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1.0 INTRODUCTION AND SUMMARY

The proposed inline instrumentation program at Osk Ridge National
Laboratory for FY 57 follows the basic two year program proposasl for
FY 56-57 as reported in ORNL Memo CF 55-12-1&5

The proposed program for FY 57 calls for ‘a:budget: of: $100 ;000 cunder
AEC account 2724, and comprises 36 man-months of ORNL effort. The proposed
program for FY 5T will be reviewed and ad justed pending future develepments_
in the field of inline instrumentation.

The basic pr0pesal was established at the 30 September 1955 meeting
between representatives of ORNL and of Savapnah River Laboratory. This
proposed program consisted of five points; the ORNL inline instrumentation
program in FY 56 has proceeded along these five points:

1. Review of Pracess Control at ORNL

' Make a brief over-all study of process control so as to integrate’
into the SRL program the expérience CORNL has galned in continuous
operation of thelr pllot plants.

2. Development of Samgling Facilities

étudy sampling facilities so as to provide means for introducing
ehcontinuouSﬂsenple into eny instrument. Inclide provisions for -
handling the contamination and dirt prdblems in instrument cells
with and without optical w1nd0ws. ‘

3. Development of 8. Speeific Gravity-Conductlvity Instrument

Develop plant type methods and/or instruments for the practlcal
application of the’ SRL Analytical Chemlstry Division's flndlngs
on the dual use of specific gravity and conductiv1ty to measure
uranium and acid in high concentrations. .
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4. Testing of Inline Instruments in ORNL Hot Pilot Plants

Test SRL instrument candidates in "hot" facilities at the
ORNL pilot plents. The first items which will be resdy for
testing are the Savennah River Analytical Chemistry Division's
close-coupled alpha and gemma monitor prototypes.

5. Laboratory Study of Basic Parameters

Select‘oﬁé*basic analytical parameter for study from among
viscosity, refractive index, electro-potentiometric methods, or
others to be defined. This study will be chosen so as not to
conflict with the Savannsh River Analytical Chemistry Division's

program.

The review of process control at ORNL has been essentlally completed
Future techniques in process control will be reported in FY 57 as they
develop. The development of sampling facilities is scheduled for completion
30 June 1956. The development of a specific gravity-conductivity instrument
and the laboratory study of basic parsmeters both are partially eompleted
and the propesed completion date is 30 June 1957. The testing of'ihline
instruments in ORNL hot pilot plents can.commence when the development of
certain inline instruments reaches! theohot ‘testing:stage. | ;

Thirty-six mam-months and a total of $100,000 will be applied on the
ORNL inline instrumentation program in FY 57. The proposed brOgram will
require the full-time services of M. J. Kelly of the Instfﬁmentation and
Controls Division, J. W. Landry of the Chemical Technology Division, and
R. W. Stelzner of the Analytical Chemistry Div151on. A breakdewn of manpower-

and costs is given in Table 1.
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2.0 OVER-ALL PROGRAM OBJECTIVES

The primary objective of the ORNL inline instrumentation program is
to integrate certain development and testing faqilities of ORNL into the
SRL inline instrumentastion program and co-operatively secure advanced ;
methods of process control which will be mutually valusble to the Savannah
River separations plants and the ORNL pilot plants. The CRNL group will
serve also és a lisison group for the exchangé of process techniques applicable

to continuous processing.
- 3.0 PROPOSED PRQGRAM FOR FY 57

3.1 Review of Process: Control at ORNL

'If is proposed that 0.5 man-month and a total of $1000 bé'applied in
FY 57 to repbrt developments in process control and continueus processiﬁg;
techniques at the. ORNL pilot plants during FY 57. New‘instruméntation
exclusive of inline instrumentation would be included.

