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ESTII~\TING PROCESS DEVEU)P~~l~

MANFO'IVErt REQ,UIRElvlENTS

Abstra.ct

Rough rules for estimating the manp::nI'HH" required f01" development

work have been derived from Clinton Labo r-ato r i.e s experience. For chemi.oa'l

processes, complete development, process design, pilot planting and start

up assistance will total about 42 technical man months per process unit.

No easy rule is available for pile development, but the total expended

and to be expended on the 30 ..000 KW High Flux pile is 1400 man no nbhs ,

of which one-third is physics and e1ect;rical engineering and two-thirds

gener-al, engineering and met al.Lurgy ,

__~ o

One of the difficult and recurrent problems of a development Labo-.

r ato ry is the estimatin.g of the manpower which will be required for a given

pl'ogrnm.rhis problem is made difficult by t·he fact that ordinary Lnduab r-Lal,

exper-i.cnce is not applicable 1;0 our f'Le Ld, and is moreover very imperfectly

co rr0lated and reluctantly released outside the company. It is th,j purpo se

of' this report to record certain rough-and-ready rules for making such esti-

matie s , based on the expe rLencc, mainly of the Technical Division but partly

of others also, at Clinton Laboratories in the last four and one-half yeara ,
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1. Chemical Process M!.mp01i'7~~

The times manpower and money required for design and co ns ln-uc'tion

of I'ac LLi.t.Lea to CD.l'ry out a chemical operation c an be estimated by

sbandar-d methods once the process design of thc;) proposed operation is

complete" The estimation of the time and manpower required fa r tho ex

perimental deve Io pmerrt , preliminary design and study up to the po int of

compLeb i.on of the process design has not" however, been so far reduced to a

standard pro cedure , This ,3ection of this report proposes a method of making

such estimates.

For present; purposes it is assumed that development starts when the pro

posed process has been carried ouf in the laboratory on a small (testbube)

Gca10~ and "that the main features 0 f' its chemi.s't ry aro vbhe rcf'c re known ,

I'ho first step in making the estimate of' manpower required to bring

the prooess to the point of completed process design is to write down a

tentative chemical flovlShcet for the process. This chemical f'Lowaho eb

is then e l abo rated into a tentative equipment flow-sheet.

As here used "chemica'l I'Iowsheeb" means a chart on which is written

in roughly tabular form all the chemtca.l subst ances ont.e r-i.ng or leaving

the process at each step! the concentrations of all so Lub i.ons , the t0111-

pe rabures of' all solutions", the read;ions which occur, the radioactivity

associated with each step; the time required for each step and obhcr- data

such as agitation r-equf.r-emorrt s , etc. "EquIpmerrt Flowsheet ' l , as used he re ,

moans a drawing or drawings 0 f the assembled e qu Lpmerrt with co nnccbi.ng
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pipelin88~ jets, pUD~S and services~ At the beginning of the devolopment

of a process neither of these f'Lowsheet s can be lG.'lO,V11 with much certainty,

but usually they can be made su I'f'Lc LerrtLy certain so as to f'o rm the bas i.n

of an estimate of manpo':'ler required.

Tho second sb ep is t..o count up the number- of procoss ~1its. in the pro-

po sed process", usin.g tho flowsheol;;s

fa r this purpose, as

a basis. One proce~~~i~ is defined,

one ohemi.o aj. tr<;il1SfOl"mation, or

one physlca'l tir-anafo r:nation~ 0 r

one phase separation, 0 r

one special mechan'i.c a'l operation.

TypiceJ. examples of' process units of e ach kind f:l.ro:

Ch,3lJliC81 t:nn::sfo rmati,o ns
• !3,,, Dil3solving· metallic slugs in nitric acid. (The purification

of tha rosulting dissolver off gases by scrubbing with sodium
hydroxide would constitute a second process unit.)

b. Precipitation and BettI ing of 1end-barium aul.I'at e , (But
if. th(;J operation is repeated several time:> under essentially
identical conditions it is still counted as ,just one process
unit. )

c. Counter-current solvent extraction of a solution with an
organic solvent. Each column in I>erics would be counted a
separate pro ce ss unit, because cond.itions vary from one column
to the next.

Physical transformations
-a" . EvaporD,tion of' a sofl.ubLo n to reduce its volume. Conden

sation of the vapor would not be a second process unit;
since it is $. relatively trivial problem.

Phase Separations
a. Filtration of a solution to r-emove suspended solids"
b , Centrifugation to r-ernove so lids 0 r separate liquids»
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Mechani<'Hl.1 Onera'l:;icms
"".... ",j,. ' x . ~ . ('lI

A remote ope rabed Jeiltrat:l.On 101' hot so Lut Lons ,
A po ro ue-spl.atie type or r-e acto r ..
A remotely o pe.r at.ed pellet s ,
In gencral~ any non-standa~<d remott31y operated device.

