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FOli.EHORD 

This report was prepared to correlate and summarize the develop­
ments in the hydraulic laboratory of the Denver office from 1942 to 
date, on the repair and rating of current meters, as the result of 
the assignment of that duty by the Commissioner of the Bureau of 
Reclamation. The complete report contains a set of drawings of de­
tails of the type A current meter, a drawing of a wading rod for the 
acoustic 616 meter, a copy of the article ".Iew· Fivots and Bearings 
for Small Current .i:eters," a tabula ti on of current meter repairs and 
rating from June 1, 1942, to February 15, 1945, and an abstract of 
correspondence. 

Since those i terns have a limited interest, and since it api_,eared 
desirable to give the report a wider distribution in an abridged fur1, 
that :naterial was segregated in an aPI.endix which i',as been orn.itteci in 
the abridged edition. 
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1. Introduction. In . ay 1942, the repair of the .current meters 
belongir..c to tlte Bureau of Re�ia::mtion was transferred fro:;-i t�:e Di vi­
sion of ?ield Equi:1ment of the Geolo:::,ical Surve:r in ';'iashin[ton, D. C., 
to the hydraulic laborator:-· of this Bureau in Denver, Colorac1,o. In 
the :.nterj m, certain chane;es in procedure of handling and improvenent 
of desi6�1 have been made. The present practice is surrunarized in this 
report. 

2. Improvements in repair of 623-type meters. As experience 
was gained by tlic h;yd1�aulic laboratury in the repair of the current 
meters, it beca1ne apparent that an improvenent c,f equipment was neecie(:. 
to reduce the excessive repairs required. There was in use in the 
fielc. seven different types of Small Price current meters: Acoustic 
616, single contact 617, penta contact 621, combination 623, improved 
622, type A, and type Alt. There were also in use three different types 
of current meter weir;hts: Tor; edo, elliptical, and Colwnbus. ''ii th the 
different sizes of these v,eir;hts and with rod ratings, there Vlere 29 
different Fays of rating meters (figure 3). 

Repair parts for the older types of meters ·uere difficult to 
obtain and the s inGle contact 617, penta contact 621, and combination 
623 meters were obsolete, their use having been discontinued by the 
Geological Survey in 1925, at the time of the acopti on of the i:nproved 
622 which has since been developed into the type A. The type AA was 
of a more recent development but was never vlidely distributed and tne 
few in use in the Bureau have been converted to the type A by chani::;ing 
the shaft and pivot. Torpedo weig)1ts were outmoded by the Geo logical 
Survey in L:126 and elliptical weights in 1934. The reasons for these 
various improvements are discussed in considerable detail in "Stream­
Gaging Procedure - A :.:a.nual Describing n,ethods and Fractices of the 
Geological Survey" Geological Water Supply Paper 888 g copies of w,ich 
have been sent to all project offices. 



Early in 19 44 .  a pro gram was formulated whe reby t he Bureau current ­
mete r e quipment could be modernized and s tandardized to ke ep pa ce with 
the d evelopment s in the Geological Survey . Plans were made so that all 
the old  s tyle meters and acce s sori e s  in the Bureau could be recalled 
eventually for replacement by the type A meter and its  sus pension e quip­
ment without a ny d i s r·c1ption uf s e rvic e. 

By c onsu ltat i on wi tli th e hyd rographers in the Denver office of the 
Geol oci cal :Jurvey and an interpretation of the des c riptive mate rial in 
Geo l o0ical Survey Wate r-Supply Pa.per 8 88, 1943 • page s  168 to 184, .i n­
clusive , fi gure 1 ( 40-D-3631 ) was prepared showi ng the gene ral a s s em­
blies of e qu i pme nt us i n8: we.d i ne-rod and hand - l ine suspens i ons . 

It .ra.s impos s i ble to obtain  delivery of c e rtain repair part s .  
Acc ordin6ly , d rawinr;s \';ere prepared showing th e as sembly ( figure 2 )  
and d etails ( firures 9 to 13,  :i nc l 11s i ve , a:-- i-,en<lix ) of tl:e pa rts o f  a 
type le neter s o  t hat un'3.va :i lal.J l e  j)O.rts c ould be =nade in the labo rr,tory. 
Spec i ficati ons in Gene ral S cl,edul e of Supp l ie s , C la s s  l d ,  fo r items 
18-:.!- 1 2 1 0  and 1 2 1 J-lOO, were fol lowed i n  prepa. ri nc the s e  d rawi ngs . 
Subseque nt l y, shafts ( 12 ) .  pivots ( 1 7 ) ,  pivot bearincs ( 16 ) ,  yoke s ( 8 ) ,  
tai l p i e c e s  ( 1 0 ) ,  anrl b alanc e 1ue ichtr; ( 1 1 )  have been macle i n  suffici ont 
q�antity to supply urgent needs and alleviate delay in re pair of nete rs . 

The most difficu lt material to ob tain was that for t he pi vot and 
pivot beari ng . Ac c orii..ng to infor-nati on from the Geolo:; i c a. l  Su.rve1 , 
A-m•3ta l -.va.s used for t l 1is pu1·pos G 9  Cne �iece each of 3J8 -i nch, 5/1 6-
inc )--. , and 7/1 6 -i "'..Ch round ba r 10 fee t  l onz;, C' . H. sp,�ci al ullo;_,' "A" 
metal , annea l erl , ·;::, s obtained f r.>ra tne Universal Cyclo;_·,s Steel Corpora ­
ti on ,  Titusville , Pennsylvani a ,  a t  8.f•proxi ma. t e ly JO. 5O per  pound . T he 
s tudi es lea.d ing to the a doption o f  thi s pa rticular metal are des cri bed 
in ":i le:iw ?ivot s nnd Beari ng s for Sma l l  Price Cu rren t ,.Ie ters "  by R .  L .  
Atkins on, C i,il .�n;::;i n0e rir11j, July 1 93 ;.5, pa 0;e 3J2  and 3 J 3 .  

The s pecifi cations fo r the pivot r equi re that 1/8 inc h  o f  the 
pivot b,..1 har:l ened a .1d t em�,c red co a Rockwell hardne s s  of not le s s  
than C -5 7  anc� not "TJ.ore thRn C -5 9 , I t  :::.lso i s  require .1 th�t t:1e boa. r­
ing be fro·., t:1e s a.:ne material as  the pivot , that it s l  ull be highly 
r-o lishe,l wi th a mirror fi ni s h ,  and have a Roct...-we l l  ha rdne s s  of nu,; 
les :; t!1an =: -6 1 .  -

A s toc;;. uf lb -lb . bronz e and 3O -lb. leaJ. Co lumbus -t;fpc current 
mP.ter wei rhts  wr,. s rurcha s ed frorr. the D•:E1ver ;.:eta ls  Found ry C :r. ,Ja'UCS 
nenald e ) ,  1723 B lake Street, vrh,) ho.s o. c o,:1ple te set o f  patterns for 
current -· .1eter we i r:ht s • 

.Vi th thi s  sma l l  stoc'< of •nat0rial on .. a.nd , as tb.0 o ld-s'..:;�•le 
meters we re received for re.1:-,airs anJ. re.t ine; . the project wa s con­
tacted as to the pos sibl e exchange fo r a mode rn type A mete r . I f  a 
type A mete r w a s  received with a request for a rating a bove a torpedo 
or elli pti cal we i r;ht ., the pro je ct was requested to exchange tho s e  for 
Columbus wei ght s . Thi s program ha s progres sed to the point where 
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approximately 30 percent of the 623-type meters and al l o f  torpedo 
and el l i pti cal wei ghts have been junked and new equi pment supplied . 

As the 623-type meters were junked , usable parts were sa lvaged . 
The sa lva geabl e parts are  usual ly th e bucketwheel and tai lpiece . The 
ni ckel rlati ng was st ri pred by a reverse current proces s . The bucket­
wheels  were stre.it�htened , re3o ldered, and rebalanced ; the tai lpi eces 
strai ghtened ; and all the parts buffed , poli she d ,  and replated . The 
rec la imed pa rt!-3 we re th tm used i n  the a s s ed, ly cf ty:'c A meters . 

Instead of  a tabl e ( fi �ure 3 )  of "Coe ffi cients  for Obtaining 
Cable He.tings fro1�, Sta nda rd Pounct H od Hati n�s 11 with 2 7  d i fferent 
methods of cable suspe ns i on .  a s imp lifi e d  tabl e ( fi gure 4 )  ( i s sue 
of July 6 ,  1944 ) has only s ix me th ud s of cab le s us rens i on . Of the 
s ix meth od s the fi rst two are requested most  frequently . To avoid  
the  neces s ity of  computi ng �ting: t a b le s  based on  these correc-.;i ons , 
lmle s s  otl: s:;r-, ,i. s e  Gpe ci fi e d  by the project , all  type A meters  are  s ent 
to  tte Bureau of Standards with the request  that they be rat ed a s  
fol lows : 

Rod witl'. s l i d i ng suprort 
5 . 3 i nches above a 1 5-pound C o lumbus wei ght 
4 . � i nches above a 30-pound C o lumbus we i ght 

S i nc e  the c oe ffic ient for a susrens i on J . 3 i nche3 above a 50- , 75-,  
or 100-pound Columbus wei ght i s  1 . 00, the ratine- ta o l e  for " rod w ith 
s l i d i ne; support" can be used wi th no c o rrect i on for those  sus pensi ons . 
An occasi onal request i s  r eceived from a rroject for a rati ng '.::i . 8 
i nche s above a 50-pound C o lumbus wei Eht . 

• 3 0 Improvement in repai r of the acoustj_ c 6 1 6  meters . ln the 
repai r of the a cousti c meter ,  di f fi cu lty was enc vuntered in obtaini ng 
a sati s factory adjus tment on the smal l c la. � ·pe r or �:ra.s shoppe r which 
st rikos the diaph ragm on every tenth r evolution of the bucketwheel 
to make the s ound f r0T11 vrhicL thf: mete r d eri V'..?S its name - Acousti c . 
The mete r c o ld  be adjuGtAd to a good s pin test wi thout the rra s s ­
hoppe r ,  hut n!'on its  inserti on ,  the drar of the c l apper s l ows the 
mete r e.rpr cc i ably . Indi cati ons arc that hydro�ra phers  have had dj f­
f'i c u lty in ke opinr these  meters i n  worki ng- cond iti on . The diaphragm 
i s  suscept ible t0 rusting due to moi sture i n  the chamber above it . 
The poss ibi l ity of modi fyinr: the meter to  obtain a n  e le ctrical  c on­
tact i nst ,�a.d of a mechani cal contact wa s c 0n::; idered . Indi es.ti ons on 
a c ouple of old neterl". vrcre tha t  oth ers had attempted , unsuccessful ly, 
such a c onvers i on .  

;Jeter BR-375 , a n  o ld acou3tic meter i n  stock in the hydrau lic  
labor atory ,  was rebui lt b?  removinr the  r, ra s s hopr e r  and ins e rt i ng an  
e lectri c a l  c ontact and gear  to  i ndi cate every fi fth revo luti on ( fiv,ure 

, , l'he r,ea r  i s  the s ame as used in the 62 3-type mete r .  The dia­
�hra gm was r ep la ced by  an e lectrica l contact wh i ch completed a ci rcuit 
v;i th the wad ing rod as one s i de and an insulated wi re suspended through 
the rod as the othe r s i de . By using headphones attac hed throuih a 
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s pecial  conn ector a.t the top of the wading rod ( fi gure 13 ) ,  the meter 
can be  used in the same manner as a. type A meter . 

To  di sti ngui sh between thi s meter and the rerular acousti c meter 
which is referred t o  by the ;-i . and L .  E. Gurl ey Co . ,  as the acoustic 
616 , the new meter is cal led the modi fi ed 616  ( fronti spiece ) ,  which 
des ignate s  the tai l le s s  yoke a.nd the conve rs i on f rom acousti c to 
electri c .  

lieter BR-875 ,  the fi rst mod ifi ed 6 16 meter ,  was sent to the Rio 
Grand e proj ect for t ria l use during the seas on of l::144 . According; 
to a report from the project,  its behavi or under fi eld concit i ons has 
been sati sfactory .  A request from the proj ect for the c onvers i on of 
three addi t ional meters has been completed and s ix more meters i n  
stock have been converted .  

In s upplyi ng a requi sition for s leeve-jointed wading rods for 
use with acousti c meters , it was neces sary to make them in the labo­
ratory shop . Both ends of the s e  rods were reamed during rna. ch .ining 
for later i nstal lati on o f  t:1e wi ring equipment for use with the modi ­
fied 6 16 . The -0esign of this  rod i s  shown i n  the a ppendix as fi gure 
14 . 

4 .  Deve l opment of a new tai l le s s  yoke current meter . The reaction 
i n  the fie ld to the modi fied  616  current mete r was that the elir:ii nati on 
of the gras shopper and diaphragm and the substitut i on of an e lectrica l 
contact was a general  improvement , but that th ere were a number  of 
other improvements that could be made .  The long s le nder shaft of the 
acoustic  meter was subject to vi bra ti on and v1ear,  the 623-type pivot 
and bearing we re not suffi ciently s turdy to withstand the ha rd usage 
in  the hands .;f relatively inexf.ierienced personne l .  The idea of a 
sturdy tai ll es s  yoke meter had been di scus sed frequent ly i n  the hy­
drauli c laboratory, but time had not permi tted detai led studies . 

So  a s  t o  retain the excellent qualities  of  the type A current 
mete r ,  the t ai l Fi ece  and hanger suppo rt was removed from that meter 
and a new contact chamber and cap des igned whe reby the v1ading rod Clil.n 
be attached to the cap . E lectrical connecti on b etween the meter and 
the headphone s i s  made through the wired wading rod de s i g;ned as  an 
improvement in the modifi ed 6 16 wad ing rod . So  the new meter has the 
acceptable  features of the type A and the modified 616  meter . The new 
meter i s  referred t o  as  the BTA meter , BTA d enoting "bob-tai 1 A" 
( fronti spiece ) .  

The wading r od wi ll  be the wired rod us ed with the n�di fi ed 616 . 
The ETA meter wi l l  have the s ame pivot , hub a s s embly, and s haft as  the 
type A whi ch means that it  vli l l  no longer be necessary t o  mai ntai n  two 
s ets  of  repai r parts  as at pres ent . The parts on the type A and the 
BTA wi l l  be i nterchangeable except for the yoke ancl the c ontact 
chamber . 
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In the development of this new mete r c onsi derat i on i s  also bei n� 
gi veil to a d evic e to be mounted on the upper end of the wading rod to 
re pla c e  the he adphones . As presently c once ived , it wi ll be an ele c ­
tri cally operated cla pper striking a. d iaphragm . The cla. i:ipe r w i ll be 
actuated through the electri cal c i r cuit i n  the wired rod . It c an be 
pow<:lr ed by a smal l battery housed i n  ti,e devi c e  a.nd wi l l  obviate the 
use of the head phone s with thei r cumbersome attachments. This will 
simplify the ass embly of the equi pment as the sound appa ratus can be 
l eft connected to a. s ecti on of the wad i ng rod at all times . To prepare 
the mete r for use will only require the a s sembly of the meter and the 
rod . 

5. Ac qui siti on o f  auxi l i a ry equipment . A number of iter,1s of 
auxi l i a ry equ i pment such an s li d ing supports, ;,;,oq;an r eels, and type 
A cranes for bridge measuranents have been available previously only 
from the e qui pment shop operated by the Di stri c t  Offi ce of the Geolog­
i cal S urvey in Colillll.bus, Chi o .  They have i n  the past three years be en 
unabl e to s upply the needed parts . 

In the case 9f a. rec ent inqui ry to th em concern i ng the ava i l ­
abi l ity of type A c rane s, they suppli ed c ons truc ti on d rawin�s i nstead. 
: . .rate ri al for the fabri cation of five uni ts has been requisiti oned, 
three to fill a proj ect requisiti on ancl two fo r stoc� . 

6 .  Di ffi c u lti es .i n repa .i. rs vi' meter s . In the course of the 
development of the repai r and c onv e rsion pro gram, a. few d iffi culti es 
have been e nc ountered, a ll of whi ch have b acn c orrected. 

Cne of the first was the shipinent of meta rs iu cardb oa rd b oxes. 
It was to cover th is s i tuati on tha.t the trlird pa. ra.1:.,raph of General 
Ord e r  -:;o. 1 282, a copy of whic h  is inc ludeJ in this report, sai d 
"All mete rs must b e  shi pped i n  triei r wo oden c a r ryi ng cases to avoid 
even s litsht d ama ge in shi pi,i ng whi ci1 :.ii f,ht impa ir the accuracy uf 
the rating . "  Shi ppi ng oases have been mad e  i n  the Denve r shops so 
th.at ea.ch project has enough to shi p meters fo r repai rs. The s e  cases 
a re s turd _;_ ly ·oui lt and some of them have ma.de a. nwnber of round tri ps 
from project to Denver and return vi a Washi ngton . To ho ld the type ;,_ 
meters fi rmly i n  thei r carrying cases, an anchor was d esigned and con­
s t ructed v1hioh i s  insta lled in a ll new carrying; cases, and is bei ng 
installed in all old carr� i ng cases as they pass through th e repa ir 
shop . 

