3)

Fig. 5 EHfect of boron sontent on motch toughness
Tersile strength, ki

ns 5
00—y T T 1

~

i

ﬁ/
i
i
|

Variation of reom-temperature Charpy V-notch lmpact anergy with tensile mhh
10821 end 1038 steels with tempered martemite structires.

may cause the formation of brittle up-
per bainite (rather than fine pearlite)
during normalizing.

$yMur. The effect of sulfur on notch
toughness of steels is directly related to
deoxidation practice. For rimmed, semi-
killed and Si-killed steels, sulfur in
amounts up to about 0.04% has a negli-
gible effect on notch toughness. How-
ever, for Si-Al-killed ateels, 2 reduction
in sulfur content can substantially in-
crease upper shelf energy, as shown in

ness of as-rolled, as-annealed and as-
normalized steels. :

Monganese can substantially reduce
the transition temperature of Jow-car-
bon steels, as shown in Fig. 6. In higher
carbon steels, may be less
beneficial. As illustrated in Fig. 7, in-
creasing the manganese content of a
normalized medium-carbon steel low-
ered T probably because the addi-
tional manganese reduced pearlite
plate spacing. In a hardered and tem- -
pered steel manganese can have the
opposite effect, as illustrated in Fig. 8.
Manganese can make the steel suscep-
tible to temper embrittlement and it

Fig. 9. This improvement in energy
sorption results from reduction of the
number of sulfide stringers in the
steel.
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BACKGROUND

| This vessel is an ASME certified vessel to operate between 1 psig and 4 psig. The
MAWP is 16 psig.

The vessel, which contains detectors of considerable volume and mass, is located inside
the MW Building. Pressure is controlled by LN. coils located within the ullage space
(Please refer to the attached CBI drawing). These LN, coils are dubbed “Operating Pot”
and “Cooldown Pot” and are an integral part of the veéssel. Separate 14.1 notes for these
“pots” will be written io ensure adequate design with respect to the Liquid Argon

Calorimeter {LAC). ‘ :

The relief system is composed of a single relief valve and burst disk which are
plumbed to a common 14 IPS discharge header. This vent piping is arranged such that no
discharge can hit people, equipment, or the vessel. In addition, the piping is installed in
such a way that the cooling effect of the contents does not influence performance of the
relief devices. Singe the vent piping discharges outside the building, precautions are taken
to insure that no obstructions may develop which could reduce the capacity of the relief

syatem.

Specifications for the relief devices are as follows, from the tags:
Relief Valve (AGCO) SV 3003

Anderson - Greenwood

Part No: 93TO608A
Size: 6" '

Serial No: 85/06244

Set Pressure: - 7 PSIG
Capacity: 5933 scf, air

-Burst Disk -~ RD 3002
BS&B Rupture Disk

Capacity: 9371 scim, air

Size: 6

Material: AL, TFE, 316, AL
Lot No: 85001807-2
Rupture Pressure: 12.5 PSIG @ 72°F

A complete system schematic, Research Division Drawing ‘'E-708 Flow Sheet®,
2220.1- ME-183293, Revision 11, is _att.ached for reference.




VESSEL PHYSICAL DATA

Vertical Cylinder vessel: 17" diameter x 28’ tall
Total volume of LAr: 18000 gallons

Total external surface area 9
for CGA computations: 1641 ft

Working pressure range: 1 psig to 4 psig

MAWP: ' : 16 Psig

The insulation system is shown in the attached description.
Note that GN2 shielding is used. _

For relief computations the following equation will be used:
F x MAWP 4+ 14.7 = P absolute
F = CGA Factor (1.21, 1.16, etc.)
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SUBJECT: LAC Vessel Flange Temperature
BY: R.l. Dachniwskyj

DATE: 7/20/87

There are four possible scenarios that could cause the flange temperaturé to drop
below -20 F, they are as follows: ) :

Fl

1.} Cryogen spillage on or near the critic?qllir stressed points of the carbon steel
vessel part T

2.) Substantial Argon gas leakage through the flanges located on the top or
side of the vessel.

