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DEPARTMENT OF THE ARMY
CONSTRUCTION ENGINEERING RESEARCH LABORATORIES, CORPS OF ENGINEERS
P.O. BOX 9005
CHAMPAIGN, ILLINOIS 61826-9005

REPLY TO
ATTENTION OF

CECER-FE (70-1y) 23 February 1995

MEMORANDUM FOR Commander, U.S. Army Corps of Engineers,
Omaha District, 215 North 17th Street,
ATTN: CEMRO-ED-MC/Mr. Stan Owens, Omaha, NE
68102-4978

SUBJECT: Response to Comments on Steam Dispatching Control
System Feasibility Study, Energy Engineering Analysis Program
(EEAP), 1994 for Iowa Army Ammunition Plant (IAAD)

1. Enclosed are the responses to the Final Draft review comments
from both IAAP and CESAM-EN-DM. After reviewing the comments
with IAAP personnel, it was decided that no revisions were needed
on the study; however, the concerns stated in the review comments
should be answered and distributed as an addendum to the Final
Report. The addendum is attached and will be sent to Mr. Stan
Owens, CEMRO-ED-MC, for distribution to all addresses in Annex D
of the Scope of Work.

2. If there are any additional comments oOr guestions concerning
these responses or the study, please contact me at (217)398-5510.

Encl CHRIS DILKS
Electrical Engineer
Fuels & Power Systems Team




Addendum to Steam Dispatching Control System Feasibility Study at the ITowa Army Ammunition
Plant

Response to review comments of the Final Draft
IAAP Comments:
1. Concern about “manual” PRVs and maintenance requirements.

The system described in the study is a fully automatic system which is controlled from a
central location. Maintenance for the FM telemetry system and the control system, including the
control PRV, can be subcontracted out to the manufacturers/installers of that particular piece of
equipment. Little additional maintenance work would be required by the Preventative Maintenance
Program.

2. Effect of lowering steam pressure on PRV capacities.

The effect of lower input steam pressures on the building PRV capacity is discussed on page
8 and in Appendix D and Appendix E. The last sentence of the first paragraph of the Model Results
section pretty much matches comment #2 word for word. However, in speaking with Dick
Luttenegger, we felt that a majority of the PRV’s feeding heating systems would not need
replacement. PRV’s feeding process loads would be evaluated individually. Those that could not
provide the required steam flow at the lower pressures would have to be replaced for SDCS to
function properly.

3. Shutting off steam lines remotely

The system recommended in the report would allow the individual steam lines to be shut off
from a central location. A very conservative estimate was used to calculate an hourly savings for
each line for the times when it was shut down. These savings were not incorporated into the LCCID
study because it was difficult to determine the exact number of hours the lines could be shut down.
Addition of these savings would just increase the annual savings of the system and decrease the
payback period.

4. Line 2 or 3 would be first choice.

I mentioned this early in the study, but Dick Luttenegger thought that it would be easier to
fund the entire project at one time than to send separate projects through. Also the cost of the FM
system was divided equally among the three lines. The cost for the system installed on only one
steam line would be about $60,000, almost twice the cost used for a single line in the estimate.
Additional lines would cost at least $15,000 each if added incrementally. The high cost for the
programming of the centrally located computer and its auxillary equipment was equally divided into
three lines for the study. It would be less expensive to install all three lines.

CESAM-EN-DM Comments:

1. None




2. No project Documentation.

Since the total project cost is less than $300,000 it does not qualify for ECIP Funding.
Therefore Section 5.2 of the General Scope of Work for a Limited Energy Study was used as a
guideline for project documentation. This requires a LCCA Summary sheet (Page 15), a description
of work to be accomplished, backup data for the LCCA, energy savings calculations and cost
estimates, and the simple payback period, which are found in the body of the report or referenced in
the appendices. IAAP personnel agreed to fill out and submit the proper forms, if approved, using
the results presented in the report.

3. SHDP abbreviation.

The Steam Heat Distribution Program (SHDP) was used to model the 3 distribution systems
analyzed for this study. This program and its user manual can be obtained from the Defense
Technical Information Center (DTIC). I added the executive surnmary and a couple of sentences in
the body of the report after the first review of the report and forgot to define SHDP. It is defined on

page 8.

4. Define baseline heating load.

Correct, the Baseline heating load is the load due to process loads and hot-water heaters. It
is usually assumed to be the only load when the ambient is above 65 degrees F.

5. Discussion of Model Results a bit hard to follow.

Discussed model results over the phone with IAAP personnel. Cleared up any questions
about the analysis during discussion. Will provide a more concise discussion of the results if still
necessary.

6. Total Use columns of Table 7.

The Total Use columns of Table 7 are estimates of the steam usage before reducing steam
pressure. They were used to calculate a total annual coal and natural gas consumption for the base.
This annual usage was compared to an earlier EEAP study to validate the model.

7. Does standalone controiler have a fail-safe requirement. -

Standalone controller has 4 hour battery backup to prevent failures due to loss of line
voltage. Control valve can be designed to fail to open, fail to close, or preferably fails to last setting
upon loss of either control signal or line voltage. Standalone controller will power on in manual
mode and must be reset to automatic mode after a failure that shuts down the controller occurs (i.e
extended power outage where battery is drained). Controller can be programmed to set the
maximum rate of travel of the control valve to eliminate unwanted rapid swings in steam pressure
and flow. A program to startup and shut down lines will be programmed on the computer at the
central location. These programs will contain multiple checks to ensure that the valves are opened
and closed in a safe manner. The rate of change of the steam flow, steam pressure, and position of
the valve will be limited to prevent rapid opening or closing of the valve.




8. Does cost include central computer.

The central computer was not included in the original cost because I thought that an existing
computer on the base could be used. A new 486 based machine should be purchased and should
have been included in the cost estimate. A new 486 based machine with a minimum of a 300 Mbyte
Hard Drive, 8 MB of RAM and a super VGA monitor will cost less than $3000. A list of
compatible machines should be obtained from the FM radio system/controller manufacturer. Choose
an appropriate computer from this list.

9. Delete “ for line 4” from first sentence..

Correct.




DEPARTMENT OF THE ARMY
IOWA ARMY AMMUNITION PLANT
17571 STATE HIGHWAY 79
MIDDLETOWN, IOWA 52638-5000

REPLY TO
ATTENTION OF:

SMCIO-PPE 6 October 1994

MEMORANDUM FOR Commander, U.S. Army Corps of Engineers, Omaha
District, 215 North 17th Street, ATTN:
CEMRO-ED-MC (Mr. Stan Owens), Omaha, NE
68102-4978

SUBJECT: Steam Dispatching Control System Feasibility Study,
Energy Engineering Analysis Program (EERP), FY94, Iowa Army
Ammunition Plant, Middletown, IA

1. Reference memorandum, USCOE, CEMRO-ED-MC, 22 September 1994,
SAB. ‘

2. We are enclosing the operating contractor’s correspondence
dated 5 October 1994, transmitting our review comments for the
subject document.

3. We have reviewed this listing and concur.

4. POC is Mr. Leon D. Baxter, SMCIO-PPE, Plant Protection Office,
DSN 585-7101 or commercial (319) 753-7101.

Encl LEON D. BAXTER
Environmental Engineer
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ENGINEERS AND CONTRACTORS 17575 ST. HWY 79
FOUNDED 1827 MIDDLETOWN, IOWA 52638
5 October 1994 , EN 94-065/L

Administrative Contracting Officer
Contract No. DAAA09-91-Z-0006
Jowa Army Ammunition Plant
Middletown, Towa 52638

Dear Sir:

Subject: Steam Dispatching Control System Feasibility Study, Energy Engineering
Analysis Program (EEAP), 1994 Jowa Army Ammunition Plant,
Middletown, Iowa

Reference:  CEMRO-ED-MC Memorandum Dated 22 Septembér 1994

The following comments are provided in response to the referenced memorandum:

1. Due to the limited manpower any type system that will have "manual” Pressure
Relief Valves (PRVs) will be met by resistance. Any system requiring substaritial
maintenance, unless the maintenance is subcontracted out would be a burden on the
Preventative Maintenance Program.

2. The assumption that we can arbitrarily lower distribution steam pressure may be
wrong. Each of the building’s heating systems and process systems have PRVs,
some buildings have several. The volume of steam required for process,
especially, is a function of size of PRV and upstream pressure. Most of these were
sized for upstream pressure of approximately 150 psig, therefore Mason & Hanger
believes that arbitrary reduction in the upstream pressure may affect some of the
processes by starving steam flow.



Administrative Contracting Officer EN 94-065/L
Contract No. DAAA09-91-Z-0006

5 October 1994

Page 2

3. The major savings on a steam dispatch system can be achieved by totally shutting
off steam to areas when it is not needed, i.e., each spring and fall on weekends
when danger of freezing temperatures is not present, and during the summer on
weekends and other times when the lines are not active. The ability to shut these
selected areas off from steam and to start up slowly so as not to damage the mains
at a single remote location is the best approach and will satisfy Mechanical that we
are not putting in a system that they don’t have the people to operate, or maintain.

4, Line 2, or Line 3 would be first choices if we were to increment the new process
to thoroughly test before building a complete system.

Point of contact is L. L. Nihart, (319) 753-7806.
Sincerely,

MASON & HANGER-SILAS MASON CO., INC.

P. A. Richardson :

Division Manager
Engineering

PAR/LLN/eh
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Federal mandates require Army installations to reduce energy consumption by 30 percent
over 1985 levels by the year 2005. In accordance with this outlook, researchers at the U.S. Army
Construction Engineering Research Laboratory (USACERL) examined the feasibility of
installing the Steam Dispatching Control System (SDCS) at the Iowa Army Ammunition Plant
(IAAP). SDCS is a control system for reducing the losses in a distribution system by lowering
the steam pressure to slightly above the amount needed to meet the thermal demand. This results
in a lower steam temperature, with only slight reductions in steam enthalpy. Thermal losses and
leak losses are reduced as the temperature and pressure are reduced. The past success of SDCS
in industry indicated that SDCS could be successfully applied to military district heating
systems.

After analyzing the IAAP base maps, three areas at IAAP were found to have the physical
characteristics suitable for the SDCS. These areas include Line 2, Line 3, and Line 4B/Admin.
Lines 2 and 3 consisted of 17 and 18 buildings, respectively, which include manufacturing,
office, and warehouse space. Line 4B/Admin consists mostly of office, shop, and warehouse
space. A hospital and gym are also on this line. During the winter line 4B/Admin feeds 20
buildings, however, steam to the Admin area is shut off during the summer months, and the line
feeds only 7 buildings in the 4B area. Approximately 60 percent of the steam lines in the
4B/Admin area are shut off in the summer.

No steam flow readings area available for the individual lines since individual steam flow
~meters do not exist. Therefore steam flow projections were made from models developed using

- SHDP and a projected steam usage chart from R. H. Tiemeier of IAAP. The steam demand and
reqmred steam pressure for each building was taken from a previous EEAP study. Values for the
heat loss coefficients of the pipe and minimum and maximum flow rates for each line also came
from a table developed by R. H. Tiemeier of IAAP. Steam trap losses were estimated from a
survey of the steam system. Tables 1 and 2 show the heating season and summer loads and
savings for the three lines.

|
]
|
[ ‘1 EXECUTIVE SUMMARY
|

Table 1. Heating Season Steam Flow Model Results for Lines 2, 3, and 4B/Admin

Line 4 Line 2 Line 3 Line 4 Line 2 Line 3

Savings Savings Savings  Total Use Total Use  Total Use
Total (1000 Ibs steam) 5576 2590 2446 77652 - 52266 50289
Total (MBtus steam) 7137 3315 3131 99395 66900 64369
Total (MBtus Coal) 11151 5180 4892 155305 104531 100577
Coal @ $1.39/MBtu $15,500 $7,200 $6,800 $215,874  $145,298 $139,802
Coal @ $1.64/MBtu $18,288 $8,495 $8,023 $254,700 $171,431 $164,947

Table 2. Summer Steam Flow Model Results for Lines 2, 3, and 4B

Line 4 Line 2 Line 3 Line 4 Line 2 Line 3
Savings Savings Savings  Total Use Total Use  Total Use

Total (1000 Ibs steam) 1000 1800 1800 16200 18000 18000
Total (MBtus steam) 1160 2088 2088 18792 20880 20880
Total (MBtus Nat Gas) 1546 2784 2784 25056 27840 27840

Nat Gas @ $3.50/MBtu $5.411 $9,744 $9,744  $87,696 $97,440 $97.440




Annual coal consumption based on the steam demand for the three lines totals 360,413
MBtus of which 5.9 %, or 21,223 MBtus, could be saved. Annual natural gas consumption due to
steam demand for the three lines totals 80,736 MBtus of which 8.8 %, or 7114 MBtus, could be
saved annually. Annual energy consumption would be reduced from 444,149 MBtus ($783,550)
to 415,812 MBtus ($729,151) after implementation of the SDCS on the three lines. Using
$1.39/MBtus and $3.50 as the price for coal and natural gas, respectively, the annual savings
would be $54,399. Subtracting $3,000 for annual maintenance results in a net annual savings of
$51,399. This results in a savings to investment ratio (SIR) of 2.84 and simple payback period
of 4.87 years.

Points of Contact:

Chris Dilks, CECER-FEP
USACERL, PO Box 9005
Champaign, IL 61826-9005

(217) 398-5510, fax: (217) 373-3430

Ralph Moshage, CECER-FEP
USACERL, PO Box 9005
Champaign, IL. 61826-9005

(217) 398-5544, fax: (217) 373-3430




Iowa Army Ammunition Plant Steam Dispatching Control
System Feasibility Study

2 INTRODUCTION
Background

Currently most military district steam heating systems operate by maintaining a constant
steam pressure regardless of actual steam demand. This method of operation, while practical, is
often the source of significant energy losses. Energy conservation is a national goal and may
perhaps be a future necessity. In accordance with this outlook, researchers at the U.S. Army
Construction Engineering Research Laboratory (USACERL) examined the Steam Dispatching
Control System (SDCS).

SDCS is a control system for reducing the losses in a distribution system by controlling the
steam pressure. Lowering the steam pressure to slightly above the amount needed to meet the
thermal demand reduces the steam temperature with only slight reductions in steam enthalpy.
Thermal losses at the lower temperature are reduced and leak losses are also diminished. The
past success of SDCS in industry indicated that SDCS could be successfully applied to military
district heating systems.

Objective

The Iowa Army Ammunition Plant must meet energy reduction goals mandated by Congress.
IAAP operates and maintains a substantial steam distribution system consisting of approximately
13 miles of steam lines. Currently 150 to 175 psig steam is produced at the boiler plants and fed
into the system even though some sections of the system require only 15 - 60 psi steam. This
practice can result in excessive thermal losses and leak losses. A comprehensive model of the
steam distribution system will assist in targeting areas where SDCS could be applied to save
energy. This model could also serve as an aid in the development of plans for renovation or
expansion of the existing system. '

In addition to the modeling process, a safe and reliable method of controlling the pressure
reducing stations needs to be developed. Preferably the valves will be controlled from a central
location such as one of the heating plants. Development of this technology will also allow the
pressure reducing valves to be used as shutoff valves that can be operated from a central location.

3 STEAM SYSTEM MODELS
Model Development

The first step in modeling the steam system is to choose areas that have favorable characteristics
for SDCS. Three areas stand out as candidate sites; Area 2, Area 3, and Area 4B/Admin/Shop.
The other areas are either too small or have steam fed from two or more locations. Figures 1, 2,
and 3 show the general layout of the three candidate areas. These were produced using drawings
supplied by IAAP personnel. Pipe sizes and lengths are tabulated from these drawings. Tables
of the buildings and their steam use for each area were compiled by IAAP personnel and can be
found in Appendix A. These tables consisted of a design building load and an annual building




consumption. From these numbers a baseline heating load and slope were derived. The baseline
heating load (in Btu/hr) was calculated by one of two means. If the table listed no design load
for a building, the annual heating load, in MBtus, was divided by 8760 hours to get the baseline
load for the building. The baseline loads for buildings in areas shut-off during the summer were
calculated by dividing the annual consumption by 5400 hours. A slope of zero (0) was assigned
to these buildings, which assumes that the building steam demand is constant. If a design load
was given, the baseline load was assumed to be 1/7 of the design load. This is consistent with the
models used at Fort Benjamin Harrison, which has a similar climate. The slope of the demand
(Btus/hr-°F) was calculated by taking the difference between the design load and the baseline
load, and dividing it by 82. This assumes a design temperature of -17 degrees F (65 - (-17) =
82). To verify the models, the total baseload and slope for each model were used along with the
temperature data in Table 3 to calculate the annual steam consumption in MBtus. There was
good agreement between the calculated consumption for the SHDP models and the values in
Appendix A.

Values for the baseload and slope are assumed to be in 1bs/hr in the SHDP input file. For
this study I did not convert the slope and baseload values from Btu/hr to Ibs/hr, which is an
assumption of 1000 Btu per pound of steam of useful energy at the buildings. For a system that
converts 15 psig saturated steam to 150 °F condensate the useful energy is actually 1036 Btu/lb.
Thus flow rates for the model will be 3.6 percent higher than expected. This was done to ensure
that the pressure drop in the model system would be at its maximum, which results in set points
for the SDCS that are sufficiently high. This assumption does not produce a noticeable effect on
the heat loss of the system or the projected savings, but it will produce slightly higher than
expected annual consumption values.

Values for the heat loss of the lines are taken from a table compiled by R. H. Tiemeier of
IAAP (see Appendix B). The numbers in Table 3 represent the average heat loss of the various
pipe sizes in still air. Wind has a dramatic effect on convective heat losses. To calculate this
effect you must multiply the heat loss in still air by the factor:

(1 + 1.2775 * Wind Speed(mph)) /2 (1993 ASHRAE Handbook Fundamentals).

An average wind speed of 10 mph (the mean wind speed is 10.2 mph) is used in the analysis,
which increases the heat loss by 3.7 times. Table 3 also shows the heat loss values of the various
pipe sizes calculated using 5, 10, and 20 mph wind speeds. Total heat loss rates of the system for
various wind speeds will be nearly proportional to these factors.

Table 3. Heat Loss Coefficients for Above Ground Steam Lines

Heat Loss Heat Loss Heat Loss Heat Loss
Pipe Diameter (no wind) (5 mph wind) (10 mph wind) (20 mph wind)
(Inches) Bw/hr-ft-°F Bu/hr-ft-°F Btu/hr-ft-°F Buu/hr-ft-°F

1.5 0.141 . 0383 0.520 0.727

2 0.154 0.419 0.571 0.794
2.5 0.168 0.457 0.623 0.866

3 0.185 0.503 0.685 0.953

4 0.211 0.573 0.782 1.087

6 0.265 0.720 0.981 1.365

8

0.314 0.853 1.162 1.618
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The next step consisted of creating the input files for the Steam Heat Distribution Program
(SHDP). Appendix C contains the actual input files for the three areas. An ambient temperature
of 65 degrees F and the presence of 155 psig saturated steam at the take off from the main steam
line are assumed in the files of the steam use models in Appendix C. Pipe roughness values are
taken from an example of the Oak Ridge Steam System in the SHDP Users Guide and are typical
of older schedule 40 and schedule 80 steel pipes Valve sizing coefficients are left as unknowns
and are calculated by SHDP. It is assumed that a 15 psi pressure differential is required by the
pressure reducing valves at the building in order for them to meet the demands of the buildings
(75 psig steam is required for the input to the PRV for 60 psig output). A steam trap failure rate
of 5 percent is also assumed. The field survey indicated approximately one trap every 500 feet
and a trap at every building, however the SHDP model assumes a trap at every node and many
nodes in the model were up to 2000 feet apart. Therefore the 5 percent trap failure used in the
model would represent an actual rate of failure of 2 - 3 percent. This would be indicative of a
very good trap maintenance program. All traps are discharged to the atmosphere. A higher rate
of trap failure would result in even more savings from the SDCS.

Model Results

The models for each area were run through SHDP using 5 temperatures ranging from -15 to
65 degrees F in 20 degree increments. Two runs were made at each temperature, one for the
existing system and on for the system with the SDCS. The existing model assumed an input
pressure to the system of 155 psig saturated steam. The low pressure node (building) in the
system was recorded and used to calculate the set points for the SDCS system. To calculate both
steam usage and the set points for the system with SDCS the low pressure node was set to 75
psig and the input pressure was set to an unknown status and calculated by SHDP. This
calculated value is your setpoint for the particular temperature. Lowering the input pressure of
the building PRV's to 75 psig reduces their capacity to roughly 40 percent of their capacity at 150
psig (see Appendix D: Steam Trap and Pressure Reducing Valve Capacities) for a 60 psig output
pressure. However the PRV's should still should have sufficient capacity to meet the demand, if
they are in good working condition, since the PRV's were sized for the buildings before the
buildings were insulated. Insulation of the buildings resulted in a decrease of the total base
steam consumption by over 50 percent (Phone Conversation with Dick Luttenegger). A table of
minimum PRV sizes can be found in Appendix E. These were derived by looking at the
maximum flow for each valve from the models at -15 degrees F, and looking up the correct size
from the manufacturer's valve specification sheet. A quick check showed that all of the valves
are properly sized assuming they match the input pipe size to the building, however, all PRV's
that feed process steam will need to be evaluated on a individual basis.

Armstrong Model 2011 stainless steel traps with an orifice size of 7/64 " are used at all
locations at IAAP. All traps at IAAP are vented to the atmosphere. Lowering the pressure from
150 psig to 75 psig would reduce the steam trap capacity from 750 Ibs/hr to 600 lbs/hr. During
the field survey it was noted that the traps on the larger pipes were cycling slowly, discharging
during about 1/3 of the cycle. Also, the steam system models showed a maximum condensation
rate »f 350 1bs/hr per 500 feet of pipe. This high condensation rate was observed only on the6
and 8 inch pipes.

Results from the modeling procedure for areas 2, 3, and 4 are shewn also shown in Table 4.
The calculated controller set points for the steam pressure at the four temperatures are shown in
Table 5. These would be used as starting points and can be easily modified to insure adequate




stearn flow to all buildings. Since there are not separate flow meters for these three lines,
verification of the models was accomplished using two sets of data compiled by IAAP personnel.
The first set of data consisted of the maximum steam flow that was expected in each line. This
data was calculated by R. H. Tiemeier based on his experience with the system (see Appendix
B). The second validation procedure consisted of comparing the calculated load of each area as a
percentage of the total load measured at the steam plant. Additional runs were made at
temperatures for which the total plant output was known. These comparisons can be seen for 4
different temperatures in Table 4. It was assumed that the percentage load of each area would
remain relatively constant over the entire range of loads. ’

Table 4. Steam Flow Comparison

Jutdoor Total Line 2 .ine2 Line3 _ine 3 Line 4 _ine 4 Total [otal

Temp Flow - Flow %o Flow %o Flow %o Flow %
. Ibs/hr)*  1bs/hr) 1bs/hr) Ibs/hr) 1bs/hr)
-20 120000 20000 16.7 19500 16.3 26500 221 66000  S55.0
10 70000 15000 214 14200 20.3 21000 30.0 50200 717
42 56000 8800 15.7 8500 15.2 13400 239 30700  54.8
65 40000 5200 13.0 5100 12.8 9000 22.5 19300 48.3

* Single Boiler plant readings may be not be representative of actual averages

Table 5. Controller Set Points

Outdoor Line 2 Line 3 Line 4
Temp set point set point set point
-20 115 135 120
10 98 110 100
42 85 90 85
65 80 80 80

The savings on each line was calculated by comparing the steam consumption for the two
models at the various temperatures. Quadratic regressions were calculated relating the savings to
the outdoor temperature. The climate data for the Moline, IL Airport is shown in Table 6 and the
results of the model analysis are shown in Table 7.

The total steam usage during the heating season for lines 2, 3, and 4 added up to 180.2
million pounds of steam. Assuming that these three lines account for approximately 55 % of the
total steam flow, the total steam usage during the heating season for the entire base would be
approximately 327.7 million pounds (419,456 MBtus at 1280 Btus/Ib for 450°F superheated
steam at 175 psig). Assuming an average summer load of 30,000 lbs/hr, an additional 108
million pounds (125,712 MBtus at 1164 Btus/lb) of 150 psig saturated steam would need to be
produced to meet the summer load.




Table 6. Hourly Temperature Occurrences for Moline, IL Airport

Temp  Mean Hourly Occurrences ~ Total
Bin Temp OCT NOV DEC JAN FEB MAR APR  Hours
> 65 65 165 20 10 103 298

60/65 62.5 92 32 4 1 11 68 208

55/59 57.5 109 39 6 3 4 21 74 256

50/54 525 107 58 14 4 11 39 97 330

45/49 47.5 102 85 22 11 20 54 103 397

40/44 425 79 98 41 29 41 89 109 486

35/39 37.5 54 114 95 73 88 137 95 656

30/34 325 27 105 142 112 156 168 51 761

25/29 27.5 7 79 128 118 117 97 17 563

20/24 225 2 47 97 99 75 56 3 379
15/19 17.5 24 60 82 52 32 250
10/14 12.5 11 49 66 38 16 180

5/9 7.5 5 31 58 29 7 130
0/4 2.5 3 26 46 20 4 99
-5/-1 -2.5 15 22 12 1 50
-10/-6 -7.5 10 14 6 1 31
-15/-11  -12.5 3 6 2 1 12
-20/-16  -17.5 1 1 2
Total Hours 744 720 744 744 672 744 720 5088

Table 7. Steam Usage Model Results for Lines 2, 3, and 4

Temp Mean Line 4 Line 2 Line 3 Line 4 Line 2 Line 3
Bin Temp Savings Savings Savings Total Use Total Use Total Use

DegF DegF  (Ibssteam) (lbs steam) (lbs steam) (lbs steam) (lbs steam)  (Ibs steam)
> 65 65 360674 172259 163564 2681182 1554034 1518346
60/65 62.5 250452 119634 113450 1985307 1176405 1146910
55/59 57.5 304710 145594 137593 2723529 1673552 1625817
50/54 52.5 387622 185264 174257 3871416 2448080 2371558
45/49 47.5 459372 219621 205319 5090764 3294752 3184360
40/44 42.5 552955 264439 245355 6761885 4461195 4303243
35/39 37.5 732482 350397 322135 9841539 6598896 6354403
30/34 325 832205 398220 362097 12244557 8324397 8003895
25/29 27.5 601683 287999 258485 9670410 6653432 6388611
20/24 22.5 394922 189090 167127 6921221 4811961 4614748
15/19 17.5 253368 121353 105340 4836441 3393676 3250905
10/14 12.5 176957 84783 72053 3677125 2601455 2489392
5/9 7.5 123614 59246 49111 2796289 1992893 1905165
0/4 25 ~ 90765 43519 35026 2236421 1604488 1532432
-5/-1 -2.5 44046 21127 16419 1183452 854177 815097
-10/-6 -1.5 26139 12543 9346 767148 556752 530831
-15/-11 -12.5 9643 4630 3278 309877 226026 215329
-20/-16 -17.5 1524 732 487 53797 39422 37527
Total (1000 Ibs) 5603 2680 2440 77652 52266 50289
Coal @ $1.39/MBt $15,577 $7.452 $6,784 $215,874  $145,298 $139.,802

Coal @ $1.64/MBtu $18,378 $8,792 $8,005 $254,700 $171,431 $164,947




The analysis was done using two fuel prices for coal; the current price of $1.39/MBtu and the
expected future cost of $1.64/MBtu (as quoted from Dick Luttenegger). A plant efficiency of 64
percent was used (as quoted from Dick Luttenegger), resulting in a cost per 1000 lbs steam of
steam of $2.78 and $3.28, respectively. The savings were calculated for the period October
through April. The climate data (Table 6) consisted of the total number of hours per month that
the temperature was in the various 5 degree temperature bins. The data was from the Quad Cities
Airport, which was the closest location available for which data could be found. The hourly
occurrences were totaled for the period between October and April, and were used along with the
equation for the hourly steam savings to calculate the total savings for the heating season. The
mean temperature of the bin was used in the hourly steam savings regression equation. Values
for expected savings and total steam consumption for each temperature bin are also shown in
Table 7. 7

The savings for the heating season ranged from around $7,000 on lines 2 and 3 to almost
$15,500 on line 4 using the current fuel price of $1.39/MBtu. The expected savings increased to
$8,250 and $18,250 using a fuel cost of $1.64/MBtu. This is an annual savings of 21,223 MBtus
of coal. Assuming a temperature of 65 degrees or greater during the rest of the year, an average
hourly savings of approximately 500 1bs/hr of steam should be seen on lines 2 and 3. This would
result in an additional savings of an additional 1.8 million 1bs of steam per line. The Admin and
Shop areas of line 4 are shut off during the summer. Since these two areas comprise such a large
percentage of the system on line 4, the summer savings of line 4 would be much smaller than the
winter savings. An estimated savings of 300 lbs/hr of steam would be seen in the summer
resulting in a total savings of about 1 million pounds of steam. During the summer 150 psig
saturated steam is produced at Building 1-62 by natural gas fired boilers. The cost of steam per
1000 Ibs during the summer is $5.43 ($3.50/MBtu of natural gas) assuming an overall plant
efficiency of 75 percent. This would result in a summer savings of $9,750 for lines 2 and 3 and
$5,400 for line 4, which is a total savings of 7114 MBtus of natural gas. Annual savings for
lines 2 and 3 would be about $16,750 while line 4 should save nearly $20,000 per year with
current fuel prices. The estimated steam flows during the summer are 5000 Ib/hr for lines 2 and
3 and 4500 Ibs/hr for line 4.

Additional savings can be expected due to the added capability of being able to remotely shut
off areas during non-essential periods. Savings would come from the thermal and leak losses of
the line which would be completely eliminated during these periods. These losses total about
2500 Ibs/hr for lines 2 and 3 and 1500 lbs/hr for line 4 during the summer. This would result in
daily savings of $326 for lines 2 and 3 and $195 for line 4. This additional means of savings was
not included in the life cycle cost analysis.

4 EQUIPMENT AND LABOR COSTS

All equipment and labor costs were calculated using the 1993 Means Mechanical Cost Data
Manual. A 20 % increase in labor cost was used because of the height of the line, which was
estimated at 15 feet above ground. Detailed lists of equipment and labor costs required for the
SDCS are shown in Tables 8 and 9. Total costs are based on two 8" lines and one 6" line. The
6" and 8" gate valves may already exist. Electrical service of 120/240 volts will need to be
available at each location. A specification sheet for a Fisher control valve is included in
Appendix F.
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Table 8. Control Valve Piping and Instrumentation for 6" Line

Material Labor
Quantity Description Cost Cost
1 4" Fisher Control Valve and Electric Actuator 6500 250
1 6" Gate Valve (300# Flanged) 2550 210
2 4" Gate Valves (300# Flanged) 2900 280
4 4" Weld Flanges 120 270
4 6" Weld Flanges 200 500
2 6" by 4" Reducing Tees 740 205
2 90° Elbows - 4" 180 100
2 6" Orifice Plate Flanges 600 200
1 6" Orifice Plate 525 40
1 Differential Pressure Transmitter 1200 40
1 Pressure Transmitter 600 40
-2 3 1/2 " Dial Pressure Gauges 25 15
5 3/4 " Globe Valves 505 125
5 3/4 " Weldolets 60 100
1 Misc Pipes and Fittings 300 500
1 Control Panel 250 50
1 Electrical and Control Wiring * 1000 5000
Subtotal 18255 7923
Contingencies (20%) 3651 1585
Contractor Profit (10%) 1826 793
Labor Adjustment for Overhead Lines (20%) 1585
Total 23732 11888
Table 9. Control Valve Piping and Instrumentation for 8" Line
Material Labor
Quantity Description Cost Cost
1 4" Fisher Control Valve and Electric Actuator 6500 250
1 8" Gate Valve (300# Flanged) 3875 260
2 6" Gate Valves (300# Flanged) 5100 425
4 4" Weld Flanges 120 270
4 8" Weld Flanges 330 625
2 8" by 6" Reducing Tees 1260 250
2 90° Reducing Elbows - 6" to 4" 610 140
2 8" Orifice Plate Flanges 650 220
1 8" Orifice Plate 625 50
1 Differential Pressure Transmitter 1200 40
1 Pressure Transmitter 600 40
2 3 1/2 " Dial Pressure Gauges . 25 15
5 3/4 " Globe Valves 505 125
5 3/4 " Weldolets 60 100
1 Misc Pipes and Fittings 300 500
1 Control Panel 250 - 50
1 Electrical and Control Wiring * 1000 5000
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Contingencies (20%) 4602 1672
Contractor Profit (10%) 2301 836

Labor Adjustment for Overhead Lines (20%) . 1672
Total 29913 12540

*  Assumes 120 Volt Electrical service available within 150 feet

Technologies for the Remote Control of Pressure Reducing Valves

A few essential pieces of equipment are required to control the pressure reducing valves from
the boiler house. First, a computer is needed at the boiler house to allow the operators to interface
with the remote units. The computer will display data from the remote sites and allow the
operators to manually control the PRVs. A transmitter/receiver is needed at the plant and thc at
each PRV site. Finally, a standalone controller is necessary to control the PRV. A temperature
sensor to measure outdoor temperature and a pressure transducer to measure the steam pressure
are needed at each PRV. The setpoint for the controller is determined from an equation relating
the setpoint and the outdoor temperature. This equation was derived from the modeling process
and is adjusted based on actual performance data. The controller must be able to operate
independently from the central computer. A quote from Bristol-Babcock is included in
Appendix G. This quote covers all control instrumentation and equipment ($76,051),
programming of the Remote Terminal Units, and the central software program ($16,694).
Installation and wiring is not included in the Bristoll Babcock quote but is covered under the
electrical and control wiring task above. Three days of on-site technical support by a Bristoll
Babcock representative are included in the labor section of that same task..

" Companies offering telemetering and control systems include Bristol-Babcock, Motorola,
Honeywell, USDATA, and many others. Many of these systems require a proprietary
programming language which would necessitate either training someone at the base in that
language or hiring the manufacturer to program the system. Base personnel should be trained to
reliably perform routine procedures such as manual control of the valve, shutting off a line,
bringing the line back up, and turning the controller on and off. At least one person should be
trained in reprogramming the controller in case of failure.

5 LIFE CYCLE COST ANALYSIS

Installation of the SDCS will cost approximately $213,271 for the three lines and these costs
are shown in Table 10. This includes the PRV, controller, FM radio transmitters, wiring, valves,
piping, and labor. Design costs and SIOH for the completed project will be around $25,000 and
$12,000, respectively, bringing the total cost to $250,271. The SDCS would require .
approximately $3000 per year of additional maintenance. The maintenance consists of general
upkeep, calibration, and repair of the equipment each year, as needed.
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Table 10. Equipment and Labor Costs per Line

Piping and Valve Radio
Area Equipment Labor Equipment Total
Line 2 $29,913 $12,540 $30915 $73,368
Line 3 $ 23,732 $11,888  $30915 $ 66,535
Line 4 $29913 $12,540 $30915 $ 73,368

Total $ 83,558 $36,968 $92,745 $213,271

The inputs for the LCCID analysis for:fl_p}_é i are shown in Table 11. Escalation factors for
coal and natural gas are taken from the 1994 DOE tables in the LCCID program. The economic
life of the project is assumed to be 15 years. Results of the LCCID analysis is shown in Table
12. Electrical consumption of the system was assumed to be negligible. Appendix H contains a
printout of the LCCID output file for this study and a printout for a study where the fuel savings
were set to half of the value used in the first study. The second study was done to test the
sensitivity of the life cycle cost to the calculated savings. The payback periods for the two
studies were 4.73 years and 9.74 years and savings to investment ratios (SIR) for the two studies
were 3.77 and 1.84, respectively. Results based on the collected steam flow values will be used

to verify the actual savings.

Table 11. LCCID Inputs for ECIP Study of SDCS at IAAP

Category MBtus 3

Initial Investment 213,271
Design Cost 25,000
SIOH 12,000
Annual Coal Savings 21223 29,500
Annual Nat. Gas Savings 7114 24,899
Annual Maintenance 0 1,500
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Table 12. LCCID Results for Installation of SDCS
on Lines 2, 3, and 4B/Admin

LIFE CYCLE COST ANALYSIS SUMMARY STUDY: IAAP
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LCCID 1.080
INSTALLATION & LOCATION: IOWA ARMY AMMUREGION NOS. 7 CENSUS: 2
PROJECT NO. & TITLE: W54 FEASIBILITY STUDY FOR SDCS AT IAAP
FISCAL YEAR 1994 DISCRETE PORTION NAME: STEAM DISPATCHING
ANALYSIS DATE: 08-04-94 ECONOMIC LIFE 15 YEARS PREPARED BY: CHRIS DILKS

1. INVESTMENT
A. CONSTRUCTION COST $ 213271,
B. SIOH $  12000.
C. DESIGN COST $  25000.

D. TOTAL COST (1A+1B+1C) $ 250271.
E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.
F. PUBLIC UTILITY COMPANY REBATE $ 0.
G. TOTAL INVESTMENT (1D - 1E - 1F) $ 250271.

