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YARTATION OF A SUM

January, 1987

APOE norx C - VARTATION OF A SUM

PURPOSE

Tne ourpesa cf this aooe'dix,isv. “deternine.tne mean and variation of a s.u,
ant1inesd by summing other uanttztes thas have xnow ﬂeans and va—ian

DEFINMITIONS AND CORROLARIZES

iger & sample comprised of N opulasfon of a variadle .

The arithmetic mean of the sampl

% X'w SUMIX )N (4e

Zacn viiue in tae sample c2n te cansidared to be mace up of two cOomponents

(2 Xp =X e xg

ahere Xi = value of one renbe of t
X* = mean of the san;le Lo
X; = deviation of the ‘sample mean

Sv the above definition of hé”mean;

=) o= SN - XN = suw{x )/u - SUfoi /A
a X' + SUM/x, i) /N (1-.;,A SN

Tharafore: ‘

(2 SUM{x )M = 0 (1- ..N -

[t should be noted that these relationships,s m'frcn the definition of the
arithmetic mean, and are not dependent on the shape of the distribution.
Further it should be noted that the msan computed abcve {s the mean of the
sample, which is not necessarily the sane as the mean ¢f the poou1a;ion from

anign it is drawn,

Varianza ¢f the sampla

iow consider the variance of ¢ e sanple. ‘The sanpln vanancn is defined as
tna2 mean af the sguares of hﬂ c=v1a'icns c‘ the san*:e pownts °rom .he mean:

Nucle;r”yasfé Consultants Inc
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(& 1)
"
(73 )
c
=

-~
-
><
0
><
" —
~
e
| .

" = V!Xin - Z XIX' ‘
= Su{x 3 - 2 sua{ 2)
e i nd

Noting tne gefinition of tne mean equasic

.

'3 X" = SUM{x,2) /M - x'2

Yariance of the aoou:a“ion,

lote that this is the second momens: te of the samois. "I% has been
found that the unbiased estimas ar of .the va*i*ncn of -he poouiat 4on {s given

v

o7 v o= SUM( fx1 X )2 )/(l;

(8] X e S(X2)INAL) -

For samples with more than about 39 nembers, the diffe'encas ‘between the
sanple variance and the abcve es imata of the population variance are
generaily negligadle. : : :

STATISTICS OF A SUM

Consider the surmation of two variable ith its own mean and variation:
(9) 2sA+3

where A=z A" + a
83 =8'+bH

using the same nomenclature convention as above.

Mean of *he sum

Consider the situation whero’é }arge'nuwge"(%"of'ccmpu:ationé.oi~2 are
performed, se2lecting values of the variabies A, 3, Co.v from the respective
samplas, o

NucIeaf’Haéte\Consultants Inc




YARIATION OF A SUM

January, 1987

From o tha def1n1:ion,
1 2w sn 7,
= SuM/
= SUMIA )
2 AV & a'

2y wne same logic, if:

(1L Yy =2 +C
hen:
112 y'! = 2! «+ 0t 3 A' + 3

Generalizing:
(12 A+ B+ C ---)'%. A e -
of ‘the means of the

sitive or nagative; accordingly tnis
11 as addizion,. oo o

in English: the mean of a sum 4s q
components. Note that tne means ‘may.be po
rasylt may be extended 0 sab‘ra"i

Variance of the sum ;uncarve1a2341

The variance of the sum may se conauted in: a simi}ar ﬂav.; nssunin,‘.haz tne
parametars are uncorreiated, then usin sien 3. , DT

/
4

2o

14] 2" = SUM \-1_~-)2)/v
SUM( {A, |

SUM(

SUM( a | o
Sd%(aiz)/n + S ﬂ{b1~)!ﬂ +‘z SLM(aibilf"‘ {i;i:;ﬁ;;’

As the variables A and 3 are assumed’ to be uncorrelas ed, then the variations
cf 3 and b will cancel wnen multiplied {as their means are zero), 50 that:

e -y

) SM{a,p,)/M = 0 {in gx°”'

Nuclear Waste Consult tants Inc




VARIATION OF A SUM 1987

(7} ¥
then:
:13} Y"

{n Znglish: the variance o. a sumiis -equal te.
zomponents. Hote that. the varianc
~asylt {5 the same reﬂardTess'c‘ wh
addition or subtraction,

the sum of *he variancns of the
ays positive; accerdingly tnis
n xpression baing considered is

T e

i+ is somesimes more useful 0 consider the above result in serms of standard
deviations. The standard devza'ion ‘{5 defined as: -

Using tatfs relationship in equation 19 produces

(23) a 2 Au ah Z/Bn
Re-arranging: _ R
(4] agwnylavantang by e gy (3vAnY

Nuclear dastg,CdnsuitinthInc




VARIATION OF A SUM SET T Y January, 1987

2 SUM‘aib )/s ‘,(1-;..»)

3 p'Odu'ES’

: 20 o suM{a, 23/ = SUM(5,2)/

n terms of .stancar3

(273 SZ = Sy + Sg
2y the same jogic as adove,
.28} Y =71-4%
then:
29) S5y =8; - 3:'

Generaiizing:

30 S(A*B*C oo

—

! f;perfe tly posis iVAIy correlated
ard,deviaticns of -tha componants

/s positive; accordingly. this resuls

ssion being ccnsidored 1s addition

In Znglish: the standard devxa.ion of.
components is equal to the sum of tbel
Sots thas the standard deviation'is

i3 wne same regardless of whe'Her .the
or subtraction,

Returning to variance

PR ~
<a {A"‘3"w ooo)"

Nuclear ‘Waste Consultants Inc




VARIATION OF A SUM

S

Comsarisen
cemognent

of ‘ne va'1aw

(1]

-
.

