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DBSTRA

The Organization of a Countdown was developed over &
years of missiles and space syatems testing at the
Douglas Adreraft Company, Sacramento Test Center.
The experience on which this study was based includes
the Thor development and acceptance testing, Titan I
second stage engine development testing, development
of licuid hydrogen handling technicues, Saturn S5-IV
and 5-IVB development and acceptance testing. The
intent of this paper is to examine the static test
countdown organization and discuss the need for &

systematic method to organize a countdown.



ORGANIZATION OF A COINTDOWN

To attain the optirum use of manpower, it is essential that the Teat
Conductor apply accepied management techniques in order that each
individual function may be accomplished with a minimum of friction
and that a job may be done in a most efficlent manner.

There are many methods that are available to a Test Condeutor that
enables him to efficlently plot the functions of the countdown crew
50 that he can graphically presont and evaluate all essential tasks.
This presentation illustrates one method that the author has found teo
be very successful for initially organizing a countdown and is par—
ticularly valuable to a Test Cénductor when he is attempting to
improve the effectiveness and efficlency of a countdown crganization.

SETTING STANDARDS

It has been said that a full day's work cannot be judged until
standards have been set. The sale workload should be considered
because an overworked person cannot do a full day's work. Waen an
engineer is allowed to work as a technician, or wvice versa, he is
not given & full day's work. Setting standards is interrolated
with a prerequisite fur glving an individual a full day's work,

The Test Conductor, just like any good manager, must have a good
working lnowledpge of ways and means to set standards of operation.
You live by standards and if you fail to meet those standands, you
suffer the ccnsequences. #an cxample is driving your automobile.
ftnyone whe falls to follow such standard operating procotures as
driving on the right side of the road, stopping for a red light,
going neither too fast nor too slow, displays to all who may observe
him that his performance is not up to standard. The logical results
of that person's actions might be damage to his car, injury to
himself, or paying the penalty prescribed by law.

The Test Conductor must insure the proper setting of performance
standards. This is mandatory to irsure more accurate scheduling
and salety of operation, It is poor management to attempt to
"manage" without nowledge of how long it should take to perform
work.

The succeosful countdown is based upon the Test Conductor's ability
to accurately measure tho time it takes to perform the various
functions so that they can be accurately scheduled. adhering to
that schedule will penmait all the perscznel involved to know what
is happening at any given time during the countdown.



Work measurements can be simply defined as "the evaluation of work
in terms of time" and consists of the following basic types:

l. Statistical = 4 standard or average relating expenditure of
labor and units produced and based upon a mathematical analysis
of past performance.

2. Ipgineered - A standard time for doing a job according to a
specified method, as determined by actual cbservation during
performance of the Job.

3. Pre-mproxinated = The time required to do a job based upon
previous values of time for the basic elements accomplished
by specific methods.

be Estimated - The time it takes to do a job based upon the best
Judgement of those most familiar with its requirementa.

If one evaluates these basic types of work measurement, it can be
seen that under certain conditions the Test Conductor can use
almost any one of the four. However, in the space industry, the
fact that program schedules are usually dictated at the time of
contract negotiations rather than as the program materializes,
often technical requirements and restrictions are individually
added which make the contracted milestones difficult or almost
impossible to meet. The allowable time to perform the countdown
often follows this same technicue because a systematic approach
is not used., This is wrong. Management expects good results from
the test and if the Test Conductor fails to give proper attention
to work measurement for setting countdown standards, his countdown
schedule will fall apart thus creating confusion and demonstrating
an undesirable image of the company, countdown crew and himselfl
to all concerned.

Delays due to equipment malfunctions are understood by all as

this creates a "hold" condition, but a "hold" caused by poor
scheduling of functions or tasks creates many undesirable problems
which in turn tends to Jeopardize the effectiveness of the test.
This brings us back to the choice of technigue to measure the

work required to accomplish the countdown so performance standards
can be set., The vasiest and quickest for each function and task is
‘the Egtimated. This teochnigue is most often utilized, and in many
cases without proper disciplines. The key is that the time es-
timated should come f{rom that person most familiar with its require-
ments.
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The technigue is to make three (3) estimates as follows:
1. The chortest estimated time

2, The longest estimated time

3. Tae most likely time

A single estimate tends to bring out the cuestion: "How come its
taking you so long?", or "I can't do it in that much time". 5o,
start out the countdown functions and tasks with three estimates.
Utilize the most likely, but where the estimate varies widely
between experienced individuals, make an Enminsered measurement
by running a mock funetion or task if the real thing cannct be
accomplished.

Once you have systemitically estimated the time it takes to perfomm
each function and task required to accomplish the Countdown, you
now have the periformance stundards by which to scheduls.

The time required to accomplish different functions can be compiled
into a card file which can be used for future countdownsin order
to determine performance standards with which to schedule the
different countdown tasks.

SCHEDULTNG

Scheduling the countdown efficiently has widespread implications.
If a technician or engineer waits for the Test Conductor to get
around to him personally, the schediling is inadeguate. The Test
Conductor must develop a good schedule which ia understood by all.
This requires the following:

l. last ali functions required to accomplish the countdown

2, Determine how mich time is required to accomplish each tunction
3« Group the functions into tasks

L. Schedule the tasks in the order that they are to be accomplished.
Once the tasks and schedules have been established, the Task Leaders
should then be aseigned s0 that the Test Conductor builds his

organization with the proper span of control to adeguately control
countdown activities,



SPAN OF CONTROL

Proper span of control means that the Test Condwc tor has the
correct number of Task Group Leaders, If so, he can accomplish
all of his work.

