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INTEGRATED ENVIRONMENTAL MANAGEMENT
SEISMIC AND STRUCTURAL REVIEW O ADVANCED MEDICAL SYSTEMS
LABORATORY FACILITIES

AN ASSESSMENT

[here were five areas addressed in the March 12, 1996, Nuclear Regulatory Commission

letter {Wright 1996) concerning structurally distressed areas of the Advanced Medical Systems
[Laboratory Facility (AMSLF) shown in Figure 1. In the letter’s attachment, a list of detailed con-
cerns was provided for each of the five areas. Attachment | provides a response to those concerns.
I'he five major areas of concern and this reviewer’s response to them are provided below. Attach-
ment [l addresses seismic and tornado issues

Figure 1. Advanced Medical Systems Laboratory Facility (looking west),



THE FIVE MAJOR NRC CONCERNS AND REVIEWER'S RESPONSE

1. The depth and extent of cracking, structural impact. and any measures identified as necessary to
repair the cracking identified in the loud-bearing masonry wall in the 1958 building 's south-
east corner. Associated distress that could limit the facility s ability to continue to provide
protective confinement of the radioactive materials should also be addressed and correc-
tive actions identified as necessary.

Response: As described in the NRC report, the cracking does exist. From the outside, the cracking
appears to stop just short of the area where the second flocr slab ties into the common wall
brick. From inside the building below the second floor, it is evident that cracking does
extend through the wall; however, it is not continuous, i.e., the cracking on the inside of the
wall is almost an opposite pattern. From inside the building above the second floor, the east
and south walls in the corner show no cracking; however, there are four cracks in the second
floor slab that are visible to the human eye. One very large crack is nearest the corner, is at
an approximate 45° angle to each wall, has a width of one-half inch, and has a length from
wall to wall of about six inches. Based on the width of the crack nearest the corner, it
appears that the southeast corner has moved southeast a distance of as much as one-half to
three-quarters of an inch. These floor cracks seem to indicate excessive bending moment in
the floor slab at this corner, which would be indicative of significant settlement at the cor-
ner. Underneath the second floor slab, matching crack patterns were found.

Unfortunately, it is difficult to tell what actually caused cracking at the southeast corner of
the building. As noted in the NRC report, the structural support of the 1958 building is a
mix of load and non-load bearir - masonry and concrete block, reinforced concrete, and
steel framing. These materials .re not compatible from an aging and expansion point of
view. In addition, the stiffness properties of the structure vary from extremely stiff (the test
cell and radiography room) to very flexible (the lobby area). If a significant lateral or
vertical load were to be applied to this location of the building, a localized corner failure of
the building would occur between the first and second floors, while due to the purlin bear-
ing on the east wall at the corner, a much broader area of the roof in the west direction
would collapse. However, due to the construction of the building, this reviewer does not
believe that such a loading would lead to overall collapse of the building. Such a failure
would not cause loss of containment in the radioactive storage area of the garden room,
WHUT room, or radiography room. In fact, based on the massive concrete walls, general
building collapse would not cause loss of containment. See Attachment | for more detailed
discussion.
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2. The depth and extent of cracking, structural impact, and any measures identified as necessary to
repair the cracking identified in the 1958 building s north bay of the east masonry filler/
curtain wall.  Associated distress, caused by the introduction of moisture and other
waterborne contaminants, that could limit the facility's ability to continue to provide pro-
tective confinement should also be assessed and corrective actions identified as necessary.

Response: Upon inspection of this wall’s cracking and movement, it appears evident what is oc-
curring. Basically, it is a problem of the second floor in-filled wall moving outward over
the lobby area between the steel columns at Column Lines D and F. This movement can
clearly be seen from the roof and is causing rotational stresses to be placed on the original
corner of the 1958 building as the east-west wall tries to keep the east wall form moving
outward. The fact that the 1958 building in-filled wall was placed tightly against the inner
side of the outside column flange, and the fact that ties attached the two wythes of facing
brick to the 1958 building concrete block, the 1958 building in-filled wall is being pulled
outward next to Column F-1, failing the in-filled wall in shear at the edge of the flange.
This is not a structural issue, but it is a life-safety issue. See Attachment [ for more informa-
tion on this issue.

The introduction of moisture and other waterborne contaminants has been minimized by
the new roofs that were placed over the 1934 and 1958 buildings within the last five years.
Minor migration of moisture may occur through small cracks through the building, but such
moisture would not have an impact on the containment ability of the facility. A conceivable
way for moisture and water contaminants to limit the facility’s ability to provide protective
containment or confinement could not be postulated. Obviously, if the in-filled wall of the
second floor fell out into the street and was left open, serious penetration of moisture and
waterborne contaminants could occur. Leaving the area of the failed wall open is an ex-
tremely unlikely event, unless the building were to be abandoned.

3. The precast concrete roof panels that in several areas exhibit corrosion products on the visible
surface.

Response: While evidence of corrosion exists in some areas of visible roof decking, no structural
degradation was noted. Thus, while past leakage has caused appearance problems, there
appears to have been no structural degradation of the roof decking. See Attachment | for
more details.

4. The second floor concrete slab in the area where it forms the ceiling of the hallway in front of the
hot cell and the radiography room, and exhibits the effects of previous fluid penetration
| through the slab from above.



Response: Two chases, one for electrical service conduit and one for ventilation, penetrate the
second floor from the first floor into the equipment room on the second floor. The =quip-
ment room has a 10-inch riser around its perimeter, including the two entrance doors; ow-
ever, at both the conduit and ventilation chases, the risers are only two inches. In addii.on,
at the ventilation chase, the riser has a 1'4-inch deep notch in it. Thus, the maximum fluid
that can be contained within the equipment room is about 40 gallons. Therefore, the fluid
runs over the 's-inch riser, down the chase onto the false ceiling. The first time a leak of
significance occurred, the fluid collected at the false ceiling and held there until the plaster
of the false ceiling gave way. This leakage caused no deterioration of the second floor
slab’s structural strength, and the fluids did not penetrate the concrete floor slab. There is
ro visible degradation of the floor slab, and it is highly unlikely there has been any degrada-
tion. In addition, the main part of the equipment room is over the radiography room where
the floor slab is 2-feet thick.