AS presantad abovs, She tio - T+hE iy av  oF tne sum 1correiatas
csmponents is: e T SR

g a .
19 w3+ C

and for fully nositively correla

IS

) W2 L L)

Note that the standard aevia ion of the fully posit vely cor*ﬂla ed sum is
always greater than tne stancard deviatfon of -the u".orrela.ed sum. 7This
occurs because the variance of uncarrela.ed components tends o cancel out

some degrae, whereas this does not happer in"he pe*fec.ly posi.iver
corralated case. :

ch in general afe,sﬁail
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ANALYSIS OF GWTT DECISION

PURPQSE

i

nis aspendiz sets ous tne analys ne ‘conzlusisns about the Gart

fn tne text 3¢ the repor: depenc

APPROACH

generic posit.on on_GHTT

parameters.

4. Perform simple anaiyseé_of the GH?Tﬁfar the_si:e,”:a.iﬁen:ify1:he

current best estimate of the mean of the GW77, the standard deviation

of tha GATT, and .he r°1iab



ANALYSIS OF GWTT DECISION

"“ J§nuarv, 1987
5. Compuiéftﬁéfﬁ?éﬁébti

requirement,’

THEQRY OF GWTT

[oUN tanted

The theory of GW1T nas been se: ou

period, rather than condition

‘the computed GWTT, re541 1ng primari

parameters, the requirement of s1~n1f§cant assurance’o.,avoxdance o"’

e1a*ive1y5]ow per entage of ca1cu1at=d

regulatory error suggests tha“ i

Nuclear Waste Consultants Inc




ANALYSIS OF GWTT DECISION ~ TelBip 38l % anuary, 1997

T an
2pproximately 13% cu of
unrzaiisticaliy

terms, the 13% poin 1s aoou.,,i “daviazion. bnlow bne ﬂean i‘. he Py

CURRENT INFORMATION

The current information has bé= 

sext. Accordingly, it is on?y Aeces ,o_cﬁékac e*ize the s a*is 1c a1

parameters of the 1nformationf

PARAMETZR -Ou 3..RROR oF

;ﬂ.n}\l ) (DJIP) - k\(lMC\

Travel distance 0 3

Gradient 0.l

Hydraulic conductivi‘ ' 6.9 N -1 B
Sffective porosity : ‘ [ sy

As noted in the body of the text, the ‘ﬁinéipalipar.netric anor 2t n;y in tne

analysis is in the best es:im;:§ df]§ﬁéféfféctiveA:orasity. nt eras ingi

there is little disagreement adout the range of the porasity: two orders of

%fo\ ul‘ants Inc E



ANALYSIS OF GWTT DECISION

the estimats of :ne'étandarg er
5ing the Clifsen

standard error of ¢

distribution is fi::e; td_tnefCIf‘,o

SIS T

restriction of cons:deration of,‘Iow path bhe Grande

‘Iow tops.

COMPUTATION QF GWTT

.he :arame‘n-

i‘he medtun




this review,

shan 1%,

as it essen:1a11jf}epfbﬁ

as stated in the Clx‘ton report.

;iﬁ <3 ensure consistency

tex.,._,No da 23 have bean

| so‘i. nus. be



ANALYSIS OF G#TT DECISION

Thus %nhis anaivsis suppcr.s

that the paramasr .Wa’ WAl

does not censi de' a17 .ne par

NAZ 3w Raview 0o

Re-evaluation of the NRC GWTT indicates

review are correc:‘arf hmﬂtf.al

porosity value (1.6E594) shdul be

other value. Using this aporoach,

~
Q

The reliability of °his nean was -cons

availasie ’Tab1n 1).

Nuclear Waste Consultants Inc




ANALYSIS OF GWTT DECISIOM

This value is c:nsidered

in the event that littie data exis

o avaluate the

;ﬁe regu]atory

Acompdtation was

Taking the standard deviatidnﬁué “all:%he parameters as corr tﬂ(andwthere

saams £o be good agreamenu on these va]ues), the st andard devwauicn of uhe

logarithm of the GdTT is shown above to be 0 52. For a G distrabutton .o

“Nuclear Wast Qpnsultants_lnc’f




standard. The effecs

standard can be comput

Tais value can be contrasted:

and reviews of concern here

1.

