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ABSTRACT 

This report presents a conceptual design study for a controlled air incin

erator facility for incineration of low level combustible waste at Three Mile 

Island Unit 2 (TMI-2). The facility design is based on the use of a Helix* 

Process Systems controlled air incinerator. Cost estimates and associated 
engineering, procurement, and construction schedules are also provided. The 
cost estimates and schedules are presented for two incinerator facility 

designs, one with provisions for waste ash ~olidific~·ion, the other with 
~ 

provisions for packaging the waste ash for transport to an undefined loca-

tion. 

* Company name changed to Koch Process Systems 
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CONTROLLED AIR INCINERATOR 
CONCEPTUAL DESIGN STUDY 

INTRODUCTION 

The function of a proposed controlled air incinerator (CAl) at TMI-2 is 
twofold: (a) to demonstrate the operation of a radwaste incinerator at a 
commercial nuclear facility, and (b) to reduce the volume of combustible 
low-level radwaste which must be stored and eventually shipped off site. The 
purpose of this report is to provide a cost estimate and project schedule in 
sufficient detail to provide General Public Utilities (GPU) and the U.S. 
Department of Energy (DOE) with a reliable basis for considering a shared 
radwaste incineration project. 

This report provides a conceptual design for a low-level beta-gamma radwaste 
incinerator facility at TMI-2, using a Helix Process Systemsa controlled air 
incinerator. The report includes estimated TMI-2 waste stream data, basic 
incinerator facility criteria, and a conceptual design for the incinerator 
facility and its support systems. Costs, schedules, and licensing require
ments for the incinerator facility are also given. 

The design of the incinerator facility presents two different facility 
options, one with provisions for waste ash solidification, the other with 
provisions for packaging the waste ash for transport to an undefined location. 

Two options are provided to account for: (a) individual facility solidifica
tion processing, or (b) transport of ash elsewhere for solidification or 
other means of stabilization, suc:h as high integrity containers (HIC). 

No system design optimization was, performed during this study. The design 
presented herein was developed in only enough detail to obtain an estimate of 
the costs associated with an incinerator facility. The uncertainty range 
associated with the cost estimate presented in this report is 25 percent. 

a. Helix Proiess Systems has recently been acquired by Koch Industries, 
Inc., and is now known as Koch Process Systems, Inc. 
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Use of the Helix Process Systems CAl as a design basis was a matter of study 
scope definition, and as such, is considered representative of the Los Alamos 
Scientific Laboratory (LASL) CAl, which the DOE wishes to commercialize. a 

a. Although the design presented in this report is based on the use of a 
Helix Process Systems CAl systelm, Bechtel Northel'n Corporation does not 
necessarily support the use of a Helix system at TMI-2. 
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TMI-2 WASTE STREAM CHARACTERIZATION 

The characterization of waste at TMI-2 given 'below is for all low-level 
combustible waste expected to be generated from normal and containment 
decontamination operations. 

Waste Input Volume 

Based on information contained in the TMI-2 Radwaste Storage Facilities Task 
Group Report!, approximately 17,560 drums of compacted waste (three to one 

compaction), including approximately 160 drums of glass, will be generated 

before the completion of TMI-2 containment decontamination. In addition, 

approximately 1,000 ft3 of condensate polisher resins and 51,500 ft3 of waste 

oil have been or will be generated from normal plant operations. Assuming 

incinerator facility availability during the early phases of manual decon

tamination of containment elevations 305'-0" and 347'-6", and assuming that 

the glass is kept separate from the combustible waste at the point of genera

tion (via administrative controls), it is estimated that the volume of 
combustible waste from TMI-2 will total approximately 378,500 ft3. This 

quantity represents the total volume of waste in its form as feed to the 

incinerator. A facility aV~11ability date later than during manual decon

tamination of containment elevations 305'-0" and 347'-6" will result in more 

waste being compacted prior to this date, thus lowering the total volume (and 

increasing the density) of the waste fed to the incinerator. 

GenE!rat i on Rates 

Prior to the availability of the incinerator facility, all waste is expected 

to be compacted. The total volum(~ of waste generated before the start of 

incineration, after partial (67 p(!rcent) decompaction, has been estimated ~t 

114,653 ft3. The maximum generation rate during this period is approximately 
2,540 ft3 per week and occurs dur'ing gross decontamination of elevations 

305' -0" and 347' -6" . 
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Once the incinerator becomes operational, only noncompacted waste is expected 
to be brought into the incinerator facility. From the start of incinerator 
operations until the completion of containment decontamination, approximately 
211,320 ft3 of waste, in the form of feed to the incinerator, is expected to 

be generated. The maximum generation rate during the period is 3,275 ft3 per 

week and occurs during manual decontamination of containment elevation 
282 1 -6"; this generation rate was used as the basis for the conceptual design 
presented in this report. A change in the waste gene~ation rates at TMI-2, 

however, will have little impact on the design of the incinerator facility. 

Facility storage requirements would not be affected significantly by a change 
in generation rate since most waste will be stored elsewhere prior to incin

eration. Furthermore, the 350 pound per hour unit selected should be able to 

incinerate more than the maximum projected generation per week. 

Waste Form 

Combustible waste generated at TMI-2 is expected to come from two sources: 

waste generated from normal operations and waste generated from containment 

decontamination. Waste generated from normal operations is based on data 
provided by General Public Utilities (GPU)2. These data represent a sampling 

of wastes generated during TMI-2 auxiliary building decontamination (i.e., by 
volume, 30 percent paper, 60 percent plastic, 5 percent cloth, 2 percent 

rubber, and 3 percent glass). It is estimated that 10 percent of the total 

auxiliary building decontamination waste volume is PVC material; the materi

als considered to be PVC consisted of gloves, booties, and reinforced sheet

inga . It is assumed that the glass included in the normal TMl-2 waste total 

will be separated at the point of generation and disposed of with other 

noncombustibles, such as metal and masonry. Waste generated from containment 

decontamination operations is based on estimates given in the TMI-2 Radwaste 

Storage Facilities Task Group Report (see Reference 1), and in the "Three 

Mile Island-Unit 2 Planning Study for Containment Entry and Decontamination," 

a. Approximately one-third of the plastic waste from the auxiliary building 
decontamination consisted of gloves, booties, and sheeting. One-half of 
the plastic gloves, booties, and sheeting was assumed to be PVC (~ x 33% 
x 60% plastic = 10% of total waste PVC). 

4 



dated July 2, 1979. 3 These containment decontamination wastes are expected 
to be composed of (by volume) 14.4 percent paper, 14.6 percent rags, 
36.8 percent plastic, 26.1 percent clothing, 1.4 percent rubber, 0.2 percent 
wood, and 6.5 percent PVC. 

Wastes generated prior to the availability of the incinerator facility will 
be prepared for incineration by decompacting the stored drums. The combined 
form of normal and containment decontamination waste, following decompaction, 

is expected to be as shown in Table 1. 
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Paper-

Rags 

Plastic 

Clothing 

Rubber 

Wood 

PVC 

Total 

TABLE 1. COMPACTED WASTE FORM PRIOR TO START OF 
INCINERATOR OPERATIONS 

(Normal and Containment Decontamination Wastes) 

Vol. (%) ft3 Weight (%) Heating Value 

23.2 26,622 18.5 7,530 

6.8 7,806 8.7 7,200 

44.7 51,244 43.1 19,950 

14.9 17,126 19.1 7,200 

1.8 2,014 2.3 15,180 

0.1 51 0.1 8,500 

8.5 9,790 8.2 9,750 

(Btu/lb) 

100 114,653 100 13,150 (avg.) 
Average density = 18.2 lb/ft3 (as fed to the incinerator) 

The combined form of normal op~rations a'd containment decontamination wastes 
generated after the start of incinerator operations is given in Table 2. 



Paper 

Rags 

Plastic 

Cloth 

Rubber 

Wood 

PVC 

TABLE 2. NONCOMPACTED WASTE FORM AFTER START OF 
INCINERATOR OPtRATIONS 

(Normal and Containment Decontamination Wastes) 

Vol. (%) 

16.3 

13.0 

38.4 

23.7 

1.5 

0.2 

6.9 

34,442 

27,386 

81,387 

50,208 

3,109 

125 

14,663 

Weight (%) Heating Value (Btu/lb) 

12.3 

15.7 

35.0 

28.7 

1.8 

0.2 

6.3 

7,530 

7,200 

19,950 

7,200 

15,180 

8,500 

9,750 

Total 100 211,320 100 12,010 (avg.) 
Average density = 8.5 lb/ft3 (as fed to the incinerator) 

The heating values for waste oil and resins are 19,000 Btu/lb and 
17,830 Btu/lb, respectively. 

The waste volume percentages are slightly different prior to and after the 
start of incineration due to different generation rates between normal and 

containment decontamination wastes at those times. The average density 

before the availability of the incinerator facility is greater due to com

paction of the waste prior to this date. 

When PVC and rubber are incinerated, hydrochloric acid and sulfuric acid 

gases are formed, which must be neutralized in the off-gas scrubbing system 

by caustic addition. The addition of caustic and the resultant formation of 

neutralization salts caused from burning PVC and rubber necessitates a 
blowdown from the wet-off gas scrub solution considered for this study. In 
order to control impact and costs from scrub solution blowdown that would 

have to be processed, the de51gn of the incinerator. facility for this study 

7 



has only considered a blowdown quantity which can be solidified with cement 
in two 50 ft3 liners per week (approximately 375 gallons). The two 50 ft3 

1 i ners per week 1 i mi tat i on on b lowdown was judged as· an amount that wou 1 d not 
significantly impact normal operations. (Injection of blowdown directly into 

the incinerator was not co~sidered since this operation is not currently 

available with the Helix incinerator.) To limit the blowdown quantity to 
this amount, the PVC and rubber content of the w·.aste fed to the incinerator 

will h~ve to be restricted to approximately 0.5 percent by weight. a By 

restricting PVC and rubber in the waste feed, the total volumes of waste 
given in Tables 1 and 2 ay'e reduced by 11s804 ft 3 and 17,772 ft3, respectively. 

The average density and heating value of the wclste are not significantly 

affected by the removal of PVC and rubber from the waste feed. 

Isotopic Consistency 

The isotopic content of the incinerator feed was calculated by estimating the 

total amount of radioactivity that will be contained in combustible trash 

resulting from the d~contamination of elevations 305 1 -0" and 347 1 -6". A 

preliminary analysis of containment entry ~;'ta indicated that the contamina

tion contained on the walls and floors of the two elevations is: 

Isoto~e Ci 
Cs-137 184 

Ba-137m 172 

Cs-134 23 

Sr-90 8 

Y-90 8 

a. This PVC and rubber restriction is based on information provided by the 
incinerator vendor, and is thl~ subject of recommendations stated later 
in this report. (See Recommendations, page 65.) 
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It was assumed that an overall decontamination factor (OF) of two would be 
achieved by gross decontaminat;Qn, resulting in 50 percent of the above 
activity being washed to the containment sump for removal via the Submerged 

Oemineralizer System (50S). The remaining activity on the walls and floors 

was assumed to be removed during manual decontamination. Manual decontamina
tion was assumed to have an overall OF of two, resulting in one-half of the 

remaining activity being removed by chemical solutions, wet vacuums, etc. 
The remaining activity, representing 25 percent of the original activity on 
the floors and walls of elevations 305 1 -0" and 347 1 -6", is assumed to b~ 

deposited on combustible trash. The isotope quantities removed on com

bustible trash are: 

Isotope 

Cs-137 
Ba-137m 

Cs-134 

5r-90 

Y-90 

Ci 

46 

43 

6 

2 

2 

For this study, it has been assumed that the activity is removed in ap

proximately 2,700 55-gallon drums of compacted trash. This encompasses the 

expected combustible waste generated during the gross decontamination of 
elevations 305 1 -0" and 347 1 -6", and manual decontamination of elevations 

305 1 -0" and 347 1 -6 1
' prior to operation of the incinerator. A compaction 

factor of th\'ee was used to determi ne the noncompacted volume of the 2,700 

drums of trash. This resulted in an incinerator feed isotopic concentration 

of 0.059 ~Ci/cm3, distributed as shown in Table 3. 
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TABLE 3. NONCOMPACTED WASTE ISOTOPIC CONSISTENCY 

Isotope IJCi/cm3 

Cs-137 0.0272 

Ba-137m 0.0255 

Cs-134 0.0034 

Sr-90 0.00119 

Y-9 0.00119 

NOTE: Turbine lube oil contamination is nil, and condensate polisher resins 
contain 0.0688 ~Ci/cm3 of Cs-137. 

To verify the validity of a design basis value of 0.059 ~CiJ.cm3, the inciner

ator feed isotopic concentration was compared with the isotopic concentration 

of tr'ash generated during the TMI-2 auxiliary and fuel h,and1ing buildings 

decontamination and a pressurized water reactor (PWR) steam generator repair 
effort. 

During decontamination of the TMI-2 auxiliary and fuel handling buildings, 

1,623 55-gallon drums containing 28 curies were qenerated and shipped. A 
compaction factor of five was used for this trash, which equates to a volume 

of noncompacted trash contained in the 1,623 drums of 1.69 x 109 cm3 , This 

yields a noncompacted trash isotopic concentration of 0.017 ~Ci/cm3, which is 

slightly less than one-third of the calculated feed concentration. Should 
the irlcinerator feed concentration be based on a compaction factor of five, 

as was done for the auxiliary building and fuel handling building waste, the 

feed isotopic concentration would be 0.035 ~Ci/cm3, which is only about twice 

the concentration of that generated in the decontamination of the auxiliary 

and fuel handling buildings. a 

a. The isotopic concentration is reduced from 0.059 ~Ci/cm3 due to a 
greater quantity of combustible material being contained iri each drum 
with a compaction factor of five. 
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~ ~-~-------------

The PWR steam generator repair effort resulted in thl~ generation of 57,790 

ft 3 of trash containing 63.6 Ci. This yields a concentration of 0.039 

~Ci/cm3, which correlates we1l with the calculated incinerat.or feed isotopic 

concentration. 

Because of the reasonable correlation of the calculated feed isotopic con
centration with available data, for the purpose of this study, the calculated 

concentration of 0.059 ~Ci/cm3 is used as the basis for all other nuclear 
analyses. The use of 0.059 ~Ci/cm3, as opposed to the somewhat lower values 

of 0.035 and 0.039, is not expected to significantly affect the results of 
this study. 
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INCINERATOR FACILITY Of SIGN 

Following is a description of the incinerator facility designs developed for 

this study. Appendix A provides the criteri~ used as the basis for these 
designs. 

Location 

The incinerator facility will be housed in a building located south of and 

adjacent to the south dike, as shown in Figure 1. 

Several locations were consi~ered for the incinerator, including the Unit 2 

model shop located at the nQrth end of the Unit 2 fuel handling building, at 
elevation 305 1 -0", Although installation of an incin~~ator system in the 

model shop may be possible, given the relatively small volume of this room, 

it was determined that operation and maintenance would be d~rficult, and that 

liAs Low As Is Reasonablyt\chievable" (ALARA) considerations would be compro

mised. Moreover, requirements for waste storage and ash solidification or 

packaging would be difficult to satisfy, and the use of this area would not 

necessarily preclude the need for some independent support systems. The 

loads on the existing cooling water and HVAC systems would be substantial, 

and would probably require that these syste~5 be upgraded or supplemented to 

accommodate incinerator operation. Finally, since the model shop is a high 

traffic area, and incinerator feed and ash handling operations would probably 
require restricted use of the nearby Unit 1 and Unit 2 refueling bay, it was 

determined that the model shop was not appropriate. New building locations, 

closer to the main power block than the chos~n location, were also investi
gated. For example, the proposed Decontamination Demonstration Facility 

location west of the ~vaporator building WdS determined to be unsatisfactory, 

since the larger size of the incinerator facility would have to be built over 

safety-related piping and the fire main would have to be relocated. The area 

east of the Interim Solid Waste Staging Facility (ISWSF) was rejected due to 

excessive backfill that would be necessary to construct the facility, and the 
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: I 

possibility of increased shielding requirements. Depending on where incinerator 
waste feed is staged, however, an evaluation should be performed during 
detailed engineering to reevaluate the possibility of locating the incinerator 
facility east of the ISWSF. 

