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G-7A IN-LINE AMMONIATION PROCESS

OBJECT: To evaluate the process control capability and economic bénefits of

implementing a G-7A In-Line Process.

SUMMARY: A Level I Engineering Study estimated an annual savings of $ 3.06 MM,

with a ROI of 55 % to replace the current G-7A process with an in-line

ammoniation process. Approximately 90% of these savings results from
reduction in labor costs.

A statistical study was conducted on the process variables of the G-7A
In-Line Porous Belt Process. The study indicated that the primary
variables controlling residual ammonia in - G-7A were the process reac-
tion time and the level of ammonia in the process air.

STATUS: Because of the significant influence of the level of ammonia in the

treater on G-7A, an ammonia analyzer has been recommended and is
being purchased for the G-7A production process at Plant 605.
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INTRODUCTION

The G-7A Pilot Line was installed at Shed 181 in October, 1986. It is an al-
ternative G-7A process that can ammoniate G-7 in-line with the G-7 Pilot Line.
In-1ine ammoniation of G-7 is generally considered to be a more cost effective
process than the current off-1ine G-7A production process. In 1988, RDM-108
indicated that G-7A made by the in-line ammoniation process was not different
from the G-7A made by the current G-7A process at Plant 605. This report will
discuss the cost advantages and process control capability of an in-line am-
moniation process.

DISCUSSION

Process Technology and Development initiated the Engineering Study No.0073
(see Appendix A ) to determine the cost advantages of producing G-7A in-line
with the G-7 production processes. A porous belt process and a rotary drum
process were the two different systems that were included in the study. The
porous belt unit was a prototype of the equipment used at the G-7A Pilot Line,
and the rotary drum unit was similar to the treater drums currently used in
the G-7A process at Plant 605.

Both systems could offer economic benefits over the current off-line G-7A
production process. Labor costs could be greatly reduced because the in-line
system would not require separate or additional personnel 1ike the current
off-line production process. Additionally, the shipping and handling costs,
now incurred by transporting G-7 to Plant 605 for ammoniation, could be
eliminated by the in-line system.

The porous belt system consisted of a stainless steel porous conveyor with an
80% open area. In the in-line operational mode, G-7 would be conveyed from
the dicer in the G-7 Plants to the inlet airlock of the porous belt treater.
After entering the treater, the G-7 falls on the porous conveyor which con-
trols the time the tobacco spends in the treater. The G-7 is ammoniated as a
gaseous stream of ammonia and air passes up through the porous conveyor. This
sy?tem has been installed at Shed 181 and operates in conjunction with the G-7
Pilot Line.

The rotary drum system is similar to the porous belt process except it uses a
rotating stainless steel cylinder as the ammoniation treater. The G-7 tumbles
through the drum and mixes with the anhydrous ammonia that enters the drum
through a series of nozzles. After ammoniation, the product drops into an
exiting airlock and is conveyed to the tersa bale packer at which 750 pounds
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of the material is packed in tersa bales. The equipment for this system is
currently in operation at Plant 605, in an off-line G-7A production process.

The Engineering Study, that was conducted on both systems, was a Level I
Feasiblilty Study. It was conducted by Ms. J. W. Hopkins and Mr. S. M.
Norman. They were 1in several meetings with Tobacco Processing and Process
Technology and Development to assure that the study would be based on the best
available processing data.
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EXPERIMENTAL

In addition to assessing the economic incentives of implementing an in-line
ammoniation facility, evaluating the process control capability of such a sys-
tem was also conducted. This was done with the help of Dr. M. J. Morton who
designed a statistical study on the process variables of the G-7A In-Line
Pilot Unit. The objective of the study was to determine the degree of process
control needed for an in-line ammoniation system and the specific process
parameters which control the level of residual ammonia in G-7A.

The process parameters that were included in the study were: 1. incoming G-7
moisture level, 2. percent of ammonia in the treater, 3. temperature, 4.
humidity, 5. residence time, and 6. air rate. The G-7 Pilot Line received G-7
pulp from Plant 603 and processed it at three different moisture levels: 1).
8 -10%, 2). 11 - 13 %, and 3). 14 - 16 %. This was done to determine the
impact of moisture variations in G-7 on the in-1ine ammoniation process. The
other process parameters were controlled by the G-7A Pilot Line which received
G-7 directly from the G-7 Pilot Line. Listed below are the three levels of
process conditions that were used for the nineteen test parts:

Process Parameters Low Level Medium Level High Level
NH3 ( % ) 2.5 - 3.5 5-6 7.5 - 8.0
Temp. ( Celsius ) 13 55 55
Humidity ( % ) 28 - 32 30 - 55 100
Residence Time ( min. ) 0.42 1.25 8.33
Air Rate ( cfm ) 325 465 610

The ammonia level in the process air was measured by a Beckman Model 865 NDIR
Ammonia Analyzer. The analyzer can measure up to 10 % NH3 in air with a
precision of 1 % of full scale. The process ammonia / air mixture was con-
tinuously measured by the analyzer, and a record of the values was printed
every 45 seconds.
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RESULTS
0 Economic Evaluation

A Level I estimate of the capital costs to implement an in-1ine ammoniation
system ( rotary drums or porous belt conveyors ) in all three G-7 Plants is
$4,445,000 to $6,667,000 ( includes the 50% tolerance associated with Level I
estimates). The annual savings are $3,062,000 and the total first year
savings are $1,458,000. This yields an after-tax ROI of 37% to 55 %.
Although the required G-7A production could be met by installing an in-line
process at only two of the G-7 Plants, the Level I estimates are based on in-
stalling the process at all three plants. This would provide maximum
flexibility and reliability.

Both systems ( rotary drums or porous belt conveyors ) require architectural
modifications to correct height restrictions at Plants 90-1 and 92-1. These
modifications require cutting a channel in the ceiling at 90-1 and a channel
in the roof at 92-1 and adding a penthouse. This would allow the same system
to be installed at all three plants. See Appendix A.

0 Process Control Capability ( G-7A Pilot In-Line System )

The primary process variables which influence the residual ammonia level in
G-7A are the residence time in the treater, the level of ammonia in the
treater, and the moisture level of G-7. See Appendix B. The statistical model
developed for the process predicts that small fluctuations in the moisture
level of G-7 will not greatly influence the residual ammonia level. For in-
stance, for a 1l % increase in moisture, the model predicts a 0.028 absolute
percentage increase in residual ammonia. This can be corrected by decreasing
the agmonia level in the air by 0.5% or by decreasing the residence time by 45
seconds.

Although the statistical study was designed only to determine the main ef-
fects of the process variables on residual ammonia, the product analyses indi-
cate that the residual ammonia specification ( 0.70 - 1,00 % NH3 ) for G-7A
can be met with several combinations of process variables. See Appendix B.
For example, Run 9 meets the specification with a residence time of 8.33
minutes and an ammonia level of 3.1%. Run 13 comes very close in meeting the
specification with a residence time of 0.42 minutes and an ammonia level of
7.8%. The study also indicated that PT&D and Analytical R&D product measure-
ments for ammonia and moisture are well correlated.
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0 Safety

The hazardous aspects of ammonia have to be addressed by any in-1ine ammonia-
tion system. Both of the treater airlocks should have direct outlets to
remove ammonia / air pockets with an exhaust fan. Good ventilation in hooded
conveyors and in the bale packing area will also reduce discomfort resulting

from ammonia in work areas.

In addition to maintaining a comfortable work area, steps should also be taken
to avoid the explosive range ( 16 - 23 % by volume ) of ammonia in air. This
can be done by an interlock system utilizing an on-1ine ammonia analyzer which
would continuously monitor the ammonia level in the process treater.
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CONCLUSIONS

Implementing a G-7A in-line ammoniation system 1in the G-7 Plants can be
economically Jjustified. The system can also be designed with sufficient

process control
G-7A.

to consistently meet the current product specifications for
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RECOMMENDATIONS

1. It has been recommended to Tobacco Processing to install an ammonia
analyzer for the G-7A production process at Plant 605. The recommendation
has been received and the analyzer is 1in the process of being purchased.
It will be very similar to the one currently in operation at the G-7A Pilot
Line and will be installed by July, 1988. The analyzer will be used to
monitor the ammonia level within the treater and will thereby aid in con-
trolling residual ammonia in G-7A.

2. The design of any in-line ammoniation facility should include the
flexibility of controlling both the tobacco residence time in the treater
and the level of ammonia in the treater. Both of these process variables
would provide the maximum process control that may be needed when moisture
variations occur in G-7. Unlike a rotary drum system, a porous belt unit
can unquestionably provide instantaneous control of the tobacco residence

time in the treater.
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ENGINEERING REPORT

R. J. REYNOLDS TOBACCO COMPANY
WINSTON-SALEM, N. C,

REQUFSTER Robert C. Benjamin PROJ. NO, 0073

ASSIGNED TO: J.W.Hopkins/S.M.Norman PAGE 1 of

TITLE: G6-7 In-Line Pomoniation Facility

EXECUTIVE SUMMARY':

Study #0073 was initiated by Process Technology & Development (PT&D) to evaluate
the feasibility of implementing either a porous belt treater or a rotary drum at
the G-7 plants (between the dicer and the packer) to ammoniate G-7 and thus produce
G-7A. Alternative G-7A processes are being considered because the existing G-7A
process equipment at Building 60% is approaching the end of its useful life and
would require extensive replacement. Because the alternative processes can be
implemented within the G-7 plant after the G-7 process ("in-line"), the advantages
of the "in-line" processes are as follows:
© A separate processing step at Building 605 could be eliminated and therefore
save processing costs.
¢ Transportation costs can be saved by eliminating the transport of G-7 to 605-1
for ammoniation,

The feasibility analysis compared the technical and economic feasibility of several
"in-line" ammoniation process options listed as follows:

¢ Option 1 -~ Porous Belt Treater — Single-—pass

® Option 2 ~ Porous Belt Treater - Two-pass

¢ Option 3 -~ Rotary Treater Drum

There are space limitations within the 3 G-7 plants: A singlerass treater will
fit at 90 & 92, however, not at 603; A two-pass treater will fit at 603, however
not at 90 & 92 (height restrictions). If architectural modifications are performed
at the two downtown plants (cut a channel in the ceiling at 90-1 and a channel in
the roof at 92--1 and adding a penthouse), similarly designed two-pass treaters or
rotary drums can be implemented at all three plants. Because the material handling
aspects of the process are critical, this needs to be examined in more detail to
ensure the total "in-line" system is workable (will be confirmed in a later report
once preliminary layouts are done), however, from a preliminary analysis, a
material handling system can be developed for the process.

