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ABSTRACT

The High~Flux Isotope Reactor (HFIR) has outstanding
neutronics characteristics for materials irradiation, but some
relatively minor aspects of its mechanical design severely
limited its usefulness for that purpose. In particular,
though the flux trap region in the center of the annular fuel
elements has a very high neutron flux, it had no provision for
instrumentation access to irradiation capsules. The irradia-
tion positions in the beryllium reflector outside the fuel
elements also have a high flux; however, although instru-
mented, they were too small and too few to replace the facili~-
ties of a materials testing reactor.

To address these drawbacks, the HFIR Irradiation Facili~
ties Improvement Project consisted of modifications to the
reactor vessel cover, internal structures, and reflector.

Two iInstrumented facilities were provided in the flux trap
region, and the number of materials irradiation positions in
the removable beryllium (RB) was iIncreased from four to eight,
each with almost twice the avallable experimental space of the
previous ones. The instrumented target facilities were com-
pleted in August 1986, and the RB facilities were completed
in June 1987. This report covers only the tasks mentioned
above that were funded by the Office of Fusion Energy and the
Basic Energy Sciences Program through a Department of Energy
approved OR~638-~86—~0RNL-2, Mod 1; it does not cover the HFIR
experimental control room upgrade nor the Fusion materials
irradiation experliments.

1. BACKGROUND

The High-Flux Isotope Reactor (HFIR) is a pressurized, light-water-
cooled, beryllium-reflected, 100-MW reactor. It was designed for the
production of isotopes, particularly transuranium isotopes, which
requires high thermal and epithermal neutron fluxes; indeed, the HFIR
target region (the cylindrical space inside the two concentric annular
fuel elements) has the highest steady state thermal-neutron flux in the
world. The high thermal flux also makes the reactor a good source of
neutrons for scattering experiments, and a number of beam tubes exist
for that purpose (Fig. 1). The relatively high reactor power and power
density leads to a high fast-neutrom flux, so that the HFIR is also used
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Fig. 1. Plan view of HFIR showing reactor components, fuel, and
beam tubes.

for materials irradiation experiments. The HFIR is thus a multipurpose
facility, but the fixed loading of the alumianum~clad, U,0, fuel element ~
consisting of involute plates — is much less flexible than a general—
purpose materials test reactor in which the loading and arrangement of
the fuel elements can be varied within quite wide limits.

Small (16-mm—diam) irradiation capsules can be placed in the target
region, but with no pressure vessel penetrations provided for access,
these experiments could not be instrumented. 1t was possible to irradi-
ate somewhat larger (37-mm—diam) capsules in four positions in the
beryllium reflector surrounding the control plates outside the outer fuel
element. This part of the reflector is designed to be readily removable
because radiation damage necessitates frequent replacement (every 2.5
years); thus, the irradiation facilities in it are called the removable
beryllium (RB) positions. Penetrations through the pressure vessel allow
access for capsule instrumentation and temperature—control gas lines in



the RB positions, but the access flanges are not directly above the
irradiation facilities so that in situ vertical and rotational
adjustments of the instrumented irradiation capsules using these penetra-—
tions are difficult (Fig. 2).
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2. HFIR IRRADIATION FACILITIES IMPROVEMENT PROJECT

In 1984, an ad hoc committee was established by the Oak Ridge
National Laboratory (ORNL) Executive Committee to "...consider and recom-
mend changes and improvements to the Laboratory's facilities for mate-
rials irradiation testing."l The committee's report! included recommen~
dations for certaln modifications to the HFIR that would significantly
enhance the number and value of materials irradiation experiments that
could be accommodated by the reactor. The HFIR Irradiation Facilities
Improvement (HIFI) Project was established to implement these recommen-
dations with support from the Office of Fusion Energy (OFE), the Basic
Energy Sciences (BES) Program, and the Laboratory's General Purpose
Equipment (GPE) funds. The GPE funds are currently being used to upgrade
the experiment control room containing the utilities for the instrumented
experiments; this report does not cover that work.

The HIFI Project efforts were divided into two phases: phase 1 — to
provide at least two instrumented target reglon facilities and phase 2 —
to provide larger and additiomal irradiation positions in the RB with
straight—line access penetrations through the pressure vessel,

A conceptual design showing the new components in the reactor was
completed in September 1985. A design report containing finite-element
stress analyses of the pressure boundary components (issued on November 5,
1985, by C. W. Collins) and a hydraulics analysis of the new reflector
(issued on June 15, 1987, by W. E. Thomas) are attached as Appendix A.
Figure 3 shows the new experimental facilities layout.

2.1 Phase 1

The instrumented target facilities required newly designed and
fabricated components from the bottom to the top of the reactor "stack."
These components included a fuel grid, target holder, outer shroud, tar—
get tower, target hole plug, quick-access hatch, rabbit facility U~bend,
and several in-pool tools for removing and replacing each component.
Photographs were taken of each item and are shown in Figs. 4—11. A
diagrammatic side view of the HFIR components is shown in Fig. 1ll. The
target tower extends upward from the target region to a quick—access
hatch and target hole plug in the pressure vessel 1lid. The tower houses
three guide tubes — one for the hydraulic rabbit facility and the other
twe for the instrumented target facilities.

To utilize funds allocated by the U.S./Japan fusion materials pro~
gram to measure temperatures in the target region experiments, the proj—
ect scheduled these facilities to be ready for an {nstrumented target
capsule experiment by August 1986. Even with a delay in funding (over 3
months) during FY 1986, the commitment was met. The first instrumented
target capsule was inserted on August l4; the reactor went to power on
August 17, 1986; and the experiment was successfully completed.?
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Fige 4. Fuel grid.
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Fig. 5. Target holder.
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Fig. 7. Target tower.
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Figo 9.

Quick—-access hatch.
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Fig. 10.

Rabbit facility U-bend.
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Fig. 11. Target tower lifting tool.
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2.2 Phase 2

The new RB facilities required a new design for the reflector, re-
placing the four 37-mm-diam positions with eight holes, each with a
diameter of 48 mm. This change increased the total experimental volume
available within the RB by a factor of 3 to 4. The new positions are
referred to as the RB Star (RB*) facilities, and they can accommodate
most of the irradiation work previously undertaken in the core of the Oak
Ridge Research Reactor (ORR), taking only one-third to one-half the time
to accumulate the same damage level.

Some other components mounted above the beryllium reflector were
also replaced with new designs. Specifically, the track assembly and the
shroud flange (part of the systems that locate and guide the control
plates) were replaced to provide clearance for the new facilities. 1In
addition, the new quick-access hatch (Fig. 12) with more penetrations
provides straight-line instrumentation access to each of the RB* posi-
tions. The straight-line access will permit rotation (for radial flat-
tening of the flux) and vertical relocation of irradiation capsules
during the course of an experiment as well as allowing capsules to be
interchanged among any of the eight positions. Photographs of the RB
reflector, track assembly, and shroud flange are shown in Figs. 13—15.

2.3 Project Reporting

Monthly progress reports beginning in September 1985 and continuing
through June 1987 were written and distributed to all interested person-
nel. All of these reports are attached as a record of the conduct of the
project (Appendix B). Also, monthly costs and schedule assessment re-—
ports were transmitted to DOE (copies attached to the progress reports).

2.4 Project Milestones

During the August 13—17, 1986, refueling shutdown of the HFIR,
Phase 1 of the project was completed on schedule with the installation of
the equipment necessary to operate instrumented irradiation experiments
in the target region. At the same time the first capsule was installed
to utilize this facility. This capsule insertion, one of the U.S. Japan
Fusion Materials Collaboration Program milestones, had been planned for
this shutdown period since mid-1985. The Martin Marietta Energy Systems
Achievement Report forms, recording successful completion of the mile-
stone, are attached as Appendix C.

In October 1986, Phase 2 of the project was established as a DOE
milestone for Martin Marietta Energy Systems: '"Complete HFIR modifica-
tions to allow conduct of instrumented experiments in the RB positions —
June 1987." The milestone was met with optical alignment completed on
June 19, 1987, confirming the functional use of all components. The
notification of completion is also attached in Appendix C.
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Fig. 13. Removable beryllium reflector.
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Fig. l4. Track assembly.
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Fig. 15. Shroud flange.
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3. NEUTRON FLUX, FUEL CYCLE LENGTH,
AND DOSIMETRY MEASUREMENTS

As indicated earlier, the HFIR is a multipurpose reactor, and there
was a natural concern about the possible effects of more and larger mate-
rials irradiation experiments on other users. Two important questions
concern the effect of neutron absorbers in the RB positions on beam-tube
thermal flux and on the fuel cycle duration. To answer these questions,
a series of experiments and flux measurements was carried out.

As a worst—case experiment, the effect of a 3.8-mm—thick hafnium
sleeve placed in each of the four RB positions, in turn, was investi-
gated. Such a thickness of hafnium should be adequate for most spectral-
tailored irradiation experiments and will absorb almost all of the ther-—
mal neutrons falling on it; it is, therefore, a nearly complete absorber
and represents the most extreme case to be encountered in practice. The
change in the flux in typical neutron-scattering experiment positions at
the various beam tubes was measured as the hafnium was placed in each RB
position in turn. The results are shown in Table 1. The effect is less

Table 1. Change in flux at the HFIR beam tubes
as a 3.8-mm—-thick, 31.6~mm-diam
hafnium shield is placed in
RB irradiation positions

Changea in thermal flux at beam tubes

gzigizin HB-1 through HB-4
HB-1 HB-2 HB-3 HB-4
RB-1° -3 0 +1 *2
RB-2 +h d *l e
RB-3° +1 -1 =6 *2
RB-4° +1 0 +2 —4

AThe base case has the usual iridium (isotope
production) capsules at all RB positions except RB-3.

bMeasurements taken at a reactor power of 100 kW.

®The iridium in each of these positions in turn
was replaced by the hafnium sleeve to make the
measurements.

dThis combination is considered impractical for
heavily absorbing materials irradiation experiments
because of the very close proximity of RB-3 to the
HB~2 beam tube (100-mm separation). The loss of flux
was actually 13%.
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than about £5% in all cases likely to be permitted in practice. The
increase in flux that is observed in some positions may merit a further
explanation. Putting an absorber close to the fuel reduces the thermal
flux in that region and, therefore, the local power level in that part of
the core. With the same overall power, the local power density on the
opposite side of the core must increase to compensate, leading to a
higher local flux in that zone. The results are presented graphically in
Fig. l6.

Measurements of the effect on fuel cycle length are more difficult
or at least less accurate, because of the core-to—core variations intro-
duced by manufacturing tolerances and because the loading of experiments
and isotope production capsules is changed from cycle to cycle; these and
other effects introduce a cycle-to-cycle length variation of up to ~1 d.
Reactor time is too valuable to perform a controlled experiment with no
other experiments allowed to change their loadings over many cycles.
Careful measurements and comparison with historical data on the relation-
ship between initial core reactivity and fuel cycle length have resulted
in calculations showing that the effect of the hafnium absorber is to
shorten the fuel cycle by 21 #7 h or 4% of a typical cycle. The corre-
sponding additional fuel costs are only about $100,000/year.

Dosimetry experiments were carried out to provide data on the mate-
rials damage rate to be expected in the new RB facilities. Analysis of
the flux showed that the displacements—-per—atom (dpa) rate expected in
316 stainless steel in the RB positions is 10.5 dpa/year. Even within
the shielding provided by a 3.8-mm hafnium sleeve, the rate is 8.3
dpa/year.
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4, FUNDING AND COSTING

The HIFI Project was capital funded by the OFE and the BES Program
through a DOE-approved OR-638-86-OKRNL-2 Mod 1 (attached as Appendix D).
The initial OR~638 only covered the funds that were available for FY 1986
($710,000), whereas the revised Mod 1 included the. additional funds
($242,000) needed to complete the project in FY 1987 for a total of
$952,000, which 1s $160,000 under the initial estimate. The estimated
costs vs the actual costs are shown in Table 2. The gamma heat experi-
ment, listed under Neutronic Analysis, will avold the need for gamma heat
calculations that were previously required under this task.

Table 2. Estimated vs actual costs for the
HFIR irradiation facilities upgrade

Cost ($K)
Discipline 10/29/85 Actual Underrun/
Estimate (overrun)
Design 233.0 182.8 50.2
Procurement /Fabrication? 603.0 424.5 178.5
Assembly 63.0 83.5 (20.5)
Inspection 0 40.2 (40.2)
Surveillance 144.0 162.9 (18.9)
Neutronic analysis 69.0 27.1 11.0
Gamma heat capsuleb 30.9
Total $1,112.0 $952.0 $160.0

2Does not include the cost associated with the scheduled
RB replacement that was, as always, funded by Operations/
Research Reactors Division operating funds.

bThese funds are to be used to design, fabricate, and
assemble a proposed experiment to measure gamma heating rates
in the new RB* facilities. These experimental results will
aveid the need for gamma heat calculations that were previously
required under Neutronic Analysis funding.

The $160,000 underrun resulted from the project staff being able to
reduce the estimated fabrication costs of parts and assemblies through
innovative procurement from outside vendors. A tabulation of costs
associated with fabrication is shown in Table 3. One item exceeded not
only the estimated cost, but also the estimated delivery time; HFIR Job
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Table 3. HIFI Project reactor components fabrication and
assembly dates and final costs
e
job fabrication Start Complete ($K) (sK) (5K) ($K)
Phase 1
84  Target holder 3/17/86  5/9/86 5.0 7.6 12.5 a,b
91 Fuel grid 4/7/86 6/6/86 17.4 2.9 20,3 a
23 Quter shroud 1/20/86 6/6/86 1.5 24.8 1.7 68.0 a
93B Shroud drill J16 4/16/86 5/9/86 1.5 1.5
96 Rabbit facilicy 4/17/86 5/7/86 6.0 9.5 15.5 a,b
968  Rabbit hydro fixture 4/17/86 6/1/86 0.5 0.5
96C dP Target facility 4/30/86 5/8/86 0.7 0.7 b
98 Target tower 3/7/86 6/16/86 9.5 29.0 38.5 a
99 Quick-opening hatch 3/4/86 6/25/86 1.0 27.2 5.1 33.3 a
100  Target hole plug 3/4/86  6/25/86 0.2 9.1 2.0 11.3 a
101 Tool ~ in~pile 6/17/86 7/1/86 0.6 0.9 1.5
Tool — target hole 6/17/86 7/1/86 6.7 6.7
Stand ~ target storage 6/17/86 7/1/86 0.7 5.4 6.1
Tool — target holder 6/23/86 7/15/86 0.7 2.1 3.4 b
Stand — exp. storage 7/15/86  8/15/86 1.3 1.3
Tools — miscellaneous 8/15/86 1.9 1.9
Reactor mockup 8/2/86 8/20/86 43.8 43,8
Reactor in-pool 8/21/86 8/23/86
Total 59.5 119.1 88.3 266.9
Phase 2
94 Shroud flange 6/30/86 9/16/86 26.1 26.1 a
95 Removable reflector 8/15/86 5/8/87 184.0 184.0 a,c
958 Reflector parts 11/15/86 1/5/87 5.4 5.4
97 Track assembly 9/2/86 5/13/87 150.4 150.4 d
978  Track assembly parts 8/15/86 9/5/86 2.0 12.8 14.8 a
116 Dummy quick-—access hatch 3/3/87 5/7/87 7.2 7.2
117 Dummy target hole plug 3/3/87 5/7/87 6.4 6.4
118 Stand — exp. storage 5/20/87 6/10/87 4.0 4.0
119 Miscellaneous pins and 5/20/87  6/15/87 2.0 3.0 5.0
fixtures
121 Reactor mockup 5/15/87  6/22/87 22,0 22.0
Reactor in-pool (unknown)
Total 24.0 398.3 3.0 425.3
Fabrication and assembly grand total 83.5 517.4 91.3 692.2

% xcludes material cost.

bHodifled existing components.

CCosted by Operations Division; not included in the HIFI Project funding.

dFabricated by Y-12 General Machine Shop using existing segments (six segments partially
finished).
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No. 97, Track Assembly, was estimated at $102,000 with a delivery date of
March 1987 by the Y-12 General Machine Shop. The actual cost was
$150,000, and the assembly was delivered on May 13, 1987. This was the
exception, and careful planning and rescheduling of other tasks allowed
timely completion of the project despite the delay.
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APPENDIX A

DESIGN REPORT FOR REDESIGN OF QUICK-OPENING HATCH AND
TARGET HOLE PLUG FOR THE HIGH FLUX ISOTOPE REACTOR
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Decian Report
far

Fedesign of Ouick Upening Hatcoch
and Target Holes Flug

High Flux Isotope Reactor
Martin-Marietta Energy Syetems
Oak Ridge, Tennessees

C. W, Collins
Fegistered Frofessional Engineer
Qak Ridge, Tennessee
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I.Introduction

II.

Installation of the HIFI Experiment into the High Flux
Isotope Reactor reguires marse holes through  theTarget RHole
Flug and the Ouick Opening hatch for insertion of experiments
into the reactor. These two pressure components were analyzed
far the new configureation. It originally planned
to modify the Ouick Opening Hatceh but 1t was
guently found this was not necesszary. Since the analys
of  the hbasic Hatch Ping was  camplested, the results
included in the report for reference.

Design Snecification

The High Flux Ischtope Reactor Vessel waz designed and fabricated

by the Allis-Chalmers Manufacturing Company. The Design
Specification and the Design Report are  included in their
"Structural  Desian Report” dated Ooctobesr 5, 19862, This

=y

design and fabrication was prior to the esxistance of the
ASME RBRoiler and Freasswrse VYessel Code - Section I for

Muclear Componsnts, However, it was designed and constructed

to Sectioin VIIID of the Code, supplemented by the reqguivremsnts
of Code Cases 1270M, 1271IN, 1273
Design Rasis for Reactor VYessels and Directly Associated
Components", the so called "Navy Code". These requirements
are the anticedents of the current reguirements for ASHME
Section III - Class 1 Components used for the cwrent desian.

The High Flux Isotope Research Reactor, being a relatively
low power, panl type, research reactor is not subject to
any significant transient conditions as are power reactors.
Therefore, Service Loadings A, B, €, and D are nat specified
and the analyses are  based on the loadings for  the the
Design Conditions as listed below:

Design Conditions

Design Prassure
Design Temperature
Seizmic FRequirements
Service lLoadings

Cyclic Loadings 1000 Startups and Shutdowns to
Design Fressure and Temperature
Thermal Cycle Loadings MNone

Thermal Cycle Loadings Mone

Codes and Standards

ASME Roiler and Pressure Veszel Code -~ Section III -
Class 1, 1987 Editiaon with Addenda through Summer of 1983

l, and the "Tentative Structuwal
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oundaries

i

!

The Code boundary of the componentse extends to the outer
surface aof each of the components but doss  nobt include
the orackets or attachments.

Spplicahle Drawings

The ctrecs analyses are based on 1nformation on the following
drawings

E Cuwick Opening Hatch
= Detaills

& Target Hole Flug

= Retaills

[ Detaile

[ Details

4 Cuick Opening Hatch

Analvsis

A fimite element stresse  analys
compoansnts wusing the "SAR 8¢ initte Element Computer Frogram!
which ie a Fersconal Computer version of the SAF IV Frogram.
SRF 85 was develaoped by Mumber Cruncher Microsystems, Inc.,
San Francicsco, California.  SAF IV is a thorpuoghly documented
and tested program and  the S4AF 84 version has demonstrated
comnparable pErformance on the documented benchmark problems.

= was made for  each of the

o
s

Fesul te of the stress  analysis indicate  that all stresses
in  the components under  the specified loading conditilions
well within the limitse established hy the Code. In

conservative, that in some instances
= were simplified becauze some2 camplax
which are permitted to have higher allowable
limits cowld meet the lower limits of simple membrane
2. Thie eliminatsd the tedious chore of assigning
firmite
cecondary

allowable

categnoiries

ement stress:s oukput into perinary, local, bending

sczlifications, each of which has

The computer  outpoats, nodal point and element layouts,
and camponent sketches have been relegated tao Appendicies
Ay E, and . The computer models are axisymmetric solid
e2lements of re ubion about  the  longitudinal ar vertical
aMis. The relationship between the various axes referred

b in the compuber output and in thi= repart are as follows:

Translatio
Coardinate

ess

lanat

Fadial v
ongitudinal 2z
Tangenta al b4
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In addition to the SAF B4 finite element analysis, an independent
analysis was done using the PATRAN  three dimensional finite
element analysis. This method used larger sized elements than
SAF B&. For this reason, it is felt that most of the calculated
stresses were not quite as accuwrate as the SAF 86 calculated
stresses, However, the stresses around the holes in the components
are prabably mare accurate  than the method used, which was to
apply a stress  intensifacation factor to the 5AF B4 stresses
which were calculated without modeling the holes. The FATRAN
program calculated s=stresses were lower than thoses from applying
stress intensification to the SAF 85 rersults, indicating consar-
vatism in the analytical approach employed.

V.Evaluation of Stresses

Taroet Molse Flug - Drawing M-11506-0H-0Z0-E-Rev. O

j¢1.2

The Target Hole Plug i=s a 17.35" diameter disc, &" thick,
with three experimental holes near the center and a shear
bar latching mechanism located within the plug to couple
it to the Ouick Opening Hatcach. To s=simplify the finite
element analysis, the center region is represented by one
4" diameter hole and the metal above the latching mechanism
has besn e2liminated and this portion of the plug analvyze=d
by & simple hand calculation. The 1000 pei  design presswe
acts on  ths bottom face of the plug with an additional
pressure on the first element to accournt for the presswe
transferred to  the plug  fraom the components in the center
holes.

Examination of the finite element analysis shows the highest
stresses ococuwr at three opredictable places, slements 1,467,
and 72, as shown  in the table below. The tabulated Smax
and  Smin wvalues are bthe principal stresses acting on the

% is the third principal stress.

2 plane, while

Table 1 - Stresses in Target Hele Flug

Element Mumbers

L 7 36 &7 &9 7o 104 197
S11 - 7S —S150 - 143 8276 4739 1842 =47 7
2% —~ 2484 v -Z051 273 193 ~9117 - 108 15
G ~64T30  ~S187  ~1732 5265 E970 IIZ IBBT 1927
513 - &4~ 134 —1062 - 24T — 249 - 241 - 2E1
Sma - 723 - 889 186 918y 4755 441 beZ  E97
Smin ~2488 -5154 -3400 1824 177 —9716 187 - 208

S Int =-5707 3154 ~3400 718% 4755 —-9716 2700 Z1ES



FLANT GAK RILGE, TEMNESSEE
JeB

REF. DWG, M0,

suBIECT Tdrg&i’. Mole Plug

PAGE { oF
COMPYUTATION MO,
COMPUTED Y S LM - CHECKED avj £ ka:fax PATE  |[-5-X5

TARCET Rolk Plklc, -Prima ry ¥luz Secodary Sheatias

Mablerial - 204 Ztainless Dheel

Dmr T, 0@ ]753

Frem the blate 2lement =brez: ;?:74\7' sis b is zzer that all ed thne
stresses | reqardless ok Cafeeov’/\u are. belew th's Naiye  thus
are gz,cccfr&at;le__

Prak Steezcas - Faltigue stresses ot Blement &7

Use & strecs concantrotion bacter o} L becauze Sewr otre--
Ccm-:;—:.»:h‘ntl%:‘-? i; {,\c,u;iad !‘/‘1 theﬂ J—m;‘trﬂ e.le'mzr/’t q‘/lai,\{ ciL b&&ﬂu:e_
e fine mesh.

Lx 9183 13,27% s

Sa: 9139 psl - Ne Fatigue analysis is required because the
numper of ¢y cles permitted gi this stress

amlplitude,» is mych g’f‘(,ﬂ:@r than the required
102 cycles.
_l_l@m Detween 3 Ceqter Liplas

Vee smallest Size nole. for pressure \0ad.

| _ 2 . B N ) i
Az bh-tele areq = €.5 <1, 995" cos 36 0.323 «0.7454(1.187) - ©,(67¢0 7354 (1.375)°
=4, 723- 0. 25\ 8- 0,247
= 1.2 nt

=

Al

looo < | 214 = [7)4%
Shear Ares 7-[(\«99"_“

5-1.750) +2. (1595 -1.375) | x4

= 82,9 "
— L
T oe gg = 136

&gz - Sheqr stiezz v \190mm*‘:s ow

UCN«107CA
(8] P-4 )
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PLANT OAK RIDGE, TEMMESSEE
Jos REF, DWG, NOW
SUBJIECT 'Tqrﬁs et Male ?!'43 pace 2 o
COMPUTATION HO.
CoMPUTED B8y SR AL - CHECKED av{g Z Mé‘w DATE (V.5 -&5

Shear _Stress on Plua Prom ; W2 iSk

The Majte element model was SimFl'\L‘u«';ch by '\9;’)@‘.%9 the UFE’J
outside P'\e,ca.» WHich 18 used to Cortan the upper gear pearing:
and transler the shear force @l the \ack_fng plate t» The plug .
The Shear stress Prom this 1ead ke the plug Wil be calcylabed
manually There are three o} these mechanisms to transber
the shear load teo the Target plug.

Fl 3o 1764 : *
iz 430 25,1708
|
1
22
Fl .
L N L-:s\.;,&,,_,ﬁ _____ ,1| os15"
go \Ta® T

F‘Y«cbgé? ol Shear Plzte
P/ Sackor 2 loon 17.57%0.223 Ei4on 30,17 <0, 615-35F 20
=8¢,1756% Boe ol 137

Fpr 14037:3D 7o 94 3057
Shear Areg on ﬂb«a = Za5,25ms Y3 = |} in®

T o :"”‘\:‘(uf‘“ = 7,237 psl _
Combining this shear stress with The stress 9% clement 103

SV +TL¥ s ~N47030 = TLTAPSE 4 O.1% 20, sop w e ts0ps Ok

th khe -1 Plane

Conber ob Circle at -29,5
Radius of Grc!&fmzr" = 7273
Max S= 7073-38 27143 ps)
Min S =TU73-32 +.7303 ps,

533 = 1354 p2 |

3%

UEM-10704 . I - sib e BT . i e
(0 eeen Maii s CCirele Max Z4rez: \n‘t’m,lglr V20dnT2o3 2 L0bL &3
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SLANT

OAK RIDGE, TENNESSEE
08

REF, OWG. NO.
sussecr Tqrget bele Plug

PAGE 3 orF
COMPUTATION

HO.

couruven By 2 FLedlleny CHECKED B ZZLZM& DATE [/-T -3

Siresces at Gear Shalk O?w‘mg 1n Plug ~Element &2

APFW Blestie 2trrens Concatration Backor ol 3 To Shresses S\ and $33
S\ Bz AN39+% o

Ik 207
S33x%: 297043 = U, 710
-y s 2 \ 95
3172 = - 2P

.Eﬂa_;%mmg;@éﬁm.}m_\:L

] 1 193
Cenker of Cirele, at AW

PER..E S [

| 2 7208
| KX R ot Circie. = {fiea™, (477205} = 7017
| 7‘2"‘5 14207 Max S Tl +T7o\] =
TR

|

= ¢, FSn
Tty s5e5 gt ‘E%’;*;r‘\w} ¥ecass ~Bement 7.

Min s= 7Le5~7e17

i

13 7St

Mex Stress \»\-&ws}t7 2 14 ps e

Apply Elgshe Stress Concontration ol 3 by Stresses Siewd 533

S x3 25150 = - 15450
S23+3 T ~DIR7+ 3 2~ (556
312 = - 873
2\ = ~ 124
. -15452-893
- Cenler ot Cirele = =

- 22322 - g1y
2 ot Cirele ={(134)% (317839 = 1279
WMay S 2 7279 -8 = - T9L ps)
Min 5 =

=7079 - B = — 15, 4Fops:
M asx Stres: ln%%:)t7 = "%%ﬁfﬂ

=14

UCM-1G70A
i 8-62)
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PLANT QAK RIDGE, TENNESSEE
Jon REF. OWG. NO,
suasgcT Tary ot Hele Pfug epace 4 oF
COMPUTATION NO.

cowruteo oy Ok, CHECKED avrg\i [ZAML DATE \\-5-38
'

Brackets Er Pl ug

Area &l Lar‘gﬁs‘t Ll Pfue
A= 07354 (] 750" = 7,425 n*
Lead = loco x1.405 = 24nS*

|
A TMp 2 U05x3-F 20
P 72154

IR
| B cn-Lg'am‘* S ZHRy= -TUS+ W05 +6 20
r ' RN
st

Fuz. \
! «'a--j\ﬁso*ﬁ‘-kl’éovl-

)

T4eTH

Shiear Stress in Plug Prom %j LNC Bolt Az 0750 x| = 2,356 N
oz -E-, JEZ - zeer PS\ <4, ,seDp5L 64

.35
. & _ 43lo - :
R Rl SIS
Tensile Strezs in Bolt  A=o, 2oLt
= TE2 = 1339 psi Use Vigh Strength Bolk 8193-P7 (17-4 p4)

C e '
Shear Stezzin o Do, Pig

ik 11 = L 242 Ps) < |4 &
aTISHEER = LIPS < poepn o

ol

Ecar‘m_? Steess 1 Bracked gb Wele
oo R} 2
T > 7’_;%51‘ = A4R10 P oy,

UCN-1070A
(8] g-83%)
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PLANT OAK RIDGE, TEMNESSEE
108 REF. DWG. NO,
SUBJECT Taraa% eole V\ug pace © orF

COMPUTATION NQ,

conruten 8y CZFol oy GHECKED an[ f@_\ DATE \\.5.35

Stresses In T'qip?e.d Hole - Elammt |04

r‘&??l7 Elgstic Stress Concent r‘a{—‘mn Packor ab 2 Yo stresses SI| and S33

SUHA3 = F4Lx3 = |Gl
S33+3 = T3I%7«3 2 364)
S =~ |o%
S T - Ul LLBEL v =173

P\‘"\ﬂd—qs‘ﬂ“ D aseae |, Plape -2

Cemter ol Qircle at _'17—_41:_(22__ = 59

R of Chele ~ \)(1795‘)1*(%%‘759)7 =244

Max ©= .94+ 759 = 2633 P

Min S = 139-294 « =265 Pz

Max Stress lnten sity = 8661+ 2465 = 10, 126 Ps)

Stresses Under Brackel -Elemant 108
The Bracket adds a c.amfw«t:s'wc, tresst o the Target Wole Plug
N direction B equal be - 4d3pst This makes 533 ezyal ‘
533 21907 1443 = 434S, Adding Ehis stress by Superpezitien
£o the Rinmbe element Mi’fu" gWET @ Maxim e Strezs 18%%51%; ok ;

484+ 2068 = e7ZpPs o%

UCN10704
(3] 2-839)
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PLANT OAK RIDGE, TENNESSEE

JO8 REF. ODWG, NO,

suBJECT ‘T'a,r‘ee‘h Hole P}ug

PAGE oF

COMPUTATION O,

N
couruten sy C s ldimar CHECKED avdqim oATE \I-5-38

gk Stresses
Caleulate pemk strezses usn'ng q (laf'xgu«.. mdrezs conczairation

. SN A ! o
factor of 4 whieh Pamgrth NB -3232.3(¢ reavires for bhreads,

aﬂ;nu “:o ‘t"ne ndytmiie Stpess munsz"'r/.

.

cat Element Mo, Max Stz Inténaty Peale Shrac:
Corvner } - 5707 -2 3%
Spving Hole -5, 452 -Gl, 320
O»&'ng ErpeNe 24 ~ Z460 -3, 600
corner &7 F1I39 2675 %
G 2ar Shalt pole @ 4,202 54,885
Corner T -2 76 - 33, So4
Tapped Hole | 04 0,815 43 304

The Mmaximum peak. Stres: ol ©l,3e0ps1 occurs ad the
SFM‘HQ hole . Sa= &1,3¢c/2 = 30,9ce Fet. AL this stress e
mece bhan 10%Cycles are ailowed, While orly:p3 v Cias qre v g,

UCN-1070A
o 9-43)
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PLANT OAK RIDGE, TENNESSEE
som REF. DWG. NG,
sussecT  TRrg et Hele Plug Pace 7 oF

COMPUT ATION o

cowputeo BY @ Aetdu . CHECKED BVX{-Z‘;&LL,‘_ o

ATE \\-‘5-85‘

S’crmg{h af Td?(’?id Heales Lor Duinmy P\ugs»T&rga‘t Plua # Cyick C)‘omine Vakeh
Qu:‘u'\re/a Length of Thread Engagement -«iUMCJ 2od 22 Interna' Threads,

Fram”Mac_‘/\'mex\,’s @ Deoi. LIPS R S0 TP P e,
AT

Les : :

> iale ¥n max ["A’I-n‘f 0'57735'4(55,“\“‘ “ v W\O‘J‘)l
. 2% 8,334

T Bkl 0. 6L33 (2.5 r 0. 571735 %0 0,6773-0.6155)
= o, 425"

, \ ) Bt

Ad,jugt For Raduce d Dhank Dig Relt = 8130 =0 415 . o, a3

~ o, 224
Az 3. 1% 5nle K max \_—Zlg * ©. 57735 (EEsmin -V, max)
=2 1415210 <0.425 » 06155 |5, +0.57785(0.4713-0,6255)

2 0. 6673 In
Anw B 4G Le Ds""’)[i&: “"057735(95 mn - Eg m¢%>]
|
231416 %10 x 0. 425 x0,7353 |7 + & .57725(0,7353 -2, 2927)
= 9,733
_ AiaSkocren  _ R6@3xlk 00
b= Avn xS ::? O, RLIx O, C a0 3,480

Por Reduced Shane boll
€= 0162 %3,490 = 0.577" Thread qucrgtmmt' -V Freuioed

UCN+1070A
o 2-81}
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Quick Opening Hatch — Drawing M-~11506=-0H-0Z0~-E~Rav, O
The Guick Opening Hatch s a Z6.25" diameter disc, 1353.875"
thick, with a 17.7" diameter central hole which cantains
the target plug. Experimental holes, 1.878" diameter,
are located very ngar the central hole, in closely spaced
pairs at Afour equally spaced positions. L.oads on the Guwick
Opening Hatch are a 240,528 1bh load applisd tio the inner
greoave by the Target Flug and an additional pressure load
on the bottom of the hatch, resulting in a total load of
706,862 1h resisted by the Hatch Ring load applied to the
top outer surface of the hatch.
The finite element analysiz indicates the highest stresses
at the upper caorner at the junction of the hatch body and
flange, element 110, and the restraint at the outer corner,
element 197.

Jable 2
Stresses in Quick Opening Hatch
Element Numbers
3 110G 112 1329 1835 184 197

S11  ~1446 —~ 2963 437 1342 141 1194

S22 -~ 972 - QOIE 3217 59468 184 ~10977

8§33 —-153& - 3342 1144 2343 4728 291

Stz - 70 -~ 27846 -~ A7 -~-1095 - 122 - 2E94

Smax — 139 - 1878 218 214 287 2076

Smin ~ 977 ~—101469 427 10946 40 -1185%

Sint ~17297 ~1016% Izie &E14 46840 -11859
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PLANT CAK RIDGE, TENNESSEE
Jos

REF. D®G. MO,
suB ECT S'\)ul‘c,)«,. DFMI‘HS; Hﬂédh

page  \ oF
COMPUTATION

nO.
computeo ay K Fedderins

CHMECKED BY (g {Q‘LMML_ DATE ||~ 5%

S

STELSSES IN QUK. OPEMING MATCW
,M_MA}_LAQA Bvnw Tovrmet Uua

Lead =2 0,7854x(17.5)*x o = L46,52.3%

Area ob Blement 183 = M(9275%3950") = 25,533 in*

= "35’5;3 = 730051 (Add as 16ad on Fiite Tlemert Mada!)

Stresses ot \.‘Z‘?E'Dih!..@nédudmb‘ Heles Element 12

Apply Eldstic Stress Gencen tratien Facker from Reark-abh Edition, P34
Case 5(p) with hele near edae of Wide plate ko st

mrcel Siland $3%
Fer&=1 , w:35
S35 = 427325 = 1445
823835 = 1\4en35 = <401l
YA = 37
S\ I

pw\md‘pa\ Shpesser 1 Pane 7.

Center oi Circle, = _ﬁllliiﬁﬂs. =

2356
Rob Crale = (@ (3172550 = $61
R Max S = 7356 + 861 = 3218 ps
MinS = 2355 - S&L = 4724 g5

Max Stress \Y\M%\’Cy = ’37&12? St

UCHM-1070A
u 9-63}
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PLANT QOAK RIDGE, TENNESSEE
Jos REF. DWG. NO.
. . i
SuBJECT Wuick OPﬂﬂmg bartch PAGE <. OF

COMPUTATION

NO,
comPuTEDd BY (T A0 lt CHECKED BYJZW‘-& oate  (\|-5-35

Stresies an D!ug Lrom Ints-nal Pressure

Stresses 1n Thick Wall Cylinder-Reark, Taple RIL | p303,Case 33
'Si(Lengitudinal) = ©

I@n_g_z&i'ml Stress So.To De added to 33 Shreares from Binibe Flenent dvalysis
2
At Inner Surlace = P brveh 1oeo~:51——’”—&—‘,—5~) = 2031 Psl

bt —al 5:.8.75%
Y L (v~ ol R 55BN mS) s
At outer Surbace Hp-ay) = 1ee° 5t (15 375%) T oorpA

These S+treszes are due =p ‘)c‘w:. 'eoopst Prassur exerted on
the inside digmeter &t the Quick C?cnma #-X-a-kc:h below The

©-Ring 5eal and tney ackin the tangential direction (533),
|t 15 Seen by mspection ok the Fimte Eloment Analysis results
trat the additien P Ahese stresses s of no consequence,
These sthresses were cylculated manyotly because the

Binite Element Program dees not qecept pressure leading
Q«ﬂ:t\'c& m thic direction.

UCN-10704
i 2-83)
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PLANT OAK RIDGE, TEMNESSEE
Jos REF. DWG. MO,
. . !
susjEcT RUI ok PPdng Hettely Pace 3 oF

COMPUTATIOM

Ho.
comPuTED BY (I 78/t e CHECKED avgﬁm oate || -5-35

Dk Aoening biabel - Dlua Bracks s
7 el
Lasa =ram el Pllig__

Iares of Wole = (2,057« 67854 = 3,976 1"
Load = 1000 %3.976 = 3976 "

o
{ - ,,,_M____\ ‘

29 |7é*‘ L\

e te,*sn ‘

EMoz 3.1Ex397%~1.15F 2 0
Bz o 339"

Z_F7 = 297 -0, 338 +G =0
G GiaLt

'

f%;ﬂerao-'---b]i‘-ﬁﬁo '

Snear. Siyess n brakeh Brow %HUHC %o\{:l Ag: o TIEOxTIx = 2,354 10"
B loEry -
’T’ - ?'; - 2"35@ - 4;38 P$\ @&.

C@V\j_?WCSS:\\IL Shress \n bratel Deanm Bracket
= R \nzig = LHlBPs ow
Tensile Stress 1n Bolk , A D020t

- A2 338 o o= o
T e T PRI |

Shear Stress in {Dﬁ Pin

M £ ‘,@100?59, o,

-
T = 2r 01854
Bearing Skress ‘n Bracket at Hole

&2
T - :7-;‘&5"‘! = 63(&2—?5\

Mmum,?&@ﬂmi&mmm.aihﬂh ?—vr%h UNC - 3a 564-&r-630

76, o0
DiQm eker for this area --\59.'.‘?-.2 =045
27354

UCN-1070A
« 2-83)
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PLANT

OAK RIDGE, TENNESSEE
JOB

REF., DWG. NO.

sussgcTr  Quieke Opening Hateh PAGE & oOF
COMPUTATION

NO.

cHECKRED nY(gC{W‘_‘_ pATE | {-G-35

COMPUTED BY L{,’?/’L%

Stra

-r’ L% '@ - | 2

AF?‘) Elastic Stress Concentration Fretor o

SN A3 = 14l B

= 43
S33 43 = 49Wx3 =14 1%
S1Lx? = 184
S . = -1 L

Pring pa! Thyramcos

1m Plgne, VL

Canter of évtlc at ﬂi&

\ = Zea

( R ot Cwl‘c -\)(-Lu (4.&3 T = V7o
*'I?‘ Max S = 3o4. |70 = &4 ps
{ Min 5 = B0 -170 = [34ps!

Max Shrezs

LY
Inkenziky = 1| 324 2 14 OFB P51 o
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Buick Opening Hatch-Hakch Ring — Drawing-Allis Chalmers 43-301-063
The Hatch Rimng is & bayonet ring 43.5" in diameter and
12.75%"  high which transfers the load from the hatch to

the top head of the reactor vessel through a Fflange on
the top head.

The Finite elenent stress analyeie indicated the two areas
af highest stress te be the i1ngide corner of the ring at
elements 21 and S7.

Table 2

3

2

Stresses in Ouick Qoening Hatch ~ Hatch Ring

Element Numbers

21 ) 57
147 099

~4810 11182

—-391% 3197

80 - 2302

148 11791

Smin —-43811 2490
Sint -4811 11791
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000
000
000
000
D00
000
000
000
000
000
060
. 000
000
000
. 000

D00
000
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120
122
124
126
128
130
132
134
136
138
140
142
18
14
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100
101
102
103
104
105
106
107
108
109
110
i
112
13
114
115
1s
17
118
119
120
121
122
123
124
123
126
127
128
129
130
13
132
133

‘

1AXTSYNHETRIC ANALYSIS

14/
149
151
153
153
157
159
151
163
165
167
169
1
173
175
177
179
181
182
184
186
188
190
192
194
196
198
200
202
204
206
208
210
212
214
216
218
220
2?2
22
226
228
230
232
234

238
240
242
244
246
248
250
252
254
256
258
260
262
264
108 1

OO0 OO OO OO O ODODTOOODCTCO OO E

148
150
152
134
136

160
162
164
166
168
170
172
174
176
t78
180

183
185
187
189
191
193
193
197
199
201

261
263
263

1

MUNBER OF ELEMENTS
RUMBER OF MATERIALS

oSO O OO OO0 OO OO OO DO DO CCDOCOOOCOOOOCOCOCOCTVOCOTOCOCOCTTRTTTOOCD

108

C OO OO OO OO0 DO OO OO DO DO OCETRO

C OO O O OO OO OO T DO EDTOODOOOCOOCD O OO OO TOCODTOTOCODOCTOOD DO
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RAXIMUN 1EBPERATUKES

PER MATERIAL

AHALYSIS £ODE

CODE FOR INCLUSION

OF BENDING MODES
£0.0, INCLUDE
81,0, SUPPRESS

w n

" HATERIAL 1.D. NUMBER =
NUKEER OF TENPERATURES =
EIGHT DENSITY .
ASS  DENSITY =
BETA ANGLE =
TEMPERATURE E(NI

00 2830E+08

ELENENT LOAD MULTIPLIERS

LOAD CASE  TEMPERATURE

A 000

B 000

€ . 000

B 000

JELEMENT

NUMBER i J K
t { 2 1

2 2 R ]

3 3 LAY

4 4 5 18

3 S 6 19

[ [} 7 %

7 7 8 2

8 8 9 22

-0
o
—
=
~
ol

1
1

.G0G0E+00
0000E+00

000

E(S)

+ 2830/

PRES

!