General Layout 

The layout of the facility will encompass a waste receiving area, an incin
eration process area, an ash handling area, and an area for all necessary 
support services required for incinerator operation and maintenance, taking 

into account ALARA considerations. Support services equipment located 
adjacent to the building include a fuel oil storage tank, a demineralized 
water stGrage tank, a closed cooling water heat ~xchanger, an air-cooled 

condensing unit, and a power transformer. Since two f2cility designs are 
considered in this study, a diffet'ent layout is provided for each option. 

The layout with an area for ash solidification is shown in Figure 2. The 
layout with provisions to load ash into containers for transport to another 
location is shown in Figure 3. 

Building 

The building housing the incinerator facility (refer to Figures 2 and 3) will 
con§ist of a pre-engineered rigid frame metal building spanning 50 feet in 
width, 140 feet in length, and with an eaves height of 19 feet. The building 
will be designed for the basic wind and snow loads specified in the TM! Civil 
Structural Design Criteria,4 and will be designed for the minimum seismic 
loads as determined by the BOCA building code. It will also be seismically 

checked in accordance with NRC Regulatory Guide 1.143. 

The foundation will consist of a reinforced concrete slab on grade. The slab 
will be designed in accordance with NRC Regulatory Guide 1.143. Nominal 
floor elevation will be 305 1 -0 11

, with exterior ed~es of tha foundation slab 
turned down below the frost line. I~ 4-inch curb will be provided to contain 
any fire water released within the bUilding. All construction joints will 
have a water stop. All shield walls in the building will be reinforced 

concrete. 
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All floors and walls, except those i!1 the load center room and support 

systems equipment room, will be sealed with epoxy up to the curb height. The 

following ar~as will have the full height of the walls coated with epoxy to 

allow for decontamination: 

1. TrashStorage 

2. Inci nerator 

3. Scrub Solution 

4. Ash Handling 

An 8-feet-high galvanized steel fence will enclose tile incinerator facility 

for security purposes. There will be three barbed wires along the top of the 

renee, and a motor~zed gate will allow personnel and vehicle access. 

Waste Receiving And Preparation 

Waste wi 11 be brought to the i nci nerator facil i ty .; n 55-gallon drums and wi 11 

be unloaded on an 18 foot x 47 foot covered loading dock (an 18 foot x 35 

foot uncovered loading dock for the facility option withoJt solidification). 
A shielded forklift will transport the drums (on a pallet) inside the build

ing to a shielded storage area designed to hold one day's worth of waste. 

The shielded forklift will also be used to bring drums from storage to the 

waste preparation area. A manual drum lifter will be used to transport 

individual drums to a hydraulic drum dumper. If the dr~m contains compacted 

waste, the drum will be transported to a hydraulic dru~ dumper equipped with 

a vibrating mechanism, which will unloQd the waste into doubled plastic bags. 

A tent will enclose the compacted drum unloading process to minimize the 

spread of any poss i b 1 e a i rbome contami nat ion. If the drum contai ns noncom
pac ted waste, a hydraulic drum dumper will unload the waste (alrec:dy packaged 

in doubled plastic bags) onto a stainless steel receiving tray. Bag breakage 

is not expected to be a problem. (The Ontario Hydro Bruce Nuclear Power 

Development site loads waste packaged in plastic bags into their' incinerator, 

17 



and has had no problem with bags breaking and causing airborne contamina
tion. a) If a bag rip does occur, however, the torn bag can be taped or 
enclosed by a larger pl~stic bag. 

After the waste bag has been placed on the stainless steel tray (from either 
the compacted or noncompacted drum dumper), the waste will be manually pulled 
to an adjacent weighing scale. The weighing scale is a 46 inch x 38 inch 
load cell platform with remote digital readout. (The waste is weighed in 
or~er to maximize incineration efficiency.) After weighing, th~ trash is 

manually pulled onto the conveyor of an x-ray metal screening device equipped 
with a TV monitor. The metal screening device surveys the trash for large 
metal or other noncombustible articles that could hinder the ram feeding 

operation (into the incinerator) or the eventual transfer of ash from the 

incinerator. If an item must be removed, the bag is placed into a cart 
located at the exit from the metal screening machine, and wheeled to a glove 

box where the item is removed. A bay that does not require sorting is 

manually pulled from the metal screening machine along another stainless 
steel tray to the ram feeder waste dumper. The trash bag is pulled into the 
dumper, the operator activates the dumper, and the bag is automatically 

loaded into the ram feeder. 

Dewatered resins, packaged in plastic bags, will be fed to the incinerator 

using the ram feeder waste dumper. Waste oil will be transporteu ~o the 
facility in 55-gallon drums; the oil will be pumped directly from the drums 
to the incinerator through a special injection port on the incinerator. 

Waste oil injection will be at the rate of 1 gallon per hour when burned with 

other incinerator trash. 

a. See Experience From Existing CAlis, page 37. 
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Transuranic waste will only be incinerated such that the ash will not exceed 
10 CFR 61 limitations (10 nanocuries per gram). All waste will be analyzed 

for transuranic content by plant (administrative) procedures prior to trans

port to the facility. Any waste that could yield ash with transuranic 

content above these limitations will not be sent to the facility; new plant 

procedures will have to be developed for this analysis. Finally, there ~till 

be no decontamination of drums used to transport waste to the facility. 
Decontamination of waste drums, if required, will be performed elsewhere. 

A self-contained emergency eyewash and shower will be provided for personnel 

decontamination and safety. 

Incinerator System 

The Helix Process Systems incinerator system was used as a basis for deter

mining facility and support services needs, although the use of equivalent 

incinerator systems by other manufacturers is not expected to significantly 

impact the costs and project schedule presented in this study. The Helix 

system includes an incinerator, wet off-gas scrubbing components, dry off-gas 

modu 1 e, induced draft blowers, and an ash remova 1 system. The He 1 i x i nci ner'a

tion system consists of four subsystems mounted on seven skids. The four 
subsystems are the incineration, off-gas, scrub solution, and ash removal 

systems. The skids consist of an incinerator, ash removal, wet off-gas, dry 

off-gas, induced air blowers, scrub solution, and caustic addition components. 
Helix also supplies a blowdown tank, a scrub solution tank, an emergency 

water quench tank, and instrument racks; a control panel for system operation 

is also provided. 

Except for process and effluent radiation monitors and an effluent opacity 
monitor, Helix provides all process instrumentation required for operation of 

the incinerator system. The high level alarms in the TMI-2 main control room 

for the radioactive liquid tanks, however, are excluded from the Helix scope. 
In addition, except for ducting between the incinerator and the quench 

column, Helix provides no interconnecting piping, tubing, or wiring between 

skids . 
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Support requirements of the Helix incinerat~on system are electrical power, 
cooling water, fuel oil, compressed air, demineralized makeup water, and 

building ventilation. These are described later. 

The incinerator off-gas effluent to the atmosphere will be monitored for 
opacity per the requirements of Pennsylvania's Department of Environmental 

Resources. Opacity will be recorded and alarmed in the incinerator facility. 
In addition, an alarm contact that actuates at 20 percent opacity will be 
wired to the plant computer. 

Caustic addition solution will be prepared by mixing bags of sodium hydroxide 
with demineralized water in the caustic addition tank until a 0.25 (by 
weight) percent solution is obtained. Considering the restricted PVC and 
rubber content of the waste feed to the incinerator facility (designed for 
approximately 0.5 percent by weight), it is estimated thG~ approximately 

25 gallons of caustic solution will be used per week. 

Heating, Ventilating, and Air-Conditioning (HVAC) System 

HVAC is provided by a ducted, once-through supply and exhaust system. More 
air is exhausted than supplied to ensure against exfiltration of the poten

tially contaminated building atmosphere. Supply air is provided by a 15,000 

cfm air handling unit consisting of filters, an electric heating coil, a 

direct-expansion (OX) cooling coil, and a supply fan. The OX coil is part of 
a refrigeration system which includes an outdoor, air-cooled condensing unit 
and refrigerant piping. Building exhaust is through an 18,000 cfm high 
efficiency particulate air (HEPA) filter train and exhaust fan; a redundant 
exhaust fan is provided for reliability. Differential pressure indication 
and alarm for the exhaust HEPA filter train are provided on the incinerator 

control panel. Building exhaust will be monitored for radioactivity. The 
HVAC system is schematically shown in Figure 4. (Figure 11 provides a legend 

for all symbols and identifications used on the system schematics.) 
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Compressed Air System 

The compressed air system is used to supply air to the Helix instrumentation 

on the wet and dry off-gas skids, the emergency quench water tank, the ash 
transfer skid, and the building HVAC system. The system consists of a 5-hp 
compressor capable of delivering 20 scfm between 80 and 200 psig, an 11 ft3 

receiving tank, an 
piping and valves. 
control panel. The 

air dryer with inlet and outlet filters, and required 
A low pressure alarm will be provided on the incinerator 
compressed air system is schematically shown in Figure 5. 

Demineralized Water System 

The demineralized water system provides continuous makeup water to the scrub 
solution tank, and supplies fill and/or flush water for the emergency fill 
tank, caustic addition tank, liner or drum wash station (only in ash handling 
or solidification area), closed cooling water compression tank, blowdown tank 
and blowdown process line, two water supply locations, incinerator ram 

feeder, and cement mixing for ash solidification. a A stainless steel transfer 

pump, capable of pumping 20 gpm, will recirculate demineralized water to a 

12,000-gallon fiberglass storage tank located outside the ir.~inerator building. 

The storage tank will be insulated and heated to protect it against freezing. 
All piping runs will be of stainless steel. The demineralized water storoge 
tank is sized to hold one week1s supply of water. Weekly refills will be via 
tank truck connections. Level indication, temperature indication, a low 
level alarm for the storage tank. and control for the transfer pump will be 
provided on the incinerator control panel. The demineralized water system is 
schematically shown in Figure 6. 

a. The use of demineralized water is required by Helix for 
compatibility with matericlls used in the incinerator system. 
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Figure 6. Demineralized Water System Schematic 
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Closed Cooling Water System 

The closed cooling water system will supply cooling water to the Helix scrub 

solution cooler and wet off-gas conder:5er. The cooling loop is closed in 
order to prevent direct releases of radioactive scrub solution leaks to the 
envi~unment. The cooling water system consists of a 10 hp, carbon steel pump 
(capable of delivering 180 gpm at a minimum pressure of 25 psig), a 3.78 x 
106 Btu/hr air-cooled heat exchanger (located adjacent to the building), a 
30-gallon compression tank, an air separator, and required carbon s~ ~el 

piping and valves. A conductivity cell monitors the cooling water for 
possible scrub solution in-leakage. Cooling water flow and temperature are 

monitored locally. Pump contr01 and alarms for low flow, low level, and high 

conductivity will be provided on a local control panel. A trouble alarm will 

be provided on the incinerator control panel. The closed cooling water 
system is schematically represented in Figure 7. 

Fuel Oil System 

The fuel oil system provides a 3 psig supply of fuel to the incinerator. The 

system consists of a 1/4-hp carbon steel pump (1 gpm), a l,OOO-gallon carbon 
steel fuel oil tank (located adjacent to the incinerator building), and 
required carbon steel piping and valves. While the pump recirculates the 

fuel oil to the fuel oil tank, a pressure regulating valve delivers fuel at a 
pressure of 3 psig to the incinerator. The fuel oil tank is sized for one 
week's supply of fuel to the incinerator. Weekly refills will be via tank 

truck connections. The outside fuel pump suction line is heat traced to 
preheat the fuel during cold weather. Level indication and low-level alarm 

for the fuel oil storage tank and control for the fuel oil pump will be 

provided on the incinerator control panel. The fuel oil system is sche

matically shown in Figure 8. 

S'lowdown System 

The blowdown system provides for intermediate storage of scrub solution 

blowdown and a means for transferring the scrub solution blowdown from the 
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facility (via solidification or some undefined liquid transport system 
outside the building). The system consists of the Helix blowdown tank, a 
1/2-hp Carpenter 20 stainless steel pump (capable of pumping 25 gpm), an 
inline sample bottle on the recirculation line, and two flushing connections. 
Piping and valves in contact with blowdown fluids are lined carbon steel. A 
high level alarm that annunciates in the Unit 2 main control room is provided 
in addition to normal Helix instrumentation. Local control is provided for 
operation of the pump. The blowdown system is schematically shown in Fig
ure 9. 

A 4 foot x 3 foot x 3 foot sump is provided in the scrub solution and blow
down tank area to collect tank overflows and area leakage. A sump high level 
alarm will be provided on the incinerator control panel. A portable pump 
will be used to remove wastes from the sump; this pump is not included in the 
cost estimate. Provisions for a drain system were not considered to be cost 
effective. The need for and use of additional sumps, however, should be 
considered in the detailed design of the facility. 

Fire Protection System 

Principal facility fire protection will be provided by a wet pipe, fused head 
sprinkler system, backed up by two 1-1/2-inch hose reels and eight portable 
fire extinguishers. Fire water supply to the facility will be via a 500-foot 
extension of the existing 12-inch plant fire water main; and will include a 
new outdoor hydrant and hose house. Ionization and rate-compensating fire/ 
smoke detectors will alarm locally and in the Unit 2 main control room. The 
fire protection system is schematically shown in Figure 10. 

Radiation Monitoring 

Radiation monitoring will be supplied for area radiation, process monitoring, 
and effluent monitoring. Area radiation monitors will be in the following 

locations: 

1. Near the office, at the waste entrance and exit point 

28 



• REACW ROO 

MELI. BNC 

STARTUP 
I STRAINER " 

~L 

V ~" H---
1·8NG 

~----~~ 
@~ 

FOR SOlIOlFIC~TION-.-oJ 
SYSTEM ONL '( 

Figure 9. Blowdown System Schematic 

29 

FLl.$oI 
.--------- CONN . 

• 
~ 



-~""""' ....... : -- ~, 

.." -~ 
c:: 
~ 
t1) 

~ 

0 . 
.." 

I~ 
.... 
~ 
t1) 

~ 
~ 
0 
r+ 
t1) 

w n 
0 r+ .... 

0 
::s 
(,I) 1"'1-1 n x-=r -", 
t1) (PI 
3 ~-QI -z r+ Z .... 

G'-I n 
~O 
:> 

Z 

lV) 
m 

(100' 

KIIF-2l'Z' H06I) 
I KIF·2"a' 

~ 
" I 

I'l 
~ 
~. 

~ 

~ 
• 

lCaF-2"z' 

CLOSED ~EAD FU$,k& 
LINK SPRINKL.£RS (ALL 
AREAS ElCGEPT LOAD CENTER) 
OIit-olSlTV 0.12 CWM/FTe 

OFF-OM IeCJ'TI, FlLT~R VENOOR 

I 

KBF-I' ). 
~ 

sn: 
Z~ 

~ 
5 z 

MANUAL DELUGE .V5T&M 
OVER CIolARCOAL FILla 
(~N SPRINKLERa> 
(tF RLQll'RE..U) 



I 

VALVE Svtv1BOL.S SPECIALTY SYM8C 

"«f- ~Sr~~~ETON 
,,~ --{X}- ::...! fE 

-o-J- (.LOBf 

- --M- 1-;:ATT[PN ('lOft 

--i"f-- I3UTT(RFlY ,NOI 

.. --i ...... But HRrU INC) 

~ r«(OU 

~ QUICK· OPENING 

*' fuaT-OPl"ATED 

~ SALl QIOf{~ 

~ (..--tfCk 

4- AUIOWAT!C CHECK 
POSITivE C.LOSING 

~ 5TOP CHlCI' 

~ AUTO~ATIC. BALL 
• ~. DRIP CtiH'" 

+1.· U LVLlND£R ~ .;PER-'TEO 
A'N- AIR WRf NCH 

Q J".HYDRAULl~' ......... r- OPJ.RATE.D 

~ 
f.O"'M-I.~OTC'" 

OP[I('ATEO 
5 SOL E 'JOtD 

.--Ct-
• -{Xl.-..-

I 

--m-
~ 
~ 
-+D+-

it 
-£-

, 
-cJ. 