3) An uncharacteristically low room temperature perhaps resulting from a
power outage during the winter,

_ 4.) Overfilling of the LAC vesse with liquid Argon

Appendix A contains a note titled "LAC Vessel Flange Temperature” which shows
that it is highly improbable to spill cryogens on cHtically stressed points of the carbon
steel vessel and as long as the ambient temperatiire around the flange ls kept above
40 F it will not be possible for the flange to reach -20 F. '

To protect the flange from cold temperatures due to excessive Argon gas leakage
and overfilling of the LAC vessel, there are thermocouples placed around the outside
of dewar flange at six equally spaced locations (60 degrees apart). There are also two
_platinum resistors, one which is 85 inches above beam center which warns the operator
of a high liquid Argon level and another resistor at 88 inches above beam center, which
automatically closes-PV300 and PV10]1 and_trips off the pump when liquid Argon reaches
it. Appendix B contains the procedures which will be followed if there is excessive
gas leaking past the flange and/or if LAC vessel continues to fill beyond the 88 inch
mark above beam center line, -~ - ' i

The flanged area is completely enclosed by the Faraday room, therefore it is only
necessary to keep the Faraday room above 40 F to prevent the flange from going below
-20 E. Electic base board heating units will be installed, to assure that the Faraday
room never goes below 40 F. In case of an electrical outage a permanent generator
will be provided to power the base board units. Appendix B contains the procedure
that will be followed if the Paraday room temperature starts to fall below 40 F.



/ ‘ APPENDIY A

March 7, 1980

TO: F. Lobkowicz, E706
FROM: K. Dixon HQ
" SUBJECT: LAC Vessel Flange Temperature

Without adequate protection measures, there is a possibility that the upper
shell of the LAC vessel will experience a temperature which could cause
structural damage perhaps leading to a catastrophic faflure. This scenario
could evolve most probably from: _

1. Cryogen spillage on or near the critically stressed points of the carbon
steel vessel part. _

2. Substantial argon gas leakage through flanges located on the top or side of
the vessel. o

3. An uncharacteristically low room temperature perhaps resulting from a power
outage during the winter. {Remember the Space Shuttlel)

The first scenario is highly Improbable due to transfer line locations, failure
rates, and proposed safety measures. Although the second scenario could be more
probable, it will not be discussed in this letter.

Regarding ftem #3, it appears that 1if the temperature in the MW Detector Hall
dropped below +27 F for a perjod of time, with enough frost buildup it is
posaible for the flange to reach a critfcal -20°F. Since this 1s a highly
stressed area, it will be susceptible to structural failure.

Therefore, 1 recommend.some means-to0 ensure that the air temperature around the
uninsulated top portion remains above +H0 F or that flange heaters of
sufficient power be employed. If a decision is made to saintain a warm air
temperature, one must be careful to include the uninsulated portion below the

flange as well as above it.

Knltg
ce: R.P. Smith



Ksa304

Ksa516

9%ond
cold

90ond

cold

_For top uninsulated parts, assume
base temperature,

Flange Temperature Determination on LAC

« 15.0 W/n'K @ 300 kK

- 12.1 W/m'K @170 K
= 53 Wa'K

= 2x%d

« 32.5m

= wvdt

- 0.233 2%

+

= Qeond Qconv

warn

kA (T, - T,)

7

2.5 m

Ax

T L4
.To find ?o'

equal to the wa

(T, - Ty)

< n8w

777 A
' y ‘h£¥501~ L
Z Y/

- hﬁ F s
. : - el s |
=% |

(

an infinitely long fin of SA 304 material with a
: 11 temperature just above the ‘
we will assume the following heat balance .

