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Row 42=N0O2_g
Row 43 = CO2_g
Row 44 = HCl g
Row 45 = S02_g
Row 46 = Na20_s
Row 47 =CH4_g
Row 48 = H2S04_aq
¢ Row 49 =HNO3_aq
¢ Rowb0=Al3+_s

e Row 51 =Ca2+_s

e Rowb2=Cl-_s

s Row 53 =C0O3-2-_s
¢ Row54=Cr2+_s

¢ RowbS=F-_s

¢ Row 56 = Fe3+_s

e Row57=K+_s
Row 58 = Li+_s
Row 59 = Mg2+_s
Row 60 = Mn4+_s
Row 61 = Na+_s
Row 62 = NH3_s
Row 63 = Ni2+_s
Row 64 = NO2-_s
Row 65 = NO3-_s
Row 66 = OH_s
Row 67 = Pb2+_s
Row 68 = PO4-3-_s
Row 69 = Sb5+_s
Row7( Seb+_s
Row 71 = SK4+_s
Row 72 = SO4-2+_s
Row 73 = Sr2+_s

¢ Row 74 =HCI_aq

e Row75=Ca0H2_s
e Row 76 = CaS04.2H20_s
e Row 77 = CaCl2_aq
e Row78=CaS04_aq

® & & o ¢ o

® & & & ° 9 o v O O & & O O
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The reason for referencing the radionuclide values to another worksheet is that in this
way transferring the Mass % of each component from the mass balance software
would be easier, if radionuclides were transferred to a worksheet of their own, where
units could be kept at ppb.

For example in cell C34 of workshest page “Stream Analyzer Data”, the TRU? (Pu-.
239) content of the feed (Stream 1) is given as 4.5 E+01 ppb and the formula used for
that cell is:

C34 ='Rad Conc ppb'! C5

s Similarly for other radionuclide content of the feed which is comprised of *¥'Cs,
®Sr, ®T¢, ®Co, *™Eu and "I are given in the following cells with the ppb values
and formulae shown below:

» "(Cs: C35='Rad Conc ppb't C6 = 5.50E+01

s %03 C36="Rad Conc ppb'l C7 = 1.27E+01

e %Tc: C37="Rad Conc ppb'l C8 = 2.14E+03

¢ 5°Co: C38='Rad Conc ppb'l C9 = 3.77E-03

e Euy: C39="Rad Conc ppb'l C10 = 7.24E-02

o '®Jaq: C94='"Rad Conc ppb"t C11 = 397.84

Similarly for the subsequent streams in columns D to AV, values of radionuclides
concentration were recorded by linking the radionuciides rows 34-39 and 94-98 to the
corresponding radionuclide concentration values in worksheet page "Rad Conc ppb®.

Worksheet "Rad Conc ppb*

In this worksheet page, the values of the radionuclide concentrations are recorded for
each stream in rows 6 to11, by reading them in the IDEAS™ software stream analyzer
modules and typing them in each cell. There are no calculations or cells with
equations linked to other cell sources in other worksheet pages. An example is given
in section 5.1.2 for the radionuclides concentration in the feed stream. These values
are then used as input sources for calculation of activity rates for each radionuclide.

2 TRU (TRANSURANIG Elements) is definad as: Alpha-emitting radionuclides with anatomic number greater than 92
and with half-life greater than 10 years. in this cakeulation it is modeled as Pu-239
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5.1.4  Worksheet "Inputs”

This worksheet contains both the constants, which are defined set points used in the
Process Design Criteria 145579-A-DC-002 (PDC) and unit conversion data (Reference
#2). The data "inputs® that can be found either directly or indirectly in the PDC are
listed in column B, ilst column ] contains conversion Inputs that are used to convert
the mass balance «..ware outputs in the three worksheet pages to units used in the
process heat and mass balances.

5.4.5 Worksheet “Mass Balance”
The Mass Balance worksheet page is where the detailed DBVS continuous mass
balance is calculated and displayed using outputs described in sections 5.1.1 to 5.1.4.
Cells in Rows 2 and 3 are linked to corresponding celis in "IDEAS Stream Data” and
list the mass balance stream numbers and names.
Row 4 shows the solids flow rate in kg/h for each stream.
Cell C4 with formula C4 ='IDEAS Stream Data’t C4 records the continuous solids feed
rate from the “IDEA: 3tream Data” worksheet page as 0.08 kg/h.
Row § shows the solution flow rate in kg/h for each stream.
Cell C5 with formula C5 ='IDEAS Stream Data'l C5 records the continuous solution
feed rate from the “IDEAS Stream Data” worksheet page as 319.62 kg/h.
Row 6 shows the total flow rate in kg/h for each stream.
Cell C6 with formula C6 = AS Stream Data'l C6 records the continuous solution
feec 3 from the “IDEAS Stream Data" worksheet page as 319.70 kg/h. -
Row 7 shows the solution flow rate in m%h for each stream.
Cell C7 with formula C7 ='IDEAS Stream Data’l C7 records the continuous volumetric
solution feed rate from the “IDEAS Stream Data” workshest page as 0.25 m°/h.
Row 8 shows the total vapor flow rate in m*h for each stream.
P:\Design\PRC\Calcs\A-CA-005\145579-A-CA-005 (Tri-Mer Operating) Rev. A.doc Page 12 of 26
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" Cell C8 with formula C8 ='IDEAS Stream Data'l C8 records the continuous volumetric
vapor feed rate from the “IDEAS Stream Data” worksheet page as 0.0 Nm¥/h.

Row 9 shows the total volumetric flow rate in m%h for each stream.

Cell C9 with formula C9 ='IDEAS Stream Data’! C9 records the continuous volumetric
feed rate from the “IDEAS Stream ™ata” worksheet page as 0.25 Nm’h,

Row 10 shows the solids SpG for each stream.

Cell C10 with formula C10 ='IDEAS Stream Data’l C10 records the solids SpG from
the “IDEAS Stream Data” worksheet page as 2.28.

Row 11 shows the solution SpG for each stream.

Cell C11 with formula C11 ='IDEAS Stream Data't C11 records the solution SpG from
the "IDEAS Stream Data” worksheet page as 1.29.

Row 12 shows the stream SpG for each stream.

Cell C12 with formula C12 =|IDEAS Stream Data't C12 records the stream SpG from
the "l \S Stream Data” worksheet page as 1.29.

Row 13 shows the solids weight % for each stream.