W L

The géqmetri: ﬁean_df'theA’an

this value:




threé’i‘t‘lr_me';-; Tower:

curren
fa11 tne’
Tnis expld

‘.i:x
_ ere

given to the possidility that't ectipath of
enter the wanangm’ffomgtigp‘gﬁ% ; rsicd]irlysthe e

Grande Ronde. that

=

e




-
-
-

ISSIVITY DATABAS

TRANSM

NDIX E = DATABASE OF

VITY (STRAIT

s

15st

B

TRARS

APPE




Rockwell Hanford Operations °%
3WI® SUPSORTING DOCUMENT

' Sn “tverse ncl 42:") T2 mang, g320svig

SmS SSCWMENT S 108 _gT s PEREZAMANSE 2t HCAR YN S T Snaynen CUeoNameT L Man Agaress
SINTRACTE NI Tl LS SEPARTEYS A8 g fAny l"!ll‘Ns
A EIRUAPTSEY MITmiN Twg 30008 38 Tafg] JINTAACTY, ': m
$TNNATICSN SB T ISNTINTS (S mANS 13N ALED “A.«.t:
Tef TRLISCN 2T NESAMAT AN AC” '

AAA o m I MARN ARSAI®Ba A
t -
\ww Mimme e e e

- .
Lo, araess ’ eisiels i
¥ Lo A l . - :
..-'.’rc.c - H\--"Id/:cc .

- Braun (

e LI

LX-1044 7314

anp ;Anrt
Wowi vww s
C---V/C:C
LY Y
ﬁod‘ol 3a0¢ ;
L] .I' “ﬂ‘- s
:'Zagl 404

,r°3/T§CC

5837183 :
SS/TICC ;
53

]
)
.

- e
o
-~ s e g7

(1% ]

3 (s
I N By A T
P

i

3
w
[}
R L]
n
-& g B

" 10
“y ‘
b 3 VTS

LY}
o
B S AN
las 4
-3 fu
<

@
3 et U A

[T RV, I Tt

“) b
o -
-3

ba ]

3 g0 6w

<t 0D L) o

AR}
320N

1

-
s I T R4 T}

BELR R BN Y ]
Iy

.
by
[
(9]
=

)
1L ) )
(1]

« D
.3

v o3

~4 1 ()

) 2

" K a8 €3 M 62 40 i1 -

ae:r. e
‘ .n nera

-y
Y 1N O
1 ]

Xt
“hlh e

by

e & BERTN TYN S Y

LER W)
w )
- gy

et O
. -
-l e
" .s

e

-
F Y D T3 on sb s

TY M e w
«<

-— -.'
By

2
s

L SR N H)

3
(%Y

TN
"0 ).
[&4
<
w e
mn N
(1] ;l EY SN o
3
S

.
“vr ot
-3
3 U e
<5
3]
B IS BT IS W
"
s
<

.e
[ I TR

ir s N
3o G2 G A A E S LD Y Ba DS

“ho4)

B T
P

et
v‘ I<
B Y ¥ e

Ia

'y D
(SR ]

t 1)
- .
a

3
0 o
Shoegw Ly

) e
-

el |

RKZ/P3 i
»--a. - -
Lell/2CCC .
LY TV B
weite) .«\.0
R N1 s AN N
£23/7'38 .
‘.‘ ll )
»T? 250/7180 !
FEEYARE
v -
€3¢/3830
/UUUU
P33/01L%
sem sman
Fawl v

cCr.ree
M -~ - .
co /.C.:
33. +e
C:CITT»V '

-

(4
33 .

f
v L) ) O

[ 34

e

A6 L

o
3 i

—
e

. Oﬂﬂ‘é

tt ¢ Y €3 D
]
R

Thid .o

[T )
w1 O

[§

‘hid 3 0

DALY 4 ) () () 4
3

L.fc"

3
€ b
.
p

N I T
;

[R RN N Y ]
s

[1-3N® ]

[ -

LR IR

€3 b To 2o,
R
s .
h'
St
«
Ry
e

e

(21

-

WO e

Rl ?
el
e B e QBT
S I XL T

D e UXD § D e s

-8 a3y

TEBY v,

(LY
[ &9
m ¢
we
!.
r fw
-
s
-

[T
£
ot
L% R

R I IS
— o .

V-
0

b TN a8

.
= 4 LI Y NS Ay -
2

fv g2 D

Syt .

- ~na ity O

. ALY =)

Avm -
Sy g

- . h

.~

.-
.-

5011 AR
~.»3‘~3: R 1% .
A an s aan
RV I M-¥] -U

L N0e228/500
CSC/:CCU

.-
-t

.
LY ]

‘3 2 ) ) D~

..
- ¢
.

H

RN R
wr ) (0

SR> U sy (3 )

V

6 O o
o

8% ‘eI 2690 SAtes ]

Retease S:amy Zame:

= -
crecacel 2

“Sm3any § JaAtUICT NGO,
sgckuet )

Samsars.

-1e2 3y

L 2




-

X ol Y ol o

Loty

H

C

- -

[P

L T U

e e R

[URNR

e

e POl

m, -y -




2

fons

1ens
»
-
ki

2
Ooera

)

r

-

A
!

