* - FURROW FLOW MEASUREMENT ACCURACY
Thomas .l + Trout,! Member, ASCE, and Bruce E. Mackey2

Asstaac:  The primary source of” error in pr0per1y cahbrated gon- ¢
structed, and installed flow méasurement dévicesis due to readmg error - -
or uncertainty, Head reading uncertainty in"smali- V-notch flumes and
submerged orifices is meagured in the field as =3min with no consistent -
variation with- reading: Elapsed time measurement uncertainty.-for :

~ volumetric measurements increases. with the square root of the time.
The sensnwny of flow measurement’ uncerta.mty to head or time geading
uncertainty is proportional to the ratio of ithe dévice discharge equation
exponent to the reading. Furrow flow mgasurement uncertainty varies

" with the device and flow rate, ‘but generally exceeds £5% and often”
exceeds +10%. Maintaining” uitcértainty below +10% reqmres flume
measurements ‘in the upper 50%- of ‘their range, ofifice measirements:’
with-head readings greater thah 13mm and volumetrlc measurement
-e]apsed tlmes gmater than 4 segonds. - .

FLow MEAsuhEmENT UNcem'ﬁfm'rY

~Any measurement process involves:a. degnee of uneertainty, sometlmes
referred to as inaccuracy ‘or potential .error. If many . -measurements are
made of & value, they:will randomly ‘scatter around the true value if all
systematic errors are ellmlnated or-corrected. The standard deviation of
the measurements s is a measure of the scatter and is used to determine the
uneertainty of the measurement:E,"or the interval ‘within which the true
value lies with a certain confidencs: ]evel or probablhty The uncertainty of
a measurernent can be ealculated by ' S

where : = the Student 8- t-StallSllG (two-talled) dependent upon the
degrees-of-freedom associated with estimating s (usually n-1) and the
desired. probability level; and »n.=:the number of measurements used to
calculate the mean, The. t-statistic can be found in basic statistigs texts.
- Often, the uncertainty of a measurement or device is given in terms of a
value implied to be the maximum error. International: Standard #3168
© (ISO 1978) defines this “*maximum’’ deviation in flow measurement as the
95% confidence interval.

" Bos et al. (1984), Bos (1976), and ISO (1978) discuss flow measurement
error sources and their effects. The major sources of uncertamty in head:

IAgric. Engr., USDA A,grlc Res Service, Route 1 Box 186, Klmberly, ID
83341,

2Statistician, USDA-ARS, Western Reglona] Res. Ctr, 800 Buchanan St.,
Albany, CA 947140.

Note. Discussion open uniil October } 1988, Separate discusswns should be
submitted for the individual papers in this symposium. To extend the closing date
one month, a written request must be filed with the ASCE Manager of Journals. The
manuscript for this paper was submitted for review, and possible publication on
December, 4, 1986. This paper is part of the Jokrnal of Irrigation and Drainage
Engineering, Vol. 114, 'No. ‘2, 'May, 1988. ©ASCE ISSN 0?33 943?’f88!0002-
0244/$1.00 + $.15 per page. Paper No. 22412... :: o

244




o2

UCHBULICISURT, Jool amnbg,
“SES0 = T {unn) Jareurelp aayuo = (f,
“(z aul} 2ded urod fEanIaA pue ij- ) 3Ted apis m.cab_m Mg

L : apzd sotyuo -

s HA1T00°0 ¥ ANH00 =D Coawe] | onpdase sjoy-angL T PO
o H0T000 5000 0= & ww | | swny smoang-p '

g HPIO00 (ol G T—WEFSO000 = | © - ol seeBraary HAWRLY
51— YFSE ' . ) : qaem dais pue .

1 HLET W= L 13yanq-1 8£7E | ampumiop

(s). (b} I PR - % (e) Ly v
wpiae) - - wwnuwd - Suoimosel | . eatweg o edAL

Apnisuas conﬁzam abiepaig ) mc_umem e :

SUCIIEIGIED SAJAS] .-_._0.._._9_:»00: Mmol4 __sohsu- ‘I I8Vl

‘SULIOY [e)oul
:o@ooﬁ uo vuozuo.a SSEW 2IE muﬁzc wmﬁﬂmgon_c o_ﬁ. *SMOSIUI 3DELINS
Jajea 91} AQ pPasned SBIq JIJEWIIISAS B 10J 1991102 Q) ‘1 S[Qe], Ul pajyedIpul
se ‘mnn ¢ Aq peonpal arom sBuipess 9feS-opig. ‘wod - Huifed suny
311 Je Iojesm Suimep oY) ul opew 3o sBuipeal qidep og UONNOSAL
-1 2 Jim {29861 INOI rG o3ed Jurod [eINIGA B (M PUBR “I9)QUUI[II
1S3183U Y} O) PIJEWINSI SBA JNQ WUl T AIdAD JB sBunjIeuwl Sey: gorym
‘a3ed apis owny Y1 WoIy usye) d1am sfurpeat Ydap | mop awny,J "Fuipeal
2y} Sunye) 210§9q (9T oM ‘UOUR[NIUNDOE JUSWIPAS ‘[Ad]) uONE]
-[BISUL $J1 ‘AIBSSI0U JI ‘PoIII[R PUE PAYISYD [ENPIAIPUT YoBS pue SMoLIny
Yy ur pafeisu1aad atom sowny ‘¢ pue g sfeln uj 71 Jo dnoid e woiy 3sn
0) saumnpy uuh_u 10 O] PJOI[es A[IOPURI [RAPIAIPUI :omm ‘[enpIAlpul yora
£q peal uc.w PII2A3] ‘PA[RISUT 2T3M SHWNG YIJOU- A O ‘¢ PU® | S[T UT

. "Passasse Af[RnsiA AJUO SeM SSOU[RAQ] a8er) IO
182180U u_._a 01 (qQ9861 MoL]) s8e8. uied [eNUAAYIP ]qELIod. UUMm SpeW
JI5M JDUIIIMIP UOEASD 20BHNS Iajem WERANSUMOP pue weansdn oy
Jo s3urpeay "W (p—]-U9am1dq Jo $SOf pesy mof pagiowgns e aonpold 03
ﬁBoo_um saoyLI0 MeLdoldde sy-pue pajejsuroid arom sstefd oyLIO-aY ],