L

E+08

SURE

000
2000
000
000
MATL
TYPE

L
l
{
{
1
t
1
1
{
1
i
1
1
1
1
1
1
i
1
1
i
{
1
1
{
{
i
i
1
1

E(T)  NUHS)

+ 2030E+08

C-ERAVITY ¥

L000
000
000
000
REFERENCE
TEMPERATURE

000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
.000
000
000
000
000
000
000
000
000
«000
000
000
000

-GRAVITY

000
.000
000
000
1-J FACE
PRESSURE

J263E404
100E+04
L 100E+04
. 100E+04
L100E+04
L 100E+04
100E+04
, 100E+04
L J00E+04
. 100E+04
L 100E+04
JO0E+04
L DOOE D0
O00E+00
" OGOE+00
L DO0E+00
. DO0E+00
L ODOE+0D
. (0DE+00
000E+00
LGOOE+00
L 000E+00
. DOOE40D
O00E+G0
DOOE+OQ
.000E4D0
LDODE+D)
O00E+00
OO0E+00
000E+00

RUNT}
L3000 L3000

61

I-GRAVITY

.000
000
000
.000
STRESS
OPTION

e I e e e P D e e dn e e e e e A D e e e B B e e e e e

NU(5T)
3000

K6

§(N5)
<I200E+08

THICKHESS

0000
0000
0000
0000
0000
0000
0000
0000
D000
0000
0000
0000
0000
0000
0000
0000
20000
. (000
0000
+ 0000
0000
0000
0000
0000
0000
0000
. 0069
0000
0000
000D

ALPHAN)
«9300E-05

ALPHA(S)
LI300E-05

RLPHAIT}
»9300E-05



100
101
102
103
104
104
107
108
109
110
in

112

160
101
162
103
104
103
107
108
109
110
111
112
144
115
114
17
118
19

107
108
109
110
11
113
114
13
116
117
18

000

009
000
000
000
000
000
000
000
000
000
000
000
. 000
000
.000
000
000
000
000
. 000
000
000
000
000
000
060
000
000
000
000
000
060
060
060
. 000

.000
.000
000
.000
2000
000
000
000
.000
060
000
.060

- 000E+00
QGOE+00
000E+0D
L000E+00
L000E+CD
JO00E+G0
. G00E+00
000E+00
H00E+00
QODE+00
DOOE+00
. 000E+00
GO0E+QD
000E+00
D00E+00
00CE+0D
2 D00E+00
LO00E+G0
O00E+0D
000E+0)
O00E 00
LO00E+00
G00E+00
D00E+60
DOOE+00
JO00E+0D
O00E +00
000E+00
OO00E+00
L000E+00
O00E+0
.000E+00
L000E+0D
. D00E+00
000E+00
. 000E+00
. 000E+00
DO0E+GD
. DDOE+00
JD00E+00
2 000E+00
. D00E+00
LO0QE+00
D00E+00
L 000E+6D
.000E+00
DOOE+00
DOOE+GO
. 000E+00
LO00E+00

*. O0DE+0D

. 000E+00
L000E+00
D00E+00
L 000E+00
. 000E+00
D00E+00
. 000E+00
.000E+00
000E+00
.D00E+00
. 000E+00
. 000E+09
L000E+00
000E+00
LO00E+00
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0000
L0000
0000
L0000
. 0000
L0000
0000
. 0000
. 0000
0000
0000
0000
,0000
. 0000
L0000
L0000
. 0000
L0000
.000¢
L0000
. 0000
0000
. 0000
L0000
L0000
0600
. 0000
0000
L0000
L0000
L0000
0000
L0000
0000
0000
. 0000
0000
0000
0000
.0000
. 0000
0000
L0000
. 0000
L0000
0000
0000
0000
. 0000
. 0000
0000
L0000
0000
0000
. 0000
. 0000
0000
0000
9000
. 0000
0000
. 0000
L0000
. 0000
0000
L0000
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L ZZS Y T ST B V4 S V1 1 LU00 L 000E400 L} 1 0000
98 114 115 122 121 i 000 .000E+00 4 i 0000
99 113 16 123 122 1 000, Q00E400 4 1 . 0000
100 116 117 122 13 1 L0006 LO00E+DO L} 1 0000
101 117 18 125 14 1 000 L0OOE+00 L] i <0000
102 118 119 126 128 1 L0000 L0O0E+0D 4 i 0000
103 120 121 t28 127 1 000 L OO0E+00 L} i 0000
104 121 12 19 1A 1 000 L 000E+00 4 t 0000
105 122 128 130 129 1 000 .000E+00 L] 1 0000
106 123 124 131 130 1 000 (O00E+00 4 ] 0000
107 124 123 132 13 1 L000 L 000EH00 4 1 , 0000
108 125 126 133 1R i 000 LO00E+HC0 4 1 20000
IEQUATION PARABETERS
TOTAL HUMBER OF EQUATIONS = 2b%
BANDWIDTH = 30
NUMEER OF EQUATIONS IN A BLOCK = 124
NUMBER OF BLOCKS = 3
iNDDAL LOADS (STATICH OR MNASSES DYNANLIED
NOOE  LDAD X-A11s Y-AX1S 1-aX18 1-AX18 Y-AX1S 1-AX1S
NUMBER  CASE FORCE FORCE FORCE HOMENT KONENT NONENT
STRUCTURE ELEMENT  LORD  MULTIPLIERS
LOAD CASE A B C ?
t 1,000 000 000 000
tNODE DISPLACEMNENTS/ROTATIDNS
NODE  LOAD X- Y- 1- X- Y- 1-
NUMBER  CASE  TRANSLATION  TRANSLATION  TRANSLATION ROTATION ROTATIDN ROTATION
0 133 i L00000E+90  L24415E-03  (J0322E-02  .00000E+00  ,Q0Q00E+00  .OGOOOE+0D
0 132 1 .00000E+00  ,20344E-03  .3J046%E-02  .0O000E+00  .Q0G0DE+00  .0000OE+0O
[ M} 1 LO0000E+00  .26643E-03  .30674E-02  .00000E+00  .00000E+00  .COO0OE+QD
0 130 1 .00000E+00  ,27823E-03  .3096%E-02  .00000E+G0  .DOQ00E+00  .0O0DNOE+OD
0 129 1 .00000E+00  ,2B605E-03  (3I321E-02  .000O0E+00  ,00000E+00 . 0000OE+00
0 128 f L00000E+00  .2921DE-03  .31642E-02  .00000E+Q0  .0OOO0E+O0 . Q0000E+0
0 127 1 L00000E+00  .30775E-03  L31998E-02  ,00000E+00  .00000E+0D . 00000E+G0
0 126 1 LO00000E+00  ,23224E-03  .30397E-02  .O00OE+00  LCOO00E+00  .0ODOOE+00
0 125 1 .00000E+00  .23034E-03  .30531E-02  .00000E+00  ,OROOOE+00  .0O000EH0D
9 14 1 .00000E+00  .249T74E-03  .30756E-02  .00000E400  .0GQOCE+C0 . DO0OOE+0D)
9 123 1 .00D00E+00  ,25746E-03  .31094E-02  .Q0GO0E+Q0  .00000E+00 . 00000E+GO
0 122 1 J00000E+00  ,24279E-03  .JU4976-02  .O0000E+00  ,QOQO0E+00  ,0000OE+00
[ V3 1 L00000E+00  ,26789E-03  .31BG7E-0Z  ,00000E+00  .00000E+00  .0000OE+GO
0 120 1 L00000E+00  ,2811BE-03  .32193E~02  .0O000E+00  ,00000E+00  .(00000E+00
0 119 1 L00000E#00  ,Z25344E-03 . J0462E~02  .00000E+00  .DO000E+00 . Q0000E+0D



11y

17

16

13

114

13

112

111

110

109

108

107

106

103

104

103

101

100

99

98

97

96

94

93

92

91

9

89

B8

87

B

LUUOULE GO

. 00000E+00

. 00000E+00

.00000£+00

00000 +00

. 00000E+00

. 00000E+00

. 00000E+00

. 00000E+00

+00000E+00

00000E+00

. 00000E+00

L 00000E+00

. 00000E +00

L 00000E+00

. 000005 +00

. 00000E+00

00000 00

. 00000E+00

. 00000E+00

-00000E 460

L 00000E+00

. 00000E+00

. 000005460

L DO0QOE 00

. 00000E +00

. 0D00OE +00

. 00000E+00

» 00000E+00

. 00000E+00

. DOCOOE+00

+00000E+00

. 00000E+00

« 2380003

+ 24499E-03

25143603

. 25388E-03

. 25491E-03

26324E-03

. 22589603

L23973E-03

< 25049E-03

L 25521E-03

J23170E-03

L 24726E-03

. 24889E-03

.28134E-03

. 25486E-03

26824803

. 26004E-03

24749803

. 23629E-03

. 23047E-03

.261376-03

. 30183503

27975603

. 25333E-03

J23073E-03

21290803

19972803

1 1433E-02

L 98934E-03

.B7802E-03

L 788A5E-03

JO283E-03

. 99450E-03

64

. 30542E-02

.30818E-02

31221602

31697E-02

. 32147€~02

V3284502

. J0478E-02

+ 30535€-02

. J0852E-02

. 31368E-02

. 31958£-02

JI2484E-02

. 32R17E-02

JO414E-92

30A1T7E-02

. 30876E-02

~31596E-02

. 32302E-02

. 32923€-02

33J40E-02

J0121E-02

. J0145E-02

31070E-02

»31925E-02

32744E-02

SSAGTE-02

.34008£-02

. 00000E+00

.97075€-03

. 14047E-02

« 1B145E-02

. 21862602

L23333E-02

«00000E+00

+DOCOOE+00

. 00COOE+00

. 00000E +00

. 06000E+00

. 00000400

. 00000400

Q0000E+00

. 00000E+00

. D0000E +00

. 00000E+00

. 00000E +00

. OBDO0E+00

00000E+00

+ 00000 +0¢

. 00000E+00

00040E+00

00000800

.00000E+00

00000E +00

. 000G0E+00

C0000E+00

. 000G0E+00

00000E+00

. D0D0OE +00

. 00000E +00

. 00CO0E +30

. 00000 +00

. 00CO0E+00

. D0DOOE +G0

00000E +00

. 00000E+00

. 00000E +00

. 00000E+00

00000E 200

. 00000E+00

L 00060E+00

00000E+00

00000E+00

O0000E400

, 00000E+00

,00000E+00

- 00000E+00

. 00000E+00

00000E+00

. 00080E+00

DOGOOE+0D

. Q0000E+00

. 00000E+00

.QOCO0E+0D

. 00000E+00

O000DE+00

+D0000E+0D

L00000E+00

. Q0000E+00

.00000E+00

«DO000E+00

00000E+00

DOCOOE+0D

00000E+00

00000E+00

. C0000E+00

00000E+00

«00000E+00

. 00000E+0D

- 00000E+00

. 00000E+00
L CODDOE+0D
.D0D0OE +00
.DO000E +00
.£O0O0E 00
. 00000E +00
L00000E 400
. DO0OOE+00
LD0000E+00
L 00000E+0D
. 00000100
.DO000E+09
. D000DE+00
. 00000E+00
. DOC0BE+00
. D000OE +00
L 00000E+00
. 0000DE +00
. 00000E +00
. 00000E +00
. D0DOOE 00
. 00000E+00
L 00000E+00
. 00000E ¢00
. DODOOE +00
, D0000E+00
.CO000E+00
L DO000E+00
. DOCOBE +00
, DOO0OE +00
.CO00OE+00
. D0000E+00

. 00C00E+00



1]

B4

a3

82

a1

80

79

78

7

76

7%

74

72

i

70

59

48

87

.13

85

04

a3

82

&l

40

59

38

57

S6

93

34

53

LUOOUOL IOV

000008400

GO000E+00

. 00DOOE+00

+00000E+00

.00000E+00

00000E+00

«0000QE+00

L D000OE+0D

00000E+00

«00000E+00

. B0000E+00

D0GO0E+0D

00000E+0D

OB000E 0

+ 0000CE#B0

0ODO0E+0D

«00000E+00

~0000E+00

+00000E+0D

+DOOOOE +00

. 00000E+BO

. 000GOE +00

. 00000E+00

L DOOOOE+00

+Q000BE +00

.00000E+0D

00000E+00

. 00G00E +00

. 00000E +00

L 00000E+00

O000CE+00

OU00QE+0D

« SYBI0E-0S

SH4THE-03

+239H9E-03

. 22118E~03

. 19158E-03

16928E-03

. 14986E-03

52276803

49105E-03

+S0BOJE-03

AB4T7E-03

H04680E~03

. 324726-03

. 28047E-03

LAITIBE-0T

< 19060E-03

. 15254E~03

12399E-43

. 10078E-~03

. T6995E-04

< 19247E-03

«1340BE-03

. 15837€~03

16153603

A3H74E-03

11343603

L97139E-04

87258604

BI4LTE-04

JATIATE-04

. 27270E-04

«T302BE-03

-, 1B930E~04
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+29163E-02
+ SO3E3E-02
«31391E-02
32347E-02
+J3253E-02
. SA057E-02
SATTHE-02
.36291E-03
.95220E-03
14551602
2 18545E-02
222317802
«23970E-02
. 28993E-02
«J0657E-02
+31807E-02
. 32833E-02
L3377TE-02
38645602
. 39553E-02
D5892E-03
«FBILBE-0F
. 14539E~02
.187458-02
22568602
. 26030E-02
. 2BBAEE-02
30763602
. 321268~02
. 33235€-02
34239602
33213602

. 3626bE-02

.D0000E 400
0000E400
00000E400
«000COE+0)
«00000E+00
00CO0E+00
A 00000E+0D
5000005+00
. D00QOE+00
. Q0000400
. DOOOOE GO
.D0000E400
000005 +00
. BO0OOE+00
2 D0GO0E +00
DO000E+00
. 00000E +00
«Q00O0E+00
DO0BOE+0D
. CODODE+00
.00000E+00
L OB00OE+00
. GODOCE+00
0O000E+00
<Q0000E+00
LO0000E+00
« ONOOOE+G0
+0600DE+Q
. 00000E+00
.00000E400
.00000E+00
DO000E400

. 000D0E+00

DOD00EHD

DOCOOE+00

. 00000E+400

> D0COOE+00

. 00000E+00

«00000E+D0

» 00000E+00

«00COOE+0D

. 00D00E+00

. Q00OOE+G0

+00000E+00

OQE00E+00

+ 00000E+00

. Q0000E+00

. DO00CE+G0

GO0GOE+G0

. D0CO0E+00

+ 00000E +00

+ D0000E+00

. 00000E+00

«00000E+00

JOODOE+00

L QO0OE+00

+H0000E+00

. D0000E+00

. DOOOOE+00

+00000E +00

00000E+00

» 00000E +00

.00000E400

. 00000E+00

« (OO0 +0D

.D0000E40D

0G000E+00
+HO000E+00
L0DO0E+00
. 00000E+00
D0000E+00
00000E+00
- OGOOCE+00
H0000E+00
 DBO0OE+60
. 00000E +40
L DG000E +60
. 00DO0E+00
«BOOGCEH0D
. 00000E+00
. 00000E +00
L 00GOOE+3D
. 00000 +00
LOB000E 100
GO000E+00
«GO000E+00
+ G0000E +60
. D0000E+00
+O000CE+0D
D0O00E+00
. DOB00E +00
L 00000E G0
LO0000E400
00000E+00
000BOE+00
. 00GOOE+00
»00000E+00
O000GE+00

- 00D00E+00



BY4

at

30

L}

n

Y

1

L

3

42

L]

40

3¢

37

3

3

33

3

30

29

21

2%

%

3

22

21

20

 DUPUOE UL
- OU00DE+00
JO0000E+00
. D0000E+00
. 00D00E+0D
+D00G0E+GD
. 00000E+00
- 00000E+00
L DOO00E 0D
JO000GE+GO
00000E+00
. D0000E+0D
. D0000E+00
. 00000E+00
. D0000E+00
+00000E+00
- D000DE+00
+00000E+00
O000DE+00
00000E+00
. 00000 +00
00005400
DOOGOE+00
O0000E+00
. 00000E+0D
L Q0000E+00
. 00000E+00
+ H0000E+00
. DOOOCE+D)
D00GOE£00
00000E+0D
ODCOE+DD

 DOO00E+(0

- HP3Y2E-0R
-, H&97E-03
-, 12404E-03
-, 11787E-03
- 11116E-03
-.10678E-03
- $7697E-04
-.§96328-04
- B5079E-04
-, B4536E-04
- 93145604
-, 10673E-03
- 13401E-03
-, 35214E-03
- 37152203
-, 38427E~03
-, 37590E-03
-, 397206-03
- 33207E-03
-, 30372803
-, 276TTE=(3
-, 23376E-03
-, 236R4£-03
-, 22842603
~, 23346E-03
~. 241 T6E-03
~. h2300E-03
-.b4281E-03
- 63077E-03
-, b3975E-03
-, 61037603
~, 5b492E-03

~S1S47E-03

66

»bH4T2E-03
L 103126-02
. 14551E-02
. 18725E~-02
« 22556802
2593502
. 287236-02
30731802
L 322636-02
. 334636-02
. 34570E-02
35642E-02
L J6R36E-02
LTIBA2E-03
. $0630E-02
«14603E-02
18626E-02
22414602
L29T44E-02
. 28549E-02
. 30614E-02
32234E-02
. 33348E-92
SAT22E-02
.35911E-02
37229602
L 73883E-93
. 10818E-02
A4597E-92
. 18388E-02
S 22201E-92
295156-02

«28296E-02

+0000CE+00

. D0000E+00

. DODOOE+00

. 00000E+00

DODOOE+G0

00000E+G0

GOB00E+00

<000B0E+00

0000DE+00

+ D0O00E +00

B0000E+00

D0000E+00

. B0000E+00

DEOO0E+00

. D0D00E+00

DO0O0E+00

. 00000E+00

. DO0O0E +00

000008400

L 00000E+00

00000400

. O0000E+00

. 00000E+00

. Q0000E+00

L DBOOCE+00

- HODOOE+00

0DO00E+00

. D0000E +10

00000E+00

DODDRE+00

. DO0O0E+00

. 00000E400

L00000E+08

00D00E+00

. D0000E+0D

«DOGOOE+O0

+D0000E+00

«00000E+0D

GO000E+00

00008400

D0000E+00

H0000E+00

+ BOBDOE+0D

DOGOOE+00

00000E+00

. 00000E+00

« BO0BOE+00

. 00000E+00

00000E+00

L DO0OOE+00

DODOOE+D

DOCOOE+00

. 00000E 400

+Q0000E+00

. DODOOE+OD

. O0000E+00

,00000E+60

+00000E+00

. BOONOE+00

«00000E400

00000400

. 00000E400

« DOOODE +00

. 00000E+00

+00000E +00

. 00000E+00

. D0000E+00

+00000E+00

+D0000E+0D

00000E400

. 00000E+00

. D0Q00E+00

<00000E+00

D0000E+00

O000DE40D

2 DBO0DE +00

00000£400

. 00000E400

«B0000E+00

L DEDOOE +00

. 00000E+00

L DO000E+00

«O0000E+00

. DOOODE+00

«00000E+00

. DOCO0E00

- D0CO0E+00

DOODDE+00

D0000E 00

. QODODE+00

-00000E+00

- DODOOE+0D

-00000E+400

- Q0000E+00

.0000BE+0D

- DODODE +00

. 00090E+GO

L 00000E+00

. 000J0E+00



v 1Y
0 18
0
0 1%
0 s
0
o 13
012
0 u
o 10
b9
0 8
0 7
0 6
6 5
0 4
0 3
0 2
o 1

ITRO-DIMENSIONAL

t.
2.
OELEMENT
LORD LOC
1 CEN
0
OELEMENT (
LOAD  LOC
1 CEN
0
QELEMENT (
LoAR  LOC
I CEN
0
OELEMENT (

LBAD LDC

1

t

1}

2)

« QUOUOLHI

. 00000E+00

+O0000E+0D

A 0D0OCE+00

- 00000E+00

GO00OE+00

.00000E+00

L D0000E+00

» 00000E+00

D0B00E+00

+H0000E+00

00000E+00

.00000E+00

JO0000E+20

. 00000E+00

. 00000E+00

. 00000E+00

+ QO00GE+GO

. 00000E+00

Sil

- T2479E+03

s

~ 19136E+04

3

!

Sit

- 30000E+04

Sit

~ 866 /9E~03

~. 42324E-03

-, 38967E-03

-+ 36873E-03

- 366326-03

- 39732E-03

-, 90423E-03

~,§3257E~03

-, 4829E-03

- 93497E-03

-, 888635E-03

- B1626E-03

-, 73033E-03

- 64972603

-, 57916E-03

-.52718E-03

-, G0143E-03

-, 30646E-03

- 53014E~03

FINITE

§22

-.24856E+04

822

- 13410E404

§22

-.10120£+04

522

67

JSUSHEE-GZ L Q0COOE+0D
JI2059E-02 L O0000E+00
J33430E-02 L 00000E+00
JS4673E-02 (QOBODE+DD
J5998E-02 L 00000E+G0
JI74B2E-02 L 00000E+GO
JHA2TCE-03  LQ0000E 0D
.10849E-02 L 00000E+00
JA451HE-02 L O0COOE+00
L1B273E-02  .0O0000E+G0
J21884E-02 L 00000E+00
J2I136E-02 L00000E+00
.2789BE-02 L DODOOEYOD
SS0010E-02  L00000E+00
JIL728E-02 LO0000EL00
J33LA3E-02 LOD00DE+OD
. 34438E-02 L 000Q0E+00
(38926E-02 (00000E+0D
J376T4E~02 L 00C00E+0D
ELENENTS

S33

-.64293E464

833

= J2657E+04

533

- 492498+ 04

CENTROID STRESSES REFERENCED TO LOCAL Y-Z COODRDINATES.
MID-SIDE STRESSES ARE NORMAL AND PARALLEL T ELEMENT EDGES.

512

- 63499E402

§12

1T642E403

512

432826403

512

+D0000E +00

00000E+00

D0000E+00

+ 000COE+00

D0000E+00

00000E+00

. 00000E+00

+ DOCODE+09

+ 00000E +00

. D0BOOE+0D

. OQ000E +90

+ DOCOOE+00

+O0000E +GO

+00000E+00

L DO000E+0D

+DO000E+00

GOOG0E+D0

. Q0000E+00

. 00000E+00

S-Max

=, T2250E+03

§-HAX

- 12909E+04

S-HAK

= F2199E+03

S-Hax

00000E+00

. 00000E+0D

. 00000E+00

. 00000E400

+ D0000E+09

. B0000E+00

- D0B00E+00

Q0000E 400

. 00000E +00

. 00000E+00

LODOOE+0D

. 00000E+00

. 00000E+00

00000E+0G

DO000E+C0

- DOBOOE+0D

00000E+00

00000E+00

. 0B000E+00

S-MIN

-, 24879E+04

S-MIN

=, 19637E404

S-MIN

-. J0%00E 404

S-HiN

ANGLE

-2.06

ANGLE

74.47

ANBLE

78.25

ANGLE



1 CEN
0
OELEHENT (

LoAR  LaC

OELEHENT ¢
LAAD LAC
1 LEN
0
CELEMENT ¢
LOAD  LOC
| CEN
0
QELEHENT
Loap Lig
1 CEN
0
QELEMENT (
LOAD LOC
I CEM
0
OELERENT
Loen 10T
1 CEN
0
OELENENT (
108D LOC
1 CEN
0
OELEHENT (
LOAD LOC
1 CEN
0
OELENENT
108D LOC
1 CEN
0
OELENENT (
LDAD 10T
1 CEN
0
OELESENT (

LOAD LOC

- AOZOTE04

3l

St

- 479338404

&)

Stt

~.52034E+04

7

St

- S1499E+04

8}

511

- 4G387E+04

9]

511

- J47ALE4D4

10

511

-.20812E+04

1)

St

-.78283E+03

12

St

-.10098E+03

13}

sit

-.65967E+03

14)

St

~. 16554E404

15)

st

-.99937E403

522

-. 953496403

822

- ALTTBEHOT

522

-.B9295E+03

522

- B9331E+03

522

-.90299E403

522

971STE403

8§22

11035E+04

§22

11416404

522

-. 238436 +04

522

{

T950E404

522

-. 495616404

533

-.50775E+04

833

. 31756E+04

533

L1504E+04

533

LA9364E+04

833

.33034E+04

833

- 399635404

533

L J4L84E+04

833

-, 29345E+04

833

AT520£+04

533

-.39710E+04

833

68

JH1A25E403

812

. J0735E+03

512

19156403

512

= 13395403

§12

-. 414026403

$12

=, H3544E+03

512

-, 763356403

512

-.59790£403

512

- 175736403

512

115728403

Si2

A4BBATEH0T

S12

- 94307E403

S-Kax

-.92904E403

S-HAX

- FITERO3

S-NAX

-, B8874E+03

S-HAX

-.83725E+03

S-Hpx

-. 43336403

S-KAX

-.58271E403

§-HAX

-, 324156403

S-nax

- 71307E402

5-MAK

-. 652746403

S-NAX

- 123145404

§-#AX

~ 407708404

S-HIN

-. 48178E+04

S-HIN

S2067E+04

5-MIN

L SIS41E+04

S-NIN

LALDATERDY

S-HiN

. 36316E+04

5-HIN

. 24700E+04

S-HIN

L A5672E+04

S-HIN

A HA3TE04

S-MIN

L 20917E+04

S-HIN

L22181E+04

S-HIN

82.30

AHBLE

B5. 45

AMBLE

B8.41

PNGLE

-88.20

AHBLE

-83.465

AMBLE

-76.49

AH5LE

-63.00

ANBLE

-37.49

ANBLE

-9.57

AHBLE

ANGLE

40.96

AHGLE



1 CEN
]
QELEMENT (

LOAD L0C
1 [CEN
0
OELEMENT (
LOAD LOC
1 CEN
0
OELENENT (
LDAD LOC
1 CEN
0
OELEMENT (
LOAD LDC
! CEN
0
OELEMENT {
LoAD (OC
1 CEN
0
GELEMENT
LOAD LOC
1 CEN
]
OELEMENT (
LoAR Lac
t CEN
0
OELEMENT (
LOAD LGC
1 [EN
]
OELENMENT (
LOAD LOC
1 CEN
0
OELEKENT (
L0AD LBC
1 LEN
0
OELEMENT (

LOAR LOC

-, 22246404

16}

Sil

~.26471E+04

in

sil

-.29847E+04

18}

sit

-.314B8E¢04

1%

St

-, JOA99E+0E

il

51t

- 272608404

2}

sit

-, 22052E+04

2

sh

-, I54B5E+04

23

511

= JTT72E403

p23]

§it

- 16731E+0T

281

st

- 402226403

26)

St

- 127026404 - 359008404

§22 533

- 99573E+03 - IA3ITEH4

522 833

~JI34EHS -, 337296404

§22 533

- SO48E+03 -, 33284E104

522 833

- 45B32E403 -, S2414E404

822 833

- HA4GAEH0T - 3HO34E404

522 833

- GHHA2EH03 - 20161E+04

522 833

- B7307E403 - ZT200E+0A

522 833

- 144826404 - 251B3E+04

522 §33

= 17783E404 -, D2490E404

522 5313

= 20044E404 - 32002E+04

§22 §33

69

LBA123EH0T

512

B9604E+03

812

L 66426E403

$12

J21B57E403

812

=, J6906E+03

812

-, 98998E+03

812

-, 13130E+04

512

-.17802E+04

812

-, 133326+04

5i2

-, 53526E+03

S12

27478E403

-.78024E+03

S-MAX

-.60294E+03

S-MAX

-.36894£+03

S-RAX

-, 36833403

S-MAX

=, R1560E+03

S-Hax

- 74B55E402

§-MAL

-352BLE+03

S-HAX

-SOLISEHDT

S-HAX

458456403

5-4AX

-SI0ME02

§-HAX

=, STIRTE+D3

S-HAX

=, 27144E+04

S-HIN

-, J0399E+04

S-HIN

- 315896404

S-MIN

= J1673E+04

S-NIK

= JL015E+04

S-HIH

- 30956E+04

S-HiN

= 30250404

S-HIN

=30

r3
3

TE+04

S-HIN

- 26843E+04

S-HIN

- 19967E+04

S-NIN

-, 298376404

S-Hik

$9.78

ANGLE

66.33

ANBLE

74.50

ANGLE

8518

ANBLE

-82.02

ANGLE

-69.52

ANELE

-39,36

RNGLE

-30.37

ANGLE

-38.84

RHBLE

-13.13

ANBLE

ANBLE



1 CEN
0
DELERERT (

LoAD tac
t CEN
0
OELERENT ¢
LOAD LOT
i CEN
0
OELENENT {
L0aD LOC
1 TEN
0
OELEHENT (
LoAD LOC
1 CER
0
OELEHENT {
Load LOC
I CER
0
OELEMENT
Lo& LOf
1 Cex
0
OELEHMENT (
LoaD LOT
1 CEN
0
OELEHENT (
L0AD LOC
1 CEN
0
OELERENT
LoaD Loc
1 CEN
0
QELEMENT (
108 Loc
L CEN
0
CELEMENT (

LoAR LoC

- FE293E403

m

sil

- 11BISEDY

28)

si1

- 12199E+04

higl

Sil

- 13714E+04

30

511

-.13783E+04

3}

511

- 12758E+04

32

Si1

- A0535E+04

33

it

-, 10214E+04

34

Sit

-.96480E+03

35)

St

- hJB6BEH03

36)

511

- 16270E03

3N

§t1

- 22476E+04

§22

- 161325404

522

= 10434E 404

§22

-, 49942E403

522

-.40935E+02

522

175856403

522

. 18033E403

§22

- 21548E 402

§22

- 392328403

522

- 17892E404

LAGT10E404

533

L21672E404

§33

- IB7TGELDS

533

. 165700403

833

J15064E404

§33

L13995E+04

§33

L 130928404

S35

137828404

533

144678404

833

164188404

§33

L17517E404

§33

70

.b63BITEHOT

S12

L92587E403

512

10198E+04

512

JTT531E0T

512

L 208176403

512

- G6010E+03

512

. 12069E+04

542

AT92IEH0A

§12

- 22169E+04

512

- 21951E404

512

-, 10624E+04

- 6%07IE#0]

S-HAX

- A46TE4D3

S-HAX

-, 13508E403

S-HAX

-, 45911E+02

S-HAY

-.92997E401

S-HAX

. 366B3E403

S-MAX

-96360E+403

S-HAX

L 13392E+04

§-Max

A4461EH04

S-Aax

10002E+04

S-Aax

. 18399E+03

S-HpX

-, 25098E404

S-MIN

= 23481E+04

5-MIN

. 2189ZE+04

S-MIN

. 18252E+04

S-MIN

-.14099E+04

5-MIN

-, 14868E+04

§-HIN

- 18348E+04

S-HiN

-, 238238404

S-NIN

~. 300328404

S-HIN

-. 34831404

S-NIN

-, 33995E+(4

S-HIN

22,31

ANBLE

39.44

ANGLE

59.47

ANGLE

8.3

ANGLE

=717

ANGLE

-38.07

ANGLE

-52.79

ANGLE

-47.40

ANSLE

=37.68

ANELE

-18.17

ANGLE



I CeR
0
OELEMENT (

LOAD LoC
1 {EN
0
OELENENT ¢
LoAD LEC
1 CEN
0
OELEMENT (
LoAD  LOC
1 CEN
0
QELEHENT ¢
LOAD LOC
i CEN
0
OELEMENT (
LOAD LOC
1 CEN
0
QELEKENT {
LOAD  LOC
i CEN
]
OELEMENT (
LoAR LOC
1 CEN
]
OELEMENT (
LBAD LOT
1 LEN
Y
OELEMENT ¢
LOAD LOE
1 CEN
0
OELENENT
LOAR LOC
1 CeN
0
OELEMENT (

LOAR LOC

- 163008403

38)

st

~.28030E+03

39)

Sit

= 12130E+03

40)

§it

F4129E403

41)

sil

29496403

42)

s

2 32236E+03

43}

Sit

H3L28E403

14

it

JTT893E+03

St

LGB547E+03

46)

§it

-.24289E+03

AT}

511

~.67386E+03

48}

511

- J8130E+04

§22

-.25111E+04

§22

=, 19280E+04

522

= 41696E+04

622

= 20378E403

822

O2TRAE+OT

§22

L937T7E463

822

L B7318E403

§22

LALTISEH0T

§22

-.54491E402

522

- 17923E+04

71

- 178708 +04

833

=, 12485E404

£33

-.B1575E+Q3

833

-.38974E403

8§33

. 168338402

533

2891BE+03

833

LAB230E403

§33

A669TEHOT

§33

L40814E407

533

- AST23EH02

§33

- J0ZHE+03

. 28355E403

512

+G42BTE403

§12

JALATEH03

512

. B8224E403

512

L T8H83E+03

s12

T7H2E403

S12

= J7678E+03

S12

- 13990E+04

512

- 154948404

512

- 1B8LIE+04

512

-, 25357E+04

§12

- H1T76E403

§-HAX

-, 16006E+03

S-MAX

. T4415E403

S-HAX

3B492E+03

S-MAX

L 84969E+03

S-HAX

56752E+03

S-HAX

. 15883E+04

S-MAY

J21260E+04

§-HAX

. 21065E+04

S-HAX

< LT348E+04

S-Hax

I I436E+04

S-MAX

- 343426404

S-MIN

=, 273136404

§-NIN

- 21935E+04

S-MIN

- 16132804

S-HIN

= JB19TE+03

S-HIN

28228E403

S-MIN

JTT39E400

S-NIK

= H7385E+03

S-MIN

-, 10035E+04

S-HIN

-, 20322E+04

S-MIN

~. 38297E+04

§-NIN

BHELE

12.49

ANBLE

19.49

ANGLE

26,70

BNBLE

36,05

ANBLE

71.18

ANGLE

~30.93

ANEBLE

~43.96

ANGLE

-46.43

ANSLE

-38,78

ANGLE



1 CEN
0
OELEMENT (

LoaD  LOC
1 CEN
0
OELEHENT
Laad  LOC
1 CEM
0
OELEHENT (
LOAD LOC
1 CEN
0
OELEMENT (
LOAD LOC
{ CEN
0
OELEMENT {
LOAD L0OC
t CEN
0
OELESENT (
LOAD LOC
1 CEN
0
OELEMENT (
LOAD LOC
t CEN
0
OELEMENT (
LOAD LOC
1 CEN
0
OELEMENT ¢
LOAD LNC
1 CEN
]
OELEHENT (
LOAD LOC
t CEN
0
OELEMENT (

LOAD 18EC

~. 247286403

49)

501

3n

brdl

33}

9

56)

57

38}

39}

511

. 24687E402

St

JISTTAEHOT

St

JIGTIEROT

Sit

L41A5E+04

51t

J2129GE+04

511

. 23183E+04

Sit

+27316E+04

sit

2 SGATAE+04

sil

. 26B07E+04

St

ATRITELOA

it

- AB445EH04

522

= 372558404

522

-. 28101E+04

522

-. 201896404

822

~. 13558E+04

522

-, 979406 +02

522

15350404

§22

ATT712E403

s

L9193BE+D3

§22

. 15455E+403

5§22

L5B114E+03

72

-, 14389E404

533

- S4393E+03

§33

- 491 LE402

§33

LIIRTOEHO3

833

.Bb16BE+03

§33

13506 +04

§33

L 22330E+04

533

23710E+04

§33

243526403

533

. 208526404

833

. 196255404

533

. 15239E+04

S12

12492E403

512

L 21699E403

512

. 26454£403

512

. 33053E+03

§12

L H4BASE03

512

LA2670E+02

512

12834E+04

512

. 15480E+04

812

L93625E+03

512

BOT43E+03

812

. 21308BE403

S-Max

. 28B43E+02

S-MaX

. 27302€403

S-Max

. 76398E403

S-max

1ABDLE+04

5-NaX

L22235E404

S-NAX

2 25204E+04

S-HAX

. 36230E+04

§-MAX

A42873E+04

§-Max

.29893E+04

S-HAX

.20013E+04

S-HAX

-, 33049€+04

S-HIN

-, 37305E+04

S-MIN

-, 2H254E+04

S-MIK

- 24328404

S-HIN

- 13974E404

S-HiN

-. 192498403

S-RIN

L1S331E+04

S-MIN

.B7898E+03

S-MIN

 20339E403

S-MIN

-, 15461E403

S-HIN

321366403

S-MIN

-16.79

ANBLE

fNBLE

1.4

ANBLE

ANGLE

~34.76

ANBLE

-24.85

ANGLE

-18.27

ANBLE

-23.16

ANGLE



“

I CEN
0
OELEMENT (

LBAD LOC
{ CEN
]
OELEMENT ¢
LOAD LOC
1 CEN
0
OELEHENT (
LOAD LOC
1 CEN
0
OELEMENT {
LgAD 80
1 CEN
]
QELEMENT (
LoAR LoC
t CeN
0
OELEMENT ¢
LOAD LAC
1 CEN
0
QELEMENT (
LOAD LOC
t CEN
0
OELEMENT
LOAD LOC
I CEN
0
OELEHENT (
LOAD LOC
t CEN
0
OELEMENT
LORD LOC
1 CEN
0
OELEMENT (

LOAD  L0C

- SH4EH0T

50}

st

~. 83640E+03

&1}

&2

3

&4)

45

b6)

&N

481

&%)

m

si1

. 13939E403

§i1

LBO7H3E+03

Sit

AZ657E+04

St

21134404

Sil

+33B44E+04

51t

.52528E+04

§i1

LB2T61E+04

§11

<57843E+04

sit

LA73BBE+04

181

=~ J7675E+03

822

-, 708H3E+04

§22

J37328E+04

522

4

L2TT1TELO4

§22

=, 20585804

522

3447E404

§22

-, 1656BE+03

§22

+25138E+04

2

L 2738BE+D4

522

- 142096403

§22

L 19305E+03

522

73

J77074E403

833

- 13309E+04

533

LO370E+03

§33

LB2937E403

§33

S1Z149E404

§33

AT261E408

§33

257196404

833

A1105E+04

§33

L92654E+04

§33

AD4T1E404

§33

L39701E+04

833

= 176b3E404 LJI27TER04 - 24149E404

12 S-HAY S-HIM

-, 24350E+04 JJ22USE-01 -.79248E404

§i2 S-Hax S-MIN

~ Thb95E402 L16090E403 -, 37339E404

512 S-MAX S-HIN

- 2A334E 403 L62I506E403 -, 27B92E+04

812 S-HAX §-MIN

=.39014E+03 JA3108E+04 - 2103BE+04

812 §-Max S-HIN

- 56441E+03 J22037E+04 - 14345E+04

512 S-max 5-MIN

~.63667E+03 JJ4951E404 - 27H40E403

512 S-MAX S-HIN

~ BI34IE+DT 350776404 . 223888404

s12 S-HAX S-HIN

-. 24263E+04 ,3188BE+04 . 1B261E+04

512 S-#AX S-HIN

- 52BA6E+03 J38311E+04 -, 10BB4E+03

§12 §-HAX S-HIN

-, 26854E+03 ATTALEH04 ATT23E403

512 §-HAX S-NIN

-42.84

ANBLE

-18.94

ANGLE

-1.13

ANGLE

-4.10

ANBLE

-b.61

ANGLE

~%.04

ANBLE

-9.87

BHNBLE

-16.27

ANGLE

~20.51

ANBLE

-3.06

ANSLE

-3.37

ANBLE



i CEM
0
OELEMENT {

LOAD 100
1 (EN
[
OELEMENT |
LBAD LOC
1 CEN
0
OELEXENT (
LOAD LOC
L CEN
90
OELEMENT (
LO0AD 10T
1 CEN
0
OELEMENT (
LoaD  LOC
1 CEN
0
OELEHENT (
LOAD LOC
1 CEN
0
OELERENT (
LoAD toc
1 CEN
0
OELERERT (
LOAD LOC
t CEN
0
OELEMENT {
LOAD LOC
{ CEN
0
OELEMENT (
LOAD  LOC
1 CEN
0
OELEMENT (

LOAD LOC

419438404

m

5i1

LA1942E404

721

Sii

AB4ITE+0A

%

St

239526403

74}

511

. T6B18E+03

st

A3TT7E04

78)

Sit

.20933E+04

m

sil

. 2B993E+04

78)

Sit

. 37630E+04

9

Si1

J27647E+03

80)

Sii

.76908E+03

B

51t

- 176536403

§22

167146404

522

= FUTIE04

522

-, 33813E+04

§22

- 24537E+04

§22

- 17457E404

§22

-.86864E403

§22

A7482E403

§22

AG434E 104

- 19398E+04

14

SSF9LEL0E - 50372E02

533 512

L A36BTE+04 JTATIEROT

§33 512

L2IZALEROT -, 263108404

S33 512

AJAZ7ES04 - 2779BEGT

833 512

LAS153E404 -, 690568403

833 812
LATTB2E40A -, 10286E404
533 512

C221326404 -. 13989404

533 512
276680404 -, 203490404
833 512

A4054E+04 -, TITS0E404

§33 512

L19899E404 -, 422726403

833 512

LA9723E404 - 997976403

. 41920k +04

5-Max

LA399IE04

S-HAX

< 24407E404

5-Max

.26074E403

5-MAX

JF0995E+03

S-HAY

. 16B50E 04

S-nAxX

. 26493E+04

§-HAX

. 39850E+04

S-HAX

. 73535E+04

S-Hax

. 33491E+03

S-Max

109708404

S-HAX

= 177HEHR

S-HIN

146638404

S-MIN

-.97160E+04

S-MIN

- 8027404

5-MIN

-.25935E+04

S-HIN

- 20340E+04

S-MIK

-, 14ZA3E 404

S-MIk

- FH169E+03

S-MIN

93369E+03

S-MIN

-, 27809E+04

S-MIN

-, 22678E+04

5-MIN

-5

AHBLE

15.33

ANBLE

-12.82

ANGLE

-4.36

ANGLE

-11.60

AMBLE

-16.6%

ANSLE

-21.68

AKGLE

-28.10

AHGLE

-48.51

ANBLE

-1.87

RHBLE

-18.19

ANSLE



1 CEN
0
OELEMENT (

LOAD L0C
1 CEN
0
OELEMENT (
LOAD LOC
t CEN
0
OELEMENT (
LOAD LOT
1 CEN
0
OELEMENT (
L2AD LOC
t CEN
1]
OELEMENT (
LOAD LOC
i CEM
0
OELEMENT (
LDAD LOC
L CEN
0
OELEMENT (
LOAD LOC
1 CEN
0
OELEMENT (
LOAD LDE
1 CEN
0
QELEMENT (
LOAR LOC
1 CEN
0
OELEMENT (
LBAD LOC
1 CEN
0
OELENENT (

L0AD- LOC

«L1900E+04

2)

sil

. 14700E404

83}

&1

. §4389E+04

84)

i1

-, 1402BE 403

831

§11

. 28439E403

86}

sil

LH9083E+03

87}

§i1

.B6404E+03

88}

it

JBOLIEHDT

a9

Sii

VAYERISDN

90!

