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ABSTRACT

Most current home pressure canning recommendations were developed using
standard 17 to 21 quart pressure retorts. Past research suggested the need for longer
process schedules in smaller retorts to achieve an equivalent lethality. The objective of
this study was to compare heating and cooling characteristics, cumulative lethalities, and
potential safe process times during pressure processing of stewed tomatoes in 6, 8, and 17
quart household pressure retorts. Stewed tomatoes were processed in half-pint glass jars
at 121.1°C for 25 minutes in 6, 8, and 17 quart pressure retorts. Heat penetration profiles
were collected in 15 jars per retort size. Potential process times and cumulative lethal
rates were calculated for the destruction of Clostridium botulinum spores. The majority
of the lethality was achieved during cooling. Calculated process times from the data
collected were found to be equivalent. Final conclusions cannot be drawn until data is
verified through further research.
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CHAPTER 1
INTRODUCTION

Botulism is a significant food safety threat to people who can food at home.
According to the Centers for Disease Control and Prevention (1998), 71.4 % of the 40
botulism outbreaks between the years of 1990 and 1996 were caused by foods preserved
at home. Botulism is a serious neurological disease that often leaves permanent
neurological damage and can be fatal if not treated promptly. Botulism is caused by a
neurotoxin produced by the bacterium, Clostridium botulinum. C. botulinum thrives in
low acid, anaerobic environments. Low acid foods (pH > 4.6) must be processed at
temperatures at or above 240 °F to destroy C. botulinum (USDA 1994). Food must be
processed under pressure to reach such high temperatures. Particular temperature and
process times vary with type and quantity of product. People canning at home are urged
not to deviate from the recommendations.

Home canning in smaller pressure retorts is not recommended by the U.S.
Department of Agriculture (USDA 1994). The USDA is the leading authority on
scientifically derived home canning recommendations. Existing recommendations were
determined using standard size home canning pressure retorts that have a 17 or 21 quart
capacity. Smaller pressure retorts marketed, as “pressure cookers’ are widely available
in 4, 6, and 8 quart capacities. “Pressure canner” is aterm usually associated with 16

guart and larger capacities. A recent survey by the National Center for Home Food



Preservation indicates that people are using smaller pressure retorts to can food at home
(Andress 2001).

Home canning in pressure cookers may not provide a sufficient heat process to
destroy spoilage and pathogenic microorganisms. Past research showed that smaller
retorts heat up and cool more quickly than larger retorts (Taube and Sater 1948). The
cooling period contributes to the overall lethality of microorganisms (Toepfer and others
1946; Esselen and Tischer 1946). Smaller retorts may require longer process times to
achieve equivalent lethalities (Taube and Sater 1948; Nordsiden and others 1978; Walsh
and Bates 1978). There are no published data on thermal processing in the pressure
cookers that are available in today’ s marketplace.

The objective of this study isto compare heating and cooling characteristics,
cumulative lethalities, and potential safe process times of stewed tomatoesin 6, 8, and 17
quart household pressure retorts. The hypotheses are: the rate of heating and cooling will
increase as retort size decreases; cumulative lethalities will decrease as retort size
decreases; potential process times will increase as retort size decreases.

References

Andress, EL. 2001. A national survey of current home canning practices in the

US. National Center for Home Food Preservation, Department of Foods and Nutrition,

The University of Georgia, Athens, GA. Unpublished data.

Esselen WB, Tischer RG. 1945. Home canning |1: determination of process times

for home-canned foods. Food Res 10:215-226.



Centers for Disease Control and Prevention. (1998) Botulism in the United States,
1899-1996. Handbook for Epidemiologists, Clinicians, and Laboratory Workers. Atlanta,

GA.

Taube K, Sater VE. 1948.Canning vegetables in the pressure saucepan. J Home

Econ 40:197-198.

Toepfer EW, Reynolds H, Gilpin GL, Taube K. 1948. Home canning processes

for low-acid foods. USDA Tech Bull No. 930.

Walsh BH, Bates RP. 1978. Safety of home canning procedures for low-acid

foods. J Food Sci 43:439-443.



CHAPTER 2
LITERATURE REVIEW

Thermal Process Design

The purpose of thermal processing is to produce a safe and long lasting product
by heating it sufficiently to destroy pathogenic and spoilage microorganisms. However,
heating a product too long may adversely alter the flavor and nutritive value of the
product. Thermal process design originated out of the need to preserve food safely
without over-processing it. Thermal process design combines the rate a product heats
and cools with the rate a microorganism population is inactivated. There are various
ways to use heat penetration data and thermal death time models to cal cul ate process
recommendations but there are two main methodologies commonly used, the genera
method and the formula method.

Heat Penetration

Heat penetration data are needed to determine the rates at which a product heats
up and cools down during and after a process. Temperature profiles are collected by
thermocouples and recorded by software and computer. The thermocouples are secured
at the point of dowest heating known as the cold spot. Thermocouples are attached to
lead wires that pass through the retort via an insulated opening called a stuffing box.
These wires transport the temperature data to a data logger. The datalogger is attached

to a computer with specialized software that records the temperature profiles.



The cold spot for each product in its container must be determined prior to
collecting heat penetration data for process determination (IFTPS 1995). Products can be
classified into three different categories based on the way they heat: conduction heating,
convection heating, or broken curve heating (Teixeira1992). Products that do not
circulate during a heat process heat by conduction. The geometric center of the container
is the cold spot in products that heat by conduction. Foods that heat by convection
circulate during a heat process and heat more evenly and rapidly than do conduction
heating products. The cold spot is usually below the geometric center of the container in
products that heat by convection. Broken curve heating products are those that heat part
of the process by conduction and part of the process by convection. The cold spot can be
either at the geometric center or below the center of the container depending on the
product.

Heat penetration data can be affected by many factors including: processing
temperature, initial product temperature, size and shape of the container, headspace, fill
weight, ratio of solid to liquid, and product consistency (Downing 1996).

Thermal Death Time

Thermal death time (TDT) models are used to describe the heat resistance of
bacteria. Thermal death time isthe time at a given temperature to destroy a proportion of
bacteria. The TDT curveisaplot of time on alogarithmic scale y-axis and temperature
on alinear scale x-axis.

Bacteria exhibit alogarithmic order of death when exposed to a particular lethal
temperature (Stumbo 1973; Hersom and Hulland 1980; Teixeira1992). This means that

the same proportion of bacteriais inactivated per unit time. The unit of time required to



destroy 90% of bacteriais called the decimal reduction time, or D value (Nationa
Canners Association 1968). The D value is determined from the logarithmic survival
curve (the plot of survivors on alogarithmic scale by time at a constant temperature on a
linear scale). Low acid products require a 12 D reduction in Clostridium botulinum, the
most heat resistant pathogen, to ensure a commercially sterile product. Commercial
sterility is defined as the destruction of al pathogenic organisms (National Canners
Association 1968).

The z value is the temperature required for a tenfold change in time to achieve an
equivalent lethal effect. The z value can be determined from either the TDT curve or the
phantom TDT curve. The phantom TDT curve is the plot of the D-value (rather than
time) on alogarithmic scale versus the temperature on alinear scale. The z value isthe
negative inverse of the slope of the line on the phantom TDT curve and the slope of the
TDT curve (National Canners Association 1968). The z value for C. botulinum is
generally accepted to be 18 °F or 10 °C (Downing 1996).

The sterilizing value (Fo) denotes the minutes it takes to destroy a specified
number of sporesat 121.1 °Cwhen zis 10 °C. A Foof 2.5 minutesis required for al12 D
reduction in C. botulinumin a neutral phosphate buffer (Stumbo 1973; National Canners
Association 1968). Processing to a minimum Fq of 3 for low acid foods and a o of 0.7 for
acid foods is typicaly used in determining adequate process times (Hersom and Hulland
1980).

A variety of factors can affect the heat resistance of microorganisms. Heat
resistance generally increases with: increased proximity to optimal pH, decreased

moisture, presence of fat, presence of carbohydrate, presence of protein, increasing



numbers of the microorganism, increasing age of the microorganism (Jay 2000). Low
concentrations of salt (sodium chloride) tend to have a protective effect while large
concentrations tend to have an inhibitory affect (Stumbo 1973).
General Method
The general method is away of graphically integrating heat penetration data with
TDT data. Bigelow and others first introduced the concept in 1920 (Bigelow and others
1920). A lethal rate is assigned to each temperature on the heat penetration curve. The
lethal rate is obtained by taking the reciproca of the minutes for that temperature on the
TDT curve. A lethality curve is constructed by replacing the temperatures with the lethal
rate values. The area under the curveis calculated. A process is considered adequate
when the area under the curveis at least one.
Formula M ethod
Ball (1923-1924) developed a mathematical formula to directly calculate an
adequate processtime. Thisformulais based on the plot of the heating curve on semilog
paper and is as follows: By, = fh (logjl — logg)
Where: By = process time in minutes
fn = the dlope of the straight line portion of the heating
curve
| = heating lag factor
| = the difference between retort temperature and initial

product temperature



g = the difference between retort temperature and the
maximum product temperature that must be attained to
achieve commercial sterility
The Ball formula has some recognized limitations, but it has nevertheless
persisted over time and is probably the most widely used method for calculating canning
processes. The formula has evolved through the decades as other scientists proposed
corrections for the limitations of the original formula (Merson and others 1978; Stumbo
1973; Hayakawa 1970). Several different versions of the Ball formula are used today.
Each version has its own set of advantages and disadvantages. The formula method
continues to change, especially as computers make it easier to perform calculations
(Merson and others 1978).
Inoculated Pack Studies
Inoculated pack studies can be performed to confirm that a calculated processis
adequate (National Canners Association 1968). The product is inoculated with a known
amount of bacterial spores and processed according to the devised process schedule. The
product is then incubated for a period of time at various temperatures. Then the cans are
examined for spoilage, microbial content, and/or toxin formation.
Inoculated pack studies can aso be done to determine an adequate process
schedule (National Canners Association 1968). The product is inoculated and processed
according to various potential process schedules.

Effect of Retort Construction and Size

In the following review, household pressure retorts are as defined by Zottola and

others (1978). Pressure retorts of 8 quart liquid capacity and below are referred to as



pressure saucepans. Those at and above 12 quart liquid capacity are referred to as
pressure canners.

The sterilizing value of a process is associated with the come-up and cooling
periods as well as the actual processing time. Toepfer and others (1946) reported that the
cooling curve of vegetablesin pint size jars accounted for fifty percent of the sterilizing
value. Esselen and Tischer (1946) found the cooling curve of vegetablesin quart size jars
to be about thirty percent of the sterilizing value. Since smaller canners and their contents
will heat up (come-up) and cool down more quickly, it is likely that safe process times
increase as Size decreases.

Taube and Sater (1948) compared the sterilizing value of snap beans processed in
pressure saucepans to those processed in a standard pressure canner. They studied six
different pressure saucepans. The snap beans were processed in pint jars for 20 minutes
at 10 pounds per square inch as measured by gauge (psig). The target sterilizing value
was identified as 5.0. The mean sterilizing value of snap beans processed in a standard
pressure canner was 7.1. Only one of the saucepans studied yielded a mean sterilizing
value above 5.0. They concluded that process recommendations for pressure canners
were not sufficient for pressure saucepans. Taube and Sater went on to investigate
process times of 13 different low acid vegetables in a 4 quart pressure saucepan that
could hold three pint size jars and in a 21 quart canner that could hold 16 pint size jars.
They recommended a 20-minute increase in process time in the 4 quart pressure saucepan
compared to the larger canner. This recommendation was not incorporated into official

USDA publications.



Walsh and Bates (1978) applied Taube and Sater’ s recommendation to add twenty
minutes to the process of green beans in saucepans. This resulted in an overly processed
product with a mean sterilizing value of 10.46. They were able to replicate the resultsin
the standard size pressure canner but not in the pressure saucepan. They recommended a
nine-minute increase in the pressure saucepans they used. Walsh and Bates attributed
discrepancies from earlier work to lighter saucepan construction. They failed to mention
that the pressure saucepan and the pressure canner used in these studies were of different
sizes than the Taube and Sater study. The pressure canner in this study was smaller
having a maximum capacity of seven quart-size jars. The pressure saucepan used in this
study was larger; it could hold up to five pint-size jars.

Nordsiden and others (1978) investigated canning at 15 psig in a4 quart pressure
saucepan and in a 21 quart capacity pressure canner. They studied products that heat by
conduction (cream corn, fish, and beef) and products that heat by convection (asparagus,
green beans, and carrots). They recommended an additional 10 minutes for convection
heating products processed in a pressure saucepan. For products heating by convection,
they recommended an additional 10 minutes to the process in the pressure saucepans to
their recommendations for the 21 quart pressure canner. They were unable to
recommend process times for the products that heated by conduction due to inconclusive
results.

While most attention in the home canning literature on retort size has focused on
pressure processes, Montville (1981) found a substantial difference between two sizes of
boiling water bath canners in the lethality of B. licheniformis in canned tomatoes. The

larger canner could hold 9 pint size jars. The smaller canner could hold 7 pint size jars.
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Processing inocul ated tomatoes according to USDA recommendations provided 2.7
decimal reductions in the smaller canner compared to 7.4 decimal reductions in the larger
canner. The temperature in the jars in the larger canner at the end of processwas 7 °C
higher than the end temperature of the jarsin the smaller canner. Montville attributed
this to the longer time it took for the larger canner to come to a bail prior to the start of
the process.

Effect of Process Temperature

Processing foods at higher temperatures can shorten the process time
considerably. Another finding of Nordsiden and others (1978) was that products that heat
by convection could be processed at 15 psig in about one third of the time than at 10 psig.
Wallace and others (1978) confirmed this through inoculated pack studies. However,
even though process time is shortened, the total time involved in process management
from come-up through cooling, may not be any shorter.

Processing foods at higher temperatures also saves energy. Zimmerman and
others (1978) studied processing tomatoes by the following methods: boiling water, 5
psig, 10 psig, and 15 psig. Processing in a boiling water canner used more kilowatt-hours
than processing under pressure. They also used a sensory panel to compare the end
product of the different processing methods; no difference in acceptability and quality
was found. They processed tomatoes to a minimum endpoint cold spot temperature of 82
°C. They did not compare Fy values or make any process recommendations.

Lazaridis and Sander (1988) studied the effect of a higher process temperature on
the quality of low-acid foods. They processed asparagus (convection heating), peas

(combined heating), and strained squash (conduction heating) at 10 psig and 15 psig.
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Foods were processed to equivalent Fo values. Texture and color were analyzed by
instruments. A sensory panel also evaluated texture, color, and flavor. No differences
were found in the asparagus. The peas processed at 15 psig were less soft than those
processed at 10 psig. There was no difference in color or flavor. Quality differences
between squash processed at 10 psig and 15 psig were significant. The squash processed
at 15 psig was similar in taste, texture, and color to the unprocessed squash. These
results show that quality of foods processed at 15 psig is as good if not better than when
processed at 10 psig.

The pH of Tomatoes

Tomatoes are usually classified as a high acid product. However, tomatoes have
been reported to have pH values above 4.6 (Powers 1976). A pH below 4.6 isrequired to
prevent C. botulinum from becoming a health threat. A pH of 4.1 in canned tomatoes is
sufficiently low to prevent spoilage (Powers 1976). The commercial canning industry
classifies tomatoes and tomato products with an equilibrium pH of 4.7 and above in the
low-acid food category (Food and Drug Administration 2002). The USDA treats all
tomatoes and tomato products as potentially low-acid foods (1994).