"A Review of Process Control at Oak Ridge National Laboratory's Radio-
chemical Pilot Plants" " . will; report  the techniques and specifies‘fhe
equipment which are emplpyed for the following items of proéess control in
the Metal Récoveiy (Pnrex)fflanf énd thé(Thorex Pil?t Plant: |

a. Liquid level
Density

Temperature

o0 o

Pressure
Flow rate
Radiation level

- Continuous. evaporator operation

P‘OQ H o

Plutonium- resin elution

Future tecbniques in the gbove and other items of process control will
be reported in FY 57 as they develop. An example would be reports on the
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results of experiments presently in progress on the use of ultrasonics

for the measurement‘and control of liquid level and interface level. New
techniques with respect to chemistry and equipment that will be useful in
continuous processing‘will be indicated in the reports. Examples of the
latter, which are being evaluated in ORNL pilot plants; are liquid-solid
sebarators (hydroelones and canned -rotor centrifuges), continuous dissolners,

slug chargers, volumetric airlifts, and extraction contactors.

3.2 Development of Sampling Facllitles

This program proposal does not prov1de for the development of sampling
facilities after 30 June 1956,_aIn the event that the developmént of sampling
facilities is extended into FY 57 it will be included with the-testingtof
' ipline instruments in ORNL hot pilot plents.

Development of Sambling Facilities consists of two phases: (a) the
_development-of.instrument.cells for contacting instrument sensing elements
with continuous samples of process solutions, and (b) the development of
samplers for delivering the process solutions to the instrument éells.
Development of sampling facilities was reviewed in the 31 January 1956
meeting between representatives of SRL andbof ORNL. Aththis meeting it was
decided that future ORNL development of sampling facilities will be applied

primarily on the development of instrument cells.

3.21 - Instrument Cells

In addition'to its containing the sensing elements and the contacting
solution the instrument cells that must be'developed also embody in particular
instances the following provisioms: ‘

(2)- The cell will retain a minor background of rediocactivity from
radioactive procese streams which are transmitted throygh the
cell. The background will be minor with respect to rediation
readings which may be made on the transmitted stream. |
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(b) The cell will provide direct viewing of the process streem
where desirable. A

(¢) The cell will not accumulate dirt. . '

(d) The cell will present a constant volume of process stream’

to the sensing element where desirable.

The development of instrument cells is progressing at a number-of
sites but cells having certain of the above provisions remain to@::ﬁfl
developed. Three months remain in FY 56 to develop these cells. The
development of instrument cells at ORNL may be extended into the FY 57

program until the instrument cells are developed with the necessary
provisions. Until the time when inline instruments are available for hot
testing, the manpower and budget which presently are‘allocgted”tq hot
testing in FY 57 can be appliéd for'continuing the,developmgnt of sampling
facilities in FY 57. : -

Several possibllities for instrument cells are being considered.
Materials for constructlon, geometries, and surface finishes for inStrumeﬁt
cells are being examined for their resistance to radiocactive contamination.
The flow chafaéteristicsoﬁfﬁthe cell are being érranged to minimize the dirt
problem. Electrolytic methods are being evaluated for immunization of cells
to radioactive contamination.. A falling stream type of instrument cell is
being investigated for mlnimization of background activity. The use of high-
density glass windows in a falling stream type of cell is being evaluated
for direct viewing of the process stream. In addition to the falling stream
type of instrument cell, the followlng specific types of instrument cells
&t ORNL have been evaluated, are being evaluated, and are scheduled to be
evaluated:

(a) Instrument cells with the following surfaces in contact with

the sample stream:

1. stainless steel, type 304 L, machined smooth and electro-
polished
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Gold, pinhole-free, 3-mil plate of a dense, high finish
Chromium, bright, 3-mil plate

Teflon,"fluorothehe, and polythene liners

. Titanium

. WTentélum liner

‘7. Aluminum, electrolytic (99 95% pure. aluminum)

MRS T N VORI

(b) Instrument cells of the electrolytic type:

1. An anodic. inhibited cell with an external electrode.-
Insulating connectors would be used and the sampler piping
would serve as the eiternal electrode. A simple current
regulator: device -would maintain current &t about 2 pamps
and thereby.provide-a counter.-emf which would inhibit the
Plating of certaim contaminants in the cell. S

2. A.cell with an internal electrode. - A reversing potential
between the.cell and the electrode would.-be selected to
maintain. good polishing efficiency but poor. plating.
efficlency so thet conteminatien vould be kept in solution.

