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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 ~ystem for a 
nuclear fuel reprocessing facility is a complex tmdertaking •. Due to the 
complexity of the system, it must be developed and implemented by su.b
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 Sys tern (LDS) and the other to {luclear 
materials control and accounting development activities.· 

The CNMCAS structure* contains a number of interrelated subsystems in 
additio~ 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 proce~s s~eps of primary 
concern to nuclear materials control and accounting: 

Input uranium feed 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. 
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This objective was accomplished by the Uranium Input/Output Demonstra
tion Program operating in conjunction with a remote data acquisition 
system. 

The Uranium Input/Output 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~ 
terns 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) 
(2) 
(3,4) 
(5) 
(6) 

Input Measurement Program 
Product Measurement Program 
Waste Measurement Programs (GPW and HWW) 
Nuclear Materials Accounting Program 
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 RTP 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 ~emonstration 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. 
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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. Installation 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/Output 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/Output Demonstration Program achievements 
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 marginal and 
uut=uf~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 
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 analytical results between CNMCAS 
and the LDS CPU's was demonstrated. 

*Referenced to herein as the RTP system. 
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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 performance of 
the Uranium Input/Output Demonstration Program, including: 

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 

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-llM) 

Improving the reliability of the CNMCAS-LDS communications link 

Procuring spare components for RTP system preprocessor 

Controlling Ruslw "zero" operation 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 

- 4 -
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Developing a limits-of-error program for input and output measurement 
data 

Continuing operator training to improve competence/perfo~ance.· 

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

In-frocess Inventory Programs 

HA Feed Flow Rate Program 

Calculation programs for manually collected measurement data • 

- 5 -
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·3.0 CNMCAS HARDWARE 

The Computerized Nuclear Material13 Control and Accounti-ng 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 Hardware 

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 si.gnal s for transmission to the central 
processing unit (CPU). 

The design engineering work required for tie7 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 posit·ioned, and multi
paired, shielded cable installed in the cable spreading room beneath the 
Control Romn·. 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 conside·red 
potential problems • 

*RTP -real-time peripheral. 
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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 re.quired instrumentation ordered and installed. The BCD 
signals are routed to an RTP Universal Controller, then to the PDP 11/04 
preprocessor via serial interface tmits. 

3.1.4 Miscellaneous Hardware 

Two visual terminals were installed in the Control Room for us~ by 
CNMCAS operators and programming personnel. 

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

lntecolor 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 
.ctrldit:lon, the r.i.Llnm !.rack and 9pool1ng device gave periotlll: prublems. 

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 Campaign 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. 
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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 ~rocured. 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/Output Demonstra
tion Program operating in conjunction with a remote data acquisition 
system. 

The Uranium Input/Output Demonstration Program is extremely important to 
the evolution ot 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 majqr, 
interrelated computer programs as follows: 

{1) 
(2) 

(3' 4) 
(5) 
(6) 

Input Measurement Program 
Product Measurement Program 
Waste Measurement Programs (GPW and HWW) 
Nuclear .Materials Accounting Program 
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. 

Soft\vare preparation incorporating a RSTS/E operating system and BASIC 
PLUS 2 language started in May 1978. Major software elements** 
included: 

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 effort, aB expecL~d ~lQD a programming {ntPrf~~~ i~ crossed. 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 measurement 
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 cor·rec t and modify 
than anticipated. A contributor to this problem ·was the lack of 
modularity in the accounting program. Design of the progra·m will be 
improved in FY 1979. 

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 RTP system, plus work on the CNMCAS
LDS communications link. As a result, a few software problems·remain 
for resolution in FY 1979. 

4.3 Measurement Programs Performance 

4.3.1 Introduction 

The measurement programs coordinate tnput, product, ·and waste measure
-ment activities. The programs acquire measurement data ftom 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-recei'pt measurements (luput only) 
Before-sampling measurements 
Sampling 
After-sampling measurements 
Analytical data handling 
Transfer 
After-transf~r measurement 
Batch summary information. 
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A detailed description of the input, product, and waste measurement 
programs is included in Appendix A, Sections 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 sho\\led excellent agreement 
with manual data except during problem periods. 

Integra'tion 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 cont.rol 
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 arP.as includedz 

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 mi.ni.mize theGe prohle.ms. 

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

RSTS/E operating system provided slower responHe tlme 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 d-ialogue produced at the CNMCAS 
input/output (I/O) 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) 

Exhibit 4-2 - Product Measurement Program Dialogue (Uranium Product 
Sample Tank-Measurement Point 02009) 

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 
note·s. 

4.3.4 Future Improvements 

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

Prin'tout of all instrument. readings acquired by the measurement pro
gra~s 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 inventor-y 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 is 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 disctlssions and exhi.bits 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. 1 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 program. 
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 
the activity for the accountability tank 
period, which corresponds to Campaign 2. 
applicable product data for Inventory Period 

into Lot Nu. 2 represents 
for the second inventory 
Exhibit 4-7 represents 

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/O 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 
print·er 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 

*On the input/output accounting reports for these two batches, note that 
the final results were 1676.632 kilograms uranium transferred (Batch 94, 
Exhibit ~~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 whic.h th~;> 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/O 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 
through 11~ 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 potenti.al 
problems. 

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. 
subtotal section provide the quantities that are 
for all three lots. 

The summaries in the 
final and preliminary 

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. In 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) 
( 

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 
I/O 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 i~put 

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 
Apptmdlx 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;01 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 compari.sons for the 
accountability tank. Each of these types of reports are discussed in 
the following ocction3. 

Extreme values were excluded from the summaries to provide for more 
meaningful sQlllmary data. Extreme value identifiers were i.npnt 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 petween 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, 
~ections 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 hi-gh 
and medium pressure probes. 

The density comparison reports provide instrument-to-instrument comp~ri
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 by operator oversight or program/hardware problems. 

4.5.6 Product/Input ~~~p~risons 

Comparisons of product versus input quantities shown in 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 problem exists for onP. 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 providP.s ~ 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 compari.son report is provided in Exhibit 4-2J. 

4.6 Uranium Input/Output 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 imP,lemen
tation was fully demonstrated. 

Although several problems remain to be corre~ted, 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 meas.urewt!nL program-operator dialogue 

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. 
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TABLE 4-1 

INVENTORY PERIOD-LOT-BATCH CORRELATION 
FY 1978 INTEGRATED URANIUM RUN 

Inventory Periods 1 2 
Lots 1 2 3 

Measurement Points Batches 

Accountability Tank 2003 61-82 83-103 104-113 

Product Tank 2009 60-75 76-96 97-104 

HWW Waste '2023 50-62 63-80 81-92 

GPW Waste 2028 262-306 306-333 334-354 
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EXHIBIT 4...:1 

INPUT MEASUREMENT PROGRAM DIALOGUE 
ACCOUNTABILITY TANK - MEASUREMENT POINT 02003 

•****** MESSAGE FOR TANK 2003 BATCH 107 ******* 
M~ASUREMENT FOR THIS BATCH IS COMPLETE. 
CALL ME WHEN READY FOR NEXT BATCH. 
;,.t::GIN 
~NTER MEASUREMENT POINT? 02003 
PROGRAM STA~TED· 

******* MESSAGE FOR TANK 2003 BATCH 108 ***x*** 
ENTER OPERATOR ·INJTIALS 
WFH . 

******* MESSAS£ FOR· TANK 2003 BATCH 108 *"****** 
ENTER SOURCE VESSEL MEASUREMENT POINT ID 
02009 

******* MESSAGE FOR TANK 2003 BATCH 108 ***~*** 
ENTER OPERATOR INITIALS 
WFH 

23-SeP-78 01!27 PM 

23-SeP-78 01!29 PM 

23-SeP-78 01!29 PM 

23-Sep-78 01!29 PM 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 23-SeP-78 01!29 PM 
I'M READ'"' TO MEASUR€· BEFORE-RECEIPT DATA. 
RUSKA ZEROES SHOULD BE READ. SPARGER SHOULD BE OFF. 
INSTRUMENT PURGES SHOULD BE SET AT 0.5 SCFH. 
SHALL ·I PROCEED· ? (·YES ·OR NO) 

-YES 

******* ti£SSAGE FOR TANK 2003 BkTCH 108 **U*** 
ENTER RUSKA <LEVEL> ZERO VALUE 
-.42 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 
ENTER RUSKA <DENSITY> ZERO VALUE 
-.11 

23-Sep-78 01!29 PM 

23-SeP-78 01:30 PM 

~****** MESSAGE FOR TANK 2003 BATCH 108 **•**** 23-SeP-78 01!33 PM 
PROCESS TEMPERATURf: eoMPARIS!ON fS OtH-1lf"-LHII"TS 
TJR-108-10 = 43.8361 AND TI-109 20.0523 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 
SUPERVISOR IS REQUIRED TO PROCEED. 
ENTER PASSWORD 

:C3-Sep-78 01 : 33 PM · 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 23-SeP-78 01!33 PM 
POSSIBLE OPT-I-ONS ARE t- --t· =- PROCf:~[t·"llt!-'ftt ·ME~MENT ·· 

2 = REMEASURE 
3 = USE AFTER-TRANSFER DATA 

ENTER OPTI O~~t· t 1 r 2; OR · 3"" . .,._ 
1 

******* lotf:SSAGE FOR TANK ·2003 8ATt:H ·ro8 .. "*******- · 23-SeP~78 · (/l !"33 Pl'1 
CALL BA:K WHEN TRANSFER IS COMPLETE AND SPARGER IS OFF. 

I'Ll, WAIT TO HEAR FROM YOU,·-····-·----_._-----------------

EXPLANATO}lY NOTES 

· Program prints batch complete 
Statement for previous input batch 
Operator enters BEGIN to access Measurement Programs 
Operator enters 02003 which initializes 
next accountability tank 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 

Operata~ enters Rusks (level) zero value 

Operator enters Rusks (density) zero value 

Program has collected B-R data 
Temperature comparison out-of-limits. 
Tl-109 malfunctioning; TJR-QK 

Supervisor Password entered (non-printing) 

Program pravides operator with options 

·Operator ~elects. proceed· With measurement option 

. ·PrC~~TIIIIi! signs off to -it on completion of transfer 



N 
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******* MESSAGE FOR TANK 2003 BATCH :08 ******* 
ENTER OPERATOR INITIALS 
DER 

EXHIBIT 4-1 

{Continued) 

23-Sep-78 03:54 PM 

******* MESSAGE FDR TANK 2003 B~TCH 108 ******* 2~-SeP-78 03:54 PM 
1 'M READY TO MEASU.'"<E BEFORE-SAi'tf'LE DAt·A, 
RUSKA ZEROES SHOULD BE READ. SPARGER SHOULD BE OFF, 
INSTRUMENT PURGES SHOULD BE SET AT 0.5 SCFH. 
SHALL I PROCEED ? <YES OR-NO: 
YES 

******* MESSAGE ·F8R TANK 200:! BATCH 1"!>8- ******* 2~-SeP-78 03:54PM 
ENTER RUSKA <LEVEL) ZERO VALUE 
-.42 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 
ENTER RUSKA !DENSITY) ZERO VALUE 
-.09 

******* MESSAGE FOR TANK 2003 ~ATCH 1C8 
PROCESS LEVEL COMPARISION IS MA~GLNAL 

LR-125 309.464 AND L::-.:-125-R 

:t****** 
304.91 

23-SeP-78 03:55 PM 

23-se::>-78 04:04 PM 

******* MESSAGE FOR TANK 2003 3ATCH 100 ******* 23-3eP-78 04:04 PM 
PROCESS TEMPERATURE CDMPARISIO~ IS OUT-~F-LIMITS 
TJR-108-10 = 39,1088 AND T~-1~9 24.5293 

******* MESSAGE FOR TANK 2003 ~ATCH 103 ******* 
SUP~~VISOR IS REQUIRED TO PROCEED. 
ENTER PASSWORD 

23--seF-;'8 04:04 PM 

******* MESSAGE FOR TANK 2003 EATCH 108 U***** 23-3ep-7:3 04:05 PM 
POSSIBLE OPTIONS ARE: 1 PROCEED WITH MEA3UREMEN1 

ENTER OPTION < 1 OR 2 
1 

2 = REMEOISU~:E 

******* MESSAGE FOR TANK 2003 !lATCH lOE *:t***** 23-Se:o·-78 04:05 PM 
PROCESS DENSITY COMPARISION IS ~~RGINAL 

DR-!66 - ::······1 ;54"43u--···AND .. AlP."-'-166-R - t.S3287 

******* MESSAGE FOR TANK 2003 EOITCH 108 ******* 23-EeP-78 04:05 PH 
ENTER"OPERATOR. IIVITrALS 
DER 

******* MESSAGE FOI< T·AJVK 2003 BATCH 108. ******* 23-&e-P"-78' 04:06 "PM 
TANK CONTAINS 7229.84 KG SOLUTION 
TANK CONTAINS 4681.38 LITERS SOLUTIOU 
I'l'f··GOING· TO REQUEST LDS To··SAI'IP::E, SF'AE:GER: SHOULD BE ·o=-F, 
SHALL I PROCEED ? <YES OR NO> 
NO 

******* MESSAGE FOR TANK 2003 B .. TCH 108 ******* 
SPARGER AT W840 EL296 

23-Se~-78 04:06 PH 

PURGES IN RUSKA ROOM 
I'LL WAIT fO HEAR FROM YOU. 

• 

E.XFLANATORY NOTES 

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

Before sampling (B-S) meas·..trem,~nts: 
Program states prerequisitii!S 

Operator enters YES to act:!.vate B-S measurement data collection 

Operator enters Ruska (leY~l) zero value 

Operator enters Ruska (density) zero value 

B-S data collection comple.t~d 
Program states liquid level reading 
Comparison is marginal - Frcmpts check of instruments by operator 

Tl-109 bad; TJR-DK 

Supervisor password entered (non-printing) 

Program provides operator with O?tions 
Operator selec~s proceed wit~ measurement option 

Program states density readiag comparison is marginal -- prompts 
check of ins.truments _by operator 

Operator authorization check. by Program 

P~~gram calculates/prints B-S quantities 

Progrmn asks operator. 1f he wmts a sample requested. Operator 
not ready for sample - enters NO · 

Program sign off to wait ori recall_ when operator ·is ready to 
reque_s_t SIIIDJ>_le 

• 



BEGiN 

·i~i~~·~E~~~~~HENi~~OINT? 02003·· 
PROGRAM STARTED 

• 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 
ENTER OPERATOR INITIALS 
DER 

EXHIBIT 4-1 

(Continued) 

• 

******* MESSAGE FOR TANK 2003 BATCH 10~ **~**** 23-SeP-78 04:07 PH 
TANK CONTAINS 7229,84 KG SOLUTION 
TANK CONTAINS 4681.38 LITERS SOLUTION 
I'M GOING TO REQUEST LDS TO SAMPLE, SPARGER SHOULD BE OFF. 
SHALL I PROCEED ? <YES OR NO> 
!'ES 

ENTER MEASUREMENT POINT? 02003 
PROGRAM STARTED 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 23-Sep-78 07:08 PM 
SAMPLIN~ 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, 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 
ENTER OPERATOR INITIALS 
DER 

23-SeP-78 07:08 PM 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 23-SeP-78 07:08 PM 
I'M READY TO MEASURE AFTER-SAMPLE DATA. 
RUSKA ZEROES SHOULD BE READ. SPARGER SHOULD BE OFF. 
INSTRUMENT PURGES SHOULD BE SET AT 0.5 SCFH. 
SHALL I PROCEED ? CYES OR NO> 
YES 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 
ENTER RUSKA <LEVELl ZERO VALUE 
·-, 40 

~~~**** MESSAGE FOR TANK 2003 BATCH 108 *•***** 
~NlER RUSKA <DENSITY) ZERO VALUE 
-.07 

23-SeP-78 07!08 PM 

23-SeP-78 07!08 PM 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 23-SeP-78 07!11 PM 
TRANSFER QUANTITY COMPARISION IS OUT-OF-LIMITS 

8090,87 .KGS SOLN WERE TRANSFERRED FROM TANK 2009 
AND YOU RECEiVlD 7213.12 KGS SOLN 

• 

EXPLANATORY NOTES. 
Opcretcr recalls program: readv to.~~quest 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 frorr. H.e LDS. 

Samplin~, analyses completed. LD~ sends re~ults to CNMCAS 
Program prints results 

Operator authorization check by program. 

Af t'er 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 (density) zero value 

Program error--Comparison .actually OK 
Program is.comparing kilograms solution received in Acct. Tk. to 
the total kilograms solution that were in the U prod. Salliple Tk. 
rather than t~e quantity transferred. · 

. ;. 
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******* M.E.SSAGE FOR TANK 2003 BATCH 108 ******* 
SUPERVISOR IS REOtl~RE:T· TO PROCEED,·--· 
ENTER PASSWORD 

EXHIBIT 4-1 
(Continued) 

23-Sep-78 07:11 PM 

*****~* MESSAGE FOR TANK 2003 BATCH 108 ******* 23-Sep-78 07:13 PM 
POSSIBLE OPTIONS ARE: 1 PRO:EED WITH MEASUREMENT 

2 = REM::ASURE 
ENTER OPTION C 1 OR 2 

1 

******* MESSAGE F~R TANK 2003 BATCH 108 ******* 23-S~P-78 07!17 PM 
f•ROCESS TEMPERATUR:: COMPARISION IS OUT-OF-LIMITS 
TJR-108-10 = 38.9917 AND TI-109 24.6712 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 
SUPERVISOR IS REOU•IRED TO F'ROCEE[o, 

23-5~?-78 07!17 PM 

ENTER PASSWORD 

******* MESSAGE FOR rANK 200:::: BATCH 108 ******* 21-Sep-·78 07: 17 PM 
POSSIBLE OPriONS ARE! 1 = PROCEED WITH MEASUREMENT 

· ·· - - · .. 2 .. ,-"REI'IE.'ASURE 
3 = GO BACK TO B.S. MEASUREMENTS 

ENTER OPTION < 1• 2, OR 3 l 
1 

******* MESSAGE FOR TANK 2003 BATCH lOB ******* 
·rANK C6lHAfNS· · ····]'~.,;Q!i- ···KG· SOLUTION 

2:3-Ssp-78 07:17 PM 

TANK CONTAINS 4677.18 LITERS SOLUTION 
TANK CONTAINS 1818.81 KG URANIUM 
YOUF: NEXT STEf-' IS "TO MA1<E THE TRANSFER • 

******* MESSAGE FOR TANK 200J BATCH 108 ******* 23-Sep-78 07!17 PM 
·POSSIBLE ·Of'TIONS .. ARE!. 1 HOLD 

2 = TR~NSFER 
3 = GO BACK TO B.S. MEASUREMENTS 

ENTER OPTIOI<I {· 1• 2, OR 3 l 
1 

******* MESSAGE FOR- TANK 2003 BATCH· 108 ******* 23~Se?-78 07:-18 ·prr 
rANK IS NOW ON HOLD, CALL B~CK WhEN DECISION HAS BEEN MADE. 

tft:.•.JlN 
!:.~·! ·:R ·~<::ASUREI~t. H F·OIN -? -~20C3 

F·ROGRAM STARTED 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 
ENTER OPERATOR INITIALS 
BED 

******* MESSAGE FOR TANK 
i"ANK CONTAINS 
TANK CONTAINS 
TANK CONTAINS 
YOUR NEXT STEP 

·;;229.05 
4677.18 
1818.81 

IS TO MAKE 

• 

2003 BATCH 108 
KG SOLU.l ION 
LITERS SOLUTION 
KG URANIUM 
THE TRANSFER, 

******* 

23-Se?-78 11!05 PM 

23-Se~>-78 11:05 PM 

• 

E:PLANATORY NOTES 

Supervisor password· entered (non-printing) 

Program provides operator with options since transfer quantity 
comparison out-of-limits -~s due to program error, operator 
selects proceed with mea~~rement option 

Tl-109 bad; T.JR-QK 

Supervisor password entered (non-printing) 

P~ogram provides operator with options 

Operator selects proceei with measurement option 

Program calculates/print~ A-S quantities 

Program provides operator with options 

Operator not ready to ~~e transfer so elects to put program in 
HOLD 

Operator enters BEGIN ana 02003 to recall program 

Operator authorization check. by program 

Program restates A-S quantities 

• 



• 
EXHIBIT 4-1 

(Continued) 

*~***** MESSAGE FUR TANK 2003 BATCH 108 ******* j3-SeP-78 11!05 PM 
POSSIBLE OPTIONS "ARE:· 1 ~HOLD 

2 = T-RANSFER 
3 = GO BACK TO B.S. MEASUREMENTS 

ENTER OP7ION 1 1• 2• OR 3 > 

******* MESSAGE FOR TANK 2003 BATCH 108 ******* 
SUPERVIS~R IS REQUIRED TO PROCEED, 
l~NTEF\ f"ASSWORD 

•~*~*** ME~SAGE FOR lANK 2003 BATCH 108 **•**** 
ENfER DESTINATION VESSEL MEASUREMENT POINT I~ 
02006 

23-SeP-78 11!06 PM 

23-SeP-78 11!06 PM 

z****** MESSAGE FOR TANK 2003 BATCH 108 **•**** 23-Sep-78 11!07 PM 
·.ALL BACK WHEN TRANSFER IS COMPLE.IE AND SPAREER IS OFF. 
~{[GIN 

~N~ER ME~SUREMENT POINT? 02003 
:'"t\OGf(AM :>TAfnEu 

f;t.:~e 

***~*~* MESSAGE FOR lANK 2003 BA1~h 108 **»**** 
~NTER OPERATOR INITIALS 
BED 

23-Sep-78 11:07 PM 

******* MESSAGE FOR TANK 2003 BATCH 108 **•**** 23-Sep-78 11!08 PM 
1·M READ) TU MlASuR~ AFlER-TRANSFER DATA. 
~USKA ZLPJES SHOULU BE READ. SPARGER SHOULD ~E OFF. 
l~SIRUM~~~ PURGES SHOULD BE SET AT 0.~ SCFH, 
SHALL I PROCEED.? C!ES OR NO> 
"f:O:S 

·n***** MESS~tGE FOR TANK 2003 BATCH 108 ******* 
2NT~R RUEKA ~LEVELl ZERO VALUE 
~· '43 

******* MES£AGE FOR TANK 2003 BATCH 108 ***=**** 
~NTER RUSKA <DENSITY> ZERO VALUE 
ow •• ~ 1 

23-SeP-78 11!08 PM 

23-SeP-78 11!08 PM 

U.U.r.li<ll< MESSAGE FOR TANK 2003 BATCH· 108 ***=**** 23-SeF--78 11! 10 PM 
i''ROCESS TEMf-'ERATURE COJ1PARISION IS OUT-OF-LHtiTS 
fJR-108-10 = 38.4~57 AND TI-109 24.2249 

. ***;f:U* ,MESSAGE FOR rANK 2003 BATCH 108 **U*** 
:>Ut-'I::RVISOR IS REQUIREIJ TO PROCEED, 
UiTEH f·AS:St.;QR[! 

23-Sep-78 11!11 PM 

l~***** MESSAGE FOR TANK 2003 BATCH 108 ******* 23-Sep-78 11!11 PM 
POSSIBLE OPTIONS ARE! 1 PROCEED WITH MEASUREMENT 

~NTEk OPTION 1 1 OR 2 
1 

2 = REMEASURE 

ADVANCE PAPER TO TOP OF PAGE AND <CR> 

• 

EXPLANATORY NOTES 

Program restates options available to operator 

Operator ready to make transfer so he selects Option 2 

Supervisor password entered (nonprinting) to approve transfer 
. action. 

Operator enters destination ID; 02006 (No. 2 Feed Adjustment Tank) 

Prostram sistns off to await recall ~·hen transfer is completed 

Operator enters BEGIN and 02003 to recall program 

Operator authorization check by Program 

After-Transfer (A-T) measurements: 
Program states prerequisites 
Operator enters YES to activate 
A-T measurel!lent data col"Iection 

Operator enters Ruska (Level) zero value 

Operator enters Ruska (density) zero value 

Tl-109 bad; .TJR OK 

Supervisor password entered (non-printing) 

Program provides operator with options. 
Operator enters Option 1 and program proceeds with calculation 

·.of A-T quantities 
Program prints ADVANCE PAPER,.etc., indicating A-T calcs. are 
complete and Batch Summary is ready to print. 
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EXHIBIT 4-1 
(Continued) 

..... "B"ATOI-SUI'fMA'N:TOR -- ·- --------------------·- -----::.:-·-====:;;·::..::.;···.=.-..;,:·-Dl'J.AfW:ORY=~=:::::::::...·~HDTES=:..;·;.;,;··___;;;....;..:;.;.;.;..;;.;...;_, 

02003 - 103 

BEFORE 
RECEIPT 

BEFORE 
SAMPLE 

AFTER 
SAMPLE 

AFTER 
TRANSFER INSTRUMENT READINGS: 

·------~.=.·-------------=--;..;.;,;,.:._ __ ;~----~..:.....:.~...:...:..-..;....:.--;.;....;._~---~:.:..·..;:.o=;.;;.-.:.;._-;,;:;...;..;._.-:.:,.·::..-..::.-.:-.:---·:....-.·--·_;;.;.;.;.:.·;..::....;.:_-_.:,.-.:;....;;;;;..··-
LR-125 2.1 121.84 
LR-125-R 2.78 304.49 

ZE:RO· · .. .. .. . -·-· ---·· ···~-.-42. ..:;~-42'" 

DR-166 9.08 15.351 
DR-166-R -.022 266.115 

ZERO - .1·1· ---'""~·o11 

TJR-108-10 43.8 39.1 
TI-109 20.1 24.5 

121.84 
304.49 

- ·-· .. .. ... ..;·,4· 

15.352 
266.077 
····-"'·.-o;-

39 
24.7 

·-···- ·- ·-·-··· 

22 • 22 Taylor level in "B:zO 
53 • 887 Ruska level in cmR:zO 
- - .-43. · ·lbiaka level ·zero· ·readi'lig-cmB2o 

15.331 Taylor density in "H2o 
15. 54. Ruska density-cmB20 above med. probe 

"' • 11 . -1Wska . deliiii:ty zero read iog-emH 20 
38 • 5 Temperature in OC 
24 • 2 Temperature in °C 

-------------~-----------------------------~--~----·~-------~~-----~.:..--~~~.:..-~~~~~~.:..~~~-
SAMPLE RESULTS 

LOG NO. 
DENS IT'!' 
U (G/Ll 

Ht 

VOLUME 
KGS SOLN 

19689 
1.0114 
-2.348 

.423 

19.617 
19;84 

NA 
NA 
NA 
NA 

4677.501 
?229.546 

19722 
1.5.456 

388.869 
.79 

4677.178 
•7229.045 

NA 
NA
NA 
NA 

637.894 
985o9J 

ANALYTICAL RESULTS: 

SOLUTION QUANTITIES: 

RECEIVED 4661.265 LIERS 
7213,124 KGS SOLN 
1818.975 KGS U 

TRANSFERRED BATCH QUANTITIES: 
4039.283 LITERS 

6243.116 KGS SOLN 
1570.754 KGS U 

PROCESS LEVEL COMPARISION 
-2.1~1 -4.55~ 

LAB/PROCESS DENSITv <RUSKAJ COMPARISION 
.Oll2 

TEMPERATURE COMPARISION 

23.8 14.!. 

LAB/f'ROCESS [IENSITY <TA"fLOR > COMPARISIO~ 
• oo:t1 

f'ROCESS [IENSITY COt1f'ARISION 
-.Olt5 

A.T,/B.R, QUANTlTY COMF'ARISION 
-3.418 

B.S,/A,S. QUANTlTY COt1PARISION 
.5 

-.010~ 

******* MESSAGE FOR TANK 2003 BATCH lOa . ******* 
MEASUREMENT FOR THIS BATCH IS COMPLETE. 
CALL ME WHEN RE.~DY FOR NEXT BATCH, 

-"4.574 ·..;2, 1"3 

14.3 14.3 

2~-SeP-78 11:l3 PM 

MEASUREMENT CONTROL COMPARISONS: 

· · RuskB.-Taylor· ·in cmB2o 
In g/ml 

In °C.(TJR-108-10 minus TI-109) 

Iii gtlill - . 

lluaka..:Taylor in g/ml · 
(Before-sampling and After-sampling) 

·xu kilograms solution 

In kilograms solution 

·=---~· -~--· --····------------: ··- _....:_ __________ . _. ---·· 

• • 



EXHIBIT 4-2 

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

BEGIN 
ENTER MEPSUREMENT POINT? 02009 
f'ROGRAM S.TAR.T-ED. 

l*r**** MESSAGE FOR 1~NK 2009 BATCH 104 ******* 
~NTER OPERATOR INITIALS 
JLW 

******* ... HESSAGE E-00 TANK 2009 aAlCH 104 ***=**** 
ENTER SOURCE VESSEL MEASUREMENT PDINT ID 
02053. 

~****** MESSAGE FOR TANK 2009 B~1CH 104 ******* 
ENTER OPERATOR INITIALS 
JLW 

27-SeP-78 10!32 P~-

27-SeP-78 10:33 PM 

27-SeP-78 10!33 PM 

******* MESSAGE FOR TANK 2009 BATCH 104 **~**** 27-SeP-78 10:33 PM 
I"' M REMI."t TO MEASURE- fjE~ORE-.SAMF'LE DATA~ 
RUSKA ZEROES SHOULD Bi READ, SPARGER SHOULD BE OFF. 
INSTRUMENT PURGES SHOULD BE SET AT 0.5 ·SCFH. 
SHALL I PROCEED~ -I~ES.OR NU> 
YES 

*****-** MESSAGE -FOR---TANK 200-9 BATCH 104 
CNTER RUSKA <LEVELl ZERO VALUE 
1.08 

******* MESSAGE FOR TANK 2009 BATCH 104 
eNTER RUSKA <DENSITY> ZERO VALUE 
-.83 

******* MESSAGE FOR TANK 2009 BATCH 104 
J::NTER OPERAT06: I N.IT I Al.S 
JKL \LI\\LW 

******* 

******* 

**)I(**** 

27-Se-P-78 10:34 PM 

27-SeP-78 10:34 PM 

27-·Sep-78 10!36 F·M 

:ie*****-* .-MESSAGE .F..nR f.At>IK 2.00-9. BATCH 104- *****-**- ··· -27~Se-P-7B- --H~! 3b F'l't · 
TANK CONTAINS 8055.64 KG SOLUTION 
TANK CONTAIN~ 4757.57 LITERS SOLUTION 
:.L •· M GO.l NG . t:D .. Ji:EilU£ST LDS .IO. SAI!IF'L£.,-. !?PARG.ER SHOUUI .BE OF.F, . 
S~ALL I PROCEED ? <YES OR NO> 
YES 

EXPLANATORY NOTES 

Operator enters BEGIN to access measurement programs 
· Operator enters 02009 ~ Program initializes next U product sample 
: tallk-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 

Operator enters YES to activate B-5 measurement data collection 

Operator enters Ruska (leyel) zero value 

Operator enters Ruska (density) zero value 

Operator avthorization check by program 

Program ha& completed B-5 measurements; calculates and prints B-5-
quantities. No flags indicate measurement compariaons·OK. 

· Program aska operator if he wants sample requested. Operator enters 
YES. :. 1'-rcgram sends sample request .to LDS·, then signs· off (non-. 

. printing) .to wait on sample _reaul ts from the LDS. 
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EXHIBIT 4-2 
(Continued) 

******* MESSAGE FOR TANK 2009 BATCH 104 ******* 27-SeP-78 11:31 PM 
~~t~~F·L IN~~· !:S COMF'LETE. S:~MPLE: LJG NUMBE.'t:: IS 2C 158 
RESULTS SHOW DENSITY 1S 1.6947 G/ML 
CONCENTRATION IS 497.162 G JRANIUM/LITER SOLUTION 
AND Ht IS .93 MOLAR. 

*~***** MESSAGE FOR TANK 2009 BATCH 104 ******* 
-ENTER Qf!£AA+Qf.:. -WI-T I~ -- -- · -

JLW 

27-Sep-78 11:31 PM 

**-*"*-* ----J41i$SAGE--$0R-TAN~~9- t~ATCH -l-04---**-*****- 2-7--~-78- 11:3-2 PM 
I'M READY TO MEASURE AFTER-SAMP_E ~ATA. 
IWSKA ZEi'\OES SHOULD BE READ, S "'ARfiER SHOULD BE OFF • 
iliSJE:W:!£bii__E·URGES-.sHD.ULD. .. BE..SEL.Ar O. 5 SCFH ... --
SHALL I PROCEED ? :YES OR NO) 
YES 

******* MESSAGE FOR TANK 2009 :CATCH 1()4 ******* 
ENTER RUSKA <LEVELl ZERO VALUE 

-1 .-OS--

******* MESSAGE FOR TANK 2009 :CATCH 1<>4 ******* 
ENTEI(__RUSil;A 'DENS-ITY) -Z-Eii:O VAL~-- - - - . ---- . 
-~113 

27-Sep·-78 11:32 PM 

27-SeJD-?8 11:32 PM 

EXPIA.'~ATOD' NOTES 

Sampling analyses completed. LD,) sends results to CNMCAS. 
Program prints results 

··operator authorization check by l?rogram 

After-Sampling (A-S) measur.ements: 
Program states prerequisites: 

Operator enters YES to activate A-S measurement data collection 

Operator enters Ruska (level) zero value 

Operator enters Ruska (densfty) zero value 

******* MESSAGE FCR TANK 2009 BA-CH 1014 ******* 27-SE?P·-?B 
TANK CONTAINS 6051.62 KG S:LUTION 

:11; :52 F'M Program has ca:npleted A-S measurements; 
Calculates and prints A-S quantities 

~ -~NS --~-04----k-f.+Fi:-.s GQL-u:h:OI>I---- ------
TANK CONTAINS 2362.04 KG u:;ANIUM 
YOUR NEXT STEP IS TrQ MAKE THE rRAI'ISFER-

**** *** MESSAGE FOF: TANK 2009 .BATCH 1C•4 ******* 
POSSIBLE OPTIONS Ali.'E: 1 = HOL::• 

27-SeP·-78 

----- .•. - ---- ... --- 2-----TRANSFEJi: ---- --····- -------- ----------
3 = GO 3AC!t: TO B.S. MEASUREMENTS 

ENTER OPTION < 1r 2r OR 3 ) 
1 .. ----------- -- -

******* MESSAGE FOR TANK 2009 BAlCH 104 ~****** 27-Se?-78 
TANK- l.S-l>UlW-4lN-~- CAbb BACr.: WP,'E:~I [IE.CI.SIQN HAS BEE#-I'!Al"l£ .--

· -- -- No·-- flags· :lmti:ca te measuu:mer:t compar-isons -oK--- -------- -- -----. 

11:52 PM 
Program states options avslllable to operator 

Operator is not ready to maDE! transfer; enters Option .1 to put 
-- - --------- prograiir·an·'IIOLit···- ---- · · · -·-· · --- - ----

11!53 PM 
_____ ----~am signs off to aws.:!.t r-e~aJ+ -~!!11 ciecision. t._o· tran~_f_~r -~--- ___ _ 

.JIIIUle 
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BEGIM\M\N 
ENTER MEASUREMENT POINT? 2\2\02009 
PROGf\AM s·1 ~.RTED 

**-**-**-* MESSAGE- F-OR TANK 2009 ·-BATC:~ 104· ******* 
~NTER OPERATOR INITIALS 
GKW 

******* MESSAGE FOR TANK 2009 BATCH 104 ******* 
TANK CONTAINS 8051,62 KG SOLUTION 
TANK CONTAINS 4751,06 LITERS SOLUT10N 
fANK GUN1AINS 236~,Q4 KG uRANiUM 
YUUR NEX1 STEP I~ TO MA~E THE TRAN3~E~. 

EXHIBIT 4-2 
(Continued) 

28-BeP-78- 02l09 F'M · -· 

******* MESSAGE FOR TANK 2009 BATCH 104 ******* 28-SeP-78 02:0~ PM 
POSSIBLE OPTIONS ARE: 1 HOLD 

2 = H\ANSFER 
3 ~ UO BACK ru £.~. MEASUREMENTS 

**=***** MESSAG<:: FOR TANK 2009 BATCH 104 ******* 
SUF'ERV I SOR IS F:EQU me::D ·m PROCEt:::[l. 
1::~Ff t:.R f'A~:~s~.:;~·r<l.i 

******* MESSAG~ FOR TANK 2009 BATCH 104 ******* 
ENTER DESTINATION VESSEL MEASUREMENl POINT ID 
02001 

28-SeP-78 02:09 PM 

28-SeP-78 02:10PM 

*****:t:* MESSAG£: FOi'\ ·:ANi'". 200:;> I<;.:,i·Cii ~()t, .n*****. ~'S··Sz,•r>-78 02:10 F'M 
CALL .!MCJ< Wl-jEN 1 RM!5Fd\ J:!:i :::::::'lf._E 1::: MiD Sh1•'WLf( .lS OFF. 
BEGIN 
ENlER MEASUREMENT POINT? 02009 
F'R::JGRAM STAR1E::D 

**$**** MESSAGE FOR TANK 2009 BATCH 1U4 ******* 
ENTER OPERATOR INITIALS 
l.ii"\.1 

28-Se~-78 02111 PM 

lklt.!tUlilk. MESSAGE FOR .TANK :;:oos- EIA.l CH. 1-0.4 UU*U .. :.;!fi~SeF--.78 --..02H 1 ~~- .. -
I'M READY TO MEASURE AFTER-TRANSFER DATA~ 
RUSKA ZEROES SHOULD BE READ. SPARGER SHOULD BE OFF, 
1NS'J RUMENT PUfiGE.S SHOUL.D BE SET A r O.S SCFH. 
SH~L~ I PROCEED ? (YES OR NO> 
rt::s 

**~***~ MESSAGE FOR rANK 20C9 BATCH 104 ******* 
ENTER RUSKA ILEUEL> ZERO VALUE 
+1.08 

28-SeP-78 02:11 PM 

******i 28-SeP-78 02lll PM 

EXPLANATORY NOTES 

Operator enters BEGIN and 02009 to recall Program 

Operator authorization check by Program 

Program restates A-S quantities 

Program restates options available to operator 

Operator ready to make transfer, enters Option 2 

Supervisor password entered {nonprinting) to approve 
transfer action 

.Operator entered destination ID; 02001 {Feed Surge Tank) 
-. ·-- .. . .. .... . -. ·-·-·· --

· Program signs· off· to await recall when transfer is completed. 
TRANSFER complete. Operator enters BEGIN and 02009 to recall 
program 

·Operator cbeclt by Program 

After-Transfer (A-T) aeaaurements 
Pro~_ram_ st.l!t~.!'r_e:requisi~ea. 

Operator enters YES to activate A-T-measurement data collection 

Operator euters ltusb (level) aero value, 

**:tC**** MESSAGE FOR TANK 2009 BATCH 104 
O::.N'h:.R 1\!..;Sl\;~ \ DENS:LTY> ZERIJ \..!ALUf.:- ·- -- --Olleia.tor. .s.ura...lu.aka .(cieDaUy).......zero . value. 
-.87 



ADVANCE PAPER TO TOP 0? PAGE AUD <CR> 

LR-239 
LR-239-R 

ZERU 
DR-2/3 
DF<-273-R 

ZERO 
r Jf\-20~-1 7 

SAMPLE: RESJL'i S 
LuG N:J, 
!IENSifY 
u <G/:...) 

Ht 

VOLUME 
1\GS SOLN 

· CR 

BATCH SUMMARY FOR 

o:::oo9 - 104 

· BE-FORE 
RECEIPT 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

20099 
1.6971 

458.943 

NA 
NA 

2.6 

BE:FORE 
SAMPLE 

79.5 
.199.88 

1.08 
1"7.102 

154.877 
-.83 
47.1 

NA 
NA 
NA 
NA 

4~:5J.287 

8(•55 .395 

EXHIBIT 4-2 

(Continued) 

·EXPLANATORY NOTES 
Progrsm prints ADVANCE PAPER, etc. indicating A-T 
-meaSUTements··and quantity calculations· are complete 
.. wu~ Rsot.r.h Summarv is readv to print. 
No flags indicate measliremeilt comparisons OK. 

28-Sep-78 02!14 PM 

79.47 
199.79 

1.08 
17.104 

154.777 
-.83 

. 47 

20158 
1.6947 

497.162 
.93 

4751.061 
8051.623 

... : AH£-R·---·---··----
TRAI-!SFER 'IRSTRTJimN'r READINGS: 

·24.69· T.aylcrr · level·in "HzO 
62.55 lbska level in cmHzO 

1.08 R:.Jska level zero reading-cmHzO 
J7.028 T!l.ylor density in "HzO 
J:/,575 R:.Jska. density-cmHzO above med. probe 

-.87 lbska. density zero reading-cmHzO 
-50-.5 

.. (j(!., 

l1A 
riA 

. r4A 

10S6.0Sl 
1840.592 

· ·Tenp-erature· itcOC 

A!IALYl.'ICAL RESULTS: 

SOLtrnON QUANTITIES 

f~ECE II..' ED 42o2.893 LITERS 
~~~3.148 KGS SOLN 
2138.089 KGS U 

TRANSFERF;E[l ~CR QUANTITIES 3664, 973 Ll TERS. 
6211.031 KGS SO~~ 

1822. os4 t:Gs u 

PROCESS LEVEL COMPARISIOW 
NA -3,136 

LAB/P~OCESS DENSITY I~US~AI COMPARISION 
,(1143 .. 

LAB/PROCESS DENSITY !TAYLOR> COMPARISION 
.0012 

I"RGCt:.SS L1£NSHY CDMF'Af;I S [ON 
- .<H3.;? 

f<,S,/A,S. QUANTITY COI:IPA>:;;ISIO.., 
3.7725 

-. 0131 

UUU:t . tiESSAG£ EUJi: ....lJU>Il\....2000- BAJ'.cH-... 1.04--*UU** 
MEASUREMEHT FOR THIS BATCH IS COMPLETE, 
CALL ME WHEN READY FCR NEXT BATCH. 

• • 

-·3 .15 

!o:EASt:'REHERT CONTROL· COMPARISONS 

Euska-Taylor in cmHzO 
ln giml 

:n g.'ml 

tuska-Taylor in g/ml (Before-sampling and After-sampling) 

· ln ld.lograms solution 

. :~:- . 



• • • • • 
EXHIBIT 4-3 

WASTE MEASUREMENT PROGRAM DIALOGUE 
HWW SAMPLE TANK - MEASUREMENT POINT 02023 

BEGIN 
ENTER MEASUREMENT POINT? 02023 
PROGRAM. STARTED 

*~***** MESSAGE FOR TANK 2023 BATCH 91 ******* 
ENTER OPERATOR INITIALS 
li.:CS 

*****-**·-· l'tESSAGE-. FOR :J:ANK .. 2023 BATCH S'l **-*'**** 
ENTER SOURCE VESSEL MEASUREMENT POINT ID 
02056 

******* MESSAGE FOR TANK 2023 BAlCH 91 ***~*** 
~NTER OPERATOR INITIALS 
wCS 

27-SeP-78 03:16 AM 

27-Sep-/8 -03:16 AM 

27-SeP-78 03!16 AM 

*~***** MESSAGE FOR TANK 2023 BATCH 91 ******* 27-SeP-78 03!16 AM 
.l · M READT TO MEASURE BEFORE-SAMPLE [tAlA. 
SPARGER 3HOULD BE OFF. 
INSTRUMENT PURGES SHOULD BE SET A1 0.5 SCFH. 
SHALL 1 1-'f\Dc:.E.£0 ?. <YES -06: NO) 
YES 

.4t****** MESSAGE FOR TANK :;1023 BAT~ 91 ··***~** 27-SeP-78 03:19 AM 
P~OCESS ~ENSITY COMPARISION IS MARGINAL 

DR-q30 1.22893 AND DR-430-W 1.24299 

******* MESSAGE FOR TANK 2023 BATCH 91 ****•** 
~NTER OPERATOR INITIALS 
~JCS 

27-SeP-78 03!20 AM 

******* MESSAGE FOR fANK 2023 BATCH 91 ****~** 27-SeP-78 03!20 AM 
TANK CONTAINS 3393.68 KG SOLUTION 
fANK CONTAINS 2730.26 LITERS SOLUTION 
l'M GOING ro REQUEST LDS TO SAMPLE~ SPARGER SHOULD BE ON. 
·,~ALL ~~DCEED 1 IYES D~ NO) 

~****** MESSAGE FOR TANK 2023 BATCH 91 ******* 27-SeP-78 06:09 AM 
SAMPLING IS COMPLETE. SAMPLE LOG NUMBER IS 20071 
RESULTS SHOW DENSITY 15 1.2292 G/ML 
CONCENTRATION IS 11.3895 G URANIUM/LITER SOLUTION 
AND Ht IS 6.28 MOLAR, 

******* MESSAGE FUR TANK 2023 BATCH 91 ****~** 27-SeP-78 06:09 AM 

EXPLANATORY NOTES 

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

Program assigns sequential batch no. 
Program compares initials to authorized 1ist 

Operator enters measurement point no. of waste source (BWW 
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 density comparison marginal
Prompts check of instruments by operator 

Operator authorization check by program 

Program calculates and prints B-S quantities 

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

Sampling, analyses completed. LDS sends· results to CNMCAS. 
Program prints results. 

~N.T-Eii: .Of!~-Oii: -I#I-+I·ALS·-----·· ··---- ·· ··--··---·-·- -· ·--- ·--·-- 6peratot autlwtbatlon ctrec~t· by Prognun. · · 
wcs 



EXHIBIT 4-3 .. 

(Continued) 

******* MESSAGE FOR .TANK 2.023. IUHCU .. 91 .... -*-*****-* -· · 27~SeP-78 · 06:.09. At!! 
I'M READY TO MEASURE AFTER-SAMPLE DATA. 
SPARGER SHOULD BE OFF. 
lN!:iTRUMENT F'JRGE.S SHOULD BE SET At .,:)~5 SCFt~. 

SHALL I PROCEED ? <YES OR NO) 
YES 

:EXPLANATORY NOTES 

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

Op
1
erator enters YES ·:o e.ctivate A-S measurement data collection 

******* MESSAGE FOR TA3'1K 2023 BATCH 91 ******* 27-Sep-78 
PROCESS/LAB DENSITY COM~ARISION IS MARGINAL 

06: 13 AM Program has collected A-S data 

DR-430-W 1.24641 AND. LAB ANALYSIS=·· 1.2292 

******* MESSAGE FOR TANK 2023 BATCH 91 ******* 
TANK CONTAINS 3396.08 KG SOLUTION 
·rANK CONTAINS 2724.69 LITERS SOLUTION 
TANK CONTAINS 31033 GRAMS URANIUM 
YOUR NEXT STEJ'" .IS T.O MAo<E THE .TRANSFER .• 

******* ME'3SAGE FOt\ TANK 2023 BATCH 91 ******* 
PCSSIBLE OPTIONS ARE! HOLD 

2 ~' TfiAO.•SFt:;;: 

27-SeP-78 06:13 AM 

27-SeP-78 06:13AM 

Westinghouse to Lab jensity comparison is marginal. 
- ··- - 9t-her measurement- -ea!lp8rifi0t1s «-· -·· 

Program calculates/rrints A-S quantities 

Program states opt~Jns available to Operator 

3 = GO EACK TO B.S. MEASUREMENTS Operator is ready ~ make transfer, enters Option 2 
ENTER OPTION < 1' 2r 0~ 3 l 

******* MESSAGE FOR TANK 2023 BATCH 91 ******* 
SUPERVISOR IS R~QUIREC 10 PROCEED. 

******* MESSAGE FOR TANK 2023 BATCH 91 ******* 
ENTER DESTINATION VESSEL MEASUREMENT POIN1 ID 

27-Sep-73 06l13 AM 

27-SeP-78 06l14 AM 

Supervisor passwcr~ entered (nonprinting) to approve transfer action 

Operator enters ·i~$tination ID-02029 (sump collection tank - waste 
to be reworked - Ugh in uranium) 

:n-1<ll<;jt** . M:::SSfllii:: FOR_ fANI\ 202.5 BATCH 91 ******* 27-Ser--78 06:14 AM 
CALL BACK WH~N TRANSFER IS COMPLETE AND SPARGER IS OFF. Program signs off to await recall when transfer is completed 

BE:GIBN··.NE<\N 
t:NTEfi MEASUREMENT- POI '>IH 02023 
PROGF:AM STARTED 

******* ~ESSAGE FOR TANK 2023 B~TCH 91 ******* 
ENTER OPERATOR INITI~LS 
WCS 

******* MESSAGE FOR TANK 2023 BATCH 91 ******* 
J'M READY ro MEASURE AFTER-TRANSFER DATA, 
SPARGER SHOULD BE OFF. 
INSTRUMENT PURGES SHOULD BE SET AT 0.5 SCFH. 
SHALL I PROCEED ? <TES OR NO> 

~U~ANCE ~APER TO TOP OF PAGE AND <CR> 

• 

Transfer complete. Operator enters 
8EG_tN and 0~013 tx! rer;:~ll p_rogram 

27-SaP-78 07:48 .AM 
Operator autborLBation c~eck by program 

27-Sep-78 07:48 AM 

• 

·After-Transfer ~-T). measurements: 
Program· states. ~~erequisites 

Operator enters YES to activate A-T .measurement data collection 
· ·- ·-·-·· · -- Program-prints ·aDVAIICB· PAPBJl,. etc. illdicating A.,.T measurements atld 

quantity calcul~ions are complete and Batch Summary is ready to 
print. Ro flaga indicate measurement comparisons OK • 

• 



LR-419 
LR-419-W 
DR-430 
DR-430-W 

T.JR-414-5-

• 

BATCH SUMHARY FOR 

02023 

BEFORE 
RECEIPT 

NA 
NA· 
NA 
NA 
NA 

9-1 

BEFORE 
SAMPLE· 

156.17 
154.245·. 

11.675 
11.808 

52.4 

EXHIBIT 4-3 
(Continued) 

• • 

EXPLANATORY ·NOTES . 

27-~-7-8 -()-7-J-56· AK-

AFTER 
SAMF'l::£ 

156.2 
154 • .:a39 
11.701 
11.841 

51.5 

AFTER 
TRANSFER ·· ·· INSTBDMEN'f" "UADINGS:. 

16.53 
l-5-.4-15 . 

Taylor level in ''lli> 
11.693 
11.819 

-5-1.-2. 
--~-----------------------------------------------------------------------------------

· -weatlDSfuiiise level iii ''ll:zO 
Taylor density in ''llzO 
Westinghouse density in ''1120 
Temperat\ire--fii ot 

SAMF'LE RESULTS ANALYTICAL RESULTS: 
LOG NO, 19948 NA 2.007-1 -HA- -· 
DENSITY 1.2555 NA 1.2292 NA 
u CG/L) 16.5 NA 11.39 NA 

ti-t 7.19 NA 6.28 NA 

-------------------------------------------------------------------------------------
VOLUME 

. I(GS SOLN 

PROCESS LEVEL COMPAR13ION 

NA 
NA 

~395.367 LITERS. 
2978,348 KGS ~OLN 

25599.061 GRAMS U 

NA -1,927 
L~B/PROCESS DENSITY <~ESTINGHOUSEJ COMPARISION 

-.:>172 

LAB/PROCESS UENSirY ;TAYLOR) CUMPARISION 
.. NA --·-

PROCESS DENSITY COMPAiiSION 
• :>141 .0147 . 

2730.264 
3393!684 

.. --T-RANSFERRED 

-1.865 

2724.694 
3396.082 

. _ 387 , 805 __ SOLUTION QUANTITIES 

483.363 

BArCH QUANTITIES 2336. 889 LITERS 
2912.719 KGS SOLN 

26616.049 GRAMS U 

-1.117 

MEASUREMENT CONTROL COMPARISONS 

Westinghciuse-Taylor in ''ll
2
o 

In g/ml 

(NA - program omission) 

Westi~hou~~~T~yl~~ l~ ~lml 

• 

(Before-sampling ·and After-sampling) 
B.S./A.S, QUANTITY CO~PARISION 

-2.3975 In kilogrsas solution 

------·------- --· -· ·-··· -· 

******* MESSAGE FOR :TANK 2023 BATCH 91---*******----2-7=SeP~8 ---0-7-!Sl--AM---------· ----·- · h'osr---prfltts-ba~h--ca.plete ·statement · -· 
MEASUREMENT FOR THIS BATCH IS COMPLETE. 
CALL ME WHEN READY FO~ NEXT BATCH, 
t";.·AT~.,~ 



w 
00 

EXHIBIT 4-4 

WASTE MEASUREMENT PROGRAM DIALOGU:: 
GFW CHECK TA.'<K - MEASUR.EMEN:' POINT 02·:>28 

BEGIN 
ENTER MEASUREMENT POIN~? 0202E 
PROGRAM SPIRTED 

B~e 

******* H::SSAGE FOR TAN!< 202E BATCH 320 ***xU* 
ENTER OPER!\TOR INITIALS 
wcs 

******* MESSAGE FOR TANI<' 202E: BATCH 320 ******* 
ENTER SOUR:::E VESSEL HEASUREME1o1T POINT ID 
02127 

******* M:OSSAGE FOR T.ANt-: 202B BATCH 320 ******* 
ENTER OPERATOR INITIALS 
WCS 

******* H::SSAGE FOR TANI< 202E BATCH 320 ******* 
I' H READY Hl MEASURE B£FC•RE-S~:MPLE DATA • 
SPARGER SHJULD BE OFF, 
INSTRUMENT PURGES SHOUL[o BE SE'T AT 0.5 SCFH. 
SHALL I F'RJCEED ? <YES DR NO: 
'r'ES 

******* M::SSAGE FOR T.ANt-: 2021:: BATCH 320 ******lit 
ENTER OPERATOR INITIALS 
wcs 

12-Sep-78 04!29 PM 

12-Sep-78 04!30 PM 

12-Sep-78 04!30 PM 

12-SeP-78 04!30 PM 

12-Sep-78 04!33 PM 

******* MESSAGE FOR rANt-: 202E: BATCH 320 ******* 12-SeP-78 04:33 PH 
TANK CONTAINS 680.311 KG SOLUTION 
TANK CONTAINS 539,8 LITERS SOLUTION 
I'M GOING TO REOUEST LJ)S TO SAMPLE. SPARGER SHOOLD BE ON. 
SHALL I PROCEED ? <YES OR NO: 
NO 

******* MESSAGE FOR fAN~: 202B BATCH 320 ******* 
SPARGER IN CR CHC-420) 

12-SeP-78 04!34 PM 

PURGES AT W816 EL292 
I'LL WAIT TO HEAR FROM YOU. 

• •• 

EXPLANATORY NOTES 

OpeTator entry to .access mea;urement program 
Operator enters ~028 which initializes next GPW check tank batch 

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

Operator enters msasurement point of waste source 

Before-Sampling (!-S) measurements: 
Program states pr~eqaisites 

Operator enters 135 to activate B-S measurement data collection 
Program indicates ~ata collection ~s complete 

Program calculatea/prints B-S quantities 

CNMCAS-LDS link not iD service, Operator· enter's NO. Must 
manually input analytLcal data when available 

Program signs off to vait on sampling instructions 

• • 



• 

BEGIN 
ENTER MEASUREMENT POINT? 02028 
PROGRAM STARTED 

• • 

EXHIBIT 4-,4 
(Continued) 

******* MESSAGE FOR TANK 2028 BATCH 320 ******* 12-Sep-78 08:11 PM 
ENTER OPERATOR INITIALS 
WCS 

******* MESSAGE FOR TANK 2028 BATCH 320 ******* 12-SeP-78 08:12 PM 
I I ! ! ! LDS SiMULATOR ! ! ! ! ! 
ENTER LOG NUMBER 18845 
ENTER DENSITY 1.2702 
ENTER ACID 7.92 
ENTER U CONe· CG/U 4.5 
ENTER TEMPERATURE 25 

******* MESSnGE FOR TANK 2028 BATCH 320 ******* 12-SeP-78 08:13 PM 
SAMPLING IS COMPLETE. SAMPLE LOG NU~BER IS 18845 
RESULTS SHOW DENSITY IS 1.2702 G'ML 
CONCENTRATION IS 4.5 G URANIUM/LlTER SOLUTION 
AND Ht IS 7.92 MOLAR. 