"S3WN INOJ MOIINY YOBS PIINSEIW [enplAIpUl
ora ‘¢ pue | sfeuy U[ “Hes 16 15913t oY) 0) ou_ﬁoou.ﬂ a15m sFarpesa
y-01-aun], ‘yasemdols v Suneredo puoosss o) pue 12yanqg 9Y) Buipjoy
._on_EoE auo Ui sied Ul QUOD SBM JUSWSIASBIW -ILHIUWN[OA S,
. "SADIAIP Y] JO. 95N -1 Ul SdudLIdXS WOS prY
ﬁ:m _uoEm.: atom w:ﬂuEnuB ¥ "L 09— U22m)aq 12 (811 if>es Suump
JURISUOD P2y pur 12831d 21amM MOLINT YIRS OJUL SIIBE MO[], |-G 8L 11 UaAId
3Je  SUOHRIQIED IDTASP- JUNUINSEIN (29861 MOLL. 1£86]. HVSY. ‘8961
ulellaqUIeY) puE UOSUIGOY) sdwny Yaou-A 09 ﬁ&uch_?wno_ $se[FI0qy
pue (9861 ‘©9861.INOLL) $31B[d SIYLIO HH[AIDE PI[OY-321Y) ‘Io¥dNq ([83+])
T-841€ B I SMOLIY O SUIES Y} JO Peay-2Y) J& MO 3Y) PAINSedur 4oes.
SURIOUY2I) QU ‘SARP JUII[IP: 321Y) UO P)onpuod s[eLn 321y) Suungg

3¥Nazo0g

-AJUIELIOUN SZTWNW 0) SPOYISW QUIIHP 0} PUE SaNASD UL

-2NSESW MO} MOJIM] JO 53dA1 32) JO SUGIIPUDD B3] JSPUN SATHHEISOUN
’ EoEu.SmmuE moy o::EBov 0} S ApRIS SIY) JO:9Anda(gonaygy

‘(8261 OST 9/6] SOH) S0IASD 311 JO: ANANISUAS -OF) PIj[e0

OS[E ST *Yp/Op “ULID) SATRALISP -SY, "BuIpeal 221A3p 23 I AJureirssun aygy
01 —u:oEonoE §1 JUSWAINSEIW MOY-B Ul £JUIRHDIUN ) Apuanbasuo))

¥

Lo Juipead 2y} Jo Alnelisoun = ¥ pue (¥4 A = Suipeas
uus,ou a1y Jor =o=m:, %v.a_usﬁm ¥gtOy A= JUSWAMSESH A0l oy Jo

UOTIRIASD Em_udﬁw = EoEu.Em@oE A0, oﬁ .uo ﬁcauuouc: = Qmu o._um_.a
. M.m‘ 2 2-\/ I> !D]@.m-
: Uﬁ ¥g % : : mb Wﬁ. a Ogp
T 0Pl wl \OP Cee

J ‘bg @uwr 7 by funissy] ‘Suipess = Y pue noaﬂ Mof = § ‘Buiprax
oY) Jo- adueLIeA = YA fuswiInsesll Mop oy; Jo oocm.tg = 0\__ o._uﬂ_k
ﬂﬂv“.......................p................q.....,............. m_\p mm "@\#

uE : Amom_ t«.ﬁw v:m _Ewnovu
:oﬁ:m%u SOLIOS ._o_%mh e uo E.§ aw.E oﬁ Aq poeunxoxdde 2g ued
EoEo.EmmaE MO[J B JO 30UBLIEA () PUE SUIPEII PRI a0IAP B JO {U0RIAID
Eﬁﬁm oﬁ mo P_mzwm 2.3 OUBLIEA DY) 52303 a:._waozw_uu YL -
"$IDIAIP 43YJ0
uﬁ E S10119 EmEo,:._mqu 32._ 10 En_ou 30@ 2: 0} Euﬁazco PRIIPISUOD
ore SIOLID SUTWH] WIOPUBD 3sa(|], ‘[{n] SI ISUIRIUOD 2Y) UM JO UOISIOIP
Equmvz_, a1 pue Fuiddols pue mEtﬂm Iun asoazdwn woely ynsas
sonurepasun Surury, “Sundn pug ‘rewrs ag E_._onm YoTys “(31)eLUS18AS)
uenEIgIes JPUMIUOD 4B $IOIN0S IOLID JY) ‘SIUSWAINSEIW OLIJIWNR[OA
IO " ISUTEIUOD € O] PINYo- SSEW € ppe 0] I0 JWN[OA (PIJRIQIED) UMOUY
10 Joureluod B [{if &) paanba: ating S) SUIPIosar AG A[ROLIOWN[OA SPBUL o.n_
Om_.m :3 E:uﬁ_oh:mmuﬁ MOH ‘$a3iap adA)-281eyssip:peay 0) UGIPPE Ul
_ CUIOpuRS 3q [[IACPUL.F PUR ¢ SSTIN0S JO JNSAI S AfLewikd
oa MM bc_mtoon: Suiuteuss oY) “saunpasoid prepue)s-0) Suipiodse pasn
oIv S30IASp pIUOISUswIp pue pdjeIqied Apadoid f -wopuel 24 01 pud)
OS[E' 14 SOHUIRHISOUN ¢ puR T 92IR0S; ‘SUIPLal [ded- 010Jaq 10] PIII21I0d
pUE PIOHUOHI di8 ' (*310 “UOHBNUNIME JUIWIPIS ‘Fli[aA0]) §50108] [BINLID
aY) IO 19531 ST A04ASP ) J] "90INOS IOLID WOPURI B SIWOIA] SUOHIBLIRA
[eUOTSUSWIP 01 Snp Aiie)souh | 90mn0s ‘Ajqeafueyoiaur pasn e ‘adfy
SRS ) JO SODIALD [BI2ADS JI ‘IOAOMOH “AJUIRLIDOOUN JUSUISINSEIW [210)
] LIS -0} SOPMIRIIIIUN WOPHEL 0) PAPPE 3q ISOW SIOLID OTJEWISAS
"SIOIIY DNBWIAISAS - 8NEO 'OS[@ UEd (JWNY © [9A] 0] VELNS [2A3[UN U
Sursn-¢-9'1) wu:aatoog ¥ PUE ¢ 22108’ paje]a-a1npadold “Funias 201asp
:uZw e 10f sloita usﬂ.ﬁxw% Bsmey by g pueg woo.som ‘2181 &om U2AIS
ele mu_?% uaA1d B U 101D uszmuﬁm 2 osnes, [[I4 Ajureldasun’ ﬁ EAIUDIN

.3:2&..28 msow_coE 10 UONdAPAL S| puE “SoABM
aaejins ..Bma ‘uoynjosal 28¢3 0 anp mcﬁso.. peay-ay) Jo Ajureanhny g
-aded 511 JO UOLIBAD]D 20UIIJ2I 2Y) UT Ajureliadu) “f
‘ganpasoxd uone[eisul piepue)s Aq paju] Afe
-1ouad ¢ wnos_ﬁzou MO uoNEIqIED JO uonedIdnp J) Ul Ajure)rdup) g
*S80UBIA[O] UOLONIISUOD pue mﬁamuﬁw uonEIqIEd
Aq vo..:E: A[[ensn “a31A3p pIeIqIes 24) JO uonedjdnp [eUOISUUNP o)
ur Ajurelssun ‘ApuarAinba 10 ‘UONIBIGHES S21AIP 3Y) Ul AJUTRLIIDUN "]

. 12JE (S201J1I0 puE
‘SIrom ‘SIINY) SIOIAIP JUSWAMSENU mof Jouueys usdo adA)-231eydssip