511

A2LTAE+03

91)

sit

L28137E403

92}

511

- 11978E+04

522

-, 33958E+03

522

13899E+04

822

2212748404

522

- 1B753E04

522

-, 132726404

522

-, 70323403

522

AB3B1E403

§22

JI2907E+0T

522

J0b4E 04

§22

-, 10628E+04

.20B87E+04

§33

226456404

833

. 26464E+04

833

L 20952E+04

833

. 24786E+04

533

J22670E+04

§33

.21851E+04

833

. 21B40E+04

833

. 196946E+04

533

L 17098E+04

S33

L28571E+04

75

= 14090E+04

S12

-, 18034E+04

5t2

= 22147E+04

512

-, 835436403

512

- 47780E+03

512

-, 10B94E+04

§12

- 144336404

512

= 16380£404

512

-, 125488 +04

512

-, 43402E+03

S12

- 433928403

512

< 18429E+04

S-HAX

L237TAE+04

S-NAX

36292E404

S-HAX

. 24139E+04

5-HAX

S 384726403

S-#AX

J1667E+04

S-MAX

72276404

S-MAX

< 21593E+04

S-MAx

. 1BBASE+04

S-HAX

J12356E+04

S-HAX

SH0927E+03

S-MAX

- 185076404

S-MIN

- 146498 +04

S-MIN

-.8004BE+03

§-HIN

- A267BE+03

S-HIN

-, 19954E+04

S-UIN

- 1B031E+04

5-MIN

-, 15619E+04

S-MIN

- J1744EL04

S-MIN

- J2003E+03

S-HIN

- A7383E402

5-HIN

= 11907E404

S-MIN

~24.86

RNBLE

-31.33

ANBLE

~44.48

ANBLE

-71.48

RHGLE

-11.84

RNBLE

-23.40

ANBLE

-30.75

RNBLE

-3%.66

ANGLE

-52.469

ANGLE

-48.71

ANGLE

-16.42

ANGLE



1 CEN
0
OELEHENT ¢

LOAD LOC

DELEMENT
LoAD LOC
1 CEN
0
OELEHENT {
LOAD LGC
1 CEN
0
OELEMENT (
LDAD LOC
1 CEN
0
QELEMENT (
Lgap Loc
{ CEM
0
OELEMENT (
LOAD tOT
1 CEN
0
OELEKENT (
LOAD LOC
1 CEN
0
OELEMENT {
LOAD LOC
1 CEN
0
OELEMENT (
LOAD LOC
1 CEN
0
OELEHENT ¢
LOAD LOC
{ CEN
0
OELERENT (

LOAD LDE

.GI35TEHOT

931

St

.600BGE+03

kL]

Sit

. 362348403

Sit

A3226E403

96}

Si

A4757E+02

mn

Sit

280838403

98}

Si1

.52716E+03

99}

Sl

-A3263E+03

100}

s11

. 24023€+403

1o

Sit

L42919E+402

102)

si1

+10668E+07

103)

Sil

- 77724E403

s12

-.30794E+03

522

. 19278E403

522

. 54558E+03

522

AS0HZE+03

522

-. 396308401

§22

-, J4995E+403

§22

-, 12805E+03

§22

1097E403

§22

r

3

o
ra
ra

2E403

822

128188403

522

245895404

$33

. 22183E+04

533

. 19838E+04

533

17459E404

833

. 14284E+04

533

I2141E+04

533

L 26407E+04

833

J22541E+04

S33

A9214E+04

533

16226E+08

533

135078004

533

76

. 96350E+03

512

12002E+04

512

A1276E+04

512

L T6A22E403

$12

. 280328403

512

297376403

512

b6BIOE+03

S12

L T9489E+03

512

L601TEH3

512

A04B4ELOT

512

. 19354E+03

512

10904E+04

S-RAY

. 14298E+04

S-MAY

. 140B4E+04

S-#ax

A1306E404

S-fax

. 94983E+03

S-HAX

. 3978BE+03

S-MAX

. 8BBI2E+03

S-MAX

99630E+03

S-MAX

.B6880E+03

S-MAX

I5396E+03

S-HAX

. 18500£+03

S-NAX

= 127438 +04

S-AIN

- 113496404

S-MIN

-, 833258403

S-HIN

- A5273E+03

S-HIN

- 133388403

<
ol

S-MIN

~.S0B35E+0T

S-MIN

= 71094E+03

S-HIN

-, 6B793E403

S-HIN

- SL797E+03

S-HIN

=, 27782£+03

S~MIN

-.b7482E 02

S-NIN

-7,

ANBLE

-34.43

ANGLE

-42.83

ANGLE

-52.57

ANGLE

~67.63

AUGLE

-20.6%

ANGLE

-28.37

ANBLE

-35.35

ANBLE

-42.32

AMGLE

~51.41

ANBLE

-b1.48

ANBLE



t CEN 308B7E+03
gELEHENT ¢ 104

L0AD  LOC Sit

1 CEN - S4239E+03

0
QELEMENT ( 10%)

LOAD LOC St
{ CEN . 33498E403

]
OELEMZNT ( 106)

LoAD LOC Sit

1 CEN LT3L57E+02
0

OELEMENT (107}

Lgap LoC 51t

1 CEN  -.83408E¢02
gELEHENT ¢ 108}

LoAD LOC 81t

1 CEN  -.572T0E+02

-. 255516402

§22

- 10791403

§22

-.32902E+02

522

ASITOE+02

§22

487156402

522

«20097E+0L

77

- 35T48E+04

833

. 28B70E+04

833

+23683E+04

833

. 19268E+04

a33

159208404

§33

+ 13344E+04

<, 10148E403

512

~« 240B4E403

812

-, 30B4DE03

512

- 231096403

512

= 119036403

812

= 11231E+02

337288403

S-HAX

+62173E403

§-MAX

- 32689£403

S-RAX

S 29701403

S-Hax

17258403

S-NAX

+A06H2E+0Y

-, 54945E402

S-HIN

- 187276403

S-NIN

-, 20281E4)3

S-HIN

-, 20B48E+03

5-MIN

= 15414E40T

5-HIM

-, 59326E402

-15.61

ANBLE

~18.2%

ANBLE

~28.83

ANELE

-3.72

ANBLE

-59.35

ANBLE

-79.62
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HUNBER OF NODAL POINTS
NUMBER OF ELEMEWT TYPES
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DIRECT INTEGRATION
SOLUTION HODE (MODEY)
EXECUTION
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11,830
12,500
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12,500
13.130
13,750
14.380
15. 000
8.730
3.37%
10.0600
10.630
11.250
11.880
12.500
13,139
13.756
14,380
15.060
8.730
9.37%
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10.630
11,250
11,880
12,500
13.130
13.750
14,380
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8.750
9.37%
10. 000
10,630
11.23¢
11.880
12,500
13.130
13. 740
14,380
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B.73¢
9.375
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10.630
11,250
11,880
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13,730
14.380
15. 660
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9,378
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10. 630
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11.880
12,500
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14.380
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9,375
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10,8630
11.250
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2.000
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4.0090
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4,060
4.600
4.060
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4.000
5.000
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5.000
5.000
5.000
5.000
5.000
5.600
3.000
6.000
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5.0060
6.000
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118
119
12

121
122
123
124
123
126
127
128
12

130
131
132
133
134
135
136
137
138
139
149
141
142
143
144
145
144
147
148
149

OOOOOOooooooooooooooooooooooooooooOoooooooooooooooooooooo@oooooooo

ooooocoooocooooOoc~oooc-ccoocoaoooocooocoOooocoao

oo o oo

- o o

oo o o @

-—...--»—,—....-._..-....._......_.....-._._...__........_.»—._...—._.......—-._..._....—._.....-.....‘._...o._.—-..._._.p._.._.-—-._._.._.._..__.._...._.»_...._..“

000
RiH
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. 008
000
000
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006
000
000
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.000
000
008
000
000
000
000
000
.000
000
000
000
000
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000
.00
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000
000
000
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.08
000
080
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000
000
000
000
000
000
000
008
000
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000
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000
000
000
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. 000
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000
000G
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000
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13,730
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15.000
8.730
9,378
10.000
10.430
11.230
11.880
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13.750
14,380
15. 000
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9.375
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10,630
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11,880
12, 50¢
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13.750
14,380
15,000
8.750
9.37%
10.000
10,630
11,250
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15.000
8.730
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10. 000
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11.880
12,500
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14,380
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11.250
11,880
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13,750
14,380
15. 000
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16,250
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8.000
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8.0C0
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10. 000
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10.000
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11,060
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11,000
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000
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L {100
000
000
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L0080
000
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000
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16,880
17.500
18,130
9.375
10.060
10.630
11,250
11.880
12,500
13.130
13.750
14,380
13,000
15,4630
16,250
16.880
17.500
18,130
8,756
2,375
10.000
10,630
11.250
11,880
12,500
13,130
13.730
14,380
15,000
15,630
16.250
16,880
7. 500
18.130
8,750
9.375%
10,000
10,630
11,7250
11.880
12.500
13.130
13.750
14,380
15,000
15.430
16,239
16,880
17.500
18.130
8.750
9,375
10.000
10.630
11.250
11.880
12,500
13,130
13,730
14,380
15. 000
15,630
16,250
16.880
17.500
18.130
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11,750
11.750
11.756
12,508
12,500
12,500
12.500
12.500
12.500
12.500
12,506
12.500
12,500
12.500
12.500
12.500
12,500
12,500
13.750
13.250
13.250
13.250
13.250
13.220
13.250
13,250
13.250
13.250
13.250
13.250
13.250
13.250
£3.250
13.250
14,130
14.130
14,130
14,139
14,130
14,130
14,130
14,130
14.130
14.130
14,130
14.130
14.130
14,130
14,130
14,130
15,000
15.000
15. 000
15.000
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15.000
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000
000
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.000
000
000
.000
000
000
000
000

NODAL
X
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
. 000
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000
000
000
000
000
000
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000
000
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000
060
000
000
000
000
000
000
000
000
000
000
000
000
000
2060
000
000
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8.750
9.375
10. 060
10,630
11,250
11,880
12,500
13.130
13,730
14,380
15,000
15,630
16,230
16.880
17.500
18.130

POINT COORDINATES

¥
8.73¢
9,375
10.000
10,630
11,250
11.880
12,509
13,130
13.750
14,7380
15,000
B.750
9.375
10. 000
10.630
11,250
11,880
12.500
13.130
13,750
14,389
15,000
B.730
9.378
10,900
10.630
11,250
11,880
12,500
13.130
13,730
14.380
15.000
8.750
9.578
10,000
10,630
11,250
11.880
12.500
13,130
13.750
14,330
15. 000
8.750

15.880
15,880
15.880
15.880
15.889
15.880
15.880
15.880
15.880
15.880
15.880
15.880
15.880
15.880
15.880
15.880

000
. 000
L 000
000
000
. 000
L0040
000
000
000
. 000
1.000
1,000
1,000
000
000
000
000
000
000
009
1,000
2.400
2.000
2.000
2.000
2,000
2,000
2.000
2,000
2.000
2,000
2.000
3.000
3.900
3.000
3.000
3.000
3.900
3.000
3.000
3.000
3.000
3.000
4.000
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L0100
000
000
. 000
000
000
.040
. 000
.000
.000
000
2000
000
000
000
000
000
000
000
000
000
000
. 000
000
000
000
000
000
000
000
000
000
000
000
. 000
00
000
000
000
000
00
000
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000
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000
000
000
00
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000
009
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v
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00
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000
000
000
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000
.00¢
000
000
L300
000
000
000
000
000
000
. 000
L0090
000
000
000
0040
000
000

37

9.375
10,000
10,630
11.250
11.880
12,500
13.130
13,739
14,380
15.000

8.730

9.375
10,000
10,630
11,230
11,880
12,500
13.130
13,750
14,389
15,000

8.750

9.37%
10,000
10.630
11.230
11,880
12.500
13.130
13.730
14,380
15.000

8.730

9.375
10,000
10.630
11.250
11.880
12,500
13,130
13.750
14.380
15,000

8.730

9.375
10,000
10,4630
11.250
11.880
12,500
13,130
13.750
14,380
15.000

8.730

9.37%
10.000
10,630
1,250
{1,880
12,500
13.130
13.730
14,380
15,000

B.750

4,000
4.000
4,900
4.000
4,000
4,000
4,000
4,000
4.000
4.000
3.000
5.000
5.000
5.000
5.000
5.000
5.000
5.000
9,000
5.000
9.000
4,900
4,000
4. 000
5.000
6,060
4,000
5,000
4,000
4,000
4,000
4,000
7.000
7.000
7.000
7.000
7,600
7.000
7.000
7.000
7,600
7.000
7.000
8.000
8.000
8,000
8.000
8. 000
8.000
8.000
8.000
8.000
8.000
9.000
9.000
9.000
9.000
9.9090
9.080
9.000
9.000
9,000
9,000
9.000
9.000
10,000

- 000
. 000
000
060
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112
13
14
15
116
17
18
19
12

121
122
123
124
125
126
177
128

130
131

144
145
146
147
148
149
130
151
152
153
154
155
156
157
158
159
150
161
162
163
164
163
166
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168
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173
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175
176
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000
.000
000
000
. 000
. 000
000
000
000
.000
000
000
000
000
000
.000
000
.000
000
. 000
2000
000
000
. 000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

000
000
000
000
000
000
000
000
000
.000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
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9.375
10.000
10.630
11,250
11,880
12,500
13. 130
13.750
14.380
15. 000

8,750
9.375
10. 000
10. 630
11,230
11.880
12,500
13.130
13,750
14,380
15. 000
15,630
16,250
16,889
17,500
18.130

9.375
10.000
10,630
11.250
11.880
12,500
13.130
13.75¢0
14,380
13,000
15.630
16.230
16.880
17.500
18.130
9.375
10.000
10,630
11,250
11,880
12,500
13.130
13.750
14,380
15. 000
15,430
16,230
16.880
17,500
18.130

8.730

9.375
10. 000
10,630
11,750
11.880
12,500
13.130
13.750
14.380

10.000
10.000
10.000
10.009
10.000
10.000
10.000
10,0090
10,000
10,009
11,000
11.000
11,000
11.000
11.000
11,000
11.000
11,000
11,000
11,000
11,000
11,600
11.000
11,000
11.000
11,000
11,750
11,750
11,750
11,750
11.75¢
11.750
11.750
11.750
11.750
11,750
11750
11.750
11.750
14,750
11.7%0
12.500
12,500
12.500
12.500
12.500
12,500
12.500
12.500
12.500
12,500
12,500
12.500
12.500
12,500
12,500
13.250
13.250
13.250
13.250
13.250
13.250
13.250
13.250
13,250
13.250

. 000
. 000
. 000
000
000
. 000
000
.000
000
000
000
000
. 000
000
. 000
000
000
000
000
000
000
00:
000
000
. 000
000
000
000
000
000
. 000
000
000
000
000
000
000
000
000
000
000
000
. 000
000
000
.000
000
000
000
000
000
000
000
000
000
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000
000
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000
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178
179
180
181
182
183
184

184
187
188
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197
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202
203
204
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206
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000
000
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15.000
15,630
16,250
16.880
17,500
18.130

B.750

9,375
10,000
10.630
11,230
11.880
12.500
13.130
13,750
14,380
15.000
15,630
16,250
16.880
17.500
18,130

8.750

9.375
10.000
10.630
11.250
11.880
12.500
13.130
13.750
14.380
15.000
15,530
16,250
16,880
17.500
18.130

8.750

9.373
10.000
10,630
11.250
11,860
12.500
13.130
13.750
14,380
15.000
15,630
16.250
16.880
17.500
18.130

13.250
13.250
13.250
13.25%0
13.250
13.250
14,130
14,130
AR
14.130
14.130
14.130
14,130
14,130
14,130
14.130
14.130
14.130
14,130
14,130
14,130
14,130
13.000
15,000
15.000
15.000
15.000
15.000
15.000
13.000
15.000
13.000
15. 000
15.000
15,000
15.000
15,000
13.000
13.880
15.880
13.880
15,880
15.880
15.8B0
15.480
15.980
15.880
15.880
15.880
13.880
15,880
15.880
15.880
15.880
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124
125
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27
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139
10

°OOOO°OOOOOQOOOQOOQQQOQQO°°°°°°°°°OOOOOQOOQOOOQOOOQOQOOOQOOOGOOOOO

149
151
183
155
157
159
141
163
1865
167
169
171
173
115
17
179
181
183
185
187
189
191
193
195
197
199
201
203
205
207
209
211
U3

235
247
249
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283
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7
259
261
263
265
267
69
21
m
275
271
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150
152
154
156
158
160
162
164
166
168
170
72
174
178
178
180
182
184
184
188
190
192
194
196
198
200
202
204
204
208
219
212
214
214
218
220
222
24
226
228
230
22
234
236
18
240
242
244
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248
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236
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144
142
143
144
145
146
147
148
149
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131
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153
154
155
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157
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180
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281
283
285
297
289
291

309
3t

159
bt

377
179

383
385
307
389
39
393
395
397
399
401
403
405
407
409
41

282
284
284
298
29
9
29
29
298
300
302
304
306
308
310
312
314
3t
318
32
322
324
32b
3
330
R
334
338
338
340
2
344
34
348
3%
352
354
356
358
360
362
M.U
366
368
370
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374
376
378
389
382
384
384
388
390
392
394
3%
398
400
402
404
404
408
e
412
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207
208
209
210
21
22
23
214
5
216
217
218
219
e
nt
22
223
224
215
226
227
228
229
230
231
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413
413
417
419
424
23
425
427
29
1
133
435
437
439
L)
443
443
447
449
431
453
455
437
439
461

1

a4
Ats
49
2
2
2
42
28
430
32
34
434

440
w2
4
b
T
150
52
154
456
458
450

)

1

OO0 0000000000000 0000 0O

TAXISYMMETRIC ANALYSIS

RUMBER CF ELEMENTS
NUMBER OF MATERIALS

MAXTMUN TEMPERATURES

PER MATERIAL
ANALYSIS CODE
CORE FOR INCLUSION
OF BENDING MDDES

£0.0, INCLUDE

67,0, SUPPRESS

MATERIAL 1.D. NUMBER
NUMBER BF TEMPERATURES

NETBHT DENSITY
MASS  DENSITY

BETR ANGLE

TEMPERATURE
.00

(']

[ R TR I

E(N)
+2830E+08

ELENENT LOAD MULTIPLIERS

LOAD CARE

-

1ELEMENT
NUMBER

TEXPERATURE

000
000
000
000

K

¢ 0 0
197
i
1
]
0
{
{
L 00G0E+00
L0000E+09
000
E{S) E(T)  NUINS)
.2830E+08 . 2830E+08
PRESSURE  X-GRAVITY Y
1,000 000
009 000
000 . 000
000 +000
HATL REFERENCE
L TYPE  TEMPERATURE

C OO OO D COO OO OOCODOe SO0

DD OO DD DO O OO OO OO0 OOSOOC

93

L3000 L0

-BRAVITY

000
1-] Face
PRESSURE

NUNT)  NUIST)

000 L3000

T-GRAVITY

000
.000
000
000
STRESS
OPTION

K&

B(NS)
12008408

THICKNESS

ALPHA ()
+9300E-05

ALPRA1IS)
J9300E-05

ALPHR{T)
LA300E-05
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000
.000
000
000
.000
000
000
000
.000
000
000
000
000
.000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
. 000
000
000
000
000
000
.000
000
.000
000
. 000
000
000
000
000
.000
. 000
000
. 000
.000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000

1005404
L 100E+04
1GOE+04
1008404
100E+04
L 100E+04
L100E+04
L100E+04
1002404
L 100E+04
DO0E+0D
. DOOE+00
L DOOE+90
L 0O0E+Q0
L D00E+00
000E+00
L 000E+00
-000E+00
QO0E+00
LO00E400
. Q0CE+Q0
L 000E+00
. D00E+00
L 000E+09
L 0008400
,000E+00
L 000E+09
L OO0E+00
L 000E+00
L DOOE+00
L 000E+00
L GO0R+00
L 000E+60
L 000E+00
. DO0E+00
. DOOE+00
L 000E+00
,DO0E+00
Rl i)
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000E+09
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L 000E+00
L H00E+00
HO0E+CO
L 000E+30
LO00EH0D
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L O00E+00
L 000E+D0
L 000E+0)
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L 000E+00
DOOE+00
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. 000E+G0
LGOOE+00
L000E+00
L 000E+00
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L0000
. 0000
. 0000
L0000
L0000
. 0000
0000
0000
. 0000
0000
L0000
L0000
0900
0000
. 0000
L0000
0000
0000
L0000
0000
L0000
. 0000
L0000
L0000
. 0000
0000
, 0000
L9000
L0000
0000
L0000
L0000
L0000
0000
L0000
0000
L0000
0000
0000
0000
L0000
L0000
0000
0000
0000
L0000
L0000
. 0000
. 0000
L0900
. 0000
. 0000
. 0000
0000
. 0000
0000
L0000
. 0000
0000
0000
0000
0000
L0000
0000
00090



117
18
9
120
123
124
125
126
127
128
129
130
131
132
133
134
133
138
138
139
149
141
147
143
144

114
113

18
119

133
134
135
134
137
139
140
141
142
143
144
183

116
117
118
119
120
121
123
124
125
126

129
1390

147
148
149
150
151
152
154
153

1
112
13
114
115
114
"7
118
19
120
122
123
124
123
128
127
128
123
130
131
138
139
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141
142
183

150
151
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000
000
000
000
000
000
000
000
000
2000
000
000

000
000
006
000
000
000
000
000
000
000
000
000
006
500
000
000
000
000
000
000
000
000
000
L 000
000
000
000
000
000
000
000
000
000
000
Q00
000
(00

000
000
000
000
000
000
000
000
000
.000
000
000
000
000
000

95

. 000400
L 000E+00
. DO0E+DD
. DOQE+G0
L DOOE+(0
L000E+GD
J000E400
LD00E+GD
<000E+00
L 000E+00
. GODE+20
L DODE+00
DODE+00
+ DOOE 30
O00E+0D
QUOE+00
LGO0E+00
. DOCE+G)
. DOBE +20
L D00E +00
L DODE+G)
LO00E+HO0
L DO0E+(0
DOGE+00
JODOE+0Q
L DOOE+GO
O00E+00
,0O0E+00
LGODE+00
L 000E+00
LOOOE+D0
L QO0E+00
LO0OE+00
DOUE+00
DO0E+00
DOOE+00
O00E+Q0
. DO0E+00
L G0DE+00
DOOE+G0
GO0E+QD
L DODE+30
JO0DE+0D
OQOE+00
LODE+IC
LDG0EH0D
L DOBE+DG
DO0E+00
LOO0E+O0
L000E+00
H00E+00
. 000E+00
LO00E+00
L000E+00
L O00E+O0
L O00E+00
L0D0E+00
LHOBE+DO
LO00E+0D
QO0E +0
D0BE+I0
QOCE+H0
LO00E+I0
DO0E+G0
L OQ0E+3D
ADN0E+00
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L0000
. 0000
0000
. 0000
0000
L0060
0000
0600
0000
0000
0000
0000
.0000
0060
0000
0000
0060
0004
0000
. 0000
0600
. 0060
0000
0000
0000
0009
0060
0000
0000
0000
0000
0000
D000
0000
0060
0000
0000
. 0000
0000
L0000
0060
D000
0060
0000
0000
00040
L0000
0000
0000
L0000
0000
0000
0000
00060
G000
. 0000
0000
. 0000
0000
000
. 0060
D000
0000
L0000
. 0000
0000



132
133
134
133
134
13
138
139
140
141
142
143
144
145
144

173

192
193
194
193
196
197

145
145
147
148
149
150
151
153
154
33
156
157
158
159
160
161
162
163
164
163
166
168
169
170
7
172
173
174
173
178
{77
178
179
180
181
182
184

190
191

193
198

198
200
20t
202
203
204
203
206
207
208
209
yail
211
m
13
214

145
147
148
149
130

160
161
182
163
164
163
166
167
169
170
{71
172
173
174
173
176
177
{78
179
189
181
182
183
183
184
187
188
189
190
9
192
193

161
162
163
164
165
166
167
170
171
172
173
174
175
178
177
178
179
180

160
161
162
183
164
163
166
169
170
171
172
173
174
173
176
i
178
179
180
181
182
184
183
186
187
183
189
139
191
192
193
194
195
196
197
198
200
201
202
203
204
20
206
207
208

210
21l
212
13
214
218
217
218
219
220
221
222
23
224
28

230

000
000
000
000
000
000
000
000
000
000
.000
000
000
.000
000
Q09
000
000
000
000
.000
000
000
000
.00
000
2000
00
000
000
000
2000
000
000
009
000
000
000
000
000
000
000
000
000
000
,000
000
L0060
000
000
000
000
.000
000
000
000
000
006
090
.00
000
000
. 000
000
000
000

96

L 0Q0E+00
L 000E+00
L 000E+00
L 00DE 400
LO00E+0D
L 000E+08
L D00E+0D
L 000E+00
B0DE+00
L 0DOE+0D
O00E+00
L000E+00
L O00E+00
L 000E+00
L DO0E+0D
L00E+00
L 000E+00
L DOOE+00
LDODE+(0
L DOOEADD
. (O0E+00
L6TEEH04
L DO0E+00
LON0E+(0
L DODE+00
L QN0E+00
QOOE+00
O00E+00
LOD0E+Q0
DOOE+00
LOOOELDD
OO0E+00
L00GE+G0
00000
L 000E+00
L 000E+00
L O00E+00
L Q00E+00
Q00E+00
L QO0E+00
. DO0E+00
DO0E+G0
L DOOE+00
D00E +00
DODE+HIO
LDO0E+00
L D00E +00
L 000E+0D
DO0E +00
L DOGE+0D
L OD0E+00
L O0OE +00
L DOOE+00
L QO0E+00
L 000E+00
D00E+00
L000E+Q0
DO00E+00
000E+00
L O0OE+00
L000E+00
L000E+00
L 000E+00
L 000E+00
LO0OEHG0
L000E+00
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L4000
0000
L0000
0000
. 0000
0000
. 0000
. 0000
0000
L0000
. 0000
0000
L0000
. 0000
0000
0000
0000
0000
L0000
0000
L0000
L0000
L0000
L0000
L0060
. 0000
0600
0060
0000
0000
L0000
L0000
L0000
. 6000
0000
L0000
L0000
0000
0000
L0000
L 0000
. 0000
L0000
. 0000
0000
0000
. 0000
L0000
L0000
L0000
0000
0000
0000
0000
L0000
L0000
.0000
. 0000
0000
. 0000
5000
0000
. 0000
L0000
0000
0000



97

IEQUATION PARRNETERS
TOTAL NUMBER OF EQUATIONS = 44t
BANOWIDTH = 3
NUMBER OF EQUATIONS IN A BLOCK = 105
NUMBER OF BLOCKS = 3
INODAL LOADS (STATICY OR MASSES (DYNRNICD
NODE  LOAD X-AxIS§ Y-AXIS 1-AXIS $-ALIS Y-AXIS 1-AX1S
NUMBER  CASE FORCE FORCE FORCE HONENT NOMERT MONENT
STRUCTURE ELEMENT  LDAD  MULTIPLIERS
LOAD CASE ] B ¢ b
1 1.000 000 000 000
INDODE DISPLACEMNENTS/ROTATIONS
NODE  LOAD 1- Y- 1- 1= Y- -
NUMBER ~ CASE  TRANSLATION  TRANSLATION  TRANSLATION ROTAT1ON ROTATION ROTATION
9 25 1 .0000CE+00  ,30148E-02  .0000CE+00  .00COCE+O0  .0OOGOE+00 . QOOOCE+GO
0 230 I LCO000E+00  .24327E~02  ,12823E-02  .O0COOE+0D L QODOOELO0  ,00O0GE+0Q
0 29 1 .00600E+00  ,28699E-02  (18247E-02  (O0DOOE+GD  (QOODOOE400  .OGOOOE+00
[ 1 L00000E+00  ,25379E-02  .23245E-07  .O0000OE00  LO0OOQE+00 . DODOOE+GD
o227 1 LGOGOOE+G0 . 24281E-02  .27462E-02  .OOOGOE+DD  ,OQ0COOE+O0  .00O0OE+D0
0 226 1 L00000E+00  ,23226E-02  \313B2ZE-(2  (QOGOOE+00  LO000CE+0)  ,00O00E+00
0 225 1 .00000E+00  .22230E-02  ,34874E-02  .000GOE+00  .OOOUOEHO0  .00000E+0C
0 2 1 .00000E+00 L 21287E-92  .38098E-02  .00000E+00  .0QCOQEL0O . 0QOUCE+HD
0 223 1 L0DD0OE+00  ,204T1E-02  .40983E~02  ,00000E+DQ  ,QO0DGOE+D0 . ODOOOE+00
0 222 1 L00000E+00 L 19804E-02 . 43493E-02  (000DOE+00  LOCOOCE+00  .00C00E:O0
0 22 1 (00000E+00  ,19T49E-07z  .4A239E-02  LO0000E+00  .ODOOCE+00  .(O00COE+00
0 20 b .00900E+G0  (19093E-02  .4BBI7E-02  (Q0GOOE+30  .OCDCOE+00 . O000DE+0C
0 219 t LCODDOE+0D  (19002E-02  LSI4SIE-02  .QUOQGE+D)  L0O00OE+0G  .00000E+0D
0 218 1 L00000E+00 L 1BRS7E-02  ,54230E-02  ,Q000OE+00  ,QCOQODE+00  .00D0OE+H0
0 A7 1 .00000E+00  ,18903E-02  .56989E-02  .00000E+05  .00DQOE+00  .0OQOOE+00
0 216 t .00000E+D0 L 18BFIE-02  ,D9742E-02  .O00Q0E+00  .QOOOOE+GO . 0GOOOE4GD
0 25 1 .CO000E+00 . 18906E-02  .713B9E-03  .O00OQE+00  ,QO000E+00  .000GOE+CO
0 244 f .0000CE+00  ,18734E-02  .12790E-02  (GODOOE+0G  .OOOOCE+G)  .00000E+0D
0 a3 o J00C00E+0D  L19123E-02  (19031E-02  (OD000E+00  ,000Q0E+00  .00GOOE+(0
0 212 1 JOBD0CEGD L 189426-02  (23BASE-02  LOQ00OE+00  .OOODCRH00 . 00000E+00
0 21 1 JO0000E+Q0 L 1B327E~02  (28159E-02  .OO000DE+00  .00G0CE+0D  .DOOOCE+0D



206

205

204

203

202

201

200

199

198

197

196

155

194

193

192

191

190

189

188

187

186

185

184

183

182

181

180

179

178

1

1

i

1

1

{

L DG0O0E+G0

. 00000E+00

00000E+00

. 00000E+00

+00000E+0D

. 00000E+00

00000E+00

L DOO00E+00

LCG000EH0D

+ 0DOGOE+00

L 0DCOOE+D)

GODDCE+OD

DORHOE+OY

. 00000E4D0

O0B00EDD

0000OE+O0

L DOGOOE+0D

JG0000E+08

D0GO0E 00

. 00000E 00

L 0000CE+00

L GOGO0E+0D

L DOCOOE+G0

» QO00RE+30

L DODC0E+0D

L00D00E+0D

L D00OOE+D0

00000E+0

DO000E+O0

. 00000E +00

L QU0O0E 00

DOCOCE 00

B0060E+00

A7989E-62

AT4TE-02

+16B34E-02

. 16306E-02

«13848E-02

15495E-02

19254802

JASI56E-02

ASYS7E-02

A9151E-02

15092602

1347BE~-02

A3H0E-02

13022602

A3170E-02

JA3151E-92

12937802

A2639E-02

+122948-02

J11938E-02

. HEA53E-02

1180%E-02

11238602

AH67E-02

11270807

$1507E-02

L11591E-02

.B3249E-03

.B1754E-03

LBL198E-03

BI44LE-03

LB2019E-93

BI400E-43

98

32091E~02
. 355926~-02
38791E-02
+416326-02
+44280E-02
46751E-02
SAIR9E-02
LS1824E-02
S4631E-02
LSTSATE-02
LO256E-02
L99756E-03
14257602
19193E-02
J24204E-02
. 28588E-02
32624E-G2
. 3h166E~02
2 J93I59E-92
+42153E-02
A4TIRE-02
JAT104E-02
49486E-02
H1914E-02
S4692E-02
. S7982E-92
LBLOTTE-92
H1I90E-02
13379802
. 19826E-02
24537802
2 29029E-02

JIBLTEE-02

+ 00000E+00

+D0000E+00

. 00000E+00

00000E+00

+00000£400

. 00000E+00

+D00G0E+0D

A 0000CE+00

. 00000E+00

L 0BOOGE+O0

DGO00E+)D

L HODGOE+00

«O00B0E+00

L GROOGE+00

. DBEOGE+CO

L OO000E+R0

DOOHOEHD

L0080E 00

<00000E400

. 00000E+00

DO000E+00

J00000E+0T

. DO0OOE+00

. DODOOE+O0

L DOOOOE+0D

L O000GE+00

. 00000E+00

O000OE+DG

LO0000E+00

- 00000E+0G

L 00000E+00

BODODE +00

L DOO00E+0D

«00000E+00

L 0O000E+0)

Q0000E+G0

« DO00OE+0D

«00000E+00

. 0000DE 00

2 D0000E+00

. 00000E+00

DOROPE+OG

. 0000OE+00

D0000E+0D

LO000OE+OD

2 D0600E+00

DOBOOE+0G

J DO0O0E +00

00000E+00

- QOCOOE+Q0

D0000E+00

00000E+00

. D0GOOE+00

- 00000E+00

+00000E+00

. D0000E +00

OO000E+00

O0B00E +00

+COCO0E+0D

. D0000E+00

2 00000E +00

D0000E +00

+Q0D00E+G0

+DODGOEL00

. 00000E+00

DO00DE 0D

.0G00GE+00

. 00000E+00

+00000E+G0

<00000E+00

. 0GOO0E+00

000008400

+D0000E+00

+00000E+00

DO0UCE+00

. 00000E+00

00000E+60

L GO000E400

+OOGROE+0D

+00000E+00

DO000E+GD

. O0000E+00

+ DOCHOE+G0

DOO00E+0H

OOBO0E+0D

«00009E+00

D0000E400

«00000E+00

DO0DOE+00

JLOCO0E+00

L UROGOE 39

+ DOO00E+00

D000DE+00

<00000E+(0

O0000E+00

+ DU000E+90

. DOOODE+0D

+ Q000E+0D

. D0DDOE DD



177

176

174

173

172

17t

170

169

148

167

146

163

164

143

154

133

152

151

150

14%

148

147

134

1

t

1

1

.0000GE400

00000E+0D

» 00000E+00

. 00000E+00

+O0000E+DD

000B0E+00

L D00B0E+00

. 00000E+00

OOCONE+OD

LO0DB0E 0D

00000E+00

L OGEOLEH00

L DRGO0E+00

JBOGUOE+G)

, 00000E+00

. 00B00E+00

L ONORCE+0D

L0D0B0E+00

«00000E+00

Q0000E+00

DOGOOE+0)

. DO00OE+00

. Q0000E+00

LQODOREHG0

ODOEOEHOD

COB00E+DD

00000E+00

LO0000EH0D

L 0B000E+00

. 0D000E400

+000G0E+C0

L OD00DE+0D

+DO000E+0D

JT9935E-03
JTB013E-03
TATIAE-03
L T4T30E-03
L T3473E-03
L T2350E-03
1469603
LTO463E-03
L 69130E-03
.b1845E-03
L 39T44E-03
.39351E-03
L 39873E-03
AL6B5E-03
A2695E-03
ASITIE-03
L 42193E-03
ALTAE-03
MTI9E-03
HPI5E-03
. 41BBOE~03
4157206-03
AG10E-03
ADSSOE-03
43944603
-, 62820€-04
-, 60487E-04
- A7328E-04
-, 13370€-04
L 46855E-04
,SBIT4E-04
TOITAE-04

LF26208-04

JATHSE~02

L 3991BE-02

42608E-02

AS030E-02

AT7293E-92

A9513E-02

.517826-02

. S4269E-02

«STE52E-02

53528E-02

+ 11900E-02

13891E-02

. 20221€-02

L 2491BE-02

29479E-02

. 3378GE~02

+37493E-02

40426802

42933E-02

+432{5E-02

A7318E-92

A9301E-02

S1450E-02

+3378ZE-0Z

L S5921E-02

12011802

. 16087E-02

+ 20364E-02

. 24993E-02

LZ0034E-02

2 JA639E-0G2

. 38222E-02

40901E-02

99

. 0000DE+D0

. Q0000E+00

. BO0BGE+0D

2 B0000E+00

BOOGOE+0D

OOB00E +00

. 000GRE+00

«000GOE+0D

D0ORCEHRD

L OOB00E+0D

. D00GGE+DD

+ 00000E+00

OO000ELG)

LO0GOE+0D

00CHOE+00

OG000E+00

L0G00E+00

+00000E+00

. OGOOOE+00

L 0000GE+00

L00000E+00

OOGOE+G0

DOOGOE+0D

. DOCQOE+00

+OOGOOE +OO

L 00000E+00

+00000E+00

COGOOE+0D

. 00000E+0D

DUG00E +00

L0OOCO0E 0

L GOCODE +50

+0O000E +20

O0000E+00

. D0000E+00

. 00000E+10

00000E+00

. D000GE+0D

« 00000E 00

LO0000E+00

L BODO0E+0D

2 GO000E+H0

+Q0000E+00

L OROODEHGD

» 00000E+00

. Q0000E+00

00000E +60

» 00000E+00

. 0000DE+00

L DOOUDE+00

«00000E+00

+(0GO0E+Q0

- Q0000400

«00000E+GO

. 00000E+09

. 000008400

L COO00E+00

L 00000E+00

+DO0O0E+D0

. DO000E+D0

00GODEHQ0

. BODDOE+0D

+CODO0E+00

. GRODOE+00

DOGOOE+D0

. 00000E+00

+O0000E+00

D0000E+00

+00000E+00

00C00E+50

00C00E+00

+DOCODE+O0

-00000E+00

2 DOO0OE+0

QO000E4GG

+ DGO0DE+60

. D0000E+90

2 00000E+00

OB000E 00

+ DOOCOE+GE

LOO000E400

LO0000E+00

+00000E+00

. D0000E+00

«GODOOE+00

DO000E +00

. 00000E+00

L 0B000E +GO

+00000E400

. DO0BOE+GO

(00LOE+00

DO000E 400

+ 0U00DE+00D

+ 000GOE+CD

«BO0GOE+G0

S O0060E+00

00000E+00

< DOGOOE )0

OO0D0E+OD



138

137

134

124

r3
ra

12

120

19

118

17

116

1ne

114

13

112

1

1

. 00004E+00

00000E+C0

L D000E +00

, 0BGOOE +00

«00000E+00

OOO00EL00

. 08000E+00

. 00200E+00

L COONOE+00

LL0B00E+00

DOO00E+00

. D0000E+00

L QOL00E+00

L0O000E00

L OC000E+(0

L 00000E+00

L ODO00E+00

L 0O000E+00

DDOO0E+I0

L 00000E+00

L DGOGCE+D0

LOO00CE+GD

L QOCO0E£00

L DOGUOE+I0

ONGOGE+OD

COG00E+00

. D0000E 00

L DO00OE+G0

L DODEDE+O0

LGO000E+D0

D0000E+30

L DOCOGE £00

L00000E+0D

. 1180%E-03

J13744E-03

. 15003€-03

<15691E-03

. 16021E-03

AT7097E-03

‘

20382603

GAHBE-03

. 4B04E-03

. 54623E-93

L527H0E-03

48672803

27746603

L 20784803

. 14985E-03

15303

LB237E-04

L 50999E-04

JAA3TTE-04

. 29503E-04

. 16430804

J6604E-05

13608E-04

L 2499403

L I0FHBE-03

S1045E-03

L29417€-03

L2T37IE-03

. 23295

i

-03

L 23116E-03

L20777€-03

ATTS3E-03

J14210E-03

100

LA3157E-02
JA3271E-02
ATE-02
AF147E-02
L 31009E-02
. 32738802
. 54530€~02
11983E-02
16092E-02
L 20304E-02
J28916E-02
. 29664E-02
. 36086E-02
39080802
1262802
A3314E-02
40245802
47049802
48798E-02
. S0402E~02
L J1870E-02
VS2771E-02
J92488E-02
L 39936E-02

AOTI2E-07

A1959E-02

L 435828-02

<

L45223E-02

LABTTIE-02

ABISTE-02

4939802

JIOTI8E-02

.51552E-02

00000E+00

. 00000E+00

, 00000E+00

. 0OCOOE +00

L00000E+00

. 00Q00E+00

. D0000E +00

DH0000E+00

L0000CE+00

. 000U0E+00

L 0O00DE +00

+ Q0000E+00

00000E+G0

000DCE+20

H0000E+00

. 00000E+C0

. 00000E+00

L0000CE+00

00009 +60

L00C00E+00

2 DGO00E+GO

L 0BCOCE+00

. 00000E+00

. 00004E+00

LOOQOCE G0

L0D00E 400

. 00000£ +00

LO0OQE+IR

. DOGOOE+G0

DNOOGE+00

00000E+O0

L COO0IE+D0

. 00000E+00

DOC00E+0D

+000GOE +00

O0000E+00

000005400

00000E+00

+00000E+00

O00OCE+00

00CO0E+00

. 00000E+00

C0000E+00

. 00000E +00

. 00060E 0D

000005400

, 00000E+00

. 00DOCE +00

L 0000CE+00

L 00000E+00

. 0000GE+00

L 00GO00E+00

L 06000 +00

L Q0000E+(0

D0OOBGEL00

L H00DOE+00

LOO0GOE+O0

000008400

L C0000E+00

. 00000E+00

O000CE+00

. GOOODE+CO

L00000E+00

L 0O000E+00

» 00000E +10

. 00000E+00

. 00000E +00

. 00000E+00

. 00000E+00

. D0000E+00

. 00000E+0G

. 0000GE+00

.00000E+00
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J44728E-02
+A5263E-02
A3905E-02
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+Q0000E400
. B0000E+00