Anderson and Mendenhall (1978) conducted a survey of fresh tomatoes and home
canned tomatoes in Utah. The survey analyzed 249 fresh and 156 canned tomato
samples. Tomatoes were categorized by cultivar when known. Cultivar did not seem to
correlate with pH as there was more variety among samples of the same cultivar as there
was among cultivar. Fresh samples ranged in pH from 3.78 to 4.55. The canned
tomatoes ranged in pH from 3.81 to 4.53 with an average pH of 4.13. No tomatoes fresh

or canned were found to be in the low-acid category.
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Wolf and others (1979) examined the pH of 107 varieties of tomatoes from three
different areas in Minnesota. They sampled underripe, ripe, and overripe tomatoes.
Twelve varieties had a pH above 4.6 in the overripe stage. The pH correlated with
location, cultivar, and maturity.

Gutheil and others (1980) collected 152 samples of fresh homegrown tomatoes in
19 counties of Washington State. They categorized tomatoes across five levels of
maturity, from green to overripe. A pH greater than 4.6 was found in two firm, ripe
tomatoes. One soft, overripe tomato had a pH of 4.74. Acidity decreased with maturity.
They also found that the tomatoes from the eastern portion of the state, where the climate
iswarmer and drier, had a higher pH.

Combining high acid tomatoes with low acid vegetables can result in alow acid
product. Sapers and others (1981) created a database of common tomato based recipes
and categorized them into three groups according to pH. Stewed tomatoes, tomato-celery
combinations, tomato paste and puree, and several meatless tomato sauces were classified
as high acid products. Tomato-bean, tomato zucchini, spaghetti sauce with meat, and
chili con carne recipes were low acid recipes. Juice blends, soups, tomato-okra, tomato-
mushroom sauces, Creole sauces, and Spanish style sauces had recipes with pH values
above and below 4.6. They stated that it was best to assume these products were low
acid.

Metabiosis

Metabiosis is when one species changes the environment in away that makes it

possible for another to survive. If a home canned jar of an acidic food does not have a

sufficient seal, the food will be exposed to oxygen. Presence of oxygen and exposure to
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the outside environment may be breeding ground for spoilage microorganisms. Some
spoilage microorganisms may increase the pH enough to allow Clostridium botulinum to
thrive.

Huhtanen and others (1976) investigated the effect of mold on C. botulinum
growth in tomato juice. They adjusted the pH of commercially canned tomato juice to
4.2, 4.6, and 5.2. Samples were then inoculated with C. botulinum. Mold cultures of
Cladosporium were added to samples. pH readings were taken throughout the samples
and toxin production was analyzed at 6, 9, and 19 days after incubation. The pH rose
rapidly beneath the mold mat in all levels of acidity. The pH aso increased throughout
the samples. In the presence of mold, toxin formed as rapidly in the juice with an initial
pH of 4.2 asin the juice with the pH of 5.2.

Mundt (1978) investigated the effect of 58 species of mold on tomato juice.
Almost all of the species tested caused arise in pH after 35 days of being incubated at 22
°C.

Montville and Sapers (1981) studied the thermal resistance of the mold, Bacillus
licheniformis. The pH of the tomato puree was 4.4. The average thermal resistance was
2.0 minutes at 100 °C and 4.5 minutes at 95 °C. Inoculated pack experiments were
performed. Tomato puree was processed according to 1975 USDA raw-pack
recommendations. The process provided more than a 3D reduction in B. licheniformis.
The seals on half of the jars were purposely broken. Jars were incubated at 30 °C for 90
days. No growth or elevation of pH was noted in the sealed jars. Mold spores did grow

and raise the pH to 5.2 in the jars with broken seals.

14



Montville (1982) went on to study the effect of B. licheniformison C. botulinum
in tomatoes. Inoculated pack studies were performed on Roma tomatoes with a pH of
4.4. C. botulinum and/or B. licheniformis spores were inoculated into pint jars of cold
packed Roma tomatoes and processed in a boiling water canner for 35 minutes. To
mimic an inadequate seal, the seal was purposely broken on half of the processed jars
prior to storage. Jars were incubated at 30 °C. No toxin production was detected in any
of the samples after 30 days. However, pH was elevated in the jars inoculated with B.
licheniformis. One of the coinoculated jars with a broken seal did have a putrid odor,
suggesting the presence of C. botulinum.

Acidulation of Tomatoes

Adding acid to tomatoes prior to canning is one way to decrease the likelihood of
spoilage and/or the growth of pathogens. Sapers and others (1978) found that adding ¥
teaspoon of citric acid monohydrate or one tablepoon bottled lemon juice per pint was
required to assure tomatoes do not exceed a pH of 4.6. Savani and Harris (1978)
compared four different acid treatments to no acid treastment on the survival of
Clostridium sporogenes. The order of effectiveness from most inhibitory to no inhibition
of C. sporogenes is as follows: bottled lemon juice, cream of tarter, citric acid, citric acid
with sugar, and no treatment.

One downside to adding acid to tomatoes is a change in flavor and acceptability.
Skelton and Marr (1978) used a sensory panel to compare canned tomatoes with and
without citric acid. One quarter teaspoon of citric acid was added to tomatoes. The citric
acid condition tomatoes were canned with %2 teaspoon per pint. The sensory panelists

rated the color of the acidified tomatoes higher than the non-acidified tomatoes but rated
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the flavor lower. Skelton and Craig (1978) recommended adding 1/8 teaspoon of citric
acid per pint, but this amount is inconsistent with recommendations for safety (Sapers
and others 1978; USDA 1994).

Current USDA Recommendations for Canning Tomatoes

The USDA (1994) recommends using only disease-free, vine-ripened, firm
tomatoes for canning. They recommend adding 2 tablespoons of bottled lemon juice or
% teaspoon of citric acid per quart and 1 tablespoon of bottled lemon juice or ¥4 teaspoon

citric acid per pint to whole, crushed, or juiced tomatoes. Tomatoes can be processed in

a boiling water bath canner or a pressure canner. Weighted gauge recommendations are
for 10 psig or 15 psig depending on altitude and product. Process schedules for non-
acidified tomato products are designed for the destruction of C. botulinum and are always
canned under pressure.
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CHAPTER 3

METHODS

Materials
Aluminum retorts
(National Presto Industries, Inc., Eau Claire, WI)
0 6 quart liquid capacity, Model 01264
0 8quart liquid capacity, Mode 01282
0 17 quart liquid capacity, Model 01750
CAL Soft thermal processing software
(TechniCAL, Inc., New Orleans, LA)
Das-TC data acquisition system (cold spot studies)
(Keathley Instruments, Inc., Cleveland, OH)
E-Vaa Monitoring System (confirmation studies)
(Ellab Inc., Arvada, CO)
Ecklund needle type thermocouples and insulated copper constantan leads
(Ecklund-Harrison Technologies, Inc., Fort Myers, FL)
1Q 200 ph meter
(1Q Sientific Instruments, Inc., San Diego, CA)
SAS8.2

(SASIngtitute Inc., Cary, NC)
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Standard household gas ranges
Standard half pint home-canning jars
(Alltrista Consumer Products Company, Muncie, IN)

Standard two piece metal lids and ring bands

(Alltrista Consumer Products Company, Muncie, IN)

Product Preparation and pH Studies

The stewed tomatoes recipe used in this investigation is as follows: 2 quarts
chopped Roma tomatoes, 1/4 cup chopped celery, 1/4 cup chopped onions, 2 teaspoons
celery salt, 2 teaspoons sugar, and 1/4 teaspoon canning salt. Tomatoes were blanched in
boiling water and dipped in cold water in order to remove their skins before chopping.
Ingredients were mixed together and cooked in a covered pot for 10 minutes on a gas
stove.

The 1Q200 pH meter (1Q Scientific Instruments, Inc., San Diego, CA) was used
for the pH studies. The stewed tomatoes recipe was first prepared five times and cooked
for 10 minutes in an open saucepan. pH readings were obtained for the individua raw
ingredients as well as for each ingredient post-cooking. The recipe was then prepared six
times and canned at 15 psig for 15 minutes. Individua ingredients had both raw and
post-canning pH readings taken.

Each raw ingredient was pureed in a mini food processor prior to pH testing. In
cooked and canned samples, the mixture was first drained through a strainer. The

individual ingredients were separated, rinsed with de-ionized water, and mashed with
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mortar and pestle prior to pH reading. The pH of the drained liquid was also taken to
represent the pH of the combined mixture, after preliminary tests showed this was true
for this procedure.

Filling Procedure

Standard glass half pint canning jars were sterilized in boiling water for ten
minutes. Five jars were filled per recipe, leaving 1/2 inch headspace. The fill weight of
each jar was kept constant. Bubbles were removed with a plastic spatula. Jar rims were
wiped with a damp paper towel. Flat meta lids with sealing compound were treated with
hot water, placed on jars, and secured with screw on ring bands. Five jars were placed in
the retort to be processed.

Processing Procedur e

The stewed tomatoes were processed in 6 quart, 8 quart, and 17 quart liquid
capacity aluminum pressure retorts. The retorts were manufactured by National Presto
Industries, Incorporated (Eau Claire, Wisconsin). The retorts used are pictured in figure
3.1. The6 quart retort (Model 01264) is marketed as a “pressure cooker” but it can hold
5 half-pint canning jars. The 8 quart retort (Model 01282) is sold as a “ pressure cooker
and canner” that can hold up to 7 pint jars. The 17 quart retort (Model 01750) is
marketed as a “ pressure cooker and canner” that can hold 24 half-pint jars, 10 pint jars, or
7 quart jars. The 6 and 8 quart capacity retorts have 15 psig weighted gauges and the 17

quart capacity retort has adial gauge.
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Figure3.1. Retortsused in thisstudy, from left toright: 17 qt, 8 gt, 6 gt

The amount of water used in each retort was adjusted to bring the water level to 1
7/8 with 5 half pint jarsin the retort. The water was preheated. The jars were placed in
the retort and the retort lid was secured.

The burner was turned to its highest setting. Once a clear funnel of steam was
visible, the retort was allowed to vent for 10 minutes. After the 10 minutes, a 15 psig
calibrated weight was placed over the vent port to allow the retort to pressurize. A
consistent rocking of the weight indicated the retort was at pressure. The heat was turned
off after being at pressure for 25 minutes. Once the retort depressurized, the lid was
removed, and the jars were lifted out of the retort to cool at room temperature.

Data Acquisition

Retort and product temperatures were measured with Ecklund thermocouple
equipment (Ecklund-Harrison Technologies, Inc., Fort Myers, FL). The wall of each
retort was outfitted with a stuffing box. Six insulated copper/constantan leads passed
through each stuffing box. The ends of the leads on the inside of the retort were attached
to jar thermocouples prior to canning (Figure 3.2). The ends of the leads on the outside

of the retort were attached to a data logger. The data logger was connected to a hard
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drive. The Das-TC (Keathley Instruments, Inc., Cleveland, OH) data acquisition system
was used for the cold spot studies. The data acquisition system was upgraded to the E-
Vaa Monitoring System (Ellab, Arvada, CO) for all other data collection. The data

acquisition systems recorded temperatures every minute.

Figure 3.2. Internal leads attached to jar thermocouples

Cold Spot Studies

The cold spot was determined by collecting heat penetration data at half-inch
increments from the geometric center within the jars. The thermocouple lengths used
were: center- 1 7/82, 1/22 below center- 2 3/8?, 12 below center- 2 7/8%, 1 1/2? below
center- 3 3/& (Figure 3.3). Fivejarswere processed at least three times per retort size.
The data taken during the process, from when the retort reached 121.1 °C to when the
heat was turned off, were imported into SAS, Version 8.2 (Carey, NC). Datawere
transformed by taking the log of the difference between the retort and the thermocouple

temperature. The f, values were determined for each thermocouple position. The generd
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linear model procedure was used to compare f,, values. The thermocouple length with the

largest mean f}, value was identified as being at the cold spot.

Figure 3.3. Four lengths of needle type thermocouplesin half-pint jars

Confirmation Studies

Heating profiles were collected at the cold spot in 15 jars per retort size. Data
were imported into CAL Soft, v1.3.2 (TechniCAL, Inc, 1997). CAL Soft generated
heating, cooling, and total lethalities by using the general method. Potentia process
times and fy, values were determined using the Ball formula method. Analysis of variance
(ANOVA) using the genera linear model procedure (SAS Version 8.2, SAS Institute
Inc., Cary, NC) was performed to compare the following across retort size: temperatures

at the start of process, temperatures at the end of process, and f, values.
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CHAPTER 4

RESULTS

pH Studies

The average pH of the raw tomatoes sampled was 4.45 (Table 4.1). Five of the
samples had pH readings above 4.6. The pH of the raw tomatoes increased an average of
0.09 after the 10 minute boil but decreased (from raw) an average of 0.13 after the
pressure process. The pH of the liquid did not exceed 4.55 after the 10 minute boil nor

the 15 minute pressure process.

Table4.1. pH of Ingredientsand Liquid

pH

n Mean Range M ean change from raw
Raw
Tomatoes 17 4.45 4.22 -4.77
Celery 16 577 553-6.10
Onions 17 5.36 5.19 -5.67
Post 10 minute boail
Tomatoes 12 451 4.39-4.59 +0.09
Celery 12 4.59 4.49 — 4.68 -1.30
Onions 12 4.57 4.45-4.64 -0.84
Liquid 12 4.49 4.37 - 4.57
Post pressure process’
Tomatoes 18 4.38 4.24 - 454 -0.13
Celery 18 4.40 4.27 - 4.57 -1.36
Onions 18 4.41 4.32 -4.57 -0.19
Liquid 18 4.36 4.15-4.54
'Post process minus raw
%Processed 15 minutes at 15 psig
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Cold Spot Studies

The dowest heating point of this stewed tomatoes recipe in half-pint jars is the

geometric center of the jar. The f,, value at the center position was significantly larger (p

< 0.001) than the each of the positions below it (Table 4.2).

Table4.2. Determination of the Cold Spot of Stewed Tomatoesin Half-pint Jars

fr
Thermocouple placement n M ean* itar_]dard
eviation
Center 15 325" 2.0
12 below center 15 3158 2.0
12 below center 13 29.08 3.3
112 below center 11 23.9% 4.7

'Meansin the same column with different letters are significantly different at p < 0.001

Confirmation Studies

Retort temperature was controlled at 121 °C during the processin all three sizes

of retorts (Table 4.3). Retorts reached process temperature in 13 to 14 minutes from the

start of the 10 minute exhaust period. The 8 quart retort took longer than the 17 quart

retort to depressurize. The 6 quart retort depressurized faster than the 8 quart and 17

guart retorts due to aleak in the stuffing box.
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Table4.3. Retort Properties

Retort size (quart)

6(n=3) 8(n=3) 17(n=3)

Retort temperature at the end of exhaust 1014+ 06" 1025+04 1027401

(°C)

Retort temperature during process (°C) 121.4+01 121.2+01 121.1+0.0
Time from start of exhaust to start of 13.3+0.6 13.7+0.6 13.0+0.0
process (min)

Timefrom end of processto lid off (min) 13.7+1.2 26.7+06 197+21

'Mean + standard deviation

Jar temperature did not start to increase until the end of the 10 minute exhaust
(Table 4.4). Mean jar temperatures achieved by the end of the 25 minute process were

the same (p <0.001) in the 6 quart and 8 quart retorts (Table 4.4).

Table 4.4. Heating Characteristics of Jars (°C)

Retort size (quart)

6 (n=15) 8 (n=15) 17 (n= 15)
Initial 79.3+5.8! 805+21  76.8+32
Start of exhaust 76.8+ 4.4 783+23 741+23
End of exhaust 79.8+29 794+21 76.0+1.9
Start of process 84.8 + 2.1*? 853+14" 812+17°
End of process 113.7 + 0.6" 113.0+ 0.8 112.2+0.7°

*Mean + standard deviation
2\/alues in the same row with different letters are significantly different at p < .001

Maximum jar temperatures were reached after the heat was turned off (Table 4.5).
Maximum jar temperatures were similar regardless of retort size. Jar temperatures

peaked earlier in the 6 quart retort. Jars processed in the 8 quart retort remained in a
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lethal range for alonger period of time. This was the retort that took longest to

depressurize which means the jars were in the retort the longest (Table 4.3).