Of the alternatives evaluated, the rotary drum is preferable for the following
reasons:

© Requires lower capital expense.
Can implement the same type drum at all 3 G-7 plants (compatible equipment).
Is known and proven technology.
Plants are more familiar with operating and maintaining rotary drums.

® e o

The Level I estimated cost to implement rotary treater drums at all 3 G-7 plants is
$4,445,000. The savings (processing and transportation) from the "in-line"

ammoniation process aret3,062,000/year (1990 dollars) yielding an ROI of
approximately 55%.

Originator Date

9.0./‘. 21937 J'lj( ................ ..JLS..ZX% cc: R. A. Merricks
J.W.Hopkins/S .M. Norman . D. L. Snyder
Reviewed By J. S. Thomasson
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R, J. REYNOLDS TOBACCO COMPANY
WINSTON-SALEM, N. C. STUDY M. 0073
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NO. PAGE NO, OF 8
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TITLE: G~7 In-Line Ammoniation Facility

REPORT: ENGINEERING ANALYSIS

G-7 is produced at three plants, 90-3, 92-2, and 603-1, Approximately 60% of the
G-7 produced is ammoniated at Building 605-1 where it is treated with anhydrous
ammonia in large rotary treater drums. The 605-1 facility is old and major
processing equipment (treaters, mill feeders, etc.) is approaching the end of its
useful life and would require replacement in the near future to continue
processing at this facility. Also, occasional equipment malfunctions and process
metering inaccuracies cause inconsistent end product results. Ammoniation
alternatives to the 605~1 process are being considered to establish means of
producing G-7A indefinitely and to realize the following economic benefits of an
"in-line" process:

® An entire separate processing step at 605-1 could be eliminated resulting in
process savings.

¢ Improved control of the ammoniation process would produce a more consistent
G-7A product.

® Transportation costs could be reduced by eliminating the transport of G-7 to
605-1 for ammoniation.

The feasibility analysis evaluated the following "in-line" ammoniation options to
determine the most feasible from a technical, economic, and operational
standpoint:

e Option 1 ~ Porous Belt Treater — Single—-pass

¢ Option 2 ~ Porous Belt Treater - Two--pass

® Option 3 -- Rotary Treater Drum

6508 6SCIS
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TITLE: G-7 In-Line Ammoniation Facility

REPORT: ENGINEERING ANALYSIS

ALTERNATIVES EVALUATED

The following assumptions were used in the feasibility analysis:

The maximum product flow rate is 12,000 lbs/hr. (proposed G-7 production
increase plus blendback).

A retention time of 30 seconds in the porous belt treater with a bed depth
of 2" is sufficient for the ammoniation reaction.

A retention time of 3 minutes in the rotary drum is sufficient for the
ammoniation reaction.

The percent loading in the rotary drum should range from 20--30%.

The "in-line" ammoniation reaction will be controlled by using an ammonia
analyzer (with a mass flow meter, ratio controller and control valve) to
maintain a specified anhydrous ammonia in air concentration.

No additional QA personnel will be required at the G-~7 plants to perform
additional ammoniation tests.

G--7A production capability will be installed at all 3 G-7 plants.

The location of the ammoniator and the material-handling requirements
assumes a tersa-bale packer will be implemented at 603-1 and at 90-1 (see
preliminary engineering drawings SK-7123MH04 & SK-7255MHO4) and that a
tersa-bale packer will not be implemented at 92-1.

With input from Tobacco Processing (TP), a location for the process in each G-7
facility was identified (see Appendix A). Because the process handles diced G-7,
the process must be located after the dicer, but before the packer.

Option 1: Single Pass Porous Belt Treater -

is comprised of a stainless steel outer chamber of dimensions 50' long, 12'
wide, and 8' high, Diced G-7 product is conveyed to the top of the treater into
a rotary air lock and into the chamber. The product drops out of the rotary
airlock onto a stainless steel mesh belt conveyor. An anhydrous ammonia and air
mixture is blown through the product and mesh belt causing the ammoniation
reaction to occur. The conveyor belt length and speed are designed to give the
required residence time in the treater. When the product reaches the end of the
belt, it is conveyed into an exiting rotary airlock and then through a series of
covered and hooded conveyors to the packer. The treater design is similar to the
pilot porous belt treater process located at 181 shed.

0908 6SCT1S
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Option 2: Two Pass Porous Belt Treater -

is similar to the single-pass unit except that there are two conveyors stacked
on top of each other inside the chamber, where the G-7 product is treated on the
upper belt, then drops onto a lower belt where treatment with the anhydrous NH3
and air mixture continues. This option allows the overall length of the treater
unit to be decreased while maintaining the same residence time. The dimensions
of this unit are 35' long, 12' wide, and 15' high,

Several space limitations exist within the G-7 plants that affect implementation
of & porous belt treater (combined with' its necessary infeed system):

¢ The location identified at 603 for the process (see sketch) is not long
enough to accommodate a single—pass porous belt treater unit and infeed
system. Because the 603 facility has sufficient vertical height, a two-pass
treater unit can fit into the facility (two--pass unit is shorter in length,
but taller in height) along with the infeed system,

¢ At Buildings 90 & 92 sufficient length exists to accommodate a single—pass
treater unit and infeed system, however not enough height exists to
accommodate a two-pass treater unless architectural modifications are made
to the buildings. '

Option 3: Rotary Drum -

is comprised of a rotating stainless steel cylinder of approximate dimensions 7'
diameter, 34' long, and 14' high (includes drum, infeed chute and rotary airlock
and positioned on a 0.5"/ft slope to give adequate residence time and drum
loading. The diced G-7 product enters a rotary airlock, into an entry chute, and
into the rotary drum. The product is tumbled through an anhydrous ammonia and
air environment (NH3 is piped into the drum through a series of nozzles) and the
ammoniation reaction occurs. At the end of the drum, the product drops into an
exiting rotary airlock and then through a series of covered and hooded conveyors
to the packer. The rotary treatment process is existing technology and is very
similar to the treater drums utilized at 605-1 in the present G-7 ammoniation
process (except that the drums that would be implemented in the G-7 plants would
be less than half the length of the drums at 605).

The height of the rotary drum with infeed system is too tall to fit into both
90--1 and 92—-1 but can fit into 603. The only way these two facilities can
accommodate the rotary drum is to cut a channel through the ceiling or roof (and
allow a portion of the system to extend into the floor above for 90-1 and build a
penthouse on the roof for 92--1).

Consultation with the Civil, Structural & Architectural (CSA) Design section
indicated that the architectural modifications on the two facilities can be
performed if certain steps are taken (see memo from CSA in Appendix A).
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ALTERNATIVE SELECTED

Because Option 1, single—pass porous belt treater, cannot be accommodated in the
location selected at 603 (length restricted) and .the desire of plant operations
to implement the same type of process (compatible equipment) at all three G-7
plants, Option 1 is not recommended.

Option 2, two-pass porous belt treater, can be accommodated at all three
facilities by making architectural modifications at the two downtown plants
(90-1, cutting a channel in the ceiling of the first floor; 92-1, cutting a
channel into the roof and building a penthouse). This option is the most costly
of the three and doesn't provide any advantage over the rotary drum from a yield
standpoint (because feeders have to be used with the porous belt treater to
spread the product on the belt and feeders create some degradation). The porous
belt process also doesn't provide and advantages from a control standpoint.
Therefore, Option 2 is not recommended.

Option 3, rotary drum, is the best alternative for "inflino“wammdniation for the
following reasons:

©® Requires the lowest capital expenditure.

® Rotary drums are known and proven technology for the G-7A process from
experience at the 605-1 facility.

¢ A large amount of plant experience exists with the mechanical operation of
drums and their required maintenance.

¢ Simplicity of equipment and operation

Because the process handles diced product, it should be located after the dicer,
but before the packer. Because of space limitations within the existing G-7
plants and the limitations imposed by the existing conveying system, the material
handling aspects of conveying product into and out of the drum are critical.

From a preliminary analysis, it appears possible to design an adequate material
handling system; however, it needs to be examined in greatar detail to ensure
that enough space exists to accommodate the material handling conveyors (Material
Handling Design will perform equipment layouts to confirm that the material
handling barriers can be overcome in January 1988 and an addendum to the report
will be issued).

Material Handling Design shall consider conveyor design so that the product can
be conveyed to the primary packer or the back-up packer or bypass the drum when
G-7 would not be ammoniated.

2908 6S71S

Because of the location of the process at 603-1, the rotary drum and conveyors
limit access to an equipment elevator (see sketch). The maximum clearance
directly in front of the elevator would be approximately 5'7". Also, the

additional conveyors would use some of the area presently allocated for equipment
storage.
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ENVIRONMENTAL ISSUES

Ammoniation in the G-7 manufacturing facilities has raised some concerns about
ammonia vapors in the work environment. Study 40, "G-7A Alternatives",
recommended testing the ammoniated extract alternative in a G-7 facility to
determine this environmental impact. The test is scheduled for the
December/January time frame and will be coordinated by Tobacco Processing. This
test could also provide valuable information for the “in-line" ammoniation
alternative, such as the degree of ammonia buildup in the packer area. The
following steps can be taken to minimize ammonia concentration in the work

environment:

Drums shall have adequate seals to prevent leaks.

Airlock pockets shall be evacuated of ammonia/air vapors.

Drum infeed system should be hooded and exhausted.

Conveyors exiting the drum should be covered and exhausted.
Ammoniated exhaust may require scrubbing before being discharged to
atmosphere.

e Add exhaust fans in packing areas.

e @& 0O

Since the ammonia application rate is unknown at this time, use of a scrubber
was assumed necessary and the cost included in the estimate. Once the ammonia
application rate is known, a material balance can be performed to determine
ammonia concentration and then a decision made as to whether a scrubber is

required.