BFe

JNBWIISAS 957 ® 1S8I[ J8 InG ‘AJIIRLIDOUN. wopuex: ..u:mEm ® Ul p:msal
“paYdYORX ST [9A3] SNy pue Fumss 3y Usym Uoal ‘sewny paqresul
Ajsnotaald oY} Yiim JUSWIAINSEIW MO[f SNYJ, "JOLID DIRINSISAS 047 © INOqR
Supedpul ‘SHE UONEB{[RISUI [ENPIAIPUI Y} JO WOIIEIAD SWI 9Y) uey}
. To8re sitnod a8ejuealad 7 INoqe sea SMOY panseaw ageS-oprs 19s3ud oy
Jo (£ 9[qe] Ui paULop SB) UOLIBIASP (SULL) 21enbs-Ueail-100k Y[, "1u0] 2yl
piesmo) Surdofs sswngy 2y} [[EISUE 0] PoPUS) II[RISUE QU1 YY) SIEIIPUL SUOT]
-eIA9p oalsod Ajereunuopaid oy, "J01IS JIJEN)SAS SUHOS. pOPN]IUl S1HOW
-aInsedul Josald ay) SuijeIIPUE JUIWRINSEIU PIEPURIS JY) PIpA[SW SsjuUsUW
-2INSESUI JWNY PA[LISTH A[[ENPIAIPUL 31 JO {[€ JO [EAIFIUI S0U3PYUCd A1)
JMYM “JUAT IDUIPYUOD 9556 Y} LYY AIOUI AG MO[ PIEPUR]S 3Y) PIPaadx?
SUBIWM JUSIIINSBAW dwnf 13sa1d (g oY) Jo 3AL] ‘g dlqel W pozuBIIUWINS
pue | "3u] ul pajjojd a1e ¢ [el) 10 Blep 9SOY], MOLINJ 9Y] Ul MOf [Enjoe
Y] I MOLIN] B UO 9IAIP B )M PRINSESUI S31e] MO[J Uedtll 913 JO Suon
-BIAP 2y} SuLredwod AG paplacd SI JOLI9 DBWIISAS SIY) JO SOUIPIAH
*19524d 91e SAWN[ Y} USYM' SIOLII HIBWIISAS UI J[IISAT S199H3 Hene[[esul
pue :osuzbmnou 2891, .\wccumnﬂmE_ Humo.a 2] Ul pareuIwis sy 1.(SsoU[AT]
.:oﬁuoEumnou 301IA3p O
3np AYIIqELEA PINSBIUW e 30UIS Pa1dadxd ST ST, "SoWmy 138 A[fenpialpur
) Jo mco:.m:.m> Fuipear sy) yeqy $89 T/1-g/] MOYE seMm Somunyy 1as21d
24 uo meEE nau: Ul UONBLIBA WOPUERI 24} 18y} 8@065 vlEep oI,
"IWI] UOTIN[OST 21) JIqnop 15e3]
e aie wcosa;ov Emncﬁw B: mom.mu JRUI0.Tje uf “I0jaey, w:EE: oy} seM
. tonrjosay aq) 55 mEEoGE AEEm o+v S cos:_oﬁ.- wE_qu uﬁ 01
[enb3 Jnoqe sem dueLIeA Surpearauwim 9s31d am jo1001 oE:uw 9y} ‘7 BN
ug o.-:uooo.a ,EuEE:mnuE 3y im pue 152} 03 umﬁ woIf PRLBA SOWI
Bot& §N0u-A Y1 10§ dugLEA SuIpBaI (2101 S, “I0NATP JUSWAINSEIW
:oco 10]" GONRIASD, Emvcﬁm Buipess_syi pue’ ‘orewiyso 1539 :ou:w..a>
am Eso:oa&ou oucm:c?m:_vﬁo._ EE EE&Z@E ay Sm__ T.3198, -

m._..__._wmm_

we. . Ue3UW 9Y) Yiim pILIBA 2DUBLIBA
ay ,H_ oEE..Eov oy 30&5 ao.mo ,HQ.* wnq_umo._ sdelaar oﬁq wwﬂaw.m panoyd
aIom SUONEIASD plepue)s SUIpeal Y "Inpadold JUsWLINSLaW (5es
10J 30UBLIBA |B10) 3] JO Syeninse 189q- uﬁ wosy uoﬁEoHo M ‘Fuipeal
911 B S1104 WS SY] JARY D14 ‘{SIOUBLIEA 3] JO 1001 o.E:UE suoIeIAdp
prepue)s wm%.mum *2JBWINS 159G o>n,uEum.=ou ¥ se v&aouuﬁ SEM JDURLIBA
1s981e] oy YA [BLR Y) SSIMIYIO E:o@anco 9OUEBLIEA 91 JO 9)BIUNS
PAUIQIUOD . 189q 9y SUMUISIP 0) pojood, 21am ﬂm__.\ mﬁmou s o[ueg 1o
A AQ paurtiia)ep SE) SNOSUIFOWON SIaM $159) USIMIA( SIOUBLIEA USYM
. Japeal 3uo AQ SBUIPESI [ENPIAIPUL S U9M]IQ 3oURLIBA
24} sa)euse Jusuodwos Suipeal aY) f(g puT [ S[BLI) SHSWENOA) IPLUL 2194
surpeal apdnnur Tay A “siseq Iapeal ojdiynwi € uo jnq ‘Suipeal [enprarpul
UR ()M PRIBI0SSE S0URLIEA 91) JO 2JBUISD 1$3Q a1 SI ‘sjusuodwod §ioq
SIPO[UL [[IYm ‘IDUBLIBA [BIO) Y], "SIOpeal [ENPIAIPUT UIIMID( 3DURLIRA
oY1 JO IIBUINSS UBR SI JdUELIRA 102[QNS JYJ 'SMOIINJ UIDMIDG SIopeal
‘Huowie SOOUAISFIP YNM PIIRIDOSSE IDUBLIBA 2U) $dJRUMSs wpuodurod
moimj X uooﬁzm Y], "SI0 IOUBLIBA SNOLIRA oY) SI81] T AqEL
'S3)BWNSI
Eucanoo soueLeA 1090gns oY) ul seiq plemdn Ewﬁ ' W s)usad Sy

2
“sHuIpER) N0y,
. - S - ‘roneiLasuz 100-amenbs ey,
R TRR _468..9 Cirooo | eszore | ssezooo | . EmL
$9000°0 192000°¢. | LTI00°G | ce0l0dn 12algog
00000 |:<l00000 | -— | ézonoes | -Surpeay .
6 0 - q - Fuipear-1afqng -
| 150000 |- §¥E000°0 . | 9TID00 1RE000°¢ T moun-1igng -
] - - 1] ) Furpeai-moLn g