Table4.5. Cooling Characteristics of Jarsfrom the End of Process

Retort size (quart)

6 (n=15 8(n=14) 17(n=15)

Maximum jar temperature (°C)

1165+ 0.7" 117.1+05 116.2+0.6

Timeto maximum jar temperature (min)  3.9+0.9 55+0.7 53+0.7
Timeto jar temperature < 95 °C (min) 184+ 2.7 31.3+24 241+30

!Mean + standard deviation

Thef,, values increased with retort size (Table 4.6). The jars processed in the 17

quart retort had a slower rate of heating (p < 0.01). The difference between the f, values

was not significant between the 6 quart and 8 quart retorts.

Target Fo (3.0) was not achieved in any retort by the end of the process time; at

least 80 % of the total cumulative lethality was achieved during cooling (Figure 4.1).

100%

80% T

60% T

B End of Cool in Retort
B End of Process

40% T

- -:.
0% -

=B

6qt

8qt 17qt

Figure4.1. Contribution of heating and cooling to cumulative lethality

30



Even though the average cal culated process time appears to follow the trend of fy,
values, the maximum achieved in each size retort does not. In practice, home canning
process times are rounded up to the next 5 minute interval. Therefore, if these results
were to be used for recommending a process time, based on the worst-case jar scenario in
each retort, the recommended process time for al three sizes would be 40 minutes (Table

4.6).

Table. 4.6. Effect of Retort Size on the Processing of Stewed Tomatoes

Retort size (quart)

6 (n=15) 8 (n=15) 17 (n=15)
fr, (Min) 30.6 + 1.4 31.3+15" 33.1+1.3°
Cumulative Fo (min)

End of process 0.9+0.2 09+01 0.6+0.1
End of cool in retort n/a 48+0.6 30+05
Calculated processtimes (min)

By 336+15 33.8+09 36.0+ 0.6
Maximum By 37.3 35.9 37.0
Potential recommendation 40* 40 40

'Mean + standard deviation

2\/alues in the same row with different letters are significantly different at p < .01
3Cooling data not available due to equipment failure

“Maximum By, rounded up to the next nearest 5 minute increment
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CHAPTERS

DISCUSSION
pH Studies

The pH of some tomato samples examined in this study was above 4.7. This

exemplifies the potential for low-acid tomatoes. The stewed tomatoes recipe in this study
is non-acidified; it does not contain common household acidulants such as lemon juice,
citric acid, or vinegar. Non-acidified tomato products should be processed for the
destruction of C. botulinum.

Cold Spot Studies

The geometric center of the jar was determined to be the point of slowest heating.
Thisistypical of conduction heating products (Downing 1996). The fact the jar
temperatures continued to increase after the heat was turned off supports that these
stewed tomatoes are a conduction-heating product. Products that heat by conduction
have a dower response to heat since heat is transferred from particle to particle.

Confirmation Studies

The jars of stewed tomatoes in the 17 quart retort had significantly higher fy,
values. This means the stewed tomatoes heated more slowly in the 17 quart retort. This
was not expected. Theoretically, the same product exposed to the same heat processing
environment (temperature) should heat at the same rate at the cold spot. Retort
temperatures were well controlled so the slower rate of heating cannot be explained by

variation in process temperature. Even though the same recipe and procedure were used
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throughout the study, it is possible that there were variations in product consistency.
Natural variation in the produce could be to blame.

Another possible cause for the dower rate of heating in the 17 quart retort may be
the larger amount of space around the jars. The 17 quart retort has a considerably larger
volume than the smaller retorts used in this study. The same number of jars was
processed per heat penetration test in each retort. The jarsin the smaller retort were
placed in close proximity to each other while the jars processed in the 17 quart retort had
more space around and above them. Air pockets within the retort can cause a sower rate
of heating (National Canners Association 1968). Perhaps a 10-minute vent is not
sufficient to evacuate al the air from a 17 quart retort containing only five half-pint jars.
The fact that al retorts reached processing temperature in about the same timeis an
indication that the 10 minute vent was adequate. However, retort temperature was taken
in the top center area in each retort by a single thermocouple and there may have been
undetected air pockets in the retort with lower temperatures.

The dower rate of heating in the 17 quart retort resulted in lower temperatures,
lower cumulative lethalities, and lower calculated process times. However, according to
the worst-case scenario, the potential process recommendations are the same regardless
of retort size. Previous research aso failed to distinguish an effect of retort size on home
canning process schedules for conduction heating products (Walsh and Bates 1978).

Like previous research (Esselen and Tischer 1946; Toepfer and others 1946), this
study shows the significant contribution the cooling period makes toward total lethality.
At least 80 % of the total lethality was accumulated after the process, while the jars were

cooling.
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Taube and Sater (1948) reported that smaller retorts heated up and cooled down
more quickly than larger retorts. Thiswas not the case in this study. Retorts came to
pressure in three to four minutes after the exhaust, regardless of size. The cooling data
were more difficult to discern. The 6 quart retort depressurized much more quickly than
the other retorts as aresult of an inadequate seal of the stuffing box. The 17 quart retort
actually cooled faster than the 8 quart retort. This was probably due to more air
circulation around the jars. Nevertheless, these results do not concur with past research
or the hypothesis of the study.

The discrepancy between the current findings and past studies may be due to
retort construction; yesterday’s pressure saucepans are probably not the same as today’s
pressure cookers. Unfortunately little information on the construction and size of the
pressure saucepans is presented in past research so it is not possible to describe the
differences between past and present small pressure retorts.

Today’s smaller pressure retorts may not heat and cool more quickly than modern
larger retorts as hypothesized. Since the retorts used in this study heated at the same rate,
itislikely that they also cool at the same rate when they are filled to capacity. If thereis
no difference in the cooling period then there may not be a difference in total lethality or
recommended process schedules. The results of this study showed no differencein
potential recommended process schedules among the three sizes of retorts.

Final conclusions cannot be drawn from this study but it highlights the need for

further research.



Suggestions for Future Resear ch

The effect of retort size on heat penetration could not be effectively examined due
to significant differencesin fy, valuesin this study. It is unknown why there was a
difference but it could have been due to variability in the stewed tomatoes or the larger
amount of open space in the 17 quart retort. Variability in product should be determined
by measuring product viscosity, degrees Brix as a measurement of soluble solids, drain
weights, and weights of solids. Increasing the number of jarsin the 17 quart retort would
help determine if there is an effect of open space within the retort on heat penetration.
Placing more thermocouples at various positions within the retort would be useful to
determine if air pockets are present.

Comparisons of the cooling process between the 6 quart retort and the other
retorts could not be made due to aleak in the stuffing box. Because the cooling period
has a significant impact on total lethality it isimportant that the stuffing box is airtight.

Results from the current study indicate that the number of jars within a retort may
impact the cooling and total process lethality. The 8 quart retort wasfilled amost to
capacity so it took longer to cool than did the lightly loaded 17 quart retort.

It was difficult to compare this study to studies done in the past because of lack of
or inconsistent ways of presenting information on retort size and construction.
Researchers should be as specific as possible when describing the retorts studied.
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CHAPTER 6
SUMMARY AND CONCLUSION

Most current home pressure canning recommendations were developed using
standard 17 to 21 quart pressure retorts. Today’ s marketplace offers avariety of smaller
pressure-based cookers/canners. Retort size has the potential to affect come up and
cooling times, which contribute to the sterilizing value of a pressure process. As heating
and cooling times are reduced so is total lethality.

The objective of this study was to comparef,, values, cumulativelethalities,
and potential safe process times during pressure processing of stewed tomatoesin 6,
8, and 17 quart household pressure retorts. Stewed tomatoes were prepared and
packed into 8 half-pint glass home canning jars. Jarswere processed at 121.1 °C for
25 minutesin 6, 8, and 17 quart pressure retorts after a 10 minute exhaust of the
retort. The cold spot was determined to be the geometric center of thejar.
Continuous temperature profiles from 15 replications were collected using copper-
constantan needl e thermocoupl es connected to an electronic datalogger. Potential
process times and cumul ative lethal rates were calculated for the destruction of
Clostridiumbotulinumspores.

All three retorts came up to process temperature in the same time period so no
difference in heating was noted before the process. Processing in smaller retorts
resulted in lower f,, values (p < 0.001). Cooling data were confounded by a stuffing

box leak in the 6 quart retort and possibly by more space around thejarsin the 17
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quart retort. The magjority of lethality was accumulated in the cooling period.
Calculated process times from the data collected so far were found to be equivalent,
but due to the need to verify some data with additional work, afinal conclusion about

process schedules cannot be made at thistime.
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APPENDIX A

pH STUDIES

TableA.1l. pH of Raw Ingredients

pH
Batch I ngredient Samplel Sample2 Sample3 Average
2 celery 5.76
3 celery 5.81
4 celery 6.10
5 celery 5.90
6 celery 5.87 5.88 5.89 5.88
7 celery 5.66 5.66 5.67 5.66
8 celery 5.53 5.54 5.54 5.54
10 celery 5.72 5.72
11 celery 5.88 5.88
12 celery 5.88 5.88
1 green pepper  5.15
1 onion 5.67
2 onion 5.62
3 onior 5.44
4 onior 5.26
5 onion 5.29
6 onion 5.42 5.42 5.43 5.42
7 onior 5.32 532 5.32 5.32
8 onion 5.19 5.20 5.20 5.20
10 onion 5.32 5.32
11 onion 5.35 535
12 onior 5.35 535
1 tomato 45
2 tomato 4.48
3 tomato 4.49
4 tomato 4.40
5 tomato 4.30
6 tomato 431 4.37 4.29 4.32
7 tomato 4.66 4.64 4.63 4.64
8 tomato 4.22 4.22 4.23 4.22
10 tomato 431 431
11 tomato 477 477
12 tomato 4.77 477
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TableA.2. pH Post 10 Minute Boail

pH
Batch Ingredient Samplel Sample2 Sample3 Average
2 celery 4.57 4,55 4.56 4.56
3 celery 4.64 4.62 4.57 4.61
4 celery 4.68 4.68 4.68 4.68
5 celery 4.49 4,53 4,52 451
1 green pepper 4.65 4.6 4.62 4.62
1 liquid 4.34 4.4 4.39 4.38
2 liquid 4.47 4.48 4,51 4.49
3 liquid 4.53 4.56 4.55 4.55
4 liquid 4.50 457 4.56 454
5 liquid 4.37 4.40 4.43 4.40
1 onion 4.45 4.44 4.56 4.48
2 onion 4.56 4.60 4.59 4.58
3 onion 4.64 4.60 4.59 4.61
4 onion 4.61 4.60 4.62 4.61
5 onion 4.46 4.49 4.45 4.47
1 tomato 4.39 4.39 4.39 4.39
2 tomato 4.53 4,52 4.53 453
3 tomato 4.56 457 4.59 457
4 tomato 4.47 4.56 4.56 453
5 tomato 4.39 4.43 4.43 4.42



Table A.3. pH Post Pressure Process

pH

Batch Ingredient Samplel Sample2 Sample3 Average

10 celery 4.37 4.38 4.37 4.37
11 celery 4.42 441 4.40 441
12 celery 4.38 4.43 4.37 4.39
6 celery 4.32 4.41 4.42 4.38
7 celery 454 454 457 455
8 celery 4.35 4.27 4.30 4.31
10 liquid 4.35 4.36 4.36 4.36
11 liquid 4.37 4.37 4.36 4.37
12 liquid 4.37 4.40 4.37 4.38
6 liquid 431 4.25 4.40 4.32
7 liquid 450 452 454 452
8 liquid 4.30 4.15 421 4.22
10 onion 4.39 4.39 4.38 4.39
11 onion 4.44 4.43 4.40 4.42
12 onion 441 4.42 4.38 4.40
6 onion 4.32 4.34 4.44 4.37
7 onion 457 457 457 457
8 onion 4.34 4.33 4.32 4.33
10 tomato 4.36 4.37 4.35 4.36
11 tomato 4.37 4.37 4.37 4.37
12 tomato 4.38 4.40 4.37 4.38
6 tomato 4.30 4.33 4.40 4.34
7 tomato 453 453 454 453
8 tomato 4.38 4.25 4.24 4.29
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APPENDIX B
COLD SPOT DATA AND ANALYSIS

Cold Spot SAS Syntax

data one;
set one;
data one; set one;
if Tcid=. then delete;
drop F9;
data new; set one;
Templ=RetortTemp-JarTemp;
Temp=10g10(Templ);
output;
data new; set new;
drop RetortTemp JarTemp Templ,
proc print data=new;
run;
proc sort data=new;
by TCID;
proc print data=new;
run;

proc glm data=new;
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by TCID;
model Temp=time/solution;

output out=glmout;

ods output ParameterEstimates=parm,;

run;
proc print;run;
proc print data=parm;
run;
data parmout; set parm;
drop StdErr tVaue Probt;
proc print data=parmout;
run;
proc sort data= parmout;
by TCID;
proc print;
run;
data slope; set parmout;
if int(_n_/2)=_n_/2 then output;
proc print data=slope;
run;
data slope; set slope;
drop Dependent Parameter;

proc print data=slope;



run;
data group; set new;
keep TCID Batch TC_ TCLength RetortSize;
proc print data=group;
run;
dataall;
merge slope group;
by TCID;
proc print data=all;
run;
data two;set all;
if int(_n_/25)= n_/25 then output;
proc print data=two;
run;
data two; set two;
fh=-1/Estimate;
proc print data=two;
run;
options formdlim="";
proc glm data=two;
class Batch TC _ TCLength RetortSize;
model fh=RetortSize TCLength TC_;

means TCLength/tukey;



means TCLength;
Ismeans TCLength /out=Isout;
run;
title 'profile plot’;
proc plot data=Isout vpercent=50;
plot Ismean* TClength="L";
run;

Cold Spot Data File

TCID Batch TC# TCLength RetortSize Time RetortTemp JarTemp

225 9 2 3.375 8 0 121.26 100.97

225 9 2 3.375 8 1 121.36 102.32
225 9 2 3.375 8 2 121.38 103.54
225 9 2 3.375 8 3 121.38 104.67
225 9 2 3.375 8 4 121.40 105.78
225 9 2 3.375 8 5 121.36 106.75
225 9 2 3.375 8 6 121.42 107.81
225 9 2 3.375 8 7 121.30 108.95
225 9 2 3.375 8 8 121.36 110.08
225 9 2 3.375 8 9 121.42 111.20
225 9 2 3.375 8 10 121.38 112.11
225 9 2 3.375 8 11 121.42 113.00
225 9 2 3.375 8 12 121.38 113.87
225 9 2 3.375 8 13 121.34 114.80
225 9 2 3.375 8 14 121.38 115.73
225 9 2 3.375 8 15 121.38 116.41
225 9 2 3.375 8 16 121.38 116.88
225 9 2 3.375 8 17 121.36 117.40
225 9 2 3.375 8 18 121.36 117.81
225 9 2 3.375 8 19 121.40 118.26
225 9 2 3.375 8 20 121.40 118.55
225 9 2 3.375 8 21 121.34 118.74
225 9 2 3.375 8 22 121.46 119.19
225 9 2 3.375 8 23 121.36 119.27
225 9 2 3.375 8 24 121.05 119.83
226 9 3 2.875 8 0 121.26 92.72
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121.36
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121.42
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121.36
121.42
121.38
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121.38
121.38
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95.02
96.18
97.44
98.83
100.09
101.38
102.73
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105.10
106.39
107.56
108.64
109.61
110.46
111.28
112.15
11281
113.48
114.12
114.69
115.33
115.73
116.35
89.02
90.21
91.41
92.79
94.15
95.41
96.84
98.23
99.54
100.91
102.17
103.43
104.54
105.69
106.80
107.77
108.68
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121.26
121.36
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114.50
88.45
89.69
91.00
92.35
93.74
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98.04
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100.86
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105.76
106.84
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110.58
111.37
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112.72
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96.54
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121.77
121.71
121.73
121.77
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106.92