In a. fo,v instances the type A pivots fai le d  i n  servi ce afte r a. 
short peri od . That trouble was traced to a supp ly of pivots shi pped 
from ,fashi ngton to Denver in May 1J42, apparently purchased from 
G oneral Schedule of 3upp l ie s, Class 1 8, David ·:mite C o. ,  Mi lv1auke e, 
/liscons i n .  On c lo s e  exami nati on the J-,f,. l'dness of t ie pi vot point v,a.s 
found to be less t:ian ltock--we ll C -52, whi ch was cons id erably b el ow that 
requi r tid according to the s peci fi cati ons . As iner,ti one d p,·eviously , 
A-metal was s e cured and the pivots and b earings are now machined , 
hardened ,  ground . and poli s hed according to spec ifi cati ons . An 
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endurance test was made on one of the inferior  pivot s a.nd on one of the 
Bureau-ma.de pivots . The inferi or pivot fa i led after 200 hours of test,  
whi le the other showed no si g;ns of fai lure after 1 , 000 hours and the 
test was dis conti nued . The Bur eau pivots whi ch have had a. season of 
use in  the fi el d shov, the same trend a.s  to durabi lity . 

The re have b een a few cas es of mistreatment of meters in the fi e ld 
mainly i n  connecti on wi th the bucketwhe el rai s i ng nut on t he acousti c 
616 and type A meters . Thi s  m�t has a. left -hand i nstead of the norma l  
right-hand thread .  Scars on the i nstruments show t o o  free us e of 
p li ers when the fingers would have been suffici ent ha d the ope rator 
rea l i zed that the thread was left hand . Stickers have be en inserted 
in ms.ny of the carryi ng cas es to cal l attent i on to the left -hand thread . 

In a few ins tances , the re has been c are les sne s s  in not c leaning 
and oi l i ng the pivot and b ee.ring with a high-grade ins t rument oil after 
ea.ch d i scha rge measurement . Attent i on has been c a lled to tha t on the 
sticke r in t he carrying cas e .  

7 .  Revis i on o f  rating table s . The rating table a s  formerly 
i s sued  by the Washington offi ce ( fi gure 5 )  c ontained 14 columns , was 
on le gal  s i ze paper ,  a nd covered the range from 5 to 200 revolutions . 
All values of velocity b elow l . JO foot pe r s ec ond were carri ed only 
to tvlO decima l s  which mee.nt tha t the value s  in the l ower left corner 
we re constant over a range of time . A revis ed tab le ( figure 6 )  was 
prepared fol lowing the style of th e Geol ogical Survey and covering 
the range f rom 3 to 350 revoluti ons . Al l values below 1 . 00 foot per 
s ec ond were carri e d  to three decimal s .  The new tabl e wa s p re pared 
for s i ngle-spa c e  typing on a standard typewriter and s o  that it would 
reduc e to  8 by l o½ i nches for notebook fi ling a nd fo ldi ng in the 
middl e to fit  i nto t�e carryin6 cas e .  

The rec ords as received f rom Washington c ontained a bl uepri nt 
for each rating as far back as 1926 . S inc e the oriii nuls  of thes e 
b luepri nt s  are on fi le  in the Bureau of Standards under appropri ate 
tost numbe rs , the rati ng equati ons contai ne d  thereon were tabulated 
accord ing to date , met er number ,  and test nW!lbe r ,  and a re fi led in  
the hydrauli c laboratory for the peri od pri or to June 1 ,  l.:1 42 . The 
blue pri nts were then destroyed as superfluous . Duri ng the first year 
of opera ti on in the hydraulic laboratory,  the Bur eau of Standards 
furni s hed a blueprint for each rating . Since  thi s was an unneces sary 
procedure , they we re requested to furni sh the e quati ons only and in­
clud e  them in the letter of transmitta l .  Thos e data are maintained 
in tabular form and the complete repai r a nd rating records from June 
l ,  1�42 , to February 15 , 1 945 , are avai lable i n  tabu lar form for 
future referenc e .  

8 .  Improvement o f  s hippine; time . The shipping procedure i n  the 
past had b e en for the project to shi p  the me ter to the i,�shington 
offi ce of  the Bureau , whe re it was d el iv ered f i rst to the Ge ologi cal 
Survey for repa i r ,  then to the Bureau of �tanuards for rating , after 
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whi ch it was shipped t o  the pr oject. When the repa i r  was t ran s ferred 
to Denver, the procedure was similar . exoept that the meter was shipped 
from the p ro ject to Denver from where it wa s reshi rpe d to the Bureau of 
Standards who s ent it directly to the pro j ect. The ratini; equation was 
sent to thi s offi ce for pr eparat i on of the rati ng: ta bl es. 

As suffi ci ent material vras accurnulat.ed, a µoo l of s pare mete rs has 
been d eve l oped . A sturdy shippin6 cas e was built v1hi c:1 ho lds four type 
A mete rs . Ins ofar as possi b le ,  that shippinc cas e .:.. s  :.:e pt in use be­
tween Denve r and :·rash in6ton carrying r epa i red meters to the Bu reau of 
Standa rds ancl r etu rning rat ed meters f ror:i. theL1 . A backloc of rei:,ai red 
and rat ed meters ha s b een accumulat ed in t L e  hydrau lic laboratory f rom 
vd1i c!1 an exchan1:,c can be ma. de. By exchange ,  a pro ject can be s uppli e d  
wi th a repai red and r e rated meter within a week. 

9 .  Peference a .  

G rove r  and iia rri q;ton, "Stream Flow , 11 John Wil ey and Sons , Inc. , L) 43 , 
page s  l D -1 3 7 . 

fl. i.- . Broat , "Characteris-:. ics of Cup and Sc row Current =.:ete rs ,  11 Trans. 
A .  S o c . C .  E • •  Vol . 76 , i &ge s [ lti -070 . 

Yarnell anc. :�ag;le r ,  "Effect of Tur bulenc e  on E.eti s tre. tion o f  Current 
;.:et ers, ' Trans. h .  Soc . C. L.,  Vol . 9 5 ,  pages 766 -860. 

Ge olotical ;vater S · ir-pl:; Paper Ho. 8 8 8 , "Strce.m-Gacint:; Procedur e ,  A 
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wound to r ight 
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i n su lated copper and / t 

C A B L E  
6 Copper and 
6 Sta ,n less­

steel w ires 

Saturo , ,1' 
i nsu lG , 

l n su l a t ed 
copper core 

COLUMBU S - OR C - T Y P E  
WE IGHT - HANGER P I N S  

L A C E  
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L •  lli'l0, T • 1.,,1e·, FOR  l ! · L B  WE I GHT  
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HAND CABLE ( Rubber covered ) 
No 16 or No 14 heavy - duty  two 

conduc tar hand ca b le 
DOUBLE  CONTACT 

C O N NECTOR 
connection p l ug ,  

Ed 1swan • 2 oc 
Connect ion socket ,  

E d i swan "2POC 

vert i c a l  � of 
assemb ly  

H E A D P H O N E  
RECE I VER  

( 5  O R  6 0  OHM S )  

Core o f  stee l cable 
connec ted to one at 
t he conductors of 
t he hand cab le  
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Pos i t ion of hand cable when 
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ftgure 8 

COEFFICIENTS rem OBTAINING CAdLE RATINGS FROM STANDARD R01Th1) ROD RATINGS 

SINOLB CONTACT ( 817 ) , PENTA CONTACT ( 821 ) ARD COMBINATION ( 828)  IIBHRS 

SUSPIRSION AND 
TYPE OF 'IIBIORT 

1 .,- above l&•lb . T. 

1 . ,. above 10-lb . T.  

1 .2&• abon 15-lb . T.  

1.25• abon 10.:.1b . T.  
8.5" aboYe lOW11r one 

or two IO•lb . T ' • • 
4 • .,. aboYe 15-lb . B. 

4 • .,. abon IO•l'b . B. 

8 .,. aboft 16-lb . B.  

8 • .,. abon 10-lb . B. 

&. P above 16-lb . c .  
4.9" abon 10-lb . c . 
9 . 81'  abo'N ao-lb. c .  

9 , P  above &0-lb . c.  

SUSP'!NS IOI -ND 

RBVOLUTIORS PIR SBCOID 

0 .1  0.2  o.a o.t o.s o.8  o. 8 1 .0 1 . 5  2 . 0  a .o  4.o &.o . 
1 . os2 1 . 02 8  1 .021 1 .01 8 1 . 011 1 . 018  1 . 011 1 . 01 1 1 .uzo 1 . 022 1 . 021 1 . 025 1 .02& 

1 .0&& 1 .021 1 .011 1 .014 1 . 011 1 . 01a 1 .014 1 .014 1 .01& 1 .01s 1 .018 1 . 01s  1 .018 

1 .019 1 . 022 1 .016 1 .015 1 .018  1 .011 1 .018 1 .019 1 ,019 1 ,01 8 1 ,018 1 ,01 8 1 . 018  

l .060 1 .010 1 .021 1 .019 1 .01 7  1 .017 1 .019 1 . 020 1 ,024 1 .028 1 ,028 1 .029 

1 .041 1 .021 1 .017 1 . 014 1 . 014 1 ,014 1 . 018 1 ,018 1 .020 1 . 022 1 .026 1 . 027 

1 .061 1 .018 1 .028 1 .02& 1 .024 1 . 024 1 . 021 1 .02s 1 . 022 1 . 021  1 . 021 1 . 020 1 .020 

1 .0&1 1 .oa& 1 .011 1 .021 1.029 1 .010 1 .011 1 .011 1 . oaa 1 . oa. 1 .01& 1 .oas 

1 .029 1 .016 1 .012 1 . 011 1 .010 1 . 009  1 .010 1 .009 1 .009 1 ,009 1:009 1 .009 1 , 009 

1 .028 1 ,015 1 .010 1 .009 1 .009 1_. 010 1 . 009 1 .009 1 . 010 1 ,009 1 . 009 1 ,009 1 . 009 

1 .oot o.992 o.988 o. 987 o. 98& o , 984 o.984 o.988 o, 986 o, 989 o.9a9 o .990 o,992 

1 .010 1 .006 o,997 o.991 o.992 o.991 0.994 0.995 o,999 1 . 001 1 .002 .  1 .00t 1 .oot 

1 . oao o.998 o .987 o.982 o.981 o .989 o.998 1 . 002 1 . ooa 1 .008 1 . 001 1 . 008 1 .008 

1 .018 1 .009 1 .006 1 .00t 1 .ooa 1 .002 1 .002 1 . 001 1 . 00f  1 .ooe 1 .ooa 1 .ooe 1 .008 

IMPROVID (822 )  AND TYPB A ra:TIRS 

RBVOLCTIOIIS PBR SECOND 

TYPE o, WEI 3HT 0.1 0.2 o .s  o.t  o.s o.s  o.a  1 .0 1 . s  2 .0 s.o 4.o  & .o 

4 ,,- abon 10-lb, T.  1 .012 1 .022 1 ,018 1 ,018 1 .018 1 ,017 1 , 017 1 , 017 1 , 019 1 , 020 1 ,021 1 . 022 1 ,028 

4.,- above l&•lb , E. 1 ,048 1 ,011 1 .027 1 , 026 1 .028 1 . 027 1 1028 1 , 029 1 ,028 1 ,027 1 ,028 l ,IJ26 1 .028 

4 .,- abon 10-lb. B. 1 .041 1 ,04& 1 ,047 -1 .047 1 .04a ·1 .04a 1 .049 1 .049 1 . 061 1 .06a 1 ,06& 1 .0&1 

e.,- abon l&-lla.' 1. 1 .029 1 .014 1 .ooa 1 .001 1.009 1 .010 1 . 011 1 .012 1 .011 1 .01a 1 .011 1 .013 1 . 011 

8.,- aboft 10-lb. B. 1 .048 1.02t 1 .01& 1 .012 1 .011 1 .011 1 . 012 1 .012 1 . 014 1 .014 1 .014 1 .01& 1 .01& 

9 .7P abon 60-lb. B. 1 .024 1 1011 1 .009 1 1008 l .009 1.000 1 1010 1 .010 1 .010 1 . 011 1 .012 1 .011 1 .012 

9 .7P above 75·1�. B. 1 .082 1 .024 1 ,012 1 .004 1 .004 1 .004 1 . 002 1 .002 1.001 1 .004 1 .004 1 .004 1 .004 

&.P aboft 1s-1b. c.  1 .009 0.094 o.,aa o.988 o.ea8 o .9BT o.9a9 0.990 o.991 0,994 o,998 o.997 o .997 

e.• abon 1&-lb. c . o.tt, o.sM o.eea 0.994 0.ne 0.999 1 .000 1 .0C?O 1 .ooa 1 .00& 1 .008 1 .001 1 .001 

, •• above ao-1b. c .  1 .02& 1.ooa 1.002 o.998 0.998 o.997 0.998 o.996 1 .000 1 .002 1 .004 1 .00& 1 ,006 

9.P abcne 10-lb. c.  1.oaa 1.014 1.009 1.001 1 .008 1 .001 1 .00& 1 .004 1 .00& 1 .00& 1 .001 1 .ooa 1 .000 

a.aw abo:we &0-lb. c. 1.0t9 1 .012 0.na 0.992 0.991 o,991 o.no 0.s90 0.990 0.992 o.n2 0.994 0.994 

,.ea abow 10-11,. c .  1.01& 1.aoa 0.991 0.1n o.n1 o.,ea 0.994 0.991 0.999 1 .001 1 .002 1 .001 1 .004 

•·• abon 7&-lb. c. 1,01a 1.004 o.tea o.ne o.see 0.n1 o.t9& 0.ee& o.,ea 0.tee 1 .001 1.002 1 .002 

f • Torpedo B • BlllpUoal C • ColUlllbue 
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COEFFICIJ!NT POR OBTAINING CABLE RATINGS WITH OOIJDIBUS 
WBIGHTS FR:)lI s TANDARD aomm ROD RAmGS . 

FOR Tm A CUIUU!ffl' BrlRS 

• suaanaigs • • • 
. Center of meter Axis of met.GI' Velocit.y• I . 

Columbus . pin to center to bottom tt. p.- : Coett1c1ant, . 
Weight . of wei�t J!ln ot •!&abt aecom : . 

Loi : 0.25 : 
15-lb. . s .3 in • o.s tt. o.s to 2.9 : 0.99 . 

: s.o and up :  0.996 
: : 

50-lb. . 4 .9 in. o.s ft. 0.25 : 1.015 . 
. o.s and up : 1.oos . 
. I . 

50-lb. . 9 .8 in. 0.9 rt.  . • 
75-lb. . 9�9 in. 1.0 ft. o.s and up : 1.00 . 

9 .8 in. 1.0 rt. . 
100-lb. . I . 

. . • 
150-lb. . 9.8 in. 1.0 rt . o.s and up : 0,995 . 

. • . • 
Coefficient data obtained from U. s. Geological Survey. 
Coefficients for velocities not shown mq be obtained b7 inte.r-

polation. 
Suspension distances are shown on drawing 4()..D..8681. 

Denver 2 ,  Colorado. Juq 8, 1944. 

COEFFICIENT FOB OBTAININl CABLE IU'l'INOS �7ITH COIJJffllJS 
WEIGHTS FROM ST AND ARD ROUND Ra> RATINGS 

FOR TYPE A CURR!!JfT METl!BS 

: Sus'P8Mion : • 
. C enter or meter : Axis ot meter • Velocity, . • • 

Columbus . pin to center . to bottom • rt. pel' : Coefflci ent . . . 
Wei1ht . or weight ;ein • . • 

. . . • 
15-lb. . 5 .3  in. . • . 

• : . 
• • . . 

30-lb. . 4 .9 in. • . • 
. • . • 
• . • . 

50-lb. . 9.8 in. • • • 
75-lb.  : 9 .8 in. . . 

100-lb. . 9.8 in. . . • 
. . . 

150-lb. • 9.8 in. . • • 
. . • 

of wei&bt 

o.s ft. 

o.s tt. 

o.e rt. 
1.0 tt., 
1.0 ft. 

l�O tt.  

: 88!:52� I 
: 0.2s I 
• o.s to 2.9 : . 
s a.o and up· : 
I 
. • 
. . 
. • 
• • 
. • 
: 
. . 

: 
0.25 : 
o.s and up : 

: • • 
o.s and '1P : 

: 
. • 

: o.s and up : 
• • 

1.01 
o.98 
o.99,s-

1.015 

1.005 

1.00 

0.995 

Coefficient data obtained tr0111 U. s. Geological SU:l'Yey. _ 
Coefficients f'or velocities not shown m:r be obtained by inter-

polation. 
Suapension distances are shown on drawing 40-l>-3681. 

. 
Denver 2 ,  Colorado. Jul¥ e, 19'4. 
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62 
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17 
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19 

70 

RATING TABLE FOR 
RATED 
CONDITION OF METER 

RATING } EQUATIONS 

5 10 15  20 

REVS. REVS. REVS. REVS. 

• ,a. .61 .88 1.16 

.,, .60 .86 1 .1, 

.,a .58 .85 1 .11 

.,a .57 .e, 1.08 

.,1 .56 .81 1.06 

.,o .,s .79 14 

.,o ·" .79 1-.GI 

.29 ·" .'76 1.00 

.29 • 512 . .,, .98 

.28 .51 ·1' • 96 
•• .,o .71 •• 

•• .16 .n •• 

.27 .,.. .69 .91 

.27 J,I .61 .19 

.16 J/1 .67 -87 

• 16 J,6 .66 .. 

.16 J6 -" _., 

.25 Ji, -� .., 

.25 .,. .6J .. 
• 25 .,., .61 •• 

• 24 .,., .61 ... .,, 
•• .,. .60 _,. 

•• Jal _,, .17 
.I) .Jal _,. •• 

. ., .laD •• . .,, 

. ., .laD ·" ... 
_., ·" ·" ·"' 

•• ·" ·" . .,. .. �,. .,, .71 
JI .,. •• .,o 
•• . ,., .9 .Ill 

5 10 15 20 
REVS. REVS. REVS. REVS. 