--{Xl' 

-fo<l' 

BACKFLOW 
PREvPH[R 
AN.I.( 

TH';U,(-WA't 

P\. .... ·COCM 

DIAPHRAGM 
oPERATED 

/~:~~:Pl 
PRl.~S REGIJl.ATOR 
SElF· CONTAINED 

mm0W. PQf~ T"P) 
~.V"UAlLW OPER-
"",-0 tE5T 

HOSE C,ATE 

tlOS[ GLOfE 

~oo r "~I_" [ .. 
STRAt'~ER 

~+ P~"" PRl~StJ'U 
~FnY-()R RElIH 

{ 
--4 
~ 
-f~ 
r 

.~ 

V"'c.uv~~ '3RE""t(ER 

DIAPHRAGM 

eLUNT NOSE 
N[[(,L[ 

MEH.RING 

4 1/.'" 
""·:>t.~ .. JOt0 

4 WAY 

METAL DIAPI-f.U(""y.1r-----------' 

51 VERTICAL pu •• p 
PLUG 

SYSTEM PREFIXES 

.JOW,," STEAM GEN B 

i-sRD RO()~ DRAINS 

-0 .... 
~ 

~ 

ffi 
-0-

-(J-
~ 

-ill--

--t:!,-

. H ~ 
---;,:r-
~ 

% -~ 
:A 
$I 

~ 

-c& 

"I'AN{A...::E 
stt1'!Atli!.f\ 

(-.$f#fAINER 

!>INGLf e,ltM£T 
STRll"'!.f' 

PUPl(.C STRAINER 

REOuc.EA 

[).?ANSION JOINT 

FLOW NOZllE 

FlOW H.E ME.',./T 

GE~Hm:TIM; 
ORlflC.[ 

F~AI"4(~{O CONNEC.T 

Sf(.>iT ILOWUlk::.S 

it.jOICATlN(3 'oIE-:'[R 

Ifl liNt ROTAT'N'"3 
FLOW DEVICE 

TE~R;f;.ARf OR 
·~J.:.r.;r_IJP 5TRA/-IER: 

l£/El GAGE 

,LAND 

BU.RING 

T~UP 

OIAPHRAM S~Al 
CONN~(TlON 

--- FltfER·(PfPING'VII 

A ~PRAY HEAD 

't FLCIOR DRNfI, HU&, 
TR~H 

vfNT ;;;,,,r. 

...- fLE)[IBLE. HOSt 

1~ : :A~ :;ooc.,,~ I \ 
f.O:L (PIPING SYS) 

>-+ '?Sm .... E DISPLACE-

{ ","eNT PU~AP 

't'~ CENTRIFUGAL P',.I"P 
BLo~tR. rAN 

-..I0.E> ELECTRiC ~OTOR 
DRIVE 

-+j- vACUUU PU .... P QQ 
C.DMPRE':;~OR 

~r TURBltl( DRIYE 

DI[ SEL DRiVE 

(""'" 
DEMINERAUZE.R 

~ --.,.. DE SUPERHEATER 
f 

. 
~-h 

i _I; 
-.r _· ... cl.--J-- [Du( TOR 

FGSB MISe. ~uFPORT 
~"STfM5 
-~S8 IilV ~Y5HM 

',lor II .... A( ')Y::T('.' 
- -r H .... A( ':. ('~ T ("-I 
.'RtATHING AIR 

f"4r CHEMICAL 
,,,PPLY 5YS:O" 
.'.'\T M;'iE::nAl 

~ .. NOLING 5YS1£M 
::\AT HECOvERr 
-lAC 5'(5 Tf M 
:;..,.r QAQ:')A( 11' <:. 

l.o~AINAGE SY5TfM5 

~ 
I 

t 
I, 

r 
r 

t 
11::;_ HVAC SY5HMS J Hel IWAC 5YSTEM 

* BECHTEL 
'PIPING SHOWN ON P&IO"5 Will 

S[QUENCE NUMBE~ ~ ~-~ 
PIPE CLA~ 

2 PIPE ANQ VAl"E CLASS - PIPE 
BY A. THREE-LETTER CODE THE 
'.IALV[ AND FlANG£ RA1ING- T 
AND THIRD LETTER, THE COOE 11 

r----------'-----·-----~----------...l-T,,----------l f!_;TpicIA~E~:T~~~A:s ;:~I~N' 
BECHTEL PIPE SYSTEM B_~~O~LfSS SHEET LINE SYMBOLS 

- e._,,< I'L:::> ~~~~~ 
ELECTRIC ... __ PIPING OTHi::R 

THAN BY Ba;HTEL 

• ~ BURIED F'IPE tt L......Ull LIMIT OF HEAT l.. ..• l I ~(E) (~~~~~JlELe:CT 
.. -- SYSTEM AIR OR I U>JACKE TED 

SECOODARY PROCESS 

*** CAPILLARY 

"--

ElECTRQ.1AGi'£TIC 
OR SONIC SIGNAL 

PRMARY PROCESS 

ELEC TRIC TRACED 

t-t;--t- HYDRAULIC 

~---BOUNDARIES 

8 I 7 

FIRE PROTECTION 
SYMBOLS 

~ HOSE REEL &. 
~IoiUT -(:f"F VALVE 

~ DELu.;E WATER SPRAY 
ASSEMBLY &. VAlVE 

--.-- SPRINKl£R ALARM 
CI-£CK V/lLV[ 

-{>- DRY PIPE VALvl 

@)- FIRE HYORANT WI 
HOSE HOUSE 

~ 
P'PE WITH 
SPRINKLER HEADS 

-.---<::: FRE DEPT. CONNECTION 
(SIAMESE) 

~--a: OUTDOOR FIRE 
HYDRANT 

'0. HOSE CABINE T 

6 

CLASSIFICATIO"lS ~:'~gg: 

,sAFE n IiELATEO ITEMS 

Q-ALL ~F"ETY 
RELATED I T[M5 

Nffi.! SA.FETY REU.TED 

QUALITY ITEMS 

R- RAOIOA.CTlV[ WASTE 
1vtAN,tGE""'ENT ITEMS 

F- FIRE PRO!ECTlCh ITEMS 

5- SEISMIC CATEGORY-¥-

~ = :gg: 
G- 300· 
Jot- 150· 
J - 1250 ANSI B 16.1 

~= ~~~~:Z~IU~ID~.~nITEIts 
1.1- ZOO~ANUFACTOR'S RAm 

~ = :5r-(~~~~F:t~tds RATlh 
Q - n,·CMANurACTolts RAW 
5 - sa- wor. 
T - 25-AWWA (OR MANUfAC 

II - "END~~TI:'GJpUEO PIPIN 
w- GH!ERAL USE AS DES1GPI 

ON LINE SPEC. 
x - GRAVITY RATING 
Y - ROOF DRAINS, GRAVITY RJ! 
Z - GENERAL USE AS DESIGk 

ON LINE SPEC. 

THIRD LETTER-APPLICABU 
A-NUCLEAR POWER PLANT C 
a-NUClEAR POWER PLANT CC 
C·NUCLEAR POWER PLANT (I 
O-POMJ. PIPING COOE, ANSI 
F· NATIONAL FIRE PROTECiIOl 
G-CDMMONWE.-4lTH OF PENNS 
H- POWER BOiLERS, ASJrI1E a, 
J-AMERICAN WATER WORt(S 
)(·00 -'PPLICABlE CODE (l: 

5 



SYMBOLS INSTRUMENTATION SYMBOLS 

OIAPH",t..M SEAL 
COflNHlION 

lOCA.U .. 'f MCUt-.iTI!D 

fillER Cf"ANG 
'ANE.l '-'OmnEO IN tCNTtol RCON r-t::=:----+-----t---------i 

:''''AL~5IS '''~TRu''''l SHAll IE. 'DUlT,FIED Bf 1"R( 
L[lTnt C'fl,OtotC.(JllfR.ATION)_mtl. TH( CIRCLE &IoIIP 

: eT THWI ·.I!~It1!rt CH["K.Al, ~H'IOlS OUlSIDI 
. fl.i( (.IAClI 

5PRl'f HEAP 

nOOR~.H~ 
TRUICH 

,'fNT PI .. r. 

~U.J:IBl[ HOS( 
OR, "V\rO

H(AHt';;OR (.(lQtI,i,G 
C~l {PIPlhG 5'fSt 

• ?O~llI\l 
""un pww 

~, 

CEIII1RlfllGM Y';I,IP, 
BlO .... H~. fAN 

ElECHlle ~OTOR 
DRIVE 

· .. RlJut.t puur ()f.I 
,-Ol,lpt,( '~~OR 

lUIiBll.( DRIVE 

DU.4II'JERAUllR 

; .. HEAl [t(I,,1'-tI,lR5 
')R (C)Ql[~~ 

I~ 

--, 
R[AClOR Bl1IlOtft-.J 
HfII£"T~.ltION 

')OOiE T I .. ELD CR 
SCREWED .:AP 

---{l wr L!) CAP 

~<:::""""Jl- .lIP EJ;l1hU',lfR 

---ill} RuPTURE 
-----<01 * DRAINER 

J 

----{ 

--1> 

QUCI<. l>'Y..c~.t.(.C' 
~EMAL[ '0.-:-0:[1 

.'l'J,'- r\ O·: .... Ol<'Ifr.I 
'-tilE Uldj 

"'HIT P:PE. (.,TH 
"~.u,lE A.tolResrOR 

~[I ... till.l. SPeOL P{ 

(81.."'" ~ ~c.".t. .. "'''l'', 

"(.'. Pl'.~~'H· .>OJ 
n T" ..... CU<, ~ <;.u.o 
lit1[1.. ... [,..~P. 

MCUN1(O IN c."'eINE T ~ 
IUH1NO PA.).,I[L &01.1<0 

IWPUT TO 0&1" LObuER 

H5T NELL 

our.T 5MOKf D£TH.TQII. 

FlA.ME tIl TEe T;:~ 

SMe ... ! DE H.CTOr-

"I1J""IDI<;,T..loT 

It'lf"kIolO!.UI 

RllA1 

TEMPERAtURl ~lN5UA I', DUCT) 

mE S~H1R[ OlfFE.RE"-T'AL 
'NDIc..~Tl.H .. C.ON1~OlLE.R 
': ro, III"" TO OR ~PO'" f.'f(,'N{ltiID 
~A~l" HtdU/.(E oI.(.T~T<ON !>nlfl' 

o 

,J]NTAOl CONTROL 

Wr[R(NTI!L 

[l[(.TRIC (LUI(NT(~'RU"'IFffl: 

flOYw FlR[ 

-:, ... -:.l 

~~~D~~Tg:TED Io4jND u:.TI. .... Ttp "ill\'" 

I ! )(.At4 

. liME (t'rJs",ud 
l[\I[L : .. [H,::lP uc, •• , 

PR( ~':.UR( 

i"-T(~ "":"r' .. ',1·'#~I.W(lr"'''''H4;.I.I''i61 

OQII" :ll~Uh IV. 

oll:"!>\JRl 

• (:1.,1.1,"" 

L .. I Lo)~ t."" 

, '1 ~P((D 
'"'['JPlQ .. TuPl 

~l T!WARIAell 

~IURATION 

o ... ' I~." 

·RA"",WI"(R 

vAlV( 

h(IGHT ... {., 

.:. ... o~[ r,~ "[~T 

"TATLoS 

':'H(.clll s'".ca. *'t u. IU ... INA.l£O rOQ T[~l 

c..or,"'£.(.TIi)tU "~SU".J"TlO "'''H "'R,QUS ~"PllS 

'''ON 
1_ ,(A 

DfNSI1, 

NI-I'l ........ Ol'lj· .. 

'",,~; "',OJl.t.ll"'[ 

Co",~ COY&VSTI81.tS 

TuAel()IT'~~ 

C.l'lORI'-If 

r------ .... _-- -
I ~~h"RilAl i~)~~:J~t!,<~ 

J'f.. .. ,~l,) ~ IU~!RiJw .. rs .t.,~J;.!.&·'t W/l1" 'o'lA· 
:.]f(IM"ll:;' ltU·t::<.-J.. ,t.RAbi.l;" " .... ll & I.'l ... 
1,1',10 8t TH( .tTl(;!,·~ .. f'. ""''- "'_ ...... ', ......... 
• .: ,~ ,r..0JD 0' A',' "':~' .;1';: .l't • t -rE;; 
.'_ -~~:'f -><I; c ...... t-

~~~l(-;-~----;AA~-·· 

• .... ·,E 

'II'[-'J(",(-

ABBREVIATIONS 

H(L lol2 (.A~ Sf:'T[~~ 
""~J.t~,::~ .... I'd~~ <;'''';" 
,,-,. "£ ~ '~!.f. ",,~ Tf. " 

fO.,()·l,)I~ ('of th' 1 • i. ~·l , l:.1 

A.U l~' L<).)A 

H I.,tl'-.l. _ 'HUe Tllu,', H",A( 
':.f':, T[ V. 

eollO ... RI(.I~llR OR (j,Qll.ll 

r, C[IU"''' R[(;ISl£RORGRllll 

~T ("'[~I( Al 

:>Pl! <'(';"0.4 

I.T ..... -f;;dll 

t~L'l'~~G SI'c'ft.l. 
,JT PEI..( .. [F<1 
~( ~'f'::ll[ M 

r !:l'\OIOAC -'\IE 
"NAG( S,~![~" 

0[f.(,'" Lf~l.rj:.TH~TION 
- fS rEM 

qA,'W). IE \u.,I'o·.l'J['n 
:'h-'JvE~Y !)~CON 3'(<; 

)It LEvEl. HA':,> IE 
Crt:;:,lN':; .. f<)TEU 

A_X Bl:J:' E:V:(q(; UOUI' 
~:..E A 'j _ P 

~ (5 i l'" 
, ...... nHS 

OII'FU'5ER 
HJ11IPLI£'llll OR'/',~ 

(NG.N{[R(O ..... ~t'1 

FillER 
r~ flf.tl6Ll ~c",~r(T")I'j 

f 0 't.OOQ DRAIN 

to flRl (I",p,lP1R 

HO .. ub Dlaltt 

LD :..C\JII[RlO ~'.H-~ r< 
lC. lo.:. ... lD 1\.r.:.fD 
LO .:'It "'-fn ()Pu.o 

(lAT!. IOC-'('o£P 
ll(.A. O!)b 01" COOL.J.NT Lt..c..I~£.Nl 

: H,,"C t ,:;-,"f v:, 
_ HVA( ':::f~ T t ~ 

,,~ IIr'.r_'Yc~ B .. PCt 
:.!R 1<1-:'~';I· _.r 

IG S"'0t.·~ ..... j D, r " wiLl. 