******* MCSSAGE FOR TANK 2023 BATCH 320 ******* 12-SeP:78 08:13 P~ 
ENTER OPERATOR INITIALS 
wcs 

******* MESSAGE FOR TANK 2028 BATCH 320 *-****** 
I'M READY TO MEASURE AFTER-SAMPLE DATA. 
SPARGER SHOULD BE OFF. 
INSTRUMENT PURGES SHOULD BE SET AT 0,5 SCFH. 
5HALL I PROCEED ? CYES OR NOl 
:r'ES 

~****** MESSAGE FOR TANK 
fANK CONTAINS 683.191 
IANK CONTAINS 538.961 
TANK CONTAINS 2425.32 
YOUR NEXT STE~ IS TO MAKE 

2028 l:<A.I CH 320 
KG SOLUTION 
LITERS SOLUTION 
GRAMS URAN:UM 
THE TRANSF[R, 

******* 

******* MESSAGE FOR TANK 2028 BATCH 
POSSIBLE ·OPTIONS ARE: 1· HOLD 

320 ******* 
2 = TRANSFER 

12-SeP-78 08!13 PM 

12-SeP-78 08:16 PM 

12-SeP-78 08:16 PM 

3 = GO BACK TO 
ENTER OPTION C lr 2r· OR 3 ) 

B.S. MEASUREMENTS 

2 

•****** MESSAGE FeR ··TANK ·2028 BA-Tt:-H ·320 ******* ···12-SeP-78 08:-t"? f'M · 
SUPERVISOR IS REQUIRED TO PROCEED, 
ENTER PASSWORD 

12-SeP-78 08:17 Ph· 

• • 

EXPLANATORY NOTES 

Program callup by operator 

Manual analytical data entry by Operator 

Analytical data statement by Program 

Operator authorization check by Program 

After-Sampling (A-S) measurements: 
ProgriiJil. states pr_~r!!gu_i_s_i~es .. . .. . ... . .. _ 
Operator enters YES to activate A-S measurement .data collection 

Progr~.calc~la~e~/prints A-S quantities 

Supervisor pas.sword entered (nonprinting) to approve transfer 
action 

•****** MESSAGE FOR TANK 2028 BATCH 320 ******* 
ENT-ER BESilHATION-~EL·ffEASUREHE"Hf POINT Ur---,·-· 
02021 

· ---- ·-·-- --·----- --- · ·rrogram siins ofl tiO ·wan:·c;n·cciiaPieHcni' cif traliBfer 

******* MESSAOE ·FOR TANK 2028 BA'fCtt· ·J20 ·"******* ._:1"2=Sinr~n--osa7 Pl'f· -·--- -- ··- . 
CALL BACt< WHEN TRANSFER IS COMPLETE AND SPARGER IS.OFF. 



BEGIN 
ENTER MEASUREMENT POINT? 02028 
PROGRAM STARTED 

B\ole 

******* MESSAGE FOR TANK 2028 B~TCH 320 ******~ 
ENTER OPERATOR INITIALS 
wcs 

******* MESSAGE FOR TANK 2028 B~TCH 320 ******* 
I'M READY TO· MEASURE AF·TER-TF~ANS=EF::- DATA .. 
SPARGER SHOULD BE OFF. 
INSTRUMENT PURGES SHOULD BE SET AT 0.5 SCFH. 
SHALL I PROCEED ? CYES OR NO> 
YES 
RADVANCE PAPER TO TOP OF PAGE AN!D <CR> 

• 

EXHIBIT 4-4 
(Continued) 

13-SeP-78 12:56 AM 

13-Sep-78 12:56 AM 

• •• 

EXPLAN.~TORY NOTES 

Program callup by Operator (Tr=nsf.ar has been completed) 

Operator authorization check·~ Pr~gram 

After-Transfer measurements: 
Program states prerequisites 

Ope~ator enters YES to activate A-r measurement data collection 

Program prints AIIVANCE PAPER e~c. indicating A-T measurements are 
complete, comparisons are satisfactory and Batch Summary is ready 
to print. 

• • 



• 

.... ·····--·- ............. ·-·-·. ·--· --·------

LR-412 
·LR-412-;J 
DR-416 
DR-416-W 

TJR-415-7 ·-- · 

SAMPLE RESULTS 
LOG NO. 
DENSITY 
U (G/L> 

H+. 

VOLUME 
KGS SOLN 

BATCH SUMMARY FOR 

··-·-o2028" ~ - 320··- .. 

BEFORE 
· ·-RECE·IPT · -- ·· 

NA 
···NA 

NA 
NA 
ftA··-· 

18-~86 
1.2204 

6.8 
5.49 

NA 
NA 

BEFORE 
--sAHPL-£ 

46.65 
-··46·-.585 

12.479 
12.427 

-52.7 

N~r 
NA 
NA 
NA 

''539.8 
680.331 

• • 

EXHIBIT 4-4 
(Continued) 

46.96 
.. 46 •78-4-·-

12.544 
12.499 

4"r•e-· 

1894!5 .. 
1.2702 

4.5 
7.92 

538;961 
683.191 

6 •'26 · Taylor level in "H o 
-·-r·J:21·····--·- ··-·······--··-·-· ·- .... 2 ...... • Westinghouse level in H2o 

7 • 9 Taylor density in "H2o 
7 • 694 Westinghouse density in "H 0 

. . .. -· ... - . ·43-; 4--- Temperature-in oc:· .. . . ..... 2 . 

·-NA 
NA 
NA 
NA 

'60. 9!58 
77.271 

ANALYTICAL RESULTS: 

U mislabled; sh~ld_ be q/g 

SOLUTION QUANTITIES: 

-------------------------------------------------------------------------~----------- BATCH QUANTITIES: RECEIVED 

PROCESS LEVEL COHPARISION 

259, 397 LITERS 
343.221 KGS SOLN 
524.292 GRAMS U 

NA -.067 
LAB/PROCESS DENSITY <WESTINGHOUSE> COHPARISION 

.0026 

LAB/PROCESS DENSITY <TAYLOR> COHPARJSION 
NA 

TRANSFERRED 

-.173 

· 478,002 LITERS· 
605,92 KGS SOLN 

2151.011 GRAM~ U u quantities in error; mg/g cone. 
... volume instead of 'uiass .. 

MEASUREMENT 'CONTROL COMPARISONS: 

.864 in "H~ 

in g/ml 

(NA - program Omission) 

mul ~!plied·. bY.. 

PROCESS DENSITY COHPARISION 
-.0053'' 

B.S./A.S, QUANTITY COHPARISION 
-2-."8608 

-.-o·o46 Westinghouse-Taylor in g/ml 
(Before-sampling and After-sampling) 

******* 'MESSAGE FOR TANK 2028 'BATCR 320 . ******* .. '13-'Sep-78 . 01 ro1···Aff 
MEASUREMENT FOR THIS BATCH IS COMPLETE. 
CALL HE WHEN READY FOR NEXT BATCH, 

in kilograms solution 

Program prints batch complete statement 

··--------------------· ---·· --·---·"- -···---------·------· --.-- ··--··· ·-··-····-······-



EXHIBIT 4-5 

MEASUREY.ENI PROGRAM STATUS REPORT 

STAT 

AS o= ~7-SeP-78 02:49 AM 

TANK ID BATCH * INITIAL BR BS SAMPLE AS TRANSFER AT 
-----:-:.-.-- -=-~-:- ::- -= -:::-:-.---::----.-: ~ ~--- - ""'!'".-----:-- -:-.. ~-.-:--.-----:---------------- ---------------

02003 111 F F 

020.09 ... ···---Ull .. F. .NA F F F F 

02023 90 F NA F F F F F 

02028 35.3 F NA 

EXPLA!lATOilY NOTES (CONTINUED) 

(1) Tank ID - 02003, Accountability Tank (input) 
- 02009, Uranium Product Sample Iank (product) 
- 02023, HWW Sample Tank (waste) 
- 02028, EPW Check Tank (waste) 

(2) Batch 0 - sequential batch number 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 ~rogress 

(9) AT -- After-Transfer measurements 

• 

EXPLANATORY NOTES 

Operator enter STAT whenever a printed 
··- .meas'lrement program status is desired. 

STJ!.T'JS p:::ogram prints report. 

02003 - BR measurements completed; 
- IS measurements next step 

02(~~ - Transfer in progress 
- At measurements next step 

02(•23 - Batch No. 90 completed; 

0202·3 - latch 353 initialized 
- BS measurements next step 

•• • 



LOT 
NO. 

• 

BATCH MANUAL AS 
NO. CHANGE DATE 

LOG 
NG. CODE 

• 

INPUTI:JUTPUT REPO~~CFORAA~2~~~~~~NT POINT 0200:3 
DATE OF REPORT--18-0cl-78 

BATCH 
NO. 

REC. 
FROM 

QUANTITY RECEIVED 

U-CONC 
MG-U/0 LITERS ----·. -· ·-·----

KG 
SOLUT. U-CONTENT 

• 

QUANTITY TRANSFERRED DEST. 

KG 
LITERS SOLUT. U-CONTENT 

********************************************************************************************************************************** 
BEGINNING INVENTORY 568.5 856. 4 211.612 
********************************************************************************************************************************** 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

8:3 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

c 

2 83 - 103 

5 9 78 18225 

8 9 78 18384 

8 9 78 18432 

9 9 78 18463 

9 9 78 18533 

10 9 78 18593 

10 9 78 18624 

11 9 78 18649 

11 9 78 18689 

11 9 78 18721 

12 9 78 18785 

12 9 78 18825 

13 9 78 18~04 

13 9 78 18597 

13 9 78 19003 

14 9 78 19048 

14 9 78 1 9 l6:;: 

15 9 78 19205 

15 9 78 19267 

16 9 78 19334 

17 9 78 19·+12 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

?6 

77 

:VB 

7'? 

80 

81 

e2 

83 

&:4 

85 

e6 

37 

88 

89 

90 

94 

2009 250. 300 

2009 227. 100 

2009 244. 010 

2009 254. 100 

2009 240. 000 

2009 227. 300 

2009 224. 000 

2009 231. 900 

2009 249. 600 

2009 241. 100 

2009 246. 500 

2009 260. 200 

2009 252. 100 

2009 255. 300 

2009 255. 100 

2009 263. 600 

2009" 255. 400 

2009 258. 100 

2009 253. 700 

2009 245. 800 

zoo·;· 233. 6oo 

:3635. 8 

4393. 6 

4226. 0 

4155. 7 

4228. 4 

4860. 1 

4925. 7 

5175. 6 

4563. 5 

4022. 0 

4537. 5 

4303. 0 

42.77. 3 

:3889. 3 

4582. 9 

4778. :3 

44c-6. 1 

4447. 8 

4354. 3 

4910. 3 

4746 . .,., 

5495. 4 1378. 2:34 3605. 8 

6571. 7 1471. 4:36 4350. 9 

6368. 5 1570. 230 4384. 0 

6365. 4 1624. 813 4053. 9 

6366. 8 1515. 404 4348. 1 

7304. 9 1651. 489 . 4700. 5 

7306. 0 1633. 435 4937. 7 

7665. 5 1784.837 5186. 2 

6974. 0 1756. 509 4608. 0 

5990. o 143~ 964 4oza 4 

690& 7 1707. 491 466~ 5 

6658. 3 1741. 288 4237 1 

6489. 8 1629. 95.::: 4302. 2 

5884. 7 1504. 62'~ 

6943. 0 1771. 018 

7414. 8 1962. 589 

6806. 5 1 7'31. 150 

/.:.856. 7 1772. '?47 

663~ 4 1679. 228 

7352. 0 1799. 6•)9 

713& 8 1658. 724 

3874. 7 

4437. ::: 

4833. 7 

4250. I) 

4580. 

4385. 

5046. 7 

521t-. 2 

5446. 8 1363. 331 

6515. 3 1479. 635 

6601. 0 1610. 699 

6198. 7 1575. 091 

6559. 6 1574. 313 

7067. 0 1606. 332 

7335. 2 1643. 095 

7683. 8 1781. 873 

7017. 5 1751. 576 

6009. 1 1448. 793 

7096. 9 1749. 377 

654:;:. 7 1 702. 660 

6540. 1 1648. 758 

5865. 6 1497. 497 

(:.722. 6 1714. 924 

7480. 7 1971. '')07 

64:38. 2 1657 .. 089 

7050. 0 1819. 616 

6692. 0 1697. 771 

7572. 5. 1861. 311 

7~342. 8 1832. 072 

2006 

2005 

2006 

2005 

2006 

2005 

2006 

.2006 

2005 

2006 

2005 

2006 

2006 

2005 

2006 

2005 

2006 

2005 

2006 

2006 

2005 

LOT TOTALS -- F·-· ·---·-· --- ·---·-- ·--934-79-: 6-1·4-1491': 8 34-761 973 94031. 6 142329 1 34987. 723 
************************************************•********************************************************************************* 

2 83 - 103 
LOT TOTALS F 0. 0 0. 0 0. 000 0. 0 0. 0 0. 000 
*********************************************************************************************************************~************ 

LOTS 2 - 2 
F -· ···-2009 ····· ··9-34-79.-8 141497. 8 34781. 977 ~4031. 6 142329. 1 34987. 719 2006 

SUB TOTAL F 93479. 8 141497. 8 34781. 977 94031. 6 142329. 1 34987. 719 
********************************************************************************************************************************** 
SUB TOTAL P 0. 0 0. 0 0. 000 0 0 0. 0 0. 000 
********************************************************************************************************************************** 
TOTAL 

ENDING BALANCE 

93479. 8 141497. 8 34781. 977 94031. 6 14232-;•. 

16. 7 25. 

34987. 719 

5. 871 



LOT 
NO. 

BATCH MANUAL AS 
NO. CHANGE DA:TE 

LOG 
NO. CODE 

------~_.::EXH=l;:;B;:;IT:....;4~-;;.1 .,----·--------- __ . -· 

NMC - ACCOUNT! NG 
INPUT/OUTPUT REPORT FOR MEASUREMENT POINT 02009 

DATE OF REPORT--1.8-0c•t-78 

BATCH 
NO. 

REC. 
FROM 

U-CONC 
MG-U/G 

--··- ---··----

QUANTITY f":ECEIVED 

LITERS 
VG 
SOLUT. U-CONTENT 

QUANTITY TRANSFERRED DEST. 

KG 
LITERS SOLUT. U-CONTENT 

**********************************~************************************************************~********************************** BEGINNING INVENTORY 562. 5 846. 5 313. 890 
***********************************************************************************************~******•*************************** 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

76 

77 

78 

79 

80 

81 

82 

84 
0~ ._,,_, 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

2 76 - 96 

s 9 78 17789 

7 9 78 1836-:. 

g 9 78 1840'S 

8 9 78 1845l 

9 9 7~: 18493 

·p 9 78 18555 

10 9 78 18592 

lG 9 78 1862.7 

11. 9 78 1865(• 

ll 9 78 18681 

11 9 78 18742: 

12 ·;; 78 18788 

12 9 78 18847 

1:3 ., 78 18905 

13 9 78 1897¢ 

14 9 78 1902!' 

!C. 9 78 19147 

15 -;: 78 19164 

15 9 78 192:!0 

15 9 78 192/7 

16 7 78 19363 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

7/:.. 

78 

79 

79 

80 

81 

82 

84 

85 

8b 

87 

88 

:::·~· 

90 

91 

92 

94 

'?5 

96 

2007 248. 990 

2053 223. 500 

2053 246. 010 

2053 254. 130 

2053 2::::6. 870 

2G5:3 225. 050 

2053 223. 600 

2(153 232. 200 

2053 249. 400 

205~: 2:37. '?00 

2053 246. 100 

2053 260. 120 

2053 254. 020 

2053 252. 710 

2053 253. 570 

2053 267. 050 

2053 .252. 550 

2053 258. 150 

2053 252. 900 

2053 244. 820 

2053 233. 240 

~:615. 6 

4402. (I 

41(:.3. :3 

4206. 3 

4240. :::: 

4917. 

4932. 3 

5173. 0 

4554. /~ 

4044. ,!:. 

4497. 9 

4280. 5 

427::::. 7 

C:.460. f:., 1256. 518 

6561. 8 1444. 976 

6367. 3 1584. 592 

6431. 9 1641. 4?? 

6365. 3 1493. 087 

730~ 0 1631. 937 

7658. 6 1785. 622 

l:/~t.:7. 1757. 1 ~-7 

5'?95. (I 1416. 45:3. 

6877. 2 1699. 448 

6639. 7 1739. 038 

;;,4:::5 .. ,, 11:..4 2. :::~.4 

4ooa 4· 6057. 3 152~ 619 

4579:· 6 

4761. 5 

4477. 2 

4642. 9 

4354. 4 

4894. 0 

4920. 1 

6940. 0 1760. 507 

740~ 9 199~ 277 

6798. 2 1704. 566 

717Q 5 1855. 822 

6630. 0 1672. 275 

7370. 2 1797. 508 

7151. 4 1658. 181 

361/.:. 9 

4422. 3 

4147, 3 

4207. 4 

4289 4 

4857. 7 

4925. 1 

517'2. 9 

4571. " 
4029. 2 

45U. 5 

4289. 0 

4265. ·'I 

40(Q::::. 5 

456C. 4 

477~. 

4467. 9 

464';'. 1 

434E:. 0 

4898. 9 

489::;:. 1 

54 60. 4 1 :359. 580 

6601. 5 1475. 427 

6325. 6 1556. 170 

6431. 7 1634. 480 

t-45::::. I) 1528. 514 

72'?'''· 3 11~42. 718 

7304. 1633. 201 

76.59. 8 1778. 606 

69:35. 7 1742. 245 

5994. 0 142S 979 

,!:.877. 6 1692. 577 

6639. 5 1727.079 

t-487. :::: 1647. 913 

6055. 4 1530. 273 

6939. 5 1759. 654 

7410. 7 1979. 040 

6800. 0 1717. 346 

7169. 2 1850. 719 

6629. 6 1676. 632 

7373. 6 1805. 201 

7149. 5 1667. 560 

LOT TOTALS· ·F · ·· ..... _ · ..... -9-3939-: 3 ·142049. 5 34714. 9-90 .. 9392(•. 6 142047. 3 34830. 918 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2029 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

*****************************************************************************************************~**************************** 
2 76 - 96 

L.C!T TOTALS F 0. 0 0. 0 0. 000 Q. 0 0. 0 0. 000 
~****************************************************************************************************•**************************** 
LIJTS 2 - 2 

·F -·-2007-....... ---· · · ·-9'3939. 3 ·142049. 5 34714. 981)- 9392t). 6 142047. 3 34830. 918 2003 

SUB TOTAL F 93939. 3 142049. 5 34714. 980 ';1392(). 6 142047. 3 34830. 918 
~*********************************~*****************************************************************~~**************************** 
SUB TOTAL . P· 0. 0 0. 0 0. OOQ Q. 0 0. 0 o: 000 
**********************************~*******•***************~*****************************************~+~*************************** 

TOTAL 93939. 3 142049. 5 34714. 980 939'2o). 6 142047. 3 34830. 918 
~ -·--·--

ENDING BALANCE sat. 2 848. 7 197. 953 

• •• 



• 

******* MESSAGE FOR TANK 2003 BATCH 109 ******* 
TRANSFER QUANTITY COMPARISION IS OUT-OF-LIMITS 
YOU SHOULD HAVE 6515. 07 KG SOLUTION AND 
·TANK ·CONTAms--~:-rs-·KG SOLUTION·---·-- .. 

• 

EXHIBIT 4-8 
NMC LINE PRINTER - MEASUREMENT MESSAGE. 

~4~SeP-78 07:08AM 

·~ .... 

---- . ---- .. -- -· .. ··-· 

.. ·- -·-··- - .. ··---- ·------··--· -- -~-'------··-·-····-·- . 

• 



BATCH SUMMAR'r FOR 

·-··- _______ 0200.9. ..,. ___ 94- --- -··· 

BEFORE 
RECElPT 

EXHIBIT·4-9 

BATCH SUMMARY REPORTS - NMC LINE PRINTER 

BEFORE 
SAMPLE 

lS.-SQI>-:78. 12;~ Pli-

AFTER 
SAMPLE 

AFTER 
TRANSFER 

---------------------=-=~--=~-=~~-----:~~:-~--=-~-~-~--=~----~---.-~----~-~----~---~--------

LR-239 NA 73. 82 73. 86 13. 27 
LR-239-R 'IdA 185. 223 185. 452 33. 487 

ZERO N!i . 73 . 73 . 73 
DR-273 ... NA 15_ 609 15_ 71 12 .. 98 
DR-273-R NA 144. 69 144. 667 -. 413 

ZERO NA -. 54 -. 54 -. 42 
T..JR-206-17 I'IA 34. 1 34. 8 35. 5 
---------------:---'7'.--7'"-~'7"~:":----===~-:----=---------~-~--------~-~-~----~:-::~--:-_-:"----~--""=''!'::~"":"'- .. 
SAMPLE RESuLts· 

LOG NO. 
DENSITY 

.U . ..!GLLl -··-·-··· 
H+ 

19l64 
::.. 5479 
397 .78 .. 

. 49 

NA 
NA 
lliA . 
NA 

19230 
1. 5316 

380. 063 
. 72 

NA 
NA 

.. NGi 
NA 

VOLUI'IE .. __ __ _ _ .NA... . 4883_ 615 - 4889. 715 ·- .554.. 619 
KGS SOLN NA 7479. 745 7489. 087 849. 455 -------------------------------------------------------------------------------------

LR-125_. 
LR-125-R 

ZERO 
DR-166 
DR-1.66-R 

ZERO 
T..JR-108-10 

TI-109 

RECEIVED 4335. 355 LITERS TRANSFERRED 4335. 09e· LITERS 
.6630_ ~28 KGS .. SOLJ\l 6639. 633- KGS SOLN 
1637. ·377 f<GS U 1647. 612 f<GS U 

BATOH SUMMARY FOR 

020•:3 - 10:. 

BEF:1RE BEFORE 
REC': I PI SAMPLE 

. ··-- _;u, 6. 
54. 69 
--36 

15_378 
-10-.18-
-. 12 
35.5 
28. 9 

128. 44 
320. 89 

-. 34 
15. 214 

·-282. 8()5. 
-. 09 

35. 1 
2o. 9 

15-SeP-78 06:28PM 

AFTER AFTER 
SAMPLE TRANSFER 

. 128. 4-9-
320. 917 

-. 34 
15. 281 

. -282,-642 
-. 08 

35. 3 
28 

21. 7 
52. 307 
-. 35 

15. 283 
... 14.-035 

-. 11 
35. 6 

29 
sAMPi::£.,..RE8uL:rs-.,.,...--=.,..-,...---,._-...,.,.,.,-.,....,.-,_-..,------,_----~--~-~~~-~--~-~-~----------------

LoG NO. 19205 NA 19267 NA 
DENSITY 1. 5464 NA 1. 5337 NA 
U_ <GLLL ---- -- .390--4.1..7------ -- ·--NA- -- -- -·----384.·871----··-·- --···NA-·-· 

H+ . S NA . 585 NA 

VOLUME- . -·-· --- -· .. ------· o4$.-l24 --4-981-.--~ -----4981-.·143-------·-61-7:-9-77-·-·---·- --·--·· -·- . -··-·--·. 
KGS SOLN J•)03. 805 7639. 768 7640. 454 947. 791 -------------------------------------------------------------------------------------RECEIVED 4332. 302 LITERS TRANSFERRED 4363. 737 LITERS 

- .... ---~~ KGS-SObN- ··- --· --- · ·· -· ··- · ···- ·· ·-----~.- 6o3 -KGS. S<kN-·-··· ·-· 
1659 883 KGS U 1679. 475 KGS U 

--------------------------------------------------------------------~----------------

• • • • 



LOT 
NO. 

• 

BATCH ~ANUAL AS 
NO. CHANGE DATE 

LOG 
NO. 

• •• • 

EXHIBIT 4-10 

·-· ···· ----·· · ·- -NMG --~GGUNTING· 

CODE 

INPUT/OUTPUT REPORT FOR MEASUREMENT ·POINT 02003 
DATE OF REPORT--20-0ct-78 

BATCH. REC. 
NO. FROM 

U-CONC 
MG-U/G 

G!UANTITY RECEIVED 

KG 
LITERS SOLUT. L~CONTENT 

• 

OUANTI TV TRANSFERRED DEST. 

KG 
LITERS SOLUT. U-CONTENT 

*************•******************************************************************************************************************** 
BEGINNING INVENTORY 568. 5 :=:56. 4 211. 612 
~~-~*********•******************************************************************************************************************** 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

c 

2 83 - 103 

5 9 78 18225 

8 9 78 18384 

8 9 78 18432 

9 9 78 18463 

9 9 78 18533 

10 9 78 18593 

10 9 78 18624 

11 9 78 18649 

11 9 78 18689 

11 9 78 18721 

12 9 78 18785 

12 9 78 18825 

13 9 78 18904 

13 '? 78 18597 

13 9 78 19003 

14 9 78 19048 

14 9 78 19163 

15 9 78 19205 

15 9 78 19267 

16 9 78 19334 

17 9 78 19412 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

76 2009 250.300 

77 2009 227. 100 

78 2009 244. 010 

79 2009 254. 100 

so 2009 240. 000 

81 2009 227. 300 

82 2009 224. 000 

83 2009 231. 900 

34 200·;> 249. bOO 

85 2009 241. 100 

86 2009 246. 500 

87 2009 26~ 200 

88 2009 252.. 100 

89 

90 

91 

2009 255. 300 

2009 255. 100 

200'? 2·::03. 600 

92- 200';1 255. 400 

93 2009 258. 100 

94 2009 253. 700 

95 

'j)6 

2009 245. 800 

:.1!009- 233. 600 

3635. 8 

4393. 6 

4226. 0 

4155. 7 

422&. 4 

4860. 1 

4925. 7 

5175. f:, 

4563. 5 

4022. 0 

4537. 5 

430::::. 0 

4277. 3 

3889. 3 

4582. 9 

477::.:. 3 

44U. 1 

4447. 8 

4354. :3 

4910. 3 

47% . ., 

549~ 4 137a 2~4 360~ 8 

6571. 7 14 71. 436 .4350. 9 

6368. 5 1570. 230 4384. 0 

·S365. 4 1624. :::1:::: 4053. 9 

6366. 8 1515. 404 4348. 1 

7304 . .,.. 1651. 489 4700. 5 

7306. o 163a 435 4937 7 

766~ 5 1784. 837 518~ 2 

6•:;:t74. 0 1756. 509 4608. 0 

5990. 0 1436. 964 4023. 4 

6908. 7 1707. 4'? 1 466';71. 5 

6658. 3 1741. 288 4237. 1 

64:3';1, s 16:29. ·;.53 4302. 2 

5884. 7 1504. 629 

6943. 0 1771. 018 

7414. 8 1962. 5:::'? 

6806. 5 1731. 150 

6856. 7 1772. 947 

6636. 4 1679. 228 

7::::52. 0 17-;•9. 609 

7138. 8 1658. 724 

3874. 7 

4437. 8 

48~:3. 7 

4250. 0 

4580. 1 

4385. 1 

5046. 7 

5216. 2 

5446. 8 1363. 331 

6515. 3 1479. 635 

6601. 0 1610. 699 

619S:. 7 1575. 091 

655't. 6 1574. 313 

7067. 0 1606. 332 

7335. 2 1643. 095 

7683. 8 1781. 873 

7017. 5 1751. 576 

6009. 1 1448. 793 

7096. 9 1749.377 

6543. 7 1702. 660 

6540. 1 1648. 758 

5865. 6 1497. 497 

6722. 6 1714. 924 

7480. 7 1971. 907 

6488. 2 1657. 089 

7050. 0 1819. 616 

6692. 0 1697. 771 

7572. 5 1861. 311 

7842. 8 1832. 072 

LOT TOTALS F 93479. 8 1414'n. 8 34781. 973 94031. 6 142329. 1 34987. 723 

2006 

2005 

2006 

2005 

2006 

2005 

2006 

2006 

2005 

2006 

2005 

2006 

2006 

2005 

2006 

2005 

2006 

2005 

2006 

2006 

2005 

*************•****************·**************-*************•········-········••••************************************************ 
3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

22 

23 

23 

23 

24 

24 

27 

27 

28 

9 78 19635 

9 78 19645 

9 78 19667 

9 78 19689 

9 78 19722 

9 78 19756 

9 78 19812 

9 78 20109 

9 78 20160 

9 78 20203 

F 

F 

F 

F 

F 

F. 

F 

F 

F 

F 

104' 

-105. .. 

106 

107 

2003 

~01 .. 

2001 

20Q.l 

4. 560 

0.040 

0. 020. 

0.020 

97 2009 253. 200 

. 2S .. 200S .. -25.1.. .400. -

99 2009 294. 400 

100 2009 210. 7.00 

102 2009 238. 600 

103 2009 187. BOO 

931. 7 

71~. 0 

6418. 2 

7704. 1 

1228. 3 

7226. 7 

6451. 8 

7738. 3 

4696. 1 7215. 8 

3SS1. 7- . 5529. 4 

3889. 0 6582. 5 

4335. 9 6124. 2 

381S. 5 5817. 9 

3771. 0 5144. 3 

-0. 151 

0 .. 206 

0. 114 

0. 155 

1831. 198 

1388. 314 

1975. 714 

1214. 843 

1406. 012 

895. 460 

934. 5 

6384. 2 

7165. 6 

7703. 1 

4068. 7 

3(:.29. s 
3916. 3 

4431. 4 

3342. 2 

4246. 5 

1235. 0 

6471. 7 

7209. 8 

7737. 3 

6243. 9 

5637. 9 

6560. 0 

6386. 0 

5067. 6 

5918. 7 

5. 632 

0. 259 

0. 144 

0. 155 

1580. 963 

1417. 376 

1931. 255 

1345. 540 

1209. 127 

1111. 537 

2002 

2029 

2029 

2029 

2006 

2005 

2006 

2006 

2005 

2005 



3. 104 - 113 
LOT TOTALS F 46246. 2 59059. 2 8711. 864 45822~ 0 ~·8468. 0 8601. 9::38 
************************************·*********************************************************••·•********************************** 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

28 9 78.20249 

29 9 78 20275 

29 9 78 2o34o 

29 9 78 20374 

30 9 78 20403 

30 9 78 20435 

30 9 78 20472 

10 78 20494 

10 78. 20530 

10 78 20554 

2 10 78 20568 

3 10 78 20602 

4 10 78 20696 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

105 

115 

107 

117 

118 

119 

120 

121 

122 

123 

124 

125 

114 

2009 256 000 

2001 189. 500 

2009 .232~ 700 

2001 162:. 600 

2001 142:. 300 

Z001 . 127.600 

2001 

2001 

2001 

2001 

2029 

2001 

2009 

13:. 180 

1. 492 

5. 832 

41. 000 

1. 410 

l. 247 

4. 350 

5845. 5 

4649. 1 

5482. 3 

5388. 3 

5846. 0 

1120. 2 

5613. 1 

7814. 9 

6293. 6 

4430. 4 

426. 7 

33038. 8 

-4670. 4 

9159. 5 2386. 865 

6410. 8 1148. 901 

824~ I) 195~ 638 

7130. 5 1088. 617 

7581. 8 1059. 179 

1370. 4 160.203 

5561. 5 3. 679 

5648. 9 

4671. 2 

5422. 

5342. 2 

5803. 2 

1402. 9 

5266. 6 

7788. 6 

6439. 3 

4542. 7 

457. 0 

1. 81:3 7814. 2 

4 1. 148 61 93. 5 

16. 4:32 4900. 3 

-0. 577 454. 1 

2712. 5 3. :~:(1'? 26799. 5 

1347. 6 7. 894 1990. 0 

8784. 3 2248. 771 

6539. 9 1239. 314 

8096. 4 1884. 031 

7169. 7 1165. 787 

7555. 7 1075. 178 

1758. 8 224. 422 

5331. 2 70. 2~-6 

7799. 3 

6318. 0 

5020. 2 

473. 9 

2512. 5 

1991. 8 

11. 633 

36. 847 

20. 081 

0. 668 

3. 133 

8. 664 

2006 

2005 

2006 

2005 

2005 

2006 

2006 

2005 

2006 

2006 

2005 

2006 

2029 

4 127 5 10 78 20707 F 127 2001 C. 426 1111. 7 1101. 4 0. 427 1110. S 1100.6 0. 469 2029 

4 114 - 127 
LOT TOTALS F 82:390. 3 6984 7. 5 7873. 525 8281 s:·. 6 :00452. 3 7989. 265 
***********************************a**~****~******************-**********************************+*********~*********************** 

LOTS 2 - 4 
F 

F 

F 

F 

2009 

2003 

2029 

2001 

124196. 5 196663. 1 47843. 914 130727. 2 1'?7015. 7 47724. 984 

';>31. 7 

426.J 

1228. 3 

457. I) 

-0. 151 934. 5 

-0. 577 454. 1 

1235 .. 0 5. 632 

473. 9 0. 668 

"%561. 4 72056. 1 3524. 182 ~10557. 3 72524. 7 3847. 688 

SUB TOTAL F 222116. 3 270404. ~. 5D67. 367 222673. 2 271249. 4 51578. 977 
**********************************************************************************************~********************************* SUB TOTAL P 0. 0 0. 0 0.000 0. 0 0. 0 0. 000 
********************************** .. ******•·~******************'******************************** .. ********************************** 
TOTAL 222116. 3 270404. 6 51367. 367 .222673. 2 271249. 4 51578. 977 

ENDING BALANCE 11. 6 11. 6 0. 004 

• • • • 



LOT 
NO. 

• 

BATCH MANUAL AS 
NO. CHANGE DATE 

LOG 
NO. CODE 

• • 

EXHIBIT 4-11 

- · NMG-- ACCOONH HG-· -·
INPUT/OUTPUT REPORT FOR MEASUREMENT POINT 02009 

DATE OF REPORT--20-0ct-78 

BATCH 
NO. 

REC. 
FROM 

U-CONC 
MG-U/G 

QUANTITY RECEIVED 

KG 
LITERS SOLUT. U-CONTENT 

• 

QUANTITY TRANSFERRED DEST. 

LITERS 
KT; 
SOLIJT. U-CONTENT 

********************************************************************************************************************************** BEGINNING INV'::NTORY 0. 0 0. 0 0. 000 
~************•******************************************************************************************************************** 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

76 

77 

78 

79 

so 
81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

2 76 96 

5 '? 78 17789 

7 9 78 18368 

8 9 78 18405 

8 9 78 18451 

.,.. 9 78 18498 

9 9 78 18555 

10 9 78 18592 

10 9 78 18627 

11 9 78 18650 

11 9 78 18681 

11 '? 78 18742 

12 9 78 18788 

12 9 78 18847 

13 9 78 18905 

13 9 78 18976 

14 9 78 19027 

14 9 78 19147 

15 9 78 19164 

15 9 78 19230 

15 9 78 19277 

16 9 78 19363 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

76 

78 

79 

79 

80 

81 

82 
.-..-. 
0-.> 

84 

85 

86 

87 

88 

89 

90 

91 

92 

. 93 

94 

95 

96 

2007 248. 990 

2053 223. 500 

2053 246. 010 

2053 254. 130 

2053 236. 870 

2053 225. 050 

2053 223. 600 

2053 232. 200 

2053 249. 400 

2053 237. 900 

2053 246. 100 

2053 260. 120 

2053 254. 020 

2053 252. 710 

2053 253. 570 

2053 267. 050 

2053 252. 550 

2053 258. 150 

2053 252. 900 

2053 244. 820 

2053 233. 240 

4178. 1 

4402. 0 

4163. 3 

4206. :::; 

4240. 3 

4917. 

49:32.. :3 

517:3.0 

4554. 6 

4044. 6 

44'?7. 9 

4280. 5 

4273. 7 

4008. 4 

4579. 6 

4761. 5 

4477. 2 

4642. 9 

4354. 4 

4894. 0 

4';>20. 1 

6::::.)7. 1 1570. 4•)8 

6561. ::: 1444. 976 

6367. 3 1584. 592 

6431. 9 1641. 422 

6365. 3 1493. 087 

7:387. 7 1653. 598 

7304. o 1631. ·n7 

7658. 6 1785. 622 

6987. 1 1757. 167 

5995. 0 1416. 45:::: 

6877. 2 1699. 448 

6639. 7 1739. 038 

64:35. 9 1642. 364 

6057. 3 1529. 619 

6'~40. 0 1760. 507 

7409. 9 1990. 277 

679:3. 2 1704. 566 

7170. 5 1855. 822 

6630. 0 1672. 275 

7370. 2 1797. 508 

7151. 4 1658. 181 

3616. 9 

4422. 3 

4147. 3 

4207. 4 

4289. 4 

4857. 7 

4925. 1 

5172. 9 

4571. 4 

4029. 2 

4511. 5 

4289. 0 

4265. 4 

4003. 5 

4580. 4 

4775. 1 

4467. 9 

4649. 1 

4348. 0 

4898. 9 

4892. 1 

5460. 4 1359. 580 

6601. 5 1475. 427 

6325. 6 1556. 170 

6431. 7 1634. 480 

645a o 1528. 514 

7299. 3 1642. 718 

7304. 1 1633. 201 

7659. ::: 1778. 606 

6'?85. 7 1742. 245 

5994. 0 1425. 979 

6877. 6 16'?2. 577 

66~:9. 5 1727. 079 

6487. 3 1647. 913 

6055. 4 1530. 273 

6939. 5 1759. 654 

7410. 7 1979. 040 

6800.0 1717.346 

7169. 2 1850. 719 

6629. 6 1676. 632 

7373. 6 iso5. 201 

714''· 5 1667. 560 

2003 

2003 

20(13 

2003 

200:3 

2003 

2003 

200:3 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

2003 

LOT TOTALS F 94501. 8 142896. 0 35028. 867 93920. 6 142047. 3 34830. 918 
~********************************************************************************************************************************* 

3 

3 

3 

3 

3 

3 

97. 

98 

99 

100 

101 

102 

103 

104 

3 97 104 

17 9 78 19437 

23 9 78 19723 

24 9 78 19778 

25 9 78 19838 

26 9 78 20017 

27 9 78 20099 

27 9 78 20099 

27 9 78 20158 

F 

F 

F 

F 

F 

F 

F 

F 

98 
-98 

100 

101 

2053 256. 920 

2053 251. 170 
·2oo9· · 3oo."-75o · 

2053 318. 760 

2056 287:370 

4661. 1 

3554. 2 

3846. 0 
·3633. 3 

3260. 6 

102 2053 293. 190 3390. 5 

· io3 --20s·3-·293-:-i9o-· -o. 4 

104 2053 297. 750 4313. 5 

7227. 9 1877. 100 

5543. 5 1387. 485 

6583. 0 2021. 941 

6326. 6 20.32: 022 

5371. 7 14'?1. 1'~5 

5692. 2 1686. 275 

-0. 0 -0. 007 

7223. 7 2154. 674 

4691. 0 

3560. 2 

3882. 0 

3172. 3 

2429. 3 

3026. 0 

1659. 8 

3706. 8 

722~ 6 185~ 913 2003 

5543. 6 1392. 387 "2003 

6579.5 1978 . .773 

5507. 7 1755.639 

4057.5 1166.000 

5072. 4 1487. 184 

2771.0 812.420 

6209. 6 1848. 908 

2003 

2001 

2001 

2001 

2003 

2001 

LOT TOTAbS F 26652. 8 43968. 7 12650. 686 26127. 6 42968. 9 12298. 226 
********************************************************************************************************************************** 



I.Jl 
0 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

4 105 - 120 

28 9 78 20:236 

28 9 78 202o7 

29 9 78 20329 

29 9 78 20~7 

29 9 78 20376 

30 9 78 20405 

:=o 9 78 20466 

10 78 204'i'5 

10 78 205£.1 

2 1 0 78 205",.8 

5 10 78 207.34 

F 

F 

F .. 

F 

F 

F 

F 

F 

F 

F 

F 

105 

106 

2053 299 .. 180 

2053 300. 590 

4265. 1 

2538. 3 

7117. 1 2131. ·?38 

4257. 6 1280. 978 

107-- .. ;21)53 ... -3Q& .. 1-7-0·--·-· 3502,.:;; -·~944. 3 1833. 54!2 

108 2053 257. 160 873. 2 904. 8 16. :=:19 

109 2053 .2.73. 870 4133. 5 ~.515. 2 1804. 994 

110 

111 

112 

113 

114 

115 

2053 264. 750 

2053 240. 740 

2053 24'?. 670 

2053 234. 360 

2053 206. 530 

2053 lAl ... 5'?0. 

46:33. 5 

537.4. 0 

4772. 2. 

4925. 2 

4:=:oo. 6 
4508. 1 

7192. ';'I 1892. 81.5 

8000. 5 1905. 471 

7214. 5 1805. 789 

729R 7 1685. 696 

7044. 1 142 i. ::::.:::~. 

6301. 7 842. 002 

4873. 7 

19EO. 9 

1980. 8 

2640. 3 

4141. 5 

492'>'. 1 

5590. 5 

404:1. 0 

5ES3. ~. 

5C~"C:2. 1 

431a. 5 

8134. 9 24.33. 790 

3322. (I ·;r=.-'8. 547 

3346.7 1026.670 

4028. 8 1036. 042 

6491. 3 1777. 771 

75·n: 2 2011. 358 

8348. 7 2009. 856 

"6101. 2 1523. 286 

7717. 3 1808. 6.32 

747a 5 154a 506 

bObS. 9 859. 297 

LOT TOTALS F 4'1376. 6 67788. 5 16620. 86.9 447.6.7. 0 68630. 4 17028. 756 

2003 

2001 

2003 

4001 

4001 

4001 

4001 

4001 

4001 

4001 

4001 

IH•****il-il-il-il-il-.,_il-*il-***""****""************,.**** .. **********.-,.**·**·10***"*********************<>1>1>1>1>1>1>il-1>1>*lHI-ltil-1>il-il-iHtil-il-;tltltlt*******************.-,.** 
LOTS 2 - 4 

F 

F 

F 

F 

114:?.24. s 175308. ·;1 44280. :=:1:.7 11456.3.2 175650.5 44331. :;o5 

114324.8 175308.9 44280.867 114!:63. 2 175650. 5 44331.875 

17136. 2:=:871. 9 :3645. 14-5 14~15. 4 2416'?. 2 7256. 279 

34070.3 50471.4 11374.412 35931.6 53826.9 125~9. 748 

SUB TOTAL F 165531. 2 25465a 2 6430Q 42S 164615. 2 253646. 6 64157 902 

2003 

2003 

2001 

4001 

*********************~**********~·······~***************•*~**********************•••··~······~··•***~**************************** 
SUB TOTAL. P 0. 0 0. 0 0. 00~ ). 0 0. 0 0. 000 
************************************•····~·**************~************************************************************************ 

TOTAL 165531--.. 2 254653. 2. 64300. 42~ 164:::15. 2 253646. 6 6ol157. '?02 

ENDING BALANCE 71 "·· 0 11)(1~ .. 6 142. 52~: 

~-lj 

• • • • 



LOT 
~JO. 

BATCH MANUAL AS 
NO. CHANGE DATE 

LOG 
NO. CODE 

• • • 

EXHIBIT 4-12 

- . . - - NI!IC ... ---ACCOUNT.lbiG.-- -· 
INPUT/OUTPUT REPORT FOR MEASUREMENT POINT 02023 

DATE OF REPORT--20-0ct-78 

BATCH 
NO. 

REC. 
FROM 

U-CONC 
MG-U/G 

QUANTITY RECEIVED 

KG 
LITERS SOLUT. U-CONTENT 

• • 

QUANTITY TRANSFERRED DEST. 

LITERS 
KG 
SOLUT. U-CONTENT 

~********************************************************************************************************************************* 
BEGINNING INVENTORY 0. 0 0. 0 0. 000 
~~******************************************************************************************************************************** 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

6"' 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

so 
2 63 - 80 

6 9 78 18242 p 

6 9 78 18289 p 

7 9 78 18349 RP 

8 9 78 18401 RP 

9 9 78 18523 RP 

'? 9 78 18560 RP 

10 9 78 18641 RP 

11 9 78 18741 RP 

12 9 78 18826 RP 

13 9 78 18912 RP 

13 9 78 18980 RP 

14 9 78 19040 RP 

15 9 78 18170 RP 

16 9 78 19361 RP 

16 9 78 19400 RP 

17 9 78 19428 RP 

18 9 78 19476 

18 9 78 32764 

p 

p 

63 2056 

64 2056 

65 2056 

66 2056 

67 2056 

68 2056 

69 2056 

70 2056 

71 2056 

72 2056 

73 2056 

74 2056 

75 2056 

76 2056 

77 

78 

79 

80 

2056 

2056 

2056 

2056 

0. 353 

0. 262 

1. 400 

1"0.:. 370 

15. 500 

8. 200 

14. 200 

1. 000 

13. 100 

25. 000 

64. 098 

11. 200 

75. 600 

55. 651 

3. 800 

1. 411 

59. 022 

2222. 2. 

1820. 7 

2301. 6 

210·::'. 7 

164:::. 0 

1697. 

1731. 6 

2080. 7 

1586. 2 

1694. 1 

1418. 4 

2172. ::: 

2499. 4 

2350. 5 

24. 8 

1068. 9 

1063. 7 

2743. 9 

2254. 0 

2949. 0 

2155. 0 

2128. :;: 

2234. 6 

2733. 4 

2050. :3 

2221. 2 

l'Y25. 2 

2621. 3 

3139. 8 

:3179. 4 

14. 8 

800. 4 

1091. 1 

1090. 9 

0. "?69 

0. 536 

4. 779 

:;:9. 206 

34. 718 

1:3. 531 

::::4. 969 

-4. 640 

33. '?62 

61. (:.25 

1:38. 886 

115. 6.:::2 

15. 897 

277. 1 u:: 
-27. :389 

-4. 1)38 

(r. 76:;: 

E:5. 770 

1753. 7 

1828. 0 

2629. 7 

1772. 

1705. 0 

1685. 6 

1728. 2 

2064. 2 

1643. 2 

1750.5 

1387. 2 

2102. 2 

2482. 4 

1697. 2 

994. 5 

548. 1 

1024. 8 

1047. 0 

2165. 0 

22~·1. 2 

3385. 1 

:::::2::::5. 2 

2125. 8 

2215. 7 

2705. 5 

2125. 

2337. 2 

1337. 7 

2570. C). 

3103. 8 

2336. 0 

1292. 4 

1045. 2 

1069. 5 

0. 765 

0. 591 

4. 739 

31. 142 

34. 64b 

17. 431 

31. 463 

2. 705 

27. 839 

58. 431 

117. 793 

121. ::::69 

:34. 763 

176.598 

71. 924 

2. 324 

1. 475 

63. 126 

LOT TOTALS P 30223. 6 38143. 9 822. 293 ·29843. 5 37751. 4 799. 126 

242(1 

2420 

2029 

2029 

2029 

2029 

202'? 

2029 

2029 

2029 

2029 

2029 

2029 

2029 

2029 

2029 

2420 

2420 

********************************************************************************************************************************** 

3 

3 

3 

3 

j 

3 

3 

3 

3 

3 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

3 92 

3 81 -
LOT TOTALS 

92 

20 9 78 

21 9 78 

21 9 78 

21 9 78 

22 9 78 

23 9 78 

24 9 78 

25 9 78 

25 9 78 

26 9 78 

27 9 78 

19584 p 

19587 p 

19594 p 

19602 p 

19612 p 

19703 RP 
19751 RF 

19830 RF 

19864 RP 

19948 RP 

20071 RP 

28 9 78 20176 RP 

p 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

2056 

2056 

2056 

2056 

2053 

2056. 

2056 
·.! .:' 

:?05.~-
2056 

2056 

2056 
... 

2056 

0. 968 

0. 000 

0. 000 

0. 244 

0. 121 

9.860 

6. 326 

3. 983 

8. 139 

13. 142 

9 .. 266• 

8. 333 

2:390.8 

2385. 7 

2695. 4 

2713. 6 

152. 5 

2458. 8 

2099. 7 

2088. 5 

2252. 1 

2153. 9 

2398. 1 

2502. 2 

2614. 7 

2884. 0 

2877. 5 

159. 0 

3020. 4 

2698. 9 

2628. 7 

2843. 6 

2737. 2 
2978. 2 

2320. 2 2959. 3 

26109. 4 30903. 8 

-20. :36(:. 

-0. 140 

0. 000 

0. 736 

-0. 09(:. 

33. 322 

14. 798 

9. 313 

25. 072 

38. 779 

25. 985 

2638. 5 

2387. 6 

2694. 8 

1953. 4 

688. 9 

2282. 8 

2244. 0 

2105. 6 

2179. 6 

2263. 8 

2342. 0 

2749. 6 

2627. 0 

2883. 3 

2080. 0 

726. 3 

2740. 3 

2849. 1 

2658. 1 

2747. 0 

2882. 5 

2910. 6 

24. 2o9 2324. z- 2954.3 

151. 612 26105. 2 30808. 3 

2. 660 

0. 000 

0. 000 

0. SOB 

0. 088 

27. 019 

18. 023 

10. 586 

22. 357 

37. 882 

26. 969 

-24. 618 

170. 7i2 

2420 

2420 

2420 

·2420 

2420 

2029 

2029 

2029 

2029 

2029 

2029 

2029 



~*******************************************'II:**************'********************'*************************************************** 
4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

29 9 78 20251 

29 9 78 2034:;; 

30 9 78 2040~ 

p 

p 

p 

10 78 2049~ RF 

2 10 78 20553 F 

2 10 78 2058:4 p 

3 10 78 206.2 RP 

4 10 78 20677 p 

p 

5 10 78 207':<9 p 

5 10 78 20738 RP 

6· 10 78 207l.5 RP 

93 2056 

94.. 2056-

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

2056 

2056 

2056 

2056 

2056 

2056 

2056. 

2056 

2037 

1". 683 

7. 053-' 

13. 890 

13. 846 

39. 380 

8. 713 

3. 100 

2. 982 

1. 3'66 

.. .(), 594 

0. 198 

0. 059 

2116. 2 2815. 1 

2265. 0' 2879. 2 

2507. 3 

2063. 0 

2302. 0 

2268. 5 

2235. 1 

2154. 0 

2152. 4 

2430. 6 

1423. 7 

'?'32. 8 

3235. 6 

2847. 6. 

3066. 3 

2970. 2 

2919. 2 

26.34. 6 

2583. 1 

2627. 3 

1479. 7 

972. 6-

34. 52l: 

20. 158 

48. 19c:. 

:3·;1'. 410 

140. 94:3 

12. 96-l 

6. 15i 

7. 791 

2. 58!1 

1. 107 

0. 142: 

0. 011 

2148. 8 

2205. 6 

2585. 9 

1816. 5 

2550. 6 

2203. 0 

2194. 2 

2115. 5 

2143. 7 

2571. 9 

1437. 9 

1049. 0 

2837. 6 

2$23. 0 

3367. 7 

2446. :;: 

3436. 0 

2875. 0 

2872. 4 

2612. 8 

25:32. 1 

2832. 2 

1525. 7 

1091. 4 

33. 153 

21. 605 

46. 777 

33. 871 

135. ~:09 

25. 049 

8. 904 

7. 792 

3. 527 

1. 681 

0. 302 

0. 065 

2029 

202';1' 

2029 

2029 

2420 

2029 

2420 

2420 

2420 

2420 

2420 

4 C)·~ - (I 
LOT TOTALSV P 24::::50. 7 ::::1o::::o. :::: 313. ·=.,::::1 25022. 5 31302. 2 ::::1:::. 035 
*********************************~~*******~**************~********* .... ***********************~~*********************************** 
LOTS 2 - 4 

F 

RF 

2302. 0 

6251. :3 

3066. 3 

8175.2 

140. 94:::: 

~.:::. 5·::: 1 

2550. 6 ;2:436. 0 

6166. 1 795~:. 6 

135. 309 

62. 481 

2420 

2029 

SUB TOTAL F 8553.3 11241.5 204. 46~ 8716.7 11389.6 197.790 
************ <t ****** 1f * * •********* ******** *it***il-**it.lt.itit*-*·***i<.llc* ifit-o~Ul ** iEitit* * *** **** ** **** **"' ** * * c <0 ~-<Hf ******it It**********<>**<>********** 

F' 23250. 7 26062. 2 7'?. 65:;; 22847. 7 25.!;:.:~:4. 3 :32. 215 2420 

RP 

p 

RF' 

p 

4591. 6 5371. 5 

.,, 156. _:;! 11·=.,oo. o 

:35631. 2 45502. 9 

2:3250. 7 26062. 2 

·~·- ;:tt)4 4681' 1 5489. 5 

115. a•2 914a 3 119oa 3 

:::81. 623 3558~ 4 4544~ 2 

7'~- 6'53 22847. 7 25634. 3 

9. 270 2420 

126. 5:=::;: . 2029 

872. 014 2029. 

82. 215 2420 

V1 SUB TOTAL F' 72630. 4 :::883~ .. 5 1083.' 422 72254. 5 88472. 3 1090. 083 
N *********************************•*******~***************~***********************************!tit*********************************** 

TOTAL :::1183. 7 100078. 1 12:::7. :::=:::. 80971. :3 9'?861. 9 1287. 873 

ENDING BALANCE 212. 5 0. 013 

-1- I Z-

1-'"f-3.] 

• • • • • 



I ("T 
1\io. · BATCH MANUAL AS 

NO. CHANGE DATE 
LOG 
NO. CODE 

• • • 

EXHIBIT 4-13 

NMC .. ...,__ SUMMARY 
INPUT/OUTPUT REPORT FOR MEASUREMENT POINT 02003 

DATE OF REPORT--20-0ct-78 

BATCH 
NO. 

REC. 
FROM 

U-CONC 
MG-U/G 

QUANTITY RECEIVED 

KG 
LITERS SOLUT. U-CONTENT 

QUANTITY TRANSFERRED OEST. 