SO0OCGE+)D
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+00GO0E+00
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+ 0D0COE+0D
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+000G0E+00
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b

61
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29

23

57

56

94

53

32

51

50

9

48

47
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1

1

t

1

{

L 00000E+00
O0CO0E +00
+00000E+00
L OG00CE+00
. 00000E+00
L 0000E+00
. 00000E+00
00D000E+00
L G00CEH0
L GO0OQE+00
L 00000E+00
. 000GOE+OG
QH000E+00
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L 00000E 00
-CO0DCE+DD
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. 00000E+0D
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OOGONE+00
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. D00Q0E+00
L 00000E +00
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L O0DODE+G]

ALI40E-03

+39115E-03

ADBLEE-0T

JA2415E-03

43783603

.44834E-03

. 43340E-03

L45812E-03

4575903

JAS4D8E-03

A4BL1BE-03

LA40THE-03

LI9S1IE-03

. 40882E-03

44423803

5133603

L 45563603

AST05E-03

43605503

45330603

A499E-03

L 39431E-03

JAG542E-03

A169BE-03

42733803

LA3678E-03

44310803

ATI9E-03

A5627E-03

AS100E-03

A5073E-03
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AT466E-02

44989E-02

ASINE-02

49330£-02

» §3738E-02

A6230E-02

AGTAE-02

47289602

47802E-02

AB261E-02

. 4B613E-02

L 48BOTE 02

4364 1E-02

&372BE-02

45913802

AG187E-02

A6534E-02

A6320E-02

47325E-02

JA7706E-02

4004002

4BZAOE-02

A33BSE-02

LAG1B0E-02

AB2I0E-02

L44353E-02
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47107E-02

AT4L26-02
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AT942E-02
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. DOO00E+DD
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L O0000E+00
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Q0000EHDD
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. 00000E +00
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-00000E +00
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<0O00E+0D
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. 00000E+00
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L 0000CE+00

. 00000E+00

. 0C000E+00
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L DOGOOE+D0
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+ DOOGOE+00

OLGOEHOD

BOOOOE+OG

L DODOGE 1l

L OOODOE O

L DOBGOE+0D

L DOGOOE +00

L D0DO0E +00

L OQ00DE +50

. D0D00E +60

L DODDOE+00

OO0GOE+G0

L JODD0E+O0



0 12
0 1
¢ 10
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t CEN
0
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0
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LOAD LOC
| CEN
i}
QELEKENT
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0
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LOAD LOC
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¢
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i Redicuitoil

1 GOGOOE+G0
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i Q0000E+D0
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-.43858E-03
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- 45769803
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'
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- 46738E-03
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. 48344E-02

A7363E-02

47448202

J47337E-02
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CENTRDID STRESSES REFERENCED TO LOCAL Y-1 COORDINATES.
ARE NORMAL AND PARALLEL TO ELEMENT EDBES.
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L 96647E403

§22

OTISTET

§22

98031E+03

822

L RI1SBE+03
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0
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i4)
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= T2072E402
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St

= 39506E+02
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- A7HTE+0L

§22

= J0133E+04

§22

-, 10208E+04

822

- 10225E +04

§22

- 995478403

- 87T119E+03

s22
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BT HIIN
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- 96B02E+03
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- 10155E404

§22

-. 10588 +04
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- 1 2632E+04

833
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3

11498E+04

533

- LOFIZE+04

£33

- 16794E+(4

833

- 156685404

533

- 14875E+04
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- 1AL60E404

§33

-. 113826404

833

- A30RTEH

§33

- 125586404

512

-. 840436402

512

-, 367336402

512

-, 249808 +02

512

- 34638401

§12

-, AB4BAE+02

§i2

- 13825E+03

512

L 209196403

512

-, 25BBIE+03

512
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8i2

-, ZA99BE+DT

512

- 232T4E+03

S-MAK

. 2B806E+02

S-MAX

912428402

S-HAX

AT186E402

S-Kax

L 19501E+02

S-MAX

- 45997E+02
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- 79979E+02
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-.60209E+02
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S-Nax
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S-HIN
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-15.98

ANBLE

-14.47
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LpAD LOC
! CEN
0
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0
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0
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0
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0
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0
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533
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533
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130968404
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A2740E+04

833
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¢

t

S12
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A0477E403
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. J4904E+03

512

AL503E+0T

512

ARAGI0E+DT

Si2

JA2601E+43

512

L 37364E407

512

L 29340E403

§-MAX

L 41480E+02

S-thAX

333L7E+02

S-MAX

161426402

S-Any

«32634E+02

S-Max

19456402

S-MAX

AT9EH02

S-Hax

95264E402

5-#AX

21308403

S-MAX

25765403

§-HAX

13426403

S-MpY

JGO200E402

5-MIN

= 11173E+04

5-MIN

- 11074E+04

S-MIN

-, 10610E+04

S-MIN

- TT006E+0T

S-HIN

~. 892438403

S-NIN

= 101226404

S-HIN

- HLIS2E+04

5-MIN

-. 11B9BE+04

S-MIN

- 128 13E+04

S-HIY

-, 1267BE+04

ANGLE

-8.75

RANGLE

-5.28

ANSLE

-1.77

ANBLE

-7.83

ANBLE

-19.7t

ANGLE

23.98

ARGLE

-24,27

ANGLE

\
ra
[
e
en

AHBLE

-20.18

ANBLE

-15.84

ANELE

-12.89



0
OELEMENT (

LOAD LOC
t CER
0
OELEMENT (
LoAD LOC
i CEN
]
OELEMENT (
LaaD  Lac
t CEN
0
QELEMENT (
LOAR LOC
t CEN
0
OELEMENT (
LOAD LOC
1 CEN
0
GELENENT (
LoAD LOC
1 CEN
[
OELEMENT (
L0AD LOC
1 CEN
0
OELEMENT (
LOoRD LOC
1 CEN
0
OELEMENT (
LOAD LEC
1 [EM
0
GELEMENT (
LOAD LBC
1 CEN
0
OELEMENT (
toap Lot

1 CEN

29)

811

306886402
301

511

AB274E+02
31

St

-, §2SBIE+02
3

3|

- 9146BE+02
33)

511

-, 9B738E+62
34

511

- B0929E402
35

511

- 500436402
38}

511

- 13398402
37

514

L 15355E+02
38}

811

L3139E+02
3

s

. . «3263E4D2

5§22

~ 123526404

522

- 121826404

§22

- 343658403

822

- 40921E+03

522

- 53549E+03

§22

- H9TI3EH0T

§22

LB7303E+0T

822

4

L IRG23E+04

§22

12144404

622

13473404

822

- 147826 +04

107

§33

= 11B9LE+04

833

- 113146404

433

- 15014E+04

533

-, L4305E+04

§33

-. 138768104

833

- 13619E+04

833

- 13437404

- 132838404

e
ra

833

~ 13107E+04

533

- 12072E+04

833

- 12542E+04

812

= J9LIZEH0S

512

- 67353E402

612

= 12959E+03

512

= 34070E403

812

- 4B69T7E4H3

512

= 513326403

$12

HO4TTEHD

512

. GBTBGE +03

512

- G2HISEHS

512

~. 41554E+03

512

- 27356E403

S-NAX

.58890E+02

S-Hax

«L9960E402

S-#Ax

S51B3E+0L

§-%AX

. 125448403

S-MAX

. 2165TE+03

S-#AX

. 261B3E+03

S-HAx

J26951EH3

S-HaX

. 24B48E+03

S-MAX

206596403

S-MAx

151326403

S-MAK

.BA308E+02

S-HiN

-, 12644E+04

S-HIH

=, 12219804

S-Hik

=, 3975E403

S-HIN

-, 62632843

S-MIN

-, B5081E+03

S-HIN

= 10399E+04

S-HIN

11936E 404

S-HIN

- 131418404

S-MIN

- 140558 +04

S-MIN

-, 14630E+04

S-HIN

- 148726404

ANBLE

-8.39

ANBLE

=342

ANGBLE

-12.92

ANBLE

-30.87

ANBLE

-27.89

ANBLE

-20.14

ANSLE

-15.49

ANGLE

-10.16



0
OELEMENT (

LDAD LOC
t CEN
0
OELEHERT (
L0AD LOC
1 CEN
0
OELEMENT (
LOAD LOC
t CEN
0
DELERENT (
LOAD LOC
1 €M
0
OELEMENT (
LBAD LOC
1 CEN
0
OELEMENT {
LoAR LOC
1 CEM
0
OELEHENT (
teAD LOC
t CEN
0
OELEHENT ¢
LRAD LOE
1 CEN
0
OELEMENT {
LOAD tOC
1 CEN
0
OELEMENT (
L0AD LOE
t CEN
0
QELEHENT (
LOAD LOC

| CEN

40)

S1t

18992£402

41}

Sit

. 3B15LE+02

42}

S11

i
@
~
hav)
[

330E402

43)

Sl

.88246E+01

4y

St

+

L70564E+07

s11

. 39388E+02

46

511

LA3742E401

47)

Sit

L27682E+02

4B}

Sit

A6405E+02

49)

51t

L46919E+02

30}

Sit

L21276E402

§22

- 147308404

§22

122826403

522

- 46BATEH02

522

- 273518403

522

-. 532336403

522

- BOAIIEL0

522

A0TISER04

§22

- 13230E+04

§22

13390E+04

§22

- 170745404

5§22

-. 18178E404

108

533

. 12089E+04

533

L 13A96E+04

533

13368E+04

§33

A32778404

§33

- 13326E+04

8§33

134326404

533

- 13541E+04

533

LAS601E+0A

533

L13979E+04

§33

LL3A41E404

533

A3I70E04

512

=, 97976E402

512

= 16717E403

512

- A3754E40T

512

- b230TEHDT

= TT2H4E40]

512

= TS040E+03

512

-, bbTAAELOT

512

-, B3H20E+03

§12

-, 126376403

S-MAY

L153996402

S-%AX

L 22787E403

S-HAX

HSDAEHDT

S-HAX

AbbLEEH03

S-KAX

A400BE+03

S-#AX

. 3BZ55EL03

S-%AY

L I03H0E+03

5-MAX

J21072E+03

S-MAX

115438403

S-HAX

29949E402

S-MIN

- 14794E+04

5-MIN

- 14320E+03

"S-HIN

-S024%E+03

S-HIN

.B10BOE+03

S-HIN

106THE+04

S-MIN

-.12838E+04

S-NIN

H4B05E+04

S-HIN

- 13987404

S-HIN

AT03IE+04

S-MIN

-, 17759404

S-HIN

-, 18265404

ANSLE

=374

ANGLE

-37.83

ANBLE

-44.16

ANGLE

-40,77

ANBLE

-36.25

ANBLE

-31.83

ANBLE

-21.27

ANGLE

~17.04

ARGLE

-10.97



L]
OELEMENT (

L0AD LOE
"L CEM
0
OELENENT (
LoAD LOC
L CEN
0
OELEMENT (
L0AD LOC
1 CEM
0
OELEHENT (
LOAD LEC
1 CEN
0
OELEMENT (
LOAD  LOC
t CEN
0
DELEMENT (
L0AD LOC
t CEN
0
OELEMENT (
LOAD  LOC
t CEN
0
DELEHENT (
LOAD LOC
{ CEM
0
OELEMENT (
LOAD LEC
1 CEW
0
OELEMENT ¢
LDAD LOC
1 CEN
0
OELERENT (
LOAD LOC

1 CEH

3

—

)

51

- 33679E+02
521

511

- T5130E402
551

st

- 8726 1E402
54)

Sit

-, 745 1E402
55)

s1t

- AB44E02
561

811

- A1196E 402
57)

s1i

L 231B0E+02
58)

Sit

. 30638E402

59

St

»30088E+02

40!

§i1

. 24284E402

L))

511

- 28922E+02

S22

JO1L0E+03

522

. 3989BE+03

§22

SR437EH02

-, 323256403

- TLO27E403

8§22

-.10918E404

822

- 14347E404

§22

-, 17783E+04

§22

- 2047BE+04

- 2I518E4+04

. 13h63E404

109

533

= 119028404

§33

-, 120638404

833

- 12802€404

833

-.12835E+404

§33

-, 133076404

833

- 13754E404

833

= 14139E+04

633

- 13304E+04

833

=, 14523E+04

833

-, 14378BE+04

533

- BABHIEH

812 5-HX S-HIN

~. 20107E+03 J75253E403 - B3104E+02

812 S-HAX S-HIN

-.5244BE+03 JITTHTE403 - AL3B2EHE3

S12 S-MAL S-HiK

- TATA3E+03 JISIIIEHOT - THTOLE+DS

812 S-KAxX S-MIN

-, B8343E+03 LAR205E403 - 10919E+(4

512 S-HAL S-NIN

- 9400%E+03 BITOSEHDT - I3THOE«O4

§12 S-HAK S-HIN

- 91935E+03 <OHBSEH03 - 1G179E+04

£12 S-Hax S-HIN

-.82736E+03 JIIIOPEH0T - 182G2E+04

512 S-MAX S-MIN

- bb2YIED3 L2D6BEHDT - 19934EH04

812 S-HAX S-MIN

- 437186403 JAST54E+03 - 213B3E+04

812 S-MAX S-MIN

-, 13547E403 J3AB34E4D7 -, 27624E404

512 S-NAX S-#IN

- 223038403 A015E408 - RISIIEHN2

ANELE

-73.65

ANBLE

~57.18

ARBLE

-41.03

ANGLE

~35.31

ANBLE

-29.78

ANGLE

~24.12

ANGLE

-17.97

ANGLE

~11.31

ANGLE

-3.8%

RANBLE

-81.13



0
OELEMENT ¢

L0AD toc
i CEN
0
OELEMENT (
LOAR LBC
L CEM
0
OELENENT (
LDAD LOC
I CEN
0
OELEHENT (
LOAD LOC
1 LEN
0
OELENENT (
LOAD tOC
i CEN
0
OELEMENT (
LOAD  LOC
i CEN
0
OELERENT (
LDAD LOC
i TEN
0
OELEHENT (
LoAD LOC
t CEN
0
OELEMERT (
LBAD LOC
1 CEN
0
OELEMENT (
LBAD  LOC
1 CEN
0
OELEMENT (
LoAD  LOC

1 CEN

42}

511

-.80083E402

43

Sit

= LI379E403

b4}

811

-, 12573E+03

65)

sit

=, 11065E+03

bb)

- TS249E401

wn
a3

8}

1t

J2T34TEH02

69)

St

S4243E+02

70)

Sil

23014k +02

M

Sil

-.34480E407

2

sil

-, 10332E403

§22

L9L176E403

§22

L43798E403

§22

-.53440E+02

522

-.5aB19E407

s22

-, 109476404

5§22

L4

-, 16000E+04

522

- 20717€+04

522

-, 246998404

5§22

-.27837E+04

§22

205320404

522

L4

. 1454BE+04

110

833

. 10214E+04

533

11035E+04

833

LLIF16E+DA

§33

. 12837€+04

§33

A3766E+04

833

+ 14583E+04

833
15278E404
§33

LA5732E404

833

L 15958E 404

833

LBZ6A0E0T

833

L TH239E403

i

512

79708403

512

LBISTEHLT

§12

. 10074E+04

512

10989E+04

§12

L 11033E+04

512

100276404

512

JBIATTEO]

512

LSITAEH0T

S12

L 18927E+0

512

21195E403

s12

,50629E+03

S-MAK

L11707E+04

S-MAX

A0421E404

S-HAY

JI745E403

S-HAX

78304E+03

S-NAX

.63604E+0T

§-NAX

JA7660E403

S-Max

JJ0772E403

§-MRX

16243E403

5-MnX

.35719€402

5-HRX

.20745E+04

S-HiY

16407E+04

‘

'

" S-HIN

+ J4705E+03

5-HIN

T1BOAEDY

S-HIN

L 10988E+04

S-HIN

146198404

5-MIN

L 17980E+04

S-HIN

L 20841E+04

S-MIN

L 23520E+04

S-HIN

L 25781E+04

5-MIN

L 27964E+04

S-HIN

357886402

S-RiH

287205403

ANGLE

~63.27

AHGLE

-34.13

ANELE

-44.00

ANGLE

-32.82

ANGLE

-25.77

ANGLE

-18.95

ANGLE

-1t.46

RNSLE

-84.26

RNGLE

-72.01



0
OELENENT {

LoAR LoC
t CEN
0
OELEMENT (
LOAD tOC
i CEN
]
OELEMENT (
LOAD LBC
! CEN
0
GELEMENT {
LoAD LOC
1 CEN
9
OELEKENT (
LoAD LOC
1 CEN
0
OELEMENT (
LOAD LOC
1 CEM
0
OELEMENT (
LOAD LB
1 CEN
0
OELENENT (
LOAD LOC
t CEN
0
OELEMENT (
LoAd L8
1 IEN
¢
OELEMENT (
LOAR LOC
{ EEN
9
OELEHENT (
LOAD LOC

1 EEN

™

S11

-.18998E+03

EL]

Sit

~25918E403

79

Sit

-, 258256403

76}

51

= 21865E+03

m

Sit

= 12506E+03

78)

Sl

-. 284438401

79)

Stt

JBILE9ELOL

;]

Sit

L357278402

81)

St

-.£0708E+01

82}

s

- \7628E+03

83}

§it

- JBIALEHT

§22

.8B232E403

§22

J0501E+03

522

g

10193E+04

822

= 17616E404

§22

J24ITIE+Q4

822

~.29971E+04

522

- 344218 +04

§22

. 26243E+04

§22

193608 +04

§22

L14091E+04

111

583

-.89146E403

533

-, 10222E+04

§33

- 1464E04

8§33

~ 13233E+04

833

-. 14B50E+04

633

-, 1607IE+04

833

- 1706GE+04

533

- A7599E404

533

- 2334LE403

833

-.96214E+03

§i2

~.B3788E+03

512

- 10504E404

812

- 123236404

512

-, 130826404

Si2

-, 12480E+04

§12

- 10021E+04

812

- BT9T3EH0T

512

- 232HIE+DS

812

- 15191E+03

512

- 3930BE+03

st2

- 67905E+03

S-HAX

A3409E404

S-KAK

112026404

S-HAX

L 934T3E403

S-KAX

S THI09E+03

§-mal

. 349026403

§-HAX

. 35925E403

§-HAX

. 154900403

S-KAX

LS1149E402

§-HAX

L 263536404

5-HAX

J20164E+04

S-HAY

1AT79E+04

S-Hi¥

BABITEH0T

S-HIH

L10743E+04

S-#IK

= J3ZB7E+04

S-MIN

- 19871E+04

S-HIN

= 24357E+04

S-#IN

= 27788E+04

5-HIN

- 3L457E(4

S-HIN

=, J457oE4+04

S-HIN

-.14807E402

S-HIN

-, 236748403

S-HIN

-.61030E+03

ANBLE

-61.31

RMBLE

-32.45

RNBLE

-4.35

ANGLE

~36.49

ANBLE

~28.,37

AHGLE

-19.85

ANBLE

-12.17

ANGLE

-86,71

RNGLE

-75.84

AKELE

-7L.39



0
CELEMENT (

L0AD LOC
1 CEH
0
OELEMENT (
LOAD 1OC
t CEN
0
OELEMENT {
LORD  LOF
i CEN
0
OELERENT (
LOAR  LAE
{ CEN
0
DELEHENT (
Loar Loc
1 CER
0
QELEMENT ¢
LOAR LOC
1 CEN
0
OELEMENT {
Leap 1oc
i CEN
0
OELEMENT (
LOAD  LOC
I CEN
¢
OELEHENT (
LOAR LOC
1 CEN
0
OELEMENT ¢
LoD LOC
t {EN
0
OELEMENT (
LORE LD

L CEM

04)

Si1

- AT578E403

85}

St

-.50783£403

86)

5t1

-, S04S5E403

a7}

88}

89}

90)

9

3

511

42603E+03

51t

LT30208402

51t

LA1127E402

Sl

L23827€403

30703E403

51t

-.S4308E+03

94)

511

-. 571988403

522

+B225BE+03

S22

. T6A23E+(2

§22

L79578E+03

a9
Ll

AT674E+04

§22

. 28B90E +04

§22

. 36B0AE+04

522

428488404

522

L27308E404

522

J2I63LER0Y

822

. 14357E+04

112

533

L72910E+03

833

936296403

§33

AITHIE+0A

S35

L 142258404

§33

L 17044E£04

§33

. 18330E+04

§33

195326404

833

L178298+03

533

JITTER2

-.30399E+03

512

=, 10231E+04

512

- 1301 3E+04

512

JAABLTECA

512

L 15442E+04

512

- 14146E+04

512

CGATEHDD

S12

. 32620E+03

812

A2761E403

812

. 23B56E+02

512

- 51152E403

S12

-.93052E+03

S-nax

L13831E+04

S-MAX

111808404

S-MAX

B386BE+03

S-HAX

. SE542E+403

S-MAX

36176E+03

S-MAX

254138403

S-HAX

.15898E+02

S-MAX

L27363E+04

S-HAX

. 24527E+04

S-Hpx

275658404

§-#AX

+1B007E+04

S-MIN ANBLE

- 10383E404 61,20

S-MIN ANBLE

-, 154940404 -51.33

“5-HIN ANBLE

- 21390E404 42,19

S-MIN ANBLE

-.27308E+04  -33.28

S-HIN ANSLE

LJ9046E+08  -23,52

5-MIN ANGLE

LJBBITEHOE 12,1

S-HIN ANELE

ASI2IE+04 -4.39

S-MIN AHBLE

L 23975E+03 87.54

S-HIN ARGLE

- 507236403 89,54

5-HIN ANBLE

-.63BATESO3  -79.63

§-HIN ANBLE

- 936920403 68,59



0
GELEMENT (

LOAD LBE
1 CEN
0
OELEMENT ¢
LOAD LBE
{ CEN
0
OELEMENY ¢
LOAD LOC
1 CEN
0
OELEHENT (
L0AD LOC
1 CEN
0
OELEMENT {
LOAD LDC
1 {EN
0
OELEMENT {
LOAD LOC
1 CEN
]
DELEMENT {
LGAD LOC
I CEN
0
QELEMENT {
LOAR LOE
1 CEN
0
DELERENT (
L0AD LBC
1 CEN
0
GELEMENT (
LOAD LOC
I CER
0
OFLEKENT {
LOAD  LOC

1 CEN

%)

51t

- 6BBESE 03
96)

st

- B3665E¢03
n

511

-.97517E+03
98)

s1l

-.9B957E+03
9

Sit

- 733356403
100)

511

L S3996E403
101)

sit

210326403

102}

sit

-, 10461E+03
104}

51t

~.30768E+03
105}

sl

-.57451E+03

S6I3TEH0Z

22

~.38732E+03

$22

- 15041E+04

§22

- 28143E 404

§22

- 48507E+04

§22

-, 557HE+04

§22

193238 +04

§22

L 33965E+04

§22

J29014E+04

522

. 1B751E+04

§22

D6FTEHIS

113

833

~.S7THTIE+03

633

-.86478E+03

§33

- H1970E+04

833

- 15745E+04

833

-. 215876404

833

= 2239UE+04

833

44855E+03

533

L 2HA59E403

833

-.8800%E+02

812

- 12025E+04

812

- JASA8E+04

512

- 16517E+04

512

- 18345E+04

812

-, 19062E+04

§12

= J4TLTE403

512

BOIS2E+0T

§12

7041403

812

- AT28E 403

512

-, b60TBE+OT

512

-, 806236413

S-ax

12916E404

S-MAX

ABH03SE403

S-HAY

TSRO

S-HAX

L L417E+03

5-4AX

-.53292E+02

S-MAY

- 36028E+03

S-MAY

. 22474E+04

S-MAX

. 3h045E+04

S-Mal

C29723E+04

§-HAX

.20395E404

5-NAl

> E3028E+04

S-MIN

- 4H1BIE+04

S-HIN

-. 20643E+04

S-HIN

- 29124E4+04

S-NIiN

=, J95340E404

S-HIN

= 39307E+04

S-HIN

- 39914E+04

S-HIH

- 10501E+03

S-HIN

-, 202796402

S-HIN

- A7857E+03

S-HIN

-, 492138403

S-HIN

- 9223BE4T

RNBLE

~38.73

ANBLE

-49.45

ANGLE

-40.43

ANBLE

-31.78

RANGLE

-20.63

RMELE

58,32

ANBLE

-81.37

ANBLE

-74,40

ANBLE

-b4.78



0
OELEAERT (

L0AD LOC
{ CEN
0
OELEMENT (
LOAD LOC
I CEN
0
OELEMERT
LOAD  LOC
t CEN
0
OELEMENT (
LOAR  LOC
1 CEN
0
OELEMENT ¢
LOAD LOC
t CEd
9
OELEMENT (
LosR LOC
| CEN
0
OELEMENT (
LOAD LOC
1 [CEN
0
QELEHERT (
LOAD LBC
I CEN
[
OQELEAENT 1
L0AD LOC
{ CEN
0
OELEHENT
Lgap Loc
t CEN
0
OELEMENT {
LoAD LoD

t CEN

106)

s11

- 957276403

107)

511

A41T4E404

108}

si

g

L19397E+04

109}

§i1

. 24809E+04

110

511

. 29534E+04

i

s11

JATEZTEHO]

112)

S

JA27478403

113

St

+21844E+03

14

St

-. 20772E+03

115)

51t

-.70785E+03

313

st

-, 129638404

S22

- 158966492

5§22

.§9134E403

522

L23122E404

§22

. 39833E +04

s22

L 90929E+04

522

, 5694BE+04

§22

L 32168E+04

522

20998E+04

522

1070BE+(4

522

L 224M4E403

5§22

-, 6B994E+03

114

533

L39H9TEHT

533

31326403

8§33

L 11688E+04

833

.17084E+04

S33

L 33424E404

LA

19150EH04

533

11465E404

. 43429E+03

833

. JASBIE+0S

833

. 1B03aE+03

812

. 94594E+03

512

J1573E+04

512

A4B7TEH

512

. 20907E+04

512

J27BA2EH04

512

. 59408E+0T

S12

L 46520E402

§12

226326403

§12

. 19098E+03

512

19643E+03

§i2

23T06E+0]

S-#AX

.59306E+03

S-RaL

- 20230E402

5-#AX

)

626836403

5-NAX

-.10112E+04

S-MaX

ABTTSE04

S-MAX

976626404

S-mAX

324T4E+04

S-MaX

. 21266E+404

S-MAX

. 10787E+04

S-RAX

L 264148405

S-HAX

-.39363E403

S-MIN

- 15344£+04

S-MIN

= 23777E404

S-MIN

-. 36253k 404

S-HIN

-.54530E +04

5-HIN

=, 10169E403

5-HIM

. 60693E+03

S-MIN

A2669E403

S-MIN

191608403

S-MIN

- 235H4E403

S-MIN

- TA754E+03

S-HIN

-, 1390AE+04

ANGLE

-iB.61

ANBLE

-50.14

ANBLE

~41.43

AMBLE

-35.41

ANBLE

-2 18

ANBLE

83.34

ANGLE

-89.04

AMBLE

-63.24

fAlBLE

-Bl.68

ANBLE

-76.58

ANGLE

-569.83



¢
OELEMENT (

LoAR Loc
| CEN
0
OELEHENT (
LoAD LOC
1 CEN
0
OELEMERT (
LOAD LOC
{ CEH
0
OELEMENT (
LOAD Lac
1 CEN
0
DELERENT (
LOAD LOC
I CEN
0
QELEMENT {
LOAD LaC
1 CEN
0
OELEMENT (
LOAD LBC
1 CEN
[
GELEMENT (
LoAD LOC
i CEN
0
OELEMENT {
LOAD LOC
{ CEN
0
QELEMENT (
L3&D LaC
t CEM
0
OELEMENT (
LOAD LOC

1 CEN

117}

si

- 19770E+04

118}

St

-, 28593E+04

1

s1t

= 36610E+04

120

S1t

-.57595E+04

121}

SH

-.28066E+04

122)

L181

- 126778404

123)

St

-.39238E4(03

124)

sit

-.30889E+02

123)

S11

11749E4D3

126)

Sit

<F0386E+03

127

§it

LAZHISER03

522

- 473736404

§22

-. J5095E+04

822

- H0090E+04

- B157AE+04

522

= 14147E403

§22

-, 28850€403

522

-, 169458403

§22

-, B1aT6E+H2

§22

JO3THAE+O4

622

. Jh240E404

522

. 1B907E+04

115

833

~.53567E+03

833

- LI6B7E+04

833
- 19938E+04
§33

-, 14B43E+04

533

- A7846E+03

833

- T138E03

§33

- S4722E403

833

- 308428403

833

+24T87E+04

8§33

. 1B40ZE+04

833

129438404

512

-, J9186E+03

512

- 46397E+03

812

- 14340k +04

512

- JTZ53E+04

§12

- 1 2502E+04

512

-, b954LE+0T

612

- J2T44E+03

§12

- A273TEHI2

S12

- 232196401

s12

T3524E401

512

L2724BE+03

S-MAX

=, 14374E+04

S-HaX

- 26184E+04

§-Hax

L 29B47E+04

S-MAX

-, 11540E+04

S-HAX

39322E+03

S-HAX

.72419E402

S-HAX

612146402

S-#AX

- 207748402

S-MAX

937146404

S-HaX

+36280E+04

S5-NAY

A4T2E404

S-HIN

=, 22b4%E+04

S-AN

= 37526E404

S-MIN

- baB83E+04

S-HIN

- GIT25E+04

S-MIN

~ 330126404

S-HIN

= J6206E+04

S-NIN

- H2TO4EH0

S-HIN

= 11536463

S-MIN

1174%E403

S-HiN

. 9OIR4EHOT

S-HIN

S7483E+03

ANGLE

-53.50

RNGLE

-27.53

ANBLE

-23.3%

ANBLE

=513

ANGLE

~68.41

RHBLE

~62.57

ANRLE

-54.51

ANBLE

-35.147

ANGLE

-89.98

ANGLE

89.8%

RNELE

78.79



0
OZLEMENT |

LEAD LOC
{ CER
0
OELEHERT (

Loap LOC

OELEHENT (
LOAD LOf
1 CEN
0
OELEKENT ¢
LOAD tor
1 CEN
0
OELERENT (
LOAD  LOC
1 CEN
0
OELEHENT (
10D L0C
1 CEN
0
OELEHENT (
LEap  Loc
t CEN
0
OELEMERT (
LOAD LOC
1 CEN
0
OELEHENT (
LOAD tac
t CEN
0
OELENEHT (
L0AD LA
1 CEN
0
QELENENT (
LOAD LOC

1 CEN

128)

st

L22993E443

129)

511

218958403

130}

51t

L 65065E+03

131)

st

. 10642E+04

132)

sil

LA23T0E404

St

A2179E404

134

St

A3277E404

133

Sit

. 21383E+04

136}

§il

. 14136E+04

137)

Sil

i

JOT202R+03

138}

St

-, 144286403

§22

A0129E+04

§22

L 207708+03

522

L 60096E+0T

522

-, 142298404

522

L29270E+04

522

L 3T337E+04

522

32082E+04

522

183428404

522

,81893E+03

522

841728403

522

B0085E+03

116

833

992836403

$33

L T082LE+03

833

L41501E+03

633

. 33317E402

§33

. 3B553E+03

833

VBSSTIERDS

4903403

§33

J74223E402

5§33

L2T431E402

533

873538402

512

. 40976E+03

512

47074E+03

512

L 45943F +03

§12

L JA3TBE+3

812

. 18635E+01

S12

113208404

§12

L 24593E+04

S12

. 20284E+04

512

87126404

812

L 11283E+04

82

370346403

§-MAX

L 118B1E+04

S-ax

J51178E+03

S-MAX

L 16833E+03

S-MAX

. 86B90E+03

S-MAX

12370E+04

S-MRY

JTBALLEOS

S-HAX

36497E+03

S-HAX

LBIITLEDS

S-naL

JTTTIBELO3

§-nAX

L 374B4E+0

§-MAX

LB247TE+02

S-HIN

GA6BTEXG2

S-HIN

-.52104E403

S-MIN

10893E+04

S-MIN

. 18183E+04

S-MIN

. 29270E+04

S-HIN

. 41830E+04

5-MIN

A9008E+04

5-MIN

- AB3ATEH04

S-HIN

-.30121E+04

S-HIN

-, 19BB6EL04

S-MIN

-.80762E403

ANGLE

54.83

AMBLE

57.14

ANGLE

$6.73

ANBLE

26.98

AHELE

-.06

RRGLE

-20.88

ANGLE

-34.54

HHGLE

-45.129

ANBLE

-49.53

ANGLE

-42.85

RANGLE

-29.17



0

OELEMENT ( 1391

LOAR LOC
i [EN
0
ORLENENT (
L0AD LOE
1 CEX
9
OELEMERT ¢
LOAD LOC
1 LEN
0
OELEKERT ¢
LBAD LEC
1 CEN
[
OELEMENT (
LOAD LEC
I CEN
0
OELEMENT (
Laad tac
t CEX
0
OELENENT (
LoAD  LOC
1 CEN
0
OELENENT (
LOAD LOC
1 CEM
0
OELEMENT (
LaAD LBC
1 {EM
0
OELEMENT (
LOAD LOC
1 (EN
[
OELEMENT (
LOAD LOC

t CEN

511

134196404

140}

St

104BOE+04

141}

511

.BA3ASEH0T

142)

St

LGBIGLEHDS

143)

st

JIALTIEHO3

144)

sti

AJ2GEHOT

145)

Stt

. 16875E402

146)

51t

. 1B444E402

147)

5t

v

164436403

1481

511

-.38345E403

1491

511

~.BABTRE+O]

822

.39678E+04

522

< 25461E404

522

AATTTERO4

522

LBBTHEHT

§22

15602E+03

2

=, 54640E403

§22

-, 13099E+04

§22

~.19344E+04

5§22

- 22543E+04

522

~.20530E404

§22

-.14832E+04

117

533

JI3430E+04

S33

- 22B48E+04

533

. 19528E+04

533

164228404

£33

. 13835E+04

§33

112346404

§33

B3023E403

833

SBIATIELOT

833

+S1326E403

533

. 53988E+03

533

395836403

512

- J09ATE+04

§12

L 24087E+03

§12

JT320Te403

512

. B9602E403

512

JIR6IDE+0T

512

. BBA3IE+0T

512

H3228E+403

512

L 229016402

512

- P1420E403

612

-, 182508404

812

- 245448404

S-HAX

B213BE+04

5-MAX

.25838E+04

S-Hax

J21038E404

S-Max

160978404

S-NAX

. 11998E+04

S-#ax

LT4184E403

S-HAX

269926403

S-Hax

- 1B179E+02

S-HAX

A7903E+03

S-MAx

L 64914E403

S-MAxX

421016404

S-HIN

16933E404

S-MIN

101026404

S-MIN

417358403

S-NIN

- 199326403

S-HIN

- 762028403

S-#IN

- 11563E+04

S-HIN

-. 156308404

S-MIN

- 198476404

S-MIN

- 25978E+04

S-HIN

-. J2856E+04

S-HIN

- 37671£404

ANHBLE

-77.34

ANBLE

8109

ANBLE

99.82

ANBLE

18.93

ANBLE

2.7

ANBLE

34.53

ANBLE

21,81

ANBLE

47

ANBLE

~20.59

RNBLE

-34.03

ANBLE

-40.26



]
QELEREHT (

LOAD LOC
1 CEN
0
OELEHEMT (
LOAD  LOC
I CEN
0
OELEMENT {
LOAD LOE
i CEN
0
QELEMENT (
LoAD 100
1 CEN
0
OELEMENT ¢
LOAD LOC
t CEN
0
OELEKENT ¢
LoD 10C
t LEN
0
OELEHENT {
Lgsp Loc
i CEN
0
OELEHENT (
L0AD  LOC
1 CeN
0
OELENENT (
LoAD LOC
1 CEN
0
DELERENT (
LOAD  LOC
{ CEN
0
OELEHENT (
LOAD LOC

1 CER

150)

151)

152}

13)

154)

o)

o

1536}

—

7

159}

1460}

511

932TSEHOT

Sil

50714E+03

St

L 12874E403

51t

.97B5TE403

1t

.36103E+03

Stt

L39425E 103

511

JT235HEH03

S1t

LB29655403

St

LB74A3E+03

st

909126403

511

L93368E+03

22

1173

156978404

522

71655404

822

L 1B425E404

522

292005404

522

« 19B36E +04

522

. 19983E+04

§22

12040E+04

522

«64038E+0T

§22

104288403

§22

L 37337E+03

§22

-.79895E+03

118

S33

LST1O9E403

533

ATTE9E03

533

SA1B41EH03

5§33

L21073E04

§33

L32B4TE+CH

§33

L30879E+04

533

«27264E+04

833

. 2A568E+04

§33

L22197E+04

533

J20133E+04

833

. 1BA1BE+04

512

- 247258404

$12

A7975E404

§i2

-. 726438403

512

. 16037E+04

S12

=, 9B519E+03

§12

+B60726E+03

S12

L92625E403

512

LH132E404

512

11489E¢04

§12

. 10288E+04

512

LT1024E403

S-MAx

A241TER04

§-nax

+78433E+03

5-MAX

1378BE+03

S-Max

. 1201BE+04

§-HAX

2UTHAE+(Y

S-HAX

L22247E4+04

S-NAX

72198404

S-HAx

LABI23E404

S-HAx

17010E+04

S-NaY

LLAT797E404

S-HAX

L1B7HE404

S-NIN

. 37442E404

S-HIN

. 300338404

S-NIN

L 21092E+04

S-MIN

+3G4B2E+04

S-MIN

AT2208+03

S-HIN

. 36BUBEH03

S-RIN

. 7639BE+0Y

S-HIN

JIBZOTE4OT

S-MIN

L T2233E403

S-RIN

L 94397E+03

5-MIN

A0529E+04

ARGLE

~41.33

ANGLE

-33.70

ANBLE

=20.13

AHBLE

-21.24

ANGLE

~72.12

RHBLE

69.57

AHGLE

52.30

AMBLE

42,57

ANGLE

35.74

ANGLE

29.01

ANGLE

19.67



0
OELEMENT ( 141
LOAD LOL 511
i CEX JBA37SE403

]
OELENENT (162}

LDAD LDC s

1 CEN L67031E+03
gELEHEHT { 163

LOAR LOC 51t

I CEN 279508403
gELEHENT {164}

L0AD. L0 Sit

1 CEN  -.29516E+03

0
OELEMENT ( 145)

Laan LOC Sit

t CEN  -.79792E+63
gELEHENT { 16b)

LgaD L0 sil

I CEN  -.48847E+03

0
OELEMENT ¢ 147}

LOAD LOC §it

1 CEN -.30887E+01
gELEHENT { 168!

LOAR LOE St

L OCEN  -.34584E403

[
OELEMENT ¢ 169)

LoAD LEC Sit

1 CEN - A3704E+03
gELEHENT 170

Loap  Lac si1

1 LEN A3730E402
gELEHENT ¢ 171

LOAD LOC St

{ CEN .51863E403

§22

= J0797EH04

522

- 114576404

§22

=, 10186E+04

5§22

~.B4105E403

§22

-, 13698E+04

822

-, 26B35E+04

522

- J919BE+04

522

- 945636407

§22

. 28486E+03

522

+966TIE403

822

+T35TEE+0T

119

833

AT210E+04

833

. 168650E+04

§33

16364E+04

§33

- 16420E+04

S35

. 13905E+04

§33

S92273E403

533

L32516E403

833

388538404

§33

. 39740E+04

833

L 38950E+04

§33

.36201E+04

512

JA8707EH03

512

- 464256403

S12

= 11595E+04

512

-.18022E+04

812

-, 248276404

512

=, 23829E+04

512

-, 10004E+04

§12

= BOHI9E4DT

§12

- 745469E+03

S12

BI151E+02

512

LT526E+03

S-HAX S-HIN
SOLHET -, 10974E408
S-HRX S-HIN
STE2UEEHOT -, 12575E+04
S-HAX S-NIN
JITI07E403 - 16991EH04
S-KAX S-HIN
JL2046E404 -, 2390BE+04
§-MAX S-HIK
B2 - T 08
S-HAX S-HIN
L10368E404 -, 42110E+4
S-MAX S-HIN
(23668E+03 - 41603E404
S-Hax S-HiK
L0BA4EED2 - 13796E+04
S-RAX S-HIN
JTI23LE403 -, 90435E4+03
S-Hax 5-HIN
L9T50BE+03 L 35197402
S-Hex 5-HIN
LA3550E408 - SRBNAE+I0

ANBLE

5.3¢

ANBLE

-13.54

ANGLE

-30.48

ANGLE

~§0.569

ANGLE

~41.72

ANGLE

-32.43

ANBLE

-13.53

ANBLE

-37.91

ANGLE

84,53

ANBLE

47.48



0
OELERENT

LDAD LOC
| CEN
0
OELEMENT (
LOAD LOC
1 LEN
0
QELEMENT (
LOAD LOC
1 CEN
0
OELENENT (
LOAD LOC
1 CEN
0
DELEMENT (
LOAD LaC
1 TEN
0
OELEMENT (
LoAp LOC
1 CEN
0
OELENENT (
LORD LOC
1 CEN
0
OELEHENT (
LOAD LOC
t CEN
0
OELEMENT (
LeAD Log
t CER
0
OFLEMENT (
LOAD LOC
t CEN
0
OELEMENT (
LoAD LOC

t CEN

172}

Sit

L 10344E404

173)

S11

A3793E+04

174)

F13)

1ab4AE+04

7%

51t

+ 1B720E+04

176

Sit

19559E+04

177

s

1B724E+04

178)

St

A5496E+04

179}

si

L99072E+03

180)

§il

JI3432E4+02

181)

51t

-, 14434E404

—

B2}

§it

-.52975E403

§22

. 3571BE403

522

J648588E+02

§22

- 15781E403

522

-. 333426403

522

- 414856403

§22

- 39371E403

§22

-, 24835E403

§22

- 148438407

§22

-.96199E+01

§22

- 25509E404

§22

- JHIS0EH04

120

533

L 33614E+04

533

S1673E404

8§33

302038404

533

29153k +04

833

2B48BE+04

S35

J28173E04

833

.2B1TLE+04

§33

. 278578+04

533

«27435E+04

833

L 18225E+04

512

-93929E403

512

10183E+(4

§12

219426403

512

NYRLLIIM

512

337798403

512

JORLAEH02

§12

L IB3HOE+0T

S12

JT158GE+0T

S12

16458404

512

273238404

512

8327404

S-MAX

. 16944E404

S-HAY

193426404

S-MAK

+20462E+04

S-HAX

206358404

S-MAX

+20031E+04

S-MAX

1B727E+04

S-MAX

164726404

5-NAX

L 13359E+04

5-NAX

A1973E+04

S-#Ax

LTT867E403

S-HAX

= AJL6TE+DT

S-HIN

=, 302596403

S-MIN

-, 48988E+03

S-HIN

- SA962E403

S-MIN

- D24BBE+03

S-HIN

- A6204E403

S-MIN

- 39434E403

S-HIN

-.32597E+03

5-HIN

- 49361E403

5-MIN

= 113358404

S-HIN

- 47931E404

S-HIN

- TATIIFH0A

ANBLE

35.09

RNSLE

28.58

ANSLE

15.78

ANBLE

RNGLE

=97

ANBLE

-11.44

ANGLE

-2.75

ANBLE

-43.78

AHELE

-39.37

AHGLE

-15.20



gELEﬁENr { 183)
LDAD LOC 511
| OCEM  LU35126403
8ELEHENT ¢o1an
LOAD LOC si
L OCEN  .12023£403
gELEHENT {185
LOAD LOC 81
1 OCEN L LA111ER03
gELEHEMT  18&)
LA LoC s11
! CEN  .SHB9EHOS
0

OELEMENT  1B87)

LOAT LOC 511
L OCEN 113326403
gELEHEHT {188]
L0AD LOC 811
1 CEN L 1B503ET0S
gELEHENT €189
LOAD LEC 511
1 OCEN  L2SIHEHO4
0

OELEMENT ( 190)

L0AD LOE s

t CEN J30457E+04
gELEHENT 191

LOAD LOC St

I CEN < 33984E+04
gELEHENT 192

LBAD LOC 511

i CEX . 35636E+04
gELEHENT € 193

LOAG LOC Sit

1 CEN 357026404

§22

~.BA164E+02

822

- 49357E+02

2

. 18578E403

§22

L 20290E403

§22

«9645E402

§22

«13984E+02

§22

~. 35582E402

522

- 709018402

§22

~.83244E+02

§22

-, 61555E+02

822

- 2B445E4+02

121

§33

SZHAOEHD

833

AITTIEH04

833

A7284E404

833

L44TTEELOR

§33

.42505E+04

533

+A0BS0E+DR

533

«39790E+04

833

391438404

833

. 38B13E+G4

833

38720404

8§33

L IBRTTERDA

812

~12341E+03

- 512

~. 21874E403

s12

-4 12166E 403

S12

2 20293E+03

512

LA1IBZEH03

512

AT270E403

§12

L 43415E+03

. 20370E+03

512

LB3399E402

§12

. 13718E+02

S-HAX

. 1B9B9E+03

S-MAX

326B1E+03

S-MAX

. 2B714E+03

5-MAx

LhI22BE+03

§-HAX

L 12874E+04

S-MAL

APB49E+04

S-NAY

. 258505 +04

S-MAX

L 30BOFE+04

S~MAX

L3HI03E+04

5-HAX

. 53653E+04

S-MAY

3S793EH04

S-HIK

- 18293E403

S-MIN

-, 28394E403

S-NIN

397528402

S-HIN

102318403

5-HIN

- 44330E402

S-MIK

-, 98hb6E+02

S-MIN

-.10858E+03

S-MIN

= 10B15E+3

S-HIN

- 75120E402

S-HIN

= H3472E+02

S-KIN

-, 2851 6E+02

ANGLE

3.9

ANBLE

-34.54

ANGLE

~50.20

ARGLE

24,37

ANGLE

19.21

ANBLE

13.43

ANBLE

9.40

ANGLE

6.04

ANGLE

3.34

ANBLE

s



gELEHENT { 194)
LoAR LOC Sit
L CEN 349276404
gELEHENT ( 193}
LOAD LOT Sit
t CEN .33511E+04
0
OELEMENT ( 196)
LDAD toc St
1 CEN L310TIE+04
gELEHENT ¢ 19
L0A% LOC 511
1 CEN A1937E+04
?D VERALL TIMNE LDE

+

NODAL POINT INRUT

ELEMENT STIFFNESS FORMATION
NODAL LBAD INPUT

TOTAL STIFFNESS FORMATION
STATIC ANALYSIS
EIGENVALUE EXTRACTION
FORCED RESPONSE ANALYSIS
RESPONSE SPECTRUM ANALYSIS
STEP-BY-GTEP INTEGRATION

TOTAL SOLUTION TIHE

"

s22

13518E+03

822

- 75194E402

§22

F4976E403

522

= 10977€+405

00
.00
.00
.00
HHEREREE
.00
.00
.00
.00

=HEREREEE

122

833

SP077E+04

533

.IBLTBE0A

533

AL3RLEL04

833

J2911TEGS

§12

. S6433E+02

S12

. 20988403

512

JAL5ISE403

§12

-, 339376404

5-MAX

SATGE 04

S-MAX

L 33639E+04

§-HAX

L3189LE+04

S-Hat

207608404

S-MIN

134238403

S-MIN

-.88002E+02

S-HIN

J8918IE+GT

5-#IN

- 11B39E+0G

RNBLE

96

ANBLE

3.49

AMELE

16.62

ANGLE

-14,57
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IHFIR GUICK OPENING HATCH-BAYONET RING

CONTROL INFORMNATION

NUHBER OF NODAL POINTS
RYMBER OF ELEMENT TYPES
KUMBER OF LOAD CASES
HUMBER OF FREQUENCIES
ANALYSIS CODE {NDYN)

EQ,
EQ.
EQ.
EQ.
EQ.