Cell C13 with formula C13 ="IDEAS Stream Data’l C13 records the solids weight %
from the “IDEAS Stream Data” worksheet page as 0.02.

Row 14 shows the temperature for each stream.

Cell C14 with formula C14 =IDEAS Stream Data’! C14 records the stream
temperature from the “IDEAS Stream Data” worksheet page as 28 C.

Row 15 shows the pressure for each stream.

Cell C15 with formula C15 ='|DEAS Stream Data'’l C15 records the stream pressure
from the “IDEAS Stream Data” worksheet page as 0 inches WG.

Row 16 is blank

PADesly: i 11 ACalcs\A-CA-005\145579-A-CA-005 (Tri-Mer Operating) Rev. A.doc Page 13 0f 26
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Row 17 with formula C17 = C6*'Stream Analyzer Data'! C5 / 100 caiculates the mass
flow rate of water to be 213.4 kg/h. C6 as described above is the total flow rate in kg/h
for each stream. Cell C5 in the "Stream Analyzer Data” worksheet page shows the
water content of the LAW feed stream to be 66.75 weight %.

Row 18 with formula C18 = C6*Stream Analyzer Data'l C6 / 100 calculates the mass
flow rate of water vapor to be 0.0 kg/h. C6 as described above is the total flow rate in
kg/h for each stream. Celi C6 in the “Stream Analyzer Data” worksheet page shows
the water content of the LAW feed stream to 0.0 weight %.

Row 19 with formula C19 = [C6*('Stream Analyzer Data’l C33+'Stream Analyzer
Data'! C61)/100] calculates the mass flow rate of sodium to be 28.45 kg/h. C6 as
described above is the total flow rate in kg/h for each stream. Cell C33 shows the Na®
aqueous content to be 8.9 weight % and Cell C61 in the “Stream Analyzer Data”
worksheet page shows the Na* salids content of the LAW feed stream to 0.0 weight %.

The formula used above adequately describes the Na content of the feed siream,
where the sodium content is limited to Na* in solid and aqueous forms. However in
cases where sodium content is represented in the form of Na,O, this species’ value
(Row 46) in the “Stream Analyzer Data” worksheet page has to be included as well.
For example Cell 119 with formula:

119 = [6*('Stream Analyzer Data'l G33 + 'Stream Analyzer Data'l G61 + ('Stream
Analyzer Data'l G46)*(46/62))/100 includes component Na,O_s in the ICV feed, which
is mainly because sodium content of the soil part of the ICV feed is represented as
Na,O.

Rows 20, 21 and 22 show the concentration of SO,, NOcand HCl ga : In ppm by
volume. These values involve no calculations or formulae and the corresponding
values are read from the IDEAS Stream Analyzer modules and recorded in the
corresponding rows for each of the gas streams. There is no calculation or formulae in
these rows. '

Row 23 records the concentration of '*’Cs in various streams by linking worksheet
"Mass Balance” to the "Stream Analyzer Data” worksheet page. For example, Cell
C23 with formula C23 = 'Stream Analyzer Data’!l C35/1000 records the "'Cs
concentration in ppm Mass in the feed. Row 25 calculates the mass flow rate of the
radionuclide component ¥ Cs. For example for the waste feed stream the formula C25
= (C23/1000)*C8, gives the mass flow rate **’Cs in g/h.  Knowing the g/ rate of this
component, cell C24 calculates the activity rate for **’Cs by the formula C24 = inputs!

P. v vangern - CACBICS\A-CA-005\145579-A-CA-005 (Tr-Mer Operating) Rev, A.doc Page 14 0f 26
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$B$30*C25, where Inputs! $B$30 is the specific activity of *'Cs as given in the
"Inputs” worksheet and referenced in the PDC document.

Row 26 records the concentration of ®Sr in various streams by linking worksheet
*Mass Balance” to the "Stream Analyzer Data” worksheet. For example, Cell C26 with
formula.

C26 = 'Stream Analyzer Data'! C36/1000 records the *Sr concentration in ppm Mass
in the feed. Row 28 calculates the mass flow rate of the radionuclide component ®gr.
For example for the waste feed stream the formula C28 = (C26/1000)*C6, gives the
mass flow rate *Sr in g/h. Knowing the g/hr rate of this component, cell C27
calculates the activity rate for ®Sr by the formula C27 = Inputs! $8$31°C28, where
Inputs! $8%31 is the specific activity of *Sr as given in the "Inputs” worksheet and
referenced in the PDC document.

Row 29 records the concentration of **Tc in various streams by linking worksheet
"Mass Balance” to the "Stream Analyzer Data® worksheet. For example, Cell C29 with
formula.

C29 = 'Stream Analyzer Data'l C37/1000 records the **Tc concentration in ppm Mass

in the feed. Row 31 calculates the mass flow rate of the radionuclide component *Tc.

For example for the waste feed stream the formula C31 = (C29/1000)*C6, gives the

mass flow rate ®Tc in gh. Knowing the g/h rate of this component, Cell C30
calcuiates the activity rate for ®*Tc by the formula:

C30 = Inputs! $B8$32*C31, where Inputs! $B$32 is the specific activity of *Tc as given
in the” Inputs” worksheet and referenced in the PDC document.

Row 32 records the concentration of * _) in various streams by linking worksheet -
page “Mass Balance” to the "Stream Analyzer Data” worksheet page. For example,
Cell C32 with formula.

C32 = 'Stream Analyzer Data'! C38/1000 records the ®Co concentration in ppm Mass
In the feed.  Row 34 calculates the mass flow rate of the radionuclide component
%Co. For example for the waste feed stream the formula C34 = (C32/1000)*C6, gives
the mass flow rate ®Co in g/h. Knowing the g/h rate of this component, Cell C33
calcutates the activity rate for ®Co by the formula.

C33= Inputs! $8$34*C34, where Ihputs! $B$34 is the specific activity of ¥Co as given
in the” Inputs® worksheet and referenced in the PDC document.

P:\Design\PRC\Calcs\A-CA-0051145579-A-CA-005 (Td-Mer Operating) Rev. A.doc Page 150126
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» HCI Gas Concentration, ppmV
» WCs, Cih

e ¥T¢, Cith

* TRU, Cilh

» 12 Cih

All these values are directly caliculated or recorded from the worksheets that represent
IDEAS™ outputs or from the "Mass Balance” worksheet where some calculations are
performed as described in the previous section. The only exceptions are streams that
represent altemative options to the normal process flow. Also because this is a
combination of batch anc’ ‘Inuous operations, for certaln flows batch flow rates are
calculated using input at tions in the "Inputs” worksheet as well as outputs from
the IDEAS™ software t.a are recorded in other worksheets of this spreadsheet.
These calculations are described below in mare detail.