KG 
LITERS SOLUT. U-CONTENT 

********************************************************************************************************************************** BEGINNING INVENTORY 568.5 856.4 211. 612 
*****•**************************************************************************************************************************** 

2 83 - 103 
LOT T.JTALS F -· -- ··- -· -· ~79. <a 1414·n. B 347~1. ';173 · 94031. 6 142329. 1 34987. 723 
*****"~**************************~************************************************************************************************* 

3 104 - 113 
LOT :TJTALS F 46246. 2 59059. 2 8711. 864 45822. 0 58468. 0 8601. 988 
*********************************************************************************************~************************************ 

4 114 - 127 
LOT TOTALS F 82390. 3 69347. 5 7373. 525 82819.6 70452. 3 7989. 265 
*************************************************·•******************************************************************************** 
LOTS 2 - 4 

F 2009 124196. 5 196663. 47843. 914 130727. 2 197015. 7 47724. 984 

F 2003 ·;>:31. 7 1228. 3 -0. 151 934. 5 1235. (I 5. 632 

F 2029 ...... - 426. 7 . 457. 0 -0. 577 454. 1 473. 9 0. 668 

F 2001 96561. 4 72056. 1 3524. 132 90557. 3 72524. 7 3847. 688 

SVB TOTAL F 222116. 3 270404. 6 51367.367 222673. 2 271249. 4 51578. 977 
************************************************************************************************~********************************* 
SUB TOTAL P 0. 0 0. 0 0. OOC' 0. 0 0. 0 0. 000 
********************************************************************************************************************************** 
TOTAL 222116.3 270404.6 51367.367 222673.2 271249. 4 51578.977 

ENDING BALANCE 11. 6 11. 6 0. 004 

··--··-··---- -·------

• 



EXHIBIT 4-14 

NUCLEAR MATERIAL ACCOUNTING 
MATERIAL BALANCE REPORT-FOR PERIODS 2- 2 

BEGINNING INVENTORY 

INPUT 
02003 ACCT TANK 

FROM/TO 

20C·9 
2 - 2 - 83 THRU 2 - 2 - 103 

TOTAL FOR MBA 

OUTPUT 
02009 PROD SAMPLE TANK 

2003 
2 - 2 - 76 THRU 2 - 2 - 96 

TOTAL FOR MBA 

02023 HWW SAMPLE TANK 
24:::0 
2029 

2 - 2 - 63 THRU 2 - 2 - 80 
TOTAL FOR MBA 

02028 GPl~ CHECK TANK 

2 - 2 - 308 THRLI 2 - 2 
TOTAL FOR MBA 

ENDING INVENTORY 

• 

2021 
242(1 
203-!:-

333 

~ATE OF REPORT 20-0ct-78 

DETAIL --------------------------
CODE LITERS KG. SOL. KG u ------

F 93479. 8 141497.8 34781. 973 

93479. 8 14i497. 8 34781. 973 

F 93920. 6 142047. 3 34:::30. 918 

93920. 6 142047. 3 34830. 918 

p 5653. 5 6540.9 65. 957 
RF' 24190. 0 312:10. 5 733. 169 

29843. 5 37751. 4 799. 126 

RF 4402. l 5438.5 71. 959 
F 79';:>5. 9 94S3. 2 45. 966 

RF -2. b -3. 9 -0. 022 

123'>'5. 4 14917. 3 1 L 7. 903 

• 

MBR ---------------------------
LITERS KG. SOL. ~:.::; lJI -------

12881. •)00' 

'93479. 8 141497. 8 34781. 973 

93920. 6 142047. 3 34830. illS 

5(:.53. 5 6540. 9 65. '957 

7995. 9 9483. 2 45.~66 

12720. :32 

• • • 



BEGINNING INVENTORY 

INPUT 
02003 ACCT TANK 

·EXHIBIT 4-15 

NUCLEAR MATERIAL AGCQUNTUIG---- ---- · 
MATERIAL BALANCE REPORT FOR PERIODS 2 --3 

DATE OF REPORT 20-0ct-78 

. DEi~HL: . --------------------------FROM/TO CODE ·LITERS KG. SOL. .KG U 

2009 
2003 
2001 
2029 

F 124196. 5 
F S·3L7 
F 95449. 7 
F ~26. 7 

196663. 1 47843. 910 
1228. 3 .-Q 151 

70954. 8 3523. 754 
457. 0 -0. 577 

'MBR 

LITERS KG. SOL. KG U 

12881. 000 

2 - 2 - 83 THRU 3 - 4 - 127 
TOTAL FOR MBA 221004. 6 269303.2 51306.934 221004.6 269303. 2 51366. 934 

OUTPUT 
02009 PROD SAMPLE TAN.< 

2 - 2 - 76 THRU 3 - 4 
TOTAL =oR MBA 

02023 HWW SAMPLE TANK 

2003 
2001 
4001 

120 

2420 
2420 
2420 
2029 
2029 
2029 

2 - 2 - 63 THRU 3 - 4 - 32700 
TOTAL FOR MBA 

02028 GPW CHECK TANK 
2021 
2420 
2420 
2420 
2036 
2029 
2029 

2 - 2 - 308 THRU 3 - 4 - 32700 
TOTAL FOR MBA 

ENDING INVENTORY 

F 114568. 1 
F 14315. 4 
F 31c>13. 1 

175650. 5 4~331. 875 
24169. 2 7256. 279 
47758. 0 11710. 450 

160496. 7 . 247577. 7 63298. 602 

F 2'550. 6 
p 22347. 7 

RP 3!!.32. 1 
RF 0166. 1 

p 9143. 3 
RP 35582. 4 

79922. 3 

RF 1.:248. 5 
F 15941. 2 

RF 4902. 7 
p 828. 6 

RF -2. 6 
RF .597. 5 
RP ·565. 1 

33081. 1 

3430. 0 
25634. 3 

4398. 1 
7953. 6 

11903. 3 
45445. 2 

·98770. 5 

7726. 5 
23441. 9 

6334. 1 
917. 6 

-3. 9 
679. 6 
670. 1 

39765. 9 

135. 309 
82. 215 

9. 206 
62. 481 

126. 583 
872. 014 

1287. 809 

74. 952 
72. 568 

9. 585 
1. 000 

-0. 022 
10. 295 

.... 247 

177. 627 

160496. 7 247577. 7 63298. 602 

34541. 6 40973. 7 

20769. 8 24359. 5 

344. 108 

73. 569 

531. 656 



*********************************** 
-*********************************** 
** ** i}* ** 
** ** 

:EXHIBIT 4-,16 
** ** 
** 02003 LEVEL COMPARISONS ** ACCOUNTAB[LITY TANK LEVEL COMPARISONS 
** ** 
** SUMMARY REPORT ** 
** ** 
** FOR BATCH 69 TO BATCH 127 ** ** ** 
** ** 
** ** 
** 19-0ct.-78 ** 
** ** LEVEL COMPARISONS PAGE 
*********************************** 02003 
*********************************** 
BATCH * * * * * 

NO. * BEF~E RECEIPT * BEFORE SAMPLE * AFTER SAMPLE * AFTER TRANSFER * 
~++-..;..+- * ~~~-~~~~~~~~~ * ~~~~~~~~~~+~~ * +-+-+++-~+-++++ * +++++~~+++++++ * 

* * * * * * PRIMARY * PRIMARY * PRIMARY * PRIMARY If 

* LEVEL PRI-TAY T ... R-TI * LEVEL PRI-TAY T .JR-TI * LEVEL PRI-TAY T.JR-TI * LEVEL PRI-TAY T.JR-TI * 
* ( CM. l ( CM. ) [ Cl * ( CM. ) ( CM. ) ( C> If ( CM. ) ( CM. ) ( Cl If ( CM. ) ( CM. ) ( Cl * 

++~~~+++~~+++~~~.-.-+~+~+++~++++~~++++~~~~~~~~~+~~+~~~++++++++++++~++++++++++++++++ 

* * * * * 
69 * 424. 3 -6. 12 -. 36 * 424. 26 -6. 16 -. 34 * 424. 32 -6. 14 -. 37 * 165. 32 -3. 04 -. 26 * 70 * 165. 3 -3. 11 . 02 * 415. 68 -5. 95 -. 89 * 415. 72 -5. 92 -. 86 * 42. 83 -2. 18 -. 51 * 71 * 42. 8 -2. 17 -. 33 * 257. 53 -4. 19 -. 81 .... 257. 52 -4. 24 -85 * 53. 35 -2. 2 -. 24 * 
72 * 53. 34 -2. 22 -. 27 * 267. 77 -4. 36 -. 74 * 267. 75 -4. 46 -. 84 * 43. 76 -2. 16 -. 32 * 
73 * 43. 76 -2. 15 -. 36 * 298. 34 -4. 77 -. 98 * 298. 34 -4. 72 -1. 04 * 48. 36 -2. 29 -. 44 * 74 * 48. 36 -2. 25 -. 59 * 275. 72 -4. 43 -1. 01 * 275. 69 -4. 46 -. 97 * 51. 37 -2. :3 - 13 * 75 * 51. 46 -2. 21 -. 24 * 248. 15 -4~"05 -. 9o * 248. to -3. 95 -. 99 * 53. 23 -2. 28 -. 6 * 82 * 326. 27 -5. 18 3. 88 * :326. 25 -5. 2 3. 91 * 326. 23 -5. 18 3.86 * 48. 69 -2. 47 4. 46 * 
83 * 268. 59 -4. 45 4. 21 * .269. 39 -4. 45 4. 06 * 267. 69 -4. 45 4. 08 * 50. 72 -2. 45 4. 04 * 84 * 314. 49 -4. 97 7. 37 * :314. 34 -4. 99 7. 37 * 313. 74 -5.04 7.34 * 52. 89 -2. 41 7. 09 * 85 * 52. 89 -2. 42 7. 06 * 308. 54 -4. 95 7. 38 * 308. 67 -4. 9 3. 72 * 43. 51 -2. 32 -2. 28 * 8~- * 43. 36 -2. 21 -3. 16 * 299. 33 -4. 64 2. 89 * 299. 27 -4. (:.2 . 47 * 50. 51 -2. 2 -2. 52 If 
87 * 50. 5 -2. 2 -2. 54 * :305. 86 -4. 7'::.: 3. 17 * 305. 87 -4. 69 1. 68 * 42. 47 -2. 24 -2. 22 * 
88 * 42. 47 -2. 22 -3. 16 * 335. 68 -5. 15 1. 73 * :335. 92 -5. 34 . 47 * 52. 11 -2. 37 -1. 81 * 89 * 52. 11 -2. 34 -2. 78 * 345. 07-"· -5:· 3'2 4. 32 '* 345. 05 -5. 34 4. 08 * 50. 75 -2. 43 1. 05 * 90 * 50. 76 -2. 41 . 38 * 358. 27 -5. 52 3. 18 * 358. 45 -5. 47 3. 04 * 49. 97 -2. 39 . 74 * 91 * 330. 97 -5. 18 3. 99 * 330. 23 -5. 19 2. 79 * :330. 28 -5. 18 :3. 03 * 48. 57 -2. 34 1. 66 * 92 * 48. 58 -2. 33 l. 25 * 288. 77 -4. o6 3. 96 * 288. 8 -4. 67 3. 92 * 47. 51 -2. 33 2. 65 * 93 * 47. 53 -2. 37 2. 86 * 325. 07- -5. 1 3. 01 * 323. 67 -5. 06 3. 49 * 40. 04 -2. 65 13. 15 * 94 * 40. 4 -2. 29 ?. 31 * 307. 75 -4. 73 4. 48 * :307. 49 -4. 84 4. 78 * 44. 99 -2. 35 4. 91 If 
95 * 45. 01 -2. 33 4. 29 * 305. 35 -4. 76 '" .J. 11 * 42. 59 -2. ::::6 5. 5 * 42. 71 -2. 28 6. 14 .. 
96 * 42. 7 -2. 24 :8. 56 * 279. 03 -4. 46 5. 13 * 279 -4. 45 4. 83. * 4:::. 43 -2. 32 7. 62 * 
97 * 43. 43 -2. 32 :9. 15 * 322. 21 -4: 93" - 5. 75 * :322. 2 -4. 9.4 6. 15 * 5:<. 41 -2. 33 7. 14 * 

V'l 98 * 52. 67 -2. 25 10. 23 * .350. 27 -5. 25 6. 98 * 350. 25 -5. 27 7. 32 * 5C. o::: -2. 3 9. 82 * 
0\ 99 * 50. 05 -2. 32 1:.. 73 * 323. 05 -4. 95 6. 54 * :323. 03 -5. 03 7. 1 * 62. 76 9. 2** 7. 84 * 

100 * 51. 21 -2. 37 -:. 96 * :337. 93 -5. 17 5. 02 * 337. 85 -5. 25 5. 01 * 55. 04 -2. 4 5. 41 * 101 * 55. 05 -2. 35 6. 66 * :321. 23 -5. 02 8. 24 * 321. 26 -5. 11 7. 22 * 52. 66 -2. 47 6. 56 * 102 * 52. 66 -2. 42 6.. 89 * 347. 42 -5. 17 5. 46 * 347. 38 -5. 28 ·5. 85 * 43. 45 -2. 26 7. 79 * 
103 * 43. 46 -2. 25 B. 28 * 330. 07 -5. 11 9. 02 * 330. 11 -5. 11 8. 37 * 3. 88 -2. 09 10. 73 * 
104 * 3. 87 -2. 1 1(•. 92 * 63. 06 -2. 22 8. 92 * 6'? w. 11 -2. 18 8. 85 * 2. 53 -2. 04 8. 69 * 105 * ·2. 52 -2. 05 B. 84 •· 300. 29 .. -4:18 17. 25· * 299. 48 -4. 91 19. 55 * 40. 77 3. 26 19. 12 •· 
106 * 35. 31 -2. 15 1;-. 24 * 299. 42 -4. 45 27. 71 * 299. 44 -4. 47 26. 35 * 2. 28 -2. 16 24. 06 * 
107 * 2. 31 -2. 13 23. 99 * 320. 58 -4. 67 31. 62 * 320. 5 -4. 66 32. 38 * 2. 51 -2. 15 23. 95 * 
108 * 3. 2 -2. 14 23. 78 * 304. 91 -4. 55 14. 58 * 304. 89 -4. 57 14. 32 If 54.32 -2. 13 14. 26 * 109 * 54. 32 -2. 17 14. 32 * 276. 46 ·-5:01 14. 66 * 277. 31 -4. 25 12. 46 * 50. 08 -2. 1 10. 94 * 110 * 50. 1 -2. 12 1:<:. 27 * 315. 51 -4. 7 6. 8 * 315. 44 -4. 69 6. 52 * 52. 11 -2 8. 25 * 111 * 52. 09 -2. 36 ;·. 28 * ~95. 75 -4. 68 52. 16 * 295. 18 -4. 69 46. 4 * 39. 33 -2. 31 40. 24 * 
112 * 39. 32 -2. 32 3e. 64 * ::'!73. 72 -3. 93 46. 36 * 273. 19 -4. 5 45. 6 * 70. 45 -2. 56 44. 58 * 
113 * 70. 49 -2. 48· -~.q- 04 * 2-75. -59-·-· ""-4;-59--- ·-59.-e .......... 259. g 1 .. ·-26. 31 52.52 * 37. 92 -2. 2 43. 26 * 114 * 37. 92 -2. 2 42. 92 * ~07. 03 -5. 06 29. 95 * 406. 39 -5. 75 29. 73 * 54. 63 -2. 2 31. 4 * 115 * 54. 63 -2. 2 3L. 82 * 310. 4 -4. 75 43. 68 * 310. 39 -4. 72 43. 04 * "47. 97 -2. 21 39. 36 * 116 * 47. 97 -2. 17 3a 13 * 379. 6 -5. 57 49. 33 * 379. 59 -5. 55 48. 13 * 54. 83 -2. 41 44. 35 * 117 * 54. 82 -2. 44 4~. 57 * 339. 41 -5.-H .. 59. -61 • 339. 39 -5. 17 59. 15 * 51. 95 -2. 44 53. 35 * 118 * 51. 82 -2. 46 51. 64 * 355. 53 -5. 33 47. 94 * 355. 43 -5. 33 46. 58 * 52.52 -2. 41 43. 55 * 
119 * 52. 52 -2. 36 42. 56 * 107. 23 -2. 73 61. 08 * 107. 11 -2. 77 48. 36 * 36 36 -2. 3 45. 94 * 
120 * 36. 36 -2. 3 40. 02 * 257. 2 -4. 17 41. 12 * 257. 21 -4. 22 41. 88 * 43. 4 -2. 34 41. 13 * 121 * 43. 41 -2. 34 ·40.. 11 ·• 355c·~· --4:-94- --.. -42:-1-'1--~: .. 18- -5. 29· 41. 25 . •· 42 84 -2. 41 36. 11 * 122 * 43. 04 -2. 33 33. 66 * 301. 25 -4. 62 42. 57 * 301. 14 -4. 62 41. 76 * 47. 96 -2. 36 36. 9 * 123 * 47. 97 -2. 33 30. 76 * ~30. 15 -3. 88 60. 36 * 230. 04 -3. 91 59. 15 * 28. 63 -2. 32 41. 92 * 124 * 28. 59 -2. 29 4~. 03 * 47. 38 -2. 38 42. 72 * 47. 29 -2. 4 33. 59 * 28. 18 -2. 27 25. 26 * 125 * 28. 06 -2. 25 22. 28 * 127. 84 -2. 56-· 41.56 * 127. 45 -2. 77 34. 27 * 27. 21 -2. 17 26. 55 * 

** INDICATES EXTREME VALUE OM I TIED lN SU1111MY--

. ·- .. ····-~ 

• • • • • • 



BATCH 
NO. 

.:-of?-.c!-~+-

• • 
EXHIBIT 4-16 

(continued) 

.. 02003 LEVEL COMPARISONS 

* * * * * BEFORE RECEIPT * BEFORE SAMPLE * AFTER SAMPLE * 
* ~~~~~~+~~~+~++ * ~++++++~+++++ * ~+~+++~~~~~~ * 
* * * * 

• 

PAGE 2 

AFTER TRANSFER * * * * *PRIMARY *PRIMARY' *PRIMARY *PRIMARY * * LEVEL "PRI-TI:,Y T.JR-TI * LEVEL PRI-TAY T.JR-TI * LEVEL PRI-TAY T~IR-TI * LEVEL PRI-TAY T.JR-TI * 
* ( CM. ) < CM. ) < C) * < CM. ) ( CM. ) < C I * ( CM. ) < CM. l < C l * ( CM. ) < CM. ) < C l * 

~+~+++~+~+~~++++~++~++~~~~+~++++~++++++++++++~4((((((4(((~~~~~+~~~~+~~++~+~+++~++++++++++~++++++~ 

126 
127 

* . * * * * * 67. 15 -2. 11 40.2 * 90. 1 -2.58 45.4 * 90.07 -2.53 37.62 * . 82 -2.26 27.98 * 
* . 72 -2.27 23.84 * 54.24 -2.3 46.33 * 54.09 -2.28 38.69 * 1.19 -2.23 29.54 * 

** INDICATES EXTREME VALUE OMITTED IN SUMMARY 

: ..•. 

-~-



.., 
CXl 

N 

AI.'ERAGE: 

SIGMA: 

BEFORE 

EXHIBIT 4-16 

{continued) 

0200~ LEVEL COMPARISONS 

*********•************************* 
*********•************************* 
** ** 
** ** ** SUMMARY REPORT ** 
** 
** 

** 
** 

I I Ill~ I I I • ~**+*****iHt+il++***** 

*********•************************* 

SAMPLE 
~~~~-~-€--€-~~~~ 

AFTER TRANSFER 
~~~~+-~+-~~~+~+-+ 

PRII1AR'I' PRIMARY 
LE'JEL PRI-TAY T..JR-TI LEVEL PRI-TAY 
( CM.) ·( CM. ) ( Cl ( CM. ) ( CM. ) 

53: 53 53 53 52 

28E.81 -4. 57· ·-i:9c·46 44 . 49 -2. 2 

84. 79' 89 20. 78 23. 49 79 

EXTREME-VALUE:- ·NA --7- 7~- NA 4 

THIS SUMMAR'\" INCLUDES 53 BATCHES 

PAGE 3 

T..JR-TI 
( C> 

53 

16. 19 

16. 93 

70 

• • • • • 



• • • 
***********~~~~******************** 
*********************************** 
** ** 
** ** 
** ** EXHIBIT 4-17 ** *·* 
** 02028 LEVEL COMPARISONS ** GPW CHECK TANK LEVEL ** ** COMPARISONS 
** SUMMARY REPORT ** 
** ** 
** FOR BATCH 284 ·TO E:ATCH :370 ** 
** ** 
** ** 
** ** 
** 19-0ct.-78 ** 
** ** 02028 LEVEL COMPARISONS PAGE *********************************** 

BATCH • * * * * NO. * BEFORE RECEIPT * BEFORE SAMPLE * AFTER SAMPLE * AFTER TRANSFER * ~~~"!'-~ .. ~<f-+-~~~..:-...-...-..:.~...-...-~ * ........................................ ~ .................... * ...-...:-...-.~++++++++ * ...................................................................... * * * * * * * PRIMARY * PRIMARY ... PRIMARY * PRIMARY * .. LEVEL PRI-TAY TEMP * LEVEL PRI-TAY TEMP * LEVEL PRI-TAY TEMP * LEVEL PRI-TAY TEMP * * <INCHl <INCHl ( (:J * <INCH> (INCH> ( (:) * <INCHl iiNCH:O ( (:) * (INCH) <INCHl ( Cl * ~++++++++++~+++++++++++++++++++++++++++++++++++++++++++++~~+++++++++++++++++~~++++++++~+~+++++~+++++++++++++~++++++++++++++++++~ 
* * * * * 284 * NA NA NA * 64. 18 - 07 58. 37 * 64. 78 - 1 42. 42 * 12. 03 34 42 * 285 * NA NA NA * 62. 88 - 16 72 * 63. :37 - 27 54. 48 * 6. 57 9 51. 35 .. 28~. * NA NA NA .. 60. 26. - :3~J 77. 77 * t.o. 69 - 56 57. :39 * 8. t.l 91 56. 36 * 287 * NA NA NA * 65. 69 - 28 76. 26 * 65. T" - :32 5(: .. 38 * 1.. 73 1. oe. 47. 15 * ~· 288 * NA NA NA .. 60. 81 - 18 7::::. ';'J6 * ·=·1. 16 -: 07 58. 53 * 5. 9:3 1. 02 60. 02 * 30:2 • NA NA N~, * 36. b'? z::: :38. 87 * :~:t.. 1.:.::: 27 37. 17 * 6. bt· s 30. 49 * 30$' * NA NA NA * 6. 78 73 27. 5 * 6. 78 72 27 47 * 1. 9 91 26. 95 * :310 * NA NA NA .. 21. 07 29 32. 97 * 21. 08 21 32. s·., * 4. ::31 1. 02 31. 49 .. ~· 311 * NA NA NA '.1- 61. 5 - 46 79. ·;;z * 61. 6 - 45 67. 98 * 8. 35 3. 54** 51. 08 * 312 * NA NA NA .. 51. 86 -: :33 73. 47 • 51. 92 - 06 68. 59 * 7. 6 79 57. 54 * 313 ... NA NA NA * 18. 42 :31 54. 17 * 21. .,,5 42 45. 35 * 1. 75 1. 18 29. 68 * 314 .. NA NA NA .. 61. 95 26 74. 14 * f...-, 1 - ., 71. <: .. 8. 11 . -.e 66 . 03 .. -•..:... 

1l 
·J ·=·--' 315 .. NA NA NA * 2:3. 24 45 62 . . ::. * 23. :31 55. 2 * 4. 02 55 50. 72 * 31(:. * NA NA NA .. 63. 05 - 54 :::t. :39 " .~.:~:. 2:::: - 1;.2 t.:=:. 87 * 11. (:•"' 67 56. 6 * .. 317 il NA NA NA * 59. 69 31 57. (:.::0 * 59. 54 - .32 56. 29 * 1. 8 77 40. 86 * 318 if NA NA NA * z·:- 53 38 66. 86 * 23. 68 :32 55. 32 * 4. 71 81 41. 51 * 

~. 

319 il NA NA NA * 23. 97 39 62. 73 * 24. 18 28 54. 57 * 24. 23 29 54. 14 * 320 if NA NA NA .. 46. 58 - 07 52. 68 .. 46. 78 - 17 47. 82 * 7. 12 8(:. 43. 37 * 321 * NA NA NA * 62. 51 - 08 4~·- 47 * f, .-. 6:3 -.2 48. 25 * 4. 2 76 44. 44 * -·..:.... 322 * NA NA NA * 60. 92 - 45 74. 25 * 61. :::6 - 41 50. (:.4 * 7. 4C• 65 49. 88 * ·-· 323 * NA NA NA * 60. 24 - 34 {:.6 * 60. 4 - :33 5'?). :33 !I 8. 3S 3 44. 17 !I 324 * NA NA NA * 58. 15 - 4(:. 40. 74 * 58. :::::;: - 3E: ::::9. 93 !I 6. 35 54 39. 17 * 1../1 325 * NA NA NA * 27. 75 02 61. 14 .. 28 06 56. 38 * 1. 38 61 48. 93 * \C) 326 * NA NA NA * 59. 16 - 55 44. 92 .. 59. 27 - 51 4::3. 42 * 7. 73 4 43. 7 .. 327 * NA NA NA * 59. 33 - 48 45. 88 * 59. 51 - 47 45. 09 * 1. 78 61 45. 79 * 32S * NA NA NA * 54. 6 - 5 46. 38 * 54. 7·~: - 42. 44. 36 * 4. 43 5 45 . .26 * 329 * NA NA NA .. 61. 35 - :?,~1. 5(: .. 4 .. 61. 38 - 47 56. 24 * 1. 45 89 55. 38 * 331) * NA NA NA * 61. 21 - 55 :::o. 48 * 61. 17 - 51 ""T·-· .,, 1 
* 

<: 42 1. 15 ::::3. 22 * ,.,: .. 
~·. 331 * NA NA NA * 62. 04 - 41 :37. 25 * 6.-, 52 - 41 :37. 03 * .! 44 1. 06 38. 65 * -...:... :3:32 * NA NA NA * 53. 11 - 28 (:.8. 49 * 5::::. 22 - 28 1;.2. 58 * ·-· (:.5 1. 09 57. 34 .. 333 .. NA NA NA * 26. 44 18 37. 44 * 26. 54 21 :36. :32 * 8. 64 1. 09 36:93 * 334 * .NA NA NA * 54. 4 - 11 39. 7(:. * 54. 39 - 28 38. 76 * 1. 39 1. 09 37. 03 .. 335 * NA NA NA * 56. 16 - :37 37. 15 * 56. 28 - 35 :36. 55 * 4. 09 1 38. 52 * 336 .. NA NA NA .. 65. 61 - 41 38. 42 .. 65. 73 -: 41 37. 89 .. 1. 36 . 87 38 . 13 .. 337 * NA NA NA * 61. 99 - 42 40. :31 * 62. 66 - 27 39. 41 * 4. 55 82 41. 64 * ·:.:38 * NA NA NA * 58. 64 - :38 39. 8"' • 58. n - :39 .-.. -. 72 * 98 ·:::: 41. 71 * ·-· .,:oc•. 342 * NA NA NA * 48. 0'? 01 26. 06 * 48. 14 - 08 24. 26 * t: 54 1. 08 28. 43 * 347 * NA NA NA * 53. 9 - 15 26. .39 * 54. 16 - 1~: 25. 92 * 9. 23 61 25. 94 .. 348 * NA NA NA * 48. 89 -: 25 25. 81 ·* 48. 96 - 24 25. 41 * 3. 48 87 29 .. 349 * NA NA NA .. 52. 95 -. 25 30. 07 .. 5-:. 17 - 32 25. 41 * 5. 52 68 26. 9. .. ~. 350 * NA NA NA * 63. 5 -. 51 31. 72 .. 63. 65 -: 59 25. 77 * 7. 12 76 26. 08 * 351 * NA NA NA .. 56. So - 48 28. 47 .. 57. 13 - 38 25. 83 * 6. 45 84 26. 79 * 352 * NA NA NA * 49. 63 - 26 27. 19 * 49. 88 - 27 25. 92 * 5. 14 15 26. 94 * ":1-C"' ... 

* NA NA NA .. 49. 63 -: 26 27. 19 * 49. 88 - 27 25. 92 * 5. 10::• 94 26. 94 * 
...~._ ..... 

·-· '?.5:;: * NA NA NA * 32. 73 - 09 28. 55 * :32. 91 - 28 28. 04 * 5. 17 7 29. 08 * 354 * NA NA NA * 52. 33 -: 07 34. 09 .. 52. 5:~: - 37 2E:. 5 * 1. 77 87 30. 07 .. :355 * NA NA NA .. 62.08 -. 6 27. 26 * 60. 5 - 67 26. 59 * 6. 88 42 28. 79 * 356 * NA NA NA .. 66. 5 - 93 25. 77 .. 66. 64 - 75 25. 8 * 9. 12 33 25. 67 * 357 * NA NA NA * 63. 4 :.... 7 30. 71 * 63. 57 - 82 26. 21 * 7 - 13 30 * 358 * NA NA NA .. 64. 31 - 62 25. 85 * 64. 42 -~ 73 25. 85 * 4. 73 56 30. 9 .. 359 * NA NA NA * 38. 55 - 45 26. 05 .. 38. 71 - :32 26. 05 * 5. 85 62 28. 36 * ... INDICATES EXTREME VALUE OMITTED IN SUMMARY 



BATCH 
NO. 

+-..;-~..;-..;-

* 
* * 

BEFORE RECEIPT 
~..;-..;-..;-~..;-.:-..;...;-..;-..;-..;-..;-+ 

* * PRIMARY 
* LEVEL * <INCH) 

* 
* * * * * 
* 
* 
* 
* * * 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

PRI-TAY 
CINCH> 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

:-:::MP 
i (:) 

NA 
'II A 
NA 
'II A 
NA 
NA 
NA 
NA 
NA 
i\IA 
NA 

* 
* * * * 
* * 
* * * * * * * 
* 
* * * * 

PRIMARY 
LEVEL 

iiNCHl 

60. 82 
62. 13 
?.!· jl 
·~.L •.:·1 
69. 61 
52. 51 
61 ~-:> 

~:~~ 52 
·J-'.. 54 
62. :35 
:~:6. 06 

** INDICATES EXTREME V·!'<LUE OMITTE[I II' SUMI".ARY 

• 

EXHIBIT 4-17 

( cc-n t inued) 

0202:3 LEI,'EL COMPAR I SON:3 

SEFORE SAi'1Pt.E 
..:-+++++-+~+·~..:-·..:-

PRI-TAY 
iiNCHl 

-77 
-. 8: 

- 41 
61 

- 5'~" 
- 65· 

76-
- '97 

71 
- 79' 
- 29" 

TEMP 
i Cl 

25. ~~ 
2'7'. 1-:· 
.-,r, .4-,1 25. C•i 
28. 07 

* ... 
* * 
* PRIMARY 
* LEVEL 
* iiNCHl 
., 
* 61. (14 * 6'7' 19 
... 51. 55 
* 6::::. 6::0: * 71. ·;>(;. * 5:::. 12 
* 61. 71 * 6'?. 7:::: 
* 52. 77 
... 62. i:.1 
* :;:t. 2:=: 

• 

AFTER ::O,AMPL:: 
..;-..;-..;-...:-..;-..;-..;-..;-..:-..;...;-~ 

PR I -TA'•( 
iiNCHi 

- 77 
- 81 

48 
- 87 
- 6:3 
- ·~· - 86 

-1. 02 
-· 7 

- ::~2 
- 27 

TEMP 
i (:) 

2/·, 95 
27: .J:3 
25. 95 
--c: ()':'t 

i~· t;~ 
24. 8'3 

24. 5 
2Ll. 69 

24. 6 
24. 42 

PAGE 2 

• 
* • AFTER TRANSFER 

.;....;-..:....;-..;-..;-..;-..;...;-~++++ ... 
• PRI1'1ARY * LE·JEL * ( IN·::Hl 

* 
* 
* * * 

7. 29 
4.1)5 

7. 1 
91 

l: li 
1. 08 
7 1::: 
4 24 
1 4~: 
1 47 

• 

PRI-TAY 
i INCH) 

• 

TEMP 
i Cl 

'/' 65 
36: 78 
26. 33 
:33. O'i 

26. 5 
•7•9 14 

-~~: :~§ 
26. 18 
47. 63 
27. 01 

* * * * 
* * * 
* 
* * ... 
* ... 
* * * * 
* * 



(j\ 

I-' 

• 
EXHIBIT 4-17 

(continued) 

02028 LEVEL COMPARISONS 

~********************************** 
~********************************** 
~· ** 
** ** ~* SUMMARY REPORT ** 
** ** ** ** 
*********************************** 
*********************************** 

BEFORE SAMPLE AFTER TRANSFER 
..:-+-+-+++++-+++-++ . ..:.++~~+++~+++~+ 

PRIMARY PRIMARY 
LEVEL PRI-TAV TEMP LEVEL PRI-TAY 
<INCH> ( INI:;H l ( Cl (INCH> (INCH> 

N 62 62 62 62 61 

AVERAGE: 52. 59 -. 31 44: 78 5. :36 . 71 

SIGMA: 14. 46 . 35 18. 48 . 3. 7 . 29 

EXTREME VALUE: NA 1. 3 NA NA 1.6 

THIS SUMMARY INCLUDES 62 BATCHES 

• 

PAGE 3 

TEMP 
( Cl 

62 

38. 18 

11. 02 

NA 



***************************~******* 
**********************~******•***** 
** ** ** •• 
** ** ** ** ** .... ** .... ~XHIIiiT 4-18 

.... .... 
02003 DENSITY COMPARISONS 

SUMMARY REPORT ** ** 
ACCOUNTABIL:TY !ANK DENSITY COMPARISONS 

"* ** FOR BATCH .... .... .... .... 
** 69 TO BATCH 124 ** 
** .. .. 
** 09-0ct.-78 ** 

** ** *********************************** 02003 DENSITY COMPARISONS 
***************************~**~*~** 

BATCH 
NO. 

+++++ 

69 
70 
71 
72 
73 
74 
75 
82 
:::3 
84 
85 
8~. 
87 
:::8 

~~ 
91 
•::).., 

93 
94 
95 
·~A 

97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
1 ~· 
122 
123 
124. 

.. 
* .. .. 
* * * * * * * * 
* * * * * * * * * * * * * * * * * * .. 
* .. 
* .. .. 
* * * 
* * * * * * * * 
* * * 

BEFORE SAMPLE 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-~~~~++~~~~~-+ 

-. 012 
-. 0072 
-. 0082 
-. 0113 
-. 0092 
-. 0085 
-. 012 

-. 0114 
-. 0105 
-. 0101 
-. 0087 

-. 01 
-. 0078 
-. 006'~· 
-. 005'7' 

-. 007 
-. 0068 
-. 0077 
-. 0077 
-. 0058 
-. 0073 
-. 0094 
-. 0078 
-. 0087 
-. 0076 
-. 0106 
-. 0124 
-. 0082 
-. 0086 
-. 7779** 
-. 0053 
-. 0015 
-. 0033 
-.0115 
-. 0429** 
-. 0147 

-. 008 
-. 0058 
-. 0094 
-. 0158 
-. 0091 
-. 0091 
-. 0082 
-. 0042 
-. 0086 
-. 0048 

. 0002 
-. 0005 
-. 0029 
-. 0049 

. 0066 

. 0296 

. 0118 

. 0519** 

. 0689** 

. 0074 

. 0106. 

. 0052 
-. 0569** 

. 0078 
-. 0045 

. 0075 

. 0072 
()•J•='CO : oo6~: 

-. 0007 
. 0097 
. 0114 

-. 0472 
. 0108 

-. 0017 
. 0088 
. 0071 
. 0081 
. 0118 
. 0115 
. 0155 
. 0085 
. 0517** 
. 7899** 
. 0095 

. 007 
. 0105 
. 0127 
. 0485 
. 0069 
. 0053 

()""?1? 

: 6275 
. 0256 
o·::-~q 

: o256 
. 0273 
. 0196 
. 0198 
. 0099 

. 005 
. 0093 
. 0159 
. 0159 

-. 0054 * 
. 0223 * 
. 0036 .. 
. 0406 * 
. 0597~** 

-. 0012. * 
-. 0014 * 
-. 0062• * 
-. Ob74""** 
-. 0023 * 
-. 0132. * 
-. 0025 * 
-. 0006. * 

. 031"'' * 

. 0004· * 
-. 0•)76 * 

. 0029' * 

. 0•)38 * 
-. 0549'*<><> 

. 0•)49 * 
-. 0091 * 
-. 0•)06 .. 
-. 0•)08: * 
-. 0•)07 * 

. 0042: * 

. 0•)09 * 

. 0•)31 * 

. 0003 * 

. o-;32: * 
. •)12 .. 

. 0043 .. 

. 0•)55 .. 

. 0•)73 * 

. O•J12 * 

. 0•)56 .. 
-. 0-:>78 * 
-. 0•)27 * 

. 0154: .. 

. 0181. * 

. 0397 * 

. 0138 * 

. 0165 .. 

. 0191 .. 

. 0·154 * 

. 0112 * 
. 00!: * 

. !):)52 * 

. 0081' .. 
. 013 .. 
. 011 * 

. 0043 -. 0077 

. 0245 . 0173 

. 004 7 -. 0035 
. 045** . 033"7-*-tt 

. 0621** . 0528** 

. 0005 -. 008 

. 0024 -. 0097 

. 0013 -. 0101 
-. 0647** -. 0751.** 

. 0006 -. 0095 
-. 0115 -. 0203 

. 0015 -. 008!: 

. 0008 -. 007 

. 0321** . 025~ 
-. 0008 -. 1)067 
-. 0072 -. 01-4~ 

. 0032 -. 003i: 

. 0045 -. 003:;: 
-. 0542+<> -. 062*• 

. 0033 . -. 002i: . 
-. 0086 -. OH: 

. 0015 -. 007$ 
-. 0001 -. 007S 

. 0005 -. 00&~ 

. 0039· -. 0031' 

. 0043 -. 006:: 
. oo78 -. oo4c 
. ooo6 -. oo7c 
. 0423** 0"'"''** 
. 7819** .. 004 
. 0047 -. 000~ 
. ooo9 -. ooo;; 
. 0035 . ooo:: 
. 0018 -. 009. 
. 0378•* -. 00511 

-. 0032 -. 017S 
-. 0191 -. 027:;; 
-. 00:.28 -. 008~-

. 0027 -. 006. 

. 0066. --:·0093· 

. 0026 -. 006~· 

. 0012 -. 0079 

. 0021!> -. 0056 

. 0004 .. ·-- -. 00.38-·-
-. 004 -. 0126 
. 0021 -. 0027 

·-. 0025 -. 0023 
.· oooe ·-:-ooo:L-
. 0043 . 001"· 
. oo4 7 -. ooo::;: 

** INDICATES EXTREt1E VALUE EXC~UtiED FI'OM SUMMARY 

• • 

* * * * * .. 
* * * .. 
* .. 
* .. 
* .. 
* .. 
* * * .. 
* * * * * * * .. 
* .. 
* * .. 
* .. 
* .. 
•· .. 
* .. 

. •· .. .. 
* - _._ .. .. 

1. 4614 .. 
1. 4558 .. 
1. 5224 * 
1. 5472 * 
1. 5543 * 
1. 5626 * 
1. 5953 .. 
1. 5112 * 
1. 5185 .. 

1. 505 * 
1. 513 * 

1. 5353 .. 
1. 5152 * 

1. 51 * 
1. 4'?28 * 
1. 4883 * 
1. 5294 * 
1. 5004 * 
1. 5264 .. 
1. 5519 * 

I. 527 ... .,. 
1. 521 * 

1. 5219 .. 
1. 555 * 

1. 5344 * 
1. 5464 .. 
1. 5:::37 * 
1. 5083 * 

1. 513 .. 
1. 3296 .. 
1. 0185 * 
1. 0123 * 
1.0114 * 
1. 5456 * 
1. 564"2 .. 
1. 6851 * 
1. 4659 * 
1. 5405 * 

1. 419 * 
1. 5741 .. 
1. 4205 * 

1. 518 * 
1. 3674 * 
1. 3215 *· 

1. 28 .. 
1. 0203 .. 
1. 0057 * 
1.·0288 .... 
1. 0365 * 
1. 0597 * 

• 

PAGE 

. AFTER SAMPLE 
++~+++~+~++~+~~~~+++++++++++++~++~+~+<!-~~+++++~~~+~ 

-. 0087 
-. 0052 
-. 0097 

-. 012 
-. 009 

-. 0104 
-. 0099 
-. 0134 
-. 011 
-. 012 

-. 0076 
-. 008 
-. 007 

-. 0081 
- 007"~· 

:.... oo6 
-. 0057 
-. 0075 
-. 0056 
-. 0067 
-. 0082 
-. 0102 
-. 0088 
-. 0107 
-. 0097 
-. 0108 
-. 0112 
-. 0083 
-. 1)07 

-. 0069 
-. 0184 
-. 0024 
-. 0017 
-. 0101 
-. 0126 
-. 0112 
-. 0091 
-. 0102 
-. 8699<>* 
-. 0088 
-. 0083 
-. 0089 
-. 0048 
-. 0067 
-. 0022 
-. 2658•~ 
-. 0024 
-.0023 
-.0044 
-. 0057 

. 0031· 

. 0284 

. 0105 
. 0874•• 
. 0067 
. 0083 
. 0096 
. 0078 
. 0077 

. 01 
-. 0092 

. 0053 

. 0068 
-. 0095 

. 0066 
-. 0083 

. 0078 

. 0102 

. 0082 

. 0174 
. 005 

. 0092 

. 0078 

. 0101 

. 0116 

. 0088 

. 0076 

. 0081 
. 05 

. 0183 

. 0227 

. 0072 
. 0084 
. 0112 
. 0269 
. 0095 
. 0256 
. 0258 
. 8884•• 
. 0188 
. 0221 
'0251 
. 0252 
. 0212 
. 0152 
. 2705*lll 
. 0086 
. 0105 

. 017 
. 0165 

-. 0057 .. . 0007 
. 0232 * . 0233 
. 0009 .. . 0035 
. 0755*** . 0806** 

-. 0023 * -. 0003 
-. 0021 .. . 0013 
-. 0004 * . 0012 
-. 0055 * . 004 
-. 0033 * . 0001 

-. 002 * . 0032 
-. 0168 * -. 0159 
-. C027 * . 0001 
-. C002 * . 0005 
-. C176 * -. 0154 
-. C007 * -. 0003 
~ 0143 .. ~ 0146 

. C021 * . 0016 
. 0028 * . 0033 
. 0026 * . 00 11 
. 0107 it . 0102 

-. C031 * -. 0023 
-. 001 .. . 0019 
-. 001 * . 0006 

-. (o006 * . 0024 
. 0019 * . 0036 
-. 002 .. . 0016 

-. 0036 .. -. 0002 
-. (~02 .. . 0002 

. 043 * . 0404<>* 
. 0115 * . 0102 
. 0043 * . 0181 
. 0048 it . 0011 
. (o066 * . 0016 
. 00 11 * . 0004 
. 0143 * . 0168 

-. 0018 * -. 0005 
. 0165 * . 0023 
. 0156 * . 002 

• 

. 0185 * . 8:64** 
. 01 * -. 0002 

.0138 ... 0019 

. 0162 * . 0009 

. 0204 * . 0009 

. 0145 * . 0024 

. 0131 * -. 0035 

. 0046 .. . 2627** 

. 0062 .. . 00 11 

. 0082 * . 0023 

. 0126 .. . 0055 

. 0108 .. . 0087 

• 

-. 008 
. 0181 

-. 0062 
. 0686** 

-. 0093 
-. 0091 
-. 0087 
-. 0094 
-. 011 

-. 0088 
-. 0235 
-. 0079 
-. 0064 
-. 0235 
-. 0076 
-. 0206 
-. 0041 
-. 0042 
-. 0044 

. 0035 
-. 0105 
-. 0084 
-. 0082 
-. 0083 
-. 0061 
-. 0092 
-. 0114 

-. 008 
. 0335** 
. 0033 

-. 0003 
-. 0013 
-. 0002 
-. 0096 

. 0042 
-. 0117 
-. 0069 
-. 0082 
-. 0059 

-. 009 
-. 0063 

-. 008 
-. 0039 
-. 0043 
-. 0057 
-. 0031 
-. 0012 

0 
. 0011 

. 003 



AVERAGE: 

SIGMA: 

EXTREME 
VALUE: 

EXHIBIT 4-18 

(continued) 

02003 DENSITY .COMPARISONS 

*********************************** 
*********************************** 
** ** 
** ** ** SUMMARY REPORT **. 
** ** 
** ** 
*********************************** 
*********************************** 

• 

PAGE 2 

AFTER SAMPLE BEFORE SAMPLE 
+~~~~~~~~~~~~+~~~~~~~~++++~~+++~+++~+++++++++++++ ...................... - .......................... ·-••+-+++-+-++ 

-. 008 . 0118 . 0063 . 00~2 -. 0057 

. 0033 . 0136 . Ol16 . 00~2 . 0083 

. 03 . 05 . 05 . 03 . 63 

THIS SUMMARY INCLUDES 

AVERAGE: 

SIGMA: 

EXTREME 
VALUE: 

50 BATCHES 

- 0082 . 0124 

. 0033 . 0104 

. 03 . 05 

. 0046 . 0019 -. 0061 

. 0107 .·0069 . 0069 

. 05 . 03 . 03 



*********************************** 
::********"'•*********************11-** 
** ** ** ** ** ** 
:: 02028 DENSITY COMPARISONS :: 
** SUMMARY REPORT :: 
** :: FOR BATCH 284 TO BATCH .370 :: 

** ** ** ** ** ** ** 09-0·~t-78 ** 
******~***********************~~*:: 
*********************************** 

EXHIBIT 4-19 

GPW CHECK TANK DENSITY COMPARISONS 

02028 DENSITY COMPARISONS 

BATCH 
NO. 
~~~~+ 

BEFO.~E SAMPLE 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~++~~~~~~~~~~~~~~~~ 

284 
285 
286 
287 
288 
308 
309 
310 
311 
312 
313 
314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
329 
330 
331 
"'>3"'> 

333 
334 
335 
336 
337 
338 
342 
347 
348 
349 
350 
351 
352 
352 
353 
354 
355 
356 
357 
358 
359 

* * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * 

-. 0308** 
-. 0275 
-. 0232 
-. 0286 
-. 0344** 
-. 0591** 

-. 02 
-. 065** 

-. 0716•• 
-. 0031 
-. 0017 
-. 0009 
-. 0007 
-. 0126 
-. 0041 
-. 0055 
-. 0006. 
-. 0053 

-. 002 
-. 002 
. 0024 

-. 0076 
-. 006 

-. 0009 
. 0014 

-. 0156 
-. 0176 
-. 0131 

-. 012 
-. 0144 

-. 011 
-. 0092 
-. 0096 
-. 0066 
-. 0083 
-.007 

-. 0066 
-. 0088 
-. 0078 
-. 0068 
-. 0057 
-. 0052 
-. 0054 
-. 0054 
-. 0146 
-. 0132 
-. 0172 
-. 0205 

-. 017 
-. 0175 
-. 0134 

. 0345 

. 0403** 

. 0443** 

. 0961** 

. 0448** 

. 0444** 
. 289** 

. 0416** 

. 0851** 

. 0171 
-. 0204 
-. 0323 

. 0064 

. 0052 
-1. 2088** 

.·0142 

. 0055 

. 0099 
-. 0068 

. 0155 

. 00"_;14 
-. 0143 

. 003 
-. 009 

-. 0097 
-. 0204 
-. 2455** 

. 0235 
-. 0!03 

. 0155 
-. 0103 
-. 0186 
-. 0117 
-. 0%06 
-. 0078 
-. 0!06· 
-. 0169 

. 0037 
-. 0161 
-. 0111 
-. 0125 
-. 0142 
-. 0152 
-. 0151 
-. 013.2 
-. 0251 
-. 2143** 
-. 0147-
-. 0231 
-. 0219 
-. 0153 

. 0037 * 

. 0128 * 

. 0211 * 

. ()676*** 

. -(J104 * 
-. 0147 * 

. 269*** 
-.0234 * 

. (1135 * 

. 0139 * 
-. (1221 * 
-. 0332 * 

. 0057 * 
-. C•074 * 
-1. 213*** 

. >::•087 * 

. ~·049 * 

. :•046 * 
-. ·:•088 * 

. 0:·134 * 

. •:118 * 
-. G219 * 

-. 003 * 
-. 0099 * 
-. oJ082 * 
-. 0259 * 
-. 2631*** 

. ()104 * 
-. 0223 * 

. 001 * 
-. 0213 * 
-.1>278 * 
-. 0213 * 
-. 0172 * 
-. 0-161 * 
-. 0176- * 
-. 0235 * 
-. (oo)51 * 

-. •)24 * 
-. (•179 * 
-. (•182 * 
-. 0194 * 
-. (o207 * 
-. C·206 * 
-. C279 * 
-. C383 * 
-. :<:314*** 
-. 0352 * 
-. O.f01*** 
-. 0394 * 
-. 0287 * 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
o'IIA 
NA 

·NA 
NA 
NA 
NA 

-·NA
NA 
NA 
NA 

.. NA-
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA· 
NA 
NA 
NA 

** INDICATES EXTREME VALUE EXCLUDED FROM SUMMARY 

• 

NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 

- NA- *· 
NA. * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA * 
NA *" 
NA * 
NA * 
NA * ·NA ... 
NA * 
NA * 
NA * 
NA ·*· 
NA * 
NA * 
NA * 
NA ·* 
NA * 
NA * 
NA . * NA--- ....... 
NA * 
NA * 
NA * 

1. 168 * 
1. 1337 * 
1. 1249 * 
1. 1948 * 
1. 1621 * 
1: 0691 * 
1. 0691 * 
1. 0527 * 
1. 2487 * 
1. 2454 .. 
1. 2019 * 
1. 2233 * 
1. 2346 * 
1. 2116 * 

NA * 
1. 2369 * 
1. 2204 * 
1. 2702 * 
1. 2175 * 
1. 2262 *" 
1. 1947 * 
1. 2177 .... 
1. 3176 * 
1. 0136 * 
1. 0107 * 
1. 0088 * 

1 * 
1. 2409 * 
1. 0936 * 
1. 1389 * 
1. 0207 * 
1. 0228 * 
1. 0338 * 
1. 0356 * 
1. 0352 * 
1:·0362 "* 
1. 1598 * 
1. 1316 * 
1. 2251 * 
1.·0707 * 
1. 2092 * 
1. 1083 * 

1. 122 * 
1. 1221 * 
1. 2011 * 
1. 2081 * 
1. 1657 * 
1. 2215"" * 
1. 2507 * 
1. 2031 * 
1. 1911 * 

• 

PAGE 

PFTER SAMPLE 
~~+~~++~~~+++~+~~~~~+++++++++~++++~~++~++++++++++ 

-. 0284 
-. 0256 
-. 0217 
-. 0324-
-. 0327** 
-. 0584-lf-lf 
-. 0201 
-. 0676-lt* 
-. 0639-lllt 

. 0013 
-. 0019 

. (•014 
-. 0165 

-. 012 
-. 0075 
-. 0004 
-. 0006 
-. 0046 
-. 0085 

. 0018 

. 0005 
-. 002 

-. 0028 
. 0029 
. 0008 

-. 01:37 
-. 0137 
-. 0128 
-. 0083 

-. 012 
-. 0086 
-. 0099 
-. 0123 
-. 0039 
-. 0076 
-. 006 

-. 0137 
-. 0081 
-. 0067 
-. 0069 
-. 0062 
-. 005 

-. 0062 
-. 0062 
-. 0141 
-. 0108 
-. 0119 
-. 0212 
-. 0218 
-. 0191 
-. 0142 

. 1261U

. 0286 

. 0309 

. 0557-

. 0362 

. 0446-

. 2891 ** 

. 0455-

. 1228-

. 0169 
-. 0053 
-. 0418ltlt 
-. 0056 
-. 0029 

-1. 2032*·• 
. 0052 
. 0043 
. 0026 

-. 0009 
-. 0045 

. 0064 
-. 0142 
-. 0042 
-. 011 

-. 0097 
-. 0115 
-. 2545** 

. 0196 
-. 0122 

. 0(1'?6 
-. 0142 
-. 0068 
-. 0121 
-. 0118 
-. 0106 
-. 0104 
-. 0163 
-. 0119 
-. 0156 
-. 0123 
-. 0165 
-.0142 
-. 0144 
-. 0143 
-. 0147 
-. 0346 
-. 0193 
-. 0122 

-. 026 
-. 0187 
-. 0135 

. 0977*** 
. 003 * 

. 0092 * 

. 0233 * 

. 0036 * 
-. 0138 * 

. 26S'*** 
-. 0221 * 

. 059*** 
. 0182 * 

-. 0072 * 
-. 0404*** 
-. 0221 .. 
-.0149 * 

-1. 2107*** 
. 0048 * 
. 0037 * 
-. 002 * 

-. 0093 * 
-. 0027 * 

. 007 * 
-. 0161 * 

-. 007 * 
-. 0081 * 
-. 1)089 * 
-. 0253 * 
-. 2682*** 

. '0067 * 
-. :)205 .. 
-. 0024 * 
-. ·J228 * 
-. •)167 * 
-. •J245 * 
-. 0157 * 
-. •)182 * 
-. 016-4 * 
-. •)301 * 

-. 02 * 
-. 0223 * 
"""'· 0192 * 
-. 0227 * 
-. 0192 * 
-. 0207 * 
-. 0206 * 
-. 0288 * 
-. 0455*** 
-. 0312 * 
-. 0334 * 
-. 0478*** 
-. 0377 * 
-. 0277 * 

• 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

• 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 



MTCH 
NO. 

~++<!' 

360 
361 
362 
363. 
364 
365 
366 
367 
368 
369. 
370 

** 

• 
EXHIBIT 4-19 

( cont.inued) 

02028 DENSITY COMPARISONS 

* * * ... 
* * * * * .... 
* 

BEFORE SAMPLE 
.-~.-.-~++++++++++~++++++++++++++++++++•++++++++++++ 

.-. 0159 -. 01L2 -. 0301 * NA NA 
-. 0174 -. 035 -. 0523*** NA NA 
·-. 0057 -. OH6 -. 0202 * NA NA 
-. 0086 -. 01~2 -. 0238 * · NAr NA· 

-. 005 -. 0111 -. 0161 * NA, NA 
-. 0121 -. 0116 -. 0237 * NA NA 

-. 016 -. 0141 -. 0301 * NA NA 
-. 0102 -. 0105 -. 0207 * NA NA 
-. 0163 -. 007'3 -. 0241 * NA NA 
-. 0122 -. 0109 -. 0231 * NA NA 

-. 014 -. 0105 -. 0245 * NA NA 

INDICATES EXTREME VALUE EXCLUDED FROM SUMI'IARY 

... 1. 0617 * ... 1. 1839 * 
* 1. 2336 * 
* 1. 2052 * ... 1. 2143 * * 1. 2201 ... 
* 1. 1218 ... 
* 1. 1975 * * 1. 2319 * 
* 1. 0928 * * 1. 1087 * 

• • 

PAGE 2 

AFTER SAMPLE 
++++++++++++++++++++++++++++++++++++++++++++++++++ 

-. 0148 -. 0138 -. 0286 * NA NA 
-. 02:~:6 -. 0334 -. 0569*** NA NA 
-. 0096 -. 0108 -. 0204 * NA NA 
-. 0115 -. 0095 -. 021 * NA NA 
-. 0116 -. 0028 -. 0144 * NA NA 
-. 0109 -. 0213 -. 0322 * NA NA 
-. 0142 -. 0148 -. 029 * NA NA" 
-. 0191 -. 0081 -. 0271 * NA NA 
-. 0173 -. 0204 -. 0376 * NA NA 
-. 016 -. 0108 -. 0268 * NA NA 

-. 0137 -. 014 -. 0277 * NA NA 



N 

AVERAGE: 

SIGMA: 

EXTREME 
VALUE: 

EXHIBIT 4-19 

(continued) 

02028 .::JENSITY COMPARISONS 

**********••*********************** 
*********************************** 
** ** 
** ** 
** 5UMMARY REPORT ** 
** ** 
** ** 
****••••••••*********************** 
**********•************************ 

PAGE 3 

BEFORE :SAMPLE 
~..:--+~++-+++++++++-+~+++++~++++++-E·~++++++++++++-+~+4-+ 

AFTER SAMPLE 
++++++++~+++++++~+++++++++++++++++++++++++++++++++ 

57 51 55 

- 01 -. 0076 -. 01!35 

. 0069 . (1138 .. OJ56 

. 03 . 04 . 04 

NA NA 

NA 

NA 1-.jA 

NA 

THIS SUM~R'i INCLUDES 

N 

AVERAGE: 

SIGMA: 

EXTREME 
VALUE: 

62 BATCHES 

• 

57 53 53 NA NA 

- 0103 -. 0076 -. 0154 NA NA 

. 0074 . 0141 . 0141 NA NA 

. 03 . 04 . 04 NA NA 



******************************'***** ************* .... ****************** 
*~ ** 
** ** ** ** ** ** ** 02003 REPLICATE DATA ** 
** ** ** SUMMARY REPORT ** 
** ** FOR BATCH 
** 
** ...... --
** ** 

** 69 TO BATCH 1::;:4 ** 
*"" ** ..... 

09-0ct-78 ** ..... 
*************~***************•***** *************•********************• 

• 
EXHIBIT 4-20 

ACCOUNTABILITY TANK REPLICATE DATA 

02003 REPLICATE DATA 

BATCH 
NO. 