15
i

[ I T

1
%
0
2, STATIC

1, WODAL EXTRACTION

2, FORCED RESPONSE

3, RESPONSE SPECTRUNM
4, DIRECT INTEGRATION

SOLUTION MODE (MODE) = 0

ER.
ER.

0, EXECUTION
1, DATA CHECK

NUMBER OF SUBSPACE

1TERATION VECTORS (NAD)
EQUATIONS PER BLOCK
TAPELD SAVE FLAB IN10SY}

[ ")
<

NODAL POINT [NPUT DATA

ONODE

B0

NUNSER X

]

- b M e e E e bR e bem e e e e S e

UNDARY CONDITION CODES
Y 0w o1

—

P B~ B A -~ - IE =B I — = = B~
PSR A - - AR - AR - -
— et g b bem e b b ba A e A e b e e bee e b
R I T S ]

S B e b bk beA e A e et pes ber e e bt e e b b bk

#

X
000
. 000
000
000
000
000
000
000
000
A 000
000
000
000
000
000
000
000
000
000
000
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KOBAL POINT CDORBIMATES

A\
19,250
19,750
20.250
20,750
21,250
21.750
19.0%0
19.430
20,160
20,690
21,220
.71
18.940
19,560
20,069
20.630
21,190
21,750
18.780
19,380

4
000
000
000
000
000
000

1.000
1,000
1.000
£.000
L. 60D
1.000
2,090
2.000
2.000
2.000
2.000
2.000
3.000
3. 000

DO O PO OO 00D OO0 00000

000
2009
000
000
000
000
000
000
006
000
000
000
060

000
000
000
060
000
.00
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O C OO OO OO RO O OO OCITOTOODOCDODDOCD OO OO OCOTTOTCOTLOTT OO CDTT OO

T OO OO MO0 OO OO0 0T OO OO OO OO RTODTOCOCTOTOOS

e e e b e es b e rm e e e e bk e b e Ak e b bk R b e g b e bm e b e e b e e bbb b b e A b b e kA b e b b b e ke e e bt e b e e b b e e e e
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000
000
000
000
000
000
.000
000
009
000
000
.000
.000
000
000
000
000
000
000

000

000

000

000

000

000
000
000
060
.000
000
000
000
000
000
000
000
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19.970
20,360
21,140
21,750
18.630
19.250
19.880
20,500
21.130
21,750
19. 250
19.889
20.500
21,130
21,730
19.250
19,880
20.500
21,130
21,730
19.230
19.830
20,500
21,130
21,750
19.250
19.880
20.300
21,130
21,750
19.250
19.830
20.500
21,130
21.750
19.250
19.82¢0
20,300
21,130
21,750
19.250
19.880
20,300
21,130
21,750
19.250
19.880
20,500
21.130
21.750
19.230
19.880
20,500
21,130
21,750
17.380
18. 000
18,630
19.230
19.880
20.500
21,130
21,750
17.380
£8.00¢0
18. 430

3.000
3.000
3.000
3.000
4.060
4.000
4.000
4.000
4.000
4,000
4.673
4,675
4.673
4,675
4,675
5.350
3.350
5.33¢
3.350
5.35¢
6,025
5.025
4.025
8,025
6.025
6.700
4.700
6.700
4,700
5.700
1.373
1,373
1.375
1.373
7.375
8.050
8.050
8.050
8.05¢
8.030
8.7
8.725
8.723
B.723
8.725
9.400
9.400
9.400
9.400
9.400
10.080
10.08¢
10.080
10.080
10,080
10.750
10.750
10.750
10.750
10.750
10.750
10.750
10,750
11,500
11.500
11,500

PO OO0 TR OO OO C OO OO OODOTCTST OO OO OCOCOROCTOTOOOT IO

060
000

000
000
000
000
000
009
000
000
000
000
.000
000
000
000
000
000
000
000
000
.000
000
000
000
000
000
000
000
000
000
000
.000
000
000
000
000
000
000
000
000
000
000
000
000
000
. 000
000
000
. 000
000
000
.000
000
. 000
008
000
000
. 000
000
000
000
000
000
L0600
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107
108
109
ito
11
112
13
114
341

1GENERATED NODAL DATA
BIUNDRRY COMDITION CODES

ONODE

e i e i

NUMBER X

{

i
1
i
i
i
i
1
1
i
1
i
{
{
1
1
1
!
t
i
i
{
{
1
1
!
i
1
1
{
1
1

OO OO OO OO DD T OO OO OO TCOCD

Y

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

e e OO OO O ORI

i

1"

b e e e e be e me ba e M e e b b e e bk b he b e A b S s e e e e

— b b p b i b e m b M e b b e b e pee e e b b S e P ban e e b

¥

e e me e m m e e b e e e e e b e B b e e S e S e e e e e e e

O T i

1

e e b bk e e s e hes e e b b e b b e e b e b b e b L e b ke e e

000

000
000
000
.000
000
000
000

000
000
000
000
000
000

NODAL

.000
000
000
000
000
+ 000
000
000

POINT
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19.250
19.880
20.500
21.130
21.73%0
17.380
18.000
18,630
19.250
19.880
20.500
21.130
21.750
17,380
18,000
18,630
19,230
19.880
20,500
1.430
21.750
17.380
18.000
18,630
19.25¢
19.88¢0
20.500
.13
21.750

COORDINATES
Y
19.250
19.750
20,250
20. 750
21.250
21,730
19,090
19.630
20,140
20.5%0
24.220
21,750
18.940
19.500
20,060
20.4630
21,190
21.750
18,780
19.380
19.97¢
20.560
21,140
21.750
18.630
19,250
19.880
20,500
21.130
21,750
19.250
19,840

11.500
11,560
11.500
11.500
11,500
12.250
12.25¢

12,750

12.250
12.250
12,240

12,280

12.250
13.000
13.000
13.000
13.000
13.600
13.600
13.600
13.0600
13.750
13.730
13.750
13.750
13.750
13.750
13.75¢
13.75¢

000

000

000

000

000

000
1.000
1,000
1.000
1.000
1,000
1.000
2,000
2.000
2.000
2.000
2.900
2.000
3.600
3.00¢
3.000
3.000
3,600

4.000
4,000
4,000
4.000
4,000

4,675
4_A75

OB OO DO O OO ODOO S OOD OO ODDODD O

.000
000
000
000

000

000

000
000
2000
000
000

000
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-0 OO OO TOODODOTDO OO OO OO OCOO D CO OO OO TP COTOTODPOCITROTDIOTTD OO
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e mm b hm an b e bm e e e e m e b e e g = pm P b b e b b e e e e S e P bk he kel e ke e e e e e e b et S b e s e P e e e e e e S e

000
. 000
000
000
000
000
000
000
000
000
000
000
000
000
000
. 000
000
000
000
000

000
000
000
000
000
000
000

000

000
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20.500
21,130
21.750
19.230
19.880
20,360
21.130
21,750
19.230
19.880
20.500
21,130
21,730
19,230
19. 889
20.500
21,130
21.750
19.2530
19.880
20.500
21.130
21,750
19.250
17.580
20.500
21,130
21,750
19.250
19.980
20.500
21,130
21,750
19.250
19.880
20,300
21.130
21.750
19.250
19,880
20,300
21,130
21.750
17.380
18. 000
18.639
19,250
19.880
20,500
21,130
21.730
17.380
1B. 000
18. 630
19,250
19,880
20.500
21,130
21,730
17,380
18. 000
18.630
19.250
19.880
20,500
21,130

4.675
4.675
4,675
§.35%9
5.3%¢
5.350
5.350
5.350
4.025
6.025
5.025
4,025
6,025
6.700
6,700
6.700
6.700
8,700
1.373
1.373
1.375
7.375
1.375
B8.050
8.050
8.050
8.050
8.050
8.725
8.723
8.725
8,725
B.725
9,400
9.400
9.400
9.400
9.400
10,080
10.080
10.080
10,080
10,080
10,750
10,750
10.750
10,750
10.730
10,750
10.750
10.750
1,500
11.500
11,300
11,500
11500
11,500
11.500
11,300
12.250
12,250
12,250
12,250
12.2%0
12.250
12.250

000

000
000

000
000
009
000
000
000
000
000
000
. 000
000
. 000
000
000
2009
000
000
000
000
080
000
000

000

. 000
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100
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103
104
105
106
107
108
109
1o
i
12
13
114
115
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21,750
17.380
18.000
18,4630
19.230
19.880
20.500
21,130
21.750
17.380
18.000
18.630
19,230
19.880
20.500
21,130
21.750

12.250
13.000
13,000
13. 000
13.000
13.000
13.000
13.000
13.000
13.750
13.750
13.730
13.750
13.750
13.730
13.750
13.750
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91

93

95

97

9
101
103
105
107
109
in
13
15
17
119
12t
123
125
127
129
13
133
133
137
139
141
143
143
147
149
151
153
154
156
158
140
162
164
166
148
170
172
i
176
178
180
182
184
186
188
190
192
194
196
198
200
202
204

208
210
212
214
216
218
70

92

9%

%

98
100
102
104
104
108
110
112
114
114
iig
120
122
124
126
128
130
132
134
134
138
140
142
144
146
148
150
152

133
157

161
143
165

189
191
193
193
197
199
201
203
208
207
209
211
213
215
u7
219
221

ooooooo@oooooooo<:>Qooooooooocoooocooooooooooooooooooooooooooooooooo
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H2 0 222 213
i 0 224 225
114 0 226 217
1Hs 0 228 229
4 88 1t 1
1AXISYMMETRIC ANALYSTS

[ = — ]

NUMBER OF ELEMENTS
RUMBER OF WATERIALS
MAXIMIN TEMPERATURES
PER NATERIAL
ANALYSIS CODE
€BRE FOR INCLUSION
{F BENDING MODES
£Q.0, INCLUDE
61.0, SUPPRESS

NATERIAL I.D. NUMBER
NUMBER OF TEMPERATURES
NEIBHT DERSITY

MASS  DENSITY

BETA ANGLE

[ I I TR

TEMPERATURE
00

E()
. 2B30E+08

ELEMENT LOAD MULTIPLIERS

LOAD CASE  TEMPERATURE
A 000
B 00
c 000
D 000
1ELEMENT

NUMBER 1 J K

{ 1 2 [}
2 2 3 9
3 3 4 10
4 4 5 H
H] 5 5 12
[ 7 8 1
7 8 9 13
8 9 10 14

-0
[
=3
—
—
—
-~

133

0 0
0 0
¢ @
[
¢ o o0 ¢ o0 ¢ o o0 O
a8
1
1
0
0
1
i
O000E400
.0000E+00
000
E(8) E(T}  HUNS)  NU(NT)
L2830E+08  .2B30E408 L3000 L3000
RRESSURE  X-BRAVITY  Y-GRAVITY  I-BRAVITY
1,000 <000 000 000
000 000 000 000
006 000 008 000
008 000 000 <000
HATL REFERENCE  [-J FACE  STRESS
L TYPE TENPERATURE  PRESSURE  OPTION
7 l 000 L OO0E+0D 4
8 i 000 L D00E+DO0 4
9 1 000 L000E+00 4
10 i L000  LO00E+00 L}
13 1 000 L GO0E+00 4
13 1 D00 L 000E+C0 4
L] i 000 L DO0E+G0 4
15 i 000 L OO0EHO0 4
16 1 L000  LDOOE00 §
17 ! 000 L000E+00 A
19 1 000 L OO0E+00 L}
20 1 000 LO00E+0D 4
21 1 000 LDOOE+DO L)
22 1 L000 L OOO0E+0D 4
23 1 000 LO00E+0D L}
3 { 000 - 951EH04 4
28 { 000 L 000E400 4
a 1 L000  LO00E400 4
28 ! 000 LODOE+00 L)
29 { 000 L DOOF+00 4

RU(ST)
3000

K6

- mm b bt s e b per b et e Pwm bem P e e e b e

6(N85)
»1200E+08

THICKNESS

.0000
L0020
L0006
0000
L0000
- 080
000
L0000
10000
L0000
L0000
0000
. 0000
0000
. 0000
L0000
0000
0000
0000
RuCHH

ALPHAIN)
L9300E-05

ALPHA{S)
L 9300E-05

ALPHALT)
.7300E-03
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101
102
103
104
105
104
107
109
110
1
112
113

000
000
000
000
. 000
000
000
.000
000
.000
000
000
.000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
.000
000
000
. 000
000
000
000
000
000
.000
000
000
000
000
000
000
000
000
000
000
000
000
000
000
090
.00
000
000
000
000
000
000
000
000
000
.00
000
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L COOEL0D
0005400
L GOOE+00
L 000E+00
ODOE+00
L 000E 00
D0OE+GD
L DO0E+(0
LODOEROD
. 00CE+00
LO00E 400
L D0CE+00
O00E+00
D00E+00
L 000E+00
L 000E+00
O00E+00
L0005 +00
L000E4+00
LO00E 00
000E+00
LGOOE+00
L00BE+00
LO0OE40D
LGO0E+00
L DO0E+00
0005400
. DOQE+D0
LDOOE+G0
L 000E+00
L DROE+00
. DOOE+00
L DO0E+00
00E300
L O00E+90
HO0EH0D
DOOE+60
LOO0EH00
L 000E+00
. 000E+00
L D00E+00
L000E400
D00E+00
O00E+00
L D00E+00
LO00E+00
L DOOE+00
LOO0E400
L 000E400
L BOOE+00
LO00E4G0
L000E400
L DO0E+00
L QODE+00
DOOE+00
L COOE+GD
ODOE+00
.GOOE+00
DO0EH00
L 000E+00
L D00E+C0
LO00E+00
D00E400
LOO0E+O0
D00E+00
LO00E+00

-
.,.A.h-.:-.:-...-.-.-..A.....n.b.-.-a..u....h.pba..pa.-.na.na.-.-.u..n.a-a-:..u-...a-.n.a---.-aa-.n.-a-.-..-.-.—.hoa-.po.-o..

L0000
0000
L0000
L0000
, 0000
0000
0000
0000
L0000
L0000
L0000
. 0000
L0000
. 0000
L0000
. 0000
0000
. 0000
L0000
0006
0000
L0060
L0000
L0000
L0000
0060
. 0000
. 0000
L0000
0000
L0000
0000
L0600
L0000
. 0000
. 0000
L0000
. 0600
. 0000
D000
L0000
0000
0000
0000
0000
L2000
0060
L0000
L0000
L0000
L0000
. 0000
0000
0000
. 0000
L0000
L0000
. 0000
. 0000
. 0000
-0000
. 0000
0000
0000
. 0040
N
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87 105 W& 114 13 { D00 LDO0E+0D L] 1 0000
88 106 107 115 14 1 L000  LOO0E+00 4 1 0000
IERUATION PARAMETERS
TOTAL NUMBER BF EQUATIDNS = 9
BANDRIDTH = 20
NUMBER GF EQUATIONS IN A BLOCK = 181
RUMBER OF BLOCKS = 2

MoDAL LOADS (STATICH QR MASSES {DYNANID

NODE  LOAD 1-AXIS Y-ALIS I-ALLS 1-AXIS Y-AXIS 1-AX1S
NUMBER  EASE FORTE FORCE FORCE HOMENT HOMENT MONENT
STRUCTURE ELEMENT  LOAD  MULTIPLIERS
LOAD CASE ] B 4 ]

1 1,000 000 000 000
INBDE ODISPLACENMENTS/ROTATIONS

NODE  LDAD X- Y- 1- - Y- 1-

NUHBER  CASE  TRANSLATION  TRANSLATION  TRANSLATION ROTATION ROTATION ROTATION
9 13 1 LO0000E+00  L27AY9E-02 - 47S61E-02  .0OCOOE+Q0  .00000E+00  ,00000E+00
0 1t { L00D00E+00  .27976E-02 -, 407T4E-07  CO0GOE«0D . DOOOOE+O0 L CODDDE+OD
¢ 13 1 (00000E+00  .2B41BE-02  -.33B76E-02  .QO000E+00  ,00000E+00 . 0QO00E+00
¢ 112 1 .00000E+CO  .29048E-02  -.26927E-02  ,00000E+30  .0O0Q0E+00  .DOOQCE+OC
0 1t 1 .00000E+0D  ,29798E-02 -.1993BE-02  ,00000E+00  .OO000E+00 . 000GOE+00
¢ 1o 1 .00000E+00  .J0457E-02 -, 11935E-02  .Q000OE+Q0  .Q000OE+00  ,0ODOOE+G0
0 109 1 ,00000E+00  .30936E~02  -.40600E-03  .00000E+00  ,00000E+00  ,000C0E+00
[t 1 LQ0000E+00  ,312826-02  34TITE-D3 LOCO00E400  .DOOGOE+Q0 |, DOCGOE+00
¢ 107 1 L00000E+00  (19456€-02 - 47247E-027  (QQ0OOE4D0  .QO000E400  ,OUOCOE+0®
9 104 1 .CO000E#00  ,19626E-02 - AQS23E-02  .00000E+00  ,.0000CE+00 . 00CCOE+00
0 105 t L00000E400  L19951E-02 - 33770E~02  (00000E+00  .CO000E+00  ,D0GOOE+00
0 104 1 .00000E+00  ,20421E-92  -.26893E-02  .QO0GOE+Q0 L 0O0000E+D0  .QOLCOE+00
0 13 t J0OCO0E+08  ,20937E-02 - 19491E~02  .CO00OE+60  ,DOOOOE+0O . 000GOE+00
0 102 1 .00000E+00  .21432E-02 - 11777E-02  .OCOOQE+00  .00000E+00  ,DOOOOE+00
0 t .00000E+00  L2U797E-02  -,36943E-03  .O0DOOE+O0  LOOODOE+OD L ODOOOE+BD
9 100 1 J00000E+00  ,22015E-02  .4QB76E-03  .00000E+00  .00000E+00 . Q00Q0E+00
[ 1 00000E+00  ,11189E-02 -.44739E-02  .00DOOE+0G  .0000OE+00  ,DO0GQE+00
0 98 1 L00000E+00 L $1138E-02 -.40233E-02  0000E+00  QO000E+D0 . 00000E+O0
[ 1 .J00000E+00 L HI335E~02  -.33809E-02  .00000E+00  .QOO00E+00  .(00000E+0D

[ i JO0000E400  (11753E-02 - 27170E-02  L00000E+30  .Q0000E+00  .Q00GOE+00



B

94

93

92

91

50

89

88

87

B

83

84

B3

81

80

79

78

77

76

75

7

73

72

70

b9

48

&7

L1

63

64

a3

1

1

t

1

1

1

!

1

1

!

1

1

1

t

1

1

1

1

t

1

t

{

i

1

i

1

1

1

i

1

1

L Q0000E +00

. 00000E+00

.00000E+00

.00000E+00

L DOCOOE+00

. DO0Q0E+09

.00000E+00

. 00000E+00

L DIB00E+DD

L 00C00E+00

L00D0CE00

00000E+00

Ruduguiiy

L QOGOOE+QD

L 000O0E+00

. 00000E+00

L Q0000E+00

+ 000G0E+00

00000E+00

. 00000E+00

DOCCOE+00

L Q0000E+00

L 00000E+00

. 00CO0E+GD

L 0O0GO0E+O0

,00000E+00

. 00000E+00

L 00000E400

+00000E+00

. 00000E+00

QOOH0EL00

+ 00000E+00

+00000E +00

12322802

12643E-02

. 12844E-02

. 1280%E-02

3272363

+3J0139E-03

. 29492803

JI3TE-03

L 3B179E-03

AI397E-03

. JA047E-03

L 26309E-03

L STTAIE-03

A22556-03

L44918E-03

JT2TE-0S

.503782-03

L H3SG2E-03

b45BYE-03

JOAALLE-03

,B9652E-03

. R3236E~03

J9815LE-03

. 9B785E-03

L R0296E-03

L 13086E-02

13626E-02

13B37€-02

13574E-02

12952602

16007E-02

L 16521E-02

18663E-02

)
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A9679E-02
L 11733E-02
. 33373E-03
. 48784E-03
. 43827E-02
. 39826E-92
. 33968E-02
. 27B44E-02
. 20551E-02
11660E-02
. 24643E-03
Lb0672E-03
&44B6E-02
L 39307E-02
LI4118E-02
. 28835E~02
L 22054E-02
LJ1611E-02
00000E +00
LSATH2E-03
A3073E-02
. 3B784E-92
+JA404E-02
J29762E-02
. 23530E-02
41612602
. 38335602
. JABASE-02
SILA7SE-02
. 28227E-02
»40270E-02
JST97BE-02

L 35511E-02

L 00000E+00

. 00000E+00

. DO0OOE+00

+DOCOOE+00

.00000E+60

.00000E+00

00000E+00

00000+

00000E+00

.00009E400

» 00000£+00

. 00CORE+00

. 00060E+00

00000E+00

L 00000E +00

L 00000E +00

L 00000E+00

. 00000E+00

L 00000E+00

. 00000E +00

00000E+00

L 00000E400

. 00000E+00

L 00000E +00

. 00000E+00

. DDDOCE+00

. 00000E+00

L 00000E +00

. Q0000E+00

L CODOOE+GD

. 00000E+00

. 00000E+00

. 00000E«0D

. 00000E.400

00000E+00

. 00C00E+00

. 00000E+00

000008400

O0000E+0D

, 00COOE +00

. 00000E+00

. 00000E4G0

000008 +00

. 00000E +00

. CO0O0E+0D

GO000E+00

. 0OC00E+00

L 00000E+00

D0COCE+00

-0D0000E+00

. QOCOOE+00

. 00000E+00

00000E+00

+G0000E+00

. D0000E+00

+O0000E+00

. 00000E+00

OD000E+00

D0000E+00

. DODO0E+00

L 0O000E+00

2 0000054450

, 00COOE+00

. 00000E+0D

00000E+00

. DUD00E+G0

00000 +00

. 00000E+00

. 00000E 400

.00000E+00

OO0D0E+0D

D0COOE+00

00000E £00

00000E+G0

LQC0COE+00

D0GOOE+00

. 00000E+00

.00000E+00

DOCCOE+0D

. D0000E+00

L00000E+00

. 00000E+00

. Q0000E+00

, 000Q0E+00

. 0000CE+00

. 000NQE+00

L Q0000E+00

L 00000E+00

. 0000CE+G0

. 00000E+00

O0000E+G0

. 00C00E+00

. DOQOOE+09

L000GOE+00

L DO0O0E+00

L O0000E +00

OO0D0E+00

. CO0QOE+0

. 00090E+00
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&1

&0

M

58

57

3

49

48

a7

4

37

36

38

34

33

L 0000GE+00

. 00000E+(0

L 00000E+90

.00000E+QD

- 00000E+00

L DUD00E+00

.Q0000E+00

00000E +00

B0OO0OE+00

L Q00GE 00

L BOGOOE+0D

DO0O0E+0D

L GO0BOELOD

A 00000E +00

L 0000GE +00

JBOO0OE+GE

L Q0000E+0D

L DOOODE+00

L O0000E+0D

. 0NCOOE+06

JBO000E+00

Ryt

L H00U0E+00

. DOONDE+00

L DODOCE +00

+0BRODE 60

. 00CO0E+00

L D0COBE+0D

QOBGOE+0D

. DOOOCE+00

L BO000E+0D

SOO0OGEE+G0

+OG000E +00

L 16447E-02

-, 13843602

- 179026-92

.18385E-02

i

. 18544E-02

~.18345E-02

~. 17804E-02

-.18879E-02

-.19345E-02

-, 19501£-02

- 1§332E~02

-, 18824E~02

~. 19014E-02

- 19457602

=, 19608E-02

- 19445802

~. 18947E-02

- 16332602

- 18760802

-. 1BBISE-02

-, 18740£-02

- 18270802

~, 14B39E-02

- 17250E-02

- AT TE-02

- 172578-02

~.16807£~92

~. 13535802

- 14913E-02

- I5114E-02

- 15117802

- 14603602

-.11489E-02

137

-, 33098E~02
-. 30755602
- 39127E-02
-. 37729802
-.36190E-02
-, 34674E-02
-,332228-02
-. 38105602
- 37539E-02
-.36871E-02
-, 34206E~02
~: J3606E-02
-.37183E-02
-, 37396E-02
-, 3753202
- 37698602
-, 37908E-02
-, 35307E-02
- S1285E-02
- J8234E-42
- 39155E-02
- H0IE-02
~.39461E-~02
- 3T1T3E-02
-, 3BBYYE-02
- 40581E-02
-, 42287802
~. 345408 -02
-, 37056£~02
-. 39439E-02
- A197BE-0Z
~. 44432E-02

= 339T4E-02

, 00000E400
. B0060E+00
L 00000E+00
. 000008400
. OO000E +00
00000 +60
L GO00DE +00
+ D0000E «00
L00000E+G0
L OHO0DE £
GOOBOE+00
LO00OEL00
L D0DBOE DD
L 0000GE+00
. DOOOOE +40
. DR000E +0h
+ GO0O0E+GD
L DGO0OOE+00
. BODOOE+GD
. 0D0O0E+G0
O00O0E +00
. DO0RDE+0D
. 00000E+50
DOOUOE+G0
L OGOOLE+30
. 00000E 499
OOGGOE+00
. 00000 +00
«D000DE+0D
. DO00OOE+(0
O0000E+00
L 00GOOE +00

L ODOURE +00

. H000DE4OD

D000DE+00

. (D000E+00

+DOGO0E +09

<00000E+H30

- 00000E+00

. DOOUOE+0D

+D0000E +00

2 DG000E+00

+DOOBOE +00

. 00009E+00

» 0000GE+00

DODOOE +00

DO000E+00

JOO0BLE0D

O00BOEHDD

D0OGOE+30

DUROE+0D

. DUOOCE+00

DO00OE+00

. D0000E+00

DOCOOE+OD

. GO000E+00

00D00E+00

SDOBOE+00

L 00000E+00

. 00000E+00

L BODROE+0D

. D00D0E+00

. B0000E+00

D0000E+00

L B0DO0EHO0

H0000E400

. DO000E 0D

. DODOOE+00

LO0000E+00

L DBOODE +00

. 00000E+00

.00000E+00

. D0200E+0D

L 00000E+00

. BO000E+00

ODDOOE+0D

. 0O0G0E+00

. DOD0OE+00

. DOOOOE+DD

. 000)0E+00

. DOO0CE+00

L DODODE+00

QOB00E+00

O0000E +00

. DODDOE+00

. 00000E+60

. ODOOOE+00

L DUDDOE+O0

, 0DDO0E+30

L DOCOOE+A0

L D00DOE+00

. D0000E+00

O0000E+00

O0000E+00

. Q0000E+00

DO000E+00

D0000E+0D

. 00000E+00

 00000E+00



0
0 8
[
0 2
[
0 24
0
[
02
[
° 19
0 18
[
[
o 15
9 i
0 13
0 12
[
¢ 10
0 9
0 B
0 7
0 b
0 9
0 4
0 N
0 2
0 1

IWHO-DIMENSTONAL

{.
2.

OELERENT (

1

1

1

L 00000E+00

. 0000CE+00

QOCOOE+00

LCODODE+00

+000Q0E+00

00COOE+00

. D0000E+00

00000E+00

Q0000508

L00000E+00

. 00CO0E+06

L COGOOE+Q0

. QO0OCE+(0

L BOCHOE+00

L 00000E+00

. 00C00E +00

L 00G00E+09

000B0E+(0

Q0000EH00

LOO000EHO0

L 00000E+00

00GO0E+00

+ 00000 +G0

L Q0CO0E+N)

L ODODOE0D

. 00000E+00

00000E+00

O0000E+00

. DO0OCE+00

i

LAL777E-02

11942602

-, 12033E-92

- 11925602

~ 113038-02

-.59519E-03

~ 60715603

= 60693E-03

-.SBBMHE-0T

-, S5645E-03

)

LG3212E-03

15106E-04

16077E-04

. 240BBE-04

L AOATZE-04

LS0161E-04

A2076E-04

.62871E-03

.63458E-93

L HAT43E-03

L BATI0E-0T

.65267E-03

b60BOE-(3

A2374E-02

V12450E-02

A2535E-02

. 12508E-02

12687E-02

42758E-02

FINITE
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- 34947E-02 . 00000E+00
-, 39866E-02 L 00000E+00
- 42961E-02 . 00000E+00
- A6W6E-02  L0ODOOED0
- 52416E-02  ,Q00G0E+QQ
=.33333E-02 LOO00DE+00
= J6TI3E-02 L 00000E+00
-.40039E-02  .00000E+00
- 43514E-02 L 00000E+00
~.47905E-02 L CO0QOE0D
-.S2018E-02 . 00000E+00
- 3321E-02  L00000E+00
-, 36039602 L 00000E+00
- 39937E-0F L Q0000E+I0
- 43538E-02 L O0000E+DD
- 47080E-02 . 00000E+00
-, 0589E-02 . 0000QE+00
- 33086E-02 L 0000QE+00
-.36338E-92 . 000GOE+00
-.396328-02 L 0OD00E+0D
- A29128-02  ,OO0OOE+00
- A6185E-02 L 00000E+00
- 49508E-02 L 0O00OCE+00
-, 32974607 L00COOE+00
- 36037E-02 L 000RDEHDD
- 39M12E-02 L 00000E+D0
- 42198E-02  LCO0GOE+00
- A52B6E-02 L 00GOOE+)0
- AB3T0E-02 L 00000E+00
ELENENTS

CENTRDID STRESSES REFERENCED TO LOCAL Y-I COORDINATES.
MID-SIDE STRESSES ARE NORMAL ANL PARALLEL TO ELENENT EDGES.

+00000E+00

. 00000E+00

. 0G000E+00

. 00000E +00

. 00000E+00

L D0000E+00

JO0000E+00

L 00C00E+0D

Q0CO0E+00

L D0000E+00

QUCOCE+00

L O0000E+00

- 00000 +00

+00000E+00

000008 +G0

L00000E+00

00000E+00

+00000E+00

, 00000E+00

LO00O0E D

O0000E+00

. 0Q000E+00

- 00000E+00

. DO0OCE+00

D00OOE4GD

«00000E+00

2 00000E+00

. CO00CE+00

GOQ00EH0D

. GO000E+0D

. 00C00E+00

. D0000E+00

. B0000E+00

. 00000E+00

+00000E+00

. 00000E+00

. O0000E+00

00000 +00

OCOO0E+00

. 0000CE +00

- 000G0E+00

+00000E+00

00000E+00

LO00N0E+G0

L00000E+00

< Q0DO0E+0D

+00000E+00

. 00G0CE+00

. DDOOCE00

00000E+00

. 00000E+00

00000E+00

LOOG0OE+O0

+DOOOGE+0D

, 0B000E+00

. D00OCE+00

. 000C0E+00

. 00000E +00
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L0aD LoC 511 s22 S33 512 S-NRY 5-MIN ANSLE

1 CEN  -.17835E¢02 < 10443E402 JL4004E404 - 32470E+01 JOBISEH02 - 18204402 B33
0
OELEMENT ¢ 21

LOAD. L0C si §22 833 812 §-MAx S-HIN ANBLE

1 CEN SAATIEROZ - 29436E402 L 135876404 A7738E+02 L39070E402 -, 34029E402 14,52
gELEKENT (S|

LOAD LOE sit §22 533 A 512 5-MAL S-MIN ANGLE

I CEN LIHIZTERO2 352216402 A3101E+04 S2AGAE+02 L92503E402 - 56E9BEM)2 30.88
gELEHENT « &

LBAD LBE St 532 §33 512 S-HAY S-HIN ANGLE

tOCEN -, 13849402 L 34175E+0Y L12706E+04 THAAEHQ2 JB6BB2E+02 - THBLAE+GD 48.50

0
QELEMENT ¢ 5)

LOAD LOC 5t s22 833 512 B-HAX S-MIN ANBLE

1 CEN - 10206E+02 J47B35E+02 L 12439E+04 2 347h4E+02 CBA0R1EH0Z - 26B11E402 64.94
gELEHENT [N 1]

LOAR LOC Sit §22 833 512 S-HAX 5-HIN ANGLE

i CEN AGATAEH0T - 154556403 50325€+03 2434403 LAS4T5E40T - 20437E+403 219
gELEHENT (SN

LOAR LOC Si1 §22 £33 512 §-HRX S-HIN RHELE

I CEN  -.30839E403  -.97260E402 .37684E403 22726E403 JATTOLES02 -, 43355E403 a1.47
gELEHENT (S 1]

L8AD LOC st 822 833 812 S-HAX S-#IN ANBLE

§ CEN -, 43990E403 JI5176E402 L 362TIEHNT 14264E403 12088403 - ATHTHER(] 73.51
gELEHEHT [ ]

LOAD LOC 511 822 5§33 5t2 5-HAX S-HIN ANBLE

| CEM  -.22726E403 L 11934E403 JA0930E40T -, GA9T0EHD2 LA2785E+05 -.23577E403 ~-BLL20
gELEHENT { 10}

LoRD LOC 511 522 833 812 S-MAX S-MIN ANBLE

1 CEN - 36Bb6E+02 419998402 JATOEHDT - HO2ETEHD2 JBORATEH0Z - BISI4EX02  -54.06

]
QELEMENT { 11}

LDAD LOC 51t §22 833 512 §-HAX S-HIN ARBLE
i CEN - 107G7E+04 -, 12232E+04 - 10453E+D3 JJTIEEA0T - STORAEHOT -, 19283E+04 42.28

0
QELEMENT ¢ 12} .



LBAD LOC

1 CEN
0
OELEMENT (

Loan Leg
1 CEN
0
OELEHENT {
LOAD LOC
1 LEN
0
OELEMENT (
LOAD LOC
1 CEN
0
OELEMENT ({
LoAD LoC
1 CEN
0
QELENENT ¢
LOAD LOC
i CEN
0
OELEMENT (
LoAD LOC
1 CEN
0
OELEMENT ¢
LOAD LOC
1 CEN
0
OELERENT (
LOAD  LGE
1 CEN
0
OELEMENT (
LOAD LOC
1 CEN
0
OELEMENT (
LoAR LOT
1 CEN

0
OELEMENT (

13)

14)

16}

18)

19

20}

b33

Fa)

Stt

. 10754€+04

5n

A2615E+03

St

. 25757E+03

Sit

L 32790€+02

51

b634ZE+0T

St

. 34090E+03

St

J2A291E+03

5t

L 11340E403

511

+16408E+02

St

L 12535E+04

Sit

LB921BE+03

§22

. 42870E+03

§22

L99583E+03

522

L 22786E403

522

JAGTTAEHS

§22

L40B75E4+04

522

ASEBAECH

§22

L 20794E+04

§22

L

. 256838403

522

LA5021E+04

§22

LBOT12E+04

522

J29797E+04

140

533

-S4931E+03

833

291786403

833

L4168LE+03

833

- S4301E403

833

75366403

§33

L 11525E+03

833

-.5T762E403

§33

- 12388404

533

-, 16267E+04

§33

.80227E403

833

-, 745858403

512

81662E403

512

=, 27023E+03

§12

-, 573936403

$12

-.30340E403

512

. 19838E+04

S12

L T2961E403

512

- T00AZE 403

§12

-, B4720E403

§12

= A4100E+03

512

. 1043E+04

512

-, 10851E403

S-HAX

.786R1E+03

5-Hax

103976404

S-NAX

40B20E+03

S-HAX

« 12465E+03

S-HAX

47079E+04

S-MAX

JA4955E104

S-MAX

L 23160E+04

S-HAX

10353E+04

S-MAX

135198403

S-HAX

.81896E+04

5-1RY

L 30053E+04

S-NIN

- 143356 +04

S-MIN

-, BTG

S-MIN

-.b3791E+03

5-MIN

-.62918E+03

S-MIN

ASL9TE02

S-MIN

L 21781E+03

S-MIN

. 62633E+01

S-NIN

-.66512E403

S-MIN

-, 162098 +04

S-MIN

10931E+04

S-HIN

BBASOEH]

ANSLE

56.32

ANBLE

-80.79

ANGLE

-54.46

ANGLE

-27.27

ANBLE

68,61

ANGLE

80.04
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HODAL POINT INPUT = .06
ELEKENT STIFFNESS FORHATION = 00
NODAL LOAD INPUT = 200
TOTAL STIFFNESS FORMATION = 00
STATIC ANALYSIS = 200
EIGENVALUE EXTRAUTION = 00
FORCED RESPONSE ANALYSIS = .00
RESPONSE SPECTRUM AMALYSTS = 00
STEP-BY-STEP INTEBRATION = 00

+ TOTAL SOLUTION TIME = 00
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HFIR MODEL~E REMOVABLE REFLECTOR HYDRAULICS
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A HYORAULICS ANALYSIS OF THE HFIR MODEL-D
VERSUS MODEL-E REMOVABLE REFLECTOR

Introduction

The "current™ or "present” removable reflector is the Model-D design.
The Model-E, "modified" removable reflector was designed to accommodate
future experiments planned for the HFIR. Basically, the modification
consisted of replacing the four 1.5-in.-diam experiment facilities with
eight larger (2-in.-diam) facilities. Each of the four pairs of larger
facilities are located adjacent to a control rod access plug (CRAP).

A reflector coolant inlet temperature of 120°F and a nominal 40°F coolant
temperature rise across the reflector was assumed. Fluid specific volume
was obtained from the Fourth Edition of the ASME Steam Tables (1979);
dynamic viscosity of water was taken from Table 23, Section 9.1, of the
Nuclear Engineers Handbook.

