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ABSTRACT

Mt Head sewage waste generation da ta
collected at 15—minute intervals onboard the USS
HAROLD J. ELLISON, (DD 864) both in por t and at
sea , are analyzed by Box-Jenkins t ime series
analysis techniques. Results show that both in—
port and at—sea data may b modeled by pure auto-
regressive Gaussian Processes with dependence
order three for tn—port data and order one for
at—sea data. Maximum likelihood parameter esti-
mates are provided and model fit checks are
performed . A method is prov i ded t o  extrapolate
model results to other U.S. Navy shi ps.

ADMINISTRATIVE INFORMATION

This task was accomplished under Work Unit 1-2864—503 as part of an

overa l l  projec t to characterize the waste streams of U.S. Navy ships as

tasked to this Department under the Nava l Environment al Protection Support

~~~~~~~~~~ (NEPSS) NCBC Project Order 8—0011.

INTRODUCT I ON

The ~C v i d  W. Tay lor Naval Ship Research and I)evelopment Center

t~ ) i’N~~R I ) C ) surveyed sewage waste generation aboard the USS HAROLD -I . ELLISON

.1s part o t  an ongoing e f f o r t  to character ize the non—oily aqueous wastt

~treams d ischarged to the environment by t’ .S.  N~ivv ships . Shipboard

waste surveys , including this partic ular ..‘ft . -srt , ar e genera l ly  sponsored

by t he Navy Environmental Pro tec t ion  Support Serv ice  (NEPSS~~. Z n addit ion

to  the usual quan t i ty and quality monitoring performed over the period

5 November 1974 to 2 1  March 1975 , specific waste s ou rc es  were monitored

c~~n~~inuous1y over shorter p~ riods to provide information on flow rate

f luctuations at small t ime increments.

This report describe, the methodo1ogv~ used in analyzing the f l o w  rate

f luc tuat ion data obtained from continuous monitoring of the A f t  Enlisted

Head (combined comeode and urinal flush wastes ) and the resulting random

process models deduced from the analysis. Although other major waste

sources onboard the ELLISON were also monitored continuously, this report

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

-- 
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Is specifically limited to the Aft  Enlisted Head source to demonstrate

methodology and approach.

In the following report , it ii assumed that the Af t  Enlisted Head flow

rate fluctuat ions can be charac terized by a specific form of the f amily of

Autoregressive Integrated Moving Average (ARIMA ) models described by Box
1*and Jenkins. The basic philosophy and techniques of the Box—Jenkins

~tot’h.i~ t i~ model building approach (identification , estimation , checking)

.ir~ used in this report , supplemented by more prec ise statistical

t c~ hniques in the model Identification portion of the analysis.

BASELINE FLOW DATA DESCR iPT iON

The baseline flow data to which the analysis will be applied were

obtained during the period 2-12 December 1974 from the Aft Enlisted Head

soil drains . The recording method was an event recorder which provided an

in d i .to r mark on a strip chart each t ime a total ot 10 gallons of waste

p.Isst’J through a metering device, Indicator mar ks were counted in each

iS- minute period during the ten—day period . Small gaps (usually lean than

one hour) occurred at the time of strip chart replacement but , due to their

infrequent occurrence and short durat ion , were assumed to represent zero

t l o w  per iods. Thc resulting data provided a continuous flow record for a 
. 

-

I three—day at-sea period (3— 5 December) and a six—day in—port period (6—11

December). Preliminary eva luation of the data indicated that 6, 7, and 8

December had significantly different flow characteristics from the rest of

the p er iol because of the inclusion of a debarkation day (b December) and

a weekend . These data were subsequently eliminated from consideration In

the ,inalvsis , leaving three full days of waste flow data for normal in--port

and at—sea operations.

Th ’ data presented in the Appendix are in unite of tens of gallons

per 15 minutes. Figures 1 and 2 show in—port and at—sea f low fluctuations,

respectively, for one 24—hour period .

- 

•A c omplete listing of references is given on page 25.
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MODEL DEVELOPMENT

MODEL DESCRIPTION

The family of ARIMA random process models described by Box and
1

Jenkins provides a mathematical representation of a wide variety of

characteristics of random fl uctuations observed in t ime series. Stationary

(constant mean), linear non—stationary (random mean leve l changes), and

seasonal (cyclic—pattern repetition) are easily represented In this
Ltr~ i I V  ot  models.

Since the subsequent models identified .t rt  o t  the stationary t orn , we~

~il1 ~ri t 1 y su~~arize the charac teristic s ot this ty pe  of model. It

t~~l repr esents the random v~i !Ll&”~ ~t s ’~o~ ~~i t t ~J w i t h  s ta t  ion~irv

ir~c se r it ’s , then the model form is

z — c + ~~~ z + : z  + ‘ ‘ ~~~+~~~~z1 t— l 2 t — 2  p t —p

f a  -~~~a - “ 1I t — I  2 - .~ q t -~~