ace
ngton: @

ican Sg
.28

‘ord’ Ope

b

| %
"3 N
"y ©
. ﬂno L ¢
v Q) .
v o £
X e 40
¥ 20O
-9 -
e >y xl
.Mu Che~
bui B WY SN
a s
@ €W
L.m-:o
L] (& ]
‘luﬂ
Lo
(&) (1Y)
$. 2 ()
X ar s
ar [ O
LR
L.UNE S S
£ s 42
ar (v ©
AR L)
()



froper

ic

Hydrayl

L)
-

5]

forugj¢ra

11

se Code

NU




cm‘°ne aasax’ das.e\_*~?
esting

Svar ine ,es seven yea 'S
solazion Projess (3W.?) navg ¢
:n -ne Columdig: Réyer Basals '
sjeccesd hord $ans inctus
of cne Vantage: Bed | ;
anc sejectesd’ insre! £10w seructure: ar .
maigrizy oF the ~es%s ccnsis.ec X .eﬁboreho1e 4e5%s “conducted
in boreﬂc'es that wers ﬂrograss.v, &ci}}edignc,.e5°~~ (serafs
ang 0%ners, 1642), Ctner tes:s w.t.;in%exis:1nc horenoles in wnich’

tas3% Icnes were {sciates ust n"s sraddle: packers. . PVC"O1091’ I
conduziac prior .o 1682 used surfaze based: g‘:~-'~°'“a Ler me»suremen.s
anc ests conductec afier ’982;"‘t31'nd downnoie :resss'a sensxng
srobes for ﬂoni.cr‘n hyer u‘oc.c \ -

W st

»

within .n:s documen: inciuge
;?Jraw'Ca.a tes. ~11.raw
hycraulic proper‘1es are ssored

11 and BN;? s Basa1° Records. -
‘ o re o fpom

Sourses o. in.urﬂa.‘on (3
w2 socuments (see re‘erenc¢s;“
ﬂvcrctdc’f gasa used
ip <ne orilling anc
uanagament (enter ( auc‘
=ne BRMC.

Basal' Records Man agenen.A “
'easai' Wasce ‘lsalation: Proj-..
11 Ha 0

:veri‘ied y"

The hydrologic tast date that
nical ‘Rockwell: ‘Hanford
it

anc/or ext <arnal .efhﬂ,.
“ae'a“ons docure ‘ re
tn onis case tﬁe .ransﬂ‘sssv% '




, have hean Ge.a""h'?ec ’.O b.

azues repcraaciare’ cons.ca
est est 1we.e;15‘cb.a‘ne

v
2
o
1
S
S

5 rosers 1es
-“hcrn-on-

i\ «% ¥ l\ (&)

ana r frol
are ;!ven mors ‘waeignt 1n ces
::nsxcarnc more e:resen

uivalent n/c-au ic concuzsiuiny by d‘v{dfngfg7
ransmissivity oy tne effective s es: ‘n.erva! 1t

qually distributed cver the effecsive

; ,

-vurau1 c neac :arane.efs

disions at ¢
Tre hycraulic .

uncerha nty value:r95u1.s from non
time of measar-uer“anc instrumen
heac¢ values have ncs been correcte d-ﬂens1 iy effects, borshcle
ceviation, anc daromesric or earthitide effects. Hyecrologic test
cata that nave not uncergone verificazion. by .ssuan.- of a cdocumen: B
have not heen valicated by pee= or.technical review. In these casas, .
tne transmissivities and equivalent hycraulic concuctivities are .= =
presanted fn an order of magnisude rangs,iwith. hvd*au]ic heau values
assigned 2 larger uncertainty valueli Al ; ‘

coliected in accorca ce 0 da

As part of assess ng the resr
datz, a technical reviaw was" per‘c
Assurance Program Procedure, 2-301;
hydrologists examining the raw cat
da:a 3ased on the tachnical review
The "use code" develooed was based. ucon
anc is presented in Table 1. Data:
within this repors: gre nrexfminar
analysis, Changes to the data.
revisions to this data package

‘:es an¢ ena’/ses o‘ he raw ?7531 :
ne-use.of the data was es.ah!is ed.
éSUT»S of the da.a r°v*ew

ie fs‘r..igr-,hic hor..cns;
aerval.<.ransm.sa1 ‘

This cata package conhafns ‘He r
use cade, isolated intarval,” e ef‘iv"u
equivalent hydraulic conducti [
the uncertainty 1n the hydraulic‘hea




a3l

Use Coce

[AS )

peer or
limite:

The caza
and sheul

manner.

anc aﬂa jSES are of.ques:icnabie auaIf /




Br‘cwn, AR, ’ 3Y"JC2.S Pu N ancs "'a;-n" S.R 1,8") H'Vd"MO""" SEE :
Test Resuits for the Usje- Conassate Flow Insenio~ a5 Bovangle IC-164.
Hantore Site, da$11nc.0n.v54-3u: .=10C, Rev. (. Rockwel| nanfors:
Coeraticnsy. : :

Murphy, L. T..*iéésﬁ :
3-301, Rucxwell'ﬁan'~rc Coeratis

Program Manu
Hasning.on

H

32, Praliminary RnsuI ts of -
¢dle Sent 1no- giusis 3asait
Vi Feet), SU=omi=11-093,
uasn1ng~on.,.hfy,tu

Szraiz, S. R.. and S.ane, F. A,
Hverologie Tasting and Comoesis
riow EEE:or at 80ren0ia xiL-2
Rev U, nocxwell Han? ore O:era )

Ssraiz, S. R., and Spene, F. A.
VCro1oc

' ) ...OO *
Rockwell Hanfarc Opera ion

., an¢ Spane F. A...J

Straies, S.
0f Hvdraulic Tastinc the Middle"
tntapiazure (3, 283 foat) a.
xev O, KOCkweil‘danforC Gpera ;ons . Richi
Strad .o and Saane. EtpA

ing the Umt

rologic Test

of Hvaralogic Testing the Middle SentineT BTuFTs TTou Too 2t
BoronOIa RRL-2 {2,951 to 3,020 feﬂuﬁ.ZSD-de-sx 102. Rev 0