Tho accompanying; tabla summaz-Lses the rionoe of the 'fochnical

Division in chemical process develo wade for D, number of problems of

various degroes of difficulty and urgerwy. Only i;;V10 of' trhe ae projects are

oo mpl et.e at pr-e s errt , hvo 0 f them we suspended by higher aut:horH~v bof'o r-e

completion. Threo 0 f them a1'o at prosent in progress, and the; tote,l effort

required fo r completion i.e only l.1,n ostimato bas cd an recent expcrienoo Q The

... b I h l d . b'l''\:; ." )"~ tl· th ,)",,0 D"'O~"'''S uni ... lI
v'l. C sows a 111'1 e var-i.a .J. J. Y 1.11 C;fW quan Cl",,;y man monu s 1 v., ~ L ... cvcx c '-'.

This wou l d bo oxpected: a.n V:J.OV'f of tho c rudo nat.ur-o of tho quantnty, and moans

that the numbers in tho -(;a1)10 must be used gror;,t caution. Tho v ari.at.Lon

in "rnen months per process unit"! Ls , in tho writcr~ S op i.rri.on , about equally

attri"but;eJ)le to '\le..riation,s Ln Lnhc ronb complexity of tho prooosses, variations

in urgency of comphd;lng the: dcveIo pmerrt of the PTOCGGSBS and tho variable

extents to which divisions other than tho 'I'echrri,c Division particip~tcd in

tho work, Ext.ens tve particlpation of. or r-ev i.ew by obhe r divisiol1s 880ms to

slow down the pao e of the 'NO rk in th0 Technical Division through increasing

the number 0 f a I ternatos whLeh must be invGstig;ated 0

2. Pilo Des i.gn and DeveIo pmcrrc Manpowor (Excludinl~; MBtallurgy and Phyui.c s )_. ." -~~- ". . . . -... . - .. ".- '''''''~. . -
No rules ho.V'o yot boon Io rmul abcd for estimating the manpowor required

f'o :r proccaa dosign and dovolopment on p i.Le s , Tho work of tho 'fochnioal Di-

v ls io n on tho High Fl.ux pilo (estimated now to bo 68% oomploto) has boon
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estimated to roquiro tho expcndd.tiur'c 0 f 335 man months of process design

time Bud 280 man mouths of experimental doveLopmerrt al. timo" not Lnc Ludlng

metallurgical work in tho Technioal Division and tho vo rk of' the Physics

Division. This may to aummar-Laed as .follows:

process dosign
Exporimontal Enginooring Dovelopment
Metallurgical Enginoering Dovolopmont
Physics
Estimatod total process dosign and

dcvcl.o pmcnb for High Fluy; Pile (Pile only)

335 man months
280
304
4'70

1389 man months

Tho offort put into pro ccs s design was co ns i.dc cebIy Lnf'Luencod by the

fact that tho entiro laboratory had to be satisfiod with. tho dotailod de-

sign of: tho pd.Le, thus a groat many minor changes and ro-drawings vtoxe

necessary. It should be notod that tho figures given in this roport for

tho High Flux pilo project cover only the work do no 011 this p ro joct since

August 2:3$ 194;6, whon tho heavy vrater machine was dofinitel:t ab ando ncd ,

Clearly, some of tho work prior to this dabo 1ffB.S of assistance dur-Ing the

wo rktng period cove red by tho figures" ffo1i'iOvcn' J no co r r-ccb i.on of tho figures

for this fact was mado , bocausc it vrill usually be rb ruo that a pile dovoIo p-

mont progrem is substantially aided by work which has gono bc Io rc it but is

not roally a part of it.

Tho work dono on tho High Fl.ux jpdl o projoct 18 not oasily compared

with th!3,t. dono on athol' p i.lcs , :Hbwovor~ it is be'Li.oved that comparison

among; tho Clinton graphito p Ll.o , tho Argonne heavy wat.cr pile, the Canadd arn

pile, the Clinton High Flux pile, and tho Hanford pilos wou l d show that tho
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amount 0 f' pro cess design and dovcl.opmcnb offort requirod gonor-alLy Lnc rnas es

as thl) design povmr level Lnc r-cas cs ,

'l'he effort 0 f the Physics Division on tho High Flux pile projoct is

ostima-t;cd by Woinberg £11:; abo ub 3:5% of thQ di.vi.s io n , which nOV7 contains about

73 tochnical omplo yces , On this basis tho Physics Division has put in about

400 man months" It is ostimatod that the wo rk of tho Physics Division on

this pro joct is about 85% ccmp l etie , so that abo ub 470 man months is the

total offort roquired of the di"irisio:u for its participation in tho whole

1000 Project.

All tho forogoing figures are for technIcal perso nno L, In addition,

non-tochnical porso nno'l arc r-cquf.rod , In tho Tochnical Dhision the ratio

of non-tochnical to tQchnical, omplQYoos will normally be about 0 ..8. In tho

Physics Division it is about 0.3.