~~~~~~ c is a constant

,~~~ are c o nst a n t  coefficients

a is a Normal (Gaussian) random variabl e with z e r o  mean and

variance
‘ p ,; are the dependence orders assoc lat  e~d w i t h  and a

t
respect fvelv

~ t~~ . model in di at ’s. the c u r r e n t  val ue of z is dependent on propor—

v t ine’; ~f p prevtou~ z’ s md ‘~ 
p ro v i o;z s  i’s. The dependen v

re lati ~~n’~ .irc not intended to disp lay causal relit ionsh ips but me re ly

re t  lect. t h ~ luc tua t ion pattern is  ‘ evolves in t ime . No physical inter—

r , - ~ it ion can therefore be assigned uiless additional information is

.~ .- i1:

The model c developed by firs t identif ying the values p and q wh ich

define ’ the order ~f dependence , estimating the parameter values

1—1 . 2 p. °
,~~

. j~ l.2,...,q, and then checki ng the f i t by analysis of

r , ’ . i h i a l  val ues. This sequence of procedures revolves around the auto-

~~rrelat ton estimates and defines the basic Box—Jenkins model building

philosophy. The analysis procedures, the results of which are described

S

I
—

- —~~~~~- - --5- — • 
_ _ _— 
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bel o~~, have been applied to the “at-sea ” and “in-p ort portions c i t  the

dat of the Appendix separately.

II)ENIIFICAT ION OF MODEL FORM

The autocovariance , autocorrelation , and spect ra l  density e s t i m a t e s

fo r the first twenty lags are given in Tables 1 and 2 for in-port and

at -Se’ .i dat ., respectively. Figures 3 and 4 provide th~- cor r esponding

information graphical ly. The structure of the flow va riation shown In

Fl~~t i res  1 and 2 and the pattern of the a i t t o c o r re la t t on  and spe t r i l
d e ns i ty  estimates indicate that both the in—port and .tt—sea luct u .iti us

i t e  -- tat ionary about a constant mean and arc  most likel y pure auto—

1e t t ’55~ Ve (AR) processes (i.e. • p 0. q 0  in the’ general model descr ibed

in ‘
~~~ ~‘ rececI1 ng s e c t  ion of this repor t) .

To -. e r i t v  these initial ind ic .it ions and obtain pt lma l values for p .

~~~t h .
~..t s of  dat  a were passed through IMSI. sc i !,r . i~~ t ..- FTCOMP . FTCOMP d id

mdet ’d verit y the initial estimates and ;ir ~~~~. j ; je f - ; f  ~icj l v a l ues  ~ t p i f o r

t~~ie at—sea fluc t uation and p ) for the in—port v. - t - -~~~ n . w i t h  q 0 for  both

s e t - . In addition , FTCOMP cent i rmed t I e  st it 1~~:i-i r j tV •t s s unpt 1~~ :~ -~

p r o - .- iouslv made . These results imply that the J a t . i  t r o  ~~; s t  I t t t d  i’~
pure autore~ resstvt (AR) models of the’ o rm

In port

z c + : z  + : z  - + ;  + 3
t 1 t—1 2 t—2 ~ t — t  t

at sea

— c + ~1
z

1 
+ at

rhe se models may he designated at AR(3) and AR(l). respecti vely .