~~4?-~~ 
PROCESS CONTROL 

~~~~~~~~~+++~~~~~~~~~~~~++~+++~~++~+~+++++++~+~++ 

69 
70 
71 
72 
73 
74 
75 
82 
83 
84 
85 
8·~ 
87 
88 
89 
90 
91 ., . ., 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 

!\T TO BR 
~~+++~~~+~~~~++~~~ 

KG SOL 

NA 
3766. 5 

710. 9 
954. 7 
711. 6 
824. 7 
897. 8 
947. 9 
855. 3 
903.6 

96Q 
727.8 
894. 6 
701. 7 
939.6 
910. 1 

892 
848. 2 
828. 8 
639. 6 
755. 3 

7C•5 
723. 9 
944. 5 
878. 3 
912. 1 

1003. 6 
'?47. 8 
727. 3 

25. 2 
18. 4 

772. 3 
15. 4 
16. 4 

985. 9 
877. 6 
900. 1 
635. 8 

1385. 4 
611. 6 
987. 3 
858. 1 

1004. 8 
965. 8 
992. 9 
604. 6 

837 
826. 4 
947. 6 
469. 7 

AT-BR 

-10230** 
.5 

. 75 
-2. 08 

-. 06 
NA 

-2. 37 
-b823. 18** 
-5476. 27** 
-6571. 79** 

:~09. 
,j, 0 

. 25 
-. 08 

NA 
-. 25 

-7002. 05** 
-. 25 
-. 43 

-8. 78 
-. 41 

. 27 
NA 

-b. 28 
- 49 

0 
-. 25 
- 14 
-. 16 

. 05 

. 04 
134. 51** 

-. 1 
-3. 42 

-. 08 
-. 37 

. 57 

. 25 
-. 97 
-- 02 

NA 
-. 06 

. 08 
74 

0 
-. 02 
- 19 

-5 
-. 25 
1. 12 

** INDJCATE EXTREME VALUE EXCLUDED ·IN SUMMARY 

BS TO AS 
++~+~~~~++++~++~~+~~ 

10228. 9 
1001~-. 2 
6052. 8 
6302. 3 
7063. 4 
6496. 8 
5800. 9 
7770. 6 

. 6349. 9 
7474. 9 
7328. 1 
70'"2. 8 
7260. 8 
8006. 1• 
8244. 9 
8575. "3 
7865. 5 
6837. 9 
7737. 5 
7298. 8 
7245. 1 
6589. 6 

7667 
8359. 2 
7684. 9 
8053.5. 
7639. 8 
82'?9. 6 
7865. 6 
1251. 5 
7243. 9 
7223. 7 

7752 
7229. 5 
6515. 1 
7459. 8 
7020. 5 
6452. 4 
6528. 9 
9771. 1 
7397. 3 
9100: 4 
8134. 4 
8547. '? 
2361. 3 

bioa 
8625. 5 
7265. 2 
5489. 1 

926. 1 

BS-AS 

-1. 58 
-. 81 
. 25 
. 52 

-. 08 
?~ 

-. "L,._. 
. 38 

42. 55itit 
14. ·n 

. 52 
1. 58 
-. 17 

-6. 07 
. 54 

-4. 58 
-1. 25 

-. 83 
35. 02** 

b. 4 
6543. 13** 

. 67 

. 25 

. 35 

. 29 
2. 04 
-. 69 

1 
-11 3"' 
-t: 16 
20. 13** 

-. 58 
2 

.5 
-21. 09** 

1. 66 
14. 14 
13. 23 

543. 56** 
15. 97" 

-25 
. 33 
. 58 

2. 41 
2. 99 
-- 25 
8. 65 
2 66 
2. 87 
2. 14 

AT TO BR 
+~++++++~++++++~++++ 

KG SOL 

NA 
3767. 1 

725 
969. 1 
727. 7 
839. 1 
911. 4 
949. 9 
856. 4 

905 
961. 3 
72:::. 8 
895. 6 
702. 8 
940. 7 
911. 4 
893. 1 
849. e.. 
830. 5 
A4·-, "3 - 757 
706. 7 
725. 8 
946. 2 
880. 4 

1198. 6 
1005. 3 

949. 6 
7':'C, 1 

25. 1 
18. 4 

773. 4 
15. 4 
16. 4 

988. 3 
879. 8 
902. 3 
640. 4 

1390. 7 
616. 3 
991. 5 
862. 4 

1010 
970. 8 
996. 9 
608. 4 
838. 7 

828 
949. 3 
471. 7 

AT-BR 

NA 
. 48 
. 23 

- 1l 
-. 12 

-2. 55 
-6801. 16** 
-5477. 17** 
-6572. 14** 

::· n . .:,., ·=-·=-·-:oc, 

:153 
. 14 
-. 2 

-7002. 67** 
-. 09 
-. 58 

-8. 49 
- '/'F 

: 15 
-. 03 

-6. 76 
-. 6 

284. 54** 
-. ::::1 
-. 03 
-. 41 

. 04 
-. 05 

134. 56** 
-. 1 

-3. 4 
-. 22 

-1. 02 
1. 71 
-. 08 
-. 06 
-. 93 

1 
-. 55 1 . ., 
1. 31 

. 57 
3. 25 
-- 05 

-5. 16 
-. 26 

. 88 

PAGE 

• 

BS TO AS 
+++++++~++++++~+++++ 

KG SOL 

10229. 4 
10017. 5 
6054. 5 

6304 
7065. ·1 
6498. 5 
5802. 9 
7771. 5 
6351. 8 
7476. 7 
7329. 8 
7094. 3 
7262. 4 
8007. 7 
8246. 7 
8576. ·? 
7867. 1 
1:.839. 6 
77"">•:. "7' 73oo: 6 
7246. 8 
6591. 4 
7668. 8 
8361. 1 
7686. 8 
8055. :3 
76.41. 7 
8301. 6 
7867. 9 
1253. 4 

7245 
7225. 2 
7753. 7 
7232. 2 
6517. 7 
74b""> -:c 
7026: 5 
6458. 3 

6535 
9775. 8 
7402. 3 
9106. 4 
8140. 5 
8552. 6 
2367. 2 
6169. 9 
8627. 3 
7267. 3 
5491. 9 

928. 7 

BS-AS 

-1. 58 
- 81 
. 25 

C'2 _. 11
3 

73 
-. 27 

. 38 
42. 57** 
15. 08iHt 
-3. 2 
1. 79 
- .. 14 

-5. 96 
. 58 

-4. 51 
-1. 19 

-. 83 
35. 01** 

6. 49 
6543. 18** 

. 66 

. 23 

. 31 

. 27 
2. 03 
- 71 

1 
- 85 

-1. 18 
20. 17itit 

-. 57 
2. 04 

. 52 
-20. 95itit 

1. 69 
14. 4 

13. 27 
543. 66itit 

15. 98itit 
. 29 
. 38 
. 69 

2. 51 
4. 38 
-. 25 
8. 67 
2. 73 
2. 91 
2. 93 



AVERAGE: 

SIGMA: 

EXTREME VALUE: 

EXHIBIT 4-20 

(continued) 

02003 REPLICATE DATA 

*******.,_,.,. ... ,. *********************** 
*********************************** ** ** ** ** ** 3UMMARY REPORT ** 
** ** ** ** 
****++*"+***"*'~** ......... ********* ....... 
*******•**~************************ 

PAGE 2 

PROCESS CONTROL 
~~~4:-+-+~4?-<t---t?-+-++~+-E--t-~~++·+-+++<E-+~t!-~++~+++++-++-•~+++-~~++ 

ACCOUNTABILITY 
~~~++++++~++++~++-+-~~++~+++~+++++++++++~+++++++++ 

AT TO BR 
+++~+++++++~+++~++++ 

I'::G SOL AT-BR 

50 44 

825 -.55 

514. 1 2 

NA 20 

• 

BS TO AS 
+++++++~~+~++++++++ 

KG SOL 

50 44 

7153. 4 1. 62 

1755. 6 5. 06 

NA· 20 

THIS SUMMARY INCLUDES 

AT TO BR 

KG SOL AT-BR 

50 44 

834 -. 38 

516. 9 2. 13 

NA 15 

50 BATCHES 

• 

BS TO AS 
++++++++++++++++++++ 

BS-AS 

50 42 

7155. 9 1.2 

1755. 4 3. 78 

NA 15 



"' \0 

************ •************~****~ 
**** ..... ******- .... -· •**"**** ..... ********~ :: ::· 
** ** ** ** .... 02023 REPLICATE DATA H· 

** ** '"' SUMI'IARY REPORT *" 
** ** *" FOR BATCH 50 TO BATCH 104 ** ** ••. 
:: :: 
"" 09-0ct-78 ** 
·~ ·~ ·~···~***************************** 
*•***+*************•**************+ 

EXHIBIT 4-21 

HWW SAMPLE TANK REPLICATE DATA 

02023 REPLICATE DATA 

BATCI-' 
NO. 

+-++-~~ 
PROCESS CCNTROL 

~~~~~~~~~~~~~~~~~~~~~~++~~~~~~~~~~~~~~~~~~~~~++~~~ 

AT TO BR 
~~~~~~~~++~•+++++~++ 

BS TO AS 
+++++++++++++++~++++ 

• 

PAGE 

ACCOUNTABILITY 
~~~~~~++~~~~~~~~~+~+++~++~~+++~~+~~~~++~++~~+~+~~+ 

AT TO BR 
++++++++++~+++++++++ 

BS TO AS 
++++++++++++++++++++ 

KG SOL AT-BR KG SOL BS-AS KG SOL AT-BR KG SOL BS-AS 
++++~++++++++++++++++++++++++++•+++++~+++++++++~++++++++++++++++~+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

50 NA NA 3393. 9 9. 36 NA NA 3393. 9 9. 36 51 NA NA 2777. 2 -. 35 NA NA 2777. 2 -. 35 52 NA NA 2775. 1. 4. ·;. NA NA 2775. 1 4. 9 53 NA NA 3297. 2 -. 28 NA NA ~:297. 2 -. 28 54 NA NA 3462. 7 -2. 0:3 NA NA :3462. 7 -2. 03 63 NA NA 2743. 9 . 74 NA NA 2743. 9 . 74 64 NA NA 2832. 9 -. 27 NA NA 2832. 9 -. 27 65 NA NA 3520. 7 2. 32 NA NA 3520. 7 2. 32 6t. NA NA 2946. 6 -1. 62 NA NA 2946. 6 -1. 62 67 NA NA 2772. 4 2. 16 NA NA 2772. 4 2. 16 68 NA NA 2665. 5 -. 66 NA NA 2665. 5 -. (:.t. 69 NA NA 2774. 3 -. 77 NA NA 2774. 3 -. 77 70 NA NA 3291. 9 . 88 ·NA NA 3291. ·;> . 88 71 NA NA 2637. 3 -1. '14 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. •;> 4. 23 NA NA 3104. 9 4. 23 75 NA NA 3674. 6 . 65 NA NA 3674. 6 . 65 76 NA NA 3750. 1 . 71 NA NA 3750. 1 . 71 77 NA NA 1429 1. 03 NA NA 1429 1. 03 78 NA NA 936. 9 3. 09 NA NA 936. 9 3. 09 79 NA NA 1416. 4 1. 34 NA NA 1416. 4 1. 34 80 NA NA 1462. 1 4. 3::: NA NA 1462. 1 4. 38 81 NA NA 2894. 7 -2. 69 NA NA 2894. 7 -2. 69 82 NA NA 2759. 8 -3. 44 NA NA 2759. 8 -3. 44 83 NA NA 3016. 8 3. 8 NA NA 3016. 8 3. 8 84 NA NA 3010:9 :3. :37. NA NA :3010. 9 3. 37 85 NA NA 1089. 9 . 91 NA NA 1089. 9 . 91 8.~. NA NA 3384 4. 56 NA NA 3384 4. 5(:. 87 NA NA 3'342. b -1. 25 NA NA 3342. 6 -1. 25. :f'lO NA NA 3122. 2 1. 52 NA NA 3122. 2 1. 52 - ..... 
89 NA NA 3307. 7 . 58 NA NA 3307. 7 . 58 90 NA NA 3297. 9 -. 4 NA NA 3297. 9 -. 4 91 NA NA 3393. 7 -2. 4 NA NA 3393. 7 -2. 4 0'> NA NA 3442. 4 . 79 NA NA 3442. 4 . 79 93 NA NA 3303. 1 -3. 22 NA NA 3303. 1 -3. 22 94 NA NA 3344. 7 -7. :39 NA NA 3344. 7 -7. 39 95 NA NA 3757. 2 -. 06 NA NA 3757. 2 -. 06 96 NA NA 3237. 1 1. 57 NA NA 3237. 1 1. 57 97 NA NA 3857. 1 -2. 3 NA NA 3857 .. 1 -2. 3 98 NA NA 3391. 3 -2. 11 NA NA 3391. 3 -2. 11 99 NA NA 3435. 5 2. 53 NA NA 3435. 5 2. ·53 100 NA NA 3197. 7 -1. 06 NA NA 3197. 7 -1. 06 101 NA NA 3168 -1. 63 NA NA 3168 -1. 63 102 NA NA 3213. 2 . 04 NA NA 3213. 2 . 04 103 NA NA .. ·1860: 7- -1.02 ... NA NA 1860. 7 1. 02 104 NA NA 1307. b 1. 69 NA NA 1307. 6 1. 69 

** .INDICATE EXTREME VALUE EXCLUDED IN SUMMARY 



-....J 
0 

N 

AVERAGE: 

SIGMA: 

EXTREME VALUE: 

EXHIBIT 4-21 

(continued) 