Rows 2 and 3 show the Stream numbers and names by linking the cells in those rows
to the corresponding cells in worksheet page "IDEAS Stream Data”.

Row 4 contains the phase (solid, aqueous, gaseous) of the contents of each stream.

Row 5 shows the continuous mass flow rate in Ibs/h and for Stream 1, the waste
receipt it is given by the formula C5 = '|[DEAS Stream Data'l C6*Inputs! 12, where Cell
C6inthe "IDEAS S! 1im Data” worksheet page is the continuous flow in kg/h and Cell
12 in worksheet page nputs” has the conversion constant for converting kg to ibs., i.e.
2.2,

Row 6 shows the continuous volumetric flow rate and in the case of stream, this done
by the formula:

C6 = (IDEAS Stream Data’l C7*Inputs! 18YInputs! 14/inputs! 16, where Cell C7 In
“IDEAS Stream Data” worksheet page has the solution volumetric flow rate in m*h and
the cslls 14 and 16 in the "lnputs® worksheet represent conversion factors for USGPM
to fiters and hours to minutes respectively, l.e. 3.785 and 60.

Row 7 takes the value in Row 6 and converts to a batch volume of solution or gas. In
the se of Stream 1, because one batch is meant to be a batch comesponding to one
batch of the waste solution fed to the dryer and there are eight batches per DBVS box
the batch volume is calculated by the formula:

P:\Dasign\PRC\Calcs\A-CA-00\145579-A-CA-vuw | Fi-Mer Operating) Rev. A.doc Page 18 of 26
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supplied by this stream. In the worksheet "Mass Balance™ page Cell M10 is set at 600
ACFM and because the dryer enclosure has to -be vented at all times, Cell M6
representing the continuous flow is also set at 600 ACFM. The corresponding mass
flow rate at Cell M5 is given by the equation:

M5 =(PFD 31'J5/PF™ 31'6)"PFD 30''M6, where Cells J5 and J6 represent mass
and volumetric flows u another ambient air stream and Cell M6 is the volumetric flow
rate of Stream 7A.

Stream 8 represents the off-gas stream for the clean soil baghouse and does not .

" connect to the rest of the DBVS process and the Off-Gas Treatment System (OGTS).

The continuous flow of this stream is calculated from tt  ssumed batch and design
flow rate of 1,000 ACFM using the equation: N6 = (N10*Inputs! B20*Inputs! B2*inputs!
18)/Inputs! B3/inputs! 16 : :

Cell N5 calculates the mass flow rate of Stream 8 using the mass to volumetric ratios
of Stream 7A, which is also an ambient air stream and at the same pressure and
temperature. The equation used for the mass flow rate here is N5 = (M5/M6)*N6

Worksheet PFD 031

In this worksheet page a mass and heat balance table is created for inclusion with the
PFD F-145579-00-003%1 Rev F, the Full DBVS Trailer Off-Gas Treatment (Tri-Mer
Operating) Process Flow Diagram.

The rows in this table correspond to the following stream characteristics that were
required for adequate design of the process system with the units mentioned below:

Stream Number

¢ im Name

Phase

Continuous Mass Flow rate, Ib/h

Cont. Volumetric Flow Rate (for liquid and gas only) USGPM/ACFM
Batch Volume, USG/ACF

» Batch Mass, Ib

¢ Batch Transfer Time, h

¢ Batch Volumetric w Rate, (for liquid and gas only) USGPM/ACFM
» Batch Mass Flow Rate, ib/h

PA\Dasign\PRC\Cales\A-CA-0051145579-A-CA-005 (Tri-Mer Operating) Rev. A.doc « g - OF 2
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» Design Factor, Dimensionless
Design Volumetric Fiow Rate ““or liquid and gas only) USGPM/ACFM
Design Mass Flow Rate, Ib/h
SpG, Dimensionless
SpG (Bulk solids only), Dimensionless
Gas Pressure, i es WG
Temperature, 'F
H20, Liquid (continuous), Ib/h
H20, Gas (continuous), Ib/h
Feed Na (continuous), Ib/h
S02 Gas Concentration, ppmV
NOx Gases Concentration, ppmV
HCI Gas Concentration, ppmV
« "Cs, Cith
#®Tc, Cith
¢ TRU, Cilh
e I Cim

The aforementioned values are directly calculated or recorded from the worksheets
that represent IDEAS™ outputs or form the "Mass Balance” worksheet where some
calculations are performed as described in the previous section. The only exceptions
are streams that represent altemative options to the normal process operation. Also
because this is a combination of batch and continuous operations for certain flows
batch flow rates are calculated using input assumptions in the "Inputs™ worksheet as
well as outputs from the IDEAS™ software that are recorded in other worksheets of
this spreadsheet, These calculations are the same as those described in the section
pertainingtopa *PFD  "andforde Isof. ‘:hrowplease 3rtothe tionfor
*PFD 030",

Again, where there is an altemative option and a stream s not normally part of the
normal operating process, its design and continuous flows are calculated
independently. These exceptions are dascribed below in more detail.

Stream 7 in "“PFD 031" is the same as Stream 7. in “PED 030" and represents the dryer
alr that is sent to the OGTS for treatment. Stream 7C is the alter  : ambient air that
would be used in full Instead of dryer air, when the dryer Is not operating. Stream 7B
is the total air stream that is sent to the OGTS. Stream 7B would be supplied either by
both stream 7 and 7C. Stream 7C would have a flow all the time with Stream 7

P:A\Design\PRC\Calcs\A-CA-005\145578-A-CA-005 (Tri-Mer Operaling) Rev. A.doc’ " Page 220126
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RPP-24544 REV 1

4/18/2005
COMMENTS ON A-CA-005 MASS BALANCE

This calculation is acceptable with comments noted below. However, the calculation references
V-CA-002 which is not yet available.

Per TFC-ENG-DESIGN-C-10, REV A-7 the calculation review checklist must become part of
the calculation when the calculation is released as rev. 0. For the purposes of the IQRPE
package, the checklist may be inserted after the calculation.

The following comments should be fixed at the next logical revision of the Mass Balance, and are
not needed to approve the calculation.