F~~I I ” .\T I ON OF PA RAMETERS

In additi on to optimal selection of  the model form , FTCOMP al so

provides Maximum Likelihood Estimates (MLE’s) of the parameters of the

selected model. Table 3 shows the results of these computations for both

in-pot., and at-sea models and also shows the mean and variance estimates

of each t ime series.

6

- -



TI 
-- —. .—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• 0
• 1 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• D •. ~~~~~~~~~ • • • — •  4 •~~l ~~~~ . O~~~ 4

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
• s_I — . . . . —a
• 

.~

:
k—. .-. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• , • a & & a a S — 9 .4 • ... ~~ Oc  ...r* ’ C  C S
.. .. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• r. .-.t $ S ~~~~~~~~ , t a .S ’- t..t ~~~~~ - J . . t~~ , C S ~~~~~~~— *_ ,  I ... J~~~~~.4 4 Ij 9’ #.i .~ ~~~,I ~ -~~~F-. • • I I I I , I ,. , I , , I I. I ,

.—. 
~~~

I. ~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~S C -  • ‘ —. -~~-C
a -  Z .~~ .-~~~~~ I.- — a  . # E —

— _ _ :
0~~~~

q, •~~~ f s~ —— — - - t~~I- . _ S . . % . . .. .t J~~~~~S — .
— ... .. t ~~~. r n c t s. .r • p .  : . . p — ~~~~ -*

..r.
, S

z .. .- 2’ ~p S ~~ P. *. ... .. — —. .. — “C. 
5. 1 — — p P — — — . - Cl 0 — 

-

I I .  ,~~ ~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~ 

..~~~~~4 S  S
* — —• . - S a_  . .- . — 5- 4~~~~~ ø % l  . -

~ 

~~.; -

5

S

5-. . C’ s .- . -  - — —  — _ d _ . _~~~~~ . - _ _ , , .. -.
.. • .• 1  ~~

—. . .
—r — .— ..,-. .• .

I t t  ‘.- ‘ -
~~~~~ ...-% . • — . - . .- . .,. _ _

. 4_  — ... ..I ,.-. .- .F • ‘ s - .. . 
~~~

_ . ..
.5. • 1

• S

•

• - ‘ p . ..• 9 . ~ • .  p. -~~~ - — . .I ~~~~~
. -- . t —~~~~~~, — t . , . ,- .- . . _ _ p.

• . 5.  9 •  . .. .-~~~~a - . .  — C
• *.~~~~~

. — P • • . s •  p . . . .
• ~1 - 0 . 1 .- ~~~~~~~~~~~~~~~~~ .0 

, — .• •  — .e  ,~~~ —— e. .-~~~~ . •.,
• I. — 7 5

I I.

S • ft S

• • ,. ,.. & . 4 . 5 5 & .~~~s .  a 4 t. •- a
C- S V. S C

• a .. o ~

• U

7

_ _ _ _ _  -
~~~~~~ —— - -— -.• -.— -~~~—• -- . — - - - -— 5-— 



--5 —5. — —.— — -5.-. ______________________________

r

S

• I
S

• , 0 s_..S..~~ S~~~ ~~~~~ a
I 0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

VII
S. S’ I * S •.~~~~S# JS S J t S V . . 9 S  1.

• — • •
~~ S . S SS a• 4 5~~~~~4 . 4 S~~~~ S~~~~~~~~~~~~~~~~~ S. a .  0~

• I l a s . — —  p..

• —I

• 0

S
I

in , ,~, C
• p. ..~~~~ # s . S a . . 4 e 5 4 a 5~~~.4 ,. a C.r~~~p.. g~~ ~~t s . # C . 4 4~~~4~~~5. . â l t 9’I I .~~.’o5
• a T I  • t V . .* s . J . .S r~~ .. . a tI . ..5- P . .  a

4 5. 1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ b
• ~ 

_ ,.) 1- 5 . . I . t* 1- . 5 4 4 5 . 4 1- a v  4 . 9 0
— a~~~ 1 1 -~~~~~~.4 t t t V # t , Va , — e . . — a a . a
F— •

• ~. C.

4

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•cl 0
— .!

