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RE [SION 11
COMMENTARY

Revision 11 incorporates the guidance stipulated in DOE Order 6430.1A and
its primary reference UCRL-15910 in order to upgrade the natural phenomena
loading requirements for non-reactor structures. The previous requirements
for the design and evaluation of reactor structures ave been maintained.

The probabilistic hazards exposure identified in UCRL-15910 for the Hanford
Site from both seismic and wind phenomena have been verified by independent
study. This effort is documented in WHC-SD-MP-DP-001. Structure categories
have been revised to reflect the Facility Use Category in UCRL-15910.
Structures, systems, and components will be classified according to Safety
Class as given in DOE-RL 4700.1.

The design basis wind velocity is a function of the Safety Class of the
structures. The tornado criteria has been corrected to the criteria defined
in the Final Safety Analysis Report (FSAR) and N-Reactor Updated Safety
Analysis Report (NUSAR) for the onsite reactor facilities. The controlling
wind velocities for non-reactor structures at t : Hanford site is now based
on the probabilistic extreme wind values i :ntified in UCRL-15910.

The 0.25"g" site specific safe shutdown earthquake (SSE) has been maintained
for the reactor structures. The seismic exposure for the non-reactor
facilities is dependent on the safety classification of the structure. An
additional small magnitude, high frequency, low energy earthquake has been
imposed on Safety Class 1 equipment qualification to address this most
probable seismic event at the Hanford Site, Studies have determined that
this type of event does not result in s 1ificant ground motion that would
affect buildings, but the influence on equipment, especially that mounted

on ground elevation base slabs, needs to be addressed.

Revision 11 also modifies 1e ashfall loading requirements for the design of
Safety Class 1 structures to be consistent wi- the atest data generated by
WPPSS. It includes figures of the new spectra for non-reactor facilities
along with tabular data which can be used to construct spectra for the
analytical evaluation of reactor and non-reactor facilities.

This standard is effective upon issue with the following exception: Projects
which have started Title I or Title II Design prior to the issue date of

this revision may continue to use design criteria in effect at the time

Title I/II Design commenced. DOE organizations with first-Tine
responsibilities may invoke Revision 11 criteria to projects already in

Title I/1I Design, but must determine to what extent these design criteria
should be applied, based on safety, cost, and schedule effect.
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SDC 4.1

STANDARD ESII CRITERIA
DESIGN LOADS FOR FACILITIES

GENERAL DESIGN REQUIREMENTS

1.

These criteria establish the design loads and acceptance criteria
for all facilities and new ~1ditions or for modifications of exist-
ing facilities at Hanford. Ueviatior from the 1 “ural phenomena
design loads shall be approved bv DOt prior to implementation.

A1l deviatic ; shal be justifie in the design report.

Except as modified or amended by these criteria, the following
guidelines, codes and standards shall apply.

a. General design criteria for facilities, exclusive of reactor
facilities safety systems, shall conform to the "Department
of Energy General Design Criteria Manual" (DOE Order 6430.1A),
"Uniform Building Code" (UBC), and ANSI A58.1. American
National Standards Institute (ANSI), "Minimum Design Loads
for Buildings and Other Structures."”

b. General design criteria for »~-~~*~+ facilities and their
safety systems shall conform vu wnav specified in the -
appropriate SAR (PSAR. FSAR). New reactor facilities must be
designed according to OE Order 5480.6 and 10CFR100.

c. Concrete members and assemhlies shall be designed according
to the American Concrete 1stitute (ACI), "Building Code
Requirements for Reinforced Concrete" (ACI-318), "Code
Requirements for Nuclear Safety Relate Concrete Structures”
(ACI-349), and UBC, Chapter 26.

d. Structural steel members and connections shall be designed in
accordance with the American Institur of Steel Construction
(AISC), "Specifications for the Design, Fabrication, and
Erection of Structural Steel for Buildings," the American
We 1ing Society (AWS), Standard D1.1, "Structural Welding
Code," ANSI N690 "Nuclear Facilities - Steel Safety-related
Structures for Design Fabrication and Erection," and UBC,
Chapter 27.

e. Wood members shall be designed according to the National
Forest Products Association, "National Design Specification
for Stress-Grade Lumber and Its Fastenings," and UBC,
Chapter 25.
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Reactor Safety Class 1 structures, systems and components shall be
designed for the effects of extreme environmental loads, including Safe
Shutdown Earthquake (SSE), Operating Basis Earthquake (OBE), Design
Basis Tornado (DBT), Design Basis Ashfall, and Probable Maximum Flood
(PMF). Where applicable, other abnormal loads specified by the SAR
(PSAR, FSAR) s :h as those generated by a postulated high energy pipe
break shall also be considered.