SLEOBD | qO56000°0 - JPEI000 | Bupear-joalans—moung

Sl i T

& vl sion | e | es) | S g L

CCER - 0RO iy <] - walgng | o=
W[ S| 0| - w687 | ;oo mommg X eigng [

sa1elg 2ayug (q)

g1 | om [ 1 1 s I .
Sobrr T wen b moung x 10algng {-e8ned uod-1es Kienpiaipuy
0z e | s L oL .
ol RS0 TR I~ S e
hoewr | | wsT *mound X j2ofgng | 8523 sprsges Aeniprupa)
o1 s | seo posee ] . | meL X
R R EITS B <1 N B3 41} ~ T ey .
T CoIsen m_.:a B : ..Bob_._mfuo_ﬁnm.. S o juid-asiiy
A P S _...Eo B _30%
N vigo‘) oso0 = [ 7 wookng

R esrr | e | o .sou.:_m:uu_.n_:w.. ©L - 9% opis-1asayy

o : ’ u_.E._E moung-x (6}

T e [ o | w ]| @ . @ 1. W

uoneag |elunsa { . £ |t g - o EE&Eoo e sdikea
prEpUBg, [ Weg .. T _m:._. ! — - o S
i T w0 .

oo.uE_Em
Eo:onEoo oo:u:u__, mEuuum_ 0033 EoEo:-m_.ua—.__ MOld . MouNg ‘7 F1EVL

.2«:@@ :moE uﬁuuanu Ho.uﬁzw.oﬁ OJUI I3 .uoc $30p 11 pue ‘Wi .Stu..oﬁ
ar Jusuodwos j$a818] 91) ST AJURLIRA MOLINT X 103(qs 3Y) Jey) SI Suruoseal
mg Jusuodnoy souRLRA J0a[qus a3 Suneumss wogs arenbs ueal
102fqns a3 3o Jn0:pajoRIqNS J0U Sem srenbs uraw JoLrs oY) ‘(g pue | sy
SHIRWNOA) - ‘UCHEUIqUIOY. moxIn] X Joofgns Jad sjudwainseaww apdnpaig
PIIA-$25ED 10J KISOXH 2MASP [2ED pUE [BLI] YIed I0J $ajel BQu pajoipaxd
2y pue $3uipral S51A3p 341 yloq Jo spauodwos adueiiea oY) uquzmo
o ﬁumn sem ﬁw& 3_::@5 mé,mv 'SVS Jo aupedod JWOOIUVA Ul -

. uonewnsy juduodune,) douwIe A

SIDAD
31[). U SIONID OPRWIMSAS IBOIPH 0] PIsn Sem ajer MO[J ‘plepue)s E:ﬂ
WO AOLINY OB JOJ AJIASP B )M SIUSUIINSRIW MOJJ.[[€ JO. SuUBaW 2] JO
SUONRIAA(] “MOIINY. 9] 10J BT MOY , PIBPUEIS, 3] PAIIPISIOD SBM JUIW
-OINSEIW 2. pue *$INUIBLIOUN SUIPEIT 0} JANISUIS $SA[ ST JUSUIANSEAL
A “IBUIRIUOD YY) JO 3ZIS .3Bre| oY) 0) SN ISUIRIUOY T-£°G] ¥ Ylm
AJ[EOLIIDMUNIOA PAMSEIW OS[E 2UOM SITRI MOJJ MOLINY Y] ¢ [BLY) Surmncy



0se

on-u-.-.-u..-..u-.-u..-.-..-..-

L_Q - E w.ﬁ.a
‘A +5A+ z\_%%

pajewnsa aq ued ‘ ¥s ‘uedw ayj .wo UOIIRIASP PIRPUERTS 3Y ], *PISLIIIUL Si BE
Moy _quEdmu oy .Hc uorstoord 2y} ‘opewr a1 s3UIpEad ajdynur WM
“MOY PIBPUE]S i1 JO JIUH] 3OUIPYUOD 9566 S UM
Ol mco_ESov ueoul [[e sTuLIq JOLR S1JBWaISAS juaredde sny) 1o} usunsnipy
‘ssaujny 13pomg jo :o:dEsmohot:: uidyy Bunmsal £jqissod ‘sjusmainsesws
oEoEEo> o_t E mmB o>€wom_ [lews e Moys ¢ SJqer. pue | “Big

(U Ty = 0) 988 LS =y Jeoos ﬁ 00
AEE\J oo N; uum w €= % 14 oom 61’0 Ec.a m.z? o) uuquumo st ¥y m_.:EL

o . ., - oa E:Qs .ﬁ)a Eo._m
Amaaﬁ_ vuﬂEemmcm._EE ug :oawgov _uEw:ﬂw wn_cwu.. ay Jo uawE:mu uy

" A A%
@ BT :wﬁﬂmm |\€$ T |\{.~% or

..\ wmc_ﬁmoa voE.Smmnw.s
u& uom uuwm:@m ua Om_m amzc._ mﬁ__@ﬁ “bgsaﬁm POYIOW . JLAWNIOA
JY], “BIep. PALLIOJSURI] Y} JO. 2B T J[VL UL PIISI. SIOUBLIBA JY) pUR
‘(8461 12 12 Xog) 23uel Suipeas Y] 1A0 SIDURLIBA 3Y) oﬂ:_nﬁw 8 pasn sem
sguIprai 9Y) JO UOIIBULIOJSUEI] 1001 AJENDS ¥, 90US[NGIN] 25BIINS J2TBM S5
01 3np (s8utpeas 13ySIy) sA1eL MOY J3MO[ 18 SaduarafIp juawaspal pesnpax
2y} WOJJ }NS3i PIOd 2SLADUI JO el SUISEINDP I, . 'SSUIPELI dwn
Ja3xe) T8 ANpiqRIBA: Suipral .Bumuhm §38MED [[n].$119YONq Y} UdYM JO. S
-omwsm ur apuaiagip Aue .%:o:_uowcoo JsuaIat Yidap 19204 2 ur
[2A9] 197eMm 21) 25181 O] vo.::_uﬁ auny} mEmmEuE oy} 0 onp-A[oNI ST ISeoINH
Ay, "sSuipeal STY 1@ UOTINOSAX A1) SAUIT) URASS JNOqE 03 (S91e) Bom :mEv
s3ulpeal mo]-18 (995 7°() UOHNJOSII OY] AJIM] INOGL. WOIJ el wEmmEouﬁ
e Hm vumsﬁoE POYIA JLAHUN[OA YY) JOT. :osmSoﬁ plepuels SUIpeal ayy,

i MURINPS0D 2BTBYISIP: 20YHO
ay) Ebu u>_=wcn_ W3S uE.wmoa e mﬁauGE (239 QrimoneIAD 28elaae
aAysod: [rews 9Y) YSnoyI[E. ‘P 20USPYHOD %6 A URY) SI0w:.£q JUSLH
~2INSEAUI. pIEPUR)S () WO} PARIADP. SIEOW 3] JO SUON ~SIDUIIIPIP UK
=B[[eISUl-218]d 1O UONSNIISUOI-IIYLIO UIOLJ PaINsal 10012 JIBWIISAS 311
TR) Bo:m £ 91qeL pue [ “31q ‘pogersulaid alom s2)e[d 95ULIC [ ySnoyiy