C-
F- — I

C-
a

& a t 4~~~~2 ’ a  ~~v a . v e s .  ‘4  • 4 .
S • t  •.-~~~ 1t S 5 r 5 . S  C C  — I’ -. ‘P

a 4
— .9 451 .5..I.. . s . .  ‘a  —
• S 4 s  C l 5  2 ’ 1 -  4 .4~~~~ S 5 C .~~~ 5.

• 7
it 0. p. 4 V 9 9 C. V.. — I. 0 4 0 ,  — 5 .

-

-•1 — C -  C — J C~~~~~~ - 4 s & — V 4 — 0 . v S’ - - p.- a
a — s  OS C C t C t C C td . e f l . . t 1 . J• - ’ .  —

C S .  S J * . . S -  e — S — O e O C e 00 0 .’ O
5 .4 1 fl SC . .j n C l f l f l a  I - S I 5. —o •_~~,3

— . I • •

3 - 
p. -; - -I-.

S —. L_

- S C  . 2 4 a~~~~~ & C & t 0 . t o . S S C 2’ t . - .C. I
S. ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .

.,.~- S .  1 - 4 — —~~ J V . . I* I P l~~~ .. 5 0 . 1~~~C•
• 

~~~~ ~~~~~~~~~~~~~~~
C I —  — I I I I I

Sc a S.
p 3
.5

3 ~:- ;~~~~~~~ : :  
~~~~
‘.

a C- S C C l .~~~~~ . 9 0 t P~~~ ’ ’ . 9~~~~~ .S . ’  .• ~~~~~• —
:3 • ~~~~~~~~~~~~~~~~~~~~~~~ . . 4 4 I t * .~ •~~~~~ J p. I

• . 5 0 .  0 - . . .. • t q I  -‘ . r c
1 — a  • s ~~~~.. . a — ~~~~. ~~~~~~~~~~~~~~~~~~~~~~~

• - . .. •  I — c .  ,~~~~~ 5_ _ — , — ._ . — - ‘ 4 • •a — . 5 . . — P~~ •...C~ ~~~~~~~~~~~~~~~~ P c  —.
• — • C - — S - -
• 

— S  I I I I

•
I .-

S -_ -C

-~

—
• j.. , , n t S S  ..j’ 5 ,  ~c . 5 0  • # 4  S— — I . p . c  1. 0 . —p  •. s .  S C - ... ~~~~~~~ - .  P

• 1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .C . 4. . a .~~ .P
• I 1 . 4~~~~~S 1 . 1-J .•. . . . P.. S S  _, .. • I.

• a . ,  • O • 1 .* o u ac , .~~.i~~~~~
-
~~~~..* I- . I.. —

S . -  p. . j 7  • _
• — C t — ~~ 0 , I S — C. f 0

• I 0 I I I  I F —
• I
• 

— C C.
1- —

• a C
a. ..

• — •I a alP. — 4 1- 4 •. 5 5 I.. — V.. SI S 2’ .4 0. S 1- • 5I• •C ~ C
S • 5 .9 0 1-

8

p 
~0•

-U
- — -—— - - - . - - - - - — - -  - —  -5.—— . .— — —  — - — - • --



•

• 
S 5 1  .• . 1  I • •, . ... . . . , *

• —I S C I
- 

4

• 1 . l  C a .
~~ . I

I I S I

• 11.5 I I
3 I I

• I I
S I I

• 5. I I
I I

• C I I
a I I

• ft I

• •~~~~~ • 
0

- I I

- ------5—5- -5- -- -



——--~——P

Q SI S S ~~ S • a. S a 4 • 4 5 1- — s. S I SC IS a
• 0 — • • S S • .4 4 • 4 .4 5 4 p. 4 5 SC SC 2’ a

— SC a S — S 4 a a a C. — — 2’ .4 a 2’ SC • S
• ~~ 

1 5 5 5 S 5 4 — S a a .4 — • .4 .‘ IS SC ‘4 5
O a. —

• . ~ a 55 5 S • 4 ~~. j’ j  — .5 1. • . V.. SC P. P
— 1- .4 *1 .5 .5

• 
~~ .5 I .S • , .~~~~~~I . I l I . .  . I • l . . l . . . . .* I I l S I I • • IS I •  I —

• ~~ 4 8  I J

• 0 I I 5
• I S

• S I

• I • I

P I I
• — I

5- I • I

• ft I S S • I

• • 0
• “ I  I 4)

• •