5. The need to periodically inspect and evaluate the building 's ability to perform its defined func-
tions over the utilization period. If a program is deemed appropriate, it should include
inspection frequencies and evaluation activities.

Response: This concern is a management issue and is out of this reviewer’s scope of responsibility.
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ATTACHMENT |1

NUCLEAR REGULATORY FACILITY INSPECTION REPORT ON THE
ADVANCED MEDICAL SYSTEMS LABORATORY FACILITY

A RESPONSE

by
James E. Beavers, Ph.D., P.E.
Vice President
M5 Technology. Inc.
118 Ridgeway Center
Oak Ridge, Tennessee 37830

The following provides responses to an itemized list of concerns, as identified by this re-
viewer, developed from the DETAILS of NRC Report No. 030-16055/95006 (DNMS) for the
Advanced Medical Systems Laboratory Facility (AMSLF) (Wright 1996). Each concern is num-
bered first by section of the report and then by concern. To identify the location of each concern in
the NRC Report, the concern is identified by page number, paragraph, and sentence. Thus, the
identifier 2./ CONCERN-3/1/2 is identifying a concern in Section 2, on Page 3 of the report, in
Paragraph one of Page 3, and starting with the second sentence of the paragraph. This attachment
addresses those concerns having to due with the basic structural integrity of the AMSLF. Seismic
and tornado integrity of the AMSLF are discussed in Attachment II of the maia report.

2
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1 CONCERN-3/1/2: The structural integrity of the building facility with areas of contamina-
tion. waste storage or source material storage needs to be assured for the expected future
time period over which the radioactivity should be controlled . .this time period may ex-
tend as much as an additional 23 to 30 years or more beyond the current time.
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2.1 RESPONSE: A sound maintenance program can result in such facilities’ lifetimes being
easily extended an additional 25 to 30 years.

2.2 CONCERN-3/2/1. On-site inspections ..information reiated to the facility, the life of which to
date has spanned nearly a forty-year period, with portions spanning over 60 years.

2.2 RESPONSE: Based on two site inspections, the portion of the building built in 1934 as a
stand- alone building appears to be in sound structural condition. Although no thorough
inspection of the 1935 building was conducted, one inspection also included the attic and
no noticeable cracking was found.

3.1 CONCERN-4/2/1: The 1958 design, development and construction...encompassed the inte-
gration of a then existing warehouse/industrial building, with masonry load bearing walls
and steel trusses as the roof framing steel .. This item was not a concern but a response is
needed for clarification,

3.1 RESPONSE: The warehouse/industrial building referred to is not a compliete load bearing
masonry wall building with steel trusses, although at first glance it may appear to be. The
building was constructed in 1934 as rectangular in shape. The east-west walls, the walls
in the longer dimension (~100 ft), are non-lnad bearing masonry in-filled walls between
steel-riveted columns that support the steel trusses. Some small amount of roof load
between the trusses was originally carried by the east-west masonry wall, but this load
was one-half of a purlin load, thus the wall typically would not be considered a load
bearing wail. The tops of the east-west walls are basically unsupported in the out-of-
plane direction except at the columns. At the columns, the masonry is placed flush with
the column webs and & pilaster is built around the column flanges facing the original
exterior of the building, with about six inches of brick covering the flanges. The sketch in
Figure A-1 demonstrates the construction. Based on research done in the last 10 years
(Henderson, et al., 1995), unreinforced masonry in-filled buildings provide excellent seis-
mic resistance in low to moderate seismic zones. Although the 1935 building is not a true
in-fill since the upper masonry walls are not confined by beams, the fact that they are in-
filled within the floor and columns should provide lateral capacity of the building supe-
rior to a typical unreinforced load bearing wall. This is especially true where the old
windows were filled in with masonry.
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Figure A-1. Masonry pilasters and steel columns,

The north-south walls, the short dimension (~60 ft) of the building, are also constructed in
the same fashion as the east-west walls. The only difference is the vertical columas at
pilasters do not support any vertical load and the wall itself, between columns, supports
one-half of the roof load that the trusses and columns support.

4. Design Basis of Building Facilit

4.1 CONCERN-6/1/1: All of the loadings identified on the drawings, as noted above, include only
vertical gravity loadings. ..

4.1 RESPONSE: It would be extremely unlikely that seismic loads would have bezn included in
the design. The BOCA Code of the Building Officials Code Administrators International
introduced seismic design as an option in the late 1960s and made it mandatory in the late
1970s. However, in the 1950s and 1960s, the BOCA Code had requirements for wind
design, although the city of Cleveland may have not adopted such code provisions. There
is no evidence in any of the three buildings that special design features were made for
lateral loads. However, the combined steel column and unreinforced masonry load and
non-load bearing walls of the 1934 building, the unreinforced load bearing and in-filled
steel colmon ard beam walls of the 1958 building, and the 1963 building with Type 11
AISC column-to-beam connections all have inherent lateral strength for the typical wind
and seismic loads of the region. For example, studies and tests on Type Il connections
used extensively in the 1940s and 1950s (Frye and Morris 1975) have shown they can
provide lateral resistance through inherent moment capacity. Moment capacities for Type
I connections using six-row fasteners, as used in the 1963 building, can generate mo-
ments up to 40,000 ft-1bs.
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4.2 CONCERN-6/2/1: The specifications for materials used in the structural system were, in
general, not available. ..

4.2 RESPONSE: There is a good chance that the concrete has a compressive strength in excess of
3000 psi since the compressive strength increases with age. If it was poured at 3000 psi,
the compressive strength would now be in the neighborhood of 3700 to 4000 psi. Typical
tests of such concrete shows the average strength to be 3800 psi. To determine the in situ
concrete strength, core samples would have to be taken and then tested in the laboratory.
However, based on the structural appearance of the concrete, i.e., there is no evidence of
degradation, and the fact that long-term loads, even the seismic load. are not critical to the
structural stability of the concrete structure, taking core samples and testing them does
not seem warranted at this time,

4.3 CONCERN-6/2/2: Dwg. F-1 indicated that the concrete for the foundation was to be 3000 psi
concrete at 28-days, but no other information was provided on the properties of the rein-
forcing steel

4.3 RESPONSE: Based on the fact that intermediate grade reinforcing steel was commonly used
at the time, the reinforcing steel is most likely intermediate grade having a specified yield
strength of 40,000 psi. The extensive use of intermediate grade reinforcing steel began in
the 1940s. For example, intermediate grade steel was used extensively in the 1940s,
1950s, and 1960s for the construction of high-level radioactive waste storage tanks at the
Department of Energy’s Hanford site in nearby Richland, Washington. Like concrete, the
strength of the steel is typically higher than specified. Intermediate grade steel’s mean
yield strength is 49,000 psi. Its specified ultimate strength is 70,000 psi while its mean
ultimate strength is 78,000 psi. Sample bars could be obtained for testing; however, as
with the concrete strength, determining the in situ rebar yield and ultimate strengths does
not seem warranted at this time.