Strait, S, R.. and Spane, F A | 1983 Preliminarv Resu1 s o‘ ;,“f;;
Hvdrologic Tes‘ina of Midele® Senhfne! 3luffs Ves1cu?ar ore
at Borenole RRLe 3/ to 3, feet), SC-BWi-11-090, Rev 0,
Rockwe | Han?orc 0perat1ons, Ricnlang dasnington. - AL e

Strait, S. R., and Spane, F. A, 3r71983, Resuits of Hvdrologic -
Testingc 2he Umtanum Basalc Fracture 2one a- SCrenole ARL-2
(3,781 22 3,827 feaz), S0-3W[=11-089, Rev. 0, Rockweli nan,ord
Operations. Ricnlanc. Nashing.on

Strais, S. R., 1984, Hvd*o1oc1r rae1d Tes {ne 9Focefures;
OQoerasing Procecures, C-
Wash 1ng.cn.




vdr:ﬂac“ + Resul®s

*

ang’ e .Jt.-4 SD Sns‘tz-q >§§‘..




STATISTICAL TESTS ofale January, 1987

APPENDIX F - RANK SUM STATISTICAL TESTING
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RANK SUM TEST Cofele January, 1987

APPENDIX F - RANK-SUM TEST OF MEDIANS

The Rank Sum Test

This appendix sets oul tne nonjarametric rank-sum test utilized in this
raview, The nonparametric test described here is used to avoid having ¢ mace
an assumption about the distribution of the variable being studied, and to
avoid outliers determining the result of the outcome. This nonparametric tes<
was used to assess whether apparent differences between groups of

transmissivities are statisticaily significant.

The rank sum test is described in the attached pages, extracted from Hoel
(1966). For the rank=-sum test, the two populations are arranged together in
order of increasing values. These‘values are then replaced by their proper
ranks (column 6). When common va1uesio¢cﬁr, a mean ranking value is assigned
(column 7). The next step {s to sum the ranking values to obtain a value for
R (Tabie 7-1). The final step is to determine whether the value of R lies in

the critical region of the test.

“ne R value depends on the size of the two populations, nl and n2. The value
for nl is the size of the smaller population. For large sample sizes (n2
qreater tnan 10), the distribution of R can be approximated using a normal

distribution.

Nuclear Wdaste Consultants Inc



RANK SUM TEST . fa2- January, 1987

Tnis {s the ncrmal distridbution with mean and stanzard deviation given by zhe
formulas: |

mu = ni {nl ; n2+1) /2

sigma = SGRT (nl n2 (nl # n2 + 1) /7 12)
The z value used for a normal distribution is then calculated as f21lows:

2= (R - mu) /,§1gma

As R is approximately normally distributad, the probadbility of exceedance of 2
may be iooked up directly from normal probability tables for n2 greater than

about 10, and from Student's t tables for lesser values.

Nuclear Waste Consultants Inc



RANK SUM T=ST aFa3- January, 1987

rank Sum avalyasion ¢f tne difarance batwean %78 Transmiggivisy 9f 2ha

Cohassets ang tha Srande Aonds “low %308

Tne median fs used as a subssitute for the mean as 2 Jocation parameter in
nonparanet~ic problems and hence, the null hypothasis tasted {n his case is

szated as foliows:

H3: Tne Cohassett mecian transmissivity value is not significantly

different from the Grande Aonde transmissivity value.

Tne transmissivity distribution was taken from data used by Clifton. This
data is taken f;om Strait anc Mercer [1386) exclucing values from 0C-13 and
0C-i5 as was cone by Clifton., Tnis data is listed below in order of
increasing transmissivity values (Vable F-1). The two populaticns evaluates

are listed in the last two columns with their associated ranking.

The z-value calculated in this review {s » -1,05, The prodbabiiisy tha: tnis
value would be exceeded by chance is about 3C%, which is sufficiently large 2

-

indicate that the hypothesis above cannot with confidenca be rejected.

Nuclear Waste Consultants Inc
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Fanc Sum evaluation of *ha difference between Sha Transmissivitv of %he Janar

Grande Ronde and the Lower wanzoum flow *oo0s

ne median is used as a substitute for the mean as 2 ‘ocation parametsr in
nonparametric problems and heace, the null hypothesis tested in this case is

stated as follows:

40: The median transmissivity of the Grande Ronde flow tops apove and
including Cohassatt flow bottom is not significantly different from

the medfan transmissivity of the lower Wanapum flow tops.

The transmissivity distribution wés ﬁéke; ffém data presented in T7I, 1986.

{t includes all information on the thoﬁtbnés.;életted. This data is listed
helow in order of ingreasing transmissivit}ivaiues (Table F-2). The two
popuiations evdluated ara listed in the last two columns with thefr a2sscciated

ranking.

The z-value calculazed in this reviewlis * -3.68. The probability that this
value would be exceeded by chance is abou: 0.01%, which is sufficiently small
to indicate that the hypothesis above can with confidence be rejected. The

populations are different at the 99.99% confidence level.

Nuclear Waste Consultants Inc
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Table F-2 (cont.)