Span of control means the number of people a Test Conductor can
efficiently control. The number of individuals a Test Conductor
can effectively supervise is limited by his time, energy, and the
complexity of the human relations involved. Therefore, there
must be a 1imit to the number of individuals responsible i the
Test Conductor. The factors that limit the number of individuals
that can be effectively managed are:

1. The complexity of the task (technical or routine)
2. The work the Test Conductor must do himself

3. The skill level of the countdown crew members as to the amount
of initial training or retraining necessary

L. The physical layout of the Test Complex

In the past, the concept that one could effectively manage no
leas than three nor more than seven workers was widely accepted.
But situations may arise, due to the physical layout of the Test
Complex, which locate two countdown Task Leaders large distances
apart without proper communications, so that any Tesat Conductor
would be taxed beyond his management capabilities. However,
during portions of the countdown as many as 20 panel operators
such as a routine propellant loading would not exceed the capa=-
bilities of most Test Conductors. Therefore, the number of
personnel any Test Conductor can effectively manage is largely
dependent on these and the following factors. The Test Conductor's
work situation wil pol remain stable if there are diflerences in
objectives between various tests. This dictates the training
and retraining of countdown crew members as a conatant project,

A Test Conductor that effectively managed:a well-trained count=-
down crew may find that he is unable to effectively manage an in-
experienced countdown crew because his span of control has been
enlarged beyond the effective scope of his direction.

Another reason for limiting the number of Task Leaders under the
Test Conductor's supervision is the number of relationships that
exist between the Test Conductor and his Task Leaders, and between
the Task Leaders themselves. When & small number of Task Leaders



are beinpg supervised, the situation iz comparatively easy to cope
with because of the relatively few relationships involved. However,
it must be remembered that as Task Leaders are added the number
of relationships increages at a much greater rate than the number
of Task Leaders. The personality and general abilities of the
Teat Conductor should also be considered. These factors explain
the reacon why one man can supervise eignt (8) Task Leaders fairly
well and another man breaks down under the same load. Somo count=
down organizations burden the Test Conductor with as many as 25
activities under his direct supervision, in which some degree of
success was occasionally achieved primarily due to highly trained
workera, and Task Leaders being assipnad who were eager to accept
recponsivility and able to asslst the Test Conductor in getting

a countdown accomplished successfully.

Exporience in many and varied types of countdown siituations has
fully substantiated the concept of limiting span of control during
the course of the countdown by limiting the number of tasis through
hemogeneous grouping and proper schedullng which restricis the
amount of activity at any one time so that it can be controlled,

A careful analvsis of mny of the varled foims of countdown organe
izations reveals that the most successiul organizationa limited
span of control to a maximum of five reporting directly to the
Test Conductor during test operations which takes place prior

to all personnel clearing the area and retiring to the Test Control
Center. In tho Teat Control Center, it was found that tho Test
Conductor can effectively control up to 20 durding the propellant
loading, statie firing, and propellant unloading tasks. This is
when the Test Conductor is the Task Leader and the crew is molded
together into a homogencous team striving to accomplish one task
at a time and tho nusber of people involved is often a function

of the instrumentation and controls equipment layout and design.

DELEGATION OF AUTHORITY

Following span of centrol, & proper delegation of authority ailects
the scheduling of assipned countdown personnel., For example, it
has been said that whenever & line forms at the cofiee machine,
countdown crew members are not required for an essential funetion,
or given a iull day's work and are not scheduled efiiently.

The Test Conductor is vested with the responsibility and the
autherity to accomplish the work of the countdown organization.

In the final enalysis, success in performing the objectives of

the countdown depends vpon the Test Conductor. I the countdown
crew has been well organised and trained, the principal of the

span of control observed, responsibility and authority will be
delegated to subordinate Task Leaders. Tne Task Leaders who become
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responsible for the performance of certain tasks must also have
the autherity necessary to carry them out. Proper delegation -
will speed up production and insure a safe and successiul operation
by spreading the supervisory load, and also develop initiative and
leadership.

It 48 a Test Conductor's responsibility to make such delegations as
well as train subordinates to accept them, Train the Task Leaders
to come to the Test Conductor with their own recommended decisions.
If the Test Condeutor is burdened with a Task Leader who does
incomplete work, the Task Leader must be trained or replaced.
Complete problem solving includes the collection of facts, analysis
of the problem, and the presentation of a solution in such form
that the Test Conductor need only indicate approval or dissapproval..
The Test Conductor should assign a Task Leader, be zure that he

can do the Job, then leave him alons. There can be no delegation
of authority or assignment of responsibllity to those who &re not
able to take it, There can be no decentralization of operations to
those who cannot cooperate or the Test Conductor will lose his
span of control. Delegation of authority requires that respon-
sibility be assigned to another only when he is propared to take
it} and that full authority is to accompany full responaibilitiea
ot that very same instant.