02023 REPLICATE DATA 

*********************************** 
*********************************** 
** ** 
** ** SUMMARY REPORT ** 

** 
** 

******* .................. ********************* 
**********~************************ 

PAG=: 2 

PROCESS CONTROL 
~~~+~~~~~~~~~~~~~~~~~t~~~~~~~~~~~~+~~~~+~~~~~+~~~ 

ACCOI..NTABI L ITY 
~~+~~~~~~~++~+~+~++~++~++~+~~+~++~++~+++~+++++++~+ 

AT TO E:R 
+++++~•+++++~+~++++ 

KG SOL AT-BF\ 

NA NA 

NA NA 

NA NA 

NA NA 

BS TO AS 
~+++++++•+~~~~~++++ 

47 47 

2890. 5 . 47 

732. 4 2. 73 

2(1 

THIS SUMMA"V INCLUDES 

AT TO BR 
++++~+~+++++++++++++ 

AT-BR 

NA NA 

NA NA 

NA NA 

NA NA 

47 BATCHES 

• 

BS TO AS 
~+~+++++++++++++++++ 

KG SOL BS-AS 

47 47 

2890. 5 47 

732. 4 2. 73 

NA 10 

• 



**********4************************ 
**********~************************ .. ~ 
** ** ** ** FRO DUCT I I NF"UT CO~IF"AR I SOt~S 

** <!tc SUMMARY REPORT 

:: FOR BAT•:H 76 TO E:~lTCH 9 9 
~h'l' 

** ** 
** 19-0•::t-7E: 

** ** ** ** ** ** 
** ** ** ** 
** ** ** ** 

~*********~************************ 
******~**************************** 

• 

EXHIBIT 4-22 

PRODUCT/.INPUT COMPARISONS PAGE 1 

PRODUCT BATCH INPUT BATCH TRANSFERRED - RECEIVED 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I 

BATCH SOLUTION URANIUM BHTCH SOLUTION URANIUM SOLUTION URANIUM 
NO. < KG l <KG l NO. < KG l < KG i I KG i < KG J 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~+~~++~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~+~~+~~~~~+~~~++~~~+~~~+~~~~+~+++~+ 

71.:.:· 
77 
78 
79 
so 
81 .-.-. o..;, 
84 
85 
86 
87 
88 
89 
90 
91 
9 .-, .... 
Q" .. ..;, 

94 
95 
97 
Q•:'to 

9:~ 

5455. 095 
5612. 212 
6323. 784 
6371. 987 

6452. 88 
7':•04 '=16'=> 
i6n: 413 
6990. 319 
5982. 717 
6878. 927 
6639. 712 
6481. 746 
5891. 777 
6941. 625 
7801. 611 
6802. 198 
7144. 182 
6639. 633 

7385. 21 
7232. 782 

5540 
6572. 887 

1358. 264 
1254. 329 
1555. 714 
1619. 313 
1528. 494 . 
1643. 96l! 
1781. 534 
1743.386 
1423. 28S· 
1692. 904 
1727. 122 
1646. 49:.:. 
1488. 911 
1760. 188 

2083. 42 
1717. 895 
1844. 271 
1679. 163 
1808. 047 
1858. 246 
1391. 482 
1976. 7'"~6 

** [NDICATES EXTREME VALLIE EXCLUDED FROM SUMMARY 

83 
84 
85 
86 
87 
88 
90 
-;>! 
92 
9:3 
94 
95 
96 
97 
98 
9'~ 

100 
101 
102 
108 
109 
110 

5494. 566 
6571. 306 
6368. 039 
6365. 022 
6366.217 
7304. 462 
7665. 203 

6973. 56 
5989. 619 
6908. 683 
6659. 156 
6489. 76'7 
5884. 637 
6'?43. 128 
7414. 692 
6806. 552 
7141. 452 
6636. 209 
7351. 844 
7213. 124 
5529. 142 
6582. 175 

1:378. 027 
1471. 381 
1570. 099 
1624. 696 
1515. 278 
1651. :39:3 

1784. 75 
1756. 388 
1436. 887 
1707. 466 
1741. 475 
1629. 952 
1504. 604 
1771. 047 
1962. 541 
i 731. 1·n 
1845. ~.71 
167'?. 191 
1799. 596 
1830. 521 
13E:8. :L52 

1975. 5:3 

-·~";"/ 471 
-959: 093** 

-44. 254 
/:... 965 

86. 664** 
. 406 
7. 21 

16. 759 
-6. 902 

-"/9 756 
-1·?: 444 

-8. 022 
7. 14 

-1. 504 
::::::::6. 918** 

-4. 354 
2. 73 

:3. 423 
::3:3. 366 
t·:;. 658 
10. 858 
-9. 288 

-19. 762 
-217. 051** 

-14. 385 
-5. 38:3 
13. 216 
-7. 432 
-::::. 216 

-13. oo:::: 
-13. 599 
-14. 562 
-14. 354 

16. 541 
-15. 693 
-1 o. ::::s·;, 
120. 879** 
-13. 296 
-1. 401 

-. 028 
8. 452 

27. 726 
":o ·I·~ 

1:-'266 



-...J 
N 

• 

N 

AVERAGE: 

SIGNA 

EXHIBIT 4-22 (CONTINUED) 

PRODUCT/INPUT COMPARISONS 

~*~******************************** 
-~*~******************************** 
** ** ** ** ** SUMMARY REPORT ** 
~* ** 
~* ** 
*********************************** 
•*************************~******** 

TRANSFERRED- RECEIVED 
~~+~~~+~~+~~~~~~~~~~~~~~~~~~~ 

~~JLUTION 
\KG) 

-2. 867 

1'?'. 596 

URANIUt1 
iKCi) 

.21 

-:3. :351 

12:. 469 

EXTREME VALUE. 50 ·:·n 
2S' BATi::HE::; T~IS SUMMARY INCLUDES 

• • 

PAGE 2 

• 



~********************************** 
***~******************************* 
** *~ ...... 
** 
"* ** 
** 
** ..... 

CONCENTRATION COMPAR I SONi3 

SUM!'IARY REPORT 

... .. 
** ** 
** ·** 
** ... ... 

** FOR BATCH 83 TO BATCH D3 ** 
** ** 
** ** ** ** ** 05-0ct-78 ** 
'** *'* ~************~***************+***** 
***************************~*+***** 

EXHIBIT 4-23 

INPUT URANIUM ANALYTICAL METHOD 
COMPARISON DATA · 

• 

ISOTOPIC DILuTION/MAsS SPEC (U-:ID-) VS POTENTIOMETRIC (U-VP) 

CONCENTRATION COMPARISONS 

U-ID VS. U-VP FOR ACCOUNTABILITY TANK 

BATCH 
NO. 

83 
84 
as 
86 
87 
88 
8'? 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 

U-ID 
(MG U/Gi 

250. 3 
227. 1 

244. •)1 
254. 1 

240 
227 . .3 

224 
231. 9 
249. 6 
241. 1 
246. 5 
260. 2 
252. 1 
255. 3 
255. 1 
263. 6 
255. 4 
258. 1 
253. 7 
245. 8 
233. 6 

U-VP DIFFERENCE 
(MG U/Gi iMG U/Gl 

249. 07 
229. 03 
244. 68 
252. 83 
23·;·. 66 
·-;27 o~ 
223: s5 
230. 83 
248. 13 
239. 79 
245. 03 
'7<5<1 O? 

252: 74 
254. 74 
254. 04 
263. 84 

254. 7 
257. 16 

25:3. 6 
245. 73 
233. 53 

1. 23 
-1. 93 

-. 67 
1. 27 

. 34 .-.. ~ 
: 15 

1. 07 
1. 47 
1 . ., 1 
t: 47 
1. 18 
-. 64 

. 56 
1. 06 
-. 24 

.7 
. 94 

. 1 
. 07 
. 07 

** INDICATES EXTREME VALUE EXCLUDED FROM SUMMARY 

PAGE 



EXHIBIT 4-23 

(continued) 

CONCEI\!il"RATION COMPARISONS 

***********•**********.<>************ 
***********~*********************** 
** ** 
** 
** ** 
** 

:;UMMARY REPORT 
** 
** 
** 
** 

*******•k••••••••****************** 
***********•*********************** 

AVERAGE U-ID COr:..:cE.NTRATION IS 246. 134 MG U/G 

AVERAGE D I F."'E~ENCE I :3 . 465 11G IJ/G 

~:TANDARIJ DEVIATION FOR THE DIFFERENCE. r::: . 861 

ElClREME VALUE FOR THE DIFFERENCE IS 3 

THIS SUMMA.~V INCLUDES 21 BATCHES 

PAGE 2 
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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 t9 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 te~ting significant revisions to the specification were 
required. The revised specification appears in Appendix D. 

Software preparation incorporating ASSEMBLY language started in May 
1978. Major software elements** included: 

*Scientific Systems Services, Melbourne, Florida. 

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

Alarm Limits Checking and Reporting 

CNMCAS-RTJ:' Communications 

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 elements of the ~ystem underwent a comprehensive acceptance test, 
and operation was completely satt'sfactory until apparent harrlware 
problems star. ted 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 acqulsi tion 
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. Expanded 
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 

N = 18 
d = 0.006 centimeter H20 
s = 0. 063 centimeter H2 0 

After~Sampling Readings 

N = 16 
d = 0.033 centimeter H2 0 
s = 0. 077 centimeter H2 0 

After-Transfer Readings 

N = 18 
a= 0.007 centimeter H20 
s = 0.049 centimeter H20 

Uranium Product Sample Tank: (Manual - RTP) d 

Before-Sampling Readings 

N = 17 
d = 0. 014 centimeter H2 0 
s = 0. 039 centimeter H2 0 

After-Sampling Readings 

N = 16 
a = 0.016 centimeter H20 
s = 0.037 centimeter H20 

After-Transfer Readings 

N = 17 
d 0.007 centimeter H20 
s = 0.0111 centimeter H20 

Tables 5-1 and 5-2 present typical manual versus RTP reading comparisons 
for liquid 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. 

- 77 -



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 

KTP input/output teletype will b~ replaced with a DEC writer to 
improve the use of the alarm reporting and "data base dump" features. 
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TABLE 5-l 

MANUAL READINGS VERSUS RTP READINGS 

ACCOUNTABILITY TANK 

BEFORE-SAMPJ.ING* AFTER-SAMPLING* AFTER-TRANSFER* TEMPERATURE"C** 
Batch Manual RTP Manual RTP Manual RTP 
Number Ruska Rusks Difference Ruaka Ruska Difference Ruaka Ruska Difference TJR RTP Difference 

83 268.70 269.19· *** 267.48 267.49 (0.01) 50.55 50.49 0.06 39 35.3 3.7 

84 314.23 314.09 0.14 316.04 313.49 *** 52.64 52.64 0.00 36 34.4 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 

86 299.12 299.09 0.03 299.42 299.03 0.39 50.23 50.25 ( .02) 35 31.8 3.2 

87 305.61 305.61 Q.OO 305.60 305.62 (0 .02) 42.21 42.21 o.oo 35 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) 358.41 358.19 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 

93 324.67 324. 79· (0.12) 323.45 323.38 0.07 40.05 40.07 (0.02) 35 34.3 0.7 
. 

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 o.oo 52.09 52.09 o.oo 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 o.oo 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 o.oo 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 N D 18 N = 19 
jj - 0,006 x = 0.033 jj - 0.007 i • 1.63 
s - 0,063 s = 0.077 a a 0.049 8 - 1.32 

*Liquid Level_ in C~ntime.:ers of H20 · 

**After-Sampling Readings 

***Excl!uded·Values 
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TABLE 5-2 

MANUAL READINGS VERSUS RTP READINGS 

URANIUM PRODUCT SAMPLE TANK 

~EFORE-SAMPLING* AFTER-SAMPLING* AFTER-TRANSFER* 
Batch Manual RTP Manual RTP Manual RTP 
Number Ruske. Rusks Difference Rusks Ruska Difference Ruska Ruska Dif::erence 

76 157 .::.a 157.51 0.13 157.39 157.49 (0.10) 33.04 33.04 0.00 

77 183.2!. 183.25 0.01 183.25 160.14 23.11*** 31.71 31.71 •).00 

78 l77.6l 177.60 0,01 •177.59 177.58 0.01 33.19 33.20 (il,01) 

79 179.24 179.67 0.45*** 178.80 178.78 0.02 33.20 33.20 0.00 

80 l78.S!j 178.54 o.oo 178.53 178.55 (0.02) 33.25 30.27 3.02*** 

81 203.09 203.09 o.oo 203.09 203.09 0.00 33.19 33.19 n.oo 
83 215.59 215.60 0.01 215.63 215.65 ( 0.02) 33.11 33.13 (':).02) 

84 l94,1)6 194.09 (0.03) 194.15 194.16 (0.01) 33.32 33.34 (•).02:) 

85 169.31 169.78 0.03 169.56 169.55 0.01 33.23 33.25 (D.02) 

86 191. 34 191.35 (0.01) 191.34 191.34 0.00 33.35 33.37 (0.02) 

87 185.17 185>38 (0 .01} 185.28 185.39 (0.11) 33.45 33.45 il.OO 

88 181.53 181.63 0.00 181.50 181.50 0.00 33.33 33.35 (1).02) 

89 167.3 171.42 (3.62)*** 167.75 167.76 (0.01) 33.38 33.38 o.oo 
90 193. (•6 193.09 (0.03) 193.08 19.09 *** 33.40 33.42 ((),0~) 

91 205.~8 205.44 0.04 205.48 205.48 o.oo 33.52 33.53 o.o~ 

92 189.~0 189.40 o.oo . ~89. 41 189.43 (0.02) 33.39 33.38 0.01 

93 198.]8 198.24 0.06 198.19 198.20 (0.01) 33.50 33.50 o.oo 
i 

95 205.:<.1 205.2.6 0.05 204.70 205.43 0.27* 33.40 -- --
96 199.E.9 199.89 o.oo 199.88 199.87 0.01 33.21 33.22 1.0.01) 

N = l7 N = 16 N., 17 
i = 0.014 x ., -0.016 i: .. -0.007 
s = 0.039 s .. 0.037 8 - 0.0111 

.*Liquid Level in Centi~eters of H20 

**Before-Sampling Readings 

***Excluded Val•Jes 

• • • • 

TEMPERATURE"C** 

TJR RTP Difference 

(3.8) 

(2) 

(2) 

( 11)*** 

(2) 

(2. 7) 

(1,8) 

32 34 (2) 

33 34.6 (1.6) 

32 33.6 (1.6) 

31 33.8 (2;8) 

32 33.9 (1,9) 

31 33.9 (2.9) 

31.5 33.8 (2.3) 

32 34 (2) 

32.5 34.5 (2) 

31 33.6 (2.6) 

33.2 35 (1,8) 

33.2 35.7 (2.5) 
N • 18 
i - -2.24 
S '" 0.,55 

• 



TABLE 5-3 

MANUAL READINGS VERSUS RTP READINGS 

HWW SAMPLE TANK 

(Liquid Level in Inches of H20) 

• 
Batch WESTINGHOUSE TAYLOR 
Number RTP Manual Difference RTP Hanual 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 0.03 125.7 5 124.4 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 

80 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 a = 1.834 
s = 0.0409 s = 0.5056 

- 81 -



TABLE 5-4 

MANUAL READINGS VERSUS RTP READINGS 

GPW CHECK TANK 

(Liquid Level in Inches of H20) 

•• 
Batch WESTINGHOUSE TAYLOR 
Number RTP Manual Difference RTP Manual Difference 

308 36.68 36.6 0.08 36.41 36.9 (0.49) • 
. 311 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 6 f. 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 24.2 (0 .~0) 
' 

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 o. 97 . 

323 60.40 60.8 (0.40) 60.73 61.3 (0.57) 

324 58.33 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 o.u 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 
e 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 tq 
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 UF6 
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
ti ties 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 concentration). 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 
~·lhi rh Wrl R not ent~red ~ For the accountability tank, the summary shows 
the acid and density and the uranium concentration calculated. For 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 
invesllgated.) 

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 is 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 ace umula ting 
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 al terna·tely 
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 
syste~ 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 adjustment tanks and 
the HA feed t:ank. When probe plugging is sul vt:!u, 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 accountabili-ty 
tank is used as the example. 

Each time the program is 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-bat;ch" 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 
it 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 densi~y measurement comparisons 
for the accountability tank. Process density measurements were made 
with a Taylor instrument and calculated from Ruska instrume~t 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 ('Ompares Ruoka and 
Taylor m~asurements. 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; the.refore, 
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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TABLE 6-1 

MEASURABLE IN-PROCESS INVENTORY ESTIMATE· 

[ -:::T_~:YTICAL :ESULT:: IF AVAILAB~LNSITY -.. --~ :ulco~ • ~: _ T!:>"< e 

************************************************************************ DIS FLS ACC 1 $ ? 1.4401$ 1 281.5$ >-. --~c.r._________ ____ ';> 1 ... n.s ? 1 .46"'i9$ _? s _____ ____,,.,...,.._,.,...,...,-

:LJ_ u~~p.rL. ------- -_lf•7• J ·h~l!oS••,J;~~\i'¥:·f~~.--'r -. "_ • 
lb 

d 

:: 

U PROD 

U F'ROD CTH 1 2.6$ 

1 1.69'71$ 1 $ 

1 $ 1 $ 
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EXHIBIT 6-1 

MEASUREMENT CALCULATION PROGRAM OPTION SELECTION · 

RUN 
ACCT1 1j:04 24-0ct-78 
IS THIS SUMMARYC1), ADD-A-BATCHC2>r DETAILED RECORDC3)r OR CHANGEC4>? 1 
SUMMARY FOR WHAT BATCHES 
CAMPAIGH 11 STARTS WITH 61 ~ i? WITH 83 ;tJ WITH 104 

START WITH BATCH? 61 
.END WITH BATCH? 76 

SET PAPER TO START PAGE THEN PRESS RETURN? 
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EXHIBIT 6-2 

MEASUREMENT CALCULATION PROGRAM "ADD-A-BATCH" OPTION 

24-0ct--78 

ACCOUNTABILITY TANK BATCH R'ECEIPT 

BATCH NO.'!' 76 

BEFORE BEFORE AFTER AFTER 
RECEIPT SAMPLE · SAMPLE TRANSFER 

************************************************************************ 
D~TF ? 082478$ ? 082478$ ? 082578$ ? 082570$ 

_...;,;;;:;u,~,..... __ ......... . .. .......... ;miiiii~P.'"-""""" 

LH-125 '!' 10$ ~· 51 • 3$ 

ZERO ? . ·-·.06$ -~ ·-. ()8$ -~ --.09$ 

LR·-125-··R ? 53.19$ ? 27€1.87$ ? 278.75$ -~ 41.95$ 

DR·-166 ? 63.5$ 

ZERO ? -.06$ '!' ·-·.04$ !' ....• 04$ 

DR····l66-R -~ 13.24$ ? 2.39.46$ -~ 239.45$ ? 2.43$ 

TJR-108-10 ? 40$ 'l' 40$ 'l' 42$ 'l' 36$ 

SAMPLE RESULTS 
LOG NO. :1.7399 NA ? :1.7448$ NA 
DENSITY :1.. 59::i4 NA ? 1.5673$ ·NA 
U<MG/Gl 

l-It 

I.IQI...UMI; 
1\GS SOL. 

27~). 3 
.455 

RECEIVE [I 

NA 
NA 

422'1 
6~i"78. ''l 

3631 L I TE~-;:s 
1490.1 KG!3 U 

? 
-~ 

266.41$ 
.38$ 

TRANS 

MEASUREMENT CONTROL STUFF 

RUSKS-TAYLOR LEVEL <B~FORE RECFTPTJ• -1.34 CM f-?.~2 %) 
<AFTER SAMPLEJ= -1.32 CM C-.47 ~) 

RUSKA-TAYLOR DENS[TY= -.0138 G/ML C-.01 %) 

RUSKA-LAB DENSITY= .004 GIML C .26 %) 
·rAYLOR-L..A9 DENS!IY= .Or77 G/HL C 1.14 Xl 
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NA 
NA 

43/' 
61:!1..4 

37n'i L.. I TERS 
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EXHIBIT 6-3 

MEASUREMENT CALCULATION PROGRAM "DETAILED RECORD" OPTION 

24-0ct-78 13:32 

ACCOUNTABILITY TANK BATCH RECEIPT 

BATCH NO,'? 76 

BEFORE BEFORE AFTER AFTER 
RECEIPT SAMPLE SAMPLE TRANSFER 

************************************************************************ 
DATE 08/24/78 08/24/78 08/25/78 08/25/78 ' 

f ... R·-125 10 51. ~5 51.3 8 

ZERO ··-.08 -·.06 -.08 -.09 

LR·-·12~5··-Ii.' 278.87 27€1.75 41.95 

DR-166 63 62.5 

lEii.'O ··- • 0<'> ·-. 04 ....• 04 -.06 
-----------------------------------~-----------------------

DR·-166-R 13.24 

TJR-108-10 40 

SAMPLE RESULTS 
LOG NO, 
r1ENSITY 
U<MG/G) 

Ht 

VOLUME 
1\GS SOL.. 

17399 
L59S4 
275. :~ 
.455 

601 
951.6 

RECEIVED 

239.46 

40 

NA 
NA 
NA 
NA 

4229 
.... ~.)7f.l. 7 

:363:1. 1 ... I i i::J~S 
t 490.1 KGS lJ 

239.45 

4'J 

17448 
1.5673 
266.41 
.38 

4232 

MEASUREMENT CONTROL STUFF 

TF\ANS 

RUSKS-TAYLOR LEVEL (BEFORE RECEIPT>= -1,34 CM <-2.52 %> 
<AFTER SAMPLE>= -1.32 CM (-,47 %) 

RUSKA-TAYL..OR DENSITY= -.0138 G/ML C-.01 %) 

RUSKA-LAB DENSITY= .004 G/ML < .26 %) 
TAYLOR-LAB DENSITY= ,0177 G/ML.. < 1.14 Z> 
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NA 
NA 
NA 

437 
681.4 

;3795 LITERS 
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EXHIBIT 6-4 

MEASUREMENT CALCULATION PROGRAM "SUMMARY" OPTION 

24-0ct-78 13:04 
FOR CAMPAIGN i3 
ACCOUNTABILITY TANK BATCH INPUT SUMMARY • 
MEASUREMENT POINT 2-03 
VESSEL 18-It-101 

BATCH DATE LITERS SOLUTION URANIUM 
02-·003-. KGS. KGS • 

. ************************************************************************ 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
?1 
72 
73 
74 
75 
76 

08/10/78 
08/11/78 
08/j.2/78 
08/15/78 
08/15/78 
08/16/78 
08/1"7/78 
08/17/78 
08/17/78 
08/21/78 
08/22/78 
08/22/78 
08/23/78 
08/23/78 
08/24/78 
08/25/78 

2154 
2038 
6228 
6308 
6262 
6229 
0 
6541 
6582 
4339 
3503 
3467 
4109 
3646 . 
3084 
3631 

2145.6 
2031 
9126.4 
9526.3 
9500.6 
9465.7 
0 
9521.6 
9563.9 
6258.7 
5331.2 
5338.1 
6338.8 
5659.3 
4892.1 
5625 

.3 
0 
1979.9 
2196.3 
2218.5 
2215 
0 
1958.8 
1947 
1250.7 
1293.2 
1380.1 
1669.9 
1488.7 
1352.6 
1490.1 

************************************************************************ CAMPAIGN TOTAL 68121 100324 22441.2 
TOTAL.. THIS RUN Mll21 100324 ~!.::!441.2 
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EXHIBIT 6-5 

• 
24-0ct-78 13:36 

ACCOUNTABILITY TANK 

• DENSITY MEASUREMENT 
COMPARISONS 

LAB DENSITY AT TANK TEMF· 

BATCH TAYLOR RUSK A LAB DATE 
NO DENS DENS DENS 1-3 2-3 1-3/3 2-3/3 1-2 

(1) (2) (3) G/ML G/ML r. r. G/ML 

**************************************************************************** . . 

61 1.006 1.0007 .9996. .0064 .0011 .64 .11 .0053 0.8/10 
62 1.006 .9996 .999 .007 .0005 .7 .05 .0064 08/11 
63 1.4841 1.4673 1.4643 .0197 .003 1.34 .2 .0167 08112 
64 ·1.5221 1.5104 1.5069 .0152 .0035 1 .23 .0116 08/l5 
65 1. 5311 1.5188 1. 5166 ·, 0145 .0022 .~5 .-14 .0123 08/15 
66 1.5357 1. 520"7 1.5194 .0162 .0012 1.06 .07 .0149 08/16 
67 1.5357 1.5247 1.5193 .0163 .0054 1.07 31:" • ;J .0109 08/17 
68 1.4813 1.461~ 1. 4577 .0235 .0036 1.61 .24 .0199 08/17 
69 1. 4723 1.4574 1.4534 +0189 .0039 1.3 .26 .0149 08/17 
70 1.475 1.4526 1.4466 .0284 .006 1.96 .41 .0224 08/21 
71 1. 5311 1.5124 1.5125 .0185 -.0002 1.22 -.02 .0187 08/22 
72 1.5139 1.4827 1.5349 -.021 -.0522 -1.37 -3.41 .0312 08/22 
73 1.5628 1.5457 1.542 .0207 .0036 1.34 .23 .017i 08/23 
74 1.5674 1.5552 1.551 .0163 .0041 1.05 .26 .0121 08/23 
75 1.599 .1. 5865 1. ~i805 .0184 .006 1.16 .37 .0124 .08/24 
76 1.5719 1.558 1.554 .0178 .0039 1.14 .25 .0139 08/24 
77 1.5402 1.5207 1.5224 .0177 -·. 0018 1.16 -.12 .0195 08/26 
78 1.4967 1.4847 1.484 .0127 .0006 .as .04 .012 08/26 
79 1.4967 1.4831 1.4831 .0135 0 .91 0 .0135 08/27 
80 1.4949 1.4875 1.4864 .0084 .001 .56 .06 .0074 08/27 
81 1.5058 1.4934 1.4921 .0137 .0012 .91 .oa .0124 08/28 
82 1.513 1.5041 1.5027 .0103 .0013 .68 .oa .0089 08/29 
83 1.5221 1.512 1.5082 .0138 .0037 .91 .24 .0101 09/05 
84 1.4949 1. 5001 1.4967 -.0019 .0033 -.13 .22 -.0053 09/08 
85 1. 5311 1.5215 1. 5217 .0094 -.0003 .61 -.02 .0096 09/()6 
86 1. 5311 1.5287 1.52£1 .0031 .0006 .2 .03 .0024 09/08 
87 1.5185 1.5089 1.5078 .0106 .0011 .7 .07 .0095 09/09 

• 88 1.5311 1.5251 1.5036 .o:.u5 .0214 1.82 1.42 .006 09/10 
89 1.5031 1.4867 1.4848 .0183 .0019 1.23 .12 .0163 09110 
90 1.504 1.5065 1. 4813 .0226 .0252 1.52 1.7 -.0026 09/10 
91 1. 5311 1.5211 1.5226 .0084 -.0016 .55 -.11 .0099 09/11 

j .~· 92 1.5067 1.4966 1.4924 .0142 .0041 90: • ;J .27 .0101 09/11 
93 1. 5311. 1.5215 1.5189 .01.21 .0025 .79 .16 .0096 09/12 
94 1.5492 1.5425 1.5442 .005 -.0017 .3~ ..• 12 .001,.7 0~/12 

9:='i 1. 540::! 1. 5~~35 1. 52()4 .01'17 .003 1.29 .19 .0167 09/13 
96 1.5239 1.5116 1.5128 • 0111 --.0012 .73 -·.08 .0123 09/13 
97 1,5248 t·51::'i2 1 • 5138 .0109 .ootJ .72 ,08 .0095 09/13 
98 1.5583 1. 54::i3 1. ~i467 .0116 -.0014 .74 -.1 .013 09/14 
99 1.5302 1. 5211 1. 52~)8 .0044 ..• 004? .28 -.31 .009 09/14 
100 1.542 1.537 1 • ~i3El'i' .0031 -.002 .2 ...• 13 .oos 09/15 
101 1,5402 1. 52:')9 t. :"i254 .0147 .0004 .96 .02 • 01.42 09/15 
102 1.504 1. • 5()():'-j 1. .4991., .0043 ,OOOEl , 2EJ .05 .0034 09/15 
103 1. 4/.,?El 1..4609 1..46:1.2 .0066 -·. 0004 .45 -.03 .0069 09/16 
104 1.322 1.3104 1. 3193 .0026 ····,009 .19 ...• 69 .0116 09/22 
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EXHIBIT 6-6 

24-0ct-78 13:40 

· INPUT ACCClUNTAB I LI TY TANK 
LEVEL MEASUREMEN.T 

COMPARISONS 

AFTER SAMPLE AFTER TRANSFER 
BATCH DATE RUSK A BACKUP TAYLOR RUSKA TAYLOR 

NO. LEVEL LEVEL LEVEL <1-3) <2-3) LEVEL LEVEL (4-5) 
(1) ( 2) ( 3) CM. CM, (4) (5) CH. 

***************************************************************************************** 
61 08/10 196.7 11:16.7 1eo.a • 1 =.1 186t7 186 ,'a -.1 • 62 Oa/11 268.1 268.1 169.7 -.6 -.6 .16 .a 41...4 .4 
63 oa/12 380.6 380.5 382.a -2.2 -2.3 42.7 44.a -2.1 
64 08/15 425.3 425.2 428.7 -3.4 -3.5 41.1 43.7 -2.6 
65 08/15 422.4 422.4 425.4 -3 -3 40.9 43.7 -2.8 
66 08/16 420.8 420.8 424.9 -4.1 -4.1 342.3 344 -1.7 
67 08/17 342.3 342.1 344 -1.7 -1.9 ·26.9 28.9 -2 
6.8 08/17 409.2 409.1 409.6 -.4 -.5 40.9 43.7 ... 2.8 
69. 08/17 424.6 424.5 426 -1.4 -i.5 165.3 163.8 1.5 
70 08/21 416 415.9 416.7 -.7 -.a 42.8 43.7 -.9 
71 08/22 257.5 257.5 259.4 -1.9 -1.9 53.4 54.6 -1.2 
72 08/22 267.8 269.1 269.8 -2 -.7 43.7 44.8 -1.1 
73 08/23 298.3 298.2 300.4 -2.1 -2.2 48.4 49.1 -.7 
74 08/23 275.7 275.6 278.5 -2.8 -2.9 51.4 54.6 -3.2 
75 08/24 248.2 248 251.2 -3 -3.2 53.3 54.6 -1.3 . 
76 Oa/25 278.8 278.7 280.1 -1.3 -1.4 42 43.7 -1.7 
77 Oa/26 268.2 268.2 269.2 -1 -1 43.7 43•7 0 
78 08/26 292.4 292.4 295.4 -3 -3 49.1 49.1 0 
79 08/27 315.8 . 315.8 317.8 -2 -.. 2 51.5 53.5 -2 
80 08/27 285.8 285.8 288.9 -3.1 -3.1 41.8 43.7 -1.9 
81 08/2a 282.9 282.9 284 -1.1 -1.1 54.8 54.6 .2 
a2 08/29 326.5 326.4 327.7 -1.2 -1.3 48.7 54.6 -5.9 
83 09/05 267.7 267.6 2'70.3 -2.6 ·-2. 7 5o.a 53.5 -2.7 
84 09/08 314.5 314.4 316.2 ,-1. 7 -1.8 52.9 54.6 -1.7 
85 09/09 308.6 ~08.6 311;3 ··2.7 -2 .. 7 43.5 46.4 -2.9 
86 09/09 299.7 299.6 300.4 -.7 -.8 50.5 51.9 -i.4 
87 09/09 305.9 305.8 306.9 -1 -1.1 42.5 45.3 -2.8 
88 09/10 336 335.5 338.6 -2.6 -3.1 52.1 54.6 -2.5 
89 09/10 345.1 345 346.2 -1.1 -1.2 50.8 53,5 -2.7 
90 09/10 358.7 358 360.4 -1.7 -2.4 50 53 -3 
91 OU11 330.3 330.3 333.1 ···2.8 -2.8 48.6 49.7 -1.1 
~92 09/11 288.9 288.8 289.4 -.5 -.6 47.5 48.1 -.6 

93 09/12 323.7 323.7 326.6 -2.9 -2.9 40.4 43.7 -3.3 
94 09/12 307.7 307."1 .HO. 7 -3 ... 3 44.9 48.6 -3.7 
95 09/13 305.2 305.1 306.9 -1.7 -1.8 42.6 48.6 -6 

'96 09/1.3 279 279 279.6 -.6 -.6 43.5 44.8 -1.3 
97 09/13 322.2 322.2 323.3 -1.1 -1.1 32;4 54.6 -2t2 
99 09/14 3:'30.3 ~~i0.3 3o2.2 -1,9 -1.9 50 49.1 .9 
99 09/14 323 32:~. 1 323.8 -·.a -.'7 51.2 54.6 -3.4 
100 09/15 337.9 337.9 339.7 -1.8 -1.8 55.1 54.6 .5 
101 09/15 321.3 321.2 322.2 -·. 9 -1 52.7 54.6 -1.9 
102 09/16 347.4 347.4 349.5 -2.1 -2.1 43.4 46.4 -3 
1.03 09/17 330.1 3:30.1. 33:3.1 ·<5 -3 3,9 5.5 -1.6 
104 09/22 63.1 63.3 65 ·-1. 9 ·-1 .'7 2.5 ~5. 5 -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/Output ·Demonstration Program (in 
. conjunction with the remote data acqui~ition 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. Specific conclusions include: · 

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

• , Measurement data produced by q1e measurement programsj 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.O.OOS 
centimeter H20 with a standard deviation of ±0.064 centimeter H2o. 

. ,. 
Measurement control program summary reports were generated which 
demonstrated the methods and data needed to determine control limits 
and to e~timate random error variances associated with bulk measure-

.ments. 

Accounting 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 • 

Operator acceptance was excellent. 

*Referred to herein as the RTP system. 

**Documentation is an essential requirement of CNMCAS development work. 
In addition to the software specifications and program listings sh~wn 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 operati~g 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 
developmen't 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 compl~tely satisfactqry until apparent hardware problems 
started to develop in the preprocessor. 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 Pr~grams 

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

In-Process I~nventory 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 me<~surement 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 MTU. 

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 Manu&lly 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. 

8.2 RTP Preprocessor Component Spares 

The RTP system is vital to CNMCAS development wo.rk. Without· the RTP 
system; CNMCAS demonstrations are impossible. Spares for critical 
components will· be procured in FY 1979. 

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 link. 

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/O) 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 ?.ero readings. This will eliminate the manual 
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"zeroing" operation and the manual entry of zero readings at the CNMCAS 
I/O 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 pt'Oiram for. inpnt :;~T'!d output moaourcmcnt data will be 
developed. 

8.9 FY 1979 Uranium Input/Outp\lt Demons~.:r::~~JO..f.!:}?rogram 

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 
is a test of the CNMCAS as the primary nuclear materials control and 
accounting system with a minimum of manual data collection and 
processing. 
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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 tun is the 
use of the Computerized Nuclear Materials Control and Accounting System 
(CNMCAS) hardware for measurement, accounting, and measurement control 
fu~ctions required for the following process steps of primary ~oncern 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/Output 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) 
(2) 
(3' 4) 
(5) 
(6) 

Input Measurement Program 
Product Measurement Program 
Waste Measurement Programs (GPW and HWW) 
Nuclear Materials Accounting Program 
Measurement Control Program. 

Detailed 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. 
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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 da~a 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/Output 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 
m·easurement and transfer activities. 

Input measurement data are generated for each batch of uranium feed 
solution received in and transferred through the accoun ta hili ty 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 froci 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 "pe.rmanent flle;, 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 ac·ti vi ties 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 is 
complete. 

The program is addressable from remote terminals located in the control 
·room or operating areas of the facility. For the Uranium Input/Output 
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 pr.ogram 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 
described in 
contents are 
Section 2.4. 
sequences are 

sequences associated with the input measurement program are 
Section 2.2. A description of the temporary data file 
included in Section 2.3 and the permanent data file in 
The specific calculation routines for input measurement 
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 

Sequence 2 

This sequence opens by incrementing the Batch ID number 
for a new batch and setting up the data block reserved for 
thjg hatch in the base data file. It now informs the 
operator: 

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 completed 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. 

If the answer was "NO," ;the computer responds with: 

SPARGER AT W835 EL 300* 
PURGES AT W835 EL 308* 
I'LL WAIT TO HEAR FROH YOU. 

*Refers to sparger and instrument air purge valving coordinates in the 
operating gallery. 
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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 ~odes 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. ·- · 

The program performs 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 rile 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 
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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. 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 progr~m to 
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)? 

W:f.th <~ nPgati.ve response, the program pr,oceeds 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 rccallo the program, the progrRm 
responds with: 

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

L• 
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Sequence 8 

• 

• Se'quence 9 

• 

Sequence 10 

• 

Sequence 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 so~ution 
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 
receive·d ·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 is 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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LOG NUMBER 
M ACID. 

ACCOUNTABILITY TANK SAMPLING IS COMPLETE • 
...,..---=---=~ RESULTS SHOW G/ML DENSITY, =----
SHUT THE SPARGE OFF FOR NEXT SET OF MEASUREMENTS. 
KNOW WHEN YOU ARE READY. 

LET ME 

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. 

NOTE: 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. 

Sequence 12 

r 

Sequence 13 

Sequence 14 

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 affj_rmative response moves the program to Sequence 13. 
With a negative response, the following is printed: 

SPARGE LOCATED W835 EL 300 
PURGES LOCATED W835 EL 308. 

The seque~ce code is MeL 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 calls for ".A.fter-S.:~mpling" measurements from 
the RTP system. The appropriate measurement comparisons 
to check instrument performance are made. Several com
parisons of "Before-Sampling" to "After-Sampling" measure
ments are made. In addition, the solutluu 4uantity 
received is recalculat~d u~ing the available analytical 
data and comparisons are remade to data in the "suspense 
file." If comparisons indicate a problem, the program 
moves to Sequence 14. 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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• S~quence. 15 

• 
Sequence 16 

Sequence 17 

Sequence 18 

Sequence 19 

the magnitude. of the problem a1,1d 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 PROCE,ED :~.TH· TRANS
FER AFTER RESTORING SPARGE. CALL BACK WHEN TRANSFER IS 
COMPLETED AND SPARGE IS OFF. 

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

When the operator restarts the program afte"r-'·the transfer 
is complete, the program responds·with: 

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

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 is set to 
return to this sequence a"nd 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 0-F-- 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. Itr then 
resets the temporary file to accept measurement data for 
the next batch and signs off • 

. ~.!.-~ .. ---!~mporary F_i_le 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. !nit.) addressing program at PR measure-

7. 
8. 
9. 

10. 
11. 
12. 
13. 
f4. 
15. 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 

25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 

ment 
LR-125 (BR) 
LR-125-R (BR) 
DR-166 (BR) 
DR-166-R (BR) 
TJR-108-10 (BR) 
Sample log number for previous batch 
Lab density result 
Lab acid result 
Time the operator t1ot1f1es the computer that receipt is complete 
and 10 minutes mixing complete 
Date of Before-Sampling (BS) measurements 
Time of Before-Sampling (BS) measurements 
Op. !nit. addressing the program at BS measurements 
LR-125 (BS) 
LR-12:;-R (BS) 
DR-166 (BS) 
DR-166-R (BS) . 
TJR-108-10 (BS) 
Time o£ sign-off of the .HS m~asuremeut :sequence which becomes 
time mixing starts for sampling 
Time CNMCAS requests LDS to sample 
Sampling time 
Sample log number 
Lab density results 
Lab acid concentration results 
Time sam~ling complete notification given 
Time operator addresses program signaling sparge off 
Date of After-Sampling (AS) measurement 
Time of After-Sampling (AS) measurement 
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34 • 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49-53. 

Operator initials addressing the program at AS measurements 
LR-125 (AS) 
.J,.R-125-~ (AS) 
DR.,-166 (AS). 
DR-166-R (AS) 
TJR-108-10 (AS) 
Time operator informs that transfer is complete 
Date ·of After-Transfer (AT) measurement 
Time of After-Transfer (AT) measurements 
Operator initials addressing the program at AT measurements 
LR-125 (AT) 
LR-125-R (AT) 
DR-166 (AT) 
DR-166-R (AT) 
TJR-108-10 (AT) 
Codes indicating remeasurement, etc., to be determined later. 

2.4 Base File Data Description 

1. Lot number 
2. Batch number 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

14. 
15:-18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33-37. 

Date of BS measurements 
Time of BS measurements 
LR-125 (BS) 
LR-125-R (BS) 
DR-166 (BS) 
DR-166-R (BS) 
TJR-108-10 (BS) 
Sample log number 
Density (LAB) 
Acid 
Uranium concentration mass specification (perhaps duplicate 
analyses) 
Uranium concentration VP (if applicable) 
Uranium isotopic results 
Date of AS measurements 
Time of AS measurements 
LR-125 (AS) 
LR-125-R (AS) 
DR-166 (AS) 
DR-166-R (AS) 
TJR-108-10 (AS) 
Date of AT measurements 
Time oJ: AT measurements 
LR-125 (AT) 
LR-125-R (AT) 
DR-166 (AT) 
DR-166-R (AT) 
TJR-108-10 (AT) 
Codes indicating remeasurement, etc •. 
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2.5 Output Format 

A preliminary example of measurement data output format is presented as 
Exhibit 2.5. 
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EXHIBIT 2.5 

INPUT ACCOUNTABILITY MEASUREMENT RECORD 
Vessel No. 18-D-101, Measurement Point 2-03 

Input Accountability Batch I.D. Date --,....--- -----

DateiTimeiOp. Inst. 

LEVEL LR-125 

Level Ruska "Zero" 

LR-125R 

DENSITY DR-166 

Density Ruska "Zero" 

TEMPERATURE 

SAMPLE RESULTS 

VOLUME 

TJR-108-10 

Log No. 

U Cone 

Volume 
Received 

kg u 
Received 

BEFORE 
RECEIPT 

I I 

•-

A-15 

BEFORE AFTER AFTER 
SAMPLING SAMPLING TRANSFER 

I I I I I I 

Volume 
Transferred 

kg u 
Transferred 
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3.0 PRODUCT MEASUREMENT PROGRAM 

3.1 General Description 

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 record~ 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 sequences· 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 consider the requirement to provid~ 
:· shipp~r-receiver comparison" data for the batch transfer. Measurement 
data asso"c;:.iated with this batch transfer must be placed in a "suspense 
file" for comparison to quanti ties measured in the tank receiving the 
transfer·; These comparisons are used to flag transfer or measurement 
problems. · 

Specific calculation routines applicable to the. urani urn product sample 
tank are included in Section 7.2 • 

3.2 Sequence Descriptions 

Product.batch measurement sequences are described below. In each case, 
the oper.ator 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 PROr.RRn WTT~ MEASURiMKNT? 

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. rhe pro
gram asks the operator for Ruska "zero" dr~t.:!, then calls 
for "Before-Sampling" measurement data from the RTP Ryg

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 pl;'inttad to the operator end to Lh~ NNC 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 th~ measurement sequence 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 indicatP.n 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 

• 

Sequence 6 
' . 

• 

• Sequence 7 

se·quence 8 

by supervisory approval. It allows pr9ceeding 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 G()ING 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 inter~aces to 
LDS to request .. sampling of this bate h.. The program then 
signs off to await LDS signal that sampling is completed. 

Sampling procedures .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 operato:r;: 

SAMPLING IS COMPLETE FOR THE PRODUCT TANK. SAMPLE LOG 
NUMBER IS 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 

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 is 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 TH~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 UF6 (ENTER UF6 ), INPUT .ACCOUNTABILITY 
(ENTER INPUT) OR OFF-SPEC. U (ENTER OFF-SPEC.)? 

The program files this response in the temporary file and 
continues to Sequence 12. 

The program now asks: 

SPARGF. SHOULD BF. OFF ANn PITRGES 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 "zer.o" 
readings. It then calls the RTP system for current 
"After-Transfer" measurement data. Appropriate data com
parisons are made to check instrument performance. lf 
measurements are acceptable, the program proceeds to 
Sequence 15. 
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Sequence 14 Appropriate error messages are printed to the operator and 
to the NMC line printer. If program stoppage is required, 
options are provided to continue or remeasure "After
Transfer" data after restart by supervisory al?proval. 

Sequence 15 With measurements acceptabl~, the progr*m calc~lates 
appropriate quantities, including quantities transferred. 
The following message is 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 pla~ed in a 
"suspense file." Programs measuring quantities received 
call on this "suspense file" for the information to make 
comparison receipt measurements • 

The program now prints a copy of the measurement/transfer 
data to the NMC line printer. It ·copies the pro~uct 
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. 
2. 
3. 
4. 
5. 
6. 
7. 
8 • 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
21. 
21. 
22. 

Sequence code 
Lot number 
Batch number 
Date of Before-Sampling (BS) measurement 
Time·of Before-Sampling (BS) measurement 
Op. Init. at time of BS measurement 
LR-239 (BS) 
LR-239-R (BS) 
DR-273 (BS) 
DR-273-R (BS) 
TJR-206-17 (BS) 
Sample request time 
Sample time 
Sample log number 
Density analysis 
H+ analysis 
"Sampling complete" notification 
bate of After-Sampling (AS) measurement 
Time of After-Sampling (AS) measurement 
Op. Init. at time of AS measurement 
LR-239 (BS) 
LR-239-R (BS) 
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23. 
24. 
25. 
26. 
27. 
28. 
29. 
30• 
31. 
32. 
33. 
34. 
3~-39. 

DR-273 (BS) 
DR-273-R (BS) 
TJR-206-17 (BS) 
"Transfer to" code 
Date of After-Transfer (AT) measurement 
Time of After-Transfer (AT) measurement 
Op. Init. at time of AT measurement 
LR-239 (AT) 
LR-239-R (AT) 
DR-273 (AT) 
DR-273-R (AT) 
TJR-206-17 (AT) 
Codes indicating temeasurement, etc., to be determined later. 

3.4 Base Data File Description 

1. Lot number 
2. Batch number 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

Date of BS measurement 
Time of BS measurement 
LR-239 (.BS) 
LR-239-R (BS) 
DR-273 (BS) 
DR-273-R (BS) 
TJR-206-17 (BS) 
Date of AS measurement 
Time of AS measurement · 
LR-239 (AS) 
LR-239-R (AS) 
DR-273 (AS) 
TJR-206-17 (AS) 
Sample log number 
Density 
H+ 
Uranium concentration 
Uranium ISO 
Date of AT measurement 

' Time of AT measurement 
LR 239 (AT) 
LR-239-R (AT) 
DR-273 
UR-?71-R (AT) 
TJR-206-17 (AT) 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20-25. 
26. 
27. 
20. 
29. 
30. 
31. 
32. 
33. Codes indicating remeasurement, etc., to be determined late.r. 

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: 

· ·. Da teiTimeiOp. Inst. 

LR-239 

Level Ruska "Zero" 

LR-239R 

.. DENSITY DR-273 

Density Ruska "Zero" 

DR-273 R 

TJR-206-17 

TEMPERATURE 

SAMPLE RESULTS Log No. 

VOLUME 

(Density) 

(GIL) 

(Calc. Using After 
Sampling Dara and 

Calib. Tables) 

------

-·------

BEFORE 
SAMPLING 

f----------

I I 
1------------

------·-·-

!----·------

·---

-·-----

NA r--------

NA 

NA 1---·------

r---·----· 

A-23 

---·---·-· ··-----

AFTER AFTER 
SAMPLING TRANSFER 

-------- ---------

I I I I 
---··-·------·-- -----------

-·-------- -·-------

-· 

--

f--

NA 
f--· 

NA 
··- r--

·---- NA 
f---·------

--r-· 

--

Volume 
Transferred 

kg u 
Transferred 

'----·----· 
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• 
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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 
thes·e .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 pnly 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" ~easurements 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 an~ 
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 in 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 repre.sents 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 negativo rcoponoc result~ lu Lh~ follOWing 
m~~~age 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 pr.oblem 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 hal ted for corrective action, 
supervisory approval is required to restart. After this 
restar.t, 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 1 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 sigris 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 a.re again made to check 
instrument performance. These comparisons also include 
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Sequence 9 

Sequence 10 

"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 Sequence 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--
OF URANIUM. 

It now moves directly to Sequence 11. 

GRAMS 

Sequence 11 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? 

a) If "W" is entered, the program responds with: 

BE SURE YOU HAVE THE SPARGE ON DURING THE TRANSFER. LET ME 
KNOW WHF,N THE TRANSFER IS COMPLETE AND YOU HAVE SHUT ·DOWN 
THE SPARGE AGAIN AND SF.T' PURGES. 

It then updates the code to return to the next sequence, 
closes the file, and signs off. 

An option should also he provided, if "W" is entered, to 
check the quantity of material that will be transferred 
against a pre programmed limit. It should be noted that a 
uranium concentration analysis was required in Sequence 6 
before "sampling was complete," unlike the1 sampling mea
surements for mea:mr.e.ments described in Se'ct:ions 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) If "R" is entered, the program responds with: 

BE SURE YOU LEAVE THE SPARGE OFF TO MINIMIZE TRANSFER OF 
SOLIDS TO RECYCLE. LET ME KNOW WHEN THE TRANSFER IS COM
PLETE. 

It then updates the codes to return to the next sequ·ence, 
closes the file, and signs off. 

c) 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. 

Sequence 12 When the transfer is complete, the operator restarts the 
measurement program and· it returns to this sequence •. The 
program asks the operator: 

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 •. 

Sequence 13 The program calls for "After-Transfer" measurement data 
from 'the RTP sys tern. Appropriate comparisons are again 
made and the program moves to Sequence 15. if data are 
acceptable. If problems ~re indicated, Seq~ence 14 is 
started. 

Sequence 14 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.· 

Sequence 15 The program calculates "After-Transfer" quantities in the 
was·,te tank and calculates the quantities transferred. The 
progfam inforrost the operator that: 

YOU HAVE TRANSFERRED LITERS OF SOLUTION WITH 
-·~---

GRAMS OF URANIUM. I 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 s~mple 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) 
TJR-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-4l:Z (AT) 
LR-412-W (AT) 
DR-416 (AT) 
DR-416-W (AT) 
TJR-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. 
5 • 
6. 
7. 
8. 

Time of BS Measurement 
LR-412 (BS) 
LR-412-W (BS) 
DR-416 (BS) 
DR-416-W (BS) 
TJR-415-7 (BS) 
Sample Log No. 
Laboratory Density 
Laboratory H+ 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28-33. 

Laboratory Uranium Concentration 
LR-412 (AS) 
LR-412-W (AS) 
DR-416 (AS) 
DR-416-W (AS) 
TJR-415-7 (AS) 
Date of AS Measurement 
Time of AS Measurement 
Date of (AT) Measurement 
Time of AT Measurement 
LR-412 (AT) 
LR-412-W (AT) 
DR-416 (AT) 
DR-416-W (AT) 
TJR-415-7 (AT) 
Codes Indicating Remeasurement, Etc. 
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5.0 NUCLEAR MATERIALS ACCOUNTING PROGRAM 

The nuclear materials accounting program is used to define ~ccounting 
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 Lo.t Control 

The primary accounting control unit will be by lo.t, 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 lots 
and will accomplish this via input/output device by manually inputting 
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· establishe-s 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 
proyides the MBR for those lots which are in the data base file for that 
period. 

The lot number then becomes assnr.iated with all applicable batches and 
samples. Requests for data and status will be accomplished usually by 

A-33 



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 Gt:!lU:!ral pescr~tion 

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 c'omparisons 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 Gen~ral Description 

Four primary measurement points will be used to demonstrate accounting 
and material balance rouliues. 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 lit.ers or kilograms of solution do not enter 
into material balance determinations. 

·Dther 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 qf year applicable to 
the measurements used • 

. Three basic input/output (I/O) reports will be provided. These include 
a detailed report. for each measurement point, whic"\1 lists all the indi
vidual batches and lots. The second is a summary-type report. :!;or each 
measurement point which only shows lot totals without the individual 
batch details. 

The third re.port is a Material Balance Report, which is a· consolidated 
report of the individual I/O reports except the quanti~ies 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 me,asurement point 
report, as well as the Consolidated Material Balance Report. 

5.3.2 Detailed Description - I/O Reports 

Two types of .. output format will be requested. One consists of input/ 
output reports for each measurement point. and the other is the material 
balance for the four I/O points • 

5.3.2.1 I/O Reports for Each Point 

I/O reports for each point will consist of the type detailed r~port 
shown in Figure S-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) Sample Log Number - the .log number assigned by the analytical 
laboratory. 

(4) 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. 

(5) U Cone. - Mg U/g - the uranium concentration calculated for the 
preliminary results or the results from the analytical determina
tions for the final values. 

(6) Code - There will be two types of calculations made. One will be 
the preliminary (P), which is based on density and acidity level; 
auu Lhe ~:~ecuuu is final (F), whlc:h is 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. 

(7) 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. 

(8) Quantity Transferred - the three quantities transferred from the 
reporting point are recorded as in the quantity received. 

(9). Destination - the measurement point to which the material was 
transferred. It will also be coded with an (R) when material is 
recycled. 

(10) Beginning Balance - the Ending Balance from the prior lot not 
requested on the report. These values are entered manually by the 
requestor. 

(11) Lot Number and Batches - identifies the lot number and subdivides 
the report into lot groupings. 

(12) Batch Listing -below the lot heading, each batch number and all 
the detail~ Items (2) through (9), are recorded. 

(13) 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 removal·s 
for all the batches listed on the report. 

(15) Ending Balance - the difference between the Beginning 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 mei:lsurement, 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 recei~ts and transfers, respectively. The appropriate (P) or (F) 
code is· shown for each line entry. 

The only difference between the input/output and 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 inter·val are 
reported unless otherwise specified 

5.5 Input/Output Material Balance Report (MBR) (Figure 5-2) 

The material balance is primarily a consolidated raport of. the 
input/output reports for the four measurement points. Portions of the 
routines for the summary repor~s (Section 5.4) are performed as follows: 

(1) 

(2) 

(3) 

A beginning balance will have to be entered by NMC via the I/O 
terminal from inventory reports and stored in the program for use 
as needed. 

The input a~~buntability 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. 

The output points w:U 1 also derive the quanti ties as obtained in 
(Section 5.4) summary reports. Since some of the batches at 
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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. 

5.6 Report Format 

(1) The report period is for the time of year from the beginning date 
to inventory date requested and the date of the following 
inventory. 

(2) Date of report is the tlwe uf 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. 

(4) The code is the standard (P) and (F) for preliminary or final. 

(5) 

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. 

(6) Beginning inventory is the starting quantity for the MBR interval. 

(7) Input -- Accountability Tank - In this section, the lots and 
batches are included in the report. Sin~P. lots and batchco are 
sequentially numbered, only inclusive numbers nPPQ be shown, P..g.; 
Lot 1, Batch 1, through Lot 6, Batch 62. The to tal 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). 

(8) 

(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 total for the MBR, however, does not have the 
recycle included in it. 

The ending balance is the difference between the heginning 
inventory plus the input less the output. 
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INIVI'/WJ'F\11' REIQT FOR ~~ POINT __ _ 
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Material Balance Report for Period 

Date of Report 

"Fr.>m" Detail MBR 
or "To" COde Liters Kg. Sol. 

Beginning Inventory 
:g. u !Liters Kg. Sol. g. u 

Input XX 

2003 Acct. Tic. 
Lots 1-1 to 6.:62 20•Jl p XX XX XX 

20•Jl F XX XX XX 
2003-Total for MBR XX XX XX 

Out~ut 

'i 
XX XX XX 2oo Prod. s~. Tk. ~~:~~ XX XX XX I.:Ois-1-=-rtOs-s-o--

~ : ~ XX XX XX 

> XX XX XX 
I 2009-Tota1 for MDR XX XX XX 

-1>-
0 

2023 ~n~ Sam~. Tk. x;:: X XX XX XX 
X% X XX XX XX LOts 1-1 to -45 n XX' XX XX XX 
X: XX XX XX XX 

2023-Total for MBR XX XX XX 

2028 GPW Check Tk. XX X XX XX XX 
Lots 1-1 to 10-85 XX X XX XX XX 
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XX XX XX XX XX 

2028-Total for MBR XX XX XX 

Ending Balance XX 
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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 
t'o ensure reliable data are an integral part of the· measurement se
quence. These are specifically included ~n the discussions of measure
ment sequences. They are presented here for continuity of measurement 
control discussions. The methods, procedures, and output' for-mats 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. Noti·ficad.on· of 
indicated problems is provided to initiate supervisory corrective action 
and ·ensure proper measurement data are recorded. 

The comparfsons 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 iusLt:wih~nt comparisons can be made w:l. thi.n the data collected 
for an individual measurement.. Timely evaluation o; these data and 
notification to supervision when problems are indicated can indicate 
instrument or measurement problems. Investigation and correc ti·ve 
actions provide the control of measurement anomalies within individual 
measurements. 

6.2.1.1 Redundant: Instt·uweot Comparisono 

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 in considered backup. 

This comparison consists of: 

I (Ruska) - D)-(Taylor) I~ 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 solntton is mixed and that ·both instr.~ment 

aud associated purge 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)* 
= (probe separation) Process Density 

*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) I~ control 
limit 

6.2.1.3 Process Density to Process Density 

When process denslLy is 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 instrnment performance. 

The comparison between the two densities is as follows: 

I (Taylor density)-(Ruska density) I~ control limits 
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6.2.2 Comparisons Between Measurements 

During the routine measurement sequences, a number of "remeasurement" 
situations occur, where a specific quantity of solution is ~emeasured 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 anomalies or indi
cat·e 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 indi
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) Calculation of process density from process instrument 

(differential pressure) 
D = process density = (probe separation) 

(1) 
data : 

(2) Calculation of "true" liquid level from primary liquid level mea-
surement data: 

L = liquid level 
(liquid level differential pressure)(2) 

(process density) 

(3) Calculation of solution mass: 

M = mass (kg sol) = [ao+a1 (L)+~ (L)2+a3 (L)3 ••• ] [D] 

where a 0 , ~, a 2, ••• , are coefficients of vessel calibration 
equations. 

The comparison of the initial measurement (M 1) and the remeasurement 
(~ ) is as follows: 

{l)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. 

(?.)Usually in inches of water. 
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IMI-M2 I i 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 ac~ountability tank 
transfer sequenee. The specific calculations used in this comparison 
are provided in Section 7.1. 

6.2.3 Establishing Control timits 

For each type of measurement comparison, specific control limits are 
established at the 0.05 and 0.01 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: 

where: 

NOTE: 

n 
n L 

i=l 
n(n-1) 

difference between original and repeat or replicate 
measurement i. 

n number of mcnouremcnto. 
n 

d = E di In 
i=l 

s standard deviation for the difference between measure
ments. 

s/12 = standard deviation for an individual measurement. 

Alternately, the variance may be calculated on a relative basis as 
follows: 

n 
n L 

i=l 
d . - L d . ( ) 2 (n )2 
r1 i=l r1 

n(n-1) 
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where: 

NOTE: 

relative difference between original (0) and replicate 
(R) measurement • 

n number of measurements. 
y = coefficient of variation for the difference between two 

measurements. 
dr = ~ d i/ n 

i=1 r 
y/ 12 = coefficient of variation for an individual measurement. 

A 

After calculation of the applicable s or y , a confidence interval of 
d ±3s (or d ±3y) is established. A comparison of each d or dr. is made 
to the apprEpriate interval. Any di or d i that exceeJs the 1.imit is 
"flagged." If any "flags" are encounterea, the appropriate statistics 
are recalculated excluding the "flagged" value and the interval recal
culated. Remaining di or dri quantities are compared. This iterative 

_process is aJ?plied until all remaining d1 or dri fall within· the 
confidence interval. · 

Control limits are then set at 0.05 and 0.01 levels of significance 
corresponding to 2 and 3 times the final calculated standar~ 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 
wheri "required tC? 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 (d i or ~i) is cal
culated and compared to the applicable control limit. 
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(1) If di or d . < confidence interval at the 0.05 level of signifi-
r1- · 

cance, data are acceptable and stored in appropriate file; 

(2) If dr or ~i > confidence interval at 0.05 level of significance 
but < control limit at 0.01 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 terminal; 

(3) If consecutive dj_ or dri exceed confidence interval at the 0.05 
level of significance; or 

(4) If ~ or ~i exceed confidence interval at the 0.01 level of signi
fic;:;;mce, the meas•ll:'Pment. data arc not ttcc.~!ptaLle for· use in the 
maLerials 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) The first level corresponds to data being acceptable. No action is 
required and measurement sequences continue. 

(2) 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 ~ttention in future compirisou~. 
This level of response ~equires 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 DE 
REQUIRED IF PROBLEM PERSISTS." 

Further operator response is not required. 
sequences continue. 

The measurement 

(3) At the third level, a problem is indicated thR~ may w~ll lmpacr 
measurement performance from an NMC standpoint. Notification is 
provided to NMC via the NMC line printer and to Operations as 
follows: 

"MEASUREMENT C:OMPARISONS FOR BATCH INDICATE A POTEN'l'lAL 
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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(4) 

supervisor approval, measurement sequences may proceed despite the 
indicated out-of-control comparison. 

The fourth level of response results when a problem tha.t 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 0.01 confidence intervals. 

6.3 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) 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 by: 

(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% 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 
(denBity) 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 instt·Ullu::!ul 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 
Lr = (LR-125 in%) X (2.15) X (2.54) em. 

xxx.xx 

(2) Ruska (~rimary) 
~ • direct rend from LR-125-R, in em. = ____ __ em. 

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 
Cl = <ia) - (LT) = em. 

xx.x:x 

c1 calculated for BR, BS, AS, and AT measurements. 

For before-sampling data and for after-transfer data, summary statistics 
for the batches contained irt the report are calculated. Calculation of 
these statistics is as detailed in Section 6.2.3. 

The format of the output report is 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) 
xx.x 

The summary is included with the level measurement sum~ary 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 anomalies (see Section 6.2). It also includes comparisons 
of lab density adjusted to tank temperature to process. measured densi
ties to evaluate measurement performance. Ad.justment of the lab ciensity 
to tank temperature is accomplished using an empirically derived rela
tionship. 

(1) Taylor Density 

(DR-166 in % x .09 + 10' 
DT = 9.94 

(2) Ruska Density 

(LR-125-R)-(DR-166-R) 
~ = 25.25 

(3) Lab Density at 25°C 

g/ml 
x.xxxx 

g/ml 
x.xxxx 

Dt at 25°C = direct from lab results = g/ml 
x.xxxx 

This quantity is the average of two lab density analyses. 

(4) :Lab Density at tank temperature 
D at T = adjusted from lab result 

L 
g/ml 

x.xxxx 

The above relationships 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 
C1 = (~ at 25) - (~) g/ml 

x.xxxx 

For After Sample (AS) measurement only. 

(2) Lab Density at 25°C to After-Sample Taylor Density 
~ = (DL at 25) - (~) = g/ml 

x.xxxx 

l;'uL Aft.er-::;ample {AS) mensurement unly. 

(3) Ruska Density to Taylor Density 
c3 = ~ - Dr = g/ ml 

x.xxxx 

For both Before-Sampling (BS) and After-Sampling (AS) data. 

(4) Lab Density at Tank Temperature to Ruska Density 
C!t = (Dr, at T) - (Da) = g/ml 

x.xxxx 

For both Before-SRmpling (BS) and After-Sampling (AS) data. 

(~) Lab Density at Tank Temperature to Taylor Density 
Cs = (Dr, at T) - (0r) = g/ml 

}(,xxxx 

For both Before-Sampling (HS) 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 shuws rhe output report formnt 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 Replica~~ 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 measurement performance and 
detection of measurement 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) 

(2) 

.. 
Ruska Level (primary) 
LR = direct from LR-125-R in em. = em. 

xxx.xx 

For AT, BR, BS, and AS measurements. 

Lab Density at 25°C 
DL at 25 = direct from lab results g/ml 

x.xxxx 

Note that DL at 25 for the (AT) measurement and (BR) measurement is 
the same and is the analytical result from the previous batch 
density determination. Dt at 25 for BS and AS are the same but as 
analyzed for the current batch. 

(3) .Lab Density at Tank Temperature 
D1 at T = adjusted from lab result g/ml 

x.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 = LR/DL at 25°C = em 

xxx.xx 

3 = 9.4 + 0.97-9l(LLpc) + 0.73154 (LLpc) -o.00644532 (LLpc) 
if 0 i LLpc< 23.1 

2 3 
-217.62 + 24.01006l(LLpc) + O.Ollll8(LLpc) -0.000046(LLpc) 

if 23.1 i LLpc ( 85 

= -245.24 + 24.9569 (LLpc) 
if 85 i LLpc ~ 325 

liters 

xxxx.x 

calculate Wpc for AT, BR, BS, and AS. 
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(5) Accountability Solution Quantity 
LLA = LR/DJ. at T = em 

xxx.xx 

VA = 9.4 + 0.9791(LLA) + 0.73154(LLA)2 
- 0.0064532(LLA) 3 

if 0 ~ LLA ~ 23.0 em 

-217.62 + 24.0100061(LLA) + 0.0011118(LLA)2 
- 0 •. 000046(LLA) 3 

if 23.1 ~ LLA < 85 em 

-245.24 + 24.9569(LLA) 
· if 85.0 ~ LLA i 325 em 

lllt:!U:i 
xxxx 

= VA X 11.. at T ""' ~=-- k." 
xxxx.x 

calculate WA for AT, BR, BS, and AS. 

:For control of measurement anomalies, the process control measurement 
comparisons are used. Random error variances are estim~ted from 
accountability measurement comparisons. The specific solution quantity 
comparisons and calculations are as follows: 

(1) After-Transfer to Before-Receipt - Process Control 
C1 = (WPC for AT) - (~C for BR) kg 

xx.x 

(2) Before-Sample to After-Sample - Process Control 
C? = (WPC for BS) - (~C for AS) kg 

xx.x 

(3) After-Transfer to Before-Receipt - Accountability 
C3 = (WA for AT) - (~ for BR) = kg 

xx.x 

(4) Before-Sample to After-Sample - Accountability 
C4 = (WA for BS) - (WA 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 determi~ation 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% 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 measure~ents for the uranium 
product sample tank are as follows: 

(1) Taylor Level 
.LT = (LR-239 in%) X (.97) X (2.54) em 

xxx.xx 

(2) Ruska (primary) 
LR = direct read from LR-239-R em 

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 
cl = (LR) - (LT) = em ---

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 

D = ((DR-273 in %) x .09) + 10 
1' 10' 1 

g/wl 
:a:, "X""II"II"If 

(2) Ruska Density 

(LR-239-R)- (DR-2 73-R) 
DR = 25.65 g/ml 

x.xxxx 

(3) Lab Density at 25°C 
D1 at 25°C = direct from lab results ___ g/ml 

x.xxxx 

·This quantity is the average of two reported lab densities. 

(4) Lab Density at Tank Temperature 
~ at T = adjusted from lab results = g/ml 

x.xxxx. 

Density measurements are made in before-sampling and after-sampling 
measurements. Dt 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 
Cl =(It, at 25)- (DR)= g/ml 

XoXX:lCX 

C1 is calculated for AS only. 

(2) Lab D~nsity nt 25°C to After-Sample Taylor Density 
C2 = (DL at 25) - (DT) g/rnl 

x.xxxx 

C2 is calculated for AS only. 

(3) Ruska Density to Taylor Density 
C3 = (~\_) - (Il.r) g/ml 

x.xxxx 

C3 is calculated for BS and AS. 
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(4) Lab Density at Tank Temperature to Ruska Density 
C4 = (1\. at T) - (1\.) = g/ml 

x.xxxx 

C4 is calculated for BS and AS. 

(5) Lab Density at Tank Temperature to Taylor Density 
Cs = (1\. at T) - <Or ) = g/ml 

x.xxxx 

Cs is cal~ulated 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 identified during the ca,lculation 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-s~mpling 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) 

(2) 

(3) 

Ruska Level (primary) 

~1 = direct from LR-239-R in em. = em 
xx.xx 

Lab Density at 25°C 
Dt at 25 = direct from lab results = g/ml 

x.xxxx 

Lab Density at Tank Temperature 
Dt at T = adjusted from lab result g/ml 

x.xxxx 

This quantity must be calculated for BS and AS using the lab 
density analytical result and appropriate measurement of tank 
temperature, 

(4) Process Control Solution Quantity 
L~c = ~1 lit at 25 °C 

Vpc = 68.63 + Io.sos59(LLpc>1 + o.7543094(LLpc>2 
-

o. 009212l(LLpc )3 

for 0 ~ LLpc ~ 22 • 1 em 
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2 = 2.613 + 18.63934(11pc) + 0.36537(11pc) -
o.0015362(11pc) 3 

for 22.1 < 11pc ~ 92.5 em 

651.938 + 0.79~64(11pc) + 0.523177(11pc)
2

-
o.oo1977(11pc> 

for 92.5 < 11pc ~ 153.8 em 

= liters 
xxxx.x 

___ kg 
xxxx.x 

The above quantities are calculated for BS and AS. 

(5) Accountability Solution Quantity 
11A ~ /D1 at T = __ 

xx.xx 

68.63 + 10.~0859(1LA) + 0.7543094(11A)2 -
0.009221(11 ) 3 

for 0 ~ 11A ~ 22.1 em 

= 2.613 + 18.63934(11A) + 0.36537(1LA)2 
-

0.0015362(11A) 3 

for 22.1 < LLA ~ 92.5 em 

651.938 + 0.79564(1LA) + 0.523177(1LA)2 
-

0.001977 (LLA) 3 

for 92.5 < 1LA i 153.8 em 

~ liters 
xxxx.x 

= VA X ~ at T kg's ---xxxx.x 

The above quantities are calculated for BS and AS. 

The specific comparisons made on these calculated solution quanti~ies 
are as follows: 

(1) Before Sampling to After Sampling - Process Control 
C5 = (WPC for BS) - (WPC for AS) kg 

xx.x 

(2) Before Sampling to After S~mpling - Accountability 
C7 = (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 Sample 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. 
For:.these tanks laboratory density results are considered as backup. 

,6.3.3.l Liquid Waste Level Measurements 

The specific ca~culations tb be applied for liquid wa~te lev~l 

meas~rements are as follows: 

(1) Westinghouse Level 
for HWW Sample Tank 

LW = (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 
LT = (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 t~r each waste batch. 

(1) Westinghouse to Taylor 
Cl = (LW) - (LT) = 

\. 

inches 
xx.x 

Summary statistics as described in Section 6.2.3 are calculated. The 
summary is included i~ 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 
me<'!surements follow. Primary density determination is wi,th the We$ting
house instrument. Taylor instruments and lab density provide backup. 
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(1) Westinghouse Density 
for HWW Sample Tank 

Dw 
[ (DR-430-W in %) X (.SO)] 

= g/ml 9.50 x.xxxx 
for GPW Check Tank 

Dw 
[ (DR-416-W in %) X (.SO)] 

g/ml 9.86 x.xxxx 

(2) Taylor density 
for HWW Sample Tank 

[ (DR-430 in %) X .9] + 10 
~/!!ll n.r - 9 • .50 x.xxx:x. 

for GPW Check Tank 

Ur = 
[ (DR-416 in %) X .9] + 10 g/ml 9.86 x.xxxx 

(3) Lab density at 25°C 
EL at 25 = direct from lab result ___ g/ml 

x.xxxx 

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 
C? = <nw > - <Dr> = g/ml 

x.xxx:x: 

C2 is calculated for BS and AS data. 

(2) Westinghouse to Lab 
C3 = (I\.,) - <EL at 25) g/ml 

x.xxxx 

c3 is calculated for AS data. 

(3) Taylor to Lab 
C4 = (0r)- (It, at 25) ___ g/ml 

x.xxxx 

~ is 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 .re.corded; 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 = LwfDw = ·inches 
xxx.x 

where Lw and Dw as· ~efined for HWW Sample Tank above. 

V = 128.511103 + 20.966280 X LL = 

W = V X D = kg w ---xxxx.x 

for GPW Check Tank 
LL = Lw/Dw = __ inches 

xx.x 

lfters ---xxxx.x 

where Lw and Dw as defined for GPW Check Tank above. 

V = 24.86 + 15.27q5415 X LL = liters 
-,---
xxx.x 

W = V X Dw = kg 
xxx.x 

W 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 
C5 = (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 co~puter 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 Output 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 c~lculation 
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. If proper code is input, go to next 
sequence; otherwise, return to Sequence 1. 

SeqttPnce 3 

The program prompts for type of report needed as follows: 

Report types are: LV Level 
DN Density 
RP Replicate 
~1 Product to Input 
UC = Uranium Concentration 

Carriage Return = End of Reports 

Enter Report Type ?. 

Sequence 4 

The programs prompt for 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 

INPUT MEASUREMENT COMPARISONS 

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 (us~ R.uska to Taylor) 

6.2.1.1 Redundant Ins t. 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) 
I 

0\ 
N 

6.2.1.3 Process rensity to Process a b b b 
Density 

6.2.2.1 After-Tr€nsfer 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, 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 • 

• • • • 



> 
I 

(J"\ 

w 

• • 

TABLE A6.2-2 

PRODUCT MEASUREMENT COMPARISONS 

Difference 
Reference Comparison < 2s 

6.2.1.1 Redundant Inst. Comparison, a 
Level (use Ruska to Taylor) 

6.2.1.1 ·Redundant Inst. Comparison, NA 

6.2.1.2 

6.2.1.3 

6.2.2.1 

6.2.2.1 

6.2.1.2 

Dens it 

Lab Density to Process: 
Density (use Taylor) 

Process Density to Process 
Density 

After-Transfer to Before
Receipt 

Before-Sample to After
Sample 

Quantity Sent to Quantity 
Received 

(a) Comparison good, no action required. 

a 

a 

NA 

a 

NA 

Difference 
> 2s & < 3s 

NA 

b 

b 

NA 

b 

NA 

(b) Flag result for investigation - measurement sequence continues. 

• 

. : ........ •\ ~ : ! 

Consecutive Differences 
> 2s & < 3s 

c 

· NA 

c 

b 

NA 

d 

NA 

(c) Flag result for investigation !Supervisory approval needed before proceeding. 
(d) Out-of-control - correction action taken to be documented and approved by supervision. 

Difference 
> 3s 

c 

NA 

c 

b 

NA 

d 

NA 



- TABLE A6.2-3 _, 

GPW MEASUREMENT COMPARISONS 

Difference Difference Consec~tive Differences Difference 
Reference Comparison < 2s > 2s & < 3s :> 2s & < 3s > 3s 

6.2.1.1 Redundant Ir;st. Comparison, a b c c 
Level (use Taylor to Westing-
House) 

6.2.1.1 Redundant Ir:st. Comparison, a b b b 
Density (use Taylor to West-
inghouse) 

6.2.1.2 Lab Densi~y to Process a b c c 
Density (use Westinghouse) 

:r- 6.2.1.3 Process Density 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 take3 to be documented and approved by supervision • 

• • 



• • • • 

TABLE A6.2-4 

HWW MEASUREMENT COMPARISONS 

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 (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 Westinghouse) 

> 6.2.1.3 Process Density to Precess NA NA NA NA I 
0\ Density V1 

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 - corre·ction action• taken to be documented and approved rby supervision. v· v· . ..;. 



TABLE A6.3-l 

TANK LEVEL COMPARISONS 
SUMMARY REPORT FOR BATCH-TO-BATCH DATE 

Batch 

~ Be fore-Recet r;t Be:cre-Sam~le ~fter-Saa~le After-Transfer 
Primary Le-,el Pr!-Tay TJR-TE Primary Level Erf-Tay TJR-TI Primary Level Pri-Tay 'TJR-Tl Primary Level Pri-Tay TJR-Tl 

em. em. •e em. aa. "C em. em. "( em. em. •e 

The following ite'DS are printed (~t -tlefore-Eeceipt, BS -Before-Sample 1 AS • After-Sample, AT . After-Transfer). 

BR-~ SR-el SR-C:2 BS-~ ss-e, ss-e, AS-~ As-e,. AS-ez AT-LB AT-e! AT-e2 
xxx.xx: xx.xx XX.)I'X xxx.xx xx.xx xx.xx XXX.XJ. xx.xx xx.xx xxx.xx xx.xx xx.xx 

Summaries are provided for Be fore-:Damp:.e and .t.fter-Transfer !lata Only. 

> 
I 

"' Summaries: 
- "' 

N -
XKX XXX ~X u XX XXX XXX l<XX XXX """ """ 

avg • 
xx.xx xx.xx xx.x;; xx.xx x.&.xx xx.xx xx.:KX x.x.xx x::z..u Jut.u. ""·"" xx.xz 

s -
xx.xx xx.xx xx.x= xx.xx XIC..XX xx.xx xx.u xx.u u..:u ""·"" xx.xx xx.xx 

• • 



> 
I 

0\ ....., 

• • • • 

TABLE A6.3-2 

TANK DENSITY COMPARISONS 
SUMMARY REPORT 

FQR BATCH-TO-BATCH 

Date: 

Bat::: h --:----:----,---,---..:R:..:e~f;;.;o:.:r~e~S:.:a::;.m::;.p~>..l~i n~g-=---=--:---.:----= 
No. Ruska Lab at 25 Lab at 25 Lab at T Lab at T Lab Den Lab Den --- To Taylor To Ruska To Taylor To Ruska To Taylor' at T at 25 

The following items are print~d under these headings. 

C3 for BS Cl for BS C2 for BS C4 feor BS Cs for BS Dr. at T Dr. at 25 
x.xxxx x.xxx:< x.xxxx x.xxxx x.xxxx x.xxxx x.xxxx 

Summary statistics are provided. for each of the comparison's. 

N = 
XXX XXX XXX XXX XXX 

Avg 
·x.:ocxxx . x.xxxx x.xxxx x.xxxx. x.xxxx 

s 
x.xxxx x.xxxx x.xxxx Xo X:<XX x.xxxx 

After Sampling 
Ruska Lab at 25 Lab at 25 Lab at T 

To Taylor To Ruska To Taylor To Ruska 

c3 for AS C2 for AS C1 for AS C4 for AS 
XoXXXX x.xxxx x.xxxx x.xxxx 

XX~ XXX XXX XXX 

x.xxxx x.xxxx x.xxxx x.xxxx 

x.xxxx ·x.xxxx x.xxxx .. x.xxxx 

Lab at T . 
To Taylor 

c5 for AS 
x.xxxx 

XXX 

x.xxxx 

x.xxxx 



> 
I 

"' 00 

TABLE A6.3-3 

MEASUREMENT POINT REPLICATE DATA 
SUMMARY REPORT 

FOR BATCH-TO-BATCH 

Date: 

Batch 
No. E'rocess Control Accountability 

AT to BR BS to AS AT to BR BS to AS 
Kg Sol AT-BR .Kg So-l BS-AS Kg Sol BS-AS Kg Sol BS-AS 

The following items are printed under these headings. 

WPC at A!~ WA at AT C= 
xxxx.K xx.x xxxx.x xx.x xxxx.x xx .. x xxxx.x xx.x 

Summary statistics are provided for each of the comparisons. 

N 
XXX XXX XXX xxx- XXX XX.:: XXX XXX 

Avg 
xxxxx.x XX.>: xxxxx.x ~.x xxxxx.x xx.x xxxxx.x xx.x 

s 
xxx.x xx.>:x xxx.x xx.xx xxx.x xx.:::x xxx.x .xx.xx 

• • • • • 
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TABLE A6.3-4 

PRODUCT/INPUT COMPARISONS 

Date: 

Product Batch 
Batch No. kg Sol kgU 

SUNNARY: 

N. 

Mean 

s 

Input Batch 
Batch No. kg Sol 
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kgU 

Transferred
Received. 

kg Sol kgU 



(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/O Demonstratioq Program. For this section the 
term "Process Control" is 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 
LT = (Direct Read LR-125) X (2.54) = ____ _ em· 

xxx.xx 

(2) Ruska (primary) 
LR

1 
=direct read-from LR-125-RI in em.= 

xxx.xx 
Note Ruska measurement corrected for zero. 

(3) Rusk~ (backup) 
LR

2 
= direct result on LR-125-R2 in em. = ____ __ 

xxx.xx 

Note Ruska measurement corrected for zero. 

(4) Taylor Density · · 
(Direct Read From DR-166) 

Dr = 9.94 = ____ g/ml 
x.xxxx 

(5) Ruska Density 
(LR-125R - nR-166R) 

~ = 25.25 g/ml 
x.xxxx 

Note botq Ruskas corrected for zero. 

(6) Lab density at 25°C 
~ at 25 - direct from lab results = g/ml 

x.xxxx 

em 

em. 

This quantity is the average of two lab density analyses. 

(7) Lab density at Tank Temperature 
~ at T = adjusted from lab result = g/ml 

x.xxxx 

A-71 



(8) Tank Temperature (primary) 
TJR-108-10 direct read in °C = °C 

xx.x 

(9) Tank Temperature (backup) 
T1-109 direct read in °C = °C 

xx.x 

7.1.2 Liquid Level Calculation- Process Control 

(1) For Before-Receipt 
LLpc for BR = ~1 for BR/Dt at 25 (from previous batch) = 

em. 

(2) For Before-Sampling 
LLpc for BS = ~1 for BS/(Dr for BS) = em 

xxx.xx 

LLpc for BS LR
1 

for BS/Dr, at 25 for this batch = __ _ em 
xxx.xx 

when lab data available. 

(3) For After-Sampling 
LLpc for AS = ~1 for AS/(Dr, at 25 for this batch) ---·em 

ltXXoXX 

(4) For After-Transfer 
LLpr. for AT = LR1 for AT/Dr, at 25 for this batch) = em 

xxx.xx 

7.1.3 Liquid Level- Accountability 

(1) For Before-Receipt 
L~ for BR = ~ for BR/Dt at BR-TJR from previous batch c 

1 

xxx.xx 

(2) For Before-Sampling 
LLA for BS = lB_ for BS/11.. at BS-TJR for this batch 

1 
;KX:!C;,~:!C; . 

(3) For After-Sampling 
LLA for AS = ~ for AS/It at AS-TJR for this batch = 

1 xxx.xx 

(4) For After-Transfer 
LLA for AT = ~1 for AT/rt at AT-TJR for this batch 

xxx.xx 
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(5) Liquid Level using Backup Ruska 
LRz 

+ (25.25) LL =------
DL at tank temp. 

for any calculation (BS, AS, etc.) = em. ---xxx.xx 
or 

LL = DL at Tank Temp. and use alternate calibration equations 
(not included in this section). 

7.1.4 Volume- Process Control 

9.4 + 0.9791(LLpc> + 0.73154 (LLpc> -0.00644532. (LLpc> 3 

if o ~ LLpc < 23. 1 · 

= -217.62 + 24.010061(L1pc) + o.ollll8(LLpc>2 -o.oooo46(LL:Pc> 3 

if 23. 1 ~ LLpc < 85 

Vpc = -245.24 + 24.9569 (LLpc) 
if 85 ~ LLpc ~ 325 

liters 
xxxx 

Use appropriate LLpc for BR, BS,.AS, and AT to calculate Vpc ~or BR, BS, 
AS, and AT. 

7.1.5 Volume- Accountability 

VA 9.4 + 0.9791(LLA) + 0.73154(LLA)2 
- 0.0064532(LLA)2 

if 0 ~ LLA ~ 23.0 em 

-217.62 + 24.0100061(LLA) + 0.0011118(LLA)2 
- 0.000046(LLA) 3 

if 23.1 < LL < 85 em · 

= -245.24 + 24.9569(LLA) 
if 85.0 ~ LLA ~ 325 em 

liters 
xxxx 

Use appropriate LLA foy; .BR, BS, AS, and AT to calculate VA for BR, BS, 
AS, and AT. 

7.1.6 Solution Quantity- Process Control 

(1) For Before-Receipt 
Wpc for BR = (Vpc for BR) X (DL at 25 from Previous .Batch) = 
___ kg 
xxxx.x 
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. (2) For Before-Sampling 

~c for BS = (VPC for BR) X (0r for BS) = kg 
xxxx.x 

or 

~c for BS = (Vpc for BS) X (lt at 25 for this batch) = kg 
xxxx.x 

when analytical results become available. 

(3) For After-Sampling 
\olpc for AS = (Vpc for AS) X (~ at 25 for this batch) kg 

xxxx.x 

(4) For After-TranGfo~ 
Wpc for AT = (Vpc for AT) X (11. at 25 for this batch) ~· ___ kg 

xxxx.x 

7.1.7 Solution Quantities - Accountability 

(1) For Before-Receipt 
WA for BR = (VA for BR) X (It at BR-TJR for previous batch)·= 

kg' ---xxxx.x 

(2) For Before-Sampling 
WA for BS = (VA for BS) X (lt at BS-TJR for this batch) = 
___ kg 
xxxx.x 

(3) For After-Sampling 
WA for AS = (VA for AS) X (It at AS-TJR for this batch) = 

.............. -.·---·· kg 
xxxx.x 

(4) For After-Transfer 
~ for AT = (WA for AT) X (~ at AT-TJR for this batch) = 
___ kg 
xxxx.x 

7.1.8 Uranium Concentrations 

(1) For Process Control 

Upc • [(DL at 25 - 1,001) + ;032 (Acid Molarity)] 

.318 
g/1 

xxx.xx 

(2) For Accountability 
UA = direct from lab results --- mg/g 

xxx.xx 
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7.1.9 Uranium Quantities 

{1) For Process Control 
~C = VPC X UPC X .001 ---kg u 

xxxx.x 

Calculate ~C for BR from Upc from previous batch. Calculate MPC 
for BS, AS, and AT from UA for this batch. 

( 2) For Accountability 
MA = WA X UA kg U 

xxxx.x 

Calculate MA for BR from UA from previous batch. Calculate MA for 
BS, AS, and AT from UA for this batch. 

7.1.10 Uranium Quantities Transferred/Received 

{1) For PC quantities received 
QPC-R = (~C from this batch BS) - (Mpc for previous batch AT) = 
___ kg 
xxxx.x 

(2) For PC Quantities Sent 
QPC-S = (Mpc from this batch BS) - ( Mpc from this batch AT) = 

kg u 
----.,... 
xxxx.x 

(3) For A Quantities Received 
QA-R = (MA from this batch BS) - (MA from pre~ious batch AT) = 

---kg u 
xxxx.x. 

(4) For A Quantities Sent 
QA-S = (MA from this batch BS) - (MA from this batch AT) = 
---kg u 
xxxx~x 

7.1.11 Solution Quantities Transferred/Received 

(1) For PC Quantities Received 
Spc-R = (WPC from the batch BS) - (Wpc from previous batch AT) = 

kg's sol ---
xxxx.x 

Note WPC 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 = (WPC from this batch BS) - (WPC for this batch AT) = 

kg's sol ---
xxxx.x 

Note WpC 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 
SA-S = (WA for the batch BS) - (WA from this ·batch ~r) = 
___ kg's sol 
xxxx.x 

7.1.12 Solution Volumes Transferred/Received 

(1) For PC Quantities Received 
~C-R = (VPC from this batch BS) - (Vpc from previous batch AT) = 

liters 
xxxx 

(2) For PC Quantities Transferred 
R _ = (VPC from this batch BS) - (VPC from this batch AT) = 

PC Sliters 
xxxx 

(3) For A Quantities Received 
RA-R = (VA for this batch BS) - (VA for previous batch AT) = 

liters 
xxxx 

(4) For A Quantities Transferred 
RA-S = (VA for this batch BS) - (VA for this batch AT) -

liters 
xxxx 

7.1.13 Measurement Control Calculations 

(1) Ruska (primary) to Taylor 
c1 = (LR ) - (LT) = ___ em. 

1 xx.xx 

c 1 calculated for BR, BS, AS, and AT measurements. 

(2) Lab density at 25°C to After Sample Ruska 
c 2 = (D1 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 

xx.x 

(4) Lab density at 25°C to After Sample Taylor 
C4 = (Dr, at 25) - <Dr) g/ml 

x.xxxx • For after sample (AS) measurement only. 

(5) Ruska density to Taylor density 
Cs = ~ - Dr = g/ ml 

x.xxxx 

For both before-sampling (BS) and after-sampling (AS) data. 

(6) Lab density at Tank Temperature to Ruska 
c6 = (Dr, at T) - (~) = g/ml 

x.xxxx 

For both before-sampling (BS) and after-sampling (AS) data. 

(7) Lab .density at Tank Temperature to Taylor. 
c7 = (It_. at T) - <Dr) = g/ml 

x.xxxx. 

For both before-sampling (BS) ·and after-sampling (AS) data. 

(8) After-Transfer to Before-Receipt - Process Control 
Ca = <~c for AT) - (\-f>c for BR) = kg 

xx.x 

(9) Before-Sample to After-Sample - Process Control 
Cg = (Wpc for BS) - (Wpc for AS) = kg 

xxx 

(10) After-Transfer to Before-Receipt - Accountability 
C10 = (WA for AT) - (WA for BR) = kg 

xx.x 

(11) Before-Sample to After-Sample - Accountability 
C11 = (WA for BS) - (WA for AS) = kg 

xx.x 

7.2 Product Measurement Uranium Product Sample Tank 

7.2.1 Measurement Parameter Calculation 

(1) Taylor Level 
Lr = (Direct Read From LR-239) X (2.54) ___ em 

xxx.xx 
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(2) Ruska (primary) 

~1 = direct read from LR-239R = em 
xxx.xx 

(3) Ruska (backup) 
LR2 = (DR-239R in em) em 

xx.xx 

(4) Taylor Density 

(Direct Read From DR-273) 
g/mi Dr = 10.15 

x.xxxx 

(5) Ruska Density. 

(LR-239R) - (DR-239R) 
DR= 25.78 g/ml 

x.xxxx 

(6) Lab Density at 25°C 
Dr,· at 25°C = direct from lab results = g/ml 

x.xxxx 

This quantity is the average of two reported lab densities, 

(7) 

(8) 

(9) 

Lab Density at Tank Temperature 
D at T = adjusted from lab results = 
L . ---x.xxxx. 

g/ml 

Temperature 
T = TJR-208-17 direct read oc 

xx.x 

Liquid Level Using Backup Ruska 

LL 
LR 

+ (25.78) = em 
DL at tank temp. xxx.xx 

or 

LL and use alternate calibration equations (not 
DL at tank temp. 

included in this section). 

7.2.2 Liquid Level - Process Control 

(1) For Before-Sampling 
L~C for BS = LR 

1 
for BS/DT 

xxx.xx 
em 

or 
LLpc for BS LR

1 
for BS/DL at 25 = __ _ 

xxx.xx 

when analytical density available. 
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(2) For After-Sampling 
LLpc for AS = LR

1 
for AS/DL at 25 = -:-- em 

xxx.xx 

(3) For After-Transfer 
LLpc for AT = ~1 for AT/DL at 25 ___ em 

1.2.3 Liquid Level - Accountability 

(1) For Before-Sampling 
LLA for BS = ~1 for BS/DL at TJR-BS em 

xxx.xx 

(2) For After...:Sampling 
LLA for AS = ~1 for AS/DL at TJR-BS = em 

xxx.xx 

(3) For After-Transfer 
LLA at AT = ~ for AT/DL at TJR-AS = em. 

xxx.xx 

7.2.4 Volume- Process Control 

Vpc = 68.63 + 10.80859(LLPC) + 0.7543094(LL )2 
0.009221l(LLpC) 3 PC 

for 0 ~ LLPC ~ 22.1 em 

2.613.+ 18.63934(LL ) + 0.36537(LL )2-
U.0015362(L~ )3 PC PC 

for 22.1 ~ LLpc < 92.5 em 

= 651.938 + o.79~64(L~c) + o.523177(Ll1>c)2 

o.001977(Llpc) . 
for 92.·5 < Llpc < ·153.8 em 

liters 
xxxx.x 

Use appropriate Llpc for BS, AS, and AT to calculate \l>c for BS, AS, and 
AT. 

7.2.5 Volume- Accountability 

VA·= ·68.63 + 10.80859(LLA_) + 0~7543094(LLA) 2 

0. 00922l(LLA) 3 

for 0 ~ LLA ~ 22.1 em 

= 2.613 + 18.63934(LLA) + 0.36537(LLA) 2 -
0.0015362(LLA) 3 

for 22.1 < LLA ~ 92.5 em 
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= 651.938 + 0.79564(LLA) + 0.523177(LLA)2 ,-
0. 001977 (LLA )3 

for 92.5 < LLA ~ 153.8 em 

liters 
xxxx.x 

Use appropriate Llp. for BS, AS, and AT to calculate VA for BS, AS, and 
AT. 

7.2.6 Solution Quantity- Process Control 

(1) For Before-Sampling 
\vp(! for BS = (V PC for BS) X (DT frJr BS) :::; ke 

xxxx.x 
or 

Wpc for BS = (Vpc) X (D1 at 25 for this batch) = kg 
xxxx.x 

when analytical results become available. 

(2) For Aft.er-Sampling 
Wpc for AS = (Vpc for AS) X (D1 at 25 for this batch) ___ kg 

xxxx.x 

(3) For After-Transfer 
Wpc for AT = (Vpc for AT) X (D1 at 25 for this batch) = kg 

xxxx.x 

7.2.7 Solution Quantities- Accountability 

(1) For Before-Sampling 
WA for BS = (VA for BS) X (Dt at BS-TJR for this batch) • 
___ kg 
xxxx.x 

(2) For After-Sampling 
WA fut AS = (VA fut A3) X (DL at A3 TJR for thie batch) "" 
___ kg 
xxxx.x 

(3) For After-Transfer 
WA for AT = (WA for AT) X (Dt at AT-TJR for this batch) 
___ kg 
xxxx.x 
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7.2.8 Uranium Concentrations 

(1) For Process Control 
(DL at 25 - 1.001) + .032 (Acid Molarity) 

.318 

g/1 
xxx.xx 

(2) For Accountability 
UA = direct from lab results = mg/g 

xxx.xx 

7.2.9 Uranium Quantities 

(1) For Process Control 
MFc = vPC x uPc x .001 ---kg u 

xxxx.x 

Cal~ulate Mpc for BS, AS, and AT. 

(2) For Accountability 
MA = W A X U A kg U 

xxxx.x 

Calculate MA 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 e: (Mpc from th:f.s h::~tc-.h RS) - (Mpe from this batch AT) = 

....,.----kg u 
xxxx.x 

(3) For A Quantities Received 
QA-R = (~ from this batch BS) - (t1\. from previous batch AT) = 
___ kg.U 
xxxx.x 

(4) For A Quantities Sent 
QA-S = (MA from this batch BS) - (MA from thi.s batch AT) ::: 
---kg u 
xxxx.x 
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7.2.11 Solution Quantities- Transferred/Received 

(1) For PC Quantities Received 
SPC-R = (WPC from this batch BS) - (WPC from previous batch AT) = 

kg'-s sol ---
KXXX.X 

Note W for this batch BS may be calculated either of two ways 
from s~~tion 7.2.6(2). 

(2) For PC Quantities Transferred 
S C = (W from the batch BS) - (W for this batch AT) = 
P ~s k ,PC l PC g s so 

xRxx.x 

Note WPC for this quantity is only calculated by the second method 
of Section 7.2.6(2). 

(3) For A Quantities Received 
SA-R = (WA for this batch BS) - (WA for previous batch AT) = 
___ kg's sol 
xxxx.x 

(4) For A Quantities Transferred 
SA-S = (W~ for this batch BS) - (WA for this batch AT) = 

kg s sol ---
xxxx.x 

7.2.12 Solution Volumes- Transferred/Received 

(1) For PC Quantities Transferred 
~C-S = (Vpc from this batch BS) - (VPC from this batch AT) = 

liters 
xxxx 

(2) For A Quantities Received 
RA-R = (VA for this batch BS) - (VA for previous batch AT) 

liters 
xxxx 

(3) For A Quantities Transferred 
RA-S =.(VA for this batch DS) - (V fot this batch AT) 

l1ters A 
xxxx 

7.2.13 Measurement Control Calculations 

(1) Ruska (primary) to Taylor 
c1 = (LR ) - (LT) _____ em. 

1 xx.xx 

c
1 

calculated for BS, AS and AT measurements. 
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(2) Lab Density at 25°C to After Sample Ruska Density 
C2 = (DL at 25) - (DR) = g/ml.. 

x.xxxx 

~ is calculated for AS only. 

(3) Lab Density at 25°C to Aftei Sample Taylor 
C3 = (DL at 25) - (DT). = g/ml 

x.xxxx 

~ is calculated for AS only. 

(4) Ruska Density to Taylor Density · 
~ = (DR) - (DT) = g/ml 

x.xxxx 

c4 is calculated for BS and AS. 

(5) Lab Density at Tank Temperature to Ruska Density 
C5 = (DL at T) (DR) = g/ml 

x.xxxx 

Cs is calculated for BS and AS. 

(6) Lab Density at Tank Temperature to Taylor Density 
~ = (DL at T) - (DT) = g/ml 

x.xxxx 

~ is calculated for BS and AS. 

(7) Before Sampling to After Sampling - Process Control 

(8) 

7.3 

7.3.1 

C7 = C~c for BS) - C~c for AS) = kg 
xx.x 

Before Sampling to After Sampling - Accountability 
Ca = (WA for .HS) - (WA for AS) = __ kg 

xx.x 

Liquid Waste Measurement (HWW Sample Tank an9 GPW Check Tank 

Measurement Parameter Calculations 

(1) Westinghouse Level 
for HWW Sample Tank 

Lw = Direct trom LR-419W inches 
xxx.x 

·for GPW Check Tank 

·Lw =Direct from LR-412W inches 
xx.x 
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(2) Taylor Level • for HWW Sample Tank 
LT = Direct from LR-419 = inches 

xx.x 
for GPW Check Tank 

LT = Direct from LR-412 inches • xx.x 

(3) Westinghouse Density 
for HWW Sample Tank 

DH 
= (Direct fro~ DR-430W) g/ml 

'l. ~n x.xxxx 
for GPW Check Tank 

(Direct from DR-416W) 
Dw 9.86 = g/ml 

x.xxxx 

(4) Taylor Density 
for HWW Sample Tank 

(Direct from DR-430~ 
Dr 9.50 = ___ g/ml 

x.xxxx 
for GPW Check Tank • (Direct from DR-416) 

' Dr = 9. 86 g/ml 
x.xxxx 

(5) Lab Density at 25°C 
LL at 25 = direct fr.om lab result g/ml 

x.xxxx 

(6) Temperature 
for HWW Sample Tank 

TJR = direct from TJR-414-5 
xx.x 

for GPW Check Tank 

TJR = direct from TJR-415-7 
xx.x 

7.3.2 Calculation of Liquid Level, Solution Volume, and Solution Weight • 
(1) For HWW Sample Tank 

LL = Iw II{.] = ___ inches 
xxx.x 

where I.w and 1{.] as defined for HWW Sample Tank above. 

V = 128.511103 + 20.966280 X LL = __ _ liters 
xxxx.x 
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w V X Dw --,--'-kg 
xxxx.x 

( 2) Fo. r GPW Check Tank 
Lt· = tw/Dw = inches 

xx.x 

wher'e 1w and Dw as defined for GPW Check Tank above. 

V = 24.86 + 15.2765415 X LL = __ liters 
xxx.x 

W=VXI\r ___ kg's 
xxx.x 

W as defined above is calculated for. BS, .AS, and AT data. 

These quantities are used for PC and A.app1ications • 

7.3 .3 Uranium Concentrations. 

U = direct from lab results ___ mg U/.g 
xx.xx 

7.3.4 Uranium Quantities 

M = W X U = grams 
xxx.x 

Calculate M for BS, AS, and AT quantities • 

7.3.5 Uranium Quantities Transferred/Received 

.(1:) ,Quantity Rece.ived 
Qs = M for, .BS this batch - M for AT la.st batch = grams 

xxx.x 

(2) Quantity Transferred 
Q

8 
= M for BS this batch - M for AT last batch grams 

:xxx.x 

7~3.6 Solution Quantities - Transferred/Received 

(1) Quantity Received 
SR = W for BS this batch - W for AT last batch = --- kg's 

xxxx.x 

(2) Quantity 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 
~ = V for BS this batch - V for AT last batch = liters 

xxxx 

~ = V for BS this batch - V for AT this batch = liter~ 
xxxx 

7.3.8 Measurement Control Calculations 

(1) Westinghouse to Taylor Level 
c1 = <rw) - <Lr ) = inches 

xx.x 

(2) Taylor to Westinghouse Density 
~ = (Ow) - (Dr) g/ml 

x.xxxx 

C2 is calculated for BS and AS data. 

(3) Westinghouse to Lab Density 
C3 = ( 1\.1 ) - (Dr, at 2 5 ) = g/ ml 

x.xxxx 

C3 is calculated for AS data. 

(4) Before-Sampling to After-Sampling 
~ = (W for BS) - (W for AS) = __ kg 

xx.x 

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. 

MBACi = [Wpc for BS (in acc't tank) - Wpc for AT of previous batch] -
[Spe-s 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). 
Spe-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 = [SPC-R for acc't tank] - [Spe-s for product tank] 

NOTE: SPC-R is 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] - [SA-S for product tank] 

NOTE: SA-R is described in Section 7.1.11(3). 
SA-S is described in Section 7.2.11(4). 

and 

MBAC4 = [QA-R for acc't tank] - [QA-S for product tank] 

\ 

7.1.10(3). NOTE: QA-R is described in Section 
QA-S is 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 Controller- RTP Universal Controller, Computer Products, 
Inc. 

Temperature Compensator - RTP Uniform Temperature Referenc·e Assembly, 
·._.Computer Products, Inc • 

The RTP system scans selected process instrumentation, collecb;;· stores, 
and· manipulates instrument signals, and transmits instrument data to the 
CNMCAS CPU. 

2.0 INSTRUMENTATION CONNECTED TO THE RTP SYSTEM 

The RTP system currently· receives and processes signals from four major 
types of measurement ins~rumentation. 

(1) Taylor and West.inghouse differential pressure tran.smitters -·'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 analog 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-hack 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-l presents a schematic of the RTP system. 
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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 interruption) 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 i.nstruments 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 a·t four 
minutes. Scan mode 3 is activated two minutes after scan- mod·e 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 thermocouple$ - °C 

Ruska gauges - centimeters of water. 
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The separation of the high pressure 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) 
Dens1 tY = Probe Separator 

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 instrumPnt signal 
values are compared to the alarm points and out-of-limit values printed 
out. 

Alarm srarus cart also 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-l - RTP Data Acquisition System RTP - Instrument Identification 
and Parameter Data. 

Table BS-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. 
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(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, AI 

(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 (N02) 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-01; the digital controller 
as RTP-02. The digital controller channel numbers from the Ruska 
instrumenl:s 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 RTD 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 Correlation 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-01 channel numbers. 
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MEAS. PT. NO./NAME INSTR. 
TANK EQUIP. r;;o. NUMBER 

2 01 LR-121 
Feed Surge Ta_nk DR 164 
17-D-113 TJR-108-9 

2-02 LR-128 
Dissolver Flush DR 167 
Accumulator TJR 108 11 
17-D-111 
2-03 LR-125 

, Accountability LR-125R 
I Tank DR-166 
I 
\ 18-D-101 DR-166R 
! TJR-108-10 

TI-109 

2-04 LR-420 
1 SF Tank DR-439 
42-D-433 AR-401 

! AR-402 
i 

2-05 LR-129 
No. 1 Feed DR-168 
Adjustment Tank TJR-108-12 
17-D-103 
2 06 LR-130 
No. 2 Feed DR-169 
Adjustment Tank TJR 108-13 
17-D-104 
2-07 LR 235 
Off-Spec. UraLium DR-269 
Product Tank TI-
24-D-204 
2-08 LR 309 
Plutonium DR-335 
Rework Tank TJR-305-3 
32-D-301 

• • • 
TABLE BS-1 

RTP DATA ACQUISITION SYSTEM 
RTF-INSTRUMENT IDENTIFICATION AND PARAMETER DATA 

INSTR. INSTR. SCAN PROBE LOW HIGH 
TYPE RANGE MODE SEP. ALARM ALARM 

Taylor 0-135 "H20 3 105 H20 
Taylor 10-19"H20 3 10.47" 
Type K 1 

Taylor 0-290" 3 
Taylor 10-19" 3 9.93" 
Type K 1 

Taylor 0-215"H20 2 183"H2 0 
Ruska 0-10 psi 2 
Taylor 10-19"H20 2 9.94" 
Ruska 0-10 psi 2 9.94" 
Type K 1 
Type K U··l.:>U 0 (; 1 

Taylor 0-129"H20 3 102 "H20 
Taylor 9-14"H7 0 3 9.93" 
a Monitor ·I 
N02 Monitor 1 

Taylor 0-285 H20 2 
Taylor 10-19"H20 2 9.95" 
Type K 1 

Taylor 0 285"H20 2 
Taylor 10-19"H2.0 2 10.12" 
Type K 1 

Taylor 0-130"H20 2 75"H20 
Taylor 10-19"H20 2 9.83" 

Taylor 0 150 H20 3 90 'H?O · 
Taylor 10-18"H20 3 9.93" 
Type K 1 

• 

RTP-01 
TB NO. CH NO. COMMENTS 

11 81 
12 90 
45 356 

10 78 
11 83 
45 358 

9 66 
RTP-Ul _S_l.:>.U) 

11 82 
RTP-Ul {L:J.L.JJ 

45 357 
10 79 

3~ 261 ---
33 258 
33 259 
33 260 

. 10 76 
10 74 
45 359 

9 65 
9 68 

46 360 

15 117 
16 120 

18 140 
18 143 
49 384 



tr.! 
I 

00 

MEAS. PT. NO./NAME 
TANK EQUIP. NO. 

2-09 
Uranium Product 
Sample Tank 
24-D-203 

2-10 
Plutonium Product 
Sample Tank 
34-D-303 

2-11 
No. 1 
Plutonium Produ-::t 
Storage Tank 
35-D-304 
2-12 
No. 2 
Plutonium Product 
Storage Tank 
35-D-305 
2-13 
No. 3 
Plutonium Product 
Storage Tank 
35-D-306 
2-15 
No. 1 Solvent 
System Feec Tank 
51-P-502 
2-16 
No. 2 Solvent 
System Feed Tank 
52-D-503 
2-17 
1BP Surge 'Iank 
32-D-307 

msTR. 
NUMBER 
LR~239 

LR-239R 
DR-273 
DR-273R 
TJR-206-17 

LR-326 
'"iR-32·6R 

DR-374 
TH-305 8 

LR-301 
LR-301R 
DR-304 
TJi.-305-9 

LR-302 
LR-302R 
DR-312 
TJE.-305 10 

LR-303 
LR-303R 
DR-321 
TJR 305 11 

LR-522 
DR-530 
TJR-504-5 

LR 507 
DR 510 
TJR-509 8 

LR-305 
DR-329 
TJR.-305-1 

• 

TABLE B5-l 
(continued) 

RTP DATA ACQUISITION SYSTE'H 
RTF-INSTRUMENT IDENTIFICATION AND PARAMETER DATA 

INSTR. INSTR. SCAN PROBE LOW HIGH 
TYPE RANGE MODE SEP. ALARM ALARM 

Taylor 0-97"H,O 2 7 .3." 73"H20 
Ruska 0-10 psi 2 
Taylor 10-19"H20 2 10.10" 
Ruska 0-10 psi 2 10.10" 
Type K 1 

Taylor 0-105"H20 2 100"H20 
Ruska Not Installed 2 
Taylor 12.s- 20.S"H,o 2 10.0" 
Type K 1 

Taylor D-190"H2 0 2 10"1li20 180"H20 
Ruska Not Installed 2 
Taylor 12.5-20.S"H20 2 8.98 
Type K 1 

Taylor 0-190"H20 2 10"E,O 180"H20 
Ruska Not Installed 2 
Taylor 12.5-20.5 2 9.26 
Type K 1 

Taylor 0-190"H20 2 10"H20 180"H20 
Ruska Not Installed 2 
Taylor 12.5-20.S"H20 2 8.80 
Type K 1 

Taylor 0-160"H20 3 110"H20 
Taylor 8-10"H20 3 9.90" 
Type K 1 

Taylor 0-155"H20 3 110"H20 
Taylor 6 10"H20 3 9.88" 
Type K 1 

Taylor 0-120"H20 3 18"'H20 90"H_2_0 
Taylor 9-14""H20 3 10.22" 
Type K 1 

• • 

RTP-01 
TB NO. CH NO. COMMENTS 

17 129 
RTP-02 (2514) 

17 130 
RTJ>-UZ tZ:>D) 

47 370 

21 161 

21 162 
49 389 

21 165 

21 160 
··-

~9 390 

21 164 

22 171 
0:.9 391 

25 198 

25 199 
so 392 

32 248 
31 245 
47 375 

26 200 
27 214 
t.8 378 

17 131 
19 144 
48 382 



ttl 
I 

"' 

!MEAS. PT. NO./ NAME 
TANK EQUIP. NO. 

2-20 
Carbonate 
Diversion Tank 
51-D-501 
2-21 
Solvent Batch 
Stripping Tank 
42-D-401 
2-22 
Solvent Burner 
Feed Tank 
42-D-402 
2-23 
HWW Sample Tank 
41-D-405 

2-24 
LAWB Check Tank 
42-D-434 

2-25 
Recovered Acid 
Storage Tank 
62-D-605 
2-26 
Service Cone. 
Feed Ta·nk 
44-D-459 
2-27 
Service Cone. 
Ck. Tank 
44-D-460 
2-28 
GPW Check Tank 
43-D-409 

INSTR. 
NUMBER 

LR-516 
DR-523 
TJR-509-2 

LR-401 
DR-401 
TJR-509-9 

LR-402 
DR-402 
TJR-509-12 

LR 419 
LR-419 W 
DR-430 
DR-430 W 
TJR-414-5 

LR-427 
DR-448 
TJR-414-10 

LR-617 
DR-646 
TJR-607-1 

LR-428 
RR-456 

LI-431A 
TJR-415-22 

LR-412 
LR-412 w 
DR-416 
DR-416 H 
TJR-415-7 

• • 
.TABLE BS-1 
(continued) 

RTP DATA ACQUISITION SYSTEM 
RTP-INSTRUMENT IDENTIFICATION AND PARAMETER DATA 

INSTR. INSTR. SCAN PROBE LOW HIGH 
TYPE RANGE MODE SEP. ALARM ALARM 

Taylor Q-57"H20 3 40"H;>O 
Taylor 13.6-17.7"H20 3 16.83" 
Type K 1 

Taylor 0-81. 7"H20 3 48"H20 
Taylor 15.8-20.8 3 19.80" 
Type K 1 

Taylor 0-147"H20 3 lO"R, 0 llO"H20 
·-Taylor 16.4-2 4 "H20 3 19.87" 

T)'_(le K 1 

Taylor 0 204"H20 2 l8S"H20 
Westinghouse 0-204"H20 2 
Taylor 10-15"H20 2 9.50" 

Westinghouse 10-15 H20 2 9.50" 
Type K 1 

Taylor Q-87"H20 3 
Taylor 9-14"H20 3 10.48" 
Typ_e K 1 

Taylor Q-345"H20 1 34.S"H20 310"H20 
Taylor 10-16"H20 1 9.91" 
TY£e K 1 

Taylor 0-57"Hz0 1 12"H20 43"Hz0 
Y Monitor 1 

Taylor 0-75.2"Hz0 1 
Type K 1 

Taylor 0-71.3"H20 2 50"Hz0 
Westinghouse 0-71.3"H20 2 
Taylor 8-14"Hz0 2 9.86" 

Westinghouse 8-14 H,O 2 9.86" 
Type K 1 

.. 

RTP-01 
TB NO. CH NO. COMMENTS 

29 227 
30 233 
47 372 

27 212 
26 201 
48 379 

26 207 
26 204 
48 381 

33 262 
4 59 

33 263 
4 60 

so 395 

36 281 
35 276 
51 400 

1 1 
1 0 

45 352 

41 321 
41 322 

42 331 
52 415 

43 340 
4 61 

43 336 
4 62 

52 409 



to 
I ...... 

0 

MEAS. PT. NO./NAME 
TANK EQUIP. NO. 

2-29 
Sump Collection 
Tank 
43-D-412 
2-32 
lBU Recyc2.e Tank 
21-D-210 
2-33 
lBX Anolyte 
Feed Tank 
21-D-213 
2-34 
HAW Surge Tank 
41-D-417 

2-35 
LAW Concentrator 
Feed Tank 
42-D-406 . 
2-36 
G. P. Concentrator 
Feed Tank 
43-D-408 
2 37 
No. 1 Iod::.ne 
Scrubber 
45-K-425 

2-38 
No. 2 Iod~ne 
Scrubber 
45-K-425 

2-39 
Acid Fractionator 
Diversion Tank 
54-D-506 

• 

lNSTR. 
~lJMBER 

L!l.-406 
DR-411 
t:JR-415-4 

Ll!-209 

Ll-210 
TJR-206-6 

LF.-417 
DF.-426 
T:JR-414-3 

LF.-425 
J)(i_-445 
TJR-414-7 

LF.-405 
~.-410 

TJR-415-2 

L!i.-465 
U-464 
~.-4137 

TJR-415-9 

LF. 470 
LJi-469 
Dil.-4142 
TJR-415-3 

LF.-530 

TABLE BS-1 
(continued) 

RTP DATA ACQUISITION SYSTEM 
RTF-INSTRUMENT IDENTIFICATION AND PARAMETER DATA 

INSTR. INSTR. SCAN PROBE LCW HIGH 
TYPE RANGE MODE SEP. ALARM ALARM 

Taylor 0-169"H20 3 lOO"H20 
Taylor 10-16"Hz0 3 9.84" 
Type K 1 

Taylor 0-6l"H20 3 SS"H20 

Taylor 0-4l"H20 1 lO"H20 
Type K 1 

Taylor 0-117"H20 3 105"H20 
Taylor 10-15"H20 3 10.09" 
Type K 1 

Taylor 0-92"H20 3 75"HzO 
Taylor 8-13"H20 3 9.91" 
Type K 3 

Taylor 0-145"H20 3 120"H,o 
Taylor 7-12"H20 3 10 .10" 
Type K 1 

Taylor 0-49"H20 1 40"H20 
Taylor 0-5-H20 1 4"H20 
Taylor 9-14'~H20 1 I 9.37" -
Type K 1 

Taylor 0-49"R20 1 42"H20 
Taylor 0 S"H20 1 !"H20 
Foxboro 9-12"H20 1 9.92" 
Type K 1 

Taylor 0-180"H20 1 l60"H20 

• • 

RTP-01 
TB NO. CH NO. COMMENTS 

44 346 
43 337 
51 406 

5 39 

5 33 
46 366 

30 238 
30 237 
so 393 

35 274 
34 264 
so 397 

44 345 
43 342 
51 404 

37 292 
38 299 

I 37 288 
I 52 411 

39 306 
37 290 
37 294 
51 405 

44 344 



o:; 
I ...... 

...... 

MEAS. PT. NO./NAME 
TANK EQUIP. NO. 

2-40 
Dissolver Acid 
Surge Tank 
61-D-602 

2-41 
Hull Rinse 
Surge Tank 
61-D-617 
2-42 

i UFG Recycle 
Acid Tank 
62-D-621 

: 2-45 
No. 2 Dissolv~r 
15-C-102 

2-46 
No. 3 Dissolver 
15-c-103 

2-48 
No. 1 Dissolv~r 
Transfer Tank 

I 15-D-107 
i 2-49 
! No. 2 Dissolver 

Transfer Tank 
15-D-108 
2-50 
No. 3 Dissolver 
Transfer Tank 
15-D-109 

INSTR. 
NUMBER 

LR-607 
DR-615 
AR-605 . 
AR-606 

LR-604 

LR-623 
DR-678 

LR-101 
DR-'101 
TR-105 

LR-102 
DR-102 
TR-106 

LR-103 
DR-103 
TR-107 

LR-105 
DR-160 
TJR-108-1 

LR-109 
DR-161 
TJR-108-2 

LR-113-
DR-162 
TJR-108-3 

• • 
TABLE BS-1 
(continued) 

RTP DATA ACQUISITION SYSTEM 
RTF-INSTRUMENT IDENTIFICATION AND PARAMETER DATA 

INSTR. 
- TYPE 
Taylor 
Taylor 
n Monitor 
n Monitor 

Taylor 

Taylor 
Taylor 

Taylor 
Taylor 
Type K 

Taylor 
Taylor 
Type K 

Taylor 
Taylor 
Type K 

Taylor 
Taylor 

Taylor 
Taylor 
Type K 

Taylor 
Taylor 
Type K 

INSTR. 
RANGE 

0-150"H20 

0-115"Hz0 

0-149"H20 
10-15"H20 

0-80"H20 

0-235"H20 
14-24"H20 

SCAN 
MODE 

1 
1 

I 1 

1 

1 
1 

1 

0-235"H20 i 
14-24 H20 

1 

0-235"H20 
·14.,-24 "H20 1 
:>U- l.:>U .. C 1 

0-330"H20 1 
S-10"H20 1 

. 1 

0-330""H20 1 
S-10"H20 1 

1 

Q-330"H20 1 
S-10"H20 1 

1 

PROBE 
SEP. 

10.00" 

9.90" 

14.21" 

14.43" 

14.56 .. 

4.99" 

5.02" 

5.03" 

LOW 
ALARM 
30"H20 

42"H20 

HIGH RTP-01 
ALARM !rB NO. CH NO. 

10S"H2C . 2 14 
2 13 
3 18 
2 15 

3 17 

5 
4 

60"H2C 

2 9 
22.6"H20 2 8 

2 10 

169"H20 11 86 
22.6 H20 11 85 

11 80 

169"H20 10 73 
22.6"H20 12 89 

9 67 

135.3"H2C 2 12 
2 11 

45 353 

135.3"H20 10 72 
11 84 
45 354 

135.3"H20 12 88 
11 87 
45 355 

COMMENTS 



t;l:l 
I ,_. 

N 

TABLE BS-1 
(continued) 

RTP DATA ACQUISITION SYSTEM 
RTP-INSTRUMENT IDENTIFICATION AND P~ffiTER DATA 

MEAS. PT. NO./NAME HISTR. INSTR. INSTR. SCAN.,----.,--P.,_R-0-::-B::-::E--,--::--LO::-:W-:---r-:ffi:=·::-:G::-:Hc----- RTP-01 l 
TANK EQUIP. NO. NUMBER TYPE RANGE MODE SEP. ALARM ·--=:AL~AR~M--,---1-"T-=-B NO. CH NO. COMMENTS 

3 f-;;-2--;:.:52~.:.:.:....::c=:::::...::.....::.:..:...:_r,L~F::-=: ""2""o71:;.:__-t;;T,=.a.::cy:;=lor·--+-----,oc--"="260"H20 3 140"H20· 9 64 __ . 

HA Feed Tank DR-201 Taylor 10-19"H20 3 9.91" ----:-:9-i--o:-:6,--9 _ _,'------------
( 21-D-201 . TH-206-1 Type K ---t--1----11------+----+-----i--4_6_1_ 361 

~-=~----------~~~8----~~----~--~~~o~-+~3~-+-------~-----+------+--~1~7_,--~13~2~r-------~. 2-53 LR-23 Taylor 0-9/"Hz 
Uranium Product DR-272 Taylor l0-J9"H20 3 9.76" 17 13""'3:---t-----------4 

Catch Tank r-T.::c~~·~~-~2~0~6_-~16~rT~y£pe~K~-t---------~~1~-4---~------+-----~--4_7_+-·-3~6~9·---· 3· 
24-D-202 -

~2~-~574~~-----rL::-:R::-:-~3~2~5--~T,-a-y7lo-r--+-~c,-,-~9~3~"H~2~.0::-:--+--=-3--+----+-10~.,~.H,-2~0-1--~8~5~"H20 22 169 · • 
Plutonium Product DR·-372 Taylor 12.5-20.5"H20 3 9.94" -- ---23---r-· 178 ·----~~ 
Catch Tank TJ:t-305-7 Type K 1 -49-r--388-'--------=---· 
34-D-302 i ----t-1--=---
2-56 ~! L~R~-~4~1~8 __ ~T=a~yl~o~r~--+--~C~•-=2700~"H~2~0~~~3~-1~~c~·~-+-----+----------~-~3~3~-+-~2~5~6:--t-------HWW Catch Tank ',· DR-428 Taylor 10-15"H-O 1 3 9.85" 34 268 