. .. PZIS DOYLIO 10 PRIY [BNUISPIP

_uo._:mauE 5.3 bucuwma:oo ._CE, 10U pIp mcos_m;ou v.:mwnﬂm Burpeai oy

Wl ¢ | SeM UOLRIADD PIEPUR]S JJEINSS 1§34, 9). DU ‘S[RIH oY) Fuowe Jud
-1SISUOD 2JoMm SIOURHIRA JUIpESI-pEY oFedquiod: el URIRIP 2e[d-220L0

WUE §°T S8 Pajewis? 2q s ‘Suipear o3ed

pue ao:s_§m=_ “UOTIANISUOD WA} JO $10Ha SUIPHOUL ‘SOWN[) [DI0U-A

Y} Jo uoneladp plepue)s Julpedl 34 08 ‘0M] MO[IQ] dToM JIpUIBLEAI
Ay} inoy :.on_.m §BMm 182) MY SUO JO s0uRLRA FUIPRII [B10} o1 YSnoyyy

-a3uRl P2INSEal JK) JISAO Y)OOWS AMIR] Sem

oum.t:m Idem oﬁ 08 ‘UIW;F (09:18 ') I0Oqe: 0) ULy 4.8 [°Q INOqe Wau

Auo ponrea juiod Surdes 2y 18 QNG 2PNOLY YL "PIUNSSE Sem ) Yynm ¥y

Bgre
2l (og Em_u.csm.im@ B.Smau_m_.\_ uB3wryz] = HONEIAGD posenbs-UEauI00Y,
0 A S | L D IR A L9 : 2)e[d 20yuQ
.z 1. e+ | o+ | wr .| sgumwen T
0 Looe e sz vz, | oBeBapg
.. : . Huw
. P FENpIAipGE-aum) g
ao e L Y 3 A B 4 A “oes w0y
R R m+ o Loegy oy e o | - aded apig
O T B : C “1esaad-awnf
c o) - R w .| o - @] W
) . uongmep | uopepmep | ueqewap. | uonewsp - oomeq
souspyuoa | .ofeseny. | wmwieyy | . perenbs. .| “eoppsge |
wgeuey [ L |upeurooy | eBmoay
" 1eydelt ' o o )
tsuogelasp” | - - - | T T e
ousquny | o |l e

L eRL v ael

Bo_u_ _u._u_u:mum wod) mcuam_ __so_u_ _uc.ﬁwwmi _._wo_a oL ._o :o__w_>0n_ abeloay. m m...mqu.

.E co:ﬁ.:? oc 0s Eoumanou jou mmB Qimso:ﬂo._ uﬁ :m:on:m “wc_ﬁvo.ﬁ oﬁ
Ess a_Ew:m owao.GE 8 uuﬁ:uu mq b:ﬁﬂ?; wEnﬁ: 2: ‘safe3 yloq Iog
"P[2Y 9Y) UI pazZI[Eal
skeje uan a0, :oa_uua §)E Jo mowﬂzm%m 3 18yl 3sN 0) INIIFIP ARURAD
-ins st ummm ::oa u_n_wtoa oyt mznoﬁnnm -&Beg 2: jsurede snpsnistn
aoeLIng ,_855 vo?ﬁu 9yl 0f anp 35pnfo ::oEG o.ﬂoE 2q 01 vBuo&B alom
mm_.:umu._ Fed- u?w ST, “IR[IULS 2134 SUOIIBIADD ? vsﬁm Fuipea1 ay ‘298

.E_cg 2iqeiiod oE pug 2383 opIs vu_woﬁ =09 211 an UIm suma uE:c

oEmW a :o oﬁﬂ: maB mE_EE peay oy usym ) $3181pUl T o_am L
*“pofiiely 'aq 1$AUI’ voye[IEISII puy 327AIp
243 ‘sjuotEansEatl Eoﬁﬁumocﬁ Anif) 50,1 *X0ixs SHewidisAs ur as¥atout i)

01 JUdfRAINDY ATYENOX 29 (L. AJUIBLIIDHN WOPURI Ul UOTINPA 2L “I0LIS

£ [el
E EuEQ_:omoE pii u:ﬂm Eo._,_ ma«wm MolJ painseay :uo: 10 m:o.ﬁ.:on w ‘o

[Reaiiy

H _.__E\ |= m._.d_m 304& n_mdﬁZd._.m

OM, i OnM B
: ERER e 9
: +.}|m._-m
- o . |¢lm I
i L ot i g
.|NIM .
By T S
_ _ it . . o 2
- : S _“u. N A_u...
v 2 SRR S
.. M e + ¥ W
. @& v ® ¥ o Im+:ﬂ il
. o A .!.v... o
a ) ® @ i 0
B 0+W
. . o . ﬁ__aa l_ =

o



it
‘£Q61 IN04AT) $SO] ey MO] 18 AJureLadun Y3y snij} pue sonel y/¥g mof pue

§$S0[ pesy Y31y o) anp weansdn SHONIPUOY INRMYIBQ JAISSIOXD JuaAaId OF

PaUUL 3q IS IFUes SSOf Peal ST " 3B MO [Im AIPIdel saseaIdl 23910
ue .._szﬁ wmo_ umu; E: moa_a 207LIO mo 3_23:% Mol 2y 0] angg
. S . I .wwo— 30—._
pui 3dAdp” EoEE:%uE ::3 m_o?a AIBA SANUIBLIZOUN JUSUWI2IRSEIW
Mo) sormy padefosd yeyl smoys 7 “81d "umdy T 0071 oF dn pIjeA.ale- sanea ¥s
PaInSeIlF 2y} 781} uondwnsse 9y) U0 IFULT PAINSEIUT UILFT-(G ) SADYE
sanjuIeLIRUn- 9103lo1d- 3mndy ay) Byl JoN *¥S7 se paIe[nofed sem (] = )
TUSUISINS B S[FUIS 2 10] ¥5 08 ‘)] SOUSPYUOS %4C6 S JOT °T = # *STUSW
~2UNSEAW JO° Iquinu IFAE[ B YA PIUMILINSD I3M SUOHRIAID -PIEpUR]S
Bupead paalIap 9Y) S00IS STUIPEII DUIDWN[OA 3Y) I0] IAT - 90 (- pue
‘SQ0ULIO 3] JO] WU ¢*| “SAWNY 21} JO} W ¢'[ = ¥§ YIASIDNAIP pIapnIs
oohﬁ oﬁ uo bz_ﬁuooc: EoEE:wﬁE MOjJ paInseaul oyl SMOYs ¢ i1 -
S .y MST ORIy} puR A Y)ogi o) Eco:
.._OQEQ 8t @ MO € JO JUSWAMSEIU m._.: 01 AJUIelIadun JANR[AI 24} ‘SO

S ag) T

ﬁ?Euﬁ §1. 9075 bcaﬁoocn ”EuEE:mmoE
Bor uEE_E uE .8.« :o_mwu._n_xu ue ‘¢ wm our Suniesul pue /by Aq g

by mEu.Zv mm_ M oEﬁ LUl UBE_ are. muo;uw _..,Bmoa mﬁ JO $911AISUSS Y .H.