Reflector coolant redistribution within the removable reflector and the
effects of the reflector modification on access plug flow rates are
subjects discussed below. Experiment coolant requirements are excluded
from the calculations.

The figures and tables of data have been placed at the end of the report.

Removable Reflector Hydraulics

Coolant enters the removable reflector by passing across the eight
bellville springs and flowing through the orifice located at the back of
each spring (shown by the arrows in Fig. 1). The "grbove coolant
passage" shown on the right side of Fig. 1 is located at -the interface
between the removable reflector and the access plug. Those coolant
passages are discussed later.

Test results from a flow calibration of the “spring" orifices was
reported in a letter from R. M. Hill, .Jr., to J. R. McWherter (April 8,
1964). These orifices are 0.5 in. wide and 2.2 in. long. We used the
method of Teast squares to fit Hill’s data, from those mockup flow tests,
to the following equation for this analysis:

Q = 20.0 (ap)0-5018
where:

Q = orifice flow rate, gpm, and
AP = orifice pressure differential, psi.

The aluminum upper containment ring and its proximity to the beryllium of
the reflector is also shown in Fig. 1. Figure 2.1 is a horizontal
section through that upper containment ring, looking down on the various
coolant passages within the removable reflector. Although not shown in
Fig. 2.1, the “spring" orifices are located radially inward from each
thru-bolt. Each orifice straddles a containment ring cross-member, and
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each orifice admits coolant into two adjacent plena. For example, one
"spring" orifice allows coolant to enter plenum A and plenum B, and a
second "spring" orifice passes coolant to plenum C and plenum D.
Horizontal flow from plenum B to plenum C is virtually zero since the
cross-member which separates those plena contacts the top surface of the
beryllium and because there is no orifice at that location. The coolant
inside a plenum flows downward through the various passages to cool the
removable reflector beryllium. The coolant passages of plenum A consists
of 18 "standard grooves" plus a 0.005-in. annulus which surrounds the
1/2-in. experiment facility liner tube; plenum € has 13 grooves plus a
0.020-1in. annulus around the 1 1/2-in. expriment facility liner; plenum B
and plenum D each have 18 standard grooves.

Each "standard groove" has a countersink at the inlet (top of passage) to
minimize the coolant entrance losses. Mockup flow tests for the
reflector 1/8-in. coolant passages was reported May 1, 1963, in a letter
by R. M. Hill, Jr., and also in a subsequent letter from R. J. Kedl to J.
R. McWherter on August 27, 1964. Those experimental results, corrected
for difference in fluid properties and equivalent diameters was used to
obtain the entrance and exit Tloss coefficients for the "standard
grooves." Standard groove flow rates, using those coefficients, was also
compared against H. A. Mclain’s unpublished design calculations for
agreement.

Aluminum liner tubes for the current large (1.5-in.) and small (0.5-in.)
experiment facilities extend vertically upward through their respective
plena to the regien above the upper containment ring. Hence, coolant for
an experiment is obtained from a separate source, above the removable
reflector, rather than from a plenum. Notice that the diameter of the
liner tube in plenum C 1is smaller than the radial thickness of that
plenum (Fig. 2.1). Hence, water can flow horizontally around the 1.5-in.
liner tubes to reach those standard grooves located adjacent to the upper
containment ring cross-member. The modified reflector (Fig. 2.2) has
dual, larger, experiment facility liner tubes. Those liner tubes are so
large (2-in.-diam) that they essentially blocked the horizontal coolant
flow into the grooved passages next to the cross-member. That 1is,
without an alternate coolant flow path there would be a small,
essentially uncooled, beryllium region between the dual large facility

liner tubes of the modified reflector. Two small (0.414-in.-diam)
orifices were sized to admit water from above the reflector into the
region between the liner tubes (Fig. 3). Space limitation precludes

specifying a single, larger, orifice for that region. Each orifice is
positioned directly above a containment ring cross-member; therefore, it
was necessary to reshape that cross-member to efficiently admit coolant
into the region (Fig. 3). Orifice pressure drop is given by the
following derived equation:

AP = 0.0263(Q")2
The constant includes a 0.6 orifice coefficient and the quantity Q' is

the total flow rate (gpm) through both orifices. Orifice pressure drop
(aP) is expressed in units of psi. Once the coolant has passed the
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orifice, it is then redistributed among the following flow passages: (1)
four standard grooves, {2) the 0.020-in. annulus which survounds the
facility liner tubes, and (3) two triangular "groove" passages. The top
of the beryllium has been recessed to ensure unrestricted coolant flow
into the two standard grooves located at the inner radius of the
reflector (Fig. 2.2).

Notice that there are two 1/4-in.-wide slots shown at the outer radius of
the reflector (Fig. 2.2). These slots are machined in the beryllium
only. The slots were added to satisfy a strength of materials probiem
and not fluid flow. A slot width of 1/4 in. was the smallest which would
guarantee at Teast 1/8 in. minimum beryllium thickness. Beryllium is a
brittle metal, and the concern was that small fragments might break off
the reflector and become wedged in the clearance between the reflector
and a control rod access plug. Metal fragments in that region could make
access plug removal difficult. Access plug removal is necessary to
disengage the upper control plates. It is not necessary to remove the
access plugs to replace the following reactor components: (1) the
target, (2) the inner fuel assembly, (3) the outer fuel assembly, (4) the
shroud flange, (5) the inner shroud, and (6) the inner control cylinder.
Furthermore, all experiments can be removed from the reflector and the
access plug independent of CRAP removal.

With the experiment Tiner tubes centered, there is a 0.020-in. clearance
between each tube and the reflector. Hence, it is possible for coolant
from a plenum to enter the 0.020-in. annulus, flow circumferentially
around the annulus, and empty into one of the 1/4-in. slots along the
reflector outer surface. To prevent this undesired loss of plenum
coolant, full length labyrinths have been machined in the beryllium. As
illustrated in Fig. 2.2, the labyrinths are on both sides-of each 1/4-
in.-wide slot. Coolant flow paths at the reflector outside radius and
the access plug flow rates are discussed in the next section. At this
point, it should be sufficient to state: (1} access plug coolant is
obtained by a separate flow path and (2) our calculations indicate that
during normal reactor operation a small differential pressure may exist
across the labyrinths and in the direction to promote plenum to access
plug flow.

Reflector differential pressure versus orifice pressure drop for the
various "orifices" are shown in Fig. 4. There is approximately a 10-psi
pressure difference across the removable reflector during normal reactor
operation, 1i.e., when three primary cooclant pumps are in-service.
Pressure inside a plenum is equal to the pressure above the reflector
minus the orifice pressure drop. The inlet pressure is identical for all
"orifices” illustrated in Fig. 4, and the reflector coolant passages also
discharge to a common location below the reflector. At a given reflector
differential pressure, there is expected to be less than about 0.1 psi
difference in plenum pressures (see curves I, 2, and 3). In other words,
there should be very little cross flow from plenum B or plenum C into the
region between the liner tubes (via circumferential flow in a liner tube
annulus) or vice versa. The "spring" orifices (curves 1 and 2) are
identical. The small pressure difference 1is caused by a slight
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difference in the flow rate through the two orifices. The flow rates are
different because plenum A contains the small experiment facility, i.e.,
has slightly more flow area than its counterpart, plenum D. The
magnitude of the pressure difference across a labyrinth, at the top of
the reflector, is indicated by comparing the data in curve 4 (Fig. 4)
with the other three curves.

Average coolant velocities in the various coolant passages of the
modified reflector is given in Fig. 5. Turbulent flow exists in all of
these coolant passages during normal reactor operation. A control room
alarm sounds (annunciator A-13) if the reflector differential pressure

should decrease below 6.5 psi. Procedures require the operator to
immediately shut down the reactor when a reflector low pressure alarm
occurs during power operation. The location of the bolt coolant passage

(curve 4) is shown on Fig. 1.

Total flow rates for the current (Model-D) reflector and the modified
{(Model-E) reflector are compared in Table 1. A1l flow passages except
the grooves on the outside surface of the reflector, the thru-bolt (1/8
in.) coolant passages, and experiment coolant requirements are included
in the Table 1 data. Notice that the coolant flow rates for the modified
reflector are within 1% of the flow rates for the current design
reflector, i.e., they have decreased only about 1%. Changing the size
and number of experiment facilities involved about 10% of the reflector
volume. Now, since what goes into a facility tube will be cooled by a
separate flow path and since the heat source 1is proportional to the
reflector volume, one can infer that the coolant flow rates for the
modified reflector have decreased 1% but the heat to be removed by this
conlant has been reduced approximately 10%. Remember, only the coolant
passages which previously were located in the volume now oceupied by the
large facilities, and in the region between those facilities, were
affected by the modification. A1l other coolant passages remained
unchanged.

Access Plug Hydraulics

HFIR has four control rod access plugs. Each beryllium access plug (Fig.
6.2) is suspended from the outer shroud by a component called the access
plug hanger. The hanger is accurately positioned by two locating pins,
as illustrated in fFig. 6.1. The hanger and its access plug is separated
by spacers and held together, as a unit, with a bolt. Access plenum is
the name given that volume between the plug and its hanger. There are
two 1/2-in.-diam experiment facilities in each access plug. Although not
shown in Fig. 6.1, the bolt and each experiment assembly penetrates the
hanger. Experiment assemblies have an outer tube which is concentric
with the inner tube that contains the experiment material. The annulus
between the inner and outer tube forms the coolant passage for cooling
the experiment material. Water enters the annulus from above the hanger.
Hence, experiment coolant is obtained by a separate, independent, flow
path and is not included in this analysis.
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A1l coolant which flows into the access plenum must first pass through
either the clearance between the hanger and outer shroud, or the
clearance between the hanger and the outer surface of the upper
containment ring {Fig 6.1). No coolant was assumed to enter the access
plenum where the experiments, and the bolt, penetrate the hanger. The
top edge of the hanger has been rounded, and there is a countersink at
the entrance to each "standard" groove of the upper containment ring,
both for the purpose of minimizing the coolant entrance losses.

Figures 6.1 and 6.2 were drawn for the current (Model-D) reflector. As
can be seen in Fig. 6.1, there are 11 “"standard" grooves which interfere
with the hanger. Enlarging the removable reflector experiment facilities
made it necessary to delete two of these grooves. Material stress
consideration was the reason for the change. As a result of deleting two
grooves, the hanger pressure drop (curve 4, Fig. 4) is approximately 0.1
psi or about 5%, higher with the modified reflector. This change is not
serious, since the hanger pressure drop is only about 20% of the overall
reflector differential pressure and, as shown Jater, makes very little
difference in access plug total flow rate.

Coolant inside the access plenum is redistributed (Fig. 6.2) among the
following parallel flow paths:

1. the annulus formed by an experiment outer tube and the beryllium,

2. the 0.062-in. gap between the access plug and the permanent and
semipermanent xeflectors,

3. the four segments between the circular heole through the beryllium and
the access plug square boit, and

4. the clearance between the outer surface of the removable reflector and
the inner surface of the access plug.

Modification to the removable reflector affects only Item 4 above. The
original 11 groves in the reflector beryllium (Fig. 6.2) was changed to-5
grooves plus two 1/4-in. wide slots for the modified reflector. The
nominal 0.062-in. clearance remained unchanged. Total interface flow
cross-sectional area is only about 1% less than it was with the Model-D
reflector.

The beryllium of the access plug is the same length as the reflector
beryllium (24 in.). Notice that the upper containment ring (Fig. 1)
overlaps the reflector beryllium about 1/2 in. Also notice that there is
a small circumferential gap where the containment ring Jjoins the
reflector beryllium at the outside radius (right-hand side of Fig. 1).
From the above discussion, it should be apparent that the access plug
beryllium interfaces with a short length of the upper containment ring.
A similar arrangement also exists at the bottom with the lower
containment ring, however, there were no changes made to the lower
containment ring which would affect the coolant passages, i.e., there are
still 11 grooves in the lower containment ring which interface an access
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plug. An allowance of about 1 1/2 velocity head has been included in the
calculations to specifically account for flow area discontinuities for
the flow passages along the reflector-access plug interface.

Average coolant velocities in the various coolant passages of an access
plug are shown in Fig. 7. These data were calculated for an access plug
interfacing a modified reflector. The difference in average velocities
of curves 2, 3, and 4 result, principally, from the difference in flow
area along the reflector and access plug interface, discussed above. The
hanger velocities are the highest and also there is more coolant flowing
through the hanger passage than any other on the figure. Refer to Fig.
6.2 for the location of the remaining coolant passages (curves 5, 6, and
7).

As stated prior, only the coolant passages formed by the access plug to
reflector interface was affected by the modification. Coolant flow rates
for that passage are compared with the present (Model-D) reflector design
in Fig. 8. Note that during normal reactor operation (10 psi), there is
only about 0.3 gpm difference (or about 1.3% change) in flow rate between
the two reflector designs. Total flow rate for all passages of the
access plug (excluding experiment coolant) is compared in Fig. 9. These
results indicate that access plug coolant flow rates are expected to
change no more than approximately 0.6% (0.3 gpm per plug) as a resuit of
the reflector modification. Roughly, this translates into an increase of
bulk coolant temperature of about 0.2°F, which is insignificant.

Coolant Flow Rates. - Removable Reflector and Access Plugs

Gross coolant flow rates for the current (Model-D)} and 4he modified
(Model-E) design removable reflectors are compared in Table.2. Coolant
passages on the outside surface of the removable reflector which
interface with the semipermanent vreflector were unaffected by the
modification. Likewise, the 1/8-in. thru-bolt passages were unchanged.

The analysis based on nominal dimensions, indicate that the reflector
modification to accommodate the Tlarger experimental facilities s
expected to cause only a minor difference in the coolant flow rates
external to the experiments. No reflector cooling problems are evident
from the analysis.



157

1
ORIFICE (057 x 2.27)

~

UPFER CONTHRINMENT Fing. .7

.;} {i

FIGURE - 12

CooL /AT FlLLow PRTH AT O

UFPFPE R ReEfFLECTFOR REGIOo N




PPRESENT  _DESIGHN.

FIGURE =

/ ~..
VIBIANGULEF _COOLEKT. PASIAGES,

MODIFIE£ D

DESIGN

L EEFLECTOR

- REFLECTOR

FlguRe -~ 2.2




159

\ !
!

EEC/AC/AC /
) j

A I
\ >J,-Ai¢.tsw.tmﬁ_ws

‘ Y ,,

LINE &

{ -~ CROSS - MNEMNEER |
7 UPPER CeonNTAINMENT RING,

L FIGURE - Z

LOCAT¢en'  _OF. AL VLIRRY. QDRI I CES
AROLUFIELDL REFLECTOR.



160

o - T
s L L
. i l -
,] - [ETRS PSRN FRRRAR SR 1 .,,,,,,{,,,. , N 1. _‘,,,5 PR SN B
I V 1=\ BElovijeE | SPRING. ORIFICE.  ( PLEwA Ar8) | | -
| A-BELLVILLE  SPRING ORIFICE ( PLENA L+0) | oo foi |
B 0414 YNCH DIR CIRCULAR _ORIFICES. I N
ile -~ Gccess PLUG MANGER }
"}“l{'" N —
K43 4 -
L
3
G 727
[%3
3§
‘D; ,
377
RS
~N
| _
i 70 [WommAL
LL’{ VoPERATION
AR
Q
k"T
RS - e
Iy FlgU/RE ~ 4
k — - - .
' ORIFICE PaYicd
F 1 LIODIFIED REFLECTOR
o N
S ) I
T T L) v v T
Ve 0.5 1.0 7.8 2.0 2.8 Z.0
ORIFICE PIFFERE,LTIAL FRESCURE (P




{ Pst)

—

&

CSUR,

1

=

4

REFLECTOR  DIFFERENTIAL

161

prop

HV-lLaReE expPERIMEN

42— TR/ mvcaf/l_?ﬁ,ge G OO
EBZREFLECTOR GROO.

a4 TrARU-BOLT | Mg ek lROUND.

=y s# ”
NN ULLE.

| 6= Smpr lEX PERIMENT RACILITY,.

PSRN U SRS W !

AIGLE

Yola¥i

| REFLECTOR

b AT
. [ .
R EIED  PESIGN |

;‘;7' '~~5‘

VELPCLEIES

_ - -
4. AAAAAAAA ; - U } 1 . S - _
§ : i i : i i ! ‘
; : ' ' ; ' ; : i : ; : ; :
LI : : {40 s 20 :

FAVERRAGE iC

OOLANT

VELAC

T S
TY (sPs) o




162

ot

Qi

vt




163

REMOVABLE REFLEcroR -
MUPPER  CONTRINMENT _RIne

LAY E S0 LOUBTERSIN K.
RT ToFf SURFACE,

FIGUR E - ¢./
_ _ACCESS. _FPLUG HANCER =  FPRESENT _DESIGA.

LACCESS. PLUG SQUARE. BOLY

062" SLOT (PERmANENT REFL)
i\ Voo A AEXPER(AENT. EALLATY,
N
\/“"‘\ . i
S ‘\'47
» J,"

EMIL- PECHMANENT
1 REFLECTOR.

/ (REMevas:L &
/ REFLECTOR.)

| GROOVE.

FIGURE - 6. 2
e BCCESS  PLUIG COOLAMT . FLOW PATHS - FPRESENT DESIGN




164

A Acceen puin lpaiasR b L
Ll i . FERRSE FESRS SN [SRIREES LSS UNRES RERRS SRR PAREEEEETS SRECE POUEE FERSERRTES NENES SS0S PReSS FRUNN SHNES EEON RS SRS NS NS OO R I E s sree
SN b SR Sl L BERLEL FOE. . F RCCESS (PG A::f,ﬁfpga? P22 TV D -T2 V) M BEE R R
i . ! B H o g B o i :
: B INMTERF, qﬁlﬁi,‘ CREFEEOTOR (B ACOE[S AP 4’ Be L& ,I;t?.AL'(J :
&S

4 TINTEREACE ] BEFLECTOR| £ AL E: ,

5 - accsssl prue loioea ywcs Stor [(3-Sipes)
)

7

o [EOE i ! ' : j :
- HC§ LR PL{J@ j?{Eé:‘&/AE;‘:;{‘M}f‘,_, _,c,ecx/..fZ;){,;,&gmwufpus‘; X0 IR W FUS (URVS

— ACCESSL PLUG ISQUARE. [ BALT | ‘3 S
1 i | i ; i : : i P [ .
i ; ! ;

D yad e :

~ B
B i
Y ]
- IS
i : i
i e ‘

1

i

NORMAL, |
OPERﬁr 23

1 I

!

DIFFERENTIRE TPRESSURE

S

// ,,__‘ﬁ"/gu,reg i a J

i ﬁ;Cts.{ PLUG J
i

(Agggwp.fvr VELOCITIES. .

REFLECTOR

MO o7 F#'/!‘:D .R_&“,I—LEC,I"O ffi :

| T T T
| : R B
IS ! - : 1 2 }
| | | R I
! L I 0 N
e R e e N S

. . .

o0
~
g

i ‘/5' : 20

Aﬂv&’ﬁ’ﬂﬁt coome/vr VE-r‘Of/T?’ (fF6)




| [ FreuRE S s

T
Lo : : A

0 D A ACCESS PLUG |ra RE&F
: E ; | N

L7 P S ; ; I [T SUUUS SO S ‘ L RS SRR S it
124 T i : e : f — !

CECTOR. INFERFACE. | |

psi)

v 1 ; P S A,AA/r}a:zn)?ust,ﬂlo
R NI LR

T

R ENTI AL PR
‘.._:,._4;45“.,_‘.4 Ceimes e -
|
!
|
|

o

ECTOR T TDIFFE

R S N NS FE NS IS N

L

¢o1



166

FIGURE =9

CCOLRNT FlLOW RATES

i

! ;

f 1
i

i i
i

)

‘ﬂccé-ss

N
B3

Q .
R SR B
QL
- ‘Mﬁ .
[
- _ ma.m
X Q

e

{'5‘
ow |RA

, s b
2 B I

L+ S

P -
T

D - - -3 je—

i 2
T - .

Q

£ __.§(3:P’l) ,

;

4

N \LA,E\J S
N
e MW
RN ek
: N
T v

' Aoalff“f". Fe

2.4

l
~

(3

T
S

AN ST ot

VPET7LN TS FAA T

T T T

5>
QIOLDR TH T




167

a0 - FMODIFIED DESIGN REFLECTOR (gpm?

Redleztor Total
plena (gqpm)

ctoer  Thru.  Semiperm Ao
bolts i1nterface P lu

15

FO0.22
LE70. 60

PESIGN REFLECTOR {(gpm?

£ FLOW DIFFERENCE (Modified ve Fr

Jector Delta o
D ipei) {gpm)







169

APPENDIX B

HIFI PROJECT MONTHLY PROGRESS REPORTS FOR
SEPTEMBER 1985 THROUGH JUNE 1987
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Internal Correspondence

October 2, 1985 MARTIN MARIETTA ENERGY SYSTEMS, INC.

Distribution

HIFI Project Monthly Progress Report for September 1985

On September 3, 1985, A, Zucker chaired a meeting with L. A. Berry,

E. E. Bloom, B. H. Montgomery, M. W. Rosenthal, J. H. Swanks, K. R. Thoms,

R. S. Wiltshire, and C., D. West to discuss a proposal, prepared at the request
of ORNL's fusion program, for accelerating the HFIR modifications. Minutes of
that meeting, along with main issues relating to the project and a sign-off
agreement sheet, are attached as Appendix A. To date, only J. H. Swanks has
signed off,

L. R. Greenwood of ANL completed analysis of the flux dosimetry experiments
performed in early August at low power in the RB positions., The experiments
were to be conducted at 10 MW reactor power and were analyzed under that
belief. Upon independent investigation by Xen Thoms of the actual operating
conditions recorded by Operations Division personnel for the dosimetry runs,
it was discovered that the reactor had actually been at 10.8 MW for the first
pair of dosimeters and 11.0 MW for the second pair. While it was not
necessary that the reactor run at exactly 10.0 MW, it was of course critical
that the actual power be known by the experimenters so that the data could be
properly extrapolated to 100 M operation. Since the information was not
volunteered to us either at the time of the experiment or later, the analysis
of results has had to be redone to account for the 10% difference between the
actual and the nominal power,

The dosimeter experiments were very worthwhile and indicate that the dpa rate
in 316 stainless steel in the RB facilities is an excellent 10.4 dpa/year in
an unshielded facility, and 8.7 dpa/year even inside a 3.8-mm-thick hafnium
sleeve. Each of these values assumes the usual 92% on-stream time for HFIR
operation. At 8.7 dpa/year, it would require only 30 weeks to achieve 5 dpa
in a spectral tailored RB* position. The HIFI Project accelerated schedule
has now been revised accordingly; our original version, prepared before the
measured dosimetry data were available, had been based on a conservative esti-
mate of 7.9 dpa/year which would have resulted in an eight month irradiation
schedule for each type of MFE specimen capsule to obtain by July 1988 the 10
dpa needed to fulfill the OFE US/Japan agreement. With this change, and cer-
tain other improvements in our planning, the revised schedule (Fig. 1) allows
until June 1987 for the new HFIR RB facilities to be available, an extra, and
welcome, allowance of three months over the first proposal for accelerating
the project. In fact the accelerated schedule can be achieved with the same
beryllium changeout date as the original, more relaxed, proposal.

The HIFI project, and certain other RB facility users, suffered some unde-
served verbal abuse from other experimenters at the HFIR during this reporting
period. First, the SANS facility in HB-4 complained of a 20% reduction in
flux, blaming an HTGR experiment (HRB-18) placed in RB-7 at the same time the
hafnium was placed in RB-1, Further investigation by the HB-2 users revealed
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that the problem was actually caused by air leaking into their beam tube; when
the tube was evacuated and backfilled with helium, the flux returned to normal
expected values. The experimenters apologized handsomely.

Second, the users of the pneumatic facility in VXF-7 reported a 20% reduction
in thermal flux after the hafnium and HRB experiments were placed in the reac-
tor. However, according to our calculations our experiments, if they had any
effect at all on VXF~7, should actually have increased the flux there because
they are on the opposite side of the reactor, so that the resultant flux tilt
should have increased the flux in VXF-7. More than likely, the reduced flux
in VXF-7 is really due to the unpublicized placement by Operations of 588
grams of Cobalt in VXF-8, which is only about 3.3 cm from VYXF-7 - this place-
ment was discovered accidentally by Ken Thoms.

Reactor components design is on schedule. Thirteen of fifteen design drawings
for the target tower and access hatch (Items 1.2.1 & 1.2.2 in Fig. 1) have
been completed except for final checking and signatures. A design report
showing that all the pressure boundary components are within the ASME Boiler
and Pressure Vessel Code, Section 3, Class 1, is in preparation.

The Reactor Operations Review Committee requested a briefing on the intended
modifications to the HFIR that were outlined in the MIFIC report
(ORNL/TM-9709, in press) and discussed in the various meetings on the HIFI
Project. During the briefing given on September 26, C. D. West presented the
MIFIC background and recommendations, and B. H. Montgomery and C. W. Collins
presented the HIFI project schedule with a present design update. One of the
questions that evolved from this meeting was the effect of reactivity when
both fuel elements are withdrawn from the reactor through a smaller stainless
steel access hatch. This question will have to be investigated.
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Attachments

Distribution

S. J. Ball F. R. Mynatt

L. A. Berry £. Newman, Jr.
E. E. Bloom t1. H. Rosenthal
D. W. Burton J. L. Scott

B. L. Corbett J. H. Swanks

G. R. Hicks W. E. Thomas

S. S. Hurt K. R. Thoms

R. V. McCord C. D. West

0. M. McGinty R. S. Wiltshire

A. Zucker



HIFI PROJECT - COST & SCMEDULE ESTIMATES

173

FIGURE

1

Fi-8% F7-86 FY-57 FY-88
a3 Hyor 167 1363 01 782 T893 T@d Jot 027 G35 [Q¢ Cost
AMJ | JAS Y ORD [ JFM | ARJ [ JASY ONT [ SFW | ART T IAS Y OND T OF R T XEY (3 1009)
Reactor Components
1.0 Design
1.1 Conceptual 33 Mt 33
1.2 Details
1.2.1 Target tower 20— 5 2
1.2.2 Access hatch 23 a5 25
1.2.3 Removable Be —t 50 50
1.2.4 Track assy. ~ 54 50
1.2.5 Outer shroud —{ 25 25
1.2.6 Shroud flange 25 25
1.2.7 Misc. H = e B4 )
1.3 Stress Amalys{s + 3 S5
2.0 Fapricatton
2.1 Access Hatch {- 80 80
2.2 Target Tower 3% 4 60 60
2.3 Removable 8e 50 275
2.4 Misc. i e e s
2.5 Outer Shroud 100 100
2.6 Shroud Flange a1 83
2.7 Track Assy. 148 £0 198
3.0 £ 86 (|66 132
4.0 Iastallation
4.1 Access Hatch | S H
4.2 Target Tower [l ] 5
4.3 Track, Shroud, A8 p- —~ A - = by 150 50
4.4 Misc, —t d
Experiments
5.0 ODesign
5.1 RB* Instr. Facflity v S0 $0
§.2 Target Terp. Caps. 5] ¢ 50 g5
§.3 MFE Proto Caps. S g —gS s0
S.4 MFE 60 30 30
5.5 HFE 200 &0 60
§.6 MFE 300 " 4| 50 s0
5.7 MFE 400 4] 50 50
6.0 Procure (R8* Facility] 15 50 ]
7.0 Fadbrication & Assy.
7.1 Facilities
7.1.1 lInst. target et 14 10
7.1.2 Irate, 584 r 1 12§ 25
7.2 Capsules
7.2.1 Target term. 50 50
7.2.2 MFE proto [———— - 20
7.2.3 MFE 80 —i 1105 105 210
7.2.4 MPEL 200 23 1| 95 150 250
7.2.5 MPE 300 130 t 50 190
7.2.6 MX 00 4| 130 * 80 190
8.0 Install & Operate
8.1 Ta=get Temp. =
8.2 MIT Proto ot 24 25
8.3 MFE 60
g4 e 20 105 : 54 55 175
b5 o
9.0 Heutronics Analysis w©
9.1 Facilfty Analysis 38| p 76
9.2 Target Temp. Effscts 22 4 2
9.3 DPeam Tube Effects 26 | b—r 26
Fiscal Year Costs
(FY-85 Dollars) x 1000 155 1424 1049 s3s 3163
Italicized portion refers to wcperimental eoda Rev,

8KM/9-30-85



174

APPENDIX A i gg*gm” Y INE o
Internal Correspondence
September 6 1985 MARTIN MARICTTA ENERGY SYSTEMS, INC.

L. A. Berry

M. W. Rosenthal
J. H. Swanks

R. S. Wiltshire
A. Zucker

In addition to the original schedule and cost estimate for HFIR modifications,
which is still believed to be valid, a new proposal has been prepared at the
request of ORNL's fusion program. The new proposal removes the U.S./Japan
fusion experiments from the ORR in September 1986, when the specimens will
have been irradiated to 5 dpa, and then transfers them to the new HFIR remov-
able beryllium positions. Irradiation of the U.S./Japan specimens would be
resumed, at the HFIR, beginning March 1987 on a schedule leading to all speci-
mens receiving 10 dpa by July 1988, as indeed they must to fulfill the mile-
stones of the agreement between the United States and Japan. Table 1 shows
the funding assumptions associated with the original schedule. Table 2 gives
the same information for the accelerated schedule. The plan and schedules for
getting the work done are also attached (Tables 3, 4 and figures 1, 2).

Our present estimate, based on an initial experiment, is that the operation of
a single hafnium shielded capsule shortens the HFIR fuel cycle by less than 5%.
On that basis, the additional HFIR fuel costs for two continuously operating
hafnium shielded capsules would amount to less than $175,000 per year.

The cost savings to the fusion program for FY 1987 and 1988 are almost cer-
tainly underestimated in Table 5 and Figure 3 because the actual cost to OFE
of ORR operations in those years is expected to be higher, by $0.5 million %o
$1.0 million, than the $2.0 million figure taken from the current fusion Field
Task Proposals. These increased ORR cost savings will more than offset any
possible charges to OFE for HFIR irradiations (the present rate for an RB
position, to those programs that must pay for irradiations at the HFIR, is
typically $350,000 per year). The major remaining uncertainty is the cost of
shutting down the ORR and of maintaining surveillance on it. This is true
whichever schedule is chosen but is a matter of particular urgency under the
accelerated schedule in which the ORR would close down about one year from now.

A decision about whether to proceed with the accelerated schedule needs to be
made immediately, if the schedule is to be met, although the additional funds
(over and above the funds for the initial schedule, which are needed on
October 1) do not need to be in hand until April.

At the September 3 meeting, there seemed to be a consensus on the main issues
related to this project, and I was asked to draft a letter listing those
issues and the steps needed to resolve them; this is that letter and the list
is appended. I was directed to send it to you and ask you to indicate (by
sign-off) your agreement - or, of course, to identify alternatives.

W

pc. E. E. Bloom B. H. Montgomery K. R. Thoms

C. D. West

Attachments



APPENDIX

Tssue

Action

1986 and 1987 ARIM funding of
$250,000 in each year is essential
for either schedule

New 1986 OFE funding of $380,000 is
essential for the original schedule,
and spending must begin on Oct. 1

Additional new 1986 OFE funding of
$299,000 is needed for the accele-
rated schedule

OFE funds of $238,000 (1987 dollars
are needed in 1987 for the accele-
rated schedule

$80,000 of GPE funding is needed
in 1986, on either schedule

Additional Japanese funds of
$246,000 {1987 dollars) - or an
alternative source - are needed in
FY 1987 for the accelerated schedule

The cost of mothballing the ORR and
keeping it under surveillance must
be estimated, on either schedule

The expected neutron charges to OFE
for operating experiments in the
HFIR must be estimated (OFE is not
presently charged for HFIR irradia-
tions)

In order to meet the accelerated
schedule, the project must be given
a high priority for resources,
especially in the Operations and
P&E Divisions

The mechanism and funding for
continued operation of the BSR must
be worked out, on either schedule

J. H. Swanks to get DOE commitment
by October &

M. W. Rosenthal to obtain money in
the financial plan through John
Clarke {(by Oct. 1)

M. ¥. Rosenthal to seek John

Clarke's commitment for this addi-
tional money to be available no later
than Apr. 1, 1986 (Note net savings
to the fusion programs in 1987 are
approximately $1.6 million)

M. W. Rosenthal to seek John
Clarke's commitment

C. D. West to submit a formal
request by Oct. 31 for funding to be
available by Jan. 1

E. €. Bloom to discuss with Japanese

J. H. Swanks to prepare a plan by
November 1

J. H. Swanks to propose a cost
schedule by October 1

Monthly progress reports to be
copied to R. 5. Wiltshire and
appropriate Division Directors by
the Project Manager

J. H. Swanks to prepare a plan by
November 1

Approved: L. A. Berry

M. W. Rosenthal

J. H. Swanks

R. S. Wiltshire

A. Zucker
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Table 1

Initial Funding Prospectus for HFIR Upgrade on Original Schedule

Current year $,000

1986 1987
Reactor facility modifications
ARIM 250 250
ORNL-GPE 80
U.S./Jdapan collaboration 70
New BES funds 54 57
New Japanese funds 86
New OFE funds 380 843 393
Fusion experiments
U.S./Japan collaboration 134
New Japanese funds o 162
Subtotal 977 555
BES beryllium 225 -
Total 1202 555

BHM/9-4-85



177

Table 2

Funding Prospectus for HFIR Upgrade on Accelerated Schedule

Current year $,000

1986 1987 1388
Reactor facility modifications
ARIM 250 249
ORNL-GPE 80
Y.S./Japan collaboration 70*
New BES funds 54 58
New Japanese funds 69*
New OFE funds 395* 849 376
Fusion experiments
U.S./Japan collaboration 134 374 607
New OFE funds 284 238 48
New Japanese funds o 177 o
Subtotal 1267 1165 655
BES beryllium 225 o o
Total 1492 1165 655

*

Should be capital funding

BHM/9-4-85
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Fig. 1
HIFI PROJECT - COST & SCHEDULE ESTIMATES
FY-85 FY-86 FY-87
Q3 Q41 Q1 JQ2 03 1ad oI 7TQ2 7143 Taa Cost
AMJ T JASTI DND [ JFM | AMJ { JASITOND | JFM [ AMT [7JAST (s 1000)
Reactor Components
1.0 Design
1.1 Conceptual 33+ 33
1.2 Details
1.2.1 Target tower 2q -4+ 30 50
1.2.2 Arcess hatch 2q i+ 30 50
1.2.3 Removable Be i 29 25
1.2.4 Track assy. 1 29 25
1.2.5 Quter shroud —1—t | 25 25
1.2.6 Shroud flange pm—t—t | 28 25
1.2.7 Misc. M- - 544 S
1.3 Stress Analysis H 4 59 55
2.0 Fabrication
2.1 Access Hatch b 80 80
2.2 Target Tower b 4 60 60
2.3 Removable Be 275 | i~ — 275
2.4 Misc. Y e | e -
2.5 OQuter Shroud ] 100 100
2.6 Shroud Flange <+f 83 83
2.7 Track Assy. 198 198
3.0 E£7D 52 §7 119
4.0 Installation
4.1 Access Hatch ] 8§ 5
4.2 Target Tower [ S S
4.3 Track, Shroud, RB — 50 50
4.4 Misc. b~y b~
Experiments
5.0 Design
5.1 RB* Instr. Facility 50 50
5.2 Target Temp. Capa. 18] ¢ 50 65
5.3 MFE Proto Cuaps. fd—i | 150 150
6.0 Procure (RB* Facility) 25 50 75
7.0 Fabrication & Assy.
7.1 Facilities
7.1.1 Inst. target frmmm—t 1 10
7.1.2 Imstr., RB* et | 25 25
7.2 Capsules
7.2.1 Target temp. L——ﬂ 50 50
7.2.2 MFT proto ey
8.0 Install & Operate
B.1 Target Temp. o
8.2 MFE Proto
9.0 Meutronics Analysis 40
9.1 Facility Analysis 36 ¢ e 76
9.2 Target Temp. Effects { 25
9.3 Beam Tube Effects 26 | +—t 26
Fiscal Year Costs
(FY-85 Dollars) x 1000 150 1145 525 1820

I'talicized portiaon refers to exparimental costs

8HNM/8-29-85
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Table 3

Funding of Tasks from Original Schedule
FY 1986
(FY 85 $,000)

Task Cost ARIM GPE Uu.s./J New BES New J New OFE

30 30
30 30
25 25
25 25
25 25
25 25

.

. M
NN ONNFRENN~O~NWNEWNDNNDN NN
P I
N BN =

55 55
80 80
60 60
50* 50

198 198
52 52

50 50

50 50

25 25

10 10
50 50

40 40
25 25

OCWNNDADWVMNEDWN NN N P
PR
-

920 250 75 190 50 355 380

o

. FY 1987
100 100
83 83
67 67
50 50

150 150
50 50
25 25

.

. « o e .
NN OCWWOOU,
MR
NN

NSO MN

.

525 250 50 225

(=]
(=]
o

*
Plus $225 K for removable Be

BHIM/3-29~25
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Fig. 2
HIFL PROJECT - COST & SCHEDULE ESTIMATES
ACCELERATED MFE SCHEDULE
FY-85 “FY-8F FY-87 +Y-88
a3 Q43 QL Q2 J@ T (e 703 78 Jat Q2]Q3 [ o4 Cost
ANJ T JAS{ ONC | JFM | AMJ | JAS{ OMD | JFM [ AMJ [ JASY OND | JFH | AMJ [ JASH (S 1000}
Reactor Components
1.0 Design
1.1 Conceptual 33 33
1.2 Details
1.2.1 Target tower 20 ---fq 30 50
1.2.2 Access hatch 2qQ —4 30 50
1.2.3 Removable Be + 29 25
1.2.4 Track assy. 1 29 25
1.2.5 Quter shroud —t—t [ 25 25
1.2.6 Shroud flange pf—t 1 25 25
1.2.7 Misc. [ R I i e 5
1.3 Stress Analysis b { 59 55
2.0 Fabrication
2.1 Access Hatch } 1 80 80
2.2 Target Tower b { 60 60
2.3 Removable Be 275 | — 275
2.4 Misc, [0 TV SR SRR S—
2.5 Quter Shroud 100 100
2.6 Shroud Flange 83 83
2.7 Track Assy. 198 198
3.0 €7D L1 i ] s6 132
4.0 Installation
4.1 Access Hatch —ii{ 5 5
4.2 Target Tower 15 5
4.3 Track, Shroud, RB Ly 50 50
4.4 Misc. =~ =
5.0 Design
5.1 RB* Instr, Facfility 50 50
5.2 Target Temp. Caps. 15| — 50 65
5.3 MFE Proto Caps- R ] 50
5.4 MFE 60 30 30
S.5 MFZ 20 60 60
5.6 MFZ 300 ;| 50 50
5.7 MFZ 400 — 1 50 50
6.0 Procure (RB* Facility) 15 60 75
7.0 Fabricatian & Assy.
7.1 facilities
7.1.1 Inst, target p—ertfeery 1 10
7.1.2 Ingtr. AB* peedey 1 25 25
7.2 Capsules
7.2.1 Target terp. t—q| 50 50
7.2.2 MFE proto ek eny | 80 80
7.2.3 MFE 60 41 105 ; 108 210
7.2.4 MFE 200 35 15 ; 130 260
7.2.5 MFE 300 130 + 60 190
7.2.6 MFE 400 130 4 60 150
8.0 Install & Operate
8.1 Target Temp. [
8.2 MFE Proto by 28 25
g:i 71:52 é2:(070 105| F i 15 55 175
8.5 MFE 300 ! !
8.6 MFE 400 : 110 110
9.0 Neutronics Analysis 40
9.1 Facility Analysis 36|, 76
9.2 Target Temp. Effects O : 5
3.3 Beam Tube Effects 26 | — 26
Fiscal Year Costs
(FY-85 Dollars) x 1000 155 1424 1043 535 3163

Italicized portion refers to experimental code

BHM/9-4-85
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Table 4
Funding of Tasks from Accelerated Schedule
FY 1986
(FY 85 $,000)

Task Cost | ARIM | GPE u.s./3 New BES New J New OFE
1.2.1 30 30
1.2.2 30 30
1.2.3 25 25
1.2.4 25 25
1.2.5 25 25
1.2.6 25 25
1.2.7 5 5
1.3 55 55
2.1 80 80
2.2 60 60
2.3 50* 50
2.7 198 198
3.0 66 52 14
4.1 5 5
4.2 5 5
5.1 50 50
5.2 50 50
5.3 45 45
5.4 30 30
5.5 60 60
6.0 15 15
7.1.1 10 10
7.2.1 50 50
7.2.2 80 80
7.2.4 35 35
8.2 25 25
9.1 40 40
9.2 25 25

1199* 250 75 190** 50 0 634

*

Plus $225 K for RB
*

*
From U.S./J Program Agreement (footnotes 9 through 13)

8HM/9-4-85
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Table

Funding of Tasks from Accelerated Schedule

FY 1987

(FY 85 $,000)

4 (cont'd)

Task Cost ARIM GPE u.s./J New BES New J New OFE

2.5 100 100

2.6 83 23

3.0 66 66

4.3 50 50

5.6 50 50

5.7 50 50

6.0 60 60

7.1.2 25 25

7.2.3 105 97 8

1.2.4 95 95

7.2, 130 130

7.2.6 130 130

8.3%.4 105 105
1049 249 0 3277 50 215 208

FY 1988

7.2.3 105 105

7.2.4 130 130

7.2.5 60 60

7.2.6 60 60

8.3&%.4 70 70

8.5%.6 110 7l 39
535 496** 39

3-yr. .

total 2783 499 75 1013 100 215 881

*

Plus $225 K for removable beryliium

*Kk

From U.S./J Program Agrecment {footnotes 9 through 13}

BHM/0-4~85
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Fig. 3

U.S./Japan Experiment Options

Legend

Stay in ORR *
Original Sched. =———X-— —-
Accelerated Sched.—~—@= ~ -

Fiscal Years

BHM/8-29-85



U.S./Japan

Capsule Irradiation Options and Costs

Table 5

A11 figures in 1985 $,00C

1986 1987 1988 1986 - 1988

HFIR Modifications

Original schedule 795¢ 375 H] 1,170

Accelerated schedule 809¢ 374 0 1,183
y.S./Jdapan Experiment Options

Continue in ORR 2,342b 2,342b 257¢ + 2,255d 7,196

griginal WFIR mod. schedule 25 + 2,342b i50 + 2,342b 4059 + 291¢ 5,655

Accelerated HFIR mod. 380 + 2,342 615f 5357 3,942

a

txcluding BES beryllium ($225,000]
b

$2.0 mitlion ORR operation + $342,000 ORR experiment surveijiance as projected in U.S./

Japan program plan
c

dReincapsu}ation at the ORR after 10 dpa

$2.0 million ORR operation + $255,000 ORR experiment surveillance

e

ORR operation in eariy part of FY 1986

A1l of this funding is for reincapsulation and surveillance at HFIR of specimens

presently in the ORR

Includes HFIR capsule design, veincapsulation and surveillance {pased on J. L. Scott's

estimates)

C. D. West/8-29-85

781
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Internal Correspondence

MARTIN MARIETT, ) )
November 4 , 1985 R A ENERGY SYSTEMS, INC

Distribution

HIFI Project Monthly Progress Report for October 1985

As word of the HIFI Project spreads, additional potential users of the
enlarged removable beryllium facilities are coming forward. The HTGR program
has expressed an interest in designing new HRB capsules; a conceptual design
for performing graphite creep experiments, similar to the 0C series performed
at the ORR, has been developed for them. The Fusion Energy program has
decided to postpone the start of their copper irradiation experiments to uti-
lize the larger RB* positions, which will allow 60% more specimens per capsule
than the present RB facilities.

