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ABSTRACT

Development work on a computerized system for nuclear materials control
and accounting in a nuclear fuel reprocessing plant is described and
evaluated. Hardware and software were installed and tested to demon-
strate key measurement, measurement control, and accounting requirements
at accountability input/output points using natural uranium, The demon-
stration included a remote data acquisition system which interfaces
process and special instrumentation to a central processing unit.
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1.0 INTRODUCTION

A computerized nuclear materials control and accounting system for a
nuclear fuel reprocessing facility is a complex undertaking. Due to the
complexity of the system, it must be developed and implemented by sub-
system elements in planned stages over an extended period of time.

The Computerized Nuclear Materials Control and Accounting System.
(CNMCAS) being developed at the Barnwell Nuclear Fuel Plant (BNFP) will
represent a modular network of computers, communications equipment, and
data .collection, storage, and retrieval devices to demonstrate sophisti-
cated, automated nuclear materials management capability. The CNMCAS
hardware currently comprises two PDP 11/35 central processing units, one
devoted to the Laboratory Data System (LDS) and the other to nuclear
materials control and accounting development activities.

The CNMCAS structure* contains a number of interrelated-subsystems in
addition to the LDS. These subsystems include:

(1) Measurement

(2) Nuclear Materials Accounting

(3) Measurement Control

(4) Item and Seal Control

(5) Physical Inventory

(6) CNMCAS-NMMSS** Interface _

(7) Process Monitoring/Process Surveillance

(8) CNMCAS - Safeguards Coordination Center Interface,

An integrated process run using .natural uranium was performed at the
BNFP during August and September 1978. An objective of this run was the
use of the CNMCAS hardware for measurement, accounting, and measurement
control functions required for the following process steps of primary
concern to nuclear materials control and accounting:

« Input uranium fced to process
-« Product uranium produced
- Liquid waste discarded.

*Refer to AGNS-1040-2.2-18, "Conceptual Design of a Computerized Nuclear
Materials Control and Accounting System (Preliminary Report),” May 1978,
for additional CNMCAS information.

**NMMSS — Nuclear Materials Management and Safeguards Systems,



This objective was accomplished by the Uranium Input/Qutput Demonstra-
tion Program operating in conjunction with a remote data acquisition
system,

The Uranium Input/Qutput Demonstration Program is extremely important to
the evolution of the CNMCAS. The demonstration program carried selected
elements of the measurement, accounting, and measurement control subsys-
tems through all stages of CNMCAS development and implementation, i.e.,

*+ Description

+ Software specifications

» Software preparation

+ Software/hardware on-line testing.

The experience and knowledge gained from the Uranium Input/Output Demon-
stration Program will be invaluable in the continuing effort to develop
and implement the CNMCAS,

The Uranium Input/Output Demonstration Program is composed of six major,
interrelated computer programs as follows:

(1) Input Measurement Program

(2) Product Measurement Program

(3,4) Waste Measurement Programs (GPW and HWW)
(5) Nuclear Materials Accounting Program
(6) Measurement Control Program.

Measurement instrumentation associated with the CNMCAS is interfaced to

the central processing unit (CPU) through a remote data acquisition
system (referred to herein as the RTP* system). The RIP system is com-

posed of real-time peripheral/preprocessor equipment. The RTP system

scans selected process instrumentation; collects, stores, and manipu-

lates instrument signals; and transmits instrument data to the CNMCAS

CPU.

In addition to -the Uranium Input/Output Demonstration Program and the
RTP system, CNMCAS development work during FY 1978 included preparation
and demonstration of several auxiliary programs.

This report presents a description and evaluation of the CNMCAS develop-
ment work conducted in FY 1978, The CNMCAS development work was a
segment of the nuclear materials control evaluations objective included
in the FY 1978 contract between Allied-General Nuclear Services and the
Department of Energy for studies and research concerning the BNFP,

*RTP -~ real-time peripheral.



2.0 SUMMARY

Basic descriptions of the software required for the Uranium Input/Output
Demonstration Program and the remote data acquisition system* were
completed in February 1978, Specifications describing software design
were completed by a computer services vendor in April 1978. Software
preparation, installation, testing, and demonstration were performed
from May 1978 through September 1978,

CNMCAS mainframe hardware was installed and vendor tested during the
second quarter of FY 1978, 1Installation of the RTP system and tie-in of
process instrumentation and the Ruska DDR-6000 precision pressure gauges
to the RTP system were completed prior to the start of the FY 1978
integrated uranium run.

The Uranium Input/QOutput Demonstration Program (in conjunction with the
RTP system) was conducted during the FY 1978 integrated uranium run,
Viewed in total, the demonstration produced excellent results and will
serve as a sound basis for future CNMCAS development work. The fact
that the demonstration preparation, performance, and evaluation were
accomplished on an extremely tight time schedule is worthy of note. The
value of pursuing selected CNMCAS elements through all stages of devel-
opment and implementation was fully demonstrated.

Significant Uranium Input/Qutput Demonstration Program achlevements
included:

+ Coordination of measurement activities by the measurement programs
was demonstrated.

+ Measurement data produced by the measurement programs showed excel-
lent agreement with manual data except during problem periods.

» Integration of measurement control comparisons to flag marg1nal and
vut=of-control conditions wWas demonstrated.

+ Operator acceptance was excellent, Essentially no time was available
prior to the FY 1978 integrated uranium run for detailed training,
On-the—job training of operators was accomplished during the run by
Nuclear Materials Control and software vendor personnel,

* The value of the data produced by the measurement programs for
process control use was demonstrated.

* Transmission of sample requests and analytlcal results between CNMCAS
and the LDS CPU's was demonstrated.

*Referenced to herein as the RTP system.



Measurement control program summary reports were generated which
reflected the measurement values contained in the data base, The
summary reports demonstrated the methods and data needed to determine
control limits and to estimate random error variances associated with

"bulk measurements,

Accounting program performance was demonstrated by the generation of
various accounting reports from measurement data in the data base
including:

- Lot/inventory period accounting reports
- 'Material transfer reports
- ‘Input/output accounting rcporto,

As anticipated, several problems were encountered during performancé of
the Uranium Input/Output Demonstration Program, including:

-Typicél software "bugs"

" Hardware failures, specifically the lack of spare components for the’

preprocessor in the RTP system
Lack of modularity in the design of the accounting program
Inadequate reliability of the CNMCAS-LDS communications link

Overloading the capability of the CNMCAS operating system.

The CNMCAS development work planned for FY 1979 will incorporate solu-
tions to these problems, and a refined and enhanced Uranium Input/Output

Demonstration Program will be performed during FY 1979. Specific
improvements and enhancements include: .

Converting CNMCAS development software from the current time-sharing
operating system (RSTS/E) to a real-time operating system (RSX-11M)

Improving the reliability of the CNMCAS-LDS communications link
Procuring spare components for RTP system preprocéssor

Controlling Ruska "scro” opcration by computer, including accumula=
tion and manipulation of "zero"” readings

Improving measurement program—operator dialogue

Improving the design of the accounting program to make it easier to
modify

Developing a more comprehensive (but closely controlled) data base
edit program

@,

: .



* Developing a limits—of-error program for input and output measurement
data

+ Continuing operator training‘to improve competence/performance.:

Auxiliary CNMCAS programs were developed and generated results ranging
from promising to excellent. These programs included:

* In-Process Inventory Programs
* HA Feed Flow Rate Program

* Calculation programs for manually collected measurement data,
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‘3.0 CNMCAS HARDWARE

‘The Computerized Nuclear Materials Control and Accounting System
(CNMCAS) will represent a modular network of computers, communications
equipment, and data collection, storage; and retrieval devices to demon-
strate sophisticated, automated nuclear materials management capability.
The Laboratory Data System (LDS), an integral part of the CNMCAS, has
been in place and functioning. FY 1978 objectives included the instal-
lation and on-line testing of additional CNMCAS hardware required for
development work.

3.1 Installation of CNMCAS Hardwére

3.1.1 Mainframe Hardware

Installation and vendor testing of a second central processing unit
(PDP-11/35), data storage disks, and auxiliary equipment were completed

" during the second quarter of FY 1978, A simplified hardware schematic
is included as Figure 3-1, : '

3.1.2 Remote Data Acquisition Equipment -

Installation of remote data acquisition equipment for process instrumen-
tation was satisfactorily completed. Major equipment components are an
RTP* Wide—-Range Analog Controller equipped with 416 input channels for
receipt of process instrument signals and a PDP 11/04 minicomputer to
preprocess the instrument signals for transmission to the central
processing unit (CPU). ‘

The design engineering work required for tie-in of the process instru-
ment signals to the RTP unit was completed., Cable access holes were
drilled in the Control Room floor, the RTP unit positioned, and multi-
paired, shielded cable installed in the cable spreading room beneath the
Control Room. Cable connections were made to process instrument termi-
nals and the RTP unit., An RTP Uniform Temperature Reference Assembly
was installed to provide essentially instantaneous temperature
compensation for the majority of the thermocouple signals to be
scanned. :

3.1.3 Ruska-RTP Tie-In

Tie-in of the Ruska DDR-6000 precision pressure gauge signals to the RTP
unit represented a special case. These instruments are equipped to out-
put either analog or binary coded digital (BCD) signals, but normally
over short distances. The planned transmission of analog signals over
200 feet and the low input impedance of the RTP unit were considered

potential problems.

*RTP - real-time peripheral.



Tests were completed simulating Ruska DDR-6000 precision pressure gauge
analog signal input to an RTP Wide-Range Analog Controller. Significant
signal degradation was confirmed, and the use of Ruska analog signals

for accountability measurements was judged unacceptable, A method to

use binary coded digital (BCD) signals from the Ruska digital voltmeters
was devised and required instrumentation ordered and installed, The BCD
signals are routed to an RTP Universal Controller, then to the PDP 11/04
preprocessor via serial interface units.

3.1.4 Miscellaneous Hardware

Two visual terminals were installed in the Control Room for use by
CNMCAS operators and programming personnel,

+ DEC VI-50 - used by CNMCAS operators to follow software internal
operations, and by the programmers for software troubleshooting,
corrections, modifications, etc.

+ Intecolor 8001 - used to display measurement program status and pro-
cess feed rate data,

3.2 CNMCAS Hardware Performance

On-line testing of CNMCAS hardware was conducted via the Uranium Input/
Output Demonstration Program during the FY 1978 integrated uranium run.

CNMCAS mainframe hardware performance was essentially trouble-free until
September 15, 1978, when a hardware failure in the disk drive occurred,
shutting down CNMCAS. The problem was diagnosed as a faulty data path
card which was replaced. Recovery time required approximately four
hours.

A second hardware failure occurred on September 21, 1978. The failure
was traced to a faulty system control and receiving scan card, which was
replaced from spare inventory. CNMCAS downtime amounted to
approximately three hours,

The Centronics line printer has not performed to expectations, The need
tor numerous "resets" was required prior to printout of batch summaries.
During off-shifts, this problem required the CNMCAS Control Room
operator to go to the HCLA computer room to restart the printer. In
addition, the ribbou Lrack and spooling device gave periodlc problems,

During functional testing of the RTP system, a fault was identified in
the serial formatter card in the RTP Universal Controller which handles
digital signals to and from the Ruska instruments. The card was
successfully repaired.

Late in Campéign 3 the PDP 11/04 preprocessor malfunctioned. The
problem appeared to be in a memory card. Since no spare cards were
available for the PDP 11/04, operation of the RTP system was terminated.



Also, the lack of a control panel on the PDP 11/04 hampered trouble-
shooting efforts.

In summary, hardware performance was satisfactory to accomplish FY 1978
CNMCAS development objectives, -However, the reliability of the
Centronics line printer was inadequate and must be improved in FY 1979,
or a suitable line printer procured. In addition, the need to spare
critical components of the PDP 11/04 preprocessor to ensure RTP system
operating continuity was brought home emphatically, This must be a
prime FY 1979 CNMCAS hardware objective.
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4.0 URANIUM INPUT DEMONSTRATION PROGRAM PERFORMANCE

4,1 Introduction

The FY 1978 integrated uranium run was performed at the BNFP during
August and September 1978, An objective of this run was the use of the
Computerized Nuclear Materials Control and Accounting System (CNMCAS)
hardware for measurement, accounting, and measurement control functions
required for the following process steps* of primary concern to nuclear
materials control and accounting:

* Input uranium feed to process
* Product uranium produced
+ Liquid waste discarded.

This objective was accomplished by the Uranium Input/QOutput Demonstra-
tion Program operating in conjunction with a remote data acquisition
system,

The Uranium Input/Output Demonstration Program is extremely impoftant to
the evolution of the CNMCAS. The demonstration program carried selected
elements of the measurement, accounting, and measurement control subsys-
tems through all stages of CNMCAS development and implementation, 1i.e,,

*+ Description

* Software specifications

* Software preparation

- Software/hardware on-line testing.

The expefience ana knowledge gained from the Uranium Input/Output Demon-—
stration Program will be invaluable in the continuing effort to develop
and implement the CNMCAS,

The Uranium Input/Qutput Demonstration Program is composed of six major,
interrelated computer programs as follows:

(1) Input Measurement Program

(2) Product Measurement Program

(3,4) Waste Measurement Programs (GPW and HWW)
(5) . Nuclear Materials Accounting Program

(6) Measurement -Control Program.,

*Figure 4-1 presents a simplified process flowsheet for uranium account-
ability, Note that uranium product was recycled from the uranium prod-
uct sample tank to the accountability tank to provide input feed solu-
tion.
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4.2 Software Development

A description of the basic software required for the Uranium Input/
Output Demonstration Program was completed in February 1978 with the
assistance of a computer software vendor.* The description is included
as Appendix A. Using the description as a guide, the vendor prepared a
software (control) specification (refer to Appendix C). The software
specification outlined the program design in sufficient detail to enable
programming to proceed in an orderly fashion without additional overall
design effort. The software specification was completed in April 1978.

Software preparation incorporating a RSTS/E operating system and BASIC
PLUS 2 language started in May 1978, Major software elements**
in¢luded:

* Data Base System

*+ General State Table

» Data Base Maintenance Program
» Data Base Edit Program

* Input Measurement Program

* Product Measurement Program
* GPW Measurement Program

* HWW Measurement Program

* RTP Driver System

* LDS Driver System

* Accounting Program

* Measurement Control Program.

Installation, testing, editing, etc., of major software with exceptions
were completed on August 19, 1978, On-line shakedown of the software
was conducted during Campaign 1 of the FY 1978 integrated uranium run.
Various problems were resolved during on-line shakedown and several
corrections/modifications were identified for later action.

Significant problems encountered during software installation and test-
ing included:

* CNMCAS - LDS Communications Link

The software development required to transmit sample requests and
analytical data between CNMCAS and the LDS required considerable time
and cffort, ae expecled when a programming interface ias croased. The
demonstration of the communications link was not accomplished until
Campaign 3 of the FY 1978 integrated uranium run which limited the

%#Scientific Systems Services, Melbourne, Florida.
*%A detailed list of programs and modules appears in Appendix E.. A

description of the LDS-CNMCAS interface program generated by AGNS is
presented in Appendix F,
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-time available to troubleshoot corrections. Software problems (and

possibly hardware problems) remain which affect the reliability of
the link, These problems will be resolved during FY 1979 to achieve
satisfactory reliability,.

* Measurement Programs

. During the on-line shakedown period, Nuclear Materials Control (NMC)
personnel identified several enhancements for the measureément
programs., Implementing these modifications in the limited time
available created a number of secondary problems in the programs.
Time spent on resolving these problems detracted from effort required
in other software areas.

* Accounting Program Reports

Accounting program reports required more time to correct and modify
than anticipated. A contributor to this problem was the lack of
modularity in the accounting program. Design of the program will be
improved in FY 1979, C :

Measurement Control Program Reports

Concentrated effort on finalizing the software required to produce
-the measurement control program reports was delayed until the last
half of the Uranium Input/Output Demonstration Program, due to the
time required for on-line shakedown and corrections/modifications of
the measurement programs and the RIP system, plus work on the CNMCAS-
LDS communications link. As a result, a few software problems remain
for resolution in FY 1979, - - S

4.3 Measurement Programs Performance

4.,3.1 Introduction

The measurement programs coordinate input, product, 'and waste measure-
ment activities. The programs acquire measurement data from the RTP and
LDS systems, examine data for gross errors and potential measurement.
- problems, calculate solution and uranium quantities for process control
use, and move data to storage at the completion of measurement and
transfer activities for each batch of input, product, and waste solu-
tion., Activities coordinated by the measurement programs include:

*+ Batch initiation .
+ Before-receipt measurements (luput only)
+ Before-sampling measurements

*+ Sampling
-+ After-sampling measurements

+  Analytical data handling
'+ Transfer

+ After-transfer measurement

+ Batch summary information.
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A detailed description of the input, product, and waste measurement
programs is included in Appendix A, Sectioms 2.0, 3.0, and 4.0, respec-
tively. Software specifications for the measurement programs are
contained in Appendix C.

4.3.2 Performance Summary

The measurement programs performed very well considering the initial
stage of CNMCAS development. Performance highlights included:

* Coordination of measurement activities by the .programs was demon-
"strated.

* Measurement data produced by the programs showed excellent agreement
with manual data except during problem periods.

+ Integration of measurement control comparisons to flag marginal and
out-of-control conditions was demonstrated.

*. Operator acceptance was excellent. Essentially no time was available
prior to the FY 1978 integrated uranium run for detailed training.
On-the-job training of operators was accomplished during the run by
NMC and software vendor personnel.

* The value of the data produced by the programs for process control
use was demonstrated. -

Several problems affected the performance of the measurement programs.
A number of the problems proved valuable in that they identified worth-
while modifications to be incorporated in FY 1979 CNMCAS development
work. Significant problem areas included:

* Typical software "bugs"” inherent in any computer system being brought
on-line for the first time,

* Instances of missed or erroneous (without corrective action) data
caused by operator oversight, software/hardware problems, or time
constraints., These problems resulted in voids or erroneous data in
the data base and pointed out the need for a more comprehensive (but
closely controlled) data base edit program. Improved training and
coordination and an ensured supply of critical hardware component
spares will help minimize these prohlems.

* CNMCAS-LDS communications link proved erratic, Software modifica-
tions are required to improve reliability.

* RSTS/E operating system provided slower response time than desired

and periodically showed overload symptons., RSTS/E is a time-sharing
system and its ability to handle additional CNMCAS development work

is inadequate. Conversion to a real-time operating system, e.g.,
RSX-11M, offers real advantages for future development work.
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4,3.3 Measurement Program Dialogue

Typical measurement program—-operator dialogue produced at the CNMCAS
input/output (I1/0) terminal in the Control Room of the Separations
Facility is presented in the following exhibits:

* Exhibit 4-1 - Input Measurement Program Dialogue (Accountability
Tank-Measurement Point 02003)

Product Measurement Program Dialogue (Uranium Product
Sample Tank-Measurement Point 02009)

+  Exhibit 4-2

+ Exhibit 4-3 - Waste Measurement Program Dialogue (HWW Sample Tank-
Measurement Point 02023)

. Exhibit 4-4 - Waste Measurement Program Dialogue (GPW Check Tank-

Measurement Point 02028)

Explanatory notes have been added to the exhibits to provide a better
understanding of the measurement dialogue presented. Note that the
program messages for the specific batches exhibited have been consoli-
dated. In actual practice, program-operator dialogue develops chrono-
logically for all programs. A status program was available to the
operator to print the measurement program status of batches in progress,
The operator could activate this program at any time. A typical status
report is presented in Exhibit 4-5, which also contains explanatory
notes,

4.,3.4 Future Improvements

Based on expeérience gained during the Uranium Input/Output Demonstration
Program, the following improvements will be made in the measurement pro-
gram: . ,

. Printout of all instrument readings acquired by the measurement pro-
grams at time of receipt. Currently, the programs print out these
data only in the batch summary. ’ :

+  Printout of the comparison data at the time comparisons are made,
Currently, the programs provide a printout of "marginal” and "out-
of-control”™ comparison data on a near real-time basis with "satis-
factory” comparison data included only in the batch summary.

4.4 Nuclear Materials Accounting Program Performance

4,4.1" Introduction

The nuclear materials accounting program is used to define accounting
control units and to produce accounting, summary, and material balance
reports, The accounting control units consist of individual measurement
batches, lots consisting of several batches, and an inventary period
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consisting of several lots. Each batch measured is automatically incre-
mented by the measurement programs to provide sequentially numbered
batches. A measurement point file in the data base is utilized by the
accounting program. This data base file services all the programs,
i.e., accounting, measurement, and measurement control programs. The
accounting program 1is subdivided as follows:

(1) Lot/Inventory Period Programs
(2) Material Balance Area (MBA) Transfers
(3) Input/Output Accounting:

* Accounting Report

+ Summary Report

+ Material Balance Reports.

The accounting program and its objectives are outlined in Appendix A,
Section 5.0, The following performance discussions and exhibits are
directed at the objectives and reports outlined therein.

4.4.2 Lot/Inventory Period Program

Table 4-1 shows the three inventory periods for the FY 1978 integrated
uranium run, the four lots within these inventory periods, and the
batches within the lots,

Inventory Period No. 1, corresponding to Campaign 1, was used for
on-line shakedown of CNMCAS development hardware/software, In addition,
the CNMCAS was shut down prior to the end of the period for installation
of additional software. Therefore, Inventory Period No..l is not
included in the evaluation of the accounting program,

A typical accounting report is shown in Exhibit 4-6 which represents Lot
No. 2 data for measurement point 2-003 (accountability tank). This
report, with the exception of the uranium concentration entries, was
generated from the data base automatically by the accounting progranm.
The final results for uranium concentration were entered manually since,
at this point, the CNMCAS-LDS communications link was not in operation,
This report represents a completed lot with all final values. All input
batches were received from the uranium product sample tank (measurement
point 2-009) and input-product batches can be correlated by comparing
the two batch number columns.

The grouping of input batches 83 through 103 into Lot Nu, 2 represents
the activity for the accountability tank for the second inventory
period, which corresponds to Campaign 2. Exhibit 4-7 represents
applicable product data for Inventory Period No. 2.

By referring to Exhibit 4-14, Material Balance Report for Periods 2-2,
the reason for designating inventory periods can be seen., The Material
Balance Report is the final consolidated report for a Material Control
Area (MCA) and is used to provide the book balance to which the physical
inventory is compared. The quantities on this report for the input
point 2-003, Lot No. 2, batches 83 through 103 represent the "received”
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quantities on the accounting report (Exhibit 4-6). In order to obtain
the MBR reports, only the entry of the desired inventory period by the
requestor at a CNMCAS I/0O terminal is required. To generate the
accounting report, the measurement point and lot number must be entered.
These reports could be generated at any time they were requested. The
applicable codes shown (i.e., "P" or "F") indicate if the values are
preliminary or final.

Once a lot was assigned beginning and ending batch numbers, these batch
numbers could not be readily changed. This represents a design short-
coming since the ability to group combinations of batches into different
lots is required for accounting system flexibility. With this excep-
tion, the lot/inventory period program functioned satisfactorily and
demonstrated the planned objectives. ' :

4.,4,3 Material Balance Area (MBA) Transfers

This objective was only partially accomplished. Comparisons of before- -
sampling and after—sampling solution and uranium quantity data were made
within a measurement point but not between measurement points. When
out-of-control limits were exceeded, the message printed out on the NMC
line printer (see Exhibit 4-8). It was originally planned that
transferred-received quantity comparison would be accomplished by the
accounting program for transfers between the product and accountability
tank and printed out in the same manner. This represents a potential
FY 1979 enhancement for the accounting program.

However, transferred-received quantity comparisons can be made by com-—
paring applicable Batch Summary Reports, which are printed immediately
upon completion of the measurement programs (see Exhibit 4-9), The
Batch Summary Reports provide preliminary uranium values based on
calculated uranium concentrations. Exhibit 4-9 shows the quantity of
uranium transferred from the uranium product sample tank in batch
02009-94 was 1647.612 kilograms versus 1659,883 kilograms of uranium
received in the accountability tank and measured as batch 02003-101.%*

The hard copy Batch Summary Reports (Exhibit 4-9) would be provided
automatically to each custodian when generated and to the NMC line
printer at the same time. These reports would, in effect, act as the
source data transfer documents between MBA's.

Comparisons of quantities transferred from the product tank and received
in the accountability tank can also be demonstrated by comparing the
input/output accounting reports for each point (see Exhibits 4-6 and
4-7). Lot No. 2 for both points are comparable on a batch-by-batch

#0n the input/output accounting reports for these two batches, note that
the final results were 1676.632 kilograms uranium transferred.(Batch 94,
Exhibit 4-7) and 1679,228 kilograms uranium received (Batch 101,
Exhibit 4-6).
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basis or in total, since the first product batch, 02009-76, was trans-
ferred to the first accountability batch, 02003-83, and so on for the
next 20 batches and the lot totals. The total quantity transferred from
the product tank (Exhibit 4-7), Lot No. 2, was 34830,918 kilograms
uranium. This is shown in the subtotal section along with the destina-
tion point, 2003. On the accountability tank report (Exhibit 4-6), the
quantity received from 2009 was 34781.977 kilograms uranium as shown in
the subtotal section.

4.4,4 Input/Output Accounting

4.4.4.1 Accounting Report

A typical accounting report for one lot is shown in Exhibit 4-6. A
similar accounting report for three lots is shown in Exhibit 4-10,
Exhibit 4-10 shows the quantity totals for each lot, for all three lots,
and a breakdown of the measurement points from which the material was
received for the accountability tank. All of the results shown are
final as indicated by the codes. Most of these final uranium concentra-
tion results were entered manually into the data base, since the CNMCAS-
LDS communications link was not in operation. Some of the final uranium
values, however, were transmitted directly from the LDS to the CNMCAS
data base. When requesting a report for a measurement point,  the
beginning inventory must be entered at a CNMCAS I/0 terminal by the
requestor, since this feature was not included in the software design.
All of the planned design features were demonstrated. One of the prob-
lems not anticipated was handling the receipt of a partial batch from
one point and the receipt of an additional quantity from another point
into the same batch. This situation occurred occasionally when there
was insufficient time to sample, due to the need to relieve two points
almost simultaneously. This situation must be factored into future
design modifications,

The report format was planned to provide a ready means of determining if
gross errors or omissions appear on the report. One check is to see if
all batches are recorded. Since all batches are sequentially numbered,
the user would scan the batch column to assure they are all there, The
lot total section shows the inclusive batches for the lot. In Exhi-
bit 4-10, note that all batches for each lot are recorded, i.e., Lot
No. 2 should have batches 83 through 103; Lot No. 3, batches 104 through
113; and Lot No. 4, batches 114 through 127. On Exhibit 4-11, Lot No, 4
shows it should have batches 105 through 120, but only batches 105
thtough 115 are listed, representing a minor programming problem.

The status code shows if uranium concentrations are preliminary (P) or
final (F). Only final values are used for accounting purposes. Prelim-
inary values are used for estimating and timely analysis of potential
problems, g

In Exhibit 4-12, the status code represents a mixture of the various

conditions that can be present on a report during accumulation of final
uranium values. In this example for the HWW sample tank, note that a
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number of recycled (R) batches were generated. The summaries in the
subtotal  section provide the quantities that are final and preliminary
for all three lots.

Each measurement point has only a few points from which it can receive
material and to which it can transfer material, These can be quickly
scanned to establish the validity of the entries. In addition, com-
parison between reports can be made of destination points and received-
from points to assure that these have been correctly reported. For
example, in Exhibit 4-11, note that the destination point for batches
2009-3-100 and 102 was 2001. 1In Exhibit 4-10, these two batches are
shown as being transferred to batches 2003-3-111 and 112, This could
only occur by a manual change in the data base file, Comparison of the
totals would be the first indication that a problem existed.

Since the accounting program uses the raw data stored in the data base
files generated by the measurement programs, it was subject to the
problems that were encountered in the measurement programs. In addi-
tion, numerous programming problems existed in the generation of
accounting reports and extensive revisions were required.

4,4.5 Summary Report

A Summary Report for measurement point 02003 is shown in Exhibit 4-13,
The Summary Report represents the accounting report in Exhibit 4-10
without the individual batch listings. It provides the batches that are
included in each lot, status condition, and received-from points along
with the corresponding quantities.

4,4,6 Material Balance Report (MBR)
- f

Material Balance Reports for the input/output points covering the second
and third inventory periods are shown in Exhibits 4-14 ‘and 4-15, respec-
tively. The beginning inventory has to be entered manually at a CNMCAS
1/0 terminal by the requestor. The batches included in the report are
shown, plus the from— and to-points, and the code status. The detail
section includes those quantities recycled but they are excluded from
the MBR totals, This is shown for measurement points 02023 and 02028,

The ending inventory is the sum of the beginning inventory and the input
total less the three output totals. This ending balance is the quantity
which should be on hand. The difference between this balance and the
physical inventory is the book-physical inventory difference (BPID).
The quantities on the MBR should be the same as those on the accounting
reports for the same lots. This was the case for measurement points
02003 and 02023 on both MBR's but not for point 02009, which was not a
completed lot., The MBR should, however, show whatever the accounting
report shows.
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4.5 Measurement Control Program Performance

4,5.1 Introduction

The Measurement Control Program provides for various checks and com-
parisons of measurement data to control measurement anomalies, prior to
acceptance into the data base, for trend and error analysis of stored
measurement data and for propagation of errors into limits of error for
material balance calculation,

Software development for propagation of errors into limits of error was
not included in the FY 1978 Uranium Input/Output Demonstration Program,

A detailed description of the Measurement Control Program is included in
Appendix A, Section 5.0. The software specification for the Measurement
Control Program is contained in Appendix C.

4,5.,2 Performance Summary

In general, the measurement control program performed- satisfactorily in
that output summary reports were obtained which reflected the measure-

ment values contained in the data base. The summary reports provide a
demonstration of the methods and data needed to determine control limits

~and to estimate random error variances associated with bulk measure-
ments. '

The demonstration of an effective method to detect measurement anomalies
incorporated the use of a control limits table., Measurement data com-
parison outside the 0.05 and 0,01l levels of significance generated
message flags at the CNMCAS Control Room input/output terminal and at
the NMC line printer. Due to the pressure of other tcot activities,
process problems, measurement program problems, etc,, supervisory appro-
vals and documentation of corrective actions were handled informally.

Summary reports were obtained for level comparisons, density compari-
sons, and replicate measurements for all input/output tanks, product to
input comparisons, and input uranium concentration comparisons for the
accountability tank., Each of these types of reports are discussed in
the following occtiona,

Extreme values were excluded from the summaries to provide for more
meaningful summary data. Fxtreme value identifiers were input at the
time the summary was requested.

4.5.3 Level Comparisons

Redundant instrumentation was provided for the four uranium input/output
measurement points, Examples of summaries of the liquid level instru-
mentation comparisons are provided in Exhibits 4-16 and 4-17 for the
accountability tank and GPW check tank, respectively. These data are
used to establish control limits for instrument performance and to
detect instrument trends and/or calibration requirements, On
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Exhibit 4-16, note the extreme differences in readings between the two
temperature instruments indicating a failure in the TI-109 instrument
loop. _

4.,5.4 Density Comparisons

Process densities were obtained from at least two different instruments
for each of the four uranium input/output measurement points. In the
case of the input and product measurements, the pressure differential
was determined directly by the Taylor instrumentation and indirectly as
the difference between two Ruska instruments (refer to Appendix A,
Sections 6.3.1.3 and 6.3.2.2 for calculation methods). For the two
waste measurement points, both the Westinghouse and Taylor instruments
provide a direct measure of the differential pressure across the high
and medium pressure probes.

The density comparison reports provide instrument-to-instrument compari-
sons, process density-to-lab density comparisons for each instrument,
and a listing of laboratory density results at 25°C. In addition, for
the input and product tanks, the laboratory density is calculated at
tank temperature and compared to process densities. Examples of density
comparison reports are provided in Exhibits 4-18 and 4-19 for the
accountability tank and GPW check tank, respectively., The density
comparisons provide excellent indicators of measurement anomalies.
Excessive differences between laboratory and process densities were a
reliable indication that either probes were beginning to plug or the
sample was not representative of tank contents. .

4.5.5 Replicate Measurements

" Replicate measurement data summary reports for solution quantities
provide reliable estimates of the repeatability of the bulk measurement
systems. These reports indicate any systematic effects between before-
sampling and after-sampling measurements as well as providing a realis-
tic estimate of the random error variances. In addition, for the
accountability tank, the comparison between after—-transfer and before-
receipt solution quantities provides additional assurance that the tank
has been properly isolated., Examples of these reports are provided in
Exhibits 4-20 and 4-21 for the accountability tank and the HWW sample
tank, respectively, The very large quantity differences shown as
"extreme values excluded” in Exhibit 4-20 represent missed measurement
actions caused hy operator oversight or program/hardware problems.

4.5.6 Product/Input Comparisons

Comparisons of product versus input quantities shown im Exhibit 4-22
provide a measure of the effectiveness of the other control methods and
error estimates, This type of report could be expanded to include
additional points where quantities are transferred and measured in two
different tanks. This report provides the basis for the control limits
to indicate that a measurement prublem existe for one or both of the
measurements,
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The transferred-received values shown in Exhibit 4-22 represent process
control-type data, e.g., laboratory densities at 25°C were used. There~
fore, the range of the transferred-received differences is considerably
broader than the range of the differences developed from accounting-type
data where, for example, laboratory densities corrected-to-tank tempera-
tures are used. :

4.5,7 Uranium Concentrations

Since the largest error sources for material balance determinations are
analytical, it is important to be able to assess analytical performance
and trends. For the FY 1978 integrated uranium run, uranium concentra-
tions for input measurements were determined by two different methods.
The uranium concentration report provides a comparison of the two
methods, isotopic dilution/mass spectrometric (U-ID) versus potentio-
metric (U-VP), on a batch-by-batch basis as well as summary statistics.
- An example of the comparison report is provided in Exhibit 4-23,

4,6 Uranium Input/Qutput Demonstration Program Evaluation Summary

Viewed in total, the Uranium Input/Output Demonstration Program (in
conjunction with the RTP system) produced excellent results and will
serve as a sound basis for future CNMCAS development work., The program
was described, software specifications written, and software developed
and tested on an extremely tight time schedule. The.value of pursuing
selected CNMCAS elements through all stages of development and implemen-
tation was fully demonstrated.

Although several problems remain to be corrected, the overall perfor-
mance of the measurement, accounting, and measurement control programs
was satisfactory. A number of these problems have clarified planning
for a refined and enhanced uranium input/output demonstration to be
conducted in FY 1979 as part of the CNMCAS development work. FY 1979
work will include:

*» Conversion of CNMCAS software to a real-time operating system

* Improving the reliability of the CNMCAS-LDS communications link
* Increasing the modularity of the accounting program

* Improving measureweul program-operator dialogue

* Developing a more comprehensive (but closely controlled) data base
edit program

* Develouping a limits-of-error program for input and output measurement
data '

* Continuing operator training to improve competence/performance,
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TABLE 4-1

INVENTORY PERIOD-LOT-BATCH CORRELATION

FY 1978 INTEGRATED URANIUM RUN

Inventory Periods 1 2 3

Lots 1 2 3 1 4
Measurement Points Batches

Accountability Tank 2003 61-82 83-103 104—115 114-127
Product Tank 2009 60-75 76-96 97-104 105-120
HWW Waste 2023 50-62 63-80 81-92 93-104
GPW Waste 2028 262-306 306-333 334-354 355-398
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EXHIBIT 4-1

INPUT MEASUREMENT PROGRAM DIALOGUE

ACCOUNTABILITY TANK - MEASUREMENT POINT 02003

ZKKKKXX MESSAGE FOR TANK 2003 RATCH 107  Xkxkkkx 23-Ser-78
MEASUREMENT FOR THIS BATCH IS COMFLETE.

ALl ME WHEN READY FOR NEXT RATCH.

BEGIN

LNTER MEASUREMENT FOINT? 0’003

FROGRAM STARTED -~ -

Bye

AKXKKKK  MESSAGE FOR TANK 2003 BATCH'108 FKRK KKK 23-Ser-78
ENTER OPERATOR "INITIALS :

WFH

RRKHOKKK  MESSAGE FOR- TANK 2003 RATLCH 108  RXXEXEKX 23-Ser-78
ENTER SOURCE VESSEL MEASUREMENT FOINT ID -

02009

XKKKKXKX MESSAGE FOR TANK 2003 BATCH 108 XXXEXXX 23-Ser-78
ENTER UPERATOR INITIALS

WFH : "

XXXKKRX  MESSAGE FOR TANK 2003 ﬁATCH 108  xxkdkkxk 23-Ser-78

I‘% READY TO MEASURE BEFORE-RECEIFT DATA.
RUSKA ZEROES SHOULD RE READ's SFARGER SHOULIDN BE OFF.

INSTRUMENT FURGES SHOULD EE SET AT 0.3 SCFH.
SHALL -1 PROCEED ? <¢YES-OR NO)
-YES
KRKRRKK  MESSAGE FOR TANK 2003 BATCH 108  *xkkkkxk 23-Ser-78
ENTER RUSKA (LEVEL) ZERO VALUE
_'4'l
Xxxkkpkk  MESSAGE FOR TANK 2003 BATCH 108  XxEkkkxX 23-Ser-78
ENTER RUSKA (DENSITY) ZERO VALUE
-.11
Kkxkkk MESSAGE FOR TANK 2003 BATCH 108  XkxxkXx 23-Ser~78
PROCESS TEMFERATURE EOMFARISION IS OUT-OF-LIMITS -
TJR-108-10 = 43,8361 ANID TI-109 = 29,0323
KKK MESSAGE FOR TANK 2003 HATCH 108 KKKXXKX 23-Ser-78
SUFERVISOR IS REQUIRED TO FROCEED.
ENTER FASSWORD
XKkkkkk MESSAGE FOR TANK 2003 EBATCH 108  Xickkkkk 23-Ser-78
POSSIBLE OPTIONS ARES -t = PROCEED WITH MEASUREMENT - - ’
2 = REMEASURE
3 = USE AFTER-TRANSFER DATA
ENTER OFTION-¢ 1y 2y OR '3y o C
1
piokkx MESSAGE FOR TANK ‘2003 BATCH 108~ Xx¥Xk¥X%x - 23-Ser~78 -

CALL BAZKR WHEN TRANSFER IS COMPLETE AND SFARGER IS OFF.
I LL WAIT TO HEAR FROM YOU.

B P pp—

01327

o1:2

01:29

01:30
01:33

01:33

01:33

FM

FM

M

Fi

FM

]

P

FM

EM

bae

EXPLANATORY NOTES

" Program prints batch complete

Statement for previous input batch

Operator enters BEGIN to access Measurement Programs
Operator enters 02003 which initializes

next accountability tamk batch

Program assigns sequential batch no.
Program compares initials to authorized list

Operator enters measurement point no. of input source
(U prod. Sample Tk.)

Before receipt (B-R) measurements:
Program states prerequisites

Operator enters YES to activate B-R measurement data collection
Opérator enters Ruska (level) zero value

Operator enters Ruska (density) zero value

Program has collected B-R data
Temperature comparison out-of-limits
T1-109 malfunctioning; TJR-OK

Supervisor Pagsword entered (non-printing)

Prograr provides operator with options

" Operator éefectsfpioceed with measurement option

. Program signs off to wait on completion of transfer
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EXHIBIT 4-1

{Continued)

kkxkkkk MESSAGE FOR TANK 2007 BATCH 08  xkxkkxkxk 23-Sep-78
ENTER DPERATOR INITIALS

DER S e

*kkxkxkk MESSAGE FOR TANK 2003 BATCH 108  XXxXkkxX
I’M READY TO MEASUXE BEFORE-SAMFLE DATA.

RUSKA ZEROES SHOULD BE READ. SFARGER SHOULD BE OFF.
INSTRUMENT PURGES SHOULD BE SET AT 0.2 SCFH.

SHALL . I PROCEED ? (YES OR-NO:
YES
kkxokkxk MESSAGE -FBR TANK 2003 BATCH 1D8 . X¥KkKKkX 22-Ser~78
ENTER RUSKA (LEVEL: ZERO VALUE
—e42
XkkkKkX MESSAGE FOR TANK 2003 RATCH 18 k¥kkkkx 23-Ser-78
ENTER RUSKA (DENSITY) ZERO VALUDE
~. 09 '
xkxkokkx MESSAGE FOR TANK 2003 EATCH 1C8  XXkxkxxX 23-Se»-78
FROCESS LEVEL COMFARISION IS MAXGINAL
LR=-125 = 309.464 AND LX-125-R = 304.91
XKKKKKX

MESSAGE FOR TaNK 2003 XATCH 108  XXXXXXX 23-3er-78
PROCESS TEMFERATURE COMFARISIOMN IS OUT—DF—LIMITS

TJR-108-10 = 39,1088 AND TI-109 = 4.3293
Xkkkkxk MESSAGE FOR TANK 2003 BATCH 103 RdkkXXX 23Ber-78
SUPERVISOR IS REQUIRED TO FROCEED.
ENTER PASSWORD
AXXXXkk MESSAGE FOR TANK 2003 EATCH 108  k&kxkk¥x 23-3er—73
FUOSSIBLE OFTIONS ARE: 1 = PROCEED WITH MEASUREMENY
2 = REMEASURE

ENTER OFTION ¢ 1 OR 2 )

1
XkkXkX%XX MESSAGE FOR TANK 2003 BATCH 10E  XXXkkxxk 23-Ser-78
PROCESS DENSITY COMPARISION IS MARGINAL

DR-166 T E771754438 TAND T TDF-166-R = - 1.53287

XxXkXXX MESSAGE FOR TANK 2003 ERTCH 108 #t*ttt* 23-S=2,-78
ENTER OFERATOR" INITIALS ” - - ot T :
DER
KXkXX%kX MESSAGE FOR TANK 2003 BATCH 108  XRRXXXX 23-Se7-78
TANK CONTAINS 7229.84 KG SOLUTION
TANK CONTAINS 4681 .38 LITERS SOLUTIOMN

I‘M~"GOING TO REQUEST LDS TO SAMPLE.
SHALL I FROCEED ? (YES OR NO)
NO

SPARGER SHOULB BE O°F.

XXXXXXX MESSAGE FOR TANK 20C3 BATCH 108 XXkkkxX 23-Ser-78
SPARGER AT W840 EL2%6

PURGES IN RUSKA ROOM cooTT T s T T T
I'LL WAIT TO HEAR FROM YOU. .

03:54

03154

04:04

04:04

04:04

04105

04:05

04:GS5

04106

04106

M

FM

FM

FM

P

FM

PH

FM

EXFLANATORY NOTES

. Program ‘asks operator if he wants a sample requested.

PM

Transfer completed; program called up by Operator
Operator authorization check by program

Before sampling (B-S) measurements:
Program states prerequisitzs

Operator enters YES to activate B-S measurement data collection
Operator enters Ruska (lewel) zero value

Operator enters Ruska (density) zero value

B~S data collection completad
Program states liquid level reading
Comparison is marginal - prempts check of instruments by operator

T1-109 bad; TJR-OK

Supervisor password entered (non-printing)

Program provides operator with options
Operator selects proceed wita measurement option

Program states density readimg comparison is marginal - prompts
check of instruments by cperator

Operator auihorizatioﬂ'cﬂeck'by Program
?fégram calculates/prints B-S quantities

Operator
not ready for sample - enters NO

Program sign off to wait on recall _when operator is ready to
_request sample



EXHIBIT 4-1
(Continued)

BEGIN

'ENTER MEASUREMENT "FOINT? 02003 -

PROGRAM STARTED

Bye

XXkXk%kkXx MESSAGE FOR TANK 2003 BATCH 108 ¥XKXXXX 23~8ér-78 04307 FM
ENTER OPERATOR INITIALS

DER

XXXXXKX MESSAGE FOR TANK 2003 BATCH 108  kkkxkkxX
TANK CONTAINS 7229,84 KG SOLUTION )

TANK CONTAINS 4681,38 LITERS S0OLUTION

I‘’M GOING TO REQUEST LDS TO SAMPLE. SPARGER SHOULI' RE OFF.
SHALL I PROCEED ? (YES OR NDO)

vES

23-Ser-78 04107 FM

ENTER MEASUREMENT POINT? 02003
PROGRAM STARTED

Bue

Kxxkkkx MESSAGE FOR TANK 2003 RATCH 108  dokkXkkx
SAMPLING IS COMPLETE. SAMPLE LOG NUMBER IS 19722
RESULTS SHOW DENSITY IS 1.5456 G/ML
CONCENTRATION IS 388.869 G URANIUM/LITER SOLUTION
AND H+ IS 79 MOLAR. '

23-Ser-78 07:08 FM

XXKEXRXKX  MESSAGE FOR TANK 2003 EATCH 108  kkXkxXkxX 23-Ser-78 07:08 FPM
ENTER OPERATOR INITIALS

DER

XRkkXkkk MESSAGE FOR TANK 2003 BATCH 108  kixkkxxk
I‘M REABY TO MEASURE AFTER-SAMFLE DATA.

RUSKA ZEROES SHOULD BE READ. SPARGER SHOULD BE OFF.,
INSTRUMENT PURGES SHOULD BE SET AT 0.5 SCFH.

SHALL I PROCEEL ? (YES OR NO)

YES

23-Ser-78 07108 FM

Axkpkkk MESSAGE FOR TANK 2003 BATCH 108 kkxkkxxk
ENTER RUSKA (LEVEL) ZERO VALUE
=40

23-Ser—-78 07:08 FM

px AKX MESSAGE FOR TANK 2003 BATCH 108  0kkkkx
ENTER RUSKA (LGENSITY) ZERO VALUE
-.07 ’

23-Ser-78 07308 FM

xokkkk  MESSAGE FOR TANK 2003 BATCH 108  xIxikkkX
TRANSFER QUANTITY COMFARISION IS CQUT-COF-LIMITS
8080.87 . KGE SOLN WERE TRANSFERRED FROM TANK - 2009
AN YOU RECEIVED 7213.12 KGS SOLN

23~-Ser-78 07111 FM

EXPLANATORY NOTES

Opercter recalls program: readv to_request sample

Operator authorization check by program

Program restates B-S quantities and sample request question

Operator enters YES - Program sends sample request to LDS, then
signs OFF (non-printing) to wait on sample results from the LDS.

Sawpling, analyses completed. LDS sends results to CNMCAS
Program prints results

Operator authorization check by program.

After sampling (A-S) measurements:
Program states prerequisites

Operator enters YES to activate A-S measurement data collection

Operator enters Ruska (level) zero value

Operator enters Ruska (deﬁsity) zero value

Progran error—Comparison actually OK

Program is.comparing kilograms solution received in Acct. Tk. to
the total kilograms solution that were in the U prod. Sample Tk.
rather than the quantity transferred.
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EXHIBIT 4-1

(Continued)

KXRXKKR  MESSAGE FOR TANK 2003 BATCH 108 #*i##**
SUPERVISOR IS REQUIREZ TO PROCEED,  — -
EZNTER FASSWORD

#*#**#* HESSAGE FOR fANK °003 BQTCH 108 ***##*l 23-Sep-78

POSSIBLE OPTIONS ARE! 1 = PROZCEED WITH MEASUREMENT
- 2 = REMIASURE

ENTER OFTION ¢ 1 OR 2 )

1
kxk%xkx MESSAGE FIR TANK 2003 BATCH 108  Xkokkkxkxk 23-Sa2p-78
FROCESS TEMFERATURZ COMFARISION IS OUT-OF-LIMITS
TJR-108-10 = 38.9717 AND TI-109 = 24,6712
*k¥kkkk¥x MESSAGE FOR TANK 2003 BATCH 108  *XkkkkX 23-5e20-78
SUPERVISOR IS REQUIRED TO FROCEED.
ENTER FASSWORD
AXKKKKK  MESSAGE FOR TANK 2003 EBATCH 108  kXXXKkKX 23-Ger~78

FOSSIBLE OFTIDNS GRE' 1 = PROCEED WITH HEASUREHENT
“ =" REMEASURE

= GO BRACK TO B.S. MEASUREMENTS
1y 2 DR 3 )

(AR

ENTER OPTION ¢
1

XKXKKRX MESSAGE FOR TANK 2003 BATCH 108 kXkkkkXx 23-Cer-78
TANK CONTAINS - 722905 ~ KG" SOLUTION
TANK CONTAINS 4677.18 LITERS SOLUTION
TANK CONTAINS 1818.81 KG URANIUM
YOQUR NEXT STEF IS -TO MAXKE THE TRANSFER.
HXKKKKkX  MESSAGE FOR TANK 2003 BATCH 108  X¥HKXkXX 23-Ser-78
"FOSSIBLE ‘OFTIONS ARE:" 1 = HOLD - T ’
= TRANSFER

[ )

GO BACK TO B.S. MEASUREMENTS
ENTER OFTION ¢ 1y 2, OR 3 ) ’
1

CRXkkAkRx  MESSAGE FOR TANK 2003 EATCH 108  XX¥kkXX 23-Ser~78
’aNh IS NOW ON HOLD. CALL RACK WHEN DECISION HAS BEEN HMADE.
KEFIN .- e e e e e e
ENTTR O YEASURENENT FOINT? 22083
FROGRAM STARTED
Bue
XXXXXXKX MESSAGE FOR TANK 2003 RATCH 108 XKKkKKX 23~-Ser—-78
ENTER OFERATOR INITIALS B
RED
kkkkxkk MESSAGE FOR TANK 2003 BATCH 108  kXXkkXxkk 23-Ser-78

FANK CUNTAINS 7229.05 KG SOLUTION
TANK CONTAINS 4677.18 LITERS SOLUTIGN
TANK CONTAINS 1818.81 KG URANIUM

YOUR NEXT STEF IS TO MAKE THE TRANSFER.

07113

07:17

07:17

07117

G717

07:18

11305

11205

23-Ser-78 07:11 PM

PM

FM

PM

FM

i

M

PM

ETPLANATORY NOTES

Supervisor password enterad (nou-printing)

Program provides operator with options since transfer quantity
comparison out-of-limits wvas due to program error, operator
selects proceed with measiarement option

T1-109 bad; TJR-OK
Supervisor password entered (non-printing)
Program provides cperator with options

Operator selects proceed with measurement option

Program calculates/printe A-S quantities

Program provides operator with options

Operator not ready to make transfer so elects to put program in
HOLD .

Program signa off to wi:.on transfaer decision

Operator enters BEGIN and 02003 to recall program

Operator authorization check by program

Program restates A-S quamtities
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EXHIBIT 4-1 R . i
- (Conti’nﬁed)

EXPLANATORY NOTES

¥XxAxxKk  MESSAGE FUR TANN 2003 BATCH 108  XXkKkXX 23-Ser-78 11:05 FM ST
FOSSIBLE OFTIONS 'ARE:" = HOLD o - - .
TRANSFER . Program restates options available to operator

GO BACK TO B.S. MEASUREMENTS

[ARS R
i uwn

FNTER OFTION ¢ 1y 25 OR 3 ) Operator ready to make transfer so he selects Option 2
AXxxxxx  MESSAGE FOR TANK 2003 BATCH 108  XXEXXkx 23-Ser-78 11106 FM
SUFERVISOR IS REQUIRED TO FROCEED.

Supervisor password entered (nonprinting) to approve transfer
ENTER FASSWORD

. action.
EXERXKE MESSAGE FOR TANK 2003 RATCH 108 ki XKxkk 23~-Ser-78 11:106 FM .
l;'z(')(t)g DESTINATION VESSEL MEASUREMENT FOINT Ir Operator enters destination ID; 02006 (No. 2 Feed Adjustment Tank)

TxRkXRX  MESSAGE FOR TANK 2003 BATCH 108 XX¥XEXX  23-Ser—=78 113107 FM
ALL BACK WHEN TRANSFER IS COMFLEIE AND SFARCER 1S OFF.

BN '

SNTER MEASUREMENT FOINTF 02003

FROGRAM STARTED

Program signs off to await recgll vwhen transfer is completed
Operator enters BEGIN and 02003 to recall program

bue

AXKERENX  MESSAGE FOR TANK 2003 BATCH 108 xkekkxXx . 235-Ses-78 11307 ¢M
"—N{E" OFERATOR INITIALS Operator authorization check by Program
BED

krkxxr MESSAGE FOR TANK 2003 EATCH 108 Xxd¥xxex 23-Ser-78 11:08 FM
(M READY TU MEASURE AFTER-TRANSFER DATA. Program states prerequisites
KUSKA ZEFJES SHOULD BE READ,  SFARGER SHOULL KE OFF Operator enters YES to activate
INSTRUMENT FURGES SHOULD BE SET AT 0.5 SCFH. : A-T measurement data collection
SHALL { PROCEED ? (YES OR NO)

I8

After-Transfer (A-T) measurements:

ExRKOOKK MESSAGE FOR TANK 2003 BATUH 108  xxkkkkx 23-Ser-78 11:08 FM
‘fN;tf;H RUERA LEVEL) ZERO VALUE Operator enters Ruska (Level) zero value
¥RXRRXX  MESSAGE FOR TANKN 2003 EBATCH 108  XX¥K0KXXX 23-Ser—-78 11:08 FM
'_WEF‘ RUSKA (DENSITY) ZEROD VALUE Operator enters Ruska (demsity) zero value

xkrkrkx  MESSAGE FOR TANK 2003 BATCH 108  XKXKXXk  23-Ser—78 113110 FM

FROCESS TEMFERATURE COMFARISION IS OUT-OF-LIMITS T1-109 bad; TJR OK

[JR-108-10 = 38,4857 AND TI-109 = 24,2249

CRRKEEKE MESSAGE FOR [ANK 2003 BATCH 108 XKKKKKK  23-Ser-78 11311 FM
SUFERVISOR 18 REQUIREL TU FROCEED.

Supervisor password entered (non-printing)
ENRTER FASSWCRD

exokkxx MESSAGE FOR TANK 2003 BATCH 108 XXXERXXX 23-Ser~78 11111 FM
FOSSTBLE UFTIONS ARE: FROCEED WITH MEASUREMENT

1= Program provides operator with optioms.
2 = REMEASURE

Operator enters Qption 1 and program proceeds with calculation
-.of A-T quantities

1 ‘ ; .
ADVANCE FAFEE TO TOF OF FAGE AND <CR> : Program prints ADVANCE PAPER, etc., indicating A-T calcs. are
- ' . complete and Batch Summary is ready to primt.

ENTER OFTION ( 1 OR 2 )
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LAE/FROCE
FROCESS D1
A.To/B.RY

B.S./A.S.

XRRAKNK
MEASUREME

EXHIBIT 4-1

SS DENSITY (TATYLOR) COMPARISION
T L0011 R -

ENSITY COMFPARISION
-+0115 -»0102

QUANTITY COMPARISION
’ ~3.418

QUANTITY COMPARISION
]

MESSAGE FOR TANK 2003 BATCH 103 .
NT FOR THIS BATCH IS COMPLETE. -

CALL ME WHEN RE2DY FOR KEXT BATCH.

e

EXXRKRK

INSTRUMENT READINGS:

22.22 Taylor level in "H20
53.887 Ruska level in cmH20
T T = 4% "Ruska level zérd Teading-cmH0

15.331 Taylor density in "520

15.54 Ruska density-cmHy0 above med. probe
Tt #,1177 Rugka ‘density zero reading-cmH30 ’
38.3 Temperature in °C

23-Ser~-78 1113 PN

24,2 Temperature in °C

ANALYTICAL RESULTS:

SOLUTION QUANTITIES:

BATCH QUANTITIES:

MEASUREMENT CONTROL COMPARISONS:

" Ruska-Taylor in cmH20

In g/ml

(Continued)
- " T BATCH TSURMARY FOR ~— " B
.- . 02003 - 103 23-Ser-78 .11:11 PM
BEFORE BEFORE AFTER AFTER
RECEIPT SAMFPLE SAMPLE TRANSFER
LR-125 2.1 121.84 121.84
LR-125-R 2,78 304,49 304.49
ZERD e e gm - C L iegme m e e el g =
DR—-166 9,08 15.351 15.352
DR-166-F -.022 266,115 266,077
2ERD A e 47 o9 o e
TJR-108-10 43,8 39.1 39
TI1-109 20.1 24.5 24,7
SAMPLE RESULTS
LOG NO. 19689 NA 19722 NA
DENSITY 1.0114 NA 1.5456° NA -
U (GrLy -2,348 NA 388.84%9 NA
Ht .423 NA .79 NA
YOLUME 19.617 4677.501 4677.178 637.894
KGS SOLN 19.84 7229.546 7229 .,045 985,93
RECEIVED 4661.265 LITZRS TRANSFERRED 4039.282 LITERS
7213.124 KGS SOLN : 6243.116 KGS SOLN
1818.975 KGS U 1570.754 KGS U
FROCESS LEVEL CDMPARISION
-2,131 -4,559 -4,574 =2,13
LAB/FROCESS LENSITY (RU3SKA) COMFARISION
L0112
TEMFERATURE COMPARISION
23.8 14,5 14,3 14.3

1n °C " (TJR-108-10 minus TI-109)

I g/l -

Ruska-Taylor in g/ml

(Before-sampling and Aftef—sampling)

"In kilograns solution

In kilograms solution
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EXHIBIT 4-2

PRODUCT MEASUREMENT PROGRAM DIALOGUE
URANIUM PRODUCT SAMPLE TANK - MEASUREMENT POINT 02009

BEGIN
ENTER MEASUREMENT POINT7 02009
FROGRAM STARTED . . - - —

Buye
KR XKkKK  MESSAGE FOR TAHNK 2009 BATCH 104

INTER OFERATOR INITIALS
JiLk

KARK KA

KXKKKEK .. MESSAGE EOR TANK 2009 BATCH 104
ENTER SOURCE VESSEL MEASUREMENT FGINT ID
02053

FRKKIKK  MESSABE FOR TANK 2009 BATCH 104
ENTER OFERATOR INITIALS

JLu .o -
kkkxkxk MESSAGE FOR TANK 2009 EATCH 104  XXxPXkkKX 27-
I'M REARY TO MEASURE. BEFORE-SAMFLE DATA. ..

RUSKA ZEROES SHOULD R READ., SFARGER SHOULD EE OFF.
INSTRUMENT PURGES SHOULD KL SET AT 0.5 -SCFH.

SHALL 1 ~RUGCEED .7 «(YES.OR nU)

YES

XXk KkRXR MESSAGE FOR--TANK 2009 BATCH 104  kkEkkxkk 27-
ENTER RUSKA (LEVEL) ZERD VALUE

1.08

XkkKKXX MESSAGE FOR TANK- 2009 BATCH 104  XKEKXXX 27—
ENTER RUShA (DENSITY) ZERO VALUE

-.83 . . .

XKkkxkkk  MESSAGE FOR TANRK 2009 EATCH 104 kkxkkxkk 27

ENTER OPERATOR INITIALS

JRKLALKN\LW

XxkRKXK .. MESSAGE .EOR TANK
TANK CONTAINS 8053.64 KG SOLUTION
TANK CONTAINS 47S7.57 LITERS SOLUTION
i“4 GOING.LO. REQUEST LDS TO SAMPLE...
SHALL I PROCEED ? (YES OR NO)

YES

p3 2 =33 3 3 27-

KKERKKK 27-

2009. BATCH 104. X*#****— 27=

i7~-Ser-78

Ser-78
Ser-78

Ser-78

Ser-78

Ser-78

-Ser-78

Ser-78

SFARGER SHOULD .BE OFF. .

10132

10:33

10333

10133

10134

10134

10:36

-10:36

£ -

i

FM

FM

FM

FM

FM

FM.

" Program asks operator if he wants sample requested.

EXPLANATORY NOTES

Operator enters BEGIN to access measurement programs

' Operator emters 02009 - Program initializes next U product sample
- tanle-bateh . -

Program assigns sequential batch no:
Program compares initials to authorized list

Operator enters measurement point no. of product source
(U product catch tank)

‘Before-Sampling (B;S) Measurements:

Program states prerequisites

Opekagor enters YES to activate B-S measurement data collection
Operator enters Ruska (level) zero value
Operator enters Ruska (density) zero value

Operator authorization check by program

Program has completed B-S measurements; calculates and prints B-5-
quantities. No flags indicate measurement comparisons OK.
Operator enters

YES.  Program sends sample request to LDS, then signs- off {non-

.printing) to wait on sample results from the LDS.

.



EXHIBIT 4-2

TANK. IS -NOW. 08— HOLD+ —CALL—BACK—WHEN DECISION-HAS—BEEN- MADE - - -

s

— hagram signs off to await recall when decision.to- trangfer is _

(Continued)
EXPLANATOXY NOTES

KKKKKXKX MESSAGE FCR TANK 2009 BATCH 104 ******* 27-3er~-78 113131 FM

SHMFLIML L8 COMFLETE., SAMPLE L3G MUMEER IS 20158 Sampling analyses completed. LD3 sends results to CNMCAS.
RESULTS SHOW DENSITY IS 1.6%947 G/ML . Program prints results

CONCENTRATION IS 497 .162 G JRANIUM/LITER SOLUTION

ANDL H+ 1S + 93 MOLAR.

AkXKkKKX MESSAGE FOR TANK 2009 EATCH 104  ¥okkXkkxX 27-Ser-78 11:31 FM
-SELER OEERATOR INITLALE — - - - - R : “Opetator authorization check by Program

KRXKEEX —MESSAGE FOR- TANK—2009- RATDH 104 XkKXKKX — 27-Ser-78 11332 FM .

1M READY TO MEASURE AFTER-SAMP_E ['ATA. After-Sampling (A-S) measurements:

RUSKA ZERDES SHOULD EE READ, S>ARGER SHMOULD' BE OFF. Program states prerequisites
INSTRUMENT FURGES. SHOULD. BE SET. AT 0.5 SLCFH. —— .o . . . R
SH‘S“—L I FROCEED ? (YES OR NO) Operator enters YES to activate A-S measurement data collection
YE
RXXKXEK  MESSAGE FOR TANK 2009 ZATEH 104 XXX¥%KX  27-Ser-78 11332 FM

ENTER RUSKA (LEVEL) ZERO VALUE Operator enters Ruska (level) zero value
1408 - e e - o - . .

kXkkX¥ MESSAGE FOR TANK 2009 ATCH 104 ******* 27-Ser-78 11:32 PM

EN;g&.RUS&A (DENSITY) .ZERO VALYz- - - = - Operator enters Ruska (densfty) zero value -

—

XXXRXKK MESSAGE F(;F\ T?NN 2009 EATCH 104  xxxxkkx 27-8er~-78 1131352 FM Program has completed A-5 measurements;

TANK CONTAINS 8021'6" KRG SZLUTION . Calculates and prints A-S quantities

“TANK -CONTAING -—47251.04 —LLTESS GOLUTION— - — o -« o - = - == - No flggs indtcatem emert- taons OK- - —_

TANK CONTAINS 2342.04 KG USANIUM ;

YOUR NEXT STEF IS TO MAKE THE TRAMSFER.

X KAOK KK X HESSAGE FOR TANK 2009 BATCH 104 X****** 27- SEF' 78 52 -F'H - i B
IPOSSIELE OFTIONS ARE: 1 = HOLZ t

T 2 TRAWSFER . ... . .. .__.___ ___. _.__ FPeosrem states options avallable to operater _ . . __

3 = GO 3IACK TO E.S. MEASUREHENTS )
ENTERAOP_T_ION ¢ 1r2r 08 3 ! Operator is not ready to mabe tmnsfer, enters Option 1 to put
S Y S e e — I ~ prograi &4 HOLD"" e - - -

XkkkkkKk MESSAGE FOR TANK 2009 ERATCH 1G4 XKKkXkXk 27-Se=-78 11:53 FM



EXHIBIT 4-2

{Continued)
EXPLANATORY NOTES
—— A
BEGIMA\MAN . ’
ENTER MEASUREMENT FOINT? 2\2\02009 Operator enters BEGIN and 02009 to recall Program
FROGRAM STARTED
Kse L . - - -
Xkkkkkk MESSAGE:- FOR TANK 2009 . .-BATCH 104. XKXXXXX .. 28-Sep~78- 02309 FM - — - o oo oo B .
ENTER OFERATOR INITIALS Operator authorization check by Program
GRW
XXXkxkk MESSAGE FOR TANK 2009 EATCH 104 XKKKkkX  28-Sap-78 02:09 FM Program restates A-S quantities
TANK CONTAINS 8051.,62 KG SOLUTION
TANK CONTAINS 47%51.,06 LITERS SQLUTION
TANK UUONTAINS PRI ETRY) KG uRANIUM
FUUR NEXT STER Iw TO MARE THE TRanN3FEN.
*****#X. MESSAGE FOR TANK 2009 EATCH 104  X%kkXXX 28-Ser~78 02:0%Y FM
FOSSIELE OFTIONS ARE: = HOLD Program restates options available to operator
- 2 = TRANSFER R . -
3 = {0 BACK U B.9. MEASURENENTS
D’:TER OFTION ¢ . 2y GR 3 9 Operator ready to make transfer, enters Option 2
AKKRKKX MESSAGZ FOR TANK 2009 EATCH 104  XkKKXKX 18-Ger-78 02109 PN
SUFERVISOR I8 REQUIRED TO FROCEEDL. . . . . -
ENTER PAEEWU Supervisor password entered (nonprinting) to approve
transfer action '
KKK KKX  MESSAGZ FOR TANK 2009 RATCH 1D4 xkXiokxx 28~Ser-78 02110 FM
g':gg'; DESTINATION VESGEL MEASUREMENT FOINT ID - Operator entered destination ID; 02001 (FPeed Surge Tank)
KXKARKEK  MESIALGD FOF f TG 2D RKAKRKK 02110 M
CALL BACK WHEN IRAMSFER FLEME AN SFARCER IS . Program signs off to await recall vhen tramsfer s completed. - -
REGIN
. erator enters BEGIN and 02009 to recall
ENTER MEASUREMENT FOINT? 02005 ';:1;:::!1 complete. Operator enters
FRIGRAM STARTED
Bu=
KREOKKXKX .- MESSAGE FOR TANK 2009 BATCH 1u4  kkxkXkX 28-Ser-78 0223111 FM
ENTER UOFERATOR INITIALS . .. N . )
Gival . Operator check by Program
XKxKX¥X. MESSAGE FOR .TANK 200% BAICH. 124 XXXXKXX . 28~3er~78.-02511 BN. e e i e e - . - - -
1’4 REALY TO MEASURE AFTER-TRANSFER DATA. con. R
RUSKA ZEROES SHOULD BE READ, SFARGER SHCULD BE OFF. g“’ “:22: (:ez “"“1“‘“‘““”“
INSTRUMENT FURGES SHOULD BE SET AT 0.5 SCFH. -rogrem states prerequisites A
??SL"’ T FROCEED 7 (YES OR NO Operator enters YES to activate A-T measurement data collection
XrXKkXx MESSAGE FOR TANK 20C9 BEATCH 104  XkXXXXX 28-Ser-78 02911 PM
ENTER RUSKA (LEVEL) ZERO VALUE Operator enters Ruska (level) gero value,
+1.08 . - e e e - . -
XEKAXKX  MESSAGE FOR TANK 2009 BATCH 104  KXKXXERX 28-Ser-78 02111 FPM
SNTER RUSKA (DENSITY) ZERU VALUE. - . . ol cceem i " I

~.87

—eem ¢ et mime e e e i —._-Operator enters Buska (density) rero value. .




EXHIBIT 4-2
(Continued)

ADVANCE FAPER TO TOF 0F PAGE AND <CR>
ER

BATCH SUMMARY FOR

'EXPLANATORY NOTES
Program prints ADVANCE PAPER, etc. indicating A-T

- measurements-and quantity calculations are complete

awd Ratch Summarv is ready to print.
No flags indicate weasurement comparisons OK.

02009 - 104 28-Ser-78 02114 PM
- - . BEFORE . REFORE . -~ - AFFER + = o et AFTER - m e e+ e = - - -
RECEIPT SAMFLE SAMFLE TRAMSFER ‘TRSTRUMENT READINGS:
LR-239 - NA 79.5 79.47 - 24.69- Taglor level in “Hy0 R
LR-239-R NA 199.88 199.79 62,55 Raska level in cumR
ZERU NA 1.08 1.08 1.08 Rugka level zero reading-cmH50
DR=-223 NA 17.102 17.104 17.028 Taylor density 1n "Hq0 B
DR-273-R NA 154,877 154,777 17.575 Raska density-cul,0 above med. probe
ZERO NA -.83 -.83 —+87 Rugka density zero reading-cul20
TUR—-206-17 . NA o - 47,1 .47 5045 --Pemperature 16-9C - e
SAMFLE RESJLYS ANALYTICAL RESULTS:
LOG N3, 20099 NA 20158 - 14 - B -~ - -
DENSITY 1.4971 NA 1.6947 Ré
u (G/L) 458.943 NA 497.182 A
Ht+ . 2.6 NA 93 Nf - -
= o S i immeom—=ooso=--==== Sy GTION QUANTITIES
VUL UKME NAR 4753.287 4751.061 1086.087 . .7~ T = P
KRGS SOLN NA g9¢55.395 8051.4623 1840.592
RECEIVED TRANSFERREND 3664.973 LITERS. . EATCH QUANTITIES
"3 148 KGg ‘C)UL.N 6211.031 KHGS SO_n
38.08% KRGS U 1822,084 £G5S U
_______ MEASUREMENT CONTROL ' COMPARISONS
FROCESS LEVEL CUMFARISION .
NA ~3.134 -3.15 -1.23 Eusks~Taylor in cmH,0
LAB/FROCESS DENSITY (RUSKA) COMPARISLON B g/ml
0143 .. - R S - -
LAK/FPROCESS DENSITY (TAYLOR) ’F:OHF‘ARI‘SION
L0012 o g/ml
FRGCESS DENSITY COMFARISION Buska-Taylor in g/ml (Before-sampling and Af.tet-sampling]
~.0132 ~+C131 e e L. e :
BE.S./A.8., QUANTITY COMPARISION .
3.7723 In kilograms solution
XEXKXXK . SESSAGE EUR TANK-200%. BATLH. 104 XkE¥XkXx  28-8ge=78 . 02.-15--?«” [

MEASUREMENT FOR THIS 3ATCH IS COMFLETE.
CALL ME WHEN READY FCR NEXT EATCH.




REGIN
ENTER MEASUREMENT FOINT? 02023
FROGRAM. STARTED . . ._. -

Que

kxkkkkk  MESSAGE FOR TANK 2023 BATCH 91 kXkkkkxk
ENTER OFERATOR INITIALS

&CS

REKRKKK .. MESSAGE. FOR TANK -.2023 RATCH %1 %¥kkkkx
ENTER SOURCE VESSEL MEASUREMENT FOINT ID

02056
¥RRXXk%X MESSAGE FOR TANK 2023% BATCH 91 XXXKXKXX
“ZNTER OPERATOR INITIALS
wes . -
XKk  MESSAGE FOR TANK 2023 BATCH 921 XokkXkX
1M READY TU MEASURE REFORE-SAMFLE DATA.
SFARGER 3HOULD RE OFF.

INSTRUMENT FURGES SHOULD BRE SET Al 0.5 SCFH.
SHALL I FROCEED 7. (YES .OR NO) .
YES
Akkkkxkkx MESSAGE FOR TANK 2023 BATCH 91 --kkkkokkxk
FROCESS BMENSITY COMFARISION IS MARGINAL

LR—-430 =  1.,22893 AN DR~430~-W = 1,24299
KkRXXKkX MESSAGE FOR TANK 2023 BATCH 91 XXXkkkX
ENTER OPERATOR INITIALS
wcs
ookxkk  MESSAGE FOR TANK 2023 BATCH 91 x¥ookxkxk

TANK CONTALINS 3393.48 KG SOLUTION
TANKR CONTAINS 2720.26 LITERS SOLUTION
I°M GOING TO REQUEST LDS TO SAMFLE.
sARLL FROCEED 7 (YES Uk N

=3

rRKkAKKk  MESSAGE FOR TANK 2023 RATCH 21 kkkkXkx
ZAMFLING IS COMFLETE, SAMFLE LOG NUMRER IS
RESULTS SrOW DENSITY IS 1.2292 G/ML

CONCENTRATION IS 11,3895
AND H+ IS 6.28 MOLAR,

kxkkkkk MESSAGE FUOR TANK 2023 BATCH 91

KAOKKE KK
ENTER ORERATOR -INIFIALS.-- —— .

EXHIBIT 4-3

WASTE MEASUREMENT PROGRAM DIALOGUE
HWW SAMPLE TANK - MEASUREMENT POINT 02023

27-Ser-78
272-Ser~/8

27-Ser-78

‘27~Ser~78

27~-Sepr-78

27-Ser~78

27-Ser—78

SFARGER SHOULL ERE ON.

27-Ser-78
20071

G URANIUM/LITER SOLUTION

27-Sepr-78

WwCs

03:16

03216

0314

03316

03:19%

06109 AM

06309 AM
= *'“—'——'“——“‘~’Qpetaturﬂnﬂhurtzuttcn'check‘bylProgrum. A Temno T

AM

AM

AM

AM

AM

AM

AM

EXPLANATORY NOTES

Operator enters BEGIN to access measurement program
Operator enters 02023 - Program initializes next HWW sample tank
batch-

Program assigns sequential batch no.
Program compares initials to authorized list

Operator enters measurement point no. of waste source (HWW
catch tank)

Before-Sampling (B-S) measurements:

" Program states prerequisites

Operator enters YES to activate B-S measurement data collection-

Program has collected B-S data.
Taylor deasity comparison marginal-
Prompts check of instruments by operator

Operator authorigation check by program
Program calculates and prints B-S quantities

Program asks oﬁerator if he wants sample requested. Operator
answers YES. Program sends sample request to LDS, then signs off
(non-printing) to wait on sample results from LDS.

Sampling, énalyses'completed. LDS sends results to CNMCAS.
Program prints results. ’



kKEkkkX  MESSAGE FOR .TANK 2023. BATCH.- 91... XXKXXXKX - .

M REALY TOU MEASURE AFTER-SAMFLE DATA.
SFARGER SHOULD BE OFF.

INSTRUMENT FJRGES SHOULL BE SET AT .2.5 SCFH.
SHALL I FROCEEL 7 (YES OR NO)

YES

X¥xkkxk MESSAGE FOR TANK 2023 BATCH 21 XXXkXkx
FROCESS/LAE DENSETY COMFARISION IS MARGINAL
DR-430-W = 1.24641

XKdokkxk  MESSAGE FOR TARK 2023 RATCH 91 Xkkkkidx

TANK CONTAINS 23%6.08 KG SOLUTION

TANK CONTALNS 2724.69 LITERS SOLUTION
 CONTAING 31033 GRAMS URANIUM

YOUR HEXT STEF I TO MasE THE TRANSFER.

OKKKK  MESSAGE FOR TANK 2023 BATCH 91 %RkKkEX
FCSSIRLE DFTIONS ARE! 1 = HOLD
TRANS

ENTER OFTION ¢ 1y 2y OF 3 7

FROCEED.

ENTER FA

SEWTRD

XXKkEkxk  MESSAGE FOR TANK 2023 BATCH 91 REKKKKX
ENTER DESTINATION VESSEL MEASUREMENT FOINT ID
ORGeY

KRARERk | RISSAGE FOR. TANK 2023 BATCH 91 Xkrk&X®

CALL BACK WHEMN TRANSFER IS COMFLETE AND SFARGER IS

SOWNE SN
MEASUREMENT. FOINT? 02023 o e
FRObFAﬁ STARTED

Bue

Kxxxkkx  MESSAGE FOR TANK 2023 BATCH 91 XXXk¥xax
ENTER OFERATOR INITIALS
Wwes

XkKkxxk MESSAGE FOR TANK 2023 EATCH 91
L8 READY TO HMEASURE AFTER-TRANSFER DATA.
SFA R SHOULD BE OFF.