Non-Reactor Safety Class 1 structures, systems and components are to
withstand the effects cited above for reactor facilities with the
exceptions: 1) SSE is identified as the Design Basis Earthquake (DBE);
2) OBE is not required; 3) Design Basis Tornado is replaced by Design
Basis Wind, and 4) Other abnormal »ads considered on a case by case
basis. -

1. Design Basis 2rnado (Reactor Safety Class 1 Facilities Only)

a. Reactor Safety C s 1 sti ctures, systems and components
shall be designed to withstand the effects of a tornado having
a maximum tangential wind speed of 150 miles per hour (mph)
plus a 25 mph translational wind speed (or a resultant wind
speed of 175 mph) over the full height of the structure without
loss of capability to contain any radioactive material or to
perform their safety function. Wall 1d roof pressure
coefficients shall be in accordance with ANSI A58.1.

b. Reactor Safety Class 1 structures, systems and components
shall be designed to withstand the d- ‘erential pressure
loading which results from a 0.75 psi ambient pressure decrease
in three seconds, held for one second, and return to ambient
at the same rate. Suitable allowances for venting and for
structural components shielded from such ambient pressure
changes may be made. ’

c. The effects of the following tornado- 2nerated missiles on
Reactor Safety Class 1 structures, systems and components
shall be analyzed. Protection from | ietration and secondary
effects of scabbing shall be provided Investigation of the
surrounding region for possible miss' 2 materials should be
made. The following objects traveling end-on at any height
could result from a 175 mph tornado.

(1) 2" X 12" wood plank, 12 ft long, at 100 mph
(2) 4’ x 8’ plywood sheet, 3/4" thick, at 150 mph

(3) 26" X 20’ sheet of 20 gauge corrugated steel siding,
at 150 mph.







(2)

(3)
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Earthquake Loads for Safet "lass 1 Struc*'—--
Sei: "¢ Tqput
(1) Safe Shutdown Earthquake (“~"*" “— Reactor Structur--

Response spectra for the design ground motion of the Safe
Shutdown Earthquake (SSE) for existing reactor facilities
are specified in Figur 1. These design response spectra
are applied for the ht zontal directions in the free
field. For rtical motion, the design response spectra
sha | be taken as two-thirds - e response spectra for the
horizontal motion over the entire range of the
frequencies. Combined directional loading shall conform
to Regulatory Guideline 1.92.

Operational Basis Ear (OBE) for Reactor Structu

Reactor Safety Class 1 structures shall have the
additional requirement to be designed to withstand an
Operating Basis arthquake and remain operational,

unless otherwise justified. The OBE shall ave a maximum
free field horizontal ground acceleration of 0.05 g
(Figure 2), and a simultaneous maximum vertical ground
acceleration equal to 2/3 of the orizontal. Simplified
and generic design procedures may be used with proper
analytical justification in the design documents, if they
conservatively account for the dynamic behavior of the
structure and members during the postulated earthquake.

Design Basis Earthquake (DBE) for Non-Reactor Structures

Response spectra for the design ground motion for the
Design Basis Earthquake Non-reactor Safety Class 1
Structures are specified in Figure 3. These design
response spectra are a| lied for the horizontal directions
in the free field. For vertical motion, the design
response spectra shall e taken as 2/3 of the horizontal
spectra over the entire range of frequencies. xisting
structures may be eval ited using methods defined in
UCRL-15910, Section 4.4.1. An ( erational Basis
Earthquake (OBE) is not requirea for non-reactor
structures.
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b. Design for higher wind pressures shall be considered for
locations subject to unusual wind velocity such as the ti of
Rattlesnake Mountain where winds of a] roximately 160 mph
have been estimated.

c. The Hanford Area is subject to pre¢ or . straight and gusting
winds prevalent from the west and sot ist.  Particular
attention shall be given > adequate .ening of roof to

walls and to details such as flashings, ventilators, access
openings, louvers, etc.

Ear**-quake loads

Earthquake loads shall be calculated in accordance with UCI -15¢ ),
Section . The correlation between Safety Class Designation, and
the Facility Use Category in UCRL-15910 is shown in Section A.3.
The combination of multi-directional earthquake loads is defined in
UCH -15910, Section 4.4.3. System and component loading shall be
consistent with UCRL-15910, Section 4.4.4.

The following values shall be used for seismic evaluation:

Safety Class

2 3 4
Free Field Hor. Accel. (g) 12 12 .09
Critical Damping UCRL-15910 5% 5%
Importance Factor 2.0 1.25 1.0

A flitionally, Safety Class 2 struc ires must have a dynamic analysis
perfort | consistent with UCRL-15¢ ) utili ing - e seismic spectra
in Figure 5 and direction in Section B.3.a of this document, unless
otherwise justified in the design documentation.