DEPARTMENT Of THE INTERIOR 
BUREAU OF RECLAMATION 

METER NO. 

FI G U R E  5 

19 AT BUREAU OF STANDARDS, WASHINGTON, .D. C. 

{V=  2.20 
V = 2.20 

N + .06 
N +.06 

SUSPENSION 

FOR HIGHER VALUES OF N.} FOR LOWER VALUES OF N. 

VELOCITY IN FEET PER SECOND 

30 40 50 60 70 80 90 

REVS. REVS. REVS. REVS. REVS. REVS. REVS. 

1.n 2.16 2.e1 '·-" ,.91 4Je6 5.01 

1.67 2.21 2.'74 , .. , .. 4.,, 4.19 
1.6J 2.16 2.68 ,.ao , . .,, 4-2' 4-ff 
1.'9 2.11 2.61 ,.u ,.� 4.1, 4.66 
1.56 2.06 2.56 ,.06 ,.,. . .... 4-'6 
1.5' I.GI 2.50 2.99 ,Jtl ,.n 4-1,6 

1.Js 1.n 2.1,5 1.9' J.lal , . ., 4-'6 
1J,6 1.9' 2.laD 2.91 , . .,,. ,.eo 4-17 
lJ.16 1.19 2.,, 2.81 ,.21 , . .,, 4.11 
1-41 1.16 1.,0 1.15 ,.., '-" 4-10 
1.,e lM 1.16 1.70 , .• ,.,. ,... 

1.,, 1.79 I.II '-" ,.oe '·" , .• 

1 .» 1.15 I.JI 1.60 ,.GI ,.,. ,.., 

1.,1 1 • .,. 1.11. ,.,, 1.9' ,.,. , ... 
1.11 1.69 1.10 1.,0 1.91 ,.,. , . .,, 

1.16 1.66 1.a6 1-"6 1.16 J.116 JM 

1.-. 1.6J I.GI ,.,.. ••• , .. J.60 

1.11 1.60 1.9' .. ,. ••• ,.i, ,.,, 

1.ao 1.,a 1.96 .. ,. .. ,. ,.., ,...., 

1.11 1.9 1.91 L,O ... , .. ,.,. 

1.J6 1.9 1.a, R.116 R.6J ••• , .• 

1.11. 1.,0 1.16 .... ••• ... ,.,i 
1.11 1 .... 1.IJ 1.19 • ••• 1.90 JJS 

1.11 1.1,6 14 1.16 .. ,. ... MD 

1.0, 1.,. 1.11 I.II Lin LIi J.1' 
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lJHIT -�D STAT 8.S 
Dl.:PAl{T . .  :::::JT OF 'CiF: I l!TF:RIOR 

B1
JR .S.A.u uF li.,�:cL.L., '.AT IC;H 
Denver ,  C olorado 

Acting- CJ 1j _e:,f !'.'.nf,ineer 

n l l �� cl d 0 ffi c e s  

Sub je c t : Re na i r  and rating of curre.:1t :nr.,rters . 

G .  O .  No . 1282 

June 25 , 1942. 

1 .  For a. nuube r o f  ye a.r s thi s offi c e  has f'orwar led the Bureau I s 
c urrent me ters to the Geolo;� ica.l Surve;r i n  '/fas l \ .i.ne;to n ,  D. C . ,  for 
repa ir anJ ste..?:'l.dardizati on,  after whi ch they were rat ed b y  the Bureau 
of Standards. Because of i ncreased wa r work a nd der leted pers o1mel, the 
Geolor,i cal Survey is no l one:er able to r ec ond ition meters for the Bur eau 
of Rec lamation . In -che future this work wi ll be performed in the labor­
atory shops i n  this offic e ,  a fter whicr. the meters vri 11 be s ent to the 
Bureau of Standu ru s fo r ra. Li nr . The met er s  wil l  be returne d directly 
to the pro jec t . The re.tin!! curve s wi 11 be S Pnt to th is offi ce for pre­
parati on of the ratint� tables wh ich wi ll then be forwarde c. to the project . 

2 .  To exr::edi te and s imp lify ha nd ling of all current meters  -
whether for ( 1 )  rat i nr a s  received , ( 2 )  rati n p; a s  received,  r epair and 
re.ti np- , or ( o )  repair and rat inr; - it i s  reques t ed that the attached 
mimeo (� rar,ned form Jetter be used in t riplicate. One cory wi ll  b e  de ­
tached in this office  for rec ord purpos es ; the s e c ond c opy may be 
detached by th e Bureau of Standard s ;  and the third c o1,y wi 11 b e  retu rned 
to the pro ject  vnth the meter. r'Vhen the meter is received at the pro j ­
ect , t hi s  th ird c opy s hould be properly endor sed and forward ed to this 
offi c e  as a c knowledgme nt of the r eceipt of the meter . 

3.  All meters mus t b e  shipried i n  t he i r wooden ca.rryi ng c a s e s  to 
a. void even s li ght de.mai;e in shippi ng which migh t impa ir the a c curacy of 
their re.ti ng. Carryi ng c a s es for new Met e rs wi 11 b e  furni shed by this 
o ffi c e. 

4. I t  is  c ons idered acvisable for each pro ject carefully to 
inspect t he current met ers now i n  stock and to s end any tha t are con­
sid ered b eyond repa ir to tni s o ffi ce vm cre the parts can b f'  used in the 
refai r and s ta.ndardi za ti on of other meters. 

Enol.  

Key words : 
Current moters - repair and rating. 
Equipment - current meters . 

Wa lker R .  Young 



'l'o Cla1et llnpneer 

nate ____ _ 

Sub-'90t: CVrent meter ala1ppe4 to Denftr offloe tor repatn an4 
rattns. 

l. 'l'he OVNllt Mter cleecri'be4 'below 1a be1ns eh1ppe4 b7 
ezPre•• on attaohe4 bill of wsnc. 

'l'Jpe ______________ Meter Raber JR ___ _ 

Manufacturer _. _________ _ 

Meter to be rated (new) (u rece1ft4) (reoon41t1one4) 

Meth0cl ot ratin8 auapeneion 4ea1re4 ___________ _ 

Addreaa to which meter ia to be shipped t'rom the Bureau ot 8tan4arda 

Official 1n charge _______ , Title ______ _ · 
Bureau of Reclamation 

Field Office 
Address 

2. Remarks and aueseations tor repairs : 

,. The outa14e ot the carrying cue containtne this meter baa 
been marked Yith the tl8IILe of the proJect and the meter manber. 

Shipped from proJect _______ _ 
ReceiTed in Denver office ------
Shipped to Bureau ot Standards ___ _ 
Received at Bureau of Standards ----
Shipped to proJect ________ _ ReceiTed at proJect ---------

In · trip . 

Bill of lading number 
l• 



L L I T:�D � '..2ATLS 
DEI '/J :TU·.:... T  0F L L . ,  lN'i' , ;l,lvR 

BUl ,L . .  U Cf 1 ::c;CLA, .. .A'.1.'ICI;  
Denver 2 ,  C o l o rado . 

bubj� ct : �apn i r and ra ti n� o f  c urrent me t e rs . 

G .  G .  No . 149 1 

iJovemb e r  15 , 194.:.i . 

1 .  C:me rn l C,rd er ;,;o . 1282 p romu l gated a m im.e o g ra 1hed form for use  
a s  a letter of t ransmi tta.1 in f orward i ng: c 1 1rrent met e rs to tnis offi c e  
for r�pa i rs a �d rati ng . 

2 .  In order that vouchers may be prepared f o r  t he c o s t  o f  repai r 
parts a n� la bor r equi reJ for th i s  work , al l f i e ld u t'fi c e s  a re reque sted 
to i i:u:l .i. cate on the f::)r,r, l e tter apr- ro priati on s ymbo l  and ti t l e  C!1arr_;ea n l e . 

3 .  _·, chec:!!: of the re c ords he re i ndicatos ma.uy of t i1e fi eld offi c e s  
a. r e  not :.is :i. 1lb t ; 1 e  reuai r fa c i l i t i e s  of t,1.i.s  offi c e  i n  t n e  re c ondi ti oning 
o f' c ,.rrent mete r s . l'urti1 e rmore . i!18ters not i n  us e s houlLi b e  s hi �Jped 
he re t o  ,:>3 N1i ;., tl 1e ;,,a i ntc. ri.anc e 01' a r c: s s;r ve s (,Q C/.: and to provi d e  a. supply 
of sa l-ira 6e ..:  _parts u.sef-.;l in roc ond i t .i. oni ng of o the r ino t crs . 

4 .  7he i ns t ruc ti ons c onta ined i Ll subpan.:1. e;raph ( c )  o f  Geno ra. l 
Ord er 1 , 0 .  2 83 , dated Janua ry 7 ,  1 � 2 4 ,  a re he reby renewed , requi r ing 
that e.l 1 pro j ec t s  t ransmi t  to th i s  offi ce at the c l ose of each c a l endar 
year report li s ti ng; Bureau numb e r s  of a l l  c urrent meters on hand , 
c la s s  01' wor;; on whi ch u:r n d , repai rs , i f  any ,  d ur i nt:i tlie ye a r ,  and 
date of la st rerati ng . 

tfa lker TI . Youn§'.; . 

Key words : 
Repa i r u nd rating o f  c urrent mete rs . 
::urrent me ters , repa i r  a nd rerat i nr; uf . 
Inventory ,  annual , current me t e rs . 
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ENGINEERS' NOTEBOOK 
/' • ./'�m ti•tr.11da.11 t,\'ptrit�ICt tn,'!ill!tr.r ga/htr a .r/ort oj J.:now/edgt Of! w/iicl, //1er depend /or grow//, <1 r 

' 1 1 ' 11a .r. and a,r a proju.rwn. Tlu.r dtparlmenl, du,9,1ed lo con/a,n praclica or ingeniou.r .ru .· . 111• 

fr,mi tn,t/tlltt'r.r /10//1 .11,111119 and old, .rl,ouM prove htlp/11/ in //,e .rolulion oj man.v /rouble.rome prob1;%,�;'.
1
""'·' 

Ne,,· Pivots and Bea rings 
Sn1all Cu rren t Mctc�·s 

ll,11 R. I . .  A T K I N SON 

for 

C1 1 1 t' t', D1,· 1 s11 >N , w  Fn: 1 1 >  l-:1,1t · 1 1"I F 'H, l l .S. ( ; F 1 1 1 1 1, ; ll 'A I .  
Sl'lt\'t:Y, \\

0 As1 1 1 :-1, ; r1 1:-1 . l ).C. 

F
( lR many Yl"ars thl' l '  .S. ( �l'olol{il'al Sun·c·,· has 
bt·l·n l'Xpt.·rinll'nting to find a Skl· I  alloy that wonld 

rl'tai_n its shapt· and hardnl·ss in tlw pi\'ots and pi\'ol 
lx•armg"s of t ill' small Pril'l' n1rn·nl llll'h'r (Fig". I ) , till' 
stan�ard l'U�rl·nt meter of t ill' Sun·c·y . Si rin· t ill' pi\'ot 
a_nd its bt·anng play a \'l'ry important part in the opl·ra­
t ion of the meter, great l'Url' 111 11st ht· l'Xl'reisl•d in hardl·n­
ing an� kmperin� tht• lx•aring surfaet•s. . I n  t lw past 
the pomt of the p1\'ol was ground tu a radius of o.oo.·, 
in .  befon• the rnell'r was rakd b\' thl' l ' .S .  Bun·au of 
�tandards. I t  was usual to !tan: a point radius of ( 1 .0 1 
m. on compktion of sul'h rating. Examination of nwters 
that had seen considerabll· sen·iet· in tht· field showed 
that this radius increasl•d, owing to wear under a,·t·ragl· 
�or�ing _conditions, to as much as 0.0:l in. Spin tests 
m air with the pi\'ot in this l'ondition ha\'t' shown an 
apparent  decrease in sensi ti\'ity of mon· than SO pl'r cc·nt . 
The spin test consists in bringing the mett•r l'Ups to a 
constant speed in the draft from an elc·ctric fan. Tlll'n 
the fan is shut off and till' kngth of time required for 
the cups to cease re\'oh-ing is recorded . A standard 
meter, well adjusted, will spin slightlv owr three minutes. 

With the new steel alloys it has -been found possibk 
to grind the point of the pi\'Ot to an initial radius of 
0.0 1 in . ,  which changes but l it tle with rxtendc•d field 
use. The sensiti\'eness of the meter has also been in­
creased, for repeat ratings haw been found to be quite 
consistent with the original one. 

Before starting the production of these parts, the U .S. 
Geological Surwy made a quantitatin study of the 
nature of the wear of the bearing surfaces. The \'ariable 
factors in this study were the choice and design of 

mah-rials, the· l'onditious undt•r whil'h the p,· ,. t 
I · " anti · 
>l'armg wt·n· ope·rakd, and the· t·kme·nt rif t · I I \  

. . . l l l lt· ll l'Oll<ht10ns of fil·ld opl'rat 10n t·ould hl' closl'I \' . · 11· 

n�a!t·d i_n the·. !nhorntory, but the time fat·tor· 1 1:ft
ro

x , 
d1tlk11lt i�·s. I Ill' mc·tl�od finally l'Volve·cl wa, to t 

11�1·_< 1 

on thl· p1\'ot a hl·uvy l'trcular ml'lal disk tlit· t . Plat t· 
• ' . , 1111 ,. , I 

of a load of ! 10 tons pl'r sq in .  on the bl'aring r',' t·nt 
or I OH tinll's the normal load. The pi\'ot 11�_

1 1r 
,H't·,. 

allmVl'd to spin in its hc.•aring, which was iin ru/r�-: :
1t:11 

watl'_r ,  for ·I i i  hr .  At  frc·qm·nt inkrvals tht· p i ,·l lt . 1 1 1  
he•anng we·n· n·movl·c l ,  placed in a ml'kr (t lw . 311d 

,. I I 
,. 1 11 1 t· l lll . 

was llSl'u t uoug 1out thl' ll'st ) ,  and subjt·t·tt-d 1 .' 
ll'sts 11ndt·r strictly cmnparabll· l'onclitions. Th i� 

'P 1 1 1 
l't:dtm• corn·spondt•d to . �housands of hours , , f 11t�',

1
: I 1 1 11dl·r normal fil'ld c·omht 10ns, and was found 1 1 1  s�- J.:l 

thn•t• usdul purposl's, as follows : · rq, 
j 

I .  I t  _cll·monstrakd that a m·wly grounrl p i ,·l lt wi l  
\Yl'ar rapidly at first ,  thl' rak ckcrc-asing with  1 1,t· .

1
1 

· I I  
· · 1 1 11 1 1 

P!act1ca y 110 �car 1s appan·nt,  as shown j 1 1  Fig . . , 
I hcreforc tlw pivot should not be givc·n too ,I i · � -. . ' bl f . . .up ,l 
pomt ,  exl'Cpt poss1 y or measuring sluggish , t rnr 
that are frt•t· of silt . · 11 -

:! .  The usdul life of pivots and their bl· a r i 1 1 ,, . . . 
. ..l ' d . It 'od f . ,.., 11 ,h 
1 11u1cate 1 11 a s ort pen o t 1mt' .  

:t I t  provided a quick and dependable 11 1t· 1  f i 1 1d r 
comparative studies of different types of skt·l a nd 11 . <1•r · ' bl fi d h · la< 1 
1t poss1 l' to m t e optimum deuree of har1 l 1 it · . 1 . . . "' '' a1u 
hnttkm·ss for pl\·ots and their seats. 

Tht· m�lt'rials and elements of design finally adoptt-d 
were decided upon largely from the results 1 1l 1 tai ru.·d 
by these ultra-se\'ere tests. A steel alloy dt· , ig 1 1at · l 
A- l\letal,  containing the' following elements: ha, pro/

<

1 
�he best s?ikd for the making of pivots and th1· 1 r  hl';�:. 
1 11gs : (�.H,> per �ent car�n ,  0.�75 silicon, l .ffi 1 1 1a1 1ga­
nese, 0 . , >4 chrorm':1m, �. l h  vanadium, and O.li-t tung,trn. 

. The . heat treatmg 1s done in  a gas furnace, whnt· tht 

pivot _is �ro�ght slowly to a temperature of I ,  1 :,1 1 F ,  
a� which 1� �s . allowed to soa_k. I t  i� th�n qul' 1 1d1t·d in 
011 for O. I X ,  ;1 m .  from the pomt .  This gives a R1 1d, wdl 
hardn�ss o� C-;°>X within 0. 1 25 in .  of the point .  :\ t· x t ,  
the pivot 1s reground to eliminate any warpi 1 1� t hat 
may have taken place during the heating opt- rat iou . 
Gr�at care must be taken in grinding and polish i 11g tht· 
pomt to reduce t he �eat of friction to a min inrnrn 

0 0 0 

0 0 0 

10 
! 

0 

0 

FIG. 1. SMALL PRICE CURRENT METER WITH IMPROVl!D PIVOT AND B EARING 

622-A Type of Assembly 
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�rwise t he bearing surfa<.'1c', approximately 0.0IO in . ,  
aught become annealed. 