~~~~-~~~-+---:..:...:_.::.;~·~/--~--+~~:;.:_-+------~~------,_~~-+~~-+---------~ I 41-D-404 TJR-414-4 Type K • 1 I 50 394 , 
I \ ! 

I. 2 57 LL~R~-~4~0~3 __ ~T~a~y~Io~r~-+--~0~2~5~"H~2~0~-+~1--+----+-----r-------~~2~7_,~~2~0~8-+-------~ 
Solvent Burner r-'D~R::-::~,-4~0~3~~~T,-a~y_Io_r_-+---8_-_1_3_"H~2~0--+-::--1--+----+----~-----r-~:--+-~1~9~5_,1. ______ ~ 

'I Quench Pot TJR-509-10 Type K ' 1 48 380 . ' 
42-D-440 TJR-509-11 Type K ; 1 51 403 I 

f-;;-2--~58~------'--f-'L::-:R::-:-~4~1~3----~T,-a-yl~o-r--+--~a,--~4~8~"H~2~0:---+-l:---~---r-1::-:2~"~H,-2~D-r~4~07."~H,-2C~r-~4~3_,r--~3~3S-------------~ 
G.P. Dist. RR-423 'Y Monitor 1 36 282 !I 

Receiver . 
43-D-410 i i 
2-59 LI-466 Taylor 0-9l"H20 1 78"H20 80"H2C• 37 295 I I 
DOG Vacu~ Breaker 
45-D-432 I 
2-60 LR-514 
100 Filter 
Pump Tank 
51-D-507 
2-61 
200 Filter 
Pump Tank 
52-D-509 

LR-504 

• 

Taylor 0-3l"H20 

Taylor 0-3l"H20 

• 

! 
i 

10 "H2'--0-+--3~0'-'-'H-=2_0-+i __ 3...:.0_i-_2_3.-'2-t--------~--l 

30 "H2::..:0~-If---'2:..:8;.__t--=2:.:1~8--l·-----------i 



• 

. 
MEAS. PT. NO ./N.!IME INSTR. 

TANK EQUIP. NO. NUMBER 
2 62 Ll 529 
Acid Fractionator TJR-414-13 
Accumulator RR 5:>5 
54-D-505 
2 64 LR-612 
0.01 Molar Cold 
Acid Makeup Tank 
62-D-620 
2-66 Ll-203 
HAW Decanter DR-206 
21-D-211 
2-67 Ll-221 
lCU Decanter ' DR-230 
21-D-212 
2-68 Ll-230 
2EU Decanter DR 260 
22-D-209 
2-69 Ll-409 
Sump Collector DI-412 
Tank Decanter TJR-415-5 
43-D-411 
2-70 LI-515 
Solvent Treat DR-522 
Waste Decanter 
51-D-511 

. 2-75 FR-241 
j HAF Headpot 
! 21-D-241 
,2-76 DR-207 

HAP _Headpot 
I 21-D-242 
~ 2 78 LI 241 

lSP Metering 
Head pot 
21-D-271 
2-79 FR-205 
lBP Metering 
Head pot 
21-D-273 

TABLE BS-1 
(continued) 

• 

RTP DATA ACQUISITION SYSTEM 
RTF-INSTRUMENT IDENTIFICATION"AND.PARAMETER DATA 

INSTR. INSTR. SCAN PROBE LOW HIGH 
TYPE RANGE MODE SEP. ALARM ALARM 

Taylor 0 90"H20 1 12 ''H2 0 56"H20 
Type K 1 
Y Monitor 1 

Taylor 3 

! Taylor 0-lOO"H,O 1 
Taylor 8-13"H,O 1 9.78" 

Taylor O-lOO"H_2._0 1 
Taylor 8-13"H20 1 9.97" 

Taylor 0-53"H20 1 
Taylor 8-13"H20 1 9.89" ! 

Taylor 0-57"H20 I 1 
Taylor 7-12"H20 1 9.90" 
Type K 1 

Taylor 0-57"H20 1 i 45"H20 
Taylor 36-50"H20 1 47.00" . i 

Taylor 0-29.84"H20 1 

Taylor 8-lO"H20 1 

Taylor 0 29"H20 1 J"H20 

Taylor 0-22.6"H20 1 13"H20 I 

RTP-01 
rr'B NO. CH NO. COMMENTS 

35 273 
51 402 
35 279 

3 19 

7 53 
8 58 

15 119 
15 113 

15 115 
15 112 

43 339 
42 335 
51 407 

31 240 
31 244 

5 38 

8 57 
; 

7 48 

6 41 



MEAS. PT. NO./NAME INSTR. 
TANK EQUIP. NO. ~UMBER 

2-84 ':'JR-305-6 
3PD K.O. Pot AR-306 
34-D-378 
2-86 lL[ 468 
Vessel Off-Gas 
K.O. Pot 
45-D-441 
2-87 PK-462 
Dissolver Off-Gas 
K.O. Pot 
45-D-442 
2-88 Ll-523 
No. 1 Solvent 
Overflow Headpot 
51-D-552 
2-94 U-510 
No. 2 Solvent 
Overflow Headpot 
52-D-562 
2-103 IJ'R-208 
HS Column LR-205 
21-C-201 U'-206 

IDR-209 
!AR-208 

2-104 IJ'R-224 
1BX Column LR-216 
21-C-202 DR-223 

2-105 YR.-227 
lC Column LR-219 
21-G-203 DR-226 

2-106 ~-215 
1BX Electrocell LR-212 
21-G-275 DR-220 

~-209 

• 

TABLE BS-1 
(continued) 

RTP DATA ACQUISITION SYSTEM 
RTF-INSTRUMENT IDENTIFICATION AND PARAMETER DATA 

INSTR. INSTR. ~CAN PROBE LOW HIGH 
TYPE RANGE '!.ODE SEP. /&.LARM ALARM 

Type K 1 
a Monitor - 1 

Taylor ID 9"H20 1 &"H20 

Masoneilan 3-15 psig 1 

Taylor ID-24"H20 1 12"Hz0 

Taylor 0-24"H20 1 6"H20 lB"H20 

Taylor 30«l-500"H2 0 1 
Taylor L5. _:;-24 "HzO 1 I 
Taylor 0-40"H20 1 22''H,O 
Taylor 7 -ll"HzO 1 9.59" 
a Monitor 1 

Taylor 320-520"H2 0 1 
Taylor 14-23.4"H20 1 ! 

Taylor 7 -ll"H2._0 1 9.93" 

Taylor :<75-:o425"H,O 1 
Taylor 114.1to22.4"H2 0 1 
Taylor t)-ll"H20 1 9.83 

Taylor 0-165"H20 1 
Taylor 8-11"H20 1 
Taylor 7-ll"H20 1 9. 8_4' 
a Monitor 1 

• • • 

RTP-01 
II!! NO. CH NO. COMMENTS 

-49 387 
23 177 

37 289 
' 

38 302 

' 32 249 

; 27 211 

-·-
' 
i 

5 35 
! 5 34 

7 51 
I 5 37 
! 5 32 
' 
i 6 40 
I 6 -42 

6 44 
' 

6 46 
14 106 
14 108 

6 45 
6 47 
7 50 
7 54 

• 



t:C 
I ...... 

1..11 

• 

MEAS. PT. NO./NA..I\ofE 
TANK EQUIP. NO. 

2-107 
2D Column 
22-C-204 

2-108 
2E Column 
22-c-205 

2-109 
2A Column 
32-c-301 

2-110 
2B Column 
32-C-302 

2-111 
3A Column 
33-C-303 

2-112 
3B Column 
33-c-306 

2-113 
3PS Diluent 
Wash Column 
33-c-309 

INSTR. 
NUMBER 

WR-252 
LR-225 
L -224 
DR-251 

WR 256 
LR-228 
DR-257 

~-334 
LR-308 
LI-307 
!>_R-333 

WR-341 
LI-314 
LR 313 
DR-340 
AR-303 

WR-347 
LR-316 
Ll-315 
~R-346 
I!_JR-305-

IWR-352 
LR-320 

I-327 
DR-351 

WR-358 
~-323 
il.ol-322 
[llR.-357 

• • 
TABLE BS-1 
(continued) 

• 

RTP DATA ACQUIS.ITION SYSTEM 
RTF-INSTRUMENT IDENTIFICATION AND PARAMETER DATA 

INSTR. INSTR. SCAN PROBE LOW HIGH 
TYPE RANGE MODE SEP. ALARM ALARM 

Taylor 300-545"Hz0 1 
Taylor 14.1-22.4"H20 1 
Taylor 0-24"H20 1 22"H20 
Taylor 7-11 "H20 1 9.6" 

Taylor 280-420"H20 1 
Taylor 14.6-21.8"H20 1 
Taylor 6-11''H20 1 lU.Ul' 

Taylor 0-548.5"H20 1 i 
Taylor 7.5-27.5"H20 1 
Taylor 0-20'1120 1 15"H20 
Taylor 7-10"H20 1 9.10" 

Taylor 0-430"H20 1 
Taylor 0-22"H20 1 
Taylor 7.3 10.9 'H_20 1 10. 7"H20 
Taylor 7-10"H20 1 'l~'l 

a Monitor 1 

Taylor 0-548.5"H20 1 
Taylor 13.6-24.4"H20 1 
Taylor 0-45"H20 1 15"H2 0 
Taylor 7-10"H2 0 1 9.92 
Type K 1 

Taylor 0-650"H2 o 1 
Taylor 7 .3-ll"H2 0 1 9.5''H 0. 
Taylor 0-20"H2 0 1 
Taylor 7-10"H2 0 1 'l.'ll 

Taylor 0-196"H2 0 1 
Taylor 12.1-22.4"H2o 1 
Taylor 0-20"~0 15"H20 
Taylor 6-10"H20 1 9.97 

RTP-01 
rrB NO. CH NO. COMMENTS 

13 96 
13 100 
13 101 
14 107 

16 122 
14 105 
15 114 

20 153 
19 149 
19 150 
19 146 

19 147 

19 151 
18 141 
19 148 

23 180 
22 168 
24 185 
23 181 
49 386 

22 170 
24 186 
23 183 
24 184 

23 182 
21 163 
23 176 
23 179 



MEAS. P'I. NO./NAME INSTR. 
TANK EQUIP. NO. NUMBER 

2-114 WR-442 
1S Column LR-422 
42-C-401 LI-421 

DR-441 

2-115 WR-520 
' 10 Co lt.DDn LR-513 

51-C-501 LI-511 
DR-518 

2-116 WR.-524 

l 1P Column LR-518 
51-c-502 LI-517 

DR-525 

2-117 WR.-527 
1R Collimn LR-520 
51-c-5C3 LI-519 

DR-526 

2-118 WR.-504 
I 20 Coh:mn LR-503 I 52-C-5C4 Ll-502 

pR-502 
i 
1 2-119 WR-508 
j 2P Coll=.mn LR-506 

52-c-505 LI-505 
~R-509 

2-120 LR-222 
1CU Concentrator DR-249 
21-F;-261 TR-204 

2-121 LR-240 
2EU Concentrator DR-267 
24-E-260 TR-205 

TABLE BS-1 
(continued) 

RTP DATA ACQUISITION SYSTEN 
RTP-INSTRilllENT IDENTIFICATION AND PARAMETER DATA 

INSTR. INSTR. SCAN PROBE LOW ! HIGH 
TYPE RANGE MODE SEP. ALARM ALARM 

Taylor ~25-375"HzO 1 
ray lor 13.4-22.2"Hz0 1 
Taylor 0-20"Hz0 1 15"Hz0 
Taylor 7-12"H20 1 10.03" 

Taylor 250- 340."H20 1 
Taylor 14.2-21.4"Hz0 1 
Taylor 0-20"Hz0 1 16"HzO 
Taylor 5-10"Hz0 1 9~" 

Taylor 0-235"H20 1 
Taylor 16.4-20.2"Hz0 1 
Taylor 0-20"H20 1 15"Hz0 
Taylor 6-10"H20 1 ~. /4" 

Taylor 250-389.5"H20 1 ' 
Taylor 14.2-21.4"~0 1 
Taylor 0-20"H7 0 1 16"H2) 
Taylor 5-10 ''H20 1 10.4" 

' ; 
Taylor 250-389.5'H20 1 1 
Taylor 14.2-21.4"Hz0 I 1 
Taylor 0-20"Hz0 1 16 "HzJ 
Taylor 5-10"Hz0 1 lU.Y ! 

j 

Taylor U-:tl::J" H2U . 1 ; 

Taylor 15-19"Hz0 1 
Taylor 0-20"H20 1 11 "Rz.O 
Taylor 6-10"H20 1 ~.0 

Taylor 0-138. 7"HzO 3 55"H20 105 "H2() 
Taylor 10-19"H20 3 9.93" 14.88"HzO 
Type K I::J-lL::J'(.; 1 

Taylor 0-125.4"H20 3 55"H20 95 "HZ() 
Taylor 1D-19"H20 3 10.04" 14.88"H20 
Type K 75-12suc 1 

I 

RTP-01 
IB NO. CH NO. COMMENTS 

34 265 
34 271 
35 272 
35 278 

25 193 
' 25 194 ' 

25 196 
27 210 

i 31 246 
31 243 

' 31 242 
I 30 239 

29 225 ' 
29 228 

-i 30 236 
29 226 

! 

28 216 
26 206 
27 209 

I 27 215 
l 

28 217 : 
; 26 202 

27 213 
26 205 

13 102 
14 109 
13 103 

15 118 -
16 121 
14 111 



MEAS. PT. NO./NAME INSTR. 
TANK EQUIP. NO. NUMBER 

2 122 LR-324 
3P Concentrator DR-368 
34-E-360 TR-303 

2-123 LR-414 
HAW Concentrator DR-424' 
41-E-460 ~-405 

2-124 ~-426 
LAW Concentrator DR-446 
42-E-461 rrJR-414-8 

[J:JR-414-9 

2-125 LR-411 
General Purpose DR-414 
Concentrator '!'JR-415-6 
43-E-445 
2-126 ~..R-430 

Service DR-458 
Concentrator TJR-415-21 
44-E-462 
2-127 i~--I-131 

I tAR· 101 ' Feed Centrifuge 
16-K-153 
2-129 LR-467 
NOz Absorber DR-4140 
45-C-490 TJR-415-10 

. 2-130 LR-528 
Aciq Fractionator DR-551 
54-c-550 ~JR-414-12 

2-131 ILR-531 
Acid Fractionator 
Overhead Vaporizer 
54-E-502 

• • 
TABLE BS-1 
(continued) 

• 

RTP DATA ACQUISITION SYSTEM 
RTF-INSTRUMENT IDENTIFICATION AND PARAMETER DATA 

INSTR. INSTR. SCAN PROBE LOW HIGH 
TYPE RANGE MODE SEP. ALARM ALARM 

Taylor 0 115"Hz0 1 80"HzO 94"HzO 
Taylor 12.5-20.5"H20 1 9.91" 
Taylor 50-15<1-'C 1 115"c 

Taylor 0-88"H20 1 85"Hz0 
Taylor 10 15"H20 1 9.74" 14.3"Hz0 
Taylor 50-150"C 1 118"c 

Taylor 0-75"H20 1 2l''H20 66"HzO 
Taylor 8-13"H20 1 10.18" 
Type K 1 ' 
Type K 1 

Taylor 0-62".Hz0 1 32"Hz0 46"H20 
Taylor 8-13"Hz0 1 9.84" I 

Type K 1 

Taylor 0-llO"HzO 1 I 66"H·O 90"H?O 
Taylor 9-14"Hz0 1 l 9.90" 
Type K 1 

Taylor 0-66"Hz0 1 
Y Monitor 1 I 

I 
Taylor 0-3l.l"Hz0 1 24 "HzO 
Taylor 9-14"1120 1 9.97" 
Type K 1 I 

Taylor 0-65"H20 1 I 
Taylor 10-15"H20 1 10.48" 
Type K 1 

Taylor 0-36"Hz0 1 27" 
i 

• • 

RTP-01 
B NO. CH NO. COMMENTS 

22 173 
21 167 
22 172 

32 250 
30 234 
31 241 

34 269 
34 267 
50 398 
50 399 

42 328 
42 329 
52 408 

41 325 : 

42 332 
52 414 

10 77 
10 75 

38 297 
37 293 
52 412 I 

35 277 
36 280 
51 401 

41 327 



ttl 
I ,..._ 

00 

I 

MEAS. PT. NO./NAME 
TANK EQUIP. NO. 

2-133 
HAF Streao 
2-134 
HAP 

2-135 
HAW 
2-136 
HSP 

2-137 
1BP 

2-139 
1CU 

2-140 
1UD 
2-142 
2DF 
2-143 
2DW 
2-146 
2EU 

2-147 
2UD 
2-149 
Uranium Product 
2-150 
2AF 
2-152 
2AW 
2-153 
3PD 
2-155 
2BX 

• -· 

INSTR. 
:~lJMBER 

TJR-206 2 

TJR-206-4 
TF.-202 
H.-242 

T:R-206-3 

T..:iR-206-5 
RR-242 

1:-304 
ft.Jt-201 

FR-222 
AI-207 

TJR-206-ll 

':I-203 

AR-205 

~-229 

RR-255 

'LJR-206-14 

I:Ut-270 

IJ'JR-305-2 

lt-R-302 

ITJR-305-l-

iCR-667 
I 

TABLE BS-1 
(continued) 

RTP DATA ACQUISITION SYSTEM 
RTF-INSTRUMENT IDENTIFICATION AND PARAMETER DATA 

INSTR. INSTR. SCAN PROBE LOW 1-iiGH 
TYPE RANGE MODE SEP. ALARM t.LARM 

Type K 1 

Type K 1 
Type K u-1uuvc 1 
Taylor 1 

Type K 1 

Type K 1 
y Monitor 1 

Type K u-J.uu-l: 1 
a. Monitor 1 I 

Taylor 1 
a. Monitor 1 

Type K 1 

Type K o-1oooc 1 ! 
I 

lJ Monitor 1 

Taylor 1 
y Monitor 1 

Type K 1 
I 

y Monitor " 1 I 

Type K 1 

a. Monitor 1 

Type K 1 

Cond. Monitor 1 

I 

! 

I 

! 

I 

; 
: 

' ' 
i 
: 

' 

i 

' 
: 

I 

I 
I 
I 

i 
! 

• • • 

RTP-01 
B NO. CH NO. COMMENTS 

46 362 

46 364 
7 52 
7 49 

.:.6 363 
: 

:.6 365 
5 36 

l8 136 I 

6 43 

14 110 
7 55 

46 367 

13 97 

-9 71 

14 104 
13 98 

47 368 

13 99 

48 383 

18 137 

49 385 

1 3 

• • 



t:d 
I ,__ 

\.0 

MEAS. PT. NO./NAME 
TANK EQUIP. NO. 

2-156 
3AF 
2-157 
3AW 
2-158 
2AS 

I 2-16o 
, 3BW 

2-161 
3BP 

J 2-162 
POR 
2-166 
HWD 
2-167 

i GPD 

i 
i 2-168 
L lSW ! 2-170 
1 Diss. OG 
i Condensate 

2-171 
VOG Condensate 
2-172 
10F 
2-173 
lOW 
2-175 
1PO 
2-176 
Poi!loned Cooling 
Water 
2-178 
HAX 
2-179 
20F 
2-180 
2PF 

INSTR. 
NUMBER 

TI-302 

AR-304 

CR-666 

AR-305 

RR-364 

AR-307 

TJR-414-6 

TJR-415-8 
FR-404 
,R-405 

AR-403 

TI-407 

TJR-415-12 

TJR 509-1 

TJR-509-3 

TJR-509-4 

RR-601 

TR-505 

TJR-509-6 

TJR-509 7 

• • • • 

TABLE BS-1 
· (continued) 

RTP DATA ACQUISITION SYSTEM 
RTP~INSTRUMENT IDENTIFICATION AND PARAMETER DATA 

INSTR. INSTR. SCAN PROBE LOW HIGH 
TYPE RANGE MODE SEP. ALARM ALARM 

Type K U-.lUU'l: 1 

a Monitor 1 

Cond. Monitor 1 

a Monitor 1 

y Monitor 1 

a Monitor 1 

Type K 1 

Tyjl_e K 1 
Taylor I 1 I 
Taylor 1 : 

a Monitor 1 I 

Type K o-10ooc 1 

Type K 1 

Typ_e K 1 

Type K I 1 
! 

Type K 1 

y Monitor 1 

Type K O-loooc 1 

Type K 1 

Type K 1 

• • 

RTP-01 
TB NO. CH NO. COMMENTS 

18 139 

20 152 

1 2 

22 174 

22 175 

20 154 

50 396 

52 410 
41 323 
41 324 

33 257 

39 305 

52 413 

47 371 

47 373 

47 374 

1 7 

31 247 

48 376 

48 377 



t:C 
I 

N 
0 

MEAS. PT. NO./NAME 
TANK EQUIP. NO. 

2-181 
Rec. Acid 
2-182 
AF Condensate 

• 

INSTR. 
1 NUMBER 
TI-507 

TI-508 
FR-532 
FR-531 

TABLE B5~1 
(continued) 

.RTP DATA ACQUISITION SYSTEM 
RTF-INSTRUMENT IDENTIFICATION AND PARAMETER DAT~ 

INSTR. INSTR. SCAN PROBE LOW HIGH 
TYPE RANGE MODE SEP. ALARM ALAR.. 'I 

Type K •)-100°C 1 

Type K •J·-l.UUuC 1 
Taylor 1 
Taylor 1 

• • 

' RTP-01 
TB NO. CH NO. COMMENTS 

35 275 

34 266 
43 343 

I 43 341 
' 
' 

• 



TABLE BS-2 

RTP-01 CHANNEL NUMBERS VS INSTRUMENT IDENTIFICATION NUMBERS 

• RTP RTP RTP RTP 
T Instr. T Instr. T Instr. T Instr. 
B Ch. ~dent. B Ch. ~dent. B Ch. ~dent. B Ch. !dent. 

No. No. SM No. No. No. SM No. No. No. . SM No. No. No. rsM No. 

• 0 1 . DR-646 32 1 AR-208 64 3 LR-201 96 1 .WR-252 

1 1 ·LR-617 33 1 LI-210 65 2 LR-130 97 1 Tl-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 TR-107 13 99 1 RR-270 

4 1 DR-678 36 1 RR-242 68 2 DR-169 100 1 LR-225 

5 1 LR-623 37 1 DR-209 69 3 DR-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 71 1 AR-205 103 1 TR-204 

• 8 1 DR-101 40 1 WR-224 72 1 LR-109 104 1 FR-229 

9 1 LR-101 41 1 FR-205 73 1 LR-103 105 1 LR-228 

10 1 TR-105 42 1 LR-216 74 2 DR-168 106 1 LR-219 

2 11 1 DR-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 LI-131 109 3 DR-249 

14 1 LR-607 46 1 WR-227 78 3 LR-128 110 1 FR-222 

15 1 AR-606 47 1 LR-212 79 1 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 LR-121 113 1 DR-230 

18 1 AR-605 50 1 DR-220 82 2 DR-166 114. 1 DR-257 

3 19 1· LR-612 7 51 1 LI-206 11 83 3 DR-167 15 115 1 LI-230 

20 52 1 TR-202 84 1 DR-161 116 

21 53 1 LI-203 85 1 DR-102 117 2 LR-235 · 

22 54 1 AR-209 86 1 LR-102 118 3 LR-240 

23 55 1 AI-207 87 1 DR-162 119 I LI-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 DR-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.Dd. 62 2 DR ·-416W 9'• 126 

31 63 95 127 

·-

B-21 



RTP 
T 
B Ch, 

No. No. 

128 

129 

130 

17 131 

132 

133 

134 

135 

136 

137 

138 

18 139 

140 

141 

142 

143 

144 

145 

146 

19 147 

148 

149 

150 

151 

152 

153 

154 

20 iss 
156 

157 

158 

159 

TABLE BS-2 
(continued) 

RTP-01 CHANNEL NUMBERS VS INSTRUMENT IDENTIFICATION NUMBERS 

RTP RTP RTP 
Instr. T Instr. T Instr, T Instr. 

~dent. B Ch, ~dent, B Ch. ~dent, B Ch. ~dent, 

SM No, No. No. SM No, No. No. SM No. No. No. SM No, 

160 2 DR-304 192 224 

2 LR-239 161 2 LR-326 193 1 WR-520 225 1 WR-527 

2 DR-273 162 2 DR-374 194 1 LR-513 226 1 DR-526 

3 LR-305 21 163 1 LR-323 25 195 1 DR-403 29 227 3 LR-516 

3 LR=238 1M 2 LR·J02 196 1 u~sq 228 1 LR-520 

3 oa-2n 165 2 l.R-301 .1117 l2~ 

166 198 2 LR-303 230 

167 1 DR-368 199 2 DR-321 231 

1 TI-304 168 1 LR-316 200 3 LR-507 232 1 LR-514 

1 AR-302 169 3 LR-325 201 3 DR-401 233 3 DR-523 

170 1 WR-352 202 1 LR-506 234 1 DR-424 

1 TI-302 22 171 2 DR-312 26 203 30 235 

3 LR-309 172 1 TR-303 204 3 DR-402 236 1 LI-519 

1 DR-340 173 1 LR-324 205 1 DR-509 237 3 DR-426 

174 1 AR-305 206 1 LR-503 238 3 LR-417 

3 DR-335 175 1 RR-364 207 3 LR-402 239 1 DR-525 

-

3 DR-329 176 1 Ll-322 208 1 LR-403 240 1 LI-51'i 

177 1 AR-306 209 1 LI-502 241 1 TR-405 

1 DR-333 178 3 DR-372 210 1 DR-518 242 1 LI-517 

1 WR-341 23 179 1 DR-357 27 211 1 LI-510 31 243 1 LR-518 

1 AR-303 180 1 WR-)47 212 3 LR-401 244 l Ol-522 

1 LR-308 181 1 DR-346 213 1 LI-505 245 3 DR-530 

1 LI-307 182 1 WR-358 214 3 DR-510 246 1 WR-524 

1 LR-313 183 1 LI-327 215 1 DR-502 247 1 TR-505 
·-. 

- -- r-·- ..•.. - .. . --· ·- -·~ ~ ---·-

1 AR-304 184 1 DR-351 216 1 WR-504 248 3 LR-522 

2 WR-334 185 1 LI-315 217 l WR-508 249 1 LI-523 

1 AR-307 186 1 LR-320 218 1 LR-504 250 1 LR-414 

24 187 28 219 32 251 

188 220 252 

189 221 253 

190 222 254 

191 223 255 

~ -
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RTP 
T 
B Ch •. 

No. No. 

256 

257 

258 

33 259 

260 

261 

262 

263 

• 264 

265 

266 

34 267 

268 

269 

270 

271 

272 

273 

274 

35 275 

276 

277 

278 

279 

280 

281 

282 

36 283 

• 284 

285 

286 

287 

TABLE BS-2 
(continued) 

RTP~Ol CHANNEL NUMBERS VS INSTRUMENT'IDENTIFICATION'NUMBERS 

RTP RTP RTP 
Instr. T Instr. T Instr. T Instr. 

~dent. B Ch. r=Jdent. B Ch. ~dent. B Ch. !dent. 
SM No. No. No. SM No. No. No. SM No. No. No. tsM No. 

3 LR-418 288 1 DR-4137 320 352 1 TJR-607-1 

1 AR-403 289 1 LI-468 321 1 LR-428 353 1 TJR-108-1 

3 DR-439 290 1 LI-469 322 . 1 RR-456 354 1 TJR-108-2 

1 AR-401 37 291 41 323 1 FR-404 45 355 1 TJR-108-3 

3 AR-402 292 1 LR-465 324 1 FR-405 356' 1 TJR-108-9 

1 LR-420 293 1 DR-4140 325 1 LR-430 357 1 TJR-108-10 

2 LR-419 294 1 DR-4142 326 358 1 TJR-108-11 

2 DR-430 295 1 LR-466 327 1 LR-531 359 1 TJR-108-12 

3 DR-445 296 328 1 LR-411 360 1 TJR-108-13 

1 WR-442 297 1 LR-467 329 1 DR-414 361 1 TJR-206-1 

1 TI-508 298 330 362 1 TJR-206-2 

1 DR-446 38 299 1 LI-464 42 331 1 LI-431A 46 363 1 TJR-206-3 

3 DR-428 300 332 1 DR-458 364 1 TJR-206-4 

1 LR-426 301 333 365 1 TJR-206-5 

302 1 PR-462 334 366 1 TJR-206-6 

1 LR-422 303 335 1 DI-412 367 1 TJR-206-11 

1 LI-421 304 336 2 DR-416 368 1 TJR-206-14 

1 Ll-529 305 1 TI-407 337 3 DR-411 369 1 TJR-206-16 

3 LR-425 306 1 LR-470 338 1 LR-413 370 1 TJR-206-17 

1 TI-507 39 307 43 339 1 LI-409 47 371 1 TJR-509-1 

3 DR-448 308 340 2 LR-412 372 1 TJR-509-2 

1 LR-528 309 341 1 FR-531 373 1 .TJR-509-3 

1 DR-441 310 342 3 DR-410 374 1 TJR-509-4 

1 RR-555 311 343 1 FR-532 375 1 TJR-509-5 

1 DR-551 312 344 1 LR-530 376 1 TJR-509-6 

3 LR-427 313 345 3 LR-405 377 1 TJR-509-7 

1 RR-423 314 346 3 LR-406 378 1 TJR-509-8 

40 315 I 44 347 48 379 1 TJR-509-9 

316 348 380 1 TJR-509-10 

317 349 381 1 TJR-509-12 

318 \ 350 RTD-IN 3R2 l TJR-305-1 

319 ' 351 RE~-IN 383 1 TJR-305-2 
I 

-
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RTP 
T 
B Ch. 

No. No. 

384 

385 

386 

49· 387 

388 

389 

390 

391 

392 

393 

394 

50 395 

396 

397 

398 

399 

40U 

40i 

402 

51 403 

404 

405 

4()fi 

407 

408 

409 

410 

52 411 

412 

413 

414 

415 

TABLE BS-2 
(continued) 

RTP-01 CHANNEL NUMBERS. vs· INSTRUMENT'IDENTIFICATION'NUMBERS 

lnstr. 
~dent. 

SM No. 

1 TJR-305-3 

1 TJR-305-4 

1 TJR-305-5 

1 TJR-305-6 

1 TJR-305-7 

1 TJR-305-8 

1 TJR,;,.305-9 

1 TJR-305-10 

~ 

1 TJR-305-11 

1 TJR-414-3 

1 TJR-414-4 

1 TJR-414-5 

1 TJR-414-6 

1 TJR-414-7 

1 TJR-414··8 

1 TJR-414-9 

1 TJR-414-10 

1 TJR-414-12 

1 TJR-414-13 

1 TJR-509-11 

1 TJR-415-2 

1 TJR-41';-3 
-1 T.TR-t. I r.,-b. 

1 TJR .. ·415-5 

·----·······-· 1--------.. ---------------- ·-·-·---

1 TJR-41.1-6 

1 TJR-415-7 

1 TJR-415-8 

1 TJR-41)-9 

1 TJR-415-10 

1 TJR-415-12 

1 TJR-415-21 

1 TJR-415-22 

-·----·-· 
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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-~-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 ~4-1-3 

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 16ft 11~3-'1 LR-5011 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 
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TABLE BS-J 

(cont~nued) 

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-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 
LR-607 2-40 14 3-3-7 LR-412-W ~-28 61 l6-3-:-7 
LR-61 i 2-43 16 3-1-1 LR-419-W 2-23 59 14-1-4 
LR-612 2-64 19 3-1-1 
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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. NQ. 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 i8-l-l 

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 

Ll-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 BS-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. CR. 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 8/ 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 
DR-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-."i DR-445 2-35 264 14-J-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 lJJ 0-2-G DR=510 2-16 :ll4 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 1'•3 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 
lcontinued) 

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 
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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 TI-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-l14 52 5-1-10 TI-3011 2-137 136 9-1-5 
TR-204 2-120 103 ?-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 
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TABLE BS-3 
(continued) 

RTP CORRELATION TABLE 
INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER 

INSTRUMENT TYPE: TJR 
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TA6LE B5-3 
(contmued) 

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. CR. NO. LOCATION NO. PT.· NO. CR. 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-20.5 2-143 71 )-1-4 AR-307 2-162 154 9~4~10 

AU--208 2-103 32 6"'1"'2 AR-401 2 ·OU. ?.S9 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-301t 2-157 152 9-4-10 AR-606 2-40 15 3-3-5 

-AI -

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~ -

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 

rR ·-

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 
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TABLE BS-3 
(continued) 

RTP CORRELATION TABLE 
INSTRUMENT NUMBER, MEASUREMENT POINT NUMBER, RTP CHANNEL NUMBER 

INSTRUMENT TYPE: MISCELLANEOUS 
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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 PDPll/35 computer system using the RSTS/E 

operating system. All programs will be written 

in Basic Plus language wherever practical . 

This-CONTROL SPECQY includes the following se9tions: 

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, mvw 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 

it.ems. 

• 
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SECTION II 

PROGRAM DESCRIPTIONS 

2.1 VESSEL MEASUREMENT PROGRAHS 

There are four (4) vessel measurement~programs 

associated with the Uranium Input/Output Demonstration. 

These programs are Input, Product, General Purpose Waste! 

ind Hi-Level Waste. Since all four vessel measure~ent 

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 particular 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 cyS 

a STATE module with a STATE number. 

Since more measurements are taken on the Input tank 

measurement program than on any other, it is used as 

the reference program for constructing the total set of 

STATES to be used. By using a state driven 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 numb~r of 

state programs required to satisfy the total 

. Computerized Nuclear Materials Cohtrol and 

Accounting System (CNMCAS) program. These tables 

are described in Section 2.1.2. 

• 
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2 .1.1 STATE Descriptions 

During the processing of the Uranium Input/Output 

(U I/O) Demonstration Program, the quantity of material 

received in a tank, as well as the quantity transferred, 

must be measured. These measurements are accomplished 

by a group of measurement programs. 

B~cause these measurement programs have many common 
.. 

elements, a series of STATES has been constructed to 

satisfy these common elements. 

This section is not intended to show the deta·il;:; of any 

unique me~~urement program; The sections bf this 

document_ which describe individual measurement.prpg~ams 

include each program's unique characteristics. 