Dolegation of authority also requires that no matter what tasks
are given, or what authority is delegated, the delegation is still
sccountable. The Test Conductor must accept the responsibility
for a faillure. The Test Conductor delejates the authority to
accomplish a task to the assipgned Task Leader who in turn delegates
porticns to the workers who actually accomplish the task. The
Test Conductor rust support his countdown personnel, even though
they may err he is responsible and must see that it doesn't
happen again. The Test Conductor should use the principle of
"nraise publicly and reprimand privately" in order to build Esprit
de corps and develep leadership. He should delegate authority
only to the extent necessary to meet the assigned responsibility =
no more than is required, and no less.

ESSENTIAL TASKS

The word "essentlal" means essential to the objectives of the
tost, the objectives of the program, and the oblectives of the
company. Each man should be used on "essential" functions in
the test,. =



is Test Conductor you should question the need for overy function.
You may find that there are jobs which are not really essential,
that there are certain functions which contribute somewhat more
than others bul are not Justifled in tems of time and effort, or
that there are some functions which are still being accomplished
even though they have been determined to be non-essential to the
objectives of the countdown.

Certainly, any work done for cneself or for another person uses
time, material, and energy, and should contribute to the objectives .
of the countdown, Often restrictions must be disseminated to
control non-essential work. Taking time out to brief visitors
individually is an example of non-essential work during the
countdown. Thils should be accomplished by scumeone other than
countdown crew members B0 that their concentration will remain

& part of the countdown. Question the need for every function,

and eliminate those that have little or no valus and are not

worth the cost. )

The Test Conductor's job should consist of directing not actually
performing the duties. The essential functions done as an assigned
member of the countdown crew becomes less important when a man
becomes a Test Conductor. all essential functions rust be con—
sidered by the Test Condeutor in making decisions, Thus a Countdown

Distribution Study by tha Test Conductor iz n ry to visualize
all essential functions as to their relationshin and place in the
countdown. In order to use a man fully on an eubential funetion,

the Test Conductor wuat chock results., Thne best means of checking
results is to follow the pattern of setting standards, establishing
the standard, check the work against the standard, and to bring
the countdown crew to standard. Finally, improving work methods
contributes to proper acheduling through the use of assigned count=
down crew members fully on essential tasks.

The principle of logical assignment has within its scope the
assignment of all necessary funciions within an organization to
specific individuals, and it means that all employees must have
a Job to do. ALl countdown crew members must know what his area
of work includes; that area mmst involve related jobs, and his
Job must fall within that area, There i1s a tendency toward less
effeciency in miscellaneous jobs. It is the Test Conductor's
responaibllity to develop tasks and task leaders specialized in
given areas or systems, not Jacks-of-all-trades. A man who is
trained to do his job which is a logical assignment will be



enthusiastic and proud of his work, The morale of a man who does
everything for everyone is usually not high. FHe should work within
the area of his knowledge and training. Then he will understand
his assipnment and do & good Job., One mistake is the assigmment
of enpineers to responisible positions without the proper exposure
to operational training under countdown conditions. The idea,
that the engineer is an expert in the meaning and use of numbers
is shared by engineers and laymen alike., Ingineers have been
exposed to varying degrees of mathematical discipline during
thelr formal education and desipgn experience, and tend teo think
of a numerical solution as a fixed value, or that they lnow the one
best ancwer to a problem, correct to seven (7) places on the
slide rule which is not subject to variation, evaluation, or
qualification. They seek the magic numbers on which to base the
design of a product, a proceas, or test facllity. However, away
from the textbook problems, where real numbers are obtained in
field tests, these numbera do not always come out the way the
equations are written. OSomstimes the agreement is pood, and
frequantly we can paraphrase the walver of the fiction writer,
"any resemblance to the real process, living or dead, is purely
coincidental".

It is the responsibility of the Test Conductor to pick the englneer
who has had training and experience in a given field to become a
task leader. Then he can be praised or blamed according to his
work,

Lopieal Assipnment requires that all functions within a task be
specific, clear cut, and eimilar in nature. Of course the Structures
Engineer should not setup the instrumentation systems. It is easy -
to understand those widely separated functions and occupations but
the principle of logical assignment must be applied to a much finer
degree. Checking circuit breakers is a logical assipmment. Dut
when the circuit breaker boxes are located in four different arcas
it is logical to assipn those [unctions to a Task Leader performing .
similar functions in that area. This eliminates overlapping. ZEach
Task Leader's functions should be clear cut wiil’u an area,

Dividing work so that very litile overlap on equipment or within an
area occurs improves the guality and increases the quantity of
output. i

Responsibility must be fixed. No joba should be left for all to
do, because all will leave it to scmeone else and then — disaster.
Countdowns have been scrubbed and misailes blown up because

soms lobs were left unassigned and overlapping of functions on

the same equipment caused confusion.



COUNTDOWN DISTRIBUTION STUDY

The Test Conductor must analyze the work distribution in his countdown
organization. He must seo clearly all tho activity of tho countdown
crow at a glance. In order to sco the activities of the countdown crew
in one place clearly, and lmow how each countdown crew member contributes
to the total accomplishment, he should use a eountdown distribution
study for each and every countdown performed. The elements of a
countdown distribution study are as followst

1. Cblectives of the test.

2. Tasks required to perform the test.

3. Functions required to perform the test.
4. Work distribution chart.

QRJECTIVES OF THE TEST

Objectives are assigned to each countdown. These goals or objectives
ara the end result that the assigned memobers of the countdown crew
are responsible for achleving or producing., To be of any value, the
objectiven mist be clearly and specifically stated. As an example,
cbjoctives of a Space Vehicle Static Firing Countdown are listed
below.