Consultation was received from the Environmental and Industrial Hygiene Groups
concerning the need for a NH3 monitor and alarm system for the safety of plant
personnel. They concluded a monitor and alarm system is not required for the

following reasons:

© System has very low reliability (susceptible to dust contamination)
& Personnel can detect ammonia more reliably than a monitoring system

® System is costly
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IMPLEMENTATION

See Appendix D for the G-7A Alternatives Master Project Schedule. If the rotary
drum ammoniation alternative is selected, we recommend the installation at one
G-7 facility initially. After the system is operating properly and producing
satisfactory product, we then recommend the installation at the other two G-7
facilities. We recommend that testing be performed to determine the required
residence time of G-7 in the drum for a successful ammoniation reaction and that
optimization be performed to minimize the size of the drum.

ECONOMIC ANALYSIS

A Level 1 estimate (see Appendix B) of the capital costs to implement the rotary
drum in all three G~7 plants is $4,445,000 to $6,667,000 (includes the +50%
tolerance associated with Level I estimates). Savings (See Appendix C) from an
in—-line ammoniation process are as follows:

® Processing savings = cost avoidance of ammoniating G-7 at 605 =
$3,319,000/year (1990 dollars),

¢ Transportation savings = elimination of transporting the G-7 to 605 for
ammoniation (since ammoniation will be performed in-line with G-7
production) = $131,000/year (1990 dollars).

Annual net savings (less in-line ammoniation processing costs) are $3,062,000 and
total first year savings (1989) are $1,458,000. This yields an after—tax ROI of
37% to 55%.

The cost/1lb. comparisons of several G-7A processes are as follows:

Raw Material Processing Jotal
G-7 : $ .32 $ .27 $ .59
G-78 (605-1) $ .59 $ .05 $ .63
G-76 (Extract Ammoniation) $ .59 $ .0036 $ .59
G-7A (Porous Belt) $ .59 $ .0044 $ .59

The cost per lb. raw material and processing costs were obtained from Tobacco
Processing Comptrollers. The processing cost for the G-7A rotary drum
alternative was calculated as shown in Appendix C.

¥908 6ST1S
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CONCLUSTONS AND RECOMMENDATIONS

Due to height restrictions in the two downtown G-7 facilities architectural
modifications have to be performed on buildings 90-1 and 92-1 to accommodate a
similarly designed "in-line" ammoniation process at all three G-7 plants. The
required G-7A production could be met by installing the "in-line" process at only
two of the G~7 plants, however installation of "in-line" ammoniation at three
plants provides the greatest flexibility and reliability. Of the three
alternatives evaluated, the implementation of rotary drums for "in-line"
ammoniation is preferable from an economic and operational standpoint.

There are three major methods for continuing G-7A production: (1) Centralizing
G-7A production by upgrading 605, (2) & (3) Decentralizing G-7A production (into
the three G-7 plants) utilizing either extract ammoniation or "in-line"
ammoniation with rotary drums. An economic comparison was done between
decentralizing G-7A4 production by installing rotary drums in the three G-7 plants
vs centralizing G-7A production at 605-1 and upgrading the facility and
equipment. The Level I estimated cost to upgrade 605-1 is $937,000 higher than
implementing "in-line" ammoniation at the three plants. "In-line" ammoniation
also offers the benefits of processing savings and transportation savings that
makes the process ROI justified (55%). Therefore, economic incentives exist for
decentralizing G-7A production.

The optimal decentralized G-7A process from an economic standpoint is extract
ammoniation; however, until the sensory issues are resolved, the viability of the
process is indeterminable. It is recommended that preliminary engineering be
parformed on "in-line" ammoniation utilizing a rotary drum only if a decision is
macde not to implement extract ammoniation.

Listed in Table I in Appendix C is the ROI and payback period broken down by
facility. In determining whether the rotary drum process should be implemented
in the downtown facilities (90-1 and 92-1), the payback period versus the length
of time the facility will be in operation should be considered,
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MR. J. W.

SUBJECT:

December 3, 1987

HOPKINS

Bldg. Nos. 90-1 & 92-1, Proposed Locations for Rotary Drum
Installation

C/S/A Design has completed its investigation of the proposed two locations,
the second floor of Bldg. No. 92-1 and the basement of Bldg. No. 90-1, and we
have found either location to be adequate. The following steps can be used as

guidelines.
Bldg. No. 90-1
® Shore exist. beams 4' from north wall
® Remove concrete slab between Col. Lines (11) through (14) and (L)
through (M) ' :
® Remove all but 5' of beams at north wall of building at Lines (12).
(13) and (14) between Lines (L) and (M)
® Saw cut to a finished edge
® Remove shoring
Bldg. No. 92-1
® A set of structural drawings for the area showing existing conditions
needs to be developed since there are none in the RJRT files.
® Remove existing penthouse, grating, and caged ladder between Lines
(11) - (13) and (D) - (E) at roof
e Pprovide support system for proposed penthouse to be located from
Lines (7) - (12) between Line (D) and (E) and construct penthouse.
® Remove existing roof deck from Col. Lines (7) - (12) and timber beams

on Lines 8-11 between Lines (D) and (E) at roof.

Should an alternate location be determined., C/S/A recommends the following
guldelines:

Interior bays be used for the slot.

Timber buildings should not be considered due to their being near the
end of their expected service lives and the risk of decay.

The longer dimension of the slot should be parallel to the support
beams for concrete slabs.

Should you need additional information, please contact me.

ithUGVxLa. Phow—

Trevonia

TCB:mr
(1432r)

Brown
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ESTIMATE HO. +  1987-179 LEVEL ¢

SUNMARY ESTINATE REPORY

12/11/87

12:22:17 page

ot

PROJECT : 40073 6-7 IN-LINE ANNONIATION/ Ra¥ovey Dvum  LOCATION 5 BUILDING #90-3

ARCHITECY : R, J. REYNOLDS TOBACCO CONPANY DHNER t R, J. REYNOLDS TOBACCO COMPANY
QUANTITIES:  SMN/EDSU ENTERED BY: JRF
CONTRACT
NG. DIVISION W/H and / or LABOR CONST TOTAL
NATERIALS s EQULP
03  CONCRETE 35 1210 1101 170 3722
19 PROCESS SERVICES 100 1527 351703 46417 94467 o1y
20 SPECIAL PROCESSES 800 9572 171247 280838 5885¢ 1 .0374gs
01  GENERAL & ADNINISTRATION 000 4450 2365 186921 0 189284
ESTINATE TOTAL 15584 1326525 515278 68492 1919632
Bul‘dms Modifications 3y,600
CAPITAL TOTAL including capital contingenty : 1arovsa
CAPITAL ESTIMATING CONTINGENCY : 172164
EXPENSE TOTAL including expense contingenty : 0
EXPENSE ESTIMATING CONTINGENCY : w0
ESTIMATE BRAND TOTAL : (910632

NOTE:

Estimated Cost Expressed In CURRENT Day Dollars

P T
EEESESEEEs:

NOTED DEC 1 11987 Fugches

6908 6SC1S§




ESTIMATE KO. ¢+ 1987-179 LEVEL 1

P ITENIZED ESTIMATE REPORT 12111781 12125:06 page

FROJECT = #0073 6-7 IN-LINE AMMONIATION

ARCHITECT
QUANTITIES:  SHN/EDSU

LOCATION ¢ BUILDING 490-3
R. J. REYNOLDS TOBACCO COMPANY ONNER

t R, J. REYNOLDS TOBACCO COMPANY

ENTERED BY:  JRF

03 CONCRETE

NOTED DEC 1 11987 Furches

DESCRIPTION

QUANTITY  UNIT

CONTRACT
n/H and / or LABOR CONST TOTAL
HATERIALS equip

EGUTFMENT BASES

8.00 C.VY. 32.00 1100.00 1000.96 154.88 3314
ESTIMATING CONTINGENCY (DIV, 3) - )
1.00 LS 3.20 110.00 100.10 15.49 33¢%
SuB TOTAL ¢ 35 1210 1101 170 Y922
DIVISION TOTAL ¢ 35 1210 1104 170 3IT22
NOTE: ¢ indicatec expense iteas.
g 4%

QLO8 6STTS




1987-179 LEVEL 1

. ESLINATE NO. ¢ PH ITENIZED ESTIMATE REPORT 12/11187 (2125137 page 2
19 PROCESS SERVICES 700
19.1 ELECTRICAL SYSTENS 10
CONTRALT
DESCRIPTION QUANTITY  UNIT HH and / or LABOR CONST  TOTAL
NATERIALS EQuIP
CONNECT TO PONER (NCC TO LOAD)
85.00 He 170.00  4475.00  S582.80 0.00 12309
SUB YOTAL : 170 4675 5562 0 j‘-’?’
19.2 PIPING SYSTEMS 720
CONTRACT
DESCRIPTION QUANTITY  UNIT W and / or LABOR CONST  TOTAL
NATERIALS toure
UNLOADING SYSTEM (RAIL AND TRUCK)
1.00 LS 240.00  11000.00 714000  1877.15  2007.15
TANE INSTRUMENTATION
1.00 LS 60.00  1375.00  1970.40 0.00  3345.40
ANNONIA ACCUMULATOR (2°DIA. X 6°H. 1/4°TK.S/S INS.)
1.00 £n 40.00  2200.00  1190.00 312.86  3702.86
AMHONIA TANE
1,00 €8 120.00  18700.00  3569.99 938.58  23208.57
TANK INSTALLATION
1.00 LS 107.87  24200.00  3209.23 B43.72  28252.95
=.< AMNONIA VAPDRILEK ’
- 1.00 LS 200.00  10010.00  5950.00  1564.2%  17524.29
STAINLESS STEEL PIPE 2 DIA. (CS-15)
1000. 00 \F 205.00  9350.00  6094.00  §606.00  17050.00
PIPING
200. 00 LF 28.80  1023.00 B58.40 224.40  2106.00
FLOW CONTROL VALVE
1.00 £A 8.00  34%9.10 238.00 62.57  37199.67
REDUCING VALVE 90/30 PSI6 2°D1A.S/S '
1.00 EA 2.00  1280.40 59.50 15.84  1355.54
INSULATION
300.00 LF 63.90  1461.90  1903.80 498.30  3B64.00
INSULATION
200.00 LF 36.40 821.20  1083.00 283.80  2194.00
SUB TOTAL : 11 84926 33266 §227 126420