The purpose of this section is to provide STATE descriptions 

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 specific. 

Only the message numbers are valid. Hessage numbers 

referenced are defined in Section 2.1.1.1, Typical 

fvlessages. 

Scientific Systems Services 
1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE, FLORIDA 32901 • 1305) 725-1300 



2-4 

• 

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 getting operator initials {Message 

#22) and a new Batch ID number from th~ 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, #lA on the 

terminal and waits for the operator to respond. The 

operator answer~ with a "YES" or {CR), if preparation has 

been completed. He answers "NO" to stop the sequence until 

he has completed preparation. I[ 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 NUJ\1BER 

MISC PROGRAM PARAMETERS 

OPR INITIALS ( 4) 
' 

TIME OF YEAR ( 4) 

LEVEL READINGS ( 4·) 

DENSITY READINGS (4) .. 

TEMPERATURE READINGS (4) 
. ' 

QUANTITY OF SOLUTION ( 4) 

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 

I 

. . i . 
I 

! 
~-------------------------------------------' 

NOTE: NUMBERS IN PARENTHESES_ INDICATE THE 
QUANTITY OF ITEMS IN AN ENTRY 

FIGURE ·2-1. TYPICAL TEMPORARY DATA AREA 
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When sparge and purges are set, the program cal~s the 

RTP system f6r before-receipt (BR) measurement data (liquid 

level, density, and temperature). Enough liquid level 

samples are retrieved to determine that the tank level 

is consta·nt. If the liquid level is determined to 

be changing, an error Message #3 is printed on t~e 

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 the terminal. 

The supervisor enters his password, which 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 

state pointer is updated to STATE 6 and control is passed 

to that STATE. 

STATE 6 

The program now makes the appropriate j nst-.rnmP-nt 

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 passed to that STATE. Two contiguous 

measurements in this range are treated as 

being in the following range (>3s). 

>3s, Message #24 is wrjtten to the terminal and the 

NMC office. The state pointer is- ~pdated 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 #24 are 

written to the terminal. 

The supervisor now enters his password, which is checked 

against an internal password list. If 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) U::;e after-trnn!lfer meo..suremcn"E 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: 

1 = Proceed with measurements 

2 = Remeasure 

3 = Use after-transfer measurement data 

STATE 0 

The program calculates ·the mass {Kg) solution currently 

in the heel, an~ compares it with the calculated 

mass {Kg) solution that was left in the heel-of the 

last· Batch.. If the heel quanti ties differ by more 

thdn U1e control limit, thG program printc Message #4. 

The STATE pointer is updated to point to STATE SA and 

control is passed to that STATE. 
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STATE BA 

vJhen the program is restarted, Messages #10 and #24 

are written to the terminal . 

. The supervise:~; now enters his p~ssword, 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: 

1 = Proceed with measuremenl~ 

2 = Remeasure 

3 = Use after-transfer measurement data 
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STATE 9 

With BR meas~rements 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 

~::;.i.gn!5 off. 

STATE 10 

When the operator next activates the program, 

after the Batch has been received, the program 

again opens the file, and transfers program control 

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.lO, 

to bring the program back to that point after the 

operator corrects the situation and calls back. The 

program now signs off. 

STATE 12 

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 

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 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 . 

......... ----------------:--·-------------·-··--

Scientific Systems Services 
1136 JOHN RODES BOULEVARD e P.O. BOX 610 • P.~ELBOURNE, FLORIDA 32901 • (305) .725·1300 



2-12 

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. In 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: 

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: 

1 = Proceed with measurements 

2 = Remeasure 

STATE 14 

The pL·ogram makes th~ appropriu.tc instrument pP.rformance 

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 16, 

e 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 16; and control is passed to that 

• STATE. Two contiguous measurements in 

this range are treated as being in the 

following range. 

• >3s, Message #24 is written to the terminal 
' 

and the NMC office. The state pointer is 

.updated to STATE 15, and the program signs 

off. 

NOTE: See·appropriate_measurement program for 

specific details . 

• 
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STATE 15 

When the program is restarted, Message·#lO is written 

to the terminal. 

The supervisor now enters his password, which is 

checked against an internal password list. If this 

check fails, the pro~ram signs off leaving the stat~ • 
pointer at STATE 15L 

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 lite~s 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 ent~rs 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 the 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 updat~d to point to 

STATE 21, and the program now signs off. 

STATE 21 

The program begins the atter-sample (AS) measurements 

by writing ~1essage # 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 passed 

to that STATE. 

STATE 22 

The program writes Messages #26 and #27 (zero Ruska) 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 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 
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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 

STATE.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 progra~ 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, Message #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 progr~m for specific 
details. 

STATE 25 

When the program is restarte~Message #10 is written 

to the terminal. The supervisor now enters his pass-

word, which is checked against an 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 #~8 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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STJ\TE 27 

When the program is next activated, it accesses the 

source/destination table to determine if transfer routing 

information 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 vessel measurement 

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 not-required, 

the s~ate 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·w~its 

for operator response. The program communicates 

with the RTP system to acquire the transduce-r 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 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 

fLom STATE 28, Messnge #10 .is written to the terminal. 

The supervisor enters his pas~word, which is checked 

against a ~r~~~fined lict. In thR event no match is 

found, the program transfers control to the beginning 

of this STATE. When a 'password match is :fouu~, the 

operator has the following options: 

1) Proceed with measurements 

2) Recycle to STATE 28 for remeasurement 

These options are activated in the program via the 

terminal. The program writes Message 128 to the terminal, 

and waits for the operator to enter one of the following 

decimal digits: 

l = Proceed with measurements 

2 = Remeasure 
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STATE 30 

The program new makes the appropriate instrument performance 

tests·based on the Control Limits Table • 

The program then proceeds according to the results of the 

comparison. When the difference is: 

~2s, the state pointer is updated to STATE 32 

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 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. 
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STATE 31 

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 leaving the 

start pointer at STATE 31. 

When the password Cht!Ck p.:1 L:t.a::1 b thr. dii.t~, the operator· 

has the following options: 

1) Proceed with measurements 

2) Recycle to STATE 28 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 
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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. 

At thi~ 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 . for }~?mpletion 

of all Lab analysis data. If all data are.in tpe file, 

the Batch Index File is marked Final. If all data are 

not in the Analytical Data File, it is marked Pre~iminary. 

The files are closed at this time. The temporary data 

area ~s initialized to a new Batch condition; the 

state pointer is updated 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 

DATE/'TI.HE 

LEVEL LR-125 

RtJSKA (LR-125R) 

RUSKA :!;ERO 

DENSITY DR-1,56 

RUSI<:A 
RUSKA ZERJ 

rEMPERATURE TJR-108-10 
TI-109 

SAMPLE RESULTS 

VOLm1E 

LOG KO. 

DENSITY 

U CONC 

VOLUME REC3IVED 
Kg RE.CEIVEu 
Kg U RECEI'/ED 

3ATCH STATUS = 

BEFORE·
RECEIPT 

BEFORE
SAMPLE 

AFTER
SM-1PLE 

AFTER
TRANSFER 

VOLUME TRANSFEF.RED 
Kg TRANSFERRED 
Kg U TRANSFERRE:> 

:?IGURE 2-2. ·rYPICAL NMC BATCH REPORT FOIW.J\T 

• • 

DATE 13-MAR-78 

• 



• 
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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 ent~y is 

made, the program recycles to just after Batch number 

assignment and begins a total remeasurement. 

STATE 40 

If the response in STATE 27 was "W," the program now 

calculates the U concentration quantity. If it is, 

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 passed 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. 
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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 followihg message is 

written to the terminal: 

DE SURE YOU LEAVE THE SPARGE OFF TO MINIMIZE 

TRANSFER'OF SOLIDS TO RECYCLE. LET ME KNOW . 

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 Typical Messages 

MESSAGE #1 

MESSAGE #lA 

.t-1ESSAGE # 2 

MESSAGE #3 

MESSAGE #4 

MESSAGE #5 

f'.1ESSAGE # 6 

HESSAGE #7 

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~QUIRED. 

YOU'VE GOT KG SOL WITH KG U AS THE 
----- ------

HEEL QUANTITY. 

YOUR NEXT STEP IS TO BRING IN THE NEW BATCH. IT 
WILL BE BATCH 02-003- WHEN RE~EIVED, MIX 
FOR 10 MINUTES, THEN SHUT DOWN SPARGE AND CALL ME. 

YOU SHOULD HAVE COf'.1PLE'l'ED THE 'l'HANSFER, SPARGEO fOR 
10 MINUTES, THEN SHUT DOWN THE SPARGE AND SET IN
STRUMENT AIR PURGES TO 0.5 SCFH. SHALL I TAKE 
M~ASURE~E~TS (YES OR NO)? 
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i·tESSAGE # 8 

MESSAGE #9 

. \ 

MESSA.GE # 10 

MESSAGE #11 

.MESSAGE #12 

MESSAGE #13 

MESSAGE #14 

MESSAGE #15 

2-30 

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) TRA.NSFER FROM PRODUCT TANK OUT-OF-LIMIT (BELL) 

QTY TRANSFERRED KG 

QTY RECEIYED KG 

SUPERVISOR APPROVAL REQUIRED TO PROCEED 

DO YOU WISH THE TANK ?UT UN HULU 

(YES OR NO?) 

TANK 02-003 IS IN A HOLD STATE 

SUPERVISOR PASSWORD REQUIRED TO REMOVE HOLD 

PASSWORD> 
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fliES SAGE # 16 

MESSAGE #17 

MESSAGE #18 

MESSAGE #19 

MESSAGE #20 

MESSAGE #21 

MESSAGE #22 

MESSAGE #23 

MESSAGE #24 

MESSAGE #25 

MESSAGE #26 

MESSAGE #27 

MESSAGE #28 

2-31 

LOG 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 COMPLET~ 

YOU MAY NOW PROCEED WITH TRANSFER AFTER RESTORING 
SPARGE. CALL BACK WHEN TRANSFER IS COMPLETED ~~D 
SPARGE IS OFF. 

YOU HAVE TRANSFERRED KG U IN KG, 
LITERS OF SOLUTION WITH A CALCULATED CON-

~c=E=N=T=RATION 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 ~lliASUREMENTS 
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-OF
CONTROL. PROBLEM TO BE CORRECTED BEFORE DATA ARE 
ACCEPTABLE. 

DID THIS GO TO UF 6 (ENTER UF 6 ), INPUT ACCOUNTABILITY 
(ENTER INPUT) OR OFF-SPEC~ U 
(ENTER OFF-SPEC)? 

ENTER RUSKA (LEVEL) ZERO VALUE ---
ENTER RUSKA (DENSITY) ZERO VALUE 

ENTER OPTION > 

Sc~entlfic Systems Services 
1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE, FLORIDA 32901 • 13051 725·1300 



2.1.1.2 

2-32 

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 bP. conceived at 

any time in the future and implemented .into a UU:!dSuremcnt 

program simply by changing the STATE table. See example 

below. 

Example 1: ~'l'ATE TABLE 
Example 2: REVISED S'l'A'l'E 

TABLE 

In Example 1, the program moves from STATE 2 to STATE 3. 

It might become ncceG~~ry at some future point in time to 

add a new function to be performed after STATE 2 and before 

STATE 3. As seen in Example 2, the new function 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/m~ssage tables used by the Vessel Measurem~nt' 

Programs are described in Figure 2-3. The detailed 

construction of these tables will be defined during 

program preparation . 
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TABLE NAHE 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 . • 
•' 

Terminal Message Used to write the unique, vessel-depen-· 
Table dent messages to the terminal. One for 

each measurement program is required. ' 

·-

Calibration Constants Contains all calibration constants 
Table required to each vessel. One for each 

vessel is required. 

• 
Source/Destination Used when the source and/or destination 
Table of a vessel solution is not operator 

f_ selectable. 
• I 

- . 

MCA Transfer . Table Used to determine MCA transfer 
·.~ candidates. 

; i 
File:Names Table Identifies to the measurement program 

the names of thP. nnt-.n Brtse elements 
associated with the unique vessel. 

Vessel-Transducers Identifies to the measurement program 
Idemtification Table all transducer numbers connected to 

that vessel. Used to acquire data from - the RTP system. 
' 1 .. 
Control Limits Contains the control limits for all 
Table measurement control funr.t-.i ems, It is 
: organized by vessel ID and type of 

i measurement. Allows control limits to 
be uQdated 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 solutions to be process~d, 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 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 

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 ~ours 

·scientific Systems ·Services 
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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 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 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 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 

Difference 
Reference Comparison <2s 

3.2.13a Redundant Inst. Comparison, a 
~evel (use Ruska to Taylor) 

~edundant Inst. Comparison, NA 
Den•ity 

3.2.llc Temperature to Temperature a 

l.2.lld ::.ab Density to Process a 
!Jensity luse Taylor) 

3.2.13e ?rocess Density to Process a 
Jensity 

3.2.llb ~fter-Transfer to Before- a 
Receipt 

3.2.lli Before-Sample to After- a 
Sample 

3.2.lla Quantity Sent to Quantity a 
3. J.llb Received 

(a) Compa::-ison good, no action requi=ed. 

·.Difference. 
>2s & <)s 

b 

NA 

b 

b 

b 

b 

b 

b 

(b) Flag ::-esult for investigation - Keasurement sequence continues. 

Con·secutive Diff-erences 
>2s & . <).a 

c 

NA 

c 

c 

b 

d 

d 

d 

(c) Flag ::-esult for investigation sur:er•1iso=y approval needed before proceeding. . 
(d) Out-of-control - correction acticn ~aken to be documented and approved by supervision . 

FIGURE 2-5 • INPUT· .MEASUREMENT COMPARISONS 

• • • 
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• 
2.2.2 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 Instrument 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 

fo:t HCA 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. 

S'l'A'l'J::: 19 Tell LDS Lo Legin ~nmpling. 

STATE 20 W~it for LDS to compl~te sampling. 

• . STATE 21 Tell operator to set-up for after-

sample measurement. 

• 
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• STATE 22 Get data from RTP and dheck 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 Liquid 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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2.2.3 Input Program Messages • 
·Detail messages will be prepared during program 

preparation. 

• 

• 

• 

• 

' 
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PRODUCT MEASUREMENT PROGRAM 

Description 

Measurements of uranium product solutions are made in 

the U product sample tank (24-D-204), measurement 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 transfers, 

with the; program taking and recording-measurement data 

through the RTP System. At each stage of measurement, 

the program provides appropriate 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 Product Measurement Program (1) directs operqtor 

actions for measurement and transfer of input solutions 

to be processed, and (2) receives measurement data from 

remote terminals or directly from R'l'P 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 

the program and gives his initials. The program includes an 

internal code that tell~ the operQtor whgre 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 long periods of time that the program 

is idling. When these idle periods occur, the program 

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 a.t.lvi.::.es the opcr.::ttor of st;;ltns nnd the next 

measurement step. 

During the product measurement sequence, various measuremept 

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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' 

2.3.2 State Table Summary 

The following is a list of all STATES used in the 

U Product Tank Measurement Program. For a detailed 

description of each STATE see Section ·2.1.1 

STATE 1 Initialize and transfer control to 

current state pointer. 

• 
pTATE 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. performance failed. 

STATE 16 . Calculate solution in tank. Test 

for MCA transfer, and print report 

in NMC office. 

• 

Scientific Systems Services 
1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE, FLORIDA 32901 • 1305) 725·1300 



2-47 

"\ .. 

• STATE 19 Tell LDS to begin sampling . 

STATE 20 Wait for LDS to co~plete sampling . 

• STATE 21 Tell operator to set-up for after-

sample measurement. 

STATE 22 Get dat·a 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. 

.. . ·.- :-. ·~· -· ........................ . 
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STATE 29 Liquid level changing. 

STATE 30 Check instrument performance. 

STATE 31 Instrument performance test failed. 

STATE 32 Calculate solution in heel; print summary 

report in NMC; updatP. data base; initialize 

fOL" a new batch. • 
STATE 33 Allow remeasurement. 

• 

Scientific. Systems .services 
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2.3.3 Product Program Messages 

Detail messages will be prepared during program 

preparation . 

• 
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2.4 WASTE MEASUREMENT PROGRAMS 

Description 

Liquid 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 calculation procedures. The programs 

(1) direct operator actions for measurement and transfer 

of input solutions 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· a~dresoable 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 
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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 t~e 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 operator of status and the 

next measurement step . 

During the liquid waste 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 appropriate levels of response are 

provided in Figure 2-7 for the GPW Chack Tank,· and in 

Figure 2-8 for the HWW Sample Tank . 

Scientific Systems Services-
1135 JOHN RODES BOULEVARD • P.O. BOX 610 • r.~ELBOURNE, FLORIDA 32901 • (3051 725-1300 



"" (11 

h 
::t 
z 
]J 
0 
0 
m 
Ill en Ill 
0 
c n r-
m -· < CD )> 

:l ]) 

0 ... 
• -· .... ., -· ~ 0 
Ill 
0 en X 

~ '< 
0 fn • ... 
~ CD m 

3 r-
Ill 
0 fn c 
]) 

z en ..m .., CD r-
0 ~ ]J 

0 -· )> n 
"" CD "-) 

w fn 0 

• 
"" 0 
!:!! 
..... 
"-) 

'{' -"" 0 
0 

GPW MEASUREMENT COMPARISONS 

D.:.fference Difference Consecutive Diffe~ences 
Reference Comparison <2s >2s ' '<3s ~2s ' < ls 

3 ••• Ba Redundant Inst. Comparison, a b c 
Level (use Taylor to West-
in house! 

3.4.8b Redundant Inst. Comparison, a b b 
Density luse Taylor to 
Westin house! 

3.4.8c Lab Density to Process a b c 
Density (use Westinghouse) 

Process Density to Process. NA NA NA 
Density 

After-Transfer to Before- NA NA NA 
Receipt 

3.4.8d Before-Sample to After- a b d 
Sample 

Quantity Sent to Quantity NA NA NA 
Received 

(a) Comp~ison good, no action requi=ed. 
(b) Flag result for investigaticn - measurement sequence continues. 
(c) Flag ·result for investigation su?erviscry approval needed before proceedi.:~g. 
(d) Out-cf-control - correction acti·::ln taken to be documented and &!?proved by supervu.ion. 

FIGURE 2-7. GPW MEASUREMENT COMPARISONS 

• • • 

Difference 
>3s 

c 

b 

c 

NA 

NA 

d 

NA 

• • 

N 
I 

lJ1 
N 



w 

"' (5 
:X: 
z 
ll 
0 
0 
m 
C/1 
CD en 0 
c n r -· m 

C'D < 
)> 

::J ll 
0 .. 
• -· ..... 
"ll -· b 0 
CD 
0 C/) X 
en '<. 
0 en 
• .... 
$: C'D m 

3 r 
CD 
0 en c 
ll 
z U) _m 
"T1 f1) 
r 
0 < Jl -
0 -· )> n 
w CD "' lO UJ 0 

• 
w 
0 
!!! 
...., 
~· 
w 
0 
0 

• 

HWW.MEASUREMENT COMPARISONS 

Differen:e Difference 
>2s ' <3s 

Consecutive Differences 
>2s ' <3s Reference Comparison <2s 

J.4.1a Redundant Inst. Conparison, a 

3.4.8b 

3. 4. ·3C 

3. 4 .:Sd 

Level (use Taylor to Westing
House) 

Redundant Inst. Conparison, 
Densi t)' (use Taylor to West-
in house) 

Lab Density to Process 
Density (use Westinghouse) 

Process Density to Process 
Density 

After-Transfer to :3efore-
Receipt 

Before-Sample to After-
Sample "' 

Quantity Sent to Quantity 
Received 

(a) Comparison good, no action required. 

a 

a 

NA 

NA 

a 

NA 

b 

b 

b 

NA 

NA 

b 

NA 

(b) Flag result for investigation - measurement sequence continues. 
(c) Flag result for investigation supervisory approval needed before proceeding. 

c 

c 

c 

NA 

NA 

d 

NA 

(d) Out-of-control - correction action taken to be documented and approved by supervision. 

FIGURE 2-8. HWW MEASUREMENT COMPARISONS 

Difference 
>3s 

c 

c 

c 

NA 

NA 

d 

NA 

I\.) 

I 
V1 
w 



2-54 

2.4.2 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 Initialize 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 ~evel 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 NHC offiee. 

• 
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·- ..... ·.'. 

' "- l 

STATE 19 Tell LD~.to ~egin sampling. 

STATE 20 Wait for LOS to complete sampling . 

STATE 21 Tell operator to set-up for 

after-sample measurement. 

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 and U quanti~y in tank 

after-sample and compare with before-sample. 

STATE 27 Check transfer routing. (See STATE 40) 
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·sTATE 28 Begin after-transfer measurement. • 
Get RTP data, and check liquid 

level constant. 

• 
STATE 29 Liquid level changing. 

STATE 30 Check instrument performance. 

• 
STATE 31 Instrument performance test failed. 

_STATE 3~ Calculate solution in heel; print 

summary report in NMC; update data 

base; initialize for new batch. 

··STATE 33 Allow remeasurement. • 
STATE ·40 Determine transfer routing. 

NOTE: Entered from STATE 27. 

• 
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• 
2.4.3 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 to describe 

calculations that are made on mea~u£ement data 

at the time it is generated. The term 

"Acco~ntability" is used to describe the 

equations to provide the most accurate data 

to be applied to material balance calculations. 

;For·those equations that apply to reading and converting 

an instrument raw data·value into engineering units, that 

portion of. the equation that changes the raw instrument 

reading to inches of __ R 2 0 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 relate measured density 

(at 25° C) to density at specified (tank) temperature 

is as follows: 

(DL at T) = -6.822114067 

-o.oool041798213(T5 > 

+0.006335563621(63.01287M/DL) 

+0.006276193353(1.655415704U) 

+0.006282930580(1000-(63.01287M/DL + 1.655415704U)) 

+1. 025070488 (DL) 

+0.5183580085(0.99707(1.002987- 2.856058177XlO-lO(TS~ 

- 5.381129222XlO~ll(TS~ 2 

- 4.80Q801845Xl0-
7

(TS) 3 

+ 1.787020124~lo- 8 (T5 ) 4 

- 3.021031546Xl0-lO(TS) 5 

+ 1.973871153XlO-l2 (TS) 6 )} 

-0.000001531411270 (TS (63. 01287M/DL) (DL)) 

-0.0000006.620118814 (TS ( 1. 655415704U) (DL) 

Where: Ts = Tank Temp in oc 

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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INPUT TANK 

Measurement Parameter Calculations 

a) Taylor Level 

L = r(LR-125 in %) T t..: 

b) Ruska (primary) 

x (2.15tl x·(2.54) = 
xxx.xx em. 

Lm = direct read from LR-125-R1 in em ... xxx.xx em. 

Note: - Ruska measurement corrected for zero. 

c) Ruska (backup) 

d)·· 

LR2 = direct read from LR-125-R
2 

in em. = em. xxx.xx 

Note: Ruska measurement corrected for zero. 

Taylor Density 

D = [(DR-166 in 
T 

%) X .09 
9.94 

+ 10] = 
x.xxxx g/ml 

e) Ruska Density 

D = (LR-125 - R1 ) - (LR-125 - R2 ) = 
R 25.25 x.xxxx g/ml 

Note:· Both Ruskas corrected for zero. 

f) Lab Density at 25°C 

DL at 25 = direct from lab results = g/ml 
x.xxxx 

This quantity is the average of two lab density analyses. 
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g) Lab Density at Tank Temperature 

·DL at T'= adjusted from lab result= g/ml ---x.xxxx 

NOTE: Conversion formula presented in 3.1· 

h) Tank Temperature (primary) 

TJR = TJR-108-10 direct read in oc = °C• 
xx.x 

i) Tank Temperature (backup) 

TI=TI-109 direct read in °C = °C 
xx.x 

·, 

3.2.2 Liquid Level Calculation- Process Control ·(PC) 

~) For Before-Receipt (BR) 

e LLpc for BR =(LRl for BR)/(DL at 25° C from previous batch) 

= em. 
xxx.xx 

b) For Before-Sample (BS) 

LLpc for BS =(LR 1 FOR BS)/(DT for BS) = em ---xxx.xx 

Or when lab data is availabla 

• LLpc for BS = (LR 1 for BS)/(DL at 25° C for this batch) 

= em. 
xxx.xx 

c) For After-Sample (AS) 

LLpc for AS= (LR 1 for AS)/(DL at 25° c for this batch) 

= em. 
xxx.xx 
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d) For After-Transfer (AT) 

LLpc for AT = (LR 1 for AT)·/ (DL at 25° C for this batch) 

= em. ---xxx.xx 

Liquid Level - Accountability 

a) -For Before-Receipt 

LLA for BR- (LR 1 for BR)/(DL nt. BR-TJ~ f~om 

previous batch) = 
xxx.xx 

·b) For.Before~sample 

LLA for BS = (LR 1 for BS)/(DL at BS-TJR for this batch 

. xxx.xx 

·c). For After-Sample 

LLA for AS = (LR 1 for AS)/(DL at AS-TJR for this batch) 

= 
xxx.xx 

d) For After-Transfer 

LLA for AT= (LR 1 for AT)/(DL at AT-TJR for this batch) 

= 
xxx.xx 
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e) Liquid Level using Backup Ruska 

LL =. LR2 + (25.25) 
· DL at tank temp 

In any calculation (BS, AS etc) = em. 
xxx.xx 

OR 

LL = LR2 and use alternate calibration 
DL at tank temp 

equations (See Section. 3.1) 

Volume - Process Control 

Vpc = 9.4 + 0.9791 x LLpc + 0.73154 X LLpc 2 0 -0.00644532 

3 
x LLPC 

IF 0 < LL C < 23.1 p . 

VPC = -217.62 + 24.010061 x LLFC + 0.011118 x LLpc 2
: 

-0.000046 x LLpc 3 

IF 23.1 ~ LLPC < 85.0 

VPC = -245.9 + 24.9569 

IF 85.0 ~ LLPC ~ 324.9 

= liters 
xxxx 

Use appropriate LLpc for BR, BS, AS, and AT to calculate 

Vpc for BR, BS, AS, and AT. 
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Volume - Accountability 

VA= 9.4 + 0.9791 X LLA + 0.73154 x LLA 2 0-0.00644532 

. 3 
x LLA 

IF 0 < LLA < 23.1 

·. VA· ~ -217 • 6 2 + 2 4 • 0 1 0 0 61 x LLA + 0 . 011118 X LLA 2 

- 0.000046 X LL 3 
A 

IF 23.1 < LLA < 85.0 

VA= -245.9 + 24.9569 x LLA 

IF 85.0 2_ LLA < 324.9 

= liters 
xxxx 

Use appropriate LLA for BR, BS, AS, AT to calculate 

VA for BR, BS, AS, and AT 

Solutiqn Quantity - Process Control 

a} For Before Receipt 

WPC for BR = (Vpc for BR) x (DL at 25° c from previous 

batch) = kgs 
xxxx.x 
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• b) For Before-Sample 

WPC for BS = (V~C for ~S) x (DT 'for BS) = kgs 
xxxx.x 

• Or when analytical results become available . 

WPC for BS = (VPC for BS) x (DL at 25° C for this batch) 

= kgs 
xxxx.x 

c) For After- Sample 

• WPC for AS = (VPC for AS) x (DL at 25° C for this batch) 

= kgs 
xxxx.x 

d) For After-Transfer 

WPC for AT = (VPC for AT) x (DL at 25°C for this batch) 

= kgs 
xxxx.x 

3.2.7 Solution Quantity - Accountability 

a) For Before-Receipt 

WA for BR = (VA for BR) x (DL for previous batch 

at BR-TJR) = kgs 
xxxx.x 

b) For Before-Sample 

WA for BS = (VA for BS) x (DL for this batch at BS-TJR) 

= kgs 
xxxx 
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c) For After-Sample 

WA for AS = (VA for AS) x (DL 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 

3.2.8. U Concentrations 

a) For Process Control 

UPC = [<oL at 25°C - 1.001)- ( .032 xAcid Molarity)] 

238.12 = g/1 .318 

xxx.xx 

b) For Accountability 

my/g ---UA = direct from lab results = 
xxx.xx 

3.2.9 U Quantities 

a) .For Process Control 

k.g u 
xxx~.x 

Calculate MPC for BR from UPC from previous batch. 

Calculate MPC for BS, AS, and AT from UPC for this batch. 

ll .. 
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b) For Accountability 

= kg u 
xxxx.x 

Calculate MA for BR from UA from previous batch. 

Calculate MA for BS, AS, and AT from UA 'for this batch. 

U Quantities Transferred/Received 

a) For PC quantities received 

Opc-R = (Mp~ from this baich BS) -(Mpc from 

previous batch AT) = --- -kg u 
xxxx.x 

b) · For PC qu~ntities sent 

Ope-s= (Mpc from this batch BS)- (Mpc from 

this batch AT) = kg u 
xxxx.x 

c) For A quantities received 

Q ~ (MA from this batch BS) - (MA from previous 
A-R 

batch AT) = kg u 
xxxx.x 

d) For A quantities sent 

Q ~ (M from this batch BS) - (MA from this batch 
A-S A 

AT) = kg U 
xxxx.x 
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Solution Quantities Transferred/Received 

a) For PC quantities received 

SPC-R = (WPC from this batch BS) - (WPC from previous 

batch AT) = kgs Sol 
xxxx.x 

Note: WPC for this batch BS may be calculated either 

of two ways from Section 3.2.6 (b) 

b) For PC quantities transferre~ 

SPe-s = (WPC from this batch BS) - (WPC for this 

batch AT) = --- kgs Sol 
xxxx.x 

Note: WPC for this quantity only calculated by the 

second method of Section 3.2.6 (b) 

. - ·c) For A quantities received 

SA-R = (WA for this batch BS) - {WA from previous 

batch AT) = ___ kgs Sol 
xxxx.x 

d)· For A quantities transferred 

s = · (W for this batch BS) - (W" from this 
A·•f. !'. a 

batch AT) = kgs Sol 
xxxx.x 
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3.2.12 Solution Volume Transferred/Received 

a) For PC quantities received 

R = (VPC from this batch BS) -(VPC from previous -PC-R 

batch AT) = liters 

• b) For PC quantities transferred 

RPC-S = (VPC from this batch BS) -(VPC from this batch AT) 

= liters : -'.· 

c) In A quantities received 

• RA-R = (VA for this batch BS) - (VA for previous batch AT) 

= liters 
xxxx 

d) For A quantities transferred 

RA-S = (VA for this batch BS) - (VA for this batch AT) 

= liters 
xxxx 

. 3.2.13 Measurement Control Calculations 

a) Ruska (primary) to Taylor 

em. 
xx.xx 

c1 calculated for BR, BS, AS, and AT measurements. 

Scientific Systems··services 
·1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE, FLORIDA 32901 • (3051 725-1300 



3-13 

b) Lab density at 25°C to After-Sample Ruska 

g/ml 
x.xxxx 

F·or After-Sample (AS) measurement. only. 

c) Temperature 

c3 = (TJR-108-10) - (TI-109) = 
>cx.x 

d). Lab density at 25°C to After-sample Taylor 

g/m;t 
x.xxxx 

For After-sample (AS) measurement only. 

e) Ruska density to Taylor density • 
c5 = DR - DT = g/ml 

x.xxxx 

For ·both Before-Sample (BS) and After-Sample (AS) data •. 

f) Lab density at Tank Temperature to Ruska 

c6 = (DL at TJR)-(DR) = g/ml 
x.xxxx 

For both Before-Sample (BS) and After-Sample (AS) data. 

g) Lab density at Tank Temperature to Taylor 

= g/ml 
x.xxxx 

For both Before-Sample (BS) and After-Sample (AS) data. 
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• 

h) After-Transfer to Before-Receipt - Process Control 

c8 = (WPC for AT) - (WPC for BR) = kgs· 
xx.x 

NOTE: AT is from previous batch. 

i) Before-Sample to After-Sample - Process Control 

Cg = (WPC .for BS) - (WPC for AS) = 
XXX 

kgs 

• 
j) After-Transfer to Before-Receipt - Accountability 

c10 = (WA for AT) - WA for BR) = kgs . 
• xx.x 

NOTE: AT is from previous batch. 

k) Before-Sample to After-Sample - Accountability 

• c11 = (WA for BS ) - (WA for AS) = ·kgs 
XX. X 
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3.3 U PRODUCT SAMPLE TANK 

3.3.1 Measurement Parameter Calculation 

a)·· Taylor Level 

;LT = [(LR-239 in %) X ( .97)] X (2.54) = em --- • 
xxx.xx 

b) Ruska (primary) 

LRl = direct read from LR-239-R = em 1 
;KXX.XX 

c) Rusk a (backup) 

LR2 = (LR-239-R in em) = em 2 
xx.xx 

d) .·.Taylor Density 

DT = [(DR-273 in %) X .09 + 10] = g/ml • 
10.1 x.xxxx 

e) Ruska Density 

DR= LRl- LR2= g/ml 
2 5 • 6 5 X • XXXX 

.............. ~ ..... -· _,., ..... ,,,.,. ..,., •• .,.,,,,. ..oGowo~'G:I 0 ,.,..;, 
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• 
f) Lab Density at 25°C 

DL at 25°C = direct from lab results = g/rnl 
x.xxxx 

This quantity is the average of two reported lab densities. 

g) Lab density at tank temperature 

DL at T = adjusted from lab results = 
x.xxxx 

g/rnl 

NOTE: Conversion formula presented in. 3.1 

h) Temperature 

TJR = TJR-206-17 direct read = °C 
xx.x 

i) Liquid level using backup Ruska 

LL = LR2 + (25.65) = ern 
DL at tank temp xxx.xx 

or 

LL = LR/. 

DL at tank temp 

and use the alternate calibration equation (Se~ 

Section 3.1). 
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3.3.2 Liquid Level - Process Control 

a) For Before-Sample 

LLpc for BS = (LRl for BS)/DT = em 
xxx.xx 

or 

LLpc for BS = (LRl for BS) /(DL at 25°C) = em 
XXX.Y.X 

When analytical density available ,·, 

b) For After-Sample 

LLpc for AS = (LRl for AS)/(DL.at 25°C) = em 
xxx.xx 

c) For After-Transfer 

. LLpc for AT = (LRl for. AT) I (DL at 25°Cf = em 
xxx.xx 

3.3.3 ·Lig:uid Level - Accountability 

a) For Before-Sample 

LLA for BS = (LRl for BS)/(DL at TJR-BS) = em 
xxx.xx 

b) For After-Sample 

T,T.A for AS = <Lnl tor AS) /"(DL at TJR-BS) = em 
xxx.xx 

c) For After-Transfer 

LLA for AT = (LA for AT)/(DL at TJR-AS) • = em 
xxx.xx 

... --·. ·- ······-·· ... .,.,..., ... , ..,, ..t'-u:;toulll. .:.y~Lt:IOllo ::aerYICeS, IOC. 
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3.3.5 
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Volume - Process Control 

VPC = 68.63 + 10.80859 x LLpc + 0.7543094 x LLpc2 
- 0.009221 

x LLPC3 

IF 0 < LLPC < 2 2 .1 

2 
VPC = 2.613 + 18.63934 X LLpc + 0.36537 X LLPC - 0.0015362 

x LL 3 

PC 

IF 2 2 • 1 < LLpc < 9 2 • 5 

Vpc = 651.938 + 0.79564 X LLpc + 0.523177 X LLpc 2
- 0.001977 

:x LLpc3 

IF 92.5 ~ LLpc < 154 

= liters 
xxxx.x 

Use appropriate LLpc for BS, AS, and AT to calculate 

Vpc for BS, AS, and AT. 

Volume - Accountability 

VA = 6 8 • 6 3 + 1 0 • 8 0 8 59 x LLA + 0 • 7 54 3 0 9 4 x LLA' 2 - 0 • 0 0 9 2 21 

x LLA 3 

IF 0 < LLA < 22.1 

VA = 2.613 + 18.63934 x LLA + 0.36537 x LLA 2
- 0.0015362 

x LLA 3 

IF 22.1 < LLA < 92.5 

VA= 651.938 + 0.79564 x LLA + 0.523177 x LLA 2 -0.001977 

IF 92.5 ~ LLA < 154 

= liters 
• xxxx.x 
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Use appropriate LLA for BS, A~, and AT to calculate VA 

·for BS, AS, and AT. 

Solution Quantity - Process Control 

a) For Before-Sample 

WPC for BS = (Vpc for BS) x (DT for BS) = 

___ kgs 
xxxx.x 

Or when analytical results become ava.ilable 

Wpc fo~ BS = (Vpc for BS) x (DL·at 25°C for this batch) = 

kgs ---xxxx.x 

b) For After-Sample 

WPC for AS= (VPC for AS) x (DL at 25°C for this·batch) = 

----'--k.g s 
xxxx.x 

c) For After-Transfer 

Wpc for AT = (Vpc' for AT) x (DL at 25°C for this batch) -

___ kgs 
. xxxx.x 
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Solution Quantity - Accountability 

a) For Before-Sample 

WA for BS = (VA for BS) x (DL for this batch at BS-TJR) = 

kgs 
xxxx.x 

b) For After-Sample 

WA for AS = (VA for AS) x (DL for this batch at AS-TJR) = 

kgs 
xxxx.x 

c) For After-Transfer 

WA for AT = (l.VA for AT) x (DL for this batch at AT-TJR) = 

kgs 
xxxx.x 
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I§~~ 
I 
I 
i 

I 

3. 3. 8 

3.3.9 

U Concentrations 

a) For Process Control 

1.001- (.032 x Acid Molarity~ 

.318 

X 238.12 = g/1 
XXX .XX ''<· · 

b) For Accountability 

UA = direct from lab results = mg/g 
xxx.xx 

u Quantities 

a) For Process Control 

kg u 
xxxx.x 

Calculate MPC for BS, AS,and AT. 

b) ·For Accountability 

Calculate MA for BS, AS, and AT. 
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««<),' ~ / / / 
/ /; 

l-.1 

3.3.10 U Quantities Transferred/Received 

a) For PC quantities received 

QPC-R = (MPC from this batch BS) - (MPC from 

previous batch AT) = kg u 
xxxx.x 

b) For PC quantities sent 

QPC-S = (MPC from this batch BS) - (MPC for 

this batch AT) = kg u 
xxxx.x 

c) For A quantities received 

QA-R = (MA from this batch BS) - (MA from previous 

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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Solution Quantities Transferred/Received 

a) For PC quantities received 

SPC-R = (WPC from this batch BS) - (WPC from 

previous batch AT) = kgs Sol 
xxxx.x 

Note: WPC for this batch BS may be calculated 

~;i.tner of two ways from Section 3.2.6 (b) 

b) For PC quantities transferred 

SPe-s = (WPC from this batch BS) - (WPC for this 

batch AT) = kgs Sol 
xxxx.x 

Note: WPC for this quantity is only calculated 

by the second method of Section 3.3.6 (b) 

c) For A quantities received 

SA-R = (WA for this batch B5) - (WA iL·um pL·evious 

batch AT) = kgs Sol ----xxxx.x 

d) For A quantities ·transferred 

SA-:. = (W~ for this batch BS) - (WA from this batch AT) 

= kgs Sol 
xxxx.x 
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• 
3.3.12 Solution Volumes Transferred/Received 

• a} For PC quantities transferred 

RPC-S = (VPC from this batch BS} - (VPC from 

this batch AT} = liters 
xxxx 

b) For A quantities received 

RA-R = (VA for this batch BS} - (VA for previous 

batch AT} = liters 
xxxx 

• c) For A quantities transferred 

RA-S = (VA for this batch BS} - (VA for this 

batch AT} = liters 
• xxxx 

3.3.13 Measurement Control Calculations 

• a) Ruska (primary} to Taylor 

em 
xx.xx 

c
1 

calculated for BS, AS and AT measurements. 
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b) Lab density at 25°C to After-Sample Ruska Density 

g/ml 
x.xxxx 

c
2 

is calculated for AS only. 

c) Lab density at 25 °C tu After~ Sample Tay1.or · , · ·· .... , ·, ,. · 

g/ml 
x.xxxx 

~ 3 is calculated for AS only. 

d) Ruska density to Taylor density 

c4 = {DR) - {DT) = g/ml 
x.xxxx 

c4 is calculated for BS and AS .. 

e) Lab density at tank temperature to Ruska density 

C = {D at TJR)-(DR) = 5 L g/ml 
x.xxxx 

c
5 

is calculated for BS and AS. 

f) Lab density at tank temperdlure to Taylor den~ity 

c6 = (DL at TJR)-{DT) = ____ __ 
x.xxxx 

c6 is calculated for BS and AS. 

g/ml 
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g) Before-Sample to After-Sample - Process Control 

• 
c7 = (WPC for BS) - (WPC for AS) = ____ kgs 

. xx.x 

h) 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) 

3.4.1 Measurement Parameter Calculations 

a) Westinghouse Level 

For HWW Sample Tank 

~ = [(LR-"419-W in %) X (2. 50)]= • inches ---xxx.x 

For GPW Check Tank • 
~ .= [(LR-412-W in %) x (1.00) }= inches 

xx.x 

b) Taylor Level 

For HWW Sample Tank 

LT = [(LR-419 in %) (2.04)] = inches • xx.x 

For GWP Check Tank 

LT == [(LR-412in %) ( . 713 )] = inches • xx.x 

c) Westinghouse Density 

For HWW Sample Tank 

D = [ (DR-430-W in %) X (.50)] = g/ml w 9.50 x.xxxx 

For GPW Check Tank •• 
D = [ (DR-416-W in %) X J. 50) ] 

g/ml w = 
9.86 x.xxxx 

• 
Scientific Systems Services 

1135 JOHN RODES BOULEVARD • P.O."BOX 610 • MELBOURNE. FLORIDA 32901 • (305) 725-1300 



3-28 

• 

• d) Taylor Density 

For HWW Sample Tank 

[ (DR-430 in %) .:K . 9 + 10] g/ml D = = 9.50 T x.xxxx 

For GPW Check Tank 

[ (DR-416 in %) X . 9 + 10] = g/ml 
D = 9.86 T x.xxxx 

e) Lab Density at 25°C 

DL at 25 = direct from lab result = g/ml 

• x.xxxx 

f) Temperature 

For mvw Sample Tank 

TJR = direct from TJR-414-5 = oc 
xx.x 

For GPW Check Tank 

• TJR = direct from TJR-415-7 = oc 
xx.x 

• 
~ ••••'•••·~ _,,,._,,,, ..OCIWIO..C), lilt,., 
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Calculation of Liquid Level, Solution Volume and 

Solution Weight 

For HWW Sample Tank 

inches* • ---xxx.x 

where Lw and Dw as defined for HWW Sample Tank above. 

V = 128.511103 + 20.966280 x LL = liters 
XlCKX .X • 

W = V X DW <= kg* 
xxxx.x 

LL, V, and Ware calculated for BS, AS, and AT. 

For GP\'1 Check Tank 

V = 5 x LL 

IF 0 < LL < 2.4 

V = - 2 4 •. 8 55 9 + 15 • 2 7 6 5 415 x LL 

H' 2. 4 < LL 

where Lw and Dw as defined for GPW Check Tank above. 

V = 5 x LL 

H' 0 '· LL ..: 2 • 4 

V = 24.8559 + 15.:L/b5415 X LL 

IF 2.4 < LL 

w + v x Dw = kgs* 
xxx.x 

* For After-Transfer measurement, nse After-Sample 

reading for Dw· 
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• 
3.4.3 U'Concentrations 

U = direct from lab results g/1 
• XX. XX 

3.4.4 

3.4.5 

• 

• 
3.4.6 

U Quantities 

M = (V) ;.: ( U) = grams 
xxx.x 

Calculate M for BS, AS and AT quantities. 

U Quantities Transferred/Received 

a) Quantity Received 

QR =(M for BS this batch)-(M for AT last batch)= 

grams. 
xxx.x 

b) Quantity Transferred 

QS =(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) Quantity Transferred 

SR =~for BS this batch)-(W for AT this batch)= 

kgs 
xxxx.x 

Solution Volumes Transferred/Received 

a) Quantity Receiverl 

RR =(V for BS this batch)-(V for AT last bacch)= 

liters 
xxxx 

b) Quantity Transferred 

R
5 

=(V for BS this batch)-(V for AT this batch)= 

liters 
xxxx 

Measurement Control Calculations 

a) Westinghouse to Taylor Level 

inches 
xx.x 

b) Taylor to Westinghouse Density 

C.., = (D ) - (D ) = 
L w T g/ml 

x.xxxx 

c
2 

is calculated tor BS and AS data. 

c) Westinghouse to Lab Density 

C = (D ) - (D at 25 6 C} = 3 W L g/ml 
x.xxxx 

c3 is calculated fc 

~~-·- ·-· -· _ .. , ... ,~,,,..,. ... , .. ~~OII:>',:n:IVII..l::., 1111,;, 
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• 
d) Before-Sample to After-Sample 

c
4 

= (W for BS) - (W for AS) = kgs 

• xx.x 

• 

• 

• 
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3.5 MBA TRANSFER CALCULATIONS 

3.5.1 

The only MBg transfer of concern is from the U Product 

Sample Tank to the Input Accountability Tank. The 

equations for this transfer comparison are as follows. 

First Pass Comparison 

This comparison uses available Before-Sample data in 

the Accountability tank and available After-Transfer data in 

the U Product Sample tank. 

MBACl = [WPC for BS (In Acct Tk) - WPC for AT of 

previous batch] - [SPC-S for Product Tank] 

Note: WPC for BS is described in 3.2.6 (b) first method. 

WPC for AT is described in 3.2.6 (d) 

is described in 3. 2.10 (b) 

*MBA and MCA are used interchangeably in this 

specification. 
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3.5.2 Second Pass Comparison 

This comparison uses lab results in Accountability /. 

• tank to make a refined comparison. 
·.< 

MBAC 2 = [SPC-R for Acct Tk] - [SPC-S for Product Tank] 

Note: SPC-R is described in ·3.2.11 (a) 

SPC-S is described iL 3.3.11 (b) 

3.5.3 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 tran~f~rred. 

MBAC 3 = [SA-R for Acct Tk] - [SA-S for Product Tank] 

Note: SA-Ris described in 3.2.11 (c) 

SA-S is described in 3.3.11 (d) 

• and 

MBAC 4 = [QA-R for Acct Tk) - [QA-S for Product Tank] 

Note: QA-R is described in 3.2.10 (c) 

QA-S is described in 3.3.10 (d) 
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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, ns defined by 

the operator. The Report Generation Task produces 

three types of reports: the Accounting Report, 

Summary Report, 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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• 4\. 

4.1 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 mater.ial 

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 group 

of one or more lots; it may be open ended. 

Example: "Lot number 12 and all following lots-to-

date constitute the current Inventory Period." 
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4. 2 

4.2.1 

4-4 

LOT/INVENTORY .DEF.INITION 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 response is described in the .following text. 

Dialogue in Response to "LO" 

Question #1: ENTER MEASUREMENT POINT NUMBER (NN) 

Operator Input: NN 

where NN = a valid measurement point number 

Error: If other than a legal measurement 

point number is entered, Question #1 

is repeated. 

Question #2: ENTER BATCH NUMBERS (LL, HH) 

Operator Input: LL, HH 

where LL = low batch number for lot 

being defined 

HH = high batch number for lot 

being defined (optional) 

Error: Program responds "ERROR RE-ENTER" 

if a batch number is entered which 

duplicates a batch in an existing lot. 
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Next Question: LOT NUMBER m INCLUDES BATCdES LL-HH 

\>1here m = next available contiguous· 

lot number 

LL-HH = batch numbers that have just • 
been correctly entered by the 

user. 
; 
. ''I 

• Next Question: End of dialogue. 

• 

Scientific Systems Services 
1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE. FLORIDA 32901 • (305) 725-1300 



4-6 

• 4.2.2 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 

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 "RRROR RE-ENTER" 
I 

if a lot number is entered which 

duplicates a lot in an existing 

Inventory Period. 

.· 
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Next Question: INVENTORY PERIOD NUMBER m • 
INCLUDES LOTS LL-HH 

where 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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4.2.3 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 the 

Lot Index File for that measurement point. (The 

format of the Lot Index File is shown in Figure 7-3, 

• Section VII.) The task checks the batch numbers LL, 

HH entered by the user against those already in the 

file. If there is no duplication, a new entry is 

made at the end of the Lot Index File with the 

user-defined batch numbers. 
., 

The Inventory Peribd Definition function, IP, is 

the same as LO, except the user-entered lot numbers 

make up a new entry in the Inyentory Period Index 

Pile. (See Figure 7-2, Section VII.) 

----------------------------------------------------------------------------~--
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4.3 REPORT GENERATION TASK 

The Report Generation Task produces three types 

of reports: The Accounting Report, Summary Report, 

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 

Rcpo~t. A ~Rtailed 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 be generated: 

Accounting, Summary, or Material Balance. After supplying 

the report type, the program requests the measurement 

point number when applicable. 
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4.3.1 Report Formulation 

Four primary measurement points are used to 

demonstrate accounting and material balance 

• routines. Output data is based on preliminary 

results as well as final results, because the 

turn-arou~d time for obtaining analytical results 

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 summary 

total is segregated by (P) or (F) status to 

• advise the user accordingly. 

Other items reported include: 
. ·::. 

1. "Received from" and "transfer to" points 

The points from which the material was • 

received and the points to which the material 

• was transferred are reported. Batches re-

cycled back into process are excluded from 

input/output material balances, and ·must 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 

reports as follows: 

- Refers to the Lot In~ex Fil~ tn find 

appropriate batch numbers(s) (Figure 7-3, 

in Section VII.) 
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• - Refers to the Batch Index File to 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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4.3.2 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. 

• 1. LOT NO. - This heading identifies the lot 

number, and subdivides the report into lot 

groupings. 

2. BATCH NO. - A unique number assigned to a 

batch. 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 <.hmsi ty anr-1 r1r.idi ty level; c:mn t.he 

• second is final (F), which is based on the 

reported uranium concentrations. Whenever 

• 
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- ~ 1.1 NMC - ACCOUNTING U1 

h INPUT/OUTPUT REPORT FOR MEASUREMENT POINT 2-003 

:r. DATE OF REPORT--1/19/78 
z 
ll 
() 
0 QUANTITY RECVD. QUANTITY TRANSFERRED ~ m Im BATCH ~NUI\L LOG BATCH RF.C. U-CONC g g !n 
'J3 en NO. NO. CHANGE DATE NO. CODE* NO. FROM Mc-U/G LITERS SOL U-CONTENT LITERS SOL U-CONTENT 
0 ---- --- -
c ·n. Beginning Inventory r- -· XX XX XX 
m 

CD < 1 1 1-10-78 35606 F 2-001 235.89 10 15 12 8 13 10 2-005 )> :l ll 1 2 c 1-ll-78 35510 F 2-001 236.81: 12' 18 14 10 15 12 2-005 0 ~· 

• -· 1 3 1-12-78 35514 F 2-001 237 8 12 10 10 15 12 2-006 

""""' "0 -· 1 4 1-12~78 35518 F 2-002 240 12 18 14 10 ~ 12 2-005 p n 
Ill Lot Tot;,ls F 42 63 50 38 58 46 
0 C/) X 

2 5 1-13-78 35620 2-001 239.00 16 24 12 12 18 8 2-005 ~ '<' F 
01 I -0 en. 2 5 1-14-78 35624 p 2-001 241.30 20 30 15 15 23 ll 2-005 ..... 
• ~ 2 7 1-15-78 35628 p 2-001 227.62 .!i ~ 10 0 0 0 ~ 

5: m m 

3 Lot Totals so 75 37 27 41 19 r-
Ill 
0 en Cwnmu1ative T:ltals F 2-001 46 69 48 40 61 42 2-005 
c 
ll Lots - l thru ·2 F 2-·JO 2 12 !! 14 10 15 12 2-006 z C/) !" .,.. CD Sub Total 58 97 62 so 76 54 
r-
0 < p 2-001 l! 51 25 ~ 23 11 2-005 
ll 

0 -· Grilnd Tot.> 1 21. 138 87 g 99 65 
)> n 
1.1 CD "' Ending Aalanoc 27 39 22 <0 fl) 0 - "Preliminary :Pl or Final (F) Corl-. 
• -1.1 '. 0 
~ 
..... 
"' '.J ;. '!' -1.1 
0 
0 

FIGURE 4-1. TYPICAL NMC ACCOUNTING REPORT 
t 
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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 

(F) on the report. If not, then, the 

pr.liminary data are used and coded (P) on 

the report. 

6. RECEIVED FROM ... 'rh,is is the measurement 

point from which the material was received 

and the batch number for the quantity trans-

ferred. It is used to provide a ready means 

for comparing quantities transferred and 

:rece:i,ved between two points. 

· 7 •. U CONC. Mg-U/g - This is the uranium 

cortcentration calculated for the preliminary 

results or the results from the·analytical 

determinations for the final values. 

8. QUANTITY Rl!:C:EIVED ... Three quantities are 

reported consisting of the liters and 

kilograms of solution, and kiluyram:3 o[ 

.uranium. Values are reported to the 

nearest tenth of a liter or kilogram. 
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9. QUANTITY TRANSFERRED - The three quantities 

transferred from the reporting point are 

recorded to the nearest tenth of a unit • 

10. DESTINATION - This is the measurement point 

to which the material was transferred. It is 

also coded with an (R) when material is re-

cycled .. 

11. BATCH LISTING - Below the lot heading, each. 

batch number and all detail, Items 2 through 

10, are recorded.· 

12. 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 quantity trans-

ferred and by (P) or (F) codes . 

13. CUMULATIVE 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. 
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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 t.imP. a report 

• is requested, the lot numbers are provicted. 

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 

differant depending on the status of the 

preliminary values used. For this reason, 

the status code (P) or (F) is shuwn fo.:t.· Lhe 

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 the 

Accounting Report. The lot totals are provided 

in the same manner, based on "rec~ived from" points 

• and "destination" points for receipts and transfers 

respectively.. 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 othe~wise specified • 

• 
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4.3~4 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 

foilows: 

1. A beginning balance is entered from inventory 

reports by NMC via the terminal, and stored 

·in the program for use as· needed. 

2.. The input accountability point (2-003) derives 

the quantities as cal~ulated and summarized 

from the Summary Reports for the quantity 

received. These received subtotals provided 

in the ·summary Reports are the .same used in 

the HBR. 

.., .. , ..... .,. .. , _, .. , ..,, ..,.._, .. ,,,.,._ _. r "'"-"'~ ~t;I'IH .. .,;), 1111.., 
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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 outpu~ 

quantities for the MBR. The (R) batches are 

included in the detail section of the report, 

and are shown as (R) in the CODE column. The 

totals recorded in the MBR section, however, 

do not have these (R) quantities included. 

The detail format for the Materials Balan.ce 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) Begfnning and ending inventory 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. 
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4. CODE - is the standard (P) and (F) for 

preliminary or final, and (R) for recycle. 

Each of the "To" and "From" points are also 

subdivided for this status. All totals and 

details 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 quantities 

as totals of the detail columns. 

7. BEGINNING INVENTORY - is the starting quantity 

for the MBR interval. 

a·· •. INPUT - in this section, the lots and batches 

are included 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, Bu.tch 66). The 

total input is the summation u[ all the "From" 

points and (P) and (F) status. If any (P) 

status are shown, then the total is (P). 

Scientific Systems Services 
.1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE, FLORIDA 32901 • (305) 725-1300 

• 



NUCLEAR MATERIAL ACCOUNTING 
~TERIAL BALANCE REPORT FOR PERIOD 

DATE OF REPORT ~ -- ~ w 
<.11 

l5 
:t DETAIL MBR z 
:D FROM/TO CODE LITERS Kg.SOL. ~ LITERS Kg.SOL. ~ 0 

·o 
m ·.· 
Vl '. BEGINNING INVENTORY xx.xxx 
CJ .en 
0 . 
c ·0 INPUT . r -• m .CD < 2-003 ACCT TANK l>. :::J :D LOTS 1-1-THRU 6-62 XX p XXX. X xxx.x xx.xxx 0 ... 

