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ESTIMATING PROCESS DEVELO PMENT

MANTFOWER REQUIREMENTS

Abstract

Reugh rules for estimating the menpower required for development
work have been derived from Clinton Laborateries experiences. For chemical
processes, complete development, process design, pilot planting and start
up assistance will total about 42 technical man months per process unib,
No easy rule is available for pile development, but the totel expended
and to be expended on the 30,000 KW High Flux pile is 1400 men months,
of which one-third is physies snd electrical enginsering and two-thirds
general engineering and metallurgy.

G

One of the difficult and recurrent problems of a2 development labo-
ratory is the estimating of the manpowsr which will be reguired for a given
program. This problem is made difficult by the fact that ordinary industrial
experience is nol applicable teo our field, and is moreover very imperfecily

correlated and reluctantly releazsed outside the company. It is the purpose

-

4

of this report to record certain roughe-ande.ready rules for making sush esti-
mates, based on the sxperience, mainly of the Technical Division but partly

of others also, abt Clinton Leboratories in the last four and one-half years,
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1. Chemical Procesgs Manpower

The time, manpower and money required for design and construction
of facilities to carry out a chemical operation can be estimated by
sbandard methods once the process design‘of the proposed operation is
complete. The estimation of the time snd manpower required for the ex-
parimsntal development, preliminary design and sbudy up to the point of

ompletion of ths process design has not, however, been so far reduced to a

Fy
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standard procedure, This section of this report proposes a method of making
such esbimates.,

For presenl purposes it is assumed that development starts when the pro-
posed process has been carried out in the laboratory on a small (test tube)
seale, and that the mein fesbures of its chemistry are therefore krown,

The first step in waking the estimate of manpower required to bring
the proocess to the point of completed process design is to write down a
tentative chemical flowsheet for the process. This chemical {lowsheet
is then eleaborated intc a btentative equipment flowsheet.

As hers used "chemieal flowsheet" moans & chart on which is written
in roughly tabular form all the chemical substances enbtering or leaving
the process at sach step, the concenbrations of all solubtions, the tem-
perabures of all solubions, the reactions which cccur, the radicactivity
azsociated with esach step, the time required for esch step and other data
such as agitetion requirements, etc., "Equipment Flowsheet™, as used here,

masns a drewing or drawings of the assembled sguipment with connecting



pipslines, jets, pumps and services,’ At the beginning of the development
of a process neither of these flowsheets can be kuown with much certainty,
but usually they can be made sufficiently certain so as to form the basis
of an estimste of manpowsr required.;

The second gtep is to count up the number of process units in the pro~

posed process, usiog the flowshecks as a basig., One process unit is defined,

for this purpose, as
one chemical transformatioﬁ, oy
ons physical transformation, or
ona phase separabion, or ’

one special mechanical eperation.

Typical examples of process units of euch kind are:

v

Chemical trensformations
6o Dissclving metallic slugs in nitric acid, (The purification
of the resulting dissolver off geses by scrubbing with zodium
hydroxide would constibute a second process unit,)

b. Precipltation and settling of lead-barium sulfate., (But
if the operation is repeated several times under essentially
identical counditions it ig still counted as just one process
unit., ) '

¢, Counter-current solvent extraction of a solufbion with an
organic solvent, Kach celumn in serles would be counted a
geparate process unit, because conditions vary from one colum
to the next. :

Physical tranaformations

8, Bvaporation of a solution to reduce its volume, Conden~
sation of the vapor would not be a second process unit,
s

ince it is a relatively trivial problenm.
Phase Separations

2, Filtration of a solubtion to remove suspendsd solids,
be Centrifugation to remove solids or separate liquids,

EpeaE

]
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Special Mechanical Operations
2, A remobe operated Tiltration for hot solubions.
Y. A porous ~plate type ol reacior,
ce A remotely operated pallet press.
d. In gensral, any ron-standard remoiely operated device,

The accompanying table summerizes the experiense of the Technical

Divigion in chemical process development work for a number of problems of
veriois degrees ¢f difficuity and ufgeﬁ@yﬁ Only Hwo of these projects are
complete at present, Two of them were suspeanded by higher authority before
completion, Three of them are at present inm progross, and the total effort
requived for completion is only an estimsbe based on recent experiemne. The
table shows o wide variability in the quentity "men wonths per process unit”,
This would be expected, in wiew of the crude nature of the guantity, and means
that the mumbers in the table must be used with giroob caubion. The variation
in "men months por process unit? is, in the writerts opinion, sbout squally
sttributeble Vo variations in inkeront complexity of the processes, varlations

in urgency of completing the

L)

of the proceszes and the variable

extents to which divisions othe i : Technical Division participated in
the work, Extensive participation of or review by other divisions seems to

slow down the pace of the wrk in ths Techniecal Division through increasing

the numbor of alternatos which must be investigabed,

3

2, Pile Desigx and Devolopment i npover {Bxeluding Metallurgy and Physics)

Ho rules have yebt been formuleted for ecstimating the manpower requircd
~ process degign and development on piles. The work of the Technical Di-

vision on the High Flux pile (estimated now to be 68% completo) has beon

‘
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estimated to require tho expenditurc of 335 man months of process design
time end 230 men months of oxperimental dovelopmental timo, not including
metallurgical work in the Technical Division and the work of the Physies