In addition 1:;0 tho non-toclmio omployoos a f tho 'fochnical Division,

skdl.Lcd 0 r somi-skilled omployeos vinl bo rcqui.red in tho Mechanical Do-

partmont to build tho neccs sar-y equLpmorrt to carry out the devcko pmenn wcrk,

The ToclL'1ical Divisi.on has Ln tho past requirod about 0.:1 shop employoo per

t;(;Jdmical. employee. The' 0.7 is split about 0.8 follows;

Work dono on r opad r orders (loss than $500 each)
Minor projocts (Labo r cost loss than $20,000 cach )
Major P~)jocts (If.~or cost more than $20,000 each)
Total orafts employeos por teohnical omployoo

0 ..25
o.rr
O~34

0.7
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5 ~ Conclusions

In summar'y it is suggested that tho nwnpov18r roquirGd in chemi.c al, do-

vo lo pmorrt Viork at Clin1:;oYt Laboratories for 8. "no rmal" dovolo pmerrt program

containing oxpo r Imcnt.al. dcve Lopmonf (laboratory and somf-wo rks }, pilot

plr..nb , pro eoss design and start up assistan.co phases bo estimatod as follows:

Phase

Exporimontal DeveIo pmenb
Pilot Plant
Pro ceaa Des Lgn
start up As,sistal1GG
Tots.l

Tochnical ManpoTIor
POl' Process Unit-

20 tochnioal man months
12

5

These ar-o avorage figuros and ahouLd bo adjustod upward or downwar-d to suit

tho individual o aeo ; In so mo cases pilot planting may be unnccceaary, or

start up as s Labance may b e dd spcnaod with~ In such oases the total manpower

r equd.r-cd per p ro c cs s unit will be much Lower than the above bo t al, , Non-

teohnico.l manpovrer- may b o ostirnJ.ltod roughly as 0,,8 0 f the tochnical manpower.

For p i.Le deveLopmorrb work a ra·tio of' 2 eng Inocr-s (or motallu:r.gists) to

1 physicist; (or controls ong i.neer ) t\ppOarB to boabou'!:; right, and the total

manpower- r equt.r-cd fo r 0 no 30 s000 Y.Jlpil o is abo ub 1400 man morrchs ,

Tho above figuros apply only to that amount of offort necessary to bring

a dcvcl.o pmonb projoct to a point such that an noc os sar-y expo r imexrtial. work

has been OOD.O. all noccs sury toC.1111ien.l advice has boon given, 'tho enginoering

design 'liIJl."'k has boon dono (prosurrl.D,bly by otiher-s , sineo eng.i.noer-Ing de sf.gn is

nob includod in tho abov e fiGures) and the insta11aHon has boon put into

o pe r-atdon ,
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EFFORr EXPENDED &; fro BE EXPENDED.

ORNL-18

Expll Pilnt; Pro c .. St;lrt No .. Pro e d NowI~

Projoc~ Dov't Plant DOG6 . '(I.E.. Total Units Complote, - ........ ---
706-D 13.2 Non,€! 4.8 6 RJ8 2.4.8 10 100
Metal Rooovory 15.7 14 50
Disposal ,}\Gtivo Wastes 13 1 30
Ra-Bo Sourcc's 4 36 0,,7 Olt9 O<'l3 6,4 '1 100
25 ScpaJ~atiQ n Pro cc e s 41* -1)r; 10 73 11 69,,<;,

23 Scpe.rat:ion Pro c os s 2(1*, :3 5 28 9 50
Pile MGtullurgy -.. 30 3.5 :33~S 9 64

Avorar;o 2" 10 5 ,"'30**" A,~

*' Tho Chemistry Division partici.pu;tod in this 1!iOrk to tho exberrt of about
one-fifth the [lm;)unt shown vrith the astorisks.. '.rhe tablo thus shows
essontially all the oheraical dovo.lopm0n"c~·,1:)1"k~ rogardless of!:;he di
visioil in which it is dono; ltdoos not include pre-dov()lopment chem...
istry, howover ,

0* i:kd;c that tho avcrago total manpower- is not tho sum of tho avoragos for
tho various componontis s i.nc.e not all co mponerrb s vrero included. in each
l)TO ject tI
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