Transmissivity
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“ underlving distribution is like. The simplest is the sign resz. For the’ .
- purpase of 'describing thus test, consider the following data obtained from. 27

' to test here is that the median age for this particular community is also 3

+
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- .:.-:rvt... hers ars guite 3 faw Other nonparamain
availatie for inese same ;robne...s and for other tyzes of pradiems as well,

2 TESTING A MEDIAN.

r.norDazamerric: probne'ns related to continuous variables the
~mediaa is 2 more natural measure of lecation for a distribution than the
mean.” The median has the desirabie propery that the srotability is -
$thata sarrple value will exceed the population median, rcga dless of ;
the nature of the distribution. As a result, it is possible to design tests ! Y

~ for testing hV'o.Hezxcal values of the median without knowing what the X

a city license bursau oo the av-s ot' bnd‘zrooms :mal'-mz for marriage
1ic=nse5' i

qo Y AA apn A,
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ugpose th

_ 1at past experience in this section of the country has shown r.hzx ~.
h: medi

g2 of ‘bridegrooms is 25 vears. Then a natural l-vpothcsu‘t' *

5
25, If the median of the gdistribution is de-;ot-d bv 3 this h\"Ot‘xes.s may.
be wri uen in th: form L . "N

“ The ﬁrst s:ep in applvmz the sign test is to submc: the posmlwf
median from each observed me asureme it and then record the sign of'-h‘
corresponding differsnce. If 2§ is subtracied from each of the foregomt

- observed values, the foilowing sigas wiil be obuained:
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T il -undoubtedly B¢ satisied with the choice of z = 085 ame

i o fad in acsesting the aitersacive hipothesis, whieh in ta

% man's languags "'e:-ts shas mai¢s ars being caught 2ariier thase days

] LA S B He protlem that was juss soived by fenpatamenic meinocs corte
S S 3 sponds’io the Arst hypothesis-tzsting prodiem considersd in Chapter 7
L | whien sonsisted of testing whatier the mean of a normai distripution had z
SR i : Xt secuion consicers a acrparameric analogue
¢ . A e means of wo normal distrioutions
W ? ! 7 SRR R

TESTING THE DIFFERENCE OF TWO MEDIANS

' phrams'ei in aonparamersic probiems. it is natural to tast the diffzrenze of
two medians rather than the diferencs of two means in nonparamesic
situations.” This hypothesis may be writien in the form o

“Since the median is being uses as 3 substitute for the mean as 2 locatien

ooy i

Myl -

3

% # and §, denote the medians of the two populations of intersst.
ne nongarametric test that is introduced to solve this type of problen
is called the rank-sim: test. To illustirate how the test is applied, consider
the following data on the number cf triais required 5y rats to learn a
sriain task for a group of e1ght treated rats and A group of ten untreated,
atss 5 e i

24723 15 47 23728 &5 20 2.

g

N - * 00 2, TR G| 8 (PR WMl R Y
-y Srre . b 3

L2212 30 16 25 14 18 21 16 13
: vo samples are fest arrangsd together in order of increasing size;
For the foregoing data this vields the following ordering, in which the

‘entries frbm'zhg treated group have been uaderlined: P

12, 14, 15, 16, 16, 18, 18, 20, 21, 4

Sdiped- Pl

- - - -
22.23,24, 25,26, 28, 30, 47, 550

These vilué; are then replaced by thcr progper ranks to give
L L4 56 T80
TR0 1HL I 13, 14, 15, 16,17, 18,
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Tae sampiing distribution of R under :he :usx.r-.:txon that the o

sopuiauon distibutions are idenusal, has tesn worked out : By ma'he-

| methods. The distridution of R degends, of wurse. ugen. ‘..e
siz2s of the two samples, whick are e-zo:e*‘ bwtand n, .He enx d‘-xotc
a2 smailer of the two sample sizes. neix gives the
i eritizal values carcsocndmz to vatious s:mm
iarger sample sizas, the distriution ‘of R can’
::zs.‘actor'h by the proper normal distribution. This is the' normal
&istribution with mean and standard deviation givea by the formulas

R-U!, -— 1 1}

Up = - ’

canjntpnn‘ ‘no- I‘

b na.x.ral alt-manve hspothesu he'e is.
Hyd N > &

Under this alternative, R would wzd to be larger than under P, because
R i3 the sum of the ranks of the §, group of mcasure-'xems. conscquen'h oy

ons should choose the critical ragion under the right tail of mc‘dxstr‘x- S
tution. From Table VIII it will be found that for m=3§ and ny =10 the
presability is .051 that R > 95. Sinez R = 97 lies in the critical regio
the iy oot‘msas is rejected,

I the normal avoroumauon had been used one would have calc.z!az-d

8§ ~10=1) .
upm = =6

Cp ™= - 11}-3-

/3. 10(8 = 10 = 1)
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’t‘.\.! ‘u_o- c) q‘ > 1 36‘ ” 0.

' el : stwised oy using Tadh
NS . c. A ‘ .- :
I PR FI AR When shoose sither group as the s...:....-:‘ m..‘x ¥

. - S :

'o he computed \\ ‘m :ne two g'au"s of observations contain ons c

xon d:smbuuors were :de:mca!. one s‘:ouid r-:l!s Hc tesxxr
the hvpothesis that the two cistributions are identical against the alter
- native that one of them has been shiftzd to the right. Two population
|- may h:u- ideaucal 'n:d.: s :nd ve: differ in sx.c"x a rra'me' as :o croduc

o) &
W, g
. .

oo e

o

earees of :’rc:dom here. Table v shows t‘m 1his value is very close to i
- 08 listed value, which means that it is closs 10 the 023 value if one ust

oniy the right tail of the : distribution for the c—x.xcal region. Thisis ver
- ‘close to the proeability value of .03 that was obuined by azplving &
~_normal dxs.nounor. a-g'cxx...a.ion t0 R for this probiem.