TLO8 6SC1S




-ESTIMATE NO. ¢+ 1987-179 LEVEL

PR ITENIZED ESTIMATE REPORT

1211487 12:27:15 page 3
19 PROCESS SERVICES 700
19.5 INSTRUMENTATION/CONTROLS 750
CONTRACT
DESCRIPTION QUANTITY  UNIT - M/H and / or LABOR CONST T0TAL
NATERIALS EQuIP
ANALOG CABLE
700.00 LF 7.70 770.00 252.00 0.00 1022.00
1/P TRANSDUCER '
1.00 £A 0.00  2750.00 0.00 0.00 2750.00
CORDUIT 1* DIA.
700. 00 LF 79.10 646,80  2601.20 0.00 3248.00
CHART RECORDER (3 PIN)
1.00 £A 4.00  3520.00 119.01 31.28 3670.29
FLOW METER, NICROMOTION (FOR NH3)
1.00 1 16.00  4510.00 475.99 125.15 5111.14
BECKMAN NHI ANALYSER
1.00 ] 0.00  45000.00 0.00 0.00  45000.00
CONTROL PANEL
1,00 - EA 0.00  B250.00 0.00 0.00 825000
COXTROL ROOM PORTABLE
1.00 EA 0.00  16500.00 0.00 0.00  16500.00
SUB TOTAL : 106 B1946 3448 156 85551
19,6 EXHAUST AND VENTILATION 780 €.
CONTRACT
DESCRIPTION QUANTITY  UNIT M/H and / or LABOR CONST T074L
NATERIALS EQuIF
PROCESS EYHAUST SYSTEM (COMPLETE)
25000. 00 EA 0.00 33,000 0.00 0.00 33,600
ESTINATING CONTINGENCY (DIV. 19)
1.00 L5 138.50  50154.80  4120.38 1083.27 -sggbY
SUB TOTAL : 138 380154 4120 1083  4zivey
DIVISION TOTAL : 1527 551703 46417 57T 4L Yy
KOTE: # indicates expense itess,
(8]
-
N
(8]
(Vo)
00
[
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. EéTIHRIE NO. @ 1987-179 LEVEL 1 PH ITEMIZED ESTIMATE REPORT 12/11/87 12:28:35 page 4
20 SPECIAL PROCESSES 800
20.2 6-7 820
CONTRACY
DESCRIPTION QUANTITY  UNIT H/H and / or LABOR CONST TOTAL
HATERIALS . tauip
PIPE INSULATION {*DIA. X 2°TK.
200,00 LF 36.40 827.20 1084.80 2854.00 2198.00
RATIO0 CONTROLLER, MOORE
1.00 EA 4.00 1430.00 119.01 3t.28 1580.29
Gh LAB. EQUIPMENT
1,00 ts 16.00 2530.00 475.99 125.15 313114
PLANT PERSONNEL TRAINING
1.00 MH 2000.00 0.00  57000.00 0.00  57000.00
(MH3) AMMONIA USE FOR (1) YEAR ‘
1.00 s 0.00  26999.50 0.00 0.00  26999.50
Rotory Drum {W/AIRLOCK) N
1.00 1] 800.00 yovev>.e0 23800,00 6257.16 (Yoo &G
Envicoagurdal C.-\AA,.AHS Gy . - -
3beod, 00 .2000,09 .00 32.000.0°

COVERS FOR EXISTING CONVEYORS

800.00 SF 1400.00  44000.00  41652.80  10947.20  96400.00
COVERED CONVEYORS B )

1727.00 SF 4317.50 343U 6O 1FH1LRS} 4P IIL.0% 5435945
ESTIMATING CONTINGENCY (DIV. 20)

1.00 LS 870.10  70113.40  25883.47 6805.45  "Q43b

SUE TOTAL ¢ 9572 mg 280818 58834  lonIuie

................................ 2ssz=gzzuga=s === gren==

DIVISION TOTAL ¢ 9572 171247 2808386 58654 1o3tuve

NOTE: ¢ ind{tates expense iteas,

€L08 6S8C1S




(ESTIATE NO. :  1987-179 LEVEL 1 PM IVENIZED ESTINATE REPORT 12/11/87 12:29:55 page 5
01 GENERAL & ADNINISTRATION 000
1.1 RIR PROJECT ADMINISTRATION 005
: CONTRACT
DESCRIPTION QUANTITY  UNIT W/ and / or LABOR CONST TOTAL
NATERIALS EQUIP
PROJECT MANAGEMENT
_ 1.00 HH 300.00 0.00  12600.00 0.00  12400.00
INSPECTIONS, RIR
1.00 HH 130,00 0.00 6300.00 0.00 6300.00
CONSTRUCTION MANAGEMENT
1.00 i 300.00 0.00  12600.00 0.00  12600.00
ESTINATING/SCHEDULING SERVICES
1.00 MH 37.50 0.00 1575.00 0.00 1575.00
PRINT/HMICROFILM SERVICES
1.00 HH 8.00 165.00 *©  334.00 .00 501.00
RECEIVING AND STORASE ‘
1.00 HH 37.50 0.00 1575.00 0.00 1575.00
TRAVEL AND LIVING
. 1.00 MH 0.00 2200.00 0.00 0.00 2200.00
ESTIMATING CONVINGENCY
1.00 LS 328.00 0.00  13776.00 0.00  13774.00
SUB TOTAL ¢ 1181 2365 48762 0 1127
1.4 PRELIMINARY ENG.PHASE, RIR/EDSU 060
________ ———- c———-- - - -
CONTRACT
DESCRIFTION QUANTITY  UNIT W/H and / or LABOR CONST T0TAL
NATERIALS eaulp
FROJECT MANAGEMENT
1.00 HH 31.50 0.00 1575.00 0.90 1375.00
ELECTRICAL DYE
1.00 HH 40.00 0.00 1680.00 0.00 15680.00
INSTRUMENTATION/CONTROL D&E
- .00 HH 190.00 0.00 7980.00 0.00 719680.00
INSTRUMENTATION/CONTROLS DESIGN & ENGINEERING (PURCHASED) _
1.00 HH 60.00 0.00 2520.00 0.00 2520.00
NECHANICAL DE
1.00 HH 100,00 0.00 4200.60 0.00 4200.00
NECHANICAL D & E (PURCHASED)
1.00 H £60.00 0.00 6720.00 0.00 6720.00
SuB TOTAL ¢ s87 0 24675 0 28675

$LO8 6SC1S



CESTIMATE NO. ¢ 19B7-179 LEVEL § PN TTENIZED ESTINATE REPORT 12711187 12:31:35 page &
01 GENERAL & ADNINISTRATION 000
{.8 DETAIL ENG. & DESIGN, RIR/EDSU 080
CONTRACT
DESCRIPTION QUANTITY  UNIT WH  and /or .- LABOR CONST TOTAL
NATERIALS Eeurp
ELECTRICAL D&E
1.00 MY 250.00 0.00  10500.00 0.00  10500.00
INSTRUMENTATION/CONTROLS DE .
1.00 MH £00.00 0.00 4200.00 0.00 4200.00
INSTRUMENTATIONS/CONTROLS DE (PURCHASED)
1.00 M 342.00 0.00  14364.00 0.00  14344,00
NECHANICAL D&E (PURCHASED)
.00 MH 1610.00 0.00  67620.00 0.00  67620.00
RECHANICAL DLE
1.00 i 400.00 0.00  16B00.00 0.00  16800.00
SUB TOTAL @ 2702 0 113484 0 113484
DIVISION TOTAL : 4450 2365 188921 0 189286
ESTINATE TOTAL 15584 1326525 515278 68492 1916296
CAFITAL TOTAL including capital contingency : 1910296
CAPITAL ESTIMATING CONTINGERCY s 172164
EXFENSE TOTAL including expense contingency @ 0
EXPENSE ESTIMATING CONTINGENRCY ¢ 0

SLO8 6SCIS




ESTIMATE ND. ¢

1987-180 LEVEL 1

SUMNARY ESTINATE REPORT

12/11/87

12:51:01 page

PROJECT & #0073 6-7 IN-LINE AMNONIATION / Ro4=vy Drvm Lotation

BUILDING $#92-2

ARCHITECT ¢ R. J. REVNOLDS TOBACCO COMPANY DANER s R. J. REYNOLDS TOBACCO COMPANY
QUANTITIES:  SMN/EDSY ENTERED BY: JRF
CONTRACT
NO. DIVISION N/H and / or LABOR CONST TOTAL
. BATERIALS EQuIp
03 CONCKETE 35 1210 1o m o s
19 PROCESS SERVICES 700 1887 387495 97150 12261 4T
20 SFECIAL PROCESSES 800 6943 583001 204072 38570 7 zl‘ib%h
01  BGENERAL & ADMINISTRATION 000 4334 2365 190449 0 192814
ESTINATE TOTAL : 13401 974072 452713 SH2f  tunissy.
"""'Euna.-,.,) Moadicahims uzess
CAPITAL TOTAL including capital contingency : 14i3ss
CAPITAL ESTIMATING CONTINGENCY : 135918
EXPENSE TOTAL including expense contingency @ 0
EXPENSE ESTIMATING CONTINBENCY : 0
ESTIMATE GRAND TOTAL ¢ 19413SS
‘” 2SSSsS=&8sscss
NOTE:
Estimated Coct Expressed In CURRENT Day Dollars
gem For.aes