@ ..... :.L;%uxl

| ul

N Y1 bSEEuw
ay1 n by .wd:m:so._u.ua »m .oo?o_u 4 mo mo,a Hno:oom mmEq ‘nonsas
_o.scoo ayr » _.mco.to_uoa 81 Euaﬁoou ofl mEoEo.SwaoE quEEg
.ﬂo@ 1—- 95 .muucao 101 §°0 “EEB pue sawng .-ﬁ:m:ﬁoo,_ IOy ¢°7 “smam
pue moE_.E Papis- mq_ao_m Joy ¢ 7 Inoqe 2l sanfea Eo:on_mo ayy, bPE
‘o.m%o._ Emcoaxu pue EuSEoou o@.ﬁ:um_ﬁ oo;ou oﬁ " _Ec v 0.5:3

SRR . 5 N , mg_aanuE
.e._n-wmo—‘.io_u __so._._:u— mﬂE... ._.o,__ h«:_wtco.._: WewaINSEal MOId- SAIEISY T "DIJ

T . il el

v AEE\JV v} m._.qm_ .,Son_l._\ "
. - . —— 6z LB
oo o op e g f
o . . =8
#Did 20 ) ] . M.
BoYiHny I... I . w.
J M
1.4
- s, L
EYIETTLIEYY o %W C
T OBLE 17 ~mMm
. ' . Lo ||n_ m T
awinj 3 mosIng B
YDJON~A ) T W_,..
M Joz i

T e AL A b

4=74

: . Aq EEEEEQ% 3q ued nEw:o:Eu..
um&:omﬁ ay) mooSuv awaiInseaw Moy adA)-ofieyssip:peay 150W pue
SIDIAIP PIIPNIS 3Y) 10 ‘PIINSLIW )2l MOJ) Y] PUB I2IASD JUSWSINSLIUW
oyl Unm Area Jilm AJAINSUSS Y], A)UIRLISOUN JUSWAINSEAL Suipeal
uaAld v I0J. Equ.Em.muE dJel MOl, Jyt Ul 55550:: 2U) SOUULISP
MEQQ “O0IASD JUSWINSBIW ® jo bSEm:om ) Jeyy smoys ¢ by
) ..womﬁ:m%w [enusjod omoﬁ.uoocﬁ wEuEu.SmmoE peay swng
nuwn.: A ) 0). pajedwiod sjusuidinseows peay E::o._u.ﬁ_ﬁ ajeid asyuo
3y} 'JO ssNUIELIAdUN SuTpeal poInsesw ofeloAk JO|EWS puUR JULISISHOD
srour oy, “JEod 3.::8 QMEN[Y A4} WoJy W o07 St uied Suided o) uaym
Surpeas JWNy MOLIN] B U] 0112 WHU-§ © JAq ‘Lrede wi O 218 sjurod Suides
3y) usym Jutpeal a1epd 90yLo PadISWqNs B Ul IOLIS WU-/ () & A[¢0 Jsnes
[ Jutod [O1UOD 201A3D ) 0) JAIIE|2} [2A2] JO N0 22159p ouo wmep >Fes
Y "SunaAl] ofed 0) AJJANISUSS paseatdap 0] pue uomtsm Joresm [mbuer 21))
0} yjoq’3np o[ 2q p[NOYs AJurelrasun SuIpeor ‘snyj, 2oyLio ay) ysnoxy
Uonenuod MOf Jo jundwe o831 o) 01 anp e(d 2] IesU adem |ms
zuéa_u._ u uEzmﬁoE 239, ued-a1e[d 3dyLIo ue Joy s3uIpeal 80| peay Ay, .
‘HONeAdd Wwnep afed Ul s10L13 03 onp
18y pue w:.vau.h omam Ul SIO1I3 03 2NP 1B U3am)aq vﬁﬁamm 3q j0UUBD
AJUIELISOUN JO.921N0S 1) ‘opBW SJUSWSINSEAW PRY 9Y) WOL] ‘Pazijear jou
ses judtusaoiding [enuajod 2: ‘ddeyIns Io)em SUimojl 2y} uo pash sofes
mtod opqeiiod {[Eis oy 10] “1ey] 91RIIPUL SIUSWIINSESW KI[IqELIBA ‘Surpeal
oy ‘ISATMOH "Hom SUIS & Ul uom: b m:m.o@%o ﬁ:ﬁmﬁ € Jo-udismaid a1
s EIUr hrey-98e8uiod e se- :o:w @usvw. [eduByssw Ay wuu;ou juswaing

-vowl JO 1365 piie yng oﬁ ‘oseQdol’ :oamuouz.mb 1wod Burded’ pue sfiaK

Sunuis iog (p8s1 e 19°50g) ES& TONUOF 2MALD 2]} Feow [[oa SuHis &
oy “auff Sinssard v e1A ‘Jurod-Fumided dy; Burresorsuen Jo wnyep Juiprol at
m:Emzﬁumo BSIMISYI0 JO 3AIP 9y FUIPAS] A|nyaied (7) pue ‘[{om Juifis
® UT S¥ [ons Jorem ([is U1 sBurpeal Siye; o/pte mof 2q A Jod Suided
uﬁ 1 SIQUINW-IPNOLT- 1R 19NS 931A0P oY) Smusissp pue Junos[es (1) 3
§I1AIP on_ﬁ-um.a:umﬁ peay Ul poZIWIURL 3q [ Ajureposun Suipesy.

. © 7 roBUel MOY PAUNSBIW 9Y] Y AYANISUSS ZINEIUI 0}
PIZ1S PuE UISOYD O PINOYS SIDIASP PUE ‘SUIPEDI 94 03 JANRJAI AJUIRLI35UN
SZNUTUIL ST STHIPRIL. “AIUIRMIFIUN JZMWIUNG 0] ‘SO 'SOIASDP 1) JO
AVARISUSS oY) pue SUIPEd] Y] UF AJUIR1I2501 3Y) U0 JuIpuadap. AreuiLid 1
moosmﬁ ﬁum: ﬁ:m vBEn_:ao bhuao.a 11} 3:&:35 EoEo.EmaoE Mmofg-