-r-- �ivot bearing or seat ,  0.:1 1 2., by o.:u 2:, in . ,  is 
dti•. ) a diameter of O.:lO I  in .  and a depth of 0. 1 �;., 
ill- 1 nt botto� of this seat ,  after hardening, is ground 
10 a diameter of 0.20., in . ,  an angle of 10:, deg at the 
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1 f1,;. �. R liSl'LTS OI' TEST l{ uN l'OR ·tl i  I IR  (4 1 4,I H N I  lh:vnl.l 'Tl<>NS) 
l\,·ot 1 1f A- Metal, of C-5X Hardnl-ss, and a Radius of 1 1.I M lf, In . ;  
!karin.: of A - Metal, of C-li l Hardness. Pivot and lfraring W•·n· 

l nspt-ckd and Measun•d En-ry Hour !Juring Tl·st - ,, 
bolt( ). and a radius of 0.02.-, in .  at thl· apc..·x .  In lwat 
trrating, the pivot St.·at is heakd slowly to 1 , .-,,.-. F and 
Jllow1·d to soak unti l  the whole lx·arinK has a uniform 
trmpaature. Thl' tongs used to rl'movt• thl' Sl·at  from 

1 ihe furnace are hl·ated to the same tempt·ratun· so as to 
prl'n·nt cooling of the bearing bc:twt'l'n furnacl' and 
qur11d1 bath. When the scat is 4ul·nclwd in oil, care is 
takrn to hold it  upright lest the liquid fail to reach thl' 
bfaring surfaCt.'. The qul'nch bath is imml'rsl'd in a tank 
of running water so that its temperature n·mains low. 
.\ftl'r removal from the bath the parts arl· kskd for 
hardness. Any seats having a Rockwl'II hardnl'SS undt·r 
C-W are rejected. The accepted St.·ats an then placed 
in.th•· lapping machine, wh<.·re the final polishing is donl' . 

Lil...•· t l1t.> pivot, the bearing is givl'n a glass-smooth 
rinish. and the heat from friction is redue<.·d to a mini­
m11m. _The sides as well a� tht· apc..·_x of the pivot s<.·at 
m- polished, because at lugh n:loc1ty thl' lx:armg as­
.;-mhly is l ifted off the pivot but the sides of thl' lx:aring 
rrmain in contact with the sides of the pivot . The pivot 
bl·aring then acts as a simple cylindrical bearing. I n  
m·rv lot of bearings several art.· brokl'n in half so that a 
har,d11l·Ss reading can he taken just above the apex of 
thl· l i•·aring surfaCt.' . This n•ading must Ix· the saml' as 
that on the outside surface. 

Expc:riml'nts were also made with case-hardened 
pi1·oh and lx:arings, that is, thos<.· hardt·Jll'd by cyanide 
compounds or nitride. Three objl'ctions to cas<.·- harden­
;ng w•·rc· found. First ,  tht.·rc· is tht· ml'chanical difficulty 
, ,f pr, · ittg from the t·fft.·cts of thl' pn.x:l·ss th�· threads 
and , }(· where the sl' l -scrl'W bl'ars. Such sur-

1 :art'� mt1st be coven·d with day, a slow and costly 
, ,p.-ra t ion , whid1 at b<:st is not <kpl'ndabk. Sc:cond, 
, .,.. hardening, l ike any othl'r harckninK proc<.·ss, causes 
d11t1 1r tion, but grindinK cannot b<· resortl'd. to bl'causc 

i t  removes the hardt•nt.·d surfan·s. Third, either this 
original grinding, lo n•medy distortion, or the subse­
quent grinding by silt-ladt.·n watt·r, will n·mov<.· the 
hardened surfaCt.'s. Wht.•n w<.·ar has p<.·nl'trakd to the 
base metal, the least shock will c·ausc.· a easc.· -hardn1t·d 
surface to crack or flake off. I n  shaking thl' wakr out 
of a meter it  will often be swung up and down, and 
t.•vc•n . this movemt.>nt will cause.· flakinK. Tht· lx•aring 
surfaet• is so ,mall that a vt:ry sliJ,tht fral'tun· will slow 
up the mcll'r. Th<.· pivot bearing is unlik<.· a hall bt·aring 
or cylindrical bearing in whid1 th<.· lx·aring surfan·s 
t.·onstantly changt• . For th<.·sc.· n·asons, t.·asc.· -hardt·ning 
was n·jl'l'tt.'d as imprac·tic·abk. 

For the pivots and pi\'ot bearings of tl1t·sc.· l 'rin· 
m<.·krs, I han· n·ct.·ntly uti lized th<.· skl'I al loys for which 
the formula has bt•t:n gi\'en, afll'r propc..·r hardt.·ninK, as 
ht.•rt.· desc.·ribt:d. As a n·sult thnt· has h<.·t·n a clist im·t 
inl·reasc in t l1e length of S<.·r\'it·t· of llll'll'rs, and tlll'ir 
ratings for low vdnt·iti<.·s han· imprm·t.>d. Exkndl·d 
laboratory tests hav<.· shown that tht· frit·tional rc·sistam·t· 
in tht· m<.·ll'rs has bt·<.·11 dl·cn·ast·d to such an t·xll'nt that 
thl' spin kst in air shows \Tr\' t·onsistent rt·sults, t·\·en 
after long use: . 

The Revnolds N u n1 bcr . 
11.v RcrnrNs FLD\ I NC 

C1 1ssn.T 1 :-,a ; t-:s , ; 1 :-1 �: �: H .  :--.: Ew Y1 111 K .  :--.:.Y .  

I
N their monographs, " ' Wind St n·ssc.·s m1  Strul'lun·s" 
(Seit·ntific Papc..·r No . .  ->:!:I of t ill' l T .S. lhm·au of 

Standards) and " \Vind Pn·ssurt· on a Mock! of a l\li l l  
Building" ( Rt·seard1 Paper :'l:o.  :m I of the l ' .S. Bun·au 
of Standards) . l lugh L. l >ryckn and ( �t·rngl' C .  Hill  n·frr 
to th<.· Rt·ynolds numb<·r. I t  is mt·ntionl'd in man\' books 
on physics and usually in books on hydraulics. Stanley 
) )unkl'rky, who smTl't·ckd Rt·ynolds in a profl·ssorship, 
l' lltitks a ehapll'r of his ll_wlra11/irs, . .  l 'rofl·ssor < >shornl' 
Rt·ynolds' Rt·s<·an:hl's. . . Also thl' Rl'ynolds 11m11ht-r is 
givt•n a promin<.·nt plact· in hooks on �ll·rodynamics. 
l lowt·\Tr, i t  s<.·t·ms to he: but l ittk known to stru l'lural  
eng-im·l'rs and is not nwntimwd in hooks on structural 
engint·<.·ring. An l'Xplanation of i t  tlwrdon· may not 
be out of plac<.· . 

Osborm· lh·vnolds ( I S-l� I ! I I � ) ,  a note-cl English 
physicist of tlit· last ct·ntury, was l 'rofl'ssor of Ci \'il 
Engit1l'l'ring at Owens Colll'Kt.', �la11d1t·st<.·r, for 1warly 
fortv y<.·ars. I n  lht· annom1c<.·t11l·nt of his ckat l , ,  F11gi-
11eerit1� ( London ) for Ft·bruary :.!:I , 1 ! 1 1 :.!, say-;, "On th•· 
scit·ntific sick of t·ngin<.·t·ring Ill' occupit·s a wry high posi ­
tion and,  l ik<.· Rankine,  ht· sufll'rnl from an indisposi t ion 
to make his n·S<.·arch<.·s easily intdligihk to pradical 
m<.·n.  · ' Of his many st·il'ntitic papc..·rs, thl· onl' h\' which 
hl' is lx·st known is " An Expt·ri1m·ntal lnn·st igat io11 of 
the Circumstam·t·s Whic-h l kkrmim· 'Wlll'thn till' :\lo­
tions of \\'all'r Shall Bt· I >i rt·ct or Sinuous, and of thl· 
Law of Rl·sistam·e in l 'aralld Chamwls, · · puhlishl·cl in tlw 
Philosophiml Tra 11sartio11.1 of tht· Royal Socil'lv , \'ol .  1 ,- 1 ,  
I ss:1 ; also in \ '  ol . :.!, pagt·s .-, I - 10 .-, ,  of Rt·ynolcls ' Pl/ pers 
on .\ lerlumirn/ 1 /nd Physi(li/ ,','11/�jr, ts. 

Tht· th<.·ory of hydrodynamics did not l'Xplain , among 
otht·r things, why ti ll' n·sistalll'l' to thl' flow of wall-r in 
tulx·s of small diaml'l<·r was proportional to t i ll' first 
pmn·r of tht· vl'loc:ity , whilt· in largl· l l lhl·s and pipt·s i t  
varil'd m·arlv a s  thl· Sl'l"OIHI pown. Rl·v110lcls set about 
inn·stig-atini this phl·noml·non , with far--n·aching rl'!-l l l ts 
alT<.·cting fidds 11ndn·a1m·d of in his clav. By i 1 1 troc l 1 1c1ng 
colon·cl tilarm·nts into wakr flowing through glass tuht·s, 
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• 
1 -.----.zhlpped 1 Cont'-iiio-n,---:,---·-:------

Pro�eot Type 1U11ter 1 ?!tr. 1 neo • t .  1 to of Ratinr I Ratini: 1 
______ _,_ _____ . __ ,_!_:o ___ • _!....,_. 1 Denver 1D.  of s .  neter reo • <! .  1 111a1 led , _____ _ 
Bobe Penta 821 1 909 1 0lu'ley 1 6•1-42 1 8•26-42 1 Reoond . 1 7•14-42 7•17-42 
Central Valley I A 1 1 062 1ffldte · 1 6•1-42 6•28-42 1 N- 7•14-42 7•17-42 
Yakima I A : 1 :063 :'r.hite : 8•1-42 6•26-42 � 7•14-42 7•17-42 
Klamath I Sin,lB1,ontaot , 815 1Gurley , 6•1-42 1 6•26-42 , Reoond . 1 7-14-42 1 7-17-42 
llamath Penta 621 1 809 1 Gurley 1 6•1-42 6•28-42 1 Reoond . 1 7-14-42 1 7•17-42 
r.onh flatte Penta 821 1 808 :Olu'ley : 6-1-42 7• 6-42 1 Reoond . 7•27-42 7•31-42 
Olfyhee I lmpJ-oYed 822 14,013 1"'!h1te 1 8-1-42 1 7• 6-42 1 Reoond . 8• 3-42 0-12-42 
DtmYer • Ga. lime A 1 1 , 006 ,Gurley ,6-12-42 1 8-26-42 1 Reoond . 7•14-42 7•1'1-42 
Rlo Grande A 14,057 10larley 1 8•1-42 • 7• 6-42 Reoond . • 8• 3-42 8•12-42 
Rlo Granl!e renta 821 827 'Gurley 1 6•1-42 7•28-42 Reoond . 1 9· 2-42 1 9•1&-42 
Rlo Grande Penta 621 : 8111 : Gurley : 6•1-42 7•20-42 Reoond . 9• 2-42 9•16-42 
Rlo Grande Penta 821 , 890 , Gurley 1 6•1-42 8·16-42 , Reoond. 9• 8-42 , 9·16-42 
Rlo Grande A •4,0118 •11hlte 1 8•1-42 1 7-28-42 1 Reoond . 1 9• 2-42 1 9•16-42 
Rlo Grande Aoouetlo 618 821 10Urley 1 6•1-42 110-i9-42 1 Reocmd . 11 1-16-42 1 11•23-42 
Rlo Gl'Sllde I Aoouetlo 618 889 1 Gw-1ey 1 8•1-42 1 6•15-42 1

1 Reoond. 1 9-S-42 1 9•111-42 I I I I I I 
1 Aoouetlo 618 1 870 1Gw-1ey 1 8•1-U 110-19-42 

1 Reoollll! . 1 11•16-42 1 11•23-&2 Rlo Gl"Ulde 
Rio Grade 
Rio Grande 
Rlo Grande 

, Aooutlo 611 , eaa 1Gurlq , 6•1-42 , 10-19-42 , Reoond . , 1 1•18-42 1 11-2M2 
1 Aeoutlo 818 1- 892 •Ovlq 1 8•1-42 1 7-28-42 1 Reoond. 1 9• 2-42 1 9•115-42 
1 Aoouetlo 818 1 901 1Gurley 1 8•1-42 1 8•16-42 1 Rooond. 1 9- 8-42 1 9•16-42 

I I I I I I 
Rlo Onnle Aoouetlo 818 908 

1
Gw-1ey 1 8•1-42 

1
10-19-42 1 Rooond. 

1
11•16-U 1 11-23-42 

Ho Grande 
Rlo Gran4e 

I AoollniO 816 I 907 10\arlq I 6•1-42 I 7-20-42 I Reoond o I 8•14-42 I 8-24-42 
I AoolletlO 818 I 908 1 0Urley I 6•1-42 I 10-19-42 I Jteoond .. I 11•18-42 I 11-23-42 I I I I I I I I Rlo Oramle 1 Aeoutlo 818 ,4,000 ,aw-le:, 1 6-1-42 10-19-42 

1 
Reoond. , 11-18-42 , 11-23-42 

, Aoouetlo 818 14,001 1Gurl117 1 6•1-42 8-31-42 1 Reoond. 9• 2-42 10- 3-42 Rlo Grande 
Rlo Grande 1 Aoouetlo 618 '4 ,054 IGurlq I 8-1-42 8-15-42 1 Rooond . · 9• 8-42 9-16-42 

I I I I I Jllo Grande Penta 821 1 886 1Gurley 1 7•7-42 8•15-42 1 Reoond . 
Rlo Grande hDta 821 1 891 ,ow-1117 1 7•7-42 a- 4-42 1 :teoond .' 
Jllo Grande Penta 821 14,011 1 Gur1q 1 7•7-42 7•28-42 1 Reoond. 
Rlo Grande Improved 6�2 : 2 :fthlte : 7-7-42 7-20-42 1 neocmd. 
Rlo Grande , Aoouetlo 818 14 ,001 1 Gm-le7 1 7•7-42 7•28-42 1 Reoond. 
Rlo Grande I Aoouetlo 618 1 4 066 1 Gurlq 1 7•7-42 7-28-42 Reoond. I I t I I 

9- 8-42 
9- 2-42 
9• 2-42 

9•16-42 
9•1M2 
9•16-42 
8-24-42 
9-16-42 
t-11-42 

Tf'ula. frGIII UJ,- 1 I I I 
per SasJce ..- Penta 821 1 798 10vley 1 9•3-40 1 11-14-42 1 Reoond . 1 12• 3-42 1 12•18-42 

Traml • frGIII I I I I I 
Pine Rlnr lDproYed 622 14 ,088 10Vley 12•20-41 1 '7-20-42 1 Reoond . 8•14-42 

fl'Ule. trom 
Vnoompnhge 

Rapid Vall� 
Ouath Fall 
!'Iol'th natte 
Rlo Grade 
s.m,.Sde 
fl'Ule. tr• 
Rapid Valley 

!tydnullo Engl­
...,., Delffel' I 

Rlo Gnnde 1 • 
Rlo ONzade 
. Rlo Grande 
Klaldota 

' Yaldaa 
Yaldaa 
?ltnldob 

• • 

I 
I ,. 
I y- I 

A 
• 

Penta 821 
Penta 821 
Penta 821 
Penta 821 

A 

A 
A 

� ... 
Pata 821 

A 
Penta 821 
Pealla 821 

A 
A • , 

� .... u. Eql•, ...... 11--.r i .A .  
Belle Poarehe I Penta 811 
Belle Povolle I Aoout\e 811 
eeava1 Valley I ' , .  
2lo Onade : Pea1la 821 
Rlo Grlllllle A 

I I 
1 1 ,026 10urley 
I I 
, 1.02& , Gurley 
I 829 !Gurley 
I 810 ICJm-ley 
14 028 1 0ar1-I • I -i 
I '74,8 1Gurl-, 

I I 
7•14-42 1 7-20-42 1 Reocmd . 

I . I 
7-28-42

1 
8- 4-42 I Jteoond o 

'7-28-42 1 8• 4-42 I Reoond • 
8• '7-42 1 Ml-42 1 Reoond . 
.,: 8-42 1 9-18-42 1 Reoond I I • 
9•15-42 1 9-21-42 I Reoond o 

,_ 2-42 
I 9• 2-42 
I 9•29-42 
:10-2o-u 

· , 11- 4-42 

9• 8-42 
I 9- 8-42 
1 10- 3-42 
1 11• 2-42 I 
, 11- '7-42 

I I I I .I I 
•4,075 •'liblte 9-2M2 •10-19-42 • leoond . •11-1'-42 • 12- 1-42 

I I 
1 4.0'76 111hlte 10-i0-42 1 10-19-42 
I I I I 
141084_ 11111� 

1
11• J.�1 U•14:-'2 

1 818 ,0ar1., ,u- 7-42 ,11-14-42 
I '7'8 IIIW'ley 1 11• '7-42 111•14-42 
1 1,0111 1ffldte 1 11- 8-42 1 11-14-42 
I I I 
I 883 11Jurley 1-22-41

1 
2• �-43 

I 921 1Gurley 1•22-41 1 2• 2-41 
1 1,'018 10.U-ley 
I I . , 1,010 , Gurley 
I 1 Ol8 1\'lhl te I t I 
1 H8

1 _ 
,,,018 I 
1 1,029 10W'lq 
I 888 1CNl'1-
I I -I 
14 .ae8 ,0ar1ev 

1-28-411 2- 2-43 
2• 1-43 I 2• 8-43 I 
1-19-41: 1-24-43 
I• 9-41 I , 1-24-43 
a- 9-41 1 M-1-41 
S-11-41 1 8• 1-41 
S-20-43 : �- 1-41 
S-20-431 . 8• 1-43 . ' 

I 
1 Reoonde 1 11•14"'2 
I I . Reoolll!.1 � 1 12•14-f2 

Reoond .  112• 4-42 
P.eocmd o I 12• 4-42 
Reoond. 112•1&-42 
neoond . 2•19-13 
Reoond . 2•19-13 
·--· 2•19-13 
Reoond. 