INSTRUMENT FPURGES SHOULL EE SET AT 0. 5 S"FH.
SHALL I PROCEED ? (YES OR NO)

YES .
AWJANCE FAFER TO TOP OF FAGE AND <CR>»

L2233 ¢34

2023 BATCH %1 kexkekx

27-Ser-78

27-Ser-78

AND . LAB ANALYSIS =..1.2292

27-Ser-78

27-5er-78

GO BACK TO B.85. MEASUREMENTS

27-Sepr-73

27-Ser-78

27-5ex-78
OFF .

EXHIBIT 4-3 -

(Continued)

- 06309

06:13

06213

06113

06:13

06114

06314

ZXPLANATORY NOTES

AM . s e

After-Sampling (A-S) measurements:
Program states prerequisites

Operator enters YES o ectivate A—S measurement data collection

AM Program has collected A-S data
Westinghouse to Lab Jensity comparison is marginal.
- - -~ - Other ement parisons OK--- - -
AM Program calculates/prints A-S quantities
AM
Prograr states optzons available to Operator
Operator is ready <> make transfer, enters Option 2
AM .
Supervisor passwcrd entered (nonprinting) to approve transfer action
AM
Operator enters destivation ID-02029 (sump collection tank - waste
to be reworked — high in uranium)
AM

Program signs off to await recall when transfer is completed

Transfer complete. Operator enters
BEGIN and 02023 to recall program

27-Sar~78 07:48 AM

27-Sep-78 07148 AM

Operator authorieation check by program

-After-Transfer (a-T) measurements:
-- Program states pTerequisites

Operator enters TES to activate A-T measurement data collection

-—--- --- Program-printgs aDVANCE. PAPER, etc. indicating A-T measurements and

quantity calculations are complete and Batch Summary is ready to
print. Fo flags indicate measurement comparisons OK.



- Lt

BATCH SUMHARY FOR

02023 ~ 91

EXHIBIT 4-3

(Continued)

- 27-Gep-28 -07150-AM- -

MEASUREMENT FOR THIS BATCH IS COMFLETE.
CALL. ME WHEN REALY FUX NEXT BRATCH.
RATER

BEFORE . BEFORE AFTER AFTER
RECEIFT SAMFLE - e- SAMFLE TRANSFER - -~ INGTRUMENT READINGS: "
LR-419 NA 156.17 156.2 16.53  macior level in "H _
LR-419-W - . - NA 154,245 - 154,339 - - o 157415 ~wé{£{§§5562é 1evé122ﬁ g5
HR-430 NA 11,675 11.701 11,693 ro0or density in "By
DR-430-W NA 11.808 11.841 11819 ot einghouse density in "Hg0
TJR-414-5.- NA 2.4 : 1.5 - - wr Se2 - penperature 1n OC 2
SAMFLE RESULTS . ANALYTICAL RESULTS:
LOG NO. - - 19948 NA - 20071 0 - - N e e T
DENSITY 1.2555 NA 1.2292 NA
U (B/L) 16.5 NA 11,39 NA
+ 7019 NA 6.28 . NA
VOLUME NA 2730.264 2724.694 ..387.805.. SCLUTION QUANTITIES
KBS SOLN NA 3393, 684 3396.082 483,363
RELE 1VED 2395.367 LITERS. . -TRANSFERRED 2336.689 LITERS .  DATCH QUANTITIES
2978.348 KGS SOLN 2912,719 KGS SOLN
25599.061 GRAMS U 26616.049 GRAMS U
' MEASUREMENT CONTROL COMPARISONS
FROCESS LEVEL COMFARISION . - . A
. NA ~-1.,927 -1.865 -1.117 Hestinghouse—'l‘aylor in "H 20
LAE/FROCESS DENSITY (JESTINGHOUSE) COMPARISION In g/al
-.0172 A
LAB/FROCESS DENSITY (TAYLOR) COMFARISION (W ~ progran omtesion)
. - . . NA - - - . - - AU et e - e e —-
FROCESS DENSITY COMFARISION g w1
o141 0147 . Hest:lnghouse 'I'aylor 1n g/
) (Before-sampling "and AfCer-sampling)
F.5./8.5, QUANTITY COMFARISION
-2.3975 In kilograms solution
kxxxxx%¥ . MESSAGE FOR TANK 2023 BATCH 91— ”#m——»—27~—SOP =78 - 02351 -AH——--—————-—M—---—-—Progm-prtnu%atch conplete statement °
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EXHIBIT 4-4

WASTE MEASUREMENT PROGRAM DIALOGUZE
GEW CHECK TANK - MEASUREMENT POINT 020328

EXPLANATORY NOTES

BEGIN ) Opetato' T entry to .access meacurement program
. - 202€ 7 ; >
ENTER MEASIUREMENT FOINT? 0202 Operator enters 0:z028 whic
- . | 14 h initializes next GPW check tank batch

Buye

XKXXKkX MISSAGE FOR TANK 202€ BATCH 320 Xkkxxkkk 12-Sep-78 04:29 PM Program assigns s=queatial batch no.

ES;ER OFERATOR INITIALS Program compares fnitfals to authorized list

XXKKKXX MISSAGE FOR TANN 202& BATCH 320 XXX¥XKX 12-Ser-78 04:30 FM
%t‘,{s‘; SOURZE VESSEL MEASUREMENT POINT ID Operator enters mzasurement point of waste source
XXXkkXkX MISSAGE FOR TANK 202& EBATCH 320 Xxkk¥kik 12-Ser-78 04:30 FM

ENTER OFERATOR INITIALS :

wcs

KXKKKKK  MISSAGE FOR TANK 2026 BATCH 320 kkkXkkk 12-Ser~78 04130 FM
1'M READY TO MEASURE EEFCGRE-SEMFLE DATA. : '
SFARGER SHIULD HE OFF,

INSTRUMENT FURGES SHOWLD BE SET AT 0.5 SCFH.

SHALL I PRICEED ? (YES OR NO:

YES

Before~Sampling (3-S) measurements:
Program states prarequisites

Operator enters YZ5 to activate B-S measurement data collection
Program indicates data collection is complete

KXKKKKK  MISSAGE FOR TANN 202& BATCH 320 XkkFkick 12-Sep-78 04133 PM
ENTER OFERATOR INITIALS
WCS

XXkXXXkk MESSAGE FOR TANK 2028 KATCH 320 XXXEXXK 12-Sep-78 04133 FM . .
TANK CONTAINS 4E0. T31 KG SOLUTION Program calculates/prints B-S quantities
TANK CONTAINS 529.8 LITERS SOLUTION

1’4 GOING TO KEQUEST LDS TO SAMFLE. SPARGER SHOULD BE ON. ) . .
sHALL I PROCEEDL 7 (YES OR NO: CNMCAS-LDS link not in service. Operator Aentets NO. Mugt
o manually input amalytical data when available

KXXEXXKY MESSAGE FOR TANK 2028 BATCH 320 xkkExiok 12-Ser~78 04134 PM
SFARGER IN CR (HC-420)
FURGES AT WB16 EL292 Program signs off to wait on sampling instructions

I'LL WAIT TO HEAR FROM YOU.
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EXHIBIT 4-4
(Continued)

EXPLANATORY NOTES

BEGIN
ENTER MEASUREMENT FOINT? 02028 Program callup by operator
FROGRAM STARTELD

Bue

kxkkkkk MESSAGE FOR TANK 2028 BATCH 320  kXkXkKXk 12-Ser-78 08111 FM
ENTER OF EF\(ﬂ (JR lNITIAL: Operator authorization check by Program
wrs . . [LIRTEPY . - BRI - e e e “ - ———ea 4 A L T T T I I . e . .. . . . ..

XXXXXX% MESSAGE FOR TANK 2028 EATCH 320 %Xxkxxx 12-Ser-78 08:12 FM
t111) LDS SIMULATOR 1111

ENTER LOG NUMEBER 18845

ENTER DENSITY 1.2702

ENTER ACID 7.92

ENTER U CONC (G/L) 4.5

ENTER TEMFERATURE 25

Xxkkxkk  MESSAGE FOR TANK 2028 BATCH 320  kXXXXKXX 12-Sep~78 08313 FM
SAMFLING IS COMFLETE. SAMFLE LOG NUMEER IS 18845

RESULTS SHOW DENSITY IS 1.2702 G/ML

CONCENTRATION IS 4.9 5 URANIUM/LITER SOLUTION

ANDI  H+ IS 7.92 MOLAR,

Manual analytical data entry by Operator

Analytical data statement by Program

KkkRRKKX  MUSSAGE FOR TANK 2028 BATCH 320 kx&x¥xi# 12-3es-78 08113 Fit :
53:”‘ OFERATOR INITIM- Operator authorization check by Program

kXkxkxk  MESSAGE FOR TANK 2028 BATCH 320 rxkxkxx 12~-Ser~78 08113 Fh
I’M REALDY TO MEASURE AFTER-SAMFLE DATA.
SFARGER SHOULD' BE OFF,

After-Sampling (A-S) measurements:
Program states prerequisites

’ " ' Operator enters YES to activate A-S measurement data collectlon
INSTRUMENT FURGES SHOULLI RE SET AT 0.5 SCFH. : . )
SHALL I PROCEEL ? (YES OR NO) .

KXKKKKK  MESSAGE FOR TANK 2028 BATCH 320 XkXkkK¥x  12-Ser-78 08:16 FM . -

TANK CONTAINS  483.191 KG SOLUTIOM - ‘Pr°sra"'7°1°“1°‘eslprints A-3 quantities

TANK CONTAINS 538.961 LITERS SOLUTION

TANK CONTAINS  2425.32 GRAMS URANIZUM '

TOUR NEXT STEF IS TO MAKE THE TRANSFER. = - S T e s o -

XXXKXXXX MESSAGE FOR TANK 2028 BATCH 320 XXXXXkX  12-Ser-78 08:14 FM

FOSSIFLE -OFTIONS ARE: - 1- = HOLD . . E S - Program provides options to Operator_
2 = TRANSFER
3

GO BACK TO B.S. MEASUREMENTS
ENTER OPTION ¢ 1, 2, OR 3 ) - " " T o T

" Operator selects transfer option

xkRkkkk MESSAGE FOR -TANK -2028 BATCH -320 xkxkRkxk 12-8ep-78 08017 PN - v oTormooT e T

SUPERVISOR 1S REQUIRED TO FROCEED. ) Supervisor password entered (nonprint:lng) ‘to approve transfer
ENTER PASSWORD : action

XXXKXKKX MESSAGE FOR TANK 2028 BATCH 320 XXXXKKX 12—SeP—78 08:17 P

gﬁzgf; BESTINATION VESSEL HEASUREMENT POINTID— " -~ T .- Program signs off to wait on completion of tramsfer ~7

e

EXXXHKK  MESSAGE ‘FOR TANK 2028 BATCH -320 XXX ~ 12=Sep=78—08:17" PH"""‘ T CTT ot
CALL EACK WHEN TRANSFER IS COMFLETE AND SFARGER IS OFF.
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- EXHIBIT 4-4
(Continued)

EXPLANATORY NOTES

BEGIN ) o ) '
ENTER MEASUREMENT FQINT? 02028 Program callup by Operator (Tr=msfer has been completed)
FROGRAM STARTELD

Bue

XkxkkkX MESSAGE FOR TANK 2028 EBATCH 320  xkkkkxk 13-Ser~-7B 121355 AM

ENTER OFERATOR INITIALS . . Operator authorization check by Program
Wes e o e R

XkkkkkX MESSAGE FOR TANK 2028 ERATCH 320  kkXxXkkx 13-Ser—78&8 12156 AM After-Transfer measurements:
I‘M READY TO MEASURE AFTER-TRANSZEFR™ DATA. Program state erequisit

SPARGER SHOULD EE OFF. gram states prerequisites

INSTRUMENT FURGES SHOULLD BE SET &T 0.5 SCFH.

SYS';gLL I PROCEED 7 (YES OR NO) Operator enters YES to activate A-T measurement data collection
RADVANCE FAFER TO TOF OF FAGE AND <CR:> Progtam prints ADVANCE PAPER etc. indicating A-T measurements are
’ complete, comparisons are satisfactory and Batch Summary is ready
to print.
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MEASUREMENT FOR THIS BATCH IS COMPLETE.
CALL ME UHEN READY F'OR NEXT BATCH.

° ® *
EXHIBIT 4-4
(Continued) .
e . - ' — — _ EXPLANATORY NOTES .
BATCH SUMMARY FOR S RS T s
e e e QDOBE = BB <o e 1 BB ERLPE— 1218 AN~ e
BEFORE . BEFORE AFTER AFTER
— e ae » . .. e PR .RECEIPT EET . . _.9“"PL..E— R TS A--_s.n"Pt.E_“-. — —— ...-—_mNSFE Ve .—_msmm Mmcs. - e e ——— P - [ —
LR-412 NA 46,65 46.96 ' 6.26 o T,ylor level in “H.O
LR_4 12_“ —- PR e 4 eem NA - . '460585 e e e e e 46 .478#_.._. — e ...?_.. 121"""' westinshouse level m "ﬂ o .......
DR-416 NA 12,479 12,544 7.9 Taylor density in "H,0 >
DR-416-W NA 12.427 12,499 7.694  yeatinghouse densityzin "B,0
. TJR_415_7 - . - . - - - Nﬁ.._. _52 ..7 . [T —— . 4.?_'8.-_. PR ._.....4.3.; 4__... T‘éﬁ;;a‘t‘ke 1n oc <. .e - PO
SAMFLE RESULTS . . ANALYTICAL RESULTS:
LOG NO. - 18786 NA . “- - 188B4S ¢ v U —NA T
DENSITY 1.2204 NA 1.2702 NA
U (G/L) 6.8 NA . 4.5 NA U mislabled; should be mg/g
i S. 49 NA ) 2,92 - - NA .U . uld e
Rttt ittt SOLUTION QUANTITIES:
VOLUME NA 539,8 538,961 ‘60,958
KGS SOLN NA 680,331 683,191 77.271
KECEIVED 259.397 LITERS TRANSFERRED 478,002 L1TERs =~ DATCE QUANTITIES: . . . . ... ..
343.221 KGS SOLN 605.92 KGS SOLN
524,292 GRAMS U 2151 011 GRA"S U U quantities in error; mg/g conc. multiplied by
_ “volume instead of mass
MEASUREMENT CONTROL COMPARISONS :
PROCESS LEVEL COMPARISION : — :
NA -.067 -.173 .864 1n "H,0
LAB/PROCESS DENSITY (WESTINGHOUSE) COMPARISION
.0026 in g/ml s
LAB/FROCESS DENSITY (TAYLOR) COMPARISION
" NA
PROCESS DENSITY COMFARISION . (RA - program omission)
-+0053" ~ <0036 Westinghouse-Taylor in g/ml
B.S./A.S. QUANTITY COMPARISION (Before-sampling and After-sampling)
~2.8608 T i - in kilograms solution
XXEXXXX MESSAGE FOR TANK 2028 “BATCE 320 ' XXXXXEX" ~ 13-Sep-78 OLIO1 AN ="« ~7 "= m=woim—som oo oms e - : -

Program prints batch complete statement




EXHIBIT 4-5

MEASUREMENT PROGRAM STATUS REPORT

TRANSFER AT

STAT
wom oo MEAS.REMENT PROGRAM-STATUS -
AS 0= L7-8er-78 02:49 AM
TANK I BATCH # INITIA ER BS éAHPLE
02003 111 Fo. F '
Q2009 ... 101.. .. . F . .NA F F
02023 90 F NA F F
02028 353 F NA
| -
~ EBue
g EXPLABATORY NOTES (CONTINUED)
|
(1) Tank ID - 02003, Accountability Tank (input)
- 02009, Uranium Product Sample Tank (product)
- 02023, HWW Sample Tank (waste)
- 02028, EPW Check Tank (waste)
(2) Batch # - sequential batch numbter assigned by Programs
(3) INITIAL - new batch initialized (started)

(4) BR — Before-Receipt measurements

(5) BS —— Before-Sampling measurements

(6) Sample - Sample requested

(7) AS - After-Sampling measurements

(8) Transfer -- Batch Transfer in progress

(9) AT -- After-Transfer measurements

EXPLANATORY NOTES

Operator enter STAT whenever a printed

[measarement program status is desired.

STATJS program prints report.

02(103 ~ 3R measurements completed;
- BS measurements next step

02003 - Transfer in progress
— At measurements next step

02023 ~ Batch No. 90 completed;

02(:23 - Batch 353 initialized
- BS measurements next step



INPUT/JUTPUT REPOH?CFORAﬁgguuaéHENT PDINT 02002
DATE OF REPORT--18-0cl-78

QUANTITY RECEIVED QUANTITY TRANSFERRED DEST
LOT  BATCH MANUAL AS LOG BATCH REC.  U-CON K3 KG
NO.  NO. CHANGE DATE NG. CODE  NO. FRGM  MoSU/G  LITERS SOLUT. U-CONTENT LITERS  SOLUT. U-CONTENT
;;;*ﬁ**’##’****%*#***##’**’****##;;*******#**’***#*’*ﬁ*’*;;&*i*“**’;;*#’*’*#*i***##**#*%*QG”%*ﬂ*#””“#*’*“#’“'#Q’*#Q“§§#**§**§*§§
BEGINNING INVENTORY S68.5 856 4 211, 612
“***§*§§*§*§*##i#§#*’***§*§#§*§*§§#**§*§*§§*§*§*ﬂ§***§***§§§**§*§§§****ﬁﬁ*##*****#}ﬁ“*§§*§*§*§**9§§§*§#'*#’§§§§’§§*§§’§‘§*§*§§‘§§§
z 83 5 & 7% 18225  F T4 2009 250 306 36355 S49S. 4 1378 234 3605.8  S346.§ 1363 331 2006
2 ea s © 75 18384 F 77 2009 227.100  4393.6 &571.7 1471436 4350.9 65153 1479635 2005
2 85 8 9 73 18432 F TS 2009 264010  4226. 0 6368. 5 1570. 230 4384.0 66010 1610.499 2006
2 s 5 978 18463  F 79 2009 254.100 41557 6365 4 1624 813  4053.9  4198. 7 1575.091 2005
2 g7 ¢ 9 72 18533 F S0 2009 240,000 4278 4 4346, & 151S. 404 434S 1 6559, 6 1574313 2006
2 s 10 9 78 18593  F 81 2009 227.300  4860.1 7304.9 1651. 489 4700.5 7067.0 1606. 332 2005
2 g9 10 9 78 18624  F 82 2009 224. 000  4925.7 73060 1633 435 4937.7 7335.2 1643.095 2006
2 90 11 9 78 18649 F 83 2009 231.900  S175.46 7645 5 1734 837 S186.2 7683.8 1781.873 2006
2 91 11 9 72 18689  F 84 2009 249, 400 4563 S  &974.0 1756 S09  4608.0 7017.5 1751.576 2005
2 92 11 © 78 18721  F 85 2009 241,100 4022, 0 S990. 0 1436 964  4023. 4 4009 1 1343 792 2006
2 93 " 12 9 78 18785 F 86 2009 246 500  4537.S 4908 7 1707.491 86695 T096. 9 1749 377 2005
2 9a 12 9 78 18825 F 37 2009 260.200  4303. 0 4653 3 1741 238  4237.1 5543 7 1702, 660 2006
1 2 o5 12 ¢ 78 18904 F 885 2009 252 100 4277.3 6459 € 167 953 4302 %  &S4D. 1 1443, 758 2006
5 2 se 13 9 78 18597  F 87 2009 255 300 38893 S534. 7 1506, 629 3874 7  S865. & 1497, 497 2005
| 2 97 12 9 78 19003 F S0 2009 255100 4582 9 6943 0 1771 018 4437. % 4722 6 1714. 924 2006
2 eg 18 9 78 19048  F o1 2009 263.600 47733 7414 8 1962 S3F 4822 7 74307 1971. 207 2005
2 99 C 14 9 72 19163 F S2 2009 255.400 4444 1 © 6304 S 1731 150 4250.0 6435 2 1657.089 2006
2 100 1S 9 78 19205 F 53 2009 256.100 . 4447.2 48567 1772 947 45801  7050.0 1819 616 2005
2 101 15 © 78 19267 F "s4 2009 253 700 43543 64364 1679, 726 4385 1 6692, 0 1697.771 2006
2 102 16 © 78 19334 F S5 2009 245 800 49103 7352 0 1799 609  S046. 7  7S72. 5. 1861, 311 2006
2 103 17 9 72 19312 F 56 2005 253600 478469 7135 & 145S 724 S2i6. 2 7S4Z & 1332 072 2005
2 e - 102 ’
LOT TOTALS e B e e e e 93475 B-141497: B 34761. 973 94031, 6 142329, 1 34987. 723 :
“*’“*’*****##*Q##**#**#”*’*’*““ﬂ*ﬁﬂ***ﬂ**#*****“§****i#’****““ﬂ#**Q’*’***ﬁ#***’#’*****#ﬁ#ﬁ&***’ﬁ §§§§Q#9*####**’#’#G’*Q##‘*#***’“
2 83 - 103 . :
LoT ToTaLs F 0.0 0.0 0. 000 2.0 0.0 0. 000

*}#*Q*#####%G###QG#Q####ﬁ%#####}*i*ﬂﬁ*%ﬁ**§§ﬁ#ﬁ*#%*i#*%ﬁi&ﬁ**&*#**##*Q*#*}#*G#*Q##****éb***#i%*k**ﬁ§*§§**4#4#*#{ﬁﬁ***#%%#“#%%ﬁ##b&
LDTS 2 -

F R 93479-8 141457, 8 I47RL. 977 P40T1. & 14Z3ZP. 1 349E7. 719 2006
SUB TOTAL F © ' 93479.8 141497.8 34781 977 4031 & 142329 1 349S7. 719
Q###lﬁ#**66#&*’*#**'##}#Q*#*“Q*Q}#iﬁi*i“#“#{#&*#*#ﬁ*iﬂ*i##f***ﬂ*%##*’ﬁ*ﬁ#####**l###**ﬁ##%ﬁ*##*##*##ﬁ#ﬁﬁ§*###ﬁ*iﬁ#&###*#ﬁ**i%*#i*##
SUB TOTA P 0.0 0.0 0. 000 G Q Q.0

Q. 000
ﬁ#*###*Q#G%#############Q#%###*#ﬁﬁ*#**#%#ﬁ*é**#**ﬁ§§*§*§%ﬁ***#****#*#***####***#ﬁ&*#**%#i#*é#*é*##Q&%&%*#**#*&%#*ﬁ*#§§§§*§§§§§§*§§

TOTAL : : 93479 8 14!477 3 34721, 977 P4031. £ 14232%. 1 34987. 719

ENDING BALANCE 16.7 2%.1 S. 871



EXHIBIT 4-1

NMC - ACCOUNTIN
INPUT/0UTPUT REPORT FOR MEASUREMENT POINT 02009
DATE OF REPORT--18-0c¢tl-78

QUANTITY RECEIVED QUANTITY TRANSFERRED DEST
LOT  EBATCH MANUAL AS LOG BATCH  REC.  U—CONC KG T KG
NO.  NO. CHANGE DATE NO. CODE  NO. FROM MG-U/G  LITERS SOLUT. U-CONTENT LITERS SOLUT. U-CONTENT
;;;§§**#**##“***§§********#**#;;;;Q**#*****’**”*****’*****;;§§*§‘******§§*§§;§**********#***#**5§§§§*”#§§9§’§§§§§§§§§*‘**#*#§§**§#
BEGINNING INVENTORY Se2 s BA6 5 313 590
4‘**##****Q**#****ﬁ***ﬁ*§#§§§*§*§§§*ﬁ*****ﬁ*’#”%“*%****’*ﬁ***§#§§***§§*********}ﬁ**##§§**§*%§§§§§§§*“5§*§§§§§*ﬂﬁﬂ{#*#**#**’*#*#ﬁ#
2 7 s 9 72 177 F & 2007 288 990  TA1S. & S460. & 1256 SIS 3614 9 SA40. 4 1357, S0 2003
2 77 7 @ 78 12365 F 7% 2053 223 500 4402 O  ASAL & 1444, 974 84223 4601.5 1475 427 2003
2 78 & 2 72 18405 F 79 2053 246 010 8163 3 4367.3 1564 S 4147. 2 6225 6 155¢. 170 2002
2 79 % 72 12451  F 79 2053 254 130  4206.3 64319 1443 4207. 4 44317 1624420 2003
2 80 5 2 72 189495 F 80 2053 236 B70 4240 % 3 1493 4259 4 1523. 514 2002
2 2 5 @ 78 18555  F 21 225 050 4717, 1 7 1453 593 42577 1442, 718 2003
2 g2 10 9 78 1859z F 82 2053 223 600 4932 3 0 1631 4925, 1 1633. 201 2003
2 83 16 ¢ 72 18627  F 85 2053 232 200  S173 0 & 178s 5172 1772, 606 2003
2 24 11 9 72 18650 F 84 2053 24% 400 4554, & 1 1757, 147 45714 1742. 245 2003
2 (S 11 9 78 18481 F 25 ] 237. 200 4044 & L0 1414 4532 402> 2 5994, 9 1425 979 20023
- 1t ¢ 78 1874z F 86 2053 246100  4497. %  &2T7.Z 1499 445  ASI1. S &S77. 4 1692, 577 2029
2 a7 T %78 18788 F §7 2053 260.120 4280, S 4A3F. 7 1737 035 4299 0 66395 1727079 2003
. 2 s 12 9 73 19847  F S 2053 254020 427 7 44ES. 7 1643 4265 4 £437.3 1647, 913 2003
X 2z a0 137 P 79 139G F S 2053 252710 4003 4 A0ST. 3 1529 415 400Z S &0SS. 4 1530, 273 2003
| 2 90 13 9 78 18976  F 96 2053 253.570 457976  4940. 0 1760507  4SSC. 4  4939.5 1759. 654 2003
2 91 14 9 78 19027  F 91 2053 267.050 47415 7409 9 1990, 277 477 1 7410.7 1979, 040 2003
2 2 14 3 7S 1:'?147 F S92 2053 . 252 550 4377, 2 T8, 2 17048, 5&4 4457, 2 £800. 0 1717. 344 2003
2 ez 1S 7 78 19163 F 93 2053 258 150 4642 7  T170.5 135S 322  464S. 1 71692 1350. 719 2003
z 94 15 9 78 19220 F 94 2053 252. 900  4354.4  6630.0 1672 4345 0  £629. & 1676632 2003
2 95 1S ® 73 19237  F 95 2053 244.820 43940 7370.2 1797. 508 4298 9 7372 & 180S. 201 2003
2 9 16 ¢ 78 19365 F 96 2053 233 240  4920.1  7151.4 1652 181 4892 1  7149. 5 1667. 560 2003
Lot Foradt ~ 7 - e - e 53G35. 3 142049, 5 34714, 980 93920 6 142047. 3 34830. 918
‘§*§*%*’“##*ﬂ#é“%##**#***Qf‘**’*”ﬂ**’ﬁ"‘i*#*****‘.***§*§§****“*“§”*’*#**********Q***’Q*'*’**’*“*G‘fﬁ%*ﬂ’**ﬂ**”#‘*‘ﬁﬂﬁ§ﬁ*'#**#.
2 74 - 2 )
LaT TOTALS F —- 0.0 0.0 0. 000 0. 0.0 0. 000

0
““QQQ***#*#*#*#§####Q#**###*Q%*#ﬁ’i**ﬁ#**!#ﬁ%*#ﬁ*#ﬁ#*##*#d**#i**#*#%ﬁ#**f#***#****#*#ﬁ%##*#é*****#Qkif**#*ﬁ%%ﬁ##é#*%******i*ﬁ*ﬁ*#“
LoTE 2 - 2 .

SR e e s 200F e - -33939. 3 14204%. 5 34714. $80 93920.-6 142047. 3 34330, 918 2003

SUB TOTAL F 93939. 3 142045, 5 34714. 930 93920, 6 142047. 3 34830. 918
“&#4#**#*#Q########Q#Ql###*####i#b&#4&#*“#*###*%#i&*#*é#éb*#b*##ii###Q#**s&éﬁékﬁ#***##**ﬁ#}****é*###}l§*§#*#**%*%*ﬁ&*#&#*ﬁﬁ##ﬁ*{ﬁ#
SUR TOTAL

) 9.0 0. 000 0.0 0.0 0. 000
LXL 2222 2 222 2Ly ottty 2R Y R R Y Y A eI T T R TR RN YRR N N
TOTAL : 93939. 3 142049. 5 34714. $80 93920, 4 142047, 3 54820. 918
"ENDING BALANCE ' ' : se1. 2 248. 7  197. 953



‘EXHIBIT 4-8
NMC LINE PRINTER - MEASUREMENT MESSAGE.
aauniae  MNESSAGE FOR TANK 2003 BATCH 109 s##asuss 24-Sepr-78 07:08 AM

TRANSFER GUANTITY COMPARISION IS OUT-OF-LIMITS
YOU SHOULLD HAVE 4515, 07 K& _SOLUTION AND
TANK CONTAINS ™ %3387 15— 'KG SOCUTION™

TP At




EXHIBIT 4-9

BATCH SUMMARY REPORTS - NMC LINE PRINTER

BATCH SUMMARY FOR

e . 02009 —.. 98 ... ... 15-Ser~78 12:32 PM-
BEFORE BEFORE AFTER AFTER
RECEIPT SAMPLE SAMPLE TRANSFER
LR-239 R © 73,82 73,86 ) 13. 27
LR-2326-R NA 185! 225 185, 452 33, 487
ERQ N& 73 73
DR-Z73. . . NA 15, 4ig 15.71 12,98
DR-273-R NA 133_69 1847667 “a13
ZERO NA 54 S4 -
TJR-206-17 NA 34 1 34 8 28%s
SAMPLE RESULTS CoTTo T i ) - T
LOG _NO. 19164 NA 19230 NA
DENSITY 1.5479 NA 1. 5516 NA
UAGALY i i . 397 78 o .. NA. . 380 063 . N&
He 4 NA ; NA
VOLUME .. o .l .. WAL . 4883 615 - . 4889 715 .. .S54 61% -
KGS SOLN ' NA 7475, 745 7452, 037 585, 4S5
RECEIVED 4335. 955 LITERS TRANSFERRED 4335. 994 LITERS
L 6630528 KG3..SOLN . o 6639, 633 KGS SOLN
1837377 KGS U ; 1637 612 KGS 0
T © " "BATCH SUMMARY FOR
0203 - 10: 15-Ser-78 06:28 PM
" BEFIRE_ BEFORE AFTER AFTER
RECZIFT SAMFLE SAMPLE TRANSFER
LR-125_. . .. .32 122 44 . 128.4%. 21.
LR-125-R 54, 6 320, 8% 320. 917 52. 307
ERC .36 34 = 34 35
DR-166 15, 378 15. 214 15. 231 15 333
DR-16&4-R - 1e.18 e . . . ..-282.642. - 14. 035 I
RO = 12 = 0% = 08 =11
TJR-108-10 35°s 351 35 3 35 6
-109 23 28 9 28 29
SAMPLE RESULTS T T
LOG _NO. 19205 NA 19267 NG
DENSITY 1. 5464 NA 1. 5337 NA
S(GAL).. ——— 3 A7 ——————— -1 2 R e R
H+ NA . 585 "NA
VOLUME. o e i e 544 e 4981.26b— — - A98L. FAB— QAT GF T —m o oo
KGS SOLN 1903 805 7639 768 7640, 453 947. 751
RECEIVED 4332 302 LITERS TRANSFERRED 4363 737 LITERS
- .. 05 e o e e 5893 663 KRGS SOLN- -

14659 3&3 KGE U

1679 475 KGS U

Yl e



EXHIBIT 4-10

TE OF REPORT--20-0ct-78

e e - NMG = ACGOUNTING- - .
INPUT/OUTPUT REPORT FOR MEASUREMENT POINT 02003

GUANTITY RECEIVED

RUANTITY TRANSFERRED

DEST.

2006
2005
2006
2005
2006
2005
2006
2006
2005
2006
200S
2006
2006
2005
2Q06
2003
2006
2005
2006
2004
20QS

2002

‘2029

202%
2029
2006
200S
2006
2006

2005

LOT EATCH MANUAL AS Lg BATCH. REC. U-CONC KG KG
gg; NO. CHANGE DATE EE_ CODE NO. FROM MG~U/G LITERS SOLUT. U-CONTENT LITERS SOLUT. U-CONTENT
;;;**Qﬁﬂéﬁﬁﬁi5&#####**&##**Q*#;;;§#***%#*#*§***#****#%&i***ﬁ*%%*ﬁ*##**iﬁ*i#é*Q*##*{%*k#*##i*§ﬁ***##§§“§*§§§§i***Q*##i&ﬁ%*ﬁ**!%****
EE:;EﬁiﬁE*iﬁz:EIEEZ*#*%##%##%#*###****##fﬁ#**##ﬁ********#**%%***ﬁ*}#*%**:2******;2:#:*##;éi*:i;**##i#*ﬁ########**%i###&é*##6#4##%&
2 e3 S 9 78 18225 F 76 . 2009 250. 300 36338 S4%S. 4 1378 224 3605. & S4d446. 8 1363, 331
2 84 8 9 78 183384 F 77 2009 227. 100 4393. 6 6571:7 1471 436 4350. 9 6515. 3 1479. 635
2 85 8 ¢ 73 18432 F 78 2009 244 016 4226. 0 6368. 5 1570. 230 43384. 0 64601. O 1610 69%
2 24 9 73 18463 F 7 z00% 254, 100 415%. 7 L3634 1624 313 4053.? &198. 7 1575 091
2 37 ? 9 78 18533 F S0 200% 240, 000 42z:. 4 £3856. 8 1515, 404 4342, 1 655%. 6 1574, 313
2 88 10 ¢ 78 18573 F 81 ‘2009 227. 300 4860. 1 7304. % 1651, 48¢ 4700. S 7067. 0 1606, 332
2 89 10 9 78 18624 F 32 2009 224. 000 4325 7 7306. 0 14633 435 4937. 7 7335. 2 1643 Q9%
2 90 11 9 78 13649 F 33 2009  I31. 700 5175 & 76655 1724, 227 S184. < 76238 1781. 873
2 21 11 9 78 1848Y F 4 2002  249. &00 4563. S &P74.0 1756, S0 4403. O 7017.5 1751. S76
2 o2 11 ? 78 18721 F 85 2009 241. 100 4022. 0 S90. 0 1436, 964 4022. 4 6007. 1 1443 793
2 93 12 9 78 18785 F 86 2009 246, SO0 4537. S £908. 7 1707. 471 466%. 5 7094 9 174%. 377
2 ?4 12 9 78 12825 F 37 2009 260, 200 4302 0 6552 1741 ZSE 4237.1 £343.7 1702 £60
1 2 95 13 2 78 18904 F Se 2009 ZS2 100 4277. 3 L4289, 8 162%. 953 4302. 2 £540. 1 1648. 758
o~ 2 96 13 % 78 18597 F S9 2009  2535. 300 3889 3 5884, 7 1504, 629 3874. 7 S86S. & 1497. 497
~ 2 7 13 2 78 19003 F 20 2009 2S5, 100 4532 . 9 £%43. 0 1771, G1& 4437. 2 A722. & 1714, 924
: 2 8 14 9 78 1°04& F 1 2007 Z8T. 600 477%. 2 7414. 3 1FEE TEY 4223 7 74307 1971, 707
2 9 [ 14 9 78 19163 F 22 2007 ~255.400 4466 1 62806, 5 1731, 150 42S0. O &£488. 2 1657, 089
2 100 15 9 78 19205 F 93 2009 258. 100 4447. G 6856. 7 1772 947 4580. 1 7050. 0  181%. 616
2 101 15 9 78 19267 F 4 2009 253. 700 4354 3 6636 4 1679 222 4385. 1 6692. 0 1697. 771
2 102 14 9 72 19534 F @S 2009 245 800 4%10. = TIDZ. 0 1799, L0 S04¢&. 7 7372. 5 1361 311
2 103 17 9 78 19412 F Y6 2009 233. 600 4746. % 7138.8 1658 724 S5216. 2 784Z. 8 1832 072
LOT $0TALg - 103 ' 93479.3 141497. 3 34781. 973 P4031. 6 142°29 1 34987. 723
R e R A S
3 104 22 9 78 19635 F 104" 2008 4. 560 931 7 1223. 3 -3. 151 934 S 1235. 0 S. 432
2 10S 23 2 78 194645 F -105.. . 2001....." 0..040 71330 73267 G..206& 6384. 2 6471. 7 0. 259
3 106 23 P 78 19667 F 106 2001 0. 020 . 641¢. 2 £451. 8 0. 114 716S.6 720%. 8 0. 144
2 107 23 9 78 19689 F 107 2001 0.020 . 77041 77328. 2 0. 155 7702. 1 7737. 3 0. 155
3 108 23 9 78 19722 F 97 2009 253. 200 4696. 1 7215. 8 1831. 198 4068. 7 6243. 9 1580, 963
k] 109 24 9 78 19756 F. .28 . 2002...251. 400 . 3551..7.. S529. 4 13&8. 314 3629. 5 S637. 9 1417. 276
3 110 24 9 78 19812 F 99 2009 294. 400 3889. 0 6532. 5 177S. 714 3916. 3 65&0.0 1931. 255
2 111 27 9 78 20109 F 100 2002 210. 700 . 4335~9 6124. 2 1214 843 4431. 4 6386. 0 12435. 540
3 112 27 9 78 20160 F 102 2009 238. 600 3815. S 5817. % 1406. 012 3342. 2 S067. 6 120%9. 127
3 113 28 9 78 20203 F 103 2009 187. 800 3771. 0 5144 = 895. 460 4246. 5 S918. 7 1111 5237

2005



- 8? -—

4 - 113

3-
LOT TOTALS F 46246. 2 S%0S9. 2 8711 864 45822 0 T84468. 0 8401, 738
P g g I A TR S s e s Ee S R R T PR TR R R e L A e e A e L s st a

114 28 78 20249 105 2009 256 000  5945.5

4 9 F S  ©9159. 5 2386 865 S648.9 8784.3 2248 771 2006
4 115 29 9 73 20275 F 115 2001 189 S00 4549. 1  5410.8 1148 901  4671. 2 6529. % 1239 214 2005
4 116 29 9 78 20340 F "107 | 2009 .2532 700 5482. 3  £244. 0 1¥SS. 63T 5422 1 20964 1834, 031 2006
4 117 29 9 78 20374 F 117 2001 16Z 600 S383. 3  7130.5 1088 417 5342.2  71&9 7 1145 787 2005
4 118 30 9 78 20403 F 118 2001 14Z 300 5544, 0 75Si. & 1059179 S803. 2 7SS5.7 1075.178 2005
4 119 30 9 78 20435 F 119 2001 127 600 1120.2 1370.4  160.203 1402 9 1758. 8 224 422 2006
4 120 30 9 78 20472 F 120 2001 1% 180 S5613.1 5561 5 5266 & 5331, 2 70. 266 2006
4 121 1 10 78 20494 F 121 2001 1. 492 7814.9  7788. 6 7814 2 7799.3 11. 633 2005
4 122 1 10 78. 20530 F 122 72001  S.832  6293. 4 . 643%. 3 6193.5 43180 2¢. 847 2006
4 123 1 10 78 20554 F 123 200t 4 000 4430. 4 454z 7 4%00.3 5020.2 20. 081 2006
4 124 2 10 78 20568 F 1z4 2029 1. 410 az6. 7 457. 0 454 1 473. 7 0. 668 2005
4 125 3 10 78 20602 F 125 z001 1. 247 33038.3 27132. S 2679%. S 2512, S 3132 2006
4 126 4 10 78 20696 F 114 2009 4 350 -4670.4 1347. & 7.894 19900 1991.8 3 668 2029
a 127 S 10 78 20707 F 127 2001 ¢ 426 1111. 7  1101. 4 0.427  1116.8  1100. 4 0. 469 2029
114 - 127 -
kglﬁlglﬁk:ﬁﬁéﬁ###*###***ﬂ*#%%#&#%*iH#%Ezﬁk*tﬁ**#***k%#%*#**##***§*§§§§:g:2§2§§2;523*§k#Z:Z:;Efghiifgiﬂ*2%*:2::3&:*#3232*332****#*&
LOTS 2 - 4 i
F 2009 1281965 1964663, 1 47843 %14 130727. 2 197015. 7 47724. 984
F 2003 931.7 . 1228.3 -0. 151 934.5 1235.0 S. 632
F 2029 4z6.7 457. 0 -0. 577 454. 1 472. 9 0. 668
F 2001 . .. 26561. 4 72056. 1 3524. 132 P0557. 3 72524. 7 3547. 688
:35*1212%##’#é{&éﬂ#&l#*#%G####Qi##*t#%45’%#####**’##**%##&#iﬂi#%#&#{%%%iig#i*%Zgigi*gﬂﬂé*izQ;gziigsszgﬁs4%1£;gQ*ﬁ#:£21§§3119§§**§4
SUB TOTAL F 0.0 0.0 0. 0O 0.0 o 0. 000
%*###*}%ﬁ#&%#####§**###9#i###*%####ﬁ*%é##%#1#*#§§§§*§§§§§***§§4*%*}##%*§*#i#*&**§***#*#**G&6#*Q*####%9##4#6##9#&##%##***#%###*##%#
TOTAL 222116, T 270404, & S13467. 367 222673.2 271249, 4 S1578. 977
ENDING BALANCE 11. & 11. 6 0. 004
AL-s0



‘EXHIBIT 4-11

-~ -

- NMC COUNTING- ---- -
INPUT/OUTPUT REPORT FOR MEASUREMENT POINT 02009
DATE OF REPORT--20-0Oct-78

QUANTITY RECEIVED

QUANTITY TRANSFERRED

DEST

LoT BATCH MANUAL AS LOG EATCH REC. U-CONC Kb
NO. NO. CHANGE DATE NO. CODE NO. FROM MG-U/G LITERS SOLUT. U-CONTENT

LITERS

K
30LUT.

U-CONTENT

*#&i##Q%####*Q#Q##%&######%G#*G#Q#*ﬁ**iﬁ**#*##%ﬁﬁ*§§§*§#*##ﬁ*#}ﬁ*}iﬁ*&#ﬁ&##ﬁéi&#i###i#ii*k#ﬁ*ﬁ#%ﬁﬁ.*#%Giﬁ*&ﬁﬁ*##ﬁ#é*ﬁ#i{*‘GG*#G*&“
[¢]

2003
2003
2003
X003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003

2003
2003
2003
2001
2001
2001
2003
2001

BEGINNING INVENTORY 0.0 0. 000
ﬂ&*Q*#**##**#Eﬁﬁ#####*&i%#####*#*“**#ﬁ###**ﬁ*%**ﬁ#**####%#%#*#*&*&Q##&Qﬁ*é“##*%#&#*#*k#*ik##ﬁ%*b}ﬁ“##ﬁ#%&#ﬁé##Q**%***éé##&k###é&k&
2 76 5 9 78 17789 F 7& 2007 243, 990 4173 1 &307.1 1570. 405 3616 9  S440. 4 1359 520
z 77 7 9 78 18368 F 78 2053 223. 500 4402. 0 6561. 3 1444, 576 4422 %  Le01. S 1475 427
2 73 8 9 78 18405 F 79 2053 246. 010 4163. 2  A347.3 1584.592 4147.3 6325 . & 1556, 170
2 79 '8 9 7% 18451 F 79 2053 253 130 4206 3 6431 % 1641 422  4207.4  &431. 7 1634 420
2 80 9 9 73 18498 F 80 2053 236 §70 4240. 3  4365. 3 1493 037 42874 4453 0 1522 514
2 21 ? 9 78 12555 F S1 2053 225. 050 4%17.1  TIE7.7 1653595 4857.7 72993 164%. 71§
2 a2 10 9 78 18592 F 82 2053 223. 600 4932.3 73040 1631.937 49251  7304.1 1633. 201
2 3 10 9 78 18627 F 33 2053 232 200 S173.0 7658 & 1785 63X  S172. %  T4S?. 3 1775 &06
2 84 11 ® 78 13650 F 54 2052 249 460 4554. 6  6937.1 1757. 1467  4S571. 4  &PES. 7 1742 24%
2 85 11 ¢ 78 18681 F 35 2053 237. 900 4044. 6 S5995.0 1416 453 4029.2 59940 1425 979
2 86 11 ¢ 78 18742 F 36 2053 286, 100 4437. % 63772 14679 443 4S511.S  &277. 46 1692 577
2 87 12 9 78 1278§ F 57 2053 260. 120 4280, 5  A&37. 7 1737 033 4289.0  L63I2.5  1727. 079
\ 2 8s 12 9 78 13847 F 88 2053 254 020 42737 4425.7 1642, 3684 42654 4437 1647. 912
- 2 89 13 9 78 18905 F 89 2053 252710 4008 4 6057.3 13529.461% 4003.5  60%S. 4 1530.273
o) 2 90 13 9 78 18976 F 90 2053 253.570 457%. & 1760. 507 4580. 4 6939.5 1759. 654
! 2 21 14 9 78 19027 F 1 2053 267. 0S¢ a761. 5 1790, 77 477S.1  7410.7 1979 040
z oz 14 9 73 19147 F 22 2053 2S2. 550 4477. 2 1704, 566 4867.9  6800.0 1717. 346
2 93 1S 9 73 19164 F .93 2053 258. 150 4642. 9 7170.5 1£55. 827 4649.1 7169.F 1850. 719
2 94 15 9 78 19230 F 94 2053 252. 900 4354. 4  5630.0 1672 275 4348.0  6629. 6 1676, 632
2 o5 1S 9 78 19277  F 95 2053 244.820  4894.0 7370.2 1797.50% 4898. %  7373.& 1£0S. 201
2 26 16 9 78 19363 F 96 2053 233 240 4920.1 71S1. 4 1655 131 4892, 1 7149. 5 1667, 560
76 - 96 : :
&glklglﬁkﬁfiéifﬁQQ&QG*Q#Qi#ﬁl#*#QQ’##**E##Q{#*i{#ééﬁ*{#{l*ﬁ{ﬁﬁi.i{§§§2:§21§gii:z?zi*e%i?g;s%?sz&QZizzgigii:3222*2“3:&22#2&2&{##**&
3 °7 17 9 78 19437 F 97 2053 256,920  4ss61. 1  7227.9 1877.100 46%91.0 . 7227. 46 1856. 912
2 o2 23 9 78 19723 F $5 2053 251.170  3554.2 55435 1327.435 3560.2 S543. 6 1392 387
3 29 24 9 78 19778 F 93 7 2009 300.750 T 3840.0 4533.0 2021. 941 3882 0 6579.5 1978 773
2 100 25 9 78 19638 F 100 2053 318.760  -3633. 3 6326. 6 20327022 31723 S507.7 1755. 639
2 101 26 9 78 20017 F 101 2056 287.370 3260.6 5371.7 1471.195 2429.3 4057.5 1166. 000
2 102 27 9 78 20099 F 102 - 2053 293. 190 3390.5 56922 1686 275 3026.0 S072.4 1487. 1€4
3 103 27 9 78 20099 F 103~ 2053 293190  -0.4 < -0.0  -0.007 1659.8 2771.0 812420
2 104 27 9 78 20158 F 104 2053 297.750  4313.5 7223.7 2154.674 3706.8 6209.6 1848 908
Lot JoraLs’ ~ 1% L 26652. 8 43968.7 12650, 686 2

7.6 42968.9 12298. 226
Q#%{}!{#}#{#Q#####*&*###Q}*i**#li#ﬁ{Q**i##ii**iii#*l%*#i#####{*i%}’&{’*#**i#**ﬂ##%*{§**{*i§l**#***#*i{i!**#i*%##*%*§§§§§§§§§**§#§§



_OS_

4 105 28 9 78 20236 F - 105 - 2053 2%9. 180 426S5. 1 7117. 1 2131 738 4873. 7 81324. 9 2433. 790 2003
4 106 28 9 78 20267 F 1066 2053 300. 590 2538.3 257. 6 1280. 978 19€0. 9 3322. ¢ P78, 547 2001
4 107 29 ¢ 78 20329 - F.. 107 - - 2083 .- 306: 740--~— 35027 —-5944. 3 - 1833, 542 1980. 8 3346. 7 1026. 670 2003
4 108 29 9 78 20347 F 108 2053 2S7. 160 373 2 $04. 8 2640. 3 4022. 8 1034. 042 4001
4 109 29 9 78 20376 F 109 2053 .273. 870 4133. 5 £515. 2 4141. S &491. 3 1777.771 4001
q 110 30 9 78 20405 F 110 2053 2464. 750 4633 3 TivE® 4222, 1 7597.2 2011, 3S¢ 4601
4 111 SO0 9 78 20468 F 111 2053 240. 740 S374. 0 8000. S 55%0. 5 8248.7 2009. 5% 4001
4 112 1 10 78 20425 F 112 2053 24%. 670 4772. 2 7214. 5 4041. 0 6101.2 1523 28¢ 4901
4 113 1 10 78 20541 F 113 2033 234, 360 4¥2S. £ 7298 7 Sigs. & 7717. 2 1208 432 4001
4 114 2 10 7% 20TFg F 114 2053 204 SE0 4200, A 7044, SO 1 7473 5 1542 S0& 4001
4 115 S 10 78 20734 F 113 20538  141.5%0 450e. 1 &301. 7 S4Z. LUl 4313, S EOES. 7 g5v. 297 4001
LDT TOTALS - 120 F ‘ 44376 & LTTBE. S 16620. 268  44T6T. D 63630, 4 17028, 756

HIEHIE IR SRR I I S I I B S M R R R N A N R S N R A A B I B I A I R A O I I R RN AN NN R R S A RS BT A S RIS N RSB S NS
LoTsS 2z - 4

F 114324, 3 173305 9 44220, 347 114563 2 175450, 5 44331, 379 2003
F 114324, & 170308, ¢ 442580, 847 114563 2 1754650, 5 44331, 8795 2003
F 171346, 1 23871, 9 3645 145 14215 4 24169 2 7256, 279 2001
F 24070.3 S047%: 4 e B C ¢ 12569, 74% 4001
SUE TOTAL F ) 1ASS31. 2 2T4ASZ 2 & ' 14815, 2 2S2E4L. & 4157, D02
4&*#*##*####**###*}#*%ﬁ#*#*#%ﬁ*#*H**}**ﬁ#i**éﬁkk*ﬁﬁﬁ*k*ﬁ*tﬁik*kﬁﬁkk*ﬁ*kkkﬁﬁ*ﬁk?##****ﬁknk#i#ﬁ*kikﬁiﬁ*tk#%ﬁ%**kk*****{%****#*ﬁ*k*{k
SUB TOTAL F 0.0 0.0 Q. 009 2. ¢ Q.0 0. 000
D T T T s L R L LT L e L L b b L L T e L 1.3
TOTAL 168S31: 2 254653, 2 645300, 425 164815 2 253646, & 64157, 902
ENDING BALANCE 7150 1004 & 142 533



- IS -

- - - —  NMC .~ ACCOUNTING.- ... . :
INPUT/0UTPUT REPORT FOR MEASUREMENT POINT 02023
DATE OF REPORT--20-0c¢1-78

GQUANTITY RECEIVED QUANTITY TRAMNSFERRED DES3T
LOT BATCH MANUAL AS LOG BATCH REC. U-CONC Ke - . Ki3
NO. NO. CHANGE DATE NO. CODE NO. FROM MG-U/G LITERS SOLUT. U-CUNTENT LITERS SOLUT. U-CONTENT

bR Nttt aia a2 2 S LR S o 2t Ll S B R 2 2 2 R R S 2 T e a2 2 LS R L TR R T Y
BESINNING INVENTORY

%*#&*#*Q#&HQ*%##*##ﬁ##ﬁ*&#Q###*G*ﬁ“***ﬁ**ﬁ*#**i&****“##ﬂ'**##ﬁ*ﬁ'#-ﬁ##Q*ﬁﬁ%g*##*#{-#%g.ﬁ2*%#’*2*3*##?#‘#ﬁ'%*ﬂ'&#####%###%i#}##**#%*ﬁékéﬁ
2 &% & 973 1824z P 63 2056 0. 353 22222 2743 % 0. P85 1753 7 2165 0 Q. 745 2420
2 64 6 975 18289 F 64 2056 0. 262 1820.7 2254 0 0.936 18280  2261. 2 0.591 2420
2 &S 7 9 78 18349 RP 65 2056 1. 400 2301. 6 29470 4. 779 26297 3385 1 4.739 2029
2 66 5 9 78 185401 RF 66 2056 13 370 210%.7 23110 B9 206 177201 ZIE9. 2 31. 1842 2029
2 &7 > 9 73 18523 RF 67 2056 15500 1442 0 21550 34,718 1705.Q 2239 2 24, 446 TOZD
2 68 ® 9 78 18560 FRF 48 2056 8. 200 1697. 1 2125, 3 12 531  1685.6 2125 8 17. 431 2029
2 69 ‘ 10 ‘9 72 18641 RF &9 2056 14, 200 1731. 6 2234, 6 34,967 1723 2 2215 7 31. 463 202%
2 70 11 ¢ 73 18741 FF 70 2056 1. 000 Z080.7 27234 -4, 2044.2 2705 S 2.705 2029
2 71 12 9 73 18826 RP 71 2056  13. 100 1526, 2 2050, 32, 1643. 2 2125 1 27.339 2029
2 72 12 9 78 18912z RF 72z 2056  25. 000 1694, 1 2221.2 &1 1750. 5  2337.2 se 431 2029
2 73 13 9 78 18930 RP 73 2056 - &4 098 1415. 4  1925.2 138 1387.2 1837.7 117.793 2029
2 74 14 ¢ 78 19040 FRF 74 3056 47, ZIS 21728 36213 115 210Z. 2 2570.0.  121. 369 2029
2 75 15 % 73 18170 RF 75 2056  11. 206G 2459 4  2139.8 15 2482. 4 3103. 3 34,763 2029
2 76 16 2 78 19361 RP 76 2056 75600 2350.5 31794  I77. 1697. 2 2336. 0  176.598 2029
2 77 16 9 73 19400 RP 77 2056 S5. 651 24. 3 14.3  -27 994.5 1292 4 71. 9284 2029
2 78 17 9 79 19428 RF 75 2056 3. 800 733 3 £00. 4 -4 542, 1 L1146 2. 324 2029
2 79 18 9 73 19476 F 7%  19S6  _1.411 1062, 1091, 1 O 1024.3 1045, 2 1.475 2420
z 80 18 9 78 32764 F 80 2056 59. 022  1063.7  10%0. ¥ 5. 1047.0  1069.5 63. 126 2420
Lot Foras® -~ 8¢ P 30223. 6 3B143. 9 822 293 298435 37751.4  799. 126
#§*§§'ll'QQ'l"*Q*’&###Q*#***#%#Q*#@’##%*##'}i%*§§§§*#Q**-}i}'}‘l?*-}#'ﬂ"b{#Q*Q**##**#Q**#*'}##é***#*##%*'}*##9'}*4*##l#’#*###§*§*#i§***§§§§§#§##”§§
2 e1 20 9 72 19584 F §1 2056 0. 963 2390.&  IS02. 2 -20. 36& 26385 2749 6 2. 660 2420
2 82 21 9 78 19587 P 82 2056  0.000 2385.7 26147 -0. 140  2387. 6  2627.0 0. 000 2420
2 82 21 978 19594 P &5 2056 0. 00O 2695. 4  2834.0 0.000 2694.8 2883 3 0.000 2420
3 54 21 9 78 19602 P 84 2056  0.244 2713. 6 2877.5 0.736 1953.4  2080.0 0.508 -2420
2 25 22 978 1961z P 85 2053 0. 121 152. 5 159. -0. 0% 688. 9 726. 3 0.088 2420
3 86 23 9 78 19703 RP 86 2056 . 9.860  2458.8 3020.4  33.322 2282 8 2740.3 27. 019 2029
2 87 24 9 78 19751 RF 87 2056 6. 326 2099. 7 2698 9 14.798 2264.0 2849. 1 18. 023 2029
3 g8 25 9 78 19830 RF 88 gdﬁé, 13983 2088.5 2623 7 9. 313  2105. 6 2658 1 10. 586 - 2029
2 89 9 78 19864 RP 89 2056 8. 139 2252.1 2843 & 25.072  2179.6 2747.0 22.357 2029
3 90 26 9 78 19948 RP 90 2056 13.142 21539 2737.2  38.779 2263.8 28825  37.882 2029
3 91 27 9 78 20071 RP 91 2056 9.266 23981 2976.2 25 985 2342.0 _ 2910. 6 26.969 2029
3 .92 28 9 78 20176 RP 92 2056 8333  2320.2 2959.3  24.209 23242 2954.3  -24 618 2029
Lot Foras' ~ 72 P 26109. 4 30903.8 1S51.412 26105.2 30808. 3 170. 712



(A

#9****#**###“i*###*****:hﬁ*{-**#*#'ﬁ'ﬁ'ﬂf{-**f‘****k"ﬂ;*ﬂ'**'IH&***ﬁ-**{-’#*i#&{i:ﬂ-Q##i*ﬁ-#-ﬁ}#{-*#'&'{#*ﬂ-}#**#i%*6#6**&“%#**#&#6*#éé*{;**ﬁ***#ﬁ##ﬁ##***i

4 93 2?2 9 78 2028 F 22 2056 1%, 683 2116. 2 281S5. 1 24. 52¢ 2148. 8 2837. 6 33153 202y
4q 24 29 9 78 2034z P 4. 2056- 7. 633 . 2265 0. Z879. 2 20. 158 2205. &6 2823. 0 Z1. 605 2027
4 @5 30 9 78 20405% P 95 2056 13890 2507. 3 3235. ¢4 48. 19¢ 258S. ¢ 33¢7. 7 a46. 777 2029
4 96 1 1D 78 204%% RF ¥6 . 2056 . 13 &84¢& 20463, 0 2847, 4 37 410 1816. S 244646 3 3z 871 2029
4 ?7 2 10 78 20553 97 2056 39. 380 2302. 0 3066. 3 144Q. 943 2550. & 343¢&. 0 135, 209 2420
4 98 2 10 78 203584 F k=3 2056 3. 713 2268. 5 2%70. 2 12 944 2202. 0 875. 0 Z25. 047 202%
4 99 3 10 78 204642 RP 9 2036 3. 100 2239. 1 2919, 2 & 151 2194. 2 2872 4 S. 904 2420
4q 100 4 10 78 20677 F 100 2056 2. 982 Z154. O 2634, & 7. 721 2115. 5 2612. 3 7.792 2420
4 101 S 10 78 207C% P 101 2056 1. 366 2132, 2583, 1 Z. 533 2143. 7 2532. 1 3927 2420
4 102 5 10 78 207:9 P 102 208& -0, S%4 24350, & 26273 1. 1067 2571. % z. 2 1. 681 2420
4 103 S 10 78 20738 RP 102 2056 0. 198 1423 7 147%. 7 G 142 1437. 9 1525. 7 0. 30z 2420
4 104 & 10 78 20745 RP 104 2037 0. 057 BIE. G 2 & 0. 011 1049. O 1071. &4 0. 065 2420
LoT %OTALS - © 24250, 7 21032003 313 731 2Z50ZZ 5 31302 2 31203
**»#*#*i#*i#i#;******#9*%*§*##4»Qiiﬁ*&**#*iﬁ***ﬁ»*é***9§*§<*é*i§***»*&9*#4******4:é***#*#ieﬂ*qﬂ#*§*4##44;##**##**»*&ﬂ*#ﬁ»*ﬂ*&***»a
LorTs 2 - 4
F 30866 3 140, %4 2530. & 2436, 0 135, 30% 2420
RF 2172 SNl § 61661 795z L2, 4381 2029
SUB TOTAL F 0T 1412419 Z04, 4£& 2714, 11 & 197, 79Q
*#*#**#Q**&&9##*##*kk#{%**k*#***kﬁi#**kk*ﬁ******iﬂjﬁ***{itE#ittﬂk&*§ﬁ*f*ﬁ*#ﬁ*#i%k%#k#éteeiﬁék:f#ck&*###ﬁé§§§§§#Gﬁékééﬁéiééﬁﬁéiiﬂié
F 3250. 7 2H04T. 2 TP H5% 228477 Z5 £ 32219 2420
RP 4591. & 5371. 5 & 305 4631, 1 S548%. S ?.270 2420
P 13467 11900, 0 115, 24% F14%, 3 11903 32 124, 585 2027
RF 39631, 2 45502 ¥ =51 &322 25982. 4 45445 2 372. 014 2029
F 23280, 7 26042 2 TP LT3 22247.7 25634 3 2. 215 2420
§23#121§%§##§§§#Q***#*&*##***ﬂ##*ﬂ**i*#i*ﬁ***ﬁ**#ﬂﬁi&%**##**&&’i#*ﬁ* Ziﬁ%ﬁ‘i :iiiﬁ43ﬁ*ig3;»1&%*»Z:%Ei*3#»3311;*ii»igzgaggzﬁﬁéénib
TOTAL S1182, 7 1000738, 1 S0P71.3 FRR61.9 13237873
ENDING BALANCE 212. S 214 2 0. 013
/72
?.4-3.3
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EXHIBIT 4-13
. - - . — NMC.—=. SUMMARY N
INPUT/0UTPUT REPORT FOR MEASUREMENT POINT 02003
DATE OF REPORT--20-0ct-78

GJANTITY RECEIVED QUANTITY TRANSFERRED DEST
LAT BATPH MANUAL AS LOG BATCH REC. U=-CONC K& KG
N CHANGE DATE NO. CODE NO. FROM MG-U/G LITERS SOLUT. U-CONTENT LITERS SOLUT. U-CONTENT
*{#*D##*#*b##&###*###b###{#*’#*#i#*%#Q###*ié#*&#*{*%*#*##**%***#%*Q&*#####9#*#%##9§§§§*#*###**i**#&*#%#**&l##»##*&#*#*%é%#*##****&
BEGINNING INVENTORY S568. S 85¢6. 4 211. 612
L S S e R S s 2 S S s e 2 e X AR S A 2 2 2 TR Rt 2 2 R et B R L L ) e S s LR R R P R S R TR 2R R R s
83 - 103
LOT TJTALS — 3479 .5 141497 .35 34731, #73. 94031. 6 142329 1 34957, 725
*##*#E!#*##*#&###Qé##Q####ﬁ#ﬁ**#iGﬁ%%#ﬁ%Qi**##%éﬁ{*&&%****####i#*%###iﬁ%#i#ﬁiik####é##*k&%#éé*}##*#é*#%*k&####ﬁé###6“#}6&&#&*}%%&}
104 - 113
LOT TJTALS F 46244, 2 590592 8711844 45822. 0 DR462. 0 5401, 988
RS s B O S NSRS -S4 S A S-S -S54 - AR SR I+ YA~ SN

14 - 127

4 1
LOT TOTALS 8239Q. 3 69347, 5 73873525 $2819. 6 70452. 3 7989 265
L R Rl 2 e e g L s R S L e e A s 2 s 2 2 I L e A T e P S a2 2 2 2 e L e T e 2 2 )

LOTS 2 - 4

F 2009 1241946. 5 196463 1 47843, 914 130727. 2 197015. 7 47724, 784

F 2003 ?231. 7 1223. 3 ~Q. 151 934. S 1235 0 5. 632

F - — 202%..... ... _-426.7 .457. 0 -0.577 . 454.1 473. 9 Q. &68

F 2001 P6561. 4 720S6. 1 3524, 132 P0557.3 72524.7 3847 682
SUE TOTAL F 222116. 3 270408, & S1367. 367 222673. 2 271249. & S1578. 977
P PR PP P S GO PR P AP SN AR A DA RS S AN S -t i P e AN A P A S P,
SUE TOTAL P 0.0 [VINV] 0. VOO 0.0 0.0 s

0. 000
343 34 38 P 38 34 32 30 38 53 3 53 35 30 30 33 31 31 3 31 44 3830 35 3 30 34 48 31 3F 31 3 3 31 3F 3 38 3040 30 20 38 31 38 3538 30 30 38 3 38 31 3030 o 3 35 3% 30 30 4F 3 30 303 41 S S0 32 30 30 30 24 21 31 3 3030 TS0 SE R 4 S 3R 3 A 3 30 SIS 3 32 30 33 48 35 38 38 2 34 35 33 35 3 3H 31 33 334 38 3 31 30 3 40 33 3 30 30 3 SH3H B3
TOTAL

222116, 3 270804, & S1347. 367 222673, 2 271249. 4 51573 977
ENDING BALANCE ' :

11. & 11. &6 0. 004
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NUCl ING
MATERIAL BALANCE REPORT FOR PERIODS 2 - 2

EXHIBIT 4-14

LEAR MATERIAL ACCOUNT

LATE OF REFORT 20-Ocl-78
DETATL MBR
FROM/TO CODE LITERS  KG. SOL. LITERS  KG. SOL. K3 U
BEGINNING INVENTGRY 12881, 900
INPYT
02003 ACCT TANK )
2009 F 93479.8 1314%7.8 3
- §3 THRU 2 - 2 - 103 o L e .
TBTAL FOR HBA 93479. 8 141497. & 34781 93479, 141897 & 34751, 772
QUTPUT
02009 PROD SAMFLE TANK
2002 F 93920. & 142047 3 3
2 -2 - 764 THRW 2 - 2 - 9
TOTAL FOR MEA 93920. & 142047. 53 34830 ¥3920 142047, 3 34320. 713
02022 HWW SAMPLE TANK
2420 F 5653 S &S840, P
20Z¢ RF  241%0. G 31210.5
- &3 THRU 2 - 2 — 8¢ '
TaTAL FOR HEA 29843 5 377S1.4 S£53. S 4580, % £5. 957
02023 GPW CHECK TANK :
2021 RE 440z 1 5433. 5
2430 F 79956 2453 2
2034 RF Ze -3 5
2 - 208 THRU = - 2 - 338
TOTAL FOR" MBA 12395. 4  14%17. 5 7995. 9483, 2 45, w66
EMDING IMVENTORY 12720, 132
) o 9



_gg_

NUCLEAR 16k _ACCOUNT ING-- -
MATERIAL BALANCE REPORT FOR PERIODS 2 -3

-EXHIBIT 4-15
MATER

DATE OF REPORT 20-0ct-78

. DETAIL . , MBR
FROM/TO CODE -LITERS KG. SOL. KG U LITERS  KG. SOL. _KG U
BEGINNING INVENTORY 12881. 000
INPUT
02003 ACCT TANK A
. 2009 F 128196, 5 196663. 1 47543. 910
2002 F £31.7 1228.3 _ _-0.151
2001 F 954357 70954.8 3523 754
2029 F £26. 7 457, ¢ =0.577 .
2 -2 -83 THRU 3 - 4 - 127 .
TOTAL FOR MBA 221004. &6 269302. 2 S1366. 924 221004, &6 269303. 2 S1366. 934
QUTPUT :
02009 PROD SAMPLE TAN
: 2003 F 114568. 1 175650.5 44331. 875
2001 F 14315 3 3159, 2 7256, 279
3001 F 31813 1 47758/ 0 11710, 450
2 -2 - 76 THRU 3 - 4 - 120 i
TOTAL =OR MEBA 160396, 7 . 287577. 7 63296. 602 160496 7 247577.7 63298, 602
02022 HWW SAMFLE TANK _ )
2420 F2550.6 .2436.0  13S. 309
2420 P 22337.7 25634 3 82. 215
2420 RE  353Z 1 398 1 206
2029 RF 5186 1 7533 & 62. 481
2029 P 91833 11502 3 124 583
: 2029 RP 35382 4 45335 2  £72 014
S - 63 THRU 3 - 4 - 22700 . N ) :
TOTAL FOR HBA 79922 5 -95770.5 1287.809 24541. &6 40973.7 344 108
02028 GPW CHECK TANK
2021 RE 42485 7726. 5 74. 952
2420 F 15941, 2 23431 9% 72. 568
2420 RF 2902 7 6334, 1 9. 585
2420 P 828 & 917, & 1. 000
2034 RE = -2 & -39 -0, 022
2029 RF  .597.S &79. 6 10, 255
2029 kP SeS 1 670, 1 9. 247
2 - 2 - 308 THRU 3 - 4 - 32700
TOTAL FOR MBA 33081.1 39765.9 177.627  20769.8 . 24359.5 73. 569

ENDING. INVENTORY

S31.