2. ENERGY SAVINGS (+)/ COST (-)
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1993
UNITCOST SAVINGS ANNUALS DISCOUNT DISCOUNTED

FUEL $MBTU(1) MBTU/YR(2) SAVINGS(3) FACTOR(4) SAVINGS(5)
A.ELECT $ .00 0. $ o 1193 § 0.
B. DIST $ .00 0. $ o 1349 § 0.
C.RESID $ 00 0. $ 0 1496 § 0.
D.NATG $ 350 7114 $ 24899. 1453 § 361782.
E. COAL $ 139 21223, $ 29500. 13.00 3§ 383500.
F.LPG $ o 1278  § 0.
M. DEMAND SAVINGS $ 0 118  § 0.
N. TOTAL 28337. $ 54399. $ 745282.

3. NON ENERGY SAVINGS(+) / COST(-)

A. ANNUAL RECURRING (+/-) $ -3000.
(1) DISCOUNT FACTOR (TABLE A) 11.85
(2) DISCOUNTED SAVING/COST (3A X 3A1) § -35550.

B. NON RECURRING SAVINGS(+) / COSTS(-)
SAVINGS(+) YR DISCNT DISCOUNTED

ITEM COST(-) oC FACTR SAVINGS(+)/
0 @ ©) COST(-)(4)
d. TOTAL $ o 0.

C. TOTAL NON ENERGY DISCOUNTED SAVINGS(+)/COST(-)(3A2+3Bd4) $ -35550.

4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bd1/(YRS ECONOMIC LIFE)) $ 51399.

5. SIMPLE PAYBACK PERIOD (1G/4) 487 YEARS
6. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) $ 709732
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6/1G)= 2.84

(IF < 1 PROJECT DOES NOT QUALIFY)

8. ADJUSTED INTERNAL RATE OF RETURN (AIRR): 10.52 %
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6 RECOMMENDATIONS

Based on the results of the life cycle analysis installation of the Steam Dispatching Control
System on the three lines at IAAP would result in an annual savings of over $50,000 with a
payback of just under 5 years. Drawings of the control valve piping layout from Fort Harrison
were given to IAAP personnel to assist them with the final design work. All radio and control
system instrumentation should meet or exceed the specifications shown in the quote from
Bristoll-Babcock. Final specifications and drawings for all piping, valve, control, and radio
systems should be reviewed and certified by a professional engineering firm. Once the system is
installed, base personnel should be trained to safely and efficiently operate the radio and control
systems. They should also monitor the systems after installation in order to fine tune set points
and verify savings. CERL will provide the Heatmap program and Heatmap models of the three
lines to IAAP personnel.
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Appendix A - Building Description and Steam Consumption




AREA?2

Area Design MBtu/ Baseload Slope

Bldg Line GSF KBtu/hr Yr KBtu/hr KBtu/hr-F
Line 3

2-01 2 39161 2481 6030 354.43 25.93
2-03 2 896 209 23.86 0.00
2-04 2 22506 5804 14106 829.14 60.67
2-05-1 2 21627 1833 4455 261.86 19.16
2-05-2 2 20142 1833 4455 261.86 19.16
2-06-2 2 1440 91 221 13.00 0.95
2-08-1 2 1440 91 221 13.00 0.95
2-08-2 2 1440 91 221 13.00 0.95
2-10 2 28480 2414 5867 344.86 25.23
2-12 2 20467 1552 3772 221.71 16.22
2-13 2 17680 1844 4482 263.43 19.28
2-15 2 5049 19 46 2.71 0.20
2-16-1 2 896 209 23.86 0.00
2-51 2 640 149 17.01 0.00
2-52 2 3821 261 634 37.29 2.73
2-70-1 2 1320 308 35.16 0.00
2-70-2 2 1320 308 35.16 0.00
2-137-1 2 10870 458 1113 65.43 4.79
Totals 199195 18772 46806 2817 196




AREA3

Area Design MBtw Baseload Slope
Bldg Line GSF KBtwhr Yr KBtwhr KBtuhr-F

Line3

3-01 3 26307 1701 4134 243.00 17.78
3-03 3 896 209 23.86 0.00
3-04 3 24552 5566 13527 795.14 58.18
3-05-1 3 19760 1543 3750 220.43 16.13
3-05-2 3 27012 1580 3840 225.71 16.52
3-06-2 3 1440 91 221 13.00 0.95
3-08-1 3 1440 91 221 13.00 0.95
3-10 3 30005 2358 5731 336.86 24.65
3-12 3 209390 1552 3772 221.71 16.22
3-16-1 3 896 209 23.86 0.00
3-17 3 896 209 23.86 0.00
3-50 3 2653 336 817 48.00 3.51
3-51 3 640 149 17.01 - 0.00
3-52 3 3821 261 634 37.29 2.73
3-70-1 3 1320 308 35.16 0.00
3-70-2 3 1320 308 35.16 0.00
3-83 3 1260 294 33.56 0.00
3-137-1 3 10093 275 668 39.29 2.87

Totals 175301 15354 39001 2385.89 160.49




AREA 4B-ADMIN

Area Design  MBtu/ Baseload Slope
___Bldg Line GSF KBtu/hr Yr  KBtuhr _ KBtu/hr-F
Line 4B-Admin
200-101  4b-Admin 5244 377 916 53.86 3.94
200-131-3 4b-Admin 5055 255 620 36.43 2.67
300-148 4b-Admin 62249 7826 19020 1118.00 81.80
500-37-6 4b-Admin 4048 0 943 174.63 0.00
500-111  4b-Admin 5208 675 1641 96.43 7.06
500-128 4b-Admin 322 0 75 13.89 0.00
500-129 4b-Admin 22302 2486 6042 355.14 25.99
500-129-4 4b-Admin 2845 0 663 122.78 0.00
500-143 4b-Admin 22500 1792 4355 256.00 18.73
500-144 4b-Admin 3280 369 897 52.71 3.86
4-83 4b-Admin 1260 0 294 54.44 0.00
600-84  4b-Admin 5148 330 802 47.14 3.45
100-101 4b-Admin 40744 1812 4404 258.86 18.94
500-118 4b-Admin 17738 645 1568 92.14 6.74
4B-21 4b-Admin 120 0 28 3.20 0.00
4B-22 4b-Admin 20167 2181 5301 311.57 22.80
4B-137-1 4b-Admin 3175 181 440 25.86 1.89
4B-137-2 4b-Admin 2618 181 440 25.86 1.89
4B-137-3 4b-Admin 2618 181 440 25.86 1.89
4B-54 4b-Admin 392 0 91 10.39 0.00
227033 19291 48980 3135.2 201.6



Appendix B - Heat Loss Coefficients of Steam Pipes
and Maximum Steam Flow Rates
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From: ENSRML --4381 Date and time R29/@48/93 12:54:20
To: ENSRML -—-4381

From: Dick Luttenegger
Subject:. STEAN FLOWS & FRESSURES

SUMMER :
LBS PER HOUR
LINE 1 MAIN 4Q, 202 PEAK
LINE 1 USE 15,002 ¢ CELL AREA - 8,00Q
( 1-18 ARER - 7,002
LINE 2 USE 1@, aaa
LIMNE 3 USE 1@, Q@
LINE 9 USE 3, QR
LINE 4B USE 2, 6o 6@ FSI
WINTER 15@, end FERK
LINE 1 USE S@, 0@ (CELL ARER - 2@,@@2 7a FSI
(1-18 AERA -~ 135,02 5@ PRSI
(REMAINDER OF LINE 1 - 15, 20@
LINE 2 USE 25, eaa 6@ FSI
LINE 3 USE 3@, aaa 6@ PSl
LINE 4B USkE 1@, aa 6@ PSI
LINE 9 USE 8, aaa

ADM & SHOPS USE 2@, 2@
ROUNDHOUSE USE 3,0 30 PSI

OTHER - LAUNDRY
& LINE 8 4, 20Q

AREAS REGUIRING 6@ FSI STEAM CAN BE CONVERTED TO 1S5 PSI WATER HEATERS.

ALL AREAS NOT INDICATED DTHEﬁHISE ARE 15 PGI.

/CO000 57EL7 207 pELN Y P G
pEE PABBY TpTE PS5




Appendix C - SHDP Input and Output Files




Line 2 Input File

SYSTEM VARIABLES AND EXECUTION CONTROLS

FLOW TOLERANCE =

UNKNOWN PARAMETER TOLERANCE

10.00 lbm/hr
= .000500
.000050

UNKNOWN PRESSURE TOLERANCE

UNKNOWN NODE FLOW TOLERANCE

PC
UNS

Z
0
o3|

w(»\lm(nmswtok45

20 1
1 2

PIPE DESCRIPTION SECTION

FROM
NODE

BQUOOEZQHPHRRHAHIQWUHEHODOD DN

RHINQMEOO W

5 20 1

2

TO
NODE

2 4

STATUS

1.000 lbm/hr

4 0 0
1 1 2

DIAMETER LENGTH RELATIVE
(in) (ft) ROUGHNESS
8.1 1466.+ 0. .312E-3
8.1 316.+ 0. .312E-3
8.1 374.+ 0. .312E-3
8.1 518.+ 0. .312E-3
6.1 748.+ 0. .412E-3
6.1 402.+ 0. .412E-3
4.0 288.+ 0. .620E-3
2.1 50.+ 0. .121E-2
3.1 288.+ 0. .814E-3
3.1 345.+ 0. .814E-3
2.1 259.+ 0. .121E-2
2.1 115.+ 0. .121E-2
2.1 1150.+ O. .121E-2
3.1 1150.+ O. .814E-3
1.6 115.+ 0. .144E-2
2.1 50.+ 0. .121E-2
2.1 50.+ 0. .121E-2
2.1 748.+ 0. .121E-2
1.3 115.+ 0. .166E-2
4.0 10.+ 0. .620E-3
1.3 25.+ 0. .166E-2
1.3 50.+ 0. .166E-2
1.3 50.+ 0. .166E-2

REGULATOR AND VALVE DESCRIPTION SECTION

FROM
NODE
201A
203A
204A
51Aa

52A

212A
215A
213Aa
251A
252A
701A
702A
137A

TO
NODE
201
203
204
51
52
212
215
213

STATUS

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

SIZING
COEFFICIENT

WWWwWwWwWwwwwwwww

CONFIGURATION
CONSTANT

HEAT LOSS COEF TEMP
(F)

(Btu/hr-ft-r)
1.16
1.16
1.16

MINIMUM
PRESSURE DROP

L T
COO0OOODOOODODOOODO O

65.
65.

PR
[=JejololeNeNolo o oNe oo No Ne No Yo o Yoo No No No)



TRAP INPUT DATA

5.0 percent trap leakage

VAULT INPUT DATA
VAULT NODE MAIN PIPE MAIN PIPE HEAT TRANSFER ENVIROMENT

NUMBER NAME DIAMETER LENGTH COEFFICIENT TEMPERATURE
(in) (ft) (Btu/hr-£ft-F) (F)

NODE INPUT DATA

NODE PRESSURE NODE FLOW NODE FLOW PIPE CONDS LOAD CONDS
NAME ( psig ) (1bm/hr) RETURNED RETURNED TEMPERATURE
2 155.00? 30000.7? .00 .00 150.0
A 150.00°7 0. .00 .00 150.0
B 150.007 0. .00 .00 150.0
C 150.007? 0. .00 .00 150.0
D 150.00? 0. .00 .00 150.0
E 150.00? 0. .00 .00 150.0
F 150.007 0. .00 .00 150.0
G 150.007 0. .00 .00 150.0
H 150.00? 0. .00 .00 150.0
I 150.00? 0. .00 .00 150.0
K 150.007 0. .00 .00 150.0
201A 150.007 0. .00 .00 150.0
201 60.00 -354. .00 .00 150.0
203A 150.00? 0. .00 .00 150.0
203 60.00 -24. .00 .00 150.0
204 60.00 -829. .00 .00 150.0
204A 150.007 0. .00 .00 150.0
51 60.00 -262. .00 .00 150.0
51A 150.00? 0. .00 .00 150.0
52 60.00 -262. .00 .00 150.0
52A 150.007 0. .00 .00 150.0
212 60.00 -222. .00 .00 150.0
2122 150.00? 0. .00 .00 150.0
213 60.00 -263. .00 .00 150.0
213Aa 75.00 0. .00 .00 150.0
215 60.00 -3. .00 .00 150.0
215A 150.00? 0. .00 .00 150.0
251 60.00 -17. .00 .00 150.0
251A 150.00? 0. .00 .00 150.0
252 60.00 -37. .00 .00 150.0
252A 150.00? 0. .00 .00 150.0
701 60.00 -35. .00 .00 150.0
701A 150.00? 0. .00 .00 150.0
702 60.00 -35. .00 . .00 150.0
702A 150.00? 0. .00 .00 150.0
137 60.00 -65. .00 .00 150.0
137A 150.00? 0. .00 .00 150.0




NODE CORRESPONDENCE TABLE AND LIST OF ADJACENT NODES

NODE
NUMBER

NODE
NAME

RHIDIQHYEHOOQOW PN

NN
oo
=

=g

203A

NS I ]
oo
[' SN VS]

252A

701A
702
702A
137
137A

RHIEIQT™WEHOOW)

213Aa

2522

701A
701
702A
702
137A
137

* %k %k ok

ADJACENT NODES (BY NAME) °

252Aa 2

201Aa A

251A 204A B
203A C

52A 702A D
E

51A 701A F
137A G

212A H

215a I

B

D

C

G

E

I

K

K

C -

A

G

E

H

PROBLEM SUMMARY *****
NODES IN THE SYSTEM
PIPES IN THE SYSTEM
VALVES OR REGULATORS
PERCENT TRAP LEAKAGE
VAULTS IN THE SYSTEM
UNKNOWN PARAMETERS
UNKNOWN PRESSURES
UNKNOWN FLOWS




03/03/94 13:42:32
iaap265 ’
Iowa Army Ammunition Plant

Line 2 - 65 degrees F High Pressure

SOLUTION COMPLETED IN 8 ITERATIONS
SOME NODES MAY NOT BE BALANCED

*** PROBLEM SUMMARY ***
37 NODES IN THE SYSTEM
23 PIPES IN THE SYSTEM
13 VALVES OR REGULATORS

5 PERCENT TRAP LEAKAGE

0 VAULTS IN THE SYSTEM
13 UNKNOWN PARAMETERS
23 UNKNOWN PRESSURES

1 UNKNOWN FLOWS




NODE
NAME

RHIIQE™WMEOOWMND

252A

701A
702
7027
137
137A

COMPUTED NODE DATA

155

154

154.
.447

154

154.
153.
153.
.767?
.00
.757?
.00
.00
.77
.00
.41
.00
.637
.00
.547
.00
.127?
.00
.047
.00
.767?
.00
.827?
.00
.437?
.00
.647
.00
.887?

PRESSURE
( psig )
.00

154.
154.
154.
154.
.65?

837
807?
78?2
7672

62?2
00?

6772
18?

NODE FLOW CONDE FLOW FLOW LOSS
(1bm/hr)

5215.

-354.

-23.
-829.

-261.
-261.
-221.
-263.

-17.
-37.
-35.
-35.
-65.

. . . . . . . . . . . . L T
OB ONONOWOOONOPRONOWOWVWORWOROODODOOODODOOOO

5?2

(lbm/hr)

~-301.
=377.
-147.
-194.
-238.
-208.
-109.
-83.
-151.
-205.
-153.
-5.

-2.

-138.
-11.

-115.

. . o s e s e . . . e e s e .
NMORPORONOPRONMOANANOWOROOOPROOOORUNIOUOMNMAAWLUNNONOG

(

2)

(Btu/hr

41482,

2797.
97045.

0
0
0
0
0
0
0
0
0
0
0
0
0
0
5
0
.0
30655.0
.0
30655.0
.0
25949.7
.0
30830.6
.0
316.0
.0
1989.8
.0
4365.9
.0
4120.1
.0
4120.1
0
0
0

7655.

)

CONDS LOSS TEMP
(F) -

(Btu/hr )
102859,
128613.
50114.
66224.
81325.
71215.
37369.
28479.
51633.
70087.
52211.

1722.

695.

471.
1720.
1722.

47074.
3939.

39390.
3198.
3616.
1388.
1389.

25697.

POWVWOMOOORONOUIOOORODMONOONOOWUNIWOOAKRNWUN

368.
368.
368.
368.
368.
368.
368.
368.
367.
367.
367.
368.
307.
368.
307.
307.
368.
307.
368.
307.
368.
307.
367.
307.
367.
307.
367.
307.
368.
307.
368.
307.
368.
307.
368.
307.
367.

NWERPRWOWNWNHWWWRARWAWRPRWOWNWWNWNERAODOREFENNMDNDNDW

RESIDUAL
(1bm/hr)

-16.

16.

.03




COMPUTED PIPE FLOWS AND PARAMETERS

FROM TO STATUS FLOW CONDENSATE HEAT LOSS DIAMETER RE FRIC
NODE NODE (lbm/hr) (1lbm/hr) (Btu/hr ) (in) NUMBER FACTOR
2 A 4905.6 603.19 515682.3 8.07 1.88E+5 1.80E-2
A B 4459.2 130.00 111139.5 8.07 1.71E+5 1.81E-2
B o] 3932.3 153.86 131532.5 8.07 1.51E+5 1.84E-2
C D 2849.1 213.10 182169.0 8.07 1.09E+5 1.92E-2
D E 2566.4 259.91 222214.2 6.07 1.31E+5 1.93E-2
E F 2017.9 139.67 119412.2 6.07 1.03E+5 1.99E-2
F G 1900.6 79.59 68078.6 4.03 1.46E+5 2.02E-2
B 201A 371.3 10.11 8640.6 2.07 5.56E+4 2.46E-2
G H 1477.2 69.30 59321.7 3.07 1.49E+5 2.11E-2
H I 1164.9 82.99 71019.1 3.07 1.18E+5 2.15E-2
I K 578.9 52.18 44662.1 2.07 8.66E+4 2.36E-2
K 213A 303.0 23.17 19822.0 2.07 4.53E+4 2.43E-2
K 215A 130.3 231.67 198208.6 2.07 1.95E+4 2.87E-2
I 212A 371.7 276.66 236643.3 3.07 3.75E+4 2.47E-2
A 252A 59.9 21.21 18131.4 1.57 1.18E+4 3.21E-2
E S2A 278.9 10.10 8638.6 2.07 4.17E+4 2.55E-2
G 51A 279.1 10.10 8635.7 2.07 4.18E+4 2.55E-2
H 137a 152.7 150.95 129091.7 2.07 2.29E+4 2.79E-2
C 251A 38.4 18.76 16037.8 1.31 9.08E+3 3.42E-2
C 204A 841.9 2.77 2364.8 4.03 6.47E+4 2.22E-2
D 203A 38.0 4.08 3486.4 1.31 8.98E+3 3.44E-2
G 701A 51.3 8.15 6969.3 1.31 1.21E+4 3.23E-2
E 7022 51.3 8.15 6971.6 1.31 1.21E+4 3.23E-2




FROM
NODE
201Aa
2037
204A
51A

52A

212Aa
215A
213a
251Aa
252A
701A
702A
137A

COMPUTED VALVE AND REGULATOR FLOWS AND PARAMETERS

TO STATUS FLOW Cs
NODE (lbm/hr)

201 ? 358.1 2.2
203 ? 27.6 .2
204 ? 832.8 5.1
51 ? 265.6 1.6
52 ? 265.6 1.6
212 ?. 225.4 1.4
215 ? 6.4 .0
213 ? 267.2 1.7
251 ? 20.7 .1
252 ? 41.0 .3
701 ? 38.9 .2
702 ? 38.8 .2
137 ? 69.1 .4

COMPUTED TRAP LOSSES
5 percent trap leakage rate

Trap Steam Losses Trap Heat Losses
246.7 lbs/hr 294335.4 Btus/hr

( 4)




SYSTEM MASS FLOWS

9P OP 9P P OP 9P JIP

(1) Steam to loads: 2409. lbm/hr
(2) Steam condensed in pipes: 2560. lbm/hr
(3) Steam condensed in vaults: 0. lbm/hr
(4) Steam lost to trap leakage: 247. 1lbm/hr
(5) Total steam plant output: 5215. lbm/hr
(6) Pipe and vault condensate returned: 0. lbm/hr
(7) Load condensate returned: 0. lbm/hr
(8) Total condensate returned: 0. lbm/hr
SYSTEM HEAT LOSSES AND DISTRIBUTION EFFICIENCY
(M = Million)

(1) Total pipe conduction heat losses: 2.189 MBtus/hr
(2) Total pipe condensate heat losses: .872 MBtus/hr
(3) Total load condensate heat losses: .282 MBtus/hr
(4) Total vault conduction heat losses: .000 MBtus/hr
(5) Total vault condensate heat losses: .000 MBtus/hr
(6) Total trap heat losses: .294 MBtus/hr
(7) Total heat losses: 3.637 MBtus/hr
(8) Total heat to loads: 2.566 MBtus/hr
(9) Total heat input to supply: 6.237 MBtus/hr
(10) Total heat returned to plant: .000 MBtus/hr
(11) Net heat input from plant: 6.237 MBtus/hr
DISTRIBUTION EFFICIENCY: 41.7% [1.0-(7)/(11)]

(5)




Line 3 Input File

SYSTEM VARIABLES AND EXECUTION CONTROLS

0
2

(ft)

+

1.000 lbm/hr

0
2

FLOW TOLERANCE =  10.00 lbm/hr
UNKNOWN PARAMETER TOLERANCE = .000500
UNKNOWN PRESSURE TOLERANCE = .000050
UNKNOWN NODE FLOW TOLERANCE =
PC =20 1 5 20 1 4 4 0
UNS = 1 2 2 2 4 3 1 1
PIPE DESCRIPTION SECTION
NCE FROM TO STATUS DIAMETER LENGTH
NUM NODE NODE (in)
1 A B 6.1  863.
2 B C 6.1  115.
3 ¢ D 6.1  345.
4 D E 6.1  173.
5 E F 6.1  460.
6 F G 6.1  345.
7 D 301A 4.0 10.
8 G H 4.0  460.
9 H I 4.0 288,
10 I J 4.0  288.
11 J K 4.0 75.
12 K L 3.1 345,
13 L M 3.1 489,
14 M N 3.1 518,
15 N 312A 3.1 633.
16 C 352A 2.1 115,
17 H 522 2.1 75.
18 K 51A 2.1 50.
19 M 310a 2.1 50.
20 L 137a 2.1 748,
21 I 0 2.1 575,
22 B 383a 1.3 50.
23 E 351A 1.3 75.
24 F 304A 4.0 10.
25 F 303a 1.3 50.
26 H 702A 1.3 25.
27 3 701A 1.3 144
28 N 161a 1.3 230
29 N 317A 1.3 460
30 0 350A 1.3 10
31 0 81A 1.3 403
32 0 62A 1.3 775

B S T S S e . T T T T S S S TS

OO0 OO OO0 O OO0 OOODODODOODODODODOOODOOCODODODODOO

RELATIVE
ROUGHNESS

.412E-3
.412E-3
.412E-3
.412E-3
.412E-3
.412E-3
.620E-3
.620E-3
.620E-3
.620E-3
.620E-3
.814E-3
.814E-3
.814E-3
.814E-3
.121E-2
.121E-2
.121E-2
.121E-2
.121E-2
.121E-2
.166E-2
.166E-2
.620E-3
.166E-2
.166E-2
.166E-2
.166E-2
.164E-2
.166E-2
.166E-2
.166E-2

HEAT LOSS COEF TEMP

(Btu/hr-ft-F)

QOO OO0 OOOCOOOOCOOODOOODOOODODOODODOODOODODOOO~




NCE FROM TO STATUS SIZING CONFIGURATION MINIMUM

NUM NODE NODE COEFFICIENT CONSTANT PRESSURE DROP
33 301A 301 UNKNOWN 3,00 35.00 .0
34 303a 303 UNKNOWN 3.00 35.00 .0
35 304a 304 UNKNOWN 3.00 35.00 .0
36 51A 51 UNKNOWN 3.00 35.00 .0
37 52A 52 UNKNOWN 3.00 35.00 .0
38 62A 62 UNKNOWN 3.00 35.00 .0
39 81a 81 UNKNOWN 3.00 35.00 .0
40 310a 310 UNKNOWN 3.00 35.00 .0
41 312a 312 UNKNOWN 3.00 35.00 .0
42 161a 161 UNKNOWN 3.00 35.00 .0
43 317a 317 UNKNOWN 3.00 35.00 .0
44 350A 350 UNKNOWN 3.00 35.00 .0
45 351A 351 UNKNOWN 3.00 35.00 .0
46 352A 352 UNKNOWN 3.00 35.00 .0
47 701A 701 UNKNOWN 3.00 35.00 .0
48 702a 702 UNKNOWN 3.00 35.00 .0
49 383A 383 UNKNOWN 3.00 35.00 .0
50 137A 137 UNKNOWN 3.00 35.00 .0

TRAP INPUT DATA

5.0 percent trap leakage

VAULT INPUT DATA

VAULT NODE MAIN PIPE MAIN PIPE HEAT TRANSFER ENVIROMENT
NUMBER NAME DIAMETER LENGTH COEFFICIENT TEMPERATURE
(in) (ft) (Btu/hr-£ft-F) (F)




NODE =~ PRESSURE NODE FLOW NODE FLOW PIPE CONDS LOAD CONDS

NAME ( psig ) (1bm/hr) RETURNED RETURNED TEMPERATURE
A 155.007? 30000.7? .00 .00 150.0
B 150.00? 0. .00 .00 150.0
c 150.007 0. .00 .00 150.0
D 150.007? 0. .00 .00 150.0
E 150.007 0. .00 .00 150.0
F 150.007 0. .00 .00 150.0
G 150.007 0. .00 .00 150.0
H 150.007? 0. .00 .00 150.0
I 150.007? 0. .00 .00 150.0
J 150.007 0. .00 .00 150.0
K 150.00? 0. .00 .00 150.0
L 150.00°? 0. .00 .00 150.0
M 150.00°? 0. .00 .00 150.0
N 150.007 0. .00 .00 150.0
0 150.007 0. .00 .00 150.0
301Aa 150.007? 0. .00 .00 . 150.0
301 60.00 -343. .00 .00 150.0
303A 150.007? 0. .00 .00 150.0
303 60.00 -24. .00 .00 150.0
304 60.00 -795. .00 .00 150.0
304A 150.007 0. .00 .00 150.0
51 60.00 -220. .00 .00 150.0
51A 150.007 0. .00 .00 150.0
52 60.00 -226. .00 .00 150.0
52A 150.007? 0. .00 .00 150.0
62 60.00 -13. .00 .00 150.0
62A 150.007 0. .00 .00 150.0
81 60.00 -13. .00 .00 150.0
81A 150.007 0. .00 .00 150.0
310 60.00 -337. .00 .00 150.0
310A 150.007 0. .00 .00 150.0
312 60.00 -222. .00 .00 150.0
312a 75.00 0. .00 .00 150.0
161 60.00 -24. .00 .00 150.0
161A 150.007 0. .00 .00 150.0
317 60.00 -24. .00 .00 150.0
317A 150.007 0. .00 .00 150.0
350 - 60.00 -48. .00 .00 150.0
350A 150.007 0. .00 .00 150.0
351 60.00 -17. .00 .00 150.0
351A 150.007 0. .00 .00 ’ 150.0
352 60.00 -37. .00 .00 150.0
352A 150.007 0. .00 ' .00 150.0
701 60.00 -35. .00 .00 150.0
701A 150.007? 0. .00 .00 150.0
702 60.00 -35. .00 .00 150.0
702A 150.007? 0. .00 .00 150.0
383 60.00 -34. .00 .00 150.0
383A 150.007 0. .00 .00 150.0
137 60.00 -39. .00 .00 150.0
0

137A 150.007 0. .00 .00 150.



NODE CORRESPONDENCE TABLE AND LIST OF ADJACENT NODES

NODE NODE ADJACENT NODES (BY NAME)
NUMBER NAME

1 A B
2 B C 383A A
3 C D 352A B
4 D E 301A ¢C
5 E F 351A D :
6 F G 304A 303A E
7 G H F
8 H I 52A 702A G
9 I J o H

10 J K 701Aa I

11 K L 51A J

12 L M 137a K

13 M N 310a L

14 N 312a 161A 317A M
15 O 350A 81A 62A I

16 301A 301 D

17 301 301a

18 303A 303 F

19 303 303a

20 304 304A

21 304A 304 F

22 51 51A

23 51A 51 K

24 52 52A

25 52A 52 H

26 62 62A

27 62A 62 0

28 81 81A

29 81A 81 o]

30 310 310Aa

31 310Aa 310 M

32 312 312a

33 312A 312 N

34 161 161A

35 l161a 161 N

36 317 317A

37 317A 317 N

38 350 350A

39 350A 350 0

40 351 351A

41 351A 351 E

42 352 352A

43 352Aa 352 C

44 701 701A

45 701A 701 J

46 702 702A

47 7022 702 H

48 383 383A

49 383A 383 B

50 137 137A

51 137A 137 L




*¥*x** PROBLEM SUMMARY *****
51 NODES IN THE SYSTEM
32 PIPES IN THE SYSTEM
18 VALVES OR REGULATORS
5 PERCENT TRAP LEAKAGE
0 VAULTS IN THE SYSTEM
18 UNKNOWN PARAMETERS
32 UNKNOWN PRESSURES
1 UNKNOWN FLOWS




03/03/94 14:22:15
iaap3 :

Iowa Army Ammunition Plant
Line 3 - 65 degrees F High Pressure

SOLUTION COMPLETED IN 7 ITERATIONS

*** PROBLEM SUMMARY ***
51 NODES IN THE SYSTEM
32 PIPES IN THE SYSTEM
18 VALVES OR REGULATORS
5 PERCENT TRAP LEAKAGE
0 VAULTS IN THE SYSTEM
18 UNKNOWN PARAMETERS
32 UNKNOWN PRESSURES

1 UNKNOWN FLOWS




COMPUTED NODE DATA

NODE PRESSURE NODE FLOW CONDS FLOW FLOW LOSS CONDS LOSS TEMP RESIDUAL

NAME ( psig ) (1bm/hr) (1bm/hr) (Btu/hr ) (Btu/hr ) (F) (1bm/hr)
A 155.00 5096.47 -149.9 .0 51110.4 368.3 -.90
B 154.58? .0 -173.9 0 59272.8 368.1 1.32
C 154.53? .0 -91.5 0 31172.1 368.1 .61
D 154.39? .0 -91.3 0 31106.4 368.0 -9.67
E 154.33? .0 -116.0 0 39509.9 368.0 -.08
F 154.197 .0 -145.1 0 49443.0 367.9 -1.83
G 154.13? .0 -123.3 0 41988.6 367.9 .89
H 153.53? .0 -112.7 0 38347.3 367.6 -.14
I 153.25? .0 -137.3 0 46691.4 367.4 .25
J 153.08? .0 -61.7 0 20989.9 367.4 .19
K 153.042 .0 -56.8 0 18300.3 367.3 -.31
L 152.542 .0 -175.3 0 59555.0 367.1 .21
M 152.09? .0 -125.8 0 42701.5 366.9 06
N - 151.83? .0 -193.9 0 65829.3 366.8 05
o 152.79? .0 -154.4 0 52471.9 367.2 .08
301a 154.39? .0 -1.4 .0 470.9 368.0 9.04
301 60.00 -343.0 .0 40147.7 .0 307.3 .00
303A © 154.18? .0 -4.1 .0 1387.6 367.9 .02
303 60.00 -23.9 .0 2797.5 .0 307.3 .00
304 60.00 ~-795.1 .0 93065.3 .0 307.3 .00
304A 154.19? .0 -1.4 .0 470.6 367.9 1.29
51 60.00 -220.4 .0 25797.5 .0 307.3 .00
51Aa 153.02? .0 -5.0 .0 1712.2 367.3 .02
52 60.00 -225.7 .0 26417.9 .0 307.3 .00
52A 153.50? .0 -7.6 .0 2572.8 367.6 -.06
62 60.00 -13.0 .0 1521.6 .0 307.3 .00
62A 152.38? .0 -62.9 .0 21375.9 367.0 -.10
81 60.00 -13.0 - .0 1521.6 .0 307.3 .00
81A 152.69? .0 -32.7 .0 11125.4 367.2 -.07
310 60.00 -336.9 .0 39433.7 .0 307.3 .00
310A 152.057 .0 -5.0 .0 1706.2 366.9 -.08
312 60.00 -221.7 .0 25949.7 .0 307.3 .00
312a 151.88? .0 -75.8 .0 25755.5 366.8 -.23
161 60.00 -23.9 .0 2797.5 .0 307.3 .00
161A 151.88? .0 -18.6 .0 6330.6 366.8 -.06
317 60.00 -23.9 .0 2797.5 .0 307.3 .00
317Aa 151.75? .0 -37.3 .0 12656.7 366.7 -.09
350 60.00 -48.0 .0 5618.3 .0 307.3 .00
350aAa 152.79? .0 -.8 .0 276.1 367.2 -.11
351 60.00 -17.1 .0 2001.5 .0 307.3 .00
351A 154.32? .0 -6.1 .0 2082.5 368.0 -.03
352 60.00 -37.3 .0 4365.9 .0 307.3 .00
352a 154.53? .0 -11.6 .0 3959.6 368.1 -.04
701 60.00 -35.2 .0 4120.1 .0 307.3 .00
701A 153.04? .0 -11.7 .0 3980.1 367.3 -.05
702 60.00 -35.2 .0 4120.1 .0 307.3 .00
702A 153.52? .0 -2.0 .0 692.2 367.6 .00
383 60.00 -33.6 .0 3932.8 .0 307.3 .00
383A 154.577 .0 -4.1 .0 1389.6 368.1 .02
137 60.00 -39.3 .0 4600.0 .0 307.3 .00
137Aa 152.45? .0 -75.2 .0 25565.4 367.1 -.15

(2)




_COMPUTED PIPE FLOWS AND PARAMETERS

FROM TO STATUS FLOW CONDENSATE HEAT LOSS DIAMETER RE FRIC

NODE NODE (lbm/hr) (lbm/hr) (Btu/hr ) (in) NUMBER FACTOR
A B 4936.2 299.72 256413.9 6.07 2.52E+5 1.82E-2
B c 4706.0 39.93 34156.1 6.07 2.40E+5 1.82E-2
C D 4544.8 118.76 102452.8 6.07 2.32E+5 1.83E-2
D E 4089.5 60.05 51366.8 6.07 2.09E+5 1.84E-2
E F 3930.1 1559.65 136560.4 6.07 2.01E+5 1.85E-2
F G 2929.0 119.74 102403.7 6.07 1.49E+5 1.90E-2
D 301A 365.4 2.76 2363.3 4.03 2.81E+4 2.56E-2
G H 2796.5 126.81 108616.5 4.03 2.15E+5 1.97E-2
H I 2381.4 79.37 67956.1 4.03 1.83E+5 1.99E-2
I J 1867.2 79.37 67931.8 4.03 1.44E+5 2.03E-2
J K 1738.3 20.67 17687.6 4.03 1.34E+5 2.04E-2
K L 1436.3 82.78 70901.2 3.07 1.45E+5 2.12E-2
L M 1126.3 117.26 100418.6 3.07 1.14E+5 2.16E-2
M N 638.6 124.19 106322.1 3.07 6.44E+4 2.29E-2
N 312a 309.2 151.75 125904.2 3.07 3.12E+4 2.55E-2
C 352a 60.9 23.24 19865.5 2.07 9.11E+3 3.36E-2
H 52A 245.1 15.12 12934.9 2.07 3.67E+4 2.59E-2
K 51A 237 .4 10.07 8616.6 2.07 3.55E+4 2.61E-2
M 310A 353.7 10.05 8603.5 2.07 5.29E+4 2.48E-2
L 137A 126.3 150.49 128795.1 2.07 1.89E+4 2.89E-2
I 0 368.5 115.79 99090.1 2.07 5.52E+4 2.47E-2
B 383A 49.7 8.15 6970.9 1.31 1.18E+4 3.25E-2
E 351a 35.2 12.22 10452.2 1.31 8.32E+3 3.49E-2
F 304A 809.8 2.76 2362.6 4.03 6.22E+4 2.23E-2
F 303A 40.0 8.15 6966.5 1.31 9.45E+3 3.40E-2
H 702A 45.2 4.07 3478.6 1.31 1.16E+4 3.26E-2
J 701A 58.8 23.41 20027.8 1.31 1.39E+4 3.14E-2
N l61Aa 54.4 37.30 31%829.8 1.31 1.29E+4 3.19E-2
N 317A 73.0 74.58 63853.3 1.31 1.73E+4 3.02E-2
o) 350Aa 60.6 1.62 1390.2 1.31 1.43E+4 3.13E-2
0 8la 57.6 65.47 56021.8 1.31 1.36E+4 3.15E-2
o) 62A 87.7 125.85 107707.4 1.31 2.07E+4 2.93E-2

(3)




FROM
NODE
301A
303A
304A
51A

52A

62A

81A

310Aa
312A
161A
317A
350A
351A
352a
701A
7027
383A
137A

COMPUTED VALVE AND REGULATOR FLOWS AND PARAMETERS

TO STATUS FLOW Cs
NODE (lbm/hr)

301 ? 346.7 2.1
303 ? 27.6 .2
304 ? 798.8 4.9
51 ? 224.1 1.4
52 ? 229.4 1.4
62 ? 16.7 .1
81 ? 16.7 .1
310 ? 340.6 2.1
312 ? 225.4 1.4
161 ? 27.6 2
317 ? 27.6 2
350 ? 51.7 3
351 ? 20.8 1
352 ? 41.0 3
701 ? 38.9 2
702 ? 38.9 2
383 ? 37.3 2
137 ? 43.0 3

COMPUTED TRAP LOSSES |
5 percent trap leakage rate

Trap Steam Losses
338.1 lbs/hr

(

Trap Heat Losses
403350.1 Btus/hr

4)



SYSTEM MASS FLOWS

(1) Steam to loads: 2486 . lbm/hr
(2) Steam condensed in pipes: 2272. lbm/hr
(3) Steam condensed in vaults: : 0. lbm/hr
(4) Steam lost to trap leakage: 338. lbm/hr
(5) Total steam plant output: 5096. lbm/hr
(6) Pipe and vault condensate returned: 0. lbm/hr
(7) Load condensate returned: 0. lbm/hr
(8) Total condensate returned: 0. lbm/hr

SYSTEM HEAT LOSSES AND DISTRIBUTICN EFFICIENCY
(M = Million)

Total pipe conduction heat losses: 1.945 MBtus/hr 56.99

(1) %
(2) Total pipe condensate heat losses: .773 MBtus/hr 22.66 %
(3) Total load condensate heat losses: .291 MBtus/hr 8.53 %
(4) Total vault conduction heat losses: .000 MBtus/hr .00 %
(5) Total vault condensate heat losses: .000 MBtus/hr .00 %
(6) Total trap heat losses: .403 MBtus/hr 11.82 %
(7) Total heat losses: 3.412 MBtus/hr 100.00 %
(8) Total heat to loads: 2.648 MBtus/hr

(9) Total heat input to supply: 6.094 MBtus/hr

(10) Total heat returned to plant: .000 MBtus/hr

(11) Net heat input from plant: 6.094 MBtus/hr

DISTRIBUTION EFFICIENCY: 44 .0% [1.0-(7)/(11)]

( 5)




Line 4 Input File

SYSTEM VARIABLES AND EXECUTION CONTROLS

FLOW TOLERANCE = 1.00 lbm/hr
UNKNOWN PARAMETER TOLERANCE = .000500
UNKNOWN PRESSURE TOLERANCE = .000050
UNKNOWN NODE FLOW TOLERANCE = .500 lbm/hr
PC = 20 1 5 20 1 4 4 0 0 0
UNS = 1 2 2 2 4 3 1 1 2 2
PIPE DESCRIPTION SECTION
NCE FROM TO STATUS DIAMETER LENGTH
NUM NODE NODE (in) (ft)
1 4 A 8.1 2000.+ 0.
2 A 684A 2.1 833.+ 0.
3- A B 8.1 660.+ 0.
4 B C 8.1 288.+ 0.
5 C D 8.1 50.+ 0.
6 C Ccl 2.1 50.+ 0.
7 Cl 371A 2.1 50.+ 0.
8 o} c2 2.1 50.+ 0.
9 c2 372A 2.1 50.+ 0.
10 c2 373Aa 2.1 50.+ 0.
11 D E 8.1 453.+ 0.
12 D D1 2.1 367.+ 0.
13 D1 422A 2.1 75.+ 0.
14 D1 D2 2.1 258.+ 0.
15 D2 421A 2.1 50.+ O.
- 16 D2 4547 2.1 173.+ 0.
17 E F 8.1 1625.+ 0.
18 F H 8.1 2000.+ O.
19 H I 8.1 520.+ 0.
20 H 210A 2.1 115.+ 0.
21 I J 8.1 720.+ 0.
22 J K 8.1 525.+ 0.
23 K L 4.0 75.+ 0.
24 L M 4.0 1313.+ 0.
25 M N 4.0 403.+ 0.
26 N 110A 2.1 460.+ O.
27 N i18Aa 3.1 161.+ O.
28 I o 8.1 230.+ 0.
29 o} P 8.1 207.+ 0.
30 ¢} 144A 2.1 60.+ 0.
31 ¢} 528A 2.1 207.+ 0.
32 P Q 8.1 207.+ 0.
33 P 143A 6.1 230.+ 0.
34 Q R 4.0 230.+ 0.
35 Q 529A 2.1 50.+ O.
36 Q s 3.1 430.+ 0.
37 R 537a 2.1 728.+ 0.
38 R 314A 4.0 50.+ 0.
39 S 213A 3.1 138.+ 0.
40 S 129A 2.1 50.+ 0.
41 S 511A 2.6 207.+ 0.