9L08 6SCTS




ESTIMATE NO. :  1987-180 LEVEL 1 PM ITENIZED ESTINATE REPORT . 12/11/87 12:54:12 page 2

3

19 PROCESS SERVICES 100
19.1 ELECTRICAL SYSTENS no
CONTRACT
LESCRIPTION QUANTITY  UNIT WH . and /oor LABOR CONST TOTAL
NATERIALS EQulp
CONNECT TO FOMER (MCC TO LOAD)
83.00 He 170.00 4675.00 5562.80 0.00 12309
SUB TOTAL : 170 4675 3582 0 12309
19.2 PIPING SYSTEMS 120
CONTRACT
DESCRIPTION QUANTITY  UNIY N/ and / or LABOR CONST ToTaL
NATERIALS EquIp
ANKONIA TANK
1.00 1] 120,60  18700.00 3569.99 938.58  23208.57
UNLOADING SYSTEM (RAIL AND TRUCK
1.00 LS 240.00  11000.00 7140.00 1877.15  20017.15
TANK INSTRUMERTATION
1.00 LS 60.00 1375.00 1970.40 0.00 3345.40

AMNONIA VAPORIZER

1.00 LS 200.00  10010.00 5950.00 1564.29  17524.2%
AMMONIA ACCUMULATOR (2°DIf&. X 6°H. 1/4°TK.5/5 INS.)

1.00 1 40.00 2200.00 1190.00 352.86 3702.86
TARK INSTALLATION
1.00 LS 107.87  24200.00 3209.24 843.72  28252.9%
PIPING
200,00 LF 28.80 1023.00 858. 60 224.40 21056.00
STAINLESS STEEL PIPE 2* BIA. (CS-195)
1350.00 LF 276,75 12622.50 8226.90 2168.10  23017.50
FLOW CONTROL VALVE - :
1.00 2] 8.00 3499.10 238,00 62.57 3799.67
REDUCING VALVE 90/30 PSI6 2"DIA.S/5 B
1.00 1] 2.00 1280.40 59.50 15,64 1355.54
INSULRTION
1500.00 LF 319.50 7309.50 9519.00 2491.50  19320.00
INSULATION :
200.00 LF 36.40 827.20 £083.00 283.80 2194.00
Sue TOTAL ¢ 1439 94044 43014 10782 147843

LLOB 6S21S
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" ESTINATE NO. ¢

1967-180 LEVEL PH LTENIZED ESTIMATE REPORT 12/11/87 12:55:50 page 3
19 PROCESS SERVICES 700
19.5 INSTRUMENTATION/CONTROLS 730
CONTRACT
DESCRIPTION QUANTITY  UNIT MWH  and /or LABOR CONST T0TAL
. NATERIALS goure
ANALOG CABLE
700,00 LF 1.70 170.00 252,00 0.00 1022.00
1/P TRANSDUCER , :
1.00 EA 0.00 2750.00 0.00 0.00 2750.00
CONDUIT 1* BIA. ’
700.00 LF 79.10 646.80 2601.20 0.00 3248.00
FLOW METER, NICROMOTION (FOR NH3)
1.00 EA 16.00 4510.00 475.99 125.15 St 14
BECKMAN NH3 ANALYZER
1.00 EA 0,00  45000.00 0.00 0.00  45000.00
CHART RECORDER (3 PIN}
1.00 1] 4.00 3520.00 119.01 31.28 3670.2%
CONTROL FANEL
1.00 EA 0.00 8250.00 0.00 0.00 8250.00
CONTROL ROOM FORTABLE
1.00 1] 0,00  16500.00 0.00 0.06  16500,00
SIITITSSCEIETISEEEEISSTIZIZISSISSSSISSSSSSSSSIISSISZ=EsSssEs sSsEE=ss===ssss====
SUB TOTAL : 106 81946 3448 156 £5551
19.8 EXHAUST AND VENTILATION 780
CONTRACT
DESCRIPTION QUANTITY  UNIT HH and / or LABOR CONST TOTAL
NATERIALS eoulp
PROCESS EXHAUST SYSTEN (COMFLETE) h
13000.00 CFy 0.00 19g3700 0.00 0.00 %3760
ESTIMATING CONTINGENCY (DIV. 19}
1.00 LS 171.60  35225.80 5105.10 1342.17 43390.00
SUE TOTAL : 1) 2048826 5105 1342 e3xise
DIVISION TaTAL 1887 387495 57150 12281 417953
HOTE: ¢ indicatec expense jteas.
w
—
)
u
Yo
00
(N
N
©
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JESTIMATE NO. : 1987-180 LEVEL 1 PN ITEMIZED ESTINATE REPORY 11U 12158:24 page § ;

0f GENERAL & ADNINISTRATION 000

f.1 RIR PROJECT ADMINISTRATION 005

CONTRACT
DESCRIPTION QUANTITY  UNIT WH  and for . LABOR CONST  TOTAL
NATERIALS EauIP
PROJECT NANAGEMENT
100 MW 300.00 0.00 1260000 0.00  12600.00
INSPECTIONS, RIR _
1.00 M 150.00 0.00 630000 0.00  6300.00
CONSTRUCTION MANAGEMENT
100 M 300.00 0.00  12600,00 0.00  12600.00
ESTIMATING/SCHEDULINS SERVICES
100 M 31.50 0.00  1575.00 0.00  1575.00
PRINT/MICROFILM SERVICES
1.00 M 8.00  165.00 336,00 0.00 501.00
RECEIVING AND STORASE
100 M 37.50 0.00  1575.00 0.00  1575.00
TRAVEL AND LIVING
1.00 M 0.00  2200.00 0.00 0.00  2200.00
ESTIMARTING CONTINGENCY . ‘
1.00 IS 412.00 0.00  17304.00 . 0.00  17304.00
SUB TOTAL : 1245 2345 52290 0 54655
1.6 PRELIMINARY ENG.PHASE, RJR/EDSU 060
_ CONTRACT
DESCRIPTION QUANTITY  UNIT #/H and / or LABOK CONST TOTAL
KATERIALS EQuIP
FROJECT MANAGEMENT
1.00 M 37.50 0.00  1575.00 0.00  1575.00
ELECTRICAL DE
1.00 M 40.00 0.00  16B0.00 0.00  1580.00
INSTRUMERTATION/CONTROL DLE
100 M 190.00 0.00  7980.00 0.00  7980.00
INSTRUMENTATION/CONTROLS DESIGN & ENGINEERING (PURCHASED)
100 M 60.00 0.00  2520.00 0.00  2520.00
HECHANICAL DAE
100 M 100.00 0.00  4200.00 0.00  4200.00
®ECHANICAL D & £ (PURCHASED)
1.00 M 160.00 0.00  6720.00 0.00  6720.00
SUB TOTAL : 587 0 24475 0 24875

6L08 6SCT15




© ESTINATE §0. :+  1987-180 LEVEL 1 PN ETENIZED ESTIMATE REPORT ' 12/11787 13:00:05 page &

01 GENERAL & ADHINISTRATION 000

1.8 DETAIL ENG. & DESI6N, RIR/EDSU 080

CONTRACT
DESCRIPTION QUANTITY . UNIT Wy . and /or LABOR CONST TOTAL
HATERIALS Equip
ELECTRICAL D&E
1.00 KH 250.00 0.00  10500.00 0.00  10500.00
IKSTRUMENTATION/CONTROLS DAE
1.00 HH 100.00 0.00 4200,00 0.00 4200.00
INSTRUMENTATIONS/CONTROLS OLE (PURCHASED)
1.00 HH 342.00 0.00  14364,00 0.00  14364.00
NECHANICAL D&E
1.00 HH 400.00 0.00  16800.00 0.00  16600,00
NECHANICAL DXE (PURCHASED)
1.00 HH 1610.00 0.00  67620,00 0.00  $7620.00
SUB TOTAL : 2702 0 113484 0 113484
DIVISION TOTAL ¢ 4534 2365 190449 0 192814
ESTINATE TOTAL ¢ 13401 974072 452773 51124 1477967
CAFITAL TOTAL including capital contingency ¢ 1477967 )

CAPITAL ESTIMATING CONTINSENCY : 135918

EYPENSE TOTAL including expense contingency ¢ 0

EAPENSE ESTINATING CONTINGENCY : 0

0808 6S5C1S
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ESTINATE ND. :

1987-178 LEVEL 1

SUNNARY ESTINATE REPORY 12/11/87 11:58:11 page i

PROJECT : #0073 6-7 IN-LINE ANNONIATION/ Ro+ercy Ocum 0CATION :  BUILDING & 603-1
ARCHITECT :  R. J. REYNOLDS TOBACCO COMPANY ONNER ¢ R. J. REYNOLDS TOBACCO COMPANY
QUANTITIES:  SMN/EDSU ENTERED BY: JRF
CONTRACT
NO. DIVISION WH ~ and / or LABOR CONST TOTAL
NATERIALS eeutp
03  CONCRETE 22 756 688 106 32
19  PROCESS SERVICES 700 1545 268641 447%0 10075 325506
20 SPECIAL PROCESSES 800 9623 512786 164809 28347 SI433y
01  BENERAL % ADKINISTRATION 000 4450 2345 188921 0 189286
ESTINATE TOTAL . 11642 784549 399209 8529 .09z, 347
CAPITAL TOTAL including capital contingency : {oq:2 947
CAPITAL ESTIMATING CONTINGENCY : 141220

EXPENSE TOTAL including expense contingency : 0
EXPENSE ESTIMATING CONTINGENCY 0
ESTIMATE BRAND TOTAL AR LN

NOTE:
Ectieated Cost Expressed In CURRENT Day Dollars

NOTED DEC11 1987 Furches

1808 652165




ESTINMATE NO. @

1987-178 LEVEL |

PH ITENIZED ESTIMATE REPORT

12111787

12100547 page

t

PROJECT : 40073 6-7 IN-LINE ANNONIATION LOCATION 3  BUILDING ¢ 031
ARCHITECT ¢  R. J. REYNOLDS TOBACCO CONPANY OMNER 't R. J. REYNOLDS TOBACCO CONPANY
QUANTITIES:  SMN/EDSU ENTERED BY:  JRF
03 CONCRETE
NOTED DEC 1 1 1987 Furches
3.3 CAST IN PLACE CONCRETE
CONTRACT
DESCRIPTION QUANTITY  UNIT NH  and /or LABOR CONST  TOTAL
NATERIALS EQUIP
EQUIPNENT PIERS . -
5.00 C.Y. 20.00 $87.50 525.60 95.80 3334
ESTINATING CONTINGENCY (DIV. 3)
1.00 LS 2.00 68.75 62.56 9.48 333
SUB TOTAL : 2 756 668 106 3922
pIVISION TOTAL : 2 15 688 108 322

£0TE: # indicates expense iteas.