656



1

PAGE

EXHIBIT 4-16

‘02003 LEVEL COMPARISONS

ACCOUNTABILITY TANK LEVEL COMPARISONS

#*4
3
*%
13
3
* 3¢
&3t
+4

3
%4

®4

#

#4
127

*%

ONS

<
S
s

LEVEL COMPARI
SUMMARY REFORT
69 TO BATI

EATCH

63403030 40402040 A0S 4E 340 40 28 300640 30 20 38 S48 S0 HE S IEAE M 3
02003

SRS RN NR RS SRR BNS S

i
it

#*4
LRl 2 2ol L e 2 S R T RS TS R Y

H I R R RN RSB G AE RS EHEESE

#4# FUOR

it
#3
#*3
#*4
34
33t
#1
%
3
#*3

%ok ok % k% T T s R R R R R L L

O (0D 0O O 00 VO 1) DI (N (NP = D VIO DN O S N 00 VDD T (V-1 0N NOID

—
Jﬂ. 252341<40025280766191618845776109292252.3335911&925
L T S T R T T PR T R L SR S R T RN .« ..
e < TN IRESRRSY, GNNONNONO DO SOT S EOTMMAL MO DO =INO
g FERQIQGpm NG e O NS es e hnedam TN
T
@y )
uid -
Y Y :
24 T~d OO NN Ot VAL DD OO DO T 0V N GN N 0t =0V DO I
m“ v_.n;f Olz.lq .244432.2.....4333632331}2.420021112_352.2.24442.343321
Fy AET cni T eini’t civinicioi T eicin cioibi N eiciednd | T INCIGO SN T GO T IO T oINS
B O S T D D A b D B R A DR R A A I I reerr ot 11 TELT L Ed
ey O~
v
[ap
A
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m%nA 3837332673_5417955097440706%85725301349698853389612.
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ML VNSNS NN TS NNOINNT < WIDWONONSNNNG  TENNN
~r Lol
&»4;«»*%§¢*¢»»g#4»&;«»4§¢§¢»¢¢*¢§¢¢»*»*«»Q*»*¢¢*454§§*§*¢§¢»
4 . .
1 NOINT TN (00T NI 0 S MG NN Nt NS N DI O NT ONOMT MIN0-VOUDDIN I
Jn; 388809.80374640009475813102838533345&55701153827152
DU D e T T T R S R R R S S S S P SN S L T SN R N I S R )
-4 TSN EERe - EMoimms SON NN 0N NOT T NGO N O = A
N(+ 1 . Y DNTF NS T TS SNIOO

7
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7
2
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2
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4
7
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1 D= ONNNO0 N
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[ A T I I T O M T A O T I O A B A

81817
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03
11

AFTER SAMPLE
P X

> .
Ld~¢ 222540..639477725.__...8879992535681184591489!9999311&4495
AHHWM.. 37573612676239(428.645.~//.2.2032311440.83411933534124.1024
—=Wwo+ &511&5&&1&39555&08312.2031L103992¢15533&09&511.LQZI
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ol | e O 54ﬁ244546444644
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J¥ _ | _ !
£ > . ' : )
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A R NI .. e e b e e I I I T A I B L U IR I CHR N
weé =) VNGt | 444445%554 1 4444545555244446 ] 434.545—%524 I INTY
xé ' 4 [ R T I I A T Y 2 T T T I I O I R I ______._..__
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Eé . 4 .
¥ 4 | 1
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€ 4 CI=IDOGNTNO-SOATNORNOONNNDNONTMDOQRNONSGNNOMMNINONNOMTN

@t TTNNNNNONOONDAMMMNMANNMNOHRMNNOR  OMROAIONNNT  HHm HON - -
RE R AR R G AR R SR A R A BB R AR SR GRS R R R ER AR R ERA R AT B RS RC R Rk
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O L~ 7.1725518570._1..1_241.837Q..6u49~5275?—5!55347262&227466343395
”.—Ku“ v_IM 1117717_21494?_.1../_341no3..1;6.423233342201!1113342214437m33322
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@t~ €307 00 & 00 O D G DUt vt G M & I CINAG 4 1) GO O ot vt N (e LN OIS CUNN G w4t N0V 0
mw—" 4.5ﬂmﬁo—/ﬂo47.::..4830.417955007~.46020648533¢u.3nv.034969.885340950
RO 4 SN0 T 0000 -G0S OMDN IO T BN FIIT O SHIT NGO NN FRHOONTN & =t GHUNGD
ML b T 5445»&%&54 455”44 < FOVLNnT O N INONONSININNMOSTETONN
ﬁ#**&*#,f#####**##&.%%##*#*#*#*#*#####Q%#**&#%**##*##*###*#i**
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INDICATES EXTREME VALUE OMITFED IN SUMMARY-—

*+4



EXHIBIT 4-16

(continued)
. 02003 ;EVEL.COMPARISONS ) PAGE 2
BATCH % * & #
“NO @ BEFORE RECEIPT * BEFORE SAMPLE » AFTER SAMPLE » AFTER TRANSFER
e * e % e e eeeeee * e Creeee # CECEEREEEEEeEe
* * * *
# PRIMARY # PRIMARY " # PRIMARY # PRIMARY
# LEVEL " PRI-TRY TJR-TI # LEVEL PRI-TAY TJR-TI & LEVEL PRI-TAY TJR-TI # LEVEL PRI-TAY TJR-TI
#* R L(»EH.Z . ( C) # ( CM.) oMy ¢Cr & (CM)  (CM) R # CCM)  CCM) «c)
teLeeteteierterEreratiTets AR AR AR AR AR SR e e € — PRARRALAR AR A e eEEee
126 # 46715 -2. 11 40 2 # 90 1 -2.58 45 4 » 20.Q7 -2. 53 37. 62 & .82 -2. 26 27. 98
127 # .72 -2 27 23.84 & 954 24 -2.3 46 .32 «# 54,09 -2. 28 38.6% & 1. 19 -2. 23 29. 54

## INDICATES EXTREME VALUE OMITTED IN SUMMARY

Ak RxAXkuh



- B85

AVERAGE :

SIGMA:

EXTREME - VALUE:-

02002 LEVEL COMPARISONS

EXHIBIT 4-16

PAGE

335 38 34 31 3138 3030 4 34 SE4b 30 3 32 5 35 9 38 3 3F 34 33 20 3 4 30 3F 3 3H 31 4E
438 35 41 48 36 3 3596 & 88 S 0048 3 SE 48 4F S8 48 42 38 36 31 30 4E 38 3 3F 4E SE SE S0 3

3
#1t
3
L2
3

L2 a2 s s sl s

SUMMARY REPORT

#*4
*%
#*3
3
#*4

S2 ol s s £ o e s sl

35 3 31 3538 3530 31 35 37 30 SH - 30 30 30 39 30 30 32 33 31 30 3H 2 3H I3

CEFORE SAMPLE

CEECiheEertee
PRIMARY

LEYEL FRI-TAY TJR-TI
( CM. ) < CM. ) « )
S3 53 S3
28E. B1 -4 .37 - 19:-46
84. 79 39 20. 78
NA -F 70

THIS SUMMARY INCLUDES 53 BATCHES

AFTER TRANSFER
L L

PRIMARY
( M) ( CM. )

LEVEL PRI-TAY  TJR-TI

s3 52

< 44 4% - -z 2 16,
23. 49 7% 16
NA 4

-

70



— 6g -

SRR R R AR I 2 SIS
S 3E 3 T 3E 3 3b 302 38 30 30 SHIEIF 3P 2030 30 30 34 4F 2 SH 0 34 10 3 P24

#4 #3
k-2 3 -2
s w2 EXHIBIT 4-17
4t 33 -
25 : SONS; #
wx 02025 LEVEL COMPARISONS o GPW CHECK TANK LEVEL COMPARISONS
#4 SUMMARY REFORT 4
+3 +#+3
## FOR BATCH 284 -TQO EATCH 370 #%
*3 E-X°4
L-X-3 %4
*5 3%
bl 19-0cL-75 %
#3 #x - . e
P T T I T TN TR TR S e 02028 LEVEL COMPARISONS PAGE 1
BATCH L L) +* #*
NO. * BEFORE RECEIFPT » BEFORE SAMPLE * AFTER SAMPLE * AFTER TRANSFER
Rl ol * e EE 3* CCCCEEEEEreee % Rab L L #* CE et CE e
» k-3 3% *
# PRIMARY # FRIMARY +« FRIMARY +* PRIMARY
+ LEVEL FRI-TAY TEMPF #*  LEVEL PRI-TAY TEMP #  LEVEL FRI-TAY TEMF # LEVEL FRI-TAY TEMP
# (INCH) { INC (G ) # (INCH) { INCH) ¢ ) # (INCH) CINCH) [ ] # (INCH) { INCH) ()
3+ %+ +* 4
224 = NA NA Né # b4 18 - 07 538. 37 = 4. 7S .42 % 12 Q3 42
225 + NA NA NA ®# 52 88 -. 16 72 # 3 37 48 = & 57 51. 35
284 » NA NA NA # L0, 26. - 29 L7700 Q. 52 .29 n 2 41 . Sé. A
287 * NA NA NA # 63 &% - 28 C2E w 5.72 32 % 1.72 1. 47. 15
238& L NA NA NA #* 50 381 - 12 e o= 1. 14 S22 0® =92 1. AQ, 02
208 & NA NA NA&: % 36, 6F .23 27 % Ik A2 17 = LT = 30, 49
20¢ £ d NA NA NA * & 78 .73 .9 % b&T73 47 » 1.2 .91 26. 993
210 * NA NA NA # 21.07 .29 .97 & 2105 92 # 4. 31 1. 02 31. 4%
311 * NA NA NA i+ é61. S - 44 . P2 ® &1 A . P 2. 39 3. D4un S51. 03
312 # NA NA NA % 51. 86 -. 33 .47 & S1.9Z .57 % 7.6 .79 S57. 54
212 + NA NA NA #1342 31 .17 2 21095 .25 # 1. 7S5 1.18 29. 48
214 % NA NA NA #  &1.FS - 2& 14 = &1 IR 311 =) &6. 03
215 3 NA NA NA ® 23 24 45 - LHOoB 1 5.2 # 4. Q2 . 50. 72
214 4 NA NA NA # 6305 -. 53 21, * = a7 #1162 . & S6. 6
217 L] NA NA NA s S5Y. &Y - 31 S7. 4632 » =4 L 29 » 1.8 .7 40. 26
318 3 NA NA NA # 23,53 . 38 L6 86 =} .32 % 4 71 N 41. 51
212 # NA NA NA # 23, 97 .32 2.72 = S .37 # 24 23 . 5414
220 3 NA NA NA # 46, 58 - 07 SZ. L3 & = .22 & 7.12 .26 2. 37
228 2 NA NA NA # A2 St - 02 4947 = £] 5 0% 4 2 . 7& . 44
222 #* NA NA N& #® L0 92 ~-. 45 74 5 % £ . 4 & 7. 4% L& . 88
23 # NA NA NA # 40, 29 - 34 [T 4 -. # = 38 .3 .17
#* NA NA NA # 5815 - 44 0. 794 « -. 2 0# A 25 .54 .17
3 NA NA NA ®# 27.75 . Q2 61,14 » 23 . 32 = 1. 32 .61 . 93
* NA NA NA # 59 14 - 955 44 92 & 7 -. 2 % 7.7z .4 S. 7
= NA NA » 59 33 - 33 45 58 » 1 - 39 #1723 &1 "79
* NA NA NA L S54. & -5 Q& 28 # = - L # 4. 42 .S .26
#* NA NA NA # £1.35 - 29. S4H 4 & < - 4 1. 45 .29 . 38
#* NA NA NA *# 61,21 -. 55 : [N 7 -. 1 & S 4z 1. 1% . 22
* NA NA N& %  HZ 04 - 41 : S o® Z - [CH 1. 43 1. 0& . AS
# NA NA NA # 535 11 - 3 5. 47 & 22 ~. .92 w S 69 1. 09 .24
* NA NA NA #2444 .18 37. 44 » 4 . .32 » S &4 1. 09 ;93
* NA NA NA # S4. 4 - 11 @. 7L = 29 -. 746 0w 1. 39 1. 09 . 03
#* NA NA NA #* 35616 - 37 37.15  #» 238 - LS5 = 4. Q9 1 .92
* NA NA NA # 65 61 - 41 .42 % 3 - g9 # 1. 3¢ 2 L 12
» NA NA MNA ® &1 99 -. 42 .21 A - 41 = 4 53 .82 . 64
= # NA NA NA # S8 64 - 38 39. 82 9+ 7 - 72 % .92 e .71
2 * NA NA NA #* 48, 09 .01 26 Q8 0w 4 -, .26 = 1. 54 1. Q5 S, 42
=47 #* NA NA NA +* 3.9 - 195 26, 29 % & - .92 ow 2. 243 AR5 . ‘74
4L a* NA NA NA # 48 89 - 25 25. 81 - » b - .41 & 3. 48 .87 e
349 #* NA NA NA #® 52 95 - 25 30.07 7 -, .41 = 9. 52 . 68 26. 9
250 * NA NA NA 3 63. 5 - 51 21. 72 = S - .77 = 7.12 .76 26. 08
351 & NA NA NA #* &. 86 -. 48 28.47 « < -. .83 # &. 45 24 26. 79
252 * NA NA NA # 49 63 - 24 27.19 = 3 - .92 % S. 14 15 246
252 #* NA NA NA # 49 62 - 26 27.19 % 3] -. w2 #® Sz 74 2674
203 * NA NA NA #  32.73 -. 0% 28. 5% = 32 91 -. o4 = o017 29. 02
254 #* NA NA NA #®# 52 33 -. 07 3% 09 # 5z 53 -. 5.5 & 1.77 = 30. 07
205 * NA NA NA #  62.08 - & 27. 26 ® - AO. S -. L399 » 6. 88 42 28. 79
396 * NA NA NA # 66. 5 - 93 23.77 ® &6 464 - 5.8 +« .12 32 25. 67
357 a* NA NA NA #* 63. 4 -7 30.71 =» A3 57 - .21 0w 7 - 13 30
3598 * NA MA NA #® 64 31 - 62 25.85 % &4 4% - .85 # 4. .72 S¢& 30. 9
259 * NA NA NA # 38. 55 -. 45 26005 =» 3871 - .05 = 5. 285 &2 28. 36

##  INDICATES EXTREME VALUE OMITTED IN SUMMARY

Y I S I I T I T I IIIYIYY



EXHIBIT 4-17

(centinued)

PAGE

Rl

Q2023 LEVEL COMPARISONSZ

% % %k

AFTER TRANSFER
o L L2 Y

L RS

SAMPLE
B R N

AFTER

* W

BEFORE SAMPLE
EEEE e e

L EEE RS EEE R 8 0 2

[0l T gy Dalody Bl
& OO =R QO

TEMF
(..

PRI-TAY
{ TNCH)

JLIne

[l ARl AR b afuike TN
AN Tt ot

PRIMARY
LEYEL
PINGHY

ok X%

Bz b i

[rap =i S, 1T SR T T

> 4 s .
[ AN R R Iy ] TN )
[ o O N _.465,n_7?77_.,._
[ KR PO
L= N A O T A R A T I A
Cr=

b~

BEFORE RECEIPT
L R

* ¥

Y P
T4
[ o 4
1O CICIIITIITICT
—2V Z2ZZ2ZZ2Z22ZE
e
[V
>
[V .
< WX
) age ] IIICLIIIIIIT
=Wz ZEZ2Z2ZZZZ2
=~
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IR R ELEE RS EEEE S
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+
+
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=UMMARY
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INDICATES
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AVERAGE:

SIGMA:

EXTREME VALUE:

S2. 59

14. 3¢

NA

EXHIBIT 4-17

(continued)

020253 LEVEL CUMFARISONS

$5 45 48 35 45 36 36 35 48 38 45 3£ ST 4E S8 38 36 2098 3 38 48 46 36 £F S 40 SE S 4 SE S0 S0 E S
. R RNRN RIS RN

it 4
2 *3
L34 SUMMARY REFORT ol
3 #3
it w4

22 2 R BT R T
T4 SF 40 4148 38 46 46 48 38 35 48 37 41 30 48 3 45 46 45 3 45 46 3 3 $F 48 48 SE S SR SR 4E 4

BEFORE SAMFLE

CHEECCEtEetee T R AR R R T
Y PRIMARY
PRI-TAY TEMP LEVEL FRI-TAY
? (INCH) «C) CINCH) CINCH)
62 62 &2 61
-. 31 44: 78 S 36 .71
.35 18. 45 3.7 39
1.3 NA NA 1.6

THIS SUMMARY INCLUDéS &2 BATCHES

AFTER TRANSFER

PAGE

38. 18

11. 02

NA



%%t###&**%ﬁ%##&Q#i#i#&**####f%%*#%ki
SRSB4 S S S S AL S S A SIS S RS S SEA ReE B AE

33 #3%
it #4
¥ #a . . ‘
ool - . e EXHIBIT 4-18
3 02003 DENSITY COMPARISONS :: -_—
it
33t SUMMARY REPUORT :: ACCOUNTABILITY TANK DENSITY COMPARISONS
4t N
3 3
## FOR BATCH 69 TO BATCH 124 #% - s e
33 *
4t #i
3 3t
4 09-0c1-78 #+%
3% 4
L2222 TR I 2RI LT L L L T 02003 DENSITY COMPARISONS PAGE 1
T s A E L T
BATCH
NO. BEFORE SAMPLE . AFTER SAMPLE
L AL 2t A A R D R LR R R N Y A L LR PP P T P P E T E T EE T CHCCECEEEEEEEEEEEE
RUSKA LAB @ 25 LAB @ 25 LAB @ T LAB_ @ T LAB DENS RUSKA LAB @ 25 {AB @ Z5 LAE e T LAE @ T
T0 TAY TG RUSKA TO TAY TU RUSKA T0 TAIL e Z5 TO TAY TO RU§KR Tg TeY TOLEUSKA ‘_TD TAXL
* -. D12 . D066 - 0054 « 043 -. 9077 # 1. 4614 # -. 0087 Q0031 - Q057 & . Q007 =. oS
# - Q072 0296 . 0223 # 0245 . 0173 # 14558 # =. 0052 0284 . Q232 # . Q233 . 0181
#* -. 0082 0118 . G036 0047 -. 0033 # 1. 5724 + -, 0097 .0009 # . 0035 -. 0062
* - 0113 0S19#s | 04 » 0459+ . 0337 #* 1 5472 % = 012 Q87444 . Q755S#an | 0S06%% . Q62bax
¥* -. D092 QLSus | QD97 ku# L 0621w . 0525He # 1. 5543 « -. 00% Q047 - 2022 # - 0RO —. 0093
* -. 0085 oC743 - 0012 +# . Q005 -. 008 # 1. 5626 % =. 0104 Q083 - G021 % . 0013 -. 0091
#* -. 012 010¢& - 0014 % ovz4 - Q097 # 1. 5952 =. 009% 00%é - G004 # | 0012 -. 00€7
* ~ 0114 0052 = Q062 = 0013 -. 0101 # 1.511z2 = -. 0134 0078 = Q0SS # . Q04 -. 0094
+* - 0105 - 056%## - Qc74ues  — 0647w - 0751w #  1.5185 # - 011 0077 - 0032 # . 0001 - 0
* ~-. 0101 0073 - Q0023 = Q006 -. 009S * 1. 505 = = 012 .01 - 002 # 0032 -. 908
* -. 0087 -. 0G45 - 0Ll3gz # - 01i5 -. 0203 * 1. 513 # -. 0076 -. 0092 —. 0168 # - 0159 ~. 0239
* - 0t 0073 = Q025 # 0015 -. 008 # 15353 = ~. 008 . 0052 - C027 # . 0001 -. 0079
7 # - Q072 . QG772 -. 0006  # []a]e}] -. 007 # 15152 +# -. 007 . 0048 - o0z # | 0005 -. 00464
23 * - QQ&& . Q235 . 0317 % L Q321an L0258 #* 1.51 = - 0031 - Q095 - Cl76 % — 0154 - 0235
% * -. 00S% Q0L o004«  — OO0 - OLT # 1. 4928 & - 00732 . DOLE —-. C007 & - Q003 -. 0076
<0 * - Q07 -. QQ07 -. Q976 * - Q072 - 01a4z * 14983 =. 006 -, 0083 - C142 » - 0144 - Q206
21 # -. 0068 0097 002% & 003z -. 003¢ # 15294 +# - 0057 . 0078 co2y # 0016 -. 0041
22 * -. 0077 a1143 QI35 # 0045 - 003= # 15004 & -. Q075 . 0102 cQ28 #0033 =. 0042
3 * -. 0077 -. 0472 - 034%+%## — 0S4zen —. O&Z#u # 15264 & -. 005& . 0082 CozZ&e «# 0011 -. 0044
24 * -. 0058 . 0108 9249 0033 - -. 002¢& # 1 5519 =» =. Q0&7 . 0174 c107 #0102 . Q035
29 #* -. D073 - DQ17 - 0UZ1 # — Q08& -. D1& * 1. 527 = ~. 0OBZ . DO3 - G031 % - 0023 -. 010%S
] +* - 0024 . QOIS - 000& # Q015 -. Q07¢% #* 1. 521 = = 0102 . Q072 - 001 & | 001% -. 0024
7 # -. 0078 L0071 - 000E # — 0001 - DO7% # 1. 35219 « -. 0088 . OO78 -. 001 = _000& -. 0082
o2 * -. 0087 . o0t = QD07 & 0005 -~ Q0BZ * 1. 555 # -. 0107 . 0101 = QQ0& #0024 - Q083
o9 3 -. 0076 . 0118 004 « 0039 -. Q037 # 1.5344 « - Q097 . 0116 coly #0036 -. 0061
100 #* -. 0106 L0115 020> # 0043 -. 006 # 1. 5444 » = 0108 . 0028 - 002 % | 0016& - 0072
101 #* - 0124 . 0155 0031 # 0078 -. 004¢ # 1.35337 # - 0112 . 0076 - €036 # - 0002 -. 0114
102 * - Q022 . 0085 003 = Q005 -0 * 15033 # =. 0083 . 005} - 0002 # . Q002 =. Q08
10% * -. D084 O8I 74 0332w 042Z234% 0337 #4 # 19512 # - 07 .05 .0432 & | 0404%w . O335#+#
104 #* - 7779%s8 . 78%79#4 L9212 & 7819#% 004 # 1.3296 = -. 0067 . 0183 Q115 #0102 . Q033
105 * - 0053 . 0093 . 0D4s & 0047 ~. 000% # 10135 +# -. 0184 L0227 . 0043 #0151 -. 0003
106 * - 0015 . QQ7 . Q055 # > —. Q097 # 1.0123 » —. 0024 . 0072 . Q048 = | 0011 ~. 0013
107 * -. 0033 . 0105 L0073 # 003 . 000Z # 1.0114 = -. 0017 . 0084 L0066 #0016 -. 0002
102 *» - 0115 . 0127 L0122 =» 0013 -. Q0% # 154546 = = 0101 . 0112 .0011 = | 0004 -. 0096
109 & - 042%9#4u 0485 L0056 # 0378#2 — 0053 #  1.5442 = - 012& . 0269 . 0143 #0168 . 0042
110 * - 0147 00469 - 0078 * - 0032 - - 017S * 1 .468351 » - 0112 . Q0?8 —. 0018 * - 000S - 0117
111 #* -. 008 0053 - 0927 % -— 0191 - 027 #  1.4657 & -. Q091 . 0236 . 0165 = 0023 —. 00&9
112 #» -. Q055 Q212 . 0154 # - Q02Z8 —-. 008¢ # 1.54035 # -. Q102 Q925 L0156 » [0 574 —-. Q082
113 #* -. 0094 0Z75 .01gl # 0027 -. 00&7 #* 1.419 # ~. 86F9#+ S884uw L0185 # 2L4ue - 0059
114 * - 0158 Q2986 . 0097 0066 - —-Q0Q93 #* 1.5741 » -. Q088 Q188 .01 * - 0002 - 009
115 » ~-. 0091 . 0229 . 0138 # 002¢& -. 0065 # 1.4203 # -. 00832 0221 0138 0019 -. 0063
116 * -. 0091 . 0258 L0165 # 0012 - Q07 b 1. 518 « -. 0089 0251 0162 # 0009 -. Q0
117 * -. 0082 0273 . 0191w 0026 -. 00Sé& * 13674 = -. Q048 0252 0204 0009 ~. 003
118 » -. Q042 0194 .0154 # 004 ---— — 0038- #- 1.3215 = -. 0067 0212 0145 = 0024 -. 0043
119 #* - 0 Qi28 . 0112 = -. 004 - 012¢& #* 1.28 # -. 0022 . 0152 . 0131 # -~ 0035 -. 0057
120 * -. 0048 Q022 L0905 = Q0z1 -. 002, # 1.0203 # ~. 2638%#+ . 270544 . 0048 » 2627#% - 0031
121 * 0002 . 005 L0032 % - 0025 -. 0023 # 1.0057 +# -. 0024 . 0084 . 0062 # 0011 - 0012
122 * ~. 0005 0023 . 0087 & - ~-000x ~ - -# 1..0283 -+ -.- 0023 . 0103 . Q082 # 0023 Q
123 * -. 0029 01359 D13 # 0043 . 0014 # 1.0365 # -. 0044 . 017 . 0126 = 0055 0011
124 . * -. 0049 01S9% . 011 & Q047 - 0002 #  1.0597 +» -. 0057 . 0146S . 0108 = 0037 003

## INDICATES EXTREME VALUE EXCLUGED FROM SUMMARY
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N

AVERAGE :

SIGMA:

EXTREME

VALUE:

BEFORE SAMFLE

e EEEEECEECEECEEEEEEEETEEEETCECCe e

EXHIBIT 4-18 -

(continued)

02003 DENSITY .COMPARISONS PAGE 2

Q*%%**{***##%*%ﬁé%#*###&#%*#§*#*§**
S48 45 90 5 35 48 55 S0 42 0 35 40 45 96 30 36 40 6 200 9 9 45 S5 45 36 S SH I EE S

3 *3
3 i 3k
43¢ SUMMARY REPORT et
i 4
3t . 3

S HAE b I AT I T I HA S 5 ST S
4343031 3F 38 35 3 38 3 31 32 30 31 34 38 31 30 30 30 3 21 31 S 3 SIS 3H B3

AFTER SAMPLE
CEC O EEECECEEEEEEEEEECEECEEEEECEEEEEEEEEEEEeteee

RUSKA @ 25 LAE € Z5 LAE € T LAE @ T RUSKA LAB_e 25 LAB & 25 LAB @T LAB @ T

TO TAY TO RUSKA TO TAY TO RUSKA TO TAY T3 TAY T3 RUSKA TO TAY TO RUSKA TO TAY
D e R R R R e R e n a2 e R S a2 TR R R R o R R e S R n 2 TR PR PR T R LR IR X e R LR S X
48 45 47 42 45 . N . 48 47 49 . 36 48

-. 008 . 0118 0063 . 0012 -. 0057 AVERAGE: -. 0082 . 0124 . 0046 . 0019 -. 0061

Q033 . Q136 . 0116 . 0062 . 0083 SIGMA: . 0033 . 0104 . 0107 . 0069 . 0069

EXTREME
.03 . Q5 .05 . Q3 .03 VALUE: .03 .05 . 0S .03 . 03

THIS SUMMARY INCLUDES - S0 BATCHES
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FANABN BB AB DD R0
hdadaaaa 2.2 2 3 TN R R
#*3t

bbbt £ T T X TR Y TR,
RS IAt Gt S A

ey o "EXHIBIT 4-19
*3 #*9
*4 . ANX j
¥ 02028 DENSITY COMPARISONS o GPW CHECK TANX DENSITY COMPARISONS
*» SUMMARY REFORT o
+*+
% FOR BATCH 284 TO BATCH 370 s
ol ) 3%
o o
22 09-0ct~75 o

L2

*%**#%9##5}*#*#“# < % #+5 ON3
e esseen 02028 DENSITY COMPARISONS e

BATCH
MNO. BEFORE SAMPLE AFTER SAMPLE
CEE¢E CECECECE T EC e CECEEE TR CE T CEE e CECEE R CC T CCCECFC L EECECH CEEECEECECEECECECECEEE e

WEST. LAB @ 25 LAB @ 25 LAB & 7 LAB e T LAB DENS WEST. LAB @ 25 LAB @ 25 LAE e T LAG @ T

TO TAY 7O WEST. T0 TAY TO WEST. TO TAY @ 25 TO TAY TO WEST. TO TAY TQO WEST. TO TAY
Lttt 2 D L R L L Lt X L R i R T WA I PR e T T  CE CEC C LR CCEECEECE T EEEE e Ce e
284 ) —-. 03034## . 0345 . D037 # NA NA * 1. 168 =» - 0224 L lzélan L Q977 8un NA NA
285 * -. 02735 .0403#% 0123 # NA NA # 11337 +« - 0256 . 0286 L0033 % NA NA
286 3+ - 0232 . 0443#4% | Q211 » NA NA # 11249 » - 0217 . 0309 L0092 # NA NA
237 #* - 0286 . 0961%% DETbL#trn NA NA # 1.194¢ = -, 0324#% . 0SS 7% . 0222 = NA NA
288 * - 0344un . 0448#% Q104 @ NA NA # 1 1621 = = Q327 %+n L0262 . 00386 » NA NA
308 #* ~. 0591w . 0444%% - 0147 *» NA NA #  1:06%1 # —. 0S84 uu 044468 -~ 0138 # NA NA
209 * -. 02 . 289#% L2693 NA NA # 1. 0671 =» - 0201 2891 #8 L 2ETRRR NA NA
210 * ~. 06S#4 . 04164#% - 0234 # NA NA ® ) 0527 + ~. 067&nn 04554 - 0221 # NA NA
211 * - 071&n# . 085 1#% 0135 #» NA NA # 1.2487 =» =, 06394un 1228u% L 0S9#ns NA NA
312 #* -. 0031 . 0171 D139 % NA NA # 1.2454 =« Q013 0169 L0182 & NA NA
313 * - 0017 - 0204 - 0221 » NA NA # 1. 2019 = -. 001 - 0053 - 0072 *» NA NA
314 #* -. 000% ~. 0223 - 0332 +# NA NA # 1 2232 « o014 - 041888 — DJOJ#us NA NA
315 #* -. 0007 Q044 0QS7 = MNA NA # 1 2346 » ~. 0145 - Q09& - Q0221 =# NA . NA
¢ * - 0124 . 005 ~-. 0074 % NA NA # 1 2116 & - Q12 - Q00Z9 -.0Q14% NA NA
317 * - Q041 ~1. 2088## -1 2Z13nsx NA NA # NA = -. 00795 -1, 203288 —1 21Q07#%% NA NA
318 * -. 0055 .-0142 . 2087 » NA - NA- - % 12369 % -. Q004 . G052 0048 » NA NA
319 #* ~-. QQQé . . gag L2047 # NA NA # 1. 2204 = -. C006 . Q043 Q037 +# NA NA
220 #* -. 0053 . 0099 . 2046 w NA NA # 1. 2702 # -. 0046 . Q026 - 002 = NA NA
321 * -. 002 - 0068 - 2088 # NA NA # 12175 = - 0033 -. 0009 - Q092 & NA NA
322 » -. 00 . 0155 L0134 NA NA * 12262 % [an 383 =. Q045 -. 0027 # NA NA
323 a* Q024 . Q024 L2118 » NA MNA # 1. 1947 = a00s . 0044 QQ7  # NA NA
324 * -. 0076 -. 0142 - £Z19 % NA # 1 2177 - % -. Q02 - 0142 - 0161 = NA NA
329 L4 - QQ& . 003 -, 003 =« NA NA # 13176 % - Q023 - C¢O42 -~ 7 % NA NA
326 * -. 0009 - O - G099 % NA NA * 10136 = 002z - 011 -. 0021 % NA NA
227 #* 0014 - Q0097 - 308z # NA MNA # 1,017 = agos -. Q0?7 - o8y # NA NA
328 & -. 013& . 0104 - 0259 +# NA # 1.0088 +# - 0137 - 011S - D292 NA NA
329 * - 0176 ~. 245588 ~ 2631##n NA NA # 1 # ~- Q137 - 2545%% - 268Z#wn NA NA
330 #* - 0131 . 0235 . 0109+ NA NA * 12409 = -. 0128 0196 D0KT7 # NA NA
331 * - 01z - Q1Q3 - 225 = NA NA # 1, 0936 = - 0033 - Q122 = 0205 NA NA
232 # -. 0144 . 0153 L0011 # NA NA # 11389 « - 012 0076 - D074 % NA NA
333 #* - Q11 - Q103 - Q213 = NA NA # 1 0207 #» - Q086 - 142 - 2228 »# NA NA
334 * - 0092 - 0186 - 0278 = - A NA # 1.0228 = - G099 —. Q068 - D167 # NA NA
335 #* - Q0?6 - 0117 ~. Q213 = NA NA # 10338 = - 0123 - 0121 - D245 # NA NA
236 * - 0066 - 01048 - 0172 = NA NA # 1.0356 & -. 0039 -. 0118 - 0157 = NA NA
337 * -. 0083 - Q078 - 0161 = NA NA # 10352 # -. 0076 -. 0106 - Q182 =& NA NA
338 * -. 007 - 010% - 0176 = Ny - -~ 10362 - Q06 -. 0104 - 0164 # NA NA
342 Ld -. Q064 - Q169 - (235 = NA NA # 1 1592 = - 0137 ~- 0142 = 2201 *# NA NA
247 # -. 0088 . 0037 - 0D51 = NA NA # 1 1316 # ~. 00&:1 - 0119 - 02 = NA NA
348 * - 0078 - 014614 = 024 » NA NA # 12251 = - Q047 - 0156 -. 0223 » NA NA
249 * -. 00468 -~ 0111 - €179 & - Ni - - NA ‘% 10707 = ~. 0069 - 0123 = 0192 « NA NA
350 * -. 0057 - 0125 - Q182 » NA NA # 12092 = - 00462 -. 0145 - 0227 = NA NA
351 #* -. 0052 - 0142 - 0194 = NA NA # 1.1083 +« -, 005 ~-. 0142 - 0192 # NA NA
352 # -. 0054 -. 0152 - 0207 » NA NA # 1. 122 = = 00462 -. Q144 - Q207 # NA NA
352 * -. 0034 - 0151 - C206 » NA - NA - 1.1221 » - 00462 -. 0143 - 0206 # NA NA
353 * - 0146 - 0132 - C279 # NA NA # 1. 2011 = - 0141 ~. 0147 - 0288 # NA NA
354 # - 0132 - 0251 -. €383 # NA NA # 1 2081 « ~. 0103 -. 0344 ~. 0455%#4+# NA NA
255 * - 0172 = 2143%% — 2314u#3 NA NA % 1. 1657 = - 011% - 0193 - 0312z =» NA NA
3546 » -. 0205 - 0147 - C35z = - MO~ - % § 2215 % - 0212 - 01z2 - 0334 = NA NA
357 * - 017 - 023} ~. 0401 ##s NA NA * 123507 =» -. 0218 - 026 —. Q47Q#xnn NA NA
358 * - 01735 ~-. 0219 -. 03 % NA NA # 1.2031 = -. 0191 -. 0187 -. 0377 % NA NA
359 #* - 0134 - 01S3 - 0287 = NA NA # 11911 = -. 0142 - 0135 - 0277 = NA NA

## INDICATES EXTREME VALUE EXCLUDED FR3OM SUMMARY
® ) ®
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EXRIBIT 4-19
(continued)
0z02S DENSITY COMPARISUNS PAGE 2
BATCH : a : -
NO. BEFORE SAMPLE AFTER SAMPLE
eetE D R R S a e O CE R CCE e EEEEEEEEEECEEEEEEEEECEEs
WEST =~ LAB @ 25 LAB @25 _LAG @ T LAB @ T LAB DENS WEST LAE @ 25 LA @25 LAER@T LAB@T
TO TAY 10O WEST. 1O TG WEST.  TO TAY e 5 TO TAY  TO WEST. TO TAY 74 WEST.  TO TAY

666éé+$6éé$éé+éevé®é%*véevééév+~$e++éﬁvé@éévéév*é«?ééé+++€éé6v6**%‘ééééveeéhvéé*évévéeveéévévev+v&éééé$~ééééé~&vévvéé*éévééé«é‘é?é
360 #* —-. 0159 - 0142 -. 0301 = Nﬁ NA * 1.06!7 # ~-. 0148 - 0132 - 0284 = NA NA
361 #* - 0174 -. 0325 - OS5Z3%un NA NA # 11339 # =, QZIb - 0334 —-. QD& FHu NA NA
342 #* ~, 0057 - 01464 - 0202 NA NA # 1 2336 #» —-. QU5 -. 0108 -, Q204 NA NA
262 * -, 008& - 0152 - 0238 = - NAr - NA- * 12052 # - 0Lk15 -. 0095 - 021 = NA NA
264 * -. 005 - 0111 -. 0161 # NA NA # 1 2143 = -.Ql1é -. 0028 - 0144 =» NA NA
2465 # - 0121 - 0114 - 0237 =+« NA NA # 12201 +# - 010% - 0213 - 0322 » NA NA
364 * - 016 - 0141 - Q0301 = NA NA # 1.1218 = - 0142 - Q148 - Q2% = NA NA
28 * - 0102 - 0105 - 0207 = NA NA # 11975 « - 01%1 -, D081 - 0271 +* NA NA
242 » - Q143 - 0078 -. 0241 NA NA # 1, 2319 & - 0173 -. 0204 - Q376 # NA NA
369 . # - 0122 - 0109 - 0231 +# NA NA # 10928 +« - 0lé - D108 - 0268 = NA NA
370 3 -. 014 - 0105 ~ 0245 NA NA # 1.1037 # -. 0137 - 014 - 0277 #

#+ INDICATES EXTREME VALUE EXCLUDED FROM SUMMARY



EXHIBIT 4-19

(continued)

02023 JENSITY COMPARISONS - ) ’ PAGE 32 -

3020313430 340 B 30 4F B o 31 34 30 30 35 3 34 3 34 31 30 38 30 3 34 30 38 0 dh SE S b3
G*“ﬁ&#ii*i#*ﬁ*#ﬁﬁ**i*ﬁ**&#*#k**#“##

# #3
*4 s
3 SUMMARY REFORT £
4 4
3¢ * 3

e SEE4E S Bl SIS SE 4 6 96 J 6 3 3 33
3633 3 3 31 38 35 F38 3 B8 38 3 3430 3 31 31 30 30 3 38 3 3 31 34 30 9 3 34 0 -3 4

BEFORE SAMPLE AFTER SAMPLE
D e e R R N PR A ma L R éeé?érévﬁrév66kévééééév—éééééévéébéé@vééé-ééé‘éééé
WEST. LAE @ 53 LAB e 25 LAE @ T LA @ T WEST. LARE @ 25 LAE @ 25 LAB @ LAE @ T
TO TAY  TO WEST. 7O TAY.  TO WEST.  TO TAY TO TAY T WEST. 1O TAY 1O HEbT T TAY
~ “&e - bt ol X e 'ééééG“@*‘%": b Lol T bl L Lt Xl CEECETCCCECE Tt Rt R L L L Rl o e e o
N 57 51 ss NA NA N 57 53 53 NA NA
' .
Q AVERAGE: = - Ot - 007& - OIS NA NA AVERAGE: - 0103 - 0076 - 0154 NA NA
1
SIGMA: 0089 0138 . 0156 NA NA SIGMA: 0073 o141 0141 NA NA
EXTREME EXTREME
VALUE: .03 04 04 NA ~NA VALUE: .03 .04 .04 NA NA

"YHIS SUMMARY INCLUDES 62 BATCHES
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33030 34 32 31303 31 38 38 4 3 3 2 31 3P 3 3H 3P 3030 33 S E I 333
B 3RS SEE e 348 ST 696 96 S8 S0 S A S 46 S S e S 3

33 . . 3%
L2 . L2 to o
# . #*a EXHIBIT 4-20
# . . 54 _— e
33t 02003 REPLICATE DATA 3 . .
ool e ACCOUNTABILITY TANK REPLICATE DATA
hidid SUMMARY REPORT i
* #*4t
#3# FOR BATCH 6P TO BATCH 124 axn
48 i
#3 s
#ee- - . i
b Q9-0ct-78 #3
L2 LT3
BHBREHRRSRRBFEATAIRRDRRBRAR OB RRAR - R
L e s X L 2 s 02003 REFLICATE DATA PAGE 1
BATCH
NO. PROCESS CONTROL ACCOUNTABILITY
e P CEEEE T C P CE T ECEEECEECEEFCECEEET e e - ECECEEEEEEee € €€ CEEECLEEETrECEreeet e eeE
AT TO BR BS TO A3 AT TO EBR BS TO AZ N
KG SOL AT-BR KG SOL BS5—-RS KG S AT-BR KG SOL BS-AS3
&9 NA —10230%# 10228. 9 -1.58 NA NA 10229 4 -1. 58
70 237646. 5 .S 10014, 2 -3 374671 43 10017, 5 -. 8
71 710. 2 75 6052, & 25 725 23 ~0S4. 5 ]
72 ?54. 7 -2. 02 £302. 3 - L3 &304 =4
72 711. & - D& 7053 4 - 08 727.7 - 11 70651 - 12
74 324. 7 NA 6496, & 75 83%. 1 - 12 .9 .73
75 897. 8 -2 37 5E00. - 25 211. 4 -2 55 2.2 - 27
22 P47 9 ~&323. 15#% 7770. &6 .38 P49, 9 6301, 164 .9 .38
g2 8535. 3 -5476. 27#% 6349. 9 4Z. 55 856.4 -5477. 17## .8 42 57##
-84 P02 & —6571. 79 7474. % 14. 27 P05 -4572. 148 .7 15, OS#x
g5 240 06 328 1 .52 61, 3 = 01 -8 -3_2
UL 727. € 3.8 7072, 3 1. 93 723. 8 329 L2 79
a7 894. 6 25 7260. & - 17 295, 6 .39 . 4 ~-. 14
2g 701. 7 - 08 8006, t =&, 07 702. 3 .03 .7 -5 96
=4 939. & NA 8244 ¢ . 54 940. 7 .14 .7 . 98
20 710 1 - 29 8575.3 -4, 58 ?11. 4 -2 . P -4. 51
“1 852 -—7002. OS## 784S. 5 -1. 25 893. 1 =700z &7#% .1 -1.19
2 &48. 2 - 25 63837. 9 = 32 349. & - 09 & - &2
232 328 3 - 43 7737. 5 35, 024w 220. 5 -. 38 Z 39, Oluw
24 &£3%9. 6 -8.78 7298. 8 6.4 L3z, 3 -3 47 L& 5. 42
25 755. 2 ~. 41 7245 1 6343, 1544 757 - ZZ2 ] 4543, 18us
26 7CS .27 658%. & Y4 706. 7 B = .4 . &6
2?7 723. 9 NA 7667 . &5 725. 8 —. 03 & .23
28 244 5 -6. 28 - 835%. 2 .39 9456, 2 -4. 76 .1 .31
b4 878. 3 -. 49 7684 . 2 .29 880. 4 - 6 .8 .27
120 9121 Y] B053. 5. 2.04 1192 6 224 S4un 2 2. Q3
101 1002 & -. 25 7637, 8 - &% 1005. 3 -. 31 .7 - 71
102 247 & - 14 8279. 6 21 247 & - 03 .6 1
103 727. 3 - 1¢& 7865. & -11. 33 7291 -. 41 .9 -. &85
104 25. 2 . US 1251. 5 -1. 16 25. 1 o4 . 4 -1. 18
10S 18 4 . 04 7243. 2 20. 13%% i8. 4 -. 05 S 20. 1 74##
1064 772. 3 134. Slan 7223. 7 ~ 58 773. 4 134, S6#a .2 - 57
107 15. 4 -1 . 7752 Z 15. 4 -1 . 7 Z. 04
102 16. 4 -3. 42 7229. 35 .S 16. 4 -3 4 L2 .92
109 Qs. ¢ -. 0% €515, 1 =21 09u+s 288. 3 - 22 .7 =20. 99%4#
110 877. & -. 37 745%. 8 1. 66 879. 3 1. 02 ] 1.¢&7
111 900. 1 .57 7020. 5 14. 14 902. 3 1. 71 .S 14 4
112 635. & . 29 4452 4 13. 23 : 640, 4 -. 08 .3 13. 27
112 1385. 4 -. 97 6528. 9 S543. Séb#e 1390. 7 ~. 06 S S43. LHoun
114 b&11. 6 -. 02 ?771. 1 15. 97 - . o 616. 3 - 93 . 3 15. 98#x
115 987. 3 NA 7397. 3 .25 991. S 1 2. 3 .29
1146 858. 1 ~. Q6 2100 4 .33 862. 4 - 55 . 4 .38
117 1004. 3 08 - 8134. 4 . 58 1010 1.3 .S L&
118 L3 & 74 8547. 2 2.41 - 270. 3 1. 31 - 2. 51
119 922 .9 O 2361. 3 2. 99 996, 9 .97 .2 4. 38
120 604. 6 - 0z 68 - 25 608. 4 3. 25 .9 -. 25
121 37 -. 19 8625. S 8. 65 838. 7 -. 0S .3 8. 67
122 826. 4 =5 7263. 2 2 66 82 -3. 16 .3 2. 73
123 947. 6 - 25 5489. 1 2.87 949. 3 - 26 . @ 2. .91
124 469. 7 1.12 926. 1 2. 14 471. 7 88 .7 2. .92

## INDICATE EXTREME VALUE EXCLUDED 'IN SUMMARY - e e



—_ 89 -

EXHIBIT 4-20

(continued) .

02003 REFLICATE DATA

3435 35 35 31 34 34 3 34 4413 55 34 38 30 30 30 31 3 34 44 S 21 3P A NN
35 38 48 35 35 48 4535 SF G136 3 SE 3 38 S5 38 S8 48 35 34 48 45 35 9 45 30 30 36 41 4F 3

3 - 3
L2 it
*3 SUMMARY REPORT 3
L2 3
#3 3

B e sl aaad o al o s sl an g S 2SSt 2SSl a2
3034 3 35 3 34 34 B 3 335 S 3 31 3 38 34 31 32 P 313 34 3 3 41 3H S R 4

FROCESS CONTROL

e A X R R R M i o R e n a2

PARGE

ACCOUNTABILITY

f,QT:TQ"Baekeé&s :ZZI'Z?S'T? e?: """
ienee JATBR L KesoL o BEas .
N SO 44 S0 44 SO - 44 S0 4z
AVERAGE: 825 -.55 7153 4 1. 62 334 - 38 7155. 9 .2
SIGMA: ~ 514 1 ‘ 2 . 175S. & S 06 5}6.9 2.13 1755 4 278
EXTREME VALUE: NA 20 NA- - 20 NA 15 NA 15

THIS SUMMARY INCLUDES SO0 BATCHES
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L2222 2 21 2 1 £ 45 46 $5 45 34 T S5 48 38 35 3 45 4 4 S 8 S0 4

***#*ﬂ#**ﬁ**_““"}§§**§*Q%%§#§*§§§#:
a8 . ool
e #e EXHIBIT 4-21
Wt s 2.t 112
## . . : e SAMPT B
3 02023 REFLICATE DATA :i . HWW SAMPLE TANK REPLICATE DATA
e
i SUMMARY REFORT ﬁ:
e
«4 FOR BATCH S0 TQ BATCH 104 ¢
4 bl
*4
:: . . .. -
2 09-0c¢t-78 ::
we
PrrreTrTeTre ey e LI T T IR L 2 020232 REPLICATE [ATA PAGE 1
B e e e T 222 2 2
BATCH
NO. ) . PROCESS CCONTROL ACCOUNTABILITY
e 2RSS LT L LTI TR 22 2 NP DB S PP DB PP DI IPIPPIPIPPY e CEEECECECCECEEEEECEE e
AT TO ER - . B3 TO AS AT TO BR . BS TO AS
e CEEereee LR Y LR R PPN PPN R E R EEECEE e D S S RS
KG SOL AT-ER KG 30t B3—-AS K5 SOL AT-BR KG SsOL BS~AS
ek < AR AR A A a2 i e e R R R L R A AR R LRI R PP PPDPRH TP PSSP PPPDPPPPDRPPRAPP P PRSP
S0 NA NA 3393. 9 9. 36 NA NA 3393. 9 9. 36
91 NA NA 2777. 2. -. 35 NA NA 2777. 2 .35
S2 NA NA 2779. 1 4 3 NA NA 277%5. 1 4. 9
33 NA NA 3297. 2 = 22 NA& NA 2297. 2 -. 28
54 NA& NA 2362 7 -2, 03 NA NA 2442 7 -2. Q2
A3 NEe NA 2743. 2 .74 NA NA 2743. %9 .74
A4 NA NA 2832. ? - 27 NA NA 2832 9 - 27
&9 NA NA 3520. 7 2 .32 NA NA 3520. 7 2 .32
&& NA NA 2946. & ~1. 62 NA NA 2946. 6 -1. 62
%4 NA NA 2772. 4 214 NA NA 2772. 4 2. 16
&2 NA NA 2669. 9 - &b NA NA 26465. 5 - &&
&% NA NA 2773 % - 77 NA NA 7774 % - 77
70 NA NA 3291.? .38 NA NA 2291, 2 . 88
71 NA 2637. 3 —-1. 44 T NA NA 2637. 3 -1. 44
72 NA NA 2733. 4 .23 NA NA 2733 4 .23
73 NA NA 2321. 3 -9 NA NA 2321. 3 -9
74 NA NA 3104. 3 4. 23 NA NA 2104 9 4 23
73 NA NA 36748. 6 . 65 NA NA 3674. & . 65
7& NA NA 3730. 1 .71 NA NA 3750, 1 .71
77 NA NA 1427 1. 03 NA NA 1429 1. 03
;g ”g NA 12?2.2 ?.22 NA NA 936. P 3. 09
X .3 NA NA 1416. 4 1. 34
20 NA NA 1462, 1 4. 33 NA NA 1462 1 4. 38
81 NA NA 2894. 7 -2. 6% NA NA 28%94. 7 -2 .69
32 NA NA 275%. & -3. 44 NA NA 2759. 8 -3. 44
&3 NA WA 3016. 8 38 NA NA 3016. 8 3.8
248 NA NA 20109 337 NG NA 301Q. 9 3 37
295 NA NA 1087 % .71 NA NA 1089, @ .91
&L NA NA 3384 4. S¢ NA NA 22334 4. 5¢
37 NA NA 3342, & ~-1.25 NA . NA 3342. 6 -1. 25"
28 NA NA 3122 2 1. 52 NA NA 3122 2 1. 52
89 NA NA 3307. 7 .58 NA NA 3307. 7 . 98
0 NA NA 3297. 9 - 4 NA NA 3297. ? - 4
Q1 NA NA 3393.7 -2. 4 NA NA 3393. 7 -2. 4
22 NA NA 3442 4 .79 NA NA 3442 4 . 79
o3 NA NA. 3303 1 -3 22 NA NA 3303 1 -3 22
Q4 NA NA 3544. 7 =-7. 39 NA NA 3344. 7 -7. 39
5 NA NA 3757. 2 - 0& NA NA 3757. 2 -. 06
2 T 2 g X 2 LY
@7 . -2.3 N . -2.
°8 NA NA . 3391. 3 -2. 11 NA NA 3321. 3 -2. 11
o9 NA NA 3435. 5 2. 53 NA NA 3435. S5 2. 33
100 NA NA 3197. 7 ~1. 06 NA NA 3197. 7 -1. Q6
101 NA NA 3168 =1. 63 NA ‘NA 3168 -1. 63
102 NA NA 3213. 2 . Q4 NA NA 3213. 2 . 04
103 NA NA 1860 7 - 1. 02 NA NA 1860. 7 1. 02
104 NA NA 1307. ¢ 1. 6% NA NA 1307. 6 1. 69

## INDICATE EXTREME VALUE EXCLUDED IN SUMMARY
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EXHIBIT 4-21

(continued)

02023 REFLICATE DATA . : PAGZ 2

RN RN RSB RN R SRD
S5 38 36 31 5 36 4F 3 3 38 <F 35 35 45 30 38 88 47 S5 4 3F 3646 3 SF 4 46 48 48 36 48 S S S 5

it 3
e : e
3 SUMMARY REPORT hoded
4 LA
@i i

336 Fo 3 A3 S B 3 3 I 30 A S S SR S R
R 3 3 30 3% 35 3 36 5 38 34 30 3 348 330 3 3 34 3 30 3 44 30 30 3E 3E 33 3R 3L 343030

FROCESS CONTROL ) ACCOINTABILITY
"""""" R R R R R R R e s R Ry
AT TO ER GBS TG AS T Ty BR BS TO AS
B Rt FEEEEFrErrerbEtiricee Y R R R CEEECHEECECEbiceeece

...... MG Bl ATBR e B saL  BSoAS .G SOL  AT-BR BE-AS
N NA NA 47 47 NA NA 47 47
AVERAGE: NA NA 23%90. 5 . 47 NA NA 2890. 5 . 47
SIGMA: NA "NA 732. 4 2.73 NA NA 732. 4 2.73
EXTREME VALUE: NA " NA - NR - 26 NA NA NA 10

THIS SUMMARY INCLUDES 47 BATCHES
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%*ﬁ%&&&ﬁ&ﬁ%ﬁ&*ﬁﬁQ{&ﬁk###{-#ﬁ#&*é*?*%
P T T 2 Ry R I e L e g R R

#8 $# 5

3 *H

23 &4

* 5% +4

4 FRODUCT / INFUT COMPARISONS o

3¢ . *%

*4 SUMMARY REPDORT *a -

#*+% 33

%% FOR BATCH 76 TO BATCH 99 s

X %

b ‘ b EXHIBIT 4-22

F*a .

4 19-Detl-78  ##

#* i A 4!:# ) .

AR AR A A _ PRODUCTZINFUT COMPARISONS - PAGE 1
 PRODUCT BATCH ’ INPUT BATCH TRANSFERRED ~ RECEIVED

N AR R N e T N T EEEEEEEECCEFEECEEEEEEEEsr
BATCH SOLUTION URANIUM BATCH SOLUTION URANTILIM SOLUTION LIRANTUM
NO (KG) (KG) NO. x 5 )

. (Ki3) (KG) (KG) (KG)
R R e X R 2R R R R e R L PR TR TP R RS

5455. 095 1358 Z264 33 54%4. 566 1378 07 22,471 =17 762

77 S612. 212 1254 329 84 6571. 306 1471, 381 o9, QPR —-217. O51#x
78 ¢323. 784 1555. 714 85 £368. 0392 1570, 0929 . 254 -14. 335
79 6371, 987 1619. 313 86 &365. 022 1624 £94 L &S =3 383
80 44352 28 1528. 494 . 87 6366. 217 1515 278 A, Lo4 % 13 216
21 7304, 36?  14643. 961 38 7304 442 1451 393 _404 -7. 422
83 7672. 413 1781. 534 20 7665 203 1734 75 7_21 =2 216
84 6990. 312 1743. 384 71 6973. 96 L7356, 388 1&6. 757 -13. 003
835 5982 717 1423 28¢& 92 5989 &1 14246 887 —&. YOZ -13. 599
8¢& 4878. 927 14692 704 23 &£908. 683 1707. 466 =22 794 -14. 542
87 64639 712 1727. 122 94 6699 154 1741. 475 -1%. 444 -14. 3954
a8 4481. 7486 16446, 49% 95 &439. 769 1629, 952 -5.022 14541
2% 5891. 777 1488. 911 26 5884. 637 1504. 04 .14 ~15. £93
0 6941, 625 17460, 188 27 6943 1282 1771, 047 504 =10, 4

1 7801. &11 208342 78 7414 (92 1946E 541 ESR-i Al 120. I
pec 6802 193 1717. 393 29 £806. 952 1731, 171 354 -13. 294
°3 7144 132 13544 271 100 7141 452 1245 &71 .73 -1. 401
24 4639, 632 1679. 163 101 &636. 209 146792, 191 . 423 -. 028
95 7385_21 1808. 047 102 7351. 844 1777 5%¢ 3&é 2. 45%
27 7232782 1858. 244 102 7213. 124 1 21 27 724
a2 9940 13%1. 482 10% 5529 142 1 =y 322
b 65722887 1974 796 110 &582. 175 1975, 53 1. 244

## [NDICATES EXTREME VALUE EXCLUDED FROM 3SUMMARY
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AVERAGE :

[
—
[m]
=4
I

EXTREME VALUE.
T4

EXHIBIT 4-22 (CONTINUED)

FRODUCT/ INPUT COMFARISONS

G B ER RS R RSN LT
AN R AR AL R R4 AA ST RS

2 o
* % +%
i SUMMARY REFORT 4
3t ww
(2 H#4

SRR N R F R LR RN
B 38 <& 445 3 30 3E 6 40 I3 T S de e e e e KW R

oo TRANSFERRED- RECEIVED

cte ot L AL L 2 Al

SOLUTION LIRANILIM
(KIG) (KiS)

1y 71
-2, 8§47 -3 251
17, 556 12, 449

SO A
IS SUMMARY INCLUDES = 2% EATCHES
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BRABDHBADBAF AL IR ARSI FE DR F RSN R
AT O LI SRR AP AR O E 4 S 58 4H 4F OO IS SR

ol 22 EXHIBIT 4~23
4 _—
* 3 3¢
ol e INPUT URANIUM ANALYTICAL METHOD
ru CON.CENTRATION COMPARISONS % —— COMPARISON DATA - o :
b SUMMARY REFORT s ISOTOPIC DILUTION/MASS SPEC (u-m—) VS POTENTIOMETRIC (u—vp)
*a
## FOR BATCH 83 TO BATCH 133 == . '
#14 i
* *3
% *4
L2 0S-0at=-72 aw
i fe it

BRI AFARRIIRDGDR R DD RS HRIDILSB IR0
I AR R RE BB U S E B S S

.2

U-ID VS. U-VP FOR ACCOUNTABILITY TANK

BATCH
NO

CEeeeEEEEEres

CONCENTRATION COMPARISONS

CECEEE

U-1D
(MG U/u;

(Mb Ulhl

U-VF

DIFFERENCE

\MF Usis)

INDICATES EXTREME VALUE EXCLUDED FROM SUMMARY

cEEEess

N
86 N
=OR NN e

W e

RN, Y AT AT B S Y e Tl ol OV]

o
LN = QOO N

GO CNE LSS ENO-OWENAr0ONWN

LY

o w0
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EXHIBIT 4-23

(continued)

CONCENTRATION COMPARISONS

ISR HA RN R RS A RS RRRRERS
3 4+ 48 48 31 3t 38 46 3% 36 4 5 4B 404030 4 $F 48 Sy SE S SESE B S S SE D S S

24 . #*3
* i . 4t
*3t SUMMARY REPORT 3
>4 4
*3 3

FIH I J 3 i 34 S S B 3 4 3 1 4
335 34 34 3F 38 38 34 F-33 4F B 3h 38 3 38 34 45 35 330 303 34 2 30 304 53 SH 3 3 3034

AVERAGE U-ID CORCENTRATION IS 244 134 MG U/G

AVERAGE DIFTERENCE I3 . 465 MG DSG
STANDARD DEVIATIUN-FDR THE DIFFERENCE IZ =103
EXTREME VALUE FOR THE DIFFERENCE IS 3

THIS SUMMARY INCLUDES 21 BATCHESZ



5.0 REMOTE DATA ACQUISITION SYSTEM PERFORMANCE

5.1 Introduction

Measurement instrumentation associated with the Computerized Nuclear
Materials Control and Accounting System (CNMCAS) are interfaced to the
central processing unit (CPU) through the remote data acquisition system
(referenced to herein as the RTP system). The RTP system is composed of
real-time peripheral/preprocessor equipment. The configuration of the
RTP system, as demonstrated during the FY 1978 Uranium Input/Output
Demonstration Program, included the following major components:

* Preprocessor - PDP 11/04, Digital Equipment Corporation

* Analog Controller - RTP Wide Range Analog Controller, Computer
Products, Inc.

* Digital Controller - RTP Universal Controller, Computer Products,
Inc,

* Temperature Compensator — RTP Uniform Temperature Reference Assembly,
Computer Products, Inc.

The RTP system scans selected process instrumentation, collects, stores,
and manipulates instrument signals, and transmits instrument data to the
CNMCAS CPU,

5.2 Software Development

A description of the RTP system and the basic software required was
completed in February 1978 with the assistance of a computer services
vendor.* The description is included as Appendix B, Using the descrip-
tion as a guide, the vendor prepared a software (control) specification
(refer to Appendix D). The original software specification was com-
pleted in April 1978. However, during software preparation, installa-
tion, and testing significant revisions to the specification were
required, The revised specification appears 1n Appendix D,

Software preparatlon incorporating ASSEMBLY language started in May
- 1978, Major software elements** jincluded:

#Scientific Systems Services, Melbourne, Florida.

**A detailed list of programs and modules appears in Appendix E,

- 75 -



* RTP Data Base Structure
+ System Software Loading
+ Data Acquisition

« Data Conversion

- Conversion of Standard Instrument Readings
- Conversion of Thermocouple Class Readings

* Temperature Computation incorporating the RTP Uniform Temperature
Reference Assembly

* Automatic Voltage Calibratioun

+ Alarm Limits Checking and Reporting

+ CNMCAS-RTP Communiications

* Power Fail/Restore Procedures

No major problems were encountered during software installation and
testing other than the faulty serial formatter card described in Sec-

tion 3.2, ’

5.3 Performance Summary

The overall performance of the RTP system was excellent considering the
lack of spares for critical components in the PDP 11/04 preprocessor.,
All eleiments of the system undérwent a comprehensive acceptance test,
and operation was completely satisfactory until apparcnt hardware
problems started to develop in the preprocessor., The problem ultimately
shut the system down at the end of Campaign 3 and has been tentatively
diagnosed as a faulty memory board,

During the period of the developing hardware problem, data acquisition
routines periodically stalled and required time-consuming program manip-
ulation for restart, In addition, erroneous instrument signal values
were sometimes found in stored data during frequent checks of the data
base, Efforts were made to double check data sent to the measurement
programs to flag and/or edit erroneous readings.

A supplemental program which prints all or selected instrument data in
the preprocessor data base was also installed and proved extremely
useful during the Uranium Input/Output Demonstration Program. Lxpanded
use of this feature will require a faster input/output device than the
teletype used during the demonstration,

Manual and RTP Ruska readings from measurement data collected during
Campaign 2 were compared to check the accuracy of the RTP system,
Results were excellent and are summarized below.
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Accountability Tank: (Manual - RTP) = d

" Before—-Sampling Readings

18
0.006 centimeter HyO
0.063 centimeter Hy0

N
d
s

o

After-Sampling Readings

16
0.033 centimeter Hy 0
0.077 centimeter H, 0

[

N
d
s

After-Transfer Readings

=18
0.007 centimeter H,0
0.049 centimeter Hy 0

N
d
s

Uranium Product Sample Tank: (Manual - RTP) = d

Before-Sampling Readings

= 17
0.014 centimeter Hy O
0.039 centimeter H, 0

w0 o=
-

After-Sampling Readings

16
0.016 centimeter Hy 0
0.037 centimeter H,0

v ol =2
fl

After-Transfer Readings

fl

17
0.007 centimeter Hy O
0.0111 centimeter Hy0

o al=

o

-Tables 5-1 and 5-2 present typical manual versus RTP reading comparisons
for 1liquid level measurements in the accountability tank and uranium
product sample tank, Comparisons of manual versus RTP temperature

readings are also shown.

Tables 5-3 and 5-4 present typical manual versus RTP liquid level
reading comparisons for the Westinghouse and Taylor instruments on the
HWW sample tank and GPW check tank, The Westinghouse instrument loops
incorporate a digital readout while the Taylor instrument loop readout
is via strip chart. As expected, indications of offset and increased
variability are shown for the Taylor strip chart readings.
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5.4 Future Improvements

Based on experience gained during the Uranium Input/Output Demonstration
Program, the following improvements will be made:

Spares for critical preprocessor components will be procured
PDP 11/04 control panel will be procured to simplify troubleshooting

* Preprocessor memory will be increased to allow longer retention of
stored measurement data

~* K1P input/output teletype will bé replaced with a DEC writer to
_improve the use of the alarm reporting and "data base dump” features.
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*Liquid Level in Centime:ers

**After-Sampling Readings

***Excmuded'Values

of H,0 I

|
TABLE 5-1
MANUAL READINGS VERSUS RTP READINGS
ACCOUNTABILITY TANK
BEFORE-SAMPLING* —AFTER-SAMPLINGH AFTER-TRANSFER* TEMPERATURE °C*#*
Batch, Manual RTP Manual RTP Manual RTP
Numbet Ruska Ruska Difference | Ruska Ruska Difference { Ruska Ruska Difference | TJR RTP Difference

83 268,70 | 269.19 e 267.48 | 267.49 (0.01) 50.55 | 50.49 0.06 39 35.3 3.7
84 314,23 | 314.08 0.14 316.064 | 313.49 hkk 52.64 | 52.64 0.00 36 4.4 1.6
85 308,32 | 308.30 0.02 308.38 | 308.43 (0.05) 43,21 | 43.28 0.07 34 29.3 4.7
86 299.12 | 299.0% 0.03 299.42 . 299.03 0.39 50.23 | 50.25 (.02) 35 3.8 3.2
87 305.61 | 305.61 0.00 305.60 | 305.62 (0.02) 42.21 | 42,21 0.00 3s 33.6 1.4
89 344,83 | 344.82 0.01 344.81 | 344.79 0.02 50.54 | 50.49 0.05 36 34.6 1.4
90 357,98 { 358.00 (.02) 358.41 .358.1§ 0.22 49.73 | 49.69 0.04 35 30.8 4.2
91 329,95 | 329.95 0.00 330.00 | 330.02 (0.02) 48,35 | 48.29 0.06 34 33.2 0.8
92 288.65 | 288.49 0.16 288.62 | 288,52 0.10 47.24 | 47,21 0.03 36 34.4 1.6
93 326,67 | 324.79 (0.12) 323,45 | 323.38 0.07 40.05 | 40,07 (0.02) 35 34.3 o.i
94 307.39 | 307.46 (0.07) 307.39 | 307.20 0.19 44.57 | 44,68 (0.11) 35 34.3 0.7
95 305.01 | 305.04 (0.03) 304.90 - -- 42,30 | 42.38 (0.08) 35° | 35.0 0.0
96 278.67 | 278.69 (0.02) 278.67 | 278.68 (0.01) 43,14 | 43.09 0.05 36 34.8 1.2
97 321,85 | 321.87 | (0.02) 321.87 | 321.87 0.00 52.09 | 52.09 0.00 36 34.7 1.3
98 349,92 | 349.93 (0.01) 349.94 | 349.93 0.01 49,65 | 49.68 0.03 36 35.2 0.8
99° 322,69 | 322.69 0.00 322.68 | 322,68 0.00 62.40 | 50.84 11.64%%% [ 36,5 [ 35.6 0.9
100 337.59 | 337.60 0.01 337.57 |337.53 0.04 54,72} 54.69 0.03 35 34.5 0.5
102 347.09 | 347.07 0.02 347.08 | 347.08 0.00 43,08 | 43.11 (0.03) 36.8 | 35.7 1.1
103 329.73 | 329.72 0.01 329.72 | 329.76 (0.04) 3.47 | 3.50 0.03) 38 36.9 1.1

N =18 N = 16 1N = 18 N =19

d = 0.006 % = 0.033 d = 0.007 £=1.63

8 = 0.063 s = 0.077 8 = 0,049 s = 1.32
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TABLE 5-2

.MANUAL READINGS VERSUS RTP READINGS

URANIUM PRODUCT SAMPLE TANK

EEFORE-SAMPLING* AFTER-SAMPLING* AFTER-TRANSFER* TEMPERATURE °C**
Batch Manual RTP Manual RTP Manual RTP
Number Ruske Ruska Difference | Ruska Ruska Difference | Ruska Ruska DifZerence { TJR RTP Difference
76 157.33 | 157.51 0.13 157.39 | 157.49 (0.10) 33.04 33.04 0.00 (3.8)
77 183.2% | 183.25 0.01 183.25 | 160.14 23.11%%x | 31,71 31.71 2.00 (2)
78 177.61 | 177.60 0.01 177.59 | 177.58 0.01 33.19 33.20 (2.01) (2)
79 179.24 | 179.67 0.45%** | 178,80 | 178.78 0.02 33.20 33.20 .00 (11)#*%
80 178.5% | 178.54 0.00 178.53 | 178.55 (0.02) 33.25 30.27 3,02%** (2)
81 203.09 | 203.G9 0.00 203.09 | 203.09 0.00 33.19 33.19 0.00 (2.7)
83 215.59 | 215.60 0.01 215.63 | 215.65 (0.02) 33.11 33.13 (2.02) (1.8)
84 194,06 | 194.09 (0.03) 194.15 | 194.16 (0.01) 33.32 33.34 (9.02) 32 34 (2)
85 169.81 | 169.78 0.03 169.56 | 169.55 0.01 33.23 33.25 (3.02) 33 34.6 (1.6)
86 191.34 | 191.35 (0.01) 191.34 i91.34 0.00 33.35 33.37 (2.02) 32 33.6 (1.6)
87 185.37 | 185.38 (0.01) 185.28 | 185.39 _(d.ll) 33.45A  33.45 0.00 31 33.8 (2.8)
88 181.53 | 181.63 0.00 181.50 | 181.50 0.00 33.33 ‘ 33.35 ©.02) 32 33.9 (1.9)
89 167.3 171.42 (3.62)***| 167,75 | 167.76 (0.01) 33.38 33.38 0.00 31 33.9 (2.9)
90 193.06 | 193.09 (0.03) 193.08 19.09 kkk 33.40 33.42 00.02) 31.5 1 33.8 (2.3)
91 205.48 | 205.44 0.04 205.48 | 205.48 0.00 33.52 33.53 0.01 32 34 (2)
92 189.40 | 189.40 0.90 | 189,41 | 189.43 (0.02) 33.39 ; 33.38 0.01 32,5 | 34.5 (2)
93 198.18 | 198.24 0.06 198.19 | 198.20 (0.01) 33.50 33.50 0.00 31 33.6 (2.6)
95 205.21 ] 205.26 0.05 204.70 | 205.43 0.27% 33.40 ~-= -~ 33.2 | 35 ©(1.8)
96 199.E9 | 199.89 0.00 199.88 | 199.87 0.01 33.21 33.22 10.01) 33.2 | 35.7 (2;5)
N = 17 N = 16 N = 17 N =18
x = 0.014 x = -0.016 x = -0.007 X = -2.24
s = 0.039 s = 0.037 s = 0.0111 s = 0.55
*Liquid Level in Centimeters of H,0
#%*Before-Sampling Readings
***Excluded Values 3
A J . e ® ®




TABLE 5-3

MANUAL READINGS VERSUS RTP READINGS

(Liquid Level in Inches of H,0)

HWW SAMPLE TANK

- 81 -

Batch WESTINGHOUSE TAYLOR
Number RTP Manual Difference RTP Manual Difference
63 123.34 | 123.4 (0.06) 125.11 | 122.4 2.71
64 127.53 | 127.5 0.03 129.34 | 127.1 2.24
65 160.09 | 160.1 (0.01) 162.38 | 159.7 2.68
66 132.59 | 132.6 (0.01) 134.36 | 132.6 1.76 -
67 124.13 | 124.1 10.03 125.75 | 124.4 1.35
68 119.40 | 119.4 0.00 120.99 | 119.1 1.89
69 124.42 | 124.4 0.02 126.13 | 124.4 1.73
70 148.94 | 148.9 0.04 151.04 | 148.9 2.14
71 117.84 | 117.8 0.04 119.40 | 118.3 1.10
72 122.34 | 122.4 (0.06) 124.00 122.4 1.60
73 102.64 | 102.6 0.04 103.98 { 102.0 1.98
74 140.35 | 140.3 0.05 142.17 | 140.6 1.57
75 167.54 | 167.5 0.04 169.80 | 167.3 2.50
76 170.64 | 170.6 0.04 172.97 | 171.4 1.57
77 60.36 | 60.3 0.06 61.41 | 59.8 1.61
78 37.92 | 38.0 (0.08) 39.10 | 37.7 1.40
79 61.24 | 61.2 0.04 62.42 | 61.2 1.22
30 63.23 | 63.2 0.03 64.39 | 63.2 1.19
82 153.78 |153.8 (0.02) 155.63 | 153.0 2.63
86 125.15 |125.2 0.05 126.91 | 125.1 1.81
N = 20 N = 20
d = 0.0135 d = 1.834
s = 0.0409 s = 0,5056




TABLE 5-4

MANUAL READINGS VERSUS RTP READINGS

GPW CHECK TANK

(Liquid Level in Inches of H,0)

Batch WESTINGHOUSE ‘ TAYLOR
Number RTP Manual Difference RTP Manual Difference

308 36.68 36.6 0.08 36.41 36.9 (0.49)
.311v  61.6 61.5 0.10 62.05 61.8 0.25
312 51.92 51.8 (0.12) 51.98 52.2 (0.22)
313 21.95 21.8 | - 0.15 21.53 22.1 (0.57)
314 62.10 61.9 | 0.20 62.30 62.0 0.30
315 23.31 23.3 0.01 23.20 23.5 (0.30)
316 63.23 63.1 0.13 - 63.85 63.5 0.35
317 59.54 59.6 (0.06) | 59.86 60.1' (0.24)
318 23.68 23.7 (0.02) 23.36 23.5 (0;14)
319 24,18 24.1 0.08 23.90 24.é (0.30)
320 46.78 46.6 0.18 46.95 46.7 0.25
321 62.63 62.5 - 0.13 62.83 | 62.0 0.83
322 61.86 61.0 0.86 62.27 61.3 |  0.97"
323 60.40 | 60.8 (0.40) 60.73 | 61.3 | (0.57)
324 5é.33 58.1 0.23 58.71 58.6 0.11
325 28.00 28.0 0.00 27.94 28.4 (0.46)
326 59.27 .| 59.1 0.17 59.78 59.7 0.08
327 59,51 59.4 0.11 59,98 59,7 0.28

N = 20 N = 20

d = 0.0945 d = -0.057

s = 0.228 s = 0.472
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6.0 AUXILIARY PROGRAMS

Certain CNMCAS auxiliary programs were developed and tested during the
FY 1978 integrated uranium run. .

* In-Process Inventory Program
* HA Feed Flow Rate Program
* Calculation programs for manual data,

6.1 In-Process Inventory Program

6.1.1 Introduction

During FY 1978 integrated uranium run, a computer-based program to
estimate in-process inventory was developed. An in-process inventory
measurement is a necessary step towards development of a real—-time
inventory capability for an operating reprocessing plant,

6.1.,2 Technique

The integrated uranium runs offer an opportunity to assess performance
capabilities divorced from the effects of input and product measure-
ments. There is always a known quantity of uranium in the Separation
Facility as calculated from the receipt quantities (from the UFg
Facility) and waste transfers. This allows calculation of measurable
in-process inventory and comparison to "actual” in-process quantities.

The computer—based program for in-process inventory estimates stressed
timeliness of measurements. It asks for and makes use of the best
currently available measurement data and calculates the rest of the
values based on related process-measured quantities and flowsheet
parameters.

Unfortunately, the computer-based program in its final form was not
developed until late in the FY 1978 integrated uranium run. It was not
available in time to collect adequate information to complete a
performance evaluation, However, specifics of the program and its.
implementation can be discussed.

In-process inventory, or process holdup, is defined as the difference
between input and output at any given time. In-process inventory is
composed of quantities of material in measurable locations and a quan-
tity of unmeasurable inventory. During steady-state operations, quan-
tities of material in major surge points are "measurable.” The remain-
ing unmeasurable quantities should be reasonably consistent with some
degree of randomness in historical determinations. Thus, by measuring
the basic "in" versus "out” quantities of a routine material balance
determination and by estimating the "measurable” holdup in major surge
points, the "unmeasured holdup"” can be calculated. Analysis of this
"unmeasured holdup” quantity is the key to real-time inventory capa-
bility. Analysis of unmeasured holdup, its variations and trends,
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allows judgment about inventory on a real-time basis without plant
shutdown and inventory.

6.1.3 Program

Table 6-1 is an example of a computer generated in-process inventory
estimate (of measurable process holdup). It considers 16 major surge
points; however, the four marked with asterisks are not included in the
totals since their value is still being studied.

The program uses available measurement data for each of the points, It
begins by asking the operator for any data available (acid, density, and
uranium concentratiou). When no information is provided, it defaults to
normal process parameters for acid, uses instrument densities, and
calculates uranium concentrations, If data are provided, the program
substitutes these data in the calculations,

For the example in Table 6-1, the program was started and it asked for
any available measurement data. For the dissolver flush accumulator,
density and uranium concentrations were available and entered., Since no
acid result was available, the program defaults to the flowsheet value.
For the accountability tank, the acid and density results were available
and entered, but a uranium concentration was not entered, and so forth,
for the other tanks.

After all available data have been entered, the program substitutes
missing data and calculates the remaining values. It prints the summary
of uranium content at the surge points and the various parameters (H ,
uranium, and density) used in the calculations., This is seen, for
example, with the dissolver flush accumulator. The density and uranium
concentration used shows in the summary as does the acid concentration
whicrh was not entered. For the accountability tank, the summary shows
the acid and density and the uranium concentration calculated. Tor tho
No. 1 feed adjustment tank, the acid concentration was entered, but the
density was measured from process instruments and the uranium concen-
tration calculated. The summary shows 6566 kilograms uranium in the
major surge points. (It does not include the four points designated
with asterisks as the value of these measurements is still being
investlgated,)

At the time of this estimate, the input versus output measurements
showed a total in-process inventory of 8175 kilograms uranium. Thus,
the estimated "unmeasured” process holdup 1s 1909 kilograms uranium, In
actual application, this quantity would be compared to the most recent
measurements, Analysis of trend of the "unmeasured” process holdups
would be used to identify measurement problems and/or accumulating
holdup.

6.1.4 Results

Results show the unmeasurable holdup is 2 to 3 MTU. Data analysis is
incomplete and no judgment on variability can be made, The technique
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shows promise but will require extensive additional development and
testing directed at improving the quality of "measured"” process holdup
estimates and reducing the "unmeasured” process holdup.

6.2 HA Feed Flow Rate Program

6.2.1 Introduction

A major requirement for plant operation, and indirectly for safeguards
measurements, is knowledge of the plant processing rate or throughput.
This is determined by measurement of feed rates from the HA feed tank to
the solvent extraction system, A computer program was developed to
calculate this feed rate using process instrumentation and CNMCAS
hardware.

Feed solution for the solvent extraction system is prepared alternately
in the two feed adjustment tanks. The acid of the input feed solutions
is adjusted to 2.5 molar in the feed adjustment tanks and the adjusted
feed solution is transferred through the centrifuge to the HA feed tank,
From the HA feed tank, the solution is metered to the solvent extraction
system and this rate represents the plant feed rate.

6.2.2 Technique

The feed rate calculation includes the rate of transfer from the HA feed
tank, The transfer jets from the feed adjustment tanks to the HA feed
tank are typically slow (<1000 liters/hour) and must also be considered
in the calculation of feed rate, since transfer from one or the other
feed adjustment tanks is in near continuous operation and this
influences the indicated rate of decrease in the HA feed tank.

6.2.3 Program

The program, as implemented, routinely calculates the feed rate (every
30 minutes). As discussed in Appendix B, a 12-minute history of volume
measurement data is always available for the HA feed tank in the RTP
system., A 20-minute history is always available for the two feed
adjustment tanks. The CNMCAS CPU, at the 30-minute intervals, requests
the most recent data for the three tanks and calculates the rate of
change in volume for each of the tanks, It takes the rate of change of
the HA feed tank and if the feed adjustment tank rates are within 0 to
1000 liters/hour, it includes this rate in the calculation., If the feed
adjustment tank rates are not within this range, it assumes that trans-
fers into the tank(s) or transfer to some tank other than the HA feed
tank are occurring and ignores these rates of change in the feed rate
calculation. The program also includes a factor for steam jet dilution
in the feed adjustment tank transfers for the calculation.

The net rate of transfer is expressed in liters/hour. The current

uranium concentration in the HA feed tank is calculated using the
measured density and the assumed acid concentration of 2,5 molar., From
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this concentration and the transfer rate, the feed rate in MTU/day is
calculated.

When the calculation is complete on the 30-minute interval, the program
" stores the data in a table, The table contains an 8-hour history of the
calculations, Each time a new calculation is added to the table, it

discards the oldest.

6.2.4 Results

The HA feed flow rate program required considerable testing and modifi-
cation., The final version of the program produced results consistent
with manually calculated feed rates. Performance was significantly
influenced by probe plugging problems in the feed ad justment tanks and
the HA feed tank, When probe plugging is sulved, the program should
operate reliably. '

6.3 Calculation Programs for Manual Data

During the FY 1978 integrated uranium run, CNMCAS was also used to
process and store manually collected measurement data. Measurement data
were manually recorded on measurement forms, The data were then entered
to a measurement data calculation program in CNMCAS. Batchwise
summaries were generated as the data were entered. The data are stored
within CNMCAS for later recall in batch summaries, summaries of groups
of batches, or for recall in measurement control calculation programs.

6.3.1 Measurement Calculation Programs

A separate measurement calculation program was developed and implemented
for each of the four input/output accountability points (input, product,
HWW waste, GPW waste), Each of the programs was specific for the
individual measurement point, but the basic operation for each was the
same. The input measurement calculation program for the accountability
tank is used as the example.

Each time the program 1s run, it provides the option of (1) printing a
summary of a group of batches, (2) adding data for a new batch,
(3) printing a summary report of data for specific individual batches,
or (4) changing data for a batch that has already been stored. An
example of this option selection is included as Exhibit 6-1.

When measurement data are available for an individual batch, the program
is run and the "add-a-batch” option is specified. Exhibit 6-2 is an
example of the "add-a-batch” option. The program first asks the batch
number of the batch to be added; in this case, 76 was the response. The
program then asks for the individual measurement data, using the "?" as
the prompt. (Note the "$" after each number is the device echo of the
- delimiter used in entering data.) When the program has received all
data, the program calculates the solution quantities and transfer
quantities and prints this information. It than calculates and prints
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the measurement control data. The program finally stores the data in
CNMCAS for future calculations and report preparation.