Reeoal. 
Reooad. 
Reoondo 
Reoond . 
leoond, 
leOOlllle 

2-20-43 

4-11-41 
4-13-43 
4-la-U 
MO-O 
8-19-13 
a-1,� 

I 
1 12• 1-42 
: 12�17-42 
, 12-17-42 
• 12-17-42 
112-11-a 

2-a1-t3 . 
2-27-41 
z-11-11 
2-17-11 

Wl-11 
4-11-11 
4-11-41 
M8-43 
7• 1-41 
7• 1-ta  

Trane . to .Jllal• 
doka 3•21-41 

Tnu. to Sao­
nanto 10-28-41 

tram . to lao­
naato 10-Ze-e 

trae. to a.a • 
•• 



ProJ ect. Type 
-- --

' Rlo Ol'ud• I Aooultio 616 
Rlo Grande I 

I M0\1111lo 618 

� -- �-

' i 
! 

Rlo. Onnde 
Rlo Grande 
Rlo Grande 1 
Jfyllnullo Enel· • 

IIMI', Deaftl' I 
Rlo Ormde 
lllo Ol'alll!e 
Borth Platte I 

---11-liiuli .. · · -- ; 
�l'IWllo Engl- • 

Deel' , DellYel' I 
Pl'o'ft lliTW I 
Yulma I 

I Hyd.Enc.-Denver 1 

Peft11& ,.,  
Penta 621 
Peta 821 

A 
Pata 82 1 

A 
A 

Comb. 823 

A 

A 
Imp. b22 

A 
A Rio Granlle 

Rio Gnnde 
talwa 

I Combo �) 
I A 
I 
I Pata ft21 
I A 

CI.Jk!W\T illiLTtJt hJ:.PAlR IU.CORD (Continued) 

I I a Shipped &Condit.ion a 
alllet.er a 141'r . 
& No, 1 . 
1 4 ,051 • ow-197 
I I 
,4 ,052 , 0ur107 
I 882 1 0vl07 
I 888 1 0vley 
I I 
I 890 , 0v191 

Rec ' d .  1 t.o 
klR!.V JJS..i.Jt. s, 
&-2o-t1 • e- 1-&1 
&-2<Ma : ·- 1-61 
a-20-&1, e- 1-&a 
a-20-ta • 8- 1-&a I 
&-2o-t1

1 
e- 1-&a 

I I I 
1 1 ,019 ,Ovl.y 8-10-41 1 8- 1-61 
I 827 1CJurl97 8•10-U I 8•16-61 
I I I 
14,072 10W-197 8•10-61 I 8•16-U 
14 ,017 IQurl97 8• 6-U I 8•16-61 
, · a1s , 0ur1ey"" ''"l;:·'RS·, a:.1s-u· 

. .... 
·
, 

. ' 

of 
111!.B 

Reoond. 
Reoond . 
Reoond . 
Reoond . 
Reoond o 

Reoondo 
Reoond . 
lleoond. 
Reoondo 
tleoond. 

I Rat.in, I Rat.lag I 
I ra1 1ll1 i •UIII I 
I 1•19-61 I f• Ml I 

8-19-&a : ,_ 1-61 : 
8•19-63 I f• 1-4,1 I 
8•19-4,1 I 7• 1-61 I · I I 
6•19-63 I f• Ml I 

I I 

8•19-61 I f• 2-4,1 I 
f• 1-61 I 7•18-61 I 

I I 
f• 1-63 I 7•18-61 I 

Raarka 

,_ a-&a • ,-1M1 , 
,.:""!-4,a· i . ,=ra:u-,· ·-· 

.) 

_____ ... 
·' 

. , , . .  



Rio GnDd• 
Rio GNDd• 
YaJdaa 
Pl'OYO 
ll)'d.Lab. 

Hyd .LAb. 
Hyd .Liit. 
Hyd .Lf b. 
!aki1!18 
Yakima 
Hyd .L'lb. 
Hyd .L'lb. 
Proj . Plennln,· 
Rto Gr,.me 
Rlo Grande 
Rf o Grande 

P io  r.rande 

JUo Grande 

P io  Grande 
Rlo Grande 
Rlo Gr,u1ie 
lllo Grande 
Rt o Grande 
lllo Gr11nde 
North Plll tte 
A ll-.Allleri can 
Yaldaa 

?aid.• 

Proj . Pl.anrd.nl 
Central Valley 
HJd.tab. 
H,d.tab. 
Hyd.tab. 
Hyd.tab. 
Hyd.tab. 
ffld. tab. 
central Valley 

Central Vallq 

Central Valley 

All-American 
IIJ'd• tab. 
l!Jd.tab� 

HJd.tab. 
11,d.Lab. 
Cent.rel Vall.q 

Central Vallq 

AoouUo � 
A 
• 
• 

Moditied W.� 

A 
A 
A 
A 
A 
A 
A 
A 

Pent.a !>a 
A 

623 

6.23 

6.23 

61!> 
616 

A 
Penta 621 
Penta 6.21 
Penta 621 

A 
A 

,-t.a 821 

A 

A 
A 
• 
A 
A 
A 
A 
A 
A 

• 

A 

A 
A 
A 

A 
A 
A 

A 

Aoout.io 
Aoo\lllUO 

A 
A 
A 
A 

- -- ------ -- -- ----------------�-___, ___ ----·--------

I I 1 a lbipJ*l 1CODdlUon 
1Me� I II.fr• 
I Nee 

I leo1d I t.o I of 
I PMYK &le eC Be I MME 

I t I I I 
... 1)5) 
140'6 
alotal 
14058 
I 875 

lulll"l� I 2-14-441 2- �-441 Keaolle 
1lhite 1 2-.L4-44a 2- Ciet-4,41 Reoon. 
1Rebull.t.1 2-21-441 2- 22-441 RebuUt 
1Gurlq 1 3-2- 441 3- �4'.I Reoon. 
1Gurlq 1 3- 27-441 lodiUed 
I 

I I 
14059 l'lhf te I 
1 1055 1Whl te I 
1 1069 1Rec. 
1 1070 &Rec . 
a l07l 1Rec. 
11072 1Rec. 
1 1073 1Rec. 
1 1053 1Wh1 t.e 
&4Jl0 I 
&4073 I 
I SlB 
I 
I 851 
I 
• 890 
• 
I 908 

I 
1Gurley 
I 
&Gurley 
aGurb,y 
• 
1Gurley 
&Gurley 
1Gurle7 
Gurley 

5-25-.44 
5-25-.44 
5-.:5-.441 • 
5-25-.441 

I 
5-25-1.4& 

I 
I 

4- .:4-441 Recon. 
4- .ci.-441 Recon. 
4- ;.4-41.1 lib 
4- �4-441 New 
5- 26-1.4 1 New 
5- 26-441 New 
5- 26-44 1 New 
5- �6-1.41 Recon. 
6- 2-.41.a ie recd. 
6- 2-1.4 • Ae recd. 

I 
I 

I I 
5-..:5-441 6- 1'-44& )\econd. 
5-25-.44& 6- 1.c-441 Recond. 
5-25-.441 6- l-.-.441 Recond. 
7-1.3-421 11-14-4:2 1 Recond. 
8- -)Ba 9-l�-42 1 Recond. 

- I 9-18-42 I Recond. 
6- 9-.441 6- 1,-44• Recond. 
�6-.41.a 7- 3-441 RecoDd. 
8-27-4.4. 1 

I 
a 8-2'7-4,4,a 
I I 
I 8-11-4,4,1 7- 8-4,4, 

8-10-M t  7- 8-M 
- I 
- I 
- I 
-- r 
- I 

I 
8-1'-M 1 

I 
8-ll--44 1 

I 
8-14-44. 1 

I 

I 
I Reconde 
1 Reoond. 
I Rew 
I New ·­... 

New 
Rn 

I I 
laUq I BaUq I 
nt'4, • e&!,J 1 

I I 
Hl-44 I 3-'.'41-44 I 
J-28-44 I .J-Jl-44 I 
3- ? ·44 I J-U-44 1,014 •tu 8-SJI 
J-21-44 I J-Jl-44 I 

6- 1-/J. 
6- 1-1.4 
6- J.-/.4 
6-1-44 
6-26-1.4 
6-26-44 
�2�/J. 
6-2(,./,4 
6-26-41, 
E--26-1.4 

100.......W r... 
1eoouatlo to eleovio 
1Loaned t.> Rio Grande 
I 
I 
I 

7- 6-1.4 1See !ntry on �91,3 
7- 6-/J. I See Entry OD 8R-1O!>' 

I 
I 

6-30-41, a 
7- 1-.44 I 
7- l-44 I 

il'.xchanged tor meter 
1 BR-.',013,  6-1.c-l.4 
1Excbenged tor met.er 
1BR-TJ7, 6-12-44 
1 Exchanged tor 11et.er 
aB_R-852 , 6-1.c-l.4 

7- 5-41. 7-10-.44 I 
I 7• �-4/. 7-10-4/. I 

7- 5-44 7-10-44 I 
12-3-1.2 12-l6-421See ent.l'y o.n 8R..R51 
10-20-42 1�4-1,2aSee entl')' on BR-890 
lQ-20-/>£& l0-21.-42 aSee entl')' on BR-Al.8 
7- 5-1.4 7-10-44 a 
7-14-44 7-21-44 I 

7---4,4, 
7-28-4.4. 
7---4,4, 
7-28-M 
8-28=44, 
8-28--4,4, 
a-a " 
8-28-M 

sBR-1071 eont. ill 
1 ao-. 
, aa-1070 ·- ill 
, aohup 
I 

I 
.� ND\ in 
I eabanp 
1BR=40Sl · eent. ill 
I aobanp 
aB.u>u eent ill 
1 exohanp 

•4� 
14064 
• 7'J7 
a 852 
&4013 
&4037 
1 1048 
I 881 
I 
11085 
I 
1UXM 
11012 
11074, 
1 la1& 
1 1<776 
11077 
1 la18 
1 1079 
1 1002  
I 
al.OU 
I 
11080 
I ,ao 
1 1002  
11')11 

8-18-44, I 8-18-M 
I 8- 8-4,4, 

- I 8- 8-44  

Recond. 8-14-4.4. 
Reoond. - 1 10-ll-44. 
Recond. 110-11,.4,4, 

� I 
I 
aTo Vall.q Ql'arit1' 
I Canal . St.Ol'ap, 
I fexaa I 

11080 
11080 
11026 I 
I 
14,068 

I 
14.0l,8 I 
I 921 I 
11028 I 
11058 I 
1 1082  I 
1'°88 I 

I 8- 8-44 
I 8- 8-4,4, 

9-17-4.4.1 
I 

9-27-641 
I 
11.0-,t-M 
I lO-i-44, 

I 9-27-4,4, 110-J.4-M 
110-14--14 
110-14-M 
110-JA-M 

ReooDd. ... 
Recond. . 
Recond. 
Recond. 
Recond. 
Reaond. 
Recond . 

I 
1 10-11.-4,4, 
110-ll-t-4 

I 
s J.0..&'7-44 

I 
,BR-1<778 aent. ill 
• aobaDp 
aBR-107'1 eent. 1n 
1 achanp 

111- 4,-4,4, 1 11-7=44 I 
I 11-11--4,4, I 
I ll-ll-4,4, t 
111-1.1-44, 
1 11-ll-4.4 



t 
<. > 
l ""' 
�

· 

Project. 

Central Yallq 

ceat.z:-1 Y.U., 
I 

c.aua1· Y.U., 

HJd.l,ab. 
ta& 
ta& 

All-Aal'loa 
11.ffl'MID 
Oraad Y.U., 

. a,d.l.ab. HJd.lab. 
lf1do:Labo 
HJd.:tab. 
All-Allarloan 
Yulma 
Tl&cnacaJ'I. 
Talda 
a,.s .tab. 
IIJll.l,ab. 
lfrd.tab. 
.,.i .tab. 
Bio Oftllt• 

RlO' Grulte 

Bio Ona«• 

Rio QnDde 

Bio GIUde 

Bio QnDde 

Bio Grute 
Rio 01'111149 
Mo Ol'U4• 
Rio Cll'alld• 
ObOAOU 

.,.i .  tab. "'4. w.  
1f11S. tab. 
.,.i .  tab. 
a,,! .  tab.  

. • ·  lf1do I.It.; 
Tall:1-

Talrt.M 

..,.. tab. 
a,d. tat,. 
.,.. tall. 
a,d. 1&11. 

f7pe 

A 

A 

A 

A 
MOUUo 
Pllllta 611 

A 
.\COUtJ.C 
,-ta e21 

A 
A 
A 
A 
A 
A 

: A. 
A 

: A 
A 
A 

: A 
: Jtnta 621 
: 

Pata 621 

Pata 621 

ACoanlo 616 

Acount.o 616 

: AcoUUo 616 
: 
: 

I 
Ill.tel' 
I 112• 
I 
1105'7 
I 
110&8 
I 
110'8 
I 
1 1.0'9 
1-&0al 
1te>M 
I 
11018 
I 871 
I 799 
I 
14071 
1 1049 
11057 
11081 
11010 
:10,, 
:1047 

. : 1063 
:1083 
:1084 
: 108.S 
:1086 
: b62 
: 
: 4011 

· ,02.s 

t12l 

as, 

906 

Aco1letle 616 - ''°°1 
A. :40,2 
A. :406.S 

Acoaetlo 616 :40.Sl 
Pat• 621 : 92.S 

llo4Uled 616 :4006 
II041tl"4 616 :4007 

• lfOclltled 616 :4008 
: Modlftel 616 &4009 

· I IIDclltlecl 616 :40J2 
: *4Stle4 616 · ''°'' 
: Pata 621 : .,, 
: · •  . .  
I : 
: Pntll 621 : ,n 
: : 
' : 
s A ,10..8 

A . :10&9 
: A :1090 
: A :10,1 

COlltNl fell., : Rott 200 

cmam ar11t llPWl (eontimac) 

I 1Sh1pped 1CondliJ.cm I 
lltr. I JINl d I to of I Jlat1Jtc 

� Dim• 18. of s. Met.er I l!O'd  
I I I 
1 JO- 2-MI 
I I I 
1 10- 2-Mi I 
I I 
1 10-2'1-6' 1  

I I 
I 11.0-80--4t All aec •d  111- 8-M 
1J.o- 1-M110- 1-41 Jleoaad. 111- 4-M 
1J.o- l-M1 
I I 
1� l-M1l0- � Racondo I 
I 11.0-17-14 Rlcond. 1 11-11.-M 
1�18-M 1  

I I 
111-20-44 aeoond • 1 12- 4-4" 
111-20-44 aecond . 1 12- 4•44 
111-20-44 Recond. 1 1 2- 4•44 

: 111�0-44 Rleond. 1 12• 4•U 
1 ll-it0-44 1 Reoon4 . 1 11•1'•44 . :11-30-44 As Reo•.S  :12-19-44 . 
:12- 2-44:12- b-44 ReooDd . · 12-21-44  
·12-21-44 : Reooad. 

:12-22-4 1 ... 2- 6-4.S 
: 12-22-44 ... 2- 6•45  
:12-?2-44 Rew 2- 6•4.5 
:12•22-44 . .. 2- 6-4.S 

1- 2-,.s : 
: 

1- 2-4.S: 
: 

1 .. 2-4.s : 

1- 2-4.s : . . 

1- 2-4.S : 

• 1- 2-,s : 

: : 
1- 2-,, : 1-26•4.S Reoancl. 2•1.S-4.S 
1- 2-,.s: 1•26•4.S Reooatl. 2-lS-4.S 
1- 2-,, : 1-26-4.S Reooa4 . 2•15•4.S 
1- 2-,s : 1-2,-,s aeooncl . 2-1.s-,s 
2- 2-45 : 

2-13-45 Rebuilt 2-:-is-,, 
: : 2-u-,s ieellli llt 2-20-,s 
: : 2•1J-4.5 Rellli llt 2•2b•4.S 
: : 2•1'•4.5 Rellllllt 2-2ti•4J 

: : 2-lJ-45 Rebu ilt 2-28-45 
2-u-,, RellliUi 2-2ti-4.S 

2-1.s-4.s : 2•16•4J Rebu ilt 
' : 
s : 
: 2-1.s-,, , 2•16-4J Rebuilt 

: 
2-20-,, .. .. 
:.'•N>-4.S liln 

a 2-20-,, ... 
: 2-2&-,, ... 
' 

I '  

I 
I lat1Jtc I ....... 
1 lleU1d I 
I I 

1B1-1085 aent. in 
I : aohup 

ia-1.0'7' Hnt. in 
I exchaa,re 
1BB-1080 sent. in 
I Gehanp 

I : 
1 11- 7""" I 

: Ba-l.0'71 sent. in 
: : exchance 
11- 7-M : 

I 
:BB-lOClR sent. in 
1 · exchanp 

1- 4•4.S 
1- 4•45 
1-19-4.S 

:BR-4060 HDt la 
: HObanee 
:Y-4071 sent la  
: nctManee 
:BR-1026 r�Dt ln 
: aoballge 
:BH-40.SO (mocUtled 
: 616 ) HDt ID 
; HOll.ul&e Yla 
: a. ot s. 
:BR-402& ant la 
: HOliaage 
:BR•4030 (III041t1ed 
: 616)  HDt ID 
: UOllaDCe Yla 8.ol' S. 
: 
I 

: 
:BR•lOS6 ( tJpe A) 
: eeat 1D e&OA1111&e 

: 
' 
I 

l!R-1001 ( tn,e A) 
, eat la aolluge 
, •l• a. ot s. 
,aa-10117 C t,,. A) 
: eat la eao11&11&e 
: •' • 1. ot .:i. 

- . . .  
: ' 
: ' 
: I 



• 
- .. 