. . -· 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 0 (') 
CJ 
0 (/) OUTPUT X 

~ '< 2-009 PROD SAMPLE TANK 
0 en 1-3 4-25 • ... LOTS THRU XX p XXX. X xxx.x xx.xxx .c. s:: CD 2-009 TOTJI.L FOR MBA XXX. X XXX. X xx.xxx XXX. X xxx.x xx.xxx I m 

3 N r : CJ N 
0 en ·2-023 HWW SAMPLE TANK ·C 
:D LOTS 1-1 'I'HRU 1-3 XX F xxx·. x XXX. X xx.xxx z (/) .m :2-023 TOTAL FOR MBA XXX. X xxx.x xx.xxx XXX. X xxx.x xx.xxx , CD r < 0 
:D 2-028 GP~T CHECK TANK 
0 --·. LOTS 1-2 THRU 2-4 XX RF XXX. X xxx.x xx.xxx )> • (') 

~ CD 2-028 TOTAL FOR MBA XXX. X xxx.x xx.xxx XXX. X xxx.x xx.xxx 
~ en 
• ENDING BALANCE xx.xxx 
w 
0 
~ 
-.J 

"' '!' 
w 
0 
0 

FIGURE 4-2. TYPICAL MATERIALS BALANCE REPORT 
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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 total for the MBR, however, does not have 

the tecycle -included in it. 

10. The ending balance is the difference between 

the beginning inventory plus t.ne input, l.::ss 

the output. 

• 

• 
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SECTION V 

MEASUREMENT CONTROL PROGRAM 

5.1 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 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 sequence. These are specifically 

included in the discussions of measurement sequences . 

• They are presented here for continuity of measurement 

con·trol discussions. The methods, procedures, and 

butput 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. 

5 .1.1 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 
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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 

~nom~lies. These comparisons are made at the time 

of data generation using available measurement data. 

This allows timely application of these comparisons and 

associated limits. Notification of indicated problems 

is provided to initiate supervisory corrective action 

and ensure proper measurement· data are recorded. 

The comparisions 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. 
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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 instrume'nt problems. In these cases, the 

second instrument is considered 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 tl:le :raw instrument readings. It 

should also be noted that· the control limitR 

are specific to the instrument application. 

They may change from measurement point to 

measurement point. 

5 .1·. 2. 2 Process Density to Lab Oensi ty Comparisons 

Process density to lab density (at 25°C) comparisions 

. are made to provide timely assurances that tank solution 

is mixed and that both instrument and associated purge 

·lines are functioning satisfactorily. The calculated 

density from the primary density instruments are compared 

to the laboratory density result (at 25°C) . 

Process density is caleulated a• follows: 

Probe~s Den~ity = 

(differential pressure across density probes in in. H 20*) 

(probe separation in inches) 

......... ttp• .. O:U.Y "•""U\.1\ \lit,: WfltU:n approval 01 sc.enlific Systl:rns Services, Inc. 

Scientific Systems Services 
1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE. FLORIDA 32901 • 1305) 725-1300 

• 



• 

• 

5-5 

*NOTE: The 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 measure differential pressure from the in-

tank reference probe to the low pressure density 

probe. The difference between these two measure

ments is the dipierential pressure across the 

density probes. 

Process density is now compared to lab density 
I 

{at 25°C) as follows: 

I {process density)-{lab density)! ~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 densi t,y).;... ( Ruska densi ty)f <control limits 

• 

• 

• 

Scientific Systems Services 
1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE, FLORIDA 32901 • (305) 725-1300 



• 

• 

• 

• 

5 .l. 3 

5-7 

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-Sample" to "After-

Sample" 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 Cpmparisons - Repeat Measurements 

Repeat measurements are provided in "Before-Sample" to 

"After-Sample" data and "After-Transfer" to "RP.fore-

Receipt" data when it is available. The mass of 

solution is calculated from data associated with 

each individual measurement. These repeat measurements 

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: 

(l) Calculation of process density from process 

instrument data: 

0 = process density = (differential pressure in in. H2 0 

probe separation 

NOTE 1 In the case of comparism1 of heel mect~uLt:1Ctente, . 

(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: 

L = liquid level 
= (liquid level differential pressure) 

pl.-ocess density 

NOTE: Liquid level differential pressure is usually in 

inches of water. 

(3) Calculation of solution mass: 

M - mass (kg sol) 

... , are coefficients of vessel 

calibration equations. 
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• 

• 
5.1.3.2 Mass of Solution Comparisons - Redundant Measurements 

Redundant measurements are provided. when a batch of 

solution is transferred from one tank tQ another. 

Quantities sent are calculated from measurement data 

of the sending tank. Quantities received are,indepen-

dently measured arid calculated in the receiving .. 
tank. These redundant measurements and comparisons 

' 
allow timely review arid indication of potential 

. - .... 

problems with transfer mechanisms/procedures or 

individual measurement performance . 

• . . 
For the U I/O program, this comparison is only applied 

in the U Product Sample Tank to Input Accountability 

Tank Transfer sequence. The specific calculations 

used in this comparison are provided ·in the measurement 

description for the Solution Quantities Transferred/Re-

ceived (Section 3.2.11) . 

• 
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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 

assigned by NMC when data are not available). Data for 

each compari~o11 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 are calculated by the following formula: 

n 
n 
r 

i=l 
n(n-1) 

where: d. ; differerioc between original and ~~p~ctl uL 
1 

replicate measurement i. 

n = number of measurements. 

n 
d = E di/n 

i;l 
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s = stan~ard deviation for the difference 

between measurements. 

s!J2 = standard deviation for an individual 

measurement. 

Alternately, the variance may be ·calculated on a relative 

basis as follows: 

where: 

n 
n 1: 

i=l 
d - l: d 

( )
2 ( n ) 2 

ri i=l ri 

n(n-1) 

d . = relative difference between original· (0) 
r1 

n 

and replicate (R)· measure i. 

oi - Ri 
d . 
r1 (0. + R.)/2 

J.. J..· 

= number of measurements. 

Y = coef~icient of variation for the difference 

d 
r 

= 

between two measurements. 
n 
[ 

i=l 
d ./n 

rJ.. 

coefficient of variation for an individual 

measurement. 

After calculation of the applicable s or Y' a confidence 

interval of d ±3s (or dr±3y) is established. A 

comparison of each di or dri is made to the appropriate 
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interval. Any d. or d . that exceeds the limit is 
1 r1 

"flagged." If any "flags" are encountered, the 

appropriate statistics are recalculated excluding the 

"flagged" value and the interval recalculated. e 
Remaining d. or d . quantities are compared. This 

1 r1 

iterative process is applied until all remaining di 

or dri fall within the confidence interval. • 
Control limits are then set at 0.05 and 0.01 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 

5. 2'. 5. 

• 
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Response Levels of Action 

The above calculated control limits are applied to 

measurement data as they are generated 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 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. The specific 

responses to alarms are detailed in measurement sequences. 

They are specific for each type of comparison. The level 

of response depend on the importance of the measurement 

to NMC calculations. For example, an instrument comparison 

between a Ruska and a Taylor that is outside the 

established control limit may result in a calibration 

request for the Taylor. However, a before and 

after-s.ample measurement comparison that is outside 

the control limit would require a remeasurement or 

other corrective action. 

For each measurement comparison, the difference (di or 

dri> is calculated and compared to the applicable 

control limit. 
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1. If di or d . <control limit at 0.05 level of 
r1 - . . 

significance, data are acceptable and stored in 

appropriate file. 

2 . If d or d >control limit at 0.05 level of 
i ri 

significance but~control limit at 0.01 level of 

significance, data are acceptable for storage i~to 

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 consecutive d. or d . exceed control limits 
1 r1 

of 0.05 level of significance; or 

4. If di or dri exceed control limits at the 0.01 

level of significance, the measurement data are 

not aoocptable for use in the materials control An~ 

accounting program. A message is printed to the 

NMC office and to the Operations output 

terminal. 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 dependen~ upon the type of comparison 

-· -···· .. ·- ... , ~ .. -~ ...... ~· .... ~ ....... 
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and the importance of the measurement with respect 

to NMC calculations. In 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. 

• 2. 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 the NMC office and to 

Operations similar to the following: 

MESSAGE FOR TANK BATCH DATE TIM F. --- --- ---
(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 . 

• 

Scie11tlfic Systems Services 
1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE. FLORIDA 32901 • (305) 725-1300 



5-16 

3. 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. ,. 

Th~ mP.ssaqe is followed by the instrument or • 
calculation discrepancy to be investigated. 
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The message to dperations 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 . 
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-~1--~------------~ 
libV 

5 .l. 6 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 estitnates for application· to 

limits qf 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 

numbers 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 recalculate the same comparisons 

and additional comparisons using additional measurement 

data not AVRilahle at the initial measurement. This 

allows review and evaluation of measurement performance 

and estimates of random error components. 
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5.2 MEASUREHENT CONTROL PROGRAH DETAIL 

The M~asurement Control Program routines compare 

measurements which are printed in a report (Figures 5-l, 

5-2, and 5-3)on user request. The measurements compared 

are made by different instruments or. replicate 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. 

Liquid Level Comparisons - Level versus density probe. 

Liquid level may be computed from the level probe or from 

the density probe in a tank. 

~~Ps.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 

~omparisons - When an MBA transfer occurs, the mass of 

~uluLion for an input Bat~h 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. 

QUF.S'T'ION #1; REPORT TYPES ARF: LV = LEVEL 

DN = DENSITY 

RP = REPLICATE 

PI = PRODUCT TO INPUT 

uc = u CONCENTRATION 

CARRIAGE RETURN = END OF REPORTS 

ENTER REPOR'l' 'I'YPE? 

RESPONSE: User enters one of the five valid codes 

J.isted 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 

comparisons are desired on all tanks. 

QUESTION #3: ENTER BEGINNING BATCH NUMBER? 

RESPONSE: User enters Ba.tch 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 

co~parison being made. If the calculated 

comparison is greater than this value, 

• the comparison will be excluded from the 

comparison summary. 

The program now cycl.es back to QUESTION #1 • 

. . -· _ ............ _, ................ ,.n,.c~, ""·· 
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Response to #3 - DN 

Question: PROCESS OR PROCESS/LAB 

Response: PR for process density/process density 

comparisons 

PL for process density/lab density com-

pari sons 

NEXT QUESTION: END OF DIALOGUE 

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: 

s 

where: 

n 
n 1: 

i=l 

n 
r 

i=l 

n(n-1) 

n = number of measurements 

d. is calcuated according to the type of 
1 

comparisons being made . 
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Instrument to Instrument Comparison 

This comparison consists of: 

d. = 
1 

where: P 1 = net pressure differeniial of primary pressure 

measurement. 

P 2 -nat pr~~surP ~ifferential of secondary pres-

sure measurement. 

for P 1 and P 2 see the following references: 

INPUT TANK Section 3.2.13 (a) (c) 

PRODUCT TANK Section 3.3.13 (a) 

GPW TANK Section 3.4.8 (a) (b) 

H\'lW TANK Section 3.4.8 (a) (b) 
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Liquid Level Comparisons 

d. = LL - (DL + K) 
1 

LL = (Pl) K 

p 1 - p 2 

DL 

where: LL, 'DL = liquid level using bottom level probe 

and density probe, respectively. 

differential pressure between reference · 

probe and the level and density probes, 
~f~, 

;. 

respectively. 

K = probe separation. 

For details of LL, DL, P
1

, P
2

, and K see the 

following references: 
' ¥· 

INPUT TANK Section 3.2.3 (d) (e) ~ .•. 

PRODUCT TANK Section 3.3.2, 3.3.1 (i) 
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Mass of Solution Comparisons 

d 1· = M - M 
1 2 

M 1 = f, + a,(:}a,(::J + a,(::JJ~J 
M, = G. + a.(:}a,(::J + a,(::JJt~ 

f' 
2 rj (' p ') 

. p 
p )· 2 + a __:_ .2..· 

M1-M2 = a 1 (P 1 - + a- - --2 2 3 2 D 2 D1 D2 D1 2 

where: 

M 1 = mass of solution for first measurement. 

M2 = mass of solution for second measurement. 

ao,a1,a2,a3 = coefficients from vessel calibration 

equation. 

= net pressure reading for the fir.st and 

second measurements, respectively (i.e., 

adjusted for zero reading) . 

= lab density at 25°C connected to the 

corresponding density at tank temperature 

for the Il~sl and second measurPmRnts, 

respectively. 

For details see the following references: 

INPUT TANK - Section 3.2.7, 3.1, 3.2.13 (j) (k) 

PRODUCT TANK - Section 3.3.7, 3.1, 3.1.13 (h) 

WASTE TANKS - Section 3.4.2, 3.4~8 (d) 
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Pr·ocess 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: 

di ~(DT D: PO) 100 
where: DT = lab density at tank temperature 

PD - process density 

Process density is calculated as follows: 

(1) P D = pl - p2 

K 

where: PD = process density 

pl = pressure reading-level to reference probe. 

or 

(2) p D 

p2 = 

K = 

= p~ 
K 

pressure reading-density to reference probe. 

probe separation 

where: P
3 

= 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 

Scientific Syst·ems Services 
1135 JOHN RODES BOULEVARD • P.O. BOX 610 •-MELBOURNE, FLORIDA 32901 • (3051 725-1300 



5.2.2.5 

5-30 

Process Density to Process Density Calculation 

where: PD l , PD 2 = process de sui ty, from Taylor and · Rus·ka, 

respectively. 

P 1 ,P 2 ,P 3 =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 

d. = m - m 1 1 2 

The mass (m 1 ) of solution transferred and the mass (m
2

) of 

solution r~ceived are calculated as follows: 

where: m + m are the respective kgs solution 
l 2 

a ,a ,a ,a , 
0 1 2 3 

a 1 a 1 a 1 a 1 = 
0

1
1

1
2

1
3 

the respective volume calibration 

coefficients 

p ,P 
1 2 

- the respective net ~ressure readings 

= the respective lab densities converted 

to densities at tank temperature 

For details see the following references: 

INPUT Tl'.NK - Section 3.2.11 c 

PRODUCT TANK - Section 3.3.11 d 
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SECTION VI 

MISCELLANEOUS PROGRAMS 

6.1 LOS DRIVER/FILE UPDATE PROGRAM 

The LOS Driver/File Update Program is the interface between 

the CNMCAS systems and the Lab Data system. All communica

tions with the LOS is passed through this program. It re-

tains enough information from each CNMCAS/LDS transaction to 

update the Data Base with the anlytical results when c~m

pleted by the lab and marks that Data Base entry fitial. 

Required parameters passed to this program are: 

·l) Vessel ID number 

2) Batch number 

3) Message to LOS operator 

Return parameters from LOS are: 

1) Vessel ID number 

2) Batch number 

3) Sampling complete indicator 

4) Density and acid results 

or 

l) Vessel ID number 

~) Batch nUmber 

3) Final results indicator 

4) Number of data bytes to follow 

5) Analytical results 
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When the LDS Driver receives a response from the LDS, it de-

codes the r~~ponse to determine if it is a sample-complete 

message or Analytical Batch results. If it is a sample-

complete message, ~he driver passes the Density and Acid 

results back to the calling program, and enters the Batch 

and vessel ID into the file update routines queue. 

If the response is the Analytical Batch result, the.program 

(1) checks the entry in the file update queue, (2) accesses 

the analytical data file assigned to that vessel, and (3) 
. ;····. 

enters the analytical results received from LDS. It now 

accesses the Batch Index file for that vessel, and marks it 

final . 
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6 . 2 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 that requests for data from the RTP system are 

logged into 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 requests for 

data from the R'l'.l:' system. 

Parameter passed to this program are: 

1) Number of transducers to read 

2) Transducer ID #l 

3) Transducer ID #n • 
4) The address of a data buffer to put the transducer 

readings 

The RTP driver communicates with the RTP system as if it 

were a terminal. It puts the terminal in binary mode and 

sends the request for transducer reads one a.t a time, waiting 

retrieved all of the r~adings that a user has requested; it 

puts them into the user's data buffer and signals that user 

that the transaction is complete. It then examines the input 

queue for any pending requests. If there are more requests, 

• 
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it will service the next one. When the ~ueue is empty, the 

Driver suspends itself waiting for more activity. 

Program Qown Load 

The RTP Driver Program is built and permanently stored 

in the CNMCAS system, and is down loaded to the RTP 

system on command from the RTP system . 
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6.3 DATA BASE HAINTENANCE 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 tl1.e program via a system terminal,_ 

• with dialot)ut: in the form of qnP.Rtions and answers. 

When the program is activated when the following message 

is written to the term~nal: 

ENTER FUNCTION> 

The operator now enters one of the following functions: 

• FUNCTION NAHE DESCRIPTION 

CREA'l'E This function i~ nsed to create a new 

measurement point Data Base. The pro-

qram responds with: 

ENTER MEASUREMENT POINT ID> XX-XXX 

The operator no~ enter~ XX-XXXJidcnti-

fying the measurement point the new data 

base is to apply to. The program 

ENTER DATA TYPES> R,A,M,E 
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FUNCTION NAME 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 questions have been answered correctly, the pro-

• gram builds the Data Base as defined . 

FUNCTION NAME DESCRIPTION 

SAVE This function is used to save portions of 

the Data Base System on magnetic tape for 

historical 'purposes. The program respond 

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. 
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DESCRIPTION 

The program now responds with: 

ENTER TYPE> IP,n-m or 

> DA,DD-M.~1-YY/DD-MM-YY 

If IP is entered, the program saves. 

the inventory periods n through m of the 

defined Data Base(s) .. Lf PA:~S ehtered, 

the program sav~s the detin~d.Da~a 

Base(s) beginning at DD-MM.M-YY through 

DD-MMM-YY batch entry dates. 

If any errors are detected during entry 

of the above parameters, the program 

iecycles back to the point of error and 

allows correction. 

Having successfully entered all para-

meters, the p~Qq~~m 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. 
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FUNCTION NAME DESCRIPTION 

After the veri~y function is complete, 

the pr~gram asks the operator if he 

would like to delete all saved data from • the disk. If the answer is yes, the pro-

gram deletes 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 • 

• 

• 

• 
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6.4 DATA BASE EDIT PROGRAM 

The Data Base Edit Program is used 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 

fbr ~afegua~d. This means that in order to activate the 

program, the 6perator muHt correctly entGr the second 
i 

password within a specified period of time. 

' .. 
The Edit program allows only the quantity of 

solution in the Raw Data File to be changed. 

Whenever ~his entry is changed it is marked with 

a code indicating it. 

The operator communicate~ with the Edit p::rngr.am 

through a system terminal. Unique commands will 

be defined during detail design. 
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SECTION VII 

DATA BASE SYSTEM 

7.1 DESCRIPTION 

The Data Base for CNMCAS is composed of a collection of • files linked together in a hierarchical structure. (See 

Figure 7-1). Each measurement point has one of these 

Data Bases. The collection of all measurement point Data 

Bases is 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 

---··- ·········-··· 

BATCH INU.l.!:X 
FILE 

NOT IMPLEMENTED FOR 
I/0 DEMO PROGRAM 

-

~N;LYTICAL l DATA FILE 

·----- ····-·--

-- -, 
I 
I 

j_ 

I MANUAL DATA/ 
I ENTRY FILE I 
I . I 
L_ ---

t-1AXH1Ur.1 SIZE - APPROX 941 BLOCKS 

%OF RP04- APPROX .54% 

- - --J 
I 
I 

- _.J_ 

I EXPANSION 
I DATA FILE I 
I I 

FIGURE 7-l. MEASUREMENT POINT DATA BASE 
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7. 2 INVENTORY PERIOD INDEX. FILE . 

The Inventory Period Index File is used to associate an in

ventory period ~ith a colle~tion of l~ts. This file is 

managed by the Accounting program. Each entry is created by 

an operator when he. wishes t~ create an i~ventory period. 

Lot numbers for an inventory period need not exist at the 

time an inventory period is creqted. 

The estimated size of this file for a six-month collection 

of historical data is approximat~ly 14 disk blocks. Each 

disk block cont·ains up to 41 entries· or inventory periods. 

There is no maximum size limitation . 

Each disk block within the file· is str~c~ured 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 16-bit computer word, the 

maximum value of each is 65536.ClQ) .. This merely means that 

when the numbers reach that point, the numbers roll over 

and start with zero again. 

Scientific .Systems SerVices: · ·· 
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INVENTORY PERIOD INDEX FILE 

TOTAL NUMBER OF ENTRIES 

ENTRY SIZE 

FILE NAME OF LOT INDEX 
FILE 

INVENTORY PERIOD Nut-1BER 
FIRST LOT NUMBER 
LAST LOT NUMBER 
BEGIN INVENTORY QTY KgU ,} 

P/F ~ INVENTORY PERIOD NUI-1BER 
.FIRST LOT NUMBER 
LAST LOT NUMBER I 
BEGIN INVENTORY QTY KgU 
P,/F 

r:;::, ~~-

r="INVENTORY PERIOD NUMBER 
FIRST LOT ~UMBER 
LAST LOT NUMBER 
BEGIN INVENTORY QTY KgU 
P/F 
ENTRIES/B~OCK - 41 
SIX MONTH SIZE - 14 BLOCK 

HEADER 
10 WORDS 

ENTRY 
6 WORDS 

FIGURE 7-2. INVENTORY PERIOD INDEX FILE 
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7.3 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 

i 
--

LOT NUMBER 
FIRST BATCH NUMBER 
LAST BATCH NUMBER 

I LOT NUMBER 
FIRST BATCH NUMBER i LAST BATCH NUMBER 

I 

i 

} 
} 

:..--

HEADER 
10 WORDS 

ENTRY NO 1 
3 WORDS 

ENTRY NO 2 

LOT NU~1.BER 

FIRST BATCH NUMBER 
LAST BATCH NU!·1BER 

} ENTRY NO n 

--------------------------~ 

ENTRIES/BLOCK - ~2 
SIX MONTH SIZE - 14 BLOCKS 

FIGURE 7-3. LOT INDEX FILE 
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7.4 BATCH INDEX FILE 

The Batch Index File is the primary file·used to record in-

formation about a Batch measurement. This file contains such 

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 header 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. 
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TOTAL NUMBER OF ENTRIES 

FILE TYPE CODE I ENTRY SIZE 

MEASUREMENT POINT ID 

RAW DATA FILE NAME 

ANALYTICAL DATA FILE NAME 

f.1ANUAL DATA ENTRY FILE NAME 

EXPANSION DATA FILE NAME 

.. 

NUMBER OF ENTRIES THIS BLOCK 

BATCH NUMBER 

CREATION DATE/TIME 

RECYCLE I 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 MA.N DATA FILE 

REL BLK NO IN EXP DATA FILE 

ENTRIES/BLOCK - 7 
SIX MONTH SIZE - 103 BLOCKS 

FIGURE 7-4. BATCH INDEX FILE 
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7.5 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 elements, and each element 

contains four items. (See Figure 7-5.) These items are 

in the order that 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 applications 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 . 

• 

Scientific Systems Services 
1135 JOHN RODES Bo"ULEVARD • P.O. BOX 610 • MELBOURNE, FLORIDA 32901 • (305) 725-1300 



7-10 

Gl'.'I'CH Nut·1BER 

! 
1 
I 
I 

I 
I 
I 

f 
i 

! 
; 

' ; 

~ 

I 
' 

~ 
I 

TIME/DATE BR 

TIME/DATE BS 

TIME/DATE AS 

TIHE/DATE AT 

LEVEL READING BR -
LEVEL READING BS 

LEVEL READING AS 
. -~.' ·- .... ·-

LEVEL READING AT 

DENSITY READING 

DENSITY READING 

DENSI'l'Y READING 

DENSITY READING 

TEMPERATURE READING 

TEHPERATURE READING 

TEMPERATURE READING 

TEMPERATURE READING 
.... . ~· 

QUANTITY OF SOLUTION c . 
QUANTITY OF SOLUTION c 
QUANTITY OF SOLUTION c 

.. 

' QUANTITY OF SOLU'IION 
! c I i;, 

l ---------' 
ENTRIES/BLOCK - 2 
SIX-MONTH SIZE 540 BLOCKS 

C = ENTRY HAS BEEN MANUALLY CHANGED 

FIGURE 7-5. RAW DATA FILE 
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7.6 ANALYTICAL DATA FILE 

The Analytical 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 mode 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 . 
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BATCH NUMBER 

LAB SAHPLE LOG NUMBER 

DENSITY 

TEMP 

ACID 

u CONCENTRATION #1 PRIMARY M 
<• 

{) CONr.F.NTRATlON #2 PRIMARY M 
- ·····~. 

u CONCENTRATION #1 BACKUP .... 

u CONCENTRATION it2 B.ACKUP 

u ISOTOPIC RESULTS #1 

u 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 

M 

M 

r 
! 
; 
! 

FIGURE 7-6. ANALYTICAL DATA FILE 
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• 
SECTION VIII 

PROJECT IMPLEMENTATION PLAN 

• 
Implementation of the I/O Demo Program and 

RTP Sy.stem will require approximately 18 

• calendar weeks, as seen on the Implementat~on 

Schedule, Figure 8-1. 

In order to achieve this schedule, it will 

• require the project to be staffed with up to 

7 people during this period. 

We believe. this is a realistic schedule based 

on the systems as we know them at the present 

time • 

• 

• 

Scientific Systems Services 
1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE, FLORIDA 32901 • (3051 725·1300 



WEEKS 

DETAILED - SYSTEM DESIGN -w 
U1 

ls DESIGN 
:X: DATA BASE SYSTEH z 
lJ 
0 GENERAL 0 
m STATE TABLE (11 

!D en 0 DATA BASE c n r -· MAINT. PGM. m 
CD < 

)> 

:::J lJ DATA BASE EDIT 0 .. 
• -· PGM. .... , -· l:> n INPUT PGH. 
Ill 
0 C/) PRODUCT PGM. X 

m'< 
c; en GPW PGM. 
• .. 
s: CD HWW PGM.. 
m 

3 r 
!D RTP DRIVER 0 en c 
lJ LDS DRIVER z en _m 
"TI CD 1\CCOUTING po::;M. 
r < 0 

MEASUREMENT lJ 

0 -· CNTL PGM. )> n 
w CD "' RTP SYSTEM lO en ~ 

• SYSTEH 
w INTEGRATION 
0 
~ 
.... DESIGN 
"' 'f REFINE!-1ENTS 
w 
0 ATP 0 

FINAL 
DOCUMENTATION 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1; 18 19 20 
; 

! 

i I 
I 
j 

. 
~ 

~ 

t 
' 

~ 
I ' I 
i 
! 
; 

i 
! 
i 

I I 

I . 
It -

-

I 

I ~ 

FIGURE 8-1. IMPLEMENTATION SCHEDULE 

• • 

.-

• 

Ol 
I 

N 



9-1 

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. 
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DEFINITIONS 

Point (N) : 

Sample (SN): 

Raw Voltage 
Reading (RVN) : 

v 

A number N, 02_N2_1023 uniquely speci.fying 

an analog input channel of the WRAIS 

A sample (Raw Data) Input from point N 

A 16-bit 2s complement nu~er: 

-163842_s<l6384 

A raw data reading of point N. Defined 

seN 
as RN = ~=l Si/SCN 

where: SC is the sample count. 

R is a 16 bit 2 '_s complement 

number: -163842_R<l6384 

(For single sample readings, SC=l and 

R _SN 
N = 

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 
(CVN): Calibrated Voltage Reading of point N. 

Linear Inter
polation function 

Calculated as: CVN = LIF (RVN,LITPGAIN } 
N 

LIF (X,LITP } : Linear Interpolation function of X and 
X 

Piecewise
Linear Inter
polation 
function: 

pointer. X is a floating point number.· 

LITP point to four consecutive floating 
X 

point numbers: X1 ,Y 1 ,X 2 ,Y 2 = 

PLIF(X,PLITx} = LIF(X,LITPx.> 
1 

where: LITP points to four consecutive x. 
1 

values: xi,yi, xi+1 ,yi+t 

such that: xi~ X <Xi+l 
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SECTION I 

• INTRODUCTION 

This CONTROL-SPEC® is written in response to 

Allied-General Nuclear Services purchase order 

#A?-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, Inc.'s 

Wide Range Analog Input System. All software will be 

written in DEC as.sernbly 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 Lase. 

Section IV provides a description of the deliverable 

items. 
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SECTION II 

FUNCTIONAL DESCRIPTION 

2.1 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. 
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2.2 SYSTEM SOFTWARE LOADING 

The RTP software is stored on disc in the 

CNMCAS system, and downloaded 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 syseem disc and sends 
: '· ) ;. ~ ,, .. l', ' t • • .. 

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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2.3 DATA.ACQUISITION 

The RTP system will continuously input raw 

• data samples from the Wide Range Analog 

Input System (WRAIS). Processing of 

previously read samples may occur. while 

• another sample is being taken. Also, . . 
samples from different WRAIS controllers 

may be taken simultaneously. 

Each·point (see Appendix Definitiqns) in the 

system belongs to a unique scan mode, and 

the subset of po~~ts 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 i::. the background Rr.an mode. Samples of 
,. 

points in this mode are continuously 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 (~) are computed for each point N 

in the scan mode as: 

~ = ~N 
J.=l 

For points in Scan Mode 2, the five 

latest N values of ~ wiil be. held internally 

for conversion and transmission to CNMCAS on demand. 
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• 
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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EAMPLES/READING AT 40 SAMPLES/SECOND SCAN INTERVAL ~ - VE~SUS NUMBER OF POINTS IN SCAN - ~-w 
<.1' 
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0 ~ FIGURE 2-3. TYPICAL SM1PLES PER READING • 
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2.4 DATA CONVERSION 

Conversion of raw data readings to engineering 

units (measurements) 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. 

2.4.1 Conversion of Standard Instrument Readings 

Standard instruments are those whose conversion 

from voltage to engineering units is a 11near 

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 

Binary Coded Decimal (BCD) number plus sign (21 bits). 

The conversion of a reading (R) of point N, connected 

to a standard instrument into a measurement M, is • 
c1efined as: 

where • 
LITPN or PLITPN is the pointer to the 

linear or pi~cewise-linear interpolation 
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(See table (PLIT) entry associated with point N. 

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· (TUTR) in 

which the junctions occur. (See Section 2.5.) 

The degrees Celsius reading is converted to 

millivoits, 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: 

Scientific Systems Services. 
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2.5 UTR PLATE TEHPERATURE COMPUTATION 

Each UTR plate has two analog inputs attached 

to RTP points, Dl and D2. (Refer to CPI 

document PM 070-052/53B for detailed descrip-

tion of hardware.) 

Points Dl and 02 are placed in scan Mode 1 so 

that their readings are always current. 

A UTR Temperature TUTR is defined as: 

where 

K
1 

and K
2 

are constants associated with 

this particular UTR plate, and K
3 

is a 

temperatu!e correction constant. 
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2.6 AUTOMATIC VOLTAGE CALIBRATION 

If a WRAIS includes a programmable voltage 
: .. 

calibrator (PVC), raw voltage readings of 

points are converted to calibrated voltage 

readings before being converted to measure-

ment (engineering units). 

There are 13 consecutive entries in the 

Linear Interpolation Table (LIT), one for 

each gain value. Conversion of a raw voltage 

reading of point n, RN, into a calibrated 

voltage reading CVN is defined as: 

If a ~\TRAIS does not have a PVC: 

Calibration Data ·Update Task 

I ,• 

Each programmable voltage calibrator has eight 

analog inputs attached to eight RTP points. 

These points are not contained in any of the 

scanning modes. 

----------- - ~--:. 

Scientific Systems Services 
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Periodically, normal scanning is suspended 

and 26 readings are taken, two for each of 

the 13 gains (one each at O.OV 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. 

Scientific Systems Services 
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2.7 ALAID~ LIMITS CHECKING AND REPORTING 

The Alarm Limits Checking task.examine~ 

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 } 
·HIGH LIMIT 
MEASUREMENT 

xxx.xxx 
where 

are expressed iri engineering 
units as an F-format riumber: 

X is a decimal number with a decimal point. 

This task is executed periodically a_nd 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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2.8 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 2~5.) 

Each reading is a 32-b~t, 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 in 

Figure 2-6. 
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RTP DATA REQUEST FORMAT 

WORD 0 (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 readings of a point. 

5 = send last 5 readings of a point. 

6 = send all readings outside of alarm 

wo·RD 1 (Hi' Bits) 

WORD 2 (i6. -Bi'ts) 

-' 

limits. 

TRANSDUCER POINT NUMBER. 

INSTRUMENT TYPE 

0 = Analog 

1 = Ruska 

FIGURE 2-4. RTP DATA REQUEST FORMAT 

.• , _ , •. -· --········- _, ......... ..,.,..,w,.,.,..,., "IC, 
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WORD 0 (16 Bits) 

WORD 1 (16 Bits) 

WORD 2 (16 Bits) 

WORD 3 (16 Bits) 

WORD 4 (16 Bits) 

WORD 5 (16 Bits) 

WORD 6 (16 Bits) 

WORD 7 (16 Bits) 

WORD 8 (16 Bits) 

WORD 9 (16 Bits) 

WORD 10 (16 Bits) 

WORD 11 (16.Bits) 

WORD 12 (16 Bits) 

2-17 

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 

-1 = illegal function code requesten 

-2 = illegal transducer: point number request'ed'· 

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 half) 

FLOATING-POINT VALUE (most significant half) 

FLOATING-POINT VALUE (least significant half) 

FLOATING-POINT VALUE (most significant ha.lf) 

FLOATING-POINT VALUE (least significant half) 

FIGURE 2-5. RTP RESPONSE FORMAT 
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------ ·------ ---- ---- ---- ----

EXAMPLE OF CNMCAS-RTP COMMUNICATIONS 
I 

CNMCAS Sends: RTP Sends: ~ -- WORD 0: 2 WORD 0: 1 Number of good data values ~ w Request two most U1 

h WORD 1: 9 recent readings of WORD 1: 1 Success code:OK 
:X: WORD 2: 0 transducer number 9 WORD 2: 9 Transducer number 9 z 
Jl WORD 3: XX} 0 

4: XX Floating-point data value 0 WORD 
m 
(/1 en WORD 5 : XX} o:l 
0 WORD 6: XX Floating-point data value c n r -· WORD 7 : yy} m 

CD < WORD 8 : YY Floating-point representation of l> :s~ ll 999.99 0 ... 
• -· WORD 9: yy .... 
"0 -· WORD 10: YY !=> n 
o:l WORD 11: yy 
0 en WORD 12: YY X 

en'< 
0 fn 

END OF DIALOGUE I~ • ... 
~ CD m 

3 r 
o:l 
0 en ORD 0: 3 Request 3 most recent WORD 0: Number of good data values c 
Jl ORD 1: 15·00· readings of transducer WORD 1: -2 su'ccess code: Illegal transducer z en !T1 ORD 2: 0 number 150C number , CD 2: 1500 Transducer number 1500 r WORD 
0 ~ Jl WORD 5: yy} 0 -· WORD 6: Floating-point representation of l> n· yy 
w CD· 999.99 ...., 
10 .en WORD 7: yy 0 -• WORD 8: yy 
w WORD 9: yy 
0 
~ WORD 10: YY 
-.J 

WORD 11: ...., yy 
'f - WORD 12: yy .., 
0 
0 

I 
END OF DIALOGUE 

-'G.-.. 

·FIGURE 2-6. EXAMPLE OF CNMCAS-RTP COMMUNICATIONS 
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2.9 POWER FAIL/RESTORE PROCEDURES 

The power fall soft~are logic operates in the following 

manner. When power is restored 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 contain.s the tabular 

information as shown in Figures 3-2 through :3-6. Each 

table is individually expandable, and contains a 

variable number of entries. Additional tables and 
I 

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. 
· ... . '.' 
..... 

• ••• - ....... -·-· .................. , ....... , ..... ,.,. _.ca .,,.,.111:1., lilt., 
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OFFSET 

0 

2 

4 

l) 

10 

l~ 

14 

16 

-20 

22 

24 

26 

30 

32 

34 
36 
40 

3-2 

CNMCAS AGNS RTP SYSTEM DATA BASE STRUCTURE 

(All Table pointers are byte address offsets from 
the data base start.) 

l'1NEMONIC 

GNTP GNT (Gain Table Pointer) t---7 

UTRTP UTRT (Unithermal Ref. Table Pointer) 
-· 

PDTP PDT (Point Definition Table Pointer) 

P2TP P2T (Priority /. 'I'Ab]e Pointer) 

P3TP P3T (Priority 3 Table Pointer) 

LITP Ll'J' (.Linear Interp. Table Pointer 

PLITP LIT (Non-Linear Interp. Table Pointer 

ALTP ALT (Alarm Table Pointer 

PSF Priority Scan Frequency (Seconds) 

SI2 Prior it~ 2 Scan Time Interval {Seconds) 
ST02 Priority 2 Time Offset (Seconds) 

SI3 Priority 3 Time interval (Seconds) 

ST03 Priority 3 Time Offset (Seconds) 

MAXP Largest Point Number 

ATF Alarm Task Frequency (Minutes) 
CTF Callbratur Task Frequency (HJnutcsl 
r:::'OY Time and Date 

f-------··--···-··--· .I 
/ ~Gain Table .-· 

~ 
/f/UTR r ~ Table ...... 

/ .JPDT 
-----; 1. 

Table ...... 
·-

I 

FIGURE 3-l. CNMCAS AGNS RTP SYSTEM DATA BASE STRUCTURE 
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GNT: Gain Table 

UTRT: 

Word l 

word 2 

Words 3 
& 4 

Words 5 
& 6 

Word 7 

Word 8 

where: 

26 words as 13 floating-point numbers, one for each 

gain range representing a constant which when multiplied 

by a raw datum gives ~ reading in millivolts. 

Unithermal Reference Table 

8 words/entry 

16 entries maximum 

PDT Pointer. to D 
1 

PDT Pointer to D2 

Kl = 5500./(RA;...RC) } F. P. Number 

Kz = Rc/lOO. } F. P. Number 

j PLIT Pointer ( °C ~ mv) } F. P. Number 

Unused 

RA and RC are constants associated with each uTn 

plate, K3 =-.045 °C 

and temperature of the UTR plate in °C is: 

FIGURE 3-2. GNT AND UTRT TABLES 
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PD'I': TRANSDUCER POINT DEFINITION TABLE 

4 words per entry 

Maximum 1024 entries 

Position in table implies 

WRAIS channel and address 

14 3 
INTERPOLATION TABLE ENTRY 

WORD 1 NO. 

WORD 2 

WORD 3 

WORD 4 

0 -7Bits 3-14 specify entry 
no. into LIT 

1-+ Bits 3-14 specify entry 
no. into PLLIT 

{

O=null entry 
l=Pl 
2=P2 
3=P3 
4=Calibration 

15 6 5 4 3 0 

I ALT ·(alarm table) Entry 

LAST SAMPLE (RAW DATA) 

15 6 5 

PlT or P2T Entry No. 

L 00 . Standard Instrument 
TYPE=instrument type 

01 TYPE K Thermocouple 
TYPF.=TI'T'R.'J' ent.ry no. 

10 C~libration Poirit 
TYPE:Calibration 
Scale: 0~7 

4 3 0 

epresents actual Gain 
Code for WRAIS command 
and pointer into GNT 

FIGURE 3-3. TRANSDUCER POINT DEFINITION TABLE 
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WORD l 
WORD 2 

WORD 3 

WORD 4 

WORD 5 

WORD 6 

WORD 7 

WORD 8 

hiORD 9 

WORn 10 

3-5 

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 ( E S/SC) 

2ND MOST RECENT READING _j ..___ ____ _ 

3RD MOST RECEN'l' KEADING 

4TH MOST RECENT READING _j 
--

5TH MOST RECENT READING ·~ 
---------------------------~----

FIGURE 3-4. P2T AND P3T TABLES 

Scientific· Systems ~ervices 
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... ... 
w 
U1 

~ 
:X: 
z 
JJ 
0 
0 
m 

~ en 
g n 
r -· ~ CD 
~ ::;, 
0 .. 

·== "'0 -· 
i=' n 
a:J 

~ en 
m'< 
0 UJ ... 
~ CD 
~ 3 
g UJ 
JJ 

~ en 
"T1 CD 
~ < 
0 -· l> n 
~ CD 
~ UJ 
• 
w 
0 
~ 
-..1 ..., 
'!' 
w 
0 
0 

LIT: LINEA~ INTERPOLATION TABLE 

8 Words/entry as 2 pairs of floating point numbers 

Words 1 + 2: 
Words J + 4· 
Words 5 + 6.: 
Words 7 + 8 .. 

Point 1 (X 1) 

Point 1 (Y l) 

Point 2 (X 2l 
Point 2 (Y 2 l 

value 
value 
value 
value 

(millivolts) 
(EGUs) 
(millivolts) 
(EGUs) 

The first 13 entries of the LIT are calibration corre~tion functions 

for a~tomat~c voltage cortection. The Y values are c~mputed by the 

Calibration task. 

yl y2 
Entry 1 0. 0 Gain l Read~ng @0.0 8192. Ga1n 1 R:=ad~ng @8192 mv 

2 0. 0 Gain "1 Reading @0.0 2048. Gain 2 R:=ading @2048 mv <.. 

3 (1. 0 Gain 3 Reading @0.0 2048. Gain 3 R:=ading @2048 mv 

4 (I. 0 Gain .. 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 
r 
0 

--~-0.0 Gain 6 Reading @0.0 128. Gain 6 R:=ading @ 128 mv 

7 0.0 Gain ... Reading @0.0 128. Gain 7 R:=ading @ 128 mv . 
3 0.0 Gain 8 Reading @0.0 32. Gain 8 R:=ading @ 32 mv 

;) (•. 0 Gain 9 Reading @0.0 32. Gain 9 R:=ading @ 32 mv 

10 C•. 0 Gain 10 Reading @0.0 8. Gain 10 ~ .. ::ading @ 8 mv 

lil. c. 0 Gain 11 Reading @0.0 8. Gain 11 R,~ading @ 8 mv 

12 c. 0 Gain 12 Reading @ 0. 0 2. Gain 12 R::ading @ 2 mv 
---

13 c. 0 Gain 13: Reading @ 0.0 2. Gain 13 Reading @ 2 mv 

FIGURE 3-5. LINEAR INTERPOLATION ThBLE 

• • • • 

w 
I 

Cl' 
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PLIT: PIECEWISE-LINEAR INTERPOLATION "TABLE 

2n ~o~ds/entry as M-1 pairs of floating point 
numbers as per LIT, giving a variable 
number of linear interpolation pairs, maximum. M=l6 

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 

.-Scientific Systems :~ervices 
1135 JOHN RODES BOULEVARD • P.O. BOX 610 • MELBOURNE. FLbRIDA 32901 • (305) 725-1300 



4-1 

SECTION IV 

DELIVERABLE ITEMS 

Scientific Systems Services, Inc. intends to supply • 
the following items with the RTP system software: 

~ Prog~am ~ouL~~ Li~tings 

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 deljvered at the 

conclusion of the software effort except for the 

Acceptance Tcdt 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 
l· 

scheduled and performed at the end of the checkout 

phase. 

• 
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Append;ix E contains listings of the programs and modules developed for 
the Uranium Input/Output Demonstration Program and RTP sys tern. during 
FY 1978·. The listings are presented in the attached tables as follows: 

Table E-1, Measurement Pr.ograins and Modules 
Table K-2, Accounting Programs and Modules 
Table E-3, Measurement Control Programs and Modules 
Table E-4, RTP System Programs and Modules 
Table E-5, Miscellaneous Programs. 

Information presented in the tables includes program/module name, 
identifier, and .purpose • 

E-1 



Name 

l. Accountability Tank 
Measurement Program 

2. Uranium Product Sample 
Tank Measureuient Program 

3. HW'vJ Sample Tank Measure-
ment Program 

4. GPW Check Tank Heasur·::!-
ment Program 

t'l 
I 5. Calculation Hodule N 

6. Calculation Module 

7. Initialize Module 

8. LDS Hodule 

9. LDS Module 

10. Message Mocule 

• 

ID 

P02003 

P02009 

P02.023 

P02028 

CALI 

CALW 

INIT 

LDS 

LDS\-1 

NONE 

TABLE E-1 

MEASUREt1ENT PROGRAMS AND HODULES 

Purpose 

Control the measurement process fo·r the Accountability Tank. 

Control the measurement process fer the Uranium Product Sample Tank. 

Control the measurement process fer ~he H\~ Sample Tank. 

Control the measurement process fc·r the GPW Check Tank. 

Hake instrument and solution comparisons, convert RTP readings, 
calculate liquid level, volume, and solution quantities, initialize 
batch parameters, mark marginal- iudi~ators, and calculate· quantities 
transferred/received for the Acc·:>mntabili ty and Uranium Product Sam-ple 
tanks. 

Make instrument and solution comparisons, convert RTP readings, calcu
late liquid level, volume, solution quantities transferred/received, 
initialize batch parameters, and nark 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 -re-=Juest a lab sample and return results 
for the Accountability and Uraniu:a Product Sample Tank. 

Communicate with LDS system to request a lab sample and return results 
for the HWW Sample and GPW Check Tanks. 

Print message to operator and NMC office. 

• • • 



Name 

11. OP Initials Mc·dul·e 

12. O::>tion Module 

13. Password Module 

14. Response Module 

15. R'il'P Module 

16. Ruska Mo·dule 
t'l 
I 17. Status Module w 

18. Start Module 

19. Summary Module 

20. Transfer Module 

21. Vessel Module 

• 

lD 

OPI 

OPT 

PAS 

RES 

RTP 

RUS 

STAT 

STRT 

SUM 

TRN 

VES 

• • • • 

TABLE E-1 (CONTINUED) 

MEASUREMENT PROGRAMS AND MODULES 

--------------------------------~P~u=r~p~o==se=------------------------------------

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. 

Communicate 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 Sample Tank to 
Accountability. 

Get Vessel ID of source and destination vessels and check for validity. 



Name 

1. Accounting Main Program 

2. Lot Definition Subprog~am 

3. Inventory Definition 
Subprogram 

4. Accounting Summary"Reporc 
Subprogram 

t=:l 5. Material Balance Report 
I Subprogram 

""' 
6. Measurement Point True 

Subprogram 

• 

ID 

ACCPGI 

ACCLOT 

ACCINV 

ACCASR 

·ACCMBR 

ACCMPT 

TABLE E-2 

ACCOUNTING PROGRAMS AND MODULES 

Pur ose 

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 opera~or for the measurement point and check that it exists. 
: ;." . 

:' ., 

• • 
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TABLE E-3 
. . . 

MEASUREMENT CONTROL PROGRAMS AND MODULES 

Name ID Pur ose 

1. Measurement Control Program MEA•::ON Controls execution of Measurement Control Subprograms. 

2. Level Report LEVEL Calculates and prints Level Measurement Control Report. 

3. Density Report DNSTY Calculates and prints Density Measurement Control Report. 

4. Replicate· Report REPLC Calculates and prints Replicate Measurement Control Report•· 

5. Product-to-Input Report PR[•IN Calculates and prints Product-to-Input Measurement Control Report. 

6. Uranium Concentrction Report UCONC Calculates and prints Uranium Concentration Measurement Control Report. 
tTl 
I 

V1 



Name ID 

1. Initialization Procedur.:s 

2. SCHED Task SCHED. 

3. Operator Task OPR 

4. Subroutine Help HELP 
[:Ij 
I 

0' 

s. Calibration Dump CDUMP 

6. Ruska Dump RDUMP 

7. Dump Data Base DDB 

8. Print Data Line PDLINE 

9. Print Dump Header PHEAD 

10. Clear Data Buffer CLRBUF 

11. Collect Task COLECT 

1.2. DDLAY DDLAY 

• 

TABLE E-4 

RTP. SYSTEM PROGRAMS AND MODULES 

------------------------------~P~u~r~p~o~s~e~·-----------------------------------

The 3SX-11 System Initializati0n Routine contains the entry point 
required to start system operatio~. This routine performs the follow
ing initialization functions: 

Controls execution of other tasks. Controls execution of functions 
driven by time table. Reinitiali.:es start after a power failure. 

Program allows the operator to enter system time, activate alarm edit, 
request dumps and ask for help. 

Outputs information to system con:;ole to assist operator in communica
tions with RTP system. 

Dumps the calibration values founj in (CPDT) Calibration Point Defini
tion Table. 

Dumps Ruska points to system console. 

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. 

Prints data line. 

Prints dump header. 

Clears Data Buffer. 

Collects data from the Computer Products RTP equipment. 

Determines if a multiplexer has !failed to respond in the prescribed 
time limit • 

• • 
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Name 

13. CP~PT 

14. Ruscol Task 

1 5. HI LOW 

16. AVARGE 

t%] 

I 
17. Alarm Checking Program -....J 

18. Calibrate Task 

19. CNMCAS Communications Task 

20. FLR 

21. MOVE 

22. Entry address 2ocator 
to any table 

23. Ahrm Edit 

ID 

GALPT 

3.USCOL 

HILO.W 

AVARGE 

ALARM 

CALIBR 

COMME 

FLR 

MOVE 

ADDFND 

J.EDIT 

• • • • 

TABLE E-4 (CONTINUED) 

RTP SYSTEM PROGRAMS AND MODULES 

Purpose 

Inputs raw values from the programmable voltage calibrator and stores 
them in the CPDT table. 

Collects data from Ruska devices. 

Replace the high and low Ruska sample values with the last sample if 
appropriate. 

"Ripples" the storage of the last 5 readings. Calculate most recent 
reading by dividing accumulation by sample count. Clear accumulation 
and sample count. 

Task examines each point in the system. If the point has associated 
alarm limits, the latest reading is converted to engineering units. 

Calibrate calibration point. 

To process requests from the CNMCAS link for data. 

Fetch all readings for a point, convert them to engineering units in 
floating point format' and return them to the caller. 

Transfer data from one data buffer to another. 

Program will find any word location in any table. 

This subroutine will enable or disable,~ single channel, blanket enable 
or disable all channels, or to force an alarm heading. 



Name 

24. ASCII Decimal to Binary 
Conversion 

25. Average Point 

26. BCD-To-Binary 

27. Binary To ASCII Deci::l.al 
Conversion 

tlj 28. CHECK I 
CX> 

29. Clear History 

30. CPIDil 

31. Julian Date 

32. Floating Point to ASCII 

33. Gain Value 

34. High-Low Sample Routi-nE 

35. INPUT 

36. Interpolation Table Entry 
Point 

• 

ID 

ATOB 

AVRGE 

BCDB 

BTOA 

CHECK 

CRIST 

CPIDil 

DAYMON 

FP2A 

GAINVL 

HI LOW 

INPUT 

TTEP 

·: ·, 

- TABLE E-4 (CONTINUED) 

RTP SYSTEM PROGRAMS AND MODULES 

Purpose 

Converts ASCII data in contiguous memory locations to an absolute 
binary_ value in one 16-bit word. ATOB stops converting as soon as it 
encounters a non-numeric character.· 

To average either scan mode or po~nt readings. 

Converts a BCD number to a positive binary integer. 

Converts a single 16-bit bina~y value into five decimal ASCII 
·characters. 

Checks if input device is clear and will wait until clear if device is 
busy. 

Clears P2T and P3T tables; also cleErs Ruska P2T tables. 

Data interrupt routine for CPI F480 AIS system on parallel link 
(F410/23). 

., 
Converts Julian days to months ar.·1 days. 

Converts fixed point to binary tc• decimal ASCII 

Finds the gain value associated with a point number. 

Compares the last sample with ·the high and low values accumulated and 
replaces them if appropriate. · 

Requests data from CPI channeL 

Program finds the interpolation ;:able entry point number and determines 
whether the LIT or PLIT table is to be accessed. 

• • • 



Name -------

37. Linear Interpolation Function 

38. Measure 

39. Mcnth-Day to Julian Date 

40. .Multiply-Divide 

41. Utility Divide 
t:>1 
I 

42. .Utility \0 Multiply 

43. Multiply 

44. Dfvide 

45. Piecewise Linear Inter-
polation Function 

46. Point Device Locator 

47. P:rogramniable Voltage Cali-
brator Device ~outine 

48. RRPT and RORPT 

49. RRPT and RORPT 

• • • • • 

TABLE E-4 (CONTINU~D) 

RTP SYSTEM PROGRAMS AND MODULES 

ID 

=-.IF 

J1EASUR 

MONDAY 

HUDIV 

UDIVIDE 

UMULT 

HULT 

DIVIDE 

PLIF 

PNTDEV 

· PVCDEV 

RRPT 

JWRPT 

Purpose 

Determines Y on a set curve with the following equation: 
Y = (X-Xl)/(X2-Xl)* (Y2-yl) + Yl 

Calculates measurement for all instrument types. 

Converts the month-day date to the Julian date 

Contains Multiply and Divide subroutines plus Utility Multiply and 
Divide Routines. 

Utility Divide Routine designed for positive integers only. 

Utility Multiply Routine designed for positive integers. 

General Purpose Multiply Routine for fixed point number. 

General Purpose Divide routine for fixed point numbers. 

Determines the measurement through the Piecewise Linear Interpolation 
Table. 

Determine device number from point number. 

Determines device number from· point number, checks. fo.r· PVG on device, 
and returns the calibrated voltage. 

Read all Ruska points. The caller passes a buffer address where RRPT 
places 8 words of data for the values received. 

Reads ·a Ruska point. A valid channel (#2512-2515) is supplied by the 
caller to indicate the two CPI cards to input from. The Ruska values 
are inputed and converted to a fixed point value. Data is passed back 
t·o the caller. 



Name 

50. Request Time-Date 

51. Small Integer Multiply 

52. Target Update 

53. Time Check 

54. Fixed-To-Floating-
!:%] Subrout'ine 
I 

....... 
0 

55. Ruska-Input 

56. Short Fixed Point Divide 

• 

ID 

RTD 

SMUL 

TARGET 

TEMCHK 

TOFLT 

W2SOF 

SDIV 

__ ..-.--··· 

TABLE E-4 (CONTINUED) 

RTP SYSTEM PROGRAMS AND MODULES 

Pur ose 

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 yea::-s 366 days/year. 

To convert a fixed point number to floating point. 

Converts data stream to serial lir:,{ format. 

Performs a short, fixed point division. 

• • 



Name 

1. Data Base Maintenance 
Pr·:>gram 

2. Data Base Creation 
Subprogram 

3. Data Base Save Subprogram 

4. Data Base Edit Program 

t%J 
I s. Status Program ,_. 

,_. 

6. Automatic LOGit\ Program 

7. Display Program 

8. Offset and Sigrr_a Change 
Program 

9. HA Feed Tank Flow Rate 
Program 

10. Uranium In-Process 
Inventory Program 

• 

ID 

DBMPGI 

DBMCRE 

DBMSAV 

DBEPGM 

STATUS 

1EGIN 

DIS PLY 

HGCNG 

HAFTFR 

UPI 

• • • • 

TABLE E-5 

MISCELLANEOUS PROGRAMS 

Pur ose 

To create new data bases or save and delete portions of one or all data 
bases. 

To create a new measurement point data base. 

To save a portion of one or all data bases and delete that portion if 
required. 

To edit the measurement point data bases that are the primary source of 
historical data for CNMCAS. 

Prints current status of all Vessel Measurement Programs. 

Automatic LOGIN for all Vessel Measurement Programs. 

Updates (at predetermined intervals) current status of Vessel Measure
ment Programs and current flow rate on the color video. 

Program for allowing change off the offsets and sigmas used for making 
instrument comparisons. Requires password. 

Calculates the current flow rate approximately every 30 minutes. 

Calculates the current Uranium In-Process Inventory. 
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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 Identification 

Accountability Tank 
Uranium Product Sample Tank 
HWW Sample Tank 
GPW Check Tank 

Sample Point 
Number 

NOOl 
N003 
N018 
N034 

Measurement 
Point ·Number 

02003 
02009 
02023 
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 
rPsults. Function code 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 

F-1 



the results to the CNMREF.VIR file (see Figures 3 and 4). The acid 
method prog~am also triggers the interface pro~ram t~ 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 ~sed to give final approval of 
res·ults for a sample, triggers the sending of 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. 

F-2 
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