A revised cost and schedule estimate for the accelerated MFL schedule, with
costs expressed in FY 1986 dollars, is shown in Fig. 1. Table 1 shows the
funding for each of the tasks in this schedule. The US/Japan and New BES
funds are in hand. A formal request for GPE funding was submitted on October
29, 1985. The ARIM funding, that was originally scheduied for the criticality
facility, has been verbally dedicated to the MIFI Project, but is not yet in
hand. ‘

The Office of Fusion Energy requested a technical review of the project on
November 1, 1985, As a result of this meeting the OFE is transferring the
funding for work on the original schedule and enough additional money to work
on the accelerated schedule at least until January: the remairing funding for
the accelerated schedule is expected to be sent by February of this fiscal
year.

The issues and actions that were included in the Appendix of the September
monthly report are shown in Table 2 and include the status of each item. Thus
far, only L. A. Berry, M. W. Rosenthal, and J. H. Swanks have signed off.

Some additional data have been obtained on the effect that the 3.8-mm-thick
hafnium sleeve had on the HFIR fuel cycle lifetime. This sleeve was in the
RB-1 facility during cycle 269 which was also the first cycle that the HTGR
capsules (HRB-17/-18 in RB-5/-7) were operated. The expected cycle time,
based on reactivity measurements of the core, used for cycle 269 was 22.4
(+0.3) full power days (FPD's). The actual measured cycle lifetime was 20.8
FPD's, a net reduction (due to the Hf, the HRB's, and other poisons that were
in the reactor at that time) of 1.6 (+ 0.3) days. Cycle 270 was purposely
reduced so that the shutdown could be more efficiently coordinated with normal
craft hours thus making it impossible accurately to determine the effects of
HRB-17/-18 on cycle lifetime. The core used in cycle 271 (completed on
October 22) was expected, on the basis of reactivity measurements, to operate
for 21.9 (+ 0.3) FPD's. It actually ran for 21.2 FPD's - a net reduction of
0.7 (+ 0.3Y days. If we assume that this reduction in cycle 271 length was
due solely to the HRB-17/-18 capsules (because the hafnium was not present),
we can estimate that the effect of the Hf sleeve in cycle 269 was 1.6-0.7 or
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0.9 (i,0-3) days. If we assume an average cycle lifetime of 22 days the Hf
sleeve should result in ~4% reduction, very close to the 5% estimate made at
the beginning of the HIFI project.

Engineering design and analysis for the target tower and access hatch (Tasks
1.2.1, 1.2.2, and a major portion of 1.3) are considered to be 70% complete.
A purchase requisition has been submitted for the access-hatch forged material.

It was noted in the previous monthly that a question was raised in the RORC
briefing concerning the effect of reactivity when both fuel elements are
withdrawn from the reactor through a small stainless steel access hatch.
Operations Division's solution to this problem under the present configuration
is to add strips of cadmium, coated with aluminum, between the inner and outer
fuel elements thus poisoning the fuel. This would also be their solution for
the new design.

AW domes

B. H. Montgomefy, Y-124779108, MS-1 (4-0258)
BHM: kfr
Attachments

Distribution

S. J. Baltl F. R. Mynatt

L. A. Berry E. Newman, Jr.

E. E. Bloom M. W. Rosenthal

D. W. Burton J. L. Scott

B. L. Corbett J. H. Swanks

G. R. Hicks W. E. Thomas

S. S. Hurt K. R. Thoms

R. V. McCord C. D. Hest

D. M. McGinty R. S. HWiltshire
A. Zucker
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FIGURE 1

ACCELERATED MFE SCHEDULE

FY-86 FY-37 f FY-8B8
[/} Q2 Q3 Q4 101 j2 13[4 el Q2 1Q3 | Q4 Cost
JOND{JFA { AMJ T JASEOHC 1 JFF T AMT [ JAS onn | orm | amal JAS {$ 1C00)
Reactor Components
1.0 Design
1.1 Conceptual Compl
1.2 Pletails
1.2.1 Target tewerfs— 5 5
1.2.2 Access hatchgt— S 5
1.2.3 Removable Be $ 53 53
1.2.4 Track assy. -+ 53 53
1.2.5 OQuter shroud p—out 27 27
1.2.6 Shroud flange b-—o>p 27 27
1.2.7 Misc. r—t— e~ 54+ 5
1.3 Stress Analysis — A1 58
2.0 Fabrication
2.1 Access Hatch t 85 85
2.2 Target Tower i 64 078 64
2.3 Removable Be
278
2.4 Misc. o e b -
2.5 Outer Shroud 106 106
2.6 >hroud Flange B8 88
2.7 Track Assy. 102 108 210
3.0 €M 10 {70 | 140
4.0 Installation
4.1 Access Ratch +—, 5 S
4,2 Target Tower i1 5 5
4.3 Track, Shroud, RB b~ 4 — ———1 53 53
4.4 Misc. — 1
Experiments
5.0 Design
$.1 RB* Instr. Facility +——t 53 53
5.2 Target Temp. Caps. £ 53 83
§.3 MFE Proto Caps. 4 48
5.4 MFE 60 i 32 32
5.5 NFE 200 64 64
5.6 MFE 300 il 83 53
5.7 WFE 400 1153 53
6.0 Procure (RB* Facility) 16 64 30
7.0 fabrication & Assy.
7.1 Facilities
7.1.1 Inst. target | 1L 4 11
7.1.2 Instr. RB* ; I 27 27
7.2 Capsules ;
7.2.1 Target temp. | 53 1t 53
7.2.2 MFE proto p——tmaeey | 85 85
7.2.3 MFE 60 -] 111 111 222
7.2.4 MFE 200 Ky 11 101 138 276
7.2.5 MFE 300 138 ¥ , £4 202
7.2.6 MFE 400 133 + r 64 202
8.0 Install & Operate |
4.1 Target Temp. | et
8.2 MFE Proto | 27 27
8.3 MFE 60 ) g
8.4 WMFE 200 111 i6 58 » 185
8.5 MFE 300
8.6 MFL 400 ! 117 117
9.0 Neutronics Analysis | 4z
9.1 Facility Amalysis 42
9.2 Target Temp. Effects !27 27
1
9.3 Beam Tude Effects Congt |
Fiscal Year Casts | j
(FY-86 Dollars) x 1000 J 1496 1115 i 558 379"
*
Plus $155 K spant in FY-1985 on design and neutronic analysis
Rev,

BHM/10-29-85
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Table 1
Funding of Tasks from Accelerated Schedule
FY 1986
(FY 86 $,000)

Task Cost | ARIM | GPE U.S./d New BES | New J | New OFE
1.2.1 5 5
1.2.2 5 5
1.2.3 53 53
1.2.4 53 53
1.2.5 27 27
1.2.6 27 27
1.2.7 5 5
1.3 58 58
2.1 85 85
2.2 64 64
2.3 53 53
2.5 106 106
2.7 102 102
3.0 70 42 28
4.1 5 5
4.2 5 5
5.1 53 53
5.2 53 53
5.3 48 48
5.4 32 32
5.5 64 64
6.0 16 16
7.1.1 11 11
7.2.1 53 53
7.2.2 85 85
7.2.4 37 37
8.2 27 27
9.1 42 42
9.2 27 27

1271* 250 80 202** 53 0 686

*
Plus $225 K for RB

xk
From U.S./J Program Agreement {footnotes 9 through 13)

BHM/10-29-85
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(cont'd)

Funding of Tasks from Accelerated Schedule

FY 1987
(FY 86 $,000)

Task Cost ARIM GPE u.s./3 New BES New J New OFE

2.6 88 88

2.7 108 108

3.0 70 54 16

4.3 53 53

5.6 53 53

5.7 53 53

6.0 64 64

7.1.2 27 27

7.2.3 111 103 8

7.2.4 101 101

7.2.5 138 138

7.2.6 138 138

8.38.4 111 111
1115 250 0 347 53 229 236

FY 1988

7.2.3 111 111

7.2.4 138 138

7.2.5 64 64

7.2.6 64 64

8.3%.4 74 74

8.584.6 117 76 41
568 527** 41

3-yr.

total 2954* 500 80 1076 106 229 963

x*

*

Plus $225 X for removable beryllium
*

From U.S./J Program Agreement (footnotes 9 through 13)

BHM/10-29-85
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TABLE 2
Ttem Issue Action Comment
1 1986 and 1987 ARIM funding of J. H. Swanks to get DOL commitment Under
$250,000 in each year is essential by October 4 advisement
for either schedule
2 New 1986 CFE funding of $380,000 is M. W. Rosenthal to obtain money in Letter sent
essential for the original schedule, the financial plan through John to John Clarke
and spending must begin on Oct. 1 Clarke (by Oct. 1)
3 Additional new 19286 OFE funding of M. W. Rosenthal to seek John Same as
$299,000 is needed for the accele- Clarke's commitment for this addi- Item 2
rated schedule tional money to be available no later
than Apr. 1, 1986 {Note net savings
to the fusion programs in 1987 are
approximately $1.6 million)
4 OFL funds of $233,000 (1987 dollars M. W. Rosenthal to seek John
are needed in 1987 for the accele- Clarke's commitment
ratad schedule
5 380,000 of GPE funding is needed C. D. West to submit a formal Request
in 1986, on either schedule request by Oct. 31 for funding to be submitted
available by Jdan. 1
5 Additicnal Japanese funds of E. E. Bloom to discuss with Japanese
$246,000 (1987 dollars) - or an
alternative source - are needed in
FY 1987 for the accelerated schedule
7 The cost of mathballing the ORR and J. H. Swanks to prepare a plan by Estimate being
keeping it under surveillance must November 1 prepared
be estimated, on either schedule
3 The expected neutrcn charges to OFE J. H. Swanks to propose a cost Cost schedule
for operating experiments in tne schedule by October 1 being prepared
HFIR must be estimated {OFE is not
presently charged for HFIR irradia-
tions)
9 In order to meet the accelerated lonthly progress reports to be Second in the
schedule, the project must oe given copied to R. S. Wiltshire and series
a high priority for resources, appropriate Division Directars by
especially in the Operations and the Preject Manager
P&E Divisions
10 Tne mechanism and funding for J. H. Swanks to prepare a plan by Plan being
continued operation of the BSR must ‘lovemper 1 prepared

be worked cut, on either schedule

Approved: L. A. Berry

Signed cff 10/23/85

M. W. Rosenthal

Signed off 10/8/85

€
fa o

Swanks

Signed off 9/19/85

R. S. Wiltsnire

A. Zucker
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interna!l Correspondence

December 3, 1985 MARTIN MARIETTA ENERGY SYSTEMS, INC.

Distribution

HIFI Project Monthly Progress Report for November 1985

As a result of the technical review with the 0ffice of Fusion Energy (DOE
Headquarters) on November 1, 1985, the fusion program is transfering $610,000
(capital) for the HIFI Project work. This money will be in the December 1985
financial plan. Already on hand is $100,000 (capital) from BES. A Request
and Approval for Equipment, Maintenance, and Experimental Projects (OR-638)
was submitted on November 19, 1985, for $710,000 total capital funding. The
attached table shows the funding committed to the HIFI Project this year with
the shortfall for which funding sources are still to be found.

With the commitment to the HFIR modification project made, the Irradiation
Engineering Group is in need of additional manpower to oversee the design and
construction of the fusion materials irradiation experiments that will be per-
formed in the new facilities. Alsc, additional potential sponsors, such as
the HTGR program, have expressed interest in some new HFIR experiments and
have requested conceptual designs and estimates. A request for another
engineer has been submitted, locally, and a job listing posted. At this time,
the limiting resource has changed from money to effort in the Irradiation
Engineering Group.

Design of the target tower and access hatch is 95% complete. Preliminary
drawings have been sent out for review and comment with minor changes
expected. The engineering design and analysis report has been approved and
issued. Design is continuing on other reactor components at an accelerated
rate to maintain schedule. Material orders have been placed for the forging
for access hatch and aluminum for the target tower.

The RERTR Program Managers at ANL, in discussion with their sponsors at DOE,
now feel that it will not be possible to meet their program goals for irra-
diation by mid-FY 1987 even if the reactor is dedicated to their work after
the end of FY 1986. The reason for this is that the original idea held by ANL
of an accelerated schedule was based on an assumption that the limiting factor
is the number of core measurements to be taken, and the out-of-pile time
needed to make them. It has now been realized that the limitation is in fact
the number of different fuel elements that are, in the present program plan,
to be taken to high burnup. Unless a reduced number is accepted, the RERTR
full-core irradiation series will not be completed until sometime in (early)
FY 1988. Presumably, DOE must decide whether to change the program goals or,
if not, how to fund continued operation of the ORR after the US/Japan fusion
experiments are removed.

1.7
AL
B. H. Montgomery, Y-12, 9108, MS-1 -(4-0258)
BHM:kfr

Attachment
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HIFI Project Funding for FY 1986

Source Capital Expense Total
OFE $610,0001 610,000
BES 100,0001 54,000 154,000
US/Japan 202,000 202,000
GPE 80,0002 80,000
Total 790,000 256,000 1,046,000

Funding needed in FY-86 $1,271,0003

Funding committed 1,046,0003
Shortfall 225,000
1
OR-633 submitted 11/19/85
§GPE request submitted 10/29/85

Excluding costs of new removable beryllium,
scheduled for replacement at this time indepen-
dently of the HIFI project.

12/3/85
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Internal Correspondence

January 2, 1986 MARTIN MARIETTA ENERGY SYSTEMS, INC.

Distribution

HIFI Project Monthly Progress Report for December 1985

The Request and Approval for Equipment, Maintenance, and Experimental Projects
(OR-638, Project 86~ORNL-2, HFIR Irradiation Facilities Upgrade) was approved
on December 20, 1985, and was received by the Project lLeader on December 31,
1985. Instead of the $710 K that was scheduled, only $610 K was provided in
the December FY 86 Financial Plan ($510 K Program AT (Fusion) and $100 K
Program KC (Basic Energy Sciences) with the remaining $100 K to be provided by
the Office of Fusion Energy in a future financial plan. The late approval and
delivery of this document caused a delay in opening work orders pertinent to
the project schedule: the effect on the schedule (which was dependent on
funding being available on October 1) will be further analyzed following the
placement of purchase orders for certain fabricated items.

The General Purpose Equipment funds of $80 K for the facility instrument and
control package were approved by the Laboratory Executive Committee in
December 1985. Word of this approval was not received by the Project Leader
until December 31, 1985. and therefore, no procurement action has yet taken
place.

The neutronics analysis, which was deemed a very important task in the HIFI
Project, will be delayed for some unknown time due to lack of available per-
sonnel in Operations Division. As previously found by the Materials
Irradiation Facilities Improvement Committee (MIFIC), the Operations Division
and reactor experimenters will be severely handicapped by the lack of a
neutronic computational capability to calculate the effect on the reactor and
on other experiments of introducing neutron absorbers, especially spectral
tailoring shields, if this task is not completed.

The issue and actions that were agreed to at the beginning of this project are
shown in Table 1 and include an updated status of each item. Please note that
there is no ARIM funding designated for this project in 1986 or 1387 and also,
according to E. E. Bloom, there will be no additional Japanese funds available
in 1987.

A revised cost and schedule estimate is shown in Fig. 1. Table 2 shows the
funding for each task in the schedule.

Engineering design of the reactor components is continuing. The target tower
design was revised following thermal hydraulic calculations to allow addi-

tional cooling water flow. The target tower and access hatch drawings are
scheduled to be released at the end of January.

P
B. H. Montgomery, Project Leader, 9108, MS-1 (4-0258)

BHM: kfr
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TABLE 1
Ttem Tssue Action Status
1 1986 and 1987 ARIM funding of J. H. Swanks to get DOE commitment No ARIM
$250,000 in each year is essential by Datoher 4 funding for
for either schedule 1986 or 1987
2 New 1986 OFE funding of $380,000 is M. W. Rosenthal to cbtain money in See lote 1
essantial for the origisal schedule, the financial plan through John
and speading must begin om Qct. 1 Clarke (by Oct. 1)
3 Additional new 1986 OFEZ funding of M. ¥. Resenthal to seek John See Note 1
$299,000 is needed for tha accele- Clarke's commitment for this addi-
rated schedule tional money to be available no later
than Apr. 1, 1986 (Mote net savings
to the fusion programs in 1287 are
approximately $1.6 million)
4 OFE funds of $238,000 (1987 dollars M. W. Rosenthal tg seek John See Note 2
are n2eded in 1987 for the accele- Clarke's commitment
rated schedule
5 $80,000 of GPE funding is needed C. D. Hest to submit a formal Request
in 1986, on either schedule request by Oct. 31 for funding to be approved by
available by Jan, 1 Executive
Committee
6 Additional Japanese funds of E. E. Bloom to discuss with Japanese No addftional
$246,000 (1987 dollars) - or an Japanese funds
alternative source - are needed in
FY 1987 for the acceleratad schedule
7 The <ost of mathballing the ORR and J. H. Swanks to prepare a plan by See Note 3
keeping it under survaillance must Novembar 1
be estimated, on either schedule
8 The expected neutron charges % (FE J. H. Swanks to propose a cast See Note 3
for operating experiments in the schedule by Qctober 1
HFIR must be estimated (QFE is not
presently charged for HFIR irradia~
tions)
9 In order to meet the acceleratad Yanthly progress reports to be Fourth in the
schedule, the project must be given copiad to R. S. Wiltshire and series
a high priority for resources, appropriate Division Directors by
especially in the Operaticons and the Project Manager
P%E Divisiens
10 The mechanism and funding for J. H. Swanks ta prepare a plan by See Note 3
continuaed operation of the BSR must November 1
be worked out, on either schedule
Approved: L. A. Berry Signed off 10/23/85
M. W. Rosenthal Signed off 10/8/38§
J. H, Swanks Signed off 9/19/85
R. S. Wiltshire
A. Zucker
Note 1: (Items 283) Received $510 K (capital) from OFE with an saditignal $100 K promised.
Nate 2: Requested 35465 K (3358 K expense & $107 X capital) in the Fusion Energy Mini-189 for FY 87.
This includes Items 446,
Note 3: Per talecon with J. H. Swanks on 12-31-85, estimates have been prepared for Items 7%8 and are

awaiting discussion,

for remote eperation of the BSR by HFIR personnel.

the ORR i3 shut down.

On Item 10, several plans have been prepared, including a cost estimate
The plan implemented will depend on when
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Figure 1

HIFI PROJECT - COST & SCHEDULE ESTIMATES
ACCELERATED MFE SCHEDULE

FY-B6 FY~87 rY-88
Ql 102 103 TO4 QL {97 a3 Jad §al 027G3 |08 Cost
| OND | JFM { ARD " JRSTOND | JFF | AMT [ AT onp | Jrn | ama ! aas b (s 1000)
Reactor Components
1.0 Design
1.1 Conceptual Comg
1.2 Details
1.2.1 Target tower f it 5 Comp 5
1.2.2 Access hatch £ tf 5 Comg 5
1.2.3 Removable Be 1 53 53
1.2.4 Track assy. fti 53 83
1.2.5 Quter shroud j—{ | 27 | Comg 27
1.2.6 Shroud flange 27 27
1.2.7 Misc. - S - g4 5
1.3 Stress Analysis —{| 58 | Comp 58
2.0 Fabrication
2.1 Access Hatch { 85 85
2.2 Target Tower t 4 64 204 64
2.3 Removable Be 135 339
2.4 Nisc.
2 5 Quter Shroud 105 105
2.6 Shroud Fiange a8 a8
2.7 Track Assy. 102 108 210
3.0 ETD n | 70 140
4.0 Installation
4.1 Access Hatch |5 5
4.2 Target Tower !5 5
4.3 Track, Shroud, RB b ~ 4 — -1} 53 53
4.4 Misc. e 4
Experiments
§.0 Oesign
S.1 RB* Instr. Facility 53 53
5.2 Target Temp. Caps. 53 53
§.3 MFE Proto Caps. - 48
5.4 MFE 60 32 32
§.5 MFE 200 64 64
§.6 MFE 300 1] 53 53
§.7 MFE 400 1i 83 53
6.0 Procure (RB* Facility) 16 64 80
7.0 Fabrication & Assy.
7.1 Facilities
7.1.1 Inst. target 11 {1 11
7.1.2 Instr. RB* - 1| 27 27
7.2 Capsules
7.2.1 Target temp. 53 | —t 83
7.2.2 WFE proto teg—qi| 85 85
7.2.3 WFE 80 +] 111 111 222
7.2.4 MFE 200 37 —~ 1 101 138 276
7.2.5 MFE 300 138 } 64 202
7.2.6 MFE 400 138 ¥ 64 202
8.0 Install & Operate
8.1 Target Temp. (o]
8.2 MFE Proto 27 rq 27
8.3 MFE 60
3.4 MFE 200 m 16 58 185
8.5 MFE 300
8.6 MFE 400 117 117
9.0 Neutronics Anmalysis 42
9.1 Facility Analysis 42
9.2 Target Temp. Effects 27 { 27
9.3 Beam Tube Effects Comg
Fiscal Year Costs
(FY-86 Dollars) x 1000 1421 1250 568 3239*

.

Plus $155 K spent in FY-1985 an design and neutronic analysis
Rev.
BHM/12-17-85
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Table 2

Funding of Tasks from Accelerated Schedule
FY 1986

(FY 86 $,000)

Task Cost GPE U.s./d New BES New QFE | Shortfall
1.2.1 5 5
1.2.2 5 5
1.2.3 53 53
1.2.4 53 53
1.2.5 27 27
1.2.6 27 27
1.2.7 5 5
1.3 58 58
2.1 85 85
2.2 64 64
2.3 541 54
2.5 105 100¢ 5
2.7 102 102
3.0 70 47 23
4.1 5 5
4.2 5 5
5.1 53 53
5.2 53 53
5.3 48 48
5.4 32 32
5.5 64 64
6.0 16 16
7.1.1 11 11
7.2.1 53 53
7.2.2 85 85
7.2.4 37 37
8.2 27 27
9.1 42 42
9.2 27 27
12711 80¢ 2022 154 6103 225

1
Plus $150 K for removable beryllium material (expenditure
costed to Operations Division).
2

From U.S./J Program Agreement (Tasks 9 through 13).

3

$510 K (capital) received in December Financial Plan with
$100 K promisad in a future plan.

e
Capital

BHM/1-2-86
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Table 2 (continued)

Funding of Tasks from Acceleratad Schedule
FY 1987
(FY 86 $,000)

Task Cost GPE U.S./d New BES Hew OFE Shortfall
2.3 3
2.6 88 8gc
2.7 108 108¢
3.0 70 16¢ 54C
4.3 53 53
5.6 53 53
5.7 53 53
6.0 64 64C
7.1.2 27 27¢
7.2.3 111 103 8
7.2.4 101 101
7.2.5 138 138
7.2.6 138 138
8.3%.4 111 11

11153 0 3472 53 4654 250

FY 1988

7.2.3 111 111
7.2.4 138 138
7.2.5 64 64
7.2.6 64 64
8.38.4 74 74
8.5&.6 117 76 41

568 5272 41
3-yr,
total 29541 80C 1076 207 1116 475

1

Plus 285 K for removable beryllium.

2

From U.S./J Program Agreement (Tasks 9 through 13).

3

Plus $135 K for removable beryllium fabrication (expenditure
costed to Operations Division).

4

Fusion Energy Mini-139.
I

Capital.

BHM/1-2-86
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Internal Correspondence

MARTIN MARIETTA EMERGY SYSTEMS, INC.

January 31, 1986

Distribution

HIFI Project Monthly Progress Report for January 1986

Revisions have been completed on design drawings for the target tower
following the fluid flow calculations which showed that more cooiant flow
paths were required. The drawings are now awaiting review and approval.
Release of these drawings for fabrication is expected by February 14.
Materials for construction have been ordered and are expected to be on hand
prior to that date. Approved drawings for the quick opening hatch and the
target hole plug were issued on January 31. The forged material needed for
these two items was shipped from the vendor's plant on January 23.
Fabrication orders will be submitted as soon as the material is in hand.
Fabrication is continuing on the upper plenum and outer shroud assembly.
Design is continuing on other reactor components.

There has been a change in the funding expected for FY 1986 from the US/Japan
agreement. Originally, $202,000 was shown as the amount expected, but this is
now known to be (including the effect of Gramm Rudman) $180,000 thus
increasing our shortfall by $22,000 (as shown in Table 1). There are no other
changes in the funding since the last report period.

The HIFI Project Schedule (Figure 1) has been revised to show some minor
changes in the reactor component design effort and delays in the experimental
tasks. Table 2 shows the funding for each of the tasks listed in the schedule
with revisions from Table 1.

A suitable applicant from outside Martin Marietta Energy Systems, who is
working at the Laboratory as a contractor, responded to the job listing for an
additional engineer for the Irradiation Engineering Group. No suitable inter-
nal applicant having come forward, a requisition was submitted but was not
approved, thus ending the second attempt to acquire additional manpower in the
Group for this task. With increased pressure on laboratory budgets, candi-
dates from within Martin Marietta Energy Systems have since been proposed and
will be considered. Heanwhile, shortage of effort has forced a four-month
delay in beginning Task 5.3. a three-month delay in beginning Task 7.2.2, and
a one-month delay in beginning Task 5.5 (although not all of this work could
have been accomplished anyway with the delays in making funding available to
the project). A1l of these are tasks associated with RB* capsule design and
fabrication; tasks related fo the reactor modifications and the temperature
experiment remain within schedule {and within budget).

'/fgikg//{;zg;ﬁz67€4ﬁ77¢¢1tf/

B. H. Montgomery, Project Leaden4/§108, MS-1 (4~0258)
BHM:kfr
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FIGURE 1

HIFT PROJECT - COST & SCHEDULE ESTIMATES

ACCELERATED WFE SCHEDULE

FY-86 FY-87 FY-88
Q1 102°703 |04 {01 102 103 [ Q4 fQ1 @Iy 18 Cost
OND | JFM [ AMI TJAS [ OND [ JFM [AMITJAS | OND § JFM | AMJ | JAS | (S 1000)
Reactor Components
1.0 Design
1.1 Conceptual Comp
1.2 Details
1.2.1 Target tower ¢ — g 5
1.2.2 Access hatch 1 9 Comp 5
1.2.3 Removable Be I 53 53
1.2.4 Track assy. } 83 53
1.2.5 Outer shroud }— |27 Compl 27
1.2.6 Shroud flange e eefm 27N 27
1.2.7 Misc. fot— - - 51 5
1.3 Stress Anmalysis ’»—ﬂ 58 58
2.0 Fabrication
2.1 Access Hatch { | 85 85
2.2 Target Tower e | | 64 64
2.3 Removable Be . 204 135 339
2.4 Misc. e el S B |
2.5 OQuter Shroud 108 108
2.6 Shroud Flange 88 88
2.7 Track Assy. 102 108 210
3.0 €T 10 il 70 140
4.0 Installation
4.1 Access Hatch 141 5 5
4.2 Target Tower !5 s
4.3 Track, Shroud, RB ~ A~ = b—{]| 53 53
4.4 Misc. f--1 ] |
Experiments
5.0 Design
5.1 RB* Instr. Facility 53 53
5.2 Target Temp. Caps. 53 53
5 3 MFE Proto Caps. }— 48 Deldyed 48
5 4 MFE 60 32 b--- 32
5 5 MFE 200 €4 telgyed 64
5.6 MFE 300 1| 83 53
5.7 WFE 400 B N oy 53
6.0 Procure {RB* Facility) 16 64 80
7.0 Fabrication & Assy.
7.1 Facilities
7.1.1 Inst. target 11 | —— 11
7.1.2 Inastr. RB* t 1| 27 27
7.2 Capsules
7.2.1 Target temp. 831+ 53
7.2.2 WFE proto to—t——t! 85 |[Delaged 85
7.2.3 MFE 60 e 111 111 222
7.2.4 MFE 200 37 ~: 101 138 276
7.2.5 HFE 300 138 ; 64 202
7.2.6 MFE 400 138 h 64 202
8.0 Install & Operate
8.1 Target Temp. i}
8.2 MFE Proto 27 i pdlayed 27
8.3 MFE 60 ;
8.4 MFL 200 111 [ 16 58 185
8.5 MFE 300
8.6 MFE 400 117 117
9.0 Neutronics Analysis 42
9.1 Ffacility Analysis b 5 peldyed 42
9.2 Target Temp. £ffects / 1| peidyea 27
9.3 Beam Tube Effects Comps
Fiscal Year Costs
(FY-86 Dollars) x 1000 1421 1250 568 3239*
£l
Plus $155 K spent in FY-1985 on design and neutronic analysis R
ev.

8HM/1-29-86
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Table 1
HIFI PROJECT FUNDING
(FY 86 $,000)

FY 1986 FY 1987
Source of

committed funding Capital Expense Capital Expense
OFE 6107 1077 3582
US/Japan 1803 3477
BES 100 54 53

GPE _ 80 _ L -

Total 790 «+ 234 = 1024 160 + 705 = 865

Funding commitied 1,024 865
Funding needed 1,271 (excluding beryllium) 1115
Shortfall 2474 250°

1
$510.000 in December Financial Plan - short $100,000, which has
been promised in an FY 1986 financial plan.
2
As shown in the mini-189 dated 12/20/85.
3
As shown in the US/Japan Agreement (tasks 2, 9 and 12).
4
Expense money needed. (Was originally to have been ARIM money; in
the event ARIM funding was not made available, but OFE funding was
switched from operating to capital.)
5

Capital money needed. (MWas originally committed from ARIM funds;
commitment subsequently withdrawn.)

BHM-1/29/86
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Table 2
funding of Tasks from Accelerated Schedule
FY 1986
(FY 86 $.000)
Task Cost GPE u.s./d Hew BES Mew OFE | Shortfall
1.2.1 5 5
1.2.2 5 5
1.2.3 53 53
1.2.4 53 53
1.2.5 27 27
1.2.6 27 27
1.2.7 5 5
1.3 58 58
2.1 85 85
2.2 64 64
2.3 541 54
2.5 105 100¢ 5
2.7 102 102
3.0 70 A7 23
4.1 5 5
4.2 5 5
5.1 53 53
5.2 53 53
5.3 48 48
5.4 32
5.5 64 42 22
6.0 16 16
7.1.1 11 11
7.2.1 53 53
7.2.2 85 85
7.2.4 37 37
8.2 27 27
9.1 42 42
9.2 27 27
12711 80° 1802 154 6103 247

1

Plus $150 K for removable beryllium material (expenditure

costed to Operations Division).

2

From U.S./Jd Program Agreement {Tasks 9 through 13).

3

$510 K {capital) received in December Financial Plan with

$100 K promised in an FY 1986 financial plan.
e

Capital

BHM/1-29-86
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Table 2 (continued)
Funding of Tasks from Accelerated Schedule
FY 1987
(FY 86 $.000)

Task Cost GPE Uu.s./d New BES New OFE Shortfall
2.3 3
2.6 88 ssg
2.7 108 c 108,
3.0 70 16 54
4.3 53 53
5.6 53 53
5.7 53 53 o
6.0 64 64
7.1.2 27 27¢
7.2.3 111 103 8
7.2.4 101 101
7.2.5 138 138
7.2.6 138 138
8.3%.4 111 111
11153 0 3472 53 4654 250¢
FY 1988
7.2.3 111 111
7.2.4 138 138
7.2.5 64 64
7.2.6 64 64
8.3%.4 74 74
8.5%.6 117 76 3]
568 5272 41
3-yr.
total 29541 80c 1054 207 1116 497
1
Plus 285 K for removable beryllium.
2

From U.S./J Program Agreement {Tasks 9 through 13).
3P]us $135 K for removable beryllium fabrication (expenditure
costed to Operations Division).
4Fusion Energy Mini-189.
CCapital.

BHM/1-29-86
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Internal Correspondence

MARTIN MARIETTA ENERGY SYSTEMS, INC.

March 5, 1986

Distribution

HIFI Project Monthly Progress Report for February 1986

Engineering design of all the reactor components necessary for the
instrumented target capsule facilities has been completed and an engineering
design report has been approved and issued.

Design of the remaining reactor components associated with the RB* facilities
is on schedule and within costs.

Fabrication continues on the Outer Shroud and Upper Plenum Assembly and no
problems are foreseen in meeting the scheduled delivery date. Fabrication of
the Quick Opening Hatch and Target Hole Plug will begin next week with a
delivery date of May 1, 1986, for both of these items. The Target Tower
fabrication will begin by mid-March.

An engineer has been added to the Irradiation Engineering Group for the HIFI
Project tasks associated with material irradiation capsules. The transfer
will be effective on March 1, 1986, and work on these tasks will begin immedi-
ately.

Owing to the earlier delays in obtaining funding and staff, the MFE prototype
capsule has been canceled, with the concurrence of MFE sponsors, which will
result in an MFE capsule design completely dependent on additional thermal and
neutronic analyses of the RB* positions. The net saving realized from the
cancelation of Tasks 5.3, 7.2.2, and 8.2, with the addition of Task 5.8 (the
additional analysis), will be $113,000. The shortfall for FY 1986 has there-
fore been reduced from $247,000 to $134,000 (as shown in Table 1). A revised
schedule, shown in Figure 1, reflects these changes and Table 2 shows the
funding for each of the tasks listed in the schedule.

In response to the requirements set forth in the approval letter for the OR-
638 from DOE-ORO, a brief monthly cost/schedule assessment report was sent to
M. J. Gouge, ORO, on February 12, 1986 {letter attached). The "bad charge"
mentioned in the letter was found to be costs incurred by Engineering Design
in November 1985, that could not pe transferred to the capital work order
until the work orders were opened. This did not occur until January of this
year., Mr. Gouge was informed of this finding on February 19, 1986, by tele-
phone, and raised no objections,

EH ot gomer,

B. H. Montgomery, roject Ledder, 9108, MS-1 (4-0258)
BHM:r1t

Attachments(4)
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Table 1
HIFI PROJECT FUNDING

(FY 86 $,000)

FY 1986 FY 1987
Source of
committed funding Capital Expense Capital Expense
OFE 6101 1072 3582
US/Japan 1803 3473
BES 100 54 53
GPE 80 - L o
Total 790 + 234 = 1024 160 + 705 = 865
Funding committed 1,024 865
Funding needed 1,158 (excluding beryllium) 1115
Shortfall 1344 250°

l$510,OOO in December Financial Plan - short $100,000, which has been
promised in an FY 1986 financial plan.

2As shown in the mini-189 dated 12/20/85.

3As shown in the US/Japan Agreement (tasks 2, 9 and 12).

4Expense money needed. (Was originally to have been ARIM money; in
the event ARIM funding was not made available, but OFE funding was
switched from operating to capital.)

5Capita1 money needed. (Was originally committed from ARIM funds;

commitment subsequently withdrawn.)

Rev. BHM/2-28-86
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FIGURE 1

HIFI PROJECT ~ COST & SCHEDULE ESTIMATES
ACCELERATED MFE SCHEDULE

FY-86 FY-87 FY-88
02 103 MW la e o T eTe e cost
OND | JFM | ANJ | JAS [ OND | JFM [AMT 78S onp | aFM | aMa | das | (s 1000)
Reactor Compaonents
1.0 Design
1.1 Conceptual Comp
1.2 Detafls
1.2.1 Target tower { { o Comps 5
1.2.2 Access hatch { § Comg 5
1.2.3 Removable Be } S3 53
1.2.4 Track assy. p—g——d 63 s3
1.2.5 Outer shroud }—i |27 | Comp 27
1.2.6 Shroud flange 27 ar
1.2.7 Nisc. -4~ - S4q 5
1.3 Stress Amalysis ]| 58 58
2.0 Fabrication
2.1 Access Hatch 1 |85 85
2.2 Target Tower { | 64 64
2.3 Remavable Be 204 135 338
2.4 Misc. -
2.5 Outer Shroud 108 105
2.6 Shroud flange 2 88
2.7 Track Assy. 102 108 210
3.0 €M L il 70 140
4.0 Installation
4.1 Access Hatch 5 5
4.2 Target Tower [ 5 5
4.3 Track, Shroud, RB - f - -] 53 33
4.4 Misc. =t {
Experinents
5.0 Design
§.1 RB* Instr. Facility 53 83
5.2 Target Temp. Caps. 53 53
§3 WFE Proto Caps. Canchled o
5.4 MFE 60 L
5.5 MFE 200 o'p1 e 6
5.6 MNFE 300 i 53 53
5.7 MFE 400 1153 83
5.8 Thermal & Gamma Analfe+ M7, ({NEN 47
6.0 Procure (RB* Facility) 16 64 a6
7.0 Fabrication & Assy.
7.1 Facilities
7.1.1 Inst. target 11 | g 1
7.1.2 Iastr. RB* b 41 27 27
7.2 Capsules
7.2.1 Target temp. 53 )t §3
7.2.2 MFE proto Canceled .
7.2.3 MFE 60 1] 111 111 222
7.2.4 MFE 200 Delayed 371 | 101 138 276
7.2.5 MFE 300 138 | 64 202
7.2.6 MFE 400 138 } 64 202
8.0 install & Operate
8.1 Target Temp. —~
8.2 MFE Proto Carfealed
8.3 MFE 60 b
8.4 MFE 200 111 15 58 188
8.5 MFE 300
8.6 NFE 400 117 117
9.0 Neutronics Analysis 42
9.1 Facility Analysis Deldyed 42
9.2 Target Temp. Effects 37 | perdyea 27
9.3 Beam Tube Effects Comp)
Fiscal Year Costs 3126%
{FY-86 Doilars) x 1000 1308 1250 568 B

x
Plus $155 K spent in FY-1985 on design and neutronic analysis

**Additional neutronics, gamma heating, and thermal analyses in the absense gﬁ;72~28—55
of the Prototype capsule.
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Table 2

Funding of Tasks from Accelerated Schedule
FY 1986
(FY 86 $.000)

Task Cost GPE U.S./d New BES New OFE Shortfall
1.2.1 5 5
12.2 5 5
1.2.3 53 53
1.2.4 53 53
1.2.5 27 27
1.2.6 27 27
1.2.7 5 5
1.3 58 58
2.1 85 85
2.2 64 64
2.3 54! 54
2.5 105 100°€ 5
2.7 102 102
3.0 70 a7 23
4.1 5 5
4.2 5 5
5.1 53 53
5.2 53 53
5.3 canceled
5.4 32
5.5 64 42 22
5.8 47 a7
6.0 16 16
7.1.1 11 i1
7.2.1 53 53
7.2.2 canceled
7.2.4 37 37
8.2 canceled
9.1 42 42
9.2 27 27
11581 | 80¢ | 1807 154 6103 134

lpjus $150 K for removable beryllium material (expenditure
costed to Operations Division).

2From U.S./d Program Agreement (Tasks 9 through 13),

3$510 K (capital) received in December Financial Plan with
$100 K promised in an FY 1986 financial plan.

Ccapital

Rev. BHM/2-28-86
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Table 2 (continued)
Funding of Tasks from Accelerated Scheduie
FY 1987
(FY 86 $.000)

Task Cost GPE U.S./d New BES New OFE Shortfall
2.3 3
2.6 88 88°¢
2.7 108 108°¢
3.0 70 16¢ 54°¢
4.3 53 53
5.6 53 53
5.7 53 53
6.0 64 64°¢
7.1.2 27 27¢
7.2.3 111 103 8
7.2.4 101 101
7.2.5 138 138
7.2.6 138 138
8.3%.4 111 111
11153 0 3472 53 4654 250¢
FY 1988
7.2.3 111 111
7.2.4 138 138
72.5 64 64
7.2.6 64 64
8.3%.4 74 74
8 58.6 117 76 41
568 5272 41
3-yr,
total 28411 80 1054 207 1116 384

lpius 285 K for removable bery1Tlium.
2From U.S./d Program Agreement {Tasks 9 through 13).

3p1us $135 K for removable beryllium fabrication {expenditure costed to
Operations Division).

4Fusion Energy Mini-189.
Ceapital.
Rev., BHM/2-28-86



212

internal Correspondence

March 31, 1986 MARTIN MARIETTA ENERGY SYSTEMS, INC.

Distribution

HIFI Project Monthly Progress Report for March 1986

A1l engineering design drawings for the instrumented target capsule facilities
have been issued, and all fabrication orders for the parts and assemblies have
now been submitted with a requested delivery date of May 1, 1986. This deli-
very date is necessary to devote time for assembly of the reactor components
in the HFIR mockup stand prior to installing in the reactor in late July.
Design of the remaining reactor components associated with the RB* facilities
is continuing on schedule,

The HIFI Project Funding (shown on Table 1) has been revised to show that all
of the OFE funding for FY 1986 - $610 K capital - has been received (the
remaining $100 K was in the March Financial Plan). The shortfall of $134 K
has been identified as needed by July 1, 1986, to maintain the Project
schedule.

A revised schedule, shown in Figure 1, reflects the cancellation of the MFE
Prototype capsule (see February monthly), and Table 2 shows the funding for
each of the tasks listed in the schedule,.

The Operations Division is actively pursuing additional manpower for Tasks 9.1
and 9.2 (Meutronics Analyses). Interviews have been held and are continuing.

The 0R-638 monthly cost/schedule report was sent to M. J. Gouge, DOE-ORO, on
March 12, 1986. A copy of this report is attached for your information.