5.1 CONCERN-6/4/2: In this area there is evidence of considerable amounts of water or other
fluid apparently having penetrated on the second floor of the facility...

5.1 RESPONSE: ['wo chases, one for electrical service conduit and one for ventilation, penetrate
the second floor from the first floor into the equipment room on the second floor. The
equipment room has a 10-inch riser around its perimeter, including the two doors, giving
the impression that approximately 850 gallons of fluid would have to be spilled for a leak



outside the area to occur. This may have been the original intent; however. at both the
conduit and ventilation chases, the risers are only two inches. In addition, at the ventila-
tion chase, the riser has a 1%-inch notch in it. Thus, the maximum fluid that can be
contained within the equipment is about 40 gallons. Therefore, the fluid runs over the '4-
inch riser, down the chase onto the false ceiling. The first time a leak of significance
occurred, the fluid collected in the false ceiling and was held there until the plaster of the
false ceiling gave way as shown in Figure A-2

Figure A-2. Ceiling water damage

['his leakage caused no deterioration of the second floor slab’s structural strength, and the
fluids did not penetrate the concrete fioor slab. There is no visible degradation of the floor
slab, and it is highly unlikely there has been any degradation. In addition, the main part of
the equipment room is over the radiography room where the floor slab is 2-feet thick.

2 CONCERN-6/4/4: Evidence of the fluid that penetrated exists on the ceiling adjacent 10 the
hot cell and in front of the radiography room and around the corner of the radiography
room into a hallway at the north side of the radiography room. (This was not a concern
but a response is needed for clarification.)

5.2 RESPONSE: The first inspection of this AMSLF was conducted by this reviewer on April 30
through May 1, 1996. At that time, no ceiling water damage was noticed around the
corner of the radiography room into a hallway at the north side of the radiography room
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A second inspection was conducted on June 3 to determine the discrepancy. While no
water damage was noted in the false ceiling, it was quite apparent that fluid had run down
the wall as shown in Figure A-3.

Figure A-3. No ceiling tile water damage but
evidence of fluid on the wall

COWCERN-6/4/5: It is not known what the source of this fluid was, but it could have beer a
source such as a ruptured pipe from freezing conditions or from the failure and leakage
of exterior roof surfaces

RESPONSE: After discussing the potential source of the fluid with the operations manager
and other staff, it became clear that most of the leaks had occurred as a result of equip-
ment failures. For example, in the fall of 1995, a massive heat exchanger failed resulting
in approximately 50 gallons of water being spilled into the equipment room which leaked



through to the first floor, as had previous leaks. In January 1995, a boiler leak occurred
that caused leakage at the same location. Previous leaks caused the ~2 ft-by-2 ft ceiling
plaster to fall from the false ceiling in this area. No one at the AMSLF knows the origin
of the original leaks; however, most likely the leaks were caused by similar mechanical
failures in the equipment room and possible roof leakage, especially since two major
ventilation penetrations through the roof exist. However, it would take a serious roof leak
to accumulate over 40 gallons of water.

5.4 CONCERN-6/4/7: Evidence of significant roof leakage can be seen on the suspended ceiling
of the second floor in several areas of the building... several areas such as in the southeast
corner of the building and along the east front wall, there is evidence of water penetration
of the roof deck structure.

5.4 RESPONSE: Occasionally during the life of the building, leaks of the roof deck structure have
occurred. In most all cases, the leaks have occurred where the roofing plies are tied into
the older 1934 building or the parapet of the 1958 building. In October 1994, a new roof
was placed over all of the 1958 building and the east half of the 1963 building. Thus, all
of the current operating areas are protected by the new roof. In 1991, the roof over the
1934 building was replaced. It was not determined when the west portion of the 1963
building was last roofed. Minor leakage has occurred once or twice during a recent win-
ter. No leakage has been observed since. While past leakage has caused appearance
problems, there has been no apparent structural degradation of the building as a result (see
also Response 5.5).

5.5 CONCERN-6/4/9: This structure is made up of haydite (lightweight) precast concrete roof
panels, that exhibit corrosion products from the embedded reinforcing steel.

5.5 RESPONSE: While evidence of corrosion exists in some areas of visible roof decking, no
structural degradation was noted. For structural degradation of the roof deck to occur, the
reinforcing must corrode enough to significantly reduce its tensile strength. This much
corrosion would result in significant expansion of the steel, thus causing spalling of the
concrete away from the steel. Typically, failure of a concrete structure by corrosion oc¢-
curs over a long period of time and shows ample evidence of distress long before failure
occurs. Thus, while past leakage has caused appearance problems, there appears to have
been no structural degradation of the roof decking.

5.6 CONCERN-7/1/2: No information was available ... so it is unknown whether or not under
freezing conditions there would be expansive forces created that would rupture the wa-
terproof roof envelope again.
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5.6 RESPONSE: Over time it is inevitable that the waterproof roofing will fail causing penetration
of the envelope. This could be caused by expansion due to freezing, expansion caused by
high temperatures, damage by hail, or aging. Again, as with the precast concrete roof
decking, early signs of distress, typically smail leaks in the roofing, will be evident. Gen-
erally, the useful life of commercial roofing is 20 years before distress occurs. Since the
replacement roof over the 1934 building is now five years old and the roof over the 1958
building and the east half of the 1963 building is two years old, one would not expect
evidence of distress to appear prior to the vear 2005. For the older roofing, distress could
begin to show at any time. As such leakage occurs, operations management should have
areas of leakage repaired until it is deemed necessary, from an operational or building
degradation position, to replace that section of roof.