.. 
� 
'< 
) 

I°" ,.. 
. \ ....... 

.. a... ....... ....... 
tie --- . .....U• 
... ..... ....u. 
Ila GIN..ae: ....u. ......... ...-a-........ ........ \ ........ 
.. GNaile: 
tie ClnaAe· 
lllo GnaM, 
tie ---
l1o ---
l1o Cllude 
11o Gl'Mde 
tio Qnllde 
l1o Grulle 

Rio ONM• ......U• 
l1o Onal• ....U• 
llialdob ,__ c-tnl ,.u.,, _. .... c-\Nl ,.u.,, 111p1., .. 
Rapid Y.u.r 1-4°"' 
0-th ,__ 
lort,b Plat.t.a ,-u 

l1o Qnade ,_\a 
Yalciaa Pm'-.,...�.Jiff. A 
�.IaT. A 
Rio Gl'UIU A 

tio Qnade ,-y 
Jllo Ol'aDd• Paa\a 
111Aidota A 
Yalciaa Pat.a 

.. Yaklaa ,-y 

Willldolra A ,_ A 
I)mYeJ"-GaloiaY. A 

Belle FcNrohe Pent.a 
Belle Foardte Aoou11tic 

� C.ntral ,a11.,. A 

Rio GrllDde Penta 
Rio GrtllDlle A 

4001 '°'' "' 
--
loa6 
lA',15 
119 
l10 

4025 
74' 

40'15 

4'W»4 

81' 
71/, 

1045 
863 

92.3 

1018 
1010 
10.)8 . 

748 
4016 
1029 

8e6 
4�5 

..., taai. ... ......  
.... t.ll1e ... ...... •--i• ... ......  
.... fONle ... .... .... � . ........ 
............. t.a. ... .......  
- ---� . ,..... �  '°'"'9' nu -�------

, 41aable  ... ..... 
.....i. .. ......  

..�::1 . ... ....... 

......... ,.....,.. ,..,  ... ... ... ... ..  ... ... ... ... ... ... ... ... 
.... diiMble .....

..... 
.... double .. 
.... . 1a1e ... ....  .... �--� 
.'7•aNN Ulal.Upli-.1 
• ., •• '"'" '°'91 u.-s..i 
75'11boN '°">>"1'1-1 
w --... 
lad, daule -4 ..... ff 
.... daable ... ........ 

' IDd, doable -4 ...._•r 
W, � ad baaler 
lod, double -4 baDler 
W, dallble ad tiuser 
... , daable ... bacff 
w. doule ad MIIIV 
w, daule ... ....... 
IIDd, dauble ad buav 
IDd, daable .. ....... , . .,.abaft 151elllpt.1oal 

6.-,.aboTe 301elllpt.ioal 
9.s•aboft � 

lad, dGable end bull• 
Rod. double .act bus• 
Bod, 4ouble m4 baft&er 
Rod, daubl• md Ullln' 

4 .25• abcffe )Of torpedo 
8.5• aboYe lotrw of two 

ml to� wiot.a 
Rod ,  double eGd hanc•r 

4.25• 11boYe 'JOI torpedo 
s.5• abOTe lower of two 
JOI torpedo ••ieht• · · · ·  
Rod, doub1* end banger 
Rod, dauble md hang@r 

6 .7•abCTe l5lell1pt1cal 
6 .7•abo•• J()lelliptlcal 

Rod, double eod hanc•r 
Rod 

4.9• 11boY• 'JOI Coluabua 

Rod, double ead h� t·r 
6 .7• abOTe l5lell1ptlc 
6.7• abOTe J()lelliptic ' 

=2 .2461 -+ 0.040 1.00 
=-2.2251 + 0.025 1.00 
=2 .2341 +0.030 1.00 

a.2 .1561 + 0.047 0 • .34 
=2 .280N -+ 0.028 
=2 .2961 + 0.027 1 .00 
=2 .22JI + 0.017 1.00 
=2.211.# + 0 .0:2.3 1.00 
=2 .178M + 0.020 
==2.l59N + 0 .024 1.00 
=2. 1",1.N + O.OJ9 1.00 

J.60 
=2 .1J411 + 0.016 
=-2.l.J811 + 0.019 
=2.J4211 + 0.016 1.00 

4.19111.o.GII' 
...l-,,..0.0J&. 
...1'61J-t0.-.. ...... o • .-

ii
= 
== .aut 

.. .JOJl,t().001 
.. JMl,t0.0l6 
lll.l"l'lll40.QJ& 
-IJ.J91MO.-· 

I 

�=:--.. J951MO.:, -a��--...... 
4.l4SI ... ua 
11111,1.,_ + O.CIOI 
912-Mll + O.OC,, 
aa.J.51,1 + o.oo, 
-a.u• - 0.012 
-a.l4]1 � o. 

-a.� + o.ao, 
IQ.zl"III - 0.00'7 

-a.11111 + o.oa, 

-a.1511 + o.os:, 
-a.14211 + 0.001 

-a.16?'1 

<2.29111 + 0.0)6 

<2.1'1911 - 0.001 ca.21211 + 0.019 

c2.ao,w + 0.009 
1112.ia.,. + o. 
<2.160a + 0.035 
=2.)011 + o.029 
s2.1421 + o.026 
:.2 • .)7.31 + O . 'Y.>7 
a2.J2.31 + 0.045 
"2.1651 + 0.041 
=2.11!1211 + 0.019 
=2 .18111 + o.046 
-2 .2091 + 0.050 
-a.27711 - o.007 
=2.27811 + o.008 
=2.200II + 0.050 
:.2.2.4911 -+ 0.015 

=2 .251.N + 0.015 

=2.28911 + 0.0.34 
=2.n01 + 0.030 
=2.21911 + 0.015 

=2 .18)1 
s2 . l.85N + 0.015 
=2.216711 - 0.280 

=2 • .33411 + 0.021. 

� 6U-IM' us ..... 
6U,,,,l7,.5 

E 6:ui.a u 
wa, 
'1J,,,a ·4 
ma, 
� 

t- a-41  6U al U  
10-Jl,.41 � 
10-Jl,,,42 .... m•, ,_ �  '1J,,,a u 
10-)1..41 ·� 
� �  61W'1-U 

10-Jl,,,,43 �u 
10,.� 

�I 9--2642 6Ua,.,6 
9- 2-41 6Uau 
9- 3"""2  6Ua u 1-24--42 6U 21 I 
l-»-42 6U JI 4 
� 7-42  611-2?-U 
8- 7-42 6ll-2'7-U 
8- '7-42 611-2'7-U 
8- 7-42 611-a7-1J 

8 210-42 111-21-4 
8-211)..42 6U-21-4 

11-2'7-42 6U-2U-'7 8-7-42 6U-27-U 
8- 7-42, 611-2'7-U 1-24421- 611-28-1 
l-2',-42 611-28-1-
9-24,-42, 6U-29-6 

10-8 -42 6U-29-12 
10-28-42, 611-29-1' 
�.'31-42· 61.l.-21C).U 
�31-42 61.l.-21C).U 
ll-2'7-42 6U-211-'7 
ll-2'7-42 611-211-7 
ll-27-42 611-211-7 
11-27-J.2 611-2ll-7 
11-2'7-J.2. 611-211-7 
ll-27-42· 611-211-7 
l2 -9-42 611-212-2 
2-15-43 611-.32-5 
2-l5-4J 611-.32-5 

2-l5-,4J · 611-32-5 
2-1�43 6ll-J2-5 
2-15-43 611-32-5 

2-15-4J 611-.32-5 
2-l5-4J 6ll-J2-5 
2-13-1,.3 611-.32-6 
4 -6--43  611-.34-1 
4 -6-43 611-).4-1 
4 -6-4.3 611-.34-l 
4 -6-43 611-J4-l 
�13-43 611-.3�10 

6-L4-4J 611-)6-.3 
6-14-43 6ll-J6-3 
6-L4-4J 6ll-J6-3 



t . 

·, ' 
) 

I 

Rio Grande Acoaetlo 
Rio Grande lcoutlc 
Rio Grand• Penta 
Rio Grande Penta 
Rio Grande Pftta 
DeDT......a...�v.  A 

Rio Grande Peat& 
Rio Grande A 

llorth Platte A 
llametb 81.agle 

Contact 
DenTe_:r-Gc.IDv. A 

Wl 
W2 
862 
-
890 

1019 

827 
4<r12 

4037 

815 1034 

Rod 
Rod 
Rod, dClllble md baaler 
Rod, dClllble end baaler 
Rod, double ad baaler 

6 • .,.9.bcwe 151eWpt1oal 
6 • .,.9.bcwe 30leWptlcal 
Rod, double ad baale 
Rod, doable ad baaler 

6 • .,.abcwe 15#elllpt1cal 
6.7•abon )Ofelllptloal 
Rod, double end bull• 

Rod, double end hallger 
6.'1•above l�elllptl 
•. ,..'bow ..,.lliptloal 
Rod, double -ead balli. -

I 

V <2.22JI + 0.017 
=2.24(11 + 0.023 1. 
: 2.lla + o.ou 1. 
=2.26811 + 0.044 1. 
-=2.1'181 + o.oao 1 
=2.29211 + 0.019 1. 
=2.� t o.cll 1 
=2.16,a + 0.02, 1.  
=2.26411 + 0.015 1. 
=2.28'8 .. 0.024 
=2.)121 + 0.022 
=2 .z.ur, + er. 

Pi-o,;o RiTIIZ' 
llaTer-lfil.I,ab. 
llmTe�d.Lab. 
Central Vall.,-

- ��d.Lab. Pata -m 
DIID'f'er-.-,d.I,ab. Aooutlo 4029 
Yaldaa A 4039-

Rod, doable end bulc 
Roel, double end baaler 
Roel, double end bmller 
Rod�--daable end ...... 
Rod 
Rod, doable end Mllld' 
.25• abcwe 'JOI torpedo 

1. 
o.,a 
1.00 

Rio Grande 

Rio Grande 
Yakiaa 

Yakiaa 

Yakiaa 

:iyd .EnG.-Denver 
Rio Gr11nde 
Rio "rande 
Rio Grande 
ICl.Bmatb 
Minidoka 

Provo River 

ProJ . Pl&nnilli 

Rio Gr11nde 
Shoahone 
Proj . PJ..aru,1 1,g 
Colo .-ilif Thomp 

Hio Gr1,nde 
Rio Grande 
Rio Gri.nde 
Rio Gr1,nde 
ProJ • Planning 
Proj . Pla� 
Proj . Planninc 
ProJ . Plannin& 
ProJ . Planning 

C11rl3bbd 
Proj . p.u,r .. ning 
Yt.11.i:111a 

A 

A 

Penta 

A 

8 .5• abcwe lower � two -=2.1881 + 0.0)4 0.36 
'JOI torpedo ••1cbtl 1.00 
Rod ,  doable ellll balll =2.1801 + 0.020 1. 

6.7•9.bcwe l�lliptl =2.21.0I + o� 1. 
6 .7•9.bcwe 'JOlelllpUcal =2.2101 + 0.010 1.00 

2 Rod, double end bul• =2.1681 + 0.020 
6.7•abcwe 15lelllptlo =2.17311 + o.cn, 1.00 
6.7•aboTe JOleWptloal =2.20,W + 0.017 1.00 
9.75•al,c,ye 501Col11111bu =2.1801 + o.016 1.00 

818 Rod, doable -4 blllller =2.15311 + o.� 
1065 Rod, d011ble end luuller =2.19311 + 0.014 1.00 

4.25• abcwe 'JOI torpedo =2.25911 -t 0.017 1. 
863 �, double end ballltr =2.2091 + 0.033 1.00 

4.z5•abcwe 30I torpedo -=2.26111 + 0.023 
1064 Rod, double ad ballger =2.26/JI + 0.019 1.00 

6,1•at>on )OleWpUcal -=2.2'791 + 0.029 1.00 
A /JEJ- TocI;-doli>le end h1a111er .. �;ISol + 0.019 1.00 

COIMb. 891 Rod, double ellll IWlger ""·lOOII + 0.023 1.00 
Aco'QStic 90t> Rod =a .UU + 0.03,2 l.UU 
Acomt.ic 4003 Rod �-12� + 0.025 1.uu 
Pent.a 829 Rod, double end hanger =a . lb311 + O.�S 

A .l.045 Rod, dolMlle end t.allt!er =a.18511 + u.0..:5 

A 

A 

Penta 
Pent.a 

A 
A 

4.9• above JO; Colll'bm ""·20?JI + u.ul5 1.00 
40C,6 Rod, double a4 baDger "" •.30711 + 0.015 1.00 

4.9• above 301 Col\llllb\18 �-32111 + 0.027 
4061 �.3• above l� Collllbm "" -�591 + 0.018 1.00 

4.9• above )Of Col\lllbua � .29911 + o.ull 1.00 
74b ltod, double end 11&Dier =.: .lffl + o.°"J 1.00 
840 4 .�· above Ju, Co.1.\llb\18 "" ·159H + 0.025 

lulb Rod, doable end hant:er =, ... '1311 + 0.°-'6 1.w 
J..u2v Rod , double end llb�er � .),till + o.u:26 1.00 

4.-1• a00ve 3Ult C"Jl1111bua =:.· .JJ/JI + o.OZ7 1.00 
ACOUbtic ��'I Rod =, . .1.JiN + o.u)9 1.00 
Acoustic 4vvl Rod ::;.:.l.41Jj + U.vJ6 l .uu 
#.coustic 4W4 Rod =;. • .w)tl • u • .;3-, 1.00 
Acouatic 4u!>5 llod :a:.2 . l8;;H + u.0)8 l.00 

A uut, Rod, do.ble e1.d h611t,er =.2 .2S�l + 0.020 .00 
A lul4 Rod, do1MJ.1.e end ha111er =.: .:0:7411 + u.U26 .w 
A .1.u.35 Rod , Go\lble end t.111111er =2.;:o51 + 0.022 1.uo 
A lul7 Rod , double end r.an,Pr =2 ... 5,1 + u.027 1.uo 
A lv.lJ 5 • .3w aoove 15, .CQllllb.ue =.. .2071 + u.OJ5 

- 4.9w ebove JV, Col1111bU1 :a:.2 .JJ..71 + O.o.26 1.00 
lvuS rtod, douole end hillier =, .l�lll + 0.0:.:4 l.OU 
lO!).;: Rod , double end r.enger =2 . ,<.381 + u.u22 1 .00 
14vJ'J Rod , double end tJinger =, .2471 + o.�5 

A 
J.. 
A I "4• 11bqve Jv,. torpedo =, .jJ..411 + u.o:J 1 .ou I 4 .•-1• above Jut CoJ..llllbue =, ."5611 + Cl.u,u l.OU 

=2 .28411 + 0.0.35 
""·.2• + o.u64 
=, .)OOI + o.061 
�-1781 
=2.ll,81 + 0.029 
� -1�. + o.oee 
=a.2261 - o.oo, 
=a.23711 + O.U42 
=:. .2521 + o.048 
=a .1901 + 0.0.37 
=:. .22e11 + 0.05) 

� -� + 0.037 
� .lEIUII + 0.015 
=:. .2111 + 0.0/,,) 
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,_ Aoouat.lo 40)) 
:t: ao ... ..... 92S 
� '  =·= boat.lo 884 
';;J Aoollftlo 903 
I,. Rlo Gnade  A 1066 

� Daaalb A l/W1 

,, A 4042 
A lOS1 

A 1')0) 

Rlo GIUlle  .&oowt.lo 931 
Uo GNlllle  9)2 aso a...s.  93) aso-� l.000 
BSo-Grlaite '°°' aso· ..... '°24 
Uo .... 4919 ........ 11Mlo _,, ......... A '°" 

hlma 1t.t 1068 .  
.

>
_ �-:� • . . .... a 

.,.. ...... 
.,..,.... 

/t ".> 
· '  

..... I.ab. A �, 

! 

..... b. A 1069 

r.kla ,. 1070 

Pl'OJeC,\ Plamll
. ' 

Pueblo • •  ·105) 
!ala A 1071 

a,11.Lab. j 1072 

( . .  IIJd.Leb. ,. J.a7) 

Bio Gnnde ntA 0 

Rio Grande · A IJYrJ . 