107.92
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101.78
103.00
104.56
106.08
107.07
108.19
109.23
110.22
111.03
111.98
112.81
113.55
114.33
114.92
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121.67
121.59
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108.76
109.63
110.80
111.58
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113.34
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82.45
84.11
85.77
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89.43
91.28
93.20
94.96
96.91
98.62
100.69
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103.22
104.69
106.05
107.18
108.36
109.23
110.08
110.99
112.13
112.64
113.74
114.56
114.69
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85.44
86.86
88.51
90.41
92.00
93.80
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2.875
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120.84
120.80
120.76
121.19
121.50
121.61
121.67
121.65
121.63
121.54
121.67
121.67
121.59
121.65
121.67
121.69
121.65
121.69
122.02
122.00
120.99
120.93
120.76
120.84
120.84
120.84
120.80
120.76
121.19
121.50
121.61
121.67
121.65
121.63
121.54
121.67
121.67
121.59
121.65
121.67
121.69

97.03
98.62
100.24
101.74
103.13
104.97
106.90
106.92
108.13
109.15
110.16
111.22
111.81
112.62
114.59
115.11
116.00
94.23
96.05
97.65
99.24
100.52
101.78
103.15
104.50
105.63
106.54
107.54
108.76
109.82
110.71
111.56
112.19
113.06
113.76
11454
115.03
11531
115.95
116.30
116.74
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121.65
121.11
121.11
121.15
121.23
121.23
121.26
121.19
121.23
121.19
121.21
121.15
121.17
121.19
121.15
121.28
121.19
121.19
121.17
121.21
121.15
121.15
121.19
121.28
121.32
121.17
121.15
121.11
121.11
121.15
121.23
121.23
121.26
121.19
121.23
121.19
121.21
121.15
121.17
121.19
121.15

117.52
83.20
84.63
86.07
87.64
89.23
90.98
92.66
94.34
96.01
97.68
99.35

100.76

102.23

103.73

105.04

106.39

107.56

108.70

109.78

110.73

111.62

112.43

113.25

113.95

114.69

115.45
82.73
84.17
85.57
87.05
88.73
90.50
92.09
93.74
95.54
97.10
98.62

100.12

101.53

102.75
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2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
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121.28
121.19
121.19
121.17
121.21
121.15
121.15
121.19
121.28
121.32
121.17
121.15
121.11
121.11
121.15
121.23
121.23
121.26
121.19
121.23
121.19
121.21
121.15
121.17
121.19
121.15
121.28
121.19
121.19
121.17
121.21
121.15
121.15
121.19
121.28
121.32
121.17
121.15
121.11
121.11
121.15

104.18
105.31
106.52
107.64
108.66
109.61
110.42
111.35
112.17
112.87
113.59
114.14
89.65

90.91

92.37

93.80

95.34

96.84

98.38

100.07
101.33
102.73
104.16
105.48
106.84
108.32
109.27
110.33
111.39
112.38
113.15
113.99
114.82
115.52
116.18
116.84
117.42
117.77
96.82

98.38

99.58
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121.23
121.23
121.26
121.19
121.23
121.19
121.21
121.15
121.17
121.19
121.15
121.28
121.19
121.19
121.17
121.21
121.15
121.15
121.19
121.28
121.32
121.17
121.15
121.65
122.08
121.65
120.72
121.21
121.11
121.09
121.17
121.26
121.15
121.13
121.09
121.15
121.23
121.28
121.19
121.19
121.17

100.84
101.78
102.92
104.33
105.46
106.84
108.17
109.44
110.52
111.41
112.19
113.27
114.12
114.78
115.47
116.12
116.43
117.07
117.44
117.77
118.10
118.45
118.76
95.26

96.82

98.28

99.69

101.14
102.66
104.05
105.50
106.86
108.11
109.29
110.39
111.49
112.43
113.55
114.42
115.41
116.33
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2.875
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121.13
121.21
121.19
121.03
121.28
121.21
121.05
121.65
122.08
121.65
120.72
121.21
121.11
121.09
121.17
121.26
121.15
121.13
121.09
121.15
121.23
121.28
121.19
121.19
121.17
121.13
121.21
121.19
121.03
121.28
121.21
121.05
121.65
122.08
121.65
120.72
121.21
121.11
121.09
121.17
121.26

116.88
117.44
117.93
118.26
118.61
118.84
119.19
86.18
87.29
88.40
89.69
91.17
92.88
94.66
96.59
98.47
100.31
102.04
103.71
105.36
106.84
108.19
109.46
110.90
112.17
113.25
114.27
115.11
115.93
116.63
117.15
117.62
83.15
84.50
85.94
87.45
89.08
90.78
92.46
94.27
96.01
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2.375
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2.375
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121.15
121.13
121.09
121.15
121.23
121.28
121.19
121.19
121.17
121.13
121.21
121.19
121.03
121.28
121.21
121.05
121.65
122.08
121.65
120.72
121.21
121.11
121.09
121.17
121.26
121.15
121.13
121.09
121.15
121.23
121.28
121.19
121.19
121.17
121.13
121.21
121.19
121.03
121.28
121.21
121.05

97.63
99.24
100.80
102.36
103.92
105.16
106.56
107.75
108.81
109.97
111.03
111.98
112.98
113.89
114.75
115.60
79.48
81.01
82.60
84.28
86.07
87.88
89.71
91.63
93.53
95.30
97.01
98.66
100.29
101.85
103.39
104.80
106.12
107.35
108.53
109.76
110.71
111.71
11255
113.38
114.20
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121.89
122.04
122.06
122.16
122.16
122.31
122.31
122.27
121.71
122.31
122.20
122.25
122.25
122.25
122.20
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122.20
122.16
122.18
122.22
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122.31
122.31
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121.71
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122.20
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122.20

88.30
89.41
90.52
91.83
93.25
94.62
96.07
97.53
99.05
100.46
101.85
103.20
104.46
105.59
106.73
107.79
108.74
109.74
110.56
111.43
112.17
112.87
113.57
114.18
114.80
88.38
89.71
90.80
92.18
93.48
95.09
97.12
98.68
100.69
101.98
103.67
104.71
106.22
107.47
108.43
109.67
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122.20
122.14
122.20
122.16
122.18
122.22
122.27
122.27
122.25
121.89
122.04
122.06
122.16
122.16
122.31
122.31
122.27
121.71
122.31
122.20
122.25
122.25
122.25
122.20
122.20
122.20
122.14
122.20
122.16
122.18
122.22
122.27
122.27
122.25
121.89
122.04
122.06
122.16
122.16
122.31
122.31

110.92
111.64
111.90
112.93
113.99
114.20
115.03
115.79
116.41
91.65

92.79

94.13

95.45

96.84

98.38

99.94

101.44
103.05
104.54
106.05
107.52
108.85
110.08
111.22
112.55
113.82
114.75
115.54
116.26
116.90
11754
118.12
118.68
119.13
99.75

101.40
102.87
104.18
105.76
107.09
108.30
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122.27
121.71
122.31
122.20
122.25
122.25
122.25
122.20
122.20
122.20
122.14
122.20
122.16
122.18
122.22
122.27
122.27
122.25
121.69
121.96
121.98
121.98
121.59
121.75
121.98
122.14
122.06
122.14
122.20
122.25
122.18
122.22
122.29
122.31
122.25
122.35
121.71
122.37
122.31
122.33
122.33

109.72
110.86
112.07
113.08
113.95
114.61
115.35
116.04
116.72
117.32
117.89
118.39
118.78
119.25
119.63
120.02
120.22
120.45
97.95

99.52

101.04
102.68
104.22
105.80
107.43
108.87
110.10
111.24
112.19
113.10
114.14
114.84
115.35
116.30
117.21
118.14
119.15
119.75
120.20
120.53
120.64
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2.875
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122.31
122.10
122.16
121.69
121.96
121.98
121.98
121.59
121.75
121.98
122.14
122.06
122.14
122.20
122.25
122.18
122.22
122.29
122.31
122.25
122.35
121.71
122.37
122.31
122.33
122.33
122.31
122.10
122.16
121.69
121.96
121.98
121.98
121.59
121.75
121.98
122.14
122.06
122.14
122.20
122.25

120.72
120.95
121.13
90.61
91.59
92.70
93.98
95.41
96.84
98.34
99.86
101.31
102.75
104.20
105.44
106.75
108.09
108.91
110.20
111.22
112.26
113.10
113.97
114.71
115.47
116.00
116.47
117.07
117.69
87.58
88.58
89.76
90.98
92.40
93.91
95.39
96.97
98.60
100.05
101.55
102.96



106
106
106
106
106
106
106
106
106
106
106
106
106
106
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
107
108

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
17
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2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
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122.18
122.22
122.29
122.31
122.25
122.35
121.71
122.37
122.31
122.33
122.33
122.31
122.10
122.16
121.69
121.96
121.98
121.98
121.59
121.75
121.98
122.14
122.06
122.14
122.20
122.25
122.18
122.22
122.29
122.31
122.25
122.35
121.71
122.37
122.31
122.33
122.33
122.31
122.10
122.16
121.42

104.69
105.86
107.66
108.89
109.74
110.88
112.57
112.91
113.97
115.07
115.67
116.28
116.76
118.02
85.74

87.10

88.45

89.80

91.37

92.96

94.55

96.16

97.78

99.35

100.91
102.36
103.77
105.04
106.22
107.66
108.76
109.78
110.78
111.71
112.68
113.32
114.29
115.33
115.93
116.61
87.93



108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

NMNNMNNOMNNRNRNONNNMNMNNMNNMNNNNNNRRRPRRPRPRPRPRPRPRPREPRPREPREPRPRRPRPRPRPRERERLERELPR

1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
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121.71
121.77
121.79
121.75
121.89
121.81
121.87
121.32
121.81
121.89
120.86
121.85
121.92
121.92
122.00
121.96
121.59
121.89
121.92
121.96
121.94
121.98
122.12
121.83
121.42
121.71
121.77
121.79
121.75
121.89
121.81
121.87
121.32
121.81
121.89
120.86
121.85
121.92
121.92
122.00
121.96

88.97
90.19
91.59
92.96
94.51
95.99
97.53
99.07
100.50
101.91
103.26
104.52
105.74
106.82
107.92
108.93
109.89
110.78
111.71
112.51
113.25
113.97
114.73
11541
89.65
90.56
91.78
93.09
94.27
95.58
97.23
98.47
99.86
101.48
102.83
104.22
105.36
106.58
107.60
108.70
109.76



109
109
109
109
109
109
109
109
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
111
111
111
111
111
111
111
111

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
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2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
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121.59
121.89
121.92
121.96
121.94
121.98
122.12
121.83
121.42
121.71
121.77
121.79
121.75
121.89
121.81
121.87
121.32
121.81
121.89
120.86
121.85
121.92
121.92
122.00
121.96
121.59
121.89
121.92
121.96
121.94
121.98
122.12
121.83
121.42
121.71
121.77
121.79
121.75
121.89
121.81
121.87

110.61
111.56
112.45
113.17
113.95
114.52
115.18
115.73
92.98

93.63

94.77

95.73

96.99

98.32

99.45

101.01
102.30
103.64
105.01
106.14
107.16
108.28
109.44
110.39
111.26
112.07
112.81
113.48
114.23
114.75
115.35
115.91
116.57
98.13

99.71

101.21
102.60
103.71
105.01
106.22
107.43



111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
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3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
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121.32
121.81
121.89
120.86
121.85
121.92
121.92
122.00
121.96
121.59
121.89
121.92
121.96
121.94
121.98
122.12
121.83
121.50
121.61
121.67
121.52
121.87
121.92
121.83
121.96
121.89
121.87
121.94
121.92
122.00
121.94
121.96
122.06
121.94
122.25
122.31
122.29
122.20
122.22
122.25
122.04

108.62
109.84
111.03
112.13
113.10
114.08
114.88
115.67
116.43
116.99
117.69
118.16
118.80
119.17
119.48
119.96
120.20
98.02

99.17

100.41
101.66
102.94
104.20
105.40
106.50
107.60
108.64
109.57
110.46
111.26
112.15
112.89
113.70
114.31
115.01
115.75
116.41
116.94
117.50
117.93
118.45



112
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
113
114
114
114
114
114
114
114
114
114
114
114
114
114
114
114

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
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3.375
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
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122.25
121.50
121.61
121.67
121.52
121.87
121.92
121.83
121.96
121.89
121.87
121.94
121.92
122.00
121.94
121.96
122.06
121.94
122.25
122.31
122.29
122.20
122.22
122.25
122.04
122.25
121.50
121.61
121.67
121.52
121.87
121.92
121.83
121.96
121.89
121.87
121.94
121.92
122.00
121.94
121.96

118.90
92.55
93.53
94.23
95.67
96.76
98.17
99.24

100.65

101.95

103.02

104.33

105.55

107.01

107.68

109.06

109.72

110.84

111.45

112.34

113.55

114.25

115.11

115.60

116.10

117.15
90.21
91.26
92.29
93.59
94.96
96.37
97.78
99.28

100.76

102.10

103.45

104.78

105.95

107.16

108.21



114
114
114
114
114
114
114
114
114
114
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
116
116
116
116
116
116

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
19
19
19
19
19
19
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2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
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122.06
121.94
122.25
122.31
122.29
122.20
122.22
122.25
122.04
122.25
121.50
121.61
121.67
121.52
121.87
121.92
121.83
121.96
121.89
121.87
121.94
121.92
122.00
121.94
121.96
122.06
121.94
122.25
122.31
122.29
122.20
122.22
122.25
122.04
122.25
121.48
121.77
121.75
121.92
121.75
121.85

109.40
110.29
111.24
112.19
113.08
11391
115.01
115.97
117.17
117.62
86.59
87.71
88.86
90.13
91.57
93.01
94.47
95.99
97.53
99.00
100.41
101.78
103.05
104.37
105.55
106.71
107.75
108.76
109.97
110.73
111.62
112.43
113.36
113.97
114.63
89.65
90.63
91.74
92.92
94.19
95.54



116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
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1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
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121.96
122.02
122.00
122.06
122.04
122.08
121.98
122.06
122.02
122.14
121.36
122.12
122.10
122.25
122.00
122.27
122.18
121.81
122.43
121.48
121.77
121.75
121.92
121.75
121.85
121.96
122.02
122.00
122.06
122.04
122.08
121.98
122.06
122.02
122.14
121.36
122.12
122.10
122.25
122.00
122.27

96.88

98.30

99.67

101.04
102.36
103.64
104.89
105.99
107.03
108.17
109.10
110.06
110.80
111.71
112.34
113.06
113.80
114.44
115.07
90.32

91.28

92.37

93.55

94.81

96.11

97.44

98.85

100.20
101.55
102.85
104.16
105.44
106.58
107.71
108.91
109.95
111.01
111.96
112.93
113.87
114.71



117
117
117
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
118
119
119
119
119
119
119
119
119
119
119
119
119
119