—_
[y

RELATIVE
ROUGHNESS
.312E-3
.121E-2
.312E-3
.312E-3
.312E-3
.121E-2
.121E-2
.121E-2
.121E-2
.121E-2
.312E-3
.121E-2
.121E-2
.121E-2
.121E-2
.121E-2
.312E-3
.312E-3
.312E-3
.121E-2
.312E-3
.312E-3
.620E-3
.620E-3
.620E-3
.121E-2
.814E-3
.312E-3
.312E-3
.121E-2
.121E-2
.312E-3
.412E-3
.620E-3
.121E-2
.814E-3
.121E-2
.620E-3
.814E-3
.121E-2
.105E-2

HEAT LOSS COEF TEMP
(F)

(Btu/hr-£ft-F)
1.

=

1
1.
1

65.

OO0 O0OO0OO0OO0OOODOOOD OO0 ODOOO0OOOOCOODODODQQOOCOODODOOO O OO



REGULATOR AND VALVE DESCRIPTION SECTION

FROM
NODE
210A
213A
314A
537Aa
511Aa
528A
529A
129Aa
143A

" 144A

684A
110A
118A
421A
422A
371A
372A
373A
454A

TO
NODE
2101
2131
3148
537
5111
5128
5129
1294
5143
5144
684
1101
5118
421
422
1371
1372
1373
454

STATUS

UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN
UNKNOWN

TRAP INPUT DATA

5.0 percent trap leakage

VAULT INPUT DATA

VAULT
NUMBER

NODE
NAME

MAIN PIPE
DIAMETER
(in)

COEFFICIENT

MAIN PIPE

(2)

SIZING

3.00

WWWLwWwWwWwWwWwuwwwwwwwwww
o
o

LENGTH
(fr)

CONFIGURATION

HEAT TRANSFER
COEFFICIENT
(Btu/hr-£ft-F)

MINIMUM
PRESSURE DROP

L T T T T S S S T T S
QOO OO OO ODOOOOOO0OOOOOO

ENVIROMENT
TEMPERATURE
(F)




NODE INPUT DATA

NODE PRESSURE NODE FLOW NODE FLOW °~ PIPE éONDS LOAD CONDS

NAME ( psig ) (lbm/hr) RETURNED RETURNED TEMPERATURE
4 155.00 80000.7? .00 .00 150.0
A 150.00? 0. .00 .00 150.0
B 150.00? 0. .00 .00 150.0
C 150.00? 0. .00 .00 150.0
Cl 150.00? 0. .00 .00 150.0
c2 150.007 0. .00 .00 150.0
D 150.007 0. .00 .00 150.0
D1 150.00? 0. .00 .00 150.0
D2 150.00? 0. .00 .00 150.0
E 150.00? 0. .00 .00 150.0
F 150.00? 0. .00 .00 150.0
H 150.00? 0. .00 .00 150.0
I 150.007 0. .00 .00 150.0
J 150.00? 0. .00 .00 150.0
K 150.007 0. .00 .00 150.0
L 150.00? 0. .00 .00 , 150.0
M 150.00? 0. .00 .00 150.0
N 150.00? 0. .00 .00 150.0
0 150.00? 0. .00 .00 150.0
P 150.00? 0. .00 .00 150.0
Q 150.00? 0. .00 .00 150.0
R 150.007 0. .00 .00 150.0
S 150.00? 0. .00 .00 150.0
2101 60.00 -54. .00 .00 150.0
2131 60.00 -36. .00 .00 150.0
3148 60.00 -1118. .00 .00 150.0:
537 60.00 -175. .00 .00 150.0
5111 60.00 -96. .00 .00 150.0
5128 60.00 -14. - .00 .00 150.0
5129 60.00 -355. .00 .00 150.0
1294 60.00 -123. .00 .00 150.0
5143 60.00 -256. .00 .00 150.0
5144 - 60.00 -53. .00 .00 150.0
684 60.00 -47. .00 .00 150.0
1101 15.00 -259. .00 .00 150.0
5118 15.00 -92. .00 .00 150.0
421 60.00 -3. .00 .00 150.0
422 60.00 -312. .00 .00 150.0
1371 60.00 -26. .00 .00 150.0
1372 60.00 -26. .00 .00 . 150.0
1373 60.00 -26. .00 .00 150.0
454 60.00 -10. .00 .00 150.0
210Aa 60.007? 0. 00 .00 .0
213a 60.007 0. 00 .00 .0
314A 60.007? 0. 00 .00 .0
537A 60.007? 0. 00 .00 .0
511A 60.007? 0. 00 .00 .0
528Aa 60.007? 0. 00 .00 .0
529a 60.007? 0. 00 .00 .0
129A 60.007? 0. 00 .00 .0
143A 60.007? 0. 00 .00 .0
1442 60.007? 0. 00 .00 .0
684A 60.00? 0. 00 .00 .0
110A 75.00? 0. 00 .00 .0
118A 60.007 0. 00 .00 .0
421A 60.007? 0. 00 .00 .0
422A 60.00°? 0. 00 .00 .0
371A 60.00°? 0. 00 .00 .0
372A 60.007? 0. .00 .00 .0
373A 60.00°? 0. 00 .00 .0
454A 60.007? 0. 00 .00 .0



NODE CORRESPONDENCE TABLE AND LIST OF ADJACENT NODES

NODE NODE ADJACENT NODES (BY NAME)
NUMBER NAME

1 4 A

2 A 684A B 4
3 B C A
4 C D Cc1 B
5 cl 371a cC2 C
6 C2 372A 373A C1
7 D E D1 C
8 Dl 422A D2 D
9 D2 421A 454A D1
10 E F D

11 F H E

12 H I 210A F
13 I J 0 H
14 J K I

15 K L J

16 L M K

17 M N L

18 N 110A 118A M
19 0] P 144A 528A I

20 P Q 143A O

21 Q R 529A S P

22 R 537A 314A Q

23 s 213A 129A 511Aa Q

24 2101 210Aa

25 2131 213a

26 3148 314a

27 537 537A

28 5111 511A

29 5128 528A

30 5129 529A

31 1294 129Aa

32 5143 143A

33 5144 144a

34 684 684A

35 1101 110A

36 5118 118a

37 421 421A

38 422 422A

39 1371 371A

40 1372 372A

41 1373 373A

42 454 454A

43 210A 2101 H

44 213Aa 2131 s

45 314aA 3148 R

46 537A 537 R

47 511A 5111 s

48 528A 5128 ©

49 529A 5129 Q

50 129A 1294 s

51 143a 5143 P

52 144A 5144 ©

( 4)




NODE CORRESPONDENCE TABLE AND LIST OF ADJACENT NODES

NODE
NAME
684A
110a
118A
421A
4227
371A
372A
373A
454A

ADJACENT NODES (BY NAME)

684
1101
5118
421
422
1371
1372
1373
454

*odkk ok k
61
19

19
41

PROBLEM SUMMARY *****
NODES IN THE SYSTEM
PIPES IN THE SYSTEM
VALVES OR REGULATORS
PERCENT TRAP LEAKAGE
VAULTS IN THE SYSTEM
UNKNOWN PARAMETERS
UNKNOWN PRESSURES

(5)




03/03/94 14:50:24
iaap465

Iowa Army Ammunition Plant
Line 4 - 65 degrees F High Pressure

SOLUTION COMPLETED IN 11 ITERATIONS
SOME NODES MAY NOT BE BALANCED

*** PROBLEM SUMMARY ***
61 NODES IN THE SYSTEM
41 PIPES IN THE SYSTEM
19 VALVES OR REGULATORS
5 PERCENT TRAP LEAKAGE
0 VAULTS IN THE SYSTEM
19 UNKNOWN PARAMETERS
41 UNKNOWN PRESSURES

1 UNKNOWN FLOWS




COMPUTED NODE DATA

NODE PRESSURE NODE FLOW CONDS FLOW FLOW LOSS CONDS LOSS TEMP RESIDUAL

NAME ( psig ) (lbm/hr) (1bm/hr) (Btu/hr ) (Btu/hr ) (F) (1bm/hr)
4 155.00 8998.5? -411.0 .0 140160.2 368.3 .05
A 154.342 - .0 -630.6 .0 214860.6 368.0 -.73
B 154.16? .0 -194.7 .0 66309.9 367.9 11
C 154.08? .0 ~-74.4 .0 25354.9 367.8 -1.35
Cl 154.077? .0 -15.1 .0 5156.3 367.8 ~3.54
c2 154.07? .0 -15.1 .0 5156.2 367.8 .85
D 154.072 .0 -140.3 .0 47773.4 367.8 1.33
D1 153.50? .0 -70.6 .0 24012.9 367.6 .03
D2 153.472 .0 ~48.5 .0 16499.1 367.5 -5.21
E 153.98? .0 -426.5 .0 145239.7 367.8 -.11
F 153.69? .0 -743.8 .0 253163.2 367.7 -.07
H 153.417 .0 -528.5 .0 179813.1 367.5 1.89
I 153.35? .0 -301.5 .0 102566.1 367.5 1.40
J 153.34? .0 ~255.3 .0 86868.6 367.5 -1.74
K 153.347 .0 -118.0 .0 40149.3 367.5 1.07
L 153.32? .0 -191.4 .0 65101.2 367.5 -.21
M 153.167 .0 -236.6 .0 80462.1 367.4 .07
N 153.13? .0 -121.2 .0 41226.5 367.4 8.82
0 153.34> .0 -116.5 .0 39643.9 367.5 -6.64
P 153.33? .0 -124.8 .0 42441.7 367.5 -20.23
Q 153.32? .0 -130.9 .0 44527.0 367.5 .20
R 153.23? .0 -111.9 .0 38068.4 367.4 -10.21
S 153.267 .0 -96.0 .0 32656.6 367.4 -13.58
2101 60.00 -53.9 »0 6308.9 .0 307.3 .00
2131 60.00 -36.4 .0 4260.6 .0 307.3 .00
3148 60.00 -1118.0 .0 130860.3 .0 307.3 .00
537 60.00 -174.6 .0 20436.7 .0 307.3 .00
5111 60.00 -96.4 - .0 11283.5 .0 307.3 .00
5128 60.00 -13.9 .0 1627.0 .0 307.3 .00
5129 60.00 -355.1 .0 41563.9 .0 307.3 .00
1294 60.00 -122.8 .0 14373.6 .0 307.3 .00
5143 60.00 -256.0 .0 29964.4 .0 307.3 .00
5144 60.00 -52.7 .0 6168.5 .0 307.3 .00
684 60.00 -47.1 .0 5513.0 .0 307.3 .00
1101 15.00 -258.9 .0 30303.9 .0 249.7 .00
5118 15.00 -92.1 .0 10780.2 .0 249.7 .00
421 60.00 -3.2 .0 374.6 .0 307.3 .00
422 60.00 -311.6 .0 36472.3 .0 307.3 .00
1371 60.00 -25.9 .0 3031.6 .0 307.3 .00
1372 60.00 -25.9 .0 3031.6 .0 307.3 .00
1373 60.00 -25.9 .0 3031.6 .0 307.3 .00
454 60.00 -10.4 .0 1217.3 .0 307.3 .00
210Aa 153.40? .0 -11.6 .0 3943.7 367.5 -1.72
213A 153.26? .0 ~-16.6 .0 5642.7 367.4 12.22
314a 153.22? .0 -6.9 .0 2344.6 367.4 10.32
537A 152.93? .0 -73.3 .0 24927.5 367.3 -.04
511A 153.257? .0 -22.7 .0 7717.1 367.4 1.32
528A 153.342 .0 ~-20.9 .0 7096.9 367.5 3.61
529A 153.28? .0 -5.0 .0 1713.7 367.5 .09
129A 153.25? .0 -5.0 .0 1713.7 367.4 .04
14337 153.33? .0 -39.9 .0 13557.2 367.5 18.38
144A 153.34? .0 -6.0 .0 2057.1 367.5 3.86

( 2)




COMPUTED NODE DATA

NODE PRESSURE NODE FLOW CONDS FLOW FLOW LOSS CONDS LOSS TEMP RESIDUAL
NAME ( psig ) (1bm/hr) (lbm/hr) (Btu/hr ) (Btu/hr )} (F) (1lbm/hr)

684A 154.23? 0 -84.1 .0 28652.5 367.9 64
110A 152.86? .0 -46.3 .0 15746.1 367.3 .00
118A 153.13? .0 -19.3 .0 6580.3 367.4 -8.83
421A 153.47? .0 -5.0 .0 1715.1 367.5 .78
4227 153.45? .0 -7.6 .0 2572.2 367.5 -.01
371A 154.077 .0 -5.0 .0 1718.8 367.8 3.69
372A 154.072 .0 -5.0 .0 1718.7 367.8 -.47
373A 154.07? .0 -5.0 .0 1718.7 367.8 -.47
454a 153.477 .0 -17.4 .0 5934.1 367.5 4.41

(3)




COMPUTED PIPE FLOWS AND PARAMETERS

FROM TO
NODE NODE
4 A
A 684A
A B
B C
C D
C Ccl
C1l 371A
C1 c2
c2 372A
c2 373A

D D1
D1 422A
D1 D2
D2 421A
D2 454A

NNNIIOVOYYVOOOHZZRERUH I I
vl

FLOW

(lbm/hr)
.1

8579

143.8

7797.
7594.
7337.
175.
46.
109.
42.
42.
6660.
526.
331.

WORFEROOUNDNONNWUIFFWORNANODIJONRRNONRANOBRERRFREFOAANEN

821.93
168.22
271.08

(Btu/hr

703250.
143838.
231918.
101180.
17564.
8631.
8630.
8630.
8630.
8630.
159124.
63322.
12934.
44494.
8622.
29834.
570636.
702004.
182472.
19830.
252640.
184215.
17695.
309741.
95054.
79269.
33105.
80704.
72632.
10345.
35690.
72631.
68179.
54260.
8620.
88440.
125468.
11794.
28381.
8619.
38815.

4)

CONDENSATE HEAT LOSS
(1bm/hr)

WO WR koo OWOIWUOIROWOAWRNRFROROUINORONWOVWWWOWO 0 00W W

DIAMETER

(in)

NNWEBRNWNNEOONNOOOWNERGE ROOMMNOOONINNINENODDNDNINDNDN G OWOWDN ®

.07

PNNOWeNRPRPROUNRFRERPRRPRERAOANIPRPORRDDOAWERE R INDOAORFROANDDNDNDND W

RE
NUMBER
.29E+5
.15E+4
.99E+5
.92E+5
.82E+5
.63E+4
.97E+3
.63E+4
.35E+3
.35E+3
.56E+5
.88E+4
.9SE+4
.75E+4
.14E+3
.61E+3
.39E+5
. 10E+5
.87E+5
.13E+4
.37E+4
.36E+4
.76E+4
.23E+4
.35E+4
.71E+4

.13E+4.

.21E+5
.12E+5
.12E+4
.53E+3
.47E+4
.66E+4
.17E+5
.57E+4
.44E+4
.89E+4
.82E+4
.78E+3
.09E+4
.60E+4

NDNWRONDMDNNNNNEFREWWERRFRWODNDDODNNNWRRPRWWNDNNNNRPWWNDWNRE R REDPRE

FRIC
FACTOR
.71E-2
.83E-2
.72E-2
.72E-2
.73E-2
.73E-2
.66E-2
.97E-2
.56E-2
.56E-2
.T4E-2
.38E-2
.50E-2
.93E-2
.16E-2
.05E-2
.75E-2
.7T7E-2
.79E-2
.22E-2
.16E-2
.24E-2
.16E-2
.23E-2
.36E-2
.51E-2
.83E-2
.89E-2
.91E-2
.26E-2
.30E-2
.96E-2
.84E-2
.07E-2
.46E-2
.41E-2
.57E-2
.16E-2
.18E-2
.82E-2
.96E-2




COMPUTED VALVE AND REGULATOR FLOWS AND PARAMETERS

FROM TO STATUS FLOW Cs
NODE NODE (1lbm/hr)

210A 2101 ? 57.6 4
213a 2131 ? 40.1 .3
314A 3148 ? 1121.7 7.0
537A 537 ? 178.3 1.1
511a 5111 ? 100.1 .6
528A 5128 ? 17.6 .1
52%A 5129 ? 358.8 2.2
1292 1294 ? 126.5 .8
1432 5143 ? 259.7 1.6
144A 5144 ? 56.4 .4
684A 684 ? 50.8 .3
110a 1101 ? 260.3 1.6
118A 5118 ? 93.5 .6
421a 421 ? 6.9 .0
422A 422 ? 315.3 2.0
371a 1371 ? 29.6 .2
372A 1372 ? 29.6 .2
373A 1373 ? 29.6 .2
454A 454 ? 14.1 .1

COMPUTED TRAP LOSSES
5 percent trap leakage rate

Trap Steam Losses Trap Heat Losses
411.7 lbs/hr 491253.6 Btus/hr

( 5)




SYSTEM MASS FLOWS

(1) Steam to loads: 3081. lbm/hr
(2) Steam condensed in pipes: 5506. lbm/hr
(3) Steam condensed in vaults: 0. lbm/hr
(4) Steam lost to trap leakage: 412. lbm/hr
(5) Total steam plant output: 8998. lbm/hr
(6) Pipe and vault condensate returned: 0. lbm/hr
(7) Load condensate returned: 0. lbm/hr
(8) Total condensate returned: 0. lbm/hr
SYSTEM HEAT LOSSES AND DISTRIBUTION EFFICIENCY
(M = Million)

(1) Total pipe conduction heat losses: 4.710 MBtus/hr
(2) Total pipe condensate heat losses: 1.874 MBtus/hr
(3) Total load condensate heat losses: .361 MBtus/hr
(4) Total vault conduction heat losses: .000 MBtus/hr
(5) Total vault condensate heat losses: .000 MBtus/hr
(6) Total trap heat losses: .491 MBtus/hr
(7) Total heat losses: 7.437 MBtus/hr
(8) Total heat to loads: 3.274 MBtus/hr
(9) Total heat input to supply: 10.760 MBtus/hr
(10) Total heat returned to plant: .000 MBtus/hr
(11) Net heat input from plant: 10.760 MBtus/hr
DISTRIBUTION EFFICIENCY: 30.9% [1.0-(7)/(11)]

(6)

63.
25.

100.

0P 0P 0P 0P P P P
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' | Appendix D - Steam Trap and Pressure Reducing
Valve Specification Sheets




S TWENTY TEN STAINLESS STEEL TRAPS

for pressues to 400 psig...and capacities.to 860 Ibs/hr

The 2010 Series with 360° universal
connector allows you to install inverted
bucket efficiency and long service life
in any piping configuration, with little
or no repiping. Series 2010 traps com-
bine savings in three important areas:
energy, installation, and replacement.

Model 2010 TRAP CAPACITY
600

indicated.

CHART 11-1. CAPACITIES, ARMSTRONG S&RIES 2010 TRAPS
Mode! 2011 TRAP CAPACITY

The 2010 Series with 360° universal
connector provides quick, easy in-fine
renewability along with all the advan-
tages of all stainless steel construction
and the proven inverted bucket operat-
ing principle.

; 1000
500 [ 77 900
400 T 800 // P
f Ve
300 — — : 700 %) 7 4
: 500 ] A
200 . _*r 500 BN L /,/
150 et AN s
@ ? W0 i A
100 741 - / / .
717 SR T / S 300/ = e
50 AL ] /
' 200 v
0 || PRESSURE DIFFERENTIAL, S| 50 PRESSURE DIFF RENTIAL, Psi
i i 1 1
©® ®8 2 8828 22 8 BR88 88 8

Continuous discharge capacities in pounds of hot condensate per hour at pressure differential

*Maximum Operating Pressure 200 psig (14 bar)
All dimensions and weights are approximate. Use
certitied print for exact dimensions.

TABLE 11-1 Fig. 11-1
Physical Data, Series 2010 Traps [ Allow 14+ Clearance Allow 2%° Clearance
Model No. 2010 2011 | for Trap instaliation for Bolt Instaitanon fog—— B
Pipe Connections V2", Y 2" V" i and Removal and Remaval
A PAVITS 2" 45" - F D G I_,]
B 27 PG | ! i
C 2" P AR : } 1
D 4195 % ‘ }
E 113" 1" E ,— J ? M
F 4%¢" %" 1 3— C
3 T T
H 13" 13" {
i 13" 19"
Weight 474 1bs. YUATSS Connector ; Connector
" R i )
Urnratons aximr | 200 psg Lopsia ‘ D
allowable pressure) D

TABLE 11-2
Orifices, Series 2010 Traps
Maximum Ditterential Pressure
Trap No. 2010 2011
Pipe Connection V", 3" 2", e
Orifice Size PSI PSI
/32" — 70
fg" - 125
7sa” — 200
#38 200 250
Slea” — 400
#38 R60* 200 -

*Because the orifice is located at
the top, inverted bucket steam
traps handle dirt and scale better
than other types of traps. How-
ever. in applications where ex-
tremely dirty conditions exist,
care should be exercised in the
use of all types of restricted-ori-
fice. reduced-capacity traps.

11
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Table 4. Port Diameters. and Capacities™ in Pounds of Saturated Steam Per Hour 3t 10% Droop

PORT DIAMETER. INCHES

» .
PRESSURE, SlG 3/4" 1_1/4,; 1‘1/25 2- 2.1/2:1 3- a7 s'
Inlet | Outlet Setting | 1/2" Body | 3/4" Body | 1" Body | 1.1/4" Body | 1-1/2" Body | 2" Bedy | 2-1/2" Body | 3" Body | 4" Body | 8" Body
150 1460 2050 4050 4910 6780 11500 17000 23000 31000 | 46600
140 1490 2380 4180 5470 7860 12700 13300 26300 37000 | 58400
100 1600 2530 4460 $650 8150 13400 13800 27500 28800 | 82300
250 80 1800 2520 4460 5640 8130 13400 18700 27400 38700 | 62800
60 1600 2520 4460 5630 8100 13300 18700 27300 33500 | 62600
40 1600 2510 4460 5610 7920 13200 19300 27300 37800 | 62300
20 1600 2510 4480 5580 7850 13000 19100 27200 37300 | 62000
150 1000 1810 2750 4370 6070 10200 15000 19700 28300 | 47400
120 1130 1880 3280 4500 6300 10500 15500 20700 29700 | 49000
100 1300 1950 3610 4550 6250 10700 15600 21700 30700 | 50300
200 80 1300 2050 3610 4560 65850 11000 158700 22500 31300 | 51500
60 1300 2040 32610 4550 6520 10300 15700 22000 31200 | 51400
40 1300 2030 3610 4540 6500 10800 15500 21900 31000 | 51200
20 1300 2030 3610 4540 8430 10700 18500 21800 28500 | 51000
120 700 1240 1950 3020 40%0 7070 10000 13700 18600 | 30600
100 857 1330 2360 3390 4600 7740 11500 15200 21700 | 36100
80 985 1500 2770 3570 4980 8130 12100 15900 23500 | 38300
80 88s 1560 2770 3620 5110 3300 12300 16300 23800 | 40200
a0 995 1580 . 2770 3600 5070 8260 12200 16700 23700 | 40100
20 995 1540 2770 2580 5000 8220 12200 16700 23600 | 39800
100 580 965 1630 2460 3250 5400 8100 11300 15800 | 25500
80 750 1210 2100 2950 4100 6750 10000 13700 18500 { 31000
60 835 1210 2340 3110 4400 7250 10800 14400 19800 | 33500
125 40 835 1310 2340 3040 4280 7080 10500 14200 19800 | 33500
’ 20 335 1300 2340 3010 4230 7080 10500 14100 19800 | 33500
\ 10 835 1280 2240 2970 4170 7010 10400 14100 19800 | 33200
! 5 810 1270 2310 2940 4140 £950 10400 13900 19600 | 33000
80 478 867 1330 2020 2860 4960 7230 9670 13000 | 21700
€0 615 968 1700 2380 3330 5650 8370 11000 15200 | 25500
100 40 630 1080 1920 2480 3500 5930 8680 11800 16500 | 27400
. 20 _sao. 1070 1920 2470 3460 5900 8620 11800 16400 | 27300
10 690 1060 1920 2450 3440 5870 8610 11700 18400 | 27200
5 655 1040 1900 2420 3400 5710 8550 11500 16100 | 27000
€0 3686 625 1020 1540 2120 4180 5370 8300 8280 15700
50 448 711 1240 1870 2380 4370 5600 7630 9240 13000
40 496 798 1380 1810 2640 4590 5840 8470 10200 | 20300 -
30 821 827 1470 1850 2680 4680 €270 8880 10800 | 20800
20 540 857 1500 1900 2720 4770 . 6700 9290 11300 | 21300
10 540 845 1500 1840 2820 4700 6540 9180 11200 | 21200
s 540 836 1500 1790 2510 4810 6420 3080 10800 | 21000
40 261 420 710 1030 1880 2590 3750 4880 6650 11600
30 324~ 499 928 1170 1760 2940 4210 5740 7730 13200
50 20 388 578 1080 1320 1860 32390 4680 8500 8810 | 14700
10 388 808 1080 1370 [ 1890 32390 4780 6650 9110 15600
5 388 5980 1080 1330 1830 2300 4650 6500 8960 15400
15 190 293 525 675 93$ 1860 2520 3260 4520 7570
25 10 217 338 600 755 1080 2080 3020 3850 5000 3800
5 238 333 660 749 1060 2080 2880 3800 4940 8730

Prirted coDacHien arg for the Tyde 928. To determine Tyot S2P capaciter, multply the pritod
vales By Q.75 for putier satings of 10 peiq ar arearer end by 0,5 for 5 92iQ autiet veutings.

O\\J\s-;ﬁ N“"’f

— 3wk

—

TOTAL P.B3
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DIAPHRAGMS FY L
PIPE PLUG . E P -
DIRECTLY OVER ORIFICE ARD DIAPHRAGM \& )
FOR EaSZ OF ACTESSIBILITY PLATE .
(0T SPRING CASE P
BLEED ORIFCE PAIT SRS b
EASILY CLEANED WITH WIRE
: PHOT PRESSURE
SETTING SPRING
BELLOWS AND
BELLOWS
RETAINER
VALVE BOpY LOWER SPRING SEAT
A - CHECK VALVE ASSEMBLY ,
el Zor @R | 5D o230 5] T A——
& B " 2 © AND PLUG
REDUCING VALVE SPRING
PILOT VALVE STEM GUIDE
BLOWDOWN CONNECTION —
REMOVE FOR CLEANING
-e?
Figure 2. Typical Type 928 Construction
Table 3. Pressure Specifications, Psi
NOMINAL BODY SIZE, INCHES
DESCRIPTION Screwed and Class 250 Flanged Ends Class 125 Flanged Ends
1/2.3/4 | 1.11/4,1.1/2.2 | 2.1/2.3. 4.8 1/2.3/4,1,1-1/4.1-1/2.2 | 2-1/2.3.4.6
Body Rating and Maximum Inlet 250 250 250 125 125
Qutlet, Type 82P Minimum 2 2 2 2 2
{For Type 928 Sce Table 2) Maximum 248 150 150 120 120
Maximum Valve Differentisi 150 150 150 123 123
Minimum Differantial Type SS8T SDI’iﬂg {Standarq) 20 20 20 20 20
..—-* Pressures Required | 928 | inconel Spring (Optionsh) 10 10 10 10 10
for Full Stroke Type 92P - 5 5 5 5 5
Maximum Allewsble Diaphragm Oifferential, Type 92P
{For Typc 928 Ses Principle of Operation Section) 150 150 100 ' 120 100

20 ) 7 -]
s = Sy - ; Lo
a T ™ 28
e 2 T - 14 - s BooY O T I y
o | ¢ > T
o Z i 144" BODY fattef~ 4 ]
e © g -21/2° BODY @ -
> 'a . 1 24
g g 2 oy 2 Booy d - ‘ ‘
P - ': <] i € 4" DODY AT 100 PSIG INLET PRESSURE SETTING 4-
“@ 3 s L I > 1-1/2° soov 2 + '
< RN . I et - <2 20 1
z g [ . = Eta—1 1" AND 1 1/a" z ~
« =z a b = I BODIES -
g g z=Z : : Z e : o
' ig - .
L - {4 . £ 1/2" AND 874 -
. T 1 : T woore 3 0 7000 4000 6000 8000 10000 12000 14000 16000
G 20 40 80 80 100 120 140 160 P FLOW RATE—FOUNDS PER MOUR OF SATUAATED STEAM
By PRESSURE DROP ACROSS VALVE.—PS)

Figure 3. Type 92P Differential Pressure Ratios Figure 4. Type 328 Steam Capacity and Regulstion Curve




Appendix E - Minimum PRV Sizes for Buildings




COMPUTED VALVE AND REGULATOR FLOWS AND PARAMETERS
For Line 2

FROM TO STATUS FLOW Cs Required PRV
NODE NODE (lbm/hr) Size (inches)
201a 201 ? 2432.5 15.4 2.00
203a 203 ? 27.6 .2 0.50
204A 204 ? 5686.4 35.8 3.00
51A 51 ? 1798.4 11.7 1.50
52A 52 ? 1798.4 11.5 1.50
212a 212 ? 1523.6 10.8 1.25
215Aa 215 ? 22.4 .2 0.50
213A 213 ? 1809.7 13.6 1.50
251a 251 ? 20.7 .1 0.50
252A 252 ? 259.4 1.6 0.50
701A 701 ? 38.9 .3 0.50
702A 702 ? 38.9 .2 0.50
137a 137 ? 452.3 3.1 0.75

COMPUTED VALVE AND REGULATOR FLOWS AND PARAMETERS
For Line 3

FROM TO STATUS FLOW Cs Required PRV
NODE NODE (1bm/hxr) Size (inches)
301a 301 ? 1769.1 11.4 1.50
303A 303 ? 27.6 .2 0.50
304A 304 ? 5453.2 36.8 3.00
51A 51 ? 1514.7 11.7 1.25
52A 52 ? 1551.3 11.5 1.50
62A 62 ? 92.7 .8 0.50
81A 81 ? 92.7 .2 0.50
310a 310 ? 2312.8 20.6 2.00
312a 312 ? 1523.2 13.1 1.25
161a 161 ? 27.6 .6 0.50
317A 317 ? 27.6 .3 0.50
350A 350 ? 332.5 2.2 0.50
351A 351 ? 20.8 .1 0.50
352A 352 ? 259.4 1.7 0.50
701Aa 701 ? 38.9 .3 0.50
7022 702 ? 38.9 .3 0.50
383Aa 383 ? 37.3 .2 0.50
137a 137 ? 272 .7 2.2 0.50

COMPUTED VALVE AND REGULATOR FLOWS AND PARAMETERS
For Line 4

FROM TO STATUS FLOW Cs Required PRV
NODE NODE (lbm/hr) Size (inches)
210a 2101 ? 372.8 2.4 0.75
213a 2131 ? 253.7 1.2 0.50
314A 3148 ? 7665.7 55.8 4.00
537A 537 ? 178.3 1.7 0.50
511A 5111 ? 664.9 4.5 1.00
528A 5128 ? 17.6 .8 0.50
529A 5129 ? 2438.0 17.2 2.00
129A 1294 ? 126.5 .6 0.50
143A 5143 ? 1758.1 12.1 1.50
144A 5144 ? 365.2 2.6 0.50
684A 684 ? 326.8 2.3 0.50
110a 1101 ? 1775.5 12.2 1.50
118a 5118 ? 632.7 4.1 0.75
421a 421 ? 6.9 .0 0.50
4227 422 ? 2139.3 15.6 2.00
371a 1371 ? 180.8 1.2 0.50
372a 1372 ? 180.8 1.2 0.50
373A 1373 ? 180.8 1.2 0.50
4542 454 ? 14.1 .1 0.50




Appendix F -Fisher Control Valve Specification Sheets
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QUOTE NO. 19306
DATE: 4-15-94

FAX QUOTATION 'TOTAL NO. OF PAGES: L]L

TO: Army Corps of Engineers - Chris Dilks
FAX: 217-373-3430
FROM: Rob Ciganek / Carl Lathrop

GENERAL METERS & CONTROLS
ELK GROVE VILLAGE, IL
708-956-8020 PHONE

708-956-9870 FAX

REFERENCE: Fisher control valve

TO HELP US SERVE YOU BETTER, PLEASE USE THE ABOVE QUOTE NO. WHEN ORDERING.