5.7 CONCERN-7/2/1: The distress at the southeast corner of the building associated with the east
3-wythe load-bearing brick masonry wall...extending over approximately 4 feet verti-
cally. The open crack, representing ... in the once continuous load bearing masonry wall
that is 12 and Y:-inches thick (Dwgs A-10 and P-2).

5.7 RESPONSE: As described in the NRC report, cracking does exist and is shown in Figure A-4.
From the outside, the cracking appears to stop just short of the arza where the second floor
slab ties into the common wall brick. From inside the building below the second floor, it
is evident that cracking does exiend thiough the wall; however, it is not continuous, i.e.,
the cracking on the inside of the wall is almost an opposite pattern, as shown in Figure A-5.

Figure A-4. Cracked southeast corner wall.
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Figure A-5. Cracking on the inside wall.

From inside the building ebove the second floor, the east and souih walls in the corner
show no cracking; however, as shown in Figure A-6, there are four cracks in the second
floor slab that are visible to the human eye. One very large crack is nearest the corner, is
at an approximate 45° angle to each wall, has a width of one-half inch, and has a length
from wall to wall of about six inches. Based on the width of this crack, it must be as-
sumed that the crack continues through to the slab edges underneath both the east and
south walls. No reinforcing steel was found in this crack. A second crack runs almost
parallel to the south wall, appears to cross the third crack, and then merges into the fourth
crack. The third and fourth cracks are also at about a 45° angle to each wall. Based on the
width of the crack nearest the corner, it appears that the southeast corner has moved south-
east a distance of as much as % to %-inch. These floor cracks seem to indicate excessive
bending moment in the floor slab at this corner, which would be indicative of significant
settlement at the corner. Underneath the second floor siab, matching crack patterns were
found. It was determined that the as-built dimension of the floor slab was six inche .

Unfortunately, it is difficult to tell what actually caused cracking at the southeast corner
of the building. As noted in the NRC report, the structural support of the 1958 building is
a mix of load and non-load bearing masonry and concrete block, reinforced concrete, and
steel framing. These materials are not compatible from an aging and expansion stand-
point. In addition, the stiffness properties of the structure vary from extremely stiff (the
test cell and radiography room) to very flexible (the lobby area). Thus, in a building over
30 years old with these types of similarities, one should expect to see cracking of this
type: however, this cracking appears to have a unique cause. As noted in the NRC report,



Figure A-6. Cracked second floor slab at
southeast corner wall,

the cracking may have been caused by the 1986 earthquake; however, the highest Modi-
fied Mercalli Intensity rating for the East Cleveland area was an MMI V (Nicholson, et
al., 1988), and the facility was located 25 miles southwest of the epicenter. An MMI is
described as:

Felt indoors by practically all, outdoors by many or most; outdoors direction esti-
mated. Awakened many or most. Frightened few, slight excitement, a few ran out-
doors. Buildings trembled throughout. Broke dishes, glassware, to some extent.
Cracked windows, in some cases, but not generally. Overturned vases, small or
unstable objects, in many instances, with occasional falls. Hanging objects, doors,
swing generally or considerably. Knocked pictures against walls or swung them out
of place. Opened or closed doors, shutters, abruptly. Pendulum clocks stopped,
started, or ran fast or slow. Moved small objects, furnishings, the latter to slight
extent. Spilled liquids in small amounts from well-filled open containers. Trees,

bushes, shaken slightly




It is not until an MMI VI has been reached that descriptions of building damage are
included, as follows:

Damage slight in poorly built buildings. Fall of plaster, in some amounts. Cracked
plaster somewhat, especially fine cracks chimneys in some instances.

MMI VI was only recorded in a radius of 10 miles of the epicenter. In addition, the
directional motion of the seismic wave should have been in a southwest direction. The
southeast corner of the building has moved perpendicular to that motion. Thus, this re-
viewer believes this damage is the result of a different loading mechanism.

If a significant lateral or vertical load were to be applied to this location of the building, a
localized corner failure of the building would occur between the first and second floors,
while, due to the purlin bearing on the east wall at the corner, a much broader area of the
roof in the west direction would collapse. However, due to the construction of this build-
ing, this reviewer does not believe that such a loading would lead to overall collapse of
the building. The cracking has reduced the total vertical load carrying capacity of the
wall. However, this corner and its associated purlin is carrying only half the load of the
next northern purlin. See Response 5.12 for more discussion of the roof loads. In the long
run, this is a life-safety issue, since failure of the builcing would not result in breach of the
concrete core structure where the cobalt and other radioactive waste are located.

5.8 CONCERN-7/4/3: The depth of the cracking into the 3-wythe wall is not known...

5.8 RESPONSE: See Response 5.7.

5.9 CONCERN-7/4/5: Whether or not the wall was constructed with a mortared collar joint is

unknown, but it is assumed the wall was constructed as a solid masonry bearing wall.
This is not a concern, but a response is supportive.

5.9 RESPONSE: This is a good assumption.

5.10 CONCERN-7/4/6: The crack then appears to trace downward at the vertical joint between

the corner stone return on the southeast corner and the east wall.

5.10 RESPONSE: As stated in the NRC report the fracture does traverse down the wall as noted.

Also see Response 5.7.
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5.11 CONCERN-7/4/7: The crack then shows as a fracture in the stone ledge of the east wall at
the corner

5.11 RESPONSE: The crack does show as a fracture in the stone ledge of the east wall at the
corner. Based on the ext=nsive movement that has occurred at this corner, this cracking is
most likely a direct result.

5.12 CONCERN-7/4/8: Originally, the sections of stone were pinned together with brass dowels
and the joints were mortared. At some of the joints there has been rotation and transla-
tion with the rupture... Above the distressed region...wall supports the southern most roof
structural sieel purlin...