~~~~~~~~~~~~~~~~~~~~•

• - - I. -. 5 9 2’ V.. S P ~~ . P. • ~‘ 4 1 5 I’

S S. •I p
S .9

- -  a 

10

- 0~~~

4
_ _ _ _ _ _ _ _  - - --5- — - - - - — - -



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

TABLE 3 - MAXIMUM LIKEL IHOOD ESTIMATES OF MODEL PARAMETERS

M.an* Var. ** C~

At Sea 3.54 23.72 2.649 0.252 22.21

In Por t 1.32 2 .33 0.596 
~1 ~ 0.278 1.95

- 0.109

$3 
— 0.161

51n units of 10
_i 

gallons.

**In units of (l0~~ gallons)
2
.

MODE!. ID IOSYNCRAS Y

ARIMA modeling requires the assumption of a Gaussian distribution for

the white noise ter3 a
~ 

and , from theoretical considerations , the multi-

variate Gaussian distribution of the i ’s. As a consequence , under certain

conditions on the mean and variance of the distribution , large negative

• 
. ‘.- .tlues have large probability of occurrence. This situation exists for

both models (in port and at sea ) and Is incompatible with the physical

rea l ity  of non—ne gative flow rates.  To compensate fo r  this Idiosyncrasy

in simulation application s, the following function should be used with the

mode ls:

z i f z  .0
t tw —

0 otherwise

In probabilistic analyse., the usua l Caussian density Integrals should be

adjusted by multiplying the results by 1f (1_Prob (Zt 01) where

0.19 in port
Prob (Z

~ 
‘ 0) ~

0.23 at sea

11
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DIA .NOS IIC CHECKS ON FIT

Two types of diagnostic checks were performed to determine how well
t he? model f i ts the data. The f i rst type checks the autocorrelation of

residuals for significant residual dependencIes and the second checks the

spet tral density for suspicious periodicities .

Figures 5 and 6 are graphic displays of autocorrelation and spectral
densi ty  es t imates of the residuals shown in Tables 4 and 5. Under the

-e -- .-oamption that the residuals are white Gaussian noise with variance

t he n the autocorrelation estimates , rkl ci the residuals at iag k should

exceed I2
~~(r

k
) ~ 2/J~ (n Is the number of sample points) for k>0.

Since n - 288 tor both In port and at sea , I2 .
~~

( r
k

) ~ ~0.ll8. It can be

~4 e ~e ti in Tables 4 and S that none of the autocorrelations of the residuals

eXceed these bounds , except l of course , at lag 0. A more forma l check can

F be pert ~~i- me’d by computing the statistic

K )
Q - n

k~ 1

w h i c h  i~-. Chi—Square d istr ibuted with (K-p) degrees of f reedom (d.f . ) ,  where
K is the nuder of lags for wh ich the autocorre lat ion e stimates have been

cco mps ited . For the 20 lags shown in Tab les 4 and S
a

Q (in port) a 0.031 wAt h (20—3) — 17 d . f .

Q (at sea) — 0.012 wi th  (20—1) — 19 d . f .

bo th of which pass the 0.25 tabulated Chi—Squ are values by substantial

mer~~in’t . On the ’ b.isis of these diagno4tlc tests , both models  pr ovide

excel lt ’r~ t it to the data.

~n the second type of check , the spectral estimates of the residuals ,

th e  ‘pi ’ ctral densities displayed in Figures 5 and 6 indicate some

pos sibilit y of additional periodic ccmpon.nts. However , these periodic

components are though t to be th. result of th. truncation effects described

in the previous section . To substantiate this assumption , simulation

results t ’ r each truncated model, each simulation of lengt1~ 288, iere

;‘tssed through the spectral analysi , and are displayed in Tables 6 and 7
and Figures 7 and 8. These spectral estimates compare favorably in Tables

1 -m l  2 and Figures 3 and 4 of the original data . Consequently, it may be

12
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~-~~n c l u d e d  that the truncation function produces the apparent periodicities

indicated in the spectral estimates of the residuals and no expansion of

model fo rms Is required .