L Page 20 section 5.1.7 Cell L6 - the equatior  sted in the text is correct. The equation
listed in the spreadsheet is not correct. Consequently the values on PFD 00-A-0021 stream 7 are
not correct. Down stream values are correct. ‘

2. Page 23 section 5.1.7 — The statement is made that: “The volumetric design flow for
Stream 7 in Cells D13 and L13 in worksheet page “PFD 030" is set equal to 11.2 ACFM
at 212 *F, based on the following calculation:.” Cell C13 (not D13) of the spreadsheet lists
stream temperature as 212 °F. No explanation could be found for 212 °F. This temperature is the
outlet of a liquid ring vacuum pump operating with an outlet pressure of -20 “ W.G. Atthis

temp ture and pressure, the water in the pump will boil and the pump will not operate. When
the vendor information becomes available, update this value.

3. In the spreadshect worksheet PFD 31, which lists values for PFD 00-A-0031, cell T15
lists a value of 1.04 SpG. This density is for 5% caustic. It is understood that 15% caustic will be
used. The PDC A-DC-002 page 4 and 5 list caustic solution concentration as 5% and will also
have to be changed at the next logical revision.

4, In the spreadsheet worksheet PFD 31, which lists values for PFD 00-A-0031,¢  UlS
lists a value of 1.07 SpG. If 15% caustic is used, this density will also be higher. The FDC A-
DC-002 page 4 and 5 list caustic solution concentration as 5% and will also have to be changed at
the next logical revision.

5. Page 44 PFD 31 stream 19 - Tem;  ature is listed as 232°F. However, the scrubber
specification indicates a maximum inlet temperature of 160°F. This is not considered a problem
because if the Tri-Mer operates, it is an upset condition and auenchers routinely handle much
hij erat . When the ven " y 232 °F is acceptable.

A3-108

-
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Preliminary design data was submitted and reviewed by the IQRPE  ‘iewer a art of this
o’ certification, but only in an effort to familiarize the reviewer with the design unu: receipt of the
final version.

The third system identified for IQRPE design review is the Secondary Waste System, Section 2.3
of RPP-24544, Rev. C, hereafter known as Design Package 2.3. The primary functions of the
Secondary Waste System are to:

{1) Receive waste from the dryer condensate, selective catalytic reduction (SCR) wet
scrubber system, and the Tri-Mer scrubber system (in the event that the SCR unit is not
-operating);

2) Store the waste;
(3)  Allow for the collection of samples; and

“) Transfer the waste to a tanker for transport to the Effluent Treatment Facility (ETF).

1.3 Secondary Waste System Design Overview

This certification of the Secondary Waste System is based on the information presented in the
Design Package 2.3. This design package includes multiple calculations, spcciﬂcations and
drawings, as summarized in Attachment A. TGS is providing one IQRPE design review report
for the Secondary Waste System.

e The Secondary Waste System receives waste from the dryer condensate, wet scrubber, and Tri-
Mer systems; stores the waste; allows for the collection of samples; and transfers the waste to a
tanker for  nsport to the Effluent Treatment Facility (ETF). The three waste streams are
segregated through valve alignment; however, should a valve mis-alignment occur, the three
stre s are compatible with each other. The system consists of six secondary waste storage
tanks, the secondary waste pump skid, an ETF tanker loadout statien, and the interconnecting
H Ls.

The Secondary Waste System includes the following major components:

e ! o ryWas 3 s (SP-031, Rev. 1)
©  ondary Waste Pump Skid (SP-011, Rev. 1)
* Secondary Waste Loadout Station
o Hose-in-Hose Transfer Line (HIHTL) Assemblies (SP-010, Rev. 0)

A preliminary inferlock approach for the normal process control system has been developed by
AMEQC for the Secondary Waste System-and is shown on P&IDs F-145579-37-A-0100, Rev. 0C
an F-145579-37-A-0101, Rev. OB. The identification and tracking method used for these
interlocks is provided on P&ID F-145579-00-A-0099, Rev. G. For the Secondary Waste
System, the interlocks are associated with the waste level in the secondary waste storage tanks,
the transfer discharge pressure from the pumps, and leak detection. The primary interlocks are
summarized in Table 1.









Page 182 of 257

of DA01179388

JQRPE Report DR-010, Revision 1 Design Review Package 2.3 Page 9 0of 72

System The loadout station is depicted on P&ID F-145579-37-A-0100, Rev. OC Appendix D3
of System 2.3.

As a best-management practice, a spill confinement berm is provided for the loadout station.
The spi :onfinement berm for the tanker truck is depicted on Drawings F-145579-37-D-0004,
Rev. C, and F-145579-37-D-0005, Rev. C, in Appendix C3 of System 2.3. The spill
confinement is designed specifically for the purpose of confining spills that might occur during
tanker loading operations. The. spill confinement includes reinforced tire track belts, a ground
tarp, and a pullover cover. There are two interconnected berms: one for the loadout hose stand,
and one for the tanker truck. The size of each spill confinement area is approximately 12 ft by
12 ft with 1-ft sidewalls. The total confinement capacity of each berm is approximately

1,100 gal, with a 1,000-gal working volume. This provides for a pump shutdown response time
of approximately 14 minutes for a pump discharge rate of 70 gal/min,

The material of construction for the spill confinement is an ethylene copolymer, a geo-membrane
type material. The rear wheels of the tanker truck can roll over the collapsible sidewall of the
confinement system to facilitate frequent entry/exit and operational efficiency. The foundation
for the spill confinement system is compacted, granular base material and a ground tarp to
facilitate its transport to a new location. When warranted by weather conditions, a pultover
cover can be manually placed over the spill confinement system.

A local pump control station is located near the loadout station for pump motor control and local
indication of system operating status. Thc control panel is positioned near to the secondary
waste loadout pad and allows the operator to visually monitor operations on the loadout pad. An
Emergency Stop Button/Panel is located on the local control panel for quick access by the
stationed operator. The Stop Button will stop the secondary waste transfer pump.

Transfer of secondary waste to the tanker truck requires an operator 1o be at the loadout station.
Valves are set manually and then the pumps are operated from the local control statiotr  the
loadout station. The operator selects which pump to operate based on the valve alignment set at
the pump skid. The station location will allow the operator to observe for signs of leaks during
the tanker truck filling operation. This will allow the operator to immediately stop the pump at
the loadout station if there is a leak.