The primary acceptance objectives are:

l. Demonstrate that, within the test complex capability, countdewm
operations can be performed in the veguence and within the time
framework allocated for this individual etage portion of the KSC
countdown,

~. Gevrnsirate that the engine exhibits operating characteristica
compat.iiuc with tho stage design requirements and consistent
with Hodel Specification 215bs.

3. Demonotrate that LOX is supplied to the englne inlet within
the established operating limits through the proper functioning
of the LOX tank pressurization and supply cystem.

o Demonstrate that LH2Z is supplied to the enzine inlet within the
established operating limits through the proper functloning of
the L2 tank pressurization and supply syatem.

5, Demonotrate that the preumatic control supply furnishes sufliglent
helium at the correct pressures to provide adequate pneumatic
valve control and system purges.

6. Demonstrate that the PU (Propellant Utilization) system can conirel
the loading and consumptlon of propellants within the dosign
recuirements of the stage and engine as applicable to acceptance
firing.
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7. Demonstrate that the data acquisition system is operating properly
and 1s capable of performing assigned functions.

8. Demonstrate the proper cperation of the stage control and power
supply systems and stage GSE interface during the firing.

9. Demonstrate that the pressure and temperature levels of the
hydraulic systems are within acceptable limits, Demonstrate
servo system porformance in pgimballing the engine in response
to serve valve input commands,

10, Demonstrate the structural integrity of the stage.

11, Demonstrate that the stage portion of the auxiliary propulsion
system responds to commands from the Instrument Unit Substitute.

The socondary research and development cbjectives are:

R=l1 Determine the performance of the fuel tank wet wall insulation
system and the thermodynamic environmental and response of
structures and compononts during cryogeniec loading and the
acceptance firing.

R=2 Determine the vibration input or response of propulsion subsystem
components, electronic equipment, and primary stage structure.
Determine theo acoustical snvironment inside and outside the
forward skirt.

Tho objectivea are the first thing the Test Conductor should assemble
when he starts the countdown distribution study. The objectives in
a large measure define test configuration. ill objectives should
be listed as primary and secondary; which gives the countdown crow
prior lmowledge of eritical parameters during the test which would:
(1) cause a hold until the discrepancy is fixed, (2) it is safe and
can the test be continued, (3) is there more to be gained by con-
tinuing rather than holding or scrubblng the test, This is the
‘kind of decision which econtinually plapues the Test Conductor. He
must be positive but at the same timo depend upon the countdown crow
members to furnish him with those facts to properly make the overall
docision; and to those poople who have their objective scrupbed,
obviously it is often the wrong decision,

TASK LIST

The preliminary task list is first prepared listing all lmown tasks
which may be required to perform the countdown. All technical and
support groups should be contacted and asked to submit a list of
tasls they think would bo roquired to perform a countdown on the
spacific test stand. This list must include all possible tasks from
housekeeping chores to fueling and firing the missile.
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A typical list of tasks submitied for a static firing for a specilic
test stund would be as fol'owsi

1.
2
3.
L
o
b,
T

8,

G
10,
11,
iz,
13.
.
L.
40,
1%
18,
19,
20.
21.
22,
23+
2L.
25.
26,
27.
28.
9.
30,
3.
2.
33.
34.
35.
36.
37.
38.
39.
LO.
L1,
L2,
43.
L
L5,
L&,
L7.
L8,
L9.

Pre-Countdown Check List

Countdown Initiation

Propellant Transfer Lines Preparation
Hydraulic nccwmlator Charging

Circuit Breaker Satup - and Seal Box
Thermal Corditioning Setup

GH2 Storage area Setup

hutomatic Eouipment Setup and Power Turn~Cn
Redline Checls

Helium and G2 Storage area Valve Setup
Vent alarm Check .

Avort Fode Checis

¥anual Control Test

Cormon Dulkhead Sampling Setup

iX2 Purge Vaporizer Setup

Test Stand Prepartaion

LOX Storage Arex Setup

Preumatic Consele GH2 System Leal Check
Burn Pond Inspection

Fuel Storage Area Setup

Firo Dotection System Cf0

Hydrogen Leak Detection C/0

Water System Setup

Camera Setup

Grournd Firex System Verificatlon
Intesrated Systenms Test Preparations
Aspirator and Deflector Plate C/0 & Test Stand Firex Verification
Integrated Systems Test

Engline Bell Extonsion Service Unit Setup
Envirenmental Purpge C/0

world Purpe and GH2 /Audliary Storage Bottle Checkout
LH2 System Sampling

Final Inatrumentation Setup

Common Bulkhead Decay Start

feverily water and Pneumatle Setup
Preventative Kaintenance

Test Stand Clearing

Cozron Bulkhead Sampling #1

Redline Obgerver Briefing

Common Bulkhead VAC Securing

Transfer to High Press HE Supply

10X Loading

Fuel Loading

Statie Firing Preparaticas

Terminal Countdewn and Firing

Propellant Offloading

Consols "B" & Engine Start Tank Purge (HE)
Replace QN2 Crossover

Data Removal



il

50. Automatic Analog Self Check

5§1. Post Test Purges

52. Post Test Inspectlon

53. Test Stand Securing

54. LH2 Stor and Xfer Securing

55. LOX Stor Seccuring

56, Camera Unloading

57. Secure Water Systems

58. Facility Securing

59. Battery Installation

60. "Q" Moter Installation (Aetivation)
61. "Q" Heter Removal (Deactivation)
62. Battery Removal

It should be noted that in the Missile and Space System industry
much confusion regarding the meaning and use of Function versus Task
has in some cases caused the adoption of countdown metheds with poor
utilization of personnel, duplication, and non-essential functions,
Tnese countdcowns have been successful but complicated countdown
communications can drain heavily on the resources of a program and
the company to perform them. Tils in turn dilutes the amount of
information gained during a given time span.