Divigion, This may be summerized as follows:

Process design 335 man months
Experimental Enginecring Development 280
Metallurgical Engincering Development 304
Fhysics 470

[SESSVVETVIReN

Estimated total process dcsﬂpn and
development for High Flux Pile (Pile only) 1339 man months

The effort put into process desi?n wag considerably influenced by the
fact that the entire Iaborstory had ta be satisficd with the detailed de-
sign of the pile, thus a greoat many minor changes and re-drawings wors

.

nscessary. 1t should be noted that tno figures givon

frte

n this report for
the High Flux pile project cover only the work donc on this pro ject since
August 23, 1946, whon bthe heavy waber machine wasz definitely abandoned.
Clearly, some of tho work prior %o this date was of agsistance during the
working poriod covered by the figureé. Howover, ﬁo correchion of the figures
for this fact was made, because it wﬁll usually be truc that o pile deovolop-
ment program is subsbanbially aided Ey work whioh’has gone bofore it bub is
not really a part of it.
The work done on the High Flux pile project is not casily compared

with thet donec on othor pilesz. Howsver, it is belioved that comparison
among the Clinton graphite pile, the Argonne heavy water pile, the Cenadian

pile, the Clinton High Fluxz pile, and the Hanford piles would show that the
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amount of process design and development effort reguired gonerally incroascs
as the design power level increascs.

The effort of the Physics Division on the High Flux pile projeet is
satimatcd by Woinberg abt aboub 35% of the division, which now contains aboub
73 tochnical cmployces, On this basis the Physics Division has pub in sbout
400 man wmonths, It is estimated that the work of the Physics Division on
this project is aboub 85% complete, so that about 470 man wonths is the

total coffort required of the division for its participabion in the whole

1000 Pro ject,

3. YNon-Technical Manpowe

All tho foregoing figures are for bschnicael personnel. In sddition,
non-technieal personnsl are required, In the Technical Division the ratio
of non-tochnical to technical cmployoes will normally be about 0.8. In the

Physics Division it is abouk 0,3.

4y Shﬂg Tinm‘

In addition to the non~t@mlnica1 employces of the Technical Division,
skilled or semd.skilled omploycos will be required in the Mechanicel De~
partment to build the nscessary aquipmcnt to carry cut the development work.
The Technical Division has in the past required about 0.7 shop omployee per

technical smploves. Tho 0.7 is splid about ss folliows:

Work done on ropair ordorz (less than $500 each) 0.25
Minor projects {labor cost lcss than $20,000 each) 0,11
Major projoots (labor cost more than $20,000 each) 034
Totel crafts employsces por technical omployee 0.7



9, QConclusions
In summery it is suggestoed that the menpower requirsd in chewical de-
velopmont wrk at Clinton Laboratorics for a "normal®™ dovelopment program

containing oxperimental development (laboratory and scmi-works), pilot

plant, process dosign and sbart up assistence phasces be estimated as follows:

Phase ‘ Tochnice al mmppowor
Per Procoss Unit
Bxperimentel Devolopmend 20 technical man months
Pilot Flant : 12
Frocess Dosign 5
Start up Assistancs 5
Total 47

These arc everage figures and should be adjusted upward or downward to suit
the individual casc. In somoe cascs pllot planting may be unnccessary, or
sbart up sssistance may be dispenged with. In such cascs the tobal manpower
required per pmeess unit will be r much lower than the above total, Hon~
tochnienl manpover may bo cstimabod rou?hly as 0,8 of the hechnical ManpoOWers

For pile devolopmenb work a ratio of 2 enginecrs (or metallurgists) to
1 physicist {or controls cngincor) appears to be sboubt right, and Lthe total
manpower reguired for one 30,000 XW pile is aboub 1400 man months.

The abowe figurcs apply only tq that amount of offort nscessary to bring
a development project to a point such that all necessary exporimental work
has been done, 211 nccessary technicsl advice has been given, the engincering
dasign work hes been done (prosumshly by others, sinceo cnginecering design is
not included in the above figurecs) and the inshallabion has beon put inbo

speration.



BEFFORT FXPENDED & TO BE EXPEHDED

MAN MONTHS, PER PROCESS UNIT

Fxp'l  Plle¥  Proc, Stard No.Proc % How

Pro joob Dov!t  Plambt  Des. ip  Total Units Compl otic
T05-D 12.2 Wone 4,8 6s8 24,8 10 100
Mebtal Recovery — — e v 15.7 14 50
Disposal Active Wastes - —— e o 13 1 30
Ra~Bo Sourcos 4,6 0.7 0,9 045 P! 7 100
25 Separation Trocoss 41+ 22 10 - 75 11 69
23 Seperalion Procoss 20% 3 5 . 28 a 50
Pile Moballurzy ORI 1o s 6D e 3340 2 64
Average 22 10 5 o B0

The Chemistry Division participatod in this work %o tho extent of about
one-L1fTh the ampunt shovm with the ashorisks. The table thus shows
@58 ntially 811 tha iy

hemieal development work, regardless ol the die-
done. It does nob ineclude pronqeveloPment cheime

Fote that the average total menpowoer is not the sum of the averages for
the varicus compononks sinee not all components were included in each
pro ject.
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