MODEL EXT RAPOLATION TO FI .EET

Although the flow fluctuation models developed in the previous

secti~’ns are sufficient to characterize the Aft Head sewage flow rate

onboard the USS HAROLD J. ELLISON , these mode ls would be of little use

unless some method is available which would allow application to other

sh ips ~t the U•S. Navy Flee t. This section provides such a methodology

and states the assumptions under which this extrapolation is valid.

The A~ t Head source data on which the modeib are based consist of the

vo lume s ot c 5 ’rnhtned co ode and urinals flush water. Since flush water

I-; d i r i ’ c t l - ’  rela ted to comp lement , shipboard  cr ew s ize in form a tion shou ld

be the principal extrapolation tact or , assuming that crew habits and the

I iv ‘~~ w.1t~’ r released per flush .~re t-~ nsiste nt on a fleetwide t* ,~~~ j s .

.\ -5tand a~ -~ pr.t~- t  1, - i’ is to repair /ri- , l1i ce pc ’c ’rl v maintained I l ushometers

~~ i~* r~~ o :he s tar t  ~ a NEPSS Sh ipboard Surve~’ st that a consiste nt f lush

volume ~‘an bs’ ~~ intained and valid compari sons can be made among surveyed

The 5Il~~,\fl ;I assumption , th e fleetwide consistency ot the crew ’ s dai ly

sanitar y ~~.,h i t s , is presumed to be reflected in the autocorrelation

tunc t . to n ; “ a t t e r n  of the data. On a i lcetw ide basis in—p;’i t sewage

~enerat ion is represented by an AR(3) process with the i 1 .2 .3 values

as d1’.p l .~’.’ t”~ in Table 3, and at—se a g e ne ra t i on  by ~i~~l )  w i t h  • O.2~~~.

r.’-~ hab it’; . h ’wever , are d i f f i cu l t  t~~ ven t ’, and consistency must, be

pr es.2~ t’-~ f or extrapolation purposes.

t’nder these assumptions , the only adjust ments required to the

parameter values ot the aodels are for c and ~~~
‘
. These two parameters can

he made dependent on ship ’s popula tion leve l in the following manner: c and

cy ” are ri-la ted to MF.AN and VAR of Table 3 by the formula

c — MEAN x (l — 
•1 

— 

2 
— •

-
~~~ — VARx (l — •1

r
1 

— •2r
2 

— — • r )
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where the are f unctiona of the •~,‘e only.  MEAN and VAR values obtained

f rom the A ft Head at the ELLISON may be reduced to 15—minute , per capita

v .ilue s by the method shown in Table 8. The results of Table 8 rest on the

assumption that the ratio of Aft Head flow to Total Salt Water flow is

equivalent to the rati o of Aft Head users to Total Ship population . This

assumption is plausible since the total salt water flow consists of all

~ omaode and urinal flow on the ELLISON (inc luding Forward Crew ’s Head and

‘~ ‘jc er 1 s Head) is measured by survey over a 5-month period . It is also

,,sstinie d tti.,t there is inconsequential head area crossover usage between

A : t  ;‘ rew , Eondar~i (new , and Off icer Quarters . As a consequence , under the

t-~’~~~pt ions ; stated , designated model parameters can be adjusted to reflect

.t:-~~~s in ships 5 f orce level.

T5 demonstrate the procedure , mode l parameters will be extrapolated to

r e ! l e c t  t hy sewage generated by total crew of  the ELLISON .

~‘i th in Av,’r ,igc Total Shi p ’s C rew o~ 1 35 in port and 205 at ‘sea , we

ha’.’ ~ -

- 2~ S x 0. ~2b~ • 5. 494 x 10~~ gal ions/IS m m .

(~ Ø 5 ) x 1 1 .682 3 x i~ —
~ — 57.500 x (l0’~ ,~.allons /l5 mm .)2

C — M E A N x ( l - :
1

) — 5 . 4 9 4 ( 1— 0 .2 5 2 )  • ‘~. l l O  x i~Y’1 g a l l o n s / I S  m m .

‘-
‘ 

— VARx ( l-~~~) — 57.500 x I 1_ ( . 2 5 2 ) 2 1 — SLhs9 x (10-1 gallons/

15 mm .)2

In Po rt

- 135 x 0.01517 • 2.048 x 10-1 gallons/lS m m .

VAR — (lv~~
2 x 3 .1 708 * io —

~ — 5.7~~ x (i 0’
~ gallons/IS mtn.Y

C — MEANx (l~~:1
_ ,~,,~~.*1

) — 2.048 x (1-0.278-0.109-0.161) — , 
-

0.930 X 10~~ gallons/IS m m .