Karlekav & Desmond, Engr. Heat Transfer, West Publishing Company, 1977,
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«*. Use 2.3 W/mk for h

kA o 1201 (0.233), 2,59 WK
AX 1.09

MPKA - [2.3(32.5)(15.0)(0.233)17/2 = 1.1 W/K

T, - 2.59 (87 k) + 16.1 (300 k)
2.59 + 16.1

Ty = 270 k

Tf “ Ta o g7BX Ref: Karlekav & Desmond, p. u68
T -7 - ,
o (-]

T, - e ™ (T, - T,) + T,

m- wp - 23325 2 -uwe
kA 15 (0.233)

£ e 1.42 ~ 1.09 = 0.33 ®
. o(8.62)(0.33) (559 - 300) + 300

291 K flange temperature w/no frost

"y
]

12.1 (0.233) (270 - 87)
1'09

-
[ ]

qQ 473 watts to cold

Minimum allowable flange temperature is ~-20°F or 244 X,
find what T_ must be for T, = 2% K. By using previous methods and units: kg

18 T, = 261, hyy. = 1.86, hyngo, = 188, and hyyy = 1.67

For simplicity we will

air

then

T . 2.24 (87) + 13.3(T.)
° y2v-2 B & PO S

To_ = 12.5 + 0.856 T,
. T° - 12.5

T
R % : v S



™ 2““ - 12.5

= 270 X or 27°F
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APPENDIX 8. 2;‘3‘-&‘50“-“ TO PREVENT OVER cod Lin |
LAC VYESSEL UPPER FLANSE t

D. Overcooling of LAC Vessel Upper Portion

There is a reasonable possibility of structural failure of the LAC vessel should the
upper portion become exposed to -20°F or less. Therefore, it is imperative to take
immediate action at the first sign of overccoling. The foflowing identifies the possible
scenarios, their symptoms, and emergency actions to be taken. _

1.  LAC Overfill

The .LAC can be overfilled by allowing PV-300 to stay open too long and
failure of the interlocks or by having PV-306 allowing flow to the LAC where it
is slowly condensed. High liquid level will be indicated by L1-317 (alarm sounds
for 29 level lights in Counting Room, 30 lights should close PV-300) and Li-
310 (closure of PV-300 should occur at 197.5 inches argon).

If an overfilled condition exists. L1-317 higher than 29 level lights. then the
foliowing steps should be taken.

a. Close PV-300 or PV-101 if fill/dump line jumper is installed. Other liquid
line manual valves could be closed as well,

b. Close PV-306 and MV-1031.

c. If the fill/dump fine jumper is installed and pumped and purged to argon.
then lower the argon level by sending argon back to the storage dewar
by using the procedures outlined in ion IV, Part A.

d. If the flange temperatures are below _20°F on IBM channeis 60 to 66,
immediately depressurize the LAC through PV-309. Call pager 867 and
request emergency assistance. If the pressure is above 1/2 psig after 5
minutes, vent the main relief valve. SV-3003 by opening its test
connection.

e. Drain liquid from the LAC to the ground outdoors as follows:

Connect filljumpers LAr 9393 and LAr 9394.

Close MV-2001, MV-2002, MV-2003 at the argon filter. Close MV-

"1002A and 1028 at the dewar.

Depressurize and remove jumper LAr 9293 at the filter.

Open MV-2003. MV-2007. Pv-300 and MV-3001.

Rope off the paridiig lot between MV &k MW.

When the flange temperature begins to rise, close MV-3001.

mw N

2. Leakage of Upper Vessel Flanges

Conditions indicative of flange leakage are: an uncharacteristically low LAC
pressure, reduction of nitrogen flow to the cooling pots, unusual amoaunts of
condensation or frost on the LAC surface. Jow internal ambieat space
temperatures (tcs 78-83) or mating flange temperatures (tcs 71-76). andfor low
02 levels as measured by the ODH monitors.