IIEM QTY  DESCRIPTION

1 3 4" Fisher model ED control valve with electric operator per the
attached specification sheet.
Uit DEt PIICE. ....vuininiiiiiie i ie e eee e e eeeeeenens $ 6500.00

The above control valve contains whisper trim to maintain a noise level
< 90 dba. See the attached sizing report. '

The same valve can be used in both the 6" and the 8" lines.
If you have any questions please call.
Thank You

DELIVERY: § Weeks
F.O.B.:Factory
TERMS: PER THE ATTACHED

PLEASE ADDRESS YOUR ORDER TO:
GENERAL METERS & CONTROLS
AT: PO BOX 625, ELK GROVE VILLAGE, IL 60009-0625
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(General Meters & Controls

i Awi v

j"'SLIDING STEM CONTROL VALVE SPECIFICAFION

ARMY CORPS 4-15-94

Reference:

Quote:

Order:

Item: 1 Rev Qty: 1 Engineer:

Service: Positioner Type:
Input Signal:

Tag: Access:

Size and Type: 4" ED Gauges:

--------------------------------------- Action:

Body Style: GLOBE Certification:

Design Temp: ) 2 ettt EE E R L L R L L ikl

Design Pres: psig Controller Type:

End Connect: ANSI CLASS 150 Action:

In: RF FLG Measure Elemnt:
Out: RF FLG Range:

Material: WCB CARBON STL CAST Output:

Ports: 1 Mounting:

Flow Directn:DOWN Alrset:
--------------------------------------- Mounting:

Trim Number: 1 METAL 1"-4" = | mccmmm e mmcmmtom e e e mccce e — - -

Cage Matl: 17-4PH SST Transducer:

Retainer Matl: NONE Input Signal:

Bushing Matl: NONE OQutput Signal:

Seat Ring Matl:416 SST Action:

VALVE PLUG Mounting:

Material: 416 8ST Airset:

Guiding: CAGE Certifications:

Balance;: BALANCED 00 [ mmmm e e e e e e e e - - - - -
shutoff Class: ANSI CLASS II Line In

Port Size: 2-7/8" REST. Line Out: 6 in SCH STD

Characteristic:EQUAL PERCENT Insulation:

Stem Material: 316 SST STR HDN Service Cond:

Stem Size: .5 Process Fluid:
------------------------------------------------- MIN NRM MAX
Bonnet Style:STANDARD T Satur deg F 365.865 365.865

Boss Size: 2 13/16 T deg F 366.000 366.000

Packing: SINGLE TFE Pl psig 150.000 150.000

Access: NONE
Bolt,Bonnet: B7 ALLOY STL BOLT (4P psid 80.000 90.000

Pack.Flg: B7 ALLOY STL BOLT :
------------------------------- Qs 1lb/h 30000.000130000.000
Actuator: ELECTRIC

Size:

Travel: V1lv LpA dB(A) 101.6 84.2

Bench Set: Cs 182.171 182.171

Push Down to:CLOSE Cl 24.800 24 .800

To Actuater:  |eeeeeemcc e e e e s e e s e - - - -

Fails Valve: Maximum Flow Coefficient:

Handwheel: Actuator Thrust Required:

Unit Net Price:
1.42 Total Net Price:
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Fisher Controls

F.374

General Meters & Controls Co.

Purpose of drawing is for dimensional reference only.

8.69

5.06

Total Calculated Assembly Weight: 154 lb

Unit of Measure = inches, scale=none. Envelope Dimensions are + .25. Face to Face Tolerance Per ANSI.

4/15/94 Dimensions Certified Correct by Fisher Controls  © 1994 Fisher Controls Intl. Inc.

FISHER-ROSEMOUNT

ED 4 IN 150 RF

CUSTOMER: ARMY CORPS

CUST REF #:
TAG NO:
SERIAL NO:

FISHER REF #:

ITEM NO:

1

REV:

1.1-0082-1049-0
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GENERAL METERS & CONTROLS CO.
STANDARD TERMS AND CONDITIONS OF SALE

1. TERMS: Subject 10 the approval of Scller's Cradit Department, terms are
F.0.B. Sellers plant, met 30 days from date of Setlers invoics. excespt for
export shipments tor which other provisions for payment may be required by
Seller. Should Buyer's financial responsibitity be or become unsatisfactory o
Sclier. advance cash paymenis of security satisfactery to Sellsr may be
required. Il any payment owed to Seller hereunder is not 08:@ when due. it
shall bear interest 31 Seller's opuon. of up to the maximum ra1e permitied by
13w trom the date on which it is due unti il 1x ps1a. The foregoing shall not
rehigve Buyer from the obligation 1o make payments te Seller 91the time and in
the manngr specified. Seller reserves the right, among other ramedses. either
10 18rMinate this contract or 1o cuspend further deliveries under itin the event
Buver [3ils to pay tor any one shipment when duc. The prices specified are n
U.S. currcncy. uniess otherwise indicated. payable at Sctler's offices.

2. PRICES: Unless otherwise spacihed by Sclier, Sellers prces for the
qoods shsll remain n effect lor thirty (30) doys !rom the date of Seilers
quolation or scceptance of the order for the goods. whichever occurs first:
provided an unconditionsl. complete authorization for the immediste many-
facture and shipment of the goods pursuant 1o Seller's standard invoicing
proccdures iz received and 9¢cepied by the Secllcr Iram the Buyer wilhin such
lime period. After such thirty (30} day period, Selter shall have the nght w
revise the price of the goods up to Seller's price in effect for the goods al the
hme the order s raleased by Buyer and Seiter to finsi manufacture and
shipment; provided. however. that any such price revizion for goods
manufactured by the Seller shall not excecd seven percent (7%) durning the six
(6) meonth perrod foliowing ihe date of Buyer's arder or Seller's quotation,
whichever occurs firet. The price for any goods sold by Selier. but manufac-
turcd by others. shati be Sallers pnce i effcct at the 'me of shipment to
Buvyer.

3. DELIVERY: Al shipping dates sre spproximate and are based upon
prompt receipt of all ngcessary informauon from Buyerto properly process the
order.

4, EXCUSE OF PERFORMANCE: (3) Deiivenes msy be suspended by
Scller, without kgbility .n the event of: Act of God. war, niot_ fire. explosion,
accident, flood. s3botage; lack of or delay2 in oblaining adequate fuel. power,
row matenials, componenets, lador, CONtINArS Or Manufacturng of trans:
portation facihihes; compliagnce with governmental reQuests, 1aws, regula.
tions, order or sctions: breakage or failure of Machinery or 3poaratue: NL:ona!
defense requirements or any ather evenl, whether or not of the clase or kind
enumecrated Rerein. bayond the reasonable control of Scller or 1n the event ol
jabor trouble. strike, lockout ofr injunction (provided thst Seiler ehall not be
required to settle 8 labor dispute aquinat its own best judgment), which event
makes imprscticable the manufacture or detwery of ashipmentof the goods or

of 3 material or component upon which the manufacturc ot the goods is

deoendent.

(b} If Seller determines that its abihity 10 supply the 10t demand for the
goods or obtain sny or 8 sufficient quantity of material or component used
directly or indirectly in the manufacture of the goods, is hindered. limited or
made impracucadle. Seller may allocate its sva«dable supply of the goods or
such myterisl or component jwithout obligation 10 acquire other supphes of
any such goods. materia), or component) among itse!l and its purchasers on
such basis as Seller derermines to be cquitable withoutliability lor any feilure
of performsance which May rasuit therefrom.

{c) Delivenes suspended or not made Dy reason of this zecuion ghall 3t
Seller’'s option. either be cancelled or the dalivery shall sutomatically be
oxtended [or 8 period equal 1o the suspension period. without liability, butthis
contract shall otherwise remain unaffected.

6. TERMINATION BY BUYER: Buyor may tarminate its order for any or 3!l
of the goods coverad by this contract. provided Seller is given reasonable
advance nouice of such termingtion ana subject to payment to Seller of
termnBLON charges which shall include sl costs and expenses slrasdy
ncurred or commitments made by Selier in connection with the processing,
hanaling and fabricotion of said goods. and 3 reasonable profil thereon.
Seiler's getermination of such tarmination charges shall be conclusive,

8. LIMITED WARRANTY: Subjcct to Section 7 and unigss otherwise
expressly provided hargin, Seller warrants Litle and thal the goods many-
factured by Seller will be frec fram defects \n materials or workmenehip under
normat use and service unti) the expiration of the earlier of \walve {12) months
from the date of initid! operation or sighteen {18) months from the datc of
shipment by Saller. Ressle goods shall carry only the warranty sxtended by
the - 31nal manufacturar. If, with.n thirty (30) days after Buyer's discovery of
8ny - 3rranty defecie, Buyer notifies Seller thereof in writing, Selflershall, atits
option. prompily repair or replace F.O.B. point of manufacture. that poriion of
the goods found by Seller to be defective. Fallure by Buyerto give such written
nolice within the apphesdle time pariod shall be deamed an absolute and
unconditional waiver of Buyer's claim for such delects. Goods repaired snd
psns replaccd during the warranty period shall be in warranty for the
remainder of the original warranty pericd. This warranty is the only warranty
made Dy Seller and ¢an be amended only by 3 writign instrumant signed by an

officer of Seller. Subject to thie Section 6 and except s otherwise expressly
provided in this contract, SELLER MAKES NO REPRESENTATION OR
WARRANTY OF ANY KIND. EXPRESS OR IMPLIED. AS TO MERCHANT-
ABILITY, FITNESS FOR PARTICULAR PURPOSE, OR ANY QTHER MATTER
WITH RESPECT TO ANY OF THE GOODS.

7. LIMITATION OF LIABILITY: (8) BUYER'S EXCLUSIVE REMEDY SHALL
BE FOR DAMAGES, AND SELLER'S TOTAL LIABILITY FOR ANY AND ALL
LOSSES AND DAMAGES ARISING OUT OF ANY AND ALL CAUSES WHAT-
SOEVER (WMETHER SUCH CAUSE BE BASED IN CONTRACT, INFRINGE-
MENT, NEGLIGENCE, STRICT LIABILITY. OTHER TORT OR OTHERWISE)
SHALL IN NO EVENT EXCEED THE PURCHASE PRICE OF THE GOODS IN
RESPECT OF WHICH SUCH CAUSE ARISES OR. AT SELLER'S OPTION. THE
REPAIA OR REPLACEMENT OF SUCH GOODS. AND IN NO EVENT SHALL
SELLER BE LIABLE FOR INCIDENTAL, CONSEQUENTIAL OR PUNITIVE
DAMAGES RESULTING FRQOM ANY SUCH CAUSE. Scller shall not be liable
for, and Buyer assumas liability {or, sl personal injury 3nd property damage
connected with the handling. trancportation. possession, use. [urther
manulacture, or resale of the goeds. Neither transponation charges for the
return of the goods nor any other costs or charges incurred by Buyer wili be -
paid By Seller unless authonzed in advance by Saller,

(b) it Seller furnighes tachnical or owher advice to Buyer. whether or not at
Buyer's request, with respect to Buyer's process or equipment. such sdvice
shall be made in good fautn, and Buver sssumas al) gk of such advice and the
resulls thereof.

9. PATENTS: Subject to Saclion 7, Selier warranis thet any goods sold
pursuant to this contract. or ther uge Bs provided below, axcept as are m3de
specifically for Buyer accorcling to Buyer's specifications, do not infringe any
valid U.S. Patontin existence 88 of the date of Selivery. This warranty is given
upon condition that Buyer promptly notify Selier of any ciaim or guit involving
Buyer in which such infringarnent is alleged. ana if Seller is affected. that
Buyer permit Selier 1o control completely the defense or compromise of any
suen allcgation of inlringernent. Seller's warranty 82 10 Use only applhes to
infringements ansing solaly out of the inherent opearation (i) of such goods, or
[is) of any combinstion of goods sotd herevnder in a manner designed by Sciler.

9. INSTALLATION: All euipment shall bec ins1alied by and at the expense
of the Buver.

10, TAXES: Any 1ax or gavornmaental charge or incrcase in came herealter
becoming eMective incredsing the cost to Selier of producing. ceilling. or
delivering the goods or of procuting materisis used therein, na 30y 18X NOW N
eMect or increasa in s8me payable by the Seller bacause of the sale of the
g00ds. such as Sales Tax. Use Tax, Retailer's Occupational Tax or Gross
Asceipts Tax may, at Seller’s option, be added 1o the price hergin specilied.

11. PRGVOX®* COMPUTER PROGRAMS: Thase tcrms and conditions do
not apply 10 PRBVOX® Computer Programs and the goods sold hereunder do
not include such programs. ¥ PRSVOX® Computer Programs are 10 De
provided 10 Buyer for use in conjunction with goods purchased hereunder,
such programs shall be used by Buyer only pursuant 10 Seller's stendard
liconss agreaement.

12. NUCLEAR: ltems for nuclear apphcations are subject to “Special
Nuclear Terms of Sale” which must be exacuted by the necessery parties
stipulated therein. The “Special Nuclear Terms of Sale’ supplemant these
Termsg and Conditipns and prevail in any situations where there 18 3 conflict.

13. COMPLIANCE WITH CERTAIN LAWS: Subject tc Section 7 and
unless otherwise exprassly provided herein, the goods shail be produced in
complianée with the requirements of the Fair Labor Standards Act of 1838 . as
smended. and Executive Order 11246, the provisions of which ars incor-
porated hergin Dy refarenca.

14, ASSIGNMENT: Buyer shall not (Dy oparation of law or otherwiss)
assign itz rights or delegate itz performance hereundor without Tha pror
written consent of Scller. and any atternpted dssignment or delegation
without such consent shall be void.

16. MISCELLANEOUS: The vaiidity. interpretation and performancas of this
contract and sny aispute connecied Nerewith shall be governed and con-
strued In accordance with ihe laws of the Stare of llinois. This contract
constitutes the full understanding of the panties, a complete allocation of risks
between them and a complets and axclusive statement of the terms and
conditions of their agreement. No conditions. usage of trade, coursa of
dealing or parformance. understanding of agresment purpernting to modify.
vary. explain or supplemaent the terms or conditions of this contract chall be
binding unlcss heresfler made in writing and signed by the party 10 be bound.
and no modification shall be affectcd by the acknowledgment or accepiance
of purchase order or shipping instruction formes containing terms or conditions
8t vanance with or in addition to those set forth hergin, No waiver by either
Seiler or Buyer with reapect 10 any dreach or default or of any right or remeady
and no course of dealing, shall be deemed to constitate 3 continuing wawaer of
any othar breach or default or of any other right or remedy. unless such waivaer
be sxpressed in writing signed by the party lo De bound.




Appendix G - Bristol Babcock Quote for
Remote Control Instrumentation




FLC Instruments, Inc.

1019 Airpark Drive

_ Sugar Grove, lllinois 60554
- : Phone: (708) 556-4477

Engineered FAX: (708) 556-4478

instrumentation and
Control Systems

Regional Offices:
Alton, IL Phone: (618) 462-4756

Elkhorn, Wi Phone: (414) 723-3495

May 11, 1994

USACERL, Energy Systems Division
P.O. Box 4005

2902 Newmark Drive

Champaign, Illinois 61820

Attn:.  Mr. Chris Dilks
Research Assistant

Subject: Remote Steam Pressure Control System,
Iowa Army Ammunition Depot, Middletown, Iowa

Reference: Estimating Proposal FLCI No. 40510

Dear Mr. Dilkes:

We are pleased to enclose the reference proposal for your use in estimating cost of the subject
project.

As discussed, we have not included a personal computer, CRT and printer for the central location.
The Bristol Data Concentrator contains an RS-232 port for connection to the PC.

Our proposal scope of word includes all software programming for the remote terminal units. The
valve control algorithm will be pressure setpoint as a function of ambient temperature. The RTU
I/O includes one (1) spare analog output and seven (7) spare discrete outputs as well as one spare
/O card slot.

We include all workstation Iconics software programming to provide remote control by operator,
status displays and reports. Steam flow totals are included for daily and weekly flows at each
location.



The Radio communications is proposed to be 450 mHz main channel telemetry and we include site
survey and license assistance.

Not included are any towers or masts for antenna mounting.
Other details of our offering are in the text of our proposal.
Thank you for the opportunity to propose our equipment and services. Please call if you need

further information or have any questions.

Very truly yours,

slin £ Hhotie’
John R. Steinhoff %

Vice President

JRS:dmb

enclosures

a:\quotes#2\40510L.doc

cc: Greg Hablutzel-FLC Alton
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US ARMY CORPS OF ENGINEERS
CONSTRUCTION ENGINEERING RESEARCH LABORATORY
PROJECT: REMOTE STEAM PRESSURE CONTROL SYSTEM

IOWA ARMY AMMUNITION DEPOT
MIDDLETOWN, IOWA

FLCI ESTIMATING PROPOSAL NO.: INST- 40510

Prepared by: FLC INSTRUMENTS, INC.
1019 Airpark Drive
Sugar Grove, Illinois 60554

(708) 556-4477

May 11, 1994




PROPOSAL ITEMS

EOQUIPMENT
See attached Bill of Material.

ENGINEERING

All submittals/drawings, wiring diagrams, data sheets, specification sheets and instruction manuals
called for under this contract will be prepared according to the specifications and FLC
Instruments engineering standards. Up to five (5) sets will be provided. Additional copies
available at $500.00 per set.

The following drawings and documents will be prepared by FLC Instruments:

A. Bill of Materials

B. Instrument Data Sheets

C. Catalog Cut Sheets

D. Interconnecting Wiring Diagrams
E. Panel Layout Drawings

F. Instrument Loop Diagrams

G. Software Descriptions of Programs

JOB SCHEDULING

Job scheduling is predicated on your return of the submittal within 60 days. Unless prior
agreements dictate otherwise, no equipment orders will be placed until your written approval has
been noted on the returned submittal set. Up to five (5) sets of the corrected submittal data will
be returned to you for the correction of your copies, should revisions be required.

One (1) set of corrected reproducibles of record drawings will be provided upon your receipt of
final acceptance of the instrument system provided, as described by this proposal.

Up to five (5) sets of System Manuals providing a complete description of equipment, operation,
maintenance and service procedures, instructions and recommended parts list will be provided
after our submittal has been approved. Additional copies available at $500.00 per set. Also
included are five (5) sets of system disks for all program loads.

FACTORY TEST

Our proposal includes one (1) day factory acceptance test at FLC Instruments, Inc., Sugar Grove,
IL.




WARRANTY

See attached FLC Instruments, Inc. "Terms and Conditions".
DELIVERY

A schedule will be provided.
EXTRA OR CHANGED WORK

When directed to do extra, reduced or changed work, FLC Instruments will prepare a proposal
describing the revised work, the price addition or reduction, and the effect on delivery. We will
not proceed with such work until authorized to do so in writing.

ACCEPTANCE
We shall consider our contract responsibility executed upon notification or completion of the
calibration and commissioning of each individual instrumentation loop and payment in order for

that portion of the work. A letter of installation, calibration, and commissioning completion will
be submitted.

PRICE
The price for the proposed equipment and SErvices is...............cccococooieriiiiiinennnnn. $92,745.00.

Optional Installation Supervision and Additional Start-up Assistance,
per Standard Man Day.............ccocoiiiiiiiii $640.00*

Note: See page 3 of this proposal for field services included in the price above.

*Plus Expenses:

These include per diem, common carrier fares, cost of surface transportation and those costs
directly related to the service call. Per diem will be billed at $125.00 per day, if overnight stay is
required.

Mileage at $0.55/mile and expenses, as incurred, are in addition to the rates shown.




TERMS AND CONDITIONS OF SALE

-Our standard terms and conditions are attached. They are modified, or supplemented for this
proposal as follows:

Validity of proposal 60 days.
Freight: This proposal is based upon F.O.B. Sugar Grove, IL.
Terms: Net 30 days on all invoices.

This proposal speéiﬁcally does not include:

1. Any installation of equipment.
2. Any electrical wiring or material pertaining to the installation of equipment.
3. Any interconnecting piping, fittings, valves, sleeves or other plumbing fixtures; and

pneumatic or hydraulic piping external to the proposed equipment.
4. Any equipment not specifically listed on our "Bill of Material".

5. No permits, sales or use taxes are included in our price.




BILL OF MATERIAL

ITEM QTY DESCRIPTION
1 3 Remote Terminal Unit:
Nema 4, 30"H X 24"W X 10"D enclosures with the following mounted
and wired.
a. Bristol Babcock Model RTU3310-10A-121-000-A001-600- -
B47E0-D200 Digital Process Controller. Specification Summary:
D463SS-1a.
Analog inputs (4), flow rate, valve position, ambient temperature
and downstream pressure.
Analog outputs (1) 4-20 mAdc for valve control.
Discrete outputs (1) contact closure for remote shutdown, alarm,
etc..
b. MDS UHF Model 4310, 5 watt data radio with 1200 BAUD
modem.
c. 115VAC to 12 vdc power supply for radio.
d. Line noise filter
e.  AC line circuit breaker
f  Converter cor:epts ~65 battery back-up power supply, 120V,
60Hz tc 24 vdc.
g Batteries for four hour back up of DPC 3310.
h.  Internal lamp and display receptacle.
1. Heater/thermostat
2 3 Bristol Babcock Differential Pressure Transmitters for steam flow
measurement. Model 2508-35B-XX2-212-220-010-100 with 3-valve,
316 S.S. manifold. Specification Summary: B225-61b.
3 3 Bristol Babcock Pressure Transmitter for downstream pressure

measurement. Model 2508-15B-XX0-212-010-100 with 316 S.S. block
and bleed valve and A100 2 position signal damping. Specification
Summary: B225-60a.




Bristol Babcock Temperature Transmitters for ambient temperature
measurement. Model 2508-41B-110-100 with 100 ohm platinum sensor
Model 9742-10A-124-015 mounted on transmitter.  Specification
Summaries: B225-65a and B225-90a.

AGM Electronic Pot-to Current Transmitters for valve position.
Mounted inside RTU enclosures.

Data Concentrator Enclosure at Central Location:

Nema 12, 30"H X 24"W X 10"D enclosures with the following mounted

and wired: '

a. Bristol Babcock Model DPC 3330-10A-520-100-A-246-9100-
D200 Data Concentrator. Specification Summary: D456SS-Od

b. MDS UHF Model 4310, 5 watt data radio with 1200 BAUD
modem.

c. 115 VAC to 12 vdc power supply for radio.
d.  Line noise filter.

e.  AC line circuit breaker.

f.  Sola 120VAC to 24 vdc power supply.

g.  Internal lamp and duplex receptacle.

Antenna for remote site, Proline PLC 456N, 7 1/2 db gain YAGI with
40 feet RG213/U coaxial cable connectors and antenna mounting
hardware.

Antenna for Central location, Decibel Products Model DB420, 9 db gain
omnidirectional antenna with 40 feet RG213/U coaxial cable, connectors
and antenna mounting hardware.

ICONICS Genesis™ workstation software for operator interface via
customer provided IBM compatible PC at central location. Specification
Summary: D454SS-2a.



FLC Instruments, Inc.
1019 Airpark Drive

Sugar Grove, lllinois 60554
Phone: (708) 556-4477

et mantation and FAX.  (708) 556-4478
Controi Systems Regional Offices:
Alton, IL Phone: (618) 462-4756

Eikhorn, Wi Phone: (414) 723-3485

FLC INSTRUMENTS, INC.
MANUFACTURERS & REPRESENTATIVES

NORTHERN ILLINOIS & NORTHWESTERN INDIANA

FLC Instruments, Inc. offers full service, Systems House capabilities from engineering design
of your control system to panel fabrication, calibration, and commissioning. We also offer
complete service contracts and repair services to keep your system operating properly for
years.

In addition we represent the following manufacturers:

AGM ELECTRONICS - Digital and analog signal conditioners and
alarms.
BRISTOL BABCOCK - Full line of instrumentation for measure-

ment, recording, and process control includ-
ing digital supervisory control, and data
acquisition. Authorized Bristol Babcock
Systems House.

" DATA-LINC - Modules for data transmission over existing
wiring (AC/DC power lines, PBX, phone).
Moves data across sliding contacts, slip
rings, etc. Analog, digital, RS232, 422, 485.

EAZY - Black Box" Data distribution hardware,
switches, surge protectors, LAN hardware.

FLC SYSTEMS GROUP - Integrated control systems, project manage-
ment, concept design, application engineer-
ing, software configuration, panel fabrica-
tion, commissioning and service.

ICONICS - Genesis personal computer based software
for process control and data acquisition
(SCADA).



Manufacturers & Representatives
Northern Illinois & Northwestern Indiana

QEI, INC.

ROYCE INSTRUMENT

SCOTT AVIATION

SPARLING INSTRUMENTS, INC.

Page 2

- Quindar remote monitoring and control
products. FSK tone, analog and digital
scanners.

- On-line analyzers, pH, ORP, DO and
suspended solids. Sludge blanket level
detection.

- Detection and alarm system for combustible
and toxic gases and flammable liquids.

- Flow and level measurement, control and
monitoring devices. Propeller, magnetic
and ultrasonic.




FLC Instruments, inc.

1019 Airpark Drive

Sugar Grove, lllinois 60554
. ! Phone: (708) 556-4477

Enqineered FAX: (708) 556-4478

Ts’rumentat:on and
Control Systems Regional Offices:
- Alton. 1L Phone: (6818) 462-47

Eikhorn, Wi Phone: (4141 723-34G5

FLC INSTRUMENTS, INC. PROFILE

FLC INSTRUMENTS, INC. FACILITIES & CAPABILITIES

Headquarters and Sales Office: 1019 Airpark Drive
Sugar Grove, lllinois 60554

Employees: 25

Engineering and
Manufacturing Facilities: 15,0000 Sq. Ft. Building in Aero Corporate Park

Field Sales Offices: Alton, lllinois
Elkhom, Wiscpnsin
Appleton, Wisconsin

Founded in 1980, FLC Instruments, Inc. is composed of:

A. Systems Group -

Manufacturer of Process Control, Supervisory Control and Data Acquisition
Systems for the industrial and municipal utilities markets.

B. Sales Group -

Sales representation for manufacturers of Process Control instrumentation
applied in the industrial and municipal utilities markets.

Our continued controlled growth since 1980 has resulted in FLC Instruments, Inc. being
listed in INC Magazine in 1988 as number 381 of the top 500 most rapidly growing privately
held companies in the United States -- a measure based upon five consecutive years of
~ consistent growth. '

FLC Instruments' engineering staff consists of engineers averaging over 14 years of
experience each. Our engineers and technicians are trained in the application and service
of various manufacturing equipment and application software. FLC Instruments has been
an authorized Systems House for Bristol Babcock Instruments and Systems since 1983.

The company has been built around the strength and depth of the engineers in the Systems
Group. Our engineers have a wide range of supervisory process control experience in
industrial and municipal applications, and we have produced complex analog and digital
systems.



Some major clients are:

City of Evanston, IL

City of Florissant, MO

Granite City Division, National Steel
Great Lakes Gas Transmission Co.

City of Highland Park, IL

IBM, Boulder, CO

IBM, Manassas, VA

lllini Carrier Gas Pipeline

Metropolitan Water Reclamation District of Greater Chicago
Metropolitan St. Louis Sewer District
Milwaukee Metropolitan Sewerage District
City of Parkersburg, WV

City of Racine, WI

FLC Instruments, Inc. does not manufacture individual instruments, it purchases
instrumentation equipment from various major instrumentation vendors and provides the
end user with an integrated engineered solution to their process control and data acquisition
requirements. We assemble and test each control system in our facility prior to shipment
to jobsite and then provide the required field services to ensure proper installation,
calibration and commissioning, training and follow-up service and maintenance.

FLC Instruments has invested in the latest state of the art design and drafting equipment.
Our engineering documents are produced on word processors and computer aided drafting

machines (CAD).

FLC Instruments, Inc. and its employees are members of the following professional
organizations:

Instrument Society of America (ISA)

American Water Works Association (AWWA)

Water Pollution Control Federation (WPCF)

Society of Tribologists and Lubrication Engineers (STLE)
American Society of Testing Materials (ASTM)

Institute of Electrical and Electronic Engineers (IEEE)
Technical Association of the Pulp and Paper Industry (TAPPI)
Paper Industry Management Association (PIMA)




Engineered
Instrumentation and
Control Systems

FLC SYSTEMS

FLC Instruments, Inc.

1019 Airpark Drive

Sugar Grove, lllinois 60554
Phone: (708) 556-4477
FAX: (708) 556-4478

Regional Offices:
Alton, IL Phone: (618) 462-4756
Elkhorn, WI Phone: (414) 723-3495

STANDARD SCHEDULE OF FEES

The following rates, terms and conditions apply to FLC Instruments, Inc. {FLC) Services:

ORWN=

Principals - Project Work

Project Managers

Sr. Engineers

Software Development Engineers

Engineers Il/Sr. Engineering Technicians

Demand Service by Technicians
Contract Service by Technicians
CAD Operators

Word Processors, Secretaries, Editors

Note: All rates include use of equipment.

$125.00/Hr.
$112.50/Hr.

$95.00/Hr.
$95.00/Hr.
$80.00/Hr.
$80.00/Hr.
$60.00/Hr.
$58.50/Hr.
$45.00/Hr.

‘Rates are computed portal-to-portal and require 4 hours minimum.

Mileage at $0.55/mile and expenses, as incurred, are in addition to the rates shown.
Per Diem (meals and lodgings) $125.00/Day, when overnight stay is required.

Any parts used during service are supplied at list prices.

Rates apply Monday through Friday 8 a.m. to 5 p.m. 1% times rates applies all other

times, but Sundays and Holidays where rate will be 2 times above rates.

ENGINEER OR SPECIALIST

Where engineering evaluations and/or recommendations are needed, or where factory level capability is
required to perform complete service or repair, or supervise special tests.

DEMAND SERVICE

Emergency service, maintenance, new product start-up, or any service requested for a specific time

period.

CONTRACT SERVICE

Service that is scheduled in advance and at the convenience of FLC, service is to be performed at
Rates may be a fixed rate, including labor, mileage and all expenses, negotiated on
annual basis with each customer and billed as a lump sum at each visit.

regular intervals.

EXPENSES

These include per diem, common carrier fares, cost of surface transportation and those costs directly
related to the service call. Per diem will be billed at $125.00 per day. These rates could vary depend-
ing upon locations that are extremely costly, including resort areas such as Miami, Hawaii, Alaska, etc.

At these locations expenses may be charged as incurred.

Terms: Net 30 Days

All sales and services subject to our Warranty Policy.

Prices subject to change without notice.

Perm Rcrd:1/93



Engineered
Instrumentation and
Cantroi Systems

FLC Instruments, Inc.

1012 Airpark Drive

Sugar Grove. lllincis 60554
Phone: (708) 556-4477
FAX.  (708) 556-4478

Regional Offices:
Alton. iL Phone. 1618} 46
Elkhorn, W Phone: (414) 72

FLC PANEL MANUFACTURING AND SYSTEMS PRACTICES

WIRE MARKING

MISC. MARKING

HIGH QUALITY
EQUIPMENT USED

HIGH QUALITY
PRINTS AND
DOCUMENTATION

EXPERIENCE

TESTING AND
QUALITY
CONTROL

FIELD SERVICE

‘

Each wire is tagged with Brady machine generated shrink wrap. The
number indicated on the wire indicates the number of the wire on the blue-
print as well as the page on which it can be found. This not only facilitates
reading the tag on the wire, but also locating it in the prints. In addition to
this, the tag stays on the wire by using the shrink wrap method as opposed
to simply using numbered tape. All of these measures simplify troubleshoot-
ing or future changes to be made.

All components, terminal strips, and pushbuttons are marked indicating the
components and the page of the prints they can be found.

Allen Bradley pushbuttons, Hoffman enclosures, Panduit wireway, Square-D
terminal blocks, 1000V MTW wire, Red Lion meters, etc. If specific
products are desired we will adhere to the specification.

All blueprints are generated on an AutoCAD system and panels are provided
with fuil documentation which is clearly and logically designed. On complex
systems, we provide operation and maintenance manuals, recommended
spare parts lists, control narratives and software documentation as required
by the end user.

Our engineers average fourteen years of experience in their respective
fields. We can satisfy your needs ranging from individual instrumentation
hardware or small field measurement devices to complete integrated control
systems such as sophisticated microprocessor or mini-computer based dis-
tributed control or supervisory systems.

Our engineers test and retest all completed panels and systems. Our testing
consists of simulated analog and digital input and output testing, dynamic
system mimicking, and real time simulation of the process to be utilized.
This extensive testing assures you of a smoother more efficient start up.

FLC's staff of experienced factory-trained field service technicians provide
on-site services. They are equipped with both the expertise and the test
and calibration equipment to insure that your analog and digital instrumenta-
tion systems operate in an accurate and reliable manner.

2
3

47
-34




2 'ON "‘A3d| 1 40 1°LHS 100vd-220+-908 .omm
60-81~-1 nva am [ - anoON0 SIN Vs
INDAVT 13NV ONINILIN ¥31S39SId 17ng sv

NOUJROEI0 ORO
S INIWIAOYIAT -
INVd INIHIVINL 39VA3S 2861 I3 wvm
LIT¥LSIT ANVIINYS 3TWASNIH uw oo BB-E1-£0 ave

€99.-188 (ZIS)

S0S09 " ‘osouny “py ONGION (LL}

*OU| sjuawinJIsu| 914

OIDVIE 3AVY3IT - 33vdS) ¥e
OIDVIE 3AVYIT - 3uvdS) €e
OINVIE IAVIT - JavdS) ed
OINVIE JAVIT - 3AvdS) -]
OINVIE IAV3IT - J3vdS) 02
OINVIE AAVY3T - 33vdS) 61
WAV DVAH - € 'ON ONICING 81
WYYV QVAH ~ 2 ‘ON ONICIING L1
WYY JVAH - T ‘ON ONIQTING 91
WOON HOLVA3N3D SYD 31dILSNERDD <t
WOON ¥OSS3VHWOD SY9 INEILSNEWDID 14
T3A3T ¥3A0T - € ONICUNE SVD 3IEILSNEWDID €l
T3ATT ¥3A0T - 2 ONIAIING SYD 3TILSNEWDD el
A3A3T ¥3A0T - T ONIGUNE SYO 31dILSNEWDD 144
T3A3T ¥3ddn - € ONIQIING SYH 3EI1LSNEWOD ot
T3A37 ¥3ddN - 2 ONIATING SY9 3TEI1LSNAW0ID 6
T3A3T ¥3ddN ~ T ONICIINE SVO 3TGILSNEWDD 8
V4 H3INNNE SYD ILSVA L
VY € 'ON dWNd ONILYINONIO3Y 9
TUvd 2 'ON dWNd INLLYININID3Y s
V4 T 'ON dWNd ONILVINDNIN3Y 4
JIvd € ‘ON 40SSIAJIWNOD SYH €
Ivd 2 ‘ON ¥0SS3dudWOI SY9 -
qIv4 1 'ON JOSS3dWOI Sv9 1
R3O ROURTX
JOLVYIONNNNYVY " TIION

UIAVIA 3AITS NO TILNNOW CQNOLINOW SVO) 0L-HSIV

+

NOLLE HSNd

3 09
— avd 3L38INDD L¥
11 11}
H " WP — —
__ i ]
__ 1] I
__ t i
__ i i
__ ] H
__ I I
h i i
__ fl I
__ rf==——"1rm >
__ I | 1] YOLINOW Sv9
_~ { Wt T ENQUERERHS | S0y B 7 s
9 u u |
L -
.lliﬁ
[
_ I
|
“
| \D ©
_.llrl..ll.lf e q
-_— el ¢ 1 9
T FIREEE
2 3 b
| |
. e ee
“
rlAlg

YOLVIINONNY

NUOH WV Y




j 1 ON 'A3¥| 140 V'LHS 100¥H-220¥-908 .o.%m
1 68-21-1 ave am [ apOWO SIN VoS
k4
! 1N0AYT IVOINVHIIW ONINILIW N3LSION 17Ing sV
NOWLLOSIO M0
SINIHIADHIHI 9
INVId INIWIVINL 3JOVAIS (861 e
L1JI84SIO ANVLIINYS J3TYASNIH UL om0 B8-E1-L0 avo 2 09
€89.-168 (ZI£) S0G09 " ‘viouny “py O10)OK LLLL <€
*
ou| sjuswnJisu| 514 g m 7
b — i
: —

AININO3Y SV SHINIASLS 'y
VNG LHA GIVE CIVNMIIND AVMD 19 ISNY CTWNN3LXD 30700 €

——
e —1
Iy TN
H __
! I __
L2 I | HiE 7 JOL S¥IANCT

1 il
WOLLDE L3INIAVD WOMJ L.u ot
1 XIVY ,61 NO 1 ‘
'_ _1U>(¢n »ans é__
-m ___
HOLYY INIOd €/A
_ A3LINSYD 9 AmvYS : BOOQ 3dAl Nvd
ol __ RYXTY ¥v3ID __
ADANIA DNIASIA

TS 871 ~WIEIIYN 2

U3BINO3Y SY SIMOH ONILNNDW
GB/T X .2 X .2) Invdd NO¥I I1ONY
NOLLONYISNOD WOLLIDE N340 T -~ $AUDN

ar9/et-1

N =g, Iviad

_ H
av9/Et | | |
h —~ _l Lz .w
98/11-1 ¥OIMIINI 3IS 1437 BDAVS |\ 8L
dil Q91/e A (A.8YX H.9C) TINVIENS 51
: - M .¢§ \(\
— — 04
Ky .a, £2¢ T §
f ”
" 3 T
eL/1+ N .lnlhﬂj .
| 3. VL M. N
—i € | ] €
l* 2e/1e ~m\n_-:_!.
Lossinn ~_ | i
//ads p g——————— |sce —————————] |
A b B £6L'L
p T ._ﬁ
s | ]
et 2V, V13 o) _! B
—~ o - ~.€ >
Sre
(2Xy SIAT ONILIIT 3 WEYACHIY

Ih 00-/800+09°E1 —’r




2 'ON "A3Y

v 40 1'LHS|  100v¥3-220¥-908 .