{808 6S71S
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* ESTINATE NO. ¢ 1987-178 LEVEL 1 PN ITENTZED ESTINATE REPORT 1211187 12101117 page 2
19 PROCESS SERVICES 700
19.1 ELECTRICAL SYSTENS 10
CONTRACT -
DESCRIPTION QUANTITY  URIY WK and /or LABOR CONST  TOTAL
NATERIALS EQUIP
CONNECT TO POWER (NCC TO LOAD)
85.00  HP 170.00  4675.00 - 5582.80 0.00 -10257.30
SUB TOTAL ¢ 170 4675 5582 0 10557
19.2 PIPING SYSTENS 7120
CONTRACT
DESCRIPTION QUANTITY UNITY M/H and / or LABOR CONST TOTAL
NATERIALS EQUIF
ANMONIA ACCUMULATOR (2°DIA. X 6°H, 1/4"TH.5/S INS.) ]
1.00 ER 40.00  2200.00  1190.00  312.86  3702.86
STAINLESS STEEL PIFE 2* DIA. (CS-15)
) 1650.00  LF 338.25  15427.50  10055.10  2649.90  2B132.50
PIFING
200,00  LF 28.80  1023.00  B58.60  224.40  2106.00
FLOW CONTROL VALVE e
1,00 EA B.00  3499.10  238.00 2.57  3199.67
REDUCING VALVE 90730 PSIG 2°DIA.S/S
1.00  EA 2.00  1280.40 59.50 15.6¢  1355.54
INSULATION "
1650.00  LF 351.45  8040.45  10470.90  2740.65  21252.00
INSULATION
200,00  LF 36.40  B27.20  10B3.00  283.80  2194.00
SUB TOTAL 804 32297 23955 8289 62542
16,5 INSTRUMENTATION/CONTROLS 750
CONTRACT
BESCRIPTION QUANTITY  UNIT WH  and /or LABOR CONST  TOTAL
KATERIALS £QulF
ANRLO6 CABLE
700.00  LF .10 770.00 25200 0.00  1022.00
CONDUIT {* DIA.
700.00  LF 79.10 645,80  2601.20 0.00  3248.00
1/P TRANSDUCER
100 EA 0.00  2750.00 0.00 0.00  2750.00
CHART RECORDER (3 PIN) : i
100  EA 6.00  3520.00  178.50 .93 314543
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ESTINATE NO. +  1887-178 LEVEL ¢ PH ITENIZED EnTIMATE REPORT 12/11187 12102152 page 3
19 PROCESS SERVICES 700
19.S INSTRUNENTATION/CONTROLS 750
~ CONTRACT
DESCRIPTION QUANTITY UNIT #H and / or LABOR CONST TOTAL
KATERIALS gaute
BECKRAN KH3 ANALYIER
1.00 EA 0.00  45000.00 0.00 0.00  45000.00
FLOW METER, MICROMOTION (FOR NH3)
1.00 1] 16,00 4510.00 £75.9% 125.15 Siit.14
COXTROL PANEL
1.00 (1} 0.00 8250.00 0.00 0.00 8250.00
CONTROL ROOM PORTABLE
1.00 ER 0.00  16500.00 0.00 0.00 16500.00
SUE TOTAL ¢ 108 B1946 3507 172 89626
19.E EXHAUST AND VENTILATION 780
CONTRACT
PEECRIPTION QUANTITY UNIT M/H and / or LABOK CONST TOTAL
ARTERIALS EQUlF
PROCESS EXHAUST SYSTEM (COMPLETE) Vi-
8000.00 E4 0.00  105600.00 0.00 0.00  105500.00
ESTIMATING CONTINGENCY (DIV. 19) - . .
. 1.00 LS 354.00  21470.00 10531.49 2768.80 34970.29
ESTIMATING CCNTINGENCY (DIV 19) .
1.00 LS 108,00  22451.89 3213.01 B4, 71 2WSAL|
SUB TOTAL 442 149721 13744 3613 1670679
DIVISION TOTAL : 1545 268641 46790 10075 32550¢
NOTE: ¢ indicates expence itess.
(8]
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ESTINATE NO. ¢+ 1987-178 LEVEL PH ITEMIZED ESTIMATE REPORT 12/11/87 12:03:55 page 4
20 SPECIAL PROCESSES 800
20.2 6-7
CONTRACY
DESCRIPTION QUANTITY - UNIT WH and / or LABOR CONST T0TAL
NATERIALS teutp
RATI0 CONTROLLER, MPORE
1.00 11 4.00 1430.00 119.01 31.28 1580.29
PLANT PERSONNEL TRAINING
1.00 NH 2000.00 0.00  $7000.00 0.00  57000.00
PIPE INSULATION {*DIA. X 2"TK.
200.00 LF 36.40 827.20 1084.80 285,00 2198.00
BA LAB. EQUIPMENT
1.00 Ls 16.00 2530.00 475.99 125.15 I3 14
(NH3) AMMONIA USE FOR (1) YERR
1.00 Ls 0.00  54000.10 0.00 0.00  54000.10
Rﬂ‘f; Pedwn - (W/AIR LOCKS) . . ’ i '
Ennrenmante) 'Cua.h.-\.«)' Uk 1.00 1] 800.00 lov'ed3.0>  23800.00 $257.16  1eosi.ie
COVERED CONVEYORS Co- -¥00e® Ll 320038
759.00 SF 1897.50 146107.50  5h44B.35  14B44.52  217400.37
COVERS FOR EXISTING CONVEYORS
205.00 SF 3598.75  11275.00  10473.53 2805.22  24753.75
ESTIMATING CONTINGENCY {(DIV. 20}
1.00 LS S11.20  46616.90  15208.18 3998.34 - S22
SUg_TOTAL ¢ 5623 5127886 164809 28347 s$7433)
DIVISION TOTAL : 5623 512786 164809 28347 s34
NOTE: ¢ indicates expense iteas,
)
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¢ ESTIMATE 0. ¢ 1987-178 LEVEL ( PN [TENIZED ESTIKATE REPORY 1211187 12:05:03 page §

01 GENERAL & ADMINISTRATION 000

1.1 RIR PROJECT ADMINISTRATION 003
CONTRACT
DESCRIPTION QUANTITY  UNIY K/ and / or LABOR COoNSY TotaL
KATERIALS geutp
PROJECT KANAGEHENT 4
1.00 NH 300.00 0.00  12600.00 0.00  12600.00
INSPECTIONS, RJK
1.00 HH 150.00 0.00 6300.00 0.00 $300.00
CONSTRUCTION MANAGEMENT
1.00 HH 300.00 0.00  12600.00 0.00  12400,00
ESTINATING/SCHEDULING SERVICES
1.00 HH 37.50 0.00 §575.00 0.00 1575.00
PRINT/MICROFILM SERVICES
1.00 MH 8.00 £65.00 336.00 0.00 501.00
RECEIVING AND STORAGE
1.00 HH 37.50 0.60 1575.00 0.00 1575.00
TRAVEL AND LIVING
1.00 HH 0.00 2200.00 0.00 0.00 2200.00
ESTIMATING CONTINGENCY
1.00 LS 328.00 0.00  13774.00 0.00  13776.00
Sup TOTAL 161 2365 48762 0 su27
{.& PRELININARY .ENG.PHASE, RJR/EDSU 069
CONTRACT
DESCRIFTION QUANTITY  URIT H/A and / or LABOR CONST T0TAL
NATERIALS geute
PROJECT MANAGEMENT
1.00 HH 37.50 0.00 1375.00 4.00 1375.00
ELECTRICAL D&E
1.00 K 40.00 0.00 1680.00 0.00 1680.00
TNSTRUMENTATION/CONTROL DLE '
1.00 HH 190.00 0.00 7980.00 0.00 7980.00
IHSTRUMENTAYION/CONTROLS DESIEN & ENGINEERINS (PURCHASED) . .
1.00 HH 60.00 0.00 2520.00 ¢.00 2520.00
NECHANICAL D & E (PURCHASED)
1.00 HH 160.00 0.00 $720.00 0.00 6720.00
MECHANICAL DYE
1.00 HH 100.00 0.00 4200.00 6.00 4200.00
Sug TOTAL ¢ 587 0 24675 0 24675

9808 6S§C1S
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ESTIMATE ND. ¢  1987-178 LEVEL 1 PH ITENIZED ESTIMATE REPORY 12111187 12:06:43 page &

01 GENERAL & ADNINISTRATION 000

1.8 DETAIL ENG6. & DESIGN, RIR/EDSU 080

CONTRACY
DESCRIPTION . QUANTITY  UNIT W/H and / or LABOR CONST TOTAL
KATERIALS EQuiIP
ELECTRICAL D&E
1.00 HH 250.00 0.00  10500.00 0.00  10500.00
INSTRUMENTATIONS/CONTROLS DAE (PURCHASED) - _
1.00 K 342.00 0.00  14364,00 0.00  143564,00
INSTRUMENTATION/CONTROLS DAE
1.00 HH 100.00 0.00 4200.00 0.00 4200.00
HECHANICAL DYE (PURTHASED)
1.00 HH 1610.00 0.00  67620.00 0.00  47620.00
MECHANICAL DAE
1.00 L 400.00 0.00  156800.00 0.00  16800.00
SUB TOTAL @ 2702 0 1B 0 113484
DIVISION TOTAL ¢ 4450 2365 186921 0 189286
ESTINATE TOTAL @ 11642 784548 399209 38529 1222287
- e SIETIS 2 ‘ s

DAPITAL TOTAngntlud;pg;gapital contingency : 1222287

CAPITAL ESTINATING CONTINGENCY : 141220

= 2 sz

EYPENSE TOTAL including expense contingency @ ¢

EXPENSE ESTIMATING CONTINGENCY : 0

L8088 65215
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Incremental cost of G-7A — Porous belt treater process
(1) Ammonia cost - (annual)

Estimated use for in-line ammoniation

Bldg. Cost
603 $ 54,000
92 $ 27,000
90 $ 27,000

TOTAL $108,000

(2) Electricity cost (annual)

Material--handling conveyor motors 150 HP
Rotary drum motors 60 HP
Packing area ventilation fans 60 HP
Air-handling unit for hooded systems 180 HP
Air lock motors 60 HP
Scrubber motors _80 HP
600 HP
600 HP * 5 days ¥ 24 hrs % 48 weeks x .6 ¥ ,746 KW x $.06/kwh
week day yr. HP
= $92,814/year
(3) Steam usage cost = steam usage for heating ammonia tanks
LP_Steam
year
= 10,000,000 lbs LP x $5.236 = $52,360/year
yr. 1000 1lbs LP
(4) Maintenance cost = Ammonia maintenance cost + rotary drum system maintenance
cost. = 3 plants ¥ 16 hrs * 12 months ¥ $42 = $24,192
Plant year hr.