1.3.4 Hose-in-Hose Transfer Line Assembly Overview

Waste is transferred between the secondary waste pump skid. the secondary waste storage tanks,
and the loadout station through HIHTLs. A sketch of the HI... s is provided on DBVS-SK-

1 06, Rev. B, in Appendix C1 of System 2.3. The hoses consist of an inner, primary

con ment hose, and an outer, secondary containment hose. The secondary containment hose
confines leakage from the primary containment hose and routes the.leaked waste from the
storage tanks or loadout station to the secondary waste pump skid. The HIHTLsa sloped to
ensure leaked waste will drain to a leak detector. The HIHTLs are supported to ensure there are
no low spots along the length. of the hoses.

Appendix C of Technical Specification SP-010, Rev. 0, includes HIHTLs identified as Hose List
Nos. 1 through 26. This certification involves only the review of the HIHTLs associated with the

" Secondary Waste System, identified as Nos. 11 through 26 in Technical Specification SP-010.
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HIHTLs identified as 1 through 10 are part of the Waste Receipt Tank System and were

e y reviewed by the IQRPE as documented in IQRPE Report DR-008, Rev. 1, Design
review Package 2.1. The structural calculations for all the HIHTL supports and foundations,
145579-B-CA-003, Rev. 2, Utility Corridor Support Structure and Foundation, were previously
reviewed by the IQRPE as documented in IQRPE Report DR-008, Rev. 1.

1.4  Scope of IQRPE Design Assessment

This IQRPE design report number is DR-010. This IQRPE design assessment includes a
comprehensive review of Design Package 2.3, in accordance with the requirements of the DBVS
RD&D Permit IV.A.8.b.i through IV.A.8.b.viii, and IV.A.8.c.i. Any exceptions taken by the
IQRPE to incomplete or unavailable items in Design Package 2.3 are listed in Section 2.2 at the
end of each subsection. The documents included in this review and the level of each document
review is summarized in Attachment A.

The fo wing items are not covered by the WAC dangerous waste regulations or the RD&D
Permit for the facility, and therefore are outside of the scope of this certification:

o Plant utilities, including instrument and plant air supply lines and electrical power beyond
the first upstream valve or uninterruptible power supply systems. '

e Structural features not related to hazardeus waste secondary containment.

» Architectural features not related to hazardous waste containment.

s Lighting systems.

* System design features related to protection of the system due to vehicular traffic.

» Heating, ventilation, or air conditioning in the Secondary Waste Pump skid.

* Electrical or signal lines beyond the first upstream field termination box (FTB), motor
control center (MCC), or instrument control panel (ICS). Specifications for electrical
feed cluding wiring, local hand switches, terminations, breakers, and other equipment
or instruments located in motor control centers were reviewed. Specifications for
instrument cabling and terminations were reviewed only between locally mounted

devices and field termination boxes and/or local instrumer ion 1 control panels.

¢ Radiation monitoring or detection ¢ onents at various locations throu, out the
system.

o Verification of functional logic for operation and control of the Secondary Waste System.

This certification also excludes the review of the Design Package 2.3 to the following design
standards included in RPP-17403 because the Design Review Package does not address these
issues:
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Conclusions from the review of the design standards for the Secondary Waste System are
summarized below: :

e The Technical Specifications include an acceptable preliminary piping and

instrumentation system that will allow for adequate pressure control, per the requirements
of WAC 173-303-640(3)(a).

e The Technical Specifications include the following basis for the detailed design of the
tank system: '

Tank capacity and design pressure.

- The applicable characteristics of the waste to be stored.

- Maximum inflow and outflow rates.

- The type of roof and how it is attached to the tank.

- Locations of pressure relief vents and other pressure controls.

- The pressure control system discharge locations.
The following sections highlight the IQRPE Pressure Control System review for each of the
major Secondary Waste System components, and also identify specific exceptions to this IQRPE
certification report as they relate to the pressure control system review.
2.23.1 Hose-in-Hose Transfer Line Assemblies (SP-010)
The D 'S HIHTL assemblies are designed to withstand an intermittent maximum fluid pressure
of 375 ig. The appropriate testing requirements have been specified to demonstrate this
capacity.
The IQRPE concurs that this design basis meets the requirements of the DBVS RDé  Permit
and WAC 173-303-640.
2232 Secondary Waste Pump Skid (SP-011)

The DBVS secondary waste piping will be designed to a design pressure identified by the
fa :ator, but the pressure will not be less than 150 psig nor greater than _ . § psig using the
hydraulic data in the pump skid technical specification. The pump skid piping system and
interconnecting piping from the compressed air and filtered water systems is to be designed,
fabricated, inspected, and tested in accordance with ASME B31.3 code requirements for
“Normal Fluid Service.”

The Secondary Waste Pump Skid is fitted with the appropriate pressure measurement and
indicating devices at the necessary locations.



Page 194

of 257

of DA01179388

IQRPE Report DR-010, Revision ' Design Review Package 2.3 Page 21 of 72

The IQRPE concurs that this design basis meets the requirements of the DBVS RD&D Permit
and WAC 173-303-640.

2233 Secondary Waste Storage Tanks (SP-031)

The secondary waste storage tanks are to be designed for four (4) psig over fully loaded
condition or the minimum code or standard design pressure, whichever is greater at 150° F.; as
wi  as a vacuum of at least -0.4 psig.

Each storage tank is to have vacuum/pressure devices capable of limiting the tank gas
pressure/vacuum. The storage tank breather filters include pressure indicators. Pressure

ators for the primary and secondary containment tanks are installed at the filter elements

ire read locally. Each storage tank has a vacuum/pressure relief device. This device vents
the primary containment tank to the secondary containment tank. The secondary containment
tank will then vent through its breather filter. The storage tanks are protected from overfilling by
level instrumentation that will shut down the waste transfer pumps. The tank pressure/vacuum
will be controlled within the design limits by operational procedures and/or administrative
controls, as necessary.

The IQRPE concurs that this aesign basis meets.the requirements of the DBVS RD&D Permit
and WAC 173-303-640.
2234 Pressure Control System Exceptions
IQRPE Certification exceptions to the pressure control system review are as follows:
. Appendix G3. Technical Specification SP-031, Rev. 0.

This specification does not include provisions for the vacuum/pressure relief
valve specifications. Attachment B of this IQRPE Design Assessment Report
lists the bidder’s vacuum/pressure relief valve recommendation as an item to be
reviewed by the IQRPE as part of the installation certification package.

] Appendix G3. Technical Specification SP-031, Rev. 0, Section 3.2.1.2.

This section sta  that the Secondary Waste Storage Tanks shall be designed for
four (4) psig over fully loaded conditions or standard design pressure, whichever
is greater, at 150 F. A calcu  on is needed to determine values for these
pressures.