JE'<C£ ~1iJ ... B!:it' ~ft-Y.~ :,Il{ 
PIPE (L,I..,5 

~~5.' DiPt: AND 'IAt ... E C'.ASSES ~"[ OE.<;·6J..IAILD 
,THRHl[!![11 CuOE 1,1[ rlP.SllEllfR ,hlul(AlES t, - "'iWr1ARt 
If A~D ~LA'<G[ R,c,lING THf SECOND lil T[R, THl TYPl Qt VAT·l. 
:HIRu LftTER,T\.+£ (OO{ m wHKH THE PIPING '50 D[~IGN[O 

~~~~~~~;=lP,~,,~ow~":"~OY~"~E£~'~~~S)==~~ 
8-CARSON STEfl 
(-AUSrEf,lll( :;,TAINLf5S STEEL 
D'eOPPER, BRA ~:, OR eRO~l:: 
E· AlU~\rNUM BRONZE 
r· (ARBON STHl,(OJ:'P! ~ BEJlI?Il.jG 

, G (AR8ON '5THl.(["'lNT M()QT[~ 
L,;"[O 

1-I-(A5l 'R-:'N 
t· ':ARBON ",THl,~UBBER lI~lO 
J-CONCRU[ 
K· ... ITRIFIEO (LAY 
l' CAR-BOii STEEL, IMPACT TESTED 
"'-(AST I;lOt,!, HIGH Slueo~ 

~: ~;.~ ~Cil,5J,E(~EL",t~f/(;m~E 0 
Q-",S SPECIFIED 00 LINE SP[C 
p·DUCtllf IRON 
s· (OPPER NICK[L 
j-POlYV1NYl (i-ILORIOE 
U-fl.lOY 20 
V-CARBON STHl,PLASTIC lINlO 
w·[)l;CTll£ IRON,CEM£Nt LINED 
X,y,l~SPECIAL hlAl[RIAL,SEf 

LINE SPEC. 

RD lETTER-APPUC"8LE (OOlS 
IUCL£AR POWER PLANT (OfrolPON!.PH50.ASME B &PV CODE. SEC.UI,(LI 
'U(LEAR POWER PLANT COMPONENrS .... sME SIP ... (ODLSEC.fII,CL2 
IUCUAI? POWER PLANT eVW"ONUll5,ASUE e&PV eOOE,S£( IIl,Ci..3 
'OYt'f:R PIPING (OOE, ANSI B" 1 
lATlOHAL FIRE PROTECTIO'I :;SOCIATION CODE 
:OIll~EAllH Of PENNSYLVANIA CODES AND REGULATIONS 

, ~~~~ZI~A~~R A~:K:' ;T~~~~'o~C.1 
. °10 ",PPLICABlE (ODE (E.6. lURBIN[ PIPING) . , 

5 4 

Gl 
rgd/fl 

L'jj 

~ 

; 
~ 

m 

·~Atl"'~£Q ]P PI(E :..~ r _ 1/ 

DUC~£~ A.!Q 

;> > Pfl[FlllE.~ 

r ~ FlLlf.R 
.t. .AB~utf 
C - c'AHel.lN 

(OOLING Call 

ELECTRIC. I r::t.T[R 

UNIT Hf "TeR 

PNEUMATIC. ELECTRI( SWITCH 

DIRE!,. £)(PA~S'ON COIL 

... ,'" f''H)A\,I~l.' '0f'(>,1 

ot. Oul~lot to,., 
'Ul ... ~" to .. o."<,,,t 
::l{fuQ" t. I< "''''l·l~ 

~l'."H.I)I"'l'N' ri!, 
SAC. '..ur""" ~,R .->Q'\l[ 
:>!.::l -' JI-'~ 'f ~ (, ::.. ,,~fEP 

SD <,:,Pl TT( R :t. ... ;>P'; 

SI !:t0P~.1 , ..... 

.,... :lWllt~ 

lHlK).\l 

1T " rof' R[&I~T[R ')A "", •. 1 
~:;''Vl~,:. lRA,N'jJER Rf(,.S'(e, ')f'l ~Rlllf 

-I '0 . . 

3 

• t~:,'! :,-,v>'l p 

·· .. 1 .Jl4\. ~ 0 ~1 "'lo1 t, t! .. '. ~'" 

'''{LJ'UT.~ .i"~~I: i'>_"[CH_' 

.lo .... f ""." 
1..[)10'" o<-,!:;"rl: :", •. U"(IO' 

... 

.\Iii ,-'-"EII"f:o 

OI:o .... P&.~ ,,'.. DC··.·~ :; .. ~ ~ 

('. ~ _ '.ul-Q' :;:; 

vAN[lol(l'" -""'. 

.. A",(6)(1I" - .... 
(1"'C ST(.o::;£ 

.', ~. I J_:' ~ , I 

',·f..)',' ' .. 
',1:','" _z... 

,~ {'. 'j ... :.'; I. 

FIGURE 11 

SYMBOLS .~ND IDENTIFICATION 
LEGEND 

2 

31 

H 

G 

r 

E 

o 

c 

B 

A 



2. Control panel area (common to the incinerator loading and waste 
sorting area) 

3. In the passageway to the support services area (near the ash 

handling/solidification area) 

; Process monitors will be located on each scrub solution filter and the scrub 

solution blowdown tank to determine the need for changeout of filters and to 
monitor bulk radioactivity of the scrub solution. Effluent monitors will be 

located at the facility HVAC release point and the off-gas release point; 

there will be two monitors at the off-gas release point. The area radiation 

monitors and the process monitors will alarm at the incinerator control 
panel. The effluent monitors will alarm at the incinerator control panel and 

in the Unit 2 main control room. The effluent monitors will be continuously 

recorded. 

Shielding 

Using the values estimated for the isotopic content of incinerator feeda and 

the design basesb specified in this report, shield wall thicknesses were 

estimated. The walls were sized to maintain the following dose limits: 

1. ~0.5 mrem/hr on the outside of the building 

2. ~2.5 mrem/hr in the general working area 

3. (0.5 mrem/hr in office 

4. ~0.1 mrem/hr in frisking area 

a. See Isotopic Consistency, page 8. 

b. See Appendix At page A-I. 
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The estimated wall thicknesses are: 

1. Waste storage area - 15 inches 

2. Ash handling area - 1S inches 

Based on these estimates, the following wall thicknesses were used in this 
study: 

1. Waste storage area - 2 feet 

2. Incinerator area - 2 feet 

3. Ash handling area - 2 feet 

4. Office and frisking area - 6 inches 

5. Filter area - 1 foot 

These wall thicknesses are comparable to what would likely be found in an 

operating power plant. Specifically, several projects were checked regarding 
their waste storage areas and were found to have walls of 2 feet or more in 
thickness. 

An estimate of the dose to an individual due to skyshine from the facility 

was made and was found to be less than 1 mrem per year, which, when combined 
with other sources from the site, will satisfy the requirements of 40 CFR 
Part 190. 

Electrical Power 

Electrical power for the incineration facility will be provided from an 

existing 13.2-kV overhead line via a 13.2-kV to 4S0-V, 3-phase, pad-mounted 

transformer adjacent to the incinerator building. Power from the transformer 

to the incinerator service entrance equipment will be via underground ducts. 



In addition, a second sou~ce of 480-volt power from Unit Substation 2-51 in 
the circulating water pump house will be provided for redundant service to 
the induced draft fans (two) and the scrub solution recirculation and trans
fer pumps (four). Independence of the two power sources is ensured, since 

the electrical source of Unit Substation 2-51 (backup source) is a 230 kV 

grid via station auxiliary power tr·ansformers, and the normal source of 

13.2 kV power is obtained from an offsite sUbstation. This offsite substa

tion is separated from the 230 kV grid by several transformations of voltage. 
A motor control center (Mr~) with a required service entrance disconnect 
switch will be provided to supply all facility electrical loads. A section 

of the MeC will service redundant loads and will l~ connected to the main MGG 
section with an automatic transfer switch. All electrical loads will nor
mally be supplied from the 13.2-kV overhead line. 

Lighting and Communications 

The normal lighting system for the incinerator facility will provide adequate 

illumination levels and convenience power for operating and service condi

tions. In addition, it serves as a distribution system for miscellaneous 
small load requirements. This system consists of a complete distribution 

network of cables, raceways, transformers, lighting panels, lighting fix

tures, receptacles, and switches. Lighting levels will be 20 fc in mechani

cal equipment room areas, 30 fc in process areas, and 100 fc in the office 

area. Exterior lighting levels will be in accordance with existing site 
surveillance requirements. 

An emergency lighting system will provide emergency lighting for egress 

routes and will consist of individual, self-contained, sealed-beam battery 

units (a-hour rated). These battery units are connected to the normal ac 

source to maintain battery charge, and automatically transfer to their 
internal batteries upon loss of ac power. Illumination levels will be as 

required by the Pennsylvania Department of Labor and Industry Fire and Panic 

Regulations. 
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Communications will be provided by equipment ties into the plant public 
address system, an intercom (for internal communications only), and telephone 
service. Telephone service will be provided in the office and at the incin
erator control panel. 

Solidification 

For the incineration facility design option with integral solidification of 
waste ash, a Teledyne Energy Systems (TES) cement solidification system was 

selected. Selection of TES was based on the familiarity of Teledyne with the 
Helix incinerator system and the fact that Teledyne is currently involved 

with the marketing solidification systems that interface with the Helix 

equipment. Bechtel Northern Corporation (BNoC) does not necessarily recom

mend the TES solidification system; however, the space requirements for this 
system are considered to be typical of allowances necessary for other systems. 

The proposed system (refer to Figure 2) will solidify and package the ash in 

50 ft3 li,.ers. The liners will be transferred to the loading dock storage 

area by an electrically driven cart. The filled liners will be transferred 

from the building, using a 5-ton jib crane mounted on the loading dock, by 

lifting the liners over a 7-foot-high shield wall constructed on the outside 
of the building. The major components of the TES system for which a space 

allowance is made are: 

1. Vibrating screw feeder 

2. Continuous processor (mi xer) 

3. Fi 11 head assembly 

4. Cement silo and screw feeder 

5. Transfer cart and turntable 

6. Washdown station 
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7. Drum capper 

8. Shielded viewing window 

9. Master-slave manipulator 

10. Progressing cavity pump 

Ash Handling (Without Solidification) 

For the incinerator facility design option with provisions for packaging the 
waste ash for transport from the building, a similar system to the TES 

solidification system will be used, except that the 50 ft3 liners used for 

solidification will be replaced by 55-gallon drums. In addition, all opera

tions, including the lifting of the drums, will be performed inside the 
building. Instead of mixing cement and water (or blowdown) with the ash, a 
dust suppressant will be added to the ash through the vibrating screw feeder. 

The dust suppressant will prevent dusting and airborne contamination problems 

after the fill head assembly is removed and before the drum is capped. The 

drums will be moved via conveyor through a filling, capping, and swiping 
sequence. If drum decontamination is required, it will be moved to a wash

down station. The washdown station has an integral sump; a sump water 

recirculation pump and filter is provided to permit reuse of the washdown 

water. The filled drum will be lifted over a 7-foot-high shield wall and 
onto a shielded forklift by a l-ton jib crane. The shielded forklift will 
transport the filled drums out Clf the building. A conceptual design of the 

a~h handling system is shown in Figure 3. 

Change Area and Office 

The change area and office will provide space for administrative activities 

and changing of anticontamination clothing. 
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EXPERIENCE FROM EXISTING CONTROLLED AIR INCINERATORS 

In designing a CAl facility for TMI-2, experience from existing or planned 
controlled air incinerators was considered. Knowledge of these incinerators 
was gained through literature, phone conversations, and/or trips to the 
facilities. The incinerator systems studied included those located at the 
Los Alamos Scientific Laboratory (LASL), Savannah River Laboratory (SRL), 
Westinghouse Nuclear Fuel Fabrication, and Ontar)c Hydro's Bruce Nuclear 
Power Development (BNPD) facilities. 

Los Alamos Scientific Laboratory (LASL) 

LASL currently uses a controlled air incinerator to burn transuranic (TRU) 
contaminated wastes. A wet off-gas scrubbing system is used, and a pneumatic 

transport system transfers ash from the incinerator to an ash hopper. 

Separate HEPA filter trains are used for the incinerator process off-gas, and 

for the incinerator building and receiving/sorting glove box exhaust ventila

tion. 

LASL presently uses 15 pounds per hour of steam in the lower (primary) 
incinerator chamber to promote chloride and carbon conversion (as HCl and CO2 

to the off-gas). They will use 150 pounds per hour of steam in the incinera

tor if a fast shutdown is necessary (an emergency quench water tank is used 

for the off-gas portion of the system). Steam has been tried in the inciner
ator as a means of temperature control, but it was found that the temperature 
in the incinerator did not respond well to steam addition. Based on this 

experience, LASL does not recommend that steam be used for temperature 
control. Steam is also not recommended for fire suppression at the incin

erator ram feeder opening due to the steam hitting cold metal; LASL uses 

argon for fire suppression at the ram feeder inlet to the incinerator. a 

a. As a process control, Helix recommends the use of demineralized water 
for this function. 
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The waste feed at LASL normally contains about 30 percent rubber and 10 to 
15 percent PVC; however, blowdown of scrub solution due to neutralization 
salt buildup has not yet been require~. (If required, blowdown because of 

salt buildup in the scrub solution would be actuated by an increase in the 

specific gravity of the scrub solution to approximately 1.15). The reason no 
DI'wdo~n has been necessary due to salt buildup is believed to be because a 
constant blowdown of approximately 1 gallon per minute from the scrub solu
tion is required due to process pump mechanical seal water in~leakage. LASL 
sends all their scrub solution blowdown to a separate onsite liquid radwaste 
facility for processing. 

Waste is loaded into the incinerator at LASL in cardboard boxes. The boxes 
are assayed for transuranic content and are surveyed for metal by an x-ray 

machine prior to incineration; any metal or large noncombustibles are removed 

in a glove box. 

Bruce Nuclear Power Development (BNPD) 

BNPD currently burns low level waste generated from their nuclear power 
utility with a controlled air incinerator. A dry off-gas system is used. 
Ash is gravity dropped from the incinerator into 88 ft3 rectangular boxes, 

which are then manually shut and buried in trenches. Separate HEPA fil~er 

trains are used for the incinerator process off-gas and for the incinerator 

building ventilation exhaust. 

Waste is loaded into the incinerat.or in plastic bags (polyethelene); 530 ft 3 

of waste is loaded and then is burned for approximately 30 hours. The ash is 

then removed and a new 530 ft3 bat.ch is loaded. BNPD has had no problem with 

the plastic bags breaking and causing airborne contamination; however, they 
have had a few "burps" from the incinerator that caused some minor airborne 
contamination. The plastic bags of waste are surveyed prior to incineration 
for metal. If any metal is detect.ed, the bag is sent to be compacted; no 
attempt is made to remove the metall. 

There is no off-gas treatment of alcid gases from burning PVC and rubber at 
BNPD; only ab~ut 1.5 percent PVC is burned, however. 
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Savannah River laboratory (SRl) 

SRl is presently developing two controlled air incinerators, one for TRU 
waste and one for low-level contaminated waste. The following information is 

based on the 1 ow-l eve 1 waste inc: i nerator. 

The SRl incinerator will use a dry off-gas system. The dry off-gas system 
will neutralize HCl and S02 by the addition of Na2C03; approximately 8 per
cent PVC and 19 percent rubber are expected to be burned. The waste will be 
loaded into the incinerator in cardboard boxes. The boxes will be surveyed 

by x-ray for metal or other large noncombustibles; if any are found the box 

will be sent back to the SRL waste packaging facility for repackaging. Ash 

will be gravity loaded from the incinerator into drums. SRL will use steam 

for carbon conversion and temperature control in the incinerator. 

Westinghouse 

Westinghouse presently uses a controlled air incinerator to burn uranium 

contaminated waste at their Nuclear Fuel Fabrication Facility in Columbia, 

s.C. A wet off-gas scrubbing system is used. Waste is loaded into the 
incinerator in plastic bags. Ash is manually scraped into 5-gallon drums 
from the incinerator. Steam is used for carbon conversion and fire suppres
sion at the incinerator ram feeder opening. Westinghouse has not had to 
blowdown their scrub solution due to salt buildup since PVC material is not 
included in the waste feed. No x-ray is performed on the input waste, only a 
visual search is d~ne. 

39 



ilIi . 

DESIGN ASSESSMENTS 

The following are assessments of the effect of waste composition on incinera
tion volume reduction with and without solidification, the effect of environ
mental releases on the incinerator building exhaust filtration, and the 
effects of alternate isotopic content of the waste feed on building HVAC and 
shielding requirements. An evaluation of quality assurance requirements for 
the incinerator facility is also given. 

Effect Of Waste Composition 'On Incineration Volume Reduction 

Without Solidification 

Volume reduction factors for waste incineration have typically ranged from 
20:1 (waste to ash) to as high as 100:1 and more, depending on the density 
and composition of the waste being burned. The Los Alamos Scientific Labora
tory (LASL) incinerator has experience~ volume reduction factors normally in 
the range of 40:1 to 50:1. Helix advertises a volume reduction of 40:1 for 
their incinerator. Since the Helix inciner~tor is based on the LASL CAl 
process, a 40:1 volume reduction of waste to ash is considered likely at 
TMI-2. However, blowdown waste caused by burning PVC and rubber adversely 
affects the high volume reduction achieved by incineration. The volume of 
blowdown created from salt buildup in the scrub solution due to incineration 