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
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2.375
2.375
2.375
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
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122.18
121.81
122.43
121.48
121.77
121.75
121.92
121.75
121.85
121.96
122.02
122.00
122.06
122.04
122.08
121.98
122.06
122.02
122.14
121.36
122.12
122.10
122.25
122.00
122.27
122.18
121.81
122.43
121.48
121.77
121.75
121.92
121.75
121.85
121.96
122.02
122.00
122.06
122.04
122.08
121.98

115.56
116.26
117.01
92.68

93.63

94.70

95.86

97.06

98.30

99.62

100.99
102.34
103.67
104.91
106.12
107.28
108.40
109.44
110.58
111.52
112.45
113.19
114.06
114.75
115.39
116.08
116.59
117.15
99.11

100.71
102.28
103.79
105.23
106.63
107.92
109.15
110.27
111.35
112.24
113.08
113.97



119
119
119
119
119
119
119
119
119
119
119
119
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
316
317
317
317
317

19
19
19
19
19
19
19
19
19
19
19
19
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
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3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
3.375
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
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122.06
122.02
122.14
121.36
122.12
122.10
122.25
122.00
122.27
122.18
121.81
122.43
121.26
121.19
121.21
121.23
121.11
121.21
121.26
121.21
121.17
121.07
121.21
121.23
121.19
121.11
121.09
121.13
121.17
121.15
121.13
121.13
121.09
121.17
121.13
121.13
121.13
121.26
121.19
121.21
121.23

114.69
115.33
116.06
116.59
117.15
117.62
118.22
118.76
119.17
119.52
119.87
120.18
87.97
89.36
90.76
92.22
93.68
95.24
96.74
98.25
99.62
100.99
102.38
103.71
104.97
106.10
107.20
108.15
109.12
110.03
110.92
111.75
112.51
113.29
113.82
114.50
115.01
86.22
87.58
89.02
90.54



317
317
317
317
317
317
317
317
317
317
317
317
317
317
317
317
317
317
317
317
317
318
318
318
318
318
318
318
318
318
318
318
318
318
318
318
318
318
318
318
318

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
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1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
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121.11
121.21
121.26
121.21
121.17
121.07
121.21
121.23
121.19
121.11
121.09
121.13
121.17
121.15
121.13
121.13
121.09
121.17
121.13
121.13
121.13
121.26
121.19
121.21
121.23
121.11
121.21
121.26
121.21
121.17
121.07
121.21
121.23
121.19
121.11
121.09
121.13
121.17
121.15
121.13
121.13

92.05
93.61
95.13
96.63
98.17
99.56
100.95
102.30
103.60
104.82
105.99
106.96
107.94
108.81
109.76
110.48
111.49
112.41
113.15
113.87
114.65
87.71
88.97
90.28
91.72
93.12
94.64
96.14
97.65
99.07
100.48
101.91
103.28
104.59
105.80
106.96
108.02
109.04
110.61
111.83
112.43



318
318
318
318
318
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
319
320
320
320
320
320
320
320
320
320
320
320

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
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2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
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121.09
121.17
121.13
121.13
121.13
121.26
121.19
121.21
121.23
121.11
121.21
121.26
121.21
121.17
121.07
121.21
121.23
121.19
121.11
121.09
121.13
121.17
121.15
121.13
121.13
121.09
121.17
121.13
121.13
121.13
121.26
121.19
121.21
121.23
121.11
121.21
121.26
121.21
121.17
121.07
121.21

113.38
113.84
114.88
115.22
115.85
89.34
90.54
91.81
93.18
94.55
95.99
97.48
98.94
100.26
101.59
102.98
104.31
105.57
106.77
107.92
108.89
109.95
110.82
111.69
112.45
113.23
113.95
114.67
115.33
115.77
92.00
93.20
94.38
95.79
97.21
98.66
100.18
101.66
103.07
104.37
105.76



320
320
320
320
320
320
320
320
320
320
320
320
320
320
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
321
322
322

20
20
20
20
20
20
20
20
20
20
20
20
20
20
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
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2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
1.875
1.875

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
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121.23
121.19
121.11
121.09
121.13
121.17
121.15
121.13
121.13
121.09
121.17
121.13
121.13
121.13
121.23
121.17
121.17
121.13
121.17
121.21
121.11
121.17
121.17
121.11
121.09
121.13
121.28
121.28
121.19
121.11
121.15
121.15
121.17
121.21
121.13
121.21
121.13
121.05
121.17
121.23
121.17

107.03
107.88
109.38
110.44
111.33
112.24
112.89
113.00
114.63
114.78
115.87
116.20
117.03
117.62
83.80
85.16
86.68
88.16
89.82
91.52
93.07
94.81
96.39
97.93
99.45
100.91
102.28
103.62
104.82
105.74
106.88
107.90
108.95
109.95
110.75
111.64
112.43
113.15
113.80
87.14
88.58



322
322
322
322
322
322
322
322
322
322
322
322
322
322
322
322
322
322
322
322
322
322
322
323
323
323
323
323
323
323
323
323
323
323
323
323
323
323
323
323
323
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21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
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21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
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1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.875

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
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121.17
121.13
121.17
121.21
121.11
121.17
121.17
121.11
121.09
121.13
121.28
121.28
121.19
121.11
121.15
121.15
121.17
121.21
121.13
121.21
121.13
121.05
121.17
121.23
121.17
121.17
121.13
121.17
121.21
121.11
121.17
121.17
121.11
121.09
121.13
121.28
121.28
121.19
121.11
121.15
121.15

89.67
91.57
92.96
94.70
96.22
97.74
98.96
100.54
102.02
103.32
104.65
105.65
106.96
107.92
109.04
109.99
110.80
111.62
112.32
113.17
113.68
114.42
115.22
90.35
91.52
92.83
94.23
95.62
97.68
99.39
100.89
102.13
103.45
104.95
105.67
106.92
108.17
109.12
110.16
111.05
111.92



323
323
323
323
323
323
323
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
324
325
325
325
325
325
325
325
325
325

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
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2.875
2.875
2.875
2.875
2.875
2.875
2.875
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
2.375
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
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121.17
121.21
121.13
121.21
121.13
121.05
121.17
121.23
121.17
121.17
121.13
121.17
121.21
121.11
121.17
121.17
121.11
121.09
121.13
121.28
121.28
121.19
121.11
121.15
121.15
121.17
121.21
121.13
121.21
121.13
121.05
121.17
121.23
121.17
121.17
121.13
121.17
121.21
121.11
121.17
121.17

112.66
113.57
114.29
115.09
115.71
116.18
116.86
85.05
86.33
87.75
89.21
90.83
92.44
93.95
95.60
97.16
98.64
100.07
101.55
102.94
104.31
105.53
106.67
107.85
108.93
109.67
110.56
111.41
112.02
112.76
113.42
114.50
86.09
87.66
89.87
90.76
92.29
94.00
95.32
96.69
98.55



325
325
325
325
325
325
325
325
325
325
325
325
325
325
325
325

21
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21
21
21
21
21
21
21
21
21
21
21
21
21
21
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1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875
1.875

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

121.11
121.09
121.13
121.28
121.28
121.19
121.11
121.15
121.15
121.17
121.21
121.13
121.21
121.13
121.05
121.17

99.79
101.18
102.58
103.94
105.36
106.84
107.79
108.93
110.03
111.09
112.13
112.64
113.57
114.75
115.26
115.64



APPENDIX C

CONFIRMATION DATA AND ANALYSIS

Temperature Profilesin the6 Quart Retort

Table C.1. Batch 23 Temperature Profiles (° C)

Time Retort TC505 TC506 TC507 TC508 TC509

7361 8618 8484 8768 8652 83.86
2008 8533 8416 8700 8565 8314
5152 8436 8339 8619 8479 8254
7171 8342 8267 8540 8387 8193
9518 8243 8172 8444 8278 81.22

A WDNELO

Start of Exhaust

5 9995 8162 8102 8345 8174 8058
6 10095 80.84 8038 8273 8106 79.81
7 101.25 80.27 79.87 8213 8042 79.30
8 10140 7989 7960 8176 80.02 78.99
9 10150 7987 7962 8163 79.87 78.99

10 10157 80.14 7998 8182 8007 79.35
11 101.61 80.64 80.60 8226 8055 79.88
12 10163 8140 8132 82838 8117 80.65
13 101.74 8225 8225 8363 8194 8155
14 101.80 8320 8319 8444 8284 8254
End of Exhaust

15 10555 8428 8418 8536 8390 8351
16 112.11 8531 8523 8623 84.95 84.65
17 11730 86.27 8628 87.13 8591 85.70
Start of Process

18 12166 8725 8724 8798 86.89 86.79
19 12157 8832 8320 8885 8779 87.82
20 12160 8950 8925 89.87 8881 88.95
21 12145 90.67 9038 9090 8990 90.10
22 121.37 9204 9168 9213 91.09 9151
23 121.35 9357 93.08 9349 9239 9294
24 121.04 9502 9457 9494 9382 94.45
25 12157 96.63 96.08 96.38 9528 96.02
26 12141 9812 9763 9784 9670 97.63
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27 12143 9955 9910 9926 9812 99.20
28 121.02 101.05 10052 100.67 99.55 100.82
29 121.47 10246 101.88 102.01 100.90 102.36
30 121.43 103.73 103.16 103.31 10216 103.61
31 121.51 10499 104.39 10454 103.46 104.91
32 121.49 106.15 10554 105.69 104.62 106.03
33 12155 107.34 106.66 106.79 105.77 107.09
34 121.02 108.42 107.67 107.80 106.78 108.08
35 121.28 109.32 10860 108.75 107.71 109.05
36 121.41 110.33 109.53 109.66 108.68 109.94
37 121.20 111.20 11035 11048 10953 110.71
38 121.37 11197 11113 111.26 110.35 111.47
39 121.31 11275 11188 11197 111.08 112.16
40 12157 11340 11253 112.62 111.80 112.90
41 121.31 11413 11322 11329 11249 11359
42 12141 11470 113.77 113.88 113.10 114.22
Heat Off

43 121.24 11530 11438 114.40 113.68 114.80
44 11965 116.06 114.88 11491 11429 115.62
45 11854 117.10 11542 11549 11490 116.45
46 117.69 117.60 116.13 116.03 11552 117.16
47 11642 117.24 11657 11656 11617 117.31
48 115.13 115.68 11552 11543 116.17 116.72
49 11293 11376 113.39 113.29 114.10 114.47
50 110.93 111.62 111.34 11124 112.07 11221
51 108.91 109.79 109.42 109.30 110.20 110.21
52 107.22 107.82 10757 10744 108.16 108.21
53 105.48 106.19 10583 105.84 106.47 106.41
54 104.00 104.73 104.35 104.18 105.01 104.82
55 102.68 103.37 10299 102.88 103.73 103.25
56 101.53 102.18 101.80 101.76 10252 102.08
57 100.37 101.03 100.71 100.58 101.39 100.99
Lid Off

58 4698 99.25 9921 9941 99.36  99.58
59 2940 9601 9687 9743 9634 99.11
60 2360 9359 9492 9582 9421 98.71
61 21.79 9169 9313 9423 9243 98.23
62 21.37 8991 9150 9280 90.75 97.72
63 2147 8828 8992 9124 8918 96.97
64 21.89 86.79 8846 89.87 87.70 96.26
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65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

22.36
22.46
22.51
2251
22.46
22.46
22.41
22.36
22.31
22.31
22.19
22.12
22.07
22.04
21.87

85.31
83.79
82.45
81.13
79.83
78.59
77.32
76.15
75.03
73.94
72.84
71.79
70.78
69.79
68.82

86.96
85.56
84.16
82.82
81.50
80.22
78.98
77.79
76.61
75.46
74.39
73.32
72.22
71.21
70.20

81

88.50
87.20
85.91
84.66
83.43
82.22
81.05
79.97
78.91
77.89
76.89
75.96
74.98
73.97
73.10

86.28
84.86
83.52
82.23
80.95
79.74
78.54
7741
76.30
75.21
74.16
73.11
72.11
71.12
70.20

95.42
94.58
93.70
92.62
91.69
90.65
89.62
88.60
87.58
86.51
85.46
84.36
83.29
82.30
81.33



Table C.2 Batch 24 Temperature Profiles

Time Retort TC510 TC511 TC512 TC513 TC514

0 50.03 8395 7294 7651 77.85 78.79
1 5742 8280 7296 7582 7730 78.28
2 73.03 8168 7285 7509 7675 77.80
Start of Exhaust

3 95.14 8060 7249 7435 7619 77.02

4 100.61 79.61 7204 7371 7581 76.42
5 101.16 7883 7175 7330 7548 76.04
6 101.36 7823 7166 73.08 7539 75.73
7 10148 7790 71.82 7319 7550 @ 75.69
8 10159 7795 7235 7360 7595  75.93
9 10159 7826 73.07 7431 76.66 76.46

10 101.63 7883 7403 7520 7754 7724
11 101.70 79.61 75.19 76.36 78.59 78.17
12 101.72 8056 7641 7760 79.76 79.30
End of Exhaust

13 101.76 8157 7770 7882 80.99 8043
14 108.64 82.65 79.05 7993 8227 8162
15 11393 8364 8035 8130 8348 8270
Start of Process

16 11879 84.69 8165 8266 8462 83.93
17 120.95 85.74 8293 8404 8569 85.02
18 121.31 86.84 8423 8523 8685 86.18
19 121.33 88.04 8556 8658 88.07 87.49
20 12151 89.26 8698 8305 8940 88.93
21 121.47 90.63 8353 8959 9085 90.43
22 12143 9210 9014 9122 9237 9197
23 121.47 9357 9181 9291 9399 9359
24 121.43 95.02 9347 9459 9558 95.18
25 121.41 9653 9513 9629 9718 96.84
26 121.45 98.01 96.77 9795 9874 98.38
27 121.45 99.42 9833 9930 100.17 99.93
28 121.41 100.83 99.83 10146 101.62 101.33
29 121.31 10214 101.28 102.78 102.99 102.74
30 121.33 103.37 102.67 103.93 104.24 104.02
31 121.43 104.63 10397 10535 10549 105.23
32 121.43 105.77 105.26 106.34 106.64 106.39
33 121.45 10691 106.42 107.68 107.74 107.45
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34 121.41 10793 10757 108.73 108.75 108.44
35 12145 10896 108.64 109.74 109.70 109.35
36 121.47 109.98 109.70 110.84 11058 110.21
37 12145 11088 11066 11153 11140 11101
38 121.45 111.78 11157 11256 11220 111.79
39 121.47 112.60 11245 11342 11295 11248
40 12151 11342 11327 11438 11364 11313
Heat Off

41 121.39 114.17 11406 115.16 11431 113.78
42 119.92 11482 11479 116.14 115.04 114.74
43 117.09 11581 11590 116.89 11577 115.89
44 11477 116.37 11559 117.01 11517 115.05
45 112.76 11464 11360 115.34 11341 113.07
46 110.85 112.73 11167 11353 11136 111.14
47 108.99 11096 109.82 111.64 10951 109.37
48 107.30 109.43 108.14 109.96 107.88 107.62
49 105.80 107.82 106.59 108.33 10645 106.12
50 104.36 106.26 105.15 106.85 105.09 104.72
51 103.00 104.77 103.77 105.71 103.75 103.29
52 101.80 10346 10258 104.44 10248 102.08
53 100.65 10229 10143 103.33 101.33 100.89
Lid Off