A function is a specific plece of work to be done or work imposed to
accomplish a tack.

A taak is an actien including its plannim snd exccution. loading

£ would be a task, and the work required to accomplish this task
would oe the function,

Once the preliminary task list has beon submitted to the test con-
ductor, he can eithor accept the task list as is, or attempt to combine
those in which he may think overlap or are duplication. However, this
is not the nromar time to reduce the number of tasks as each one has
been only briusiy deseribed and all factors have not been evaluated,

It is first necessary to collect all the functinna for the various
tasks and lay-out of the countdown distribution study to determine
whera duplication of effort occurs which may cause the combining of
taska.

The typical countdown distribution study should follow the flow
diagram shown. (See Figure 3-1).

Sinco we are following the typical flow diagram (Figure 3-1), we have
collocted the preliminary task list, the next step is to assiza a
countdown dlstribution study task leader to each proliminary taek
for purposes o listing all of the funcilons performed during a jiven
task. The proliminary tasks should be listed on a countdown distri=
tion study form (See Figure 3-2). To simplify this presentation
only facility taske will be used., It must be understood at this
time that the task leader will list every function he thinks may be
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DATE

COUNTDOWN TaSK LIST
TASK .
k0. DESCRIPTION OF TASK REMARKS
7 CH2 Storage ATea Setup
10 Hollus and GN2 Storage Area Valve Setup
15 L2 Purge Vaporizer Setup
17 LOX Storage Area Setup
19 Burn Pond Inspoction
20 Fuel Storage Aroa Setup
4 Water System Setupa
25 Ground Firex System Verificatlon
27 Aspirator & Doflector Plate Checkout and
Test Stand Firoex Verificatioa
31 World Purge and GH2 Auxiliary Storsge Bottle
Setup
35 Reverify Water and Pnewmatic Setup

FiCTRE 3=-2




- 1k -

nocessary to perform the task and that the preliminary list of the functions
are subject to change by delition, combinatlon, or addition &s the count=
down distribution study progresses. Also, it is important that the

study task leader physically understand tho equipment layout and location
in order to include the functions of movement and pre-arrangement ol
equipment in performing the task. At this time in the countdown dist=
ribution study you arg not interested in determining manpower requircmonts.
This will occur later in the study after the selection of the necessary
functions and tasks have baen made. (See Figure 3-1)

Thus, 11 preliminary facility tasks have beon submitted, It should be
noted at this time that these 11 preliminary tasks could be accepted
and merely collect the functions required to accomplish each and write
the countdown without the benefit of a proper analysis through the
countdown distribution study. Therafore, the countdown distribution
study should be utilized to determine functions which may be incore=
porated into another task, or which tasko could ba combined, All
tasks and functions wust be analyzed against the following:

1. Do the preliminary tasks meet the requirements of "ESSENTIAL
TASKS" during a given time in the countdown? -

2. hAre the functions LOGICALLY ASSIGNED into the proper taske?

3. Is the principle of "DELEGATION OF AUTHORITY" and "SPAN OF COWTROL"
followed?

. Are SAFETY and TECHNICAL CONSIDERATIONS satis{ied?
5, Are available RESOURCES in terms of manpower and equipment available?

The function lists for preliminary facility tasks 7 and 10 would then
ba accomplished as listed., (See Figures 3-3 and 3=4). In order to
simplify the presentation, the function lists are also concernmed only
with the facility itema. At this point the preliminary task and the
function lists have been accomplished. (See Figure 3-1).

The function and task distribution studies aro new roady to be porformed,
This is accomplished by a work sheet (See Figure 3=-5) which licte all
of the preliminary facility tasks and functions.

In ereating additional or combining existing tasks or funciions, the
basle factors previcusly listed must bo considered. The Test Copductor's
Judgement sl be based on these facters or ho will lose contirol of

the countdewn. If there ia a reasonable explanation for unnecessary
movement, or an essential tack whieh seems to bo repeated, then the

span of control must be maintained through proper communication and
eooperation. Often, personnel are reguired to repeatedly enter an



TaSid DESCRIPTION : TASK KUHLER
G2 STORAGE AREA SETUP 7

FULCTION DEZSCRIPTION i TIME REQ'D
.- Proceed to GI2 storage area 10 min.
2. Soﬁ -ﬁp GH2 trailers and record pressuraes. 15 win,
3. Li2 tank and vapoarizer setup 10 min.
& Set up trensducer boxes, communications, and 5 min,

Junotion boxes
5. Check all reuotely oparated valves and regulators ..‘_5 min.
TOTAL KOURS OF WORK
DaTZ DATE ° TEST CONDUCTOR

TASK LEADZR

i

FICUEE 3-3 -
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HEZ & GN2 STCRAGE AREA SETUP
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Ly Procoed to He/CH2 storage ara 10 mia.
2. Sot .ﬁp He supply trallers and record prossures 15 min.
3 Sét'up G2 supply trailoers and record prossures 15 win, .
de IK2 tank and veporizer setup 10 min.
5. Set up transducer baxes, oamunicatlons, and 5 mia.