302

68-#1-¥0 wuva A

GNOYIY ADONO

HYAOVIQ ONINIA TYIINLI3IN3
3NV ONIN313W ¥318391qQ

NOUSDEI om0

SINIHIAQUGNI
INVId IN3HLIVY3dL 39vA3S /861
LJI41SIT ANYLIINYS JIVASNIH Tul oo

$99.-158 (ZIE)

S0G09 7 ‘ps0iny Py ONRIOK LLLL

OU| Sjuswinisu| HA

S EEI]

== 21z o]

(%]

)

400100
900100 @

ERETEED

AT T T T

P

ICIl

"l*lNImIVIWIWI'\IQIO‘ISI=IEIQI$I‘-‘1[‘£IDIEI

o }——A9] I
N] “.8 @ L n® BoLovaLxa
B =S o {]
rmn. qsﬂ@ v-g
W 8281@
INOd 4 13NVd dvV3d 1INVd ani3rd




1 'ON 'A3Y| ¥ 40 2°LHS| 100¥3-220$-908 .,ON [V] oo

‘omd co0208
- 168-LT-¥0 muvo am AINOUblY o0 SIN Tvos
WYHOVIA ONINIA WII¥12373 — =T
T3INVd ONINIL3W H31S30IQ 17ng sv _M“ o 3 ]
HOULLRIOEN) DAO \ | ]
SINIHIADNIWI TY ON S
INVYId INIWIY3INL 309vAM3S [B861 fove toevoe m ] |
10141510 AYYLINVS IWASNIH Tun owa|  88-8I-L uy AUOH Yl _
$99.—-168 (ZI£) SOS09 I ‘Diouny Py ONSION LLLL i nlt
"Ou| sjuswinJisul D74 T frmue || ¥ omoond ] =
m onl ) 3naow s
: €0 ] |
ol o [
- | ¥
05 L -
N m 5] i
24 T S [ - el |
- oN| § v 3neoM nl+
€2 € 3NaoW T I
J 2 1O .W | =1 y T m
= on| | € Tvaow - Bl — — — -
€-1 - .P rx.lﬁ, I./T - ! IX3V ulden
T S o oINS 3153018
o] 1 ]
1 i) s 20D Sll—
e | 3 Jimes 5! s A
'NANNY = - | i 4] puibeadin B S
_ ol C1f— (I [+ ] g 2L 2
5 L dd INOD 31301
=] {3 oemo 2 37naowW || 21—
= rg. 2 InaoN w S [ -] _ = y — m
2-9 . ~) |
- L
] ] —
M R o) -1* 6 |Ir.~_|l - n A .u! xﬂﬂ
m (ON] ) @ e - TMI TWALNGD ¥3153910
) W ,V - _ h.ll}l MT
H ] - oo )
2 N o B VAT ¥3A07
= {on] w_ Fao o _f.WI W e 2
2-s T 37nNaowW - .WI L
o
m _rn.uﬁ 1 37naou F | —
@2 AV - [+ .M.l!(l - HJ_w.u.w-wﬂ.
N GIae g e B
.__vL ng.a:ﬁs
INOd4 13NVd Adv3Y 13ANVd a3rd




T 'ON 'A3Y| * 4O € 1HS 100v3-220+-908 O%M 4|
£-9 : _Ioml - L
68-L1-¥0 wuva Am CAONdeY apo»o SIN TV WV VAN € ONTUNE [T ,m.l —_— T
WYHOVIQ ONIJIA WII¥10313 810600 —
T3NVd ONIN313W ¥31S391a 17104 sV t-¢ 8lf— — —
304 ADIVIONNNNY MOLLADEI0 080 WV VAK- 2 oMgune [T b — T
S INIWIADUIH] Y 4L10c00
INVId INIWIV3IdL 30vA3S £861 e = TMI —
LJI¥1S10 AYVLINVS I IVASNIH 7w wmol  88-8I-L v WV VAN T oaTune "] 5 Slf— — T
- J0sny °* oneioN 1LLL
€99.~168 (Zif)- $0S09 ") ‘vsouny “py exyey |J = 2.4 5 ﬂn»
"OU| sjuswnJisul 074 .y oo wuvezan s revisnec [y] o T
ﬂ [€~2] 2]
FZDMI.._ JUZ.Q& SADANIA S-Suz:zi a-n OO MOSTIAD SVO TUVISNENT) s ——1™
€-1 3
WA BAD- € INITUNE SVD TMVLSNENDD -
T 310N 1Y b o
= I
VAT IGATH 2 ONIGUNE SV TMVISNEND - 2 ‘IHS
ssu (2Y2 122 129\ 5oLINOW
@t@u =g (s
TAT GADTY | DNITINE SVO TEVLSNEND) 1-v .
P |
= - IM
e "2 9 woene TBATY Odd)- € INITUNME SVD 3 WVLSNEWNDD NI' ON|
\CVE 1= b
| «\ | 2-€ )
€ D WATY WGddN- 3 ONITTRNE SVD THVLISNENDD 1-v w
ha £COC00 v90€00 =
v ] 2 e N 2-2 _..E
1 YNOCDO —1 TWAT) M3dd- | ONITUNE SVO TWEVISEWOD [ e E
1 I 1 U
k €C0E00 YHOC00. 4
_ ATddns ¥Ad NNV 57 55 p1}— — —
i Uvd umant SO USVA Ty rm.uﬂ,l —_— T
{ 2€
i y-9 ﬂ L00C09 s
i awvas %) 1€ o _lmTI _ T
: raoco0 —— Uvs CON @ DML N . TTh— — =
(=3 og 200000 ]
; e 1-v w L _.19 T T
: €20600 . WVS TTN SN0 XOLVIOMIN [T, [m|ll P o
- y-v —IWW £00Ce —d
Bavds 1-2 VE] ey _.l 8}— — —
220c00 _I.MM U4 TON SNS NUYVOUIN 775 - — T
v @ 3] i€ _.luwlll —_——
120600 — Uvs CON MasSIeaD SVS [Ty 1 T
y-2 _'lvm Sh— —
e 1-3 €] 1-2 Tﬂlu — —
020€00 _II.. UV TUN MOSSTMIO SVO [T r3 T
[v=1] 22 200600 E— —
it L=
i .T 12 =1 e —
610600 .\I|| UVS TON MOSSIudMOD SVO = ||ﬁ.lr| —_— T
/ ‘T 310N 338 100C00 L
WY3L JOLVIINNNNY 2-61 ) WY3L HOLVIONNNNY 2-41




2 'ON "A3Y] ¥ 40 ¥ '1HS 100v¥3-220+-908 .o%m
68-L1-90 3v0 am L. anoNo SIN VoS
NOILNEINLSIO ¥3A0d
171ng sv
A3NVY ONINILIN ¥31S3I0IQ UK Ta
S ANSHIADY NI v nva
INVId INIWIVIHL 39VA3S 861
L1JI¥41S10 A¥VLINYS 3 WASNIH Tue wa| 88-81-L 3,
S99L-1S8 (Zi1€). S0S09 N ‘osouny “py eneiON LLLL

Jwvds

v-a1 %909 14 .IT@I‘,I
€ M4 Sy-ouls \y
€ M4 CY-0ul4 -
20 N34 € M4 ¥9/19-Bu14 Jwvas [N -
10 104 € N4 ¥I/T-Ou14 DO $v8 o N
20 104 € M4 29/000uLs MY T4 MLV e N
19 134 € Md 797090804 N NId S9-0NLI T g [N
N Md e3-outy SN
N N4 rY/T-BNL o N
N N1d 39/09-BuL T N yrovows
*2-N uz A ﬂ V
Ev N-€1
H
& s
Jd-41 2 - AV MO e H
WL $v9 ~ e H m m
(01 Nid T4 WYY H b
1 M s-outs ~ e H 1
Rrvds BTN i oeyen H YA00S
1 2100 T Md VIO g H JvADRL
M” ey L T N4 39/0%-0ad Ty H -
) 21
ara 1~
7 boinadil e s ) atdans [ — ] e H-61
. ; 202100 — 'm. AINDd P -
2w 2 30 Ave+] | “_I
ﬂ ¥r2100 HO.— e QNOV U
v-di ¥+ 41




=——— SPECIFICATION SUMMARY

B225-61b

il

SIGNATURE 2508-35B

DIFFERENTIAL PRESSURE
TRANSMITTER

FEATURES

Adjustable ranges

0.15% accuracy

Two year warranty standard

Explosion-proof electronic housing

Wide range of exotic materials for diaphragms and
flanges, in addition to stainless steel

Local indicator option, linear or in engineering units

o Process wetted parts meet N.A.C.E. specification
MRO0175-91

OO0 O0O0O0

(o]

The 2508-35B is a compact, high performance transmitter
designed to accurately measure differential pressure and
transmit a proportional 4-20 mA signal. The 2508-35B has an
initial cost that makes repair by total replacement a truly
practical concept. Spare parts inventory and maintenance
training are thus eliminated.

The 35B is an adjustable range transmitter that is calibrated at
the factory to a specific measurement range. Input ranges
covering 17 inches H,0 through 300 PSID are available. Zero
and span adjustments are available inside the electronic
housing for making minor “touch up” adjustments in the field.
The 35B has an electronic function board that permits a 6:1
span adjustment capability and zero elevation and suppres-
sion.

OPERATION

The sensor module provides the process connections. These
connections expose one side ofthe process diaphragmstothe
high and low pressurerespectively. The 358 contains a micro-
machined transduction element, fabricated using integrated
circuit technology, to sense input pressure. This sensing
technology combines the mechanical aspects of silicon, which
is literally as strong as steel and hysteresis free, with the
inherent semiconductor and electronic properties of an inte-
grated circuit. The sensor consists of an internal silicon
diaphragm into which piezoresistive strain gauge resistors are
diffused, then interconnected to form a pressure sensitive
Wheatstone bridge. The outer process diaphragms are hy-
draulically connected to the silicon diaphragm using a suitable

Bristol Babcock's 2508 Differential Pressure Transmitter

fill fluid. When the sensor is energized, by applying pressure
to the process diaphragms, the silicon diaphragm deflects
proportionally to the differential pressure, resulting in an
electrical output change proportional to the input differential
pressure. Because of the single crystal nature of the silicon
diaphragm, linearity is excellent and pressure hysteresis is
essentially immeasurable.

Bristol Babcock




SIGNATURE 2508-35B

DIFFERENTIAL PRESSURE ——= SPECIFICATION SUMMARY —= ;E B225-61b
TRANSMITTER
FUNCTIONAL SPECIFICATIONS o Output:
Two wire analog: 4-20 mA dc proportional to differential
o Service: ‘ pressure ’
Liquid, gas or vapor Current limited: 35 mA maximum
Minimum current: 2 mAto 3.5 mA
o Inputranges:
Maximum o Zero adjustment:
Lower Upper Static Leak Rupture Up to 500% L.R.L. zero suppression, and 600% L.R.L
Raﬁe Ee P'“‘IU" F"'“‘:"’ Pressure zero elevation via DIP switches
Note 1 Note | Note 1 IMerngl fine adjustment via zero pot
-100: H,0 1oo.' H,0  2000/200 4000/400  6000/600 o Span adjustment:
8300"H,0  300"H,0 2000/200  4000/400  €000/500 6:1 span adjustment through DIP switches
-ATM 100 PSID 2000 4000 6000
-ATM 300PSID 2000 4000 8000 o Overpressure limits:
Note 1: Metal/Kynar respective ratings To full static rating on either side
o Power supply: v o Damping:
24V dc nominal Time constant: (time for a 63% change in output with
12.5V minimum at transmitter : . a 100% input change)
15.25V dc minimum with Local Digital Indicator option Damping ON: 0.15 sec. +/- 25% time constant via move
36V dc maximum at transmitter _ -able jumper
42V dc with external load specified Damping OFF: Less than 10 ms
Reverse polarity protected Time to steady output after application of 24 voits supply
with constant pressure: 10 ms maximum
The maximum loop resistance can be determined as
shown below:
R Loop (maximum) = Vsupply -12.5 ohms PERFORMANCE SPECIFICATIONS
.02
o Accuracy:
Maximum loop capacitance = 0.01 pf +0.15% of calibrated span. Includes linearity, hyster-
esis, and repeatability
+0.25% of calibrated span for Range 13
Up to +1% for elevated zero
r 3
Load o Stabliity:
ohms +0.25% of URL per six months at reference conditions.
Q —————— Transmitter Only v
............. Transmitter with o Overpressure effect (at maximum operating
Digital Indiicator .
pressure):
1500 —{1475 +0.2% of URL
1338 i y
i o Static pressure effect (Totalincluding zero and span):
1000 — g +1% of URL/1000 PSI for range 22 and 23
575 T > Operating + 0.3%/URL/1000 PSI typical for ranges 13, 14 & 20,
- Region +0.5% maximum
500 c
pal o Ambient temperature effect (total including zero and
7 |oa a2 R span):
T T T T g +0.015% of URL per °F from -25 to 75°F
10 2!0 30 4 50 |Volits,V +0.01% of URL per °F from 75 to 185°F

+0.02% of URL per *F for Range 13




SIGNATURE 2508-35B

DIFFERENTIAL PRESSURE === SPECIFICATION SUMMARY === ezssn
TRANSMITTER =
o Power supply effect:
+0.005% of URL per volt change
49 —.J’ — [ | T4 ey
o Ripple and Noise: )
Per ISA 50.1, section 4.6 % ’-— » '3—-1 |
Digital meter = +1 count max 7 , 11 )
E E_ g .39, .72
PHYSICAL SPECIFICATIONS - L_f' i
o Diaphragm material: —= (2) —
316 stainless steel ___’ o 1__‘_ 2 .093 | 19
c : 29
;aoit;lloy —— 14 !-.1.09——-!
Tantalum .

o Process flange:
316 stainless steel
Hastellioy C
Monel
Kynar
316 stainiess steel (for remote seals only)

o Flange bolt materiai:
316 stainless steel

o Fill flulds:
DC 200 Silicone oil
Fluorolube

o Process connections:
1/4" NPT on flanges
1/2" NPT with connection blocks

o Electrical connections:
1/2" NPT conduit connection

o Housing material and rating:
Low copper aluminum with epoxy paint, NEMA 4X

o Local indication:
3-1/2 Digit LCD Meter: Linear (0 to 100%), or in
engineering units
Size of digits = 0.3"
Size of window = 1.13" (L) x 0.39" (W)
Green backlight
Zero: Can be adjusted approx. 20% of span
Polarity: Automatic (-) displayed '

o Weight:
Standard: 5.5 ibs.
With meter option: 6 lbs.

Local Indication - 3-1/2 digit LCD meter

ENVIRONMENTAL SPECIFICATIONS |

o Temperature limits:
Wet end:
-40° 10 220° F (-40° to104° C) - DC 200 fill
0°to 220° F (-17.8° to 104° C) - Fluorolube fill
Electronics:
-25°10 185° F (-32° to 85° C) standard
-22° t0 176° F (-30° to 80° C) with meter option
Storage:
-40° t0 212° F (-40° to 100° C) standard
-40° to 176" F (-40° to 80" C) with meter option

o0 Humidity limits:
15-95% RH to 60°C max
15 - 50% RH to 85°C max
Local Indicator (Digital) = 15 - 95% RH to 60°C max
15 - 50% RH to 80°C max

o Mounting position effect:
+1.5" H,0 maximum which can be calibrated out

o Vibration effect:
Less than +.1% of URL for 15t0 1600 Hz at 1G in any
axis with damping ON

o EMIl effect:
+1% of URL at 10 V/M from 20to 500 MHz (SAMA PMC-
33-1C) (covers on and wiring in grounded conduit)
(for units without iocal indication)

o Surge Protection: Bipolar, differential surge:
1000 watts for 1 ms - without local indicator
Additional surge protection provided by purchased
auxiliary surge protector



SIGNATURE 2508-35B

DIFFERENTIAL PRESSURE =—= SPECIFICATION SUMMARY E—-E B225-61b
TRANSMITTER =

0 Hazardous locations:
Factory Mutual (FM) Approval
Explosion Proof Class |, Div 1, Groups B, C, D
Non Incendive Class |, Div 2, Groups A, B, C, D
Dust Ignition Proof Class i, Division 1, Groups E, F, G
Suitable for Class Il (ignitable fiber), Div 1,

indoor and outdoor (NEMA 4X)
CSA Certified for Hazardous Locations for Explosion
Proof/Dust ignition Proof -
Class |, Divl, Groups B, C, and D;
Class I, Divl, Groups E, F, and G;
Class Il , "CSA Encl 4*

MODEL NUMBER SPECIFICATIONS
2508-35B-ABC-DEF-GHJ-KMN-PQR

AB Input Ranges

H Fiange Boit Materiai :
316 Stainless steel .................cececcvviiieinneeeiciiienenns 2

Rev. 883

0-17" 10 0-100" H,0 oot 13
0-50" 10 0-300° H,0 ...ocoooiii s 14 316 Stainiess steel ( for Kynar flanges only) .......... 3
0-4.2t00-25PSID ..covvriiii 20
0-17t0 0-100PSID ...ooveiireiiiee e 22 J Manifold Material (Footballs) (Note2)
0-50t0 0-300PSID ...oooovriiviirecie i 23 NOMB ...uvieiiiieiiieerer s e ee e e e s serse s e s seesesmneas 0
1B SS e 2
C Static Pressure Rating Hastelloy C .........cocevvviiiiiiniiiiic 3
2000 PSl.ceeeeiereeieeeireeseesieeere e 2 MORIBI.......coveiiniieieiiierrer e e siseneencenaeesaeeseessanes 4
200 PS! (Kynar fianges only) ................ [T 4
i K Local indication
D Diaphragm Material NOMB ....oeeeiieriiiiiciie it rane e 0
BIB 88 i 2 31/2digit LCO meter ..........ccoomiirciniiiiiiieniie, 1
Hastelloy € .......ceevviieniiiiiiiie e 3
MORBI ...ooeeeeieeeeeeiive b reee s e e e e srariantssseseeseeracaenanne 4 M Mounting Bracket
TaNTAIUM .o crrr e e e e e ea e S NOMB ..ot r et 0
Universal 2° pip@ MOUM ...........ccocivveeeeiieiininnneienn 1
E Filling Media
Silicone DC 200 .......oeovueeeeereerireiici e 1 NP Certification
Fluorolube...........cccoeeiiiiiiiiciiinre e 2 NODB ..coeeiiiiiiieriiiiiitietterreee s et rn s s eeseraenarenes 00
FM Exp. Proot /NI / DI Proof..........cocceeeerinvvnennennn, 01
F Function Board CSA Exp. Proof [ DI Proof ..........cccceevmneeivnninivinnnnn. 02
AGIUSLADIB ......cooerreerieiiiiii 2
QR e s 00
G Flange Material :
BI6SS i e 2
Hastalloy G ......ocvvveiiiiiiiiniiee e 3 Note1: Selection G5 is only available for ranges AB-13, 14 &
MONBI ..ot 4 20
Kynar (NOt@ 1) .......ccovviviiiiiiiiiniiiieeniee e 5 Note 2: Footballs are required for use with 3-vaive manifoids
316 SS (for Remote Seals only) .......c.cceeeeviniiieinne 6 listed below.
Accessories & Options: P/N
Manifold ONMY: .......ovvreeeeerereriieeeeeeeene 391142-01-1 Remote Seals: Refer to spec. summary B225-3a
Manifold with pipe mount: .................. 391142-02-0
Transient Protector .............ccccevevnnenne 388630-01-9
«*
Bristol Babcock
U.S.A. U.K.and Europe Canada France
Bristol Babcock Inc. Bristol Babcock Lid. Bristol Babcock Canada Brietol Babcock s.a.
Process Control Group World He. arters Vaie industrial Estate 234 Attwell Drive 31, rue du General Lecierc
1100 Buckingham St, Watertown, 06785  Stourport Road, Kidderminster, Toronto, Ontario MOW 583 60250 Mowy France
elephone: (203) §75-3000 Worcestershire, DY11 7QP. England Telephone: (416) 675-3820 Telephone: 44 56 52 08
Telex: 96-2417 BRIS BAB WBY T . Kidderminster ( 820001 Fax: (416) 674-5129 Telex: 140307 F
Fax: (203) 575-3170 : Fax: 44 26 4373
Fax: 0562 515722
© Copyright 1953 Brietci Baboock Inc. Prirtad in the U.S.
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NETWORK 3000

MODEL RTU 3310
SMALL ACCOL REMOTE TERMINAL UNIT

The RTU 3310isanintelligent RTU fully compatible with Bristol
Babcock's Network 3000. It is designed for those applications
requiring a compact platform and low power consumption but
also the full measurement and control programmability pro-
vided by ACCOL.

APPLICATIONS

To meet varying demands from many customers for a small
programmable RTU, the RTU 3310 is designed for Class |,
Division 2 hazardous locations and will operate over a -40° C
to70° Crange. 1/Q istotally flexible. Uptofour DPC 3330 series
1/0 cards can be installed in an RTU 3310. The most appropri-
ate applications of this product include:

Automated Well Testing
Injection Well Control

Pump Off Control

Flow Computer/Meter Corrector
Meter Station Automation
Water Pumpy/Lift Station Control
Small remote process units
Autoclave control

Multi-loop controller

FEATURES

Fully programmable via ACCOL

Standard panel-mounting package

Operating temperature range: -40° C to 70° C
Class |, Division 2 design

Four serial ports (2 - RS232; 2- RS485)

Flexible /O system: uses up to four 3330 /O cards
Pluggable (quick disconnect) |/O terminations

Low power consumption

12 Vdc or 24 Vdc nominal power input

OPTIONS

4 x 20 Liquid crystal display with keypad
Nema 4 enclosure

Solar power package

Integral private line/switched network modem
Fiber optic data highway

0000000 O0O0

O 00000 O0O0O0

ooo0oo0oo0

Remote |/O - RIO 3331

Radio communication package

Mass terminal connectors on 1/O cards with cables to DIN
rail-mounting termination panels including high isolation
panels

PROCESSING POWER

OO 0000000 O0O0OO0

Processor: 16 bit CMOS 186XL microprocessor
Speed: 12 MHz

Firmware EPROM: 512K bytes

Optional application ACCOL EPROM: 64K bytes

RAM: 128K, 384K bytes

Real time clock: DS 1287 accurate to one second per day
RAM battery back-up: 4000 hours minimum

6 diagnostic LEDs

idle LED

Watchdog LED

Watchdog timer, relay, and contact connections
Address DIP switch for network address (range: 1-127)

Bristol Babcock
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=— SPECIFICATION SUMMARY D463 SS-1a

SMALL ACCOL

REMOTE TERMINA! UNIT

COMMUNICATIO!  APABIUTY

o 2 serial communication ports standard
Port A: RS232 only
Port B: RS485, optional modem, smart transmitter
interface, or radio delay interface
o 2 additional ports optional
Port C: RS232 only
Port D: RS485 only
o 9-pin "D" connector for each port
o Media: multiconductor cabie
o Cable length (at 9600 baud): 50 feet (RS232), 2000 feet
(RS485),
at 187.5 K baud: 1000 feet (RS485), 5000 feet (fiber)
Muttidrop: 32 nodes using RS485
Point-to-point: RS232
Asynchronous communication on all ports
Synchronous communications on two ports (B&D)
Asynchronous baud rates, selectable per port: 300, 1200,
2400, 4800, 9600, and 19200
o Asynchronous cold download baud rates:
Ports A&C - fixed at 9600 baud
Ports B&D - switch selectabie (1200, 2400, 4800, 9600,
19200, 38400)
o Synchronous baud rate: 187.5 k (multidrop: RS485; point
-to-point, only, for fiber optic )
o Program downloading/upioading can be accomplished
via synchronous or asynchronous communication

O O O O0OO0

Typical applications: While port configuration is determined by
the ACCOL program, port "A* is typically used for a local
operator lap-top computer while port *B* is the SCADA network
communication port. Other ports can be interfaced to addi-
tional networks or serial devices such as chromatographs and
printers.

Modems

o Optional buit-in modem connects to port B
0 Modem baud rate: 300 or 1200, selectable per modem
o Three types of modems available:
. Private line modem for leased lines or radio keylng
Switched network modem for auto-dial/auto-answer
Fiber optic modem
Refer to specification summaries D461SS-2, D461SS-3,
D46155-4

Transmitter Interface Board (TIB)

o Optional, integral, piug-in board connects to port B

o Allows up to five 3508 smart transmitters to function as
slaves > an RTU 3310

o Comr :cates at 1200 baud

o Follir  .eed: one transmitter per second

o Provices 24 volt loop power required by t-e 3508 (for
24 V 3310's only)

Refer to specificaiton summary D4618S-6

Radio Delay Interface Board (RDI)

o Radio and satellite communication delay board
Optional, integral, plug-in board connects to port B
o Provides RS232 interface to an external radio modem or
transciever
o Three timing functions available:
- Leading Edge Delay (RTS-to-CTS Delay)
- Trailing Edge Delay
- Carrier Time Out
Refer to specification summary D461SS-5

[+

COMMUNICATION PROTOCOLS
BSAP

o Bristol Standard Asynchronous Protocol

o IS0 standard 1745/2111/2629

o Usedto network Bristol products, includingthe SLC 3755,
RTU 3310, DPC 3330, DPC 3335, RIO 3331, GFC 3308,
and 3508 smart transmitters

Local addressing: 127 nodes

Global addressing: 32,767 nodes (via pass-through nodes)
Hierarchy: 5 leveis

Contention scheme: Polied

Programming: via standard master and slave ACCOL
software modules

Refer to specification summary D454SS-6a

oOo0O0OO0OO

ASCIl
o Simple ASCI| with selectable start, stop, parity, and word
formats

o Used for communication with RTU 3301's and peripheral
devices such as computers, printers, graphic terminals,
displays, and hand-held terminals

o Input and output

o Programming: standard ACCOL Logger module uses a
complete set of format commands for message configu-
ration, handshaking, display formatting, and printed re-
port formatting

Other Protocols

Allen Bradiey PLC-2, standard

Modbus, including Daniel Solarflow Plus and 2500 varia-
tions, standard

Adept protocol, optional

Columbia Natural Gas (ANS! 3.28), optional

El Paso Natural Gas, standard

Protocols are selectabie 2n a per-cortbasis; an RTU2" ")
can use multiple pro:  sis (on ~ ~“rent ports) sim.
neously

o Several others also avziiable

o Protocols are availabie on option custom protocol PROM

[ 3K o]

O 00O




RTU 3310

SMALL ACCOL
REMOTE TERMINAL UNIT

=— SPECIFICATION SUMMARY

ENVIRONMENTAL SUITABILITY

The RTU 3310 is Factory Mutual certified, meets SAMA
specifications for vibration, and meets |{EEE-472/C37.90 surge
protection criteria.

Note: The above figures do notinciude loop power. To account
for the additional power draw of external devices such as

transmitters, add the following to each point:

o Operating temperature: -40° C to 70° C Watts Amps at 24 Vde
o Display/keypad: -20°C to 70°C per input point
o Low Level Al Board: 0°C to 70°C Dl Board 0.12 0.005
o High Speed Al Board: -20°C to 70°C HSC Board 0.12 0.005
o Storage Temperature: -40°C to 85°C DO Relay Board 0.25 0.010
o Relative Humidity: 5% to 95% noncondensing Al Board 0.50 0.020
o RFI Susceptibility: Per SAMA standard PMC 33.1-1978, AO Board 0.50 0.020
using field of 10 V/m from 20 MHz to 500 MHz HWSTI Board 0.30 0.012
o Vibration: Rated for field mount applications
15 - 150 Hz @ 9.8 m/s? (1G) constant acceleration FTW
150 - 2000 Hz @ 4.9 m/s? (.5G) constant acceleration SO ARE CONFIGURABILITY
o  Cooling: not required (natural convection) The RTU 3310 uses ACCOL Il, Bristol's high-level, modular
o NEMA rating: standard package not rated, but similar to process control language and is fully user configurabie.
NEMA 1 . . ) . ACCOL ii features:
o Approval: Factory Mutal certified as nonincendive for
Class I, Division 2, Gfoups A-D installations o 0 hlgh-le‘vel modules (algo"thms)
o Dimensions: Refer to diagram o 23 calculator module functions
o Weight: approximately 11 pounds with all cards installed, o 12 programming statements (*sequence extensions’)
standard package o Multitasking: 127 tasks per RTU 3310
. 0 Taskexecutionintervals: 0.02to 5400 seconds or continu-
POWER REQUIREMENTS o ey aCabie per }:kw s
o Two voltage input ranges are available: ° C:::;g'efz bit floating point), discrete (on/off) and string

12 voit: 9.0 to 15.0 Vdc
24 volt: 22.0tc 28.0 Vdc
o Maximum input noise and ripple: 2.0 volts, peak-to-peak

o Alarm/Exception reporting: state for logical values, four
limits and two deadbands for anaiog values

o Alarm/Event message storage: up to 4096 messages in
RAM; 16 bytes per message

Power requirements by card or d oly: o Database storage: Data arrays: 4 bytes per stored vaiue;

CPU Board W::g Ampsoa.‘t)szg vde up to 32 K bytes per array. Storage arrays: 12 vaiues per
Mutti-Function Board (2 ports) 0.80 0.033 64 byte record; up to 256 K bytes of array space
Mutti-Function Board (4 ports) 1.00 0.042 Refer to specification summary D4545S-5a

Display/Keypad (local) 0.15 0.006

Al Board 0.44 0.018 SOFTWARE PACKAGES

AO Board 0.68 0.028 i ‘ _

D! Board with LED 0.15 0.006 The following software packages are pertinaent to the RTU
DI Board w/o LED 0.04 0.002 : 3310:

DO Board with LED 0.15 0.006 . _

DO Board w/o LED 0.04 0.002 ACCOL Il Interactive Compiler (AIC)-Provides a fill-in-the-
HSC Board with LED 0.22 0.009 blanks menu system for configuration of ACCOL |l pro-
HSC Board w/o LED 0.12 0.005 grams. Inciudes on-ine modification, linking, program
Low Level Board 1.40 0.058 downloading, and a documenter.

HSAI Board 1.40 0.058 .

DO Relay Board w/LED 0.10 0.004 ACCOL |l Batch Compiler (ABC)-Allows ACCOL I pro-
DO Relay Board w/o LED 0.04 - 0.002 gram creation and modification using a text editor. Useful
C.B.O. Board 4.50 0.190 in conjunction with the AIC.

HWSTI Board 220 0.090 ) .

Modem 0.63 0.026 Toolkit-A menu-driven, on-line software debug tool and
RDI Board 0.10 0.004 hardware/communication diagnostic program.

T1B Board 0.73 0.030
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SMALL ACCOL === SPECIFICATION SUMMARY = = D46355-1a
REMOTE TERMINAL UNIT = =
Universal Operator Interface (UOI) - Prov - a Board Inoet npt input Common Su
customizable, menu-driven operator interfacetc an RTU Code L Mode rge
3310. Collects on-line, historical and audit trail data for Guantity Fange Impedance \Voltage Protection
storage and reporting. 1 4 0-10Vde 150 Kohms +2V,-12V - 39 Vde
4 1-8 Vde 150 Kohms +5V,-10V  « 39 Vdec
. . . 4-20mA 250 ohms +5V,-10V <39 Vde
NOTE: The oﬂ-llng programs require DOS/BM PC‘or 3 4 0-10Vdc 2 Meg ohms 180V +180 Vde
VAX/VMS compatible. The on-line programs require 4 4 15Vde  2Megohme 180V +180 Vde
DOS/NBM PC or VAX/VMS with Enterprise server. 420mA 250chms 180V +180 Vde
1-5 Vdc/4-20 mA selectabie per point
Genesis-Provides a comprehensive PC-based operator
interface for an RTU 3310 or network of RTU 3310s; :
ANALOG OUTPUTS

provides color graphic displays, alarm reporting, printed
reports, and historical data base. :

Enterprise-Provides a comprehensive, multi-user opera-
tor interface for a network of RTU 3310's. VAX/VMS
compatible. Suitable forlarge systems with up to 64,000
data points. (32,000 analog points, max.; 32,000 logical
points, max.)

I/O ADAPTABILITY

The RTU 3310 provides interfacing to a wide variety of wiring
presentin measurement and process control systems. Alithe
“standard” signal ranges are included. Four |/O slots are
available; any combination of I/O cards can be used.

SPECIFICATIONS COMMON TO ALL 1/O

o Pluggable terminal blocks

o Screwcompression terminations accommodate upto 12
AWG wire

0 24Vdcioop power available atterminations (not availabie
in 12 Vdc powered units)

o Hardware selectable ranges/options

o Single boards inciude both terminations and interfacing
electronics

o Surge protection meets |IEEE 472-1974 and C37.90-
1978 (revision, 1983)

ANALOG INPUTS

4 board types are available
Differential inputs
12 bit A/D converter per board
Conversion time: 200 us
Accuracy (all ranges):
0.1% at25°C
0.2% ov=7 -20°Ct0 70°C
0.3% over 40°C1070°C
o Input filtering: single pole 50 msec time constant: 300
msec to 0.1% of input value
0 Setting time: 18 ust0 0.01%
o Software filtering: fully programmable in ACCOL |l
o Inputsampling: depends on ACCOL task interval (0.02to
5400 seconds)
o Surge protection

O 0O O0O0O0

0 2 board types are available
o 12 bit D/A converter per board
o0 Accuracy (all ranges):
0.1% at25°C
0.2% over -20°C 10 70°C
0.3% over 40" Ct0 70°C
o Surge protection: 15V transorbs between analog output
and analog common; 39 V MOVs between analog com-
mon and chassis ground

o Signal conditioning: 100 us time constant for 1-5 Vdc/4-
20 mA outputs; 6.5 us time constant for 0-10V outputs
Update interval: Software configurabie (ACCOL task
interval, 0.02 to 5400 seconds).

Board Output Output
Code Quantity Range Impedance
6 2 0-10 Vde 5 mA source
7 2 1-8§ Vde S mA source
4-20 mA 0 to 650 ohme
1-5 Vdc/4-20 mA selectable per point

LOW LEVEL INPUTS

o Operating Range: 0° C to 70° C

o 4 inputs per board

o0 All ranges selectable per point

o 14-bit A/D via successive approximation

o _ 16-bit on board microprocessor

o 32K bytes EPROM

o 32K bytes RAM

INPUT TYPES

Thermocoupies Range

B 100to 1800° C
E -270t0 1000° C
R -5010 1720°C
S -501t0 1760° C
J -210t0 1200° C
K -270t0 1372°C
T -270to 400" C
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RTD
100 Q Platinum Din 43670 - 220 to 850°C
VOLTAGE
+10mvV
ACCURACY
See Tabie below
INPUT RESISTANCE
10 Meg Ohms
SIGNAL CONDITIONING
50 ms time constant
ISOLATION-COMMON MODE
500 V peak wiisolation ampiifiers
SURGE PROTECTION
|IEEE 472-1974
C37.90-1978
Aocunc!
Thermocoupiles Resolution 25°C 0°Cto +70°C
B 100 to 200°C 2.0°C 8°C « 16°C
200 to 380°C 1.0°C +4°C . 8°C
390 to 840°C 0.5°C -2°C . 4°C
840 to 1800°C 02°C -1°C . 2°C
E -270 to -260°C 1.0°C -3°C . 6°C
-260 to -225°C 0.25°C -1°C . 2°C
-225 to -200°C 0.08°C -.75°C + 1.5°C
-2001t0 1000°C  0.09°C  -.5°C . 1'C
R -50 to +50°C 0.4°C -2°C . 4°C
5010 1720°C 017°C «1°C . 2°C
S 5010 +50°C  0.37°C ~ -2°C . 4°C
5010 1760°C  0.18°C +1°C + 2°C
J 21010 191°C 0.08°C -.75°C + 15C
-19010 1200°C  0.11°C  +.5°C + 1°C
K -270to0 -261°C 2°C 5°C + 10°C
-26010248°C 0.56°C +2°C . 4°C
24510 180°C 0.25°C +1°C + 2°C
17910 -145°C  0.08°C +.75°C + 1.5°C
-145101372°C  0.14°C  +.5°C + 1°C
T 270 to -261°C 15°C -4°C . 8°'C
26010 -251°C  0.38°C +2°C . 4°C
-180t0 -138°C  0.08°C -.75°C .+ 1.5°C
13510 400°C  0.068°C +.5°C . 1°C
RTD -220 to 850°C 0.09°C -.25°C .« 5°C
10mV +.025% . .05%

Al specs:
o Input ranges (jumper selectable): 1-5 VDC and 4-20mA
o Input sourcing: 24 VDC, jumper selectable, for 4-20 mA
loop power
o A/D resofution: 12 bits
o Accuracy: 0.1% at25°C
0.2% over -20°Ct0 70° C

Dl specs:
o Inputrange: SV
o Off/fon threshoid: 0.5V/4.5V

Refer to Specification Summary D456 SS-4.