of PVC and rubber is estimated to be at least equal to the volume of PVC and 
rubber originally incinerated. 5 The volume of blowdown will probably be 
greater than this, depending on the weight percentage of salt build up 
allowed in the scrub solution (from 3 percent to 10 percent by weight); Helix 
recommends 3 percent as a conservative amount to protect against corrosion. 
Volume reduction factors associated with the incineration of resins are 
expected to be approximately 15:1; no appreciable by-products are expected 
from the burning of waste oil. Assuming that 9 percent of the total TMI-2 
combustible waste quantity (not including resins and waste oil) is PVC and 
rubber,a and assuming a volume reduction factor of 15:1 for resin, complete 
volume reduction for oil, and 40:1 volume reduction for all other waste, an 

a. See Waste Form, Table 1 and Table 2, pages 6 and 7. 
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overall volume reduction factor (waste to ash and blowdown) of 10:1 is 
achieved. If other nonsulphur-chlorine materials (e.g., polyethelene, cloth, 

etc.) are substituted for the PVC and rubber wastes, an overall volume 

reduction of approximately 46:1 (waste to ash) could be achieved. 

A brief investigation indicates that all PVC items are replaceable, but some 

of the substitutes are different in shape, texture, and/or form. It is also 
known that at least one other utility (Duke Power) has plans for a PVC 

reduction program. The cost of such a program has not been investigated. 

With Solidification 

Based on typical cement solidification of waste, a volume increase of ap

proximately one and two-thirds can be expected. The effective volume reduc
tion yielded by solidification of incineration by-products with cement is 

expected to be 6:1 when PVC and rubber are burned, and 27:1 when PVC and 
rubber are replaced by other materials. The use of Dow polymer media, 

however, may improve the effective volume reduction yielded with solidifica

tion. If solidification is required, other methods and media for ash solidi

fication should be investigated during detailed design engineering. 

Effect Of Environmental Releases On Incinerator Building Exhaust Filtration 

The annual offsite dose resulting from routine airborne releases from the 

incinerator facility via the normal HVAC system was estimated, based on an 
unfiltered exhaust flow rate Of 18,000 cfm. Following an approach taken in 

the Programmatic Environmenta"l Impact Statement (PEIS),6 the airborne radio

nuclide source term released via the normal HVAC system was assumed to be 

0.1 percent of the incinerator throughput. A reassessment of this (0.1 per

cent) souV'ce term, based on applicable industry experience and/or regulatory 

guidance (if available), should be made during detailed engineering to 

determine if a lower release fraction is justified. 
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The total radioactivity handled was based on an incinerator feed rate of 
350 lbs/hr, 24 hours per day, 5 days per week, 52 weeks per year. The 

isotopic concentration used was as given in the waste stream characterization 

section of this report. 

Using the TMI-2 Offsite Dose Calculation Manual ,7 the annual dose at the 

nearest residence was calculated to be 1.54 mrem due to inhalation. Based on 
the Offsite Dose Calculation Manual and the PElS, the annual dose at the 
nearest residence due to the vegetable path is as much as a factor of 100 

greater than that due to inhalation. This would exceed the allowable dose of 

15 mrem annually to any organ due to airborne releases. Therefore, based on 

this and the assumptions stated above, filters are required in the building 

ventilation exhaust. These filters will reduce the offsite dose by at least 

a factor of 103 • 

Effect Of Alternate Isotopic Content Of Incinerator Feed On Building 

HVAC and Shielding 

The isotopic content of incinerator feed used in the environmental release 

analyses equates to approximately 400 Ci per year going through the facility 

and is believed to be conservatively high. If the quantity of radioactivity 

to be processed through the facility was 50 Ci per year, the offsite dose 
from inhalation would be approximately 0.2 mrem/yr, with a dose from the 

vegetable pathway up to 20 mrem/yr. This would exceed allowable limits, and 
filters would still be required on the building exhaust. The shield wall 

thicknesses, however, would probably be reduced, in most cases, by up to 

7 inches. 
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LICENSING 

The incinerator facility will require various permits and approvals in order 

to be built and operated. The permits and approvals will need to be obtained 

from both the state and the NRC, as described below. Also discussed are the 

major requirements impacting the incinerator facility. 

State 

The Pennsylvania Department of Environmental Resources COER), requires 

permitting or written approval for the construction, assembly, installation, 

modification, or operation of any stationary source of air contamination. 

There are two permits, nne to construct and one to operate. 

The permit application for construction will need to address the following: 

1: The location of the source 

2. Information necessary to evaluate the air contamination 

aspects of the source 

3. Details of the monitoring, emission record keeping, and 

operating conditions should be described to show their ade
quacy 

4. Proof of compliance with all applicable laws and regulations, 

state and federal, concerned with air pollution control 

5. An indication that the emissions from the new source will be 

the minimum attainable using the best available control 

technology 

The permit application for operation will need to address the following, in 
addition to the items addressed in the construction permit application: 

1. Information for a total evaluation of the potential source 
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2. Proof of compliance with the construction permit 

The following are the emission limitations set by the Pennsylvania DER, Title 

25, Chapter 123. 8 The particulate emission standard is specific to incin
erators while the others are general maximum limitations not specific to any 
facility type. 

1. Particulate emissio~~ ~0.1 grain/dry standard cubic foot 
corrected to 12 percent CO2 

2. 502 emissior.s ~500 ppm, by volume (dry basis) 

3. Visible emissions <20 percent opacity for at least 57 minutes 

in any continuous GO-minute period, and at all times <GO 
percent opacity 

Appropriate building permits from the Pennsylvania Department of Labor and 

Industry (DOLI) and Londonderry Township will also be required. 

Nuclear Regulatory Commission (NRC) 

10 CFR Part 20, paragraph 20.305, Treatment or Disposal by Incineration,9 
requires that the NRC approve the operation of the incinerator. In order to 
obtain this approval, a formal license amendment request to the NRC will be 
made in accordance with 10 CFR 50, paragraph 50.90, Application for Amendment 
of License or Construction Permit. 

This application will include a Technical Evaluation Report (TER). The TER 

will serve as the safety analysis of the facility anG will address the 

following areas: 

1. Environmental releases to show compliance with 10 CFR Part 20, 
Appendix Band 10 CFR Part 50, Appendix I 

2. Test data to support release analysis 
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3. Design of the i nci nerator system and test data to support 
capability of the system 

4. Design of the facility, including interface with existing 
facilities on site 

5. Monitoring provisions 

6. ALARA considerations 

7. Description of the operation of the system 

8. Appropriate accident analyses 

The NRC review of the TER will result in questions that will need to be 

answered by the applicant. Upon satisfactory responses to their questions, 

the NRC will issue a Safety Evaluation Report and grant approval for the 

operation of the facility. 

At this time, it is not known if public hearings on the incinerator will be 

required. Since the Programmatic Environmental Impact Statement (see Refer

ence 6) addresses an incinerator as part of the overall recr'''eryeffort, 

there are grounds for the NRC to rule that no public hearings will be 

requi red as long as the proposed facil ity is withi n the bour~ds specifi ed in 

the PElS. However, it is likely that public hearings will be conducted 

during the licensing of this facility. 

It is not expected that a license application in accordance with 10 CFR 

Part 30, Rules of General Applicability to Domestic Licensing of By-produc:t 

Material, will be required. This is primarily due to the facility being 

addressed in the PElS. 
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The major NRC requirements and guidelines applicable to the incinerator 
faci 1 ity are: 

1. 10 CFR Part 20, Standards for' Protection Against Radiation -

establishes radiation limits for various areas of the facility 

2. 10 CFR Part 50, Paragraph 50.34a, Design Objectives for Equip
ment to Control Releases of Radioactive Material in Effluents -

Nuclear Power Reactors - identifies information pertaining to 

equipment required to be included in applications 

3. 10 CFR Part 50, Paragraph 50.36a, Technical Specifications on 

Effluents from Nuclear Power Reactors - establishes operating 

limits on effluents 

4. 10 CFR Part 50, Appendix A, General Design Critiera for Nuclear 

Power Plants - identifies general requirements the facility 

must satisfy 

5. 10 CFR Part 50, Appendix I, Numerical Guides for Design Objec

tives and Limiting Conditions for Operations to Meet the 

Criterion liAs Low As Is R~asonably Achievable" for Radioactive 

Material in Light-Water-Cooled Nulcear Power Reactor Effluents 

establishes the environmental release limits which result in 

HEPA filters on the building exhaust 

6. Regulatory Guide 1.21, Measuring, Evaluating, and Reporting 

Radioactivity in Solid Wastes and Releases of Radioactive 

M&terials in Liquid and Gaseous Effluents from Light-Water

Cooled Nuclear Power Plants - establishes need for effluent 

monitors 

7. Regulatory Guide 1.143, Design Guidance for Radioactive Waste 

Management Syst~ms, Structure!;, and Components Installed in 
Light-Water-Cooled Nuclear POirier Plants - results in the 
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building foundation being designed for the operating basis 

earthquake, and results in high level alarms in the TMI-2 main 

control room for each tank that contains radioactive liquid 

8. Regulatory r.\..iide 8,8; Information Relevant to Ensuring That 

Occupational Exposure at Nuclear Power Stations Will Be As Low 

As Is Reasoliably Achievable - provides informat~on relevant to 

minimizing occupational radiatiun ex~osures 

9. Branch Technical Position A~B 9.5-1, Guidelines for F ;.: 

Protection for Nuclear Power Plants - used to establish fire 

protection requirements 

Environmental Protection Agency (EPA) 

There are no permits from EPA required for the facility primarily because of 

its size and the fact that the NRC will regulate it. The following EPA 

regulation, however, is applicable to the facility: 

40 CFR Part 190, Uranium Fuel Cycle Standard, limits the total dose 

to any member of the general public from all sources of radiation 

from the fuel cycle to 25 mrem per year. 
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QUALITY ASSURANCE REQUIREMENTS 

Quality assurance requirements for design, procurement, fabrication, and 

construction of the incinerator facility will be based on the quality control 
provisions of applicable codes and standards, and the guidelines presented in 
NRC Regulatory Guide 1.143. 

The quality assurance provisions outlined in Regulatory Guide 1.143 can be 

summarized as follows: 

Design, procurement, fabrication, and construction activities shall conform 

to the quality control provisions of applicable codes and standards. In 

addition, or where not covered by the referenced codes and standards, the 

following quality assurance features shall be established: 

1. System Designer and Procurer 

a. Design and Procurement Document Control--Design and pro

curement documents shall be independently verified for 

conformance to established requirements by individual(s) 

within the design organization who are not the originators 

of the document. Changes to these documents shall be 
verified or controlled to maintain conformance to this 

standard. 

b. Control of Purchased Material, Equipment, and Services-

Measures shall be established to ensure that suppliers of 
material, equipment, and construction services are supply

ing these items to the quality specified in the procurement 

documents. This may be done by an evaluation or survey of 

the supplier's products and facilities. 

c. Handling, Storage, and Shipping--Instructions shall be 
provided in procurement documents to control the handling, 
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storage, shipping, and preservation of material and equip' 
ment to prevent damage, deterioration, and reduction of 
cleanliness. 

2. System Construction 

a. Inspection--In addition to required code instructions, a 

program for inspection of activities affecting quality 

shall be established and executed by or for the organi

zation performing the activity to verify conformance with 

the documented instructions, procedures, and drawings for 

accomplishing the activity. This shall include the visual 
~, 

inspection of components, prior to the installation, for 

conformance with procurement documents, and the visual 

inspection of items and systems following installation, 

cleaning, and passivation (where applied). 

b. Inspection, Test, and Operating Status--Measures shall be 

established to provide for the identification of items 

which have satisfactorily passed required inspections and 

tests. 

c. Identification and Corrective Action for Items of Noncon

formance--Measures shall be established to identify items 

of nonconformance with regard to the requirements of the 

procuremen~ documents or applicable codes and standards, 

and to identify the remedial action taken to correct such 

items. 

Regulatory Guide 1.143 also provides direction relative to specific code 

applications. These guidelines are presented in Table 4. 

Other design, construction, and performance guidelines for operation of low 

level waste volume reduction processing systems have been proposed. One such 

standard is currently being dev,eloped by the ANS Standards Committee. 10 

Where practical, appropriate recommendations from applicable standards will 

be followed. 
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TABLE 4. EQUIPMENT CODES 

Welder 
Design and 

Materialsa Qualification Inspection 
Equipment Fabrication and Proceduyoes and Testing 

Pressure vessels ASME Code ASME Code ASME Code ASME Code 
Section VIII, Div. 1 Section II Section 1)( Section VIII, Oiv. 1 

Atmospheric tanks ASHE Code b ASME Codec ASHE Code ASHE Codeb 
Section III, Class 3, Sect i on II Section 1)( Section III, Class 3, 
or API 650, or API 650, c 
or AWWA D-I00c or AWWA 0-100 

0-15 psig tanks ASME Code b ASME Codec ASHE Code ASHE Codeb 

Section II!, Class 3, Sect ion II Section 1)( Section II!, Class 3, 
or API 620 or API 620 

Heat exchangers ASHE Code ASHE Code ASME Code ASHE Code 
Section VIII, Div. 1 Sect i on II Section 1)( Section VIII, Div. 1 
and TEMA 

Piping and valves ANSI B31.1 ASTM and ASHE ASHE Code ANSI B31. 1 
Code Section II Section 1)( 

Pumps Hanufactu8ers' ASHE Code b ASME Code ASHE Code 
standards Section II or Section 1)( Section III, Class 3 

manufacturers' (as required) or Hydraulic Institute 
standards 

aManufacturers' material certificates of compliance with material specifications may be provided in lieu of 
bcertified material. 

ASME Code stamp, material traceability, and the quality assurance criteria of Appendix B to 10 CFR Part 50 
are not required. Therefore, these components are not classified as ASHE Code Class 3. 

CFiberglass-reinforced plastic tanks may be used in accordance with appropriate articles of Section 10 of 
dthe ASME Boiler and Pressure Vessel Code for applications at ambient temperature. 
Manufacturers' standard for the intended service. Hydrotesting should be 1.5 times the design pressure. 



SCHEDULE 

An engineering, procurement, iind construction schedule for the CAl facility 

option without ash solidification (ash handling only) is presented in Figure 

12. The total construction duration reflected is 14 months. The total 

duration from design start to facility availability is 35 months. 

Although not included here, the engineering, procurement, and construction 

schedule for the CAl facility option with ash solidification contains the 

same logic and durations for all activities, except those associated with 

line 23 of the schedule. Duration for delivery of a solidification system 