Junction boxes b
6, Cheok &1l remotely oporated valves end regulators 5 min,
TOTAL EOURS OF WORK
DATE TASK LZADER ‘ DATZ TEST CUNOUCTOR

FICRI 3=4
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area which results in a duplication of effort. This causes the
possibility of failure by dmproperly configurating equipment which
has been previously sotup and checked out. If it is necessary to
accomplioh the function due to 4 technical or valety reason, or
equipment availability, then this will be understood and followed
by all. Through tho principle of logical assignment,the reliability
of the individuals accomplishing the functions of that task will

be verified.

B AMINING THE COUNTDOWN DISTRIDUTION CHART (Figure 3=5)

There are soveral questions one asks himoself when a countdown dist-
ribution chart is being studied for linprovement and effective use

of manpower. Tne first question to ask is "Is thore misdirected
eifort?" The related questions to be asked are: '"ire all functions
essential to the tusk or have some been assumed which are unnecessary
or accomplished somowhere else?" and "Does each function contribuve

to the task and to the countdown?" A Test Conductor should study
closely any work that is duplicated elsewhore because it may be mis-
directed effort. He should study very carefully the taska and functions
for misdirected effort.

The second question the test conductor should ask himself is "ire the
functions and tasks used properly?" or "Are the tasks really a task or
could a particular task be a function that should be combined with
another task?" Those tasis should be logically ossigned and all
functions be logically grouped within a task as to area, proper use
of skills, and work leoad.

The third question that a test conductor should investigate is:

"ire the task leaders responsible for unrelated functions?" Points

to keep in mind in this area are that the person assigned similar
functions is easier to train and the assignment of unrelated functions
to a task can result in poor work, less enthusiasm, and more futique.
The principle of delegation of authority and span of control must be
followed. The test conductor should ask himself are the tusks spread
too thin? In this case, the tes conductor should look for taaks with
small unimportant functions or some task given to many functions witha
no one individual responsible for them. The task with the small or
unimportant functions should be combined into other tasks of similar
functions and within the came area. The task with too many functions
must be divided up then the prineiple span of control will be satisiied
and proper control of the countdown maintained. You can well remember
the old saying "Too many cooks spoil the broth", for it applies equally
well in this situation.
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The fourth cuestion is: "Aru the safety and the technical aspects
satisf1ed?" This is more related with scheduling of the task because
the salety aspects of tasks must be scheduled to prevent people from
being in areas when hazardous conditions may occur. However, technical
aspects must be satisfied but the schedule and arrangement ol tasks

and assirnment of functions to tasks give way to the safety of persornel
and eguipment.

The fifth cuestion that one must ask is "ire the available resources
in terms of manpower and equipment available to assign given functions
to a task?" Equipment avallability may require the assignment of
functions to a task. Safety and technical considerations again must
be considerad but do not necessarily control the arrangement of
functions or tasks., This aspect is more appurent during tha review
of new countdown objectives. Tho amount of people available rust be
equatod to the time span that is found to be required during the
countdown distribution study., You cannct lay out a countdown and ita
tasks in o logleal schedule without regord to available resourcea.

Ons aheuld adm for balenced woriklond emongy all tasks ench agoording
Vo di slills and wori lond, Uwudy the present countdown distributlon
chart shown as Figure 3~5. The guestion technlue is usually in red
pencid but, aince thia presentation is printed on black and white a
heavy black is used instead. We are now ready to make some proposals
based on facts as they appear on the chart.

iE_WORK DISTRIBUTICH

After the gquestion technigue has been completed, the facts discovered
show how the work situation may be improved. The test conductor then
takes another chart and begins to {ill in the changes he feels will
improve the countdown distribution. In chart Figure 3-6 you will

sca how tasks have been combined and functions combined under similar
tasks, Remorher that this improvement is just a proposal., An approval
for its implesentation will have to be secured and tested against the
countdown technical requirements safety requirements and the manpower
resourcea. Do not forget the persomnel who are to perform the task
because thoy are affected; they too have to be considered and in

Fany cases are able to assist the test conductor in planning the
improvemonts. It is seen by the countdown distribution charit with

the proposed improvement of facility tasks Figure 3-6 that the eleven
tasks could be combined into four. As stated this is a proposal,

there are many combinations that could be worked out. However, for

tho sake of this presentation it is probably easier to see that

these four tasks could easily group the functions that were required
or presented in the preliminary countdown study under the four task
itles presented and in doing 0, we will have adhered to the principles

previously meationed.
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1, Essential tasks or functions

2. Logleal ‘Assignment of functions to tasks

3. Delegation of authority and span of control

4. BSalety and technical considerations

5. Available resources in terms of manpower and equipment

Now that the countdown distribution study is completed,we ars down to
the point of assignment of task leaders. (See Figure 3-1) It should
bo noted that the span of control has been improved by reduction of taska.
Since only the facility tasks are being illustrated we will then proceed
to assign the four task leaders. The task leaders should be men most
familar with the technical aspscts covered, if at all possible have
previous testing experience under countdown conditions, indicate
adequate leadership capabilities and be familiar with the actual
location and operation of the equipment covered in his task. Sometimes
departmental responsibilities tend to control the task leaders assign-
ments. However, the individual best qualified may not necessarily

be {rom the expected department but from som related one. Each
candidate for task leader assignment must be subject to examination

a8 to his background and training.