DISCRETE INPUTS

o 5 board types are available
o Isolation: Optical isolation; 1500 V common mode isola-
tion )
o Drycontactinputs: Accommodated by jumper selectable
internal/external loop power
Indicator: LED ("on® status); can be disabled
o Counter inputs: Interrupt-driven; maximum 300 Hz on a
single input, 800 Hz total pulses on all inputs, can be
accommodated by the DI boards; Accumulator or fre-
quency mode selectabie in ACCOL software
o PDM input ranges:
Bristol 5 second (1 to 4 sec);
Bristol 15 second (3 to 12 sec);
BIF 15 second {0 to 13.33 sec);
BIF 60 second (0 to 53.3 sec)
o PDM input variables scaled in ACCOL software

[e]

Filter
Board Input Input Off/On Time
Code  Quantity Range Threshold Constant
K 8 § Vac/de 0.5v/4.5v 1 ms*
R 8 12 Vac/de 1.2vi10.8V 1 ms*
A 8 24 Vac/de 24vR1.ev 1 ms*
8 8 12 Vac/de 1.2vho.sv 30 ms
o] 8 24 Vac/de 2.4V/e1.8V 30ms
s} 4 120Vac/dc 12v/io8v 30ms

*The 1 ms is appropriate 1o PDM inputs from Metameters. it must aiso
be used for low speed counter applications.

HIGH SPEED ANALOG INPUTS

Operating range: -20° Cto 70° C
4 analog inputs (process variables)
2 discrete inputs (timing signals)
HPC 36003 16-bit microprocessor
32 K RAM and 32 K EPROM

10 us input conversion

O 0O0O0O0O0OO0

cycle

360/1440 data input samples (conversions) per input

DISCRETE OUTPUTS

o 3 board types are available

0 Relay contact rating:
2A resistive 50 Vdc or 120 Vac 50/60 Hz
0.6A inductive 50 Vdc or 120 Vac 50/60 Hz
0.4A motor 50 Vdc or 120 Vac 50/60 Hz
0.2A lamp 50 Vdc or 120 Vac 50/60 Hz

o Indicator: LED ("on" status); can be disabled
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REMOTE TERMINAL UNIT

o Output modes: Programmable via ACCOL
On/off latch;
Momentary;*
Counter/Puise;*
PDM;
PDO: (Raise/lower pulse duration) with resolutions se-
lectable: 20'ms, 50 ms, 100 ms

*Durations and frequencies depend on ACCOL task interval

(0.02 to 5400 s)
Board Output Output Source/
Code Quantity Type Range
E 8 Open Collector 100 mA @ 35 Vde
F 4 Relay 24V Coil
M 4 Relay 12V Coil

CHECK BEFORE OPERATE (CBO)
DISCRETE OUTPUTS

o Provides a reliability check on discrete outputs
o Eight outputs per board
o Three board types available
- Relays with surge protection
- Relays with fusing
- External relays
o CBO Relay Module mounts on an external DIN support
rail and connects to the CBO |/O card via a ribbon cable
Refer to specification summary D462SS-2

HIGH SPEED COUNTER INPUTS

o 3 board types are available

Freguency range: 0 to 10 KHz

o Selectable internal/external loop power for dry contact
inputs

o Debounce circuitry: can be enable or disabled

o Set, Reset, Common, and Shieid terminals per input

o Isolation: Optical isolation; 1500 V common mode isola-

o

HONEYWELL SMARTLINE TRANSMITTER
INTERFACE BOARD (HWSTI)

o Provides eight independent, bi-directional communication
channels

o Each channel allows Honeywell ST3000 transmitter to
communicate with an RTU 3310

o Ground-referencedtransmitter power for eachinputchan-
nel

o Plugs into any |/O slot

o Field Termination Assembly (FTA) mounts on an external
DIN support rail and connects to the HWST! via aribbon
cable ‘

Refer to specification summary D462SS-1

ACCESSORIES

DISPLAY/KEYPAD

Operating range: -20°C to 70°C

4 line by 20 character backlit liquid crystal display

8 x 5 keyboard matrix

Field retrofittable

Parallel interface to 1/0O bus

Supported by menu display system in firmware
Programming: via ACCOL module; consists of specifica-
tion of signal lists to be accessed by the menu system
Refer to specification summary D4565S-3a

SERIAL PRINTER

0 Any serial printer can be connected to an RS232 port
o Programming: via ACCOL logger module and format
commands; log format is completely programmable

OPERATOR TERMINAL

O00O0OO0O0O0OO0

o Any serial ASCII terminal can be connected to an RS232
port

o Programming: via ACCOL logger module and format
commands; display format and keyboard input are com-
pletely programmabie

tion
o Indicator: LED ("on" status); can be disabled
( ) NETWORK INTERFACE BOARD (NIB)
Board Input Input Off/On Current
Code  Quantity  Range Threshold Draw o Required for network termination and surge protection in
G 4 24v 2.4V/21.6V 5mA RS485 networks
H 4 12v 1.2v/10.8v SmA o Not used with RS232 or modems
N 4 5V 0.5V/4.5Vv SmA Refer to specification summary D456 SS-2a
Bristol Babcock
U.SA. U.K.and Europeen Ho.dqwm Canada France
Bristol Babcock inc. Bristol Babcock Ltd. Bristol Babcock Canada Bristol Babcock s.a.
Process Control Group World Headquarters Vale industrial Estate 234 Atwelt Drive ZL des Petits Pres
1100 Buckingham St. Watersown, CT 06795 Stourport Road, Kidderminster, Toronto, Ontario MW 5B3 Route de Balany, B.P. 129
Telephone: (203) 575-3000 Worcestershire, DY 11 7QP.. England Telephone: (416) 675-3820 60251Mouy Cedex, France
Fax: 203) 575-3170 Telephone: Kidderminster (0562) 820001 Fax: {(416) 674-5129 Telephone: 33-4431-1515
TELEX: 339588 Fax: 3344-26 43 73
Fax: 0562 515722

© Copyright 1983 Bristol Baboock Inc.
Rev. 8/83

Prirted in the U.3.

D463 SS-1a
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7 Multi-function interconnect Boud
CPU Engine Board
== PROM 512K Eprom
Option
D
) — 128K RAM L aD
Operator interface
computer 256K RAM
Boad | [ &
4 DO (relay)
e/
Laptop PC L . r—=-—A
Option Al
L Board* I'* Board | [— 4 Al
| S |
AO
| Board — 2 AO
[~
Upto 41/0
Modules
*Option Boards inciude:
Modem, RDI & TIB
+15V 15V 45V
1 =
Power Supply 1
- Sedene I/O Bus
12Vde Watchdog
or 24Vdc Contact

ARCHITECTURE BLOCK DIAGRAM

d.e) - @

T
GFC 3308 ATU a1
—1 @
i:: - S 89
SLC 3755 'E.E
Teletrans 3508

Smart Transmitter
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SMALL ACCOL === SPECIFICATION SUMMARY ===
REMOTE TERMINAL UNIT
Base Attch. -A Attch. - B Attch. -D
ABC-DE F AB C-DEF #1 82 #3 #4 ABC
Model Number: 3310-10A-__ __ _ - _ -A__ _ _ -__ __ _-B__ __ _ _ ___
BASE CODE
A Packaging NEMA 1 1
NEMA 4 FUTURE 2
Power Supply and +12VDC, 2 Ports: A& B 1
B Communication Options +24 VDC, 2 Ports: A& B 2
(Notes 1 & 2) +12VDC, 4 Ports: A, B,C, D 3
+24 VDC, 4 Ports: A B,C, D 4
C Certification None 0
FM 1
D EF |NotUsed Enter 0 0 0 for this selection 000
ATTACHMENT 3310-A
A Not Used Enter 0 for this selection 0
12 MHz, 128K RAM 01
8 C |CPU Memory Option 12 MHz, 384K RAM 02
12 MHz, 64K EPROM, 64K RAM 11
12 MHz, 64K EPROM, 320K RAM 12
RS-485 1
Private Line Modem 2
Communication Port B Switched Network Modem 3
D Options U.K. Modem Not FM 4
Fiber Optic Modem Not FM 5
Radio Delay (RDI) Not FM 6
‘ Transmitter Interface (T1B) Not FM 7
EF IN¢ =d Enter 0 O for this selection 00
IATTACHME:.  :310-B
#1 Specify the /O module code from the table on the

#2  |/O Module Selection
<]

following page, to be installed in each of the four
positions in the RTU 3310. Insert a 0 if no module is

#4 required in that position.
IATTACHMENT 3310-D .
A B C |[Display/Keypad Built-in Keypad 200
DO NOT include Attachment 3310-D
in the Model Number if no keypad
is required.
IATTACHMENT 3310-Z RTU 3310 with:
Conformali Coating With 0 VO Boards Z-100
With 1 VO Board Z-101
DO Not Include With 2 I/O Boards Z-102
Attacr:ment 3310-Z in the With 3 I/O Boards Z-103
Model Number if Conformal  |With 4 I/O Boards Z-104
Coating is not required. With Keypad Display Z2-200
Note 1: +24 VDC to power two wire transmitters or refay contacts not available in 12 V 3310s.
Note 2: A 3310 orderd with two (2) ports can NOT be upgraded to four (4) ports in the field.

Ports A & C are RS-232; Port D is RS-485.
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REMOTE TERMINAL UNIT

SPECIFICATION SUMMARY E—__E

Code

/0
Points

Description

ANALOG INPUT

WO =

LN R

input Range

0-10 VvDC

1-5VDC/4-20 mA  Note 3
0-10 VDC

1-5 VDC/4-20 mA  Note 3

Common Mode
No
No
Yes
Yes

LOW LEVEL ANALOG INPUT

RTD
TCJ K T,R S, B
+/- 10 mV

600V C.M.
Isolation
Yes

ANALOG OUTPUT

Output Range
0-10 vDC
1-5 VDC/4-20 mA

Note 4

DISCRETE INPUT

XOOmLAO>»

0 0 00 0 00

input Range

24V AC/DC Note 3
12V AC/DC Note 5
12VAC/DC Note 5
24V AC/DC Note 3
120V AC/DC

5V AC/DC

Filter
1mS
1mS
30 mS
30ms
30ms
1mS

DISCRETE OUTPUT

L R e

Output Type

Open Collector

Relay, +24V Coil Note 4
Relay, +12V Coil Note 6

HIGH SPEED COUNTER

ZI G L Tm

H»

+24 V Input Range  Note 3
+12 V Input Range Note 5
+5 V Input Range

High Speed Analog input

4 Al (1-5 VDC/4-20 mA) 2DI (5V AC/DC)

mlo

Honeywell Smart Transmitter interface

Replace 10 ft. cable with 30 ft. cable (PN: 391274-02-3)

CHECK BEFORE OPERATE

Not FM Approved

8
8
8

C.B.O. with Surge Protection
C.B.O. with Fusing
C.B.O. with External Relays

24 volt range I/O cards used with 12 volt intemal power require an external 24 volit

supply if power for contacts or transmitters is needed.
Cannot be used with 12 V intemal power.

12 volt range I/O cards used with 24 volt intemal power require an externat 12 volt

supply if power for contacts or transmitters is needed.

Cannot be used with 24 V intemal T.
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SIGNATURE®2508-15B

PRESSURE TRANSMITTER
FEATURES

Low cost of ownership

+0.15% accuracy

Direct process mounting

2-year warranty

Explosion proof electronic housing

Local indicator option, linear or in engineering units

0O0O00O0O0

The 2508-15B is a compact, low cost transmitter designed to
accurately measure gauge pressure and transmit a propor-
tional 4-20 mA signal. The transmitter is installed on, and
supported by, the process piping. This eliminates the need for
optional mounting hardware for most applications. The 2508-
15B has an initial cost that makes repair by total replacement
a truly practical concept. Spare parts inventory and mainte-
nance training is thus eliminated.

The 15B is an adjustable range transmitter that is calibrated at
the factory to a specific measurement range. Input ranges
covering 100 inches H,0 through 5000 psig are available.
Zero and span adjustments are availabie inside the electronic
housing for making minor “touch up® adjustments in the field.
These zero and span adjustments are completely non-inter-
acting. The 15B has anelectronicsfunctionboardthat permits
a 6:1 span adjustment capability, zero elevation and suppres-
sion, and adjustable damping. This modular design concept
makes the 15B a truly low cost transmitter for just about all
applications.

OPERATION

The sensor module provides a 1/2 inch NPT bottom entry
process connection. This connection exposes one side of the
process diaphragm toline pressure. The 15B contains amicro-
machined transduction element, fabricated using integrated
circuit technology, to sense input pressure. This sensing
technology combines the mechanical aspects of silicon, which
is literally as strong as steel and hysteresis free, with the

inherent semiconductor and electronic properties of an inte-
grated circuit. The sensor consists of an internal silicon
diaphragm into which piezoresistive strain gauge resistors are
diffused, then interconnected to form a pressure sensitive
Wheatstone Bridge. The outer process diaphragm is hydrau-
lically connected to the silicon diaphragm using a suitable fill
fluid. When the sensor is energized, by applying pressure to
the outer diaphragm, the silicon diaphragm defiects, resuiting
in an electrical output change proportional to the input pres-
sure. Because of the single crystal nature of the silicon
diaphragm, linearity is excellent and pressure hysteresis is
essentially unmeasurable.

Bristol Babcock



SIGNATURE® 2508-15B

PRESSURE TRANSMITTER

FUNCTIONAL SPECIFICATIONS

o Input ranges
0-100 in. H20 to 0-5000 psig

o Span adjustment
6:1 span adjustment
Iinternal fine adjustment

o Zero adjustment
Up to 600% LRL for elevation/ Up to 500% LRL for
suppression
internal fine adjustment

o Output
4-20 mAdc (2 ma minimum, 35 ma maximum)
Two wire electronics

o Temperature limit
Wet end:
-40° to 104° C (-40° to 220° F) DC 200 Fill
-17.8° to 104° C (0° to 220° F) Fluorolube Fill
Note: When process media temperature exceeds 185°F,
the electronics ambient temperature must be reduced to
insure the electronics temperature never exceeds 185°F.

Electronics:
-32° 10 85° C (-25° F 10 185" F)
Local Indicator (Digital) = -30° C to +80° C

Storage:
-40° t0 100° C (-40°t0 212° F)
Local Indicator (Digital) = -40° C'to +80° C
(with electronic housing covers i nstalled)

0 Damping
Time constant: (time for a 63% change in output with a
100% input change)

Damping ON: 0.15 sec + 25% time constant
Damping OFF: Less than 10ms

Time to steady output after application of 24 volts supply
with constant pressure: 10 msec maximum

NOTE: Damping is optional. (via moveable jumper)

o Overpressure limits
3x URL

o Power supply
24 volts dc normal

o Humidity limits (covers in place)
15-95% RH to 60° C max.
15-50% RH to 85° C max.
Local Indicator (Digital) = 15-95% RH to 60" C max.
15-50% RH to 80° C max.

———= SPECIFICATION SUMMARY EE B225-60a

Operating Load vs. Supply Voltage
1500
1250
1000
Load 750
§00
250
0

0 10 | 20 30 40l 50
15VDC 42VDC
Supply Voltage
Voits dc

Note: Minimum of 250 OHMs resistance must be series with
Loop for power supply voltages between 36 & 42 VDC.

PERFORMANCE SPECIFICATIONS

o Accuracy
$0.15% of calibrated span (includes linearity (.1%
typical), repeatability (.05% typical), and hysteresis

(.05% typical)

o Stabllity
0.25% URL per six months at reference conditions (75
F)
Zero and span

o Overpressure effect
0.25% URL/maximum operating pressure

o Mounting position effect
12 inches H,0 maximum, which can be calibrated out

o Power supply effect
+0.005% URL/Vdc

o EMl effect
+1% URL @ 10 V/M 20 to 500 MHz

o Surge protection
1000 watts for 1 ms

o Ambient temperature effect (total includes zero and
span)
40.015% of URL per °F from -25to 75°F
+0.01% of URL per °F from 75 to 185°F
+0.02% of URL per °F 100 IN WTR only

o Dead band
Less than .05% of span



SIGNATURE® 2508-15B

=——= SPECIFICATION SUMMARY

© Copyright 1962 Bristol Baboock Inc.

PRESSURE TRANSMITTER
PHYSICAL SPECIFICATIONS
o Electronics enclosure ‘
o Diaphragm material/body material Low copper aluminum with epoxy paint
316 stainless steel standard 1/2 inch female conduit connection
Hastelloy C NEMA 4 weatherproof
Designed to meet FM explosion proof certification for
o Process connection hazardous areas
1/2 inch NPT male Local output meter option
Bottom entry
o Certification
o Electrical connection Factory Mutual (FM) approved
1/2 inch NPT conduit connection Class|, Division 1, Groups B, C, and D (ExplosionProof)
Class |, Division 2, Groups A, B, C, and D (Non
o Weight Incendive)
1 1/2 pounds Class Il, Division 1, Groups E, F, and G (Dust-ignition
Proof)
o Fill fluids Class lii, Division 1
DC 200 silicone oil standard
Fluorolube
MODEL NUMBER SPECIFICATION
2508-15B-ABC-DEF-GHJ-KMN E. Filling media
AB. Input range DC200..........
Min. n Fluorolube
to %—%SU ?n. ﬂzo %3
0-50 to 0-300 in. H20 14 F. Function board
0-67 to 0-400 in. H20 15
0-4.2 to 0-25 psig 20 Adjustable range...........c.ceeereeeveneiiiiieiniecen, 2
0-8.3 to 0-50 ig 21
0-17 to psig 22 G. Local indication
0-50 to 0-300 psig 23
0-83 to OOJ)sq 24 NONG ...ttt . .. 0
0-167 to 0-1 psig 25 Integral Digital Meter .............ccccvveerevvnicvennnne, 1
0-500 to 0-3000 psig 26
0-833 to 0-5000 psig 27 H. Mounting bracket
C Unused character NONG ..ot 0
Bracket.........c.ccooeveiinvieniee e, 1
NA o e 0
JK.  Certification
D. Material, wetted parts
NONG ...ttt 00
316 stainless steel .............cceceevevieiveveecenecnne. 2 FM - Explosion proof/non-incendive ................... 01
Hastelloy C..........oocvevviviivtenrieerec v 3
ML e e 00
Options and Accessories:
Block and Bleed Valves:
Carbon Steel: 390702-02-1
Stainless Steel: 390702-01-3
Attachment A300 - 2 Position Signal Damping.. . .
Bristol Babcock
US.A. UK. Canada France
Bristol Babeock inc. Bristol Babcock Lid. Bristol Babcock Canada Bristol Babcock s.a.
Process Control Group World Headquarters  Vale Industrial Estate 234 Attwell Drive 31, rue du General Leclerc
1100 Buckm ham St Wateﬂown CT 06795  Stourport Road, Kidderminster, Toronto, Ontario MOW 5B3 60250 Mouy France
Telephon Worcestershire, DY11 7QP,,England Telephone: (416) 675-3820 T : 44 56 52 08
-Telex 96-2417 RIS BAB WBY Tel@one: Kiddemminster (0562) 820001 Fax: (416) 674-5129 Telex: 140397 F
Fax: (203) 575-3170 TELEX: 339588 Fax: 44 26 4373
Fax: 0562 515722
Printed in the U.S.
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SPECIFICATION SUMMARY

PRESSURE TRANSMITTER e
Depth measurements:
Standard, 4.1 in.
With digital meter, 4.92 in.
X |
|
-y I i 1/2-14 NPT
CAU ' ION J I —— N
KEEP COVER TIGHTLY Tt
CLOSED VH}\t,jE CIRCUIT . B | | B S B
b4l | F
2.7 |
T fn=—n
:: “ All measurements shown
T — Ll in d”imd 'ﬂdl’“
ShRauT T com, 245in.

Overall Dimensions - Model 2508-15B

- I-—1 8 in. =
|

=
-

|
[ pe—16in.— U Bolt sized
o ft 2in. pipr

i 225in —ed (2-7161.D)

-

!: - 3.8in.

Pipe Mounting Bracket
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2508-41B
SIGNATURE RTD
TEMPERATURE TRANSMITTER

The Bristol Babcock 2508-41B transmitter is a high perfor-
mance, user scaled, 4 - 20 mA temperature transmitter which
can be used with standard RTDs to provide a (linear to
temperature) currentloop output. A large range of adjustability
is accomplished by using a four position soldered jumper
(located on the circuit board), which allows the user to config-
ure the system over a wide dynamic input range for a given
RTD, eliminating the need for transmitters scaled for one
particular range only. In addition, zero and span pots are
available (also on the circuit board) for making fine trim
adjustments in the field.

The temperature transmitter can be ordered with or without
RTD sensors. The sensor mounting adapter is designed for
probes with 1/2" - 14 NPT threads. The electronics are
contained within a housing designed for explosion proof.
Electrical connections are via a 1/2" NPT port.

FUNCTIONAL SPECIFICATIONS
INPUT

RTD Type: 100 ohm pt., Alpha 385

Range Limits: -50°C to 850°C (-58°F to 1562°F)
Span Adjustment: 50°C to 800°C (90°F to 1440°F)
Zero Adjustment: -50°C to +50°C (-58°F to 122°F)
Power Supply: 10 Vdc to 36 Vdc, polarity protected
Sensor Lead Wire Effect: 0.01°C/ohm

Maximum Lead Resistance: 500 ohms

+  Power Supply Effect: + 0.002% of span/Vdc

OUTPUT

* Range: 4 to 20 mA nominal
Open Circuit Detection: Upscale, equal to or greater than
23 mA, limited to 40 mA
+ Current Loop Impedence: R(K ohms) = (Vs - 10)
20
*  Output Load Sensitivity: 0.015% of FSO/500 ohms

PERFORMANCE

* Accuracy: +.15% of calibrated span, linear withtempera-
ture, for spans equal to or less than 500°C
+.3% of calibrated span, linear with temperature, for
spans greater than 500°C

Temperature Effects: +0.02% of URL/C, combined
effects of zero + span
Temperature Limits: Operating-10to 70°C (14to 158°F)
Storage -20 to 100°C (-4 to 212°F)
RFl immunity: Meets SAMA PMC 33.1 - 1978 over
20-500 MHz
Relative Humidity Limit: 90% non-condensing at 70°C
Hazardous Locations: Certification pending
Explosion Proof Class |, Div 1, Groups B, C, D
Non Incendive Class |, Div 2, Groups A, B, C, D
Dust Ignition Proof Class Ii, Div 1, Groups E, F, G
Suitable for Class |li (ignitable fiber), Div 1, indoor and
outdoor (NEMA 4X) .

Bristol Babcock
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SIGNATURE RTD =— SPECIFICATION SUMMARY —= = B22565a
TEMPERATURE TRANSMITTER — === -

MODEL SPECIFICATIONS
2508-41B-ABC-DEF
A. INPUT D. MOUNTING OF ACCESSORIES (Note 1)
100 OhM PT .oiiiiiirecieeernecserere e 1 NOMO ...ttt 0
DIN 43760 W/GP Sensor ..............ceveveeecieieereinenenn, 1
Aipha 385 W/GP Sensor, coupling extension............ 2
W/GP Sensor, union extension ................ 3
B. MOUNTING BRACKET , W/Spring loaded sensor & well ................ 7
NONG ..o, 0 W/Spring loaded sensor, coupled ............ 8
Universal 2" pipe .........cccccvvveeevevrecreeenennen. 1 extension & thermowell
C. CERTIFICATION B R e 00
NON@ ..ot 0
(Pending) Note 1: For accessories, refer to spec. summary sheet
B225-90a. '
Desired Span in °C il
RTD DIN 43760 ' sevee ‘
power supply [/
JUMPER Pt 100 ( o 0.00385) ocar
1-1A 50 - 100
2-2A 100 - 200
3-3A 200 - 400 & —
4 -4A 400 - 800 sero  alAalid
B EEIS
0)°©° 0O
: A C /TN
y B y
1
U
RTO (PT100)
Bristol Babcock
U.S.A. U.K.and European Headquarters Canada France
Bristo! Babcock inc. Bristol Babcock Ltd. Bristol Babcock Canada Bristol Babcock s.a.
Process Control Group World Headquarters Vale industrial Estate 234 Attwell Drive 31, rue du General Leclerc
1100 Buckingham St., Watertown, CT 06785  Stourport Road, Kidderminster, Toronto, Ontario MSW 583 60250 Mouy France
Telephone: (203) 575-3000 Worcesiershire, DY11 7QP.,England Telephone: (416) 675-3820 Telephone: 44 56 52 08
Telex: 96-2417 BRIS BAB WBY Telephone: Kidderminster (0562) 820001 Fax: (416) 674-5129 Telex: 140397 F
Fax: (203) 575-3170 TELEX: 339586 Fax: 44 26 43 73

Fax: 0562 515722
Printed in the U.S.

© Copyright 1863 Bristol Babcock Inc.
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____ Bristol Babcock Inc.

ACCESSORIES FOR
SIGNATURE®* TEMPERATURE
TRANSMITTER

RTD Sensors

Thermocouple Sensors Vs
Thermowelis

Extension Assemblies
Connection Heads

For use in conjunction with Signature Temperature Trans-
mitters, Bristol Babcock offers a selection of RTD and Ther-
mocouple Sensors, Thermowells, Extension assemblies
and Connection Heads to cover various industrial
applications.

The items listed can be ordered with transmitters or sepa-
rately and in most cases be provided mounted to the trans-
mitter if applicable. (See Specification Summaries B225—40
and B225-45 for details.)

Sensors are available in general purpose (recommended
for direct process mounting) and spring loaded (recom-
mended for use with thermowells). All RTD sensors are
rated at 0.1% conformance to the DIN43760 temperature
vs. resistance curve (0.00385 ohms/ohms/degree C) Ther-
mocouple sensors of types JKTE and R are rated at 0.1%
conformance to ANSI 96.1-1982 standards.

e b
o A

BRISTOL
SRBCOICK

instruments/systems

K
Paﬁvé/

Thermowells of stepped and tapered design are available
with threaded, socket weld, and flanged process connec-
tions. These configurations are also available in various
lengths and process connection sizes.

For use where piping insulation and/or high process tem-
peratures are encountered, extension assemblies of the
coupling/nipple and union/nipple types are provided. Lengths
from 2 to 9 inches are normally available in 304 SS
material.

Connection heads are also available for remote mounting of
sensors from the transmitter as applications warrant. Brass
terminals are provided for RTD or thermocouple leads to re-
duce error.

TYPICAL ARRANGEMENTS

Transmitter

Union

Nipple
| I |
\
—
Sensor Thermowell
(Spring Loaded)
Connection Head
Coupli
PN Nipple
Thermowell
Sensor

(Spring Loaded)

e 06-G228 133HS AHYINWNS NOLLYDI4103dS



ACCESSORIES FOR

SIGNATURE® TEMPERATURE

TRANSMITTER

TRANSMITTER

CONNECTION HEAD

A

I

SPECIFICATION SUMMARY SHEET B225-90 a

. GENERAL ' PURPOSE

SENSOR
GENERAL PURPOSE

© Bristol Babcock Inc. 1987

Bristol Babcock inc.

40 BRISTOL STREET, WATERBURY, CT 06708 + (203) 575-3000

A Babcock International company

Printed in U.S.A.
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NETWORK 3000
BSAP

Bristol Standard Asynchronous/
Synchronous Protocol

FEATURES

o Compatible with SCADA and LAN networks
01SO 1745/2111/2629 compliant

o Tree topology network

o Up to 6 network levels

o Up to 127 nodes from each node at a level
o Polled network

o Local and global addressing

o Peer-to-peer and RDB modes

o Report by exception

o Alarm handling

o Network time synchronization

o 16 bit CRC-CCITT error checking

o Communication statistics and diagnostics

Bristol Standard Asynchronous/Synchronous Protocol (BSAP)
provides a complete communication framework for all Bristol
Babcock Network 3000 products. It is a poll oriented commu-
nication system for horizontal LAN as well as vertical, multi-
layer networks. Consequently, BSAP is equally well suited to
both synchronous high speed local networks and asynchro-
nous low speed wide area networks. BSAP is able to offer
extremely high message security, required for phone line and
radio networks, through the use of 16 bit CRC-CCITT error
checking, handshaking, and extensive communication statis-
tics reporting. The polling scheme employed by BSAP ensures
that each node in the network has an equal opportunity to be
polled and to respond. in addition, no node can dominate the
network communication. BSAP supports both local and global
addressing to all Network 3000 nodes in a network.

Network Topology

Atthetop ofthe networkis the network master or host, typically
a personal computer or mini computer performing graphical
user interface functions. The network master normaily con-
nects to one (or sometimes more) Bristol process controllers

()

commonly referred to as a data concentrator or communica-
tions front end. It in turn becomes a master node to up to 127
slave nodes. Each of those can then be a master to another
level of slave nodes. This hierarchy can extend up to six levels
deep. Each intermediate node has both master and slave
capability through separate communication ports. This archi-
tecture lends itself very well to the typical geographical distri-
bution of controllers in most SCADA system applications. it
also allows muitiple asynchronous communications to occur
throughout the network since each network branch can com-
municate simultaneously.

Local and Global addressing

The computer at the top of the network has the ability to
communicate locally to its attached node or through it to any
other node in the network. In addition, a computer attached to
a lower level node, through a Pseudo-slave port, can have
access to any data, except alarms, in any other node in the
network. This computer will have access to alarms from its
attached node and any nodes below it. Each Network 3000

Bristol Babcock
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BSAP =—= SPECIFICATION SUMMARY =—— = Dasass6a =
BRISTOL STANDARD — - = = =
ASYNCHRONOUS PROTOCOL
NETWORK EXAMPLE
LEVEL 1
High speed|LAN or RS485
Up to 127
LEVEL 2 nodes per level
= ullm = |

LEVEL 3

Phone Line

LEVEL 4

UP TO 6 LEVELS -
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=———=— SPECIFICATION SUMMARY D454SS-6a
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BRISTOL STANDARD

ASYNCHRONOUS PROTOCOL

process controlier can actually support up to three personal
computers. One on the siave port, one on a pseude-slave with
alarms, and one on a pseudo- stave without alarms.

Insome systems itis convenient to have all data from all nodes
collected by the top level node, commonly referredto as adata
concentrator. The host computer willthen communicate locally
to that node only, since that is where ali network data resides.
Other systems may be configured to communicate globally
through the data concentrator directly to the siave nodes. This
communication mode is called Remote Data Base access
(RDB), described later. Many systems will be configured to
utilize both techniques, thus maximizing communication effi-
ciency as well as ease of implementation.

Since BASP provides multi-message capability which is es-
sentially transparent to the user, it is possible to connect a
computer to any node in the network and communicate withthe
attached node or any other node in the network. This capability
includes data collection, command changes, and
reconfiguration and downioading of ACCOL controi strategies.
In fact, all of these communications can be occurring simulta-
neously, without interference, within the network.

Peer to Peer Communication

Peer to peer communication is a mechanism for transferring
data blocks, such as signal lists and data arrays, between any
two adjacent nodes in a network. Peer to peer uses ACCOL
Master/Siave modules which should not be confused with
BSAP master/siave communication. A BSAP slave may have
an ACCOL Master module and a BSAP master may have an
ACCOL Slave module. Master modules execute periodically at
the rate of the ACCOL task in which they are included. Once
a Master module executes the message request is passed off
to BSAP for communication. Slave modules execute asyn-
chronously with respect to ACCOL tasks. When acommand is
received from a Master module, it is executed immediately.

Remote Database Access

Remote Data Base (RDB) communication is used for reading
and writing of individual ACCOL signals or signal statuses.
Individual signals may be requested by name or by physical
address within the node. RDB can also be used to read or write
data arrays and data array elements. RDB requests for data
and commands are initiated by the host computer. There are
no ACCOL modules requiredto passthese messages through-
out the network. In many cases network communication is
structured to use peer to peer for data collection and RDB for
commands.

RDB is implemented such that the host computer will read a

signal variable by name the first time that ACCOL signal is
requested. Theresponsetothe request willinclude the memory

address in the node which contains the value of the signal. All
further communications to the node requesting that signal will
be by memory address rather than signal name. Reading by
address requires less communication overhead than reading
by signal name, thus reducing communication time.

Report By Exception

Report By Exception (RBE) provides an effective technique to

maximize communication efficiency. Since RBE reduces net-

work communication traffic it is particularly useful in low speed
SCADA systems communicating over modem and radio net-
works. When RBE is enabled, a node will respond to a poll by
transmitting only the values that have changed since the last
poll and any alarms. RBE communication is selectable on an
individual signal basis.

It is possible and often advantageous to mix communication
modes withinthe same system and eveninthe samenode. For
example, historical data may be passed up the network to the
data concentrator using peer to peer, commands from the host
computer will be sent down the network to the destination node
by RDB, and display data may be gathered on an RBE basis.

Alarm Handling

ACCOL alarm signals produce buffered, time stamped alarm
messages which are automatically transferred up the network
tothe host computer. When a node is polled by its master it will,
if requested, respond with an alarm message, with time/date
stamp, that have been posted since the last poll. Alarm reports
have a higher communication priority than all other messages
cuedto go up the network. Each node contains spaceto buffer
alarm messages from nodes below it. Ifthe buffer becomes full
due to a communication failure at a higher level the node will
not permit additional alarm message transfer from its slave
nodes. The slave nodes will then begin buffering alarm mes-
sages. This throttling effect is used to prevent a node from
becoming overwheimed with alarm messages at any onetime.
Individual alarms may be acknowledged by an aperator atthe
host computer. This activity will send the acknowledged status
down the network to the node inttiating the alarm. BSAP aiso
supports alarmreport initialization. This feature, initiated by the
host computer, will instruct all nodes in the network to report
all current alarms that are unacknowledged.

Time Synchronization

The Time Syncronization/Node Routing Table (TS/NRT) com-
bined message enables each node in the network to know the
topology of the network including the nodes unique global
address and current time and date. The TS/NRT message
emanates from the host computer to the top level node which
in turn broadcasts it to its slave nodes which send it to their
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slave nodes. A network may have only one master capable of
issuing a TS/NRT ensuring the entire network is in sync.

Polling Philosophy

Each node in the network, except the lowest level nodes, is
both a master to the nodes below it and a slave to the master
node above it. A master node sends data request messages
to the slave nodes then periodically polls its slave nodes for
alarms and response data messages. The polling philosophy
used maintains four types of polls to maximize throughput by
minimizing extraneous communication. The four poll types
are:

1. Main poll

2. Reactivation poll
3. Preferred poll

4. Dead node poll

The main poll loop interrogates each siave at the start of each
poll period to determine if it is alive and it it has any response
messages. A live slave which responds with a data message
becomes a candidate for a preferred poll. iftthe slave responds
but has no messages it will be ignored until the next main polling
cycle. If aslave node fails to respond to three consecutive polls
it is assumed dead and will be subject to reactivation polling.

The reactivation poll is attempted only once per polling cycle
to determine if a known dead slave has come alive. One dead
siave is polied each polling cycle on a rotating basis to ensure
that every dead slave node gets an equal chance to respond.
if a dead node responds its status is changed to live and
becomes a member of the main poll loop.

The preferred poll loop interrogates, on a round robin basis, all
of the siaves that responded to the main poll or reactivation poll
with data messages. Responding slave nodes will continue to
be poiled in sequential address order until the end of the poll
period or until there are no more response messages.
Ifthere is time left after the preferred poll, the dead poll loop is
used to give any remaining dead nodes an opportunity to
advise the master that they are alive.

Poll Periods

Each communication line within a network has a user defined
poll period configurable from .1 sec. The poll period is the
minimum time between each main polling cycle of the slave
nodes from the master node. It is a function of the number of
slave nodes, baud rate, physical link (i.e. leased line, dial line,
radio, RS 485, coax, or fiber), message type, and the number
of analog and discrete values to be transmitted. The following
table shows the relative rates assuming amaster communicat-
ing 20 analog signals and 40 discrete values from each of ten

slave nodes. Thetotaltimeisthe time requiredto communicate
all values from all 10 slaves and includes 25% spare time for
alarms.