5.12 RESPONSE: As noted above, each stone is independently hung off of the common brick
wall, thus, unless significant gross wall raovement nccurs, no further distress should oc-
cur to the stone. The cracking in the masonry wall is a stepping crack, typically following
mortar joints as shown in Figure A-4, since the mortar is much weaker in shear than the
masonry. The load being applied to that section of wall by purlin (P2) is half of the load
being placed on the wall by the other purlin (P2) loads. Per Dwg. 3-1, the roof dead load
is 30 psf and the live load is 30 psf for a total roof load of 60 psf. Thus, the load applied
to the wall by the purlin is approximately 3000 Ibs, which, based on the base plate area,
equals a compression load on the wall of 50 psi. The allowable compressive stress on a
non-cracked masonry wall is 1500 psi. At the second floor slab crea of the southeast
corner of the building, the load applied to the load bearing masonry wall from the floor
slab is approximately 1500 Ibs/ft based on floor live and dead loads plus the 2100 Ibs/ft
dead load of the wall. This places an additional compression load of approximately 40 psi
on the common wall below the second floor slab. A compression force on the wall of 40
psi is a trivial load compared to the allowable load of 1500 psi. Again, it appears that this
cracking must be from localized settlement at the corner.

5.13 CONCERN-7/4/12: On the inside of the 1958 building ai this purlin bearing there is evi-
dence of movement between the bearing wall and the purlin in the longitudinal direction...is
not known.. which structural element remains with the permanent movement...

5.13 RESPONSE: This movement appears to be approximately '4-inch as shown in Figure A-7.
Although such movement may occur for a building having a mix of materials involving
steel, concrete, and masonry as main structural elements, this movement must be attrib-
uted to the corner moving to the southeast at the second floor. According to Dwg. S-1, all
beams bearing on the masonry wall have wall anchors. These anchors are two angles, 6
inches by 4 inches by 3/8 inch. Thus, the wall anchor should be holding the common
masonry wall from moving further eastward at the top. No sign of distress in the veneer
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Figure A-7. Wall movement at purlin in corner,

wall was noted from the outside, however, some cracking was noted in the load bearing
wall beneath the purlin.

N

.14 CONCERN-7/4/14: In addition to the cracking of the east wall, evidence of lateral loading
was found at a point about 17-feet... Rupture of the joints of this wall where the masonry
was fit around the purlin as occurred ..

o

14 RESPONSE: It is the opinion of the reviewer that this movement has nothing to do with what
has happened at the southeast corner of the building. The biggest problem with the con-
struction of this building is that none of the interior non-load bearing walls were inter-
locked or tied in with any of the structural members, and most of the non-load bearing
walls have separated leaving visible cracks from adjoining walls. The location of the
cracking in question is shown in Figure A-8 and, as indicated in the NRC report, the crack
opening is approximately one inch. This wall is the west side of a right angle interior wall
forming a small room in the southeast corner. If the north side of the interior wall is
congpared to the paint lines on the roof decking, it is evident that the entire top of the non-
load bearing wall has moved northward about one inch. There is no evidence that the
purlin has moved southward at this location.

5.15 CONCERN-8/2/1: The distress of the east wall near the northeast corner of the 1958 build-
ing is associated with a rupture type failure.. . rupture line is most pronounced in a verti-

'
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Figure A-8, Purlin and Wall Movement,

cal direction just adjacent to the northeast steel column... rupture surface is generally
through every other course of concrete block and does not follow a saw tooth pattern

5.15 RESPONSE: Paragraph two on Page 8 of the NRC report is mostly about the cracking of the
in-filled wall. Upon inspection of this wall’s cracking and movement, it seems quite
evident what is occurring. Basically, it 1s a problem of the second floor in-fiiled wall
moving outward over the lobby area between the steel columns at Coiumn Lines D and F.
This movement can clearly be seen from the roof and is causing rotational stresses to be

‘ed on the original corner of the 1958 building as the east-west wall tries to keep the

ist wall from moving outward. The fact that the 1958 building in-filled wall was placed
tightly against the inner side of the outside column flange, and the fact that ties attached
the two wythes of facing brick to the 1958 building concrete block. the 1958 building in-
filled wall is being pulled outward next to Column F-1, failing the in-filied wall in shear
at the edge of the flange. Without further inspection, and possibly some destructive in-
spection, it is difficult to determine the specific cause. Fricke, et al. 1978 have addressed
such problems and found that temperature and moisture effects combined with constrained



expansion can result in this type of behavior in such construction. This is not a structural

1ssue, but it is a life-safety issue

’

5.16 CONCERN-8/2/17: In addition, the stone corner and stone return at the northeast corner of
the 1958 building show displacement and rotation at the corner with failed joints

M

16 RESPONSE: It is believed that the failure of the stone corner at the bottom of the wall has
resulted from a totally different cause, but may have something to do with the in-filled
wall movement at the second floor. This stone corner is located next to the lobby entrance
of the 1958 building. Upon inspection of the site, it is very apparent that the joint failure
of the mortar s been caused by salting the lobby entrance to remove snow and ice. The
stone facing ~ liscolored where the salt was thrown as shown in Figure A-9, and where
discoloration has occurred, mortar in the joint was attacked. At a distance of approxi-
mately one foot north of the south corner of the stone, there is no stone discoloration and
the joint is intact. As a result of joint failure, the stone has fractured. Again this is a life-
safety 1ssue and has no bearing on the structural stability of the 1958 building.

Figure A-9. Lobby stone showing salting.
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the top of the walls as they intersect at the northeast corner of the building



5.17 RESPONSE: While there is significant distortion of the stone coping on the parapet of the

1963 building as shown in Figure A-10, with the 1958 building parapet being in the back-
ground, this distortion is not believed to be associated with Concerns 5.15 or 5.16 dis-
cussed above. Rather, it is believed to have been caused possibly by a crane or crane-like
piece of equipment placing workers or equipment on the roof. The movements of the
stone coping of the 1963 building do not relate to the movements that have occurred at the
northeast corner of the 1958 building

Figure A-10. 1963 building parapet.

5.18 CONCERN-9/2/1: Based on the observations of the areas of distress of the two ends of the
east front wall of the 1958 building, the interface

5.18 RESPONSE: The remaining structural integnty concerns of the NRC report have to do with
the 1958 building’s resistance to seismic load and the impact of the 1963 building’s re-
sponse on the 1958 building. See Attachment Il of the main report for a simplified seis-

mic assessment of the 1958 building response

[-16
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ATTACHMENT 11

SEISMIC AND TORNADO STRUCTURAL INTEGRITY
OF THE
ADVANCED MEDICAL SYSTEMS LABORATORY FACILITY

by
James E. Beavers, Ph.D., P.E.
Vice President
MS Technology, Inc.
118 Ridgeway Center
Oak Ridge, Tennessee 37830

SEISMIC ISSUES

Some seismic issues were addressed in Attachment I of the full report concerning the likely cause
of damage to the south-east comer of the Advanced Medical Systems Laboratory Facility (AMSLF).
This attachment looks at the vulnerability of the AMSLF to an earthquake.