After the four task leaders have been assigned the next step is for
the responsible task leader to gather and list the elements of each
function under each task. (Figure 3-1) Task thres (Fipure 3-6),
"Firex and Water Systems T-1 Day Setup and Checkout", will be used
to illustrate the task leaders job of collecting and listing the
elements required to perform the functions listed. However, only
a list of elements for one function, Setup Water Storage and Pump
House, out of the fourteen listed for that task will be illustrated
as follows:

1. Verifv Water Storage Level Transmitter Isolation Valve V=-1158
is OFLN

2. Verify Storage Tank Cutlet Valve (BFV-1100) is OPEN

3. Report Reservoir Mechanieal Indicater

4. Record Reservoir Level Indicated in TCC

5. (If Reservoir Level is less than 22-ft verify Tank—i;rfilli;g
6. Verify storage tank drain valve (V1351) is CLOSED



7.

8.

9.

100

1l.

13.

15.

16,

-

In the Pump House Verify the following Switch positiona:
HCC 602 Panel

Diesel Engine VWater Jacket Heater CN

Diesel 0il Transfer Pump 1109 Motor On-Off Switch ON and
Auto switch in AUTO '

Verify all switches in DCWN or CLEITER position

Verify the following Valve Positions for Pump #1101:

V-1101 (Diesel Pump Inlet Header Valve) OPEN

V1219 (Inlet Drain) CLOSED

V1342 & V13L3 (Pump Packing Glard Water) OPEN and Water Flowing
Isolation Valves V1112 to PI-1112 & V-1360 to PA-1117 OFEN

Verify the following Switch Positions:

Diesel Pump Pattery Charger Off/On Switeh to ON
Engine Instrument Board and Annunciater

Panel Control Sw to AUTO

P1109 Loecal Lockout Swltch Releasad

Diesol Generator Battery Charger 00f/On switch to ON

Verify VWater Systems Eypass Block Valve (V-1170) is OPEN

Verify Diesel Water Pump Set up as followst

a. Clutch Engapged

b. Panel Control Switch to AUTO

¢, Verify Covernor Setting = Fully clockwise to stop & then 1
turn counter cloclwise

d. 0il Temp Indicator 70 70° Deg * 15 Deg F.

o. Water Jacket Temp Indicator 120 Deg * 10 Degz F (Outlet)

Verify the following valve positions for pump #1102:

V-1102 (Deflector Pump #1 Inlet Header Valve) OPEN

V-1220 {P-1102 Inlet Drain) CLOSED

V1340 & V=1341 (Pump Packing Glands Open and Water Flowing
Isolation Valves V=1113 to PI-1113 & V=136l to Pi=1118 OPEN

Verify P=1102 (#1) Local Lockout Stop is Released

Verify the following Valve Positions for T #1303 4

V=1103 (Deflector Pump #2 Inlet Header Valve) OPEN

V1221 (P1103 Inlet Drain) CLOSED

V-1338 & V-1339 (Pump Packing Glands) Open & Water Flowing
Isolation Valves V=111l to PIOLLL, & V-1119 to PA-1119 OPEN

Verify P-1103 (#2) Local Lockout Stop Released



17. Verify the following Valve Positions for #1104 2
V-11Cl (Deflector Pump #3 Inlet Header Valve) OPEN
V-1222 (P-1104 Inlet Drain) CLOSED
V-1336 & V-1337 (Pump Packing Glands) OPEN & Water Flowing
Isolation Valves V-115 to PI-1115 & V-1362 to PA-1120 OPEN

18, Verify P-1104 (#3) Local Lockout Stop Released

19, Verify the following Valve Positions for the Firex Pump:
V-1105 (Firex Pump Inlet Header Valve) OPEN

20, Verify P-1105 (Firex) Local Lockout Stop Released

21. Verify following Conditions on the ALLIS=Chalmers Motor Control

Panel:

P=1102 Uwitch to IN

P-1102 Lockout stop on Stop Button RISD

P-1103 Switeh to IN

P-1103 Lockout stop on Stop Button RLSD

P=1104 Switch to IN

P-110C4 Lockout stop ‘on Stop Button RLSD

P-~1105 Switch to IN

P-1105 Lockout stop on Stop Button RLSD

22, Oycle the following Pumps on for 1 minute minimum time individually
& verify talkbaclksi
Electrical Pump /1
Electrical Pump #2
Electrical Pump #3

Diesel Pump

23, Record Operating Pressures: !
Electric Pump (1102) PSIG
Electric Pump (1103) PSIC
Electric Pump (11C4) PSIG
Diesel Pump (1101) PSIC

NOTE: MAXIMUM PAESSURSES SHCULD NUT EXCEED 185 PSIG
MINDMUM PRESSURES SHOULD NOT EE LESS THAN 150 PSIG

It can be seen by examining the elements listed above for the "Set up
Water Storage and Pump House", functions now need orly to be sequenced
into the Firex and Water Systems T-1 Day Setup and Checkout", tasks.
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DETERMINE MANPOWER AND TIMF RECUIREITNTS FOR EACH TASK

Determination of manpower requirements are rade after the task lcaders
have beern assigned to the taske which are to be accomplished. The

test conductor must issue an organization chart, because giving orders
or directing, 1s all toco often interpreted as the main function of a
test conductor. However, an order should not be given without planning,
and it cannot be successful without organization, and a lmowledge of
the art of handling people. A typical organization chart for a count=
down is shown as Figure 3-7. This illusirates a chart that jives the
test conductor an organization to direct. It fulfills the principle

of the sran of control by assirnment of the setup countdown tasks to
conty ol ~.iinszers prior to propellant loading and clearing the areas
atrol center, Vhen the propellant loading and static

g thsks are accomplished, the test conductor becomes the task leader
and nas direct control of the panel operators and all countdown personnel.
In studying Flgure 3-7 the facility tasks are only illustrated as we
did not make a complete countdown distribution study.