The "change"” option is run the same as the "add-a-batch” option;
however, if no data is entered after a prompt (?), the program retains
the data it has. It only changes data that is input under the "change"”
option.

To reprint the data for a specific batch, the program is run and the
"detailed record” option is selected. The computer responds by. asking
which batch and then prints the batch summary as shown in Exhibit 6-3.

The "summary” option is selected when a summary of a group of batches is
desired., The program asks for starting and ending batch numbers, then

-1t prints a summary as in Exhibit 6-4.

6.3.2 Measurement Control Calculation Programs

Summaries of comparisons of redundant measurements provide the basis of

-the measurement control calculation programs. The CNMCAS CPU was used

to provide summaries of these comparisons for manually collected data.
A separate measurement control calculation program was provided for each
of the four input/output measurement points. The program for input
measurements is described here, but the programs for product and waste
are similar.

The programs provide summaries of redundant liquid level and density
measurement, Exhibit 6-5 shows input density measurement comparisons
for the accountability tank, Process density measurements were made
with a Taylor instrument and calculated from Ruska instrument measure-
ments, Density was also analyzed by the laboratory on accountability
samples. On Exhibit 6-5, the "1-3" column compares Taylor density
measurements to laboratory analyses. The "2-3" column compares Ruska
density measurements to laboratory analyses, Both of these comparisons
are also expressed as percent., These comparisons provide an indication
of sampling or mixing problems. The "1-2" column compares Ruscka and
Taylor measureiments, This comparison provides an indication of
measurement equipment or instrument reading problems.

Exhibit 6-6 shows comparisons of after-sampling and after-transfer level
measurements in the accountability tank. Level measurements in the
accountability tank are provided by a Taylor instrument and two Ruska
instruments (primary and backup) on normal size batches (i.e., the
volume in the tank after sampling). For heel measurements, the liquid
level falls below the range of the backup Ruska instrument; therefore,
it cannot be used for comparison. These comparisons indicate
measurement equipment problems or instrument reading errors plus Taylor
instrument calibration shift.
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RUN

EXHIBIT 6-1

MEASUREMENT CALCULATION PROGRAM OPTION SELECTION

acCcT1 13:04 24-0ct-78 , .
IS THIS SUMMARY(1)» ADD-A-BATCH(2)r» DETAILED RECORD(3)» OR CHANGE(4)7? 1
SUMMARY FOR WHAT BATCHES . ,

CAMFAIGH #1 STARTS WITH &1 5 #2 WITH 83 43 WITH 104

SET FAFER

START WITH BATCH? 61
‘END WITH BATCH? 76

TO START PAGE THEN FRESS RETURNT
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EXHIBIT 6-2

MEASUREMENT CALCULATION PROGRAM "ADD-A-BATCH™" OPTION

24-0ct-78 12138
ACCOUNTARILITY TANK BATCH RECEIFT
BATCH NO.7 76

REFORE REFORE AFTER AFTER

RECELFT SAMFLE © SAMFLE TRANSFER
AR R NOROR N R OK KK S 3 KKK K 2K KK KK K 3K 3K 3K K KK K KK KK 3K KK K K K oK K KK K KK KK KK KK oK 3K 0K 3 K K
NaTF T 082478 ? 082478% P 082578% . T 082570¢

P Y LT .

LR-125 ? 10% é 91.3% -1

ZERO r o088 7.-.048 7 -.088 7 -.098
LR-125-K 7 §3.195 7 278.87% 7 278.75% 7 41.95

IR-166 T es.5% ¢ e3s 7 2.8 7 é3.58
ZERD ? ~.088 7 -.048 7 -.088 7 -.068
DR-166-k 7 13.24% 7 239.468 7 239.45% 7 2.435

40% - T A42% T 364
SAMFLE RESULTS
L.OG NO. 17399 NA T 17448% NA
DENSITY 1.5954 NA 7 1.5673% “NA
UMG/G) 275.3 NA T 266,419 NA
H+ 455 NA ? . 38% NA

TJR-108-10 ? 40%

WOLUME 601 4029 423y 437
KGS SOL 951,64 SETH Y B4 .6 481, 4

e bt sihe est fnes 44s BEs Meen w1k b SRS Shes 1SS Savs sare dmm sews fems P40 M0 bmd Suee Sim mims duss Gins et sosn vees Sbod BBV OVRS It sekn sie) EEIS Sms e snmk MRS YiNF e Sem Sewe W S ST Sem sem Fess Feet S M e Sree Teee TN Fess shev Paew beme mte

RECEIVED 3631 LITERS TRANS 3795 LITERS
1490.1 KRGS U i 1570.4 KGS U

MEASUREMENT CONTROL STUFF

RUSKS~TAYLOR LEVEL (HEFORE
(AFTER SAMF

=& OM (~2.052 74)
- 32 CM (047 4D

RUSKA-TAYLOR DENSITY= ~,0138 G/ML (~.0L %)

RUSKA-LAR DENSITY= 004 G/ML ( .26 )
TAYLOR-LAK DENSLIY=  L0L77 G/7ML ¢ 1.14 %)



EXHIBIT 6-3

MEASUREMENT CALCULATION PROGRAM "DETAILED RECORD" OPTION

24-0ct-78 13:32
ACCOUNTARILITY TANK RATCH RECEIFT
BATCH NO.? 76

REFORE REFORE AFTER AFTER

RECEIFT SAMFLE SAMFLE - TRANSFER '
**x*x***x*x*xmx*********x*x*x**x*x*****x*x*xx**x*xxx**x**x**x**x*****mx*
LATE ' 08/24/78 o8/24/78 - 08/25/78 oss25/78  °

LR~125 10 91,5 91.3 : 8

ZERO - 08 - -+06b -+08 -+09

LRMiQSwR. 53.19 278.87 278.75 41.95

e 63 62.0 63.5

DR~-166

ZERD “0b - 04 04 ' -.06

IR-166-R 13.24 239.46 239,45 2.43

TJR*108—10 40 ‘ 40 42 36

SAMFLE RESULTS

L.OG NO. 17399 NA ] 17448 NA

DENSITY 1.,5954 NA : 1.5673 NA

UMG/G) 275.3 NA 266.41 ' NA
H+ 455 NA + 38 NA

VOL UME 601 4229 4232 437
KGS S0L. ?31.6 6578.7 657646 681.4

RELLIULH J&831 IllkHH TRANS 3795 LITERS

1490.1 KGS U 1%570.6 KGS U

MEASUREMENT CONTROL. STUFF

RUBKS~TAYLOR LEVEL (REFORE RECEIFT)s= ~1.34 OM (~2.52 %)
(AFTER SAMFLE)= —~1.32 CM (~.47 %)

RUSKA-TAYLOR DENSTTY= -.,0138 G/ML. (~.01 %)

RUSKA-LAK DENSGITY= ,004 G/ML. ( 284 %)
TAYLOR~LAR DENSITY= L0177 G/ML ¢ 1.14 %)
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EXHIBIT 6-4

MEASUREMENT CALCULATION PROGRAM "SUMMARY" OPTION

24-0ct-78 13:04
FOR CAMPAIGN #3
ACCOUNTARILITY TANK BATCH INFUT SUMMARY
MEASUREMENT FOINT 2-03 .
VESSEL 18-D-101

BATCH DATE ‘ LITERS SOLUTION URANIUM
02-003~. KGS. KGS o
KKK IORAKRIOORIOKIIORAO KKK KO KKK T KA OK KRR ROOIOK KA KK K KKK KKK KK KKK K K
61 08/10/78 2154 2145.6 .3
62 - 08/11/78 . 2038 2031 0
63 08/12/78 6228 9126, 4 1979.9
44 08/15/78 6308 95263 2196.3
65 08/15/78 6262 9500.6 2218.5
b6 08/14/78 6229 9465.7 2215
67 - 08/17/78 0 , 0 0 ‘
48 ‘ 08/17/78 6541 _ 9521.6 1956.8
69 08/17/78 6582 9563, 9 1947
70 . 08/21/78 4339 6258.7 . 1250.7
71 08/22/78 3503 5331,2 1293,2
72 08/22/78 3467 5338, 1 1380.1
73 08/23/78 4109 6338.8 1669.9
74 : 08/23/78 3646 . - 5659.3 1488.,7
75 . 08/24/78 3084 . 4892,1 T 1352.6
76 08/25/78 3631 5625 1490.1

SHOK KKK KKK KKK KKK KK KKK XK KK 3K KK 3 3K K K K AR OKOKOK KKK KK K 330K SKOK 5 33K 0 3K OK 5 40K NOKMOK K o8 8 ok 3k
CAMFAIGN TOTAL 68121 100324 22441.2

TOTAL THIS RUN 68121 100324 22441.2
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BATCH
- 'NO

HORRAAORAOR K AOK K KKK KKK IOK KK AOK KKK KK AOK KK KKK K KKK K

61
62
63
64

TAYLOR
DENS
(1)

1.006
1,006
1.4841
-1.5221
1.3311
1.5357
1,5357
1.4813
1.4723
1.475
1.5311
1.5139
1.5628
1.5674
1.599
1,5719
1.5402
1.4967
1.4967
1.,4949
1.5058
1.513
1.5221
1.4949
1.5311
1.5311
1.5185
1.5311
1.5031
1.504
1.5311
1.5067
1.5311
1.5492
1.5402
1.5239
1.5248
1.5583
1.5302
1.542
1.5402
1.304
1.4678
1.322

RUSKA
DENS
2)

1.0007
+99%96

1.,4673
1.5104
1.5188
1.3207
1.5247
1.4613
1.4574
1.4526
1.5124
1.4827
1.3457

1.5552

1.58635

1.558

1.5207
1.4847
1.,4831
1.4875
1.4934
1.5041
1,512

1.5001
1.3215
1,5287
1.5089
1.5251
1.,4867
1.5065
1.5211
1.4966
1.5215
1.5425
1.5235
1.5114
1,5152
1.5453
1.,5211
1,537

1.5259
145005
1.44609
1.,3104

EXHIBIT 6-5

LABR DENSITY AT TANK TEMF

LAR
DENS
3)

9996
+999
1.4643
1.5069
1.5166
1.5194
1.5193
1.4577
1.4534
1.4466
1.5125
1.5349
1.542
1.551

1.5805 -

1.554

1.,5224
1.484

1.4831
1.4864
1.4921
1.35027
1.5082
1.4967
1.5217
1.528

1.5078
1.5036
1.4848
1.4813
1.5226
1.4924
1.5189
1.5442
1.3204
1.5128
1.5138
1.5467
1.52506
1.5389
1.5254
1.4994
1.4612

DATE

08/10
08711
08/12
08/15
08/15
08716
08/17
08/17
08/17
08/21
08/22
08/22
08/23
08723

-08/24

08/24
08726
08/26
08/27
08/27
08/28
08/29
09/05
09/08
09/08
09/08
09/09
09/10
09/10
09/10
09/11
09/11
09/12
0ps12
09/13
09/13
09/13
09/14
09/14
09/15
09/15
09/15
09/16

24-0ct-78 13t36
ACCOUNTARILITY TANK
DENSITY MEASUREMENT
COMPARISONS
1-3 2-3 1-3/3 2-3/3 1-2
G/ML G/ML % % G/ML
3K ROKKOKKOK 3K XK 3K K XK 3 0K 30k K K ok

«0064 .0011 +64 11 +0053
+ 007 «0005 7 .05 +0064
+0197 .003 1.34 2 + 0167
+ 0152 +0035 1 23 0116
+0145 0022 95 - w14 ,0123
+ 0162 20012 1.06 07 + 0149
0163 +0054 1.07 + 35 .0109
+ 0235 +0036 1.61 + 24 + 0199
+0189 +0039 1.3 26 +0149
«0284 +006 1.96 .41 0224
+0185 -.0002 1.22 -.02 .0187
«+021 -+ 0522 -1.37 ~-3.41 +0312
+0207 +0036 1.34 23 0171
+0163 .0041 1.05 o246 0121
.0184 006 1.16 37 +0124
0178 +0039 1.14 e 23 «0139
+0177 -.,0018 1.16 -.12 0195
0127 +0006 +85 +04 +012
+0135 0 91 0 +0135
«0084 +001 56 +06 .0074
.0137 +0012 91 .08 +0124
+0103 +0013 468 .08 . 0089
+0138 «0037 91 24 .0101
+0019 +0033 -.13 £ 22 + 0053
+0094 -,0003 +61 -.02 +0096
0031 10004 2 03 «0024
0106 «0011 o7 07 + 0095
0275 «0214 1.82 1.42 +Q06
. 0183 .0019 1,23 12 +0163
0226 0252 1.52 1.7 10026
0084 -.0016 93 ~+11 + 0099
0142 0041 95 27 .0101
0121 0025 79 .16 + 0096
+0035 -+0017 32 =412 JQ0A7
L0197 003 1.29 19 +0167
L0114 --,0012 73 .08 0123
0109 « 0013 72 .08 <0095
0116 -.0014 74 -1 013
00044 ""0047 028 "031 0009
+0031 ~,002 o2 -+13 + 005
0147 + 0004 96 .02 0142
+0043 0008 .28 05 0034
0066 -.0004 ' AS ~-.03 +0069
L0026 ~.009 19 .69 +0116

1.3193
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BATCH DATE

NO.

61
62
63
b4
65
66
67
68
69
70
71
72
73
74
75
76.
77
78
79
80
81
82
83
84
85
86
a7
.88
89
90
91
.92
93
94
95
. 96
. 97
98
99
100
101
102
103
104

24-0ct~-78 13140
AFTER TRANSFER
TAYLOR . RUSKA TAYLOR
LEVEL (1-3) (2-3) LEVEL LEVEL (4-3)
3) CM. CM. 4) 5 CM.
AR SOK MR K K K K KR K 3K KK 30 3 32 320K 3K 30 5K KK KON K K 3K 8 KO 08 30K K K 0K 30K 5K 3K 0 3K o 30K oK KK KK 3K oK KK oK oK KK kK 3ok ok ok
184:8 o1 =, 186.7 186.8 -.1
2468.7 Y-} . & A6.8 44.4 4
382.8 -2.2 ~2.3 42.7 44,8 -2.1
-428.7 "304 _3o5 4101 4307 ~2.6
425.4 -3 -3 40.9 43.7 -2.8
424.,9 -4,1 ~4,1 342.3 344 ~-1.7
344 =1.7 ~1.9 2649 28.9 -2
409.6 —+4 "'fS 40,9 43.7 . ""L.S
426 ~1.4 =1.5 165.3 163.8 1.5
4146.7 ~e7 “,8 42.8 43.7 -9
259.4 ~1.9 ~1.9 o3.4 54.6 -1.2
269.8 -2 -7 43,7 44.8 -1.1
300.4 ~-2.1 =-2.2 4804 49,1 -7
27805 _208 2,9 5104 5406 "302
251.2 -3 -3.2 53.3 54.6 -1.3 .
280.1 -1.3 -1.4 42 43.7 ~1.7
26%9.2 -1 -1 43.7 43.7 0
295.4 -3 -3 49.1 49.1 0
317.8 -2 -2 S51.5 53.9 -2
288.,9 -3.1 ~3.1 41.8 43,7 -1.9
284 -1.1 -1.1 54.8 S54.6 o2
327.7 -1.2 -1.3 48.7 D4.6 -5.9
270.3 -2.,6 -2.7 50.8 93.9 -247
316.2 _107 -1.8 352.9 5406 —107
311.:3 27 =2,7 © 43,5 46.4 -2.9
300.4 =7 -.8 50.5 5109 -104
306.9 -1 -1.1 42,5 45,3 -2.8
338.6 -246 ~3.1 52,1 S4.6 ~245
3446.2 -1.1 -1.2 350.8 53.5 -2.7
360.4 -1.7 2.4 50 53 -3
333.1 2.8 ~-2.8 4.6 49.7 -1.1
289.4 -3 ~eb 472.5 48,1 b
326'6 "20 ‘-209 4004 4307 _303
310.7 -3 -3 A4.9 48.4 =3.7
306.9 ~1.7 ~-1.8 42,6 48.6 )
27946 b ~eb 43,5 44.8 -1.3
323.3 -1.1 -1.1 J2:4 G4.6 -2+2
352.2 "109 _10 50 4901 09
323.8 ~+8 -7 G142 540(J -3.4
33907 -108 —108 5501 5406 05
322,2 ~e 9 -1 52.7 54.6 -1.9
34905 "201 “201 4304 4604 ’3
333.1 -3 -3 3.9 5.8 -1.6
65 ~1.9 ~1.7 2.9 -3

08/10
08/11
08/12
08/15
08/15

08/16
1 08/17

08/17
08/17
08/21
08/22
08/22
08/23
08/23
08/24
08/25
08/24
08/26
08/27
08/27
08/28
08/29
09/05
0%9/08
09/08
09/09
09/09
09/10
09/10
09710
09/11
09711
09/12
09/12
09/13
N9/1.3
09/13
09714
0%/14
09/15
09/15
09/16
09/17
09722

RUSKA
LEVEL
(1)

186.7
268.1
380.6
425.3
422.,4
420.8
342.3
409.2
424.6
416
257.95
267.8
298.3
275.7
248.2
278.8
268.2
292.4
315.8
285.8
282.9
326.5
267.7
314.5
308.6
299.7
305.9
336
345.1
358.7
330.3
208.9
323.7
307.7
303.2
279
322,2
350.3
323
337.9
321.3
347.4
330.1
63.1

" EXHIBIT 6-6

- INFUT ACCOUNTABILITY TANK

LEVEL MEASUREMENT

COMFARISONS

AFTER SAMFLE

BACKUP
LEVEL
(2)

1846.7
268.1
380.5

425.2

422,4
420.8
342.,1
409.1
424.5
415.9
257.5
269.1
298.2
275.6
248
278.7
268,2
292.4
" 315.8
285.8
282.9
326.4
2676
314.4
308.6
299.4
305.8
335.5
345
358
330.3
288.9
323.7
307.7
305.1
279
322,2
350.3
323.1
337.9
321.,2
347.4
330.1
63.3
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7.0 CONCLUSIONS

This section provides a summary of the conclusions drawn from the evalu-
ation of the Computerized Nuclear Materials Control and Accounting
System (CNMCAS) development work during FY 1978.

7.1 Uranium Input/Output Demonstration Program

Viewed in total, the Uranium Input/QOutput Demonstration Program (in
.conjunction with the remote data acquisition system*) produced excellent
results and will serve as a sound basis for future CNMCAS development
work,** The value of pursuing selected CNMCAS elements through all
stages of development and implementation was fully demonstrated,
Although several problems remain to be corrected, the overall
performance of the measurement, accounting, and measurement control
programs was satisfactory. Spec1fic conclusions include: -

* Coordination of measurement activities by the measurement programs
was demonstrated.

* .Measurement data produced by the measurement programs}showed ‘excel-
lent agreement with manual data except during problem periods. Over
100 comparisons of manual Ruska readings versus RTP Ruska readings
were examined and showed an average difference in readings of.0.005
centimeter H20 with a standard deviation of *0.064 centimeter H,0.

* Measurement control program summary reports were éenerated which
. demonstrated the methods and data needed to determine control limits
and to estimate random error variances associated with bulk measure—
-ments, '

. ;Accoﬁﬁting program performance was demonstrated by the generation of
various accounting reports from measurement data in the data base,

» Integration of measurement control comparisons to flag marginal and
out—-of-control conditions was demonstrated.

e Operator acceptance was excellent,

*Referred to herein as the RTP system.

**Documentation is an essential requirement of CNMCAS development york.
In addition to the software specifications and program listings shown in
the Appendices, the software vendor provided Operator's Guides and
Programmer's Manuals.
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* The value of the data produced by the measurement programs for pro-
cess control use was demonstrated.

* Transmission of sample requests and analytical results between CNMCAS
and the LDS CPU's was demonstrated.

Problem areas include:
+ Typical software "bugs.”

+ Hardware failures, specifically the lack of spare components for the
preprocessor in the RTP system,

*+ Lack of modularity in the design of the accounting program.

* Inadequate reliability of the CNMCAS-LDS communications link,

* Limited capability of the data base edit program.

* The RSTS/E 0peratiﬂg system provided slower response time than
desired and periodically showed overload symptoms. RSTS/E is a
time-sharing system and its ability to handle additional CNMCAS
development work is highly suspect. Conversion to a real-time

operating system, e.g., RSX-11M, offers real advantages for future
development work,

7.2 RTP System

. The overall performance of the RTP system was excellent considering the
lack of spares for critical components in the PDP 11/04 preprocessor.
Operation was completely satiefactory until apparent hardware problems
started to develop In the preproceessor. The problem ultimately shut the
system down at the end of the demonstration period and has been
tentatively diagnosed as a faulty memory board. Spares for critical
components in the preprocessor are an absolute necessity to maintain
operating continuity of the RTP system.

7.3 Auxiliary Programs

Auxiliary CNMCAS programs were developed and tested with results ranging
from promising to excellent, These programs included:

* In-Process Inventory Program

A computer-based program to estimate in-process inventory quantities
was developed which incorporates 16 major surge (process holdup)
points., The program accumulates bulk measurement data for these
points via the RTP system. Pertinent analytical data (if available)
are entered, or programmed flowsheet/historical values are used for
calculation of uranium quantity at each surge point, Inadequate time
and periods of equilibrium operation were available to fully evaluate
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the program. Based on limited test results, unmeasured process
holdup was estimated at 2 to 3 MIU.

HA Feed Flow Rate Program

A program was developed in CNMCAS to measure the feed flow rate from
the HA feed tank to the solvent extraction system. The final version
of the program operated successfully and showed reasonable agreement
with manually calculated flow rate; However, performance was sig-
nificantly affected by probe plugging problems.

Calculation Programs for.Manually Collected Data

Measurement and measurement control calculation programs for manually
collected data were developed and produced excellent results. Exten-—
sive use of program output reports were made in accounting and mea-
surement control activities.
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8.0 RECOMMENDATIONS

r

This section provides recommendations applicable to the. Computerized
Nuclear Materials Control and Accounting System (CNMCAS) development
work planned in FY 1979. The recommendations represent planned actions,

8.1 Real-Time Operating System

The CNMCAS software ‘developed in FY 1978 incorporated RSTS/E, a time-
sharing system. The RSTS/E operating system provided slower response
than desired and periodically showed overload symptoms. Conversion of
CNMCAS software to a real-time operating system, e.g., RSX-11M would
provide faster response time and minimize the overload problem. CNMCAS
software will be converted to RSX-11M in FY 1979. o

8.2 RTP Preprocessor Component Spares

The RTP‘system is vital to CNMCAS development work. Without the RTP
system, CNMCAS demonstrations are impossible. Spares for critical
components will be procured in FY 1979. C o

8.3 CNMCAS-LDS Communications Link

Software and possibly hardware problems exist in the CNMCAS-LDS communi-
cations link. Corrective action will be taken to improve the reliabil-
ity of the 1link.

8.4 Measurement Programs

The measurement programs will be refined to provide more information to
CNMCAS operators on a real-time basis (e.g., instrument readings used in
quantity calculations, printout of all measurement data comparisons,
etc.).

8.5 Accounting Program

The modularity of the accounting program will be increased to make
program modifications easier, '

8.6 Ruska Zero Operation

To obtain the best possible data from a Ruska DDR-6000 precision pres-—
sure gauge, the instrument must be valved out of service and a "zero"
reading obtained before a measurement is made. This "zeroing"” operation
is currently performed manually, and the "zero” readings are entered at
the CNMCAS input/output (I/0) terminal for adjusting Ruska readings
collected via the RTP system. The necessary hardware/software to con-
trol the Ruska "zero"” operation by computer will be installed. The
measurement programs will direct the "zeroing' operation and CNMCAS will
‘record and store zero readings, This will eliminate the manual
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"zerolng" operation and the manual entry of zero readings at the CNMCAS
1/0 terminal, ' :

8.7 Data Base Edit Program

The data base edit program was designed for limited capability to pre-
vent tampering with source data. As a result, correction of measurement
data errors, which were caused by various problems, was difficult and
time consuming. A more flexible, but closely controlled, data base edit
program will be developed.

8.8 Limits-of-Error Program

A limits-of-error program for input and output moacurcment data will be
developed.

- 8.9 FY 1979 Uranium Inéut/OutppF Demonstration Program

The recommendations above will point toward a refined and enhanced
uranium input/output demonstration to be conducted in conjunction with
the FY 1979 integrated uranium run. An objective of this demonstration
. 1is a test of the CNMCAS as the primary nuclear materials control and
. accounting system with a minimum of manual data collection and
- processing.

- 100 -



REPORT NO. AGNS-1040-2.2-9

COMPUTERIZED NUCLEAR MATERIALS
CONTROL AND ACCOUNTING SYSTEM
DEVELOPMENT EVALUATION REPORT - 1978

APPENDIX A

URANIUM INPUT/OUTPUT DEMONSTRATION PROGRAM - DETAILED DESCRIPTIONS

John M, Crawford
Michael H. Ehinger -
Charles Joseph
Murray L. Madeen

October 1978

Allied-General Nuclear Services
Post Office Box 847
Barnwell, South Carolina 29812



1.0

2.0

3.0

4.0

5.0

6.0

7.0

TABLE OF CONTENTS

INTRODUCTION . & & o o ¢ o o ¢ o. 6.6 s « o o o o o @
INPUT MEASUREMENT PROGRAM . & & ¢ o o o o o o o o &

2.1 General Description + o+ o o« o ¢ o s o o o o o &
2.2 Sequence Descriptions . . o ¢« ¢ ¢ ¢ ¢« ¢ « o o &
2.3 Temporary File Description . . « ¢ ¢ o« o o o o
2.4 Base File Data Description . . « o ¢ o o o o »
2.5 Output Format . ¢ « o o o o o o o o s o ¢ o o s

PRODUCT MEASUREMENT PROGRAM . . . . + . ¢« & & & .A..

General Description . . « ¢« ¢ ¢ 4 ¢ ¢ ¢ o o & s

3.1

3.2

3.3 Temporary File Description . ., . . « & &« &« &+ &
3.4 Base Data File Description . . o o 4 o o o« o
3.5 Output FOTMAL & & & o o« o o o o o o o o o o s o

WASTE MEASUREMENT PROGRAM . & & & & ¢ o ¢ ¢ ¢ ¢ & «

1 General Description . . o ¢« o v ¢ v &« o ¢ o o o«
2 Sequence Descriptions . . o+ o o o ¢ o o o o s &
.3 Temporary Data File Description . . « « « « o &
4 Base File Data Description . . . ¢« ¢ ¢« o« o + &

NUCLEAR MATERIALS ACCOUNTING PROGRAM . . . &« « & « &

Lot/Inventory Period Program . . « + « o o o
Material Balance Area Transfers ., . . o« o ¢ o &

Input/OQutput Summary Report . . . . ... .

Input/Output Material Balance Report (MBR)
(Figure A5-2) & & v ¢« v o o o o s o o o o o

5.6 Report FOrmat . . o o & o o o o o o s s o o o

MEASUREMENT CONTROL PROGRAM .+ & & & o o o « o o o «

6.1 General . . & & o o ¢ 4 ¢ o o o 6 o b s e e 0 e
6.2 Controlling Measurement Anomalies . . . « . . .
6.3 Measurement Control Summary Output Reports ., .
6.4 Measurement - Measurement Control Relationship
6.5 Measurement Control Qutput Programs . « « « + »

CALCULATION PROGRAMS . . . ¢ ¢ ¢ ¢ o« ¢ o o o o o o

7.1 Input Measurements - Accountability Tank . , .
7.2 Product Measurement Uranium Product Sample Tank

A-ii

Sequence Descriptions .. ® e & e o + o e e e e e ‘.

5.1

5.2

5.3 Input/Output Accounting . . « o v ¢ o o o o & .-
5.4 .

5.5

A-5

.. A6
A-12

A-13

A14

A-17

- A-17
A-17

A-21

- A-22

A-22

A-25
A25
A-25

A-30
A-31

A-33

A-33
A-34
A-34
A-37

A-37
A-38

" A-41

A-41
A-47
A-47
A-59
A-60

A-71

A-71
A~77



7.3

7.4

FIGURES:

Al=1

. EXHIBITS:

2.5
3.5

TABLE OF CONTENTS (continued)

Liquid Waste Measurement (HWW Sample Tank

Check Tank) « o o ¢ o ¢ o o o &
MBA Transfer Calculations . . . .

Input Measnrement Comparisons . .
Product Measurement Comparisons .

. GPW Measurement Comparisons ., . .

HWW Measurement Comparisons . . .

3

3

.

Tank Level Comparisons — Summary Report

tO-Ba tch e o ® o o e o 8 e o o »

Tank Density Comparisoms - Summary Report for Batch—

tO-'Ba tch . o ® o o o o & o s o

for

.

Batch-

Measurement Point Replicate Data - Summary Report

for Batch—-to-Batch . . « ¢« ¢ o

Product/Input COmparisons . o« o« o « o o o o o o o o

Measurement Control - Base Data File By

Measurement Part . . . . . . o «

Baslic CNMCA3 Hardware for the Uranium

Demonstration Program . . « . . .
Report Format 5.3 - NMC Accounting
Report Format 5.5 — NMC Accounting

.

Input/Qutput

Input Accountability Measurement Record
Uranium Product Sample Tank Measurewent

A-1ii

Record

PAGE

A-83
A-86

A=62

- A-63

A-64
A-65

A-66
A-67

A-68
A-69

A-70

A-3
A-39
A-40

A-15
A-23



1.0 INTRODUCTION

An integrated process run using natural uranium will be performed at the
BNFP during August and September 1978, An objective of this run is the
use of the Computerized Nuclear Materials Control and Accounting System
(CNMCAS) hardware for measurement, accounting, and measurement control
functions required for the following process steps of primary concern to
nuclear materials control and accounting

Input uranium feed to process
Product uranium produced
Liquid waste discarded.

This objective will be accomplished by the Uranium Input/QOutput Demon-
stration Program described in this document.,

The Uranium Input/Output Demonstration Program is extremely important to
the evolution of the CNMCAS., The demonstration program will carry
selected elements of the measurement, accounting, and measurement
control subsystems through all stages of CNMCAS development and imple-
mentation, i.e.,

Description

Software specifications

Software preparation
Software/hardware on-line testing.

The experience and knowledge gained from the Uranium Input/Output Demon-
stration Program should be invaluable in the continuing effort to
develop and implement the CNMCAS.

" The Uranium Input/Output Demonstration Program is composed of six
interrelated computer programs as follows:

(1) Input Measurement Program

(2) Product Measurement Program

(3,4) Waste Measurement Programs (GPW and HWW)
(5) Nuclear Materials Accounting Program

(6) Measurement Control Program,

Detalled descriptions of these programs are provided in Sections 2,0
through 6.0. Calculations used in the programs are consolidated in

Section 7.0,

Certain terms used in the detailed description of the Uranium Input/
Output Demonstration Program warrant explanation:

Ruska Instrumentation refers to Ruska DDR-6000 precision pressure
gauges used to measure liquid level and density,




"+ Taylor Instrumentation refers to installed Taylor instrument loops
composed of differential pressure transducers with strip chart
readouts for liquid level and density measurements,

* RTP System* refers to the remote (RTP) data acquisition system which
scans selected process instrumentation, collects, stores, and
manipulates instrument signals, and transmits instrument data to the
CNMCAS central processing unit, RTP is the abbreviation for real-
time peripheral equipment manufactured by Computer Products, Inc.

The basic CNMCAS hardware used for the Uranium Input/OQutput Demonstra- -
tion Program is presented in Figure 1-1.

*The RTP system is described in detail in Appendix B.
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2.0 INPUT MEASUREMENT PROGRAM

2.1 General Description

This program coordinates input measurement activities. " It acquires
input measurement data, examines data for gross errors and potential
measurement problems, calculates quantities for use by operations in
process control, and moves data to storage at the completion of batch
measurement and transfer activities,

Input measurement data are generated for each batch of uranium feed
solution received in and transferred through the accountability tank
(18-D-101), Measurement Point 2-03. The program provides specific
instructions to the operator to accomplish the measurement and transfer
in the proper sequence. It receives measurement data from remote
terminals and the RTP system* which is linked to process instrumenta-
tion. Measurement data is retained in a "temporary storage file.” Batch
measurement data accumulates in this file until the batch measurement is
complete. The program then moves the data to the "permanent file“{for
long-term data storage and resets the "temporary file"” for the next
batch, ' -

_ The entire batch measurement sequence takes four hours or more, During
this time, the terminal and operator cannot be dedicated to this mea-
surement only, For this reason, the program must "sign off"” after each
step of the measurement sequence, This allows access to the terminal
for other measurement activities while input measurement activities not
involving the computer are carried out, This can be accomplished by
using a "sequence code.” This code is stored‘as part of the temporary
data file. It indicates current status of the measurement sequence,
When the measurement program is activated, the sequence code is called
and the program moves to the appropriate sequence in the measurement,
The code is updated and the program signs off when the sequence 1is
complete.

The program is addressable from remote terminals located in the control
‘room or operating areas of the facility. For the Uranium Input/Qutput
Demonstration Program, every effort should be made to minimize operator/
computer dialogue for program access. The operator initiates the mea-
surement program using a short code word. The program starts by asking
the operator for his initials and verifies the initials to a list of
approved initials. It then calls the sequence code and moves to the
program. In future applications, it may be possible to simplify the
terminals to a few preprogrammed function keys which further simplify
this access routine. Additional personnel identification schemes, such
as badge readers, may be applied to fulfill the security requirements on

measurement program use,

*Remote (RTP) data acquisition system.
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An additional activity required for input measurements during the
Uranium Input/Output Demonstration is checking on "receiver-shipper
differences” between the accountability tank and the uranium product
sample tank (24-D-204). A part of the product measurement sequence
(described in Section 4.0) is to calculate the "quantity transferred”
from product measurement data and place this quantity in a "suspense
file.” After receipt of a batch of solution from the product tank, the
" input measurement program calculates the quantity received and calls the
data from the "suspense file"” for comparison,

.The specific sequences associated with the input measurement program are
described in Section 2,2, A description of the temporary data file
contents are included in Section 2.3 and the permanent data file in
Section 2,4, The specific calculation routines for input measurement
sequences are detailed in Section 7.1,

2.2 Sequence Descriptions

For input measurements, the quantities received in the accountability
tank (referred to as the input tank), as well as the quantities trans-
ferred to process, are measured. The operator starts the input mea-
surement program by entering the appropriate code at the terminal, The
program responds by asking for the operator initials and verifies these
initials to the list of approved initials., It then opens the temporary
file and reads the sequence code., The program jumps to the current
sequence as indicated by the code. The specific sequences are as
follows: '

Sequence 1 This sequence opens by incrementing the Batch ID number
for a new batch and setting up the data block reserved for
this hatch in the base data file., It now informs the
nperator: '

I'M READY TO MEASURE BEFORE-RECEIPT DATA. YOU SHOULD HAVE
THE SPARGE OFF AND INSTRUMENT PURGES AT 0,5 SCFH, - ARE YOU
READY (YES OR NO)? ‘

The operator answers with a "YES" or (CR), if preparation
has been complered and the program moves to Sequence 3,
He answers "NO" to stop the sequence until he has com-
pleted preparations and the program moves to Sequence 2.

Sequence'Z If the answer was "NO,"” :the computer responds with:
SPARGER AT W835 EL 300%*

PURGES AT W835 EL 308%
I'LL WAIT TO HEAR FROM YOU,

*Refers to sparger and instrument air purge valving coordinates in the
operating gallery,



Sequence 3

Sequence 4

It assigns the status code to bring it back to this
sequence when the operator calls back and closes the
temporary file. -

To reinitiate the program, the operator again codes in the
input measurement program. It opens the temporary file

"and reads the sequence code which returns the program back

to this sequence. The program asks the operator:
READY FOR MEASUREMENTS NOW (YES OR NO)?

An affirmative response by the operator allows the program
to proceed to the next sequence. A negative response
returns to the start of this sequence for the operator to
perform the necessary preparations.

‘When the sparge and purge rates are set, the program asks

the operator for Ruska "zero"” information. It then calls
the RTP system for the "Before-Receipt"” measurement data
and stores it in the temporary data file. Measurements of
the solution "heel” quantity from the previous batch,
including analytical data, are still available in the
temporary file. T o

The program pérforms appropriate measurement comparisons
to check instrument performance and compares the two heel
measurements (the current heel measurement and the mea-
surement from the previous batch). If the comparisons
show no apparent problems, the program proceeds to
Sequence 5. If a problem is indicated, the program
proceeds to Sequence 4.

If a problem is indicated from measurement comparisons,
the program prints an error message to the operator and to
the Nuclear Materials Control (NMC) line printer. The
computer establishes the course of action based on mag-
nitude of the problem and importance ot the measurement.
The Measurement Control Section (Section 6.0) outlines
potential errors and the appropriate course of action.

If the magnitude and importance dictates that the measure-
ment sequences should be stopped, the program informs the
operator of the specifics of the indicated problem. It
then updates the sequence code in the temporary file to
return the program to this sequence and signs off.

Halting of the measurement program requires supervisory
approval to restart. When the program is reinitiated
after corrective action, it asks for this supervisory
approval. The program provides options to proceed based



Sequence 5

'Sequence 6

Sequence 7

upon the corrective action taken after review of the
problem. In this case, the program allows proceeding to
Sequence 5 which essentially overrides the error indica-

tion, or sends the program back to the start of Sequence 3

which records new "Before-Receipt"” measurement data. It
also includes the option to continue the hold and further
investigate the indicated problem. :

With "Before—-Receipt"” measurement data recorded, the pro-
gram calculates the appropriate heel quantities and
informs the operator:

THE INPUT ACCOUNTABILITY TANK CONTAINS KGS OF SOLU-
TION WITH KG U AS THE HEEL QUANTITY. TY. YOUR NEXT STEP
IS TO BRING IN THE NEW BATCH. IT WILL BE BATCH
02-003-___ . AFTER RECEIPT, MIX THE BATCH FOR 10 MINUTES.
THEN SHUT DOWN SPARGE, SET PURGES AND CALL BACK.

The program sets the sequence code to move the program tQ
Sequence 6 when the program is next initiated. .

When the operator next addresses the program, after the
batch has been received, the program again opens the
temporary file, reads the status code, and prints the
following message to the operator:

YOU SHOULD HAVE COMPLETED THE TRANSFER, SPARGED FOR

10 MINUTES, THEN SHUT DOWN THE SPARGE AND SET INSTRUMENT
AIR PURGES TO 0.5 SCFH. SHALL I TAKE MEASUREMENTS (YES OR
NO)?

With a negative response, the program proceeds to
Sequence 7. With an affirmative response, the program
proceeds to Sequence 8.

If "NO" was the response, the program responds with:

SPARGE LOCATED W835 EL 300
PURGES LOCATED w835 EL 308
REMEMBER 10 MINUTES MINIMUM SPARGE TIME THEN SHUT IT OFF.
I'LL WAIT TO HEAR FROM YOU.

The appropriate sequence code is assigned to the temporary
file to bring the program back to this point after the
operator corrects the situation and calls back.

When the operator rccalls the program, the program
responds with:

MIXING COMPLETED, SPARGE OFF. SHALL 1 PROCEED WITH MEA-
SUREMENT (YES OR NO)? ;

o



Sequence 8

Sequence 9

Sequence 10

Seduence 11

A "NO" response sends the program back to the start of
this sequence. With a "YES" response, the program moves
to the next sequence.

The program now asks the operator for Ruska "zero” read-
ings and then takes "Before-Sampling” measurement data
from the RTP system. Measurement control comparisons to
check instrument performance are again applied. In addi-
tion to the instrument performance checks, a preliminary
comparison of solution quantity received to solution
quantity sent is made. The program calls information on
the quantity sent from the uranium product sample tank
(referred to as the product tank) from the "suspense
file.” It compares these data to kilograms of solution

. received as calculated from the available measurement data

for the input tank. If a measurement problem is indi-
cated, the program moves to Sequence 9, If comparisons
show the measurement data is acceptable, the program
proceeds to Sequence 10,

When a problem is indicated, an error message is printed
to the operator and to the NMC line printer., As in
Sequence 4, the magnitude of the problem and the impor-
tance of the measurement, with respect to material balance
calculations, dictate the course of action. When the
problem dictates halting the measurement sequence, super-
visory approval to restart is required.

When the program is restarted with proper approvals, the
options are provided to continue the measurement program,
continue the hold for further investigation, or to return
to Sequence 8 for remeasurement of "Before-Sampling” data.

The program now calculates appropriate quantities and
prints the following message to the operator: ‘

INPUT BATCH 02-003-  NOW CONTAINS 'APPROXIMATELY KGS
OF SOLUTION (__ LITERS). TURN ON THE SPARGE FOR SAM-
PLING. I WILL LET YOU KNOW WHEN SAMPLING IS COMPLETE.

The program now moves to Sequence 11.

The .CNMCAS must now communicate with the LDS to inform it
that sampling can begin., The LDS assumes the respon-
sibility of directing analytical activities to sample the
batch and perform analyses., The CNMCAS must wait until
sampling is complete. The LDS makes the judgment that
sampling is complete when duplicate density analyses fall
within acceptable limits and acid analysis 1s complete.
The LDS reports the density and acid results to the CNMCAS
which then informs the operator that sampling is complete
and he may proceed with the following message:
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NOTE:

Sequence 12

’

Sequence 13

Sequence 14

ACCOUNTABILITY TANK SAMPLING IS COMPLETE. LOG NUMBER
RESULTS SHOW G/ML DENSITY, M ACID.

SHUT THE SPARGE OFF FOR NEXT SET OF MEASUREMENTS. LET ME

KNOW WHEN YOU ARE READY.

The sequence code is set to return to Sequence 12. The
available analytical data is stored in the temporary file
and the program signs off.

A number of different analyses are required on each batch, .
to include mass spectrometer determination of concentra-
tion and isotopic distribution. This information must be
communicated to the CNMCAS for storage in the base data
file, but time is a factor since these analyses may be
delayed considerably. For this reason, the LDS must com-
municate directly with the base data file to store this
information when it does become available, independent of
the measurement sequences. This communication should be
tied to final approval of analytical results.

When the operator completes setup for the measurement, he
recalls the program. The program responds with:

. THE SPARGE SHOULD NOW BE SHUT DOWN. SHALL I PROCEED WITH

MEASUREMENTS (YES OR NO)?

An affirmative response moves the program to Sequence 13,
With a negative response, the following 1is printed:

SPARGE LOCATED W835 EL 300
PURGES LOCATED W835 EL 308,

The sequence code 1is sel Lu return the program to this
sequence. The program shuts down to await operator
action.

The program asks for Ruska "zero"” readings from the oper-
ator and then calle for "After-Sampling” measurements from
the RTP system. The appropriate measurement comparisons
to check instrument performance are made. Several cou~
parisons of "Before-Sampling"” to "After—Sampling” measure-
ments are made. In addition, the solutloun yuantity
received 15 recalculated using the availablc analytical
data and comparisons are remade to data in the "suspense
file.” If comparisons indicate a problem, the program
moves to Sequence l4. If measurement data are acceptable,
the program moves to Sequence 15, '

As with previous measurements when a problem is indicated,

the error message is printed to the operator and the NMC
line printer. The course of action is again dependent on
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QSeqﬁence-ls

Sequence 16

Sequence 17

Sequence 18

Sequence 19

the magnitude of the problem and the importance to mate-
rial balance. If a program halt occurs after supervisory
approval, the options are provided, (1) to continue,
(2) return to "Before-Sampling” measurements with a new
sample being required (Sequence 8), or (3) remeasure

. "After-Sample” data (Sequence 13).

~
. With "After—Sample” measurement data acceptable, the pro-

gram makes the appropriate calculations and prints the
following message to the operator:

CURRENT CONTENTS OF THE ACCOUNTABILITY TANK ARE KG U
( KG LITERS SOLUTION). YOU HAVE RECEIVED
KG U IN THIS BATCH. YOU MAY NOW PROCEED WITH TRANS-
FER AFTER RESTORING SPARGE. CALL BACK WHEN TRANSFER IS
COMPLETED AND SPARGE IS OFF. ' S -

The program sets the sequence code to return the program
to Sequence 16 when the program is next started. It then
signs off. e :

_ When the operator restarts the program ‘after. the transfer

is complete, the program responds with:

THE SPARGE SHOULD BE OFF. ARE YOU READY FOR: AFTER
TRANSFER MEASUREMENTS? s o

The affirmative response moves the program to Sequence 17.
With a negative response, the following is printed:

SPARGE LOCATED AT W835 EL 300

_PURGES LOCATED AT w835 EL 308

CALL BACK WHEN READY.

With the negative response;'the sequence code 1is set to
return to this sequence and the program signs off. -:

The program again asks the operator for Ruska "zero" read-
ings. It then calls for "After-Transfer" measurement data
from the RTP system., Appropriate measurement comparisons
are applied to these data. If comparisons indicate the
data is acceptable, the program moves on to Sequence 19.
If a problem is indicated, the program moves to
Sequence 18, '

As before when problems are indicated, the error message
is printed to NMC. If a program halt is required, the
options provided at restart are to continue or remeasure
"After-Transfer” data by returning to Sequence 17,

With measurement data acceptable, the program prints the
following message to the operator: .
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YOU HAVE TRANSFERRED KG U IN KG, LITERS
OF SOLUTION WITH A CALCULATED CONCENTRATION OF G U/L
AND H+ OF M.

The program now prints a batch transfer summary sheet at
the NMC line printer. This summary includes all measure-
ment data and timing of the various measurement activities
recorded in the temporary data file. It moves the data
from the temporary file to the base data file. It then
resets the temporary file to accept measurement data for
the next batch and signs off.

2.3 Temporary File Description
The following information will be filed in the temporary data file:
1. Lot Number
2, Sequence code
3. Batch number
4, Date of Before-Receipt (BR) measurement
5. Time of Before—-Receipt measurement _
6. Operator initials (Op. Init.) addressing program at PR measure-
ment
7. LR-125 (BR)
8. LR-125~R (BR)
9. DR-166 (BR)
10, DR-166-R (BR)
11, TJR-108-10 (BR)
12, Sample log number for previous batch
13. Lab density result
14, Lab acid result r
15. Time the operator notifies the Lumputer that receipt is complete
and 10 minutes mixing complete
16. Date of Before—-Sampling (BS) measurements
17. Time of Before-Sampling (BS) measurements
18. Op. Init. addressing the program at BS measurements
19. LR-125 (BS)
20. LR-125-R (BS)
21, DR-166 (BS)
22, DR-166-R (BS) .
23, TJR-108-10 (BS)
24, Time of sign—off of the BS measurement sequence which becomes
time mixing starts for sampling '
25. Time CNMCAS requests LDS to sample
26, Sampling time
27. Sample log number
28, Lab density results
29, Lab acid concentration results
30. Time sampling complete notification given
31. Time operator addresses program signaling sparge off
32. Date of After-Sampling (AS) measurement
33. Time of After-Sampling (AS) measurement

A-12



34, Operator initials addressing the program at AS measurements
35. LR-125 (AS) P

36. .LR-125-R (AS)

37. DR-166 (AS)"

38. DR-166~R (AS)

39. TJR~108-10 (AS)

40. Time operator informs that transfer is complete
41, Date of After~Transfer (AT) measurement

42, Time of After-Transfer (AT) measurements

43, Operator initials addressing the program at AT measurements
44, LR-125 (AT)

45, LR-125-R (AT)

46. DR-166 (AT)

47. DR-166~R (AT)

48. TJR-108-10 (AT)

49-53, Codes ‘indicating remeasurement, etc., to be determined later.

2.4 Base File Data Description

1. Lot number

2. Batch number

3. Date of BS measurements

4, Time of BS measurements

5. LR-125 (BS)

6. LR-125-R (BS)

7. DR-166 (BS)

8. DR-166-R (BS)

9. TJR-108-10 (BS)

10. Sample log number
11. Density (LAB)
12, Acid
13. Uranium concentration mass specification (perhaps duplicate

. analyses) :

14, Uranium concentration VP (if applicable)
15-18. Uranium isotopic results

19. Date of AS measurements
20. Time of AS feasurements
21. LR-125 (AS)

22. LR-125-R (AS)
23, DR-166 (AS)
24, DR-166-R (AS)
25, TJR-108-10 (AS)
26. Date of AT measurements
27. Time ot AT measurements
28. LR-125 (AT)
29. LR~125-R (AT)
30. DR-166 (AT)
31. DR-166-R (AT)
32. TJR-108-10 (AT)

33-37. Codes indicating remeasurement, etc..
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2.5 Output Format

A preliminary example of
Exhibit 2.5.

measurement data output format is presented as

A-14



EXHIBIT 2.5

INPUT ACCOUNTABILITY MEASUREMENT RECORD

Vessel No. 18-D-101, Measurement Point 2-03

Input Accountability Batch I.D.

Date/Time/Op. Inst.

LEVEL LR-125
Level Ruska "Zero"

LR-125R

DENSITY DR-166
Density Ruéka “"Zero"
TEMPERATURE TJR-108-10
SAMPLE RESULTS Log No.
U Conc

VOLUME

Volume
Received

kg U
Received

Date
BEFORE BEFORE AFTER AFTER
RECEIPT |SAMPLING SAMPLING TRANSFER
!/ / /! !/

Volume

Transferred

kg U

Transferred
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3.0 PRODUCT MEASUREMENT PROGRAM

3.1 General Descrigﬁidn

Measurements of uranium product solutions are made in the uranium
product sample tank (24-D-204), Measurement Point 2-09. The product
measurement program will be developed for the computer to direct oper-
ator activities to set up measurement sequences and accomplish batch
transfers, The program takes and records measurement data through the
RTP System*, At each stage of measurement, the program provides appro-
priate measurement information to the operator, receives measurement
data from the RTP System, provides cursory measurement data review,
accumulates measurement data, and moves data to storage at completion of
the measurement transfer sequences.

The sequencés to accomplish a product batch measurement transfer take
place over a period of four hours or more. During this time, additional
operator activities preclude dedication of terminal equipment and oper-
ator attention to this activity alone., Thus, the program must be estab-
lished to keep the operator abreast of the status of the measurement
sequences, He must be able to address the program as each of the
sequences progress with a minimum of computer/operator dialogue. The
program must be able to ascertain the status of the measurement activity
and inform the operator, and must sign off between specific measurement
sequences to allow use of the terminals for other activities.

Program development must also comsider the requirement to provide
“shipper-receiver comparison” data for the batch transfer., Measurement
data associated with this batch transfer must be placed in a "suspense
file" for comparison to quantities measured in the tank receiving the
transfer.” Thése comparisons are used to flag transfer or measurement

problems.

Specific calculation routines applicable to the uranium product sample
tank are in¢luded in Section 7.2,

3.2 Sequence Descriptions

Product batch measurement sequences are described below. In each case,
the operator codes in the program from the terminal to initiate the pro-
gram. It asks for operator initials. The program interrogates the cur-
rent status code stored in the data file to indicate the next specific
sequence in the measurement routine, It jumps to the appropriate
sequence in the program and communicates the status and applicable

instructions to the operator.

*Remote (RTP) data acquisition system.
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Sequence 1

Sequence 2

- Sequence 3

~ Sequence 4

This sequence opens the measurement routine. When the
operator codes the product measurement program and the
code brings it to this sequence, the routine updates the
Batch ID for a new batch. The program resets the tempo-
rary file to accept measurement data for the new batch,
and sets up the data file for the batch in the base ‘data
file.

The program now informs the operator:

BATCH IS READY TO START. THE BATCH SHOULD HAVE BEEN
MIXED A MINIMUM OF 10 MINUTES PRIOR TO THIS INITIAL MEA-
SUREMENT. SPARGE SHOULD NOW BE OFF AND PURGES AT
0.5 SCFH, SHALL I PROCFED WTTH MEASUBRIEMENT?

An affirmative response ("YES") sends the program to
Sequence 3. A negative response results In a message to
the operator as follows:

SPARGER IN CR (HC-275)%
PURGES W920 EL 300%*
CALL ME WHEN YOU'RE READY.

The program then sets the sequence code, closes the file,
and signs off to await operator action. When the operator
recalls the program, it returns to the start of this
sequence.

When the batch is properly mixed, the spargers off, and
purges set, the batch is ready for measurement. The pro-
gram asks the operator for Ruska "zero"” data, then calls
for "Before-Sampling"” measurement data from the RTP ays-
tem., Appropriate measurement comparisons are made to
check instrument performance. If problems are indicated,
the program moves to Sequence 4., If measurement data are
acceptable, the program moves to Sequence 5.

When a measurement problem is indicated, an error message
is printed te the opcrator and to the NMC llne printer.
Depending on the magnitude of the indicated problem or .the
importance of the measurement to material balance calcula-
tions, the program may halt the measurement sequcnce with
supervisory review and approval required to restart. The
details of the actions dictated by results of measurement
comparisons are in Section 6.0, Measurement Control.

If an indicated problem dictates halting of the measure-
ment sequence, the program provides options after restart

*Refers to sparger and instrument air purge valving location.
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~Sequence 5

Sedueﬁbe 6

Sequence 7

* Sequence 8

by supervisory approval, It allows proceeding with the
sequence which sends the program to Sequence 5 or remea-
surement of "Before-Sampling" data by returning the pro-
gram to Sequence 3, :

With proper "Before-Sampling"” measurement data recorded,
the program calculates current tank contents and informs
the operator:

THE U PRODUCT SAMPLE TANK BATCH NOW CONTAINS APPROX-
IMATELY ~ LITERS OF PRODUCT. I AM GOING TO REQUEST
THE LAB TO SAMPLE., PLEASE TURN ON THE SPARGE AND- LEAVE IT
ON UNTIL SAMPLING IS COMPLETE. WE'LL LET YOU KNOW WHEN

SAMPLING IS COMPLETE.

The sequence code is updated and the program interfaces to
LDS to request. sampling of this batch,. The program then
signs off to await LDS signal that sampling is completed.

Sampling procédures.for-product require analysis of the
first two bottles for density and the results must agree

" within specified - limits as a criterion for acceptability.
. An acid analyses on one of the first two bottles is also

required. When density and acid results are available and
the proper number of sample bottles are pulled, the LDS
informs the CNMCAS that sampling is complete.

The product measurement program informs the operator:

SAMPLING IS COMPLETE FOR THE PRODUCT TANK. SAMPLE LOG

- NUMBER IS - o SHUT DOWN THE -SPARGE AND SET PURGES SO I

CAN TAKE ' AFTER-SAMPLING MEASUREMENTS. CALL ME WHEN PREPA-
RATIONS ARE COMPLETE.

The program updates- the status code and signs off to await
operator response.

When the operator recalls the program after he has set the
sparge and purges, the computer responds:

SHALL I PROCEED WITH AFTER-SAMPLING MEASUREMENTS NOW (YES
OR NO)? '

With a "YES" response, the program proceeds to Sequence 8,
With a "NO" response, the program signs off and returns to
Sequence 7 when next addressed.

With sparge off and purges set, the program requests Ruska
"zero" data from the operator., The program then calls the
RTP system for "After-Sample” measurement data. Again,

‘appropriate measurement comparisons are made to check

instrument performance. In addition, comparisons of
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Sequence 9

3 Sequence 10

. Sequence 11

Sequence 12

Sequence 13

certain "Before~Sample” to "After-Sample” measurement data
are made. If problems are indicated the program moves to
Sequence 9. If measurements are acceptable it moves to
Sequence 10,

When a measurement problem is indicated, an error message
is printed to the operator and the NMC line printer, As
with other comparisons, the magnitude of the error or
importance of the measurement may dictate stopping the .
measurement sequences, Supervisory approval is required
to restart the program. The option 1is provided after
restart to proceed, to remeasure the "After-Sample” data
by going to Sequence 7, or to start over with "Before
Sample” measurements in Sequence 2, '

When After-Sampling measurement data are in order, the
program responds: to the operator:

YOU HAVE APPROXIMATELY = KG U ( LITERS, KGS
SOL) IN PRODUCT BATCH 02-009- .. YOU ARE READY TO
MAKE THE TRANSFER NOW, TURN THE SPARGE ON DURING THE
TRANSFER, THEN SHUT THE SPARGE DOWN, AND SET PURGES WHEN
THE TRANSFER IS COMPLETE BEFORE YOU CALL ME BACK.

The program then updates the status codes and signs off to
await completion of the transfer, '

When the operator completes the transfer and recalls the
program, the program responds as follows:

DID THIS GO TO UFg (ENTER Uﬂs), INPUT ACCOUNTABILITY
(ENTER INPUT) OR OFF-SPEC. U (ENTER OFF-SPEC.)?

The program files this response in the temporary filé and
continues to Sequence 12,

The program now asks:

SPARGFE SHOQULD BE OFF AND PHRGES SET FOR AFTER-TRANSFER

'MEASUREMENTS. SHALL I PROCEED (YES OR NO)?

An affirmative response continues to Sequence 13; a
negative response triggers:

SET THEM AND LET ME KNOW WHEN YOU'RE READY.

The program now asks the operator to provide Ruska "zero"
readings, It then calls the RTP system for current
"After-Transfer” measurement data, Appropriate data com-
parisons are made to check instrument performance. If
measurements are acceptable, the program proceeds to
Sequence 15.
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Sequence 14

Sequence 15

Appropriate error messages are printed to the operator and
to the NMC line printer. If program stoppage 1s required,
options are provided to continue or remeasure “"After-
Transfer” data after restart by supervisory approval.

With measurements acceptable, the program calculates
appropriate quantities, including quantities transferred.
The following message 1s printed:

THE HEEL QUANTITIES NOW IN THE TANK ARE LITERS SOL-
UTION AND KG U. YOU HAVE TRANSFERRED LITERS
OF SOLUTION WITH KG U, IN BATCH ’ TO " THE
TRANSFER IS NOW COMPLETE AND THE DATA RECORDED. YOU MAY
NOW PROCEED WITH THE NEXT BATCH. '

The calculated quantities transferred ‘are placed in a
"suspense file.” Programs measuring quantities received
call on this "suspense file" for the information to make
comparison receipt measurements. 4 -

The program now prints a copy of the measurement/transfer
data to the NMC line printer. It copies the product
measurement data from the temporary file to the base data
file and resets the file to accept measurement data for
the next batch. '

3.3 Temporary File Description

The following data are included in the temporary file:

1. Sequence code

2, Lot number

3. Batch number

4, Date of Before-Sampling (BS) measurement
5. Time of Before-Sampling (BS) measurement
6. Op. Init. at time of BS measurement

7. LR-239 (BS) '

8. LR-239-R (BS)

9. DR-273 (BS)

10. DR-273-R (BS)

11. TJR-206-17 (BS)

12, Sample request time

13. Sample time

14, Sample log number

15. Density analysis

16. HY analysis

17. "Sampling complete” notification

18. Date of After—Sampling (AS) measurement
19. Time of After-Sampling (AS) measurement
21, Op. Init. at time of AS measurement

21. LR-239 (BS)

22, LR-239-R (BS)
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23. DR-273 (BS)

24, DR-273-R (BS)

25. TJR-206-17 (BS)

26. "Transfer to" code -
27. Date of After-Transfer (AT) measurement
28. Time of After-Transfer (AT) measurement
29, Op. Init. at time of AT measurement

30, LR-239 (AT)

31. LR-239-R (AT)

32. DR-273 (AT)

33. DR-273-R (AT)

34, TJR-206-17 (AT)

35-39, Codes indicating remeasurement, ét¢., to be determined later.

3.4 Base Data File Description

1. Lot number

2. Batch number

3. Date of BS measurement
4, Time of BS measurement
5. LR-239 (BS)

6. LR-239-R (BS)

7. DR-273 (BS)

8. DR-273-R (BS)

9, TJR-206-17 (BS)

10. Date of AS measurement
11. Time of AS measurement -
12. LR-239 (AS)

13. LR-239-R (AS)

14, DR-273 (AS)

15. TJR-206-17 (AS)

16. Sample log number '
17. Density

18. HY

19. Uranium concentration
20-25, Uranium ISO
26. Date of AT measurement
27. Time of AT measurement
28, LR 239 (AT)
29, LR-239~-R (AT)
30. DR-273

31. DR-273-R (AT)
32, " TJR-206-17 (AT)
33. Codes indicating remeasurement, etc., to be determined later.

3.5 Output Format

A preliminary example of measurement data output is presented as
Exhibit 3.5.
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EXHIBIT 3.5

URANIUM PRODUCT SAMPLE TANK MEASUREMENT RECORD

Vessel No. 24-D-302, Measurement Point 2-09.

Batch No.:

Date:___

'?,DatE/Time/Op. Inst.

“LEVEL LR-239
Level Ruska "Zero”

LR-239R

.. DENSITY DR-273

Density Ruska "Zero”

DR-273 R
TJR-206-17
TEMPERATURE
SAMPLE RESULTS Log No.
(Density)
(G/L)
VOLUME

(Calc. Using After
Sampling Data and
Calib. Tables)

AFTER

AFTER

A-23

BEFORE
SAMPLING SAMPLING TRANSFER
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NA NA
NA NA
NA NA
Volume
Transferred
kg U
Transferred
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4.0 WASTE MEASUREMENT PROGRAM

Liquid waste measurements are made in either of two tanks; the GPW check
tank (43-D-409) or the HWW sample tank (41-D-405). The measurement
sequences for each tank are the same with differences only in measure-
ment instruments and calculation procedures. Measurement programs for
these tanks are described below. The specific measurement control
routines are described in Section 6.0. Calculation routines are
included in Section 7.0

In this section, the sequences specifically describe GPW check tank
measurements. Measurements in the HWW sample tank are not specifically
detailed. However, since the measurement routines for both tanks are
the same, the routines described in this section are used to develop the
HWW sample tank measurement program. The only changes are to instrument
numbers and calculation routines.

4.1 General Description

This program directs measurement of solutions in the GPW check tank.
These solutions are subsequently transferred to the spare HLLW/ILLW
storage tank (40-D-420) or recycled to process, depending on the uranium
content. The sequences involved include "Before-Sampling” measurements,
sampling and analysis, "After-Sampling"” measurements transfer, and
"After-Transfer"” measurements. The program leads the operator through
these sequences, accumulates measurement data, performs necessary
. calculations for measurement evaluation and process control information,
and stores the appropriate information associated with the batch
transfer in the base data file at the completion of the measurement
sequence.

The program should be addressable by the operator .with a minimum of
computer dialogue. He simply codes the program at the terminal and
gives his initials. Like previously described measurement programs, it
opens a temporary data storage file which is used to accumulate measure-
ment data until the transfer sequence is complete. It reads the
sequence indicator code which indicates where in the measurement
sequence the current batch is and jumps to the appropriate sequence in
the program. The program advises the operator of the current status,
performs its necessary functions, and advises him of the next scheduled
activities associated with the measurement.

4.2 Sequence Descriptions

The specific batch measurement sequences are as follows. The operator
codes 1in the program from the terminal and gives his initials. The
program responds by opening the temporary data file and reading the
sequence code. Depending on the code, the program moves to the appro-
priate sequence.
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Sequence 1

Sequence 2

Sequence 3

Sequence 4

Sequence 5

This represents the start of the measurement sequence. The
program increments the Batch ID number and sets aside stor-
age space for the measurements associated with this batch
in the base data file.

The program now informs the operator:

I'M READY TO TAKE BEFORE-SAMPLING MEASUREMENTS. THE BATCH
SHOULD HAVE BEEN MIXED FOR A MINIMUM OF 10 MINUTES. THE
SPARGE SHOULD BE OFF NOW AND INSTRUMENT AIR PURGE RATES AT
0.5 SCFH. SHALL I PROCEED (YES or NO)?

With an affirmative response, the program moves to
Sequence 3. A negative rcoponsc results lu the following
message to the operator:

SPARGER IN CR (HV-420) PURGES LOCATED W815 EL290*,. CALL ME
WHEN YOU ARE READY.

After this message is transmitted, the program updates the
sequence code to return the program to this sequence when
the program is restarted. It then signs off to await
operator action.

The program now calls the RTP system** for "Before-
Sampling” measurement data. As with measurements in
Sections 2.0 and 3.0, a number of measurement comparisons
are made to check instrument performance. If the compari-
sons show the data are acceptable, the program moves to
Sequence 5. If a problem is indicated, Sequence 4 is
activated.

The appropriate error message is transmitted to the oper-
ator and to the NMC line printer. The details of potential
errors and the computer actions for each type of error are
discussed in Section 6.0, If the indicated problem
requires the program to be halted for corrective action,
supervisory approval is required to restart. After this
restart, the program provides the option to continue to
Sequence 5 or return to Sequence 3 for remeasurement of
"Before-Sampling” data.

With measurement data acceptable, the program calculates
the solution quantity and prints the following message:

*Refers to sparger and instrument air purge valving locations.

 **Remote (RTP) data acquisition system.
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Sequence 6

Sequence 7

Sequence 8

YOU'VE GOT APPROXIMATELY LITERS OF SOLUTION. WE NEED

" A SAMPLE, TURN THE SPARGER ON NOW AND I'LL LET THE LAB
'KNOW TO BEGIN. I'LL LET YOU KNOW WHEN I AM DONE.

The program initiates communication with the LDS System.
It informs the system that the GPW check tank, Measurement
Point 2-28 is ready for sampling and gives the Batch ID.
The LDS initiates the sampling routine by passing on the
information to the laboratory analysts.

This sequence now. increments the sequence code to 6, stores
the codes and time of sample request in the temporary file,
and signs off to await completion of sampling.

The sampling sequence for liquid waste measurements
requires the analyst to pull a specified number of samples;
the first two samples are analyzed for density and the
results must agree within limits. Analyses for acid molar-
ity and uranium concentration are also performed. When
these results are available, the laboratory system informs
the GPW waste measurement program that sampling is com-
plete. The program receives the results, stores them in the
temporary file, and informs the operator to proceed.

SAMPLING IS COMPLETE. SHUT DOWN THE SPARGER AND ADJUST
INSTRUMENT AIR PURGES SO I CAN TAKE MEASUREMENT DATA. CALL
ME WHEN YOU'RE READY,

The program then updates the code sequence, closes the

_temporary file, and signs off to await notification from.

the operator.

After the operator sets the purges and shuts down the
sparger, he recalls the program. The sequence code directs
the program to this sequence. The program responds to the
operator with:

I'M READY TO TAKE READINGS. SPARGES SHOULD BE OFF AND
PURGES SET. STOP ME NOW IF THINGS AREN'T SET. SHALL I
PROCEED (YES OR NO)?

The affirmative response sends the program to Sequence 8.
With a negative response, the program prints:

SET THINGS UP AND CALL ME BACK.

The program then signs off with the sequence code set to
bring it back to this sequence.

The program now calls for "After-Sampling” measurement data

from the RTP system. Comparisons are again made to check
instrument performance. These comparisons also include
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Sequence 9

' Sequencé 10

- Sequence 11

a)

"Before-Sampling” to "After-Sampling"” data checks. With
measurement data acceptable, the program skips to
Sequence 10. With problems indicated,!Sequence 9 is
initiated.

The appropriate error message is printed to the operator
and to the NMC line printer. If a program half is’
required, supervisory approval to restart is required. The

options provided are: (1) to continue to Sequence 10,

(2) return to Sequence 8 to remeasure "After—Sampling”

data, or (3) return to Sequencé 3 to remeasure "Before-

Sampling”™ data and resample the batch.

With measurements acceptable, the program calculates appro-

priate quantities and informs the operator:

YOU HAVE LITERS OF SOLUTION CONTAINING GRAMS
OF URANIUM.

It now moves directly to Sequence 1ll.
The program now asks:

WHERE ARE YOU SENDING THIS-~TO THE WASTE TANK (ENTER "W"),
TO RECYCLE ("R"), OR ENTER "H" FOR HOLD IF YOU WANT TIME TO
THINK. WHAT WILL IT BE?

If "W" is entered, the program responds with:

BE SURE YOU HAVE THE SPARGE ON DURING THE TRANSFER. LET ME
KNOW WHEN THE TRANSFER IS COMPLETE AND YOU HAVE SHUT -DOWN
THE SPARGE AGAIN AND SFT' PIJRGES.

It then updates the code to return to the next sequence,
closes the file, and signs off.

An option should also be provided, if "W"” 1s entered, to
check the quantity of material that will be transferred
against a preprogrammed limit. It should be noted that a
uranium concentration analysis was required in Sequence 6
before "sampling was complete,” unlike the, sampling mea-
surements for measurements described in Secctions 2.0 and
3.0, This allows calculation of uranium content of the
batch from a measured concentration. This quantity is
compared to a preprogrammed limit for batch quantity that
can be transferred to waste. If the quantity exceeds the
limit, an error message is printed to the operator and the
NMC line printer and supervisory approval is required to
proceed. An option is also provided at this step for the
operator to go back to the start of Sequence 9 and reassign
the transfer route.
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b)

c)

Sequence 12

Sequence 13

Sequence 14

Sequence 15

If "R" is entered, the program responds with:

BE SURE YOU LEAVE THE SPARGE OFF TO MINIMfZE TRANSFER OF
SOLIDS TO RECYCLE, LET ME KNOW WHEN THE TRANSFER IS COM-
PLETE. '

It then updates the codes to return to the next sequence,
closes the file, and signs off.

If "H” is entered, the sequence code is set to return the
program to this sequence after the operator decides on the
transfer route, It then signs off to await his action,

When the transfer is complete, the operator restarts the
measurement program and it returns to this sequence., - The
program asks the operator: g

I'M READY TO TAKE AFTER-TRANSFER MEASUREMENTS, YOU SHOULD
HAVE SPARGER OFF AND PURGES SET, SHALL I PROCEED (YES OR
NO)? = ' '

Again, depending on response, the program either proceeds
to Sequence 13 or signs off and awaits the operator to make
the appropriate settings after printing: :

-SHUT DOWN SPARGE, SET PURGES, AND CALL ME' BACK. .

The program calls for "After-Transfer” measurement data

from the RTP system, Appropriate comparisons are again

made and the program moves to Sequence 15 1if data are
acceptable. If problems are indicated, Sequence 14 is
started,

The appropriate error message is printed to the operator
and to the NMC line printer. As with all previous measure-
ments, the program may be halted and supervisory approval
to continue is required. The options provided here are to
continue to Sequence 15 or return to Sequence 13 to

remeasure "After-Transfer"” data. -

The program calculates "After—Transfer" quantities in the
waste tank and calculates the quantities transferred. The
program informs, the operator that:

YOU HAVE TRANSFERRED LITERS OF SOLUTION WITH
GRAMS OF URANIUM, TI WILL RECORD APPROPRIATE

INFORMATION AND RESET THE PROGRAM TO AWAIT THE NEXT BATCH.

The program now copies the appropriate information from the
temporary file to the base data file., It then prints the
Batch Transfer record to the NMC line printer. The program
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resets the temporary file to accept the data for the next
batch and signs off

4.3 Temporary Data File Description

The following data are recorded in the temporary file for the GPW check

tank.

Similar data are recorded for the HWW sample tank with applicable

instrument number changes.

1.
2.
3.
4.
5.
6.

7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
- 24,
- 25,
. 26.

27.
28.
29.
30.
31.
- 32,
33.
34,
35,
36.
37.
38-42,

Sequence Code

Lot No.

Batch No.

Date of Before-Sampling (BS) measurements

Time of Before-Sampling (BS) measurements

Operator Initials (Op. Init.) addressing program at time of BS
Measurements

LR-412 (BS)

LR-412-W (BS)

DR-416 (BS)

DR-416-W (BS)

TIJR-415~7 (BS)

Time of notification to LDS to sample

Sampling Time

Sample Log Number

Lab density result

Lab acid analysis result

Lab uranium concentration analysis result

Time of notification of sampling complete

Time operator notifies that sparge off--ready to measure
Date of After—Sampling (AS) measurement

Time of After—Sampling (AS) measurements

Op. Init., addressing program'at time of (AS) measurement
LR-412 (AS) '
LR-412-W (AS)

DR-416 (AS)

DR-416-W (AS)

TJR-413-7 (AS)

Time operator informs that transfer is complete

Date of After-Transfer (AT) measurements

Time of After-Transfer (AT) measurements

Op. Init. addressing program at time of (AT) measurement
LR-412 (AT)

LR-412-W (AT)

DR-416 (AT)

DR-416-W (AT)

TIR-415-7 (AT)

Transfer code (to waste or recycle) ‘
Codes indicating remeasurement, etc., to be determined later.
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4,4 Base Data File Description

1. Batch No.

2. Lot No.

3. Date of BS Measurement
4, Time of BS Measurement
5. LR-412 (BS)

6. LR-412-W (BS)

7. - DR-416 (BS)

8. DR-416-W (BS)

9. TJR-415-7 (BS)

10. Sample Log No.

11. Laboratory Density

12, Laboratory ut

13. Laboratory Uranium Concentration
14, LR-412 (AS)

15. LR-412-W (AS)

16. DR-416 (AS)

17. DR-416-W (AS)

18. TJR-415-7 (AS)

19, Date of AS Measurement
20. Time of AS Measurement
21. Date of (AT) Measurement
22. Time of AT Measurement
23, LR-412 (AT)

24, LR-412-W (AT)

25, DR-416 (AT)

26. DR-416-W (AT)

27. TJR-415-7 (AT)

28-33., Codes Indicating Remeasurement, Etc.
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5.0 NUCLEAR MATERIALS ACCOUNTING PROGRAM

The nuclear materials accounting program 1s used to define accounting

control units and to produce accounting, summary, and material balance.
reports. The accounting control units consist of individual measurement

batches, lots consisting of several batches, and inventory period

consisting of several lots. Each batch measured is automatically

incremented by the measurement programs to provide sequentially numbered

batches. A central measurement point data base file is utilized by the

accounting program., This data base file services all the programs,

i.e., accounting, measurement, and measurement control programs. The

accounting program is subdivided as follows:

(1) Lot/Inventory Period Programs
(2) MBA Transfers
(3) Input/Output Accounting:

* Accounting Report

« Summary Report

+ Material Balance Reports.

5.1 Lot/Inventory Period Program

5.1.1 Lot Control

The primary accounting control unit will be by lot, which consists of
several batches. Establishment of lots is determined from special
grouping needs such as analysis of input/output quantities or to facil-
itate referencing a group of data in place of individual items. The
Nuclear Materials Control (NMC) accounting office will designate 1lots
and will accomplish this via input/output device by manually inpatting
the start of each lot with the corresponding batch number.

5.1.2 Inventory Period Control

The accounting period for nuclear materials control is that period of
time between physical inventories. Several lots are usually included in
one inventory period and a lot terminates with the taking of a physical
inventory. The NMC office establishes the inventory periods by defining
the lots included in an inventory period. Inventory periods are sequen-
tially numbered as are lots. This information is entered into the data
base file via input/output terminals by NMC personnel. The program
allows for entering only the beginning lot number for an inventory
period pending taking of a physical inventory which establishes the
ending lot number. The inventory period designation separates the files
for producing material balance reports (MBR's). When an MBR is
requested, the program requests the inventory period it is for and
provides the MBR for those lots which are in the data base file for that
period.

The lot number then becomes assnciated with all applicable batches and
samples. Requests for data and status will be accomplished usually by
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lot number and may be lot summaries or listings of individual batches
within the lot, ' '

5.1.3 Other Routines

A need to correct entries should be provided. Since this may occur
after several batches have been completed, it will require changing the
base ‘data file for those batches involved. This routine could also be
used to structure the batches into different lot groupings for the
purposes of analyzing various input/output combinations.

5.2 Material Balance Area Transfers

5.2.1 Geueral Description

—.