3. A.cell with ea.gassing needle electrode. - A currect‘density -
of 10 milliamps/sq cm would. result in electropolishing action
on-the cell .but would correspond to & current density of 1-5
amps/sq cm on the needle. The high current. density at the
needle would result in.gas. blasting which would keep the
needle clean fram plating effects.

- ﬁ; A cell with a fritted surface. - The cell surface would be '
separated from direct contact with the sample stream by a
) . film of air pressured through the cell surface.
...In-addition to<the_above~investigations, specially requested -tests .for
instrument cells would-continue to be conducted in specifie process streams
in the hot pilot plants
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3.é2 Sampler Devices

Additional sampler installations will be required in the ORNL hot
pilot plants for testing Ainline instruments,‘ Approximately twelve samplers
for inline instrumentation will be installed in the expansion of the Metal
Recovery Plant. The additionsl installations will be mede according to the
best sampler design available. Data are being collected from the develop-
ment and evaluation of samplers at ORNL ana‘bther sites. Recommendations
for inline instrument samplers are being kept current for new installatlons
The Thorex Pilot Plant is preparing a movie of the Thorex type of sampler
with which one operator draws up to 30 semples slmultaneously without -
radiation exposure. " | ’

~ The present samplers at the Sarannah River Plant,sample adequately.
‘Future modifications of the SRP sampler design_to facilitate inline
instrumentation would also include the following items where possible:

(a) . Minimization of irradiation to operating personnel.

(b) A méais to immediately check for the presence of a semple in
the sample container. '

(¢) A means to_cbserve the sample appearance and the.recirculation

rate.

‘ (d) Freedom from jet clogging and from the dilution of samples
’ which sometimes results after the jet steaming operation.

Some of the sampler‘eqnipment at SRP in the gallery areas is being
modified by & plant engineer group with the objective of increasing
freedom of the samplers from maintenance. Outside of the gallery ares,
changes in the exlsting SRP samplers are restricted to cases of necessity
because of two condltlons (a) much of the sampler equipment is embedded
in concrete or 1s_situated,in operatlng_areas of limite@-access, and (v) the
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deadline is at hand for including Sampler modifications in the plant
modification plans.

The ORNL inline instrumentation group is building an experimental.
sampler which duplicates the SRP sampler with respect to hydraulics. The
experimental sampler is to be made of glass.and it duplicates inside
diameters, lengths, slopes, mmber and kind of turns, jet and airlift
arrangement, and instrument cell comnections. The experimental sampler
is required for conjunctive testing of inliﬁe instruments and SRP samplers.
Studies are.planned, for the experimental sampler, to optimize operation of
tﬁe SRP sampler for use with inline instrumentation. Improvements for the
SRP sempler will be recommended if they can be effected by very simple
changes in the gallery equipment. E#anmles are:

(a) Fixing the air flow rate to the airlift, and

(b) Removing the jet from the liquid circuit and converting the

© " gsampler to lQO% airlift operation by adding a separator at the
jet intake (as in the QRNL_sampler).

3.3 ‘Develogment of a Specific Gravity-Conductivity Instrument

It is proposédnihat 6.5 man-months and a total of $9000 be applied in
FY 57 to compleie the development of the specific gravity-conduétivity
instrﬁment. This includes the proving of a prototype instrument in the
Metal Recovery Plant.

The .specific gravity-conductivity instrument is being developed to
measureihigh conéurrent concentrations of uranyl nitrate aﬁd nitric acid.
A typical spplication for which this instrument is being developed is to
follow uranium and acid concentrations in feed solution during the dissolving
and fegd ad justment cycles 6f.the Purex process. The conditions of wide
excursions in temperature, of turbulence, high levels of radiationm, in-
aécessdbility, and mechanical shock which exist in the dissolving and feed

ad justment vessels are adverse to direct iﬁmersion of instruments in these
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vessels. A side-stream specific gravity-conductivity‘instrument therefore
is being developed. The specific gravity and conductivity basic tomponents
were developed in FY 56 for a side-stream specific¢ gravity-conductivity

instrument. Temperature controlling and compensating components remain to.

‘be developed.