Total cost per year = $277,366

Incremental cost/lb G~7A =_$277,366 = $.0044/1b.
63,000,000 1lbs,

2359m

- 10,000,000 1lbs.
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SAVINGS FROM THE G-7 IN-LINE AMMONIATION PROCESS

1. Process Savings
Cost to ammoniate G-7 at 605 = $.0455/1b. (includes labor, fringe, over-time, maintenance,
ammonia and utilities and fixed costs )
Process Savings = 63,000,000 1lbs. G-7A x $.0455 = $2,867,000/year
year 1b.

2. Transporation Savings
Elimination of transport of G-7 to 605 for ammoniation (assume transportation costs of G-7A to
Grower's Warehouse is equivalent)
shipping cost of G-7 = $1.439/1000 lbs. G-7
Transportation savings = $1.439 x 63,000,000 1lbs. — 80% utilization of trucks
1000 1lbs. ' year

= $113,000/year

Based on the Proposed Schedule for Implementing In-Line G-7A Ammoniation, Savings will be Realized
as follows: .

t of Total Production (63 MM 1bs.) ’ % of Total Savings Realized in the
Per Facility Given Year
Year 605 603 - 92-3 90-2 Process & Transportation *
1989 .50% 50% 0% 0% : 50% = $1,642,725
1990 0% 50% 25% 25% 100% = $3,449,723
1991 0% 50% 25% 25% 100% = $3,622,209

* Inflation rate of 5%

2145n
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TITLE:
(
Year «
[}
1988
1929
( 1990
1991
1992
( 199=
1994
1995
( 1994
1997
1998
( 1999
(
(
(
(
(
(
{
(
¢
C
L ¢

1608 6SC1S

G-7A IN-LINE AMMONIATION FEASIRILITY/ROTARY DRUM

Capital fFroject Tax Pretax Income Aftax Net Cumulative
Expenditure Savings Expense PT21 Depreciation Earnings Taxes Earnings Cashflow Cashflow
E c D E F G H I J K
(1,092,847) Qa 2 "] o 9 (1,092,847) (1,092,847)
(3,351,790 1,458,056 ] Q (156,059) 1,301,997 (572,879) 729,119 (2,466,817) (I,55%9,660)
I,061,718 "] (12,606} (746,412) 2,701,900 (874,722 1,427,178 2,172,592 (1,3R4,070)
215,014 ] (55,338 (1,012,376) 2,147,299 (815,974 1,331,725 2,T4T,702 957,632
I,3735,765 [} (55,338) (722,760) 2,597,667 (987,112 1,610,552 2,333,312 3,299,945
3,544,553 (] (55,238) (516,255) 2,972,960 (1,129,725 1,B43,235 2,359,490 5,652,435
3,721,782 "] (55,338) (I96,815) 3,269,628 (1,242,458) 2,027,149 2,423,984 8,074,419
3,907,869 ] (S55,738) (396,479 3I,456,052 (1,713,700 2,142,752 2,539,272 10,617,650
4,107,263 "] (55,338) (Z47,848) 3I,700,077 (1,406,029 2,294,048 2,641,895 13,255,546
4,308,476 (] (55,338) (149,874 4,107,254 (1,559,23786) 2,544,017 2,69%,851 15,949,397
4,527,847 "] (55,378) 4,468,509 (1,698,033) 2,770,476 2,770,476 18,719,873
4,752,040 ] (55,Z38) 4,694,702 (1,783,987) 2,910,715 2,919,715 21,670,588
-
ROI SS%L
PAYBRACK I YEARS




TABLE 1

ROLI _BREAKDOWN BY PLANT

(for "in-line" ammoniation process installation using & rotary drum)

PLANT ROI_ PAYBACK
6031 90% 2 Years
922 41% 3 Years
903 31% 4 Years
2359m
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G-7A ALTERNATIVES-MASTER SCHEDULE*

ITEM

Feasibility Study - On-line Extract Ammoniation
Feasibility Study - In-line Porous Belt or Rotary Drum

Pilot Plant - Product and Process Evaluations
and Administrative Approvals

Preliminary Engineering (and Level II Estimate) for
on-line Extract Ammoniation Process at one
G-7 Plant.

Test Ammoniated Extract in a G-7 Plant
to determine the environmental impact

Evaluate G-7A Alternative Processes and recommend the
best based on sensories and economics

Obtain Authorization Request Approvals for Implementing
the Alternate G-7A Process in all the G-7 Plants

Perform Detail Design for Implementing the Process in
the 603-1 G-7 Plant

Implement the G-7A Process at 603-1
Operate New Ammoniation Process at 603-1

Perform Detail Design for Implementing the Process at
the 90-3 and the 92-2 G-7 Plants

Implement the G-7A Process at 90-3 and 92-2

Operate the New Ammoniastion Process at 90-3 and 92-2

START
DATE

4/24/87
8/17/87

9/01/87

12/01/87

12/01/87

4/01/88

5/715/88
9/01/88

1/01/89

1/01/89
7/01/89

1/01/90

END
DATE

8/30/87
12/31/87

3/31/88

3/15/88

12/31/87

3/31/88

5/15/88

8/31/88

12/01/88

“ o e 00

6/01/89

12/01/89

LI AR

*projected schedule for evaluating and implementing a G-7A process alternative.

4215A
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RJIR prep statistical support Statistical Project Report

PROJECT NAME: Analysis of Designed Test of G-7A Process
STATISTICIAN NAME: Michael J. Morton

CLIENT NAME: Robert C. Benjamin

COMPLETION DATE: April 26, 1988

This is the statistical analysis of data from a designed test of the G-7A pilot line (with a
porous conveyor). The line is at the 181 Shed. The design variables under examination were:

1. incoming moisture level

percent of NH; at the reactor IR
temperature

humidity

residence time

6. air rate

e o

The level of hot water solubles, though not a design variable, was also measured and is included
for consideration in the regression models below.

In Table 1 we show the design for the test. It was originally a 272 design—originally tobacco
flow rate was also a variable, but it could not be changed as much as had been hoped, so was
omitted as a design variable leaving the 6 factors described above. In Table 2 we show the actual
levels that were achieved together with the level of residual ammonia in the tobacco.! The PT&D
ammonia is the online reading and the R&D ammonia is the reading from the R&D lab. Likewise
with moisture and hot water solubles (HWS). In Figure 1 we show a plot of the two ammonia
measurements against one another and we see that they are relatively well correlated (r = .96).
However the ammonia levels they give are different. In Figure 2 we show a plot of the difference
of the two versus the average of the two. Interestingly the higher the average ammonia level,
the greater the difference between the ammonia levels. In general the PT&D level is higher than
the R&D level. Whether these reflect method differences or simply a loss of ammonia before the
R&D analysis is carried out is unknown. Similar plots are shown for moisture and hot water
solubles in Figures 3-6. The moistures are reasonably well correlated (r = .85) and there is no
significant difference between the two. For hot water solubles, the correlation 1s Jow? (r = .59)
and the PT&D method gives a consistently larger value (by about 4 units). For simplicity, we
only discuss results in terms of the PT&D methods. Generally there is little, if any, difference in
the answer according to which measurement is used.

First we investigate which of the design variables influences the residual ammonia level.
Table 3 shows tha analysis of variance table for residual ammonia. It shows that the primary
factors influencing the residual ammonia level are the residence time in the treater, the level of
ammonia in the treater, and the moisture level. Temperature and the level of hot water solubles
also appear to play a marginal role. Humidity and air rate have no detectable effect. The model

1 The data in the Table are the mean values of the runs. In Table 2 there are 20 runs, whereas
in Table 1 there are 19 runs. That is because the 1st run was duplicated.

2 The raw size of the correlations may be misleading here, since the hot water solubles range is
relatively low, whereas the ammonia and moisture ranges are by design relatively large.

9608 6SZ1S




Analysis of Designed Test of G-7A Process Page 3

with only the significant variables included is given in Table 4. Also included in Table 4 are
partial correlation coefficients which show the correlations of the variables with residual ammonia
after controlling for the effects of the other independent variables.

One of the concerns before running this test was that the residual ammonia level might be
8o sensitive to moisture that small fluctuations in the moisture level would greatly influence the
residual ammonia level and/or would cause changes in the residual ammonia level that could not
be easily counteracted by the other control variables. Based on the estimates in Table 4 that
does not appear to be the case. For instance, for every 1% change in moisture the model predicts
a .028 shift in residual ammonia. That can be compensated for by adjusting the ammonia level
in the air by about .5% ((.028/.053)%) or by adjusting the residence time by about 45 seconds
(.028/.037 minutes) or some similar combination of the two. In short, from this preliminary work
it appears that the control variables investigated here will be adequate to control fluctuations in
the residual ammonia level caused by fluctuations in the moisture level,®

In addition to the readings that were taken immediately after ammoniation, aging data were
also gathered 3 weeks and 8 weeks after ammoniation. Those data are listed in Table 5.4 In
Figures 7-10 are plots of the reducing sugar and total sugar levels after 8 and 8 weeks versus
residual ammonia. As would be expected the higher the residual ammonia level the lower the
sugar levels. There is also some indication that the higher the moisture level the lower the sugar
level—this effect is not nearly so strong.