(line 23) is approximately three months longer than that shown for the ash 

handling system. Nevertheless, the purchase and installation date for this 

rystem is early enough so that the critical path (discussed below) and 

overall schedule are not affected. 

Key assumptions made in the development of this schedule include: 

1. NRC approval of the Technical Evaluation Report (TER) is not 

required to start construction or testing. 

2. The one year NRC review/approval period is only an assumption. 
1 

3. Review by other agencies (e.g., Department of Environmental 

Resources) is not controlling. 

4. Estimates of delivery for incinerator process equipment are 

based on typical CAl offerings. Lead times for the ash han

dling (six months) and ash solidification (nine months) systems 

are based on data obtained from Teledyne Energy Systems. 

Construction durations for these items are estimates based on 

available system information; actual durations will depend on 

the systems procured. 
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5. The power transformer is supplied by Met-Ed, and is currently 

available onsite. 

6. The issue for bids, receive/evaluate bids, and award P.O. cycle 
for a majority of the components/systems (exclusive of the 

incinerator and ash handling/ash solidification) is 
accelerated. The accelerated schedule for these items assumes 
readily available, "catalog type" equipment. 

7. Normal engineering, procurement, and construction activity time 
durations are assumed. DOE/EG&G involvement is assumed to have 

no impact. 

Critical path items include the following: 

1. Incinerator process equipment (specification development and 

procurement (bid/eval/award» 

2. Pre-engineered building (specification and drawing development, 

procurement (P.O. award), and installation) 

3. Civil design and construction (foundation design and shield 

wall installation) 

4. HVAC installation 

5. Instrumentation installation 

6. Final testing, checkout, and system turnover 

Although not indicated on the schedule, because an incinerator facility has 
not been licensed previously, and because the time to do so is unknown, 
licensing may become a critical path item. 
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COST 

Cost Summary And Assumptions 

Tables 5 through 10 present costs for CAl facilities with provisions for 

either ash handling or ash solidification. Costs are based on two engineer
ing start dates. November 1. 1981. and April 1. 1982. The latter date allows 
for contract negotiations between EG&G/OOE and GPUSC. and provides more 

flexibility relative to cost assessment. Assumptions used in developing 
these estimates include the following: 

1. Cost estimates for the incinerator are based on typical CAl 

offerings. Cost estimates for the ash handling and ash solidi
fication systems are based on data obtained from Teledyne 
Energy Systems. 

2. Costs associated with a six-month demonstration period, directly 

after Owner acceptance of the facility. have been included. 

These operating and maintenance costs are based on information 

provided to BNoC by GPU; this information is presented in 

Appendix B. Operating and maintenance costs after this initial 
demonstration pel;"d are n~t included. 

3. Contingency is applied at 10 percent on BNoC services, GPU 

services. the incinerator. and ash handling/ash solidification 

equipment. Contingency is applied at 25 percent on the remain

der of the mechanical equipment, all manual labor, civil, 

piping, electrical, and controls materials and subcontract 
work, and field nonmanual labor. 

4. The estimates are given in escalated dollars. Escalation is 

app 1i ed at 10 per(;ent per year to the Genter of each fiscal 

year. 
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5. Cost estimates do not include any GPU surcharges for R&D
related contracting. Under the current contract provisions, 

these surcharges would apply to the controlled air incinerator. 

The following equipment will be required for operation of the proposed 
incinerator facility. However, costs are not included in this estimate. 

1. 55-gallon drums (for trash and ash transport) 

2. Lead pig for radiation swipes 

3. 50 ft3 liners (for solidification) 

4. Demineralized water and fuel oil trucks 

5. Drum and liner transport trucks 

6. Portable sump pump 

7. Hand-held radiation counter (for personnel monitoring) 

8. Cleanup materials (mops, buckets, etc.) 

9. Blowdown disposal (if not solidified) 

Major Cost Uncertainties 

There are currently three major areas of uncertainty that may affect the 

overall cost estimates provided herein. These areas include the incinerator 
system, blowdown system, and chemical addition provisions. 

1. As noted in the Introduction, the conceptual design of the 
incinerator facility is based on space allocation and support 

services requirements for the installation and operation of a 
Helix CAl. Based on discussions with Helix and other CAl 
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suppliers and operators, there is reason to believe that there 
are st'ill a significant number of unknowns relative to equip

ment supply and system function, operation, and performance of 

the beta-gamma CAl. 

2. An estimate of wastes expected to be generated at TMI-2 during 

recovery operations showed that approximately 8.1 percent (by 
weight) of the wastes generated wou'ld be in the form of poly
vinyl chloride (PVC) and rubber. Based on typical incinerator 

wet scrubbing systems and the expected TMI-2 generation rate of 

this waste, approximately 7,500 gallons of contaminated liquid 

blowdown per week would be generated. In order to reduce this 

blowdown to a quantity that could be solidified with cement, in 

two 50 ft3 liners per week, the amount of PVC and rubber would 
have to be limited to approximately 0.5 percent (by weight) of 

the total weekly waste quantity. If administrative controls 

could not be established to restrict the amount of PVC and 
rubber waste to approximately 0.5 percent (by weight), added 

system costs would be incurred. 

3. Associated with the burning of PVC and rubber with a wet 

off-gas system is the necessity of adding caustic solution. 
The caustic solution addition required (0.25 percent NaOH) for 
8.1 percent (by weight) PVC and rubber waste incineration would 
be on the order of 750 gallons per week. By assuming restric

tions on PVC and rubber burning at TMI-2, the caustic addition 
necessary is held to approximately 25 gallons per week, thereby 

reducing caustic solution preparation complexity and costs. 

Increases beyond this 25 gallon per week limit may involve the 
addition of more sophisticated caustic addition techniques . 
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TABLE 5. CONTROLLED AIR INCINERATOR WITH SOLIDIFICATION 
PROJECT COST PERCENTAGES 

Bui 1 d-j ng Equipment/Systems 

o Concrete 
o Architectural and Other CiV11 
o Air Handling 
a Common Piping and Equipment 
o Building Control System 
o Lighting and Other Electrical 
o Fire Protection System 

Total 

Incinerator Systems 

o Materials Handling 
o He1 ix Incinerator System 
o Ash Handling or Solidification 
o Closed Cooling Water System 
o Demineralized Water System 
o B1owdown System 
o Fuel Oil System 

Total Facil ity 

Percent of Total 
Bldg. Eguip./Sys. 
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27.0 
16.0 
11. 0 
2.0 
7.0 

33.0 
4.0 

100.0 

Percent of 
Total Incinerator 

33.0 

2.0 
42.0 
20.0 
1.0 
1.0 
0.5 
0.5 

67.0 

100.0 
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TABLE 6. CONTROLLED AIR INCINERATOR WITHOUT SOLIDIFICATION 
PROJECT COST PERCENTAGES 

Building Equipment/Systems 

o Concrete 
o Architectural and Other Civil 
o Air Handling 
o Common Piping and Equipment 
o Building Control System 
o Lighting and Other Electrical 
o Fire Protection System 

Total 

Incinerator Systems 

o Materials Handling 
o Helix Incinerator System 
o Ash Handling or Solidification 
o Closed Cooling Water System 
o Demineralized Water System 
o Blowdown System 
o Fuel Oil System 

Total 

Total Facility 

Percent 01 Total 
Bldg. Equip./Sys. 

58 

27.0 
16.0 
11.0 
2.0 
7.0 

33.0 
4.0 

100.0 

Percent of 
Total Incinerator 

37.0 

2.5 
47.5 
10.0 
1.0 
1.0 
0.5 
0.5 

63.0 

100.0 



TABLE 7. SOLIDIFICATION - START ENGINEERING 11-1-81 
(Dollars In Thousands) 

Fiscal Year 

1982 1983 1984 1985 
Building 

Cash Flow 630 570 
Commit 

Equipment 

Cash Flow 2,500 1,585 
Commit 2,000 1,200 

Support 

AlE - Cash Flow HO 740 1,180 460 
Constr. Mgmt., Cash Flow NM 85 190 

Subtotal 740 4,455 2,805 

Contingency on Above 75 625 450 

Subtotal 815 5,080 3,255 

Escalation on Above 70 970 1,010 

Subtotal 885 6,050 4,265 

Roundoff 15 (50) 35 

Total Faci 1 i ty 900 6,000 4,300 

Owner Costs Prior to Acceptance 135 220 640 

Contingency 15 20 65 

Escalation 15 45 220 

Owner Subtotal 165 285 925 

Owner Costs During Demonstration 760 

Escalation 315 

Owner Total 165 285 925 1,075 

59 

Total 

1,200 

4,145 

2,380 
275 

8,000 

1,150 

9,150 

2,050 

11,200 

0 

11,200 

995 

100 

280 

1,375 

760 
I. 

315 

2,450 
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TABLE 8. 

Building 

Cash Flow 
Commit 

Equipment 

Cash Flow 
Commit 

Support 

AlE - Cash Flow HO 
Constr. Mgmt .• Cash 

Subtotal 

Contingency on Above 

Subtotal 

Escalation on Above 

Subtotal 

Roundoff 

Total Faci 1 ity 

NON-SOLIDIFICATION - START ENGINEERING 11-1-81 
(Dollars In Thousands) 

Fiscal Year 

1982 1983 1984 1985 

610 550 

2,555 1,000 
2,000 600 

700 1,080 440 
Flow NM 85 180 

700 4,330 2,170 

70 610 380 

770 4,940 2,550 

65 945 790 

835 5,885 3,340 

15 15 10 

850 5,900 3,350 

Owner Costs Prior to Acceptance 135 220 640 

Contingency 15 20 65 

Escalation 15 45 220 

Owner Subtotal 165 285 925 

Owner Costs During Demonstration 760 

Escalation 315 

Owner Total 165 285 925 1,075 

60 

Total 

1,160 

3,555 

2,220 
265 

7,200 

1,060 

8,260 

1,800 

10,060 

40 

10,100 

995 

100 

280 

1,375 

760 

315 

2,450 



TABLE 9. SOLIDIFICATION - START ENGINEERING 4-1-82 
(Dollars In Thousands) 

Fiscal Year 

1982 1983 1984 1985 
Building 

Cash Flow 290 800 110 
Commit 110 

Equipment 

Cash Flow 285 3,800 60 
Commit 2,000 

Support 

AlE - Cash Flow HO 420 1,280 570 110 
Constr. Mgmt., Cash Flow NM 235 40 

Subtotal 420 1,855 5,405 320 

Contingency on Above 40 270 780 60 

Subtotal 460 2,125 6,185 380 

Escalation on Above 40 405 1,920 150 

Subtotal 500 2,530 8,105 530 

Roundoff 20 (5) 20 

Total Facility 500 2,550 8,100 550 

Owner Costs Prior to Acceptance 70 140 460 325 

Contingency 5 15 45 35 

Escalation 5 30 155 145 

Owner Subtotal 80 185 660 505 

Owner Costs During Demonstration 760 

Escalation 31'i 

Owner Total 80 185 660 1,600 
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Total 

1,200 

4,145 

2,380 
275 

8,000 

1,150 

9,150 

2,515 

11 ,665 

35 

11,700 

995 

100 

335 

1,430 

760 

335 

2,525 
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TABLE 10. NON-SOLIDIFICATION - START ENGINEERING 4-1-82 
(Dollars In Thousands) 

Fiscal Year 

1982 1983 
Building 

1984 1985 Total 

Cash Flow 280 780 100 1,160 
Commit no 

Equipment 

Cash Flow 290 3,215 50 3,555 
Commit 2,000 

Support 

AlE - Cash Flow HO 400 1,175 540 105 2,220 
Constr. Mgmt., Cash Flow NM 230 35 265 

SUbtotal 400 1,745 4,765 290 7,200 

Contingency on Above 40 260 710 50 1,060 

Subtotal 440 2,005 5,475 340 3,260 

Escalation on Above 35 385 1,700 135 2,255 

Subtotal 475 2,390 7,175 475 10,515 

Roundoff 25 10 (25) (25) (15) 

Total F-acil ity 500 2,400 7,150 450 10,500 

Owner Costs Prior to Acceptance 70 140 460 325 995 

Contingency 5 15 45 35 100 

Escalation 5 30 155 145 335 

Owner Subtotal 80 185 660 505 1,430 

Owner Costs During Demonstration 760 760 

Escalation 335 335 

Owner Total 80 185 660 1,600 2,525 
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SUMMARY 

Potential Problems 

Although design and operational experience from several incinerator facili
ties has been considered in the preparation of this conceptual design, 

several areas are highly dependent on actual incinerator system selection and 
waste composition (type and form). The Helix Process Systems' Low Level 

Combustible Waste Incineration System has not yet been demonstrated. How

ever, based on what is currently known about the Helix offering and TMI-2 
wastes, the following considerations should be noted. 

Waste Form 

A large amount of waste that will be incinerated at TMI-2 will be compacted. 

Even though unloading of compacted waste from drums will result in some 

decompaction, the density of this waste is expected to be about 18.2 pounds 

per cubic foot, which is greater than that of noncompacted waste (8.5 pounds 
per cubic foot).a This higher density waste will require a longer burning 

time and may present problems in obtaining complete combustion. 

Regarding waste decompaction, the compacted drum unloading process proposed 

for the facility has not been tested with typical TMI-2 compacted waste. The 

process is based on standard industry practice for unloading compressed mate
rial. Unsatisfactory compacted drum unloading may require variation of this 
operation. 

Waste Type 

The estimate of the wastes expected to be generated at TMI-2 during recovery 
operations showed that approximately 8.1 percent (by weight) of the wastes 

generated would be in the form of polyvinyl chloride (PVC) and rubber. b 

Based on typical incinerator wet scrubbing systems and the expected TMI-2 

a. See Waste Form, Table 1 and Table 2, pages 6 and 7. 

b. See Waste Form, Table 2, page 7. 
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generation rate of this waste, approximately 7,500 gallons of contaminated 
liquid blowdown per week would be generated. In order to reduce this blow
down to a quantity that could be solidified with cement in two 50 ft3 liners 
per week, the amount of PVC and rubber would have to be limited to approxi

mately 0.5 percent (by weight) of the total weekly waste quantity. If 

administrative controls could not be established to restrict the amount of 
PVC and rubber waste to approximately 0.5 percent (by weight), added system 
operating costs and possible corrosion problems will be incurred. 

Associated with the burning of PVC and rubber with a wet off-gas system is 

the necessity of adding caustic solution. The caustic solution addition 

required (0.25 percent NaOH) for 8.1 percent (by weight) PVC and rubber waste 

incineration would be on the order of 750 gallons per week. By assuming 

restrictions on PVC and rubber burning at TMI-2, the caustic addition neces

sary is held to approximately 25 gallons per week, thereby reducing caustic 

solution preparation complexity and costs. Increases beyond this 25 gallon 

per week limit may involve the addition of more sophisticated caustic addi

tion techniques. 
Incinerator System 

As previously noted, the conceptual design of the incinerator facility is 

based on space allocation and support services requirements for installation 

and operation of a Helix CAl. Based on discussions with Helix and other CAl 

suppliers and operators, there is reason to believe that there are still a 
significant number of unknowns relative to equipment supply and system 

function, operation, and performance of the beta-gamma CAl. 

The actual expected 1 ife of the Y'efractory mat~ri al has not yet been estab

lished. One of the research and development aspects of an incinerator 

facility at TMI-2 would be the m€!asurement of the degree to which radioactive 

material is retained in the refralctory. It is probable, howevet·, that the 

incinerator refractory will not last for the design life of the incinerator 

facility (10 years). If replacement of the refractory requires removal of 

the incinerator from the buildin~I, extensive building disassembly (e.g., roof 

and roof support s~ctions) and radiological controls will be required . 
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Recommendations 

As discussed previously in this report, incineration of PVC and rubber in the 

quantities expected for TMI-2 operations will result in large volumes of 

scrub solution blowdown which must be disposed of as liquid radwaste. Based 

on currently limiteL TMI-2 liquid radwaste processing capabilities and the 

uncertainty of future liquid radwaste processing plans, processing of large 

quantities of liquids from the incinerator is considered unacceptable. 

Blowdown solution could possibly be used for other solidification processes 

at TMI-2 besides ash solidification. However, alternate applications are 

presently undefined. The total volume reduction achieved with incineration 

of PVC and rubber is not expected to be as high as the condition where PVC 

and rubber is eliminated from the waste streama ; corrosion possibility is 

also minimized without the burning of PVC and rubber. It is therefore 

recommended that PVC and rubber be administrative11 eliminated from the waste 