4 60.08 100.77 100.07 102.10 99.98 99.80
55 3211 97.86 98.42 9932 99.17 97.57
56 27.20 94.98 96.47 98.87 98.46 95.03
57 26.03 9282 9464 9831 97.60 93.09
58 2546 91.00 9289 9769 96.81 91.27
59 2512 89.26 91.29 9705 95.99 89.56
60 2492 8765 8975 9632 9518 87.95
61 24.68 86.09 88.29 9546  94.36 86.44
62 2453 84.61 86.87 9457 93.52 84.91
63 2433 8318 8547 9362 9265 8349
64 2416 8181 84.09 9267 91.68 82.10
65 2406 8045 8284 9163 90.68 80.76
66 23.92 79.14 8157 9059 89.66 79.46
67 23.79 T77.97 80.38 8957 88.64 78.24
68 23.67 76.68 79.20 8844 87.61 77.04
69 2352 7557 7803 8741 86.%4 75.84
70 2347 7443 76.92 86.34 85.47 74.75
71 23.32 73.34 75.83 8532 8444 73.68
72 2323 72.26 74.77 8424  83.37 72.56
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73
74
75
76
77
78
79

23.13
23.05
23.00
22.81
22.31
22.17
2541

71.21
70.20
69.25
68.28
67.36
66.43
65.36

73.76
72.78
71.86
70.87
70.00
69.10
68.02

83.19
82.18
81.16
80.15
79.15
77.38
76.23

82.31
81.28
80.29
79.23
78.32
74.61
73.20

71.56
70.57
69.65
68.77
67.85
66.60
65.58



Table C.3. Batch 25 Temperature Profiles

Time Retort TC515 TC516 TC51/ TC518 TC519

0 4283 7623 73.69 7205 7040 77.77
1 6248 7572 7336 7201 7022 7751
2 7220 7523 7294 7185 70.07 77.06
3 8442 7470 7258 7163 69.86 76.40

Start of Exhaust

4 9492 74.14 72.22 71.33 69.66 75.71
5 99.67 7374 7195 7109 6955 75.13
6 9995 7358 7175 71.04 6959 74.77
7 100.07 73.67 71.84 71.13 69.80 74.57
8 100.12 7401 7206 7156 7020 74.73
9 100.37 74.59 72.64 72.23 70.76 75.15

10 10059 7543 7349 7310 7161 7582
11 100.63 76.44 74.50 74.15 72.71 76.64
12 100.69 77.59 75.70 75.38 74.03 77.66
13 100.67 78.85 7699 76,63 7537 78.75
End of Exhaust

14 100.63 80.05 7828 7796 7681  79.92
15 104.36 8133 7965 7926 7823 8111
16 109.84 82.63 8102 8061 7965 8232
17 11498 8375 8236 8187 8095 8342
Start of Process

18 120.27 8493 8357 8310 8227 8445
19 12151 86.07 8479 8431 8354 8555
20 121.62 8727 8609 8553 8484 86.73
21 12151 8854 8746 8685 8620 87.95
22 121.60 89.91 8396 8324 8766 89.32
23 12162 91.37 9053 89.79 89.18 90.80
24 12157 9292 9220 91.33 90.79 9231
25 12153 9448 9390 9300 9248 9391
26 121.60 96.10 9561 9466 9436  95.53
27 121.31 9767 9730 96.23 96.01 97.08
28 121.33 99.14 9891 9782 9760 98.62
29 121.43 100.62 10045 99.34 99.17 100.12
30 12145 101.97 10190 100.77 100.62 101.53
31 121.47 103.33 103.31 102.16 102.01 102.91
32 121.45 10458 10456 103.46 103.29 104.25
33 12155 105.79 105.77 104.73 10454 105.48
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34 12155 106.85 106.87 10594 105.73 106.67
35 121.53 107.91 10793 107.06 106.85 107.83
36 121.55 108.88 108.92 108.12 107.88 108.95
37 12155 109.81 109.82 109.09 108.87 109.96
38 121.55 110.69 11066 110.06 109.78 111.01
39 121.55 11147 11146 11096 110.66 112.00
40 12153 112.23 112.22 11181 11150 113.00
41 12155 11296 11291 112.62 11226 113.84
42 12155 113.67 11362 11346 11295 114.70
Heat Off

43 12157 11428 11421 114.32 11362 11547
44 119.44 11493 11488 115.16 11523 117.85
45 116.40 11595 11567 116.81 11571 11751
46 114.10 116.60 11532 115.66 116.63 115.39
47 112.11 11474 11364 11346 11536 113.28
48 110.24 113.04 11188 11153 11329 111.30
49 108.51 111.49 110.33 109.68 111.17 109.45
50 106.92 109.87 108.77 108.14 109.25 107.79
51 105.38 108.33 107.14 106.47 107.74 106.22
52 103.95 106.87 105.60 104.99 106.36 104.72
53 102.74 10552 104.22 103.67 105.03 103.49
54 101.61 104.29 103.07 10254 103.84 102.32
55 100.59 103.16 102.03 10144 102.75 101.23
Lid Off

56 55.44 101.24 100.15 99.98 101.37 99.24
57 3599 9816 9773 9748 9919 96.35
58 30.78 9597 9756 9515 97.05 93.89
59 28.64 9407 9743 9326 95.15 91.64
60 2698 9225 9722 9152 9334  89.67
61 26.74 9054 9694 8983 9166 87.77
62 2644 8393 9651 8829 90.05 86.07
63 2586 8741 9593 86.69 8846 8441
64 2546 8596 9522 8525 86.98 82.85
65 25.05 8461 9442 8389 8560 81.35
66 25.02 8322 9352 8255 8431 79.94
67 2478 8199 9252 8121 8297 7855
68 2465 80.73 9148 7997 8174 77.20
69 2448 7954 9044 7878 8051 7591
70 2424 7841 8938 7762 7936 74.68
71 2416 7732 8831 7645 7823 7350
72 2406 7626 8722 7533 7710 7232
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73
74
75
76
77
78
79

23.99
23.92
23.79
23.74
23.65
23.99
24.36

75.14
74.14
73.11
72.15
71.21
70.31
69.41

86.15
85.10
84.03
82.97
81.98
80.99
79.98
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74.26
73.22
72.16
71.15
70.14
69.27
68.32

76.03
74.94
73.96
72.89
71.91
70.94
69.95

71.22
70.14
69.06
68.03
67.05
66.06
65.09



Temperature Profilesin the8 Quart Retort

Table C.4. Batch 27 Temperature Profiles

Time Retort TC606 TC607 TC608 TC609 TC610
0 5329 7701 8062 85.07 8190 80.27
1 6759 7659 80.09 8442 8126 80.12
2 7755 76.06 7960 8374 80.62 79.90
Start of Exhaust

3 9124 7543 7898 8290 7993  79.46

4 100.18 7488 7841 8207 7923  78.88
5 10091 7454 7803 8147 7874  78.55
6 101.18 7425 7772 8096 7834 7824
7 102.23 7418 7759 80.61 78.08  78.17
8 10249 7436 7774 8052 7816  78.33
9 10257 7485 7819 80.72 7845  78.70

10 102.70 75.63 7885 81.25 79.07 79.30
11 102.76 76.61 7965 8191 79.91 80.07
12 102.83 77.72 8068 8273 80.82 81.02
End of Exhaust

13 10285 7890 8179 8365 8192 82.01
14 105.27 80.11 8284 8461 8304 8307
15 11156 8144 8396 8567 8420 84.10
16 117.25 8272 8510 86.67 85.39 85.20
Start of Process

17 121.06 8395 8628 87.68 86.44  86.23
18 121.39 8520 8740 88.74 87.53 87.27
19 121.22 8649 8357 89.74 8864  88.38
20 121.20 8782 8986 90.92 89.83 89.54
21 12114 8926 9120 9222 91.18 90.86
22 121.14 90.78 9272 93.62 9261 92.23
23 121.18 9236 9421 95.05 94.08 93.67
24 12116 9394 9574 96,53  95.58 95.16
25 121.20 9560 9728 97.99 97.09 96.67
26 121.24 9717 9878 9943  98.55 98.17
27 121.26 98.69 100.19 100.84 99.98 99.58
28 121.22 100.21 10158 10216 101.43 100.97
29 121.20 10165 10290 10342 102.71 102.27
30 121.18 103.03 104.09 10456 103.97 103.49
31 121.24 104.37 10530 105.71 105.20 104.63
32 121.22 105.62 106.42 106.75 106.32 105.76
33 121.20 106.77 10750 107.74 107.40 106.77
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34 121.24 107.87 10847 108.67 108.39 107.74
35 121.20 108.84 109.40 109.51 109.34 108.65
36 121.20 109.79 110.26 110.36 110.22 109.49
37 121.20 11067 111.11 11111 111.04 110.32
38 121.16 11143 11188 11187 111.80 111.05
39 121.18 112.16 112.62 11254 11255 111.77
40 121.18 112.88 113.29 11323 11322 112.48
41 121.22 11350 11391 113.88 113.89 113.09
Heat off

42 121.22 11413 11452 11447 11448 113.69
43 120.14 11470 11509 11511 11519 114.26
44 119.15 115.35 11567 11572 11588 11491
45 118.13 11587 116.30 116,58 116.69 116.35
46 117.19 11649 116.75 11720 11696 116.89
47 116.34 117.02 11650 117.26 116.46 116.45
48 11548 11729 11571 116.66 11559 115.66
49 11467 117.14 11496 11585 11481 114.86
50 113.77 116.62 11410 11499 11391 113.99
51 11293 11593 11325 11411 11312 11321
52 112.19 11514 11251 11327 11234 11244
53 111.39 11411 11167 11244 11157 111.62
54 110.64 113.11 11092 11166 110.77 110.84
55 109.79 11223 11010 110.86 109.99 110.02
56 109.01 111.36 109.30 110.12 109.23 109.24
57 108.30 11059 10856 109.32 108.45 108.46
58 107.43 109.76 107.71 108,52 107.63 107.64
59 106.73 109.03 107.02 107.78 106.91 106.94
60 105.97 108.33 106.23 107.06 106.17 106.14
61 105.25 107.72 10554 106.32 105.47 105.50
62 10457 107.15 104.81 105.62 104.77 104.72
63 103.87 106.51 104.14 104.95 104.09 104.02
64 103.17 105.88 10341 104.29 103.37 103.34
65 102.46 105.22 10271 10359 102.67 102.68
66 101.76 10454 10197 10288 101.97 101.95
67 101.16 10395 101.37 102.27 101.37 101.29
68 100.50 103.29 100.75 101.65 100.73 100.72
Lid Off

69 51.54 102.16 99.62 100.26 99.34  99.52
70 4484 10021 9718 9750 96.27 96.41
71 5495 9835 9513 9556 9414 9424
72 5747 96.72 9345 9392 9256 9231
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73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

57.12
55.99
54.49
53.42
52.12
50.94
50.05
49.02
48.16
47.38
46.65
45.78
44.96
44.30
43.80
43.09
42.57
41.91
41.27
40.89

95.15
93.72
92.34
90.95
89.61
88.32
87.08
85.85
84.69
83.53
8241
81.33
80.27
79.27
78.26
77.28
76.30
75.34
74.47
73.60

91.85
90.38
88.96
87.53
86.24
84.90
83.68
82.47
81.32
80.15
79.07
78.01
76.99
75.97
75.01
74.05
73.18
72.17
71.35
70.47

90

92.35
90.87
89.40
88.00
86.63
85.29
83.98
82.73
81.52
80.26
79.15
78.02
76.91
75.82
74.80
73.80
72.77
71.85
70.91
70.03

90.98
89.55
88.20
86.83
85.54
84.23
83.02
81.83
80.68
79.49
78.34
77.26
76.19
75.17
74.14
73.18
72.22
71.30
70.38
69.53

90.54
88.84
87.36
85.88
84.50
83.18
81.88
80.69
79.50
78.35
77.24
76.18
75.15
74.17
73.21
72.27
71.40
70.57
69.69
68.84



Table C.5. Batch 28 Temperature Profiles

Time Retort TC611 TC612 TC613 TC614 TC615
0 3199 8195 80.09 8052 8124 8274
1 61.34 8135 7954 80.06 80.66 82.12
2 7395 8064 7898 7946  80.11 81.42
Start of Exhaust

3 8591 7996 7819 7880 7954  80.69
4 99.75 7921 7721 7805 7894 79.94
5 10093 78.74 7668 77.71  78.56 79.32
6 101.68 78.32 76.28 77.36  78.23 78.81
7 102.25 7817 7612 77.27 7812 78.50
8 10246 7826 7621 77.36 7821 78.46
9 10257 7859 7666 77.78 78.65 78.68
10 10263 7925 7730 7842 7932 79.23
11 102.68 80.03 7819 79.22 80.18 79.94
12 102.74 81.00 7925 80.21 8130 80.85
End of Exhaust

13 102.74 8203 8038 81.34 8238 81.88
14 106.31 8313 8157 8246 8341 82.96
15 11200 8425 8271 8365 84.49 84.04
16 11730 8535 8385 8481 8563 85.18
Start of Process

17 12155 8642 8501 8593 86.68 86.23
18 121.18 8756 86.20 87.06 87.72 87.29
19 121.20 88.67 8735 8818 88.79 88.45
20 121.26 89.93 8870 89.46 90.12 89.71
21 121.24 91.28 9012 90.81 9144 91.06
22 121.16 92.62 9157 9222 9287 92.49
23 121.16 94.09 9319 9375 9440 94.00
24 12112 9562 9474 9524 9591 95.53
25 121.16 9711 96.34 96.77 97.48 97.05
26 121.16 9857 9788 98.23 99.15 98.56
27 12112 9996 99.38 99.68 100.60 100.03
28 121.12 101.30 100.75 101.05 102.20 101.42
29 121.18 10260 102.14 10239 10356 102.74
30 121.14 103.86 10341 103.61 104.84 103.97
31 121.16 105.01 104.62 104.86 10598 105.14
32 121.18 106.15 105.79 105.96 107.14 106.22
33 121.18 107.23 106.87 107.04 108.28 107.28
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34 121.22 108.27 107.86 108.08 109.04 108.27
35 121.20 109.24 108.85 109.05 109.91 109.18
36 121.20 110.12 109.78 109.98 110.73 110.04
37 121.28 111.03 11068 110.86 111.80 110.90
38 121.20 111.83 11150 111.70 11228 111.64
39 121.20 11265 11226 11252 113.01 112.35
40 121.20 11342 11297 11327 113.60 113.00
41 121.16 11422 11368 114.01 11438 113.67
Heat off

42 120.48 11522 11438 11472 115.04 114.32
43 11952 116.26 115.04 11549 11552 114.93
44 11854 117.10 11580 116.26 116.38 115.58
45 117.48 117.72 11650 116.97 117.00 116.37
46 116,57 117.85 11692 11733 11730 116.45
47 11565 117.35 117.07 117.03 11719 115.74
48 114.81 116.72 116.69 116.47 11650 114.95
49 11393 115.87 116.05 11551 11555 114.07
50 113.20 11497 11532 11453 114.63 113.32
51 112.30 114.15 11458 11361 11381 11248
52 11158 113.34 11350 112.77 11289 111.72
53 110.76 11252 11251 111.97 112.07 110.90
54 110.03 111.76 11157 111.18 11121 110.17
55 109.16 11099 110.77 11042 110.35 109.33
56 108.42 11021 10991 109.66 109.68 108.57
57 107.62 10945 109.13 108.90 108.77 107.72
58 106.92 108.67 108.30 108.21 108.07 107.00
59 106.08 107.95 10761 10747 107.14 106.24
60 105.36 107.19 106.85 106.70 106.36 105.48
61 104.63 106.47 106.13 106.03 105.62 104.76
62 103.93 105.77 10541 10529 104.88 104.12
63 103.25 105.05 104.75 104.61 104.22 103.40
64 102.53 104.39 104.01 103.86 10348 102.70
65 101.87 103.69 103.35 103.22 10280 102.04
66 101.23 103.07 10269 10254 10216 101.36
67 100.61 102.39 102.01 101.88 10150 100.74
Lid Off