Transfer of material from the uranium product sample tank to the
accountability tank will be used to demonstrate transfers of solutions
via pipelines between Material Balance Areas (MBA's). The objective of
this routine is to accomplish verification and acceptance of quantities
with a minimum of participation by MBA custodians,

The computer will make a comparison to determine if the two quantities
are within acceptable limits, It will alarm when the transfer is not
within the established band. The alarm will print out in the control
room advising them of the condition and a need for an overcheck. For
each transfer that occurs, there will be a hard copy transfer record
issued for the NM accounting office via the NMC line printer which shows
the quantities transferred and received, the difference, the acceptance
limit, and if the data were accepted or rejected.

Two cbmparisons for the mass (kilogram) of solution transferred versus
the mass of solution received are calculated. The first or preliminary.
comparison is based on a received quantity calculated from before-
sampling measurement data. The second or final comparison is based on a
received quantity calculated from after-sampling measurement data,

5.3 Input/Output Accounting

5.3.1 General Description

Four primary measurement points will be used to demonstrate accounting
and material balance rvutlines, Because the turnaround time for
obtaining analytical results of samples can be untimely, output data
will be based on preliminary results, as well as final results. The use
of less accurate preliminary results, however, will offer a means of
reporting status as near real time as possible., Each reported quantity,
therefore, must be coded as preliminary (P) or final (F). Additionally,
each summary total must be segregated by (P) or (F) status to advise the
user accordingly.
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Other 'needs include reporting the points to which material is trans-
ferred and points from which material is received. Batches recycled
back into process are excluded from input/output material balances; and
consequently, these must be segregated for that purpose. All line
items, therefore, will also be segregated by "received from” and
“transfer to” points,

Quantitative data to be reported includes liters of solution, kilograms
of solution, and grams of uranium, These will be reported on all
reports even though the liters or kilograms of solution do not enter
into material balance determinations,

-Other items to be reported are the sample log number for reference
purposes, the uranium concentration as milligrams uranium/gram for
-overchecking and evaluation needs, and the time of year applicable to
the measurements used,

.Three basic input/output (I/0) reports will be provided. These include
a detailed report. for each measurement point, which lists all the indi-
vidual batches and lots. The second is a summary-type report, for each
measurement point which only shows lot totals without the individual
batch details. :

The third report is a Material Balance Report, which is a consolidated
report of the individual I/0 reports except the quantities recycled,
i.e., rerouted back into the process from output points, are excluded
from the output totals when calculating the ending balance.

All output reports show the beginning inventory, total receipts, total
removals, and ending balance. This applies to each measurement point
report, as well as the Consolidated Material Balance Report.

5.3.2 Detailed Description - I/0 Reports

Two types of.output format will be requested. One consists of input/
output reports for each measurement point and the other is the materlal

balance for the four 1/0 points.

5.3.2.1 1I/0 Reports for Each Point

1/0 reports for each point will consist of the type detailed report
shown in Figure 5-1 or summary-type reports as explained in Section 5.4.
The format for these reports is similar. Explanations of columnar

headings and contents follow:

(1) Batch Number - the consecutively numbered batch number which is
assigned to each tank of solution measured.

(2) AS Measurement Date - date the after-sampling measurement was
made.
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(3
(4)
(5)

(6)

(7)
(8)

9).
(10)

(11)
(12)

(13)

Sample Log Number - the log number assigned by the analytical
laboratory.

Received From - the measurement point from which the material was
received and the batch number for the quantity transferred. It is
used to provide a ready means for comparing quantities transferred
and received between two points.,

U Conc. — Mg U/g — the uranium concentration calculated for the

preliminary results or the results from the analytical determina-
tions for the final values,

Code - There will be two types of calculations made. One will be
the preliminary (P), which is based on density and acidity level;
aud the secoud 18 final (F), which 1s based on the reported
uranium concentrations, Whenever a report is requested, the
program will go to the final uranium concentrations first to make
the calculations. If they are available, they will be used and
coded as (F) on the report. If not, the preliminary data are used
and coded (P) on the report.

Quantity Received - three quantities are reported consisting of
liters, kilograms of solution, and grams of uranium., Values are
reported to the nearest tenth of a liter or kilogram of solution

and whole gram of uranium.

Quantity Transferred - the three quantities transferred from the
reporting point are recorded as in the quantity received,

Destination - the measurement point to which the material was
transferred. It will also be coded with an (R) when material is
recycled.

Beginning Balance - the Ending Balance from the prior lot not
requested on the report, These values are entered manually by the
requestor. ;

Lot Number and Batches — identifies the lot number and subdivides
the report into lot groupings.

Batch Listing - below the lot heading, each batch number and all

the detail, Items (2) through (9), are recorded.

Lot Totals - the quantities received and transferred are summed

for all the batches in the lot, These totals are subdivided into

the "received from"” points for quantity received, "destination”
points for quantity transferred and by (P) or (F) codes.
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(14) Cumulative Lot Totals

* Subtotals - This section consists of the summations of the lot
totals by subtotals for preliminary and final results and by
each "received from” measurement point and destination point.

+ Grand Total - This is the total of all receipts and removals
for all the batches listed on the report.

(15) Ending Balance - the difference between the Beglnnlng Inventory
plus receipts less the quantity transferred.

5.4 Input/Output Summary Report

The format for the Summary Report is similar to the Input/Output Report
for a measurement, except it only shows summaries by lots without any
batch detail., In addition, the following sections are not required:

* Batch Number ‘
» After-Sampling Measurement Date
"+ Sample Log' Number
+  Uranium Concentration —- milligram uranium/gram.

The Beginning Balance is the same as for the Input/Output Report for
" each point, i.e., Section 5.3.2. The lot totals are provided in the
same manner, i.e., by "received from” points and "destination" points
for receipts and transfers, respectively, The appropriate (P) or (F)
" code is shown for each line entry. o ' :

The only difference between the input/outputvand the Summary Report is

that the individual batches are not listed  or shown on the Summary
Report. All of the lots on record for the inventory interval are

reported unless otherwise specified

5.5 Input/Qutput Material Balance Report (MBR) (Figure 5-2)

'The material balance is primarily a consolidated report of the
input/output reports for the four measurement points., Portions of the
routines for the summary reports (Section 5.4) are performed as follows:

(1) A beginning balance will have to be entered by NMC via the I/0
terminal from inventory reports and stored in the program for use
as needed. :

(2) The input accountability point (2003) will derive the quantities
as calculated and summarized from the summary report routine
(Section 5.4) for the quantity received. These received subtotals
provided for Section 5.4 summary reports will be.the same used in
the MBR.

(3) The output points will also derive the quantities as obtained in
(Section 5.4) summary reports., Since some of the batches at
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5.6

output points will be of a recycled (R) category, these are not
output quantities for the MBR. The (R) batches will be included
in the detail section and shown as (R) in the "To" section. The
totals recorded in the MBR section, however, will not have these
(R) quantities included.

Report Format

(1)

(2)
(3)

(4)

(5)

(6)
(7)

(8)

(9

The report period is for the time of year from the beginning date
to inventory date requested and the date of the following
inventory.

Date of rcport is the time of year the treport was prepared.

"From” and "To"” are the points from which the material was
received as input and the destination points for the output.
Reports are summarized for. each "To" and "From" within an input or
output point,

The code is the standard (P) and (F) for preliminary or final,
Each of the "To" and "From"” points are also subdivided for this
status. All totals and details are always coded by (P) or (F) to
advise the user accordingly.

The volumes and quantities are shown in a detail column, as well
as in a total MBR column which shows the totals of the detail.

Beginning inventory is the starting quantity for the.MBR interval,

Input -- Accountability Tank - In this section, the lots and
batches are included in the report. Since lots and batchce are
sequentially numbered, only inclusive numbers need be shown, e.g.,
Lot 1, Batch 1, through Lot 6, Batch 62. The total input is the
summation of all the "From" points and (P) and (F) status., If any
(P) status is shown, then .the total is (P).

Qutput - This is the same as described in the input for lots and
batches. An additional category is shown, which is the "R" for
recycle, The total for the MBR, however, does not have the
recycle included in it, '

The ending balance is the difference between the heginniug
inventory plus the input less the output.

A-38



INPUT/QUTPUT REPORT FOR MEASURDMENT POINT

DATE OF REPORT,
) -~
1 2 3 4 5 6 7 8 9

R . 2 Received U Conc. : ntity Received Quantity Transferred Destination

Batch No. xite . Log No. From - Mg.U/G | Tode | Liters | Kg.Sol. gU Liters | Kg.Sol. gy .
10. écginning Balance
11. fot No. 1

12

13. Lot Total

Lot No.

6€-V

lpt Total

14. | Cumulative Totals:

14-1. Subtotals T

Total F

Subt&tal P

Total P
14-2, GRAND TOTAL ‘ ; ‘ : -
1s-0. ENDING RALANCE

REPORT FORMAT 5.3 - NMC ACCOUNTING

FIGURE:- A5~1




oy-v

Beginning Inventory

Material Balance Report for Period

Date of Report

Input
2003 Acct. TKk.
lots 1-1 to 6-62

2003-Total for MBR

Outgut ;
009 Prod. Samp. Tk.

Tots 1-1T to 8-56

2009-Total for MBR

2023 HWW Samp. Tk
Lots I-T to S-35
MB

2023-Total for MBR

2028 GPW Check Tk.
lots 1-1 to 10-85

20287Total for MER

Ending Balance

"Erom" Detail
or "To" Code Liters Kg. Sol.” g. U
2001 P XX xx xx
2001 F xx XX xx
; XX xx XX
% lg E XX XX XX
h 4% bo g XX XX
% ué xx xx xx
Xz x xx xx XX
XX x XX xx xX
xx XX xx - XX xx
xz xx xx xx xx
XT x xx xx XX
xx x xx xX xx
xx XX . xx xx xx
Xz xx xx xx xx

REPORT FORMAT 5.5 - NMC ACCOUNTING

FIGURE A5-2

: MBR

Liters Kg. Sol. g. u

XX XX xx

XX Xxx xx

xx XX xx
xx xx XX

x=x
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6.0 MEASUREMENT CONTROL PROGRAM

6.1 General

The measurement control program provides for various checks and com-
parisons of measurement data to control measurement anomalies, prior to
acceptance into the base file, for trend and error analysis of stored
measurement data and for propagation of errors into limits of error for
material balance calculation. The various checks and- comparisons used
_to ensure reliable data are an integral part of the measurement se-
quence., These are specifically included in the discussions of measure-
ment sequences, They are presented here for continuity of measurement
control discussions. The methods, procedures, and output formats for
_the trend and error analysis programs are specifically discussed below.

Software development for propagation of errors into limits of error will
‘not be included in the Uranium Input/Output (U I/O) Demonstration
Program.

6.2 Controlling Measurement Anomalies

Comparisons of. measurement data are made to maintain measurement anom-
alies at a minimum, These comparisons are made at the time of data
generation using available measurement data. This allows timely appli-
cation of these comparisons and associated limits. Notification of
indicated problems is provided to initiate supervisory corrective actlon
' and ‘ensure proper measurement data are recorded.

The comparisons applied to control measurement anomalies are discussed
below. Methods to assign control limits are also presented, and levels
of action to respond to indicated problems are outlined. '

6.2.1 Specific Comparisons Within an Individual Measurement -

Specific instrument comparisons can be made within the data collected
for an individual measurement, Timely evaluation of these data and
notification to supervision when problems are indicated can indicate
instrument or measurement problems., Investigation and corrective
actions provide the control of measurement anomalies within individual
measurements., ' '

6.2.1.1 KRedundantr Instrument Comparisong

Specific instrument comparisons are made at the time of measurement
where 'two or more instruments are installed in parallel and are reading
the same differential pressure (whether level or density indications).
These comparisons are used to flag potential instrument problems. In
these cases, the second instrument is considered backup to the primary;
and comparison is made to the primary.
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Example: Ruska and Taylor instruments in parallel reading pressure
' differential indicating liquid level. The Ruska instrument is
considered primary and the Taylor 1in considered backup.

This comparison consists of:

| (Ruska) - B)-(Taylor)|‘§ control limit

D is the average difference experienced between instrument
readings in equivalent units. It should also be noted that
the control limits are specific to the instrument application.

They may change from measurement point to measurement point.

6.2.1.2 Process Density to Lab Density Comparisons

Process density to lab density (at 25°C) comparisons are made to provide
timely assurances that tank solution is mixed and that ‘both instrument
aud assoclated pirge lines are functioning satisfactorily. The calcu-
lated density from the primary density instrument(s) is compared to the
laboratory density result (at 25°C).

Process density is calculated as follows:

_ (differential pressure across density probes)*
Process Density = " (probe separation)

*Note that differential pressure across the density probes may be
obtained in two ways depending on instrument hookups. A differential
pressure transmitter installed across the two density probes measures
the differential pressure directly. A second method uses Ruska instru-
ments to measure differential pressure from the in—-tank reference to the
high pressure density probe (the same as level measurement) and to mea-
sure differential pressure from the in-tank reference probe to the low
pressure density probe. The difference between these two measurements
is the differential pressure across the density probes.

Process density is now compared to lab density (at 25°C) as follows:

| (process density)-(average density difference)-(lab density) | < control
limit '

6.2.1.3 Process Density to Process Density

When process densily 1s measured by the second method, as described in
Section 6.2.1.2 above, using Ruska instruments, Taylor determined den-
sity from direct measurement of differential pressure across the density
probes will also be available. Comparison of these two determinations
of density provides an additional check on instrument performance. '

The comparison between the two densities is as follows:

| (Taylor density)-(Ruska density) | < control limits

A-42



6.2.2 Comparisons Between Measurements

" During the routine measurement sequences, a number of "remeasurement”
situations occur, where a specific quantity of solution is remeasured at
a later time and comparison of the two quantities can be made. These
may take the form of "Before-Sampling” to "After-Sampling” -measurement
comparisons and "After-Transfer" to "Before-Receipt” measurement compar-
isons (referred to as replicate measurements), or between tank transfer
comparisons (referred to as redundant measurements). ‘

Timely application of these comparisons and supervisory review of indi-
cated problems serve to further control measurement anomolies or indi-
cate operational problems which may invalidate measurements.

6.2.2.1 Mass of Solution Comparisons — Replicate Measurements

Repeat measurements are provided in before-sampling to after-sampling
data and after-transfer to before-receipt data when it is available.
The mass of solution is calculated from data associated with each 1indi-
vidual measurement. These repeat measurements and associated repeat
determinations of solution quantities form the basis of solution compar—
isons to evaluate measurement system performance.

Comparison of ‘repeat measurements of solution masses involves the
following calculations:
- . . (1
- (1) Calculation of process density from process instrument data :
(differential pressure)
(probe separation)

D = process density =

(2) Calculation of "true” liquid level from primary liquid level mea-
surement data:

(liquid level d1fferential;pressure)( )
(process density)

= liquid level =
(3) Calculation of solution mass:
M = mass (kg sol) = [a0+a1(L)+32(L)2+a3(L)3...][D]

where ag, 3, a,..., are coefficients of vessel calibration
equations.

The comparison of the initial measurement (M;) and the remeasurement
(M,) is as follows:

(1)

In the case of comparison of heel measurements (after—transfer to
before-receipt) solution level may be below density probes and after-—
sample measurement of density from previous batch will have to be
used for both calculations.

(2)

Usually in inches of water.
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IMj-M2 | < control limits.

6.2.2.2 Mass of Solution Comparisons — Redundant Measurements

Redundant measurements are provided when a batch of solution is trans-
ferred from one tank to another. Quantities sent are calculated from
measurement data of the sending tank. Quantities received are indepen-
dently measured and calculated in the receiving tank. These redundant
measurements and comparisons allow timely review and indication of
potential problems with transfer mechanisms/procedures or individual
measurement performance.

For the Uranium Input/Output Program, this comparison is only to be
applied in the uranium product sample tank to accountability tank
transfer sequéncé., The specific calculations used in thls cowmparison
are provided in Section 7.1,

6.2.3 Establishing Control Limits

For each type of measurement comparison, specific control limits are
established at the 0.05 and 0.0l levels of significance. These control
limits are based on historical comparison data when available (or are
assigned by NMC when data are not available). Data for each comparison
are summarized over an inventory period (or a period determined by NMC).
By their nature, the comparison data are paired. The differences
between the pairs are subjected to statistical analysis to calculate
random error variance. This random error variance is the basis for
calculation of the specific control limit.

" The random error variance estimate for the paired data is calculated by
the following formula:

n 2 n 2
n z di - b} d,
&2 - i=1 i=1
n(n-1)
where: di = difference between original and repeat or replicate
measurement i. .
n = number of measuremento.
n
d = z di/n
i=1
s = standard deviation for the difference between measure-
ments.
NOTE: s/Y2 = standard deviation for an individual measurement.

Alternately, the variance may be calculated on a relative basis as
follows:




where: d ; = relative difference between original (0) and replicate
(R) measurement.
4 _ 0, - Ry
ri (01 + Ri)/2
n = number of measurements.
Y = coefficient of variation for the difference between two
_ mgasurements.
dr = T d n
i=1 ri
NOTE: Y/ /2 = coefficient of variation for an individual measurement.

After calculat1on of the applicable s orY , a confidence interval of
d +3s (or d +3y) is established. A comparison of each d, or d ‘is made
to the appropriate interval. Any di or di. that exceeds the ﬁimit is
“"flagged.” If any "flags" are encountereﬁ, the appropriate statistics
are recalculated excluding the “"flagged” value and the interval recal-
culated. Remaining di or dr quantities are compared. This iterative
process is applied until all remaining di or d ri fall within the
confidence interval.

Control limits are then set at 0.05 and 0.0l levels of significance
corresponding to 2 and 3 times the final calculated standard deviation
or coefficient of variation. This calculation is applied to historical
data for each of the measurement comparisons detailed above at the end
of an inventory period. The resulting control limits are used during
the subsequent period for measurement comparisons. . Specific control
limits and calculation parameters are identified in Section 6.3 below.

6.2.4 Response Levels of Action

The above calculated control limits are applied to measurement data as
it is generated to effect timely review and indication of potential
problems. This allows supervisory review and timely corrective action
when required to control measurement anomolies.

Specific applications of the various measurement comparisons detailed
above are included in discussions of measurement sequences, when control
limits at the 0,05 and 0,01 levels of significance alarm and corrective
action may be indicated. They are specific for each type of comparison.
The level of response depends on the importance of the measurement to
NMC ‘calculations. For example, an instrument comparison between a Ruska
and a Taylor which is outside the established control limit may result
in a calibration request for the Taylor. However, a before-sampling to
after—-sampling measurement comparison which is outside the control limit
would require a remeasurement or other corrective action.

For each measurement comparison, the difference (di or dri) is cal-
culated and compared to the applicable control limit.

A-45



(1)

(2)

(3)

(4)

If 4, or d_; € confidence interval at the 0.05 level of signifi-
cance, data are acceptable and stored in appropriate file;

If d; or dy > confidence interval at 0.05 level of significance
but < control limit at 0.0l level of significance, data are accept-
able for storage into the appropriate file. However, the measure-
ment is flagged and a message is printed to the NMC line printer
and to the Operations output terminalj;

If consecutive di or dj exceed confidence interval at the 0.05
level of significance; or

If & or dy exceed confidence interval at the 0.0l level of signi-
ficance, the measurement data are not acceptable fur use 1In the
waterials control and accounting program. A message is printed to
the NMC line printer and to the Operations output terminal. These
out—of-control situations may require immediate corrective action
depending on their importance to NMC measurements.

The level of response is dependent upon the type of comparison and the
importance of the measurement with respect to. Nuclear Material Control
calculations. In general, four levels of response can be identified for
measurement comparison:

(1)

(2)

(3)

The first level corresponds to data being acceptable. No action is
required and measurement sequences continue.

At the second level of response, 'a problem is indicated. The prob-
lem, in relation to importance in nuclear material control calcula-
tions, is of a minor nature. It does not directly impact measure-
ment performance but warrants attention in future comparisvus.
This level of response requires notification to the Central NMC
office and to Operations similar to the following:

"THE MEASUREMENT COMPARISONS FOR BATCH ARE MARGINALLY
ACCEPTABLE. FURTHER INVESTIGATION AND CORRECTIVE ACTION MAY BE
REQUIRED IF PROBLEM PERSISTS."

Further operator response is not required. The measurement
sequences continue.

At the third level, a prohlem is indicated that may well impact
measurement performance from an NMC standpoint. Notification is
provided to NMC via the NMC line printer and to Operations as
follows:

"MEASUREMENT COMPARISONS FOR BATCH INDICATE A PUTENTLIAL
PROBLEM. DATA SHOULD BE REVIEWED FOR INDICATED CORRECTIVE ACTION."

This level of response requires supervisor approval with initials

and nonprinting code to continue sequences. He may initiate cor-
rective actions in remeasurement, resample, etc. However, with
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supervisor approval, measurement sequences may proceed despite the
indicated out-of-control comparison,

(4) The fourth level of response results when a problem that impacts
nuclear material measurements has been detected. Notification is
provided to the NMC and to Operations as follows:

"MEASUREMENT COMPARISONS FOR BATCH INDICATE OUT-OF-CONTROL.
CORRECTIVE ACTION IS REQUIRED."

The message to Operations includes blank space for the supervisor
to document his finding and report corrective action to NMC. He
must investigate and resolve the discrepancy in the comparison
prior to restarting the sequence, Restart requires supervisor
initials and nonprinting code. The measurement sequences may not
proceed until resolution of the out-of-control comparison is
accomplished by remeasurement, resample, etc.

6.2.5 Specific Measurement Comparisons

Tables 6.2-1 through 6.2-4 detail the specific measurement comparisons
as detailed in Sections 6.2.1 and 6.2.,2 as they are to be applied to
input, product, and waste measurements during the Uranium Input/Output
Demonstration Program. The table shows the specific level of response
(as detailed in Section 6.2.4) to be applied when comparisons meet or
exceed applicable 0,05 or 0.0l confidence intervals.

6.3 Measurement Control Summary OQutput Reports

Summary reports of measurement control ‘activities are required on a
routine basis to:

(1) allow assessment of measurement performance,

(2) to establish control limits for the measurement comparisons, and

(3) to generate applicable random error estimates for application to
limits—-of-error calculations,

Each of the output summary programs include protection codes to allow
access by NMC only, Each of the programs allows summaries to be gen-—
erated bhy:

(1) batch numbers or series of batch numbers,
(2) lot numbers, or
(3) entire summary for an inventory period.

The output is structured to allow listings by batch in the summary as
well as summary totals,

These output summaries repeat the measurement control comparisons
described in Section 6,2, This must be accomplished to establish con-
trol limits. Most of the summaries also recalculate the same compari-
sons and additional comparisons using additional measurement data not
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available at the initial measurement. This allows review and evaluation
of measurement performance and estimates of random error components.

_,6.3;1 Accountability Tank

The accountability tank used for input measurements is fitted with
Taylor and Ruska level measurement instruments, The Taylor instrument,
reading in Z of full scale, provides the backup determination. Primary
level determination is provided by a Ruska instrument, installed across
the reference and high pressure probes. Backup measurement is also pro-
vided by a second Ruska installed between the reference and low pressure
(density) probe. Both Ruska instruments provide measurement in centi-
meters of water.,

‘Primary density determination is from laboratory analysis of a process
sample. Backup determination is from Taylor instrumentation and Ruska
measurements, Again, Taylor instrumeul output is in % of range while
Ruska output is in centimeters of water, Laboratory results are in
grams per milliliter.

6.3.1.1 Accountability Tank Level

For the accountability tank level, calculations are as follows. Summary
reports of the comparisons as outlined in Section 6.2.1.1 are presented.
The specific calculations for the input tank are as follows:

(1) Taylor Level
' LT = (LR=125 in %) X (2,15) X (2.54) = cm.

XXX o XX

(2) Ruska (primary)
Ly = direct read from LR-125-R, in cm. = cm.
XXX XX

Liquid level measurement data is recorded for before-receipt, before-
sampling, after-sampling, and after-transfer on each input batch
measured in the accountability tank. Comparison of level measurements
for each of these measurements is provided in the output.

(1) Ruska (primary) to Taylor
KXo XX
Cl calculated for BR, BS, AS, and AT measurements.
For before-sampling data and for after-transfer data, summary statistics
for the batches contained in the report are calculated. Calculation of

these statistics is as detailed in Section 6.2.3.

The format of the output report 1is shown in Table 6.3-1. The format
includes individual batch comparisons and summary statistics as shown.
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"Flagged" batches as described in Section 6.2.3 are also shown in the
Summary Report. ’ ‘

6.3.1.2 Accountability Tank Temperature

The input accountability tank is fitted with redundant temperative
instrumentation. For each measurement these are compared. The primary
temperature measurement is TJR-108-10. The backup measurement uses
TI-109. The comparison is as follows: ‘

C2 = (TJR-108-10) - (TI-109) = °C
XXX

The summary is included with the level measurement summary as shown in
Table 6.3-1.

6.3.1.3 Accountability Tank Density

For the accountability tank density comparisons, calculations are as
follows. The Summary Report includes comparison of lab density at 25°C
to process densities to establish the control limits for controlling
measurement anomolies (see Section 6.2). It also includes comparisons
of lab density adjusted to tank temperature to process measured densi-
ties to evaluate measurement performance. Adjustment of the lab density
to tank temperature is accomplished using an empirically derived rela-
tionship.

(1) Taylor Density
_ (DR-166 in % x .09 + 10

Dy 9.94 = g/ml
X . XXXX
(2) Ruska Density
(LR-125-R) -(DR-166~R)
= = 25.25 =____ g/m
X+ XKXXX
(3) Lab Density at 25°C
D;, at 25°C = direct from lab results = g/ml
.o - . X o« XXXX

This quantity is the average of two lab density analyses.
(4) :Lab Density at tank temperature

D at T = adjusted from lab result = g/ml

L X « XXXX

The above relationshiés may be calculated in before-sampling (BS) or
after-sampling (AS) measurements.

'To control measurement anomalies as described in Section 6.2, comparison
of lab density at 25°C to the after—sampling Ruska and Taylor densities
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is made. The summary report details these comparisons. To establish
measurement performance, several additional comparisons are made and
included in the summary.

(1) Lab Density at 25°C to After-Sample Ruska Density
C; = (DL at 25) - (DR) = g/ml

X o XXXX
For After Sample (AS) measurement only.

(2) Lab Density at 25°C to After—Sample Taylor Density
C = (DL at 25) - (DT) = g/ml

Ko XKXXX

Fur After-sample (AS) measurement ounly.
(3) Ruska Density to Taylor Density

Gy =D - Dy - ____ g/m

X « XXXX
For both Before-Sampling (BS) and After—Sampling (AS) data.
(4) Lab Density at Tank Temperature to Ruska Density
G = (D, at T) - (Dg) = g/ml
X+ XXXX
For both Before-Sampling (BS) and After-Sampling (AS) data.
(5) Lab Density at Tank Temperature to Taylor Density
Cs = (D, at T) - (Dp) = g/ml
X« XXXX

For both Before-Sampling (BS) and After-Sampling (AS) data.

For each of the above comparisons summary statistics are calculated as
described in Section 6.2,.3.

Table 6.3-2 slhows the output report format for the Input Tank Density
Measurement Summary. =~ "Flagged” batches identified during the calcula-
tion of summary statistics are indicated following the statistics.

6.3.1.4 Accountability Tank Replicate Measurements

For the accountability tank, repeat measurement data is available.
After-transfer measurements are made on the heel quantity remaining.
The heel is remeasured prior to receiving the next batch. Comparison of
these two measurements allows assessment of measuremcnt perfurmance and
detectiovn of teasurement problem at the heel level of measurement in the
accountability tank. Likewise, after a batch of input solution is
received, volume measurements are recorded. Samples of the process
solutions are then drawn for analytical determinations. The filled tank
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is remeasured after sampling. This repeat measurement is again used to
assess performance and detect errors on full tank measurements.

These comparisons are made for both process control measurement anoma-
lies and to assess random error components. In this sense, the summary
report must include both types of comparisons. The 'specific calculation
methods to be employed for . these comparisons are as follows:

(1) Ruska Level (primary)
LR = direct from LR-125-R in cm, = cm.
XXX o XX

For AT, BR, BS, and AS measurements.

(2) Lab Density at 25°C
D; at 25 = direct from lab results = g/ml
: X o XXXX

Note that D at 25 for the (AT) measurement and (BR) measurement is
the same and is the analytical result from the previous batch
density determination. Dy at 25 for BS and AS are the same but as
analyzed for the current batch. ' -

-(3) Lab Denéity at Tank Tempefature
D;, at T = adjusted from lab result = g/ml
X o XXXX

These densities are calculated AT, BR, BS, and AS from appropriate
lab densities using appropriate tank temperature measurement data.

(4) Process Control Solution Quantity
- ] =
LLpc = Lg/Dy at 25°C = cm
XXX o XX

Vpe = 9.4 + 0.9791(LLpg) + 0.73154 (LLpg) =0.00644532 (LLpg)°
1f 0 < LLpp< 23.1

Vpg = —217.62 + 24.010061(LLpg) + 0.011118(LLpg)>~0.000046 (LL pg) >

if 23.1 < LLp¢ < 85
Vpg = "245.24 + 24.9569 (LLpc)

if 85 < LLpp < 325

L Llpc £
= © liters
XAXX

Wpc = Vpc X D, at 25°C = kg

XXXX.X

calculate Wpc for AT, BR, BS, and AS. -
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(5) Accountability Solution Quantity
LLy = Lg/Dy, at T = cm
XXX o XX

]

9.4 + 0.9791(LLy) + 0.73154(LLy)* - 0.0064532(LL,)°
if 0 < LLy, < 23.0 cm

Va

-217.62 + 24.0100061(LLy) + 0,0011118(LL,)* - 0.000046 (LL,)>
1f 23.1 < LL, < 85 cm

-245.24 + 24.9569(LLA)
-if 85.0'5 LLy < 325 cm

= _ lilers

XXXX

WA VAXDLatT‘ kg

XXXX X

calculate Wy for AT, BR, BS, and AS.

For control of measurement anomalies, the process control measurement
comparisons are used. Random error variances are estimated from
accountability measurement comparisons. The specific solution quantity
comparisons and calculations are as follows:

(1) After-Transfer to Before—Receipt - Process Control
S = (wPC for AT) - (WPC for BR) = kg
: XXX

(2) Before-Sample to After-Sample - Process Control
Cp, = (WPC for BS) - (WPC for AS) = kg
XXeX

(3) After-Transfer to Before-Receipt - Accountability
Cy = (WA for AT) - (WA for BR) = kg
XXX

(4) Before-Sample to After-Sample - Accountability
G = (WA for BS) - (W, for AS) = kg
XX.X

The summary report details these comparisons for each batch, Summary
statistics are calculated as detailed in Section 6.2.3., Table 6.3-3
shows the format for the summary report. "Flagged"” batches as described
in Section 6.2.3 are identified in the summary report. ‘

6.3.1.4 Product-Input Comparison

For the Uranium Input/Output Demonstration Program, the quantities
transferred from the product tank are usually received in the account-
ability tank. These comparisons are based on independent measurements
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and provide for timely review of potential measurement problems in the
transfer system, procedures, and on measurement systems, These compar-
isons are summarized in the format of Table 6.3-4, '

6.3.2 Uranium Product Sample Tank

The uranium product sample tank is fitted with Taylor and Ruska level-
measurement instruments, The Taylor instrument reads in % of full
scales and is installed for backup determination of level. Primary
level determination is provided by a Ruska instrument installed across
the reference probe and high pressure probe, A second Ruska instrument
installed across the reference and low pressure (density) probes pro-
vides a second backup level measurement, Both Ruska instruments read in
centimeters of water,

Primary density determination is by laboratory analysis on process
samples. Backup determination is from a Taylor instrument across the
high pressure and low pressure (density) probe, This Taylor instrument
also reads in 7% of full scale. A second backup density measurement is
provided by the Ruska instruments,

For each Ruska measurement discussed below, it is assumed the measure-
ment has been adjusted  for zero. That is the "zero" reading has been

subtracted from the measurement,

6.3.2.1 Uranium Product Sample Tank Level

The specific calculations used in level measurements for the uranium
product sample tank are as follows: ’

(1) Taylor Level
.LT = (LR-239 in %) X (.97) X (2.54) = cm
XXX J XX

(2) Ruska (primary)
LR = direct read from LR-239-R = cm
' XXX XX

Each of the above quantities are calculated for before-sampling (BS),
after-sampling (AS), and after-transfer (AT) measurements for each batch
of product solution. The following comparisons are made for each batch
of product measured and are printed in the summary.

(1) Ruska (primary) to Taylor
C, = (LR) - (LT) = _cm

XX . XX
Cl calculated for BS, AS, and AT measurements,

Summary statistics are calculated for each of the above comparisons as
described in Section 6.2.3, The format in the output report is shown in
Table 6.3-1, "Flagged” batches as described in Section 6.2.3 are
indicated,
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6.3.2.2 Uranium Product Sample Tank Density

The specific calculations for density determination comparisons in. the
uranium product sample tank are as follows. The summary report includes
comparisons of lab density at 25°C to process density measurements to
establish control limits for the process comparisons described in
Section 6.,2. It also shows summaries of lab densities adjusted to tank
temperature compared to process measurements to establish random error
estimates.

(1) Taylor Density
_ [(DR-273 in %) x .09] + 10  _ ;
Dy = 10,1 =_____ gul

X, TR

(2) Ruska Density
- (LR-239-R) -(DR-273-R)

Dy 25.65 = ____g/ml
X XXXX
(3) Lab Density at 25°C
D, at 25°C = direct from lab results = g/ml

X s XXXX
"This quantity is the average of two reported lab densities.

(4) Lab Density at Tank Temperature
D; at T = adjusted from lab results = g/ml
X o XXXX .

Density measurements are made in before-sampling and after-sampling
measurements. Dy at T may be calculated for each of these measurements
using appropriate tank temperature measurement. Calculation of the
comparisons applied to density determinations is as follows:

(1) Lab Density at 25°C to After-Sample Ruska Density
Ci = (DL at 25) - (DR) = g/ml

X « XXXX

C1 is calculated for AS only.

(2) Lab Density at 25°C to After-Sample Taylor Density
C, = (DL at 25) - (DT) = g/ml
X e XXXX

Co is calculated for AS only,

(3) Ruska Density to Taylor Density
C3 = (D) - (p) =__ g/ml

X« XXXX

C3 is calculated for BS and AS.
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(4) Lab Density at Tank Temperature to Ruska Density
Cy = (DL at T) - (DR) = g/ml

X « XXXX
Cy 1is calculated for BS and AS.

(5) Lab Density at Tank Temperature to Taylor Density
Cs = (B at T) - (D) = g/ml

X « XXXX
Cs 1is calculated for BS and AS.

For each of the above comparisons, summary statistics are calculated as
described in Section 6.2.3, Table 6.3-2 shows the format for the output
summary. “Flagged” batches 1dentified during the calculation of summary
' statistics are identified.

6.3.2.3 Uranium Product Sample Tank‘Replicate Measurements

For the uranium product sample tank, repeat measurements in the form of
before-sampling measurements and after-sampling measurements are
available for comparison. This comparison is made at the time of
measurement using "process control” measurements to control measurement
anomalies. The comparison is made ‘using accountability calculated
quantities to assess measurement performance and establish random error
estimates. The specific calculations used in these comparisons are as
follows:

(1) Ruska Level (primari)'
B T direct from LR-239-R in cm. = cm
! XX o XX

(2) Lab Density at 25°C

D, at 25 = direct from lab results = g/ml
X « XXXX
(3) Lab Density at Tank Temperature
D, at T = adjusted from lab result = g/ml
. XoXXXX

This quantity must be calculated for BS and AS using the 1labd
density analytical result and appropriate measurement of tank
temperature,

(4) Process Control Solution Quantity
- (-]
LLPC = IR /DL at 25°C

1 2
Vpe = 68.63 + 10, 80859(LLPC) + 0. 7543094(LLPC)
0. OO92121(LLPC)
for O S.LLPC € 22.1 cm

A-55



2.613 + 18. 63934(LLPC) + 0. 36537(LLPC)
J 0.0015362(LLp¢ )
for 22.1 < Llpc < < 92.5 cm

651.938 + 0.795364(LL,~) + 0,523177(LL )
3 PC PC
0. 001977(LLPC)
for 92.5 < LLPC < 153.8 cm

= liters
XXXX.X

° =
Wpe = Vpo X D at 25°C = kg

KXKX o X
The above quantities are calculated for BS and AS.

(5) Accountability Solution Quantity
LLA =Ly /DL at T =

XX o XX

\Y = 68.63 + 10. 80859(LLA) + 0. 7543094(LLA)
"~ 0.009221(LL,)
for O é LLA < 22,1 em

= 2,613 + 18. 639%4(LLA) + 0 36537(LLA)
0. 0015362(LL )
for 22. 1 < LL, < < 92.5 cm

= 651.938 + 0. 72564(LLA) + 0. 523177(LLA)
0. 001977(LLA)
for 92.5 < LLy < 153.8 ¢m

= llters
XXXX o X

Wy =V, XD atT= kg's
XXXX o X

The above quantities are calculated for BS and AS.

The specific comparisons made on these calculated solution quantities
are as follows:

(1) Before Sampling to After Sampling - Process Control
= (ch for BS) - (WPC for AS) = kg
XX o X

(2) Before Sampling to After Sampling - Accountability

Cy = (wA for BS) - (WA for AS) = kg
XX X
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Summary statistics for these quantities are also calculated as described
in Section 6,2.3. Summaries are included in the format shown in Table
6.3-3 with "flagged” batches identified.

6.3.3 Liquid Waste Measurements (GPW Check Tank and HWW Sé@ple Tank)

Liquid ‘waste measurements are made in the GPW check tank or the HWW
sample tank, Both tanks are instrumented with Westinghouse transmit-
ters, ‘as primary level and density indications, and Taylor instruments
as backup. All of these instruments provide readout in % of full scale.
Forlphése tanks laboratory density results are considered as backup.

6.3.3.1 Liquid Waste Level Measurements

-The §pécific calculations to be applied for liquid waste level
mgasﬁrements are as follows:

(1) fWéstinghouse Level
for HWW Sample Tank

L, = (LR-419-W) X (2.50) = ____ inches
XXX X
for GPW Check Tank :
Lw = (LR-412-W) X direct = inches
XX.X
(2) ,Taylor level - - -
for HWW Sample Tank
LT = (LR-419) X (2.04) = inches
XX.X
for GPW Check Tank
Ly = (LR-412) X (,713) = inches
XX . X

Each -of the above quantities are calculated for Before-Sampling (BS),
After-Sampling (AS), and After-Transfer (AT) measurements for each batch
of waste transferred. The following level measurement comparisons are

made for each waste batch,

(1) Westinghouse to Taylor
Cy = (Lw) - (LT) = inches

XX.X

Summary statistics as described in Section 6.2.3 are calculated. The
summary is included in the summary report shown in Table 6.3-1.

'6.3.3.2° Liquid Waste Density Measurements

The specific calculations to be applied for liquid waste density
measurements follow., Primary density determination is with the Westing-
house instrument. Taylor instruments and lab density provide backup.
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(1) Westinghouse Density
for HWW Sample Tank

[(DR-430-W in %) x (.50)]

Dy = 9.50 =_____ g/ml’
X ¢« XXXX

for GPW Check Tank

b, - [(DR—416—W9:.[26%) x (.501 _ g/ml

X o XXXX

- (2) Taylor density
for HWW Sample Tank

- [(DR-430 in %) x .9] + 10

N 5730 p——L
’ X o XX XX
for GPW Check Tank
DR-416 in %) x .9] + 10
TS S R
: XoXXXX
(3) Lab density at 25°C
D at 25 = direct from lab result = g/ml
X sXXXX

Density measurements from Taylor and Westinghouse instruments are
calculated for BS and AS measurement data. Measurement comparisons
applicable to density determinations are as follows.

(1) Taylor to Westinghouse
Cr = (D)= (Op) = g/ul
X XXXX
C2 is calculated for BS and AS data.

(2) Westinghouse to Lab
C3 = (Q;) - (B, at 25) = g/ml

X . XXXX
C3 is calculated for AS data.
(3) Taylor to Lah ,
G = (D) -(Q at 25) =__ g/ml
X e XXXX

G, 1is calculated for BS and AS data.

Summary statistics are calculated as described in Section 6.2.3 and the
summary report output format is included in Table 6.3-2,
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6.3.3.3 Liquid Waste Replicate Measurements

For each of the liquid waste measurement points, as with the previous
measurement points, before-sampling measurement data are recorded; and
the batch is remeasured after-sampling. Comparison of these quantities
provides the estimate of the random error and assists in controlling
measurement anomalies. The specific calculations for these measurements
are as follows:

(1) Calculation of Solution Quantity (W)
for HWW Sample Tank
LL = Lw/Dw = d.nche\s
XXX .X

where L and D, as’ defined for HWW Sample Tank above.

V = 128,511103 + 20.966280 X LL = . liters
XXXXoX
W=VX Dw = kg
XXXX.X
for GPW Check Tank
LL =:Lw/Dw = inches
- XXX

where Ly and Dy as defined for GPW Check Tank above.

fl

\Y 24,86 + 15,2765415 X LL = liters

XXX X'

=
]

VXDy-= kg
XXX+ X

1% as»defined above is calculated for BS and AS data.

For each batch of waste the following solution quantity comparison is
made:

(1) Before-Sampling to After-—Sampling
Cg = (W for BS) - (W for AS) = kg
XX.X

Summary statistics are calculated and the summaries printed in the
format presented in Table 6.3-3.

6.4 Measurement — Measurement Control Relationship

The measurement sequences described in Sections 6.3, 6.3.2, and 6.3.3
include various comparisons. For each of these comparisons, a control
limit needs to be stored and accessible with the computer data system,
A listing of the limits to be used in the Uranium Input/Output
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Demonstration Program is presented in Table 6.4-1. These limits will be
periodically updated. Access to the update routine is to be
restricted.

The measurement sequences should provide for error messages, as des-
cribed in Section 6.2.2.(2) (3) (4), whenever applicable control limits

are exceeded.

6.5 Measurement Control Qutput Programs

The format for outputting various measurement comparisons used to
.establish control limits and/or develop appropriate error estimates is
provided in Tables 6.3-1 through 6.3-4. The data for these comparisou
calculations are obtained from the base data file. The calculation
routines for these data are described in Section 6.3,

6.5.1 Sequence Description

To obtain a measurement control program output, the following sequences
would be followed:

Sequence 1

The user would input a code assigned for measurement control activities.
This would initiate the program which would request user's initials.

Sequence 2

Appropriate initials would result in a request for authorization code.
This should be a nonprinting code. 1If proper code is input, go to next
sequence; otherwise, return to Sequence 1.

Sequence 3

The program prompts for type of report needed as follows:

Report types are: LV = Level
DN Density
RP = Replicate
P1 = Product to Input
uc Uranium Concentration
Carriage Return = End of Reports

I

rn

Enter Report Type ?.

Sequence 4

The programs prompt f[or measurement point as follows:

Enter Tank ID or "All.,”
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Sequence 5

The programs prompt for beginning and ending batch for the measurement
point selected as follows:

For Tank ***************

Enter Beginning Batch # ?
Enter Ending Batch # ?
Sequence 6

Program is executed and printed-out on the NMC line printer.
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TABLE A6.2-1 _ N

INPUT MEASUREMENT COMPARISONS

79-V

Difference Difference Consecutive Differences Difference

Reference Comparison < 2s > 2s & < 3s 2s & < 3s > 3s

6.2.1.1 Redundant Inst. Comparison, a b c c
Level (us2 Ruska to Taylor)

6.2.1.1 Redundant Imst. Comparison, NA NA NA NA
Density

6.2.1.1 Temperature to Temperature ' a b c c

6.2.1.2 Lab Density to Process a b c c
Density (use Taylor)

6.2.1.3 Process Tensity to Process a b b b
Density

6.2.2.1 After-Treznsfer to Before- a b d d
Receipt

6.2.2.1 Before—Sample to After- a b d d
Sample

6.2.1.2 Quantity Sent to Quantity a ' b d d
Received '

(a) Comparison good, nc action required.

(b) Flag result for investigation - measurement sequence continues.

(¢) Flag result for investigation supervisory approval needed before proceeding.

(d) Out-of-control - correction action takan to be documented and approved by supervision.
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' TABLE A6.2-2

. PRODUCT MEASUREMENT\COMPARISONS

. Difference Difference - Consecutive Differences Difference

Reference : Comparison < 2s > 28 & < 3s > 2s & < 3s > 3s

6.2.1.1 Redundant Inst. Comparison, - a - b- : - ¢ c
Level (use Ruska to Taylor)

6.2.1.1 -Redundant Inst. Comparison, NA NA ' Co © " NA ' NA
Density

6.2.1.2 Lab Density to Process a b - c ¢
Density (use Taylor) : : - '

6.2.1.3 Process Density to Process a b b - b
Density ' - ; ' ’

6.2.2.1 After-Transfer to Before- NA NA NA NA
Receipt - - ’

6.2.2.1 Before-Sample to After- . a b d . d
Sample ‘ : i

6.2.1.2 Quantity Sent to Quantity NA v NA NA ' NA
Received : : :

(a) Comparison good, no action required.

(b) Flag result for investigation - measurement sequence continues.

(¢) Flag result for investigation supervisory approval needed before proceeding.

(d) Out-of-control - correction action taken to be documented and approved by supervision.
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TABLE A6.2-3

GPW MEASUREMENT COMPARISONS

Difference Difference Consecutive Differences Difference

Reference Comparison < 2s > 2s & < 3s > Z2s & < 3s > 3s

6.2.1.1 Redundant Irst. Comparison, a b c c
Level (use Taylor to Westing-— . :
House)

6.2.1.1 Redundant Irst. Comparison, a b - b b
Density (use Taylor to West-— '
inghouse)

6.2.1.2 Lab Densi:zy to Process o a b c c
Density (use Westinghouse)

6.2.1.3 Process Censity to Process NA NA NA NA

: Density :

6.2.2.1  After-Transfer to Before- NA NA NA NA
Receipt '

6.2.2.1 Before-Sample to After- a b : d ' d
Sample

6.2.1.2 Quantity Sent to Quantity NA- ' NA NA NA
Received ' :

(a) Comparison good, no action required. -

(b) Flag result for investigation — measurement sequence continues.

(c) Flag result for investigation supervisory approval needed before proceeding.

(d) Out-of-control - correction action takean to be documented and approved by supervision.
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TABLE A6.2-4

HWW MEASUREMENT COMPARISONS

Difference

Difference Difference Consecutive Differences

Reference Comparison < 2s > 2s & < 3s > 2s & < 3s > 3s

6.2.1.1 Redundant Inst. Comparison, a b c c
Level (use Taylor to Westing-
House)

6.2.1.1 Redundant Inst. Comparison, a b c c
Density (use Taylor to West-—
inghouse)

6.2.1.2 Lab Density to Process a b c c
Density (use Westinghcuse)

6.2.1.3 Process Density to Prccess NA NA NA NA
Density ‘

6.2.2.1 After-Transfer to Before- NA NA NA ‘NA
Receipt :

6.2.2.1 Before-Sample to After— a b d d
Sample

6.2.1.2 Quantity Sent to Quantity NA NA NA NA
Received LT T :

(a) Comparison good, no action required. .

(b) Flag result for investigation - measurement sequence continues.

(c) Flag result for investigation supervisory approval needed before proceedlng.

- ¥ ~,

(d) Out-of-control — correction action:taken to be documented and approved by supervision.
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TABLE A6.3-1

TANK LEVEL COMPARISONS
SUMMARY REPORT FOR BATCH-TO-BATCH DATE

Batch
No, Be fore~Receipt ) Befcre-Sample ) oo After-Sanple After-Transfer
Primary level Pri-Tay TJR-TE Primary Llevel Eri-Tay TJR-TL Primary Level Pri-Tay TJR-TL Primary Level Pri-Tay TJR-TI
co, ca. °C cm. e, °c cao. cm. s cm. cw, °c
The following items are printed (Ek = Before-Beceipt, BS = Before-Sample, AS = After-Sample, AT = After-Transfer).
BR-Lg BR—Cy BR-C2 BS-lg BS-C1 BS-Cy AS-Lg AS-C: AS~Cy AT-Lg AT-C) AT-C2
XXX . XX XX . XX AX X XXX XX XX . XX XX XX XXX . XX XX XX AX . XX XXX . XX AX XX XX . XX
Summaries are provided for Before-3amp.e and after-Tramsfer Data Only.
Summaries:
N =
XXX XKX XXX XX xx xXx XXX XXX EXX xAXX XXX xZXX
avg =
XX XX XX XX XX JXT XX XK XK. XX XX XX XX . XX XX . XX X2 . XX XX XX XX, XX XX XX
S =
XX XX XK XX XX .XZ XX XK XK. XX XX .XX XX XX XX . KX X2 .XX XX XX XX (XX XX.XX
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TABLE 46.3-2

TANK DENSITY COMPARISONS
SUMMARY REPORT
FOR BATCH-TO-BATCH

Date:

Bat:h * Before Sampling ' After Sampling
No. Ruska Lab at 25 Lab at 25 Lab at T Lab at T Lab Den Lab Den Ruska Lab at 25 Lab at 25 Lab at T Lab at T
To Taylor To Ruska To Taylor To Ruska To Taylor ‘at T at 25 To Taylor To Ruska To Taylor To Ruska To Taylor

The following items are printed under these -headings.

C3 for BS C1 for BS C2 for BS Cu for BS Cs for BS Dy, at T Dy, at 25 C3 for AS C» for AS C1 for AS Cy for AS Cs for AS
X o KXXX X o XXXX X o XXXX X o XEXX X.XXXX  KJXXXX  X.XXXX  XXXXX X o XXXX X «XXXX X o« XXXX X o« XXXX

Summary statistics are provided for each of the comparisons.

N =
XXX XXX XXX XXX - XXX XXX . XXX XXX XXX XXX
Avg =
‘XeXXXX . XoXXXX Xo XXXX X o XXXX. X+ XXXX XoXXXX . X.XXXX X+ XXXX X « XXXX X « XXXX
5 = )
X o XKXXX X o XXXX X XXXX X o XXXX X+ XXXX ; .. XeXXXX Ko XXXX XeXXXX, .  XoXXXX X o« XXXX
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TABLE A6.3-3

MEASUREMENT POINT REPLICATE DATA
SUMMARY REPORT
FOR BATCH-TO-BATCH

Date:
Batzh '
No. Frocess Contrcl Accountability
AT to BR BS to AS AT to BR BS to AS
BS—AS Kg Sol BS—-AS

Kg Sol AT-BR Kg Sol BS—AS Kg Sol

The following items are printed under these headingé.

WA at BS Cq

XXXX X XXX

WPC at AT Gy Wpc at BS Cp WA at AT C:
XXXX X XX.X XXXX.X XXX XXXX.X XX .X
Summary statistics are provided for each of the comparisons.
N = .
XAX XXX XXX XXX . XXX XXX
Avg =
XXXXX o ¥ XX o ¥ . EXXXX.X XX.X XXXXX . X XX . X
S =
XXX X XX.¥X XXX X XX « XX . XXX.X  XX,XZX
o @ ® o




TABLE A6.3-4

PRODUCT/INPUT COMPARISONS

Date:
‘ Transferred-
Product Batch Input Batch Received.

_Batch No.. kg Sol kgU Batch No. kg Sol kgU kg Sol  kgU

=
(1]
[
=]

"

A-69

.t -



TABLE A6.4-1

MEASUREMENT CONTROL
BASE DATA. FILE BY
MEASUREMENT POINT

Date:
Description Measurement Points
Factors for Control Limits(1) For 2-03 2-09  2-23  2-28
D s n s D 8 D s
0 Ruska-Taylor Comparisons T X X X X - - - -
1 Westinghouse4Taylof Comparisons -— - - —-— X X X X
2 Aft;er Transfer-Before Receipt . X ' X T ) '
3 Before Sampling-After Saumpling X X X X X X X 'x
4 Lab Density-Ruska Density X X X X S _;
5 Lab Density-West. Density - - - - X X X X
6 Lab Density-Taylor Density - X X X X X X X X
7 Ruska Density-Taylor Density X X X X _— = = e
8 West. Density-Taylor Density - -= - -+ X X X X
9 Input-Product kg Sol X X X X - —-A - —
10 Input-Product kgU X X X X - - - -
11 Ruska Level - Ruska Density X X X X - - - -

(1) These limits require periodic changing. Restricted access to this update
routine is required.
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7.0 CALCULATION PROGRAMS

This section provides the detailed calculation routines to be applied
throughout the Uranium I/0 Demonstration Program. For this section the
term "Process Control” 1s used to describe calculations that are made on
measurement data at the time it is generated. The term "Accountability"
"is used to describe the equations to provide the most accurate data to
be applied to material balance calculations, ‘

7.1 Input Measurements — Accountability Tank

7.1.1 Measurement Parameter Calculations

(1) " Taylor Level
Lp = (Direct Read LR-125) X (2.54) = cm
' XXX o KX

(2) Ruska (primary)
LR1 = direct read -from LR-125-Rj in cm. = cm
XXX o XX
Note Ruska measurement corrected for zero.

(3) Ruska (backup)
LR2 = direct result on LR-125-R2 in cm. = cm.
, XXX o XX

Note Ruska measurement corrected for zero.

(4) Taylor Density

(Direct Read From DR-166)
Dp =~ 9.94 =~ _____g/m

X o XXXX

(5) Ruska Density

(LR-125R - DR-166R) ‘
= 25.25 =  g/ml
X ¢ XXXX '

Note both Ruskas corrected for zero.
(6) Lab density at 25°C
Dp at 25 - direct from lab results = g/ml
X o XXXX
This quantity is the average of two lab density analyses.
(7) Lab density at Tank Temperature

D;, at T = adjusted from lab result = g/ml
X o XXXX
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(8) Tank Temperature (primary)
TJR-108-10 direct read in °C = °C
T XXX

(9) Tank Temperature (backup)
T1-109 direct read in °C = °C
XXX

7.1.2 Liquid Level Calculation - Process Control

(1) For Before-Receipt
LLpe for BR = LR for BR/DL at 25 (from previous batch) =
cm, :
HEi, AR

(2) For Before-Sampling

LLpe for BS = LR1 for BS/(Dp for BS) = ‘cm
XXX o XX
Llpc for BS = Iy for BS/D;, at 25 for this batch = cm
XXX o XX
when lab data available.
(3) For After-Sampling
Llpc for AS = Iz, for AS/(D, at 25 for this batch) =
XXX XX
(4) For After—Transfer
Llpc for AT = LR1 for AT/D;, at 25 for this batch) = _om.
: XXX o XX

7.1.3 Liquid Level - Accountability

(1) For Before-Receipt
LL, for BR = 1R1 for BR/D; at BR-TJR from previous batch =

XXX o XX

(2) For Before-Sampling
LLy, for BS = LRI for BS/Dy, at BS-TJR for this batch

XXX XX |

(3) For After—Sampling
LLA for AS = LRl for AS/DL at AS-T.JR for this batch =
XXX o XX
(4) For After—-Transfer
LFA for AT = LRl for AT/DL at AT-TJR for this_batch =
XXX o XX
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(5) Liquid Level using Backup Ruska

LR
LL = 2 + (25.25)
DL at tank temp.
for any calculation (BS, AS, etc.) = cm.,
’ : : | XXX XX
or LR2
LL = Dy, at Tank Temp. and use alternate calibration équations

(not included in this section).

7.1.4H'Volume - Process Control

= 3
Vpg = 944 + 0.9791(LLpc) + 0.73154 (LLpg) -0.00644532. (LLpc)
if 0 < Lipe< 23.1
Vpc = 217.62 % 24.010061(Lipe) + 0.011118(Lipc) —o.oooo46(LyPC)3
1f 23.1 < Llpg < 85
Vpe = —245.24 + 24.9569 (LLpc)

if 85 < Llpg <.325

= liters
XXXX

Use éppropriate LLpc for BR, BS, AS, and AT to calculate Vp; for BR, BS,
AS, and AT.

7.1.5 Volume — Accountability

9.4 + 0.9791(LLy) + 0.73154(LLy)? - 0.0064532(LL,)°
if 0 < LLy £ 23.0 cm :

Va

~217.62 + 24, 0100061(LL ) + 0. 0011118(LLA) - O.OOOO46(LLA)3
if 23.1 {LL < 85 cm - R

]

-245.24 + 24.9569(LQA)
if 85.0 < LLy < 325 cm

= - liters
XXXX

Use appropriate LL, for BR, BS, AS, and AT to calculate V, for BR, BS,
AS, and AT. - _

7.1.6 Solution Quantity — Process Control

(1) For Before-Receipt
WpC forkBR = (V¢ for BR) X (D; at 25 from Previous Batch) =
g :

XXXX.X
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- (2)

(3)

(4)

For Before-Sampllng i
W, for BS = (V. bC for BR) X (DT for BS) = kg

XXXX o X
or
Wpo for BS = ( bc for BS) X (DL'at 25 for this batch) =
) XXXX o X
when analytical results become available.
For After—Sampling :
W for AS = (Vpc for AS) X (D at 25 for this batch) =
XXXX X
For After=-Trancfor
Wpoo for AT = (VPC for AT) X (DL at 25 for this batch) =
XXXX o X

7.1.7 Solution Quantities — Accountability

(1)

(2)

(3)

(4)

For Before—Receipt

W, for BR = (Vy for BR) X (4, at BR-TJR for previous batch) -=

kg’

XXXXeX

For Before—-Sampling

WA for BS = (YA for BS) X (DL.at BS~TJR for this batch)
kg

XXXX X

For After—-Sampling
WA for AS = (YA for AS) X (DL at AS-TJR for this batch)

SN -
XXXK X

For After—-Transfer

Wy for AT = (WA for AT) X (D, at AT-TJR for this batch)
_ ke |
XXXX.X

7.1.8 Uranium Concentrations

(1)

(2)

For Process Control

(D, at 25 - 1,001) + .032 (Acid Molarity)]

Upc = X 238.12

.318
g/l

XXX « XX

For Accountability
UA = direct from lab results

mg/g
XXX+ XX
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7.1.9 Uranium Quantities

(1)

(2)

For Process Control
MPC = VPC X UPC X .00l =

Calculate MPC for BR from U
for BS, AS, and AT from U

For Accountability

M, =W, XU, = kg U
A A A XXXX X

kg U

XXXX X

P from previous batch, Calculate MPC
or this batch. -

Calculate M, for BR from U frop previous batch. Calculate MA for
BS, AS, and AT from U, for this batch. ’ :

7.1.10 Uranium Quantities Transferred/Received

(1)

(2)

(3)

(4)

7.1.11

XXXX X

XXXX X -

For PC quantities recelved
QPC-R = (MBC from this batc
kg

"XXXX,.X

For PC Quantities Sent
Q-
PC~S kg U
For A Quantities Received

Q,_
A-R ke Ay

XXXX.X -

For A Quantities Sent

Qu_
A-s T Ay

h BS)

= (MPC from this batch BS) - ( Mpe from this batch AT)

= (M from this batch BS) - (M from prev1ous batch AT)

—'(MPC for previous batch AT) =

(MA from this batch BS) - (M, from this batch AT) =

Solution Quantities Transferred/Received

(1)

For PC Quantities Received

Spc-R = (W__ from the batch BS) - (WPC from previous batch AT) =

kg'gcsol

XXXX . X

Note Wp for this batch BS may be calculated either of two ways

from Section 7.,1.6(2).
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(2) For PC Quantities Transferred
SPC—S (,PC from this batch BS) - (wPC for this batch AT) =
kg's sol
XXXX X

Note Wp. for this quantity is only calculated by the second method
of Section 7,1.6(2).

(3) In A Quantities Received
SA-R = (WA ‘for this batch BS) - (WA from previOus batch AT) =
kg's sol
XXXX.X

(4) For A Quantities Transferred
SpA-§ = (WA for the batch BS) - (w from this batch AT) =
kg's sol
KXXK.X

7.1.12 Solution Volumes Transferred/Received

(1) For PC.Quantitiee Received
RPC R = (VPC from this batch BS) - (VPC from previous batch AT)

liters

n

XXXX

(2) For PC Quantities Transferred
= (V,. from this batch BS) - (V
PC Slltergc ' PC
XXXX

from this batch AT) =

(3) For A Quant1t1es Received
A—R = (YA for this batch BS) - (V for previous batch AT) =
liters

XXXX

(4) For A Quantities Transferred
Ry g = (YA for this batch BS) - (V for this batch AT) =
liters

KXXX

7.1.13 Measurement Control Calculations

(1) Ruska (primary) to Taylor
Cl = (LR ) - (LT) = cm.

1 XX XX
Cl calculated for BR, BS, AS, and AT measurements,
(2) Lab density at 25°C to After Sample Ruska
C2 = (DL at 25) - (DR) = g/ml

X .XXXX

For after sample (AS) measurement only,
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(3) Temperature .
C3 = (TJR-108-10) - (T1-109) = °C
XXX
(4) Lab density at 25°C to After Sample Taylor
Cy = (D at 25) - (D) = _ g/ml
X o XXXX
For after sample (AS) measurement only,
(5) Ruska density to Taylor density
Cs =D - Dp = g/ml
X« XXXX
For both before-sampling (BS) and after-sampling (AS) data.
(6) Lab density at Tank Temperature to Ruska .
Ce = (D, at T) - (k) = g/ml
X« XXXX
For both before-sampling (BS) and after-sampling (AS) data.
(7) Lab density at Tank Temperature to Taylor
G = (g at T - (@) = g/ml
X« XXXX
For both befofe-sampling (BS) and after-sampling (AS) data.
(8) After-Transfer to Before-Receipt - Process Control
Cg = (W for AT) - (W for BR) = kg
. XX.X
(9) Before-Sample to After—Sample - Prdcess Control
Cg = (Wpg for BS) - (Wpo for AS) = kg
XXX
(10) After-Transfer to Before—-Receipt — Accountability
Ci10 = (Wy for AT) - (Wp for BR) = kg
(11) Before-Sample to After—Sample - Accountability
Ci1 = (Wp for BS) - (Wp for AS) = kg
XX+ X
7.2 Product Measurement Uranium Product Sample Tank
7.2.1 Measurement Parameter Calculation
(1) Taylor Level : _
Ly = (Direct Read From LR-239) X (2.54) = cm
XXX . XX
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(2) Ruska (primary)
IRI direct read from LR-239R = cm
XXX o XX

(3) Ruska (backup)
Lg, = (DR-239R in cm) = cm
XX o XX

(4) Taylor Density

(Direct Read From DR-273) .
Dy = 10.15 - 8/wl
X « XXXX

(5) Ruska Density.

(LR-239R) - (DR-239R)

Dg = 25.78 =__  g/ml
. X o XXXX

(6) Lab Density at 25°C
D; at 25°C = direct from lab results = g/ml
. X « XXXX

This quantity is the average of two reported lab densitiés,

(7). Lab Density at Tank Temperature
DL at T = adjusted from lab results = g/ml
X+ XXXX,

(8) Temperature
: T = TJR-208-17 direct read = °C
XX.X

(9) Liquid Level Using Backup Ruska
Rz

+ (25.7 =
LL DL at tank temp. ( 8) —_
XXX . XX
or
LR
LL = 2 and use alternate calibration equations (not

D;, at tank temp.

included in this section).

7.2.2 Liquid Level - Process Control

(1) For Before-Sampling

L, for BS = LRl for BS/DT = cm
XXX o XX
or
LLp for BS = LRl for BS/DL at 25 = cm
XXX o XX

when analytical density available.
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(2) For After-Sampling

LLpc for AS = Ly for AS/DI‘at 25 = __ cm
XXX« XX
(3) For After-Transfer
LLp, for AT = LRl for AT/DL at 25 = cm
7.2.3 Liquid Level - Accountability
(1) For Before-Sampling
LFA for BS = I.Rl fpr BS/%J at TJR-BS = cg
XXX o« XX
(2) For After-Sampling
LL, for AS = LRl for AS/D.L at TJR-BS = cm
. XXX o XX
(3) For After-Transfer
LLA at AT = L, for AT/D at TJR-AS = cm.
A L
) XXX o XX
7.2,4 Volume - Process Control
- ; 2 -
VPC 68 63 + 10. 80859(LLPC) + 0.7543094(LLPC)

0. 0092211(LLPC)

for 0 < LL < 22.1 cm
2.613 + 18, 63934(LL ) + 0. 36537(LL 2 -
0.0015362(LLP c PC

for 22.1°% Li,, < 92.5 cm

651.938 + 0.79564(Llpn) + 0.523177(LL,.)? -
0.001977(Llpg ) ? ¢ e’
for 92;5 < LLPC 5_153 8 cm

= liters
XXXXoX

Use appropriate Llpc for BS, AS, and AT to calculate Ve for BS, AS, and
AT.

7.2.5 Volume - Accountability

\Y

A ‘=68.63 + 10, 80859(LLA) + 0, 7543094(LLA)
0.009221(LL,)
for O % LLA < 22.1 cm

]

2.613 + 18.63934(LL,) + O. 36537(LL,)? -
0.0015362(LL,)? |
for 22,1 < LL, < 92.5 cm
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= 651,938 + 0.79564(L9A) + 0.523177(LL, ¥ -

0.001977(LL, )3

for 92%5

A

< LQA < 153.8 cm

= ~ liters
XXXX e X

Use appropriate LL, for BS, AS, and AT to calculate \k for BS, AS, and

AT.

7.2.6 Solution Quantity - Process Control

(1)

(2)

(3)

For Before—-Sampling

Wy for BS = (Vp. for BS) X (Dp for BS) = kg’

or

For After-Sampling

For After-Transfer

XXXX o X
when analytical results become available.
Wpe for AS = (Vpe for AS) X (D at 25 for this batch) =
Wpe for AT = (Vpo for AT) X (Dp at 25 for this batch) =

XXXX.X

‘ Wpc for BS = (VPC) X (DL at 25 for this batch) =

7.2.,7 Solution Quantities — Accountability

(1)

(2)

(3)

For Before-Sampling
Wp for BS = (Vp for
kg

XXXX.X

For After-Sampling
Wp fur A8 = (V fue
kg

XXXX.X

For After—-Transfer
Wp for AT = (Wp for
kg

XXXX ¢ X

BS) X (Dp, at BS-TJR for this batch)

A3) X (D, at A3 TJR for this batch)

AT) X (D, at AT-TJR for this batch)

A-80

kg

XXXX X

kg

XXXX.X



7.2.8 Uranium Concentrations

(1) For Process Control
. (D, at 25 - 1.001) + .032 (Acid Molarity)
Upc = .318

g/l
XXX, )FX

X 238.12 =

(2) For Accountability
U, = direct from lab results = ng/g -
XXX+ XX

7.2.9 Uranium Quantities

(1) For Process Control
' Mpe = Vpe X Upe X .001 = kg U
. ‘ | XXXX.X

Calculate MPC for BS, AS, and AT.
(2) For Accountability

My, =W, XU, = kg U
XXXX o X

Calculate M, for BS, AS, and AT.

7.2.,10 Uranium Quantities - Transferred/Received

(1) For PC Quantities Received
Qpc-r = (Mpc from this batch BS) - (Mpc from previous batch AT) =
kg U '

XXXX.X

(2) For PC Quantities Sent
Qpc-s = (Mpc from this hatch BS) - (Mpg from this batch AT) =
kg U .
XXXXoX

(3) For A Quantities Received
Q-r = (My from this batch BS) - (M from previous batch AT) =
kg U .
XXXX o X

(4) For A Quantities Sent
Qa-g = (Mp from this batch BS) = (My from this batch AT) =
kg U
XXXX. X
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7.2.11 Solution Quantities - Transferred/Received

(15

(2)

(3

(4)

For PC Quantities Received

S = (W from this batch BS) - (W

from previous batch AT) =
PC-R kg'gcsol

PC

XXXX . X

Note W _ for this batch BS may be calculated either of two ways
from SE&tion 7.2. 6(2).

For PC Quantities Transferred :
S = (W from the batch BS) - (w for this batch AT) =
PC-S kg,PCSol

HRRX . X

Note W for this quantity is only calculated by the second method
of Sectfon 7.2.6(2).

For A Quantities Received
SA—R (WA for this batch BS) - (W for previous batch AT) =
kg's sol

XXXX X

For A Quantities Transferred
S = (W, for this batch BS) - (W for this batch AT) =
A-S A

kg's sol

XXXX X

7.2.12 Solution Volumes — Transferred/Received

(1)

(2)

(3)

For PC Quantities Transferred

RPC 5. = (VPC from this batch BS) -~
liters

(VPC from this batch AT) =

XXXX

For A Quantities Received
Ry R = (V for this batch BS) - (V for previous batch AT) =

liters

XXXX

For A Quantities Transferred
R = (V. for this batch BS) - (V for thls batch AT) =
A-S A

llters

XXXX

7.2.13 Measurement Control Calculations

(1)

Ruska (primary) to Taylor
Cp = g ) - @) =____ em.
1 XX XX
Cl calculated for BS, AS and AT measurements,
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(2) Lab Density at 25°C to After Sample Ruska Dens1ty
C; = (D at 25) = (D) = g/ml.
' X.XXXX

C, is calculated for AS only.

(3) Lab Density at 25°C to After Sample Taylor
= (DL at 25) - (DT) = g/ml
X o XXXX

C; is calculated for AS only.

(4) Ruska Density to Taylor Density
G = (D) - (D) = ______ g/ml

X o XXXX
C, is calculated fof BS and AS.

(5) Lab Density at Tank Temperature to Ruska Density
(D at T) - (D ) = g/ml S
X o« XXXX

C; is calculated for BS and AS.

(6) Lab Density at Tank Temperature to Taylor Density
Cs‘(D atT)—(D) g/ml
X XXXX -~

G 1is calculated for BS and AS.

(7) Before Sampling to After Sampling - Process Control
Cy = (WPC for BS) - (Wbc for AS) = kg
XXX

(8) Before Sampling to After Sampling - Accountabiiity
Cg = (wA for BS) - (wA for AS) = kg
' XX o X

7.3 Liquid Waste Measurement (HWW Sample Tank and GPW Check Tank

7.3.1 Measurement Parameter Calculations

(l) Westinghouse Level
for HWW Sample Tank

Ly = Direct trom LR-419W = inches
C XXX.X
- for GPW Check Tank
Ly = Direct from LR-412W = ‘inches
XX o X
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(2) Taylor Level

for HWW
Ly

for GPW

Ly

(3)

Westinghouse
for HWW

DW
for GPW

Dy

(4)

Sample Tank

Direct from LR-419

Check Tank

Direct from LR-412

Density
Sample Tank

_ (Direct from DR-430W)

inches

XXX

inches

XXX

0.50

Check Tank

Taylor Density

(Direct from DR-416W)

9.86

for HWW Sample Tank
(Direct from DR-430)

Dy

9.50

for GPW Check Tank
_ (Direct from DR-416)

(5)

(6) Temperature

9.86

Lab Density at 25°C
D at 25 = direct from lab result

for HWW Sample Tank
TJR = direct from TJR-414-5

for GPW Check Tank

TJR = direct from TJR-415-7

= g/ml

X.XXXX

g/ml
X «XXXX

g/ml

X o« XXXX

g/ml

X o XXXX

g/ml
X XXXX

XXX

e C

xx.x

Volume, and Solution Weight

7.3.2 Calculation of Liquid Level, Solution

(1)

For HWW Sample Tank

LL = L;/B; = inches

XXX.X

where I and I; as defined for HWW Sample Tank above.

v
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W=V X DW =" o kg. o
XXXX . X

(2) For GPW Check Tank - 1 : -'. . ‘.i,;

= Lw/Dw = inches
XXX

where Ly and D as defined for GPW Check Tank above.

24.86 + 15.2765415 X LL = . liters
' ' XXX.X

v

=
il

VD =_ kg's
XXX X

W as defined above is calculated for -BS, .AS, and AT data.

These quantities are used for PC and A applications.

7.3.3 Uranium Concentrations -

U

= direct from lab results = mg U/g - . -,

XX XX

7.3.4 Uranium Quantities

WXU-= _ grams

XXX, X

Calculate M for BS, AS, and AT quantities,

7.3.5 Uranium Quantities Transferred/Received - A ‘

(1) .Quantity Received

- Qg = M for: BS this batch - M for ‘AT last batch = _ grams
KKK X
(2) Quantity Transferred
QS M for BS this batch - M for AT last batch = __ grams
7.3.6 Solution Quantities - Transferred/Received
(1) Quantity Recelved
SR W for BS this batch - w for AT last batch = kg's
: XXXX X
(2) AQuantity Transferred :
SR W for BS this batch - W for AT this batch = kg's
XXXX . X
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7.3.7 Solution Volumes - Transferred/Received

(1) Quantity Received

RR = V for BS this batch - V for AT last batch liters

XXXX

RS = V for BS this batch - V for AT this batch liters

XXXX

7.3.8 Measurement Control Calculations

(1) Westinghouse to Taylor Level
G = () - (L) = inches
X

X. X
(2) Taylor to Westinghouse Density
Q= @) - (o) = g/nl
X o XXXX
C; is calculated for BS and AS data.
(3) Westinghouse to Lab Density
C3 = (D) - (D, at 25) = g/ml

X« XXXX
C3 is calculated for AS data.
(4) Before-Sampling to After—Sampling
Q, = (W for BS) - (W for AS) = kg

XXX

7.4 MBA Transfer Calculations

The only MBA transfer of concern is from the uranium product sample tank
to the accountability tank. The equations for this transfer comparison
are as follows.

7.4.1 First Pass Comparison

This comparison uses available before-sampling data in the accountabili-
ty tank and available transfer data in the uranium product sample tank,

MBAC; = [Wpc for BS (in acc't tank) - Wpc for AT of previous batch] -
[Spc-g for product tank]

NOTE: Wpc for BS is described in Section 7.1.6(2), first method.

Wpc for AT is described in Section 7.1.6(4).
Spc-s is described in Section 7.2.10(2).
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7.4.2 Second Pass Comparison

This comparison used lab results in accountability tank to make a
refined comparison.

MBAC2 = [Spp_p for acc't tank] - [Spn_g for product tank]

NOTE: Spc—g 1s described in Section 7.1.11(1).
SPC—S is described in Section 7.2.11(2).

7.4.3 Third Pass Comparisons

When all data is available a final comparison using accountability
calculations is made. This comparison is made on solution quantities
and total uranium transferred.

MBAC3 = [SA—R for acc't tank] - [Sp_g for product tank]

NOTE: Sp-gp is described in Section 7.1.11(3).
Sp-g 1s described in Section 7.2.11(4).

and

MBACy [QA—R for acc't tank] - [Qa_g for product tank]

NOTE: Qp-r is described in Section 7.1.10(3).
Qa-g 1is described in Section 7.2,10(4).
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1.0 INTRODUCTION

Measurement instrumentation associated with the Computerized Nuclear
Materials Control and Accounting System (CNMCAS) will be interfaced to
the central processing unit (CPU) through the remote (RTP) data acqui-
sition system (referred to herein as the RTP system), The RTP”System is
composed of real-time peripheral/preprocessor equipment including:

* Preprocessor — PPP 11/04, Digital Equipment Corporation

* Analog Controller - RTP Wide Range Analog Controller, Computer Prod-
ucts, Inc.

* Digital Contrdiler - RTP Universal Controller, Computer Products,
Inc.

g Temperature Compensator — RTP Uniform Temperature Reference Assembly,
-,Computer Products, Inc.