L

S _ SISATVNY
o...m..:ooa b»:oaﬁzm Emoa&w Z 'bd ur pasn uonewnrxoidde
SOLIAS JO[AR], oI 05 ‘gp 3 UlY)Is 0] SISED JSOW T} pue ‘%8F UM O
UONEIAID PFepUR)S JUSWAINSBIUN 3)T1 MOY Y} wouoﬁo.a UOT)RIASP pIEpUR]S
w:-vdwu uﬁ muE: E_Z:m:um oo?oﬁ ) ‘SMBI MO puR SODIAID [[B JOJ
"%¥T Aq 10 ¢E0°0
O 9O Eo..m sfupear: ﬁ.o.E&w:g 941 JO uoneIAIp PIPPUE)S YY) 20Npai
pinds¢ [eAprAlpul ve 10y sSuIpear inoy jo ueaw ) Surznn ‘¢ pue {5159
.Sm "($1opRoR)S12[qNs Jo ISqWIN = ¢ pue $1oafqns Jod surpeas ,«o Jsquinu
4 {g1ewpsd JUBUOAWOT JoueLBA 199fgns Sulpess X monny = 4 ‘oJW
.:..6 WaUedIgoX ooURLIRA uuomu:m X mouny = S74 topumse jesuodurod
dduerres Surpeorc:¥4 (91RWNSI Justodwod AUBLIBA 10qNs = A alaym



1414

‘oyep] ‘AHSQUINY ‘I2IU2]) 218380}y UCTIRATASUO.) IATY AYRUS 2] WOJ J[qe[iear
rodaa paysiqnduy |, SIUINY MOXINg A JO I8 pue Toye[eIsuy,, "(39241) [ "L ‘InoJa],
TEI=£01 “(B)6Z "HYSY 'SUpdf . 'asn p[ay pue
uSsa(—1] 118 JUSUSINSEIW MOl A01In] J0) sajepd 20(LIQ),, *(q9861) T * L ‘moiL
'901-€01 ‘(16T ‘AVSY “'sunif | uoy
-eIqI[Ey—] Wed :JUSWAINSEIW MO MOaIn] 10 SaJe(d YLD, “(BORGT) '[ * I “WN0d],
1409 (1601 “AISY *843uF “upaq puw
“Spadf cp | $80] JATEM [DUURYD UO 103]9 901A2D JUSIIRINSEI],, "(E£R61) [ "L ‘Moa],
*O°N ARy ou ‘IMUSU] §YS CSINSAVIS japmad s a5 §VE (Z861) AMIMSU] SV
871021 “(2)E1 AYSY “subif s« MEILIAINSESW MOY |SHHRYD
uado ._o.w sawng [eprozader],, (0951} d VY .na_.,unEm_._U pue Yy 'y .comc_ﬁ_om
TET AN ﬁo? MIN “IdUIRH ‘[ "jop
P PUT "sousupis fo Li0ays paoubapd Y "(£961) "V ‘MEMS pUE D W “[RpUY
(81001 "X'N
Frox maN ‘Aempeolg O] ISNV Woll a[qe(eae) (F)8/67 ‘891 O8I pivpumig
JPUONDHIATUY | USWIAINSEIW 3JB] MOQ § JO AJUrelIasun Jo UOMBWNSS mOf
PNy JO WAWRSEI,, (8767} (OSD) UOLRZIPIEPURLS 10] UONBZINREI() [EUONRIEAIU]
"CETTEL AN “YIOX MeN ‘sTog pue
Aalipa Uor ~Suipping 13poty pup ‘Sispuy DIop 'UBISap ©f UOHINPOLIUY HY 1543
<quziiteadxa 10§ s3sypig (8461) *§ °f SIAUNK pUE "0 M CI9UNY “d "H "D ‘xog
‘AN “YIOA MaN ‘SUOS PUe AS[IAN UUO[ "SwaIsAs jouteyd wado of
sauny Supnsvati oLy “(F861) ' TV “SUSWW]) pue -y [ ‘93oiday 0 W ‘sod
*SPUBRLIDYISN oYL ‘vasuruafesy ‘wawaaosdii] pue uolEUR[DSY pue] I0f
2ANNSUT [RUOLIBUIRIU] ~S247ITNIFS JUSLIINSOIUL IB409384(T (9L61) D2 "D "I ‘soq
"PPCTPS UM ‘ydesof
g ‘s1sufuyg [empnouSy Jo A1900§ uBOLRWY Pl wil ‘yooqwad sizau
-18us o8y | 1'6SES PIEpURIS HVSY JUSWRINSESW mof uonesLu J10J
sowny [eplozadell,, (£861) "(AVSVY) s190mSuy [eIMMALSY Jo 4101505 LAWY

$3ION3IHIATY | XIONIddY

" AJRINIOR JUIWAINSRIW AMO[] PAIISIP JAINYIE O PRI ] UAJO
IS0 Eca.:m:oo S8Of peayf paMo[ie 10 9fuel FESWIMSEAU Palsa(q b
. - aBuel Moy Jo siied 1040 90T PoPIYIXS PUR 255 POPIVIXI
m:ﬁozom wouguﬁ ﬁBmB uu.:._... n.:.a. bcatuoa: JUSWBINSEI MOl ‘¢
A i 1300 o) Jo 1001
P:E_um ay 5:5 paseatout hEEtuunz JUSNIAINSBIW AW JHIAUN[OA T
"W ¢F SBAM 00uIns JdfeA-BaiAop ootus A[BAe[os € uo suem
-uYo3} pastaIadns 4130y Aq proy Uy UT paInsealll SI0IAP JUSWAMSLI
moy adAy- ow.anow_v _.éu: E«Em up &Eaﬁou:: JUSWIIASEAW peal ‘|

g o SNOISNTONDD)

(._ .Zf.
EoEo.SwaoE :o:ﬁ_:c:_ po, Eoobo oﬁ woum_ﬂa @we Aayoep
pue noij).. .S%n_ uoiiedwod vy, 7 SHUSWDINSEIW, WOYRNIEAS HOHBELLI
PUER UONRIYUI JO-SANUILLIOIUN Y} mpou.m_m A[Eucns pue pawm Ajuowniod
St uRy) I981R] SI SIL "g401 POPILOXD U0, SADIASP PaIsa). ay) Jo san
-UIE1I90UN JUIMIAINSEIW MO[J ‘SINUIENISUN SUIPES] PpAUnsedu oY) YIm
~pasiagadns A[aS0[2 PUE DOUIEN 319 APNJS SIY) Ul SIOPEAL
oyl "Iepead Y] JO 2wy pue Suurern 34 vodn puadop osfe [a Awre)
=§95Un Fuipeal peal “}S00 pue :o_umo:n_Ecu FNQ IDTAIP 2SBAIDUL SHUL
-oa0adun 3soy ], "Juiod [0JJU0D BDIAIP 3} JEIU O] pajedo[sues) St peay ay)
L) b—ﬂoonwu sjlam Sulms yna paOnpat 3q UB) savlaap 23ieydsip:peay ul
Arepasun Surpesy WU p—7 2124 ST ANUTEIIOUR 9466 STYFPUE WL Zw]