68 7551 10150 101.20 101.14 101.16 99.86
69 46.00 9944 9825 9846 99.28  96.63
70 50.82 9749 96.21 9653 98.74 93.76
71 50.77 9560 9436 94.77 9827 91.69
72 50.84 9381 9265 9310 97.75 90.02
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73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92

50.19
49.28
47.85
46.28
45.34
45.24
43.73
43.19
43.02
41.89
41.48
40.87
40.46
40.49
40.58
40.15
39.46
39.32
38.77
38.27

92.17
90.52
88.98
87.45
85.99
84.58
83.24
81.92
80.98
80.00
79.69
79.61
79.41
79.23
78.94
78.54
78.12
77.57
77.01
76.44

91.11
89.57
88.14
86.74
85.39
84.07
82.82
81.63
80.42
79.29
78.14
77.06
75.99
74.99
73.98
73.00
72.06
71.14
70.22
69.37
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91.48
89.90
88.42
86.96
85.53
84.18
82.90
81.63
80.39
79.24
78.07
76.98
75.87
74.80
73.75
72.79
71.78
70.89
69.96
69.06

97.24
96.55
95.84
95.00
94.16
93.26
92.33
91.31
90.33
89.33
88.29
87.24
86.24
85.28
84.29
83.22
82.25
81.32
80.38
79.49

88.47
86.97
85.53
84.12
82.83
81.53
80.30
79.06
77.91
76.78
75.66
74.64
73.59
72.56
71.62
70.68
69.69
68.81
68.00
67.08



Table C.6. Batch 29 Temperature Profiles

Time Retort TC616 TC617 TC618 TC619 TC620
0 5758 7768 7834 8035 78.36 81.82
1 63.62 7692 7757 7957 7757 80.65
2 7464 7619 76.83 7869 76.81 79.52
Start of Exhaust

3 87.02 7557 76.08 77.78 76.06 78.46
4 98.75 7503 7539 7683 7534 77.46
5 10042 7461 7501 76.25 7490 76.71
6 101.08 7434 7477 75.82 7454 76.13
7 101.65 7427 7468 75.60 74.32 75.82
8 101.82 7445 7485 7560 74.36 75.89
9 101.89 7492 7528 75.85 74.79 76.18
10 10193 7572 7601 76.38 75.39 76.75
11 102.06 76.66 7690 77.14 76.19 77.57
12 10212 7775 7792 78.09 77.17 78.55
End of Exhaust

13 10210 7896 79.09 79.09 78.28 79.61
14 106.84 80.18 80.31 80.21 79.51 80.76
15 11230 8144 8154 8132 80.73 81.95
16 117.36 8269 8264 8242 8190 83.09
Start of Process

17 121.28 8397 8383 8356 83.08 84.23
18 120.87 8528 8495 84.68 84.25 85.42
19 12081 86.62 86.22 8586 8545 86.64
20 120.97 88.04 8755 8711 86.72 87.93
21 121.18 8958 8899 8848 88.12 89.30
22 121.16 91.15 9044 89.94  89.62 90.80
23 121.02 9282 9196 9146 91.20 92.38
24 12114 9448 9356 93.02 9276 93.91
25 121.18 96.12 9509 9453 9431 95.46
26 121.14 97.77 9664 96.06 95.84 96.99
27 121.14 9949 9812 9754 97.35 98.47
28 121.14 10150 9951 98.93 98.74 99.86
29 121.16 103.26 100.88 100.33 100.11 101.21
30 121.12 10397 102.14 101.63 101.39 102.51
31 121.12 10492 103.35 102.84 10258 103.70
32 121.14 105.98 10450 104.03 103.77 104.84
33 121.14 106.94 10558 105.12 104.84 105.95
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34 121.14 108.37 10659 106.15 105.94 106.98
35 121.18 109.36 107.59 107.19 106.89 108.00
36 121.16 109.93 10845 108.08 107.88 108.88
37 121.16 11088 109.32 108.96 108.79 109.81
38 121.12 112.08 110.14 109.79 109.59 110.61
39 121.10 11281 11092 11059 11041 111.39
40 121.10 113.32 11165 111.34 111.21 112.12
41 121.18 113.86 112.34 112.06 11195 112.79
Heat off

42 121.24 11484 11299 11273 112.64 113.46
43 119.87 115.30 11360 11346 11339 114.70
44 118.88 116.39 114.33 11428 11425 116.28
45 11796 11749 11509 11522 11517 117.08
46 117.07 118.04 11598 116.03 116.30 117.24
47 116.17 11839 116.30 116.41 116.46 116.85
48 11535 118.04 11796 11595 11584 116.16
49 114.62 117.35 115.26 115.09 115.37
50 113.87 11651 128.74 11453 11433 114.68
51 113.05 115.39 113.73 11356 113.86
52 112.34 114.51 113.04 112.83 113.13
53 111.60 113.67 189.79 11227 11207 11248
54 110.89 11285 147.39 11155 111.36 111.70
55 110.13 111.95 110.80 11058 111.01
56 109.39 111.01 110.08 109.78 110.29
57 108.64 110.33 109.37 109.09 109.62
58 107.92 109.58 108.63 108.35 108.80
59 107.26 108.88 107.95 107.63 108.12
60 106.56 108.16 107.28 106.95 107.43
61 105.91 107.44 106.58 106.30 106.75
62 105.16 106.64 10594 105.62 106.14
63 104.46 106.00 105.16 104.88 105.33
64 103.78 105.33 10450 104.18 104.67
65 103.19 104.71 103.91 10358 104.04
66 102.57 104.07 103.27 102.97 103.42
67 101.97 103.41 102.69 102.37 102.83
68 99.35 101.92 100.92 100.24 100.40
Lid Off

69 4790 100.17 9859 99.11 9859 9843
70 2867 9914 9591 9580 9576  95.55
71 2762 9882 9393 93.08 9362 93.05
72 27.06 9844 9209 91.22 918 91.17
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73
74
75
76
77
78
79
80
81
82
83
84
85
86

26.69
26.37
26.54
26.49
26.52
26.64
26.66
26.62
26.54
26.42
26.35
26.22
26.10
26.08

97.99
97.43
96.81
96.07
95.26
94.35
93.47
92.49
91.50
90.50
89.52
88.45
87.43
86.42

90.35
88.70
87.16
85.65
84.20
82.78
81.43
80.04
78.74
77.52
76.28
75.14
74.05
72.98

96

89.55
88.00
86.50
85.07
83.67
82.35
81.12
79.79
78.58
77.34
76.16
75.07
73.95
72.92

90.14
88.59
87.05
85.60
84.14
82.78
81.48
80.15
78.92
77.70
76.57
75.41
74.41
73.36

89.43
87.82
86.18
84.67
83.29
81.86
80.56
79.23
77.95
76.73
75.53
74.35
73.26
72.20



Temperature Profilesin the17 Quart Retort

Table C.7. Batch 30 Temperature Profiles

Time Retort TC700 TC701 TC702 TC703 TC704

0 4193 7219 7235 80.77 7325  70.52
1 6095 7166 7209 8006 7345 70.75
2 69.71 7114 7164 7937 7358 70.82
3 8026 7062 7105 7856 7349 70.73

Start of Exhaust

4 91.03 7026 7034 7774 7329 7055
5 98.06 6961 6966 7698 7285 70.21
6 100.61 69.25 69.10 76.47 7247 69.92
7 101.46 6882 68.76 7598 7222 69.69
8 10193 68.69 6867 7571 7213 69.62
9 10225 6880 6887 7578 7231 69.85

10 102.38 69.25 6944 76.14 7278 7041
11 10263 70.04 7022 7678 7349 7120
12 102.78 7110 7128 7760 7441 73.10
13 10289 7240 7251 7860 7552  73.46
End of Exhaust

14 10293 7378 7385 79.77 76.70 7477
15 106.58 75.21 75.34 81.05 77.99 76.15
16 113.07 7684 7688 8231 7936 77.55
Starrt of Process

17 119.27 7830 7828 8363 8055 7897
18 121.62 79.72 7958 8477 8185 80.36
19 121.04 8120 8099 8597 8317 8179
20 121.20 8276 8247 8730 8449 8322
21 121.16 8434 8405 8868 8589 8474
22 121.12 86.09 8567 9022 8742 86.33
23 121.22 8784 8742 9178 8896  87.99
24 121.16 89.69 89.18 9343 9064 89.69
25 121.16 9147 9098 9507 9228 91.40
26 121.12 9327 9278 9670 9390 9311
27 121.14 95.04 94.51 98.36 95.50 94.80
28 121.16 96.72 96.27 100.33 97.02 96.45
29 121.16 9835 9788 101.88 9853 98.06
30 121.18 99.87 9945 10352 9994 99.63
31 121.16 101.37 10096 104.86 101.33 101.21
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32 121.16 102.78 102.35 105.71 10258 102.72
33 121.18 104.12 103.73 107.19 103.84 104.36
34 121.12 105.35 105.01 108.25 105.05 105.99
35 121.12 106.58 106.15 109.13 106.17 107.55
36 121.20 107.76 107.29 110.25 107.25 108.86
37 121.14 108.86 108.33 110.80 108.30 109.49
38 121.12 10991 109.30 111.85 109.27 109.85
39 121.20 110.88 110.24 112.23 110.22 110.63
40 121.10 11181 111.06 11309 111.04 11141
41 121.20 112.67 111.86 11392 111.80 112.14
Heat Off

42 121.12 11355 11260 11451 11257 112.88
43 119.69 11443 11329 11516 113.37 113.63
44 118.09 11541 11412 116.12 11421 11449
45 116.48 116.35 115.17 117.08 11582 115.60
46 115.04 116.62 116.07 117.89 11561 115.45
47 113.72 11535 116.09 117.85 11456 114.15
48 112.44 11397 11517 116.70 11329 112.92
49 111.14 112.65 11404 115.32 11205 11181
50 109.98 11141 112.81 11392 110.83 110.29
51 108.80 110.27 11146 11246 109.72 109.05
52 107.68 109.11 110.10 11096 108.60 107.91
53 106.58 107.95 108.81 109.64 107.54 106.86
54 10550 106.81 107.63 10850 106.49 105.80
55 104.29 10560 106.51 107.44 105.34 104.63
56 103.27 10456 10554 106.18 104.16 103.55
57 102.17 103.52 10443 104.88 103.09 102.46
58 101.16 10256 103.46 103.76 102.16 101.46
59 100.09 101.60 10250 102.76 101.18 100.52
60 99.20 100.66 101.65 101.78 100.26 99.60
Lid Off

61 29.06 98.76 100.02 99.83 9838 97.93
62 2791 9532 9780 9791 9528 95.29
63 2759 9236 9574 9741 9276  92.66
64 2740 9028 9369 9685 90.92 90.71
65 2642 8863 9181 96.12 89.23 88.89
66 2593 8714 90.05 9541 87.61 87.12
67 2568 8574 8849 9464 86.15 8548
68 2544 8432 8718 9384 8471  83.93
69 2551 8305 8624 93.06 8335 8250
70 25.34 8175 85.41 92.17 81.98 81.05
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71
72
73
74
75
76
77
78
79
80
81
82

24.92
24.63
24.43
24.41
24.33
24.16
24.06
24.14
24.41
24.14
23.79
23.74

80.56
79.39
78.21
77.10
76.01
74.97
73.92
72.93
71.88
70.96
70.02
69.14

84.69
84.25
83.83
83.46
82.82
82.27
81.70
81.08
80.46
79.78
78.98
78.30

91.26
90.22
89.35
88.40
87.39
86.30
85.29
84.35
83.23
82.29
81.32
80.26
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80.68
79.45
78.21
77.06
75.88
74.79
73.69
72.64
71.61
70.63
69.71
68.74

79.77
78.50
77.29
76.11
74.88
73.79
72.61
71.56
70.55
69.58
68.61
67.69



Table C.8. Batch 31 Temperature Profiles

Time Retort TC705 TC/7/06 TC/7/07 TC708 TC709

3344 7677 7874 7975 7646  78.24
5848 7610 7805 79.09 76.03 77.75
6619 7534 7732 7836 7550 77.29
7466 7461 7657 7751 7483 76.60
8415 7389 7586 76.76 7414 7589

A WNPEFELO

Start of Exhaust

5 9378 7329 7517 7585 7334 7491
6 99.35 72.64 74.52 74.98 72.78 74.19
7 10091 7224 7396 7424 7222 7357
8 101.44 7202 7361 7384 7184 7319
9 101.72 7208 7356 73.60 7182 73.03

10 102.06 7240 7369 7368 7195 7314
11 10232 7305 7416 7411 7251 7355
12 10244 7392 7490 7478 7327 74.22
13 10257 7494 7579 7562 7430 75.15
14 102.74 76.15 7686 76.71 7541 76.18
End of Exhaust

15 10346 7741 7801 7787 7668  77.33
16 10942 7868 79.40 79.13 7814 7857
17 11454 80.11 8066 80.32 7945 79.81
Process Start

18 119.63 8148 8187 8163 80.73 81.07
19 121.04 8278 83.06 8279 8196 8230
20 121.10 84.17 8429 8411 8330 8357
21 121.04 8555 8558 8547 8466  84.89
22 12112 8706 8696 86.93 86.13 86.33
23 121.18 8865 8840 8853 8766 87.84
24 121.16 9035 8999 90.16 89.27 89.43
25 121.14 9199 9161 9181 90.92 91.04
26 121.14 9372 9323 9349 9261 92.64
27 121.18 9539 9485 9520 94.27 94.24
28 12116 9689 9636 96.79 9586  95.83
29 121.18 9844 9790 9827 9743 97.36
30 121.20 99.89 9932 99.77 9895  98.77
31 121.22 101.22 100.75 101.18 100.45 100.18
32 121.24 10254 102.01 10248 101.82 101.51
33 121.22 103.73 103.29 103.67 103.14 102.78
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34 121.08 104.88 104.45 104.88 104.35 103.97
35 121.14 10598 105.60 10596 10551 105.08
36 121.26 107.02 106.61 107.00 106.64 106.16
37 121.10 107.95 107.57 10799 107.65 107.17
38 121.16 10890 10854 108.96 108.66 108.12
39 121.20 109.70 109.40 109.85 109.57 109.05
40 121.16 11052 110.22 110.69 110.45 109.85
41 121.14 111.30 11098 11149 111.29 110.67
42 121.14 11199 111.69 11223 11209 11147
Heat Off

43 121.14 112.67 112.39 11296 112.87 112.25
44 120.16 113.38 11299 113.63 113.60 112.96
45 118.69 11392 113.68 114.47 11454 113.78
46 117.30 114.74 114.63 11553 11559 114.70
47 11592 116.01 11550 116,58 115.69 115.80
48 114.67 116.08 11494 117.16 11467 116.08
49 11349 114.89 113.87 116.10 11352 115.03
50 112.34 11359 112,78 11518 11236 113.80
51 111.25 112.31 11165 11392 111.25 112.60
52 110.11 111.17 11047 11271 110.08 111.39
53 109.04 110.06 109.42 111.39 109.04 110.19
54 107.98 10898 108.39 110.71 107.97 109.18
55 106.97 107.87 107.33 109.77 106.91 108.17
56 105.93 106.83 106.34 108.67 105.87 107.13
57 104.95 105.79 105.32 107.76 10484 106.12
58 104.00 104.80 104.39 106.49 103.84 105.10
59 103.02 103.88 103.37 10548 10286 104.17
60 102.12 10297 102.37 10459 10194 103.21
61 101.08 102.05 101.45 103.86 101.03 102.29
62 100.14 101.18 100.52 102.69 100.13 101.38
63 99.17 100.24 99.62 101.67 99.15 100.44
64 9791 9942 9891 10099 9861 99.60
Lid Off