These issues will require IQRPE review once vendor information is available. This review will
be documented in the IQRPE installation assessment report.
224 Secondary Containment System

Ecology (1995) requires that an IQRPE certify that the proposed tank system has been designed
with appropriate secondary containment system. Secondary containment for tank systems that
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Conclusions from the review of the design standards for the Secondary Waste System are

. s

zd below:

The Technical Specifications provide for secondary containment for tank system
ancillary equipment that cannot be visually inspected for leaks on a daily basis.

Secondary containment has been provided for flanges, joints, and valves and other
connections regardless of whether or not they are welded to the piping and visually
inspected for leaks on a daily basis.

Secondary containment has been provided where pumps and valves transfer dangerous
wastes between tanks regardless of whether or not they are seamless and can be visually
inspected on a daily basis.

The following sections highlight the IQRPE Ancillary Equipment Design review for the
specifications, P&IDs, and data sheets for each of the major Secondary Waste System
components, and also identify specific exceptions to this IQRPE certification report as they relate
to the ancillary equipment design review.

2.25.1

P&ID Review

All P&IDs were reviewced for the following basic considerations:

2.2.5.2

Appropriate location of pressure, temperature, and flow sensing equipment.
Necessary piping, valve, and instrumentation labeling.

Proper positioning of instrumentation to prevent undue influence from upstream
equipment.

Neces: v isolation valves to allow instrumentation maintenance.
Identification of preliminary interlocks.

Designation of valves as fail-open or fail-close.

Location of check valves or back-flow preventers.

General designation of appropriate alarms and recorded information.

Data Sheet Review

Data sheets included as part of Technical Specification SP-011 were reviewed for the following:

Appropriate materials of construction.

Appropriate functionality.
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o Hazar :lassification requirements.

S’
2.2.53 Instrument Loop Diagram Review
IQRPE review of instrument loop diagrams included identification of the appropriate wiring and
terminations at the local instruments, junction boxes, termination panels, and MCS.
2254 Ancillary Equipment Exceptions
IQRPE Certification exceptions to the ancillary equipment review are as follows:
¢ General - Ancillary Equipment.
WAC requirements specify that the IQRPE review the design of ancillary equipment to
ensure that it is supported and protected against physical damage and excessive stress due
to settlement, vibrations, expansions, or contractions. Sufficient information is not
available at this time to complete this level of review.
¢ Appendix C3. General.
All instrument loop diagrams included with the Secondary Waste System IQRPE/RCRA
Design Review Report are preliminary and will be updated with Vendor-specific
instrumentation information during the detailed design. Final drawings will need to be
reviewed by the IQRPE.
A 4

s Appendix G3, Technical Specification SP-031, Section 3.3.1.2.5.

The PSI, Inc. LineBacker sealing gaskets specified in this paragraph require that the
torque value be specified (the manufacturer only lists ‘suggested’ torque values). This
responsibility is not clearly directed to the SELLER, The designer has advised the
IQRPE that this section does not discuss torque since the Seller isn’t installing the
instruments, valves, or piping. The torque requirements will be included in the
construction specification for field assembly.

I'n Jori tion is available. ...is review w
n the 1QKPE 1nstallation assessment report.

2.2.6 Corrosion Assessment

An IQRPE corrosion assessment is only required for the external shell of primary containment
that is in direct contact with soil or water per the requirements of WAC 173-303-640(3)(a)(iii).
Because all primary components are located within secondary containment on devices at are
“located on concrete pads or granular base material, these requirements do not apply to the IQRPE
review of the Secondary Waste System IQRPE/RCRA Design Review Package; however, the
IQRPE has performed an independent engineering corrosion review of the secondary waste
system componer
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The Secondary Waste System piping and equipment are all located aboveground will be
protected from failure due to corrosion. The secondary waste pump skid will be sitting on a
concrete pad and will not be in contact with soil. The exterior will be painted to protect the
enclosure from corrosion. A corrosion allowance protects against failure of the piping due to

‘corrosion.

The condary waste storage tanks will be sitting on granular base material. The exterior will be
painted to protect against corrosion. The interior of the tanks will be coated, which will be
holiday-tested in accordance with ASTM D5162. The tanks will be protected against galvanic
corrosion using a cathodic protection system, if determined to be necessary during final design.

A corrosion expert has reviewed the Secondary Waste System specifications and has identified
concerns associated with the Tri-Mer Scrubber Secondary Waste solution pH. The planned
actions to address this, and other items noted in the corrosion review, are described in a response

ertotl orrosion expert in Appendix H3 of System 2.3. The Tri-Mer scr  >er has been
evaluated for operating the unit to keep the discharges from being “acidic” for both normal and
upset conditions. For both normal and upset conditions, the scrubber will be operated to
maintain a fluid pH above 7. The corrosion expert has accepted the planned actions stated in the
response letter in Appendix H3. The IQRPE has performed an independent engineering
corrosion assessment and takes no exceptions to the corrosion assessment and the response letter
in Appendix H3 of System 2.3.

The following reviews of the design standards for the Secondary Waste System have been
completed:

e A review of the design information for the presence of any stray electrical current from
nearby equipment using external power sources.

» A review of the corrosion protection recommendation for coatings and a cathodic
protection system.

s A review of the provisions for corrosion allowance.
The fol]owing sections highlight the IQRPE Corrosion Assessment review for each of the major

Secondarv Waste System components, and also identify specific exceptions to this IQRPE
certifica nreportastheyre etothe: as  mentrev v,

2.2.6.1 Hose-in-Hose Transfer Line Assemblies (SP-010)

The HIHTL assemblies are ac _ rately designed to prevent failure caused by corrosion. The
HIE . end fittings are stainless steel, which has been widely used at the Hanford Site and is
compatible with caustic waste. The transfer line is EPDM and this material has been used
successfully for similar caustic waste retrieval applications. The intermediate fittings are also
stainless steel, they are isolated on both sides by EPDM, and do not include dissimilar materials.

The Technical Specifications make the appropriate provisions for grounding the HIHTLs to the
DBVS grounding system.
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¢ Evaluation of the welds to verify no cracking or lack of fusion.

o Confirmation that no punctures, scrapes of protective coating, cracks, corrosion, or other
structure damage are present.

e Performance of tank tightness test to verify no leaks are present and that pressure or
vacuum did not change beyond specifications over the test period.

o Verification of the protection of ancillary equipment against physical damage and stress.