-
~~~ — VARx (l-: r —

~~ r — ,  r ) 5.779(1—(O.278)(O.349)—(0.109)(O.206),1 1 1 2 2 3 3
—(0.l61)(.256)I — 4.850 x (lO ’~ g a l l on s / i S  m m .) 2

where

• 1
r

1 + ‘ 2

r 3 
— ;

1
r
2 

+ ~2r1 +
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TABLE 8 - PER CAPITA MEAN ANt) VAR ESTIMATES
FOR MODEL APPLICATION

In l’ert A t Sea

Aft Head Gallons/Day’ 1664.9 3181.0

Total S.iltwater G a l l o n s / D a y
1 

1587. ?~ 4929.4

Ratio 0,#,43 0.645

A’.- s ’ r i~~e Tot~,1 Ship ’s Cr ew 1 1’ ; 205

Estima ted Aft Head ~
‘sers~ 87 132

15 ~ tnu te MF.AN (TABLE 3) 1. (2 3 .54

1 S m l uu t e VAX (TABLE 3) .. -.( ( 23 . 84

l~ m t ~~;t i t e MF,AN/CAP ITA 3 0. t ) 151 7  0 .0268

1’ minute VAR/CAPITA 3 . l 1~~ lO~~ J 
13. 6823 . 10 ”

1Averag
~
s from S month survey .

Kat ie Average Total Ship ’s Crew .

~ 1nute MEAN/Estimated Aft Head i’ sers

(in units of 10
_i 

Csulons/Cap lta )

15 rn inu te VAR/(Estimated Head ~
‘scrs)

in u nit s  of (10
_ i 

Gallons/capita)’
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APPENDIX

Baseline Flow Data Listing

AT SEA IN PORT AT SEA IN PORT

[ TIME DAY DAY T
1~3r J DAY DAY

DAY l~~) 12) 13) Ii) 12) 131 1 Y 4 , , , ,_~,1) 12) (3) Ii) 12) (3)