Mow that the orpanization chart has been accomplished, the test conductor
can delegate the authority and assign the responsibility to the various
task leaders to determine manpower ruquirements for their tasks., In
additien,on F* ~ire 3-7 you will note that control enginecrs have been

added which we.e not previously mentioned. In large countdown organizations
it is sometimes desirable to appoint conlial engineers with overall systems
responsibility. These people should be superviseory personnel with the
techiical lnmowledge of the systems they are assigned to control. However,
some test conductors feel that the technieal advisors fulfill the role

of being control engineers and that the task leaders reporting directly

to the test conductor gives him better control of the countdown. ilso,

the duties of the control enginecer tends to overlap the task leader

thus complicatinz communications without clear assignment of responsibilities,
It is also a fact that tasks can be constructed and sciheduled in such a

way a8 to allow one individual to become the task loader on several
different tasks that fall within the same technology and area, See Fi cse
3-8. For example, if the same individual is assipgned as task leader lor
all of ths facility tasks and physically performs them with the assigned
personnelshe will have first hend wnowledge of all system subtleties and
can quickly evaluate them against countdown problems as ithe tesi progresses.
Hle i8 then better equiped to recommend a proper course of action to the
test conductor. In any event these are suggested countdown organizations *
and illustrate the different choices the test conductor has in formulating
the countdown organiszation., Regardless of countdown organization, the

task leader assigned is responsible for putting together the elements

of each function of the assigned task and therelore determines the
personnel and time required to perform the task.
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In organizing a new countdown or task, the test conductor should reguire:
that each task leader walk through his task with the test conductor so
that they can determine the number of personnel required. This also
familiarizes the test conductor with the task so that he may better
schedule the countdown. After the number of personnel reguired to perform
a task has been determined the test conductor should arrange to have a
walk through of that task with the assigned personnel to detemine the
 time required and see if the personnel requirement is correct, is
previously mentioned the task leader has four basic methods to measure
work as follows:.

1. Statisticnl = A standard or average which relates expenditure of
labor and units produced based upon a mathematical analysis of
past performance.

2, [IEngineered = A standard tire for doing a job according to a specified
method, as determined by actual observation during performance of
the job,

3. Pre-ipproximated - The time required to do a job based upon praviou‘u
values of time for the basic elements accomplished by specifiec methods,

L, Estimated - The time it takes to do a job based upon the best judgement
of those most familiar with its requirements.

The most accurate method is the engincered., However, the estimated
method is widely used but is not as accurate and often makes a countdown
look bad, It is highly desirable to engineer the time to perform any new
task, this not only gives more accurate scheduling but better utilizes
personnel, and increases reliability and safety.

Once the method for determining the time to perform each function of a
task has been settled, the task function lists, (See sifure 3=3 and 3-4)
from the countdown distribution study should be utilized and 1illed-in
with the time required to perform each function and task. Thus, the
test conductor will have all the necessary information to schedule the
tasks and determine the total time required to accomplish the countdown.
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SCHEDUT
THE CO

E_TASKS_AND DETERMINE THE TIME REQUIRED 70 PERFORY
WTDOW]

Once the manpower and time required to perform each task has been
determined and listed on the task function lists of the countdown
distribution study it is then a simple matter to arrange the tasks
in such a manner as to detormina the total countdown time, (see
Figure 3-9). This step is neccessary as some of tho tasks run
parallel and the total countdown time is not the total time
required to run tho tasks. Again for this paper only the facility
tasks have been illustrated in Figure 3-10. It should be noted
at this time that the scheduling of tasks must be analyzed against
the following:

1. #Awvailability of manpower

2. Equipment location and availability

3. Safety and technical requirements

L. Span of control

5. Wnen the task is essontial to the countdown

After studying Figure 3-10,1t is easily seen that the same task
leader can handle all of the [acility tasks and thus hava {irst
hand mowledge of all system subtleties. Even if tasks are not
combined as shown in Fifure 3-9 the schedule can eliminate overlap
and still permit a single task leader. Studying the two countdown
schedules, it becomes obvious that the countdown can be simplified
by combining tacks as was illustrated for the facility portion in
the countdown distribution study, This would allow botter span
of control, and give botter reliability and safety during countdown
operations. Once tho countdown has been scheduled the test
conductor. should not expect the cirew to be perfect. The use of
the countdown distribution study gives the test conductor a good
management tool. However, the test conductor must be able to
make good under almost any condition = = and if it is necessary
to improvise, the countdown distribution study of tasks and
functions can become the basis for improvising, if the test
conductor finds himself in a situation where he must doviate

from the written countdown. It is not hard to see that a test
conductor could be placed in such a position.
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FIGURE 3-9
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