The RTP system scans selected process instrumentation, collects, stores,
and. manipulates instrument signals, and transmits instrument data to the
CNMCAS CPU. :

*
1

2.0 INSTRUMENTATION CONNECTED TO THE RTP SYSTEM

The RTP system currently receives and processes signals from four major
types of measurement instrumentation,

(1) Taylor and'Westinghouse differential pressure transmitters - the
pressure signals are converted to current (4 to 20 milliamperes).
The current is passed through a 62.5 ohm resistor which generates a
voltage signal (0.25 to 1,25 volts) which serves as the . input
signal to the analog controller. ' :

(2) Taylor Temperature transmitters - also input to the analeg con-
troller as a voltage signal.

(3) Type K thermocouples - the thermocouple signals are routed to a
temperature compensation unit, then input to the analog controller

as voltage signals,

(4) Ruska DDR-6000 precision pressure gauges — differential pressure
signals are routed from the Ruska DVMs as binary coded digital
signals to the digital controller, Signals are routed from the
digital controller to the preprocessor through back-to-back serial
interface units. The preprocessor must signal the Ruskas to "lock-
up” or stabilize via the digital controller prior to accepting each
Ruska signal.

Figure B2-1 presents a schematic of the RTP system.
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CNMCAS CPU PDP 11/35
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3.0 RTP SCAN MODES.

Three scan modes are required for initial operation of the RTP system.

3.1 Scan Mode 1

Scan mode is the basic scan made for sampling all process instrument
signals connected to the RTP system., The RTP system cycles through all
points continuously (except for higher scan mode 1nterrupt10n) and
stores only the latest instrument signal values,

3.2 Scan Mode 2

Scan mode 2 is activated at a programmed frequency and continues for a
programmed duration, Selected instruments requiring "averaged” signal
values and short-term storage of these are included in scan mode 2. To
support the Uranium Input/Output Demonstration Program a scan frequency
of four minutes and a scan duration of twenty seconds will be used. All
of the signal values from the instruments in scan mode 2 are collected
over the twenty-second duration, and the averaged value stored in the
core of the preprocessor. The last five "averaged” values are stored.

3.3 'Scan Mode 3 -

Scan mode 3 is similar in purpose and operation to scan mode 2 except
the. scan duration will be set at ten seconds and the last three
"averaged" values stored. Scan frequency will also be set at four
minutes, Scan mode 3 is activated two minutes after scan mode 2,

4,0 OTHER RTP SYSTEM REQUIREMENTS

4,1 Conversion to Engineering Units

The preprocessor converts analog instrument signal values (0.25 to 1.25
volts) to engineering units applicable to the particular parameter being
measured. The range of the instrument generating the signal is incorpo-
‘rated in the conversion process. Engineering units for the four instru-
ment types are as follows: :

. Taylor/Westinghouse differential pressure transmitters - inches of
water. '

. Taylor temperature transmitters - °C

. Type K thermocouples - °C

Ruska gauges - centimeters of water.
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The separation of the high pfessure and medium pressure instrument
probes is required to calculate density from density readout instru-
mentation. The relationship is as follows:

(Density Instrument Reading) + (Range Offset From 0)
Probe Separator

Density =

This relationship should be used in conversion of density signal values
to engineering units.

4.2 Alarm Points

Low and/or high alarm points for certain instruments are retained in the
preprocessor. At a programmed frequency, current instrument signal
values are compared to the alarm points and out-of-limit values printed
out L]

Alarm srarus can ailso be requested.

5.0 _RTP SYSTEM DATA

The tables contained in this section provide pertinent data on process
instruments connected to the RTP system, corresponding RTP connection
data, and cross-referencing information.

Table B5-1 — RTP Data Acquisition System RTP ~ Instrument Identification
and Parameter Data.

Table B5-1 presents the following:

+ Measurement point number for the process vessel (or stream), vessel
(or stream) name, and vessel equipment number.

« Instrument numbers for the associated vessel (or stream) instruments
connected to the RTP system.

» Process instruments connected to the RTP system and their symbols
are:

(1) Liquid level recorders and indicators - LR, LI*
(2) Density recorders and indicators - DR, DI*

(3) Temperature recorders and indicators - TR, TI, TJR

*Ruska instruments are identified with the suffix "R" after the instru-
ment number. Westinghouse instruments are identified with the suffix
"W" after the instrument number.



(4) Weight recorders and indicators - WR, WI
(5) Pressure recorders and indicators - PR, PI
(6) In-line monitors on process streams
(a) Alpha count rate recorders and indicators - AR, Al
(b) Neutron count rate recorders and indicators - AR, AI
(c) Uranium concentration recorder - AR
(d) Gamma count rate recorders and indicators — RR, RI
(e) Flow rate (solution) recorders and indicators - FR, FI
(f) Nitrite (NO2) concentration recorder - AR
(g) Conductivity (electrical) recorder - CR

(h) Gadolinium concentration recorder (count rate from n source
) monitored) - AR. ‘

+ Instrument type

+« Instrument range

» Scan mode

» Probe separation (for density instruments)
* Low and high alarm points.

* RTP connection data, i.e., the terminal board and channel number in
the analog controller to which the leads from a particular instrument
are connected.

The analog controller is identified as RTP-01l; the digital controller
as RTP-02., The digital controller channel numbers from the Ruska
instruments are noted in the "Comments"” column.

Table B5-2 'RTP-01 Channel Numbers Versus Instrument Identification
Numbers

Table B5-2 is used to correlate RTP-01 (analog controller) channel
numbers with applicable process instruments. The channels assigned to
the autocalibration board and RTID and REF signals from the RTP Uniform
Temperature Reference Assembly are also included. In addition, the scan
mode for each instrument is indicated.
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Table B5-3 RTP qurelation Table

Table B5-3 lists the process instruments connected to the RTP system by
type in ascending numerical order. The table is used to correlate
instruments with measurement point numbers and RTP-01l channel numbers.
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o o o @
TABLE B5-1
RTP DATA ACQUISITION SYSTEM
RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA
MEAS. PT. NO./NAME INSTR. INSTR. INSTR. SCAN PROBE LOW HIGH RTP-01
TANK EQUIP. NO. NUMBER " TYPE RANGE MODE SEP. ALARM ALARM TB NO. | CH NO COMMENTS
2-01 LR-121 Taylor 0-135"H2 0 3 105"H,0 11 81
Feed Surge Tank DR-164 Taylor 10-19"H, 0 3 10.47" 12 90
i 17-D-113 ) TJR-108-9 | Type K 1 45 356
2-02 LR-128 Taylor 0-290" 3 10 78
Dissolver Flush DR-167 Taylor 10-19" 3 9.93" 11 83
Accumulator TJR-108-11 | Type K 1 : 45 358
17-D-111 ] )
2-03 LR-125 Taylor 0-215"H2 O 2 183"H, 0 9 66
Accountability LR-125R Ruska 0-10 psi 2 RTP-02 (2517)
Tank DR-166 Taylor 10-19"H2 0 2 9,94" 11 82
18-D-101 DR-166R Ruska 0-10 psi 2 9.94" RTP-0Z (2513)
TJR-108-10 ]| Type K 1 45 357
TI-109 Type K 0-150°C 1 10 79
2-04 LR-420 Taylor 0-129"H,0 3 102"H,0 32 261
1 SF Tank DR-439 Taylor 9-14"H,0 3 9,93 33 258
42-D-433 AR-401 o Monitor 1 33 259
AR-402 NO2 Monitor 1 33 . 260
1 2-05 LR~-129 Taylor 0-285"H,0 2 ~10 /6
No. 1 Feed DR-168 Taylor 10-19"H,0 | 2 9.95" 10 74
Ad justment Tank TJR~-108-12 | Type K 1 45 359
17-D-103 .
2-06 LR-130 Taylor 0-285"H,0 | 2 9 65
No. 2 Feed DR-169 Taylor 10-19"H, 0 2 10.12" 9 68
Ad justment Tark TJR-108-13 | Type K 1 46 360
17-D-104 .
2-07 LR-235 Taylor 0-130"H,0 2 75"H, 0 15 117
off-Spec. Urarium {DR-269 Taylor 10-19"H20 2 9.83" . 16 120
Product Tank TI—
24-D-204
2-08 LR-309 Taylor 0-150"H20 3 90"H,0 - 18 140
Plutonium DR-335 Taylor 10-18"H,0 3 9.93" 18 143
Rework Tank TJR-305-3 | Type K 1 49 384
32-D-301
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RTP DATA ACQUISITION SYSTEM

TABLE B5-1
(continued)

RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA

MEAS. PT. NO./NAME INSTR. INSTR. INSTR. CAN PROBE LOW HIGH RTP-01
TANK EQUIP, NO. NUMBER TYPE RANGE ODE SEP. ALARM ALARM TB NO. | CH NO. COMMENTS
2~-09 LR-239 Taylor 0-97"H, 0 2 7.3" 73"H20 17 129
Uranium Product LR~239R Ruska 0-10 psi 2 RTP-02 (2514)
Sample Tank DR-273 Taylor 10-19"H20 2 10.10" 17 130
24-D~203 DR-273R Ruska 0-10 psi 2 10.10" RTP-0Z (2515)
TJR-206-17| Type K 1 47 370
2-10 LR-326 Taylor 0-105"H20 2 100"H20 21 161
Plutonium Product LR-326R Ruska Not Installed | 2
Sample Tank DE~374 Taylor 12.5- 20.5'"H,0] 2 10.0" 21 162
34~D-303 TJR-305-8 | Type K 1 49 389
2-11 LE-301 Taylor 0-190"H20 2 10"H20 180"H20 21 165
No. 1 LR-301R Ruska Not Installed | 2
Plutonium Produxzt DR-304 Taylor 12,5-20.5"H20 | 2 8.98 21 160
Storage Tank TJR-305-9 Type K 1 49 390
35-D-304
2-12 LR-302 Taylor 0-190"H >0 2 10"E,0 180"H 20 21 164
No. 2 LR-302R Ruska Not Installed | 2
Plutonium Product DR-312 Taylor 12.5-20.5 2 9.26 22 171
Storage Tank TJE-305-10] Type K 1 49 391
35-D-305
2-13 LR-303 Taylor 0-190"H20 2 10"H20 180 "H 0 25 198
No. 3 LR-303R | Ruska Not Installed | 2
Plutonium Product DR-321 Taylor 12.5-20.5"H20 | 2 8.80 25 199
Storage Tank TJE-305-11| Type K 1 50 392
35-D-306
2-15 LR-522 Taylor 0-160"H20 3 110"H 0 32 248
No. 1 Solvent DR-530 Taylor 8-10"H20 3 9.90" 31 245
System Feec Tank TJR-504-5 ] Type K 1 47 375
51~D-502
2-16 LR-507 Taylor 0-155"H20 3 110"H,0 26 200
No. 2 Solvent DR-510 Taylor 6-10"H20 3 9.88" 27 214
System Feed Tank TJR-509-8 | Type K 1 48 378
52-D-503
2-17 LR-305 Taylor 0-120"H20 3 18"H,0 90"H,0 17 131
IBP Surge Tank DR-329 Taylor 9-14"H20 3 10.22" 19 144
32-Dp-307 TIJR-305~1 Type K 1 48 382
& ®
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RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA

.TABLE B5-1

(continued)

RTP DATA ACQUISITION SYSTEM

MEAS. PT. NO./NAME INSTR. INSTR. INSTR. SCAN PROBE LOW HIGH RTP-01
TANK EQUIP. NO. NUMBER TYPE RANGE MODE SEP. ALARM ALARM TB NO. CH NO. COMMENTS
2-20 LR-516 Taylor 0-57"H20 3 40"H,0 29 227
Carbonate DR-523 Taylor 13.6-17.7"H20| 3 16.83" 30 233
Diversion Tank TJR-509-2 | Type K 1 47 372
51-D-501
2-21 LR-401 Taylor 0-81.7"H20 3 48"Hy 0 27 212
Solvent Batch DR-401 Taylor 15.8-20.8 3 19,80" 26 201
Stripping Tank TIR-509-9 | Type K 1 48 379
42-D-401
2-22 LR-402 Taylor 0-147"H20 3 10"H, 0 110"H20 26 207
Solvent Burner DR-402 Taylor 16.4-2 4 "Ho0| 3 19.87" 26 204
Feed Tank TJR-509-12| Type K ) 1 48 381
42-D-402 .'
2-23 LR-419 Taylor 0-204"H20 2 185"H,0 33 262
HWW Sample Tank 1R-419 W |Westinghouse| 0-204"H50 2 4 59
41-D-405 DR-430 Taylor 10-15"H20 2 9.50" 33 263
DR-430 W |Westinghouse| 10-15"H,0 | 2 9.50" 4 60
TJR-414-5 | Type K 1 50 395
2-24 LR-427 Taylor 0-87"H20 3 36 281
LAWB Check Tank DR-448 Taylor 9-14"H20 3 10.48" 35 276
42-D-434 TIR-414-10] Type K 1 51 400
2-25 LR-617 Taylor 0-345"H20 1 34,.5"H20| 310"H20 1 1
Recovered Acid DR-646 Taylor 10-16"H20 1 9.91" 1 0
Storage Tank TJR-607-1 | Type K 1 45 352
62-D-605 )
2-26 LR-428 Taylor 0-57"H20 1 12"H20 43"H,0 41 321
Service Conc. RR-456 Y Monitor 1 41 322
Feed Tank o
44-D-459 .
2-27 LI-431A Taylor 0-75.2"H20 | 1 - 42 331
Service Conc. TTIR-415-22| Type K 1 52 415
Ck, Tank
44-D-460
2-28 LR-412 Taylor 0-71.3"H20 2 50"H20 43 340
GPW Check Tank LR-412 ‘W ]Westinghouse| 0-71.3"H,0 | 2 4 61
43-D-409 DR-416 Taylor 8-14"H30 2 9.86" 43 336
| DR-416 W |Westinghouse | 8-147H,0 2 9.86" 4 62
TIR-415-7 | Type K 1 52 409
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TABLE B5-1
(continued)

RTP DATA ACQUISITION SYSTEM
RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA

MEAS. PT. NO./NAME INSTR. INSTR. INSTR. SCAN PROBE LCW HIGH RTP-01
TANK EQUIP. NO. NUMBER TYPE RANGE MODE SEP. ALARM ALARM TB NO. | CH NO. COMMENTS
2-29 L3-406 Taylor 0-169"H20 3 100"H,0 44 346
Sump Collection DE-411 Taylor 10-16"H,0 3 9.84" 43 337
Tank TIR-415-4 | Type K 1 51 406
43-D-412
2-32 LI-209 Taylor 0-61"H20 3 55"H20 5 39
1BU Recycie Tank
21-D-210
2-33 LI-210 Taylor 0-41"H20 1 10"H2C 5 33
1BX Anolyte TIR-206-6 Type K 1 46 366
Feed Tank )
21-D-213
2-34 LE~417 Taylor 0-117"H20 3 105"H20 30 238
HAW Surge Tank D6-426 Taylor 10-15"H20 3 10,09" 30 237
41-D-417 TIR~-414-3 | Type K 1 50 393
2-35 LE-425 Taylor 0-92"H20 3 75"H20 35 274
LAW Concentrator DE-445 Taylor §-13"H20 3 9.91" 34 264
Feed Tank TIJR-414-7 | Type K 3 50 397
42-D-406 .
2-36 LE~405 Taylor 0-145"H20 3 120"H,0 44 345
G. P. Concentrator { DE-410 Taylor 7-12"H70 3 10.10" 43 342
Feed Tank TIR-415-2 Type K 1 51 404
43-D-408
2-37 L3~-465 Taylor 0-49"H20 1 40"H20 37 292
No. 1 Iodine LI-464 Taylor 0-5-H20 1 4"H20 . 38 299
Scrubber D5-4137 Taylor 9-14"H20 1 9.37" - 37 288
45-K-425 TIR-415-9 | Type K 1 52 411
2-38 LE-470 Taylor 0~49"H20 1 42"H20 39 306
No. 2 Iodine L1-469 Taylor 0-5"H20 1 1"H20 37 290
Scrubber Di~-4142 Foxboro 9-12"H20 1 9.92" 37 294
45-K-425 TIR-415-3 | Type K 1 51 405
2-39 LE-530 Taylor 0-180"H20 1 160"H20 44 344
Acid Fractionator
Diversion Tank
54-D-506
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TABLE

B5-1

(continued)

RTP DATA ACQUISITION SYSTEM

RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA

MEAS. PT. NO./NAME INSTR. INSTR. INSTR. SCAN PROBE Low HIGH E " RTP-01
TANK EQUIP. NO. NUMBER " TYPE RANGE ~ | MODE SEP. ALARM ALARM B NO.. |CH NO. COMMENTS
2-40 LR-607 Taylor 0-150"H20 1 30"R20 105"H,00 ° 2 14
Dissolver Acid DR-615 Taylor 10-15"H,0 1 10.00" 2 13
Surge Tank AR-605 ° n Monitor 1 3 18
61-D-602 AR-606 n Monitor 1 2 15
2-41 LR-604 Taylor 0-115"H 0 1 24"H,0 3 17
Hull Rinse
Surge Tank
61-D-617 : .
2-42 LR-623 Taylor 0-149"H,0 1 42"H20 78"H,0 1 5
UFg Recycle DR-678 Taylor 10-15"H70 1 9.90" 1 4
Acid Tank
62-D-621
2-43 LR-611 Taylor 0-80"H20 1 60"H20 3 16
1UD/2UD Surge Tank| RR-620 Y Monitor 1 1 6
62-D-625
2-44 LR-101 Taylor 0-235"H20 1 169"H00 2 9
No. 1 Dissolver DR=101 Taylor 14-24"H,0 1 14,217 22.6"Ho0| 2 8
15-C-101 TR-105 Type K 50-150°C 1 2 10
2-45 . LR-102 Taylor 0-235"H20 1 169"H20 11 86
No. 2 Dissolver DR-102 Taylor 14-24"H,0 1 14.43" 22.6 'HoO 11 85
15-C-102 TR-106 Type K 50-150°C 1 11 80
2-46 LR-103 Taylor 0-235"H20 -1 169"H20 10 73
No. 3 Dissolver DR-103 Taylor -14-24"H20 1 14.56" 22.6"H2( 12 89
15-C-103 TR-107 Type K 50~ 150°C 1 9 67
2-48 LR-105 Taylor 0-330"H20 1 135,3"H200 2 12
No. 1 Dissolvar DR-160 - Taylor 5-10"H20 | . 1 4,99" . 2 11
Transfer Tank TJR-108-1 | Type K C ) 45 353
15-D-107 N P ' 1
2-49 LR-109 Taylor 0-330"H20 1 : 135.3"H,00 10 72
No. 2 Dissolver DR-161 Taylor 5-10"H20 1 - 5.02" 11 - 84
Transfer Tank TJR-108-2 [ Type K 1 i 45 354
15-D-108 , . , ; —
2-50 LR-113" Taylor 0-330"H20 1 135.3"H20 12 88
No. 3 Dissolvar DR-162 Taylor 5-10"H20 1 5.03" 11 87
Transfer Tank " TJR-108-3 | Type K 1 45 355
15-D-109 -




TABLE BS-1
(continued)

RTP DATA ACQUISITION SYSTEM

RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA

MEAS. PT. NO./NAME INSTR. INSTR. INSTR. SCAN PROBE LOW HIGH RTP-01 _ 1
TANK EQUIP. NO. NUMBER TYPE RANGE MODE SEP. ALARM ALARM TB NO., JCH NO. COMMENTS

2-52 LE-201 Taylor 0-260"H20 3 140"H20 9 64 _

HA Feed Tank DE-201 Taylor 10-197H20 | 3 9.91" 9 69 ]

21-D-201 TJR-206-1 Type K 1 46 361 ]

2-53 LR-238 Taylor 0-97"H,0 3 17 132 .

Uranium Product DR-272 Taylor 10-19"H,0 3 9.76" 17 133

Catch Tank TiR-206-16 |Type K 1 47 369

24-D-202 o

2~54 LE-325 Taylor 0-93"H20 3 10"H,0 85 "H20 22 169

Plutonium Product [DE=372 Taylor 12.5-20.5"H,0] 3 9.94" 23 178 T

Catch Tank TJX-305-7 [Type K 1 49 388 ]

34-D-302 i

2-56 I LR-418 Taylor 0-200"H,0 3 33 256 L

HWW Catch Tank : DR-428 Taylor 10-15"H,0 3 9.85" 34 268

41-D-404 TIR-414-4 |Type K 1 50 394 ,
1

2-57 LR-403 Taylor 0-25"H20 1 27 208 |

Solvent Burner DR-403 Taylor §-13"H20 1 195 |

Quench Pot TIR-509-10 |Type K 1 48 380 ol

42-D-440 TIJR-509-11 |[Type K 1 51 403

2-58 LR-413 Taylor 0-48"H20 1 127H0 | 40 HoC 43 338

G.P. Dist. RR-423 Y Monitor 1 36 282

Receiver

43-D-410

2-59 LI-466 Taylor 0-91"H20 1 78"H20 80 HoC 37 295

DOG Vacuur Breaker

45-D-432

2-60 LR-514 Taylor 0-31"H20 1 10"H20 30"H20 30 232

100 Filter i

Pump Tank :

51-D-507

2-61 LR-504 Taylor 0-31"H20 1 10"H20 30"H20 28 218

200 Filter - )

Pump Tank

52-D-509




TABLE B5-1
(continued)

RTP DATA ACQUISITION SYSTEM
RTP-INSTRUMENT ' IDENTIFICATION AND PARAMETER DATA

£1-4d

MEAS. PT. NO./NaME INSTR. INSTR. INSTR. SCAN | PROBE LCW HIGH RTP-01
TANK EQUIP. NO. NUMBER TYPE RANGE MODE | SEP. ALARM ALARM TB NO. JCH NO. COMMENTS

2-62 LI-529 Taylor . 0-90"H20 1 12"H20 56 "H 0 35 273

Acid Fractionator TIR-414-13 ] Type K 1 51 402

Accumulator RR-555 Y Monitor 1 : 35 279

54~D-505

2-64 LR-612 Taylor 3 3 19

0.01 Molar Cold

Acid Makeup Tank

62-D—-620

2-66 LI-203 Taylor 0-100"H,0 1 7 53

HAW Decanter DR-206 Taylor 8-13"H,0 1 9.78" 8 58

21-D-211

2-67 L1-221 Taylor 0-100"H,0 1 15 119

1CU Decanter DR-230 Taylor 8-13"H20 1 9.97" 15 113

21-D-212

2-68 LI-230 Taylor 0-53"H20 1 15 115

2EU Decanter DR-260 Taylor 8-13"H20 " 1 9.89" ! 15 112

22-D-209

2~69 LI-409 Taylor 0-57"H20 1 43 339

Sump Collector DI-412 Taylor 7-12"H»20 1 9,.90" : 42 335

Tank Decanter TIJR-415-5 Type K 1 51 407

43-D-411

2-70 LI-515 Taylor 0-57"H20 1 45"H 0 31 240

Solvent Treat DR-522 Taylor 36-50"H20 1 47.00" 31 244

Waste Decanter

51-D-511

2-75 FR-241 Taylor 0-29.84"Hz0 1 5 38

HAF Headpot

21-D-241 ’

2-76 DR-207 Taylor 8-10"H-0 1 8 57

HAP Headpot . ]

21-D-242

2-78 LI-241 Taylor 0-29"H,0 1. 3"H,0 7 48
1 1SP Metering

Headpot

21-D-271 ’

2-79 FR-205 Taylor 0-22.6"H,0 1 13"H,0 6 41

1BP Metering - ’

Headpot

21-D-273
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RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA

TABLE B5-1
(continued)

RTP DATA -ACQUISITION SYSTEM

MEAS. PT. NO,/NAME INSTR. INSTR. INSTR. SCAN | PROBE LOW HIGH RTP-01
TANK EQUIP. NO. NUMBER TYPE RANGE ODE SEP. ALARM ALARM B NO. {CH NO. COMMENTS

2-84 ~JR-305-6 | Type K 1 -49 387

3PD K.O0. Pot aR-306 a Monitor 1 23 177

34-D-378

2-86 LI-468 Taylor ®-9"H20 1 6"Ho0 37 289

Vessel 0ff-Gas

K.O0. Pot

45-D-441

2-87 PR-462 Mascneilan 3-15 psig 1 38 302

Dissolver Off-Gas

K.O. Pot

45-D-442

2-88 LI-523 Taylor 9-24"H20 1 12"H,0 32 249

No. 1 Solvent

Overflow Headpot

51-D-552

2-94 LI-510 Taylor 0-24"Hz0 1 6" "Ho 0 18"Hy0 27 211

No. 2 Solvent

Overflow Headpot

52-D-562

2-103 UR-208 Taylor 300-500"H,0 |1 .5 35

HS Column LR-205 Taylor 15.5-24"Ho0 1 5 34

21-C-201 LX-206 Taylor 0-40"Hy0 1 22"H,0 7 51
R-209 Taylor T-11"Ho0 1 9.59" 5 37

IAR-208 a Meonitor 1 5 32

2-104 WR-224 Taylor 320-520"H20 {1 6 40

1BX Column LR-216 Taylor 14-23,4"H20 |1 6 - 42

21-C-202 DR-223 Taylor 7-11"H,0 1 9.93" 6 44

2-105 WR-227 Taylor 27520425"H,0 [ 1 6 46

1C Column 1R-219 Taylor 14.1t022.4"H,0 |1 14 106

21-C-203 DR-226 Taylor H=11"H20 1 9.83" 14 108

2-106 [WR~215 Taylor 0-165"H20 1 6 45

1BX Electrocell LR-212 Taylor 3-11"H20 1 6 47

21-C-275 DR-220 Taylor 7-11"H20 1 9.84" 7 50
-209 o Monitor 1 7 54

e ® ® [ )
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TABLE B5-1
(continued)

RTP DATA ACQUISITION SYSTEM

RTP—INSTRUMENT'IDENTIFICATION‘AND'PARAMETER DATA

MEAS. PT. NO./NAME INSTR. INSTR. INSTR. SCAN PROBE LOW HRIGH RTP-01
TANK EQUIP, NO. NUMBER TYPE RANGE MODE SEP. ALARM ALARM ITB NO. CH NO, COMMENTS
2-107 WR-252 Taylor 300-545"H,0] 1 13 96
2D Column LR-225 Taylor 14.1-22,4"H,0( 1 13 100
22-C-204 L -224 Taylor 0-24"H,0 1 22"H,0 13 101
DR-251 Taylor 7-11"H-0 1 9.6" 14 107
2~-108 WR—-256 Taylor 280-420"H20] 1 16 122
2E Column LR-228 Taylor 14,6-21.8"H201 1 14 105
22-C-205 DR-257 Taylor 6-11"H20 1 10.01I7™ 15 114
2-109 (WR-334 Taylor 0-548.5"H20| 1 20 153
2A Column LR-308 Taylor 7.5-27.5"H201 1 19 149
32-C-301 LI-307 Taylor 0-20"H20 1 15"H>0 19 150
IDR-333 Taylor 7-10"H20 1 9.10" 19 146
2-110 WR-341 Taylor 0-430"H20 1 19 147
2B Column LI-314 Taylor 0-22"H70 1
32-C-302 LR-313 Taylor 7.3-10.9"H,0] 1 10.7"H0 19 151
R-340 Taylor 7-10"4,0 1 3.97 18 141
AR-303 a Monitor 1 : 19 148
2-111 WR-347 Taylor 0-548.5"H,01{ 1 23 180
3A Column LR-316 Taylor 13.6-24.4"Hy0{ 1 22 168
33-C-303 I-315 Taylor 0-45"H20 1 15"H20 24 185
DR-346 Taylor 7-10"H, 0 1 9.92" 23 181
TJR-305-5 Type K ) 1 49 386
2-112 WR-352 Taylor 0-650"H, 0 1 22 170
3B Column ILR-320 Taylor 7.3-11"H,0 1 9.5"H 0 24 186
33-C-306 LI-327 Taylor 0-20"H, 0 1 23 183
DR-351 Taylor 7-10"H,0 1 9.977 24 184
2-113 WR-358 Taylor 0-196"H, 0 1 23 182
3PS Diluent LR-323 Taylor 12,1-22.4"B, 0| 1 21 163
Wash Column LI-322 Taylor 0-20"H, 0 15"H20 23 176
33-C-309 DR-357 Taylor 6-10"H20 1 9. 97 23 179
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TABLE B5-1

(continued)

RTP DATA ACQUISITION SYSTEM

RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA

MEAS. PT. NO./NAME

INSTR. INSTR. INSTR. SCAN PROBE LOW HIGH RTP-01
TANK EQUIP. NO,. NUMBER TYPE BANGE MODE SEP. ALARM ALARM TB NO. | CH NO. COMMENTS

2-114 WR-442 Taylor 225-375"H201 1 34 265
1S Column LR-422 Taylor 13.4-22.2"H70( 1 34 271
42-C-401 LI-421 Taylor 0-20"H20 1 15"H,0 35 272

DR-441 Taylor 7-12"H50 1 10.03" 35 278
2-115 WR-520 Taylor 250-340"H,0 1 25 193
10 Column LR-513 Taylor 14.2-21.4"H20| 1 25 194
51-C-501 LI-511 Taylor 0-20"H20 1 . 16"H20 25 196

DR-518 Taylor 5-10"H20 1 9.49" 27 210
2-116 WR-524 Taylor 0-235"H20 1 31 246
1P Column LR-518 Taylor 16.4-20.2"H,0!( 1 31 243
51-C-502 LI~517 Taylor 0-20"Ho0 1 15"H," 31 242

DR-525 Taylor 6-10"H20 1 g.747 30 239
2-117 WR-527 Taylor 250-389.5"H20j 1 ' 29 225
IR Column LR-520 Taylor 14,2-21.4"H,0( 1 29 228
51-C-5C3 LI-519 Taylor 0-20"H,0 1 16"H2)D 30 236

DR-526 Taylor 5-10"H20 1 10.4" 29 226
2-118 WR-504 Taylor 250-389.5™H,0, 1 28 216
20 Column LR~503 Taylor 14,2-21.4"H20! 1 26 206
52-C-5C4 LI-502 Taylor 0-20"H20 1 16 "H2) 27 209

IDR~502 Taylor 5-10"H20 1 10.5" 27 215
2-119 WR-508 Taylor U-2257 H,0 . 1 28 217
2P Column LR-506 Taylor 15-19"H20 1 26 202
52-C~505 LI-505 Taylor 0-20"H20 1 11"K20 27 213

IDR-509 Taylor 6-10"H20 1 9.67 26 205
2-120 LR-222 Taylor D-138.7"H20} 3 55"H20 | 105"H20 13 102
1CU Concentrator DR-249 Taylor 10-19"H20 3 9.93" 14.887H20 14 109
21-E-261 TR-204 Type K 72-125"C 1 13 103
2-121 LR-240 Taylor 0-125.4"H20{ 3 55"H20 95"820 15 118
2EU Concentrator DR-267 Taylor 10-19"H,0 3 10.04" 14.887H,0 16 121
24-E-260 TR-205 Type K 75-125°C 1 14 111
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TABLE B5-1
(continued)
RTP DATA ACQUISITION SYSTEM
RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA
MEAS. PT. NO./NAME INSTR. INSTR. INSTR. SCAN PROBE LOwW HIGH RTP-01
TANK EQUIP. NO. NUMBER TYPE RANGE MODE SEP, ALARM ALARM TB NO.| CH NO. COMMENTS

2-122 LR-324 Taylor 0-115"H20 | 1 80"H20 94"H,0 22 173
3P Concentrator DR-368 Taylor 12.5-20.5"H20| 1 9.91" 21 167
34-E-360 ITR-303 Taylor 50-150°C 1 115°C 22 172
2-123 LR-414 Taylor 0-88"H20 1 85"H20 32 250
HAW Concentrator DR-424" Taylor 10-15"H20 | 1 9.74° 14,3"H70 30 234
41-E-460 TR-405 Taylor 50-150°C 1 118°C 31 241
2-124 . |[LR-426 Taylor 0-75"H20 [ 1 2]1"H20 66"H20 34 269
LAW Concentrator DR-446 Taylor 8-13"H20 1 10.18" 34 267
42-E~461 TJR-414-8 | Type K 1 50 398

TJR-414-9 | Type K 1 50 399
2-125 [LR-411 Taylor 0-62"H20 | 1 32"H,0 46"H,0 42 328
General Purpose IDR-414 Taylor 8-13"H,0 | 1 9.84" 42 329
Concentrator JR-415-6 | Type K 1 { 52 408
43-E-445 I
2-126 ILR-430 Taylor 0-110"H,0 | 1 66"H, 0 90"H, 0 41 325
Service DR-458 Taylor 9-14"H;0 1 9.90" : 42 332
Concentrator TIJR-415-21] Type K 1 52 414

. | 44-E-462 :

{2=-127 LI-131 Taylor 0-66"Ho0 | 1 K 10 77
Feed Centrifuge AR-101 Y Monitor 1 I 10 75
16-K-153 )

2-129 ILR-467 Taylor 0-31.1"H,0 | 1 - 24"H20 38 297
NO2 Absorber DR—-4140 Taylor 9-14"H20 1 9.97" 37 293
45-C~-490 TJR-415-10| Type K 1 : 52 412
2-130 LR-528 Taylor 0-65"Ho0 | 1 35 277
Acid Fractionator [DR-551 Taylor 10-15"H,0 [ 1 10.48" 36 280
54-C-550 TJR-414-12| Type K 1 51 401
2-131 ILR-531 Taylor 0-36"H20 1 27" 41 327
Acid Fractionator T )

Overhead Vaporizer

54-E-502




TABLE B5-1
(continued)

RTP DATA ACQUISITION SYSTEM

81-4d

RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA

MEAS. PT. NO./NAME INSTR. INSTR. INSTR. SCAN PROBE LOW HIGH RTP-01
TANK EQUIP. NO. NUMBER TYPE RANGE MODE SEP. ALARM £LARM TB NO. | CH NO, COMMENTS

2-133 TJR-206-2 [ Type K 1 ] 46 362

HAF Strean

2-134 TIR-206-4 | Type K 1 ) 364

HAP TR-202 Type K 0-100°C 1 7 52
FE-242 Taylor 1 7 49

2-135 T-R-206-3 | Type K 1 46 363

HAW

2-136 TiR-206-5 | Type K 1 L a6 365

HSP RR-242 Yy Monitor 1 [HRE 36

2-137 T--304 Type K U=100"C 1 i 18 136

1BP AR-201 o Monitor 1 i 6 43

!

2-139 FR-222 Taylor 1 i 14 110

1cu AT-207 o Monitor 1 T 7 55

2-140 TJR-206-11| Type K 1 i 46 367

1UD H

2-142 T1-203 Type K 0-100°C 1 i 13 97

2DF j

2-143 AR-205 y Monitor 1 9 71

2DW

2-146 FR-229 Taylor 1 14 104

2EU RR-255 Y Monitor 1 113 98

2-147 TJR-206-14 | Type K 1 47 368

2UD

2-149 ER-270 Y Monitor 1 13 99

Uranium Product ;

2-150 TJR-305-2 | Type K 1 48 383

2AF

2-152 LR~-302 a Monitor 1 18 137

2AW

2-153 TJR-305-¢ | Type K 1 49 385

3PD :

2-155 CR-667 Cond. Monitor 1 1 3

2BX ]

o ® L 2 L L ®




61-4

® e e L L L4
TABLE B5-1
" {continued)
RTP DATA ACQUISITION SYSTEM
RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA
MEAS. PT. NO./NAME INSTR. INSTR. INSTR. SCAN PROBE LOowW HIGH RTP-01
TANK EQUIP. NO. NUMBER TYPE RANGE MODE | SEP. ALARM ALARM TB NO. |CH NO,. COMMENTS

2-156 . [TI-302 Type K 0-100"C 1 18 139

3AF

2-157 AR-304 a Monitor 1 20 152

JAW

2-158 CR—-666 Cond. Monitor 1 1 2

2AS

2-160 AR-305 a Monitor 1 22 174

3BW

2-161 RR-364 Y Monitor 1 22 175

3BP

2-162 AR-307 a Monitor 1 20 154

POR

2-166 TJR-414-6 | Type K ! 1 50 396

HWD |

2-167 TJR-415-8 | Type K 1 1 52 410
i GPD FR-404 Taylor ! 41 323

R-405 Taylor T 1 41 324

2-168 AR-403 a Monitor 1 33 257

1SW

2-170 TI-407 Type K 0-100°C 1 39 305

Diss. 0OG

Condensate

2-171 TJR-415-12] Type K 1 52 413

VOG Condensate

2-172 TJR-509-1 | Type K 1 47 371

10F

2-173 AﬂTJR—509—3 Type K 1 47 373

10W

2-175 TJR-509-4 | Type K 1 47 374

1PO

2-176 RR-601 Y Monitor 1 1 7

Poisoned Cooling

Water )

2-178 TR-505 Type K 0-100°C 1 31 247

HAX

2-179 TJR-509-6 | Type K 1 48 376
" 20F -

2-180 TJR-509-7 | Type K 1 48 377

2PF
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TABLE B5-1

(continued)

RTP DATA ACQUISITION SYSTEM

RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA

MEAS. PT. KO./NAME

INSTR.

. INSTR. INSTR. SCAN PROBE Low HIGH i RTP-01
TANK EQUIP. NO. NUMBER TYPE RANGE MODE SEP. ALARM ALARM TB NO. { CH NO. COMMENTS

2-181 . TI-507 Type K D-100°C 1 35 275
Rec. Acid
2-182 TI-508 Type K J-100"C 1 34 266
AF Condensate FR-532 Taylor 1 43 343

FR-531 Taylor 1 43 341
o ® |




TABLE B5-2

RTP-01 CHANNEL NUMBERS VS INSTRUMENT‘IDENTIFICATION NUMBERS

RTP RTP , RTP RTP
T Instr. T Instr, T Instr, T Instr,
B Ch. Ident. B Ch. Ident, B Ch, Ident, B | Ch. Ident.
No. | No. SM No. No. | No. SM No. No. | No. .|]SM No. No.] No. SM No.

0 1°| DR-646 32 1 | AR-208 64 3 | LR-201 96 1 | WR-252
1 1 |-LR-617 33 1 |{L1-210 65 2 | LR-130 97 1 | T1-203
2 1 | CR-666 34 1 [ LR-205 66 2 | LR-125 98 1 | RR-255
1 3 1 | CR-667 5 35 1 [WR-208 9 67 1 | R-107 (| 13 99 1 | Rr-270
4 1 | DR-678" 36 | 1 |RR-242 68 2 | brR-169 100 1 ] LR-225
5 1 | LR-623 37 1 | DR~209 69 3 | pr-201 101 1 | LR-224
6 1 | RR-620 38 1 | FR-241 70 102 3 | LR-222
7 1 | RR-601 39 | 3 |LI-209 L. 71 1 | AR-205 103 1 | TR-204
1 | DR-101 40 1 [WR-224 H 72 1 | LR-109 104 1 | FR-229
1 | LR-101 41 1 | FR-205 73 ! (LR-103 105 1 | LrR-228
10 1 | TR-105 42 | 1 |LR-216 74 2 | DR~168 106 1 |LrR-219
2|11 1 | prR-160 6 43 1 |AR-201 {10 75 1 | AR-101 {| 14 | 107 1 | DR-251
12 1 | LR-105 44 1 [DR-223 76 | 2 |LR-129 108 1 | DR-226
13 -| 1 |DR-615 45 1 [WR-215 77 1 |L1-131 109 3 | DR-249
14 1 | LR-607 46 1 |WR-227 78 3 | LR-128 110 1 | FR-222
15 1 | ArR-606 47 1 |LR-212 79 t |Ti-109 111 | 1 | TR-205
16 | 1 |LR-611 48 1 {LI-241 80 1 | TR-106 112 1 | DR-260
17 1 |LR-604 49 1 |FR-242 81 | 3 |LrR-121 113 1 | DR-230
18 1 |AR-605 50 1 |DR-220 82 2 [ DR-166 114" | 1 | DR-257
3419 1-|LR-612 7 51 1 |L1-206 |[11 83 3 |pr-167 f 15 | 115 1 {L1-230
20 52 1 |TR-202 84 1 [DR-161 116
21 53 1" |L1-203 85 1 |DR-102 117 LR-235 -
22 54 1 |AR-209 86 1 |LR~102 118 LR-240
23 55 1 |a1-207 87 1 | DR-162 119 1 jLI-221
24 Cal.Bd. 56 88 1 |LR-113 120 2 | DR-269
25 Cal.Bd. 57 1 |DR-207 89 1 | DR-103 121 3 | DR-267
26 Cal.Bd. 58 1 |DR-206 90 3 | DrR-164 122 1 [ WR-256
4 | 27 Cal.Bd.|| 8 59 2 |LR-419W {[12 91 16 | 123
28 . Cal.Bd. 60 2 |DR-430W 92 124
29 Cal.Bd. 61 2 [LR-412w 93 125
30 Cal.Bd. 62 2 |DR-416W 94 126
31 63 95 127

B-21




TABLE B5-2
(continued)

RTP-01 CHANNEL NUMBERS VS INSTRUMENT IDENTIFICATION NUMBERS

RTP RTP RTP RTP
T Instr, T Instr. T Instr, T Instr.,
B Ch, Ident. B | Ch, Ident, B | Ch, Ident, B | Ch, Ident.
No. | No. SM No. No. | No. SM No. No.| No. SM No. No.| No. SM Nq.
128 160 2 | DR-304 192 224
129 2 |LR-239 161 2 | LR-326 193 1 | WR-520 225 1 | WR-527
130 2 |DR-273 162 2 | DR-374 194 1 | LR-513 226 1 | DR-526
17 | 131 3 |LR-305 || 21 | 163 1 |LR-323 || 25 | 195 1 | DR-403 || 29 | 227 3 | LR-516
132 3 |LR=238 164 2 | LR- 302 196 1 | LI=511 228 1 | LR-320
133 3 |DR-272 163 2 | LR=301 197 22¢
134 166 i 198 2 | LR-303 230
135 167 1 | DR-368 199 2 | DR-321 231
136 1 | TI-304 168 1 | LR-316 200 LR-507 232 1 | LR-514
137 1 {AR-302 169 3 | LR-325 201 DR-401 233 3 | DR-523
138 170 1 | WR-352 202 1 | LR-506 234 1 | DR-424
18 | 139 1 |TI-302 22 171 2 | DR-312 26 203 30 235
140 3 |LR-309 172 1 | TR-303 204 3 | DR-402 236 1 { LI-519
141 1 |DR-340 173 1 | LR-324 205 1 | DR-509 237 3 | DR-426
142 174 1 | AR-305 206 1 | LR-503 238 3 | LR-417
143 3 |DR-335 175 1 | RR-364 207 3 | LR-402 239 lv DR-525
144 3 |DR-329 176 1 |LI-322 208 1 | LR-403 240 1 | LI-51%
145 177 1 | AR-306 209 1 [ LI-502 241 1 | TR-405
146 1 |DR-333 178 3 | DR-372 210 1 |DR-518 242 1 | LI-517
19 | 147 1 |WR-341 23 179 1 | DR-357 27 211 1 |LI-510 31 243 1 | LR-518
148 1 [AR-303 180 1 | WR-347 212 3 | LR-401 244 ) | DT-522
149 1 |LR-308 181 1 | DR-346 213 1 |LI-505 245 3 { DR-530
150 1 [LI-307 182 1 | WR-358 214 3 | DR-510 246 1 | WR-524
151 1 [LR-313 183 [ 1 JLI-327 215 | 1 |DR-502 247 | 1 |TR-305
152 1 [AR-304 184 1 | DR-351 216 1 | WR-504 248 3 | LR-522
153 2 |WR-334 185 1 | LI-315 217 1 JWR-508 249 1 J LI-523
154 1 | AR-307 186 1 | LR-320 218 1 |LR-504 250 1 | LR-414
20| 155 24 | 187 28 | 219 32 | 251
156 188 220 252
157 189 221 253
158 190 222 254
159 191 223 255
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TABLE B5-2
(continued)

RTP-01 'CHANNEL ‘NUMBERS VS INSTRUMENT IDENTIFICATION NUMBERS

RTP RTP RTP RTP
T Instr. T Instr., T Instr. T Instr.
B | Ch.. Ident. B | Ch. Ident. B | Ch. Ident, B | Ch. Ident,
No. | No. SM No. No. | No. SM No. No.| No. SM No. No.| No. SM No.
256 3 | LR-418 288 1 | DR-4137 320 ] 352 1 | TIR-607-1
257 1 | AR-403 289 1 | LI-468 321 1| LR-428 353 1 | TIR-108-1
258 3 [ br-439 290 1| LI-469 322 | . 1| RR-456 |- 354 1 | TIR-108-2
33 { 259 1 | AR-401 {| 37 | 291 41 | 323 1{FR-404 || '45 | 355 1 | TIR-108-3
260 3 |AR-402 || | 292 1| LR-465 324 1 | FR-405 356 | 1 [ TIR-108-9
261 1 | LR-420 293 1 | DR-4140 325 1 | LR-430 357 1| TIR-108-10
262 2 | LR-419 294 1| DR-4142 326 358 1| TIR-108-11
263 2 | DR-430 295 1] LR-466 327 1 | LR-531 "359 1 | TIR-108-12
264 3 [ pr-445 296 328 1] LR-411 360 1 | TJR-108-13
265 1 | WR-442 297 1| LR-467 329 1 | DR-414 361 1 | TIR-206~-1
266 | 1|TI-508 298 330 362 | 1|TJR-206-2
34-| 267 1 | DR-446 || 38 | 299 1| LI-464 |] 42 | 331 1| LI-431A) 46 | 363 1 | TIR-206-3
268 3 | DR-428 300 332 1 | DR-458 364 1 | TIR-206-4
269 1 | LR-426 301 333 ' 365 1 | TIR-206-5
270 302 1| PR-462 334 366 1 | TIR-206-6
271 1 | LR-422 303 335 1| pI-412 367 1 | TIR-206-11
272 1| LI~421 304 336 2| DR-416 368 1 | TIR-206-14
273 1 |LI-529 305 1| TI-407 337 3| DR-411 369 1 | TIR-206-16
274 3 | LR-425 306 1| LR-470 338 1{ LR-413 370 1 | TIR-206~17
35 | 275 1 | TI=-507 || 39 | 307 43 | 339 1| L1-409 |[47 | 371 1 | TIR-509-1
276 3 | DR-448 308 340 2| LR-412 372 1 | TIR-509-2
277 1 | LR-528 309 341 1| FR-531 373 1 | TJR-509-3
278 1 | DR-441 310 342 3{ DR-410 374 1 | TIR-509-4
279 1 | RR-555 311 343 1| FR-532 375 1 | TIR-509-5
280 1 | DR-551 312 344 | 1] LR-530 376 1 | TIR-509-6
281 3 | LR-427 313 345 3| LR-405 377 1 | TIR-509-7
282 1 | RR-423 314 346 3] LR-406 378 1 | TIR-509-8
36 | 283 40 | 315 ‘ 44 | 347 48 | 379 1 | TIR-509-9
284 316 348 380 1 | TJIR-509-10
285 317 349 381 1 | TIR-509-12
286 318 \ 350 RTD-IN 182 1 | TIR-305-1
287 319 © | 3s1 REF-IN 383 1 | TIR-305-2
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TABLE B5-2
(continued)

RTP-01 CHANNEL NUMBERS"VS"INSTRUMENT'IDENTIFICATION'NUMBERS

RTP :

T Instr.

B Ch, Ident.

No, | No. SM No.
384 1 | TIR-305-3
385 1 | TIR-305-4
386 1 { TIR-305-5

49 .1 387 1 | TIR-305-6
388 1 | TIR-305-7
389 1 | TIR-305-8
390 1 | TIR-305-9
391 1 | TIJR-305-10
392 1 [ TIR-305-11
393 1 | TIR-414-3
394 1 [TIR-414-4

.50 |395 1 | TIR-414-5
396 L | TIR-414-6
397 | 1 |TIR-414~7
398 | 1 |TIR-414-8
399 1 | TIR-414-9
400 L | TIR-414-10
401 1 | TIR-414-12
402 1| TIR-414-13

51 {403 1 JTIR-509-11
404 1 [ TIR-415-2
405 1 | TIJR-415-3
40k 1 | TIR=L1 54 .
407 1 | TIR-4615-5
408 1 | TIR-415-6
409 1 |TJR-415-7
410 1 | TIR-415-8

52 (411 1 {TJR~415=9
412 1 | TIR-415-10
413 1 [TIR-415-12
414 1 {TJR-415-21
415 1 [TJR-415-22




TABLE B5-3
RTP CORRELATION TABLE

INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER
INSTRUMENT TYPE: LR

INSTRU. MEAS. RTP INSTRU. INSTRU. MEAS. RTP INSTRU.

NO. PT. NO. CH. NO. LOCATION NO. PT. NO. CH. NO. LOCATION
LR-101 2-44 9 3-1-9 LR-326 2-10 161 _ 11-3-3
LR-102 2-45 86 4-1-2 LR-401 2-21 212 12-1-4
LR-103 2-46 73 4-1-6 LR-402 2-22 207 12-1-5
LR-105 = 2-48 12 3-1-8 LR-403 2-57 208 12-3-5
LR-109  2-49 72 4-1-1 LR-405 2-36 345.. 16-1-3
LR-113 2-50 88 4-1-5 LR-406 2-29 346 16-1-4
LR-121 2-01 81 5-1-1 LR-411 2-125 - 328 16-1-7
LR-125 2-03 66 5-2-1 LR-412 2-28 340 16-3-7
LR-128 2-02 78 5-1-2 LR-413 2-58 338 16-1-8
LR-129 2-05 76 5-2-2 LR-414 2-123 250 14-1-3
LR-130  2-06 65 5-3-2 LR-417 2-34 238 14-1-4
LR-201 2-52 64 5-1-5 LR-418 2-56 256 14-1-5
LR-205 2-103 34 6-1-1 LR-419 2-23 262 14-1-6
LR-212 2-106 47 6-1-8 LR-420 2-04 261 14-1-7
LR-216 2-104 42 6-1-9 LR-422 2-114 271 14-1-10
LR-219 2-105' 106 7-2-1 LR-425 2-35 274 14-3-10
LR-222 2-120 102 7-1-5 LR-426 2-124 269 15-1-2
LR-225 2-107 100 = 7-1-8 LR-427 2-24 281 15-1-3
LR-228 2-108 105 7-1-10 LR-428"  2-26 321 17-2-1
LR-235 2-07 117 8-1-6 LR-430 2-126 325 17-1-3
LR-238 2-52 132 8-2-6 LR-465 2-37 292 17-3-8
LR-239 2-09 129 8-1-7 LR-467 2-129 297 17-1-9
LR-240 2-121 118 8-1-5 LR-470 2-38 386 18-4-2
LR-301 2-11 165 11-1-4 LR-503 2-118 206 12-1-8
LR-302 2-12 164 11=3=4 LR=504 2-61 218 11-1-9
LR-303 2-13 198 11-1-5 LR-506 2-119 202 12-1-2
LR-305 2-17 131 12-2~4 LR-507 2-16 200 12-1-3
LR-308 2-109 149 9-1-7 LR-513 2-115 194 12-1-9
LR-309 2-08 140 9-1-8 LR-514 2-60 232 13-1-1
LR-313 2-110 151 9-1-9 - LR-516 2-20 227 13-1-3
LR-316 2-111 168 10-1-1 LR-518 2-116 234 13-1-4
LR-320 2-112 186 10-1-4 LR-520 2-177 228 13-1-6
LR-323 2-113 163 10-1-8 LR-522 2-15 248 13-1-7
LR-324 2-122 173 11-1-2 LR-528 2-130 277 15-1-5
LR-325 '2-54 169 11-1-3 LR-530 2-39 344 16-3-1



TABLE B5-3
(continued)

RTP CORRELATION TABLE

INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER
INSTRUMENT TYPE: LR : o

INSTRU.  MEAS. RTP  INSTRU. INSTRU.  MEAS. RTP  INSTRU.
NO.  PT. NO. CH. NO. LOCATION NO.  PT. NO. CH. NO. LOCATION
LR-531 2-131 327 10-1-2 LR-617  2-25 1 1-1-7

LR-604  2-41 17 3-1-6 LR-623  2-42 -5 2-3-4 4
LR-607 2-40 14 . 3-3-7 LR-412-W 2-28 61 16-3-7 ’
LR-611  2-43 16  3-1-1 LR-419-W 2-23 59  l4-1-4 .
LR-612  2-b4 19 3-1-1 )
o
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TABLE B5-3
(continued)

RTP CORRELATION TABLE

INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER
INSTRUMENT TYPE: LI :

INSTRU. MEAS. RTP INSTRU. INSTRU. MEAS.  RTP INSTRU.

NO. PT. NO. CH. NO. LOCATION NO. PT. NO. CH. NO. LOCATION
LI-131 2-127 77 5-2-3 LI-421 2-114 272 _14-2-8
LI-203 2-66 53 5-2-9 LI-431 2-27 331 17-3-4
LI-206 2-103 51 5-3-10 LI-464 2-37 299 17-3-7
LI-209 2-32 39 6-1-4 LI-466 2-59 295 17-1-7
LI-210 2-33 33 6-1-5 LI-468 2-86 - 289 18-1-1
LI-221 2-67 119 7-1-1 LI-469 2-38 290 18-3-1
LI-224 2-107 101 7-3-8 LI-502 2-118 209 11-2-7
LI-230 2-68 115 8-1-2 LI-505 2-111 213 12-3-2
LI-241 2-78 48 6-3-6 LI-510 2-94 211 12-2-3
LI-307 2-109 150 9-3-7 LI-511 2-115 196 ~ 12-2-8
L1-314 2-110 NA NA LI-515 2-70 240 13-2-2
LI-315 2-111 185 10-1-2 LI-517 2-116 242 13-3-4
LI-322  2-113 176 10-3-8 LI-519 2-117 236 13-3-6
LI-327 2-112 183 10-3-4 LI-523 2-88 - 249 13-2-8
LI-409 = 2-69 339 10-2-5

LI-529 2-62 273 15-1-9-
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TABLE B5-3
(continued)

RTP CORRELATION TABLE
INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER
INSTRUMENT TYPE: DR/DI

INSTRU. MEAS. RTP INSTRU. INSTRU. MEAS. RTP INSTRU.
NO. PT. NO. CH. NO. LOCATION NO. PT. NO. CH. NO. LOCATION
,DR-101 2-44 8 3-1-9 DR-351 2-112 184 10-1-4
DR-102 2-45 85 4-1-2 DR-357 2-113 179 10-1-10
DR-103 2-46 89 4-1-6 DR-368 2-122 167 11-1-2
DR-160 2-48 11 3-1-8 DR-372 2-54- 178 11-7-3
DR-161 2-49 84 4-1-1 DR-374 2-10 162  11-3-3
" DR-162 2-50 87 4-1-5 DR-401 2-21 201 12-1-4
DR-164 2-01 90 5-1-1 DR-402 2-22 - 204 12-1-5
DKR-166 2-03 82 5-2-1 DR-403 2-57 195 12-3-5
DR-167 2-02 83 5-1-2 DR-410 2-36 343 16-1-3
DR-168 2-05 74 5=2-2 DR-411 2-29 337 16-1-4
DR-169 2-06 68 5-3-2 DI-412 2-69 335 16-1-5
DR-201 2-52 69 5-1-5 DR-414. 2-125 . 329 16-1-7
DR-206 2-66 58 5-1-9 DR-416 2-28 336 16-3-7
DR-207 2-76 57 5-1-9 DR-424 2-123 234 14-1-3
DR-209 2-103 37 6-3-1 DR-426 2-34 237 14-1-4
DR-220 2-106 51 6-1-8 DR-428 2-56 268 14-1-5
DR-223 2-104 44 6-1-9 DR-430 2-23 263 14-1-6
DR-226 2-105 108 7-2-1 . DR-439 2-04 258 14-1-7
DR-230 . 2-67 113 7-1-3 DR-441 2-114 278 14-1-8
DR-249 2-120 109 7-1-5 DR~-445 2=35 264 14-3-10
DR-251 2-107 107 7-1-7 DR-446 2-124 267 15-1-2
DR-257 2-108 114 7-1-10 DR-448 2-24 276 15-1-3
DR-260 2-68 112 8-1-3 DR-458- 2-126 332 17-1-3
DR-267 - 2-121 121 8-1-5 DR-502 2-118 214 12-1-3
DR-269 2-07 120 8-1-6 DR-509 2-119 205 12-1-2
DR=272 2-53 133 0-2-6 DR=510 2-1b 214 12-1-3
DR-273 2-09 130 8-1-7 DR-518 2-115 210 12-1-8
DR-304 2-11 160 11-1-4 DR-523 2=20 233 13-1-3
DR-312 2-12 171 11-3-9 DR-525 2-116 239 13-1-4
DR-321 2-13 199 11-1-5 DR-526 2-177 226 13-1-5
DR-329 2-17 144 9-1-4 DR-530 2-15 245 13-1-7
DR-333 2-109 146 9-4-7 DR-551 2-130 280 15-1-5
DR-335 2-08 143 9-1-8 DI~552 2-70 244 13-1-2
DR-340 2-110 141 9-1-9 DR-615 2-40 13 3-3-7
DR-346 2-111 181 10-3-1 DR-646 2-25 0 1-1-7
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TABLE B5-3
(continued)

RTP CORRELATION TABLE

INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER
' INSTRUMENT TYPE: DR/DI

INSTRU. MEAS. RTP INSTRU. INSTRU. MEAS. RTP INSTRU.

NO.  PT. NO. CH. NO. LOCATION NO.  PT. NO. CH. NO. LOCATION
DR-678  2-42 4 2-3-4 DR-4142  2-38 294 18-4-2
DR-4137  2-37 288 17-3-8 DR-416-W 2-28 62 16~3-7
DR-4140  2-129 293 17-1-9 DR-430-W 2-23 60 14-1-6

B-29



TABLE B5-3
(continued)

RTP CORRELATION TABLE :
INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER .
: - INSTRUMENT TYPE: TR/TI

INSTRU. MEAS. RTP INSTRU. INSTRU. - MEAS. RTP INSTRU..
NO. PT. NO. CH. NO. LOCATION NO. PT. NO. CH. NO. LOCATION.
TR-105 2-44 10 3-3-10 TI-109 2-03 79 5-3-1
TR-106 2-45 80 4-3-3 TI1-203 2-142 97 7-1-9
TR-107 2-46 67 4-3-7 TI-302 2-156 139 9-1-10
TR-202 2-134 52 5-1-10 TI-304 2-137 136 9-1-5
TR-204 2-120 103 71-3-4 TI-407 2-170 305 17-1-5
TR-205 2-121 111 8-3-4 TI-507 2-181 275 15-1-6
TR-303 2-122 172 11-3-1 . TI-508 2-182 266 15-1-7
TR-405 2-123 241 14-1-2 » :
TR-505 2-178 247 -



INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER

TABLE B5-3

(continued)

RTP CORRELATION TABLE

INSTRUMENT TYPE: TJR
INSTRU. MEAS. RTP INSTRU. INSTRU. MEAS. RTP INSTRU.
. NO. PT. NO. CH. NO. LOCATION NO. PT. NO. CH. NO. LOCATION

TJR-108-1 2-49 352 6 TJR-414-6 2-166 396 15.
TJR-108-2 2-49 354 6 TJR-414-7 2-35 397 15
TJR-108-3 2-50 355 6 TIJR-414-8 2-124 398 15
TJR-108-9 2-01 356 6 TJR-414-9 2-124 399 15
TJR-108-10 2-03 357 6 TIJR-414-10 2-24 400 15
TJR-108-11  2-02 358 6 TIR-414-12  2-130 401 15
TJR-108-12  2-05 359 6 TIJR-414-13  2-62 402 15
TJR-108-13  2-06 360 6 TJR-415-2 2-36 404 16
TJR-206-1 2-52 361 7 TJR-415-3 2-38 405 16
TJR-206-2 2-133 362 7 TIJR-415-4 2-29 406 16
TJR-206-3 2-135 363 7 TJR-415-5 2-69 407 16
TJR-206-4 2-134 364 7 TJR-415-6 2-125 408 16
TJR-206-5 2-136 365 7 TIR-415-7 2-28 409 16
TJR-206-6 2-33 366 7 TJR-415-8 2-167 410 16
TJR-206-11  2-140 367 7 TJR-415-9 2-37 411 16
TIJR-206-14  2-147 368 7 TJR-415-10 2-129 412 16
TJR-206-16  2-53 369 7 TJR-415-12  2-171 413 16
TJR-206-17 2-09 370 7 TIJR-415-21  2-126 414 16
TJR-305-1 2-17 382 10 TIJR-415-22 = 2-27 415 16
TJR-305-2 2-150 383 10 TJR-509-1 2-172 371 12
TJR-305-3 2-08 384 10 TJR-509-2 2-20 372 12
TJR-305-4 2-153 385 10 TJR-509-3 2-173 373 12
TJR-305-5 2-111 386 10 TJR-509-4 2-175 374 12
TJR-305-6 2-84 387 10 TJR-509-5 2-15 375 12
TJR-305-7 2=54 388 10 TJR-309-6 2-178 376 i2
TJR-305-8 2-10 389 10 TJR-509~7 2~-180 377 12
TJR-305-9 2-11 390 10 TJR-509-8 2-16 378 12
TJR-305-10  2-12 391 10 TJR-509-9 2-21 379 12
TJR-305-11  2-13 392 10 TJR-509-10  2-57 380 12
TJR-414-3 2-34 393 15 TJR-509-11  2-57 403 12
TIR-414—4 2-56 394 15 TJR-509-12  2-22 381 12
TIR-414-5 2-23 395 15 TJR-607-1 2-25 352 2
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TABLE B5-3
(continued)

RTP CORRELATION TABLE

INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER

B-32

INSTRUMENT TYPE: MISCELLANEOUS
: INSTRUL MEAS. RTP INSTRU. INSTRU.  MEAS. RTP ~ INSTRU.
NO. PT. NO. CH. NO. LOCATION NO. PT. NO. CH. NO. LOCATION
— AR -~
AR-101 2-127 75 5-3-3 AR-305 2-160 174 10-1-5
AR-201'-  2-137 43 6-1-2 AR-306 2-84- 177 10-1-5
AR-205 2-143 71 5-1-4 AR-307  2-162 154 9=4=10
AlL-208 2-103 32 6=1=2 AR-401 204 2589 14=-3-7
AR-209 2-106 54 6-1-10 AR-402 2-04 260 14-4-7
AR-302 2-152 137 9-2-6 AR-403 2-168 257 14-3-7
AR-303 2-110 148 9-2-6 AR-605"  2-40 18 3-3-5
AR-304 2-157 152 9-4-10 AR-606 2-40 15 3-3-5
- 'A]'_ -
AI-207 2-139 55 6-3-10
- CR -
CR-666 2-158 2 2-1-4 CR-667 2-154 3 2-4=4
- F‘R -
FR-205 2-79 41 6-1-7 FR-404 2-167 323 16-4-9
FR-222 2-139 110 7-1-4 FR-405 2-167 324 16-1-9 -
FR-229 2-140 104 8-1-4 FR-531 2-182 341 16-1-1
FR-241 2-78 38 5-1-8 FR-532 2-182 343 16-1-1
FR-242 2-134 49 5-1-8
PR -
PR-462 2-87 302 17-1-6
- RR -~
RR-242 2-136 36 6~1-3 RR-456 2-26 322 17-1-1
RR-255 2-146 98 6-1-3 RR-555 2-62 279 15-3-6
RR-270 2-149 99 7 RR-601 2-176 7 2-1-10
RR-364 2-161 175 10-3-10 RR-620 2-43 6 12-1-10
RR-423 2-58 282 15-3-6



TABLE B5-3
(continued)

‘ RTP CORRELATION TABLE
INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER
INSTRUMENT TYPE: MISCELLANEOUS

INSTRU. MEAS.  RTP  INSTRU.  -INSTRU. MEAS.  RTP  INSTRU.
NO. _ PT. NO. CH. NO. LOCATION NO.  PT. NO. CH. NO. LOCATION
- WR - 4 —
WR-208  2-103 35 6-1-1 WR-358  2-113 182  10-1-8
WR-215  2-106 45 6-2-3 WR-442  2-114 265  14-i-10
WR-224  2-104 40 6-2-10 WR-504  2-118 216  11-1-8
WR-227  2-105 46 6-4-10 WR-508  2-119 217  12-1-1
WR-252  2-107 9%  7-1-7 WR-520  2-115 193 12-1-9
WR-256  2-108 122  8-3-2 WR-524  2-116 246  13-3-3
WR-334  2-109 153  9-4-7 . WR-527  2-117 225  13-1-6
WR-341  2-110 147 9-4-9
WR-347  2-111 180  10-1-1
WR-352  2-112 170  10-1-7
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1-1

SECTION I

"INTRODUCTION

This CONTROL SPEC(:)is written in response to
Allied-General Nuclear Services purchase order
#A7—5106;00. It provides a complete definition
of the Uranium Input/Output Demonstration

Program.

This software described is intended to run on a
DEC PDP11/35 computer system using the RSTS/E '
operating system. All programs will be written-

in Basic Plus language wherever practical.
This -CONTROL SPECC) includes the following sections:

Section II provides a functional description of the

vessel measurement programs. There are four vessels

(tanks) being measured during the Input/Output Demon-
stration Program: Input, Product, HWW waste, and

GPW waste.

Section III provides a detailed description of all

calculation processes used throughout the system.
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Section IV provides a functional description of the

Nuclear Materials Accounting programs.

Section V provides a functional description of the

Measurement Control program,

Section VI provides a functional description of the
Lab Data System (LDS) Driver/File update program,
Data Acquisition System (RTP) Driver, Data Base

Maintenance program, and the Data Base Edit program.

Section VII provides a detailed layout of the

-Data Base.
Section VIII provides an implementation plan.

Section IX provides a description of the deliverable

items.
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2.1

SECTION II

PROGRAM DESCRIPTIONS

VESSEL MEASUREMENT PROGRAMS.

There afe four (4) vessel measurement :programs
associated with the Uranium Input/Output Demonstration.
These programs are Input, Product, General,PurposeAWaste,
and Hi-Level Waste. Since all four vessel measurement
procedures have common elements, a set of building
blocks called STATES have been constructed to satisfy
particular functions. Selection of a particular
combination of building blocks or STATES will satisfy

most individual vessel measurement criteria.

These STATES consist of executable code, modularized
so that each module performs a particulaf‘function
(for example, writes a message to the terminal). Data
tables and message tables are used to support these
functions. Each module or function is identified as

a STATE module with a STATE number.

Since more measurements are taken on the Input tank
méasurement program than on any other, it is used as
the referénce program for constructing the total set of
STATES to be used. By using a gtate driveﬁ program,
new states can be added with minimal or no impact to:

existing programs.
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Data tables are used to minimize the number of
state programs reqﬁired to satisfy the total
‘Computerized Nuclear Materiéls Control and
Accounting System (CNMCAS) program. These tables

are described in Section 2.1.2.

ki
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STATE Descriptions

During the processing of the Uranium'Input/Output

(U 1/0) Demonstration Program, the quantity of material
receivea iﬁ a tank, as well as the quantity transférred,
must be measured. These measurements are accomplished

v

by a group of measurement programs.

_Because these measurement programs have many common

elements, a series of STATES has been constfucfed“to

satisfy these common elements.

This section is not intended to show the details of any .
unique measurement program. The ‘sections of this .
docﬁment.which describe individual measurement .prcgrams

include each program's unique characteristics. .

The purpose of this section is to provide STATEAdeécriptions
of the common elements of the measurement programs.' The
processing sequence is in the STATE order presented in the

following text.

The messages referenced are typical rather than specifié.
Only the message numbers are valid. Message numbers

referenced are defined in Section 2.1.1.1, Typical

Messages.
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STATE 1

The operator activates the program at the terminal.

The program first retrieves the temporary data file

and copies it into the temporary data area. (See

Figure 2-1.) Control is then transferred to the routine

pointed to by the current state pointer.

STATE 2

The sequence opens by gettinguoperator initials (Message
$22) énd a new Batch ID number from the Batch ID processor,
and saving them in the temporary data area. Using the MCA
transfer table,'the‘program determines if this vessel is a
candidate for an MCA transfer. If so, Message #20 is
written to the terminal, and waits for operator response. .
The state pointer is updated to STATE 3, and control is
passed to_that STATE.

'STATE 3

The program now writes Messages #1, #26, #27, #l1A on the
terminal and waits for the operator to réspond. The
operator answers with a "YES" or (CR), if preparation has
been completed. He answers "NO" to stop the sequence until
he has completed preparation. If the answer is "NO", the
program responds with Message #2.

The state pointer is unchanged in order to bring the

program back to STATE 3 when it is next activated.

The program now signs off.
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STATE POINTER

BATCH NUMBER

MISC PROGRAM PARAMETERS

OPR INITIALS (4)

TIME OF YEAR (4)

LEVEL READINGS (4) I
DENSITY READINGS . , (4)

TEMPERATURE READINGS (4)

QUANTITY OF SOLUTION ()

SIGNIFICANT EVENTS TIME OF YEAR(6)

UNIQUE PROGRAM PARAMETERS

TOY-LDS TO SAMPLE
' SAMPLE LOG NUMBER

LAB DENSITY

LAB ACID CONCENTRATION

TOY-LDS SAMPLE COMPLETE TR SR

NOTE: NUMBERS IN PARENTHESES INDICATE THE
QUANTITY OF ITEMS IN AN ENTRY

FIGURE -2-1. TYPICAL TEMPORARY DATA AREA
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YREE_4
When'sparge and pﬁrges‘are set, the program calls the

RTP system for before-receipt (BR) measurement data (liquid
level, density, and temperaﬁure). Enough liquid level
samples are retrieved to determine that the tank level

is constant. If the liquid level is determined to

be changing, an error Message #3 is printed on the

terminal and the current state pointer is set to 5.

The program now signs off.

STATE 5
When the operator reactivates the program after an exit

from STATE 4, Message #10 is written to thebterminal.

The supervisor enters his password, which is checked
agéinst a predefined list. 1In the event no match is
found, the program transfers control to the beginning
of this state. When a password match is found, the

state pointer is updated to STATE 6 and control is passed

to that STATE.

STATE 6
The program now makes the appropriate instrument

performance tests based on the Control Limits Table

(described in Section 2.1.2, Figure 2-3).
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The program then proceeds according to the -results
of the comparison. When the difference is:
<2s, the state pointer is updated to STATE 8,

and control is passed to that STATE.

>2s <3s, Message #23 is written to the terminal
and the NMC office. Measurement is marked
‘as marginal in the temporary data area} the
state pointer is updated to STATE 8; and
control is passéd to ﬁhat STATE. de.c;htiguous
measurements in this range ére'tréafedias

being in the following range (>3s) .

>3s, Message #24 is written to the terminal and the
NMC office. The state pointer is- updated to

STATE 7, and the program signs off.

NOTE: See appropriate measurement program for

specific details.

STATE 7
When the program is restarted, Messages #10 and 424 are

written to the terminal.

The supervisor now enters his password, which is checked

against an internal password list. 1If this check fails,
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the program signs off leaving the state pointer, at

STATE 7.

When the password check passes the data, the operator
has the following options:

1) Proceed with measurements

2) Recycle to STATE 3 for remeasurement

! 3) Use after-transfer measurement data

These options are activated in the program via the
terminal. The program writes Message #28 to the
terminal and waits for the operator to enter one of

the following decimal digits:

1l = Proceed with measurements

2 = Remeasure

3 = Use after-transfer measurement data
STATE O

The program calculates -the mass (Kg) solution currently

in the heel, and compares it with the calculated
mass (Kg) solution that was left in the heel of the
last- Batch.. If the heel quantities differ by more

than the control limit, the program printc Meesage #4.

The STATE pointer is updated to point to STATE 8A and

control is passed to that STATE.
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STATE 8A

When the program is restarted, Messages #10 and #24

are written to the terminal.

The supervisor now enters his password, which is

checked against an internal password list. If this
check fails, the program signs off leaving the state
pointer, at STATE 7. When the password check‘passes

the data, the operator has the following options:

1) Proceed with measurements
2) Recycle to STATE 3 for remeasurement

3) Use after-transfer measurement data

These options are activated in the program via the
terminal. The program writes Message #28 to the
terminal, and waits for the operator to enter. one of

the following decimal digits:

| ot
[l

Procecd with measuremenls

[\
i

Remeasure

3 = Use after-transfer measurement data
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STATE 9
With BR measurements made, the program writes Message #5

and #6 on the terminal.

The BR measurement data is saved in temporary storage,
the state pointer is set to STATE 10, and the program

signs off,

STATE 10

When the operator next activates the program,

aftef the Batch has been recéived, the program
~again opens the file, and transfers program cdntfél
to STATE 10. Message #7 is written to the terminal,

and waits for operator response.

With a "NO" response, the program proceeds to

STATE 11.

With a "YES"'response, the program proceeds to

STATE 12.
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STATE 11
If "NO" was the response, the program writes Message

#8 on the terminal.

The state pointer is updated to point to STATE 10,
to bring the program back to that point after the
operator corrects the situation and calls back. The

program now signs off.

STATE'IZ

The program begins the before-sample (BS) measurements by
writing Message #26 and #27 (zero Ruska) to the terminal,
and waits for a response; The program communicates with
fhe RTP system to acquire the tranéducer readings

(Figure 2-3, Section 2.1.2) for measuring liquid level,
density, and temperature. This raw data is recorded in

temporary storage for later use.

Using the data just acquired, a test is made for
constant liquid level in the vessel. If the liquid
level is found to be constant, the state pointer is
updated to STATE 14 and control is passed to that
STATE. If the liquid level is not constant, Message

#9 is written to the terminal.

The state pointer is updated to STATE 13 and the

program signs off.
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STATE 13
When the operator reactivates the program after an exit

from STATE 12, Message #10 is written to the terminal.

The supervisor enters his password. The password is
checked against a predefined list. 1In the event no
match is found the program will transfer control to
the beginning of this STATE. . When a password match
is found, the operator has the following options:

l) Proceed with measurements

2) Recycle to STATE 12 for remeasurement

These options are activated in the program via the
terminal. The program writes Message #28 to the
terminal, and waits for the operator to enter one of

the following:

1 Proceed with measurements

2 Remeasure

STATE 14
The program makes the appropfiatc instrument performance
tests based on the Control Limits Table (described in

Section 2.1.2, Figure 2-3).
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The program then proceeds according to the results of the

comparison. When the difference 1is:

<2s,

>2s <3s,

>3s,

-NOTE: See appropriate measurement program for

specific details.

. and the NMC office. The state pointer is

.updated to STATE 15, and the program signs

N

the state pointer is updated to STATE 16,
and control is passed to that STATE.
Message $#23 is written to the terminal
and the NMC office. Measuremeﬁ%ais
marked as marginal in the temporary data
area; the state pointer is updated to
STATE 16; and control is passed to that
STATE. Two contiguous meaéurements in
this raﬁge are treated as being in the
following range.

Message #24 is written to the terminal

off.
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STATE 15
When the program is restarted, Message #10 is written

to the terminal.

The supervisor now enters his password, which is
checked against an internal password list. If this
check fails, the program signs off'leavinq the state

pointer at STATE 15.

If the password check passes the data stored in the
temporary area, it is written to the ERROR file for
later disposition. The state pointer is updated to
STATE 12 and control is passed to that STATE for re-

measurement using the same Batch number.