3 9 2 0 0 0 1216  11 6 1 1
013 1 2 0 iS 0 1 0 12i~ 13 17 ?-~ m 1 2
oe~~s 1 i 0 0 o i t~~i.’~ , t  , is  t 2
•~ s~ i o o o o 0 130 0 I I  U ? c 5
I l l s  1 1 3 G 0 0 131 , I’ 2 0 ~ 2 0
0130 0 S 2 0 0 0 1 3 3 0  0 ~ 7 2 1 I
01A5 0 IA IA 0 0 2 1 31.5 , I i  ~ 2 1
0211 ~ I ‘ C C I 11.00 C 16 1 2 2
azas o ~ a i o i~ ic ~ jq  ~ i s ~
0230 0 21 2 0 0 0 tA SU 3 .1 0 3 I I
02~sS 0 7 1 1 0 0 L 1 .~.S 7 l t ~ 17  1 1 1
0300  0 0 0 1 0 0 I S I C  7 10 0 1 0 fl
031S 1 0 0 0 I I act s C .1 2 2 1 1
033 0 0 2 0 0 0 0 1 5 3 k  5 0 1 1 0 1
031.5 1 1 0 0 5 0 1 5’. ” A 2 0 1 2 11
04.0 11 A 4 0 0 1 14i00 ‘4 2 2 0 0 1
01.15 0 0 1 1 1 0 16 15  S 1 0 1 S 2
0430 0 0 5 0 0 0 11 .10  13 F 0 1 1
01.1.5 0 0 3 0 0 fl~~ i b’.5 i 0 6 5 .1 1 ?
Iso.  o u o i o a i , o o ~~ i c , ~
I S IS  0 0 0 3 1 1 17 16  1 0 1 C 2 1
0330 9 1 0 0 0 I 17 30 3 ~ 7 2 1. 2
054 5 0 1. 1 1 0 0 1 71.5 1 “ 2 3 2
060 0 0 3 0 2 0 0 i s o &  2 7 2 2 1
SE t S  I 9 S 1 0 0 ISIS 6 13 2 1 1 A
0630 2 S 0 0 0 0 1A 3 0 1 0 1~ 2 ? A
061.5 S 1. 0 A 0 3 151.5 2 41 1 2 1 1
0700 3 1 1 1 0 1. 190C 2 0 1 3 0 0
0715 3 9 22 2 7 1. 1q15 7. 1 I 1 1 1
0730 1 3 1. 2 0 2 1930 12 0 1 1 0 ?
071.5 3 10 7 3 3 I i9’.S 7 .1 1 2 (~ 7
OSlO 6 5 2 3 7 1. 2000 6 6 1 1 0 1
0115 S 2 S 2 2 3 20 15  Q 2 0 0 ‘ I
0030 1 12 7 2 1. 3 2030 2 0 C C 0 1
051.5 1 3 I 2 A 3 201.5 1 C 1 0 0
0915 2 12 2 1 5 3 2 100 15 7 3 0 1 0
091 5 * 9 2 0 3 5 2 115  11 0 1 1 1 2
0930 3 I 0 0 ? 1 2 130 9 0 ? 2 ~ 7
091.5 S 1 1 I 1. 2 211.5 0 1 1 .  0 1 I 7
lO SS 7 I 14 S 1 3 2750 0 1 0 1 1 7
I l lS  S I II 0 2 2 22 15 0 1 0 0 0 0
1030 2 1 0 1 1. 2 2230 0 1 1. 1 1 0
151.5 0 1 0 S 3 1 2245 0 1 I 0 2 1
LI I I  S I I 1 2 2 2 3 0 Ii 1 I ~ 0 0

1*13 I I  I I i 3 3 23t 5  0 0 0 1 0 1
‘ 1130 2 1 5 S 3 1 2330 2 41 0 I 1 0

111.3 $ 6 1 6  2 I I 2345 A 2 0 0 1 1
1200 5 2 1 5  4 1
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iNITIAL DISTRIBUTION

Copies

4 NAVSEA
1 SEA 03F
1 SEA 0331F
1 SEA 04E
1 SEA 534

1 NAVFAC
1 FAC 112

3 CBC Port Hueneme
1 CBC 251
1 CBC 251C
1 CEL L54

12 DTIC

CENTER DISTRIBUTION

Cop ies Cod e Naae

1 1800 C.)!. Gleissner

2 1809.3 D. Harris

1 1840 H . J .  Lug t

1 286 H.H. Singerman

9 2863 C.B. Nickol

1 522.1 Unclass Lib (C)

1 ~, 2 2 .2  Un class Lib (A)
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1 DTNSRDC REPORTS A FORMA L SERIES, CONTAIN INFORMATION OF PERMANENT TECH
P4ICAL VALUE THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THE IR CLASSIF ICAT ION OR THE ORIGINATING DEPARTMENT.

2 DEPARTMENTAL REPORTS. A SEM IFORMAL SER IES. CONTA IN INFORMATION OF A PRELIM
NARY TEMPORARY . OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.

THE Y CARRY A DEPARTMENTAL AL.PHANUMERICA L IDENTIFICATION .

3 TICP$N$CAL MEMORANDA . AN iNFORMAL SERIES , CONTAIN TECHNICA L DOCUMENTATION
OF LIMITED USE AND INTEREST THEY A RE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAI.  USE THE Y CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL COOL OF THE ORIGINATING DEPARTMENT ANY DISTRIBUTION OUTSIDE DTNSIIDC
MCSI SI £.-~~ROVID 5Y THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-SY CASE
BASI S
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