If a leaking flange(s) is suspected, one should take the following steps. |

a. Reduce the LAC pressure to 1 psig by decreasing the set pressure on
CS-303 andfor CS-302. ' _

b.  Check the ODH monitors in the Faraday Room and those on the top of
the LAC. '

c. If the O. level is acceptable, then use 0. monitors. air packs, and
someone % a spotter before entering slowly. $roceed to step .



If the O, level is unacceptable. DO NOT ATTEMPT TO ENTER! Only
qualified“personnel having the proper equipment and supervised by the
Fire Department may enter an oxygen deficent area.

If no such personnel are immediately ava&hble and the flange
temperatures are above of leveling off above -20 F. then proper help can
be waited for. Otherwise decrease the LAC pressure to 0 psig and
proceed to drain the LAC by using steps ¢ through f of the immediate
proceeding procedure.

When qualified personnel. equipment. and the Fire Department are
available, enter the Faraday Room or the top of the LAC.

Suspect flanges can be found by listening for leakage. sighting cold areas
around the seal area, or by using an 0., monitor.

Tighten or frepair as required. Do not Jceed the maximum torque values.
if the leak can not be stopped and it creates an ODH problem or is
contaminating the argon and rendering it useless. then the LAC will have
to be emptied in accordance with steps c through f. of the previous

procedure. _
if the leak has been stopped. then set €S-303 and/or CS-302 back to

the normal operating pressure.




Low Faraday Room Temperature

I the temp&ature in the Faraday Room dropped much below 32°F for a period
of time to create enough frost buildup on the vessel surface, it is possible for
the mating flange to reach a condition of structural instability.

During the winter months when heat is lost to the Faraday Room (loss of
power to the electronics and building heaters) one should do the following.

a. An alarm will sgund in the counting room when the room temperature
falls below +40°F. If this occurs, put the portable electric heaters -in
the Faraday Room.. If power has failed,, get an emergency generator
from the Cryo Dept.

b. Closely monitor the LAC mating flange temperatures on IBM channels 60-
66. If they approach -20°F.. see “LAC Overfill”, Section VI.D.1.
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RD/Safety Group - MS #219
Wilson Hall 11th Floor - Ext. 3511

July 20, 1987

TO: Reviewer of LAC Vessel Engineering Analysis

FROM: R. Scherr/S. Stoy - E-T08 Cryo Safety Review Panel FW ')7 ’@

SUBJECT: LAC Venting Capacity

The E-706 Cryo Safety Review Panel has reviewed the calculation by
R.Dachniwskyj for the venting flow capacities through the relief devices
installed on the LAC vessel. ' '

The panel will accept a reduction in venting flow capuif.i of 73% of the
CGA requirement providing that two. smoke detectors hooked to FIRUS are
installed around the outside of the LAC vessel near the flange. '

Although the vessel insulation was not conclusively proven to not
propagate flame, it has been demonstrated that the flame retardant coating
would delay sufficient heat transfer to deteriorate the foam insulation for
several minutes. The installation of the smoke detectors would sound an early
warning of smoke or fire in the area of the LAC and summon the emergency
fire crews who are able to respond in less than 8 minutes to investigate the
cause of the smoke and extinguish the fire. '

S.Stoy - .- - L e e coeemmm e R e
R.Schmitt ' :
R.Dachniwskyj

T .Murphy
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Fermilab

SUBJECT: LAC Outer Insulation

~ BY: | R.I. Dachniwskyj

DATE: 7/20/87

The folléwlng paper, reference number 851553 from Chicago Bridge and Iron gives
a detalled description of the insulation system which was installed on the liquid Argon
calorimeter vessel to prevent the excessive boil off of the liquid Argon. :
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DATE: 7/20/87

The following paper, ret‘ereﬁce number 851553 from Chicago Bridge and lron gives
a detailed description of the insulation system which was installed on the liquid Argon
calorimeter vessel to prevent the excessive boil off of the liquid Argon.
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