The location of the AMSLF places it between the 0.05 and 0.10 g contours of peak velocity-related
acceleration coefficient, A, based on the NEHRP Provisions. Based on the shape of the map’s
contours, a new facility at this location would be designed for an A, of about 0.07 g. Typically, well
designed unreinforced masonry structures can perform as expected up to an A, ranging between 0.10
and 0.15 g. The AMSLF is in Seismic Hazard Exposure 11l because it contains some level of

radioactive material. Since it is located between A, contours 0.05 and 0.10 g it is in a Seismic
Performance Category C.

Some simplified calculations were done to determine the response of the AMSLF in an earthquake
and are attached. The AMSLF foundation rests on shale, thus, there would be no amplification of
the ground motions from that specified on the map. From the seismic map, the design input for such

a facility would be about 0.07 g (the calculations in the attachment use 0.05 g as the basic input
load).

The structure representing the test cell basement, test cell, and radiography room is a massive
reinforced concrete structure with wall thickness varying form three to five and half feet. This is an
extremely rigid structure, probably having a fundamental frequency in the 25 to 35 hz range. In

[1-1



:

addition, over the radiography room a two foot thick second floor slab is tied into the 3 foot walls.
The remaining six inch second floor slab is tied into the test cell and the two foot thick slab over the
radiography room. In addition, the first floor is also tied into the test cell structure and foundation
of the radiography room. Both the first and second floors can be considered as rigid diaphragms.
An east west elevation of the test cell is shown on page one of the calculations and the second floor
test cell and radiography room rigid body in the horizontal plane at the second floor level is shown
on page five of the calculations.

Based on the construction as described above, if an earthquake were to occur all of the horizontal
loads would be transmitted into the massive concrete structure. T herefore, the first floor
unreinforced masonry load bearing wall would see very little, if any, seismic load because there
would no displacement of the first floor and virtually no, if any, displacement of the second floor.
The second floor wall would experience some load. A simplified calculation of the shear load for
and input load of 0.10 g, page 7 of the calculations, shows that the demand on the unreinforced load
bearing masonry wall on the second floor is 0.82 psi verses a code allowable of 10 psi. Itis well
known that unreinforced masonry ultimate shear load is typically higher than 40 psi. Thus, in the
critical operational areas of the AMSLF seismic loads do not place significant stress on the
unreinforced masonry load bearing wall. However, as a result of the pre-existing cracking in the
south east corner of the building an earthquake could initiate partial co'lapse. As noted in other

sections of the main report, collapse of the building would not result in loss of containment or
confinement of the facility.

Because of the stiffness differences between the 1958 and 1963 buildings, they will respond
differently. For the low earthquake hazard, the short duration of earthquakes in low hazard zones,
and the one-half inch spacing between the 1963 building and the 1958 building walls, if pounding
did occur it should not be severe and only minor damage would be expected. However, damage of
the roof waterproofing could occur because it will be flexed.

TORNADO ISSUES

Tornadoes can do significant damage to an engineered structure when their wind speeds exceed 120
mph. If a severe tornado having wind speeds in excess of 270 mph, where many engineered
buildings can be severely damaged, were to strike the AMSLF everything except for the test cell and
radiography room on the first and second floors would experience damage. The ventilation system
filters related to the test cell and radiography room would be vented to the atmosphere and the doors
to the radiography room would be blown outward. Because of the massive reinforced concrete
structures of the test ceil and radiography room, they would remain in place with very little, if any,
structural damage. The walls of both room would prevent the penetration of the most severe
missiles. The basement level that includes the garden room and the test cell basement would not be
impacted. While the confinement of the radiography room and test cell would be breached in a
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severe tornado, high concentrations of exposure of site of the facility would n
dispersing power of a tornado.

[1-3

ot occur because of the



ATTACHMENT

SIMPLIFIED CALCULATIONS



ATTACHMENT I1-A
SIMPLIFIED CALCULATIONS
oy




LN SN W v/ 77, -3

Niess a»li Jec f (/S 5-///,,_/;*./;/

f{ TS (e :}r
{
M

|

f L gLrsHt e £
| 'Jl ; o é/é//

LDDGSE 7272 »7 pe /9/.4? 7

.’"‘“ ///'( /\(’c/fﬂu g ._///’M(//ff'(
Ggre’ Jﬁﬂc.f( /, [‘«r’t’f(/ /a‘ﬂ(r(/»

L a5 A / S Srwr L s

{
{
A
|
!
| ) 3 - ' |
« ’
v
| 1“’
:,.f ! — !
|
i
- P WAL S AP
F K
VS hen Sk
e 7’ g # &
- ; A
L. P7 B2 . /"(,v’r 7~ ,’9/ /‘(’(S
v /" 2
3 A #7g «



AT T A ELSS T
SIMAIFIED SLISHTIC AVALYSLS |
ADVANCED NEDIAL Sysieml FAcurry — |

L TEST CELL NOOEL ANO (AL Wiisons |

|
ey |
& ‘.: e (ﬁ_ﬁl’f‘;/ fe’L i HJ

|

g;-r/////lz»:/

/(4—1 | |

| z’ SR ——
|
| - (’: [ | (2 (
! L ff_’.”._m_‘_} { e - L O /\U.AJ[ il /\x £ :
| e | Eam— e P
| Wt i) ]
| > , n
i | | |
! ol 1
| | | 3
: ‘ S
| { | p-
(// ) ‘\ Q_),
- MLy £ ‘ | p ) r\) '\\/
' ey SR et S— L R ? 5
| ,4/ - T
| SweRer
’ % ! \ ——— #n =
//,r./ ) - /8 } : : 7 /X ™
| .
l | | i
A o | ﬁ
A 3 I o R AE, A R et
p "',/ - A /7 _///zlj( 4G -




nnnnnn

|
|
|
|
|
1

— - - { I

e e Seve— e e— L_A‘:g"/zé/?g_ SEREICCR——

{

X 7S50

|
|
— A I
Jest (erd Floss = JI2X17K 25 J/0 JiMe. S b Xd X /35;7'
Conere fe W = 82 el :
|