sent to the incinerator facility, and that other options for resolving this 

blowdown problem be investigated. 

Use of a dry off-gas scrubbing system will eliminate the need for processing 

blowdown scrub solution. By this method, salts formed from the neutraliza

tion of burning PVC and rubber are collected in a dry state, suitable for 

immediate solidification. At the Savannah River Laboratory (SRL) incinera

tor, where a dry off-gas system is planned, a volume reduction of 20:1 is 

anticipated, with a PVC and rubber content in excess of that expected at 

TMI-2. Consideration of a dry off'-gas system is recommended to alleviate 

waste feed or blowdown limitations at TMI-2. 

The use of steam in the incinerator should be considered to promote carbon 

conversion from the waste ash and thereby increase volume reduclion. Los 

Alamos Scientific Laboratory (LASL) presently uses about 15 pounds per hour 

of steam in their incinerator for this purpose, and SRL plans on using 10 to 

15 pounds per hour of steam in their incinerator. However, since there is 

presently no steam service near the proposed incinerator facility location, a 

local steam supply would have to bE! incorporated at the incinerator facility. 

a. See Design Assessments, page 40. 
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The cost of a steam generator versus increased volume reduction should be the 
object of future study. (Note: Helix presently doe~ not use steam in their 
incinerator.) 

The following items are not included in the scope of this report. However, 

in order to optimize incinerator facility design, operation, and/or main
tenance provisions, additional study is recommended: 

1. Direct removal of heat generated by the incinerator via a 

shroud design instead of handling heat load by the HVAC 

2. Installation of a heat recovery system to use heat generated 

from the incinerator for building heat, steam generation, etc. 

3. Replacement of scrub solution filters with permanent back
flushable filters 

4. Disposal of blowdown solution if not used for solidification 

5. Deletion of off-gas effluent opacity monitoring with HEPA 

filtration in favor of HEPA filtration (only) 

6. Use of potable or well water in lieu of demineralized water for 

the incinerator and incinerator support systems 

7. Investigation of 10 CFR 61 for ash solidification criteria and 
HIC applicability 

8. Use of small HEPA filters in selected locations instead of one 

large HEPA filter for the whole building air flow 

9. Consideration of additional sumps in the facility 

10. Side-loading incinerator ram feeder versus top-loading design 
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11. Alternative incinerator ram feeder quench options 

12. Inve&tigation of other solidification media besides cement 

13. The possibility of locating the facility east of the Interim 
Solid Waste Staging Facility (ISWSF)· 

14. Reassessment of the 0.1 percent airborne radionuclide source 
term 

15. Eliminating NRC Regulatory Guide 1.143, seismic applicability 

to the facility, or limiting application to scrubber system/ 

contaminated liquid system areas. 
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APPENDIX A 

INCINERATOR FACILITY CRITERIA 

The conceptually designed controlled air incinerator (CAl) facility described 
in the text of this report is based on the following criteria; these criteria 
are compatible with most aspects of the Los Alamos Scientific Laboratory 
(LASL) incinerator design, except in the area of scrub solution blowdown: a 

1. Purpose 

The purpose of the incinerator facility is to demonstrate the controlled air 
incineration process developed at Los Alamos Scientific Laboratory as a 

viable method for low-level radioactive waste incineration at a commercial 

nuclear facility. The incinerator facility will be temporary with a proposed 

lifetime of 10 years. 

2. F'Jnction 

The function of the incinerator facility is to reduce, by incineration, the 

large volume of tow-level combustible raJwaste expected to be generated from 
cleanup and normal operations at TMI-2. The incinerator facility will either 

have provisions for solidification of the ash at the facility, o~ have provi
sions for packaging the ash for transport to an undefined location. 

3. Interfaces With TMI Services 

The incinerator facility will interface with the following existing plant 

systems: 

3.1 Demineralized Water System 

Demineralized water will be obtaiined from the existing plant demineralized 

water system to supply all water needs of the incinerator facility. Water 

a. See Experience From Existing Controlled Air Incinerators, page 37. 
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will be transported by tank truck to an outside storage tank located adjacent 
to the incinerator facility. 

3.2 Fire Protection 

Alarms from the building fire detection system will interface with the 
existing plant fire detection system in the Unit 2 main control room. Fire 

water will be provided via a tie-in to the existing plant system. 

3.3 Communication System 

The building communication system will interface with the existing plant 

public address system to provide coordinated activity between the incinerator 
facility and the remainder of the plant. Raceways will be provided to permit 

extension of the telephone system into the incinerator facility offi~e area. 

3.4 Ash and Solidified Ash Removal 

Ash drums from the incinerator facility will either be transported directly 

to a solidification facility or staged in a solid waste staging module. 

Solidified liners will be staged in a solid waste staging module. 

3.5 Monitors and Process Alarms 

The effluent radiation monitors will interface with the existing plant 
monitoring system. The off-gas opacity monitor will interface with the plant 

computer. Tanks in the incinerator facility which contain radioactive 

liquids will be provided with the high-level alarms in the TMI-2 main control 

room. 

3.6 Electrical 

The incinerator facility will interface with the existing electrical system 

to provide power for heating, lighting, mechanical equipment, and instru

mentation. 
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4. Functional Requirements 

4.1 Function. of the Facility 

The incinerator facility shall be designed for occupancy by workers on a 

daily basis and shall be provided with radiation protection features adequate 
to minimize radiation dose to operating personnel. The facility shall 
provide all support requirements for the incineration of combustible low
level radwaste. 

4.2 Function of the Equipment 

4.2.1 Incinerator. The incinerator shall be capable of burning waste 

24 ho~~~ per day, 5 days per week, and shall consume at least 3,275 pounds of 

waste in that time period. Wastes loaded into the incinerator must be 

packaged in polyethylene bags, cardboard boxes, or other consumable packagEs. 

Dimensions of these waste packages will be limited to approximate dimer.sions 

of the metal screening device (20" x 27"), or the dimensions of the incinera

tor ram feeder (42" x 32" x 36") if metal screening is not required. 

4.2.2 Sampling. Sampling equipment shall be capable of taking radiation 

swipes of filled liners or drums prior to transport from the incinerator 

facility. Off-gas emissions to the environment will be monitored as required 

by applicable Federal and State regulations. 

4.2.3 Precombustion Waste Handl~. Prior to incineration, a scale shall 

weigh the waste to determine density, an x-ray machine will survey the waste 

for large metal or other noncombustible objects, and a glove box shall be 

capable of allowing removal of any of these large objects found. Two drum 

dumpers will be able to unload Hither compacted or noncompacted waste. No 

screening for PVC or rubber will be performed in the waste handling area. 
Shielded forklifts shall be available to move waste drums into the building, 
and to the storage and drum unloading areas. The waste handling equipment 

design will be such that minima"1 lifting by personnel is required, and a high 

volume throughput of waste for incineration is achieved. 
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4.2.4 Waste Disposal and Processing. For the facility design without ash 
solidification provisions, ash handling equipment will remotely transfer the 
ash from the waste ash hopper into 55-gallon drums, ca~ the drums, and 

transfer the drums to a shielded forklift for removal from the building. The 

facility design with ash solidification provisions will have a space allow

ance for equipment to solidify and ~emove solidified ash containers (liners) 
from the building. To handle scrub solution clowdown, a pump shall tran~fer 

blowdown to either an outside connection or to the ash solidification area. 

4.3 Facility Availability 

The incinerator facility will be designed as a demonstration facility for the 

development of low-level radioactive waste incineration. No special provi

sions for availability and reliability, beyond that afforded by good engi

neering and operating prartic~, will be provided. 

4.4 Accessibili~ 

The incinerator facility shal I be enclosed by a security fence with a motor

ized gate. Building ingress and egress sha"'l be controlled in accordance 

with health physics procedures. Fire exits will be provided as required by 

the Pennsylvania Code for Fire and Panic Regulations, the Department of Labor 

and Industry, and OSHA requirements. Within the building, access space shall 

be allowed for equipment maintenance and handling of contaminated equipment 

and tools. The layout of the facility shall take into consideration ease of 
movement of equipment and personnel. 

4.5 Maintainability 

The i nci nerator facil ity fl oor and other surfaces that may requi re decontami

nation shall be painted and sealed with epoxy. " Capabilities for isolating 

equipment that requires frequent maintenance shall be provided. In addition, 

provisions for flushing radioactively contaminated systems shall also be 

provided. 
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4.6 Safety 

The incinerator facility shall comply with the occupational exposure limits 

of 10 CFR 20 and the guidelines of NRC Regulatory Guide 8.8. Areas shall be 

zoned according to radiation fields. Signs and markings shall be posted to 

flag exits, fire protection equipn;~nt, radiation zones, and safety equipment. 

Radiation areas shall be zoned according to the radiation levels set forth in 
the General Project Design Criteria (13587-2-G01-100).1 The facility will be 

provided with an emergency shower, an eyewash fountain, and a first aid box. 
Protective clothing shall be provided as needed. A health physics control 
point shall be provided at the point of entry to working areas from the 

office/personnel change area. The atmosphere inside the waste preparation 

glove box will be maintained at a negative pressure of ~ to ~ inch of H
2
0 

with respect to the facility during use. A sump will be provided to collect 
radioactive liquid spills or leaks. 

4.7 Personnel 

At any given time, a maximum of five operating personnel will be needed for 
normal facility operation. 

5. Design Requirements 

5.1 General Requirements 

The facility design shall be based upon the BOCA Basic Build~ng Code. The 

facility shall be designed for min"imal generation of radioactive waste and 
for easy decont~mination of the floors. 

5.2 Safety Design Bases 

This facility has no safet.y-relateci function and, therefore, no safety design 
bases. 
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5.3 Codes, Standards, and Regulatory Requirements 

The incinerator facility design, construction, and operation shall meet the 
following codes, standards, and regulatory requirements, as applicable: 

5.3.1 Federal. 

1. 10 CFR Part 20 - Standards for Protection Against Radiation 

2. 10 CFR Part 50, Appendix A - General Design Criteria for 
Nuclear Power Plants 

3. 10 CFR Part 50, Appendix I - Numerical Guides for Design 

Objectives and Limiting Conditions for Operations to Meet the 
Criterion liAs Low As Is Reasonably Achievable" for Radioactive 

Material in Light-Water-Cooled Nuclear Power Reactor Effluents 

4. 29 CFR Part 1910 - Occupational Safety and Health Standards 

5. 40 CFR Part 190 - Uranium Fuel Cycle Standard 

6. Occupational Safety and Health Administration (OSHA) 

5.3.2 Industry. 

1. American National Standards Institute (ANSI) 

2. American Society for Test.ing and Materials (ASTM) 

3. Building Official and Code Administrators (BOCA) 

4. American Institute of Steel Construction (AISC) 

5. National Concrete Masonry Association 

6. Underwriters Laboratories Inc. (UL) 
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7. Factory Mutual Engineering Corporation (FM) 

8. American Iron and Steel Institute (AISI) 

9. Insulated Cable Engineers Association (ICEA) 

10. National Electrical Manufacturers Association (NEMA) 

11. Institute of Electrical and Electronics Engineers (IEEE) 

12. National Fire Protection Association (NFPA) 

5.3.3 USNRC. 

1. Regulatory Guide 1.21 - Measuring, Evaluating, and Reporting 

Radioactivity in Solid Wastes and Releases of Radioactive 

Materials in Liquids and Gaseous Effluents from Light-Water
Cooled Nuclear Power Plants 

2. Regulatory Guide 1.60 - Design Response Spectra for Seismic 
Design of Nuclear Power Plants 

3. Regulatory Guide 1.61 - Damping Values for Seismic Design of 
Nuclear Power Plants 

4. Regulatory Guide 1.92 - Combining Modal Responses and Spatial 
Components in Seismic Response Analysis 

5. Regulatory Guide 1.140 - Design, Testing, and Maintenance 

Criteria for Normal Ventilation Exhaust System Air Filtration 

and Adsorption Units of Light-Water-Cooled Nuclear Power 
Plants 

6. Regulatory Guide 1.143 .. Design Guidance for Radioactive Waste 

Management Systems, Structures, and Components Installed in 

Light-Water-Cooled Nuclear Power Plants 
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7. Regulatory Guide 8.8 - Information Relevant to Ensuring That 
Occupational Radiation Exposures at Nuclear Power Plants Will 

Be As Low As Is Reasonably Achievable 

8. Branch Technical Position ASB 9.5-1 - Guidelines for Fire 
Protection for Nuclear Power Plants 

5 .. 3.4 State. 

Pennsylvania Department of Environmental Resources (DER), Title 25, Chap
ter 123, Standards for Contaminants 

5.4 Environmental Design Bases 

Normal releases of radioactive material to the environment from the facility 

will be limited such that the resultant dose to the public will be a small 
fraction of that allowed by 10 CFR Part 50, Appendix I. 

The incinerator will meet the following emission limits as set forth in the 
Pennsylvania DER, Title 25, Chapter 123: 

1. Particulate emissions ~O.1 grain per dry standard cubic foot, 
corrected to 12 percent CO 2 , 

2. 502 emissions ~500 ppm, by volume (dry basis). 

3. Visible emissions (20 pl~rcent opacity for at least 57 minutes 
in any continuous 60-minute period, and at all times (60 per
cent opacity. To ensurl~ compliance, an opacity mor.itor will 
be provided to monitor the off-gas effluent. 

5.5 Radiation Shielding Requirements 

Radiation shielding will be provided in order to limit the dose rates as 

follows: 

1. Change Area and Office SO.5 mrem/hr 
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2. Control Panel/Metal Screening Area ~2.5 mrem/hr 

3. Personnel Monitoring/Step-Off Pad Area ~O.l mrem/hr 

4. Work Area Outside Solidification/Ash Storage ~2.5 mrem/hr 

5. Offsite dose ~25 mrem/year from the site 

5.6 Layout Requirements 

The layout of the incinerator facility will encompass a waste receiving area, 

an incineration process area, an ash handling area, and an area for all 
necessary support services required for incinerator operation and main

tenance, taking into account liAs Low As Is Reasonably Achievable" (ALARA) 
considerations. The facility will be located so as to allow tank truck 

access. A change area and office will be provided in the building for 
administrative activities and changing of anticontamination clothing. A 
fence will enclose the incinerator facility for security purposes. 

5.7 Materials of Construction 

5.7.1 Facility Materials. The building housing the incinerator shall be a 
pre-engineered, rigid frame metal building. The building will be designed 

for the basic wind and snow loads specified in the TMI Civil Structural 
Design Criteria. The building will be designed for minimum seismic loads as 
determined by the BOCA Building Code, and will be seismically checked in 

accordance with NRC Regulatory Guide 1.143. The foundation will be rein
forced concrete and of a combined mat design. A 4-inch curb shall be pro

vided to contain any fire water l'eleased within the building. The construc
tion joint between the curb and slab shall contain a water stop. All shield 
walls inside the facility will bE! reinforced concrete. A loading dock will 
be provided outside the building with details similar to those of the main 