B Nlody

. H. Montgomery, PrOJect Leader, 9108, MS-1 (4-0258)
BHM:kfr
Attachments(4)

Distribution

S. J. Ball M. W. Rosenthal
L. A. Berry J. .. Scott

E. E. Bloom R. L. Senn

D. Y. Burton I. I. Siman-Tov
B. L. Corbett J. H. Swanks

G, R. Hicks W. E. Thomas

S. S. Hurt K. R. Thoms

A. W. lLongest H. E. Trammell
R. V. McCord C. D. West

D. M. McGinty R. S. Wiltshire
F. R, Mynatt A. Zucker

E. Newman, Jr. File(2)
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Table 1
HIFI PROJECT FUNDING

(Y 8& $,000)

FY 1986 Y 1987

Ssource of /T
Committed Funding Capital Expense Capital Expense
OFE 610 10712 3582
Us/Japan 18o= I347=
nES 100 G4 53
GFE 80

Tatal 790 34 160 705

Funding committed 1,024 Q&5
Funding needed 1,138 1,115
Shortfall 134> 230

F-Expanss monay neaded.

monay

shawn in the mini-18% dated 12/20/893.

shown in the US/Japan Agreement

MOTE:

fram operating to capital.

A-Capibal

fundings

maney

neaded.
commitinent

MOTE

(tasks 2,

Reavw .

9, and 17).

Was originally committad £
subsequently with dirawn.

BHM/Z-31 -85

Was originally to have been ARIM
ARIM funding not availabls but OFE funding was switchad

om ARIM
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Table

HS FROM ACCELERATED SCHEDULE

&

FUNDING OF TA

FY 1984

Q0

- Tals

&

(FY 84

HORTFALL

w2,
fely

NEW GFE

NEW BES

GPE

asT

-
L.

TAGE

i3

[}

1.2.7

54
100c

4
S4al

105

8o N S

o3 e e

[} AN I~
4 [T - 31

¥y 04 I~
TR

e B

R N P P
o
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H10

t
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18

1
4

pandi turs

(e

for removable beryllium material

a-Flus $130 K

Operations Division).

o to

&

7 through 17

(Task

m L.S./J Program Agrasment

FUNDIL.CAL

o/ BHM
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P Acomtinued)

Table

FUNDING 0OF TASKS FROM ARCELERATED SCHEDULE
FYy 19387

(FY 8& 3000)

TGS 5 Elag=¥ U.S. /3 ¢ NEW BES | NEW OFE SHORTFALL.
2. i i i H 28c
2 : i i | 108c
= i : : l&c i S4c
4 i i 5= 1 i
5 i i i :
5 ; ' ! H
& i H i L4c i
7 i i i 27z !
7 i 1032 i 3 1
7 i i : 101 i
7 : H b 128 i
7 i 138 3 ; i
=] : i i 111 i
i 470 G i 465 250w
FY 1984
7.2 111 ; 111 i i :
F.2.3 138 3 i 138 3 : :
T.2.4 64 : LA ; !
7.2.9 &40 i aH4 1 :
8. 74 0 i 74 0 i |
3. 117 0 i THo ; A1 i
5488 1 H 527b 0 i b1 i

Iy

.

a—Flus $785 K for removable beryllium.
b—From U.S./J Frogram Agreement (Tasks 7 through 1320,

d...

oM

1us %135 ¥ for removable beryllium fabrication (axpenditurs
neted to Operations Divisian?.

s—Fusian Ensrgy Mini-18%2.

c-Capital FUNDZ. CAL
Rev / BHM

cx~Capital (formerly planned as ARIM moneyl G-31=86
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OAK RIDGE NATIONAL LABORATORY POST OFFICT BOX ¥

OAaK RIDGE, TENMESSEE 37831

HMarch 12, 1986

OPERATED BY MARTIN MARIETTA ENERGY SYSTEMS, iNC.

Mr. M. J. Gouge

Nuclear Research and Development

Department of Energy, Oak Ridge
Operations

Post Office Box E

O0ak Ridge, Tennessee 37831

Dear Mr. Gouge:

Attached is the February mwonthly costs and schedule assessment report on the
OR-638-86-0RNL-2, HIFI Project. The schedule and costs only pertain to those
items covered by this funding.

If further information is needed please contact me at 574-0258.

Sincerely,

ﬁﬁ.mwv;m@

B. H. Montgomery
BHM:kfr
Attachment
cc/att: D. W, Burton

K. R. Thoms
C. D. MWest
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HIFT PROJECT SCHEDULE
(0R-438-84-0RNL-2 Cnly) RIFI1.CAL
Last Update= 3/12/84 DHH

i FY-1986 ! FY-1987

POND CIFM LAY VTAS JOND LJFM LARY TJAS
TARGET TOWER(%D) ~---~-DDDDORDRDAFFFFFFFFFFIITIII i i i i
QUICK OPENING HATCH(9S) -——--- D0DOBODDLFFFFFFFFFFFIIINN ! H H H
TARGET HOLE PLUBLOM) - DDDDODRRRFFFFFFFFFFFILINN H i : 1
RABBIT *U" BEND(96) i DODDDRDELFFFFFFFITILLL H H ; i
RABBIT INPILE SECTION{94) DODODODRXFFFFEFFITIILL i : { i
QUTER SHROUD(93) ! 00Dzt FFFFFEFFFFFFIILLIL | i ; H
SHROUD FLANGE(94) i i} DDDDDDDGD - - -i - - - -FFFFFFFFFFFFFFFE 1D i
UPPER TRACK(97} 1 ! DDDDDDDODFFFFEFFFFFFFFFFFFFFFFFFFL - - - =111 ,
MISC, T00LS(101} { i DDOGDDDDBDODODOFFFF - ~ -} - - - =1 - - - =111 i
ASSEMBLY DRAYINGS i i ¢t DLODBDORDLODDN: H H H
{D=Designi F=Fabricate; [=Installj z=Completad)
Nuabers in () are HFIR Jeh nuabers

HIFT PROJECT COSTS (0R-638-86-0RNL-2 Only)

ESTINATE FEBRIARY COSTS  SPENT TO DATE TO BE SPENT
DESIGN $136,000 $20,403 $63,248 $ 70,7352
FABRICATION 370,300 12,123 2,102 357,998
INSPECTION 42,600 1,538 2,384 40,016
SURVEILLANCE 99,100 3,025 12,780 43,320
INETALLATION 63,000 3,509 4,151 38,949

T07AL $710,000 $40,594 $97,045 $412,933
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MARTIN MARIETTA

Internal Correspondence

May 2, 1986 MARTIN MARIETTA ENERGY SYSTEMS, INC.

Distribution

HIFI Project Monthly Progress Report for April 1986

Shop fabrication of reactor components, parts and assemblies, for the target
instrumented facilities is approximately 75% complete with no problems fore-
seen in making their scheduled delivery dates. The reactor mockup installa-
tion is scheduled to begin in mid-May with installation in the reactor at the
end of July. The design and fabrication of all remaining reactor components
for the RB* facilities remains on schedule and within costs.

Photographs taken during fabrication of some of the assemblies are attached
(Figures 1 through 4). Figure 1 shows the quick-access hatch during the pre-
heat prior to stellite overlay. Figures 2 and 3 show the target tower flange
and tower tube prior to assembly. Figure 4 shows the outer shroud during
assembly. It is nice to see some actual hardware.

The HIFI Project Funding (shown on Table 1) has been revised to show a
decrease in the Shortfall for FY 1986 with an increase in Shortfall for FY
1987. This change is necessary due to the delay in MFE 200 capsule design,
and the consequential delay in parts fabrication and assembly (Task 7.2.3 on
Figure 5, HIFI Project Schedule). It should be noted that the $37 K expen-
diture has only been POSTPONED, from July 1, 1986 to October 1, 1986 - any
delays beyond October 1 would immediately have serious effects on the Project
Schedule. Table 2 shows the funding for each of the tasks on Figure 5 and
reflects these changes.

Operations Division has been actively pursuing additional manpower for the
delay of Tasks 9.1 and 9.2 (Neutronics Analyses). Interviews have been held
and are continuing. One job offer has been refused. Task 5.7, additional
thermal analysis, is contingent upon obtaining this manpower for this fiscal
year, and it will be remembered that these analytical tasks have assumed even
greater importance and urgency following the cancellation of the prototype
capsule.

The OR-638 monthly cost/schedule report was sent to M. J. Gouge, DOE-ORO, on
April 10, 1986. A copy of this report is attached for your information.

B H Montgomery, ;z:?ZZifi;;;Zr, 9108, MS-1 (4-0258)

Attachments(8)
cc/att: S. J. Ball R. V. McCord J. H. Swanks
L. A. Berry D. M. McGinty W. E. Thomas
E. E. Bloom F. R. Mynatt K. R. Thoms
D. W. Burton E. Newman, Jr. H. E. Trammell
B. L. Corbett M. W. Rosenthal C. D. West
G. R. Hicks J. L. Scott R. S. Wiltshire
S. S. Hurt R. L. Senn A. Zucker
A. W. Longest I. I. Siman-Tov File-BHM(2)



Fig. 1.

Quick-Access Hatch.

ORNL—PHOTO 2565—86
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ORNL—-PHOTO 232286

Fig. 2. Target Tower Flange.



ORNL—-PHOTO 2566—86
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Target Tower Tube.

Figs-3-



Fig. 4.

Outer Shroud.

ORNL—-PHOTO 2321-86

©ZC
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Table 1
HIFI PROJECT FUNDING

(FY 86 $,000)

FY 1986 FY 1987

Source of o
Committed Funding Capital Expense Capital Expense
OFE 610 1072 3582
Us/Jdapan 180= 347=
RES 100 54 93
GFE 80

Total 790" 234 160 705

Funding committed 1,024 865
Funding needed 1,121 1,152
Shortfall Q= 2874

1-Ag shown in the mini—-18% dated 12/20/8%5.

#2-As shown in the US/Japan Agreement (tasks 2, 2, and 12).
“—Expense money needed. NOTE: Was originally to have been ARIM
moneyi ARIM funding not available - OFE funding was switched

from operating to capital.
“4-$250 K of Capital money and $37 K of Expense money needed.

NOTE: The Capital money was originally committed from ARIM fundingsi
commitment subsequently withdrawn.

Rev. BHM/5-1-864
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Figure 5
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-

Table

FROM ACCELERATED SCHEDULE

FY 1986

=

FUNDING OF TASE

.CAaL

FUND1

(FY 86 $Q00)

! SHORTFALL

NEW OFE

i NEW BES

U.s./J

COSsT

TASK

/PR E N  y

i3]
4

i3

S4al
8]

85
&4

RS N ]

o0y ﬂ.“

100c
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o
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i

2.7

e
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i3

[[p]
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4 04
N oo

610c ?7

154

'
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Ot

8Qc ! 18¢

1121ad

(expenditure

for removable beryllium material

~
.

a~Flus %150 ¢

costed to Operations Division).

(Tasks @ through 13).

b-From U.S./J Frogram Agre=ment

c—~Capital

Rev/BHM
5-1-86
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Table 2 (contirnued)

FUNDING OF TASKS FROM ACCELERATED SCHEDULE

FY 1987
(FY 84 $000) ’ FLINDZ2. CAL.

TASEK COST ¢ GPE | U.S5./J | NEW EES | NEW OFE | SHORTFALL
2.3 at :' : :' ;
2.5 a8 | H H ! ! 88cx
2.6 108 | H H 1 i 108cx
3.0 70 1 H H ! 16c H S4cum
4.3 5304 i H 53 :
5.5 5300 ! 85300 i H
S.b 531 ! 5301 !
6.0 64 H ! H b4
7.1.2 27 ! ! H 27¢ i
7.2.2 111 ! H 10% H g8 !
Ta2.3 138 1 i i ! 101 ! 37
7.2.4 138 | H H H 138 !
7.2.59 178 1 H 178 !
8.7%.4 111 ! H t 111 H

1152d 1 [0 3470 53 H 4650 287

FY 1988

7.2.2 111 ! 111 | H H
7.2.3 128 ' 1328 H H
7.2.4 Y . ! F.-Y: B !
7.2.5 &4 | i (=L B H H
8.3%. 4 74 i i 74 H H
8.3%. &6 117 | H 760 H 41 H

568 1 H SEZ7b | H 41 H
I-Yr
TOTAL 2841a 80c 10540 207 1116 x84

a~-Flus %285 K for removable beryllium.
b~From U.5./7J Program Agreement (Tasks 9 through 13).

d-Flus 4135 K for removable beryllium fabrication (expenditure
costed to Operations Division).

e-Fusion Energy Mini~-189.
c—Capital

Rev/EBEHM
cx-Capital (farmerly planned as ARIM money) S-1-86
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OAK RIDGE NATIOMAL LABORATORY POST GFFICE BOX Y

AKX RIDGE, TENNESSEE 37331

April 10, 1986

CPERATED 8Y MARTIN MARIETTA ENEAGY SYSTEMS, WMC.

Mr. M. J. Gouge

Nuclear Research and Development

Department of Energy, Oak Ridge
Operations

Post Office Box E

Oak Ridge, Tennessee 37831

Dear Mr. Gouge:

Attached is the March monthly costs and schedule assessment report on the
OR~638-86~-0RNL-2, HIFI Project. The schedule and costs only pertain to those
items covered by this funding.

If further information is required please contact me at 574-0258.

Sincerely,

B. H. Montgomery R
BHM: kfr
Attachment

cc/att: D. Y. Burton
K. R. Thoms
C. D. Yest
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HIFT PROJECT SCHEDULE
{OR-638-846-0RNL-2 Only) HIFT1.CAL
Last Update= 4/10/85 BHM

: FY-1986 : FY-1987
(OKD VJFNK YANT VIAS TOND VIFN TANY 1JAS
] 1 1 + ) ] ] []
TARSET TOWER(9®)  --—-- DODDODDDDAFFFFFFFFFFITILIN H : } !
] 1 1 ] ) ] ] ¥
QUICK OPENING HATCHI9®) ~----- DODDDDDDxFFEFFFFFFFFITITIL H H i H
TARSET HOLE PLUG(LIOOY .  ———-~ DODDRDODXFPFFFEFFFEFIILLI i : : '
: 1 H : ! ! : |
RABRIT "U® BEMD{%6) : DDDDDDDBXFFFFFFFIIILIL H ! ! :
] 1 ] [} . 1 1] '
RABRIT INPILE SECTION(96) ! DODDDDDDXFFFFFFFITIIIL H i 2 :
L] ] 1} ) 1] 1 1] L]
QUTER SHROUD(93) ! DDzt FFFEFFFFRFEFILENNL : ! H :
SHROUD FLANGE (94} ' { DDDODADDD - - -V - - - -FFFFFEFFFFFFFFFE JIIRE 1
) [] ) t [} 1 1 1
[ t . 1 1 ‘ 1 [}
UPPER TRACK(97) :  DDDDDRDODFFFFFFFFFFFFFFFFFFFFFFFFY - - ~ ~1ITNL 3
: H : : : i i i
MISC. TODLS{101) ! i DDDDDDRDDDDDDODFFFF - - -t - - - -1 - - - =UIL 1§
! | ! d i i H !
ASSEKBLY DRAWINGS ! : {  DDDODADDORDDOD: ! H H
1] + ) 1] v 1 ) 1
() ] ) t 1] 1 3 1
(D=Dssiqn; F=Fabricate; I=Install; x=Coapleted)
Nuabers in { } are HFIR Job aumbers
RIFT PROJECT COSTS (OR-538-84-DRNL-2 Cnly)
ESTINATE MARCH COSTS SPENT TO DATE T0 BE SPENT
DESIGH $134,000 $23,806 $89,054 $ 45,944
FAERICATION 370,300 8,079 20,381 349,919
INSPECTION 42,600 3,9%7 5,521 34,079
SURVEILLANCE 98,100 9,453 22,733 75,867
INSTALLATION 3,000 4,151 38,849

ToTAL $710,000 $45,275 $142,340 $547, 660
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Internal Correspondence

May 30, 1986 MARTIN MARIETTA ENEAGY SYSTEMS, INC.
»

Distribution

HIFI Project Monthly Progiress Report for May 1986

There are ten new reactor component items associated with the instrumented
target facilities that were out for fabrication - five have been completed and
the remaining parts are scheduled to be complete by June 10, 1986. Work is
progressing on modifying the existing spare parts for use, Design is con-
tinuing on the RB* facilities and some material has been ordered.

Operations Division had allocated $150 K for the purchase of the raw material
for their scheduled replacement of the beryllium. However, a cost incrcase of
470% over the last purchase {eight years ago) has made it necessary for
Operations to seek additional funding before the requisition can be released:
the delay in the delivery of the beryllium can have a definite impact on the
HIFI Project schedule as well as the operation of the HFIR so that their addi~
tional funding requirements must be addressed urgently.

Operations Division is internally shifting personrel in order to put manpowar
on the delayed tasks 9.1 and 9.2 (Meutronics Analyses - see schedule of tasks
in the April 1986 Monthly Progress Report). Work on these tasks should begin
in approximately three weeks. They are still actively pursuing additional
manpower for their own needs, but the immediate concern from the MIFI Project
viewpoint has somewhat eased.

The target temperature capsule, scheduled for insertion in the new instru-
mented target facility in August of this year, has been designed, parts fabri-
cated, and is currently being assembled. It is scheduled to be delivered 1o
the HFIR by the first of July for a trial insertion in the reactor mockup
prior to actual testing.

The HFIR reactor operators have bean given briefings on the HIFI Project.
Discussions were held pertaining to the new component designs and how they
would effect a change in the current procedures. These briefings were held
once a week over a pericd of five weeks in order to cover all shifts.

The OR-638 monthly cost/schedule report was sent to M. J. Gouge, DOE-ORO, on
May 13, 1986. A copy of this report is attached for your information.

BNy rmeni

B. H. Montgomery, PFojsct Leader, Y-12, 9108, MS-1 (4-0258)
BHM:kfr

Attachment
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0AK RIDCGE NATIOMAL LABORATCRY POST OFFICE BOK ¥

OAX RIDGE, TENNESSEE 37331
OPERATED BY MARTIN MARIETTA ENERGY SYSTEMS, iMC.

May 13, 1986

Mr. M. J. Gouge

Nuclear Research and Development

Department of Energy, Oak Ridge
Operations

Post Office Box E

0ak Ridge, Tennessee 37831

Dear Mr. Gouge:

Attached is the April monthly costs and schedule assessment report on the
OR-638~-86-0RNL-2, HIFI Project. The schedule and costs only pertain to those
items covered by this funding.

If further informaticn is required please contact me at 574-0258.

Sincerely,

B oty

B. H. Montgomery
BHM:kfr
Attachment
cc/att: D. Y. Burton

K. R. Thoms
C. D. Hest
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HIFT PROJECT SCHEDULE
{0R-638-86-0RNL-2 Only) HIFT1.CAL
Last Update= 5/13/8¢ BHH

: FY-1944 ! FY-1987

TOND TJFH O CAMY JJAS IOND VJFM TANT TIAS
TARGET TOWER(?8) -~ DDODDIDRD:FFFFFFFFFFIITIIL i H H :
QUICK OPENING HATCH(99) ~----- DODDDODDXFFFFFFFFFFFITIIIN i i b i

i { | i i ! | i
TARGET HOLE PLUG(100)  ------ DODDDABDXFFFFFFFFFFFITIINL ! H H i
RABBIT *U* BEND(94) H DODRDDDDRFFFFFFFIITILL ! H H H
RAEBIT INPILE SECTION(9&) | DODDDDDDXFFFFFFFILITLII H H i t

i i i i i i i i
QUTER SHROUD (93) i DDDx! FFFFFFFFFFFFIINNNI i i H i
SHROUD FLANGE (94} : ! DDODDDDODDBD- -i - - - -FFFFFRFFFFFFFFFF 111D
UPPER TRACK(97) i i DODDDDOUDBDDFFFFFFFEFFFFFFFFFFFFF ~ ~ - -11I1I
MISC. ToOLS(Ion) i i DDDRDDRDDDORDDDFFFF - - -1 - - - -} = -~ - ={I111

! ! i i i H H H
ASSEMBLY DRAWINGS H H i [DDRDDDDDDDDOD: ! | i
(B=Design; F=Fabricatej I=Install; x=Completed)
Nuabers in { ) are HFIR Job nuebers

HIFI PROJECT COSTS {OR-63B-86-ORNL-2 Only)

ESTIMATE APRIL COSTS SPENT TO DATE 10 BE SPENT
DESIGN $136,000 §26,197 $113,251 $ 20,749
FAERICATION 370,300 353,130 35,511 314,789
INSPECTION 42,600 4,803 11,324 31,274
SURVEILLANCE 98,100 24,973 47,206 50,894
INSTALLATION 43,000 4,151 38,849

T0TAL $710,000 §91,103 $233,443 §476,937
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Internal Correspondence

MARTIN MARIETTA ENERGY SYSTEMS, INC.

July 2, 1986

Distribution

HIF1 Project Monthly Progress Repert for June 1986

Fabrication of all the reactor components necessary for first phase of the
project (the instrumented target facility) has been completed on time and
within costs. Fitting and checking of the parts in the reactor mockup is pro-
ceeding. Installation of the components in the reactor is scheduled during
the mid-August shutdown. The target temperature capsule itself, scheduled for
insertion in the new instrumented target facility in August of this year, is
in the final stages of assembly. A trial insertion in the reactor mockup
prior to actual installation is scheduled for mid-July.

Design is continuing on the RB* facilities and some fabrication has already
been initiated. Operations Division has released the purchase requisition for
the raw material foir their scheduled replacement of the beryllium., Mo delay
in delivery is foreseen at this time.

Work has begun, by Bill Thomas of Operations Division, on the neutronics ana-
lyses (Tasks 9.1 and 9.2 - Figure 1), with emphasis on the RB* facilities:
these calculations are necessary to compleie the thermal analysis for the cap~
sules scheduled for installation in June 1987,

The HIFI Project Funding (shown in Table 1) has been revised to show a
decrease in the Shortfall for FY 1986 with an increase in Shortfall in FY
1987. This change was caused by the earlier delay in providing manpower to be
costed this fiscal year and a consequential delay in fabrication scheduling of
RB* capsule parts. It should be noted that the $27 K expenditure is only
postponed from July 1, 1986 to October 1, 1985 - delays beyond October 1 would
have serious effects on the Project Schedule. It should also be noted that
the revised $70 K Shortfall for this fiscal year should really have been made
available by now (July 1). Table 2 shows the funding for each of the tasks on
Figure 1 and reflects these changes. In addition, of the $610,000 capita?
allocated by OFE, only $590,000 has yet been placed in the HIFI Project finan-
cial plan.

The OR-638 monthly cost/schedule report was sent to M. J. Gouge, DOE-ORD, on
June 10, 1986. A copy of this report is attached for ycur information.

B. H. Montgomery, Y-12, 9108, MS-1 (4-0258)

BHM: kfr

Attachments
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Table 1
HIFIT FROJECT FUNDING

(FY 94 $,000)

FY 1784 FYy 1987

Cour e of e e e o e e e e e e e e e e e e
Committed Funding Capital Expense Capital Eupense
NFE 101 107= 5=
Us/7Japan 180= 47
EBES 100 4 a9z
GFE ga

Total 790 254 160" 705
Funding committed 1,024 365
Funding needed 1,094 1,179
Shortfall 7O F14m
i0nly $590,000 has actually been made available to the Project
at this time.

2-As shown in the mini~189 dated 12/20/854.

(tasks

2
L

F-Ag gshown in the US/Japan Agreement « P, and 123,
*-Expense money needed. NOTE: Was originally to have been ARIM
maneyi ARIM funding nmot available - OFE funding was switched

from operating to capital.

F-F250 K of Capital money and $44 K of Expense money needed.
NOTE: The Capital money was originally committed from ARIM fundings:
commitment subsequently withdrawn.

BHM/ &4 -30-864

Rev.
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-

Tabila 2 (cormbtinuwed)

FUNDING OF TASKS FROM ACCELERATED SCHEDULE

(FY 8& $000)

FY 1987 FLUNDZ.CAL BHM

TASH cosT @ GFE T ULS./T 1 NEW BES | ONEW OFE
2 o H i H
2.9 ag | H i !
2.6 108 ! : :
Z.0 70 1 ! ! H 14c
= 33 H ! 33 b
S.4 22 3 ! i H
bt S50 i 230
.4 5301 i 930 i
3.7 S i i i
6.0 &4 ! ! : b4c
7.1.2 27 1 i H : 27c
7.2.2 111 ¢ i 103 4 i 8
7.2.3 138 1 H H i 101
7.2.4 138 1 H i i 138
7.2.5 138 1 H 138 i
8.3%.4 111 4 i i i 111
i i i i
1179d1 o I47h 0 595 H 4465e

FY 1988

7242 111 111
7.2. % 138 13

41

- ~J
o

A=Y
TOTAL 2841a a0 10540 207

a-Flus $28% ¥ for removable beryllium.

b-From U.8./Jd Frogram Agreement (Tasks 9 through 1)
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d-Flus $135 I for removable beryllium fabrication (expenditure

costed to Operations Division).
e-Fusion Energy Mini-189.
c-Capital

cu-Dapital (formerly planned as ARIM money)
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OAK RIDGE NATIONAL LABORATORY POST CFFICE BOX Y
OAK AIDGE. TENNESSEE 37831
OPERATED BY MASTIN MARIETTA ENERGY SYSTEMS, INC.

June 10, 1986

Mr. M. J. Gouge

Nuclear Research and Development

Department of Energy, Oak Ridge
Operations

Post Office Box E

Qak Ridge, Tennessee 37831

Dear Mr., Gouge:

Attached is the May monthly costs and schedule assessment report on the
OR-638-86-0RNL-2, HIFI Project. The schedule and costs only pertain to those
items covered by this funding.

If further information is required please contact me at 574-0258,

Sincerely,

»g/v//?// %1%7

B. H., Montgomery
BHM:kfr
Attachment
cc/att: D. W. Burton

K. R. Thoms
C. D. Yest
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HIFT PROJECT SCHEDULE
(OR-638-86-CRNL-2 Dnly)

RIFIL.CAL

Last Update= &4/10/85 BHH

H FY-1984 ' FY-1987

POND YJFM JAKT LJAS YOND JJFH CAKJ 1JAS
TARGET TOMER(9) -—---- DODDDORDDXFFFFFFFFFFITILIIN H ' i i

H H { H H ! H i
RUICK QOPENING HATCH(99) ~---~- DORDDODD:FEFFFFFFFFFITILIL H i H i
TARGET HOLE PLUG(108)  ~-—---- DODDDDDDXFFFFEFFFFFFITINIT H H ! H
RABBIT “U™ BEND(%4) ! DODODDDDXFFFFFFFxIIITL : : ' H
RABBIT INPILE SECTION(%6) DORDDODDXFFFFFFFRIITLE H H : !

! H H : \ H H H
GUTER SHREUD(9T) t DDzt FFFFFFFFFFFFxIINNE H H \ i
SHROUD FLANGE(94) H \ DDDDODDDRDD%~ -1 - - - -FFFFFFFFFFFFFFFF (111 H
UPPER TRACK(97) ! t  DODDODDDDDDDFFFFFFFFFFEFFFFFFFFFFY - - - ~ITHIT @

H H i i H H i '
NISC. TOOLS(101} ‘ { DDRDDDDDDODDODSFFFF ~ - -3 - - - =1 - - - ={HII1 &

i H H i i H i H
ASSEMBLY DRAWINGS ! H +  DDDDDDDDDDONOG: ' ! !

[ [} 1 . 1 1 1 t :
{I=Design; F=Fabricate; I=Install; x=Completed)
Numbers in { } are HFIR Job nusbers

HIFT PROJECT COSTS {OR-638-86-ORNL-2 Only)

ESTIMATE MY  COSTS SPENT T0 DATE T8 BE SPENT
DESIGN $134,000 $17,511 $132,7462 $ 3,238
FABRICATION 370,300 42,949 98,707 271,393
INSPECTION 42,600 4,060 15,384 27,216
SURVEILLANCE 94,100 9,982 57,188 40,912
INSTALLATION 43,000 230 4,381 38,619

T0TAL $710,000 $74,732 $308, 422 $401,578
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Internal Correspondence

R
)

,,—

MARTIN MARIETTA ENERGY SYSTEMS, INC.

July 31, 1986

Distribution

HIFI Project Monthly Progress Report for July 1986

A1l of the new reactor components for the first phase of the Project (the
instrumented target facilities) have been fitted and checked out in the reac-
tor mockup. A video tape was made as each part was installed and removed.
This tape can be used to train operators as well as assist in the preparation
of installation and removal procedures for the revised HFIR Operating Manual.
Assembly of the target temperature capsule was completed and a trial insertion
in the reactor mockup proved the alignment of the facility to be correct. The
reactor components and the capsule will be installed during the next shutdown,
which is scheduled in mid-August.

The beryllium reflector design was completed this month and design is con-
tinuing on the track assembly and miscellaneous parts and tools. Fabrication
is continuing on the shroud flange with delivery scheduled in early September.
Design of the Fusion Energy RB* capsules is continuing. There has been a
change made in the operational schedule of these four MFE capsules: the first
pair of capsules will be the 60°C and 300°C instead of the 60°C and 200°C.

This switch was made to give extra time for design and development work on the
more difficult 200°C capsule (on which development work was earlier delayed).
No overall delays are foreseen due to this change in the order of irradiations.

A new funding prospectus for 1987 was distributed on July 23, 1986 (copy
attached). By redirecting some of the funding to other tasks and requesting
GPE funds, the 1987 shorifall would be greatly reduced. The HIFI Project
Funding (shown in Table 1), the MFE Accelerated Schedule (shown in Figure 1),
and the Funding of Tasks (shown in Table 2) have been revised to reflect these
changes. Please note that the tables and figure have been changed from
constant FY 1986 dollars to current dollars to agree with the funding prospec-
tus and the fusion energy mini~189 - a 5% escalation per year was used.

It is also noted that the arrival of the new removable beryllium reflector is
behind schedule, so that the machining work plannad for this year cannot now
be done until FY 1987, reducing the funding shortfall in FY 1986 from $70,000
to only $16,000,

The OR-638 monthly cost/schedule report was sent to M. J. Gouge, DOE-ORC, on
July 4, 1986. A copy of this report is attached for your information.

/q- (f//ﬁ e
B. H. Montgo?7ry, Y-12, 9108, MS-1 (4-0258)
BHM: k fr /

Attachments
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Internal Correspondence

July 23, 1986 MARTIN MARIETTA ENERGY SYSTEMS, INC.

Distribution

The HIFI Project -~ A Mew Funding Prospectus and Some Good News

The funding for additional machining of the removable reflector to the new
design will not be needed by Operations Division this financial year because
delivery of the beryllium material will be delayed. That reduces the short-
fall of funding for FY 1986 from the $70,000 previously reported to only
$16,000 (assuming that the $54,000 of operating funds already available and
presently allocated for the machining is redirected).

In the meantime, much progress has been made in obtaining the new reactor com-
ponents for the project. The access hatch, target tower and outer shroud have
been received, and an outside contract is in place for the shroud flange with
delivery expected in September. These items are within budget and have not
needed the contingency funding included in the original estimates for them.

As a result, the $710,000 of capital already committed and covered by our
OrR-638 is expected to complete all those components as well as some installa-
tion and related work although completing the installation and machining the
track assembly at Y=12 will still require, as previously planned, some FY 1987
funding. This all has two very good consequences: first, the new capital
requirements for FY 1987 are reduced by some $93,000 and second, that new
capital funding will not now be needed before the December 1986 financial
plan,

By rescheduling some expenditure on fabrication of the second pair of RB* cap~
sules (Tasks 7.2.4 and 7.2.5) from late FY 1987 into early FY 1988, the
funding shortfall for FY 1987 can be still further reduced without adverse
effect on the overall project schadule,

The spending projections, taking into account all of these changes, are as
shown in Table 1. These figures are completely consistent with previous esti-
mates or with actual experience, but if you want to make a direct comparison
with the tables in past monthly reports you must convert the figures shown in
those reports from FY 1986 dollars to current dollars: on the advice of John
Hickey, we used a 5% escalation from FY 1986 to FY 1987.

Table 1. Updated HIFI Project Cost Estimates, $000

1387 1988
Previous Previous
est. Mew est, est, New est.

Reactor mods. {Cap.) 335 242 0 0
" " {0p.) 0 544 0 V]
Instrument facility (Cap.) 926 96 0 0
Capsule work (Op.) 807 11 626 726
Total 1,238 1,109 626 726

“w
For Operations Division extra machining cost Ay
s on the
reflector (part of Task 2.3). s new berylTium
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These new estimates provide considerable relief from the FY 1987 shortfall
(the "shortfall" is the difference between the planned expenditures and the
funding sources already committed). Specifically, the previous capital ‘short-
fall of $268,000 (including escalation), representing ARIM money that was ori-
ginally considered but then dropped, is reduced to $175,000. The projected
operating shortfall is reduced from $90,000 to 3$54,000, all of which is for
the beryllium machining,

These changes prompt a new prospectus for funding, in which GPE money is
sought for completion of the instrumentation facility work in FY 1987, If the
laboratory management supports and grants a request for GPE, and assuming that
the capital money already allocated by the fusion program can be redirected
from facility work to reactor components, the 1987 capital shortfall would be
reduced to only $79,000 - see Table 2 for a description of these changes.

Table 2. New Funding Proposal for the HIFI Project in FY 1987

A1l figures in thousands of 1987 dollars

Previous figures  New prospectus

Need Source Need Source

Capital 431 338
GPE 0 967
OFE 1074 1072
BES 56 £6
Shortfall 268 797
Operating 807 771
US/Japan fusion 359° 3590
OFE 358% 358"
Shortfall 90 54¢
Total shortfall 358 1332
a
Source: Fusion Energy Mini-189.
b

.Source: Tasks 9 and 11 from US/Japan fusion
-materials program plan,

e
For berylilium machining by Operations Division,

/ , e
Colfn D, West, Y12, 9188, Ms-1 (4-0370)
(2%
COW:kfr
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OAK RIDGE MATIONAL LABORATORY POST OFFICE BOXK ¥

OAK RIOGE. TENNESSEE 37801
CPERATED BY MARTIN MARIETTA ENMERGY SYSTEMS, INC

July 14, 1986

Mr. M, J. Gouge

Nuclear Research and Development

Department of Energy, Oak Ridge
Operations

Post Office Box E

Oak Ridge, Tennessee 37831

Dear Mr. Gouge:

Attached is the June monthly costs and schedule assessment report on the
OR-638-86~-0RNL~2, HIFI Project. The schedule and costs only pertain to those
items covered by this funding. As relayed in our telephone conversation, the
engineering design estimate was increased to cover additional costs for
operating procedures and manual, and for changes required in the plant
assembly drawings.

At the same time, the fabrication cost estimate was reduced; costing
experience has shown that this new estimate should cover the remaining reactor
components. These two changes compensate each other, and the original overall
cost estimate is unchanged,

If further information is required please contact me at 574-0258.

Sincerely,

oty
B. H. Montgomer

BHM:kfr

Attachment

cc/att: W. G. Craddick

K. R. Thoms
C. D. Hest
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HIFL PROJECT SCHEDULE
{OR-438~86~0RNL-2 Only)
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HIF1 PROJECT COSTS (OR-638-B4-ORML-2 Only)

ESTIMATE JUNE COSTS  SPENT T0 DATE T BE SPENT
DESTSN $179,500a $13, 250 $146,012 $ 33,488
FABRICATION 36,8000 84,54 183,253 143,547
INSPECTION 42,500 3,691 19,075 73,525
SURVEILLANCE 98,100 9,377 b6, 585 31,535
INSTALLATION 43,000 4,944 9,325 53,475
ToTaL $710,000 $115,808 $424,230 $265,770

@ - Increased design estisate for additional engineering costs associated with Operating Procedures,
Operating Manual, and changes required in the asseably drawings (as-built drasings).

b - Reduced estimate an fabrication costs.
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 MARTIN MARIETTA

Internat Correspondence

Septembpr 2 1986 MARTIM MARIETTA ENEAGY SYSTEMS, INC.
- - »

Distribution

HIFI Project Monthly Progress Report for August 1986

Phase 1 of the HIFI Project has been completed on schedule and under costs.
The new components and the target temperature capsule were installed during
the reactor's refueling shutdown in mid-August thanks in large measure to the
perseverance of Gene Hicks of the Operations Division. The first-ever instru-
mented experiment in the target region of the HFIR continues to operate
smoothly yielding data that are largely confirming expectations.

Work is continuing on Phase 2 (the RB* facilities). Design of the track
assembly should be completed in early September. Purchase orders for fabrica-
tion of some of the parts have already been let with delivery expected in
early September. The final assembly of the tracks will be done in Y-12
General Machine Shop because of the specialized equipment located there and
required for this job, Design of the Fusion Energy RB* capsules continues on
the new, delayed schedule,

Funding from the U.S. Fusion Materials Program is available to complete cer-
tain ETD tasks relating to the HFIR modifications. This, together with the
recent allocation of the last $20,000 of the planned $610,000 of capital
funding for the Project, provides sufficient funding for our FY 1986 needs.
Figure 1 and Tables 1 and 2 reflect these changes.

It should be noted that FY 1986 funding for the reactor components has been
estimated to be sufficient to continue work on the Project through the end of
November 1986, If the additional funds for FY 1987 are not available in the
December financial plan, all work will have to cease thus delaying the RB¥*
facilities.

The 0R-638 monthly cost/schedule report for July 1986 was sent to M. J. Gouge,

DOE-ORO, on August 13, 1986. A copy of this report is attached for your
information.

B. H. Méﬁzizilrxf%féggggzi;g;der, Y-12, 9108, MS-1 (4-0258)

BHM: kfr

Attachments

cc/att: 5. J. Ball G. R. Hicks B. W. Patton K. R. Thoms
L. A. Berry S. S. Hurt M. W. Rosenthal H. E. Trammel}
E. E. Bloom A. W. Longest J. L. Scott C. A. Hatson
B. L. Corbett R. V. McCord R. L. Senn C. D. Hest
W. G. Craddick D. M. McGinty I. I. Siman-Tov R. S. Wiltshire
C. Cromwell F. R. Mynatt J. H. Swanks A. Zucker
J. Hickey E. Newman, K. ©. Thomas File(2)
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Table 1
HIFL FROJECT FUNDING

(Current year $000)

FYy 1986 FYy 1987 FY 1988

Source of

Committed Funding Cepital Expense Capital Expense Expense
OFE &H10 107* 581t 41
Us/Japan=® 196 359 o585
BES 100 S4 Sé&
GFE 30 b

Total "790 250 259 T717 Ta24
Funding committed 1,040 P74 LH24G
Funding neesded 1,040 1,109 724
Shortfall 15 100

*~As shown in the mini-~189 dated 12/20/83.
2-As shown in the US/Japan Agreement (tasks 2, 9, and 12).
F-4$79 K of Capital money and $54 K of Expense money needed.

NOTE: The %54 K is for additional beryllium machining by Operations
Division.

Rev. BHM 8/22/84
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OAK RIDGE NATIONAL LABORATORY POST OFFICE BOX ¥

OAK RIOGE, TENNESSEE 3781

August 13, 1986

OPERATED BY MARTIN MARIETTA ENERAGY SYSTEMS, INC.

Mr. M. J. Gouge

Nuclear Research and Development

Department of Energy, Oak Ridge
Operations

Post Office Box E

0ak Ridge, Tennessee 37831

Dear Mr, Gouge:

Attached is the July monthly costs and schedule assessment report on the
OR-638~86-0RNL-2, HIFI Project. The schedule and costs only pertain to those
items covered by this funding.

If further information is required please contact me at 574-0258,

Sincerely,

VU

8. H. Montgomefy
BHM:kfr
Attachment
cc/att: W, G. Craddick

K. R. Thoms
C. D. West
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HIFT PROJECT SCHEDULE
(OR-538-84-0RNL-2 Only:
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Mugbers in () are HFIR Job nugbers

HIFT PROJECT COSTS (OR-638-86-0RML-2 Dnly)

ESTIMATE JULY CR&TS SPENT TG DATE T0 BE SPENT
IESIGH $179,500 $ 8,639 $154, 451 $ 24,849
FABRICATION 326,800 40,371 223,824 102,974
IRSPECTION 42,400 3,138 22,213 20,387
SURVEILLANCE 98,100 11,451 78,216 19,884
INSTALLATION $3,000 18,881 28,706 34,794

TavaL $710,000 $ 82,880 $307,110 $202,8%0
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MARTIN MARISTTA

Internal Correspondence

MARTIN MARIETTA ENERGY SYSTEMS, INC.

September 30, 1986

Distribution

HIFT Project Monthly Progress Report for September 1386

The instrumented target capsule continues to operate smoothly. Reactor opera-
tions personnel removed and reinserted the capsule during the last scheduled
refueling shutdown in early September without any problems or any special
tools,

Work is continuing on Phase II (the RB* facilities). Design of the track
assembly has been completed, and fabrication has already begun in the Y-12
General Machine Shop. Fabrication of the outer shroud flange was completed,
and it has been delivered to the HFIR, Purchase orders for additional
miscellaneous parts and tooling are awaiting the arrival of FY 1987 money.
Initiation of these purchase orders must be started in December in order to
stay on schedule,

A DOE/ORNL Award Fee Milestone has been placed on the completion of the HIFI
Project Phase II (RB* facilities). The milestone date was set as July 1987,
which is actually one month too late for our US/Japan milestone (June) on
beginning irradiation of the Fusion Energy RB* capsules, The June date has
been comfortably in the project's schedule for over a year now, and the only
foreseeable delay that could affect the schedule would be the late delivery of
the removable reflector.

A request for GPE funds has been submitted through Alex Zucker's office for
$36 K as part of the HIFI Project funding for FY 1987. MNo action has been
taken on the $133 K “shortfall” for the coming year (see figure 1), although
it is understood that Zucker will be arranging a meeting between himself,
Rosenthal and others to discuss the issue shortly.

The neutronics analysis schedule (Tasks 9.1 and 9.2 in Table 1) has been
further delayed due to other work in the Operations Division (including the
new HFIR safety analysis). A new schedule is being prepared that will take
account of the urgent need for heating and neutronics data to design the new
RB* experiments scheduled to begin operation next summer; this need remains
urgent and important because of the deletion of the prototype test capsule
from the program (see April Monthly Progress Report), and the new schedule for
neutronics work will reflect this critical path.

Programmatic funding for each of the tasks is shown in Table 2.
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The 0R-638 monthly cost/schedule report for August 1986 was sent to M, J.
Gouge, DOE-ORG, on September 16, 1986. A copy of this report is attached for
your information.

/
B 17. )] lonfl gornen
B. H. Montgomery, Prcject lLeader, Y-12, 9108, MS~1 (4-0258)
BEM:kfr
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¥. E. Thomas
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R. S. Kiltshire
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Table 1
HIFI PROJECT FUNDIND

(Current year $000)

FY 1284 FY 1987 FY 1988
Source of e e e e e i et £ o e e e e v e e e e
Committed Funding Capital Expense Capital Expense Expense
OFE 410 107+ xHgr 41*
us/Japan= 1946 EE9 585
BES 100 54 Gb
GFE 80 94
Total "790 T250 T259 T717 Te24
Funding committed 1,040 ?76 &a2é4