¢ Installation inspection that conforms to consensus-recognized standards including the
documentation of findings and corrective actions documented in a post-inspection report.

The system is only specified to operate for a service life of 2 years and since the equipment has
been specified with a design life of 5 years; the IQRPE does not recommend any additional
inspections after the system is placed into service. The need for additional annual inspections
will be determined by the Owner/Operator in accordance with RD&D Permit Condition
IV.A.8.d.i and WAC 173-303-640(6).

The llowing sections highlight the IQRPE Recommended Inspection Schedule items for each
major component after completion of the final design, prlor to the start of fabrication, and before
placing the Secondary Waste System components into service.

2.2.7.1 Hose-in-Hose Transfer Line Assemk s (SP-010)
The IQRPE recommends the following inspections for the HIHTL assemblies:
e Review the final design once completed.

e Review the final vendor design submittals prior to the start of fabrication, as highlighted
-in Attachment B.

o Review the vendor inspection and testing reports, as they become available, but prior to
_equipment installation on site.

e Con :tethe IQRPE inspection for structural damage and proper installation and

complete the installation assessment report before placing the Secondary Waste System
into service.

7 72 Waste Transfer Pump Skid (SP-027)
The IQRPE recommends the following inspections for the Waste Transfer Pump Skid:
e Review the final design once completed.

» Review the final vendor design submittals prior to the start of fabrication, as highlighted
in Attachment B.
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s

2.2.74 Recommended Inspection Schedule Exceptions

1Q  E Certification exceptions to the recommended inspection schedule assessment review are
as 101OWS!

e The recommended inspection activitics described in this section are based on the design
- basis operating life, operating conditions, and waste characteristics outlined in the Design
Basis Report. Should any of these parameters change (for example: extended operating

life, increased operating temperatures, lower waste pH), the inspection schedule must be
re-evaluated by the IQRPE.
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ATTACHMENT C

CODES, STANDARDS, AND REGULATIONS INCORPORATED INTO TECHNICAL

SPECIFICATION PACKAGES

10 CFR 830
29 CFR 1910

40 CFR 264

47CFR 15
DOE/RL-92-36

AATCC Test Method 27

AISC Allowable Stress Design

AISC Load and Resistance Factor Design

ANSI/ASME B1.20.1
ANSIVAWS D1.3

ANSIV/AWWA D100

ANSI C63.16

“Nuclear Safety Management,” Code of Federal
Regulations, as amended.

“Occupational Safety and Health Standards,” Code
of Federal Regulations, as amended.

“Standards for Owners and Operators of Hazardous
Waste Treatment, Storage, and Dispos  Facilities,”
subpart J. Code of Federal Regulations, as
amended.

“Radio Frequency Devices,” Code of Federal
Regulations, as amended.

Hanford Site Hoisting and Rigging Manual, U.S.
Department of Energy, Richland, Washington.

Water Resistance. Hydrosiatic Pressure Test,
American Association of Textile Chemists and
Colorists, Research Triangle Park, North Carolina.

Manual of Steel Construction — Allowable Stress
Design, Ninth Edition, American Institute of Steel
Construction, Chicago, Illinois.

Manual of Steel Construction — Load and
Resistance Factor Design. Third Edition, American
Institute of Steel Construction, Chicago, Hinois.

Pipe Threads, General P. _»  fInch). American
National Standards Institute, New York, New ' k.

Structural Welding Code — Sheet Steel, American
Welding Society, Miami, Florida.

AWWA Standard for Welded Steel Tanks for Water
Storage, American Water Works Association,
Denver, Colorado.

American National Standard Guide for
Electrostatic Discharge Test Methodologies and
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ASME B16.9
ASME B16.11
ASME B18.2.1

ASME B18.2.2
ASME B30.20
ASME B31.3

ASME NQA-1, 1994
ASME PCC-1
ASME Section VIII, Div 1 or Div 2

ASNT SNT-TC-1A

ASTM A36/A36M

ASTM A53/A53M

ASTM A105/A105M
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Factory-Made Wrought Steel Buttwelding Fittings,
American Society of Mechanical Engineers, New
York, New York.

Forged Fittings, Socket Welding and Threaded,
American Society of Mechanical Engineers, New
York, New York.

Square and Hex Bolts and Screws Inch Series,
American Society of Mechanical Engineers, New
York, New York.

Square and Hex Nuts, American Society of
Mechanical Engineers, New York, New York.

Below-the-Hook Lifiing Devices, American Society
of Mechanical Engineers, New York, New York.

Process Piping, American Society of Mechanical
Engineers, New York, New York.

Quality Assurance Program Requirements for
Nuclear Facilities, American Society of Mechanical
Engineers, New York, New York.

Guidelines for Pressure Boundary Bolted Flange
Joint Assembly, American Society of Mechanical
Engineers, New York, New York.

Boiler and Pressure Vessel Code, Rules and/or
Alternate Rules for Construction of Pressure
Vessels, New York, New York.

Recommended Practice, American Society of
Nondestructive Testing, Columbus, Ohio.

Standard Specification for Carbor  ructural Steel,
American Society of Testing and Materials, New
York, New York.

Standard Specification for Pipe, Steel, Black and
Hot-Dipped, Zinc-Coated, Welded and Seamless,
American Society of Testing and Materials, New
York, New York.

Standard Specification for Carbon Steel Forgings
Jor Piping Applications, American Society for
Testing and Materials, West Conshohocken,
Pennsylvania
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ASTM A307

ASTM A312/A312M

ASTM A325

ASTM A354

ASTM A403/A403M

ASTM A480/A480M

ASTM A500

ASTM AS563a

ASTM A3569

ASTM C518

Standard Specification for Carbon Steel Bolts and
Studs, 60,000 PSI Tensile Strength, American
Society for Testing and Materials, West
Conshohocken, Pennsylvania.