—y g
b~ ¢‘ ‘*.. ~‘.. u" :



Tre rana-sum test is xnown 10 be g\:’ehe‘ t for testing §
wnen thers i jusufcanon 1n Issuming that the two variable
encently normally distrisuted with the same ariances. the rank-sum test
cey neardh as well as the Student ¢ tese, wm.n was designed for tms e
fzrablem. sn the sense of producing small vpe 11 errors. ,Th's propenty
feaing neariv 25 good as thu test when tne latier is Jus.m d: .d beinga.
¢ under all conditions makes the TaAR-5UM tedt 3
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' 4 RANK CORRELATION cdzmcrs.\'r?
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Tae predlem of measuring the extaat to wnc.. t“o vmaslcs are linearly

riated was considered in Chagter 3, Thers 1t was assued that both

« A
St

cies wers measured on 3 <ontinuous scale. Funhemor whn“_
ng whether the sample correlation c.c:‘ﬁc ent was compa'ame with 2

MY m: theoretical %aluc. :' uas cessary :o assu'ne tha: t‘:e o

[ ¥}

t

Lan Jmes i constde'abnv easier 1o formula :md sohe bv nonpar:x*x-tnc
meihods than the more szewal probiem of testi ng whether the population
. srrelation has any given posmla::d valx.e. therefore, only the simpler
' froduem is considered here. 5

A solution to the problem of testing for zero corrg!a.xon betwes 0 tw
varabdies has already been given in LC‘mom 10"in the section on cops
ungency tadles. There the x‘ test was presented for testing whether the
ta o variabies of classification were independent sarzables 1ftwo v:riables
are md-p...dc‘\t they are, of course, also uncorraiazed.:
» generalin that it did not require the variables 1o "~e measurame on a

- .8

¢r groups, for the variabies.
If the variabies are capabie of being measured on a continucus sc:l
as in carrelation-coerficient probiems, then it might be e.\pec:ed,;hat the
-‘an:mz"\c" tabie method of testing for independence could bé improved
son, and this is the Sase. . ;
Th: neaparametric an alczue of :‘xe ordmarv comla.wn coeﬁc'
R rank correiction 'oe,...:err. As *ts name mones.v. "'xs"ne'e‘"f_
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tnuous stale. It was merely necessary to be able 1o state catezoncs .




rao -‘. n-,qn
: AN C" nown Ov
Jx! r:uc ne.hoc‘s 1220 whe: ans y, in the formuia for e

. ‘
‘s o ine ranks of the carrespending
R ‘ me;s:r:'-,: : .ben Se formula reduces 10 - ‘

.

P

.-’é-—i-—-——-—"' _—
: mn el L

. .7 Although the _s.l'n"lc '.al-" of ¢ cmam av ' means of this formula is
“usually éiose 10 ::he \a'u' ottzined by means o!‘: e ordinary corsziation

coe'ﬁc:e'u oascd on measursments. the earlier thecry about the dis-

mbuaon Of P dOtS ..O' 30"!\ here, Asa ESL'... one sannot use the ¢; 1%~

formation w s log {} = r)(i —r) to test hyvpotheucai vaiues of ’ -
. Howe\e 'u'\ e :ne assumption that the wo varniables ares indegendent, -
nc dxsmouucn of r can Be obtained by mathemaucal methods without
‘ umag a normaiuv assumption. Tabie IX in the agpendix gives § per
ne v s2at critical values of r for t'smg the hypothesis that the r t
kdé*nde':t. TS table is for one-sided tests: thersfore, -

sitae

¢ Uiy, one is testing the hypethesis of z-ro carrsiation 2" e
amns_ zhe ait-mauve of a positive {or negative) correlaton. ‘t-‘ ]
ASInQ other tasts based on ranks. it is customary o replace xe" ranks we
b'. :'1: mt:m rank of the ranks ccsumied by the equal measurements. ';‘1‘

As a1 zlh.sz'a.xon of the use of the rank correlation cceSicient !’cr*“‘

tesx:nz “‘z-_mdeﬂe'zc.'.c- of o variazies. consider the fuuowmz data ,r ,
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5. : “Judge : '10 5 6 9.8
E ' Taxnz the differences of these rankings. squaring, and sur-.mrg wxll'.' 4
;_; vieid the value Tiz, — 4 )* = 120. Asa r*smz. ' AT
15 | sy oo =3
| K3 ra ] - = = 27, . ":'
A : 10100 - 1) o i

From Table IX, the & per cent cnitical vaius of r forn = IO is 364, Since -.‘:-
-- L

¢ = 278 much too small to be significant, the hypathesis of indesendence ‘!.
is ac::gz-d Thers xs no evade \ce ﬁe z‘zaz the two Judzes azre- on what ,:-.,
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jusufed. For example. if one wers taking samples of the weights ox
SRICKENs 1N 3 Jarming COMMUNILY &very two weeks for "; mont hs
likely that one wouic tenc 1o ges heavier weights near Le end of the