STATE 16

The kilograms and liters of solution are now
calculated, and Messages #17 and #12 are printed on
the terminal. The program now accesses the MCA

transfer file to determine if an MCA transfer was

made. If it was, it compares the quantity of
solution sent against the quantity.received, and
prints a report on the terminal and in the NMC
office. It also determines if the difference

is within limits. If the difference is |

outside the predetermined limit, the program indicates
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this in the report and prints Message #13 on the terminal.

The program now updates the state pointer to STATE 17

and transfers control to that STATE.

STATE 17
The program prints Message #10 on the terminal. When
the operator enters ‘an acceptable password, the operator
has the following options:

1) Proceed with measurements

2) Recycle to STATE 12 for remeasurement

These options are activated in the program via the
terminal. The program writes Message #28 to the
terminal, and waits for the operator to enter one of

the following decimal digits:

1 Proceed with measurements

2

Remeasure

STATE 18

The program now prints Message #15 on the terminal.

At this time the supervisor enters his password, and

if accepted by the system, the state pointer is updated
to point to STATE 19 and the hold condition is released

in the measurement program.

™
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STATE 19

When the comparison between fhe two quantities is
satisfied (quantity of solution sent compared to
quantity received), the program communicates with
the LDS system requesting.it to begin sampling.
The state pointer is now updated to point to

STATE 20, and control passes to that STATE.

STATE 20

The program suspends itself for 1 minute intervals,
waiting for word from the LDS system to confirm that
sampling is complete. When the LDS signals that
sampling is complete, the proper data is received
from the LDS and saved in the temporary data area.
Message #16 is printed on the terminal at this

time. The state pointer is updated.to point to

STATE 21, and the program now signs off.

STATE 21
The program begins the atter-sample (aAS) measurements
by writing Message # 21 on the terminal, and waits

for operator response.
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‘If "NO" is the response, the program signs off.
If "YES" is the response, the state pointer is
updated to point to STATE 22 and control'is'paSSéd

to that STATE.

STATE 22

The program writes Messages #26 and #27 (zero Ruska) to
the terminal and waits for operator fesponse. The program
communicates with the RTP system to acquire the transducer
readings ( Figure 2-3, Section 2.1.2) for measuring

liquid level, density, and temperature. This raw

data is recorded in temporary storage for later use.

Uéing the data just acquired, a test is made for
constant liquid level in the vessel. If the liquid
level is found to be constant, the state pointer is
updated to STATE 24 and control is passed to that
STATE. If the liquid level is not constant,
Message #9 is written to the terminal. The state

pointer is updated to STATE 23 and the program signs off.

STATE 23
When the operator restarts the program after an exit
from STATE 22, Message #10 is written to the terminal.

The supervisor enters his password, and the password

U0 191mmemy reitiibe v cen et B wTEr U1 DLIENLINIC DYSTEME :.":.‘JJ
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is checked against a predefined list. In the event no
match is found, the program transfers control to the
beginning of this STATE. When a password match is found,
the operator has the following options:

1) Proceed with measurements

2) Recycle to STATE 12 for remeasurement

. 3) Recycle to STATE 21 for remeasurement

These options are activated in the program via the
terminal. The program writes Message #28 to the
terminal, and waits for the operator to enter one of
the following decimal digits:

1 = Proceed with measurements

2

Remeasure -

3

Recycle to before-sample

S'I:Z}.TE 24
The program now makes the appropriate instrument performance
tests based on the Control Limits Table (described in

Section 2.1.2, Figure 2-3).

The program then proceeds according to the results of
the comparison. When the difference is:
<2s, the state pointer is updated to STATE 26,

and control is passed to that STATE.
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>2s < 3s, Message #23 is written to the terminal
and the NMC office. Measurement is
marked as marginal in the temporary
data area; the state pointer is updated
to STATE 26; and control is passed to
that STATE. When two contiguous
measurements fall within this range, it

is treated as the next range.

>3s, Messége #24 is written to the terminal
and the NMC office. The 'state point is
updated to STATE 25, and the program

signs off.

‘NOTE: See appropriate measurement program for specific
' details. ’

STATE 25

When the program is restarted, Message #10 is written
to the terminal. The supervisor now enters his pass-
word, which is checked against ah internal password
list. If this check fails, the program signs off

leaving the state pointer at STATE 25.
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When'the password check passes, the operator has the
.following options:

1) Proceed with measurements

2) Recycle to STATE 12 for remeasurement

3) Recycle to STATE 21 for remeasurement

These options are activated in the program via the
terminal. The program writes Message #Z28 to the
terminal, and waits for the operator to enter one of

the following decimal digits:

1 = Proceed with measurements

2 = Remeasure

3 = Recycle to before-sample
STATE 26

‘The kilograms and liters of solution are now calculated,
and Messages #12, #18, and #19 are printed on the terminal.
The state pointer is updated to point to STATE 27. The

program now signs off,
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STATE 27

When the program is next activated, it accesses the
source/destination table to determine if transfer routing
informaticn is required. If so, the program writes Message
#25 to the terminal and waits for operator response. The
operator response is used to determine the next state to be
executed, which could be unique to each veséel meésurement
program. After execution of the unique STATE, the state
pointer is set to STATE 28 and control is passed to .that
STATE. ' When transfer routing information is notArequired;

the state pointer is set to STATE 28, and control is passed

to that STATE.

STATE 28

The program begins the after-transfer measurements} by
writing Messages #26 and #27 to the terminal, and waits
for-operator response, The program communicates
With'the-RTp system to acquire the transducer readings
(Figure 2-3, Section 2.1.2) for measuring liquid

level, density, and temperature. This raw data

is recorded in temporary storage for later use.

Using the data just acquired, a test is made for
constant ligquid level in the vessel. If the liquid
level is found to be constant, the state pointer is

updated to STATE 30 and control: is passed to that
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STATE. If the liquid level is not constant, Message #9

is written to the terminal. The state pointer is updated

to STATE 29 and the program signs off.

STATE 29
When the operator restarts the program after an exit

from STATE 28, Message #10 is written to the terminal.

The supervisor enters his password, which is c¢hecked

against a predefined lict. 1In the event no match is
found, the program transfers cohtrol to the beginning
of this STATE. When a password match is fouund, the
operator has the following options:

1) Proceed with measurements

2) Recycle to STATE 28 for remeasurement

These options are activated in the prcgram via the

terminal. The program writes Meseage #28 to the terminal,

and waits for the operator to enter one of the following

decimal digits:

1 = Proceed with measurements

2 Remeasure
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STATE 30
The program new makes the appropriate instrument performance

tests based on the Contrdl Limits Table.

The pr&gram then proceeds according to the results of the
comparison. When the difference is: |
<28, the state pointer is updated to STATE 32
and control is passed to that STATE;
>2s<3s, Message #23 is written to the terminai,
and the NMC office. Measurement is marked
as marginal in the temporary data area;
the state pointer is updated to STATE 32;
and control is passed to that STATE. 'When two
contiguous measurements fall within the range,
it is treated as the next range (>3s). -
>3s, Message #24 is written to the terminal and
the NMC office. The state pointer is updated

to STATE 31, and the program signs off,

NOTE: See appropriate measurement program for specific

details.

Scientific Systems Services

1135 JOHN RODES BOULEVARD e P,0, BOX 610 ¢ MELBOURNE, FLORIDA 32901 e (305} 725.1300



STATE 31

When the program is festarted, Message #10 is written

to the terminal. The supérvisor now enters his paésword,
which is checked against an internal password list.

If this check fails, the program signs off leaving the

start pointer at STATE 31l.

when the password check pacves the data,‘the operator
has the following options:
1) Proceed with measurements

2) Recycle to STATE 28 for remeasurement

These options are activated in the pfégram via the
terminal. The program writes Message #28 to the terminal,
and waits for the operator to enter one of the following
~decimal digits:

1

Proceed with measurements

2

Remeasure
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STATE 32

The kilograms and liters of solution are now calculated
and Messages #19 and #28 are printed on the terminal.
The program waits for the operator response. If the
response is "Y," the program continues to terminate
'this Batch. If the response is "N,: the STATE pointer
is updated to point to STATE 33 and control is passed

to that STATE.

bAt this point the program prints a Batch summary (see
Figure 2-2) in the NMC office. Using data from the
temporary data area, the Batch Index, Raw Data, and
Analytical Data files are updated. The Analytical

Data file entry for this Batch is examined.foréCQmpletion
of all Lab analysis data. If all data are.in ﬁhé file,
the Batch Index File is marked Final. If all data are
not in the Anﬁlytical Data File, it is marked Preliminary._7
The files are closed at this £ime. The temporér§ data

~area is initialized to a new Batch condition; tﬁé
state pointer is upﬁated to point to STATE 2; and the

program signs off.
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- INPUT ACCOUNTABILITY MEASUREMENT RECORD
VESSEL NO. 18-D-101 MEASUREMENT POINT 2-03

INPUT ACCOUNTABILITY

BATCH ID 2-03-123 1 ' DATE 13-MAR-78

BEFORE~- BEFORE- AFTER- - APFTER-
RECEIPT SAMPLE SAMPLE TRANSFER

DATE/TIME

LEVEL LR-125

RUSKA (LR-125R)

RUSKA ZERO

DENSITY DR-136

RUSKA
RUSEKEA ZERD

TEMPERATURE TJR-108-10
TI-1D9

SAMPLE RESULTS
LOG KO.

DENSITY
U CONC

VOLUME . , : .
VOLUME RECZIVED . VOLUME TRANSFEFRED
Kg RECEIVED - Kg TRANSFERRED

‘ Kg U RECEIVED ‘ Kg U TRANSFERRED
3ATCH STATUS = :

TIGURE 2-2. TYPICAL NMC BATCH REPORT FORMAT

NN
A
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STATE 33

The terminal is put in a read mode and waits for the
operator to enter a KEYWORD. When the correct entry is
made, the program recycles to just after Batch number

assignment and begins a total remeasurement.

STATE 40

If the fesponse in STATE 27 was "W," the program now
calculates the U concentration quantity. If itAis._
greater than a predetermined limit, the following
message is written to the terminal:

U CONCENTRATION _ G U/L EXCEEDS LIMiT FOR WASTE
The state pointer is now updated to point at STATE 27
and control is pgssed to that state. Otherwise, the.
following message is written to the terminal:

BE SURE YOU HAVE THE SPARGE ON DURING THE TRANSFER.

LET ME KNOW WHEN THE TRANSFER IS COMPLETE AND YOU

HAVE SHUT DOWN THE SPARGE AGAIN AND SET PURGES.

1
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The state pointer is now set to STATE 28, and control

is passed to that STATE. -

If the response was "R", the following message is
written to the terminal:
BE SURE YOU LEAVE THE SPARGE OFr' TO M;NiMIZE
TRANSFER;OF SOLIDS TO RECYCLE. ﬁET Mﬁ.KNO%

WHEN THE TRANSFER IS COMPLETE.

The state pointer is now set to STATE 28, and control

is passed to that STATE.

If the response was "H", the state pointer is set to

STATE 27, and the program signs off.
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"2.1.1.1

MESSAGE

MESSAGE #1A

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

MESSAGE

Typical Messages

#1

#2

#3

#4

#5

I'M READY TO MEASURE BEFORE-RECEIPT DATA. YOU
SHOULD HAVE THE SPARGE OFF AND INSTRUMENT PURGES
AT 0.5 SCFH.

ARE YOU READY (YES OR NO)?

SPARGER AT W835 EL 300

PURGEST AT W835 EL 308 ‘
DO NOT FORGET TO ZERO THE RUSKAS

I'LL WAIT TO HEAR FROM YOU
VESSEL LEVEL IS CHANGING

SUPERVISOR IS REQUIRED

"HEEL QUANTITY IS DIFFERENT." YOU WERE SUPPOSED
TO HAVE  KG SOL AND YOU'VE GOT KG SOL.
SUPERVISOR REQUIRED.

YOU'VE GOT ___ KG SOL WITH ___ KG U AS THE
HEEL QUANTITY. : . :

YOUR NEXT STEP IS TO BRING IN THE NEW BATCH. 1IT
WILL BE BATCH 02-003- . . WHEN RECEIVED, MIX
FOR 10 MINUTES, THEN SHUT DOWN SPARGE AND CALL ME.

YOU SHOULD HAVE COMPLETED THE TRANSFER, SPARGED FOR
10 MINUTES, THEN SHUT DOWN THE SPARGE AND SET IN-
STRUMENT AIR PURGES TO 0.5 SCFH. SHALL I TAKE
MEASUREMENTS (YES OR NO)?

Scientlific Systems Services
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MESSAGE #8

MESSAGE #9
5

MESSAGE #10

MESSAGE #11

"MESSAGE #12

'MESSAGE #14

MESSAGE #15

MESSAGE #13

SPARGE LOCATED W835 EL 300
PURGES LOCATED W835 EL 308

REMEMBER 10 MINUTES MINIMUM SPARGE TIME THEN
SHUT IT OFF.

I'LL WAIT TO HEAR FROM YOU.

LIQUID LEVEL IN TANK . Is CHANGING.'

SUPERVISOR IS REQUIRED.

SUPERVISOR PASSWORD IS REQUIRED TO PROCEED -

PASSWORD>

INSTRUMENT PERFORMANCE TEST FAILED

INSTRUMENTS LOCATED AT ' AND

SUPERVISOR IS REQUIRED.

BATCH 02-003-n NOW CONTAINS APPROX. KG,
LITERS OF SOLUTION. TURN ON SPARE FOR
SAMPLE.

(BELL) TRANSFER FROM PRODUCT TANK OUT-QF-LIMIT(BELL)
QTY TRANSFERRED KG

QTY RECEIVED KG

SUPERVISOR APPROVAL REQUIRED TO PROCEED

DO YOU WISH THE TANK PUL ON HOLD

(YES OR NO?)

TANK 02-003 IS IN A HOLD STATE
SUPERVISOR PASSWORD REQUIRED TO REMOVE HOLD

PASSWORD>
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MESSAGE #16

MESSAGE #17

MESSAGE #18

MESSAGE #19
MESSAGE #20

MESSAGE #21

MESSAGE #22

MESSAGE #24

MESSAGE #25

MESSAGE #26
MESSAGE #27

MESSAGE #28

\_

MESSAGE #23

1.OG NUMBER

RESULTS SHOW G/ML DENSITY, M ACID
INDICATED - G U/L

SHUT THE SPARGE OFF FOR NEXT SET OF MEASUREMENTS
LET ME KNOW WHEN YOU ARE READY.

WILL CALL WHEN SAMPLING COMPLETE
YOU MAY NOW PROCEED WITH TRANSFER AFTER RESTORING

SPARGE. CALL BACK WHEN TRANSFER IS COMPLETED AXND
SPARGE IS OFF.

YOU HAVE TRANSFERRED KG U IN KG,

LITERS OF SOLUTION WITH A CALCULATED CON-
CENTRATION OF G U/L AND H+ OF M.

IS THIS AN MCA TRANSFER? IF ANSWER IS YES,
PLEASE ENTER SOURCE VESSEL ID
VESSEL ID>

SHALL I PROCEED WITH AFTER-SAMPLE MEASUREMENTS
NOW (YES OR NO)?

OPERATORS INITIALS>

REPLICATE MEASUREMENT DATA FOR BATCH ARE
MARGINALLY ACCEPTABLE - INVESTIGATE TO DETERMINE
AND CORRECT CAUSE. :

REPLICATE MEASUREMENT DATA FOR BATCH

INDICATE THAT THE MEASUREMENT SYSTEM IS OUT-QF-
CONTROL. PROBLEM TO BE CORRECTED BEFORE DATA ARE
ACCEPTABLE.

DID THIS GO TO UF, (ENTER UF¢), INPUT ACCOUNTABILITY

(ENTER INPUT) OR OFF-SPEC. U
(ENTER OFF-SPEC)?

ENTER RUSKA (LEVEL) ZERO VALUE
ENTER RUSKA (DENSITY) ZERO VALUE

ENTER OPTION >
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2.1.1.2

State Table Definitions

The State Table is used to describe the individual
functions that a measurement program is to perform.

It is a list of the STATE numbers in the order that they
are to be performed. These numbers may or‘may not be in
sequential ascending order. The advantage of using a
State Table is that a new function can he conceived at
any time in the future and implemcnted .int® a measuiement
program simply by changing the STATE table. See example

below.

Example 1: STATE TABLE
Example 2: REVISED STATE
TABLE

In Example i, the program moves from STATE 2 to STATE 3.

It might becume nececeary at some future point in time to
add a new funqtion to be performed after STATE 2 and before
STATE 3. As seen in Example 2, the new functien is called
STATE 30, and the states table is modified so that the

function performed after STATE 2 is STATE 30.
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Data/Message Tables

The data/message tables used by the Vessel Measurement'
Programs are described in Figure 2-3. The detailed
construction of these tables will be defined during

program preparation.
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2-34

TABLE NAME

DESCRIPTION

STATE Table

Constructed for each Vessel Measure-
ment program. Its function is to guide
the program through the prescribed
sequences to satisfy the measurement
criteria for that vessel.

'Tgrminal Message
Table

Used to write the unique, vessel-depen-
dent messages to the terminal. One for
each measurement program is required.

Calibration Constants
Table

Contains all calibration constants
required to each vessel. One for each
vessel is required. :

Source/Destination
Table
[ 4

-1

Used when the source and/or destination
of a vessel solution is not operator
selectable.

MCA Transfer Table
4.

Used to determine MCA transfer
candidates.

FflefNames Table

Identifies to the measurement program
the names of the NData RAase elements
associated with the unique vessel.

Vessel-Transducers
Identification Table

Identifies to the measurement program
all transducer numbers connected to
that vessel. Used to acquire data from
the RTP system.

Control Limits
Table

Contains the control limits for all
measurement control functions. It is
organized by vessel ID and type of
measurement. Allows control limits to
be updated as the need arises.

FIGURE 2-3.

DATA/MESSAGE TABLES DESCRIPTIONS
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INPUT MEASUREMENT PROGRAM

Description

The Input Measurement Program provides for input measurement
data acquisition, manipulation, review, and transfer to

file storage. Input measurement data is generated for
batches of uranium feed solution measured in and transferred
through the accountability tank (18-D-101). See Figure 2-4.

The program (1) directs operator actions for measurement and

" transfer of input soldtiOns to be processed, and (2) re-

ceives measurement data from remote terminals or directly
from RTP equipment linked to process instrumentation. The

sequence of events is described in Section 2.2.2; temporary

" data storage and base file descriptions are presented in

‘Section VII; and specific calculation routines are.described

in Section 3.2.

The Input Measurement Program is addreséable from the remote
terminals located in operating areas of the facility. It
consists of the base program and an associated temporary data
storage. The program is addressable by the operator with a
minimum of computer-operator dialogue. The operator calls
the program and gives his initials. The program includes an
internal code that will tell the operator where he is in the

measurement sequence. The program may take up to four hours

).
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TRANSFER SYSTEM

'TEMPORARY
r—— — - - - - 7T - ——"—"—=-"—-—- - - =
‘ l 11 FEED
: | ADJ. TANK| __ -
17-D-103)
, J ¢
3
_ FEED _ §2 FEED
DISSOLVER SURGE :ﬁggggrh ADJ. TANK
SYSTEM TANK TANK (17-D-104)
§17-D-113) (18-0-101)
DISSOLVER
. FLUSH
INPUT MEASUREMENT ) - 0
(17-p-111)

SOLID WASTE
MERSUREMENT
TPRIOR TO
OFF-SITE
SHIPMENT)

S

TO U%

SOLVENT U PRODUCT
EXTRACTIGN SAMPLE
SYSTEM TANK
(za-o-zozj
PRODUCT MEASUREMENT
V v
cpw | Er
CHECK SMMPLE
TANK TANK
t43-p-409] | (41-D-405

FIGURE 2-4.

LIQUID WAST=
MEASUREMENT

TO WASTE STOR®GE
TANK -

SIMPLIFIED PROCESS FLOWSHEET

FOR URANIUM ACCOUNTABILITY

9¢-¢



for a single complete batch measurement. During this four-
hour period, there are long periods of time that the

program is idling. When these idle periodSAOCcur,}the pro-
gram is suspended so the terminal can be used for other
functions. When the operator reactivates the program, it
retrieves the current measurement data from the teﬁporary
data storage area, and transfers control to the cufrent state
in the program. It advises the operator of status and the

next measurement step.

During the input measurement sequence, various measurement

comparisons are made to-detect measurement problems. .
Descriptions of these comparisons, cross references to the
applicable calculation routine in Section III, and appro-

priate levels of response are provided in Eigure 2-5.
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INPUT MEASUREMENT COMPARISONS

Consecutive Diffarences Difference

Difference -Difference.

Reference Comparison <23 >28 & <33 - 28 & <3 : >33

J.2.13a Redundant Inst, Comparison. a b c c
Level (use Ruska to Taylor}
Redundant Inst. Compatisbn. NA NA NA NA
Density :

3.2.13¢ Temperature to Temperature a b c c

3.2.134 Lab Density to Process a b c c
Density (use Taylor)

3.2.13e Process Density to Process a b b b
density

3.2.13b Rfter-Transfer to Before- a b a d
Receipt

3.2,134 Before-Sample to After- a b d d
Sample

3.2.11a Quantity Sent to Quantity a b a . d

3.3.11b Received

{(a) Comparison good, nc actlion requized.
(b) Plag zesult for investigation - xeasurement sequence continues.

(¢} Flag result for investigation sugervisory approval needed before proceeding. .
(d) Out-of-control - correction acticn taken to be documented and approved by supervision.

FIGURE 2-5.

INPUT MEASUREMENT COMPARISDNS
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State Table Summary

The following is a list of all STATES used in
the Input Tank Measurement Program. For a
detail description of each STATE see Section

2.1.1.

STATE 1 Initialize and transfer control to

current state pointer.
STATE 2 Begin new batch.
STATE 3 Beginning of BR measurement.

STATE 4  Read RTP data and check, liquid level

constant.
STATE 5 Liquid level changing.
STATE 6 Instrument performance test.
STATE 7 Instruﬁent performance'failed.

STATE 8 Calculation of heel solution and compare

with last batch.
STATE 8a Allow options.

STATE 9 Print results of BR measurement.
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STATE 10 Wait for receipt of new batch.
STATE 11 Tell operator what to do.

" STATE 12 Begin before-sample measurements

and test liquid level constant.
STATE 13 Liquid level changing.

STATE 14 Get operator initials and check

instrument performance.
STATE 15 Instrument performance failed.

" 'STATE 16 Calculate solution in tank. Test
for MCA transfer, and print report

‘in NMC office.

STATE 17 MCA transfer quantity test failed,

ask operator what to do.
STATE 18 Tell operator tank is on hold.
" 8TATE 1Y Tell 1LDS Lu Legin sampling.
STATE 20 Wait for LDS to complete sampling.

" STATE 21 Tell operator to set-up for after-

sample measuremcnt.
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STATE 22 Get data from RTP and check liquid

level constant.
STATE 23 Liquid level changing.
STATE 24 Test instrument performance.
STATE 25 Instrument performance test failed.

STATE 26 Calculate solution in{tank after-

sample and compare with before-

sample.

STATE 27 Check transfer routing.

STATE 28 Begin after-transfer measurement.
Get RTP data, and check liquid

level constant.
STATE 29 Liguid level changing.
STATE 30 Check instrument performance.
STATE 31 Instrument performance test failed.

STATE 32 Calculate solution in heel:; print
summary report in NMC; update data

base; initialize for new batch.

STATE 33 Allow remeasurement.
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4.

2.2.3  Input Program Messages

‘Detail messages will be prepared during program

"p:eparation.

é
\;;:
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PRODUCT MEASUREMENT PROGRAM

Description

Measurements of uranium product solutions are made in

the U product sample tank (24-D-204), measureﬁent point 2-09.
See Figure 2-4 in Section 2.2.1. 'The Product Measurement
Program enables the computer to direct operator activities
to set measurement sequences and accomplish batch tfansfers,
with the program taking and recording-measurement data
through the RTP System. At each stage of measuréﬁept,

the program provides appropriate meésureméﬁtAinfofmation

to the operator, receives méasurement data frdm the

RTP System, provides cursory measurement data review,
accumulates measurement déta, and moves data to Storage

at completion of the measurement transfer sequences.

The~Produét Measurement Program (1) directs operator
actions for measurement and transfer of input solutions
to be processed, and (2) receives measurement data from
remote terminals or directly from RTP equipment linked
to process instrumentation. The sequence of events is
described is-Section 2.3.2; temporary data storage and
base file descriptions are presented in Section VII} and

specific calculation routines are described in Section 3.3.
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The Product Measurement Program is addressable from the
remote terminals located in operating areas of the facility.
It consists of the base program and an associated temporary
data storage. The program is addressable by the operator with
.a minimum of computer-operator dialogue. The operator calls
fhe program and gives his initials. The program includes an
internal code that tells the operator where he is in’ the
measurement sequence. The program may take up to four hours
for a single complete batch measurement; During this four-
hour period, there are 1oﬁg periods of time that the progrAm
is idling. When these idle periods occur, the programb

is suspended so the terminal can be used for other functions.

When the operator reactivates the program it retrieves the
current measurement data from the temporary data storage
area, and transfers control to the current state in the
program. It advises the opcrator of status and the next

measurement step.

Durihg the product measurement sequence, various measureﬁent

. comparisons are made to detect measurement problems. Descrip-
tions of these comparisons, cross references to the appli-
cable calculation routine in Section III, and appropriate

levels of response are provided in Figure 2-6.
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PRODUCT MEASUREMENT COMPARISONS

Received

Difference Difference Consecutive Differences Difference
Reference Comparison <2s >2s & <3s >25 &8 <3s -2 3s
3.3.13a Redundant Inst. Comparison, a b c c
Level (use Ruska to Taylor)
Redundant Inst. Comparison, NA NA NA NA
Density
3.3.13c Lab Density to Process a b c c
Density (use Taylor)
3.3.134 Process Density to Process a b b b
Density
After-Transfer to Before- NA NA NA NA
Receipt
3.3.13¢g Before-Sample to After- a b d d
Sample
Cuantity Sent to Quantity NA NA NA NA

FIGURE 2-6.

(a) Comparison good, no action required.
(b) Flag result for investigation - measurement sequence continues.

(c) Flag result for investigation supervisory approval needed before proceeding.

(d) Out-of-control - correction action taken to be documented and approved by supervision.

PRODUCT MEASUREMENT COMPARISOMNS

Sp-¢



‘State Table Summary

The following is a list of all STATES used in the

U_Producﬁ Tank Measurement Program. For a detailed

description of each STATE see Section '2.1.1

STATE '1 1Initialize and transfer control to

current state pointer.
STATE 2 Begin new batch.

STATE 12 Begin before-sample measurements

and test liquid level constant.
~ STATE 13 Liquid level changing.

STATE 14 Get operator initials and check

instrument performance.
STATE 15 Instrument performancc failed.

‘STATE 16  Calculate solution in tank. Test
for MCA transfer, and print report

in NMC office.
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STATE
STATE

STATE

STATE

STATE
STATE
STATE

STATE

STATE

STATE

19

20

21

22

23

24

25

26

27

28

Tell LDS to begin sampling.
Wait for LDS to complete sampling.

Tell operator to set-up for after-

sample measurement.

Get data from RTP and check liquid

level constant.

Liquid level changing.

Test instrument performance.
Instrument performance test failed.

Calculate solution in tank after-

sample and compare with before-sample.
Check transfer routing.

Begin after-transfer measurement.
Get RTP data, and check liquid

level constant.

1135 JOHN RODES BOULEVARD  P.0. BOX 610  MELBOURNE, FLORIDA 32901 e {305} 725.1300

- Scientific Systems Services



~ _STATE

STATE.

STATE

. STATE

STATE

29

30

31

32

33

- Liquid level changing.
Check instrument performance.
Instrument performance test failed.

Calculate solution in heel; print summary
report in NMC; update data base; initialize

for a new batch.

Allow remeasurement.
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2.3.3 Product Program Messages

Detail messages will be prepared during program

preparation.
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WASTE MEASUREMENT PROGRAMS

Description
Ligquid waste measurements are made in either of two

tanks: the General Purpose Waste (GPW) Check Tank,

" or the HI-LEVEL Waste (HWW) Sample Tank. See Figure

2-4, The GPW and HWW measurement programs for each

‘tank are the same, with differences in measurement

instruments and c¢alculation proccdurses. The prograﬁs
(1) direct operator actions for measurement and transfer
of input solutidns to be processed, and (2) receive
measurement data from RTP equipment. The sequence of-
events is described in Section 2.4.2; temporary data
storage and base file descriptions are presented in
Section VII; and specific calculation routines are

described in Section 3.4.

The Waste Measurement Programs are addressable from the
remote terminals located in operating areas of the
facility. Each program consists of the base program

and an associated temporary data storage. Each program

'is’ addressable by thc operator with a minimum of

computer-operator dialogue. The operator calls the
pfogram and gives his initials. The program includes an

internal code that will tell the operator where he is

s
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in the measurement sequence. The program may take up

to four hours for a single complete batch measurement.
During this four-hour period, there are long periods of
time that the program is idling. When these idle periods
occur, the program will be suspended so the terminal

can be used for other functions. When the operator
reéctivates the program, it retrieves the current
measurement data from the temporary data storage area,
and transfers control to the current state in the
program. It advises the operator of status and the

next measurement step.

During the liquid waste measurement sequehce, véridus
measurement comparisons are made to detect measurehent
problems. Descriptions of these comparisons,;cross
references fd the applicable calculation routine in
Section III, and appropriate levels of respgnse are
provided in ﬁidure 2-7 for the GFW Clhieck Tank, and in

Figure 2-8 for the HWW Sample Tank.
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GPW MEASUREMENT COMPARISONS

Difference Difference

Difference

26-¢

. Consecutive Diffezences
Reference Comparison <2g >2g & ‘<38 228 &5 <3s >3s
3.4.8a Redundant Inst., Comparison, a b c c
Level (use Taylor to West-
inghousel
3.4.8b Redundant Inst. Comparison, a b b b
Density (use Taylor to
Westinghouse)
3.4.8¢c Lab Density to Process a b c c
Density {use Westinghouse)
Process Density to Process NA NA NA NA
Density
After-Transfer to Before- NA NA NA NA
Receipt
3.4.84 Before-Sample to After- a b d d
Sample .
Quantity Sent to Quantity NA NA NA NA
Received

(a) Comparison good, no action required.
(b) Flag result for investigaticn - measurement sequence continues.
{(c) Flag result for investigation suderviscry approval needed before proceedinag.

{(d} Out-cf-control - correction action taken to be documented and approved by supervis=.ion.

FIGURE 2-7. GPW MEASUREMENT COMPARISONS

-
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HWW MEASUREMENT COMPARISONS

S3IIMID

Difference Difference Consecutive Differences Difference
Reference Comparison <2s >2s5 & <3s >28 & <38 >3s
‘3.4.8a Redundant Inst. Comparison, a b c [
Level (use Taylor to Westing-
House)
3.4.8b Redundant Inst. Conmparison, a b c c
Density (use Taylor to West-~
inghouse)
3.4.3¢c Lab Density to Process a b c c
Density (use Westinghouse)
Process Density to Process NA NA NA NA
Density
After-Transfer to 3efore- NA NA NA NA
Receipt .
3.4.8d Before-Sample to After- a . b d d
Sample
Quantity Sent to Quantity ' NA NA NA NA
Received

(a) Comparison good, no action required.

(k) Flag

resul: for investigation - measurement sequence continues.

(c} Flag result for investigation eupervisory approval needed before proceeding.

(d) Out-of-control - correction action taken to be documented and approved by supervision.

FIGURE 2-8. HWW MEASUREMENT COMPARISONS

£€6-¢



State Table Summary

The following is a list of all STATES used in the
Waste Measurement Programs (GPW and HWW). For a

detailed description of each STATE, see Section 2.1.1.

STATE 1 1Initialize and transfer control to

current state pointer.
STATE 2 Begin new batch.

STATE 12° Begin before-sample measurements

and test liquid level constant.
. STATE .13 Liquid level changing.

STATE 14 Get operator initials and check

instrument performance.
STATE 15 1Instrument performance failed.

STATE 16 Calculate solution in tank. Test
for MCA transfer, and print report

in NMC office.
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N
!

55

STATE

STATE

STATE

STATE

STATE

STATE

STATE

STATE

STATE

19

20

21

22

23

24

25

26

27

Tell LDS to begin sampling.

Wait for LDS to complete sampling.

Tell operator to set-up for

after-sample measurement.

Get data from RTP and check liquid

level constant.
Liquid‘level changing.
Test instrument performance.

Instrument performance test failed.

Calculate solution and U quantity in tank

after-sample and compare with before-sample.

Check transfer routing. (See STATE 40)

)
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"STATE

STATE

STATE

STATE

_STATE

" STATE

STATE

28

29

30

31

32

33

40

Begin after-transfer measurement.
Get RTP data, and check liquid

level constant.

Liquid level changing.

Check instrument performance.

Instrument performance test failed.

Calculate solution in heel; print

summary report in NMC; update data

base; initialize for new batch.

Allow remeasurement.

Determine transfer routing.

NOTE: Entered from STATE 27.
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Waste Program Messages

Detail messages will be prepared during program

preparation.
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SECTION III

CALCULATION PROGRAMS

This section provides the detailed calculation
 routines to be applied throughout the U I/0
- demonstration program. For this section the
term "Process Control" is used tu describe
.~ calculations that are made on measurement da£a
at thé time it is generated. The term
. "Accountability"” is used to describe the
equations to provide the most accurate data

to be applied to material balance calculations.

fFor;those equations that apply to reading and converting
an instrument raw data value into engineering unité, that
.portiOn of the equation that changes the raw instrument
ireading to inches of”HZO is performed‘in the RTP system,
and the conversion to centimeters is performed in the

CNMCAS system. See example below:

>

EXAMPLE: < RTP — >< CNMCAS

LT = (LR-125 in %)x(2.15) x(2.54= CM
XXX . XX
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3.1 CALCULATION PROCEDURE (DL at T)

The specific equation to relateimeasured dénsity

(at 25° C) to density at specified (tank) temperature

is as follows: |

(DL at T)= -6.822114067
—0.00010417982}3(TS)
+0.006335563621(63.01287M/DL)
+0.006276193353(1.655415704U)
+0.006282930580(1000—(63.01287M/DL + 1.6554157040))
+1.025070488(DL)
10

2.856058177X10 " (T)

5.381129222X107 - (1) 2

+0.5183580085(0.99707(1.002987

4.800801845x1o'7(TS)3

+ 1.787020124x10‘8(TS)4

3.021031546x10'1°(TS)5

121 )®

4+ 1.973871153X10° g) )

-0.00000153141127O(TS(63.01287M/DL)(DL))

—0.0000006620118814(Ts(l.655415704U)(DL)

Where: TS = Tank Temp in °C
M = Acid Molarity (Analysis)
DL = Laboratory Analysis of.Density at 25.0°C)
U = Uranium Concentration in Mg U/g (Analysis)
(DL at T) = Calculated Density at Tank Temperature
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b)

.e)

f)

3,2 INPUT TANK
3{2.1 ©  Measurement Parameter Calculations
Taylor Level

a)

L
Note: - Ruska measurement corrected for zero.

'LRZ = direct read fnanR-lZS-Rzin Cm, = ———— cm,

4a)

D

T 9,94 X XXXX g/ml
Ruska Density
DR _ (LR-125 - Rl) - (LR-125 - R2) = g/ml
~ 25.25 ‘ :
Note:: Both Ruskas corrected for zero.
Lab Density at 25°C
. D, at 25 = direct from lab results = g/ml
' X XXXX

. This quantity is the average of two lab density analyses.

= [(LR-125 in #) x (2.15)] x (2.54) = —— cm.

Ruska (primary)

direct read from LR-125-R, in cm. - .
R 1 XXX . XX

]

cm.

Ruska (backup)

XXX . XX

Note: Ruska measurement corrected for zero.

Taylor Density
_ [(DR-166 in %) x .09 + 10] _

Y

‘Scientific Systems Services
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g) Lab Density at Tank Temperature

-D1, at T'= adjusted from lab result = g/ml
' ‘ X XXX

NOTE: Conversion formula presented in 3.1-

h) 'Tank Temperature (primary)

TJR = TJR-108~10 direct read in °C = °C:
XX .X

i) Tank Temperature (backup) : -

TI=TI-109 direct read in °C = °C
XX.X

L v ¥
+

3.2.2 Ligquid Level Calculation - Process Control - (PC)

a) For Before-Receipt (BR)
LLpc for BR =(Lp, for BR)/(Df at 25° C from-pfevious batch)

= cm. . T
XXX . XX ;
b) For Before-Sample (BS) , )

cm
XXX . XX

LLpe for BS =(LRl FOR BS)/(DT for BS)

Or when lab data is available
LLpe for BS = (Lg, for‘BS)/(DL at 25° C for this betch)
= cm. '
XXX XX
c) For After-Sample (AS) ;
LLpc for AS = (Lg, for AS)/(Dp, at 25° C for this batch)

= cm. t
XXX . XX . i
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3-5

d) . For After-Transfer (AT)

LLpc for AT = (Lg, for AT)/(Dp at 25° C for this batch)

= cm.
XXX . XX

Liquid Level - Accountability

a) ~For‘Before—Recéipt
LLp for BR - (L, for BR)/(Dy at BR-TJR from

previous batch) =
_ XXX . XX

"b) For Before-Sample

LL, for BS = (Lg, for BS)/(D; at BS-TJR for this batch

XXX XX

'¢). For After-Sample

LLp for AS = (Lg, for AS)/(D; at AS-TJR for this batch)

XXX . XX

d) For After-Transfer

LLy for AT = (Lg, for AT)/(Dy at AT-TJR for this batch)

XXX .XX
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Liquid Level using Backup Ruska

LL = Lg, ; + (25.25)
‘DL»at tank temp

In any calculation (BS, AS etc) = cm.
XXX . XX
OR
LL = L . .
R2 and use alternate calibration
DL at tank temp

equations (See Section 3.1)

Volume - Process Control
Vpe = 9.4 + 0.9791 X LLpc + 0.73154 X LLpo? Ov—0;06644532
x LLpc® |

IF 0 < LL,, < 23.1

PC

= . o2
\Y = -217.62 + 24.010061 x LPPC + 0.011118 x LLpc":

IF 23.1 < LL,. < 85.0

PC

Voo = —245.9 + 24.9569  LLpc

PC

IF 85.0 < LL,. < 324.9

= liters
XXXX

Use appropriate LLp~ for BR, BS, AS, and AT to calculate

Vpe for BR, BS, AS, and AT,
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' Va = 2.4 + 0.9791 X LL, + 0.73154 x LLA2 0-0.00644532

" Use appropriate LL, for BR, BS, AS, AT to calculate

3.2.6

3-7

Volume - Accountability

X LLA3
| IF 0 < LLA < 23.1
'V, = -217.62 + 24.010061 x LL + 0.011118 x LLA2

A A
- 0.000046 x LL,’
IF 23.1 < LLA < 85.0
Vp = -245.9 + 24.9569 x LIp
. IF. 85.0 < LL, < 324.9

= liters
XXXX

VA for'BR, BS, AS, and AT

wSolutiQn Quantity - Process Control

a) For Before - Receipt
WPC’for‘BR = (VPC for BR) x (D, at 25° C from previous

batch) = kgs
: XXXX . X
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.2,

<7/(§

b) For Before-Sample

. for BS) x‘(DT'for_BS).= kgs

Wpe for BS = (Vj,
XXXX,.X

pC

Or when analytical results become available.

WPC for BS = (V

= kgs
XXXX.X

PC for BS) x (DL at 25° C for this batch)

c) For After- Sample

WPC for AS = (V

= kgs
XXXX.X

o .
PC for AS) x (DL a§.25 C fo;zthls batch)

d) For After-Transfer

WPC for AT = (V

= kgs
XXXX.X

pc for AT) x (D, at 25°C for this batch)

Solution Quantity - Accountability

a) For Before—Receipt

W, for BR = (VA for BR) x (DL for previous batch

at BR-TJR) = kgs
AXXX . X

b) For Before-Sample

W, for BS = (vA for BS) x (DL for this batch at BS-TJR)
= kgs
HHUHR

'ScienfificSystems’Servicés
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3-9

N

c) For After-Sample
W, for AS = '(vA for AS) x (D for this batch at AS-TJF)

= kgs
XXXX . X

- d) For After-Transfer

WA for AT = (WA for AT) x (DL for this batch at AT-TJR

=. kgs
XXXX . X

U Concentrations

a) For Process Control

U, = [(D, at 25°C - 1.001) - (.032 xAcid Molarity)]

P
238.12 = g/1 -318
XXX. XX
b) For Accountability
UA = direct from lab results = my/y
XXX . XX
‘U Quantities
é) .For Process Control
MPC = VPC X UPC x .0U1 = kg U
: XXKX . X

Calculate M for BR from UP from previous batch.

PC
Calculate MP

C
C for BS, AS, and AT from UPC for this batch.
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3.2.10

"3-10

b) For Accountability

My = W, X U, = kg U
XXXX « X
Calculate M, for BR from Up from previous batch.

Calculate,MA for BS, AS, and AT from UA'for this batch.

U Quantities Transferred/Received

a) For PC quantities received

Qpc-r = (Mp¢ from this batch BS) - (Mpc from

previous batch AT) = kg U
XXXX.X

b) For PC quantities sent
Opc-g = (Mpe from this batch BS) - (Mpe from

this batch AT) = kg U
) XXXX .X

c) For A quantities received

Qp-gr = (M, from this batch BS) - (M, from previous

batch AT) = kg U
XXXX.X

d) For A guantities sent

0 = (M, from this batch BS) - (M, from this batch

A-S

AT) = kg U
XXXX . X
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3.2.11 - Solution Quantities Transferred/Received

a) For PC gquantities received

Spe-r = (Mpc

batch AT) = kgs Sol
XXXX. X

from previous

from this batch BS) - (WPC

‘the: WPC for this batch BS may be calculated either

of two ways from Section 3.2.6 (b)

b) For PC quantities transferred

Spe-s = (Mpe

batch AT) = kgs Sol
XXXX.X

from this batch BS) - (WPC for this

Note: WPC for this quantity only calculated by the

second method of Section 3.2.6 (b)

..¢) For A quantities received

S,.g = (W, for this batch BS) - (WA'from previous

batch AT) = kgs Sol
XXXX. X

d)" For a quantities transferred

'SAJS =»(wA for this batch BS) —_(WA from this

batch AT) = kgs Sol
XXXX.X
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3.2.12

"3.2.13

12

W
|

Solution Volume Transferred/Received

a)

b)

c)

d)

For PC quantities‘received

= : i _ from previous
RpooR (VPC from th1§ batch BS) (VPC p

batch AT) = - liters
XXXX

For PC quantities transferred

RPC—S = (VPC from this batch BS) ~(V

= liters

XXXX

pC from thls batch AT)

b

In A quantities received
Ry g = (VA for this batch BS) - (v, for previous bat?h AT)

= liters
XXXX

For A quantities transferred
Ry_g = (V5 for this batch BS) - (V, for this batch AT)

= liters
XXXX

Méasurement Control Calculations

a)

Ruska (primary) to Taylor

Cl = (LRl) - (LT) =______ om
XX.XX

Cl calculated for BR, BS, AS, and AT measurements.
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)

a).

o)

£)

g)

Lab density at 25°C to After-Sample Ruska

C, = (DL at 25°C) - (DR) = g/ml
X . XXXX

For After-Sample (AS) measurement only.

Temperature

Cy = (TJR-108-10) - (TI-109) = oC
AX.X

Lab density at 25°C to After-Sample Taylor

€y = (D, at 25°C) - (Dg) = g/ml
’ X« XXXX

For After-Sample (AS) measurement only.

Ruska density to Taylor density

Cg =Dg = Dp=__— ___g/ml
- X. XXXX

For both Before-Sample (BS) and After—Sample (AS) data. .

Lab density at Tank Temperature to Ruska

Cg = (D, at TJIR)-(D) = _ 9g/ml
X XXXX

For both Before-Sample (BS) and After-Sample (AS) data.

Lab density at Tank Temperature to Taylor

c, = (D, at TJR)-Dp) = g/ml
X. XXXX

For both Before-Sample (BS) and After-Sample (AS) data.
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w
1

14

h)

i)

3)

k)

After-Transfer to Before-Receipt - Process Control

for BR) = - kgs*
XX.X

Cg = (Wyo for AT) - (W

PC PC

NOTE: AT is from previous batch.

Béfore—Sample'to After-Sample - Process Control

C, = (W for BS) - (

9 PC for AS) = kgs

XXX

wPC

After-Transfer to Before-~Receipt - Accountability

C = (WA for AT) - W

10

A for BR)k= kgs:

XX. X
NOTE: AT is from previous batch.
Before-Sample to After-Sample - Accountability

Cy; = (W, for BS ) - (W, for AS) = “kgs -
XX.X
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U PRODUCT SAMPLE TANK

Measurement Parameter Calculation

a) Taylor Level

Lp = [(LR-239 in %) x (.97)]x (2.54) = cm
XXX . XX
b) Ruska (primary)
LRl = direct read from LR-239~R, = cm
XXX . XX
c) Ruska (backup)
Lr, = (LRf239-R2 in cm) = _¢cm
, : XX . XX
d) ‘Taylor Density
Dp = [(DR-273 in %) x .09 + 10] = g/ml
10.1 : X . XXXX
- e) ‘Ruska Density
‘Dgr = Lg,~ Lg,~= g/ml
25.65 X . XXXX

v
et et Gt gy ermeris ST YING, ...J
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g)

h)

~

Lab Density at 25°C

DL at 25°C = direct from lab results = g/ml
X . XXXX

This quantity is the average of two reported lab densities.

Lab density at tank temperature

DL at T = adjusted from lab results = g/ml
X. XXXX

NOTE: Conversion formula presented in 3.1

Temperature

TJR = TJR-206-17 direct read = °C.
XX .X

Liquid level using backup Ruska

LL =L

R2 + (25.65) = cm .
D, at tank temp XXX .XX
or
LL = L,

Dy, at tank temp

Y

and use the alternate calibration equation (See

Section 3.1).
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"3.3.2

3.3.3

Liqﬁid Level - Process Control

a). ‘'For Before-Sample

LLpc for BS = (Lg, for BS)/Dqp = cm
XXX « XX
or
LLpc for BS = (Lg, for BS)/(D; at 25°C) = cm
_ ‘ XXX . XX
When analytical density available
‘,b),‘For After-Sample
LLpe for AS = (Lg, for AS)/(Dp at 25°C) = _____ em
: . XXX « XX
é)._For After-Transfer
" LLpe for AT = (Ly, for AT)/(D; at 25°C) = cm
_ : XXX . XX
»Liguid_LeVel — Accountability
a) For Before-Sample
LLp for BS = (Lgp, for BS)/(D; at TIJR-BY) = cm
' : XXX . XX
'b) For After-Sample
T, for AS = (Lp, for AS)/(Dj at TJR-BS) = cm
: : XXX . XX
c) For After-Transfer
LL, for AT = (Lp for AT)/(D; at TJR-AS) = __ cm
XXX . XX

e emmiv e W SLICHIIL DY3LEINS SETVICES, my
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Volume - Process Control

Vpc = 68.63 + 10.80859 X LLps + 0.7543094 x LLpc® - 0.009221
X LLPC3
IF 0 < LLp. < 22.1

Vpc = 2-613 + 18.63934 X LLpc + 0.35537>x LLPC2 - 0.0015362
x LhLpe’

IF 22.1 < LLpc < 92.5

Vpe = 651.938 + 0.79564 x LLpc + 0.523177 x LLPCZ— 0.001977
‘X LLPC
IF 92.5 < LLpc < 154

= liters
XXXX .X

Use appropriate LLp~ for BS, AS, and AT to calculate

VPC for BS, AS, and AT.

Volume - Accountability

Vp = 68.63 + 10.80859 x LL, + 0.7543094 x LLp? - 0.009221
X LLAa

IF 0 < LLA < 22.1

V, = 2.613 + 18.63934 x LL, + 0.36537 x LLy? - 0.0015362
x LLA3
IF 22.1 < LL, < 92.5

Vp = 651.938 + 0.79564 x LLp + 0.523177 x LLA2 -0.001977
X LLA3
IF 92.5 < LL, < 154

= liters
XXXX.X
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3.3.6

Use appropriate LLp for BS, AS, and AT to calculate V,

‘for BS, AS, and AT.

Solution Quantity - Process Control

a)

b)

o)

For Before-Sample
WPC for BS = (VPC for BS) x (Dp for BS) =

, kgs
XXXX . X

Or when analytical results become available
Wpe for BS = (Vp. for BS) x (D, -at 25°C for

kgs
XXXX.X

For After-Sample

W for As = ( for AS) X (DL at 25°C for

pC Vee

‘ kgs
XXXX . X

For After-Transfer
Wpc for AT = (Vpo for AT) X (D, at 25°C for

kgs

 XXXX.X

i

this batch)

this batch) =

14

this batch)
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Solution Quantity - Accountability

a)

b)

c)

For Before-Sample

WA for BS = (VA for BS) x (DL for this batch at BS-TJR) =

kgs
XXXX.X

For After-Sample

WA for AS = (VA for AS) X(DL for this batch at AS-TJR) =

kgs
XXXX.X ¢

For After-Transfer

wA for AT = (WA for AT) x (DL for this batch at AT-TJR) =

kgs
XXXX . X
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(9%)

8

3.3.8 U Concentrations

a)

For Process Control

Upc = [DL at 25°C - 1.001 - (.032 x Acid Molarity

.318
X 238.12 = g/1
XXX . XX
b) For Accountability
Uy = direct from lab results = mg/g
XXX . XX
3.3.9 U Quantities
a) For Process Control
M =V x U x .001 = kg U
PC PC PC TRRR %
Calculate Mpc for BS, AS,and AT.
b) For Accountability

My, =W, x U_ = kg U
A ——
A B RRR

Calculate MA for BS, AS, and AT.

’J

—_
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3.3.10 U Quantities Transferred/Received

a) For PC quantities received

from this batch BS) - (M from

Qpc-r = (Mpe PC

previous batch AT) = 4 kg U
. XXXX.X

b) For PC guantities sent

Qg = Mpe

this batch AT) = kg U
XXXX . X

from this batch BS) - (MPC for

'é) For A quantities received

Qp.gr = (M, from this batch BS) - (Mp from.preV1ous

batch AT) = kg U
XXXX.X

d) For A quantities sent

QA—S = (MA from this batch BS) - (MA from this

batch AT) = kg U
XXXX.X
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3.3.11

w
I

23

Solution Quantities Transferred/Received

a) For PC quantities received

Spc-r = (Mpc

previous batch AT) = kgs Sol
XXXX.X

from this batch BS) - (WPC from

Note: WPC for this batch BS may be calculated

@ither of two ways from Section 3.2.6 (b)

b) For PC guantities transferred

Spc—s = (Mpe

batch AT) = kgs Sol
XXXX . X

from this batch BS) - (WPC for this

Note: WPC for this quantity is only calculated

by the second method of Section 3.3.6 (b)

c) For A quantities received

Sa_g = (wA for this batch BS) - (W, from previous

batch AT) = kgs Sol
XXXX. X

d) For A quantities ‘transferred

= kgs Sol
XXXX.X
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3.3.12

3.3.13

24

w
|

Solution Volumes Transferred/Received

a) For PC quantities transferred

Roceg = (VPC from this batch BS) - (VPC from
this batch AT) = liters
’ XXXX
b) For A quantities received
Ry g = (VA for thls’batch BS) - (VA for previous
batch AT) = liters

XXXX

c) For A quantities transferred

Ra-s

batch AT) = liters
XXXX

= (VA for this batch BS) -~ (VA for this

Measurement Control Calculations

a) Ruska (primary) to Taylor

C1 = (L (LT) = cm

XX . XX

Rl)

C. calculated for BS, AS and AT measurements.

1
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b)

c)

a)

e)

f)

Lab density at 25°C to After-Sample Ruska Density

C2.= (DL at 25°C) - (DR) = g/ml
X.XXXX

2

C., is calculated for AS only.

Lab density at 25°C tu After-Sample Taylor: -:...

C3 = (DL at 25°C) - (DT) = g/ml

X« XXXX

C., is calculated for AS only.

3

Ruska density to Taylor density

Cy = (Dp) - (DT) = g/ml
X« XXXX

C, is calculated for BS and AS.

4

Labh density at tank temperature to Ruska density

Cg = (D at TJR)-(Dgp) = g/ml
X XXXX

C5 is calculated for BS and AS.

Lab density at tank temperdlure to Taylor density

C6 = (DL at TJR)-(DT) = 7 g/ml
X . XXXX

C6 is calculated for BS and AS.
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A

g)

h)

Before~Sample to After-Sample - Process Control

C, = (W

7 for BS) - (W for AS) = kgs

PC PC X%

Before-Sample to After-Sample - Accountability

C8 = (WA for BS) - (WA for AS) = kgs
XX.X
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3.4 LIQUID WASTE (HWW SAMPLE TANK AND GPW CHECK TANK)

19

3.4.1 Measurement Parameter Calculations

a) Westinghouse Level
For HWW Sample Tank

L, =[(LR-419-W in %) x (2.50)]= ___ inches
XXX .X

H

For GPW Check Tank

Lw.=[(LR—412—W in %j x (1.00) 1= inches

XX.X
b) Taylor Level
For HWW Sample Tank
'Ly = [(LR-419 in %) (2.04) = inches
XX.X
For GWP Check Tank
L, = [(LR-412in %) (.713)) = _ inches
- T XX.X
c) Westinghouse Density
: For HWW Sample Tank
p. = L(DR-430-W in %) x (.50)] = g/ml
W 9.50 X . XXXX
For GPW Check Tank
D, = [(DR-416-W in %) x (.50)] _ g/ml
9.86 X . XXXX

Scientific Systems Services

1135 JOHN RODES BOULEVARD o P.0. BOX 610 LMELBOURNE, FLORIDA 32301 e {305) 725-1300



5

d) Taylor Density

For HWW Sample Tank

_ [(DR-430 in %) x .9 + 10] '
Pp = 5.50 _____g/ml
' X . XXXX
For GPW Check Tank
D = [ (DR-416 in %) x .9 + 10] = g/ml
T 9.86 X« XXXX
e) Lab Density at 25°C
D, at 25 = direct from lab result = g/ml
X . XXXX
f) Temperature
For HWW Sample Tank
TJR = direct from TJR-414-5 = °C
XX.X
For GPW Check Tank
TJR = direct from TJR-415-7 = °C
XX.X
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Calculation of Liquid Level, Solution Volume and

Solution Weight

For HWW Sample Tank

LL = LW/DW = inches*
XXX .X

where Ly and Dy as defined for HWW Sample Tank above.

v

128.511103 + 20.966280 x LL = liters
HHKX . X

W

XXXX .X

LL, V, and W are calculated for BS, AS, and AT.

For GPW Check Tank
V =5%x LL

IF 0 < LL < 2.4

<
fl

-24.8559 + 15.2765415 x LL

1¥ 2.4 < LL
where Ly and Dy as defined for GPW Check Tank above.
V =5x LL

i 0 <« LL ¢ 2.4

V = 24.8559 + 15.2/65415% x LL
IF 2.4 < LL
W+ Vx Dy = kgs*

XXX . X

* For After-Transfer measurement, use After-Sample

reading for Dy.
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U Concentrations

U = direct from lab results g/l
XX . XX

U Quantities

M

(V) = (U) = grams
: XXX . X

Calculate M for BS, AS and AT gquantities.

U Quantities Transferred/Received

a) Quantity Received
QR =(M for BS this batch)- (M for AT last batch)=
_______ grams.
XXX . X
b) Quantity Transferred .o
o =(M for BS this batch)- (M for AT last batch)=

grams.
XXX. X

Solution Quantities Transferred/Received

a) Quantity Received

SR =(W for BS this batch)-(W for AT last batch)=

kgs
XXXX.X

.
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b) OQuantity Transferred

SR = (W for BS this batch)- (W for AT this batch)=

kgs
XXXX.X

Solution Volumes Transferred/Received

a) Quantity Received

Rp =(V for BS this bhatch)-(V for AT last batch)=

liters
XXXX

b) Quantity Transferred
RS =(V for BS this batch)-(v for AT this batch)=
liters
T XXXX

Measurement Control Calculations

a) Westinghouse to Taylor Level

Cl = (LW) - (LT) = . . inches
XX . X

b) Taylor to Westinghouse Density

Cc, = (D) - (D-T-) = g/ml
X« XXXX

C2 is calculated tor BS and AS data.

¢c) Westinghouse to Lab Density

C3 = (Dw) - (DL at 25°c) = g/ml
X . XXXX

- - -~

C, is calculated f¢

e e ime =+ mahmeeserie P SLEIU2:DTIVILLY, mc.j
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d) Before-Sample to After-Sample

C4 = (W for BS) - (W for AS) = kgs
XX.X
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3.5 MBA TRANSFER CALCULATIONS
The only MBR transfer of concern is from the U Product
Sample Tank to the Input Accountability Tank. The

equations for this transfer comparison are as follows.

3.5.1 - First Pass Comparison

This comparison uses available Before-Sample data in
the Accountability tank and available After-Transfer data

the U Product Sample tank.

MBACl = [WPC for BS (In Acct Tk) - WPC for AT of

previous batch] - | rfor Product Tank]

Spc-s
Note: Wéc for BS is described in 3.2.6 (b) first method.

WPC for AT is described in 3.2.6 (4)

Spc-g is described in 3.2.10 (b)

*MBA and MCA are used interchangeably in this

specification.
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Second Pass Comparison

This comparison uses lab results in Accountability

tank to make a refined comparison.

MBAC2 = [SPC-R for Acct Tk] - [SPC-S for Product Tank]
Note: Sp._p is described in 3.2.11 (a)
Spc-g 18 described in 3.3.11 (b)

Third Pass Comparison

When all data are available a final comparison using
Accountability calculations is made. This comparison

is made on solution quantities and total U,transferred.

MBAC3 = [SA-R for Acct Tk] - [SA—S for Product Tank]
Note: S, o is described in 3.2.11 (c)

S,_g is described in 3.3.11 (d)
and
MBAC4 = [QA—R for Acct Tk] - [QA—S for Product Taﬁk]
Note: Q, o is described in 3.2.}0 (c)

QA—S is described in 3.3.10 (4)
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SECTION IV

ACCOUNTING PROGRAMS

The two Accounting Program modules are the Lot/
Inventory Definition Task and the Report Generation
Task. The Lot/Inventory Definition Task creates
new Lots and/or Inventory Periods, as defined by
ithe operator. The Report Generation Task produces
three types of reports: the Accounting Report,
Summary Repdrt, and Material Balance Report.
Descriptions of these two tasks and details of

- the generated reports are described in the sub-

sections that follow.
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DEFINITIONS
Terms and definitions used in the accounting programs

are listed in this section.

Measurement Point - a point at which material is

generated or measured.

Report - a statement of the Material Balance at a

particular measurement point.

Material Transfer - a sequence of operations taken

from the following group;
a. Measure the heel quantity
b. Fill the vessel
c. Measure the material
d. Sample the material
e. Measure material again
f. Transfer the material

g. Measure the heel quantity
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_Batch.- an identifiable unit of material for

measurement and accounting purposes

Lot - a number assigned to a group of one or more

.~batches,

Inventory Period - a number assigned to a gfoup
of one or more lots; it may be open ended. . \
Example: "Lot number 12 and all following lots—-to- - SR

~ date qonstitute the current Inventory Period."

NI ‘ _
Scientific Systems Services

1135 JOHN RODEé BOULEVARD e P.0. BOX 610 ® MELBOURNE, FLORIDA 32801 e (305} 725-1300




4

4.2 LOT/INVENTORY»DERINITION TASK
This task creates new Lots and/or Inventory Periods,

as defined by the operator.

The user initiates the task by typing "LO" for Lot
definition or "IP" for Inventory Period definition.

The task responée is described in the following text.

, 4.2.1 Dialogue in Response to "LO"

| _ Question #1:
Operator Input:
where

Error:

Question #2:
Operator Input:

where

Error:

ENTER MEASUREMENT POINT NUMBER (NN)
NN

NN = a valid measurement point number
If other than a légal heasurement
point number is entered, Question #1

is repeated.

ENTER BATCH NUMBERS (LL, HH)

LL, HH

LL = low batch number for lot
being defined

HH high batch number for lot

being defined (optional)
Program responds "ERROR RE-ENTER"
if a batch number is entered which

duplicates a batch in an existihg lot.
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Next Question: | LOT NUMBER m INCLUDES BATCHES LL-HH
"where m = next available contiguous"

lot number

LL-HH = batch numbers that have just
been correctly entered by the
user.

Next Question: ' End of dialogue.
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‘Dialogue in Response to "IP"

Question #1: ENTER MEASUREMENT POINT‘NUMBER (NN)
Operator Input: NN
where NN = a valid measurement point
number
Error: - Question #1 is repeated if other.

v than a legal measurement point

number is entered.

Question #2: ENTER LOT NUMBERS (LL, HH) ~
Operator Input: LL., HH
where LL = low lot number for the

Inventory Period being
defined

HH = high lot number for the
Inventory Period being
defined (optional)

Error: ‘ Program responds "FRROR RE-ENTER"
if a lot nuﬁber is entered which
duplicates a lot in an existing

Inventory Period.

e ) I- . . ‘. K
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Next Question: INVENTORY PERIOD NUMBER m

INCLUDES LOTS LL-HH

whére m next available
contiguous Inventory
Period number

LL-HH = batch numbers that have

just been correctly’ ..

entered by the user.

Next Question: End of dialogue.
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Lot/Inventory Definition Task Function
When the Lot/Inventory Definition task is activated,
the task requests the measurement point as described

in Section 4.2 and waits for the user's response.

After the user enters a correct measurement point,
the Lot Definition task (LO) searches through fhe
Lot Index File for that measurement point. (The
format of the Lot Index File is shown in Figﬁre 7-3,
Secfion VII.) The task checks the batch numbers LL,
HH entered by the user against those élready in the
file. If there is no duplicafion, a new entry is
madeAat the end of the Lot‘Index file with the

user-defined batch numbers.

The Inventory Period Definition function, IP, is
the same as LO, except the user-entered lot numbers
make up a new entry in the Inventory Period Index

Trile. (5ee Pigure 7-2, Section VII.)
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L/

REPORT GENERATION TASK

The Report Generation Task produces three types

of reports: The Accounting Report, Summary'Repoft,
and Material Balance Report. Sample reports are:
shown in Figures 4-1 and 4-2. The Summary Report
format (not shown) is similar to the Accounting
Report. A detailed description is provided in.

Section 4.3.3.

The Report Generation Task is activated by typing "RP"
for Report Generation. The program responds with a

request for the type of report to bevgenerated:

. Accounting, Summary, or Material Balance. After supplying

the report type, the program requests the measurement

- point number when applicable.
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Report Formulation

Four primary measurement points are used to
demonstrate accounting and material balance
routinesﬂ Output data is based on.preliminéry
resulté as weil as final results, becaﬁse‘the”
turn-around time fof obtaining anélytical résults
of samples can be lengthy. The use of less
accurate preliminary results, however, does offer
a means of reporting status as near real-time as
possible. Each reported quantity is coded as
preliminary (P) or final (F), and each sumﬁary

total is segregated by (P) or (F) status to

advise the user accordingly.

Other items reported include:

1. "Received from" and "transfer to" pointslt
The points from which the material was. -
received and the points to which the material
was transferred are reported. Batches re-
cycled back into procéss are excluded f?om
input/output material balances, and~mﬁst be
segregated. Therefore all line items are |

segregated by "from" and "to" points.
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2. Quantitative data
Liters of solution, kilograms of solution,
and'grams‘of uranium are reported on all
reports, even though liters or kilograms of
solution do not enter into material balance

determinations.

3. Sample log numbers

This information is for reference purposes.

4. Uranium concentration
The uranium concentration as mg. U/g is

used for overchecking and evaluation needs.

"5. The time of year applicable to the measurements

used.

6. Beginning inventory, total receipts, total

removals, and ending balance.

The Report Generation Task locates data for the

feports as follows:

| - Refers to the Lot Index Tile to find
appropriate batch numbers(s) (Figure 7-3,

in Section VII.)
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- Refers to the Batch Index File td find
the relative location of data in the
Raw Data File and in the Analytical Data

File (Figures 7-4, 7-5, 7-6, in Section VII).

- Uses the selected data to formulate the

report.
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Accounting Report Description

The Accounting Report is a detailed report for

each measurement point, which lists all the

" individual batches and lots. A detailed format

. is shown in Figure 4-1. Column headings and

contents are described in the text that follows.

l. LOT NO. - This heading identifies the lot
number, and subdivides the report into lot

groupings.

2. BATCH NO. - A unique number assigned to a
Abatch. Batch numbers are assigned consecutively

for a measurement point.

3. AS MEASUREMENT DATE - The date indicates when

the after-sample measurement was made.

4. LOG NO. - This is the log number assigned

by the analytical laboratory.

5. CODE - There are two types of calculations

made. One is the preliminary (P), which is
 based on densilty and acidity level; and the
second is final (F), which is based on the

reported uranium concentrations. Whenever
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INPUT/OUTPUT REPORT FOR MEASUREMENT POINT 2-003
DATE OF REPORT--1/19/78

NMC - ACCOUNTING

QUANTITY RECVD.

QUANTITY TRANSFERRED DEST.
LOT BATCH MANUAL LOG BATCH REC. U-CONC “Kg Kg
1(1-_ NO. CHANGE DATE 10__ g_C_)_D_E_' _NO;_ FROM MG"U/G LITERS SOL U-CONTENT LITERS SOL U-CONTENT
Beginning Inventory XX XX XX
1 1 1-10-78 35606 F 2-001 235.89 10 15 12 8 13 10 2-005 .
1 2 . C 1-11-78 35510 F 2-001 236.81 12 18 14 10 15 12 2-005
1 3 1-12-78 35514 F 2-001 237 12 10 10 15 12 2-006
1 4 1-12-78 35518 F 2-002 240 12 18 14 10 15 12 2-005
Lot Totals 13 42 63 50 38 58 46
1-13-78 35520 F 2-001 239.00 16 24 12 12 18 8 2-005
2 5 1-14-78 35624 2-001 241.30 20 30 15 15 23 11 2-005
2 1-15-78 35628 2-001 227.62 14 21 10 o 0 0 ’
Lot Totals 50 75 37 27 41 19
Cummulative Totals F 2-001 46 69 48 40 61 42 2-005
Lots - I thru-2 F 2-202 12 18 1 10 15 12 2-006
Sub Total 58 87 62 S0 16 54
P 2-001 34 s1 25 15 23 11 2-005
Grand Total 22 138 87 65 99 65
Ending Balance 27 39 - 22
*Preliminary [P) or Final (F) Code
. ‘. .
. N iy ; -
FIGURE 4-1. TYPICAL NMC ACCOUNTING REPORT

Pi-¢



a report is requested, the program goes to
the final uranium concentrations first to
make the calculations. If the final data
are available, they are used and coded as
~(E)'on-the report. If noﬁ, then, the
preliminary data are used and coded (P) on

the repoft.

6. RECEIVED FROM = This is the measurement

pbint from which the material was receivea"

and the batch number for the quantity trans-

férred, It’is used to provide a ready means
“fér comparing gquantities t:ansferred and

- received between two points.

7. . U _CONC. Mg-U/g - This is the uranium
concentration calculated for the preliminary
results or the results from the 'analytical

determinations for the final values.

8. QUANTITY RECEIVED - Three quantities. are

reported consisting of the liters and
kilograms of solution, and kiluyrams of
uranium. Values are reported to the

nearest tenth of a liter or kilogram.
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11.

12.

13.

QUANTITY TRANSFERRED - The three quantities

transferred from the reporting point are

recorded to the nearest tenth of a unit.

DESTINATION - This is the measurement point

to which the material was transferred. It is
also coded with an (R) when material is re-

cycled..

BATCH LISTING - Below- the lot heading, each.
batch number and all detail, Items 2 through

10, are recorded.:

LOT TOTALS - The quantities received and
transferred are summed for all the batches in
the lot. These totals are subdivided into the
"received from" points for quantity received
and "destination" points for éuantity trans-

ferred and by (P) or (F) codes.

CUMULATIVE TOTALS

Subtotals - This section consists of the
summations of the lot totais by subtotals
for preliminary and final results and by
each "received from" measurement point and

"destination" point.
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Grand Total - This is the total of all

receipts and removals for all the batches

listed on the report.

14. BEGINNING BALANCE - This balance is the

Ending.Balance from the previous lot not
requested on the report. Each time a report
is reques£ed, the lot numbers are provided.
The program then calculates the previous
Ending Balance and enters this quantity in
Beginning Balance for the report being
generated. This Beginning Balance is not
always the same unless it is based on all
final results. Each time, it may be
different depending on the status of the
preliminary values used. For this reason,
the status code (P) or (I') is shown [or Lthe
Beginning Balance to advise the user

accordingly.

15. ENDING BALANCE - The Ending Balance is the
difference between the Beginning Inventory

plus receipts, less the quantity transferred.
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4.3.3 Summary Report

The Summary Report is a report for each measurement .
point similar to the Accounting Report, except that |
the Summary Report shows lot totals without indi-
vidual batch details. Other sections not required
are: |

1. Batch Number

2. After-Sample Measurement Date

3. Sample Log Number

4. Uranium Concentration - Mg U/g

The Beginning Balance in a Summary Report‘is_the
same as for the corresponding point in ﬁhe
Accounting Report. The lot totals are providedi
in.the same manner, based on "received from" points
and "destiﬁation" points for receipts and transfers
respecti?ely, The appropriate (P) or (F) code ‘'is

shown for each line entry.

The only difference is that the individual batches
are not listed or shown on the Summary Report. All
of the lots on record for the inventory interval

are reported unless otherwise specified.
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Material Balance Report

The Material Balance Report (MBR) is primarily

‘"a consolidated report of the Accounting Reports

for the four measurement points. However, the
Material Balance Report does not include the

quantities recycled (rerouted back into the

‘process from output points) in the output totals

when calculating the Ending Balance.

The‘Material Balance Report is formulated as

follows:

1. A‘beginning balance is entered from inventory
réports by NMC via the terminal, and stored

'in the program for use as needed.

+ 2.  The input accountability point (2-003) derives

thefQuantities as calculated and summarized
from the Summary Reports for the quantity
Ireceived. These received subtotals provided
in the'Summary Reports are the same used in

- the MBR.

yarcin JuevILLY, mJ
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3. The output points also: derive the quantities
as obtained in the summary reports. Since
some of the batches at output points are of
a recycled (R) category, these are not output
quantities for the MBR. The (R) batches are
included in the detail section of the report,A
and are shown as (R) in the CODE column. The
totals recorded iﬁ the MBR section, ho&ever,

do not have these (R) quantities included.

The detail format for the Materials Balande Report
is provided in Figure 4-2. Column headings and )

contents are described in the text that follows. .

1. REPORT PERIOD - is operator selectable in two different

ways as follows:
1) Beginning and ending date

2) Beginning and ending inventdfy period number

2. DATE OF REPORT - is the time of year the

report was prepared.

3. FROM and TO - are the points from which the

material was received as input, and the
destination points for the output. Reports
are summarized for each "To" and "From" within

an input or output point.

Scientific Systems Services

1135 JOHN RODES BOULEVARD e P.0,BOX 610 « MELBOURNE, F‘LORIDA 32901 e (305) 725-1300




4. CODE - is the standard (P) and (F) for
préliminary or final, and (R) for recycle.
Eéch of the "To" and "From" points are also
subdivided for this status. All totals and
detéils are always coded by (P), (F), or (R)

" to advise the user -accordingly.

5.§‘DETAIL - this column shows the volumes and

‘quantities.

6. MBR - this column shows volumes and guantities

‘as totals of the detail columns.

7. BEGINNING INVENTORY - is the starting quantity

i -A:ﬂ”‘  for the MBR interval.

8. . EEBHE - in this section, the lots and batches
Aare iﬁcluded within the report. Since lots |
and batches are sequentially numbered, only
'inclusive numbers need be shown (for example,
‘Lot 1, Batch 20 through Lot 4, Batch 66). The
total input is the summation of all the "From"

" points and (P) and (F) status. If any (P)

status are shown, thén the total is (P).
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NUCLEAR MATERIAL ACCOUNTING

MATERIAL BALANCE REPORT FOR PERIOD

DATE OF REPORT

FIGURE 4-2., TYPICAL MATERIALS BALANCE REPORT

DETAIL MBR

FROM/TO CODE LITERS Kg.SOL. Kg U LITERS Kg.SOL. Kg U
BEGINNING INVENTORY XX . XXX
INPUT
2-003 ACCT TANK :
LOTS 1-1 THRU 6-62 XX P XXX.X  XXX.X XX . XXX

XX " RP XXX.X  XXX.X XX . XXX
2-003 TOTAL FOR MBA XXX.X  XXX.X XX.XXX XXX.X  XXX.X XX . XXX
OUTPUT
2-009 'PROD' SAMPLE TANK
LOTS 1-3 THRU 4-25 XX P XXX.X  XXX.X XX. XXX - .
2-009 TOTAL FOR MBA : XXX.X  XXX.X XX.XXX XXX.X  XXX.X XX . XXX
©2-023 HWW SAMPLE TANK
LOTS 1-1 THRU 1-3 XX F XXX.X  XXX.X XX . XXX
:2-023 TOTAL FOR MBA XXX.X  XXX.X XX.XXX XXX.X  XXX.X XX . XXX
'2-028 GPW CHECK TANK
LOTS 1-2 THRU 2-4 XX RF XXX.X  XXX.X XX . XXX |
2-028 TOTAL FOR MBA XXX.X  XXX.X XX. XXX XXX.X  XXX.X XX . XXX
ENDING BALANCE XX . XXX

-y



‘9, OUTPUT - This is the same as described in

the

input for lots and batches. An additional

category is shown, which is the "R" for recycle.

The

the’

10. The
the

the

total for the MBR, however, does not have -

recycle -included in it.

ending balance ie the difference between
beginning inventory plus the input, less

output.
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SECTION V

MEASUREMENT CONTROL PROGRAM

PROGRAM DESCRIPTION

The Measurement Control Program provides for various
checks and comparisons of measurement data to control
measurement anomalies prior to acceptance into the base
file, for trend and error analy51s of stored measurement
data,ﬂand for propagatlon of errors into limits of error
for material balance calculatlon. The various checks and
comparisons used to ensure reliable data are an'integral'
part of the measurement sequence. These are apecifically
included in the discussions of measurement.eeqﬁences.
They are presented here for continﬁity of measdteﬁent
control discussions. The metﬂods, procedures, and
output formats for the trend and error analysis programs

are- -specifically discussed below.

Software development for propagation of errore into limits
of error will not be included in the Uranium Input/Output

(U 1/0) Demonstration Program.

Controlling Measurement Anomalies

Comparisons of measurement data are made to maintain
measurement anomalies at a minimum. These comparisons
are made at the time of data generation using available

measurement data. This allows timely application of

‘Scie___htifi:c Systems Services
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" these comparisons and associated limits. Notification
"of indicated problems is provided to initiate supervisor
corrective action and ensure proper measurement data

‘are recorded.

The comparisions are applied to minimize-measurement
Aanomalies. These comparisons are made at the time

- of data generation using available measurement data.
.This allows'timely application of these comparisons and
associétéd‘limits. Notification of indicated problems
is provided to initiate supervisory cbrrective action

" and ensure proper measurement data are recorded.