RSo Gnate · 616 908 
Rio Graole �16 4012 

� aso Grande A 4064 

llto Gl'alllt 621 737 
Rto Gnlllle 621 s,2 

\ Blo Oraale 621 401) 
North Platte A 37 

' AU-...Saaa A 1°'8 

cman ma R&fllG IDDID 

llnbod of la\bc 

Bocl, dodal.e ead butpr 
4t• aboft )OI IG!rpedo 
4.99 aboYe JOI Oolab 
Bocl 
4 • .,. aa.o.e 30# Oolab 
Boll 
Bocl 
Bocl, dollllle ellll baltpr 
,.,. aboYe w Col 
Boll, do..ie end baapr 

99 aboYe 30I Co1 w, dodal.e - ......,. 
8allt; dodlle ellll baapl-
4o'J- allo9e JOI Col 
Bocl, dodal.e - baa&W 
4o'J- UOYe 30I Oolabaa 
Bocl 
Bocl 
Bocl 
Bod 
Bocl 
Bod 
Bod 
Bod 
Bod, do1*le - ...... 
6.711 aboYe 151 I. 
, • .,. alMmt 3,0I •• 
11oc1, domle a M111• 
4o99 aboN 301 Ool--
,.,. .... lS, Oolabul 
... .-ie .. .... 
4o99 · .,_ 3'J# Ool'llllnll 
Rad 
Rod, doable end �--
,.,. � 151 Col 
4.,- • ._. 'JOI Cola 
Rod, double eal baapr 
5 • .3• alllml 151 Cola 
4.,- abcm1 'JOI C:C,la 
Rod, double eal ballpl" 
5 • .3• abo9e 151 Clalab 
,.,- 11t1oq W Cola 
Rod, loale end ..... 
,.,. .... 151 Col 

Rod euepeu!on 
Rad, double end bupr' 
5.)• allo9e 15' Colm 
4.9• abcrle )OI Col 
Rod, double end lllllpr 
,.,• alioft. 151 Col'8 
4.9• abcmt ',o/1 Colmb 
Rod, do�• elld banger 
,.,• abcrle 151 Col111b 
4.9• above JOI Colmb 
Jlod, Jlomle end banger 
4.9• aboTe 'JOI/ Col111b 
9.9•. above '°"' Collllb 
Rod, double ead balliel' 
s . 3• at,o,,a 151 Colmbus 
4.9• above 'J,0// Colmb\18 
Rod 
Rod 
,od, double end t.eager 
4.9• above '301 Col1111bua 
llod, do�e end henger 
Rod, dod)le end llbDier 
Rod, double enl haqer 
flod , double end hanger 
Rod, Double end bringer 
5 • .3• ebcwe l,f Col11DbW! 
4.9'! above );)(I ColllDbUI! 

lil•Uaa 

a2J.63a + 0.020 
=2.20911 + O.Oll 
=2 .1391 + 0.032 
1112.,2WJI + 0.0)'1 
1112.llOJI + o.an 
1112.1341 + 0.0)'1 
=2.1031 + u.o)4 
=2.2Q91 + 0.(,QJ 
-2.19'11 + 0.02l 
a2.:2841 + Q.Q2'7  
-a.l121 + o.028 
-a.2"9 + o.G2'1 
-a.2011 + o.u24 
=2.19911 + o.u)4 
=2.2511 + 0.021 
-2.2,m + o.o,o 
<Z.12'11 + 0.029 
1:1&.12'111 + o.o,a 
r:r2.1541 + 0.035 
aQ.1061 + o.o,, 
a2.l211 + 0.0)'1 
&12.1901 + 0o0ll 

ai2 .2281 + 0.0"6 
-a.2'1'11 + 0.02, 
<Z.)lJI + o.u:u. 
-.2.)Jll + 0.Ql7 
-a.2641 + 0.019 
-a.26211 + o.oa., 
,ia.2321 + o.QZ4 
=Q.J2(JI + 0.02, 
11112.28'11 + o.oa, 
=2.17'1 + 0.02, 
1112.2511 + 0.021 
�.2)81 ·+ 0.021 
-a.2131 + 0.020 
-a.2.3211 + 0.014 
-.2.a,a + 0.021 
=2.2S111 + 0.022 
<l.1961 + 0.026 
-a.15911 + 0.0:,1 
1112.u,a + o.o,, 
-a.1681 + 0.01, 
-.2.JJII + O.QU 
=2.1721 + 0.02, 
912.1)61 + O.QO 

1112.2191 + 0.021 
arc.2191 + 0.01:, 
-:z.l?fl � o.0126 
1112-2251 + 0.012 
-.2.2711 + 0.021 
-a.21,- + 0.02, 
1112.2741 + 0.02.3 
=2.1!811 + o.oa 
-:2.1491 + 0.03:;; 
1112.1961 + 0.014 
t:12.1941 + o.on 
a.t.1'131 + 0.0311 
=2.1441 + o.� 
=2.27711 + o.oa 
=2.2761 + o.ou 
=2."'941il + 0.028 
=.i(.J.041 + 0.0,iJ. 
=2.ll)I + 0.027 
=:i:.)0711 + 0.015 
=2.)27!i + 0.021 
""'·148 + 0.02 
"" .1,11 + 0.03 
a2.1911 + 0.02 
=, .��1 + 0.0a 
=2 .148fil + 0.015 
"'"' .1osa + 0.02s 
=2 .14)1 + 0.0.:5  

1.00 
.i.oo 
1.00 
1.00 
1.00 
1.00 
1.00 
l.YO 
1.00 
l.GQ 
1.00 
1.00 
1.w 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
l..00 

1.00 
1 .00 

1,00 
1.00 
1.00 
1 .00 

1.00 
1.00 
1.00 

1.00 
1.00 
1 .00 
1 • .x, 

lll•Uon 

I -2 .1521 + O.Oll 
�.2.3.31 - o.006 
�.16611 + 0.005 
=2.22(11 + 0.021 
�-13'11 
=2.16211 + 0.009 
=2oll?I + 0.020 
-a.1911 + 0.034 
-a.1m + 0.04., 
1112.2'8 + 0.035 
=2.2971 + 0.043 
11202411 + D.045 
aQ.2169 + 0.&46 
<i.22fll • o.«n 
<Z.2)'11 + 0.042 
"'2.2641 + 0.016 
-=2.1611 • o.oos 
-a.1,oa + 0.009 
aQ.1'1MI + 0.015 

· -a.l,IQI - 0.041 
-a.16?1 - .0.009 
=2.21511 + U.006 

=2.24511 + 0.019 
-a.26flll + 0.036 
aa.29111 + o.* 
-a.:,171 + 0.0:,, 
11:12.22m + o.06 
-2.2'11 + o.uu. 
-a ,DW :+--0.olO 
=2.2521 + 0.091 
-a.JCXII + 0.010 
1112.1921 + o. 
11112.2SOJI + o. 

=2.2241 + o. 
-.2.2391 + 0 

aQ.18)1 + o. 
-.2.2001 + 0.. 
11112.1�1 + o.o, 
-a.1'411 - o.oo 

-.2.1571 + o. 

-a.2211 + o. 
92.19811 + 0.0.3 
1112.1151 + o. 
1112.2098 + o. 
112.2531 + 0.0)9 
1112.23811 
82.2681 + 0.029 
"'2.1971i + 0.012 
a2.18A1 
-:2. 1901 + 0.020 

=2.2011 + 0.010 
=2 .18511 + 0.021 

=, .24P.11 + 0.052 
=2 . )1)11 + 0.009 
=2 .14411 - 0.016 
•.l .14�11 

.. 2 .)411 + 0.00'7 
=2 .l7B - 0.01 
=2 .1411 + 0.01 

c2 o2451t + 0.005 
=2.1631 
�.1661 - O.OJ:) 
=2 . 14911 + 0.019 

Dale 'hat. lo. 

2-18-44 611-42-) 
2-18-44 611-42-) 
2-lS-44 611-42-3 
2-11-44 611-42-J 
2-12-44 611-42-4 
342-44 6ll-42-7 
342-44 6ll-42-7 
342-44 611-42-7 
3-22-44 6ll.-42-'1 
3-22-44 6ll-42-7 
3-42-44 611-42-7 
>-22-44 '11-42-JO 
J-a-44 611-42-lO 
J-22-44 � 
3-,22-44 611-42-10 
J-22-44 611-42-10 
HS-44 611-4,J-4 
HS-44 611-43-4 
,-.:2,-..U. 611-4)-4 
3-25-44 611--43-,4 
3-25-44 6U-4J-4 
:,..25-44 6U-4J-4 

J-2'""44 611-4)-4 
.3-25-44 611-4,J-4 
3-2'""'4 611-43-4 . 
)-2 � 
3-1. -44  611-.u-1 
)-1. -44 �"-1 
J-4 -44 6lW.)-1 
345-44 611-!;J-4 ·  
HS-44 6lW3-4 
4-15-44 611-44-6 
S-ll-44 . 611-45-2 
543-44 611.-45-2 
S-1)-44 611-45-2 
S-13-44 611-45-2 
W.3-44 611-45-2 
s-u..44 611-45-2 
54)-44 611-45-2 
5-13-44 611-45-2 
S-13-44 611-45-2 
s-i,...u 611-4W 
S-13-44 611-4,-:,a 

S-\)..1.4 611-45-2 

6-21-U. 611-46-4 
6-.a-44 611-46-4 
6-21-44 6ll-46-4 
6-21-44 611-44 
6-21-U. 611-46-4 
6-21-44 611-46-4 
6-21-44 �11.411-4 
6-21-44 6U-46-4 
6-21-44 fill-44 
6-21-44 611-46-4 
6-.:J-44 611-J.E--9 
6-:n-1.1. �11-41,-9 
6-,)-44 611-46-9 
6-23-44 611-46-9 
6-23-44 U.1-46-9 
6-23-4' 611-46-9 
7-5-44 l,ll-J.l,-18 
7-S-44 611-46-18 
7-5-44 l,ll-J.l,-18 
7-S-44 611-1.6-18 
11-27- �1:.211-7 
10-8-42 611-.:9-12 
10-8-42 6ll-�-l2 -� 
7-5-44 6ll-46-18 
7-1,- 611-47-1 

�ll-i.7-1 
611-47-1 

tic 
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.... .... .,, Ce] ,. 
... , ...i.  ... .......  , •• • -. w-oer•• .... ..... .,Oal. 
a., ...i. ... ...., 
1.1• .... u, o.i•u 
.... .... IG'f o,J  tu .... � .......... 
.... .....  u, a..1--.... ...... -, 0n, ·-
IDd, double ... ....... 
s.a- _,.. 111 eo11111ia .... .... .,, 0e, ,_ 
... , dDele ... ..... . 
.... ...... u, Oolalllel 
, ... ...,. IOI eo11111ia 
IDd, �  ... ....... , ....... .,,Co  ... 
1 ... ..... f41 0n] t -
IDd wit.ll -� -' 
._.. ...... u, en--. 
, ... .... IO# CoJat• 
JIDd 11U.b el.Wal ...... 
.... .... U, CoJ tu .... .... .,, Co, II• 
IDd IIDb •11d1111 H1111DR 
1.1• .-o U, CoJ ta 
4.1• _,.. IOI ODJwtu 
IIDd lllt.ll aUdilw  ..... "' 
, ... ...... u, Col•• 
, ... ..,. IOI eo--. 
IDd ... 
IDd, doable ... ........  
, ... ...... IQI Colmb• 
t.l• abow IOI Colmb• 
Iliad 
lod 
IDd lllt.b aU.d1III •IIJIPOft 
s.1• uow 111 Col.ab• 
4.1• ...._ IOI Colmb• 
IDd 111\11 -� -� 
.... ...... ll# Onlabu 
, ... ...... .,, Colmbu 
.. lllt.b .U.dias nppoft 
, ... lbow9 U, Colaha 
, ... ..,. IOI eoi-a 
Bod lllt.b .U.d:f.lW •ppon 
.... ...... u, Colallu 
, ... ..,. .,, eoi-u 
lod lllt.b aUd1ltc •IIPPO"' 
,.1• aboN "" Col.ab• 
Roel w1,1a al 141q auppon 
J . J• aboY• 15# Colua�• 
, . 9• abne JO# COlualna• 
loCl wUll all4111& 111&pport 
J.)• aboYe 1� COlUIINa 
• .  t• abcwe J ColUllllbu • 
RD4 wUll 111 141DC tuppon 
, . ,• aboY• 1� colubua 

.,• aboT• J Colllallua 
Ro4 w1 tll al14111& Nppon 

• )• abo·H 151 colwallv • 
.9• abOTe JO# ColllllllUa 

with alldt ftl 111ppor1 
•. ,• alloY• J= ColllalNa 

.8• aboYe .SO r.olua111&1 

Pl.l'ICII . o.ou 
-a.11111 • 0.mo 
•t.18111 • o.ou. 
-a.aUI • 0.Oll 
..... . 0.011 
-e.1,. • o.oae 
-e.1,a • 0.GII 
•·•• • o.aeo 
-t.J.1'111 • O.CIII 
••lm • 0.Q11 
-..11111 • 0.0JI 
..... . 0.0&1 
-t.11111 • O.QII 
-a.17111 • o.aeo 
-a.MIii • o.-
-a.»• • o.• 
-a.Jnl • 0.Q11 
..... . 0.0&1 
•• 18111 • 0.0&1 
... Ulll • 0.019 
•1.11111 • o.o. 
-I.Ila • 0.ON 
-a.18111 • O.GM 
-IJ7711 • O.GIO 
-a.11111 • 0.011 
-a.11111 • 0.0&1 
-e.lllll • o.ae 
-a.,a • o.Ol7 
... llal .  o.ou 
•t.lffl • O.Oll 
-a.aoaa • 0.0&1 
-a.la. • O.Olt 
-a.1111 • o.oaa 
-a.JQ • o.a&& 
-a.11111 • 0.0&1 
-a.Jllll • 0.011 
-a.18&1 • 0.011 
... lllll • 0.011 
... 1,. • o.-
•&.1171 • O.Ol7 
... llTJI • 0.011 
-1.11111 • 0.GII 
-1.1711 • 0.OIO -I.la. • o.OIO 
... &8511 .  o.ou 
-1.ua • 0.011 
.-1.1111 • 0.018 
-z.l.ffll • 0.OII 
-a.11111 • 0.Ol7 
-2.1m • o.oea 
-a.aoa • 0.018 
•1.11e1 • o.ou 
... 11111 • 0.0121 
-a .12R • 0.0120 
-1.18111 • 0.Olil& •a.au. • o.oee 
•1.111111 • 0.012& 
... ,.. • 0.011 
• • .  1'611 • 0 .027 
•2 .16411 • 0.0,2 
-2.1t1'71 • 0 ,0)2 
-2.11111 • 0.02, 
•2 ,UOI • 0 ,02, 
• 2 , 161N • 0 ,0)0 
• 2 . 169N • 0 ,024 
.2 .15711 • 0 . 02, 
• 2 . 160N • o .o., 
•2 .  2'111 • 0 . 01' 
• 2 , 1'9N • 0 ,024 
•2 , 211.JI • 0 .025 
• 2 , )1611 • 0 .01& 
•2 , JOSN • 0. 02, 
•2 , 29'1 • 0 .02} 

4 

- - --- -

1.00 -t.llCII - 0.0&1 
1.00 -1.111. 
1.00 . -z.111. • O.OII 

1.00 -t.17R • 0.Cll7 
1.00 -1.1781 • 0.Ol7 
1.00 -a.17G • 0.OOI 
1.00 -a.11• • 0.(11,6 
1.00 -a.1.&111 • o.Cll7 
1.00 -a.UIII • 0.011 
1.00 -&.Jelll • 0.0N 
1.00 -z.JJICla • o.ooe 
1.00 -1.llCla • 0.011 
1.00 -a.aan - o.OM 
1.00 -1.171111 • 0.014 
1.00 -a.11• • o.om 
1.00 -a.11111 • 0.011 

1.00 -z.1&111 • 0.OOI 
1.00 -I.la • 0.OOI 

1.00 -1.101111 • 0.011 
1.00 ...... • o.au 

1.00 -a.11111 - 0.001 
1.00 -1.lllll - 0.00& 
1.00 •a.lllll • o.oaa 
1.00 -a.11111 • 0.OOI 
1.00 -&.lllll • 0.GlO 

1.00 -a.». - 0.00'7 
1.00 -1.11111 - 0.00& 
1.00 -a.&1111 • o.om 
1.00 •1.w• - 0.020 
1.00 -a.11111 - o.o:,a 
1.00 •1.1111 - o.ou 
1.00 -a.DI • 0.OCII 
1.00 -z.18'711 . 0.00'7 
1.00 -a.18811 - o.o:,a 
1.00 -a.ws1 • 0.018 
1.00 •2.m1 • 0.011 
1.00 •2.15911 
1.00 -2.290 • 0.015 
1.00 •2.29611 - 0.011 
1.00 •2.51'1 - 0.010 
1.00 -a.l.NI • o.ou 
1.00 -a.l.NI - o.oia 
1.00 .. .ua - o.ooa 
1.00 -2.20II • 0.02' 
1.00 -a.10211 - o.ooa 
1.00 "1.11111 • 0.001 

1.00 •2.11111 - 0.008 
1.00 •I.MIN - 0.001 
1.00 •2.22&R - 0.001 
1.00 -a .us• - o.oee 
1 .00 • 2 . 20t,N • 0 ,01'1 
1 . 00  •2 , 206N • 0 , 010 
1 . 00  •2 .  22SN • 0 , 006 
1 .00 • 2 . loSN • 0 . 010 
1 .00 •2 , ltiSN • O . Ol fl  
1 .00 •2 , 20&N • O , OH 

1 . 00  • 2 , lo4N • O , UOj 
1 . 00  •2, 20bll • 0 .001 
1 . 00 • 2 , 22<* • o . o�o 
1 . 00  • 2 . 22<* • o.oo, 

•2 . 2'911 • o .oo-, 
.. � . 2b2N • o .os: 

.oo • 2 . }U2N • o .un 

.oo •2. :PSbN • 0 ,0f4 

- . .  - ·-- -- ·-· 

7-&1-46 111-&7-a 

7-U-&il 111-11-a 

....... lll.-48-U 

....... 111-41 11 

...... 111-11-U 

1-11--M 111.-48-U 

9-1&-&il 111-&M 

lo- '"""' 811-&..,U 

lo- 7-&il 811-&9-12 

lo- ., -&ii 811-&9-la I 

lo- '"""' 111-19-11 

10-&4-&il ell-410-e 
10-&6 "'' 111-&lO-I 
10--a""" 111-&l0-8 

l0--111 4'  IJ.1..4JO-e 
u- '"""' 111-110-18 
11- '"""' 811-&lO-Ja 

u- '"""' 8ll-4l0-l8 

u- '"""' Ul.-410-Ja 

u- '"""' 811-110-Ja 

u- 8-&il 611-& l-6 

12- 1-u flll•UJ -12 

1 2• 1 -U blJ -'11-1 2 

2- 1-u fill e4l l •l 2  

2- 1-u u1 -,11-1 • 

2-11 -u 
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Pro 1eot 

RlHl'tOD 
Takla 
'l'\lnaart 

11Jdntul1 o tab. 