3.31 Measurement of SpecifiC'Gravity

A side-stream, purge type, high resolution den51meter has been developed
for uSekin the specific gravity-conductivity instrument This dens1meter
1ncludes a Taylor 339 RFS differential pressure transmitter With a sample
flow rate of. 200 ml/min through the 600 ml densimeter cell a precision of
+ 0. 002 gm/ml can be obtained The densimeter has been found to beé. suitable
for general plant application although with some loss of precision.

“Automatic conver510n of density to specific gravity by a temperature
accessory on the densineter remains to be investigated in FY 57. The FY:ST
objective would be the development of an instrument to record specific gravity
at a selected.temperature with a precision of + 0.002 sp g units independent
of changes in the actual sample tempefature.u o

_ Literature checks and in some cases experimental tests will be made on
other density measuring methods. These are:

(a) Certesisn diver devices.- An example is the commercially availsble
"Densitrol". )

(v) _Sonic and ultrasonic dev1cesw, An example is the commercially
available "Electro—Circuit" deV1ce.

(c) A,viscous dampening device.- An’eXample is thejcommercially
availsble "Ultra-Viscoson" which measures the'density—viscosity

product of a solution.

(ay a volumetric-gravimetric'device.- An example is an overflow pot
linked with a strain gauge.
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(e) A range-extending device for the high resolution densimeter.-

- An example would be an auxiliary density receiver which would
reset the suppression to give multiple ranges over any'necessary
latitude of density measurement.

3.32 Measurement of Conductivity

A side—stream conductivity instrument hss been developed for use in
the specific gravity-conduct1v1ty 1nstrument " It consists of a controlled
area type of conductlvity cell connected in the bridge circuit of .a Foxboro
‘series 9000 recorder. The conductivity‘cell has been operated'continuously
for ten weeks. It appears to have excellent stability amdiit:$s:very in-
sensitive to electrode effects. With a sample flow rate of 200 ml/min '
through the cell, the apparent over-all prec151on of the 1nstrument | over the
.necessary concentration range is + O 5% Automatic temperature compensation
' for the conductivity measurement remains to be developed in FY 57.

3.33 Control and Compensation of Temperature

It is proposed that 1.0 men-month and a total of $3500_be applied in
FY 57 for completing the development of the temperature component of the
specific gravity-conductivity instrument° This would include deviceS‘for
temperature control and autametic temperature compensation.

Sample temperature control to + 50C will be necessary. Temperature

-~

compensation within these 1limits can be accomplished by suitable instrumentation.

Temperature measurement to + O. 1 C can be obtained in this system by resistance

thermometry A resistance thermometer will be used in the specific gravity-
conductivity instrument.

The first device that would be tested for controlling the temperature
of the sample stream to the specified tolerance, + 5 C, would be & simple
heat exchanger. This heat exchanger would immedistely precede the sensing
elements for density, conductivity, and temperature.
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An accessory produet'resolver is being designed to combine the density
and temperature readings so as to provide automatic temperature compensation
for the densimeter. Other forms of temperature compensation te be eva;uated
for the densimeter would include dip tube srrangements which utilize thermal
expansion principles. The objective would be to develop .an instrument
which directly measures specific gravity referred to a selected temperature.

Témperaturé cempensation forvthe conductivity measurement would be
accomplished by positiening the temperature compensating potentiometér in
the recorder. The potentiometer would be positioned by means of a servo-
mechanism actuated by the signal from the resistance thermometer; The use
of thermistors in high-level radiation fields, generally speakihg, is
considered to be unsatisfactory. Temperatﬁre'compensation by ﬁeans of
thermistors therefore is considered to be-unsatiSfactory for an instiument
that is being designed to measgre thé'condudtivity of feed solutions. The
’ peﬁperature coefficient of conductivity fbr feéd,solutions must have-the
ﬁecessary.degree of censtanéy over the range of concentrations concerned .
in‘order fbr temperature compensatien t§ be applied. This is béing checked.

3.34 Specific Gravity-Conductivity Instrument

It is proposed that 4.5 man-months and a total of $5500 be applied in
FY 57 on the design, fabrication, and proving of a prototype specific gravity-
conductivity instrument.