The cdmparisions applied to control measurement anomalies
' are discussed below. Methods to assign control limits
are élSO'presented and levels of action to respond to

indicated problems are outlined.
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5.1.2 Specific Comparisions Within an Individual Measurement

Specific instrument comparisions can be made using

the data collected for an individual measurement.
Timely evaluation of these data and notification to
supervision‘when problems are indicated can indicate
instrument or measurement problems. Investigation and
corrective actions provide the control of measurement

anomalies within individual measurements.

5.1.2.1 Redundant Instrument Comparisions

Specific instrument comparisions are made at the time
of measurement where two or more instruments are
installed in parallel and are reading the same
differential pressure (whether level or density
indications). These comparisons are used to flag
potential instrument problemé. 'In these cases, tﬁe
second instrument is considéred backup to the primary

and comparision is made to the primary.

Example: Ruska and Taylor instruments in parallel
reading pressure differential indicating
liquid level. The Ruska instrument is .
considered primary and the Taylor is

considered backup.
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This comparision consists of:

[(Ruska liquid level)-(Taylor liquid level)|

<control limit

where liquid levels are the calculated liquid
levels from the raw instrument readings. It
should also bé noted that the control limits
are specific to the instrument application.
They may change from measurement point to

measurement point.

5.1.2.2 Process Density to Lab Density Comparisons

_ﬁroceSS dénsity to lab density (at 25°C) comparisions
',are made to provide timely assurances that tank solution
ié‘mixed'aﬁd that both instrument and éssociéted purge

:lines are funétioning satisfactorily. The calculated
,density.from the primary density instruments are compared

. to the laboratory density result (at 25°C).
Process density is caleulated as follaws:

Process Density =

(differential pressure across density probes in in. H,0%)

(probe separation in inches)

‘o e TeiteaLU vestrUUL I WELLEN APProval Ot Scientific Systems Services, |n:.j
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*NOTE: The differential pressure across the denéity
probes may be obtained iﬁ £wo ways depending
on inétrument hookups. A differéntial préssure,
transmitter installed across the two density
probes measures the differential pressure
directly. A second method uses Ruska instru-
ments to measure differential pressure from
the in-tank reference to the high pressure
density probe (the same as level measurement)
and to measure differential pressure from the in-
tank reference probe to the low pressure density
probe. The difference between these two measure-
ments is the diﬁ%erential pressure across the

density probes.

Process density is now compared to lab density

!
(at 25°C) as follows:
(process density)-(lab density)l <control limit

5.1.2.3 Process Density to Process Density

When process density is measured by the second method
(Section 5.2.1.2) using Ruska instruments, Taylor
determined density from direct measurement of differential

pressure across the density probes is also available.
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Comparison of these two determinations.of density

provides an additional check on instrument performance.'
The comparison between the two densities is as

follows:

I(Taylor density) - (Ruska density)| <control limits

A
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Comparisons Between Measurements

During the ;outine measurement sequences, a number of
"remeasurement” situations occur, where a spécific
qguantity of solution is remeasured at a later time

and comparison of the two quantities can be made.

These may take the form of "Before-Sample" to "After-
Samp}e" measurement comparisons and "After-Transfer" to
"Before-Receipt"” measurement comparisons (referred to
as repeat measurements), or between tank transfer

comparisons (referred to as redundant measurements).

Timely application of these comparisons and supervisory
review of indicated problems serves to further control
measurement anomalies or indicate operational problems

which may invalidate measurement' problems.

5.1.3.1 Mass of Solution Comparisons - Repeat Measurements

" Repeat measurements are provided in "Before-Sample" to
"After-Sample" data and "After-Transfer" to "Befare-
Receipt" data when it is available. The mass of
solution is calculated from data associated(with
each individual measurément. These repeat measﬁrements
and associated repeat determinations of solution quantities
form the basis of solution comparisons to evaluate

measurement system performance.
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Comparison of repeat measurements of solution masses
involves the following calculations:

(1) Calc¢ulation of process density from process

instrument data:

D = process density = (differential pressure in in. H,O

probe separation

' NOTE: 1In the case of comparison Of heel measurements, .
(AT to BR) solution level may be below density
probes and AS measurement of density from

previous batch is used for both calculations.

(2) calculation of."true" liquid level from primary

liquid level measurement data:

(liquid level differential pressure)
process density

L = liquid level =

NOTE: Liquid level differential pressure is usually in

inches of water.

(3) Calculation of solution mass:

M - mass (kg sol) = [a,+a,(L)+a (L) %+a (L)?... D]

[ O

where a,, a,, a,, ..., are coeflicients of vesscl

calibration equations.
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5.1.3.2

The comparison of the initial measurement (M,) and

" the remeasurement (M,) is as follows:

M -M, < control limits.

Mass of Solution Comparisons - Redundant Measurements

)

Redundant measurements are provided when a batch of

solution is transferred from one tank to another.

Quantities sent are calculated from measutement data
of the aending tank. Quantities received ara,indepen—
dently measured and calculated in the recedving'

tank These redundant measurements and comparlédns
allow timely review and 1nd1catlon of potentlal

problems with transfer mechanlsms/procedures or

individual measurement performance.

For the U I/0 program, this comparison is nnly'applied
in the U Product Sample Tank to Input Accountability
Tank Transfer sequence. Thé specific calculations

used in this comparison are providéd“in the measurement
description for the Solution Quantities Transferred/Re-

ceived (Section 3.2.11).
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5.1

4

.4

Establishing Control Limits

For each type of measurement comparison, a specific
control limit is established at the 0.05 and 0.01 levels
of significance. These control limits are based on
historical comparison data when available (or are
assigﬁed by NMC when data are not available). Data for
eachAcompaiison are summarized over an‘inventdry period
(or a period determined by‘NMC). By their nature, the
comparison data are paired. The differences between
the pairs are subjected to statistiéal analysis to
calculate ranaom error variahée. This random error
Qariance is the basis for calculation of the specific

control limit.

The random error variance estimate for the paired

data are calculated by the following formula:

n » 2 n 2
. n X di - L di .
2 = i=1 i=1

s n(n-1)

differencc bectwcen original and repeal us

where: 4,
i

replicate measurement i.

‘'n = number of measurements.
_ n
d =1 dij/n
i=1
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s = standard deviation for the difference

between measurements.

s/[2

standard deviation for an individual

measurement.

Alternately, the variance may be calculated on a relative

basis as follows:

Y° T n(n-1)

where: dri = relative difference between original: (O)

and replicate (R) measure 1i.

0 _
d - i TRy
ri (Oi + Ri)/z
n = number of measurements.
Y = coefficient of variation for the difference
between two measurements.
"y n
d =
r b d . /n
. rl
i=1

Y2

coefficient of variation for an individual

measurement.

After calculation of the applicable s or ?, a confidence
interval of @ #3s (or ar13§) is established. A

comparison of each di or dy; is made to the appropriate
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interval. Any d; or dri that exceeds the limit is
"flagged." If any "flags" are encountered, the
appropriate statistics are recalculated excluding the
"flagged" value and the interval recalculated.
Remaining di or dri gquantities are compared. This
iterative process is applied until all remaining d;

or dri fall within the confidence interval.

Control limits are then set at 0.05 and 0.01 levels of
éignificance corresponding to 2 and 3 times the final
calculated sﬁandard deviation or coefficient of
variation. This calculation is applied to historical
data for each of the measurement comparisons defailed
“ahove at the end of an inventory period. The resulting
control limits are used during the subsequent period
for measurement'comparisons. Specific control limits
and calculation parameters are identified in Section

5.2.5.

Scientific Systems Services

1135 JOHN RODES BOULEVARD e P.0.BOX 610 ® MELBOURNE, FLORIDA 32901 & (305) 725-1300



Response Levels of Action

The above calculated control limits are applied to
measurement data as they are generatéd to effect timely
review and indication of potential problems. This
allows supervisory review and timely corrective action

when required to control measurement anomalies.

Specific applications of the various measurement
comparisons detailed above are inéluded in discussions

of measurement sequences, when control limits at the

0.05 and 0.01 levels of significance alarm and

corrective action may be indicated. The specific
responses to alarms are detailgd in measurement sequences.
They are specific for each type of comparison. The lével
of response depend on the importance of the measurement
to NMC calculations. For example, an instrument cbmparison
between a Ruska and a Taylor that is outside the
established control limit may result in a calibfatimn
request for the Taylor. However, a before and
after-sample measurement comparison that is outside

the control limit would require a remeasurement 6r

other corrective action.

For each measurement comparison, the difference (di or
dy,j) is calculated and compared to the applicable

control limit.
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1. If 4, or dri <control limit at 0.05 level of
significance, data are acceptable and stored in

appropriate file.

2. lIf di or dri> control limit at 0.05 level of
significance but <control limit at 0.01 level of
significance, data are acceptable for stérégé into
the appropriate file. However, the measurement is
flagged and a message is printed to the NMC

office and to the Operations output terminal.

3. If éonsecutive di or dri exceed control limits

of 0.05 level of significance; or

4. If 44 or ari exceed control limits at the 0.01
level of significance, the measurement data are
'hot acocptable for use in the materials contral and
accounting program. A message is printed to the
NMC office and to the Operations output
'términal. These out of control situations may
require immediate corrective action depending on

importance to NMC measurements.

The specific options for supervisor response and corrective
action are detailed in measurement sequences. The level

of response is dependent upon the type of comparison
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and the importance of the measurement with respect

to NMC calculations. 1In general, three levels of

response can be identified for measurement

comparison:

1.

The first level corresponds to data being acceptable.
No action is required and measurement sequences

continue.

At the second level of response, a problem is
indicated. The problem, in relation to importance
in nuclear material control calculations, is of a
minor nature. It does not directly impact
measurement performance but warrants attention in
future comparisons. This level of response provides
notification to fhe NMC office and to

Operations similar to the following:

MESSAGE FOR TANK BATCH DATE TIMF

(Type of Comparison) IS MARGINAL.

The message is followed by the instrument or calculation
discrepancy to be investegated. Further operator

response is not required. The measurement sequences

continue.
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~ The third level of response results when a problem

that impacts nuclear material control has been
detected. Notification is provided to the NMC office

and to Operations as follows:

MESSAGE FOR TANK BATCH DATE TIME

(Type of Comparison): COMPARISON IS OUT-OF-LIMITS.
The message is followed by the instrument or

calculation discrepancy to be investigated.
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The message to Operations includes blank space- for
the supervisor to document his finding and feport
corrective action to NMC. He must investigate

and resolve the discrepancy in the comparison

prior to restarting the sequence. Restart requires
supervisor initials and nonprinting code. The
measurement sequences may not proceed until
resolution of the out of control comparison' is

‘accomplished by remeasurement, resample, etc.
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Measurement Control Summary Output Reports

Summary reports of measurement control activities are
required on a routine basis to (1) allow assessment of
measurement performance, (2) establish control limits
for the measurement comparisons, and (3) generate
applicable random error estimates for application to -
limits of error calculations. Each of Lhe output summaries
programs include protection codes to allow access by NMC
only. Each of the programs allows summaries to be
generated by (1) date or series of dates, (2) batch

numbérs or series of batch numbers, (3) lot numbers,

or (4) entire summary of inventory period. The output

is structured to allow batchwise listings in the summary

or allow summary totals only.

These output summaries repeat the measurement control
comparisons performed during solution measurement. This
must be accomplished to establish control limits. Most
of the summaries also recalculaté the same comparisons
and additional comparisons using additicnal measurement
data not available at the initial measurement. This
allows review and evaluation of measurement performance

and estimates of random error components.
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MEASUREMENT'CONTROL PROGRAM DETAIL

The Measurement Control Program routines compare
measurements which are printed in a report (Figures 5-1,
5-2, and 5-3)on user request. The measurements éompared
are made by different instruments orAreplicate measure-
ments by the same instrument.' The user may request
measurement comparisons for (1) a single Batch, (2) a

group of Batches, or (3) a specific date(s).

There are six types of measurement comparisons

performed.

Instrument Comparisons - Compare two or more instruments

which are reading the same pressure.

Liguid Level Comparisons - Level versus density probe.

-Liquid level may be computed from the level probe or from

the density probe in a tank.

Mass of Solution Comparisons - Replicate pressure

readings from the same tank at two different times in the

process are used to compute mass of solution.

Process Density to Lab Density Comparisons - Density may

be calculated from either tank sensors or a sample in the

Lab.
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Process Density to Process Density Comparisons - Process

density may be computed from differential pressure
between level and density probes, or between level probe

and reference and density probe and reference.

Mass of Solution Transferred to Mass of Solution Received

gompa:isons - When an MBA transfer occurs, the mass of

sulution for an input Batrh may be compared to the mass

of the corresponding product Batch.

User Communication Syntax for Measurement Comparisons

In order to initiate the Measurement Control Program,
the user must LOG into account 1,50 and then type
"RUN MEACON" on the terminal. The following dialog
presents the user communication syntax for enabling
the comparison routines.
QUESTION #1:; REPORT TYPES ARF: LV = LEVEL

DN = DENSITY

RP = REPLICATE

PI = PRODUCT TO INPUT

UC = U CONCENTRATION

CARRIAGE RETURN = END OF REPORTé
ENTER REPORT 'T'YPE?

RESPONSE: User enters one of the five valid codes

listed above or a <CR> to end program.
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QUESTION #2: (For LV, DN, or RP reports only)
ENTER TANK ID OR 'ALL'?

RESPONSE: User enters the five-digit measurement
point ID of the tank for which comparisons
are desired or the 'ALL' command if
comparisoné are desired on all tanks.

QUESTION #3: ENTER BEGINNING BATCH NUMBER?

RESPONSE: User enters Batch number of the first Batch
for which comparisons are desired (must be
a valid Batch number).

QUESTION #4: ENTER ENDING BATCH NUMBER?

RESPONSE: User enters Batch number of the last Batch
for which comparisons are desired . (must be
a valid Batch number).

QUESTION #5: ENTER EXTREME VALUE?

RESPONSE: User enters the extreme value of the
comparison being made. If the calculated
comparison is §reater than this value,
the comparison will be excluded from the

comparison summary.

The program now cycles back to QUESTION #1.
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(NAME OF TANK) TANK DENSITY COMPARISONS
SUMMARY REPORT
FOR (Range of Report)

Batch
No. Bcfore-Sample R After-Sample
Rus lLaob at T Lab at T _ak Der. Lab Den. Lab at 25 Lab at 25 Lab at T Lab at T
Tc Tay To Rus To Tay at 25 To Tay . to Rus To Tay ~¢ _Rus To Tay

The following items are printed undgr these headings.

€3 4

for BS c, for BS

C

for BS D,

at 25 D, at T C, for AS- C,_, for AS C, for AS (o]

L 1 2 4 5

Xa. XXXX X XXX

XK. XKXX

X . XXXX X XXXX X XXXX Xo XXXX Xio XXX X XXXX

Summary statistics are provided for each of the comparisons.

N =
RXX XXX XXX
Avg diff=
X.XXXX  X.XXXX X, XXXX
S.. =
diff
X XXXX X.XXXX X.XXXX

FIGURE

XXX XXX XXX XXX XXX

X XXXX RoAXXK X XXXX X XKXX X XXXX

Ko XAXXX R XXXX X XXXX X XXXX X XXXX

5-1. DENSITY COMPARISONS
(TYPICAL REPORT) '

¢Z-S
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{NAME OF TANK) TANK REPEAT MEASUREMENTS
SUMMARY REPORT
FOR (Range of Report)

Batch
No. Process Control Accountability
AT to BR BS to AS AT to BR BS to AS
Kg_ Sol AT-BR Kg Sol BS-AS . Kg Sol BS-AS Kgq Sol BS-AS
The following i:ems are printed under these headings.
Wpc at AT C Wpe 2t BS C, Wp at AT C, Wp at BS C,
XXXX o X XX . X XXXX « X XX.X RXRK » X XX . %X XXX . X XX . X
Summary statistics are provided for each of the comparisons.
N = . N =
XXX XXX XXX XXX
Avg diff = ' Avg diff =
XX . X XXX XX . X XX o X
Saife = _____ © Saife = ____
XX o XX XX . XX . e XX . XX

FIGURE 5-2. REPEAT MEASUREMENTS

(TYPICAL REPORT)

€2-9
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Batch

Before Receipt

{NAME OF TANK) TANK LEVEL COMI'ARISONS
SUMMARY REPORT
FOR (Range of Rcport)

Before Sample

After Sample

hter Transfer

No.

Ruska Lecwvel

cm.

Rus(:)-Tay
cm

cm.

TJR-TI Ruzka Level Rus(l)-Tay T%%;TI Ruska Level
°C

cm., cm. cm.

Rus (li—-Ta TJR-TI Ruska Level R n-r TR~
scm. Yy %C uska Leve us(ck. ay T. BCTI

The following

items are printed

(BR = Before Receipt, 3S = Before-Sample, AS = After-Sample,

- . - - 36~ - - - - - - - -
ER LRl BR C1 BR C2 3s LRl BS S BS C2 AS LRl AS C1 AS C2 AT LRl AT C; AT C2
XXX . XX XX. XX X, XX XXX . XX XX . XX XX . XX XXX . XX XX . XX XX . XX AXX . XX XX . »= XX . XX
Summaries are provided for Before Sample and After Transfer Data Only.
Summaries: N = N =
XXX XXX XX XX
hvg diff = hvg diff =
XX. XX XX . XX XX, XX XX XX
S.. = S.. =
aiff XX. XX XX . XX diff XX . XX XX . XX

FIGURE 5-3.
{TYPICAL REPORT)

LEVEL COMPARISONS

AT = After-Transfer)

ve-S



Response to #3 - DN

Question: PROCESS OR PROCESS/LAB
Response: PR for process density/process density
comparisons

PL for process density/lab density com-

L
i,

parisons

NEXT QUESTION: END OF DIALOGUE

5.2.2 Measurement Program Operation

The measurement program calculates the requested information
with reference to the Raw Data File and Analytical Data
File. Standard deviation S is calculated according to the

formula:

w
1]
o]

[ R
(ol
|

[ Re]
0,
[N}

. i .
i=1 i

n(n-1)

where: n = number of measurements
di is calcuated according to the type of

comparisons being made.
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5.2.2.1

Instrument to Instrument Comparison

This comparison consists of:

where: P. = net pressure differential of primary pressure
‘measurement.
P, - net pressure differential of secondary“presF

sure measurement.

for P, and P, see the following references:

INPUT TANK Section 3.2.13 (a) (c)

PRODUCT TANK Secgion 3.3.13 (a)

GPW TANK Section 3.4.8 (a) (b)
. HWW TANK Section 3.4.8 (a) (b)
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5.2.2.2 Liquid Level Comparisons
di= LL - (DL + K)
L = (By) K
P, - P,
DL = 2K
(I-PZ)

where: LL, DL = liguid level using bottom level probe
and density probe, respectively.'
P,,P, = differential pressure between reference

probe and the level and density probes,

¥
i

respectively. ®

1

K = probe separation.

For details of LL, DL, P,, P,, and K see the
following references:
INPUT TANK Section 3.2.3 (4d) (e)

PRODUCT TANK - Section 3.3.2, 3.3.1 (1)
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5.2.2.3 Mass of Solution Comparisons

d; = M1 - M2

P Plz P13
a + a ._3 +a | — + a_{|e—
1 0 1 2 3
D D, D

1

=
h

=
N
i
! N
(=]
+
\
TS
pl Q!
[\*)
~—
+
11N
N N
TS
“PI ]
N
™ N\
+
oY
P S
o| o
bd N
\/w
o
N

where:

M, = mass of solution for first measurement.

M, ‘ = mass of solution for second measurement.

a,,a,,a,,a, = coefficients from vessel calibration
equation.

P,,P, = net pressure reading for the first and

| second measurements, respectively (i.e.,

adjusted for zero reading).

D,,D, = lab density at 25°C connected to the

correspdnding density at tank temperature
for the [irsL and sccond measurements,
respectively.

For details see the following references:

INPUT TANK - Secﬁion 3.2.7, 3.1, 3.2.13 (j) (k)

PRODUCT 'TANK - Section 3.3.7, 3.1, 3.3.13 (h)

WASTE TANKS - Section 3.4.2, 3.4.8 (4)

Scientific Systems Services

1135 JOHN RODES BOULEVARD e P,0.BOX 610 ¢ MELBOURNE, FLORIDA 32901 e (305) 725-1300



5.2.2.4

Process Density to Lab Density

Lab density at 25°C is connected to corresponding density
at tank temperature according to the equations given in
Section 2.5. The process density is compared to lab

density as follows:
d, = 100
where: Dy = lab-density at tank temperature

PD - process density

Process density is calculated as follows:

(1) PD = LT

K

where: PD = process density

P, = pressure reading-level to referernce prébe.
P, = pressure reading—densiﬁy to reference probe.
K = probe separation
or
(2) PD="2
K
where: P, = pressure reading between level and density
probes.
K = probe separation.

For details see the following references:
INPUT TANK - Section 3.2.13 f, g

PRODUCT TANK - Section 3.3.13 e, f

N\
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5.2.2.5 Process Density to Process Density Calculation
di = PDl - PD,
PD, = Ei
K
pp, = (F27F5)
K
where: PD,,PD, = process desunity from Taylor and Ruska,

respectively.’

P,,P,,P, = differential pressure reading from the
three instruments
K = probe separation

For details see the following references:

INPUT TANK - Section 3.2.13 e
PRODUCT TANK - Section 3.3.13 d°

WASTE TANKS - Section 3.4.8 b
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5.2.2.6 Mass of Solution Transferred to Mass of Solution Received'

The mass (ml) of solution transferred and the mass (mz) of

solution received are calculated as follows:
3

P, P P,
m = la, + a; [ — + a, |— + A — D1
L D, D, D,
2 3
= la,' + (2 +aIPZ +ale D
m, = 0 a; |— 2 | — 3 {— 2
D, D, D,

where: m + m are the respective kgs solution

aol,all,azl,aa1 = the respective volume calibration
coefficients

Pl,P2 = the respective net pressure readings

D ,D = the respective lab densities converted

to densities at tank temperature
For details see the following'references:
INPUT TANK - Section 3.2.11 ¢

PRODUCT TANK - Section 3.3.11 4
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SECTION VI
MISCELLANEOUS PROGRAMS

LDS DRIVER/FILE UPDATE PROGRAM

The LDS Driver/File Update Program is the interface between
the CNMCAS systems and the Lab Data system.
tions with the LDS is passed through this program.
tains enough information from each CNMCAS/LDS transaction
update the Data Base with the anlytical results when com-

pleted-by the lab and marks that Data Base entry final.

Required parameters paséed to this program are:

1)

2)

' 3)

Vessel ID number
Batch number

Message to LDS operator

Return parameters from LDS are:

1)
2)
3)
4)
or
1)

2)

4)

5)

Vessel ID number
Batch number
Sampling complcte indicator

Density and acid results

Vessel ID number

Batch numbér

Final results indicator

Number of data bytes to follow

Analytical results

All communica-

~

to
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When thé LDS’Driver receives a response from the LDS, it de-
codes the réSponse to determine if it is a sample-complete
message or Analytical Batch results. If it is a sample-
complete message, the driver passes the Density and Acid
results back to the calling program, and enferg.the Batch

and vessel ID into the file update routines quéue.

If the response is the Anélytical Batch result, the program
(1) checks the entry in the file update gueue, (2).accesses
the analytical data file assigned to that Qessel, and (3)
enters the analytical results received from LDS."Ez now
accesses the Batch Index file for that vessel, and marks it

final.

“Scientific Systems Services
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RTP DRIVER PROGRAM

- The RTP Driver Program is used to interface the CNMCAS

programs to the RTP system. It is a queue-driven program,

which means

logged into

that requests for data from the RTP system are -

a queue and serviced in an orderly fashion to

insure data integrity. It services requests on a first-come-

first-serve basis. This program is always in execution, but

is not using CPU time unless there are active

data from the RIP systeu.

Parameter passed to this program are:

1)
2)
3)

4)

Number of transducers to read
Transducer ID #1

Transducer ID #n

The address of a data buffer to put the transducer

readings

The RTP driver communicates with the RTP system as if

were a terminal. It puts the terminal in binary mode

sends the request for transducer reads one at a time,

for the response before making the next request. When

requests for

it

and

waiting

it has

retrieved .all of .the réadings that a user has requested, it

puts them into the user's data buffer and signals that user

that the transaction is complete.

queue for any pending rcquests.

It then examines the input

If there are more requests,

.J
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it will service the next one; When the queue is empty, the °

Driver suspends itself waiting for more activity.

Program Down Load

The RTP Driver Program is built and permanently stored
in the CNMCAS system, and is down loaded to the RTP

systém on command from the RTP system.
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DATA BASE MAINTENANCE PROGRAM

The Data Base Maintenance Program is used to (1) create
new Data Bases, and (2) move>portions of Data Bases to
magnetic tape when their size gets too large. The
program is activated by a‘systems manager, when he
wishes to perform one or more of the above functions.
He communicates with the program via a system téfmina;{

with dialoyue in the form of questions and answers.

When the program is activated when the following message

is written to the terminal:
ENTER FUNCTION>
The operator now enters one of the following functions:

FUNCTION NAME DESCRIPTION

CREAYE This function is used to create a new
measurement point Data Base. The pro-
gram responds with;

ENTER MEASUREMENT POINT ID> XX-XXX

The operator now énters XX-XXX, identi-
fying the measurement point the new data
base is to apply to. The program
rasponds with;

ENTER DATA TYPES> R,A,M,E

Scientific Systems Services
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FUNCTION NAME

3

DESCRIPTION

The operator now enters all of the data

types contained in the Data Base.

R = RAW

A = ANALYTICAL

M = MANUAL ,
E =

EXPANSION
If there are any errors in the above
answers, the program recycles and asks

that question again.

When all guestions have been ‘answered correctly, the pro-

gram builds the Data Base as defined.

FUNCTION NAME

'SAVE

DESCRIPTION

Thi§ function is used to save'portidns of

the Data Base System on magnetic tape for

historical‘pﬁrposes. The program responds|
with:

ENTER OPTIONS> Data Base name or all

The operator enters the unique Data Base

name that he wishes to save, or the word

~ALL if he wants to save the entire Data

Base System.l
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FUNCTION NAME

DESCRIPTION
The program now responds with:
ENTER TYPE> IP,n-m or

> pa,DD-MMM-YY/DD-MM-YY

If IP is entered, the program saves

the inventory periods n through m of the
defined Data Base(s). .1Lf pAi;s entered,
the program saves the detined Data
Base(s) beginning at DD-MMM-YY throughv

Db-MMM-YY batch entry dates.

If any errors are detected during entry
of the above parameters, the program
recycles back to the point of error and

allows correction.

Having successfully entered all para-
meters. the program responds with:

MOUNT TAPE AND ENTER DRIVE ID> mto:

The operator now must mount a clean
magnetic tape on a tape drive and enter

the drive ID.

The program moves all data defined to
magnetic tape, and upon completion,
performs a read/verify operation or all

data that was saved.

i Scientific Systems Services
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FUNCTION NAME DESCRIPTION
After the verify function is complete,

the program asks the operator if he

would like to delete all saved data from
“the disk. If the answer is yes, the pro-
gram delefes all saved data and updates
the files. Otherwise, it prompts the

ENTER FUNCTION again.

NULL Entry of this function causes the pro-

gram to terminate.

At the completion of a function execution,
the program always recycles to the enter

function point,

Scientific System‘s Services
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DATA BASE EDI:I‘ PROGRAM

The Data Base Edit Program isvused to edit the master
data base, which is the primary source of historical data
for the CNMCAS system. The program uses a double-password
technique, with a timer running between the two passwords
for Safeguafd. This means that in order to activate the

' program, the éperator must correctly enter the second

password within a specified pefiod bf time.

y 4

The Edit program allows only the quantity of
solution in the Raw Data File to be changed.
Whenever this entry is changed it is marked with

a code indicating it.

The operator communicates with the Edit prngram
through a system terminal. Unique commands will

be defined during detail design.
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SECTION VII
DATA BASE SYSTEM -
DESCRIPTION
The Daﬁa Base for CNMCAS is composed of a collectioﬁ of
files linked together in a hierarchical structﬁre. (See
Figure 7-1). Each measurement point has one of these |
Data Bases. The collection of all measurement point Data

Bases 1is called the Data Base System.

A detailed layout of each file in a data base is shown

in Figures 7-2 through 7-6.
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INVENTORY
PERIOD FILE

LOT FILE

BATCH INDLEX
FILE '

NOT IMPLEMENTED FOR
I/0 DEMO PROGRAM

o et— = - 4 _ _
RAW DATA ANALYTICAL hanuaL DATA' | expansion |
FITFR ; DATA FILE IENTRY FILE | | oaTA FILE |

| :
L l l _ I

MAXIMUM SIZE - APPROX 941 BLOCKS
% OF RP04 - APPROX .54%
!
FIGURE 7-1. MEASUREMENT POINT DATA BASE
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INVENTORY PERIOD INDEX.FILE . '

The Inventory Period Index File is used to associate an in-
ventory period with a collection of lots. This file is
managed by the Accounting program. 'Each entry isAcreated by
an operator when he wishes to create an‘ipventofy period.
Lot numbers for an inventory period need not exist at the

time an inventory period is created.

The estimated size of this file for a six-month collection
of historical data is approkimately‘l4 disk blocks. Each
disk block contains up to 41 entries or inventory periods.

There is no maximum size limitation.

Each disk block within the file' is structured exactly alike.
That is, each contains a ten-word header, followed by up to
41 six-word entries. Since the lot and inventory period

numbers are contained in one l6-bit computer word, the

1

(10) *

when the numbers reach that'point, the numbers roll over

maximum value of each is 65536, This merely means that

and start with zero again. ;
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INVENTORY PERIOD INDEX FILE

TOTAL NUMBER OF ENTRIES

ENTRY SIZE

FILE NAME OF LOT INDEX
FILE

INVENTORY PERIOD NUMBER
FIRST LOT NUMBER

LAST LOT NUMBER ‘
BEGINMN INVENTORY QTY KgU
P/F

S

INVENTORY PERIOD NUMBER
FIRST LOT NUMBER
LAST LOT NUMBER

BEGIN INVENTORY QTY KgqU
P/F

-
=

-

N
HEADER
10 WORDS
J/
\
ENTRY
6 WORDS
=

INVENTORY PERIOD NUMBER
FIRST LOT NUMBER
LAST LOT NUMBER

BEGIN INVENTORY QTY KgU

P/F

FIGURE 7-2.

ENTRIES/BLOCK - 41
SIX MONTH SIZE -

14 BLOCK

INVENTORY PERIOD INDEX FILE
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LOT INDEX FILE

The Lot Index File associates a collection of Batches with a
Lot number. This file, like the Inventory Period file, is
managed by the Accounting program. When the operator wishes
to create a Lot, he does it through the Create Lot function
in the Accounting program. All limitations correspond.to

the Inventory Period Index File.

Figure 7-3 shows a detailed layout of the Lot Index File.
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\
TOTAL NUMBER OF ENTRIES
ENTRY SIZE
FILE NAME OF BATCH
INDEX FILE ‘ .
; HEADER
: 10 WORDS
.
LOT NUMBER
 FIRST BATCH NUMBER ENTRY NO 1
. LAST BATCH NUMBER . 3 WORDS
LOT NUMBER
FIRST BATCH NUMBER ENTRY NO 2
' LAST BATCH NUMBER
N | o
LOT NUMBER
FIRST BATCH NUMBER ENTRY NO n
LAST BATCH NUMBER

ENTRIES/BLOCK - 82
SIX MONTH SIZE - 14 BLOCKS

FIGURE 7-3. LOT INDEX FILE

Scientific Systems Services

1135 JOHN RODES BOULEVARD e P,0. BOX 610 ® MELBOURNE, FLORIDA 32901 e (305) 725-1300




T

BATCH INDEX FILE

The Batch Index File is the primary file used to record in- .
formation about a Batch measurement. This file contains suéh
things as the total number of batches currently in the Data
Base, identification of the measurement point, and file
names of all lower level files. These files are managed by
the measurement programs; For every measurement program
there is one Batch Index File. Figure 7-4 shows a detailed

layout of the Batch Index File.

Each disk block is composed of a 32-word heéder and up to 7

entries of 32 words each.

This file can identify up to (4) four lower levels or files.
There must be at least one lower level file per data base.
The Data Base Type Code entry identifies the structure of

the lower level files.

Scientific Systems Services

1135 JOHN RODES BOULEVARD ¢ P,0.BOX 610 ® MELBOURNE, FLORIDA 32901 e (305) 725-1300



.

TOTAL NUMBER OF ENTRIES

FILE TYPE CODE ENTRY SIZE

MEASUREMENT POINT ID

RAW DATA FILE NAME

ANALYTICAL DATA FILE NAME

MANUAL DATA ENTRY FILE NAME

EXPANSION DATA FILE NAME

\\C

NUMBER OF ENTRIES THIS BLOCK

N

BATCH NUMBER

CREATION DATE/TIME

RECYCLE P/F

SOURCE OF SOLUTION

DESTINATION OF SOLUTION -

REL BLK NO IN RAW DATA FILE

‘REL BLK NO IN ANAL DATA FILE

REL BLK NO IN MAN DATA FILE

REL BLK NO IN EXP DATA FILE

ENTRIES/BLOCK - 7
SIX MONTH SIZE - 103 BLOCKS

FIGURE 7-4. BATCH INDEX FILE

HEADER
r RECORD
32 WORDS

BATCH ENTRY
> 32 WORDS
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RAW DATA FILE

The Raw Data File is used to store raw data taken

during the execution of a measurement program. The data
is normally that data acquired from the RTP system. Each
entry in the file contains the information about one

batch.

Each entry contains six elemehts, and éach element
contains four items. (See Figure 7-5.) These items are
in the order tﬁat the measurement programs acquire them.
Any item not required by a given measurement program is
left null, indicating it is not used. This structure
allows the apélicatibns program to access and use the raw

data, treating all raw data measurement data the same.

All data stored in the Raw Data File is single-precision,
floating-point with the exception of the Time/Date and

Batch number.
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| BATCH NUMBER ‘ N
TIME/DATE BR
TIME/DATE BS
TIME/DATE AS
TIME/DATE AT
LEVEL READING BR
LEVEL READING BS
LEVEL READING AS
LEVEL READING AT

DENSITY READING

DENSITY READING

DENSITY READING

TEMPERATURE READING

TEMPERATURE READING

TEMPERATURE READING

TEMPERATURE READING

g ey

: QUANTITY OF SOLUTION | | C

? QUANTITY OF SOLUTION C

| QUANTITY OF SOLUTION C

! QUANTITY OF SOLUTION C )
I 7

~ ENTRIES/BLOCK - 2

SIX-MONTH SIZE - 540 BLOCKS
C = ENTRY HAS BEEN MANUALLY CHANGED

FIGURE 7-5. RAW DATA FILE
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ANALYTICAL DATA FILE

The Ahalytical Data File is used to store the'analytical
data received from the LDS. It is managed by the measurement|
programs. The LDS Driver program accesses this file in a
background méde to complete the insertion of analytical data

to the file. The detailed layout of each entry in this file

is shown in Figure 7-6.

Scientific Systems Services

1135 JOHN RODES BOULEVARD e P.0. BOX 610 « MELBOURNE, FLORIDA 32901 e (305} 725-1300



~J
1

12

BATCH NUMBER

LAB SAMPLE LOG NUMBER

DENSITY

TEMP

ACID

U

CONCENTRATION #1

PRIMARY

U

CONCENTRATION #2

PRIMARY

CONCENTRATION #1

BACKUP

CONCENTRATION #2

RACKUP

= 3fiz =

ISOTOPIC RESULTS

#1

ISOTOPIC RESULTS

#2

U

ISOTOPIC RESULTS

#3

U

ISOTOPIC RESULTS

#4

ENTRY TIME/DATE

))

%

ENTRIES/BLOCK -4
SIX MONTH SIZE - 270 BLOCKS

M

= METHOD USED

U-vI

U=VP
U-F

U-MSID

FIGURE 7-6. ANALYTICAL DATA

FILE

BATCH ENTRY
64 WORDS
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SECTION VIII

PROJECT IMPLEMENTATION PLAN

Impiémentation of the I/0 Demo Program and
RTP System will require approximately 18
calendar weeks, as seen on the Implementation
Schedule, Figure 8-1.

In order to achieve this schedule, it will

1

require the project to be staffed with up to

7 people during this pericd.

We believe. this is a realistic schedule based-

on the systems as we know them at the present

" time.
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SECTION IX

DELIVERABLE ITEMS

Scientific Systems'Services, Inc. intends to supply
the following items with the Uranium Input/Output
Demonstration Software:
- Program Source Listings
- Source Code on Disc
-~ Object/Load Modules on Disc
- Program Documentation (flow diagrams, write-ups)
- Operational Instruction Manual

- Acceptance Test Procedure (ATP)

All of the above items will be delivered at the
conclusion of the software effort except for the
Acceptance Test Procedure. It will be written and
submitted to AGNS for approval sometime before
completion of the project. After AGNS has ratified
the ATP procedure, an ATP demonstration will be
scheduled and performed at the end of the checkout

phase.

Scientific Systems Services

1135 JOHN RODES BOULEVARD ¢ P.0.BOX 610 ® MELBOURNE, FLOR!DA 32901 e {305) 725-1300
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COMPUTERIZED NUCLEAR MATERIALS CONTROL AND ACCOUNTING SYSTEM
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RTP DATA ACQUISITION SYSTEM SOFTWARE SPECIFICATIONS
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Scientific Systems Services

October 1978

Allied-General Nuclear Services
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CONTROL-SPEC ()
FOR THE

DATA ACQUISITION SYSTEM (RTP) PROGRAM

Prepared for: Allied-General Nuclear Services

P.O. Box 847 '
Barnwell, South Carolina 29812

Prepared by: Scientific Systems Services, Inc,
1135 John Rodes Boulevard
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Melbourne, Florida 32901

Date: October 12, 1978
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DEFINITIONS '
Point (N): A number.N, 0<N<1023 uniquely Séeciﬁying
an analog input channel of the WRAIS '
Sample'<SN): A sample (Raw Data) Input from point N
' A 16-bit 2s complement humbef:".v.
-16384<5<16384
Reading (RN) : A raw data reading of point N. Defined
as R = ECN Si/SC.
N i=1 N

where: SC is the sample count.
R is a 16 bit 2's coméiement
number: -16384<R<16384

(For single sample readings, SC=1 and

RN ESN

Raw Voltage ;
Reading (BVN): Raw Voltage Reading of point N. A’

floating point number representing a
reading of point N in millivolts.
Calculated as: (RN) X (Gain Table Entry

for point N)
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Calibrated

Voltage Reading ‘

CAHO: Calibrated Voltage Reading of point N.
Calculated as: CVy = LIF (RVN,LITPGAINN)

Linear Inter-

polation function :

LIF (X,LITPX): Linear Interpolation function of X and
pointer. X is a floating point number.

LITP, point to four consecutive floating

point‘numbers: X1'Y1'X2rYz=

X-X, (YZ—YI) + Y,
1

X,~-X
Piecewise-
Linear Inter-
polation :
function: PLIF (X,PLIT,) = LIF(X,LITPy )
: . i
where: LITPX points to four consecutive

i .
valiues: Xl,yl, xi+1 Iyi+1

such that: X.< X <X
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SECTION I

INTRODUCTION

This CONTROLfSPEC(:)is written in response to
Allied-General Nuclear Services purchase order
#A7-5106-00. It provides a complete definition of

the Data Acquisition System (RTP) program.

The software described is intended to run on ‘a DEC

PDP 11/04 computer system, with Computer Products, Iﬁc.'s
wide Range Analog Input System. All software will be
written in DEC assembly language, using the Computerized
Nuclear Materials Control and Accounting System

(CNMCAS) hardware.

This CONTROL-SPEC ® includes the following sections.
Section II provides a functional description of the

software.

Section III provides a detailed description of the

data base.

Section IV provides a description of the deliverable

items.
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SECTION II

FUNCTIONAL DESCRIPTION

OVERVIEW
The RTP system is a stand-alone system that con-

stantly monitors up to 1024 transducers connected

to it through one or more wide range multiplexers.

It is essentially a table driven system in that a
set of tables describes all of the transducers,‘

their physical characteristics, and sampling rates.

As the system executes, raw data is stored in memory
as a function of the scan mode assigned to each trans-

ducer. When the CNMCAS system requests information

about a unique transducer, the software retrieves that

data from memory, converts it to engineering units,

and then sends it to the requestor.

A block diagram of the RTP system hardware is shown

in Figure 2-1.

Scientific Systems Services

1135 JOHN RODES BOULEVARD e P.O. BOX 610 ¢ MELBOURNE, FLORIDA 32901 e (305) 725-1300



. 00EL-GZL {S0E) ® L06ZE VOAIHOT4 'INHNOBIIW @ 019 X08 °'0'd ® JHVAITINO08 S3Q0Y NHOF SELL

S swio)shs oynualds

S9JIAIS

® @

SERIAL

INTERFACE

TO 11/35

11/04
16K CORE
1
| | ] 1

LA 36 RTP 7410/23 RTP 7410/23 RTP 7420/30
DECWRITER I/0 BUS I/0 BUS REMOTE
PRINTER CONVERTER CONVERTER SERIAL LINK

RTP 7480/32
WRAIC

RTP 7481/30
PROGRAMMABLE
VOLTAGE
CALIBEATOR

RTP 7480/34

RTP 7480/34

RTP 7480/34

FIGURE 2-1.

RTP 7480/32
WRAIC

RTP 7480/34

RTP 7430/30
UNIVERSAL

RTP SYSTEM HARDWARE




SYSTEM SOFTWARE LOADING

The RTP software is stored on disc in the

CNMCAS system, and déwnloaded to the RTP system

via the serial link. 'A small bootstrap loader,
resident in the 11/04, is activated through the console
emulator. The Download program retrieves the load

module file from the CNMCAS system disc and sends

A P v, b

it to the RTP system. The protocol for sending the
load module will be defined in detail during

implementation of the RTP system software.

-
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" DATA ACQUISITION
The RTP system will continuously input raw
data samples from the Wide Range Analog
Input System (WRAIS). Pfocessing of
previously read samples may occur while
another sample is being taken. Also,
samples from different WRAIS controllers

may be taken simultaheously.

Each  point (see Appendix Definitiqns) in the
system belongs to a unique scan mode, and
the subset of points being sampled is de-

fined by the current scan mode.

There are three scan modes which are

described in the paragraphs that follow..

Scan Mode 1

Scan Mode 1 is the background scan mode. Sampies of
points in this mode are cont{ﬁuously input

unless a higher scan mode.is'invoked. The

raw data reading (R) of a point in.this mode

~ is equivalent to the raw data sample(s).
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Scan Modes 2 and 3

Scan modes higher than 1 are invoked periodically,

as defined by the priority scan frequency parameter (PSF).
This is a value expressed in minutes. Each of these
scan modes has a scan interval parameter (SI) ex-
pressed in seconds, and a scan time offset (STO)

expressed in seconds.,

The scan time interval (SI) defines the length of

time that the system will continuously input samples

of points in that scan mode. A running accumulation

of samples, a count of samples (SC), and the highest and
lowest sample values are kept for each point in the

scan mode.

At the end of the interval SI, the raw data
readings (RN) are computed for each point N
in the scan mode as:

Ry = %irf 8;/8Cy
For points in Scan Mode 2, the five
latest N values of Ry will be held internally

for conversion and transmission to CNMCAS on demand.
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2-6

For points in Scan Mode 3, the three latest

values of RN will be held.

The scan time offset (STO) defines the relative
time within the PSF that the scan mode will be

invoked.

Figure 2-2 shows the operation of the RTP sub-
system on the basis of some typical scan mode

parameter values.

Figure 2-3 shows the typical number of samples
per reading, on the basis of the number of
points in a high level scan mode versus the |

scan interval (SI) parameter for that mode.
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PSF =.4..Minutes. - - ~ Scan Mode 2: SI =- 20 seconds -

SCAN
MODE 3
READING
UPDATE

STO

0 seconds

10 seconds '
120 seconds ’ ::;::3

Scan Mode 3: SI
STO

SCAN
MODE 3
SAMPLING

SCAN
MODE 2
READING
UPDATE

SCAN —

MODE 2
SAMPLING

SCAN
MODE 1

SAMPLING N LJ

TIME

(SECONDS) O

FIGURE

A

&

20 60 129 180 250 360 360 390

2. RTP DATA ACQUISITION FUNCTION WITH TYPICAL SCAN PARAMETERS
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SAMPLES/READING AT 40 SAMPLES/SECOND SCAN INTERVAL
VERSUS NUMBER OF POINTS IN SCAN

NUMBER OF POINTS IN SCAN

ST c 10 29 30 40 50 60 70 .80 90 100
CAN
NTERVAL
N SECONDS .
51 40 20 10 6 5 4
10| €0 40 20 13 10 8 6 5 5 4 4
20 | 160 80 49 26 20 16 13 11 10 8 8
30 | 240 120 60 40 300 24 20 17 15 13

FIGURE 2-3. TYPICAL SAMPLES PER READING
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DATA CONVERSION
Conversion of raw data readings to engineering
units (measufements) takes place when:
1. CNMCAS requests a measurement
2. An alarm limit is being checked
Two classes of transducers may be connected to

RTP points: standard instruments and thermocouples.

Conversion of Standard Instrument Readings

Standard instruments are those whose conversion
from voltage to engineering units is a linear
function or piecewise-linear function. Taylor,
Ruska, and Westinghouse pressure transducers and
pressure differential transducers fall into this
class. Standard instrument samples are input from
the RTP as a 15-bit binary number or as a 5-digit

Rinary Coded Decimal (BCD) numbcr plus sign (21 bits).

The conversion of a reading (R) of point N, connected
to a standard instrument into a measurement M, is
defined as:

MN = LIF (CVN,LITPN) or PLIF (CVN,PLITPN)
where |

LITP, or PLITPy is the pointer to the

linear or piecewise-linear interpolation
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table (PLIT) entry associated with point N. (See

Definition Appendix for definitions of the LIF

and PLIF functions.)

Conversion of Thermocouple Class Readings

Thermocouple class measurements are expressed

in degrees Celsius. The range of these measure-
ments is from 0°C to 132°C. They are converted
from millivolts using the piecewise-linear
interpolation function (PLIF), with a maximum

of 16 interpolation points.

Before the conversion from voltage to degrees
Celsius can take place, a correction for
thermocouple-to-copper junction error is made;'
This is done by first computing the temperature
of the unithermal reference plate (T

uyrr) in

which the junctions occur. (See Section 2.5.)

The degrees Celsius reading is converted to

millivolts, and this correction is added to

the calibrated voltage reading of the thermo-

couple point.

Symbolically, a temperature measurement, M,

of a thermocouple point N in degrees Celsius is:

MN = PLIF(PLIF(T 'PLITUTR) + CVN,PLITN)

UTR

A
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UTR PLATE TEMPERATURE éOMPUTATION

Eaéh UTR plate has two analog inputs attached
to RTP points, D1 and D2.‘ (Refer to CPI
document PM 070-052/53B for detailed descrip-

tion of hardware.)

points D1 and D2 are placed in Scan Mode 1l so .

that their readings are always current.

A UTR Temperature TUTR is defined as:

T = K, Vb2 K, + K;
CV,,; ,

where

K, and K, aré constants associated with

this particular UTR plate, and K, is a

temperature correction constant.
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AUTOMATIC VOLTAGE CALIBRATION

If a WRAIS includes a programmable yoltage
calibratoru(PVC), raw voltage readings of ‘
points are converted to calibrated voltégé
readings before being converted‘to measure-

T

ment (engineering units).

There are 13 consecutive entries in the
Linear Interpolation Table (LIT), one fot
each gain value. Conversion of a raw voltage

reading of point n, R into a calibrated

NI
voltage reading CVN is defined as:

CVN = LIF(RVN,LITP )

GAINN,

If a WRAIS does not have a PVC:
CVN = RVN

Calibration Data ‘Update Task

Each programmable voltage calibrator has eight
analog inputs attached to eight RTP points.
These points are not contained in any of the

scanning modes.
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Periodically, normal scanning is suspended
and 26 readings are taken, two for each of
;he'l3 gains (one each at 0.0V and one each
at 40% or 80% of full scale). These readings
are converted to millivolts held as the Y-

values of the calibration entries in the LIT.

The frequency of execution of this task is
specified by the Calibration Task Frequency

~ parameter (CTF) in minutes.
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ALARM LIMITS‘CHECKING AND REPORTING

The Alarm Limits Checking task examines

each point in the system. If a point has
associated alarm limits, the latest reading

is converted to a measurement in engineering

-units. This measurement is compared to the

point's associated alarm limits. If the
measurement falls outside these limits, a
single line is output to the LA36 printer =

as follows:

DATE TIME POINT - LOW LIMIT HIGH LIMIT MEASUREMENT

where

POINT is the transducer point number (0-1023)

~LOW LIMIT are expressed in engineering

HIGH LIMIT units as an F-format number:

MEASUREMENT .
XXX . XXX

where

X is a decimal number with a decimal point.
This task is executed periodically and its frequency is
specified by the Alarm Task Frequency parameter, A,

expressed in minutes. Alarm limit reporting can be

disabled and enabled.
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CNMCAS - RTP COMMUNICATIONS
The purpose of CNMCAS - RTP communications is to allow
CNMCAS to obtain the most recent readings on any

specified transducer.

_The RTP system is always ready to accept a request for

information, except when it is in the process of

transferring information due to a previous request.

A request for a reading comes from CNMCAS on a 3-word
command specifying a function code, a transducer point

number, and an instrument type. (See Figure 2-4.)

RTP responds with a 13-word buffer specifying the

number of readings, success code, transducer point
number, and the requested readings. (See Figure 275.).
Each reading is a 32-bit, single-precision, floating-
point number representing the value of the reading in
engineering units associated with that transducer.

If multiple readings are requested, they are transmitted
in reverse chronological order (for example, the most
recent and then the next most recent). An example

of CNMCAS - RTP communications is presented ih

Fiéure 2-6.
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RTP DATA REQUEST FORMAT

WORD 0O (16 Bits) FUNCTION CODE
1 =_send most recent reading of a point.
, 2 = send last 2 readings of a point.
3 = send last 3 readings of a point.
4 = send last 4 readingé bf a point.
5 = send last 5 readings qf a point.
6 = send all readings outside of alarm
limits. ‘ h - '

WORD 1 (16 Bits)

" "PRANSDUCER POINT NUMBER =

WORD 2 (16 Bits) ' INSTRUMENT TYPE
' g 'O =.Aﬁalbg
i =‘Ruéké\
FIGURE 2-4. RTP DATA REQUEST FORMAT

Cmmrmeiateim g eamiee
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WORD

WORD

WORD
WORD
WORD
WORD
WORD
WORD
WORD
WORD

WORD

WORD

WORD

0 (16 Bits)

1 (16 Bits)

2 (16 Bits)
3 (16 Bits)
4 (16 Bits)
5 (16 Bits)
6 (16 Bits)
7 (16 Bits)
8 (16 Bits)
9 (16 Bits)
10 (16 Bits)
11 (16 Bits)

12 (16 Bits)

-1

-2

RTP RESPONSE FORMAT

NUMBER OF GOOD DATA VALUES RETURNED
-SUCCESS CODE

Equal to requested function code implies
successful

7 = have sent all points outside alarm limits
= illegal function code requested
= illegal transducer point number requested

TRANSDUCER POINT NUMBER

FLOATING-POINT VALUE (most significant half)

FLOATING-POINT VALUE (least significant half)
FLOATING-POINT VALUE (most significant half)

FLOATING-POINT VALUE (least significant half)
FLOATING-POINT VALUE (most significant half)

FLOATING-POINT VALUE (least significant bhalf)
FLOATING-POINT VALUE (most significant half)

FLOATING-POINT VALUE (least significant half)
FLOATING-POINT VALUE (most significant half)

FLOATING-POINT VALUE (least significant half)

FIGURE 2-5. RTP RESPONSE FORMAT
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EXAMPLE OF CNMCAS-RTP COMMUNICATIONS

CNMCAS Sends: RTP Sends: ‘ , Qtjfig
WORD O0: 2 Request two most WORD O 1 Number of good data values %
WORD 1: 9 recent readings of WORD 1: 1 Success code:0K
WORD 2: O transducer number 9 WORD 2 9 Transducer number 9
WORD 3: XX _
WORD 4 XX Floating-point data value
m WORD 5 XX}
0 WORD 6: XX Floating-point data value
D . WORD 8: YY} Floating-point representation of
= 999.99
- WORD 9: YY
o - WORD 10: YY
w WORD 11l: YY
< WORD 12: YY
m N
- END OF DIALOGUE :
1] ®
3 :
(7] ORD 0: 3 Request 3 most recent WORD O: Number of good data values
wn ' ORD 1l: 1500 readings of transducer | WORD 1: =2 Success code: Illegal transducer
o ORD 2: O number 150C number
_ WORD 2: 1500 Transducer number 1500
g. WORD 5: YY ' :
O WORD 6: YY} Floating-point representation of
D 999.99 '
[ B WORD 7: YY
WORD 8: YY
WORD 9: YY
WORD 10: YY _
WORD 1l1: YY - ,
WORD 12: YY ’ Z

- END OF DIALOGUE

&

FIGURE 2-6. EXAMPLE OF CNMCAS-RTP COMMUNICATIONS




POWER FAIL/RESTORE PROCEDURES

The power fail softWare logic operates in the following
manner. When power is restbred after a power failure,
the system will reinitialize itself and continue to
operate as defined. This obviates down-loading the pro-
gram from CNMCAS after a power failure affecting the RTP

subsystem only.

Reinitialization includes all historical readings

of points in scan priorities 2 and 3.
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SECTION III

CNMCAS RTP DATA BASE STRUCTURE

The data base is designed to be independent of the

software logic, easily changed and expandable.

The data base is divided into two sections (Figure 3-1).
The first section contains table pointers'and parameter
values, which are accessed as an absolute offset from the
data base start. The second section contains the tabular
" information as shown in Figures 3-2 through '3-6. Each
table is individually expandable, and contains a |
vgriable number of entries. Additional tablgs and

parameters are easily added.

Figure 3-1 shows the general structure of the data base
and Figures 3-2 through 3-6 define the entry and data

formats of all tables.

B P T P R IR IR TR I P -.J
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CNMCAS AGNS RTP SYSTEM DATA BASE STRUCTURE

(A1l Table pointers are byte address offsets from
the data base start.)

OFFSET MNEMONIC

N O

GNTP
UTRTP
PDTP
P2TP
P3TP
LITP
PLITP
ALTP
PSF
S12
STO2
SI3
STO3
MAXP

ATF
CTF

mOY

FIGURE 3-1.

GNT

(Gain Table Pointer)

UTRT

(Unithermal Ref. Table Pointer)

PDT

({Puint Definition Table Pointer)

P2T

{(Priority 2 '"ahle Pointer)

P3T

(Priority 3 Table Pointer)

L

(Linear Interp. Table Pointer

LIT

(Non-Linear Interp. Table Pointer

ALT

(Alarm Table Pointer

Priority Scan Frequency (Seconds)

Priority 2 Scan Time Interval'(Seconds)

Priority 2 Time Offset (Seconds)

Priority 3 Time interval (Seconds)

Priority 3 Time Offset (Seconds)

Largest Point Number

Alarm Task Frequency (Minutes)

Calibrator Task Frequency (Minutes)

Time and Date
N -

-/Gain Table

N

\

N

“UTR Table

A“PDT Table

CNMCAS AGNS RTP SYSTEM DATA BASE STRUCTURE
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GNT: Gain Table

26 words as 13 floating-point numbers, one for each
gain range representing a constant which when multiplied

by a raw datum gives a reading in millivolts.

UTRT: Unithermal Reference Table

8 words/entry

16 entries maximum

Word 1 PDT Pointer. to D,
Word 2 - - |- PDT Pointer to D,
Words 3 _ K. = 5500./(R_-R.) F. P. Number
1 A C
& 4
Words 5 K, = RC/lOO. F. P. Number
& 6
: - o
Word 7 PLIT Pointer (°C-mv) F. P. Number
Word 8 Unused

where: RA and RC are constants associated with each UTR v
plate, K, =-.045 °C

and temperature of the UTR plate in °C is:

Typr = Ki (CVpo/CVpy = Kp) + K

FIGURE 3-2. GNT AND UTRT TABLES
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WORD 1

WORD 2

WORD 3

WORD 4

PDT: TRANSDUCER POINT DEFINITION TABLE

4 words per entry
Maximum 1024 entries
Position in table implies

WRAIS channel and address

15 14 3 2 0
INTERPOLATION TABLE ENTRY SCAN
NO., , MODE .
0 -»Bits 3-14 specify entry ‘ " (0=null entry
no. into LIT 1=P1
2=Pp2
1->Bits 3-14 specify entry 3=P3
no. into PLLIT 4=Calibration
15 6 5 4 3 ¢

ALT ‘(alarm table) Entry No./CLASS |TYPE

00 . Standard Instrument
TYPE=instrument type

01 TYPE K Thermocouple
TYPE=IITRT entry no.

10 CAaltibration Peoint
TYPE=Calibration

Scale: 0-7

LAST SAMPLE (RAW DATA)

15 6 5 4 3 0
P1T or P2T Entry No. GAIN

epresents actual Gain
Code for WRAIS command
and pointer into GNT

FIGURE 3-3. TRANSDUCER POINT DEFINITION TABLE

J
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WORD 1
WORD 2

WORD 3

WORD 4

WORD 5

WORD 6

WORD 7

WORD 8

WORD 9

P2T: PRIORITY 2 TABLE -10 WORDS/ENTRY

P3T

: PRIORITY 3 TABLE - 8 WORDS/ENTRY

DOUBLE PRECISION INTEGER
SUM OF SAMPLES ( S)

SAMPLE COUNT (SC)

LO SAMPLE

HI SAMPLE

MOST RECENT READING ( £ S/SC)

2ND MOST RECENT READING

3RD MOST RECENY READING

4TH MOST RECENT READING

P2T Only

5TH MOST RECENT READING

FIGURE 3-4. P2T AND P3T TABLES
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LIT:

Words
Words
Words
Words

~NSvwe

+ + + +

LINEAR INTERPOLATION TABLE

@ O N

8 Words/entry as 2 pairs of floating point numbers

Point 1(X:)
Point 1(¥1)
Point 2(X,)
Point 2(¥,)

value
value
value
value

(millivolts)

(EGUs)

(millivolts)

(EGUs)

The first 13 entries of the LIT are calibration correction functions

for avtomat_c voltage correction.

Calibration task.

The Y values are computed by the

Xl Y1 X2 YZ
Entry 1 0.0 Gain 1 Reading @0.0 [8192. | Gain 1 R=ading @8192 mv
2 0.0 Gain 2 Reading @0.0 [2048. | Gain 2 R=ading @2048 mv
3 0.0 Gain 3 Reading @0.0 {2048. | Gain 3 R=ading @2048 mv
4 0.0 Gain 4 Reading @0.0 512. } Gain 4 R=ading @ 512 mv
5 0.0 Gain 5 Reading @0.0 512. | Gain 5 R=ading @ 512 mv
[ 0.0 Gain 6 Reading @0.0 128. | Gain 6 R=ading @ 128 mv
7 .0 Gain 7 Reading @0.0 128. | Gain 7 R=ading @ 128 mv
3 ¢.0 Gain 8 Reading @0.0 32. | Gain 8 R=2ading @ 32 mv
E) ¢.0 Gain @ Reading @0.0 - 32. jGain 9 R=ading @ 32 mv
10 c.0 Gain 1) Reading @0.0 8. | Gain 10 R=ading @ 8 mv
11 C.0 Gain 11 Reading @0.0 8. | Gain 1l R=ading @ 8 mv
12 C.0 Gain 12 Reading @ 0.0 2. | Gain12 R=ading @ 2 mv
13 c.0 Gain 13:Reading @ 0.0 2. } Gain13 R=ading @ 2 mv

FIGURE 3-5. LINEAR INTERPOLATION TZBLE

o o @

9-¢t



PLTIT: PIECEWISE-LINEAR INTERPOLATION TABLE

2n Words/entry as M-1 pairs of floating point
numbers as per LIT, giving a variable
number of linear 1nterpolatlon pairs, maximum. M=16

ALT: ALARM TABLE

4 Words/entry as 2 floating point values
Words 1 + 2: Low Alarm value -

Words 3 + 4: High Alarm Value

FIGURE 3-6. PLIT AND ALT TABLES
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SECTION IV

DELIVERABLE ITEMS

Scientific Systems Services, Inc. intends to supply

the following items with the RTP system software:

= DProgram Uource Listings
- Source Codg on Disc
~ Object/Load Modules on Disc
' = Program Documentation (flow diagrams, write-ups)
- Operational Instruction Manual

- Acceptance Test Procedure (ATP)

Ail of the above items will be delivered at the
conclusion of the software effort except for the
Acceptance Tcot Procedure. Tt will be written and
submitted to AGNS for approval sometime before
completion of the project. After AGNS has ratified
- the ATP procedure, an ATP demonstration will be
scheduled and performed at the end of the chéckout

phase.

BT
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SYSTEM DEVELOPMENT EVALUATION REPORT - 1978
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Appendix E contains listings of the programs and modules developed for

the Uranium Input/Output Demonstration Program and RTP system during
FY 1978, The listings are presented in the attached tables as follows:

* Table
+ Table
. Table
- Table
. Table

ol el e B o B

-1
-2
-3
-4
-5

v w e e e

Measurement Programs and Modules
Accounting Programs and Modules
Measurement Control Programs and Modules
RTP System Programs and Modules
Miscellaneous Programs.

Information presented in the tables includes program/module name,
identifier, and -purpose.

E-1
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TABLE E-1 .

MEASUREMENT PROGRAMS AND MODULES

Purpose

Name ID
i. Accountability Tank P02003
Measurement Program
2. Uranium Product Sample P02009
Tank Measurement Program :
3. HWW Sample Tank Measure- P02023
ment Program
4. GPW Check Tank Measura- P02028
ment Program
5. Calculation Module CALI
6. Calculation Module CALW
7. Initialize Module INIT
8. LDS Module LDS
9. LDS Module LDSW
10. Message Mocule NONE

Control the measurement prgcess‘for the Accogntabilitf Tank.

Control the measurement process fcr the Uranium Product Sample Tank.
Control the measurement process fcr the HWW Sample Tank.

Control ﬁhe measurement process fer the GPW Check Tank.

Make instrument and solution comparisons, convert RTP readings,
calculate liquid level, volume, and solution quantities, initialize
batch parameters, mark marginal indicators, and calculate quantities
transferred/received for the Accountability and Uranium Product Sample
tanks.

Make instrument and solution comparisons, convert RTP readings, calcu-
late liquid level, volume, solution quantities transferred/received,
initialize batch parameters, and mark marginal indicators for the HWW
Sample and GPW Check Tanks. ’

Increment batch number, put time and date into temporary data area, and
zero remaining sections of temporary data area.

Communicate with LDS system to rejuest a lab sample and return results
for the Accountability and Uraniua Froduct Sample Tank.

Communicate with LDS system to regjuest a lab sample and return results
for the HWW Sample and GPW Check Tanks.

Print message to operator and NMC office.
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Name

11.

12.

13.

14.

- 15.

16.

17.

18.

19.

20.

21.

0? Initials Mcdule
Ootion Module
Password Module
Rasponse Module
RTP Module

Ruska Module
Status Modgle

Spart Module

Summary Module
Transfer Module

Vessel Module

ID

OPI1

OPT

PAS

RTP

RUS

STAT

STRT

SUM

‘TRN

VES

TABLE E-1 (CONTINUED)

MEASUREMENT PROGRAMS AND MODULES

Purpose

Get operator's initials and save in temporary data area.
Gets one of either two or three options from operator.
Gets supervisor's password and checks for validity.

Get either a YES or NO response from operator.
Commuﬁicate with RTP system to‘get readings of RTP.

Get numerical data from operator for Ruska zero value.
Update STATUS File.

Set temporary data area to ones IF the state Pointer is zero. Executed

ONLY ONCE to- get program started. Removed from task due to memory

limitations.

Print batch summary to operator and NMC office and record batch data in
data base.

‘Determines if transfer was made.from Uranium Product Samﬁle Tank to

Accountability.

Get Vessel ID of source and destination vessels and check for validity.
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Name

Accounting Main Progrem

Lot Definition Subprogran

Inventory Definition
Subprogram

Accounting Summary Report
Subprogram

Material Balance Report
Subprogram

Measurement Point True
Subprogram

1D

ACCPGI

ACCLOT

ACCINV

ACCASR

- ACCMBR

ACCMPT

TABLE E-2

ACCOUNTING PROGRAMS AND MODULES

Purpose

To define new lot or inventory period, or generate an Accounting,

Summary, or Material Balance Report.
To define a new lot.

To define a new inventory period.
To provide an Accounting or Summar¥ Report.
To provide the Material Balance Report.

To ask the operator for the measurement point and check that

it exists.
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. TABLE E-3

MEASUREMENT CONTROL PROGRAMS AND MODULES

Name ID
1. Measurement Control Program MEAZCON .
2. Level Report LEVEL
3. Density Report DNSTY
4, Replicate Report REPLC
5. Product-to-Input Report PRDIN
6. Uranium Concentrztion Report

UCCNC

Purpose

Controls execution of

Calculates
Calculates
Calcuiates
Calculates

Calculates

and prints
and prints
and:prints
and prints

and prints

Measurement Control Subprograms.

Level Measurement Control Report.

Density Measurement Control Report.
Replicate Measurement Control Report;J
Product-to-Input Measurement Control kepdrt;

Uranium Concentration Measurement Control Report.
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TABLE E-4

RTP. SYSTEM PROGRAMS AND MODULES

Name ID Purpose

1. Initialization Proceduras The 3SX-11 System Initializaticn Routine contains the entry point
required to start system operatioa. This routine performs the follow-
ing initialization functions:

2. SCHED Task SCHED . Controls execution of other tasks. Controls execution of functions
driven by time table. Reinitializes start after a power failure.

3. Operator Task OPR Program allows the operator to enter system time, activate alarm edit,
request dumps and ask for help.

4, Subroutine Help HELP Outputs information to system console to assist operator in communica-
tions with RTP system.

5. Calibration Dump CDUMP Dumps the calibration values found in (CPDT) Calibration Point Defini-
tion Table.

6. Ruska Dump RDUMP Dumps Ruska points to system console.

7. Dump Data Base DDB Dumps the data base with the following information for each wide range
channel: channel number, scan mode, gain, range, raw value percent,
and engineering units.

8. Print Data Line PDLINE Prints data line.

9. Print Dump Header PHEAD Prints dump header.

10. Clear Data Buffer CLRBUF Clears Data Buffer.

11. Collect Task COLECT Collects data from the Computer Products RTP equipment.

12. DDLAY DDLAY Determines if a multiplexer has failed to respond in the prescribed

time limit.
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TABLE E-4 (CONTINUED)

RTP SYSTEM PROGRAMS AND MODULES

Name ID Purpose

13. CALPT CALPT Inputs raw values from the programmable voltage calibrator and stores
them in the CPDT table.

14, Ruscol Task USCOL Collects data from Ruska devices.

15. HILOW HILOW Replace the high and low Ruska sample values with the last sample if
appropriate.

16. AVARGE AVARGE "Ripples” the storage of the last 5 readings. Calculate most recent
reading by dividing accumulation by sample count, Clear accumulation
and sample count,

17. Alarm Checking Program ALARM Task examines each point in the system. If the point has associated
alarm limits, the latest reading is converted to engineering umits.

18. Calibrate Task CALIBR Calibrate calibration point.

19. CNMCAS Communications Task COMME To process requests from the CNMCAS link for data.

20. FLR FLR Fetch all readings for a point, convert them to engineering units in
floating point format: and return them to the caller.

21. MOVE MOVE Transfer data from one data buffer to another.

22, Entry address Zocator ADDFND Program will find any word location in any table.

to any table
23, Alarm Edit AEDIT This subroutine will enable or disable .a single channel; blanket enable

or disable all channels, or to force an alarm heading.
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" TABLE Ef4 (CONTINUED)

RTP SYSTEM PROGRAMS ANDkMODULES

Name ID Purpose
24. ASCII Decimal to Binary ATOB Converts ASCII data in contiguaus memory locations to an absolute
Conversion binary value in one 16-bit word. ATOB stops converting as-soon as it
encounters a non-numeric character.
25. Average Point AVRGE To average either scan mode or po-nt readings.
26. BCD-To-Binary BCDB Converts a BCD number to a positive binary integer.
27. Binary To ASCII Decimal BTOA Converts a single l16-bit binary value into five decimal ASCII
Conversion "characters.
28. CHECK CHECK Checks if input device is clear and will wait until clear if device is
busy.
29. Clear History CHIST Clears P2T and P3T tables; also cleesrs Ruska P2T tables.
30. CPIDIl CPIDI1 Data interrupt routine for CPI F480 AIS system on parallel link
~ (F410/23).
31. Julian Date DAYMON Converts Julian days to months ar. days.
32. Floating Point to ASCII FP2A Converts fixed point to binary tc decimal ASCII
33. Gain Value GAINVL Finds the gain value associated ‘with a point number.
34, High-Low Sample Routine HILOW Compares the last sample with the high and low values accumulated and
replaces them if appropriate.
35. INPUT INPUT Requests data from CPI channel.
Interpolation Table Entry ITEP Program finds the interpolation zable entry point number and determines

36.

Point

whether the LIT or PLIT table is to be accessed.
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37.

38.
39.

40.

41.
42.
43,
44,

45,

46.

47.

48.

49,

TABLE E-4 (CONTINUED)

RTP SYSTEM PROGRAMS AND MODULES

Name o ID Purpose L
Linear Interpolation Function  LIF Determines Y on a set curve with the following equation:
Y = (X-X1)/(X2-X1)* (Y2-yl) + Y1
Measure HMEASUR Calculates measurement for all instrument types.
Mcnth-Day to Julian Date HMONDAY Converts the month—day date to the Julian date
Multiply-Divide HMUDIV Contains Multiply and Divide subroutines plus Utility Multiply and
' o Dividé Routines.
Utility Divide UDIVIDE -‘Utility Divide Routine designed for positive integers only.
CUtility Multiply UMULT Utility Multiply Routine designed for positive integers.
Multiply HMULT General Purpose Multiply Routine for fixed point number.
Divide DIVIDE General Purpose Divide routine for fixed point numbers. -
Piecewise Linear Inter- PLIF Determines the measurement through the Piecewise Linear Interpolation
polation Function Table.
Point Device Locator PNTDEV Determine device number from point number.
Pfogrammaﬁlé Voltage Cali- - PVCDEV Determines device number from point number, checks for PVC on device,
brator Device Routine and returns the calibrated voltage.
RRPT and RORPT RRPT Read all Ruska points. The Ealler passes a buffer address where RRPT
places 8 words of data for the values received. -
RRPT and RORPT RORPT Reads a Ruska point. A valid channel (#2512-2515) is supplied by the

The Ruska values
Data is passed back

caller to indicate the two CPI cards to input from.
are inputed and  converted to a fixed point value.
to the caller.
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Name

50.

51.

52.

53.

54.

55.

56.

Request Time-Date

Small Integer Multiply
Target Update |
Time Check
Fixed-Io—Floating-
Subroutine

Ruska-Input

Shoft Fixed Point Divide

ID

RTD

SMUL
TARGET

TEMCHK
TOFLT

W2SOF

SDIV

TABLE E-4 (CONTINUED)

RTP SYSTEM PROGRAMS AND MODULES

Purpose

Request time and date from operator., Subroutine updates system clock
and time table.

Performs a short integer multiply.
Updates time tables when necessary.

Adjusts the time for 60 seconds/minute, 60 minutes/hour, 24 hours/day,
and 365 days/year, except leap yeacs 366 days/year.

To convert a fixed point number ta floating point.

‘Converts data stream to serial lirx format.

Perforns a short, fixed point division.
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TABLE E-5

MISCELLANEOUS PROGRAMS

Name ID Purpose
1. Data Base Maintenance DBMPGI To create new data bases or save and delete portions of one or all data
Program bases.
2. Data Base Creation DBMCRE To create a new measurement point data base.
Subprogram
3. Data Base Save Subprogram DBMSAV To save a portion of one or all data bases and delete that portion if
required.
4, Data Base Edit Program DBEPGM To edit the measurement point data bases that are the primary source of
historical data for CNMCAS.
5. Status Program STATUS Prints current status of all Vessel Measurement Programs.
6. Automatic LOGIN Program BEGIN Automatic LOGIN for all Vessel Measurement Programs.
7. Display Program DISPLY Updates (at predetermined intervals) current status of Vessel Measure-
ment Programs and current flow rate on the color video.
8. Offset and Sigma Change SIGCNG Program for allowing change off the offsets and sigmas used for making
Program instrument comparisons. Requires password.
9, HA Feed Tank Flow Rate HAFTFR Calculates the current flow rate approximately every 30 minutes.
Program
10. Uranium In-Process UPI Calculates the current Uranium In-Process Inventory.

Inventory Program
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LDS—-CNMCAS INTERFACE PRGRAM

The Laboratory Data System - Computerized Nuclear Materials Control and
Accounting System (LDS - CNMCAS) interface program allows the two com-
puters to communicate, i.e., pass messages and data as required. On the
LDS side, the interface program currently allows the Production Depart-
ment to authorize sampling and analysis of the following vessels:

Sample Point Measurement

Sample Identification _nﬂNumbér N Point ‘Number
Accountability Tank NOO1 02003
Uranium Product Sample Tank NOO3 02009
HWW Sample Tank NO18 02023
GPW Check Tank NO34 02028

The CNMCAS computer is considered as a terminal to the LDS; and the
interface program (see Figure 1) runs in a continuous keyboard wait
state, except when triggered by another LDS program or the CNMCAS.

The CNMCAS computer passes the following information to the LDS:

(1) Function code (1 to authorize, 2 to cancel a request) as a binary
integer.

(2) Measurement point number consisting of the material balance area
(MBA) and the measurement point as a RADIX-50 value.

(3) Batch sequence number as a binary integer.

This information is written to a temporary file (CNMREF.VIR).

The LDS returns a function code (indicating the type of analytical
results to follow), a corresponding measurement point number, a batch
sequence number, an analytical sample log number, and the analytical
results, Function codc 1 precedes the Lemperature, density, and acidity
results. Function code 2 precedes the uranium concentrations and the
analytical method used. Function code 3 precedes any isotopic results;
if there are none, no such record is sent,

When an authorization is received by the interface program, the LDS
prints a message to the sampling area (AVOS) and the analytical sample
receiving station, initiating the actual sampling. After sampling is
completed, the sample is logged in using the SLOG program at an LDS
remote terminal, The LDS SLOG Program also writes the analytical log
number to the CNMREF.VIR file (see Figure 2).

At this point the samples are analyzed and the data are entered into the
LDS via a laboratory instrument interface or a remote terminal. The
programs that calculate the analytical results were modified to write



~

~ the results to the CNMREF.VIR file (see Figures 3 and 4). The acid
" method program also triggers the interface program to send function
code 1 results. For the GPW check tank and HWW sample tank, the uranium
method programs trigger the interface program to send function code 2
results,

The LDS APPROVAL Program, which is used to give final approval of
- results for a sample, triggers the sending 8f function code 2 for the
uranium product sample tank and function codes 2 and 3 for the account-
ability tank (see Figure 5). The APPROVAL Program also clears the
temporary file for that particular batch.
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