�l'l&Ul1C Lab . 

�raullc  Lab . 

Hr,! �llUl le Lab , 

'hlrllllll 

R1o Gr1111�e 

R1o Gl'ude 

;uo Grande 
Rlo Gnuade 
R1o Gl'lallde 
R1o Or11Dde 
H7draul1c Lab. 
ff1draul l C Lab • 
111'1raallc Litb . 
�:-au11-, 1Mb . 
ff1draullc Lab . 
Jlrdnul lc Lab. 
Yaki• 

Y&ld.M 

i;1111tral Yal191 

·ll)'draulle Lab, 

Hydraulic Lab, 

Bydrnllo Lab. 

Hydraulic Lab. 

Hydraulic Lab. 

H:,draullo Lab. 

Hydraulic Lab. 

Hydraulic Lab. 

'l'ne 

aowat ic 
A 
A 

A 

.. 

A 

,. 

A 

A 

A 

A'10ll8UC 
AcwaUe 
KOd1t1ed 
IIO:Utted 
!lod1tled 
IIOclltL-4 
llodlftl'i 
llodlt1 ed 
NOilfte4 
llodl tied 

A 

A 

Hort 

A 

A 

A 

A 

A 

A 

A 

A 

-··" 
No. 

El'n 
100 
1047 

1�, 

10«14 

1085 

1086 

100 

40tiS 

4012 

4001 
4051 
&0)0 
40,0 . 
4006 
4007 
&008 
4009 
4032 
4034 
1011 

1087 

200 

1088 

1089 

1090 

1091 

1092 

1093 

1094 

� 

Method ot ,taUna 

Rod 
Ro.S 111 tb alldla& lllpporl 
Ro4 111 lb al141ag lllpporl 
5 .,. 1111on ·ut eobuu, 
4. 9• abcwe JG Columbus 
Ro4 witb all41ag support 
s . ,• abo•e 15.# Columbus 
4.f• abo•• ,o,1 Coluuua 
aod w1tb al14111& au�port 
s . J• aboTe \\j Coluuua 
4 , 9• allo•e 36'- Colw11111is 
Rod wltb al1 1 1ag suppo:-t 
S , J• abo•� 15,  Colwabua 
4 ,  9• aboH 3� Coluablla 
Rod •1th al ld1ag support 
5 . 3• obo•e lS- r.oluuua 
, . •• 11bct•e JO, Columbus 
ROd wltb al ld1D& support 
5 , :,• abo•e lS� c.wt . 
4 ,9• abcffe JO# r. .wt .  
Rod w1 th alldl 118 nppon 
,.,. above 3� c .n . 
9 ,o• allo•e s c •• , .  
4 ,9• allo•• ,c� c.n. 
9 .8• aboTe 50# C,.n .• 
Rod 
Rod 
Rod 
Rod 
Rod 
Rod 
Roel 
Ro4 
iod 
Rod 
Rod rith alldiag 1111pport 
4.9" aboTe 301 Columbus 
9.S- aboTe SO, Col1111bue 
Rod ri th elldin,: Bllpf'Ort 
4.  9" a boff '30# Col\lllbua 
9 ,8" above 5Clll Col1111tua 
)-blade propeller I ... .,.. 

4-blade propeller I S9l'IX 

Rod rith alldlng support 
5,3• a�e 15# Co l t111bue 
4,9• 11.bove :3Qli Col•ur.tw,e 
Rod rith eliding 11Upport 
5,3" abo..-. 15# Colual:lua · 
4,9" abaft 301 Coliallu 
Rod with elldlJ!g aupport 
5.3• aboTe 151 ColU111bua 
4.9" abaft 301 Coluabae 
Rod with alidlag auppon 
5.3• aboTe 151 Coluabua 
4.99 aboff 'JOI Col1.1111bua 
Rod wt tll eliding 111pport 
5 .)" aboTe 151 Columllaa 
4.99 aboff 'JOI Colullae 
Rod wl tll allding nppon 
5,3• •boT• 151 Colubu 
4.9" aboTe 301 Coluabu 
Rod w1 th alldlng euppon 
5 .3• aboTe 151 Colullae 
4.99 aboQ 301 Columllaa 
'Rod witlt alldlq auppon 
5.3• aboff 151 Colubwl 
4,9" aboff 'JOI Colullu 

. . 

J!QuaUoll 

,.2 . 12'11 • 0.0)0 
•2 , l19N • 0,020 
•2 .17}1' • 0 ,024 
• 2 , 14G • 0.029 
•:! .l6SI • o.o,o 
-2.n,a • 0.021 
•2 . lOJR • O.OJl 
•2.12411 • O .OJ2 
•2.19?N • U .025 
•2 , ltilli • O .OJO 
•2 , 11>411 • u .o,o 
•2 , 2lJN • 0.02) 
• 2 , lblN • 0.020 
., . 204II • 0 ,0211 
•2 , 201 • 0 ,029 
•2 , l69N • O .OJ& 
• 2 , 192N • o .o,, 
•2 . lb:,Ji • 0.025 
•2 ,1S2N • 0.030 
.2 . 1131 • 0 ,031 
•2 , 316ill . o.or, 
•2 , JOSN • O ,OJO 
• 2 , 2998 • 0.029 
•2 ,272N • 0 , 029 
., . 2ti.51f • 0.029 
•2 ,Ulli • o ,0'9 
•2, 211:lN • 0.0:,2 
-2�11lli • o .on 
.2. 14.s, . o .o,s 
•2 ,lflJN • 0,02ti 
.2 .2,51 .  o.o:,a 
•2 .14011 • o.o,o 
•l ,lfla • O.OJ) 
-2 . 15111 • o.on 
•& . 19)11 • O,OJl 
=2.16iill + 0.02.:, 
=:> . l�� + 0.029 
=2,11.911 + 0.029 
=:.> • .:l;lll + 0.025 
=2,.!041 + 0 ,030 
"'2�19?1 + 0.030 
=0.9131 + 0.100 

=0,8:JJI + 0.086 

=2.J0511 + 0.02'7 
=:i ,27211 + 0.0.32 
=" ,-,'9511 + o.o:i:> 
=2 . '.30511 + 0.034 
=2.27211 + 0.039 
-.z .� + 0.039 
=2.271,J + 0.021. 
=2.,i.mi + 0.030 
=2 ,«'6.)1' + 0.0)0 
1112.29:11 + o.o:,o 
=2.26SB + o.o:,6 
=2.28111 + 0.036 
=2 .29211 + o.o� =2.25CJII + o.o 
=2 .2811 + 0.0.37 
"'2 .28211 + 0.0)2 
=2.21.811 + 0.038 
=2 .2'7111 + 0.031 
=2.2821 + 0.026 
:a:2.24• + 0.032 
=2 • ..'71JI + o.o:i, 
=2.)0fili + 0,03:i' 
=2 .272'1 + 0.038 
=2 .29511 + 0,0)8 

N E..!111&UOll Date Ter.t No. 

1 .00 V.f ,1S9N 11- 9•44 611-410•18 
1 ,00 •2,lo411 • o .uo 12•15•44 flll-412-, 
1.00 •2.19ilN • 0.001 12-111-44 611-ur-10 
1 .00 -2.1,bN - 0 .02s 
1.00 •Z , 21711 - 0 ,022 
1 .00 -2 •. 1555 • 0.005 ,. 2-4.S 611•.Sl•l 
1 .00 .2 ; 155, - 0.021 
1.00 •2. 11411 • 0 ,0111 
1 .00 •2, lfl9B • 0 .049 ,_ 2-4.S 1111-,;1-1 
1 .00 •2 . lti9N • 0.022 
1.00 •2. lbON • 0 ,016 
1.00 •2 , 201N • 0 .0,S  2- 2-45 bll•Sl-1 
1.00 •2 , 2015 • O . ootl 
1 .00 -2 . 22011 • o .ou 

2- 2-,, 4111-51-1 
1.00 •2 , 201N • 0 , 002 
1 .00 •2 , 22\lt • o .uo. 

1- 9-45 u1-s1-7 
1 .00 •2 , lbJJ • 0.001 
1 .00 .2.21121 • 0 .002 
1 .00 •2 , :54011 2•13•45 611-s2-, 
1 .00 -� .)6:>N • 0.02.s 
1 .00 •2. JlfaN • 0 . 012  
1 .00 •2 . 21191 • 0 .01 2  2'-l J-•S u1-.s2-3 
1 .00 •2. 246ill . o.04b 
1 .00 •2. 1761 - 0.006 2-1:5-45 611-52-J 
1 .00 -2 . 2171 - ..0.027 2-13•45 ti11-s2-:, 
1 .00 .2. 23,. - 0 .0n &•l:5•45 bl l-;2-J 
1 .00 - 2 . 11711 - 0.007 2-13-4S 111 1-sr-:, 
1.00 •2 .199N • 0 ,010 2-:6-&5 bll-52-'1 
1 .00 •2 . 296H • 0,00'7 2-26-4.S til l-52-'1 
1 .00 •2 .  20711 - 0 .o,., 2•cfl•4S 1111-5 2-7 
1.00 •2 .201Ji - O.ootl . 2-26•4.5 611-5 2-7 
l .(J() •2 . 200II - 0.010 2-2ti-45 611-S2•7 
1.00 •l.241Ji - 0.017 2-2t>-45 611-52-7 

2-�ll.45 611 -52-11 
1.00 � . lR,W 
l ."O =2.ll.J.11 + 0.034 
1.00 =2.;541 - 0.016 2-2�-45 l,U -�2 -11 
1 .00 =2 . :n:»,11 - 0.039 
1.00 .:2 .;:3111 - 0 .004 
1.12 =O.%� + 0,15E: :2-10- .:.; E:1 1-53-9 
2.60 =0.9llfl + IJ.O?l 
O,E.4 =O.nSII + 0,032 
2 ,60 =0.9:-311 + 0.019 

3-9-45 t:11-5:>-6 
1.00 =:> . �05lt - 0.001 
1.00 c:;; • .32;. + 0.002 
1 .00 =2 .3l;ff + o.o:u. �-9-45 611-53-6 
1.00 =2.31511 - 0.004 
1.00 =2 .33!,II - 0.001 
1.00 =... .28711 + 0.011 J-9-45 611-53-6 
1.00 ::, .28?11 - 0,017 
1.00 =2 .,o?II - 0.01.4 

J-9-45 611-53-6 
1.00 =2 .29911 + 0.002 
1.00 =2. �1«. + o.� 
1.00 ""2,JJl.N - o.OM J-n-45 611-'iJ-14 
1 .00 =2 .JJll - 0.036 
1.00 =� . 3Sli - 0.033 
1 .00 IQ .  32211 - 0.008 3-27-45 611-5J-14 
1 .00 =2 . 32:ai - o.o.:,6 
1.00 :;; . 34211 - 0.03.:, 
1.00 '°'- •«'871 + 0.021 3-27-45 6ll-S.J-ll. 
1 .00 =2 ,21!71 - o.om 
1 .00 =:i • 30'7N - ') • 004 
1.00 =:i' . �Oll, + 0 .0::-'7 3-=7-45 �ll- � '.'-14 
1 .00 =.: ,30111 + 0.009 
1 .00 =2 • .321J1 + 0.012 



April 17 , 1 942  

.. 
April 24 , 1942 

May 5 ,  1 94 2  

May 1 5 ,  1942 

May 15, 1942 

May 23 , 1942 

May 26 , 1 942 

Me.y 29 , 1942 

June 25 ,  1942 

July 3 ,  1942 

July 18 , 1942 

ABSTRACT OF CORR.ESPONDE1'1CE 

- Director of the Geological Survey t o  Comrrd ssioner 
of Bureau of Reole.mation. Reque st  for relief of 
responsibi lity for repair of current meters due 
to  lack of capable personnel • 

Commissi oner to  Chief Engineer vrith copies  to 
Director or P�ver , B oulder City, Nevada ; Superin­
tendent , El Paso ,  Texas ; Di strict Engineer, 
Sacramento ,  California; and Superintendent , Yakima , 
Washington. Request for comments a.nd su;gestions . 

- Chief Engineer to C ommi ssi oner.  Su�gesti on that 
repairs of current meters  be handled in laboratory 
shop and hydraulic laboratory. 

- C ommi s si oner to  Chief Engineer. Approval of re­
pair of meters in Denver office with rating done 
in Denver under certain c onditi ons , othervri se by 
Bureau of Standards as in the past.  

- Cmran.i s si oner to Director of Geological Survey. 
Instructions to ship current meters and repair 
parts to Denver office. 

- Director of Geological Survey to C ommi s si oner. 
Transmittin� current meters and repair parts .  

- Conmiis sioner to Chief Engineer . Transmitting 
current-meter records avai lable in Washington 
office. 

- C omr.tlssioner to Chief Engineer. List of current 
meters on record in Washington office ; present 
practice of numbering meter s ;  instructions on 
BR-1062 and 1063 , and on f ive meters on order 
from David White C o . , Milwaukee . l'fisconsin ; and 
tabulati on of informati on furnished each project 
on. requests for re.tines. 

- General Order No.  1282.  Repair a.nd ratini:; of 
current meters .  Instructions for sh ipping. 
Form letter of instructions . 

- Chief Engineer t o  C onnnissioner. Progress report 
on current -meter repair. 

- Chief Engineer to Director of Geological Survey. 
Request for informati on on alloy A-metal for 
current-meter pivot s and bearings . 
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If 
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July 24 . 1 942  - Director of Geological Survey t o  Chief Engineer. 
Reply to letter of July 18 , 1942 .  A-metal avail­
able Universal Cyclops S teel Corporati on, 
Titusville ,  Pennsylvania. Reference t o  article 
in Civil Engineering , Jul7 1933 , by R .  L .  Atkinson. 
A-inetal rods should b e  1/8-inch oversize to pre­
vent heat-treatraent cracks . 

Au�st 14 , 1942 - Purchasing Agent to Universal Cyclops Steal Corp­
orati on. Inquiry of availability of A-metal ,  A-20 , 
136-T ,  August 27 , 1942 .  

October 30 , 1 942 - Director of Bureau of Standards to Chief Engineer. 
Di scussion of our complaint of unsatisfactory 
condition of meters .  

February 1 2 ,  1943 - Director of Geological Survey t o  Chief Engineer. 

Au�st 25 , 1943 

Reply to inquiry of February 1 ,  1943 , oonceruing 
current�neter s oundinb wei ght s and methods of 
current-oater SJspensi ons . TrA.nsmitted prints 
of 15-, 30- ,  50-, and 75-pound ColU,�bus wei :;hts .  

- Assistant Chief Desi gning Engineer to Superintend­
ent, Yakima, Wa.shin6t on. Discussion of bad condi­
tion of meter BR-4039 ,  and request for recall of 
obsolete meters.  

NovErnber 10 , 1943 - J. E .  Warnock to D. M. Forester. Bad condition 
of meter ,"JR-4063 from Grants Pass ,  Oregon. 

November 1 5 ,  1 943 - Genera.2 Order No. 1491 . C oncerning vouohers , 
appropriati on symbo l s ,  and title char�eable .  
Revival o f  General Order No. 283 covering annual 
inventory of current meters. 

December 30 , 1943 - Chief Engineer to Regional Director , S aor��ento, 
California. Discu ssion of poor condition of 
equipment as  received , parti culo.rly poor condi­
tion of pivots .  lJoted recent repair and re.ting 
of meters by University of California. 

January 5 ,  1944 - Assistant Chief Designing Engineer to Superintend­
ent , Powell , :'fyoming. Plans for recalling old 
equipment . 

January 11 , 1944 - J.  E .  Warnock to D. M. Forester.  Transfer of re­
pair parts t o  hydraulic laboratory. 

January 20 , 1944 - G. H . Bolt to  L. J. Moran. Claim for damage to  
current meter BR-1023 by express company, 



1. 

February 1 ,  1 944 - Assistant Chie f De si gning En0ineer t o  Superintend­
ent , El Pa.s o ,  Texas. Recall of old eqci ipnent t o  
be l"'ep luced b y  modern equi 7-i1ent . S b1ila.r l etter 
to Yal:i:oo on Ja.nuary 9 .  19'.l:4 . 

March 1 ,  1 944 - Assl stant Chief Desi g;nin9-; Ern;ineer to Superinten<t-
01:t , Y0.1dra , ifa.shingt on, Reply to pr oje ct letter 
rela.tin� unsati sfactory experience with type A 
mater, 

March 27 . 1 944 - As sistant Chief' Desi ;:;ning Engineer t o  S uperintend-

,June 3 .  1944 

ent , El Paso ,  Texa s .  Repair of acoustic current 
meters . Re1ue st f or tri a l  of IlR-875 , a �n.odified 
61 .-; me ter . 

J. E .  Warnock to J. o .  Daniel.  Salvage of ob s olete 
C'.,rrent meters .  

Octob er 3 .,  1 944 - Actin1.:; Assistant Direct or to S uperintendent , Grand 
Juncti on , C olorado.  S alvage of ob solete current 
mater RR-799.  S imilar letter to Yune. , October 6 ,  
1944. 

Oct ober 7 .  1944 - Chief Clerk to Regi onal Director , Sacre.mento,  
Cal ifornia. Renuni::iering 822 series me ters. 

January 24 , 1 94 5  - Chi ef Clerk ,  Branch of Fiscal an d  Ad.i.J.ini strative 
Management , S f\.cramento ,  C r•.l iforniR .  T o  re ctify 
error of shipments of me ter e quipment to A.ne.ri l l o ,  
Texas,  and Sacrament o ,  California. 
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