= [£3F/ - 780480 )15 = /. /x00° /hs
| | = JOLG 4, 75
C(;-ﬂ/,r,éu /{47 _/‘”’—/d&/ 404/7(5
DL = /725387 LL = 5005007

Fleors /24 22X TXI0 X) 1757580 [ = 94 Zi//;;s

flosrm & = X /O X[?&;‘ /S0 = /7/é//7)

= /oo~ 5 -

S7x17 X Goriso ] = G/ 4y s
Koot 3 = xeolsa ] = 3 S £ prs

.4

Koot 6 = 07417 #7410 T35 = JE #oy 5

//_5.5/4//4( /a//m /27}7//(/64/ /’é/ (’r/// P

f&&://—-w(‘s ,c///r'( s PSS & Stmaj

Cant /e~ é}’gzﬂ 2. P A "/'c)//& 7" . /

| vy 7 W16 ES 22l er/
& ép o Ses/t cerl(a Serse 5 Frer /%/)

" Y 4 , ,
AGeng 2 /F oo .{;L)/(‘/C/Iv_/, T eonefo o /_3 P.w/ff

Ak mment = //_g.o_ 297 = 21294/

/7

X

<7 - /R o

V — S

&

- Z/%F(jo2)
s I smtr2 ) 10 ©
12 /7/2412) e

— ‘Q, o0 /k,/;//,; o ZJ?KjC vl il ‘_f;?gf/d?f*k
f'-A.’({/ _/.f:/ ox/r/’r//f/// 197 &

v
' .3 ‘, /l '/‘ // o / y - il ‘I
Commmwerey? Aoacr - 1 L QL f5 / CCOkK &5 J
12(/7)72) .:“':,”";“[j o ""'/‘j'ié‘"
4‘//" ) ' / “/‘/48/’* )
5 ,/, b



moNSR A

gL " =

,,,,,

-----

&,

..................

Lournmeres Lose! ¢/'L é’/.ﬁ//?'ﬂ.s >>> 26 7/75c

T he Boch (o(/ prses Ahe NEifr

56’ ’ S C //74/& /////;?4// S 27 //;C
Seres Se FSpIre Berle to froo e = D, dd’ﬁ
///5_/ //»no /;é //-- mEES //‘ // -IA//(

/I/o(A/ = 2077/.5<_ (&’5’) — /&//dc

—7_41/.5 /// /KS% f////.) f""/"‘ //7///

| /U,’/,,r’, /*/7('// &’ &G e f’

:{/fisf:{/ /gs/ ifé//KQ/f// e

746 7//’57[ a‘/rc/ J;’/fﬂ //

e /(.5/,1)‘* /’/ P w7 ///w //
Li 2 77 /i P

7 @ S //
L / & Ve Md//J a-/ r /0//97 //,-,//
,','}'/9 A, /’KS?“ (f’// foé,«s’ o7 ’/é /_g//
L aos //,- e J/w/ w2 /a/ra/((/ 22 //
Fes s r-e// /no/// 4/Ja = 44/ //7”7/7 A2
//C 5?5 AL, oa/’//z/n e AAe ik a/’sf/
Siete S Aha Fesk cesd A4 /M',—f/f N~ 5/ =
05 Foo Kok Sle K ove T rw opriphy i
r—"# //' //5/ //(Jd’ 7;( (/’ @~ K/ﬁ///) (7/(2(//0///

/ﬁf/&7/‘z///,« w LYY

/ ) - ’ 7 /

/.4 /»» /{/{ / 77 S £97¢7 4 Cures & s @5 o ///f/
///ﬁ /(4/ 7 /7/ 5 ;*///a //b J e //.5 C'f//
& e -~ af/” 2, ¥ /yzx?rr “ g /é @ 7 //t'

s /
/0&(/ w’// tg(, /0/'// f,’/ /" /:_/,, s / ft’,//

LG nEs /&f - // - A " az/rvz Py d /¢ , .Vﬂ’z’/ - 'V/f"‘{y/
////?) ﬂ)?w & /.«// / r//'_l ol A o 27, //,’-/'

A ///..f o'l/ Ccy/(’//af P sz’ 7P

/z/'wJ7? /), wal/s

|

\
|
|
|
|
|



/d17/(/é//j /’/ //9/ ,// L//('S

i/Cﬂ//z K«(/&j/-ﬂ /
/(/ /.,// [’ﬂf '’ 5 /

A1/ /p/‘/a// Joaed /’raﬂs ///f(/ f/o SP/m/

L a.///Cé /2 /c; FesH cer) cwe”

e ————

m—

- I B . & 4
///(;/,,-r SO SCe/e




{

e el e ————————— ——— - " §

, /}/”(Z //'J/.S"é///‘/'u.’ 2?7 /7; //’; 7/ o ,/// /S /,'.;’//_//'/

S B ey x:v/ 7 /’a.a,_f/ ore’ S /./z:-.'r/ f"/o;'/ n el
@ré ern Secens/ £ /,/;:/

FOA+AIEO 7 60 = 300 4"///; :/ .w/A}/' 255
A Lr 427 C // S e / A /J/ Py

(,7,,//.//’/ ,/ /;4// Pt //.5/ (////’)

o %/4 / (‘///"('//*1 v

W = FOCK /7 = A 205
/”4‘ ,A/,/ P j /7 ; 1") o /. ) » \ ; ) ) './
& # 2.4 2

— ———————y &

., —ie

Ve = [§32im (18D - 3294k 207/ i

) - F ™ z
Doy = & £ = s00(08)(2602) — /P34
‘ g

o zz__/_zf AbisTin?

v = 7’//033. < £ & /Mv’frz/{ :/';.//r:v /4 Jf;rs,s

\

* Z -7
/:"’-_:7//// el / - _{’4—{——— - - A5 ( e Z)
s EZ y/amvgwwe:/

.t

= G \
= /S [ PSxw') = yzr8200°
SHEXIQF X A b 2167 SO, F X0 e

— ”
— - 7 .
7 )