An instrument which is composed of the pfeviously menticned densimeter

and conductivity meter has been built and operated in a rééirculating sampler .

with salt and salt-acid solutions. The liquid system is made entirely of
stainless s%eel and fluorothene with welded and Swagelok connections. The
instrument has a sample volume of 600 ml and accommodétes_a sample flow rate
6f 200 ml/min. The precision of this instrument is + 0.002 gm/ml for density

and + 0.5% for conductivity. The instrument presently includes no temperature
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controlling and compensating components. If satisfactory temperapure
compensaping eomponents are developed for this instrument the data from
the primary elements could be presented on an'X-Y recordér.  .The process
operator would then be able to determine uranium and acid concentrations
by direct reading with no graphical er algebraic manipulation of the datae
being required. A sultable knowledge of the rapio‘of metal}ionsnpresent
would be necessary for accurate'results. .Based on precisions of + 0.002
gn/ml, + 0.5% conductivity, and + 0.1°C the over-all precision of this
instrument would be + 3 gm/liter for uranium and + 0.05 M for nitric

acid.

3.4 Testing of Inline Instruments in ORNL Hot Pilot Plants

It is proposed that 19.0 men-months and a total of $45,000 be applied
in FY 57 for the testing and proving of inline instruments and components
in the ORNL hot pilot plants. The ORNL inline instrumentation budget contains
& share of the cost for installing inline instruments in the pilot plants.
‘Inline instruments which are needed mutually by SRL and ORNL, will be tested
as they are available at ORNL.

The majority of the pilot plant testing'will be done in the Metal
Recovery Plant, which employs the Purex process, and constitutes a continuously
operating proving ground for inline instrument candidates. Test facilities
for the inline instrumentation group and process information»reQuirements of
the Metal Recovery Plant were reviewed 1 March l956 Test situations for
inline instruments are available in approximately 19 process streams 1n the
presently operating Metal Recovery Plant and in the modified and expanded
Metal Recovery Plants. The structural and piping requirements for a
recommended sampling facility are specified in the building plans of thep
expanded Metal Recovery Plant. Shielded caves and recirculating samplers are
being provided in the cell wells. The expansion contains “the head-end
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and the first cycle an& is scheduled for operation in 1958. 1Inline
instrumentation facilities are being provided in the expansion for 12
stfeams, 7 of which were specified March 1 as follows:

‘a! Feed adjustment tank

b:; HAW

c. iAW

.4, HCW

e. HPC

f. 1IBP

g ICU

© Test situations for inline instruments in the ORNL Thorex Pilot Plant
- .also will bé available as neededf The Thorex Pilot Plant constitutes a
seéondipfofing ground for<inligélinstrument candidates. The Thorex Pilot
Plant is & semi-continuous plent. This plant operates by runs followed
by shutdown periods for maximum experimental flexibility.

3.5 Laboratory Study of Basic Paiameters

It is proposed that 10.0 men-months and a tetal of $23,000 bé applied
in FY 57 to complete the laboratory study of basic parameters. This includes
the proving of a prototype instrument in the Metal Reco#ery Plant.

. 3.51 A-C Polarography

- The electro-potentiometric method was selected froﬁ,the'list of possible
parameters proposed for the study. A-C pqlarOgréphy is being investigated
for inline instrumentation application aé a menitor for the continuous analysis
of urénium concentrations up to 0.0l gm/liter in process waste streams. . In
the.Aicipolarogrgphic method, a small a-c voltagé is superimposed upon the
polarizing d-c voltage thatiié applied to the mercury drop or q;croelectrode.-
The a-c'voltqge developed by the a-c current flowing through a measuring
'résistor is amplified, rectified, and presented on a recorder. The recorder
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automatically -displays & deriéZtive»wave form whose height is directly
proportional to concesxration, The measurement of current at the helf-
wave potentisl is specific feor the discharging icn, although ions with a
similar half-wave potential can cause interference by additioﬁ to the
half-wave height. The extent of any interferenceAin the uranium analysis
is.being determined in a leboratory evaluation of the method. A method