Beud Rate Message Recommended Required # Total Time
Poll period ot polls

1200 baud RDB 24.5 sec 2 49 sec

leased line

1200 baud  peerto 18.8 sec 1 18.8 sec

leased line peer

1200 baud ROB 39.8 sec 2 59.6 sec

radio

1200 baud  peerto 34.1 sec 1 34.1 sec

radio peer

9600 baud RDB 3.1 sec 2 6.2 sec

9600 baud  peerto 2.4 sec 1 2.4 sec
peer

1 Mbaud RDB .2 sec 2 4 sec

1 Mbaud peer to .2 sec 1 .2 sec
peer

Message Security

BSAP employes 16 bit CRC-CCITT error checking to ensure
message security. This 16 bit CRCtechnique catches all single
and double errors, all errors with an odd number of bits, all burst
errors of 16 or less, 99.997% of 17-bit error bursts, and
99.998% of 18-bit and longer bursts. These statistics are
based upon pure bit data. Since BSAP is a message structure
with handshaking and additional diagnostics, the overall sacu-
rity is even greater than stated.

All Network 3000 nodes retain on-line statistics refiecting the
integrity of all communication transactions. An independent
set of statistics is maintained for each communication line
(serial port) at each node.

The embedded handshaking of message communication in
BSAP provides an additional level of security be ensuring that
messages are not assumedto have arrived attheir destination.
All messages initiated by a node are acknowledged by the
receiving node. If an acknowledgment is not received the
message is assumed not to have arrived. Also, a unique serial
number is assigned to all messages to ensure that a response
is matched to a specific request.

Within a network it is essential that certain communications
take precedent over others. BSAP prioritizes communication
messages such that commands being sent downthe network,
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ie. to change set points or turn outputs on or off, have the
highest priority and interrupt the normal polling cycle. Alarms
have the highest priority of all messages traversing up the
netwark but do not interrupt the normal polling cycle.

Specifications

]

SO 1745/2111/2629

1745 - asynchronous character oriented
2111 - transparent messages

2629 - conversational mode

Alarm handling
Automatic

Message security
16 bit CRC-CCITT

Supported communication rates
Synchronous - 187.5 Kbaud, 1 Mbaud
Asynchronous - 300 baud to 38.4 K baud

Line media supported
RS 423, RS 485 muitidrop
Leased phone line

Dial up phone line

o Protocol layering Satellite
Physical level Single and redundant coax
Link level Fiber optic
Network level
Transport end-to-end
0 Message iength
variable up to 253 bytes
o Dataiengths
Analog - 4 bytes (floating point)
Logical - 1 byte
Packed logical - 8 values/byte
Alarm time stamp - 5 bytes
Alarm data - 6 to 10 bytes
o Addressing
local and global
o Network levels supported
6 levels
o Nodes per level
Up to 127 nodes from each existing node at a level. Ina
property configured network, one level could contain
several thousand nodes.
o Communication modes
peer to peer
Remote Data Base access (RDB)
Report By Exception (RBE)
Bristol Babcock
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DPC 3330

DISTRIBUTED PROCESS CONTROLLER

The DPC 3330 is an intelligent distributed process controller.
It has been designed specifically to apply to a range of uses:

Any multi-loop continuous controt application, up to 16
loops, including feed forward, cascade, adaptive gain,
ratio, override, auto-selegtor, muitivariable, ramp and
rate;

Logic control, up to 96 DI/DO, including motor start/stop,
pump rotation and sequencing, interlocks, failure/alterna-
tion, peak handling, timing, stepping, and scheduling;

Batch processing, including sequence and logic control,
ramping, timing, recipe selection, and interlocks;

Calculations such as corrected flow computations (AGA3,
AGAS, AGA7, AGA8, NX19), efficiency, averaging, total-
izing, and process simulation;

The DPC 3330, using the multitasking ACCOL Il lan-
guage, provides the capability to perform all such func-
tions inthe same program, thus allowing complex require-
ments to be satisfied.

Forlarger1/O requirements the DPC 3330 will support ten RIO
3331 Remote I/O racks, with atotai of 50 1/0 cards. EachRIO
3331 will accommodate up to ten process /O cards. The RIO
3331's connect to the DPC 3330 via RS485. No communica-
tion programming is required for this connection.

The DPC 3330 provides the capability necessary for applica-
tions where PLCs and RTUs are too limited and distributed
process control systems are too expensive. It fulfills the need
for a microprocessor-based unit in the gas pipeline, water, and
process industries.

The DPC 3330 can be used as a pure standalone device or can
be networked to other DPC 3330's as well as other members
of Bristol's Network 3000 product family. These include single
loop controllers, RTUs, remote distributed controllers, gas flow
computers, smart transmitters and personal computers or
minicomputers used as operator interfaces. In addition, the
DPC 3330 can be networked with popular PLCs, RTUs, flow
computers, and smart transmitters from other vendors.

DPC 3330 with an IBM Personal Computer running Genesis

The DPC 3330 can also utilize peripheral devices, including a
built-in display/keypad, extended display/keypad, hand-held
terminal, laptop computer, operator display terminal, printer,
and chromatograph. In fact, virtually any serial ASCII device
can be accommodated.

By interfacing to a variety of process input/output signal types,
including all the standards used in measurement and control,
the DPC 3330 can be wired into most any instrumentation
system.

The DPC 3330 employs a modular design making use of
CMOS electronics and large scale integrated circuits such as
ASICs. This provides maximum reliability and serviceability as
well as minimum power dissipation. In case a hardware
problem does occur, firmware-based built-in diagnostics, which
run on-line, will detect the fault.

The DPC 3330 is programmed using ACCOL I, Bristol's
advanced control and communication language. A modular,
multitasking system, ACCOL || far surpasses commonly-used
languages such as BASIC, function block, and ladder logic; it
allows the 3330 to perform the same functions as much more
expensive digital process control systems. A comprehensive
software product line, thatincludes menu-driven configuration,
program downloading/uploading via the network, software

Bristol Babcock
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CONTROLLER

debugging, communication and hardware diagnostics, and
program documentation, provides the tools necessary to
maximize the utility of the DPC 3330.

FEATURES

o Stand-alone or distributed process controlier
o Low power consumption
o Powerful 16-bit CMOS 186XL processor
o Optional CMOS 80C187 numeric co-processor
o Upto 512 K bytes EPROM
o 128 K or 384 K bytes RAM
o RAM memory battery back-up
o Uptofour serial /O ports for RS423/RS485 communica-
tion
o Asynchronous baud rates up to 38.4 K baud
o Synchronous baud rates at 187.5 K baud and 1 M baud
o Built-in modems (private line, dial-up, or fiber optic)
0 NEMA 4 enclosures available
o Two package sizes accommodate up to six or tweive
rugged process /O subsystems in any com bmailon ofthe
following:
Digital In (8D1) *
Digital Out (8DO)
Analog In (4Al)
Analog Out (2A0)
High Speed Counter in (4HSC)
Low level in (4LL)
High Speed Analog in (4HSAI)
Honeywell Smart Transmitter Interface (8 smart trans-
mitters)
o Remote |/O - RIO 3331
o Pluggable |/O terminations
o LED indicators on the Digital /O modules
o Operating temperature range: -40° C to 70° C
o Optional LCD display with Keypad (built-in or extended)
o Uses ACCOL Il modular high-ievel control language

SPECIFICATIONS

The DPC 3330 design incorporates the processing power,
communication capability, |/O adaptability, software config-
urability, and environmental suitability necessary for today's
industry needs. it provides these in a low-cost, reliable, very
serviceable unit.

PROCESSING POWER

o Processor: 16 bit CMOS 186XL microprocessor

o Speed: 12 MHz or 20 MHz

Coprocessor: Optional CMOS 80C187 floating-point nu-
meric processor

Firmware EPROM: 512 K bytes

RAM: 128 K, or 384 K bytes static RAM

4000 hour RAM battery back-up

Real Time Clock: DS 1287, accurate to one second/day
6 diagnostic LEDS

[e]
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Watchdog LED

idle LED

Waichdog timer, relay, and contacts

Switchover output for back-up SLC

Address DIP Switch for network address (range: 1 to 127)
Optional 64 K PROM used in place of RAM for PROM-
resident ACCOL program

COMMUNICATION CAPABILITY

2 serial ports standard
2 additional serial ports optional
RS423/RS485 selectable per port
Media: multiconductor cable
Cablelength (at 9600 baud): 1000 feet (RS423), 2000 feet
(RS485); at 187.5K baud: 1000feet (RS485); at 1 M baud:
200 feet (RS 485), 5000 feet node-to-node {(fiber), 8680
feet maximum (coaxial)
o0 Multidrop: 32 nodes using RS485; point-to-point, only, for
RS423
o Asynchronous communication, on all ports
o High speed synchronous communication up to 4 ports
o Asychronous baud rates, selectable per port: 300, 1200,
2400, 4800, 9600, 19200, and 38400
o Asynchronous coid downioad baud rates:
Ports A&C - fixed at 9600 baud
Ports B&D - switch selectable (1200, 2400, 4800, 9600,
18200, 38400)
o Synchronous baudrate: 187.5 Kand 1M baud (multidrop:
RS48S and coaxial; point-to-point, only, for fiber optic)
o Program downioading/uploading can be accomplished
via synchronous or asynchronous communication

©Co00O0OO0OCOC
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Redundant Automatic Switchover Communications Link
(RASCL)

o 1 M baud communication

o Provides redundant physical connection between 2 or
more controllers

o Single or dual link configurations

o Uses low cost 75 Ohm coaxial cable

o Upto 8680 feet node to node connection

Node to line islolation of 2000 Vac
Robr to specification summary D4618S-1

Modems:

o Optional one or two built-in modems connect to RS423/
RS485 ports
0 Modem baud rate: 300 or 1200, selectable per modem
o Three types of modems are available:
Private line modem for leased lines or radio keying
Switched network modem for auto-dial/auto-answer
Fiber optic modem
Refer to specification summaries D461SS-2, D461SS-3,
D4618S4
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Transmitter Interface Board (TIB)

o Optional, integral, plug-in board connects to RS423/485
ports (B&D)

o Each TIB allows up to five 3508 smart transmitters to
function as slaves to a DPC 3330

o Communicates at 1200 baud

o Polling speed: One transmitter per second

o Provides 24 volt loop power required by the 3508

Refer to specification summary D4615S-6

Radio Delay Interface Board (RDI)

o Radio and satellite communication delay board”
o Optional, integral, plug-in board connects to RS423/485
ports (B&D)
o Provides RS232 interface to an external radio modem or
transceiver
o Three timing functions available:
- Leading Edge Delay (RTS-to-CTS Delay)
- Trailing Edge Delay
- Carrier Time Out
Refer to specification summary D4615S-5

Muitipurpose Interface Board (MIB)

o Plug-in board - connects to port B or D

o Can be configured to operate in two communication
modes

o Mode 1: provides network termination and surge protec-
tion for RS485 networks

o Mode 2: functions as a redundant physical link; both
RS485 links carry the same data from port B or D

o Not used with RS423 or modems

Refer to specification summary D461 SS-7

COMMUNICATION PROTOCOLS/
MESSAGE STRUCTURES

BSAP

o Bristol Standard Asynchronous Protocot

o IS0 Standard 1745/2111/2629

Used to network Bristol products, including the SLC 3755,
RATU 3310, DPC 3330, DPC 3335, RIO 3331,

GFC 3308 and 3508 smart transmitters

Local addressing: 127 nodes

Giobal addressing: 32,767 nodes (via pass-through nodes)
Hierarchy: 5 leveis

Contention Scheme: Polled

Programming: Via standard master and slave ACCOL
software modules

Refer to specification summary D454SS-6a

ASCli
o Simple ASCII, with selectable start, stop, parity, and word

0O 0O0O0OO0

format

o Used for communication with RTU 3301's and peripheral
devices such as computers, printers, graphic terminals,
displays, and handheld terminals

o Input and output

o Programming: Standard ACCOL Logger module uses a
compiete set of format commands for message configu-
ration, handshaking, display formatting, and printed re-
port formatting

OTHER PROTOCOLS

Allen Bradley PLC-2, standard

Modbus, inciuding Daniel Solarflow Plus and 2500 varia-
tions, standard ’

Adept protocol, optional

Columbia Natural Gas (ANS! 3.28), optional

El Paso Natural Gas, standard

Teledyne-Geotech, standard

Protocols are selectable on a per-port basis; a DPC 3330
can use multiple protocols (on different ports) simuita-
neocusly

- Several others also available

o Protocois are available on optional custom protocoi PROM

ENVIRONMENTAL SUITABILITY

Despite the very modern appearance of the standard DPC
3330 package, it is extremely rugged. The case is made from
injection moided Lexan, avery sturdy material used in products
that must be impact-proof.

(=2 o)
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The DPC 3330 is Factory Mutual certified, meets SAMA
specifications for vibration, and meets |EEE-472/C37.90 surge
protection criteria.

The modular ‘no-cables® design makes the DPC 3330 pack-
age very easy to instail and service.

o Operating Temperature: -40°Cto 70° C

o Dispiay/keypad: -20° Cto 70° C

o Low Level Al Board: 0°Cto 70° C

o High Speed Al Board: -20° Cto +70° C

o Storage Temperature: -40° Cto 85° C

o Relative Humidity: 5% to 95% noncondensing

o RFISusceptibility: per SAMA standard PMC 33.1-1978,
using field of 10 V/m from 20 MHz to 500 MHz

o Vibration: Rated for field mount applications.
15-150 Hz @ 9.8 m/s? (1G) constant acceleration
150-2000 Hz @ 4.9 m/s?(.5G) constant acceieration

o Cooling: Not required (natural convection)

o NEMA rating: Standard package not rated, but similar
to NEMA |; optionai NEMA 4 enciosure

o Approval: FM and CSA certified as nonincendive for
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Maximum input noise: 2.0 V p-p
Class |, Division 2, Groups A-D installations
Typical Power Requirements (@ 24 Vdc)
PACKAGING Waits Amps at
24 Vde
Standard Package is relay rack of panei/wall-mounting (please 12 MMz CPU Board* 1.50 .063
refer to diagram for mounting); As the diagram shows, the 20 MHz CPU Board* 200 .080
package mounts in amanner that allows room for wiring above System Interconnect Board* 3.00 .120
and betfow the unit. Cabletrays can be placedinthese positions Comm. Board (2 Ports)* 1.10 045
to allow routing of wires to the side and out to other equipment. Enhanced Comm. Board 2.00 080
NEMA 4 enciosure is set-up for waill mounting. Display/Keypad (Local) 0.15 .006
Display/Keypad (Ext) 020 .008
Three packages are availabie: Math Coprocessor 0.60 .025
0-siot (*Data Concentrator®) Al Board 044 018
6-slot (6 /O card capacity) AO Board 0.68 .028
12-slot (12 1/0 card capacity) DI Board wLED 0.15 .006
D! Board w/o LED 0.04 002
DIMENSIONS DO Board wiLED 0.15 .006
DO Board w/o LED 0.04 002
0-siot: HSC Board w/LED 0.2 .009
7°L x 19°"W x 5-1/2°D Standard HSC Board w/o LED 0.12 .00S
18'L x 24°W x 8°D NEMA 4 Low Level Board 1.40 .058
HSAI Board 1.40 .058
6 slot: DO Relay Board w/LED 0.10 .004
13-1/2" L x 19"W x 5-1/2°D Standard DO Relay w/o LED 0.04 .002
18"L x 24"W x 8°'D NEMA 4 C.B.O. Board 450 .190
HWST! Board 2.20 .090
12 slot: Modem 0.63 .026
19-1/2°L x 19"W x 5-1/2"D Standard RDI Board 0.10 .004
24" x 24"W x 8"D NEMA 4 T8 Board 0.73 .030
RASCL 3.00 .125
WEIGHT MIB 050 .021
O-slot: *Part of the base unit
11 Ibs. Standard
31 Ibs. NEMA 4 NOTE: The above figures do not inciude ioop power. To
account for the additional power draw of externai
6-slot: devices, such as transmitters, add the following for
14 Ibs. Standard each point:
34 lbs. NEMA 4
Watts Amps at 24 Vde
12-slot: per input point
17 Ibs. Standard DI Board 12 .005
44 Ibs. NEMA 4 HSC Board 12 .005
DO Relay Board .25 .010
Al Board .50 .020
POWER REQUIREMENTS AO Board 's0 020
Two power supplies (DC-DC converters) are available: HWST! Board 30 012
12 Vdc input
24 Vdc input SOFTWARE CONFIGURABILITY
Supply Input: The DPC 3330 uses ACCOL I, Bristol's high-level, modular

24 Vdc Type: 22-28 Vdc process comtrol language.

12 Vde Type: 9-18 Vde

ACCOL |l features:
o 90 high-level modules (aigorithms)
o 23 calculator module functions
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o 12 programming statements ("sequence extensions”)

o Muttitasking: 127 tasks per DPC 3330

o Taskexecutionintervals: 0.0210 5400 seconds or continu-
ous, selectable per task

o 9999 ACCOL modules per task

o Analog (32 bit floating point), discrete (on/off} and string
variables

o Alarm/Exception reporting: state for logical values, four
limits and two deadbands for analog values

o Alarm/Event message storage: up to 4096 messages in
RAM; 16 bytes per message

o Databasestorage: Data arrays - 4 bytes per stored vaiue;
up to 32 K bytes per array. Storage arrays: 12 values per
64 byte record; up.to 256 K bytes of total array space.

Refer to specification summary D454SS-5a

SOFTWARE PACKAGES

The foilowing software packages are pertinent to the DPC
3330

ACCOLI! Interactive Compiler (AIC)-Provides a fill-in-the-
blanks menu system for configuration of ACCOL il pro-
grams. Includes on-line modification, linking, program
downloading, and a documenter.

ACCOL !l Batch Compiler (ABC)-Allows ACCOL Il pro-
gram creation and modification using atext editor. Useful
in conjunction with the AIC.

Toolkit-A menu-driven, on-line software debug tool and
hardware/communication diagnostic program.

Universal Operator Interface (UOI) - Provides a

customizable, menu-driven operator interface to a DPC
3330. Collects on-line, historical and audit trail data for
storage and reporting.

NOTE: The off-line programs require DOS/IBM PC or
VAX/VMS compatibie. The on-line programs require DOS/
IBM PC or VAX/VMS with Enterprise server.

Genesis-Provides a comprehensive PC-based operator
interface for a DPC 3330 or network of DPC 3330's;
provides color graphic displays, alarm reporting, printed
reports, and historical data base.

Enterprise-Provides a comprehensive, multi-user opera-
tor interface for a network of DPC 3330's. VAX/VMS
compatible. Suitable for large systems with up to 64,000
data points.

/O ADAPTABILITY

The DPC 3330 provides interfacing to a wide variety of wiring
present in measurement and process control systems. Allthe
“standard® signal ranges are included.

SPECIFICATIONS COMMON TO ALL 1/O

o Pluggable terminal blocks

o Screw compressor terminations accommodate up to 12
AWG wire

0 24 Vdcloop power available at terminations (not available
in 12 Vdc powered units)

o Hardware selectabie ranges/options

o Single boards include both terminations and interfacing
electronics

o Surge protection meets |IEEE 472-1974 and C37.90-1978
(revision, 1983)

ANALOG INPUTS

4 board types are available
Differential inputs
12 bit A/D converter per board
Conversion time: 200 us
Accuracy (all ranges):
0.1% at 25°C
0.2% over -20°Cto 70° C
0.3% over 40°Cto70° C
o Input filtering: singie pole 50 ms time constant: 300 msec
to 0.1% of input value
o Setting time: 18 us to 0.01%
o Software filtering: fully programmabie in ACCOL I!
o input sampling: depends on ACCOL task interval (0.02to
5400 seconds)
o Surge protection:

00 O0O0O0

Board In In| In Mode Surge
put put put

Code Quantity Range impedance Voitage Protection

1 4 0-10Vde 150Kohms +2V,-12V  + 38 Vdc

2 4 1-5 Vde 150 Kohms +5V,-10V  + 39 Vde
420mA 2500hms +5V,-10V  +39Vde

3 4 0-10 Vdec 2 Megohms 180V +180 Vde

4 4 15Vde 2Megohms 180V +180 Vde
4-20mA 2500hms 180V +180 Vde

1-5 Vdc/4-20 mA selectable per point

ANALOG OUTPUTS

0 2 board types are available
o 12 bit D/A converter per board
o Accuracy (all ranges):
0.1% at25°C
0.2% over -20°Cto 70° C
0.3% over 40°C10 70°C
o Surge protection: 15 V transorbs between analog output
and analog common; 39 Vdc MOVs between anaiog
common and chassis ground

Signal conditioning: 100 ustime constant for 1-5 Vdc/4-20 mA
outputs; 6.5 us time constant for 0-10 V outputs

Update interval: Software configurable (ACCOL task interval,
0.02 to 5400 seconds).
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Board Output Output
Code Quantity Range impedance
[ 2 0-10 Vde 5 mA source
7 2 1-5 Vde 5 mA source
4-20 mA 0 to 650 ohms
1-5 Vde/4-20 mA selectable per point
LOW LEVEL INPUTS
o Operating Range: 0°Ct0 70° C
o 4 inputs per board
o All ranges selectable per point
o 14-bit A/D via successive approximation
o 16-bit on board microprocessor
o 32K bytes EPROM
0o 32K bytes RAM
INPUT TYPES
Thermocouples Range
B 10010 1800° C
E -2701t0 1000° C
R -50t0 1720° C
S -501t0 1760° C
J -210t0 1200° C
K -270t0 1372° C
T -270to 400°C
ACCURACY
See Table below
. Accuracy
Thermocoupies Resolution 25°C 0°Cto+70C
B 10010 200°C  2.0°C +8°C + 16°C
200 to 390°C 1.0°C  +4°C + 8C
390 t0 840°C 05°C i2°C + 4°C
840 to 1800°C 02°C +1°C + 2°C
E 27010 -260°C 1.0°C  +3°C + 6°C
26010 -225°C  0.25°C #1°C + 2°C
251 -200°C  0.08°C  +.75°C + 1.5°C
20010 1000°C  0.09°C +.5°C + 1°C
R -50 to +50°C 04°C :2°C + 4°C
50101720°C  0.17°C +1°C + 2C
s 5010 +50°C  0.37°C  :2°C + 4C
50t01760°C  0.18°C +1°C + 2°C
J 21010 191°C 0.08°C  +.75°C + 15°C
-190101200°C  0.11°C  +,5°C + 1°C
K -270 to -261°C 2°'C +5°C + 10°C
-26010248°C 058°C :2°C + 4°C
24510 180°C 0.25°C +1°C + 2°C
-17910 -145°C~ 0.08°C +.75°C + 1.5°C
-145101372°C  0.14°C  +.5°C + 1'C
T -270 o -261°C 1.5°C +4°C + 8C
-28010 251°C  0.38°C  +2°C + 4C
-18010 -138°C  0.08°C  +.75°C + 15°C
-13510 400°C 0.08°C  +.5° + 1°C
RTD 2010 850°C 0.09°C +.25°C + .5C
+10mV +.025% + .05%

RTD
100 Q platinum Din 43670 - 220 to 850°C

VOLTAGE
+10mVv

INPUT RESISTANCE
10 Meg Ohms

SIGNAL CONDITIONING

50 ms time constant

ISOLATION-COMMON MODE
500 V peak w/isolation ampiifiers

SURGE PROTECTION
|EEE 472-1974
C37.90-1978

HIGH SPEED ANALOG INPUTS

Operating range: -20° C to 70° C

4 analog inputs (process variables)

2 discrete inputs (timing signais)

HPC 36003 16-bit microprocessor

32 K RAM and 32 K EPROM

10 us input conversion

360/1440 data input samples (conversions) per input
cycle

00 00O0O0OO0

Al specs:
o Input ranges (jumper selectable): 1-5 Vdc and 4-20mA
o Input sourcing: 24 Vdc, jumper selectable, for 4-20 mA
loop power
o A/D resoiution: 12 bits
o Accuracy: 0.1% at25°C
0.2% over -20°Cto 70° C
0.3% over - 40°C to 70°C

DI specs:
o lInputrange: S5V
o Off/on threshoid: 0.5 V/4.5 V

Refer to Specification Summary D456 SS-4.
DISCRETE INPUTS

o § board types are available

o Isolation: Optical isolation; 1500 V common mode
isolation

o Dry contact inputs: Accommodated by jumper se-
lectable internai/external loop power

o Indicator: LED (“on® status); can be disabled

o Counterinputs: Interrupt-driven; maximum 300 Hzona
single input, 800 Hz total puises on all inpL73, can be
accommodated by the DI boards; Accumuiator or fre-
quency mode selectable in ACCOL software
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o PDM input ranges:
Bristol 5 second (1 to 4 sec);
Bristot 15 second (3 to 12 sec);
BIF 15 second (0 to 13.33 sec);
BIF 60 second (0 to 53.3 sec)
o PDM input variables scaled in ACCOL software

. Filter
Board Input Input Off/On Time
Code  Quantity Range Threshold Constant

K 8 § Vac/de 0.5v/4.5V 1 ms*
R 8 12 Vac/de 1.2v/10.8V 1 ms*
A 8 24 Vac/dc 2.4V/21.6V 1 ms*
B 8 12 Vac/de 1.2v/10.8V 30ms
C 8 24 Vac/dc 2.4v/21.8V 30 ms
D 4 120Vac/de 12v/108V 30 ms

*The 1 msec is appropriate to PDM inputs from Metameters. it must

also be used for low speed counter applications.

HIGH SPEED COUNTER INPUTS

o 3 board types are available

o Frequency range: 0to 10 KHz

o Selectable internal/external loop power for dry contact
inputs

o Debounce circuitry: can be enable or disabled

0 Set, Reset, Common, and Shieid terminais per input

o Isolation: Optical isolation; 1500 V common mode isola-
tion '

o Indicator: LED (“on® status); can be disabied

Board Input Input Off/On Current
Code  Quantity Range Threshold Draw
G 4 24V 2.4V/21.8V 5mA
H 4 12V 1.2v/10.8V SmA
N 4 5V 0.5V/4.5v SmA

DISCRETE OUTPUTS

o 3 board types are available
o Relay contact rating:
2A resistive 50 Vdc or 120 Vac 50/60 Hz
0.6A inductive 50 Vdc or 120 Vac 50/60 Hz
0.4A motor 50 Vdc or 120 Vac 50/60 Hz
0.2A lamp 50 Vdc or 120 Vac 50/60 Hz
o Indicator: LED ("on” status); can be disabled
o Output modes: Programmable via ACCOL
On/oft latch;
Momentary;*
Counter/Pulse;*
PDM;
PDO: (Raise/lower pulse duration) with resolutions
selectabie: 20 ms, 50 ms, 100 ms

*durations and frequencies depend on ACCOL task interval

(0.02 to 5400 sec)
Cote  Guamity o' Sange
E 8 Open Collector 100 mA @ 35 Vdc
F 4 Relay 24V Caoil
M 4 Relay 12V Coil
CHECK BEFORE OPERATE (CBO)
DISCRETE OUTPUTS

o Provides a reliability check on discrete outputs
o Eight outputs per board
o Three board types available
- Relays with surge protection
- Relays with fusing
- External relays
o CBO Relay Module mounts on an external DIN support rail
and connects to the CBO |/O card via a ribbon cable

- Refer to specification summary D462SS-2

HONEYWELL SMARTLINE TRANSMITER
INTERFACE BOARD (HWSTI)

o Provides eightindependent, bi-directional communication
channeis

o Each channel allows a Honeyweil ST3000 transmitter to

communicate with a DPC 3330

o Ground-referencedtransmitter power foreach input chan-
nel

o Plugs into any i/O siot

0 Field Termination Assembly (FTA) mounts on an external
DIN support rail and connects to the HWSTI via a ribbon
cable

Refer to specification summary D462SS-1

ACCESSORIES
DISPLAY/KEYPAD

Operating range: -20° C to 70° C

4 line by 20 character backlit liquid crystal dispiay

5 x S keyboard matrix

Local unit mounts on front panel of standard package
Extended unit mounts on a front panel; connects viaa 10
foot ribbon cable

Field retrofittabie

Parallei interface to I/O bus

Supported by menu display system in frmware
Programming: Via ACCOL module; consists of specifica-
tion of signal lists to be accessed by the menu system
Refer to specification summary D456SS-3a

HANDHELD TERMINAL (HHT)

4 line by 16 character liquid crystal dispiay
Numeric/function keypad

RS422 serial interface, uses a DPC 3330 serial port
Can be extended up to 2000 feet away from the DPC 3330

0O 00O0O0

0O 00O

0O 00O
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o Programming: Via ACCOL logger module and format
commands; completely programmable, as required

o Two modeis are available:
With memory (32 K bytes RAM): aliows data base transfer

between DPC 3330 and HHT; without memory: operator

interface only
Refer to specification summary D45255-4a

SERIAL PRINTER

o Any serial printer can be connected to an RS423 port
o Programming: Via ACCOL logger module and format
commands; log format is completely programmable

OPERATOR TERMINAL

o Any serial ASCII terminal can be connected to an RS423
port

o Programming: Via ACCOL logger module and format
commands; display format and keyboard input are com-
pletety programmable

NETWORK INTERFACE BOARD (NIB)

o Required for network termination and surge protection in
RS485 networks

o Not used with RS423 or modems

Refer to Specification Summary D456 SS-2a

Bristol Babcock

USA. U.K.and European Headquarters Canada France
Bristol Babcock Inc. Bristol Babeock Ltd. Bristol Babcock Canada Bristol Basbcock s.a.
Process Control Group World Headquarers Vaie industrial Estate 234 Attwell Drive ZL. des Petits Pres
1100 Buckingham St., Watertown, CT 06795 Stourport Road, Kidderminster, Toronto, Ontaro MW 5B3 Route de Baiany, B.P. 129
Telephone: 203) 575-3000 Worcestershire, DY11 7QP.England Telephone: (418) 675-3820 60251 Mouy Cedex, France
Fax: 203) 575-3170 Telephone: Kidderminster (0562) 820001 Fax: (416) 674-5129 Telephone: 33-4431-1515

TELEX: 339588 Fax: 33-44-26 -43 73

Fax 0562 515722

Prirted in the U.S.

© Copyright 1983 Bristal Babcock (ne.
Rev. &/83
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System Interconnect Board
7
CPU Engine Board
I PROM
- 512 K Eprom 188XL
== Option P -
Bl 128 K RAM —— 8 DI
Operator Interface 20c1a7 Board
compi oxran | |Gopacome
2 [l 100
4 DO (relay)
y——74
Leptop PC 1 - Al
| Board F—— 4 Al
3
TS — {B\Sard —— 2 A0
Hand Heid —
Terminal
*Option Boards inciude: HSC
Modem, RASCL, MIB l— 4 HSC
RDI & TIB Board
Low
4 low jevel
o | o
+15V 18§V +5V
I I l LCD Diapiay & HSAI | 4Al
| Board | | — 2D
Power Supply
& Sequencer /O Bus :zd u; .z 1o
12Vde Watchdog
or 24Vde Contact
BSAP Network:
 BSaP Nework: ARCHITECTURE BLOCK DIAGRAM
Coaxial, Fiber Optic,
Radio, Satelite
o
RTU 3501
- (9
SLC 3755 '?-.-E
Teletrans 3508

Smart Transmitter
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Bristol P/N Status A B C D Item 1 REQ
389900-02-8 1 a 24 25% 7 1/81 21% 8
389900-01-0 1 a 16% | 17 3/4 4 3/4113 3/4 6
NEMA 4 CABINET
1 _l_... — r
— : - 7/16 Dia
j_ 3 } : 18 / D
u X = . T _
] [ ¢
T T
5/8 I 1 ]
| |
T i * * '
.20 (4 REQ) T : ;
|
\ 17.500 | |
] !
1 1/1F —: . -
* A ' ' 1
1 N | VISIBLE
I - . D.- 12.250 || WINDOW AREA ¢
* | IN DOOR l D
1311/316 7.000 : T
12 ]
l [ 6 3/b
1Y g .
| N IR - 1
S j Y L
L w e Lol ol -
- 12.00 % ' 7/16 1 3/8
6 3/4 ——amy 33/8 18.312 »
—] w1 6 1/8
24 o
1 3/8 21'11
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Base Attachment - A Attachment - B
A BC-DEF A B C-DEFG #1 #2 K3 H4 %5 46
Model Number: 3330-10A- _ _ _ -__ __ _-A__ _ _ - __ _ ___-B__ _ o __
Attachment -C Attachment - D
#7 #8 H9 #10 #11 #12 A B C
-¢c _ _ _ __ _ -
BASE CODE
12 /O Slot NEMA 1 1
12 1/0 Slot NEMA 4 2
A |Base Unit 6 1/0 Slot NEMA 1 3
6 1/0 Slot NEMA 4 4
0 I/O Siot NEMA 1 5
0 1/0 Slot NEMA 4 6
B |internal +12VDC NOTE 1 1
Power Supply +24 VDC 2
C |Not Used Enter 0 for this selection 0
D |[Certification None 0
FM 1
E F |[Not Used Enter 00 for this selection _ 00
ATTACHMENT 3330-A
A [Not Used Enter 2 for this selection 2
12 MHZ CPU Board
RAM Based Floating Point
128K RAM No 22
384K RAM No 25
128K RAM Yes 24
384K RAM Yes 26
With 64K PROM Floating Point
64K RAM No 31
320K RAM No 35
64K RAM Yes _ 33
320K RAM Yes 36
B C [CPU Options 20 MHZ CPU Board
RAM Based Floating Point
128K RAM No 42
384K RAM No : 45
128K RAM Yes 44
384K RAM Yes 46
With 64K PROM Floating Point
64K RAM No 51
320K RAM No 55
64K RAM Yes 53
320K RAM ‘ Yes 56
Note 1: +24 VDC to power two wire transmitters or relay contacts not available in 12 V 3330s.
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Base Attachment - A Attachment - B
A BC-DEF A BC-DEFG #1 H2 #3 #4 #5 #6
Modet Number: 3330-10A- __ __ __ -_ __ _-A_ __ _ - _ __ _ __-B_ _ _ _ _ _
Attachment - C Attachment -D
#7 #8 #9 #10 #11 #12 A BZC
-C __ __ . __ _ -D__ __ __
ATTACHMENT 3330-A (Continued) CODE
Port A Port B
RS-423/485 RS-423/485 1
RS-423/485 Private Line Modem 2
RS-423/485 Switched Network Modem 3
D |Communication RS-423/485 U.K. Modem Not FM 4
PortsA&B RS-423/485 Fiber Optic Modem Not FM| - 5
RS-423/485 MiB 6
RS-423/485 RASCL (Redundant) Not FM 7
RS-423/485 RASCL (Single) Not FM 8
RS-423/485 RDI Not FM 9
RS-423/485 TIB Not FM A
PortC Port D
None None 0
RS-423/485 RS-423/485 1
RS-423/485 Private Line Modem 2
RS-423/485 Switched Network Modem 3
E [Communication RS-423/485 U.K. Modem Not FM 4
Ports C&D RS-423/485 Fiber Optic Modem Not FM 5
RS-423/485 . MiB 6
RS-423/485 RASCL (Redundant) Not FM 7
RS-423/485 RASCL (Single) Not FM 8
RS-423/485 RDI Not FM 9
RS-423/485 TIB Not FM A
F G |Not Used Enter 00 for these selections 00
ATTACHMENT 3330-B
#1
#2 Specify the 1/0O module code from the table on thg following page
#3 |1/O Module to be installed in each of the first six 1/O slots of the DPC 3330.
#4 |Selection Insert a 0 if no module is required in that slot.
#5 ,
#6
IATTACHMENT 3330-C
#7
#8 Specify the /O module code from the table on the following page
#9 |VO Module to be installed in each of the second six /O siots of the DPC 3330.
#10 |Selection insert a 0 if no module is required in that slot. '
#11 Use Attachment 3330-C only for a DPC 3330 with 12 1/O slots.
#12
——
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Code

vo
Points

Description

ANALOG INPUT

W N -

LB R

input Range Common Mode
0-10 VDC No
1-5 VDC/4-20 mA  Note 3 No
0-10 vDC Yes
1-5 VDC/4-20 mA  Note 3 Yes

LOW LEVEL ANALOG INPUT Note 2

RTD 600V C.M.
TCJ, K, T,R, S, B Isolation
+- 10 mV Yes

ANALOG QUTPUT

-~

NN

Output Range
0-10 vDC
1-5 VDC/4-20 mA Note 4

DISCRETE INPUT

XO0O0wWaD>»

o« A~ 00 ® OO ™

input Range Filter

24VAC/DC Note 3 1mS
12VAC/DC Note 5 1mS
12VAC/DC Note 5 30mS
24V AC/DC  Note 3 30mSs
120V AC/DC 30 mS
5V AC/DC 1mS

DISCRETE OUTPUT

Output Type

Open Coliector

Relay, +24V Coil Note 4
Relay, +12V Coil Note 6

HIGH SPEED COUNTER

Z2IT6® T m

~

+24 V Input Range  Note 3
+12Vinput Range Note 5
+5 V Input Range

High Speed Analog input Note 2
4 Al (1-5 VDC/4-20 mA) 2DI (5V AC/DC)

(71 )

Honeywell Smart Transmitter interface Note 2
Not FM Approved Ref. Spec. Sum. D462SS-1
Replace 10 ft. cable with 30 ft. cable (PN: 391274-02-3)

CHECK BEFORE OPERATE Not FM Approved

8
8
8

C.B.O. with Surge Protection
C.B.O. with Fusing
C.B.O. with Extemnal Relays .

The LLAI, HSAI and HWSTI cannot be used in slots 1, 6, 7 or 12 in the 3330.