Standard Specification for Seamless and Welded
Austenitic Stainless Steel Pipes, American Society
for Testing and Materials, West Conshohocken,
Pennsylvania

Standard Specification for Structural Bolts, Steel,
Heat Treated, 120/105 ksi Minimum Tensile
Strength, American Society for Testing and
Materials, West Conshohocken, Pennsylvania

Standard Specification for Quenched and Tempered
Alloy Steel Bolts, Studs, and other Externally
Threaded Fasteners, American Society for Testing
and Materials, West Conshohocken, Pennsylvania

Standard Specification for Wrought Austenitic
Stainless Steel Piping Fittings, American Society
for Testing and Materials, West Conshohacken,
Pennsylvania

Standard Specification for General Requirements
Jor Flat-Rolled Stainless and Heat-Resisting Steel
Plate, Sheet, and Strip, American Society for
Testing and Materials, West Conshohocken,
Pennsylvania

Standard Specification for Cold-Formed Welded
and Seamless Carbon Steel Structural Tubing in
Rounds and Shapes, American Society for Testing
and Materials, West Conshohocken, Pennsylvania

Standard Specification for Carbor  d Alloy Steel
Nuts, American Society for Testing and Materials,
West Conshohocken, Pennsylvania

Standard Specification for Steel, Carbon (0.15
Maximum, Percent) Hot-Rolled Sheet and Strip
Commercial, American Society for Testing and
Materials, West Conshohocken, Pennsylvania

Standard Test Method for Steady-State Thermal
Transmission Properties by Means of the Heat Flow
Meter Apparatus, American Society for Testing and
Materials, West Conshohocken, Pennsylvania
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yTM D380

ASTM 991

ASTM D1621

ASTM D1622

ASTM D5162

ASTM E84

ASTM E96

ASTM E285

AWS DLI/D1.IM

AWSDL1.6

AWS QC-1

Standard Test Methods for Rubber Hose, American
Society for Testing and Materials, West
Conshohocken, Pennsylvania.

Standard Test Method for Rubber Property-Volume
Resistivity of Electrically Conductive and Antistatic
Products, American Society for Testing and
Materials, West Conshohocken, Pennsylvania.

Standard Test Method for Compressive Properties
of Rigid Cellular Plastics, American Society for
Testing and Materials, West Conshohocken,
Pennsylvania

Standard Test Method for Apparent Density of
Rigid Cellular Plastics, American Society for
Testing and Materials, West Conshohocken,
Pennsylvania

Standard Practice for Discountability (Holiday)
Testing of Nonconductive Protective Coating on
Metallic Substrates, American Society for Testing
and Materials, West Conshohocken, Pennsylvania.

Standard Test Method for Surface Burning
Characteristics of Building Materials, American-
Society for Testing and Mate Is, West
Conshohocken, Pennsylvania

Standard Test Methods for Water Vapor
Transmission of Materials, American Society for
Testing and Materials, West Conshohocken,

Pennsylvania

Standard Test Method for (hrvacetvlene Ablation
Tes y L, Ar

Sot¢ als, West
Conshohocken, Pennsylvania.

Structural Welding Code — Steel, American
Welding Society, Miami, Florida

Structural Welding Code — Stainless Steel,
American Welding Society, Miami, Florida.

Standard for AWS Certification of B ling
Inspectors, American Welding Society, Miami,
Florida.



Page 235 of 257 of DA01179388

IQRPE Report DR-010, Revision 1 Design Review Package 2.3 Page 62 of 72

HNF-29:

HNF-SD-GN-ER-501

IEC 61000-4-2

IEEE C62.41.1

IEEE C62.41.2

IEEE C37.90.2

IEEE 141

IEEE 142

IEEE 242

IEEE 519

A List of EMI/EMC Requirements, Rev. O, Numatec
Hanford Corporation for Fluor Daniel Hanford, Inc.

- Richland, Washington.

Natural Phenomena Hazards, Hanford Site,
Washington, Revision 1B, Westinghouse Hanford
Company, Richland, Washington.

Electromagnetic Compatibility (EMC) — Part 4-2:
Testing and Measurement Techniques —
Electrostatic Discharge Immunity Test,
International Engineering Consortium, Chicago,
Illinois.

. IEEE Guide on the Surge Environment in Low-

Voltage (1000 V and Less) AC Power Circuits,
Institute of Electrical and Electronics Engineers,
New York, New York.

IEEE Recommended Practice on Characterization
of Surges in Low Voltage (1000 V and Less) AC
Power Circuits, Institute of Electrical and
Electronics Engineers, New York, New York

IEEE Standard for Withstand Capability of Relay
Systems to Radiated Electromagnetic Interference
Jfrom Transceivers, Institute of Electrical and
Electronics Engineers, New York, New York.

IEEE Recommended Practice for Electric Power
Distribution for Industrial Plants, Institute of
Electrical and Electronics Engineers, New York,
New York.

1EEE Recommended Practice for Grounding of
Industrial and Commerc . erSyst , Institute
of Electrical and Electronics Engin 5,1 v York,
New York.

IEEE Recommended Practice for Protection and
Coordination of Industrial and Commercial Power
Systems, Institute of Electrical and Electronics
Engineers, New York, New York.

Recommended Practices and Requirements for
Harmonic Control in Electrical Power Systems,
Institute of Electrical and Electronics Engineers,
New York, New York.
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IML;NA HB‘g

IP-2

ISO 668

ISO 1161

ISO 1496-2

MSS SP-72

MSS SP-82

NEMA MG-1

NFPA 70

SAE J429

TFC-ENG-STD-21

TFC-ESHQ-QC-C-03, Rev. B
TFC-PLN-09, Rev. A-1

UBC, 1997

IESNA Lighting Handbook, 9" Edition, llluminating
Engineering Society of North America, New York,
New York.

The 2003 Hose Handbook, 7" Edition, Rubber
Manufacturers of America, Washington, D.C.

Series 1 Freight Containers Classification,
Dimensions and Ratings, International Organization
for Standardization, Geneva, Switzerland.

Series 1 Freight Containers — Corner Fittings —
Specification, International Organization for
Standardization, Geneva, Switzerland.

Series 1 Freight Containers — Specification and
Testing — Part 2: Thermal Containers, International
Organization for Standardization, Geneva,
Switzerland.

Ball Valves with Flanged or Butt-Welding Ends for
General Service, Manufacturing Standardization
Society of the Valve and Fittings Industry. Inc.
Vienna, Virginia.

Valve Pressure Testing Methods, Manufacturing
Standardization Society of the Valve and Fittings
Industry, Inc. Vienna, Virginia.

Motors and Generators, National Electrical
Manufacturers Association, Rosslyn, Virginia.

National Electrical Code, 2002 Edition, National
Fire Protection Association, Quincy, Massachusetts.

Mechanical and Material Requirements for
Externally Threaded Fasteners, ~ x y of
Automotive Engineers, Warrendale, Pennsylvania.

Hose-in-Hose Transfer Lines, CH@M Hill Hanford
Group, Richland, Washington

Control of Suspect / Counterfeit ltems.
Human Factors Program.

1997 Uniform Building Code, International
Conference of Building Officials, Whittier,
California.





































