building. 

5.7.2 Incinerator Systems Equipment. All materials for the service support 
systems and interconnecting piping for the incinerator shall be compatib1e 
with the fl ui ds whi ch they handl E!. 

A-9 

.. --- ~-~-··-'';;----t., 

l~ 

i 
~_'i-

• f ..... •• • ~' :. , ... 



5.8 Painting and Coating Requirements 

All floors and walls, except those in the load center room and HVAC equipment 

room, shall be sealed with epoxy up to the curb height. The following areas 

shall have the full height of the walls c~~ted with epoxy to allow for 
decontamination: 

1. Trash Storage 

2. Incinerator 

3. Scrub Solution 

4. Ash Handling 

The epoxy coating shall have a Class I surface burning characteristic (0 to 

25 when tested to ASTM E 84). All doors and frames shall receive manufac

turer's standard primer and field applied finish coating. 

5.9 Electrical Requirements 

5.9.1 Power. Electrical power for the incineration facility will be pro

vided from an existing 13.2-kV overhead line via a 13.2 kV to 480 V, 3 phase, 

pad-mounted transformer adjacent to the incinerator building. Power from the 

transformer to the incinerator service entrance equipment will be via under
ground ducts. In addition, a second source of 480 volt power will be pro
vided for redundant service to the induced draft fans (two), and the scrub 
solution recirculation and transfer pumps (four). A motor control center 

(MCC) with a required service entr'ance disconnect switch will be provided to 

supply all facility electrical loads. A section of the MCC will service 

redundant loads and will be connected to the main MCC section with an auto

matic transfer switch. All electrical loads will normally be supplied from 

the 13.2-kV overhead line. 

5.9.2 Lighting. The normal lighting system for the incinerator facility 
will provide adequate illumination! levels and convenience power for operating 
and service conditions. In addition, it serves as a distribution system for 
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miscellaneous small load requirements. This system consists of a complete 
distribution network of cables, raceways, transformers, lighting panels, 
lighting fixtures, receptacles, and switches. Lighting levels will be 20 fc 

in mechanical equipment room areas, 30 fc in process areas, and 100 fc in the 

office area. Exterior lighting levels will be in accordance with existing 
site surveillance requirements. 

An emergency lighting system will provide emergency lighting for egress 

routes and will consist of individual, self-contained, sealed-beam battery 
units (8-hour rated). These battery units are connected to the normal ac 

source to maintain battery charge, and automatically transfer to their 

internal batteries upon loss of ac power. Illumination levels will be as 

required by the Pennsylvania Department of Labor and Industry Fire and Panic 

Regulations. 

5.9.3 Cable. Power and control instrument cable will meet IEEE 383 flame 

resistance tests. Capacity rating and group derating factors of cables will 

be in accordance with ICEA P-46-426 for cables in conduit, ducts, and trays 
~. 

with maintained spacing. ICEA P-54-440 will be used for cables in random 

fi 11 ed trays. 

Single phase branch circuit wiring for recep'tacle and lighting runs will be 

copper with insulaticn rated for 75 t, 12 AWG minimum gauge. Insulation will 

be 600 volt, type THW, moisture and heat resistant thermoplastic. Lighting 

fixture wire shall be Class B stranded, tinned copper with insulation rated 

for 200 C, 14 AWG minimum gauge. Insulation will be 600 volt, type SF-2 

silicone rubber. 

Polyvinyl chloride (PVC) insulation will not be used in any cable constluc
tion with the exception of lighting and receptacle wiring, which will be 

totally enclosed in conduit. All lighting and receptacle wire shall carry 

Underwriters Laboratories approval. 
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5.10 Mechanical Requirements 

5.10.1 General. The facility shall be designed without floor drains. Any 
~ater that may spi1l on the floor will be contained by the building curb, and 
will be removed by mops or wet vacuum cleaners that will transfer water from 

the floor to portable containers. A sump will be provided in the scrub 

solution area to collect leakage or overflow from the scrub solution or 
blowdown tank. Any water collected in the sump will be transferred to 
portable drums or other suitable containers by using a portable sump pump. 

5.10.2 Waste Receiving. Waste shall be brought to the incinerator facility 

in 55-gallon drums. Drums of noncompacted waste will be packaged in doubled 
plastic bags; waste compacted in drums will not be bagged. The incinerator 
facility will be capable of receiving and storing one day's worth of drums 
filled with waste. The waste will be unloaded, weighed, and surveyed for 

metal or other large noncombustible objects prior to incineration. There 
will be no provisions to assay the waste for radionuclide content at the 
incinerator facility. Empty drums will not be decontaminated prior to 
removal from the facility. 

5.10.3 Waste Incineration. Waste shall be fed to the incinerator at the 

rate of 350 pounds per hour (maximum). Provisions shall be made for the 

incineration of waste oil and resins. 

5.10.4 Ash Handling. Ash will be transferred from the incinerator chamber 
to an ash hopper located in the ash packaging/ash solidification area. The 
ash in this hopper shall be remotely loaded into containers for transport 
from the facility. 

5.10.5 Scrub Solution Disposal. Provisions shall be made for the transfer 
of blowdown scrub solution from the blowdown storage tank to either the 
facility solidification area (if available), or to a location outside the 
building for transfer to a liquiid radwaste system. 

5.10.6 Ash 5.01 idificrltion. A space allowance for a remotely operated ash 

solidification system shall be provided for the facility design with ash 

soJidificatior. provisions. 
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5.10.7 Fire Protection Requirements. An early warning fire detection system 
consisting of ionization and rate-compensating fire/smoke dete~tors shall 
alarm locally and in the TMI-2 main control room. Principal facility fire 
protection shall be provided by a wet pipe, fused head sprinkler system in 

accordance with NFPA 13. Backup fire suppression capability will be avail
able from portable fire extinguishers in accordance with NFPA 10, from hose 
reels in accordance with NFPA 14, and from fire hydrants located outside the 
building in accordance with NFPA 24. Fire walls and barriers will be pro
vided as required by the Pennsylvania Code, Fire and Panic Regulations. 

5.10.8 Heating, Ventilating, and Air-Conditioning (HVAC) Requirements. The 

HVAC system will provide an environment suitable for personnel comfort and 
equipment performance. The following maximum and minimum temperatures shall 

be maintained (max. summer, min. winter): 

1. Incinerator area: 120 F summer, 50 F winter 

2. Support service equipment area: 104 F summer, 50 F winter 

3. Waste handling area: 85 F summer, 50 F winter 

4. Office: 78 F summer, 68 F winter (nominal) 

The system shall exhaust more air from the building than the-outside supply 

air to the building. Outside supply air shall be filtered and heated (when 
required) before being supplied to the building by a sheet metal duct system. 

Exhaust air from the building shall be filtered by high efficiency particulate 
air (HEPA) filters to remove contaminated particles before being exhausted to 

the outside. Exhaust air from thE! building shall be monitored for airborne 
particulate radioactivity. Exhaust air ports from the waste sorting glove 
box shall be ducted to an exhaust air header which will be connected to the 
building exhaust air duct. An isolation damper shall be provided in this 
exhaust air header so that in the event the radiation level in the glove box 

becomes unacceptable, it can be isolated by manually closing the isolation 

damper. Within the incinerator facility, the building air flow shall be 

maintained from areas of lower radiation level to areas of higher radiation 
1 evel. 
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5.10.9 Support Services. 

5.10.9.1 Service Air System--The s~rvice air system will provide a continu

ous supply of air for process instrumentation, shutdown, and ash transfer 
needs, and for building HVAC instrumentation needs. The system shall be 
capable of providing 20 scfm, 100 psig, of dry and oil free air. An air 
receiver shall be provided to ensure safe, orderly shutdown. 

5.10.9.2 Deminera1ii.ed Water System--The demineralized water system shall 
supply all water service needs of the incinerator facility. The system shall 

provide continuous makeup water to the scrub solution tank, and shall supply 
fill and/or flush water for the emergency fill tank, caustic addition tank, 
liner or drum wash station (only in ash handling or solidification area), 
closed cooling water compression tank, b10wdown tank and b10wdown process 
line, incinerator ram feeder, solidification (if applicable), and miscel
laneous service connections. The source of demineralized water shall be from 
a storage tank located adjacent to the incinerator building, sized to approx
imately one week's worth of water; the tank shall be refilled by a tank 

truck. 

5.10.9.3 Cooling Water System--The cooling water system shall supply cooling 
water tc the incinerator scrub solution cooler and wet off-gas condenser. 

The system shall be capable of delivering 180 gpm at a minimum pressure of 
25 psig and a maximum temperature of 110 F. The cooling loop will be closed 
in order to prevent direct releases of radioactive scrub solution leaks to 

the environment. 

5.10.9.4 Fuel Oil System--The fwel oil system shall supply a 3 psig supply 

of fuel oil to the incinerator. The fuel oil source shall be from a storage 
tank located outside the building sized to hold approximately one week's 

worth of fuel oi 1. The fuel oil tank shall be surrounded by a fi re wall on 
the three sides closest to the incinerator building. 
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5.11 Instrumentation and Control Requirements 

5.11.1 Process. 

5.11.1.1 Instrument Air--Contro1s for operati~l; of the instrument air system 
will be provided on the compressor skid. An alarm for low air pressure will 
be provid~J on the incinerator control panel. 

5.11.1.2 Dem~r.~ialization (Makeup) Water--Level indication, temperature 
indication, and low-level alarm for the demineralized ~ater storage tank, and 
control for the demineralized water transfer pump, will be provided on the 

incinerator control panel. Thermostat control will be provided for the tank 
immersion heater. 

5.11.1.3 Cooling Water--Local controls and instrumentation will'be provided 

for the cooling water system. A trouble alarm will be provided on the 
incinerator control panel. 

5.11.1.4 Fuel Oi1--Level indication and low-level alarm for the fuel oil 
storage tank, and control for the fuel oil pump, will be provided on the 
incinerator control panel. Thermostat control will be provided by the fuel 
oil line heat tracing. 

5.11.1.5 Scrub Solution System--High-1eve1 alarms will be provided in the 
TMI-2 main control room for the scrub solution tank and the b10wdown tank. 

5.11.1.6 Waste Oil and Blowdown Pumps--Local controls will be provided for 

the operation of these pumps. 

5.11.2 Facility. 

5.11.2.1 HVAC--Local controls and instrumentation will be provided for the 
HVAC supply and exhaust system. Indication and alarms will be provided on 
the incinerator control panel for the exhaust filtration system differential 
pressure and flow. 
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5.11.2.2 Fire Protection--Local fire alarms and an alarm in the TMI-2 main 
control room will be provided. 

5.12 Radiation Monitoring 

Radiation monitoring will be supplied for area radiation process monitoring, 

and effluent monitoring. Area radiatioli monitors will be in the following 

locations: 

1. Near the office, at the waste entrance and exit ~oint 

2. Control panel area (common to the incinerator loading and 

waste sorting area) 

3. In the passageway to the support services area (near the ash 

handling/solidification area) 

Proces~ monitors will be located on each scrub solution filter and the scrub 
solution blowdown tank to determine the need for changeout of the filters and 

to monitor bulk radioactivity of the scrub solution. Effluent monitors will 

be located at the facility HVAC release point and the off-gas release point; 

there will be two monitors at the off-gas release point. The area radiation 

monitors and the process monitors will alarm at the incinerator control 

panel. The effluent monitors will alarm at the incinerator control panel and 

in the Un)~ 2 main control room. The efflue~t monitors will be continuously 
recorded. 

5.13 Interlocks and Administrative Controls 

PVC and rubber content of the incinerator waste feed shall be administra

tively controlled at the point of waste generation such that the blowdown 

necessary from the scrub solution is limited to 375 gallons per week. The 
HVAC system shall shut down whenever a fire or smoke detector is activated. 

A remote alarm shall be provided at t.he TMI-2 main control room to indicate a 

fi re in the i nC'j nerator facil i ty. 
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5.14 Communications 

Communications will be provided by equipment ties into the plant public 

address system, and by an intercom for internal communications only. Tele
phone service will be provided in the office. 

6. References 

The following was used in the preparation of these design criteria. 

1. Bechtel Northern Corporation, GPU Service Corporation Three 
Mile Island Unit 2 Recovery Facilities Project Design Criteria, 

Document No. 13587-2-G-I00 (Rev. 0). 
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APPENDIX B 

GPU COST INFORMATIONa 

GPU COSTS AND O&M COSTS FOR INCINERATOR STUDY 

Prior to Owner Acceptance 

1. GPU management 

$11,530/month for 36 months 

2. Technical support prior to operations 

$26,700/month for 12 months 

3. Technical support during startup testing 

$33,330/month for 3 months 

4. O&M during startup testing 

$53,330/month for 3 months 

$415,000 

$320,000 

$100,000 

$160,000 

Demonstration Period (Assumed to be distributed evenly 6 months after 
startup testing) 

1. Modification resulting from startup 
testing and demonstration $300,000 

2. Technical support $ 80,000 

3. Documentation of startup and 
demonstration $ 80,000 

4. O&M $300,000 

a. Taken from GPU letter TMI-II-R-4300-81-181, dated June 26, 1981. 
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Prior to Owner Acceptance 

1. Management 

Project Manager 
Project Engineer 
Operations Reviews 
Consultant Reviews 

BACKUP FOR GPU COSTS 

1~ man-year/year 

3000 hrs/yr x 3 years x $35/hr = $315,000 

Licensing Management lOOP hrs x $40/hr 

QA Management and Procedure Review 
1500 hrs x $40/hr 

$415,000/36 months = $11,530/month 

2. Technical Support Prior to Operations 

Startup Program, Write, Review, Approve 
Startup Scope, Specs, Procedures 
(Approximately 20) 

Operation Procedures, Write, Review, Approve 
Technical Specifications for Facility 
Training Program 

Assume Four Engineers Full Time for 1 year 

8000 hrs x $40/hr 

3. Technical Support During Startup Testing 

Assume Five Engineers Full Time for 3 Months 
Executing and Observing Procedures 

2500 hrs x $40/hr 

4. Operating and Maintenance During Startup Testing 

Assume that Normal Operation Requires Three 
Persons, Add One Extra During Startup 

Also Assign Three Persons Half Time to Cover 
Instrument Calibration, Control System Tuning, 
Electrical Maintenance, Mechanical Maintenance, 
Health Physics, Waste Delivery, etc. 

= $ 40,000 

= $ 60,000 
$415,000 

$320,000 

$100,000 

Four Operators x 24 hrs x 5 ~~ x 13 wks x $20 = 124,800 
day wk hr 
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Three Miscellaneous x 12 hrs x 5 days x 13 wks x $15 = $35,100 
day wk hr 

Approximately $160,000 

5. Modifications Resulting from Startup 

Testing - e.g. Relocating Items, Modifying Instrumentation and 
Cont~ols, Additional Walls, etc. 

Approximately $300,000 

6. Technical Supply During Demonstration 

Two Engineers x 8 hrs/day x 5 days x 26 wks x $40/hr = $83,200 
wk 

Approximately $80,000 

7< Documentation of Startup and Demonstration 

Assume 1 man-year 2000 hrs x $40/hr = $80,000 

8. O&M During Demonstration 

Two Operators x 3 Shifts x 8 hrs x 7 days x 26 wks x $20/hr = $175,000 

1 Waste Handler x 3 Shifts x 8 hrs x 7 days x 26 wks x $15/hr = $ 65,500 

1 Health Physics x 12 hrs x 7 days x 26 wks x $15/hr = 
1 Maintenance x 8 hrs x 5 days x 26 wks x $15/hr = 
1 Manager x 2 hrs x 5 days x 26 wks x $35/hr = 

Approximately 
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$ 33,000 

$ 15,600 

$ 9,100 
$298,200 

$300,000 