R it

g5¢

Jo-aBuer 2y} ul a1am dvLNS JaTeM FUIMO[) Y] uo safed puod 10 aprs Yum.
SuoleIASp plepuels E0Ipedl peay PANSEIH JUSWAINSBIU Ju) 10 Peayy
3y} Jo Aovanoae ay) uodn juapuddap om_m §I AoeIndoe EoE&:wmoE AO[].
§50

ku.._ 29@30:« mEmmEoou pue afuer I SasBAIOUT ESEm:om pue ¢ Eoth
Suipeal peay 0} 9AIISUSS JSOUL SI JUSUWDINSEIW MO} WO -ISASMOL]
JUIUWAINSBIUN DB YY) JO 9407 'UBY) SSI| USYJO 81 850[ pesy pasmbai
‘sowny pyeosy)-300] {lm ‘puB. SMOY JO JFuURI OPIM. B JINSRAW saummlj
*$S0] peay a1) 0) [enbs sI JUAUDINSLIW PBIY, PUB MOlIed ApUonbasuod s
J3UEI NG ‘APATHSUIS MO[H]} 0) 20P DIRINIIE Affenudiod are SUAWAINSLIwW
soyuo podaowgng CAseandoe pur afuel snyy pug 2Zis- IDUIBIUOD IHM
sasearoui 1312y [[2J paanbal oy ], Io1em SUif[e]-901] JO SI91IWIUID [RIFASS
a1mnbai 1nq syeInoe AjEnUstod A1 SJUSUWIAINSESH SLAWINRO A - SEO] pesy
pemolje pue ‘a3uel paaisap ‘ AoeInaoe paanbaruaamiaq go-apell ay)Sunen
Teas o.::@@. ::5 =o:uu_um 10 :w_mou oo:ﬁﬁ EoEo.:._mauE Bo: Bo.::h

| AHVINWNG

’ . . *SAMAP EE»@E
qim uwsE ScuEEmmduE Suuredwos mn_ PS1eWNS? 3Q Ued JOLIS JIBIAISAQ
‘WOTIALID S1Y) J3W $30ASp Pa1s3}) 2y} SJEdIpUI SIUSMIAINSEIW u;.r ‘UTF
UIEm 0] 21.INIVE 3q O) papodal ujo aie’ SUOLJRIIED 30IAd(T ! “sadIARP
pasn pue psreiqiey Apsdord oy A[dde Loy -iols onewalsAs Aue apaful
Jou ou N m..r._ ur :Bo_._m SIMUIRLIIOUN JUSWAIASEIW MO MOLIN] 2,
*o3URl JUSWAINSEIUI S} $ISLAIIIP
b_zu;com mwo_ pue ‘syydsp mop ureansdn 2SE2IOUI SN} pUR SUORIPUOD
0] . JeoHLID I0J §SO] peay 19182 aumbas m:ﬂu:ow sqidap mop Ixe21§
‘1I3A3MO “UOI3S {01100 _muﬁomo%b uey) I9yyel E:wzﬂunz e Jursn 4q
n Eo:eaxu :o;azcu um,aﬁ_uw_u ayy m:.mau..ou@ aﬁ_ pue ¢ mzo;u.mh:oo wojog

,nmﬁ Bﬁm,_ ApIs. (i Jeoty; © Fursn £ IO [PIM JEOIY), . wEwmo..ooﬁ £q

yidop mop 10 pesy 5y} memo.GE Aq (¥s Esmcou B ]2 paseaIdll A0eindoe
SN} PiEE). PRsesrddp aq pl0o bS:.m:ow sumnpy E_um%u Wy - 8_
Aeyewrxoadde Sy JO 9408 01 du 950§ UeY) 1318aIT ST JRUY Ajurenadun
266 S '# anfea Jusuodxs uonenbe aZreyssip udy oy o anp %HQE_E
‘93ULT MO IOMO] JY) UL 3MAJP JNBINOIE JSEI] Y} ST IWNY YIIOU-A L
g eniy) pue-atel 3sesrdul (dap ) ﬂoo,ﬁw ‘(onel vEEo?S.suum
savuns) adeys Isumeluo)) -aures 2y) suewa) ¥e Jupunsse ‘g ‘B m
umoys Aumesoun syl (£ SI/8L € AN ITRY IN0qR-3q PuoM I2UIRIU0D T-£'§]
3} Y)IM pIInsedw s)el ACH PIEPULIS ay) JO Ajuleliaoun oy} ‘ojdurexs 104
‘SIS JIURIUCD 0) BE_E A[osIoAw ST ATIADISUaS ‘pasn 3q 1SN 12UTEIWOD
,_om.a_ e ‘smop JoyS je ASRInOde ielliel O ‘sSuwpeas 2w [ews pue
Suipy Jourejuos pider 0y anp ‘aBues-1oddn 34} UT JINODE 15| Jng STuwl
MO JOMO[ AU} 11 AJRINDIE JS0W ST JUSWIINSEI LUIWNOA T-8L°€ YL
98’8 2Q pnom 3:.3..3:: WINWIXeW 3Y) WU $ 933m J|
$S0] peay JIMO] oY1 JT MOIT] AJUTRLISOUN WINUIFXEW 3Y) SAYSIqRISD JIUI] SSOf
PEIY 1340 31} 1Y} JJON “SIUFR1SUOD SSO] Peal} 353 UIqIAM UIW/ T 00101
WOIJ JINSEIUL 0] PAUMDII 208 SOZIS IDYLIO IOI) ‘SMOYSE 7 “S1] sy "saerd
20YLIO S[OYH[NW YONS 1] $$304d :m_mov Y} 52qLIDSaP (Q9RE]) INOLT, "€
JO AJUIRLID2UN JATE[RI WNWIXEW € $AY] pUe Wil (] Jo SSO| pesy Wnlljui
B UL SHNSAi YDt ‘Sa). [7g PISBAIDUI 51 BAIE IDYLIO “WW Cp SPIsdxa
Z "33 ur umoys -sjdwexs SY}-UI $SO[ PrAY ) U M. fArpuanbasuo)) “(qoge]



Trout, T. J.-(1988). “‘Inflow-outfiow infiltration measurement accuracy -J;. Irrig.
and Dram Engrg., ASCE, 1142}, . o e A v

-APPENDIX _-ll. Noumou
' The following symbols are used in this paper:

. coeﬁicnent of measunng dewce dlscharge equauon,
number of subjects (readers); .- . .
measurement uncertainty or one- half conﬁdence mterval
relatwe flow. measurement uncertamty, . '
number of measurements used to calculate mean
flow rate; _ _ _
device reading such as flow depth in flume; TS
humber of readings per subject '
-standard deéviation = VV; .
Studerit’s £statistic (two- talled), : EERRE
exponent of measurmg dewce chscharge equatlon
variance;
furrow x reading x subject variance component estlmate,
furrow x subject variance ¢omponent éstimate; -
reading variance .component estimate; and
-'subject variance component estimate. © ¥

&1 .

<= oo T try o n

I | T | N | I

<
EEEN

I O O T

By

Subscripts

reading; T T
flow; and '
mean. -

o

IO