T T

et I At

: :
: \owmu. RIC ‘srs ‘  }:.‘7 » : ! 7
T srantutes gocd paimung. Su-.c- een srofassional 3 D -
o *;' s i1 38 20T surpniang 19 dnd teo amateus juiges & oN ' ‘
. It sneule e noted inar the aonsarameinc me 'E
: iesting wheiner tnere 5 2erd gorrsiation beiwe 3 - AR
snareds the furamene methed Sased on neemalis dpplies 1@ tesing R
A 2OSILAIC lirrelationecoement vaius. I | 1R
. 4
. 5. RUNS /]
» 3 . T
o= In 2i! the stausticsl methods of the preceding ¢ : ‘fns bee : r i
vy assumed that the da:a being used for esumation or hvpothesis testing 11t
: ; wers ottained frem drawing randem samples ¢ rorm som s::ime popuiz- . :
g uen. If the sampied population changes with time and !he sa,..:ﬂes ars i .
{g‘ ipread over ume, it may be that the preceding asm’r:ncns are net .
|

N sampiing period because of the increase in weight of th c‘va ger z'omrz»f .
R aickens. As another iilustration, steck-markes przc-s over:a period of - '

s

ime are odviously not capasle of te.ng ::e:ned as

2 si2bie popuiation of price g
When data have been zake'r overa penod of time, .'u:d there is reascn; ,

hat the observations mav not ke a ::ndon set o:‘ observations,
i5 ag zsa:!' to appiv a test that Shecks on the -:ndomress asssmption,

Ore such test that is quite useful and easy to agpiy is dased on runs.

As 3a 2:¢ (0 exgiaining this test. consider the foliowing se'cf measurements

of ire annual rainfail in mches fcr :he last forty vearsin, a

0. 1016 8. 9, 33,14, 17, 12, za.“,ﬁ
2016018 9, 18,17, 18, Ia.--.14.48.¢0
19,12, 25,17, 20, 15, 23, 24, 14,19, :;.:s

[N
\J
e 0

random sampies from'b_ ‘

- . _,‘ - i
Fi0 Ayt
s
)
ﬂ_
I
o°n
-
“F

B

M e first ste2 in applving the runs test 1o 3 set or neasurc... aats such
u.j 35 145 18 10 find the median of the set. 1f these ¢ata are arranged in orde:

cf size, it will ze found that there are twenty measurements less than of
3:ai 12 16 and wenly measursments greater than or equal 10 17 hence
ihe .--c;‘..;n 15 16.5. Now each measurement in the set is repiaced by the
' \arger than the median and by thejetter bif it is smaller than
Which two letters are used here is irreievant: however. it is

Y




canvenient 19 use ¢ and .‘: “e::use 218 associated '.u'.“.
and & with deiow the median. Since ine median for it

.. .
on o -near'r"ne...s is lé... tne repizcement of iz measurements 3y their 7

VTR ' e fellowing 12t of ietiers ™

" NN ,‘v. c.be bt ba i

- bobatbaacaba ¥
- i . a. :'c. c.a. k. a. ...'é.;, s -
R - ‘of ideatical !e ers that is :rec:def’ and feflaves 3 :

i o  different lener (0 no letter if it s 3t the beginning of at ine £nd of the p

i . eatire seaue:-.w is calied a rua. The iength of the run is determined by 5

i the number of identical lesters in the sun. Thus. in the foregoing iituyse ﬁ'

..
Fe
A

$

auon. the ﬁrst te ter g is a run of lenzth 1. and the next four iesters (b's)
rutt of 1gx‘\4 T..e runs md their iuzths for thug illustration

.
o ¥

;‘-:
K12

B ;.‘-‘_:.;f. :-._3.:.:. g,z [ P

: }?St‘!“

h 1t is about to te *rese'ued d:pe'\ds onlv upen the tota]
numoer of runs in the eatire sequencs. and thersfore it is not concerned

with the Ienz'.hs of the runs, If the letter u is used to denote the ‘°‘%
- pumber. o_t, runs. then. if it is asss 'ﬁed that 'he sequenc: cons:xmtes ~

e 2ha Jhad
s

R R

P vl

"‘Smce thers xs ‘usually an -aual -xun..er of as and b o
; re obtained by determining whet‘xc' measurements are above 3k 3
ot below he r_nedlan of the set, it would appear that ex:he’ g or my alonc
‘would suﬁc - However, tha :'st also agplies to problems in whick r.b
a's and &'s are obtained by d:ferent A..e.hods. and in some of thes
prodlems n, and n, may be quite dx ferent. .
Tabie X in the appendix zives enucal vaiues of u corresponding 10

~ different values of ny and ny. Since u is 2n integer, only integer values of
. are listed in zh;s table.. The tble entries consist of two integers. Tb
.- smaller integer vields the lefe-tail critical value and the larger integer the.
" mht-:axl critical value for 3 § pc. cent two-sided test, Each critical val
“is 223 per cent critical value for 2 one-sided test. The critical rezion of the X
"zest therefore consists of those valuss of 4 equal to or smalier than U" s

(os o4e

smaller integer aad those vaiues eguai 20 or larzer than the larger is::g"
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