Roof Loads

a. Roc 1live loads shall be in accor ince with ANSI A58.1,
Section 4.

b. Snow loads shall be in accordance with ANSI A58.1, Section 7.
Fifteen pounds per square foot (psf) shall be used as the
ground snow load, Pg, but in no case shall roofs be designed
for less than 20 psf snow load.

c. Additional load for ashfall is not required for Safety Class
2, 3 or 4. Ashfall loading.is covered by and not combined
with snow load. :
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0.2g HORIZONTAL RESPONSE SPECTRA CONTROL POINTS

MEDIAN CENTERED NEWMARK-HALL

TABLE 3

(CORRESPONDS TO FIGURE 3)

PER CENT 2% 5% 7% 12%
DAMPING .
Control Points  f(Hz) alq) f(Hz) a(q) f({Hz) a(q) f(Hz) ~{q) ridz)  a(q)
a=0.20
E 0.1 0.012 0.1 0.010 0.1 0.010 0.1 .009 0.1 0.008
D 0.26 0.084 0.25 0.065 0.25 0.059 0.24 .052 0.24 0.048
C 1.73 0.55 1.64 0.42 1.60 0.38 1.53 0.33 1.50 0.30
B 8.0 0.55 8.0 0.42 8.0 0.38 8.0 0.33 8.0 0.30
A 33.0 0.20 33.0 0.20 33.0 0.20 33.0 0.20 33.0 0.20
A’ 100.0 0.20 100.0 0.20 100.0 0.20 100.0 0.20 100.0 0.20
TABLE 4
0.12g HORTZONTAL RESPONSE SPECTRA CONTROL POINTS
(CORRESPONDS TO FIGURE 5)
PERCENT 2% 5% 7% 10% 12%
DAMPING
Control Points  f(Hz) al(q) f(Hz) a(q) f(Hz) 1(q) f(Hz) a(q) f(Hz) a(q)
a=0.12
E 0.1 0.007 0.1 0.006 0.1 0.006 0.1 0.005 0.1 0.005
D 0.26 0.050 0.25 0.039 0.25 0.035 0.24 0.031 0.24 0.029
C 1.73 0.33 1.64 0.25 1.60 0.23 1.53 0.20 1.50 0.18
B 8.0 0.33 8.0 0.25 8.0 0.23 8.0 0.20 8.0 0.18
A 33.0 0.12 33.0 0.12 33.0 0.12 33.0 0.12 33.0 0.12
A 00.0 0.12 100.0 0.12 100.0 0.12 100.0 0.12 100.0 0.12

Interpolation between control points on
See Figure 7 for example plot.
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log-log plots only.
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(ALL AREAS EXCEPT 100 AND 200 AREAS)
(CORRESPONDS TO FIGURE 4b)
APPELERATTHM f A\
5% ing !
0.21 0.20 0.19
0.29 0.25 0.24
0.35 0.29 0.27
0.51 0.39 0.35
0.44 0.35 0.31
0.24 0.18 0.17
0.18 0.13 0.12
0.12 0.09 0.08
0.05 0.03 0.03
0.02 0.02 0.02
0 0 0
TABLE 6

0.20q,

HOR™™INTAL SMALL MAGNITUDE EARTHQUAKE

(1UO AND 200 AREAS ONLY)
(CORRESPONDS TO FIGURE 4c)

ACCELERATION (q)

Frequency 2% 5% 1% Damping
33.0 0.28 0.26 0.26 s
25.0 0.38 0.33 0.31
20.0 0.46 0.39 0.36
12.5 0.68 0.52 0.47
10.0 0.58 0.46 0.41

5.0 0.32 0.24 0.22
3.3 0.24 0.17 0.16
2.5 0.16 0.12 0.1
1.7 0.07 0.04 0.04
1.0 0.02 0.02 0.02
0.3 0 0 0
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FOR MEDIAN CENTERI NEWMARK-HALL SPECTRA

Competent soil Vg < 3500 ft/sec

=3
fl

PGA (g)
Vg = 48 ag (in/sec)
36 ag (in)

[o8
Y]
]

Peak horizontal free-field ground acceleration
Peak horizontal free-field ground velocity
Peak horizontal free-field ground displacement
Shear wave velocity of soil at site

<
fa]
wowonon

Spectrum Amplification Factors

Damping
A v D
2% 2.74 2.03 1.63
5% 2.12 1.65 1.39
1% 1.89 1.51 1.29
10% 1.64 .37 1.20
12% 1.50 1.28 1.13

Where: A = Acceleration Amplification; V = Velocity Amplification and D =
Displacement Amplification

Control Point Determination

Control Frequency Spectral Acceleration
Point (Hz) (q) _
0.395 dpay
E 0.1 g
Ymax vZmax
D 2 dpax 9 dpax
C 9 Apax dmax
2 Vmax
B 8.0 amax
A 33.0 ag
A’ 100.0 ag
Where: g = acceleration of gravity (386 in/sec)
SR
max = Vg -
dmax = dg . D