SUMMARY

This report has summarized the statistical analysis that was conducted on data from a de-
signed test of the G-7A process. The variables that were important in determining the residual
ammonia level were the residence time in the treater, the ammonia level in the treater, and the
moisture level with temperature and hot water solubles level also playing a marginal role. We
also looked at data from the tobacco after 3 and 8 weeks aging to determine the impact of the
parameters on the level of sugars in the aged product. Not unexpectedly, the residual ammonia
lJevel was the primary factor influencing the level of sugars in the aged product. We did note
that the moisture level also appears to have a marginal effect on the level of sugars in the aged

product.
Febine ) P2

Michéd 3. Morton

cc: John L. McKenzie
W. Doug Young
Robert A. Merricks
Thomas W. Brown

3 These computations are all based on the coefficient estimates given in Table 4. It would be
desirable to refine those estimates either through additional test runs or by monitoring the effect
on the process of making adjustments such as those computed above.

4 Again the readings given are averages. There were 3 readings taken of each.
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Analysis of Designed Test of G-7A Process

Incoming % NH;  Temper- Humidity Belt Air

Moisture ature Speed Flow

°C CFM
1 M M M M M M
2 L L H H L H
3 L L H H H L
4 H H L L L H
1) H H L L H L
6 L H H L H H
7 L H H L L L
8 B L L H L L
9 H L L H H H
10 M M M M M M
11 H H H H L L
12 H H H H H H
13 L H L H H L
14 L H L H L H
18 L L L L L L
16 L L L L H H
17 H L H L L H
18 H L H L H L
19 M M M M M M

L=8-10% L=2.5-3.5 L=13.8 L=Room L=3 fpm Lw=325

M=11-13% M=5-6 M=Room M=Room M=20fpm Mm=465
H=14-16% H=8-9 H=75 H=Dew pt. H=60 fpm H=600

Table 1. Listing of Design.

Page 3
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Analysis of Designed Test of G-TA Process

Run Ammon. Ammon. Time Moist. Moist. in Air

© 00 ~J DO b OB

PT&D R&D
Tobacco Tobacco Resid. PT&D R&D Ammon.
Temp. Humidity Flow HWS HWS

(%)

.83
74
.89
.61
1.20
.78
.68
1.11
.89
.54
.69
1.10

(%)

.64
.56
66
.52
81
.58
52
76
.70

(min.)

1.25
1.25
8.33
42
8.33
42
42
8.33
8.33
42
1.25
8.33
42
42
8.33
8.33
42
8.33
42
1.256

(%)

13.4
10.8
10.0

9.3
14.8
15.6

8.6

9.3
15.1
14.9
12.5
14.9
15.0

ok ©©© 00
Qo o

[ Sy

(%)

14.5
11.5
11.7
10.7
13.5
13.6

8.4

8.9
15.9
13.3
11.0
14.0
14.8
10.6
11.0
11.8
11.3
12.5
16.6
13.8

(%)

5.4
5.4
3.3
3.2
7‘04
75
7.5
7.9
3.1
3.0
8.7
7.9
7.8
7.9
7.5
3.2
3.2
3.2
34
6.7

(°0)

22
24
55
55
10
10
85
55
16

(%)

30
28
100
100
30
30
31
31
100
100
65
100
100
100
100
32
32
32
32
30

Page 4
Air PT&D R&D
(CFM)
465 37.4 35.3
465 39.7 34.7
610 39.6 35.1
3256 39.8 34.9
610 40.9 35.8
325 39.7 34.2
610 40.8 35.6
326 40.3 35.9
326  40.6 37.2
610 40.6 36.3
465 40.5 38.2
326 40.2 37.2
610 40.8 37.1
326 39.9 35.5
610 39.8 34.8
326 41.8 38.7
610 41.7 37.9
610 41.7- 356.7
326 41.0 36.9
465 40.8 36.3

Table 2. Listing of Data from Immediately after Run.
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DEP VARIABLE: RESIDUAL AMMONIA
ANALYSIS OF VARIANCE

SOURCE DF

MODEL 7

ERROR 12

C TOTAL 19

ROOT MSE

DEP MEAN
C.vV.
VARIABLE DF
INTERCEPT 1
AMM IN AIR 1
RES. TIME 1
MOISTURE 1
TEMPERATURE 1

HUMIDITY 1 -0

AIR RATE 1 0.
HOT WATER SOL 1

SUM OF MEAN
SQUARES SQUARE
0.79309551  0.11329936
0.11216849 0.009347374

0.90526400
0.09668182 R-SQUARE
0.776 ADJ R-SQ

12.459

PARAMETER ESTIMATES

PARAMETER STANDARD
ESTIMATE ERROR
1.96945986 1.00529977
0.05325061 0.01116748
0.03723555 . 0.005929738
0.02835279 0.008274863
0.00241926 0.001130652
.000199753 0.0006742696
0001534009 0.0001717865
-0.052161 0.02456606

F VALUE
12.121

0.8761
0.8038

T FOR HO:
PARAMETER=0

1.959
4.768
6.279
3.426
2.140
-0.296
0.893
-2.123

PROB>F
0.0001

PROB > |T|

0.0738
0.0005
0.0001
0.0050
0.0536
0.7721
0.3894
0.0552

TABLE 3. ANOVA TABLE FOR RESIDUAL AMMONIA WITH ALL TERMS IN MODEL.
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DEP VARIABLE: RESIDUAL AMMONIA

VARIABLE DF

INTERCEPT 1
AMM IN AIR 1
RES. TIME 1
MOISTURE 1
TEMPERATURE 1
HOT WATER SOL 1

SOURCE  DF -
MODEL 5

ERROR 14
C TOTAL 19

ROOT MSE
DEP MEAN
C.v.

PARAMETER
ESTIMATE

1.84359775
0.05342274
0.03684981
0.0281475
0.002369222
-0.0474506

ANALYSIS OF VARIANCE

SUM OF MEAN
SQUARES SQUARE F VALUE
0.78498245 0.15699649 18.273
0.12028155 0.008591539
0.90526400
0.09269056 R-SQUARE 0.8671
0.776 ADJ R-SQ 0.8197
11.94466
PARAMETER ESTIMATES
STANDARD T FOR HO:
ERROR PARAMETER=0
0.93276216 1.976
0.01068928 4.998
0.005619161 6.558
0.007929318 3.550
0.001072864 2.208

0.02274864 -2.086

PROB>F
0.0001

PROB > |T]

0.0681
0.0002
0.0001
0.0032
0.0444
0.0558

PARTIAL CORR

0.64082177
0.75441123
0.47370570
0.25834302
-0.23709205

TABLE 4. ANOVA TABLE FOR RESIDUAL AMMONIA WITH ONLY IMPORTANT TERMS IN MODEL.
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Analysis of Designed Test of G-7A Process Page §

PT&D R&D PT&D R&D Reducing Total
Run Ammon. Ammon. Moist. Moist. Sugar Sugar

After 3 Weeks

1 56 48 8.7 10.5 4.67 6.27
2 .89 61 11.0 13.5 3.93 4.80
3 5 67 11.3 11.8 3.67 4.67
4 .58 49 9.6 11.8 4.23 5.38
5 1.09 89 12.2 14.5 2.43 2.97
6 59 54 11.8 13.7 3.83 4.57
7 .60 65 8.2 10.0 4.60 5.00
8 .65 .62 8.5 10.3 3.63 4.00
9 .78 87 13.8 17.1 3.60 8.77
10 54 43 11.6 14.3 4.77 4.97
11 .62 49 9.6 11.3 5.27 5.43
12 .88 76 13.7 15.4 2.93 3.20
13 .83 63 13.9 15.5 3.97 4.60
14 48 40 7.8 9.3 5.80 " 6.13
15 73 61 8.3 10.0 4.57 4.80
16 51 45 9.0 8.8 4.70 4.83
17 22 25 9.0 8.7 4.80 5.03
18 .69 .60 11.1 11.8 4.43 4.73
19 47 45 12.5 12.9 5.07 5.47
20 .56 52 11.3 11.0 4.70 5.00
After 8 Weeks
1 .62 .61 11.3 11.6 4.20 4.37
2 .74 .63 11.6 12.2 4.687 5.10
3 82 .64 10.9 11.2 3.93 - 4.80
4 52 A7 8.9 10.2 5.07 5.33
5 98 79 12.2 124 1.87 2.03
i} 56 50 11.8 119 3.33 3.67
7 52 48 7.6 8.5 4.27 4.77
8 72 87 8.2 8.8 2.93 3.47
9 .81 69 12.3 15.8 3.10 3.33
10 44 42 11.7 12.6 4.47 4.77
11 56 50 9.1 9.7 4.17 4.70
12 .89 74 13.3 12.8 2.77 3.17
13 .69 62 134 12.8 3.43 3.83
14 42 45 74 7.3 5.63 5.73
16 60 52 7.6 8.0 3.83 4.00
16 48 44 8.3 B.7 4.20 4.37
17 28 .26 8.3 8.8 4.80 4.93
18 J2 b8 11.1 - 11.6 . 4.00 4.30
19 44 44 12.8 - 12.0 4.80 4.97
20 S50 50 10.3 10.1 4.837 4.47

Table 8. Listing of Data after Aging.
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FIGURE 1. R&D LAB AMMONIA VERSUS PT&D AMMONIA.
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FIGURE 2. PT&D AMMONIA MINUS R&D AMMONIA VERSUS AVERAGE AMMONIA.
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FIGURE 3. R&D LAB MOISTURE VERSUS PT&D OVEN MOISTURE.
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FIGURE 4. PT&D MOISTURE MINUS R&D MOISTURE VERSUS AVERAGE MOISTURE.
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FIGURE 5. R&D LAB HWS VERSUS PT&D HWS.
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FIGURE 6. PT&D HWS MINUS R&D HWS <mmmdm AVERAGE HWS.
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FIGURE 7. REDUCING SUGARS AFTER 3 WEEKS VERSUS RESIDUAL AMMONIA.
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FIGURE 8. TOTAL SUGARS AFTER 3 WEEKS VERSUS RESIDUAL AMMONIA.
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FIGURE 9. REDUCING SUGARS AFTER 8 WEEKS VERSUS RESIDUAL AMMONIA.
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FIGURE 10. TOTAL SUGARS AFTER 8 WEEKS VERSUS RESIDUAL AMMONIA.
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