24 voit range VO cards used with 12 volt intemal power require an external 24 volt
supply if power for contacts or transmitters is needed.

Cannot be used with 12 V intemal power.

12 voit range /O cards used with 24 volt intemal power require an externai 12 voit
supply if power for contacts or transmitters is needed.

Cannot be used with 24 V intemal power.
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Base Attachament - A . Attachachment - B
A BC-DEF A BC-DEFG ##H2 #3 H4 #5 #6
Model Number: 3330-10A- __ __ __-__ _ _-A_ __ _-__ __ __ _-B__ __ _ _ _ _
Attachment - C Attachment - D
#7 #8 #9 #10 #11 #12 A BC
-C _ . _ _ _ _-D_ _ _
ATTACHMENT 3330-D CODE
A B C |Display/Keypad Built-in Keypad 200
DO NOT include Remote Keypad 201
Attachment 3330-D in the
Model Number if no
Keypad is required.
IATTACHMENT 3330-Z
DPC 3330 with:
With 0 I/O Boards 2-100
With 1 /O Board Z-101
With 2 1/O Boards Z-102
With 3 |/O Boards Z-103
Conformal Coating With 4 1/O Boards Z2-104
: With $ 1/O Boards Z-105
DO NOT include With 6 1/O Boards Z-106
Attachment 3330-Z in the |With 7 /O Boards 2-107
Model Number if With 8 1/0 Boards Z-108
Conformal Coating is not  |With 9 1/O Boards Z-109
required. With 10 I/O Boards Z-110
With 11 1/0O Boards Z-111
With 12 1/O Boards Z-112
With Built-in Keypad Z-200
With Remote Keypad Z-201
Fiber Optic With Single Fiber Modem }3330- E100
Modem Rack With Dual Fiber Modem 3330 - E200

Note: The LLAI board is always conformal coated: therefore, DO NOT count it in the attachment.
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NETWORK 3000
GENESIS ™

FEATURES

Runs on 286- and 386-based computers
MS-DOS compatible

ICON-driven graphic display builder
Easy-to-use database builder
Comprehensive alarm reporting
Alarm, event, and report logging
Historic data archive and replay
Realtime and Historic trending
Lotus 1-2-3 compatible

On-line file transfer utility

Password protection

SPC/SQC

Networking software

0O 0000000 0ODOO0OOO

GENERAL

Genesis is a powerful operator interface software package for
Network 3000 products including DPC 3330, DPC 3335, RDC
3350, and UCS 3380 distributed process controllers, as well
as Bristol Babcock's RTUs and single loop controllers. In
process control, industrial automation and SCADA applica-
tions, Genesis provides data acquisition, operator graphics,
trending, alarm logging, data logging, historical replay, report
generation, and SPC/SQC functions.

Genesis was designed with both the operator and engineer in
mind. It is the fastest to learn and easiest to use process
operator interface software available. Genesis provides an

icon-based, mouse-driven system for designing process graph- .

ics, and is completely CAD-based with object-oriented, Au-
toCAD compatible graphics, allowing timesaving import and
export of process diagrams and displays.

Genesis provides outstanding flexibility by offering several
levels of software packages to meet your system needs. In

addition, its open architecture features make Genesis com- -

patible with the needs of today’s industry, including Lotus 1-2-
3 and Microsoft “C* language. Moreover, Genesis supports
realtime distributed networking capabilities that are NetBIOS
compatible, supporting such LAN topologies as Ethernet,
ARCNET, PCLAN, Token-Ring and Novell.

Genesis consists of two main parts: the system configurator,
which runs under DOS; and the runtime system, which is a
realtime, multitasking control system that is co-resident with
DOS. The system configurator is a CAD-based system
developmentenvironmentwhichincludes the database builder
and the graphics builder. The runtime system executes the
data collection system and provides a graphical operator
interface.

DATABASE BUILDER

Probably the most outstanding feature of Ganesis is its truly
unique database builder. This utility extracts all flagged
database signals from the ACCOL |l program files and auto-
matically generates an interface file for each Network 3000
process controller. Signals are then selected for inclusion into
the database by simple selection with the click of the mouse.
It's that easy. Also, using the mouse you can select from a
library of acquisition, mathematical, logic, and calculation
functions, position them on the scréen, and connect them to
database signals.

The reaitime database can contain up to 120 Network 3000
process controllers and up to 6000 signals. The historic
database can accommodate up to 800 signals. The self-
documenting feature of Genesis provides the capability to
produce a hard copy printout of the database.

Bristol Babco_ck
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o The rotate 90°function rotates the selected

@ 2R CONTROL
K 3

o)

symbol 90°.

o The grids and gravity functions allow precise
positioning of the mouse cursor while it is any-
where in the working screen area. When
gravity is enabled, all cursor movements are
automatically snapped to the nearest grid
intersection. The size ofthe grid may be easily
altered to fit any display requirements. Both
grids and gravity can beindividually controlled.

o The symbol generation function, represented
by the rubber stamp icon, allows the user to

DISPLAY BUILDER
Creating Displays

The Genesis display builder is an advanced object-oriented,
CAD-basedtool for generating displays and reports specificto
the application. Withinthe display builder, the user utilizes the
mouse and convenient function icons to build complex dis-
plays quickly and easily. Unlike other pixel based systems, if
you know how to sketch a line, box or circle, then you know
how to use Genesis. You may draw and label basic shapes
using a variety of drawing tools. To select a tool, you simply
click on the appropriate icon. The tools include lines, bars,
boxes, circles, ellipses, arcs, area fill, and text. The operation
of the drawing tools can be modified with a selection of 16
colors, 3 line widths, 2 line styles, 2 text styles, and an
untimited number of text sizes.

Genesis has the most extensive graphics editing tools of any
CAD-based process control software on the market. The
editing functions of the display builder and strategy builder are
nearly identical. These functions operate on actual objects, as
opposed to pixels, to save time in building operator displays.

o The move, resize and copy functions operate on any se-
lected display object, either static or dynamic, or any
group of selected objects.

o The attribute function enables the user to change the
color of an object previously created.

o The cursorfunction will display the XY coordinates of the
mouse cursor while it is anywhere in the working screen
area.

create complex symbols such as valves or
motors, then store, recall, and reuse them as
many times as desired. Thereis nolimittothe
number of symbol files which may be created.
With the Genesis display builder, you never
need to draw the same symbol twice. In
addition, Genesis comes with a preconfigured
set of ISA symbols.

AutoCAD Support

Genesis provides users with the powerful option of importing
any AutoCAD DXF compatible file into Genesis. These
existing AutoCAD drawings may then be used as operator
displays. Any strategy or display created within Genesis may
also be exported to an AutoCAD DXF format for further
manipulation and graphical editing within AutoCAD orany DXF
compatible CAD tool.

Dynamic Connections

An important feature of the display builder is its ability to
graphically display any process variable within the database.
A wide range of dynamic connection functions enables the
user to graphically or verbally depict exactly what is going on
in the process.

o Dynamic shape - Bars, boxes, circles, and ellipses con-
nected with the dynamic shape function will grow and
shrink in proportion to the value of the process variable.
Six different modes of operation, including bar graphs and
bias bars, are possible with connections to boxes and
bars.

o Dynamic symbols - Users may define complex symbols
that contain many dynamic connections and save them
as a single component. This function saves atremendous
amount of time in that complex symbols which require a
great deal of time and care to create can be used in
different places, numerous times, without having to rede-
fine each dynamic connection each time the entire com-
ponent is used.

D454 SS-2a
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o  Dynamic color - Any object can have up to 8 different
colors based upon the state of digital process variables.
Any of the 16 available colors may be used.

o Data entry - Process variables may be modified by the

‘operator through numeric Data Entry fields.

Initialized

Data Entries can be usedto construct recipe pages. Also,
upper and lower Data Entry limits as well as 4 levels of
security may be selected. Dynamic data entry points
provide read and write capability in the same field.

o State fields -

This function allows users to customize
messages within the display builder.
operate in three modes:

State fields can
(1) display, where the text

represents the value of a process variable; (2) data entry,
where the operator scrolls through user-defined text
states and then downloads their associated analog or
digital values to the process; and (3) data entry and
display, a combination of the two.

Txme/Date

o

Connection
lnmalized
Data Entry

Pick fields - Any object in a display may be defined to
execute any single operator interface command or a
macro that exists in the current key macro library. Once
defined, the pick field can be selected from the display
during runtime and have its corresponding command or
macro executed. A pick field may be selectedthroughthe
keyboard, mouse, or touch screen.

Process point - Any process value, including both dy-
namic variables and descriptive text, can be displayed at
runtime. Process point formats can be user selected and
scientific notation is available.

Trend window - Trend windows, graphically showing the
change in variables over a period of time, can be incorpo-
rated into opérator displays. There can be as many as 8
pens per trend window, each representing a variable with
a different color, and there is no limit to the number of
trend windows per display. Trend times can be set
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anywhere in the range of 30 seconds to 48 hours. Trend
windows have no prior history before the display isin view.
Once the display Is in view, they become scroll windows.

o X-Y displacement - Graphic animation of an object is
possible with X-Y displacement. Objects may be con-
nected to separate variables on the X and Y axes.

o Blink -Any object can be caused to blink when connected
to a digital process variable.

o Analog-digital selectors - Objects within a group may be
selected for display based on an analog value or digital
status of the connected variable.

o Time-The PC system time and/or date may be displayed
on any graphic screen in a number of various formats.

0 History windows - Similar to trend windows, history win-
dows may appear in operator displays to show live and
historic trend data from open history files. History win-
dows can be configured for up to 20 pens or variables,
each with its own color. The x-axis can be atime scale or

. onegpfthe process variables. The grid lines can be linear
or logarithmic.

History Windows
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o Display animation - This function provides the ability to
animate selected objects based upon the levels of an
analog signal or the state of a discrete event. The
animation icon allows you to select a group of graphic
objects that will be sequericed when a defined digital state
goes true. This function is like having a movie prcjector
and a set of pictures to show when the switch is ON.

o Dynamicreport- A convenient report that defines all ofthe
dynamic connections for a given display can be gener-
ated from within the Genesis display tuilder and sent to
either the configured printer or an ASCII disk file. The
dynamic report clearly outlines all of the actual links and
connections for the current display.

Display Hierarchy and Key Macro Assignments

Genesis provides a powerful and flexible means of creating -
display hierarchies of unlimited size. Each display has the

- capability of redefining all of the function keys and assigning

them to bring up any display inthe system. Function keys may
also be defined to call up any system level function such as
turning signals on or off, acknowledging alarms, etc. A se-
quence of key actions may be grouped into a “named macro”
and assigned to any key on the keyboard, touch screen, pick
field, or mouse button.

RUNTIME SYSTEM

The runtime system provides realtime and historical data
acquisition for color graphic display, trending, and reporting
functions. Data entry fields allow setpoint changes, on-off
status changes, and manual override of signal values. The
Genesis runtime system provides a very powerful operator
interface; yet it is still very easy for operators to use.

Scan on Demand

in order to maximize communication and data throughput
Genesis runtime employs a scan on demand technique whereby
only data for the current viewable display and historical collec-
tion are scanned. Also, individual signals can be set to con-
tinuous scan, forced to scan for reports, and scanned as
required when connected into or out of a device block. Unnec-
essary data are not scanned.

Operator Displays

Genesis operator displays can be accessed in several differ-
ent ways. First, displays may be selected from a directory of
all displays in the system. The operator can view and page
through the directory using function keys defined by the
system engineer. Also, custom display menus may be created
with display buttons feature. Defined in the display builder,
display buttons enable the operator to tab or click over the
button corresponding to the desired display. Finally, an
operator function keyboard can be used and customized tothe
application.

Remote Signal Access

Genesis allows an operator to access any database signal that
is displayed on a graphic screen. Database variables that are
not displayed on a screen can be easily accessed from the tag

D454 SS-2a
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* sortpage. A unique feature of Genesis also allows access to

any ACCOL signal in any node in the network, even if it is not
in the Genesis database. By simply typing in the node and
signal name in the subwindow, the operator reads the signal
and can change its value or control, manual and alarm inhibit
status.

Datalogging

The Genesis event driven historian produces ASCII files
designed to be directly imported by Lotus1-2-3. These files
can also be printed, displayed, stored to disk, or transferred
on-line to a network file server.

The event driven historian is a flexible datalogging mechanism
that allows datalogging to be started and stopped based on
process conditions and events or by operator request. Data
can be logged to as many as 40 different files, while up to 20
points can be logged to each file for a total of 800 tags. The
logging rate for each file can be switched between two rates or
selected external signal. This feature allows you to increase
the logging rate and the number of collected samples during
process upsets.

Online Historical Replay

The historical replay is an on-line function allowing the opera-
tor to review historical files created by the event historian.
Files can be replayed in a tabular or graphical format. The
historical replay also allows you to compress or expand the
time window and provides the ability to change the limits on
any given variable. During historical replay, the system
maintains full operation, including datalogging and short-term
trending.

The tabular replay is a spreadsheet type display allowing
simultaneous viewing of up to 8 variables. You may scroll up
and down through the file in groups of 18 records and scroll left
to right in groups of 4 or 8 variabies.

The graphical replay displays a trend style graph of up to §
variables at atime. From the keyboard, you can page quickly
between all variables in the file. A record detail cursor can be
moved across the graph to display the time and value of each
sample in the file.

History windows may appear in operator displays to show live
and historical trend data from open history files. History win-
dows can be configured for up to 20 pens or variables
simultaneously, each with its own color. They can also contain
user-defined time scale (X and Y axes) resolutions as well as
a logarithmic scale.

—— SPECIFICATION SUMMARY =—— = D454 5S-2a
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Realtime Trending

In addition to the trend windows and history windows that can
be integrated into any display, Genesis offers a system
trending function which can be configured during runtime or
pre-configured during application development. The system
trending function collects data in memory for up to 20 variables
simultaneously. Once this data is collected, you may then
graphically display the data in realtime groups of five variables
at atime. System trending is very useful for monitoring crmcal
process variables or control loop tuning.

System trending is a system-built function with a dedicated
display providing an external data storage buffer storing upto
60 samples of 20 variables in 3 system buffers. Any 5 of these
variables may be displayed simultaneously. The plotfunction

. provides an alternative display format for the system trending

function, allowing you to plot 4 variables on the Y-axis against
1 variable on the X-axis. System Trending also provides a
trend “snapshot” capability allowing the operator to instantly
capture trend curves for later replay. Up to 40 “snapshots’
may be stored simultaneously. Another feature, data zoom,
enables you to expand the view of any one of the traces inthe
trend window while automatically re-computing the scale.

Trend windows are an integral part of the operator graphics
display. Unlike system trending, which constitutes a separate
display, trend windows are part of a display for a given
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Alarm System defined on a per-strategy and per-display basis. Through key

Network 3000 distributed process controllers provide a unique
alarm system whereby alarms are detected andtime stamped
in the process controller at the time of occurrence and trans-
mitted to Genesis.

Time-stamped state and change-of-state alarms for logical
signals and high, high-high, low, low-low, deviation, and rate-
of-change alarms for analog (numeric) signals can be re-
ported. Alarm reports are iogged in an alarm history, which is
displayed onthe CRTand can be loggedto a printer and/or disk
file. Operator events, i.e. setpoint changes, can also be
logged in the same manner. The alarm summary is a display
of the last 20 alarm/event entries per page. Up to 35 pages or
700 entries may be configured.

Alarms in the alarm summary are color coded. Unacknow-
ledged alarms are displayed in red, acknowledged alarms in
yellow, and unacknowledged alarms no longer in an alarm
state in green. You may set the alarm summary to log all
points ertering or exiting alarm conditions to the screen, a
printer, to disk or any combination of the three. Genesis also
provides an alarm squelch and priority mechanism which may
be set to suppress non-critical alarms. Alarm returns and
acknowledgement colors may be custom configured.

macros, you may set an entire sequence of operator com-
mands to be executed by a single keystroke, click of amouse,
or touch of a screen. Key macros further optimize your
operator interface, making the operator's job easier and more
efficient.

Mouse Driven Runtime

Genesis provides mouse support for operator displays. Any
Logitech, Microsoft, or Mouse Systems compatible mouse or
trackball may be used on a process point, data entry, pick field,
key macro, or subwindow field within a display. This feature
adds flexibility and ease of use for operators.

Additional Features

System Time/Date

DOS level time and date settings may be set from within the
runtime system and sent to the Network 3000 controllers.
This time sync message is sent on startup, on demand, and
every midnight.
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Report Generator

The Genesis report generator option provides an easy-to-use
configurator, in the form of a spreadsheet, to produce free
format scheduled and demand reports.

The report function provides the ability to automatically collect
selective data simultaneously from an active process, multiple
history files, alarm logs, or even from other nodes on a
Genesis network. A complete library of mathematical, statis-
tical, and boolean function are also provided, and allow you to
perform any necessary calculations and manipulation of proc-
ess data. All resultant outputs from the report function can be
directed to either a configured printer or a disk file.

Text can be integrated anywhere in a report to relate the
contents of the report data to the reader. Text fields that
display different text messages based upon system states
and/or events can also be placed discretionally into a report,
and, like constant text, they can be merged with both alarm
and operator event log data. Operator message fields can
also be configured to provide the addition of Runtime notes
and comments to any report.

Genesis Networking (GEN-NET)

GEN-NET is an advanced networking option for Genesis.
GEN-NET provides both realtime access to live data and file

transfer.

Fully NetBIOS and Novell compatible, GEN-NET allows real-
time data, file, and atarm messages to be passed between all
Genesis nodes. Running either Ethernet, direct ARCNET
topologies, Token-Ring, or Novel LAN topologies, each Gene-
sis node can operate independently, allowing you to distribute
the system functions and process loading of a stand-alone
Genesis system amongst all of the Genesis workstations in
the network. GEN-NET's independent operation provides all
nodes instant access to the network without being delayed by
acentralized file server and ensures that the failure of any one
node does not hinder the operation of others.

GEN-NET nodes can be integrated and reconfigured quickly
into any process by clicking on the NODE icon and dragging it
into the database strategy window. The GEN-NET nodes are
then graphically configured to your exact process specifica-
tions by simple configuration menus. For remote applications,
serial GEN-NET provides asynchronous network communica-
tions with modems, short haul modems, or direct cable con-
nect through a communication port.

—— SPECIFICATION SUMMARY :—;:: D454 SS-22
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Remote Supervisory Station (RSS)

The remote supervisory station kit (RSS-KIT) is a networking
product providing access to a “master” Genesis system by one
or more remote stations. RSS-KIT is made up to two products:
RSS-Remote and ASS-Master. RSS-Remote, a special run-
time varsion of Genesis, allows remote stations to function as
full operator workstations providing process monitoring and
supervisory control through access to live data, operator
graphics, trend charts, and historical files. Furthermore, each
of the remote stations has the ability to modify setpoints and
select and modify operating parameters.

RSS-Master, similar to the networking option GEN-NET, util-
izes popular networks, such as Ethernet, ARCNET, Token-
Ring, and other NetBIOS compatible topologies to establish
communications between remote stations and the master
station. Modem communication is also available. RSS-
Master provides network support for up to 32 remote stations
connected to a single Genesis master station. The master
station executes the user’s database strategy, providing the
first level of interface to the process. It also functions as a
master database for the RSS Network. The remote stations
request realtime database information from the master station
while periodically receiving new process data for display
purposes. For instance, when display, trend, or historian
operations are executed on a remote station, requests are
sent to the master station. The master station then responds
by sending current information at rates as fast as 0.1 second.
Likewise, if new information, such as setpoints, is entered at a
remote station, the values are sent to the master station
automatically. The master station then downloads these
values to the Network 3000 controllers.

>
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The remote supervisory station always keeps you close to
your process. RSS allows process and plant engineers to
interact withthe process from several locations throughout the
plant, utilizing the same mechanisms and displays provided on
the master station. Regardless of whether you are in the
office, the control room, on the factory floor, or even at home,
RSS can provide you with constant access to your process.

Statistical Process Control & Statistical Quality
Control

With the increasing importance of statistical information to
ensure product quality and accuracy while maintaining proc-
ess productivity, the Genesis SPC/SQC function, GEN-SPC,
provides on-line statistical process and quality control that
allows the integration of statistical data collection with quality
control intolaboratory and production control strategies. GEN-
SPC provides the ability to automatically collect sampled data,
calculate the quality control parameters, and log the data to
disk. Additional on-line features allows you to selectively view
and set process parameters, implement X-bar/R Shewhart
charts, and set alarms that will automatically alert operatorsto
any out of specification conditions.

As with other Genaesis functions, the icon-based SPC function
is implemented into the process strategy by clicking on the
SPC icon and dragging it into the control strategy. GEN-SPC
is then configured to your exact process specifications by
connecting existing database variables into the SPC block.
SPC outputs can be connected to any process controller to
perform closed loop statistical control.

The SPC function collects samples and calculates group
averages. Each time a complete group is collected, statistical
data about the group is calculated. The number of samples
within a group, the period between samples, and the sampling
of the next group can all be set via SPC/SQC parameters.

The SPC function can simultaneously replay historical data
while plotting current statistical data. Data is plotted in a
Shewhart chart format with the capability of toggling the plot
display based upon range variables or standard deviation
variables. The SPC function supports three modes of opera-
tion: periodic data sampling, event sampling and manual data
entry.
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Setpoint Profiler (GEN-SETPT)

The setpoint profileris a Genesis function that provides ramp,
soak, and step profile operations to loop controllers or Network
3000 distributed process controllers. Setpoint profiler allows
you to create unlimited profiles, each operating independently
or synchronized with other profiles. Setpoint profilerisideal for
a variety of processes requiring setpoints to be ramped up or
down, held constant, or varied according to a step function.

The user can generate alarge number of complex profiles with
the easy-to-use Genesis profile builder. These profiles can be
prototyped graphically and replayed prior to their final implem-
entation. Possible applications for the setpoint profiler inciude
heat treating, plastics, chemicals, and other batch oriented
operations.

The primary function of the setpoint profiler algorithm is to
generate a setpoint value which is changing in time and then
to transmit that value to the setpoint of a process controller.
The setpoint profiler algorithm is comprised of various seg-
ments. The algorithm receives an initial setpoint parameter
which is either varied or held constant by each of these
segments. The user selects and orders different types of
segments to achieve a desired result.

The setpoint profiler offers four types of segments: RAMP,
SOAK, STEP, and LOOP. RAMP is usedto linearly increment
or decrement the input setpoint. The user configures the
RAMP segment by specifying the final setpoint and the dura-
tion of the RAMP. SOAK simply holds a setpoint constant for
the duration of the segment. STEP will instantly change the
setpoint to some other desired value. LOOP will repeat a
specified number of segments.
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Host Communications (GEN-HOST)

To accommodate the expanding variety of host computers
being used in the process control industry, Genesis offers the
. capability to easily link its data acquisition software to these
host computers. By integrating the host communications
option (GEN-HOST) into the Genesis software, single point-
to-point, on-line file transfer can be performed. Host commu-
nications are executed using standard RS-232C and RS-422
between a Genesis system and any host computer runningthe
KERMIT communications protocol.

File transfers may be performed even while Genesis is execut-
ing other tasks. HOST makes it possible for the Genesis and
host systems to automatically send or receive any ASCII or
binary files in the runtime environment. File transfers can
occur based upon discrete events (i.e. alarms), scheduled
times (i.e. hourly, daily, weekly, etc.) or by direct operator
action. Additionally, files that are transferred via GEN-HOST
do not need to be closed prior to their transmission. This
feature altows open files, such as historical data files and SPC
files, to be transferred while data is actively being written to
them.
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Modem Interface (GEN-MODEM)

The Genesis modem functionis a complimentary optiontothe
GEN-HOST communications option. GEN-MODEM provides
full Hayes B compatible modem support for HOST computer
capabilities such as realtime file transfer. With GEN-MODEM,
the user has the option of transferring files or data based on
time, event or manual command.

With GEN-MODEM, an operator can dial in to a Network 3000
process controller and have remote access to system-wide
information.

The Genesis modem function supports auto-dial and auto-
answer access to any Genesis system from a Hayes B
compatible external or internal PC-based modem. GEN-
MODEM currently supports several useful and flexible modes
of operation involving both manual and automatic operation,

Touch Screen Interface (GEN-Touch)

The touch screen operator interface option makes the Gene-
sis Control Series even faster and easier to use. With the
touch screen interface, operators can interact easily with any
process by simply touching the screen! The touch screen
interface allows you to create multiple screen menus and
displays that are linked together by single one-touch opera-
tions. Any user defined graphical object, from simple boxed
text to complex pumps, motors and valves, can be defined as
“touchable” within any Genesis display. The integration ofthe
touch screeninterface option and the appropriatetouch screen
hardware will propel your data acquisition and process controf
applications into the forefront of efficient operator interaction.

The touch screen option lends itself to direct use with the
standard Genesis pick field and key macro functions. The pick
field function allows any object in a Genesis display to be
selectable during runtime with either the TAB key, a mouss, or
by touchingit. Once anobject has been defined as selectable,
the key macro function will perform any of over 70 individual
key macro commands, or it can be defined to perform multiple
command operations from a macro file.

Setting up the touch screen interface for use with Genesis is
done easily and quickly. Genesis currently supports Micro-
Touch Systems’ capacitive technology, Elographics’ Intel-
litouch sonar acoustic wave, and Carroil Touch’s Smart-
Frame infrared touch screen systems. This touch screen
hardware can be installed easily and quickly, and requires an
available serial communications port.

Touch Screen
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Touch Your Selection
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Text Messaging System (GEN-Text)

Genesis makes it possible for customized text messagesto be
defined and sentto any peripheral device. The fext messaging
option allows you to predefine the exact content of up to 4096
different ASCII messages and route them to any device, the
Genesis runtime display line, or to the event log.

Text Messaging System
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These messages can be used to relate, in detail, various
process occurrences such as: the status of a particular
operation; the condition of an event; the prompting or instruct-
ing of the operator to perform a specific procedure; notification
of the proper personnel of an emergency situation; or any
other process occurrence that would require a unique mes-
sage to be directed to the appropriate location.

GEN-Text allows ASCI| text messages to be sent to a variety
of peripheral devices such as: overhead display systems,
printers, pagers, modems, the system screen, or any other
device that can be connected to one of the four serial ports or
three parallel ports. Nolonger will your operators be burdened
with the task of trying to interpret how the generic system
messages that are displayed on the screen or printer relate to
their particular process event.

“C” Users Development Kit (GEN-USER)

The Genesis “C" user development kit, or user task, is a
comprehensive package providing you with the power and
flexibility of creating and implementing custom applications
written in standard Microsoft “C" language. User task allows
you to create special functions which complement the overall
functionality of the system. The package includes a variety of
functions supporting access to the realtime database, serial
and parallel ports, and historical and statistical data files, The
“C" user task is ideal for operations such as custom calcula-
tions, interfaces to other computers, special cases of recipes
and reports, and special file oriented functions,

The open architecture feature of Genesis allows user-defined
functions to be efficiently implemented as part of the Genesis
system. The user task provides the highest level of user
interaction within the Genesis system, taking full advantage of
the open architecture feature. User task allows you to create
a totally independent task to run in the Genesis runtime
multitasking environment. A specific user task may include
special calculations, accessto disk drives or files, optimization
routines, or file format conversion. With user task, you can
define atask that becomes an interactive part of the surround- -
ing system will full access to all current data, file based
information, history files, ports, keyboard, as well as user-
created databases. The “C” user task places complete control
in your hands!

HARDWARE REQUIREMENTS

Due to the large number of personal computer and add-on
manufacturers, it is impossible to test every PC and every
combination. Genesis has proved to operate satisfactorily on
most PC platforms. Bristol Babcock recommends a Compaq
386 with 2 MB RAM for most systems. A 286-based PC can
be used for smaller systems of less than 400 signals. Memory
expansion cards such as the Intel Aboveboard and Boca
Research’'s BocaRAM are generally compatible with most
PCs, but there are no guarantees. For this reason, Bristol
Babcock recommends the following system:

Compaq DeskPro 386

2 MB memory

20 MB fixed disk minimum

1.2 MB floppy disk

Math coprocessor

VGA card

VGA color monitor

1 serial port (2 ports preferred)

1 parallel port (2 ports preferred)
Mouse (3 button Logitech serial mouse recommended)
required for configuration only
QEMM 386 memory software

O 0000 O0O0OO0OO0OCO0
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Known Incompatible Systems

0O O0OO0O0O0O0

HP Vectra, old models

AT&T 6300

Swan Computer

Prolog PC/2 STD card

Ziatech Z1000

NEC new models (serial ports are not Genesis compat-
ible; will work if different COM cards are installed)

Optional Hardware

0O O0O0OO0O0OO0OO0OO0

Graphics printer: Okidata or Epson parallel printer
Color graphics printer: Hewlett Packard PaintJet
Operator keyboard: Floorboard membrane keyboard
Up to 3 parallel ports

Up to 4 serial ports

ARCNET card

Touch screen

Trackball

SPEC_IFICATIONS
Capacity

O O0O0O0

1/0 points: 6000 signals

Number of nodes: 120

Number of communication ports supported: 4
Number of parallel ports supported: 3

Performance

O 00O

1/O point scan rate: .5 second maximum

Serial communication speed: up to 19.2K baud
Display update: .5 second

Display access: 1-4 seconds typically

Displays

O 0 0o

Number of displays: limited by disk size only
Display size: 1-64 KB

Dynamic connections per display: 256 total
Display data types:

- Process points

- Data entry points

- Initialized data entry

- Numerical analog

- Bar graph

- Trend window (realtime and historical)

- Logical on/off color change

- Logical on/off text

- Blink

- Message

- Data entry point

- Dynamic data entry

- State field

- Subwindow

Password security levels: 4

Event Driven Historian

Number of variables: 800
Number of open files: 40
Number of variables per file: 20

o 00O

seconds

Sample rate selection: externally configurable
File size: configurable

o File structure: Lotus compatible .PRN format

(ol o)

Trending

o Realtime trend window
- Number per page: no limit
- Pens per trend window: 8
- Update rate: >=0.25 seconds
- Window time span: 30 seconds to 48 hours
- Number of samples per window: variable
o History trend window
- Number per page: 4
- Pens per trend window: 20
- Window time span: 1 minute to 99 hours
- Number of samples per window: variable
o System trending
- Number of variables: 20
- Number of pens: 5 per window
- Time span: 1 minute to 48 hours
- Update rate: 1 second
Number of trend snapshots: 40
o Historical replay trends
- Number of variables: 20 per file
- Number of pens: S per window
- Time scaling: configurable
- Vertical scaling: configurable

ACCOL Is a trademark of Bristol Babcock.

Genesis is a trademark of ICONICS Inc.

COMPAQ, IBM, MS-DOS, Excel, 1-2-3, 286, 386 and other
mentioned products are registered trademarks of their
respective owners.

Sample rates (per file): 0.1, 0.25, 0.5, 1, 2, 6, 12, 30
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Life Cycle Cost Study, Full Fuel Savings, 15 years, $3000/year maintenance

LIFE CYCLE COST ANALYSIS SUMMARY

ENERGY CONSERVATION INVESTMENT PROGRAM
INSTALLATION & LOCATION:
PROJECT NO. & TITLE: W54
FISCAL YEAR 1994

(ECIP)
IOWA ARMY AMMUREGION NOS.

FEASIBILTY STUDY FOR SDCS AT IAAP
DISCRETE PORTION NAME: STEAM DISPATCHING

STUDY: IAAP

LCCID 1.080

7 CENSUS: 2

ANALYSIS DATE: 08-04-94 ECONOMIC LIFE 15 YEARS PREPARED BY: CHRIS DILKS

QEEpogaowyE

2

.

INVESTMENT

CONSTRUCTION COST $ 213271.
SIOH _ S 12000.
DESIGN COST $ 25000.

TOTAL COST (lA+1B+1C) S 250271.

SALVAGE VALUE OF EXISTING EQUIPMENT $

PUBLIC UTILITY COMPANY REBATE
TOTAL INVESTMENT (1D - 1lE - 1F)

ENERGY SAVINGS (+) / COST (-)

$

$

250271.

DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1993

UNIT COST SAVINGS ANNUAL $ DISCOUNT DISCOUNTED
FUEL $/MBTU (1) MBTU/YR(2) SAVINGS (3) FACTOR(4) SAVINGS(5)
A. ELECT s .00 0. $ 0. 11.93 $ 0.
B. DIST §$ .00 0. S 0. 13.49 S 0.
C. RESID $ .00 0. $ 0. 14.96 $ 0.
D. NAT G s 3.50 7114. $ 24899. 14.53 $ 361782,
E. COAL s 1.39 21223. S 29500. 13.00 S 383500.
F. LPG $ .00 0. $ 0. 12.78 S 0.
M. DEMAND SAVINGS $ 0. 11.85 $ 0.
N. TOTAL 28337. S 54399. $ 745282,
. NON ENERGY SAVINGS (+) / COST(-)
A. ANNUAL RECURRING (+/-) -3000.
(1) DISCOUNT FACTOR (TABLE A) 11.85 .
(2) DISCOUNTED SAVING/COST (3A X 3Al) $ -35550.
B. NON RECURRING SAVINGS(+) / COSTS(-)
SAVINGS (+) YR DISCNT DISCOUNTED
ITEM COST(-) oC FACTR SAVINGS (+) /
(1) (2) COST(-) (4)
d. TOTAL S 0. 0.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+)/COST(-) (3A2+3Bd4)s -35550.
FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bdl/ (YRS ECONOMIC LIFE))S$ 51399.
SIMPLE PAYBACK PERIOD (1G/4) 4.87 YEARS
. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) $ 709732.
SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= 2.84
(IF < 1 PROJECT DOES NOT QUALIFY)
. ADJUSTED INTERNAL RATE OF RETURN (AIRR): 10.52 %




Life Cycle Cost Study, Half Fuel Savings, 15 years, $3000/year maintenance

LIFE CYCLE COST ANALYSIS SUMMARY STUDY: IAAPI
ENERGY CONSERVATION INVESTMENT PROGRAM (ECIP) LccIipD 1.080
INSTALLATION & LOCATION: IOWA ARMY AMMUREGION NOS. 7 CENSUS: 2
PROJECT NO. & TITLE: W54 FEASIBILTY STUDY FOR SDCS AT TAAP
FISCAL YEAR 1994 DISCRETE PORTION NAME: STEAM DISPATCHING
ANALYSIS DATE: 08-04-94 ECONOMIC LIFE 15 YEARS PREPARED BY: CHRIS DILKS

1. INVESTMENT
A. CONSTRUCTION COST $  213271.

B. SIOH $ 12000.

C. DESIGN COST $ 25000.

D. TOTAL COST (1A+1B+1C) $  250271.

E. SALVAGE VALUE OF EXISTING EQUIPMENT $ 0.

F. PUBLIC UTILITY COMPANY REBATE $ 0.

G. TOTAL INVESTMENT (1D - 1E - 1F) $  250271.

2. ENERGY SAVINGS (+) / COST (-)
DATE OF NISTIR 85-3273-X USED FOR DISCOUNT FACTORS OCT 1993

UNIT COST  SAVINGS ANNUAL $ DISCOUNT DISCOUNTED
FUEL $/MBTU (1) MBTU/YR(2) SAVINGS (3) FACTOR(4) SAVINGS(5)
A. ELECT S .00 0. S 0. 11.93 S 0.
B. DIST ¢ .00 0. $ 0. 13.49 $ 0.
C. RESID $ .00 0. $ 0. 14.96 $ 0.
D. NAT G $ 3.50 3557. $ 12450. 14.53 $ 180891.
E. COAL $ 1.39 10612. $ 14750. 13.00 $ 191750.
F. LPG $ .00 0. $ 0. 12.78 $ 0.
M. DEMAND SAVINGS $ 0. 11.85 $ 0.
N. TOTAL 14169, $ 27199. $ 372641.

3. NON ENERGY SAVINGS(+) / COST(-)

A. ANNUAL RECURRING (+/-) S -3000.
(1) DISCOUNT FACTOR (TABLE A) 11.85
(2) DISCOUNTED SAVING/COST (3A X 3Al) $ -35550.
B. NON RECURRING SAVINGS (+) / COSTS(-)
SAVINGS (+) YR DISCNT DISCOUNTED
ITEM COST (-) ocC FACTR SAVINGS (+) /
(1) (2) (3) COST (-) (4)
d. TOTAL $ 0. 0.
C. TOTAL NON ENERGY DISCOUNTED SAVINGS (+)/COST(-) (3A2+3Bd4)S -35550.
4. FIRST YEAR DOLLAR SAVINGS 2N3+3A+(3Bdl/ (YRS ECONOMIC LIFE))S$S = 24199.
5. SIMPLE PAYBACK PERIOD (1G/4) 10.34 YEARS
6. TOTAL NET DISCOUNTED SAVINGS (2N5+3C) 1S 337091.
7. SAVINGS TO INVESTMENT RATIO (SIR)=(6 / 1G)= 1.35

(IF < 1 PROJECT DOES NOT QUALIFY)

8. ADJUSTED INTERNAL RATE OF RETURN (AIRR): 5.17 %