65 2517 98.09 97.09 9883 96.12 98.21
66 2649 9782 9479 9851 9362 96.28
67 2796 9743 9298 97.78 9166 94.39
68 29.62 9700 91.37 97.37 8996 92.62
69 2747 9650 89.86 96.04 8833 90.97
70 2893 9588 8833 9563 8670 89.26
71 2595 9511 86.85 9481 8512 87.71
72 2837 9426 8547 9392 8359 86.16

101



73
74
75
76
77
78
79
80
81
82
83

85
86
87

26.98
27.40
28.20
28.06
27.18
25.54
26.86
25.76
24.85
27.18
25.54
24.87
25.34
24.90
25.29

93.44
92.51
91.58
90.61
89.61
88.61
87.56
86.51
85.53
84.50
83.46
82.54
81.59
80.64
79.72

84.14
82.84
81.65
80.44
79.27
78.12
76.92
75.86
74.81
73.72
72.76
71.82
70.81
69.86
68.87
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92.89
91.91
90.85
89.77
88.79
87.63
86.56
85.47
84.40
83.34
82.29
81.27
80.21
79.26
78.25

82.20
80.93
79.62
78.36
77.06
75.83
74.63
73.54
72.42
71.35
70.31
69.32
68.38
67.41
66.44

84.72
83.36
82.01
80.65
79.32
78.06
76.84
75.62
74.46
73.35
72.32
71.26
70.25
69.24
68.30



Table C.9. Batch 32 Temperature Profiles

Time Retort TC710 TC711 TC712 TC713 TC714
0 3724 7832 7799 79.68 8046 77.15
1 5857 7779 7737 7937 7976  76.97
2 67.18 7726 76.72 7887 7892 76.62
3 7578 7652 7588 7816 77.85 75.95
4 86.08 7577 7501 7749 7686 75.04
Start of Exhaust

5 96.17 7503 7425 7674 7592 74.30
6 100.07 7445 7376 76.09 7494 7350
7 101.12 7401 7327 7558 7430 72.85
8 10153 7365 7298 7525 7387 7243
9 101.76 73.63 7294 7516 7372 72.29
10 102.08 7389 7332 7545 7387 7243
11 102.14 7447 7394 7598 7441 7292
12 102.23 7532 7474 7678 7514  73.70
13 10232 7635 7579 7780 76.08 74.66
14 10259 7746 7697 7891 7717  75.77
End of Exhaust

15 10268 78.70 7819 80.10 7834 76.95
16 108.34 79.92 7958 8145 7956  78.22
17 11368 8126 80.88 8266 80.79 79.46
Process Start

18 11890 8252 8203 8389 8194 8071
19 121.14 8375 8328 8494 8311 81.97
20 121.16 8498 8451 86.15 8436 8329
21 121.22 8623 8582 87.39 8563 84.63
22 121.18 87.62 8722 88.68 87.00 86.07
23 121.18 89.06 8870 90.18 8849 8756
24 121.10 90.61 90.27 91.72 90.03 89.12
25 121.18 9232 9187 9328 9163 90.75
26 121.14 9392 9345 9487 9326 9240
27 121.12 9551 9505 9642 9487 94.06
28 121.18 9711 96.62 98.03 9642 95.66
29 121.08 98.61 9812 9953 9797 97.21
30 121.18 100.02 9957 100.90 99.40 98.68
31 121.10 10143 100.96 102.29 100.79 100.08
32 121.08 102.73 102.29 10357 102.16 101.38
33 121.20 103.97 10348 104.84 103.37 102.72
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34 121.26 105.13 104.64 10596 10456 103.91
35 121.08 106.26 105.75 107.09 105.68 105.06
36 121.14 107.32 106.76 108.12 106.76 106.20
37 121.31 108.31 107.76 109.11 107.76 107.30
38 121.26 109.26 108.68 110.02 108.71 108.27
39 121.10 110.14 109.51 110.92 10959 109.22
40 121.16 11094 110.39 111.72 11045 110.19
41 121.20 111.72 111.15 11254 111.23 111.03
42 121.02 112.48 111.86 113.34 112.03 111.83
Heat Off

43 121.20 113.11 11251 11411 11270 112.65
44 120.29 11371 11316 11478 11352 113.28
45 118.73 11428 113.85 11539 11440 114.09
46 117.21 11497 11450 116.01 11534 115.09
47 115,79 11576 11521 116.68 116.00 116.12
48 11443 115.83 11588 11589 115.09 115.43
49 113.14 11470 11586 114.68 11381 114.22
50 111.96 11348 114.83 11332 11257 112.96
51 11081 112.31 11356 112.02 111.32 111.70
52 109.65 111.11 11241 110.86 110.18 110.57
53 108.47 110.02 111.21 109.72 109.06 109.43
54 107.33 108.69 109.95 108.54 107.93 108.21
55 106.20 107.49 108.81 107.49 106.85 107.13
56 105.16 106.39 107.74 106.41 105.77 106.07
57 104.08 105.33 106.76 105.39 104.77 104.99
58 103.02 104.31 105.62 104.27 103.63 103.93
59 102.02 103.31 104.71 103.25 102.65 102.93
60 99.99 10222 103.77 10218 101.37 101.83
Lid Off

61 5157 99.79 101.80 100.28 98,57 98.75
62 3141 9696 9953 9861 9644 96.24
63 2725 9470 9743 9857 9434 94.13
64 2715 93.01 9543 9823 9254 9214
65 2652 91.34 9356 97.73 9088 90.23
66 26.13 89.76 91.68 97.30 89.23 8847
67 2541 8813 90.77 96.72 8748 86.71
68 2559 86.60 90.59 96.02 8598 85.07
69 2595 8515 9035 9524 8460 8353
70 2544 8377 90.09 9438 8333 8212
71 25.07 8243 89.68 9345 8201 80.71
72 2478 8120 89.20 9241 8084 7941
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73
74
75
76
77
78
79
80
81
82
83

85
86
87
88
89
90
91

24.41
24.68
24.53
24.41
24.16
24.19
24.01
24.43
23.99
24.11
23.92
23.74
24.01
23.82
23.99
23.69
23.55
23.92
23.50

79.89
78.65
77.50
76.30
75.12
73.98
72.87
71.84
70.80
69.81
68.80
67.88
66.97
66.14
65.23
64.39
63.52
62.80
61.95

88.59
87.96
87.18
86.39
85.50
84.64
83.72
82.60
81.76
80.86
79.82
78.81
77.94
77.01
76.12
75.23
74.34
73.34
72.56

105

91.42
90.33
89.29
88.22
87.11
86.06
84.94
83.87
82.79
81.76
80.74
79.68
78.71
77.78
76.83
75.91
75.00
74.15
73.24

79.60
78.41
77.32
76.30
75.30
74.34
73.32
72.38
71.53
70.79
70.02
69.23
68.49
67.88
67.14
66.53
65.83
65.21
64.63

78.04
76.71
75.44
74.22
73.08
71.89
70.79
69.71
68.68
67.71
66.67
65.74
64.86
63.97
63.11
62.34
61.42
60.67
59.89



Confirmation Evaluation

Table C.9. Ball Formula Summary

Retort TCID jh fh Bp
6 505 1.66 28.54 31.52
6 506 1.50 31.50 32.61
6 507 1.56 31.63 33.25
6 508 161 32.08 34.04
6 509 1.53 30.15 31.80
6 510 1.58 33.46 36.80
6 511 1.70 28.75 33.64
6 512 1.57 29.28 33.11
6 513 1.49 31.53 34.34
6 514 1.58 30.64 34.37
6 515 1.37 32.11 34.70
6 516 1.55 28.97 33.63
6 517 142 30.84 34.13
6 518 1.48 30.07 31.01
6 519 1.63 29.67 34.90
8 606 151 30.77 32.89
8 607 1.63 29.75 33.05
8 608 1.65 30.98 34.26
8 609 161 30.83 33.80
8 610 1.49 32.81 34.35
8 611 1.72 29.78 33.74
8 612 1.70 29.78 33.59
8 613 1.56 31.71 34.07
8 614 1.65 28.94 32.48
8 615 1.64 30.65 33.86
8 616 1.39 30.01 32.19
8 617 1.38 32.63 34.21
8 618 1.40 33.54 35.14
8 619 1.40 33.20 34.87
8 620 1.35 33.55 34.62

17 700 1.55 30.46 35.01
17 701 1.52 31.78 35.91
17 702 1.46 32.25 35.76
17 703 1.46 34.05 37.30
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17
17
17
17
17
17
17
17
17
17
17

704
705
706
707
708
709
710
711
712
713
714

1.49
1.38
1.48
151
1.39
151
1.48
1.37
1.44
1.55
1.40
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31.95
33.82
33.48
32.68
34.68
33.55
32.01
34.56
33.24
32.43
35.19

35.79
35.64
36.38
35.99
36.44
36.73
34.92
35.88
35.55
35.92
36.72



Table C.11. Lethality Summary

Retort TCID Point in Process Temp Lethal Fo Contribution
®) Rate (min)  to Fo (min)

6 505 Process start 87.25 0.00 0.00 0.00%
6 505 Process end 114.70 0.23 1.22 30.81%
6 505 End of cool inretort  101.03 0.01 3.96 69.19%
6 506 Process start 87.24 0.00 0.00 0.00%
6 506 Process end 113.77 0.19 1.01 31.17%
6 506 End of cool inretort  100.71 0.01 3.24 68.83%
6 507 Process start 87.98 0.00 0.00 0.00%
6 507 Process end 113.88 0.19 1.04 32.00%
6 507 End of cool inretort  100.58 0.01 3.25 68.00%
6 508 Process start 86.89 0.00 0.00 0.00%
6 508 Process end 113.10 0.16 0.84 27.81%
6 508 End of cool inretort  101.39 0.01 3.02 72.19%
6 509 Process start 86.79 0.00 0.00 0.00%
6 509 Process end 114.22 0.21 1.20 31.41%
6 509 End of cool inretort  100.99 0.01 3.82 68.59%
6 510 Process start 84.69 0.00 0.00 0.00%
6 510 Process end 113.42 0.17 0.78 30.23%
6 510 End of cool inretort  103.46 0.02 2.58 69.77%
6 511 Process start 81.65 0.00 0.00 0.00%
6 511 Process end 113.27 0.16 0.72 31.03%
6 511 End of cool inretort  102.58 0.01 2.32 68.97%
6 512 Process start 82.66 0.00 0.00 0.00%
6 512 Process end 114.38 0.21 0.92 29.39%
6 512 End of cool inretort  104.44 0.02 3.13 70.61%
6 513 Process start 84.62 0.00 0.00 0.00%
6 513 Process end 113.64 0.18 0.88 35.92%
6 513 End of cool inretort  102.48 0.01 2.45 64.08%
6 514 Process start 83.93 0.00 0.00 0.00%
6 514 Process end 113.13 0.16 0.81 35.22%
6 514 End of cool inretort  102.08 0.01 2.30 64.78%
6 515 Process start 84.93 0.00 0.00 0.00%
6 515 Process end 113.67 0.18 0.90 31.80%
6 515 End of cool inretort  101.24 0.01 2.83 68.20%
6 516 Process start 83.57 0.00 0.00 0.00%
6 516 Process end 113.62 0.18 0.90 35.43%
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516
517
517
517
518
518
518
606
606
606
607
607
607
608
608
608
609
609
609
610
610
610
611
611
611
612
612
612
613
613
613
614
614
614
615
615
615
616
616
616
617

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

100.15
83.10
113.46
99.98
82.27
112.95
101.37
83.95
113.50
103.29
86.28
11391
100.75
87.68
113.88
101.65
86.44
113.89
100.73
86.23
113.09
100.72
86.45
114.20
102.39
85.01
113.68
102.01
85.93
114.01
101.88
86.68
114.38
101.50
86.23
113.67
100.74
85.28
114.84
101.92
84.95
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0.01
0.00
0.21
0.01
0.00
0.15
0.01
0.00
0.17
0.02
0.00
0.19
0.01
0.00
0.19
0.01
0.00
0.19
0.01
0.00
0.16
0.01
0.00
0.21
0.01
0.00
0.18
0.01
0.00
0.20
0.01
0.00
0.21
0.01
0.00
0.18
0.01
0.00
0.24
0.01
0.00

2.54
0.00
0.98
2.50
0.00
0.73
2.63
0.00
0.88
5.52
0.00
1.00
4.59
0.00
1.02
5.10
0.00
0.99
4.59
0.00
0.84
4.26
0.00
1.00
5.50
0.00
0.91
4.96
0.00
0.96
4.95
0.00
1.12
5.17
0.00
0.95
4.14
0.00
1.20
6.14
0.00

64.57%
0.00%
39.20%
60.80%
0.00%
27.76%
72.24%
0.00%
15.94%
84.06%
0.00%
21.79%
78.21%
0.00%
20.00%
80.00%
0.00%
21.57%
78.43%
0.00%
19.72%
80.28%
0.00%
18.18%
81.82%
0.00%
18.35%
81.65%
0.00%
19.39%
80.61%
0.00%
21.66%
78.34%
0.00%
22.95%
77.05%
0.00%
19.54%
80.46%
0.00%
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617
618
618
618
619
619
619
620
620
620
700
700
700
701
701
701
702
702
702
703
703
703
704
704
704
705
705
705
706
706
706
707
707
707
708
708
708
709
709
709
710

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

112.99
84.68
112.73
100.92
84.25
112.64
100.24
85.42
113.46
100.40
78.30
112.67
101.60
78.28
111.86
102.50
83.63
113.92
102.76
80.55
111.80
101.18
78.97
112.14
100.52
81.48
111.99
100.24
81.87
111.69
99.62
81.63
112.23
101.67
80.73
112.09
99.15
81.07
111.47
100.44
82.52
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0.15
0.00
0.15
0.01
0.00
0.14
0.01
0.00
0.17
0.01
0.00
0.14
0.01
0.00
0.12
0.01
0.00
0.19
0.02
0.00
0.12
0.01
0.00
0.13
0.01
0.00
0.12
0.01
0.00
0.11
0.01
0.00
0.13
0.01
0.00
0.13
0.01
0.00
0.11
0.01
0.00

0.81 (Missing data)
0.00 0.00%
0.75 18.61%
4.03 81.39%
0.00 0.00%
0.72 18.37%
3.92 81.63%
0.00 0.00%
0.90 19.11%
4.71 80.89%

0.00 0.00%
0.60 19.74%
3.04 80.26%
0.00 0.00%

0.52 17.51%
2.97 82.49%
0.00 0.00%
0.94 21.03%
4.47 78.97%
0.00 0.00%
0.52 20.31%
2.56 79.69%
0.00 0.00%
0.61 23.74%
2.57 76.26%
0.00 0.00%
0.59 19.67/%
3.00 80.33%
0.00 0.00%
0.55 20.75%
2.65 79.25%
0.00 0.00%
0.61 16.67%
3.66 83.33%
0.00 0.00%
0.57 20.88%
2.73 79.12%
0.00 0.00%
0.50 17.24%
2.90 82.76%
0.00 0.00%



17
17
17
17
17
17
17
17
17
17
17
17
17
17

710
710
711
711
711
712
712
712
713
713
713
714
714
714

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort
Process start

Process end

End of cool in retort

112.48
103.31
82.03

111.86
104.71
83.89

113.34
103.25
81.94

112.03
102.65
80.71

111.83
102.93
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0.14
0.02
0.00
0.12
0.02
0.00
0.17
0.02
0.00
0.12
0.01
0.00
0.12
0.02

0.65
3.00
0.00
0.57
3.10
0.00
0.78
341
0.00
0.57
2.73
0.00
0.52
2.73

21.67%
78.33%
0.00%
18.39%
81.61%
0.00%
22.87%
77.13%
0.00%
20.88%
79.12%
0.00%
19.05%
80.95%