for eliminating the deleterious effect of the condehser,current is being
investigated. Phase discrimination is the methed that will be used to
eliminate the out-of-phase condenser current. A breadboard circuit develop-
ment prograﬁ‘is being pursued to evaluate various types of phase detectors
for this application. The a-c pdrtion of an A-C polarograph has been
designed and construction has commenced with the building of the a-c amplifier
section. The d-c portion is being designed and reguires the. building of a
_high impedance amplifier. Evaluatien tests will be conducted with the
constructed instrument Approximately one month ofvevaluation testing is
believed necessary to determine whether A-C- polarography will be feasible
for inline instrumentation application.

3.52 Other Parameters

If A-C polarography preves to be infeasible for the continuous monitoring
of uranium in waste streams, it is proposed to investigate automatic coule-
metric titratiem for this purpose. Another poessibility te be checked would be an
X-ray,‘or gamme. , fluorescence'methOd. It is believed thaet ultra-violet radiation
detecfien offers toq.low sensitivity for use in a uranium monitor for waste streams.

It is desired to evaluate a possible nephelometric method for application
‘to continuous monitering of uranium. It is p@ssible that such a method could
be developed into a limit alarm for detecting uranium present in more than
a specified’ concentratiop in process waste streams. In theery a small side

stream from the main waste stream could be continuously withdraWﬁ and split. into
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two sample streams. One of these sample streams would be treated with H'202
and both streams would be passéd through natched nebhelometer cells,' Any
precipitate of uranyl peroxide could be detected by system unbalance. "The
sample streams could be returned to the waste stream where the e'xce'ss_HéO2
-- would decompose.; Seme of the ions found in process étreams might. intexrfere
‘seriously with the described method. Precipitatien.may occur too sldwly or
the uranyl peroxide might possibly be too solﬁble for the method to be
feasible. The particular need for monitoring wranium losses may, neverthe-

less, meke an investigation of such a method desirsble.

’-

) G Xelly

M. J. Kelly

LW Lo

v Jd. W. Landry (/

R. w.'SﬁE}zner‘——

'MJK/JWL/RWS : aeh
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4.0 APPENDIX
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Table 1

Estimated Schedule of Mampower, in Man-Months,
‘apnd Costs in $103, for the Proposed Inline Instrumentation
Program at Qak Ridge Nationael Laboratery for FY 57
Man- 3
Proposed Program Months $10

SPECIITILI%RIHUEW manpower will be supplied by the
ORNL Inline Instrumentation Group®

Review of Process Contreol at CRNL

Manpower b
Special Assistance from ICD

Development of Sampling Facilities

Specific Gravity-conductlvity Instrument

Manpower
Equipment

Hot Testing
Manpower
Plant M@dificatlon and Equipment

Basic Parameters
Manpower
Equipment

GENERAL PROGRAM

Consultation .
Mgppower

Special E & M® Assistance
Manpower and Supplies

Gircuit Development

Travel Expense »
1 Trip SRL, 1 Trip BAPO

Miscellaneous, including Medels and
, Publications

Contingency, approximately 10% for Equipment
Including Lead Shielding .

TOTAL GROUP MANPOWER ' ’

TOTAL COSTS

a. ORNL Inline Instrumentation Greup: M. J. Kelly,
J. W. Landry, R. W. Stelzner

b. ORNL Instrumentation and Controls Division

c. ORNL Engineering and Mechanical Division
’ e
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Table 2

" Estimsted Schedule of Group Manpower, In Man-months,
' for the Propesed Inline Instrumentation Program
at_0ak Ridge . Nat ionalz..,Labona,tOry ‘.115 FY 57

Proposed Program M. J. KellyJ..W. Lendry| R.W.Stelzner|| Total .
Review of Process Control at 0.5 0 ‘ 0 0.5 .
_ - .ORNL ;
. Development of Sampling | .0 -0 ‘ 0 0
Facilities
Develepment ef Specific Gravity 5 1.5 0 6.5
-Conductivity Instrument
Hot Testing 5.5 8.5 5 19
Basic Parameters 1 ' 2 T _lO
Totals 12 12 12 36
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