- (e £ & 17 Fer s D7 v/ P (T s
A /7 : 4 PR i /
Fel e / /8 ‘//er Coxeet foow S/ Ot Pue F 5 e /f/

>
v /// % "//)// A'/ '/)7(9 (f/’/ // //4A~a ‘,)?/'
/%‘ X 5, //7’21& e 427 /’/, > = / P , .,‘, (//‘,4,(,//

- /('/L,/’ ‘



/ftéy'/( //f ;1./,',.«,"’/7" pa S oo r 7 e 4 /‘»’/.’ A

~ /7" / // e —/ cf/"ﬂf’ /{«/ A7 /-

/ Hurere reeos /772&‘5:’/:7/_7 wull 15 237 Ffo
”
é “rse /&A S &’7‘ /./,/ P4 /"// 75

Ler ~ e Soe o Ews F e/l /s

2LX Pk (bOpsF )2 = G, 240 Ms

2 2 i g - Y - v 1
Oears; frahe Fria = 77 X

df“i; /14/ Jors P2 = JF W30 Fhomers //.z‘/){ﬁ/ = 6'?/f(/

-

xE ety Sfress = G2 O . 1 o5 ¢

//pse AESE I s I s Sl

b

J— A o : JETph ' ————
= /,/'\'ﬁk——z\ - ?’ ’/ = o // — e e - — k
. > 7 EHR /‘94(/(,. !
SRS ARTESEE e g nsesadb mz/,,,».,!,; jﬁ/, L EMIC
7~ \ N

S N =y S
/75&,/}73 / //4//( /5 //'/77//% /z/’/a G
=t Fweo

S pear foac/ = /1 pse xrs )(2)
i ,f"/,i?'.:* <

Ao 5 =y

/S g ~ / 4 i :
/;//:/’/&v’ﬂé// el P L /(f‘o)"?/ J//z ? /'4// P o /-«r/—f’n/

AL #s 2277 & /s e //:» b

- ’ 7/ ) ;
. /s - = Yy / 7 / 7/
- S 4 17 4, - "// “r /,/'ﬂ/" //w///«-' »;-0;9(/ s |
~ >/ o /4

a/‘///fv//?m- /’9 S AKX H¥/ET = ek n T

s ——

S hear = E240 [ 08 J.j'".f )= P82 oge <4/
, . /
o/ Svsso b/
g -

T 28 ¢

Vs

- ~— 7/ A e
T .
\\
. gl
N
W
X ©
" %
(A L
\l -
D N
% 3
N ; e E—
f N S
N \
5 !
\ & !
\ N fjo—
. “ k . ¥
N )
4 \ |
5 % ; | |
\ \\ \ s
A ) ! |
|
S\
/\Tr |
\ 4 N N
\_ | |




-------

_,;/: . "’ :*(4 77 85 /Z i/ i |
/370 w3 W) 1) (13 17 ) = 1950 1

/195Q —= / g5 _ 2o Ll
(};/,/ ‘,‘/, 2‘),'1 [/,IC,/ /

205 ¢ (os)2) = =2 o 2 aar Hoard

See 77 G e sy Co /& u/,«,-, ¢
HS5/49 AL L2 o i sromn §

Al 1P gt S S ;[u CeSey sc ;,//C
4,—/ Hr&sn ///(6// SP7HE go?

Q) \\

//// & 4:/5'0 /7! //~' /:’// 7/'\ /lZy/&v
-r/’// C  se ~ /’//Af ” " //‘c 94///"‘
/(1 doé &+ o 5—/ % 3 (; r[,* Py //V s/,
// //,5 A{a ﬁ /f/K wer/ed be a Ve /ﬂr, “S

Ve ’////-v /! lea 4

¥ = & 240 — K125 asc no# /bl
/?)//( - / r
w/ powrfoms wh A B LFS

// w/ (/ LS ('/Gf//
1 7_) /‘
_540‘-"/ /”&‘//,v p/‘/ // s A/ 0’//« wesr/s Zf

11875 pse( 08) = QS ps. Lsiw /s

] 4 / /.
Ans Fher Lsay L.~‘/ /,/,/V._,/,//,/_.J o f/ o,
/

G40 # toac! ever FFF = ;’/r,,/p/,//; 4&0’@173’&’%.

Ver fral fosd THO P

T
1) Ape 12 /f’_,;' = Z¢
. g” (Seeqnex 7o)

S okt

) F+

I A i
'(’/'"' = A /’ /{ // - &0 ZZ

< / 4 ’ o -5 4 ” p
S #tn” Lose! = TFFO[05) = 3# < 2. 4o



[ P
"C// A7 &/ Z/(‘(f/ PP S g //"’ é//(;/w/d 4/(’
4"0/ /ﬂ,/ // //4_’///.7/0 /’4,,(,»{4'/2(5

\5-,,“_7/.¢ /’/’//4 An = Fa)= A /f/a/%/f |
Hetael fo oF |
vwty o5 &Z)/ff) = 1
P

Absyme £ le = Foropsc

Ssy = /5 /:—7;' e) = FOS5" /s —
/7(4/ P IA a(,;//;s 6 2 £0 /b s
Purlin Shear Low/ = ¢ 240(05)(2) = f24)bs |

o~ Spny & 1204, 74,5 /20(% )= H)S0AS ) S7

) |
6 Ohn #23NV, = C0(% )% 0,3 /6240) = At Csoc/ |
. == PIs” |

;,V //‘ //’ ﬁ/ﬂ////.// - "/ = d{//t/:/ /5 /’f’)/
- / Srv7ce TpHe e /d'r’(/:/' LS50 ry 15 ‘
////VC ////(’/ M/’// ;P [/ﬁ{f‘ g
7/«.5 [/c d/( zf../ 5(/5/;/?(_ A&f//.ﬁ I e C //c :
. ///<7 ‘(.5‘4 /M /) &2 5/?’/&/ 5//’6’65 '
‘,ﬂ[ uraar// |
eztof 05D = 35/, vS g o/l b A-sus /é(!
o B3 ///5c S an a/ e bl A /O 75 ¢ |

/

/ . // - - /l
1 Sersm . fosr 5 O, &7_; S flar S,78S
s g /
5 FE Jés



